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1. НЕОРГАНСКА ХЕМЩА

СЕКЦЩСКО ПРЕДАВАН.Е

NH-SP. A PRIORI ПРОРАЧУН ФАЗНИХ ДЩАГРАМА СМЕША

СТОПЛЕНИХ САЛИ СА ЗА1ЕДНИЧКИМ АЩОНОМ

И. J. Гал

Природно-машемашички факулшеш, Београд

Разращен je )едан модел за )онске интеракшф у бинарним смешама

расгопа соли koj'h омогуЬава TeopnjcKO израчунаваше хеми)ских потенциала

компонената. При том се користе следеЬе физичке величине за сваку компо

ненту: стандардна енерги)а кристалле решетке, збир (онских полупречника

кат]она и aHjoHa, латентна топлота тошьеша и тачка тошьеша.

Модел ко)И важи за електрички симетричне и асиметричне соли употреб

лен je за a priori прорачун фазних доцаграма бинарних система LiF— NaF,

LiF — KF, NaF — KF, LiCl — KC1, NaCl — CsCl, LiNOs — NaN08 , CaF2

— LiF, CaF2 — NaF, CaF2 — MgF2 и NaCl — SrCl2.

Исти модел и метод прорачунаванл проширен je на тернерне адитивне

системе соли и примешен за a priori прорачун фазних ди)аграма система

LiF — NaF — KF, LiF — NaF — CaF2, LiF — NaF — SrF2 , NaF — KF —

- SrF2 и LiNOs — NaNOs — CdCNOs^ .

Израчунати и експериментални (публиковани) фазни до^аграми су

упорег}ени и дискутовани са гледишта основних поставки модела и домета

н>егове примене.

A priori израчунаваае фазних дщаграма описаном методом може се

лако извести помоНу рачунара користеНи релативно (едноставан програм.

Детатьан и комплетан увид у фазну равнотежу уз издавайте резултата у облику

табела и/или графички Tpaje неколико минута.

УСМЕНА САОПШТЕНэА

NH-1. ПАРАМЕТРИЗАЦИИ NMR ХЕМЩСКИХ ПОМАКА МЕТАЛНОГ

JOHA У (1в-КОМПЛЕКСИМА ПРЕЛАЗНИХ МЕТАЛА

Н. Jypamih

Природно-машемашички факулшеш, Београд

NMR xeMHjcKH помаци металног joHa у комплексима кобалта(Ш),

рутени)ума(П), роди{ума(111) и платинеС^) изражени су параметрима метала

и лиганада. Применом предложене параметризаци)е могу се израчунати
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хеми)ски помацн металног joHa са тачношЬу Koja омогуЬава аналитичку при-

мену. На изглед супротни трендови хеми)ских помака код комплекса метала

класе А и класе В успешно су об)едвдьени. Анализа параметара лиганада

noKaeyje да се лиганди kojh садрже као лигатор елеменат из друге периоде

периодног система могу поре^ати према величини закланиен>а металног )она

у магнешохеми]ску cepujy лиганада.

NH-2. КРИСТАЛОХИДРАТИ Hs[FeFe] • *НгО, HafCoFe] • хНгО и H4tNiFe] •

•*НгО И ВЪИХОВО ПОНАШАгЬЕ У ВОДЕНИМ РАСТВОРИМА

В. ШЬепановиЬ, С. МаринковиН и С. Радосавл>евиК

Технолошко-мешалуршки факулшеш, Београд и Рударско-геолспики факулшеш,

Београд

Упараван>ем раствора киселина доби)ени су крпсталохидрати: Hs[FeFe] •

•хНгО; Hs[CoFe] "хНгО и H4[NiFe] -хНгО. Кристалохидрати кобалта и

никла се лако pacroapajy у води, а кристалохидрат гвож!)а се раствара дели-

мично, уз nojaey жутог талога. У ацетону су сва три кристалохидрата практично

нерастворни. Поновним упараван>ем водених раствора кристалохидрата до-

би)ени су нови кристалохидрати, за i<oje je ИЦ-анализом утвр^ено да су „аква-

тизирани", Tj. да су F~ johobh из комплексних )онова делимично замен>ени

молекулима воде. ИЦ-спектри нових кристалохидрата показали су тако^е да

je у знатно) мери дошло и до Hacrajaiba хидроксо-комплексних joHoea, отпуш-

тан>ем протона из акво-комплексних )онова. Акватаци]'а кристалохидрата и

наста|аке хидроксо-комплексних joHoea потвр^ени су и повеЬаиом количином

слободних F- и Н+ — joHoea у н>иховим воденим растворима.

NH-3. СУПСТИТУЦЩА КООРДИНОВАНИХ ЛИГАНАДА ЧВРСТИХ

МЕТАЛНИХ КОМПЛЕКСА ЛИГАНДИМА KOJH СЕ НАЛАЗЕ У ДРУГ01

КРИСТАЛН01 РЕШЕТКИ

Т. J. Сабо и М. Б. Ъелап

Природно-машемашички факулшеш, Београд

До сада je супститушф координованих лиганада металних комплекса

у 4Bpcroj фази вршена загреавшем претходно припремл>ене комплексне соли

Koja je садржавала у спол>ашн>0]' сфери лиганд KojHM he се извршити супсти

тушф лиганада у унутрацпьо) сфери комплекса.* Ме1)утим, у овом раду про-

учавана je реактивност комлексних }един>ен,а кобалга(Ш) са различитим

лигандима Kojn су се налазили у flpyroj кристално) решетки. Због тога су

одговара)уЬе компоненте помешане и усипьене па затим држане на погодно)

* Н>. Н. Кукушкин, В. Ф. Буданова, Г. Н. Седова, „Термические превращения

координационных соединений в твердой фазе", Издательство Ленинградского универ

ситета, Ленинград, 1981.
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температури да би се извршила супститущф координованих лнганада лигандом

KOjH се налазио у смеси. У неким случа)евима смеса je пресован>ем претворена

у пилулу. На Taj начин по први пут je показано да се супститущф коорди

нованих лиганада у металним комплексима може извршити у 4Bpcroj фази

лигандом Kojn се налази у flpyroj кристално) решетки.

NH-4. АНАЛИЗА СИЛИЦЩУМОВИХ ПРИМЕСА У MArHETHTHOJ

ОСНОВИ КАТАЛИЗАТОРА ЗА СИНТЕЗУ АМОНЩАКА

Б. АлексиК, С. ЪуриЬ, С. Богданов, В. Косанип и М. Tpyjnh

Инсшишуш за xeMujy, шехнологщу и мешалургщу, Београд, Рударско-геолошки

факулшеш, Београд и Рудници Мй]данйек, Ма]данйек

У цшьу постазан>а оптималног садржа)а силици)умдиоксида као струк-

турног промотора у катализатору за синтезу амош^ака, испитиван je фазни

облик силищ^умових )едшьен>а у природном магнетиту из Мфданпека kojh

je узет за основу катализатора. Магнетном сепаратном je снижен садржа)

силинэдумдиоксида до око 2,5±0,5%, Kojn се задржава и у узорцима малих

гранулащф у области од 74 до 7 цт. Рендгенском анализом пречишЬеног

магнетита на!)ен je само кварц док су у немагнетно) фракции нацени и сло

жении облици силиката. Учин>ен je noKyuiaj да се меревьем параметара ре

шетке магнетита испита да ли je дошло до уласка страних канона у структуру

магнетита што може да отежава пречиплЧаван>е магнетита.

NH-5. СПЕЦИФИЧНОСТИ Bi/Mo-КАТАЛИЗАТОРА У ПРОЦЕСУ

ОКСИДАЦЩЕ БУТЕНА-1

Б. Блшнаковска, М. Маткшшева и М. Милошевски

Технолошки факулшеш, Скоще

Испитивано je понашан>е Bi/Mo-катализатора у пропесу каталитичке

оксидацще бутена-1 са ваздухом. Испитиваньа су изведена у континуираном

проточном систему Kojn укл>учу}е микрореактор са статичним cjiojeM ката

лизатора, при атмосферским притиском и политермним условима у темпе

ратурном интервалу 548—665 К. Одржаван je константан однос бутен- 1 /Ог 1 .

Каталитичка оксидащф бутена-1 у присуству Bi/Mo-катализатора резулту}е

у формиранъу 1 ,3-бутадиена што je праЬено двема релативно другостепеним

реакш^ама: а. изомеризапща двojнe везе у молекули бутена-1 са формиран>ем

^«c-2-бутена и шраме-2-бутена у приближно еквивалентним количинама и Ь.

тотална оксидаци)а бутена-1 до СОг и воде, што значи да je процес jacHO окси-

дехидрогенативан, а не представлю )едноставну дехидрогенациjу . У испи-

тиваном температурном интервалу катализатор показу)е Behy активност при

вишим реакционим температурама. Катализатор се карактеризу)е умереном

селективношКу у односу на 1 ,3-бутадиен. Температурни интервал 596—621 К

je прихваЬен као оптималан за постизанье на)'бол>е селективности.



NH-6. ПРИМЕНА TEPMHJCKE АНАЛИЗЕ У ИСПИТИВАВэУ KOMEP-

ЦЩАЛНИХ КАТАЛИЗАТОРА ЗА КОНВЕРЗЩУ МЕТАНА ВОДЕНОМ

ПАРОМ КОРИШЪЕНИХ У ИНДУСТРЩСКОМ РЕАКТОРУ

Г. РасулиЬ, .Ъ. МилановиЬ, и С. .[овановиЬ

XeMujcxa индусшрща „Панчево", Панчево

Катализатори за конверзи)у метана воденом паром представл»а)у системе

на бази оксида никла и алумишяума. У литератури nocToje подаци о испи-

тиван>има моделних система ових катализатора доби^ених методама kojh се

користе при HHflycrpHjcKoj производил истих. Готово да нема података о

понашаньу комерцэдалних катализатора коришЬених у индустри)ским усло-

вима. Цшь овог рада je испитиван>е промена комерци)алних катализатора за

конверзи)у метана воденом паром коришЬеног различите време и на разли-

читим местима у индустри)ском реактору. За ова испитиван>а примен>ене

су методе терм^ске анализе диференци)ална термщска анализа, термограви-

метри)ска и диференщ^ална микрокалориметри)а.

NH-7. ИСПИТИВАН>Е ПРОМЕНА КАТАЛИЗАТОРА ЗА МЕТАНАЦЩУ

ТОКОМ НЬЕГОВОГ КОРИШЪЕН>А У ИНДУСТРЩСКОМ РЕАКТОРУ

МЕТОДАМА TEPMHJCKE АНАЛИЗЕ

Л>. МилановиН, Г. РасулиЬ, и С. ]овановиЬ

Хемщска индустрией „Панчево", Панчево

Катализатори за уклан>ан>е трагова угл>ен-моноксида и упьен-диоксида

н>иховим прево^ешем у метан - катализатори за метанацэду, представл>а)у

сложен поликомпонентан систем чи^и су главни cacTojuH оксида никла и

алумини)ума. Haj4euihH промотори су оксиди калци)ума и магнези)'ума. Ре

дукциям никл-оксида у каталитичком реактору Hacraje метални никл кощ

представлю активну компоненту ових катализатора. У овом раду испитане су

промене катализатора за метанаци)у у функции времена коришЬен>а и положа]а

у индустри)ском реактору. Испитиван>а су изведена диференпэдално-тер-

MHjcKOM анализом у статичко) атмосфери ваздуха и диференци)алном микро-

калориметриjом у динамично) атмосфери водоника.

NH-8. АЛУМИНЩУМ ХИДРАТ И КАЛЦИНИСАНИ ОКСИД

ДОБЩЕНИ BAYER-ОВИМ ПОСТУПКОМ

I Физичко-хеми)ске и морфолошке особине неких домаЬих прахова

J. КатаниК-ПоповиЬ, С. Шшьак, С. БратовиЬ и Д. КиЬевиН

Институт за нуклеарне новине „Борис Кидрич", Винча-Београд и Институт

за шехнолощу матери/ала, Енергоинвесш, Capajeeo

Испитиване су физичке и морфолошке особине извесних домаЬих пра

хова алумини)ум хидрата и одговара)уЬих оксида из Bayer-овог поступка

производн>е глинице за металуршку примену. КоришЬене су стандаризован
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методе карактеризащце овог квалитета хидрата и оксида (гранулометри)ски

и фазни састави, гуспше и сл.), као и методе Koje се користе за карактери-

заци)у специ)алних квалитета ових прахова (сцецифична површина, микро-

скопске методе, технолошки тест и сл.). Сврха ове детатьне карактеризациjе je:

— упоредна анализа особина хидрата и калцииисаног AlaOi , доби^ених

у индустри|ским условима, ' •

— проналажен>е onroBapajyhnx зависности измену извесних особина

прахова

— испитиваше агломератне структуре прахова.

NH-9. ОТПОРНОСТ ВАТРОСТАЛНОГ МАТЕРЩАЛА НА БАЗИ MgAl204

НА ДЩСТВО БАЗНЕ ШЛАКЕ

Е. Kocrah, Д. ЦеровиЬ, В. Сто)адиновиК, С. Зец и В. СимичиЬ

Инсшишуш за нуклеарне науке „Борис Кидрич" Београд—Винча,' и Руднгщи

и UHdycutpuja „Шамош", Аран^еловац

Синтетизован спинелни прах на 1100° (честила око 5 цт) je додаван

електротогиьеном корунду, као вдфинвда фракщф, код правле&а узорака

за испитиваае де|ства базне шл>аке на nocTojaHOcr AI2O3—MgAlz04 керамике.

Хеми^ска отпорност ових узорака испитивана je на 1400° при чему се показало

да на OBoj температури долази до ancopmoije шлаке од стране керамичког

матери)'ала. Констатовано je да ситнозрна спинелна фаза pearyje са оксидима

железа и мангана из шл>аке, формира)уЬи чврсте растворе.

NH-10. ОДРЕЪИВАВЬЕ ОПТИМАЛНИХ УСЛОВА СЕЛЕКТИВНОГ

РАСТВАРАВЬА СТАКЛА У ВШИЕСЛОтНОМ СИСТЕМУ

М. Todopoeuh, Л. РадошиЬ и М. 1анчиЬ

Инсшишуш за xejtujy, шехнолощу и мешалургщу, Београд, Технолошки фа-

кулшеш, Нови Сад и Технолошко-мешалуршки факулшеш, Београд

Разлика у брзини растваран>а различитих стакала у датом растварачу има

велики фундаменталии и практични знача). Стакло се у принципу споро

раствара. Ако се у (едном систему на!)у стакла различите брзине растваран>а,

селективним растваран>ем се може добита микропорозна структура Koja има

отроку примену. У овом раду je испитивана растворл>ивост jenHor више-

cnojHor система стакала у цил>у повеЬаша разлике брзине растваранл noje-

диних стакала из система. Растворл>ивост je испитана у функцией састава

стакла, врете растварача, температуре и времена раствараиьа.



NH-11. ТЕРМИЧКА ИСТОРЩА СТАКЛА И ФАЗНО PA3flBAJAH>E

М. ТодоровиН, Л. РадоиьиК и М. Jsuwnh

Инсшишуш за xejtujy, технологий и мешалурщу, Београд, Технолошки фа

кулшеш, Нови Сад и Технолошко-мешалуршки факулшеш, Београд

Фазно раздвда&е у стаклу jc одре1)ено н>еговом термичкой истор^ом.

Али се тачна корелациц нзмег)у термичке историке и фазног раздва)ан>а у

стаклу не nosHaje доволло. Позкававье те зависности je неопходно да би се

могло да управл>а процесом фазног раздвдавьа. Са тим цшьем je проучавано

фазно раздваЦоье у стаклу: SiOa-BtOa-NafcO. За два различита састава стакла

из овог система, одре!)ен je утица) услова стапан>а, температуре и времена

термичке обраде стакла на величину фазно раздво)ених области и вьихов

састав. Као мерило стелена разлике фазно раздво|ених области коришЬена je

способност селективног растваравьа.

NH-12. СИНТЕГОВАН>Е КРУТИХ СТАКЛЕНИХ ВЛАКАНА

М. Mujuh, Л>. РадовьнЬ и М. JaH4Hh

Технолошко-мешалуршки факулшеш, Београд и Технолошки факулшеш,

Нови Сад

Проучавана je кинетика и механизам синтерован>а стаклених влакана

користеЬи као модел )едносло)на и вишесло)на стаклена влакна. Стаклена

влакна су прост и добро дефинисан систем у геометри)ском погледу за проу

чавана сложених феномена у синтерован>у и испитиван>а су спроведена прс

света у цил>у доби)ан>а општег модела синтерован>а. Било je показано да процес

синтеровавьа може бита описан (едначинама Koje су коришЬене за синтеро-

ван>е стаклених прахова.

NH-13. СИНТЕРОВАНэЕ СТАКЛЕНОГ ПРАХА

В. Гаврилов, Л». НиколиЬ и Л. Радоиьип

Технолошки факулшеш, Нови Сад

Управлении синтероваиьем прахова се могу добита матери)али разли

чите порозноста. Са аспекта теори)с и примене je занимлжво одредити услове

за доби)ан>е материjana дефинисане порозности, полазеЬи од прахова. У

овом раду je за синтероваае коришЬен прах стакла ВК-7. ПолазеЬи од вели

чине честила у интервалу од 60—125 tun, одре^ивани су услови за доби|ан>е

узорака порозноста 40—60% . Одре^ен je механизам и кинетика процеса

синтеровавьа стакленог праха.
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NH-14. СИНТЕРОВАЕЬЕ И РАСТАКЛ>ИВАВЬЕ ТОПЛЕНОГ Si02

Д. Kuheeuh, М. ГашиЬ и С. Зец

Инсшишуш за нуклеарне науке „Борис Кидрич", Вита, Београд

Производи на бази електротогаьеног SiC>2 се у HajneheM 6pojy случа)ева

доби)а)у ливаьем водених суспензща у гипсане калупе и накнадним синте-

рован>ем осушених одливака. Процеси синтероватьа и растаюьиван>а су па-

ралелни процеси на повишеним температурама. Фактори kojh утичу на син-

тероваае (температура, време, начин припреме суспензи)е) исто тако утичу

и на nojaey кристобалита. У овом раду je испитиван утица) услова синтеро-

ва&а на особине жарених узорака као и ме^узависност одви)ан>а процеса

синтеровааа и растакгьиван>а. Прапени су густина, механичке особине и

садржа) кристобалита у функци)и времена и температуре синтерован>а. До-

би)ени резултати су послужили за формираке математичких модела зависности

особина жарених узорака од услова н>иховог доби)ан>а. Исто тако, ови модели

могу послужити и као основа за оптимизаци)у одн. за одре})иван>е услова

доби)ан>а произвола жел>ених карактеристика.

NH-15. ПРОУЧАВАН>Е МАШИНСКИ ОБРАДИВЕ СТАКЛО-КЕРАМИКЕ

Б. Сшо]'ков, Л>. НиколиЬ и Л. Радон»иЬ

Технолошки факулшеш, Нови Сад

Управл>еном кристализаци)0м стакла може се добити стакло-керамика

унапред одре^ених особина. У систему: SiOz-BaOs-AlaCVMgO-KzO-Fz стакла

се може, под одре^еним условима кристализшоде, да добще флогопит као

основна фаза Koja материалу да)е особине поволле за машинску обрадивост.

Одре^ивана je температура нуклешоде и раста кристалне фазе флогопита у

систему датог састава. Оптимална температура нуклеащф флогопита и опти-

мална температура раста зависе од почетног састава стакла.

NH-16. ИЗУЧАВАВЬЕ ПОНАШАВЬА ЦЕМЕНТА И БЕТОНА

СА ДОТАТКОМ ЕЛЕКТРОФИЛТАРСКОГ ПЕПЕЛА

Б. ЖивановиЬ, С. МилетиЬ, С. ЪокиЬ и 3. КачаревиК

Инсшишуш за исйишива/ъе машергцала CP Cp6uje, Београд

Изнети су резултати упоредног испитиваша понашан>а малтера на бази

портланд цемента (PC 45В) и истог цемента са додатком електрофилтарског

пепела (PC 15р 45) у процесу хидротермалне обраде. Утвр^сно je да nocroje

одре^ене разлике у особинама и дата су могуha o6jauiH»eH>a. Тако^е су обав-

;ьена испитиван>а поменутих цемента и у бетону. Утвр^ено je да бетони са

додатком пепела HMajy бол>е особине од бетона са чистим цементом, што у)едно

oMoryhyje и знача}не уштеде у потропльи цемента.



NH-17. ПРИМЕНА ФОСФОРГИПСА У ИНДУСТРЩИ ЦЕМЕНТА

Инсшишуш за исйишшсиьв машерщала CP Cp6uje, Београд

С. МилетиН, Н. МитровиК, М. ПаниЬ-МандиК и Д. РанковиК

Изнети су резултати истраживан>а могуЬности примене фосфоргипса

као регулятора всзившья при производил портланд цемента. Извршена je

детальна карактеризащф фосфоргипса и оцена промене знача)них хелш)ских

конституената фосфоргипса у функции времена. Обзиром на позитивне ре-

зултате извршена су лаборатори)ска испитиваня са фосфоргипсом као ре

гулятором везиван>а портландцементног клинкера беочинске фабрике цемента

и фабрике цемента „KocjepHh", као и индустри)ска пробна производила порт

ланд цемента у беочинско) фабрици цемента. Извршена je карактеризаци)а

тако доби|еног цемента упоредо са цементом где je као регулатор везиван>а

употребл>ен природни гипс. Тако1)е су извршена испитиван>а поменутих

цемената и у бетону. Добэдени резултати указуjy на могуКност замене природног

гипса са фосфоргипсом Kojn представл>а отпадни материал при производили

фосфорне киселине.

NH-18. СУЗБЩАН>Е СЛЕПЛ>ИВАН>А КРЕЧНОГ АМОНЩУМ-НИТРАТА

КАРБАМИД ФОРМАЛДЕХИДНИМ СМОЛАМА

Н. Милошев, Г. РасулиК и М. Бабин

Хемщска undyciUpuja „Панчево", Панчево и Технолошки факулшеш, Нови Сад

Карбамид-формалдехидне смоле се користе у производной вештачких

1)убрива са успореним flejcraoM. Карбамид и формалдехид pearyjy у врло

широком опсегу молских односа, flajyhn као произвол кондензате различитих

CBojcrBa. Извршен je избор кондензата Kojn не утиче на сман>ен>е брзине

растворл>ивости кречног амони)ум-нитрата. Испитан je утицаj карбамид-

-формалдехидног кондензата на слепл>иван>е, хигроскопност и механичке

карактеристике кречног амонвцум-нитрата упоредо са раствором масних

амина у ул>у Kojn се користе за сузби)ан>е слешьивааа у свету и код нас.

NH-19. СУЗБЩАНЪЕ ХИГРОСКОПНОСТИ NPK ЪУБРИВА

СА КАРБАМИДОМ ДОДАТКОМ СУЛФАТНОГ JOHA

В. Шиша, С. 1овановиЬ, Н. Милошев, Л>. МилановиЬ, 3. Шукер,

Г. РасулиЬ и J. Фаркаш

Хемщска индустрией „Панчево", Панчево и РТБ Бор

Претходна испитиван>а су показала да NPK 1)убрива са карбамидом

као азотном компонентом HMajy веома изражену хигроскопност, што би отежало

или чак онемогуНило н>ихову примену. Извршена су лаборатор^ска и ин-

дустри)ска испитиван>а производаье NPK 1)убрива са карбамидом уз додатак
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сулфатног ]она у облику амони)ул1-сулфата. Као фосфорна компонента при

овим испитиван>има коришЬен je нормални суперфосфат односно диамони)ум-

фосфат. Доб^ени узорци подвргнути су xeMHjcKOj и термщско) анализи и

одре1)ен им je хигроскопна тачка. Узорцима доби)еним у производном погону

одрег}ене су и механичке карактеристике и слепл>иван>е.

NH-20. ПРИЛОГ OBJAUIIbEH>y ФИЗИЧКО-ХЕМЩСКИХ ХАРАКТЕ

РИСТИКА ЧВРСТИХ NPK ЪУБРИВА СА КАРБАМИДОМ

КАО АЗОТНОМ КОМПОНЕНТОМ

С. JoBaHOBHh, В. Шипка, Н. Милошев, Л>. МилановиЬ, 3. Шукер и Г. РасулиЬ

Хемщска индусшрща „Панчево", Панчево

Извршна су прелиминарна испитиванл могуЬности производил NPK

1)убрива са карбамидом као азотном компонентом при коришЬаьу свих сировина

у чврстом станку. Карактеризагцф доби)ених узорака указала je на повишену

хогроскопност и ниске температуре тошьен>а. Како у литератури нема доволло

података о производил и карактеристикама ових 1)убрива, припремл>ени су

двокомпонентни системи карбамида са другим сировинама Koje се користе

у производоьи. Извршена je н>ихова хеми$ска и терми{ска анализа и одре^ена

je хигроскопна тачка. Цшь овог рада je, да се испитиван>ем двокомпонентних

система допринесе o6janra>eiby физичко-хемИ)ских карактеристика NPK

^убрива са карбамидом.

NH-21. ФИЗИЧКО-ХЕМЩСКЕ КАРАКТЕРИСТИКЕ NPK ЪУБРИВА

СА КАРБАМИДОМ КАО АЗОТНОМ КОМПОНЕНТОМ

В. Шийка, С. JoeaHOBKh, Н. Милошев, Л>. МилановиЬ, 3. Шукер и Г. РасулиЬ

Хемщска UHdyciupuja „Панчево", Панчево

У литератури nocrojH доста података о произведши NPK ^убрива,

са карбамидом као азотном компонентом при чему фосфорну компоненту

представл>а фосфорна киселина, односно раствори амогоцумфосфата. У

XeMHjcKOj индустрии „Панчево" не nocrojH могуЬност производное NPK

!)убрива применом фосфорне компоненте у облику раствора. Због тога су

изведена лaбopaтopиjcкa испитиван>а могуйности производное NPK 1)убрива

са свим компонентама у чврстом стан>у. КоришЬене су четири различите

фосфорне сировине: нормални суперфосфат, троструки суперфосфат, амо-

низирани нормални суперфосфат и диамони)ум-фосфат. Доби)ени узорци

подвргнути су xeMHjcKOj и TepMHjcKoj анализи и одре1)ена им je хигроскопна

тачка.



NH-22 УЗРОЦИ ПОДБАЧАМ У КВАЛИТЕТУ ШЛ>АКОБЕТОНСКИХ

БЛОКОВА

Д. Jeerah

rpafjeeimcKu факулшеш, Београд

npramyje се случа) подбача)а у квшштету ииьакобетонских блокова

(распадаае истих) као и узроии Kojn су до тога довели. С обзиром на кон-

статовано стан>е ииьакобетонских блокова дошло се до закъучка да je испи-

тиван>е н>ихових механичких карактеристика (чврстоЬа) беспредметно, те

су на узорцима спроведена следеЯа испитиван>а : комплетна хемидска и ренд-

генска анализа. Резултати испитиван>а показуjy да je до подбача)а у квалитету

щгьакобетонских блокова дошло услед недозвол>ено високог процента рас-

творл>ивог сулфата израженог као SO3 као и корозионим процесима kojh су

се с там у вези током времена развили.

NH-23. СИНТЕЗА И КАРАКТЕРИЗАЦЩА КОМПЛЕКСА Co(II), Ni(II)

И Cu(II) СА S-МЕТИЛТИОСЕМИКАРБАЗОНОМ ФУРФУРАЛА

Реакци)ом топлих алкохолних раствора новосинтетизованог S-метил-

тиосемикарбазона фурфурала,

и М(СЮ4)г ■ 6Н2О (М=Со, Ni, Си) доби)енн су бис(лиганд)-хелатни ком-

плека1 опште формуле М(НЬ)2(С104)2-иНгО. Реакциям, пак, Co(NCS)«-

• 2НгО и HL синтетизован je трис(лигаид)-хелатни комплекс [Со(НЬ)з]

[Co(NCS)4]. За разлику од наведених парамагнетичких комплекса у KojHMa

се HL KOopflHHyje као неутралан бидентатни (NN) лиганд, у дофмагнетичном

NiL2 комплексу, KojH je доб^ен де)ством HL на топли алкохолни раствор

Ni(CHsCOO)2 • 4НгО, лиганд се Koopflmryje као моноан)он. Ова форма лиганда

настаje депротонащфм координоване NH2-rpyne. Поред елементарне анализе

и магнетних мерен>а, комплскси су окарактерисани и методама ИЦ- и елек-

тронске cneKTocKonnje, рендгенске дифракщф кристалног праха, као и

мерен»ем моларне проводл>ивости.

ПОСТЕРИ

В. М. Леовац, Д. ПетровиЬ и В. Див)аковиЬ

Природно-мшиемашички факулшеш, Нови Сад
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NH-24. ДИФУЗНИ РЕФЛЕКСИОНИ СПЕКТРИ И TG АНАЛИЗА

КОМПЛЕКСА Ni(II) СА S-МЕТИЛТИОСЕМИКАРБАЗОНОМ

САЛИЦИЛАЛДЕХИДА

Д. ОбадовиН, В. М. Леовац и Д. ПетровиЬ

Природно-машемашички факулшеш, Нови Сад

Дя\у се резултатн проучаваша дифузних рефлексионих спектара на

кристалном праху комплекса Ni(II) са S-метилтиосемикарбазоном салицил-

алдехида (H8L), Ni(H«L)2 (NOs^ , Ni(HaL) (HL)C104, Ni(HL)NCS • HtO ,

Ni(HL)CM,5Py, Ni(HL) (y—Pic)Cl и (NiLVHaO. На основу дофграма

Tanabe-Sugano за систем d8 у случаjy прва два комплекса утвр^ено je да апсорп-

цнони максимуми одговара)у октаедарско) координации централног jona.

Од шест регистрованих трака три траке релативно слабог интензитета при

паду електронским прелазима типа d-d: 3A2g->3T2g(F), 3A2g->-3Tig(F),

sAae->3Tig(P). Широка трака упадгьивог интензитета (СТ) могла би се при-

писати спектру преноса наелектрисан>а са металних на лигандне орбитале,

док преостале две (IL1 и IL2) одговара}у прелазима интралигандног типа.

У случаjy осталих комплекса доби)ени су карактеристични спектри квадратно-

планарних комплекса копима се апроксимативно може приписати D4h тачкаста

група симетри)е координационог полиедра. Детектовано je укупно осам трака

од KojHx три траке упадгьиво слабог интензитета: 1Aig->1A2g, 1An-»-1Big

и 1Aie->1Eig, oflroeapajy електронским прелазима типа d-d, две (IL1 и IL2)

претставл>а)у резултат електронских прелаза интралигандног типа и три (СТ1,

СТ2 и СТЗ) одг-OBapajy вероватно прелазу преноса наелектрисан>а са блиских

it* на лигандну орбиталу. TG анализа комплекса Ni(HL)Cl ■ 1,5Ру и Ni(HL)

(Y-Pic)Cl индицира да се декомпозишф одви)а преко четири ендо- и два

егзотермна ефекта, а као финални продукт формира се NiO, што je утвр^ено

рендгенском анализом.

NH-25. СИНТЕЗА И ЕЛЕКТРОНСКА СПЕКТРОСКОПЩА ХРОМНИХ

ЗЕОЛИТА

Ъ. GrojaKOBHh, Д. ВасиЬ и С. Радосавл>евиЬ

Технолошко-мешалуршки факулшеш, Београд

Синтетизовани су хромни зеолити (са 4% Сг) поступком према коме се

образована алумосиликатне решетке ocTBapyje у peaKimoHoj смеши Koja,

поред натриjyM-алумината и натри}ум-силиката, садржи и натри)ум-хро-

мат(Ш). Електронски спектри чврстих узорака указуjy да координациона

геометри)а хрома у произволу знатно одступа од октаедарске симетри)е. За-

юьучено je да je то последила налажена хрома и координационом окружешу

ниже cHMerpHje од кубне. Снижение симетри)е je на)вероватюп'е условл>ено

координапдфм хрома за атоме кисеоника у шупл>ннама алумосиликатне

решетке, т). стерним захтевима Koje положа^ тих атома намеЬу коорлинацноно j

сфери хрома као целини.



NH-26. КООРДИНАЦИОНА 1ЕДИН>ЕН>А НИКЕЛ(И) СОЛИ СА НЕКИМ

ХИДРАЗОНИМА 3,4,5-ТРИМЕТОКСИБЕНЗОИЛХИДРАЗИНА

.Ъ. Клисарова и М. ЛазаревиЬ

Хемщски факулшеш, Ской^е

У овим испитиванлма праЬено je формирак>е координационих )един>ен>а

измену хлорида, нитрата и ацетата никла(П) са хидразонима 3,4,5-триметок-

сибензоилхидразина (HLA, HLB и HLBD). Код реакцще хидразона са хло

ридом и нитратом никла(П) формира се бис(лиганд) комплекс Kojn може

да се представи општом формулой Ni(HL)2X2 , где je (НЬ)-неутрални хидра-

зонски молекул, X—NO3, С1, док реакшф са никал(П) ацетатом доводи

до формиран>а бис(хидразонато) комплекса, Ni(L)2 , где je (Ь)-депротонирани

хидразонски молекул. Карактеризащф изолованих комплекса je вршена на

бази елементарне анализе, ИЦ-спектара, електронских прелаза, магнетних

мерен,а и молеке проводоьивости .

NH-27. АДУКТИ БИС(ХИДРАЗОНАТО)НИКЕЛ(П) КОМПЛЕКСА СА

ХЕТЕРОЦИКЛИЧНИМ БАЗАМА

.Ъ. К.тсарова и М. ЛазаревиЬ

Хемщски факулшеш, Скойуе

Испитана je могуЬност синтезе адуката Kojn се flo6njajy у реакции

измену бис(дидразонато) никел(П) комплекса неких хидразона 3,4,5-триметок-

сибензоилхидразина (HLA, HLB и HLBD), и пиридина, хинолина и бипи-

ридина. Изолирани адукти показу)у парамегнетизам са ефективним магнетним

моментом и електронске спектре карактеристичне за високоспински окта-

-едарске никел(П) комплексе, што значи да полазни квадратно-планарни

даjамагнетични бис(хидразонато) никел(П) комплекси, ову симетрщу по-

стижу координаци)ом два молекула пиридина, односно бипиридина, у транс

акци)ално) позици)и. За разлику од овога, код формирааа октаедарског

тетрахинолинског адукта, ароилихидразон има функци)у монодентатног ли-

ганда, што je вероватно резултат отваран>а хелатних прстенова.

NH-28. ТЕРМИЧКО РАЗЛАГАНэЕ КОМПЛЕКСА EDTA-ЗЕМНОАЛКАЛ-

НИ МЕТАЛИ

Н. ДоловиН, М. Антик и Т. Видо{ковиЬ

Технички факулшеш, Бор и Економски факулшеш, Ниш

Истраживана je кинетика термичког разлагаша Na2MgEDTA,

NaCaEDTA, Na2SrEDTA и Na2BaEDTA у неизотермским условима кориш-

Ьен.ем TG података. Кинетички параметри Е, ko и п, одреЬени методама Koje

произилазе из Teopnje стационарне тачке, сагласни су са вредностима до
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бивеним класичним методама изотермске кинетике. За одре!)иван>е реакционе

способности чврстог реагенса препоручуje се коришЬен>е функционалних

зависности lnVma,x=f(ElRTm) и lntm==f(EIRTm) за неизотермску и In Утлх =

=f(EIRT) и lnk=f(EIRT) за изотермску кинетику. Ове функционалне за

висности могу да се искористе за графичко приказиваше реакционе способ

ности у одговара)уЬим координатним системима. Може да се постави следеКи

ред реакционе способности: Na2MgEDTA-Na2CaEDTA-Na2SrEDTA-Na2

BaEDTA kojh je сагласан ca вредностима E, ko, E/RT^, извесним физичко-

-xeMHjcKHM константама земноалкалних метала и константама стабилности у

водено) средини.

NH-29. КИНЕТИКА ТЕРМИЧКЕ ДИСОЦЩАЦЩЕ Na2SrEDTA

Т. ВидощовиН, М. АнтиЬ и Н. ЦоловиН

Технички факулшеш, Бор и Економски факулшеш, Ниш

Стронци)умови joHOBH pearyjy са трилоном В и граде комплекс

NajSrEDTA. Особине овог комплекса у воденим растворима, као и въегова

примена у аналитачко) хеми^и стронци)ума биле су предмет многоброщих

всгражвшшьа. У овом раду испитивана je кинетика термичког разлаганл

NajSrEDTA користеКи термогравиметри}ску методу. Термичко разлагайте

комплекса извршено je под неизотермским условима. КоришЬене су четири

линеарне брзине загреван>а од 2,5,10 и 20 K/min. У свим случа}евима добИ)ене

су S-образне криве Koje noKa3yjy зависност степена трансформаций од вре

мена, температуре и брзине загрева&а. Термогравиметри)ске криве анали-

зиране су методама Koje произилазе из Teopnje стационарне тачке и доб^ени

следеЬи кинетички параметри: енерпф актаващф Е, константа брзине ре-

акци)е Ко и предекспоненцэдални умножак п. Доби)ене вредности су у добро)

сагласности са константном нестабилности комплекса.

NH-3*. ТЕРМИЧКО РАЗЛАГА1ЬЕ АМИНЩУМ-УРАНИЛ-АЦЕТАТА

И. Донова и Д. Коцева

Хемщски факулшеш, Ской]е

Студирано je термичко разлагайте aMOHHjyM-уранил-ацетата. Hajnpe je

препарат синтетизован а синтеза je потвр^ена хеми}ском анализом и ИЦ-спек-

TpocKOTffljoM. TG и DTA мерен>а извожена су на апаратури фирме NETZSCH.

TG-меренэа су ранена у атмосфери собног ваздуха a DTA мерен>а DDK-мерном

главой 3aTBOp€H0j у заштатно j цеви. Идентификашф фаза ранена je ренд-

генском анализом праха ИЦ-спектроскопи)ом.Кра)н>и продукт npnTG-paana-

ган>у амони}ум уранил ацетата je UsOg , а при DTA доби)а се UO2 .



NH-31. ИЗЛУЧИВАН>Е ХИДРОЛИЗИНИХ ЖЕЛЕЗНИХ ОКСИДА ИЗ

НЕКИХ ПРИРОДНИ ГЛИНА

С. Поцев, М. МалетаК и Д. Поцева

Технолошки факулшеш Скоще

Третирашем водом добро самлевене глине из Уме (у околини планине

Кожува) долази до хидролизе неких железних соли (састо)ака глине). Про

дукта хидролизе су стабилни у киселим растворима (рН=2,4). Хидролизини

раствори таложе аморфни жуто-наранцаста талог. Одре^ене су физичко-

-хеми)ске особине аморфног талога. Фазне трансформаци^е талога на пови-

шеним температурама праЬене су DTA методом. Промене у кристаличности

талога одре^иване су рендгенском методом. Термичка трансформаци)'а талога

код 680° представлю кристалични РегОз у кафе)аво| 6ojH, а код 780° до

промене 6oje у тамно црвене.

NH-32. МАТЕМАТИЧКО МОДЕЛИРАВЬЕ ПРОЦЕСА РАЗГРАДН>Е КО-

ЛИМАНИТА СА СУМПОРНОМ КИСЕЛИНОМ

М. Милошевски, М. Маткалиева и Р. Милошевска

Технолошки факулшеш, Cxouje и Хемщски факулшеш, Ской]е

У шаржном реактору као експерименталном моделу, испитан je процес

добИ)ан>а борне киселине путем разградгье колиманита са сумпорном ки-

селином. КоришЬена je метода пуног факторног експеримента. КоришЬен

je трифакторни експеримент са следеЬим факторима: концентращф киселине

(xi), температура (хг), у време (хз). Функцэда одзива може се приказати

у форми регресионе )едначинс:

у=73,087+1,912х1+22,760х2+4,612х3 — 1,310х2х3

ПомоЬу F — теста проверена je адекватност доби)ене регресионе )едначине.

Поставлена je платформа за оптимизаци)У процеса.

NH-33. ПРОИЗВОДНЬА СТЕАТИТА НА БАЗИ 1УГОСЛОВЕНСКИХ

СИРОВИНА

Р. НиколиН

М. Тиша 297, Аран^еловац

Основна мана савремене технолопое стеатита je доминантан садржа}

(око 85%) талка 4Hja микроструктура и темам ка opHjeHTaHHjH oflpe^yjy

технолошко понашан>е стеатитних маса. У производил стеатита могу се по-

стиЬи добри резултата само с талком Haj6ojber квалитета — шпекшта)ном

Kojn je редак, скуп и налази се под контролом неколико западних компанща.

Технолошка и увозна зависност производите стеатита може се елиминисати
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коришЬен»ем синтетички доби)ених магнезИ(умсиликата ЧИ)И састав лежи

измену MgO • SiOs и 2 MgO • SiOi , тако да се код маса за влажно пресован>е

и екструзиjy увозне сировине могу елиминисати а код маса за суво пресован>е

смааити на испод 50%. Уместо шпекшта)на за суво пресоваае се могу ко-

ристити обични талкови. Проблемы тровааа барщумом и проблеми пласти-

фикован>а у ново) технологи)и су успешно решени. Направлено je nopefjeibe

различитих карактеристика старе и нове TexHonoraje.

NH-34. СТРУКТУРНЕ КОМПОНЕНТЕ ИГЛИЧАСТИХ КОКСОВА ИЗ

КАТРАНА УГЛ>А И НАФТЕ

В. МарковиЬ

Инсшишуш за нуклеарне науке „Борис Кидрич", Винча—Београд

Игличасти коксови из катрана угльа и нафте су начшьени поступком

са задржаван>ем. По|аве структуре карактеристичне за игличасте коксове

су испитиване поларизованом оптичком микроскопиям (ОМ) и сканира^уКом

електронском микроскопиям (SEM). Техника микроскопског посматраоа

исте површине узорка пре и после оксидащце у хроматном раствору (К2СГ2О7+

+Н3РО4) коришЬена je упоредо са SEM. На^ене су две врете структуре у

оба кокса. Назване су „сендвич" структура и структура закривл>ених снопова

иглица. На nocrojehe структурне компоненте више утиче производни поступак

него врста полазног материала.



2. ОРГАНСКА XEMHJA

СЕКЦВДСКО ПРЕДАВАЙТЕ

OH-SP. МИКРОБИОЛОШКО ХИДЮКСИЛОВАН>Е СТЕРОИДА

. P. M. JaHKOB

Природно-машемашички факулшеш, Београд

Чшьеница да дшкроорганизми могу да врше хеми)ске трансформащ^е

на молекулима стероида била je позната истраживачима join знатно пре него

што им je била позната структура молекула стероида. Од тада па до данас,

примена микроорганизама за синтезе и трансформащф различитих органских

супстанци представлю широко распространьену праксу. Може се сматрати

да je микроорганизмима могуЬе извршити готово сваку xeMHjcKy трансфор-

Mannjy на молекулу стероида. Од свих реакпэда трансформаци)е, хидрок-

силованье микроорганизмима je (една од на)комплексни)ИХ.

Микробиолошко хидроксилованье подразумева директно претварагье

везе угл>еник-водоник у везу упьеник-хидроксил, уз дефинисану регио- и

стерео-специфичност, што OMoryhyje функционализацэду и оних положа}а

KojH су тешко доступни када се ради конвенционалним хемздским средствима.

За хидроксилован>е се користе 6aKTepnje или гл>иве, с тим што трансфор-

Maimja глзИвама има веЬи синтетички знача}. За peanimje хидроксиловгиьа

ретко се користе изоловани ензими, због тога што je изолован>е ових ензима

компликовано, а стабилност препарата ензима jaKO мала. Због тога се на)веЬи

6poj ходроксилован>а стероида врши коришКеньем свеже oflrajamra култура

гл>ива.

Ензими KojH катализу)у хидроксиловаье стероида npmiaflajy врстама

ензима зависним од цитохрома Р-450, Kojn садржи гвож^е. Ови ензими, ко'щ

yrpaljyjy jeflaH атом молекулског кисеоника у супстрат класификовани су

као моно-оксигеназе. Повезиваше супстрата на моно-оксигеназе Koje зависе

од цитохрома Р-450 пропраЬено je и променом конформащф протеина и про

меном спектралних особина кофактора.

ITocTojH специфична уза)амна зависност измену положа)а супституента

у молекулу супстрата и места хидроксилованьа. У овом раду изложена су

искуства и резултати до Kojroc смо дошли HcmnyjyhH како структурне карак-

теристике молекула стероидног супстрата утичу на ток и исход микробиолошког

хидроксилованьа — уколико су ензими и услови н>иховог деловааа на сте

роиде константни.

Хидроксиловшье стероида на неактивираним положа)има дешава се

исюьучиво уз задржаван>е конфигуращф С атома на коме се супституци)а

врши.
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УСМЕНА САОПШТЕША

ОН-1. СИНТЕЗА 2-ЕТИЛ-1,6-ДИОКСАСПИРО[4.4]НОНАНА

(ХАЖОГРАНА), ГЛАВНЕ КОМПОНЕНТЕ ФЕРОМОНА

PITYOGENES CHALCOGRAPHUS (L.)

Ж. ЧековиН, Д. Мандип и Д. Илхфв

Природно-машемашички факулшеш, Београд и Педагошки факулшеш, Осщек

Неколико година после одре!)иван>а структуре описано je неколико

синтеза халкограна.

 

2-Етил-1,6-диоксаспиро[4.4]нонан — халкогран je добивен у jeflHoj

фази оксидаци)ом 1 ,7-нонандиола помоЬу среброоксид-бромног реагенса или

помоЬу олово-тетраацетата. Овим реаюпфма добива се смеса од четири могуНа

стереоизомера. Ме1)утим, делимично стереоселективна синтеза халкограна

(два стереоизомера) постигнута je оксидащфм ш/>анс-2-етил-5-(3-хидрокси-

пропил-1)-тетрахидрофурана помоЬу олово-тетрацетата или сребро-оксид-

-бромног реагенса. БиЬе дискутовани crepeoxeMHjcKH токови наведених

синтетичких прилаза.

ОН-2. ЦИКЛИЗАЦЩА ОЛЕФИНСКИХ АЛКОХОЛА ИЗ БИЦИКЛО-

ХЕПТЕНСКЕ И БИЦИКЛООКТЕНСКЕ CEPHJE

С. Б. Сукдолак, J. МиловановиЬ и М. Л>. МихаиловиЬ

Природно-машемашички факулшеш, Kpazyjeaau, Природно-машемашички фа

кулшеш, Београд и Инсшишуш за хемщу, шехнологщу и мешалурщу, Београд

Проучаване су неке циклизационе pearamje (као што су оксимеркуро-

ван>е-демеркурован>е, peaKUHja са N-бромсукцинимидом и оксидащф пер-

киселинама) код незасиЬених диастереомерних еп^о-а-метил-бицикло(2.2.1)

кепт-5-ен-2-метанола и еи^о-а-метил-бицикло(2.2.2)окт-5-ен-2-метанола, дакле

ход алкохола KojH садрже Д^двогубу везу (у односу на С—ОН групу). На^ено

je да се код ових олефинских супстрата, услед партиципаци)е облюгаье хидрок-

силне групе, врши интрамолекулско затваран>е етарског прстена, при чему

су peaKUHje реп^оселективне и flajy исюьучиво трицикличне етре тетра-

хидрофуранског типа, са суседним хетеро-супституентом (Вг-, НО-) у ехо-ори-

jeHTanHjH. На основу анализе 1H-NMR спектра, одре^ена je crepeoxeMHja

ЦИклизационих етарских производи и н>ихових алкохолних прекурсора.
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ОН-3. 16-ОКСО-СТЕРОИДИ. СИНТЕЗА 1,3,5(10)-ЕСТРАТРИЕН-3-ОЛ-

-16-ОН-З-МЕТИЛЕТРА

М. БраловиН и М. СтефановиЬ

Инсшишуш за xejtujy, шехнологи]'у и мешалурщу, Београд

и Природно-машемашички факулшеш, Београд

Разращена je синтеза за добивание 1 6-оксо-стероида у ecrrporeHoj серили

полазеКи од естрон-3-метилетра. Добивени 1,3,5(10)-естратриен-3-ол-16-он-3-

-метилетар je полазна супстанца за дал>у синтезу стероидног алкалоида сол-

нидина (формираае прстена Е и F), кондензаци)ом са 5-метил-пиридил-2-

-алдехидом и циклизациям добивеног пиколинилиден деривата методом

хидрогенизащф (Нг/Pd/C).

ОН-4. ТРАНСАНУЛАРНЕ РЕАКЦЩЕ 19-нор-5,10-секо-СТЕЮИДНИХ

МОЛЕКУЛА

М. PajKoeuh, А. МиловановиЬ, Jb. Лоренц и М. Л>. МихаиловиЬ

Природно-машемашички факулшеш, Београд и Инсшишуш за xeMujy, технологию

и мешалурги^у, Београд

Проучавана су два типа реакциja код диастереомерних Z- и Е- 1 9-нор-5 , 1 0-

-секо-стероидних молекула (1 и 2, схема), Koje се врше са трансануларном

партиципаци^ом олефинске двогубе везе, и то: (а) интрамолекулска цикли-

1 (Z-изомер)

Х=0 или NOH

2 (£-иэомер)

Схема

зациона реакци^а, индукована детством протона у раствору толуена или ксилсна

(када je Х=0),и (Ь) 1,3-диполарна циклоадшпф нитронске групе на трансану-

ларну 1(10)-двогубу везу (када je X=NOH). На^ено je да се при циклиза-

ционим условима оба стереоизомерна 19-нор-секо-кетона (1 и 2, Х=0) транс-

формишу градеЬи производ са ароматичним прстеном А, а да се 1 ,3-диполарна

циклоадгацф врши само код £-изомерног оксима (2, X=NOH), при чему

постаje изоксазолидински дериват. У раду he се детаыпце изложити ме-

ханистички и стереохеми}ски ток ових реакциja.
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ОН-5. СЛОВОДНИ РАДИКАЛИ У ЦИГАРЕТНОМ КАТРАНУ:

Н>ИХОВА ПРИРОДА И МОГУЪЕ ФИЗИОЛОШКЕ ИМПЛИКАЦЩЕ

П. И. ПремовиН

Филозофски факулшеш, Ниш

Парамагнетизам цигаретног катрана je непосредно повезан са на)ман>е

четири xeMHjcKe врете. 1една од вале Koja je одговорна за око 80% укупног

парамагнетизма noceflyje ESR сигнал kojh je независан од температуре у

области од 60 до 2S0K. Ово понашан>е Koje одступа од Кири-BajcoBor закона

yKasyje да je главна парамагнетска врста у цигаретном катрану : донор-акцеп-

торски комплекс прелазног наелектрисаша са парамагнетским основним и

дацамагнетским побу^еним стааем. Модел системи указуjy да ове комплексне

врете се cacToje из: хинонских (Q) и хидрохинонских (QHa) jeamnma Koje

су угра1)ене у катранску матрицу. Пошто су ове врете типа Q—QH2 катали-

затори за оксидаци)у угл>оводоника и врло активни редокс системи оне су

вероватно уско везане за кокарциногена CBojcTBa цигаретног катрана.

ОН-в. САСТАВ И КВАЛИТЕТ МОТОРНИХ БЕНЗИНА У ЗАВИСНОСТИ

ОД САДРЖАМ КРЕКИНГ КОМПОНЕНАТА

М. Кайор, Т. 1овановиЬ и О. ДеспотовиЬ-БебиЬ

Рафинери)а нафше, Панчево

Изградньом nocrpojeH>a за флуидно каталитичко крековавъе, FCC, у

Рафинери}и нафте Панчево, очеку}е се измена састава и квалитета моторних

бензина под yrmjajeM крекованих компонената, 4Hje се учешКе проценте

и до 70 запр. %. HMajyhn у виду нестабилност ових компонената, захтева

квалитета моторних бензина по 1УС-у, као и потребе тржишта, дефинисан

je математички модел намешававьа моторних бензина на основу количина и

карактеристика расположивих компонената за намешававье. Експериментална

провера стабилности мешавина je ранена на узорцима мешаним са FCC бен

зином рафинер^а ИНА, Сисак и PnjeKa са и без додатка инхибитора оксида-

4Hje. Упоре1)иван>ем квалитета и карактеристика намешаних узорака извршена

je процена важеЬих критери)ума стабилности моторних бензина. Тако^е je

процен>ена потреба коришЬен>а инхибитора оксидаци)е уколико je динамика

испоруке краЬа од шест месеци обзиром на сезонску потрохшьу и квалитет

моторних бензина. Цшь овог рада je да на основу ура^ених испитивагьа пред

ложи максималну Moryhy количину FCC бензина у мешавини моторних бен

зина са и без додатка антиоксиданса, као и да укаже на потребу производное

доиаЬих инхибитора оксидащф.
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ПОСТЕРИ

ОН-7. СИНТЕЗА НЕКИХ НОВИХ N-СУПСТИТУИСАНИХ АМИДА

ФЕНИЛСИРЪЕТНЕ КИСЕЛИНЕ

С. Пешровип, Н. Сто)ановиЬ, О. Сто)ановиЬ, Н. Кобиларов и В. Bajc

Технолошко-мешалуршки факулшеш и Природно-машемашички факулшеш ,

Београд

HacraBJbajyhH са истраживанъима понашан>а амидне везе, синтетизовани

су нови N-супституисани амиди фенилсирЬетне киселине. Ови амиди су

доби)ени помоЬу различитих општих метода за формиран,е амидне везе.

Остварени су врло високи приноси, од 65—82% . За сва нова ]един.ен>а доби)ена

je задовол>ава)уЬа елементарна анализа, а чистоНа je испитивана гаснохромато-

графски. Структура доб^ених амида je потвр^ена разматран>ем IR, NMR

и MS-спектара.

ОН-8. СИНТЕЗА НОВИХ 2,4-БИС-(ехо- И endo-5-AMHHO-2-HOPBOP-

НЕНИЛ)-6-ХЛОР-5-ТРИАЗИНА

Д. Г. АншоновиК и Ж. Д. ТадиЬ

Технолошко-мешалуршки факулшеш, Београд

Синтеза нових 2,4-бис-(ехо-5-амино-2-норборненил)-6-хлор-5-триазина и

2,4-бис-(епс1о-5-амино-2-норборненил)-6-хлор-8-триазина изведена je из одго-

Bapajyhnx амина и цщанурхлорида (2,4,6-трихлортриазина). Синтеза амина

je изведена у више стугаьева на уобича)ен начин. Доби)ени ехо- и endo-s-триа-

зини нису познати у литератури. ЧистоЬа прекристалисаних произвола про

верена je GC методом и елементарном микроанализом. Структура финалних

произвола потвр^ена je IR, NMR и GC/MS методама.

ОН-9. РЕДУКЦИ1А ДИЕНОНСКИХ СИСТЕМА ПОМОЪУ DIBAH-a

И. Ал>анчи1\-Шола]а, Б. Шола}а и М. СтефановиЬ

Природно-машемашички факулшеш, Београд и Инсшишуш за xeMttjy, технологиjy

и мешалурги]у, Београд

Редукован je а-сантонин помоЬу DIBAH-a у апсолутном толуолу на

—10°. Сирова реакциона смеса хроматографисана je на стубу силика гела.

Изолована je кристална супстанца т.т. 97—100°, [а]" + 59,44° (chl, с = 1) као

резултат диенол-бензоловог премештан>а. Инфрацрвеним и 1Н NMR спек-

трима потвр1)ена je ароматизаци)а прстена А као и премештан>е ангуларне

метил групе из положа)а С-10 у С-1 . Изолован je и произвол делимичне

penyKHHje а-сантонина код кога je лактонски прстен редукован до хемиаце-

тала док je диенски систем непромен>ен. Стероидни диенон (андрост-1,4-диен



-3,17-дион) под истим реакционна! условима да)е производ диенол-бензо-

ловог премештан.а с там што С-19 метил група мигрира у С-4 положа). Испи-

тивано je nejcrBo молекулског кисёоника на интермеди)ерни алкоксидни

комплекс KojH nacraje у реакцией диенона са DIBAH-om.

ОН-10. РЕДУКТИВНО ОТВАРАН.Е 1 ,2-ЕПОКСИЦИКЛОХЕКСАНА

М. Л>. МихаиловиН, М. Б]елакови% и В. Андре{евиК

Природно-машемашички факулшеш, Београд и Инсшишуш за хемщу, шехнологщу

и мешалургщу , Београд

Отваранлм оксиранског прстена код 1 ,2-епоксициклохексана помоЬу

алумини)ум-трихлорида и смеше алумини)ум-трихлорид+лити)ум-алумини)ум-

-хидрид, на^ено je: 1) да се брзина отварааа оксиранског прстена повеЬава

са количином присутног алумини)умтрихлорида; 2) да се као производи

flo6ireajy: циклохексанол, ш/>аис-2-хлорциклохексанол, циклохексен, цикло-

хексанон, 2-хидроксициклохексш1-2'-хлорциклохексил-етар и 1,2,1 ',2'-диокси-

-дициклохексан; и 3) да приноси и ме^усобни односи добивених производа

зависе од употребл»ених односа реактаната.

ОН-11. РЕАКЩЦА 2 СУПСТИТУИСАНИХ ЦИКЛОХЕКС-1-ен-1-КАР-

БОНСКИХ КИСЕЛИНА СА ДИАЗОДИФЕНИЛМЕТАНОМ У ЕТАНОЛУ

Г. УшКумлиУг, В. КрстиЬ и М. МушкатировиН

Технолошко-мешалуршки факулшеш, Београд

Одре^ене су константе брзине реакци)е естерификащф 2 супституисаних

циклохекс- 1 -ен- 1 -карбонских киселина са диазодифенилметаном у етанолу

на 30°. Доби)ени резултати су корелисани Хаметовом )едначином. Пренопгаье

поларног ефекта кроз двоструку везу у прстену je дискутовано на основу

величине реакционе константе р.

ОН-12. ГАСНО-ХРОМАТОГРАФСКО ИСПИТИВАВЬЕ РАСТВОРА

N-я-БУТИЛАЦЕТАМИДА

А. Д. НиколиЬ, С. Д. ПетровиЬ и Н. Л. Кобиларов

Природно-машемашички факулшеш, Нови Сад и Технолошко-мешалуршки

факулшеш, Београд

Из специфичних заиремина задржаван>а одре^ени су термодинамички

параметри за растворе угл>оводоника и шихових хлорних деривата у N-n-бу-

талацетамиду . На основу добгцених резултата разматране су интеракпдф у

испитиваним растворима.



ОН-13. КИНЕТИКА ТЕРМИЧКЕ ДЕГРАДАЦЩЕ ЦЕЛУЛОЗЕ

М. ТеодоровиЬ, Л>. Мащанац и М. ЖикиЬ

Технолошко-мешалуршки факулшеш, Белград

У току сушевьа'целулозе долази до инактивирааа влакана што je од

значаjа за вьихово дал>е коришНенье. У раду je испитиван утица) претходне

прштреме узорака за сушеше на ньихову термичку стабилност. Узорци су

припремани сушевьем на 20° са и без претходног потискиван>а воде органским

растварачем. Термогравиметри)ска мерен>а су вршена у опсегу од 30 до 600°,

при брзинама загреваьа од 1,27 до 20е/мин. Упоре1)ене су вредности Koje су

доби^ене за енерги)е активаци)е применом методе Flynn-a и Wall-a и методе

по Friedman-y.



3. ФИЗИЧКА XEMHJA

СЕКЦЩСКО ПРЕДАВАН)Е

FH-SP. ОСЦИЛАТОРНЕ ХЕМЩСКЕ РЕАКЦЩЕ

С. ВелжовиЬ

Природно-машемашички факулшеш, Београд

Осцилаторне хемэдске реакци)е се могу очекивати у оним системима

где се успоставлю веЬи 6poj повезаних динамичких равнотежних сташа (уста-

л>ених). При томе je систем, у целини, далеко од равнотеже, али je ме^усобни

однос стан>а контролисан одре^еним односом концентрашф полазног )еди-

шаы (А) и изабраног произвола реакшф (Р). У низу учеству^е веЬи 6poj

интермедщарних )едгаьен>а (Х<):

А->Х1-*Ха->Хз->Х4-^ ->-Р (1)

Однос (А)/(Р) утиче на сва могуЬа решеьа низа симултаних диференщ^алних

)едначина, Koje ormcyjy брзине свих спрегнутих стутьева. У сложении усло-

вима се могу по)авити )едначине са вишеструким учешЬем jeflHor интерме-

ди}ара, Xj, што je аналогно аутокаталИтичком ефекту те врете, одн. што

уводи нелинеарне односе у систему ^едначина. ВеЬи 6poj решен>а за Taj интер-

медздар указуje и HajeehH 6poj стан>а система Kojn га садржи. Циклични

прелази измену тих станьа условл>ава}у nojaey осцилаци)е садржа)а неког

од произвола peaKunje (или неког интермедщара Kojn je xeMHjcKH детекта-

билан).

Такве nojaBe су шцбол>е испитиване у системима окси-киселина халогена,

НВгОз и ЩОз, у смеши са редуку}уЬим )едгаьен>има, на пр. малонском ки-

селином, а у спрези са погодним редокс паром, као Се4+/Се3+, Мп3+/Мп2+,

Н2О2 и сл. KpajjbH производи су, углавном халогени атоми или производи

распада киселина или Н2О2, док се осцилаци)е концентращф не само тих

произвола мере, веЬ и интермедофра, као Вг_ и J- joHa. Мере се и осцилащф

концентращф Се4+ joHa, и др. метала. По ауторима се обележава)у: реаклэде

са НВгОз,каоБ)елоусов-Жаботинскиреакци}а(1)(Вг),а caHJ03,Kao Briggs-

-Rauscher реакшф (2) (BR). Систем HJO3/H2O2 , без додатака, je одавно познат

(од 1930. год.) као Bray-Liebhafsky систем (3) (BL), али je релативно нестабилан

без додатака као код BR реаюпф.

Кинетика осцилаторних реакщф je, практично, детально испитивана

само за те три реакпдме, ма да je познат веома велики 6poj осцилаторних,

како xeMHjcKHX, тако и физичких, биолошких и др. процеса.



Механизам реакщф окси-халогених киселина je до сада интернретиран

на бази сложене кинетике повезаних (око 30) меЬустутьева, у KojHMa je не-

линеарност наметнута аутокаталитичким реакиэдама редукованих облика

халогена, у првом реду НВгОг и HJO2 и (или) HJO и сл. Поред детал>ног

испитиван>а могуНих peaKunja интермеди)ара, основно питан>е у кинетици

осцилаторних процеса je onuiTHje: тражи се спецификапэда изабраних односа

Kojn дефинишу опсег нестабилности, одн. континуираних осцшгащф. Обично

се контролише карактеристична периода осцилаци^а, т, или време TpajaH>a

осцилаторних iiojaea, fmax- Осетллшост система je, често, мерена као однос:

д log т/d log ki, где kt представл>а константу брзине peaKUifje неког ступил

peaKUJije, или као д log т[д log с<, где je ct позната концентращца неке реагу-

jyhe супстанцс (на пр. супст. А). Посебно или паралелно се контролише и

ефекат температуре, одн. enepraje активиран>а неког (или више процеса)

преко зависности од log ki (4), (5).

Садацпьи резултати yKa3yjy на релативну сагласност TeopHjoaix прет-

поставки о нестабилности (и noBpaTHoj спрези - типа аутокатализе) Koja je

уско одрег)ена променом критичне динамичке равнотеже (устал>еног стан»а)

само одреЬеног ступаа (на пр. peaKunje Вг-малонске киселине са Се<+, Koja

flaje Br- joH и Ce3+ joH и тиме контролише све реакцеде са окси-халогеним

облицима). Привидно се, стога, уочава мали ефекат концентращф НХОз

киселина (А0), док je yranaj Н+ ;она (зависност од рН или ho) врло велики,

пошто он cynenyje у свим реакщфма редокс типа измену Х- joHa и X—Оп

(и^1) врста (6).

Mel)y yTHnajHe параметре се ymianajy и дирузи)а joHa, ефекат кавеза

у течности и, донекле, хетерогеност система (због pa3Boja гасова из Н2О2

и сл.), Koja би се пре могла повезати за спором хомогенизацэдом, одн. знатном

локализащфм центара реакци}е (7).

Испитивана су станка код BL peai<4Hje, повезана са променама т и :'тах ,

у зависности од концентрационих и температурских односа. У нашим резул-

татима je уочено не само убрзан>е (веК познато) осцилащф са температуром

или са додатком помоЬног редокс пара (Ti3+/Ti4+ веЬ je било могуЬе контро-

лисано „улажеиье" и „излажеше" из зоне нестабилности, без иреверзног

преласка у континуирану производоьу J2 и нестанка осцилащф. Дати су неки

од параметара peawmje, и приказана je облает нестабилности при вишим

температурама .
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УСМЕНА САОПШТЕ&А

FH-1. ИСПИТИВАН>Е СТРУКТУРЕ ПОЛИПЕПТИДА У РАСТВОРУ

NMR СПЕКТРОСКОПЩОМ ДВОСТРУКИХ КВАНТНИХ ПРЕЛАЗА

С. Мацура, N. G. Kumar и L. R. Brown

Природно-машемашички факулшеш, Београд и

Michigan Molecular Institute, Midland, Michigan SAD

Елементарни корак у анализи структуре веНих молекула у раствору

NMR спектроскопИ)'ом, jecre идентификащф присутних спинских система,

што се Hajeneraimfflje постиже анализом1Н корелационих дводимензионалних

NMR спектара. Мег)утим, када долази до знатног прекрива1ьа линтф у спектру

такву анализу HHje могуЬе }едносмислено извести. На примеру антибиотског

декапептида, полимиксина В, бшЧе показано како се таква анализа може

извести и у случа)у спектралног преклапан>а, применом спектроскопов дво-

струких квантних прелаза. . •

FH-2. ХЕТЕРОНУКЛЕАРНА ДВОДИМЕНЗИОНАЛНА J-RESOLVED

NMR СПЕКТРОСКОПЩА ПОЛИМЕРА

С. Мацура и L. R. Brown

Природно-машемашички факулшеш, Београд, и

Michigan Molecular Institute, Midland, Michigan SAD

Хетеронуклеарна дводимензионална (2D) J-resolved NMR спектро-

cKonnja пружа Moryhnocr за доби)ан>е хетеронукларних константа спрезаша

у малим молекулима. Мег)утим, код макромолекула спектри доби)ени са

nocrojehHM експерименталним шемалш joKa3yjy слабо разлаган>е и ниску

осетл.ивост због инхерентно широких лини)а у NMR спектрима макромоле

кула. У овом саопштетьу, на примеру поливинилалкохола, биЬе показано

како je Moiyhe побол>шати осетл>ивост и разлага!ье у хстеронуклеарним спек

трима (2D J-resolved) полимера, доби)ених методом нрекинутог распрезан>а.

FH-3. ИСПИТИВАВЬЕ КИНЕТИЧКИХ ПРОЦЕСА У ХЕТЕРОГЕНИМ

СИСТЕМИМА NMR ТОМОГРАФИТОМ

С. Мацура

Природно-машемашички факулшеш, Београд

Исиитима&е кинетичких процеса у хетерогеним системима всома je

отежано чин>еницом да треба истовремено пратити просторне и временске

промене посматране величине. Као што je добро иознато, NMR експеримент

изведен у гради|енту магнетног пол>а може да пружи податке о просторно)



С 28

расподели мерене величине. Та метода, данас поэната као NMR томографИ)а,

увелико се користи у биофизици и медицини за доби)ан>е слика пресека раз

личитих об)еката праЬоьем просторне расподеле спинске густине, Т\ и Т%

релаксационих времена или яьихових комбинацзда. У овом саопштешу бипе

показано како се по)едноставлена томографска техника може користити за

испитиван>е кинетичких процеса (изотопске измене, )онске измене, адсорпци)е

и сл.) у хетерогеним системима, праневьем просторно-временске промене

спинске густине.

FH-4. СТРУКТУРА CH2,+ JOHA

М. РабреновиЪ, Т. Аст и J. Н. Веупоп

Технолошко-мешалуршки факулшеш, Београд и

Royal Society Research Unit, University College of Swansea, Велика Бришанща

Испитиване су мономолекулске реакщце раздва^аша наелектрисав>а

CnH2+ joHa формираних у )онском извору масеног спектрометра са цил>ем

да се одреди структура ових joHa. Из мерених вредности ослобо!)ене кинетичке

енерги)е при фрагментации израчунате су одговара)уНе вредности pacrojab*

наелектрисавьа смештених у две тачке. Доб^ени резултати показу)у да je

структура СпНг2+ joHa линеарна са по )едним атомом водоника на Kpajy ланца.

Jедини изузетак je реакци^а С4Нг2->СзН2+Ч-С+", где изгледа да прелазно

сташе С4Нг2+ joHa садржи прстен. Структура СяНг+ joHa не зависи од структуре

молекула упьоводоника из Kojnx су формирани. Различите pearanije фратмен-

тацтф Koje су примеНене за СПН22+ >оне ко'щ сарже паран или непаран 6poj

атома упьеника претставл>а)у квалитативан доказ да ови johh садрже )едан

или два неспарена електрона.

FH-5. JOHH3AUHOHE ЕНЕРГЩЕ ПОЗИТИВНИХ JOHA ДОБЩЕНИХ

JOH-МОЛЕКУЛСКИМ РЕАКЦЩАМА

М. Рабреновив, Т. Аст и J. Н. Веупоп

Технолошко-мешалуршки факулшеш, Београд и

Royal Society Research Unit, University College of Swansea, Велика Бришанща

У донском извору за хеми|ску joHH3aunjy, као последица врло ефикасних

резкщф joHa са неутралним молекулима, долази до стварагьа стабилних

комплекса. Методом откидааа наелектрисанл са позитивних joHa у судару

са гасом, измерене су вредности )онизационих енерпф JE(m+->m2+) за:

С2Нв+-, СгН1+, СШО+иОН^-. Структура СгНв+ )она je различита од струк

туре молекулског )Она етана и вероватно одговара структури комплекса

[СНгСН4]+'- Структура СНвО+ joHa je HajBepoeaTHnje иста као структура

протонованог метанола.



ПЕРХЛОРНА КИСЕЛИНА

FH-в. ИСПИТИВАН>Е СИСТЕМА РЕЗОРЦИН — КОНЦЕНТРОВАНА

Д. ВеселиновиЬ, М. ОбрадовиЬ и Д. МарковиЬ

Природно-машемашички факулшеш, Београд и Филолошки факулшеш, Ниш

Растварааем резорцина у концентровано) nepxnopHoj киселини (70%)

додан до брзе протонаци)С и накнадне споре трансформаций протонисаног

резорцина Koja доводи до нздва|ан>а чврстих продуката. Процес нлховог

вздва|ан<а на cooHoj температури Tpaje дуже од три године, док се на повишено)

температури (100°) завршава век након 25 часова. На основу резултата еле-

ментарне анализе издво)ених продуката, аихових масених, инфрацрвених

ултрал>убичастих и видоьивих спектара, као и хроматографског раздва)ан>а

на1)ено je да изоловани чврсти продукти представл>а)у )един>ен>а типа:

СвНв(ОН)г—[О—СвНг(ОН)2]»—О—CeHs(OH)2 .

Гргфеье ових )един>ен>а je последица оксидационог делован>а концентроване

перхлорне киселине.

FH-7. КОМПЛЕКСНА JEflHH>EH>A THTAHA(IV) И ФЕНОЛА

У KOHUEHTPOBAHOJ ПЕРХЛОРН01 КИСЕЛИНИ

М. ОбрадовиЬ, Д. ВеселиновиЬ и Д. МарковиЬ

Филозофски факулшеш, Ниш и Природно-машемашички факулшеш, Београд

Исшпвва&е гряЬедо комплекса титана(1У) и фенола, резорцина, хидро-

хинона, пирогалола и флороглуцина у раствору 72% перхлорне киселине

вршено je спектрофотометри)ским мереньима. Сви посматрани феноли граде

две врете комплексних )едшьен>а, )едну са протонисаним фенолима а другу

са продуктима трансформациjе фенола. Одревен je састав комплекса титана(1У)

са протонисаним фенолима.

FH-8. РЕАКЦЩЕ ДЕРИВАТА БЕНЗЕНА У JAKO КИСЕЛИМ СРЕДИНА-

МА. МЕТИЛФЕНОЛИ У СУМПОРНО) КИСЕЛИНИ

Д. А. МарковиЬ, Д. С. ВеселиновиЬ и Д. М. МарковиЬ

Природно-машемашички факулшеш, Београд

Посматравьем промена у UV спектрима метилфенола (крезола) раство-

рених у cyMnopHoj киселини различитих концентраци)а идентификоване су

реакщце Koje се дешава)у у систему. ВеЬ при умереним киселостима средине

(НгБОл 40%) залажа)у се ефекти протонизащф кисеоника хидроксилне

групе, да би у 70% сумпорно) киселини они постали jacHo изражени. При

дшьем повеЬаван>у киселости (HgS04 80%) долази до знатнее измене у облику



и понапшьу посматраних снектара што je об)ашк.ено сулфонапи^ом органског

суистрата. На основу уочених спектралних промена израчунате су вредности

)онизационих константа (рКвн+) за кон)уговане киселине метилфенола и

кинетички параметри за peaKimjy сулфонацэде. Дискутован je утица) полои^а

метил групе на протонизащ^у и сулфонащф метнлфенола.

FH-9. ПОЛАРОГРАФСКО ИСПИТИВАВЬЕ КОМПЛЕКСА Cu(II), Ni(II)

и Со(П) И АМПИЦИЛИНА

Д. ВеселиновиЬ и В. КапетановиЬ

Природно-машемашички факулшеш, Београд и Фармацеушски факулшеш,

Београд

Cu(II), Ni(II) и Со(П) )они граде са ампицилином комплексна )едшьен>а

што доводи или до померан>а полуталасног потенциала у односу на метал-

аквакомплекс или до настаjaaa новог таласа. Комплекс Cu(II) се редуку^е

на Ец2=—0,3 V при рН=6,10, комплекс Ni(II) на Ецг=—0,74 V при рН=6,10

а комплекс Со(П) на £1/2=—1,1 V при рН=6,00 у односу на ЗКЕ. Одре^ен

je састав ових комплекса и израчунате су ньихове константе стабилности.

FH-10. РЕАКЦЩЕ АЗОТНИХ ОКСИДА И IIOJABA ЕЛЕМЕНТАРНОГ

СРЕБРА У ТЕРМИЧКОМ ОГРЕВАВЬУ AgAAgNOs ИНКЛУЗИОНОГ

КОМПЛЕКСА ЗЕОЛИТА

Н. ПешрановиН и У. Миоч

Природно-машемашички факулшеш, Београд

У термичком третиран»у сребронитратног инклузионог комплекса зео-

лита, AgA-AgN03, на 520° у вакууму, настаje сребро инклузиони комплекс

при чему структура зеолита ocraje сачувана. У току процеса одгреван>а до-

лази до разлаганьа инклудованог нитрата и nojaBe елементарног сребра, Ag°.

Методом инфрацрвене спектроскопов извршена je анализа гасне фазе и

на основу тих резултата разматран je механизам Hacrajaiba Ag° у сребро ин-

клузионом комплексу зеолита.

FH-11. ОДРЕЪИВАВЬЕ КОЕФИЦЩЕНТА ДИФУЗЩЕ АРСЕНА У

РАСТВОРУ ГАЛЩУМА

Д. Куновац и Г. СтанковиЬ

Инсшишуш за xeMujy, шехнолощу и мешалурггцу , Београд

Епитакси)ални сло)еви гал^умарсенида на монокристално} подлози

гали)умаарсенида ор^ентащф (100) добщени су методом кристализа1пф из

течне фазе. Из зависности дсбл>ине епитако^алног cnoja од времена раста

одре^ен je коефищфнт дифуз^е арсена у раствору гали)ума за температуру

раста 1093 К. Доб^ени резултати су перецени са теори)ским.
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FH-12. ОДРЕЪИВАВЬЕ КОНЦЕНТРАЦИИ ПРИМЕСА УГРАЪЕНИХ У

ЕПИТАКСЩАЛНЕ СЛ01ЕВЕ GaAs И (GaAl) As ДОБЩЕНЕ МЕТОДОМ

ТЕЧНЕ ЕПИТАКСЩЕ

М. Jeerah, Д. Куновац и Г. СтанковиН

Инсшишуш за xeAtujy, шехнологщу и мешанурги]у , ООУР Оделепе за микро-

елекшронску технологи]у

Методом течне епитакси)е доби)ени су cnojeBH GaAs и (GaAl) As легирани

Ge и Zn. Концентрашф угра!)ених примеса су одре1}иване рефлексионом

методом и капацитивним мерен>има. '

FH-13. НЕКЕ МОРФОЛОШКЕ ОСОБИНЕ CHOJEBA№ Bv ТЕДИВэЕВэА

ДОБЩЕНИХ МЕТОДОМ ЕПИТАКСЩАЛНОГ PACTA ИЗ ТЕЧНЕ

ФАЗЕ

Д. Куновац, В. JoBiih, Г. СтанковиК и J. МарковиЬ

Инсшишуш за хемщу, шехнологщу и мешалургщу , Београд

У овом раду Немо покушати да дамо кратак преглед морфолошких

особина монокристалних сдо^ева GaAs и InSb KojH су доби)ени епитакси^алним

растом из течних раствора на монокристалним подлогама GaAs opHjeHTauHje

(100) и InSb разних opHjem-auHja: (111), (111) и (220). КоришЬени су разни

методи хла!)ен>а: равнотежно, са температурном задршком и хла!}ен>е пот-

хла!)ен>еног раствора. БиКе описане неправилности раста настале услед по-

вршинских несавршености подлоге на Kojoj се раст одви)а, затим терасе и

таласи KojH представл>а)у на|карактеристични)е одлике епитаксиjалних сло-

)ева, лиюце Koje су последица континуалног кретан>а растопа по подлози

у почетним тренутцима раста као и Kacmrje по површини нараслог crioja и

грешке пакован>а.

FH-14. РАВНОТЕЖА ЕЛЕКТРОНСКОГ ТРАНСФЕРА КОД КОЛОИД-

НИХ ЧЕСТИЦА ПОЛУПЮВОДНИКА ТЮ2 ИСПИТИВАНА МЕТОДОМ

ИМПУЛСНЕ РАДИОЛИЗЕ

Н. М. Димишри]евиН и О. И. МиЬиН

Природно-машемашички факулшеш, Београд и Инсшишуш за нуклеарне науке

„Борис Кидрич", Винча, Београд

Колоидне честице ТЮг форме анатас, Koje граде транспарентне водене

дисперззде, употребл>ене су за изучаван>е кинетике и равнотеже реакшф

електронског трансфера. На1)ен je, у апсорпционим спектрима, доказ о убаченим

(юцектованим) електронима у титандиоксиду. Убачени електрони могу бити

слободни или заробл>ени у полупроводнику, што зависи од начина правл.ен>а

колоида. Солови Ti02 различили величина зрна, правл>ени су хидролизом

TiCU, мен>ан>ем рН раствора, концентращф соли и температуре. Донор1г



електрона, као метилвиологен монокатрн (MV+) и (СНз)гСОН радикали,

ироизведени су иmiгулсном радиолизом. Одре^ено je да равнотежа електрон-

ског трансфера MV+5±MV2++(e-)koi завися од почетне кондентрал^е редокс

пара и рН раствора. Брзине реакци)а преноса електрона са (СНз)гСоН и

MV+ радикала на колоидни TiC>2 су спориje од оних Koje би одговарале ди-

фузионо контролисаним реакцщама. Сман>ен»е пречника честила од 800 до

70 А, као и присуство стабилизира)уНег агенса PVA, не утиче на вредност

потенииjana равне траке. На^ено je да je потенциал равне траке колоидних

честица негативней него код одговара)уЬе компактне електроде.

FH-15. ЕЛЕКТРИЧНА ПРОВОДЛ>ИВОСТ НЕКИХ ЧВРСТИХ КИСЕЛИХ

ФОСФАТА

Д. М. Миниft, М. В. ШушиЬ и У. Б. Миоч

Природно-машемашички факулшеш, Београд

Електрична проводоьивост киселих соли типа МН2РО4 где je М KaTjoH

Li+, К+ и Na+ и МНРО4 ■ ЗНгО где je М KaTjoH Mg2+ и UO|+ мерена je наиз-

меничном crpyjoM фреквенци{е 1 kHz у температурском интервалу 300—500

и 300—700 К. На основу цикловолтаметри)ских мерен>а показано je да je за

проводоьивост у области нижих температура одговоран Н+ )он (протон).

Са порастом температуре расте и допринос проводоьивости и других катиона.

У оба типа соли присуство водоничних веза OMoryhyje кретавье протона по

механизму тунелован>а усаглашено са ротаци)ом РС>4_ групе за соли МН2РО4

и молекула воде код соли МНР04-ЗН20. Пораст ja4HHe водоничне везе и

густине пакована са порастом )Онског пречника идуЬи од Li+ ка К+ (кристало-

графски подали и ИЦ спектри) условллва и нижу проводоьивост и повеЬава

енерги)у активади)е проводоьивости услед успорене ротанэде компонента

решетке. Релативно лака ротадипа молекула воде KojH нису координирани

кат{оном захтева и малу eHeprajy активали{е, па je и eHepraja активаддце

проводоьивости иОгНР04-ЗНгО релативно мала, 23 kj mol-1.

FH-16. СТРУКТУРНЕ ОСОБИНЕ И ЕЛЕКТРИЧНА ПРОВОДЬИВОСТ

НЕКИХ КРИСТАЛОХИДРАТА

У. Б. Миоч, М. В. ШушиК и Д. М. МиниЬ

Природно-машемашички факулшеш, Београд

Испитивана je електрична проводоьивост кристалохидрата : CdBr2 ^НгО,

CdS04-8/3H20, Na2Mo04 • 2HzO, Na2W04 -2H20 и КгНгЗЬгО? -4НгО у тем

пературском интервалу 300—700 К . Подали за електричну проводоьивост

корелирани су са извесним структурним особинама добивеним из ИЦ спектара

и термичких испитиван>а. Код неких од испитиваних узорака (СаВг2-4НгО,

CdS04-8/3H20 и КгН28Ь207 • 4Н20) енергетско стан>е кристалне воде, на

co6Hoj температури, обезбе!)у)е довол>ан 6poj протона као преносиода на-

електрисанл. Такви системи показу)у одре^ену проводоьивост и на собно)
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температуря. Ме^утим, уколико je интеракщф молекула воде са другим

функционалним групама ja4a него код саме воде (NazMoOt • 2НгО и Na2W04 •

■2НгО, vh . . .он=3100 cm-1) онда у таквим системима не nocroju доволен

6poj преносиоца наелектрисакьа. Ови системи noKa3yjy ниску електричну

проводллвост све док се термичком активандфм не обезбеди довол>ан 6poj

преносиоца, што je везано за дехидратаци)у. У току дехидратацэде активира)у

се нови преносиоци наелектрисааа. Код СсФгг-ШгО и CdS04 • 8/ЗН2О то

je везано за разствараше соли у ocno6o^eHoj, a joui npHcyraoj води, док се

код K2H2S02O7 • 4НгО дешава нарушаван>е nocrojehe структуре. У овом раду

je показано да начин везиванл воде и присуство довоничних веза, као и

интеракшф молекула воде са другим компонентама кристалне решетке одре-

r)yje механизам електричне проводоьивости.

FH-17. АДСОРПЦЩА КАО СТОХАСТИЧКИ ПРОЦЕС

И. Цв]'ешиНанин и Л>. Колар-АниЬ

Природно-машемашички факулшеш, Београд

Кинетика адсопрци)е гасова на чврстим површинама je испитивана као

стохастички процес. Показано je како oBaj прилаз кинетици адсорпшпе омо-

гуЬава посматранье не само израза Kojn обухвата}у зависност измену концен-

траци)е и времена, веЬ и оних Kojn flajy статистичке флуктуащф око детер-

министичких кривих.

FH-18. ПРИМЕНА МОДИФИКОВАНЕRRKM МЕТОДЕ ЗА ТРЕТИРАН>Е

ИЗОМЕРИЗАЩПЕ HNC^tHCN

М. МладеновиН и М. ПериЬ

Природно-машемашички факулшеш, Београд

Извршена je модификаци)а RRKM методе за рачунан>е константе брзине

решайте изомеризавдф. Реактант, активирани комплекс и продукта третирани

су као }единствена щелина. Вибрационо-ротационе eHepraje, густине и суме

ставьа система HNCjlHCN израчунате су вал уобича}ене хармошфке апрок-

симащф уз урачунаваье интеракнэда различитих врста кретавьа. Резултати

су упоре^ени са онима добивеним у оквиру традиционалног RRKM поступка.

FH-19. TEOPHJCKO ИСТРАЖИВА&Е СТРУКТУРЕ 1Д, CTAIbA СН2

М. ПериЬ

Природно-машемашички факулшеш, Београд

Два HajmiH<a синглетна сташа радикала СЩ корелира)у при линеарно)

геометри}и са истим Д станъем и представл>а)у cny4aj када je због jaKe електрон-

ско — вибрационе интеракци)е неприхвапьива уобича}ена апроксимащф о
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сепарабилности ових врста кретшьа. Разви)ена je метода за рачунан>е виброн-

ских енерпф. Резултати добивени примусном ab initio поступка у добро)

су сагласности са експерименталним подацима.

FH-20. TEOPHJCKO ТРЕТИРАН>Е ПРОЦЕСА ТРАНСПОРТА У ЛУКУ

ПРИМЕНОМ ВАРЩАЦИОНОГ ПРИНЦИПА

J. РадиЬ-ПериЬ

Природно-машемашички факулшеш, Београд

Транспортни процеси у луку onncyjy се сложеном дифереициjадном

)едначином за Kojy mje Moryhe наЬи решение у аналитичком облику. Пред

ложен je начин решавааа овог проблема, заснован на примени вари}ационог

принципа.

ПОСТЕРИ

FH-21. ИСПИТИВАН>Е ИНТЕРАКЦЩЕ И КРЕТАН>А СОг У ДЕАЛУМИ-

НИЗИРАНИМ ОБЛИЦИМА Y ЗЕОЛИТА

В. М. Радак, Т. С. ЪераниЬ и Т. М. ЛукиЬ

Природно-машемашички факулшеш, Београд

Проучавана je адсорпщф СОг на NH4Y зеолиту и н>еговом жареном

облику Y-873, као и измиьеним облицима Y-873 са )онима Na+ и К+, методом

ИЦ спектроскопи)е. Физички адсорбован СОг и награ^ене карбонатне врете

flajy карактеристичне траке уИЦспектрима Y зеолита. Познато je да у току

деалиминацще тетраедарски координирани А1 атоми прелазе из мреже зеолита

у октаедарски координиране пoлoжaje. Према томе, структура се мен>а углав-

ном на 4-чланим прстеновима и отвори постаjy незнатно веЬи. У вези са овим,

преко ИЦ спектара, разматрана je интерагарф и кретан>е адсорбованог СОг

на Y зеолитима.

FH-22. JOHOH3MEH>HBA4KE ОСОБИНЕ ПРИРОДНОГ КЛИНОПТИ-

ЛОЛИТА

Д. ВучиниЬ и Т. ЪераниН

Рударско-геолошки факулшеш, Београд и Природно-машемашички факулшеш,

Београд

Фракщф —0,1+0,063 mm природног клиноптилолита („Златокоп",

Вран>е) je одво)ена од пратеЬих нечистоКа раствором СНВгз—CCU . Пречиш-

Кени клиноптилолит, CL, хеми]ског састава:

Na0,72Ko,77Cai,89Mgo,58[(AI02)e,e3(Si02)29,o9]- 19,69 Н2О
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je третиран воденим растворима хлорида К, NKU (0,1 mol dm-3) и Са (0,05

mol dm-3), на 298 К, до засиНеша. Максимални капацитети различитих

KaTjoHcrax форми : CL—К, CL—NH4 и CL—Са, добиjemix датам поступком,

су одре!)ени хеми{ском анализом. }оноизмен>ивачке изотерме (298 К) за ре-

aramje CL—K->NHi , Са; CL—NH4 >К, Са и CL—Ca-*NH4 , К су коришЬене

за израчунаван>е рационалног коефищцента селективности и доби^ака рода

селективности.

FH-23. ГРАНИЧНА ПОВРШИНА ХИДРАТИСАНИ АЛУМИНЩУМ-

ОКСИД — ВОДЕНИ РАСТВОР ЕЛЕКТРОЛИТА

С. МилоььиН, М. Копечни и 3. Илик

Инсшишуш за нуклеарне науке „Борис Кидрич", Винча, Београд

Методом потенциометрИ)ске титращф испитивана je copmmja )едно-

валентних аниона (Cl~, J~ и NOJ) и алкалних канона (Li+, Na+ и К+) на

хидратисаном алумини)умоксиду у зависноста од рН раствора (3,5—10,0)

концентращф изучаваних joHa (1,0 •10-'—1,0-10°) mol dm-3). Резултати

су интерпретирани преко формираша површинских комплекса на гранично)

површини оксид-водени раствор електролита. Израчунате су константе jo-

низаци]е површинских група као и константе формиран>а површинских ком

плекса. Тачка нултог наелектрисахьа испитиваног узорка алумини)умоксида

налази се при рН=7,10.

FH-24. ТЕРМИЧКЕ ОСОБИНЕ СИСТЕМА 0,6 AgJ — 0,4 Sb2S3

Н. ПешрановиН, М. ШушиЬ и С. Ментус

Природно-машемашички факулШеш, Београд

Pamije je показано да чвест систем AgJ—SD2S3 има максимум електричне

проводгьивости при молском уделу 0,6 AgJ. TepMHjcKOM и рендгеноструктур-

ном анализом констатовано je да се систем овог састава, ако се прави брзим

хла1)ен>ем растопа, )авл>а комплетно у стакластом стан>у. Приликом загреван>а

се пик рекристализащф на 200°, па ако je rpeja&e брзо, систем пролази

кроз течно стан>е као метастабилно стан>е. Процес рекристализащф je карак-

теристичан за веЬи 6poj чврстих електролита на бази AgJ, па су у овом раду

испитиване термодинамичке карактеристике овог процеса DTA и DSC ме

тодом.



FH-25. ПРИЛОГ ПОЗНАВА1ЬУ КОНСОЛИДАЦИИ НЕКРИСТАЛНИХ
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МАТЕРЩАЛА

М. НешиЬ, И. КрстановиЬ и М. М. РистиЬ

Галеника-Инсшишуш, Београд и Институт шехничких наука Срйске академике

наука и умешносши, Београд

Проучавана je консолидаци)а некристалних матери)ала на примеру

консолидащф праха етил-целулозе. Показано je да промена густане следи

феноменолошке зависности изведене за пресован>е дисперзних система.

Микроструктурна и рендгеноструктурна истраживанл омогуКила су да се

изведу заюьучци о механизму процеса.

FH-28. CnEKTPOXEMHJCKA ИСПИТИВАВЬА YTHUAJA рН-ВРЕД-

НОСТИ НА МЕХАНИЗАМ СТРУКТУРНИХ ТРАНСФОРМАЦЩА

4-СУПСТИТУИСАНЕ ФЛАВИЛЩУМСКЕ ХГОМОФОРЕ

J. Баранац и Д. АмиЬ

Природно-машемашички факулшеш, Београд и Полойривредни факулшеш,

OcujeK

Синтетизована и хроматографски идентификована }едшьен>а фдавилиjyM-

перхлората са супстатуисаном позищфм С-4, метил или фенил трупом, испи-

тивана су спектроапсорпциометри)ски у пуферованим растворима константне

joHCKe )ачине. Преко електронских апсорпционих спектара праКен je yranaj

супституисане позищф С-4, флавилщумске хромофоре на механизам и ки

нетику н>ене трансформациje .

FH-27. МАТЕМАТИЧКИ ОПИС ПЮЦЕСААДСОРПЦЩЕ КИСЕОНИКА

Д. Спасеска

Органска хемщска индустрией „ОХИС", Ской]е

КоришНен>ем тро-факторског експеримента, дат je математички опис

процеса адсопрщф кисеоника РАС влакна малон. Добивена моделна ре-

лацща за процену адсорпци)е кисеоника код термичког третиранл малона,

flaje могуКност сагледаваша yrauaja Tpnjy фактора: оптереЬиье, брзина за-

греванл и проток ваздуха, на функпэду одзива. Констатирана je право-про-

порционална зависност оптереЬен>а, док фактор брзине загреван>а и проток

ваздуха, HMajy инверзну зависност.



4. ЕЛЕКТРОХБМЩА

СВКЦИ1СК0 ПРЕДАВАН.Е

EH-SP МЕМБРАНСКА ТЕХНОЛОГЩА У ПРОИЗВОДВЬИ ХЛОРА

Б. НиколиН

Технолошко-мешалуршки факулшеш, Београд

Електролитичка производив хлора и хидроксида заснива се на стехио-

MerpnjcKoj (едначини

2NaCl+2H20^2NaOH+CI2+H2

и данас изводи у три типа електрохеми jских реактора (EHR): EHR са ди)а-

фрагмом, EHR са живином катодом и EHR са мембраной.

Основни захтев за функционисаае EHR за производау хлора je одва-

)ан>е катодног и анодног простора. Найме, у случа)у долаже&а хидроксилних

joHa катодног у анодни простор, creapajy се услови за наста)ан»е хипохлорита,

односно хлората и повеЬано издва}ан>е кисеоника, што смакуje искоришкенье

crpyje (жел>ени анодни процес: 2Cl->Cl2-f 2е).

EHR са диафрагмой, обично од азбестног материала, донекле (вели

чиной пора) испуаава горн>и захтев. Ме!)утим, квалитет и концентраци^а

произведеног (катодни процес: 2НгО+2е-»-20Н_+Н2) хидроксида нису за-

довол>ава)уЬи. Неопходно je пречишЬаван>е, а обично се изводи и додатно

концентрисаае хидроксида. Отуда je укупан утрошак eHepraje у oeoj техно

логиjn велики, без обзира на релативно добар енергетски биланс самог EHR.

У EHR са живином катодом одва(ан>е катодног од анодног простора

ocTBapyje се дводелним радом реактора. У примерном делу се у катодном

процесу ствара амалгам натрщума (Na+ + e;HF Na/Hg/x, а у секундарном се

разлаже (2Na/Hg/x+2H20-*2NaOH+2xHg).

EHR са живином катодом производи врло чист хидроксид концен-

rpaiQije 50% масених. С обзиром на то што je квалитет хлора практично иста

као и у ar/4ajy EHR са диафрагмой, EHR са живином катодом има очигледну

предност, али утрошак eHepraje на EHR са живином катодом не фаворизу}е

ову технологиjy. Изузетна опасност од живе као зага^ивача производа, радне

средине и околине важан je недостатак ове технологов.

ITojaBa перфлуорованих ка^онски пропустл>ивих мембрана великог

joHO-изменлвачког капацитета и високе електричне проводности почетком

педесетих година, наговестала je нови продор у хлоралкално) технологии.

Када су кра)ем шездесетих година остварене селективне )оноизмен,ивачке
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кат)онске мембране xeMHjaoi стабилне према хлору и хидроксиду и на тем-

пературама до 125°, логична je била н>ихова примена у производили хлора

и хидроксида уместо азбестне диафрагме.

Основни квалитет EHR са мембраной су повол>нищ енергетски утрошак

у односу на EHR са доффрагмом и живином катодом и потпуна елиминашф

зага!)иван>а — живе или азбеста. У HOBHje време у индустри|ски разви)еном

свету се не граде нови хлоралкални погони због познатих економских проблема

али je познато да се реконструкщф и замене nocrojehHX афоводе уво^еньем

EHR са мембраной.

С обзиром на то што je неколико хлоралкалних погона у C<£>PJ пред

технички условл>еним и нужним реконструкщфма, чини се потребним раз-

матраае повол>них и неповол>них страна уво^ен>а мембранске технолопф у

нашу mur/CTpHjy од стране научне и стручне )авности у oBoj области. Стога

ово предавайте у основним цртама износи технолошке аспекте мембранске

технолопф у поре1)ен>у са друге две, са амбгалфма да представл>а увод у

припреме за евентуално уво1}ен>е мембранске технологе.

УСМЕНА САОПШТЕН>А

ЕН-1. ВОЛТАМЕТРЩСКО И ХРОНОПОТЕНЦИОМЕТРЩСКО ПО-

НАШАН>Е СИСТЕМА БУТИРИЛТИОХОЛИЩОДИД-БУТИРОХОЛИ-

НЕСТЕРАЗА НА ЧВРСТИМ ИНЕРТНИМ ЕЛЕКТРОДАМА

Д. ВеселиновиЬ, Д. Сужн>евиЬ, Н. ВукелиК и Д. ПавловиЬ

Природно-машемашички факулшеш, Београд и Во)ношехнички инсшишуш,

Београд

Производ ензимске хидролизе бутирилтиохолищодида (BuSChJ) бути-

рохолинестеразом (ВиСНЕ) поред бутерне киселине je тиохолищодид. Овад

задоьи, слично }един>ен>има из класе тиола у Koje спада, оксидащфм на инерт-

ним електродама flaje одговара)уЬи дисулфид. Пошто у састав овог тиола

улази )одид на инертно) електроди долази до редокс процеса }одфдид система.

На Pt електроди, у боратном пуферу, пре реакшф разлаган>а BuSChJ, flo6njajy

се врхови на 0,6 V у катодно} области и на 0,47 V у анодно) области CTpyje

на цикловолтамограму, када je брзина промене поларизу}уЬег напона 50 mV/s

(рН=7,5). На стакласто) карбон електроди (GK), при истим условима као

у експериментима са Pt електродом, добща се катодни врх на 0,36 V и анодни

на 0,50 V. Разлагавшем естра под утица^ем BuChE ослобо^ени тиол изазива

промену i—v кривих и то изразкпф у ar/4ajy Pt електроде; поред катодног

и анодног врха, Kojn су на нешто позитивтфм потеншфлима (0,32 и 0,6 V)

)авл>а се нови врх на око 0,4 V у анодно) области crpyje. Хронопотенциоме-

TpnjoM са променом смера crpyje електролизе добэда се jeflaH, не сасвим чист,

прелаз при анодно) поларизашф Pt-електроде и на приближно истим потен

шфлима у катодном циклусу. На GK електроди flo6njajy се прелази Kojn

су по току нерегуларни а £т/4 им се paanHKyje за око 0,3 V. ynope^yjyhn

резултате доби^ене анализом >—v и Е—t кривих поставлена je схема електрод-

ног процеса и одре^ени су основни параметри аегове кинетике.



ЕН-2. ОДРЕЪИВАНэЕ АКТИВНОСТИ БУТИРОХОЛИНЕСТЕРАЗЕ ДИ-

ФЕРЕНЦЩАЛНОМ ПУЛСНОМ ПОЛАРОГРАФЩОМ

Н. ВукелиЬ, Д. ВеселиновиЬ, Д. СуяоьевиЬ и Д. ПавловиЬ

Природно-машемашички факулшеш, Београд BojHO-шехнички инсшишуш, Београд

Процес хидролизе бутилтиохолин)одида(1) са бутирохолинестеразом(Н)

доводи до стваран>а тиохолин)одида(Ш), ко)И деполаризу)е Hg-електроду

ця]уЪм три врха на диференнэдално-пулсном поларограму, доби)еном са ЮКЕ.

ПраЬоьем промене crpyje врхова на потенци)алима симетри)е, Ее, у току

хидролизе I доби)а се кинетичка крива t=f(r). На основу ове криве одре-

1)ивана je промена концентращф HI, Koja je сразмерна количини разгра^еног

I, а преко н>е активност II.

ЕН-3. КИСЕЛО-БАЗНЕ И КОМПЛЕКСИРА1УЪЕ ОСОБИНЕ 4-ВИНИЛ

ПИРИДИНА КОПОЛИМЕРИЗОВАНОГ СА МЕТИЛ МЕТАКРИЛАТОМ

И БУТИЛ МЕТАКРИЛАТОМ

А'. 23. Padaxoeuh, А. Р. ДеспиК и М. С JahoBHh

Инсшишуш шехничких наука Срйске академще наука и умешносши и Техно-

лошко-мешалуршки факулшеш, Београд

Вршене су потенциометрщске титращце раствора 4-винИл пиридина

кополимеризованог са метил метакрилатом и бутил метакрилатом у щиьу

установл>аван>а константе дисонэдавд^е KOHjyr-оване киселине, односно кон

станте стабилности oflroBapajyher комплекса са бакром. Добэдене вредности

порег)ене су са константом за 4-VP мономер и пиридин. Показало се да поли

мерии катрни представл>а)у ja4e киселине од мономера и самог пиридигочум

joHa. Таложаье полимера залажено je на одрег)еним рН-вредностима Koje

je последица ограничене растворл>ивости неутралних молекула полимера.

ЕН-4. НЕКА CBOJCTBA БАКРА ДОБЩЕНОГ ЕЛЕКТРОДЕПОЗИЦЩОМ

У ЕЛЕКТРОХЕМЩСКОМ РЕАКТОРУ СА ТРОДИМЕНЗИОНАЛНОМ

ЕЛЕКТРОДОМ

3. СтанковиЬ, Д. Чикара и Б. Стано}евиЬ

Технички факулшеш, Бор

Paimja истраживааа електродепозита бакра указала су на нека специ

фична CBojcrBa талога доби}еног електродепозицИ)ом у електрохем^'ском

реактору са тродимензионалном електродом. OBaj рад има за цил> да та прво-

битна сазнан>а мало прошири и o6jacHH. У ту сврху извршена су металографска,

физичко-хемщска и механична испитиваньа електродепозита бакра доби)еног

у реактору са тродимензионалном електродом.



ЕН-5. ЕЛЕКТРОХЕМЩСКЕ И ТЕРМИЧКЕ ОСОБИНЕ ЧВРСТИХ

tj~to

БИНАРНИХ СИСТЕМА Ag2S04 — АЛКАЛНИ СУЛФАТИ

М. В. ШушиЬ, М. Г. Щешчик и С. В. Ментус

Природно-нашемашинки факулшеш , Белград и Мешалуршки факулшеш,

Тишоград

Испитивана je проводоьивост чврстих система Ag2S04 — алкални сул-

фати у температурном интервалу 298—793 К. Дате су криве log х — ЧТ,

као и изотермне зависности проводоъивости од молског односа саставних

компонената система на различитим температурама. Утвр^ено je да je провод-

л>ивост система Ag2SC>4 — Li2S04 и Ag2S04 при свим молским односима,

у читавом температурном интервалу, маша или )еднака проводоьивости чистог

Ag2S04. Проводоьивост система Ag2S04—K2SO4 je веНа од проводоъивости

чистог Ag2S04 изнад 673 К, што je последила раствараньа а-фазе Ag2S04

у K2SO4 и стваран>а нове фазе, Koja je бол>и проводник од чистог Ag2SC>4 •

Проводоьивост овог система je Hajeeha при молском односу компонената

0,5:0,5. Ово je потвр^ено испитивааем термичких особина датах система

помоЬу термо-анализатора. Цикловолтаметрщском методом je испитан редокс

процес Ag->Ag+ на Pt — електроди и на^ене eHepmje активаци)е и густине

crpyje изм}ене за Taj процес. Енерпф активащф за дате системе износе око

70 kj/mol, a crpyja изм)ене око 6 mA/cm2.

ЕН-6. СТРУКТУРНИ ЕФЕКТИ У ЕЛЕКТРОКАТАЛИЗИ : РЕДУКЦЩА

КИСЕОНИКА НА МОНОКРИСТАЛНИМ ЕЛЕКТРОДАМА ОД ЗЛАТА

Р. Р. АциЬ, Н. М. МарковиЬ и В. Б. ВешовиЬ

Инсшишуш за хемщу, шехнологщу и мешалурщ'у, Београд и Ценшар за мулши-

дисцийлинарне сшудще, Београд

Истраживани су кинетика и механизам редукцэде кисеоника на моно-

кристалима злата са ори^ентанэд'ама (100), (1 10) и (1 1 1 ) у алкалном електролиту

техником porapajyher диска. Квалитет површине монокристала je проверен

Auger-електронском спектроскопиjом (AES) и дифракцэдом спорих електрона

(LEED). Прона^ен je знача)ан ефекат кристалографске opHjeHTanHje површине

на кинетику и механизам редуювде кисеоника. Потенциал полуталаса за

peaKnnjy на Аи(100) равни je за око 200 mV позитивней него за Au(lll)

површину. На Au(lOO) равни редукщф се одви)а по „сери}ском" механизму

до ОН+ уз измену четири електрона на потенцэдалима формираша АиОН.

На Аи(ПО) и Аи(1 11) равнима реакщф се oflBHja уз измену два електрона

до НОГ- Катодни и анодни кинетички подаци за Ог/НОГ и Н07/ОН" peaiamje

у сагласности су са механизмом

Ог+е-Ю- (аде)

207(адс) +Н2О^НОГ+02+ОН-



Само за Au(100) раван редукшф НО2 тече дал>е контролисана изменой

)едног електрона

НОГ+е+НгО-^ОН- (аде)

ОН (адс)+е-ЮН-

Разлог више активности равни Au(100) je последица готово потпуно

неутралне ОН- у АиОН чеепщи Koja HHreparyje лакше са Ог, Ог~ и НОГ

него чисто злато или АиОН са )онским карактером ОН (аде), kojh су карак-

теристични за остале две ори)ентаци|е.

ЕН-7. ИСПИТИВА1ЬЕ НОВИХ КАТАЛИТИЧКИХ СИСТЕМА ЗА

ОКСИДАЦЩУ SOj

М. В. ШушиЬ, М. М. До]чиновиН и С. В. Ментус

Природно-машемашички факулшеш, Београд и Инсшишуш за XtMujy, шехнологи]у

и мешалургиуу, Београд

Нашим раюним исграживан>има показано je да се веЬи 6poj )она пре-

лазних метала у растопима соли може користити за каталитичку оксидаци)у

сумпордиоксида. Равнотежа оксидеипф се помера ка rpat)eiby продуката са

снижением температуре, па су стога испитиване смесе растопа Koje задовол>ава)у

два основна услова: хеми)ску стабилност у присуству сумпортриоксида и

ниску тачку тошьегьа. Приказани су резултати са солима гвож!)а као

катализаторима .

ЕН-8. ПОВРШИНСКА ОБРАДА С-ЕЛЕКТРОДЕ КАО ФАКТОР

ИМПЕДАНСЕ

СВ. Ментус, С. П. Га)иное и М. В. ШушиЬ

Природно-машемашички факулшеш, Београд

Према теори|ским истраживан.има de Levie-a, присуство пора или других

облика неравнина електродне површине може проузроковати импедансу

аналогну Warburg-oeoj, Koja je у paHHjoj литератури приписивана искл>учиво

Дифузионо-контролисаном електродном процесу. У овом раду показано je

како се импедансни nnjarpaM ojiOKHpajyhe електроде од стакластог графита

мен>а са површинском обрадом електродне површине од полиране до потпуно

храпаве. Показано je да се импедансни дофграм мен>а у складу са теори)ским

предви^ан.има. Дискутован je утицаj поврп1Инске обраде на резултате кон-

дуктометри}е.



EH-9. О УТИЦА1У РАСИОРЕДА АКТИВНЕ И НЕАКТИВНЕ КОМПО

XT~4Z

НЕНТЕ НА TPAJHOCT ПРЕВЛАКЕ R11O2—ТЮг

J. Galan*, П. Деспотов и Р. Атанасоски

Институт за хемщу, шехнологщу и мешалургщу, Београд

У превлаци R11O2—ТЮ2, Koja се данас широко користи у електро-

xeMHjcKoj пракси, активна компонента je R11O2 . У литератури се cpehy опречни

подаци о томе како распоред RuOz по дубини утиче на стабилност превлаке.

Стога у овом раду вршена су испитиванл где су активна и неактивна ком

понента наношене у одво)епим сло^евима при чему je мен>ан положа) aiojeBa

у односу на подлогу. Тращост превлаке je одре^ивана у убрзаном тесту kojh

се изводи са високом анодном густином crpyje ( 1 ,5 A cm-2) при HHCKoj кон-

центраии)и хлорида (0,5 М NaCl; рН = 1,5—2,5). Показало се да je стабилност

узорака утолико веЬа уколико je crioj ТЮ2 ближи подлози.

ЕН-10. ПРОУЧАВАВЬЕ САСТАВА ОКСИДНИХ ФИЛМОВА НА АЛУ-

МИНЩУМУ НАСТАЛИХ У ВОДЕНИМ РАСТВОРИМА НАТРИГУМ-

-ХЛОРИДА

Л>. Ашанасоска, Д. М. ДражиЬ и А. Р. ДеспиЬ

Институт шехничких наука Срйске академике наука и умешносши и Техно-

лошко-мешалуршки факулшеш, Београд

И поред 3Ha4ajHor активира)уЬег flejcTBa хлоридних joHa, анодно ра-

стваран>е алуминимума у воденим растворима натрщум-хлорнда одиграва се

уз nojaey велике анодне пренапетости. Сматра се да су присуство и особине

оксидног филма разлог nojaBe ове пренапетости. КористеЬи се методом Auger

cneHTpocKonnje и ESCA проучавана je расподела joHa алуминиjума, кисеоника

и хлора по дебл>ини оксидних филмова формираних при различитим потен-

цщалима алумишцума (99,999%) при анодно) поларизаш^и у 2М NaCl.

Упоре^ени су састав и структура филма са електрохеми)ским понашан>ем

алумюочума .

ЕН-11. КОНСТРУКЦИИ И КАРАКТЕРИСТИКЕ JOH-СЕЛЕКТИВНИХ

ЕЛЕКТРОДА СА ЧВРСТИМ МЕМБРАНАМА

М. MnpjaHHh, Д. ВеселиновиЬ и Д. МарковиЬ

Природно-машемашички факулшеш, Београд

Соли AgCl, AgBr, AgJ, Ag2S и PbS синтетизоване су да би имале квалитет

4N и 5N. Прах чистог Ag2S или еквимолске смеше Ag2S и oflroBapajyhe соли

пресоване су под припиской чиме je доби}ена joH-селективна мембрана масе

* На лепьо) пракси преко IAESTE, са факултета за XeMiijcKo икжешерство, Мадрид.



0,45—0,50 g. Пресован>е je вршено у посебно конструисаном кадупу, под

вакуумом, у коме су површине у додиру са прахом полиране до приближно

квалитета оптичког полиран>а. JoH-селективне мембране су cnojeHe проводщш

лепком, на бази сребра, са проводнкм каблом и затошьене у тело од епоксидних

смола. Овим поступком направл>ене у ]'он-селективне електроде за одрег)иван>е

joHa: Cl~, Br-, J~, CN~, С~, Ag+ и РЬ++. Одрег)ене су карактеристике jon-

-селективних електрода.

ПОСТЕРИ

ЕН-12. РАЗМАТРАН>Е МЕХАНИЗМА ДОБЩАША НАТРЩУМПЕР-

БОРАТА ПО ЕЛЕКТРОХЕМЩСКОМ ПОСТУПКУ И ВЬЕГОВА ЕКСПЕ-

РИМЕНТАЛНА ПРОВЕРА

Ф. Пап, М. ИлиЬ и О. Сикора

Хемщска индустрией „Зорка", Суботица

Поступци доби)ан>а натри)удшербората могу се поделити на класични

xeMHjcKH поступак, ко'щ се заснива на интеракцищ бората и водоник-иероксида

иа на електрохеми|ски поступак доби)ан>а из раствора бората. Са тачке гле-

дишта индустри)ске производил заступл>ен je први поступак у различитим

технолошким модификащфма. Цшь овог рада je био да се раз)асни механизам

добя)ан.а натри)ум-пербората по eлeктpoxeмиjcкoм поступку и да се кванти

тативно провере услови добрала у лаборатори}ском апаратури и утврди

квалитет произвола. Резултати ових испитиван>а могу послужити као полазна

основа за развщааа електрохеми)ског технолошког поступка доби)ан>а овог

производя. У овом саопштен>у биЬе садржани следе1ш подаци: коефшлфнт

искоришЬаьа crpyje, потребна количина електричне енерпф за доб^аае

^единице количине произвола, однос количина ЫазСОз — ЫагВ^г-Ю НгО

— ЫаВОз • 4 НгО у току електролизе, као и услови експерименталне провере

поступка у лаборатори)ско) размери.

ЕН-13. ИСПИТИВАНЬЕ УТИЦАМ НЕКИХ ПАРАМЕТАРА ПРОЦЕСА

НА ФИЗИЧКОХЕМЩСКЕ ОСОБИНЕ АНОДНИХ ОКСИДНИХ ПРЕВ-

ЛАКА НА АЛУМИНЩУМУ

Т. 3. МиленковкЬ, М. J. ПеровиЬ и С. Pajnh

Филозофски факу Ниш

Испитиван je утица) концентрапэде Al3:~ joHa, температуре, густпне

crpyje на неке особдне анодних оксидних превлака на алумитф'му добивених

анодном оксидащфм у електролитима на бази оксалне кисслине. При томе je

вршено испитиван>е yranaja концентраци}е Al3+ joHa и распопа од 0—1,5 М,

температуре од 275 К — 293 К и густине crpyje у распону од 0,5 — 2,5 A/dm2.

Анодна оксидаци^а je извожена у галваностатским условима. Утврг)енп су

оптнмални услови нроцеса при KojHMa се flo6njajy компактно, тврде оксидно

превлаке задовол>ава)уЬих физичкoxeмиjcкиx особина.



5. АНАЛИТИЧКА XEMHJA

СЕКЦЩСКО ПРЕДАВАЛИ

AH-SP. КИНЕТИЧКЕ МЕТОДЕ У АНАЛИТИЧКО] ХЕМЩИ

Гордана МиловановиЬ

Природно-машемашички факулшеш, Београд

У време када су класичне методе анализе доминирале у аналитичко)

пракси, кинетика je разматрана углавном изузетно када je требало решита

неке аналитичке проблеме, на пример у случа)евима реакци^а Koje се споро

одиграва|у. Особине талога приписиване су кинетичким факторима. KacHHje,

кинетичке законитости на KojHMa могу бита заснована одре1)иван>а pearyiyhnx

супстанци или катализатора све више привлаче пажн>у хемичара-аналитичара.

Средином тридесетих година каталитичке реакшф почин>у да се npHMeayjy

у аналитичким одре!)иван>има а студите Lee и Kolthoff-a о примени кинетичке

методе за одре!)иван>е више компонената у смеши, на основу различитих

брзина гьихових peaKunja са за)едничким реагенсом, отворила je почетком

педесетих година нове могуЬности за симултане анализе изомера, хомолога и

других хеми)ски средних смеша. Упоредо са разво)ем диференциjалних ки-

нетичких метода различитих брзина реакшф, педесетих и шездесетих година

почтье угра5)иван>е органске хеми)ске анализе у аналитичку методологиjy,

Koja je у paHoj фази свог развода углавном била орИ)ентисана на класична

одре1)иван>а неорганских joHoea у минералним узорцима.

Нагли pa3Boj индустрще и технолопф, као и пораст интересовала за

испитиван>е животне средине и решаван>е здравствених проблема довео je

до повеЬане потребе за веома осетл>ивим методама xeMHjcKe анализе. Велики

знача) npHflaje се разради нових метода за одре^иван>е трагова метала Kojn

се сматра)'у есенщ^алням за живот, као и разних биолошки и фармаколошки

знача)них супстанци, како за npahe&e метаболичких процеса и с тим у вези

раног поставл>ан>а диагнозе неких обол>ен>а, тако и за анализе чистоЬе фар-

мацеутских препарата и контроле шиховог терапеутског flejcraa у организму.

Примена каталитичких реакщф, Koja достиже нагли разво) шездесетих

година и Koja се KacHHje npouinpyje употребом инхибитора и активатора, указу)е

на велику осетл>ивост кинетичких метода анализе Koja их чини изузетно по-

годним за англизе трагова у индустрии, биологией, медицини и фармаколо

гии. Примена ензимских метода, у суштини кинетичких, и ензима као анали-

тичких реагенаса, достиже врхунац шездесетих и седамдесетих година, што

чини да клиничке методе анализе постаjy пуноважни део аналитичке хемще.

Нагли напредак електронике шездесетих година доводи до nojaee великог

6poja инструмената тако да време npecraje да буде непоуздана промешьива

Koja се мери; у аналитичкоj пракси мерен>е сигнала под динамичним условима
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je алтернатива Koja доводи до повеЬаня тачности и прецизности. Примени

дигиталних рачунара омогуЬила je оптимизаций услова при кинетичким

одре!)иван>има, што се одразило на повеЬагье осетл>ивости и селективности.

Ме^утим, кинетички принципи nrpajy важну улогу при изво!)ен>у разних

аналитичких поступала kojh нису традиционално директно везани за хеми}ске

реакщф уюьучене само у процес мереня, вей обухвата)у физичке процесе

ко)И се одиграва)у у току хеми)ске анализе. На)бол>и пример за ово je дина-

мички карактер доби)ан>а сигнала у процесу континуираног протицавъа узорка.

HajHOBBja верзила овог поступка, анализа при Kojoj се узорак убризгава у

проточни систем, je на)бол>и пример улоге Kojy кинетички принципи има;у

у аналитичко) хемщи.

Укратко, овим предававшем биКе обухваЬен разво) кинетичких метода

и приступа у цшьу сагледаваьа н>иховог великог yrauaja на савремену ана-

литичку хеми]у.

УСМЕНА САОПШТЕН>А

АН-1. НОВИ СЕНЗОРИ ЗА ЧВРСТУ JOH-СЕЛЕКТИВНУ ЕЛЕКТЮДУ

РУЖИЧКИНОГ ТИПА

М. В. ЪикановиЬ и М. С. 1овановиЬ

Мешалуршки факулшеш, Тишоград и Технолошко-мешалуршки факулшеш,

Београд

Цшъ рада била je синтеза сензора за кат)оне I и II аналитичке групе

за домаЬу Bep3Hjy селективне електроде Ружичкиног типа. У принципу,

сензори за овакве електроде су хомогене смеше тешко растворне соли KaTjoHa

Kojn je у питан>у (Haj4euihe сулфиди) и сулфид сребра. OBaj je присутан због

високог коефищфнта дифузи)е сребра у 4Bpcroj фази што oMoryhyje полу-

проводничке особине сензора и ньегову високу електричну проводльивост.

Сваки сензор синтетизован je у различитем молским односима oflroeapajyher

сулфида и сребро-сулфида у распону од 1 : 20 до 20:1 . Одабран je oHaj сензор

4Hjn je електрични одзив на]ближи HepHCTOBCKoj зависности Е/рМ и 4Hje

je време одзива на)краКе. Примешьивост сензора проверена je методом ди-

ректне потенциометриjе као и потенциометрфским комплексометр^ским

титрацздама. Тако^е, за сваки сензор одре^ен je коефищфнт селективности

интерферираjyhnx врсти.

АН-2. ОДРЕЪИВА&Е БАКРА У МЕСИНГУ ПРИМЕНОМ БАКАР-

-СЕЛЕКТИВНЕ ЕЛЕКТРОДЕ РУЖИЧКИНОГ ТИПА

М. 1овановиЬ, Ъ. БосиЬ и М. С. 1овановиЬ

Технолошко-мешалуршки факулшеш, Београд

Испитани су узорци различитих месинга Kojn се примен>у)у у финално)

производил jenne домаЬе фабрике. После растваранъа узорка у азо-rHoj ки-

селини и прево^евъа нитрата у сулфате, раствори су припремани било за



дирсктна потенциометр!^ска мерсн>а, било за потенциометрщске EDTA

татраш-цс. У првом случа|у, испитивани раствор доведен je на нету )онску

ja4HHy као што су стандардни раствори за калибрациони ДИ)аграм. У другом

случа)"у, извршена je модификаци)а EDTA титраци)е по Merck-y за за)едничко

одрс1)Иван>е бакра и цинка, 3a.\ieibyjyhii употребу PAR индикатора применом

бакар-селективне електроде. Из другог аликвота исте запремине, после ком-

плексираша и бакра и цинка щфнидима, додатком. формалдехида цинков

комплекс je разорен, oeaj затим титрован помоЬу EDTA, а бакар на^ен из

разлике. Оба поступка за одре^иван»е бакра flajy репродуктивне и ме^усобно

сагласне резултате.

АН-3. ИЗУЧАВАН>Е КАДМЩУМОВИХ КОМПЛЕКСА 3-МЕТИЛАДИ-

ПИНСКЕ КИСЕЛИНЕ КАДМЩУМОВОМ СЕЛЕКТИВНОМ

ЕЛЕКТРОДОМ

И. Грозданов

XeMujcKU факулшеш, Cncmje

Изучаван je равнотежни систем кадми)ума са 3-метиладипинском ки-

селином у воденим растворима. Испитиван>а су вршена кадмщумовом селек

тивном електродом при константно) joHCKoj ja4mni. Утвр^ено je присуство

три релативно слабих комплекса у равнотежи и срачунате су н>ихове кон-

стантне стабилности. Дошло се до заюьучка да присуство метил групе као

супституента код адипинске киселине увеНава стабилност формиран>а ком

плекса.

АН-4. OBJAIIIlbEIbE ПОЛАРОГРАФСКОГ ПОНАИШЬА НЕКИХ ОРГАН-

СКИХ 1ЕДИН>Е1ЬА У ПРИСУСТВУ JOHA АЛУМИНИ1УМА И БЕРИ-

ЛЩУМА

В. J. РекалиН и М. М. 1овановиН

Технолошко-мешалуршки факулшеш, Београд

06jauiH>eHa je nojaBa дел>ен>а поларографских таласа оксамида, оксалил-

дихидразида, рубеанске киселине, бензила, бензоина и азобензена у присуству

joHa алумшп^ума или берилщума у растворима Kojn не садрже пуфер. Ова

nojaea je o6janiH>eHa сагласно схватаньима Riietschi и Triimpler-a као и Heyrov-

sky-a. Ако се раствору деполаризатора 4Hja електрохем^ска редукцэда тече

са утрошком joHa водоника дода)у jomi aлyминиjyмa или берили)ума, jaenhe

се jeflaH позитивней талас ко)и одговара редукцией деполаризатора при чему

je донор протона хексаакво-алумишяумов joH или произвол хидролизе бери-

;ш)умовог joHa. Дате су (едначине електродних процеса пошто je претходно

одре1)ен 6poj размен>ених електрона и однос деполаризатора и донора протона

Kojn учеству)у у процесу. С обзиром да су ови електродни процеси уствари

сложении и да се врши у више стугаьева, покушано je да се сваки ступень

представи по)единачно.
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АН-5. СПЕКТРОФОТОМЕТРЩСКО ИСПИТИВАН>Е ПРОЦЕСА ПРО-

ТОНАЦЩЕ «-БЕНЗИЛМОНОКСИМА И 4,4-ДИМЕТОКСИБЕНЗИЛ-

МОНОКСИМА

Н. ПеришиН-Jaihuh, А. ЛетиЬ, Д. МшьковиЬ и J. ПетровиК

Природно-машемашички факулшеш , Нови Сад

ПраЬен>ем процеса протонащф а-бензилмоноксима и 4,4'-диметоксибен-

зилмоноксима у перхлорно) и сумпорно) киселини су показала да се jaan>ajy

два процеса. Први процес протонаци)е се одиграва на прелазу из етанолских

раствора у водену средину где je вода довольно ;ака киселина да преда протон

оксиму као бази. Други процес се )авл>а у jaKO кисело) соедини. Процес про-

тонаци}е je испитан и у смешама перхлорна киселина-апсолутни етанол и

симпорна киселина-апсолутни етанол. Продискутован je y-rmjaj органског

растварача на киселост средине. Одре^ене су константе протонащф и фушодпе

киселости за смете перхлорна киселина-апсолутни етанол и сумлорна киселина-

-апсолутни етанол.

АН-6. ИДЕНТИФИКАЦИИ ПИГМЕНАТА САВРЕМЕНИХ СЛИКА

МИКРОАНАЛИТИЧКИМ МЕТОДАМА — ПРИЛОГ ОДРЕЪИВАН>У

АУТЕНТИЧНОСТИ СЛИКА

М. PHCTHh-IIkmajHh

Народна музе], Београд

Испитивани су узорци 6ojeinoc cnojeea и подлоге са 6 слика, немачког

сликара Ота Дикса (1891—1969), датираних четрдесетих година. Узорци са

слика су анализирани и упоре^ени са узорцима сликаревих 6oja при чему су

примеаене методе оптичке и хеми)ске микроскопи}е, рендгенске дифракци)е

и емисионе спектрографске анализе. На две слике утврг)ено je присуство

3 пигмента (рутилни кристални облик титан-диоксида, плави и зелени бакарни

фталоци>анин) 4Hje време примене не одговара назначеном периоду. Найме,

ови пигмента су мла^ег датума, што yKa3yje да су анализирана дела настала

касюф, а то доводи у питан>е аихову аутентичное!-. Одсуство ових пигмената

на осталим анализираним сликама noTBp^yje OBaj закл>учак. Овако изабрана

комбинаци)а наведених микроаналитичких метода показала je да се пигменти

6ojeHHX сло}ева и подлоге модерних слика могу )еднозначно одредити.

АН-7. ИСПИТИВАНЬЕ БАКРА У СЕРУМУ КРВИ БОЛЕСНИКА ОД

ИНФАРКТА СРЦА

М. Japeflnh, J. ВучетиЬ и Д. НиколиН

Природно-машемашички факулшеш, Београд и Медицински ценшар „Др Padoje

MujyutKoeuh" , Никши/i

Одрег)ивана je концентращф бакра и извршено поре!>иван>е код групе

од 35 болесника од акутног инфаркта ерца, групе од 30 особа Koje су биле у

послеинфакртном станъу на рехабилитаци)и два месеца од почетка болести



и групе од 19 здравих давалаца крви. Концентращф бакра je одре!)ена првог

дана болести и join неколико пута у току болести до шшуштшьа медицинске

установе. Концентраци)а бакра у серуму болесника првог дана болести je

повеКана за 49% у односу на групу здравих давалаца крви. Концентраций

бакра у серуму код особа у послеинфарктном стан»у блиска je концентрации

бакра код здравих особа и веКа je само за 3% и та разлика imje статистички

значаjHa. Упоредо са бакром вршено je одре1)иван>е ензима креатин фосфо-

киназе и шеЬера у серуму. Средоьа вредност ензима и uiehepa je повеЬана у

односу на нормалне вредности, али се н>ихове концентрацияе не MC&ajy у

зависяости од концентрaimje бакра па корелащф са бакром не посто)и.

ПОСТЕРИ

АН-8. СРЕБЮ-СУЛФИДНЕ JOH-СЕЛЕКТИВНЕ ЕЛЕКТРОДЕ НА БАЗИ

МЕТИЛМЕТАКРИЛАТА

К. Калщ'уиевски, Т. Пастор, М. Димески и Д. Тошев

Хеми)ски факулшеш, Ской)е и Природно-машемашички факулшеш , Београд

Изра1)ене су сребро-сулфидне joH-селективне електроде на бази метил-

метакрилатне масе са чврстим контактом. Мембране електрода припрешьене

су на co6Hoj температури и под атмосферским притиском. Садржа( сребро-

-сулфида у мембрани je 45—85%. Снюиьене су калибрационе криве електрода

у стандардним растворима сребро-нитрата припрешьеним у присуству 0,1

mol dm-8 кали^ум-нитрата. Одревен je нернстовски нагиб кривих, као и

граница детекщф по ШРАС-у. Одре^ен je тако^е утица) температуре на по

тенциал електрода. Време одговора електрода je од неколико секунда до

1 5 минута у зависности од састава мембране и од концентращф испитиваних

раствора. Припремл>еним електродама вршена су и аналитичка одре!)иван>а

потенциометри)ском титрацфом, )одида, бромида, хлорида и н>ихових смеша.

При томе добивени су добри резултати.

АН-9. ОДРЕЪИВАВЬЕ СМЕШЕ KATJOHA Hg*+, Cu2+ и Bi3+ ДИТИО-

КАРБАМАТИМА И ПРИМЕНА СУЛФИДНЕ 10НСЕЛЕКТИВНЕ

ЕЛЕКТРОДЕ

М. Димески, К. Кала{циевски и Д. Тошев

Хемщски факулшеш, Ской;е

Дитиокарбамати а нарочито пиролидин дитиокарбамат (PDTC) pearyje

са металним ка^онима и o6pa3yje металне комплексе (талоге) Koje има)у

различите константе произвола растворллвости (Kso). Различитост раствор-

лживости се користи, применом сулфидне )онселективне електроде изра1)ене

на Хеми)ском факултету, за одре^иван.е бинарних смеша жива-бакар, бакар-

-бизмут и жива-бизмут. Раствори живе, бакра и бизмута у концентрации

0,1 mg/ml меша)у се у односу 1:9 и обрнуто. Елементи се могу одредити у

смеси жива-бакар и жива-бизмут док се бакар и бизмут не могу одредити.

Одре1>иван>е je вршено у присуству азотне киселине и комплексона III.
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АНЮ. СПЕКТРОФОТОМЕТРЩСКО ИСПИТИВАН>Е КОМПЛЕКСА

НЕКИХ ХИНОЛИНСКИХ ОКСИМА СА ПАЛАДЩУМ(И) ХЛОРИДОМ

К. Карл>иковиЬ, Б. СтанковиЬ и 3. Биненфелд

Фармацеушски факулшеш, Београд и Природно-машемашички факулшеш, Загреб

Хинолински оксими, 1 -фенацилоксим-изохинолиниjyM-хлорид (FICH)

и 1 -фенацилоксим-хинолиниjyirt-хлорид (FCH) у Britton-Robinson-овом пуферу

у рН области 6—7 са палади)ум(И) хлоридом граде растворив комплексе

жуте 6oje са максимумом апсорбанци)е на 413 шп. Стехиометрфски однос

оксима и палади)ума(П) у комплексима je 1:1. Привидне константе формиран>а

комплекса износе: log К=4,615±0,015 ((jl=1, рН=6,45, t=25°). У испити-

вано) области од 3 — 115 jig/cm3 интензитет 6oje награг)ених комплекса следи

Веег-ов закон.

АН-11. ИСПИТИВАНэЕ ЛЮМЕНЕ У XEMHJCKOM САСТАВУ НИКЛО-

ВОГ КАТАЛИЗАТОРА У ТОКУ ПРОЦЕСА ХИДРОГЕНОВАНЬА УЛ>А

М. Шевал>евиЬ, М. Ливада и М. КнежевиЬ

Технолошко-йолойривредни инсшишуш „ТПИ" и Индусшри]а билних масши

и ула „Би-Ма", ИПК „Серво Михал", Зрегьанин

Извршена je комплетна хеми)ска анализа никловог катализатора DMs

(Harshaw), методом AAS, при чему je узорак припрешьен за анализу кисе-

линском eKCTpaKinijoM. Упоре^ен je састав некоришЬених катализатора са

различитим датумом испоруке и са различитом активности. Тако1)е je праЬена

промена у саставу катализатора у току и након процеса хидрогенован>а. На-

1)ено je да за две испоруке nocroje разлике (едино у концентраци)И Си и Мп

а нарочито Со и до 400% . У току хидрогенованл долази до сман>ен>а укупне

масе катализатора. Ме^утим, поред губитка основних компонената катали

затора долази до уграг)иван>а nojewranx примеса микро компонената из ул>а

у катализатор: фосфора, натриjyMa, гвоифа, бакра и магаези)ума због чета

им се концентраци]а у катализатору у току и након хидрогенован>а више-

струко повеНава.

АН-12. СЕЗОНСКО ВАРИРАНЬЕ ТЕШКИХ МЕТАЛА У КРАВЛЬЕМ

МЛЕКУ

М. Георгиева, И. Пшьац и Б. Топузовсю!

Хемщски факулшеш, Ской]е

Вариравъе трагова елемената у млеку je интересантно како са техно-

лошког аспекта тако и са зоотехничког и нутриционистичког. Цшь ових

истраживанъа je да се да прилог утврг)иван>у величине сезонских BapHjaunja

елемената у траговима: олова и бакра у млеку Koje потиче од кравл>их фарми

лоцираних на ширем nonpy4jy Скогиьа. Олово и бакар су одре^ивани методом

стрипинг г.олтаметри)е, са porapajyhoM електродом од стакластог угл>еника.

Доби}ени резултати овом методом су порег)ени са резултатима атомске апсорп-

Ционе спектрофотометров. Доби}ена je добра сагласност резултата.



5. БИОХЕМЩА

СЕКЩПСКО ПРЕДАВА1ЬЕ

BH-SP. HOBHJA ДОСТИГНУЪА У РЕАКЦЩИ РЕФОРМАТСКОГ

М. Богавац и В. АрсещфвиЬ

Фармацеушски факулшеш, Београд

Peaiamja Реформатског у класичном смислу je реакпэда а-бром-естара

и цинка са алдехидйма и кетонима, при Kojoj се, после хидролизе алкокси-

-цинкбромидног интермедиjepa, floonjajy р-хидрокси-естри.

У току последаье три децени^е ова реакщф je проширена и на друге

функционалне трупе: естре, нитриле, дикарбоксимиде, алкалне форлицате

као и на нека бифункционална jenrabeiba (unjaHO-ecrpe, ци]'ано-киселине,

цИ)'ано-халогениде, цИ)ано-кетоне и кето-естре). Нека од ових )един>ен>а

преводе се реакщфм Реформатског у мало познате цикличне енмидоестре

KojH су тешко приступачни помоЬу других синтетских поступака.

Поред метил- и етил-естара а-бром-киселина показана je предност

естара са волуминозниjом алкил-групом KojH отежава)у реакци)'у естарског

карбонила и тиме cnpe4aBajy ме^усобно реаговавье а-бром-естара; то су терц-

-бутил, сек-бутил- и триметилсилил-естри.

У току последних година на^ено je да се pearanija Реформатског може

употребити за директив доби)ан>е р-хидрокси-киселина уместо да се ове

киселине flo6njajy сапонификацэдом р-хидрокси-естара, што понекад доводи

до ретроалдолне кондензаиэде и регенерисан>а полазног карбонилног ]един>ен>а .

За директно добИ)ан.е р-хидрокси-киселина предложена je употреба 2-тетра-

хидропиранил и а-алкоксиетил-естара; са овим а-бром-естрима се реакци)а

Реформатског изводи на 0° да би се спречило ме^усобно реагованъе естарског

карбонила. Join )едноставнтф се могу добита р-хидрокси-киселине ако су

уместо поменутих ацидолабилних а-бром-естара користе у реакции Рефор

матског цинкбромидне соли или магнезщум-бромидне соли а-бром-киселина.

Треба напоменути да je у нови)е време описан поступак за доби^анье

врло актавног цинка Kojn HacTaje третаран>ем тетрахидрофуранског раствора

цинк-хлорида са елементарним KarajyMOM. Osaj пирофоран цинк има предности

над осталим методама активиран>а цинка али je н>егово доб^анл заметно.

Од растварача уведени су анизол, тетрахидрофуран и метилал, с тим

да буду ригорозно осушени, Tj. дестиловани преко HaTpHjyM-хидрида или

LiAlH* .

У новике време испитивана je стереохеми)а реакщф Реформатског и

на^ено je да се при употреби естара а-бром-пропионске-киселине или а-бром-

-бутерне-киселине доби}а смеша диастереоизомера у скоро приближним

количинама.
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УСМЕНА САОПШТЕН>А

ВН-1. РАЗЛИКЕ У БАЗНОМ САСТАВУ JEJXAPHHX ДЕЗОКСИРИБО-

НУКЛЕИНСКИХ КИСЕЛИНА МЛАДИХ ЛИСТОВА СПАНАЪА ВЕЗАНЕ

ЗА ПОЛ

М. Кидрич, 3. JypaHHh и J. ПетровиЬ

Природно-машемашички факулшеш, Београд, Медицински факулшеш, Београд

и Инсшишуш за биолошка исшражшшъа „Синиша СшанковиН" , Београд

Дезоксирибонуклеинске киселине (DNK) изоловане из пречишЬених

jenapa младих листова женских, мушких и неиндукованих бшьака спанаЬа

{Spinacia oleracea L.) анализиране су колонском хроматограф^ом на метило-

ваном албумину — кизелгуру (МАК) применом соног градиента, хромато-

графи)ом на колонама од хидроксилапатита (НАР) коришЬеьем температурног

градиента и термалном денатураци)ом у раствору. Упоредо je проучавана

кинетика peacounjaimje испитиваних узорака DNK, што je омогуЬило одре-

1)иван>е засгушьености репетитивних секвенци. Елуциони профили DNK

добщени МАК и НАР хроматографи)ом, били су различи™ код три испитиване

групе узорака. Тачке тогаье&а (Тт) )едарних DNK изолованих из женских

и неиндукованих бшьака биле су више од Тт )едарних DNK изолованих

из мушких |единки, а уочене су и извесне разлике диференци)алних кривих

термалне денатураци)е. Сви ови подаци показуjy да je базни састав }едарних

DNK бшьака везан за пол, што се може повезати и са разликама у органи-

заци]и генома.

ВН-2. СОЛУБИЛИЗАЦИ1А ДОПАМИНСКИХ D2 РЕЦЕПТОРА

NUCLEUS CAUDATUS-A ГОВЕЧЕТА РАЗЛИЧИТИМ

ДЕТЕРГЕНТИМА

В. ШошкиН, J. ПетровиЬ и Д. Тра)ковиЬ

Природно-машемашички факулшеш, Београд и Инсшишуш за биолошка исшра-

живагьа „Синиша СшанковиН", Београд

Солубилизащф мембранских рецептора представлю )едну од неопходних

фаза у н>иховом пречишЬаван>у и карактеризован>у. У цшьу гооловаша и

карактеризовааа допаминских рецептора синаптозомалних мембрана nucleus

caudatus-a говечета, коришЬено je неколико детергената различите xeMHjcKe

структуре и утвр^ени су оптимални услови за ньихову солубилизаци)у. Haj-

eфикacниjи од свих коришЬених солубшшзу)уНих агенаса je био 3-[(3-хо-

ламиадпропил)-диметиламони)ум]-1-пропансулфонат (CHAPS) у концентра-

Щ'щ од 0,25%, при концентраци)И укутгаих мембранских протеина од 3,5

mg/ml и на температури од 4° (дужина инкубиран>а 25 min). При овим усло-

вача специфични допамински Бг рецептори задржава)у особине одтовара-

)уКих нативних структура, што je проверавано обимом и начином интеракци)е

са 8Н-спипероном као специфичним радиолигандом у стандардизованим

условима. Седиментапионе карактеристике солубилизованих D2 рецптора су



одре^ене центрифугиравьем и линеарном густинском градофнту сахарозе

(15—30% сахароза, 45000 ob/min, 17 h, ротор SW 50.1, Beckman Ls-so ултра-

центрифуга) паралелно са cepHjoM протеинских маркера познатих седимен-

тационих вредности.

ВН-3. ПРИМЕНА ХИДРОЛИТИЧКИХ ЕНЗИМСКИХ ПРЕПАРАТА У

ПРОЦЕСУ ДОБИВАВЬА ПИВА ВИСОКЕ СУРОГАЦЩЕ

J. Вучетив, Б. АбрамовиН, Р. КастратовиН, М. ВрвиЬ и К. ПеровиН

Природно-машемашички факулшеш, Београд, Насшавнички факулшеш и йивара

„Tpe6jeca", Hwcutuh

У раду су приказали резултати испитиваньа примене хидролитичких

ензима за добивание пива високе cyporanuje. Примевьене су различите ком-

бинаци)е и односи слада, сурогата и ензима у лаборатори{ским и производним

условима. Употребл>ени су а- и р-амилаза, протеиназе и р-глуканаза, као

комплексни или по)единачни ензимски препарата. Наjбальи резултати добивени

су са препаратима Termamyl 60 L (дански производ) и Brew-n-zyme AL (хо-

ландски производ). Велики 6poj експеримената ура!)ен je и са домапим пре

паратом Ликвизим 20 Т. Добивени резултати са овим препаратом тако^е

су дискутовани у раду.

ПОСТЕРИ

ВН-4. ИСПИТИВАВЬЕ НУКЛЕИНСКИХ КИСЕЛИНА ПШЕНИЦЕ ГА-

JEHE У МОНОКУЛТУРИ И У ЗА1ЕДНИЦИ СА КУКОЛ>ЕМ

Д. ВациЬ, В. BajHh, М. Кидрич и 3. Jypamih

РО „Биойродукш" , Београд, Природно-машемашички факулшеш, Београд и

Медицински факулшеш, Београд

Испитиване су нуклеинске киселине (NK) изоловане из надземних

делова пшенице (Triticum vulgare L.) Koja je rajeHa у лаборатори)ским усло

вима у монокултури и у за)'едници са кукол>ем (Agrostemma githago L.)-

Укупне NK су анализиране хроматографщом на колонама од метилованог

албумина-кизелгура (МАК) док су DNK испитиване колонском хромато-

графИ)ом на хидроксилапатиту (НАР) и одре^иван>ем температуре топл»ен»а

(Тщ). Добщени резултати указу)'у да нема значащих разлика у релативно)

застушьеноста nojenHHHx класа NK измену испитиваних узорака, осим у

погледу tbRNK. Хроматографов на НАР-у дала je резултате kojh показу)у

да надземни делови пшенице rajeHe у за]едници са кукол>ем садрже више

DNK Koja се елуира на 100° (G—С богата DNK) у односу на бшьке rajeHe у

монокултури. Подали добщеии одре^иваиьем температуре тошьевьа DNK

потвр!)у)у резултате доби)ене хроматограф^ом на НАР-у. DNK изолована

из пшенице rajeHe у за)едници има eehy Тш> а тиме и веки G—С садржа),

у поре^евьу са пшеницом rajeHOM у монокултури.



С 53

ВН-5. ИЗДВАГАЕЬЕ ХУМАНОГ ПЛАЦЕНТНОГ ЛАКТОГЕНА (HPL)

АФИНИТЕТНОМ ХРОМАТОГРАФЩОМ

М. Петровы^, М. Kpajmraaioih и P. М. JaHKOB

Инсшишуш за йримену нуклеарне енергще у йолойривреди, Земун и Природно-

-машемашички факулшеш, Београд

Активирана микрокристална целулоза са антителима према хуманом

плацентном лактогену (HPL) послужила je за доби)ая,е HPL-a из екстракта

хумане плаценте афинитетном хроматографи)ом. Испитани су услови за опти-

иалну активаци)у микрокристалне целулозе помоЬу Br—CN и оптималне

концентращф имуноглобулина Kojn се везу)е за активирани матрикс. Екстракт

хумане плацате био je извор за издва)ан>е HPL-a. Из створеног комплекса

antiHPL — HPL, хумани плацентни лактоген издво)ен je применом разли-

читих десорбенаса. ЧистоЬа доби)ених производа проверавана je електрофо-

резом на полиакриламидном гелу.

ВН-в. YTHUAJ ДВОВАЛЕНТНИХ JOHA НА AKTHBAHHJY АЛТЕР-

НАТИВНОГ ПУТА СИСТЕМА КОМПЛЕМЕНТА

В. МилетиЬ, Б. РодиН и P. М. JaHKOB

Завод за шрансфузщу край CP Србще, Београд

и Природно-машемашички факулшеш, Београд

Систему комплемента припада важна улога у хуморално) одбрани орга

низма. Када антитело pearyje са антигеном, настали имунокомплекс постаje

активатор система комплемента, при чему се компоненте система активира^у

одре1)еним редоследом. Постепеном активацщом целог система долази цо

лизе антигена. У активаци)и комплемента yqecreyje двадесет протеинских

компонената. Moryha су два пута активаци)е система комплемента: класични

и алтернативни пут. За активаиэду класичног пута неопходно je присуство

joHa Са2+ и Mg2+, а за активаци)у алтернативног пута присуство joHa Mg2+.

У овом раду испитиван je утицаj других двовалентних joHa на активаци}у

алтернативног пута, пре свега Ni2+, за Koje je у литератури описано да ста-

билизу)у одрсг)ене компоненте алтернативног пута.

ВН-7. ИСПИТИВАВэЕ НЕКИХ CBOJCTABA КУЛТУРЕ Candida utilis

J. Р. }акшевац, J. Ъорг)евиЬ и Л>. MajflaHan

Технолошко-мешалуршки факулшеш, Београд

Испитиван je yrauaj рН средине (5,8, 6,4 и 7,0), концентраци}е h&imja

(20—80 mg сувих heraja/cm3) и концентраци)е ксилозе у раствору (2,5%—

—25%) на ток ферментацэде ксилозе културом Canadida utilis No 11 из колек-

m\t микроорганизама Технолошког факултета, Загреб. Огледи су извог)ени



у Warburg-овом апарату на 30° у атмосфери азота. Паралелно je испитивана

могуЬност имобилизаци)е hejmja овог квасца путем адсортдф на дрвету ,

слами, силиконском материалу и керадшци. Количина Ьелща адсорбованих

на наведении носачима праЬена je у току времена у функции рН средине на

30° преко промене замуЬаьа cycneH3Hje. Констатовано je да je за ферментаци^у

ксилозе на)бол>а рН вредност 5,8, да брзина ферментаци}е овог шеЬера ли-

неарно расте са порастом количине Ьелща квасца и да не долази до инхибици}е

ферментащф супстрастом у испитиваном опсегу концентраци)а ксилозе.

Максимална адсорпци^а hennja квасца из cycneH3Hje постигнута je на нетре-

тираном храстовом дрвету у raicenoj средини (рН 5,8).

ВН-8. КУЛТИВАЦЩА ЦЕЛУЛОЛИТИЧКИХ ПЬИВИЦА

ЗА ПРОДУКЦЩУ МИКРОБНЕ БИОМАСЕ И ЦЕЛУЛОЛИТИЧКИХ

ЕНЗИМА

С. Кузманова, А. Димитровски, В. Стевчевска и Е. Вандеска

Техно/юшки факулшеш, Скоще

Екстрахирана гроздова комина користи се као супстрат за продукци)у

микробних протеина и целулолитичких ензима, омоЬу Myrothecium verrucaria

9095 и Trichoderma viride 1253. Култивацща микроорганизама врши се на

површини кругах супстрата и субмерзно. Ток процеса биосинтезе микробних

протеина и екстрацелуларних ензима прати се помоЬу одре^ива№а количине

биомасе, укупних сирових протеина, растворллвих протеина, затим путем

стушьа биоконверзи)е супстрата. Одре!)иван je и утица) модификацще супстра

та на количину образованих ензима и н>ихова активност. М. verrucaria показао

се као слабли продуцент микробне биомасе и целулолитичких ензима.

ВН-9. ИЗБОР ОПТИМАЛНИХ УСЛОВА ЗА ХИДРОГЕНОВАВэЕ

СВИВЬСКЕ МАСТИ

Ж. Врбашки, М. БудинчевиЬ, Н. Тот, К. Вранац и Ъ. Чанади

Природно-машемашички факулшеш, Нови Сад и ИПК „Серво Мнха.ъ", Зрегьанин

Изведен je низ хидрогенован>а свшьске масти у лаборатори)ском ре

актору под атмосферским притиском водоника. Утвр^ени су услови под KojHMa

се може извести хидрогенован>е до продукта са високом тачком тошьеньа

Kojn су je/pia од компонената за припрему масноЬа за индустрфску употребу.

Упоре^ивана je активност низа комерщцалних катализатора на бази никла,

за делимично и потпуно хидрогенован>е масти. На основу резултата огледа

одабрани су услови рада и узорци катализатора код Kojnx се постижу на}бол>и

резултати у делимичном хидрогеновашу, где су промене физичких каракте-

ристика минималне, и код дубоког хидрогенован>а када се flo6Hjajy масти

битно различитих физичких и хеми)ских карактеристика.



BH-10. YTHIiAJ ДОДАТКА АДИТИВА НА КАРАКТЕРИСТИКЕ МАСТИ

Н. Тот, Ж. Врбашки, М. БудинчевиЬ, Ъ. Чанади и К. Вранац

ИПК „Серво Михал" , Зрегьанин и Природно-машемашички фоку/теш, Нови Сад

Припремхьен je низ узорака (естпвих масти Koje су од интереса за примену

у KOHAHTopcKoj индустрии, у KojHMa су у виду адитива примеаени естри

масних киселина са полихидроксилним алкохолима. Проучаван je утица)

технике предприпреме и врете триглицеридне компоненте, као и врете естра

на основне карактеристике продукта Kojn су од знача)а за примену. Посебно

je проучавана стабилност композицзда у погледу аутооксидгидф. Указано je

на noflpynje могуЬе индустри}ске примене масти са испитиваним адитивима.

ВН-11. УТИЦАJ ТЕХНИКЕ ПРЕДРАФИНАЩЦЕ НА ХИДРОГЕНОВАВЬЕ

УЛ>А COJE

Ж. Врбашки, М. БудинчевиЬ, Ъ. Чанади и К. Вранац

Природно-машемашички факулшеш, Нови Сад

Проучавана je могуЬност хидрогеновгиьа ул>а coje Koje je различитим

поступцима предрафинирано до ниског садржа)а фосфатидних примеса. У

огледима хидрогеноваьа под атмосферским притиском водоника у дабора-

TopnjcKOM реактору, вршено je пореЬен>е активности низа катализатора.

Утвр^ени су основни параметри хидрогенован>а за ул>а Koja су само делимично

припремл^ена, и дато je поре^ен>е са хидрогенованим узорком ул>а Koje je

неутрализащфм и адсорбентима ослобо^ено катализаторских отрова у знатно

вишем степену. Овим je проучавана могуКност хидрогенован>а сировог ул>а

coje уз воЬяье само накнадне рафинащф.



7. XEMHJCKO ИНЖЕН>ЕРСТВО

CEKUHJCKO ПРЕДАВАН.Е

Ш-SP. ВИШЕФАЗНИ CTPyjHH КОНТАКТОРИ ФЛУИД — ЧВРСТЕ

ЧЕСТИЦЕ, PA3BOJ, СТАВЬЕ TEOPHJE И ПРИМЕНА

Д. В. ВуковиЬ

Технолошко-мешалуршки факулшеш, Београд

Енергетска криза и недостатак квалитетних сировина, све наглаше-

ни)и захтеви за очуван>ем радне и животне средине, као и неопходност сма-

н>ен>а укупних трошкова производил у процесно) индустрией и металурп^и

изазвали су у току протекле две децени)е наглашену потребу за побол>шан»ем

низа nocTojehroc технолошких поступака повеЬашем ефикасности и производ-

ности nojeflKHHX ypet)aja као и технолошких система у целини, као и уво{>ен>ем

у индустрэдску примену потпуно нових.

Напори у овом смислу били су, поред осталог, усмерени и у правцу

развода, испитиван>а и уво1)ен>а у производоьу низа технолошких поступака

чи)у основу представлю)у вишефазни crpyjiiH системи флуид — чврсте честице.

Огапта особеност ових система je у томе да oMoryhaBajy оствариван>е веома

интензивног контакта измену по)единачних фаза, праЬеног знача)ним брзинама

преноса масе и топлоте, као и у могуКности изво!)ен>а сложених xeMHjcraix

и биохемщских процеса у урег^има-контакторима }едноставне конструкцще,

велике ефикасности и производности уз прихватл>ив утрошак енерги)е,

релативно лако одржаванье и подешавааа услова рада.

Значащо место у поменутим вишефазним cTpyjmiM системима флуид-

-чврсте честице има)у и они 4HjeM je pa3Bojy и испитиван>има допринела и

„београдска школа" . На)значащи)И од н>их су двофазни фоитански и фонтан-

ско-флуидизовани crojeBH, модификовани фоитански cnojeBH као што су

фоитански ело) променл>ивог пречника, фоитански oioj са равном фонтаном,

фоитански oioj са цевним уметком, магнетно стабилизовани флуидизовани

oioj, као и трофазни флуидизовани oioj, фоитански и фонтанско-флуиди-

зовани сло^еви са истострущим и cynpoTHOcrpyjmiM током гаса и течности,

ymbynyjyhH и двофазне системе гас-течност у ко)има се диспергован>е гаса

ocrBapyje коришКен>ем е^екционе млазнице.

Обавл>ена истраживан>а флуидно-механичких особина као и одгова-

pajyhnx параметара омогуЬила су оцен.иван>е сврсисходности гьихове примене

у процесима преноса масе и топлоте, као и хеми)ских и биохеми)ских реактора.

Утвр1)ено je да се испитивани системи могу употребити за смешаван>е, сушен>е

и гранулаци)у зрнастих материала, обезводн>аван,е и сушен>е раствора,

eyeneranja и пастозних материала, joHCKy измену, ancopramjy и пран>е гасова,



хлафаье течности, за припрему воде за rathe и пречишЬаван>е отпадних вода,

спал>иван>е чврстих и течних материала, као и каталитички и биохеяодски

реактори.

Остварени резултати теорфских истраживан,а потвр^ених експеримен-

тима омогуЬили су поехавшим методолоп^е за про)ектован>е и симулащцу

поменутих система за изво^еке контакта флуид-чврсте честице, у различитим

поступцима процесне mraycrpHje, чиме je створена основа за разво) одгова-

pajyfeHX контактора намен>ених за индустри)ску примену.

УСМЕНА САОПШТЕША

МОГУЪНОСТИ ПРИМЕНЕ ФЛУИДИЗАЦЩЕ У БИОИНЖЕ-

Н>ЕРСТВУ

Г. Вун>ак-НоваковтЧ, Д. В. ВуковиЬ и М. ДобриН

Технолошко-мешалуршки факулшеш, Београд

V'pe^ajH са флуидизованим oiojeM се данас широко користе у реакторском

инженьерству, сушеау, гранулаци)И, пречишЬававьу гасова, спал>иван>у раз-

личитих материала, гасификащци, сагореваньу и многим другим процесима.

У последнее време, ова ефикасна техника налази разноврсну примену у био-

инженьерству, Koja he бити илустрована са неколико карактеристичних при

мера. Флуидизовани реактори са флокулисаним микроорганизмима или имо-

билизованих пелета користе се за изво!)ен>е процеса континуалног врен>а од-

односно хидролизе. Скораильа примена гасом флуидизованог aioja за култи-

ваци)у микроорганизама имала je за резултат вишеструко повеЬан>е приноса

Кели)а и активности ензима у односу на класичну технологу. Флуидизациони

реактори са биофилмом успешно се користе за биолошки третман отпадних

вода. Поменимо и флуидизовани cnoj инертног материала са супротностру)ним

током гаса и течности у коме je могуЬе ефикасно изво^енл континуалне фер-

ментаци)е КЕасца. У овом раду су анализиране могуЬности примене nojeflnmnc

типова ype^aja са флуидизованим cnojeM у биоинжеиьерству, а у првом реду

оних флуидизованих система Kojn су испитиваки и развитии на Катедри

за хеми)ско инжеаерство ТМФ-а.

Ш-2. ЕКСПЕРИМЕНТАЛНО ОДРЕЪИВА&Е КОЕФИЦШЕНАТА

ПРЕНОСА МАСЕ ПРИ ВИСОКИМ REYNOLDS-ОВИМ И SCHMIDT-

-ОВИМ BPOJEBHMA

А. ДудуковиН и С. Кончар-Ъур^евиЬ

Технолошки факулшеш, Нови Сад и Технолошко-мешалуршки факулшеш, Београд

Експериментално су одре^ивани коефици^енти преноса масе из турбу-

лентпе crpyje флуида на зид цеви. Експерименти су вршени у области Rey-

nolds-овог 6poja од I О4 до 2 • 105 при вредности Schmidt-овог 6poja од око

1,8 • 1 03 у цевима пречника 28 и 60 mm. За одре^ива&е локалних и средн>их

коефищпената преноса масе коришЬена je адсорпциона метода, i<oja базира



на мерен>у количине адсорбоване матерее под условима када ироцесом управ-

л>а само дифузи)а кроз гранични cuoj. Резултати су поревели са резултатима

других аутора, корелисани и теорщски анализирани.

Ш-3. ЕКСПЕРИМЕНТАЛНО ОДРЕЪИВАН>Е КОЕФИЦЩЕНАТА

ПРЕНОСА МАСЕ У РАЗБЛАЖЕНИМ РАСТВОРИМА ПОЛИМЕРА

А. ДудуковиН и С. Кончар-Ъур1)евиЬ

Технолошки факулшеш, Нови Сад и Технолошко-мешалуршки факулшеш,

Београд

Експериментално je испытан утица) растворених полимера на пренос

масе из турбулентне crpyje флуида на зид цеви. Истовремено су одрег)ивани

и коефици)енти отпора crpyjaH>y кроз цев. Показано je да je редукцэда отпора

crpyjaiby праЬена сман>ен>ем преноса масе, те да се ови ефекти jaaibajy при

приближно истом Reynolds-овом 6pojy. Утвр1)ене зависности степена редук-

UHje отпора crpyjaaa и сман>ен>а преноса масе од Reynolds-овог 6poja, пречника

цеви и концентращ^е полимера су теори)ски анализиране.

Ш-4. ОДРЕЪИВАН>Е КОЕФИЦЩЕНТА ПРЕНОСА МАСЕ КИСЕОНИКА

У АЕРАТОРУ СА МЕШАНэЕМ ДИНАМИЧКОМ МЕТОДОМ

В. BejbKoeiih и Д. Скала

Фабрика фармацеушских и хемщских йроизвода „ЗДРАВЛзЕ", Лесковац и

Технолошко-мешалуршки факулшеш, Београд

Коефици)ент преноса масе кисеоника у аератору са мешашем je одре-

1)иван динамичном методом Koja се cacrojH у праЬешу промене концентращце

раствореног кисеоника после степеничасте промене концентрациjе кисеоника

у улазно) racHoj crpyjH noMohy кисеоничне електроде поставл>ене у OKVbHoj

петл>и. Коефицэдент преноса масе кисеоника je израчунаван методом не-

линеарне perpecnje, а према математичком моделу KojHM je описано динамично

понашан>е система у току нестационарног периода. Испитиван>а су извршена

у суду ко)И je снабдевен са четири одбо)ника и турбинском мешалицом са

четири равне лопатице. Испитивана je дисперзи)а ваздух-вода при интензитету

мешан>а до 7 s_1 и запреминским протоком ваздуха до 8,5 • 10~5 пА-1.

Ш-5. ОДРЕЪИВАНэЕ КОЕФИЦЩЕНТА ПРОЧИШЪАВАВэА РАСТВО

РЕНИХ КОМПОНЕНАТА ИЗ ВЬИХОВИХ ВОДЕНИХ РАСТВОРА ПО-

МОЪУ УЛТРАФИЛТРАЦЩЕ

В. HajfleHoea, Ф. Поповска-Павловска и М. BpajoBHh

Технолошки факулшеш, Ской)е

Изведени су експерименти cenapaunje на )едном ултрафилтрационом

ype^ajy под различитим оперативним условима. У току експеримената мен>ани

су: почетне притисци у интервалу од 10—70 кРа и протоци испитиваних



раствора. Од експерименталних података израчунати су : сепарациони фактори,

коефици)енат прочишЬавааа као и параметар транспорта за сваку компоненту

по)единачно. Исто тако, je дат израз за промену укупног отпора у функци)и

протока концентрираног раствора. Експериментални резултати показуjy да

je пренос масе кроз мембрану овисан како од природе растворене компоненте

тако и од присуства других растворених компонената у раствору.

Ш-6. МАТЕМАТИЧКО МОДЕЛОВАН>Е БИОХЕМЩСКИХ ПРОЦЕСА

J. СавковиЬ-СтевановиЬ

Технолошко-мешалуршки факулшеш, Београд

Приказана je методолоп^а математичког моделовааа биохеми|ских

процеса. Проучавани су математички модели кинетике ензимних peaKUHja,

фармакокинетике, микробиолошких и еколошких система. Дата je упоредна

студоца детерминистичких и стохастичких модела испитиваних процеса.

Изведен je математички модел )едног микробиолошког процеса. Анализа

рачунских резултата добивених симулиран>ем овог биохем^ског процеса у

шаржном и континуалном реактору noKasyje неке предности континуалних

реактора. Резултати овога рада могли би се искористити за про)ектован>е

индустрщских биореактора.

Ю-7. ИДЕНТИФИКАЦИИ ПАРАМЕТАРА СИСТЕМА КОРИШЪЕВЬЕМ

ДИСКРЕТНОГ ВРЕМЕНСКОГ И ПРОСТОРНОГ МОДЕЛОВАВЬА

L. Awal и Г. JoeaHOBnh

Технолошко-мешалуршки факулшеш, Београд

Хемвдске реакци}е првог реда, или приближно првог реда, су од 3Ha4aja

за многе хеми)ске процесе због чета je oeaj тип кинетике од интереса за xeMnj-

ско инжен>ерство. Графичке методе (методе нагиба и одсечка и сл.) су се

показале jeflHocraBiffljHM и очигледни)ИМ од класичне методе на)ман>их квадрата

у одре!)иван>у констапти брзина реакцэда. Ме1)утим, када се у реакционом

систему nojaBH више компонената (компликоваше схеме редно-паралелшгх

реакци)а) ове методе nocrajy знача}но компликоване. Цил» овог рада je да

представи нову, општу методу за идентификадэду параметара линеарних

система. На конкретном примеру показаЬемо како се могу одредити константе

брзина паралелних и редних xeMHjcraix реакщф првог реда из експериментал

них података.

HI-8. ПРИМЕНА МЕТОДЕ ДИСКРЕТНОГ ПРИНЦИПА МАКСИМУМА

НА ОПТИМИЗАЦЩУ ПРОТИВСТРУ1НЕ ЕКСТРАКЦЩЕ

J. СавковиЬ-СтевановиЬ и М. Ileiuuh

Технолошко-меша/1уршки факулшеш, Београд

Изведен je алгоритам и FORTRAN програм за налажаье оптимадних

услова eKcrpai<4Hje сирКетне киселине из толуола користеЬи воду као раства-

рач. Применъена je методолопф динамичког програмиран>а према min-max



■сто

дискретном принципу максимума Kojn у цшьу минимизаци)е функци)с цшьа

налази максималну вредност хамилтони)ана у односу на посматране вари)абле.

А. В. Salem и G. V. Jeffreys су применили дискретни принцип максимума за

налажен>е оптималне температуре противстру)не екстракщце. У овом раду

je развитей алгоритам за налажен>е оптималног одиска фаза и максималист

профита. Програм и потпрограми су написани на FORTRAN-IV (езику и

тестирани на рачунару IBM 1 130. Резултати доби)ени у овом раду су знача)ни

за про)ектован>е индустри^ске екстракщче.

Ш-9. ИНДУСТРЩСКА ДЕСТИЛАЦЩА СИСТЕМА ЕТАНОЛ-ВОДА

J. СавковиЬ-СтевановкЬ, М. КрстиЬ и М. Вицо-СтевановиЬ

Технолошко-мсшалуршки факулшеш, Београд и Галеника, Београд

Испитивана je )една индустри|ска дестилациона колона са пун>ен>ем

за издва$ан>е етилалкохола из матери)алних токова производног асортимана

„Галенике". Симулирано je раздва)ан>е система етилалкохол-вода на дигитал-

ном електронском рачунару по моделу Wisniak-Lauterbach у колони испу

щеноj Raschig-овим прстеновима од стакла 15—15 mm у висини од 3000 mm

при дисконтинуалном раду. Дисконтинуална дестилаци)а je извожена тако

да се жел>ени састав дестилата постиже кроз два различила вог)ен>а дести-

лащце: задржаван>ем константног рефлуксног односа а мен>ан>ем састава

дестилата и остатка и менан>ем рефлуксног односа а задржаван>ем константног

састава дестилата. Показана су добра слаган>а рачунских са експерименталним

резултатима. Сви программ и потпрограми су написани на je3ra<y FORTRAN-IV

за рачунар IBM ИЗО и BASIC-y за рачунар COMMODORE VIC-20.

ПОСТЕРИ

Ш-10. ФЛУИДИЗОВАНИ СЛ01ЕВИ У МАГНЕТНОМ ПОЛ>У

Г. JoBaHOBnh, П. 1ованиЬ и Д. В. ВуковиЬ

Технолошко-мсшалуршки факулшеш, Београд и BojHO-шехнички Инсшишуш,

Београд

Применом магнетног пола на флуидизовани ело) феромагнетних честица

могуЬе je постиНи више различитих режима флуидизацэде, што углавном

зависи од интензитета и природе магнетног пола. Магнетном стабилизациjом

успоставла се ело) без мехура, а као последица тога и без мешана честица и

повратног мешана гаса. У овом раду описано je и понашан>е делимично ста

билисаног crcoja. Делимично стабилисани сло^еви HMajy све карактеристике

„класичних" флуидизованих cnojeea. Мег)утим, реолошке особине емулзионе

фазе и величине мехурова су промен>ене и знача)но различите од истих таквих

особина и величина у (идентичном) oiojy у коме не nocrojH магнетно пол»е.

Менан>ем интензитета и фреквениэде магнетног пол>а могуЬе je контролисати

величину мехурова, Tj. упшати на мешан>е честица, мешан.е гаса и пренос

топлоте.



HI-11. ПОЛИМЕРИЗАЦЩА АКРИЛОНИТРИЛА У ПРОТОЧНОМ РЕАК

ТОРУ СА МЕШАН>ЕМ

К. Кишановски и М. BpajoBHh

Технолошки факулшеш, Ской]'е

Изложено je експериментално истраживаы>е проточног реактора са

мешашем за полимеризациjy акрилонитрила . Тако1)е je изведена симулаци)а

теори)Ског математичког модела реактора на аналогном рачунару. На основу

добивених резултата одре^ене су теори)ске и експерименталне зависности

стелена конверзи)е мономера, стелена полимеризаци)е и молекулске масе

полимера од времена задржававьа, почетних концентраци^а мономера и ини

циатора и од температуре.

Ш-12. УТВРЪИВА1ЬЕ КОЕФИЦЩЕНТА КОРЕЛАЦЩЕ ИЗМЕЪУ ГЕО-

МЕТРЩЕ КОНУСА И УСЛОВА ИЗВЛАЧЕВЬА СТАКЛЕНИХ ВЛАКАНА

Р. АтсксиЬ и М. JaH4iih

Технолошко-мешалуршки факулшеш, Белград

ПолазеЬи од експерименталних резултата извлачен>а стаклених влакана,

користеКи математичко-статистичке методе, утвр!)ен je коефици)енат корела-

ци)е измену облика конуса преко кога се влакно формира и услова извлачетьа :

температуре, брзине и силе извлачен>а стаклених влакана.

Ш-13. ЕЛЕКТТООТПОРНА ПЕЪ ЗА ИЗВЛАЧЕН>Е СТАКЛЕНИХ

ВЛАКАНА

Р. АлексиЬ, П. CTaj4Hh и М. JaH4iih

Технолошко-мешалуршки факулшеш, Пеоград

ПолазеЬи од биланса топлоте утврЬени су основни параметри за ripojei<-

тован>е електроотпорне пеЬи за извлачсн>е стаклених влакана и анализиран

je утицаj зоне извлачаьа унутар пеЬи на процес извлаченъа. Конструктивнс

карактеристике нро)ектоване електроотпорне пеЬи експериментално су про-

верене. Испитан je утица) брзине загреваша полазног предоблика унутар

пеКи, температуре извлачен>а и протока инертног гаса кроз neh на процес



HI-14. YTJEUAJ ОРГАНСКИХ ПОЛИМЕРНИХ АДИТИВА

НА ХИДРАТАЦЩУ И ВЕЗИВАН>Е ЦЕМЕНТА

P. КрстуловиН, П. Кроло и А. ЖмикиЬ

Технолошки факулшеш, Сйлиш

Проведена су испитившьа са полимерним адитивима, кондензатом

меламинсулфонске киселине с формалдехидом и кондензатом нафталенсул-

фонске кистлине с формалдехидом на yrjeqaj развитка хидратацщс портланд

цемента. Покуси су во!)ени уз различите масе доданог адитива уз Mjepeae

времена везиван>а узорака цементне пасте нормалне конзистенщф. Прими-

)ен>ени адитиви показали су особине сусперпластификатора и успоривача

везиваша. Одре^ена су подруч)а масених уд)ела у KojHMa наведени адитиви

на)изража|ни)е flje^jy. Резултати Mjepe&a успоре^ени су са резултатима

добивеним на спектрофотометру у цшьу одре!)иван>а адсорпционих ceojcraBa

адитива. Утвр^ено je да се истштивани адитиви нывшие адсорбира)у на це-

метне честице у истим граничним подруч)има масених уд)ела као што je одре-

Ьено и различитим методама везиван>э.

НИ5. YTJEHAJ АЗБЕСТА НА РАЗВИТАК ХИДРАТАЦЩЕ ЦЕМЕНТА

Т. ФериИ, Д. ТончиН и Р. КрстуловиЬ

Технолошки факулшеш, Сйлиш и Далмацщацеменш, Сйлиш

Проведена су испитиван>а тюнашан>а домаКих азбеста при хидратаци)и

азбестцементних узорака. Квалитета азбеста одрег)ена je стандардним методама.

Минералошки састав одре^ен je методом рендгенске дифракщф и диферен-

ци)'ално-термичком анализом, Koje су показале да узорци cnaflajy у кризотилне

азбесте. Осим азбестне компоненте Kojy сачшьава клинокризотил узорци

садрже и одре^ену количину неазбестне компоненте. Сепаращфм ове ком

поненте установлено je да су у aoj присутни минерали магнетит, бруцит и

калцит. Хидратацэда азбест цемента пратила се одре1)иван>ем брзине ослоба-

1)ан>а топлине хидратаидф, методом термос боца. Успоре^ен je yrjenaj повеЬане

концентращце неазбестне компоненте у азбестцементним узорцима на брзину

хидратащф, са брзином хидратащ^е чистог цемента и несепарираног азбест

цемента .

HI-16. ИСПИТИВАВЬЕ МОГУЪНОСТИ ДЕСУЛФАТИЗАЦЩЕ

ЕКСТРАКЦИОНЕ ФОСФОРНЕ КИСЕЛИНЕ ПОМОЪУ ТРОСТРУКОГ

СУПЕРФОСФАТА

/. Eros и П. ЪуриН

Хеми)ска undycuipuja „Зорка", Субошица

Техничка фосфорна киселина произведена екстракционим поступком

садржи 5—6% сулфата од тога 3—5% у облику слободне H2SO4. Када се

из ове киселине производи дикалци^ум фосфат присуство слободне сумпорне



киселине представл>а проблем jep се и S042- таложи са Са2+ kojh се дода)е

ради таложе&а СаНРО^ • 2Н20, тако да се ствара поред дикалци]умфосфата

и CaS04-2H20, па тако чини производ ман>е вредним jep CMaibyje садржа)

Р2О5. У цил.у сман>иван>а и елиминашф слободног H2SO4 из екстрактионе

киселине вршена су испитивака са више хемикалща у цшьу таложен>а SO42 ~

прс издва)ан>а СаНР04-2НО. Знача)ни резултати су добивени употребом

триплсуперфосфата. Претпоставило се да he Са2+ из монокадш^умфосфата

kojh се налази у триплексу да ступи у peaKimjy са слободном киселином :

Са(Н2Р04)2+H2SO4->CaS04+2HsP04

па he се тако настали гипс моНи издво|ити филтращфм, па he садржа) сулфата

износити само толико колико произилази из растворл>ивости CaS04 • 2Н20

у фосфорно) киселини. Експериментално су испитани ефекти уклан>ан>а сло-

бодне сумпорне киселине са 0,8, 1,0 и 1,5 еквивалента триплекса рачунато

на укупно присутне сулфате. ПраЬени су : количина талога, количина филтрата,

и брзина филтрацэде, а из добивених узорака десулфатизоване Н3РО4 одре-

1)иван je: садржа) Р2О5, укупно преостали сулфати, слободна киселина и

брзина филтраци)е. Добивени резултати указу)у на то да се 90—95% слободне

H2SO4 може уклонити са триплексом, с там да je брзина филтраци)е издво)еног

талога ман>а него код обичног гипса.

Ш-17. ЕКСТРАКЦЩА БАКРА ИЗ ЛУГОВА ПОМОЪУ РАСТВАРАЧА

LIX 64N, KELEX 100 И ACORGA 5100

Ф. Попоска, Ж. Конеска, Д. ТониЬ и А. Гризо

Технолошки факулшеш, Cxouje

Испитани су равнотежа и кинетика екстракцэде бакра из сумпорно-

-киселих лугова добщених лужен>ем сиромашних руда бакра из региона

Бучим у CP Македонии. Као растварачи су коришЬени LIX 64N, KELEX

100 и ACORGA 5100. Претходнона синтетизираним растворима je испитан

утица) брзине мешан>а на кинетику екстракщф. Испитаван>а су вршена у

цилиндричним судовима висине 15 cm и пречника 3,9 cm са четири разби)ача.

Нгфено je да 6poj o6pTaja изнад 700 ob/min лежи у области где хидродинамика

нема више утицаja на кинетику. На основу тог сва дал>а исгштавааа са лужним

растворима вршена су брзином мешааа од 1000 ob/min. ynopeljyjyhH доби)ене

резултате при истим погонским условима, пасено je да капа1штет екстракщф

расте по редоследу: LIX 64N, KELEX 100, ACORGA 5100. Oeaj редослед

je утвр^ен на основу вредности дистрибуционих коефипэдената. Hajeeha

вредност брзинске константе доб^ена je са KELEX 100. Сва три испитивана

растварача показуjy добру селективност за бакар из испитиваних лугова.

За све испитиване случа}еве je на^ено да nocrojH yranaj температуре на ки

нетику. Ме^утим, температура не показуje утица) на равнотежу, тако да се

лужни раствори могу подврЬи екстракщци без претходног загрепан>а.



8. ТЕКСТИЛНО ИНЖЕ&ЕРСТВО

ПОСТЕРИ

П-1. BOJEIbE вуне на нижим температурама

Д. ЦокиН и М. CrojaHOEHh

Технолошко-мешалуршки факулшеш, Београд и Тексшилна индусшрща , Грделица

Проучавана je могуЬност бо)ен>а вуне на нижим температурама у присус-

тву одабраних амина и амида. У експерименталним проучаван>има коришЬена

je домаНа вуна у различитим облицима (влакно, пре1)а, трака, тканина) и 6oje

из трупе киселих и реактивних 6oja. Утвр1)ено je да органски додали утичу

на исцрпл>ен.е 6oja а степей фиксиран>а doje према поступку 6ojeH>a фулар-

дован>е-одлежаван>е je у релаци)Н са температурой и временом третиран>а

вуне. Указано je и на могуЬе механизме делован>а амина и амида као до-

датака.

TI-2. КАРАКТЕРИСАВЬЕ BOJEBbA ВУНЕ ОДРЕЪИВАВЬЕМ БРЗИНЕ

BOJEIbA

С. Младеновик и Д. ЦокиК

Технолошки факулшеш, Лесковац и Технолошко-мешалуршки факулшеш, Београд

Одре^ивана je конетанта брзине 6ojeu>a вуне, К\ , полазеЬи од {едначине :

/t = /<x> [1 — ехр (— Kt//oo)] а у цил»у карактерисан>а процеса 6ojeiba домаЬе

вуне. ПраЬено je тако!)е и време полубо)ен>а вуне, ti/г , за веКи 6poj реактивних

6oja различитих реактивних група. Нгфено je да константа брзине, Kt, равно-

тежно исцрпл>ен>е, /<», и време ncmy6ojeH>a, tip, зависе од хеми)ске каракте-

ристике 6oje, концентращф додатака и осталих параметаза бо)ен>а.

TI-3. УТИЦА1 УПРЕДАН>А НА CBOJCTBA РОТОРСКЕ ПРЕЪЕ

С. МилосавльевиН и Т. ТадиЬ

Технолошко-мешалуршки факулшеш, Београд

Варирашем примарног и секундарног упреда&а кокчане памучне npet)e

утвр!)ен je ефекат ових параметара на н>ена механичка CBojcTBa. Применом



С 65

шинираног експеримента и регресионе техшше утвр!)ено je да се HajnoBOjbtfflja

)ачина и издужеше доби)а)у при производил ОЕ npefje са налим примарним

и великим до средаим секундарним упредан>ем.

TI-4. ПРИПРЕМААЗБЕСТА ЗА ПРЕДЕЕЬЕХЕМЩСКО-МЕХАНИЧКИМ

ПОСТУПКОМ

С. Милосавл>евиЬ, С. ЛукиЬ и Т. ТадиЬ

Технолошко-мешалуршки факулшеш, Београд и Виша шексшилна школа, Београд

Поступком диспергованьа хризотил азбест je преведен у индивидуалне

субмикроскопске фибриле саставл>ене од агрегата полазног материjama. Разд-

во)ени фибрили су се показали као погодни за предевье и разне друге примене.

TI-5. YTJEUAJ рН НА ВЕЗАНэЕ Fe(III) и Cu(II) НА ПАМУЧНИ МАТЕ-

РЩАЛ

К. Москалиук и Л>. БокиЬ

Технолошки факулшеш, Загреб

Трагови неких тешких метала могу негативно д)еловати приликом

обраде и оплемен>иван>а текстила. Тако трагови жел>еза и бакра каталитички

fljenyjy на распад водиковог пероксида приликом би|ел>ен>а памучног платна,

а тиме може доЬи до оштеНеаа материала. Ови тешки метали могу негативно

дояовати и код оптичког би)ел>ен>а као и код бо^адисавьа. Проучено je везанье

Fe(III) и Cu(II) у овисности о рН и сатаву отопине. Показало се, да капацитет

изм)ене иона на памучном материалу овиси о рН купел»и и начину на kojh je

материал претходно обращен. Код веЬег капацитета H3MjeHe иона може доЬи

до обогаЬиван>а материала са жел>езом и бакром из купелл.



9. ЗАШТИТА ЖИВОТНЕ СРЕДИНЕ

СЕКЦВДСКО ПРЕДАВАН.Е

ZS-SP САВРЕМЕНЕ МЕТОДЕ ЗАШТИТЕ ВОДЕ И ТЛА ОД ЗАГАЪИ-

ВАНЬА И ПРАВЦИ ВЬИХОВОГ ДАЛ>ЕГ PA3BOJA

Л. В. КнежиН и J. Барас

Технолошко-мешалуршки факулшеш, Београд

Анализирано je критично стан>е квалитета природних водених ресурса

и земл>ишта и одраз тога стан»а на снабдеваае насел>а и индустри|е водом

и на производоьу хране. Посебна паиаьа посвеЬена je рециклажи, односно

вишекратном коришЬен>у воде и различитих отпадних материала, као све

npHcyTHHjoj алтернативи за будуЬност.

Дат je краЬи систематичан преглед основних процеса обраде од ко)их

се, у складу са саставом и карактеристикама сировине — отпадне воде и

захтеваним квалитетом Kpaj&er произвола — пречишЬеног ефлуента, компо-

Hyje оптимални процес за ньену обраду.

Због све очигледоп^е недовол>не ефикасности конвенционалних система

за обраду отпадних вода, Kojn обично укл>учу)у само две основне лини)е

обраде — примарну (механичку) и секундарну (биолошку) и све оштрщих

законских критери5ума у погледу квалитета пречишЬених отпадних вода Koje

се HcnyuiTajy у природне водене ресурсе, детал>ни)е су приказани процеси

тердофрне обраде, као и нови)И основни процеси, разви)ени и практично

реализовани током последоьих неколико година.

JeflaH део рада je посвеЬен анаеробно} биолошко} обради отпадних

биолошких мул>ева и отпадних вода са високим садржа}ем органских материна

и производоьи биогаса, KOja nocraje све интересантюф због свог енергетског

значаща, као и коришЬен>у ових отпадних материала за производоьу низа

корисних производа.

Посебно су обра^енн и уобича)ени поступци прераде градског смеЬа,

расположиве алтернативе у том смислу и могуЬности ревалоризащф шегових

компоненти, употребл>ивих у cBojcrBy секундарних сировина.

Дужна пажн>а у овом раду посвеЬена je и коначном одлаган>у xeMUjcraoc

и биолошких мул>ева, нежел>еног, али и неизбежног споредног производа,

Kojn Hacraje при пречишЬаваньу природних и отпадних вода.
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УСМЕНА САОПШТЕ1БА

ZS-1. ИЗБОР ОПТИМАЛНЕ МЕТОДЕ ЗА ОДРЕЪИВАВЬЕ САДРЖА1А

НИТРАТА У ОТПАДНИМ ВОДАМА

С. rajuh и М. Ми|овиЬ

Хемщска индустрией „Панчево", Панчево

Цшь овог рада je био да дефинише оптималну методу за одре1)иван>е

нитрата у отпадним водама. Концентраци^а азота у нитратном облику у отпад-

ним водама фабрике за производоьу вепггачких !)убрива креЬе се од неколико

ррш до 1,5% (maks). Испитиван>а су обухватила три спектофотометри^ске

методе и класичну методу дестилапэде по К)елдалу. Две спектофотометри)'ске

методе су засноване на примени бруцина и сулфанилне киселине као реагенса

ко)и са нитратним )Онима граде жуто o6ojeHe комплексе са максимумом апсорп-

unje на 470 nm, односно 530 nm. Tpeha метода се заснива на директно) апсорп-

цщн UV зрачен>а нитрата. За поре!)ен>е добщених резултата коришНеньа je

класична дестилащф по К)елдалу.

ZS-2. nPHMJEHA УЛТРАФИЛТРАЦЩЕ У ПРЕЧИШЪАВАВЬУ

ОТПАДНИХ ВОДА

Е. Шефер

СМЕЛТ, Л>убл>ана

С обзиром на све веЬе потребе у заштити човекове околине и постугадима

KojH троше релативно мало енерги)е nocraje прим)ена ултрафилтраци)е ин-

тересантна као поступак за пречишЬаван>е отпадних вода. Ултрафилтрациjа

се може применъивати за издва)'ан>е макромолекула моларне тежине 1000 до

100.000 из водених раствора суспензи)а и емулзи)'а. На подруч)у пречипгЬ-

ванл отпадних вода Haj4euihe се примен^е за регенерацэду купатила за одмаш-

Кивагье, обраду ул.них емулзи)а и рециркулацэду електрофоретске 6oje. По-

стутщма ултрафилтраци)е постиже се сепаратна ул>не и водене фазе до таквих

квалитета да се може ул>на фаза спал,ивати, а водена испуштати у градски

колектор, при чему се насупрот класичним поступцима троши врло мало

енергще, не троше се никакве хемикалще Koje секундарно у облику соли

загажу водену фазу и не постощ проблем обраде уллог талога или флотата,

а уз то je за nocrpojeibe Koje ради на принципу ултрафилтраци(е потребна

релативно мала површина.

ZS-3. ДОПРИНОС ПОЗНАВАВЬУ ЕКОЛОШКОГ СТАВЬА СЛИВА РЕКЕ

ТИМОК

Б. РистиК и М. РистиЬ

Технички факулшеш, Бор

Приказани су резултати истраживаша зага^ености вода Тимочког

региона, петогодюшьа истраживан>а су показала, да je слив реке Тимок,

веома угрожен. Неодговорно понашан>е суб|еката, Kojn доприносе контами
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наци)и водотокова слива реке Тимок, доводе до озбшьног проблема у водо-

снабдеван>у становништва тимочког региона, што jc веЬ изражено у oeoj

сушно) 1983. години. Установл>ене су зоне где je вода таквог квалитета, да

се може користити за водоснабдеван>е насел>а, али и квалитета, где je потребно

извршити темел>но пречишЬаван>е вода. Утвр^ени су носиоци контаминаци)е

вода, ко)и садаппьим радом битно Hapyuraeajy еколошку равнотежу система

слива реке Тимок. Резултати истраживаша показуjy да je KpajH>e време да

се примату законске и друге допунске мере, Koje би допринеле, да се обез-

беди квалитет вода за очуваае еколошке равнотеже живог света, рачуна)уЬи

и човека као живе врете тог еколошког система региона слива реке Тимок.

ZS-4. ЕФИКАСНОСТ АДСОРПЦЩЕ АРСЕНА НА МАГНЕЗЩУМ-

-ОКСИДУ У СТАТИЧКОМ И ДИНАМИЧНОМ СИСТЕМУ

С. М. СшевановиН, М. В. МитровиЬ и Л>. В. Ра)аковиЬ

Технолошко-мешалуршки факулшеш, Београд

Испитавана je адсорпщф арсена из раствора арсенових соли на чврстом

MgO. Анализирани су ефекти статичке адсорпиэде, методом дисперзионог

контакта и ефекти динамичке адсорпщф у проточном хроматографском

систему у коме je MgO, )една компонента сложене адсорпционо^оноизме-

НэИвачке xapraje. Експериментално су одре^ене: равнотежна адсорбована

количина арсена по {единили масе адсорбента, на)ман>а количина адсорбента

Koja у jeflHOM или више стугаьева уклада арсен из раствора арсена концен-

TpauHje 1,3.10_3 mol/dm3. У динамичком систему одре^ен je оптамални садржа)

MgO као компоненте сложене адсорпционо-)оноизмен>ивачке xapraje и изра-

чунат степей сман>ен»а почетне концентраци]е арсена. Експеримента су из-

во!)ени са солима арсена раствореним у десталовано) и загаженоj води.

ZS-5. АНАЛИЗА СОРПЦИОНИХ ФИЛТЕРА ЗА УКЛАН>А1ЬЕ

ЦЩАНИДА ИЗ ВОДЕ

Л>. В. Pajaxoeuh и М. В. МитровиЬ

Технолошко-мешалуршки факулшеш, Београд

Цэданиди су укгшьани из воде применом адсорпционих, )оноизмен>ивач-

ких и хемисоцрпционих актавних филтера и н>ихових комбинащф. Ранено

je са динамичким проточним хроматографским системой. Анализиране су

зависности излазних концентрапэда CN~ од запремине протекле Еоде, за разли

чите сорпционе системе, улазне концентращце CN~ и протоке флуида кроз

филтер. На основу претпоставл>ених механизама реагован>а CN са актавним

компонентама филтра доби{ени су динамички модели кретанл и везиваньа

зага^ивача у филтру. Експерименти су изво^ени са ци)анидима раствореним

у дестиловано} и загажено) води.
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ZS-6. СПЕЦИФИЧНОСТИ ОРГАНИЗОВАЛА МЕРЕВЪА ОКСИДАНАСА

У АТМОСФЕРИ БЕОГРАДА

3. ВукмировиЬ, Д. МарковиЬ и Д. ВеселиновиЬ

Рейублички хидромешеоролошки завод CP Cp6uje, Београд и Природно-машема

шички факулшеш, Београд

На основу двогодишн>ег периода перманентних мерен>а оксиданаса у

топлом делу године уочаване су характеристике HacrajaH>a оксиданаса у атмос-

фери Београда. У ведрим данима дневна динамика настаjaiba оксиданаса

прати Сунчев ход са максимумом нешто после Сунчевог поднева и минималним

вредностима после 18h. Епизодна мерен>а су показала да се због ноЬног тран

спорта азотних оксида из Панчева, као и по|ачане емиаф из cao6pahaja у

jyrapibHM часовима, у по)единим деловима града могу очекивати високе

концентраци)е веЬ у интервалу од 06—08п. У току године моту се nojaBHTH

епизоде са високим концентраци)ама у априлу, а затим у раним лепьим и

лепьим месецима а нарочито у септембру. Hnje искльучена могуЬност настаjaaa

оксиданаса и у октобру. Према овим специфичностима треба ускладити орга-

низацвду мерен>а на стационарним местима, a Hajeebn акценат ставити на епи

зодна мерен>а на више места у граду.

ZS-7. ОДРЕЪИВАВЬЕ ОКСИДАНАСА, СУМПОРДИОКСИДА, ВОДОНИК-

СУЛФИДА И ЦЩАНОВОДОНИКА У ВАЗДУХУ

В. BojoBHh, Д. ВеселиновиЬ и Д. МарковиЬ

Природно-машемашички факулшеш, Београд

Разви)ени су електрохеми)ски системи за континуално одре!)иван>е

концентраци)а оксиданаса, SO2, H2S и HCN у ваздуху. За одре^иваае окси

данаса, SO2 и H2S користи се као детектор електрохем^ска Ьели)а са платин-

ским електродама, док je за одре!)иван>е HCN Ьели^а са електродама од сребра.

Промена редокс потенциала индикаторске Pt електроде при одре!)Иван,у

оксиданаса, SO2 и H2S, као и промена потенциала Ag електроде при одре-

^иван>у HCN je логаритамска функщф концентрацэде onroBapajyher полу-

танта у ваздуху. Детекционе границе су 0,5 |xg/m3 за оксидансе, 40 (ig/m3

за S02, 20 fig/m3 за H2S и 10 fig/т3 за HCN.

ZS-8. ИЗВОРИ НИСКИХ КОНЦЕНТРАЦИИ ОЗОНА, СУМПОРДИОК-

СИДА И ЦЩАНОВОДОНИКА ЗА КАЛИБРАЦЩУ УРЕЪА1А ЗА НЬИХО-

ВА ОДРЕЪИВАША У ВАЗДУХУ

В. Бо)овиЬ, Д. ВеселиновиЬ и Д. МарковиЬ

Природно-машемашички факулшеш, Београд

Развщени су извори ниских концентраци)'а озона, сумпордиоксида и

1ЭДановодоника за калибраци)у ypehaja за континуално одре!)иван>е ових

полутаната у ваздуху. Озон се производи у озонизатору са UV зрачен>ем



у интервалу од 1 до 760 (ig/m3 при протоку ваздуха 1 1/min. Извори SO-г

се заснива)у на дифузи)и овог агенса из течног стан>а кроз порозну мембрану.

Направл>ена je cepnja стандарда чи)е су eMHcnje у интервалу од 0,01 до 10

(ig/min. Извори константних концентрация unjанида обухвата)у облает од

3 • Ю-2 (xg/m3 до 15 mg/m3 и заснива)у се на зависности парци)алног притискя

HCN од концентращце KCN у алкално) средний .

ZS-9. ИСПИТИВАН>Е ПОРЕКЛА КИСЕЛИХ ПАДАВИНА У БЕОГРАДУ

С. Pajuinh и 3. ВукмировиЬ

Природно-машемашички факулшеш, Београд и Рейублички хидромешеоролошки

завод CP Србще, Београд

У 24-часовшш узорцима падавина, i<oje су сакушьане на Метеоролошко)

станици Врачар—Београд, одре^ивани су садржа)и сулфата, нитрата и хидро-

HHjyM-joHa. У посматраном периоду од 1.04.80 до 31.03.81. године падавине

су биле веЬином киселе. ПомоЬу регресионе анализе показано je да киселост

киша у летаем периоду више проузроку)е азотна него сумпорна киселина,

што указу)е на затаривание атмосфере азотним оксидима.

ZS-10. ПРИМЕНА МУЛТИРЕГРЕСИОНЕ АНАЛИЗЕ ЗА ОДРЕЪИВАШЕ

УЗАГАМНЕ ВЕЗЕ JOHOBA У ПАДАВИНАМА

3. Б. ВукмировиЬ

Рейублички хидромешеоролошки завод CP Cp6uje, Београд

У 24-часовним узорцима падавина са Специ)алне метеоролошке станице

Тамнава у Колубарско-тамнавском региону одре^ивани су садржа)и катана:

Н+, К+, Na+, Са2+, Mg2+, NH4+ и ащона: SC42-, NOr, С1-, НСОз". По

казано je да стехиометри)ска анализа HHje била довольна за одре1)иван.е уза-

jaMHe везе joHOBa. ПомоЬу мултирегресионе анализе je утвр^ено да киселост

падавина углавном потиче од H2SO4 . ПомоЬу исте анализе je на^ено да NH4+joh

HHje знача)но везан ни за SO42, ЫОз~ односно Cl~-joH, што yKaeyje на н>егово

порекло од извора амони)ака из непосредне околине.

ZS-11. ИСПИТИВАВЬЕ МОГУЪНОСТИ УПОТРЕБЕ НАТРЩУМ

КАРБОКСИМЕТИЛЦЕЛУЛОЗЕ КАО СРЕДСТВА ЗА ФЛОКУЛАЦЩУ

С. ЪуриЬ

ОУР „Водовод", Чачак

Испитивана^ je могуЬност употребе натриjyM карбоксиметилцелулозе

(CMC) као средства за флокулащщ и шено сагледаван>е са техно-економског

и санитарног аспекта. Досад Haj4emhe употребл>авани флокуриламид, HaipHjyM
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алгинат и бентонит. Карбоксиметилцелулоза спада у групу johckhx типова

целулозних етара и има особине карбоксилне киселине, односно н>ених соли.

Због cbojhx физичких и xeMHjcKHX особина нашла je примену у готово свим

гранама индустри)е. За испитиван>е су коришкена три узорка CMC домаКе

производное познатих под називом Луцел производил xeMHjcKe индустрэде

„Милан БлагоjeBHh" Лучани. Оцена ефикасности Луцела као флокуланта

ираЬена je: преко сман>ен>а мутноЬе, UV екстинцэде, утрошка перманганата,

величине флокула, брзине седиментащф и уклан>ан>а тешких метала. Дата

су упоредни резултати са полиелектролитом Аз производное xeMHjcKe инду-

стри)е „Жупа" из Крушевца и бентонитом из Криве Паланке.

ПОСТЕРИ

ZS-12. ФИЛТРАЦИОНЕ И АДСОРПЦИОНЕ КАРАКТЕРИСТИКЕ

НЕКИХ МАТЕРЩАЛА

Ж. Живанов, 3. Хаин и С. Марик

Природно-машемашички факулшеш, Нови Сад

Дисперговане и растворене органске материке из површинских вода

на)ефикааш)е се уклан>а)у филтращфм и адсорпци)ом. Испитане су филтра-

ционе и адсорпционе карактеристике различитих материала : активних угл>ева,

антрацита, хидроантрацита, природног зеолита, вулканске земл>е и керамзита.

Дате су адсорпционе изотерме и основни параметри адсортзде као и фил-

трациони циклуси моно и више меди)умске филтраци^е.

ZS-13. МОГУЪНОСТИ ИЗДВА1А1ЬА КОРИСНИХ ПРОДУКАТА ИЗ

ОТПАДНЕ ВОДЕ ДОБЩЕНЕ ПРИ ПРОЦЕСУ ГАЛВАНИЗАЦИТЕ

Т. Тодоровски, И. Спиревска и К. JaHKOBCKa

Хемщски факулшеш, Ской]е

Издва)ан>е бакра из отладке воде, добщене при процесу галванизаци)е

у фабрици „Xepoj Тоза Драговик", вршено je таложен>ем бакра на отпадном

гвонфу (цементащфм) у сумпорно-кисело} средшш при различитим условима.

Испитан je утица) следеких фактора на ефекту цементаци)е: температура,

време, специфична површина употребл>еног гвож^а, рН вредност средине,

присутност по)единих joHa и сл. Одре^ени су оптимални услови издва}ан.а

бакра помоЬу ове методе. Истовремено разращена je могукност издва}ан.а

хрома и никла из наведене отпадне воде.



Z5-14. ЗАШТИТА ОД ЗАГАЪИВАВЬА ОТПАДНЕ ВОДЕ JOHHMA

БАКРА ПРИ ГРАНУЛАЦЩИ РАСТОПА БАКРА

П. ТодоровиЬ и Д. КовачевиЬ

Хемщска индусшрща „Зорка", Шабац

Истраживане су могуНности заштате од зага!)иван>а отпадних сода

joHHAia бакра при гранулаци)И растопа бакра у погону плавог камена. Установ

лено je да у зависности од рН вредности отпадне воде садржа j бакра у отпадно)

води се Kpehe од 20 до 50 mg/1. Утвр^ене су три могуКности да садржа) бакра

у отпадно) води при рН вредности 7,5 ±0,5 износи манье од 1 mg/1. Две могуК-

ности-повеЬан>е протока расхладне воде или сман>ен>е протока растопа бакра

су одбачене jep неповол>но утичу на капацитет nocrpojeiba. Tpeha могуКност

одржаван>а рН вредности на потребном нивоу задржаваньем nocrojehnx

радних услова (протока, температуре) постигнута je уво!)ен.ем cycneH3Hje

кречног млека у расхладну воду Koja улази у процес гранулащф. Ова могуК

ност je реализована у индустрщским условима.

Реализацэдом поступка заштите отпадне воде постигнути су следеЬи

ефекти :

— запггита отпадне воде и сман>ен>е садржа)а joHa бакра на маае од

1 mg/1.

— заштита ваздуха на месту рада (сман>ен>е SO2 преко 5 пута)

— уштеда у нормативима бакра (бакар ocraje на гранули)

— лака и )едноставна израда процесне опреме.

— финансиста ефекти: улагааем 2 kg СаО тех. ниског квалитета

добила се 1 kg Си.

ZS-15. БРЗА МЕТОДА ЗА ОДРЕЪИВАНэЕ САДРЖА1А ВОДОНИКСУЛ-

ФИДА У ВОДИ

Ъ. 1овановиЬ

РейублиЧки хидромешеоролошки завод CP Cpouje, Београд

Садржа; водониксулфида у води се може брзо одредити када се узорку

воде дода реагенс Kojn, поред осталих cacrojaKa, садржи и ацетат олова. Интен-

зитет насталог замуЬеша се мери спектрофотометром или колориметром.

ZS-16. УТИЦАЛ ЖАЛУЗИНСКОГ РАСПОДЕЛ>ИВАЧА НА РАСПРОСТИ-

РАВЬЕ ЗАГАДА ПРИ ИСТИЦАВЬУ ИЗ ДИМВЬАКА

С. Кончар-Ъур^евиЬ, Д. ВипьевиЬ и П. Kojnh

Технолошко-мешалуршки факулшеш, Београд

Због сложених cipyjHHx пол>а Koja се o6pa3yjy око призматичних об)еката

са димвъаком, долази до повратних cryjaiba, како на ropaoj површини, тако и у

простору иза об)екта. Ово води знатном зага1)ен>у горше и заветрене стране



объекта. Да би се ублажио или потпуно уклонио OBaj неповол>ан ефекат,

проучавана je могуЬност примене жалузинског расподел>ивача димних гасова.

Проучаваье je вршено на смакьеним физичким моделима са флексибилним

елементама у хидрауличком каналу при ламинарном crpyjaiby (.Re =2200) и

турбулентном (йе=12500), при чему су коришНене технике o6ojeHor млаза и

динамична адсорпциона метода . Мевьани су : висина димн>ака , положаj димн>ака

и жалузине, као и брзина истицан>а модела димних гасова у цил>у налажеаа

на)повол>ни)ег ефекта — што ман>ег загаг)ен>а простора иза извора. Наг)ено je да

je жалузина на)ефикаопф испред или иза тьега и ако je брзина излазних

гасова веЬа а димн>ак виши. Резултати истраживанл су дата у виду схема и

фотограф^а.
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1. INORGANIC CHEMISTRY

NH-l. CHEMICAL SHIFT PARAMETRIZATION IN METAL ION NMR

SPECTROSCOPY OF de TRANSITION METAL COMPLEXES

N. Juranic

Faculty of Science, Belgrade University, Belgrade

Metal ion chemical shifts in cobalt(III), ruthenium(II), rhodium(III) and

platinum(IV) complexes were parametrized into metal and ligand contributions.

By the presented parametrization, metal ion chemical shifts were calculated with

an accuracy which allows analytical application. Apparently diverse metal ion

chemical shift trends in complexes of class A and class В metal ions were comprised

in a unique scheme. Analysis of the ligand parameters shows that the first period

ligator ligands can be ordered according to the increasing shielding of the metal

ion into a magnetochemical series of ligands.

NH-2. CRYSTALLOHYDRATES H3[FeFe] • *H20; H3[CoFe] • *H20

AND H4[NiF6] • *H20 AND THEIR BEHAVIOUR IN AQUEOUS

SOLUTIONS

V. Scepanovic, S1. Marinkovic and S. Radosavljevic

Faculty of Technology and Metallurgy and Faculty of Geology and Mining, Belgrade

University, Belgrade

The crystallohydrates Ha[FeFe] ■ *H20; H8[COFe] • xH20 and H4[NiFe] ■

• xH20 were prepared by the evaporation of the solutions of corresponding acids.

The crystallohydrates of cobalt and nickel proved to be easily soluble in water,

whereas the crystallohydrate of iron was only partially dissolved and a yellow pre

cipitate was isolated. None of the three crystallohydrates was soluble in acetone.

As a result of the repeated evaportation of crystallohydrate aqueous solutions new

crystallohydrates were obtained. These, as their I.R. spectra show, are „aquatized",

i.e. the F~ ions are partially replaced by water molecules. It was furthermore no

ticed that a lot ofwater molecules give their protons away thus forming the hydroxo-

-complex ions. Aquation of the crystallohydrates and formation of the hydroxo-

-complex ions are confirmed by the augmentation of F- and F+ ions in their aqueous

solutions.



NH-3. SUBSTITUTION OF COORDINATED LIGANDS OF SOLID

METAL COMPLEXES BY LIGANDS ORIGINATING FROM ANOTHER

CRYSTAL LATTICE

T. J. Sabo and M. B. Celap

Faculty of Science, Belgrade University, Belgrade

The substitution of coordinated ligands of metal complexes in the solid

phase has been accomplished so far by heating the previously prepared complex

salt containing the potential ligand in the outer coordination sphere*. However,

in this work, the reactivity of metal complexes toward ligands originating from

another crystal lattice was studied. For this purpose the corresponding components

were mixed and ground and subsequently heated at a chosen temperature in order

to achieve the substitution of coordinated ligands with another ligand present

in the mixture. In some cases the mixture was also pressed into a pill. By analysis

of the obtained products it was established, for the first time, that ligand substi

tution in metal complexes by ligands originating trom another lattice is possible

in the solid phase.

NH-4. ANALYSIS OF SILICA INGREDIENTS IN THE MAGNETITE

BASE OF THE AMMONIA SYNTHESIS CATALYST

B. Aleksic, S. Duric, S. Bogdanov, V. Kosanic and M. Grujic

Institute of Chemistry, Technology and Metallurgy, Belgrade, Mines of Majdanpek,

Majdanpek, and Faculty of Mining and Geology, Belgrade University, Belgrade

With the aim of achieving the optimum content of Si02 as the structural

promoter in the ammonia synthesis catalyst, the type of silica compounds in natural

magnetite from Majdanpek, as the catalyst base, was investigated. The content

of Si02 was reduced to 2.5±0.5% by processing the magnetite through a wet

magnetic separator. This amount also remains in the very fine granulations of

74 to 7 By phase analysis, in purified magnetite, only alpha — Si02 was found

while the nonmagnetic fraction consists of the more complex compounds of silica.

By lattice constant measurements an attempt was made to investigate the entering

of the nonmagnetic phase into magnetite which may be the cause of difficulties

in magnetite purification.

NH-5. PARTICULARITIES OF A Bi/MO-CATALYST IN THE PROCESS

OF OXIDATION OF BUTENE-1

B. Bliznakovska, M. Matkalieva and M. Milosevski

Faculty of Technology, Skopje University, Skopje

The behaviour of a Bi/Mo-catalyst in the process of catalytic oxidation of

butene-1 with air was investigated. The investigations were carried out in a con

tinuous flow system which included a fixed-bed microreactor, at atmospheric

* Yu. N. Kukushkin, V. F. Budanova, G. N. Sedova, „Termicheskie Prevrashchcniya

Koordinatsionnykh Soedinenii v Tverdoi Faze", Izdatelstvo Leningradskogo Universiteta, Le

ningrad, 1981.
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pressure and at polythermal conditions over the temperature range of 548—665 K.

A constant ratio butene-1 /Ог*»1 was maintained. The catalytic oxidation of bu-

tene-1 in the presence of a Bi/Mo — catalyst results on the formation of 1,3-buta-

diene which is followed by two relatively second-order reactions: a) double-bond

isomerization in the butene-1 molecule with the formation of cis-2-butene and

trans-2-butene in nearly equivalent amounts and b) the total oxidation of butene-1

to CO2 and water, which means that the process is clearly oxydehydrogenative

and does not involve dehydrogenation. Over the investigated temperature range

the catalyst shows greater activity at higher reaction temperatures. The catalyst

is characterized by moderate selectivity in regard to 1,3-butadiene. The tempe

rature range of 596—621 К is accepted as an optimum range for obtaining the

best selectivity.

NH-6. THERMAL ANALYSIS APPLICATION IN THE INVESTIGATION

OF COMMERCIAL CATALYSTS FOR METHANE CONVERSION BY

STEAM USED IN AN INDUSTRIAL REACTOR

G. Rasulic, Lj. Milanovic and S. Jovanovic

Chemical Industry, „Pan£evo", PanSevo

The catalysts for methane conversion by steam represent systems based on

nickel and aluminium oxides. There is data in the literature on model systems

of catalysts obtained by the methods used in the industrial production of the same.

There is hardly any data on commercial catalyst behaviour in industrial conditions.

The aim ofthis work was the investigation of commercial catalyst changes in methane

conversion by steam, used in different time intervals and at different points in the

industrial reactor. The following methods of thermal analysis were applied in the

investigations: DTA, TG and DSC.

NH-7. INVESTIGATION OF CHANGES IN THE METHANATION

CATALYST DURING ITS USE IN AN INDUSTRIAL REACTOR BY

METHODS OF THERMAL ANALYSIS

Lj. Milanovic, G. Rasulic and S. Jovanovic

Chemical Industry „Pancevo", Pancevo

The catalyst for the removal of carbon monoxide and carbon dioxide traces

by their conversion into methane, catalysts for methanation, arc a complex poly-

component system, the main components of which are nickel and aluminium

oxides. The most frequent parameters are calcium and magnesium oxides. By the re

duction of nickel oxide in the catalytic reactor, metallic nickel is formed, which

represents the active componet of the catalyst. In this paper changes in the catalyst

for methanation were investigated as a function of the utilization time and position

in the industrial reactor. The investigations were carried out by DTA in a static-

atmosphere of air and by DSC in a dynamic atmosphere of hydrogen.



NK-8. ALUMINUM HYDRATE AND CALCINED ALUMINA PRODUCED

BY THE BAYER PROCESS. I. PHYSICO-CHEMICAL AND MORPHOLO

GICAL PROPERTIES OF SOME DOMESTIC POWDERS

J. Katanic-Popovic, S. Siljak, S. Bratovic and D. Kicevic

Boris Kidri£ Institute of Nuclear Sciences, VinSa-Belgrade, and Institute of Materials

Technology, Energoinvest, Sarajevo

The physical and morphological properties of aluminum hydrate and con

sequent oxide powder from the Bayer process were investigated. Standardized

methods for the characterization of these powders (the granulometric and phase

compositions, densities etc.) as well as methods for characterizing special quality

alumina (specific surface area, microscope, technological test) were used.

The scope of this detailed characterization was:

— a comparative analysis of the properties of some commercial metallurgical

grade aluminum hydrates and calcined oxides,

— determination of relations between some of the calcined oxide properties, and

— investigation of the agglomerate structure of these powders.

NH-9. SLAG RESISTANCE OF REFRACTORY MATERIALS BASED ON

MgAl204

E. Kostic, D. Cerovic, V. Stojadinovic, S. Zee and V. Simicic

Boris Kidrid Institute of Nuclear Sciences, Vin£a—Belgrade, and Mines and Industry

„Samot", Arandelovac

Synthesized spinel powder at 1 100°C (with an average particle size of about

5 (jutn) was added to electrofused corundum particles, as the finest fraction, during

sample preparation in order to investigate chemical resistance to basic metallurgical

slag. The reaction development at 1400 °C, followed by an optical microscope and

electron microprobe methods, points to slag absorption by ceramic materials. The

formation of solid solutions between the fine grained spinel phase and iron and

manganese oxides was noticed, which causes the decrease of liquid amount during

the reaction course.

NH-10. DETERMINATION OF THE OPTIMUM CONDITIONS FOR

SELECTIVE GLASS DISSOLUTION IN A MULTILAYER SYSTEM

M. Todorovic, L. Radonjic and M. Jancic

Institute of Chemistry, Technology and Metallurgy, Belgrade, Faculty of Technology,

Novi Sad University, Novi Sad, and Faculty of Technology and Metallurgy, Belgrade

University, Belgrade

The different dissolution rate of various glasses in a given solvent is of scien

tific and technical significance. Glass is a material of small solubility. If a system

consists of different glasses, of low but different solubility, there is a possibility



of obtaining microporous glass which has many applications. The solubility of a

multilayer glass system was determined in order to increase the difference in selec

tive solubility. Solubility was studied as a function of glass composition, solvent

type, temperature and time.

NH-11. THERMAL HISTORY OF GLASS AND PHASE SEPARATION

M. Todorovic, L. Radonjic" and M. Janfcic

Institute of Chemistry, Technology and Metallurgy, Belgrade, Faculty of Technology,

Novi Sad University, Novi Sad, and Faculty of Technology and Metallurgy, Belgrade

University, Belgrade

The phase separation in glass is dependent on its thermal history. There

is no quantitative correlation between the thermal history and phase separation.

In order to be able to direct the phase separation in glass, better understanding

of this correlation is necessary. To solve that problem, phase separation was studied

in the glass system: Si02-B203-Na20. For two different glass compositions, the

influence of melting conditions, temperature and time the degree of phase sepa

ration was determined. The rate of selective dissolution was used as a measure of

the phase separation degree.

NH-12. RIGID GLASS FIBER SINTERING

M. Mijic, Lj. Radonjid and M. Jan5id

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Faculty

of Technology, Novi Sad University, Novi Sad

The mechanism and kinetics of sintering glass fibers was studied, using as

a model single and multilayer fibers. Glass fibers are a simple and well defined

system in the geometrical respect for studying complex phenomena in sintering

and investigations were carried out in order to obtain the general model of sintering.

It was shown that the process of sintering can be described by mathematical equ

ations used for glass powder sintering.

NH-13. SINTERING OF GLASS POWDER

V. Gavrilov, Lj. Nikoli£ and L. Radonjic

Faculty of Technology, Novi Sad University, Novi Sad

By controlled powder sintering it is possible to get materials of different

porosity. It is of theoretical and practical significance to determine the critical

conditions for producing material of defined porosity. The glass powder BK-7

was used in the study. Using glass particles, of the size 60—125 y.m, conditions

for producing material of 40—60% porosity were determined. The mechanism

and kinetics of glass powder sintering were defined.



NH-14. SINTERING AND DEVITRIFICATION OF FUSED SILICA

D. Kidevic, M. GaSic and S. Zee

Boris KidriS Institute of Nuclear Sciences, Vinla — Belgrade

Fused silica particles are mainly produced by slip-casting and consequent

sintering of the dried green-cast pieces. The processes of sintering and devitri

fication are simultaneous at elevated temperatures. Factors affecting sintering

(time, temperature, slip preparation) also influence the cristobalite formation

process. In this paper, the influence of sintering conditions on sintered sample

properties as well as the dependence between sintering and devitrification are

described. The density, mechanical properties and bulk cristobalite content as

a function of time and temperature of sintering were followed. The obtained results

were used to establish mathematical models of the dependence of fired sample

properties on sintering conditions. These models can be used to predict such sin

tering conditions which will give products with optimized properties.

NH-15. MACHINABLE GLASS-CERAMIC STUDY

B. Stojkov, Lj. Nikolic and L. Radonjic

Faculty of Technology, Novi Sad University, Novi Sad

Glass-ceramics with desired properties can be produced by directed glass

crystallization. In the glass system : Si02-B203-Al203-MgO-K.20-F the crystalline

phase, phlogopite, can grow under specific conditions. That phase is responsible

for the machinable properties. The temperature of nucleation and growth of the

phlogopite crystalline phase was determine. The optimum temperature od phlogo

pite nucleation and growth depends on glass composition.

NH-16. STUDY OF THE BEHAVIOR OF CEMENT AND CONCRETE

WITH THE ADDITION OF ELECTROFILTER ASH

B. Zivanovic, S. Miletic, S. Dokic and Z. KaCarevic

Institut for Testing Materials of the S. R. of Serbia, Belgrade

Results of comparative investigations of the behavior of mortar based on

Portland cement (PC 45B) and the same cement with the addition of electrofilter

ash (PC 1 5p 45) in the process of hydrothermal processing are presented. It was

determined that certain differences in the characteristics exist and possible expla

nations are given. Investigations of the mentioned cements were also carried out

in concrete. It was determined that concretes with the addition of ash have better

characteristics than concretes with pure cement, which also enables considerable

savings in cement consumption.
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NH-17. APPLICATION OF PHOSPHOROGYPSUM IN THE CEMENT

INDUSTRY

S. Miletic, N. Mitrovic, M. Panic-Mandic and D. Rankovic

Institut for Testing Materials of the S. R. of Serbia, Belgrade

Results of investigating the possibility of applying phosphorogypsum as a

bonding regulator in the manufacturing of Portland cement are presented. A detailed

characterization of phosphorogypsum was carried out, as was an analysis of the

changes in important chemical constituents of phosphorogypsum as a function

of time. Since positive results were obtained, laboratory investigations were carried

out with phosphorogypsum as a bonding regulator of Portland cement clinker of

the Beocin Cement Factory and „Kosjeric" Cement Factory, as was the industrial

trial production of Portland cement in the Beocin Cement Factory. The characte

rization of cement obtained in this way was carried out simultaneously with cement

in which the bonding regulator was natural gypsum. Investigations were also

made of the mentioned cements in concrete. The obtained results indicate the

possibility of substituting natural gypsum by phosphorogypsum which represents

a waste material in phosphoric acid production.

NH-18. PREVENTION OF LIME AMMONIUM NITRATE CAKING BY

UREA-FORMALDEHYDE RESINS

N. MiloSev, G. Rasulic and M. Babin

Chemical Industry „Pan£evo", Panlevo, and Faculty of Technology,

Novi Sad University, Novi Sad

Urea-formaldehyde resins are used in slow release fertilizer production.

Urea and formaldehyde react in a very wide range of molar ratios, yielding con

densates of different characteristics as the product. A choice of condensate which

does not influence the decrease in the lime ammonium nitrate solubility rate was

made. The influence of the urea-formaldehyde condensate on the caking, hydro-

scopicity and mechanical characteristics of lime ammonium nitrate was investigated

simultaneously with a solution of fatty amines in oil which is used for caking control

both in the world and in Yugoslavia.

NH-19. HYGROSCOPICITY CONTROL OF NPK FERTILIZERS WITH

UREA BY ADDITION OF SULPHATES

V. Sipka, S. Jovanovic, N. Milosev, Lj. Milanovic, Z. Suker, G. Rasulic and J. Farka§

Chemical Industry „Pan£evo", Pancevo and RTB Вот

Previous investigations showed that NPK fertilizers with urea as the nitrogen

component have very expressed hydroscopicity, which would hinder or even

disable their application. Laboratory and industrial investigations of the production

of NPK fertilizers with urea and the addition of sulphates in the form of ammonium



sulphate were carried out. As the phosphoric component in these investigations,

normal superphosphate and diammonium phosphate were used. The samples

obtained were subjected to chemical and thermal analysis and their hygroscopicity

point was determined. For samples obtained in the production plant, the mechanical

characteristics and caking were also determined.

NH-20. CONTRIBUTION TO THE EXPLANATION OF PHYSICO-CHEMI

CAL CHARACTERISTICS OF NPK FERTILIZERS WITH UREA AS THE

NITROGEN COMPONENT

S. Jovanovic, V. Sipka, N. MiloSev, Lj. Milanovic, Z. Suker and G. Rasulic

Chemical Industry „Pancevo", Pancevo

Preliminary investigations of the production possibilities of NPK fertilizers

with urea as the nitrogen component were carried out with the utilization of all

raw materials in the solid state. The characterization ofthe samples obtained, pointed

to a higher hygroscopicity and low melting temperature. As there is not enough

data in the literature on the production and characteristics of this fertilizer, two-

-component systems of urea were prepared with other raw materials used in pro

duction. Their chemical and thermal analysis was carried out, and their hygro

scopic point was determined. The aim was to contribute to the explanation of the

physico-chemical characteristics of NPK fertilizers with urea by the investigation

of two-component systems.

NH-21. PHYSICO-CHEMICAL CHARACTERISTICS OF NPK

FERTILIZERS WITH UREA AS THE NITROGEN COMPONENT

V. Sipka, S. Jovanovic, N. MiloSev, Lj. Milanovic, Z. Suker and G. Rasulic

Cliemical Industry „Pan£evo", Pancevo

There is a lot of information in the literature on NPK fertilizer production,

with urea as the nitrogen component.The phosphoric component in them is phosph

oric acid or ammonium phosphate solutions. In the Chemical Industry Pancevo

there is no possibility of NPK fertilizer production by applying the phosphoric

component in the form of solution. Due to this fact, laboratory investigations of

NPK fertilizer production possibilities were carried out with all solid state com

ponents. Four different phosphoric raw materials were used : normal superphosphate,

triple superphosphate, ammonized normal superphosphate and diammonium

phosphate. The samples obtained were subjected to chemical and thermal analysis

and their hygroscopic points were determined.
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NH-22. REASONS FOR INFERIOR CHARACTERISTICS OF SLAG-CON

CRETE BLOCKS

D. Jevtic

Faculty of Civil Engineering, Belgrade University, Belgrade

It is shown that the decomposition of slag-concrete blocks and the reasons

which cause inferior characteristics of the material. Considering the obvious state

of these blocks, it was concluded that the testing of their mechanical properties

would be useless. The following tests were carried out on the specimens : complete

chemical analysis and X-ray analysis. Test results showed that the poor quality

of slag-concrete blocks arose due to an excessive percentage or soluble sulfates

(expressed as SO3) and also due to corrosion processes related to it.

NH-23. SYNTHESIS AND CHARACTERIZATION OF Co(II), Ni(II) AND

Cu(II) COMPLEXES WITH FURFURAL S-METHYLTHIOSEMI-

CARBAZONE

V. M. Leovac, D. Petrovic and V. Divjakovic

Faculty of Science, Novi Sad University, Novi Sad

A warm alcoholic solution of newly synthesized furfural S-methylthiosemi-

carbazone,

ra2

CH--H—н-»с гаи

s-ch3

gave in the reaction with М(СЮ4)г • 6НгО (M=Co, Ni, Cu) the bis(ligand)-chelate

complexes of the general formula M(HL)2(S104)2 • nH20. On the other hand,

the reaction ofCo(NCS)2 ■ 2H2O andNL resulted in the tris(ligard)-chelate complex,

[Co(HL)3 [Co(NCS)4]. In contrast to the above paramagnetic complexes in which

HL is coordinated as a neutral bidentate (NN) ligand, in the diamagnetic NiL2

complex, obtained by the action ofHL on the warm alcoholic solution of №(СНз-

СОО)г • 4НгО, the ligand is coordinated as a monoanion. This form of the ligand

is obtained as a result of deprotonation of the coordinated NH2-group. Besides

elemental analysis and magnetic measurements, the complexes were characterized

by IR and electron spectroscopy, X-ray diffraction of the crystal powder, as well

as by molar conductivity measurements.

NH-24. DIFFUSE REFLECTANCE SPECTRA AND TG ANALYSIS OF

Ni(II) COMPLEXES WITH SALICYLALDEHYDE S-METHYLTHIOSEMI-

CARBAZONE

D. Obadovic, V. M. Leovac and D. Petrovic

Faculty of Science, Novi Sad University, Novi Sad

Presented are results of an investigation of diffuse reflectance spectra of the

crystal powder of complexes of Ni(II) with salicylaldehydc S-methylthioserni-

carbazone(H2L) : Ni(H2L)2(N03)2 , Ni(H2L)HLC104, Ni(HL)NCS • H20,Ni(HL)Cl •

 



• 1.5Py, Ni(HL) (-Pic)Cl and (NiL)2 • H2O. Analysis of the Tanabe-Sugano diagram

for ds systems shows that for the first two complexes, absorption maxima correspond

to the octahedral coordination of the central ion. Three bands of comparatively

low intensity, out of six recorded bands, correspond to the d—d transition:

3A2l?^3T2g(F), 3A2g-^3T2g(F), 3A2g^3Tig(P). The intensive broad band (CT)

could be ascribed to the spectrum of charge transfer from metal to ligand orbitals,

while the remaining two (IL1 and IL2) correspond to an intraligand type tran

sition. The spectra of other complexes are characteristic for square-planar complexes

and the D411 symmetry point group can be ascribed approximatively to the coordi

nation polyhedron. We detected 8 bands, three of them extremely weak: 1Aig-*JAag ,

1Aig->1Big and 1Aig^-1Eig, corresponding to electronic d—d transitions, two of

them (CT1 and CT2) are the result of electronic intraligand type transitions, and

three (CT1, CT2 and CT3) are probably the result of charge transfer from nearby

-* MO to the ligand orbital. TG analysis of the complexes Ni(HL)Cl- 1.5Py and

Ni(HL) (y-Pic)Cl indicates that the decomposition goes on through four endo-

and two exothermic effects, and the final result is the production of NiO, which

was confirmed by X-ray diffraction.

NH-25. SYNTHESIS AND ELECTRONIC SPECTROSCOPY OF CHROMIC

ZEOLITES

D. Stojakovic, D. Vasovic and S. Radosavljevic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Chromic zeolites (with 4% Cr) were synthesized by a procedure involving

the formation of an aluminosilicate framework in a reaction mixture that in addition

to sodium aluminate and sodium silicate also contains sodium chromate(III).

Electronic spectra of the solid samples indicate that the coordination geometry

around the Cr atom in the product deviates considerably from octahedral symmetry.

It was concluded that this was due to the presence of chromium coordination sites

with a symmetry lower than the cubic one. The lowering of symmetry is most

probably caused by the coordinative interaction of the Cr atom with the oxygen

atoms of the aluminosilicate framework, i.e. by the steric requirements imposed

upon the entire chromium coordination sphere by the oxygen atoms.

NH-26. COORDINATION COMPOUNDS OF Ni(II) SALTS WITH SOME

HYDRAZONES OF 3,4,5-TRIMETHOXYBENZOYLHYDRAZONE

Lj. Klisarova and M. Lazarevic

Faculty of Chemistry, Skopje University, Skopje

Metal coordination compounds of some hydrazones of 3,4,5-trimethoxyben-

zoylhydrazine, HLA, HLB and HLBD, with Ni(II) salts were isolated and iden

tified. The reaction of the hydrazone with Ni(II) chloride or nitrate gave correspon

ding bis(ligand) complexes of the general formula Ni(HL)2X2 , where (HL) refers

to the neutral hydrazone molecules. The reaction of Ni(II) acetate afforded com

plexes of the type Ni(L)2 , where (L) refers to the deprotonated ligand. Analytical

data, IR studies, electronic spectra and magnetic moments were used to charac

terize these complexes.



NH-27. ADDUCTS OF BIS(HYDRAZONATO) Ni(II) COMPLEXES WITH

HETEROCYCLIC BASES

Lj. Klisarova and M. Lazarevic

Faculty of Chemistry, Skopje University, Skopje

The reaction of bis(hydrazonato) Ni(II) complexes of the following ligands,

HLA, HLB and HLBD, with pyridine, quinoline and bipyridine was studied.

The solid adducts were isolated. These adducts are paramagnetic with effective

magnetic moments and electronic spectra of the high spin type and are characte

ristic of octahedral stereochemistry. This structure is realized when the base mole

cules (Py and Bipy) occupy the trans axial position. The octahedral tetraquinoline

adduct is formed with the hydrazone molecule acting as a monodentate ligand.

NH-28. THERMAL DEGRADATION OF THE ALKALINE EARTH

METALS-EDTA COMPLEXES

N. Colovic, M. Antic and T. Vidojkovic

Technical Faculty, Belgrade University, Bor, and Faculty of Economics, Nis University,

NX

Kinetic investigations of NazMgEDTA, Na2CaEDTA, Na2SrEDTA and

Na2BaEDTA thermal degradation under nonisothermal conditions using TG

data were dealth with. It was shown that the kinetic parameters E, ko and n, deter

mined by the methods based on the stationary point theory, agree well with those

previously obtained by the classical method of isothermal kinetics. For the estimation

of the reaction capability of the solid reagent, the use of the functional dependences

lnFmax=f(£/-R7,m) and lntm=f(EjRTm) for non-isothermal and lnFmax=f(EjR T)

and lnk=f(E/RT) for isothermal kinetics are recommended. The above functional

dependences can also be employed for the graphical presentation of the reaction

capability in adequate coordinate systems. In this case the following reaction

capability order is formed: Na2MaEDTA-Na2CaEDTA-Na2SrEDTA-Na2BaEDTA

which is in complete agreement with E, ko , EjRTm values and some physico-chemical

constants of alkaline earth metals, and also with the stability constants in aqueous

media.

NH-29. KINETICS OF THE THERMAL DISSOCIATION OF Na2SrEDTA

T. Vidojkovic, M. Antic and N. Colovic

Technical Faculty at Bor, Belgrade University, and Faculty of Economics,

NX University, NiS

Strontium ions react with trilon В to form Na^SrEDTA. The properties

of this complex in aqueous solutions as well as its application in analytical chemistry

of strontium have been the subject of a number of investigations. The present

report is on the kinetics of the thermal decomposition process of Na_>SrEDTA.

Thermal decomposition of the complex was perfoimed urder nonisotheimal con

ditions using four linear heating rates of 2, 5, 10 and 20 К min. In all cases S-shapcd



curves were obtained which express the dependence of the degree of transformation

on time, temperature and heating rate. TG curvess were analysed by methods

based on the stationary point theory and the following kinetic parameters were

determined : the rate constant of the reaction Ко , the activation energy E and the

preexponential factor n. The calculated values of the kinetic parameters and the

instability constant of the complex are in good agreement.

NH-30. THERMAL DECOMPOSITION OFAMMONIUM URANYL

ACETATE

/. Donova and D. Koceva

Faculty of Chemistry, Skopje University, Skopje

Thermal decomposition of ammonium uranyl acetate was studied. The

compound was first synthesized and the synthesis confirmed by chemical analysis

and IR spectroscopy. TG and DTA measurements were carried out on a Netsch

apparatus. TG measurement were done in room atmosphere and the DTA meas-

rements were carried out with a DDK measuring head, closed with a protecting

tube. Identification of the phases was carried out by X-ray powder analysis and

IR spectroscopy. The final product of TG decomposition was U2O8. DTA

yielded U02.

NH-31. EXTRACTION OF HYDROLYSED IRON OXIDE FROM NATURAL

CLAY

S. Pocev, M. Maletic and D. Poceva

Faculty of Technology Skopje, University Skopje

After the clay from Uma (district of Kozuv) was treated with water, the

hydrolysis of some iron salts occurs. The hydrolysed iron complexes are stable

in acid solution (pH=2.4). From the hydrolysed solution an amorphous yellow-

-orange precipitate is obtained. The physical and chemical properties of the pre

cipitate were determined. The phase transformations of the precipitate at in

creased temperatures were followed by the DTA method. The crystalline changes

of the precipitate were distinguished by the X-ray method. The thermal trans

formation of the precipitate at 680 °C is crystalline FC2O3 brown coloured, and

at 780 °C it turns to dark red.

NH-32. MATHEMATICAL MODEL OF THE PROCESS

OF DEGRADATION OF COLEMANITE WITH SULPHURIC ACID

M. Milosevski, M. Matkalieva and R. Milosevska

Faculty of Technology, Skopje University, Skopje and

Faculty of Chemistry, Skopje University, Skopje

The process of obtaining boric acid by the degradation of colemanite with

sulphuric acid was investigated. The process was carried out in a batch reactor.

The method of the multifactor experiment was used. In that case the following



three factors were observed: the concentration of the acid temperature (*г)

and time (хз). The function of response could be given in the form of the regression

relationship:

У=73Ю87+1.912х1+22Л60х2+4.612*3- 1.310*2*3.

The significance of the regression coefficients and adequacy of the obtained re

gression relationship were checked. A platform of the process optimization was

given.

NH-33. STEATITE PRODUCTION FROM DOMESTIC RAW MATERIALS

R. Nikolic

MarSala Tita 297, Arandelovac

The main disadvantage of contemporary steatite technology is the predo

minant content (about 85%) of talc whose microstructure and lamination tendency

determine the technological behaviour of steatite. In steatite production good

results can be obtained only with talc of the best quality — soapstone which is

rare, expensive and under control of some Western companies. The technological

and import dependence of steatite production can be eliminated by using synthe

tically obtained magnesium silicates, the compositions of which lie between MgO •

• SK>2 and 2MgO-Si02, so that the content of imported raw materials can be

eliminated in the case of wet pressing and extrusion and reduced up to 50% in

the case of dry pressing. Instead of soapstone, ordinary talcs can be used for dry

pressing. Barium poisoning and plasticity problems are successfully solved in the

new technology. A comparison was made between different characteristics of the

former and new technologies.

NH-24. STRUCTURAL COMPONENTS IN COAL TAR PITCH AND

PETROLEUM NEEDLE COKES

V. Markovic

Boris Kidric Institute of Nuclear Sciences, Vinca — Belgrade

Coal tar pitch and petroleum needle coke were produced by a delayed process.

The structural appearance of the needle cokes was examined by polarized optical

microscopy and scanning electron microscopy (SEM). The optical microscopy

of the „same area" technique before and after oxidation in chromate solution

(КгСггОтЭ+НвРО,)) was used in conjunction with SEM. Basically, two types

of structure were found in both cokes. They are named „sandwich" structure

and convoluted bundles of needles structure. The existing structural components

are affected more by the manufacturing procedure than by the type of precursor

material.



2. ORGANIC CHEMISTRY

OH-1. SYNTHESIS OF 2-ETHYL-l,6-DIOXASPIRO[4.4]NONANE

(CHALCOGRAN), THE PRINCIPAL COMPONENT OF PHEROMONE

OF PITYOGENES CHALCOGRAPHUS (L.)

Facility of Science, Belgrade University, Belgrade, and Faculty of Pedagogy, Osijek

Several syntheses of chalcogran were developed a few years after structural

elucidation.

We found that 2-ethyl-l,6-dioxaspiro[4.4]nonane — chalcogran can be pre

pared in one pot reaction either by silver oxide— bromine reagent of lead tetraacetate

oxidation of 1,7-nonanediol. In both of these reactions a mixture of four stereo

isomers was obtained. However, the partial stereoselective synthesis of chalcogran

(two stereoisimers) was achieved by oxidation of iraws-2-ethyl-5-(3-hydroxypropyl-

-l)-tetrahydrofuran either with lead tetraacetate or the silver oxide — bromine

reagent. Stereochemical considerations of the investigated synthetic pathways

will be discussed.

OH-2. CYCLIZATION OF OLEFIN1С ALCOHOLS OF THE BICYCLO-

HEPTENE AND BICYCLOOCTENE SERIES

Faculty of Science, Kragujevac University, Kragujevac, Faculty of Science, Belgrade

University, Belgrade, and Institute of Chemistry, Technology and Metallurgy,

Belgrade

In the present study we investigated some cyclization reactions (such as

oxymercuration-demercuration, the reaction with N-bromosuccinimide, oxidation

with peracids) of unsaturated diastcreomeric ewt/o-a-methylbicyclo(2.2.1)hept-5-

-ene-2-methanol and c«do-a-me'.hylbicyclo(2.2.2)oct-5-ene-2-methanol, i.e. alcohols

containing a A4-double bond (with respect to the С—OH grouping). It was found

i hat in these olefinic substrates, due to neighbouring hydroxyl group participation,

2. Cekovic, D. Mandic and D. Ilijev

 

S. B. Sukdolak, J. Milovanovic and M. Lj. Mihailovic



С 93

intramolecular ether-ring closure takes place, whereby the reactions are regioselec-

tive, affording exclusively tricyclic ethers of the tetrahydrofuran type, with the

adjacent hetero substituent (Br-, HO-) located exo. Analysis of 1H-NMR spectra

allowed the determination of the stereochemistry of the cyclization ether products

and their alcohol precursors.

OH-3. 16-OXO-STEROIDS. THE SYNTHESIS OF 1,3,5(10)-ESTRATRIEN-

- 1 6-OXO-3-METHYLETHER

M. Bralovic and M. Stefanovic

Institute of Chemistry, Technology and Metallurgy, Belgrade, and Facidty of Science,

Belgrade University, Belgrade

The synthesis of l,3,5(10)-estratrien-16-oxo-3-methylether was developed,

starting from estron-3-methylether. The obtained l,3,5(10)-estratrien-16-oxo-3-

-methylether is a starting material for the further synthesis of the steroidal alkaloid

solanidine (formation of the ring E and F) by condensation with 5-methyl-pyridyl-

-2-aldehyde and by hydrogcnation (Нг/Pd/C) during which the cyclization process

occurs.

OH-4. TRANSANNULAR REACTIONS IN 19-nor-5,10-seco-STEROIDAL

MOLECULES

M. Rajkovid, A. Milovanovic, Lj. Lorenc and M. Lj. Mihailovic

Faculty of Science, Belgrade University and Institute of Chemistry, Technology

and Metallurgy, Belgrade

In the present study we have investigated two types of reactions in diastereo-

meric Z- and i?-19-nor-5,10-seco-steroidal molecules (1 and 2, Scheme), which

occur with transannular participation of the olefinic double bond, namely: (a)

intramolecular cyclization induced by protons in toleuene or xylene solution (when

X=0), and (b) 1,3-dipolar cycloaddition of the nitrone grouping to the transannular

l(10)-double bond (when X=NOH). It was found that both stereoisomeric seco-ke-

 

1 (^-isomer) 2 (Я-isomer)

X=0 or NOH

Scheme

tones (1 and 2, X=0) undergo intramolecular cyclization to give a product with

aromatic ring A, while 1 ,3-dipolar cycloaddition was observed only with the b-oxime

(2, X=NOH), producing an isoxazolidine derivative. The mechanistic course

and stereochemistry of these reactions will be discussed.



OH-5. FREE RADICALS IN CIGARETTE TAR: THEIR NATURE AND

SUGGESTED PHYSIOLOGICAL IMPLICATIONS

P. I. Premovic

Department of Chemistry, University of NiS, NiS

The paramagnetism of cigarette tar is found to be associated with at least

four different types of species. One of the types is responsible for over 80 per

cent of the total paramagnetism and has a signal intensity that is independent of

temperature from 60 to 260 K. This non-Curie-Weiss temperature dependence

indicates that the principal paramagnetic species in tar is not an organic mono-

radical (doublet) species but instead a donor-acceptor excimer with a paramagnetic

excited state and a diamagnetic ground state. Modelling experiments suggested

that the excimer consists of quinone (Q) and hydroquinone (QH2) molecules held

in a tar matrix. Since such Q—QH2 species are catalysts for the oxidation of hydro

carbons and very active redox systems, this paramagnetic species may be impli

cated in the cocarcinogenic properties of tar.

OH-6. COMPOSITION AND QUALITY OF MOTOR GASOLINES WITH

REGARD TO THE CRACKING COMPONENT CONTENTS

M. Kapor, T. Jovanovic and O. Despotovic-Bebic

Oil Refinery, Panievo

After the completion of the Fluid Catalytic Cracking Unit (FCC Unit) at

the Pancevo Petroleum Refinery, a change in the composition and quality of the

motor gasoline manufactured is expected due to the cracking components which

are estimated to account for even as much as 70% vol. of the gasoline blending

pool. Taking into account the instability of the mentioned components, the quality

requirements of motor gasoline according to the Yugoslav Standard (JUS) as

well as the market requirements, a mathematical model for motor gasoline blending

— based upon the quantities and characteristics of the blending components avai

lable — was defined. Experimental testing of the stability of blends was carried

out with samples blended with FCC gasolines manufactured at the Sisak and Rijeka

Petroleum Refineries, with and without oxidation inhibitors added. By comparing

the qualities and characteristics of the blended samples, an appraisal of the stability

criteria of motor gasoline was carried out. A need for the use of oxidation inhibitors

— in case the dynamics of delivery is shorter than six months because of seasonal

consumption and motor gasoline quality — was also estimated. The aim of this

work was to form a proposal based upon the experimental results of the maximum

qauntities of FCC gasoline in the motor gasoline blend, with and without antioxi

dants added, as well as to point out the need for domestic manufacturing of oxida

tion inhibitors.



С 9Ъ

ОН-7. SYNTHESIS OF SOME NEW N-SUBSTITUTED PHENYLACET-

AMIDES

5. Petrovic, N. Stojanovic, O. Stojanovic, N. Kobilarov and V. Vajs

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Faculty

of Science, Belgrade University, Belgrade

As a continuation of our investigations of amide bond behaviour, we have

synthesized some new N-substituted phenylacetamides. These amides were pre

pared by various methods generally employed in amide bond formation. The

yields were very high, ranging from 65—82%. Satisfactory elemental analyses

were obtained for all new compounds, the purities of which were examined by

GC-analysis. The structures of the prepared amides were confirmed by IR, NMR

and MS studies.

OH-8. SYNTHESIS OF NEW 2,4-BIS-(EXO- AND ENDO-5-AMINO-2-

-NORBORNENYL)-6-CHLORO-s-TRIAZINES

D. G. Antonovic and 2. D. Tadic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

By using the corresponding synthetized amines and cyanuric chloride (2,4,6-

-trichlorotriazine), the syntheses of new 2,4-bis-(exo-5-amino-2-norbornenyl)-6-

-chloro-s-triazine and 2,4-bis-(endo-5-amino-2-norbomenyl)-6-chloro-s-triazine

were carried out in the usual manner. The obtained exo- and endo-s-triazines

have not been previously described. The purity of the recrystallized compounds

was checked by GC and elemental microanalysis. The structures of the final pro

ducts were established by IR, NMR and GC/MS methods.

OH-9. REDUCTION OF DIENONE SYSTEMS WITH DIBAN

/. Aljancic-Solaja, B. Solaja and M. Stefanovic

Faculty of Science, Belgrade University, Belgrade, and Institute of Chemistry,

Technology and Metallurgy, Belgrade

Alpha-santonine was reduced with DIBAH in absolute toluene at — 10 °C.

The reaction mixture was coloumn chromatographed on silica gel. The crystal

substance mp 97—100°C, [afe8-(- 59.44° (chl, c=\) was isolated as a result of the

dienol-benzene rearrangement. Infrared and XH NMR spectra confirmed the

aromatization of ring A and migration of the angular methyl group from the C-10

to C-l position. The product with the lactone ring reduced to a hemiacetal and

the unchanged dienone ring were also isolated. Under the same conditions the

steroidal dienone (androst-l,4-diene-3,17-dione) underwent the dienol-(benzene

rearrangement) with migration of the C-l 9 methyl group to the C-4 position. The

effect of molecular oxygen on the intermediate alkoxide complex formed in the

reaction of dienone and DIBAH was investigated.



OH-10. REDUCTIVE OPENING OF 1 ,2-EPOXYCYCLOHEXANE

M. Lj. Mihailovic, M. Bjelakovic and V. Andrejevic

Faculty of Science, Belgrade University, Belgrade, and Institute of Chemistry,

Technology and Metallurgy, Belgrade

In the opening of the oxirane ring of 1,2-epoxycyclohexane with aluminium

trichloride and mixtures of aluminium trichloride+lithium aluminium hydride,

the following was observed: the rate of opening of the three-membered epoxide

ring increases with the quantity of aluminium trichloride present in the reaction

mixture; 2) the compounds obtained as reaction products are: cyclohexanol, trans-2-

-chlorocyclohexanol, cyclohexene, cyclohexanone, 2-hydroxy-cyclohexyl-2'-chloro-

cyclohexyl ether and l,2,l',2'-dioxy-dicyclohexane, and 3) the yields and relative

distribution of products obtained depend upon the ratio of reactants used in these

reactions.

OH-11. THE REACTION OF 2 SUBSTITUTED CYCLOHEX-l-ENE-1-

-CARBOXYLIC ACIDS WITH DIAZODIPHENYLMETHANE

IN ETHANOL

G. S. Uscumlic, V. V. Krstic and M. D. MuSkatirovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The rate constants of the esterification of 2 substituted cyclohex- 1 -ene- 1 -

-carboxylic acids with diazodiphenylmethane in ethanol at 30 С were determined.

The obained results were correlated by the Hammett equation, and the trans

mission of polar effects through the ring double bond, in terms of the polar suscep

tibility constant p, were discussed.

OH-12. GAS-CHROMATOGRAPHIC STUDY OF N-w-BUTYLACETAMlDE

SOLUTIONS

A. D. Nikolid, S. D. Petrovic and N. L. Kobilarov

Faculty of Science, Novi Sad University, Novi Sad and Faculty of Technology and

Metallurgy, Belgrade University, Belgrade

Thermodynamic parameters of solutions of hydrocarbons and chlorinated

hydrocarbons in N-n-butylacetamide were determined from the specific retention

volumes. The interactions in the solutions were considered on the basis of the

obtained results.
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ОН-13. KINETICS OF CELLULOSE THERMAL DEGRADATION

M. Teodorovic, Lj. Majdanac and M. Zikic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

In the course of drying cellulose the fibers are inactivated which is of impor

tance for their further use. The influence of previous preparation of the samples

for drying upon their thermal stability was investigated. The samples were prepared

by drying at 20 °C with and without the previous displacement ot water by organic

solvent. Thermogravimetric measurements were carried out in the range of 30

do 600 °C at heating rates of 1,275 to 20°/min. The values obtained for activation

energies by the Flynn and Wall method and Friedman method were compared.



3. PHYSICAL CHEMISTRY

FH-l. STUDY OF POLYPEPTIDE STRUCTURE IN SOLUTION BY

DOUBLE QUANTUM NMR SPECTROSCOPY

S. Macitra, N. G. Kumar and L. R. Brown

Faculty of Science, Belgrade University, Belgrade, and Michigan Molecular Institute,

Midland, Michigan, USA

Homonuclear XH correlated two-dimensional NMR spectroscopy provides

the most elegant method for spectral assignment, which is an essential step in the

analysis of molecular structures of larger molecules in solution. However, in over

crowded spectral regions, this method gives ambiguous results. In the present

communication, we show on polymyxin В cyclic decapeptide antibiotic, how in

overcrowded spectral regions assignments can be obtained by the use of double

quantum NMR spectroscopy.

FH-2. HETERONUCLEAR TWO-DIMENSIONAL J-RESOLVED NMR

SPECTROSCOPY OF POLYMERS

S. Macura and L. R. Brown

Faculty of Science, Belgrade University, Belgrade, and Alichigan Molecular Institute,

Midland, Michigan, USA

Heteronuclear two-dimensional (2D) J-resolved NMR spectroscopy provides

an elegant method for determining heteronuclear scalar couplings in small molecules.

However, for macromolecules, spectra obtained with the presently available experi

mental schemes show poor resolution and sensitivity due to the inherently broad

lines in macromolecular NMR spectra. In the present communication, we show

on poly(vinil alcohol) how resolution and sensitivity in heteronuclear 2D J-resolved

spectra can be improved by suitable modification of the gated decoupler method.
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FH-3. STUDY OF KINETIC PHENOMENA IN HETEROGENEOUS

SYSTEMS BY NMR TOMOGRAPHY

S. Macura

Faculty of Science, Belgrade University, Belgrade

Thest udy of kinetic processes in heterogeneous systems is rather difficult

since one has to follow the space and time change of the measured quantity simul

taneously. As is well known, an NMR experiment performed in a linear magnetic

field gradient can provide information about the spatial distribution of a measured

quantity. This method, nowadays known as NMR tomography, is widely used

in biophysics and medicine for the reconstruction of cross-sectional images in

various objects, by tracing the spatical distribution of spin density, T\ and T2

relaxation times or their combinations. In the present communication, we show

how simplified tomographic methods can be used for the study of kinetic processes

(isotopic and ionic exchanges, adsorption, etc.) in heterogeneous systems, by re

cording changes of spin density in space and time simultaneously.

FH-4. STRUCTURE OF СЛ§+ IONS

M. Rabrenovic, T. Ast and J. B. Beynon

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Royal

Society Recearch Unit, University College of Swansea, Swansea, Great Britain

The unimolecular charge separation reactions of СЛН2+ ions formed in the

ion source have been studied in order to determine the ion structures involved.

Values of energy release have been convened to give equivalent intercharge distances

for two point charges. The results obtained suggest that in most cases, the structure

of the Сп1Ц+ ions is linear with hydrogen atoms terminating the chain. The only

exception is for the reaction С4Н|+->-СзН2-+С+- where the transition state of

GiH|+ ions is independent of the structure of the precursor molecules from which

they were formed. The different fragmentation patterns observed for СдН^.

ions containing even and odd numbers of carbon atoms give qualitative confirmation

that these doubly-charged ions are, respectively, in singlet and triplet states.

FH-5. IONIZATION ENERGIES OF POSITIVE IONS FORMED BY

ION-MOLECULE REACTIONS

M. Rabrenovic, T. Ast and J. H. Beynon

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Royal

Society Research Unit, University College of Swansea, Swansea, Great Britain

The reactions of ions with neutral species to form stable complexes are

very efficient under chemical ionization conditions. The charge stripping of 4

selected ion species m+, from a chemical ionization source containing methane and



a trace of water has enabled values of IE(m+->m2+) to be obtained for: СаНв*',

СгН7+> СНбО+ and OH4+'. The СгНв+" ions have a structure different from that

of ethane molecular ions and are thought to be [CH2 CHJ"1"-. The structure of

the СШО+ ions is thought to be that of protonated methanol.

FH-6. INVESTIGATION OF THE SYSTEM 1 ,3-DIHYDROXYBENZENE

CONCENTRATED PERCHLORIC ACID

D. Veselinovic, M. Obradovic, and D. Markovic

Faculty of Science, Belgrade University, Belgrade, and Faculty of Philosophy, NiS

University, NiS

The dissolution of 1,3-dihydroxybenzene in concentrated perchloric acid

first causes fast protonation and then slow transformation, resulting in the se

paration of solid products. At room temperature the separation process lasts about

3 years, while at elevated temperature (100°C) it already ends after 25 hours. It

has found on the basis of elemental analysis, mass, infrared, ultraviolet and visible

spectra, as well as by chromatographic separation that the obtained solid products

were compounds of the type: СвНз(ОН)г—[О—СвНг(ОН)г] —О—CeH3(OH),. ,

formed by oxidation with concentrated perchloric acid.

FH-7. COMPLEX COMPOUNDS OF TITANIUM(IV) AND HYDROXYBEN-

ZENES IN CONCENTRATED PERCHLORIC ACID

M. Obradovic, D. Veselinovic, and D. Markovic

Faculty ofPhilosophy, NiS, University, NiS, and Faculty of Science, Belgrade University

Belgrade

The formation of titanium(IV) and monohydroxybenzene, 1,3-dihydroxy

benzene, 1,4-dihydroxybenzene, 1,2,3-trihydroxybenzeene and 1,3,5-trixydro-

xybenzene complexes in 72% perchloric acid was investigated by spectrophotometric

measurements. All the observed hydroxybenzenes form two types of complex

compounds, with protonated hydroxybenzenes and with their transformation

products. The composition of titanium(rV) complexes with protonated hydro

xybenzenes was determined.

FH-8. REACTIONS OF BENZENE DERIVATIVES IN STRONGLY ACIDIC

MEDIA. METHYLPHENOLS IN SULPHURIC ACID

D. A. Markovic, D. S. Veselinovic and D. M. Markovic

Faculty of Science, Belgrade University, Belgrade

From the changes of UV spectra of methylphenols (cresols) in sulphuric

acid solutions, reactions taking place in such systems were observed. The effect

of oxygen protonation was observed at medium concentration and became explicit

in 70% H2SO4. Further increase of acidity causes more considerable changes of
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the spectra, due to the sulphonation of the organic substrate. Ionization constant

values for conjugated methylphenol acids and kinetic parameters for the sulphonation

reaction were calculated on the basis of the observed spectral changes. The effect

of the position of the methyl group on methylphenol protonation and sulphonation

was discussed.

FH-9. POLAROGRAPHIC INVESTIGATION OF Cu(II), Ni(II) AND Co(II)

COMPLEXES WITH AMPICYLINE

D. Veselinovic and V. Kapetanovic

Faculty of Science, and Faculty of Pharmacy, Belgrade University, Belgrade

The formation of Cu(II), Ni(II) and Co(II) complexes with ampicyline

leads either to the shifting of the half-wave potential of metal-aqua complexes

or to the formation of a new wave. Half-wave potentials £1/2 versus SCE are:

—0.3 V, at pH=6.10 for Cu(II), —0.74 V at pH=6.10 for Ni(II) and —1.1 V

at pH=6.0 for Co(II). The composition and stability constants of these complexes

were determined.

FH-10. REACTIONS OF NITROGEN OXIDES AND THE PHENOMENON

OF ELEMENTAL SILVER FORMATION IN THE AgA -AgN03 INSLUSION

COMPLEX OF ZEOLITE

N. Petranovic and U. Mio£

Faculty of Science, Belgrade University, Belgrade

In the course of high temperature treatment of the nitrate inclusion complex

of zeolite, AgA-AgN03, at 520 °C in vacuum, the silver inclusion complex is

formed, and the structure of zeolite remains preserved. During the process of

nitrate decomposition the appearance of nitrogen oxides and elemental silver,

Ag °, was observed. By the method of ir spectroscopy, analysis of gaseous phase

was done. On the basis of these results the mechanism of Ag° formation in the

silver inclusion complex was discussed.

FH-11. DETERMINATION OF THE DIFFUSION COEFFICIENT OF

ARSENIC IN GALLIUM SOLUTION

D. Kunovac and G. Stankovic

Institute of Chemistry, Technology and Metallurgy, Belgrade

Epitaxial layers of GaAs were grown on (100) GaAs substrate from Ga-solu-

tion by the liquid phase epitaxial method. The diffusion coefficient of As in the

Ga-melt was determined from the dependence of the thickness of the epitaxial

layers on the growth time for an initial growth temperature of 1 093 K. The obtained

results were compared to theoretical ones.



FH-12. DETERMINATION OF IMPURITY CONCENTRATIONS IN THE

EPITAXIAL LAYERS OF GaAs AND Ga(AlAs) GROWN BY THE LIQUID

PHASE EPITAXIAL METHOD

M. Jevtic, D. Kunovac, and G. Stankovic

Institute of Chemistry, Technology and Metallurgy, Belgrade

GaAs and Ga(AlAs) layers doped with Ge and Zn were grown by the liquid

phase epitaxial method. Impurity concentrations were determined by the reflexion

method and capacitive measurements.

FH-13. SOME MORPHOLOGICAL PROPERTIES OF A"i — Bv

COMPOUND LAYERS GROWN BY THE LIQUID PHASE EPITAXIAL

METHOD

D. Kunovac, V. Jovic, G. Stankovic, and J. Markovic

Institute of Chemistry, Technology and Metallurgy, Belgrade

A short review of the observed morphological properties of GaAs nad InSb

epitaxial layers grown by the LPE method is given. Substrates used for GaAs

epitaxy had (100) orientation and that for InSb epitaxy had (111), (111) and (220)

orientations. Various methods of cooling were tried (for example equilibrium

cooling, step cooling and supercooling). Growth irregularities result in some cases

from surface imperfections on the substrates. Terraces and waves are the most

characteristic features of epitaxial layers. Lines resulted from the continually

moving solution along the substrate during the initial stage of deposition and later

on upon the surface of the just grown layer. Also stacking faults will de described.

FH-14. ELECTRON TRANSFER EQUILIBRIUM OF COLLOIDAL TiOz

SEMICONDUSTOR PARTICLES STUDIED BY PULSE RADIOLYSIS

N. M. Dimitrijevic and О. I. Micic

Faculty of Science, Belgrade University, Belgrade, and Boris Kidril Institute of

Nuclear Sciences, Vin£a — Belgrade

The colloidal particles of anatase, ТЮ2, which form transparent aqueous

dispersions, were used to study the kinetics and equilibria of electron transfer

reactions. There is strong evidence in absorption spectra of injested electrons in

TiO) particles. Injected electrons might be free or trapped in the semiconductor

which depends on the preparation of the colloidal ТЮ2 sols of various sizes were

prepared by the hydrolysis of TiCU by changing the solution pH, salt concentration

and temperature. Electron donors, such as methyl viologen monocation (MV )

and (СНз)гСОН radicals, were produced by pulse radiolysis. It was found that

electron transfer equilibrium MV+-»MV2++(e~)Coii depends on the initial redox

couple concentration and pH of solution. The rates of electron transfer from(CHs)2-

COH and MV+ radical to colloidal ТЮ2 particles are lower than those predicted



for diffusion-controlled reactions. The decrease of particle diameter from' 800

to 70 A, and also the presence of the stabilizing agent PVA, does not affect the

values ofthe flat band potential. It was found that the flat band potential for colloidal

particles is more negative than that for the corresponding compact electrode.

FH-15. ELECTRICAL CONDUCTIVITY OF SOME SOLID ACIDIC

PHOSPHATE SALTS

D. M. Minic, M. V. 5u§i6 and U. B. Mio6

Faculty of Science, Belgrade University, Belgrade

The electrical conductivity of salts of the type MH2PO4 , where M is Li+,

Na+ and K+, as well as of the type MHPO4 • ЗН2О, where M is Mg2+ and U02+,

was measured by an alternating current with 1 kHz frequency in the temperature

range 300—500K and 300—700K, respectively. On the basis of cyclovoltammetric

measurements it was shown that the H+-ion was responsibile for the conductance

in the lower temperature range. With increase in temperature, the conductance

of other cations increases. In both types of salts the presence of hydrogen bonds

enables the migration of protons by the tunneling mechanism in accordance with

the rotation of РО^~ groups for MH2PO4 salts and with the rotation of water

molecules in МНРО4 ЗН2О salts. The increase in hydrogen bond strength, as

well as in the close packing of crystals, with an increase in the ionic radii from

Li+ to K+ (crystallographic data and ir spectra), lowers the conductance and increases

the activation energy of conductance due to the decelerated rotation of the lattice

components. The relative ease of rotation of water molecules which are not coor

dinated by the cation consequently requires a relatively small activation energy

of conductance; for UO2HPO4 • ЗН2О it amounts to 23 kj mol-1.

FH-16. STRUCTURAL PROPERTIES AND THE ELECTRICAL CONDUC

TIVITY OF SOME CRYSTALLOHYDRATES

U. В. МЫ, M. V. Susie and D. M. Minic

Faculty of Science, Belgrade University, Belgrade

The electrical conductivity of the following crystallohydrates : CdBr2 • 4H20,

CdS04-8/3H20, №гМо04-2Н20, Na2W04-2H20 and K2H2Sb207 ■ 4НгО was

measured in the temperature range 300—700K. The electrical conductivity data

were correlated with some structural properties obtained from ir spectra, as well

as from thermal investigations. In some of the systems (CdBr2 • 4H20, CdS04 •

■ 8/ЗН2О and K2H2Sb207 • 4H20) the energy state of crystal water, at room tempe

rature, furnishes enough protons for charge transfer. These systems show some

conductivity even at room temperature. However, if the interaction of water mole

cules with other functional groups is stronger than between the water molecules

thenselves (Na2Mo04 ■ 2НгО and Na2W04 • 2НгО, vH . . . он=3 100 cm"1) then such

systems have low electrical conductivity since they do not have enough charge

carriers. The conductivity increases when more charge carriers are produced by

thermal activation due to dehydration. In the case of CdBr2 • 4H20 and CdS04 •

• 8/3H2O this is in connection with the dissolution of salts in the released water



which is still present in the system, whereas in the case of K2H2SD2O7 • 4НгО

the existing structure is changed. In this communication it is shown that the way

water was bound, as well as the presence of hydrogen bonds and the interaction

of water molecules with other lattice components determines the mechanism of

electrical conductivity.

FH-17. ADSORPTION AS A STOCHASTIC PROCESS

N. Cvjeticanin and Lj. Kolar-Anic

Faculty of Science, Belgrade University, Belgrade

The kinetics of adsorption of gases onto solid surfaces was investigated by

the theory of stochastic processes. It was shown how this approach to the kinetics

of adsorption furnishes not only concentration-time expressions, but also expressions

for statistical fluctuations about the deterministic curves.

FH-18. APPLICATION OF A MODIFIED RRKM APPROACH FOR THE

TREATMENT OF THE ISOMERIZATION HNCz^HCN

M. Mladenovic and M. Peric

Faculty of Science, Belgrade University, Belgrade

A modification of the RRKM method for the calculation of the rate constant

for the isomerization reaction was performed. The reactant, the activated complex

and the products were treated as parts of a unique system, differing only in geometry.

Vibrational-rotational energies, state densities and partition functions of the system

HNC^rHCN were calculated beyond the usual harmonic approximation, whereby

the coupling between different motion modes was taken into account explicitly.

The results were compared to those obtained using the traditional RRKM approach.

FH-19. THEORETICAL INVESTIGATION OF THE *ДВ STATE OF CH2

M. Peric

Faculty of Science, Belgrade University, Belgrade

The two lowest-lying singulet electronic states of the CH2 radical correlate

at linear geometry with the same A state and represent in this way a case when,

due to strong electronic — vibrational coupling it is not possible to apply the usual

approximation of separability of these motion modes. A method for the calculation

of vibronic energies was developed. The results obtained applying the ab initio

approach were in good agreement with experimental data.
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FH-20. THEORETICAL TREATMENT OF TRANSPORT PROPERTIES

IN D.C. ARC, BASED ON THE VARIATION PRINCIPLE

J. Radic-Peric

Faculty of Science, Belgrade University, Belgrade

The transport properties of a d.c. arc are mathematically expressed by a

differential equation which can not be solved analytically. The method, based

on the variation principle, was proposed as one of the possible treatments of this

problem.

FH-21. INVESTIGATIONS OF THE INTERACTION AND MOTION

OF CO2 IN DEALUMINATED FORMS OF Y ZEOLITES

V. M. Radak, T. S. Ceranic and Т. M. Lukic

Faculty of Science, Belgrade University, Belgrade

Carbon dioxide adsorption on NH4Y zeolite and its calcined form Y-873

and on Na, К ion-exchanged forms of Y-873 zeolite were studied by IR spectro

scopy. Physisorbed CO2 as well as carbonate structures contribute to the spectra

of CO2 adsorbed on Y zeolites. It is known that during dealumination tetrahedrally

coordinated lattice Al atoms are removed from the zeolite lattice and migrate to

octahedrally coordinated positions. Consequently, strain is released from the

structure mainly at the 4-membered rings and the pore intersections become

slightly more open. With respect to this, interaction and motion of the adsorbed

CO2 on Y zeolites, in term of IR spectra, were discussed.

FH-22. ION-EXCHANGE PROPERTIES OF NATURAL CLINOPTILOLITE

D. Vudinic and T. Ceranic

Faculty of Mining and Geology, and Faculty of Science, Belgrade University, Belgrade

The fraction of —0.1+0.063 mm of natural clinoptilolite (Zlaiokop, Vranjc)

was separated from impurities by СНВг3-ССЦ solution. Purified clinoptilolite,

CL, with the chemical composition: Nao.72Ko.77Ca1.s9Mgo.58 [(AlO2)e.63(SiO2)20 09] ■

■ 19.69 H2O was saturated with chloride aqueous solutions of K, NHi (0.1 mol

dm-3) and Ca (0,05 mol dm-3) at 298 K. Maximum capacities for respective

cation forms: CL-K, CL-NH4 and CL-Ca, obtained by the given procedure,

were determined by chemical analysis. Ion-exchange isotherms (29S K) of the

investigated reactions were used to calculate the rational selectivity coefficient

and to obtain the selectivity order.



FH-23. HYDROUS ALUMINUM OXIDE/AQUEOUS ELECTROLYTE

INTERFACE

5. Milonjic, M. Kopecni, and Z. Ilic

The Boris Kidric Institute of Nuclear Sciences, Vinca — Belgrade

The sorption of monovalent anions (Cl~, I- and NO") and alkaline cations

(Li+, Na+ and K+) on hydrous aluminium oxide was measured as a function of

the pH (3.5—10.0) and the studied ion concentrations (1.0 xlO-3—1.0x10°

mol dm-3) by the potentiometric titration method. The results were interpreted

in terms of the formation of surface complexes at the oxide-aqueous electrolyte

interface. Values of the intrinsic ionization constants of the surface groups (рК|ц1

and pK^') and the intrinsic complexaton constants (p*Kin'ion and p*K]£tion) were

derived for the oxide in the investigated solutions. The point of zero charge of

hydrous aluminium oxide was determined as pHzpc= 7.1.

FH-24. THERMAL PROPERTIES OF THE 0.6 Agl — Sb2S3 SYSTEM

N. Petranovic, M. Susie and S. Mentus

Faculty of Science, Belgrade University, Belgrade

In the previous investigation of the solid system Agl-SbzSe it was shown

that a maximum of the electric conductivity exists for the mole ratio of 0.6 Agl.

If a mixture of this mole ratio is prepared by the fast cooling of a melt, thermal

and X-ray analysis show that the system appears completely in the glassy state.

It was also noticed that during the heating process the peak of recrystallization

appears at 200 °C, and if the heating rate is sufficiently high the system passes

thorough the liquid state as the metastable state. The process of recrystallization

is characteristic for many solid electrolytes based on Agl, and this work is devoted

to the study of the thermodynamic characteristics of this process by the DTA

and DSC methods.

FH-25. A CONTRIBUTION TO THE STUDY OF THE CONSOLIDATION

OF NONCRYSTALLINE MATERIALS

M. NcSic, I. Krstanovic and M. M. Ristic

Research Institute Galenika, Belgrade, and Institute of Technical Sciences, Serbian

Academy of Sciences and Arts, Belcade

The consolidation of noncrystalline materials was studied on the example

of the consolidation of ethyl cellulose powder. It was shown that the change in

density follows the phenomenological dependence derived for the pressing of

dispersive systems. Microstructural and x-ray research enabled us to make con

clusions regarding the mechanism of the procedure.
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FH-26. SPECTROABSORPTIOMETRIC INVESTIGATIONS OF THE

INFLUENCE OF pH VALUES ON THE MECHANISM OF STRUCTURAL

TRANSFORMATIONS OF THE C-4 SUBSTITUTED FLAVYLIUM

CHROMOPHORE

J. Baranac and D. Amic

Faculty of Science, Belgrade University, Beograde and Agricultural Faculty, Zagreb

University, Osijek

Flavylium perchlorates intentionally substituted in the C-4 position by

methyl or phenyl-groups were synthesized and identified by their fusion points

and /^rvalues. The molecular electronic absorption spectra of these compounds

in water solutions of well controlled and buffered pH-values with constant ionic

strength were used in order to study the mechanism and kinetics of their trans

formations in such media.

FH-27. MATHEMATICAL DESCRIPTION OF THE PROCESS OF OXYGEN

ADSORPTION

D. Spaseska

Organic Chemical Industry „OHIS", Skopje

By means of a three-factor experiment a mathematical description of oxygen

adsorption on РАС fibres (Malon) has been given. The obtained model relationship

for oxygen adsorption during the thermal treatment of Malon fibres makes ic

possible to learn the influence of three factors: tension, heating rate and air flow

on the reflection function. The influence of tension is directly proportional, while

the hearing rate and air flow are inversely dependent on the oxygen concentration.



4. ELECTROCHEMISTRY

EH-1. VOLTAMMETRIC AND CHRONOPOTENTIOMETRIC

BEHAVIOUR OF THE SYSTEM BUTYRYLTHIOCHOLINE IODIDE-

-BUTYROCHOLINESTERASE ON SOLID INERT ELECTRODES

D. Veselinovic, D. Suznjevic, N. Vukelic and D. Pavlovic

Faculty of Science, Belgrade University, Belgrade, and Military Technical Institute,

Belgrade

Similar to other thiol compounds, thiocholine iodide, beside butyric acid

a product of the enzymatic hydrolysis of butyrylthiocholinc iodide (BuSChJ)

by butyrocholinesterase (BuChE), gives a corresponding disulphide during oxi

dation on inert electrodes, while the iodide can be oxidized to iodine. Before the

decomposition of BuSChJ on a Pt electrode in borate buffer, peaks are observed

on a cyclovoltammogram at 0.6 V in the cathodic and at 0.4 V in the anodic current

region by a 50 mV/s rate change of the polarizing voltage and at pH=7.5. On a

glass carbon electrode (GK), under the same experimental conditions, a cathodic

peak is observed at 0.36 V and an anodic one at 0.50 V. Thiol, liberated during

the decomposition of the ester under the action of BuChE, changes the i-v curves,

the change being more evident with the Pt electrode when beside the cathodic

and anodic peaks at more positive potentials (0.32 V and 0.6 V) a new one appears

at about 0.4 V in the anodic current region. Chronopotentiometry with current

reversion shows one, not quite explicit transition during the anodic polarization

of the Pt electrode and another one of approximately one third of its height and

equal potential in the cathodic cycle. Transitions on the GC electrode are irregular

in shape, their £т/4 difference being about 0.3 V. The scheme and the basic para

meters of the kinetics of the electrode process were determined by comparison

of the results of analyses of i-v and E-t curves.

EH-2. DETERMINATION OF BUTYRYLCHOLINHSTERASE ACTIVITY

BY DIFFEREN HAL PULSE POLAROGRAPHY

N. Vukelic, D. Veselinovic, D. Suznjevic and D. Pavlovic

Faculty of Science, Belgrade University, Belgrade, and Military Technical Institute,

Belgrade

The hydrolysis of butyrylvhiocholinc iodide (I) with butyrocholinesterase

(II) results in the formation of thiocholine iodide (III) which depolarizes the Hg-elec-

ctrode giving three peaks on a differential pulse polarogram obtained with DME
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By following the change of peak currents at symmetry potentials, Ee, during hydro

lysis of I, a kinetic curve «p=f(t) is obtained, and used for the determination of

the change of concentration of III (found to be proportional to the amount of

disintegrated I) and through it of the activity of III.

EH-3. ACID-BASE AND COMPLEXING PROPERITES OF COPOLYMERS

OF 4-VINYL PYRIDINE WITH METHYL METHACRYLATE AND BUTYL

METHACRYLATE

K. D. Radakovic, A. R. Despic, and M. S. Jacovic

Institute of Technical Sciences of the Serbian Academy of Sciences and Arts and

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Potentiometric titrations were made of copolymers of 4-VP with MMA

and BMA in aqueous solutions in order to establish dissociation constants of conju

gated acids and stability constants of the corresponding Cu(II)-complexes. It

was found that the polymers are stronger acids than the monomer or the pyridinium

ion. Precipitation of the polymers upon reaching certain pH-values was observed

due to the limited solubility of neutral polymer molecules.

EH-4. SOME PROPERTIES OF ELECTRODEPOSITED COPPER

OBTAINED IN A THREE-DIMENSIONAL ELECTROCHEMICAL

REACTOR

Z. D. Stankovic, D. Cikara and B. Stanojevic

Faculty of Engineering, Belgrade University, Bor

Previous investigations indicated some specific properties of electrodeposited

copper obtained in a three-dimensional electrochemical reactor. In this study the

physicochemical, mechanical and metallographic investigations are presented.

EH-5. ELECTROCHEMICAL AND THERMAL PROPERTIES OF THE

SOLID BINARY SYSTEM Ag2S04 — ALKALINE SULPHATES

M. V. Susie, M. G. Pjeffic and S. V. Mentus

Faculty of Science, Belgrade University, Belgrade, and Technical Faculty, Titograd

University, Titograd

The conductivity of the solid systems Ag2S0<i — alkaline sulphates, within

the temperature range 298—793 K, was investigated. The curves log X— I IT,

as well as the isothermal dependence of the conductivity on molar ratio of the

components, at various temperatures, are given. It is shown that the conductivity

of the systems AgzSOa — Li2S04 and Ag2S04—NaaS04 , for all molar ratios

and in the whole temperature range, is lower or equal to the conductivity of pure

Ag2S04. The conductivity of the Ag2S04—K2SO4 system is higher than in the
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case of pure AgzSC^ (above 673 K), due to the dissolution of the x — phase of

Ag2SC>4 in K2SO4 and the formation of a new phase, which is a better conductor

than pure Ag2SO.j. The conductivity of the Ag2S04-K-S04 system, for a molar

ratio of the components of 0.5:0.5, is the highest. Investigation of the thermal

properties of the given systems by the DTA method, confirmed this conclusion.

The redox process Ag^Ag++e on the Pt electrode was investigated by cyclovoltam-

metry, and the activation energy and exchange current density were obtained. The

activation energy and exchange current density were found to be around 70 kj/mol

and 6 mA/cm2, respectively.

EH-6. STRUCTURAL EFFECTS IN ELECTROCATALYSIS : OXYGEN

REDUCTION ON GOLD SINGLE CRYSTAL ELECTRODES

R. R. Ad2i£, N. M. Markovic and V. В . VeSovic

Institute of Chemistry, Technology and Metallurgy, Belgrade and Center for Multi-

disciplinary Studies, Belgrade University, Belgrade

The kinetics and mechanism of O2 reduction on gold single crystal electrodes

with (100), (110) and (111) orientations were examined in alkaline electrolytes

using the rotating disc method. The quality of the surfaces was determined by

AES and LEED. Pronounced effects of the crystallographic orientation of the

surface on the kinetics and mechanism of O2 reduction were found. The half-wave

pltencial for the Au(100) face is by ss200mV more positive than for the Au(lll)

pane. The reduction on the Au(100) plane proceeds in a ..series" path-way to

OH- with an exchange of four electrons in the region of AuOH formation. On

the Au(110) and Au(lll) planes the reaction proceeds with an exchange of two

electrons to HOJ. Cathodic and anodic kinetic data for O2/HOJ and HO^/OH"

couples are compatible with the following mechanism,

02+e->Oj (ads)

2О2 (ads)+H2O^H02+02+OH-

Only for the Au(100) plane a further reduction of HOJ occurs with an initial one

electron exchange as rate controlling,

HOj +еНг0^20Н- (ads)

OH(ads)+e-*OH-

The origin of higher activity of the Au(100) plane is almost fully disharged adsorbed

OH in the AuOH species. Such a surface apparently interacts more strongly with

O2, Oj and HOJ than bare gold or AuOH with a more ionic OH (ads) found for

the other two planes.
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ЕН-7. INVESTIGATION OF NEW CATALYTIC SYSTEMS FOR S02

OXIDATION

M. V. SuSic, M. M. Dojdtnovic and S. V. Mentus

Faculty of Science, Belgrade University, Belgrade, and Institute of Chemistry,

Technology and Metallurgy, Belgrade

In our recent investigations it was demonstrated that several transition metal

cations in molten salts catalytically influence SO2 oxidation. The oxidation equili

brium moves toward SO3 when the temperature decreases, and thus the molten

salt mixtures which satisfy tse following two conditions were examined: chemical

stability in the presence of sulfur trioxide and low melting point. The results of

using iron salts as catalysts are presented.

EH-8. C-ELECTRODE SURFACE TREATMENT AS THE IMPEDANCE

FACTOR

S. V. Mentus, 5. P. Gajinov and M. V. Su§ic

Faculty of Science, Belgrade University, Belgrade

According to de Levie's theoretical considerations, the presence of pores

or other forms of surface roughness causes a Warburg-like impedance, which

was ascribed in earlier literature only to the diffusion controlled electrochemical

process impedance. In this work it was shown that the impedance diagram of a

blocking glassy carbon electrode changes with the surface treatment of the electrode

surface from polished to a completely roughened one. This change corresponds

well to theoretical predictions. The influence of electrode surface treatment on

conductometry results was discussed.

EH-9. INFLUENCE OF THE DEPTH PROFILE OF THE ACTIVE AND

INACTIVE COMPONENT ON THE STABILITY OF Ru02-Ti02 COATINGS

J. Galan*, P. Despotov and R. Atanasoski

Institute of Chemistry, Technology and Metallurgy, Belgrade

Ru02 is the active component in the coating consisting of Ru02-Ti02.

Nowadays, the coating is widely used in electrochemical practice. However, the

data in the literature give contradictory answers to the question of how the depth

distribution of RUO2 influences the stability of the coating. Therefore, we undertook

an investigation in which both the active and the inactive component were applied

in separate layers. The position of the layers was switched around in reference to

the base. The stability of the test was determined in a accelerated test, conducted

at high anodic current density (1.5 A cm-2) and low chloride concentration (0.5 M

NaCl; pH=1.5—2.5). It was shown that the stability of the samples was higher

whenever the position of the layer of ТЮ2 was closer to the base.

* On summer experience through IAESTE from the Faculty of Chemical Engineering,

Polytechnic Univ. of Madrid, Spain.



EH-10. STUDY OF THE COMPOSITION OF OXIDE FILMS ON

ALUMINIUM FORMED IN AQUEOUS SOLUTIONS OF SODIUM

CHLORIDE

Lj. Atanasoska, D. M. Drazic and A. R. Despic

Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, Belgrade,

and Faculty of Technology and Metallurgy, Belgrade University, Belgrade

In spite of the considerable activating effect of chloride ions, the anodic

dissolution of aluminium in aqueous sodium chloride solutions proceeds with

high anodic overpotentials. It is believed that the presence and the properties of

the oxide layer are the cause of these overpotentials. Using the methods of Auger

spectroscopy and ESCA, the distributions of aluminium, oxygen and chloride

ions through the oxide films formed at different potentials of aluminium (99.999 %)

during anodic polarization in 2M NaCl chloride solutions were studied. The com

position and structure of the films and electrochemical behaviour are compared.

EH-11. CONSTRUCTION AND CHARACTERISTICS OF ION-SELEC

TIVE ELECTRODES WITH SOLID MEMBRANES

M. Mirjanic, D. Veselinovic and D. Markovic

Faculty of Science, Belgrade University, Belgrade

AgCl, AgBr, Agl, Ag2S and PbS salts were synthetized to obtain 4N and

5N quality. Ion selective membranes, 0.45—0.50 g in mass, were obtained by

pressing pure Ag2S powder or its equimolar mixture with the corresponding salt.

Pressing was performed under vacuum, in a mold specially designed for this purpose,

in which surfaces in contact with the powder were polished to approximately

optical grade quality. The membranes were then fixed to the conductor with con

ductive glue and cast into a body of epoxide resins. Ion selective electrodes were

made in this way for the determination of Cl~, Br~, I-, CN~, S=, Ag+ and Pb++

ions. The characteristics of these electrodes were also determined.

EH-12. STUDY OF THE MECHANISM OF SODIUM PERBORATE PRO

DUCTION BY THE ELECTROCHEMICAL PROCESS AND ITS EXPERI

MENTAL CHECK

F. Pap, M. Ilic and O. Sikora

„Zorka" Chemical Industry, Subotica

The sodium perborate production process can be divided into 1) the standard

chemical process, which is based on the interaction of borate and hydrogen dioxide,

and 2) the electrochemical production process from borate solution. From the

point of view of industrial production the first process is used in various technolo

gical modifications. The aim of this study was to explain the mechanism of sodium

perborate production by the electrochemical process, quantitatively check the

conditions of production in a laboratory apparatus and find out the product quality.
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The results of this research can serve as a starting point for improving the electro

chemical and technological processes in order to obtain the above product. The

following data is found in this study: the electric current utilization factor, the

quantity of electric energy required to obtain a unit quantity of product, the ЫагСОз

-Na2B.i02 -ЮНгО — NaBC>3 -4H20 quantity ratio during electrolysis as well as

the conditions of experiments which serve for checking the process in the labo

ratory.

EH-13. INFLUENCE OF SOME PROCESS PARAMETERS ON THE

PHYSICO-CHEMICAL CHARACTERISTICS OF ANODIC OXIDE

COATINGS ON ALUMINUM

Z. T. Milenkovic, J. M. Perovic and S. Rajic

Faculty of Philosiphy, NiS University, Ni!>

The effect of Al3+ concentration, temperature and current density on some

characteristics of anodicoxide coatings on aluminum obtained by anodic oxidation

in oxalic acid electrolytes was investigated. An Al3+ concentration of 0—1.5 M;

temperature of275K — 293K and current density of 0.5—2.5 A/dm2 were employed.

Anodic oxidation was performed in galvanostatic conditions. Optimum conditions

of the process were established for compact, solid oxide coatings of satisfactory

physico-chemical characteristics.



5. ANALYTICAL CHEMISTRY

AH-l. NEW SENSOR FOR ALL-SOLID STATE RU2ICKA-TYPE ION-

-SELECTIVE ELECTRODES

M. V. Dikanovic and M. S. Jovanovic

Faculty of Metallurgy, Titograd University, Titograd, and Faculty of Technology

and Metallurgy, Belgrade University, Belgrade

The aim of the investigations was to synthetize sensors for cations of the

I and II analytical group, applicable to the Yugoslav version of all-solid state

Ruzicka-type selective electrodes. Such sensors are in general, homogenous mixtures

of an insoluble salt (mostly sulphide) of the cation in quest ion and of silver sulphide.

The latter one is used because of the high diffusion coeficient of silver in the solid

phase enabling semi-conductive properties of the sensor and its high electrical

conductivity. Different sensors were prepared in the molar ratios 1:20 to 20:1

of the sulphide of the cation in question and silver sulphide. The one expressing

the response E/pM nearest to Nernstian, but also the shortest response time was

chosen. The applicability of the sensors obtained was checked by the techniques

of direct potentiometry and of potentiometric complexometric titrations. Also,

the selectivity coefficient against interfering species was examined.

AH-2. DETERMINATION OF COPPER IN BRASS USING THE COPPER-

-SELECTIVE RU2ICKA-TYPE ELECTRODE

M. Jovanovic, D. Bosic and M. S. Jovanovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Brass samples of different composition used in the final production of a

domestic metal factory were analysed. The solutions of samples were, after dissol

ving in nitric acid, converted to sulphates and prepared either for the technique

of direct potentiometry, or for potentiometric EDTA titrations. In the first case,

the solutions under investigation were brought to the same ionic strenght as standard

solutions for the calibration graph. In the second one, a modification of the EDTA

titration procedure described by Merck, was undertaken. When titrating copper

and zinc together, the usage of a PAR indicator was changed by the application

of a copper-selective electrode. In another portion of the tested solution, both

copper and zinc were converted to cyanide complexes, formaldehyde being added

afterwards to destroy zinc cyanide. EDTA titration of zinc was undertaken against

Eriochrom Black T and copper was found from the difference. The results for

copper obtained by these two methods are both reproducible and in good mutual

agreement.
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АН-3. INVESTIGATION OF CADMIUM COMPLEXES OF 3-METHYL-

ADIPIC ACID WITH A CADMIUM ION-SELECTIVE ELECTRODE

I. Grozdanov

Faculty of Chemistry, Skopje, University, Skopje

The equilibrium of cadmium with 3-methyladipic acid in aqueous media

was studied. The investigation was carried out with a solid state cadmium-selective

electrode, at constant ionic strength. The presence of three relatively weak complexes

in equilibrium was established, and the corresponding stability constants were

determined. It was concluded that the presence of the methyl group in adipic

acid increases the stability of the formed complexes.

AH-4. ELUCIDATION OF THE POLAROGRAPHIC BEHAVIOUR OF

SOME ORGANIC COMPOUNDS IN THE PRESENCE OF ALUMINIUM

AND BERYLLIUM IONS

V. J. Rekalic and M. M. Jovanovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

In this study we have explained the splitting of polarographic waves of

oxamide, oxalyldinydrazide, rubeanic acid, benzyl, benzoin and azobcnzene in

the presence of aluminium or beryllium ions in unbuffered solutions. This pheno

menon is made clear according to the theories of Rtietschi and Trumpler as well

as Heyrovsky. If aluminium or beryllium ions are added to the solution of the

depolarizer, whose electrochemical reduction runs with the consumption of hydrogen

ions, one more positive wave will appear, which corresponds to the reduction of

the depolarizer, the hexaquoaluminium ion or the product of beryllium ion hydro

lysis being the proton donors. On the basis of the determined number of electrons

transferred and the ratio of the depolarizer and the proton donor, which take part

in the electrode process, the equation of the electrode process is formulated. With

regard to the fact that the electrode processes are complex and that they are per

formed in several steps, we have attempted to fromulate every step.

AH-5. SPECTROPHOTOMETRIC INVESTIGATION OF THE PROTO-

NATION PROCESS OF a-BENZYLMONOXIME AND 4,4'-DIMETHOXY-

BENZYLMONOXIME

N. PeriSic-Janjic, A. Letic, D. Miljkovic and J. Petrovic

Family of Science, Novi Sad University, Novi Sad

The protonation process of a-benzylomonoxime and 4,4'-dimcthoxyben-

zylmonoxime was investigated in the presence of perchloric and sulphuric acids.

Two protonation processes occurred. The first process occurred in the coursg

of shifting from ethanol to aqueous solution, where water is a sufficiently strone



acid, able to donate a proton to these oximes, behaving like bases. In strongly acidic

media a second protonation process appeared. The protonation process of a-benzyl-

monoxime and 4,4'-dimethoxybenzylmonoxime was investigated in the mixtures

perchloric acid — absolute ethanol and sulphuric acid — absolute ethanol. The

influence of organic solvent on medium acidity was discussed.

AH-6. IDENTIFICATION OF PIGMENTS ON CONTEMPORARY PAINT

INGS BY MICROANALYTICAL METHODS — CONTRIBUTION TO

PAINTING AUTHENTICITY DETERMINATION

M. Ristic-Solajic

An examination of samples of paint and ground layers was carried out on

six paintings of the German painter Otto Dix (1891—1969), which were dated

to have originated in the forties. Painting samples were analysed and compared to

samples of the master's paints using optical and chemical microscopy, X-ray ana

lysis and emission spectrographic analysis. Two paintings contained three pigments

(the rutile modification of titanium dioxide, blue and green copper phthalocyanine)

the period of use of which was not consistent with the date of origin of the paintings.

From the fact that those pigments were used in recent '.imes it was concluded that

the paintings are of later origin and thus of doubtful authenticity. The absence

of the same pigments on other analysed paintings confirms this conclusion. In

this work it was shown that ana dequate choice of microanalytical methods enables

one to unambiguously determine the pigments in paint and ground layers of contem

porary paintings.

AH-7. DETERMINATION OF COPPER IN THE BLOOD SERUM OF

PATIENTS WITH MYOCARDIAL INFARCTION

M. Jaredic, J. Vucetic and D. Nikolic

Faculty of Science, Belgrade University, Belgrade, and Medical Center „Dr Radoje

Mijufkovic", NikSic

The concentration of copper was determined in the serum of a group of

35 patients suffering from acute myocardial infarction and the obtained values

were compared to the values obtained for a group of 30 persons in the postinfarction

period rehabilitating in a medical center two months after the oneset of the infarct,

as well as to the values found for a group of 19 healthy blood donors. The copper

concentrations were first determined on the first day of the illness and several

times during the illness untill departing from the medical center. The mean copper

concentration in the serum of patients on the first day of acute myocardial infarc

tion was 49% higher than in the serum of healthy blood donors. The copper con

centration in the serum of persons in the postinfarction state was near the one found

in healthy persons, being only 3% higher, and the difference was not statistically

significant. At the same time creatine phosphokinase enzymes and sugar in the serum

were determined. The mean concentration of the enzymes and sugar in the serum

were elevated in the patients but the concentration of the substances did not depend

in any way on the copper concentration, so that no correlation with copper exists.
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АН-8. METHYL METHACRYLATE-BASED SILVER SULPHIDE SELEC

TIVE ELECTRODES

K. Kalajdzievski, T. Pastor, M. Dimeski and D. ToSev

Faculty of Chemistry, Skopje University, Skopje, and Faculty of Science, Belgrade

University, Belgrade

Methylmethacrylate-based silver sulphide electrodes with solid internal

contacts were prepared. The membranes of the electrodes were prepared at room

temperature and under atmospherie pressure. The content of the active material

silver sulphide in the membranes was 45—85 %. The calibration curves of the

electrodes were taken in standard solution of silver nitrate containing 0.1 mol dm-3

potassium nitrate. The lower limit of Nernstian response and the IUPAC detection

limit of the electrodes were determined. The response time of the electrodes varied

from a few seconds to 15 minutes depending on the membrane composition and

concentration of investigated solution. With the prepared electrodes analytical

determinations by potentiometric titrations (iodide, bromide and chloride) were

performed. The obtained results were satisfactory.

AH-9. DETERMINATION OF CATION MLXTURES OF Hg2+, Cu2+ AND

Bi3+ WITH DITHIOCARBAMATES AND WITH A SULFIDE IONS

SELECTIVE ELECTRODE

M. Dimeski, K. Kalajdiievski and D. Tosev

Faculty of Chemistry, Skopje University, Skopje

Dithiocarbamates, especially pyrrolidine dithiocarbamate (PDTC), in the

reaction with metal cations form metal complexes (precipitates) which have different

constants for the solubility product (Kso). The different solubility was used, with

a sulfide ion selective electrode prepared in our laboratory, for the determination

of the following binary mixtures: Hg: Hg2+—Cu2+; Cu2+—Bi3+; and Hg2+—Bi3+.

The solution of Hg2+, Cu2+ and Bi3+ with a concentration of 0.1 mg/ml were

mixed in the ratio 1 :9 and v.v. In this way the mixtures of Hg2+—Cu2+ and Hg2+—

—Bi3^ were determined, but the determination of Cu2+—Bi8+ was not successful.

The determination was carried out in the presence of HNO3 and EDTA.

AH-10. SPECTROPHOTOMETRIC INVESTIGATION OF COMPLEXES

OF SOME QUINOLINIUM OXIMES WITH PALLADIUM(II) CHLORIDE

K. Karljikovic, B. Stankovic and Z. Bincfeld

Faculty of Pharmacy, Belgrade University, Belgrade and, Faculty of Science, Zagreb

University, Zagreb

Quinolinium oximes, 1 -phenacyloxime isoquinolinium chloride (FICH)

and 1 -phenacyloxime quinolinium chloride (FCH), in Britton Robinson's buffer,

in the pH range 6—7 with palladium(II) chloride form yellow coloured soluble



complexes with absorption maxima at 413 nm. The stoichiometric ratio of oximcs

and palladium(II) was 1:1. The apparent constants of complex formation were :

log *:=4.б15±0.015(ц=1, pH=6.45, r=25°C). The absorbance of the complexes

obeys the Beer law in the range 3—1 1 5 (xg/cm3.

AH-11. ANALYSIS OF THE CHANGE IN COMPOSITION OF NICKEL

CATALYSTS DURING THE OIL HYDROGENATION PROCESS

M. Sevaljevic, M. Livada and M. Knezevic

Technological and Agricultural Institute „TPI" and Plant Fats and Oils Industry

„Bi-Ма", IPK „Servo Mihalj", Zrenjanin

The chemical composition of the nickel catalyst DM3 (Harshaw) in tresh

catalysts with various consignment dates, and after use in the oil hydrogenation

process was studied. The samples were pretreated by the method of hydrochloric

acid hydrolysis and AAS determination. It was found that the fresh catalysts had

equal chemical composition except for the contents of Cu, Mn, and especially

of Co which ditfered up to 400%. After use in the oil hydrogenation process the

total mass of the catalyst was less than the mass of the freshc atalyst. Part of the

material was lost during the hydrogenation process, while the concentration

of microcromponents in the catalyst such as P, Na, Fe, Cu, Mg was considerably

increased.

ЛН-12. THE SEASONAL VARIATION OF METALS IN COW MILK

M. Georgieva, I. Piljac and B. Topuzovski

Faculty of Chemistry, Skopje University, Skopje

The trace elements copper and lead were among the constituents determined,

using anodic stripping voltammetry at a rotating glassy carbon electrode with

in situ mercury plating. Variation in constituents: copper and lead in cow milk

from the Skopje area were studied with the purpose of contributing to a better

knowledge of its quality. The results of analyses, obtained by the method proposed,

were compared to the those attained by the atomic absorption spectrophotometric

method, and good agreement was found.



6. BIOCHEMISTRY

BH-l. SEX RELATED DIFFERENCES IN THE BASE COMPOSITION

OF NUCLEAR DEOXYRIBONUCLEIC ACIDS OF YOUNG SPINACH

LEAVES

M. KidriS, Z. Juranic and J. Petrovic

Faculty of Science, and Medical Faculty, Belgrade University, Belgrade, and Institute

for Biological Research „SiniSa Stankovic", Belgrade

Nuclear deoxyribonucleic acids (DNA) isolated from purified nuclei of

young female, male, and non induced spinach (Spinacia oleracea L.) leaves were

analysed by column chromatography on methylated albumin coated kieselguhr

(МАК) using a discontinuous salt gradient, by column chromatography on hydrox-

ylapatite (HAP) using a temperature gradient and by thermal denaturation in

solution. In order to deternrne the abundance of the repetnive sequences, the

reassociation kinetics was studied at the same time. Elution profiles ofDNA samples

obtained by both МАК and HAP column chromatography differed in relation

to the sample analysed. Melting points (Гш) of the nuclear DNAs isolated from

either female, or non- induced plants were higher than the corresponding value

for DNA of the male plants, and certain differences in derivative thermal denatu

ration curves were also observed. The data obtained show that the base composition

of DNA is sex related and this could be connected to the differences in the genome

organization.

BH-2. SOLUBILIZATION OF DOPAMINE D2 RECEPTORS OF THE

BOVINE NUCLEUS CAUDATUS BY SEVERAL DETERGENTS

V. Soikic, J. Petrovic and D. Trajkovic

Faculty of Science, Belgrade University, Belgrade, and Institute for Biological Research

„SiniSa Stankovic", Belgrade

Solubilization of membrane receptors represents one ol the steps necessary

for both their purification and characterization. In order to isolate and characterize

dopamine D2 receptors of the synaptosomal membranes of the bovine nuclei caudata,

several detergents of different chemical structure were applied and optimum con

ditions for their solubilization were determined. It was found that a 0.25% solution

of 3-[(3-cholamidopropyl)-dimethylammonio]-l-propanesulphonate (CHAPS) re

presents the best solubilizing agent of D2 receptors (the concentration of total synap

tosomal membrane proteins was 3.5 mg/ml, 4°C, incubation time 25 min). Solu



bilized under these experimental conditions, dopamine D2 receptors behave like

the corresponding native structures, as judged by the extent and properties of their

interaction with 3H-spiperone as a specific radioligand, under standardized experi

mental conditions. Solubilized D2 receptors were subjected to sucrose density

gradient ccntrifugation (15—30% sucrose, 45,000 rpm., 17 h, rotor SW 50.1,

Bcckman L3-50 ultracentrifuge) together with marker proteins and sedimentation

values were determined.

BH-3. THE USE OF HYDROLYTIC ENZYME PREPARATIONS IN THE

PROCESS OF OBTAINING BEER OF HIGH SURROGATION

J. Vucetic, B. Abramovic, R. Kastratovic, M. Vrvic and K. Perovic

Faculty of Science, Belgrade University, Belgrade, Pedagogical Faculty, Titograd

University, Niktic, and Brewery „Trebjesa", NikSic

Results of the use of hydrolytic enzymes for obtaining beer of high surrogation

are presented. Different combinations and ratios of malt, surrogate and enzyme

were used in laboratory conditions and in a pilot plant. Alpha- and p-amylase,

proteinases and p-glucanase, as well as a complex or individual enzyme preparations

were used. The best results were obtained with the preparations Termamyl 60 L

(produced in Denmark) and Brew-n-zime AL (produced in Holland). A number

01 experiments were carried out with the preparation Likvizim 20 T, produced

in this country. The results obtained with this preparation were also discussed.

BH-4. INVESTIGATION OF NUCLEIC ACIDS OF WHEAT WHICH

WAS CULTUVATED IN MONOCULTURE AND IN THE COMMUNITY

WITH CORN-COCKLE

D. Vacic, B. Gajic, M. Kidric and Z. Juranic

»Bioprodukt", Belgrade, Faculty of Science and Faculty of Medicine, Belgrade

University, Belgrade

Nucleic acids (NA) isolated from wheat seedlings {Triticum vulgare L.) which

were cultivated in monoculture and in the community with corn-cockle (Agrostemma

githago L.) were studied. Total NA were analysed by column chromatography

on methylated albumin coated kieselguhr (МАК) while DNA were investigated

by column chromatography on hydroxylapatite (HAP) and by determination

of the melting temperature (Tm). The results obtained show that there are no

significant differences in the relative amounts of different NA classes except in

the relative content of tbRNA. The results obtained by HAP chromatography

using a discontinuous temperature gradient showed that wheat seedlings grown

with corn-cockle contained more DNA eluting at 100°C (G—С rich DNA). The

data obtained by determination of Tm are in accordance with the results obtained

by HAP chromatography. DNA isolated from wheat which was cultivated in the

community has a greater Tm value and G—С content in comparison with wheat

which was cultivated in the monoculture.



BH-5. SEPARATION OF PLACENTAL LACTOGEN BY AFFINITY

CHROMATOGRAPHY

M. Petrovic, M. Krajincanic and R. M. Jankov

Institute for the Application of Nuclear Energy in Agriculture, Zemun, and Faculty

of Science, Belgrade University, Belgrade

Activated microcrystalline cellulose with antiHPL antibodies on it was

used for obtaining human placental lactogen (HPL) from the extract of human

placenta by affinity chromatography. The conditions for optimum activation of

microcrystalline cellulose by Br-CN and for optimum concentrations of immuno

globulins to be attached to an activated matrix were investigated. The extract of

human placenta was the source of HPL. From the resulting antiHPL — HPL

complex, placental lactogen was separated by the use of different desorbents. The

purity of the products obtained was estimated by polyacrylamide gel electrophoresis.

BH-6. INFLUENCE OF DIVALENT IONS ON THE ACTIVATION OF

THE ALTERNATIVE PATHWAY OF THE COMPLEMENT SYSTEM

V. Miletic, B. Rodic and R. M. Jankov

Blood Transfusion Institute, Belgrade, and Faculty of Science, Belgrade University,

Belgrade

The complement system plays an important role in the humoral defense

of the organism. When an antibody reacts with an antigen, the resulting immuno-

complex becomes an activator of the complement system, which comprises the

distinct components to be activated in a certain sequence. This gradual actrvation

leads to the lysis of the antigen. Twenty protein components are involved in an

activation of the complement. The complement system comprises two distinct

reaction pathways: the classical and alternative pathways. The presence of Са2т

and Mg2+ is necessary for the activation of the former, and Mg2+ only, for the

activation of the latter pathway. The influence of other divalent ions on the activation

of the alternative pathway was examined in this work, Ni2+ in particular, as it is

described that it stabilizes certain components of the alternative pathway.

BH-7. INVESTIGATION OF SOME CHARACTERISTICS OF Candida

utilis

J. R. Jaksevac, J. Dordevic, and Lj. Majdanac

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The influence of the pH value (5.8, 6.4, 7.0), cell concentration (20—80 mg

dry weight/cm3) and the xylose concentration (2.5%—25%) on the fermentation

of xylose by the yeast Candida utilis No. 11, a culture from the collection of the

Faculty of Technology, Zagreb, were investigated. The experiments were run



in a Warburg apparatus at 30 ~C in nitrogen aimosphere. At the same time, the

immobilization of Candida utilis cells by adsorption on w ood, wheat, silica material

and ceramics were investigated. The amount of cells adsorbed as a function of time

and pH value of the medium at 30 °C was evaluated by measurement of the yeast

suspension turbidity. It was established that the best pH value for xylose fermen

tation is 5.8 and that the growth of fermentation rate was linear with augmentation

of the amount of cells. It was also found that the inhibition of fermentation by

substrate with the xylose concentration used does not occur. The maximum adsorp

tion of yeast cells from suspension was attained on untreatd oak-wood in acid

medium (pH 5.8).

BH-8. CULTIVATION OF CELLULOLYTIC FUNGI FOR MICROBIAL

BIOMASS AND CELLULASE ENZYME PRODUCTION

S. Kuzmanova, A. Dimitrpvski, V. Stevcevska and E. Vandeska

Faculty of Technology, Skopje University, Skopje

Extracted grape waste material was used as a substrate for the production

ofmicrobial biomass-proteins and cellulolytic enzymes, using Myrothecium verrucaria

9095 and Trichoderma viride 1253. Solid-state cultivations and batch cultivation

in sumberged culture in shake-flasks was done. The course of the biosynthesis

of cellulolytic enzymes and microbial proteins, soluble proteins, was evaluated by

following the biomass content, total crude proteins, as well as the degree of substrate

byconversion. The influence of substrate modification on the enzyme content

and their activity was also evaluated. Both the final biomass yield and cellulase

activities are below those obtained by growing M. verrucaria.

BH-9. CHOICE OF OPTIMUM CONDITIONS FOR LARD HYDRO-

GENATION

2. Vrbaski, M. Budincevic, N. Toth, K. Vranac and D. Canadi

Faculty of Science, Novi Sad University, Novi Sad, and IPK „Servo Mihalj",

Zrenjanin

A series of lard hydrogenations were carried out on a laboratory reactor

under hydrogen atmospheric pressure. The hydrogenation conditions were establi

shed to obtain a product with a high melting point, which is one of the components

for fat preparation for industrial use. The activities of a series of commercial nickel

catalysts for partial and complete hydrogenation were compared. Experimental

conditions and catalyst samples were chosen on the basis of experimental results,

which achieve the best results for partial hydrogenation, when the physical changes

of lard were minimum, and for complete hydrogenation when the physical and

chemical characteristics were essentially changed.



BH-10. THE INFLUENCE OF ADDITIVES OF THE CHARACTERISTICS

OF FATS

N. Toth, 2. VrbaSki, M. Budincevic, D. Canadi and K. Vranac

IPK „Servo Mihalj", Zrenjanin, and Faculty of Science, Novi Sad University,

Novi Sad

A series of samples of edible fats which are of interest to the food industry

was prepared. Esters of fatty acids with polyhydroxylic alcohols were added as

additives to these samples. The influence of prerefining technique, triglyceride

component type and ester type on the basic characteristics of products which are

of interest for application were examined. Particularly, the stability of products

in regard to autooxidation was studied. The obtained results indicate that fats with

the tested additives can find application in the food industry.

BH-11. INFLUENCE OF PREREFINING TECHNIQUE ON SOYBEAN

OIL HYDROGENATION

2. Vrbaski, M. Budincevic, D. Canadi and K. Vranac

Faculty of Science, Novi Sad University, Novi Sad

The possibility of soybean oil hydrogenation, which was prerefined with

different treatment up to low contents of phosphatide impurities, was studied.

The activity comparison of a series of catalysts was performed in hydrogenation

experiments under hydrogen atmospheric pressure in a laboratory reactor. The

basic hydrogenation parameters were determined for oils only partially prepared,

and a comparison is given with a hydrogenated sample of oil from which catalyst

poisons were removed to a considerable extent by neutralization and adsorbents.

The possibility of crude soybean oil hydrogenation with only subsequent refining

was studied.



7. CHEMICAL ENGINEERING

HI-1. APPLICATION OF FLUIDIZED BEDS IN BIOCHEMICAL

ENGINEERING

G. Vunjak-Novakovic, D. V. Vukovic and Al. Dobric

Faculty of Technology nad Metallurgy, Belgrade University, Belgrade

Various types of fluidized beds are currently used in chemical reaction engi

neering, drying, granulation, gas purification processes, incineration, gasification,

combustion etc. Recently, this highly effective technique found diverse appli

cations in the field of biochemical engineering. Some of the characteristic cases

are the following. Fluidized tower reactors which utilize flocculated microogranisms

or immobilized-enzyme pellets are used for continuous brewing and hydrolysis

processes. Cultivation of microorganisms in an air-solid fluidized bed enabled

an increase in both the cell yield and enzyme activity. Biofilm reactors with flui

dized beds have found application in waste water treatment processes. A multistage

fluidized bed unit with the countercurrent flow of gas and liquid was recently

developed for continuous fermentation of yeasts. In this paper, we analyse the possi

bilities of-application in biochemical engineering of particular fluidized bed systems

which are investigated in the Department of Chemical Engineering.

Ш-2. EXPERIMENTAL DETERMINATION OF MASS TRANSFER

COEFFICIENTS FOR HIGH REYNOLDS AND SCHMIDT NUMBERS

A. Dudukic and S. Koncar-Durdcvic

Faculty of Technology, Novi Sad University, Novi Sad, and Faculty of Technology

and Metallurgy, Belgrade University, Belgrade

This communication deals with the experimental determination of the coeffi

cients of mass transfer from turbulent fluid flow to the tube wall. Experiments

were carried out in the range of Reynolds numbers from 104 to 2 x 105 at the value

of the Schmidt number of about 1.8 X 103 in tubes of 28 and 60 mm in diameter.

The determination of local and average mass transfer coefficients was carried out

by the adsorption method based on the measurements of the amount of adsorbed

matter under the conditions when mass transfer is controlled only by diffusion

through the boundary layer. The obtained results were compared to those of other

authors, correlated and theoretically analysed.
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HI-3. EXPERIMENTAL DETERMINATION OF MASS TRANSFER

COEFFICIENTS IN DILUTE POLYMER SOLUTIONS

A. Dudukovic and S. Копбаг-Durdevic

Faculty of Technology, Novi Sad University, Novi Sad, and Faculty of Technology

and Metallurgy, Belgrade University, Belgrade

The paper deals with experimental investigations of the effect of dissolved

polymers on mass transfer from turbulent fluid flow to the tube wall. Drag coeffi

cients were simultanously determined. It was shown that drag reduction is followed

by mass transfer reduction, whereas these effects proved to appear at approximately

the same Reynolds number. The estimated dependeces of the degree of drag re

duction and mass transfer reduction on the Reynolds number, tube diameter and

polymer concentrations were theoretically analyzed.

HI-4. DETERMINATION OF THE OXYGEN MASS TRANSFER COEFFI

CIENT IN A GAS-SPARGED, STIRRED VESSEL BY THE DYNAMIC

METHOD

V. Veljkovic and D. Skala

Pharmaceutical and Chemical Works „Zdravlje", Leskovac, and Faculty of Technology

and Metallurgy, Belgrade University, Belgrade

The oxygen mass transfer coefficient in an air-sparged, stirred vessel was

determined by the dynamic method which consists of following the change in the

dissolved oxygen concentration after a step change in the concentration in the gas

entering the vessel by an oxygen electrode placed in a bypass. A model for the

dynamic behaviour of the physical system ivestigated was developed and the

oxygen mass transfer coefficient was obtained by the non-linear regression method.

The investigation was carried out in a vessel with four baffles equipped with a turbine

impeller with four flat blades. The measurements were performed in an air-water

dispersion under the following working conditions: intensity of agitation up to

7.0 s_1, and gas flow rate up to 8.5 X 10"5 m3 s-1.

Ш-5. DETERMINATION OF THE COEFFICIENT OF CLEARANCE FOR

DIFFERENT SOLUTES IN THE COURSE OF ULTRAFILTRATION

V. Najdenova, F. Poposka-Pavlovska and M. Brajovid

Faculty of Technology, Skopje University, Skopje

A series of experiments with ultrafiltration under different operational con

ditions was carried out. In the course of these experiments the starting concen

trations of one or more of the dissolved components, transmembrane pressure and

flow of solutions were changed. On the basis of the obtained results the coefficient

of clearance and the transport parameters for each solute as well as the total resistance

to transmembrane transport were calculated. It is shown that mass transfer through

the membrane depends on the nature of the solutes and the presence of other com

ponents in the solutions.



ТГПЬ

HI-6. MATHEMATICAL MODELLING OF BIOCHEMICAL PROCESSES

J. Savkovic-Stevanovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The methodology of the mathematical modelling of biochemical processes

is presented. Mathematical models of the kinetics of enzyme reactions, of pharmaco

kinetics, microbiological and of ecological systems were studied. A comparative

study of deterministic and stochastic models is given for the investigated processes.

The mathematical model of a microbial process was derived. Analysis of the

computed results, obtained by computer simulation of this biochemical process

in batch and continuous reactors, showed that continuous reactors had some advan

tages. The results of this investigation can be used for the design of industrial

bioreactors.

HI-7. DISCRETE TIME AND SPACE MODELLING. NEW SYSTEM

IDENTIFICATION METHOD

L. Awal and G. Jovanovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

In chemical engineering, a monomolecular reaction system is of particular

interest because many important chemical processes are first order or approximately

first order. The characteristic direction method has demonstrated a better way

of determining the reaction rate constants than the conventional curve fitting techni

ques. When the reaction system has many chemical species, the characteristic

direction method becomes very tedious and complicated. The subject of this paper

is to present a method which provides a more accurate and much easier way to

determine the reaction rate constants for any set of simultaneous, parallel or con

secutive, first-order chemical reactions from experimental data.

HI-8. APPLICATION OF THE DISCRETE MAXIMUM PRINCIPLE TO

THE OPTIMIZATION OF COUNTERCURRENT EXTRACTION

J. Savkovic-Stevanovic and M. PeSic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The algorithm and FORTRAN program for finding the optimum operating

conditions of the extraction of acetic acid from toluene using water as a solvent

were derived. The methodology of dynamic programming was applied according

to the min-max of the discrete maximum principle which states that in order to

minimize the objection function the Hamiltonian must be maximized with respect

to the decision variables. A.B. Salem and G.V. Jeffreys applied the discrete maximum

principle to find the optimum temperature for countercurrent extraction. In this

paper the algorithm for finding the optimum phase ratio and maximum profit

was developed. The program and subroutines were written in FORTRAN-IV

and tested on an IBM 1 1 30 computer. The obtained results are very important for

the design of industrial extraction.
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Ш-9. INDUSTRIAL DISTILLATION OF THE ETHANOL-WATER

SYSTEM

J. Savkovic-Stevanovic, M. Krstic and M. Vico Stevanovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade and Pharma

ceutical Industry „Galenika", Belgrade

An industrial distillation packed column was investigated for the separation

of ethanol from material streams of the production assortment of „Galenika".

Separation of the ethanol-water system was simulated on a digital computer by

the Wisniak-Lauterbach mathematical model in a distillation column packed with

Raschig glass rings 15x15 mm to the height of 3000 mm in a batch operation.

The batch distillation was carried out so that the desired composition of the distillate

was achieved through two different distillation policies : by maintaining a constant

reflux ratio and changing the distillate and bottom product composition, and by

changing the reflux гачо and maintaining the distillate composition constant. The

computed results were in good agreement with the experimental ones. All program

and subroutines were written in FORTRAN IV for an IBM 1 1 30 computer and

in BASIC tor a COMMODORE VIC computer.

HI-10. FLUIDIZED BEDS IN A MAGNETIC FIELD

G. Jovanovic, P. Jovanovic and D. V. Vukovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Military

Technical Institute, Belgrade

The application of a magnetic field to a bed of ferromagnetic particles results

in a multiplicity of operating regimes depending on the gas velocity and intensity

and nature of the magnetic field. Magnetic stabilization produces a bed free of

bubbles and with no back-mixing of either solids or gas. We also report on the

behaviour of a partially stabilized bed. A partially stabilized bed behaves like an

ordinary fluid-bed except for the fact that the rheological properties of the emulsion

phase and bubble size change from what they would be if the magnetic field were

completely turned off. By changing the intensity and frequency of the magnetic

field we were able to control bubble size, thus influencing gas mixing, solids mixing

and heat transfer.

POLYMERIZATION OF ACRYLONITRTLE IN A CONTINUOUS

STIRRED-TANK REACTOR

K. Kiranovski and M. Brajovic

Faculty of Technology, Skopje University, Skopje

An experimental investigation of a continuous stirred-tank reactor for the

polymerization of acrylonitrile is presented. The simulation of a mathematical

model of the reactor on an analog computer was also carried out. From the obtained

results the theoretical and experimental dependences of the degree of conversion,

the degree of polymerization and the molecular mass upon residence time, initial

concentrations of the monomer and initiator and upon temperature were determined.



Ш-12. DETERMINATION OF THE CORRELATION COEFFICIENT

BETWEEN THE NECK DOWN SHAPE AND THE DRAWING CONDI

TIONS OF GLASS FIBERS

R. Aleksic and M. Jancic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Starting from experimental results for glass fiber drawing, using mathematical

statistical methods, we determined the correlation coefficients between the neck

down shape and the drawing conditions: temperature, drawing rate and drawing

force of the glass fibers.

HI-13. ELECTRICAL RESISTANCE FURNACE DESIGN FOR GLASS

FIBER DRAWING

R. Aleksic, P. Stajcic and M. Jan6ic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

A complete study of the most important parameters for the design of an

electrical resistance furnace was made and the influence of the height of the hot

zone on the pulling operation was demonstrated. We studied the drawing of glass

fibers utilizing an electrical resistance furnace, specifically, the rate of heating of

a preform, the drawing temperature and inert gas flow through the furnace.

HI-14. INFLUENCE OF ORGANIC POLYMER ADDITIVES UPON

CEMENT HYDRATION AND SETTING

K. Krstulovic, P. Krolo and A. 2mikic

Faculty of Technology, Split University, Split

The influence of polymer additives, sulfonated melamine formaldehyde

condensate and sulfonated naphthalene formaldehyde condensate, upon the Portland

cement hydration process was studied. The experiments were carried out with

different amounts of additives and the setting times for the cement paste samples

of normal consistency were measured. The additives applied showed properties

of superplastifiers and setting retarders. The mass fraction regions in which the

influence of additives is most evident, were determined. The results measured were

compared to the results obtained by means of spectrophotometry in order to deter

mine the additive adsorption properties. It was established that the additives

tested adsorb on the cement particles within the same boundary regions of mass

fraction as was also determined by different setting methods.
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HI-15. INFLUENCE OF ASBESTOS UPON THE CEMENT HYDRATION

PROCESS

T. Feric, D. Toncic and R. Krstulovie

Faculty of Technology, Split University, Split, and Dabnacijacement, Split

The behaviour of domestic asbestos in the hydratation of asbestos-cement

samples was studied. The asbestos quality was determined by means of standard

methods. The mineralogical composition was determined by means of the x-ray

diffraction method and differential thermal analysis, which showed that the samples

are chrysotile asbestos materials. Besides the asbestos components which consist

of clinochrysotile, the samples contain a certain amount ofnon-asbestos components.

After the separation of these components it was established that it contained mag

netite, brucite and calcite. Asbestos-cement hydration was traced by determining

the heat releasing rate by means of the thermos bottle method. The influence of

the increased percentage of the non-asbestos components in the asbestos-cement

samples upon the hydration rate was compared to the hydration rate for pure cement

and unseparated asbestos-cement.

HI-16. TESTING THE POSSIBILITIES OF EXTRACTIVE PHOSPHORIC

ACID DESULPHATIZATION BYMEANS OF TRIPLE SUPERPHOSPHATE

I. Eros and P. Duric

Chemical Industry „Zorka", Subotica

Technical grade phosphoric acid produced by the extraction process consists

of 5—6% sulphate, of which 3—5% is in the form of free H2SO4. When dicalcium

phosphate is produced from this acid, the presence of free sulphuric acid causes

a problem because SO^ also precipitates, together with Ca2+ which is added to

accelerate the sedimentation of CaHP04 -2H20. In this way besides dicalcium

phosphate, CaS04 -2H20 is also produced which makes the product less valuable

because it lower the P2O5 content. In order to reduce and eliminate tree H2SO4

from the extractive acid, tests with many chemicals were carried out with the

goal of precipitating S04~ before СаНР04-2НгО separation. By using triple

superphosphate important results were obtained. It was assumed that Ca2+ from

monocalcium phosphate, which is present in triplex, would react with the free

acid:

Ca(H2P04)2+H2S04^CaS04+2HsP04

and the gypsum produced in this way would be able to be separated by filtration

so that the sulphate content would make only as much as results from CaS04 • 2НгО

solubility in phosphoric acid. The effects of separating tree sulphuric acid were

experimentally tested with 0.8, 1.0 and 1.5 triplex equivalents calculated to all

the present sulphates. The following was observed: precipitate quantity, filtrate

quantity and filtration rate, and from the obtained samples of H3PO4 (from which

sulphate was removed) the P2O5 content, total residual sulphates, free acid and

filtration rate were determined. The results obtained show that 90—95% of free

H2SO4 can be removed by means of triplex provided that the filtration rate of the

separated precipitate is less than that of ordinary gypsum.



Ш-17. EXTRACTION OF COPPER FROM LYES BY THE SOLVENTS

LIX 64N, KELEX 100 AND ACORGA 5100

F. Poposka, 2. Koneska, D. Tonic and A. Grizo

Faculty of Technology, Skopje University, Skopje

The equilibrium and kinetics of copper extraction from sulphuro-acidic

lyes obtained by leaching copper-poor ores from the Bucim region in SR Mace

donia were investigated. LIX 64N, KELEX 100 and ACORGA 5100 were used

as solvents. Previously — on the synthesized solvents — the influence of mixing

rate upon extraction kinetics was investigated. The investigations were carried

out in cyclindrical vessels of the height 15 cm and diameter 3.9 cm with four

buffles. It was found that the number of revolutions above 700 rpm lies in the

region in which hydrodynamics does not influence kinetics any more. On the

basis of this all further investigations were carried out at a mixing rate of 1000

rpm. By comparison of the obtained results for the same operating conditions it

was found that the extraction capacity increases in the following way: LIX 64N,

KELEX 100, ACORGA 51000. This sequence was determined on the basis of

distribution coefficients. The largest value of the rate constant was obtained with

KELEX 100. All of the three investigated solvents show good selectivity for copper

from the investigated lyes. For all of the investigated cases it was found that tem

perature influences the kinetics. However, temperature does not influence the

equilibrium, so the leaching solutions can be extracted without previous heating.



8. TEXTILE ENGINEERING

TI-1. WOOL DYEING AT LOWER TEMPERATURES

D. D&okic and M. Stojanovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Tecxtile

Industry, Grdelica

The possibility of wool dyeing at lower temperatures, in the presence of

selected amines and amides was studied. In experimental investigations domestic

wool in different forms and acid an reactive dyes were used. It was found that

organic additives influence dye exhaustion and that the degree of dye fixation,

by a pad-batch method, is related to the temperature and time of wool treatment.

Possible mechanisms of additive influences are proposed.

TI-2. CHARACTERIZATION OF WOOL DYEING BY DETERMINATION

OF THE DYEING RATE

5. Mladenovic and D. Dzokic

Faculty of Technology, Nil University, Leskovac and Faculty of Technology and

Metallurgy, Belgrade University, Belgrade

The rate constant of wool dyeing Kt was determined, starting from the

equation: /t=/«[l — exp(—Kt/I^)] for a domestic wool dyeing characterization.

The half-dyeing time of wool was also determined for a number of reactive dyes

and acid dyes. It was found that the rate constant (&t)> the equilibrium exhaustion

(/«,) and the half-dyeing time (fi/г) depend on the chemical structure of the dyes,

on additive concentrations and on other dyeing parameters.

TI-3. INFLUENCE OF TWIST ON OE YARN PROPERIES

S. Milosavljevic and T. Tadic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

By varying the primary and secondary twist of ply OE cotton yarn, the effect

of these parameters on its mechanical properties was determined. Application

of the stepwise regression technique to the study of twist influence yields that the

most favourable strength and elongation are obtained in the case of yarns produced

with small primary and medium to large secondary twist.



П-4. PREPARATION OF ASBESTOS FOR SPINNING BY THE CHEMICO-

-MECHANICAL METHOD

S. Milosavljevic, S. Lukic and T. Tadic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Junior

Textile Technical College, Belgrade

A process is presented in which chrysotile can be dispersed in aqueous sus

pension into individual submicroscopic fibriles consisting of aggregates of the

raw material. The separated fibriles may be recovered for spinning and other

various uses.

TI-8. INFLUENCE OF pH ON THE BINDING OF Fe(III) AND Cu(II)

IONS TO COTTON FABRIC

K. Moskaliuk and Lj. Bokic

Faculty of Technology, Zagreb University, Zagreb

Traces of some heavy metals can negatively influence the treatment and

refinement of fabrics. During the bleaching process of cotton fabrics, traces of

iron(III) and copper(II) catalyse hydrogen peroxide decomposition and cause

the deterioration of the fabric. These heavy metals negatively influence optical

bleaching as well as dyeing. The binding of Fe(III) snd Cu(II) ions influenced

by different solution and pH was investigated. The experimental results indicate

that the ion exchange capacity of cotton fabric is dependant on pH and previous

treatment of the fabric. If the ion exchange capacity is higher a higher concentration

of iron (III) and copper(II) on the fabric from the bath can result.



9. ENVIRONMENTAL PROTECTION

ZS-l. CHOICE OF THE OPTIMUM METHOD FOR NITRATE CONTENT

DETERMINATION IN WASTE WATERS

S. Gajic and M. Mijovic

Chemical Industry „Рапсеюо", Panfevo

The aim of this work was to define the optimum method for nitrate deter

mination in waste waters. The nitrogen concentration in nitrate form in wsste

waters of a factory for fertilizer production ranges from a few ppm to 1.5% (max).

The investigations included three spectrophotometric methods and the clasical

distillation method according to Kjeldahl. The two spectrophotometric methods

are based on brucine and sulphonic acid application as the reagents which form,

with nitrate ions, yellow coloured complexes with maximum absorption at 470 nm,

and 530 nm respectively. The third method is based on the direct absorption of

UV radiation. For comparison of the results obtained, classical distillation according

to Kjeldahl was used.

ZS-2. APPLICATION OF ULTRAFILTRATION IN THE FIELD OF

WASTE WATER

E. Sefer

SMELT, Ljubljana

Because of the growing need for enviromental protection and the need for

processes with low energy consumption, ultrafiltration (UF) has become a very

interesting waste water treatment process. UF can be used for the separation of

molecules with molecular weights from 1000 to 100,000 from water solutions,

suspensions and emulsions. In the field of waste water treatment UF is mostly

used for the regeneration of degreasing baths, breaking emulsions and the reco

vering of electrophoretic paint. With UF such good separation of the oil and water

phases is achieved, that the water phase can be discharged into the sewer and the

oil phase can be burned, there is no need for chemicals, very low energy consumption

and a smaller surface for the instalation ofthe plant is needed, no secondary pollution

with breaking salts, and no problem with treatment and disposal of the oily phase.
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ZS-3. CONTRIBUTION TO THE STUDY OF THE ECOLOGICAL

CONDITION OF THE TIMOK RIVER BASIN

B. Ristic and M. Ristic

Belgrade University, Technical Faculty at Bar

The results of investigations regarding the contamination of waters from the

Timok region are shown in this work. A five year investigation showed that the

Timok river basin was highly endangered. The irresponsible behaviour of subjects

contributing to the contamination of Timok waters, has led to a serious problem

in the water supply of the population of the Timok region which was already seen

in this drought year 1983. Zones were established in which water was of such

quality that it was useless for the water supply of settlements, as well as of qualities

where it was necessary to perform thorough water refining. Water contamination

carriers were also recognized which, under the present working conditions, seriously

disturb the ecological balance ot the Timok river basin. The results of our investi

gations show that it is high time to start applying legal and other additional measures

which would contribute to the provision of such water quality necessary for the

preservation of the ecological balance of the living world, also including man, as

the main living representative of the ecological system of the Timok river basin.

ZS-4. EFFICIENCY OF ARSENIC ADSORPTION ON MAGNESIUM

OXIDE IN STATIC AND DYNAMIC SYSTEMS

S. M. Stevanovic, M. V. Mitrovic and Lj. V. Rajakovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The adsorption of arsenic from arsenic salt solutions on solid MgO was

investigated. The effects of static adsorption, by disperse contact, and dynamic

adsorption in a chromatographic system, where MgO is one of the components

of the complex adsorption — ion exchange paper, were analysed. The equilibrium

quantity of As adsorbed on the unit mass of the adsorbent and the minimum quan

tity of the adsorbent which practically removes As from an As solution of 1.3 x 10~3

mol/dm3 were experimentally determined. In the dynamic system the optimum

percentage of MgO, as a component ot the adsorption — ion exchange paper,

was determined as well as the degree of initial concentration reduction. Experiments

were carried out with As salts in distilled water and in polluted surface water,

respectively.

ZS-5. ANALYSIS OF SORPTION FILTERS FOR THE REMOVAL OF

CYANIDES FROM WATER

Lj. V. Rajakovic and M. V. Mitrovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Cyanides were removed from water by the application of adsorptive ion

exchange and chemisorptive active filters, or combinations ofthese filters. A dynamic

flow chromatographic system was applied. Outlet concentrations of CN~, as a
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function of water volumes, were analysed for different sorption systems, the initial

CN~ concentrations and water flow rates through the filter. Based on this analysis

and on assumed reaction mechanisms of CN~ with active components of the filter,

dynamic models of pollutant migration and bonding in the filter were obtained.

Experiments were carried out with cyanides in distilled water and in polluted

surface water, respectively.

ZS-6. ORGANIZATION OF THE MEASUREMENTS OF OXIDANTS

IN THE ATMOSPHERE OF BELGRADE

Z. Vukmirovic, D. Markovic and D. Veselinovic

Hydrometeorogical Institute of the Socialist Republic of Serbia, Belgrade and Faculty

of Science, Belgrade University, Belgrade

Characteristics of the formation of oxidants in the atmosphere of Belgrade

were determined from continuous, two year measurement in the warm periods of

the year. During clear days the dynamics ot oxidant formation follows the Sun's

revolution, with the maximum sometime after solar noon and with the minimum

after 6 P.M. Episodic measurements showed high oxidant concentrations in some

parts of the town already from 6 to 8 A.M. due to the transportation of nitrogen

oxides from Pancevo during the night, and to the emission from traffic in the early

morning hours. During the years, episodes of high concentrations may appear

first in April, and then in early and late summer months, and especially in September.

Maximum concentrations are not excluded even in October. Taking into account

the results of these observations systematic measurements should be organized

at stationary points, also paying special attention to episodic measurements at

specific points in the town.

ZS-7. DETERMINATION OF AIR CONCENTRATIONS OF OXIDANTS,

SULPHUR DIOXIDE, HYDROGEN SULPHIDE AND HYDROGEN

CYANIDE

V. Bojovic, D. Veselinovic and D. Markovic

Faculty of Science, Belgrade University, Belgrade

An electrochemical system for continuous determination of air concen

trations ot oxidants, SO2, H2S and HCN were designed. Electrochemical cells

with platinum and silver electrodes were used respectively tor the detection of

oxidants, SO2 and H2S, and HCN. The change of the redox potential of the Pt

electrode and ot the potential of the Ag indicator electrode is a logarithmic function

ot the air concentrations of the corresponding polutants. The detection limits are:

for oxidants 0.5 (Ag/m8. for SO2 40 |ЛП3, for H2S 20 fxg/m3 and HCN fig/m3 ,



ZS-8. LOW CONCENTRATION SOURCES OF OZONE, SULPHUR

DIOXIDE AND HYDROGEN CYANIDE IN USE FOR THE CALIBRATION

OF DETECTORS

V. Bojovic, D. Veselinovic and D. Markovic

Faculty of Science, Belgrade University, Belgrade

Low concentration sources of ozone, SO2 and HCN suitable for the cali

bration of detectors for the continuous determination of air concentrations of

these pollutants were developed. Ozone is produced in an ozonizer with UV radia

tion, in the range from 1 to 760 (xg/m3 at 1 1/min air flow. SO2 sources are based

on liquid agent diffusion through a porous membrane. A series of standard sources

with emission intervals from 0.01 to 10 (xg/min was produced. Sources of constant

HCN concentration, in the range 3 x 10~2 (ig/m3 to 15 mg/m3 are based on the

dependence of the HCN partial pressure on KCN concentration in an alkaline

medium.

ZS-9. INVESTIGATION OF THE ORIGIN OF ACIDIC PRECIPITATIONS

IN BELGRADE

S. Rajsic and Z. Vukmirovic

Faculty of Science, Belgrade University, Belgrade, and theHydrometeorobgical Institute

of the S.R. of Serbia, Belgrade

The contents of sulfate, nitrate and hydronium ions were determined in

24-hour precipitation samples collected at the Meteorological Station Vracar-

-Bcograd. In the observed period, from April 1980 to March 1981, the precipitations

were mostly acidic. By using regression analysis it was shown that the rain acidity

in the summer period is caused by nitric rather than sulfuric acid, indicating

that the atmosphere is polluted by nitrogen oxides.

ZS-10. APPLICATION OF MULTI-REGRESSION ANALYSIS

FOR DETERMINING ION INTERCONNECTIONS IN PRECIPITATIONS

Z. B. Vukmirovic

Hydrometeorological Institute of the Socialist Republic of Serbia, Belgrade

The contents of the cations: H+, K+, Na+, Ca2+, Mg2^, NH4 and anions:

SO?,-, NOJ, Cl~, HCO3, were determined in 24-hour precipitation samples

from the Special Meteorological Station Tamnava in the Kolubara-Tamnava

region. It was shown that stoichiometric analysis was not sufficient for the deter

mination of ion interconections. By using multi-regression analysis it was established

that the acidity of the precipitations mainly comes from H2SO4. By using the same

analysis it was found that the NHi ion is not significantly connected with either

SO|~, NOJ or Cl~ ions, which indicates its origin from nearby ammonia sources.
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ZS-11. INVESTIGATION OF THE POSSIBILITY OF UTILIZING

SODIUM CARBOXY-METHYLCELLULOSE AS A FLOCCULATION

AGENT

S. Duric

Waterworks, Cacak

The possibility of utilizing sodium carboxymethylcellulose (CMC) as a

flocculant was investigated and technoeconomic and sanitary analyses were made.

The most common flocculants used in the processes of coagulation and flocculation

are: active silica, polyacrylamide, sodium aliginate and bentonite. Carboxymethyl

cellulose belongs to the group of the ionic type cellulose ethers and has the pro

perties of a carboxylic acid, i.e. its salts. Because of its physical and chemical pro

perties it is applied in almost all industrial fields. Three samples ofCMC of domestic

production, known by the name Lucel, produced by the „Milan Blagojevic" Che

mical Industry, Lucani were used for investigations. The efficiency of Lucel as

a flocculant was followed by: turbidity decrease, UV extinction, permanganate

consumption, flocculus size, sedimentation rate and heavy metal removal. Com

parative results with the polyelectrolyte As produced by the „2upa" Chemical

Industry, KruSevac and bentonite from Kriva Palanka are given.

ZS-12. FILTRATION AND ADSORPTION CHARACTERISTICS OF

SOME MATERIALS

2. 2ivanov, Z. Hain and S. Marie

Faculty of Sciences, Novi Sad University, Novi Sad

Filtration and adsorption are shown to be most effective in removing dispersed

and dissolved organic substances from ground waters. Filtration and adsorption

characteristics of various materials, such as activated carbon, anthracite, hydro-

anthracite, natural zeolite, volcanic earth and ceramsite were studied. Adsorption

isotherms and the basic parameters of adsorption as well as the filtration cycles

of mono and multi — medium filtration are presented.

ZS-13. POSSIBILITIES FOR OBTAINING SOME PROFITABLE

PRODUCTS FROM WASTE WATER DURING GALVANIZATION

T. Todorovski, I. Spirevska and K. Jankovska

Faculty of Chemistry, Skopje University, Skopje

Copper was separated from the waste water taken from the factory „Heroj

Toza Dragovic", which was obtained during galvanization. This separation was

carried out by cementation which was done by the use of iron in acid media (H2SO4)

at different conditions. Those conditions were: temperature, time, specific area

ot the iron used in cementation, pH value of the media and the presence of some

ions. In this way, the optimum conditions for the separation of copper by the

cementation of waste water were found. At the same time, a possibility for the

separation of chromium and nickel was developed.



ZS-14. EFFLUENT WATER PROTECTION AGAINST POLLUTION BY

COPPER IONS DURING COPPER MELT GRANULATION

P. Todorovic and D. Kovacevic

Chemical Industry „Zorka", Sabac

Possibilities were investigated for effluent water protection against pollution

by copper ions during copper melt granulation in the blue copperas plant. It was

established that, depending upon the effluent water pH value, the copper content

in effluent water ranges from 20 to 50 mg/1. Three possibilities were determined

for copper content in effluent water to be made less than 1 mg/1 at a 7.5±0.5 pH

value. Two possibilities — increasing cooling water flow or reducing copper melt

flow were abandoned for having adverse effects on plant capacity. The third possi

bility, that of maintaining the pH value at a required level by keeping existing

operating conditions (flow, temperature), was achieved by introducing lime milk

suspension into cooling water that goes into the granulation process. This possibility

was carried out in industrial conditions. By carrying out the procedure for effluent

water protection, the following res Its were achieved:

— effluent water protection and reduction of copper ion concentration

to 1 mg/1

— air protection at working spot (more than 5xS02 reduction)

— saving in copper consumption (copper remains on the heap)

— easy and simple construction of process equipment

— financial effects: by introducing 2 kg of CaO technical, 1 kg ot Cu is

obtained.

ZS-15. A RAPID METHOD FOR DETERMINATION OF HYDROGEN

SULPHIDE IN WATER

D. Jovanovic

Hydromeleorologic Institute of the S.R. of Serbia, Belgrade

The content of hydrogen sulphide in water can rapidly be determined by

the addition of the lead acetate reagent to the water sample. The reagent contains,

beside lead acetate, other ingredients. The intensity of the turbidity, created in

this way, is measured by a spectrophotometer or colorimeter.

ZS-16. INFLUENCE OF A JALOUSIE TYPE DISTRIBUTOR ON THE

DISTRIBUTION OF FUMES FLOWING FROM A STACK

S. Koncar-Durdevic, D. Vignjevic and P. Kojic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Because of the complex streaming fields which are formed around a prismatic

building with a stack, recurrent streams are formed on the upper surface as well

as in the space behind it. This causes intensive pollution of the upper surface and
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the leeside of the building. To relieve or avoid this unfavourable effect the possi

bility of applying a jalousie type distributor of fume gases was studied. The study

was done on reduced physical models with flexible elements in a hydraulic channel

with laminar (Re=2200) and turbulent (Re= 12500) flow regimes; the coloured

jet technique and the dynamic adsorption method were used. In the experiments

the following was varied: the height of the stack; the position of the stack and

distributor as well as the velocity of the fume gases in order to find the most favou

rable effects — least possible pollution of the space behind the pollutant source.

It was found that the distributor is most efficient when it is placed immediately

before or behind the stack, and when the leaving velocity is greater and the stack

higher. The results of the study are given in the form of schemes and photographs.
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SEPARATION AND IDENTIFICATION OF SEROTONIN, 5-HYDROX-

YINDOLEACETIC ACID, L-DOPA, METHYLDOPA AND CARBIDOPA

BY THIN-LAYER CHROMATOGRAPHY ON SILICA GEL

GORDANA A. MILOVANOVIC and MOHAMAD AZZAM SEKHETA

Institute of Chemistiy, Faculty of Science, Belgrade University, P.O.Box 550, YU-11001

Belgrade, Yugoslavia

(Received 13 September 1983)

A thin-layer chromatographic method on silica gel is described for the sep

aration and identification of serotonin, 5-hydroxyindoleacetic acid, L-dopa, methyl-

dopa and carbidopa. A solvent system consisting of и-butanol-amyl alcohol-dioxane-

-acetone-2.5 mol dm-8 acetic acid (50:20:10:15:5) is proposed. Identification was

performed by the use of ninhydrin, for serotonin and 5-hydroxyindoleacetic acid,

and p-dimethylaminobenzaldehyde, for L-dopa and its derivative?.

Since serotonin, its metabolite 5-hydroxyindoleacetic acid, as well as L-dopa

and its derivatives, methyldopa and carbidopa, represent important physiologically

active substances, their analysis in biological material is of special interest. How

ever, chemical similarity of the aforementioned substances imposes the problem

of their separation.

For the separation of serotonin from 5-hydroxyindoleacetic acid in mixture

with catechols and indoles, different chromatographic methods are developed,

liquid chromatography with fluorimetric or amperometric detection1-3, HPLC

with electrochemical detection4-6 and ion exchange7 being mainly used. For the

separation of L-dopa from serotonin HPLC with electrochemical detection8 and

ion exchange9 are also used.

On the other hand thin-layer chromatography has so far been little applied,

mostly for the separation of some of the aforementioned substances from cate

cholamines and some other biogenetic amines. Thus, serotonin was separated

from a number of biogenetic amines10, from dopamine, adrenaline and noradrena

line11, and from adrenaline and noradrenaline12.13, respectively, whereas 5-hydrox

yindoleacetic acid and L-dopa were separated from mixtures of catecholamines,

their metabolites and serotonin metabolites14-15.

As no attempt has been made to separate serotonin, 5-hydroxyindoleacetic

acid, L-dopa, methyldopa and carbidopa, in this paper we propose thin-layer

chromatography on silica gel, taking into account the simplicity of this method.

EXPERIMENTAL

TLC separations were carried out with silica gel H (Type 60, E. Merck, Darmstadt, F.

R.G. ). Chromatographic plates (20 X 20 cm and 1 3 x 20 cm) were coated with 300 tun thick

layers; a mixture of 35 g of silica gel and 85 cm8 of water was sufficient for coating 5 or 8 plates,

1
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respectively; the coated plates were dried in the air overnight. Solutions of -investigated sub

stances were chromatographed in parallel with their mixtures. These solutions were applied

to plates by means of capillary tube (2.5 ul) and the spots were dried in the air. The development

was carried out in commercial tanks for 20 cm plates, for 1.15 — 4 h, at 20° C.

For the detection of serotonin and 5-hydroxyindoIeacetic acid, a solution of 0.2 g of nin-

hydrin in mixture of n-butanol and 10% acetic acid (95:5) was used. After spraying, the plates

were dried at 105° for 10 min. Serotonin and 5-hydroxyindoleacetic acid appeared as violet and

orange spots, respectively. For the detection of carbidopa, the plates were sprayed with 1% so

lution of p-dimethylaminobcnzaldehyde in 5% hydrochloric acid, giving rise to lemon-yellow

spots. L-dopa and methyldopa were detected by means of a neutral or slightly alkaline solution

of the same reagent (the latter was neutralized with sodium hydroxide); L-dopa and methyldopa

appeared as yellowish-brown and greyish-violet spots, respectively.

TABLE I. Solvent systems used for the separation of serotonin, 5-hydroxyindoleacetic acid,

L-dopa, methyldopa and carbidopa by TLC on silica gel H

No. Composition Proportion (v/v/v)

1 n-Butanol-acetone-2.5 mol dm-3 acetic acid 60:20:20

2 n-Butanol-acetone-2.5 mol dm-3 acetic acid 70:20:10

3 Amyl alcohol-acetone-2.5 mol curr3 acetic acid 70:25:5

4 n-Butanol-dioxane-2.5 mol dm-3 acetic acid 70:20:10

3 n-Butanol-amyl alcohol-dioxane-acetone-2.5 mol dm"3 acetic acid 50:20:10:15:5

6 Amyl alcohol-acetone-dioxane-2.5 mol dm-3 acetic acid 70:15:10:5

7 n-Butanol-acetone-dioxane-2.5 mol dm-3 acetic acid 70:15:10:5

Solvent systems for the development and reagents for the detection were prepared with

p. a. chemicals.

Solutions of serotonin-creatinin sulphate (Fluka), L-dopa (MSD), methyldopa (Phar-

macochemical Works, Budapest) and carbidopa (MSD), respectively, were 1 x 10~2moldm~3.

TABLE II. Rt values obtained for the TLC separation of serotonin, 5-hydroxyindoleacetic acid

L-dopa, methyldopa and carbidopa on silica gel

Substance Rt x 100

1 2 3 4 5 6 7

Serotorin 72 56 44 28 73 38 76

5-Hydroxyindo-

lescetic acid 95 87 98 84 84 70 94

L-Dopa 55 33 14 18 11 IS 20—30*

Methyldopa 65 38 21 33 18 23 43

Carbidopa 90 83 93 36—81* 34 65 90

* In the case of diffuse zones the Rt values of both ends of the spots are given.

RESULTS AND DISCUSSION

For the chromatographic separation of serotonin, 5-hydroxyindoleacetic

acid, L-dopa, methyldopa and carbidopa, a great number of solvent systems was

examined, and those which afforded the best results are given in Table I. Rt values

obtained by the use of the solvent systems given, are presented in Table II. As

seen, by the use of solvent systems 4 and 7 diffuse zones were obtained for carbi

dopa and L-dopa, respectively. Except in the case of solvent system 5, carbidopa
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and 5-hydroxyindoleacetic acid exhibit only slightly different Rt values. On the

basis of these results it can be concluded that the best separation of all the investi

gated compounds was achieved with solvent system 5 (Fig. 1).

* О

Figure 1. TLC of L-dopa (1), methyldopa (2), carbidopa

(3), serotonin (4), 5-hydroxyindoIeacetic acid (5) and

their mixture (6) on silica gel H. Solvent system:

n-butanol — amyl alcohol — dioxane — acetone

— 2.5 mol dm-3 acetic acid (50 : 20 : 10 : 15 : 5).
I 2 3 4 S •
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ИЗВОД

OUBAJAIbE И ИДЕНТИФИКАЦИИ СЕРОТОНИНА, 5-ХИДРОКСИИНДОЛСИР-

ЪЕТНЕ КИСЕЛИНЕ, L-ДОПА, МЕТИЛДОПА И КАРБИДОПА ХРОМАТОГРА-

ФЩОМ НА ТАНКОМ СЛ01У СИЛИКА-ГЕЛА

ГОРДАНА А. МИЛОВАНОВИВ и МОХАМАД АЗАМ СЕХЕТА

XemijcKU инсшишуш, Природно-машемашички факуяшеш, Универзишеш

у Eeoipagy, 11001 Београд

Описана je метода за одва)ан>е и идентификаци)у серотонина, 5-хидроксииндол-

сирКетне киселине, L-допа, метилдопа и карбидопа, применом хроматографов на танком

oiojy силика-гела. За одва)ан>е je предложен систем растварача kojh садржи п-бутанол-

амнл алкохол-диоксан-ацетон-2,5 mol dm-3 сирЬетну киселину (50:20:10:5). Идентифика-

u#ja je вршена нинхидрином (серотонин и 5-хидроксииндолсирЬетна киселина) и р-ди-

метиламинобензалдехидом (L-допа и деривати).

(Примл>ено 13. септембра 1983)
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The plant species Peucedanum austriaca (Jacq) (fam. Umbelliferae), collected

on Stolovi Mountain (W. Serbia), contained three isomeric pyranocoumarin esters

1—3 (khellactones esterified in positions 3' and 4' with 2,3-epoxy-2-methylbutyric

acid), pyranochromone 4 and furanochromone 5. Alkaline hydrolysis of /, 2 and

3 afforded only two glycols, cis and frans-khellactones б and 7, respectively. This

data and the corresponding stereochemistry involved are discussed.

In addition to essential oils, furanocoumarins and pyranocoumarins are

characteristic constituents of a great number of species of the family Umbelliferae

(subfam. Apicidee). Many polyacetylenic compounds, especially C-17 polyines,

aromatic acids, flavonoids, phenol derivatives (including polyphenols), and py-

rones, triterpenes, sesquiterpene lactones, sapogenins, alkaloids, mucic acids and

sugars were also isolated1. It was also established that certain coumarins isolated

from the family Umbelliferae exhibit specific and strong physiological activities,

such as toxicity for fishes, photosensitizing, spasmolytic, vasoconstrictive, hemor

rhagic and other activities. In this paper we report the occurrence of some new

constituents (3, 4, and 5) belonging to these series and the stereochemical relation

ship between the khellactone esters /, 2, and 3.

RESULTS

The plant species Peucedanum austriaca (Jacq) from the genus Peucedanum

has not been extensively investigated in the past. Crowden et al? isolated from

this plant rutin, quercetin and kempherol, the well known flavones, while Ko-

zowska et al. reported isolation of 7-((3-D-glucopyranosyloxy)-5-hydroxy-2-methyl-

-chromone3. Although no mention of the existence of pyrano- and furanocoumarins

(which, similar to sesquiterpene lactones, can be also considered as chemotaxonomic

units) in this plant could be found in the literature, the occurrence of these active

principles could be anticipated based on the known finding that these structural

units, oxidized in different positions and esterified with various acids, are charac

5
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teristic for the genus Laserpitium. Thus, a more thorough investigation of Peuce-

danum austriaca (Jacq) seemed to us appropriate and justified.

. slusl'ances (1-3) isolated from i'el ckd.wim ai striaca (jacq)

(l'miiellifehae)

 

ro

OCH, 0
 

CH2OH

IA1CH

I H(0)

STEREOISOMERS: Kl IEI LACTONES OBTAINED BY ALKAUNE HYDROLYSIS OF

NATURAL ESTERS (1-3)

  

8. R' = -COCH(CM3)CH,CH3; R" = -COCH3 (V1SNAOIN)

9. R'—COCH-C(CH ) 5 R" = -COCH3 (SAMIDIN)

0 10.R'—COCH CH(CII ) j R" = -COCH3(UIHYDROSAMlDlN)

 

11. R'-R"=-COC(CH3) =CH(CH3) (ANOMAL1N)

0 12. H'=-C0C(CII3) = C1I(CI13); H" = -COCH-C(CH3)0

(PEUFORMOSIN)

Scheme 1

By a simplified procedure regularly employed in our laboratories4'5 (see

Experimental), from the purified extract of Peucedanum austriaca we isolated
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by column chromatography over SiC>2 five crystalline substances (1—5) whose

structures were identified mainly by interpreting their spectroscopic data (UV,

IR, NMR and MS), but also some simple chemical transformations.

The fraction eluted with a benzene-ether (8 : 2) mixture afforded a mixture

of three crystalline products (TLC) (У—3), having the same molecular formula

СнНгвОв (elemental analysis and mass spectrum). The substance 1 has a melting

point of 210°, [a]*}-3 + 20.5° (c = 0.5 in CHC13). The presence of the coumarin

portion in the molecule was indicated by the UV spectrum: [UV (MeOH) : 207

nm (22,770), 295 nm (7260) and 326 nm (11,220)]. The stretching vibrations

in the IR spectrum at 1760 and 1740 cm-1 were the proof for the presence of the

ester carbonyl and the у_РУГ<>пе ring. Further, absorptions at 1630, 1610, 1570

and 1500 cm-1 correspond to the С = С bond, and the bands at 1260 and 855

cm-1 to С — О vibrations. The NMR spectrum (Table I) and the mass spectrum

of product / both support that this compound is a dihydropyranocoumarin de

rivative, namely the ester of khellactone with 2,3-epoxy-2-methylbutyric acid6.

The mass spectrum (probe) 70 eV, m\e rel. int. : 458 [M+ (70)], 400 (13), 343

(28), 342 (4), 245 (93) and 228 (100%).

The second product 2 has a melting point6 of 180°, [a]g + 78° (c = 0.46>

CHCls); UV (MeOH): 217 nm (14,160), 293 nm (7940); and has an almost iden

tical IR spectrum as the product / : 1760, 1740 cm-1 vibrations for С = О, 1630,

1615, 1580, and 1500 cm-1 for С = С, and slight differences are observed only

in the 1300—800 cm"1 legion (peaks at 1270, 860, 855 cm-1). Mass spectrum

(MS) : 458- [M+ (39)], 400 (17), 343 (16), 245 (76), 228 (100%).

The substances / and 2, with almost identical physical and spectroscopic

data, were also isolated from the plant species Laserpitium archangelica Wulf and

were identified as esters of the glycol khellactones 6 and 7 (dihydropyranocoumarin

derivatives with 2,3-epoxy-2-methylbutyric acid residues on C-3' and C-4').

It was also suggested that thco were cis-trans stereoisomers1.

The third stereoisomer 3 is now reported for the first time. It melts at 163°,

and has specific rotation [a]^ -70° (c = 0.52, CHCls); UV (MeOH) : 218 nm

(1276), 295 nm (9050), 327 nm (13,460). IR spectrum : 1770 and 1740 cm-1

(C = O), 1620, 1580, 1570 and 1500 cm-1 (С = С double bond), 1260 and 857

cm-1 (С -O vibrations). MS : 458 [M+ (36)], 400 (13), 343 (27), 342 (26), 245

(89), 228 (100%)*

The NMR spectra of all three compounds /—3 are tabulated in Table I**.

It can be seen that characteristic protons under the ester groups on C-3' and

C-4', i.e. at both asymmetric centres, are located at 5.40 and 6.63 ppm in /,

at 5.42 and 6.60 ppm in 2, and at 5.48 and 6.70 ppm in 3, respectively. They ap

peared always as doublets with the same coupling constant of J = 5Hz (ae', i.e.

axial-quasiequatorial coupling in the dihydropyrane ring system). Since the cou-

* For all three steroisomers 2, and 3) the base peak (m/e) of 228 mass units represents a

molecular ion (M+ 458) minus two 2,3-epoxy-2-methyltutyric acid residues (M+ — СкНцОв)

** See monography on spectroscopic data (UV, IR, NMR) of coumarins, chromones andxarth-

ones: M. E. Perel'son, J. H. Sheinker and A. A. Savina, ,,Spektry i Strceme Kumarinov,

Khromonov i Ksantonov", Ed. ,,Medicina", Moscow 1975; R. D. H. Murray and P. H. Cabe,

..Infrared Studies of Chromones", Tetrahedron, 25, 5819—51 (1969).
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pling constants are same for all three compounds (/—3), in this particular case

they could not be used as diagnostic for elucidation of the proposed cis-trans iso

merism on the asymmetric centres, C-3' and C-4'.

However, when different acid residues are used as esterifying moieties of

3' and 4' OH functions of khellactones the situation is somewhat different. Thus,

Lemmich et a/.8 have shown for a number of khellactone derivatives that in case

of cis isomers the coupling constant between C-3' and C-4' protons is always

the same (amounting 5 Hz), while in case of trans derivatives, Jy-v it ranges from

3.0 to 6.9 Hz (Table II)*:

TABLE II

Compound

t-dimethyl groups Jtf-4t Solvent

1.31 and 1.51 6.9» CDCls

1.38 and 1.46 4.4 CDCls

1.33 and 1.43 3.5 CDCls and ССЦ

1.40 and 1.48 3.0 CDCh

1.41 and 1.44 5.0» CDCls

1.40 5.0 ecu

1.42 5.0 ecu

1.39 5.0 ecu

1.43 5.0 CDCls

tranj-khellactone

frans-diacetylkhellactone

tram-disenecioylkhellactone

irans-methylkhellactone

m-khellactone

ей-disenecioylkhellactone

pterixin

as-3'-acetoxy-4'-senecioyloxy-3',4'-di-

hydroseselin

cw-methylkhellactone

a) Hydrogen of the hydroxyl group replaced by deuterium.

The fact that coupling constants Jv-i> for the cis isomers are always 5 Hz,

indicates that these molecules always occupy only one conformation, an this was

also confirmed by the application of the dibenzoate chirality rule and by NMR

analysis conducted by other authors11. Namely, Yamada et al.n, excluded the

possibility of the equilibrium between two cis conformations for the derivatives

of cw-khellactones, and established that these derivatives are in conformation

I of the two possible conformations.

 

R=-c-£>ci

 

OBz
OBz

BzO

 

Positive chiralitv Negative chirality

*Some differences are also observed in the coupling constants of the дои-dimethyl groups at

the position C-2\
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As can be seen, in conformation I the C-3' atom is above the plane of the

molecule and, therefore, C-3' and C-4' substituents have a positive chirality.

For the as-di-p-chlorobenzoyl khellactone the circular dichroism curve (CD

curve) has a positive Cotton effect, and this can be used as a proof that the di-

benzoate is only in conformation I, thus excluding the possibility of the confor

mation equilibrium proposed by Lemmich tt a/.8 On the contrary, in conforma

tion II the C-3' substituent is below the plane thus causing the negative chirality.

On the other hand, since the coupling constants in case of rraw-khellactones

(Table II) vary, it may be concluded that depending on the nature of esterifying

groups; various distorted conformations are possible which force the angle between

the C-3' and C-4' protons to vary. Also, for the frans-di-p-chlorobenzoylkhel-

lactone, a negative Cotton effect has been established11.

As shown in Scheme I, /, 2 and 3 represent esters of glycol, known as khel

lactone7, esterified, in our case, with 2,3-epoxy-2-methylbutyric acid. The esters

of khellactone 6, but with some other acids, such as acetic, (3,(3-dimethyIacrylic,

isovaleric, a-methylbutyric and angelic acids, have been already isolated from

many plant species7-9. Some of them, isolated from the plant species Arrmi visnaga

L. (Umbelliferae) and named visnadin 8, samidin 9 and dihydrosamidin 10: have

been shown to be mixed esters of the khellactone 6 with acetic acid at C-3', and

with a-methylbutyric, p,(3-dimethylacrylic and isovaleric acids at C-4.7.

Schroeder and coworkers7 have also established that during alkaline hydrolysis

of visnadin 8 and samidin 9 epimerization occurs only on C-4', and thus a mixture

of (+)-cis 6 and (—)-rrans-khellactones 7 is obtained.

Further, mainly on the basis of optical properties and oxidation reactions,

the same authors7 assigned the 3' (S), 4' (S) absolute configurations to natural

khellactone esters visnadin 8 and samidin 9. These results were opposed by the

work of Lemmich et al.s who converted by hydrogenolysis visnadin 8 into lomatin

which is known to have an R absolute configuration at C-3'. Since in this reac

tion only the ester group on C-3' reacted, they proposed the 3' (R), 4' (R) con

figuration for (+)-cw-khellactone and the 3' (R), 4' (S) configuration for (—)-

-nwu-khellactone. As a conclusion, these authors suggested that all natural esters

of khellactone had (+)-cw-configuration ф,Р), with the exception of anomalin

// and peuformosin 12 (Scheme I), which are ester derivatives of (—)-m-khellac-

tone, and, therefore, have 3' (S), 4' (S) (a,a) configuration. Unfortunately, neither

anomalin 11 nor peuformosin 12 have been subjected to hydrolysis experiments10.

In order to establish some correlation between Schroeder's research7 and

our work, we subjected our dextrorotatory esters 1 and 2 to hydrolysis. The al

kaline hydrolysis was performed either in dioxane-water solution or by heating

on a water bath with aqueous 5% KOH* and afforded, in both cases mixtures

of cis and tranj-khellactones (as oils) having specific rotations ranging from +20

to -f 28° and, therefore, an estimated ratio of cis : ггаш-khellactones of about

50 : 50. Both mixtures were separately chromatographed on Si02 columns and

yielded pure (+)-w-khellactone 6, melting at 173—174°, [<x]{? + 88° [Ht.7mp,

174—175°, [a]2° + 80.9°], and pure (-)-£rcws-khellactone 7, melting at 185°

♦Methanolysis with epimerization at C-4' occurred if hydrolysis was effected in methanol

solution.
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[а]1» -22.3° [lit.imp 185—186°, [а]£ -18°]. Thus, results obtained are in full

agreement with Schroeder's hydrolysis of visnadin and are taken as a final proof

for the configurations assigned to esters 2 and 3 in Scheme 1.

Now, what is the configuration of the third isomer 3 melting at 163°? The

specific rotation measured 70°) suggests that this product might be an

optical antipode* of the ester 2 and, therefore, a tentative configuration shown

in Scheme 1, (similar to configurations of anomalin II and peuformosin 12) has

been ascribed to this isomer [with cis (а,а) orientations of the substituents on

the two carbon atoms of the dihydropyrane ring]. Bearing in mind the results

obtained in the hydrolysis of the esters 1 and 2, we hoped that alkaline hydrolysis

of the isomer 3 would afford the mixture of the two new khellactones, one with

(—)-cis-y (S), 4' (S) and the other with {+)-1гат-У (S), 4' (R) configuration.

However, alkaline hydrolysis of 3, effected under similar conditions as with

the esters 1 and 2, afforded an oil with specific rotation of +25°, which after chro

matography on a SiOe column, and elution with the benzene-ether 9 : 1 and 8 : 2

mixtures, gave two crystalline colourless products. The first melted at, 180° [a]*°

+90.6°, and the second at 192°, [a]™-29-.3°. Both products had molecular for

mulas of khellactone, C14H14O5, and gave no depression of melting points when

mixed with authentic samples of 6 and 7, respectively. We also prepared the corre

sponding diacetates (Ру/АсгО) which had closely comparable melting points and

specific rotations with those reported in literature for diacetates of khellactones

б and 77. Thus, the configuration of the ester 3 has not been confirmed in these

hydrolysis experiments, and affirmative data which would eventually support

this configuration is yet to be found.**

In addition to the natural esters of khellactones with 2,3-epoxy-2-methyl-

butyric acid (1,2 and 3), continued elution of the column with the benzene-ether

(1 : 1) mixture furnished another crystalline colourless substance, melting at 122°,

M2*- 33.5°, of the molecular formula C21H24O7. This substance had the following

spectral characteristics: UV spectrum XM=°H 210 nm (22,390), 235 nm (22,190),

257 nm (19,950) and 285 nm (9550), these maxima being diagnostic for Y-pyrone

and aromatic rings; IR spectrum: 1750, 1730 (ester C=0), 1680 (y-pyrone),

1660, 1620, 1450, 1400 (C=0), 1260, 1020, 850 (С—O) cm"1; Mass spectrum:

338 [M+(57)], 289 (10), 272 (25), 257 (100); NMR spectrum (60 MHz, TMS,

CDCI3, S ppm) : 5.91 (lH,s, C-3), 6.36 (lH,s, C-8), 5.11 (1H, t, / = 5.5Hz,

C-3'), 2.89 [1H, q, J = 5.5Hz), СНз (B)], 2.25 [3H, s, CH3 (C)], 2.85 [lH,q,

/ = 5Hz, H (B)], 3.85 [3H, s, C-5 (OCHs)].

This spectral data helped to identify this substance as a dihydropyrano-

chromone derivative shown by formula 4 in Scheme 1. It should be noted that

*In these configuration considerations the influence of the two other asymmetric centers on

the carbon atoms which are building units of the oxirane ring of the ester moiety has not been

taken into account, because it is strongly believed that these two chiral centres can not signif

icantly contribute to the total rotation power of the molecule. On the other hand, optical

antipodes were not isolated yet from one single plant species.

**Our X-ray crystallographic analysis12 confiimed the absolute configuration of the

khellactone ester 2 (Fig. 1) of a melting point 180°, [<x]g + 78.3°, as 3'(R), 4'(R), (P,0),

such being in accordance with the statement of Yamada et al11 based on CD stydies. Unfortu

nately, the crystals of the two other lactones / and 3 were not suitable for X-ray crystallographic

studies, so the whole problemc could not \s e definitively solved by this exact method.
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in this compound the C-3' position of the pyrane moiety is also esterified with

2,3-epoxy-2-methylbutyric acid, like in the naturally occurring khellactone esters

I, 2 and 3.

Fig. 1. Crystal structure, bond distances and angles of pyranocoumarin 2. The compoud

crystallized from ethanol in space group P2i2i2i,a = 1.0602 nm, b = 1.5033 nm, c =

= 1.4754 nm, Z = 4. The intensities of 2287 independent reflexions were collected on

a SYNTEX PI automatic diffractometer (MoKa) fi-scan, 20 = 60°) The structure

was solved by direct methods using the program SHELX1S and refined (only nonhv-

drogen atoms) to a final R value of 12.4% for 1123 reflexions with J > 2.5 a (I).

Finally, by elution with acetone, a crystalline product melting at 112°,

[a]** +78° was obtained. For this compound the following spectral evidence

was collected: UV spectrum Xj£°H 210 nm (16,595), 255 nm (14,790), 301 nm

(14,450); IR spectrum: 1670 (y-pyrone), 1630, 1590 (C=C), 1 175 and 1105 (С—O)

cm-1; Mass spectrum: 306 [M+(100)]5 291 (10), 277(8), 273 (12), 247(63),

229(61); NMR spectrum S (ppm): 6.21 (1H, s, C-3), 6.38 (1H, s, C-8), 3.25

(2H, m, C-4'), 4.71 (1H, t, J = 9Hz, C-5'), 3.90 [3H, s, C-5 (ОСНз)], 1.25

and 1.36 [6H, s, gem. CH3 (A)], 4.46 [2H, m, -CH2 (B)]. Molecular formula was

CieHieOs (mass spectrum and elemental analysis).

The signals assigned to primary and tertiary hydroxyl groups, located at

3.20 and 3.33 ppm, dissappeared after shaking the NMR sample with DaO.

 

 

с2-СгСа=1102

С^СгО^ЮЭг

Cl3_CftC1T 1112

С)ГСгА=1192

Cl8-CijC2i=1K2

С 20" Q§ 09=111 2
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As expected, acetylation of this compound with Ру/АсгО afforded the mono-

acetate, which failed to crystallize and gave the NMR signals 8 (ppm) at: 6.21 (1H,

s, C-3), 6.58 (1H, s, C-8), 3.30 (2H, d, J = 9Hz, C-4'), 4.80 (1H, t, / =

= 9Hz, C-5'), 3.96 [3H, s, C-5 (ОСНз)], 1.25 and 1.35 [6H, s, gem. CH3(A)],

and 2. 1 6 (3H, s, OAc). Based on this evidence, this compound was identified

as a dihydrochromone derivative depicted by formula 5 in Scheme I. The chromone

derivatives 4 and 5 have not been described in the literature9.

EXPERIMENTAL

Melting points (uncorrected) were taken on a Biichi melting point apparatus. Infrared

spectra were recorded on a Perkin-EImer spectrometer Model 337 (in KBr pellets or in ССЦ

solns) and UV spectra in MeOH on a Perkin-EImer instrument Model 1 37. NMR spectra were

taken on a Varian A60A spectrometer in CDCb, using tetramethylsilane (TMS) as internal stand

ard (chemical shifts are given in S values and coupling constants in Hz, symbols s, d, q and m

indicating singlet, doublet, quartet, multiplet, respectively). Mass spectra were recorded on a

Varian-MAT CH-5. Thin-layer chromatography was performed on silica gel G, the spots being

detected by spraying with 50% aq. H2SO4 and heating the plates to 100°. Column chromato

graphy was performed on the silica gel (0.05—0.20 mm) and elution was effected with petroleum

ether, benzene, ether, their mixtures and acetone. Specific rotations were determined in CHCI3

solutions.

The plant species Peucedanum austriaca (Jacq), (collected on Stolovi Mountain, W. Serbia

on 6 Aug. 1976, vaucher No. 60878, was air-dried and milled. 4.25 kg of the aerial parts of the

plant were dipped into CHCls and left to stand at room temperature for 48 h. After filtration,

the CHCb extract was evaporated under reduced pressure, the extraction was repeated once

again, and СНСЦ extracts were combined. 750 ml of water were added to 163 g of crude extract

previously dissolved in 750 ml of hot EtOH. The cone, solution of lead diacetate (35 g of РЬ(СНз-

COO)i in 35 ml of HaO) was added, the solution heated to boiling, left at room temperature

for 3 h, and finally filtered through Celite. By a distillation under diminished pressure, the so

lution was reduced to one half of its original volume and was afterwars extracted with chloro

form. After elimination of CHCI3, a brown oil remained (30 g) which was chromatographed

on a silica gel column (750 g) and the substances 1 to 5 were finally obtained, after repeated

chromatography, and crystallization from ethanol.

Substances Melting points

°C

Specific rotations

Wd

Elemental analysis

1 210 + 20.5 Found: C, 62.28; H, 5.61

Calc. for:

СиНгвОо (458.46):

С, 62.88; H, 5.72

Found: С, 62.89; H, 5.62

2 ISO +78.3 Calc. for:

СмНгвОо (458.46):

С, 62.88; Н, 5.72

Found: С, 62.32; Н, 5.61

3 163 -70 Calc. for:

С»4НавОв (458.46):

С, 62.88; Н, 5.72

Found: С, 64.43; Н, 6.43

4 122 -33.5 Calc. for:

CtlHs407 (388.42):

С, 64.94; Н, 6.23

Found: С, 62.93; Н, 6.06

3 112 + 79 Calc. for:

CwHieOe (306.31):

С, 62.74; Н, 5.92
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Alkaline hydrolysis of tlie kliellactone ester 2 to the stereoisomers khellactones 6 and 7

0.65 g of ester 2 was hydrolyzed with 15 ml of 5% of aq. KOH by heating on a water bath

for 2h, and the brown solution after cooling, was acidified with dil. H2SO4, and extracted with

chloroform. After evaporation of the solvent, 0.12 g of oil was obtained with the specific rotation

of +23.6° (c = 0.06, CHCI3), which represent about 50—50 of khellactones 6 and 7. The oil,

insoluble in benzene, was dissolved in CHCI3, and chromatographed on a S1O2 column (0.063—

0.2 mm), formed in benzene. By elution with benzene, benzene : ether (9 : 1 and 9 : 2), two

crystalline substances were obtained, first, recrystallized from benzene, melted at 173—174°,

[a]J* + 88.2° (c = 1.0, CHCI3) and was identified as the ( + )-cis khellactone 6. The second

crystalline substance melted at 185°, [a]p-22.3° (c = 0.6, CHCI3) and was identified as the

(-ytrans khellactone 7 (lit. 7 174—175°, [a]*° + 80.9° for 6, and 185—186°, [a]™- 18° for 7).

Acetylation of khellactones 6 and 7 obtained from the ester 2

Glycol, khellactone 6, melting at 173° (10 mg) was acetylated with acetic anhydride and

pyridine by beating on a water bath for 3 h. After adding few drops of water, the solvents were

removed with heptane under reduced pressure, and the crystalline diacetate obtained, melting

at 133°, [a]g-17.6° (c = 1.0, CHCI3). (lit. ' 132—134°, [a]^4 -17.4°).

The second khellactone 7, melting at 185°, gave under the same experimental conditions

the diacetate, melting at 160°, [ot]J*-3-9.2° (lit' 162—163°, [a]^-8.4°).

Alkaline hydrolysis of khellactone ester 3

0.32 g of crystalline glycol ester 3 were heated with 10 ml of 5% aqueous KOH for 2h.

Dark colourless solution was cooled and acidified with 10% HeSOi, and extracted with chloro

form. The CHCI3 solution was dried, the solvent evaporated under reduced pressure, and 140

mg of a dark oil was obtained, which was chromatographed on a SiOa column. The elution with

the mixture benzene-ether (9 : 1 and 8 : 2) gave colourless crystalline substances, the first melting

at 180°Да]*° + 90.6 (с - 1, СНСЬ), and the second, melting at 192°, [a]£°-29.3° (c = 1, CHCI3).

Thease substances were identified a stereoisomeric 6 and 7 (lit7 174—175°, [a]p + 80.9°, 6 and

185—186% 18° for 7).

Acetylation of khellactones 6 and 7 obtained froin the ester 3

The crystalline product 6, melting at 180°, was dissolvtd in pyridine and acetic anhy

dride and heated on a water bath for 3 h. Few drops of water were added and by adding n-heptane

several times, the liquid wa sremoved under reduced pressure. The residue was filtered through

Si02, and washed with the mixture of benzene-ether (8 : 2). On evaporation of solvents the

crystalline diacetate was obtained, melting at 128° [a]{^ — 15.4°(c = 1, CHCl3)which was identi

fied as diacetate of khellactone б (lit.7 mp. 132—134°, [a]^-17.4°.

The second khellactone 7, gave under the same experimental conditions a diacetate, melting

at 160°, [a]"* 5- 9.2° (lit.7 mp. 162-163° [a]^1- 8.4).

*
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ИЗВОД i\

СТЕРЕОИЗОМЕРНИ ПИРАНОКУМАРИНИ (КЕЛЛАКТОНСКИ ЕСТРИ) ПИРАНО-

И ФУРАНОХРОМОНИ ИЗ PEUCEDANUM AUSTRIACA (JACQ)

МИЛУТИН СТЕФАНОВИЧ, СЛОБОДАН МЛАДЕНОВИЪ, МИОДРАГ ЪЕРМАНОВИВ,

| СЛАВИША МАТИЪ |«, ИЛЩА КРСТАНОВИБ" и Л.ИЛ.АНА КАРАНОВИБ**

Хемщски инсшишуш Природио-машеиашичког факулшеша, Београд, *Кашедра за органску

xeuujy Фармацеушског факулшеша, Београд и **Лаборашорща за крисхйалографщу Рударско-

-геолошког факулшеша, Београд

Из пречишЬеног хлороформског екстракта бил>не врете Peiicedanum austriaca (Jacq)

(Umbelliferae), изоловани су хроматографи)ом на стубу силикагела, пет кристалних без-

бо)них супстанци 1 — 5. Супстанце 1,2 л 3 ицентификоване су на основу спектроскопских

података (UV, IR, NMR, MS) и неких хемщеких трансформаци;а, као деривати дихидро-

шгранокумарина, и то као естри гликола келлактона (б, 7) и 2,3-епокси-2-метил-бутерне

киселине (епоксидоване ангеличне киселине). Супстанце 4 и 5 нису до сада биле описане

у литератури.

(Прилл>ено 16. септембра 1983)
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The enthalpies of solution at infinite dilution of several homologous aliphatic

series of compounds in different nonaqueous solvents are correlated with the em

pirical parameter of solvent polarity, £т(30). This correlation is generally linear

for tri-n-alkyl phosphates, di-n-alkyl ketones, n-alkyl-methyl ketones, di-H-alkyl

id n-alcohols as solutes. The slopes of these lines indicate that the f

the fuBctional groups of solutes and solvents are a

of the electron-donor ability of the solute and the types of the solvents.

When thermodynamic data for alkyl compounds are considered, it is assumed

that simple additrvity rules can be applied to the component groups. The enth

alpies of solution at infinite dilution, ДЯ^1п, are one of the most interesting

variables to correlate, since they reflect the solute-solvent interactions for associated

and nonassociated solvents. It is well known that enthalpies of solution are a com

bination of endothermic effects (molecular separation of the solute and cavity

formation) and exothermic effects (solute-solvent interactions and structural

changes in the solvent).

The use of solution enthalpies data is usually more straightforward than

that of heats of mixing, since the accuracy of the AH^results is unlikely to be

seriously hampered by the fact that not all of the contributing factors could be

evaluated satisfactorily.

Attempts are usually being made to understand solvent effects in terms

of the polarity of the solvent. This property is not easy to define, and involves

physical solvent properties such as the dielectric constant, the dipole moment,

or the refractive index. Hence, from a more practical point of view, it seems reason

able to treat solvent polarity in terms of the overall solvation capability of a solvent

which is, in turn, being determined by the sum of all its molecular properties

responsible for the solute-solvent interaction.

The determination of more than thirty different empirical parameters of

solvent polarity, based on an equal number of different solvent-dependent ref

erence processes, gave the same number of different solvent polarity scales. The

spectrophotometrically determined parameter that was chosen in this paper are

the J9r(30)-vahies7>18. fir(30)-values are the transition energies derived from

17
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the longest-wavelength solvatochromic absorption band of 2,6-diphenyl-4-(2,4,6-

-triphenyl-l-pyridinio)phenolate („diphenyl betaine") in solvents of different

polarity. It is believed that the use of this betaine dye as solvent polarity indicator

results from some peculiar properties of this dye7:

— it exhibits a large permanent dipole moment of about 15 D, suitable

for the registration of dipole-dipole and dipole-induced dipole interactions,

— it possesses a large polarizable 7t-electron system, consisting of 44 тс-

-electrons, suitable for the registration of dispersion interactions,

— and with the phenolic oxygen atom it exhibits a highly basic electron-

-pair donor centre suitable for hydrogen bond interactions with protic solvents.

The application of solvent polarity parameters is based on the assumption

that the nature of the solute-solvent interactions in the reference process used

to establish a solvent scale is similar to those influencing the reaction under study.

A high £T(30)-value corresponds to high solvent polarity, i.e. the solvent

has a high solvating ability.

The 2?T(30)-values are known for more than 200 organic solvents and for

many binary solvent mixtures7.

The introduction of empirical parameters of solvent polarity makes only

use of the simple, qualitative empirical rule that similar compounds react in sim

ilar ways, and that similar changes in the reaction medium produce similar

changes "in the reactivity of the compounds.

While correlations of polarity parameters with other properties of the pure

solvent such as refractive index, polarizability parameters, etc., have been thoroughly

investigated, the correlation of polarity parameters with enthalpies of solution

is mostly unknown.

The discussions in this paper are based primarily on the results from a series

of calorimetric measurements reported earlier from these authors, but results

from other recent calorimetric studies have also been included. All A#^ln -values

used refer to 298.15 K.

RESULTS AND DISCUSSION

The enthalpies of solution at infinite dilution and empirical parameters

of polarity for the investigated systems are summarized in Tables I and II.

The solutes used are: as tri-alkyl phosphates (TAP) trimethyl (TMP), tri-

ethyl (ТЕР), tri-n-propyl (TPP), and tri-«-butyl phosphate (TBP); as di-alkyl

ketones (DAK) dimethyl (DMK), diethyl (DEK), di-«-propyl (DPK), and di-

-я-butyl ketone (DBK); as di-alkyl ethers (DAE) diethyl (DEE); di-H-propyl

(DPE), di-/j-butyl (DBE), and di-n-amyl ether (DAmE); as alkyl methyl ketones

(AMK) dimethyl (DMK), ethylmethyl (EMK), w-propylmethyl (PMK), я-butyl-

methyl (BMK), and n-pentylmethyl ketone (PenMK); as n-alcohols methanol

(СНзОН), ethanol (C2H5OH), w-propanol (C3H7OH), n-butanol (C4H9OH), n-

-pentanol (C5H11OH), and n-hexanol (СвШзОН). Our measurements of the

enthalpies of solution were carried out in such a way that no concentration de
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pendence was observed, therefore, the measured enthalpies were regaided as

those at infinite dilution, AH".

TABLE I. Infinite dilution enthalpies of solution in several solvents, Д H™ln [kj mol-1] and

empirical parameters of solvent polarity, Ey (30) [kj mol-1]7.

Solute Solvent л-Нехапе Tetrachlo- Benzene Chloroform Dimethyl- Cyclo-

romethane formamide hexane

Ят(ЗО) 129.3 136.0 144.4 163.6 189.3 130.5

TMP 182.4 18.111 4.401 3.431 -15.61» 0.173

ТЕР 174.5 11.50 0.80 -0.46 -20.79 0.40

TPP 169.4 8.34 -1.42 -1.88 -23.14 1.52

TBP 165.7 6.70 -3.72 -3.30 -26.15 3.32

DMK 176.6 7.531 1.671 1.001 -8.742

DEK 166.1 5.10 0.88 -0.12 - 9.16

DPK 162.8 2.52 0.46 -0.25 - 9.37

DBK 156.9 2.39 0.12 -0.96 - 9.96

DEE 144.8 1.19*
-1.924 0.344 - 8.91»

DPE 142.2 0.88 -1.80 0.96 - 7.61

DBE 139.7 0.69 -1.68 2.15 - 5.52

DAmE 137.2 0.57 -1.57 3.48 - 4.19

DMK 176.6 9.745

EMK 172.9 8.20

PMK 172.0 7.11

BMK 167.8 6.75

PenMK 172.0 6.80

TABLE II. Infinite dilution enthalpies of solution in several solvents, iHs^ [kj mol'1] and

empirical parameters of solvent polarity, Ят (30) [kj mob1]

Solute Solvent JV,N-Di- N,iV-Di- Dimeth- Aceto- Nitro Propyl- 3-Methyl

methylacet- methylfor- ylsul- nitrile methane enecar- sulpholane

amide mamide phoxide bonate

Ят(30) 182.9 183.3 188.4 192.6 193.8 195.1 210.0

CHaOH 232.3 -2.34 -0.59 -1.42 5.94 9.50 6.28 5.69

C2H5OH 217.2 -0.46 1.26 1.21 7.99 11.89 8.46 7.78

Я-С3Н7ОН 212.2 0.42 2.09 2.55 9.50 13.73 9.50 9.04

п-СчН»ОН 210.1 1.05 2.93 3.98 10.55 15.32 10.59 9.96

я-СеНиОН 205.5 1.88 3.77 5.40 11.59 16.99 11.60 10.72

n-CHiaOH 204.3 2.59 4.60 6.78 12.56 18.04 12.64 11.64

Lindenbaum ec a/.3 have presented sets of enthalpies of solution of tri-и-

-alkyl phosphates in 7V,iV-dimethylfonnamide (DMF). They have calorimetrically

measured the enthalpies of solution of TAP in DMF, when the final concentration

of phosphates was about 0.03 mol kg-1, and assumed that their data at the single

phosphate concentration required no correction in respect to infinite dilution.

Delia Gatta et al.b have determined the enthalpies of solution for homologous

aliphatic ketones in cyclohexane at solution concentrations of about 5 x 10~4



20 ILIC, MAKSIMOVIC and REICH ARDT

mol kg-1, a concentration tange in which the measured enthalpies can probably

be assumed to be „infinite dilution enthalpies".

Krishnan and Friedman6 reported data for the heats of solution of n-al-

cohols in several solvents. The solute concentrations were below I0~2molkg_1,

so that the solute-solute interaction can be neglected. Rouw and Somsen8 reported

the enthalpies of solution of several alcohols in N,A7-dimethylformamide, the

final concentrations ranged from 5 X 10~3 to 15 X lO^molkg-1; they are in

reasonable agreement with the values reported by Kiishnan and Friedman6.

The standard enthalpies of solvation are defined as

where AH^ap is the enthalpy of vaporization of the solvent.

The plots of as a function of the number of carbon atoms in the

alkyl chain are linear for various alkyl compounds : e.g. alcohols9, carboxylic acids1*,

amines11, amides12, dialkyl sulphoxides13, and ethylene glycol derivatives.

The fact that the enthalpies of solution at infinite dilution are not a linear

function of the number of carbon atoms for all investigated systems, can be taken

as an indication that nonspecific contributions to the nonideal behaviour must

be only of minor importance.

We have found that the enthalpies of solution of all investigated homologous

aliphatic series change linearly with the empirical parameter of solvent polarity,

£т(30). These linearities are most easily understood if it is assumed that in all

of those solvents, the solute alkyl chains are extended so that in the most probable

conformation they do not overlap. In that case, the effect of adding one moie

CH-2 group to the chain is additive, and, therefore, the slope of the line for the

solvent represents the contribution of this methylene group.

Using least squares analysis, a straight line may be formulated as

ДЯ£1п = slope • E t(30) + intercept. (2)

The slopes, intercepts, and correlation coefficients for all studied systems

are reported in Tables III and IV.

TABLE III. Slopes, intercepts, and correlation coefficients, r, for the systems under study.

Solvents Br (30 Solutes

[kj/mol] TAP DAK DAE

slope intercept r slope intercept r slope intercept r

я-Нехапе 129.3

Tctrachloro-

mcthane 136.0

Benzene 144.4

Chloroform 163.7

JV,N-Dimethyl-

formamide 183.3

0.692 -108.56 0.993

0.457 -79.02 0.957

0.398 -69.38 0.993

0.614-127.61 0.997

-0.175 31.69 0.882

0.281 -42.14 0.951

0.080 -12.54 0.995

0.098 -16.25 0.995

0.059 -19.22 0.967

0.081 -10.61 0.981

-0.046 4.78 0.999

-0.418 60.70 0.987

-0.642 83.94 0.995
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TABLE IV. Slopes, intercepts, and correlation coefficients, r, for the systems under study.

Solutes

Solvents Ft (30)

[kj/mol]

AMK n-Alcohols

slope intercept r slope intercept r

Cyclohexane 130.5 0.344 -51.41 0.927

JV,N-Dimethyl-

acetamide 182.9 -0.226 48.58 0.989

AT,iV-Dimethyl-

formamide 183.3 -0.249 55.08 0.983

Dimethylsulphcxide 188.4 -0.416 91.20 0.982

Acetonitrile 192.6 -0.338 81.38 0.991

Nitromethane 193.8 -0.469 П3.66 0.993

Propylene carbonate 195.1 -0.311 75.79 0.982

3-Methylsulpholane 210.0 -0.282 68.96 0.987

For the и-alcohol - solvent system, better values of the correlation coefficients

could be obtained by eliminating the result obtained for methanol, and for the

system alkylmethyl ketone — cyclohexane by eliminating the result obtained

for и-pentylm ethyl ketone.

The small deviation of methanol from the я-alcohol line is an example of

the commonly observed „end effect" which may reflect a variation in the intrinsic

hydrogen-bond donor strength in the beginning of a homologous series.

The results in Tables III and IV show that various correlation coefficients

were obtained. To ascertain the precision of the above-mentioned values, we

have adopted the following Reichardt's15 criteria, which are based on the magnitude

of the correlation coefficient r: r = 0.99 — 1.00 excellent correlation, r = 0.95 —

0.99, satisfactory; r = 0.90 — 0.95, fair: r < 0.90, poor correlation. On the basis

of these criteria, it can be seen that the linearity is poor, in the series TAP with

N,N-dimethylformamide, it is excellent for nine systems, satisfactory for ten

systems, and fair only for the system AMK — cyclohexane. In the case of poor

linearity it is hard to say more because the discrepancy is scarcely larger than

what might be expected from the errors in the calorimetric measurements.

Consideration of the reaction series (i.e. a gioup of reactions in each of which

one of the reaction partners has its molecular structure slightly changed) of TAP,

with different solvents, shows that the slope is positive except for the system TAP

in Af,N-dimethylformamide. The slope decreases with increase of the £т(30)-

-values of the solvents, except for chloroform, which is considered as a protic

solvent. The £T(30)-value of chloroform is, in fact, a combined measure of solvent

polarity and solvent hydrogen-bond donor ability.

For the systems DAK and AMK with different solvents, the slopes are

positive and very similar for the solvents tetrachloromethane, benzene, and chlo

roform.

For the system DAE with different solvents, the slopes are negative except

for the system DAE-n-hexane. The absolute value of the slopes increases with

increasing £T(30)-values of the solvents.

The differences between these three series of compounds cannot be regarded

as significant owing to the small number of points from which the slopes are cal

culated.
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As shown in Figure 1 , the correlation between the enthalpies of solution

of и-alcohols in various solvents at infinite dilution and the empirical parameter

of solvent polarity, £т(30), is very good. The negative slopes increase with the

increasing £r(30)-value of the solvent, except for the systems with propylene

 

Fig. 1. Correlation between the enthalpies

of solution of я-alcohols in six solvents at

infinite dilution and the empirical parameter

of solvent polarity, Ь'т (30)7. (У — N,N-di-

methylacetamide ; 2 — 7V,iV-dimethylforma-

-2 1 i i_J mide ; 3 — dimethylsulphoxidc ; 4 — aceto-
M 220 nitrile; 5 — nitromcthane ; 7 ■— 3-methyl

fTl30)[kJ moT'j sulpholane).

carbonate and 3-methyl sulpholane as solvents. In connection with this obser

vation, it is important to note that these solvents have large dipole moments of

4.94 D and 4.30 D, respectively, as opposed to the others the dipole moments

of which range from 3.46 to 3.97 D.

The linear correlation between the solvent polarity parameter £т(30) and

the enthalpies of solution at infinite dilution is so good, that this correlation can

be used for the calculation of ДЯ". -values.
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ENTHALPI ES OF SOLUTION 23

ИЗВ0Д,

ВЕЗА ИЗМЕЪУ ЕНТАЛПЩА РАСТВАРАгЬА И ЕМПИРЩСКОГ ПАРАМЕТРА

ПОЛАРНОСТИ £т(30) РАСТВОРКА И РАСТВАРАЧА

30JA ИЛИЪ, ЗОРАН МАКСИМОВИЧ и XPHCTHJAH PAJXAPT

JIaSopamopuja за хетуску динамику и йроцесну технику, Институт за нуклеарне науке

„Борис Кидрич", й. йр. 522, 11001 Београд и

*Fachbereich Chemie der Filipps — Umversitdt, D-3550 MarburglLahn, BR Deutschland

Енталпи ja растваранл на бесконачном разблажен>у неколико хомологих алифатичних

сери)а у различитим неводеним растворима корелисане су са емпири)ским параметром

поларности, Ei (30). Ова корелащца je линеарна за триалкилфосфате, диалкилкетоне,

алкилметилкетоне, диалкилетре и алкохоле као растворке. Нагиб ових правих лини)а

yKa3yje да je интеракци)а измену функционалне групе растворка и растварача последила

електрон-донорске способности растворка и типа растварача.

(Примл>ено 4. октобро 1983)
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A way is proposed to use the kinetic function in an extraction process,

based on the relationships between the concentration in the liquid phase and time,

with various parameters of carrying out the process. The invariance with respect to

these parameters enables the calculation and governing of the process of extraction

of solids. The method is illustrated by a particular extraction process.

To be able to calculate parameters of a particular extraction process, it is

necessary to describe the kinetics of that process. It is possible to do the de

scription using the standard and the characteristic functions1-3. The latter concern

concrete parameters, employed when carrying out the process, such as the moisture

content of the material and temperature, which have considerable effects. When

the characteristic function is used, the hydromodulus also remains constant. To

be able to calculate and govern a particular extraction process with alteration

of these parameters, it is convenient to employ the kinetic function. It finds appli

cation in the dissolution of solid material because it is easily possible to determine

the time for complete dissolution or the time for attaining saturation4. Its invariance

with respect to a series of parameters has been established theoretically and con

firmed experimentally as described in a number of papers5-8. The use of the ki

netic function in the extraction of solids is hampered in finding the time for com

plete extraction which is infinite theoretically. Up to now, there are no data in

the literature reporting on its application.

The purpose of the present paper is to furnish a way to the application of

the kinetic function in the extraction of a solid material.

Conventionally, on experimenting one obtains data which show the alteration

of the concentration in the liquid phase with tfme while the remaining parameters

of the process are kept constant. These data are usually described with sufficient

accuracy for practical use by equations of the type:

Ci = A - Bexp(- Ят) (1)

where Ci is the concentration in the liquid phase, kg/m3, т — designates time,

s, and А, В and H are coefficients, obtained in the numerical determination of

the relationship (1).

It is evident from the above equation that with т = oo, Ci = A, if Cie

is the equilibrium concentration then C\ = Cie could be written. For practical

use, one should take finite time т = те at which equilibrium is practically estab

lished Ci ?*> const, я* Cie. To find this equilibrium time, it is necessary that

25



26 MINTCHEV and NINKOV

one assumes some value of В exp (— Hz) which is negligibly small as compared

to A. If we express 5exp(— Нт) = aA, it is necessary that aA <^ A Then it

is possible, with the value of aA thus assumed, to determine the conditional equi

librium time:

Te = ~ln-^-. (2)

H a A

The equilibrium time thus defined enables the determination of the kinetic function:

Y = f (t) (3)

T = т/те (5)

where у is the kinetic function ; т designates the relative time ; G is the hydro-

modulus, m3/kg, and Co signifies the initial concentration of the extractable com

ponent in the solid phase, kg/kg.

Using eqs (l), (2), (4) and (5), it is possible on the basis of a series of exper

imental curves Ci = f (t) to determine the kinetic function (3). If for various

values of some constant parameters the latter is a smooth curve, then it is invariant

with respect to those parameters. The kinetic function obtained is referred to

a constant hydromodulus. With confirmed invariancc, it is possible to determine

from the kinetic function the kinetic curves for arbitrary values of the invariant

parameters which enables the governing of the process.

When it is desirable to operate with another hydromodulus, it is possible

to determine the standard functions from the cuives described by eq. (1). Then

for the new hydromodulus one finds new curves of the same type by means of the

standard functions deduced. A similar transition has been made by us9.

The way of using the kinetic function shown here may be illustrated by

the extraction of processed pine needles {Pinus sihestris L) after their steam

distillation, with the purpose of obtaining pine concrete. The processed pine

needles had maximum moisture contents (w) of about 60%.

Experiments were carried out with three initial moisture contents of 60,

40 and 20% ; the temperature of the process was 20 ± 0. 1 °C the hydromodulus

G = 0.017 m3/kg, petroleum ether was used as extracting agent, and the mixer

had 7.5 revolutions per second. It has been confirmed that at this rate of stirring,

the process is determined by inner diffusion. The experimental points Ci — f (т)

thus obtained are shown in Fig. 1. Equations of type (1) were deduced for these

points :

Ci = 1.70 - 1.68 exp (- 8.5 x 10-4) (to = 60%) (6)

Ci = 2.00 - 1.69 exp (- 9.2 x 10-4) (to = 40%) (7)

Ci - 2.30 - 2.00 exp (- 1.6 x 10"3т) (to = 20%) (8)

The equations (6), (7) and (8) have mean arithmetic and maximal errors of ± 3.0%

± 4.0%; ± 5.6%, ± 9.6%; ±3.9%, ± 9.3% respectively. The initial concen
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trations of Co in eqs (6), (7) and (8), established experimentally are : 0.0495, 0.0553

and 0.0624 kg/kg.

 

The equilibrium times, shown in Fig. 2 as a function of moisture content

were calculated from the above equations according to expression (2). Using eqs

(4)—(8) we determined the kinetic functions for values of aA — 0.01 and aA —

= 0.001, shown by the points in Fig. 3 and Fig. 4, respectively. The following

equations were numerically found for these relationships:

Yi = 0.390 + 0.610 exp (- 5.80 т) {aA = 0.01) (9)

Y2 = 0.391 + 0.609 exp (- 7.91 т) (aA = 0.001) (10)

 

Fig. 3. The kinetic function &25L

calculated for aA = 0.01.
0.25 0.50 075 10

Equations (9) and (10) are presented by the curves in Fig. 3 and Fig. 4. From

the shapes of these curves one can judge about their invariance with respect to

the initial moisture of the material. Some preliminary experiments confirmed
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the relatively smaller influence of the temperature of extraction within the range

of 20° — 40°C. Consequently, we made an attempt to prove the invariance of

temperature within this interval, employing relationships (9) and (10). According

0-50
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Fig. 4. The kinetic function

calculated for aA = 0.001.

to the latter, we calculated у = ** (r) for те = 60%, r = 40°C and те = 20%,

t = 40°C, determining experimentally the initial concentrations of Co = 0.0563

kg/kg and Co = 0.0682 kg/kg, respectively. In these calculations the equilibrium

times were taken from Fig. 2 for aA = 0.01 : те = 3400 s, те = 6000 s and aA =

- 0.001: те = 4840 s, те = 8740 s, respectively, Relationships Ci = f(-r) were

calculated with these values. Experiments were carried out for the above conditions

and the results obtained are shown by the points in Fig. 5. The same figure pre

sents the calculated curves for both values for aA.

One can draw the conclusion from the results obtained that there exists invar

iance with respect to temperature. Furthermore, it is possible to describe the

kinetics by a conditional time те which will serve to calculate and govern the proc

ess with various values of the invariant parameters (i.e. moisture content and

temperature in the example shown).
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CONCLUSION

A way has been proposed, to use the kinetic function in the description

and governing of extraction processes when some variable technological para

meters are available (temperature, initial moisture content of the material), after

their invariance has been established. On the basis of obtained experimental data

on the alteration of the concentration in the liquid phase with time for different

values of the varied technological parameters, an expression is given to determine

the equilibrium (conditional) extraction time.

The kinetic function was found for the extraction of pine needles after their

steam distillation, their initial moisture contents being 60, 40 and 20% while the

temperature was 20° and 40°C. The results obtained proved the invariance with

respect to these parameters, which is illustrated by Figs 3, 4 and 5. Using these

experiments, a possibility is shown to describe the extraction process, employing

the kinetic function, after the conditional time has been established.

извод

КОРИШТгЕН>Е КИНЕТИЧКЕ ФУНКЩЦЕ У ЕКСТРАКЩЦИ ЧВРСТОГ

МАТЕРЩАЛА

АНДРЕТ Д. МИНЧЕВ и СТОИМИР Р. МИНКОВ

Виши хемщско-шехнолошки институт, 1156 Cotfcuja, Бугарска

У раду je предложен приступ за коришЬеше кинетичке функци;е у екстракционим

процесима ко)и се заснива)у на функционално) зависности концентрацияе У течно) фази

и времена. Потврг)ена je инвари|антност параметара кинетичке функщце пружа)уЬн на

та) начин MoryhHocT за коришЬен>е кинетичке функци)'е за прорачун процеса екстракци)е

чврстог материала. Примена предложеног приступа илустрована je у раду на >едном ода-

браном примеру екстракци)е.

(Примл>ено 10. октобра 1983)
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From density, viscosity and electric conductivity values as a function of

1,4-dihydroxybenzene concentration in 70% perchloric acid in a temperature range

from 20° — 40°C, it was concluded that no reaction between the solute and solvent

affects measured parameters. The same conclusion was drawn by investigation

of phenol solutions . No interaction (except protonation) was found either by spectro-

photometric investigation or other performed measurements. Spectrophotometry

of the system phenol •— nitric acid (sodium nitrate) in 70% perchloric acid, at

20°C, has shown formation of an o- and p-nitrophenol mixture at the nitric acid

to phenol concentration ratio lower than 2. However, at higher nitrate concentra

tions 2,4-dinitrophenol was obtained.

Investigation of such media as pure strong acids and their concentrated

water solutions have been attracting attention in the last two or three decades.

In spite of this, litterature data on perchloric acid, the strongest inorganic acid,

are not so copious. Comprehensive data on its physico-chemical characterijtics

were published in 19491 and on its chemical behaviour in 19662. The small com-

plexing ability of ClO-r ions has also been pointed out and, most often, ascribed

to their perfect symmetry i.e. stability3. Considered as one of the strongest proton

donors this acid was investigated from the point of view of protonation of many

hydroxy- and alkoxybenzenes4-9. The prominent proton-donor ability of perchloric

acid is evident from the fact that it can protonate many different molecules be

having as acids in aqueous solution:

H„XOm + HC104 — [Hn+iXOOT] СЮ4.

In some cases, one water molecule is eliminated immediately after protonation,

before solvation of protonated molecules:

H„XOCT + НСЮ4 — H20 + [H„-iXOOT-i] СЮ4.

It has also been shown that nitiic acid is protonated by perchloric acid but the

H2NOs+ ion is unstable and decomposes to the nitronium ion and water10:

HNO3 + 2HC104 — N02+ + H3O+ + 2СЮ4-.

This means that nitric acid is ionized in the same way in both perchloric and sul

phuric acids11 and it follows, therefore, that NO24" is an active nitrating agent in

perchloric acid too. According to the literature12 nitric acid — perchloric acid

— water mixtures, containing up to 75 mole percent of water, readily nitrate

31
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water-soluble aromatic compounds, and the nitric acidium ion, Нг>Юз+, was

claimed to be responsible for the nitration12. However, Bunton et al.13 proved

the nitronium ion as the sole nitrating agent. Similar results are obtained for ni

tration in aqueous perchloric acid — nitric acid mixtures.

A solid crystal phase, which appears in non-aqueous systems of these two

acids, consists, according to some authors14-15, of nitronium perchlorate, NO2CIO4,

and oxonium perchlorate, H3OCIO4, a mixture of unknown composition, whereas

according to other opinions2 it is the nitronium perchlorate hydrate, NO2CIO4 ■ H2O,

in which case:

HNO3 + НСЮ4 H2O + NO2CIO4

excluding the presence cf НзО+ and NC>2+ ions.

Besides nitric acid, sodium nitrate was used in this work because it reacts

in perchloric acid in the same way a> all other metal salts and giv&i nitronium

ions:

NaNQ3 + ЗНСЮ4 = Na+ + N02+ + ШО+ + 3C104-.

EXPERIMENTAL

Densities of solutions were measured using a pycnometer with a long capillary neck and

a ground glass stopper. The relative viscosity was determined by an Ostwald viscosimeter, and

the electric conductivity in a cell according to Jones and Bollinger. All other details of measure

ments were the same as in our previous work16. The temperatures were controlled to ±0.05°

using a thermostat VEB Prufgerate Medmgen. Spectrophotometric measurements were perform

ed on a Cary 17 D spectrophotometer. All the reagents used were of analytical grade, Merck

or Kemika, Zagreb.

RESULTS AND DISCUSION

a) Density, viscosity and electric conductivity measurements

Many different types of reactions between pure mineral acids or their aqueous

solutions, and benzene derivatives are known8-9-17-19. It was interesting to see

to what extent the interaction between perchloric acid and hydroxybenzenes

affects the nitration in this medium. To this end measurements were carried oat

in the system 1,4-dihydroxybenzene — 70% perchloric acid and phenol — 70%.

perchloric acid. It was expected, by analogy with similar investigation in sulphuric

acid16, that measurements could prove the existence of interaction between the

acid and hydroxybenzenes.

The densities of 1,4-dihydroxybenzene solutions (0.1—0.5 mol dm-3) in

70% perchloric acid were determined at 20, 30 and 40°C. The density decrease

is linearly dependent on the increase of hydroxybenzene concentration and tem

perature, due to the specific volume increase i.e. density additivity. Relative vis

cosities of these solutions were also determined under the same conditions. By

using the logarithmic form of the Andrade equation, lmj = ln/1 -f Qri/RT,

the giaph of 1щ versus 1/T was plotted and found linear. The activation eneigy
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of viscosity, Qy], calculated from the slopes of the obtained straight lines can be

considered constant in the given temperature range, and very close to the value

of 20 kj for all solutions. This is opposite to the behaviour in phenol and 1,4-

-dihydjoxybenzene solutions in sulphuric acid16 and it has been concluded that

no bonds between the Folute and solvent are formed in th: investigated solutions.

The electric conductivity was measuted in ! ,4-dihydroxybenzene solutions

(0.05—0.6 mol dm"3) in 70% perchloiic acid at 20". In all the investigated cases

the specific conductivity was 0.2656 x 102 S m-1, i.e. the same as that of pure

acid. This behaviour, also different from that in sulphuric acid16, confirms the

above conclusion about the nonexistence of a new type of bond which would

change the existing structure of reactants. Comparative investigations of 0.25

mol dm 3 phenol solution have given similar results. The viscosiioy is constant

in the observed temperature range and the specific conductivity i? also 0.2656 X

X 10» Sin-1.

The spectra of phenol in both water and perchlcric acid were recorded in

the region from 200 to 430 nm. The phenol aquecus solution has two absorption

bands20, primary ^Biu— ^i^) with a maximum at 210 nm (emax 6200) and

a secondary band ('Bau — 'AiK) at 270 nm (emax^ 1570). In 70% perchloric

acid both bands are shifted to shorter wavelengths, the primary' buid to 206 nm

(smax 6500) and the secondary band to 265, whereby the absoiption is decreased

by about 30%, Fig. 1. A similar behaviour has been found for phenol solution

in julphuric acid21. Such a behaviour can be explained r>y a decrease of the election

denor effect of the hydroxyl group due to protonation of oxygen, i.e. displacement

 

Fig. 1. The spectra of phenol:

/ — in water, 2 — in 70%

perchloric acid. Cph = 10~3

mol dm~:

Fig. 2. The UV spectra of: / — phenol

С = 1 x 10 1 nwl dm"3, 2 — o-nitro-

phenolj 3 — />-nitrophenol, 4 •— m-nitro-

phenol, '5 ■— 2,4-dinitrophenol, 6 —

2,4,6-trinitrophenol. С of all nitrophe-

nols -- 5 > 10"6 mol dm~:

of the benzene oands can oe ascribed to electron effects of the substituent groups20

Ainett and Wu22 suggest that light absorption in the secondary band region
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should cosiderably decrease upon protonation of phenolic compounds. Opposite

to this there is dso an opinion that the protonation does not occur with phenols

in 70% perchloric acid4, and the observed spectral changes are asciibed to the

attracting effect of the electron deficient acidic environment on the 7t-election

system of benzene23. On the basis of our investigation24 we firmly assert that

phenol is protonated on the oxygen, as has been shown recently by use of 13C

NMR spectroscopy21.

Repeated recording of the phenol spectrum in 70% perchloric acid (re

corded several hours after the first one) has not shown any change, thus proving

the stability of the system.

b) Spectroplwtometric ivesiigation of the system 70% HCIO4-C6H5OH-HNO3

(NaNOs)

Since the above results of our investigation do not show reactions that could

considerably affect the phenol nitration in perchloric acid (protonation on oxygen

does not disrupt the ^-electron syjtem of the benzene ring), further investigations

are performed with tne aim to see the effect of the nitric acid or sodium nitrate

addition, on the investigated system.

The specira in 70% perchloric acid were recorded for those nitro-

phenols the formation of which was considered possible. The reagents used weie:

0-, p-, and w-nitrophenol, 2,4-dinitrophencl and 2,4,6-trinitrophenol.

Tht stability of these spectra, tested for several hours, was found to oe satis

factory. In Fig. 2 curves 2—6 represent the spectra recorded in tht legion from

200—430 nm, 2 hourj after preparation of the solutions, at room temperature.

Characteristics of these spectra are given in Table I.

TABLE I. Ultraviolet absorption characteristics of some nitrophenols

Compound Primary band I Primary band II Secondary band

лmax. nm Cmax Xmax, nm Emu лmaxj nm Smax

Phenol 206 6500  „ 265 900

o-Nitrophenol 285 6400 202 8400 352 1800

p-Nitrophenol 317 8000 220 6200 — —

m-Nitrophenol 274 6400 220* 334*

2,4-Dinitrophenol 265 17500 206 13000 302*

2,4,6-Trinitrophenol 238 17100 — — 334 5100

♦Wavelengths at which shoulders appear instead of absorption maxima,

Solutions were prepared with different nitric acid or sodium nitrate to phend

concentration ratios in 70% perchloric acid, and their spectra lecorded undtr

the same condition as for nitrophenols spectia. Since the results aie almost the

sa.ne for both nitric acid and sodium nitiate, only the latter are shown in Fig. 3.

The spectrum 1 in Fig. 3 shows a formation of 2,4-dinitrophenol at the

sodium nitrate to phenol concentration ratio 2 : 1 (the corresponding curve in

Fig. 2 is curve 5). Taking into account the positions of the absorption maxima

of the spectra 2 and 3 in Fig. 3, and positions of the corresponding maxima in

Fig. 2, it was concluded that a mixture of 2,4-dinitrophenol, o- and />-nitrophenol
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is formed at a concentration ratio of 1С : 7, and a mixture of o- and p-nitrophenol

only at a ratio 1 : 1. A maximum is observed at 297 nm in the spectium 3 in Fig.

3 whicn could not be ascribed to any of the compounds listed in Table I. Its po

sition being between o- and p-nitrophenol bands (285 and 317 nm iespectively),

this maximum is ascribed to the o- and />-nitrophenol mixture. This conclusion

is proved by recording a spectrum for an equimolar mixture of o- and p-idtTo-

phenol dissolved in 70% perchloric acid which has a maximum at nearly 300 nm,

Characteristic absorption of phenol appears at a ratios lower than 1:1, Fig. 3

 

0 200 250 300 350 torn

Fig. 3. The UV spectra of the NaN03

(Ci) : CeHsOH (C2) mixture in 70% per

chloric acid; Ci : Ca concentration ratios

are: / — 2 : 1, 2 — 10 : 7, J — 1 : 1,

4—1:4. Sodium nitrate concentration

in all cases was 1 x 10~4 mol dm-3.

 

Fig. 4. The UV spectra of: 1 — 2,4-di-

nitrophenol solution C = 5x 10~6mol

dm-3 in 70% perchloric acid. Phenol

solution С = 5 x 10-5 mol dm-3 with 2

•— nitric acid and 3 — sodium nitrate,

C = 1 X 10-4moldm-3, 4 — phenol

solution C = 5 x 10 4 mol dm-3.

curve 4. As could be expected, there is no formation of 2,4,6-trinitrophenol under

the given experimental conditions, even at a large excess of HNO3. Yields of 2,4-

-dinitrophenol obtained by using nitric acid and sodium nitrate are approximately

76 and 63%, respectively. These values are results of absorbance measurements

of the formed and commercial 2,4-dinitrophenol ; the concentiation of the latter

was the same as thai of phenol used for nitration, Fig. 4 curves 1, 2 and 3.

According to the results obtained by Deno et a/.25, when added to 65—82%

sulphuric acid (— H0 = 5.18—7.84) nitric acid has a molecular form while de

terminable quantities of N02+ ions are observed only at H2SO4 > 85% (— H0 >

> 8.29). The same authors point out that in 90% H2SO4 (- H0 = 9.03) the N02+

concentration increases to 60% of addi d nitric acid, which is in agreement with

the fact that the maximum nitration rate of benzene derivatives is achieved in

90% sulphuric acid. They have also shown that the acidity of the medium (de

fined by Hammett's H0 function), but no* the concentration of sulphuiic acid,

is the determining factor of nitration. Since the acidity of 70% perchloric aciu

(— Ho — 7.75) coresponds to that of 80—82% sulphuric acid, N02+ ions should

not normally be present in the HNO3—HCIO4 (70%) mixture. Therefore, the

presence of a small quantity of N02+ ions, proved as the sole nitrating agents
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in this solution13, may be explained by the same ion production sufficiently fast

to account for the observed nitration rate, as in aqueous nitric acid (40—60 mol%

HN03)2e.

Having in mind that HNO3 is ionized in the same way in both perchloric

and sulphuric acids11, that acidity of the medium is a determining factor in ni

tration25 and that 70% НСЮ4 has no sufficient acidity to produce a detectable

quantity of NO2" ions, but, as demonstrated in the present work, is a suitable

medium for nitration of aromatic compounds, the kinetics of the formation of

N02+ ions during the nitration reaction should unavoidably be taken into account

in searching for a complete explanation of the observed processes. Investigation

of the kinetics of nitration is under way.

извод

РЕАКЦЩЕ ХИДРОКСИБЕНЗЕНА У JAKO КИСЕЛИМ СРЕДИНАМА. VI. РЕАКЦЩЕ

ХИДРОКСИБЕНЗЕНА И АЗОТНЕ КИСЕЛИНЕ (НАТРЩУМ-НИТРАТА) У РАСТВО

РИМА ПЕРХЛОРНЕ КИСЕЛИНЕ

ДРАГАН МАРКОВИБ, ДРАГАН ВЕСЕЛИНОВИЪ и МАРИНА КОСАНИЪ

Инсшишуш за фишчку xeuuj'y Природно-машемашичко! факулшеша, Универзишеш у Београду,

1 1000 Беохрад

Из вредности за густину, вискозност и електричну проводл>ивост доби)ених у за

висности од концентраци;е 1 ,4-дихидроксибензена у 70% перхлорно) киселини, заюъучено

je да у раствору нема peaKiuija Koje су од ymuaja на мерене величине. На исти зашъучак

ynyhyjy и резултати доби)ени испитива&ем раствора фенола у перхлорно) киселини. Упо-

редно изведена спектрофотометри)ска меренл такоЬе показуху да изузев протонизаци)е

у раствору, не долази до других реакщф измену супстрата и растварача. Спектрофото-

метри)ска испитивавд система фенол-азотна киселина (натри)ум нитрат) у 70% перхлорно)

киселини на 20°, указу)у на формиран>е смеше о- и р-ннтрофенола, при односу концентра-

intja азотне киселине и фенола ман>им од 2:1. МеЬутим, при веКим концентраци)'ама нитрата

доби)'а се 2,4-динитрофенол.

(Примллно 23. септембра 1983)
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The hydrolysis of the iron(II) ion in sodium chloride medium was studied

by the emf method at 25°C. The data show that iron(II) hydrolyses between pH

2.0 and 3.5 depending on its concentration. Thus, as the iron(II) concentration

increases, the beginning of the hydrolysis is shifted to lower pH values. The deter

mination of the composition of the hydrolytic complexes indicates formation of

FeOH+ and Fej(OH)82+ complexes with stability constants log Ры = —4.89 ± 0.29

and logP2,s = —5.89 ± 0.39. Increasing concentration of the iron(II) ion con

centration of the complex FeOH+ decreases, while under the same conditions the con

centration of the complex Fes(OH)22+ increases.

Hydrolysis of the iron(II) ion has been studied by several authors1"5. Hed-

strom1 used the emf method with the conventional titration procedure and the

constanst ionic medium (1.0 mol/dm3 (Na)ClOt) * *. Mesmer2also applied the emf

method, but without a constant ionic medium. Sweeton and Baes3 studied hy

drolysis of the iron(II) ion at elevated temperatures by the solubility method.

Morozumi and Posey4, as well as Johnson and Bauman5, generated the ferrous

ion coulometrically. These studies indicate formation of a mononuclear hydrolytic

complex FeOH+ with a stability constant which extends from log Ры = — 6.8

to — 9.5. Besides that complex, the solubility measurements3 also indicate for

mation of Fe (OH)2(aq) and Fe (ОН)з~ complexes.

Since other metal ions form mostly polynuclear complexes6'7, it is unex

pected that the iron(II) ion forms only mononuclear complexes. To check up

that outstanding hydrolytic behaviour of the iron(II) ion, it is necessary to have

additional data concerning a broad range of the iron(II) concentration and various

ionic media. Therefore, in this work hydrolysis of the iron(II) ion has been studied

by the emf method with the conventional titration procedure and constant sodium

chloride medium (3.0 mol/dm3 (Na)Cl). Owing to a low extent of the hydrolysis

an attention was given to protolytic impurities and oxidation of the iron(H) ion

with molecular oxygen.

EXPERIMENTAL

All chemicals were ofreagent grade, except hydrochloric acid which was superpure (Merck).

Since concentration of the sodium chloride in the test solution was much higher than the con

centration of the iron(II) ion, it was purified by recrystallization.

* To whom correspondence should be addressed.

** Notation is in accordance with ref. 6.
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Iron(II) chloride stock solution was prepared by dissolution of Fe wire (Riedel) in hy

drochloric acid (1 : 1). In order to prevent oxidation of iron(II) by molecular oxygen, the dis

solution was carried cut in a nitrogen atmosphere. A spot test reaction on iron(III) in stock so

lution of iron(II) (0.8 mol/dm3) with KCNS gave a very weak reaction, while spectrophotometric

determination of iron(III) in the same solution with 1,10-phenanthroline gave a negative result,

thus indicating that the amount of the iron(III) ion was negligible.

In order to prevent initial hydrolysis of the iron(II) ion, in the slock solution an excess

of hydrochloric acid was added, which corresponded to double concentration of the iron(II)

ion. The excess of the acid also prevents oxidation of iron(II) by molecular oxygen. Accordirg

to Johnson and Bauman5, uncatalysed pseudo-first order half-lives of the iron(II) solution sat

urated with air corresponds to 1 x 10» years at pH 1 and 45 s at pH 8.

Sodium chloride stock solution was prepared by dissolving solid NaCl. Its content was
determined by evaporating a known volume to dryness at 350CC and constant weight.

Sodium hydroxide stock solution was prepared as a 50% solution from solid NaOH. After

a few days a known volume of the stock solution was diluted and standardized against potassium
acid phthalate, which was dried at 1 20е to constant weight.

Hydrochloric acid solution was made by dilution of superpure HC1 and standardized

by coulometric titration and against standardized sodium hydroxide. Both methods gave the

same results within ± 0.2%.

Nitrogen gas for stirring and providing the inert atmosphere was purified by passing

through 10% NaOH, 10% H2SO4, 10°,, pyrogallul, ard saturated with water vapcur by bubbling

through water and the ionic medium.

AH emf measurements were carried out as potentiometric titrations using a Wilhelm

bridge and the constant ionic medium (3.0 mol/dm3) (Na)Cl. During the measurements the

titration vessel and the Wilhelm bridge were inserted in a paraffin oil thermostat ?.t 25.0 ± 0.1°,

which was placed in a room thermostated to 25.0 ± 0.5". The cell contained a glass electrode/

/iron(II) solution, HC1, 3.0 mol/dm3 (Na)Cl/RE + , where RE = Ag, AgCl/ionic medium sa

turated with AgCl. The glass electrode was commercial (Beckman), while Ag,AgCl was prepared

according to Brown8.

Titrations of 1.25, 5.0, 10 and 40 mniol/dm3 Ее- ion were carried out by adding the

sodium hydroxide solution from one buret and the iron(II) solution of a twice higher concen

tration in the same portions from the other buret. In this way, the total concentration of the

iron(II) ion (denoted as B) was kept constant. Since all solutions were prepared in corresponding

concentrations of sodium chloride, the total concentration of chloride ions was also constant
(3.0 mol/dm3). Adding the sodium hydroxide to the test solution the analytical excess of HJ

(denoted as H) was decreased, so that it became negative during the course of the titration. The

concentration of the free W (denoted as /1) at each point was calculated by the Nernst formula

E = Ea+ Ei + 59.16 log A

where E is the measured potential, Eo a constant which includes the standard potential of the

glass electrode, and £j the liquid junction potential. Determination of bo and £j has already

been described9. The potential was measured after each new addition of the solutions frcm burets,

until a constant value was reached. In the pH range where the iron(II) ion hydrolyses, establish

ment of the equilibrium was very slow. For instance, at the end of titration it was necessary to

wait more than ten hours to reach the constant value of ± 0.5 mV. Therefore, each titration

lasted approximately ten days. As a consequence, at the end of titrations 1 to 3% of iron(III)

ions was detected.

The emf was measured with a Beckman Digital pH meter, Model 4500, sensitivity of

± 0.1 mV.

RESULTS AND DISCUSSION

The emf data of the hydrolysis of 1.25, 5.0, 10 and 40 mjllimoJar Fe2+ in

3.0 mol/dm3 (Na)Cl medium are presented in Fig. 1, as the dependence of the

hydroxide number of iron on the concentration of the free hydrogen ions, h. The

hydroxide number of iron, Z^edi) (the average number of OH~ ions bonded
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per the iron(II) ion) was calculated from the analytical excess of hydrogen ions,

H, the measured concentration of the free hydrogen ions, h, and the total con

centration of the iron(II) ion, B, according to the expression ZFeui) = (h—H)jB.

The data obtained show that the iron(II) ion hydrolyses between pH 2.0 and 3.5

depending upon its concentration. Thus, as the iron concetration increases the

! Q0» 10 M (NaJCl

О 1.2 mM Fed!)

i qo4 • Ш mM Fe(ll)

' в Ю mM Felll

О £0 mM Fe(ii)

A

4 ^-^r^^ ^ I

-1одЛ

 

CONCENTRATION OF RONIi). mM

Fig. 1. Hydrolysis of the iron(II) ion

in 3.0 mol/dm3 (Na)Cl medium.

Fig. 2. Dependence of the pH of the

beginning of the hydrolysis on concen

tration of the iron(II) ions.

beginning of the hydrolysis is shifted to lower pH values (Fig. 2). The obtained

separate curves for each concentration of the iron(II) ion indicate formation of

polynuclear hydrolytic complexes. Their composition and stability constants

were determined using the generalized least-squares program Letagrop10.

Supposing that the iron(Il) ion, on interaction with water molecules, forms

one or more hydrolytic complexes of general formula Fce(OHV2*-I,) formation

constants $pq for each (p,q) complex can be defined as the equilibrium constant

of the reaction

p H20 + q Fe2+ Fee(OH)J,<z«-f>+ + p H 1 . (1)

Although the hydrolytic complex might contain a certain number of chloride

ions and water molecules, in reaction (1) the hydration of the individual ions and

complex formation of iron(II) with chloride ions are omitted. The concentration

of both chloride ions and water molecules is much higher than the concentration

of iron, therefore, it is difficult to determine the changes in concentration of chlo

ride ions and water molecules. In order to avoid the effect of the chloride ion,

its concentration was kept constant. Thus the complex formation appears as a

constant effect and does not affect the number of OH ions in the hydrolytic

complexes.

Denoting by b and h the concentrations of the free iron(II) and hydrogen

ions respectively, the concentration of the (p, q) complexes is given by

cPt - P„e h~v Ы. (2)

If the total concentration of the iron(II) ions, B, is given by the sum of the

free ions and the ions bonded in complexes

В = b + Zqcpg - b + Zq$pq hr* b№ (3)
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then the hydroxide number of iron(II) or the amount of OH" bonded to В or,

in equivalent, the amount of H+ ions set free by reaction (1) can be represented by

Z = Zpcpj/B = (Zp$P9 A-e f)l(b + £?P„« hr» Ы) (4)

The composition of the hydrolytic complexes and their stability constants was

determined by minimization of the error square sum U = 2(Zceic — Zexp )2

using the Letagrop program10 and the procedure described in ref. 9. The hydro

lysis data of 1.2 — 40millimolar Fe2+ in 3.0 mol/dm3 (Na)Cl medium indicate

formation of the mononuclear complex FeOH+ and polynuclear complex Fe2(OH)22+

with stability constants log Ры = - 4.89 ± 0.29 and log p2,2 = - 5.89 ± 0.39

respectively. There was also some evidence of formation of the polynuclear complex

Fe2 (ОН)з+ (log Рз,г = — 8.61 ± 0.14) which gave a similar value of the minimum

of the error square sum. However, as the concentration of the iron(II) ion did

not exceed 0. 1 mol/dm3, it is more real to expect formation of the complexes

FeOH+ and Fe2(OH)22+, than of the complex Fe2(OH)3+. Determination of the

distribution of complexes FeOH+ and Fe2(OH)22+ using the Haltafall program11,

shows that the concentration of the mononuclear complex decreases with increasing

concentration of the iron(Il) ion, while at the same conditions the concentration

of the dimer increases (Figs 3 and4). This might be an explanation for the obser-

 

Fig. 3. Distribution of the hydrolytic Fig. 4. Distribution of the hydrolytic

complexes formed at hydrolysis of 1.2 complexes formed at hydrolysis of 40

mmol/dm3 Fe2+ in 3.0 mol/dm3 (Na)Cl mmol/dm3 Fe2+ in 3.0 mol/dm3 (Na)Cl

medium. medium.

vation of only mononuclear complexes in the previous works2-5, in which hydrolysis

of low-concentration iron was studied.

извод

ХИДРОЛИЗА JOHA ГВОЖЪА(И) У НАТРЩУМ-ХЛОРИДНОТ СРЕДИНИ

НИКОЛА Б. МИЛИЪ и ПРЕДРАГ ЪУРЪЕВИЪ

Природно-машемашички факулшеш, Kpaiyjeean

Изучавана je хидролиза joHa гвожг)а(Н) у натри)ум-хлоридно) средшш методом

потенциометри;ских титращца на 25°. Резултати uoi<a3yjy да гвожг)е(И) хидролизу)'е измену

рН 2,0 и 3,5 зависно од н>егопе концентраци)'е. Са порасто.м концентрашце гвожг)а(П) по-

четак н>егове хпдролизе помера се у облает нижих рН вредности. Одрег)иван>е састава

хидролитичких комплекса указу)е на граг)«ье комплекса FeOH+ и Fe2(OH)22+ са констан-

тама стабплности log Ры = —4,89 ± 0,29 и log рг,г = —5,89 ± 0,39. Са порастом кон-

ueHTparrnje гвожт)а(П) концентраци)'а комплекса FeOH+ опада, док при истим условима

концентраци^а комплекса Рег(ОН)гг+ расте.

(Примллно 22. септембра 1983)
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The polarographic behaviour of maleic, fumaric, citraconic and mesaconic

acids in phosphate buffer of different pH-values and concentrations was inves

tigated. On the basis of these investigations methods for the analysis of maleic

and fumaric, or citraconic and mesaconic acids, one in the presence of the other

are presented. The phenomenon of the appearance of several waves is explained

and the equation of electrode reactions is formulated.

The presence of a double bond, conjugated with acid carbonyl groups makes

the cj's-isomers, maleic and citraconic acids, and the corresponding rranj-isomers,

fumaric and mesaconic acids, polarographically active. The reduction of maleic

and fumaric acids at the dropping mercury electrode has been investigated in

the strongly acidic medium (HC1), strongly alkaline medium (LiOH) and in buffer

ed media (acetate, ammoniacal, borate and phosphate) at different pH-values1 ~17.

The polarographic behaviour of citraconic and mesaconic acids has been inves

tigated to a lesser extent i.7,ie,i8,ie mostly in acidic media as well as inacetate

p.iosphate- citrate and borate buffers. All the investigations have shown that the

thermodynamically more labile cis-configurations of maleic and citraconic acids

are being reduced at more positive potentia's with respect to the more stable tram-

-configurations of fumaric and mesaconic acids. The puipose cf polarogiaphic

investigations of these acids has been to find out conditions under which waves

of the cis- and rra/w-isomers can be sufficiently well separated, so that both iso

mers can be determined from the same ?amp'e, if possible.

Out of several proposition for the simultaneous determination of maleic

and fumaric acids *.i»,m,h,i7) tne best ones proved to be the Warshowsky and

Elving procedure13, which determines maleic and fumaric acids one in the presence

of the other, in the ammoniacal buffer at a pH of 8.2. There are only sc?rct in

formations about the simultaneous determination of citraconic and mesaconic

acids15-19-20. In ammoniacal buffer (lmoldm 3) at pH of 8.1, citraconic acid

can be determined with a precision below 3% for concentrations from 0.13 to

0.78 mg cm-3 20, since at pH above 6.5 mesaconic acid does not produce a wave.

With respect to the polarogiaphic behaviour cf unsaturated acids in the phosphate

buffer there are records1**-17 that both maleic and fumaric acids can be determined

in this buffer. However, detailed investigations of their polarographic behaviour

have not been performed so far. Citraconic acid has been not studied7, and there

are no informations about the polarographic behaviour of mesaconic acid in the

45
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phosphate buffer. Hence, we have studied in this paper the polarographic be

haviour of maleic, fumaric, citraconic and mesaconic acids in phosphate buffer,

with the purpose to ascertain how the pH-value and the buffer concentration

influences the formation of the waves. During the investigations w: tried to find out

in which ratio of concentiations cis- and irans-isomers can be determined one in

the presence of the other.

EXPERIMENTAL

The polarographic curves wre recorded on a Radiometer Polariter P04 polarograph.

The chart speed was 4 cm min 1 (1 mm corresponds to 0.01 V) The sensitivity range from 5

to 200 raA, with damping of oscillation was used.

As indicator electrode the dropping mercury electrode was used. Capillary characteristics

were determined in distilled water at a potential of 0 V (with respect to saturated calomel elec

trode) and with a height of mercury column of 35 cm. Mercury drop time was 4.0 s, while the

rate of flow was 2.29*ng s~l. As the reference electrode the saturated calomel electrode was used,

The contact between the electrodes was realized by a potassium chloride bridge. The oxygen

was being removed from the investigated solution by bubbling purified nitrogen for 8 to 10 min.

An inert atmosphere above the solutions during measurements was maintained by flushing with

nitrogen. All the measurements were done at 25 ± 0.5". The height of the recorded waves was

measured by means of Muller's graphic method.

Maleic and fumaric acids were of p.a. purity, while citraconic and mesaconic were of

purum grade (Fluka). The purification of the citraconic acid was effected by recrystallization

from a mixture of ether and ligroin and of mesaconic acid by recrystallization from water.

The concentration of stock solutions of the investigated acids was 0.05 mol dm-3 for

maleic and citraconic or 0.025 mol dm-8 for fumaric acid, and mesaconic as well. Standardization

of the solution was performed by potentiometric titration with the standard solution of sodium

hydroxide by using a glass electrode. The acid concentrations in the investigated solutions were

from 0.1 to 8.0mmoldm-3.

Phosphate buffers of the desired pH-values which were used as supporting electrolytes

were obtained by neutralization of phosphoric acid of a corresponding concentration by means

of a concentrated solution of potassium hydroxide (at least 2 mol dm-3). Thus considerable

changes of volume and ionic strength of the solution were avoided. When it was dealt with buffers

of concentrations 0.1 and 0.2 mol dm"3, a constant ionic strength was being maintained by adding

of potassium chloride (1 mol dm-3).

For maximum suppression freshly prepared 1% gelatine solution was used. Its concen

tration in the investigated solution was 0.005%.

RESULTS

a. Maleic acid

Maleic acid (2 mmol dm~3 for example) gives in a solution which contains

o.l mol dm-3 phosphate buffer and 1 mol dm 3 KC1, in the pH-range 1.0—3.0

one well developed cathodic polarographic wave whose height does not vary within

the above pH-values, while the half-wave potential shifts from 0.62 to 0.75 V

with the increase of pH. The investigation of the type of the limiting current has

shown tha: it is governed by the slow process of diffusion and that the electrode

process is irieversible. At a pH of 3.1 there appears another poorly defined, more

negative wave (Я1/2 = — 1.0). By further increase of pH a height increase of
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a more negative wave is obtained on account of the more positive wave (Fig. 1).

The total height of both waves is slightly lower (about 2.5%) compared to the

height of the waves in the acidic medium. At pH of 4.2 prevails the other, more

negative wave, wnich is diffusion controlled.

Fig. 1. Polarograms of ma-

leic acid (2 mol dm-3) at

different pH-values, in 0.1

mol dm-3 phosphate buffer

and 1.0 mol dm 3 KC1

 

At pH 3.9 another even more negative wave appears (/a/2 = — 1.23V).

This doubling of waves is more distinct compared to the doubling at lower pH-

-values. The second wave gradually disappears. The investigation at pH 6.09

showed that the wave height does not change by changing the height of the Hg-

-column, which means that the limiting current is of a kinetic type. Above pH

6.8 only the third wave can be observed whose height is approximately 13% lower

than the height of the wave at pH 2.0. This wave is irreversible and meets the

criterion for the diffusion current.

If the concentration of phosphate buffer is increased to 0.2 mol dm-3, both

doublings of the waves become somewhat less distinct. Already with a concen

tration of 0.5 mol dm-3 of the buffer, the first doubling of the wave can no longer

be perceived, while in 1 .0 mol dm 3 buffer even the second doubling of the wave

at pH 5 is hardly noticeable. By increasing the buffer concentration from 0.1 to

1 .0 mol dm-3, the pH at which the second doubling of waves appears is increased

from 3.1 to 4.5.

On plotting the heights of the waves recorded at constant pH against the

acid concentrations, straight line graphs passing through the origin were obtained

in all mentioned cases.

b. Fumaric acid

Fumaric acid (2 mmol dm-3, for example) gives in the solution which con

tains 0. 1 mol dm-3 phosphate buffer and 1 .0 mol dm-3 KC1 in the pH-range

1.6 to 3.0 one well defined polarographic wave of an approximately equal height

within the mentioned pH limits, while the half-wave potential shifts towards

more negative values (from - 0.72 V at pH 1.6 to 0.85 V at pH 3.03. The

electrode process is irreversible and the limiting current is governed by dif

fusion. Above pH 3.2 another poorly defined wave can be observed whose

height is increased by the increase of the pH value, while the height of the first

wave decreases. The total height of both the waves is somewhat lower than the

height of the first wave. The limiting current of the second wave is controlled

by diffusion, until its height suddenly decreases, after which the limiting current

is governed by the rate of the chemical reaction. The electrode process is irre

versible. Above pH 3.7 the second more visible doubling of waves can be ob

served. With the increase of pH values the height of the third wave increases,
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while of the second one decreases. Differently from the maleic acid, the third

wave of fumaric acid is not so well defined and at pH above 6.5 it coincides with

the supporting electrolyte wave.

In case when the phosphate buffer concentration is 1 mol dm 3, the first

doubling of the fumaric acid cannot be observed while the second doubling appears

only at pH 4.5 (Fig. 2). The second more negative wave is less visible and at pH

over 6.65 it coincides with the supporting electrolyte wave. With the increase

of pH-values the first wave gradually decreases, especially above pH 4.5, and

practically disappears above pH 6.3. The half-wave potential of the wave is con

siderably shifted towards more negative values with the increase of pH-values:

at pH 2.39 it is - 0.75 V, while at pH 5.97 even - 1.185 V. At pH 5.8 the lim

iting current of the wave has a kinetic character.

 

Fig. 2. Polarograms of fumaric acid (2 mmol dm 3) at different pH-values, in

1 .0 mol dm 3 phosphate buffer

As with maleic acid, with fumaric acid there exists at constant pH-values

a linear dependence of the concentration on the wave height also.

The behaviour of maleic and fumaric acids in the presence of sodium or

potassium salts of phosphoric acid was studied by using of primary, or secondary

sodium or potassium phosphate as supporting electrolytes. With a salt concen

tration of 1 mol dm-3 it was observed that the acids wave height is lower by 2—4%

in the presence of sodium salts than in the presence of potassium salts.

c. Mixture of maleic and fumaric acids

The conditions of performing the polarographic analysis of the mixture

of maleic and fumarie acids are much more favourable in 1 .0 mol dm-3 phosphate

buffer, since only one wave of each acid apperars at a pH 3.5. In this case the

obtained composite wave of both acids is better formed and more suitable for

analysis. At pH 3.0 the rate of diffusion governs the height of the limiting current

which is of primary interest for analytical purposes. In addition to that, at pH

from 2.0 to 3.5 the wave height remains constant. The maleic acid wave at pH

6.6 is diffusion controlled and the height is constant within the pH-range 6—7.

Based on these conclusions we have ascertained the following procedure

for polarographic determination of maleic and fumaric acids. The solution whieh
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contains both the acids is recorded in 1 .0 mol dm 3 phosphate buffer at pH 6.6

and by means of a calibration curve (Fig. 3, curve 2) the concentration of maleic

acid is read. Since the height of the maleic acid wave is lower at pH 6.6 than at

3.0, the concentration obtained at pH 6.6 can be used to find the height of the

acid at pH 3.0 by using the calibration curve (Fig. 3, curve 1). The obtained value

is subtracted from the total height value of acid waves measured at pH 3.0 and

thus we obtain the wave height of fumaric acid at pH 3.0. Then we read from

the calibration curve the concentration of fumaric acid which corresponds to this

wave height. The relative error for maleic acid is less than 3.7% for concentrations

from 0.025 to 0.70 mg cm-3, while for fumaric acid it is below 5% for concen

trations from 0.058 to 0.46 mg sm 3, provided the ratio of acid concentrations

is not above 1 : 10.

d. Citraconic acid

Citraconic acid (2 mmol dm-3, for example) gives in a solution which con

tains 0. 1 mol dm-3 phosphate buffer and 1 mol dm~3 KC1 up to pH 2.6 one well

defined wave whose half-wave potential shifts from — 0.71 to — 0.79 Vat pH from

1.27 to 2.6. Above pH 2.6 another wave appears, while above pH 3.5 the third

one appears as well. The first wave disappears at pH 4.3, while the second at pH

6.5. The third wave height is constant at pH-values from 6.5 to 7.0 (Fig. 4).

In order to investigate the influence of the buffer concentration on the

polarographic behaviour of citraconic acids, measurements were also done in

1.0 mol dm~3 phosphate buffer (Fig. 5). In the pH-range from 2.2 to 4.45 another

hardly visible wave appears, consisting of two waves. Above pH 4.45 another

more negative wave appears, whose height is gradually increased on account of

the height of the first more positive wave. The total height of waves in the pH-

-range where the second wave predominates, is lower for about 10% with respect

to the height of wave in the area where the first wave predominates.

In all mentioned cases the process at the electrode is irreversible and the

limiting current is governed by diffusion, except in case when the limiting current

Fig. 3. Dependence of wave height on

the concentration of maleic acid at pH

3.0 (/) and pH 6.6 (2) and fumaric acid

at pH 3.0 (J), in 1.0 mol dm 3 phosphate

buffer, 1 mm = 0.4 (jlA
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of the second wave in 0. 1 mol dm 3 buffer or the first wave in 1 mol dm-3 buffer

begins to reduce. In this case it is governed by the rate of the chemical reaction.

 

Fig. 4. Dependence of wave heights of citraconic acid (2 mmol dm-8) on pH-value

of buffered solution (0.1 moldm~3 phosphate buffer, 1 .0 mol dm~s KC1) 1 mm =

= 0.2 (xA

The investigations have proved that for all the waves there exists a linear

dependence of the wave height on the concentration of the acid at constant pH.

 

-0,1.1V -0,57 -0.17 -0,97 phate buffer

e. Mesaconic acid ■

Mesaconic acid (2 mmol dm-3, for example) gives one wave in 0. 1 mol dm~ 3

phosphate buffer and 1 mol dm-3 KC1 up to pH 3.1. By increasing the pH-value,

another wave can be noticed (Fig. 6). The total height of both the waves is being

reduced above pH 3.3 while above pH 4.7 only the second wave remains which

practically disappears at pH 6.5. In all the investigated cases it was found that

the electrode process is irreversible. The limiting current is governed by diffusion

except in the pH-range where the wave height is considerably reduced, and where

it is governed by the rate of the chemical reaction.

By increasing the concentration of phosphate buffer to 1 mol dm-3 polaro-

grams are obtained as shown in Fig. 7. In the whole investigated pH-range only

one polarographic wave appears having an almost permanent height up to pH
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4.5. The process at the electrode is irreversible and the limiting current is 'con

trolled by the diffusion process. Above pH 4.5 the wave height is reduced and

the wave practically disappears at pH 6.8. The investigations of the limiting current

 

type at pH 5.8 have shown that this is a kinetically controlled process. By reducing

the solution acidity, the half-wave potential shifts towards more negative values.

 

Fig. 7. Polarograms ofmesa-

conic acid (2 mmol dm"3) at

different pH-values in 1.0

mol dm-3 phosphate buffer

At constant pH it was found that in all the investigated cases there exists

a linear dependence of the wave height on the acid concentration.

/. Mixture of citraconic and measconic acids

The investigations of the dependence of half-wave potentials of citraconic

and mesaconic acid waves on pH have shown that in 0. 1 mol dirr3 buffer in the

presence of 1.0 mol dm-3 an overlapping of at least one wave of both acids occurs

due to an insufficient difference of half-wave potentials.

Much more favourable conditions for the performance of polarographic

analysis of both stereoisomess are achieved in 1 mol dm3 phosphate buffer, where

the first doubling of citraconic acid waves is hardly visible and where in a wide

range of pH-values, mesaconic acid gives only one wave. If for the purpose of

determination the waves at pH 3.0 and 6.7 are taken we will be sure that they
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are diffusion controlled and that wave heights of citraconic and mesaconic acids

do not change with the change of pH per ±0.5 units.

On the basis of the above discussion we have come to the following sequence

for determination of citraconic and mesaconic acids in the solution containing

1 mol dm-3 phosphate buffer. First of all, the wave height of the citraconic acid

is measured at pH 6.7 and from the calibration curve (Fig. 8, curve 2) the corre

sponding concentration) of citraconic acid is read. Further on from the calibraton

curve (Fig. 8, curve 1 the height of wave which relates to the concentration of

citraconic acid at pH 3.0 is determined. After that, from the height of the wave

recorded at pH 3.0 the value is substracted and as a result we obtain the wave

height which corresponds to the reduction of mesaconic acid. Finally, we read

from the calibration curve the concentration of mesaconic acid which corresponds

to this height (Fig. 8, curve 3). The relative error for citraconic acid is less than

2.6%, while for mesaconic less than 5% within the range of acid concentrations

from 0.025 to 1 .0 mg cm-1 and with a ratio 1 : 3 and vice versa. Deviations are

greater (above 10%) if the ratio of acid concentrations is higher than 1 : 10.

The appearance of several waves in properly buffered medium in the case

of maleic and fumaric acids has been explained by Hanus and Brdicka7, PospiSil

and Kuta9, Koutecky8 and others, to be the result of reduction of various types

of acids on the electrode at various pH-values. Such phenomenon has been found

with other organic acids as well22-23. It is also well known that due to the fast re

action of recombination with protons of acids present in the solution at certain

pH-values, acids which are not present in the solution can also be reduced at the

electrode. The mentioned possibility is more pronounced the larger the difference

between apparent polarographic dissociation constants and acid dissociation con

stants. Since the apparent polarographic dissociation constants represent the

pH-values with which the height of the more negative wave is equal to the height

of the more positive wave21:

 E
6

Fig. 8. Dependence of wave height on

concentration of citraconic acid at pH

3.0 (/) and pH 6.7 (2) and mesaconic

acid at pH 3.0 (J) in 1.0 mol dm-' phos

phate buffer) 1 mm = 0.4 jxA

DISCUSSION

pH = pK' + log (/neg//poB)
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they were graphically determined for the investigated acids from the overlapping

of curves which represent the dependence of the height of polarographic waves

on pH (Figs 4 and 6). The values for the first apparent polarographic dissociation

constants (Table I) should be considered as approximate ones being that the first

two waves are hardly separated and their heights carrot be always measured

with necessary precision. Nevertheless, data from Table I show that there are

TABLE I. Apparent polarographic dissociation Constanta, pK', obtained in buffered solutions

and dissociation constants, pK (O.lmoldnr3 phosphate buffer, l.Omol dm-3 KC1)

Acid pkcah;) pK' p/C(AH2) pK\ p*C(AH-) pK\

Maleic -0.88 3.80 1.945 5.87 6.128 9.00

Fumaric -1.30 3.90 3.137 5.22 4.619 _

Citraconic -1 3.17 2.95 5.63 5.98 8.65

Mesaconic -1 3.80 3.32 5.33 4.73 —

considerable differences between dissociation constants and the apparent polaro

graphic dissociation constants. We have assumed that the dissociation constants

of protonized molecules of citraconic and mesaconic acids are of the order of mag

nitude of the corresponding constants for protonized molecules of rraleic and

fumaric acids, since the values of the first and second dissociation constants of

acids have similar values.

In the pH-range from 2 to 3 only one wave appears for all mentioned acids,

except for citraconic acid, whose second wave appears already at pH 2.6. This

wave results from the diffusion current. Eased on the data on apparent polaro

graphic dissociation constants (Table I) and in accordance with the PospiSil's

and Kuta's conclusion9, we have supposed that the wave obtained in the mentioned

pH-range results from reduction of protonized molecules of acids. S?'nce the

values of the first dissociation constant of acids are within limits of yK 1.9 to 3.3

(Table I), at the mentioned conditions, the undissociated molecules and mono

valent acid ions are present in solution. The processes which are takirg place

at electrode can be expressed by the following scheme:

AH2 + H+ — АЩ Л product

II

AH- + 2H+ — H+ + AH2

Since it has a'ready been found that reduction at the electrode is irreversible and

that the current is controlled by diffusion, the followirg equation can be applied24:

diJi/2/dpH = 2.3 (и - q) R J/2aF (2)

where n is the average number of hydrogen atoms of the type which is found in

the solution, q — number of hydrogen atoms of the type which is beirg reduced

at the electrode, a the transfer coefficient, R — the universal gas constant (in

J K_1 mol-1), T — temperature in К and F — the Faraday constant (in С mol-1).

The change of half-wave potentials per unit change which was calculated

by means of the mentioned equation and experimentally obtained from the curve

slope which represents the dependence £1/2 = f (pH) are in good agreement



54 SPIREVSKA and REKALlC

(Table II). The values of n were calculated at pH 2.5 by means of the dissociation

constants of corresponding acids, while a was determined from the slope of the

line log [(» q — — f (E) at pH 2.0. Good agreement between the experimentally

ascertained and theoretically calculated slopes Д Ei/i/Д pH is achieved within

the pH-range from 1.0 to 2.0 (Table II). Hence we consider that the reduction

TABLE II. Calculated and experimental by obtained values of slope of curves Ецг = f(pH)

within a selected pH-range in 0. 1 mol dm-3 phosphate buffer (in the presense of 1 mol dm-3 KG)

pH AHi/i/ДрН

Acid range я a Theoretical Experimental

1—2 1.76 0.66 55 55

Maleic 2—3 1.22 0.74 71 80

7—8 0 0.40 74 75

1—2 2 0.35 84 75

Fumaric 2—3 1.81 0.37 95 100

1—2 2 0.59 50 55

Citraconic 2—3 1.74 0.61 61 75

7—8 03 0.37 80 75

1—2 23 0.30 98 85

Mesaconic 2—3 1.86 0.31 108 100

?t the electrode is effected in the same manner as in the pH-range 2.0 — 3.0. We

have come to the conclusion from the mentioned results that the wave of inves

tigated unsaturated acids in the pH-range 1.0 — 3.0 is the result of reduction

of protonized acid molecules.

The second wave which appears at the pH of approximately 3 has a more

negative half-wave potential, and it dominates at pH about 4, namely when in

solution mostly monovalent acids ions are present. Hence we are of the opinion

that the electrode process can be expressed by the scheme

AH+ + H+ z=: AH2+ Jt product.

Since in this pH-range there appear two, or even three waves, it would be too

intricate to make calculations for proving that the second wave is the result of

reduction of undissociated acid molecules. In addition to that, the second wave

has at higher pH-values a kinetic character, which is probably a consequence

of the slow rate of reaction of recombination of monovalent ions in molecules

of acids.

At pH 3.5 to 3.9, depending on acid which is being reduced (except for

mesaconic), the third wave appears. In the pH-range from 7.0 to 8.0 there are

mostly bivalent acid ions present, so the electrode reaction can be expressed

by the scheme:

A2- + H+ — АН- Л product.

The supposition that the third wave of maleic and citiaconic acids or ginates from

two-electron reduction of monovalent ions, is being confirmed by the data from

Table II, proving that the theoretically calculated values from eq. (1) of the half-

- wave potential change in pH dependence are in proper agreement with the ex
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perimentally obtained results from the slope of the graphically presented de

pendences 2ji/2 = f (pH).

The fact that the pH-values at which the first and second waves appear

are infuenced by the buffer concentration, as in the case of 1 mol dm-3 buffer,

can be explained bo the fact that the rate of ion recombination with protons is

affected not only by the pH, but by the other Bronsted acids present.

извод

ПОЛАРОГРАФСКО ПОНАШАНэЕ ЦИС- и ГЛ4ЯС-ДИКАРБОНСКИХ КИСЕЛИНА У

ФОСФАТНОМ ПУФЕРУ

ИЛИНКА СПИРЕВСКА и ВЛАДИМИР J. РЕКАЛИЪ*

Хемиски факулшеш на универзишешош „Кирил и Meiiioguj" , Cxouje и *Технолошко-мешалур-

шки факулшеш Универзишеша у Eeolpagy

Малеинска, фумарна, цитраконска и мезаконска киселина да;у у фосфатном пуферу,

завиено од рН-вредности и концентраiwje пуфера, )едан до три таласа. Испитввакл су

показала да су електродни процеси иреверсибилни, а да je 1ранична стру)'а ограничена

дифузи^ом, изузев у ]ецяо) ужо) области рН, где има кинетички карактер. На основу ових

испитиван>а поставл>енп су поступци за поларографско одре^ивагье оба пара цис- и шранс-

-изомера )едног поред другог. ПомоЬу података о привидним поларографским дисоциацио-

ним константача, а сагласно заклучцима PospHil-a и Kuta-e и других учин>ен je покуппц

да се об)асне електродни процеси.

(Примл>ено 1. )ула 1983)
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MaleiCj fumaric, citraconic and mesaconic acids give each one well-formed

cathodic wave in the mixture of dioxane and water of different ratios (1 : 3, 1 : 1,

3:1) and acidity (pH 2—4) containing 0.1 mol dm-3 tetrapropyl ammonium iodide,

0.05 mol dm-3 citric acid and 0.01% gelatin. The separation of waves of cis and

trans isomers is the best in 75% dioxane at pH 1.8. Under these conditions simul

taneously the pairs of cis and trans acids can be determined by measuring the

height of waves and finding out the corresponding concentration value in the cali

bration curve. An explanation is proposed of the the influence of relative permittivity,

viscosity, solvation, etc. on the intensity of the diffusion current and half-wave

potential value. The processes on the electrode frcm the data on acid dissociation

constants and dependence of half-wave potential on pH were explained.

While there are approximately twenty studies1 about the polarographic

behaviour of maleic and fumaric acids and their methyl-derivatives in water so

lution, there is only one study2 dedicated to the polarographic behavious in organic

solvents dealing with the investigation in ethanol. Dioxane has been recommended

as a preferable solvent for certain organic3-4 and inorganic5 6 compounds. There

fore we have tried to apply this solvent for the purpose of investigating the influence

of the solvent nature on the polarographic behaviour of maleic, fumaric, citraconic

and mesaconic acids.

The conditions of this investigation has been similar as during investigatons

in the water solvent1. Because of the presence of peroxide in dioxane, it had

to oe distilled just prior to application. Tetrapropyl ammonium iodide (cone.

0.1 mol dm-3) and citric acid (0.05 mol dm-3) has been used as a supporting

electrolyte. The acidity of the solution has been charged from pH 2 to 4 by

adding HQ or KOH of 0.7 mol dm-3 concentration. Above pH 4 the investigations

could not be performed due to precipitation, which prevented work also in pure

dioxane. As a maximum suppressor 0.01 % gelatin soluton has been used. The maxima

which despite addition of gelatin have appeared at acid concentrations above 1.5

mmol dm-3, could not be eliminated neither by increasing of gelatin concentration

(to 0.05%) nor by adding of other depressors: 0.1 % Triton X- 100, 0.01 % methyl

hydroxyethyl cellulose, 0.001% methylene blue etc.

57
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RESULTS

a) Maleic and fumaric acids

Both in water and mixtures of dioxane and water of different ratios (1 : 3,

1 : 1 and 3 : 1) and acidities (pH 2 to 4) containing 0. 1 mol dm~3 of tetrapropyl

ammonium iodide, 0.05 mol dm~3 citric acid and 0.01% gelatin, maleic and fu

maric acids give each a well defined cathodic wave.

The wave heights of maleic and fumaric acids (1 mmol dm"3) in water and

in 25%, 50% and 75% dioxane at various pH values in the mentioned supporting

electrolyte are shown in Fig. la. It is evident from the figure that in water so-

 

Fig. 1. Dependence of wave heights of a) maleic (M) and fumaric (1<) and b) citraconic

(C) and mesaconic (M) acids on pH values, in water, 25, 50 and 75% dioxane sup

porting electrolyte: 0.1 mol dm-3 (СНзСН2СНг)4Ы1 and 0.05 mol dm-3 citric acid)

lution the wave height of fumaric acid is about 8% lower than the maleic acid

wave and this difference decreases by the increase of the dioxane fraction in the

solvent, so that the wave heights of both the acids in 75% dioxane are almost

the same. The wave heights of both the acids considerably decrease in case the

solvent contains larger quantity of dioxane. The reduction of wave heights with

respect to water is with maleic acid 20, 35.7 or 38% in 25, 50 and 75% dioxane

respectively, while fumaric acid it is 18, 34 or 35% in the same solvents. These

data relate to pH 1 .8—2.0 in acid concentration 1 mmol dm~3. Wave heights

of both the isomeric forms of acids slightly differ at pH change from 2 to 4.

As regards half-wave potentials, it is evident from Fig. 2 that fumaric acid

appears at more negative potentials than maleic acid, where differences are greater

in case the solvent contains more dioxane (about 0.2 V in 75% dioxane at pH

2.2). While the maleic acid wave both in water and dioxane moves towards more

negative values with pH increase, the half-wave potential of fumaric acid remains

almost the same in solutions of dioxane, by the change of pH value (Fig. 2).
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The change of tetrapropyl ammonium iodide concentration from 0.1 to

0.2 mol dm-3 and citric acid from 0.03 to 0.09 mol dm-3 does not essentially

influence the position change and wave height change. Good separation of maleic

 

Fig. 2. Dependence of half-wave potential of maleic and fumaric acids on pH values, in

water and 25, 50 and 75% dioxane (supporting electrolyte 0.1 mol dm-3 (CHsCH2CH»)4NI

and 0.05 mol dm-3 citric acid)

and fumaric acid waves can be achieved in 75% dioxane in the presence of 0.2

mol dm-3 tetrapropyl ammonium iodide at pH 2.6 without application of a buffer

(citric acid). However, the wave heights considerably change in case pH is not

maintained within limits of ± 0.02 pH. This makes difficult the determination

and provokes a great relative error.

 

The maleic and fumaric acid waves in 75% dioxane result from the diffusion

current and the reduction process on the electrode is irreversible. There exists

a linear dependence of the wave height on the acid concentration. The possibility

of separating maleic and fumaric acids in solutions containing different quantities

of dioxane are shown in Fig. 3, and at various pH values in 75% dioxane in Fig. 4.

These polarograms as well as results of polarographic behaviour of both the iso

meric acids in dioxane solution show that the separation of maleic and fumaric
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acids are best in 75% dioxane in the presence of 0.1 mol dm 3 tetrapropyl ammoc

nium iodide as supporting electrolyte, 0.05 mol dm 3 citric acid and 0.01% gel

atin, at pH below 2.2. These are the optimal conditions for quantitative deter

mination of maleic and fumaric acids one in the presence of the other in dioxane

Fig. 4. Polarograms of a mixture of maleic (1 mmol dm-3) and fumaric (1 mmol dm-3)

acids in 75% dioxane at different pH values (supporting electrolyte 0.1 mmol dm-3 (СНз-

CH2CHS)4NI, 0.05 mol dm"3 citric acid)

solution. Since under the mentioned conditions the separation of both the acid

waves is good, the values of the concentrations for each acid separately can be

read from the measured wave heights by means of corresponding calibration curves.

The relative error at determination of maleic acid at concentrations from 0.0232

to 0. 1741 mg cm 3 is below 4.5%, while for determination of fumaric acids at

concentrations of 0.0464 to 0. 150mgcm-3, is below 5%. In the course of these

investigations the ratio of acid concentrations has been between 1 : 3 and 3 : I.

b) Citraconic and mesaconic acids

Citraconic and mesaconic acids give eath one well-fcirr.cd cathcc'ic wav

in water as in mixture of dioxane and water of different ratios (1 : 3, 1 : 1 and

3 : 1) and acidity (pH 2 to 4), containing 0.1 mol dm-3 of tetrapropyl ammonium

iodide, 0.05 mol dm~3 citric acid and 0.01% gelatin.

Wave heights of both the isomeric acids are highest in water and then they

decrease in case solution contains increasing quantities of dioxane. Figure lb

clearly shows that in water solution the wave height of mesaconic aaid is approxi

mately 5% lower than that of citraconic acid and that reduction of the wave height

with respect to water as solvent, amounts with citraconic acid to 28, 39.8 or 40.9%

in 25, 50 and 75% dioxane respectively, while with mesaconic acid 27, 44 and

44.2% in the same solvents. These data are valid for pH 1.8—2.0 and acid con

centration 1 mmol dm-3. Wave heights of both the isomeric acids retrain almost

constant in the pH range 1 .8—4.0 for a solution having defined contents of dioxane.

The half-wave potential changes by changing pH values only with citra

conic acid, while with mesaconic acid the slope of the curve Ёщ — f (pH) is

zero in dioxane solutions (Fig. 5). As we could expect1, citraconic acid is being

reduced at a more positive potential than mesaconic acid. The differences in

0. 6 V
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half-wave potential values are larger at higher dioxane percentages and lower

pH values.

i ira*coNic
 

 

Fig. 5. Dependence of half-wave potential of citraconic and mesaconic acids on pH

in water and 25, 50 and 75% dioxane (supporting electrolyte 0. 1 mol dm_3(CH3CHsCHt)4-

N1 and 0.05 mol dm-3 citric acid)

In order to find the most favourable conditions for the separation of citra

conic and mesaconic acid waves, we have recorded polarograms of acid mixtures

at pH 1.8 and various contents of dioxane (Fig. 6) and at constant contents of

dioxane (75%) and different pH values. From the results obtained it can be con

cluded that the most favourable conditions for the separation of isomeric acid

1(0 uA

Fig. 6. Polarograms of a mixture of citraconic

(1 mmol dm-3) and mesaconic (1 mmol dm-3)

acids in 25% (/), 50% (2) and 75% (J) dioxane

(supporting electrolyte 0. 1 mol dm~3(CH3CH2-

CH2)NI and 0.05 mol dm-' citric acid, pH =

= 1.8)

waves in mixture are in 75% dioxane at pH 1.8. Under these conditions, the wave

heights of both the acids are proportional to the square root of the height of the

mercury column, which means that the current is controlled by diffusion. The

transfer coefficient calculated from the slope of the straight line log [(ie — —

— f (E) shows that the reduction on electrode is irreversible. There exists a linear

dependence of the wave height on the concentration.

On the basis of all the previous investigations, we have reached the con

clusion that the optimal conditions for simultaneous quantitative determination

of citraconic and mesaconic acids in dioxane solution are as follows: Solvent:

75% dioxane; Supporting electrolyte: 0.1 mol dm-3 tetrapropyl amminoum iodide

and 0.05 mol dm-3 citric acid, pH =1.8; Maximum-suppressor: 0.01% gelatin.
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Since under the mentioned conditions the separation of both the acid waves

is good, the concentration values for each acid separately can be read from the

measured wave heights by means of corresponding calibration curves. Due to

occurrence of a maximum on the polarographic curve, despite the addition of

a maximum-suppressor, the highest acid concentration measurable under the

conditions is 1.5mmoldm~3. According to our investigations, citraconic acid

can be determined within the concentration range from 0.078 to 0.156 mg cm-3

with a relative error below 3.3%, while mesaconic in the interval from 0.052 to

0.156 mgcm-3 with an error below 4%. The acid concentration ratio was between

1 : 3 and 3 : 1.

The separation of citraconic and mesaconic acid waves is good when the

determination is performed in 75% dioxane in the supporting electrolyte of 0.2

mol dm-3 tetrapropyl ammonium iodide at pH 3.2 but without adding of citric

acid. At the constant pH value which must not vary more than ± 0.02 pH a linear

dependence of the wave height on the acid concentration exists. Nevertheless,

the relative error is considerably larger and reaches 8%.

DISCUSSION

The polarographic waves recorded in non-aqueous solutions differ frequently

in height, in half-wave potential values or in shapes compared to the waves re

corded in aqueous solutions. These changes are the result of the influence of

various factors: diffusion coefficient of the depolarizer, solvation, ion pair for

mation, complexing etc. Between dioxane and water great differences exist in

relative permittivities (water 78.54, dioxane 2.21 at 298 K), dipole moments (water

6.24 x 10~28Ccm, dioxane 1.50 x 10~28Ccm), electric conductivities (water

8 X 10~8S cm-1, dioxane 5 X 10 15S cm 1 at 298 K) and viscosities (data in

Table I). The low relative permittivity of dioxane is favourable for the formation

of ion pairs between the depolarizer and ions of the supporting electrolyte7, which

results in the change of half-wave potential of the ion which is being reduced.

A more important influence, primarily on the change of the diffusion current

intensity has the viscosity and the radius of solvated particles. According to

Ilkovic's equation and under supposition that it is a reduction of same species on

the electrode in question, namely the transfer of the same number of electrons,

the difference in wave heights is conditioned by the change of coefficient of dif

fusion value D of the species which is being reduced. This change depends, ac

cording to the Stokes-Einstein equation (D = k T/6 7ir() on the viscosity of the

medium and the radius of solvated particles r.

In order to find the dependence of viscosity and the size of solvated particles

on the intensity of the diffusion current, a product ?dV/2 nas been calculated

for investigated acids in water and dioxane solution (Table I). The deviation of

the product ijij1/2 in water and dioxane solutions is the smallest with fumaric

and highest with mesaconic acid. Hence we have supposed that the solvatioe

effect of solvents has an influence on the intensity of the diffusion current with

mesaconic acid in addition to viscosity. This effect has influence on both thn

maleic and citraconic acids in 75% dioxane. This is in accordance with Grun-

wald's standpoint6 that acid molecules are solvated with a greater number of mol

ecules of dioxane than with water.
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TABLE I. Viscosity, of mixtures of different ratios of dioxane and water, and the values of the

product uiu/i for some unsaturated acids

Mass fraction

of dioxane 7) X 10-3

Pasin % maleic fumaric citraconic mesaconic

0 0.88 0.94 6.22 5.71 5.62 5.47

25 1.35 1.96 6.19 5.75 5.44 4.97

50 1.85 1.36 5.83 5.50 5.02 4.59

75 1.95 1.40 5.64 4.60 5.10 4.59

The change of the half-wave potential of maleic and fumaric acids in the

pH function in the dioxane-water mixture was investigated with different contents

of dioxane. The curves which represent the dependence £1/2 = f (pH) (Fig. 2)

in 25% dioxane have in the pH range from 2 to 3 very close values of the curve

slopes as the ones in water. Since the dissociation eonstant of fumaric and es

pecially maleic acids in 25% dioxane is very close to the dissociation eonstant

of the acid in water8, then n, namely the average number of hydrogen ion species

to be found in the solution is approximately the same in both cases. Since the

slopes Ei/г/рН are close, from the equation9: it follows that q is the same, namely

d£i/2/dpH = 2.3 (и - q) RT/2xF,

the number ofhydrogen atoms of the species, which is being reduced on the electrode.

This means that on the electrode in 25% dioxane the acid molecules are being

reduced.

By increasing the contents of dioxane, the pK value of the acid8 increases

while simultaneously the slope of curves decreases which represent a dependence

Em = f (pH). The difference in values of the dissociation constants is more

expressed with fumaric acid. In 50% dioxane the slope Д Е1/2/Д pH with this

acid is zero (Fig. 2), namely the acid molecules are reduced on the electrode in

the form in which they are to be found in the solution. The electrode process

is performed without participation of the hydrogen ion.

Analogously to maleic and fumaric acids behave also citraconic and mesa-

conic acids. The pK values of these acids are very close in water to the values

of maleic and fumaric acids, so we have supposed that their pK values in dioxane

are also close. With mesaconic acid Д Я1/2/Д pH is already zero in 25% dioxane

(Fig. 5), which shows that acid molecules are reduced on the electrode in the

form in which they are to be found in the solution.
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и 3 в о д

ПОЛАРОГРАФСКО ПОНАШАгЬЕ НЕЗАСИЪЕНИХ КИСЕЛИНА У СМЕШИ

ДИОКСАН-ВОДА

ИЛИНКА СПИРЕВСКА и ВЛАДИМИР J. РЕКАЛИЪ*

Хемиски факулшеш на Универзишешош „Кирил и MeiUcguj" , CxoHje и * Техно.мшко-ме-

шалуршки факулшеш Униеерзишеша у I>страду

Маленнска, фумарна, цитраконска и мезаконска киселина да)у по )едан добро фор-

миран катодни талас у смеши диоксана и воде разлнчитих односа (1 : 3, 1 : 1 и 3 : 1) и

киселости (рН 2 до 4), Kojn садрже 0,1 mol dm"' тетрапропиламони)ум-)одид, 0,05 mol

dm-3 лимунску киселину и 0,01% желатина. Раздва;а1ъе таласа цис и шранс-изомера je

на)бол>е у 75% диоксану и при рН 1,8. Под овим условима могу се истовремено одредити

парови цис и шранс киселина мереььем висине таласа и налажен>ем одговара)упе вредности

за концентраци]'у са калибрационе криве. У раду je покушано да се oojacim утица) релативне

пермитивности, вискозитета, солватаци)е итд. на )ачину дифузионе crpyje и вредност полу-

таласног потенциала. Из података о константи дисоци)аци)е киселина и зависности полу-

таласног потенци)ала од рН вредности, протумачени су процеси на електроди.

(Примллно 12. септембра 1983)
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ПРИЛОГ ИЗУЧАВАНэУ ПРИМЕНЕ „СЕДЕЪЕ" ЖИВИНЕ ЕЛЕКТРОДЕ

КОД КОМПЛЕКСОНОМЕТРЩСКИХ ПОТЕНЦИОМЕТРЩСКИХ ТИ-

ТРАЦЩА. I. ОДРЕЪИВАВЬЕ ТЕДНОКОМПОНЕНТНИХ СИСТЕМА
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Тсхнолошко-мешалуршки факулшеш Универзишеша у Београду, й. йр. 494, 11001

Београд

(Придиьено 26. iviaja 1983; ревидирано 27. децембра 1983)

Приказани су резултати доби)ени директном комплексонометрщском

титраци)ом >она Cu2+, Zn2+, Pb*+, Bi3+, Mn*+, Co2+, Al8+ и Сг*+ уз електродни

систем „седеКа" Hg/ЗКЕ. При томе, испитан je утица) додатка жива(П)-ком-

плексоната, рН вредности и концентраци)'е на облик титрационих кривих

и тачност доби>ених резултата. Осим тога, ради упоре1)иван>а, по;едина од-

. реЬиван>а су вршена и уз електродни систем Pt/ЗКЕ. На основу доби)ених

резултата заюьучено je да електродни систем „седеНа" Hg/ЗКЕ може успешно

да се примени код директног комплексонометри]ског одре^иваша анализира-

них )онских врсти, осим алумини)ума, а посебно хрома, где се на oeoj начин

нису добили поуздани резултати. Додатак жива(П)-комплексоната, вредност

рН и концентраци]а показу)у веКи или маши утица) на облик титрационих

кривих, као и на резултате одре^ивааа.

Комплексонометрщска титращца налази широку примену у савремено)

аналитичко) пракси, посебно у индуелтлцеким лаборатори]ама, где брзина

и )едноставност представльа^у )едан од на)веНих квалитета. Потенциометр^ска

варианта комплексонометри)ске титращф салшм тим доби)а join веЬи 3Ha4aj,

а посебно примена „седеЬе" живине електроде, као индикаторске, Koja због

CBojHx особина омогуЬава одре!)ива№е великог 6poja елемената. На успостав-

л^н>е потенциала на ,,ceflehoj" живино) електроди битан утица) показуje

додатак жива(П)-комплексоната у анализирани раствор1, мада скок потен

циала у завршно) тачки комплексонометри)ске титрацэде не зависи исклъу-

чиво од Нтеговог присуства. Величина скока потенциала, тако^е, у функции

je рН вредности, присуства комплексира)уЬих или таложних агенаса, кон-

станти стабилности комплекса, концентращф, приства халогенида, кисеоника

и других1-5.

Цил. овога рада je да се испита могуНност директне комплексономе-

три}ске THTpaunje joHa Cu2+, Zn2+, Pb2+, Bi3+, Mn2+, Co2+, Al3+ и Cr3+ уз

електродни систем „седеЬа" Hg/ЗКЕ. При томе, изучаван je утица} до

датка жива(Н)-комплексоната, рН вредности, Koje су посебно одабране за

сваку joHCKy врсту, као и концентрац^е, на облик титрационих кривих и

резултате одре!)иван>а. Таког)е, ради упоре^иванъа, наведени су резултати

одре!)иван>а неких joncKHX врста уз електродни систем Pt/ЗКЕ, где долази

до успоставл>а1ьа добро дефинисаног потенциала на платина^ електроди1.
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ЕКСПЕРИМЕНТАЛНИ ДЕО

За одрег)кване завршне тачке потенциометри)ске комплексонометри)ске титраци)С

као индикаторска електрода употреблена je „седеЬа" живина електрода сопствене израде.

То je уска стаклена цев, унутрашн>ег пречника 3,5 mm, пови)ена у облику слова ,J" и

Koja на краКем делу има проширене у облику чаши не испун>ене живом. Оствариване

електричне везе врши се преко бакарног проводника Kojn je провучен кроз дужи стаклени

део и заронен у живу. Као референтна електрода употреблена je засиКена каломелова

електрода, тип К 100, производное Radiometer, Копенхаген. За праКене тока титрапи)е

ксришКен je дигитални рН-метар, тип М 62, пролзводне Radiometer, Копенхаген, ко)и

je подешен да ради као миливолтметар.

За сва испитиван>а коришКене су следеЬе соли анализираних металних )онских

врсти: бакар(П)-сулфат (CuS04 • 5Н20), „Зорка", Шабац; цинк-сулфат (ZnS04- 7Н20),

„Зорка", Шабац; олово(И)-нитрат (Pb(NOe)t), „Зорка", Шабац; бизмут(Ш)-нитрат

(Bi(N03)3 ■ 5Н20), ,Д<емика", Загреб; манган(П)-хлорид (МпС12 • 4Н20), ,,Laphoma",

Скошье; кобалт(П)-сулфат (C0SO4 ■ 7НгО), „Reanal", Будимпешта; алумини)ум-хлорид

(А1С1з • 6Н20), „Кемика", Загреб и кали)ум-хромат (К2Сг04), „Кемика", Загреб. Раствори

испитиваних joHCKnx врсти направл>ени су у концентратуама Ю-1, 10~г и 10_3 mol/dm3

и стандардизоваии на следеЬи начин: бакар(И)-сулфат и цинк-сулфат су стандардизовани

електрогравиметр^ски; олово(П)-нитрат ни)е стандардизован; бизмут(Ш)-нитрат, манган

(И)-хлорид, кобалт(П)-сулфат и алумини)ум-хлорид су стандардизовани гравиметр^скн ;

кaлиjyм-xpoмaт Hnje стандардизован и непосредно пре титращ^е вршена je редукци)а

Сгв+ до Сг>+ joHa. Раствори динатр^умове соли EDTA (Na2H2Y • 2Н20, „Кемика", Загреб),

употребл>ени као титранти, правлени су таког)е у одговара}у1шм концентращуама и нису

стандардизовани будуКи да задошкымкцу услове примарног стандарда.

Подешаване рН вредности раствора вршено je пре почетка титраци>е и то: раствором

азотне киселине, сирЬетне киселине, смешом сирЬетне киселине и натри)умацетата као

и смешом aMOHnjyM-хидроксида и амони)ум-ацетата, што je зависило од рН вредности Kojy

je требало добити. Сви раствори били су концентращ^е Ю-1 mol/dm3. Осим тога, при

титраци^и раствора олова и мангана, на шипим рН вредностима, додаван je тартарат да

би се спречила nojaea хидроксида.

Раствор жива(Н)-комплексоната, концентрацше Ю-1 mol/dm3 направлен je на уоби-

4ajeHH начин» и додаван je у анализирани раствор пре почетка титрашОе у количини 1—2

капи.

Све употребл>ене хемикалще биле су чистоЬе р. а.

РЕЗУЛТАТИ И ДИСКУСЩА

Одрег)ивавье )Она бакра у све три припрелиьене концентраци)е раствора

одговара)'угхе соли вршено je при рН вредностима: 5,0, 7,0 и 8,0 и то у при-

суству и одсуству жива(П)-комплексоната.

Доби)ени резултати показуху да се бакар лако oflpetjyje директном ти-

траци)ом са Кш уз електродни систем „седеЬа" Hg/ЗКЕ у свим испитиваним

условима. Релативна грешка среднее вредности за сва испитивааа Kpehe

се у опсегу 0,83—2,40% У присуству жива(П)-комилексоната, а 1,50—6,50%

у асговом одсуству. (Средше вредности код свих одрег)иван>а доби)ене су

на основу десет по)единачних титращф). Испитиване рН вредности нису

показале неки знача)ни)и утица) на резултате одрег)иван>а.

Ефекат концентраци)е и присуства жива(П)-комплексоната на облик

титрационих кривих код одрег)иван>а joHa бакра при вредности рН 5,0 при

казан je на слици 1 . Види се да и концентраци)а и присуство жива(П)-ком-

плексоната показу)у утица) на висину скока потенциала у завршно] тачки
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титраци|е. Мег)утим, титрационе криве у свим случа|евима су такве да омо-

ryhaeajy jacHO одрег}иван>е завршне тачке.

 

Слика 1 Figure

Ефекат концентраци)е и додатка HgY2_

на облик титрационих кривих код од-

реЬиван>а )она бакра при рН 5,0

The effects of concentration and of HgY2""

additon on the shape of copper(II) titra

tion curves at pH 5.0

Ю

—..itdtio- Hg/ZKE

- Pt/ZKE

/Ю~> mot/dm1

Ю'2 mot/dm3 

 

/4

Ю4 mol/dm3

' I0'2 mol/dm3

|l I0'3 mol/dm3

0.3 1.0

Слика 2 Figure

1.5 cm3

Титрационе криве доби;ене одре^ива-

н>ем )'она олова при рН 4,0 уз елек-

тродни систем „седейа" Hg/ЗКЕ без

додатка HgY2- и уз електродни систем

Pt/3KE

Titration curves of lead(II) determina

tions (pH 4.0) with sitting" Hg/test

solution/SCE system without the addition

of HgY2" and with Pt/test solution/SCE

system

Примена електродног система Pt/3KE за одрег)ивавье joHa бакра при

наведении рН вредностима и концентрацдфма показала je да вредности

рН HeMajy Beher утищи'а на облик титрационих кривих, kojh углавном зависи

од концентращце. Тако, при одрег)иван>у )она бакра из раствора концент-

painije 10~3 mol/dm3 доби]ене титрационе криве нису могле да се упоребе

за одреЬиванье завршне тачке титраци)е.
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Одрег)иван>е joHa цинка вршено je на исти начин као и бакра, само

су одабране рН вредности износиле 5,0, 7,5 и 9,0. Доби)ене титрационе криве

уз електродни систем „седеЬа" Hg/ЗКЕ имале су облик сличай ономе код

бакра, а релативна грешка среднее вредности за све три концентраци)е и

рН вредности кретала се у опсегу 0,83—6,56% у присуству жива(И)-ком-

плексоната и 0,82—7,47% у н>еговом одсуству.

Електродни систем Pt/3KE HHje могао да буде употреблен за одре-

г)иван>е цинка.

 

 

Слика 3 Figure

Ефекат рН вредности и додатка HgY2~

на облик титрационих кривих код

одрег)ивая>а ;она бизмута почетне кон-

центрашле lO-2 mol/dm3

The effect of рН value and the addition

of HgY*- on the shape of bismuth(III)

titration curves of 10~2 mol/dm3 initial

concentration

Слика 4 Figure

Ефекат рН вредности и присуства

HgY2_ при одрег)иван>у )она кобалта

почетне концентраци)е I0~2 mol/dm3

The effect of рН value and of the pres

ence of HgY2- on the determination of

cobalt(II) initial concentration 10~s

mol/dm8

Потенциометри)ска титраци)'а )она олова уз „седеЬу" живину елек-

троду и при рН вредностима 4,0, 5,0 и 9,5 не представл>а никакву тешкоЬу.

Под]еднако добре титрационе криве доби)а)у се за све испитиване рН вред

ности и концентращф, као и са и без додатка жива(11)-комплексоната, kojii

у извесно)' мери, мег)утим, утиче на тачност одрег)иван,а. Тако, титраци^ом

при вредности рН 4,0 релативна грешка средгье вредности за све концен-

траци)е креке се од 0,08—5,29% у присуству жива(П)-комплексоната, а

3,12—5,64% у н>еговом одсуству.

Одрег)иван>е )она олова уз електродни систем Pt/ЗКЕ дало je такоЬе

добре резултате.
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На слици 2 приказане су титрационе криве доби)ене одрег)ива1ьем joHa

олова различитих концентрашф при рН 4,0 уз електродни систем ,.седсЬа"

Hg/ЗКЕ, без додатка жива(П)-комплексоната и уз електродни систем Pt/3KE.

На основу ириказаних кривих види се да je у свим случа)евима могуЬе

на задовол.ава)уЬи начин одредити завршну тачку титращф.

Одрег)иванэе )она бизмута вршено je при рН вредностима 1 ,50 1 ,75

и 1,90. Додаван>е жива(П)-комплексоната било je ефикасно и код одре^и-

ваньа Bi3+ joHa у концентрации 10 1 mol/cim3, а посебно у концентрации

10~2 mol/dm3, где се у ньеговом одсуству тле могла одредити завршна тачка

THTpaunje. Вредност рН показуje утица) на висину скока нотенщфла у за-

BpiuHoj тачки титраци)е.

-so HgY
Ю'1 mol/dm3

Слика 5 Figure

Ефекат концентрации и Присуства

HgY2- код одрсЬниан.а )она кобалта

при рН вредности 5,5

The effect of concentration and of HgY2 '

presence on the determination о cobalt

(II) at pH 5.5

 

Ca слике 3 се види да вредности рН 1 ,75 и 1 ,90 утичу на flo6njaibe ти-

трационих кривих Koje noKa3yjy веЬи скок потенциала у завршно) тачки.

Ово je нарочито изражено у присуству жива(П)-ксмплексоната. У раствору

KOHueHTpaimje 10 3 mol/dm3 HHje било уопште могуЬе одредити садржа)

)она бизмута како у присуству, тако и у одсуству жива(Н)-комплекссната.

Релативна грешка средвье вредности ca KojoM су одрег)ени joHH бизмута у

свим исиитиваним условима креЬе се у границама 2,1—5,7%.

Електродни систем Pt/3KE imje могао да буде примешен при потеп-

HHOMeTpHjcKoj титраци)и раствора бизмута.

Код одре1)иван>а joHa кобалта, Koje je вршено при рН вредностима

5,5, 6,0 и 9,5 присуство жива(П)-комплексоната дошло je до правог изража)а

и то при свим рН вредностима и свим концентращфма, што je илустровано

на сликама 4 и 5.

Код свих извршених титращф без додатка жива(П)-комплексоната до-

би)але су се криве Koje нису показивале скок потенщфла у завршно) тачки.
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или су ови скокови били веома мали. Криве доби)ене титращфм уз додатак

жива(П)-комплексоната су сасвим правилне, са великим скоком потенциала

у завршно) тачки, што je имало одраза и на тачност доби)ених резултата.

Тако, релативна грешка средиье вредности са KojoM су одре^ени )ОНИ ко-

балта у присуству жива(И)-комплексоната Kpehe се у опсегу 0,7—3,1%

за све концентрашф и рН вредности, а 2,4—4,8% у случа)'у титраци)е

без додатка жива(П)-комплексоната. Вредности рН су тако!)е показале yranaj

на облик титрационих кривих, а оптимална je 5,5 за све три концентраци)е.

Ово се може об)аснити утица)ел< пуфера на скок потенциала при вишим

рН вредностима.

Примена електродног система Pt/ЗКЕ дала je задовол>ава}у1гу титра-

циоиу криву |едино код одре!)иван>а joHa кобалта у концентрации 10-1 mol/dm3

и при рН вредности 5,5.

КоришЬетье „седеКе" живине електроде као индикатсрске, код одре-

1)иван>а )она мангана при рН вредностима 5,0, 6,0 и 9,5 показало се ефи-

касним при анализи раствора концентраций 10 1 mol/dm3. При анализи

раствора Kojn je садржао joHe мангана у концентрации 10~2 mol/dm3 могуЬе

je било одредити садржа) мангана само уз додатак жива(И)-комплексоната,

док одре^иванье Mn2+ joHa из раствора концентраци)е Ю-3 mol/c'.m3 imje

било уопште могуЬе. HajMaiba релативна грешка среднее вредности са KojoM

je одре1)ен манган износи 2,2% и то при титраци)и joHa мангана у концен-

TpaunjH 101 mol/dm3, при рН вреедности 9,5 Koja je yjeflHO и оптимална

рН вредност, као и уз додатак жива(П)-комплсксоната.

Применом електродног система Pt/ЗКЕ за одре1)иван>е joHa мангана

при рН вредности 9,5 из раствора концентращф Ю-1 mol/dm3, добща се

веома изразит скок потенциала у завршно) тачки титращ^е. При исто кон

центрации, а рН вредностима 5,0 и 6,0 доби)ене титрационе криве показу)у

мали скок потенциала у завршно) тачки. Титрашф joHa мангана из раствора

концентращф 10" 2 и 10 3 mol/dm3 Hnje дала задовол>ава)уЬе резултате.

Одре1)Иван>е joHa алумини)ума директном титр ащфм са раствором ди-

натри)умове соли EDTA вршено je при рН 3,0 и у 3arpejaHoj cnpheTHoj ки-

селини, да би се убрзала иначе веома спора реакшф. Применом „седеЬе"

живине електроде као индикаторске и уз додатак жива(И)-комплсксоната

било je могуЬе одредити алуминщум из раствора концентрашф Ю-1 и 10~2

mol/dm3, при чему je релативна грешка среднее вредности износила 2,6%

одн. 3,6%. Електродни систем Pt/ЗКЕ могао je у истим условима да буде

примешен само за одре!)иван>е алумин^ума из раствора концентращф Ю-1

mol/dm3. Ме1)утим, у свим испитиваним случа)евима скок пoтeнциjaлa у

завршно) тачки титрахвф je веома мали, тако да су резултати непоуздани,

па се директна потенциометр^ска комплексонометри)ска титращф показала

неподесном за одре^иваше joHa алумини)ума.

Одре1)иван>е joHa хрома, као и алуминюума, вршено je из 3arpejamix

раетвора при вредности рН 3,5 и у присуству жива(П)-комплекссната. Како

у c;iy4ajy примене електродног система „седеЬа" Hg/ЗКЕ, тако и у cjiy4ajy

примене електродног система Pt/ЗКЕ, mije било могуЬе одредити хром ди

ректном комплексонометри)ском титращфм, при наведено) рН вреднссти

и из раствора испитиванихк онцентраци)а.
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ЗАКЛ>УЧАК

На основу извршених испитиван>а може се зашъучити да je могуЬе

успешно одредити анализиране joHCKe врете, осим алумини)ума и хрома,

директном комплексонометри)ском титращфм уз електродни систем „седеЬа"

Hg/ЗКЕ. При томе, доби)ени су задовол>ава)уЬи резултати у многим слу-

ча)евима и у одсуству жива(Н)-комплексоната, али су у ььеговсм присуству

ови бол>и. Електродни систем Pt/ЗКЕ нашао je нешто машу примену у овим

одрег)иван>има .

Таког)е, утвр!)ене су оптималне рН вредности и концентращф за од-

рег)иван>е испитиваних донских врсти.

SUMMARY

CONTRIBUTION ТО THE STUDY OF THE APPLICABILITY OF A , .SITTING"

MERCURY ELECTRODE FOR COMPLEXOMETRIC POTENTIOMETRIC TITRA

TIONS. I. DETERMINATION OF MONO-COMPONENT SYSTEMS

BORISLAVA D. VUCUROVIC and MIRJANA D. STOJANOVlC

Faculty of Technology and Metallurgy, University of Belgrade, P.O.Box 494, YU- 11001

Belgrade, Yugoslavia

The results obtained by direct complexometric titrations of Cu2+, Zn2+, Pb2+, Bi3+, Mn2+,
Coi+, Al3+ and Cr3+ in the presence of the electrode system ,, sitting" Hg/test solution/SCE,

are reported. In the course of the investigations, the influence of the addition of mercury(II)-

-complexonate, of the pH value and of the concentration on the shape of titration curves and

the accuracy of the results, were under examination. Besides, because of comparison, seme of

determinations were made applying a Pt/test solution/SCE system. From the results obtained

one can conclude that the electrode system consisting of the ,, sitting" Hg/test solution/SCE is

capable fo successful application by direct complexometric titrations of the ions mentioned,

except when aluminium and chromium are in question. The addition of mercury(II)-complexonate,

changes of pH and of concentration, express a certain influence on the shape of titration curves

and the accuracy of determinations as well.
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УПУТСТВА АУТОРИМА

ГЛАСНИК ХЕМЩСКОГ ДРУШТВА БЕОГРАД

o6jaBJbyje оритналне научне радове, белешке, йрешходна саойшшен>а, лишера-

шурске йрегледе и рецензще кн>ша.

Оритнални научны радови садрже резултате оригиналних истражнван>а Kojn нису

<хмавл.енн. Радови се шалу на рецензщ'у а прихватанъе рада обавезу)е ауторе да исте ре

зултате nehe oojaBHTH на другом месту. Обим рада не би требало да пре!)е 3000 речи (у про

секу 10 страница куцаних двоструким проредом).

Белешке садрже резултате краКих, али довршених истраживан>а или приказу)'у

сопствена оригинална искуства из лаборатори)ске праксе (методике, апаратуре и сл.)- Обим

белешке не треба да npelje 500 речи.

Прешходна саойшшепа треба да садрже оригиналне научне информаци)'е чи)и карак-

тер захтева брзо об)авл.иван>е и не треба да буду дужа од 1000 речи.

Лишерашурски йрегледи се iirraMnajy на нашем )езику и треба да обавесте шири круг

чишалаиа о на; нови) им достигнуКима хеми)е и технологов. Обим чланака je ограничен

на 16 штампаних страница, одн. око 30 страница куцаног текста, укл>учивши слике и та

блице.

Рещнзще книга од ширег интереса не би требало да пре!)у обим од 300 речи.

Ойшше найомене

Рад може бити писан на српскохрватском (хрватскосрпском) или неком од следеНих

страних )езика: енглеском, немачком, руском или француском. Аушорима се Upeiiopynyje

да Подносе радове на сшраном jeniKy jep тако nocTajy приступачни далеко веКем 6pojy заин-

тересованих колета.

Рад треба да je написан у /иукраНем могуНем облику а да при томе остане jacaH. У

уводном делу треба дати само на)нужни)и преглед рани]их истраживан>а и об]аснити сврху

рада. Нарочиту пажвъу треба посветити прецизном и )асном изношен>у експерименталних

података, тако да се описали експерименти могу без тешкоНа репродуковати. Познате

методике и технике треба означити именом и литературским цитатой.

Сваки рад треба да има два извода: први на )езику на KojeM je чланак писан, а другн

на српскохрватском (хрватскосрпском) одн. на jeflHOM од поменутих страних je3HKa.

Радови Kojn по технично) опреми и начину излагала не одговара;у стилу радова

ко)и се об)авл>у)у у Гласнику, биЬе враЬени ауторима на прераду. Стога се ауторима скреКе

пажвьа да се при пиеан>у радовэ придржава)у следеКег упутства:

Ойрема рукойиса

Рукопис треба доставити Редакции у два примерка куцан машиной са двоструким

проредом. При куцан>у не треба користити косе црте уместо округлих заграда. Ако писаЬа

машина KojoM се текст куца нема посебне символе за )единицу (1) и латинично 1, прве треба

означити повлачен>ем косе цртице с леве горн,е стране симбола. Тако1)е, ако нема разлш<е

измену нуле (0) и великог О, а посто)и могуКност да их не-хемичар замени, то означити

на маргини рукописа. (Нпр. код 0,005 je jacHo да се ради о нулама, али за С =0 nocTojn

дилема да ли представлл ,,це равно нули" или „угл>еник везан двогубом везом за ки-

сеоник"). Рукопис треба да садржи све слике, дэдаграме и таблице, Koje треба приложитн

на посебним листовима на Kpajy рукописа, а у тексту означити нъихово приближно место.

Резултати се могу приказати или сликом или таблицом. Истн резултат се не може прнказатн

на оба начина. Не прихвата се репродуковаае слика и таблица из других радова (сем у

прегледним чланцима).

73



74

Нарочиту пажн>у треба посветити номенклатури и терминологии, Koje треба да

буду У складу са препорукама Интернационалне уни)е за чисту и применлну хеми)у. Треба

се придржавати МеЪународнох система ^единица (SI), како je то изложено у прилогу све-

ске 3—4 Гласника за 1974. годину.

Наелов рада, ако je икако могуКно, не треба да садржи символе и формуле и треба

да je што концизни)И. Следе имена аутора са средн>им словом, па назив институци)е. Уз

назив града треба дати и поштански 6poj. Први извод долази пре текста, док други, Kojn

тако^е треба да има преведен текст наслова, долази на Kpajy, искред литературе.

Математичке ознаке у тексту треба да су што )едноставни)е. Треба на сваки начин

избегавати комбинашке са индексима индекса или експонентима експонената. Таког)е треба

а
тежити да се разломци не пишу у два реда, веЬ у (едном, нпр. не eeh а/b. Таког)е треба

b

избегавати ознаке, типа ех веЬ писати ехр х. Децимални зарез употребл>авати у текстовима

на нашем, француском, руском и немачком je3m<y, док децималну шачку користити само

у енглеским текстовима.

Цршежи треба да буду пажл>иво изра!)ени тушем на бело) хартии или паусу и треба

да буду око два йуша eehu од клишеа Kojn he се израдити за штампу. Величину слова и ци-

фара одабрати тако да остану читл>иви и после уман>ен>а. (Препоручу)у се шаблони 4 до

6 mm). Фошо1рафи]е треба избегавати, а уколико су неопходне, Mopajy бити на задово-

.ъава)уКи техничком нивоу за израду клишеа. Не прихвата се више од 6 слика или цртежа.

Лишерашурски цишаши треба да буду приложена посебно и нумерисани редом KojnM

се nojaBA>yjy у тексту. (У литературским прегледима могу се пореЬати и по абецеди ако

то аутор сматра практичнаим). Нумерисан>е у тексту треба дати арапским цифрама giii-s

нушим jegaH йроред изнад реда. Скракенице за часописе треба узимати према Chemical Abstract,

55, lj—397j (1961). Радовл се iwrnpajy на следеЬи начин: D. С. Mckean, J. L. Duncan/

L. Batt, Spectrochim. Acta 29A, 1037 (1973). Кн>иге се UHTHpajy на следеЬи начин: J. S.

Rowlinson, ^Liquids and Liquid Mixtures", Butterworth Publ. Co., Ltd., London 1969,

p. 53. Цитира&е радова Kojn нису доступни mnpoj давности, као нпр. интерних ii3BeuiTaja,

по правилу се не прихвата.

За радове писане на нашем je3ni<y руску литературу треба наводити у изворном

облику, док за текстове на неком од западних )езш<а наводе треба транскрибовати (ж—zh;

х—Kh; ц—te; ч—ch; ш—sh; щ—shchj ы—у; ю—уи; я—уа; э—е; Й — i; ь— ').

Пошто се у часопису yiuije хеми)ских друштава 1угослави)е, Yugoslav Chemica

Papers редовно штампа)у проширени изводи свих радова Kojn се nojaBA>yjy у )угословенским

xeMujcKHM часописима, умол>ава)'у се аутори да припреме посебно йроширени извод свог

рада на енглеском je3HKy. Обим овог текста je 1—2 куцане странице. Oeaj извод, може

садржати и Kpahy таблицу, 1—2 слике, као и неопходне литературске цитате. Таблице и

слике не треба понавльати (ако су идентичне онима у главном тексту) веЬ само означптн

Koje су одабране. Овде треба приюьучити и списак важни)их по;мова Kojn карактерншу

допринос рада, нпр. катализа, ензимске реакци)е, хемин, индол, хемоглобин, оксидаци)а

и слично.

Ради убрзаша сла<ьа отисака на коректуру, потребно je назначити koj'cm од аутора

(ако их je више) и на Kojy адресу коректурне отиске треба упутитн.
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THE FORMATION OF CYCLIC ETHERS FROM OLEFINIC

ALCOHOLS. ПР. CYCLIZATION OF UNSATURATED ALCOHOLS

CONTAINING A BICYCLO (2.2.1) HEPTENE OR BICYCLO (2.2.2)-

OCTENE SYSTEM

MIHAILO LJ. MIHAILOVIC*

Department of Chemistry, Faculty of Science, University of Belgrade, and Institute of Chemistry,

Technology and Metallurgy, Belgrade

and

SLOBODAN B. SUKDOLAK and JOVAN MILOVANOVIC

Department of Chemistry, Faculty of Science, Svetozar Markovii University, YU-34000 Kragujevac

(Received 7 November 1983)

When the diastereomeric pairs of the Д4-ипsaturated alcohols «яао-a-methyl-

bicyclc<2.2.1)hept-5-ene-2-methanol (la and lb) and ena'o-a-methylbicyclo(2.2.2)-

oct-5-ene-2-methanol (Va and V6) are subjected to the oxymercuration-demercu-

ration reaction, reaction with N-bromosuccinimide or oxidation with peracids, they

undergo, due to neighbouring group participation, intramolecular ether ring closure

in a regioselective way, affording in very good yield exclusively tricyclic ethers of

the tetrahydrofuran type (II, III, IV, VI; a and b), with the adjacent hetero substi-

tuent (Br- in III, HO- in IV) in an exo orientation.

In continuation of our studies of intramolecular cyclization of olefinic alco

hols1, we have now investigated the behaviour of the diastereomeric pairs of endo-

-a-methylbicyclo(2.2.1)hept-5-ene-2-methanol (la, Ii>)2.3 and endo-a-methylbicyclo-

(2.2.2)oct-5-ene 2-methanol (Va, Vfc)4 (i.e. alcohols containing a A4-double bond

with respect to the С—OH grouping) towards mercuric acetate (followed by

sodium borohydride reduction), N-bromosuccinimide and monoperphthalic acid.

The cyclization products obtained in these reactions are shown in Schemes 1 and

2, and the yields are given in Table I.

Oxyrnercuration-demercuration5. When treated with mercuric acetate followed

by in situ sodium borohydride reduction of the organomercurial intermediates,

alcohols I and V (both diastereomers a and b) afforded the corresponding unsub-

stituted tricyclic ether products II and VI (a and b), respectively, in 78—86%

yield. In this reaction tetrahydrofuran type ethers were exclusively formed, i.e.

addition of the hydroxyl oxygen to the double bond was regioselective and took

place at the nearer, C(6), olefinic carbon atom. The cyclic ethers II (a and b) and

* Address for correspondence: Department of Chemistry, Faculty of Science, Studentski

trg 16, P.O.B. 550, YU-11001 Belgrade, Yugoslavia.
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VI (a and b) were identical with those obtained previously by the acid caialyzed

(H2SO4—H2O) cyclization (Table I) of the corresponding olefinic alcohols I (a

and b)2-* and V (a and ft)4, and for II, also by the lead tetraacetate oxidation of the

respective 5,6-saturated alcohols2. In these publications the stereochemistry of the

starting alcohols (la, lb; Va, Vi>) and of the corresponding unsubstituted cyclic

ethers (Ila, 116; Via, Vli) was determined by first-order analysis of their Щ-NMR

spectra, using, in addition, the lanthanide induced shift technique24.

Reaction with N-bromosuccinimide1-10. When the diastereomeric alcohols la

and lb were treated with N-bromosuccinimide, either in a nonpolar solvent (carbon

 

1л

2S (+ctf, 2/?)]

A-E

 

Ha (X-H)

Ilia (X = Br)

IVa (X=»HO)

[2/?,3S (+2S.3/?)]

H-2/H-3 trans

 

\oiSt2Si* «V?, 2R)\

 

IIo(X-H)

III6(X = Br)

IV6(X=H0)

[2S,3S(+2/?,3/?)]

H-2/H-3 cis

[x-exo, rimendOy s»s/n, a»anti)

(Reactions A-E, see Table I)

Scheme t

* It should be noted that alcohols analogous to I, but without the ot-methyl group or

with two such methyl substituents at C(a), have also been found to undergo five-membered

cyclic ether formation when subjected to acid catalyzed conditions7-8, or to the oxymercuration-

-demercuration reaction7b,e.
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Va

[*CR, 2Si+JS, 2/?)]

 

Via

[2tf,3S (+ 2S,3fl>]

H-2/H-3 trans

 

[VS, 2S (♦ 2/?)]

|f,g

 

VI6

[2S,3S (+ 2/?,3/?)]

H-2/H-3 c/s

(Xsexo)

(Reactions F and G, see Table I)

Scheme 2

tetrachloride) or under polar conditions (in rm-butyl alcohol — water), they under

went regioselective intramolecular cyclization to give the tricyclic bromo-ethers

of the tetrahydrofuran type (Ilia and IIIi>, respectively) in very good yield, ranging

from 74 to 80% (Table I), with the bromo substituent located exo at C-6*.

Oxidation with monoperphthalic acid11. This peracid in diethyl ether converted

the epimeric alcohols la and lb regioselectively and in very good yield (74—78%,

see Table Г) to the corresponding tricyclic hydroxy-ethers of the tetrahydrofuran

type (IVa and IVb, respectively), the hydroxyl group at C-6, being exo oriented.**

* As shown in Schemes 1 and 2, according to the Chem. Abstr. nomenclature, the num

bering system for the starting alcohols I and V (a and b) is different from that of the cyclic ether

products II, III, IV and VI (a and b). In addition, for the sake of claritiy, we have designated in

the text and the Schemes the carbon atoms of alcohols I and V by the symbols C(ot), C(l), C(2),

etc., whereas those of the cyclic ethers II, III, IV and VI are designated by C-2, C-3, C-3a, etc.

Naming of the tricyclic ether products {Chem. Abstr. nomenclature) : II is 2-methylhexahydro-

-3,5-methano-2H-cyclopenta[6]furan, III and IV the same but with the prefix 6-exo-bromo-

and 6-e*o-hydroxy-, respectively, and VI is 2-methyloctahydro-3,6-methanobenzofuran.

** The alcohol analogous to I but without the ot-methyl substituent, underwent similar

intramolecular ether ring closure when treated with perbenzoic acid12.
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The mechanistic pathway accounting for the results obtained in these cycli-

zation reactions probably involves the formation of bridged cationic intermediates

of type VII (Scheme 3), which, upon internal nucleophilic attack of the hydrox-

TABLE I. Cyclization reactions of alcohols I (a and b) and V (a and b)

Reaction Reagent, solvent Yield

j»

(in %)

*ь

A) I -* II 1. Hg(OAc)t, THF—HtO j 86 82

B) I-+II

2. NaBH4, NaOH—HtO

H1SO4, HtO» X7S «75

C) I -» III NBS°, ССЦ 78 76

D) I -> III NBS°, r-BuOH—H2O 80 74

E) I-»IV RCOsH", EttO 74 78

F) V-»VI 1. Hg(OAc)t, THF—HtO 80 78

G) V VI

2. NaBH4, NaOH—HtO

HsS04, H2O4 74 61

a) Diastereomeric cyclic ether products a obtained from the epimeric

alcohols la and Va. b) Diastereomeric cyclic ether products b obtained

from the epimeric alcohols 16 and Vb. c) NBS=N-bromosuccinimide.

d) RC08H=monoperphthalic acid.

ylic oxygen at the C(6), i.e. nearer, olefinic site, would afford directly the final

products III and IV in the case of X=Br (NBS reaction С and D) and X=OH

(peracid oxidation, E), respectively, whereas when X=AcOHg (reaction with

mercuric acetate, A and F), the organomercurial cyclic ether products VIII and

IX (Scheme 3) had to be reduced {e.g. with sodium borohydride, A and F) in order

to obtain the unsubstituted tricyclic ethers II and VI (X=H), respectively. In

the case of the N-bromosuccinimide reaction in the nonpolar carbon tetrachloride

solvent (C), a (less probable) radical mechanism could be alternatively envisaged,

involving as first intermediate an alkoxy radical species10-13, which would also

 
<сн2)г

Н^о-СНМе

VII (z-1 or 2)

X » AcOHg, Br, HO

(x ■ exo, n- endo) NaBH,

(Reactions AjCjD^F, see Table I)

NaBH,

•H*

 

CHMe

III(X«Br, z.l)

IV (X«H0,z-1)

1— [VIII (X - AcOHg, z «D]

'* L-*-n (x»h,z-d

[IX (X«AcOHg,z-2)]

VI (X-H, z-2>

Scheme 3
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afford, upon intramolecular addition, a five-membered cyclic bromo-ether (but,

perhaps, not necessarily only the ехо-Ътото isomer at C-6*).

The exclusive formation of five-membered cyclic ethers (II, III, IV, VI)

in all these reactions is due to stereoelectronic, steric and energy effects, which

favour internal addition of the hydroxylic oxygen to C(6) in alcohols I and V (a

and b). (However, as shown previously2, alcohols la and lb (but not V4) can undergo

ring closure also to six-membered cyclic ethers, involving intramolecular oxygen

attack at C(5), but only when subjected to UV photolytic conditions).

The structure and stereochemistry of the bromo and hydroxy substituted

cyclic ethers Ilia, 1Ш and IVa, IVb, respectively (Scheme 1), were deduced from

the XH-NMR spectra (by analysing the position, multiplicity and splitting constants

of the relevant signals (see Experimental), by comparison with the spectra of the

starting alcohols la and lb2 and of the unsubstituted cyclic ethers Ha and lib2,

and of norbornane derivatives similar to III and IV, i.e. containing a CH2 or C=0

group at position 2 and a bromo, acetoxy or tosyloxy substituent at C-615). In

ethers III and IV (a and b) the signal, in the form of a doublet (/^2—2.5 Hz)

or broad singlet (Wj2^i 3 Hz), in the 8 3.4—3.6 ppm region is characteristic for

the endo-H at C-6 (coupled with H-5 and H-anti at C-4)15, while the broad doublet

(/*» 5 Hz) around S 4—4.4 ppm corresponds to the signal of the exo-H at C-6a

(coupled mainly with H-3a, whereas coupling with H-endo at C-6 is very slight

and amounts to about 0—0.5 Hz)15. The stereochemical relationship at C-2 and

C-3 in the diastereomers a and b of the cyclic ether products III and IV (Scheme 1)

results from the (known) configuration at C(a) in the starting alcohols la and lb2,

and was confirmed by JH-NMR data (signal position, multiplicity, coupling con

stants) concerning the proton at the ether oxygen bearing carbon atom (C-2).

Thus, the a diastereomers of the cyclic ether products III and IV have the trans

H-2/H-3 geometry and the b diastereomers have a cis arrangement ofthese hydrogens

(Scheme 1). (As demonstrated previously, the same is true for the diastereomers

a and b of the unsubstituted cyclic ethers II2 and VI4).

Acknowledgements. The authors are grateful to the Serbian Academy of Sciences and Arts

and to the Serbian Republic Research Fund for financial support.

EXPERIMENTAL**

Instruments and techniques used for analytical and preparative gas chromatography (GC)

(columns: TCEP, Carbowax 20M and XE 60 on Chromosorb P or W), and for recording spectral

(IR, 4I-NMR and mass) data, were the same as those described previously1'5.

Starting alcohols

Procedures reported in the literature were applied for the preparation of the racemic olefinic

alcohols used as substrates, i.e. erirfo-a-methylbicyclo(2.2.1)hept-5-ene-2-methanol, diastereomer

la (xR,2S+aS,2R)2 and 16 (а£,25+аЯ,2Л)2; and emfo-a-methylbicyclo(2.2.2)oct-5-ene-2-me-

thanol, distereomer Va {txR,2S+*S,2Ry and V6 (a5,2S-| аД,2Д)4.

* See reference 14 for a discussion on the possible mechanisms of a similar cyclization

of «afo-bicyclo(2.2.1)hept-5-ene-2-methanol(i.e. I minus the ot-methyl group) by means of lead

tetraacetate.

** Spectral measurements were performed in the Laboratories for Instrumental Analysis

(directed by Prof. D. Jeremic) and elemental microanalyses in the Microanalytical Laboratory

(Dr. R. Tasovac) of the Chemistry Department in Belgrade. (All compounds analysed gave satis-

actory percentage values for С and H),
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Cyclization reactions

Oxymercuration-demercuration reactions (A, Fj Table I, Schemes 1 and 2.) — These reactions

were performed, as described previously5, using 0.01 mol of alcohol (I or V, a or 6), 0.01 mo1 of

mercuric acetate in 20 ml of water-tetrahydrofuran (1 :1 v/v), followed by reduction with sodium

borohydride in aqueous sodium hydroxide. Upon the usual work-up and preparative GC, the

tricyclic ether products 2-methylhexahydro-3,5-methano-2//-cyclopenta[6]furan, diastereomer

Па (H-2/H-3 trans) and 116 (H-2/H-3 cis), and 2-methyloctahydro-3,6-methanobenzofuran,

diastereomer Via (H-2/H-3 Irani) and VI6 (H-2/H-3 cis) were obtained from the respective alcohols

I (a and 6) and V (a and b), in yields given in Table I. They were compared and found to be identical

(IR, •H-NMR, mass) with the cyclic ethers (II2 and VI4, a and 6) formed by acid catalysed cycli

zation (reactions В and G) of the same alcohols I (a and 6)2 and V (a and 6)4.

Reactions with N-bromosnccinimide {NBS) (C, D; Table I, Scheme 1). — In carbon tetra

chloride (C). A mixture of 0.01 mol of starting alcohol (la or lb) and 0.01 mol (+5% excess) of

NBS in 12.5 ml of carbon tetrachloride, was stirred for 48 h at room temperature, and then worked

up as reported earlier1.

In tert-бмгу/ alcohol-water (D). NBS (0.01 mol + 5% excess) was added in small portions

(temp. ~ 5°) to a stirred and ice-cooled solution of 0.01 mol of alcohol I (a or b) in 15 ml of tert-

-butyl alcohol and 2.5 ml of water. After stirring for 24 hours at room temperature, 100 ml of

water was added and the resulting mixture was worked up as described previously1.

The cyclic bromo-ethers Ilia and II16 formed in both reactions (C and D), were isolated

in yields given in Table I.

Oxidation with monoperphthalic acid (E; Table I, Scheme 1). — A solution of monoper-

phthalic acid in 30 ml of anh. diethyl ether (containing 2.5 g, i.e. 0.014 mol, of peracid)1* was

added at 0° to 0.01 mol of alcohol I (a or b) in 60 ml of anh. diethyl ether. After stirring for 24 h

at room temperature, the mixture was treated and worked up as reported earlier11, i.e. cooled

to 0°, filtered from the precipitated phthalic acid, the filtrate washed with 10% aqueous ЫааБгОз,

5% aqueous ЫааСОз and water (saturated with NaCl). After drying (NaaSO^ and removal of

solvent in vacuo, the resulting products were analyzed and separated by GC. The yields of the

diastereomeric cyclic hydroxy-ethers IVa and IV6, obtained in these reactions (E) from alcohols

la and 16, respectively, are given in Table I.

Spectral data of the cyclic ether products

Spectral characteristics (IR, 1H-NMR, mass spectra) of the unsubstituted tricyclic ethers

Ila, 116, Via and VI6 have been reported in previous papers dealing with the configurational

assignment to alcohols la and 16s, and Va and V64.

(2R, 35 + 25, 3/?)-6-«w-bromo-2-methylhexahydro-3,5-methano-2H-cyclopenta[6]furan

(diastereomer Ша, H-2/H-3 trans); IR(film):vm„=1450, 1378, 1150, 1040, 845, 790, 760 cm-1;

iH-NMR (60 MHz, CCl4):8=1.05 (3H, СНз at C-2, d, J=l Hz), 2.75 (H at C-3a, w), 3.58 (H-

-endo at C-6, d,Jx2.5 Hz), 3.92 (H at C-2, q, /«6.5 Hz), 4.46 (H-exo at C-6a, broad d, JxS

Hz); MS: т/г = 21 8 (Mi), 216 (Mn), 203 (218 -CHs), 201 (216- СНз), 137 (218-HBr), 119

(201 -HBr), 93, 43.

(25, 35 + 2R, 3/?)-6-e*o-bromo-2-methylhexahydro-3,5-methano-2//-cyclopenta[6]furan

(diastereomer III6, H-2/H-3 cis); IR (film) :vm„ = 1440, 1380, 1180, 1160, 1065, 1025, 940, 840,

790, 760 cm-1; lH-NMR (60 MHz, CC14):8 = 1.12 (ЗН, СНз at C-2, d, J=l Hz), 2.75 (H at

C-3a, m), 3.52 (H-endo at C-6, d,Jx2 Hz), 3.95 (Hat C-2, dxq,Jx3 Hz), 4.30(H-exo at C-6a,

broad d,Jx5 Hz); MS: m/z = 218 (Mi), 216 (Мн), 203 (218-СНз), 201 (216-СНз), 137 (218

-HBr), 119 (201 -HBr), 93, 43.

(2R, 35 + 25, 3iJ)-6-exo-hydroxy-2-methylhexahydro-3,5-methano-2H-cyclopenta[6]furan

(diastereomer IVa, H-2/H-3 trans); IR (film): vmax = 34O0, 2940, 2860, 1370, 1145, 1020 cm1;

Ш—NMR (60 MHz, CC14): 8=1.07 (ЗН, СНз at C-2, d, 7=7 Hz), 2.72 (H at C-3a, m), 3.42

(H-endo at C-6, broad s, Wj2x3 Hz), 3.8—4.2 (2H, one U-exo at C-6a, one H at C-2, m); MS:

*>/z=154 (M), 139 (М-СНз), 136 (М-НгО), 123 (М-СНзО), 83 (C5H7O), 66, 55.

(25, 35 + 2R, 3/?)-6-e*o-hydroxy-2-methylhexahydro-3,5-methano-2#-cyclopenta[6]raran

(diastereomer IV6, H-2/H-3 cis); IR (film): vm,x = 3380, 2960, 2860, 1340, 1100, 1040 cm1;

m—NMR (60 MHz, ССЦ): 8 = 1.12 (ЗН, СНз at C-2, d,Jx6.5 Hz), 2.70 (H at C-3a, m), 3.40

(H-endo at C-6, informed d,Jx2 Hz), 3.8—4.25 (2H. one H-exo at C-6a, one H at C-2, complex

m containing a broad d, 7*5 Hz); MS: m/z = 154(M), 139 (М-СНз), 136 (М-ШО), 123

(М-СНзО), 83 (C5H70), 66, 55.
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извод

СТВАРАгЬЕ ЦИКЛИЧНИХ ETAPA ИЗ ОЛЕФИНСКИХ АЛКОХОЛА. IX. ЦИКЛИ-

ЗАЦЩА НЕЗАСИЪЕНИХ АЛКОХОЛА KOJH САДРЖЕ БИЦИКЛО(2.2.1)ХЕПТЕН-

СКИ ОДНОСНО БЙЦИКЛО(2.2.2)ОКТЕНСКИ СИСТЕМ

МИХАИЛО Л>. МИХАЙЛОВИЧ!

Хемщски инсшишуш Природно-машемашичког факулшеша Универзишеша у Београду и

Инсшишуш за хемщу, шехнологи]у и мешалургиуу, Београд

СЛОБОДАН Б. СУКДОЛАК и JOBAH МИЛОВАНОВИЕ

XtMujcKu инсшишуш Природно-машемашичког факулшеша Универзишеша „Свешозар МарковиН"

у Крагуjeeuy

Када се диастереоизомери Д4 -незасиКених алкохола еЫо-а-метилбицикло(2.2.1)-

хепт-5-ен-2-метанола (1а и 16, и ея^о-а-метилбицикло(2.2.2)окт-5-ен-2-метанола (Va и V6)

Tperapajy меркури-ацетатом (па натри]ум-борхидридом), N-бромсукцинимидом или моно-

перфталном киселином, врши се, услед партиципацще оближн>е хидроксилне групе, интра-

молекулско затваран>е етарског прстена, и то на реги)оселективан начин, при чему nocrajy

у врло добрим приносима исюьучиво трициклични етри тетрахидрофуранског типа (II,

III, IV, VI; а и Ь), а суседни хетеро-супституент (Вг- у III, НО- у IV) заузима едсо-ори)ента-

imjy.

(Примл>ено 7. новембра 1983)
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Transmission of electronic effects from the pyridine and pyridine N-oxide

rings through the methylene group was studied in the reaction of diazodiphenyl-

methane (DDM) with 2- and 3-pyridineacetic acids, 4-pyridineacetic hydrochloride

and 3-pyridineacetic acid Ы-oxide and also £a the reaction of alkaline hydrolysis

of methyl 2-, 3- and 4-pyridineacetates. The obtained rate constants were used

for the calculation of a° constants, employing the corresponding p values for the

reaction of substituted phenylacetatic acids with DDM2,3 and for the alkaline hydro

lysis of ethyl phenyl acetates3. <r° values calculated from the rate data of both reactions

are in good agreement with those from the ionization of pyridineacetic acids4,

which is also true for the other two a, values calculated from the hydrolysis data.

The reactivity of carboxy pyridines and -pyridine N-oxides with diazodi-

phenylmethane (DDM) was investigated in order to study the structure-reactivity

relationships in pyridine and pyridine N-oxide rings1. Rate data were used for

calculation of the Hammett a constants for the pyridine aza-group and N-oxide

group1", and to demonstate the additivity of substituent effectslb for the acids

with substituents meta and para to the reaction centre and ortho (for pyridine),

meta and para to nitrogen and N-oxide group. A specific LFER approach to the

reactivity of substituted 2-carboxypyridine N-oxides has also been presented10.

In the present study, the transmission of substituent effects from the pyridine

.and pyridine N-oxide nucleus through the methylene group was investigated.

RESULTS AND DISCUSSION

Rate constants for the reaction of DDM with 2- and 3-pyridineacetic acid,

4-pyridineacetic acid hydrochloride and 3-pyridineacetic acid N-oxide were deter

mined. The kinetics of the alkaline hydrolysis of methyl 2-, 3- and 4-pyridineace

tates has also been investigated. The obtained second order rate constants (Table I)

were correlated with a values previously determined for the pyridine aza-group

and the N-oxide group1, and the corresponding plots are given in Figs 1 and 2.

♦Presented in part at the and Euchem Conference on Correlation Analysis in Organic

Chemistry, Hull, England 1982
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Fig. 1. Relation between log £2 of DDM with pyridine and pyridine N-oxide acetic acids and

a constants

The correlation for the alkaline hydrolysis is very good, while that for the

reaction with DDM is less satisfactory. The deviation of the point for 2-pyridine-

acetic acid could be attributed to the hydrogen bonding between the ring nitrogen

end the carboxy group, a phenomenon already reported5. The deviation of the

doint for 3-pyridineacetic acid N-oxide is more difficult to explain.

TABLE I. (a) — Rate constants for the reaction of pyridine-acetic acids with DDM

(abs. EtOH, 30°)

Acid MdnVmol-'s-i] x 10» - lOg *2

2-PyCH2COOH 1.63 1.788

3-PyCH,COOH 4.01 1.397

4-PyCHjCOOHHCl* 5.20 1.284

3-PyCHsCOOH N+-0- 18.67 0.729

PhCH2COOH 2.18 1.662

(b) — Rate constants for the hydrolysis of methylpyridine acetates (NaOH, 85% MeOH, 25°)

Ester Аг [dm'mol-^-1] x 10» - log kt

6-Ме-2-РуСНгСООМе 35.78 1.446

3-PyCHaCOOMe 22.02 1.657

4-PyCHjCOOMe 41.84 1.378

PhCHsCOOMe 4.96 2.305

* Determined by a modified procedure with in situ neutralization (See

experimental section)

Although only a limited number of data was available, corresponding p

values were calculated and used for the discussion of the transmission of substit-

uent effects. Because of the considerable deviation of the points for 2-pyridine-

acetic acid and 3-pyridineacetic acid N-oxide, in the reaction with DDM, only

the points for 3- and 4-pyridinecarboxylic acids and for phenylacetic acid are used

in the calculation (p=0.343, logfco= — 1 .658, r=0.999, n=3). In the other reaction,

hydrolysis of methyl pyridine acetates, data for all three positional isomers were
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used, together with the logA2 for phenylacetic acid determined under identica

experimental conditions, yielding satisfactory correlation (p =0.876, log Aso= —2.293

r=0.991, и=4).

О

j 1.5

СП
Я
i

20

0 0.5 1.0 *

Fig. 2. Relation between log ki of alkaline hydrolysis of methyl pyridine acetates and a constants

The attenuating effect of the methylene group

PyCOOH = 0. 818 = 2 3g

K PyCHzCOOH 0.343

is lower than values reported in literature6. This is probably due to the fact that

polar effects in the pyridine nucleus are more important than the resonance ones.

A decrease in reaction susceptibility to substituent effects compared with

the corresponding benzene derivatives:

PyCH^OOH = 0,343 =

PhCH2COOH 0. 400

PyCHzCOOMe _ 0.876 _

PhCH2COOEt ~ 1.029 ~

which reflects the attenuating effect of the electronegative nitrogen1-7, is the same

for both reactions. It is, however, lower than the value for the hydrolysis of methy

pyridinecarboxylates7, presumably due to the transmission through the methylene

group.

Rate constants from both reaction series were also used for calculation of

a ' constants employing the p values, for the reaction of substituted phenylacetic

acids with DDM2, and alkaline hydrolysis of ethyl phenylacetates3 (Table II).

The a° values calculated from the rate constants for ester hydrolysis are in a fairly

good agreement with these obtained from the ionization of pyridineacetic acids4,

but are also very close to the Hammett a values for the pyridine aza-group from the

same two reaction series5. This is understandable, considering the low polariza-

bility of the pyridine nucleus. The sequence of <r° values 4>2>3 indicates that

the electron acceptor resonance effect of the ring nitrogen is being transmitted

to the reaction centre as a polar effect via the methylene group.
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TABLE II. Calculated a values for the investigated systems

Reaction of pyridineacetic acids with DDM -0.315 0.658 1.038

Reaction of pyridineacetic acid N-oxides with DDM — 2.33 —

Hydrolysis of methyl pyridineacetates, NaOH/85% MeOH 0.835 0.630 0.901

EXPERIMENTAL

Rate measurements. Kinetics of the reaction of pyridineacetic acids and 3-pyridineacetic

acid N-oxide with DDM were determined as previously reported1, by the spectroscopic method

proposed by Roberts et ей.*. Absorbance measurements were performed at 525 nm with 1 cm
cells for absolute ethanol solutions at 30CC. The concentrations of acids were 0.06 and of DDM

0.006 mol/dm3, and the second order rate constants were calculated from the observed first order

rate coefficients. The spectrophotometer used was Varian Superscan 3.

The reactivity of the unstable 4-pyridineacetic acid was studied under specific conditions.

The solution of hydrochloride in absolute ethanol was treated with KOH in the same solvent

maintaining the same concentration as above, and immediately treated with DDM. However,

separation of KC1 interfered in the initial stage of the reaction and better results were obtained if

the reaction was studied as a second order process, i.e. at concentration of 0.006 mol/dm3 for both

acid and DDM, and the results interpreted accordingly*.

Alkaline hydrolysis of methyl pyridineacetates was accomplished according to the procedure

of Deady et al.10. Equimolar concentrations (1 x 10-2 mol/dm3) in 85% methanol-water solution

reacted at 25°, were quenched with 1.5xl0~2 mol/dm3 HC1 and backtitrated with l.OxlO-2

mol/dm3 NaOH.

Materials. Diazodiphenylmethane was prepared by Smith and Howard's method11. Stock

solutions were stored in a refrigerator and diluted for use.

Solvent. Good commerical grade absolute ethanol (Merck, water content 0.2%) was further

purified by a standard procedure12.

Phenylacetic acid m.p. 76—77°, 3-pyridineacetic acid m.p. 144—145", methyl 4-pyridine-

acetate, b.p. 124—12572.3 kPa were commerical products (Fluka).

Methylphenylacetate and methyl 3-pyridineacetate were obtained from corresponding

acids by a modified procedure of Burgher and Walter13.

3-Pyridinacetic acid N-oxide, m.p. 140—144° was prepared by a know method and had

the melting point as stated in literature14.

6-Methyl-2-pyridine acetate was prepared from 6-methyl-2-pyridineacetic acid m.p. 98"

which was obtained from the corresponding ethyl ester15 by alkaline hydrolysis under mild con

ditions. The mixture of 6-methyl-2-pyridineacetic acid (3.5 g) absolute methanol (50 ml) and

cationic ion exchange resin (20 ml, Merck) was refluxed at a water bath and stirred (4 h) by a

magnetic stirrer. The resin was filtered off, methanol solution evaporated to dryness in a vacuum

and the residue taken up in chloroform, dried with sodium sulphate, and solvent evaporated.

Methyl 6-methyl-2-pyridineacetate was obtained b.p. 123—12572.4 kPa (Found: C, 65.00;

H, 6.2; Caic. for CHnOj-N, C, 65.44; H, 6.71).

*

Acknowledgement. The authors acknowledge the financial support of the Scientific Fund

of the S.R. of Serbia, Belgrade.



ELECTRONIC EFFECTS IN PYRIDINE AND PYRIDINE N-OXIDE RINGS 87

извод

ИСПИТИВАТЬЕ ЕЛЕКТРОНСКИХ ЕФЕКАТА У 1ЕЗГРИМА ПИРИДИНА

И ПИРИДИН N-ОКСИДА. ПРЕНОШЕНЬЕ КРОЗ МЕТИЛЕНСКУ ТРУПУ

МИЛИЦА МИШИЪ-ВУКОВИЪ и БРАТИСЛАВ ЮВАНОВИЪ

Кашедра за Органску хемщу, Технолошко-мешалуршки факулшеш Универзишеша у Београду,

KapHeiujeea 4, 11001 Београд

Реакци)а диазодифенилметана са 2- и З-пиридинсирЬетном киселином, хидрохлоридом

4-пиридинсирЬетне киселине и N-оксидом З-пиридинсирЬетне киселине, и реакцща алкалне

хидролизе метил 2-, 3- и 4-пиридинацетата коришЬене су за проучаван>е електронских

ефеката у одговара^убим хетероцикличним )езгрима, посебно преношетьа ових ефеката

кроз метиленску групу. Одре1)ене константе брзине реакци)°е поелужиле су за израчунаван>е

а" константи, коришКетьем Hammett-ових р вредности за одговара)уКе реакцще фенил-

сирЬетних киселина. в° вредности добивене из података за хидролизу естара у добро] су

сагласности са одговараjуНим константама добивеним на основу константи joHKSaimje пи-

ридинсирЬетних киселина. Израчунате су Hammett-ове р вредности за обе реакционе серите

и коришЬене за дискуси)у преношевъа електронских ефеката. Заюьучено )е да je ефекат

пригушеьа метиленске групе нижи него што je наведено у литератури, што се може тумачити

веЬим знача)ем поларннх ефеката у )езгру пиридина у пересеку са резонандионим.

(Примл>ено 4. октобра 1983)
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Radiolytic oxidation of water to oxygen in aqueous solutions of Mn2+, Co2+,

Ni2+, Cu2+, [Co(NH3)5Cl]i!+, [Fe(bipy)g]2+ or [Ru(bipy)a]2+ was studied. Oxidation

of Co2+, Mn2+ and [Co(NH3)5Cl]2+ by OH or Br2~ was observed using pulse radiolysis

technique. Oxygen can be produced in all aqueous solutions of these ions. The opti

mum efficiency of water oxidation was obtained in the presence of a RuOs catalyst

were the oxygen yield reaches almost stoichiometric amounts.

In recent years much effort has been done to find catalysts for the oxidation

of water to oxygen. Simple metal ions such as Co2*, Ni2+, Cu2+ and Mn2+ are

found to be effective homogeneous catalysts in the reaction of water oxidation

with one-electron oxidants1-2:

M2++OX->M3++RED (1)

4M3++2H20^4M2++4H++02. (2)

It is also well known3-8 that ruthenium(II) and iron(II) complexes with

bipyridine or phenanthroline in the presence of Ru02 in neutral solutions can

catalyse oxygen evolution from water.

In this work a radiolytic process was used to initiate oxidation of water and

catalytic reactions of metal ions according to reactions (1) and (2). Radicals OH

and Br2~, were used as one-electron oxidants. Oxidation of metal ions and complexes

was observed using the pulse radiolysis technique. In addition, some sceady-state

Y-radiolysis studies were carried out in order to get more information about the

reaction in which oxygen is produced.

EXPERIMENTAL

Solutions were prepared from analytical grade chemicals (BDH or Merck). Triply distilled

water was used. The solution pH was adjusted with HCIO4, NaOH or phosphate buffers. The

complexes [Fe(bipy)a]2+ were synthesized as perchlorate salts according to the literature procedure*.

The RUO2 catalyst used in this study was RuOs-xHaO powder supplied by Alfa Inorganics.
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The prepared solution was stored in 20 or SO cm3 all-glass syringe and oxygen was removed

by bubbling argon or NjO through the solution in the syringe for at least 1 h before irradiation.

Syringes with the samples were directly irradiated and the radiation-chemical yields of oxygen

were calculated from the slopes of the curves obtained by plotting the measured values of Ot

against the doses absorbed. The samples with RuO: catalysts were stirred 1 S min after irradiation

and the concentrations of O2 were measured . The content of Oi in blanks was obtained by measuring

O2 in the same nonirradiated solution at appropriate time. The solution from the syringe was

transferred directly into a Van Slyke apparatus used in combination with a gas ctiromatograph.

Oxygen was measured on a Perkin-Elmer 1 54 gas chromatograph with a column of a molecular

sieve at 50° and a helium gas carrier was used. The calibration was done by introducing known

amounts of oxygen gas by means of a Van Slyke apparatus.

For pulse radiolysis a Febetron 707 (Field Emission Corp.) electron accelerator with a

pulse duration of 20 ns was used, the operating conditions being similar to those described pre

viously10. The total light path through the cell was 5.1 cm. The absorbed doses were in the range

10—150 Gy per pulse measured using a potassium hexacyanoferrate(II) dosimeter and taking

e42o[Fe(CN)b]3- as 1000 dm'mol^cm-1

Steady-state irradiations were performed with a e0Co y-source. The total absorbed doses

were in the range 50—1000 Gy and the dose rate was 60 Gy ml-1 min-1. The measurement

were made at 18 ±2°.

RESULTS AND DISCUSSION

Oxidation by Br2~. An aqueous solution of KBr is expected to undergo the

following reaction after the pulse in the presence of N2O :

H20-w-e;q, H, ОН, H2O2, Нг, H3O+, OH~ (3)

elq +N20 -* N2+OH+OH- (4)

OH+Br ->Br+OH~ (5)

Br +Br- ^Br2- (6)

Oxidation of different bivalent metal ions, M2+, with Br2_ can take place:

Br2-+ M2+ -> M8++2Br\ (7)

Oxidation of various metal ions by Br2_ radicals was observed by the pulse

radiolysis technique. Since the equilibrium constant for reaction (6) ЛС6=Лв/*-в

is 2.5 x lCM-1 12, conversion of Br atoms into Br2- radicals will be practically

quantitative at the bromide ion concentration employed in our experiments (10-1

mol dm-3). The Br2- radical anion has an absorption maximum at 360 nm (езво=

=9600 dm3 mol-1 cnv^and decays by second order kinetics with2A= 1 .8 x 109 dm3

mol-1 s_1 12. Rate constants for the reaction of Br2~ with metal ions were determined

oy recording the decay of the absorbance of Br2_ at 360 nm. The concentrations

of metal ions were 10-3 mol dm-3 and 10 kGy absorbed dose was used. Oxidation

qf [Co(NH3)5 Cl]2+ by Br2- was observed and A8=2.7 X lO^ol"1 dm3 s-i was

obtained.

Br2-+[Co(NH3)5Cl]2+ -> [Co(NH3)5Cl)3++2Br- (8)
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Reactions of Br2- with Co2+, Ni2+, Mn2+ and Cu2+ are very slow and the

spectrum of trivalent metal ions could not be detected. Within experimental eror

±5%), the rate of disappearance of Br2- was 'he same in these solutions (10_1

mol dm-3 Br-) as that in solutions of the same ionic strength which contained

no metal ions. The rate constants for these metal ions were roughly estimated to

be< 1 X 10е dm* mol-1 s_1. It is known that rate constants of Br2~ with [Ди(Ыру)з]2+

and [Fe(bipy)sl2+ are 3.1x10» 13 and 1 X 108 dm^ol-1 s~l u, respectively

Br2-+[Ru(bipy)3]2+{or[Fe(bipy)3]2+}^tRu(bipy)3]3+{or[Fe(bipy)3]3+}+2Br-. (9)

In solutions of [Ru(bipy)3]2+ of [Fe(bipy)3]2+ and Br- ions the spectrum

obtained after irradiation shows formation of trivalent metal complexes.

Oxidation by OH radicals

Oxidation of simple metal ions can take place with OH radicals:

M2++OH->M3++OH- (or МшОН2+). (10)

Oxidation of manganese(II) ions with OH radicals has been a matter of several

studies15^.

Mn2++OH -> MnmOFP+. (1 1)

The spectrum of МпшОН2+ obtained by reaction (11) is given in Fig. 1

along with the spectrum of the product of reaction (12)

Br2-+Mn2+ МпВгг2^ (12)

The absorption spectra of these two intermediates differ greatly. The inter

mediate formed in reaction with Br2- probably is а МпшВг2+ complex since Mn3+

forms a complex with Br- ions17. Measurements of МпшОН2+ absorption show

that after 100 ms there is a strong decrease in the transmission of an irradiated

solution, until constant transmission is observed after about Is. The decrease

in optical transmission is attributed to the formation of Mn02 15-16:

2MnmOH2+->Mn2++MnIV(OH)!+ (13)

Mn^OH)^ -> МпОг+2H+. (14)

The decrease in light transmission is probably due to light scattering by the insoluble

МпОг. We measured the time of МпОг nucleation at various Mn2+ or SO42""

concentrations and found that the effect of the increasing Mn2+ concentra

tion is to slow down the nucleation. The same effect has SO42- which forms

a complex with Mn3+. In the presence of a compound such as polyvinyl alcohol)

or carboxymethylcellulose, the light transmission is higher than in solutions without

these compounds. It means that Mn3+ probably oxidizes these compounds and

formation of МпОг is suppressed.
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Fig. 1. Absorption spectra of transients formed in aqueous solution of Mn2+.

NzO-saturated solution of 10_a mol dm-8 MnSO«, pH 4.6, absorbed dose

35 Gy, measured at 1 [is (O); N20-saturated solution of 0.1 mol dm~3

KBr and 10"2 mol dm-3 MnS04, pH 4.8, absorbed dose 17 Gy, measured

at 20 (as ( x ).

Hydroxyl radicals slowly oxidize Co2+ to Co3+:

Co2++OH -> Cos++OH-{or CoOH2*} ( 1 5)

*ie=2xlOe mol-is^dm3 (ref. 18).

The spectrum of the intermediate formed in N20-saturated solution of C0SO4

(1 X 10_8mol dm-3) at pH 4.6 is given in Fig. 2. Under our experimental conditions

(120 Gy dose) the yield of the reaction of Co2"1- with OH is only 0.16 since recom

bination of OH radicals takes place. Recombination of H atoms is also favoured

since the rate constant of the reaction of H atoms with Co2+ is very low, <107

tool-1 s_1 dm3. This value is estimated by measuring G(H2) in a v-irradiated aqueous

solution of ethanol and C0SO4. However, in our experiment Co+ is formed in the

reaction with egq. The value G(Co+)=0.11 can be calculated taking into account

the competition of Co2+ and N2O for ei"q. Since the reaction of Co2+ with OH

is very slow (eq. 15), while the reaction with eaq is very fast, it is not possible to

find the condition where only the OH reaction takes place. However, it is known

that Co™©* is formed by an oxygen atom transfer from N2O to Co+ 19 :

еГч+Со2+->Со+ (16)

ftie=1.2xl01<> (ref. 20)

Co++N20->ComO++N2. (17)
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The СошО+ ion probably reacts with oxonium ions

CoO++H+-»CoOH2+

and forms the same intermediate as in reaction (15).

(18)

Weak absorption remains constant from 10 ;as to several seconds. The shape

of spectrum and decay of the intermediate is quite the same as that obtained in

the N20-saturated solution of 0.1 mol dm-3 C0SO4 where ей, (G=2.0) and

OH(G=3.1) and H (G=0.6) react with Co2+ to produce CoOH2+ for an absorbed

dose of 8 Gy.

Ш H

002

-face

40.05

•X * 0.02

I 1 I 1 1
300 350 «00

Fig. 2. Absorption spectra of radiation products formed in aqueous solution

of Co*-1". NaO-saturated solution of 10~s mol dm-3 C0SO4, pH 4.6, absorbed

dose 1 1 8 Gy, light path 5. 1 cm, measured at 1 5 (is ( x ). Broken line represents

the spectrum of the stable product formed in y-radiolysis of the same solution

irradiated with 110 Gy, light path 1 cm, measured 15 min after irradiation.

There is no evidence by the pulse radiolysis technique that Ni2+ is oxidized

with OH radicals since the reaction of Ni2+ with OH is very slow:

OH+Ni2+->Ni™OH2+ (19)

*i9<5 x 105 mol-1 s-1 dm3 (ref. 17).

and only in steady-state y-radiolysis experiments, where the OH recombination

is lower, the higher valence state of Ni2+ is formed since oxidation of water to

oxygen (Table I) takes place.

Formation of oxygen

For metal ions Ni2+, Co2+, Cu2+ and Mn2+, oxygen is most likely formed

via formation of the Мту(ОН)г2+ intermediate in recombination of MmOH2+

in reaction (20) followed by reactions (21) and (22) according to the mechanism

proposed by Shafirovich et al.1:
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2M™OH2+ M^OH)!"1" +M2+ (20)

MIV(OH)22+ -> Н2Ог+М2+ (21)

Н202+2МшОН2+-*02+2Н20+2М8+. (22)

If the reactions (7) or (10) and (20)—(21) take place, then С/(02) should be

1/2 H202+l/4 (GoH+Ge+GH)=1.80 where Ge is the primary yield of hydrated

electrons. We found that in the presence of the Ru02 catalyst primary radiolytic

H2O2 (G=0.8) decomposes with formation of O2 with product yield, G(C>2)=0.4±

±0.1. Trivalent metal ions of cobalt and nickel could be produced, even in the

reaction with H and e^ since CoO+ and NiO+ are formed (eqs (15)—(17) )21. The

results for oxygen evolution are presented in Table I.

TABLE I. Oxygen evolution by reaction of the metal ions with Br»- and OH radicals in

solutions at pH 4.7 (18±2°C)»

Catalyst, M Concentration

of M, mol dm-3

Reaction

with radicals

G(Ot) G(02) in

presence of

, Br,- 0.45

MnSO« 1x10-» Вг,- 0.45 —

1 x 10-* OH 0.6 0.6

1 x 10-», 1 mol dm3 OH 1.15

Na2SO«

CoSO« 2xl0-« Brs- 1.0 1.Э

2x10"* OH — 1.3

NiS04 1x10-* Bri~ 0.7 1.4

1x10-», 1% PVA Br2- — 0.34

CuSO< 2.5 xl0-« Br2- 0.6 1.2

[Ru(bipy),]*+ 2x10-* Br2- — 0.9

[Co(NH8)5]^ 2xl0~» Br»- 1.1 1.2

[Fe(bipy)s]2+ 2xl0-« Вг,- — 1.8

a) Oxygen concentration was measured during Y-radiolysis in the range of absorbed doses 0.6—2.5

kGy in 0.1 mol dm-* KBr solution containing various metal ions and saturated with N20.

b) Two mg Ru02 powder was present in 10 cm3 solution during y-irradiation.

Co(II) and Ni(II) can be oxidized by OH or Br2- radicals while Mn(II) can

be oxidized by OH radicals only, since Br2- radicals form a complex with Mn(II)

(Fig. 1). *

The reaction of OH with Co2+ and Ni2+ is very slow and it is difficult to be

certain that all oxygen is created by the catalytic reaction of metal ions (eqs (1)

and (2)) since recombination of OH radicals can also produce oxygen18 according

to reactions

OH+OH->H202 (23)

ОН+Н2Ог H02+H20 (24)

ОН+Нг-э-Н+ШО (25)
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он2->н++о2- (26)

OH2+HOa -> H2O2+O2. (27)

Because of that, oxygen yields were determined when oxidation of metal

ions by Br2_ radicals take place.

The metal ions Co3+, Cu3+, Mn3+ and Ni3+ have high redox potentials and oxi

dize water via reactions (20)—(22) even in absence of catalysts. However, the process

is not complete, and G(Oz) is lower. The reason is that the process of water oxidation

is complex and requires transfer of four electrons to generate one molecule of Ог.

Trivalent cobalt, nickel and copper ions, persisting in aqueous solution at pH 4,

are likely to be extensively hydrolysed and may be present as dimeric or polynuclear

species containing oxy or hydroxy bridge ligands18-20. Only some of those species

are most probably able to react with water to form oxygen. We obtained the change

of absorption spectrum after y-irradiation of a C0SO4 solution in which 02 is

evolved. This change of the absorption spectrum has been noticed earlier19'22.

The solution of C0SO4 is permanently degraded after irradiation. On the other

hand, metal ions in higher valence states are very reactive towards organic compounds

and they can oxidize the organic impurity present in a solution with deficiency

of oxygen formation. They can oxidize polymers such as polyvinyl alcohol), PVA,

(Table I) which is commonly used for stabilizing of colloids. Bipyridine complexes

of Ru(II) and Fe(II) are decomposed remarkably by degradation of ligands in

the systems where M(III) is formed.

The MnIV(OH)22+ ion oxidizes water only partially because of the formation

of the Mn02 precipitate (eq. 14). In this system oxidation of water is favoured

in the presence of SO42- ions, since it forms a complex with Mn3+ (Table I).

Water can also be oxidized by the [Co(NH3)5Cl]3+ intermediate formed

in oxidation of [Co(NHs)5Ci]2+ ions with Br2~ radicals. In these reactions, the

presence of Co(II) hydroxide is not necessary as it was proposed earlier1, and the

mechanism of water oxidation, most likely, proceeds via catalytic reactions of

hydroxopentamino Co(II).

Oxygen can be produced by the reaction of Br2- with [Ru(bipy)3]2+ or

[Fe(bipy)s]2+ catalysed by R.UO2. However, OH adducts of [Ru(bipy)s]2+ or

[Fe(bipy)s]2+ or corresponding trivalent metal complexes do not oxidize water

to oxygen in y-irradiated solutions saturated with N20. If Ru02 is added into

a solution of a bivalent metal complex, oxygen is not detected. The nature of OH

adducts is probably quite different14 from that formed by addition of the OH~

ion to [Ru(bipy)a]3+ in alkaline solution (pH 13) where oxygen is produced.

The optimum effeciency of water oxidation was obtained in the presence

of Ru02. The Ru02 powder can catalyse these reactions since trivalent metal

ions are long lived in aqueous solution and can accept an electron from the catalyst.

It appears that the Ru02 catalyst can intervene in these reactions efficiently and

the yield reaches almost stoichiometric values. The results in Table I show that

some metal ions or complexes can be used as an oxidizible relay to enhance electron

transfer from Ru02 to the oxidants.
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ИЗВОД

РАДИОЛИТИЧКА ОКСИДАЦЩА ВОДЕ ДО КИСЕОНИКА У ВОДЕНИМ

РАСТВОРИМА НЕКИХ МЕТАЛНИХ JOHA

МИЛИЦА Т. НЕНАДОВИЪ, ОЛГА И. МИЪИЪ и НАЛА М. ДИМИТРВДЕВИЪ*

Инсшишуш за нуклеарне науке „Борис Кидрич", 11001 Београд и *Инсшишуш за физичку

xeMujy, Природно-машемашички факулшеш, 11001 Београд

Изучавана je радиолитичка оксидащца воде до кисеоника у воденим растворима

Mn>+, Со2+, Ni2+, Cu*+, [Co(NH3)5Cl]2+, [Fe (Ыру)з]г+ и [Ru(bipy)s]2+. Посматрана je

оксидаци)а Co2+, Мпг+ и [Co(NH3)sCl]2 + са ОН и Brj~ коришКен>ем технике импулсне

радиолизе. Постигнута je оптимална оксидаций воде у присуству RuOj где принос кисеоника

достиже скоро стехиометри^ски однос.

(Примлено 24. октобра 1983)
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The extraction of uranyl nitrate, chloride and sulphate with tri-n-octyl

amine (TOA) in benzene may be described by formation of an adduct of neutral

complexes of the uranyl salts and TOA in the organic phase, the ratio TOA: salt

L being 2. The logarithms of the equilibrium constants of the extraction of the nitrate,

? !. chloride and sulphate are found to be \A, 2.4 and 5.0 respectively.

The use of high molecular weight alkyl amines in inorganic solvent extraction

systems has been extensively investigated. While a number of studies have been

made on the potential use of amines in uranium processing, the possibility of

employing amines as extractants for irradiated fuel reprocessing has been consid

ered to a lesser extent. Trialkyl amines exhibit some advantages as extractants

in the processing due to the greater radiation susceptibility of the alkyl phosphates.

The radiation-induced decomposition products of amines are relatively innocuous

in contrast to those arising from alkyl phosphates. The decomposition products

are soluble in aqueous media and do not accumulate in the organic phase.

It seems that solvent extraction of uranium by the Purex type process, based

on tri-n-butyl phosphate as the extractant, will continue to be the mainstay of

nuclear fuel reprocessing for the foreseeable future1. However, the use of tertiary

amines in some parts of the process, especially for the purification of some actinides,

cannot be excluded, since a process for reprocessing of enriched-uranium spent

fuels by a teritiary amine, Alamine 336, has been reported2.

The aim of this work has been to treat the experimental data we obatined

on the extraction of uranyl nitrate, chloride and sulphate with tri-«-octyl amine

(TOA) in benzene by the method developed in The Boris Kidric Institute of Nuclear

Sciences to determine the corresponding equilibrium constants3.

Although TOA as a basic extractant is often called a „liquid anion-exchanger",

the extraction equilibrium dan be represented as an addition of a neutral complex

of an uranyl salt, UO2A2, on TOA

* On leave from The Mendeleev Institute of Chemical Technology, Miusskaya Sq. 9,

Moscow, USSR.
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U02+++2A-+nTOAH+A^g S UOzA^TOAH^. (1)

When we exclude the presence of mineral acid, or if the acid exists only in amounts

negligible in comparison with that of the uranyl salts, eq. (1) can be written as

U02++ +2A-+nTOAorg иОгАгиТОАо,,. (1)

This is the case which is under consideration in this work. The equilibrium constant

expression corresponding to eq. (2) is given by

^=auAT(org/auaAaT(org)! (?)

where the subscripts U, A and T denote UO2, the anion A, and TOA respectively.

Here К is the thermodynamic equilibrium constant and a refers to the activity of

a species involved in the extraction process as represented by eq. (2) and distin

guished by the appropriate subscript. The species existing in the organic phase

are denoted with the subscript org while, for the aqueous phase species, a subscript

is omitted. The standard state of the species is that of infinite dilution in the aqueous

or in the organic phase. The coextraction of water and the interaction of TOA

with the diluent, although present during the extraction process, were not considered

in this work. The calculated equilibrium constant values have to be regarded as

overall equilibrium constants.

In order to determine the solvation number, n, eq. (2) is rearranged into the

logarithmic form

log(auAT(org) /auaA)=log K+n log ат<ог8). (4)

The activity ratio auAT(org)A*uaA was further approximated by the concentration

ratio Cu(org)/Cu, and aT(orgi by Ст(ОГ81 • The mass balance is given by CT(tot)=CT+

+2CtiAT, where С is the molar concentration ofthe species denoted by the subscript.

The slope analysis, performed by plotting of distribution data as log (Cu(org)/Cu)=

=f[CT(0rg)]> yields the solvation number n.

The equilibrium constant, K, was calculated from the apparent constant

expression, JC=CuAT(0rg)/auaACT(org)> by extrapolation of it to infinite dilution,

that is K=\vm [Cuat->0, Ct->0] 1С. These extrapolations of the values of the

apparent constants to zero ionic strength are rather uncertain and the new method3

for the determination of К based on the use of distribution data for concentrations

in the middle of the extraction isotherms gives reliable results based on sound

thermodynamic principles. With this aim in view, eq. (3) was transformed as

follows,

—log аиаА = log K+log aT(org)/auAT(0rg)> (5)

and distribution data were plotted using —log a\ja\=f [Сщ0г8)]- A sigmoid curve

is obtained and the value of the quotient a"(org)/auAT(org) was calculated3 from the

total concentrations of uranyl salts and extractant at the inlfexion point.
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EXPERIMENTAL

All compounds used were commercial samples : TOA, Eastman Kodak (practical); benzene,

Merck (spectroscopic grade); uranyl nitrate, Merck (p. a.); uranyl chloride, BDH (laboratory

reagent); and uranyl sulphate Merck (lab.)- TOA was purified twice by fractional distillation

in a molecular distillation apparatus, Jenear Glasswerke Schott and Gen., Mainz, F. R. Germany,

under a vacuum of less than 0.1 Pa and the middle fractions were collected.

Distribution equilibria of uranyl salts were attained by mixing aqueous and organic phases

in a Griffin flask shaker in a thermostated room at (293 ± 1) K, within one hour. After equilibration

the mixtures were centrifuged and aliquots were taken from both phases.

Uranium was analysed in the aqueous phase by a standard analytical procedure8, while

in the organic phase uranium was re-extracted and determined as previously. The analytical con

centration of uranyl salts in the organic phase was equalized with the concentration of the corre

sponding solvate species formed in the organic phase.

The extraction of uranyl nitrate from 0.1 mol/dm3 nitric acid with TOA

in benzene was studied for different total TOA concentrations at 293 K. Distri

bution data, presented in Fig. 1, show a maximal loading of the organic phase at

about one half of the total concentrations of TOA. It suggests that a di-solvate of

uranyl nitrate is formed in the organic phase. The slope analysis, performed by

plotting the distribution data as log Cu(0rg)/Cu=f [Ст(огв)] for different total con

centrations of TOA but constant concentrations of uranyl nitrate in the aqueous

phase, i.e. in 0.3, 0.4 and 0.5 mol/dm8, has led to a linear graph with the slope of

1.8. This slope, close to two (n=2), has justified the representation of the extraction

of uranyl nitrate with TOA as the formation of иОг(>ТОз)2 ■ 2TOA in the organic

phase.

The values of the apparent equilibrium constant, 1С, were calculated from

different total concentrations of TOA using uranyl nitrate ion activities taken from

literature4. The logarithmic values of these constants are presented in Fig. 2a

as full cricles. However, the log К value, defined by eq. (3), was determined accord-

EXTRACTION OF URANYL NITRATE

Fig. I. Distribution of uranyl

nitrate between 0.1 mol/dm3 nitric

acid and different total concen

trations of TOA in benzene, at

293 K.
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Fig. 2. Apparent constant values,

K', as a function of total concen

trations of TOA (points). Equil

ibrium constant values, K, calcu

lated according to our method3

are shown as open circles at zero

TOA concentration, (a) uranyl

nitrate, (b) uranyl chloride, and

(c) uranyl sulphate.

ing to our method3 as 1 .4 and is shown in Fig. 2a as an open circle for zero con

centration of TOA. This value is a good approximation of K' values at Ci^y-^O;

 

0.05

0 . 0.01 r 002 0 03

Fig. 3. Presentation of distribution data

on the extraction of uranyl nitrate with

TOA, according to our method3. Open

circles denote the positions of the in

flexion points.

• t •: ■

Fig. 4. Distribution of uranyl chloride

between 0.1 mol/dm3 hydrochloric acid

and different total concentrations of

TOA in benzene at 293 K.

Fig. 3 illustrates the application of the method3 on the distribution data for 0.02

and 0.05 mol/dm3 TOA.

EXTRACTION OF URANYL CHLORIDE

Distribution data on the extraction of uranyl chloride from 0.1 mol/dm3

hydrochloric acid in the aqueous phase with different total concentrations of TQA

are given in Fig. 4. The maximal loading of the organic phase with uranium can
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be approximated at about one half of the total concentration of TOA. It suggests

that the extraction process forms a uranyl chloride di-solvate.

The slope analysis of the distribution data has led to a linear graph with the

slope of two, confirming the mechanism derived from the maximal loading of the

organic phase that TJO2G2 ■ 2TOA has been formed.

The equilibrium constant value, K, was determined by our method3 and

plotted (open circle) along with the values of the apparent constants (full circles),

defined by *T=lim [CucT(org)-*0] CucT<org)/a±CT(org)(Fig. 2b). One can see that

the use of log K=2A, for zero TOA concentration, is a good approximation of

the apparent constant values, log K\ extrapolated to infinite dilution of the total

concentrations of TOA. ; v^v ,

The mean uranyl chloride activity coefficients were taken from literature5.

Recalculation of these data, given as molality concentration data, to the activity

coefficients defined for the molarity scale (y±) was performed on the basis of the

densities of aqueous solutions of uranyl chloride determined in our laboratory.

Activity coefficients so obtained were fitted with the function y±=0.33 exp(0.674

CucO/Cuc192 for uranyl chloride concentrations up to 1 mol/dm3.

EXTRACTION OF URANYL SULPHATE

The mechanism of the extraction of uranyl sulphate with TOA, depending

on the concentration of sulphuric acid present in the aqueous phase, is perhaps a

cumulative result of anion exchange, adduct formation and other effects. Different

conclusions drawn by a number of authors have been summarized by Cattral and

Slater*. In order to simplify the extraction process to some extent, we have studied

the extraction of uranyl sulphate with TOA in benzene from the aqueous phase

free of sulphuric acid. Isotherms obtained in this way are shown in Fig. 5. A greater

loading of the organic phase could not be achieved. The slope analysis of the distri

bution data has indicated that the adduct formed between uranyl sulphate and

0 03

Fig. 5. Distribution of uranyl sulphate

for different total concentrations of TOA

in benzene at 293 K.
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TOA is a 1:1 complex. However, the slope analysis performed, using the activities

of uranyl nitrate in the aqueous phase, i.e. when log Cu(org)/a±=f[CT<tot)] has

been plotted, suggests the formation of a UO2SO4 ■ 2TOA complex. The maximal

loading of the organic phase, visualized by the continuation of the curves in Fig. 5,

is about one half of Стцоо , supporting the formation of the 1 :2 solvate which we

assumed in further treatment of the experimental data. The mean activity coefficients

of uranyl sulphate were taken from literature5. Recalculation of these data to the

activity coeficients defined for the molarity concentration scale (v+) was done by

using the densities of the aqueous solutions of uranyl sulphate determined in our

laboratory. So obtained activity coefficients were fitted to the function v±= 1/(1 +

+23.438Сиs0611) (Cus being the uranyl sulphate concentration) to approximate

y± values for the uranyl sulphate concentrations less than 0.1 mol/dm3.

The application of our method3 could not be fully carried out for the distri

bution data on uranyl sulphate given in Fig. 5. As can be seen in Fig. 6 the experi

mental data do not form a sigmoid curve. But, when one extends the curve, fitting

the experimental points towards higher values of Си(org) > in a manner corresponding

to the formation of a U02S04-2TOA complex, a sigmoid appearance develops

(dashed lines in Fig. 6). In that case inflexion points are approximated on the

 

, 0.05 M TOA

0.025 M TOA

0.01
Cu(org)

002 0.03

Fig. 6. Presentation of distribution

data on the extraction of uranyl

sulphate with TOA according to

our method8. Open circles denote

the positions of inflexion points

we expect.

sigmoid curves at one half of maximal loading expected for the formation of a

U02S04-2TOA solvate. So located inflexion points have led to log K=5.0 for

all isotherms given in Fig. 5.

The equilibrium constant values, were determined for the extraction of

different uranyl salts with TOA in benzene at 293 K, and are summarized in the

following table along with —AGn, the free energy of hydration of the anions:

System log К —AGh

UOj(N03)s — 0.1 mol/dm3 HNOa — TOA — benzene 1.4 289

UO.CU — 0.1 mol/dm» HC1 — TOA — benzene 2.4 331

UOsSO4 — TOA — benzene 5.0 1042

The К values considered in literature7 are for the alkylammonium salts

as extractants and cannot be compared with our values obtained using pure TOA

as the extractant. The small concentrations of nitric and hydrochloric acids (about

one tenth the concentrations of the corresponding uranyl salts) cannot compete

with the uranyl nitrate or chloride extraction with TOA. In the case of uranyl
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sulphate the extraction system was free from sulphuric acid. Therefore, it has

enabled us to neglect this small influence ofthe acids in the considering of extraction

equilibria by eq. (2).

Since the uranyl salts, subjected to extraction with TOA, are different only

in the anion part, one can consider their extraction ability as a function of the nature

of anions. The hydration energy of the anions has the same trend as the corre

sponding equilibrium constant (cf. Table).

извод

ЕКСТРАКЩЦА НИТРАТА, ХЛОРИДА И СУЛФАТА УРАНИЛА СА

ТРИ-п-ОКТИЛАМИНОМ

ЪОРЪЕ М. ПЕТКОВИБ, СЛОБОДАН С. РИБНИКАР* и ИРИНА Д. ПОКИДИШОВА*

Инсшишуш за нуклеарне науке „Борис Кидрич", 11001 Београд и *Инсшишуш за физичку

xejtujy Природно-машемашичког факулшеша, 11001 Београд

Механизм екстракщце нитрата, хлорида и сулфата уранила са три-и-октиламином

(ТОА) у бензену везан je за адици)у неутралног комплекса сване од уранил-соли и ТОА

у органско) фази. НаЬено je да се граде комплекси типа UOsA»-2TOA, где je А испитивани

ан)он. Логаритам равнотежне константе за екстракци]у нитрата je 1,4, хлорида 2,4 и сул

фата 5,0.

(Примллно 18. октобра 1983)
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The splitting of polarographic waves of oxamide, oxalyldihydrazide, rubeanic

acid, benzil, benzoin and azobenzene in the presence of aluminium or beryllium

ions in unbuffered solutions was explained. This phenomenon is made clear according

to the theories of Ruetschi and Triimpler as well as of Heyrovsky. If the aluminium

or beryllium ions are added to the solution of the depolarizer, whose electrochemical

reduction runs with the consumption of hydrogen ions, one more positive wave

will appear, corresponding to the reduction of the depolarizer, the hexaquo-

aluminium ion, or the product of beryllium ions hydrolysis being the proton donors.

On the basis of the determined number of electrons transferred and the ratio of

the depolarizer and the proton donor, which take part in the electrode process, the

equation of the electrode process is formulated. With regard to the fact that the elec

trode processes are complex and that they are performed in several steps, we have

attempted to formulate every step.

The examinations of the polarographic behaviour of oxamide1, oxalyldihy

drazide2.3, benzil4, benzoin4, rubeanic acid1 and azobenzene8, in the presence of

aluminium or beryllium ions have shown that the polarographic waves of the

mentioned organic compounds split in the presence of aluminium or beryllium

ions into two waves, the more positive wave being dependent on the concentrations

of aluminium and beryllium ions. In the case when the pH of a solution is below

4, namely when in the solution in addition to aluminium or beryllium ions a stronger

acid is present, there appears another more positive wave.

In this study answers were sought of the questions: 1) what is the reason

of splitting of the mentioned organic depolarizer in the presence of aluminium

and beryllium ions, and 2) which electrode processes are performed at the dropping

mercury electrode.

Already during the first investigation of the polarographic behaviour of the

organic depolarizer, it was observed that the splitting of waves appears when the

electrochemical reduction runs with the consumption of hydrogen ions and when

the concentration of hydrogen ions in the solution is less than the concentra

tion of the depolarizer. According to Ruetschi and Triimpler8, who explain

ed this phenomenon quantitatively, only one wave can appear during the

electrochemical reduction of the organic depolarizer, if in the solution exists only

one proton donor — water, or if in the solution another proton donor except water

is present, for example some acid, but in such a concentration, that its limiting

diffusion current is equal or larger than the maximal limiting current of the de

105
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polarizer. In both cases the same reaction product is obtained with one difference,

that in the first case hydrogen ions come from water and the wave appears at a

more negative potential than in the second case, when hydrogen ions results from

a proton donor stronger than water (for example, strong acid).

The splitting of the wave into two parts happens when the proton donor

in solution is in such a concentration, that its limiting diffusion current is smaller

than the limiting diffusion current of the depolarizer. At such a split wave the more

positive part corresponds to the reduction with the consumption of hydrogen

ions, which come from a proton donor stronger than water (for example, strong

acid), and the more negative part results from consumption of hydrogen ions

from water.

According to our investigations, a similar phenomenon appears when in the

solution of oxamide, oxalyldihydrazide, rubeanic acid, benzil, benzoin or azoben-

zene, besides indifferent electrolyte (KC1), aluminium or beryllium ions are present.

In the water solution of aluminium salts the hexaquoaluminium ion exists, which

acts as weak tribasic acid ar.d dissociates progressively according to the equations :

[Al(H20)e]3+ [Al(OH) (H20)5]2++H+ ptf=4.9

[Al(OH)(H20)5]2+ Zl [Al(OH)2(H20)4]++H+

[Al(OH)2 (H20)4]+ ~ Al(OH)s+H++3H20

Bronsted and Volqvartz7 found that all the three ionization constants are close

and of the order of magnitude of 10-5.

The beryllium ion, too, is among cations inclined to hydrolyse and in water

solution the following reaction takes place8-9:

гВе^+ШО ^ Be202++2H+ pK"=6.9

Starting from these facts and from data compiled during the investigation

of the polarographic behaviour, for example of oxamide in the presence of alu

minium or beryllium ions1-4 we came up to the following explanation of the wave

splittings. If to the oxamide solution (0.85 mmol dm-8) 1 mmol dm-3 AlCls is

added at pH 4.4, on the polarogram appears besides the wave which corresponds

to the reduction of oxamide with consumption of hydrogen ions from water (Figs

la and lc; 2?i/2= — 1.68V) still another, more positive wave (£i/2= — 1.48V),

which depends on the aluminium ion concentration. This wave corresponds to

the reduction of oxamide, the proton donor being the hexaquoaluminium ion

(Fig. lc). Consequently when the solution of oxamide contains aluminium ions

too, the height of wave does not change, but a part of the wave is shifted by about

0.2 V towards more positive values.

A similar phenomenon is observed when to a solution of oxamide 0.60 mmol

dm-3 BeS04 is added, but in this case the half-wave potential of the more positive

wave has a value of —1.54V (Fig. Id). In the case when the pH of the oxamide

solution is 3.20, and the solution does not contain aluminium or beryllium ions,

one more positive wave will appear (Fig. lb; —1.50V) which corresponds to the

reduction with the consumption of hydrogen ions originating from the present
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acid. All this happens on conditions that the proton donor (hexaquoaluminium

ion, beryllium ion or some acid) is in such a concentration that its limiting diffusion

current is less than a limiting diffusion current of oxamide.

Fig. 1. Polarographic waves of

oxamide at different pH values

in the presence of aluminium

or beryllium ions in 0.2 mol

dm"8 KC1. a) 0.80 mmol dm"8

oxamide, pH=5.65, b) 0.85

mmol dm_3oxamide,pH=3.20,

c) 0.85 mmol dm-8 oxamide,

1.0 mmol dm-3 Al8+, pH=4.4,

d) 0.92 mmol dm-8 oxamide,

0.60 mmol dm-3 Bes+, pH=4.8

 

However, if aluminium ions in a solution are in excess (for example 4 mmol

dm-3 AlCls compared to 0.1 to 0.8 mmol dm-3 oxamide), then at the pH of so

lution of 4.4, besides the wave that corresponds to the reduction of oxamide, the

proton donor being the hexaquoaluminium ion (Ei/2= — 1.47V), another wave

appears originating from the reduction of three protons from the hexaquoaluminium

ion (2?i/2= — 1.67V) according to the equation10:

[Al(H20)e]3++3e ^ Al(OH)3+3/2H2+3H20

An identical explanation for the splitting of the waves in the presence of

aluminium or beryllium ions is valid for oxalyldihydrazide, rubeanic acid, benzil,

benzoin and azobenzene.

In order to find the electrode process it was indispensable to determine:

1) the number of electrons transferred, and 2) the ratio of the depolarizer and the

proton donor which take part in the process.

From the analysis of the wave corresponding to the reduction of oxamide

with a participation of a hydrogen ion from the hexaquoaluminium ion it has been

found that the electrode process is reversible. The slope Д Е/Д log(i/t'd— »') amounts

to 0.033V, and the difference Егц—Ехц amounts to 0.035V. Hence, the number

of electrons participating in the reaction is я =2.

The ratio of oxamide (depolarizer) to hexaquoaluminium ion (proton donor)

can be obtained if the wave heights corresponding to the reduction of oxamide

with the consumption of hydrogen ions from water (Aox) are plotted as a function

of different concentrations of aluminium ions. From the abscissal segment obatined

by extending the curve Aox to the abscissal section, the ratio between oxamide and

hexaquoaluminium ion can be obtained. The data for Fig. 2 are given in Table I.

The concentration of oxamide was 0.85 mmol dm-3, and the concentration of

aluminium ions from 0.1 to 1.5 mmol dm-3. From Fig. 2 it may be seen that the

ratio of oxamide compared to the hexaquoaluminium ion is 0.85 : 1.66^1:2
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TABLE I. Wave-heights and half-wave potentials 0.85 mmol dm-3 oxamide in the presence

of different concentration of aluminium ions in 0.2 mol dm-3 KC1; 1 cm=0.4 уи\

Cone. A1CU Aox(Al) — Ei/t Лох -El/ 2 Aox(Ai) + Лох pH

mmol dm-3 cm V cm V cm

0.1 1.40 1.44 27.20 1.62 28.60 5.0

0.2 3.30 1.42 25.15 1.63 28.45 5.0

0.4 6.40 1.41 21.85 1.63 28.25 4.6

0.6 10.65 1.44 18.90 1.64 29.55 4.6

1.0 16.60 1.43 12.90 1.66 29.50 4.5

1.5 26.60 1.46 2.90 1.66 29.40 4.4

Aox — Wave-height which corresponds to the reduction of oxamide with the consumption

of hydrogen ions from water

Лох(А1) — Wave-height which corresponds to the reduction of oxamide, when the hexaquoalu-

minium ion is the proton donor.

30

11

box'*Ox IAD-

. yfh0x Ul)

> 0,i o.a t.i i,i

сА1з* ImmelA)

Fig. 2. Dependence of wave height of

oxamide from concentration of Al3+

in 0.85 mmol dm*3 oxamide. Aox — wave

height which corresponds to the reduction

of wxamide with the comsumption of

hydrogen from -/water. Aox<ad — wave

height which corresponds to the reduction

of oxamide, when hexaquoaluminium

ion- ist'protdn donot' ■- /.

The same ratio is obtained if Job's method of continual variations is applied11.

The results from Table II are shown in Fig. 3. The oiamide concentration is

increasing from 0.05 to 0.80 mmol dm-3 and the aluminium ion concentration

TABLE II. Polarographic wave heights Aox(Ai) and corresponding 'half-wave potentials Ei/t.

The total concentration of AlCb and oxamide is 1 .0 mmol din-3. Supporting electrolyte 0,2 mol
dm"3 KC1; pH 4.5; 1 cm=0.4 uA ™ " " • '

Cone. (NHaCO)a

mmol dm3

Cone. AlCb

mmol dm-3

ЙОх(А1)

cm v.- •

0.05 0.95 3.50 1.49

0.10 0.90 6.60 1.49

0.15 0.85 7.50 1.49

0.20 0.80 8.85 1.47

0.25 0.75 11.10 1.49

0.30 0.70 11.40 1.49'

0.35 0.65 10.65 1.48

0.40 0.60 10.05 1.48

0.50 0.50 8.25 1.47

0.60 0.40 6.50 1.44

0.80 0.20 3.30 1.47
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is decreasingfrom 0.95 to 0.2 mmol dm-3. The position of the maximum shows

ihe ratio of oxamide against the hexaquoaluminium ion and it amounts in this

reaction to 0.33 : 0.67=1:2.

 

1,0 Coksamid lmmol/ll

Fig. 3. Dependence of wave heights of oxamide from concentration of Al8+.

Job's method of continual variations.

On the basis of this ratio and the number of electrons transferred it is possible

to write the next overall equation of the electrode process:

Ox Ь2[А1(Н20)в]3++2е Ox • 2H+2[A1(0H) (H20)5]2+.
(0

This process is in fact more complex and it is performed in several steps12. The

molecule of oxamide receives first protons from hexaquoaluminium ions

H2N—C=0 H2N-C-OH

I + [Al(H20)e]3+ — I + [Al(OH) (H20)6]2+

H2N—C=0 H2N=C-0

(2)

The so created form reduces easier, producing the wave with a half-wave potentia

about —1.4V: I

H2N-C-OH H2N-C-OH

I +2e — I

H2N-C=0 H2N-C=0

H

(?)

H2N-C-OH H2N-C-OH

I + [Al(H20)e]3+ = I +[A1(0H)(H20)5]2+ (4)

H2N-C=0 H2N-C=0

If the concentration of aluminium ions is insufficient to perform complete

protonation of the present oxamide molecules, the remaining part of oxamide is

reduced at more negative potential producing the wave with half-wave potential

about — 1.64V:
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H2N—C=0 H2N-C-O-

+ 2e -> (5)

H2N—C=0 H2N-C=0

H

H2N-C-O- H2N-C—OH

+ 2H+ (6)

H2N-C=0 H2N-C=0

The protons received in reaction 6 originate from water.

During the investigation in this study, we have observed that the half-wave

of both waves changes according to the change of concentration of aluminium

ions, provided that the concentration of oxamide is constant. This phenomenon

is used for determination of the constant for reaction 2. The line 1 in Fig. 4 arises

from the wave which corresponds to the reduction of oxamide, while the proton

donor is the hexaquoaluminium ion, and the line 2 of the wave which corresponds

to the reduction of oxamide with consumption of hydrogen ions from water. Each

of these lines is composed oftwo linear parts, whose section projected on the abscissa

gives the same value pK=3A. The same value is obtained by using Job's method

of continual variations and also in the case when in the solution an excess of alu

minium ions is present and the concentration of oxamide is changed.

In the same way as we have explained the electrode process of oxamide re

duction with the participation of hexaquoaluminium ions as the proton donor,

we could formulate the equation of electrode processes of the reduction of oxalyl-

dihydrazide, rubeanic acid, benzil, benzoin and azobenzene with the participation

of hexaquoaluminium or beryllium ions as the proton donors. The processes are

reversible except in the case of benzil with the participation of beryllium ions,

benzoin and azobenzene. In these cases it is considered that the number of elcetrons

transferred («) is equal to the number of electrons transferred in the complementary

reversible process. That means, according to the literature13, that if an organic

compound produces two or three waves depending on the pH of the medium, while

the total wave height does not change, then the number of electrons transferred

in the first process (n{) must be equal to the number of electrons transferred in

the second (w2) or the third (из) process. If one of these processes is reversible, then

the number of electrons transferred in the second or third process, which are irre

versible, would be the same.

 

Fig. 4. Dependence of Ецг of oxamide

wave from —log Cai3+ (0.85 ramol dm-3

oxamide, 0.1 to 1.5 mmol dm-8 Al3+)3,8 7fl

- log Cai»* pH=4.6.
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In the following survey the ratio of the depolarizer and the proton donor,

the number of electrons transferred and the equation of electrode process is given:

Oxamide (Ox)

Ох+2Ве2++НгО+2е — Ox-2H+Be202+

Ox : Be=l :2 n=2

Oxalyldihydrazide (ODH)

ODH+2[Al(H20)e]3++2e ODH-2H+2[Al(OH) (H20)5]2+

ODH:Al=l:2 n=2

ODH+2Be2+=H20+2e — ODH-2H+Be202+

ODH:Be=l:2 n=2

Rubeanic Acid (Rb)

2Rb+2[Al(H20)e]8+2e = 2 Rb • H+2[Al(OH) (H20)5]2+

Rb:Al=l:l dimer

n=2

Benzil (Bz)

2Bz+2[Al(H20)6]3++2e — 2 Bz H+2[Al(OH) (H20)6]2+

dimer

Bz:Al=l:l n=l

2Bz+2Be2++H20+2e->2 Bz • H+Be202+

dimer

Bz:Be=l:l я=1

Benzoin (Bzn)

Bzn+[Al(H20)e]2++2e^Bzn • 2H+ [Al(OH)2(H20)4]+

hydrobenzoin

Bzn : Al= 1:1 n=2

Bzn+Be2++H20+2e->Bzn • 2H+BeO

:Be=l:l я=2

Azobenzene {Azb)

3 Azb+2[Al(OH20)e]3++6e-*3 Azb • 2H+2A1(0H)8+3H20 '

Azb : Al=3:2 n=2 (supposed)

With regard to benzil and benzoin, the equations ofsingle steps at the dropping

mercury electrode are already quoted4 and as to oxalyldihydrazide they are identical

as the case of oxamide. So we shall here cite only the equation for single steps of

the electrode process for azobenzene:

3CeH6—N=N—СвНв +[А1(Н20)в]3+ ЗСвН6—N=N—С«Н5+А1(ОН)з+ЗН20

H

I
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3CeH6—N=N—СвН5+2e->3CeH5—N-N—CeH5

I I

H H

ЗСвНв—N—N—СвН5+[А1(Н20)в]3+ -> ЗСвНв—N—N—СвН5+А1(ОН)з+ЗН20.

I I I

H H H

извод

ПОЛАРОГРАФСКО ПОНАШАгЬЕ НЕКИХ ОРГАНСКИХ JEHHH>EH>A У ПРИСУСТВУ

JOHA АЛУМИНЩУМА И БЕРИЛЩУМА

ВЛАДИМИР J. РЕКАЛИЪ и МИЛЕНА М. ЮВАНОВИЪ

Технолошко-мешалуршки факулшеш Универзишеша у Београду

Об)'ашн>ена je nojana делен>а поларографских таласа оксамида, оксалилднхндразида,

рубеанске киселине, бензила, бензоина и азобензена у присуству )она алумини)ума или

берили;ума у растворима ко)и не садрже пуфер. Ова nojaea je об)ашн>ена сагласно схватан>има

Rtietschi-a и Triimpler-a као и Heyrovsky-ja. Ако се раствора деполяризатора чи;а електро-

хеми)ска редукци ja тече са утрошком )она водоника floflajy joHH алумини)ума или берили)ума,

)'авиЬе се )'едан позитивней талас kojh одговара редукцией деполаризатора при чему je

донор протона хексаакво-алумию^умов joH или произвол хидролизе бершпчумовог joHa.

Дате су }едначине елсктродних процеса пошто je претходно одре^ен 6poj размешених елек-

трона и однос деполаризатора и донора протона Kojn y4ecrayjy у процесу. С обзиром да су

ови електродни процеси уствари сложении и да се врше у више стутшева, покушано je

да се сваки ступан. представи по^единачно.

(Прилиьено 7. октобра 1983)
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Conditions for the mineralization of dry thyroid gland samples were rein

vestigated. Procedures for the potentiometric determination of iodine content in

these samples by means of iodide ion-selective electrode were developed. Previously

reported volumetric and kinetic method for the determination of iodide were modi

fied and adjusted for the determination of the iodine content in dry thyroid glands

and oral preparations. The results obtained by the methods described are of satis

factory accuracy and reproducibility.

Modern medical therapy, both human and veterinary, applies a number of

preparations made from endocrine glands, including preparations made from dry

thyroid glands. The content of active constituents in the basic substances used

varies considerably, depending upon the health of animals whose glands were taken

off, and upon technological procedures applied. The use of insufficiently purified

raw materials can cause undesirable secondary effects in the course of the therapy,

whereas preparations having variable contents of active constituents may bring

about either insufficient, or excessive drug dosage.

The determination of the content of active constituents in dry thyroid glands

is still being carried out on the basis ofthe total quantity ofbound iodine1-9, although

some procedures for the separation and separate determination of thyroxine and

triiodothyronine (liothyronine) have been reported se far10-12. On the basis of

the catalytic effect of iodide on the redox reaction of cerium(IV) with arsenic

(III)13-15, there have been developed methods for the determination of ultramicro

quantities of thyroid hormones of blood serum16-21, and animal food22.

Taking into consideration the results reported so far on the applicability

of ion-selective electrodes to the analysis of organic compounds containing cova-

lently-bound halogen23 26, we tried presently to develop potentiometric procedures

for a rapid and accurate determination of semimicro and micro quantities of iodine

in samples of dry thyroid gland, by using iodide electrodes and applying the Schon-

iger method for the decomposition of investigated substances27. Our aim wa

also to adjust the volumetric and the kinetic method for the determination of iodin

in samples of dry thyroid gland obtained after their decomposition by the afore

-mentioned procedure.

113
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EXPERIMENTAL

All chemicals used were of analytical reagent grade. Potassium iodide, potassium iodate

and sodium liothyronine (USP standard) were employed as standard substances.

Standard solutions of silver nitrate (0.005 mol dm-3), sodium thiosulphate (0.005 mol

dm-*), arsenic(III) (0.0125 mol dm-3), starch (0.5% m/V), ammonium sulphamate (3% m/V),

and cerium(IV) sulphate (0.015 mol dm-3), were prepared according to standard procedures!

Solutions used for kinetic determination of iodine were made with bidistilled water, the latter

being also used in the course of the analysis. Acetate bromine solution contained 1 00 g of potassium

acetate and 5 cm3 bromine in 100 cm3 of glacial acetic acid.

Potentiometric determinations were carried out with a Radiometer PHM 62 pH-meter by

using a Radelkisz, OP-I-7112C iodide ion-selective electrode, a silver indicator eletctrode of

an surface area of 4 cm3, and a calomel reference electrode. Before use the iodide electrode was

activated by immersing it into a 0.1 mol dm-3 potassium iodide solution for 1 to 2 h. A Perkin-

-Elmer, Coleman 46 BCD spectrophotometer was used in the kinetic determination of iodide.

Samples of dry thyroid gland (Table I) are weighed on a piece of filter paper, of an 1 5—20

cm2 area and then decomposed according to the Schdniger method in an oxygen atmosphere,

using platinum as catalyst27. The liberated iodine is absorbed in 10—15 cm3 of sodium hydroxide

solution (0.3 mol dm-8) with stirring in the course of 1—20 minutes, whereby a mixture of sodium

iodide, hypoiodite and iodate is obtained. Further procedure depends on the method selected

for the determination of iodine present in the investigated sample:

I. In the potentiometric titration method, the content of the Schoniger flask, after the

mineralization of the sample, is acidified with dilute sulphuric acid, and upon the addition of

about 50 mg of Raney alloy, the reaction mixture is boiled for 3—5 min. The solution obtained

is filtered off and upon cooling the filtrate is titrated with standard siver nitrate solution in the

presence of iodide ion-selective, or silver indicator electrodes.

II. The solution obtained as described under (I) is diluted up to a known volume, and the

iodide concentration is determined by the direct potentiometric method by means of a iodide ion-

-selective electrode. The calibration curve is constructed with solutions having known potassium

iodide concentrations.

III. After the combustion of the sample, 10 cm3 of acetate-bromine solution is added to

the flask, the reaction mixture is stirred and left to stand for 2 min. Then 1.0—1.5 cm3 of formic

acid is added, and upon the disappearance of the dark brown bromine colour, the solution is acidi

fied with suphuric acid. In this solution 1 g of potassium iodide is dissolved and after 10 min the

liberated iodine is titrated with standard sodium thiosulphate solution in the presence of starch.

IV. The solution obtained after the decomposition of the sample according to the Schoniger

method is diluted to contain 1.0—2.5 (xg of iodine per cm3; 1.00 cm3 of this solution is placed

in a 50 cm3 volumetric flask and to it there are added: 2.00 cm3 of arsenic(III) solution, 2.00 cm3

of ammonium sulphamate solution and 20 cm3 of a sulphuric acid (3.5 mol dm~3) — hydrochloric

acid (0.65 mol dm-3) mixture, and the flask is filled up to the mark. Five (5.00) cm3 of the latter

solution is placed in a vessel containing 1.00 cm3 of arsenic(III) solution and the reaction mixture

is thermostated at 30±0.1° for 15 min. Then, 1.00 cm3 of cerium(lV) sulphate is added and the

reaction mixture is thermostated at the same temperature for further 30 min. The solution absorb-

ance is measured at 420 nm. The iodine content of the sample being analysed is determined by

means of the calibration curve, obtained with standard potassium iodate solutions, treated as

described above.

As a comparative method for the determination of iodine content in thyroid gland samples

being analysed, we have applied the volumetric method, after the decomposition of samples with

potassium carbonate at 675—700°e.

RESULTS AND DISCUSSION

We have first studied the experimental conditions for the mineralization

of various amounts of thyroid gland (Table I), according to the Schoniger method.

The efficiency of this procedure can be evaluated on the basis of the results obtained



DETERMINATION OF IODINE IN THYROID GLANDS 115

in the determination of liberated iodine by suitable methods. In case of potentio-

metric methods it is necessary to reduce hypoiodite and iodate, formed in the course

of the sample decomposition, to iodide. The reduction cannot be achieved by adding

hydrogen peroxide to the solution for the absorption of the combustion products28.

This finding was proved by our experiments carried out under the same experimental

conditions: the results obtained in the analysis of dry thyroid gland and pure lio-

thyronine were lower than those obtained by comparable methods. Besides, it has

been found that in titrations of liberated iodide, the potential of the iodide ion-

-selective electrode in the vicinity of the end-point is established slowly (Fig. 1).

Hypoiodite and iodate, formed in the course of the combustion, Paletta28 has reduced

by means of an aluminium strip, preactivated in boiling sodium hydroxide solution

for 20 min. However, our investigations have shown that the use of powdered Raney

alloy is advantageous, since the reductant should not be preactivated and the re

duction at elevated temperature is over for only 3—5 min. In sample solutions thus

prepared, the potential on the indicator electrodes is established rapidly throughout

the titration, whereas the potential jump at the erd-point is pronounced (150—300

mV or 100—150 mV) when 0.1 cm3 of 0.005 mol dm-3 silver nitrate solution is

added in case of iodide ion-selective electrode or silver electrode, respectively.

It should be noted that the kind of the indicator electrodes used does not affect

the accuracy of the results obtained.

A difficulty encountered in the determination of low iodide concentrations

by the direct potentiometric method is the deviation of the iodide ion-selective

electrode from the Nernst function in solutions of concentrations lower than 1 X 10-4

mol dm-3 (Fig. 2). Besides, the establishment of the electrode potential in solutions

of low concentrations is slow and it is necessary to wait more than 1 5 min before

reading the potential values.

 

Fig. 1. Rate of potential equilibrium Fig. 2. Calibration curve for direct

state establishment on the iodide ion- potentiometric determination of iodide

-selective electrode at the end-point. by means of the iodide ion-selective

electrode.

Our investigations have shown also that volumetric procedures reported so

far for the determination of the iodine content in thyroid glands8-9 require certain

modifications in order to achieve good results; namely, the amount of iodide formed
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in the course of the decomposition is oxidized to iodate with bromine dissolved

in acetic acid and the excess of bromine is removed by the addition of formic acid

(2—3 drops), till the disappearance of bromine colour. The iodate produced

reacts with potassium iodide added in excess and the corresponding amount of

iodine is then titrated with standard thiosulphate solution. When applying the

afore-mentioned procedures8-9 we found deviations reaching even 15%, both with

samples treated according to the Schoniger method, and standard substances,

probably due to incomplete reduction of the bromine excess. However, by adding

greater amounts of formic acid (1.00—1.50 cm3) to solutions of samples to be

analysed, the afore mentioned error was eliminated and the results obtained were

good and reproducible (Table I). ,

In contrast to previous methods, the kinetic method may be of special impor

tance for the determination of oral dry thyroid glands preparations (Thyral, Thyra-

lette) containing 0.1 mg and 0.02 mg of bound iodine per tablet, respectively. In

this method, after the combustion of the sample, the reduction of hypoiodite and

iodate is carried out with arsenic(III), whereas the catalytic reduction of ceium(IV)

with arsenic(III), in the presence of iodide, is followed spectrophotometrically

at 420 ran. The calibration curve, given in Fig. 3, shows the linear dependence

between the reduction rate of cerium(IV) with arsenic(III) and the quantity of

 

jai '.• . . J oik 005 3 Fig. 3. Calibration curve for kinetic

f9 ' /cm determination of iodide.

iodide present in the solution (investigations were performed with solutions con

taining 10—50 ng of iodide per cm3). The accuracy and the reproducibility of

the method were checked by analysing sodium liothyronine (Table I).
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TABLEI.Resultsobtainedforiodinecontentinanalysedsamplesbymeansofvariousmethods,afterthemineralizationofsamplesaccording

totheSchonigermethod

Substancetitrated

Volumetricanalysis

Taken

mg

No.of

titns.

Foundiodine

0/
a

Potentiometrictitrations

Catalyticdeterminations TakenNo.ofFoundiodineTakenNo.ofFoundiodine

mgtitns.%rngdetns.%

Theore
ticalio dinecon

tent
59.3 76.4 56.5

0.490**

456.2+1.3

110.494+0.016

1.00
22.0

59.8^1.1

76.7±1.2 56.5±0.3 0.486±0.011

5 5 6 11

0.750—1.30 0.400—0.600
10.0—22.0 90.0—130.0

59.4+0.8* 76.5+1.7 56.5+0.7

0.492+0.014

7 6 8 10

0.550—0.990

0.450

7.50—11.5 52.0—124.0

Potassiumiodate Potassiumiodide

Sodiumliothyronine

Thyreoidea

*MeanvalueStandarddeviation

**Foundbycomparativemethod
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ИЗВОД

ОДРЕЪИВАгЬЕ ]ОДА У УЗОРЦИМА ОСУШЕНЕ ШТИТНЕ ЖЛ>ЕЗДЕ (THYREOIDEA)

ПОМОЪУ 10ДИДНЕ JOHO-СЕЛЕКТИВНЕ ЕЛЕКТРОДЕ

ВИДИМ J. ВА1ГАНД, ТИБОР J. ПАСТОР

Хемщски инсшишуш, Природно-машемашички факулшеш, Универзишеш у Београду, й.йр.

550, 11001 Београд

МИЛКА Р. ЧОБАНОВИЪ и АНГЕЛИНА ЪОКИЪ

Га.юшка, фармацеушско-хеми)ска uHdyciiipuja, Београд

Испитани су услови за минерализаци)у узорака осушене штитне жл>езде по

Schdniger-y. РазраЬени су поступци за потенциометри)ско одреЬиваше садржа^а )ода у

узетим узорцима помоЬу )одадне joHO-селективне електроде. Извршене су корекшле pamije

описане волуметри)ске и кинетичке методе за одрег)иван>е )ода, и тако су оне прилагоЬене

за одреЬипале садржа]а )ода у осушено) штитно) ж.ъездн, односно у оралним препаратима

припрем.ъеннм на бази ове супстанце. Наведеним методама добивени резултати су задово-

л>ана|уЬе тачности и репродуктивности.

(Примллно 21. октобра 1983)
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Two methods for the potentiometric determination of theobromine in

aqueous solutions are presented. Both methods are based on the reaction of theobro

mine with Ag+ ions; in one case HNO3, produced in the reaciton of theobromine

with AgNCb is titrated with NaOH, whereas in the other, theobromine is titrated

dried ly with AgNOs in the presence of Na«COa. The results obtained show that

both methods are reproducible and suitable for the determination of small quanti

ties of theobromine.

Theobromine is very often used for the preparation of various pharmaceutical

formulations. The properties of this purine compound are such that they mak .

possible many chemical reactions which can be used for theobromine identification

and its quantitative analysis. In view of these facts different methods were reporte^

so far, including the application of spectrophotometry1-3, determinations in non_

aqueous solutions4-5 and electroanalytical methods as well6-7. Since theobromine is

often present in pharmaceutical formulations in mixtures with various substances

having different chemical characteristics, each method has its advantages for the

application in cases to be analysed. Due to the constantly growing importance

of electroanalytical methods in quantitative analysis and possibilities they offer

for their application, in the present paper we have proposed two procedures for

the potentiometric determination of theobromine, using NaOH and AgNOa as

titrants.

EXPERIMENTAL

Solutions and chemicals, a) Stock theobromine solution contained 1 mg of theobromine

per 1 ml of aqueous solution, b) 0.1 mol dm-3 AgNCh. The content of the solution was determined

by the Volhard method, c) 0.1 mol dm-3 NaOH. The content of the solution was determined

with 0.1 mol dm-3 HC1 using methyl orange as indicator, d) (5 wt%) solution NaaCOs.

Quantitative determinations were carried out with theobromine used for the preparation

of pharmaceutical formulations, the content of which was determined according to the proce

dure of Yugoslav Pharmacopoeia8.

All chemicals used for the preparation of solutions were of analytical reagent grade.

Apparatus. Potentiometric titrations were performed with an automatic titrator RTS 622

Recording Titration System, Radiometer, Copenhagen, using REA 160 and REA 260 modules.

In titrations with NaOH, the indicator electrode was a G 202 С glass electrode, whereas in the

titration with AgNOs a P 4011 silver electrode was used. In both cases the reference electrode

was a saturated К 401 calomel electrode.
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Procedure. Method I. To a measured volume of stock theobromine solution, 30 ml of water

is added. To this solution, 2 ml of solution containing 0.1 mol dm-3 AgNCb is added and left to

stand for 5 minute* and then it is titrated with NaOH from an automatic ABU 12 burette, whereby

the addition of the titrant is adjusted to a minimum rate. The titration end-point is determined

graphically, from the first derivative curve. One ml of 0.1 mol dm-3 NaOH corresponds to 18.01 mg

of theobromine.

Method II. To a measured volume of stock theobromine solution, 2 ml of ЫагСОз solution

is added and the solution is made up with water to 30 ml. The latter solution is titrated with AgNOe

solution from an automatic burette adjusted to a minimum rate of the titrant addition. The titration

end-point is determined graphically from the first derivative curve. One ml of 0.1 mol dm-3

AgNOj corresponds to 18.01 mg of theobromine.

RESULTS AND DISCUSSION

The results of the potentiometric determination of theobromine are shown

in Table I. From the results obtained it may be concluded that they are accurate

and reproducible.

TABLE I. Results of potentiometric determination of

theobromine. Seven titrations for each sample.

T i t r a n t s

Quantity taken (mg)
NaOH AgNOs

found(mg) found(mg)

2 2.0±0.1* 2.0±0.1*

5 4.9±0.1 4.9±0.1

7 6.9±0.1 6.9 ±0.1

10 J0.0±0.1 10.0±0.1

* Standard deviation

The potentiometric determination of theobromine with NaOH is based

on the following reaction: ■, i

C7H8N4O2+AgNOs C7H7N402Ag+HN03 (1)

Hydrogen of the imino group of purine alkaliods reacts with metal ions9, liberating

an equivalent amount of HNO3, which is then determined potentiometrically

with NaOH. Potential changes on the glass electrode are rather pronounced so

that reproducible bilogarithmic potentiometric curves as well as potentiometric

first derivative curves are obtained.

In order to obtain curves of suitable shape it is necessary to adjust the addition

of the titrant to a minimum rate, since the shape of the potentiometric curve depends

upon the rate of potential equilibration at the glass electrode.

The potentiometric determination of theobromine with AgNOs is based

also on equ. (1) but it is carried out directly. In this case the rate of the titrant

addition affects the rate of potential equilibration on the silver electrode and therefore

the titrant should be also added with a minimum rate. However, potential changes

during the formation of CvHvN^Ag are not pronounced enough to give potentio

metric curves suitable for the determination of the titration end-point, therefore,
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Fig. 1. Potentiometric titration curve of

theobromine with titrant NaOH (0.1

dm"8)

 

а ИагСОз solution should be added to the analysed solution causing pronounced

potential changes on the silver electrode at the titration end-point.

Both potentiometric methods for the determination of theobromine are

simple and sensitive and can be used for the determination of small quantities of

theobromine.

извод

ПОТЕНЦИОМЕТРЩСКО ОДРЕЪИВАгЬЕ ТЕОБРОМИНА

КОСТА НИКОЛИИ, МИРТАНА МЕДЕНИЦА и KCEHHJA ВЕЛАШЕВИЪ

Завод за физичку хемщу, Фармацеушски факулшеш, Универзишеш у Београду, 11000 Београд

Приказам су две методе за потекциометри^ко одре!)иван>е теобромина у воденим

растворима. Обе методе се заснива)у на реакцией теобромина са Ag+ )онима. У методи I,

азотна киселина Koja наста;е као произвол реакци)е теобромина и AgNOs, се титрира са

NaOH. У другом случа)у, теобромин се директив титрира са AgNOs. Из приказаних ре-

зултата се види да су обе методе репродуктивне и подесне за одрег)иван>е малих количина

теобромина.

(Примл>ено 10. новембра 1983)
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An improved method of calculation of hot wire cell parameters and output

signal at working conditions was developed for given cellgeometryand voltage supply.

The method is based on computer simulation of the system approaching a stationary

state. The data obtained by calculation agree well with results of an experimental

check. The model can be successfully used for designing different analytical devices.

Thermal conductivity dependence of a gas mixture on its composition has

been employed in gas analysis for many years. The effect served as a basis for

different analytical methods which were especially developed in the past decades

to be used in gas chromatography detectors12. These devices have thin metal fila

ments, spirals or thermistors as sensing element, whose electrical resistance depends

strongly on temperature. If the element is heated by electricity and surrounded

by a gas of certain thermal conductivity, any change in the gas composition will

cause a change in its temperature through the conductivity.

There are many types of thermal conductivity instruments (gas analysers,

leak detectors, electronic flowmeters, gas chromatography detectors). All of them

have a so-called hot wire cell with the sensing element inside. So, in developing

any method or devices based on the above effect, designing of that cell is usually

the most important step.

Present theory of a hot wire cell considers the contribution of different para

meters (geometry of the cell and hot wire, electric current through it, resistance,

gas composition, etc.) to the output signal from the devices. However, the cal

culation of the signal always contains an approximate treatement. This paper gives

an improvement taking into account the real values of the parameters at working

conditions. These values are found by an iterative method. That method was

checked experimentally using a usual procedure3'4, which will be described briefly.

THEORY

The temperature dependence of thermal conductivity, X (W m_1 K_1), is

defined as5

X=X°(l+|3r), 0)

where X° is the value of X at 0°C,'P — the temperature coefficient of X and t — tem

perature (°C). Conductivity of a binary gas mixture is generally given by6
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XS= XiXl + X2*2, (2)

xi and X2 — mole fractions of components 1 and 2; Xi and X2 — thermal conductivi

ties of pure components at a given temperature.

Hot wire cell (Fig. 1, a) consists of a cylinder with a certain gas and a hot

wire in its center. The wire is heated by an electrical power, P=RP (R— resist

ance at the steady-state temperature, / — electrical current through it). When

a stationary state is set in, the temperature difference between the wire (tt) and

the walls (rw) is2-8

tt-tm = (RPIX) (q 1пГ>/<*)/(2тг/), (3)

q — thermal equivalent of electrical energy=0.77, D — cell diameter, d — filament

or spiral diameter, / — filament length.

Let us have two identical cells in a Wheatstone type bridge (Fig. 1, b).

One is filled with the measured gas mixture and the other with the reference gas.

The resistance difference between the wires is

 

u = »v 21

a) b) c)

Fig. 1 . a) Hot wire cell, b) Standard two cell bridge, c) Schematic diagram of the experiments

circuit used.

AR = Ri-Rm = R0*(.t',-t?), (4)

where R0 is the filament resistance in either reference or measuring cell at 0°C,

Ri and Rm — resistances in these cells at working temperatures (t\, t"), and a —

resistance temperature coefficient of the given material. So, combining (3) and (4)

the exact formula

AR = аЛЛо/ЧДгХз-ЯтХгЖХвХг) (5)

is easily established. [A=(q lnDjd)l(2nl) — cell constant; X8 and Xr — thermal

conductivities of gases in the measuring and the reference cell respectively at the

corresponding temperatures].

The bridge output signal is now

AV=IAR. (6)
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At working conditions RT and Rm depend on the filament temperatures

and these on Xs and Xr. Since X8 and Xr also depend on temperature (they increase

with increasing temperature) it is obvious that a stationary state is reached as a

result of the selfbalancing mechanism of the parameters R, X and rr. It is quite

difficult to determine the stationary state values of the parameters and the approxi

mation Rm^RjfuRQ has been commonly used2-4 to calculate the signal. With

this approximation, (5) becomes

ARtebAiRoIf (X3-Xr)/(XsXr). (7)

Sometimes Ro is used as the value at room temperature. In that case other expressions

are a little different2.

The mathematical model defined by equ. (7) is extremely simple for use

but for some purposes — too simplified. It was improved at this point.

IMPROVEMENT

We have found out that a more exact treatment is possible with a computer

simulation of the system reaching the stationary state. It is, actually, an iterative

procedure of adjusting the parameters according to the relations they are bound to.

The flowchart diagram is shown in Fig. 2. The input variables are the constants

Fig. 2. Flowchart of the iterations and

signal computing subroutine. Symbols:

pm and 3r — thermal conductivity temp,

coefficients of pure measured and refe

rence gas; XJ, and Xr° — their thermal

conductivities at 0°C; xm — mole fraction

of the measured gas ; X£ , X? and XJ" —

— thermal conductivities of the measured

gas, reference gas and their mixture,

respectively, in the measuring channel;

X; — thermal conductivity of the refe

rence gas in the reference channel.

\ U.Ro.tw./Wftr. X°m,X°r. xm, A.tf /

K2R"'Rn,*R°-,7'*1w'5(M»o

".R^Rq.I? *tw»50.t;o < 0

X^X0m(1./>mb^L_)

Co* «г

'(ro*>;

t, «—J—»tw

- Al' Rr ,

RrCR0(Kcn; )

i «

1 <.0001 and ^«-<.0001^

ДУ eA«R„l3 ,RrX»- Rmxr

/ T.'rfRm.Rr.'o.AV \

(PI)

(P2)

(P3)

(P4)

(P5)

(P6)

(P7)
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for the given system. Part PI of the routine initiates the parameter variables for

the first iteration. These „first guess" values are not critical, since they are subject

to iterative adjustement afterwards. The iteration starts off by the calculation of

the thermal conductivities of the mixture in the measuring cell (x"), P2, and the

pure component in the reference cell (XJ), P3, at the cell temperatures of the last

guess. The cell temperature is understood as the arithmetical mean value of the

filament and the wall temperatures. In P4 new filament temperatures and in P5

new resistances and current are calculated. In our case the current is governed by

the resistances, because of the constant voltage supply ([/). When the test in P6

is passed, the signal is computed in P7. Available at the output are the para

meter values and the signal magnitude at working conditions.

The main difficulty in both models is the estimation of the input value rw.

It depends on the output parameters too, namely, on the power dissipated at the

filaments together with the efficiency of the detector block thermal isolation.

However, since the power can approximately be predicted for most cases, it is not

impossible to make this estimation.

RESULTS AND DISCUSSION

Using the model described above the parameters of a hot wire detector were

calculated and compared to the results obtained by the approximate model and

by an experimental test.

Transfer of heat in a gas may occur not only through thermal conductivity but

also through the machanism of convection and the electrode conductivity. So, in

experimental studies of thermal conductivity all other losses of heat must be mini

mized. One of the most widespread ways of eliminating convection is using vertical,

cylindrical and narrow hot wire cells with the filaments in the centre, and thin

electrodes. Transfer by thermal conductivity will also be predominant for gases

with relatively high values of X. Because of that we used pure hydrogen through

the reference and an N2/H2 mixture (about 0.1 6 vol. % of N2) through the measuring

channel in our experiment. (Hydrogen has a very high X =0.1 741 8 W m_1 K_1;

Xh2/Xn2^7.1 at 0°C). The experimental bridge, shown in Fig. 1, c, contained four

identical, narrow cells in a thermally isolated7'8 metal block, so that the output

signal was doubled. The device ambient temperature was constant. The spirals

were made of tungsten. The signal (2AV) and the current (21) through the bridge

were measured. From that, the average filament resistance and thus the filament

temperature at working conditions were obtained.

TABLE I. Experimental results and predictions of the two models

for: Л=25.338 т-!, /?о = 33 ft, U=10V, *m=0.16 vol % N2,

rw=42°C.

Parameter Experiment Approximate

model

Improved

model

2AV (mV) 3.2 7.4 3.13

/(A) 0.10 0.15 0.101

R (ft) 50.2 33 (Ло) Дт=49.56

Л'= 49.54

r,(°C) 108 — t- = 103.44

- t~ 103.35
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The experimental results for the nitrogen concentration of 0.16 vol. % in

H2 are shown in Table I together with the predictions of both presented models.

It is obvious that the improved model gives a much better prediction of the

signal magnitude. Additionally, it gives the prediction of the parameters at working

conditions. With this model, if the estimation error on rw is as big as 10°C, the

computed signal error is only 10%.

We consider the improvement significant for use in precision designing and

optimizing of hot wire gas detectors. It has already been successfully used in our

laboratory in the designing of two hot wire gas analysers. One was made for in

dustrial on-line use, and the other for scientific analytical purposes.

извод

ГАСНА АНАЛИЗА — ПОБОЛ.ШАНИ МАТЕМАТИЧКИ МОДЕЛ ДЕТЕКТОРА НА

принципу топлотне проводаьивости

ШЪЕПАН С. МШЬАНИЪ и BOJAH Б. РАДАК

Лаборашорща за xeMujy, Инсшишуш за нуклеарне науке „Борис Кидрич", й.йр. 522,

11001 Београд

Pa3BnjeH je )едан побол>шани метод рачунан>а параметара Ьели)е са epyhoM нити и

излазног сигнала у радним условима, а уз дату геометри^у homje и напон напа)ан>а. Метод

се базира на рачунарско) симулаци)и система кощ иде ка равнотежном стан>у. Подаци до-

бивени рачунак>ем добро се слажу са резултатима експерименталне провере. Модел се може

успешно користити за про)ектован>е различитих аналитичких yper)aja.

(Примл>ено 2. новембра 1983)
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Calculation of vapour compositions, total equilibrium pressures, and K-factors

in azeotropes of some binary mixtures was performed by means of six simple cubic

equations of state. Very good agreement between experimental and calculated

values was obtained in all cases when the Soave nad Soave-Graboski-Daubert

equations were applied.

Prediction of azeotropic vapour-liquid equilibrium data is of primary interest

for separation processes particularly for azeotropic distillation.

Several different approaches were developed for calculation of the azeo

tropes1-10.

Meissner and Greenfield1 reported a correlation for predicting the composition

and boiling temperature of azeotropes formed between various organic families

of compounds. Skolnik2 gave a logarithmic relation for azeotropes within an organic

series such as hydrocarbon-hydrocarbon and hydrocarbon-alcohol solutions.

Johnson and Madonis3 extended the former method to include a number of other

series of compounds. These graphical and empirical correlations do not yield suffi

cient information from the theoretical point of view of azeotropy. On the other

hand, Yoshimoto4 used a theoretical approach for computing the azeotropic com

position assuming that the azeotropic mixture can be regarded as a regular solution.

Various theoretical aspects5-7 considered also the possibility of computing the com

position of binary azeotropes.

Other methods which can be used to predict the azeotropic behaviour

of mixtures are based on the extended form of the principle of corresponding

states8-9 and on the use of the equations of state10. The applicability of the Benedict-

-Webb-Rubin equation of state10 is not simple for computing purposes on account

of the complex form of this equation.

The object of this work was to compute binary azeotropes by means of

simple cubic equations of state frequently used in vapour-liquid equilibrium

calculations.

RESULTS AND DISCUSSION

For the calculation of the binary azeotropes the following cubic equations

of states listed in Table I were used.
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TABLE I. Cubic equations of state

Equation of state Ref.

Joffe-Schroeder-Zudkevitch(JZ)* 11

Kato-Chung-Lu (KCL)* 12

Hamam-Chung-Elshayal-Lu(HCEL)* 1 3

Soave(SRK) 14

Graboski-Daubert (SGD) 15

Peng-Robinson (PR) 16

* These equations are modifications of the

Redlich-Kwong equation

Applicability of mentioned equations to computation of vapour compositions,

yi, total equilibrium pressures P and /С-factors, in this case in azeotrope points,

was previously described17-21-26. In this work that procedure is tested using vapour-

-liquid equilibrium data of following binary systems: ethylene-acetylene (235.96

and 255.36 K)22. ethane-C02 (223.16 and 283.16 K)2», ethanol-water (423.16 K)24,

and H2S-propane (243.16, 273.16 and 288.16 K)2*.

Results of our calculations are summarized in Tables II—V. In all cases

deviations are presented as shown below Table V.

TABLE II. Calculation of azeotropic points for system ethylene (1>

-acetylene (2) by means of cubic equations of state

Equ. ПК) Aj>i ДР%

JZ 235.96» 0.0026 0.26 1.51

KCL 0.0030 0.31 2.00

HCEL 0.0024 0.24 0.97

SRK 0.0015 0.16 0.00

SGD 0.0009 0.09 0.13

PR 0.0001 0.01 0.64

JZ 235.96b 0.0020 0.20 0.96

KCL 0.0031 0.32 1.37

HCEL 0.0018 0.19 0.41

SRK 0.0015 0.15 0.63

SGD 0.0009 0.09 0.51

PR 0.0001 0.01 0.00

JZ 255.36c 0.0102 1.06 0.59

KCL 0.0028 0.29 0.13

HCEL 0.0018 0.19 0.00

SRK 0.0000 0.00 1.15

SGD 0.0000 0.00 1.06

PR 0.0004 0.04 0.50

JZ 255.36" 0.0146 1.54 1.52

KCL 0.0037 0.39 1.71

HCEL 0.0024 0.26 1.64

SRK 0.0007 0.08 0.77

SGD 0.0006 0.06 0.87

PR 0.0000 0.00 1.34

Location of azeotropic points: a) xi = vi=0.980; /*=1591 kPa;

b) *i=.yi= 0.983; P=1581 kPa; c) xi=>>i = 0.966; P=2675 kPa;

d) xi=>-i=0.946; P=2726 KPa;
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TABLE III. Calculation of azeotropic points for the system ethane(l)-

-СОг(2) by means of cubic equations of state

Equ. ПК) ДЛГ, ДР%

JZ 223.16» 0.0002 0.07 0.00

KCL 0.0065 1.71 0.03

HCEL 0.0008 0.21 0.00

SRK 0.0008 0.21 0.00

SGD 0.0008 0.21 0.00

PR 0.0026 0.67 0.01

JZ 243.16b 0.0017 0.51 0.04

KCL 0.0035 1.02 0.04

HCEL 0.0003 0.10 0.07

SRK 0.0011 0.33 0.05

SGD 0.0012 0.35 0.05

PR 0.0013 0.39 0.07

JZ 263.16= 0.0019 0.60 0.40

KCL 0.0008 0.25 0.36

HCEL 0.0003 0.09 0.33

SRK 0.0023 0.74 0.37

SGD 0.0021 0.68 0.47

PR 0.0002 0.07 0.35

JZ 283.16" 0.0032 1.11 0.14

KCL 0.0048 1.65 0.15

HCEL 0.0043 1.49 0.00

SRK 0.0057 1.97 0.27

SGD 0.0056 1.95 0.30

PR 0.0044 1.54 0.17

Location of azeotropic points: a) *i=>i = 0.381 ; P=903 kPa; b) xi —

=>i=0.344; P=1738 kPa; с) *i->4=0.310; P=3047 kPa; d) Xl =

=3-1 = 0.289; P-4997 kPa;

TABLE IV. Calculation of the azeotropic point for

for the system ethanol(l)-water(2) by means of cubic

equations of state. T=423. 16 K»

Equ. Ayi Д*1% дя%

JZ 0.0085 0.99 5.43

KCL 0.0120 1.39 3.04

HCEL 0.0141 1.63 1.86

SRK 0.0155 1.80 1.71

SGD 0.0157 1.83 1.66

PR 0.0288 3.34 3.86

Location of azeotropic points: a) *i=>>i=0.862;

P=985 kPa;

It can be seen from Tables II and III that the applied cubic equations gave

very good prediction of binary azeotropes of ethylene-acetylene and ethane-СОг

systems at all investigated temperatures. Table IV shows that the JZ equation is

not suitable for prediction of azeotrope compositions at 243.16 and 288.16 K,

while at 273.16 К the JZ gives the best results. Other models of equations, however,

adequately represent azeotrope composition at 243.16 K. Similar conclusion may
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TABLE V. Calculation of azeotropic points for system HaS(l)-

-propane(2) by means of cubic equations of state

Equ. ПК) Ayi АКг% ДР%

JZ 243.16» 0.0282 3.53 1.94

KCL 0.0079 0.98 0.02

HCEL 0.0003 0.04 0.00

SRK 0.0011 0.13 0.15

SGD 0.0017 0.22 0.19

PR 0.0055 0.69 0.18

JZ 273.16" 0.0188 2.15 0.40

KCL 0.0510 5.82 0.16

HCEL 0.0352 4.02 1.17

SRK 0.0327 3.74 0.56

SGD 0.0346 3.96 0.61

PR 0.0334 3.82 0.71

JZ 288.16е 0.0373 4.14 0.00

KCL 0.0486 5.40 0.89

HCEL 0.0424 4.71 0.64

SRK 0.0378 4.20 0.00

SGD 0.0393 4.36 0.06

PR 0.0416 4.62 0.00

Location of azeotropic points: a) xi=.yi =0.800; P=426 kPa; b) xi =

=>i=0.875; P=1135 kPa; c) *i=.yi=0.900; P=1672 kPa;

Vexpl Уcall

LI

pexv peal

pexp I I

.„., loo vl^pi'^crii

n \ K(

i=i

expl

be carried out for the calculation of the ^-factor. On the other hand, prediction

of the total equliibrium pressure in azeotrope points by means of all equations is

very satisfactory.

Results of azeotropic prediction of the ethanol-water system at 423.16 К

(see Table V) indicate that similar deviations in Avi, &Ki% and Др% are obatined

for the HCEL, the SRK and the SGD equations ; the JZ equation shows different

results: deviation in Avi is the least, while the deviation in Ap% is largest.

Overall inspections for all investigated systems at various temperatures

show that the SRK and the SGD equations give very good agreement between

predicted and experimentally obtained azeotropic data.
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ИЗВОД

ИЗРАЧУНАВАНЬЕ БИНАРНИХ АЗЕОТРОПНИХ ПОДАТАКА ПОМОЪУ КУБНИХ

1ЕДНАЧИНА CTAIbA

СЛОБОДАН П. ШЕРБАНОВИЪ, МИЛОРАД Н. МИХА1ЛОВИЪ* и BOJAH Д. ЪОРЪЕВИК

Технолошко-мешалуршки факулшеш, Универзишеш у Београду, й.йр. 494, 11001 Београд

и *Виша Полишехничка школа, Универзишеш у Београду.

Извршено je израчунаван>е састава парне фазе, укупног равнотежног притиска

и /С-фактора у азеотропним тачкама неких бинарних смеша помоЬу )едноставних кубних

)едначина сташа. Доби)ено je веома добро слаган,е измену експерименталних и израчунатих

азеотропа у свим случа)евима када су примешене Soave-ова и Soave-Graboski-Daubert-ова

)едначина стала.

(Примл>ено 31. октобра 1983)
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КИНЕТИКА И МЕХАНИЗАМ РЕАКЦЩЕ У 4BPCTOJ ФАЗИ ИЗМЕЪУ

КЛИНКЕРА И МАГНЕЗИТ-ХРОМИТНЕ ОПЕКЕ

ВУКОМАН JOKAHOBHb

Мешалуршки инсшишуш „Хасан БркиН", 72000 Зеница

(Примл>ено 29. септембра 1983)

Проучаван je процес уза)амног д)елован>а магнезит-хромитне опеке

и цементног клинкера за два различите стелена засиЬе&а сировинског брашна,

чи)им синтерован>ем наста)е цементни клинкер. Температуре синтерованъа

износиле су 1673 до 1873 К, а времена синтерован>а 15 до 120 min. Синтерован>е

je извожено у условима константног притиска пресованьа (0,88 МРа) и без

оптереНенл. Подаци доби)ени проучаван>ем дубине реакционе зоне и н>еног

минеролошког састава по сло)евима да)у могуНност да се зактьучи да кинетика

и механизам реакци)е у чврсто) фази измену клинкера и магнезит-хромитне

опеке зависи од времена уза)амног д)елован>а (времена синтерованьа клинкера).

У почетно) фази peaKimje због велике контактне површине pearyjyhnx матери-

)ала, peaiomja je веома интензивна. У Toj фази превладава механизам хеми)ског

уза)амног Д)елован>а. Кинетичке криве у том подруч}у показу)у параболичан

раст. Посли)е успоставл>ан>а cnoja продукта реакци)е, дал>и процес ограничен je

брзином дифуз^е кроз иьегову компактну структуру, због чега долази до опа

дала брзине peaKimje. PeaKiwjy у том интервалу могуЬе je са великим степе-

ном поузданости описати )едначином x=A + Bt (В =0,01 2 mm/min), Koja je

доб^ена статистичком обрадом експерименталних података. Je/тачина je

прим)енл>ива на све проведене услове испитиваша и у переделу са )едначином

Жагара да)е резултате Kojn су у знатно otwboj сагласности са експерименталним

подацима.

Процеси на граници клинкер — магнезит-хромитна опека испитивани

су за различите температуре (1673 до 1873 К) и времена синтеровавьа (15

до 120 min) у условима д|еловавьа константног притиска пресовавьа (0,88

МРа), као и у условима слободног уза^амног д)елован>а. Испитивавъа имала

су за цшь да дефинишу зависност дубине реакционе зоне — cnoja у различитим

условима въеговог формиравьа од времена, ради извог)ен>а општи)ИХ закл>учака

везаних за кинетику и механизам настаjaH>a. У том смислу вршена су упоредна

минералошка испитивавъа (рендгеноструктурна и микроскопска) да би се

дефинисале фазне npoMjeHe до Kojnx je дошло у материалу опеке у току реак-

unje са клинкером.

Разматравъа везана за кинетику раста реакционог aioja за систем ватро-

стални материал — троска1 показу|у да се у општем crr/4ajy може успоставити

законитост облика x=Ftll2, гд)е je F коефищ^ент натапавьа (инфилтраци)е)

троске у ватростални материал, а х и t дубина реакционе зоне и BpnjeMe

y3ajaMHor д)елован>а.

Тражена je законитост кинетике раста реакционог aioja, Koja би у Haj-

Behoj Mjepn одговарала доби)еним експерименталним подацима, за различите

услове синтерован>а. На основу успоставл>ене законитости и на основу ва
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pHjaijHje нагиба криве у оквиру различитих стади)а процеса синтерован>а,

изведен je зашьучак о могуЬим механизмима одви)аньа реакцще у чврс-roj

фази измену клинкера и магнезит-хромитне опеке.

Како je издрниьивост ватросталне облоге у синтер-зони ротационе пеКн

у директно) зависности од кинетике KojoM се одви)а реакщ^а, oeaj рад имао

je за цил> да изналажен>ем такве законитости за опсег радних температура у

синтер-зони ротационе пеЬи да посредан одговор и на тако поставлено питаше,

што je од 3Ha4aja и за праксу.

ЕКСПЕРИМЕНТАЛНИ РАД

Лаборатори)ска испитиван>а вршена су на узорцима магнезит-хромитне опеке (ознака

MR 1), фирме „Магнохром". Узорцима су претходно одре^ене механичко-физичке особине

(порозност, запреминска маса, ширен>е — дилатащф без оптереЬетьа и са оптереКен>ем

од 0,2 МРа, топлотна проводл>ивост и ос)етл.ивост на замор под оптереИеаем 0,2 МРа

на 1673, 1773 и 1873 К), као u xeMiijcKii н минеролошки састав2.

Карактеризаци^а сировинског брашна за производоьу цементног клинкера са степеном

засиКеша SZ= 91 и SZ=105 извршена je одре))иван>ем хемщског и минеролошког састава,

за у)едначен гранулометри)ски састав и специфичну површину брашна2.

Изабрани степени засиКен>а одговара)у минималном и максималном за сировину

Koja je испитивана.

За испитиван>е V3ajaMHor д;елован>а цементног клинкера и магнезит-хромитне опеке

изабран je поступак издубл>ене опеке, према димензи}ама датим у JUS В. D8. 308 и DIN 51069,

Blatt 2. У наведеним стандардима дат je и експериментални поступак.

Маса сировинског брашна, Koje je подвргнуто процесу синтерованл у сваком експе-

рименту била je у)едначена и износила je 50 g. Температура синтеровак>а износила je 1673,

1773 и 1873 К, a epnjeMe синтерован>а 15, 30, 60 и 120 min.

Тако припремл>ене (издубл>ене) магнезит-хромитне опеке, предгрн)аване су да би

систем по уношен>у сировинског брашна имао температуру, што ближу температуря син-

теровавьа.

По истеку задают времена синтерован>а узорци су извлачени из пеКи и хла1)ени на

co6Hoj температури, а затим ди)агонално С)ечени, да би се потом методом планиметриран>а

пришло одре1)иван»у дубине реакционе зоне. Од нагрижених дщелова проба припремленн

су препарати за микроскопска испитиваша и рендгеноструктурну анализу.

РЕЗУЛТАТИ И ДИСКУСЩА

На сликама 1 и 2 приказани су резултати npoMjeHe дубине реакционе

зоне од времена за дате температуре изотермског синтеровавьа, у условима

синтерованьа при константном притиску пресованьа од 0,88 МРа у условима

слободног синтерованл за сировина<о брашно са степенима засиЬеша 91 и

105. Уочава се благи експоненцщални раст дубине реакционе зоне од времена

синтерова&а. У почетно) фази синтерован»а он je знатно наглашенщи. Са

порастом температуре, фунгаиф npoMjeHe дубине реакционе зоне noMjepeHa

je према веЬим ври)едностима. На сличай начин она се показу je зависном

и од притиска пресован>а.

Облик кривих, са jacHo наглашеним „платоима засиЬевъа" yi<a3yje да

неовисно на интензивност продиран>а сировинског брашна у масу опеке,

функци}а Koja ormcyje кинетику процеса у ц)елини, у сваком од наведеиих
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случа)ева има приближно исти облик, што ynyhyje на сли)ед сличних или

истих механизама peararaje Koja се одвща у систему.

Интензиван продор материала у масу опеке дешава се непосредно по

уношеньу опеке у neh и он je условл>ен интензивним реакцэдама ослоба^аньа

течне фазе са површином материала опеке. У том стади)уму површина резк
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Слика 1 — Figure

МеЬузависност дубине реакционе зоне

од времена за систем сировинско

брашно (SZ=91) — магнезит-хромитна

опека.

Time dependence of the depth of the

reaction zone (x) for the system raw

flour (saturation degree 91) — magnesite-

chrome brick.

Температуре — temperatures (К): 1 —

— 1673, 2 — 1773, 3 — 1873, Г — 1673

+ 0,88 MPa, 2' — 1773+0,88 MPa,

3' — 1873 + 0,88 MPa.

6

 

Слика 2 Figure

МеЬузависност дубине реакционе зоне

од времена за систем сировинско

брашно (SZ=105) — магнезит-хро

митна опека. Ознаке као на сл. 1.

Time dependence of the depth of the

reaction zone (x) for the system raw

flour (saturation degree 105)—magnesite-

chrome brick. Designations as in Fig. 1.

ционе зоне блиска je површини укупне површине зрна опеке. Тако интен

зиван контакт, ко]'и условл>ава одвэдаае реакцИ)е по imj&rioj површини опеке,

има за последицу максималну брзину раста реакционог crioja у почетку син-

терованьа.

Успоставл,ан>ем дифузионог cnoja произвола реакщф (привидна пороз-

ност опеке у ддфлу реакционе зоне износи 10%, а порозност опеке npnje

реактиве 27,7%) брзина реакци)е се знатно сман>у)е, што ynyhyje на зашьучак

да кинетика процеса yMjecTO кинетике xeMHjcKor уза)амног д1"елован>а уз

учешЬе течне фазе, у фазама noMjepeHHM дужим временима уза)амног д)елова-

н>а, гфелази у кинетику раста ограничену процесима дифузи)е материала

кроз ело) продукта. На ова) зашьучак наводе и разматраньа везана за кинетику

раста реакционе зоне у условима д)елован>а константног притиска пресован,а.

Како je процес омекшававьа опеке у директно) зависности од температуре

и оптереЬен>а коме je опека повргнута, сл^еди да he и процеси дифузи)е

течне фазе сировинског брашна у опеку бита там интензивни)и што je eeha
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температура синтерован>а и притисак пресован>а. Тим he и процес xeMHjcKor

уза)амног д)елован>а уз учешЬе течне фазе, бити пом)ерен по дубини опеке.

Због сман>ене BjepoeaTHohe контакта реакционих површина у условима не-

равном;ерне распод)еле брзине продиран>а течне фазе, условл>ене различитим

структурним и текстурним нехомогеностима у гра1)и опеке, флуктуационим

pacejaftHMa у састаьу течне фазе, различитим густинама пакован>а структурних

елемената продукционог cnoja итд. са порастом времена синтерован>а опада

брзина реакци|е. Успоренье процеса дифуз^ом кроз танки ело) насталог

продукта, веома компактне структуре води успоставл>ан>у „платоа засиНен>а"

реакционог cnoja, при чему функци)е раста дубине реакционе зоне има)у

веома мале коефици)енте нагиба.

Ради изналажиьа математичке зависности дубине реакционе зоне од

времена синтерован>а клинкера (времена уза)амног д)елован>а клинкер —

магнезит-хромитна опека), у условима изотермског синтерован>а извршена

je статистичка обрада експерименталних података.

Методом минималног одступан,а суме квадрата стварне ври|едности,

у односу на суму квадрата дату претпоставл>еном линеарном (едначином, Koja

као модел Hajooibe одговара доб^еним експерименталним резултатима3,

долази се до математичког израза x=A+Bt, kojh onncyje законитост те пром-

)ене. А и В су регресиони коефищфнти, Kojn eapnpajy за сваки nojemmm

cjr/4aj. Обзиром да су вари)аци)е константе В релативно мале, могуЬе их je

занемарити и превести )едначину у облик х—А +0,01 It. Константа A je по-

дешава)уЬа константа и има различиту ври}едност за сваки crr/4aj понаособ.

Ако се из разматран>а гхюъуче ври)едности функцще, Koje oflroeapajy

почетно} фази (у току првих 1 5 min) реашцф измену клинкера и магнезит-

хромитне опеке, тада законитост x—A+Bt изражава са великим степеней

поузданости (95%) кинетику раста реакционог cnoja. Недостатак }едначине

je у томе што она не може да се прим{ени на кинетику раста реакционог cnoja

у почетно) фази реакщце, кад превладава)у веома интензивни процеси xeMHj-

ског y3ajaMHor д)елован>а на граници фаза. )едначина веома добро onncyje

процес у дифузионо) области кинетике раста реакшюног cnoja.

У поре^еньу са )едначином Жагара1 (среднее одступан»е 0,315 mm у

односу на 1,3 mm према Жагару), она за дата систем да\е бол>е резултате

у свим фазама процеса, за све услове испитиваша Kojn су прими)ен»ени у

току експерименталног поступка. То je последица дифузионе кинетике реак-

4Hje кроз веома компактан cnoj продукта, Kojn условл>ава непосредно по своме

формирашу н>ено наглашено успорен>е, Koje je у складу са вр^едноппЧу коефи-

щфнта правца праве Koja onncyje кинетику процеса, према }едначини доби-

jeHoj статистичком обрадом података.

Минеролошка испитаван>а вршена су методама оптичке микроскопи)е

и рендгеноструктурне анализе. Испитаван>е je вршено по зонама, по дубини

опеке од реакционе до неизми)ен>ене зоне.

Подруч)е yranaja клинкера, зависно од температуре синтероваиьа и

притиска пресованьа, као и степена засиЬен>а сировинског брашна варира

од 2,5—6,20 mm за SZ=91, односно 0,10—5,10 mm за SZ = 105 и HHje свуда

исте ширине, што je посл>едица неравном)ерне текстуре опеке.

Минеролошки састав реакционе зоне чине примарни минерали: периклас

MgO, монтачелит СаО • MgO • SiOz, мервинит ЗСаО • MgO • 2Si02 и секун
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дарни калци)'ум-силикат. Периклас се jaBJba у мало изюфаеном облику,

уз карактеристике д)елимичног присуства директне везе измену зрна. Сили-

катна веза преовлаг^е, а везиво je под де|ством сировинског брашна обо-

гаЬено са СаО, Kojn je реаговао са примарним силикатима да)уНи калвдум-

-силикат. Интензитет pearamje СаО са примарним силикатима из опека зависи

од низа фактора, у првом реду од количине СаО, Kojn улази (инфилтрира се)

у опеку. У опеци са веКом порозношНу и са форстеритно-монтичелитном

везом (сл. 4) као што je испитивана опека, nocroje услови за продор веЬих

количина СаО. При томе долази до низа реакц>ф, Koje се могу описати на

следеЬи начин: нискотопиви форстерит опеке pearyje са СаО из сировинског

брашна, noBehaBajyhn количину монтичелита. Сама реакци)а може се при

каза™ )едначином:

 

Слика 3 Figure

Микроснимак дубине реакционе зоне

магнезит-хромитне опеке. Одби)ена

светлост, без анализатора : а — приклас,

b — хромит, с — монтичелит, d — поре,

е — дикалци)ум-сшшкат. УвеКаше

200 х.

Microphotograph of the reaction zone of

a magnesitechrome brick. Reflected light,

without analyser: a — periclase, b—

— chromite, с — monticellite, d — pore,

e — dictlcium silicate. Magn. 200 x.

 

Слика 4 Figure

Микроснимак прелазне зоне магнезит-

-хромитне опеке. Одбщ'ена светлост,

без анализатора: а — периклас, b —

— хромит, с — монтичелит, d — мер-

винт, е — поре. Увещанье 200 х .

Microphotograph of the intermediate

zone of a magnesitechrome brick. Re

flected light, without analyser: a — peri

clase, b — chromite, с — monticellite

d — mervinite, e — pore. Magn. 200 x .

2MgO • Si02+ CaO = CaO • MgO ■ Si02+MgO. (1)

Код joiu веИег продора СаО, монтичелит прелази у мервинит:

2(СаО • MgO ■ Si02)+CaO = ЗСаО • MgO • 2Si02 I MgO. (2)

Инфилтраци)ом jom веКе количине СаО мервинит прелази у дикагщи)ум-

силикат (2CaO Si02): .

ЗСаО ■ MgO • 2Si02+CaO = 2(2СаО • Si02) + MgO, (3)

Истовремено у кристалима перикласа нису прими)еЬене никакве пром^ене

изазване де)ством СаО.
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Тако^е, методом високотемпературне рендгеноструктурне анализе на

граници система клинкер — магнезит-хромитна опека уочава се успоставл>анье

фине керамичке везе калци^ум-хромсиликата KojH се |авл>а у облику два)у

различитих минеролошких форми, зависло од температуре Kojoj je подвргнут

систем при синтерован>у.

SUMMARY

KINETICS AND MECHANISM OF THE SOLID PHASE REACTION BETWEEN

THE CLINKER AND MAGNESITECHROME BRICKS

VUKOMAN JOKANOVIC

Metallurgical Institute „Hasan BrkiC", YU-72000 Zenica, Yugoslavia

The interaction between magnesitechrome bricks and the cement clinker was investigated

for two different saturation degrees of the raw material. Sintering temperatures were 1673 to

1873 К with sintering times of 15 to 120 min. The sintering was carried out at constant pressure

(0.88 MPa) without the application of a load. The data were obtained by investigating the depth

of the reaction zone and its mineralogical composition. It was shown that the kinetics and the

mechanism of the reaction between the clinker and magnesitechrome bricks depends on the du

ration of sintering. In the initial phase, because of the large contact surface area, the reaction is

very intense. In this phase the chemical interaction dominates and the kinetic curves show a para

bolic rise. After the establishment of the reaction product layer, the process becomes diffusion-

-controlled through the compact structure and the reaction rate decreases. In this interval the

reaction can be described, with a high degree of confidence, by an equation of the type x=A+Bt

(with B=0.012 mm/min). This equation is applicable to all of the testing conditions and in com

parison with the equation of Zagar1 it describes the experimental data better.

(Received 29 September 1983)
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NEW SYNTHESIS OF 16-ACETYL-GITOXIN
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Abstract. A new procedure for the synthesis

of 16-acetylgitoxin, a cardiotonic glycoside

with good pharmacological activity, is described.

The procedure consists of the acetylation of

gitoxin to the average degree of ace'.ylating

of 2.1 followed by careful deacetylation with

potassium methylate up to the mixture con

taining mainly 16-acetyl-gitoxin and gitoxin;

the former is separated by liquid-liquid extrac

tion.

*

By extraction from digitalis leaves, especially

those of Digitalis purpurea, considerable quan

tities of gitoxin are obtained. Because of its

adverse physical properties, gitoxin did not

find practical application in medicine1'2.

Therefore, in pharmaceutical practice efforts

are being made to make this glycoside useful

by means of suitable chemical transformations

It was shown3-5 that the esterification of

hydroxyl groups of gitoxin gave derivatives

(Fig. 1) with satisfactory pharmacological

properties and that 16-acetyl-gitoxin is the

best one.

R.

 

GITOXIN: R,=R/=R4=Rf=Rj=H

16-0- ACETYL- GITOXIN : R =\ R^R^RjsH

PENTA-0-ACETYbGTTOXIN: R,=Ri=Rs=RrRf=A*

Fig. I. Acetyl derivatives of gitoxin

Numerous investigatorse,7,9) for the purpose

of synthesis of 16-acetyl-gitoxin, applied

acetylation of gitoxin followed by deacetyl

ation of the product obtained, using sodium

bicarbonate as as a deacetylating agent. How

ever, potassium of sodium methylate have

not been applied yet. In the procedure described

. in this paper potassium methylate was used

for the purpose of synthesis of 16-acetyl-

-gitoxin. The kinetics of polyacetyl gitoxin

deacetylation of various acetylation degrees

was investigated by using potassium methylate

as deacetylating agent.

Preliminary investigations with sodium

bicarbonate solution showed that the best

results were obatined when the deacetylation

was carried out at room temperature for

60—70 h, which is in accordance with liter

ature data11,7, so these conditions were accepted

for our investigations. The yield of 16-acetyl-

-gitoxin in dependence of the average degree

of acetylation of gitoxin when the deacetyl

ation was performed by means of an aqueous

alcohol solution of sodium bicarbonate Smmol/

/dm3) at room temperature for 65 h, is shown

in Table I.

TABLE I. Dependence of 16-acetyl-gitoxin yield

on the average acetylation degree of gitoxin during

deccetylation with sodium bicarbonate solution (5

mmol dm-3) at room temperature

Acetylation Number of Content of Content of
time acetyl groups gitoxin in 16-acityl-

hydrolysate gitoxin in

h n hydrolysate
о' о/
/О /о

o.s 1.55 24.46 50.18
1.5 2.05 17.36 53.41
2.0 2.10 17.65 54.29
2.5 2.45 28.95 47.72

5.0 2.55 26.08 29.73
10.0 2.95 28.42 30.08

The yield of 16-acetyl-gitoxin in depend

ence of the average degree of acetylation of

141
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gitoxin and the time of deacetylalion, when

the deacetylat'on was performed by meais

of potwium methylatc solution (10 mm.il/

/dm3;8 at room temperature, is shown in

Table II. In both cases of deacetylation the

TABLE II. Dependence of 16-acetyl-gitoxin yield

on the average acetylation degree of gitoxin and deace
tylalion time during deacetylation with potassium

mclhylate solution ilOmmol dm 31

Acetyla- Number Deacetyla
tion time of acetyl tion time

Content Content

of gitoxin of 16-acet-

in hydrol- yl-gitoxin

0.5

1.5

2.0

2.3

5.0

10.0

1.55

1.53

2.05
2.05

2.0S

2.10

2.10
2.10
2.10

2.10

2.45

2.45

2.45

2.55
2.55

2.55

2.95

2.95

ysate in hydro -

lysate

%
■ <

■I

0.25 32.71 48.29
0.50 55.21 38.44

0.50 20.86 50.56
1.00 8.63 44.88
1.50 3.77 21.16

0.50 20.68 5\59
1.00 29.67 60.41
1.50 36.87 41.28
2.00 64.38 2f.03
4.00 79.49 16.09

1.00 25.71 37.12
2.00 42.26 20.45
4.00 56.83 12.50

2.00 42.98 21.97
4.00 47.66 16.47
6.00 63.48 10.79

1.00 2.51 5.49
2.00 37.41 9.65

best yield of 16-acetyl-gitoxin is obatined

with acetyl derivatives of gitoxin having an

average degree of acetylation of 2.10. However,

in the reaction with potassium methylate, the

mixture obtained is richer in 16-acetyl-gitoxin

and it contains less unimportant acetyl deriv

atives of gitoxin (See Tables I and II).

The advantages of the proceudre using po

tassium methylate are: easier separation of

16-acetyl-gitoxin from the reaction mixture

and shorter reaction time (about 65 times).

For these reasons deacetylation with potassium

methylate was used in the synthesis.

From the reaction mixture, composed of

16-acetyl-gitoxin (60%), gitoxin (30%) and

by-products (10%), 16-acetyl-gitoxin was iso

lated by liquid-liquid extraction9. In this way-

synthesized, 16-acetyl-gitoxin had the following

characteristics: mp 219—227 C, a" =13.1

(pyridine); X = 2 1 8 nm (log e ^4.17), which

were in accordance with the literature data10.

Gitoxin and 16-acetyl-gitoxin was deter

mined by chromatographic separation on a

thin talcum layer followed by colorimetric

reaction with xanthydrol11. The number of

acetyl groups was determined by the colori

metric reaction with iron(III) chloride12.

Preparation of acetyl derivatives with various

acetylation degrees. Gitoxin ( 1 .0 g) was dissolved

in absolute dry pyridine (35 cm3) and then

aceticanhydride(7cmJ) was added. After stirring

for some time at room temperature the reaction

mixture was poured into ice-cold water (400

cm3). The precipitate was separated by fil

tration, rinsed with ice-cold water and dried

in vacuum at 60 .

Deacetylation with the aqueous alcohol solution

of sodium bicarbonate. Polyacetyl gitoxin (1.0 g)

of the corresponding degree of acetylating

was dissolved in methanol (180 cm3), and the

sodium bicarbonate solution (200 cm3, 5 mmol/

/dm3) was added. After 65 h, the reaction

mixture was neutralized with hydrochloric

acid solution and concentrated under reduced

pressure to about 20 cm3. The glycosides were

separated from the aqueous phase by multiple

extraction with chloroform; the combined

chloroform extracts were evaporated to dryness

in vacuum, after treating with sodium sulphate.

Kinetics of deacetylation with potassium melhyl-

- ate. Polyacetyl gitoxin (1.0 g) of the corres

ponding degree of acetylation was dissolved

in methanol (20 cm3), and the potassium

methylate solution (0.2 cm3, 1 mol/dm3) was

added. After some time the reaction mixture

was neutralized with glacial acetic acid and

evaporated to dryness in vacuum.

Synthesis of 16-acetyl-gitoxin. Gitoxin (10.0 g,

12.8 mmol) was dissolved in pyridine (350

cm*), then acetic anhydride (70 cm*) was added.

After mixing for 2 h at room temperature,

the reaction mixture was poured into ice-cold

water (4 dm3). The product precipitated was

separated by filtration, rinsed several times

with water and dried in vacuum at 60°, pro

ducing the crude product of the average

acetylation degree of 2.10 (10.5 g, 12.1 mmol,

94.5%). This product was dissolved in methanol

(200 cm3), then potassium methylate solution

(2.0 cm3, 1 mol/dm3) was added. After 1 h

of deacetylation the reaction mixture was

neutralized with glacial acetic acid and evapo

rated in vacuum to dryness. A crude product

with about 60% of 16-acetyl-gitoxin was

obtained.

By liquid-liquid extraction, using

the trichloroethylene-chloroform-methanol-

-water system (40:10:35:15), followed by the

combination of heavy phases of the same

composition and the evaporation to dryness,

16-acetyl-gitoxin was obtained (4.5 g, 5.4

mmol; 42.2°,,); this compound had following

characteristics: mp 219—227°, a^-13.1 (py

ridine); X 218 nm (log e-4.17).
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ИЗВОД

НОВА СИНТЕЗА 1 6-АЦЕТИЛ-ГИТОКСИНА

СЛОБОДАН СТЛНКОВИЪ, ДРАГОСЛАВ СТАМЕНКОВИЪ и МИЛИЦА РАНЪЕЛОВИЪ

Фабрика фармацеушских и хеми/ских црошиода „Jdpaa u?'* , 160О0 Ческомц

Описан je нови поступак синтезе 16-

-ацетил-гитоксина, кардиотоничног глико-

зида ко)и насупрот гитоксину добро делу)е

фармаколошки. Поступак припреман>а се

састо)и у прецизном ацетилован>у гитоксина

до просечног степена ацетилованъа 2,1 и

пажл>ивом дезацетилован>у кали)ум-метила-

том до смеше i<oja углавном садржи 16-

-ацетил-гитоксин и гитоксин из Koje je

1 6-ацетил-гитоксин издво^ен екстракци)ом

течно-течно.

(Примл>ено 26. априла 1982; ревидирано

15. )ануара 1984)
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ACETOLYSIS OF CYCLOPENTENYLMETHYL

AND 2-CYCLOPENTENYLETHYL-p-NITROBENZENESULPHONATES
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Department of Organic Chemistry, Faculty of Technology and Metallurgy, University of Belgrade,
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(Received 16 December 1983)

The rate constants of the acetolysis of cyclopentenylmethyl and 2-cyclo-

pentenylethyl-p-nitrobenzene-sulphonates (nosylates) were determined. The corre

lation of kt with Taft's rs* constants has shown that the cyclopentylmethyl and

cyclopent-3-enylmethyl nosylates solvolyse by two distinct mechanisms: nucleophilic

substitution with solvent and via the a electron assisted route. The solvolysis of the

2-en isomer besides two already mentioned mechanisms includes also тг electron

participation. The deviation from ks line for cyclopent-l-enylmethyl nosylate was

interpreted as the net effect of a electron participation, conjugative effect of double

bond and adverse effect of the sp2 carbon atom. The analysis for the rate data for

2-cyclopent-l-enylethyl and 2-cyclopent-3-enylethyl nosylates indicates 7i electron

participation. The data from the corresponding saturated analog and 2-en isomer,

corresponded to anchimerically unassisted processes.

The activity of the double bond as an intramolecular nucleophile in the

solvolysis of cycloalkenylmethyl sulphonates was studied by many authors1, not

only by the product analysis, but also by rate measurements. The results have

shown that the participation depends on the double bond position and that appre

ciable participation can be observed when the double bond in cyclic systems is

separated from the reaction centre by one and by three atoms".

Assuming two separate pathways for the solvolysis of these esters, nonassisted

and anchimerically assisted, the working relationship may be expressed as kt=FkA+

+&s where kt stands for the titrimetrically determined total rate constant, Fk^

for the fraction of the anchimerically assisted reaction which contributes to k\,

and ks for the anchimerically nonassisted pathway2.

In this work we tried to determine the contribution of these two rate constants

to the total rate constant as a function of the double bond position by correlating

the solvolytic rate constants for the compounds being investigated with the rate

constants of related model alkyl systems using Taft's polar a* constants3 ">4.

For this study were chosen cyclopent-l-enyl, cyclopent-2-enyl, cyclopent-3-

enyl and cyclopentylmethyl nosylates, as well as corresponding 2-ethyl analogs.

TABLE I. Acetolysis rates for cyclopentenylmethyl nosylates at 75CC.

Compound ki (s~') kun/k^t

Cyclopentylmethyl rosylatea 3.58 Ю 5 1

Cyclopent-l-enylmethyl nosylate 5.66x 10 5 1.6

Cyclopent-2-enylmethyl nosylate 3.48 x 10-4 9.7

Cyclopent-3-enylmethyl nosyl?tc 1.50 10 5 0.4

a) Ref. lg.
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Kinetic measurements of the acetolysis of cyclopent-3-enylmethyl nosylate

have shown that the double bond in this case not only produces no acceleration

(relative to the saturated molecule), but lowers the rate to only 40% of that of the

saturated compound (Table I). This is in accordance with the small adverse effect

of the sp2—sp3 dipole associated with the double bond, proving simultaneously

the absence of я electron participation.

However, the correlation of log kt for this compound with Taft's polar

substituent constant shows that it deviates from the ka line defined by the

solvolysis data for the compounds which solvolyse solely by an anchimerically

nonassisted pathway (solvent assisted) (Fig. 1). Rate data from such compounds

when plotted against a* constants give a correlation line with the slope p*= —2. 8. 5

The extrapolation of this correlation line defines the ks lor the other compounds.

R,0

woa,.: 7')°c.

 

Fig. !. Rates of acetclysis of cyclopentenylmethyl

nosvlates at 75° versus the a* constants (r^0.9915,

s -=0.0036).

The deviation of kt for cyclopentylmethyl nosylate from the ks line as a

measure of Fk\ can be attributed to acceleration which is associated with a rearrange

ment, yielding cyclohcxyl derivatives1 K (Fig. 2). This conversion involves the

O1"-
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transition state in which a electrons participate in such a way as to make the devel

oping cation more self-sufficient (Fig. 3)lg. Estimates for ks and Fk± from Fig. 1

are given in Table II.

 

Fig. 3.

TABLE II. Partitioning of mes for cyclopentenylmethyl nosylate.

Compound ^ (s-i) (F*a/Ai)x100

Cyclopentylmethyl nosylate 5.24x10-» 3.05 x 10-s 85.4

Cyclopcnt-l-enylmethyl nosylate 1.26 x 10"7 5.35 x 10-5 99.7

Cyclopent-2-enylmethyl nosylate 3.80 x 10-' 3.48 x 10-4 99.9

Cyclopent-3-enylmethyl nosylate 1.32 x 10-« 1.37 x 10~5 91.2

The deviation of log k% for cyclopent-3-enylmethylnosylate can be interpreted

in the same manner, since the absence of double bond participation has been shown

(Table I). Although the rate enhancement, ktlk8, for cyclopentylmethyl and cyclo-

pent-3-enylmethyl nosylates arc only 6.8 and 1 1.3 respectively, it is seen that 85%

and 91 % of the reaction is passing through the assisted pathways.

The increase of kt for cyclopent-2-enylmethyl nosylate compared to the

saturated compound (kz -en/£pat> Table I) demonstrates the activity of the carbon-

-carbon double bond as an internal nucleophilic reagent. This ratio is different than

that for the unsaturated esters with the double bonds in position 1 and 3, indicating

the dependence of the double bond activity on its geometry and position in the

molecule. The correlation of log kt for cyclopent-2-enylmethyl nosylate with the

corresponding a* value shows the deviation not only from the ks line, but also

from the line which can be drawn through the points for saturated and 3-en unsatu

rated esters. This can be understood in terms of three different mechanisms, solvent

assisted and anchimerically assisted, the later consisting of rs and я electrons partici

pation. The extent of deviation from the ks lir e as a measure of total anchimeric

assistance shows that the entire reaction is virtually anchimerically assisted. The

correspondence of our rate data concerning the contribution of the assisted reaction

and product data from literature (80°,, for the cyclopentylmethyl nosylate and

95% for cyclopent-2-enylmethyl nosylate)1 suggests that the assumed separation

and independence of the anchimerically unassisted and anchimerically assisted

pathways actually exist. The value of a* for the cyclopent- 1 -enyl group given in

the literature4 (a* =—0.26) was not used for the correlation in this study. Due to

its negative sign it can not be accepted as a "true" measure of the polar effect.

Instead of that, the value т*— 0.30 was used, calculated from the value of <r* for

cyclopent-2-enyl, multiplying by 2.17. This factor was obtained as a ratio of n*

values for cyclopent-2-enylmethyl and 2-cyclopent-2-enylethyl groups4. The

deviation from the кя line for this cumpound can be interpreted as the net effect

of a electron participation, conjugative effect of double bond and adverse effect

of the sp2 carbon atom.
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TABLE III. The acetolysis rates and partitioning of rates for cyclopentenylethyl nosylates at 75°C.

Compound *•(•-») Aun/*s«l Ms-') Р*д/А,х lOO

2-Cyclopentylethyl nosylate" 5.04 x 10-« 1 5.04 x 10-« _

2-Cyclopent-l-enyIethyl nosylate 3.49 x 10-4 69 5.20 x Ю-" 98.5

2-Cyclopent-2-enylethyl nosylate* 4.56 > 10» 0.9 4.56X 10-6 .—

2-Cyclopent-3-enylethyl nosylate* 3.68 x 10~« 73
5.I0X 10 е 98.6

a) Ref. lj.

The analysis for the rate data for corresponding cyclopentenylethyl derivatives

(Table III) shows that log kt for 2-cyclopent-l-enylethyl nosylate and 2-cyclopent-

-3-enylethyl nosylate deviate from the kB line, indicating я electron participation.

Fk± measured by the extent of this deviation was calculated to be 98.5% and 98.6%

respectively, which agrees well with the results of product analysis data given in

the literature (97% and 96%)11>11. The points for other two compounds follow

the k8 line indicating an ar.chimerically nonassisted reaction. This result points

to the dependence of the anchimerically assisted reaction on the double bond

position. In both cases where rate enhancement was observed the double bond

was separated from the carbon atom carrying the leaving group by an odd number

of С atoms. This observation can not be applied to cyclopentenylmethyl derivatives

since it has been shown that the reaction mechanism in that case includes the

rearrangement which yields cyclohexyl derivatives1 which can be understood as a

electron participation (Fig. 3).

EXPERIMENTAL

Cyclopentanecarboxylic acid. Commercially available (Fluka), [lit.0 bp 105—106r (12 mm), n^2

1.4539].

Cyclopent-\-enecarboxyHc acid1. Cyclopentanone cyanohydrin was prepared by the method of

Schubert and Burkett7 and dehydrated to cyanocyclopent- 1 -ene bp 72° (15 mm), я2^ 1.4690.

The nitrile was hydrolysed 5 h at 130—140° with 90% phosphoric acid. The acid was crystallized

from pentane in 80% yield, mp 12Г (lit.8 mp 123—124°).

Cyclopetit-2-enccarboxylic acid9. Adding a solution of 82g of chlorocyclopent-3-ene in tetrahydro-

furan at a rate of 50 ml/h to 19.5g Mg gave Grignard compound which was poured into a slurry

of 250g dry ice in 100 ml THF. Extract of the acidified aq. layer with Е1гО gave 55% cyclopent-

-2-enecarboxylicacid: bp 1 15— 1 17" (15 mm), и2* 1.4670 [lit." bp 103—104° (11 mm), я2,5 1.4669],

and 28% di(-2-cyclopentene), bp 52—57 9.

CycIoperit-3-enecarboxyIic acid11. The condensation of cis-l,4-dichloro-2-butcnc12 with malonic

ester followed by saponification gave a mixture of 3-cyclopentene-l,l-dicarboxylic acid. The

cyclopentene diacid was isolated and converted into cyclopent-3-enecarboxylic acid (93%): bp

J 10— 1 1 Iе (10 mm), 1.4389 [lit." bp 120—121 (15 mm), я2,3 1.4373].

Cyclopent-\-eneacetic acid13. Cyclopentanone and ammonium acetate were heated under reflux

in benzene and the theoretical amount of water was distilled azectropically. When the benzene

was removed, the residue was distilled at 160—180°. The yield of cyclopent-l-eneacetonitrile was

80%, bp 74—76" (15 mm) lit.13 bp 79—82° (17 mm). The nitrile was hydrolysed with KOH to
give acid in 80% yield bp 128—130° (15 mm) [lit.1 J bp 134—136° (18 mm)].

Reduction of the acids. The alcohols were prepared by lithium aluminium hydride reduction of

corresponding acids, according to the ususl procedure7. The yields ranged from 60% to 90%,.

The alcohols obtained were: Cyclopentylmethyl alcohol15, bp 65—67° (11 mm), я?* 1.4585 [lit.1'1
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bp 161.5—162°, 1.4579]; Cyclopent- 1-enylmethylalcohol17, bp 160—170°, it™ 1.4767, [lit.18

bp 75° (20 mm), n2° 1.4760]; Cyclopent-2-enylmethyl alcohol8 bp 42—43° (7 mm), n^3 1A72l

[lit.9 bp 58—59° (9 mm); Cyclopent-3-enylmethyl alcohol" bp 48° (7 mm), n^l.4704,[lit.lebp

98—99° (57 mm), n22 1.4670]; 2-Cyclopent-l-enylethyl alcohol20 bp 83—86° (18 mm), n\*

1.4762, [lit.20 bp 76.5—76.8° (8.5 mm), »g 1.4765].

Nitrobenzenesulphonates. The p-nitrobenzenesulphonate esters were prepared from the various

alcohols by treatment with p-nitrobenzenesulphonylchloride in pyridine solutionlk. The data are

presented in Table IV.

TABLE IV. Summary of physical data.

Yield Mp°C

Ester (%) Obs Lit IR(cm-i)

•93» 2970—2860(CH2),1610(C=C),

1560 (NOi), 1470 (arom. H),

1410—1360 and 1195 (OS02)

Cyclopentylmethyl-nosylate

Cyclopent- 1 -enjlmcthyl nosylate

Cyclopent-2-enylmethyl nosylate

Cyclopent-3-enylmethyl nosylate

2-Cyclopent-I-enylethyl nosylate

60 87—88 92

10 72—73

52 56—57

58 63—65

55 66—67

2970—2880 (CH2), 1650 (C= C),

1540 (NO*), 1470 (arom. H),

1410—1370 and 1190—1185

(OSOz).

2990—2760 (CH2), 1650(C= C),

1545 (N02), 1475 (arom. H),

1410—1360 and 1190—1180

(OS02).

2975—2800 (CH 2), 1640(C=C),

1540 (N02), 1480 (arom. H),

1400—1370 and 1185—1180

(OSOa).

2970—2860 (CH2), 1610(C= C),

1560 (N02), 1470 (arom. H),

1410—1360 and 1195—1185

(OSO»)

a) Ref. lg.

Kinetic measurements. Titrimetric rate constants were determined by the generally used procedure

of sealing portions of the reacting solutions in glass ampoules, removing ampoules at chosen

intervals from the thermostat, chilling, and titrating. Titrations in glacial acetic acid were per

formed with standard sodium acetate solution and bromophenol blue as indicator. For solvolysis

in the presence of sodium acetate standard perchloric acid solution in acetic acid was added first,

than back-titrated. The reagents used were standardized as described by Walborsky, Baum and

Youssef21.

The infinite titres for three separately prepared solutions with the same amount of ester

for each case agreed to less than 1%.

In all cases the acetolysis proceeded to ca. 75% completion and the values of k were cal

culated from the expression: Л= 2.303/г x log (a—x), where a being the initial concentration

of esters in mol/dm3, t the elapsed time and x the concentration of consumed base.

The authors acknowledge the financial support of the Association of Science of the Socialist

Republic of Serbia, Belgrade.
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АЦЕТОЛИЗА ЦИКЛОПЕНТЕНИЛМЕТИЛ И 2-ЦИКЛОГ1ЕНТЕНИЛЕТИЛ-/>-

-НИТРОБЕНЗОЛСУЛФОНАТА

MI1PJAHA Т. СОКОЛОВ, ГОРДАНА С. НИКОЛИЪ И МИЛАН Д. МУШКАТИРОВИЪ

Кашедра за оргачску хемщ'у, Технолошко-шшалурщки факулшеш, Универзишсш у Ecoipagy,

1 1001 Eeoipag

Одрег)ене су константе брзина ацетолизе за циклопентенилметил и 2-циклопентенил-

етил-/>-нитробензолсулфонате. Корелаци^ом константи брзина са Тафтовим а* константама

показано je да циклопентилметил и циклопент-3-енилметил нозилати солволизу)у по два

различнта механизма: нуклеофилна супституци)а са растварачем и уз партиципащоу а

електрона. Солволиза изомера 2 поред два веН поменута механизма укл>учу)е и партиципа-

ци)у л електрона. Одступан»е од k„ лини)е за циклопент-1-еннлметил нозилат може се ггрн-

писати ефекту партишшаци^е а електрона, кощугативном ефекту двоструке везе као и

супротном ефекту sp2 упьеникових атома. Анализа резултата за 2-циклопент-1-енилетил и

2-циклопент-З-енилетил нозилате je показала да ови естри солволизу)у уз партиципаци)у тг

електрона. Резултатн за одговара)уЬи засиЬен аналог као и за 2-циклопент-2-енилетил

нозилат указу)у на одсуство анхимерно асистираног процеса.

(Примл>ено 16. децембра 1983)
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SYNTHESIS OF SOME NEW 2- AND 3-SUBSTITUTED

AMINOACYL-AMINODIBENZOTHIOPHENE DERIVATIVES

A. M. El-NAGGAR, F. S. M. AHMED, A. M. ABD El-SALAM, A. M. GOMMAA

and S. G. DONIA

Chemistry Department, Faculty of Science, Al-Azhar University, Nasr-City, Cairo, Egypt

The syntheses of different 2-(N-tosyl- or N-phthalyl- or free aminoacyl)

aminodibenzothiophenes (V—XIX) and the corresponding derivatives of 3-amino-

dibenzothiophene-5-oxide (XX—XXXIV), 2-aminodibenzothiophene-5,5-dioxide

(XXXV—XLIX) and some 3-aminodibenzothiophene-5,5-dioxide derivatives (L—

LXIII) are described. 2-(L-Val)aminodibenzothiophene (XVII), 3-(N-Pht-L-Val)-

aminodibenzothiophene-5-oxide (XXII) and 3-(L-Phe)aminodibenzothiophene-5,5-

-dioxide (LXIII) were found to be active against a number od microorganisms.

Several, dibenzothiophene derivatives have been reported to possess anti

bacterial as well as antifungal activity1-2. Also, 3-acetylaminodibenzothiophcne and

3-acetylaminodibenzothiophene-5-oxide have been found to act as carcinogenic

agents3.

In view of the marked biological activity of dibenzothiophene derivatives and

in continuation of our previous work in the same field4 8, the present investigation

has been undertaken to synthesize new aminoacyl-aminodibenzothiophene deriva

tives for biological and pharmacological evaluation.

For the preparation of 2-(N-Pht- or N-Tos-aminoacyl)aminodibenzothio-

phenes (V—XIV) or 3-(N-Pht- or N-Tos-aminoacyl)aminodibenzothiophene-5-

-oxide (XX—XXIX) or 2- or 3-(N-Pht- or N-Tos-aminoacyl)aminodibenzothio-

phene-5,5-dioxide (XXXV—XLIV and L—LIX), the appropriate N-phthalyl-

or N-tosylamino acid was reacted with 2-aminodibenzofhiophene or 3-amino-

dibenzothiophene-5-oxide or 2- or 3-aminodibenzothiophene-5,5-dioxide (I—

IV)9-14, in THF-medium using the dicyclohexylcarbodiimide (DCC) procedure.

Hydrazinolysis of the N-phthalyl derivatives (V—IX, XX—XXIV, XXXV—

XXXIX and L—LIV) with 1 mol/dm3 hydrazine hydrate in ethanol under mild

(Received 9 November 1983)

 

Compounds type (A)

V-X1X, X=S

XXXV-XLIX, X = S02

Compounds type (B)

XX-XXXIv, X = S0

L- LXIII, Х = 50г
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reflux conditions afforded the corresponding unprotected aminoacyl derivatives

(XV—XIX, XXX—XXXIV, XLV—XLIX and LX—LXIII) respectively. Chroma

tographic and electrophoretic studies on these compounds revealed their homogeneity

and their structures were convincingly supported by their IR, UV and NMR

spectral data. These compounds were further confirmed by their complete acid

hydrolysis (6 mol/dm3 hydrochloric acid, 24 h) affording the combined amino

acid residues.

The IR spectra of compounds (V—LXIII) showed characteristic bands at:

3310, 3080 (NH, CONH); 1650, 1550, 1360 (amide I, II and III); 1780, 1720

(>C=0); 1380, 1220, 1080 (S, SO and SO*); 2960, 2920, 1560, 1480, 1290, 1080

(dibenzothiophene residue) and other bands characteristic of the aminoacyl and

dibenzothiophene residues. The UV spectra of compounds (V—LXIII) showed

'•max (log e) 325 (4.96) and 269 (4.85) characteristic of the dibenzothiophene chromo-

phore. The NMR spectra of compounds (V—LXIII) exhibit seven dibenzothio

phene protons in the range S 7.7—8.7, the NH amide protons at 7.8 and other

protons assignable to aromatic and amino acid residues.

Compounds V—XLIII were prepared and characterized for the first time.

All of the compounds which were synthesized (V—XLIII) gave IR, UV and

NMR spectra consistent with their assigned structures. Additional data are shown

in Table I.

Biological screening results. The antimicrobial activity of the compounds

which were synthesized were tested using the hole plate and filter paper disc

methods15-18. The results were compared with the activity of the parent amino com

pounds (I—IV). 2-(L-Val)-aminodibenzothiophene (XVII) was found to be active

against Bacillus subtilis (ICC-strain), Bacillus cereus (NRRL-B-569) and Bacillus

mycoids (USSR) with MIC ranging from 50—100 [Ag/ml but inactive against

Salmonella typhosa (NRRL-B-573), Escherichia coli (NRRL-B-210) and Penicillium

chrysogenum (MIC 500 ,u.g/ml). 3-(N-Pht-L-Val)aminodibenzothiophene-5-oxide

(XXII) gave promising results against Bacillus subtilis and Bacillus mycoids (MIC

125 jj.g/ml). 3-(L-Phe)aminodibenzothiophene-5,5-dioxide (LXIII) was found to

be highly active against Bacillus subtilis, Bacillus mycoids and Bacillus cereus (MIC

10—25 |J.g/ml) and inactive against the remaining microorganisms. All of the

synthesized N-tosylaminoacyl- and some N-phthalylaminoacyl derivatives were

found to be biologically inactive towards the tested microorganisms. On the other

hand, hydrazinolysis of the phthalyl protecting group gave in some cases the free

aminoacyl compounds (XVII and LXIII) of high biological activities. Other

pharmacological activities of the compounds reported in this paper are in progress.

EXPERIMENTAL

All melting points are uncorrected. All thin layer chromatography (Л value) were made

on Silica Gel G (BDH) using benzene •— ethyl acetate (I : 1) as the solvent system and an iodine

■— potassium iodide solution (20%) or chlorosulphonic acid ■— acetic acid (I : 3) as the detection

reagent. Benzidine and ninhydrin were used for detection of the amino acid derivatives on paper

chromatograms (spot reaction). The electrophoretic mobilities (£), were measured with 1000 V,

2 h in pyridine-acetate buffer (pH 5.6). The UV spectra (Xmax in nm) were measured in ethanol

with a Unicam SP 8000, IR spectra (vm,ix in cm1) were measured with a Unicsm SP 1 200 in KBr

pellets and NMR data were determined on Varian EM-360 L spectrophotometer in DMSO-dc

and shifts are reported in ppm (8) relative to internal TMS. Optical activities [a]^ were taken

in a Zeiss polarimeter 1 dm tube, c=3 in ethanol. 2-Aminodibenzothiophene (I), 3-aminodi
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benzothiophene-5-oxide (II), 2-aminodibenzothiophene-5,5-dioxide (III) and 3-aminodibcnzo-

thiophene-5,5-dioxide (IV) were prepared according to the procedures described in the litera-

ture»"14.

TABLE I. Physical Data of Various Substituted Aminoacyl-Amino-Dibenzothiophene Derivatives (V—LXIII)

Compd. No.* R Yield (%) m.p. «С R, E (cm) c = 3,

ethanol

Compounds V—XIX of the type (A), X = S

V Pht-Gly 80 150—52 0.55 (1 _
VI Pht-3-Ala «0 138—40 0.62 0  

VII Pht-L-Val 77 162—64 0.57 0 -ill 3.5
VIII Pht-L-Leu 40 180—82 0.62 (1 155
IX Pht-L-Phe 8] 170—72 0.65 0 162.5
X Tos-Gly .42 174—76 0.60 0
XI Tos-3-Ala 7.1 155—57 0.61 0  

XII Tos-D-Ala 81 188—90 0.67 0 167
XIII Tos-L-Leu 83 166—68 0.55 0 169.5
XIV Tos-DL-Phe 70 182—84 0.57 0
XV Gly- 65 118—20 0.53 7.3
XVI 3-Ala- 55 138—40 0.34 9.6  

XVII L-Val 61 175—77 0.63 12.5 1 160.5
XVIII L-Leu 58 190—92 0.53 1 1.2 i- 97
XIX L-Phc 60 128—30 0.58 8.9 140.5

Compounds XX—XXXIV of the type (B), X-SO

XX Pht-Gly 90 181—83 0.64 0
XXI Pht-3-Ala 80 155—57 0.57 (1  

XXII Pht-L-Val 83 160—62 0.52 0 + 37.8
XXIII Pht-L-Lcu ss 170—72 0.55 0 J 151
XXIV Pht-L-Phe 78 205—7 0.64 0 i 1 14.5
XXV Tos-Gly 50 180—82 0.67 0
XXVI Toc-3-Ala 65 140—42 0.58 (1  

XXVII Tos-D-Ala 70 1 52—54 0.63 0 ■ 78.6
XXVIII Tos-L-Leu 72 1 74—76 0.68 0 + 171.5
XXIX Tos-DL-Phe 68 160—62 0.57 0
XXX ay 60 210—12 0.63 10.5
XXXI s'Ala- 84 177—79 0.54 12.3
XXXII L-Val- 63 166—68 0.61 14.3 189.5
XXXIII L-Leu- 65 184—86 0.58 13.5 1 152.8
XXXIV L-Phc- 54 232—34 0.77 10.9 40.3

Compounds XXXV—XLIV of the type (A), X-SOj

XXXV Pht-Gly 83 186—88 0.65 0 _
XXXVI Pht-Ala 74 165—67 0.63 0  

XXXVII Pht-L-Val 58 210—12 0.69 0 t 75.5
XXXVIII Pht-L-Leu 83 174—76 0.66 0 152.5
XXXIX Pht-L-Phe 40 225—27 0.67 0 1 13.6
XL Tos-Gly 55 205—7 0.62 0
XLI Tos-3-Ala 65 220—22 0.46 0  

XLII Tos-D-Ala 63 194—96 0.59 (1 • 57.8

XLIII Tos-L-Leu 58 1 77—79 0.62 0 i 76.5
XLIV Tos-DL-Phe 65 1 63—65 0.57 0
XLV Gly- 55 194—96 0.66 11.7  

XLVI 3-Ala- 58 201—3 0.58 9.5  

XLVII L-Val- 64 234—36 0.60 12.5 J 136.
XLVIII L-Lcu- 57 193—95 0.65 8.5 • 76.5

XLIX L-Phe- 35 255—57 0.68 10.5 + 115.7

Compounds L—I .XII I of the type (Bl, X SO,

T. Pht-Gly 80 155—57 0.69 0  

LI Pht-B-Ala 85 1 72—74 0.66 0  

L.II Pht-L-Val 82 1 68—70 0.64 ii 39.5
LIII Pht-L-Leu 78 160—62 0.58 0 68.4
LIV Pht-L-Phe 84 183—85 0.67 0 77.5
I.Y Tos-Gly 65 210—12 0.73 0
LVI Tos-3-Ala 55 200—2 0.69 (1  

L.VII Tos-D-Ala 52 242—44 0.74 (1 265
LVIII Tos-L-Leu 65 255—57 0.66 II - 227.4
LIX Tos-DL-Phe 67 246—48 0.75 II
LX Gly- 64 178—80 0.69 9.5  

LXI 3-AIa- 55 194—96 0.63 14.3  

LXII L-Val- 59 181—83 0.68 8.9 217.5
LXIII L-Phc- 65 202—4 0.64 11.5 189.6

*AII the compounds (V—XLIII) gave satisfactory С, H and N analyses.
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General procedure for the synthesis of 2-(N-Pht- or N-Tos-aminoacyl)aniino-dibcnzothiophcnes

(V—XIV) or 3-(N-Pht- or N-Tos-aminoacyl)aminodibenzothiophenc-5-oxide (XX—XXIX) or 2-

or 3-(N-Pht- or N-Tos-aminoacyl)amino-dibenzothiophene-5,5-dioxide (XXXV-—XLIV and L—

LIX). N-Phthalyl- or N-tosylamino acid (0.002 mol) and 2-tminodibenzcthiophene c.r 3-amino-

dibenzothiophene-5-oxid? or 2- or 3-aminodibenzothiophene-5.5-dioxide (I-—IV, 0.002 mol)

were dissolved in tetrahydrofuran (120 ml). The mixture was cooled to 0° and'dicyclohexylcar-

bodiimide (0.42 g) was added. The mixture was then stirred for 2 h at 0°3 left for 24 b at 0° and

for another 24 h at room temperature. The dicyclohexylurea was filtered off, and the filtrate was

evaporated in vacuo. The residual solid was recrvstallized from ethanol, methanol, waur cr their

mixtures. The products (V—XIV, XX—XXIX,' XXXV—XLIV and L—LIX) were soluble in

alcohols, DMF, dioxane, THF, nitromethane and insoluble in water, ether and petroleum ether.

The materials were chromatogruphically homogeneous (TLC gave a single spot with icdine solution

or chlorosulphonic acid — acetic acid mixture or benzidine) and showed negative ninhydrin

reactions.

General procedure for the synthesis of 2-(amiiwacyl)aminodibenzothiophenes (XV—XIX) or

3-(aminoacyl)amiiwdibenzothiophenc-S-oxide (XXX—XXXIV) or 2- or 3-(cminoacyl)amii.cditenzo-

thiophene-5,5-dicxide (XLV—XLIX and LX—LXIII). The appropriate 2-(N-Pht-amincacyl)

aminodibenzothiophene or 3-(N-Pht-aminoatyl)Lminodibenzothiophent-5-cxide or 2- or 3-(N-

-Pht-aminoacyl)aminodibe izothiophene-5,5-dioxide (0.002 mol) was dissolved in ethanol (35 ml),

and treated with 1 mol/dm3 hydrazine hydrate in ethanol (15 ml). The reaction mixture was

refluxed for 2 h and left for 24 h at room temperature. The residue obtained after evaporation

of the solvent was treated with 25 ml water and acidified with acetic acid (30 ml) for 1 h at 60 \

The reaction mixture was cooled and the insoluble phthalyl hydrazide was filtered. The filtrate

was concentrated in vacuum and the products were obtained in crystalline form, filtered and recrvs

tallized from ethanol or methanol. The products were TLC-pure when developed with iodine

solution, chlorosulphonic acid — acetic acid mixture or benzidine; gave a positive ninhydrin

reaction.

ИЗВОД

СИНТЕЗА НЕКИХ НОВИХ ДЕРИВАТА 2- И 3-СУПСТИТУИСЛНИХ АМИНОАЦИЛ-

-АМИНОДИБЕНЗОТИОФЕНА

А. М. ЕЛ-НАГАР, Ф. С. М. АХМЕД, А. М. АБД ВЛ-САЛАМ, А. М. ГОМА и С. Г. ДОННА

Оде.ьегье за xeuujy, Природно-машемашички факулшеш , Универзишеш Ал-Азхар, Наср-Сиши,

Каира, Ешйаш

Описане се синтезе различитих 2-(N-tochji- или N-фталил или слободних аминоацмл)

ачннодибензотиофена (V—XIX) као и oflroBapajyhnx деривата З-аминоднбензотиофен-5-

-окезда (XX—XXXIV), 2-амннод;1бензотиофен-5,5-диоксида (XXXV—XLIX) н неких де

ривата 3-аминодибснзотиофен-5,5-диоксида (L—LXIII). УтврЬено je да су 2-(L-Val)a.MHHo-

д 1бензотиофгн (XVII), 3-(G-PA(-L-Val) аушнодибензотиофен-5-оксид (XXII) и 3-(L-Phe)-

аминод.1бензотиофен-5,5-дноксид (LXIII) активни према веЬем 6pojy микроорганизама.

(Прямлено 9. новембра 1983)
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Estimates and approximate formulas for the molecular orbital energy levels

and bounds for the total re-electron energy of conjugated molecules with one hetero-

atom are derived.

In three previous papers of this series1 3 the effect of a heteroatom on various

^-electronic properties (total re-electron energy, charge distribution, etc.) of conju

gated molecules was examined. A topological approach was used which is based

on the application of the mathematical formalism of graph theory and which gives

results valid within the framework of the Hiickel molecular orbital (HMO) model4.

In addition, in refs. 1—3 it was assumed that the molecule considered is alternant

and that the number of --electrons is equal to the number of conjugated centers.

In the present paper we offer an approach to the topological properties of

heteroconjugated molecules which is applicable to both alternant and nonalternant

systems and in which no restriction on the number of re-electrons in the molecule

is imposed.

We shall consider conjugated molecules with one heteroatom.

Hence let G be a molecular graph of an arbitrary (either alternant or non-

-alternant) conjugated hydrocarbon and let Ga be obtained by inserting in G a

self-loop of weight h on the vertex vr. Then2 Ga is the graph representation of a

heteroconjugated molecule having the heteroatom at the position r. The value of

the parameter h depends on the electronegativity of the heteroatom5.

Let Ф(Н)— Ф(Я, x) denote the characteristic polynomial4 of a graph H. It is

well-known13 that the characteristic polynomials of G and G), arc related as

fl>(GA)=0(G)-A<D(G-tv), (I)

where G—vr is the graph obtained by deletion of the vertex v) from G.

If the zeros of <t>(G/,) are xi(h), xt(h), . . ., x„(h) and if the zeros of 0(G) arc

X\, x>, . . ., xn, then the HMO energy levels of the heteroconjugated molecule

and its parent hydrocarbon are given by4

ВД-а+х,(А)р, j-1,2,..., n (2)

* Permanent address : Faculty of Science, P. O. Box 60,YU-34001 Kragujevac, Yugoslavia.
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and

Ef -7.\Xjfi, ;--=l, 2, . . ., n, (3)

respectively, where a and В are the standard HMO parameters4 5. Note that, for

obvious reasons, the numbers Xj(h) and xj coincide it' h ^ 0. The same is true for

the numbers E/(A) and Ej.

Let us label the energy levels so that E\(h) < . . . <En(h). This also means

that we label the zeros of <I>(G/,) so that xi(A) > x>(h) > . . . > x»(A).

RELATIONS BETWEEN THE MO ENERGIES OF THE HETEROCONJUGATED

MOLECULE AND ITS PARENT HYDROCARBON

We show first the following general result.

Rule 1. (a) Whenever the heteroatom is more electronegative than carbon (i. e.

h > 0), then all the HMO energy levels of the heterocor.jugated system lie below

the corresponding energy levels of the parent hydrocarbon: Ej(h) < Ej for all

j— 1, 2, . . ., n. (b) Whenever the heteroatom is less electronegative than carbon

(i. e. // < 0), then the reverse is true: Ef{h) > Ej for all j- 1,2,..., u.

Having in mind cqs. (2) and (3), it is sufficient to prove that xj(h) > xj for

h > 0 and Xj(h) < xj for h < 0. We shall, however, demonstrate a stronger result,

namely that for positive h,

x\{h) > x\ and Xj > ля i(A) > xjn for j—l, 2, . . ., n— 1 (4)

whereas for negative h,

Xj > Xj{h) > Xji for У 1, 2, ...» и— 1 and x„ > x„(h). (5)

In order to deduce the relations (4) and (5) note that the zeros уиуг, ■ ■ ■ ,

У/, i of 0(G— vr) conform to the so called Cauchy interlacing relations'".7

xj >У)> X) i for У -- 1, 2, . . ., n - 1 (6)

If .v0 is a zero of ^(G), having multiplicity d (d > 2), then because of (6), .vn

must be i zero of Ф(Ф—vi), having multiplicity d— 1. Because of (I), x0 is then

also э zero of <I>(G/,), having multiplicity d— 1. Let P-(.v) be the greatest common

divisor of 4>(G/,), <1>(G) and 0(G ivj and let <D(Gft)- <D0(GA) • 'D(G)

Ф0(G) ■ S(.v) and 0(G-w() ^>0(G-wr ■ Then obviously the relrtion

Ф0(Ол) - Ф0(О) -Л %{G-vr) (7)

holds. All the zero,; of <&n(Gh), Фо(Ф an(l Фо(С -«v) are non-degenerate and

d'stinct. It is important to note that each zero of Ф(С) is also a zero of (t>o(G).

The Cauchy inequalities (6) become now (after a pertinent relabelling of the

numbers Xj and v;),

x/ > v; > -v; i for j 1,2,.. ., >;n - 1 , (8)

where >:0 is the number of distinct zeros of (1'(G) and hence the degree of the poly

nomial (1>0(G).
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For those zeros of <t>(Gn) and Ф(С7) which are the zeros of (3(x), the relations

(4) and (5) hold in a triv'al manner. Tnerefore we need to prove (4) and (5) only

for the zeros of Ф0(<3) and Ф0(<3л), which, on the other hand, satisfy the inequal

ities (8).

Now, for x > xi, Фо(6, x) is necessarily positive; for xi > x > xz, Фо(<^, x)

is negative; for xz > x > хз, Фо(С, x) is positive etc. Similarly, for x > y\, Фо(<5—

—vT, x) must be positive; for yi > x > уз, <i>0(G—vT, x) is negative; for yz > x > уз,

<t>0(G — ir,x) is positive etc.

Let h > 0. Since Ф0(О) is a polynomial of degree ?:0 and <$>0(G vr) is a

polynomial of degree ип— •> the expression Ф0(С)—Л Ф0(С-ы,) will be positive

for a sufficiently large value of x. In addition, Фо(С) — h Ф0(С? vr) will L e necessarily

positive for those values of the variable x for which Фо(<?, x) is positive and Ф0(Сг—

—vr, x) is negative. Such intervals are х-г > x > yz, x\ > x > уa etc. For the same

reasons Ф0(С7) —h Ф0(б—vr) must be negative valued for xi > x > yi, хз > x >

- уз etc. We conclude therefore that the polynomial Ф0(<3л) changes sign in the

interva's x > xi, yi > x > xz, yz > x > хз, y.t > x > лм etc. Therefore the zeros

of Фп(С?д) must lie in these intervals and (4) follows.

The proof of (5) is completely analogous.

Although the dependence of <t>(G/i) on h is simple and well-known (see eqn.

(1)), the way in which the MO energy levels of G/, depend on h is by no means

obvious. Tne following result say.; something about this matter.

Rule 2. If E0 is a d-timcs degenerate energy level of the parent hydrocarbon,

then E0 is a (d — l)-times degenerate energy level of the hc-tcroconjugated molecule.

Rule 2 is an immediate corollary of the arguments used in the proof of Rule 1

and is based on the Cauchy inequalities7.

The energy levels of the hetcroconjug'.ted molecule, described in Rule 3 are,

of course, independent of the parameter h.

Rule 3. If E](h) is a HMO energy level of the hctcroconjugated molecule which

dufers from the energy levels of the parent hydrocarbon, then we can write

Ei{hY E}+(Ajh+B,h*+ Cfh4-. . •) P (9)

where

As = <b0{G - vr, х;)/Ф;(0, xs), (10)

Br[<S>'Q'G~vr, x,) ■ ■ {Ajfl2V%{G, x}), (11)

Cj \<K(Gvr, x}) -B}\- Ф;(С vr, x}) ■ {Ajf\l -

- Ф8(С7, xt) ■ А, В,-Фй'(С?, Xj) ■ (A,)*l6]l<t>'0(G, Xj). (12)

In order to demonstrate the validity of Rule 3 it is sufficient to prove that

for all zeros of Ф0(О/,),

Xi(h)-Xi-i-A,h+Bih2 + Cih* |-. . . (13)

Substituting .v;(/;) in the right-hand siele of eqn. (7) we obtain an identity

ФП(С, *,(*)) -h Ф„(С7 - vr, xj(h)) 0, (14)

which (by elefinition) holds for all values of h.
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If we expand Xj{h) in a power series of h, we obtain (13). Therefore,

Aj-=[dx}(h)ldh]h-0,

В,=1/2[д*х,(А)/дЛ*Ь-„,

Differentiation of (14) with respect to h gives

[дФ0(О, xm)ldxm][dx,(h)ldh]-<b^G, -vr, *,(*))-

-h[d<b£G-vr, xjih))ldx,(h)][dx,{h)ldh]-0 (15)

Ba setting A—0, (15) becomes

<t>№, x})[dx,(h)ldhh-0-<t>0(G-Vr, x,)=0,

from which eqn. (10) follows immediately.

By differentiating (15) with respect to h and then setting h = 0 we get (11).

By differentiating (15) twice and then setting Л=0 we get (12).

The accuracy of the approximate formulas for Ej(ti), which can be obtained

from the expansion (9) is illustrated in Table I on the example of the pyridine-like

system.

TABLE I. The zeros of the characteristic polynomial of the pyridine-like molecular graph as

calculated according to the formulas (a) X] + Afh, (b) X) + A}h + Bjhz, and (c) xj + A)h + B]h- + Cjh3.

Results for h -0.5 and Л—1.0 are presented.

h j formula (a) formula (b) formula (c) exact Xj (A)

0.5 1 2.08333 2.10361 2.10721 2.10745

0.5 2 1.16667 1.17130 1.16770 1.16719

0.5 3 1 .00000 1 .00000 1 .00000 1 .00000

0.5 4 -0.83333 -0.83796 0.84156 0.84096

0.5 5 -1.00000 1.00000 1.00000 1 .00000

0.5 6 1.91667 1.93695 -1.93335 -1.93368

1.0 1 2.16667 2.24769 2.27650 2.27841

1.0 2 1.33333 1.35185 1.32304 1.31743

1.0 3 1 .00000 1 .00000 1 .00000 1.00000

1.0 4 -0.66667 0.68518 0.71399 0.70462

1.0 5 1.00000 1.00000 1.00000 1.00000

1.0 6 1.83333 - 1.91435 - 1.88554 1.89122

From Table I is seen that even the first order approximation

will suffice for practically all purposes. We show now that Aj is a positive quantity

for all molecular orbitals and for all conjugated molecules.

Rule 4. If Bj(h) is a HMO energy level of the heteroconjugated molecule which

differs from the energy levels of the parent hydrocarbon, then Aj > 0. (If Ej(h)— Ej

then, of course, Aj^=0.)

E}(h)<*E} +A)hp (16)
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Rule 4 is consistent with Rule 1 and (provided the approximation (16) is

accepted), leads to the same conclusions.

In order to prove Rule 4 note that because of the interlacing relations (8),

4>0(G-wr, xi) > 0, <P0(G-Vr, x2) < 0, <D0(G-*v, x3) > 0 etc. If zi, z2, . ■ -,zn-i

are the zeros of <J>o(G, x), then by a well-known result of mathematical analysis,

xj > zj > Xj+i for j= I, 2, . . ., no- 1. Therefore %{G, xi) > 0, <D0(G, x2) < 0,

Фо(°> *з) > 0 etc. Hence O0(G—vr) and <f>'0(G) have the same sign for all x=x},

У= 1, 2, . . ., щ. Consequently, their quotient, the right-hand side of eqn. (10) is

positive.

This proves Rule 5.

BOUNDS FOR TOTAL тг-ELECTRON ENERGY OF A HETEROCONJUGATED

MOLECULE

The total Tt-electron energy of the heteroconjugated molecule under consider

ation and of its parent hydrocarbon are given by

£(<?»)= % g) E,(h) and E(G)= j; g ,Еи

,= i y=i

where g) is the occupation number of the У-th MO. Of course,

£l+£2+ . • .+£я=Ие (17)

with ne being the number of тг-electrons.

As an immediate consequence of Rule 1 we have the following relation be

tween E{Gh) and E(G).

Rule 5. If the heteroatom is more electronegative than carbon, then E(Gh) < E(G).

If the heteroatom is less electronegative than carbon, then E(Gh) > E(G). This

result holds for arbitrary number of я-electrons.

Because of (2) and (17),

y-i

It can be shown that

+«(*)+. . .+xn(h)=h (19)

and

xi(A)z+*2(A)2+ • • ■ +*п(Л)2 - 2 m+h* (20)

where m is the number of conjugated bonds in the molecule considered.

We proceed now to find the maximal possible value of the expression

2 »**(*) (2D
/■-i
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under the condition that ( 1 9) and (20) hold. In order to do this we have to calculate

the variation of the function

2 ft Ч С*)"42 *i (A) -A] - 1* [ £ 4 (A)2 -2 *-A2]

and equate it to zero. Straightforward calculation gives then the condition gj — \ —

— 2 \ixj(h)=0, which must be satified for all values of j= 1,2,..., n. Hence

л=Х+2|*хКА) (22)

and

2 g}= x* + 4 X |i Ж/(А) -1-4 |i« x,(A)2. (23)

In (23) we used the fact that ^; is either equal to 0 or is equal to 2, and therefore

g]2=2g).

Summing (22) and (23) over all /= I, 2, . . ., n and using (17), (19) and (20),

we obtain

ne—n X — 2 h [i

and

2 ne=-n X2 -4 /г X |x+4 (2 w+A2) ja2

from which the Lagrange multipliers X and ц are readily determined.

Multiplying eqn. (2) by Xj and summing over all X], we conclude that the

maximal value of (21) is equal to X A+2 jx (2 m+h2). Straightforward calculation

yields then

[2 « *y(A)]m»x -А и,/п+[пе(2 н-пе) (2 m «+A2 и+А2)/и2]'/2,

;=1

which combined with (18) gives the following result.

Rule 6. The total тт-electron energy of a heteroconjugated molecule having и conju

gated atoms, m conjugated bonds and ne ^-electrons satisfies the inequality

E > ne oH h nt\n P + [n, (2 n-rte) (2mn \ h2 n |-/г2)/и2]]/2 (J.

Note that in the special case when n= ne and A- 0, the above bound reduces

to a previously known result,8 namely E > n a+(2 w и)1'2 (3.

извод

ТОПОЛОШКА ИСТРАЖИВАША ХЕТЕРОКОЩУГОВАНИХ МОЛЕКУЛА.

IV. УТИЦА1 ХЕТЕРОАТОМА НА EHEPrHJE МОЛЕКУЛСКИХ ОРБИТАЛА

ИВАН ГУТМАН

Универзишеш Jywite Каролине, Колумбита, С.А.Д.

Добивене су процене и апроксимативне формуле за eneprnje молекулских орбитала

кон)'угованих молекула са )едним хетероатомом.

(Прнл1Л.ено 15. новембра 1983)
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YTHIXAJ KATJOHA АЛКАЛНИХ МЕТАЛА НА ЕЛЕКТРОХЕМЩСКО

H3flBAJAH>E ВОДСНИКА НА ЦИНКУ У АЛКАЛНИМ РАСТВОРИМА

ОЛИВЕРА Ж. ПАВЛОВИЪ и МИЛАН В. BOJHOBHTi*

Технолошки факулшеш, Универзишеш у Новом Саду, Велка ВлаховиЬа 2, 21000 Нови Сад и

*Технолошко-мешалуршки факулшеш, Универзишеш у Београду, й. йр. 494, 11001 БеоХрад

(Пришьеио 18. Maja 1983)

Испитивани су кинетика и механизам електрохеми>ског издва)ан>а во-

доника на цинкано) електроди у алкалним растворима хидроксида и перхло

рата кали)ума, HaxpujyMa и лити)ума. Варирана je укупна концентраци)а катиона

алкалиих метала (0,01—5,0 mol/dm3) при неколико константних вредности

рН (8,0—14,7) при чему je константна вредност рН одржавана променом

односа концентраци)а хидроксида и соли. Одре^иван>а стационарних полари-

зационих кривнх галваностатском техником и н>ихова анализа показали су да

пораст концентрахияе катиона доводи до повеЬаша брзине катодног процеса

и да je ред катодне реакци)е по кат)онима кали^ума, натри)у.ма и лити]ума

близак )единици. Установлено je да nocTojn утица) врете кат)Она на кинетику

електрохеми)ског издва{ан,а водоника. Брзина издва]ан.а водоника повеЬава

се према редоследу К+—Na+—Li+, што одговара редоследу повеЬака негативне

вредности промене енталпи)'е хидратаци^е ових joHa, односно редоследу сма-

к>ен>а кристалографског ради^уса (или редоследу повеЬаша густине наелектрн-

сам>а). Дискутоване су различите Moryhe интерпретаци)е уоченог ефекта.

Кинетика и механизми електрохеми^ског издва)ан>а водоника на мета-

лима су до сада веома много проучавани. Ме^утим, преглед података Kojn су

сумирани у низу реферативних радова1-4 показухе да се веЬина података

односи на киселе растворе (када je реактант хидроксони)ум-)он), тако да су

подаци за алкалне растворе (када je реактант, односно донор протона, вода)

веома оскудни. Проучаванъе електрохеми)ског издва)ан>а водоника на мета-

;шма у алкалним растворима знача)но je, ме1)утим, не само са TeopnjcKor

(обзиром да представл>а HajnpocrajH модел за реакпэде издва)ан>а — joHH-

3airaje гасова), веЬ и са практичног аспекта, jep се )авл>а у индустри)ским

процесима (електролиза воде), електрохеми|ским изворима енерпф (горивни

галвански спрегови и др.) и као катодна полуреакцэда корози)е метала у

алкалним растворима.

Ова) рад посвеЬен je специфичним ефектима канона алкалних метала

на кинетику електрохеми)ског издва)ан>а водоника на цинку у алкалним

растворима. За групу sp-метала, Kojoj припада цинк (поред Cd, Pb, Tl, In,

Ga и др.), карактеристично je, као што je познато4, да HMajy веома ниске

вредности густине crpyje измене и малу покривеност атомским водоником

при потеншфлима блиским равнотежном (у складу са малом енерги)ом везе

метал — атомски водоник). За ову групу метала типично je да je спори ступан.

укупне реакпэде издва(ан>а водоника за обичне вредности пренапетости прва

елементарна електрохеми)ска реакцэда (pearamja Volmer-a), док издва)ан>е

165
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молекулског водоника (реакци)а Tafel-a или HeyrovsKy-a завис но од рсакцис-

ног пута) може евентуално да постане спори ступавь само у близини равно-

тежног потенциала4.

Електрохеми)ско издва)ан>е водоника на цинку у алкалним растворима

компликовано je неким пратеНим процесима као што су: 1) редуюцф joHa

цинката Kojn се услед корозионе непосто)аности цинка акумулира)у у при-

елекфодном crcojy5, 2) формиранье филма оксида (хидроксида) цинка променгьи-

вог састава и структуре kojh може да егзистира у околяни стационарног потен-

ци)'ала при нули укупне crpyje, а вероватно и при негативни)им потенци^алима5

и 3) редушнца кат)она електролита уз формиранъе интерметалних )единьевьа

са цинком, Koja nocraje могуЬа због веома негативних потенщфла при KojHMa

се одиграва издва)аше водоника6 8 . Наведени процсси, од Kojnx неки под

уобича)еним експерименталним условима могу бити не стационарног карайте} а,

доводе до промене састава и структуре површине електгоде, што утиче на

услове адсорпшф и издва|ан>а водоника. Осим тога, могуЬе je и уюьу*иван>е

неких од ових процеса као стутьа у реакциони пут издва)анэа водоника.

Према томе, пратеЬи процеси могу имати yranaja како на кинетику, тако и на

механизам издва|ан>а водоника, а вероватно да представл>а)у узгок недовол не

репродуктивное™ експерименталних резултата.

Без обзира на изнете компликаци)е, параметри кинетике и механизма

електрохеми)ског издва)ан>а водоника на цинку у алкалним растворима (КОН)

одре1)ени су под дефинисаним експерименталним условима, са довольном

поузданошйу у раду9. На^ено je да нагиб катодне поляризационе кргве износи

— 124 mV/dek, густина CTpyje измене 8,5- 10~9 A/cm2 (6 mol/dm3 КОН) и

коефици)ент преноса 0,48. Доби)ени иодаци индицира)у да je електрохеми)ско

H3flBajaH>e водоника на цинку спор процес и да се одиграва по механизму у

коме je Volmer-ова елементарна pearamja спора, што je у складу са напред

изнетим типичним понашаньем sp-метала са малом eHeprajoM везс метал —

атомски водоник. Анализа података из рада9 noKa3yje, осим тога, да псвеЬанзе

концентраци(е хидроксида доводи до извгеног пораста густине crpyje измене

издва)а»1 водоника, што je прошло без коментара од стране аутсра. Сличай

ефекат уочен je и од стране других аутора1013. Осим тога, на1)ено je да и

врста хидроксида (односно канона алкалног метала) има тако1)е известан

yTrajaj на брзину издва)ан>а водоника10-111314. Пошто ови ефекти нису до

сада систематски истражени, предузета су у оквиру овога рада испитиваньа

са цил>ем да се утврде законитости yriujaja концентраци}е и врете KaTjoHa на

кинетику електрохеми)ског издва)ан>а водоника у алкалним растворима.

ЕКСПЕРИМЕНТАЛНА ТЕХНИКА

Експерименти су се cacToja;in у одре^нвашу стационарних катодних поларизационих

кривнх галваностатском техником у растворима kojh су садржавали хидроксиде калиjума,

натри)ума и лити)ума, као и перхлорате ових метала. Укупна концентраци)а KaTjoHa варирана

je од 10~2 до 5,0 mol/dm3 при чему je рН раствора променом односа концентраци)а хидрок

сида и перхлората одржаван константним (испитивано je неколико сери)а раствора кон-

стантног рН у области 8,0—14,7). Сва мережа вршена су у затворено) апаратури у атмосферн

иречишНеног водоника. Ъели)а за електрохеми)ска мерен>а од стакла ималa je одво|'ене

оделже за радну (цинк високе чистоНе 99,9999% у облику жице пречника 1 mm), референтну

(водонична електрода у истом раствору) и супротну (платински лим) електроду. КорншНена

je техника припреме електрода, раствора и гаса уобича;ена у електрохемн)ско) кинетицп.
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РЕЗУЛТАТИ

На сл. 1 приказане су (на примеру раствора 0,1 mol/dm3 NaOH+0,4

mol/dm3 NaClO/j, pH=12,4) типичне стационарне зависности потенщфла од

логаритма катодне густине crpyje Koje се flo6njajy на иринкано) електроди у

алкалним растворима. Прва крива (отворени кругови) снимана je од маньих

 

густина crpyje ка веЬим, а друга (пуни кругови) у супротном смеру. riojaea

хистерезиса, Koja се може уочити, понавл>а се при оваквом начину сниманьа

готово у свим експериментима. Нагиб праволинщског дела kojh одговара

издва)ан>у водоника у првом случаjy je близак — 1 20 mV/dek, а у другом je

знатно веЬи. По>ава праволини)ског дела са веЬим нагибом у позитивни)о)

области потенциала je карактеристична тако1)е за дуготра}на или више пута

поновл>ена одрег)иван>а на Hcroj електроди и у истом раствору. Haj6o^a

репродуктивност резултата постигнута je када je цинкана електрода (прет-

ходно третирана финим брусним папиром, одмашЬена и испрана раствором

Kojn се Hciurryje), у noceoHoj Ьели)и катодно поларизована 10—20 min са

густином crpyje 30 mA/cm2, а затим пренета у Ьели)у за мерен>а и под малом

катодном crpyjoM (2,5—10 [/A/cm2) урон>ена у свежс припремл>ен испитивани

раствор засиЬен водоником после чега je снимана катодна поларизациона

крива полазеНи од маньих ка веЬим густинама crpyje. Гранична crpyja Koja се

уочава на катодним поларизационим кривама (у области 10—25 [лА/сш2)

одговара редукцией joHa цинката KojH се као продукти корози)е цинка, услед

споре дифузи)е у раствор, акумулира)у у прикатодном oiojy10-12, што je

посебним експериментима (додатком цинката у раствор) и директно експери-

ментално утврг)ено. Стационарне катодне поларизационе криве добмене у

присуству осталих KaTjoHa алкалних метала (раствори KOH+KClO i и LiOH !

+ ЫС1О4) аналогне су кривама приказании на сл. 1.

Анализа стационарних поларизационих кривих, доби)ених за различите

укупне концентраци)е канона (при константно) вредности рН), показала je
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да nocrojH yrmjaj концентраци)е канона на брзину реакци)е издва^аша водо-

ника, што mrycTpyjy ди)аграми на сл. 2. Као што се види, потенци^али (на екали

1600

>
Е

1800Н

 

Слика 2 Figure

Зависности Е (J'•- = 1 0- 3

A/cm2)—log (М+)

Dependences of Е (j- = Ю-8

A/cm2 vs. log [M+]

a) 0,M=K3b)"jk,M=Na

c) □, M^Li

стандардне водоничне електроде) читани са поларигационих кривих при

константно) густини катодне crpyje (j- = 1 mA/cm2) noMepajy се ка позитив-

юцим вредностима (брзина катодног процеса расте) са порастом логаритма

укупне концентраци)е KaTjoHa. Мада je расипан>е експерименталних вреднести

знатно, услед у целини недовол>не репродуктивности катодних полариса-

ционих кривих, тренд пораста брзине катодног процеса je очигледан, па се

са довольно основа могу повуЬи праволшп^ске завиенссти чи)и je нагиб у

свим случа)евима близак 120mV/dek. Ово индицира да катодна реакщф има

привидни ред по ка^онима алкалних метала близак )единици, Tj . да ови ка^они

на неки начин учеству}у као реактанти у процесу издва}ан>а водоника. Исти

закгьучак изведен je на основу експерименталних резултата у растворима

калщум-хидроксида различите концентрацще у раду12.

Порег)ен>ем зависности Е (j- = const) — log[M+] датих на сл. 2 може се

уочити да и врста кат)она има одрег)ени утица) на брзину издва)ан>а водоника .

На сл. 3 приказане су Kopenaimje потенщнала (за./- = 1 • Ю-2 A/cm2 и [М+]=

= 1 mol/dm3) и промене енталтф хидратмцф KaTjoHa (сл. За), односно кри-

сталног раде^уса KaTjoHa (сл. 3b), Koje mrycrpyjy ynniaj природе канона.

Супротан тренд приказаних корелащф je последица чин>енице да je eHepraja

хидратащф грубо узевши обрнуто пропорционална радиусу joHa. Као што

се види, брзина процеса издва}ан>а водоника расте уколико je присутан катион

ман>ег радиуса са веНом енергщом хидратаци)е.

ДИСКУСЩА

Укупна реакцфа електрохеми}ског издва}ан>а водоника у алкалним

растворима

2Н20+2е=;Н2+20Н- (1)
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може се остварити комбинован>ем елементарних peaKUHja1 4

Н20+е ■— Had,+OH-

На<18 + H2Ofe — Нг+ОН-

2Н1и18 Н2.

(2)

(3)

(4)

1 1 1 1 1 1

[K*].[No*].[U*].JN 0

i"

_ J. .MO"' A/cmJ
-

!-
 

^
— u* -

f ГКО ^ No* -

•и

K*
-

1 1 1 1 1 I

1 1 1 г

[К*]- [Ha*] . [Li*] ■ 1M

J. = MO"' A/cm1

LI*

No'

(b)

1,0в l,N

-AHh, kJ/mol

0,12 0,u

re, run

Слика 3 Figure

а) Kope.iamija E (J- = const) и топлоте хидратаци)е

Correlation of E (j- = const) and the heat of hydration

б) Корелаци^а E(j-= const) и кристалографског радиуса

Correlation of const) and the crystallographic radius

Комбинован>:м елементарних реакщф (2)—(4) (реакци)е Volmer-a, Неу-

rovsKy-a и Tafel-a, респективно) доби)а)у се два могуЬа реакциона пута елек-

трохеми)ског издва)аньа водоника од Kojnx сваки да]е три могуЬа механизма

зависно од претпоставл>ених односа брзина елементарних peaKirnja. У кон

кретном cirywajy електрохеми)ског издва}авьа водоника на цинку, експеримен-

талне вредности нагиба катодних поларизационих кривих блиске — 1 20 mV/dek

индицира)у механизам са спором реакциям Volmer-a. Koja елементарна реак-

4Hja следи ову реакци)у не може се поуздано установи™, jep експерименталне

вредности параметара кинетике у случа^у елексрохемщског издва|ан>а водо

ника нису дискриминантне у односу на различите механизме. Мег)утим, пошто

цинк припада групи sp-метала са малом вредношЬу енерги)е везе метал — атом-

ски водоник за i<oje су типичне ниске вредности покривености атомским водо-

ником, може се са довольно основа претпоставити да je друга елементарна

реакци)а у механизму реакци)а HeyrovsKy-a. Према томе, механизам издва)ан»а

водоника на цинку био би

НгО+e^Hads+OH-

Нааи +НгО+е — Н2 I ОН (5)
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Израз за густину катодне crpyje je у том cjiy4ajy при довольно велико)

катодно) поларизаци)и

;-=*-«(Н20)ехРГ-^-Ф)

[ RT

(6)

где je ф потенциал (према дубини раствора) у тачки унутар Helmholtz-овог

дела дво)ног aioja у Kojoj je лоциран молекул воде Kojn pearyje, док остале

ознаке HMajy уобича)ено електрохеми)ско значен>е. Из (6) следи )едначина

катодне поларизационе криве за (а =1/2)

2 R Т

Е = const. + 1па(Н20)+ф

F

2RT. .

—- Inj- (7)

F

Koja предвиг)а вредност нагиба Е—logj зависности блиску —120 mV/dek

као што се експериментално и налази. Мег)утим, механизам (5) и )едначина (7)

не предвижу у експлицитно) форми могуЬност утица)а врете и концентраци)е

канона на брзину издва)ан.а водоника. Имплицитно oeaj утица) би се могао

ИСПОЛ.ИТИ преко члана у угласто] загради у (едначини (7). Прво, пораст кон-

центраци)'е KaTjoHa може довести до смашиьа активности воде, али je у рела-

тивно уско) области промене концентраций oeaj ефекат мали. Друго, утица)

концентрапэде KaTjoHa могао би се испол>ити преко потенциала ф4. У npBoj

апроксимаци)и oeaj потенциал je дат са13>14

if RT , 2 RT . ,
ф X фо ~ const. + In с Ins (8)

z+F z+F

где je ф0 потенциал (према дубини раствора) спол.не Helmholtz-овс равни

у одсуству специфичне адсорпщ^е, е наелектрисан>е површине електроде, z+

наелектрисанзе KaTjoHa електролита (у нашем cny4ajy z+=\) и с укупна кон-

центраци)а електролита у раствору.

Заменой (8) у (7) доби)а се зависност потенщфла од укупне концен-

траци)е електролита, Koja предвиг)а (при _;'_ = const и за релативно узак интер

вал довольно негативних вредности е) пораст потенщфла са концентравд^ом

електролита (супротан ефекат je у киселим растворима) и то за ~60 mV по

декади повеЬан>а концентращф, Tj. привидни ред катодне реакци)е по KaTjo-

нима електролита близак 1/2. Према томе, на основу оваквог разматран>а може

да се покаже да TeopnjcKH треба очекивати ефекат концентращце кат)'она у

квалитативно) сагласности са експериментом, али je величина ефеката према

TeopnjcKOM предвиг)а1ьу знатно ман>а од експерименталне. Осим тога, мора

се имати у виду да je приближна релаци)а (8) изведена на основу Teopnje

дифузног дво)ног cjioja13, па стога важи само за разблажене растворе. Ова

релащца не узима у обзир сопствене димензи)е joHa, степен н>ихове солватаци)е

и дискретни карактер структуре дво)ног cnoja. Према томе, механизам (5) и

oflroeapajyha (едначина катодне поларизационе криве (7) у Kojy je уведена

корекци)а за утица) концентраци)е електролита на структуру дво)ног aioja,

не пружа)у основу за o6jannbeibe уочених ефеката концентращ^е и врете

кат)'она на кинетику издва)а1ьа водоника у одабраним експерименталним

условима.
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Друга могуЬност да се об)асни ефекат концентраци)е и врете KaTjoHa je

механизам издва)ан>а водоника

х Zn+M (H20)n +e->Znx М+я Н20

Zn* М+ (я+ 1 ) Н20 — Над ■ + ОН - +М (Н20) + -! х Zn

2Hads — Н2

KojH прзтпоставл»а да се у прво) елементарно) реакции (Koja je у)едно и спори

ступан>) ел;кгрохеми)СКИ фэрмира интерметално )един>ен>е цинка и алкалног

метала, Znxh\(M.—К, Na, Li). Егзистенци]а оваквих )един.е1ьа (на пример,

Zrii2Na) доказана je експериментално, а из термодинамичких података може се

оценити да се она могу елзктрохсм^ски формирати у воденим растворима.

Овакве оцене6 8 показу)у да je могуКа облает потенциала формиран>а — 1 ,35

до — 2,0 V, а то je управо облает потенциала у i<ojoj се водоник издва)а на

цинку. 1едначина катодне поларизационе криве (за довол>но велику катодну

поларизащ^у и а=1/2) je

1 RT 1 RT

Е = const н—— In а (М (Н20),! ) In >_ . (10)

F " F

Ова (едначина предви1)а нагиб катодне поларизационе криве близак —120

mV/dek и ред катодне реакщф по ка^онима електролита )еднак (единици,

што одговара напеним експерименталним вредностима.

Механизам (9) помоНу кога je ефекат концентраци)е KaTjoHa на издва}ан>е

водоника o6jainiMBaH и у рашм'им радовима1012 добро предви!)а величину

ефекга. Оцзне потенциала формиранза интерметалних )един>ен>а Zn^M пока-

3yjy да они расту ка позитивни)им вредностима према редоследу К—Na—

—Li6 8. Пошто je спора елементарна реаквдп'а у (9) електрохеми)ско форми-

ранье интерметалног }един>ен>а требало би очекивати, да се ynmaj канона

(при константно} yKynHoj концентрации електролита) повеЬава према истом

редоследу, што je експериментално и на!)ено.

Експериментално je доказано да на sp-металима (Zn, Cd, Pb и др.) у

алкалним растворима долази до формиран>а интерметалних jeflHH>eibae~8 у

области потенциала издва)ан>а водоника. Не nocroje, мег)утим, )еднозначни

докази да могуКе издва)анье водоника путем разлагаша интерметалних jeflH-

вьеша, као што то предвиг)а механизам (9), представл»а и главни реакциони

пут издва)ан>а водоника на sp-металима у алкалним растворима. Стога треба

имати у виду и друга могуЬа o6janiH>eiba.

Алтернативни механизам Kojn такоЬе добро предвиЬа експериментално

установл.ене ефекте концентращп'е и врете канона на кинетику издва)ан>а

водоника je

М (Н20),; +е -> Hade hOH +М (H20)n_, (II)

M(H2o);+Had8 : е = н2о | н I м(н2о);_,.

|едначина катодне поларизационе криве за механизам (II) je са тачношЬу до

константног члана идентична са }едначином (10), rj. одговара експериментално

напеним вредностима парамстара кинетике катодне реакщф.
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Механизам (11) формално претпсставл>а да je реактант (донор протона)

у реакции издва)ан>а водоника вода из хидратационе сфере канона, тако да

се катион индиректно nojaan^yje као реактант у катодном пронесу. Оваквом

формализму може се, ме1)утим, дати и физичка интерпретащ^а на основу

савремене квантно-механичке Teopnje кинетике електрохеми)ског издва)ан.а

водоника15 22 . Ова Teopnja je разви|ена за механизам издва)ан>а водоника са

спором Volmer-овом peaKHHjoM и за ниске вредности покривенссти електроде

атомским водоником што je управо случа) са групом sp-метала Kojoj припада

цинк. Полазна претпоставка Teopnje je да се прелаз протона са НзО+ joHa

(донор протона у кисело) средний) или Н»0 (донор протона у алкално) средний)

у адсорбовани атомски водоник на електроди одиграва као квантни процес,

Tj. да долази до тунелирааа протона (уз истовремени прелаз електгона).

Оваква претпоставка заснива се на разматран>у1в фреквенщ^е вибраци)е

О—Н веза (почетно сташе) Koje износи o>j = 5,8- I014—6,2- 1014s_1hM—Hads

веза (Kpajfte стаьье) чи)а je вредност ыа~ 1>7" Ю14 s Пошто je задовол>ен

услов ы;, (оа>АГ/А = 4 • 1013 s 1 (k Boltzmann-ова и h de Broglie-ва кон

станта) излази да су и почетном и у KpajibeM стан>у вибраци)е протона квантног

карактера, Tj. да систем не може да савлада активациону бартеру расгезанэем

xeMHjcKHx веза О—Н (у НзО+ или НзО) путем прелаза протона у ексцитована

вибрациона стан>а као што то предви1)а класична Teopnja15 20. Прорачуни16

noi<a3yjy да би eHeprnja активащп'е у cjry4ajy активиран>а протона по класичном

моделу морала бити знатно веЬа од експериментално на1)ених вредности и да

протон Kojn се налази на pacrojaiby од електроде ман>см од 0,25 nm мора да

npelje у коначно стан>е М—Hads тунелиранэем кроз потенщл'алну бартеру.

Уз претпоставку да у реакции долази (едино до nf оме не стаиьа протона (атом

кисеоника и други протони у НзО+ или Н2О ocTajy у миру), Kojn се креье

перпендикуларно на површину електроде, квантно-механичка Teopnja flaje

израз за катодну crpyjy издва)ан>а водоника15-16

kLy-Ф (св) ехр
Я8+2Я1а1 Г FE

ехр —

4 RT 2 RT

(12)

где je k'~ константа (за дати електродни материал и растварач), х трансмисиони

коефшцн'ент, Ф(с8) функци)а концентраци^е донора протона унутар Helm-

holtz-овог c.ioja, Koja одражава вероватноЬу да се донор протона налази на

оптималном pacrojaiby од електроде и да има повол>ну ори)ентаци)у према

електроди, Ее eHepraja реорганизащф растварача (eHepraja npeopHjeHTaunje

дипола растварача око реактанта услед термалних флуктуащф при чему се

успоставл>а ор^ентащф Koja одговара продукту pcaKimje) и топлота

реакщне прелаза протона за дати потенциал Koja обухвата и електрон на

Fermi-нивоу метала електроде.

^дначина (12) предвит)а обичну Tafel-ову зависност Е—log j. са наги

бом блиским —120 mV/dek и eHeprajy акгивпнф

E* = -E°-AHi*. (13)

4 2

Према )едначинама (12) и (13) yTunaj концентраци)е и врете канона на

брзину издва)анэа водоника не би се могао испол>ити преко eHepraje актива-

nnje, jcp су величине Es и &Н\Л одре1)Сне првенствено природой укуине

pcai<HHje, одабраним растварачем и материалом електроде. Ме1)утим, OBaj
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утицаj може се у 3Ha4ajHoj мери испол>ити преко предекспоненци)алног фак

тора у )едначини (12), tj. преко величина х и Ф(с3).

Трансмисиони коефици)ент, Kojn одражава вероватноЬу тунелиран>а

протона, одре!)ен je интегралом преклапаньа таласних функци^а протона у

почетном (НгО) и KpajHieM (М—Hade) стан>у, а ова величина врло брзо опада

са pacTojaib?M донора протона од електроде. Према

(а — константа, R — pacrojaibe протона од електроде).

Расподела концентращце донора протона у приелектродном aiojy, tj.

облик функци)е Ф(с8), HHje позната, jep за сада нема Teopnje Koja би обухва-

тила дискргтну структуру електрохеми)Ског дво)ног cnoja. У цшьу квалита-

тивног разматран.а претпоставиЬемо да важи равнотежна расподела Boltzmann-

-овог типа

где je с„ конценграци)а донора протона унутар дво)ног crioja, с концентраци)а

у дубини раствора, a *F(/?) локални потенщцал на pacrojaiby од електроде са

кога се одиграва прелаз протона (супротног знака у киселим и алкалним

растворима).

Према )едначинама (14) и (15), уколико je у присуству канона алкалних

метала из основног електролита могуЬе ман>е pacrojaibe донора протона од

електроде и ако je вредност *Г(Я) потенщфла знатно позитивнее у односу

на дубину раствора, треба очекивати повеКаше брзине издва(ан>а водоника.

У киселим растворима овакав ефекат HHje могуЬ због електростатичке репул-

cHje у дво)ном cnojy измену Н30 1 joHa као донора протона и канона алкалних

метала. У алкалним растворима где су донори протона неутрални молекули

воде могуЬе je да се они распореде у близини канона дво)ног oioja, a Haj-

повол»щ^и положа} je измену кат)она и површине електроде. У том положа$у

je брзина издва}аньа водоника HajBeha због повеЬане вероватноЬе тунелиран>а

и битно позитивнее вредности Т(Я) у односу на дубину раствора. Другим

речима, брзина издва)аньа водоника биЬе HajBeha ако донори протона буду

молекули воде из хидратационе сфере канона лоцираних у приелектродном

cnojy. При томе треба имати у виду да су молекули воде из хидратационе

сфере канона поларизовани сразмерно густини наелектрисаньа катиона. При

пoвoл>нoj ориентацией, О—Н веза jeflnor од молекула воде из хидратационе

сфере канона je окренута атомом водоника ка површини електроде и услсд

поларизаци)е у пол>у кат)она издужена. Парци)ално позитивно наелектри-

сан>е на атому водоника ове О—Н везе услед интеракци)е са електродом, Koja

je на високом негативном потенциалу, oiworyhyje додатно истезан>е везе.

Према томе, oeaj модел предви1)а да he се вероватноЬа тунелиран>а протона

из О—Н везе молекула воде у Kpajibe стан>е М—Н„,|* у присуству канона

битно повеЬати.

Очигледно je да he повеЬаае брзине катодне pcaKiuije бити утолико

3im4ajHHjc уколико je neha eHeprnja хидратаци)е и маши радиус канона, што

je у складу са експериментално одре^еним корелащцама (сл. 3). При опаквом

х~ехр [ — а/?2] (14)

са = с ехр -

XY(R)F

RT

(15)
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карактеру катодне реакци)е као донор протона jaBJbajy се хидратисани кат)они

тако да брзина peaKimje треба да расте са повеЬан>ем н>ихове концентраци)е,

као што je експериментално и на1)ено.

Описани ефекти кат)она могу се об)аснити и помоЬу комплексгафг

модела, KojH представл>а модификаци)у претходног, ако се издва)ан>е водо-

ника замисли као кооперативни квантномеханички процес23. У оваквом

процесу могу да учеству]у протони из молекула воде на површини електроде

и из молекула воде у хидратационо] сфери катиона, као што je приказано

схематски на сл. 4. Молекули воде на површини sp-метала су слабо адсорбо-

н н

\ /

/0-М— о

I н

о

/ \

н н

SHR

/,
/■

н н

H(ads) Н О

О
/ \

н н

о м -о

I

о

/ \

н н

SHR

Слика 4 Figure

Схематски приказ реакци)е електрохеми)сьог издва)аи,а подоника

Schematic presentation of the electrochemical hydrogen evolution

вани и HeMajy положа) максималне ори)ентаци]е (са хемисорпционом везом

метал — кисеоник као што je типично за d-метале)4. Довольна покретл>ивост

молекула воде на површини метала, са атомом кисеоника ори)ентисаним

према раствору, OMoryhyje да се погодном ротацизм успсстави у односу на

поларизовану О—Н везу из хидратационе сфере KaTjoHa (kojii су лоцирани

у спол>но) Helmholtz-OBoj равни) такав положа) кощ OMoryhyje кооперативни

прелаз протона са молекула воде на површини у стан>е М—H»<i8 и са иолари-

зоване О—Н везе у хидратационо) сфери кат]'она на молекул воде на површини.

SUMMARY

INFLUENCE OF ALKALI METAL CATIONS ON THE ELECTROCHEMICAL

HYDROGEN EVOLUTION ON ZINC FROM ALKALINE SOLUTIONS

OLIVF.RA 2. PAVLOVlC and MILAN V. VOJNOVlO

Faculty of Technology, University of Novi Sad, YU-21000 Ncvi Sad, and *Faculty of Tcclmohtgy

and Metallurgy, University of Belgrade, P. O. Box 494, YU-1I00I Belgrade, Yugoslavia

The kinetics and mechanism of the electrochemical hydrogen evolution on a zinc electrode

in alkaline solutions of potassium, sodium and lithium hydroxide pcrchlorate mixtures were

investigated. The total concentration of (alkalH metal cations was varied (0.01.—5.0 mol/dm3) at
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several constant рН values (8.0'—14.7). ThepH was kept constant by changing the ratio of hydroxide

and salt concentrations. Determination of steady state polarization curvts by the galvanostatic

technique and the analysis of the curves showed that the increase of the concentration of cations

was followed by the increase of the rate of the cathodic process, and that the order of the cathodic

reaction with respect to potassium, sodium and lithium cations was close to one. The existence

of the dependence of the electrochemical hydrogen evolution kinetics on the nature of cations

was proved. The rate of hydrogen evolution increases in the sequence K+<Na+<Li+, being in

agreement with the increase of the negative value change of their hydration enthalpies, i. e. with

the decrease of their crystallographic radii (or increase of the charge density). Various possible

interpretations of the observed effect are discussed.

(Received 18 May 1983)
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A simplified equation for the calculation of energy levels of tetrahedral XY4

molecules is proposed. It was checked against the observed band frequencies of

gaseous CHi and CD4, dissolved and liquid CH4. The agreement for most of the

bands was found satisfactory. For bands of gaseous CH4 appearing at 5861, 8421,

8604, 8807, 8900 and 9047 cm1 a reassignment is proposed as vi + vs, vi+vs+ 2v4,

2vl+v3, vi + 2vs, Зуз and 2v2+2v3 respectively. Resonance does not seem to play

a significant role in determination of the energy levels of methane.

The vibrational spectrum of methane has been recorded in an unusually

wide frequency range, first of all because of the necessity of explanation of the

reflection spectra of large planets and their satellites. Many of the features of these

spectra can namely be attributed to methane absorption1-2.

The detected and assigned bands of methane in the middle and near infrared

were first reviewed by Herzberg3 in 1945, who made also a significant contri

bution to the clarification of some parts of the spectrum. The listed frequencies

and assignments have been undisputed for a long time. It should be noted that

these assignments were necessarily incomplete and for several frequency groups

only the most probable transitions were listed within these groups, without

specific assignments.

In order to account for the energy levels of tetrahedral XY4 molecules one

may use three relations, all derived by the perturbation theory. The first (general)

one is due to Nielsen4. Next to four harmonic frequencies, toj, fifteen anharmonicity

constants are at least necessary to describe the energy level scheme of this type of

molecule (ten of the type xtt and five of the type gtt). In order to solve the system,

one therefore needs a minimum of 19 reliably assigned vibrational frequencies.

A further development in theory has been given by Hecht5. It retains the

anharmonicity constant xtt of the Nielsen equation, but instead of the anharmonicity

constants of the gtt type it introduces ten constants designated as G(t, T^and

Sit> describing thus the energy levels of XY4 molecules with 23 constants.

Later, Sadullaev and Sushchinskii6 proposed a different form of the energy

level equation, requiring next to four harmonic frequencies, only ten more anhar

monicity constants.

* Reported at the 23rd Colloquium Spectroscopicum Internationale, Amsterdam 1983

(Spectrochim. Acta 28B, Supplement 1983, p. 320).
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Despite the availability of calculated values of anharmonicity constants of

methane required for the three mentioned formulae, there have not been published

attempts to calculate the positions of the methane energy levels, except the lowest

ones6'7.

The present authors have recently shown8 a successful way of calculating the

energy levels of a tetrahedral XY4 molecule, carbon tetrachloride, by using both

the Nielsen and Sadullaev-Sushchinskii equations. Since a rather extensive number

of methane near-infrared frequencies are known, it was thought of interest to try

out the same method for gaseous, dissolved and liquid methane.

EXPERIMENTAL

Methane from a natural source of a declared purity of 99.6 per cent* was subjected to

repeated ampoule-to-ampoule distillations, discarding head and tail fractions. Chilled carbon

tetrachloride (E. Merck, Darmstadt, p. a. purity grade) was saturated with the gas immediately

prior to recording the absorption spectrum. It was done in 100 mm cells with a Cary 17D spectro

photometer, keeping a cell with the pure solvent in the reference beam.

CALCULATIONAL PROCEDURE

A finding described in a previous paper8 was followed, where it was shown

that the infrared-active transitions of tetrahedral XY4 molecules occur between

the ground level and upper sublevels, defined by quantum numbers /< which equal

to the corresponding quantum number vt. For example, the band of 2v3 is a transition

00220«-0000 instead of 002°0-^0000. The following was established:

1) In the cases when applicable, in the Nielsen equation only combinations

of anharmonicity constants хцс+gn appear, making it unnecessary to derive the

constants gik separately. These sums are presently designated as Xit.

2) Since the frequencies <.j? are defined as3b

W° = V, — (xa+gu),

it follows from the above that oj?=v<—Хц. This avoids the need to calculate the

constants о>° separately and the energy level evaluation can be performed with

the use of fundamentals alone. The energy-level equation can be therefore

written as

G(vi, V2, V3, V4,) = 2 v* v' +2^" Vl(v'~ ')+ 2 Vl Vk- О

DERIVATION OF ANHARMONICITY CONSTANTS

The accessible methane spectrum does not contain a sufficient number of

bands belonging to transitions to levels surely unperturbed by resonance in order

to allow derivation of a complete set of anharmonicity constants. A straightforward

* For the gas and its analysis the authors are indebted to Mr. Petar Ristic of the Nafagas

Laboratory, Novi Sad.
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derivation can be done only for ДГи, Хгз, X>4 and Хц. The influence of resonance

can be avoided by taking sums of resonating levels which by definition equal to the

sums of unperturbed ones. In such a way the sums Xi4+Xa= — 14.6 cm-1 and

Х1з+2Хзз=- Ю8.5 cm-1 were obtained using sums of the diads (1001)/(001 1)

and (1010)/(0020)*.

On the other hand, the sequence of bands belonging to the transitions (viOlO)

has been identified by Giver1 up to щ=8. The spacings Av between the members

of it can be expressed as

Av = vi +2viXn +XW (2)

and a least-squares fit yields the two involved constants. A negligible influence of

resonance is assumed here, as it will be discussed later.

According to both the theory of Sadullaev and Sushchinskii* and the finding

of Jones and McDowell7, the constants xi-г and хц equal zero. Since gi2 and £14

do not participate in the energy-level equation (/<=0), the constants X12 and X\$

are also zeros. This allows a derivation of the complete set of required constants

shown in Table I.

TABLE I. Fundamental frequencies and anharmonicity constants of gaseous CH4 and CD4

used in the calculations (cm-1)

Constant CH4 CD 4 Constant CH4 CD 4

Vl 2916.5 2107.8 Xl4 0 0

Vj 1533.3 1092.2 X22 - 0.8 - 0.4

va 3019.2 2258.6 AT23 - 2.6 - 1.4

V4 1310.8 996.0 X24 -13.8 - 7.4

A-,, -56 -28 X33 -20.8 -11.4

X12 0 0 X34 -14.6 - 8.2

Xw -67 -35 X,4 - 3.7 - 2.1

RESULTS AND DISCUSSION

Gaseous methane

In Table II the recorded band frequencies of gaseous methane up to 14640

cm-1 are listed corresponding mostly to Herzberg's review3, but with updated

frequency values when available. The assignments are due generally to Herzberg.

Columns 4 to 6 of the Table contain calculated frequencies taken from literature6-79.

The last column shows the presently calculated frequencies according to Eq. (1)

and Table I data.

In spite of the fact that the calculation yields unperturbed frequencies which

are not expected to match most of the recorded ones, it is quite obvious that some

of the old assignments should be revised. The first one is the band recorded at

5861 cm-1 which has been assigned as (Oil l)3, while no place is given for (1010).

This transition should be quite prominent in the spectrum, especially when con-

* In the following this way of designation means a transition from the ground state, e. g

(1001) stands for 1001«-0000.
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TABLE It. Observed and calculated vibrational frequencies of gaseous methane (transitions from ground level;, cm-1

Reference Assignment д Calculated

Frequency to frequency

mcasurcmcn Herzberg" This work Ref. 7 Ref. 6 Ref. 10 This work"

1310.8 13 0001 1303.8 1309 1308.4 1310.8*

1533.3 13 0100 1533.7 1538 1532.4 1533.3*

2614.2 14 0002 2595.6 2608 2604.1 2614.2*

2830.3 1? 0101 2826.3 2847 2830.3*

2916.5 1(. 1000 2916.3 2929 2920.9 2916.5*-

13019.2 10 0010 3018.5 3023.5 3022.5 3019.2*

3065.1 15 0200 3071 3056.9 3065.1*
4123 3 0102 4120

4223.5 17 1001 4220.1 4238 4235.4 4227 \.-

4319.2 IK ООП 4310.3 4332.5 4324.8 4315 I
4549.9 1" оно 4537.2 4561.5 4547.5 4549.9*

5585 3 0012 5604

5775 3 1101 5747

5861 3 0111 -1010 5869.8" 5880.5" (5832)" 5869\*

6004.6 20 0020 6002.0 6007 5983.7 5997 J
7514 3 0120 7525

8421 3 2002 1012 (8335) 8454

8604 3 0022 2010 (8553) 8606*

8807 3 2010 1020 (8606) 8779

8900 3 1020 - 0030 (8779) 8933

9047 3 0030 0220 (8933) 9051

10114 3 2110 10140

10300 3 1120

0130

10310

10460

11220 9 -3010

-2020

11230*

11450

11600 9 1030 11650

11885 3 0040 11830

12755 3 3110

-2120

1130
0140

12760
12980

13170

13350

13750 9 -4010

3020

13750*

14010

14220 4 -2030
1040

14250

14480

14640 9 0050 14680

* Frequencies or their sums used to set the system of anharmonicity constants, a) Levels connected by brackets are

very probably in resonance, b) Figures in parentheses refer to calculations of frequencies of levels referring to the old

assignment (left-hand column), c) Values calculated for the level 1010.

Fig. 1. Spacings, Av, between bands of the

sequence (fi010) against the vibrational quantum

number vi of the lower level. Open circles are

n 2 4 6 В assignments of Giver1, crosses the ones of

i Hcrzberg3, and full circles of this paper.

sidering the finding1 that all the transitions beginning with (3010) up to (8010)

have been located in the spectrum. In connection with this, the band at 8604 cm-1

could not possibly correspond, to (0022), but to (2010). The two proposed changes
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appear also quite convincingly when the spacings, Av, between the members of

this sequence are plotted against vi, as shown in Fig. 1. The old assignments are

marked by crosses in the diagram.

Further, if 8604 cm-1 belongs to the transition (2010), the places of other

associated transitions, (1020) and (0030), should be shifted, as shown in Table II.

Dissolved and liquid methane

A further check of the calculation was extended both to dissolved and liquid

methane. In the former case the available data are rather scant. Next to the presently

recorded band group of the ССЦ solution in the 4200 to 4500 cm-1 region, another

one of a liquid argon solution in the 5500 to 6300 cm-1 region has been published

by Pavlushkov and Shchepkin20. For liquid methane two studies are available. The

first one with a low-resolution spectrum of Corin and Herry10 from 1936, and

another, more recent one due to Ramaprasad et al.2 aimed unfortunately only

toward band strength determination.

In the CC1.1 solution of methane, bands due to the (1001) /(001 1) diad could

be readily identified at 4202 and 4299 cm4. The calculation (with fundamentals

taken as 2907, 1533, 3008 and 1303 cm-1 and anharmonicity constants of Table I)

yielded in very good agreement 4210 and 4300 cm-1. Other two bands at 4390 and

4517 cm-1 of smaller intensity could not be identified with certainty.

In the liquid argon solution of Pavlushkov and Shchepkin20 four bands have

been recorded at 5580, 5612, 5810 and 6002 cm К Their assignment was (0202),

(0012), 0111) and (0020) respectively. Our calculation with dissolution shifts of

the fundamentals (zero-order frequencies) reported by the above authors, yield

full agreement with the last two band assignments [(01 1 1) = 5822 cm-1 and (0020) =

= 5988 cm-1]. The first two rather closely lying bands appear to belong to (0202)

and (0012) but in a reversed order [(0012) = 5588 cm"1 and (0202) = 5612 cnr1]*.

It is somehow surprising that the band of (1010), expected at about 5860 cm-1,

did not appear in this spectrum.

When dealing with spectra of methane dissolved in non-polar solvents,

the appearance of "rotational wings" is expected to occur21. Sometimes it is rather

difficult to distinguish regular vibrational bands from the wings. There seems

to be no reason why the same should not appear in liquid methane, but to our

knowledge no mention has been made of it.

In liquid methane the overtone (0002) has been found by Orlova et a/.11 at

2585±10 cm-1, while the calculation (with fundamentals taken as 2905, 1533,

3010 and 1300 cm-"1) yields 2590 cm"1 in good agreement. A lone doublet band

has been recorded by Ramaprasad et al.2 at about 5095 and 5155 cm-1. The authors

assign the latter band to 4v4 while for the former no explanation has been given.

Our calculation yields for (0004) 5156 cm-1 in perfect agreement with the latter

figure. No transition could, however, be ascribed to the first (less intense) band.

It could be either a result of splitting of the level 0004 or just an impurity. A simi

larly shaped doublet has been detected at roughly 3000 cm 1 higher frequencies,

* If the band of (0012) appears in the gas3 at 5585 cm-1 (which is in agreement with our

calculation too), the assignment of the 5612 cm-1 band to it, with a positive dissolution shift,

does not seem reasonable.
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i. e. at about 8052 and 8094 cm-1, which can be readily ascribed to (1004) and (0014)

respectively (calcd. 8061 and 8107 cm-1). Further, a band is seen at about 10900

cm"1, belonging most probably to unresolved (2004) and (1014) (calcd. 10850 and

10950 cm-1 respectively).

A band group in the liquid has been recorded2 in the 9600 to 10400 cm1

region. It is an obvious overlapping of many bands with two distinct maxima at

about 9870 and 10090 cm-1. The latter is most probably dominated by (2110)

(calcd. 10110 cm1) but no consistent picture could be obtained both for the fre

quency and intensity distribution of the rest of the bands. Other recorded band

groups, extending into the visible region2, display an increasingly poorer resolution,

obviously due to overlapping of many bands. Maxima of these bands appear at

about 11250, 13730 and 16100 cm-1 indicating the domination of the sequence

(wiOlO), similar to the gaseous spectrum. [Calculated figures: (3010)= 1 1 190 cm-1,

(4010)=13690 cm-1 and (5010)= 16080 cm-1, in reasonable agreement with the

above figures].

Deuieromethane

An independent check on the CH4 calculation may be made by use of known

CD 4 data. The CH4 anharmonicity constants can be recalculated for the isotope

effect using the relation7

A(t = Aft

where the primed quantities refer to deuteromethane. As an approximation, the

fundamentals instead of the zero-order frequencies (oj) were used. The derived

anharmonicity constants are shown in Table I, while the values of the fundamentals

are experimental values as given in Ref. 6. The results are shown in Table III.

They are rather satisfying.

TABLE III. Vibrational frequencies of CD4

Frequency (cm-1)

Transition

exp.* calcd.

2000 — 4157

0200 — 2184

0020 4496.4 4494

0002 1986.8 1988

1100 — 3200

1010 4331 4330

1001 3105 3104

0110 3338 3349

0101 2084 2081

ООП 3255 3246

0030 — 6707

2010 — 6343

3010 — 8298

* Ref. 6
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Influence of resonance

At the present level of approximation the calculation yields necessarily

energies of levels unperturbed by quantum mechanical resonance. Since the re

sonance is very probable between levels being of the same symmetry species, a

question arises about the magnitude of the resonance shifts. The general feeling is

that this influence is not particularly great. This can be illustrated when con

sidering, for example, the suspected resonating diad (1010)/(0020):

Level Observed Calculated Difference

1010 5861 5869 +8 cnr1

0020 6005 5997 -8 cm^1

meaning that the influence of the resonance does not play a significant role even

though the resonance interaction constant | W j has here a medium magnitude of

about 30 cm-1*. The small shifts are obviously a result of a relatively large spacing

between unperturbed levels.

Another judgment about the intensity of the resonance shifts can be obtained

from the analysis of spacings of levels belonging to the sequence (wi010), shown

in Fig. 1. These levels are first members of suspected resonating groups of the

general formula z>i010/(ui — 1)020/(^1—2)030 .. . The resonance intensity is

expected to increase with the increase of v\. If this actually occurs, a non-linear

relationship should be found between the spacings, Av, and v\, and eq. (2) would

not be applicable. Since a linear relationship exists, within the experimental uncer

tainties, one may ascribe the decrease of spacings solely to anharmonicity.

CONCLUSIONS

The simplified energy-level relation given by eq. (1) yields a satisfactory

ageement with the observed band frequencies of gaseous CH4 and CD 4 and of

methane in dissolved and liquid states.

Resonance does not seem to have a significant influence on the energy levels

of methane.

When recording and analysing the methane spectra one should be aware of

the relatively very low absorption power of this compound. The most likely impurity,

ethane, has, for example, one order of magnitude more intense absorption than

methane22; in addition it displays bands in the same regions.

* It should be noted that the theoretically derived value of this constant20 is —67 cm"1.
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ИЗВОД

ВИБРАЦИОНИ СПЕКТАР МЕТАНА. ДЕЛИМИЧНА ИЗМЕНА АСИГНАЩНЕ

СЛОБОДАН В. РИБНИКАР н CTOJAH Р. СТОДКОВИЪ

Инсшишуш за физичку хемщу, Природно-машемашички факулшеш Универзишеша у Београду,

й. йр. 550, 11001 Eecipag

Предложена je по)едноставл>ена )едначина за израчунаван>е положа)а енергетскнх

нивоа тетраедарских молекула типа XY4. Проверена je према фреквенци)ама трака гасо-

витих СН4 и CD4 као и метана у растворима и у темном стан>у. За шест трака СН4 предло

жена je измена порекла прелаза (асигнащце). Резонанци)а ме1)у нивоима изгледа да нема

знача)ни)ег утица)а на облик спектра.

(Примллно 6. децембра 1983)
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Optimum temperatures for the emission of some bands of Сг, CN, CO

and Сз molecules as well as band intensities at temperatures arising in the graphite

arc are calculated. These molecules produce the background band spectra in the

graphite arc.

This paper is directly connected with earlier papers conserning the investiga

tion of the influence of added ("third") substances (fluorine) on a d. c. arc freely

burning between graphite electrodes in air, and thus on the spectral line intensities

of the elements to be determined1-4. The detection of elements in traces in the arc

plasma is considerably influenced by the spectral background intensity. The back

ground in this type of arc is chiefly caused by the band emission besides continuous

emission. The presence of the third substance in the arc could cause a change

in the plasma composition and plasma parameters (temperature, electron density

etc.) and therefore a change in band background intensity.

In this work the optimum temperatures for the emission of some bands of

C-2, CN, CO and Сз molecules as well as band intensities under temperature condi

tions in the graphite arc are calculated. The radiation of Q>, CN, etc. produce

the background band spectra in the graphite arc.

RESULTS

Optimum temperatures

The intensity of radiation emitted by a species j in the plasma is proportional

to the product pj exp { — zqjkT) where pj is the partial pressure of species У (either

Сг, CO or Сз in this paper), e9 the excitation potential, k the Boltzmann constant

and T the absolute temperature. To determine optimum temperatures for the

emission of the molecular bands appearing in the arc, the products pj exp (—tq/kT)

are calculated in the temperature range between 2000 and 6000 K. Partial pressures

of CN, CO, C'2 and Сз in gas mixtures with constant N/O ratio (0.79/0.21) with

1 % C, for different temperatures are taken from ref. 1 . This gas mixture reproduces

the plasma composition of a graphite arc freely burning in air. The values of the

excitation potentials of the relevant molecular bands arc listed in Table I5. A plot

of the product p} exp (— e qjk T) as a function of temperature is presented in Pig. 1 -

185
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TABLE I

Molecule Electronic transition e,/eV

CN 3.19

Ct А3П,-*Х311„ 2.39

CO АШ -*XiL 8.06

C3 Щ.-^Х'Е; 3.06

The existence of a maximum of the curve at certain temperature indicates the

optimum temperatures for the emission of the corresponding band. From Fig. 1

log(reC"<T)

 

■ i i i : I Fig. 1 . Temperature dependence of log p x

2000 3000 4 000 5000 6000 T exp (- i,/A Г) for CN, C2) CO and C3.

it is obvious that optimum temperatures for the relevant electronic transitions of

CN, CO, C2 and C3 all exceed 6000 К and consenquently that the band emission

of these molecules originate predominantly from the arc core.

Band intensities

Assuming no axial dependence of radiation density, the intensity values

proportional to the measured spectral band intensity in a usual spectrochemical

analysis are obtained integrating the radial intensity distribution over the arc

radius. In our calculation, the arc was treated as a cylinder of radius R and height /.

The partial pressure of species j(j=CN, CO, Сг, Сз) is a function of temperature.
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Since the temperature is a function of coordinates of the chosen volume element,

p is also the function of coordinates: pj (r, 9, 2) xpj (r). After integration over 9

and 2, the integrated radiation I)q of a given band q, of the observed molecule j,

can be obtained1:

я

Ijq ~ 2n I ■ Cjq j p] exp ( — zqlkT)rdr (1)

0

where e9 is the excitation potential and Cjq includes the transition probability from

the state q to the ground state. Ij9 can be obtained by numerical integration of eq.

(1). On the basis of the experimentally determined temperature distributions and

 

Fig. 2. Radial distributions of products pj r exp (- zjkT),j= CN, C2, CO and Сз; full

line: Г(г)-1, dotted line: T(r)-2, dashed line: 7"(r)-3 from Fig. 3.

calculated plasma composition in the arc, the values of rpj exp (~tqjkT) for C2

CN, CO and C3 are calculated and presented as a function of r in Fig. 2. The sur

face bounded by the curves is proportional to Ijq. Each single curve of the three

presented, for each molecule, in Fig. 2 is related to the particular temperature

distribution in the arc4, Fig. 3. Curve 1 of Fig. 3, corresponds to the radial temper

ature distribution for a 9A d. c. arc freely burning between the graphite electrodes;

Curve 2 represents the arc in the presence of 0.0 1 % Ca ; Curve 3 represents the

arc with 0.1% F and a small amount of Ca (0.0001%).
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Fig. 3. Radial temperature distributions. 1: graphite arc in air; 2: graphite arc in air with

0.01% Ca; 3: graphite arc in air with 0.1% F.

DISCUSSION

The influence of temperature and radial temperature distribution in the arc

on band intensities of C2, CN, CO and C3 molecules is shown in Fig. 2. In Table II

band intensities are presented for each of the three temperature distributions.

TABLE II

Molecule

I) я

Г(2)-3 TV)- 1 Г(г)-2

c, 7.4 3.9 1.0

CN З.б 1.3 1.0

CO 1.7 1.1 1.0

Сз 19.7 3.5 1.0

taking the intensity for T(r)~ 2 (the lowest temperature at the arc centre) as one.

It is obvious that the high temperature conditions are very convenient for the

formation of C2, CN, CO and C3 molecules and their band spectra, and because

of that the highest band intensity for T(r)— 3 (the highest temperature at the arc

centre). These results are in accordance with the reduction of C2, CN band inten

sities, experimentally observed6, when the arc temperature is lowered by the addition

of an easily-ionized substance, in our case the arc with Ca.

To calculate the real value of band intensity it is necessary to take into account

the transition probabilities. Cjv from cq. (1) is proportional to gi,A4l„ where g,,

is the statistical weight of the upper q state and A qp is the Einstein probability for
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the spontaneous emission from q-^-p. In Table III the literature values7-10 of the

life times т of the excited states and the Einstein transition probabilities A for

electronic transitions of C2, CN, CO and C3 molecules are given. A is reciprocal

to т in the simple case of unique transition.

TABLE III

Molecule -r(ns) A (107s-i) gA (107s-i)

C» 170 7 0.59 3.5

CN 60 8 1.6 3.2

CO 9.4—10.7 10.3 9 20.6

C3 200 10
0.5 1.0

The band intensity can be determined by multiplying the integrated products

pi r exp (—tq/kT) by gqAqp. With 1% С in plasma, which reproduces a usual

situation in graphite arc6, the integrated values od pj r exp ( — sqlkT) for C2 and

CO have the same order of magnitude 10 8—10 9, CN about 10-6—10~7 and C3

10_ls—10~14 atm mm2. Tne values for gA of C2 and CN are very close to one

another since the value for gA of CO is six times higher compared to the value

/с'п, езп

 

Г '4

18 r(A)

Fig. 4. Electronic states of CN, C2, and CO molecules. Vibrational levels and wave functions

for electronic states relevant for the transitions observed in the arc are indicated.

of C2 and CN. On the basis of these facts a comparable band radiation intensity

can be expected in the arc from CN, C2 and CO molecules. The graphite arc,

as it is experimentally found, is a suitable excitation source for certain CN and C2
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bands. However, the relevant emission of CO from the graphite arc is very weak3.

The possible explanation could be in the fact that the equilibrium С—О distances

of the ground and electronic excited states are rather different. Because of that a

longer band progression is expected with the bands having relatively small inten

sities, Fig. 4. The emission band intensity of C3 is expected to be very low in the arc

with 1 % С in the plasma, but would be appreciably higher for higher concentrations

of carbon because of the cubic dependence of the Сз concentration on the con

centration of carbon.

The potential curves in Fig. 4 are constructed using the molecular constants

given in ref. 7 and assuming the harmonic approximation. On the basis of this

figure the appearance of B2Z+-*Xa2+ of CN, А^^ХЧ of CO and d3n^a3 П„

of C2 in the graphite arc can be explained. The vibrational levels and wave functions

for these states are also indicated. Other transitions allowed according to dipole

and spin selection rules are either in the IR region (as Ь3£^а3П„) or with too

small transition probability7 (as А'Пи-^Х'Е,) of C2 or originate from a lowly

populated upper state (as СгП,->А1Пв) of C2.

извод

TEOPHJCKO ИСПИТИВАгЬЕ ИНТЕНЗИТЕТА ТРАКАСТОГ ДЕЛА ПОЗАДИНСКОГ

ЗАЦРгЬЕгЬА У ГРАФИТНОМ ЛУКУ KOJH СЛОБОДНО ГОРИ У ВАЗДУХУ

JEJIEHA РАДИЪ-ПЕРИЪ

Институт за физичку хемщу Природно-машемашичксл факулшеша, Београд

Израчунате су оптималне температуре за емиси)у трака С2, CN, СО и Сз молекула.

Под температурским условима kojii влада)у у графитном луку Kojn слободно гори у ваздуху

одрег)ени су интензитети ових трака Koje да;у битни део позадинског зацрн>ен>а у графит

ном луку.

(Примл,ено 14. децембра 1983)
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It was found by spectrophotometric and pH-metric measurements that

uranyl ions and monohydrohybenzene form complexes [U02(CeHsO)] + and

[UOs(CeH50)2] in the region 2.0<pH<2.5 and 3.0<pH<4.0, respectively.

The stability constant of the first complex log Ki = 9.62, was determined by the Job,

Bent-French and Sommer methods, at the ionic strength of ц= 0.54, at room tem

perature (з»20°). The stability constant of the second complex, log |3s= 13.2, was

determined by using the pH-metric method according to Job, at the ionic strength

(i = 0 and at 20±0.5°. Composition and stability constants of mercury-monohy-

droxybenzene complexes were also determined by using the pH-metric method

according to Job. Two complexes, [Hg(C«H50)]+ and [Hg(CeHsO)2] are formed

in the interval 3.2<pH<3.6, at the temperature 20±0.5°, with the stability con

stants log Ki = 6.22 at u = 0.30, log Кг = 7.01 at fi = 0.25 and log Эг^ 10.8 at ц = 0.

Uranyl — monohydroxybenzene complexes have already been investigated.

Nageswara and Raghava1 established the formation of a 1 : 1 complex. They also

recorded the absorption spectrum of this complex with two characteristic maxima

at 420 and 480 nm.

Bartusek and Ruztekova2 investigated the uranium — monohydroxybenzene

complex by using potentiometric methods and have found that а [иОг(СбН50)]+

complex with the stability constant log Ki = 3.80 is formed at pH>0.4. No data

have been found in the literature on complex compounds of mercury and mono

hydroxybenzene.

EXPERIMENTAL

Measurements were performed by using spectrophotometeres Beckman DU-2 and Unicam

SP 8000 with I cm quartz cells.

For pH-metric measurements pH-meters Radiometer pHM 28 and pH 26 were used.

The reagents used were: monohydroxybenzene, HNO3 and NaOH, Merck, all p. a.,

UOz(NO)« • 6 H2O and potassium biphthalate, Fluka AG, p. a., HgCl2 and KNO3, Lafoma, p. a.

and buffer solutions S 1001 and S 1231, Radiometer.

191
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RESULTS

Determination of the composition and stability constants of uranyl — mono-

hydroxybenzene complexes by spectrophotometry

The absorption spectra of uranyl nitrate and monohydroxybenzene solution

mixture, uranyl nitrate solution and monohydroxybenzene solution were measured.

Measurements were performed at pH-=2.5, 3.0, 3.5, 4.0 and 4.5, and room tem

perature 20°). The colour of the complex disappeared at pH<2, and at pH=4.5

a dark precipitate appeared due to hydrolysis of UO^+ ions. For the same reason

the increase of pH caused the change of иОг(ЫОз)2 spectra and shifting of the

band maximum from 410 nm (pH=2.5) to 420 nm (pH=4.5).

Figure 1 shows the spectrophotograms of uranyl nitrate and monohydrox

ybenzene mixture at different pH values. Uranyl nitrate solutions of the same

concentration as that of the mixture with monohydroxybenzene were used as

Fig. 1. Spectrophotograms of solutions:

1. 0.01 mol/dm3 UOa(N03)2—0.4 mol/

/dm3 CeH6OH(pH= 2.5, 2. 0.005 mol/

/dm3 U02(N03)2—0.2 mol/dm3 C«H5OH

(pH = 3.0), 3. 0.0025 mol/dm3 UOa(N03)a

—0.1 mol/dm3 CeH5OH (pH=3.5), 4.

0.0025 mol/dm3 U02(N03)a—0. 1 mol/

/dm3 CeH5OH (pH = 4.0), 5. 0.0025 mol/

dm3 U02(N03)2—0.1 mol/dm3 CeH5OH

(pH=4.5), Reference: U02(N03)2.

reference. The absorbance of monohydroxybenzene being negligible in the spectral

region above 300 nm, the spectra in Fig. 1 belong only to uranyl-monohydroxyben-

zene complexes. These spectra have two wide bands in the regions of about 350 nm

and 460 nm. From pH=2.5 to 4.0 positions of the maxima remain unchanged,

while at pH=4.5 one characteristic maximum appears at 355 nm, probably due

to the effect of hydrolysis of the UO^ ion bound in the complex.

On the basis of the spectra presented in Fig. 1 the composition of the com

plexes was investigated by using suitable spectrophotometric methods in the spectral

region 470—500 nm, where only these complexes absorb.

The composition of the uranyl complexes was determined by using the Job3

method. Figure 2a shows the Job curves for the solution mixtures prepared from

x cm3 od 0.2 mol/dm3 uranyl nitrate solution and (10—x) cm3 of 0.2 mol/dm3

monohydroxybenzene solution at pH=-2.0 and at the ionic strength fi.^0.54; AA is

the difference between absorbances of the prepared solution mixture and of the

uranyl nitrate solution of the same concentration, and и г — the molar ratio of uranyl

nitrate. The monohydroxybenzene in the complex being in the ionic state, the Job

curve maximum «max=0.5, points to the formation of the complex UO^+ : CeHsO

1 : 1, and the inflection at n и = 0.33 indicates presence of the complex UO; :

: СбН50~= 1 : 2. Fig. 2b shows the Job curves for 0.05 mol/dm3 solution mixture
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of uranyl nitrate and monohydroxybenzene at pH=4.0 and at the ionic strength

ia=0. 15. The curve maximum, ит»х=0.33 corresponds to the formation of the

[иОгССвНбОЗг] complex. The inflexion at «u=0.5 indicates formation of the

[UOaCCeHsO)]" complex.
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Fig. 2. The Job curves used for determination of the composition of uranil-mono-

hydroxybenzene complexes.

Composition of the uranyl-monohydroxybenzene complex at pH=2.5 and

jx=0.3 was also determined by employing the Bent-French method4. Solutions

with different concentrations of uranyl nitrate (0.02—0.10 mol/dm3) and with

constant concentration of monohydroxybenzene (0.25 mol/dm3) were prepared.

Absorbances of these solutions were measured using uranyl nitrate solution of

corresponding concentration as a reference. Fig. 3a shows the dependence of absorb
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ances of these solutions on uranyl nitrate concentration. The slope, p= 1 , indicates

the participation of one UO^f ion in the formation of the complex.

In order to determine the number of CeHsO" ions in the complex, q, absorb-

ances of solutions with different concentrations of monohydroxybenzene (0.02—

0.05 mol/dm3) and with constant concentration of uranyl nitrate (0.1 mol/dm3)

were measured using 0.1 mol/dm3 uranyl nitrate solution as a reference. The ob

tained results are presented in Fig. 3b. The slope, q= 1 points, as well as p= I, to

the formation of the [U02(CeHsO)]+ complex.

Tese results are in good agreement with those obtained by the Job method

which show formation of the [U02(CeHsO)]+ complex in the region 2.0<pH<2.5.

General equations established for the relative and concentration stability

constants of the complex with monohydroxybenzene in the ionic form, [UO2-

(СвНбО)]1, have been given, in a previous paper5.

Partial relative stability constant K\ of the complex [иОг(СбН50)]+ was

determined by the Sommer6 method for calculation the points from the Job curves

presented in Fig. 2a. Because of the deformation of the inflection on the left hand

side of the curve, caused by the presence of [U02(CeHsO)2] in that region of molar

ratios, only the points near the maximum on the right hand side of the curve were

used for calculation.

The partial concentration stability constant Kk\ is calculated from K{, the con

centration of H+ ions and the monohydroxybenzene dissociation constant7 (ka==

'=-2.06 x 10"10 at 20°). The partial thermodynamic stability constant, Ku from /£?

and from the activity factor of ions is calculated. The results are presented in Table I.

TABLE I. The molar absorptivity, relative and concentration stability constants, UO|+ ion activity

factor and thermodynamic stability constants of the complex [UOaCCaHsO)]*, calculated from

absorbances measured at different wavelengths

logK,

[1 = 0.54Xnrn a Ki K\ x 10-« hv KxX Ю-9

470 2.31 8.57 6.79

0.140 4.18 9.62

500 1.98 6.20 4.92

Determination of composition and stability constants of UO^ h — monohydrox

ybenzene and Hg(II) — monohydroxybenzene complexes by pH-metry

Formation reaction of mononuclear complexes of bivalent metal ions with

a weak acid, as of UO^ 1 or Hg(II) ions and monohydroxybenzene, can be presented

by a general expression:

M2t »Н1Г:МЦ2"ЧяН+ (1)

where the bivalent cation is Al2! and the monohydroxybenzene molecule is HL.

Liberated H+ ions form with the metal salt anion a strong ionrganic acid, suitable

for investigation of the reaction by pH-metric measurements. The increment of H+
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ion concentration in the mixture, which is directly proportional to the amount of

the formed complex, is calculated from the expression8:

Д[Н+] = [H+]„-{[H+]hl+[H+] m} (2)

where [H+]s is the concentration of H+ ions in the mixture and [H+]hl and [H+] и

are concentrations of H+ ions in monohydroxybenzene and uranyl nitrate solutions,

respectively. Monohydroxybenzene and uranyl nitrate concentration is the same in

their respective solutions and in their solution mixture.

Composition of the uranyl-monohydroxybenzene complex was determined

according to the Job method, by preparing two series of solutions. In the first series,

the solutions were prepared by mixing: x cm3 of 0.1 mol/dm3 U02(NOs)2 with

(10—x) cm3 of 0.1 mol/dm3 monohydroxybenzene, and in the second series x cm3

of 0. 1 mol/dm3 U02(NOs)2 with (10—x) cm3 of НгО. The value of x varied between

1 and 9. The third series of solutions, i. e. mixtures ofmonohydroxybenzene solutions

with water, were not prepared because of the very low concentration of H+ ions

formed by dissociation of monohydroxybenzene, which therefore had no effect

on A[H+], according to eq. (2). Immediately prior to pH measurements the solu

tions were thermostated at 20°. Activity values of H+ ions, measured by using a

glass electrode, can be used to substitute concentration values in constructing the

Job curve. Dependence of Дан+ on the molar fraction of UO^ ions is shown in

Fig. 4. The part of the curve from n и =0.7 to 1.0 was approximated by a straight

 

Fig. 4. The Job curve for determination of the composition of uranyl-monohy

droxybenzene complex, obtained by pH-metric measurements. c=0.1 mol/dm8.

line because of insufficient precision of the apparatus used. It can be seen in Fig. 4,

that the maximum at и it— 0.33 points to the formation of the [UC^CeHsO)*]

complex and the inflexion at иг 0.5 — to the presence of the [UO >(Cr>H!>0)] •

complex.

Two series of solutions were prepared for determination of the Hg(ll) —

monohydroxybenzene complex, by mixing x cm3 of 0.2 mol/dm3 HgCla with

(10—x) cm3 of 0.2 mol/dm3 monohydroxybenzene and H2O, recpectively. The Job
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curve is shown in Fig. 5. For the reasons given above, the part of the curve from

«Hg=0.8 to 1.0 was also approximated by a straight line. The obtained curve has

maxima at янк^О.ЗЗ and ннв=0.6, pointing, respectively, to the formation of

 

Fig. 5. The Job curve for determination

of the composition of Hg(II)—mono-

hydroxybenzene complex, obtained by

pH-metric measurements. c= 0.2 mol/dm3.

the complexes [Hg(CeH50)2] and [Hg(CeHsO)]+, since пнк^0.6 approximates

the value nHg=0.5. Namely, the obtained second maximum value which would

correspond to the complex CeHsO- : Hg2 =2 : 3 is not real, the monohydroxy-

benzene with one —OH group being capable of binding one metal ion only.

The cumulative concentration stability constant, p*, of the [UC^CCeHsO)*]

complex was calculated by the method described earlier9 using H4 ion activity for

the first series of solutions at the points /л = 0.1, 0.2 and 0.33 (Fig. 4) from where

the [иО-аССбНбОЗз] complex predominates.

Since the (3* values are derived from solutions of sufficiently low ionic strengths

(Table II), a plot of y.1!'1 vs. log p* shows a linear dependence. The extrapolated

value to ji.=0 repesents thus the cumulative thermodynamic stability constant of

the [UOi(CeH50)2] complex with the value of log p2 = 13.1 1± 0.09.

TABLE II. The ionic strengths, H' ions concentrations, concentration stability constants at

different molar ratios of UO!+ ions and thermodynamic stability constant of the [и02(Сг,Н50)г]

complex.

я и \l [H ] lO3 fii :10-х log ft log [ii

0.10 0.030 0.99 1.55 14.2

|i* 0

0.20 0.059 1.53 3.58 14.6 13.17 J0.09

0.33 0.098 2.25 10.0 15.0

The partial concentration stability constant of the complex [Hg(CcH50)]+,

Kkt, was calculated in the same way as for the uranium — monohydroxybenzene

complex. Calculations were performed by using H ь activities of the first series of

solutions which this complex predominates (инк =0,5, 0.6 and 0.7).
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The partial thermodynamic stability constant, Ki, was calculated from

and the activity factor. The results arc presented in Table III.

TABLE III. The ionic strengths, H 1 ion concentration, concentration stability constants, activity

factor of Hg2+ ions and thermodynamic stability constant of the [Hg(CeHsO)] + complex at different

molar ratios of Hg2+ ions.

Я Hi V- [H+lxlO"1 x 10 5 /■+ K, x 10 » log/Ci

0.5 0.300 8.10 3.24 0.194 1.67 6.22

0.6 0.359 8.88 4.08 0.176 2.32 6.37

0.7 0.419 10.2 6.16 0.161 3.82 6.58

The cumulative concentration stability constant of the complex [Hg(CeH50)2],

p*, was calculated in the same way as i. e. by using activities of H+ ions of the

f irst series of solutions at инв= 0. 1, 0.2 and 0.33 where this complex predominates.

The partial thermodynamic stability constant K-i can be calculated in the case

when both K\ and рг values are determined at equal ionic strengths. In this case

logAT2 approximate value was calculated from logKi = 6.22 (^=0.3, Table III)

and log p2= 13.2 (f*=0.198), calculated from p* given in Table IV. At a medium

ionic strength, u. ^0.25, the value logK> is 7.01. The results are presented in

Table IV.

TABLE IV. The ionic strengths , H+ ion concentrations , concentration stability constant at different

molar ratios of Hg2+ ions, and thermodynamic stability constant of the [HgCCeHsO^] complex

нн„ [x [H+]xl0> flj x 10 11 logPJ logfiz logX^.

(jt = 0 |x = 0.2 5

0.10 0.060 2.88 4.39 11.64

0.20 0.120 4.16 8.43 11.93 10.8 L0.1 7.01

0.33 0.198 5.82 19.9 12.30

DISCUSSION

Present investigations have shown that uranyl ion and hydroxybenzene form

two complexes, [и02(СбН50)]+ and [и02(СбН50)2], in the interval 2.0<pH<0.4.

The complex Ги02(СбН50)] ь is formed in the region 2.0<pH<2.5.

Increasing pH increases the concentration of CeHsO ions thus enablig the

formation of the complex [UO^CeHsO^].

The spectrophotogram at pH -4.5 differs from those at lower pH values

due to hydrolysis, and probably to formation of hydroxocomplexes.

Our results are compared to those obtained by other authors for the formation

of uranium — monohydroxybenzene complexes. Nageswara and Raghava1 detected

the formation of a 1:1 complex but did not determine its stability constant. The

absorption maximum of this complex at 420 nm nearly coincides with the uranyl
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nitrate absorption maximum determined by the authors of this paper. This would

lead to the conclusion that Nageswara and Raghava measured only the absorption

spectrum of the solution with a predominant concentration of uranyl ions.

Bartusek and RuziCkova2 have established one complex only, [UC^CCeHsO)]^

at pH>4, with the stability constant log ATi = 3.80. According to our investigations,

hydrolysis of UOj+ ions occurs in this region and affects potentiometric measure

ments, which also explains the considerable difference in the values of stability

constants (our value log K\ =9.62 at (x=0.54) and in pH regions in which the

complex appears. '

We also compared our results with those of investigations of uranyl ion

complexes with other organic ligands. The stability constants for different complexes

vary from 4.45 to 11.14 for logKi; from 6.49 to 9.93 for log Кг, while for the

complex UOj1 — salicylaldehyde the value for log p2= 12.83. Our values, log K\ =

=9.62 and log Рг= 13.2 are in good agreement with the above cited literature data.

We have also found that mercury forms with monohydroxybenzene colourless

complexes [HgCCeHsO)]+ and [Hg(CeH50)>]. No data have been found in the

literature on mercury — monohydroxybenzene complexes. For this reason the

obtained stability constants are compared to those of mercury complexes with

other organic ligands. Values for log Ki for different complexes vary in a wide

region from 3.57 to 25.8; log Кг values from 3.2 to 9.4 and log p2 from 7.28 to 43.8.

As it can be seen from Tables III and IV, the stability constants of the obtained

mercury-monohydroxybenzene complexes arc within the range of the above

given values.

извод

ИСПИТИВАНэЕ КОМПЛЕКСА YPAHA(VI) И ЖИВЕ(Н) СА МОНОХИДРОКСИБЕН-

ЗЕНОМ

ДРАГАН С. ВЕСЕЛИНОВИЪ и ДУШАН Л. МАЛЫШЕВ

Инсшишуш за физичку xeMujy, Природно-машемашички факулшеш, Београд и Завод за физичку

xeuujy, Фармацеушски факулшеш, Београд

Применим спектрофотометрщских и рН-метри)ских метода утвр^ено je да уранил-

-joH и монохидроксибензен у области 2,0<рН<2,5 образу)у комплекс [иОз(С«НбО)]+ са

константом стабилности: log .Ki=9,62 (ц=0,54), док се у области 3,0<рН<4,0 образу)'е

комплекс [иОг(СвНоО)а] са константом стабилности: log Рг= 13,2 (|л=0). Жива(П) са моно-

хидроксибензеном o6pa3yje два комплекса у области 3,2<рН <3,6; [Hg(CeHsO)]+ са констан

том стабилности: log Ki = 6,22 (jx== 0,30) и комплекс [Hg(CeH50)2] са константама стабил

ности: log Кг = 7,01 (ц = 0,25) и log [Зг=10,8 (ц=0). Сва мереша су вршена на собно; тем-

ператури (20°).

(Примллно 19. новембра 1983)
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The reactions of l,8-dioxy-2-(2-pyrazolin-5-ylazo)-naphthalene-3,6-disul-

phonic acid with palladium(II) in aqueous media have been investigated. Three

complex species of MeR type were formed in a wide range of proton activity (from

7 mol/dm3 НСЮ4 to pH 14). The spectral characteristics of the complexes formed

depend on the medium acidity.

New reagents, azo-chromotropic acid derivatives with pyrazole as a hetero

cyclic diazo component1 show considerable reactivity with some metal ions. It has

been found1, that mono- and bis-pyrazolinylazo-chromotropic acid form different

types of complexes with copper and nickel in aqueous media. They are considerably

different in spectral characteristics. It was thought of interest to continue the

investigations of their reactions with some other metals. The study of the complexa-

tion reactions with palladium in aqueous and mixed solutions seemed to be the most

interesting at present time. This paper deals with the reactions of mono-pyrazolin-

-azo-chromotropic acid with palladium(II) in aqueous media. In order to avoid

competitive complexing effects, palladium(II) was used in perchloric acid media,

where it exists as the Pd(H20)424 ion3.

EXPERIMENTAL

The reagent, l,8-dioxy-2-(2-pyrazolin-5-ylazo)-naphthalene-3,6-disuIphonic-acid was syn

thesized as described in a previous paper2. The reagent stock solution was in the H-form, pH% 5,

concentration 1 x 10~* mol/dm3.

Palladium(II) standard solution, Pd concentration I X 10~3 mol/dm3 in 0.5 mol/dm3 НСЮ4;

prepared by dissolving PdCb as described in Ref. 4.

Other chemicals, НСЮ4 and NaOH, were of p. a. grade.

All measurements were performed with Beckman 5260 spectrophotometer using 1.00 cm

silica cells, and with the Beckman Expandomatic pH meter. All measurements were carried out

at room temperature.

RESULTS

Absorption spectra of complexes

The absorbance of the spectrophotometric system is a function of wavelength,

medium acidity, time, ligand to metal molar ratio and order of addition of acid

201
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or alkaline reagent and palladium. The acidity of the solution was carefully controlled

by addition of perchloric acid in the acidic range; for pH 8—13 sodium hydroxide

was used.

Absorption spectra of the reagent — palladium solutions at different pH

values confirm that three complex species exist in the system (Fig. 1). The complex

A

07 4 

Mnm)

Fig. 1. Absorption spectra of reagent and complex species,

1 _ CR=2.4xlO-5 mol dm-3 (8.2 mol/dm3 НСЮ4);

2 — GV=8.87xl0-5 mol dm-3, CP(i=3.0x lO 5 mol dm"3

(6 mol/dm3 НСЮЛ ref. reagent; 3— CR=- Cpd = 4.0 x lO5

mol dm-3 (pH 2.7); 4 — CR -Crd = 4.0x 10"5 mol dm-3

(pH 13.3).

formed in slightly acidic media (pH 3) has an absorption maximum at 660 run.

The order of addition was : perchloric acid, reagent and palladium solutions. Upon

the increasing of the solution acidity up to 7 mol/dm3 HClOi(H0= —3.5, Hammett

function5) the protonation of the pyrazole ring occurs, but the absorption spectra

of the reagent remain unchanged2. The complex formed in very acidic media

(#o from —2 to —3 in perchloric acid) with the large excess of ligand to metal ion

concentration has an absorption maximum at 575 nm. The colour appears very

slowly (from 2 to 24 h, depending on the medium acidity), but the reaction rate

considerably increases by changing the order of addition (reagent, palladium,

acid). The absorption spectra of complex species formed at pH from 1 to 5 are

shifted toward longer wavelengths (absorption maxima at 680 nm and 745 nm)

when the pH was increased above 5. If the order of addition at pH 5 was: NaOH,

reagent, palladium, no complex formation was observed.

The absorbance change vs. pH function was followed at the corresponding

complex maximum (Fig. 2). In the very acidic media the order of addition was:

HCIO 4, reagent, palladium. The spectra were recorded when the complex colour

appeared (from 2 to 24 h after mixing of the solutions). In alkaline media the formed

complex reaction with OH ions was followed by adding NaOH to the slightly acidic

complex solution.
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As it can be seen from the results obtained, the complex with the absorption

maximum at 660 nm is stable in the pH range from 1 to 10. By increasing the pH

from 10 to 13 this complex changes into another one, with the absorption maxima

A

7«>nm

575nm 6

Л
• \

J
1
t

/ \з1
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-2 (\ 2 I 6 8 Ю 12 W pH

Fig. 2. Sigmoid curve (absorbance vs. pH, H0) for the PdR

complexes 1 — Cr=CP(1=4.0x 10"5 mol dm"3 (after 24 h);

2 — Cr-40x10-5 mol dm-', Cpd=4.0x lO"5 mol dm"3,

ref. reagent, (after 2 h), 3 — CR= Cp<t= 4.0 x 10"5 mol dm-3

(after 4 h).

at 680 nm and 745 nm, which is stable in the pH range from 13 to 14. By increasing

the acidity of solution a complex with an absorption maximum at 575 nm appears

and is stable in acidic media, H0 from —3 to —2.

Determination of complex species composition

The composition of the complexes was established by the Job and mole ratio

methods6 under optimum conditions for each type of complex. The existence

of the MeR complex can be observed in all cases. In very acidic media (H0—2.5)

the MeR complex appears only in the exess of the palladium(II) cation. The molar

absorption coefficients of complexes were calculated by the mole ratio method7.

The spectral characteristics of complexes are summarized in Table I.

TABLE I. Spectral characteristics of Pd(II) — mono-pyrazolin-ylazo-chromotropic acid complexes

Complex

mole ratio

R : Pd

pHopt ДХ

(nm)

ax lO"4

(mol-1 dm3 cm-1)(nm)

1 : 1

1 :2*

1 : 1

7—5 mol/dm' НСЮ4 575 90 1.60

1—10 660 175 0.87

1 : 1 13—14 680

745

195

260

1.67

1.45

* In excess of Pd (II)
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DISCUSSION

A comparison of spectra in Fig. 1, referring to the uncomplexed reagent and

complex species, shows the favourable spectrophotometric characteristics of the

complex formation involved: considerable bathochromic shifts were observed,

as well as considerable hypcrchromic effects. A study of the absorbance vs. pH

with an excess of palladium(II) or ligand concentration, gives a preliminary indication

of the complicated characteristics of the system. Various types of complexes formed

have quite different kinetic characters.

The real composition of the different complex species will follow the general

formula Pd(H20)nHmR wherein the possible existence of different acid — base

isomeis must be taken into account. It can be supposed that the pyrazole ring

protonation process2 is concurrent with the complexation with the metal ion in

very acidic media (7—5 mol/dm3 HCIO4). It may effect the decrease of the reaction

rate. The complex absorption spectrum is similar to the spectra of the protonated

ionic form of the reagent (protonation on the azo-group)2. This type of spectrum

is common for arsenazo III complexes in acidic media. The reagent seems to be

bonded to palladium(II) in a complex of type I via the 0-oxy-azo-group8.

Any assumption regarding the structural form of the complex formed in

slightly acidic media based on its spectral characteristics may be considered as

quite speculative at present time. Hydrolysis of the metal ion which takes place

at pH 5 is an undesirable side reaction. It can easily stop the complex formation.

At higher pH (from 5 to 14) the complex of type I turns into another one which

is similar to the arsenazo complexes of type III. The spectrum of this type has also

been recorded for the copper and nickel mono- and bis-pyrazolylazo-chromotropic

acid complexes in aqeous media1. The complex has a higher molar absorption coeffi

cient compared to the values for the other two complex species. A bathochromic

effect was produced when going from acidic to alkaline media. A new spectral band

with an absorption maximum at 745 nm appeared when the alkalinity was increasing.

извод

СПЕКТРОФОТОМЕТР!^CKO HCIIHTHBAIfaE PEAKUMJA ПАЛАДЩУМАСП) CA

1,8-ДИОКСИ-2-(2-ПИРАЗОЛИН-5-ИЛАЗО)-НАФТАЛЕН-3,6-

-ДИСУЛФОНСКОМ КИСЕЛИНОМ

ВЕСНА M. ВАСИН, ОЛИВЕР Н. МОЛНАР и АУРОРА А. МУК

Инсшишуш за нуклеарне науке „Борис Кидрич", й. йр. 522, 11001 Eeolpag

Испитане су pcamvije паладиjума(II) са 1 ,8-дноксн-2-(2-т1разолнн-5-илазо)-нафта-

лен-3,6-дисулфонском киселином у воденнм срединама. У широком интервалу киселостн

(од 7 mol/dm* HClO i до рН 14) образу)у се три комплекса типа McR. Спектралне карактери-

стике комплекса заинсе од киселостн средние.

(Пришьено 21. децембра 1983)
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ПРОУЧАВАН>Е ПОВРШИНСКОГ CmOJA ГАЛЕНИТА И ТАЛОЖЕНОГ

ОЛОВО-СУЛФИДА ТРЕТИРАНИХ РАСТВОРОМ КСАНТАТА У РАЗ-

ЛИЧИТИМ УСЛОВИМА МЕТОДОМ ИНФРАЦРВЕНЕ СПЕКТРОФО-

TOMETPHJE

СВЕТЛАНА Р. ПОПОВ и ДУШИЦА Р. ВУЧИНИЪ

Рударско-геэлошки факулшеш Универзишеша у Београду, Ъушина 7, 1 1000 Београд

(Примл>ено 9. децембра 1983)

Вршена су испитиван>а утица) а пораста рН вредности раствора К-етнл-

ксантата (од 9 до 12) са kojhm су третирани минерал галенит и синтетизовани

олово-сулфид, као и утица)а дужине третираи.а, на састав површинског cnoja.

Сва испитиваша су извршена применом методе инфрацрвене спектрофотоме

тров. Показано je да са порастом рН вредности раствора ксантата долази

до распадака Pb-ксантата из површинског cnoja галенита или олово-сулфида

и да се на рН вредности изнад 1 1 не може идентификовати ни )едно )"едивьен>е

типа ксантата у површинском cnojy. Исти ефекат распадаььа Pb-ксантата je

добэден кад je било продужено време третирааа галенита (до 4 часа) раствором

ксантата одре^ене рН вредности у интервалу од 10 до 12. При рН вредности

раствора ксантата 9,2 продужено време третиран>а нема утицаja на састав

површинског сло)а.

Ксантати су органска )един>е!ьа, Koja се користе за флотиран>е сулфидних

минерала односно минерала ко)и су но хеми)ском саставу сулфиди тешких

метала. Из тих разлога je испитиваше начина адсорпци|е, састава адсорпци)-

ског сло)а и утица)а рН вредности на адсорпщцу ксантата на галениту од

посебног интереса и представлю предмет истраживан>а, веЬ дуги низ година,

великог 6poja истраживача.

За проучаваше адсорпци)ског сло)а ксантата на галениту коришЬено je

више различитих метода1-7, ме!)утим на}ефикасни)ом се показала спектро-

фотометри^ска метода и то нарочито инфрацрвена спектрофотометри)а.

Истраживаньа Koja су извршена применом инфрацрвене спектрофото

метров показала су да се у адсорпци)'ском сло)у галенита третираног раствором

ксантата налази Pb-етилксантат. Присуство диксантогена imje могло да буде

доказано, или се доказу)е у незнатним количинама. Диксантрген за кога се

зна да се налази у адсорпци)ском сло)у галенита, вероватно не може да се

идентифику|е због тога што je 1ьегова количина у односу на РЬ-етилксантат

веома мала3-4-6-10.

Утица) рН вредности раствора ксантата са KojHM се трстира галенит

представл>а носебан интерес истраживача.

Найме, познато je да сви сулфидни минерали HMajy иску критичну вред-

ност рН, изнад Koje се за дату концентрашяу колектора не може постиЬи

207
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доио.ьан степей хидрофобизаци)е површина минерала, нити нисока флотабил-

ност. Тако, на пример, за галенит, при концентрации раствора К-етилксантата

25 g/1 у литератури се наводи као критична вредност рН 10,5

Са порастом концентраци)е хидроксилних )она залажено je смакске

густинг адсорпци|ског ciioja реагенса-колектора. Спектрофотометр^ска испк-

тиваньа су показала да се при високим вредностима рН Tj . при рН 11 до 12

распада Pb-ксантат, па се у раствору доби)а само трака на 301 nm, ко;а припада

joHy ксантата. На Taj начин се претпоставл>а да високе концентращ^е joHa

ОН омета)у ствАранъе РЬ-ксантата8.11.

Више аутора нретпоставл>а да у алкалним растворима долази до распа-

дан>а Pb-ксантата са површине галенита и вероватно стваран>а )един>ен>а —

монотиокарбоната (C2H5OCOSK). Показано je да су монотиокарбонати тсшких

метала растворл»иви)и у односу на одговара^уЬе ксантате, и да HMajy слабе

колекторскс особине према сулфидним минералима*.

У оквиру истраживаша приказаних у овоме раду, праЬене су промене у

саставу адсорпци)ског oioja галенита третираног раствором ксантата са про

меном рН вредности раствора од 9 до 12. Осим тога испитиван je утица) дужине

третиран>а галенита раствором ксантата на одре!)ено$ рН вредности на адсст п-

n.njy односно на састав адсорпщцског ciioja реагенса на минералу. Сва испн-

тиван>а су вршена применом методе инфрацрвене спектрофотометри)е.

С обзиром да галенит представлю нетранспарентан минерал за исиити-

ван>л у инфрацрвено) области, то ова испитива&а подразумева)у изналажен>е

cneimj&UHe технике рада. Из тих разлога су испитиван>а вршена са с еже

исталоженим олово-сулфидом, Kojn je транспарентан и располаже вксвком

вредношКу специфичне површине, па су на Taj начин остварени услово за

идентификащ^у }един>еньа из површинског cioja. Сейм тога, жпитивашаи су

вршена и са галенитом уз коришЬетье органског растварача — етра за екстр гк-

nnjy jeflHft?H>a из површинског cioja галенита третираног раствором К-етил

ксантата. Екстракти наведеног растварача су затим испитивани у инфрацрвено)

области спектра.

ЕКСПЕРИМЕНТАЛНИ ДЕО

Кали)ум-етилксантат коришЬен у овим истраживан>има je производное „Жупа",

Крушевац, а пречишКен je вишеструком рекристализаци)ом из ацетона.

Регулатор рН вредности раствора ксантата, NaOH, био je аналнтнчке чистоЬе. Спи

други реагенси и растварачн коришИени у току ових експернмената тако!)е су били аналн

тнчке чистоКе.

Галенит KojH je коришЬен у овим испитивагьима je лежишта „Благодат" (JyrocJiaBiijaV

Анализа на РЬ и S показухе да он садржи 99,9% PdS.

Узорак галенита je био подвргнут дуготра)ном уснтн>аван>у у ахатном авану, како би

се добио минерал ннсоке специфичне површине.

Олоно-сулфид je доби)ен таложен>см, уво!)ен>ем сумпор-водоника у раствор олопо-

-нитрата. Талог je испиран дестилопаном водом и сушен у ваздуху на co6Hoj температури.

^нфрацрвени спектри су били одре1}ивани на Pen<in-Elmer ypeljajy, тип 397.

Нрви експернментн обухватнли су иепцтнваше утица)а рН раствора на адсорпцн)у

ксанатата на олово-сулфнду, при чему су испитивмьа вршена у интервалу рН од 9 до 12.
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500 mg олово-сулфида je третирано са 50 ml раствора К-етилксантата у времену од

1 часа на одре^ено) рН вредности. Због велике специфичне површине исталоженог олово-

-сулфида, коришНени су раствори ксантата високе концентрашце (2 • Ю-2 mol/dm3). Затим

je вршено филтриранъе и сушение у ваздуху на co6Hoj температури. Овако припремл>ен

олово-сулфид je затим коришкен за снимание инфрацрвених спектара техником КВг пилула.

Наредни експерименти су обухватали испитиван>е адсорпци)е ксантата на галениту

таког)е у функции рН коришКен>ем етра као растварача адсорпци;ског anoja на галениту.

Припрема узорака галенита за ову cepnjy опита се састо)ала у следеЬем: 500 mg галенита je

мешано са 50 ml раствора ксантата концентращ^е 2- Ю-2 mol/dm3 у времену од 15 min.

Галенит je затим филтриран, сушен у ваздуху на собно; температури и затим мешан са 5 ml

органског растварача (етар) у времену од 15 min. Екстракт етра je затим коришЬен за испи-

тиваньа применом методе инфрацрвене спектрофотометров.

Инфрацрвени спектри екстракта етра су добщени коришКен>ем технике КВг пилула.

Екстракт етра je мешан са КВг прахом и оставлен да се суши на ваздуху 1 до 1 ,5 часа, како

би се постигло што потпун^е упараван>е, а затим су оубича}еном техником правл>ене КВг

пилуле.

Експерименти у KojnMa je испитиван утица) дужине третирака олово-сулфида и

минерала галенита раствором ксантата одре^ене рН вредности (у интервалу од 9 до 12),

на састав површинског сло^а вршени су на исти начин. Време третиран>а je било различите

и износило je 15 минута, 1 час и 4 часа у зависности од врете испитиваньа.

РЕЗУЛТАТИ И ДИСКУСЩА

Исйишившъе ymuujaja рН вредности раствора ксантата на састав

Површинског CAoja

Прва cepnja опита обухватала je испитиван>е површинског crioja олово-

-сулфида третираног раствором К-етилксантата у области рН 9—12. Найме,

коришКевьем методе инфрацрвене спектрофотометри)е праЬене су промене

састава површинског aioja олово-сулфида у функцией рН у алкално) средний.

На слици 1 (d) приказан je инфрацрвени спектар олово-сулфида трети

раног К-етилксантатом на природно} рН вредности (око 9,2). Ynopeljeiba

ради на HCToj слици дати су спектри: а) К-етилксантата; Ь) сталоженог олово-

-сулфида; с) олово-ксантата. На основу приказаних спектара очигледно je

присуство Pb-ксантата на површини олово-сулфида. Траке таласних 6pojeBa

1202, 1110 и 1020 cm-1 означава)у присуство Pb-ксантата и осим што су сла-

6njer интензитета, практично су исте као и траке у спектру исталоженог

олово-ксантата (спектар с).

Према литератури, асиметричне истежуКе вибращф групе С—О—С се

)авл^у у области таласних 6pojeea од 1150—1085 cm-1, а вибравдф истог

типа за тиокарбонил трупу C= S у области од 1250—1020 cm-1. Пошто ове

две групе показу)у апсорпционе траке у Hcroj области, поспей вероватноЬа

преклапаньа ових трака.

На основу овога траке у спектру d сл. 1 у области од 1250—1000 cm-1

npnnaflajy вибращ^ама група C= S и С—О—С, при чему су 1202 и 1020 cm1

вероватно апсорпционе траке везе C=S, а 1110 cm 1 везе С—О—С.

Наредни експерименти су обухватили испитиван>е састава површинског

cnoja олово-сулфида у функции рН раствора ксантата, KojnM je олово-сулфид

третиран. Доби}ени спектри површинског cioja олово-сулфида су приказани
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на сл. 2, где снекгар а) приказу]е резу.ггате испитиван>а на 1фиродно) рН

вредности (9,2), спектар Ь) се односи на рН= 10,5, а спектар с) на рН= 1 1 ,6.

Траке таласних 6pojeea 1020, 1110 и 1202 cm1, Koje су карактеристичне за
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Слика 1 Figure

Инфрацрвенн спектрн: а) кали)ум-етил-

ксактата; b) сталоженог олово-сулфида,

с) олово-ксантата, d) сталоженог олово-

-сулфида третираног ксантатом.

Infrared spectra of: a) potassium ethyl

xanthate, b) precipitated lead sulphide,

c) lead xanthate, d) xanthate-treated pre

cipitated lead sulphide.
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Слика 2 Figure

Инфрацрвенн спектрн сталоженог оло

во-сулфида третираног ксантатом 1 h на

рН: а) 9,2, Ь) 10,5, с) 11,6.

Infrared spectra of xanthate-treated pre

cipitated lead sulphide for lh at pH

values: a) 9.2, b) 10.5, c) 11.6.

олово-ксантат, уочава)у се и интензивне су на спектру а), нешто су мааег

интензитета на спектру Ь), док су на спектру с) исте траке нешто померене

и знатно слаби)ег интензитета.

На основу ових података можс се реЬи да са порастом рН раствора ксан-

тата долази до сман>ен>а интензитета трака карактеристичних за олово-ксантат,

што показу)е да у условима високе алкалности раствора долази до распадан>а

олово-ксантата из површинског сло)а. Спектар с) на сл. 2, kojh je доби)ен за

рН вредност раствора ксантата 1 1 ,6, показу|е присуство незнатних количина

олово-ксантата, kojh je по мишл>ен>у неких аутора4 чврсто везан за кристалну

решетку и назива се „површинским олово-ксантатом", формуле —Pb—X

(где je Х-ксантатни joH).

Следеки експерименти вршени су коришЬежем етра као растварача

)един>ен>а из површинског сло)а галенита третираног раствором ксантата.
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Екстракт етра je затим коришЬен за испитиван>а применом методе инфра-

црвене спектрофотометри)е.

Екстракци)а површинског cnoja етром вршена je са галенита третираног

раствором ксантата 15 min на рН=9,2 (сл. За), на рН= 10,5 (сл. ЗЬ) и на рН=

= 11,6 (сл. Зс), тако^е са цил>ем да се испита утица) пораста рН раствора

ксантата на састав адсорпци)ског cnoja. На исто) слици сектар d) представлю

чист етар, а доб^ен jc на исти начин као и када je вршена екстракщф, Tj.

укапавшем етра у КВг прах, Kojn je затим мешан и сушен у ваздуху на co6Hoj

температури, како би дошло до што потпушцег испараван>а етра из КВг

пилуле. Мале количине етра ипак 3aocrajy у пилули и flajy CBoj спектар (сл. 3d).

Слнка 3 Figure

Спектр» етарских екстракта ксантатом

третираног галенита у току 15 min на

рН: а) 9,2, Ь) 10,5, с) 11,6, d) спектар

чистог етра.

Spectra of the surface ether extracts of

xanthate-treated galena for 1 5 min at pH

values: a) 9.2, b) 10.5, c) 11.6, d) spectrum

of pure ether.

 

1300 1200 1000 cm"'

Очигледно je да етар расиолажс апсорпционим тракама у области таласних

6pojeBa 1000 до 1200 cm l, Koja je таког)е карактеристична за ксантате. Због

тога je вршено дуготра)но сушенье КВг праха у ваздуху како би се постигло

што потпуни)е испараван>е етра из пилуле.

Упорег)ен,е спектара са сл. 3 указуje на чтьеницу да са норастом рН

раствора ксантата долази до сман>ен>а трака Koje су карактеристичне за jefln-

гьенъе олово-ксантат. Иако се и на рН 1 1 ,6 запажа у одрег^еном стенену при-

суство олово-ксантата, упорег)ен,е са спектром чистог етра (3d) yKa3yje и на

одрег)ену сличност са н>има. Наим;, заостала количина етра у КВг пилули

да)е CBoj спек rap Kojn се може заназити у cjrynajy када су количине РЬ-ксан-

тата у екстракту етра мале. МеЬутим, nocTojaH>eM траке на око 1200 cm-1 у

спектру с) не може се искльучити nocrojaibc одреЬених количина РЬ-ксантата

у површинском сло)у галенита третираног раствором К-етилксантата на рН~

= 11,6.
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riocroje радови у ко)има je екстракци)ом етром, и тако1)е применом

инфрацрвене спектрофотометри)е, доб^ен диксантоген, као основни облик

присутан у површинском ciojy галенита10 третираног раствором ксантата.

Други истраживачи6, мег)утим, побили су ове резултате, CMaTpajyhn да je

HeoflroBapajyhoM техником рада, коришЬен>ем етра као екстракционог средства,

дошло у току припреме за снимание спектара, до прелажетьа Pb-ксантата у

диксантоген, што je довело до некоректне идентификаци}е.

У овим истраживан>има коришЬенъем етра као растварача и уз припрему

узорака Koja je напред описана доказан je Pb-ксантат као основни производ

реакци)е галенита раствором ксантата у испитиваном опсегу рН.

Исйишива/ье ушица)а дужине шреширшьа халениша раствором ксаншаша

па состав йовршинског сща

yrauaj дужине третирала Pb-сулфида и галенита раствором ксантата

одре1)ене рН вредности (у интервалу од 9 до 12) утврг)ен je истом експеримен-

талном техником Koja je коришЬена при испитива1ьу утицаja рН раствора.

т
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Слика 4 Figure Слика 5 Figure

Спектри етарских екстракта ксантатом

третираног галенита у току 4 часа на рН :

а) 9,2, Ь) 11,6, с) спектар чистог етра.

Spectra of the surface ether extracts of

xanthate-treated galena for 4 hours at pH

values: a) 9.2, b) 11.6, c) sepectrum of

Спектри етарских екстракта ксантатом

третираног галенита на рН=11,6: а)

15 min. b) lh, с) 4h.

Spectra of the surface ether extracts of

xanthate-treated galena at a pH value of

11.6 for a period of: a) 15 min, b) lh,c) 4h.

pure ether.
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На сл. 4 и 5 приказани су спектри kojh се односе на испитиван>а на

галениту, екстракци)ом етром, а на сл. 6 испитиваньа на исталоженом олово-

-сулфиду.

Очигледно je да при рН врадности раствора ксантата 9,2 (природна рН

вредност) ни после 4 часа третираньа галенита овим раствором ни)е дошло

до распаданьа и одлажеша Pb-ксантата из површинског crioja. Екстракт етра,

доби;ен растварань'гм површинског aioja галенита у наведении условима, да)е

спек rap са изразитим тракама карактеристичним за Pb-ксантат (сл. 4а).

При Behoj рН вредности односно при рН раствора ксантата 1 1 ,6 трети-

ран>е галенита у времену од 4 часа дало je другачи)и резултат. У овим условима

долази до потпуног распадан>а Pb-ксантата из површинског cnoja (сл. 4Ь).

Найме, спектри екстракта етра доби)ених растваран»ем површинског cnoja

галенита у условима третиран>а галенита раствором ксантата чи)и je рН износио

1 1,6 noi<a3yje да се само за време третиран>а 15 min идентифику)е РЬ-ксантат

у површинском сло)у, (сл. 5а). Beh после 1 h, а таког)е и после 4 h третиран>а

долази до потпуног распаданьа и одлажен>а са површине Pb-ксантата, (сл. 5Ь,с),

што се об)ашн>ава HeerajaibeM у спектру траке на 1200 cm-1, Koja je карактери-

стична за ово )едшьен>е. Траке присутне у наведеним спектрима се могу

приписати искл>учиво етру заосталом у пилули.

 

Слика 6 Figure

Спектри сталоженог олово-сулфида

третираног ксантатом: а) на рН=10,5

lh, b) на рН=10,5 4h, с) на рН-11,6

lh, d) на рН = 11,6 4h, е) сталожени

олово-сулфид.

Spectra of xanthate-treated precipitated

lead sulphide: a) at pH 10.5 for lh,

b) at pH 10.5 for 4h, c) at pH 11.6

for lh, d) at pH 11.6 for 4h, e) precipit

ated lead sulphide.

Слична испитивааа са олово-сулфидом ноказу)у да при рН раствора

ксантата 10,5 и 1 1 ,6 (сл. 6) продужено време мешаньа олово-сулфида у раствору

К-етилксантата има исти или сличай ефекат као и пораст рН вредности раст

вора. На површини олово-сулфида идентифику^е се у незнатно) количини

Pb-ксантат, када je време третираньа износило 4 часа, при рН 10,5 (сл. 6Ь)
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После 4 часа третиравьа олово-сулфида раствором ксантата чи'щ рН износи

1 1,6 (спектар d, на сл. 6) добила се спектар у коме се не уочава;у траке каракте-

ристичне за РЬ-ксантат. Доби)ени спектар Kojn се разлику|е и од спектра

чистог олово-сулфида (сл. бе) ни)е могао да буде идентификован.

Значи да у условима високих рН вредности раствора ксантата (измеЬу

10 и 12) утица) дужине третираньа минерала овим раствором je исти као и

утица) пэраста рН, и води распадашу Pb-ксантата и неста)ан>у из површин-

ског c.ioja.

ЗАК.ЪУЧАК

Сва испитивавьа приказана у овоме раду извршена су нрименом методе

инфрацрвене спектрофотометров .

На основу резултата приказаних у претходном тексту, a Kojn се односе на

исиитиванье yranaja рН раствора ксантата (од 9 до 12) и дужине третираньа

галенита или олово-сулфида овим раствором на адсорпц^у могу се извести

ови зактьучци:

— На рН око 9,2 добщен je као основни облик у површинском ciojy

Pb-ксантат. Продужено време третиран»а (до 4 часа) на истом рН не мен>а

састав површинског crcoja.

— На рН= 10,5 тако!)е се у површинском oiojy идентифику)е РЬ-ксантат,

при чему су траке у инфрацрвеном спектру слаби)ег интензитета него у прет

ходном случа)у. Продуженим третиравъем (до 4 часа) при исто) рН вредности,

долази до распадааа Pb-ксантата, тако да се у спектру површинског oioja

опажа)у слабе и незнатно померене траке карактеристичне за РЬ-ксантат.

— На рН = 11,6 РЬ-ксантат се налази у незнатно) колични у површинском

сло)у (траке )ако слабог интензитета). Дужим третиран>ем минерала (до 4 часа)

доби)а се спектар у коме се не идентифику)е ни |едно |един>ен>е типа ксантата.

На основу тога може се реЬи да у интервалу рН раствора ксантата од 10

до 12 са порастом времена третиран>а минерала овим раствором, долази до

распадаша Pb-ксантата из површинског сло|а. Из тих разлога, после 4 часа

третиравьа, у површинском c.rojy ово )един>ен>е се идентифику)е у малим

количинама (на рН=10,5) или се не идентифику)е (на рН=11,6).

Исти ефекат распадан>а Pb-ксантата запажа се када рН вредност раствора

ксантата расте од 9 до 12, при константном времену третиран>а. Из тих разлога

се на рН=11,6 flo6Hjajy спектри у KojnMa се РЬ-ксантат идентифику}е у не

знатно) количини (15 min) или се не идентифику)'е (4 часа).

На основу тога може се извести зашьучак да се са порастом рН вредности

раствора ксантата, cKpahyje време стабнлности Pb-ксантата из површинског

c.ioja, 4Hje je присуство неопходно за постизаше високе флотабилности овог

минерала.

Према томе, резултати ових испитиван>а могу да буду од користи при

об}ашвьаван>у узрока слабе флотабилности галенита у условима високих рН

вредности измену 10 и 12.
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SUMMARY

INFRARED STUDY OF GALENA AND PRECIPITATED LEAD SULPHIDE SURFACE

LAYERS IN XANTHATE SOLUTIONS

SVETLANA R. POPOV and DUSICA R. VUCINIC

Faculty of Mining and Geology, University of Belgrade, Djuiina 7, YU-1 1000 Belgrade, Yugoslavia

The effect of pH values of xanthate solutions on the adsorption of this reagent on the

surface of galena and precipitated lead sulphide was investigated by infrared spectrophotometry.

The influence of various contact times was also examined. The decomposition of adsorbed lead

xanthate was followed in alkaline solutions of xanthate. Above pH 1 1 the spectra of surface films

show an absence of xanthate compounds. Adsorbed lead xanthate decomposes at longer contact

times in solutions with pH above 10. At pH values below 9.2 prolonged contact times do not

affect the composition of the adsorbed surface layers.

(Received 9 December 1983)
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COMPARISON OF CUBIC EQUATIONS OF STATE IN THE PREDICTION

OF ISOTHERMAL VAPOUR-LIQUID EQUILIBRIA OF THE ETHANE — CO* SYSTEM
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Abstract. Isothermal vapour-liquid equilibrim

predictions for the ethane — COj system at

223 to 283 К were done by use of several

cubic equations of state. In terms of its pre

dictive ability for the vapour composition, the

K-factor and the equilibrium pressure, the

Peng-Robinson equation was found to be most

suitable.

The prediction of isothermal vapour-liquid

equilibrium data of the ethane(l)—COa(2)

system was performed by means of frequently

used cubic equations of state such as Soave

(SRK)1, Soave-Graboski-Daubert (SGD)2 and

Peng-Robinson (PR)3. These equations were

discussed in our earlier work4. Equilibrium

data for the chosen system at 223, 243, 263

and 283 К are taken from literature5.

The direct method (fugacity coefficients

of the vapour and liquid phases are evaluated

from cubic equations mentioned above) used

in this work has been already described6,7.

The interaction parameters Сц of the SRK,

SGD and PR equations were found by the

Fibonacci method8 minimizing the sum of the

absolute deviations between the experimental

and calculated pressures. The objective func

tion, OF, is defined in same manner as pre

viously7.

Results of our predictions summarized in

Table I indicate that for all investigated tem

peratures the mole fraction of the vapour

phase y, the K-factor and the total equilibrium

pressure P are adequately represented by the

SRK, SGD and PR equations. In most in

stances the PR equation gave best result in.yi,

exept at 223 К where the SRK model is better.

Results of the SRK and SGD equations arc

similar and satisfactory. Predictions of the

/С-factor on higher temperatures are good in

all cases, but at lower temperatures the PR

gave larger deviations.

TABLE I. Vapour-liquid equilibrium calculations of

etlmne(l)-COi(2) system by means of cubic equations

of state

Model Ayt

Г= 223.16 К

SRK 0.0080 2.36 0.81
SGD 0.0082 2.42 0.89
PR 0.0086 2.63 0.85

Г- 243.16 К

SRK 0.0059 1.49 0.31
SGD 0.0058 1.54 0.34
PR 0.0057 1.82 О.ЗЭ

Г= 263.16 К

SRK 0.0045 1.04 0.58
SGD 0.0044 1.04 0.62
PR 0.0038 1.02 0.43

Т = 283.16 К

SRK 0.0056 2.28 0.55
SGD 0.0055 2.29 0.55
PR 0.0052 2.28 0.44

| и

Ayi'- Е 'yntp.i-yo.ic.i !<
п 1=|

дпо 100 » I /».,„- Ре.1г

Хгчр,1 ф!

vj' — fugacity coefficient of ethane in liquid phase

?y — fugacity coefficient of ethane in vapour phase

TABLE II. Total mean deviations of \yi, AATi and Д/3

for the system ethanedi-COjU)

liquation •Vvi

SRK 0.0054 1.81 0.56

SGD 0.0059 1.84 0.59

PR 0.0058 1.95 о 50

17. 0.0072 2.49 0.51
KCL 0.0076 2.83 0.59

HCEL 0.0087 3.20 0.53
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Table I also compares the experimental

and predicted data for the total equilibrium

pressure; the SRK equation is superior to the

other at low temperatures (223 and 243 K),

while the PR equation is better at higher ones.

The SGD equation over almost the entire

range gave slightly worse results than the SRK.

Table II shows the total mean deviations

in yi, К and P. Results obtained in our recent

paper9 using modifications of the Redlich-

-Kwong equation (Joffe-Zudkevitch (JZ)10,

Kato-Chung-Lu (KCL )U and Hamam-Chung-

-Elshayal-Lu (HCEL)12 are also included in

the consideration.

Predictions in yi and the Ki-factor show

that the SRK, SGD and PR equations give

better results than the modified versions of

Redlich-Kwong. On the other hand, the total

mean deviations in predicting equilibrium

pressures are more or less equal.

Finally, it may be concluded that the very

satisfactory results obtained with optimized

\alues of Сц confirm the utility of our approach

in accurate representation of vapour-liquid

equilibrium data.
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извод

ПОРЕЪЕгЬЕ КУБНИХ 1ЕДНАЧИНА СТАгЬА ПРИ ПРЕДСКАЗИВАШУ ИЗОТЕРМСКЕ

РАВНОТЕЖЕ ПАРА-ТЕЧНОСТ СИСТЕМА ЕТАН - СОг

СЛОБОДАН ШЕРБАНОВИЪ, БРАНКА ДРАГОГЛОВИЪ И BOJAH ЪОРЪЕВИЪ

Технолошко-мешалуршки факулшеш Упиверзишеша у Београду, й. йр. 494, 11001 Beoipag

Предсказиванъе изотермске равнотеже пара-течност смеше етан-СОг у температурном

интервалу 223 до 283 К извршено je применом неколико кубних {едначина стан>а (Soave,

Soave-Graboski-Daubert и Peng-Robinson). Резултати доби)ени у нашем претходном раду9

су такоЬе уюьучени у анализу. У свим случа|евима параметар С,у je одреЬен оптимизациям,

п такав приступ успешно репрезенту)е експерименталне резултате испитиваног система.

При предсказиван>у молског удела парне фазе, К-фактора и укупног равнотежног притиска

Peng-Robinson-ова je/гначина се показала HajycneuimijoM.

(Примл>ено 2. |уна 1983; ревидирано 5. марта 1984)
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ERRATUM

и i j П ,РаРег,°( I- J- Zsigrai and K. Meszaros Szecs6nyi "Dissolution equilibria of silver

naudes in molten calcium nitrate tetrahydrate" which appeared in the Bulletin 48, No. 11 (1983)

at p. 733 in Table I the heading associated with Agl should read

Ktpx 1017 instead of K,px 1018





Le Bulletin de la Socihe" chimique Beograd est Forgone de la Sociiti chimique de Serbie

et en тёте temps le journal scientifique pour la chimie thiorique et appliquie des Univer-

sitds de Belgrade, Novi Sad et Kragujevac et de ГInstitut de Chimie, Technologie et

Mitallurgie, Belgrade

Le Bulletin de la SocUti chimique Beograd publie des travaux relevant de la chimie

theorique et appliquee en anglais, francais, allemand, russe et serbo-croate. Les auteurs sonts

pries de bien vouloir envoyer leurs manuscrits a l'adresse suivantc: Prof. Slobodan V. Ribnikar,

Institut za fizicku hemiju, Prirodno-matematicki fakultet, p. pr. 550, YU-11001, Belgrade, You-

goslavie.

L'abonnement annuel a la revue est 70,00 S U.S. (ou equivalent) payable a .Jugosloven-

ska knjiga", B. p. 36, YU-11001 Belgrade, Yougoslavie.

The Bulletin de la Soci6t6 chimique Beograd publishes monthly articies from the

field of theoretical and applied chemistry in English, French, German, Russian, and Serbo-Croa

tian. The authors are requested to submit two copies of manuscripts to the address : Prof. Slobodan

Ribnikar, Institut za fiziiku hemiju, Prirodno-matematicki fakultet, P O. Box 550, YU-11001

Belgrade, Yugoslavia.

The annual subscription rate is US S 70.00 (or equivalent) payable through „Jugosl-

venska knjiga". P.O.Box 36, YU-11001 Belgrade, Yugoslavia.

Гласннк Хеми)ског друштва Београд публикует ежемесячно статьи из области

теоретической и прикладной химии на английском, немецком, русском, сербско- хорватском

и француском языках. Рукописи статей просим направлять по следующему адресу: Проф5

Слободан В. Рибникар, Институт за физичку xeMnjy, Природно-математички факултет

почт, ящик 550, 11001 Белград, Югославия.

Стоимость годовой подписки 70 долларов США (или в любой другой конвертируемой

алюте, по курсу). Оплата осуществляется через предприятие Лугословенска кшига",

вочт. ящик 36, 11001 Белград, Югославия.

Ridacteur en chef: SLOBODAN V. RIBNIKAR

Faculte des Sciences, UniversW de Belgrade, B. p. 550, YU-11001 Belgrade

Rtdacteur technique: STJEPAN P. RAD IС

Conseil de Redaction

V. CANIC. A. DESPIC, M. DRAGOJEVIC. M. MIHAILOVlC, P PUTANOV, S. RADOSAVLJEVIC,

S. RASAJSKI s. ristic. d. STEFANOVIC, m. stefanoviC, d. sunko p. trpinac

D. VITOKOVlC et V. VUKANOVlC

Comit6 de Redaction

R. AD2IC, M. BOGOSAVLJEVIC, 2. CF.KOVIC, M. C.ELAP, I. DRAGANlC D. DRA2IC. B. DORREVlC

S. DORDEVIC, F. GAAL, I. GtJTMAN S. KONCAR-DURDEVIC, LJ LORF.NC, U. MIOC. A. MUK M.

MUSKATmOVltf, S NIKETlC V. REKALlC, M. RISTIC, M. ROGULIC, A. STOIILJKOVK* V. SCE-

PANOVIC M. TENC-POPOVlC. A. TOLlC. V. VAIGAND A. VALClC et I VElICkOVH'



YU-ISSN 0017-0941

Glasnik Hem. druitva Beograd

Bull. Soc. chim. Beograd, Vol. 49, No. 4 (1984)

САДРЖА1

*X\. Т. Соколов, Г. С. НиколиН и M. Д. МушкашировиН: Ацетолиза циклопентенил-

метил и 2-цнклопентеннлетнл-р-нитробензолсулфоната 145

*А. М. Ел-Haiap, Ф. С. М. Ахмед, А. М. Абд Ел-Салам, А. М. Гома и С. Г. Дота:

Синтеза неких нових деривата 2- и 3-супституисаних аминоацнл-аминодибен-

зотиофена 151

*И. Гушман: Тополошка истражнвагьа хетерокощугованих молекула. IV. Утица)

хетероатома на eHeprnje молекулских орбитала 157

О. Ж. ПавловиИ и М. В. Bojiweuh: Утица) катиона алкалних метала на електрохеми)ско

издва)ан>е водоника на цинку у алкалним растворима 165

*С. В. Рибникар и С. P. CiuojKoeuh: Вибрациони спектар метана. Делимична измена

асигнаци)е 177

*J. РадиН-ПериН: Теори)ско испитивагье интензитета тракастог дела позадннског

зацрн>ен.а у графитном луку ко;и слободно гори у ваздуху 185

*Д. С. ВеселиновиН и Д. Л. Малайе»: Испитиван>е комплекса ypaHa(VI) и живе(П)

са монохидроксибензеном 191

*В. М. Bacuh, О. Н. Молнар и А. А. Мук: Спектрофотометри)ско испитиван>е реак-

mija палади)ума(П) са 1)8-диокси-2-(2-пиразолин-5-илазо)-нафтален-3,6-днсул-

фонском киселнном 201

C. Р. Пойов н Д. Р. ВучиннН: Проучаван>е површинског enoja галенита и талон^ена*"-" "П\

олово-сулфида третнраннх раствором ксантата у разлнчитнм условимв-Мётодом

инфрацрпенс спектрофотометров С^г-"Г"Т7 . . ,др|1. • 20^

*С. ШербановиН, Б. ДращловиИ и Б. 'tiopbeeuh: Ilopebeibe кубннх )еднэчпна сташа

при предсказнвагьу пзотермске рашютеже нара-течност система етан СОг

(Белешка) \ . .4«V» _ . ,_лт 217-

* На страном je3in<y , 1

CONTENTS \ **~*^^001*

М. Т. Sokolov, G. S. Nikolic and М. D. Mutkatirovic : Acetolysis od eyelopentenyl methyl

and 2-cyclopentenylethyl-p-nitrobenzenesulphonatcs 145

A. M. El-Naggar, F. S. M. Ahmed, A. M. Abd El-Salam, A. M. Gcmmaa and 5. G. Donia:

Synthesis of some new 2- and 3-substituted aminoacyl-aminodibenzothiophene

derivatives 151

/. Guiman: Topological studies on heterogonjugatcd molecules. IV. Effect of a hetero-

atom on molecular orbital energies 157

*0. '/.. Pavlovii and M. V. Vojnovit: Influence of alkali metal cations on the electrochem

ical hydrogen evolution on zinc from alkaline solutions 165

S. V. Ribnikar and 5. R. Stojkovii: The vibrational spectrum of methane. A partial re

assignment 177

/. Radii-Perii: Theoretical investigation of the background band intensity in graphite

arc burning in air 185

D. S. Veselinovii and D. L. MaleSev: Investigation of uranium(VI) and mercury(I I) com

plexes with monohydroxybenzene 191

Г. M. Vasid, O. N. Alolriar and A. A. Muk: Spectrophotometry investigation of palla-

dium(II) reactions with 1 ,8-dioxy-2-(2-pyrazolin-5-ylazo)-naphthaIene-3,6-disul-

phonic acid 201

*S. R. Popov and D. R. Vucinic: Infrared study of galena and precipitated lead sulphide

rface layers in xanthate solutions 207

.V. Scrbanovti, B. Dragojlovic and B. Dordevii: Comparison of cubic equations of state

in the prediction of isothermal vapour-liquid equilibria of the ethane — COa svstem

(Note) "... 217

Err; turn 219

* In Serbo-Croatian

Пздавач: Српско хемш'ско друштво. Карнепцева 4, Београд

Штампа: 1111 IPO Србща, Mnie КовачсвиКа 5, Београд



UDC 54:66 GHDBAX 49 ( 5) 221—289 (1984)

YU-ISSN 0017—0941

DOCUMENTA CHEMICA YUGOSLAVICA

ГЛАСВИК

ХЕМИККОГДРУШТВА

BULLETIN БЕ0ГРАД

DEIASOOtriCHIMIQH

BEOGRAD

КНЬИГА 49 VOLUME CBECKA 5 NO

 

 

БЕОГРАД

^SKTAL SC/ENCE

1984



Гласный Хемщског друшшва Београд je гласило Срйског хемщског друшшва,

Хеищског друшшва Bojeodune и }едновремено научны часойис за iueopujcKy и

йримепену хемщ'у Уншерзишеша у Београду, Новом Саду и Kpaeyjeeuy и Ин-

сшишуша за хемщу, шехнолощу ы мешалурщу, Београд. Део шрошкова

шшамйауьа часойиса йокривен je дойриносом Рейубличке за^еднице науке Cp6uje

и Самоуйравне иншересне заведшие за научны рад Bojeodune

Гласное Хемщског друштва Београд об)авл>у)емесечно оригиналне научне радове

аз области теорикке и примен>ене хеми^е на енглеском, немачком, руском, ерпскохрватском

и француском )езику. Рукописе у два примерка слати на адресу: Проф. Слободан Рибникар,

Институт за физичку хеми)у, Природно-математички факултет, Студентски трг 16, 11000.

Цена годшшье претплате на часопис за члановс Друштва износи 200 а за студенте

100 дин.; за остале, као и предузеЬа и установе цена износи 1.000 дин. Уплате се могу

извршити на жиро-рачун 60803-678-5738, или у канцелариш Друштва, Kapnernjena 4/III,

Београд.

Уредник: СЛОБОДАН В. РИБНИКАР

Природно-математички факултет, Београд

Технички уредник: СЛЕПАН П. РАДИЪ

Савет редакцше

Д. ВИТОРОВИ'Н, В. ВУКАНОВИЪ А. ДЕСПИЪ, М. flPATOJEBHb, М. МИХАЙЛОВИЧ.

П. ПУТАНОВ, С. РАДОСАВЛ.ЕВИЕ С. PAfflAJCKH, С. РИСТИВ, Ъ. СТЕФАНОВИЪ, М. СТЕФАНО

ВНЕ, Д. СУНКО, П. ТРПИНАЦ и В. ЦАНИЪ

Редакциям

Р. АЦИЪ. М. БОГОСАВЛ.ЕВИЪ. В. ВАТГАНД, А. ВАЛЧИВ, J. ВЕЛИЧКОВИЬ. Ф. ГАЛ, И. ГУТМАН,

И. ДРАГАНИЪ, Д. ДРАЖИВ, Б. ЪОРЪЕВИЪ. С. bOPTiEBHE, С. КОНЧАР-ЪУРЪЕВИЪ, Л.. ЛОРЕНЦ,

У. МИОЧ, А. МУК, М. МУШКАТИРОВИЪ, С. НИКЕПГЕ, В. РЕКАЛИЕ, М. РИСТИЪ, М. РОГУЛИЪ, А.

СТ01ИЛ>КОВИЪ, М. ТЕНЦ-ПОПОВИЪ, А. ТОЛИЪ, М. ЪЕЛАП. Ж. ЧЕКОВИБ., и В. ШЪЕПАНОВИЪ

obaveStenje autorima

Na predlog Saveta i Redakcije Glasnika, Skupstina Srpskog hemij-

skog drustva je zakljucila da pocev od 50. godista casopisa, svi clanci

treba da budu pisani na engleskom jeziku. Stoga se buducim autori

ma skrece paznja da vise ne salju clanke na ostalim jezicima, kako je do

sada bilo uobicajeno. U slucaju da autor ima teskoca sa obezbedivanjera

prevoda, Redakcija je spicmna n odgovarajuCu pomoc.



ГЛАСНИК XEMHJCKOr ДРУШТВА БЕОГРАД

BULLETIN DE LA SOClETE CHIMIQUE BEOGRAD

49 (5) 221—231 (1984)

GHDB-1006 UDC 547.92:66.094.3

Original scientific paper

Dedicated to Professor Dorde StefanovU on the occasion of his 80th birthday

OXIDATIVE TRANSFORMATIONS OF SOME

5a,8a-DIHYDROXY STEROIDS*

LJUBINKA LORENC, MILAN DABOVIC, MIHAILO LJ. MIHAILOVIC**

Department of Chemistry, Faculty of Science, University of Belgrade, and Institute of Chemistry

Technology and Metallurgy, Belgrade

and

GORDANA PAVLOVIC

Department of Chemistry, Faculty of Stomatology, University of Belgrade,

Belgrade

(Received 27 June 1983)

5a-Cholestane-3(3,5,8a-triol 3-acetate (9) and 5a-cholest-6-ene-3p,5,8ot-triol

3-acetate (8) react with lead tetraacetate to give, in the first case, 5a-cholest-7-ene-3(i,

5-diol 3-acetate (11), and, in the second case, 5,6a-epoxy-5<x-cholest-8(14)-ene-3|3,7a-

-diol diacetate (12), 5,6a-epoxy-5a-cholest-8(9)-ene-3|3,7a-diol diacetate (IS), as well

as 5x-cholest-7-ene-33,5,6a-triol 3,6-diacetate (14), all these products being pro

bably derived from the corresponding intermediates with carbocation-like character

at carbon C(8).

In this work the lead tetraacetate oxidations of some 5a,8a-dihydroxy ster

oids, i.e. 5oc-cholestane-3{3,5,8a-triol 3-acetate (9) and 5<x-cholest-6-ene-3p,5,8a-

-triol 3-acetate (8), have been investigated. On the basis of previous findings that

5,10-seco-steroids 2a (Scheme 1) can readily be prepared by oxidative fragmen

tation of the C(5)-C(10) bond in 5a- or 5^-hydroxy steroids la (for example, with

lead tetraacetate under thermal2-3 or UV-photolytic4-5 conditions, or with mercuric

oxide — iodine* or lead tetraacetate — iodine4-7), it was expected that similar oxi

dations of 5a,8a-diols of type lb (Scheme 1) could result in the cleavage of both

C(5)-C(10) and C(8)-C(9) bonds to afford (for example, via 5,10-seco-steroids

2b)*** 5,10;8,9-diseco-steroidal derivatives of type 3, containing two fused five-

and fourteen-membered rings (Scheme 1).

The preparation of such bicyclic compounds (of type 3) seemed of partic

ular interest, because of their similarity to the naturally occurring cembrenoid?8,

some derivatives of which, isolated from marine organisms, possess significant

* Part 47 in the series Reactions with lead tetraacetate". For Part 46 see reference 1.

** Address for correspondence: Department of Chemistry, Faculty of Science, Stu-

dentski trg 16, P.O. Box 550, YU-11001 Belgrade, Yugoslavia.

*** The oxidative C(5)-C(10) fragmentation in lb, which involves the quaternary C(10)

atom, should be favoured over C(8)-C(9) fragmentation, involving the tertiary C(9) atom. How

ever, subsequent cleavage of the C(8)-C(9) bond, in the once formed fragmentation 5,10-seco-

-steroids 2b, should be facilitated, due to the allylic position of the A1<1»)-double bond with re

spect to C(9).
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cytotoxic and antineoplastic activity, and also because of the possibility of being

transformed by suitable chemical reactions into prostaglandine-like systems.

 

1a (R=8fl-H) 2a (R = 8fl-H) .3

1b (50t,R=8«-H) 2b (R=8oC-H)

SCHEME 1

The synthesis of the substrates 5a-cholestane-3(3,538oc-triol 3-acetate (9)

and 5a-cholest-6-ene-3(3,5,8a-triol 3-acetate (8) was carried out according to the

reaction sequence shown in Scheme 2*'**. Bromination and dehydrobromination

(with sodium hydrogen carbonate and a-picoline) of cholesteryl acetate (4) afforded

7-dehydrocholesteryl acetate (5), which upon irradiation with a high pressure

mercury lamp (TQ 150 Z2) in benzene-methanol (9 :1) solution under oxygen

and in the presence of eosin as sensitizer gave the epidioxy compound 6. This

product was then reduced with zinc (in 10% ethanolic potassium hydroxide)

to give the triol 7. Acetylation of this triol (with acetic anhydride and pyridine)

afforded 5a-cholest-6-ene-3p,5,8a-triol 3-acetate (8), which was finally catalytically

hydrogenated to the corresponding 5a-cholestane-3(3,5,8a-triol 3-acetate (9).

Since, according to Scheme 1, the first step in the designed 5,10; 8,9-bis-

fragmentation of 5<x,8a-diols should consist in the cleavage of only one, i.e. the

C(5)-C(10) bond, the saturated triol monoacetate 9 was treated with one molar

equivalent (+ 20% excess) of lead tetraacetate in the presence of calcium carbonate

in refluxing benzene for 31 h (i.e. until the oxidant had been consumed). The

ireaction mixture was isolated in the usual way and separated by column chro

matography on silica gel. Analysis of the products revealed that the lead tetra

acetate reaction did not effect fragmentation of the C(5)-C(10) bond (or the C(8)-

-C(9) bond) in compound 9. Instead, it gave, in about 21% yield, a dehydration

product, namely 5a-cholest-7-ene-3(3,5-diol 3-acetate (11, Scheme 3, reaction a).

In addition, a complex mixture and starting triol monoacetate 9 were isolated

in about 20% and 54% yield, respectively*'**-****.

* A similar procedure was previously described for the preparation of the corresponding

ergosterol derivatives9.

** All yields in Scheme 2 refer to recrystallized compounds.

*** Actually, the lead tetraacetate oxidation of the triol monoacetate 9, in addition to the

Д'-dehydro derivative 11, afforded also small amounts of the corresponding Д8(8)- and A8(1J>-iso-

mers (detectable in the 'H-NMR spectrum). However, after recrystallization, only product 11

was obtained in the pure state (see Experimental).

**** All yields in Scheme 3 refer to crude products.



OXIDATIVE TRANSFORMATIONS OF DIHYDROXY STEROIDS 223

In order to get more information concerning the role of lead tetraacetate

in the above water elimination process, the triol monoacetate 9 was refluxed in

 

 

 

8 (95.5%) 9 (93*)

SCHEME 2

benzene solution for 31 h with 1.2 molar equivalents of lead diacetate, acetic acid

and calcium carbonate (conditions similar to those existing during the lead tetra

acetate reaction). However, in that case only unchanged starting material (i.e,

the triol monoacetate 9) was isolated in practically quantitative yield, thus in

dicating that lead tetraacetate is indispensable for the formation of the dehydro

derivative 11, whereby it probably acts as a Lewis acid. This assumption was

substantiated by the fact that similar dehydration (involvirg the C(8)-hydroxy

group) in the triol monoacetate 9 could also be effected with iodine. However,

with this reagent, besides the 7-dchydro derivative 11 (obtained in about 38%

yield, Scheme 3, reaction b), 5a,8a-epoxy-cholestan-3(3-ol acetate (10) was also

formed (in about 8% yield) (while the rest, as found by column chromatography

on silica gel, was a complex mixture, in an amount of approximately 40%).
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The A9-unsaturated triol monoacetate 8 was oxidized with lead tetraacetate

under similar experimental condiiions as those described for the saturated analogue

9 (see above, i.e. with 1.2 molar equivalents of lead(IV) salt in boiling benzene

AcO'

 

a. РЬ(ОАс)4/д

b. I2

ю

a. -

b. -8*

+ Complex mixture

a. - 20*

b. -40*

 

SCHEME 3

8
PbfoAcX,

AcO

 

AcO'

 

12 (14.5%)
13 (19.5% )
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and in the presence of calcium carbonate for about 2 h, after which time the reac

tion was completed). This oxidation gave several products (which were separated

on a silica gel column), none of these being the desired 5,10- and/or 8,9-seco com

pounds, but, as shown in Scheme 4*: two isomeric acetoxy epoxides, i.e. 5,6a-

-epoxy-5a-cholest-8(14)-ene-3|3,7a-dio! diaceta e (12) (in 14.5% yield) and 5,6a-

-epoxy-5a-cholest-8(9)-en>3(3,7a-diol diacetate (13) (in 19.5% yield), 5a-cholest-

-7 ene-3(3,5,6a-triol 3,6-diacetate (14) (in 29.5% yield), and a complex mixture

(in about 25% yield).

It should be noted that in both oxidations (of 9 and 8) the respective de-

hydro derivatives 11 and 14 obtained undergo further reaction with lead tetra

acetate to give various products, as reported in a previous publication10 describing

the lead tetraacetate oxidations of 11 and 14.

The structures of products 11 and 14 (in Schemes 3 and 4) were deteimined

by direct comparison with authentic samples synthesized previously10, while

those of compounds 10, 12 and 13 (Schemes 3 and 4) were established by ele

mental microanalysis and spectral data. Thus, the 5a,8a-configuration of epoxide

10 was deduced by assuming that the stereochemistry of the reacting centers in

the starting triol monoacetate 9 remained unchanged during water elimination,

while the position of acetoxylation in compounds 12 and 13 was deduced from

13C and XH NMR data. Namely, in the 13C NMR off-resonance spectra of the

acetoxy epoxides 12 and 13 the signals for the unsaturated carbon atoms ap

pear as singlets (at 121.0 and 154.3 ppm in compound 12, and at 123.1 and

137.1 ppm in compound 13), and for the newly acetoxylated carbon atoms as

doublets (at 68.4 ppm in compound 12, and at 70.2 ppm in compound 13),

indicating that both derivatives contain a tetrasubstituted double bond (i. e.

8(14) and 8(9), respectively) and an additional secondary acetoxy group (i. e.

beside the 3(3-OAc function, already present in the substrate molecules, a new

7a-OAc group). These data and other selected 13C chemical shifts, relavant

for structural assignments are presented in Table I.

TABLE I. Selected signals from the 13C NMR spectra of the 7<x-acetoxylated epoxides

12 and 13") b>

Carbon atom Compound 12 Compound 13

3 71.0 (d) 70.9 (d)

S 65.8 (s) 63.8 (s)

6 58.0 (d) 59.3 (d)

7 68.4 (d) 70.2 (d)

8 121.0 (s) 123.1 (s)

9 c) 137.1 (s)

14 154.3 (s)

18 16.4 (q) 11.1 (q)

19 18.2 (q) 18.2 (q)

•) Spectra were measured at 20 MHz in CDCU. Chemical shifts are given in 8 ppm values,

dDwnfield from SiMe4. "> Multiplicities of the off-resonance signals are in parentheses: s, singlet;

d, doublet; q, quartet. c> Not assigned.

Further evidence for the strutures 12 and 13 was obtained from 'H NMR data,

i.e. by comparing the chemical shifts of the methyl protons at C( 18) and C( 19) in

* All yields in Scheme 4 refer to crude products.
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these derivatives with the values calculated according to the additivity rules for

the substititution effects in steroid systems11. The data given in Table II in

dicate that the 7a-acetoxy epoxide 12 contains an 8(14) double bond, and the

orresponding isomer 13 an 8(9) double bond.

TABLE II. Comparison of the observed and calculated 4-1 NMR chemical shifts for the

protons at C(18) and C(19) in the 7a acetoxylated epoxides 12 and 13

Position of the Chemical shift i5 (ppm)

Compound double bond Protons Observed Calculated

7a-Acetoxy-

-epoxide 12 8(14) СНз(18) 0.82 0.73

7 a-Acetoxy-

CH3(19) 0.94 0.96

-epoxide 13 8(9) CH3(18) 0.56 0.57

CHS(19) 1.18 1.20

From the results described above it can be concluded that the common

feature of the lead tetraacetate reactions of 5a-cholestane-3(3,5,8a-triol 3-acetate

(9) and 5a-cholest-6-ene-3(3,5,8oc-triol 3-acetate (8) is the intermediacy of species

with carbocation-like character at C(8) (which are most probably associated with

lead(IV) salts). In the case of the saturated triol monoacetate 9 the intermediate

of this type (such as 15, Scheme 5) would be expected to undergo stabilization

11

Pb(OAc),
9 ■

 

15 (П = 4,3,2)

SCHEME 5

by proton elimination (preferentially from the adjacent C(7) position) to give

the 7-dehydro derivative 11 (path a)*.

* The oxidation state of lead tetraacetate is not changed during the water elimination

process. Therefore, consumption of lead(IV) salts in the course of this reaction can arise either

from thermal decomposition12, or from further reaction (as mentioned above) with the dehydro

product 11 formed10 (thus producing about 20% of a complex mixture; see Scheme 3).
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Dehydration of the same compound (i.e. 9) to the 5a,8a-ether 10 was observed

(as mentioned above) in the reaction with iodine, but not in the lead tetraacetate

oxidation (Scheme 3)*. This would suggest that such a dehydration probably

requires a more free (i. e. non- or less-coordinated) carbenium ion-type at C(8), in

which attack by />-electrons from the 5a-hydroxy group is (also) feasible, and

that this process cannot take place in the highly associated complex intermediate

15 (path b, Scheme 5).

In the lead tetraacetate oxidation of the unsaturated triol monoacetate 8

(see Scheme 4) the formation of a similar intermediate with carbocation-like char

acter at C(8) (16, Scheme 6) could be accompanied (after complete loss of the

8<x-hydroxy group): either by proton elimination from C(14a) or C(9a) and

acetoxylation (by means of lead tetraacetate) at C(7a) with internal participa

tion of the 5a-hydroxy group to give the isom ric olefinic acetoxy-epoxides 12

and 13 as final products,** or by allylic migration of the olefinic A6-double

bond and formal addition of an acetate anion at C(6a) to afford the acetoxy-

-dehydro alcohol 14.

Therefore, this study has shown that steroidal 5<x,8oc-dihydroxy derivatives,

such as compounds 8 and 9, are not suitable substrates for ckavage of the C(5)-

-C(10) and/or C(8)-C(9) bond with lead tetraacetate, since in these highly strained

steroid molecules with unnatural 8oc-configuration the loss of the 8a-hydroxy

group (which represents also a potential reaction site in the designed fragmen

tation reactions) appears to be the energetically most favourable process, whereby

the molecules reassume the natural unstrained configuration.

Acknowledgement. The authors are grateful to the Serbian Academy of Sciences and Arts

and to the Serbian Research Fund for financial support.

* Since the 5a,8a-ether 10 remained practically unchanged when subjected to the con

ditions of the lead tetraacetate reaction for 31 hours, the possibility that this compound could

be formed and subsequently destroyed with lead tetraacetate was excluded.

** It should be noted that on the basis of available evidence it is not possible as yet to

deduce a detailed mechanistic pathway leading to the acetoxy-epoxides 12 and 13.

 

12 + 13 + 14

4 Pb'(OAc)n

16 (П = 4, 3, 2)

SCHEME 6
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EXPERIMENTAL*

Melting points are uncorrected. Optical rotations were measured at 20° in СНСЬ solu

tion. Щ-NMR spectra were obtained at 100 MHz with a Varian HA-100-D spectrometer in

CDCI3 solution, using TMS as internal standard; chemical shifts are reported in 8 (ppm) values,

and coupling constants J in Hz; abbreviations: s singlet, d doublet, t triplet, q quartet, m mul

tiples 13C-NMR spectra were recorded at 20 MHz on a Varian FT-80A spectrometer,

equipped with a Fourier transform accessory; solvent — CDCI3, internal standard — TMS,

room temp; chemical shits are reported in ppm as 8 values; abbreviations — as above.

IR spectra were determined on a Perkin-Elmer instrument, Model 337; vmax are given

in cm-1 units. Silica gel (0.05 0.2 mm) was used for preparative column chromatography. The

separation of products was monitored by thin-layer chromatography on silica gel G (Stahl) with

benzene - ethyl acetate (9:1, 7:3 or 1:1), detection being effected with aqueous sulfuric acid.

Light petroleum refers to the fraction boiling at 40—60°.

Synthesis of 5a-cholest-6-ene-3^,5,8oL-triol 3-acetate (8) and 5<x.-cholestane-3$,5,8a.-lriol

3-acetate (9)

7-Dehydrocholesleryl acetate (5). A mixture of cholesteryl acetate (4) (10 g) and 1,3-di-

bromo-5,5'-dimethylhydantoin (3.8 g) in carbon tetrachloride (100 ml) was irradiated with a

500 W lamp under reflux for 10 min and then cooled in ice. Dimethylhydantoin was removed

by filtration, washed with cold (03) carbon tetrachloride and the filtrate evaporated urde re

duced pressure at about 30°. The crude brominated product thus obtained was dissolved in an

hydrous xylene (80 ml) containing a-picoline (0.2 ml) and sodium hydrogen carbonate (10 g),

and the mixture refluxed with stirring for 45 min. After filtration, the inorganic salts were washed

with warm xylene. The filtrate was evaporated in vacuo leaving a crystalline solid, which was

twice recrystallized from acetone to give 7-dehvdrocholesteryl acatate (5) (3.34 g, 33.56%), m.p.

130° (lit.13 130 ).

5,8x-Epidioxy-5v.-cholest-6-en-3$-ol acetate (6). 7-Dehydrochlolesteryl acetate (5) (2.0 g)

and eosin (0.03 g) were dissolved in benzene — methanol (9:1) and irradiated under oxygen

with a high pressure mercury lamp TQ 150 Z2 for 25 min. (i.e. until substrate 5 was completely

consumed). After filtration, the solvent was removed under reduced pressure and the crystalline

residue was chromatographed on alumina (20 g, Brockmann II — III, neutral). Elution with

light petroleum — benzene (1 :1) afforded 5,8a-epidioxy-5a-cholest-6-en-3|3-ol acetate (6) (1.25 g,

58.14%), which was recrystallized from acetone (1.05 g, 48.84%), m.p. 152°, [a]p = -30° (c =

= 0.20); IR (KBr): 1730, 1250, 1035, 1025; Щ-NMR: 0.76 (Me-18, s), 0.82 (Me-21, Me-26

and Me-27, d), 0.88 (Me-19, s), 1.96 (AcO-3, s), 4.95 (H-3, m), 6.16 (H-6 and H-7, two d, J = 9

Hz). (Found: C, 76.17; H, 10.31. Calc. for CasHieOi (458.68): C, 75.94; H, 10.11%). This step

was repeated four times, so that a total of about 4 g of 6 was available for further reaction.

5a-Cholest-6-ene-3fi>5,8ix-triol (7). A mixture of 5,8<x-epidioxy-5oc-cholest-6-en-3p-ol acetate

(6) (3.75 g) and zinc dust (42 g) in 10% ethanolic potassium hydroxide (420 ml) was reflv>td

for 1 h and then, without cooling, filtered off. The filtrate was concentrated under reduced pressure

(to about 50 ml), diluted with water, the resulting precipitate filtered off and throughly washed

with water, to give, after recrystallization from acetone, 2.55 g (74.50%) of 5a-cholest-6-ene-

-3[3,5>8a-triol (7), m.p. 210° (lit.14 m.p. 211°); IR (KBr): 3300, 1020. (Found: C, 77.65; H, 11.19.

Calc. for СгтШвОз (418.66): С, 77.46; H, 11.07%).

5a,-Cholest-6-ene-3$,5,8a-tricl 3-acetate (8). Triol 7 (2.0 g) was acetylated with acetic

anhydride (12 ml) in dry pyridine (50 ml) at room temperature for 16 hours. The reacticn mix

ture was worked up in the usual way, i.e. poured into crushed ice — water (about 400 g) with

vigorous stirring, the precipitate filtered off, thoroughly washed with water ard air dried, to

give 5a-cholest-6-ene-3[5,5,8a-triol 3-acetate (8) (2.20 g, 100%), which after recrystallization

from acetone (2.10 g, 95.45%) had m.p. 156°, [<x]2° = 0° ± 2° (c - 0.21); IR (KBr): 3350, 1720,

1235, 1020, 975; [H-NMR: 0.63 (Me-18, s), 0.84 (Me-21, Me-26 and Me-27, d), 0.94 (Me-19,

s), 1.99 (AcO-3, s), 4.26 (HO-5 and HO-8, m), 5.20 (H-3, m), 5.91 and 6.11 (H-6 and H-7, two

d, / = 10 Hz). (Found: C, 75.77; H, 10.73. Calc. for СгчШаОа (460.70): С, 75.61 ; H, 10.50%).

* We wish to thank Dr. R. Tasovac (Microanalytical Laboratory, Faculty of Science,

Belgrade) for carrying out elemental microanalyses. Spectral determinations were performed :

iHMR at Ciba-Geigy Ltd., Basle, Switzerland (Dr. H. Fuhrer and Dr. G. Rist), 13C-NMR and

IRin th; Libaratories for Instrumental Analysis, Faculty of Science, Belgrade (direction Prof. D.

Jercmic).
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5y.-ChoIestane-3$,5,8a.-triol 3-acetate (9). A solution of the unsaturated triol monoacetatc

8 (1.13 g) in ethanol (250 ml) was hydrogenated in the presence of Adams catalyst (60 mg) at

room temperature for one hour, after which time no more hydrogen was absorbed. The resulting

mixture was filtered tthrough a Celite mat and the filtrate evaporated under reduced pressure,

to give 5a-cholestane-3p,5,8a-triol 3-acetate (9) (1.13 g, 100%), which after recrystallizaticn

from acetone (1.05 g, 92.92%) had m.p. 151°, [a]^° - - 26° (c = 0.18); IR (KBr); 3500, 3200,

1730, 1720, 1285, 1248, 1030, 975; 'H-NMR: 0.67 (Me-18, s), 0.86 (Me-21, Me-26 and Me-27,

d), 1.02 (Me-19, s), 1.97 (AcO-3, s), 5.10 (H-3, m). (Found: C, 75.05: H, 10.87. Calc. for

С29-Ш0О4 (462.71): C, 75.28; H, 10.89%).

Reaction of 5<z-cholestane-3$,5,8oL-trioI 3-acetate (9) with lead tetraacetate

A suspension of the saturated triol monoacet te 9 (462 mg, 1 mmol), lead tetraacetate

(531 mg, 1.2 mmol) and calcium carbonate (120 mg, 1.2 mmol) in anhydrous benzene (100 ml)

was refluxed for 31 h, i.e. until the oxidant had been consumed (negative starch-iodine test)

The cooled mixture was diluted with diethyl ether, filtered through a Celite mat and the inor

ganic salts thoroughly washed with diethyl ether. The combined organic filtrates were washed

with water, aqueous NaHCOs and water, dried (NajSOj) and evaporated to dryness under re

duced pressure, to give a mixture of products (about 500 mg) which was chromatographed on

silica gel (100 g). Elution with benzene — diethyl ether (97.5:2.5) gave 5a-cholest-7-ene-3(i,

5-diol 3-acetate (11) (95 mg, 21.36%), which after recrystallization from acetone-methanol (68

mg, 15.29%), had m.p. 188° (undepressed by admixture with an authentic sample10), [a]^ =

= f 18° (c = 0.90) (lit.10 m.p. 188-190°, [a]*° = + 19.5°)

Benzene — diethyl ether (95:5) eluted a complex mixture (98 mg, about 20%), which

was not further investigated. Elution with benzene — diethyl ether (90:10) afforded 251 mg

(54.24%) of unchanged starting material 9, which was identified by comparison with an authentic

sample (m.p., IR and ■H-NMR spectra).

Dehydration of 5t-cholestane-3^,5,8oi-triol 3-acetate (9) with icdinc

A solution of the saturated triol monoacetate 9 (200 mg) and iodine (84 mg) in carbon

tetrachloride (50 ml) was stirred at room temperature for 20 min. It was then washed with aque

ous ЫагЭгОз and water, dried (Na2SO.i), evaporated in vacuo and the residue chromatographed

on silica gel (10 g). Benzene — diethyl ether (99:1) cluted 5,8a-epoxy-5a-cholestan-3(3-ol acetate

(10) (15 mg, 7.81%), which was recrvstallized from acetone-methanol (11 mg, 5.73%), m.p.

82°; IR (KBr): 1720, 1250, 1050, 1035, 1020; 'H-NMR: 0.64 (Me-18, s), 0.84 (Me-21, Me-26

and Me-27, d), 0.92 (Me-19, s), 1.98 (AcO-3, s), about 5.0 (H-3, m). (Found: C, 78.40; H, 10.73.

Calc. for CaeHjsO., (444.70): C, 78.33; H, 10.88%).

The next benzene — diethyl ether (99:1) eluates gave a mixture (29 mg, 15.10%) of 5a,

8a-epoxide 10 and of the 7-dehydro derivative 11. Elution with benzene — diethyl ether (97.5:2.5)

afforded 5a-cholest-7-enc-3|3,5-diol 3-acetate (11) (73 mg, 38.0%), identified by comparison

with an authentic sample (m.p., IR and 'H-NMR spectra; see above and ref. 10). Benzene —

diethyl ether (1:1) eluted a complex mixture (78 mg, about 40%), which was not further inves

tigated.

Lead tetraacetate oxidation of 5y.-cholcst-6-ene-3$,5,8a.-lriol 3-acctate (8)

A suspension of the unsaturated triol monoacetate 8 (920 mg, 2 mmol), lead tetraacetate

(1.06 g, 2.4 mmol) and calcium carbonate (240 mg, 2.4 mmol) in anhydrous benzene (200 ml)

was refluxed for about 90 min (when the oxidant was consumed). The cooled mixture was di

luted with diethyl ether and worked up as described above, to give a mixture (about 1 g) which

was chromatographed on silica gel (100 g). Benzene — diethyl ether (9:1) eluted first 5,6a-epoxy-

-5a-cholest-8(14)-ene-3[3,7a-diol diacetate (12) (158 mg, 14.49%), which was recrystallized from

acetone-methanol (I18mg, 10.82%), m.p. 170-17Г, [ag = -231° (c 0.40); IR (KBr):

1720, 1250, 1240, 1035, 1015; 'H-NMR: 0.82 (Me-18, s), 0.89 (Me-21, Me-26 and Me-27, d),

0.94 (Me-19, s), 1.98 and 2.08 (AcO-3 and AcO-7, two s), 3.16 (H-6, d), about 4.90 (H-3, m),

5.54 (H-7, q) (see also Table II). For '"C-NMR see Table I. (Found: C, 74.44; H, 9.51 .

Calc. for СпНиСЬ (500.73): C, 74.36; H. 9.66%).



230 LORENC et at.

The next benzene — diethyl ether (9:1) eluates afforded 5,6a-epoxy-5oc-cholest-(8)9-ene-

-3(3,7a-diol diacetate (13) (212 mg, 19.5%), which was recrystallized from acetone-methanol

(174 mg, 15.96%),m.p. 172-173°, [a]*> = - 56° (c = 0.95); IR (KBr): 1720, 1250, 1235, 1035,

1010; Щ-NMR: 0.56 (Me-18, s), 0.89 (Me-21, Me-26 and Me-27, d), 1.18 (Me-19, s), 2.02 and

2.09 (AcO-3 and AcO-7, two s), 3.37 (H-6, d), about 5.0 (H-3, m), 5.56 (H-7, m) (see also

Table II). For "C-NMR see Table I. (Found: C, 74.54; H, 9.57. Calc. for CnHieOs

(500.73): C, 74.36; H, 9.66%).

Further elution with the same elucnt mixture gave 5a-cholest-7-ene-3(3,5,6a-triol 3,6-

-diacetate (14) (323 mg, 29.47%), which after recrystallization from acetone (260 mg, 23.72%)

had m.p. 188 — 190° (undepressed upon admixture with an authentic sample10), Га]^ = +59°

(с = 1.4) (lit.i° m.p. 188-190% [a]^ = +59.2°). Diethyl ether eluted a complex mixture (251

mg, about 25%) which was not further investigated.

ИЗВОД

Oeaj je pad Oocechcn осамдсссшом роЬендану академика йрофссора ЪорЬа СшефшювиНа

ОКСИДАТИВНЕ ТРАНСФОРМАЦИИ НЕКИХ 5а, 8а-ДИХИДРОКСИ-

-СТЕРОИДА

.'ЬУБИНКА ЛОРЕНЦ, МИЛАН ДАБОВИЪ, МИХАИЛО Jb. МИХАЙЛОВИЧ

XeMiijcKU инсшишуш Нриродно-машемашичкоХ факулшеша Универзишеша у Београду и Ин

сшишуш за xeuujy, шехнолощу и мешсиургщу , Београд

ГОРЛАНА ПАВЛОВИЧ

XeMiijcKU инсшишуш Сшомашолошког факулшеша Универзишеша у БсоХраду

5а-Холестан-3(3,5,8а-триол-3-ацетат (9) и 5а-холест-6-ен-3|3,5,8а-триол-3-ацетат

(8) pearyjy са олово-тетраацетатом najyhn, у првом случа)у 5а-холест-7-ен-Зр,5-диол-3-

-ацетат (11), а у другом случа;у 5,6а-епокси-5а-холест-8(14)-ен-3(3,7а-диол-диацетат (12),

5,6а-епокси-5а-холест-8(9)-ен-3(3,7а-диол-диацетат (13), као и 5а-холест-7-ен-Зр,5,6а-триол-

-3,6-диацетат (14), при чему се сви ови производи могу извести из одговара)уЬих интер-

меди)ера са карбокат)онским карактером на угл,енику С(8).

(Примлено 27. )уна 1983)
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By means of 13C-NMR spectroscopy it was possible to assign the configu

ration at C(l) to the cis-trans isomers of 4-/e«-butylcyclohexane-ethanol (la and le)

and the corresponding a-methyl (2a and 2c) and a,oc-dimethyl analogues (3e).

In addition, it was found that in the epimers of ot-methyl-4-terf-butylcycIo-

hexane-ethanol (2a and 2e) the long-range effect of the asymmetric a-carbon caused

magnetic nonequivalence (in the13C-NMR spectra) of the corresponding chemically

equivalent ring methylene carbons.

In connection with studies concerning lead tetraacetate reactions, various

4-rerr-butylcyclohexane-ethanols, exhibiting a rigid geometry of the six-membered

ring (alcohols 1, 2 and 3; a and e)*, were synthesized.

 

1a (R1 = R2 = H) 1e

2a (R1 = CH3, R2 = H) 2e

(R1 = R2 = CH3) 3e

* In the numbering of formulae, a denotes axial substituent group at C(l) and, therefore,

cis stereochemistry of the compound, whereas e denotes equatorial group at C(l) and trans ster

eochemistry.
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The 13C-NMR spectra (at 20 MHz), which afforded the structural and

stereochemical evidence for compounds 1—3 (a and e), were assigned according

to the characteristic chemical shifts and the multiplicity of lines observed in the

off-resonance decoupled spectra (Table).

The observed upfield shift of C(3), i.e. C(5), and C((3) in the primary al

cohol la and secondary alcohol 2a (of 5.4 — 6.5 ppm, when compared to the

chemical shifts of the same carbons in the corresponding diastereomers le and

2e), due to steric compression between the axial СНг(Р) group and the axial

hydrogens at C(3) and C(5) in la and 2a (y-gauche effect1), afforded unambiguous

proof for the axial orientation of the substituent group -CH2C(OH)R1R2 at C( 1 )

in alcohols la and 2a (i.e. cis stereochemistry), and the equatorial arrangement

of this grouping at C(l) in the respective epimers le and 2e (i.e. trans stereo

chemistry).

Similarly, the observed chemical shift of C(l), which is deshielded in the

trans isomers le and 2e to the extent of AS с ca. 5 ppm (in comparison to the cis

isomers la and 2a), is also in accordance with the proposed geometries (see Table).

At the same time, the similarity of the chemical shifts concerning C(2),

i.e. C(6), and C(3), i.e. C(5), in the tertiary a,a-dimethyl alcohol 3e with those

of the trans compounds le and 2e (see Table), is quite compatible with the equa

torial geometry of the substituent group -СН2С(ОН)Мег at C(l) in alcohol 3e

(i.e. trans stereochemistry).

TABLE. 13C 20 MHz NMR (CDC13) data (chemical shifts and multiplicity) concerning alcohols

la, le, 2a, 2e and 3e»>

Carbon la le 2a 2c 3c

1 28.92 (d) 34.46 28.87 (d) 34.47 or 34.39 (t) 34.36 (d)

2,6 30.76 (t) 33.86

Г31.40 (t) 34.47 or 34.39 (t)

35.83 (t)

3,5 21.78 (t) 27.32

130.42 (t)

[21.85 (t)

33.69 (t)
27.25h>

27.58 (t)

121.73 (t) 27.37b>

4 48.55 (d) 48.23 48.59 (d) 48.27 (d) 47.87 (d)

a 61.30 (t) 60.33 66.04 (d) 65.32 (d) 71.57 (s)

P 33.95 (t) 40.16 40.71 (t) 47.21 (t) 51.25 (t)

'-Ви{мез
32.55 (s) 32.35 32.50 (s) 32.37 (s) 32.39 (s)

27.52 (q) 27.57 27.53 (q) 27.58 (q) 27.58 (q)
MeBC(a)l-> — —

23.89 (q) 24.06 (q) 30.04 (q)

a) Chemical shifts 8,- (in ppm) are given relative to TMS (=0 ppm) as internal standard.

For multiplicity (in the off-resonance decoupled spectra) the abbreviations used (and given in

parentheses) are: s, singlet; d, doublet; t, triplet; q, quartet.

b) Multiplicity could not be assigned due to overlapping of the singals.

c) n—\ in the a-methyl alcohols 2a and 2e; n — 2 in the a,a-dimethyl alcohol 3e.

The magnetic nonequivalence of the otherwise (chemically) equivalent

ring methylene carbons C(2) and C(6), as well as C(3) and C(5), observed in both

epimers a and e of the secondary a-methyl alcohol 2 (Table), could be assigned

to the influence of the chiral center at the a-carbon2. Although this effect is strongly

attenuated with increase of the number of intervening carbons, it is still observ-
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able for the carbons separated from the asymmetric carbon by four and even

five bonds2. Thus, as shown in the Table, the chemical shift difference Д8с for

C(2) and C(6) (i.e. 0.98 and 0.78 (or 0.70) ppm in 2a and 2e, respectively) and

also the chemical shift difference AS с for the more remote carbons C(3) and C(5)

(i.e. 0.12 ppm in both epimeric alcohols 2a and 2e) are in accordance with the

previously reported Д8с values concerning open chain compounds2.

It should be noted that a similar analysis of 13C-NMR spectra has been

previously used for assignment of configuration to the at C(l) epimeric 2e, 4e,

6e-trimethylcyclohexane-ethanols3.

Acknowledgements. — The authors are grateful to the Serbian Academy of Sciences and

Arts and to the Serbian Republic Research Fund for financial support.

EXPERIMENTAL*

IR spectra: Perkin-Elmer Spectrophotometer, Model 337. Ш-NMR spectra: Varian

Spectrometers A-60A (at 60 MHz, in CCL) and FT-80A (at 80 MHz, in CDCI3). 13C-NMR

spectra of alcohols 1—3 (a and e) were run in the proton noise-decoupled and off-resonance de

coupled modes at 20 MHz on a Varian FT-80A spectrometer (at room temp, in CDCb), using

the following experimental conditions: spectral width, 5000Hz; acquisition time, 1.6s; pulse

width, 5 us; number of data points, 16 K. The chemical shifts are given in 8 values on the ppm

scale, relative to TMS (see Table). Multiplicity abbreviations: s, singlet; d, doublet; t, triplet;

q, quartet; sex, sextet; m, multiplet.

Starling materials

All alcohols discussed above (1, 2, 3; a and e) were synthesized in several steps, starting

from 4-t-butylbenzoic acid and via cis- and rrans-4-r-butylcyclohexanecarboxylic acid4-5. Lithium

aluminium hydride reduction of these acids afforded the corresponding epimeric 4-/-butylcyclo-

hexanemethanols4,6, whereas by using the previously described4 reaction sequence for lengthening

the side chain (of the above acids), cis- and trans-4-t-butylcyclohexaneacetic acid methyl esters

were obtained4.

Preparation of cis- and trans-4-tzTt-butylcyclohexane-ethanol (la and le)

When сй-4-i-butylcyclohexaneacetic acid methyl ester (9.80 g, 46mmol) was reduced

with LiAlH4 (2.50 g, 66 mmol) in the usual way (in EtaO), it was converted in 83% yield (7.04 g)

to the corresponding w-4-«-butylcyclohexane-ethanol (la). IR (film): vmax ~ 3320 (OH), 1400

and 1375 (CH3) cm"1; lH 60 MHz NMR: 8 0.85 (9H, s, (СН3)зС), «w 2.8 (1H, exchanges with

D2O, OH), 3.53 (2H, t,/is 6.5 Hz, H2C(a)).

A similar LLAIH4 (1.50 g, 40 mmol) reduction of «raro-4-«-butylcyclohexaneacetic acid

methyl ester (6.60 g, 31 mmol) afforded «ran$-4-r-butylcyclohexane-efhanol (le)7, in 86% yield

(4.96 g). IR (film): vm„ a 3300 (OH), 1400 and 1375 (CH3) cm"1; »H 60 MHz NMR: 8 0.83

(9H, s, (СНз)зС), X 3.0 (1H, exchanges with DaO, OH), 3.53 (2H, t, J X 6 Hz, H2C(a)).

Preparation of cis- and trans-<x-methyl-4-t-butylcycIohexane-ethanol (2a and 2e)

An ice-cooled and stirred solution of as-4-2-butylcyclohexanemethanol (3.8 g, 22.2 mmol)

in dry pyridine (2.4 g, 30 mmol) was slowly treated (i.e. dropwise) with thionyl chloride (3.2 g)

27 mmol). After stirring for 30 min without cooling, the reaction mixture was refluxed for 45 min.

It was then cooled, treated carefully with dilute aqueous HO (» 10 ml) and extracted with

diethyl ether. The ethereal layer was washed with water, saturated aqueous NaHCOs and water,

and dried (Na2S04). After removal of the solvent, distillation in vacuo afforded in 81.1% yield

(3.40 g) m-l-chloromethyl-4-<-butylcycIohexane, b.p. 65° at 0.7mmHg. IR (film): v„mx 1389

* Spectral measurements were carried out in the Laboratories for Instrumental Analysis

of the Chemistry Department (directed by Prof. D. Jeremic). All compounds subjected to ele

mental microanalysis (performed by Dr. Ruza Tasovac) gave correct percentage values for С

and H.
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and 1365 (CH3), 757, 735 (C-CI) cm"1; 'H 80MHzNMR: 8 0.78 (9H, s, (CH3)3C), 3.52 (2H,

d, J x 7 Hz, CH2-C1).

The same reaction with rr<jHi-4-f-butylcyclohexanemethanol (3.8 g, 22.2 mmol) afforded

3.22 g (76.8%) of trans- l-chloromethyl-4-r-butvlcyclohexane, b.p. 58° at 0.4 mm Hg. 1R (film):

vmax 1400 and 1378 (CH3), 732 (C-Cl)cm-'; >H 80MHzNMR: 8 0.63 (9H, s, (CH3)3C), 3.08

(2H, d, J x 6 Hz, CHa-Cl).

The above described ci'j-chloride (3.10g, 16.4 mmol) in 15 ml of dry EtaO was added

with stirring to Mg (0.44 g, 18 mmol) covered with Е1гО, and the resulting mixture was refluxed

and stirred for another 60 min (usual preparation of Grignard reagents). Freshly distilled acetal-

dehyde (1.10 g, 25 mmol) in dry EtzO (x 10ml) was then added 10 the cold mixture containing

the Grignard compound. Stirring was continued for 12 h at room temperature and finally for

one hour at reflux. After cooling in an ice-bath, 50% aqueous NH4CI was added dropwise, the

ether layer was separated, washed (H20, aqueous NaHC03, H2O) and dried (MgSO.i). After

removal of the solvent, the remaining crude product mixture (2.7 g) was separated by preparative

gas chromatography (on Carbowax 20M, at 160'), affording a's-4-f-butylcyclohexanemethanol

(yield 13.5%) as by-product, and the desired «s-a-methyl-4-f-butylcyclohcxane-ethanol (2a),

in 71% yield (2.31g) (lit4 m.p. ca. 21"). IR (film): vm»* 3350 (OH), 1405, 1390 and 1380 (CH3)

cm"1; Ш 80MHzNMR: 8 0.80 (9H,s, (СН3)зС), 1.15 (3H,d, J x 6 Hz, H3C-C(a)), 3.80

(IH, sex, J x 6 Hz, H-C(a)).

The same procedure with the fram-chloride mentioned above (3.10 g, 16.4 mmol) af

forded two products, namely frani-4-r-butylcyclohexanemethanol (yield 17%) as by-product,

and the desired rrans-a-methyl-4-r-butylcyclohexane-ethanol (2e), m.p. 54'—55° (lit.4,7 m.p.

56—57°), in 74.4% yield (2.42g). IR (film): vmax 3320 (OH), 1400, 1380 and 1375 (CH3) cm1
■HMMHzNMR: 8 0.85 (9H, s,(CH3)3C), 1.12 (3H, d, JxbHz, H:,C-C(a)), 3.83 (1H, sex,

JX6. Hz, H-C(a)).

Preparation of tr&ns-<x,<x-dxmethyl-4-t-butylcyclohexane-ethanol (3c)

franj-4-r-Butylcyclohexaneacetic acid methyl ester described above (2.12 g, 10 mmol) ,

in 10 ml of dry diethyl ether, was added dropwise, at room temperature, to methylmagnesium

iodide (MeMgl) in Е1гО, prepared in the usual way from 0.73 g (30 mmol) of Mg and 4.26 g

(30 mmol) of methyl iodide in 25 ml of dry Et20. The resulting mixture was refluxed with stirring

for 6 h, cooled and poured into crushed ice-aqueous NH4CI. The organic layer was separated

and the aqueous solution further extracted with diethyl ether. The combined ethereal extracts

were washed (H20, aqueous NaHC03, H2O), dried (MgSOj) and stripped of solvent, to give

1.75 g (yield 82.5%) of <ram-tx,a-dimethyl-4-r-butylcyclohexane-ethanol (3e), m.p. 73—74°

(lit.7 m.p. 69—7Г for monodeuteriated product at C(2)). IR (KBr): vmax 3320 (OH), 1400, 1390

and 1375 (CH3)cm-i; 'HMMHzNMR: S 0.85 (9H, s, (CH3)3C), 1.18 (6H, s, (H3C>>C(a)).

извод

ОДРЕЪИВАНэЕ КОНФИГУРАЦИИ ЕПИМЕРНИХ 4-Г-БУТИЛЦИКЛОХЕКСАНЕ ТА-

НОЛА И ОДГОВАРАТУЪИХ а-МЕТИЛ- ОДНОСНО а,а-ДИМЕТИЛ-АНАЛОГА

ПРИМЕНОМ 13C-NMR СПЕКТРОСКОПИТЕ

МИХАИЛО Л>. МИХАЙЛОВИЧ, СЛОБОДАН МИЛОСАВЛ,ЕВИЪ и СВЕТИСЛАВ ГОТКОВИЪ

Хемщски инешишуш Природио-машемашичког факулшеша Универзишеша у Бсограду, й. йр.

550, 11001 Беохрад, и Инешишуш за xe.wujy, шехнолохщу и мешалургщ'у , Беохрад

Описано jc одрсг)иванэе cxs-traixs конфигуращц'е епимерних 4-г-бутилциклохексан-

етанола (1а и 1е) и н>ихових а-метил- (2a и 2е) односно а,а-диметнл-аналога (Зе) прнмено.м

13C-NMR спектроскогп1)'е. Поред тога, наЬено je да у 13C-NMR спектрн.ма cis- и trans-

-изомера а-метил-4-1-бутилциклохексанетанола (2а и 2е) далински yTimaj асиметричног

а-угленика изазива (ггреко три и четири везе) магнетну нееквиваленщ^у иначе хемн)скн

еквивалентних метнленских угл,еника из прстена.

(Примл,ено 30. jairyapa 1984)
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Synthesis of some 3-chloro-4-methoxy-, 2-methoxy-5-chloro- and 2-methoxy-

-5-bromo-benzenesulphonylamino acids and some of their corresponding methyl

esters and hydrazide derivatives (cf. Tables L—III, compounds 2-—19) are described

Twenty-four of various substituted anisolesulphonylamino acids were found to

be active against a number of microorganisms.

Many substituted sulphonamides and some benzenesulphonylamino acid

derivatives exhibit bacteriostatic, diuretic, hypoglycaemic, uricosuric and other

phormacological activities15. More recently, the synthesis of salicylic and hy-

droxy-benzenesulphonylamino acids were reported and the compounds were

found to possess some biological activities6-8. However, the effect of replacing

the hydroxy1 moiety by a methoxy group and substitution in both the benzene

and amino acid moieties on the biological and pharmacological activities has not

yet been studied.

The present investigation involved the synthesis of some new 3-chloro-

-4-methoxy-, 2-methoxy-5-chloro- and 2-methoxy-5-bromobenzenesulphonylamino

acids, methyl esters and hydrazide derivatives (cf. Tables I—III, compounds

2— 19), and studies of their microbiological activities. The synthesized amino

acid derivatives are the necessary intermediate compounds required for subsequent

synthesis of higher peptide-antibiotic analogous and other pharmacologically

active compounds.

 

(ЪМе1 Compounds 2-19 ( Tablell Compounds 2-19 (ЪЫеШ Compounds Я9

Type A) Type B) Type С )

The sulphonyl chlorides (1-A, 1-B and 1-C) of o-chloro-, p-chloro- and

/>-bromoanisole were prepared by direct chlorosulphonation9.10.
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TableI.Physicaldataofvarious3-chloro-4-methoxybenzenesulphonylaminoacids,estersandhydrazidederivatives

(Compounds2—19,TypeA).

Com-Elementalanalysis%

pound-RYield*M.P.°C[a]*1**RtE,cmMolecularCalculatedFound

No(C=4)FormulaСH~NСHN~

65 55 55 71 56 51 55 52 41 52 73 62 81 78 55 60 40 57

-L-Ala -L-Ser -L-Val -L-Leu -L-Phe -L-Tyr

-L-Ala-OMe -L-Ser-OMe -L-Val-OMe -L-Leu-OMe -L-Phe-OMe -L-Tyr-OMe

-L-Ala-N2H3 -L-Ser-NaH3

-L-Val-NaHs
-L-Leu-N2H3 -L-Phe-N2H3 -L-Tyr-N2H3

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

96—98+120(a)0.4610 100—102+117.5(a)0.648 78—80+105(a)0.7313.2 130—132+70(a)0.579.5 110—112+35(a)0.6810.6 80—82+80(a)0.4714.5 150—152+96.5(b)0.840 125—127+130(b)0.610 147—149+15(b)0.690 105—108+17(b)0.520 125—127+45(b)0.360 130—132+30(b)0.530 100—102+101.5(c)0.650 128—130+79.5(c)0.850 100—103+57.5(c)0.520 126—128+67.5(c)0.900 112—115+42.5(c)0.410 93—95+62(c)0.490

40.88 38.77 44.79 46.49 51.96 49.80 49.92 40.80 46.49 48.08 53.19 51.06 39.02 37.09 42.92 44.62 50.06 48.06

CioHi2N05SCl CioHi2NOeSCl Ci2H16N05SCl Cl3Hi8N05SCl C16Hi6N05SCl QeHieNOeSCl CiiHuNOsSCl CuHuNOeSCl Ci3H18N05SCl C14H20NO5SCI CnHieNOeSCl Ci7Hl8NOeSCl
C10H14N3O4SCI C10H14N3O5SCI Ci2Hl8N304SCl C13H20N3O4SCI CieHi8N304SCl

4.084.7740.624.044.76 3.874.5238.603.804.11 4.974.3544.894.764.60 5.364.1746.305.114.00 4.333.7851.854.223.18 4.153.6349.754.113.20 4.554.5542.814.404.28 4.324.3240.114.224.00 5.364.1746.415.603.89 5.724.0048.115.703.76 4.693.6553.504.303.58 4.503.5051.004.003.00 4.5513.6539.124.4014.00 4.3212.9837.004.0012.85 5.3612.5142.595.1212.55 5.7212.0144.205.3011.97 4.6910.9550.004.5010.80 4.5010.5148.064.5610.00

*Crystallizationsolventsforcompounds=(2—7)=methanol—water;(8—13)==methanoland(14—19)=aceticacid-water.

**Opticalrotations[<x]^weremeaured(C=4)inthesolvents:(a)=DMSO;(b)=methanoland(c)DMF

 

 



ANISOLESULPHONYAMINO ACID DERIVATIVES 241

The reaction of (1-A or 1-B or 1-C) with the appropiate amino acid in ether

in the presence of sodium hydroxide gave 3-chloro-4-methoxy-benzenesulphonyl-

amino acids (Table I, compounds 2—7); 2-methoxy-5-chlorobenzenesulphonyl-

amino acids (Table II, compounds 2—7) and 2-methoxy-5-bromobenzenesulphonyl-

amino acids (Table III, compounds 2—7) respectively. The time required for

completion of the reaction (3—5 h) was monitored by TLC. Synthesis of the

Ser and Tyr derivatives did not require prior protection of the side chain groups

and no side reactions were observed.

Complete acid hydrolysis of compounds (Tables I—III, compound 2) using

6mol/dm3HCl, 24 h at 105° gave alanine.

The IR spectra of 3-chloro-4-methoxy-, 2-methoxy-5-chloro- and 2-methoxy-

-5-bromobenzenesulphonylamino acids (Tables I—III, compounds 2—7) in KBr

showed characteristic bands at: 1130, 1180, 1360, 1420 (S02); 3360, 3410 (NH,

SO2NH); 1735, 1140 (R-COOH, >C=0); 1540, 2920,2960 (Ar-OCH8); 1080,

1030, 910, 840, 800 and 780 cm 1 (trisubstituted benzene nucleus) and other

bands due to amino acid moieties.

NMR Spectra of compounds (Tables I—III, 2—7) exhibit three aromatic

protons at 3.26, NH proton at 5.38 and other protons assignable to aromatic and

amino acid residues.

The methyl esters (Tables I—III, compounds 8—13) were prepared by

treating the corresponding amino acid derivatives (Tables I—III, compounds

2—7) with methanol and pure thionyl chloride at 0' to —10°. The methyl esters

gave positive hydroxamate reactions. The methyl ester (-COOCH3) residue exhi

bited its characteristic IR absorption bands at : 1 120, 1240 and 1735 cm-1, thereby

supporting their structures.

Hydrazinolysis of the methyl esters (Tables I—III, compounds 8—13)

in methanol gave the corresponding hydrazides (Tables I—III, compounds 14—19).

All the hydrazides gave positive silver nitrate reactions.

Structures of the synthesized compounds (Tables I—III, compounds 2—19)

were assigned on the basis of elemental analysis, chromatographic and electro-

phoretic studies, snot tests and IR and NMR spectra.

Biological screening results

The antimicrobial activity of the compounds thus synthesized were tested

using the hole plate and filter paper disc methods11-14. The results were com

pared with the activity of the parent оггйо-chloroanisole, para-chloroanisole and

/>ara-bromoanisole. The parent compounds were inactive towards all the tested

microorganisms.

З-СЫого-4-methoxybenzenesulphonyl-L-Phe (Table I, compd 6) and the

corresponding L-Val-OMe (Table I, compd 10); 2-methoxy-5-chlorobenzene-

sulphonyl-L-Val (Table II, compd 4) and the corresponding L-Tyr-OMe (Table

II, compd 13) and 2-methoxy-5-bromobenzenesulphonyl-L-Phe • OMe (Table

III, compd 12) were found to possess high antimicrobial activities at minimal

inhibitory concentration (MIC) of 10—50 ^g/ml against Bacillus subtilis (ICC —

strain), Bacillus mycoids (USSR) and Salmonella tvphosa (NRRL-B-573) and inactive

against Bacillus cereus (NRRL-B-569), Escherichia coli (NRRL-B-210) and

Fusarium oxysporum.
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TableII.Physicaldataofvarious2-methoxy-5-chlorobenzenesulphonylaminoacids,estersandhvdrazidederivatives

(Compounds2—19,TypeB).

Com

pound

-R

Yield*M.P.CC

,20**

Elementalanalisys%

Rtcm

Molecular

Calculated

Found

HN

3.824.92 3.804.50 5.154.44 5.264.00 4.723.73 4.003.10 4.814.69 4.114.22 5.683.87 5.724.00 4.323.33 4.503.51 4.2013.42 4.3212.80 5.0012.43 5.7211.80 4.5010.99 4.2010.00

С
40.78 38.77 45.07 46.48 51.33 49.90 42.89 40.80 46.93 48.24 53.24 51.06 39.20 37.00 42.50 44.40 50.18 48.00

N
4.77 4.52 4.35 4.17 3.78 3.63 4.55 4.32 4.17 4.00 3.65 3.50 13.65 12.98 12.51 12.01 10.95 10.51

H

4.08 3.87 4.97 5.36 4.33 4.15 4.55 4.32 5.36 5.72 4.69 4.50 4.55 4.32 5.36 5.72 4.69 4.50

С

40.88 38.77 44.79 46.49 51.96 49.80 42.92 40.80 46.49 48.06 53.19 51.06 39.02 37.09 42.92 44.63 50.06 48.06

Formula

CmHiaNOsSCl CioHiaNOeSCl Ci2HieNOsSCl Cl3Hi8N05SCl Ci6HleN05SCl CieHieNOeSCl CuHmNOsSCI CuHuNOeSCl Ci3Hi8N05SCl CuH20NO5SCl d-HieNOsSCl Ci7Hi8NOeSCl
QoHuNaCMSCl' C10Hi4N3O5SCl Ci2H18N304SCl Ci3H20N3O4SCl CieHi8N304SCl CieH18N305SCl

9.2 12.9 9.5 11.6 9.3 10.8

0 0 0 0 0 0 0 0 0 0 0 0

0.94 0.47 0.38 0.76 0.34 0.53 0.73 0.44 0.82 0.61 0.48 0.88 0.51 0.63 0.45 0.64 0.93 0.86

(C=4)

+110(a) +102.5(a) +77.5(a) +47.5(a) +92.5(a) +14.5(a) +85(b) +91.5(b) +22.5(b) +60(b) +62.5(b) +32.5(b) +115(c) +112.5(c) +55(c) +27.5(c) +17.5(c) +40(c)

110—112 105—107 160—162 134—136 143—145 118—120 143—145 122—125
80—82

102—104 150—153 170—172 168—170 137—140 98—100
90—93

162—164 140—142,

/0 58 62 74 54 64 60 56 67 48 36 45 68 73 74 65 60 62
0'

71

-L-Ala-OMe -L-Ser-OMe -L-Val-OMe -L-Leu-OMe -L-Phe-OMe -L-Tyr-OMe

-L-Ala-N2H3 -L-Ser-N2H3 -L-Val-NaH.-, -L-Leu-N2H3

-L-Phe-NaHs

-L-Tvr-N2H3

No

-L-Ala -L-Ser -L-Val -L-Leu -L-Phe -L-Tyr

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Crystallizationsolventsforcompounds=(2—7)=methanol-water;(8—13)=methanoland(14—19)=aceticacid-water

Opticalrotationsweremeasured(C=4)inthesolvents:(a)=DMSO;(b)=methanoland(c)=DMF.

 



TableIII.Physicaldataofvarious2-methoxy-5-bromobenzenesulphonylaminoacids,estersandhydrazidederivatives(Compounds2—19,

TypeC).

Com

pound

No

—R

2 3 4 5 6 7 8 9 10 12 12 13 14 15 16 17 18 19

-L-Ala -L-Ser -L-Val -L-Leu -L-Phe -L-Tyr

-L-Ala-OMe -L-Ser-OMe -L-Val-OMe -L-Phe-OMe -L-Phe-OMe -L-Tyr-OMe

-L-Ala-N2H3 -L-Ser-N2H3 -L-Val-N2H3
-L-Leu-N2H3 -L-Phe-N2H3 -L-Tyr-N2H3

Yield*M.P.°C

%

(C=4)

Elementalanalysis%

RtE,cmMolecularFormula

Calculated

Found

67 51 55 60 50 70 59 61 48 50 50 44 75 69 72 72 70 80

130—132 179—180 170—172
78—80

135—137 175—177 158—160 128—130
77—79

143—145 143—145 185—187 120—122
90—92

170—172
95—97 81—83 91—93

+68.5(a) +19.5(a) +95(a) +82.5(a) +25(a) +72.5(a) +24.5(b) +46.6(b) 85(b)90(b) 52.5(b) 82.5(b) 59.5(c) +81(c) +97.5(c) +100.5(c) +75(c) +122.5(c)

СHN

35.403.504.00 33.703.303.20 39.374.433.82 41.054.613.51 46.584.163.36 44.653.473.20 37.223.633.87 35.863.703.70 41.894.333.97 42.505.003.43 47.714.363.50

45.904.C03.15

33.903.5011.81 32.803.8011.41 37.524.5011.31 39.405.0010.20 44.704.009.32 43.004.009.20

N

4.14 3.95 3.82 3.68 3.38 3.25 3.97 3.80 3.68 3.55 3.27 3.15 11.93 11.41 11.05 10.65 9.81 9.45

H

3.55 3.38 4.37 4.73 3.86 3.72 3.97 3.80 4.73 5.07 4.20 4.05 3.97 3.80 4.73 5.07 4.20 4.05

С

35.50 33.89 39.34 41.05 46.37 44.65 37.50 35.86 41.05 42.63 47.66 45.94 34.09 32.60 37.89 39.59 44.85 43.24

CioHi2N05SBr CioHiaNOeSBr CisHieNOsSBr CisHisNOsSBr CieHieNOeSBr CieHieNOeSBr CiiHi4N05SBr CnHi4NOeSBr Ci3Hi8N06SBr CuHi-oNOsSBr Ci7Hi8N05SBr Ci,Hi8NOeSBr Ci0Hi4N3O4SBr CioHi4N306SBr Ci2Hi8N304SBr Ci3H2oN304SBr CleH18N304SBr CieHi8N306SBr

15.2 6.7

9

13.9 11.8 10.8
0 0 0 0 0 0 0 0 0 0 0 0

0.49 0.63 0.43 0.34 0.75 0.65 0.48 0.72 0.51 0.39 0.49 0.58 0.89 0.60 0.33 0.77 0.41 0.38

*Crystallizationsolventsforcompounds=(2—7)=methanol-water;(8—13)=methanoland(14—19)=aceticacid-water

**Opticalrotations[a]pweremeasured(C=4)inthesolvent:(a)=DMSO;(b)=methanoland(c)=DMF
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З-СЫого-4-methoxybenzenesulphonyl-L-Ser and the corresponding L-Phe ■

• OMe (Table I, compds 3, 1 2), 2-methoxy-5-chlorobenzenesulphonyl-L-Tyr and

the corresponding L-Ala ■ OMe (Table II, compds 7, 8, 12) and 2-methoxy-5-

-bromobenzenesulphonyl-L-Ala and the corresponding L-Val, L-Leu, L-Ser • OMe,

L-Phe • OMe and L-Tyr ■ OMe (Table III, compds 2,4,5,9,12,13) showed marked

antibacterial activities against Bacillus mycoids and Salmonella typhosa with a MIC

of 50—100 ji g/ml and were inactive against the remaining microorganisms (MIC

250—500 u, g/ml).

3-Chloro-4-methoxybenzenesulphonyl-L-Leu and the corresponding L-Ser ■

• OMe, L-Leu • OMe and L-Leu • N2H3 (Table I, compds 5,9,11,17), 2-methoxy-

-5-bromobenzenesulphonyl-L-Ala and the corresponding L-Leu, L-Leu • OMe

and L-Leu • N2H3 (Table II, compds 2,5,11,17) inhibited the growth of Bacillus

mycoids with MIC 50—250 \x g/ml but did not inhibit the growth of the remaining

microorganisms. The remaining amino acid derivatives were found to be inactive

against all the tested microorganisms.

The present investigation reveals that introduction of methoxy-, chloro-

and bromo- groups at 3-, 2- and 5-positions of benzene moiety in combination

with sulphonyl-L-Ala, L-Val, L-Leu, L-Ser and L-Tyr residues induces high

and specific biological properties in 0-, p-chloro- and p-bromoanisolesulphonyl-

amino acid derivatives. Moreover, esterification of the c-terminal carboxyl group

to the corresponding anisolesulphonylamino acid methyl esters leads to improve

ment of the biological activity of Val and Tyr derivatives. However, hydra-

zinolysis of the methyl ester group in anisolesulphonylamino acid esters results

in most cases biologically inactive compounds. Other pharmacological avtivities

are currently in process.

EXPERIMENTAL

Samples for analysis were dried at 60°/10 mm, over anhyd. P2O5 for 36 h. Melting points

were recorded on Gallenkamp melting point apparatus and are uncorrected. The Ri values were

determined on Whatman No. 1 paper, developed with я-butanol — pyridine ■— acetic acid ■—

■— water (15:10:3:12), and detected with benzidine. Ninhydrin, silver nitrate and hydroxamate

reactions were used for detection of the amino acid derivatives on Whatman No. 1 paper chro-

matograms (spot reactions). Electrophoretic mobilities (E) were determined using high voltage

electrophoresis 1000 V, 2 h in pyridine — acetate buffer (pH 4-—5)15. The optical rotations [a]p

were measured; (C=4) in the solvents; (a) =DMSO, (b) = methanol and (c) = DMF, using

a Bellirgham ■— Stanley polarimeter, 1 dm tube at 20°C. The IR spectra were taken in KBr on

a Unicam SP 1200 instrument and NMR spectra in carbon tetrachloride were run on a Varian

T-60A instrument (chemical shift is (S), ppm) using TMS as the internal standard.

З-СЫого-4-methoxybenzenesulphonyl chloride (1 — A), 2-methoxy-5-chlorobcnzenc-

sulphonyl chloride (1 — B) and 2-methoxy-5-bromobenzenesulphonyl chloride (1 — C) were

prepared using the procedures described earlier9'10.

General procedure for synthesis of 3-chloro-A-melhoxybenzenesulphonylamino acids, 2-metho.\y-5-

-chlorobenzenesulphonylamino acids and 2-methoxy-S-bromobcnzenesulphonylamino acids (Tables

1—III, compds 2—7).

A solution of З-сЫого-4-methoxybenzenesulphonyl chloride (1-A) (2.53 g, 0.11 mol) or

2-methoxy-5-chlorobenzenesulphonyl chloride (1-B) and 2-methoxy-5-bromobenzenesulphonyl

chloride (1-C) (2.90 g, 0.11 mol) in ether (20 ml) was added drowpwise during 30 min to the

appropriate amino acid (0.10 mol) in 1 mol/dm3 sodium hydroxide (15 ml), and the mixture
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cooled to 5°. The temperature of the reaction mixture was maintained at 5° until complete ad

dition and then it was shaken for additional four hours at 20°. The aqueous solution was sepa

rated, cooled to 0° and acidified with 3 mol/dm3 HC1 to congo red (pH 5). The crude products

were filtered and purified by repeated recrystallizations from methanol, ethanol, water or their

mixtures. The products obtained were chromatographically homogeneous when developed with

benzidine and gave negative ninhydrin test (cf. Tables I—III, compds 2-—7).

General procedure for synthesis of 3-chloro-4-methoxy-, 2-methoxy-5-chloro- and l-methoxy-У

-bromobenzenesulphonylamino acid methyl esters {cf. Tables L—III, compds 8'—13).

Any of 3-chloro-4-methoxy- or 2-methoxy-5-chlcro- or 2-methoxy-5-brcmobenzcne-

sulphonylamino acids (Tables I—III, compds 2—7) (0.01 mol) was dissolved in abs. methanol

(100 ml), cooled to —10° and pure thionyl chloride (5 ml, 0.044 mol) added dropwise. The tem

perature of the reaction mixture was kept at —5" during the process of addition and stirring was

continued further for 4 h at 20°. The reaction mixture was left for 24 h at room temperature

and the solvent evaporated in vacuo. Methanol was added and reevaporated several times. The

crude methyl esters were recrystallized from methanol, (cf. Tables L—III, compds 8—13).

General procedure for synthesis of 3-chloro-4-methoxy-, 2-methoxy-5-chloro- and 2-methoxy-5-

-bromobenzenesulphonylamino acid hydrazides (cf. Tables I—III, compds 14'—19).

Each of the methyl ester derivatives (Tables I—III, compds 8>—13, 0.01 mol) was dissolved

in abs. ethanol (30 ml) and hydrazine hydrate (85%, 2.5 ml, 0.05 mol) added. The reaction mixture

was stirred for 3 h and left 24 h at room temperature. The white crystalline products were fil

tered, washed with cold water and recrystallized from acetic acid ■— water mixture (cf. Tables

I—III, compds 14—19).

ИЗВОД

СИНТЕЗА НЕКИХ НОВИХ о-ХЛОРО-, />-ХЛОРО- И р-БРОМО-ДЕРИВАТА АНИЗОЛ-

СУЛФОНИЛАМИНОКИСЕЛИНЕ

А. М. ЕЛ-НАГАР, А. Ф. ЕЛ-ХАДАД, С. А. А. ЕЛ-ГАФАР и И. А. АБАС

Одсек за xemujy Природно-машемашичког факулшеша, Уииверзишеш

Ал-Азхар, Наср-Сиши, Каире, Егийаш

Описана je синтеза неких З-хлоро-4-метокси-, 2-метокси-5-хлоро- и 2-метокси-5-

-бромобензенсулфониламинокиселина и )едан 6poj ьихових метил-естара и хидразида.

Антимикробна активност залажена je код 24 деривата.

(Прилиьено 21. новембра 1983),
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An action of potassium chromate in aqueous alkaline solution (pH=10.7)

upon an aqueous solution of glucose and/or fructose, for 2 h at 90°, involves a linear

relationship between the concentrations of the examined sugars and the correspond

ing absorbances (at 370 nm), thus enabling determination of glucose and fructose

separately or collectively in their mixtures. However, by using phosphate buffered

aqueous solutions of potassium dichromate (pH = 6), for 3 or 4 h at 90°C, one can

observe an exclusive oxidation of fructose in presence of glucose and a linear rela

tionship between the fructose concentration and the corresponding absorbance

at 355 nm is found again. Therefore by performing two independent oxidation

experiments (at pH = 10.7 and at pH = 6) fructose and glucose can be spectro-

photometrically determined in their mixtures (by simply solving two equations with

two unknowns).

In the last decade, fructose and Aigh /ructose containing syrups (HFCS)

are widely used for food and medicinal purposes.

As fructose is mainly obtained by an acid inversion of succrose, or by an

enzymatic isomerization of glucose, the analytical follow up of these processes,

or determination of the final glucose and fructose contents in mixtures, is of great

practical importance.

Therefore, finding a suitable method for selective fructose determination,

as well as for collective determination of glucose and fructose, is a current problem

for the contemporary industry.

Taking into account that already described procedures for spectrophoto-

metric determination of fructose in presence of glucose13 are rather unsuitable

due to either complicated devices or expensive and rare reagents used, the main

goal of this work was finding a more rational method for selective spectrophoto-

mctric determination of fructose in presence of glucose, as well as determination

of the total content of these monosaccharides in mixtures.

RESULTS AND DISCUSSION

In order to find out a new analytical procedure for determination of glucose

and fructose in mixtures, firstly, we examined their reaction separately or collec

tively with protassium chromate at 90°C, in presence of sodium carbonate.

247
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Although there are references4-5 indicating that fructose reacts somewhat

faster than glucose, we could not find a method for differential determination

of glucose and fructose under the stated conditions. Namely, by an oxidation

of glucose and fructose mixtures in aqueous alkaline medium (in presence of so

dium carbonate), for 2 h at 90°C, we observed a clean linear relationship between

the concentrations of the examined sugars and the absorbances at 370 nm (Fig.

1). One can see that it is possible to determine only the total sugar content, under

the stated conditions. Additionally and naturally, one can determine each of these

sugars separately in the concentration range of 1 to 8 g/dm3.

 

Fig. 1. Determination of glucose (Д) and Fig. 2. Reaction times at 90°: a) 2.5h,

determination of fructose (O) b) 3h and c) 4h. О — fructose, Д —

glucose + fructose

Secondly, in order to find out such reaction conditions which enable se

lective determination of fructose in presence of glucose, we carefully examined

the oxidation reation of both individual and mixed monosaccharides with po

tassium dichromate in presence of different buffers, as well as at different pH-

-values and reaction temperatures, varying in addition the reaction time.

Figure 2a shows the dependence of absorbances at 355 nm on the concen

trations of fructose after an oxidation with potassium dichromate at 90°C, in pres

ence of phosphate buffer (pH=-=6) 2.5 h. In spite of the fact that a linear relationship

was obtained in this case, these conditions could not be considered as suitable

ones, since the sensitivity of the determination was decreased due to small changes

of absorbances between the two subsequent concentrations of fructose.

The best results were obtained by an oxidation with potassium dichromate

at 90°C in piesence of phosphate buffer (pH^ 6) for 3 to 4 hours (straight lines

2b and 2c, Fig. 2). One can sec that in both cases the sensitivity of the determi

nation was comparable and satisfactorily high.
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In addition, from Fig. 2 (line 2c) one can see that glucose does not react

with К2СГ2О7 under the stated reaction conditions, so that determination of fruc

tose in presence of glucose (up to max. 8 g/dm3) becomes possible. The glucose

content in mixtures can be thus determined from the difference of the total sugar

content (Fig. 1) and the fructose content (Fig. 2b).

Average deviations, by these determinations, were max. 2% (in case of

total sugars) or 2—3% (in case of fructose).

EXPERIMENTAL

The used reagents (К2СГ2О7, NaH2PC>4, Na2HPC>4, D-glucose and D-fructose) were

of p.a. quality. In addition, glucose and fructose were thoroughly dried in a vacuum 133 Pa)

at 50° to constant weights before being used in further experiments.

Throughout this work a Spectrophotometer Unicam SP 600 UV (with UV-cells of 1 cm

thickness), pH-meter Radiometer 22, and ultrathermostat U-10 Medingen were used.

In this work following aqueous solutions were constantly used: 1. Potassium dichromate

(0.0167 mol/dm3), 2. Sodium carbonate (1 mol/dm3; 10.599 g Na2COs in 100 cm3) and 3. Phos

phate buffer, pH = 6; to 87.7 cm3 of the NaHiP04 solution (27.8 g/dm3 of ЫаНгРОд-НгО)

a solution ofNa2HP04 (71.63 g/dm3 of Na2HP04- 12 H20) is added to pH = 6 and the obtained

solution is finally diluted to 200 cm8.

A. Determination of the total glucose and fructose content

To a volumetric flask (50 cm3) containing the examined solutions of glucose and/or fructose

(0.1—0.8 g/100cm3; 10 cm3) from a burette (10 cm3) is added the solution of K2Cr207 (0.0167

mol/dm3; 10 cm3) and the solution of Na2COa (1 mol/dm3; 5 cm3). Thus prepared reaction mixture

is well stoppered and heated at 90° for 2 h in a thermostat. After cooling the reaction mixture

to room temperature by running water, the same is diluted to 50 cm3 (with distilled water). To

measure the corresponding absorbances at 370 nm, an aliqout (2 cm3) diluted with distilled water

(to 50 cm3) is taken (Figure 1).

B. Determination of fructose (alone or in a mixture with glucose)

To a volumetric flask (50 cm3) containing the solution of fructose (0.2—lg/100cm3;

10 cm3) or mixture of fructose and glucose (fructose 0.1—0.8g/100cm3; glucose 0.8g/100cm3)

from a burette (10 cm3) is added the solution of K2Cr207 (0.0167 mol/dm3; 10 cm3) and the

phosphate buffer (pH = 6; 5 cm3). Thus prepared reaction mixture is well stoppered and heated

at 90° for 3 or 4 hours*. After cooling the reaction mixture to room temperature by running

water, the same is diluted to 50 cm3 (with distilled water). To measure the corresponding absorb

ances at 355 nm an aliquot (2 cm3) diluted with distilled water (to 25 cm3) is taken (Fig. 2).

* It is necessary to keep the stated reaction conditions, since small changes of temperature

(± 2°) or reaction time (± lOmin) may cause significant errors at fructose determinations.
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ИЗВОД

1ЕДНОВРЕМЕНО СПЕКТРОФОТОМЕТЩСКО ОДРЕЪИВА1ЬЕ

ФРУКТОЗЕ И ГЛУКОЗЕ У СМЕШАМА

ДУШАН МИЛЖОВИИ, НАДА ВУКС^ЕВИЪ, MHPJAHA ПОПСАВИН

и МОМЧИЛО МШЬКОВИЪ*

XeMujcKU инсшишуш Природно-машемашичког факулшеша, Универзишеш у Новом Саду,

21000 Нови Сад и ^Медицински ценшар ,,М. С. Хсриш", Херши, Пенсилванща, САД

При де)ству алкалног раствора (рН=10,7) кали^умхромата на водени раствор глу-

козе или фруктозе, у току 2 часа на температури 90% уочена je правилна зависност измену

концентраци)а испитиваних niehepa и апсорбанци)е (на 370 шп), што OMoryhyje одреЬиваше

глукозе и фруктозе, по)еднначно или збирно у н>ихово) смеши. Ме^утим, применом фос-

фатно пуферовних раствора кали)умхромата (рН 6) на 90° у току 3 или 4 часа, залажена

je искльучиво селективна оксидаци)а фруктозе у присуству глукозе, а поново je на^ена

и линеарна зависност измену концентращиа фруктозе и одговара)уЬих апсорбаншпа на

355 nm. Према томе, извоЬелем два независна огледа оксидаци>е (при рН=10,7 и рН= 6)

фруктоза и глукоза се могу спектрофотометри}ски одредити у смеси Оедноставним ре

шаванъем две }едначине са две непознате).

(Примлэено 27. janyapa 1984)
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Electrochemical properties of the solid ionic conductor K2H2SD2O7 ■ 4НгО

were investigated at temperatures up to 673 K, by means of cyclic voltammetry,

chronoamperometry and a.c. polarography. Evolution of hydrogen which oxidizes

to H+ ions in reverse polarization corresponds to cathodic decomposition of the

nondehydrated sample. The equilibrium potential of the H+ ^ H process is —0.44 V

against the Ag electrode. By means of anodic oxidation of OH- groups, O2 is formed

and it is reduced at reverse cathodic polarization. The equilibrium potential of the

20H- I/2O2+ H2O process is 0.56 V against the Ag electrode. Dehydration causes

structural changes and breaking of Sb-O-Sb bridges above 473 К by which consid

erable concentrations of electrochemically active Sb(V) and K+ ions are activated.

Faradaic processes on electrodes cause corresponding changes in the interface and thus

in its electric capacity as well. From the capacitance current the capacity of interface

as a function of the d.c. potential and the a.c. frequency at several temperatures

was determined.

A great number of solid substances showing proton conductivity1 are well

known. These are acid salts and crystallohydrates, heteropolyacids or organic

sulphates2. At room temperature the conductivity of these compounds rcnges

from ionic semiconductivity 10~7 S/cm (C6H12N4 ■ 2H2SO4)3 to ionic supercon

ductivity 10"1 S/cm (H3PM012O40 • 29НгО)4. The conductivity of protons depends

on a great number of factors in connection with the conductor structure, proton

binding energy, hydrogen bonds and other barriers influencing the proton move

ment. Because of high proton conductivity scientific and practical interest in

these materials for their use in various types of batteries and other electrochemical

systems has increased considerably in several recent years. Therefore, it is im

portant to investigate, in addition to conductivity, other properties of these ma

terials as well, such as electrochemical characteristics, thermal behaviour etc.

Our investigations within this work, and as a continuation of previous investi

gations5 are focussed on the electrochemical behaviour of the solid protonic con

ductor КгНгЗЬгО? • 4H20 from room tempefature to about 673 K.

EXPERIMENTAL

Polycrystalline powder K2H2SD2O7 • 4НгО (Merck) was pressed, under 5.1 x 108Pa pres

sure, into pellets 1<—3 mm thick and 8 mm of dia. Electrochemical investigations were performed

in a three-electrode system: Pt working (0.058 cm2), Ag reference (0.03 cm2) and Ag counter

(0.502 cm2) electrodes, by means of a PAR 170 electrochemical system. By means of a suitable

cell described earlier7 measurements were performed within the temperature range from room

temperature to 673 K.

251
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RESULTS

Electrochemical processes were investigated by means of cyclic voltarnmetry,

cyclic chronoamperometry with double potential step and a.c. polarography.

Figures 1 and 2 show cyclovoltammograms and cyclochronoamperograms at room

 

temperature on the basis of which conclusions on cathode and anode electrode

processes can be made. Complementary to these results, Fig. 3 shows faradaic

and capacitance current curves, also at room temperature, from which the changes

of faradaic processes and electrode/electrolyte interface capacity depending on

the d.c. potential and a.c. current frequency are seen. Figure 4 shows cyclovoltam

mograms of a partially dehydrated sample at elevated temperature when new

charge carriers, Sb(V) and K+, are activated. The changes of interface properties

with the temperature rise, followed by observing faradaic and capacitance current

curves are shown in Fig. 6. Namely, on thermal activation of new ionic species,

electrochemically active at various potentials, the interface reacts by the increasing

change of electric capacity.

DISCUSSION

From a great number of cyclovoltammograms one can see anodic and cathodic

decompositions of the electrolyte at room temperature, Fig. 1. At the anode OH^

groups oxidize to O2 (section VIII) and H+ ions reduce to H2 on the cathode

(section II). The anodically evolved oxygen remains partially on the electrode
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and in the layer adjacent to it (interface), so that it is reduced in the cathodic po

larization, to which the first cathodic wave (prewave I) corresponds, before the

hydrogen evolution, which increases along with a rise of the anodic potential,

Fig. 1, curves 1—3. The oxygen reduction is followed by cathodic decompostion

 

Fig. 2. Cyclochronoamperograms of Fig. 3. Change of capacitance (/) and

КаНгЭЬгСЬ ■ 4НгО with double potential faradaic (2) currents of K2H2S02O7 ■ 4H20

step at room temperature: £i=1.0V and at room temperature, with a.c. potential

fit=-0.8V (/), £t = 2.0V and Et= change; A£=5mV pk-pk. frequency

= -0.8 V (2), т 5s. 1000 Hz.

of the electrolyte and the evolution of hydrogen which also remains partially on

the electrode and in the interface and is oxidized to H+ ions and returns to the

solid electrolyte, peak III, in reverse polarization. The equilibriurn potential of

the H+ H process, according to the cathodic-anodic reverse polarization curve

of cyclovoltammograms (curve a), is —0.44 V at room temperature. An increase

in cathodic potential results in an incrsase in the quantity of evolved and in the

interface retained hydrogen, which is manifested in the increase in the anodic

-maximum of hydrogen oxidation, Fig. 1, curves 4 and 5. From the direct pola

rization curve of cyclovoltammograms (curve b) one finds the equilibrium po

tential of the oxido-reduction process 20H~ ~ I/2O2+H2O to be £r-=0.56 V. It

is also found that the electrolyte decomposition potential on Pt electrodes is 1.6 V.

No indication of the reduction of antimony was seen at room temperature within

the potential range from 2.0 V to —2.5 V.

Cyclic chronoamperograms with double potential step within the impulse

duration of 5 seconds at the potentials E\ — 1.0 V and Et- —0.8 V, and E\ — 2.0 V

and £r= — 0.8 V, Fig. 2, show the results in accordance with and complementary

to cyclovoltammetric results. Through several cycles a stationary state is estab

lished, so that the curves have the same trace. In the cathodic process, within

5 seconds period, at the potential Et-^ —0.8 V, hydrogen evolves, and in the anodic

process this, also within a 5 seconds period at the potential Zj|=1.0 and 2.0 V,
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respectively, is oxidized together with the oxygen evolution. In the cathodic proc

ess, along with hydrogen evolution, oxygen accumulated on the electrode and

in the interface during the anodic impulse is reduced. The minimum noticed

in the very beginning of the cathodic impulse (Fig. 2, curve 2), which increases

 

with the raise of the anodic impulse potential, is caused by the anodically evolved

oxygen. We are of the opinion that with an increase in the anodic pulse potential

(in this case from 1.0 to 2.0 V) the quantity of evolved oxygen increases, and this,

adsorbed on the electrode, forms a passive layer (equivalent to a decrease in effective

electrode area) which is eliminated by the reduction in less than one second period,

which leads to the minimum formation. The cathodic current hardly changes

with time (decrease), which means that the processes at these potentials (—0.8 V)

are far from the concentration polarization.

Faradaic and capacitance current curves, Fig. 3, within the potential ranging

from 2.0 to —2.0 V, at the a.c. amplitude 5 mV pk-pk and 1000 Hz, show marked

current values. Two steps of increase in the faradaic current correspond to the

cathodic process of reduction of the anode product (oxygen) and H+ ions. The

increase in faradaic current is followed by the increase of the capacitance current,

although one would expect the capacitance current to decrease due to the break

down of the electric double layer, as in a Agl based electrolyte6. This can be ex

plained by a change in the interface nature, with the d.c. potential change, at which

oxygen is replaced by hydrogen, so that the capacity of the interface and not of

the electric double layer is obtained. From the capacitance current measurements,

at the frequency of 1000 Hz, the capacity was found to be 17.7nF/cm2 at 1.0 V

and 29.5nF/cm2 at -2.0 V.

With heating the nature of the sample changes, due to dehydration which,

also causes a change in the conductivity and electrochemical properties. With

temperatures from 323 to 473 К the resistance of the electrolyte becomes so high
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that no polarization effects can be recorded. However, at the temperatures above

473 K, due to Sb-O-Sb bridge breaking5, in addition to the outstanding OH~

groups and H+ ions, also considerable concentrations of Sb(V) and K+ ions are

activated, due to which the conductivity increases.

On the polarization curves recorded at 645 K, Fig. 1, in addition to the

mentioned redox processes at room temperature, one sees cathodic and anodic

processes corresponding to Sb(V) Sb and K+ ^ К reductions and the oxidation

of the formed cathode products. It has already been explained that the wave I

corresponds to the anode oxygen reduction, and the wave II to hydrogen evolution,

while the maximum III corresponds to cathodically generated hydrogen oxy-

dation. Cathodic current that follows the hydrogen evolution current, maximum

IV, corresponds to Sb(V)-»-Sb reduction, to which the anodic maximum of an

timony oxidation, maximum V, corresponds. Sb(V) up to metal reduction was

proved by the finding of metallic antimony on the electrode. However, it has

not been investigated particularly to what valence state the deposited antimony

oxidizes. As for potassium, its deposition follows the antimony deposition, part

VI, and it is certain that with air oxygen it oxidizes to an oxide which produces

oxygen and K+ ions in the anodic process, maximum VII.

With further increase of temperature, Fig. 4, curve 5, one notices that oxygen

and H+ reduction currents do not increase proportionally to the increase in Sb(V)

and K+ reduction current because with an increase in temperature the number

of active Sb(V) and K+ ions increases more rapidly than the quantity of evolved

hydrogen, due to continuing dehydration that, according to DT and TG anal

yses is completed at about 873 K5.

The anodic part of cyclovoltammograms marked by VIII represents the

anodic decomposition of the electrolyte, i.e. oxygen evolution. Cyclochronoampero-

grams obtained at elevated temperatures (531 and 623 K) at £|=0,0V and Et—

= —0.5, —1.0, —2.0, —3.0, 1.0, 2.0 and 3.0 V, give results in accordance with

cyclovoltammograms obtained at corresponding temperatures. The polarization

curve analysis shows that, within 5 second impulses, depending on the potentials

Ei and Et, various processes occur.

The change of current with time, for a long period, i.e. I=/(i~1/2), and for

a short period, i.e. 7=f(t1/2) is rectilinear only in the case when one process occurs

on the electrode, i.e. for cathodic process on Et: —0.5 and — 1.0 V. Namely, up

to Et< — 1.0 V, within the cathodic impulse, only H+ is reduced, and the process

is diffusion-controlled, i.e. the concentration polarization is established as seen

from the relation 7=f(t-1'2), as a straight line starting from the origin is obtained,

while the relation 7=f(£1'2) for a shorter period of time is well extrapolated by

a straight line with the corresponding ordinate intercept which is the measure

of the H+->H process rate and from which, with sufficient data, one can calculate

the rate constant, before the concentration polarization is established, Fig. 5.

With an increase in temperature and the dehydration process progressing'

new electrochemically active species, i.e. new faradaic processes, are activated'

which leads to the corresponding change in the electrode/electrolyte interface.

Figure 6 shows the capacitance current curves and their dependence on the a.c.

potential, at 200 to 1000 Hz, at an a.c. current amplitude of 10 mV, pk-pk, 623 K.

One can see that with the change of the d.c. potential from 1 0 to —2.0 V, as long

as the faradaic current increases gradually, the capacitance current decreases also
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gradually. At comparing cathodic-anodic processes according to the cyclovoltammo-

grams, one concludes that such behaviour of the interface originates from the

change in the nature (chemical composition) of the interface. Namely, the rapid

decrease of the iterface capacity within the d.c. potential region (from 1 .0 to —0.5 V),

at which the faradaic current increases, originates from the oxide anodic layer

reduction. Within the potential ranging from —0.5 to — 1.0 V the capacity almost

does not change, and then it decreases almost up to the constant value at —2.0 V,

which, according to the cyclovoltammograms, corresponds to antimony deposition.

Therefore, it should be talked about the capacity of interface but not about the

capacity of the electric double layer, as it is seen that the capacity depends on

the thickness, composition, structure and dielectric properties of the interface.

Since, as one can sec, the complete nature of the interface changes with the d.c.

potential change caused by the oxidation-reduction process, the capacity change

should be considered as a normal phenomenon in all the cases of interfaces with

which at the d.c. potential change some components of the interface are formed

or disappear.

 

Fig. 5. Analysis of chronoamperograms : Fig. 6. Change of capacitance and

I, both, vi r_I '2 (1,2) and vs tl 12 (3,4) at faradaic currents with the change

531 K: / and 3 at —0.5 V, 2 and 4 of d.c. potential and a.c. frequency :

at - 1 .0 V. 623 K, AE= 10 mV pk-pk.

From capacitance current measurements at chosen d.c. potential the capacity

С can be calculated, using the equation

InfbES=^F/cm2)

where / is the current in microamperes, A£=10mV pk-pk amplitude, and / is

the current frequency, 5 -0.058 cm2 is the electrode/electrolyte interface area

in cm'.

The described electrochemical behaviour is the consequence of the crystal

structure, first of all the strength of the bonds between the structure elements

(units) which crnblc or prevent the movement of the corresponding ions. In a

uondehydrated sample the Sb(V) ion is in the centre of the octahedron on the
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comers of which are OH- groups interconnected by strong hydrogen bonds, so

that Sb(V) leaves the octahedron with difficulty and does not give its contribution

to electrode depolarization. On the other hand, strong hydrogen bonds between

OH" groups, and the ones between OH~ groups and water molecular do not

create favourable conditions for the movement of OH groups and small number

of defect H+ ions. By the breaking of Sb-O-Sb bridges and formation of КБЬОз •

■ иНгО above 473 К, considerable concentrations of all present ions (H+, Sb(V), K+

and OH") become activated due to which the polarization current increases

abruptly. When dehydration is completed at about 880 K, the Sb(V) ion is again

in the centre of the octahedron preventing thus the related depolarization effects.

извод

ЕЛЕКТРОХЕМЩСКО ПОНАШАЬЬЕ ЧВРСТОГ K2H2Sb2Cb ■ 4H20

МИЛЕНКО В. ШУШИЪ и ДРАГИЦА М. МИНИЪ

Инсшишуш за физичку хемщу Природно-машемашичког факулшеша у Eeoipagy, Сшуденшски

шрг 16, 11000 Беогрод

Електрохеми)ске особине чврстог )онског проводника K2H2Sb2C>7 ■ 4Н20 испитиванс

су у температурсколг интервалу од собне температуре до 673 К, прнменом метода цикличне

волтаметр^е, хроноамперометри)е и а.с. поларографи)е. Катодним разлаган>ем недехи-

дратисаног узорка настали водоник делимично се задржава на електроди и у гранично)

фаз:г и у повратно) поларизащци оксиду)е до Н ' jona. Равнотежни потенцщал процеса

H+.I! Н je —0,44 V а струна измене 6,12(лА/ст2. С друге стране анодном оксидациям ОН~

група наста)е 02 Kojn се таког)е делимично задржава на електроди и у граничном cnojy и

ргдуку)е се пре водоника при катодно] поларизащОн. Равнотежни потенциал процеса

20Н- .11 1 12 02 je 0.56 V а стру;а измене 0,93(лА/ст'2. У структурним променама услед де-

хидратац;ие и киданьа Sb-O-Sb моста на око 473 К активира^у се знатне концентращ^е

Sb(V) в К* joHa чи)и се редокс процеси виде на цикловолтамограмима делимично дехи-

дратисаних узорака (на 593 и 594 К) поред веК описаних. Промена природе и диелектричних

особина граничне фазе услед описаних фараде)ских процеса изазива и o/iroBapajyhe про

мене капацитета граничне фазе. Из измерене капацитивне CTpyje одре!)ен je капацитет

граничне фазе у функции d.c. потенциала и фреквенци)е а.с. напона на пише температуре.

(Примл,сно 28. фебруара 1984)
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YTHUAJ KATJOHA ЗЕМНОАЛКАЛНИХ МЕТАЛА НА ЕЛЕКТРО-

XEMHJCKO ИЗДВА1АН>Е ВОДОНИКА НА ЦИНКУ У АЛКАЛНИМ

РАСТВОРИМА
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(Пришьено 2. )уна 1983)

ОдреГшване су галваностатском техником стационарне поларизационе

криве електрохеми)ског издва)аша водоника на цинку у алкалним растворима

Kojn су садржавали хидроксиде и перхлорате бари^ума, калщцума и магне-

зи)ума при чему je варирана укупна концентраци)а катиона (0,1—2,0 mol/dm3),

а рН раствора одржаван константним (рН=8—8,5) променом односа концен-

траци]а хидроксида и перхлората. На^ено je да катодне поларизационе криве

има)у два праволини)ска дела са нагибима блиским —120 mV/dek раздво)ена

граничном CTpyjoM (10~4— Ю-8 A/cm2). ПовеЬаае концентраци^е катjона доводи

до помераньа оба праволини)ска дела ка позитивни)им потенци)алима (брзина

катодног процеса расте). Анализа yrnuaja повеЬакьа хонцентраци)е катиона

земноалкалних метала на катодне поларизационе криве дала je за оба право-

лини)ска дела привидни ред катодне peamuije по ка^онима близак )единици.

Дискутовани су могуЬи механизми електрохеми)ског издва)а!ьа водоника

помоЬу Kojnx се могу об)аснити експериментални резултати.

У нашем рашфм раду1 на1)ено je да концентращф и врста катиона

слектролита закономерно утичу на брзину електрохеми|ског издва)ан>а во

доника на цинку у алкалним растворима хидроксида и перхлората кали)ума,

натри)ума и лит^ума. Установл>ено je да повеЬаае концентращце KaTjoHa

доводи до пораста брзине катодне реакци;е (са привидним редом реакщф

по KaTjoHHMa блиским )единици) и да oeaj ефекат (при константно) концен

трации KaTjoHa) nocraje све израженщи према редоследу канона К+ < Na+<

< Li+, Kojn одговара редоследу повеКан>а енерпф хидратаци)е кат)она (или

редоследу сман>ен>а радиуса KaTjoHa). Ови ефекти, запажени и у другим

радовима2-8, разматрани су у1 са аспекта квантно-механичке Teopnje кинетике

елзксрохеми^ског издва)ан>а водоника на металима за Koje je карактеристичан

мгханизам Volm;r-H2yrovsky са спором Volmer-овом елементарном реакци-

joM7-12 (група sp-мгтала Kojoj припада и цинк13). Из ових разматран>а про-

истекао je закл>учак да величина ефекта канона алкалних метала на кинетику

елекгрохеми}ског издва}ан»а водоника у алкалним растворима треба да се

повгНава са eHaprnjoM хидратащф KaTjoHa односно густином наелектрисан>а

(однос наелектрисавьа према радиусу KaTjoHa). У (.кладу са овим зашъучком

требало би очекивати да ка^'они земноалкалних метала, од Kojnx неки (Ве2+,

Mg2+) HMajy знатно веку густину наелектрисаша од KaTjoHa алкалних ме

тала, тако^е испол>е утица) на кинетику електрохеми)ског издва)ан>а водо

ника у алкалним растворима. OBaj рад предузет je са цшъем да се утврди

nocTojaH>e и одреди величина оваквог утицаja.

259
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ЕКСПЕРИМЕНТАЛНА ТЕХНИКА

Испитиван>а су нзвршеиа са растворима Kojn су садржавали смешу хидрокспда

иперхлората бар^ума, калвдяума и магнези)ума различитих укупних концентраци)а (0,1 —2,0

mol/dm3), при чему je рН раствора одржаван константним променом односа концентратов

хидрокспда и перхлората. Пошто се рН таложен>а хидроксида земноалкалних метала налази

у слабо алкално) области14 ни)е било могуЬе припремаи>е више cepnja раствора различитог

рН, као у случа)у алкалних метала1, веК je рН одржаван на приближно константно) вред

ности, а у веКини мерен>а био je у интервалу 8,0—8,5.

Одрег)иван>е стационарних поларизационих кривих вршено je галваностатском тех

ником са апаратуром и поступцима идентнчним као у нашем раннем раду.

РЕЗУЛТАТИ

Типична стационарна катодна ноларизациона крива издва)гн>а водо-

ника на цинку из алкалних раствора у присуству канона земноалкалних

метала приказана jc на сл. 1 (на примеру раствора kojh садржи joHe калци-

 

-log j. (j. и A/cm2]

Слика 1 Figure

Типична Е— log_;'_ зависност електрохем^ског издва)ан,а

водоника

A typical electrochemical hydrogen evolution E — log;'_ curve

jyMaj. Крива je доби)ена на претходно брушено], одмашЬено) и катодно ио-

ларизовано) цинкано) електроди1 полазеЬи од магьих густина cipyje ка веЬш\

На прикалано) криво) уо* aBajy се два пу аволини)'ска дела са нагибима блис-

ким —120 mV/dek раздво)епа гуаничном crpyjoM (на око Ю-3 A/cm2). Право-

лиш^ски део на Е — log У криво; у области веЬих густина ciryje, обзигом

на облает потенциала у Kojoj се )авл>а, очигледно одговара издва)ыьу водо

ника по реакционом ггуту у коме je донор протона вода. Други праволини)ски

део у области ман»их густина CTpyjc kojh се janjba при знатно прзртувпщум

потемци)алнма као и nojaim граничне crpyjc не могу се приписати рсдукци)и



yTHUAJ ЗЕМНОАЛКАЛНИХ KATJOHA . 261

joHa цинката (нродуката корози)е цинка) акумулираних у приелектрсдном

enojy услед споре дифузи)е, као што je то cnyvaj у присуству кат)она ал-

кглчих мггзла1. Вредност граничче crpyje je сувише велика, па би требало

пр;тл эставити веема интензивну ко;~ози)у цинка, што HHje вероватно сбзиром

hi вредност рН Koja одговара области минималне корози)е цинка. Изгледа

стога оправдано да се праволишцеки део у области маньих густина струне

притшш; издва|атьу водоника из водони- них jona Kojn HacTajy парщфлкем

хидролчюм хидратиоаних кат)она земноалкалних метала у цржелектроднем

c.iojy.

 

a) j = Ю"*А/ап'

b) j =2,510"' A/cm1

1Э00

1ЭО0

1500 I

1700

0 к* [в.-] 1

Слика 2 Figure

Зависност E(j-= const)— log [Ba2+]

The dependence E(j- = const) — log [BaI+]

Анализа стационарних полаоизационнх кривих доби)ених у присуству

KiTjoHa з многдлкалних метала показухе да rocTpjn законсмеран утица) кон

центраций катиона на брзину издва)эн>а водоника, kojh илугтру)у ди)аграми

на сл. 2—4. Без обзира на знатна расипаньа експе риментглних вреднести

 

Слика 3 Figure

Зависност £(j'_-const) log [Mg- ]

The dependence E(j- = const) — log [ M g2 * ]
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услед недовол>не репродуктивности Е — log /_ кривих, могу се за све ис-

питиване катионе успоставити праволини)ске зависности Е — log [М2+] за

оба дела Е — log У- кривих. Нагиби ових зависности индицира)у да je при-

видни ред катодне реакщф по кат)онима у оба случала близак ^единици.

 

Слика 4 Figure

Зависност Е (J-= const)— log [Са2+]

The dependence E (J- = const) — log [Ca2+]

Порег)ен>е зависности E — log [M24] за праволини^ске делове E—\ogj-

кривих при веКим густинама crpyje (сл. 2b—4b) noKaeyje да nocTojn утица;

врете кат|она (при константно] yKynHoj концентрации) на кинетику издва-

)ан>а водоника. Слично као и код ефеката катиона алкалних метала1 могу

се успоставити корелаци)е измег)у потенциала (при_/'-= const) и eHeprnje

хидратаци)е или кристалографског ради)уса (сл. 5), kojc показу|у да je пораст

гс, nm

0,06 0,06 0,10 0,12 0,14

1200

I

| 1300

о.

£ 1400

ш

1900

8*0 1260 «60 2Ю0

Слика 5 Figure

a) Корелацн)а E(J-= const) и промене Gibbs-ове eiiepnije

Correlation E(j- = const) and the change of Gibbs energy

b) KopeJiannja E O'_= const) и кристалографског радиуса

Correlation E(j- = const) and the crystallographic radius

pH г 8,0
 

J=2,5-10-3A/cm2
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брзине издва)ан>а водоника утолико веЬи уколико je веНа eHepnija хидра-

Tannje и маши ради)ус KaTjona. На сл. 6 дате су корелащф вредности пре-

напгтости (при j- = const) и промене Gibbs-ове енерпф хидратаци)е кат)она

(сл. 6а), односно густине наелектрисан>а (односа наелекстрисавьа и криста-

лографског радиуса канона) (сл. 6Ь) за земноалкалне и алкалне метале (за

последнее су подали узети из рада1). Као што се види, корелаци^е су )един-

ствене за обе групе метала.

коо Д^* Мф«*],1М ®_
5*к* М-М-ш

>
- Li* Со.»*

Во»
- н$\£

Е — о
Во»* Э\

—

с"

800

Mo2*
_ j = 2,5-10-4/01)* ^Ч

*

1 , 1 , 1 . 1 1.1,

«0 640 «0 «во 1,0 2.0 1.0
z/rc, run-1

Слика 6 Figure

a) Корелащца т) O'_=const) и промене Gibbs-ове eHepmje

Correlation 1)0- — const) and the change of Gibbs energy

b) Корелаци)а т) (J-= const) и густине наелектрисанл

Correlation т) (J- = const) and the charge density

ДИСКУСЩА

riocTojaibe два праволинщска дела на Е— log./- зависностима индицира

да су донори протона у реакцией издва]ан>а водоника различити у одговоа-

)уЬим областима густине катодне crpyje. Пошто донор протона у области

веЬих густина катодне crpyje мора бити вода, треба претпсставити да je у

области ман>их густина crpyje могуЬе да донори протона буду хидроксони}ум

)они. Оваква могугшост jaen^a се уколико у присуству кат)она земноалкалних

метала долази до локалне промене рН у приелектродном oiojy. На основу

концепта „локализоване хидролизе"14, протон из поларизсване О-Н везе

молекула воде у хидратационо} сфери катиона може да формира jany водо-

ничну везу са хидроксилним joHOM.

2+- /Н Z+- /Н

(H20)„_iM О'—H++OH=(H20)n-iM O^H+...ОН- (1)

На Taj начин, долази до смавьевъа активности хидроксилних joHa у приеле

ктродном oiojy и локалног сниженьа рН. У OBaKBoj ситуации, донори

протона могу постати хидроксони)ум joHH, а гранична crpyja н>ихове реду-

Kirnje нема дифузиони, веЬ кинетички карактер и одреЬена je концентраци-

joM кат)0на и степеном локализоване хидролизе. Ако се претпостави да сте

пей локализоване хидролизе HHje нарочито велики, али да HacTaje кинетички

знача}на концентраци^а xидpoкcoниjyм joHa у приелектродном сло)у, тада

je [НзО]а~ [М(Н20) + ]в^[М(Н20)2! ] (где су индексом а означене актуел
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не концентраци]е у прислектродном сло|у). Са свько дсфинксаксм гту-

елном концентращи'ом хидрокссшцум )она као дснсу а ьуотста, tKC <е r.jti-

постави да механизам нъихове редукци^е одговара мсхгнтму Vo'mer-Hey-

rovsky са спором Volmer-овом елементарнсм pcuanajcM, дсби.)э. сс са )сдка-

чину катодне ноларизационе криве

1едначина (2) предви1)а нагиб катодне ноларизационе криве близак

— 120mV/cbk и р:д кггодне реакци)е по ка^онима зсмноалкалних метала

(еднак )единици, као што jc експериментално и на1)ено за щ аволини{ски

део Е — log У- зависности у области маньих густина cipyje.

За реакци)'у издва)ан>а водоника у области веЬих густика crpyjc можс

се предложит» механизам

ко)и претпоставл>а да je донор протсна у като;ко) реакии)и у области веема

негативних потенци)'ала вода из хидратационе сфере канона. Овакав ме

ханизам je детально разматран у нашем претходном раду1 као могуье c6jaiu-

jbeibe yranaja катиона алкалних метала на брзину издва)аньа водоника на

цинку у алкалним растворима. Из ових разматран>а произилази да су мо-

лекули воде из хидратационе сфере катиона, распоре1)ени измену површине

елекгроде и канона (лоцираних у спол>но( Helmholtz-CBoj равни или нешто

унутар колшакгног дела дво)ног cioja) услед поларизгщи'е у полу кат)она,

фазоризовани као донори протона. Найме, протон из поларизоване О-Н

в:зе молекула воде налази се на мэнъем pacrojaiby од електроде, што према

caBp?M:noj квангно-механи"ко) теори;и кинетике издва)£1ьа водоника (раз-

ви)ене за cjiy4aj механизма са спором Volmcr-овом реакциям) '-8'12 знатно

пов^ьава вероватноЬу тьеговог тунелиран>а у статье M-Hads (вероватнопа

тунелиратъа опада експоненщ^ално са квадратом pacToj£H>a протока од елек

троде). Приближаватье пютона из полар.изоване О-Н везе површини елек

троде, осим юга, додатно фаворизу)е и веома негативан потенщфл елек

троде при коме сс одиграва реакци^а издва^атьа водоника. Са друге стране,

поларизовани молекули воде из хидратационе сфере канона фаворизевани

су као донори п- отона, jep у"П0Т(-нЦи)ал унутар компактног дела дво)ног

crioja у алкалним растворима може да има знатно позитивнее вредности

у односу на раствор5, што доводи до пораста бузине кателког игдьэ)сН>а

водоника.

Из механизма (3) следи )едначина катодне ноларизационе криве i<oja

je са тачношЬу до констаптног члана идентична са )едначином (2). Према

том;, добила се привидни ред катодне реакци)е по ка^онима зсмноалкалних

мггала )еднак |единици као што je експериментално и на!)ено за праволи-

imjcKH део Е — log У кпивих у области веЬих густина cipyje.

Доби)ене корелаци)е измену пренаиетости при константно) густиии

катодне CTpyje, као мере брзине реакци^е електрохеми^ског издва)этьа во

доника, и н;гативних вредности промене Gibhs-опе cueprnje хидратащ^с,

односно густинс наелектрисатьа канона алкалних и земноалкалних метала

Е = const + (2i?r/F)lna(M(H20); 1 ) - (2RT',F) lnj-

M(H20),^ + e -* H.ds + OH- + М(Н>0)Г,

М(Н20)Г + Hads + e = H2 + OH" + MQhOfiZ,

(3)
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(сл. 6), на очиглгдан наши показуху да молекули воде из хидратгционе сфере

кат]она HMajy бигну улогу у процесу електрохеми]ског издва)авъа водоника

и да са способнэшКу кат)Она да поларизу)е ове молекуле расте брзина катодне

ргакцяр. Ов; кэрелащ^е стога представл>а)у, поред сагласности експери-

мгнгалнлх и теори]ских вредности парэметара кинетике, joui )едэн доказ

у прилэг претпоставлэеног механизма (3).

SUMMARY

INFLUENCE OF ALKALINE-EARTH METAL CATIONS ON THE ELECTROCHEM,

ICAL HYDROGEN EVOLUTION ON ZINC FROM ALKALINE SOLUTIONS

OLIVERA 2. PAVLOVlC and MILAN V. VOJNOVlO

Faculty of Technology., University of Novi Sad, Veljka Vlahovica 2, YU-21000 Novi Sad, and

*Faculty of Technology and Metallurgy, University cf Belgrade, P.O. Box 494, YU-1 1001 Belgrade

Yugoslavia

Steady state polarization curves of the electrochemical hydrogen evolution on zinc in

alkaline solutions of barium, calcium and magnesium hydroxide/perchlorate mixtures were de

termined. The total concentration of cations was varied (0. 1 — 2.0 mol/dm3), and the pH value

in solutions kept constant (pH^8 — 8.5) by changing the ratio of hydroxide to salt concentration.

It was found that on polarization curves exist two linear parts, the slope of which is close to — 1 20

mV/dec, separated by the limiting current (10~J— 10~3 A/cm2). Both linear parts are displaced

toward more positive potentials with increasing concentration of cations (the cathodic reaction

rate increases). The analysis of the influence of the increase of alkaline-earth cations concen

tration on cathodic polarization curves has given for both linear parts the apparent cathodic

reaction order with respect to cations close to one. Possible mechanisms of the electrochemical

hydrogen evolution, by means of which one can explain experimental results, are discussed.

(Received 2 June 1983)
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NOTE — БЕЛЕШКА

CHEMISTRY OF 2,4-DIOXOTETRAHYDRO-l,3-THIAZOLE. IX*. REACTIONS OF

2,4-DIOXOTETRAHYDRO-l,3-THIAZOLE WITH SOME ARYL ISOCYANATES AND

BIOLOGICAL ACTIVITY OF THE PRODUCTS

KATARINA M. POPOV-PERGAL and MIROSLAV A. PERGAL

Institute of Chemistry, Faculty of Science, University of Novi Sad, YU-21000 Novi Sad, Yugoslavia

(Received 28 October 1983)

Abstract. In the reaction of the 2,4-dioxo-

tetrahydro-l,3-thiazole with aryl isocyanates

the following new compounds are obtained:

3-(anilinocarbonyl)-2,4-dioxotetrahydro- 1,3-

-thiazole and 3-(3,4-dichloroanilinocarbonyl)-

-2,4-dioxotetrahydro-l,3-thiazole. It was als

studied which tautomeric form of 2,4-dioxo-

tetrahydro-lj3-thiazole is preferred in thiso

reaction. Both products are tested on biological

(fungicidal) activity.

For the group of heterocyclic compounds,

known as azolidones, it is found that a large

number of these compounds possesses different

biological activities, such as mainly antithyroid,

antibacterial, antioneoplastic and antiviral. The

correlation between the biological activity and

structure of azolidones were studied by Lebedev

and Lebedeva2. These authors have concluded

on the basis of IR spectral analysis, with

respect to other characteristics, that the biologi

cal activity of azolidones is based on the

molecular substructure with the atomic group

-CO-NH-.

In this work it was proved that if for

the biological activity of thiazolidinedione type

azolidones the presence of molecular substruc

ture with the atomic group -CO-NH- is

necessary in the structure or, according to

our hypothesis, the biological activity in the

studied type of azolidones would be also

present when the molecular substructure

contains the atomic group -CO-N<. 2,4-

-Dioxotetrahydro-l,3-thiazole derivatives were

chosen with three carbonyl groups attached

to the nitrogen atom in the heterocyclic ring

to check our hypothesis.

In the reaction of 2,4-dioxotetrahydro-l,3-

-thiazole with aryl isocyanates we have obtained

the following new derivatives: 3-(anilinocar-

bonyl)-2,4-dioxotetrahydro- 1 ,3-thiazole and

* For communication VII see Rcf. 1.

3-(3,4-dichloroanilinocarbonyl)-2,4-dioxotetra-

hydro-l,3-thiazole (Fig. 1).

0 0

at ©- ekSV

Rg.l.

The 2,4-dioxotetrahydro-l,3-thiazole can

be theoretically enolized in different ways as

it is discussed in one of our papers3. At that

time we have found the presence of C5—C4

enolization in the reaction with acetic anhy

dride. According to the literature data other

authors4,5 on the basis of potentiometric anal

ysis or polarity of the reaction solvent preferred

first of all the N3— Сг enolization and then,

mainly in nonaqueous media, C5— C4 enoli

zation.

Therefore we have investigated whether

in the reaction of 2,4-dioxotetrahydro-l,3-

-thiazole with aryl isocyanates azolidone reacts

in his diketo form or in one of the enol forms.

According to the results of the experiments

it can proposed that the equilibrium is, in

the studied reaction, shifted mainly to the

keto form and that the enol form, if it is

present, is very quickly transformed to the

keto form. Namely, only derivatives of the

keto form are obtained as the products of

the studied reaction. The other, theoretically

possible isomers, are not found.

The method of Moreau8 was used for

screening of the possible biological (fungicidal)

activity. The activity is proved against Asper

gillus niger and Botrytis cinerea. The results

267
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were positive, both derivatives depressed

strongly the development of mycelium.

These results confirmed our hypothesis

that the biological activity possesses the thiazoli-

dinedione type of azolidones not only with

the molecularsubstructure containing -CO-NH-

but also with the substructure containing

-CO-N<.

The relationship between the biological

activity and the molecular substructure -CO-N<

will be further studied.

Experimental. The melting points are

uncorrected. The products are characterized

by elemental analyses, infrared spectra and

mass spectra.

3-(Anilinocarbonyl) -2,4-dioxotclr:.hydro- 1,3-thinzole

2,4-Dioxotetrahydro-l,3-thiazole (117 mg)

is dissolved in 5 ml of dry acetone and added

to the solution of 1 19 mg of phenylisocyanate.

The reaction mixture is heated to reflux for

30 min and then allowed to itand overnight.

Separated crystals are filtered off and then

are washed with cold acetone. The yield is

217 mg (92%), m.p. 228X.

CioHsNaCS (236.2). Calculated (%): C, 50.84;

H, 3.41; N, 11.86; Found (%): C, 50.70;

H, 3.22; N, 11.78.

IR spectrum: 3640—3410, 3400—3320, 329C—

3220, 3190, 3130—3000, 2960, 2920, 2820,

2780, 2580, 2540—2520, 1970—1930, 188C—

1860, 1805—1780, 1740, 1720—1655, 1645,

1605, 1595, 1565, 1560—1530, 1520, 1500,

1485, 1470, 1450, 1440, 1400—1370, 1350,

1315, 1295, 1270, 1250—1200, 1180, 1160,

1085, 1050, 1030, ICOO. 9c.O, 970, 915, 900,

795, 755, 740, 700, 640, 530, 5 15 cm1. M- spec

trum: 236, 202, 194, 162, 145, 116, 91, 75.

.W3,4-Dich!oroanilinocarbonyl) -3,4-dioxotelrahydro-

1,3-thiazole

2,4-Dioxotetrahydro- 1 ,3-lhiazole (117 mg)

is disserved in 10 ml of dry acetone and added

to the solution of 1 88 mg of 3,4-dichlorophenyl-

isocyanate. During the heating of the reaction

mixture to the reflux (30 min) first crystals

occurred on the wall of the reaction vessel.

The reaction mixture is allowed to stay over

night. Separated crystals are filtered off and

then are washed with cold acetone. The yield

is 271 mg (89%), m.p. 280°.

CioHeChNsCbS (305.1): Calculated (%): C,

39.36; H, 1.98; N, 9.18. Found (%): C,

39.18; H, 1.71; N, 8.97.

IR spectrum: 3620—3500, 3480—3440, 3400—

3340, 3320, 3260, 320C—3150, 3140—3090,

3080—3020, 2980, 294C—2900, 2870—2850,

1880—1855, 1810—1790, 175C—1700, 1690—

1660, 1650—1640, 1630—1600, 1590, 1 580—

1560, 1550—1535, 1525, 152C— 1500, 149C—

1465, 1455, 1425, 1400—1385, 1375, 1320,

1295, 1250—1230, 1220, 1165—1145, 1135,

1125, 1065, 1030, 900—870, 860, 815, 745,

695, 680—670, 645, 585 cnv1. M-specirum:

304, 262, 230, 187, 159, 145, 124, 116, 89, 74.

*

The authors are grateful for financial

support obtained from Inter. Comm. for

Science of Yojvodina.
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XEMHJA 2,4-ДИОКСОТЕТРАХИДРО-1,3-ТИАЗОЛА. IX. РЕАКЦИТА 2,4-ДИОКСО

ТЕТРАХИДРО-1,3-ТИАЗОЛА СА НЕКИМ АРИЛИЗОЦИ1АНАТИМА И БИОЛОШКА

АКТИВНОСТ ПРОДУКАТА КАО ФУНКЦИТА СТРУКТУРЕ

КАТАРИНА М. ПОПОВ-ПКРГЛЛ „ МИРОСЛАВ А. ПЕРГАЛ

Пнсшншхш .Til xtMujy Природио-машемашичко! факулшеши, Унцвсрзшиеш v Новом Саду,

21000 Нот '.ад

У реакции 2,4-диоксотетрахпдро-1 ,3-

-тиазола са арнлнзошнанатнма синтетизо-

валп сж> следеЬа нова je;tiiH>eiba : 3-(аннлнно-

карбонил)-2,4-диоксотетрахидро- 1 ,3-тиазол

и 3-(3,4-днхлоранилннокарбонил)-2,4-дио1<-

сотетрахидро- 1 ,3-тназол. Разлог за остиа-

рен>е ових peaKunja je био у томе да се

установи да ли je за биолошку активност

овог типа азолндона неопходно прнсуство

атомске трупе -CO-NH- или, према Haiuoj

хипотези, je биолошка актнпност нроучапа-

ног типа азолидона присутна и у случа)у

кала je у молекулу само атомска група

-CO-N<, Tj. када су за азотов атом у хе-

тероцнкличном прстену везане три карСо-

ннлне трупе. Испитиван>а синтетизованнх

{едшьенза су у оба cjiy'iaja показала да je

присутна фунгицидна активност, што je

потврднло нашу хипстезу о потенщ^алжм

улози атомске подгрупе -CO-N < у биолош-

Koj активности овог типа )един>е1ьа.

Примл.ено 28. октобра 1983)
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H3BEIIITAJ О РАДУ СРПСКОГ ХЕМЩСКОГ ДРУШТВА

У 1983. ГОДИНИ

(Поднет npeoj делегатско) Скупштини Друштва одржано) 18. ('ануара 1983. године у Бео-

граду, од стране секретаря Друштва Л>убице Врховац)

Колегинице и колете,

Са 1983. годиной закорачили смо у 88. годину nocToja&a и рада нашег Друштва. Подсе-

hajyhu се на године Koje су прошле тренутак je да се истовремено сетимо са захвалнонгау

и свих наших претходника ко)и су у минулом времену допринели да се одржи континуитет

рада Друштва, као и да захвалимо и свима садаппьим члановима kojh су сводим радом

омогуНили да 1983. годину окончамо успешно. У протекло) години постигнути су знача)ни

резултати на оствариван>у тра)них задатака и цшьева нашег Друштва коме су пришла нова

274 члана. Извршене су квалитативне промене у организован^ Друштва на делегатском

принципу сагласно са изменама статута Друштва. Оформл>ена je Београдска подружница

поред eeh nocTojehnx 1 1 на цело) територи)и СРС.

Обим финанси)ског послованьа je порастао у односу на претходну годину, а сарадн>а са

организаци)ама удруженог рада успешно се одв^ала.

На прво) седници Управног одбора одржано) 11. марта 1983. године изабрано je ново

Председништво Koje чине: Драгушин ДражиН, председник, Лзубица Врховац, секретар

и чланови — Теодор Act, JoeaH ВеличковиК, Ненад Ву)адиновиЬ, Стеван JepoTHjeeHH,

Jobsh JoBaHOBHh, Милан Леко, Иван МиЬовиЬ, Бориво)е МишковиЬ, Бранислав НиколиЬ,

Ъор^е Петковик, Душанка ПетровиК-Ъаков, Зоран ПетровиК, Владимир РекалиК, ХЬубиша

РистовиЬ, Озра Татик-1ан>ии, Борислав ТомиН, Миленко Ъелап, Велимир ЦаниЬ, Жи-

ворад ЧековиЬ, као и главни уредници наших публикаци)'а — Станимир АрсетцевиН,

Радослав АциК и Слободан Рибникар.

НАУЧНЕ МАНИФЕСТАЦИИ

XXVI савешовшье хемичара CP Cpduje

За овогодинпье XXVI саветован>е, Koje je одржано од 18—20. jairyapa у Београду, при-

)авл>ено je 161 саопштен>е и 8 секци)ских предаваша. У односу на прошлогодинпье Са-

ветоваае, oeaj 6poj je за 25% веНи. Од укупног 6poja прэдавллних радова, 60 их je прика

зано на постерима, а остала су усмена саопштеньа. Рад Саветованя се одви)'ао кроз следеКе

секци)е:

1. Неорганска xeMiija (36 радова)

2. Органска хеми)а (13 радова)

3. Физичка хемща (28 радова)

4. EneKTpoxeMnja (13 радова)

5. Аналитичка хеми)а (12 радова)

6. BuoxeMHja (11 радова)

271
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7. Хеми)ско инжев>ерство (17 радова)

8. Текстилно инжен>срство (5 радова)

9. Заштита животне средине (16 радова) 4

10. Наставна секщца (10 радова)

Од секци)ских предавала одржана су следеКа:

1. И. Гал, Природно-математички факултет, Београд: ,,А priori прорачун фазних ди>а-

грама смеша тогоьених соли са за)едннчким ан>оном"

2. В. Арсени)евиЬ и М. Богавац, Фармацеутски факултет, Београд: „Новика достигнута

у реакцией Реформатског"

3. С. Вел>ковиК, Природно-математички факултет, Београд: „Осцилаторне хеми)ске ре-

акци)е"

4. Б. Николип, Технолошко-металуршки факултет, Београд: ,,Мембранска технологи^а

у производной хлора"

5. Г. МиловановиЬ, Природно-математички факултет, Београд: „Кинетпчке методе у

аналитичко) хеми;и"

6. P. JaHKOB, Природно-математички факултет, Београд: „Микробиолошко хидроксило-

ванъе стероида"

7. Д. ВуковиН, Технолошко-металуршки факултет, Београд: „Вишефазни CTpyjmi кон-

тактори"

8. J. Барас и Л. КнежиК, Технолошко-металуршки факултет, Београд: ,,Стан»е и правци

развода у области заштите воде и тла од загаживала".

Ill jyiocAoeeucKu симййщуы о мгша/typiuju

Као паралелна манифестаци)а, ове године одржан je III ^угословенски симпозиум о ме-

талурги)и. У организован^ овог Симпозиума, у име Уни;е хеми)'ских друштава Jyrocjia-

BHje, поред нашег Друштва, учествовали су и Технолошко-металуршки факултет у Бео-

граду, Савез инжеаера и техничара рударске, геолошке и металуршке струке JyrocnaBHje

и Савез организации ливаца JyrocnaBHje. Покровител» Симпозиума je Привредна комора

JyrocnaBHje. За Симпозиум je npnjaen>eHo 148 радова, 6 секци)ских и 4 пленарна прс-

давааа.

Пленарна предаванл одржана на Симпозиуму:

1. Ъ. AHflpejeenh, Опште удружен>е црне металурпце JyrocnaBHje, Београд: „Криза у

CBeTCKoj производим и промету челика са освртом на формиранье н>ихових цена"

2. Prof. М. В. Ussar, Montanuniversitat Leoben: „Економски 3Ha4aj коришкевьа инду-

CTpnjcKe отпадне топлоте"

3. Prof. G. W. Rowe, Универзитет у Бирмингему, В. Британвда: „Еластично-пластична

анализа у пластично} преради метала методом коначних елемената"

4. А. Миха)ловиЬ, Институт за материале Института за нуклеарне науке „Б. Кидрич",

Винча: „Савремене тенденци)е у pa3Bojy металних материала".

Секци}ска предавала одржана на Симпозиуму:

1. J. Kpajuap, Институт за металурги)у, Сисак: „Кисик у производной челика"

2. Б. ЪурковиЬ, Д. ВучуровиН, Р. Врачар, Д. Синадиновип и И. ИлиЬ, Технолошко-

-металуршки факултет, Београд: „Савремени проблеми истраживанл у екстрактивно)

металурги)и ooojeiMx и ретких метала"

3. М. JoeaHOBnh, Технолошко-металуршки факултет, Београд: ,,EHepraja у металурп^'н

данас и сутра"

4. Ф. Водопивец, Металуршки институт, Л>убл>ана: „Промене у микроструктури кон-

струкционих челика у зависности од температуре вал>аньа"

5. М. ТомовиЬ, Технолошко-металуршки факултет, Београд: , /Технологов ливмьа некад

и сад"

6. Р. ШутиН, Вал>аоннца бакра и алумишцума „Слободан ПенезиЬ-Крцун", CeBojHo:

„МогуКности pa3Boja сарадше Jyro^aBHje са земл>ама у разво)у у области бакра и алу-

мини)ума"
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Радови по секци)ама:

1. Металурги)а гвожг)а и челика (29 радова)

2. Металург^а обо)ених метала (27 радова)

3. Енергетика у металурги)и (15 радова)

4. Физичка металурпОа (36 радова)

5. Прерада метала ливеьем (21 рад)

6. Прерада метала пластичном деформациям (18 радова)

„Округли, сто" Симпозиума

Тема разговора за „округлим столом" Симпозиума, kojhm су председавали Б. Ъурковии

и Н. НововиН-СимовиК (Технолошко-металуршки факултет, Београд), била je: „Савре-

мена настава за дипломиране инжеаере металурги)е са становишта потреба удруженог

рада".

Расправи je присуствовало 65 учесника из 36 радних организаци)а и факултета. Одлучено

je да се стенограм расправе достави свим металуршким факултетима, радним организаци-

)ама, учесницима, а и да се дискуси;а настави у Сиску кроз годину дана.

За одржаваше Симпозиума финанси)ску помоЬ су пружиле 59 радне организаци^е и ус-

танове из целе JyroonaBnje на чему им и овога пута KajToimnje захвал>у)емо.

Рад на организации Симпозиума Tpajao je перманентно а скоро да се може pehn свако-

дневно, годину дана и 2 месеца. За то време Организациони одбор (47 чланова) и Научни

одбор (29 чланова) одржали су по 3 пленарне седнице, док су ужи састав и )едног и другог

одбора и издавачки одбор Зборника одржали 18 седница. План активности и финанси]ски

план донети на npeoj седници Организационог одбора остварени су у целини. Председник

Организационог одбора био je проф. др PajKO Врачар а Научног одбора проф. др Нада

Видо;евиЬ.

Штампана су 3 обавештеша, прва два упуЬена на преко 1000 адреса и треке, упуЬено ауторима,

при)авл>еним учесницима, Организационом и Научном одбору. Штампани су затим: Програм

Симпозиума, тезе за расправу на „округлом столу" Симпозиума, Зборник радова у две

юьиге, са укупно 937 страна и 268 писама и других дописа адресираних различитим инсти

туцн;ама и по}единцима. Поред радова у Зборнику су штампани прилози металуршких

уцбеника и монографи)а (угословенских аутора, об)авл>ених за протеклих 6 година.

Велики рад обавл.ен je, нарочито, на издаван>у Зборника. У жел^и да Зборник буде што

квалитетн^и радови су прегледани и прихваЬени само они Kojn су одговарали карактеру

манифестанте и били написани на 4—5 страна према упутству за обраду радова.

Саветовашу и Симпозиуму je присуствовало око 600 учесника.

ПЛЕНАРНА ПРЕДАВАЛА ЗА ЧЛАНОВЕ СХД

У току 1983. године за чланове СХД одржана су следеКа пленарна предавала:

1. Prof. Е. Yeager, Case Western Reserve University, Cleveland, Ohio: „Нови резултати

у електрокатализи редукц^е кисеоника",

2. Др М. РогиЬ, Allied Corporation, Morristown, САД: „Како може да се повеКа реак-

тивност молекулског кисеоника у реакщцама са органским супстанцама",

3. Др А. Шпачкова, Чехословачко спектроскопско друштво, Праг, ЧССР: „Проблеми

стандардизаци)е спектрохемэдских метода у reoxeMiijn",

4. Prof, dr J. O'M. Bockris, Texas A and M University, College Station, USA: „Соларно

водонична eKOHOMuja",

5. Проф. др И. ЧатиН, Факултет CTpojapcTBa и бродоградн>е, Загреб: „Системски приступ

процесима прераде полимера",

6. Др Е. Аркадьевич Продан, Институт опште и неорганске xeMiije АНБ, Минск, СССР:

„Кинетика и механизам реакци)а у 4epcToj фази",
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7. Prof, dr J. Newman, Калифорни)ски универзитет, САД: „Фотонапонске hennje",

8. Проф. др Д. Сунко, Природословно-математички факултет, Загреб: „Молекуле, тео-

ри)ски модели и реактивност",

9. Мр С. Бо)овик-ЛазаревиЬ, Природно-математички факултет, Београд: „130 година

од осниван>а прве српске хеми)ске лаборатори)е".

ПУБЛИКАЦЩЕ ДРУШТВА

Гласник xeMujcxoi друшшва, Eeoipag

У току ггрошле године об)'авл.ене су свеске 1—9 као и )една допунска свеска Koja садржи

радове са Мег)ународног састанка о електрохеми)и (штампана у офсет техники са маньим

тиражом). Свеске 10 и 11 су у штампи, а ман>е каишенье je последица тешкоКа техничке

природе штампаша. За ово годиште Гласника, при)авл>ен je рекордан 6poj од 1 1 3 радова

од чега je 99 у редовним свескама.

Гласник хеми)ског друштва ажурно излазн, захвал>у;уЬи свесрдном залаганьу редакционог

одбора и главног и одговорног уредника, Слободана Ридпикара.

Хеми]ски йрехлед

Свих б 6pojeBa Хеми)скос прегледа изашло je на време. Радова има довольно за редовно

излажен>е часописа. Главни и одговорни уредник je Сшанимир Apcenujeeuh.

Весши из СХД

Вести из СХД излазе редовно, штампани су 6pojeBii 15 и 16. Главни и одговорни уредник

je Радослав Auuh.

САРАДН>А СА ОРГАНИЗАЦЩАМА УДРУЖЕНОГ РАДА

Сарадша СХД са оргапизаци)ама удруженог рада, започета пре 5 година, успешно се pa3Biija

и yuanpetjyje упркос отежано) привредно) и eKOHOMCKoj ситуации у земл.н. Обавезе Дру

штва и радних opraHn3amija, регулисане самоуправним споразумом о сарадн>н, и у прошлоj

години су без тешкоЬа обострано испуааване. СХД сада capar}yje са следеким радним ор-

ганизащ^'ама: РТБ, Бор; „Гоша"-РО Институт, Смедеревска Паланка; Индустри}а 6oja

и лакова „Дуга", Београд; ХИ „Зорка", Шабац; „Галеника", Земун Институт „Б.

Кидрич", Винча; СОУР „Тигар", Пирот; „Вискоза", Лозница; „Рекорд", Раковина;

Фабрика цемента Нови Поповац; ИХТМ, ООУР Институт за електрохеми)у, Београд;

ИХТМ, ООУР за органску xeMnjy и биохеми)у, Београд; ИХТМ, ООУР Институт за општу

и физичку xeMnjy, Београд; Рафинери)а нафте Панчево; „Нафтагас" Рафинерэда Београд;

Рудник олова и цинка „Трепча", ООУР „Фамипа", Призрен; ФАМ, Крушевац; Центар

за мултидисцишшнарне студне, Београд; Фабрика течних гасова „Гоч", Крал>ево; Ин

ститут техничких наука САНУ, Београд; „Звезда", Горн>н Милановац; „1угопетрол",

ООУР Трговина, Београд; Пчеларски комбинат, Београд; ,Лугохемщ'а", Београд, „Прогрес

Инвест", Београд. Поргд наведених радних организащ^а, драгоцену помоН Друштву

пружа)у Технолошко-металуршки факултет, Београд и Природно-математички факултет

у Београду. Осим финанси)ске помоЬи, ТМФ уступан>ем ceoje npocTopHje за канцелари^у

Друшгва и ставл>ак>ем на располагайте простора за организована наших научних и стручннх

мaнифecтaциja, OMOryhyje несметан рад и функционисаше СХД. У знак признанна за не-

проценъиву по.моЬ и подршку, СХД je у прошло) годинн доделио Технилошко-металуршком

факултету наше Hajeehe признание, Почасну повел>у СХД.

Финанси]ска средства реализована по самоуправним споразумима у 1983. г. износила су

805000 дин. што je за око 15% више у односу на претходну годину.

СХД и овом приликом изражава велику захвалност наведеним радним организацн)ама

на сарадиэн, ПО.моЬи и подршци Kojy опии путем да)у нашем Друштпу што му OMOryhyje

нормалио функционисан>е.
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ИЗВОРИ ФИНАНСИРАН.А ДРУШТВА

Поред средстава Koje Друштво ocTBapyje сараднюм са организащ^ама удруженог рада,

извори прихода Друштва су и дотаци;е РСНСРС, члаиарина, претплате на часописе, до-

приноси од про^еката из области фундаменталних истраживака, повремена )еднократна

помоК радних организацща намешена одржава&у симпозиума, саветовавьа и других науч-

них и стручних скупова Koje Друштво организу)е. Обим послован,а и активности Друштва

се кеговим разво)ем стално повеЬава^у. Hajeeha фштнси)ска средства у раду одлазе на

штампанье часописа и повремених публикаци)а, организована научних и стручних скупова.

Поред тога, значащи расходи су и за комунициран>е са близу 3000 чланова, одржаваке

канцелари)е и ангажовале 2 стална и повремених радника, итд.

О финанси)'ском послован>у Друштва у 1983. г. Скупштини je подает посебан извешта)

у коме су дати сви прихоДи и расходи у протекло; години.

СТАН>Е ЧЛАНСТВА

У дужем временском периоду наше Друштво бележи стални пораст 6poja чланова. Од

1980. до Kpaja 1983. г. 6poj чланова je порастао за 1007 што нас приближава цифри од око

3000 чланова у СРС. Ме1)утим, оста)'е нам стални проблем неблаговременог извештававьа

канцелари)е о промени адресе 1'едног 6poja чланова, па долази до прекидака клнтаката

и до враКан>а пошил>ки и информаци)а упунених члановима од стране канцелари)е Друштва.

РАД ПРЕДСЕДНИШТВА И УПРАВНОГ ОДБОРА

Управни одбор Друштва, у чи)ем су саставу изабранн и почасни чланови, председници

cemmja и подружница, 6pojao je 175 чланова. У току 1983. г. све четири планиране седнице

Управног одбора су одржане и н>има je присуствовала велика веЬина чланова па су све

донете одлуке биле пуноважне.

Пошто су у току 1983. г. изабрани делегати из свих подружница за Делегатску скушнгину

Друштва, Kojoj je ово прва седннца, Управни одбор као на)внши орган управляла Друш

тва, тиме се гаси.

' Председништво Друштва, изабрано прошле године, има 24 члана. Оно je одржало 8 сед-

ница коj има су увек присуствовали готово сви чланови. У раду Управног одбора и Пред-

седништва били су уюьучени као на) нажни следеКи задачи:

1. Организован^ XXVI саветован>а хемичара CP Cp6Hje и III jyrocjioeeHCKor симпози-

jyMa о металурп^и,

2. Организована I jyrocnoBeHCKor симпозиума о xeMnjn и заштити животне средине,

KojH треба да се одржи идуЬе године,

3. Издаван>е и дистрибуци)а сталних и повремених публикацн)а Друштва,

4. Сарадн>а са организацщама удруженог рада на бази склошьених самоуправних спо-

разума и проширен>е ове сараддье,

5. Обезбе1)иван>е финанси)ских средстава за рад Друштва,

6. Организована пленарних предавайте,

7. ПомоК у раду подружницама,

8. Реорганизован>е Друштва у складу са нзменама у Статуту, осниваше Београдске по-

дружнице и избор делегата баоградске и осталих подружница за делегатску скупштину

Друштва,

9. ПомоН у раду секци^ама,

10. Сарадка са ymjjoM хеми)ских друштава Дугослави)е у Kojoj су делегати Друштва А.

Деспий и J. ВеличковиЬ, као и Т. Аст у Комиси)и за научне манифестанте и В. Крсма-

новиН у Комиси;и за документаци)у,

11. Развн)ан>е сарадн>е са другим сродним друштвима,
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12. Сарадла са Сощ^алистичким савезом,

13. JaBHa признака Друштва,

14. Прикушьан>е чланарине и претплате на часописе, дистрибутив чланских карата и

остали текуКи послови Друштва.

За веЬину наведених питан>а посвеЬени су посебни делови овог нзвешта^а.

Комиси)а за }авна признала je и за ову годишлу скупштину припремила предлоге да се

на)заслужни)им члановима доделе признака Друштва, а ме!)у лима су и три награде за

на)бол>е студенте хеми)ских, технолошких и сродних наука.

Реализаци)а свих наведених задатака Председништва и Управног одбора, поред анга-

жован>а чланова Председништва и Управног одбора и осталих чланова Друштва, оства-

рена je и захвал.у)уКи свесрдном залагалу наших запослених службеника у канцеларир!

Друштва, Оли МирковиН и Вере Сшуй.ьанин.

РАД ПОДРУЖНИЦА СХД

Са на;младом Београдском подружницом, Koja окупл>а чланове СХД са територи^е Бео-

града и околине, наше Друштво у своме саставу на ужо) територи)и CP Cp6nje има 1 1 по-

дружница. Нэихове активности приказане су следеКим извешта^има:

Подружница — Бор

Активност подружнице била je усмерена на:

1. Предавала за чланове Подружнице,

2. Организована предавала за учеснике основних и средн>их школа,

3. Стручне екскурзи)е за чланове СХД,

4. Друге активности.

У току 1983. г. одржана су следеКа предаважа:

1. Проф. др Б. ЖнвановиЬ, Институт за испитивале материала СРС, Београд: ,,Иро-

блеми развода силикатних материала",

2. Проф. др П. ПремовиЬ, Природно-математички одсек Филозофског факултета у Нишу:

„Порекло кисеоника на земли",

3. Проф. др С. Кончар-Ъург)евиЬ, Технолошко-металуршкн факултет у Београду: ,,Фи-

зичко моделовале распростирала загада кроз животне средине помоКу адсорпцноне

методе",

4. Доц. др J. Процказка, Институт за xeMHjy и технологу ЧСАВ у Прагу: ,,0 екстрак-

ци)и течно-течно",

5. Проф. др Д. ВиторовиК, дописни члан САНУ, Природно-математички факултет у

Београду: „О неким новим изворима eHeprnje као Moryhoj алтернативи за нафту", При-

суствовало до 40 слушалаца.

Подружница je иницирала сарадлу са активом хемичара у основним и средлим школама.

За VII разреде основних школа др В. ВеселиновиЬ je одржао предавале о експлозивнма

и начинима минирала. За ceoje чланове руководство Подружнице je организовало две

eKCKypenje у Ма;данпек и Клажевац. Подружница планира да се идуКе године обележи,

на OflTOBapajytm начин, 20-годишлица посто)ала и рада ове Подружнице.

Подружница у Бору capaljyje са Подружницом СХД у Нишу. Видови сарадле су уза)амне

посете и размена предавача.

На годишло) скупштини, одржано) 7. XII 1983. г., за председника Подружнице поново

je изабран др Александар Голый, а за делегате за Скупштину Друштва, поред председника,

изабрани су и Bojnoiaea Jojnh, Вглазар СтанковнН и Драги!» ВукомановиК.
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Подружница — Ниш

За чланове СХД ове Нодружнице одржана су следеЬа предавала:

1. Др Л>. МщьковиК: „Примена магнетне нуклеарне резонанце у научном истраживалу",

2. Проф. др J. BojaHoenh: „Нуклеопротеини, структура и функци)е",

3. др 3. ByjoBMh: „Савремена методологиja испитивала биомолекула и н>ихових орга-

низационих целина у нуклеусу Ьели)а",

4. Проф. др Б. Гру)иЬ-Ишац: „Молекулски аспекти, функци)е и еволуци)а хемоглобина",

5. Проф. др П. Бугарски: „Питагорина музика сфера, xeMHjcKH елементи".

Предавашима je присуствовало до 39 слушалаца.

Подружница у Нишу разви)а успешну сарадн>у са Подружницом СХД у Беру.

На годиипьо) скупштини, одржено) 6. I 1984. г., yceojeH je годишли извешта) и за пред-

седника Подружнице поново je нзабран Muogpai ПешковиН. За делегате у Скупштини

СХД Подружница предлаже председника и секретаре .

Подружница — Кра.ъево

Протекле године навршило се 10 година од оснивала Подружнице СХД у Кралеву. Данас

Подружница окушьа преко 100 чланова ко;и раде у основном и усмереном образовалу

п васпиталу на подруч^у 6 општина (Врлачка Баша, Кралево, Рашка, Нови Пазар, Тутин

и С)еница). На овако великом ircyrpy4jy Подружница окушьа ceoje чланове преко актива,

Kojnx има укупно 3: два за наставнике хеми;е у основним школама ()едан са седиштем у

Кралеву, а други са седиштем у Новом Пазару) и ]едан за професоре xeMHje и технолоп^е

у усмереном образовалу и ваститалу (са седиштем у Крал>еву). Н>ихов рад и активност

усмерава Председништво Подружнице.

У протеклом десетогодишлем периоду Подружница je радила активно и садржа{но. У

том периоду одржано je преко 50 предавала из области хеми)'ских наука, методике наставе

xeMHje и наставне праксе. Предавачи су били истакнути стручн>аци са ПМФ и ТМФ у

Београду, разних института, као и саветници за наставу хеми)е и чланови Подружнице.

Рад Подружнице у 1983. г. je тако!)е био активан и садржа)ан. Сви активи су имали по

2—3 састанка на ко;има су одржана следеЬа предаван>а:

1. Проф. др Ж. ЧековиН: ,,Стереохеми)а npocTnjnx молекула",

2. Проф. С. ApceHnjeenh: „Упьенмоноксид — невидл>иви човеков непр1пател"

3. С. ЪукиК: „Образовна je3rpa у програмима xeMHje за основну школу"

4. С. ЪукиЬ: „Могукност примене диференцираног na6opaTopHjcKor рада у настави xeMHje',

5. Л>. Дрмон>и11: ,,Организаци)а часа практичних вежби у ocHOBHoj школи" (одржан je

угледни час).

На езим састанцима актива било je присутно до 40 чланова, што чини велику веЬину актива.

Поред предавала и практичног рада, активи су разматрали и сва текуНа и актуелна питала

из домена свог рада. И ове године сви гктиви су били укл»учени у организаци)у такмичен>а

у оквиру Савеза покрета „Наука младима", на KojHMa су остварени и знача)ни резултати

до републичког нивоа.

На годишнзо) скупштини, одржано) 14. XII 1983. г., Подружница je разрешила старо и

нзабрала ново руководство. За председника Подружнице поново je изабран Славолуб

ЪукиН .

Подружница — Вра/ье

Подружница у Вралу има 50 чланова, наставника и професора основннх и средлих школа

са TepHTopHje ^жноморавско1 региона. Чланови Подружнице су се ангажовалн на так-

мнчелима Покрета „Наука младима". Организована je расправа о теми „Рад у паровима"

на часовима xeMHje о чему je уводно излагайте дао председник Подружнице Живадин Ав-

рамовиЬ. Стални проблеми ове Подружнице су отежано окушьанэе чланова и комуникани)а

са н>има. На годишло) скупштини Нодружнице за председника je поново изабран Живадин

АврамовиН.
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Подружница — Kpaiyjeeau,

Рад Подружнице je обухватио предавайте за чланове Подружнице и посебно Наставне

ceKUnje. За чланове Подружнице у 1983. одржана су следеЬа предавала, Koja су окуп-

л>ала 10—20 слушалаца :

1. Р. Миха)ловиК, ПМФ, Kparyjeeau: „Равнотеже у воденим растворима — израда за-

датака".

2. С. Cwiyjuh, ПМФ, Крагу)евац: ,,Физиолошки активне супстанце из бил>ака".

3. Ж. ЧековиК, ПМФ, Београд: „XeMuja пиретроидних )един>ен,а".

4. J. Крусзевски, Гдански Универзитет, Полска: „Вишеструке везе у теорией графова".

5. С. КонстантиновиК, ПМФ, Kparyjeeau: „Алтернативна горива".

6. М. ПериЬ, ПМФ, Београд: „Реакци)'а HCN^rHNC".

Наставна секци)а je организовала следеКа предавала 4nja je посета била веома добра,

40—60 слушалаца:

1. Р. Миха}ловиЬ, ПМФ, Крагу)евац: ,,Стехиометри)ска израчунаваша".

2. С. ЧановиЬ, ПМФ, Kparyjeean: „Вредноваше квалитета рада ученика",

3. С. Константинович ПМФ, Крагу;евац: ,,Функционалне трупе и IUPAC-ова номен

клатура".

Председник Подружнице je Иван Гутман, Kojn je истовремено изабран и за делегата ове

Подружнице у Скупштини СХД.

Подружница — Крушевац

Ова Подружница се после дужег засто)а у раду, пре две године поново активирала. Haj-

веКа пажньа у протекло} години посвеКена je прикутыиьу и организован^ нових чланова.

За чланове Подружнице, проф. др Драгомир Виторовик, ПМФ, Београд, одржао je пре

давайте о теми: ,,С* неким новим изворима eHepraje као алтернатива за нафту". Предавак>у

je присуствовало 45 чланова. За бол>е информисанъе ceojnx чланова, Подружница H3flaje

информативни билтен, од кога су у протекло) години изашла 3 6poja. У оквиру Подруж

нице раде Секцд^'а за наставу xeMHje и Секци)а за примен>ену xeMHjy. Подружница je ор

ганизовала и наставу енглеског je3HKa за CBoje чланове. Председник Подружнице je Милош

Л>у5исав.ьевиН, Kojn je истовремено и делегат у Скупштини СХД.

Подружница — Лесковац

Годинпьа скупштина Подружнице СХД у Лесковцу одржана je 10. XII 1983. г. У изве-

urrajy ко;и je поднео Светолик КостиК, констатовано je да je рад Подружнице у последнее

две године био далеко слабли него pamijux година.

Активност се одви)ала у наставно) ceKmijn, углавном, уз сарадн>у Завода за унапре!)иван>е

васпитавьа и образованна. У jaHyapy je одржан jeflaH састанак коме су присуствовали ве-

Нином наставници основних и средних школа.Разматрани су планови и програми xeMnje

у за)едничким je3rpiiMa, а примедбе су доставл>ене Републичком заводу.

У априлу и .viajy тридесетак чланова Подружнице било je у комиси)ама и организации

такмичеаа из xeMiije у оквиру покрета „Наука младнма".

У децембру je одржано предавайте о течи: „Кардиотонични глпкозидп", а предавач je

био др С'лниша Ъор1)еви}1, Технолошки факултет у Лесковцу.

На roAHimboj скупштини разматран je и yceojeH Статут Подружнице, нзабрано je Пред-

седништво и председник Подружнице Слободан СшанковиН.

Подружница — Тишово Ужице

Садржа) рада Подружнице односио се на: стручно усавршаван>е чланова, коришЬеше

савремених облика рада у наставном пронесу и унапре1)ен>е наставе xeMHje, омасовл^аванье

Подружнице новим чланомима, претплате на стручне часописе, органнзован>е такмичежа

у покрету „Науку .младнма" у основним и средним школама и на текуНе задатке. Из Т.
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Ужнца je )едан ученик VIII разреда основне школе ocbojho у овим такмичен>има прво

место у JyrocnaBHjH).

За чланове Подружнице у току 1983. г. организовали су семинари са темом:

1. Термодинамички принципи

2. Кинетика хемщских реакци)а

3. Октаедарски комплекси

4. Иэомеризам октаедарских комплекса

5. Графоскоп и аегове могуКности коришЬела у настави xeMiije.

Предавачи за наведене теме су били др Натали)а Икономов и др Душан РадановиЬ, про-

фесори ПМФ у Београду и KparyjeBiry и Драго;ле НешовиН, просветни саветник у Ти

товой Ужицу, иначе председник Подружнице.

Активи по општинама, коми су саставни део Подружнице, су тако1)е радили веома активн

нарочито на питалима унапре!)ела наставе и практичних вежбала из хеми)е.

Председник Подружнице je Дращле Heuioeuh.

Подружница — Димишровград

У протекло) години за чланове Подружнице одржана су следека предавала:

1. Др Л>. Чворков, Технолошки факултет, Нови Сад: „Термопластични еластомери,

особине и примена",

2. Доп. чл. САНУ, проф. др Д. ВиторовиЬ, ПМФ, Београд: ,,Неки нови изворн enepinje

као могуha алтернатива за нафту"

3. Мр С. Тодоров, „Тигар", ООУР „Димитровград", Димитровг рад : ,,Предности и недо

стачи апаратуре и начин испитивала неких физичко-механичких особина вулканизата",

Председник Подружнице je Михаил Иванов.

Подружница — Чачак

Подружница у Чачку je CBojy активност у 1983. г. усмерила на:

1. УчвршЬивале Подружнице и решаван>е статуса у средний у Kojoj ради, Tj. регистра-

ци)а код надлежног СУП-а;

2. Ушьу-швале нових чланова СХД у рад Подружнице (примлено 17 чланова Друштва);

3. Организована предавала према интересовалу чланова Подружнице.

За CBoje чланове Председништво Подружнице je организовало следеЬа предавала:

1. Проф. др J. ВеличковиЬ, ТМФ, Београд: „Полимеригащ^а и поликондензаци)а"

2. Др Д. Скала, ТМФ, Београд: ,,Teopnja хемн)ских реактора".

Предавала су била веома добро nocehena.

Председник Подружнице je Драшца Сшо]ановска.

РАД СЕКЦЩА СРПСКОГ XEMHJCKCT ДРУШТВА

Секища за шеорщску xe.uujy. Као и ранних година, активност Cewuije одви)ала се у оквиру

семинара и предавала. У 1983. г. Ceiauija je организовала следека предавала:

1 . Jerzy Kruszewski (Гдалски универзитет, Пол>ска) : „Вншеструке везе у Teopnjn графона"

2. Мшьенко ПериК (Природно-математички факултет, Београд): „Реакщ^а HCN—HNC"

3. Jan Peder Dahl (Дански технички универзитет, Коиенхагсн): „Модернн аспектн сле-

тронске структуре молекула"
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Прва два предавала одржана су у KparyjeBuy, а треЬе у Београду. Сва предавала су била

добро посеКена, (20—30 слушалаца), пропраЬена живом дискуси)ом и на високом научном

нивоу.

Чланови Секци)е су активно сара^ивалн са 6pojHHM институци^ама на копима се развита

TeopnjcKa хеми)а: „Руг)ер БошковиК", Загреб, ,,Макс Планк институт за физику чврст01

стала" у Штутгарту, СРН; Универзитет у Бону, СРН; Универзитет Цорци;е у Атенсу,

САД и другима.

За председника Секци)е поново je нзаброн академик Михаиле Михаиловик.

Cexujjja за орханску xeuujy. Током 1983. године активност CeKunja одви)ала се путем ор

ганизованна различитих семинара и предавала. Одржана су следеЬа пленарна предавала:

1. Ерих Збирал, Универзитет у Бечу, Аустри]'а: „Структура вари)°аци)е витамина Д" —

2. Милорад РогиЬ, Allied Corporation, Corporate Technology, Morristown, САД: ,,Како

се може повеКати мала ргактивност молекулског кисеоника у реакци)ама с органским суп-

стратима"

3. Милорад РогиК: ,,Оксидаци)е органских )едилела помоКу купри-jona"

4. Петар КовачиЬ, Универзитет Милвоки, Висконсин, САД: „Да ли у живим системима

nocToje та)анствене хеми)ске onepaiwje"

5. Снежана Bojoenh, Виша педагошка школа, Београд: ,,130 година од оснивала прве

хеми;ске лаборатори)'е у Срби)и"

Предавала су била дэбрэ посеКена учествовало и до 75 слушалаца kojh су активно уче-

ствовали у дискуси)и.

Чланови секци)е су такоЬе активно сараЬивали са бро)ним институци^ама у земл>и и ино-

странству било на конгресима и симпози^умима или на различитим научним про)ектима

п задацима.

Председник CeKunje je Живорад ЧековиН.

Елекшрохемщска ceKuuja. Током 1983. године CeKinija je организовала четири састанка,

на ко)има су одржана следеЬа предавала:

1. Dr William O'Grady, Brookhaven National Laboratory, New Уогк, САД: „Улога ад-

сорпци)е кисеоника у електрокатализи редукци)е кисеоника";

2. Dr Daniel Scherson, Case Western Research University, Cleveland, САД: „Нови успеси

у електрокатализи: спектроскопи)а in siry и квантно механичка израчунавала" ;

3. Проф. ]ержн CTojeK, Шльонскя политехнички Универзитет, Гливице, Пол>ска: „Спек-

троелектрохеми)а: инструментаци)а и коришЬеле у истраживалу кинетике и механи

зма електрохеми)ске реакци)е";

4. Др Драгица МиниЬ, Природно-математички факултет, Београд са темом: „Протонска

проводл>ивост чврстих електролита".

Осим секци)ских предавала, чланови и руководство Секци)е организовали су три пленарне

предавала из области електрохеми)е, и то:

Prof. Ernest yeager, Case Western Reserve University, Cleveland, САД: „Нови резултати

у електрокатализи кисеоника"

Prof. John O'Mara Bockris, Texas University, College Station, Texas, САД: „Економи)а

водоника произведеног сунчевом енергщ'ом".

Prof. John Newman, University of California, Одсек xeMiijci<or ннжелерства, Беркли САД:

„Фотонапонске hejinje".

Одржана предавала бавила су се актуелним темама и праКена су са интересовалем ; без

изузетка, сва су она била пропраЬена живом дискуси)ом присутних чланова. Bpoj слу

шалаца кретао се од 10 до 36 чланова Секци)е.

3axBUbyjyhH традицнонално) помоКи наших научних институтка у ангажовалу еминент-

них научних радника из земл>е и иностранства као предавача , предавала су задржала cboj

високи ниво. У ово.ме ваъа посебно пстаКи труд колега из Института за електрохеми)у

ИХТМ у Београду.
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Чланови Електрохеми)ске секци)е учествовали су активно у раду два знача)на електро-

хеми)ска скупа у току 1983. године и то:

— 8. 1угословенски симпозиум о електрохеми;и, )уна 1983. у Дубровнику. Са рефератима

на овом скупу учествовало je 37 чланова Секци)е.

— 34. ISE Meeting, септембер 1983. Ерланген, на коме je било 26 аутора изложених ра-

дова, чланова CeKimje.

Годипньи састанак секци)е одржан je 20. XII. 1983. године. После H3Beiirraja о раду у току

протекле године, заюьучено je да je рад CeKiwje био успешен.

За председника CeKunje изабран je Радослав Afiuh.

Секцгуа за аналишичку хшщу. Рад CeKHnje се, у протеклом периоду, огледао у следеКем:

I. Предавала

1. На LII састанку CeKimje одржаном 3. XI 1983. године на ПМФ у Београду, Др Ди

митров Сто}ановиК, виши научни сарадник ИНЕП-а у Земуну, одржао je предавайте:

,,Проучаван>е неких peaKtmja у пламену методама THTpaimje заснованим на емисионо} и

aTOMCKO-ancopnUHOHoj спектрометрии". Присутни чланови ceKiwje су показали интересо

вана за примену атомске ancopmwje у пракси, па je предавач изнео и резултате CBojux

истраживан>а на рекултиващ^и пепела ТЕ „Никола Тесла "у Обреновцу. Састанку je

присуствовало 13 чланова CeKiwje.

2. На LIII састанку Секшее, 17. XII 1983. године на ПМФ у Београду, Др 1анез Штупар,

виши научни сарадник Института ,,1ожеф Стефан" у Л>убп>ани, одржао je предавайте:

,,Неки аспекти атомизащце чврстих узорака у пламену". Предаван>у je присуствовало

10 чланова CeKimje. После предавала се развила дискуема о перспективама pa3B0ja ове

технике.

3. На LIV састанку CeKimje, 23. XII 1983. године Мр BojKa Антони)евиК, асистент ПМФ-а

у Београду, одржала je предавайте: „Електрохемщско доб^аше jofla и кулометр^ске ти-

Tpaimje редукционих супстанци у метанолу". После предавала се развила дискуеща о

примени )ода и брома у метанолу.

11 Научш скуйови

Чланови CeKimje су учествовали у раду XXV саветован>а хемичара CP Cp6nje, одржаном

jaHyapa 1983. године у Београду, као и у раду VII )угословенског конгреса за хемщу и хе-

ми)ску технологиjy у Новом Саду, септембра 1983.

На годиппъем састанку ceKimje за председника CeKimje поново je изабрана Гордана Ми-

ловановиК.

Секщуа за хемщу и Шехнолохщу макромолекула. CeKimja je у протеклом периоду одржала

4 састанка са предавай,има :

1. Проф. др К. Адамич, Технолошки факултет, Загреб: „Полимерно стан>е стварн",

2. Проф. др И. ЧатиЬ, Факултет стро)арства и бродоградн>е, Загреб: „Системски приступ

процесима прераде полимера"

3. Др J. 1еленич, ХИП, Панчево: ,,Испитиван>е полимерних смеша расипанлм неутрона",

4. Др Д. Стоил»ковиК и Др В. БогдановиК, Технолошки факултет, Нови Сад и ХИП,

Панчево: „Педесет година полиетилена ниске густине".

После свих предаван>а коjима je присуствовало 20—40 чланова разв^сна je дискуема

у Kojoj je учествовао велики 6poj чланова Секци^е.

У току ове године каставл>ена je Beh традициоиална размена предавача са другим репу-

бличким центрима.

У току 1983. године велики 6poj чланова Секшее je активно учествовао у раду ме!)ународ-

ног симпозиума IUPAC-MACRO'83, Kojn je у периоду од 5. до 9. септембра 1983. године

одржан у Букурешту. Поред тога веки 6poj чланова CeKimje je учествовао како у орга
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низовалу тако и у раду Ме1)ународног симпозиума ГУМАПЛАСТ'83, ко)и je од 8. до

10. новембра 1983. године одржаном у Capajeey.

Председник CeKunje je Слободан Joeanoeuh.

Мешалуршка cextfuja. Активност Секци)'е у 1983. години састо^ала се у активном учество-

валу Научног и Организационог одбора за органнзовале III )угословенског симпозиума

о металурги)и. Секци)а je, таког)е, учествовала у припремама XXVI саветовала хемичара

CP Cp6Hje на коме je одржано ;едно ceKunjcKo и 8 других предавала из области металур-

rnje. Металуршка секци)а у за)едници са Катедром за металурги}у гвожг)а и челика, орга

низовала je IX Београдско-Клаусталски металуршки колокви^ум, за коме су чланови Сек-

iwje одржали четири предавала. Предавалима je присуствовало у просеку 30 чланова.

За председника Секвд'е поново je изабрана Дртиуьа МихщловиЬ.

Сйекшрохеми^ска секцща. Cextwja и лени чланови су током 1983. године наставили са уо-

бнча^еном активнопту у следеНим подруч)има рада:

1. Организован* предавала истакнутих научних радника и стручлака у области спек-

TpoxeMiije. Током године одржали су предавала:

а) Др Нада КовачиЬ, ПМФ, Београд

б) Др Ерика Краковска, Технички факултет Универзиотета у Кошицама, ЧССР

в) Dr Alexandre Lasztity, Универзитет Eotvds Lorand, Будимпешта, Маг)арска

г) Др Рина Паричкова, Универзитет у Пловдиву, Бугарска

д) Др Алена Шпачкова, Чехословачко спектроскопию друштво, Праг

г)) Dr Zoltan Szabo, Универзитет E6tv6s Lorand, Будимпешта, Маг)арска

е) Др Ефим Зилбершта)н, Академи}а наука СССР, Ленинград

ж) Др Момир МаринковиК, Институт за нуклеарне науке „Борис Кидрич" у Винчи,

2. Више чланова Секци)е учествовало je са рефератима, односно, научним саопштелима

на 8. jyrooioBeHCKOM саветовалу о onuiToj и примелено; спектроскопии у Загребу, и 23.

Мег}ународном спектрохеми}ском колокв1ц'уму у Амстердаму, а било je и по)единачних

учествовала на неким другим научним скуповима.

3. Чланови ceKiwje су активно учествовали у Организационом и Научном одбору Jyro-

словенског саветовала о onnrroj и примелено) спектроскопии, и на Састанку делегата

пацща на Мег)ународном спектрохемщском колокви)уму.

4. Наставльена je активна сарадла са иностраним Универзитетима и Институтижа. По

позиву Чехословачког спектроскопског друштва, председник Секшее Бошко ПавловиЬ,

одржао je два предавала, jeflHo у Братислави, а друго у Острави.

5. Активно je ранено на озваничелу сарадле са Чехословачким спектроскопским дру-

штвом, док je прошлогодишли предлог секшее, Kojn je био прихваЬен и на Комиси)и за

спектрохеми)у ymije хеми)ских друштава JyrocnaBnje, да се 1угословенски спектроско-

пичари ушьуче у CANS, joui увек у фази преговарала.

6. Активно je ранено и на неким другим подруч)нма, мада се прошлогодишли план рада

CeKunje Hnje у потпуности остварио.

На Годишло} скупштини за председника je изабран Бошко ПавловнЪ.

Cexujuja за керамику. Секци)а je у 1983. години имала три радна састанка.

Први састанак je одржан 28. априла 1983. године у Индустрии стакла Панчево, са следе-

Ьим предавалима:

1 . Драган МарковиК, Српска фабрика стакла, ПараЬнн: „Регулаш^а температуре у фидеру",

2. Проф. др М. JoeanoBnh, Др Н. Благс^евиК и Т. Ан^елковик, Технолошко-металуршки

факултет, Београд: „Грешке у равном стаклу",

3. М. РадуновиК и С. РистиЬ, Институт електронске индустри)с, Београд: ,,Boje за де-

Kopaimjy стакла",

4. J. Балаш, Индустр^а стакла Панчево: ,,Texno.nornja галванс1 с заштите rpeja4a на

стаклу",
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Састанку je присуствовало 49 чланова секци;е, по одржаним предавашима посеКени су

дорадни погони Индустри)е стакла Панчево.

Други радни састанак je одржан 6. октобра 1983. године у Аран!)еловцу у простори)ама

Више технолошке школе, а изложена су следеЬа предавала:

1. М. ИвовиК и Н. ЪаковиК, „Шамот", Аран^еловац: „Минералошко хеми)'ско проу-

чаван>е каолина из каолинског гранита",

2. Е. КостиН и С. БошковиЬ, Институт „Борис Кидрич", Винча: „МогуКност побол.-

шан>а синтерованъа неактивног праха АЦОз",

3. Jb. ВулиНевиК, Д. Извонар и В. Глумац, Виша технолошка илкола, Аран^еловац: ,,Мо-

гуНност кориптен>а филтрационе анализе за одре^иванье кинетике процеса набиравъа

керамичког црепа",

4. М. Тодоровик, Л>. ПавловиЬ-ТерзиЬ, Г. ЛазовиК, Индустри)'а епектропорцелана,

Аран^еловац: „Испитиван>е могуКности примене каолина Баре у високоалуминатном

порцелану",

5. М. Тодоровик, А. ЛуковиН, Б. ГолубовиЛ и Ш. Киш, Индустри;а електропорцелана

Араш)еловац, ИБК, Винча и ВТШ, Аран^еловац: „Испитивавье процеса мулитиза-

mije у смешама глина-глиница".

6. С. МилошевиЬ, Р. СтефановиИ, Н. ЪаковиЬ, Институт за нуклеарне и друге сирс-

вине, Београд и Фабрика шамота, Аран^еловац: „МогуКност доби)'ан>а квалитетних

сировина за керамичку и ватросталну индустри)у из домаНих лежишта". Овом сас

танку je присуствовало 46 чланова.

ТреЬи радни састанак одржан je 21. XII 1983. године на Технолошком факултету у Бео-

граду, са следеКим предавашима:

1. Др Никола Благо)евнК, Технолошко-металуршки факултет, Београд: ,,Релаксаци)а

напрезан>а у стаклу током топлотне обраде",

2. Проф. др Милутин }овановиК, Технолошко-металуршки факултет, Београд: „Глиница

као сировина у индустрии стакла".

Годиппьа скутнтина Секвдце одржана je 21. XII 1983. године на Kojoj je одлучено да за

наредну, 1984. г. остане иста управа Ceximje као у 1983. г., са образложеьем да ова Сек-

ци)а треба да настави континуалан рад започет у претходно) години. За председника Сек-

unje je поново изабран Милушин Joeatweuh.

CeKuuja за уТал> и угловодонике. У току 1983. г. CeKiuija за угал> и угл>оводонике одржала

je четири редовна стручна састанка у Београду и организовала )едан колокви)ум у Рафи-

Hepnjn нафте у Панчеву.

Садржа}и излаганл и дискуси)'а на стручним састанцима обухватили су разне области xeMnje

и технолоп^е углл и нафте, као и заштиту животне средине у вези са производимом и при-

меном горива. Просечно je присуствовало 20 чланова.

Први стручни састанак био je за}еднички са Секци)ом за xeMHjy и заштиту животне средине,

31. марта, са темом: „Pa3Boj синтетичких горива и ньихов утица} на зага^еност животне

средине". Уводно излагайте дао je др Коста ПетровиК из Новог Сада. Oeaj састанак се

одликовао живом дискуемом.

Други стручни састанак, 12. Maja, био je посвеЬен производной полукокса од колубарског

лигнита. Предавайте je одржао Слободан М^атовиН, дипл. инж. из Београда.

ТреКи редован састанак, 3. новембра, имао je облик панел дискуете о кориитен>у остатка

дестилащце нафте, битумена и ул>а из шкрил>ца. Панелисти су били др JoeaH 1овановиЬ,

др ДЬубица Врховац, Богдан АлексиК, дипл. инж. и др flejaH Скала. Oeaj састанак се ис-

тицао шириной и обухватношКу приказиван>а физичко-хеми}ских и технолошких проблема

у савременом разведу нафтно-рафинери)ских поступака с делимичним оевртом на рад XI

светског коигреса за нафту овог лета у Лондону, као и 6pojnoiuhy аудиторн)ума.

Четврти стручни састанак, 7. децембра, био je посвеЬен катализаторима и каталитичком

крекован>у нафте с излагавшем др Емира ЦернЬа из Pnjei<e и мр Борисава АднаЬевиКа из
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Београда. Присутно je било 15 чланова. Сутрадан je одржан колоквн)ум на исту тему у

Рафинери)и нафте у Панчеву у Kojoj je у току изградла nocTpojefta за каталитичко кре-

ковасье. Уводна излагала дали су др Е. ЦериЬ и мр Борисав Адна^виЬ.

Секци)а има 58 регистрованих чланова у децембру 1983. г., што представлл благ пораст

у переделу с прошлом годином, када je било 54 члана.

Председник Секщце je постигао договор о 6ynyhoj сарадлн са секци)ама за пстрохемн)у

и прераду нафте Знанственог савета за нафту, Загреб.

На roflHiuiboj скупштини Секци)е, за председника je поново изабран Александар Mouiuh.

CeKUfija за xeiuujy и зашшишу живошне средине. Рад Секшее се у току 1983. г. одви)ао у

оквиру предавав^ Koja су одржали еминентни истраживачи, чланови Секшее као и струч-

каци из других интердисциплинарних области везаних за проблематику животне средине.

Одржано je 6 предавала, од чега je jeflHo било за{едничко са CeKunjoM за угал, и упьово-

донике. Сва су предавала била посещена са нсцрпном дискуси)ом и предан од ових струч-

них састанака Hnje Tpajao краКе од 2 сата.

1. Др Радмило Феликс: „Правни основи лаштите воде за пиНе у СФР1 (са освртом на

укупну регулативу)",

2. Др Коста ПетровиЬ: ,,Pa3Boj синтетичких горива и н>ихов yTHuaj на зага1)еност жи

вотне средине" (за)еднички састанак са Секци>ом за угал> и угллводонике),

3. Хем. спец. Владислав АдамовиЬ: „Перспектива nojaee ДДТ-а и сличних ^едшымьа

у нашо) средний",

4. Проф. др Стеван JamcoBHh: „Процена ризика по квалитету животне средине од разних

антропогених yTnuaja"

У оквиру дискуси)е на овом стручном. састанку заюьучено je да треба указати на потребу

разви)ан>а истраживаньа за процену ризика као и да треба школовати одговара)уКе струч-

н>аке. Писмо у вези са овим закл>учком 3ajeflH0 са образложеньем послато je Републичком

комитету за просторно планирасье и заштиту средине као и Извршном веКу.

5. Мр Првослав MapjaHoeuh: „Примена аквакултура у обради вода",

6. Проф. др Слободан Кончар-Ъур^евиК : ,,Проучаван>е распростирала загада помоНу

физичког моделиран>а применом динамичке адсорпционе методе".

Председник Секци)е je Сшееан Jai<Koeuh.

Виохемщска секцща. Рад Секшее je обновлен на инициативу проф. BojaHe rpyjHh-Илад.

У току године одржано je 6 састанака са 10 излагала:

— Проф. BojaHa rpyjHh-Ивьац — о истраживалима примарне структуре хемоглобина,

— Мр Миха)ло СпасиК, Институт за биолошка истраживала ,,Др Синиша СтанковиК",

Београд — о промени активности супердиоксид дизмутазе у условима деловала стреса

— Мр Весна Шошкий, Институт за биофизшсу Медицинског факултета, Београд — о

електронсюч структури бензопирена,

— Живко Половив., ПКБ, Београд — о научно-истраживачком раду у ПКБ,

— Проф. Bojaua rpyjHh-Илац и проф. Душан ВучелиЬ — о реорганизации наставе био-

xeMnje и биофизике на Одсеку за хемщске и физичко-xeMHjcKe науке ПМФ-а, Београд,

— Зорица JypaHuh, JlaoopaTopnja за експерименталну онколоп^у — о ннтеракци]ама

ергот алкалоида са ДНК,

— Др Милорад Врбашки, шеф разво;ног одел>ела „Крка", Ново Место, — о канцеро-

генези, биологии канцерогене Ьелще и цитостатицима,

— Даница ВациЬ, стручни сарадник „Биопродукта", Београд — о алелопати)н.

На сваком састанку присуствовало je 25 до 45 чланова, а после сваког излагала вожена

je жива дискуси)а.
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На годиипьо) скупштини прихваЬен je извешта) о раду Секци)'е у 1983. г., оценьено je да

je рад Секци)е у протеклом периоду био добар и да би рад у исто) форми требало и дал>е

наставити.

Председник Секци)е je Eojaua rpyjuh-Илац.

Секцща за xeitujy и шехмомгщу коже. У току 1983. г. CeKinija je одржала два састанка.

На првом je дискутовано питан>е могуКности дал>ег искоришНаваньа отпадног матерщал

у индустрии коже, а предавач je био Голуб Mиjaлкoвиh, дипл. инж. из Индустриме вуне

и коже у Пироту.

На другом састанку дискутовано je о извешта)у секшце за 1983. г. и о задацима за наредни

период, а извршен je и избор руководства. Оцеи>ено je да Секщца Hnje имала потпун кон

цепт рада, нити довольно контаката са кожарско прераг)ивачком индустри]ом, а осим при-

)ема два нова члана Hnje имала ни Beher успеха у омасовл.ен>у членства. С тога je заюьучено

да садржа; рада Секцщ'е треба да буде што noTnynnje истраживаае могуЬности искори-

urheiba отпадног матери)ала и eHeprnje, као и трансфера научних и техничких достигнута

у индустрии коже.

Ради континуитета у раду, одлучено je да се поново изабере за председника Секщце Алек-

сандар ПавловиН.

Секциуа за шексшилну xeuujy и шексшилну шехнолохщу . У току 1983. г. одржано je 3 са

станка CeKunje на копима су разматрани проблеми реорганизаци;е школства за текстилне

инжеаере.

Организовано je и предавайте dr James Parker-a, prof. Lubbock Texas University, SAD,

о теми: „Савремене инструменталне методе испитиваша текстпла".

Председник Секцвде je Василще Mujoeuh.

Cexufija за xeuujcKo инженерство . Секци)а je организовала предавайте: Prof, dr Н. Littman,

Rensselaer Polytechnic Institute, Troy, N. У., USA: „Станье, paeeoj и примена вишефазних

система са фонотанским и фонтанским флуидизованим cnojeM".

Председник Секшее je проф. Драголуб ВуковиН.

ХЕМЩСКО ДРУШТВО BOJBC-ДИНЕ

У npoTeiotoj години Друштво je наставило започете активности из претходне године и

са успехом je завршило задатке поставллне планом за 1983. годину. Активност Друштва

се одви)ала кроз научне и стручне манифестанте, подружнице и секшее Друштва, Се

кретариат и Извршни одбор. На челу Друштва, као председник био je проф. Борислав

ТомиН и секретари А. ДудуковиИ и С. СинадиновиН.

1983. година за ХДВ остаЬе знача)на по Hajeehoj манифестацией — VII jyrocnoBeHCKOM

конгресу за xeMnjy и xeMnjcKy технолоп^у, Kojy je организовало и било домаЬин ХДВ,

а у име Уни}е хеми^ских друштава JyrocnaBHje и Савеза хемичара и технолога JyrocnaBHje.

Конгрес се одви)ао у виду пленарних предавала, излагала научних резултата на постерима,

секци)ских састанака и панел дискуема, уз изллжбе опреме, учила и кн>ига, а под мотом:

„Наука као производна снага". Пленарна предавала остварила су у HajBehoj мери основну

концепци}у Конгреса, jep су указала на путеве KojnMa наука, као пресудни чинилац у уна-

прег)ен>у производное, поста;е основна производна снага.

Bpoj евидентираних учесника Конгреса био je 542, а проценте се да je присуствовало joui

300 нерегистрованих учесника. Изложено je 534 рада. Конгресу je присуствовало и 120

позваних rocTHjy.

Конгрес je организован уз финанацску помоЬ Савеза СИЗ-ona и великог 6poja радннх

организаци)а као покровител>а и суиздавача Зборника извода радова.

Рад Конгреса je веома успешно оценьен од стране привредних организаци)а, научних ус-

танова и политичких форума у noKpajmm, Републици и Федеращцп.
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Поред тога, ХДВ je у сарадли са Друштвом пластичара и гумараца организовало Савето-

ван>е „Полиуретани" у Новом Саду, )уна. Присутно je било 111 учесника, а Саветован>е

je оцен>ено као веома успешно.

Хеми)'ско друштво Во)водине je у овом временском периоду редовно извршавало обавезе

према СХД, што се огледало у измирелу финанси;скнх обавеза према Гласнику xeMnjcKor

друштва, као чланарине. Традиционална веза са СХД одржава се веома успешно, што

се огледа у редовном присуству делегата у Председништву и Управном одбору СХД. Од

стране СХД редовно су стизале информанте ХДВ путем позива, као и информативног

листа „Вести из СХД".

У протекле две године, ХДВ je било домаЫш Уни)и хеми)ских друштава JyrocnaBiije.

Председник Уни)е, секретар и блатник били су члановн ХДВ, П. Путанов, Ф. Гал и

Б. АбрамовиЬ. Током те две године ХДВ je у потпуности финансирало рад Уни)е у износу

од 200.000,00 дин. a paMyHajyhn укупне издатке око 400.000,00 дин. што je велики издатак

за ХДВ

Тако1)е je остварена и ме^ународна сарадла са Бугарском. Ме^ународна сарадла Друштва

огледала се и кроз учешКе студената на студентским научннм Конгресима у MaljapcKoj,

што je наставай традищце ХДВ.

Стручна активност Друштва огледала се и кроз рад подружница и ceramja.

Подружница ХДВ у Зреланину je на)активни)а. Одржано je 5 предавала, а у оквиру

стручне екскурзи)е, чланови Подружнице су посетили РО ,,CojanpoTeHH" у Be4ejy.

Подружница у Суботици mije имала видну активност, а Подружница у Кикинди Hiije ак-

тивирана ни током протекле године. Подружница у CpeMCKoj Митровици je jom увек у

фази осниван>а. До сада су формиране следеКе ceiuwje: за xeMHjy и технолоп^у макро

молекула, аналитичку хеми)у, катализу, органску xeMnjy, хеми)ско икжелерство, заштиту

животне средине, биохем^у и наставу xeMaje.

Активност ceranije за макромолекуле се састо]ала у организации стручних предавала,

стручних манифестанта, разматралу питала везаних за рад Секци)е и проблема у подруч)у

полимера, као и у окушьан>у, обавештавалу и активиран>у членства. У 1983. г. Секщца

je организовала 9 предавала Koja су одржали гости из ИХТМ, ТМФ Београд, ХИП Пан-

чево, ТФ Нови Сад, Винча, ИНА-ОКИ, Дуга Београд, али су и чланови ове Cemmje,

у сарадли са Подружницом у Зрен>анину и Секц^ом за xeMHjy и технолог^у макромо

лекула СХД, били гости-предавачи. Секцщ'а je за)едно са Друштвом пластичара и гумараца, -

радила на организации Саветовала „Полиуретани" одржаног у Новом Саду. Чланови

ове Секцще су активно учествовали у организацией VII jyroanoBeHCKor конгреса за xeMHjy

и хемщску тexнoлoгиjy. Секцн)а 6pojn 115 чланова.

У току 1983. г. организована су 4 пленарна предавала ХДВ у организации CeKiwje за

аналитичку хеми;у Koja су одржали гости из Будимпеште и Дебрецина. Чланови ове Секщ^е

активно су радили на окушьалу аналитичара из целе земле и у организовалу VII jyrocio-

венског конгреса за xeMHjy и хеми)ску технологу. Целокупан рад ове Cerawje у 1983. г.

може се оценити богатим и успешним

CeKmija за катализу je организовала укупно 4 састанка са стручним предавалима Koja су

обухватила проблематику катализатора за Komsep3njy угленмоноксида a Koja су одржали

предавачи из ХИП Панчево, ТФ Нови Сад и ИХТМ Београд. Поред рада чланова Сек-

4nje у оквиру секци]ских предавала, знача]но je и лихово ангажовале у припреми, као

и у раду VII }угословенског конгреса хемичара JyrocjiaBHje.

Cei<nnja за органску хеми;у je током 1983. г. одржала 2 ceKimjcKa састанка 4njK су преда

вачи били гости из AycTpuje и НДР. Чланови Секцще су активно учествовали у органи

зации и у раду VII (угословенског конгреса за xeMHjy и xeMHjcKy технологи^у, а на)мла!)и

чланови су суделовали и на XII jyrocnoBeHCKOM конгресу студената чисте и примеп.енс

xeMnje. са ме^ународним учешЬем, одржаном у Скоплу.

CeKmija за заштиту животне средине je током 1983. г. остварила знача)ан напредак у ceojoj

активности. Пре свега, потребно je истаки организовале 4 пленарна предавала и 1 сек-

HnjcKo предавале, Koja су одржали предавачи из МаЬарске и В. Британп^е. Поред овога,

чланови CcKHnje су успоставилн сарадлу са новооснованим Друштвом за заштиту вода

САПВ и са ВАНУ-МАН у области xeMnje и технологов воде.
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Рад Наставне секшее у 1983. г. се одви;ао у оквиру редовних активности, одржавана су

научна и стручна предаваша, разматрана су организациона питанл, чланови Секци)е су

суделовали на страним и домаКим научним и стручним скуповима са рефератима.

ХДВ je током ове године успешно финанси)ски пословао. Из 1982. г. у 1983. г. пренето

je 764.829 дин. док се вишак прихода над расходима за 1983. г., заюьучно са 21. XII 1983.

г. npoueayje на 1.293.016 динара, што je резултат остварених средстава при организован^

VII )угословенског конгреса за хеми)у и хемщску технологи)у и Саветова&а о полиурета-

нима, знача)ног прилива средстава од чланарина и као основно, домаЬинског пословака.

За председника ХДВ за следеЬи период изабраиа je проф. др Mupjma Bojnoeuh, а за се

кретаре С. СинадиновиН.

II3BEUITAJ БИБЛИОТЕКЕ СРПСКОГ ХЕМЩСКОГ ДРУШТВА

ЗА 1983. ГОДИНУ

Библиотека СХД-а има 18.335 св. часописа. Од тога je приновл>ена у 1983. г. 381 свеска.

Примл>ено je 54 наслова стране периодике и 13 наслова домаЬих часописа:

Земл>а Bpoj Земл,а Bpoj

наслова наслова

Аргентина 1 Немачка Д.Р. 1

Белги)а 3 Пол>ска 3

Бутарека 3 PyMyHnja 1

Венецуела 1 САД 5

Енглеска 4 СССР 5

Индвда 1 Финска 1

JanaH 10 Француска 1

Кина 1 Чехословачка 6

Ма^арска 5 Шва)царска 1

Мексико 1

Укупно 54

Библиотека има 749 шьига. Од тога je у 1983. г. приновл>ено 30 юьига: из СССР-а 29 кшига

и 1 домаЬа. Послате су KonHje чланака из часописа разним институщ^ама у Загребу, Новом

Месту, Л>убл>ани, Новом Саду и Pnjeim. Послати су извешта)и о приновл>еним страним

часописима у току 1982. г. 1угословенском библиографском институту и Народно) библио-

теци Cp6nje за Центрапни каталог као и попун>ен анкетни лист-упитник HapoflHoj библио-

теци Cp6Hje.

Колегинице и колеге,

Завршава)уЬи ова) нзцешта), хтела бих jom да додам да веруjем да here се сагласити, на

основу овог скраКеног извешта^а, да нам je рад у протекло) години био и садрмоцан и оби-

ман и да се надамо да Ьемо у нашем раду HCTajaTH и омогуКити да СХД закорачи и у cBojy

стоту годшшьицу и дале.

Хвала вам на пажи>и.





jyrOCJIOBEHCKH СИМПОЗЩУМ

О ХЕМЩИ И ЗАШТИТИ ЖИВОТНЕ СРЕДИНЕ

одржаЬе се у Београду од 17. до 19. )ануара 1985. године.

Кроз реферате и постерска излагала разматраЬе се сви хедицски аспекти

заштите животне средине.

Теме Симйози^ума:

1. Биогеохеми)ски циклуси и антропогено учешНе у н>има;

2. Зага^ивэчи и токсичне супстанце у животно) средний;

3. ПраЬенье станл зага1)ености животне средине; Математичко-физичко

моделиранье ;

4. Методе за одре^иваиье зага^ивача и за аихово осматран>е у животно)

и радно) средний;

5. Ограничаван>е негативных антропогених утицаja на квалитет nnjahe воде

и прехрамбених производа;

6. Утица)и зага^ивача на биохеми)ске процесе;

7. Негативни утицаjn квалитета животне средине на материале и o6jeKTe;

8. Радиохеми^ски аспекти зага^иваньа животне средине;

9. Постунци и ype^ajn за пречишЬаван>е отпадних гасова и вода, прерада

чврстих отпадака;

10. Еколошки прихватл.иви)и технолошки и металуршки процеси;

1 1 . Хеми)ски аспекти заштите животне средине у образован^ (могуЬа за-

|едничка тема и са Наставном секциям СХД у оквиру Саветован>а) ;

12. Терминологи)а, законски и други прописи, стандарди и инспекци)ска

контроле.

За обавештен>а обрати™ се на адресу: Српско xeMHjcKo друштво, Карне-

пцева бр. 4/Ш, п.пр. 462, 11000 Београд. Тел.: 328—583.
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REVUE — ПРЕГЛЕД

KINETICS AND MECHANISM OF SOLID-STATE REACTIONS*

E. A. PRODAN

Institute of General and Inorganic Chunistry of the Academy of Sciences of the Belorussian SSR,

220606, Minsk, USSR

(Received 10 April 1984)

Some peculiarities of solid-state reactions connected with spatio-temporal

effects of their localization in certain sites of a reacting solid are considered. It is

shown that anisotropic decomposition of a triclinic crystal taking place with or

without self-acceleration can be adequately described by a kinetic model which takes

into account the sequence of crystal faces entering into the reaction and the relation of

reaction front advance velocity to its crystallographic orientation. Comparative

characteristics of reactions in solid state and in aqueous solutions, in amorphous

and crystalline phases, on the surface and inside the crystal are given for phosphate

systems.

1. Introduction

2. Peculiarities of solid-state reactions

3. Reactions in phosphate systems

4. Localization effects

1. INTRODUCTION

The traditional notion „kinetics and mechanism" has a different meaning

for solid-state or topochemical reactions as compared to homogeneous gas- or

liquid-state reactions. This is provided by their peculiarities, which do not allow

to apply to them the basic concepts of the theory of homogeneous reactions in

unchanged form.

Characteristic aspects of solid-state reactions have been considered in classic

works1-4, in monographs5-14 and review articles15-17. In this article we will touch

upon the subjects, which, as it seems to us, are matters of principle for understand

ing solid-state reaction mechanisms and which were not considered in full detail

in above mentioned works.

2. PECULIARITIES OF SOLID-STATE REACTIONS

A peculiarity resides in the fact that solid-state reactions in contrast to

homogeneous ones are localized in certain sites of the reacting solid and do not

* Based on a lecture delivered at the meeting of the Serbian Chemical Society (Belgrade, Septem

ber 26, 1983)
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SOLID-STATE REACTIONS

take place uniformly in thewhole mass. Hence their second name which underlines

the localization phenomenon — topochemical reactions. The possibility of a homo

geneous solid-state reaction, however, is not excluded. For example, when under

action of freely penetrating radiation the process of radiation decomposition pro

ceeds with the same probability in any point of a solid.

These and the like cases of delocalized solid-state reactions may provide

justification for the fact that the ideas of formal kinetics of homogeneous rea:tions

are transferred with certain restrictions on the solid-state processes. Widely sprtai

now is determination of the rate constant and the formal order of a solid-state

reaction, its effective activation energy and frequency factor which are interpreted

from the positions of the activated complex theory, etc. It is obvious, that the

methods of formal isothermal and nonisothermal kinetics are on the whole useful

to chemistry of solids. They provide information on the reaction, needed for

engineeiing calculations, but do not reveal its fundamental mechanism.

On the other hand, gas(liquid)-phase reactions can be localized, for example,

when they take place on the surface of a solid catalyst. Such reactions are not

assumed to be solid-state ones, because the catalyst performs the function of a

constant support but not of a reacting component which is consumed or accu

mulated during the reaction. However, the catalyst is subject to ageing. This

means, that the main heterogeneous reaction on the surface of the catalyst is accom

panied by a secondary solid-state reaction inside the catalyst itself, which de

termines its activity loss.

The existence of delocalized solid-state reactions and of localized gas(liq-

uid)-state reactions show that it is not always possible to draw a strict boundary

between them. Sometimes such doubts may appear in studyng the reactions of

substances, the state of which can be considered as intermediate between solid

and liquid (the plasticine-like or rubber-like substances).

On passing from homogeneous to localized solid-state reactions their theo

retical interpretation becomes complicated. Known are the difficulties that arise

in trying to use molecular-kinetic theory of homogeneous reactions for hetero

geneous gas(liquid)-phase ones. These difficulties become most pronounced in

passing to solid-phase reactions which are characterized by a great variety.

In this paper we do not make it our aim to clarify the individuality of certain

classes of solid-state reactions; this problem has considerably been developed

in references cited. We should note that such reactions are widely spread in nature

and in technology and we will only give a short list of representative examples.

It should be underlined that theoretical developments in the field of solid state

chemistry as a rule are directly connected with actual applied problems.

Solid-state reactions in nature.

— Formation and conversion of minerals, rocks, their chemical weathering, soil

erosion.

— Interaction of soil solution with soil minerals. These processes of the type

Ая+Bi --> Cs attract attention due to the problem of loss of nutrients. For example

only 1/3 of all phosphorus inrtoduced into the soil with mineral fertilizers is con
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sumed by plants, 2/3 of phosphorus arev-irrevocably lost. Moreover, these 2/3

negatively affect the environment by causing phosphatization of soils and eutro-

phication of waters. Should these processes be put under control it would open

a straight way of solving the problems of mineral fertilizer efficiency and of en

vironmental protection.

— Space chemical reactions on the surface of planets, natural and artificial space

objects, taking place in vacuum and in atmospheres of various gases.

Solid-state reactions in technology.

— Roasting and calcination in chemical technology, metallurgy, building materials

industry.

— Chemical processes of ageing and destruction of building and construction

materials, machines and apparatus under action of cyclic variable factors — tem

perature, humidity, pressure, mechanical load, radiation.

— Combustion of explosives and solid rocket fuels, chemical and thermal con

version of polymeric materials, medicinal preparations. The known specificity is

characteristic for chemistry of solid drugs18 and organic solids19-20.

— Corrosion of metals, electrochemical processes.

This list is far from being complete. It is useful to recall here, that Kohl-

schiitter21, who suggested the term „topochemical reactions", meant at least three

types of reactions: 1) conversions of minerals (efflorscence, dehydration), 2) elec

trochemical reactions and 3) localized biochemical reactions in living organisms.

Nowadays the second group constitutes a separate section of chemistry of solids22-23.

As for the third group, it has developed into a separate trend. Though these reactions

possess the features of typically localized processes, they are not, with a small number

of exceptions, mentioned in general reviews on chemistry of solids.

Condensed phosphates were chosen as objects for investigations conducted

at our Institute. Reactions of these compounds, which are supported by structural

data24,25, comprise many features inherent to solids and liquid-phase reactions of

inorganis, organic and biological objects. Some questions of topochemistry of inor

ganic phosphates have already been discussed29, and they are not reviewed herein.

3. REACTIONS IN PHOSPHATE SYSTEMS

Let us deal with the reactions of salts of chain and cyclic triphosphoric acids.

The interest attached to these salts is not accidental, it is determined by various

circumstances.

First, these salts actually start the homologous series of chain and cyclic

phosphates27. The further members of the series in a specific manner repeat the

properties of triphosphates.

Second, the salts possess an interesting set of physical, chemical and techno

logical properties. In contrast to higher members of the series they are easily crys

tallized and obtained as individual compounds, the purity and properties of which

can be controlled and regulated.
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Third, as natural compounds they have been subjected to strict natural

selenion. According to the results of biochemical studies28,29, in existing organisms

such compounds carry out the physiological functions (especially ATP) similar

to those, performed by medium- and high-molecular polyphosphates in ancient

organisms. The physiological role of cyclic triphosphate is not yet completely

clear. There exists a point of view that a cyclic criphospate performs the function

of a nonactive triphosphate reservoir and that reversible cyclization — decycli-

zation processes are used for regulation of the relation between the active (chain)

and nonactive (cyclic) triphosphate forms.

The latter circumstance poses a question of correlation between chain and

cyclic compound properties in different aggregation states and to what extent it

ts possible to reproduce a natural reversible process in inorganic systems. In order

io obtain comparable data let us compare the properties of chain and cyclic triphos

phoric acids in the absence of foreign ions.

Fig. 1 shows the kinetics of acid composition changing according to chro

matographic (TLC) data obtained by I. L. Shashkova and T. N. Galkova. The

chain acid is more stable as compared to the cyclic one and this is not connected

with a slight difference in pH value. P-O-P bonds in a cycle are more strained than

in a chain, and accordingly in the absence of foreign distortion factors they are

more easily ruptured.

 

Fig. !. Kinetics of chemical conversions of chain and cycle triphosphoric acids at 40':

1— ШРзОю, C=0.17mol/1, pH 0.6, Ti,2-110min; 2 — H3P3O9, C=0.18mol/1

pH*0, ti/2=18 min; Pi, Pi, Рз, Рзс — phosphorus content in the form of mono-, di-,

triphosphate and cyclotriphosphate.

Stability of acids can be increased by lowering the temperature to 0°. Thus,

a chain acid can be stored at 0° without any damage to its anionic composition

for 10— 15 hours30, cyclic — for 1—2 hours. Data on the time of storage of acids

have been used for synthesis of acid salts.
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Among such salts let us single out К2НзРзОю -2H20 — a first represent

ative of crystalline .triprotonated salts that substantially differs from diprotonated

K3H2P3O10 H2O in its properties. It is less stable and can be subjected to dispro-

portionation

3 K2H3P3O10 -2H20 -* 2 K3H2P3O10 -Н20+Н5РЗОЮ+4 H20.

Mechanically induced disproportionate takes place during vibration milling

of crystalline salts in dry air31. In the process of mechanical activation K2H3P3O10 ■

•2H20 in contrast to other salts, including salts of univalent and bivalent metals,

due to acid formation undergoes transformation into a viscous plasticine-like

mass.

It should be noted, that in this aggregation state as in the state of the oily

phase, which is formed during precipitation of salts from aqueous solutions, the

velocity of triphosphate degradation is higher than in solutions or in the solid

phase. This is one of the reacons why many salts of triphosphoric acids cannot be

synthesized in pure form. The other reason resides in the fact that the precipitated

salts often are amorphous and less stable as compared to crystalline ones.

The low stability of an amorphous substance as compared to a crystalline

one is a widely spread phenomenon in chemistry of solids, but it requires an atten

tive approach. In our case at the passage from crystalline to amorphous states the

triphosphate degradation velocity is increased, but this does not signify that the

velocities of other processes (dehydration) also increase. Experimental data illus

trating this thesis have been obtained in studying hydrated double salts32 33:

parameters of dehydration practically do not depend on the state (crystalline or

amorphous) of the substance.

Different stages of dehydration have different sensitivities to the aggre

gation state of the substance. Crystalline МН^Л^гРзОю -6H20 as compared to

amorphous NHjMg2P30io -7H20 releases hydration water more slowly at the initial

stages of dehydration and more rapidly at the final stages. This is explained by

the fact that in the case of an amorphous salt the sample is more compact and with

difficulty releases the residue of water and ammonia. Both salts have been pre

cipitated in the system (NH.O5P3O10—MgSCXi—H2O which is characterized by a

[P3c], moss ''•
 

Fig. 2. Kinetics of H3P3O9 ring rupture in solid phase and in aqueous solution: 1 — so

lution, t =0°, C=0.18 mol/l,pH iO; 2 — frozen solution, t = - 10°, C=0.01 mol/1, pH 1.2.
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decrease of triphosphate degradation velocity in the sequence : oily phase, amorphoos

phase, aqueous solution, crystalline phase.

There are other peculiarities characteristic for reactions of substances in

various aggregation states. Fig. 2 shows the data on kinetics of cycle rupture in

aqueous solution of H3P3O9 and in solid phase (frozen solution). Under above

mentioned conditions the velocities of both reactions coincide, but should acids

with equal С and pH be used, than the velocity of the solid-phase process at — 10°

shall exceed that of liquid-phase one at 0°.

This case represents a variant of the known Hedvall effect, when the reactivity

of a substance increases at phase transition. Accordingly, an increase of reaction

velocity with the decrease of temperature is noted. Cryochemistry of aqueous

solutions in characterized by other effects, which are not inherent to homogeneous

liquid-phase reactions34-35.

Change of solution pH is connected with the alteration of triphosphate-ion

forms. The stability of the anion changes in accordance with the following rule:

the velocity of triphosphate degradation increases with the increase of the anion

protonation degree. Possible exceptions from the rule, at least formal ones, are

connected with the presence of catalytically active catiors or with certain speci

ficity of a solid-phase reaction. Such specificity has been observed during isothermal

and nonisothermal studies of dehydration, deammoniation and degradation of

crystalline ammonium chain triphosphates36.

In the series of anhydrous crystalline salts

(NH4)sPbOio, (NH4)4HP3Oio, (NH4)3H2P8Oi0

the velocity of degradation decreases against the rule. This is explained by the

fact that the first salt easily loses ammcn'.a as compared with the third salt. So far

as ammonia is removed from ths surface of crystals, then in the first case the crystals

are sooner covered by the triphosphoric acid layer.

These data show that the comparison of reactivity of compounds of such

type must take into account not the bulk degree of protonation through the whole

mass of the substance, but only the protonation degree of a part of anions, which

are located within the reaction zone.

Depending on the anion protonation degree, composition and structure of

salts and on the aggregation state of the substance, the stability ratio between

chain and cycle may be reversed as compared to that shown in Fig. 1 . This is char

acteristic of crystalline salts ИавРзОю 6H2O and МазРзОэ 6H2O.

Sodium chain triphosphate is an industrial product and the removal of water

from its hydrate without anion degradation constitutes an applied problem the

solving of which had consumed many efforts10'37-40. On thermal treatment of the

hexahydrate a high yield of anhydrous sodium triphosphate has been obtained41,

but until the present time it is not clear whether it is formed according to direct

or degradation mechanisms. As a rule, at intermediate stages of dehydration the

chain is ruptured and amorphous products are formed.

Cyclic triphosphate behaves differently. According to reference42 and to

our data43,41, dehydration of the hexahydrate of this salt at moderate air humidity

and in vacuum takes place at f<1003 according to the scheme

ЫазРзОэ -6H20 (cryst.) -> Na3P309 (cryst.) + 6 H20 f
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without any signs of cycle degradation. Fig. 3 shows kinetic data obtained by

S. I. Pytlev for dehydration of №зРзС>9 -бНзО in dry air. The conversion degree

a has been determined gravimetrically (curve 1) and by the quantitative X-ray

method: by decrease of intensity of the ЫазРзОэ 6H2O analytical diffraction line

(curve 2), by appearance and intensification of the ЫазРзОэ analytical diffraction

line (curve 3). As it is seen, the stage of destruction of the initial crystal lattice and

the stage of formation of a new one practically do not fall behind the dehydration

process.

 

0.5H

Fig. 3. Kinetics of ЫазРзО» ■

•6НгО into ЫазРзОа conversion

in dry air at 20°: 1 — mass

loss, 2 — ЫазРзОэ -6НгО phase

consumption (2 0=10°2'), 3 —

ЫазРзОа phase accumulation

(2 8=-13°0).

It is an interesting case when experimentally determined velocities of the

three processes coincide with each other. This results together with microscopic

data served as an experimental ba' is allowing to construct a spatio-temporal model

of the dehydration front advance in NaePsCb 6H2O single crystals45.

Crystallization water can be also removed with a rupture of the ring, but

then dehydration should be carried out under certain conditions or other sodium

cyclotriphosphate hydrates instead of hexahydrate should be used. According to

references 42 and 46, only ЫазРзОэ 6H2O and КазРзОэ -ЗНгО release crystalli

zation water without ring rupturing. The more stable КазРзОв НгО, which in

contrast to tri- and hexahydrate loses water only at t>100°, behaves quite differ

ently. It is unusual in the following respect: crystal structures of NaePsOg НгО

and of ЫазРзОэ are identical, but notwithstanding this fact the dehydration proceeds

not by direct transition of one crystal lattice into the other, but through an inter

mediate stage of initial single crystal destruction and of cycle rupturing47.

TABLE I. Composition of products, obtained during ЫадРзСЬ -6НгО dehydration in dry gaseous

ammonia (р>,-нз = 1000 hPa) at the rate of temperature rise of 2 K/min (Pi , Рг, Рз, Рзс — phos

phorus content, mass per cent, in the form of mono-, di-, triphosphate and cyclotriphosphate

respectively)

t, °C Am, % Pi Pt Pi Рас Crystalline

phases*

67 22.0 0 0 0 100 1, 2

100 23.5 0 0 0 100 1, 2

140 24.0 0 4 3 93 1> 2

188 22.5 28 56 7 8 1. 2

205 22.3 10 20 4 66 1

260 25.4 4 10 10 76 1

* 1 — ЫазРзО», 2 — ЫазРзОв ШО
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In the case of NaaPsOg -6НгО cycle rupture is noted during its heating in

gaseous ammonia (Table I). The rupture is effected due to intermediate formation

of monohydrate. Decyclization is connected with ammoniation of the resulting

products, which is reflected on the curve of nonisothermal dehydration by the

effect of mass gain at 150—200° (Fig. 4). Such an effect is absent if hexahydrate

heating is performed in vacuum, water vapour and air.

Лш, mol HjO
 

Thus, the closing of end groups of the triphosphate chain into a ring may

increase or decrease the anion stability in inorganic systems. It substantially changes

the anion properties. For instance, in aqueous solutions the ligand forms less

stable complexes with multivalent cations and in solid phase a salt retains crystalli

zation water less strongly, at least in the case of hexahydratcs of sodium salts.

Taking into consideration the low mobility of triphosphate ions in the solid

phase, it is difficult to anticipate the reversibility of the cyclization-decyclization

processes in a solid matrix. In an aqueous solution the process may proceed directly

or reversely depending on the pH value and on the presence of additivers, which

perform the function of cyclizating or decyclizating agents38.

With the increase of molecular mass the difference between the properties

of chain and cycle narrows. At the same time the ability of phosphates to form in

dividual crystalline salts is diminished. As a result the kinetics and mechanism

of solid-state reactions of meidum-- and high-molecular condensed phosphates

acquires some new peculiarities.

4. LOCALIZATION EFFECTS

The main differences between solid-state and homogeneous reactions are

based on spatio-temporal effects of localization. Delocalized processes are not

reviewed herein, they constitute a special group of solid-phase reactions.

The localization effects, as they become more complicated, can be conveniently

arranged in the following sequence: uniform localization on the whole surface of
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a crystal (particle), uniform localization on a part of the surface, spot localization

on the surface active centres, spot localization inside the crystal (particle). It is

advasible to consider a single crystal as a model object, bearing in mind, that the

results obtained may be in future used for any particles of a solid.

In the experimental studies of localization effects it is assumed a priori that

the visually observed interface is identical to the reaction zone. In practice they

could be spatially separated. This fact calls for introduction of some reservations

into the development of kinetic models48. An experimental model, constructed

according to the results of microscopy, reflects the spatio-temporal course of a

process that determines the change of optical properties of the crystal and the

appearance of a visually observed interface. If the latter does not coincide or corre

late with the rection zone, then, respectively, the experimental model reflects the

course not of a chemical reaction, but of an accompanying process. This is one of

the reasons of the divergence of kinetic data obtained by independent methods

— microscopic and gravimetric.

The question of the nature of the visually observed interface seems to be

solved comparatively easily in the case of decomposition, which takes place without

formation of solid products and in the case of interaction of crystals with liquids.

However, the situation is not so simple: there is some individuality which was

revealed on studying the thermal decomposition of crystals of ammonium perchlo-

rate49,50 and ammonium hydrocarbonate51'82.

The latter reaction proceeds according to the scheme

NHiHC03(cryst.) -> NH3 t + C02 t +H20 t ,

but under certain conditions a porous residue is formed and the spot localization

picture on (001) looks as it is shown in Fig. 5. The thickness of the porous layer

 

[0.10]

»,>V2 V,=»V2 V,<iVj

Fig. 5. Scheme of spot localization of reaction on (001) during thermal decomposition

of NH4HCO3 crystal in air at t 100 °: 1 — interface between transparent part of the crystal

and porous layer, 2 — interface between porous layer and gaseous phase.

depends on the ratios between the linear velocities of advance of the two interfaces

(1 and 2) and between induction periods of appearance of these interfaces. Should

v\>V2 and (?inci)i <€ (~ind)2, then the porous layer spreads without appearance of

interface 2 and in the absolute case the spot localization form on (001) is replaced

by the uniform one. Should v\ ъ v-z and (T|Ud)i < the distance between

1 and 2 in thi course of the reaction remains unchanged and the thickness of the

layer is determined by the excess of (?ш)2 over (Timi)i- In the case of vi<i>2 and

(~ind)i<("ind)2 the distance between 1 and 2 diminishes in the course of reaction.

In the latter case at a small excess of (ti,ui)2 over (Tinrt)i the initially formed

porous substance disappears in the course of time. Visually it is manifested in
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such a way that at the beginning of the reaction on (001) appear nontransparent

rhomb-like decomposition figures which are filled with porous substance, then

the figures gradually grow light and disappear leaving empty rhomb-like pits.

Generally the spatio-temporal picture of NH4HCO3 single crystal decom

position may be represented by a growing negative crystal faceted by interfaces

of type 2, which is preceded by moving a geometrical figure (faceted by inter

faces of type 1) analogous in form to the negative crystal. The space between 1

and 2, filled with porous substance, constitutes the zone of reaction. Its thickness,

constant or variable in the course of reaction, varies starting form the values of

about interatomic distances and ending by the values comparable with the dimen

sion of the crystal.

The above mentioned scheme is more complex than the schemes for processes

taking place with formation of a solid product, for example the scheme od Trona

single crystal decomposition10. Decomposition of trona crystals attracts attention

due to the fact that it serves as a basis of sodium hydrocarbonate conversion into

carbonate at cyclicly changing temperature and humidity53 54. In this case the

visually observed interface though it is not identical to the reaction zone with a

certain approximation reflects the general picture of reaction spreading into the

crystal.

Another peculiarity of solid-state reactions — their ability to proceed with

or without self-acceleration — is also connected with the localization phenomenon.

Self-acceleration is usually associated with broadening of the reaction zone, which

may be caused by a number of reasons. According to known kinetic models, in

the case of uniform localization and a flat reaction front the process takes place

without self-acceleration. Kinetic curves of 1 he conversion degree a versus reduced

time, plotted for such a case, have no inflection point and corresponding differential

curves do not pass through a maximum6.

It is however possible to demonstrate self-acceleration even for uniform locali

zation and a flat reaction front55. To do so, one must bear in mind while constructing

a kinetic model, that in the case of single crystal its faces react not simultaneously,

but after a certain induction period, which can be different for every face. The

existence of such periods is a real fact which has been repeatedly observed during

dehydration of КазРзОд 6H2O crystals45.

The induction period preceding crystal face entering into the reaction is

detected when the process is carried out under mild conditions, where the differ

ence between the reactivity of crystal faces can be determined experimentally.

The requirements for the experiment in this case are almost the same, as for in

vestigation of spot localization forms or etching pits, which also appear under

mild conditions. As the conditions become more severe, the dehydration of the

КазРзОд 6H2O single crystal is characterized by a transition of spot localization

into a uniform one with nonsimultaneous reacting of crystal faces and then to

uniform localization, where all the faces react simultaneously.

Fig. 6 shows typical localization forms for dehydration of the ЫазРзОэ -бНоО

single crystal under mild conditions: r = 2C—50°, relative humidity 25%<r<50°o

The scheme has been constructed according to experimental data45, it reflects

proportions and orientation of dehydration figures, but not their absolute dimen

sions or quantity. On (001) the figures repeat the contours of the face and grow
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homothetically, on (010) they grow unhomothetically, elongating along [001],

on (100) they grow mainly in the plane (100). The face (100) is the first to become

nontransparent and covered with figures, and is then followed by (001) and (010).

The nucleation velocity on (100) substantially exceeds those on (001) and (010).

When r lowers within the range of 0%<r<25% the faces become covered

with figures more rapidly, and at lesser a, the interface becomes flat and the spot

localization changes into a uniform one. The sequence of crystal faces entering

into the rection remains unchanged, the duration of respective induction periods

varies in accordance to t and r. Under severe conditions (r=0, vacuum) the faces

react simultaneously and a parallelepiped model is realized, which at relatively

high temperatures contracts homothetically and at low temperatures — unhomo

thetically, elongating along [010].

The existence of the induction period preceding crystal face entering into

reaction and the dependence of the advance velocity of the flat reaction front on

its crystallographic orientation are not taken into consideration in the known kinetic

models of solid-state reactions. Let us consider how these factors influence the

torm ot kinetic curves.

Let us use a known kinetic model for a case of simultaneous entering into

reaction of the whole surface of the solid6. On introduction of induction periods

and after transformations55 the formula for the conversion degree of a triclinic

single crystal has the form

an, bo, со — being halves of lateral lengths of initial crystal along [100], [010] and

[001] respectively; va, Vb, vc — linear velocities of the reaction front moving in

the same directions; т-time; т[^0)> — induction periods of entering into

reaction of corresponding crystal faces (-ind is assumed to be the same for two

opposite faces).

Should we take a crystal with equal dimensions (ao-^o^co) conduct

the experiment in severe conditions (г>а=г>ь =wc, Tin(i =0 for all faces), then equation

(1) changes into the known formula for a homothetically contracting geometrical

figure of a regular form

Fig. 6. Typical forms of spot

localization during N83P3O9 •

•6H2O single crystal dehy

dration in humid air.
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(I)
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In the case of unhomothetic contraction (г>а#Рьт*»с) let us choose a real relation

among velocities(»ь= 1.7va and uc= 2. 3wa) characteristic for dehydration of КазРзОэ ■

•6H2O crystal at low r, and real values ao=l mm, v&= 10-2mm/min. After their

substitution into (1) we will receive

(ao— Ve.-) (ao— 1.7ua")(ao — 2.3ua ')

= 1 (3)

Kinetic curves a vs. ~1~о-ъ calculated according to (2) and (3) with the use

of an ES- 1036 computer and with dividing of a-scale by 15—30 parts practically

coincide (Fig. 7). They also coincide with experimental curves, obtained for de

hydration of а ЫазРзОэ 6H2O crystal of above mentioned size at r^O. None of

the curves has a section indicating self-acceleration.

0.54

 

• - 1

о -2

л -3

□ -4

0-A!

2 T/T0..

Fig. 7. Theoretical and exper

imental kinetic curves of tri-

clinic single crystal decompo

sition: 1 — calculation accord

ing to (2); 2 — calculation

according to (3); 3 and 4 —

experimental data for NtjPjOe.
■6H2O dehydration at f-=0J

and t 26.8° respectively.

As it is shown, slight differences among г'н, г>ц, vc do not substantially affect

the form of a kinetic curve. Also unimportant is the absolute values of ao, though

in coordinates a vs. т a shift is noted of the curve in dependence to ao, which

is similar to the shift, observed by authors56, who used known formulae6 to describe

composition of single crystals of organic compounds. When the differences among

va, Vb, vc are substantial, the change of form of the curve and its shift are also noted

in coordinates a vs. т/-0.5. Self-acceleration is noted at certain relations among

induction periods
-U00) _(0I0)
kind

" ind
, т^к"5 and among velocities v&, Vb, vc. Fig. 8 shows

Fig. 8. Kinetics of anisotropic

decomposition of a triclinic

single crystal

equation (4) :
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To.lj
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2
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-(0101

*ind
, -(001) . 3_ .(Oio,,

"ind ~ •°-7"5 'ind
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„(001)
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the data for ЫазРзСЬ -6H>0 crystals of most wide spread form (6o=3ao, co=ao)

and ratios of velocities (vb—vc=3va) characteristics for dehydration at r=20—30%,

where tP**> =0. The calculation has been carried out according to the equation

x = 1 -3 , (4)

о

using a velocity that is real for these conditions (na=10-4 mm/min) and ao=lmm.

Should (100) and (010) enter into reaction simultaneously (for them Tind=0),

and (001) does not participate in the reaction ("-^'^"ьо; тьо being the time of

attainement of a =1.0), then kinetic curve 3 (Fig. 8) has no self-acceleration part.

Such self-acceleration part is absent in the cases where the linear velocity of reaction

front advance from the face with a zero induction period substantially exceeds

the advance velocity from faces with induction period differing from zero.

On simultaneous entering of (010) and (001) into the reaction at the moment

To-i (a=0 • 1) a corresponding curve (curve 1, Fig. 8) has an inflection point and a

self-acceleration part. When (010) enters into the reaction at the moment то.ь

and (001) — at the moment то.? (a =0.7), then the corredponding curve (curve 2,

Fig. 8) has two inflection points and two self-acceleration parts. In differential

form such a curve passes through two asymmetric maxima.

Theoretically at favourable relations among linear velocities of flat reaction

front advance in different directions the formation of more maxima is possible,

the number of which depends on the number of faces successively entering into

the reaction. For example, the following faces can react successively: (100) and

(100), should tgjy> ф tgge, or (110) and (П0), should the Na3P309 -6H20 crystals

with developed (110) and (110) be taken into account.

The considered kinetic model, based on the equation of the type (1), is not

limited only to triclinic crystals, it also includes the crystals of other symmetry

systems. We restricted our investigation to analysis of triclinic crystal reactions

because the results of the calculations can be easily compared with experimental

data for the well characterized КазРзО» -6НгО triclinic crystal. Dehydration of these

crystals has been thoroughly studied by independent kinetic methods. Our approach

will prospectively allow to include into analysis yet other localization forms, in

cluding combined forms similar to those shown in Fig. 5, and to make transition

from a single crystal to an assemblage of crystals.

Within the framework of uniform localization, as it follows from above

mentioned data, a single crystal can react with or without velocity build-up in

time. The realization of one of the variants depends on the sequence of crystal

faces entering into reaction and on the relation of linear velocities of the reaction

front advance in different directions.

There are also other factors that are important from the point of view of

kinetics and mechanism ofsolid-state reactions and that are not yet fully implemented

in the development of kinetic models.

The fact that the kinetic model adequately reflects a definite reaction of a

single crystal, for instance, its dehydration, does not mean that the kinetic model
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i is adequate in reflecting otfcer reactions of the same crystal. Let su compare three

reactions studied by V. V. Samuskevich :

MnHP04 -3H20(cryst.) -+ MnHP04 0.5Н2О(атогрЬош)+2.5НяО f , (A)

5MnHP04 -3H20(cryst.)^Mn5H2(P04)4 •4H20(cryst.)+H3P04(liq.)+ ПН20, (В)

MnHP04 -3H20(cryst.)+NH3(gas)->MnNHiP04 H20(cryst.)+2H20 f , (C)

taking place with a MnHP04 -3H20 crystal32'67-58.

These reactions represent dehydration (A), disproportionation (B) and ammo-

niation (C). They differ by localization forms and localization sites. In the first

case rhomb-like figures are formed, that are distributed on the surface non-uni-

formly; in the second case figures of irregular form are formed on the same or

other active centres; in the third case scarce star-like figures are formed inside one

or a number of concentric circles. Reation (A) results in formation of an amor

phous product, reactions (B) and (C) produce a crystalline product. Dispropor

tionation in contrast to other reactions takes place with formation of liquid phos

phoric acid, which absorbs a part of released water, the other part being removed

into the gaseous phase.

This peculiarity distinguishes reation (B) from reaction (A) by a form of mass

loss kinetic curve (Fig. 9). The curve for (B) has a stop, connected with accumulation

of phosporic acid. Such a stop is absent in the case of (A). Gravimetric experiments

have been carried out in high-vacuum apparatus filled with water vapour for obtain

ing a required pressure ря,о-

 

The relation between velocities (A) and (B) as well as their contribution into

total mass loss varies depending on t and рнго - at high t and low pnto dehydration

prevails, at low t and highpHjO prevails disproportionation (Table II). If velocities

of (A) and (B) are comparable Table II shows in the first place the process, which

prevails under given conditions. In the given temperature range at pH,o<0.1hPa

dehydration prevails.

The other distinction of (B) from (A) and (C) resides in the fact that at com

paratively high pHao and high r disproportionation is localized on the crystal sur

face, as it is described herein before. At low pn2o and low r it is localized inside
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the crystal. Under conditions given in Table II reaction (B) is localized inside the

crystal and practically does not take playe on the surface.

TABLE II. Reactions (A) and (B) during isothermal treatment of MnHP04 ШгО crystals

(т=1—8h)

pH«o, h Pa 40° 60° 70° 75° 80° 85° 90°

1.3 В A А В А А А А А

5.6 В В В В В А В А А

20.4 В В В В В В А А В

The ability of reaction (В) to take playe inside the crystal is explained by

formation of phosphoric acid, which partially absorbs the water released and elim

inates spatial difficulties which usually arise during formation of a new crystal

lattice inside the old one. The microscopic studies of a large number of crystals

produced the following spatio-temporal picture.

From a small number of centres, which are visually unobservable defects

inside a transparent MnHPC>4 ЗН2О crystal, there spread gaseous-liquid-solid

inclusions, inside of which grow regularly faceted МпвНгСРО^ -4НгО crystals.

In the course of broadening the inclusion comes to the crystal surface and opens

up. At this moment the growth of crystals of the new phase sharply decelerates,

but the crystals situated within other inclusions continue to grow with the same

velocity. These phenomena are connected with a sharp fall of water vapour pressure

at the moment of inclusion opening. The existence of elevated water vapour pressure

in the closed space of the inclusion explains the fact, why at low pn,o and low r

disproportionation is localized inside the crystal.

Development of a kinetic model of such a process presents a more intricate

problem, than in the case of NH4HCO3 decomposition according to the scheme

shown in Fig. 5 or dehydration of ЫазРзОэ ■ 6H2O crystals according to the spot

localization scheme. The problem seems less complicated when the process takes

place according to the schems of uniform localization with formation of a flat

reaction front, where the kinetic model could be based on equations of the type (1).

In the general case kinetics and mechanism reflect temporal and spatial

courses of any chemical reaction — homogeneous, heterogeneous or solid-state.

For a homogeneous process they reflect mainly the quantity and sequence of ele

mentary acts and stages of the reaction, but for solid-state or topochemical processes

they, moreover, reflect the spatio-temporal localization effects. These effects con

stitute the main individuality of the given calss of chemical reactions.
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ИЗВОД

КИНЕТИКА И МЕХАНИЗАМ РЕАКЦЩА У ЧВРСТОМ СТАгЬУ

Е. А. ПРОДАН

Пнсшишуш ойшше и неоргажке хемще Академще наука Белоруске ССР,

220606 Минск, СССР

Приказане су неке специфичности peaionija у чврстом сталу Koje се односе на про-

стзрно-временске nojaoe шихове локализаци)е на одреЬеннм местима чврстог реактанта.

Описани су типнчни облицн локализаци)е peaKintja крнсталних cyncTaHtuija и то: униформна

локализаци)а на цело) површини, униформна локализашОа на одрег)еним кристалним шъос-

ннма, местимична локализчци)а на поврнптн и месгимична локализаци)'а унутар кристала.

Утврг)ива1ье кинетичког модела за такве реакци)е захтева тачну ннтерпретаци)у резул-

тата ко)И произлазе из визуелног праЬен>а границе измену нереаговалих и прореаговалнх

површина, што ни)е нимало лако, чак и када произвол реакци)е ни>е чврст, као нпр. у

случа)у: NH1HCO3 (крист.) ->NH3t г СОгг h Н20 , .

Показано je да се анизотропно разлаган>е триклиничних кристала, Koje се дешава

са самоубрзашем или без н>ега, може добро да опише помоку югаетнчког модела, ко;и,

за разлику од разних nocrojehHx, узима у обзир и редослед ко)им по)едине шьосни crrynajy

у реакци)у, и завнсност брзнне напредован>а визулене равне границе од н>ене кристало-

графске opujeHTaunje. Модел je анализиран на стварном процесу дехндратащ^е кристала

ЫазРзОо-бНгО. Доби)ени резултати показуху да дехидратаци)а кристала може да протиче

без noBehaiba брзине са временом и брзнном Koja пролази кроз )едан или више максимума,

што записи од Tpajaiba индукционог периода ко)и претходи реакции по)единих пллснн

кристала и од линеарних брзнна ко;им напреду;е фронт дехидратацще.

Резултати проучавагьа peai<u.nja са фосфатним системима су представл>ени у уоп-

штеном облику и дато переделе карактеристика peaiomja у чврсто) фази са реакци)ама

у воденим растворима, аморфно) и кристално) фази, како на површини тако и унутар чврсте

фазе. Тако1)е je анализирана специфичност процеса деажшизацн)е и диспропорционисанл

Kojii се одлику)у локалном акумулаш^ом фосфорннх кнселнна.

(Примлено 10. априла 1984)
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СИНТЕЗА 5-ДЕОКСИ-1 ,2-0-ЦИКЛОХЕКСИЛИДЕН-3-0-МЕТИЛ-а-Б-
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В. Bjiaxoeuha 2, 21000 Нови Сад

(Придиьено 9. фебруара 1984)

Описана je синтеза 5-деокси-1 ,2,0-циклохексилиден-3-0-метил-а-В-

-ксилофуранозе (J) у четири фазе полазеКи од 1 ,2-0-циклохексилиден-а-В-

-ксилофуранозе (/). Де>ством р-толуолсулфонилхлоридом у пиридину на по

лезно )ед1пьен>е / добивена je 1,2-0-циклохексилиден-5-0-р-толуолсулфонил-

-a-D-ксилофураноза (2) Koja je затим З-О-метилована у je/niH>eH>e 3 flejcTBOM

вишка метил)одида у присуству Ag20 као катализатора. Нуклеофилном суп-

cTHTyinijoM 5-О-тозилатне групе )един>ен>а5помоНу Br—joHa у N,N-DMF-y доби

вена je 5-бромо-5-деокси- 1 ,2-0-циклохексилиден-3-0-метил-а-В-ксилофура-

ноза {4). Коначно де}ством металног Li у THF са траговима воде на )един>ен>е

4 добивена je 5-деокси-1 ,2-О-циклохекснлиден-З-О-метил-а-а-ксилофураноза

(5). Исти произвол (5) се доб1ф и редукцидом )еди№ен>а 3 помоНу LiAlILi у

смеси бензола и етра.

У нашем претходном раду1 изведена je синтеза З-О-ацетил-5-бромо-

-5-деокси-1 ,2-0-циклохексилиден-а-В-ксшюфуранозе. У истом раду je пока

зано да се дал>е хеми)ске трансформаций овог )един»енъа углавном oflBHjajy

уз партиципащ^у суседне ацетокси-груне (ме!)уде)ством С-3 и С-5). Да би

се избегла поменута партиципащ^а З-О-метил-групе, и ради проучававьа

реактивности 5-бромо-5-деокси-функци)е без партиципаци)е суседне групе

у овом раду изведена je синтеза 5-бромо-5-деокси-1,2-0-циклохексилиден-

-З-О-метил-а-В-ксилофуранозе (3). Као полазно )един>енье коришЬена je

1 ,2-0-циклохексилиден-а-В-ксилофураноза2'3 (1).

КористеЬи стандардну методу (р-толуолсулфонилхлорид4 у апсолутном

пиридину), 1,2-0-ци.клохексилиден-а-В-кси.лофураноза У je преведена у од-

roeapajyhy 1 ,2-0-циклохексилиден-5-0-/)-толуолсулфонил-а- D-ксилофура-

нозу 2 у високом приносу. Блокиравье ОН-групе на С-3 атому у ]ещчьаьу

2 изведено je метиловааем помоЬу вишка юьучалог метил)одида у присуству

сребро-оксида у току 4 часа. При овим условима доби)ена je 1,2-О-цикло-

хексилиден-3-0-метил-5-0-р-толуолсулфонил-а-В-кси.лофураноза 3 у приносу

од 71%. Структура (единьевьа 3 потвр!)£на je ИЦ, NMR и. М-спектрима као

и одг-OBapajyhoM елементарном микроанализом (види експериментални део).

1един>ен>е 3 je дал>е реакци)ом нуклеофилне супститущче С-5 този-

локси-групе (flejcTBOM NaBr у кл>учалом N,N-DMF-y у току 2 часа) пре-

ведено у oflroBapajyhy 5-бромо-5-деокси-1 ,2-О-циклохексилиден-З-О-метил-

-a-D-ксилофуранозу 4 у приносу од 71% (Схема 1).
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Структура )единьей>а 4 изведена je тумачевъем ИЦ, NMR- и М-спектара,

а потвр!)ена je и одговара)уЬом елемснтарном микроанализом.

 

У М-спектру )едивьен>а 4 )авл>а се молгкулски joH на 307 масених je-

диница KojH одговара молекулско) маси. ]едивь'.ньа (Ci2Hi904Br). Поред тога,

у М-спектру )един>евьа 4 уочл>иви су и фрагмента чи)е су вероватне струк

туре следеhe:

н - н 

т/е 140 т/е 139 т/е 97

Схема 2

У завршено) фази рада испитано je xeMHjcKO понапшь? )един>ен>а 4

према Li у кгьучалом THF са траговима НгО у току 10 часова у crpyjn азота.

Хроматограф^ом на колони силикагела изолована je: 5-деокси- 1 ,2-О-цикло-

хексилиден-З-О-метил-а-В-ксилофураноза 5 поред нетто полазнг 5-бромо-

-5-деокск-1,2-0-цкклохексилиден-3-0-метил-а-Е)-ксилофуранозе 4 (Схема 3).

 

1 ь_

Схема 3
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У peaiaiHOHoj схелш 3 представлен je Li-дсриват 4а, као интсрмед1фр

kojh вероватно са траговима воде у THF-y flaje коначно редукциони про

извол 5.

Структура )едшьс1ьа J, потврг)ена je поред спектроскопских метода

(ви.ди експеримснтални део) и хеми|ским путем, тако што je )един>сн>е 5 до-

бивено из 1 ,2-О-циклохе ксилидс н-3-0-метил-5-0-/>-толуолсулфонил-а-В-кси-

лофуранозе (3) ргдукщфм помоЬу L1AIH4 у смеси бензола и етра у при

носу од 60%.

}един>ен>а 3, 4 и 5 нису до сада описана у xtMHjcKoj литератури, а н>и-

хове структуре су изведене тумачсн>ем одговара|уЬих ИЦ-, NMR- и М-

-спсктара, као и одговара)уЬим елемснтарним микроанализама (види експе-

рим(нтални део овог рада).

ЕКСПЕРИМЕНТАЛНИ ДЕО

Инфрацрвенп спектри снимл>ени су на спектрофотометру Perkin-Elmer 457, а по

ложат трака (vrau) дат je у cm-1. NMR-спектри снимл>ени су на апарату Varian 60 А. Хе-

mhjcko померанце дато je у ррт вредностима, а ознаке s, d, t, q означава)у синглет, дублет,

триплет, и квартет. Масени спектрн скимл.ени су на спектрометру типа Varian СН-5. Тачке

тошьежа одрег)ене су на апарату Buchi SMP-20 И нису кориговане.

1 ,2-0-Циклохексилиден-3-0-мешил-5-0-р-шолуолсулсотл-<х-0-ксилофураноза (3)

1 ^-О-Циклохексилиден-З-О-^-толуолсулфоннл-и-В-ксилофураноза1 (2) (6,05 g; 1,6

mmol) и AgjO (25 g) суспенду^у се у метил]одиду (50 cm3). Овако припремл>ена cycneH3Hja

(заштнЬела А1-фоли)ом од светлости) мета се (помоЬу магнетне мешалице) на температури

кл>учан>а у току 4 часа. Затим се суспензии дода СНС1з (50 cm3), сребро-оксид се одво)И

це1)ен>ем, а филтрат се упари у вакууму. Добивено ул»е крнсталисше и метанола, при чему

се добива 1 ,2-0-щн<лохекснлиден-3-0-мет1ш-5-0-р-толуолсулфош1Л-а-В-кси'юфураноза

(j) у приносу од 71% (4,35 g), т. т. 134 .

ИЦ-спектар (v,n»s) 2970, 2825, 1600, 1370—1380, 1190, 1180, 1120 , 980 cm-1.

NMR-спектар (CDCb) 1,35—1,80 (два широка сиглкала; ЮН); 2,5 (s; из Ts-rpyne

ЗН); 3,4 (s; ЗН из ОСНз трупе) 3,70—3,82 (d; 1Н, С—3), 4,15—4,40 (m; ЗН, С-4, С-5),

4,55—4,75 (d; 1НС-2), 5,85—5,95 (d; 1Н, C-l), 7,2—8 (т; 4Н из бензоловог прстена).

М-спектар (т/е); 398 (85), 354 (80), 214 (20), 140 (10), 97 (100).

Микроанализа за )едшьса* СщНгвОтБ; Израчунато (п0) С, 57,27; Н, 6,58; S, 8,05

НаЬено (%) С, 57,31; Н, 6,62; S, 8,21.

Ь-Бромо-5-деокси-\ ,2-0-циклохсксилиден-3-0-мешил-<х-В-ксилофураноза (4)

1един>е1ье 3 (1 g; 0,3 mmol) и NaBr (5 g; 0,04 mmol) суспенду;у се на N,N-DMF-y

(30 cm3). Овако припрсмл>ена cycneH3Hj'a се загрева на тачки кл>учан>а 2 часа. Наксн за-

гревака, N,N-DMF се уклони у вакууму. Реакциона смеса се третира са СНСЬ, неорганске

соли се одво)е цег}ен>ем, а хлороформ се затим удал>и у вакууму, при чему се добива мрко

ул>е Koje се предестилу^е у вакууму при чему се добива 5-бромо-5-деокси-1,2-0-цикло-

хексилиден-З-О-метил-ос-Ю-ксилофураноза (4) у приносу од 65—70"о, тачке юьучанл

68° (341 К; я 933 Р»). •

ИЦ-спектар (vm«0 2980, 2890, 1450, 1370, 1170, 1120—1070, 980, 740 cm-1.

NMR-спектар (CDC13) 1,35—1,8 (ЮН), 3,5 (s; ЗН-ОСНз), 3,85—4,0 (d; 1H), 4,4-^,8

(m; 3H), 5,85—6 (d; 1H).

М-спектар (m/«); 307 (50), 292 (10), 263 (100), 140 (5), 139 (20) и 97 (30).

Микроанализа за )едшьен,е С12Н19О4ВГ; Израчунато (%) С, 46,90 Н, 6,24. Наг)ено

(%)> С, 47,00 Н, 6,05
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1 ,2-0-цик.юхека1.1идеи-5-деокси-3-0-меши.1-^-0-ка1.юфураноза (5)

ПОСТУИАК А

Суспензи)а, Koja садржи 5-бромо-5-деокси-1 ,2-0-циклохексллиден-3-0-метил-а-0-

-ксшюфураноза (4) (3 g; 0,009 mmol), THF (30 cm3) и метални лити|ум (1,59 g; 0,21 mmol)

се загрева на тачки кл>учан>а 10 часова у стру)и азота. Затнм се неизреаговани Li одво)И

це!)енэем, a THF се удален у вакууму. Доби^ени ул>асти остатак (1,5 g) се раствори у мнни-

мално] количшш CH2CI1 и нанесе на колону силнкагела (70 g). Елунран>ем са 100 ст:|

CH2CI2 изолу)е се неизреаговано )един>е1ье 4 (0,8 g; 26,6",,), а дал>е елунранл СН2О2 (300

cm3) flaje 1,2-0-цнклохексилнден-5-дезокси-3-0-метнл-а-0-кснлофуранозу (5 у приносу

од 20" 0 (0,44 g).

ПОСТУПАЙ б

У балону i<ojn je снабдевен усправним хладшаком раствори се 1 ,2-О-цнклохекси-

лиден-3-0-метил-5-0-р-толуолсулфонил-а-В-ксилофураноза (3) (0,2 g; 0,8 mmol) у апсо-

лутном бензолу (5 cm3). Овом раствору се дода L1AIH4 (0,54 g; 1,6 mmol) у апсолутном

етру (5 cm3). Реакциона смеса се затим загрева 2 часа на 35 . Реакциона смеса се затим охлади,

а потом се пажл>иво дода)е вода, да би се разорио вншак LLAIH4. Вода се докапава све

док се развита Нг. Реакциона смеша се памсънво неутралише са H2SO4 (1: I), а затим се

одво)е сло)еви. Водени crcoj се екстраху)е неколико пута етром. Етарски екстракти се ис-

mipajy зас. раствором NaCl, а затнм суше анх. Na>SOj. Етар се упари у вакууму, а заостало

ул>е се предестилу)е у вакууму (х 933 Ра), при чему се добива чисто )едшьен>е 5 у приносу

од 60% (0,068g), тачке научала 121° (394 К).

ИЦ-спектар (упшх) 2980—2930, 1450, 1175—1000, 1000—800 cm'1.

NMR-спектар (CDCb) 1,35—1,5 (d; ЗН; С-5), 1,5—1,8 (ЮН; из циклохексановог

прстена), 3,55 (s; ЗН; ОМе) 3,6—3,7 (d; 1Н; С-3), 4,3—4,6 (m; 1Н; С-4), 4,7—4,8 (d; 1Н;

С-2), 5,95—6,1 (d; 1Н; С-1).

М-спектар (т/е) 228 (100), 140 (90), 139 (95), 97 (90).

Микроанализа за (едищеше СцНгоОа; Израчунато ("„), С, 63,14 Н, 8,83. Haljeno

(%), С, 63,00 Н, 8,80.

SUMMARY

SYNTHESIS OF 5-DEOXY-l,2-0-CYCLOHEXYLIDENE-3-0-METHYL-ot-

-D-XYLOFURANOSE

DUSAN A. MILJKOVIC, NADA S. VUKOJEVIC and MIRJANA M. POPSAVIN

Faculty of Technology, University of Novi Sad, YU-21000 Novi Sad, and Facility of Technology

and Metallurgy, University of Belgrade, P.O.Box 494, YU-1 1001 Belgrade, Yugoslavia

A synthesis of 5-deoxy-l,2-0-cyclohexylidene-3-0-methyl-a-D-xylofuranose (5), starting

from 1,2-O-cyclohexylidene-a-D-xylofuranose (/), is desribed. By an action of p-toluenesul-

phonyl-chloride in pyridine upon the starting compound /, 1 ,2-0-cyclohexylidene-5-0-/>-tol-

uenesulphonyl-a-D-xylofuranose (2) was obtained. 3-O-Mcthylation of the compound 2 was

achieved by treatment with an excess of methyl iodide in presence of silver oxide as catalyst.

Nucleophilic displacement of the 5-O-tosyloxy group in the compound 3 with Br~ ions in

N,N-DMF afforded 5-bromo-5-deoxy-l,2-0-cyclohcxylidenc-3-0-methyl-a-D-xylofuranose (4).

Finally, an action of Li metal in THF (with trace of water) upon the compound 4 gave 5-deoxy-

-l,2-0-cyclohcxylidene-3-0-methyl-a-D-xylofuranose (5). The same product (5) was obtained

by reduction of the compound 3 with LiAlHi in a mixture of benzene and ether.

(Received 9 February 1984)
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PREPARATION AND CHARACTERIZATION OF UNS-C/S-DI-

-Ei-HYDROXOBIS(DIAMINE-N,N'-DICARBOXYLATO)-

DICHROMIUM(III) COMPLEXES
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Two novel hydroxo-dimer chromium(III) complexes containing the quadriden-

tate trimethylenediamine-N-N'-dicetate (tmdda) or ethylenediamine-N-N'-di-3-

-propionate (eddp) anions were prepared. The electronic absorption and IR spectra

were used for characterizing the complexes. The used tmdda and eddp quadridentates

prefer the uns-cu configuration, indicating that six-membered chelate rings have a

profound effect on the distribution of geometrical isomers.

The coordination of edda-type ligand (edda=ethylenediamine-N,N'-di-

acctate) gives three possible geometrical isomers of the formula [Cr(edda-type)X2]"

(X=represents an unidentate ligand). These are designated the s-cis, uns-a'sand

trans forms (Figure 1 (a)) in accordance with the nomenclature adopted for this

system1. If optical isomers and different modes of coordination of the secondary

nitrogen atoms are also considered, further isomerism can be decribed'2.

Weakliem and Hoard3 devised a nomenclature to describe the chelate rings

in ethylenediaminetetraacetate complexes which is applicable to [Cr(edda-type)-

Хг]" complexes. The ethylenediamine ring is described as an E ring. The glycinate

rings can be in-plane (G rings) and out-of-plane (R rings) with respect to the E

ring. The G rings of these systems are more strained relative to the R glycinate

rings.

The edda complexes have been prepared in both geometries, uns-ш and

s-cis, but it was shown that s-cis geometry of chelated edda is favoured in most

synthetic reactions with Co(III)4'5 and Cr(III)e'7. It was suggested that the observed

strain of the G rings8 in the uns-a's complexes may be a contributing factor in

determining the configuration of the edda ligand.

The trimethylenediamine-N,Nc-diacetate (tmdda) and ethylenediamine-N,

N'-di-3-pr6pionate (eddp) ionfe are О—N—N—О type ligands and similar to

the ethylenediamine-N,N'-diacetate (edda) except that both can form six-membered

rings (diamine for the tmdda and carboxylate for the eddp ligand). The tmdda

complexes were prepared only in uns-cts geometry with Co(III)B_u (except for the

* Address for correspondence: Institute of Chemistry, Faculty of Science, Radoja Do-

manovica 12, P.O.Box 60, YU-3400 Kragujevac, Yugoslavia.
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ethylenediamine complex12) and Cr(IlI)13. It was noted that the size of the diamine

ring has a profound effect on the distribution of geometrical isomers.

n r

0

7 (rw 0 ■ /

A

x x

0
г

0

(i) № (in)

*-£!S uns-gs tra

 

Fig. 1 . Possible coordination modes

of [Cr(edda-type)X2]" complexes,

(a), and uns-ctj structure of di-

-jx-hydroxobis (diamine-N, N'-di-

carboxylato)dichromium(III) com

plexes (b).

In the present study, the uns-ci's hydroxo-dimer complexes of chromium(IIl)

with quadridentate tmdda and eddp ligands were prepared. Absorption and IR

spectra of these complexes are discussed in relation to the corresponding hydroxo-

-dimer edda-Cr(III) complex of known s-cis configuration7.

Nr г-fl О г-Ыу

'oh.

uns-aj

EXPERIMENTAL

Commercially available reagent-grade chemicals were used without further purification.

Trimethylenediamine-N,N'-diacetic acid dihydrochloride, Httmdda ■ 2HC1, was prepared by the

method of Igi and Douglas". For the preparation of ethylenediamine-N,N'-di-3-propionic acid

dihydrochloride, Hseddp -2HC1, the condensation method was used.

(1) Preparation of ethylenediamine-N,N'-di-3-propionic acid dihydrochloride, Hicddp -2HCI.

3-Chloropropionic acid (21 7.04 g, 2 mol) was dissolved in 1 50 cm3 of water and cooled in ice bath.

A cooled solution of NaOH (80.0 g, 2 mol) in 120 cm3 of water was added dropwise, the rate of

addition being adjusted so that the temperature remained below 20°. Ethylenediamine (60.1 g,

1 mol) was added to the above solution. The Tesulting mixture was heated to 90° and refluxed

with stirring for 2 h. During this time a new amount of NaOH (80.0 g, 2 mol) in 120 cm3 of water

was gradually added (pH я 7—8). Then the solution was neutr?lized with 200 cm3 of 12 mol/dm3

hydrochloric acid (pHs;2—3) and concentrated to ca. 700 cm3 in a rotary evaporator. A large

amount of NaCl was separated by filtration and then the filtrate was concentrated to 500 cm3.

A new amount of NaCl was separated by filtration. To the filtrate 50cm:lof concentrated hydro

chloric acid (pH x 1 ) was added and solution was concentrated to ca. 300 cm3 and cooled in a refri

gerator overnight. A white precipitate formed, was collected on a filter, washed with EtOH, then

with Et >0 and air-dried (120 g). To the filtrate the same volume of EtOH was added and the

resulting solution was cooled again. The crystals of H2eddp -2HC1 were collected on a filter,

washed with EtOH, then with Et-.O, and air-dried (20 g). Total yield: 140 g (50%). The product

was recrvstallized from a water-ethanol (1:1) mixture. Anal Calcd. for Haeddp -2HCl = CgHi8N204-

CU (FW-277.15): C, 34.67; H, 6.55; N, 10.11. Found: C, 34.57; H, 6.50; N, 10.10
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2) Preparation of uns-cis-di-\k-hydroxobis(ethylenediamine-N,N'-di-3-propionato)dichromium-

III) tetrahydrate, [Сг(е<Мр)(ОН)]г4НгО. Ethylenediamine-N,N'-di-3-propionic acid dihydro-

chloride (6.93 g, 0.025 mol), and ЫчОН (2.0 g,0.05 mol) were dissolved in 30 cm3 of water and

added to the nrxture of СгСЦбЬЬО (6.66 g, 0.025 mol) in 20 cm3 of water. The resulting mixture

was heated to 80° and heating with stirring at the same temperature were continued for 4 h (the

volume of the solution was miintained by periodic addition of hot water). During this time, 3.0 g

(0.075 mol) of NaOH in 15 cm3 of water was gradually added (pH*3.5—4). The obtained red

violet solution was reduced to ca. 30 cm3 and allowed to stand at room temperature for 3 h. A

large amount of NaCl was separated by filtration and filtrate was cooled in a refrigerator overnight.

The crystals of [Cr(eddp) (OH;]24H20 were collected and washed with EtOH, then with Et20

and ?ir-dricd. Yield: 4.5 g (58°,,). The crude product was recrystallized from hot water. Anal.

Calcd. for uns-aHCr(eddp) (OtDMHsO-Cn-CieHaeOnNi (FW-614.49): C, 31.27; H, 6.23;

N 9.12. Fowtd: C, 30.74; N, 6.31; N, 9.67.

(3) Preparation of uns-cis di-\L-hydroxobis(trimethyletiediamine-N,N'-diacetato)dichronnwn-

(III) monohydrate, [Critmdda) {ОН)]гНгО. Trimethylenediamir.e-N,N'-diacetic acid dihydro-

chloride (6.58 g, 0.02, mol) and NaOH (2.0 g, 0.05 mol) were dissolved in 40 cm3 of water and

added to a hot mixture cf CrCl36H20 (6.66 g, 0.025 mol) in 60 cm3 of water. The resulting

mixture was heated to 90° and was stirred at the same temperature for 10 h (the volume was main

tained by periodic addition of hot water). During this time, a new amount of NaOH (3.0 g,

0.075 mol) in 15 cm3 wf water was added little by little*. Then the solution was concentrated

to ca. 30 cm3 and allowed to stand at room tcmpe ature overnight. The obtained insoluble red

complex was filtered off, washed with hot water, then with EtOH and Et20 and air-dried.

Yield: 4.5 g (67%). Anal Calcd. for uns-fu-[Cr(tmdda) (ОН^гНгО-СггСиНгяОп^ (FW=

532.39): C, 31.58; H, 5.30; N, 10.52. Found: C, 30.88; H, 5.68; N, 10.23.

Physical measurements. Infrared spectra were recorded on a Perkin-Elmer 457 Grating

Infrared Spectrophotometer using potassium bromide pellets. Electronic absorption spectra

were recorded on a Varian SuperScan 3 Spectrophotometer. For these measurements, 3xl0~4

— 2.5 у I0~3 mol/dm3 aqueous solutions of the complexes were used.

Analyses. Elemental microanalyses for carbon, hydrogen and nitrogen were perfoimed by

the Microanalytical Laboratory, Department of Chemistry, Faculty of Science, Belgrade.

RESULTS AND DISCUSSION

Investigation of tse edda complexes with Co(III)4'5 and Cr(III)6 have shown

that the s-cis geometry of the edda ligand is favoured. This has been crystallographi-

cally confirmed in the case of the hydroxo-dimer complex, [Cr(edda) (ОН)]-24Нг07,

having s-cit configuration of edda with two equivalent glycinate R rings (Fig. 1(a),

Isomer I). Because the ring strain effect was manifested in edda complexes it

was postulated that the observed strain of the G rings8 may be a contributing

factor in determining the configuration of the edda ligand.

Investigation of tmdda complexes with Co(III)9-12 and Cr(III) 13 have

shown that the uns-a's geometry of the tmdda ligand is favoured in these complexes,

indicating that the size of the diamine chelate ring has a profound effect on the

distribution of geometrical isomers.

As the chelate rings increase in size, the complexity of the ring conformations

increases, and the magnitude of the interactions between adjacent ligands increases

accordingly as described by Cory and Bailar14. This interaction may account for

the distribution of isomers in the M(III) complexes with edda and tmdda ligands.

* If the precipitate formed, addition of NaOH is discontinued until the solution becomes

clear.
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Both investigated hydroxo-dimer complexes containing tmdda or eddp

ligands also have the expected uns-cts geometry. These complexes have been

prepared form the aqueous solutions by the addition of equivalent amount of

NaOH to form hydroxo-dimers(seeFig. 1) indicating that the corresponding diaqua

complexes also have uns-cw configuration. Structural assignments of uns-cts-

[Cr(diamine-N,N'-dicarboxylato)-(OH)]2 complexes were deduced from their

electronic absorption and IR spectra.

Electronic absorption spectra

The ligand field absorption spectra of the hydroxo-dimer complexes of

Сг(Ш) are given in Fig. 2 and their characttristics are listed in Table I. For com

parison, the spectrum and numerical data of the hydroxo-dimer edda-Cr(IH)

complex of known s-cis configuration7 are also given (Fig. 2, Table I).

 

TABLE I. Absorption maxima data for di-(x-hydroxobisfdiamine-N,N'-dicarboxylato)dichro-

mium(III) complexes

Complex I II Ref.

v(cm') с v(cm4) с

s-m-[Cr(edda) (OH)]24H20 18080 89.5 25250 71.8 6 7

uns-w-[Cr(tmdda) (OH)]2H20 18904 76.6 25707 63.3 This work

uns-cu-[Cr(eddp) (OH)]24H20 18797 119.0 25189 48.0 This work

In Oh symmetry the lower energy spin-allowed band for Cr(III) is 4A2g->4T2B

while the transition 4A2g->4Tig corresponds to the higher energy spin-allowed

band. The energy level scheme of the lowest spin-allowed transitions for different

symmetries of [Cr(N)2(0)i] type complexes15, obtained from the ligand field

theory or from the angular overlap model16, shows that the lower energy spin-

-allowed bands of the cis (N)-[Cr(N)a(0)4] type complexes, in general, are not

v resolvable under normal experimental conditions. It is evident from the spectra
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ofthe hydroxo-dimer complexes(Fig. 2)that the shapes of the first bands are symmet

rical, implying that the complexes have pseudo-octahedral symmetry. The uns-cf?

isomers (Fig. 1(a), Isomer (II) have two different rings (R and G) and only Ci

molecular symmetry rather than the higher (C2) symmetry of s-cis complexes.

Thus, uns-c/'i isomers would be expected to differ in the intensities and positions

of their absorption bands, as was found in the case of the corresponding

edda-Co(III) complexes2,4.

The neutral hydroxo-dimer complex of edda-Cr(III) indeed has the s-cis

configuration of the edda ligand7. The maxima of the first absorption bands of the

present hydroxo-dimer complexes are located at higher energies than the corre

sponding s-cis edda-Cr(III) complex (see Fig. 2, Table I). Since tmdda and eddp

ligands have a weaker ligand field9 than edda, if the present complexes were s-cis

isomers, their first absorption maxima would be located at lower energy than those

of the s-cis edda complexes. Therefore, the above facts suggest that the present

two hydroxo-dimer complexes have uns-ш configuration of tmdda and eddp

ligands.

The intensities of the absorption bands for the less symmetrical uns-cis

isomers would be expected to be greater then for the corresponding s-cis isomers.

On the other hand, from the greater rigidity of the edda framework, the molar

apsorptivities are expected to be greater for edda in comparison to less rigid model

complexes17. However, in comparison to the s-ш edda-Cr(III), the intensity of

the first absorption band is greater for the uns-cis eddp but much lower for the

uns-os tmdda-Cr(III) complexes in both d-d absorption bands. This might be

expected because of the less rigid tmdda framework17 as was observed for some

Co(III) complexes9.

Infrared spectra and geometry of complexes

The portions of the IR spectra (1200— 1800 cm-1) for presently investigated

hydroxo-dimer complexes are shown in Fig. 3. The important IR data in the

Fig. 3. Portions of the infrared

spectra of the hydroxo-dimer

Cr(III) complexes, (a) uns-cw-

-[Cr(tmdda) (OH)]2 НгО, (b) uns-

-cij-[Cr(eddp) (OH)]2 -4H20.

 

1800 1600 1400 120C

COO~ stretching region and some characteristic band peaks in the fingerprint

region (600—1200 cm-1) are given in Table II. For comparison, the corresponding

values of s-cis hydroxo-dimer edda-Cr-(III) complex are also given in Table II.
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TABLE II. Carboxylate stretching frequencies and some characteristic band peaks in the finger

print region (era-1)

Chelate Fingerprint region

С о m 1 e x V»sym Vsym ring (600—1200 cm-1)

(COOM) (COOM) size

s-cu*-[Cr(edda) (OH)]24H20 1645 1370

1355

S 1105,1067,1040,972

958, 924, 915, 745,

652

uns-m-[Cr(tmdda) (OH)]2H20 1620 1380 5 1178, 1130, 1100,

•■

1611 1358 1090, 1078, 1050,

1025, 970, 950, 940,

905, 888, 830, 742,

620, 605

uns-«i-[Cr(eddp) (OH)]24H20 1595 1415 6 1192, 1155, 1110,

1582 1395

1352

1088, 1076, 1050,

1030, 998, 935, 930,

910, 898, 885, 850,

830, 615

* Data for the complex are from reference 6.

Infrared spectra, using the criteria of Busch et a/.18-20 were used to establish

that both carboxylate groups of the tmdda and eddp ligands were coordinated.

Because of that, these spectra were found useful to distinguish geometrical isomers

and certain information has been provided in this work.

The data reported here support the established trends regarding the asymmet

ric frequencies of five- and six-membered amino acid chelate rings21-23. The

frequencies at higher energy were assigned to the asymmetric stretch of coordinated

carboxylates contained in a glycine residue (tmdda complex), and those at lower

energy were assigned to belong to the moieties of the six-membered carboxylate

arms (eddp complex).

The hydroxo-dimer edda complex (see Table II) of known s-cis configu

ration7 exhibits only one sharp band at 1645 cm-1 due to the COO- stretching

vibrations of the two equivalent R glycinate rings. On the other hand, both inves

tigated hydroxo-dimer complexes (Fig. 3, Table II) were found to exhibit two

bands in the expected spectral region (1620 cm-1 and 1611 cm-1 for the tmdda

complex and at 1595 cm-1 and 1582 cm-1 for the eddp complex), characteristic

of the coordinated COO- stretching bands in complexes24. These data are con

sistent with Ci molecular symmetry and uns-m configuration of the tmdda and

eddp hydroxo-dimer Cr(III) complexes having two non-equivalent carboxylate arms.
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ИЗВОД ci

ДОБИВАгЬЕ И КАРАКТЕРИСАгЬЕ иЫ5-С/5-ДИ-[х-ХИДРОКСО-БИС(ДИАМИН-

-К,Ы*-ДИКАРБОКСИЛАТО)-ДИХРОМ(1П) КОМПЛЕКСА

ДУШАН J. РАДАНОВИЪ, МИЛОШ И. ЪУРАН, ДАНИЛО Ч. СТАМЕНОВИЪ и

СЛОБОДАН A. rpyjHTl

Институт за xeMuj'y, Природно-машемашички факулшеш, Универзишеш Свешозар МарковиН,

Kpaiyjeeau,

Награнена су два хидроксо-димер комплекса хрома (III) ко)и садрже квадриден-

татне aHjoHe триметилен-диамин-К,Ы*-диацетат (tmdda) или етилен-диамин-Ы,Ы'-ди-3-про-

пнонат (eddp). За карактерисан>е комплекса употребденн су електронски апсорпциони

и ИЦ-спектри. Употребл>ени tmdda и eddp квадридентати фаворизу)у uns-cis конфигура-

ци)у што нндицира да шесточлани хелатнн прстенови има)у значащая ефекат на дистри-

буци)у геометри)ских изомера.

(Примл>ено 20. фебруара 1984)
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The impsrtance of the separation process for the ethylene-polyethylene

mixture, at high pressure and temperature, was considered. During separation of

the investigated system, two coexisting phase are being formed. The necessary infor-

mition about the composition of these phases could be obtained using basic prin

ciples of molecular and equilibrium thermodynamics. Among various problems, en

countered with the prediction of the phase separation data, special attention was

paid to the effect of high pressure and multicomponent character of polymer systems.

Filially, the applicability of the phase equilibrum data for the ethylene-polyethylene

system was pointed out for theoretical and practical purposes.

Phase separation in the ethylene-polyethylene system at high pressures is

of great practical and thereotical interest. The main practical importance is due

to the fact that during commercial production of low density polyethylene (LDPE)

phase separation takes place in several basic steps of the process. Consequently,

the complete information about the phase separation of the investigated system is

of utmost importance, and is directly connectes with the productivity and efficient

operation of the whole LDPE unit. On the other hand, phase separation data could

be obtained using adequate thermodynamic theories of polymer solutions. Com

paring the calculated values about phase separation, evaluated from the theoretical

treatment, with the quantities measured directly in the industrial process, a check

of the theoretical assumptions could be done.

Phase separation of the ethylene-polyethylene mixture represents one of

the most important phenomena during radical polymerization of ethylene at high

pressures and temperatures (see Figure 1).

FRESH
f iHYLENf COMPRESSION

SECTION

-Cotolytt oddibon

EXTRUSION
SECTION

SILO
SECTION

LOPE r
V

Returned ethylene

Fig. 1. Flowsheet of the ethylene high pressure polymerization process
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This separation takes place in the polymerization section, under certain

combinations of process conditions (mainly temperature and pressure) in the sep

aration section, after decompression of the reacting mixture (from 200 MPa

to 30 MPa), and finally in the silo section, whereby the last traces of ethylene are

extracted from polytehylene1.

Since the conversion of ethylene into polyethylene is relatively low (up to

30%) at high production capacities (up to 100 kg ethylene per hour) and short

residence time in the reacting section (20—60 s), the large amount of unreacted

monomer should be properly separated from the obtained polymer. Hence, the

phase separation of the reacting mixture, after the polymerization process, is usually

carried out in several, steps, whereby two separating vessels, i.e. high pressure

separator and low pressure separator are the customary solution.

It is obvious that phase separation during commercial manufacture of poly

ethylene at high pressure could be performed in many steps of the process, but

the main and the most important one is accomplished in the reactor for polymeri

zation and in the high pressure separator. The other separations, mentioned above,

are of minor importance.

In this work, consisting of several parts, the problems in predicting the

phase separation data should be emphasized; the methods for the calculation of

the composition ofthe existing phases will be chosen, and the significance of knowing

and applying the obtained results will be discussed.

SCOPE

Phase separation of the ethylene-polyethylene system is accomplished by

the formation of the two phases, one rich in polyethylene and the other rich in

ethylene. In order to make the calculation of the phase composition possible, the

basic principles of molecular and equilibrium thermodynamics were applied.

Since the relation between the main process variables (pressure and temperature)

and the composition of the coexisting phases is established, one can perform the

optimization of the industrial process, from the point of view of separating the

reacting mixture and better use od the raw materials. Moreover, other useful data,

like the concentration and molecular masses of some of the by-products (e.g. poly

mers with low molecular masses called waxes) could also be obtained.

Assumption that the coexisting phases are in equilibrium during the real

industrial process is justified by the following facts:

— For the conditions maitained in the reactor, the reacting mixture of ethylene

and polyethylene is placed in the state where the polymerization step is com

pleted, and the degree of conversion achieved in each individual part of the

reacting vessel can be regarded as final, and

— For the conditions maintained in the separator, the observed reacting mixture

is subjected to conditions where an intimate contact between the phases is

attained, for prolonged time, achieving in this way the conditions for the pres

ence of two coexisting phases.

Since the basic principles of equilibrium thermodynamics are adopted and

justified, the treatment for evaluating the composition of the equilibrium phases
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and their main characteristics (molecular mass distribution of polymer present)

should be established. This is an extremely difficult task, since it is necessary to

choose such thermodynamic theory of polymer solutions, which will include charac

teristic features of polymer materials as well as the effect of high pressure on the

behaviour of both polymer and monomer considered in this work. To satisfy these

demands, many obstacles should be surpassed, since one of the investigated sub

stances is polyethylene, with long and short chain branches. Hence, the polymers

with complex structure, like low density polyethylene, represent „very real" and

one of the most nonideal fluids.

Regarding the effect of high pressure on ethylene polymerization by free

radical mechanism, several influences are noticed.

High pressure essentially has influence on:

— Physico-chemical properties of pure components (ethylene and polyethylene)

and their mixture,

— Rate and direction of each polymerization step,

— Applicability of the existing thermodynamic theories of polymer solutions

for the prediction of the phase equilibrium data.

With the change of pressure, all physico-chemical properties of both com

ponents, i.e. ethylene and polyethylene are changed, in a way corresponding to the

different nature of each constituent. Above 373 К and 15 MPa polyethylene could

be regarded as a liquid, but the definition of the ethylene state is very delicate.

Namely, critical values of properties for ethylene2 are 283 К and 5 MPa; and for

the conditions far above these values, which correspond to the reacting and sep

arating steps, it is necessary to define the phase state of ethylene. Density of ethylene

at critical conditions is about 200 kg/m3, at separating conditions about 300 kg/m3,

and at polymerization conditions even 500 kg/m3 (for detailed data see reference

3). At such high densities (up to 500 kg/m3) intermolecular distances are close to

those which are common for liquids. Concequently, it could be concluded that

compressed ethylene could be regarded as highly compressed gas, but also as a

liquid. From these reasons, various authors has different approaches. In the expla

nations of the kinetics of ethylene polymerization at high pressure, Symcox and

Ehrlich4 consider ethylene as liquid, but Laird et al.5 represent the concentration

of ethylene by its gas fugacity. Weale6 stated that both treatments are valid, and

choice between them is a matter of convenience of representation and interpre

tation. Taking into account the above mentioned fact about density consideration,

which indicates that ethylene is more a liquid than a gas at polymerization con

ditions (pressures 100—200 MPa and temperatures 423—563 K), it is adopted

that ethylene in the reacting section is present in the liquid state7. Moreover, at

such high densities, ethylene becomes relatively incompressible compared with

an ideal gas8. So, the state of supercritical ethylene, considered as a liquid, will

be presented by its activity in the later text.

Accepting that the above reacting conditions (pressure above 100 MPa and

temperatures above 423 K) prevail during ethylene polymerization, the whole

system can now be presented as a polymer solution, which is separated into two

liquid phases, the polymer rich and polymer poor one. However, at separating

conditions (pressures 1 5—30 MPa and temperatures 475—573 K) ethylene
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could Ьг still regarded as a gas. Since at those conditions ethylene is also far

from its critical state, the best approach should be to treat it as a supercritical gas9.

Pressure has also the effect on many other properties of ethylene and poly

ethylene. Some of them, like basic thermodynamic properties (volumetric data,

enthalpy, entropy) will be discussed in detail in the next subsequent papers. Change

of other physico-chemical properties, which are not of primary interest for this

work, will not be considered further, but these data could be found elsewhere6' 10-12

Concerning the influence of pressure on the direction of the polymerization

reaction, the essential feature is that high pressure changes the reactivity of each

individual constituent in the reacting mixture. This effect is pronounced primarily

for the propagation and termination steps of the process and for the reaction rate

constant. These relevant discussions could be also found in detail elsewhere1314.

The applicability of the existing thermodynamic theories of polymer solu

tions requires the use of proper forms of che partition functions, for specified ranges

of temperature and pressure. The partition functions should be formed to include

the essential changes of energetic nature, due to the pressure effect. That means,

all changes of modes of motion for the elementary pirticles, and consequently the

degree of freedom of the observed particles of the system, should be so included

to ensure proper representation of the considered species, at the molecular level.

Problems in predicting phase equilibrium data for the investigated system

are not only due to the pressure effect. Other phenomena should be taken into

account as well. These are the multicomponent character of polyethylene and

finally the choice of thermodynamic theory, which will be used for the calculation.

One of the most characteristic features of polymer systems is their multi-

component character. Typical commercial polymer, like LDPE, represents alway

the mixture of a large number of molecules having different molecular masses.

During the separation of the ethylene-polyethylene system two phases are formed,

as it was noted already. Polyethylene present in each phase has a different molecular

mass distribution. Theoretical treatment of the multicomponent character of poly

mers is given by Flory15 and Koningsveld16. The method for calculation of molecular

mass distribution, in both equilibrium phases, is presented by Bonner et a/.17 In

considering this distribution in the equilibrium phar.es, it should be kept in mind

that, at certain combination of temperature and pressure, solubility of polyethylene

in ethylene depends on the values of average molecular masses of the polymer

present18 19. Therefore, in the investigated ranges of temperature and pressure

the effect of the average molecular mass on the solubility of polyethylene in ethylene

should be thoroughly determined, and after that, decision should be made on how

many individual molecular masses will be incorporated in the calculational pro

cedure.

Among the current thermodynamic theories of polymer solutions, which

could be used for the calculation, it is necessary to choose those which will ensure

the best results, and which will be convenient for the calculation. With the appear

ance of the free volume theory and its modifications, it became possible to repre

sent satisfactorily very complex, real systems such as polymer solutions. For the

reacting conditi ons the Prigogine-Flory free volume theory was chosen, and for

the separating conditions the Cheng free volume theory is applied. More details

about the reasons for such a choice will be described and justified in the next papers;

this was also outlined in our previous papers20 22.
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When a'l above mentioned problems have been solved, the calculation of the

equilibrium data for ethylene-polyethylene system became possible. Many useful

data could be obtained about phase separation, from theoretical and practical

points of view.

In the further subsequent articles following aspects of phase separation for

the ethylene-polyethylene system will be considered:

— Determination of all input data and necessary parameters for the calculation

(PVT data, choice of polymer with the standard molar mass and molecular mass

distribution, characteristic molecular parameters etc.),

— Development of the algorithns for the calculation of the equilibrium data,

for conditions whith correspond to the reacting and separating sections in the

inductrial process,

— Results and their practucal use in the optimization of the production of LDPE.

CONCLUSIONS AND SIGNIFICANCE

The scope of this work is to consider the possibilities for evaluating the method

for the calculation of the phase equilibrium data for the ethylene-polyethylene system

at high pressure, to choose proper thermodynamic theory for such predictions,

and to discuss the importance of availability the phase separation data for the indus

trial LDPE process. Therefore, using the proper theoretical treatment, the results

about phase composition and molecular mass distribution, in both investigated

phases, could be obtained. These results may be used for several purposes:

— Better insight into formation and separation of LDPE,

— Choice of the optimal values of process parameters, in the reacting and sep

arating sections, from the point of view of the capacity of the unit, quality

of the final product and safe operation of the commercial polythylene unit,

— Prediction of the concentration and average molecular masses of light com

ponents which are formed in various steps of the process,

— Using the obtained results for kinetic explanation of each step of the radical

polymerization of ethylene, if a heterogeneous mixture is present in the reacting

section.
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ИЗВОД

СЕПАРАЦЩА ФАЗА СИСТЕМА ЕТИЛЕН-ПОЛИЕТИЛЕН НА ВИСОКИМ ПРИ-

ТИСЦИМА. I. ПОСТАВКА ПРОБЛЕМА

ВОШСЛАВ Ж. БОГДАНОВИЪ, АЛЕКСАНДАР Ж. ТАСИЪ* ■ BOJAH Д. ЪОРЪЕВИЪ*

Хемщска Hudycuipuja Панчево, IleuipoxeMujcKU комйлекс, Погон за Гфоизводн,у Uo.iueuiu.tena

ниске гусишпе, 26000 Панчево и *Техно.юшко-меша.1уршки факулшеш, Универзишеш у Бео-

граду, й.йр. 494, 1 1001 Београд

Разматран je знача) ccnapauuje система етилен-полиетилен , на иисоном прнтиску

и температури. За наведенн систем се коришкен>см основних принципа молекуларне it

равнотежне термодинамике могу добитн подаци о саставу прнсутннх фаза. Истакнути су

и продискутовани проблеми о KojiiMa се мора водити рачуна при предсказиван,у cenapauiije

фаза, а посебна пажн.а je обраЬена на ефекат високог притиска и мултикомпонентни ка-

рактер полимерних система. На)зад, указано je да се равнотежни подаци за систем етилен-

-полиетилен могу користитн за теоретске и практичне еврхе.

(Примлено 23. jamapa 1984)
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Volumetric properties of three structurally different polyethylenes were

calculated in the pressure range of 1—200 MPa and the temperatures of 413—473 K.

The calculitions were performed using the Tait equation of state. The obtained re

sults in this work were compa-ed with the published data of other authors and good

agreement was achieved.

Volumetric properties of ethylene and polyethylene are basic input data

for phase equilibrium calculations, as it was noted in the preceding paper. Problem

of lack of volumetric properties could be solved in one of the following ways:

— To make own experimental measurements,

— To adopt the already published values, if such data are available,

— To correlate pvT data using the adequate equation of state.

It should be noted that experimental volumetric measurements are usually

not carried out, because of safety and economic motives. For these reasons there

exists a limited number of data published on volumetric properties of ethylene1-8

and polyethylene9-16 at high pressures. Even, if such data do exist, in some cases

the ranges of pressure and temperature are limited and the published values are

unacceptable for practical use1516.

For polyethylene, the problem of establishing the exact volumetric properties

is more complex, due to the specific character of polymer systems. Namely, care

should be taken at choosing the representative polyethylene sample.

For ethylene, this problem is less severe. From the published data, those

od Benzler and Koch5 are most comprehensive and most representative; hence

they are adopted for the use in this work.

Since the volumetric properties of polyethylene are not given in all ranges

of temperature and pressure of interest for this work, the calculations of the re

quired pvT data should be performed, using the adequate equation of state.

For the calculation of pvT data of polyethylene three structurally different

samples of this polymeric material were used, in order to establish the effect of

329
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chain branching on the volumetric properties. From three polyethylencs, chosen

for these considerations, two of them (linear-LPE and branched-BPE) represent

standard samples (SRM 1475 and SRM 1476). A detailed information about these

materials can be found elsewhere17. The third material, high molecular weight

linear polyethylene (HMLPE) is of completely different structure, with a low

melt flow index and low density, probably due to the chain entanglements18.

It should be noted that polyethylene formed during typical radical poly

merization at high pressure has always branched structure. Taking into account

this fact, the important conclusions about volumetric properties should be made:

1. Only branched polyethylene is representative sample for further use,

2. Data for linear or some other structurally different samples (like HMLPE),

which are undoubtly more available, could be also used, with an assumption

that the effect of branching is negligible.

The importance of this conclusion is due to the fact that there are opposite

opinions about the chain branching effect in the literature. So, Chung15 stated

that there are no differences between linear and branched polyethylene, for the

specified pressure range, but Foster et a/.16 pointed out that evidently differences

exist, even in the molten state. So, it is of utmost importance to define precisely

the effect of structural order on volumetric and some other basic properties (inter

nal energy, enthalpy, entropy).

Since opposite opinions about the chain branching effect exist, it is the

purpose of this work to examine the differences in volumetric properties between

various polyethylene structures, and to calculate their pvT data in the desired

wide range of pressure and temperature.

CALCULATIONAL PROCEDURE

Volumetric properties of polymers could be calculated using several equations

of state19"21. For high pressures, the Tait equation was recommended by many

authors13 20~22, and it was used in this work as well. This equation is usually given

in the following form:

1 - vjvo = С ln(l+P/5), (1)

where vo is the specific volume at atmospheric pressure, and v is the specific volume

at pressure P. С is a universal constant, and for all hydrocarbons and long chain

ethylene polymers it has the numerical value of 0.0894, as was shown by Cutler

et a/.23. The parameter В is function of temperature only:

В = Boexp(-BiT). (2)

The constants Bo and Bi could be either determined from experimental data or

adopted from the existing published values. The specific volume at atmospheric

pressure (vo) could be presented by

vo = Fexp(*i Г). (3)

It should be noted that eq. (3) is valid for temperatures above the melting point

of polyethylene.
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For the ranges of pressure and temperature considered in this work, the

numerical values of constants Bo, Bi, V and ai from eqs (2) and (3), reported

by Olabisi and Simha13, were used.

By combining eqs (2) and (3) with eq. (1) and introducing the numerical

values of constants into the final expression, the following equations are obtained

for three investigated polyethylenes :

LPE:

1 = 0.0894InA + \ (4)

917.2exp(-7.8x 10 4 T) \ 1 79.04exp(-4.66 X \0 *T))

BPE:

1. =0.0894 In /l + )(5)

933.9 exp(- 7.34 x 10-« T) \ 1 79.45 exp(- 4.699 x 10'3 T)J

HMLPE:

1- —- = 0.0894 In /l + — ) (6)

899.2 exp (-8.5 x Ю-» 7) \ 1 70.53 exp (-4.29 x 10~3 Г) /

RESULTS AND DISCUSSION

Using the calculational procedure describe above, and eqs (4—6) the volu

metric properties of three different polyethylenes (LPE, BPE and MMLPE) were

obtained. The calculated values are presented in Table I. Figure 1 shows the com-

Ш
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Fig. 1. Comparison of the volumetric data for
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parison of the values calculated in this work (for BPE) with the published data of

the other authors. Good agreement is achieved, for 202.65 MPa and temperature

of interest. Figure 2 was chosen to illustrate the influence of branching on the

volumetric properties of different polyethylene structures. In addition, at high

pressure, attention must be paid on the onset of the crystallization191314, but
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TABLEI.Spscificvolumesг;(m'/kg):10-3ofthreestructurallydfferentpolyethylenes

Pressure(MPa)

202.65 1.1351 1.1411 1.1457 1.1403 1.1458 1.1521 1.1455 1.1504 1.1584 1.1507 1.1550 1.1648 1.1557 1.1596 1.1711 1.1608 1.1640 1.1774 1.1650 1.1685 1.1836

182.38 1.1431 1.1492 1.1538 1.1486 1.1540 1.1604 1.1539 1.1588 1.1669 1.1592 1.1636 1.1734 1.1645 1.1684 1.1799 1.1698 1.1730 1.1864 1.1750 1.1777 1.1928

162.12 1.1518 1.1579 1.1625 1.1574 1.1629 1.1693 1.1630 1.1680 1.1760 1.1685 1.1730 1.1828 1.1740 1.1779 1.1895 1.1795 1.1828 1.1961 1.1849 1.1876 1.2028

141.85 1.1611 1.1673 1.1719 1.1670 1.1726 1.1789 1.1728 1.1779 1.1859 1.1786 1.1831 1.1929 1.1843 1.1883 1.1998 1.1900 1.1934 1.2068 1.1957 1.1985 1.2137

121.59 1.1713 1.1776 1.1822 1.1775 1.1832 1.1896 1.1836 1.1887 1.1967 1.1896 1.1942 1.2040 1.1956 1.1997 1.2112 1.2016 1.2050 1.2184 1.2076 1.2104 1.2256

1.1826.101.32 1.1888 1.1935 1.1890 1.1948 1.2011 1.1954 1.2006 1.2087 1.2018 1.2065 1.2163 1.2082 1.2122 1.2238 1.2145 1.2180 1.2314 1.2208 1.2237 1.2389

80.06
1.1950 1.2014 1.2061 1.2018 1.2077 1.2140 1.2087 1.2140 1.2220 1.2155 1.2202 1.2300 1.2222 1.2264 1.2379 1.2290 1.2326 1.2459 1.2357 1.2387 1.2538

60.79
1.2090 1.2155 1.2202 1.2163 1.2223 1.2286 1.2236 1.2290 1.2371 1.2309 1.2357 1.2455 1.2382 1.2425 1.2540 1.2455 1.2491 1.2624 1.2527 1.2558 1.2708

40.53
1.2249 1.2315 1.2362 1.2329 1.2390 1.2453 1.2409 1.2463 1.2543 1.2488 1.2537 1.2634 1.2567 1.2611 1.2725 1.2647 1.2684 1.2816 1.2726 1.2758 1.2907

20.26
1.2435 1.2503 1.2549 1.2523 1.2585 1.2648 1.2611 1.2668 1.2746 1.2699 1.2750 1.2845 1.2788 1.2833 1.2945 1.2876 1.2916 1.3045 1.2965 1.2998 1.3145

0.10

1.2658 1.2727 1.2773 1.2757 1.2821 1.2883 1.2857 1.2915 1.2993 1.2958 1.3011 1.3103 1.3059 1.3106 1.3215 1.3161 1.3203 1.3328 1.3264 1.3300 1.3442

HMLPE

LPE BPE

HMLPE HMLPE

LPE BPE

HMLPE HMLPE HMLPE

LPE BPE

HMLPE

ЦК)

LPE BPE LPE BPE LPE BPE LPE BPE

413 423 433 443 453 463 473
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in the temperature range considered here this effect is not observed as was shown

by the findings of Zoller14.

It could be concluded from Table I and Fig. 2 that different polyethylene

structures have influence on their volumetric properties. Therefore, if the exact

 

ilO

113 Ш US lie 117 118 УЛ

SPECIFIC vaUME. mVkg.K) '

Fig. 2. Calculated volumetric properties of three polyethylencs

representation of the poT data for polyethylene, obtained by radical polymeri

zation of ethylene at high pressure, is required, only polymers with branched

structure should be used.

и л в о д

СЕПАРАЦЩА ФАЗА СИСТЕМА ЕТИЛЕН-ИОЛИЕТИЛЕН НА ВИСОКИМ ПРИ-

ТИСЦИМА. II. ИЗРАЧУНАВАНэЕ ВОЛУМЕТРЩСКИХ ОСОБИНА

BOJUCJIAB Ж. БОГДАНОВИ-Н, BOJAH Д. ЪОРБЕВИЪ* и АЛЕКСАНДАР Ж. ТАСИЪ*

Хемщ'ска Mudycilipuja Панчево, Пешрохемщски комйлекс, Погон за йроизводпу йояиеШимна

ниске гуешине, 26000 Панчево и *Технолошко-мешалуршки факулшегй, Универзишеш у Бео-

граду, й.йр. 494, 11001 Београд

Израчунате су иолуметри)ске особине три структурно различнта полметилена, у

опсегу притисака 1—200 МРа и температура 413—473 К. За она израчунавшьа je кориш-

Кена Tait-ова )едначина станэа. ПореЬешсм доби)еннх резултата у овом раду са об)авл>еним

подацима других аутора констатовано je добро слагшье нзмеЬу израчунатих и ексиери-

меитално одрсг)еннх волумстри)ских података за разгранати полнетилен.

(11рнмл,ено 23. janyapa 1984)
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ПРЕНОС MACE ИЗМЕЪУ ТУРБУЛЕНТНЕ CTPYJE РАСТВОРА ПО

ЛИМЕРА И ЗИДА ЦЕВИ

АЛЕКСАНДАР ДУДУКОВИЪ и СЛОБОДАН КОНЧАР-ЪУРЪЕВИЪ*

Технолошки факулшеш Уншерзишеша у Новом Саду, 21000 Нови Сад и * Технологико-меша-

луршки факулшеш Уншерзишеша у Београду, й.йр. 494, 11001 Београд

(Примлено 16. децембра 1983)

Пспитиван je пренос масе измену турбулентне crpyje раствора поли-

етиленоксида (молекулска тежина око 4- 10е) и зида цилиндричне цеви. Ис-

питивака су вршена уобласти Reynolds-овог opoja при комеефекатредукцэдеот-

пора crpyjaiby почин>е да се )авл>а. Коефици)енти преноса масе су одре!)ивани

применом адсорпционе методе, Koja базира на мерен>у количине адсорбоване

матери)'е у временском периоду и под условима кадап ренос масе управл,а про-

цесом. Истовремено су одрег)ивани и отпори crpyjaiby и поре!)ени са резултатима

за пренос масе. Испитан je и утица; раствореног полимера на падове прнтиска

на пригушно) плочи.

Присуство малих количина неких полимера у турбулентно) стру)и

флуида CMaayje степей турбуленщце, npnryuiyjyhH посебно турбулентне пул-

заци)е високих фреквенци. Ова модификащца структуре турбулентног стру-

jaH>a се, макроскопскн гледано, одражава кроз сман>ен>е отпора crpyjaiby.

Behu 6poj радова je до сада био посвеЬен проучаван>у сман>ен>а отпора crpy

jaiby1"4, али je недовольно пажнъе посвеИено преносу топлоте, а посебно масе

у оваквим системима5. Присуство адитива за сман>ен>е отпора може бити

драгоцено са становишта уштеде енерпф, али се Mopajy узети у обзир по

следние везане за могуЬе сман>ен>е преноса топлоте и масе. Са друге стране,

код транспорта топлих флуида или у корозивним срединама, сман>ен»е пре

носа топлоте и масе може бити и корисно. На)зад, симултано испитиваше

преноса количине кретан>а, топлоте и масе може да допринесе дал>ем рас-

ветл>аван>у механизма редукщце отпора crpyjaiby и преноса топлоте и масе,

а и самог феномена турбуленщф.

Цил> овог рада je да се допринесе познаван>у преноса масе при турбу

лентном crpyjaH>y раствора полимера кроз цилиндричну цев.

АПАРАТУРА И ЕКСПЕРИМЕНТАЛНА МЕТОДА

Апаратура je приказана на сл. I , a cacTojn се од два резервоара са преливником и

центрифугалном црпком, чиме се o6e36el)yje стабилан проток кроз радну цев током експе-

римента. Радна цев je била од плексигласа, унутрашн>ег пречника од 60 mm. Проток je

мерен преко пригушне плоче, а падови прнтиска на npiiryiLHij плочи и у радно) цеви ме-

рени су ,,U" манометрима са живом, хлороформом и метилбензоатом.

За одреЬиван>е коефнщцената преноса масе користили смо адсорпциону методу6,

Koja базира на мерешу адсорбоване количине матерее у временском интервалу и под ус-

ловима када пренос масе управл>а процесом5.

335
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Као адсорптив смо користили метнленско плаво производное M*rck-a (M»thylenblau

В, Art. 1283), а као адсорбенс алумтлцумске фолн)е са нанетим филмом силикагела (Merck,

DC-Alufolien Kieselgel, Art. 5553 и 5554). Усвощли смо укупно време адсорпци)е од 5

минута, а концентраци)у метиленског плавог у раствору од 2,5 ■ \0 3 g/l , пошто смо у прет-

ходном раду7 показали да при овим условима пренос масе управл>а процесом и да je кон-

цеитраци^а непосредно изиад површине силикагела (еднака нули. Посебно je мерено време

 

Слнка 1 Figure

Апаратура — The apparatus

пушен* и праиоьеша радне цепи и одузнмаио од укупног времена адсорпцн)е. Пренета

маса у току пукеша и пражн>ен»а радне цеви одреЬипана je у посебном експерименту и оду-

зимана од укупно пренете масе. KoHiieirrpaunja метиленског плавог у раствору je одре-

Ьнпана колориметрисан,ем.

Као средство за смаком отпора crpyjaiby користили смо полиетиленок сид произ

водил Union Carbide Corporation (WSR-301). Према подацима произвоЬача8 молекулска

тежина je око 4 ■ 10е. Молекули овог полимера представл>а)у дуге неразгранате ланце са

структурой ;

(_ О — СНгСНг —)„

Раствор полимера je увек припреман на исти начин. Прво je припреман раствор

KOHueHTpauiije 5% и то распршивашем полимера по површини воде уз латано мешанъе.

Овакав раствор je оставллн да crojH 24 часа пре употребе ради потпуног хомогенизованьа.

Непосредно пре извог)ен>а експеримената раствор je у радним резервоарнма мешан са водом

да се доби)е радна концентраци^а од 15, односно 150 ррт. Са истнм раствором смо изводили

на)више 3 до 4 експеримента да би избегли евентуалне ефекте деградаци;е полимера.

Пре почетка експеримената било je потребно проверит да ли се адсорпциона метода

може применит» на растворе полимера, односно да ли растворени полимер под опнсаним

експерименталннм условима утиче на адсорпцщу метиленског плавог на силика гелу. Због

тога смо у растворе познатих концентраци)а метиленског плавог и полиетиленоксида уба-

цивали фоли)е са сшшкагелом и пореднлн пренету масу по )единицн површине после ад-

copnnnje од неделу дана. Резултати су показали да, када се радило о жонцентрашии мети

ленског плавог од 2,5 • I0~3 g/l и полимера од 0 до 150 ррт, што одговара нашим радним

концентраци)ама, mije било разлике icoja би се могла регистровати. Наши експерименти

при динамичкнм условима су то и потврднлн.
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Пренета маса метнленског плавог током експеримента je одрег)ивана <мерен>ем нн-

тензитета рефлектоване светлости са фолн)е силикагела. Апаратура за мереное рефлекстце

се састо)ала од микроскопа са фотоЬели)Ом, галванометра, извора светлости и акумулатора.

Сноп светлости je преко сочива упуЬиван на површину силикагела под углом од 45°. Ре-

флектовани зраци су пролазили кроз .микроскоп и падали на фотоЬели)у H3a3HBajyhii фо-

Tocrpyjy i<oja je решстрована на галванометру. Опсег галванометра je тако подешаван да

рефлекоф са црне површине д&)е отклон 0, а са беле површине отклон 100. Из овако

доби)ене релативне рефлека^е одре!)ивана je површинска концентращуа метиленског

плавог, према paHiije доби^ено) вези9;

log (Ср- 10') = 2,387 г 1,712 log (log 100/Я) (I)

где je Ср- пренета маса по )еднницн површине у g3/m2, а Л — релатнвна рефлекаф.

Фоли}е са силикагелом поставл>ене су у радну цев на pacrojaiby од око 35 пречника

од улаза у цев, тако да се може с.матрати да je хидродинамички гранични слоу бно потпуно

разви)ен. Интензитет o6ojeH>a мерен je на делу фолп)е на коме npecraje промена o6ojeiba

(око 1,5 пречника од наилазне ивице фоли)е), тако да се резултати односе и на облает

потпуно разви)еног дифузионог подсло)а.

MEPEIbE ПРОТОКА РАСТВОРА ПОЛИМЕРА ПРИГУШНОМ ПЛОЧОМ

Иако je феномен редукци)е отпора стру)ан>у везан пре свега за повр

шине праволини)ске у правцу crpyjaiba, нужно je било проверити да ли he

присуство полимера изазвати промене у паду притиска на npHryuiHoj плочи.

 

500 1000 Ah [mm]

Слнка 2 Figure

Проток флунда са и без полимера кроз прнгушну плочу у фупкшмн

разлнке стуба хлороформа у манометру.

Fluid flow through the orifice plate with and without the polymer as a

function of the chloroform column height in the manometer.

Пригушна плоча дебл>ине 5 mm, са отвором од 30 mm, исеченим под

углом од 45°, иоставл,ена je измену две прирубнице у цеви унутрашн>ег преч

ника 60 mm, како je и приказано на сл. 1 . Баждарне криве су доби)ене ме-

рен»ем протекле количине течности за одрег)ено време.



338 ДУДУКОВИЪ и КОНЧАР-ЪУРЪЕВИЪ

Упоредни резултати за чисту воду и раствор полиетиленоксида кон-

центраци)е 150ррт приказани су на сл. 2 као проток у функцией разлике

висина у „U" манометру са хлороформом, а на сл. 3 манометра са живом.

 

' ■ 1 . . . I

О 100 200 300 400 Ah [mm]

Слика 3 Figure

Проток флуида са и без полимера кроз пригушну плочу у функции

разлике висина стуба жнве у манометру.

Fluid flow through the orifice plate with and without the polymer as a

function of the difference of mercury column heights in the manometer.

Никакве разлике у паду притиска при истом протоку измену воде и раствора

полимера нису запажене. То значи да се у опсегу протока koj'h смо ми ко-

ристили и при. концентраци)'ама до I50ppm, пригушна плоча може кори-

стити као средство за мереше протока, jep под овим условима полимер не

утиче битно на стру)ан>е кроз пригушну плочу и иза н>е.

ОТПОРИ CTPyjArbY

Коефищфнти подужног трен>а су израчунавани из познатог израза:

a d
1 ApL

4 W1 р

~2~

На сл. 4 приказан je коефищфнт подужног трен»а у функцией Reynolds-овог

6poja за чисту воду и растворе полиетиленоксида концентраци$е 15 и 150

ррт. Резултате за чисту воду смо корелисали методом на)ман>их квадрата

и добили )едначину:

/ = 0,0528 Re^.m_
(3)
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Ова корелаци)а одступа на више у односу на познату корелаци)у Blasius-a

за око 20% у ово) области Z?e-6poja. Ова одступаша су последица чшьенице

да у цело) цеви ни.)е био потпуно разви|ен хидродинамички гранични ело),

5.5-Ю 3

о
О

d = 60mm

с ррт]

О-О

• • -15

Ш ~-о^- АД- 150

0(jed3)

•

• * * йа

•
I 1 1_ I I I .

«•Ю* 5 10' 6 10' 7Ю* 810' 9-lC 105 Re

Слика 4 Figure

Коефтифнт подужног третьа у функции Reynolds-овог 6poja

The coefficient of longitudinal friction as a function of the Reynolds number.

jep се улаз у цев налази само око 10 пречника од вентила VI (сл. 1). Због

тога се ови резултати за коефищфнте подужног трен>а могу користити само

у квалитативном смислу.

Резултати за растворе полимера концентращф од 15 и 150 ррт указуjy

на вредност критичног 7?e*-6poja при коме почин>е да се )авл>а ефекат ре-

дукцэде отпора crpyjaiby од Re* х 45000. Мала вредност постигнутог сма-

№ен>а отпора последица je две чшьенице. Прво, ради се о области i?e-6poja

у околини критичног i?e*-6poja, где тек почин>е да се )авл>а ефекат сманен>а

отпора, па се ни не могу одмах очекивати велика сманьен>а. Мег)утим, мало

сманьеше отпора последица je и чин>енице да хидродинамички ело) Huje у

првом делу цеви потпуно формиран, па ни ефекат редукцще отпора ronje

могао у пуно) мери да дог)е до изража)а.

За раствор концентраци|е 1 50 ррт доби)ене су две групе тачака озна-

чене на сл. 4 пуним и празним троугловима. Прве вредности доби)ене су

при постепеном повеЬаван>у протока, а друге при н>еговом сманьиван>у. Ре

зултати доби^ени при постепеном смааиваньу протока знатно су виши по

сво)им вредностима. Ово je вероватно последица заосталих турбулентних

пулзащф од вишег степена турбулешдф при веЬем протоку, због брзог

очитаван>а, па mtje било времена за пригушиваше турбулентних пулзащ^а.

Детально изучаван>е уоченог феномена морало би да узме у обзир степен

сма}ьен>а протока у сваком кораку, брзину сман>ен>а протока, брзину очи-

таваша манометара, очитавакьа после различитих времена итд. Како би из

бегли ову nojaey, све експерименте за пренос масе вршили смо само при по

степеном повеЬаау протока до жел^ене вредности, i<oja je током експери-

мента одржавана константном.
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У раствору полимера концентравдце 1 50 ррт постигнута су чак нешто

магьа смашенэа отпора него код раствора од 15 ррт. До сличних резултата

се и рани)е дошло2, али у области максималног сманьен>а отпора, при чему

je узрок приписан повеЬан>у вискозитета течности. По)ам максималног сма-

н>ен>а отпора CTpyjaay увео je Virk10 на основу експеримената у веома танким

цевима и при великим, брзинама crpyjaiba. Под овим условима додатак по

лимера или уво^еньа ефикасни)ег полимера више не доприноси сман>ен,у

отпора crpyjaiby. Virk10 je дефинисао асимптоту максималног сман>сн>а отпора:

/-1/2 =19,0 log 32,4 (4)

или. у облику аналогном Blasius-овом изразу за н>утновске флуиде:

/ = 0,58 Ле-°.58. (5)

Треба, мег)утим, имати у виду да наши резултати н: лежг нл близу вред

ности дефинисаних )едначином (4) или (5). Ово нас наводи на важан закл>учак

да асимптота максималног сман>ен>а отпора важи само за /?е-бро)еве ко]и

су довольно далеко од критичног i?e*-6poja, при коме почгаье да се )авл>а

ефекат редукшф отпора. У околини критичног Re*-6po)a nocrojn неко друго

максимално смааен>е отпора Koje се можг постнИи и н; можг превазиЬи по-

веЬан»ем концентращф или избором ефикасни)ег полимера. Ово сман>ен>е

je знатно ман>е од сман»ен»а дефинисаног )едначи.ном (4) или (5), коме се при-

ближава са порастом Re-6po]a. Неприродно би и било очекивати нагли скок

у вредностима коефищфнта f са оних за чист растварач на вредности према

)едначини (5) у тачки Re=Re*. Треба, ипак, имати у виду да би брзина по-

раста редукщф отпора crpyjaiby била вероватно веЬа да je хидродинамички

ело) био потпуно разви)ен.

ПРЕНОС МАСЕ ПО ЗИДУ ЦЕВИ

Пренета маса по {единици површине одре^ивана je према (едначини

(1). Посебним експериментима je одрег)ивана пренета маса у току нестацио-

нарног периода пуаеньа и пражн.ен>а радне цеви и одузимана од укупно

пренете масе;

Ср = С'р — С"р (6)

Коефищфнт преноса масе при стационарним условима дат je )едначином;

k=—^— (7)

6(с0-с*)

а пошто je за наше услове с* = 0

k = Cp[0co (8)

где je 0 ефективно време адсорпщф под стационарним условима, доби)ено

одузиман>ем времена пугьеша и пражн>ен>а радне цеви од укупног времена

aflcopnunje:

6 = 0' -0" (9)
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Коефищфнт дифузи)е метиленског плавог у води има вредност!) = 1,71 • 10_в

m2/h на 15°, а за нашу температуру од 20° je прерачунаван коришНен>ем

израза:

D(i//=const. (10)

Доби)ени резултати за пренос масе без присуства полимера корелисани

су )едначином:

Sh=0,0242 Де°.842 &М* (11)

што je у добро) сагласности са корелащфм Notter-a и Sleicher-a11.

Експериментално одре^ени .!>/г-бро)еви за растворе полиетиленоксида

приказани су на сл. 5 у функции i?e-6poja и порег)ени са резултатима за чисту

Sh

d- 60mm

3-Ю3
c[ppm]

О - 15

Д - 150

2 Юэ

103

— O(jedll)

'Ю'- 10 5 Re

Слика 5 Figure

Sherwood-ов 6poj у функцищ Reynolds-овог 6poja

The Sherwood number as a function of the Reynolds number

воду, ко)И су приказали правом литфм према |едначини (11). Ови резул

тати су потврдили наше очекиван>е да he се за i?e-6pojeee веНе од критичног

манифестовати сман.ен.е преноса масе, аналогно сман>ен>у отпора crpyjaiby.

Критични /?е*-бро) има вредност од око 4,5- 104, што приближно одговара

вредности yrBprjeHoj при мерен>у отпора crpyjaaa.

При израчунавашу SA-6poja претпоставило се да je коефишфнт ди-

фузи)е непромен>ен у раствору полимера у односу на чисту воду, с обзиром

на малу концентрацэду полимера. Експериментални подаци у литератури12-13

noTBpr)yjy да се у растворима полимера у области наших концентраци)а кое-

фици)ент дифузи)е не разливе од оног за чист растварач. Ова претпоставка

коришКена je у радовима чак до 1000 ррш14. Наши резултати за Ле-бро)еве

ман>е од критичног 7?e*-6poja потврдили су исправност ове претпоставке

у нашим условима.

Количине раствореног полиетиленоксида од 15 и 1 50 ррт произвеле

су приближно исти ефекат сман>ен>а преноса масе, али нешто маши код кон
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центраци)е од 150ррт, аналогно редукцией отпора crpyjaiby. Hajoehe по

стигнуто сман>ен>е преноса масе износило je око 25%, што je знатно веЬе

од сман>ен>а отпора стру)ан>у. Но до квантитативной закгьучка о односу сма-

н>ен>а преноса масе и редукщф отпора не може сг доЬи, због eeh истаккутих

проблема са непотпуно разви)еним хидродинамичким c.iojeM код резултата

за падове притиска.

Слагавье резултата за воду и растворе полимера при Re<Re* noTBpl)yje

наш заюъучак на основу стационарне адсорпшф са и без полимера, да се

адсорпциона метода може применити и на растворе полимера, бар у опсегу

концентраци)е до 150 ррт. Осим тога, oeaj резултат noTBpl)yje исправност

претпоставке о )еднакости. коефищфната дифузи)е у води и раствору по

лимера у опсегу наших концентраци)а. Да било Kojn од ова два услова ни)е

задовол>ен, резултати би и за Re<Re* били нижи за растворе полимера од

оних за чист растварач.

Резултати за растворе од 1 5 и 1 50 ррт показу)у да и код преноса масе

у околини критичног /?e*-6poja nocrojn ограничение у степену редукщце,

Koje се не може превазиЬи повеКан>ем концентрацэде полимера, а разлику^е

се од Virk-ове14 асимптоте максималне редукци)е преноса масе:

St ■ St-2/3 = 0,022 Re-ow. (12)

ЗАКЛ,УЧАК

На основу ових експерименталних истраживаша дошло се до неколико

заюьучака знача)них за дал>е истраживаше ових феномена.

Потвр^ено je наше очекиван>е, на основу аналоги)е о преносу количине

кретавъа, топлоте и масе, да he у области /?e-6poja у Kojoj почише да се )авл>а

редукпэда отпора, почета да се )авл>а и сман,ен>е преноса масе. Ово су први

резултати ове врете у области критичног /?e*-6poja. Чин>еница да оба ефекта

почивьу при приближно истом Яе*-бро)у говори да у овим условима, Tj. за

ова) степен редукци)е отпора, молекули полимера пригушу)у турбулентне

пулзаци^е, али не noMepajy битно спектар вьихових фреквенци. Да je де)ство

молекула полимера концентрисано на пулзащф високих фреквенци, Koje

мало доприносе преносу масе (што изгледа да je случа) код веЬих степена

редукци)е отпора5), била би изражгна и разлика у критичним /?е*-бро)евима

за ова два феномена.

МогуЬност примене адсорпционе методе на проучаванье преноса масе

у растворима полимера добила je овим експериментима пуну потврду.

Закл>учци о nocToja&y ограничен>а редукщф отпора crpyjaiby и преносу

масе у околини. критично!' i?e*-6poja, i<oja се битно различу од Virk-ових

асимптота максималног смакеи>а отпора (5), односно преноса масе (12) за

служуjy посебну пажн>у. ВеЬи 6poj експерименталних података требало би

да омогуЬи изво^ензе општих {едначина ограниченна степена редукщ^е отпора

crpyjaiby, односно преноса масе. Ове би се )едначине приближавале по сво-

jHM вредностима (едначинама Virk-a при Re^Re*, а за Re<Re* би се из)ед-

начавале са }едначинама за флуид без полимера.
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НОМЕНКЛАТУРА

Ср пренета маса по )единицн повришне (у току стационарног периода)

С'р укупно пренета маса по jennHHUH површине

Ср пренета маса по )едишщи површине у току пушеша и пражн>ен>а радне цеви

со KOHucHTpauHja у масн флунда

с* концентрац1Па непосредно изиад чврстс повришне

d гргчнпк цевн

D коефнцн)снт молекулске дпфуз!пе

/ косфншцент подужног трсша

k коефнцн)ент нреноса масе

L акси)ална дужина

R релатнвна рефлексн)а {R =0 за црну и R =100 за белу површпну)

Re Reynolds-ов 6poj

Re* крнтичнн Reynolds-ов opoj при коме поодн>е да се jan.-ьа редукци)а отпора

стру)ан>у

Sc Schmidt-ов 6poj

Sh Sherwood-ов 6poj

St Stanton-ов 6poj за масу

T температура

р прнтисак

го срсдн>а брзина флунда у цевн

О време

\л внскозитет

р густнна флунда

SUMMARY

MASS TRANSl-ER BETWEEN A TUBULENT STREAM OF POLYMER SOLUTION

AND A TUBE WALL

ALEKSANDAR DUDUKOVIC and SLOBODAN KONCAR-DURDEVlC

Institute of Chemistry, Faculty of Science, University of Novi Sad, V. Vlahovtfa 2,

YU-21000 Novi Sad, Yugos'avia

Mass transfer between a turbulent stream of polyethylene oxide (molecular weight about

4x 10е) and a tube wall was investigated. Experiments were carried out in the range of the onset

Reynolds number. Mass transfer coefficients were determined by the application of the adsorption

method based on the measurements of the amount of adsorbed matter over a period and under

the conditions when the process is mass-transfer controlled. Pressure drops in the tube were

measured simultaneously and compared with the results for mass transfer. The effect of dissolved

polymer on the pressure drop on the orifice plate was investigated, too.

(Received 16 December 1983)
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Aleksandar Veljkov (Welkow, Velkov) (EudimpeSta, 6. V 1847 — Budim-

peSta, 29. IV 1878) izabran je za prvog profesora kemije na SveuciliSlu u Zagrebu

1875. godine. Profesor Veljkov je uveo modernu visokogkolsku nastavu i suvremeni

znanstvenoistra£iva£ki rad iz kemije u Hrvatskoj, utemeljio je prvi sveuciliSni kemijskj

zavod i гаробео osnivanje prve struJne i znantsvene kemijske bibl'.oteke na Sve-

uiiliStu u Zagrebu.

Aleksandar Veljkov roden je u Budimpesu, u srpskoj porcdici (njegov otac

Dimituje Veljkov roden je u Irigu u S:ij<mu), gdje je zavrSio srednju Skolu i studij

kemije i farmicije na SveuJiliStu kod prof. K. Thana. Studij kemije nastavio je

Veljkov na sveuciliStima u Beni ш kod prof. A. W. Hofmanna i u Bcdu kod prof.

E. Ludwiga, gdje je dokto i-ao 1869. godine. Godinu dana kasnije pozvan je u

Madzars4u, gdje je na Tehniikom univerzitetu u Budimu imenovan najprije za

asistenta kemije (1871), a za'im za docenta. Na temelju znanstver.ih radova i dobrih

preporuka njegovih profesora Hofmanna i Ludwigi dr Veljkov je izabran na izvan-

rednog profesora kemije na SveuciliStu u Zagrebu, gdje je odrzavao nastavu kemije

i vodio rad studenata u kemijskom laboratoriju tijekom Cetiri scmestra, do kraja

travnja 1878. godine, kad je iznenada umro.

Znafajan je znanstvenohtraZivacki rad A. Veljkova na podrufju kemije

be-ilijevih spojeva: sintetizirao je nove spojeve bc.ilija i odredio njihova kemijska

i fizikalna svojstva. U svojim radovima iz 1873. i 1874. godine odredio je to6nu

atormku teXinu berilija, za koju su se u to vrijeme prcdlagale razlicitc vrijednosti.

Dvije godine nakon sto je Mendeljejev uvrstio bciilij u II grupu svojega periodnog

sustava i predlozio za taj element atomsku teiinu 9,4 — Veljkov je tu vrijedrost

potvrdio i eksperimentalno. Veljkov je racunao s korektnom tezinom berilija ved

1873. godine, a to je bilo mnogo prije nego je taj prijedlog Mendeljejeva bio opce-

nito prihvacen.

Na obnovljenom Sveucili§tu u Zagrebu raspisan je 21. XII 1874. godine

natje&ij za popunjavanje katedara iz prirodnih znanosti na Filozofskom fakultetu.

Tom prilikom je preporudeno da se najprije izvr§i izbor kandidata za fiziku i kemiju,

da bi se moglo na vrijeme urediti kabinet za fiziku i kemijski laboratorij. Kandidati

su mora'i udovoljiti ovim uvjetima: morali su imati doktorat odgovarajuie znanosti

i objavljene znantsvene radove, poznavati hrvatski ili neki drugi slavenski jezik

itd. Na natjedaj za profesora kemije javilo se pet kandidata. Profesorski zbor Filo-

zofskog fakulteta predlozio je dr. Aleksandra Veljkova — Welkow, docenta kemije

na Politehnici u Budimpesti i on je imenovan rjesenjem od 13. XI 1875. godine

izvanrednim profesorom.

Za prve profesore prirodoslovnih predmeta na Sveu6ili§tu u Zagrebu bi'i

su vecinom izabrani ceski znanstvenici. О porijeklu profesora Veljkova nisu bili

zabiljezeni podaci u povijesnim prikazima о razvitku kemije na SveuciliStu u Zagre

345
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bu10-12. Medutim, u arhivama u nasoj zemlji i u inozemstvu pronadeni su mnogi,

do sada nepoznati, biografski podaci Aleksandra Veljkova. Oni su upucivali da je

A. Veljkov jugoslavenskog porijekla, iako se rodio u Budimpesti i veci dio zivota

proveo ondje. Po svjedocanstvu S. V. Popovica, otac mu je bio iz Iriga u Srijemu.

Prof, dr Aleksandar Veljkov

(1847—1878). Prvi profesor ke-

mije na SveuiilUtu u Zagrebu,

utemeljitelj prvog sveuiiliJnog

kemijskog zavoda u Hrvatskoj.

Iz crteza objavljenog u casopisu

„Огао-kalendar" (v. ref. 5)

To su potvrdili materijali pronadeni u Irigu i u Novom Sadu. Dokazano je da je

obitelj Veljkov 2ivjela u Irrgu i da se ondje rodio Dimitrije, otac profesora Aleksan

dra Veljkova0.

Najstariji podaci о tome da je porodica Veljkov zivjela u Irigu datiraju iz

XVIII stoljeca. Pocetkom XIX stoljeca nalazimo iz porodice Veljkov imena Isaka,

Nikole i Moisila, a posljednji se pominje Aleksandar 1836. godine. Nije poznato

jesu li se clanovi te porodice iselili iz Iriga, a'i danas nc zivi tamo ni jedan potomak

te obitelji.

О Dimitriju, оси profesora Aleksandra Veljkova, nadeni su ovi podaci:

Dimitrije Veljkov roden je и Irigu 8. VIII 1804. godine (po starom kalendaru)

od oca Moisila i majke Skevije. Iz popisa iriskih obrtnika iz 1817. godine saznajemo

da su Moisilo, Isak i Nikola Veljkov bili vrecari i uzari. О zivotu i о mjestima gdje

je Dimitrije boravio и mladim danima nisu nadeni podaci, ali se и vrelima spominje

da je 1816. godine boravio и Irigu. Tridesetih. godina bio je zastupnik Ljubljanske

tvornice secera, pa se cini da je и to vrijeme bio uspjesan i imucan poslovni covjek.

Nije poznato kad se Dimitrije nastanio и Budimpesti. Jakov Ignjatovic godine

1817. spominje и svojim „Memoarima" susret s Veljkom, posjednikom и Pesti,

i vjencanje DimSiceve kceri (iz ugledne srpske sentandrejske porodice) za trgovackog

zastupnika Veljka, koji je bio Irizanin.

Dimitrije Veljkov bio je povezan s kulturno-umjetnickim krugovima svojega

vremena. Dopisivao se s Vukom Stefanovicem Karadzicem i sa Simom Milu-

tinovicem Sarajlijom, koji je Dimitriju Veljkovu posvetio svoju knjizicu „Тгое-

bratstvo..." (Beograd 1844). Dimitrija Veljkova nalazimo i kao autora svescice

„Prijateljske suze za Dimitrijem Kresticem...", kojom je on 1834. godine ozalio

svog rano umrlog prijatelja. U popisima pretplatnika za „Letopis Matice srpske"

cesto se nalazi njegovo ime, a za „Kovcezic...", djelo Vuka Stefanovica Karadiica,

pretplatio je 1849. godine Dimitrije sebe i svojega jednogodiSnjeg sina Aleksandra.
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U posljednje vrijeme upotpunjeni su biografski podaci profesora Aleksandra

Veljkova68.

Aleksandar Veljkov roden je 6. V 1847. godine u Budimpesti od oca Dimitrija

i majke Jelene Veljkov, rodene Dimsic. Prema krsnom listu i osmrtnici, njegovo

prezime je Veljkov, ali ga cesto nalazimo napisano kao Welkow ili Velkov. Mate-

rinski jezik bio mu je srpski, dobro je poznavao madzarski, njemacki i francuski,

a prilicno dobro talijanski i engleski jezik.

Skolu je pohadao u Budimpesti, gdje je nakon zavrsenih Sest razreda javne

gimnazije stekao cetiri godine ljckarnicke prakse. Privatno je zavrsio gimnaziju i

maturirao 1866. godine. Na Sveucilistu u Budimpesti upisao je kao redoviti student

predmete: fiziku, mineralogiju, geologiju, botaniku i kemiju, kojom se najvise

bavio. U to je vrijeme kemijski institut vodio prof. K. Than (1834—1908), koji

je na PeStansko sveuciliste prenio poslije 1860. godine ideje i znanje svojih pro

fesora Bunsena, Redtenbachera i drugih. Prof. Than je u pedeset godina svojega

djelovanja stajao u sredistu razvoja kemije u Madzarskoj i doveo je kemiju u svojoj

zemlji na stupanj svjetske kemijske znanosti. U prvih deset godina svojega djelovanja

sam je odrzavao nastavu kemije za filozofe, farmaceute i slusace medicine, a to je

bilo upravo u vrijeme kad je Veljkov tamo studirao. Tada se kemijski institut, po

pisanju samoga Thana, sastojao od predavaonice s 90 mjesta, malog laboratorija

i jos petnaestak radnih stolova po hodnicima. Broj studenata se neprestano povecavao

i dostigao je 300 slusaca, a pedesetero od njih je moglo raditi vjezbe. Thanova pre-

davanja bila su jasna i razumljiva, a njegov interes za nova dostignuca kemijske

znanosti davao je dobar temelj njegovim ucenicima, te su oni stekli znanja koja su

im omogucila da zauzmu vodeca mjesta u raznim kemijski institutima.

Nakon cetiri semestra studija u Budimpesti, Veljkov je s odlicnim uspjchom

polozio ljekarski ispit i godine 1868. postao magistar farmacije. Studij kemije

nastavio je Veljkov na Sveucilistu u Berlinu, gdje se u laboratoriju prof. A. W. Hof-

manna(1818— 1871) godinu dana bavio organskom kemijom. Taj znameniti kemicar,

poznat i kao osnivac Njemackog kemijskog drustva, dao je vrlo povoljan sud о

radu i znanju Aleksandra Veljkova.

Svoje znanje iz anorganske kemije usavrsavao je Veljkov u laboratoriju prof.

E. Ludwiga (1843—1918) na Sveucilistu u Becu, i tamo je doktorirao 1869. godine.

Prof. Ludwig je u svojoj preporuci napisao da je upoznao dr Veljkova u toku ne-

koliko godina kao kemicara s dubokom strucnom i opceprirodoslovnom i filozofskom '

naobrazbom, te moze cestitati svakoj visokoj skoli koja ga dobije za ucitelja.

Godine 1870. Veljkov je pozvan u Madzarsku, gdje je na Tehnickom uni-

verzitetu u Budimu imenovan, najprije za asistenta iz kemije (1871), a zatim za

docenta.

Dr Veljkov je djelovao na Tehnickom sveucilistu od 1870. do 1875. godine.

U to vrijeme tamo je bio profesor kemije K. Nendtvich ( 1 8 1 1—1892), koji je vec

1847. godine doSao na celo katedre za kemiju na Tehnickoj skoli, na kojoj su bila

organizirana predavanja iz opce i tehnicke kemije. (Tehnicka skola postala je 1 857.

godine Politehnikum, a godine 1871. unaprijcdena je u Tehnicko sveuciliste).

U novije vrijeme pronadeni su arhivski dokumenti sa£uvani u BudimpeSti koji

poblize odreduju nastavnicko djelovanje dr Veljkova na Tehnickom sveucilistu.

Sacuvano je njegovo imenovanje za asistenta, tabela s kvalifikacijama i podatak о

njegovim predavanjima iz reda predavanja za skolsku godinu 1870/71. Takoder
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su saduvani neki dokumenti u vezi s premjestanjem i imenovanjem dr A. Veljkova

za izvanrednog profesora na Sveucilistu u Zagrebu.

Godine 1875. izabran je Veljkov za izvanrednog profesora kemije na Sveuci-

liStu u Zagrebu. Tu sluzbu je nastupio krajem iste godine.

Da bi se moderna nastava kemije, koja je vec u ono doba osim predavanja

obuhvacala i eksperimentalni rad studenata u laboratoriju, uvela i na Sveucilistu

u Zagrebu, bilo je neophodno osnovati kemijski zavod, u kojem bi bilo moguce

povezati nastavu i znanstvena istrazivanja iz kemije.

Zato je prof. Veljkovu neposredno nakon njegova dolaska u Zagreb bio

povjeren zadatak da organizira i vodi gradnju i uredenje prvog sveuciliSnog kemijskog

laboratorija7. On je dobro poznavao sveucilisne kemijske institute u Evropi. U

nekima je i sam radio, a mnoge je upoznao putujuci po Italiji, Njemackoj i Svicarskoj.

Vec godine 1875. podnio je izvjeStaje о „podignutju kemickoga laboratorija", na

temelju kojih je Zemaljska vlada odredila da se sastavi povjerenstvo strucnjaka,

kojem bi bio zadatak da vodi brigu о gradnji kemijskog zavoda.

Kao clan povjereniStva prof. Veljkov, posto je razgledao laboratorije u Gracu

i Becu, zajedno s mjernikom S. Jakominijem, izradio je nacrte za gradnju i unutrasnje

uredenje kemijskog zavoda. Dana 17. V 1876. bilo je odluceno da se zgrada za

kemijski zavod podigne na poklonjenom zemljistu u Vocnoj ulici (danas Stross-

mayerov trg). Iako je bilo osigurano zemljiste, izradeni nacrti i donesena odluka

0 pocetku gradnje, do nje tada nije do&lo iz nepoznatih razloga. Ali osam godina

kasnije na istom je gradilistu izgraden kemijski institut. Pitanje smjestaja kemijskog

zavoda bilo je 1 876. godine privremeno rijeseno na taj nacin sto je bila iznajmljena

zgrada u Novoj vesi br. 1 i u njoj je prof. Veljkov utemeljio prvi kemijski zavod

Sveucilista u Zagrebu. Kako je taj laboratorij bio ureden, moze se vidjeti iz nacrta

koji je pronaden u Arhivu Sveucilista u Zagrebu. Sastojao se od sedam radnih

prostorija i nusprostorija. U najvecoj (ona prema danasnjoj izmjeri zaprema 37,5m2)

bila je smjestena predavaonica. Pokraj predavaonice nalazila se profrsorova radna

soba, u kojoj su bile smjeStene fine sprave, a u drugim prostorijama bili su smjesteni

laboratorijski stolovi, te nekoliko pomocnih stolova i „ognjista". Na stolovima su

bili prikljucci za plin i pipe za vodu.

U tako uredenom laboratoriju, za koji su nabavljene sprave, utenzilije, ke-

mikalije i druga oprema, mogla se odvijati eksperimentalna nastava kemije za

tadasnji mali broj studenata. Za studente matemactiko-prirodoslovnog odjela

Filozofskog fakulteta bio je tada propisan trogodisnji tecaj nauka, a 1885. nastava

postaje cetvorogodisnja.

Prof. Veljkov predavao je kemiju na Sveucilistu u Zagrebu tokom cetiri

semestra. Prva predavanja iz kolegija „Poviest kemickih teorija" zapoceo je odrzavati

u ljetnom semestru skolske godine 1875/76, zatim je predavao predmete „Obca

eksperimentalna kemija", „Analiticka kemija, kvalitativna" i „Obca kemija, kemija

ugljenikovih spojitbah", te odrzavao prakticne vjezbe u laboratoriju u toku tri

semestra.

Godine 1876. profesorski zbor Filozofskog fakulteta u Zagrebu predlozio

je Zemaljskoj vladi da A. Veljkova imenuje za redovitog profesora, pozivajuci

se na obecanje dano prilikom izbora za izvanrednog profesora, uz napomenu da je

vec i tada imao uvjete da bude izabran za redovitog profesora. Spominje se takoder

1 veliko zaduzenje koje je prof. Veljkov imao u planiranoj novogradnji kemijskog
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zavoda. Ali imenovanje je odlozeno s obrazlozenjem da je od izbora jedva protekla

godina dana, iako Vlada priznaje njegovu potpunu kvalifikaciju za redovitog pro-

fesora. U srpnju 1877. profesorski zbor ponovno je trazio da se Veljkov imenuje

za redovitog profesora, navodeci da on vec dvije godine odrzava po zakonu propisana

predavanja i da je uredio kemijski laboratorij, koji po sudu strucnjaka udovoljava

svim zahtevima moderne znanosti.

U zimskom semcstru Skolske godine 1877/78. bio je prof. Veljkov imenovan

za clana ispitnog povjerenstva za gimnazijske pripravnike u Zagrebu. U studenom

1877. primio je spomenicu i mjedenu medalju, koja mu je dodijeljena zakljuckom

Akademickog senata i odobrenjem Odjela za bogostovje i nastavu Zemaljske vlade

u Zagrebu. Do kraja veljace 1878. boravio je u Zagrebu i obavljao svoju nastavnicku

duznost, sto je vidljivo iz nekoliko dokumenata. Njegovu nastavnicku aktivnost

i znanstveni rad prekinula je iznenadna smrt. Umro je u Budimpesti 29. IV 1 878.

u krugu svoje obitelji.

Rektor SveuciliSta u Zagrebu prof. K. Vojnovic je tada napisao da je prof.

Veljkov svojim znanjem, marljivoscu i ljubaznoscu stekao postovanje i ljubav

profesorskog zbora i svojih studenata.

Zagrebacki listovi „Obzor" i „Agramer Zeitung" donijeli su 3. V 1878. vijest

о smrti prvog profesora kemije na Sveucilistu u Zagrebu, a „Narodne novine"

istog dana pi5u о njemu opSirniji clanak.

Novosadski list „Огао kalendar" donio je 1879. godine kratku biografiju

prof. Veljkova u kojoj isticu da je on uspjesno uredio kemijski laboratorij Zagre-

backog sveuciliSta i da je bio izvrstan ucitelj. Uz taj clanak objavljen je i portret

prof. Veljkova, jedini do sada poznat5.

Zasluga prof. A. Veljkova je utemeljenje prvog kemijskog zavoda na Sve

ucilistu u Zagrebu i uvodenje moderne visokoSkolske nastave i znantsvenoistra-

zivackog rada iz kemije2. Osim toga, on je zapoceo osnivanje prve strucne i znan-

stvene biblioteke iz podrucja kemije na SveuciliStu u Zagrebu, о сети svjedoce

podaci iz 1877. godine.

Znanstvenoistrazivacki rad dr Aleksandra Veljkova

Dr A. Veljkov — Welkow objavio je sest znanstvenih radova и casopisu

Berichte der Deutschen chemischen Gesellschaft zu Berlin, a jedan njegov obimniji

rad objavila je Akademija и Budimpesti. Prvi znanstveni rad A. Veljkova objavljen

je 1869. godine13. Izraden je и Sveucilisnom laboratoriju и Berlinu, a nastavlja se

na istrazivanja prof. A. W. Hofmanna, njegova ucitelja, о amidobenzonitrilu i dr

Czumpelika о amidokumonitrilu. Veljkov je priredio odgovarajuci amidoderivat

naftilcijanida. On je sintetizirao naftilcijanid destilacijom barijeve soli naftil sul-

fonske kiseline s kalij cijanidom. Dobivene izomerne oblike a i p nije bilo moguce

rastaviti frakcijskom destilacijom, ali je rastavljanje bilo moguce alkoholom. Ana-

lizom jc dokazao a-naftil-cijanid. Iz a-naftil-cijanida Veljkov je priredio odgo

varajuci nitrospoj, koji se iskristalizirao iz alkohola и zutim iglicama. Nitrospoj

p-izomera iskristalizirao se iz alkohola и zuckastobijelim listicima. Sadrzaj duSika

odredio je Dumasovom volumetrijskom metodom. Redukcijom nitronaftilcijanida

Veljkov je priredio odgovarajucu amidobazu. Analizirao je i klorid novoprire-

dene baze.
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Nepotpuni pokusi opisani u torn radu, smatra autor, trebali bi ipak biti

dovoljni da opisani spoj oznace kao amidobazu naftilcijanida, kojoj odgovara for

mula CnH8N2= CioH6(CN) (H2N), to vise §to je taj spoj u reakcijama s jakim

kiselinama i luzinama reagirao kao analogni spojevi.

Druge znanstvene radove izradio je Veljkov u laboratoriju prof. E. Ludwiga

u Becu. Objavio ih je tijekom 1873. i 1874. godine.

Veljkov je priredio novu sol berilija — berilij-platina klorid, mijesanjem

jako koncentriranih otopina berilij-klorida i platina-klorida14. Laganim uparavanjem

vodenih otopina iznad sulfatne kir.eline dobio je lijepe, tamnozute, higroskopne

kristale, koji se otapaju u vodi i alkoholu. Opisao je metode kojima je analizirao

dobiveni spoj. Na temelju rezultata, Veljkov je odredio formulu BePtCl6 + 8H2O,

koja pretpostavlja atomsku tezinu berilija 9,4. Prema navodima autora, dobiveni

podaci daju podlogu za utvrdivanje atomske tezine berilija. Kao sto vidimo, Veljkov

je bio na dobru putu da potvrdi atomsku tezinu berilija, koja jo§ tada nije bila

definitivno utvrdena.

Veljkov je priredio jo§ jednu sol berilija — berilij-paladij klorid15, i ustanovio

da je on izomorfan s analognim platinatom, sto ga je prije bio odredio. Bio je to

berilij-heksakloropaladat-oktahidrat.

Svojstva aluminijuma da tvori dikloride po formuli А1гС1в+2МС1 potaklo

je Veljkova da istrazi mogucnost sinteze aluminij-platina klorida16. Analiza dobivenog

spoja nije mu zadala teSkoce i izvrSio ju je poznatim metodama. Iz dobivenih po-

dataka predlozio jedvije formule : AlPtCl- + 1 5H2O+Al2Cl6 + 2PtCl4+30H.O. Udva

rada Veljkov je opisao sintezu spojeva „Aluminium-Palladiumchlorur"17 i „Be-

rvllium-Palladiumchlorur"18. Iz rezultata dobivenih analizom izveo je formule:

AlPdCl8+lCH20 ili Al2Cl6+2PdCl2+20H2O.

Veljkov je spoj berilij-paladij klorid dobio zagrijavanjem koncentrirane oto-

pine BePdCU, pri cemu se razvijao klor, ili dodavanjem paladij(II)-klorida kon-

centriranoj otopini berilij-klorida. Higroskopnost spoja otezavala je Veljkovu analizu

i kristalografsko odredivanje. Тек nakop nekoliko puta ponovljene prekristali-

zacije, dobio je uzorak prikladan za analizu. Na temelju analize predlozio je formulu:

BeCl2+PdCl2+6H20.

Opsezniji rad na madzarskom jeziku, koji je objavila Akademija u Budim-

pesti, prikazuje cjelokupan eksperimentalni i znanstveni rad A. Veljkova na podrucju

berilijevih spojeva19. Taj rad citira Szinnyei: Magyar Irok 14. k. 1498.

Veljkov je svojim radovima iz 1883. i 1884. godine pokusao primjenom pravila

о izomorfiji (koje je 1819. postavio E. Mitscherlich) da dokaze da berilij pripada

zemnoalkalnim, a ne zemnim metalima. (Dugo se smatralo da je berilij srodan

aluminiju). Veljkov je isticao da njegovi eksperimentalni podaci daju podlogu za

utvrdivanje tocne atomske tezine berilija i racunao je s 9,4 kao atomskom tezinom

tog elementa. Osamdesetih godina proslog stoljeca atomska tezina berilija nije

jo§ bila tocno odredena. Sve do 1843. godine smatralo se da je berilij, koji je po

kemijskim svojstvima slican aluminijumu, trovalentan. A. Avdeyev, koji je pokazao

da berilij ne tvori stipsu, predlozio je za berilij oksid formulu BeO poput MgO.

D. I. Mendeljejev je uvrstio berilij u grupu II svojega periodnog sustava i predlizio

je za taj elemenat atomsku tezinu 9,4. Veljkov je dvije godine kasnije objavio re-

zultate svojih. znanstvenih istrazivanja, kojima je odredio da je atomska tezina be

rilija ona koju je predlozio Mendeljejev. Veljkov je racunao s gotovo korektnom
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tezinom berilija ve£ 1873. godine, tj. tnnogo prije nego je prijedlog Mendeljejeva

bio opcenito prihvacen. Тек godine 1881. B. Brainier je skupio podatke da je berilij

element II grupe i podrzao prijedlog da se berilij uvrsti u II grupu. Treba takoder

istaknuti da su radovi A. Veljkova objavljeni mnogo prije nego su L. F. Nilson

i J. Petersen 1884. godine nasli da gustoca para berilij klorida na 686—812° odgo-

vara formuli BeCU, i takoder prije nego je T. S. Humpidge 1885. i 1886. godine

odredio da je atomska toplina berilija abnormalno niska i da na visim temperaturama

dostize vrijednost koja odgovara atomskoj tezini Be =9.

Iako je Veljkov objavio svoje radove о spojevima berilija u Njema6koj u

jednom od najpoznatijih kemijskih casopisa onoga vremena, njih je takoder tiskala

i Akademija u Budimpesti, u kojima je iznio rezultate koji odreduju tocnu atomsku

tezinu berilija, sto je jedna od najranijih potvrda Mendeljejeve sistematizacije da

berilij spada u II grupu periodnog sistema elemenata, ti radovi nisu nai§li na odgo-

varajucu paznju suvremenika niti povjesnicara znanosti. Тек u najnovije vrijeme

upozorili su jugoslavenski povjesnicari kemije na njihovo znacenje.

Nije poznato je li Veljkov nastavio svoje pokuse na podrucju kemije beri-

lijevih spojeva i nakon svojega povratka u BudimpeStu. Iako se u nekoliko doku-

menata spominje da se je on tim istrazivanjima bavio u Becu, poznato je da je te

svoje rezultate objavio u vrijeme kada je djelovao na Tehnickom univerzitetu u

Budimpesti, te je moguce da su se ideje i te nove znanstvene sredine odrazile u

interpretaciji njegovih eksperimentalnih rezultata.

Veljkov je dao svoj doprinos razvoju kemijske znanosti svojim radovima na

sintezi i odredivanju svojstava berilijevih spojeva. Ali u njegovo doba se nije znalo

da taj metal izaziva teSka o§tecenja u organizmu. О uzroku vrlo rane smrti A. Velj

kova govori samo podatak njegova prijatelja i biografa S. V. Popovica, koji navodi

da su se na lieu Veljkova citali tragovi turbekulozne bolesti.

Kasnije je utvrdeno da se isti simptomi kao kod tuberkuloze javljaju kod

bolesti nazvane berilioza, koju izaziva kontakt s berilijem. U slucaju kronicne

bolesti ti znakovi se javljaju i desetak godina nakon trovanja berilijem. Mozda je

i kod Veljkova radi berilijem izazvao beriliozu.

U naSoj znanstvenoj sredini suvremenici A. Veljkova vrlo su povoljno oci-

jenili njegove znanstvene radove. Prilikom njegova izbora za profesora kemije na

Sveucilistu u Zagrebu dr Gj. Pilar, profesor mineralogije i geologije na istom Sve

ucilistu, posebno je istakao vrijednost eksperimentalnih i znanstvenih istrazivanja

A. Veljkova. Veljkov je u svojim radovima istrazivao „dvosoli i soli berilija, alu-

minija, paladija i platine", opisao je sintezu tih soli i odredio im bitna fizikalna

svojstva, a kemijskom analizom je odredio formule spojeva, „koje je prvi puta time

и znanost uveo". U pojedinim slucajevima „donio je kristalograficko opredeljenje

beckih mineraloga Rumpfa i Schrauffa". Pilar je ocijenio da znanstveni radovi

A. Veljkova „zajamcuju ozbiljan rad i znanstveno svijesnu tocnost, te glavne uvjete

uspjesna rada". Jednako tako povoljan sud о znanstvenim radovima A. Veljkova

dali su u svojim pismima profesori Krepci(n) i Hadnicka.

Ocjenu znanstvenoistrazivackog rada i nastavnickog djelovanja prof. A. Velj

kova dao je na osnovi novopronadenih podataka i publiciranih radova s gledi§ta

danaSnjeg stupnja razvitka kemijske znanosti akademik D. Grdenic, profesor

povijesti kemije Prirodnoslovno-matematickog fakulteta Sveucilista u Zagrebu3.

Grdenic smatra da je nastava kemije Sto ju je vodio Veljkov bila jamacno dobra,



352 sencar-Cupovic

jer je bila u skladu s modernom kemijskom znanoScu onoga vremena. Grdenic

istice da se to moze tvrditi zato Sto je Veljkov imao dobro skolovanje na poznatim

sveucilistima i eksperimentalno je radio pod vodstvom istaknutih kemicara, a

posebno zato §to je Veljkov sam „sudjelovao u razvoju kemije svojim istraziva-

njima, sto dokazuju njegove publikacije". Veljkov je imao sve uvjete da „prenese

i presadi evropsku kemiju za Zagrebacko sveuciliste", zakljucio je Grdenic.

U svojoj ocjeni razvoja prirodnih znanosti u Hrvatskoj, a tako i kemije, 2.

Dadic, povjesnicar egzaktnih znanosti, istakao je, da je od velike vaznosti bila

znanstvena razina predavanja i problematika znanstvenoistrazivackog rada prvih

profesora na Sveucilistu u Zagrebu1. Ti su profesori stvarali nastavne programe

u skladu s postojecim stanjem u znanosti toga doba, ali i u skladu s vlastitim istra-

zivackim afinitetom. Iz programa predavanja prvih godina odrzavanja nastave

vidi se — smatra Dadic — da su ti prvi profesori prirodnih znanosti na Sveucilistu

u Zagrebu nastojali obuhvatiti u svojim predavanjima glavna podrucja svojih

predmeta, ali su posebnu paznju posvetili i onim podrucjima kojima su se osobno

bavili, pa su tako njihova predavanja dobila biljeg onih §kola iz kojih su doSli na

Zagrebacko sveuciliste. Njihov se rad ocitovao u formiranju znanstvenih interesa

za pojedinu problematiku, a njihovi studenti su nastavili istrazivacke programe

koje su zacrtali njihovi profesori. Znanstvenoistrazivacki rad prvih profesora egzakt

nih znanosti na Sveucilistu u Zagrebu bio je od izvanredne vaznosti za organi-

ziranje i formiranje znanstvenih istrazivanja u Hrvatskoj krajem XIX stoljeca, tako

da tek razdoblje njihova djelovanja mozemo smatrati pocetkom organiziranog

znanstvenoistrazivackog rada iz prirodnih znanosti, opcenito a tako i na podrucju

kemije u Hrvatskoj.

Prof. Veljkov boravio je i djelovao kratko vrijeme u Zagrebu, ali je ondje

zbog svojeg znanstvenositrazivackog rada, nastavnicke djelatnosti, marljivosti i

upornosti, te zbog svojih odlicnih kvalifikacija kao kemicara, naisao na razumijevanje,

postovanje i priznaje. Na Sveucilistu u Zagrebu ostavio je trajan trag kao prvi

profesor kemije toga sveucilista i kao utemeljitelj prvog sveucilisiiog kemijskog

instituta u Zagrebu.

Za svoj znanstvenoistrazivacki rad dobio je Veljkov i medunarodno priznaje:

godine 1870. primljen je u clanstvo „Njemackog kemijskog drustva" u Berlinu

(ubraja se medu prve 61anove tog istaknutog udruzenja kemicara), publicirao je

vecinu svojih radova u poznatom casopisu tog druStva i ostao njegov clan do kraja

zivota.

SUMMARY

THE CONTRIBUTION OF ALEKSANDAR VELJKOV, THE FIRST CHEMISTRY

PROFESSOR AT THE UNIVERSITY OF ZAGREB, TO THE DEVELOPMENT OF

CHEMISTRY IN CROATIA

ILINKA SENCAR-CUPOVIC

Section for the History of Natural, Mathematical and Medical Sciences, Research Centre of the

Yugoslav Academy of Sciences and Arts, Ante K&vaciia 5, YU-41000 Zagreb, Yugoslavia

Aleksandar Veljkov (Welkow) (Budapest, May 6, 1847 — Budapest, April 29, 1878) was

appointed the first chemistry professor at the University of Zagreb in 1875. Professor Veljkov

introduced a modern high-school teaching and contemporary scientific and research work in



DOPRINOS ALEKSANDRA VELJKOVA 353

chemistry in Croatia, he also founded the first chemical institute at the University and started

planning of the first expert and scientific chemical library at the University of Zagreb.

Aleksandar Veljkov was born in Budapest, in a Serbian family (his father Dimi rije Veljkov

was born in Irig in Syrmium), where he completed his chemistry and pharmacy studies at the

University with Professor K. Than. Veljkov continued chemistry studies at the University of

Berlin with Professor A. W. Hoffmann and at the University of Vienna with Professor E. Ludwig,

where he obtained his doctoral degree in 1869. A year later, he was invited to Hungary in order

to be appointed assistant in chemistry (1871) and later assistant professor at the Technical Uni

versity of Budapest. On the basis of his scientific works and good recommendations of his pro

fessors Hofmann and Ludwig, Dr. Veljkov was appointed associate professor of chemistry at the

University of Zagreb in 1875, where he was lecturing chemistry and supervising laboratory exer

cises for students during four terms, till the end of April 1878 when he suddenly died.

Aleksandar Veljkov's scientific and research work in chemistry dealing with beryllium

complunds is of great importance. He synthetized new beryll'um compounds and defined their

chemical and physical characteristics. In 1873 and 1874 in his papers he set the exact atomic

weight of beryllium, which was not exactly defined till then. Two years after D. I. Mendeleev-

included beryllium into the second group of his periodic system and proposed 9.4 to be its atomic

weight — Veljkov proved this value experimentally. Veljkov calculated with the exact weight of

beryllium already in 1873, which was much before Mendeleev's proposal was generally accepted.

(Received 12 March 1984)
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БЕЛВШКА — NOTE

ATOMCKO АПСОРПЦИОНО СПЕКТРОФОТОМЕТРЩСКО ОДРЕЪИВАгЬЕ

НИКЛА, КОБАЛТА И ХРОМА МЕТОДОМ ГОРИОНИКА ПОД УГЛОМ

ИЛБЕР БУ1УПИ и HEBOJHJA ДАМН.АНОВИТЧ

Тойионица фероникла Глоговац, 38313 Гю.'овац

(Прим.ьено 4. фебруара 1983; ревидирано 17. Maja 1984)

Извод. Пропшрен>е горн.е границе одре^и-

ван>а Ni, Со и Сг атомско-апсорпционом

спектрометри)ом омогуЬено je радом са про-

моьении угловима горионика. Никал се

може одреЬивати до 8% у узорку са углом

од 60% Со до 0,5% (угао 30 ) и Сг до 1,5%

(угао 15°).

Оптимални концентрациони интервал

аналнзираних елемената за атомско-апсорп-

циону методу креЬе се од 0,01 % па до

1%. Проблем анализиран>а виших садржа^а

елемената (од 5 па до 50%) т). дово1)е1ье

концентраци)е анализираног елемента у оп-

тималан концентрациони интервал аналитн-

чар може да реши на више начина1-4:

1) избором погодне резонантне лини)е са

нижом апсорпци)ом,

2) методом разблаженьа узорка десет па чак

и сто пута, и

3) променом угла горионика од 15 па до

свих 90 чиме се постиже сман>ен>е де-

бл>ине атомског uioja Kojii врши ап-

сорпци)у.

Одре1)Ива№е Ni, Со и Сг вршено je на

5 интерних стандардних узорака сиромашног

фероникла са познатим садржа)ем анализи-

раних елемената — у дал>ем тексту „права

вредност". Сваки елеменат анализиран je у

4 паралелна одрег>ива}ьа тако да je укупно

извршено 60 анализа.*

Разлагаш узорка: одмерен je lg узорка

и уз пажл>иво загреваше растворен у 50 cm3

смеше киселина (H2SO4 : HCIO4 : НгО =

— 1:1:6 vol). Оксидаци)а Fe вршена je

са 5 cm3 HNO3 а силицтцум je одстран>ен

упараван>ем раствора са 3—4 кали HF.

Хладан раствор пренешен je у нормални

* Испитипаи,е je обашьено у научно-истраживач-

ком институту Гипроникель у Ленинграду на пирату

фирме Perkin-Elmcr модел 303.

суд запремине 100 cm3 и до .марке je до-

пунъен дестилованом водом5. Услови анали-

знраша су дата у таблици I.

ТАБЛИЦА I. Експериментални услопи анализиран.а

Експерименталнн услови Анализирани елеменат

никал кобалт хром

Таласна дужина, пш

Разрез

Ulynjba катодна лампа

— напои, mV

— загреван>е, min

305.1

3

30

Пламен, ваздух /ацетилен

— висина зоне пламена, mm 8

Горионик, дужина, cm

— угао горионика,

степени 60°

240,7

3

30

8

357,9

4

30

Прийрема еша.юна: cepnja од 5 групних ета-

лона направлена je од примарних стандард

них раствора (по приручнику фирме Perkin-

-Elmer). Основу за еталоне представлю

Fe reductum у количини од 800 mg, jep

снромашни фероникал садржи 75—85% Fe.

Еталони су проведени кроз све стадн$уме

анализе паралелно са узорцнма.

Зависности npoja очитаних апсорпщюних

(единица, А, од концентраци)е метала См

(mg/dm3) обра1)ени су методом на)ман>их

квадрата за по 15 тачака за сваки метал.

Таблица II приказу-je добивене константе

о и b }едначине

См = а + ЬА.

ТАБЛИЦА II. Резултати '[отометрираша еталона

обраЬени методом HajMaibiix квадрата према jcmt. (1)

Елеменат Oncer

Cmg/dm3) a b г

Ni
Со

Сг

400—800 7,98
15—50 -6,61

8—150 -5,90

2,161

0,395

0,4177

0,999

0,996
0,9998

Коефици)енти корелащ^е, г, су веома блнскн

jeflnmiini, urro yKa3yje на висок степей ли-

355
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неарностн у назначении концентрационим

интервалима.

Резултати анализе пет узорака снромаш-

ног фероникла приказали су у таблици III.

ТАБЛИЦА III. Резултати ан

сваки узорак

ализе по 4 пробе за

Уторак Садржа1 (";.) Права Релативна

станд. дев. вредност грешка С0;,")

А/73 Ni 5, IJ 4 0,04 5,22 -1,3
Со 0,236- 0,005 0,24 -1,7

Сг 0,815-0,004 0,82 -0,6

А /47 Ni 5,55 -Ю,08 5,60 -0,9

Со 0,274 • 0,003 0,27 * 1,5

Сг 1,01 +0,01 1,04 -2,9

С/ 11 Ni 6,03 0,04 6.00 -0,5

Со 0,310- 0,004 (1.30 + 3,3

Сг 1,26 ±0,02 1,25 -0,8

В /21 Xi 6,42 ±0,05 6,60 -2,7

Со 0,328 + 0,004 0,32 - 2,5

Сг 1,38 ±0,01 1,38 0,0

D/3 X. 6,80 +0,07 6,78 -; 0,3

Со 0,341 ■ 0,003 0,33 + 3,3

Сг 1 ,45 ± 0,02 1,51 4,0

Означенс границе гренгака представл^у

стандардие деви)аци)е од по четирн одре-

Ьпвавъа. Изведено je и порег)ен.е са „правим

вредностима" за сваки узорак. Види се да

су код никла несагласности измену +0,5 и

— 2,7"о (релативних), код кобалта од -^3,3

до — 1,7°о а код хрома од +0,8 до —4,0%,

што се може сматрати задоводова^уНим за

ову аналнтичку методу.

3aKTbV4yje се да се применом угла го-

рионика од 15, 30 одн. 60° у односу на

правац простирала светлости шупгье катоде,

због скраКеша пута светлости кроз апсор-

6yjyhn ело) , постиже могуКност анализирагьа

веЬих концентраци)а елемената (без потребе

вишекратног разблаживан>а анализираног

раствора) као и могуКност анализиранъа више

елемената из истог раствора. Ова модифи-

каци)а o.Moryhyje знатно скраЬенъе времена

анализе вшпекомпонентног узорка.

SUMMARY

ATOMIC ABSORPTION SPECTROPHOTOMETRIC DETERMINATION OF NICKEL,

COBALT AND CHROMIUM BY THE METHOD OF BURNER AT AN ANGLE

YLBER BUJUPI and NEBOjSA DAMNJANOVlC

The Ferronickel Smelling Plant, YU-38313 Glogovac, Yugoslavia

The determination of metals of higher

contents by AAS was accomplished by a

decrease of the instrumental sensitivity by

turning the nebulizer burner at an angle.

From the same solution nickel could be

determined up to 8°(, (angle of 60е), cobalt

up to 0.5"o (30 ), and chromium up to 1.5%

(15°).

(Received 4 Februarv 1983; revised 17 May

1984)
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1. Увод

2. Кинетичко-каталитячке методе

3. Диференщцалне кинетичке методе

4. Улога кинетичких принципа у другим аналитичким методама

5. Заюьучак

1. УВОД

Нагли разво) кинетичких метода анализе, за Koje je интересоваае за

последних десет година у сталном порасту, на)бол>е сведочи о томе колико

je кинетика присутна у аналитичко) хеми)и. Цил> овога чланка je да се кроз

приказ развела кинетичких метода и приступа укаже на шихов велики утица)

на савремену аналитичку xeMHjy.

2. КИНЕТИЧКО-КАТАЛИТИЧКЕ МЕТОДЕ

У време када су класичне методе анализе доминирале у аналитичко)

пракси, кинетички nojMOBH били су веома ограничени а кинетика процеса

разматрана je само у изузетним случа)евима када je требало решити неке

аналитичке проблеме, на пример у случа)евима оксидо-редукционих титра-

ци)а код Kojroc je процес преношен>а електрона толико спор да се не могу

користити у аналитичке еврхе. Ме^утим, веЬ тада je било jacHo да кине

тички фактори, као што je брзина раста кристала, tueajy yranaja на особине,

талога.

Године 1876. Guyard1 je први пут описао каталитичко flejcTBo вана-

дщума на оксидацзду анилина joHOM хлората и предложив ову реакпзду за

детекци)у ванади}ума. KacHHje, кинетичке законитости на копима могу бита

заснована одре^иван>а pearyjyhHx супстанци или катализатора све више

привлаче пажшу хемичара-аналитичара. Како je код веЬине хомогених ка-

талитичких реаюпф брзина реакщф, под одре^еним експерименталним

* Предавайте одржано на XXVI саветован>у хемичара CP Срби^е, )ануара 1984. године

у оквиру секци)е за аналитичку хсми)у.
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условима, пропорционална концентрации катализатора, то je на oeaj начи

пружена могуЬност за одре!)иван>е joHa-катализатора кинетичким методама.

Тако Witz и Osmond2 1885. године предлажу начин за семикванти-

тативно одре^ивавъе ванади)ума заснован на пропорционалности Koja посто)И

измег)у количине анилинског црног, насталог оксидацэдом анилина и количине

ванади)ума присутног у узорку. Применом ове реаюпф поменути аутори

су били у стан>у да процене до 5 ng ванади)ума, па се oeaj рад може сматрати

првим noKyuiajeM да се )една каталитичка реакщф примени за доби)ан>е

квантитативних података и указуje на принцип фиксираног времена kojh je

први пут примевъен за кинетичка мерен>а. Тек након око 50 година, тачнще

1934. године, Sandell и Kolthoff3 открива)у каталитичко де)ство )одида на

оксидаци)у арсена(Ш) цери|умом(1У) и неколико година KacHHje предлажу

ову pearauijy за одре^иван>е |одида хронометри)ском методом, како се у то

време звала метода вари|абилног времена. Готово истовремено Szebeledy и

Ajtai4 ormcyjy каталитичко flejcreo ванади)ума на оксидаци)у />-фенетидина

хлоратом и нешто Kacnnje оксидаци)у фенетидина броматом, за одре^иванье

0,6 ng ванади)ума5. Поред ових аутора, Kojn су об)авили join много радова

из области каталитичких одре^иваньа, oeaj период карактерише велики 6poj

сличних публикагрф. Први преглед каталитичких метода одре1)иван>а дао

je West 1954. године у чланку о неорганско) микрохеми)и, док peenje Koje се од-

носе исшьучиво на кинетичке аспекте у аналитичко} xeMHjn почивьу да излазе

од 1964. године. Године 1966. травила се монографи)а JanwvuipcKor6, посве-

вена исшьучиво кинетичким одре^ивавъима металних joHOBa на основу н>и-

ховог каталитичког де}ства на оксидо-редукционе реагапф.

С обзиром да се кинетичка одре!)иван>а заснива)у на мерен>у брзине

образованна неког реакционог производа или брзине смашенъа концентраци)е

неке од pearyjyhroc супстанци, то je потребно анализирати испитивани систем

у различитим временским интервалима. За то се употребл>ава)у физичко-

-xeMHjcKe методе мерен>а копима се прати промена неке физичке особине

система (запремине издво{еног гаса, апсорбанце раствора, индекса преламан>а

итд.) пропорционалне концентрации испитиване супстанце, са временем.

гэ г

ф U

(О

f 

Слика 1. Типичне криве зависности концентраци)"е

од времена. 1 — почетна брзина реакщце; 2 —

нагиб, — dx'dt, кощ представл>а брз!шу pearanije

у времену fi и tt.

Добивени резултати представл>а)у се графички у виду кинетичких кривих

приказание на слици 1. Свака промена експерименталних услова може да

доведе до промене облика експерименталне криве. Ова метода захтева цр
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тан>е калибрационе праве ко)'а показухе везу измену физичке особине испи-

тиваног система и концентраторе супстанце Koja се Hcmrryje. Уколико je

могуЬе измерити веома мале промене pearyjyhe супстанце тада се може пра-

тити и мерити почетна брзина реакци)'е, што пружа многа преимуЬства: с

обзиром на малу концентраций производа реакци)е сман>ена je могуКност

VTmjaja повратне реакщф на укупну брзину реакщф; отклааа компликащф

од споредних реакщф, Koje су под овим условима минималне; концентращф

pearyjyhnx супстанци се веома мало Meaajy што чини да je реакщф за то

време нултог реда у односу на н>их, па je репродуктивност века. За одре-

^иваше почетне брзине реакщф npHMeayjy се две основне методе Koje омо-

ryhaeajy да се избегне цртан>е целе калибрационе криве. Код методе фик-

сиране концентращф (или варщабилног времена) мери се време неопходно

да се постигне тачно одре^ени састав реакционе смеше, док се код методе

фиксираног времена одре1дф промена састава смеше за строго одре^ени

временски интервал (слика 2).
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Слика 2. Метода фиксиране концешращце и метода

фиксираног времена.

На слици 3 приказана je зависност почетне брзине реакщф од кон

центращф катализатора у crr/4ajy када се реакщф одиграва само у прису-

ству катализатора (А), као и у ar/4ajy када каталитичку реакщцу прати и

одговара)уЬа некаталитичка реакщф (В). Као што се вида, укупна брзина

реакщф ]ецнша je збиру брзина каталитичке и некаталитичке реакщф.

Уколико je разлика измену брзине укупне реакщф и некаталитичке реакщф

велика у односу на брзину некаталитичке реакщф, грешка одре!)иван>а je

углавном релативно мала. Ме^утим, уколико je однос брзина некаталитичке

и каталитичке реакщф мали грешка се повеЬава услед неконтролисане про

мене некаталитичке реакщф, тако званог „фона". Стога осетл>ивост ката

литичке peaKUHje зависи од релативних брзина каталитичке и некаталитичке

peanuHje, као и од стабилности некаталитичке реакщф Koja се може постиЬи

строгим контролисан>ем температуре, рН, соног ефекта, joHCKe силе и ели-

минисан>ем могуКих контаминащф.

Нагли pa3Boj каталитичких одре^иван.а, према подацима из прегледних

чланака о кинетичким методама Koje редовно oбjaвл>yje часопис Analytical

Chemisry, приказан je на слици 47. Као што се из овог приказа може видети

први овакав чланак публикован je 1964. године и он показу)е да je око 20%

од укупно изложеног материала у вези са каталитичким одре1)иван>има ;
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тако^е се ноже видети да после пада у 1966. и 1968. години каталитичка

одре^ивавъа достижу максимум од око 70% у 1972. години, као и да се уку-

пан 6poj радова од 1980. до 1982. године удвостручио.

 

koncentracija kalalizatora [с].

Слика 3. Зависност почетне брзине

реакцще од концентраци^е катализатора

у случа)у када се реакщф одиграва

само у присуству катализатора (В= 0),

као и у ary4ajy када каталитичку ре

актору прати одговадоуЬа

тичка реакци)а В.

300

200

100
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Слика 4. Радови из области кинстичких

метода анализе цитирани у прегледним

чланцима у времеку од 1954. до 1982.

године. Зацрн>ено je представлен удео

каталитичких метода.

Каталитичке методе анализе по cBojoj осетл>ивости одговара)'у физич-

ким микро-методама; ме^утим, за разлику од других микрометода селективноет

каталитичких одре^ивавьа je обично мавьа. У неким случа)евима селективност

се може повеЬати вариравьем рН вредности, концентращф реагенаса и тем

пературе, употребом средстава за маскиранъе или активатора, или пак ком-

биновавьем са методама одва^авьа. У последнее време на)више je примешивала

екстракщф. Такозвани „екстракциони поступак" се заснива на томе да

се после екстракщф одре1)иван>е врши у смеши воде и органског растварача

или у чисто органском медоц'уму8.

Об)ашн>ен>е за овако велики 6poj кинетичко-каталитичких одре^ивавьа

лежи у наглом pa3Bojy индустри)е и технолопф, као и у порасту интересо

вала за испитивавье животне средине и решававье здравствених проблема,

KojH je довео до повеНане потребе за веома осепьивим методама хеми)ске

анализе и то не само за одре!)иван>е трагова метала Kojn се CMaipajy есенци-

janHHM за живот, веЬ и разних биолошких и фармаколошки значащих суп-

станци, како за праЬевье метаболичких процеса и с там у вези раног постав-

л>авьа диагнозе неких обол>евъа, тако и за анализе чистоКе фармацеутских

препарата и контроле вьиховог терапеутског де}ства у организму. Тако се

примена каталитичких реакщф, употребом инхибитора и активатора, про-

nmpyje и на анализу органских супстанци.

Велики део до тада описаних метода за одре^иванье органских супстанци

заснован je на примени реакщф катализираних ензимима. Како ензим реа-

ryje као биолошки катализатор Kojn cMa&yje активациону бартеру и на Taj

начин убрзава jewry реакщц'у, а да се при том не троши, то су ове реакщф

коришКене за кинетичка одре^ивавьа. Реакщф катализиране ензимима при-

мевьиване су не само за одре^ивавье ензима и супстрата веК и инхибитора.
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Броще спектрофотометриjске, флуориметриjске и електрохелш)ске методе

засноване на овим реакщцама описане су у опсежним прегледима из ове

области9-18. Примена ових метода за клиничке анализе достиже врхунац

шездесетих и седамдесетих година.

МогуЬност за одре^иванье органских супстанци на основу вьиховог

инхибиторског flejcrea на pearaptje катализиране металима по први пут по-

шпье у cBojoj КЕЬИЗИ 1ацимирски6. Ово инхибиторско flejcreo условл>ено

je гра!)ен»ем комплекса 1 : 1 измену одре^иване органске супсганце и метала-

-катализатора. Motto1а и сарадници19,20 по први пут oflpeljyjy применом

овог принципа неке органске супстанце.

1ан>иЬ и МиловановиЬ21 су разрадили методу за кинетичко-каталитичко

одре1)иван>е органских супстанци на основу шире примене ефекта Kojn суп

станце способне да се KOopflHHyjy испол>ава)у на реакщце катализиране ме

талима. Равнотежни процес kojh доводи до стваравьа комплекса може се

представити следеЬом ]'едначином:

М+ L tzML (1)

где М означава катализатор, L лиганд додат у субеквивалентно) количини

у односу на катализатор М, како би се спречило образование випшх компле

кса, a ML je награ^ени комплекс састава 1:1, Kojn може имати ман>у или ве-

hy каталитичку активност од катализатора М. Применом закона о де]ству

маса на горвьу реакцэду добила се:

[ML]/[M][L]=^ (2)

{К je привидна равнотежна константа при константним условима). Како je

[М]0 = [М]+ [ML] (3)

[L]o= [L]+ [ML] (4)

[M]o и [L]o су стехиометри)ске концентращф компонената М и L. Из )ед,-

начина (1), (2) и (3) произлази

К [MP + [М] {1+ К [L]0-K [М]о}-[М]о= 0 (5)

Граничив вредности {едначине (5) покажу:

lim[M]0 =[М]0 (6)

л:-»о

lim[M]=[M]0-[L]o (7)

К-+а>

(Друго решенье lim (М) Т= 0 нема смисла)

ЛГ->оо

Из нгфених граничних вредности вида се да у првом случа]у до комплек-

сован>а не долази, док у другом cnynajy Оедн. 6) целокупна количина до-

датног лиганда у субеквивалентно} количини у односу на [М]о бива коорда-

нована. У практичном раду, у ar/4ajy довол>но великих вредности за К

и у одре^еном опсегу стехиометриjске концентращф лиганда може се узети

да je лиганд потпуно утрошен за координован>е („облает аналитичке при

мене"). У овим случа)евима могуЬе je одредати концентраци)у литанда

у раствору индиректно одре!)иван»ем равнотежне концентраций метала.

Када je органска супстанца Koja се oflpe^yje присутна у субеквивалентним
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количинама у односу на метал-катализатор одиграва)у се паралелно две

реакщф у раствору: pearamja катализирана металом и реакци)а катализирана

монокомплексом. У crry4ajy да се истовремено одиграва и некаталитичка

реашлф, за брзину важи следеЬа |едначина:

v = k№]P'c +HML]P,; + k0Poc (8)

где су ku кг и ko константе брзина peaKioije катализиране металом, реакци)е

катализиране металним комплексом и некаталитичке реакщф, док су Реу

Ре и Р°с производи или join сложение функщф концентращца свих ком-

понената Koje у реакции учеству)у.

Под претпоставком да je услов дат )едначином (7) у довол>но) мери

испун»ен, из )едначина (2), (7) и (8) произлази:

v = *i[M] ор; + кг [L] ор; + ml] ор;+ *ор° (9)

Из горше )едначине се види да he гранична вредност за v бити линеарна

функци)а величине [L]o и то независно од тога да ли je комплекс ML ката-

литички манье или више активан од М, или каталитички неактиван. Завис-

ност v од [L]o када je комплекс ML каталитички, неактиван (кнхибицща)

(а), када je каталитички ман>е активан (делимична инхибищф) (Ь) и више

активан од катализатора (активаци)а) (с), представл>ена je на слици 5. Из

 

Слика 5. Зависност брзине peaKimje од [L]0 У

случа;у када je комплекс каталитички неактиван

(а), каталитички маке активан (Ь) и каталитички

активнищ (с), од катализатора М.

ове слике се види да линеарна зависност v од [L]o nocTojn. и у случа)у да

индикаторску peaKunjy прати oflroBapajyha некаталитичка pearautja. Ме^утим,

утвр^ено je да горн>и заюьучак важи само за jeflHy одре!)ену облает кон-

центрагпф органске супстанце, тако звану облает „аналитичке примене".

Облает аналитичке примене може се одредити на основу }едначине22:

[ML]2 - [ML]{ [М]0+ [L]0 +k~i}+ [M]0[L]0=0 (10)

Ова jeflreraura пружа могуКност за израчунаваше молске фракщф коорди-

новане органске супстанце за разне вредности привидне константе стабил-

ности комплекса, К, и [L]0. Из таблице I види се да када je /С-1^ [М]0- 1(И об

лает аналитичке примене лежи у интервалу 0< [L]0^ 0,8[М]о,с обзиром да je при

T°j CTexHOMeTpHjcKoj концентрации више од 99,5% супстанце i<oja се од

Pe5yje координовано са металом.
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ТАБЛИЦА I. Молски удели са металом координоване органске супстанце за неке К~]

и [L]0 вредности22

к-1
■

[L]o

•

0,2[М]„ 0,4[М]о 0,6 [М]0 0,8 [М]0 1,0[М]о

[М]„

[М]„- Ю-1

[М]„- Ю-2

0,475

0,941

0,985

0,999

0,451

0,867

0,985

0,999

0,427

0,833

0,976

0,998

0,404 0,382

0,696

0,905

0,969[М]о • Ю-»

0,787

0,958

6,995

На основу ових разматран>а разращен je велики 6poj кинетичких метова

за одре!)и.ва1ье микро и ултрадшкро-количина разних органских супстанци21-27

(таблица II).

ТАБЛИЦА II. Кинетичка одреЬнван>а органских супстанци применом ефекта ко)и испо-

л>ава)у на реакци)е катализиране металима

Концентращф Релативно стандардно

1един>ен>е mol/dm8 одступан>е (% )

Амино-киселине21 2,00- 8,00- ю-« 1,3-10,0

Витамини из групе В23 1,08-4,32- ю-» 0,9-10,0

Хистамин и антихистамински

препарати24 0,10-2,96- ю-" 1,0-10,0

Бактерлостатици ч фунгицида

из групе 8-оксихинолиня22 2,85-11,3- Ю-» 3,4-9,2

Катехоламини25 2,00—8,00 • ю-» 3,0-10,0

Тироксин25 1,00-10,0- ю-» 1,2-5,3

5-Хидрокситриптофан26 0,78-3,20- Ю-» 0,9-4,4

Тетрациклини26 0,80- 3,20- ю-4 0,6-7,5

Гентизинска киселина27 0,40-3,20- Ю-4 0,3-4,7

Хромотропна киселина27 0,40-3,20- ю-4 2,0-5,0 .

Гална киселина27 0,40-3,20- 10"4 1,0-6,0

Рутин2' 0,40-3,20- 10-4 2,0-9,0

За одре1)Иван>е органских супстанци на основу шиховог инхибиторског

де)ства на реакцэде катализиране металима примен>ене су такозване катали-

метри)ске титраци)е, Koje се 3acmmajy на каталитичком одре1)иван>у завршне

тачке титращф. Титрацща се врши супстанцом Koja катализира индикаторску

реакци)у, док се у титрованом раствору налази супстанца Koja поништава

де)ство катализатора, било услед таложеньа или комплексоваша. Оног мо

мента када се супстанца Koja инхибира индикаторску реакщцу потроши (за-

вршна тачка титращце) прва следеКа кап титрационог средства додато у

вишку убрзава peaKimjy. Индикаторска peaioraja може бити праЬена визуеЛНо

или неком инструменталном методом. За разлику од других кинетичко-ката-

литичких метода, у овом случа}у ни)е потребна квантитативна интерпретапэда

катализиране реакци)е; довольно je присуство катализатора у OHoj количини

Koja доводи до приметног убрзавьа реакци)е. Каталитичке титращф су веома

погодне за одре1)иван>е концентраци)а супстанци (металних joHOBa ко)и испо-

л>ава)у каталитичко flejcreo и органских }едщьен>а Koja ово детство инхи

бира jy).
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У последнее време за одрег)иван>е органских супстанци кинетичким

методама користе се реакщф разлагала водоник-пероксида комплексима

метала са одре^иваним )един>ен>има, чя]е je nejcrBO слично ензиму каталази

у човеч)ем организму. С обзиром да при овим реакиэдама Hacrajy интерме-

дофрна нестабилна )едгоыаьа, то je npahe&e* брзине настаjaH>a или разла-

ган>а ових )един>ен>а, Koja je пропорционална концентрацией присутних ор-

ганских супстанци, омогуКено шихово одрег)иван>е. Тако су за одре^иванл

неких значаjHHX биолошки активних супстанци до сада коришКени н>ихови

комплекси са молибденом(У1) и кобалтом(П). Разра^ене су методе за одре-

1)иваае серотонина и аеговог метаболита 5-хидроксииндолсирКетне киселине

4Hja повеЬана концентращф у урину може да укаже на присуство канцеро-

идних тумора, као и L-допа и карбидопа KojH се као инхибитори декарбок-

силазе npre«eH»yjy за лечаье Паркинсонове болести, и на)зад метил-допа

KojH се примен>у)е као антихипертензивно средство28. Поменуте супстанце

граде каталитички активне комплексе са молибденом(У1). На овом принципу

предложена кинетичка метода за одре1)иван>е допамина применена je за

ньегово одре^иванье у неким структурама мозга пацова29. КористеЬи исто

flejcTBO комплекса кобалта(П) са папаверином и морфином предложене су

методе за одрег)иван>е ултрамикро-количина ових супстанци у урину30'31.

Током ових истраживан>а утврг)ено je да и нека друга ]едщьеньа из групе

onHjyMCKHX алкалоида под истим условима pearyjy слично са кобалтом, обра

зуjyhn каталитички активне комплексе. У таблици III приказано je како

разни супституенти, присутни у испитиваним фенантреновим дериватима,

утичу на каталитичку активност образованих монокомплекса. Може се видети

да каталитичка активност опада постепено са супсттувдфм фенолне хи-

дроксилне групе код морфина метокси трупом у ar/4ajy кодеина или етокси

групом у cny4ajy дионина, док тебаин Kojn има две метокси групе испол>ава

HajMaay каталитичку активност. Ова nojaBa пружа могуЬност за селективно

одре^иванье оних (едишека код Kojnx je та разлика у каталитичким актив-

ностима н>ихових комплекса довольно велика.

ТАБЛИЦА III. Релативки моларни коефици)енти каталитачке активности, дата као F

вредности, комплекса морфина и неких других фенантренових деривата са кобалтом(П)81

Тедин>ен>е Радикал — Ri Радикал — К2 F вредност*

Морфин -ОН -ОН 1,000

Кодеин -OCHs -ОН 0,065

Дионин -ОС»Н5 -он 0,051

Тебаин -ОСНз -ОСНз 0,032

* F вредност представлю количник моларне концентраци)е референтне супстанце (ком

плекса морфина) и испитиваног комплекса кощ има исту каталитичку активност под иден

тичном условима.

Године 1983. об)авл,ен je опсежан преглед кинетичко-каталитичких

метода за одре^иванье органских супстанци32.
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3. ДИФЕРЕНЦИГАЛНЕ КИНЕТИЧКЕ МЕТОДЕ

Поред каталитичких метода анализе nocrojH join je;nra важна облает Kojy

чине диференщ^алне кинетичке методе. За разлику од каталитичких, ове мето

де се не примен>у)у за одре^иван>е ниских концентращф супстанци а веКина ре-

акци)а Koje се у овом cny4ajy npHMe&yjy су некаталитичке. Диференци)алне ки

нетичке методе почюьу да се примен>у)у срединой четрдесетих година и пружа)у

могуЬност одре!)иван>а концентращф fleejy супстанци Koje се налазе у раствору,

без претходног одва|ан.а, када nocroje велике разлике у н>иховим брзинама ре-

акци)а са за)едничким реагенсом. Уколико je разлика у брзинама реакщф

довол>но велика (нпр. кл/кв> 500) може се претпоставити да се одиграва

само бржа реакщф; тада се прво одреди укупна количина две)у супстанци,

док се за одре^иван>е реактившф компоненте употреби други аликвот чс-

питиваног раствора. Уколико треба анализирати смесе са маньим односом

кл/кв употребл>ава|у се диференци)алне методе33. У случа)у реакщф псеудо-

првог реда када je концентращф реагенса [/?]^>([А]0+[В]0) и када обе ком

поненте flajy исти производ реакщф С, систем се може описати следеНим

)едначинама :

А——С и В—"—С С11' ХТ>

Концентращф произвола реакщф у моменту времена t одре^ена je {едначином :

[C]=c-[C]t= [A]t+ [B]t= [А]ое-*л«+-[В]ве-*.«. (13)

У cjr/4ajy када je к\>къ, члан [А]ое~*л' nocraje занемарлъиво мали у од-

носу на [B]oe-V, пошто укупна количина ове компоненте H3pearyje. Тада

за [А](= 0 логаритамски облик горн>е (едначине изгледа овако:

ln([A],+ [B]i)= 1п([С].-[С],)= -*.t+lntB]o. (14)

Из ове )едначине следи да зависност логаритма концентращф ([A]t+[B]t)

или ([С]«,— [C]t) од времена t представл>а праву са нагибом — къ, са од-

сечком на ордината Kojn износи 1п[В]о (слика 6). Тада се вредност за [А]о

 

vreme vreme

Слика 6. Метода логаритамске екстраполащце за

смешу супстанци А и В у случа)у реакци;е првог

реда. Резултати за смешу (а), резултати за сваку

компоненту посебно (Ь).
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може добити из укупне почетне концентраци)е смесе Koja се може одредити

другим методама или из С. Због ceoje простоте ова диференци)ална метода

се HajBHiue примен.у)е.

Друга метода се заснива на зависности брзине промене укупне кон-

центрашф смесе, то jeer ([А] + [В]) или ([С]*,— [С]<) од времена. Дифе-

ренциравьем основне {едначине доби)а се

-d([CU-[C]«)/dt= *А[А],+*в[В], (15)

Када je концентрация компоненте [А]<, 4Hja je брзина реакцще eeha, при-

ближно )еднаканули израз — d([C]oo — [C]t)/dt приближава се Ав[В](. Стога

се брзина промене концентрашф може одредити у било ком времену г гра-

фичким представл>ан>ем ([С]» — [C]t) са временем и меревьем нагиба добивене

криве у Toj тачки (слика 7). Са смавьевьем [A]t однос нагиба према ([С]» — [С]»)

 

Слика 7. Метода Koja се заснива на мерек>у брзине

промене концентраци)е.

се приближава константно) вредности кв- Како je у Toj тачки ([С]оо — [С]«) =

= [B)t, то се вредност за [В]о може наЬи из )едначине 1п[В]о= 1п[В]е+

+ kbt. [А]о се израчунава посебним меревьем вредности ([А]о+[В]о) или из

[С]оо.

Lee и Kolthoff су предложили методу )едне тачке34 Koja се заснива

на одрег)иван>у укупне концентраци)е смеше после )едног одрег)еног вре-

менског интервала. Почетне концентращф се могу одредити из укупне кон-

центращ^е смеше и степена до кога je реакщ^а дошла за )едно одрег)ено

време. Ако се )едначина (13) подели укупном концентрациям ([А]о+[В]о)

и термови преуреде, доби)а се следеЬи израз:

[A]t + [B]t_[C],-[C](_ _ е_4в()_[АЬ

[А]0 + [В]о [С]« [А]о + [В]0

-е-*в« (16)

Ако се графички представи зависност ([А](+ [В]«)/([А]о+ [В]о) или ( [С loc

ate]«)/ [С] ш за неко време с, са почетном молском концентрациям суп-

станце А у смеши, доби)а се права лини)а са нагибом (е~*л'—е-*в<) и

одсечком е_Агв' и е~**' за молске фракщф компоненте A Koje одговара^у

нули и )единици. Ова) график се може лако нацртати меревьем степена до

кога je реаговала чиста компонента А и В, за неко време t, и цртавьем праве

лтт]е Koja пролази кроз те две тачке (слика 8).

Ове методе отвориле су почетном педесетих година нове могуЬности

за симултане анализе изомера, хомолога и других хеми)ски средних смеша,

о чему сведочи друга монографи)а из области примене кинетике у анали-

тичко) xeMHjH33. У то време, упоредо са разво)ем диференци)алних кине
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тичких метода, педесетих и шездесетих година почин>е уграг)иван>е органске

хеми)ске анализе у аналитичку методологи)у, Koja je у почетку свога paaeoja

углавном била ори)ентисана на класична одрег)иван>а неорганских )онова у

мкяералним узорцима.

Нагли напредак електронике шездесетих година доводи до еволущце

дотаданпье инструментащф што пружа нове могуНности кинетичким мето-

дама. МогуКност континуираног меревъа и бележевъа сигнала кощ je у вези

са променама концентраци)е под динамичним условима, у системима Kojn

се приближава)у равнотежи, у аналитичко) пракси доводи до повеЬанъа

тачности и прецизности. Примена аналогних и дигиталних, полуаутоматских

и потпуно аутоматских контролисаних система, омогуЬила je оптимизшдау

услова при кинетичким одре!)иван>има, што се одразило на повеНавъе осет-

л>ивости и селективности.

Седамдесетих година разви)а се техника зауставног тока35'37 Koja се

npHMeayje за кинетичка меревъа а заснива се на томе да се узорак и реагенс

убризгава}у у одел>ак где се Meinajy и одатле се дефектно смеша одводи у

детектор (нпр. кивету спектрофотометра). Овде се ток нагло зауставл>а и

чита абсорбанца раствора.

4. УЛОГА КИНЕТИЧКИХ ПРИНЦИПА У ДРУГИМ АНАЛИТИЧКИМ МЕТОДАМА

Да би се добила целовита слика о улози кинетике у аналитичко) хемщи

мора се поред описаних каталитичких и диференпэдалних кинетичких метода

узети у обзир и улога Kojy кинетички принципи nrpajy у разним аналитичкИм

приступима Kojn нису у директив вези са хеми}ским реакш^ама ушьученим

у процес меревъа, веЬ се npounipyjy и на физичке процесе Kojn се одиграва)у

у току хеми)ске анализе. Као пример оваквих метода могу се навести хро-

матографске методе одва)ан>а (кинетичка Teopnja ширевъа хроматографске

зоне), беспламена атомска апсорпциона спектроскогаф (кинетичка Teopnja

атомизадеце код беспламене атомске апсорпциона спектрофотометрфа са

графитном пеЬи), реакщф Koje се одиграва)у у близини или на површини

електрода, као и анализе засноване на континуираном току38.

Реакщф Koje се одиграва)у у близини или на површини електроде

CMaTpajy се строго узевши хетерогеним. Мег)утим, како се ове реакщф оди-

rpaeajy пре или после преласка електрона са електроде, то се могу повезати

са редокс-реакщфма Koje се OflHrpaeajy у хомогеним растворима. IIocTojH

неколико o6jaimbeH>a за каталитлчке механизме Kojn се примен>у)у за пола-

рографско одрег)ивавъе разних супстанци33. HajpacnpocrpaH>eHHjH je механизам

 

"molska frakcija АСлика 8. Калибрациона права за методу )едне тачке.
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електрохеми}ске редукщф или оксидаци)е неке супстанце на површини

електроде праЬен брзом поновном оксидаци)ом или редукци)ом реакционог

произвола. Овакве оксидационо-редукционе каталитичке CTpyje примен>ене

су на пример за анализе трагова молибдата, ванадата, волфрамата, у при-

суству водоник-пероксида.

Неке органске супстанце има)'у особину да Be3yjy водоник и на Taj начин

ciwaibyjy наднапон водоничног joHa. Ако je концентрашф одре^иване ор

ганске супстанце мала у односу на слободне водоничне joHe у раствору, по-

jaBHhe се пре главног каталитичког таласа водоника }едан мали каталитички

талас. Органска супстанца поново се Be3yje са вишком слободних водони-

кових )онова и циклус се понавл>а:

Org -Н+ е--»» +Н2+ Org-

t

Org-+A(flOHop npoTOHa)->Org—H+A-

Jefljubeiba типа пиридина, алкалоиди, протеини и амино-киселине Koje по

сещу трупу —SH flajy овакве каталитичке таласе, па се овако могу одре-

1)иватизв-41.

Поред ових, nocrojH joui (едан механизам а то je редукщф неких ме-

талних комплекса (нпр. никла, кобалта и др.) са органским лигандима при

знатно позитивHnjHM потенщцалима од оних при Kojmta се penyKyjy солва-

тизовани метали. У ciry4ajy када je концентращф лиганда мала у односу

на KOHneHTpaimjy металног joHa, |авл»а се каталитички поларографски талас

Kojn претходи главном таласу овог метала.

Што се тиче анализа заснованих на континуираном току, задржаЬемо се

на несегментирано} верзи)и познато) као „flow injection analysis", Kojy су

TeopHjcKH поставили и сфаснили Ruiicka и Hansen42 1 975. године, a Koja

пружа велике шансе за разраду нових кинетичких метода. Ова метода за-

снива се на убризгаван>у узорка у crpyjy носача KojH континуирано протиче.

Узорак се меша са реагенсима у реакционо] спирали а реакциону смешу ток

дал>е одводи у детектор где се врши квантитативно мермье и континуирано

бележен>е сигнала. Детекщф се одиграва док се у систему успоставл,а рав-

^ zagrevanje(70°)OS

" 300 cm

I 0.5 mm I

i
i i
i i

i 1

P, ml / mm

Слика 9. Проточки дщагрвм. Ri — о-динитробензол + фор-

малдехид у раствору диметилсулфоксида, R2 — натри)ум хи-

дроксид (7 mol/dm3), Т — носач (вода), S — узорак (50

D — фотометар (запремина кивете 8 [А, дужина 10 mm), W

— одвод, Р — пумпе ко]има се регулише ток носача и реагенаса.

Kpojeon се односе на дужину спирпла у cm и н>ихов унутраипьи

пречник у mm.
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нотежа (услед физичког или хеми)ског процеса, или оба истовремено) па

зато ова) поступак спада у кинетичке методе одре!)иван>а. На пример, одре-

1)иван,е катехоламина (1—100 pmol) на основу ньиховог каталитичког детства

на редукци)у о-динитробензола формалдехидом у раствору натри^ум-хидрок-

сида43. Реакци)а се прати мереньем апсорбанце o6ojeHor производа, слика

9. Основни концепт ове методе лежи у контролисано) дисперзи]и узорка

у току транспорта до детектора. Природа физичког процеса на коме je ме

тода засновала обезбе!)у)е доби)ан>е линеарних калибрационих правих за

разне концентраци)е узорка. Последних година ова метода се нагло развила

па су се поцшиле и нове технике: граддцентно разблаживан>е, комбинаци)а

методе зауставног тока и градецентног разблаживан>а и метода гради)ентне

THTpauHje*4. Применом ове технике могуЬе je анализирати преко 200 узорака

на час са грешком испод 1% . Предност ове методе je у [едноставности екс-

перименталног изво1)ен>а, економичности у потроипьи реагенаса и узорка и

веома брзом доби)ан>у аналитичких резултата. Поред тога, ова метода омо-

гуЬава вршен>е разних onepaimja с обзиром да проточна crpyja може да се

филтрира, загрева, деканту}е и eKcrpaxyje. Док je pamije сву пажнъу привла-

чио врх максимума као извор аналитичких информашф, градофнтна техника

ове методе омогуЬава проширен>е аналитичке примене, што значи да се за

добщан>е података може одабрати она концентращф при nojoj се цобщщу

оптимални резултати за брзину реаюпф. То je могуНе стога што сваком

временском интервалу почев од убризгаван>а узорка одговара специфична

вредност дифузионог коефищфнта D (£)=Со/С, где je Со концентращф

убризганог узорка а С концентращф узорка после неког одре^еног времена)

за дисперговану зону узорка (слика 10).

 

Слика 10. Зона диспергованог узорка,

почетне концентраци)е С0, кощ je

убризган на месту S и одговара)уКа

крива промене концентращф са вре

менем, ко)у je регистровао писач. Сва-

ко) концентрацией узорка (С) одговара

одре^ена вредност специфичне диспер-

3nje (D).

Недавно су применьени системи код ко)их континуирани ток чини гас,

a xeMHjcKe реакшф се одиграва|у на површини измег)у гаса и течности, или

гаса и чврсте супстанце45-48.

5. ЗАКЛ.УЧАК

Из овог прегледа еволушф кинетичких метода и приступа, може се

видети да je кинетика, иако можда pamije занемаривана, одувек била при-

сутна у аналитичко) xeMHjH, па се намеКе питан>е у ком правду се може оче-

кивати дал>и разво) кинетичких метода анализе. Чтьеница je да утица) Kojn
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физички процеси диналшчке природе HMajy на квалитет аналитичких ин-

формащф, игра важну улогу у савремено) аналитичко) хемищ и да je будуЬ-

ност у примени и pa3eojy нових техника методе континуираног тока за од-

реЬиваше трагова како неорганских тако и органских супстанци у разним

узорцима .

извод

Дат je преглед кинетичких метода анализе са освртом на утица) кинетике на разпо;

савремене аналитичке хеми)е.

*

Републнчко) эа)едннни за научни рад CP Cp6nje захвал>у)ем на матери)ално) помоКи.
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A review on kinetic methods of analysis is given. Kinetic-catalytic methods, differential

kinetic methods as well as some other analytical methods based on kinetic principles, are dis

cussed. 46 references.
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A synthesis of l,3j5(10)-estratriene-16-oxo-3-methylether, starting from

estrone-3-methylether is reported. The 16-oxo-steroid was prepared as a starting

material for a synthesis of a steroidal alkaloid of the solanidine type.

As we reported previously1, steroids exhibiting an E/F indolizidine ring

attached to the ring D can be readily obtained by intramolecular cyclization re

action through catalytic hydrogenation under pressure. In these syntheses, the

starting material were the natural steroids exhibiting the oxo-group in C-17

position (such as estrone-3-methylether or dehydroepiandrosterone acetate). They

were condensed with 5-methyl-pyridine-2-aldehyde and than subdued to catalytic

hydrogenation reaction, using Pd/C as catalyst to give indolizidine derivative

1 as a mixture of two diastereomers. The structure and stereochemistry of the

separated diastereomers was based on: IR (i.e. the so-called Bohlmann bands),

Щ NMR and mass spectral data as well as the measured rate constants of quater-

nization of the tertiary nitrogen with methyl iodide.

In order to be more close to the natural steroidal alkaloids (i.e., solanidine,

rubijervine and isorubijervine)2 we intended to effect the same type of conden

sation with 5-methyl-pyridine-2-aldehyde, starting with 16-oxo-steroids (such as

l,3,5(10)-estratriene-16-oxo-3-methylether) which should afford compound III

as a starting material for the intended synthesis.

The first part of our work involving the preparation of l,3,5(10)-estratriene-

-1 6-oxo-3-methylether is shown in the Scheme 2.

The reported synthesis of the 16-oxo-steroid is based on the previous results

concerning this topic (i.e. The British patent3 and the papers by Huffman et a/.4)

Two extensive monographs were recently published concernig mainly

the 1,2-transposition of the carbonyl group, specially in the field of steroids5'8

375
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Solanidine

Scheme 1.

As it can be seen from the reaction scheme 2, the oximation reaction of

estrone-3-methylether (/) was effected in the usual way7, giving the trans-oxi-

mino ketone (2).

However, beside the crystalline 1 6-oximino-ketone (2) a byproduct (2a) was

isolated from the reaction mixture. The *H NMR data of (2a), i.e. a low-field

one-proton triplet (8 9.7, /=2 Hz) assigned to an aldehyde group (attached to

a methylene), a two-proton triplet (8 4.10, J=l Hz) typical for an ester methylene

(bonded to another methylene) as well as a two-methyl doublet (8 0.94, /=7.5 Hz)

originating from an isopropyl group (of the isoamyl ester group), are in accord

ance with a novel seco-steroid structure. The formation of (2a) could be ratio

nalized in terms of a reverse base-catalysed Claisen condensation12 of the 17-oxo-

-16-nitroso derivative, followed by a subsequent hydrolysis of the seco-oxime

as shown in Scheme 3.

The next step in our synthesis was the reduction of the oximino-ketone

(2) to the corresponding ketol (5)8 9 with Zn-dust in boiling acetic acid. The 17{J-

-tosylate (4) from (5) was obtained in the usual way (TsCl/Py). Upon the reduction

of the tosylate {4) with LiAlH4 in the mixture of THF-diethyl ether, beside 17£-

-tosyloxy- 1 6p-hydroxy- 1,3,5(1 0)-estratrien-3-methylether (5), 1 6^-hydroxy- 1,3,5-

(10)-estratrien-3-methyl-ether (5a)10-11 (hydrogenolysis reaction) and 16p, 17p-

-dihidroxy-l,3,5(10)-estratrien-3-methylether {5b) were also obtained and sepa

rated by chromatography on a Si02 column.

Finally, upon the treatment of 17p-tosyloxy-16p-hydroxy-l,3,5(10)-estratrien-

-3-methylether with ethanolic solution of potassium hydroxide, the corresponding
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l,3,5(10)-estratrien-16-oxo-3-methylether (6) was obtained in small yield. The

obtained 16-oxo-steroid (6) melted at 129— 130°C and had the optical rotation

in chloroform solution of -38,12° (lit.11 -98.2°).

The structure of the final product (6) was unambiguously proved by means

of 13C NMR spectroscopy. The observed 13C chemical shifts concerning ring

D (Table) fit very well to the proposed structure. Thus, chemical shift of the

 

Scheme 2.
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с arbonyl carbon in (6) {i.e. 8C 217.9 ppm) as well as the observed downfield shifts

of C— 15 and C— 17 (i.e. 8C ca. 11.5 and 15.5, respectively) when compared to

those concerning the same carbons in the related compound with the unsubstituted

ring D (7), enabled assignment of this compound as the expected 16-oxo-steroid.

Moreover, the observed upfield shift of C— 14 (i.e. Sc —2.7, in comparison to

that of (7)) is in a good agreement with the influence of the 16-oxo-group.

30R 0 OR

(1)»R0N0

(R > ieoanryl, originating
q from iaoaayl oltrltaj

CCs> *** DC?

и

(2a)

Scheme .?.

TABLE. Comparison of 18C 25.15 MHz NMR (CDCb) chemical shifts* of l,3,5(10)-estratiene-

-16-oxo-3-methylether (6) to those of l,3,5(10)-estratriene-3-methylether (7)

Carbon

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

OMe

38.2 or

38.2 or

38.2 or

126.0 (126.6)**

111.7 (112.3)

157.7 (158.7)

113.9 (114.5)

137.6 (138.2)

29.7 (30.4)

28.1 (28.9)

39.0 (39.1)

43.8 (44.7)

132.2 (133.0)

(27.1)26.3

39.0

39.4

50.8

39.0

217.9

56.0

18.1

55.2

(39.1)

(39.9)

(51.3)

(39.1)

(56.2)

(18.3)

(55.3)

126.1***

111.2

157.2

113.6

137.7

29.7

43.8

132.5

38.8

41.0

53.5

26.8

20.6

40.5

17.5

55.0

♦Chemical shifts 8c (in ppm) are given relative to TMS as internal standard.

**"С chemical shifts (dioxan)18

***13C chemical shifts (CDC13) concerning (7)14

EXPERIMENTAL

Melting points were taken on Boetius PHMK apparatus and were not corrected. IR spectra

were recorded (KBr pellets or film) on a Perkin-Elmer spectrophotometer, model 337. 4i NMR

spectra were recorded on a FT-80 A spectrometer in CDCU using tetramethyl silane as internal

standard. Chemical shifts were expressed in terms of 8 ("ppm) values and coupling constants
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(J) in Hz. Thin-layer chromatography was performed on a Silicagel G, type 60 and column

chromatography on a Silicagel 60 (0.063 — 0.200 mm), (Merck).

3-Methoxyestra-l,3£(10)-triene-16,17-dione-16-cxime (2)7

Isoamylnitrite (10 ml) was slowly added under nitrogen to a stirred solution containing

3-methoxy-l,3,5(10)-estratriene-17-on (6 g) and potassium t-butoxide, freshly prepared by dissolv

ing potassium (5 g) and i-butanol (200 ml). The red coloured reaction mixture containing a

precipitate (formed upon addition of isoamylnitrite), was left overnight and then diluted with

1 % aqueous potassium hydroxide (1000 ml), followed by extraction with chloroform. The aqueous

layer was acidified with 2 mol/dm3 HC1 (to pH 5) to give a yellow precipitate, that was removed

by filtration, washed with water and dried, affording the ketooxime (2) (6.8 g) which, upon re-

crystallization from ethyl acetate melted at 204° (lit.7 212-214°).

Further work up of mother liquor (after separation of the main product(2)) including

silica gel column chromatography (n-hexane/acetone, 4/1) afforded a pale yellow oil which was

identified as seco-aldehyde (2a) according to spectral and elemental microanalysis data. Calcu

lated for C24Hs40« C, 74.58; H, 8.87. Found: C, 74.66; H, 9.01%. WNMR (80MHz, CDCh):

8 0.94 (6H, d, J = 7.5 Hz, (СЯз)аСН), 1.16 (3H, s, СЯз-18), 3.75 (3H, s, СЯзО-), 4.10 (2H,

t,J - 7Hz, -СНа-СЯг-0-С=0), 6.00(lH,/s, 4-H), 6.67 (1H, dd,Ji = 8Hz,/« - 2.5Hz

H-2), 7.16 (1H, d, J = 8Hz, H-l), 9.7 (1H, t,J = 2Hz, -СНа-СЯ = 0); IR(film): v m»x=

= 2730, 1740, 1620, 1560, 1570, 1285, 1240, 1170, 1120, 1050 cm-1.

3-Methoxyestra-l,3J(10)-triene-16-on-17-ol (3)*

To a stirred solution of oxime (2) (6.5 g) in glacial acetic acid (195 ml) and water (8 ml)

at 40 — 45° was added zinc dust (16.4 g) im small portions. The reaction mixture was diluted with

water (179.5 ml) and stirred at 120° for 1.5 h. In order to remove zinc, the hot reaction mixture

was filtered off and the solution poured into water and ice. The precipitated crude product was

filtered off, washed with water and dissolved in chloroform. The chloroform solution was washed

with water and dried over arm. sodium sulphate. Evaporation of the solvent in vacuo afforded

a brown oil (5.9 g) which crystallized upon purification with charcoal in ethanol, affording ketol

(3), m.p. 178°(lit."» 169.5-171°). Calculated for CioHwOs: C, 75.97; H, 8.05; Found: C, 75.84

H, 8.07%. 1Я NMR (80MHz, CDCh): 8 0.75 (3H, s, СЯз-18), 2.67 (1H, d,J = 4Hz, exc. D.O

OH), 3.79 (3H, s, СЯз О-), 3.83 (1H, d,J= 2Hz, H-17), 6.65 (lH,/s, H-4), 6.70 (1H, dd

Ji = 8Hz, /a = 2.5Hz, H-2), 7.18 (Щ, d, J = 8Hz, H-l). IR (KBr): v mix = 3500, 1760

1620, 1580, 1250, 1150, 1050, 880, 830, 795 cm-1.

3-Methoxyestra-l,3£(10)-triene-16-on-17-ol-p-toluenesulphonate (4)*

To as ilution of ketol(J)(5 g) in dry pyridine (125 ml) was added p-toluenesulphonyl chlo

ride (15 g) and the mixture was left overnight at 0—5°. After additional 24 h at room temperature,

water was added and the precipitated crude product was filtered off and washed with water.

Recrvstallizatior (5.8 g) from boiling acetone afforded an analytical sample of tosylate (4), m.p.

188-190° (lit.4 179.5-180.5). Calculated for CaoHsoOsS: C, 68.70; H, 6.65; S, 7.05. Found:

C, 68.51; H, 6.60, S, 7.14%. >Я NMR (80MHz, CDCh)'. 8 0.90 (3H, s, СЯз-18), 2.46 (3H,

j, СЯз/TsO) 3.77 (3H, s, СЯзО-), 4.66 (1H, s, H-17), 6.65 (1H,/j, 4-H), 6.70 (1H, dd,Ji =

= 8Hz, Ji = 2.5Hz, H-2), 7.17 (1H, d, J = 8Hz, H-l), 7.6 (4H, AA'BB' p-TsO). IR(KBr):

vmax = 1780, 1620, 1520, 1250, 1180, 1020, 880, 850, 680, 570, 550 cm-1.

3-Methoxyestra-l^^(lO)-triene-16,17-dihydroxy-17-p-tcluenesulphonate (5)4

A solution of keto-tosylate \4) (5.5 g) in dry tetrahydrofurane (70 ml; was added dropwise

to a stirred suspension of lithium aluminium hydride (3 g) in dry diethyl ether (200 ml). The

reaction mixture was stirred under reflux for 1 h. The excess of reagent was destroyed by careful

addition of cold water to a cooled reaction mixture, which was then acidified using 0.5 mol/dm3

HaS04. The product was extracted with ether, the ether layer washed with water and dried over

anhydrous sodium sulphate. The solvent was evaporated in vacuo to give a brown oil (4 g), con

taining three products, (5, 5a and 5b), which were separated on a silica gel (0.063—0.2 mm) column

eluting with benzene/ethyl acetate (95/5).

3-Methtxyestra- 1,3,5( I0)-triene-16, 1 7-dihydroxy- 1 7-p-toluenesulphonate (5), recrystallized

from acetoneIn-hexane, m.p. 171° (lit.* 166— 167°)

Calculated for CaoHsaOsS : C, 68.39; H, 7.06; S, 7.02. Found: C, 68.16; H, 6.99; S, 7.37%

lH NMR (80MHz, CDCh): 8 0.95 (3H, s, СЯз-18), 2.42 (1H d, J = 3Hz, exc DaO, OH),
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2.5 (3H, j, СЯз/TsO), 3.76 (3H, j, Ctf30 - ), 4.02 (.1H, d,J = 7Hz, H- 17), 4.32 (1H, m, H- 16),

6.60(lH,/i, H-4), 6.67 (Ш, = 8Hz,ya = 2.5Hz, H-2), 7.12 (1H, d, J = 8Hz, H-l)

7.60(4H, AA'BB', p-TsO). IR KBr): v Mx = 3350, 3550, 2900, 1610, 1575, 1500, 1450, 1350,

1275, 1175, 995 , 980, 960, 880, 820, 790 cm1.

3-Methoxyestra-l,3,5(I0)-lriene-l6$-ol (Jo), recrystallized from light petroleum 40— 60°,

m.p. 105° lit."' 103.5-104°) Calculated for CidHmO.: C, 79.68; H, 9.15. Found: C, 79.44; H,

9.01%. WNMR (,80MHz, CDCh): 8 1.00 (3H, s, H-18), 3.75 (3H, s, СНзО-), 4.40 (1H,

m, H-16), 6.60 0H,fs, H-4), 6.67 (1H, dd, /1 = 8Hz, J, - 2.5Hz, H-2), 7.15 (1H, d, J =

= 8Hz, H-l). IR КВт): v m„ = 3300, 2900, 1610, 1570, 1500, 1450, 1250, 1040, 1010, 870,

790 cm"1.

3-Methoxyestra-l,3,5(IO)-triene-l6$,17$-diol (56), recrvstallized ftcm methanol, m.p

138-140° riit.» 141-142°) itf NMR (80 MHz, CDCh): SO'.85 (3H, i, CH3-I8), 3.47 (1H

t*,J = 8Hz, H-17), 3.75 (3H, j, CH3O-), 4.15 (1H, m, H-16), 6.60 C1H, ft, 4-H), 6.67 OH

dd,Ji = 8Hz, Jt = 2.5Hz, 2-H), 7.15 (1H, d,J = 8Hz, 1 -H). IR(KBr): v max = 3460, 3200

2940, 2880, 1620, 1600, 1520, 1460, 1400, 1330, 1280, 1240, 1150, 1080, 1040, 850, 795 cm"1

3-Methoxyestra-l,3£(l0)-triene-l6-on (6)4. A solution of hydroxy-tosylate (5) (0.6 g) in

95% ethanol i,120ml) and 1 mol/dm3 potassium hydroxyde (120 ml) was stirred under reflux

for 30 min. After dilution with water (120 ml), the reaction mixture was concentrated in vacuo

to give a solid residue (0.32 g) which, upon recrystallization from methanol, afforded (6), m.p.

129-130° (lit.4 124-125°) [<x][^= -38.12° (chl. с = 1). Calculated for C19H24O2: C, 80.24; H,

8.51; Found: C, 80.04; H, 8.47%. W NMR y80 MHz, CDCh): 8 0.94 (3H, s, CHs-18), 3.79

(3H, s, СЯ3О-), 6.65 (1H, fs, H-4), 6.70 (1H, dd,Ji - 8Hz,y2 = 2.5Hz, H-72), 7.17 (1H,

d, J = 8Hz,H-l).

l3CNMR (20 MHz, CDCh) are listed in the Table.

IR KBr): vm»x= 3000, 1750, 1620, 1580, 1500, 1270, 1160, 1000, 830, 780 cm-1.
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ИЗВОД

16-ОКСО-СТЕРОИДИ. СИНТЕЗА 1,3,5(10)-ЕСТРАТРИЕН-3-ОЛ-16-ОН-

-3-МЕТИЛЕТРА

MHPJAHA БРАЛОВИЪ

Пнсшишуш за хемщу, шехнолохщу и мешйлурщу, Београд

МИЛУТИН СТЕФАНОВИЪ и СЛОБОДАН МИЛОСАВЛЕВИЪ

Хемщски инсшишуш Природно-машемашичког факулшеша Универзишеша у Eeoipagy

Разращена je синтеза за добиваше 1 6-оксо-стероида у ecTporeHoj cepujn полазеКи

од естрон-3-метилетра. Добивени 1,3,5(10)-естратриен-3-ол-16-он-3-метилетар je полезна

супстакца за дал>у синтезу стероидног алкалоида типа соланидина (формира&е прстена

Е и F), кондензаци)Ом са 5-метил-пиридил-2-алдехидом и циклизациям добивеног пи-

колинилиден деривата методом хидрогенизациjе под притиском од 30atm (Hs/Pd/C).

(Примл.ено 4. Maja 1984)

*Most probably two overplapped doublets originating from diastereomeric diols.
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Som: derivatives of 2,5-bis-(2-benzothiazolyl)furans have been synthesized

and their fluorescent properties studied. The pew substituted compounds as well

as the unsubstituted parent bisbenzothiazolylfuran exhibit fluorescence with emission

maxima in the visible region between 408 and 525 nm. The intensity of fluorescence

is greater in acetic acid than in ethanolic solutions.

As a part of our studies of 2-furylbenzothiazoles1'2 searching for organic

luminophores, in the present work we turned our attention to a number of sub

stituted 2,5-bis-(2-benzothiazolyl)furans. Earlier investigations have shown that

some vinylogs of 2,5-bisbenzothiazolylfurans and thiophenes3 are coloured com

pounds with electronic spectra like typical bisdyes and that numerous derivatives

of benzazoles4 exhibit fluorescent properties and are useful as optical brighteners.

Our examination of 2,5-bis-(2-benzothiazolyl)furan (I)5,e showed that this compound

is also fluorescent and this prompted us to attempt a synthesis of some derivatives

of the parent compound I and to study their UV absorption and fluorescence

emission spectra.

TABLE I. Substituted 2,5-bis-(2-benzothiazolyl'furans

 

No R Reaction

time (min)

Yield M.p.

Formula

Molecular

mass

Anal. Calcd.

found

N%(%)
• ( C)

II 5-СНз 120 24 300 CS0HUN2OS2 66.27 7.73

362.46 66.60 8.01

III 7-СНз 60 40 204- CaoHuNaOSa 66.27 7.73

206 362.46 59.96 7.51

IV 5-ОСНз 90 58 239- CsoHuNaOaSi! 60.90 3.58

240 394.46 60.54 3.71

V 6-ОСНз 120 26 239 C20H1.1N2O3S2 60.90 3.58

394.46 61.12 3.83

VI 6-NO2 30 40 290 Ci8H8N406S2 50.94 13.20

424.41 51.22 13.43

GHDB-1023

* Taken in part from the M. Sc. Thesis of V. Tralic-Kulenovic

383



384 TRALlC-KULENOVlC, FISER-JAKIC. and KARAMAN

AH 2,5-bis-(2-benzothiazolyl)furans except the nitroderivative (Table I) were

synthesized by some modifications of known procedures5,7 from 2,5-furandicar-

boxylic acid dichloride and Zn-salts of corresponding o-aminothiophenols according

to Sheme 1.

1 II — V

Sheme I

R - H(I), 5 -СНз (.11), 7 -СНз (III), 5-ОСНз (IV), 6-ОСНз (V)

The nitroderivative was prepared according to Sheme 2 by the modified

procedure8 from 6-nitrobenzothiazole and 2,5-furandicarboxylic acid dichloride.

VI

Sheme 2

The products were characterized by elemental analysis, UV, IR and NMR

spectra (Tables I and II). The characteristic UV absorption maxima are in the

350— 395 nm region, and the characteristic bands in IR spectra6 are those at 905

and 1480 cm-1. In 41 NMR spectra the signals of СНз groups located as singlets

at 2.6 ppm and ОСНз groups located as singlets at 3.9 ppm proved to be most

useful.

TABLE II. UV absorption and fluorescence emission spectra of 2,5-bis-

-(2-benzothiazolyl)furans

 

No R UV spectrum Xmax(nm) Fluorescence spectrum Xm»x (nm)

in ethanol in :.cet. acid*** in ethanol in acet. acid

I H* 207, 288, 373** 380

408

430

413

438

460 (sh) 463 (sh)

415

435

418

II 5 -СНз 215, 360, 380** 385

462 (sh)

445 (sh)

475

III 7-CH3 209, 292, 377** 382

411

434

413

443

463

IV 5-ОСНз 212, 295, 390** 402 433

453

435 (sh)

525

V 6-OCH3 217, 375, 390** 400 435

458

435 (sh)

525

VI 6-NOz 220, 253** 400 no fluorescence 470

* Previously described, see ref. 5. ** Excitation maximum *** Excitation maxima only



FLUORESCENCE OF BISBENZOTHIAZOLYLFURANS 385

It was found that all prepared compounds are fluorescent with emission

spectra similar to the fluorescent spectrum of bisbenzoxazolythiophene9 exhibiting

one or more maxima in the range from 408 to 458 run taken in ethanol, and between

410 and 525 nm taken in acetic acid (Table II). As expected the substituents and

solvent have an influence on the fluorescence (Figs 1—3).

 

500 450 400 350 300

WAVE LENGTH [nm]

Fig. 1. Absorption (—) and fluorescence emission ( ) spectrum of 2,5-b.s(2-benzothiazolyl)-

-furan (I)

 

500 450 400

WAVE LENGTH [nm]

Fig. 2. Fluorescence emission spectra in 10^e molar ethanolic solutions of compounds I ( ),

II (---■)» m (---), IV ( ), V( ).
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550 500 450 400

WAVE LENGTH tnml

Fig. 3. Fluorescence emission spectra in 10-7 molar acetic acid solutions of compounds I ( ),

II ( ), III ( ), IV ( ), V ( ), VI ( ).

The influence of the electron-donating 6-methoxy group in V is demon

strated by a strong fluorescence emission in ethanol, ca 4 times more than that

of the parent bisbenzothiazolylfuran, accompanied by a bathochromic shift of

the emission maximum. The 6-nitrosubstituted compound VI with the electron

accepting group in ethanolic solution does not exhibit fluorescence at all and is

only slightly fluorescent in acetic acid solution.

EXPERIMENTAL

Melting points are uncorrected. IR spectra were obtained in KBr discs using a Perkin-

-Elmer M— 297 spectrometer. UV spectra were recorded on a Hitachi Perkin-Elmer 124 spec

trometer in ethanolic solutions. 'H NMR spectra were recorded on a Jtol J. M. M. — F. x — 10O

FT spectrometer in deuterochloroform with TMS as internal reference. Fluorescence spectra

were determined with a Perkin-Elmer 204 spectrofluorimeter in 10_e molar ethanolic and 10-7

molar acetic acid solutions at room temperature.

General procedure for the preparation of substituted bitbenzolhiazolylfurans (II— V)

The substituted bisbenzothiazolylfurans (II — V) (Table I) were prepared by heating

at the boiling point a glacial acetic acid solution of freshly prepared 2,5-furandicarboxylic acid

dichloride10 and corresponding Zn salt of substituted o-aminothiopherol. After standing over

night the precipitated crude products were isohted by filtration and purified by crystallization

from appropriate solvents. The analytically pure compounds were obtained by crystallization

from dimethylformamide.

Preparation of 2,5-bis-(5-melhyl-2-benzothiazolyl)furan (II)

Reaction of 2,5-furandicarboxylic acid dichloride (2.3 g, 0.012 mol) and Zn salt of 2-

amino-4-methylbenzenethiol11 (2.6 g, 0.008 mol) in 34 ml acetic acid yielded 0.8 g of crude product

II. After digestion with water and recrystallization from dil. acetic acid 0.7 g (24%) of product

II was obtained. Ai aiilytically pure sample of 2,5-bis-(5-methyl-2-benzothiazolyl)furan (II)

with m.p. 300 was obtained after recrystallizrtion from dimethylfoimamide.

Preparation of 2,5-bis-(7-mcthyl-2-benzolhiazoIyl)furan (III)

The solu'ion of 2,5-furandicarboxylic acid dichloride (1.1 g, 0.0053 mol) and Zn-salt

of 2-amino-6-methylbenzenethioln (2.3 g, 0.007 mol) in 34 ml acetic acid yielded 2.4 g (90%)
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of crude crystalline product III. After crystallization from dil. acetic acid and fiom dimethyl-

forimmide an analytically pure sample of 2,5-bis-(7-methyl-2-benzothiazolyi;furan (П1) with

m.p. 204 - 206° was obtained.

Preparation of 2,5-bis-(5-methoxy-2-benzothiazolyl)furan (IV)

Refluxing 2,5-furandicarboxylic acid dichloride (0.7 g, 0.0039 mol) and Zn-salt of 2-

amino-4-methoxybenzenethiol11 (1.75 g, 0.004 mol) in 12 ml acetic acid a brown crude product

was obtained. After digestion with water and crystallizations from acetic acid 0.9 g (58%) of

2,5-bis-(5-methoxy-2-benzothiazolyl)furan (IV) with m.p. 242° was precipitated. A pure sample

melting at 239—240° was obtained after crystallization from dimethylfoimamide.

Preparation of 2,5-bis-(6-methoxy-2-benzothiazolyV)furan (V)

The solution of 2,5-furandicarboxylic acid dichloride (0.57 g, 0.0029 mol) Zn-salt of

2-amino-5-methoxybenzenethiol11 and 10 ml acetic acid after refluxing, and standing overnight

yielded a brown crude product which was digested with water and recrystallized twice from dil.

acetic acid. The obtained 2,5-bis-(6-methoxy-2-benzothiazolyl)furan (V) (0.3 g, 26%), after

recrystallization from dimethylfoimamide melted at 239°.

Preparation of 2,5-bis-(6-nitro-2-benzothiazoly[)furan (VI)

A solution of 6-nitrobenzothiazole12 (1.5 g, 0.0083 mol) and potassium hydroxide (1 g)

in 1 1 ml ethanol was refluxed 30 min, poured into 30 ml water and the mixture was acidified

with hydrochloric acid. The precipitated product was filtered by suction, and after drying dis

solved in 5 ml of pyridine. To the obtained solution 2,5-furandicarboxylic acid dichloride (3.5 g,

0.018 mol) was added, the mixture was heated 30 min on a steam bath and then poured in dild.

hydrochloric acid. The precipitated solid was filtered of and dissolved in a mixture containing

dimethylformamide (8 ml), ethanol (15 ml) and coned, hydrochloric acid (14 ml). After heating

30 min on a steam bath the mixture was poured into water. The crude product after recrystalli

zation from acetic acid yielded 1.4 g (40%) of 2,5-bis-(6-nitro-2-benzothiazolyl)furan (VI). After

three additional recrystallizations from nitrobenezene and washing the crystals with ether, pure

product with m.p. 290° was obtained.

*
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I z V О D

FLUORESCENTNA SVOJSTVA NEKIH NOVIH

BISBENZTIAZOLILFURANA

Institut za tekstil i odjetu Tehnoloikog fakulteta, SveuliliSte и Zagrebu,

41000 Zagreb

Sintetizirani su do sada neopisani derivati 2,5-bisbenztiazolilfurana i ispitivana su njihova

fluorescentna svojstva. Pokazalo se da su svi supstituirani spojevi kao i matiini nesupstituirani

bisbenztiazolilfuran fluorescentni s maksimumima emisije koji leze u vidljivom podrucju izmedu

408 i 525 nm. Intenziteti fluorescencije ovise о otapalu u kojem su snimani spektri i znatno su

veci u octeno kiselim nego u etanolnim otopinama.

(Primljeno 16. maja 1983)
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Protonation processes of a-benzilmonoxime and 4,4'-dimethoxbenyzilmon-

oxime in acidic media were investigated in the presence of perchloric and sulphuric

acids. Protonation constants were determined. Effects of substituents on the proto

nation process were discussed and the corresponding ionic forms of oximes are

proposed depending on media acidity.

Monoximes of a-dicarbonyl compounds represent the group of organic

reagents applicable for spectrophotometric and extraction spectrophotometric

determination of metal ions1'2.

Investigations described in the chemical literature so far have been mainly

devoted to oxime reactions with metals, identification of the obtained complexes,

as well as to the possibilities of their analytical application1-5. Considerably smaller

attention has been paid to ionic forms of oximes both in acidic and basic media2,6,7.

Since for the characterization of complexes and the conditions of their formation

it is necessary to have knowledge of oxime characteristics either in basic or acidic

media, our investigations were directed to the study of the behaviour of a-benzil

monoxime and 4,4'-dimethoxybenzilmonoxime in acidic media.

EXPERIMENTAL

a-Benzilmonoxime and 4,4'-dimethoxybenzilmonoxime investigated in this work were

synthesized according to the standard procedure8,9. Spectrophotometric recordings have been

carried out by Varian Cary 219, Zeiss UV — Vis Specord. pH was measured on a pH-meter

Radiometer 22.

Perchloric acid used was p.a. 70%, Kemika, Zagreb, and sulphuric acid was p.a. 97%

Kemika, Zagreb. All other chemicals used for these investigations were of p.a. purity grade. Stock

solutions of oximes were prepared in absolute eth- nol with a concentration of 2 x 10_a mol/dm3.

Ionic forms of the oximes were studied by following the changes in their absorption spectra

as a function of media acidity.

Figure 1 represents absorption spectra of a-benzilmonoxime in absolute ethanol and

water (c — 3.2 x 10~5 mol/dm3), as well as in aqueous solutions of perchloric acid (c = 1 — 3

mol/dm3 HCIO4). For the solution of a-benzilmonoxime in ethanol, absorption maxima appeared

389
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at 215 run and 250 run. With an increase of water content in the solution absorption maxima

shifted toward shorter wavelengths for about 10 nm (Fig. 1). For solutions with an acidity of

up to 3 mol/dm3 for НСЮ4, i.e. 4 mol/dm3 for H1SO4, absorption maxima appear at the same

wavelenghts (205 nm and 256 nm).

 

Fig. 1. Absorption spectra of a-benzilmonoxime in aqueous solution and in absolute

ethanol (C = 3.2 x 10~5 mol/dm3)

In the solution of 4,4'-dimethoxybenzilmonoxime in absolute ethanol, characteristic ab

sorption maxima appear at 219 nm and 277 nm. With increase of water content in the solution

i.e. with increase of solution acidity, another two absorption maxima appear at 206 nm and 295

nm. They are present even in acidic media up to 3 mol/dm3 of HCIO4, i.e. 4 mol/dm3 of H1SO4

with increased absorption intensity (Fig. 2).

100 It H20

1.2 - 100 ETHANOL
00 •/. ETHANOL

Hj$0» - 1 mol/<mJ

1.0 -
 

Fig. 2. Absorption spectra of 4,4'-dimethoxybenzilmonoxime in aqueous solution and

in absolute ethanol (C = 3.2 x 10"5 mol/dm3)

Spectra of the oximes taken for the solutions of higher acidity (3 — 10 mol/dm3 for HCIO4,

i.e. 4— 12 mol/dm3 for H2SO4) show a decrease of absorbance at the absorption maximumta
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256 nm for a-benzilmonoxime and at 277 run for 4j4'-dimethoxybenzilmonoxime (oxime spectra

in pure water), as well as new iruxinn appear at 280 nm and at 323 nm, respectively (Figs. 3 and 4).

1.0 -
i 

200 250 300 A. (nm)

Fig. 3. Absorption spectra of a-benzilmonoxime in aqueous solutions (C = 3.2x10 5

mol/dm3) at different concentrations of perchloric acid: 1 — 2mol/dm3; 2 — 5 mol/dm3;

3-1 mol/dm3; 4 - 9 mol/dm3; 5 - 10 mol/dm3

 

200 250 300 V (nm)

Fig. 4. Absorption spectra of 4,4'-dimethoxybenzilmonoxime in aqueous solutions (C =

= 3.2 x Ю-5 mol/dm3) at different concentrations of sulphuric acid: / — 3 mol/dm3;

2 - 5 mol/dm3; 3 - 6 mol/dm3; 4 - 9 mol/dm3; 5 - 10 mol/dm3. . ,

RESULTS AND DISCUSSION

The observed small changes in absorption maxima of the corresponding

oximes in water and ethanol can be attributed to an expected solvent influence

on the position and the intensity of such absorption maxima. Namely, it is well

known13 that by increasing of solvent polarity n — тс* transition bands are shifted

towards shorter wavelenghts, while к — тс* transition bands are shifted towards

longer wavelengths. Also, it is well known that more polar chromophoric com

pounds are more sensitive towards solvent polarity than nonpolar compounds13.

Both is true in our case for the examined oximes in water and ethanol.
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Another possible, but considerably less probable explanation could be based

on an assumption that the examined oximes exist in s-cis t^. s-trans conformational

equilibrium which is dependent on solvent polarity (water or ethanol).

On the other hand, in strongly acidic media absorption spectra of the exam

ined oximes show greater changes related to the corresponding spectra obtained

in pure water (moderately acidic media) thus indicating a process which must

be due to the protonation of monoximes. The new absorption maximum has ap

peared, shifted for about 30 nm to longer wavelengths from the characteristic

absorption maximum in pure water. Most probably, this protonation process

involves the formation of the ion of the following structure:

R—С—С—R

II II

y\ )
H-0 H

Thereby we suppose a relatively strong intramolecular hydrogen bonding with

the vicinal carbonyl oxygen atom. In this way a stable quasi-five-membered cyclic

system is formed, involving an additional stabilization of the protonated form

of benzilmonoxime and its derivatives.

Proton bonding to the nitrogen atom of benzilmonoxime and its derivatives

is in agreement with the known basicity order of functional groups. In the case

of 4,4'-dimethoxybenzilmonoxime due to the positive resonance effect of the

CH3O — group in para-position, the protonation process is facilitated, and the

protonated form is additionally stabilized due to the following resonance structure:

н3с-о = ^ у = с - с - ^ у -0-CH3

N О

но" V

The structure, mentioned before, does not appear in the case of unsubstituted

a-benzilmonoxime.

Following the absorbance changes depending on media acidity at absorption

maxima, enables the construction of S-shaped curves, given in Fig. 5. From the

data of spectrophotometry measurements, presented by S-shaped curves, proto

nation constants for a-benzilmonoxime and 4,4'-dimethoxybenzilmonoxime were

calculated by the equation:

logKp=log£^+ntf0,

[B]

under the condition of n = 1, whereas [HB+] and [B] are the concentrations of

protonated and unprotonated oxime forms, while H0 is the Hammett acidity func

tion12. The value of the concentration ratios of protonated and unprotonated

oxime forms has been determined from the known spectrophotometric condi

tion10'11:

[HB+] A-Am

[В] Аш-А
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where Am is the absorbance of the sample containing 100% of the unprotonated

form on the wavelength of absorption maximum, AB is the absorbance of the sample

о a

0.5

0 4

0 Э

0 2 Fig. 5. S-shaped curve:

Absorbance change as a

functoion of aridity. ot-Ben-

zylmnoxime, HCIO4, X =

= 280 nm

containing 100% of the protonated form on the same wavelength, A is the absorb

ance of the sample at the given acidity H0, on the same wavelength.

Results obtained for the protonation constants are given in Table. I.

TABLE Г. Protonation constants values logKv

X = 256 nm X = 280 nm X = 310 nm

НСЮ4 -3.31 -3.33 -3.27

a-benzilmonoxime H2SO4 -3.37 -3.35 -3.39

mean value logKp = -3.34±0.05

X = 277 nm X == 323 nm X = 350 nm

НСЮ4 -2.13 -2.17 -2.31

4,4'-dimethoxybenzil- h2so4 -2.20 -2.12 -2.30

monoxime mean value logK„ = -2.20±0.09

From the graphical dependence log ([HB+]/[H]) on H0, the number of pro

tons bonded in the course of this protonation process was calculated to be 1.0 ±

± 0.3. As it is seen from the values given in Table I, protonation of 4,4'-dimethoxy-

benzilmonoxime occurred in less acidic media in contrast to a-benzilmonoxime,

which can be explained by the effect of the two present OCH3 groups. It is nec

essary to point out that although this protonation process occurred in strongly

acidic media, oxime fragmentation has not been observed. The process is revers

ible, so that the dissociation process for the protonated form and its transfor

mation into the neutral form, also can be followed spectrophotometrically.
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ИЗВОД

СПЕКТРОФОТОМЕТРЩСКО ИСПИТИВАН>Е ПРОЦЕСА ПРОТОНАЦЩЕ

а - БЕНЗИЛМОНОКСИМА И 4,4' - ДИМЕТОКСИБЕНЗИЛМОНОКСИМА У

КИСЕЛ01 И JAKO КИСЕЛСУГ СРЕДИНИ

■ НАДА У. ПЕРИШИЪ-1АН.И-Е, ДУШАН А. МИЛКОВКН и jyjlHJAHA А. ПЕТРОВИЧ

Инсшишуш за xeuujy, Природно-машеыашички факулшеш, Универзишещ у Новом Саду,

Велка ВлаховиНа 2, 21 ООО Нови С 4

Испитивани су гфоцеси протонащце а - бензилмоноксима и 4,4' - диметоксибензил-

моноксима у присуству перхлорне и сумпорне киселине. ОдреЬене су константе прото-

наци)е. Дискутован je утица) супституената на процес протонацще и предложени су,

зависло од киселостн средине, одговара^'уЬи )онски облици оксима.

(Примл>ено 10. априла 1984)
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Multifuncional filters which unite the effects of adsorption, ion exchange and filtration

are convenient for removing a large number of water pollutants. In order to broaden the appli

cation of these filters, the idea of introducing a chemical agent into the structure was developed.

Specifically cyanides were sorbed onto silver-ion impregnated filters. The filters applied were

made by the paper manufacturing method and consist of cellulose, cationic ion exchangers, ac

tivated carbon and the corresponding chemical agent. The chemically active substance (in the

general сазе) can either be bound to the ion exchange resin or to activated carbon. In this work

a method was developed for impregnating filters with silver ions. Also the possibilities of bonding

a chemical agent to particular filter components were investigated. The characteristics of such

a chemically active filter, as well as its efficiency in decreasing the concentration of cyanides in

water, were determined. Chemisorption was performed in batch and chromatographic continuous

systems under equilibrium and dynamic conditions. For the chromatographic continuous system

a decrease in cyanide concentration was determined : for an active layer of 8 mm (16 x 0.5 mm)

and a contact time of 2 s, it is better than 1000:1. The removal rate and concentration reduction

of cyanides in a batch system are very low.

The problem of removing cyanide ions from water is rather complex: classical

methods of adsorption and ion exchange, which are applied in the removal of

most water pollutants, do not enable the removal of cyanides from water. Chemical

procedures1,2: oxidation, precipitation and complexing enable partial or complete

cyanide elimination. However, this is performed by a very strict control of the

reaction conditions and process kinetics and the concentration of highly toxic

gaseous products is substantial. All the procedures for chemically treating water

polluted by cyanides3,4 require several operations, so they cannot be applied in

simple water purification systems.

In this work the removal of cyanide ions was performed by a procedure

which unites the effects of adsorption, ion exchange, precipitation and removal

of the formed precipitate by filtration. Complex reactions combined into a simple

system, where the effects are complemented, are attained by bonding cyanide

ions onto adsorptive ion exchange filters impregnated with silver ions.

The adsorptive ion exchange filter was made by the paper manufacturing

method from four components: cationic resin in the H+ form (Amberlite IRC-120),

anionic resin in the OH- form (Amberlite IRA-410), activated carbon and cellulose.

The procedure for manufacturing these filters was previously described5,6. These

395
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filters have excellent removal characteristics for a large number of pollutants,

but they are not efficient enough for cyanides.

By introducing a chemical agent into the filter structure the applicability

of active filtration is extended to removing specific pollutants, including cyanides.

Through a series of preliminary experiments, the ionic bonded silver was

chosen as the chemically active substance which removes cyanides and positively

influences the adsorptive and other characteristics of the filter. Ionic silver with

cyanides forms the almost insoluble AgCN and the complex soluble [Ag(CN)2]~

Ag+ + CN- i= AgCN Кикя (25°C) = 1 .6 x 10-« (ref. 4)

Ag+ + 2CN- [Ag(CN)2]- K[Ag<cN)2r (25°C) = 1.25 x 10" (ref. 4)

The silver ion can be bonded either to the cationic resin or to activated carbon,

which has been experimentally confirmed. Analogous results were obtained by

bonding silver to the completed filter paper, or to particular components in the

course of manufacturing the filter.

The precipitate and the complex compound, as experiments have shown,

remain in the filters. By bonding silver to one of the filter components, the oper

ation of adding silver salts to water, in the classical procedure, is avoided, as

well as mixing, precipitation, precipitate removal and excess silver removal.

EXPERIMENTAL

Experiments were carried out with p.a. grade reagents and distilled water, except in the

case of paper production, when technical raw materials were used.

For qualitative detection of cyanides in the investigated solutions, paper saturated with

barbituric acid, pyridine and chloroamine T was used. (Sensitivity: 4 x 10 'mol/dm3 cyanide)1-".

The quintitative determination of cyanides in the investigated solutions was performed

by applying the Liebig method, titrating with 0.1 mol/dm3 AgNCb solution (Sensitivity: 4 x 10_s

mol/dm3 cyanide)1.

 

Fig. 1. Sketch of the fltriation apparatus.

The lowest allowed cyanide content in drinking water is 4 x 10~e mol/dm3 8. By the quali

tative test cyanides were detected in filtered water with concentrations in excess of 4 x 10"*

mol/dm;i. In this way the cyanide breaktrough p^int of the filter measured coincide with the

concentration allowed.



CHEMISORPTION OF CYANIDE IONS 397

For water filtration a laboratory filtration cell shown in Fig. l was applied. The filtration

cell holds 1 to 20 layers of adsorptive ion exchange paper 0.5 mm thick. The free surface area

of the filter was 147 cm2.

The cell enables operation under pressure or in vacuum. Pressures formed by a liquid

column 1.5 m high and a flow rate of 1.8 dm3/h was used in all expreiments.

Impregnation of adsorptive-ion exchange filters with silver ions

An adsorptive-ion exchange filter is submerged into a 0.1 mol/dm3 AgNOa solution for

60 s. Тле filter is washed with distilled water up to a negative silver reaction (to chloride ions)

and dried in air. The choice of the optimum concentration of AgNOa solution and the filter sub

merging time was made on the basis of stoichiometric calculations and experimental checks of

silver content in the impregnated filter. The purpose of impregnation was to obtain maximum

concentrations of bonded silver in the layer of filter paper. The silver content in the impregnated

filter was determined gravimetrically. The results of the determination are given in Table I.

Determination of the capacity of the cationic resin for Ag* ions

Three grams of dry cationic resin in the H+ form were placed into a column partially

filled with water. At a rate of 100 cm3/h, 250 cm3 of 0.1 mol/dm3 AgNOa solution was passed

through the column. The resin was then washed with distilled water to a negative reaction to

the Cl~ ion. The bonded silver was eluted by passing 250 cm3 of 2 mol/dm3 HNOe solution

through the column. Silver was determined according to Wolhardt by the standard procedure*.

The resin capacity calculated per gram of resin is given in Table I.

TABLE I. The maximum amount of silver bonded for filter and filter's active components

Substance Amount of bonded silver (mol/g)

Filter 1.05 x 10-3

Cationic resin 3.70 x 10-3

Activated carbon 9.90 x 10-3

Silver adsorption on activated carbon

Three grams of activated carbon, quality used for manufacturing adsorptive — ion ex

change paper, were measured. Through a column with the measured amount of activated carbon

250 cm3 of 0.1 mol/dm3 AgNOe solution passed. By an analogous procedure as in the deter

mination of resin capacity, the amount of silver bonded to activated carbon was determined.

The results are given in Table I.

Investigation of the structure of the adsorptive-ion exchange filter and ion exchange resin impregnated

with silver ions

The configuration and packing density of the fibrous elements and active particles, as

well as the porosity and pore distribution of the filter, greatly influence the efficiency of water

purification and filter hydrodynamic characteristics.

A qualitative picture of the filter structure was obtained by scanning electron microscopy

[(SEM) JEOL-JSM-35 25 kV]. Sample preparation was performed in the standard way10, photo

graphs 2 and 3 show the scanning results.

Batch system for cyanide removal

The possibility of removing cyanides from water in a batch process by mixing cyanide

solution with the suspension of adsorptive — ion exchange filter impregnated with Ag+ ions

particles was investigated. To 2 dm3 of 4 x 10-3 mol/dm3 cyanide solution 7.62 g of particle

with 8 x 10"3 mol/dm3 silver was added, which i- sufficient for the AgCN formation. The sus

pension was stirred occasionally.

The cyanide content was investigated in regular time intervals, taking 50 cm3 samples.

The result of the investigation is presented in Fig. 4, curve A.

The samp procedure was carried out with beadr of the cationic resin activated with Ag+ ions.

To 2 dm3 of 4 x 10~3 mol/dm3 cyanide solution 4 g of cationic resin, with 8 x 10"3 mol Ag

was added, which is sufficient for the formation of AgCN. The change in cyanide concentration

tnhe solution vs. time was determined and presented in Fig. 4, curve B.
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Fig. 2. Structure of the adsorptive — ion Fig. 3. Structure of the cationic adsorptive-

exchange filter impregnated with silver ions, -ion exchange resin activated with silver ions,

the sample contains 3.13 x 10"3mol of after reacting with 100 cm3 of cyanide so-

silver, lution concentration 4 x 10~3 mol/dm3.

 

Fig. 4. The dependence of cyanide ion concentration upon reaction time in the hatch

system with: (A) Adsorptive-ion exchange filters impregnated with silver ions (ntAf =

= 8 x 10~3m:>l); (В) Cationic resin activated with silver ions {тлц = 8 x 10 3 mol)

The initial cyanide concentration was 4 x 10~3 mol/dm3, 2 dm3 of solution

were analysed.
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Conimuous flow system for removing cyanide ions

Into a test cell sixteen layers of the adsorptive — ion exchange filter were placed, the

first t\vj> being impregnated with silver ions (6.27 x 10~3 mol Ag"). On the basis of data con

cerning structure, physical and hydrodynamic characteristics of adsorptive — ion exchange

filters6.8, the parameters presented in T°ble, II which characterize the continuous sytem for cya

nide removal, were calculated.

TABLE П. The parameters for characterization of the continuous system for

cyanide removal

1. Filter surface area 147 cm3

2. Filter thickness 0.05 cm

3. Filter porosity 60%

4. Flow rate 1.8 dm3/h

5. Flux 3.4 x Ю-3 enV/s cm2

6. Mean retention time of cyanide ions

in filter 1.78 s

7. Mem velocity of cyanide ions passing

through filter 0.06 em's

Through the test coll, solutions of cyanide in distilled water of various concentration were

filtered, the pH of the cyanide solutions being 10. Fractions of 200 cm3 were taken and cyanide

concentrations were determined, both qualitatively and quantitatively. The breakthiough point

of ihi filter was determined and the change of cyanide ~utput concentration in water, as a function

of time, i.e. the volumes of passed solution, was measured. Results are presented in Table III.

TABLE III. The volume of passed solution at the characteristic points for

different intiial cyanide concentration

Initial cyanide concen

tration (mol/dm3)

Volume at breakthrough

point (dm3)

Volume at saturation point

(dm3)

8 x 10-3 2.4 7.4

4 x Ю-3 2.6 7.8

1 x Ю-3 5.2 10.2

4 x lO"4 10.8 20.4

4 x 10"5 80.3 —

 

V(dnv>)

Fig. 5. The dependence of cyanide concentration change upon volume of passed solution

in the continuous system. (A) Adsorptive-ion exchange filter system without chemical

reaction, cyanide concentration 4 у 10~3 mol/dm3; (В) System with chemical reaction,

cyanide concentration 4 x lO"3 mol/dm3; (C) System with chemical reaction, cyanide

concentration 1 x 10-3 mol/dm3.
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Figure 5 presents the change in cyanide concentration vs. volume of solution filtered

through the test cell. Curve A represents the characteristic S-shaped curve of a continuous sorp

tion system with adsorptive — ion exchange filters without a chemical agent. Curves В and

С present changes in cyanide concentration for the flow of cyanide solution of the same concen

tration through adsorptive — ion exchange filters impregnated with silver ions.

mAg= const

 

CCN (mol/cW)

Fig. 6. The dependence of pissed water without cyanide upon cyanide concentration

in solution at constant silver mass in the filters. (A) Theoretical curve for the CN~ : Ag+

molar ratio 1:1; (B) Theoretical curve for the ratio 2:1; (C) Experimental curve.

The volume of the filtered solution without cyanides for a constant amount of silver in

the filter is a function of cyanide concentration in the initial solution. This dependence is pres

ented in Fig. 6 (..urve C). In order to analyse the chemism of possible reactions, the same figure

also presents theoretical curves of the dependence of cyanide breakthrough points assuming

that in the process of chemisorption A — AgCN precipitate is formed, В — [Ag(CN)s]~ complex

is formed, respectively.

In all experiments pure and clear water of pH = 7 was obtained, which, according to

cyaride and silver contents, corresponds to drinking water standards8. The silver concentration

in the water filtered before the cyanide breakthrough point, was determined by atomic absorption

measurements to be 9.2 x 10~e mol/dm3.

DISCUSSIO NAND CONCLUSIONS

The presented experimental investigations completely confirmed the basic

idea of this work that by a simple procedure, which unites several physico-chem

ical operations, cyanide ions can be removed from water. A high ratio of 1000:1 in

decreasing cyanide concentration was obtained.
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Adsorptive — ion exchange filters, which remove most of the pollutants

dissolved, suspended or emulsified in water, were modified by introducing a

chemically active substance into the filter structure. The choice of silver ions

yielded good results.

It was shown that silver mostly bonds to the cationic resin as one of the

filter components. Silver adsorption on activated carbon is negligible. The pre

sented impregnation method is fast, simple and gives reproducible results. In

the process the filters do not change filtering characteristics.

By SEM analysis of the investigated filters and resins, Figs 2 and 3, it can

be concluded that by the procedure of impregnating the filter and resin with

silver ions, the good structural characteristics of the filter were retained and chem

ical reactivity attained. The structure and positions of the fibrous elements

and active particles enable good porosity of the filter layer. Cellulose fibres are

elongated and fibrilized which yields a satisfactory contact surface and adsorptive

action. The ion exchange resin and activated carbon particles are concentrated

close to the cellulose fibres due to strong adsorptive forces.

In Fig. 3 the AgCN crystals can be seen very well on the resin particles

formed by the reaction of silver bonded to the cationic exchanger and cyanide

ions in the solution.

By analysis of the batch system for removing cyanide ions, which actually

presents only one stage of a multistage chromatographic system, it can be noted

that Ag+ ions react slowly with cyanide ions (Fig. 4) both in the filter system (curve

A) and with silver ions bonded to the cationic resin (curve B). It is characteristic

that the cyanide removal rate, with pure resin, is greater than with resin particles

n the paper. The semilogarithmic graph indicates a diffusion controlled process.

Phenomena in the batch process have not been investigated sufficiently, but it

seems that the cyanide removal process by this procedure is not simple chemi-

sorption, but a complex process which is probably diffusion controlled.

Experiments with a continuous system, with the application of an 8 mm

thick filtration layer and an aqueous flux of 3.39 x 10~3 cm3/cmz s, as well as for

the removal of other pollutants5, have shown that the efficient removal of cyanide

from water is already performed in a 1-mm high active layer, which corresponds

to a mean retention time of water in the layer of about 2 s. This secures efficient

filter operation for the removal of other pollutants from water, because the ion

exchange capacity of the filter decreases only 1 :8, while there is a minimum change

in the adsorption and mechanical characteristics of the filter.

The curves presenting the change in cyanide concentration as a function

offiltered water volume (Fig. 5), have a characteristic S shape, which is the prop

erty of chromatographic systems and indicate the efficiency of cyanide removal.

The chemical reaction does not considerably affect the characteristics of

adsorptive — ion exchange filters, however, it significantly influences the filter

capacity increase, i.e. shift of the breakthrough point. The experimentally deter

mined volume at the breakthrough point in the system without chemical reaction

is 0.88 dm3, while in the system with chemical reaction it is 2.6 dm3. By graphical

integration of curve В in Fig. 5 the stoichiometric silver efficiency was determined

to be 2.97. It was calculated as the ratio of moles of cyanide removed from the
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solution and moles of silver stoichiometrically necessary for the formation of AgCN.

On the basis of experimental investigations the possible chemism of the

reaction of cyanide ions with Ag+ ions can be determined.

By simple analysis of the volume theoretically expected at the breakthrough

point for the assumed chemism and by considering the efficiencies of adsorptive

— ion exchange filters without chemical agents, the following conclusions, pre

sented in Table IV, were made.

TABLE IV. A^lysis of cyanide removal on filters due to chemical reaction

with silver, тле = 6.27 x 10-3 mol

Assumed m>lar CN:Ag^ ratio Volume of water at breakthrough point (dm3)

Cyanide concentration Cyanide concentration

= 4 x 10 3 mol/dm3 = 8 x 10"3 mol/dm3

Theoretical Experimental Theoretical Experimental

value value* ■ value value*

1:1 1.46 0.73

1.72 1.52

2:1 2.90 1.46

Determined molar

CN~ : Agb ratio 1:1 2:1

* The values in the Table are the values from Table III reduced by the efficiency of the filter

without chemical reaction (0.88 dm3)

By the analysis of theoretical and experimental curves in Fig. 6, similar

conclusions can be made. The experimental curve follows the theoretical curve

which assumes the molar ratio CN~ : Ag+ to be 1 : 1 in the range of lower con

centration (up to 4x 10-3) and 2 : 1 in the range of higher cyanide concentration.

Besides these theoretical considerations, the microphotograph in Fig. 3

shows the presence of needlelike AgCN crystals on the surface of resin particles

when the 4xl0-3 cyanide solution was investigated.

It can be concluded that the process of cyanide removal from water consists

of a consecutive desorption of Ag+ ions from the resin, reaction with CN~ ions,

AgCN crystallization, dissolving of crystals and complexing to [Ag(CN)2]~. The

crystals formed or complex are quantitatively removed by filtration through other

layers of the filter. When only two active layers were used without the other 14

layers, it was noted that the water was clouded.

The final shape of curve B, Fig. 5 is very indicative. For high cyanide con

centrations (4 x Ю-3 mol/dm3), in contact with low silver concentration, which

is eventually almost completely eluted from the filter, formation of the complex

ion [Ag(CN)2]_ is favoured. The last amount of silver does not permit complete

cyanide passage through the filtration block. That is manifested by the asymptotic

approach of curve В to the initial value of the solution concentration.

The high degree of silver efficiency, on the basis of the analysis presented,

can be explained by the positive contribution of several factors : cyanide precip

itation in the form of AgCN, cyanide complexing into the form [Ag(CN)2]~,

the efficiency of the anionic resin as a filter component and the effect of multi

stage ion exchange.

The influences and contributions of particular effects during cyanide re

moval from water on adsorptive — ion exchange filters with chemical reaction
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and the explanation of equilibrium and dynamic phenomena will be the subject

of our further investigations.

извод

ХЕМИСОРПЩЦА ЩЦАНИДНИХ JOHA НА АДСОРПЦИОНО-ТОНОИЗМЕШИ-

ВАЧКИМ ФИЛТРИМА ИМПРЕГНИСАНИМ JOHHMA СРЕБРА

Л>УБИНКА В. PAJAKOBHb, МИЛАН В. МИТРОВИИ, СЛАВИЦА М. СТЕВАНОВИН и

СРЕТЕН П. ДИМИТРШЕВИИ

Технолошко-мешалуршки факулшеш Универзишеша у Београду, й.йр. 494,

11001 Београд

Мултифункционални филтери kojh с)един>у)е ефекте адсорпци^е, joHcKe измене

и филтраци)е погодни су за уклан>ан,е великог 6poja за1аг)ивача из воде. Hfleja да се де;-

ством хеми)ског агенса, угра^еног у структуру филтра, обогати и прошири н>ихова примена,

спроведена je хемисорпци)'ом ци)анида на филтрима импрегнисаним )онима сребра. Ко-

риитени су филтри направл>ени техником израде xapTaje ко)и се cacroje од целулозе, кат-

joHCKor и ан)онског измеиьивача joHa, активног >гл>а и oflroBapajyher xeMnjcKor агенса.

Хеми;ски активна супстанца (у општем случа)у) може бита везана или за )'оноизмен>1.вачку

смолу или за актавни угагь. У раду je разращена метода за импрегнаци)у филтера )онима

сребра, а испитане су и могуЬности везиваша хеми)ског агенса на noje/uuie компоненте

филтра. Утвр1)ене су карактеристике таквог хеми;ски активног филтра као и н>егова ефи-

касност у сман>ен>у концентраци)е ци)анида у води. XeMHCopmmja je извожена у шаржном

и хроматографском проточном систему под равнотежним и динамичким условима. За хро-

матографски проточни систем утвр^ен je степен сман»ен>а концентраиэде ш^анида: за деб-

л>ину филтра (16 х 0.5 mm) од 8 mm и време контакта од 2 s, он je бол>и од 1000 : 1 . Брзина

уклакака и степен сман,ен>а концентраци)е щ^анида у шаржном систему су веома ниски.

(Примл>ено 19. априла 1983
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The fundamental thermodynamic properties (internal energy, enthalpy and

entropy) of three different polyethylenes, LPE, BPE and HMLPE were calculated

for the temperature range 413 — 473 К and for pressures up to 200 MPa. The

obtained results indicate that the differences between investigated polyethylenes exist,

even in the molten state.

For low density polyethylene, which is synthesized at high pressure and

temperature, it is important to have fundamental thermodynamic properties

available, and to know their dependence on temperature and pressure. Such in

formations are necessary for the further development of the theories of polymer

solutions, as well as for the design of the main parts of the process equipment,

like reactors, separators etc. The calculated data of internal energy, enthalpy and

entropy at extreme conditions (pressures over 100 MPa and temperature beyond

423 K), corresponding to those which are maintained in the industrial process,

are scarce. On the other hand, properties of the polyethylene samples which have

been used for such calculations previously, were not taken into account completely

(with regard to chain branching and molecular mass distribution). For these reasons,

it is necessary to establish the procedure for calculation of fundamental thermo

dynamic properties for well defined polymers, to perform the computation for

several structurally different polyethylenes, and to note the differences between

them. Three polyethylene samples were considered (BPE, LPE and HMLPE),

as was done in the previous part of this series1.

CALCULATIONAL PROCEDURE

The purpose of this work is to obtain the numerical values of internal energy,

enthalpy and entropy for three polyethylenes, and to present the differences among

them, for a specified range of pressure and temperature.

For the calculation of internal energy, enthalpy and entropy the rigorous

thermodynamic equations as well as the approach of Maloney and Prausnitz2,3

*Part of this paper was presented at the IUPAC International Symposium on Macromolecules

September 1980, Florence, Italy
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were used. The changes of enthalpy and entropy with temperature, at atmospheric

pressure, is defined by eqs (1) and (2):

Tt

Я(Г2, 1.01325 кРа)-Я(Гь 1.01325 kPa) = / CpdT (1)

Ti

Тш

S(T2, 1.01325 kPa)-S(TU 1.01325 kPa) = / (CPjT)dT. (2)

Tt

In both of these equations, it is necessary to determine the temperature depen

dence of the heat capacity. For polyethylene, Wunderlich and Baur4 reported

that the following linear equation could be used:

Cp = 0.3743 + 5.58 X ЮТ (3)

The entropy can be calculated from the volumetric data by the Maxwell relation:

{dSldV)T={dPjdT)v. (4)

The right-hand side of eq. (4) was expressed by means of the Tait equation,

which could be applied for high pressure. The Tait equation of state is usually

given in the form, presented by eq. (5), as was already described previously1,5:

\-vlv0 = С ln(l +P/B). (5)

The constants С and В as well as the method for calculation of v0 were given

earlier1'5.

Equation (5) may be rearranged to the form, which is suitable for further

treatment :

P = В [exp (v0-v/Cvo) - 1 ] . (6)

By differentiation of eq.(6) with respect to temperature, the following expression

is obtained:

(dPldT)v = (P/B) (dBldT) + (vIC) (B + P)!v\ (dzWdT). (7)

By substitution of the right hand side of eq.(7) into eq.(4) and by its integration,

at constant temperature, one obtains:

S(v, T)-S(v0, T) = (dlnB/dr) [B(v0~v)-Cv0P] + (dlm>0/dr) X (8)

X [B(v0-v)-P(v + Cvo)].

In order to obtain positive values of the entropy, the reference value of 4.186

kJ/kgK was arbitrarily chosen, at 373 К and 1.01325 kPa.

Finally, by using eqs (2) and (8), the effect of temperature and pressure

on the entropy could be evaluated.

The internal energy could be obtained in a similar manner. The starting

point is

dU = TdS-Pdv. (9)

Using eqs(6) and (9), and by subsequent integration between v0 and v, at constant

temperature, it follows:

U{v,T)-U{v0,T) = T[S(v,T)-S(v0,T)] + v0CP-B{v0-v). (10)
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When the values of the entropy and internal energy are known, the third thermo

dynamic property, enthalpy, is found from

Equation (11) takes into account the effect of pressure, since P is expressed by

the Tait equation (eq.6).

By using eq.(l), (10) and (11) the influence of temperature and pressure

on the enthalpy and internal energy can be established. In both cases the refer

ence value of 418.6 kj/kg at 373 К and 1.01325 kPa was adopted.

The calculated values of internal energy, enthalpy and entropy for three

structurally different polyethylenes (LPE, BPE and HMLPE) are presented in

Tables I—III. In order to emphasize the influence of the structural order on

the investigated thermodynamic properties, Figure 1 was chosen, indicating the

differences in internal energies for the three investigated polyethylenes. Although

this statement looks logical, certain disagreements are present in the published

literature, concerning this phenomenon. So Chung6 stated that there are no differ

ences between linear and branched polyethylenes, comparing their compressibi

lities; a similar statement was noted by Bonner et al? On the other hand, Kleintjens

et al.8'9, Olabisi and Simha5 and Foster et al.10 gave very convincing evidences,

concerning the differences in various properties between linear and branched

polyethylenes. The calculated values in this work undoubtedly indicate that differ

ences between various polymer structures have influence on their thermody

namic properties.

H=U + Pv. (ID

RESULTS AND DISCUSSION

680 U(kJ/kg|

473 К
 

20 to 60 80 100 no uo 160 200 MPa

580

PRESSURE MPa

Fig. 1. Calculated internal energies of three polyethylenes.
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TABLEI.ThermodynamicpropertiesofLPE

T(K)Pressure(MPa)

202.65 462.12 690.11
4.303

484.34 713.37
4.364

506.83 736.90
4.425

529.55 760.06
4.484

552.55 784.65
4.543

575.76 808.89
4.601

599.25 833.38
4.658

182.38 465.11 671.73
4.314

487.35 694.97
4.375

509.86 718.43
4.435

532.63 742.16
4.495

555.65 766.13
4.553

578.90 790.33
4.611

602.43 814.80
4.669

162.12 468.27 653.33
4.324

490.59 676.54
4.386

513.14 699.99
4.446

535.93 723.65
4.505

558.99 747.59
4.564

582.28 771.77
4.622

605.83 796.18
4.679

141.85 471.72 634.94
4.336

494.07 658.12
4.397

516.69 681.54
4.457

539.51 705.18
4.517

562.59 729.06
4.575

585.94 753.20
4.633

609.53 777.59
4.691

121.59 475.45 616.57
4.348

497.86 639.72
4.409

520.49 663.08
4.470

543.38 686.69
4.528

566.53 710.56
4.587

589.92 734.67
4.645

613.52 758.99
4.702

101.32 479.53 598.25
4.361

501.99 621.34
4.422

524.71 644.70
4.482

547.66 668.30
4.541

570.82 692.09
4.599

594.27 716.17
4.657

617.94 740.46
4.714

81.06
484.02 579.97

4.374
506.55 603.05

4.435
529.34 626.38

4.495
552.33 649.92

4.554
575.59 673.71

4.612
599.07 697.73

4.670
622.83 722.03

4.727

60.79 489.00 561.78
4.389

511.64 584.85
4.449

534.51 608.16
4.509

557.57 631.66
4.568

580.89 655.42
4.626

604.49 679.46
4.684

628.30 703.69
4.741

40.53 494.61 543.74
4.404

517.36 566.81
4.464

540.32 590.09
4.524

563.52 613.60
4.583

586.98 637.37
4.641

610.62 661.33
4.699

634.54 685.55
4.756

20.26 501.07 525.96
4.420

523.94 549.00
4.481

547.08 572.31
4.541

570.41 595.82
4.596

594.00 619.58
4.658

617.83 643.58
4.716

641.86 667.79
4.772

0.10 508.60 508.64
4.439

531.71 531.74
4.500

555.05 555.07
4.560

578.61 578.64
4.619

602.41 602.42
4.677

626.45 626.46
4.735

650.72 650.73
4.492

Pro
perty

U H s и H s и H s и H s и и s и н s и нs

*U(kJlkg),tf(kj/kg),S(kJ/kgK)
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T(K.)Pressure(MPa)

Pro-

202.65 464.63 655.82
4.314

489.03 719.16
4.375

511.68 742.73
4.436

534.58 766.55
4.495

557.73 790.60
4.554

581.13 814.90
4.612

604.81 839.48
4.670

182.38 469.13 676.86
4.323

491.58 700.17
4.385

514.23 723.69
4.445

537.17 747.49
4.504

560.33 771.51
4.564

583.75 795.76
4.622

607.44 820.29
4.679

162.12 471.71 657.92
4.333

494.36 681.18
4.395

517.03 704.68
4.455

539.96 728.41
4.514

563.14 752.37
4.573

586.59 776.60
4.631

610.30 801.08
4.688

141.85 474.87 638.96
4.344

497.39 662.20
4.405

520.07 685.64
4.465

543.04 709.34
4.525

566.25 733.28
4.583

589.71 757.44
4.641

613.44 781.89
4.698

121.59 478.17 638.96
4.355

500.67 643.22
4.416

523.42 666.63
4.476

546.42 690.28
4.535

569.66 714.19
4.594

593.18 738.34
4.652

616.91 762.72
4.709

101.32 481.80 601.04
4.366

504.33 624.27
4.427

527.13 647.65
4.487

550.18 671.28
4.546

573.44 695.11
4.605

596.99 719.24
4.063

620.74 743.56
4.720

81.06 485.81 582.27
4.379

508.43 605.40
4.440

531.26 628.73
4.499

554.35 652.31
4.558

577.68 676.14
4.617

601.24 700.19
4.674

625.05 724.49
4.731

60.79 490.36 563.53
4.391

513.02 586.60
4.453

535.95 609.93
4.512

559.08 633.46
4.571

582.48 657.27
4.630

606.12 681.30
4.687

629.98 705.55
4.744

40.53 495.51 544.91
4.406

518.28 567.97
4.467

541.30 591.28
4.527

564.55 614.82
4.585

588.01 638.58
4.644

611.73 662.58
4.701

635.67 686.81
4.758

20.26 501.52 526.55
4.422

524.41 549.59
4.482.

547.55 572.90
4.542

570.92 596.43
4.601

594.53 620.20
4.659

618.35 644.19
4.717

642.43 668.43
4.774

0.10
508.61 508.64

4.439
531.71 531.74

4.500
555.05 555.07

4.560 578.61 578.63
4.619 602.41 602.43

4.677

626.45 626.46
4.735

650.72 650.73
4.792

perty

U H s и H s и H s и H s и H s и H s и Hs

413 423 433 443 463 473

*U(kJ/kg),tf(kj/kg),S(kJ/kgK)



TABLEIII.ThermodynamicpropertesofHMLPE.

202.65 453.07 683.18
4.281

474.89 706.29
4.342

496.93 729.59
4.402

519.22 753.16
4.461

541.77 776.98
4.519

564.54 801.01
4.577

587.59 825.30
4.633

182.38 456.97 665.53
4.294

478.86 688.61
4.355

500.99 711.91
4.415

523.72 735.45
4.474

545.48 759.24
4.532

568.84 783.27
4.589

591.94 807.53
4.646

162.12 461.10 647.87
4.307

483.06 670.93
4.368

505.29 694.23
4.428

527.72 717.74
4.487

550.41 741.51
4.545

573.37 765.52
4.602

596.94 789.76
4.659

141.85 465.48 630.22
4.321

487.53 653.24
4.382

509.82 676.52
4.442

532.38 700.04
4.506

555.15 723.79
4.559

578.16 747.79
4.616

601.40 771.99
4.673

121.59 470.12 612.55
4.335

492.27 635.58
4.396

514.68 658.85
4.456

537.31 682.36
4.515

560.18 706.09
4.573

583.25 730.06
4.630

606.63 754.27
4.687

Pressure(MPa)
101.32 475.12 594.93

4.350
497.39 617.96

4.411
519.88 641.21

4.471
542.60 664.69

4.529
565.58 688.42

4.588
588.76 712.36

4.645
612.22 736.57

4.702

80.06 480.12 577.36
4.366

502.89 600.36
4.426

525.50 623.62
4.486

548.34 647.09
4.545

571.41 670.80
4.603

594.72 694.44
4.661

618.28 718.94
4.717

60.79 486.42 559.88
4.382

508.91 582.87
4.443

531.65 606.12
4.502

554.63 629.60
4.561

577.82 653.30
4.620

601.27 677.25
4.677

624.94 701.42
4.733

40.53 492.92 542.50
4.400

515.58 565.53
4.460

538.47 588.77
4.520

561.59 612.25
4.579

584.94 635.96
4.637

608.51 659.90
4.695

632.36 684.11
4.751

20.26 500.23 525.35
4.418

523.08 548^39
4.480

546.17 571.67
4.539

569.47 595.17
4.598

593.02 618.91
4.656

616.79 642.89
4.713

640.79 667.08
4.770

Pro perty*

0.10 508.61 508.64
4.439

531.71 531.74
4.450

555.05 555.07
4.560

578.62 578.64
4.619

602.41 602.43
4.677

626.45 626.46
4.735

650.72 650.73
4.792

T(K)

U H S V H s V H s и H s и H s иHs V H s

413 423 433 443 453 463 473.

*(7(kJ/kg),W(kJ/kg),5(kJ/kgK)
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These differences in the liquid state can not be regarded negligible,

especially in all cases when a theoretically correct treatment is required.

From volumetric data, computed in the previous part1 and from the

results calculated here, it could be concluded that the branched polyethylene struc-

utre, obtained by radical polymerization of ethylene, has different thermodynamic

properties from the other polyethylenes. Therefore, only such polymer samples

must be used as representative for all further thermodynamic calculations, so

that the data of linear polyethylene, which are more available, can not be used.

The calculated data in this work could be used to determine the influence

of the structural order on fundamental thermodynamic properties of liquid po

lyethylene, and for a rational design of high pressure equipment in the low density

polyethylene plant.

извод

СЕПАРАЦЩА ФАЗА СИСТЕМА ЕТИЛЕН-ПОЛИЕТИЛЕН НА ВИСОКИМ ПРИ-

ТИСЦИМА. III. ТЕРМОДИНАМИЧКЕ ОСОБИНЕ ТРИ СТРУКТУРНО РАЗЛИЧИТА

ПОЛИЕТИЛЕНА

BOJHCJIAB Ж. БОГДАНОВИЪ, EOJAH Д. ЪОРЪЕВИЪ* и АЛЕКСАНДАР Ж. ТАСКЕ*

Пешрохеми)ски комплекс, Хеми]ска индусшрща Панчево, 26000 Панчево и *Технолошко-ме-

шалуршки факулшеш Универзишеша у Београду, 11001 Београд

Израчунате су основне термодинамичке особине (унутрашн>а енерпц'а, енталтгвда

и ентропя)а) три структурно различите полиетилена, у опсегу температура 413—473К

и за притиске до 200 МРа. Добщени резултати yKaayjy да и у течном стан>у nocroje разлике

измену различитих структурних облика полиетшгена.

(Пришъено 16. фебруара 1984)
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(Примл>ено 31. октобра 1983)

Показано je како се нумеричка метода ортогоналне колокащце може

употребити за предсказиваке изотермске равнотеже пара-течност на високим

притисцима. На основу добивених резултата може се заюьучити да се описана

метода може са поузданошНу користити, како за предсказиван>е равнотежних

података, тако и за проверу термодинамичке кокзистенщце изотермских равно

тежних података на високом притиску.

Познаван>е равнотежних података пара-течност на повишеним и висо

ким притисцима je од знача)а у термодинамичким истраживаньима, везаним

за облает фазне равнотеже. ПомоЬу равнотежних података oflper)yjy се кое-

фищценти активности и коефищфнти фугацитета, Kojn представл>а}у основни

критери)ум неидеалности течне, односно парне фазе бинарних и вишекомпо-

нентних смеша.

Са nojaeoM и наглим разво)ем електронских рачунара нумеричке методе

се све успешнее npHMeayjy и при обради података равнотеже пара-течност

на високим притисцима. У дал>ем тексту je приказано како се нумеричка

метода ортогоналне колокащф може употребити за предсказиваае изотерм

ске равнотеже пара-течност бинарних смеша са некондензу|уном компо

нентом.

ПРИМЕНА МЕТОДЕ ОРТОГОНАЛНЕ КОЛОКАЦЩЕ ЗА ПРЕДСКАЗЫВАНИЕ

РАВНОТЕЖЕ ПАРА-ТЕЧНОСТ НА ВИСОКИМ ПРИТИСЦИМА

Разви)ене су и усавршене бродне методе за корелисан>е и предскази-

ван>е равнотежних особина флуида на основу досгупног пуног (р-х-у) или

непотпуног сета експерименталних података (р-х, р-у, х-у)1-5.

Равнотежни изотермски или изобарски подали на високим притисцима

могу се предсказати модификациям Вагкеггове аналитичке методе7, Kojy су

развили Won и Prausnitz8, уз коришНевье аналитичког израза за Gibbs-ову до-

пунску eHeprajy.

413
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У овом раду, као и у неколико претходних10,12,19-20, су коришНене

нумеричке методе Van Ness-a и cap.8' 18 , са проширешем за високе притиске

Koje су предложили Christiansen и Fredenslund9.

За бинарне системе у стан>у засиЬен>а се може оформити, уз коришЬенье

Gibbs-Duhem-ове |едначине, систем независних )едначина:

In yi = ' Ь*2

RT

 

(1)

(2)

(3)

Систем три )едначине (1), (2) и (3) са три непознате уь уз и GE може

бити веома нелинеаран, што отежава н>егово решаванье. Заменой )ед. (1)

и (2) у )ед. (3) доби)а се дифереици^ална |едначина по GE, Koja се успешно

решава методом ортогоналне колокащф.

Према методи Kojy су развили Villadsen и Stewart11, непознате вред

ности Gibbs-ове допунске енерги)е су одрег)иване у колокационим тачкама,

чи)е су апсцисе корени Legendre-ових полинома. На Taj начин je вредност

диференци)алног оператора, у свако) колокационо] тачки дс*, одрег)ена из

\RTh

(4)

где je: N — 6poj унутраппьих колокационих тачака (без xt=0 и дс^ = 1 ) .

Елементи дискретизационе матрице Аи су одрег)ени из Legendre-ових

полинома, тако да се диференцщална (едначина по GE своди на систем од

N алгебарских {едначина. За решаван>е овог система )едначина по GE, у

свих N колокационих тачака, je коришЬен Newton-Raphson-ов итеративни

поступак. У несиметрично) конвенции за нормализаци)у коефищцената

активности je, за почетну процену за GE, коришЬено:

GE=0, за свако k. (5)

На основу израчунатих вредности за GE у свим колокационим тачкама

су из jeflH. (1) и (2) одреЬене вредности коефищфната активности yi и уг>

а преко иьих молски удели парне фазе:

(6)

Предсказиван>е моларног удела парне фазе у{, за било Kojn слетав течне
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фазе х„ je остварено Lagrange-овом интерполацэдом, при чему су вредности

за з>< у колокационим тачкама узете за чворове. Израчунате вредности мо-

ларних удела парне фазе у експерименталним тачкама су искоришЬене за

проверу термодинамичке консистенци)е равнотежних података испитиваних

бинарних система.

На слици 1 je приказан блок ди)аграм програма за електронски рачунар,

KojHM je предсказивана равнотежа пара-течност изабраних бинарних система

са некондензу)уКом компонентом на високим притисцима.

UtiTAVANJE

 

Слика 1 Figure

Блок лд)аграм програма за предсказиван>е равнотежних података би

нарних система на високим притисцима

Flow chart of the program for vapour-liquid equilibrium prediction of

binary systems at high pressures.

Поступак израчунававьа равнотежног моларног удела парне фазе je

спроведен следеЬим редоследом:

1. Учитане су експерименталне вредности p-T-Xi;

2. Доступне су и величине /., V и ЯЕ;

3. За почетну процену за коефици)енте фугацитета je узето: <р< = 1,

*'= 1,2;

4. Методом ортогоналне колокацще израчуна)у се вредности за GE

у колокационим тачкама а на основу вьих и коефицеденти активности

Yi и уа5

5. Израчуна)у сс састави парне фазе у, у колокационим тачкама;

6. На основу израчунатих вредности за у, одреде се нове вредности

за <pi и понавл>а)у кораци 4. до 6., све док се две суседне вредности

3&yi не различу за мавье од 10~4;
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7. Вредности за у, Koje oflroeapajy експерименталним х( се одрег»чу

интерполаци)ом ;

8. За све експерименталне тачке се, пореЬешем израчунатих и експе-

рименталних вредности за у,, врши провера термодинамичке кон-

систентности података према емпир^ском критери)уму9 :

\Ь<\-Ы*\ < Д*,+ Ау( < е (7)

где су \х и Ду експериментално непоуздане вредности моларних удела

течности и паре. При томе се сматра, да су подаци термодинамички конси-

стентни уколико je услов из )едначине (7) испушен за веЬину тачака.

ПРИКАЗ И ДИСКУСЩА РЕЗУЛТАТА

Преглед испитиваних бинарних система са некондензу)уЬом компонентом

je дат у таблици I. На основу изотермских равнотежних р-х података су,

ирема описано) процедури, методом ортогоналне колокащф израчунате вред

ности застава парне фазе. Апсолутне вредности одступан>а израчунатих од

експерименталних моларних удела парне фазе, за сваку експерименталну

тачку Ьуи, су искоришЬене за проверу термодинамичке консистенци)е сета

равнотежних изотермских података проучаваних бинарних система. Порег)ен>е

je вршено са емпири)ски одрег)еном вредношЬу9:

е= 0,008. (8)

При томе je, сет експерименталних података сматран термодинамички кон-

систентним9'10 уколико среднее апсолутно одступанье у саставу парне фазе

Дуь или апсолутна одступаша више од половине експерименталних тачака

Дуу> задоволъи услов (8).

У таблици II су приказана средша апсолутна одступан>а у саставу парне

фазе и средн>а апсолутна одступааа у притиску за испитиване бинарне си

стеме.

ТАБЛИЦА I TABLE

Преглед испитиваних бинарних система

Review of the studied binary systems

Систем

System

(1) (2)

T Oncer притисака

(К) Pressure range

(bar)

Bpoj експ.

тачака

Number of

exptl points

Лит.

Ref.

Пропан — изопентан

Propane — isopentane 373,16 7,22- 43,13 8 13

СОг — //-бутан

СОг -//-butane 310,96 3,55- 72,35 8 14

Метан — HaS

344,26 8,32- 81,64 8

Methane — H2S 277,56 11,65 134,77 8 15

Метан — пропан

Methane — propane 283,16 6,47- 83,34 8 16

Метан л-бутан

Methane — и-butane 294,26 2,16-132,64 8 17

Метода ортогоналне колокащф, као што су показала наша рани-

ja истраживаша1019-'-0, flaje веома добар квалитет предсказиван>а код
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бинарних система са кондензу)уЬим компонентама, Мег)утим, у присуству

некондезу)уЬе компоненте, у критично) области je веома отежано предска-

зивавье19.

ТАБЛИЦА II TABLE

Вредности средн.их апсолутних одступан>а у притиску и саставу парне фазе за испитиване

бинарне системе

Values of mean absolute deviations for pressure and for vapour phase composition of the in

vestigated binary systems

Систем T Ap (ДуО*

System (K) (bar)

(1) (2)

Пропан — изопентан

Propane — isopentane 373,16 0,0106 0,0185 0,0106

CO2 - я-бутан

CO2 — я- butane 310,96 0,2815 0,0114 0,0098

Метан — H2S

344,26 0,0012 0,0443 0,0173

Methane - H2S 277,56 0,1186 0,0268 0,0028

Метан — пропан

Methane — propane 283,16 0,3682 0,0242 0,0290

Метан — я-бутан

Methane — w-butane 294,26 0,0748 0,0322 0,0079

Ayx^-E <.yij)r-(yij)e

1 «

je средн>е апсолутно одступан>е у саставу парне фазе,

represents the mean absolute deviation for vapour com

position.

je средн>е апсолутно одступан>е у притиску.

represents the mean absolue deviation for pressure.

* Без критичне тачке и тачке на)ближе H>oj. — —

Excluding the critical value and the one closest to it.

Анализирани сетови експерименталних података за системе пропан—изо

пентан, метан—H2S и метан—и-бутан се могу сматрати термодинамички

консистентним, jep за веЬину испитиваних тачака апсолутно одступан>е у

саставу парне фазе задовол>ава услов (8). Незадовол>ава|уКи резултати kojh

се доби)а)у за системе СОг — и - бутан и метан—пропан указу)у на две мо-

гуЬности: или су подаци термодинамички неконсистентни или су примен>ене

методе израчунававьа фугацитета, моларних запремина или енталпща недо

вольно тачне.

На слици 2 je приказан р-х-у дщаграм за систем СОг(1)—и-бутан(2)

на температури 310,96 К. Иако je сет испитиваних података неконсистентан,

уочава се да су одступан>а у саставу парне фазе свих тачака, изузев критичне,

веома близу вредности 0,008.

У таблици II су, стога, приказане и вредности средвьих апсолутних

одступгиъа у саставу парне фазе (Ду])*, без одступавьа за критичну и тачку

на)ближу H>oj, Koje као што се види одлучу)уЬе утичу на квалитет предска-

зиваиьа, за све проучаване системе, изузев система метан—пропан на 283,16 К.

Иако су у ранним истраживан.има19, за систем метан—пропан на 303,16 К,

доби)ени знатно бол>и резултати, очигледно je да се при предсказиван.у

равнотеже пара-течност бинарних система, код Kojroc je ]ед,нг од компонената
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метан, мора више обратити нажн>а на избор метода за израчунаваше особина

засиЬене парне фазе.

— fitcvano
:i

— к„ пи
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/ \

d

г

/

/

У

/

0.0 0.2 tt< 0.6 0А 1.0

MOLSKI UOEO C0j (1 )

kritifna
tacka — •

со2

Слика 2 Figure

Р-х-у ди)аграм за систем СОа(1)-л-бутан(2)

на температуря 310,96 К.

Р-х-у diagram for COa(l)-H-butane(2) system

at 310.96 К.

&y — израчунати моларни удео у парно) фази

минус експериментални моларни удео СОа.

Д,у — calculated vapour mole fraction minus

experimental mole fraction of COs.

Израду овог рада je финансирала Републичка за)едница науке Срби)е и Техно-

лошко-металуршки факултет Универзитета у Београду, на чему им аутори захвал^у.

ОЗНАКЕ

Aki — дискретизациона матрица

/ — фугацитет

G — Gibbs-ова слободна енерги)а

к — карактеристичан бикарни интеракциони параметар

п — 6poj експерименталних тачака

N — 6poj унутрапльих колокационих тачака

р — притисак

R — гасна константа

t — температура
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Т — апсолутка температура

v — моларна запремина

V — укупна запремина смете

х — молски удео компоненте у те«но) смеши

у — молски удео компоненте у парно) смеши

Z — коефици)ент стшшьивости

у — коефици)ент активности

Ф — коефици)ент фуггцитета

со — ацентрични фактор

С1 — бездимензиона константа у )едначики станьа RK-a

v,t — карактеристичан бинарни интеракциони параметар

е — емпири)ски критерщум из ]едн. (7)

Горн>и индексы

Е — допунска функци)а

о — стандардно стан>е

р — парна фаза

t — течна фаза

Доли индексы

1,2 — компонента

с — критична вредност величине

к — колокациона тачка

ст — ста&е злаЛиеял

г — израчунато

е — експермиентално

SUMMARY

PREDICTION OF PHASE EQUILIBRIA FOR BINARY SYSTEMS CONTAINING A

NONCONDENSABLE COMPONENT BY THE METHOD OF ORTHOGONAL

COLLOCATION

NENAD RADOJKOVIC*, MILORAD MIHAJLOVIC**, BOJAN DORDEVlC and

ALEKSANDAR TASlC

Faculty of Technology and Metallurgy, University of Belgrade, P.O. Box 494, YU-11001 Belgrade,

*Faculty of Mechanical Engineering, Ni! University, YU-18000 Nil, and **Higher

PolytechniccU School, Belgrade, Yugoslavia

It is shown how the method of orthogonal collocation can be applied in prediction of

isothermal vapour-liquid equilibria of binary systems containing a noncondensable component.

On the basis of the obtained results it can be concluded that the described method can be used

with reliability for prediction both the vapour-liquid equilibrium and the thermodynamic test

of consistency for isothermal equilibrium data at high pressures.

(Received 31 October 1983)
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БЕЛЕШКА — NOTE

КОНДУКТОМЕТРЩСКО ОДРЕЪИВАгЬЕ ТЕОБРОМИНА

KOCTA НИКОЛИЪ и MHPJAHA МЕДЕНИЦА

Завод за физичку хеми/'у, Фармацеушски факулшпц, Уншерзишеш у Београду, 11000 Београд

(Примл>ено 27. марта 1984)

Извод. Приказана je (едноставна и осетл>ива

кокдуктометри)ска метода за одрег)иван>е

малих количина теобромина. Сребро - joH

pearyje са теобромином при чему наста;е

хидрони)ум-)он из -NH групе везане за

кгактинскл прстен ко)я се може кондукто-

метри)ски одредити са титрантом натри)ум

хидроксидом. Доби)ене су кондуктометри)-

ске крине подесног облика за тачно и ре-

продуктивно одре^иваке завршке тачке ти-

траци>е.

Теобромин je важан састо^ак неких фар-

мацеутских препарата Kojn служе као ваэо-

дилататори и диуретици. У литератури су

описане методе за )одометри)ско1_5, спектро-

фотометри)сков'7, гравиметри)ско8-11 и волу-

метри)СКО одрег)нван,е теобромина. У овим

методама употребл>ене су разноврсне хеми)-

ске реак!ди)е ко)има се врше одговара^'уЬе

трансформаци)е у ксантинском прстену при

чему се доби)а)у je,um,eiba подесна за од-

ре^иван>а.

У предложен)) методи за кондуктоме-

три)ско одрег)иван>е теобромина користили

смо peaKiuijy сребро - )она са -NH трупом

из ксантинског прстена при чему се осло-

баг)а хидрони)ум joH12 kojh се одре1)у)е са

титрантом натри^ум хидроксидом.

Айарашура. ypetjaj kojh je употреблазан

у извог)е№у кондуктометрщеке THTpaunje

описан je у претходном раду13.

Реагеиси. 0,1 mol dm-3 раствор сребро ни

трата. Садржа; раствора одрег)иван je по

пропису J/гословенске фармакопе)еи.

Раствор натри)ум хидроксида 0,1 mol

dm-3 приправлен je из ампуле Титривала

„Алкалоид" Скогоье.

Основни раствор добрей je расти арам,ем

100 mg теобромина Merck у 100 cm3 воде.

Све употребл>ене хемикал^е биле су

аналитичког степена чистоЬе.

Посшуйак. Запремини основног раствор*

Koja садржи 2,0, 5,0, 7,0 или 10,0 mg дода

се 2 cm3 0,1 mol dm-3 раствора сребро ни

трата и водом допуни до запремине 30 cm3.

Oeaj раствор треба оставити на тамном

месту око пет минута да би се xeMHjcKa

реакци)а у потпуности извршила. Кондук-

тометрщека титраци;а се изводи са 0,1 mol

dm~3 раствором HaTpHjyM хидроксида. До

давайте титранта из аутоматске бирете се

изводи наjмалом брзином како би се добиле

кондуктометрфске криве подесног облика.

Теобромин je слаба киселина са рКл

вредношКу 9,915 и не може се непосредно

одрег)ивати кондуктометрщеком методом у

воденом раствору са титрантом натри^ум

хидроксидом, jep се flo6njajy кондуктоме-

TpnjcKe криве неподесног облика. Мег)утим

ако се воденом раствору теобромина дода

сребро нитрат, долази до следеЬе реакщце:

C7H8N4O2 + AgN03+ НаО C7H7N4O2 Ag

+ НзО+ + NO3 (1)

У ово) реакцией настали хидрони)ум-)он

може се кондуктометриjски одре^ивати са

натри)ум хидроксидом, при чему се flo6njajy

кондуктометри)ске криве подесног облика

(сл. 1) за одрег)иван>е завршне тачке ти-

Tpaunje (ЗТТ).

Сребро-joH ствара са теобромином слабо

растворно ;еди1ьен>е у води а вишак jona

сребра не утиче на тачност одрег)иван>а,

jep се реакций измену Ag+ и ОН- joHa

дешава по ЗТТ при чему Hacraje AgjO па

се и проводл.ивост раствора мало метьа.

Све до ЗТТ проводгьивост титрираног ра

створа опада, jep се НзО+ )они са веЬом

покретл>ивопту заменуу Na+ joHuva са

ман>ом покретл,ивошНу, па због свих ових

ефеката, кондуктометри}ска крива има ка-

рактеристичан облик, при чему се за ЗТТ

узима тачка у i<ojoj je проводгьивост раст

вора на;ман,а, како je означено на сл. 1.
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Због могуКности аутоматског регистрован>а

кондуктометри)ске криве одрег)иван>е ЗТТ

се може извести тачно и репродуктивно.

Раствор сребро нитрата увек треба до-

 

Слика 1 Figure
Кондуктиометрн)ска титрациона крива за реакци]'у

изме1)у теобромина и 0, Imoldm-3 натриjyM-

-хидроксид
Conductometric titration curve for the reaction
between theobromine and 0. 1 mol dm-3 sodium

hydroxide

дати у витку, jep у противном наста) у

два )едюьен.а теобромина са Ag+ (онима,

Koja CToje у ме^усобно] равнотежи. Найме,

PelleTin и cap.12 изводили су потенциоме-

три)ску анализу ове реакци)е и констатовали

да се CTBapajy )едик>ен>а у кощма су односи

измену теобромина и Ag+ )она 2:1 и 1:1.

Уколико се сребро нитрат дода у вишку

наста)е само реакци^а приказана )едначином

(1), а то je потвр^ено и потенциометр^ском

анализом18.

Због брзине при Kojoj HacTajy НзО+ jomi

из -NH групе везане за ксантински прстен,

при додатку сребро нитрата треба причекати

око пет минута да би се завршила хеми^ска

рсакцща.

Непосредна кондуктометр^ска титраци)а

теобромина са сребро нитратом не да)е

добре резултате иако се током титращце

ocno6ar)ajy НэО+ joHH, али се проводаьивост

раствора много не меяьа и стога се доби>а)у

кондуктометруске криве неподесног облика.

Вероватно и да стваранье два )един>ен>а

теобромина са Ag+ joHWvia утиче на обра

зование оваквог облика кондуктометри^ске

криве.

Резултати конд\т<тометри)Ске титраци)е

приказани су у таблици I показу)у да je

метода тачна и репродуктивна и да се може

примени™ за одрег)нван»е малих количина

теобромина.

Присуство кофеина не утиче на тачност

доби)ених резултата ко;и у реакцией са

Agf johom не ослобаг)а НзО+ )он што ни;е

случае са аминофилином и теофилином

Koje треба одво^ити од теобромина.

Предност кондуктометраjcKor одрег)и-

васьа теобромина je у осетливости ове

методе Koja се постиже без примене ком-

пликованих xeMHjcKHX процеса коришКених

у трансформаци|ама теобромина.

ТАБЛИЦА I TABLE

Резултати кондуктометри|ског одреЬиван>а

теобромина

Results of conductometric determination of

theobromine

Узета Epoj Haheua

количина титращф количина

Amount foundAmount taken No. of titra

(mg) tions (mg)

2.0 7 2.1±0.1*

5.0 7 5.1±0.1

7.0 7 7.3±0.1

10.0 7 10.1±0.1

* Стандардна деви)аци}а — Standard deviation

SUMMARY

CONDUCTOMETRIC DETERMINATION OF THEOBROMINE

KOSTA NIKOLlC and MIRJANA MEDENICA

Physical Chemistry Department, Faculty of Pharmacy, University of Belgrade, YU-11000 Belgrade,

Yugoslavia

A simple and sensitive conductometric

method for the determination of small quan

tities of theobromine is presented. The silver

ion reacts with theobromine i.e. with the -NH

group of the xanthine ring giving rise to

the hydronium ion which can be determined

with sodium hydroxide as titrant. The conduc

tometric curves obtained are of suitable form

for accurate and reproducible detection of the

titration end point.

(Received 27 March 1984)



ОДРЕЪИВА1ЬЕ ТЕОБРОМИНА 423

ЛИТЕРАТУРА

1. W. О. Emery, G. С. Spencer, /. Ind.

Eng. Chem. 10, 605 (1918)

2. G. Wallrabe, Apoth. Ztg. 46, 341 (1931)

3. J. H. Wolf, G. Bister, Z. Anal. Chen:.

137, 324 Г1953)

4. E. O. Eaton, J. Assoc. Offic. Agr. Chemists

19, 534 (1936)

5. С. M. P. Wirth, Drug Std. 20, 226 (1952)

6. F. Bergman, S. Dickstein, J. Am. Chem.

Soc. 77, 691 (1955)

7. H. R. Hernandez, A. M. Mattocks, Bull.

Natl. Formulary Comm. 19, 1 (1951)

8. British Pharmacopoeia, 1953, Pharmaceuti

cal Press, London 1953

9. F. Reimers, /. Assoc. Offic. Agr. Chemists

20, 631 (1937)

10. С. T. Bennett, F. B. Windle, Pharm. J.

106, 472 (1921)

11. A. G. Richardson, Y. C. Campbell, /.

Am. Pharm. Assoc. 31, 24 (1942>

12. F. Pellerin, G. Laroux-Mamo, Ann. Pharm.

France 29, 153 (1971)

13. K. Nikolic, R. Popovic, M. Vukosavljevic,

Pharmazie 35, 8 (1980)

14. Pharmacopoeia Jugoslavica III, Savezni

zavod za zdravstvenu zaStitu, Beograd 197?

15. A. G. Ogston, /. Chem. Soc. 1376 (1935)

16. K. Nikolic, M. Medenica, K. Vela$evic,

Glasnik Hem. drultva Beograd 49, 119

(1984).





ГЛАСНИК XEMHJCKOr ДРУШТВА БЕОГРАД

BULLETIN DE LA SOCIETE CHIMIQUE BEOGRAD

49 (7) 425^t27 (1984)

GHDB-1029 UDC 661 . 52 : 543. 257. 5

Note

БЕЛЕШКА — NOTE

КУЛОНОМЕТРЩСКО ОДРЕЪИВАгЬЕ НЕКИХ КВАТЕРНЕРНИХ

AMOHHJYMOBHX СОЛИ

КОСТА НИКОЛИЪ и KCEHHJA ВЕЛАШЕВИЪ

Ннсшишуш за физичку хеми/у, Фармацеушски факудшеш Уншерзцшеша у Београду, й.йр. 146,

11001 Кеоград

(Прим.ъено 27. марта 1984)

Извод. Кулонометрэдском аргентометри)ом

одре^иван je садржа) неких кватернерних

амони)умових )одида и хлорида у раство

рима. Као индикаторска електрода узета je

сребрна а као референтна меркуро сулфатна

електрода. Из утрошених милимолова сребра

израчунате су количине испитиваних ква

тернерних амони)умових соли.

Кватернерна амони)умова )един>ен,а се

налазе у многим фармацеутским препаратима

и HMajy разна фармаколошка свойства. Ова

)един>ен>а су позната и као површинско

активне супстанце па због свих тих особина

посто)и интерес за н>ихову квантитативну

анализу. Титриметтл^ска одвег)иван>а неких

кватернерних амони)умових соли изводи се

са натри)ум лаурилсулфатом1 или натри)ум

тетрафенилборатом(Ш)г у двофазним систе-

мима у присуству индикатора метил жуто,

бромфенол плаво или метил оранжа. Титри-

метри)ско одрег)иван>е ових )един.ен>а изводи

се и у монофазним системима са катри)ум

тетрафенилборатом(Ш) уз индикатор метил

оранж или метил жуто3. У аналитичком

поступку користе се и гаска хроматограф^ а4

спектрофотометри)а5 и )онски измен>ивачив.

Од електроаналитичких метода у квантита

тивно) анализи заступл>енэ су и потеицио-

метри)ска одре1)иван,а ових )едшьен>а7'8.

Кулонометри)ска титради)а заузима

важно место у тачном и репродуктивном

одрег)иван>у врло малих количина супстанци.

Предност ове методе je у брзом аналитичком

поступку а посебно у оним случа)евима када

се користе врло нестабилни титранти Koje

треба често контролисати. Стога je у овом

раду предложена кулонометри)ска THTpaunja

за одреЬиван,е бензилтриметиламот^ум хло

рида, тетраетиламони)ум )одида итетраб}т-

иламонз^ум )одида.

Xeмикaлиje и раствори: Benzyltri-

methylammoniumchlorid, фирме Fluka, во-

дени раствор; tetraethylammoniumjodid,

фирме Fluka, водени раствор и tetrabutyl-

ammoniumjodid, фирме Fluka, етанолни рас

твор. Сви основни раствори ових )един>ев>а

су садржали 0,1 mol/dm3. Католит: 2 mol/

dm3 раствор сумпорне киселине а анолит:

0,4 mol/dm3 раствор сумпорне киселине.

Стандардни раствор HaTpnjyM хлорида 0,1

mol/dm3.

Раствори сумпорне киселине и натри-

jy'MxnopHfla су доставл>ени од фирме Ra

diometer, Copenhagen.

Апаратура: За кулонометри}ско одрег}и-

ван>е кватернерних амони)умових соли у

овом раду коришкен je СМТ 10 Titrator,

Radiometer, Copenhagen са катодом и ано

дом од сребра. Одрег)нване завршне тачке

титраци)е je извожено noMohy индикаторског

кола у коме je индикаторска Р-4401 сребрна

електрода и референтна К-610 меркуро

сулфатна електрода. Пре извог)ен>а кулоно-

MeTpnjcKe THTpaunje исправност апарата и

аутоматске пипете проверава;у се помоЬу

стандардног раствора натри)'ум хлорида.

Поступак: У cneunjanHy посудицу у

Kojoj je сребрна електрода и магнетна ме-

шалица, отпипетира се 2 cm3 анолита, па

се затим помоЬу микропипете дода 20 |Л

раствора Kojn садржи onroBapajyhy коли-

чину испитиване кватернерне амошцумове

соли. У тако добрей раствор, уровъене су

индикаторска и референтна електрода као

и посуда са порозним дном у Kojoj je ка

толит и сребрна катода. Пошто се посудица

постави Hi. специ)ално постол>е Koje покреЬе

магнетну мешалицу и анода приюьучи за

апарат, притиском на одговара^уЬе дутме

апарат се пушта у рад.

425
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По завршно) тачки титраци)е, апарат се

аутоматски искл.учу)е а на бро|чанику се

проччта 6poj утрошених милимолова сребра.

1 милимол сребра одговара 185,7 mg бензил-

триметиламошцум хлорида, одн. 257,17 mg

тетраетиламотпчум )одида, одн. 369,5 mg

тетрабутиламони)ул1 joflwia.

У таблици I приказани су резултати

кулонометри)ске титраци)е испитиваних ква-

тернерних амони)умових соли.

ТАБЛИЦА I TABLE

Назнв Узета
супстанцс количина

Name of Taken amount

substance mg

Hahena

количина

Found amount

mg±S.D.

Бензилтриметил-

амони)ум хлорид

Benzyltrimethyl-
ammonium chloride

0,3715

0,1858
0,0743

0,03715

0,3741 + 0,004

0,188 ±0,004

0,0754± 0,004

0,0375x0,004

'Гетрастиламоии - 0,51434

0,2572
0,1029

0,0514

0,5092 ±0,005

0,2591±0,003

0,1039±0,004

0,0509 ± 0,007

jyM )ОДИД
Tetraethylammo-

nium iodide

Тетрабутиламо- 0,7388

0,369

0,147

0,0738

0,730 ±0,009

0,367 ±0,005

0.147 ±0,007
0,0746±0,O08

НИ)уМ )ОЯИД
Tetrabutylammo-

nium iodide

Резултати указу) у да je метода тачна и

репродуктивна и да се под датам условима,

може користити за одре^иванье малих ко

личина ових )еди»ен>а.

Кулонометрщска титраци)а се заснива на

следеЬим реакшцама:

Ag= Ag+ I е

Ag+ -I R++ X-+ S04*-= AgX4-

+ R++ S042-

где je R+ — кватернерни амони)умов joh

a X- — jон халогенида.

Сумарка peaKquja кулонометри)ске ар-

гентометрще може се изводити на два

начина: са константном (ачином струне и

кулонометрщека аргентометрч)а при контро-

лисаном потенциалу. Иако су реакци)'е у

оба случа)'а исте, кулонометри)Ска титрацща

са константном cTpyjoM се еврстава у се-

кундарне кулонометри)ске титращце, jep je

таложоье халогенида секундарна реакщца.

У предложено) метода ова врста титраци^е

има предност у односу на кулонометри}ско

одре!)иван>е при константном потенциалу,

jep се употребом основног електролита,

Kojn чини сумпорна киселина, спречава

непосредно таложен>е халогенида на анодн

што би отежало извоГ)ен>е ове титраци)е.

Присуство кватернерног амот^умовог

joHa не утиче на електрохеми)ску реакци)у

па стога не nocTojn конкурентки електро-

хемн)ски процес ко;и би утицао на анодну

реакцщу Koja се дешава уз 100% кориш-

hea>e CTpyje. Хеми)ска реакци^а по брзиии

прати eлeктpoxeмиjcкy реакцщу па се стога

завршна тачка титраци)е може тачно и ре-

продуктивн.) одредати помоКу индакаторске

сребрне електроде. С друге стране, при

суство кватернерних aMOHnjумових )она не

утиче ни на потенциал ове електроде па

су промене потенциала врло брзе и осет-

хьиве. Ме^утим, иако je произвол раствор-

л>ивости AgJ врло мали и износи 0,32 • Ю-10,

одре!)иван>е мавьих количина од наведеяих

Hnje било могуНе због неосетл>ивости инди-

каторског система. Треба имати у виду да

на тачност одреГ)иван>а могу утицати сви

они joHH Kojn у киceлoj средний pearyjy

са Ag+ joHOM а тако!)е и оне супстанце Koje

могу да утичу на промену потенциала сре

брне индакаторске електроде, услед чега

се завршна тачка титрац^'е не може тачно

одредити. Ме^утим са кулонометр^ском

аргентометри}ом при константном потенци-

jany било би Moryhe изводити одреГ)иван>а

и у присуству других )она кс)и са Ag+

johom CTBapajy слабо растворна ]едшье1ьа у

води. Стога у случа)у да се у смеси налазе

)они KojH pearyjy са Ag+ )онима требало

би применити кулонометри)ску аргентоме-

Tpnjy при константном потенциалу.

Предложена метода кулонометри)ске ар-

гентометри;е са константном ja4HHOM crpyje

за одреГ)иван>е садржа;а бензилтриметил-

aMoHHjyM хлорида тетраетиламони)ум )одада

и тетрабутиламощцум )одида омогуЬава врло

брзо и )едноставно непосредно одреГ)Иван>е

ових супстанци. Потпуна аутоматизаци;а

процеса flaje могуЬност да се у врло крат

ком временском интервалу изведе велики

6poj анализа. Доби)еки резултати су тачни

и репродуктивни.
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SUMMARY

COULOMETRIC DETERMINATION OF SOME QUATERNARY AMMONIUM SALTS

KOSTA NIKOLIC end KSENIJA VELASEVIC

Institute ol Physical Chemistry, Faculty ol Pharracy, University ol Belgrade, P.O.Box 146, YU-I1001

Belgrade, Yugoslavia

Contents of some quaternary ammonium Amounts of quaternary ammonium salts were

iodides and chlorides in solutions have been calculated from millimoles of silver consumed,

determined by coulometric argentometry. Silver

was employed as the indicator electrode and (Received 27 March 1984"»

mercury(I) sulphate as the reference one.
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ПРЕГЛЕД — REVUE

ЕКСПЕРИМЕНТАЛНО И ТЕОРЩСКО ПРОУЧАВА1ЬЕ ПРОЦЕСА

У ПЛАЗМИ 1ЕДНССМЕРНОГ ЕЛЕКТРИЧНОГ ЛУКА KOJH СЛОВОДНО

ГОРИ У ВАЗДУХУ

1ЕЛЕНА РАДИЪ-ПЕРИЪ
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1. УВОД

У овом прегледу дат je приказ резултата истраживааа феномена и

процеса kojh влада|у у плазми |едносмерног лука KojH слободно гори у ваздуху

измену графитних електрода. Процеси у плазми лука oflper)yjy интензитет

зрачеша атома, joHa или молекула испитиваног елемента пробе. Проба, обично

помешана са графитним прахом, се ставл>а у доньу електроду, аноду, испарава

и н»ени састо)ци улазе у плазму лука. У плазми се одиграва)у хеми)ске реакщф

Koje воде до дисоци)аци)е молекула пробе и евентуалног Hacrajaiba нових

молекулских врста. Поред тога дешава се jomraaunja молекула и атома и обр-

нуто, рекомбинащф, а тако^е и термичко побу^иваше атома, joHa или молекула.

Побу^ивале честица има за последицу емн-щу зрачен>а. ВеЬина елемената

присутна je у плазми лука делом у облику атома, а делом у облику )едном

наелектрисаних jom. Молекули стабилни на високим температурама се jaBn^ajy

у ре!)им случа)евима. Главни cacTojun плазме лука су атоми и молекули састо-

jaKa ваздуха. Састав плазме лука je функцща температуре и просторне распо

деле температуре у луку. Транспорт паре cyncraHunje у плазми лука се врши

дифуз^ом и вертикално навише конвекщ^ом и мигрантом под yranajeM

елекгричног пол>а, ако се ради о joHHMa. Када nocTojn константан флукс

пробе из доше електроде, аноде, врло брзо се успоставл>а стационарно станл

окаракгерисано одре^еном просторном расподелом честица.

У cneicrpoxeMnjcKoj анализи, при Kojoj се на основу интензитета спек

тралних лиюца атома или joHa елемената врши КЕантитативна анализа, познат
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je феномен flejcrea „треКе супстанщн'е''. „ТреЬа супстанщф" може cbojhm

присуством да утиче на нроцесе у електроди, MeH>ajyhn испарллвост пробе1-4,

или на процесе у плазми а тиме победно и на интензитете спектралних лини]'а

атома, joHa или молекула елемената кощ се oflpe^yjy. На процесе у плазми

„треКа супстанци)'а" може да утиче мен>а)*уНи температуру и просторну распо-

делу температуре плазме5"9, мен>а)уЬи састав плазме10-15, време боравка

честила у плазми16-20, Koje je у директно) вези са брзином кретан>а и распро

стирала паре супстанце у зони пражн>ен>а.

Утица; „треЬе супстанщф" je комплексан. Промена температуре и

електронске концентращ^е као и аихових просторних расподела у присуству

„треКе супстанщи'е" обично води и до промене односа наелектрисаних и

неутралних врста, а тиме и до промене у саставу плазме. Са друге стране,

промена температуре изазива промену транспортних параметара па je могуК

yra^aj и на просторну расподелу честица у плазми. Зато o6jaura>eH>e механизма

деловааа „треЬе супстанщф" на интензитете спектралних лтпп'а елемената

Kojn се oflpe^yjy, захтева комплетно испитиванъе процеса у плазми, дакле

температуре и просторне расподеле температуре плазме, састава плазме и

просторне расподеле честица у плазми као и процеса у елекгродама.

2. ОДРЕЪИВАН>Е ТЕМПЕРАТУРЕ И РАДОПАЛНЕ РАСПОДЕЛЕ ТЕМПЕРАТУРЕ

ЛУЧНЕ ПЛАЗМЕ

Стан>е плазме у дато) тачки простора и тренутку времена окарактерисано

je концентрацщом честица (атома, joHa, електрона и молекула) и функци>ама

Koje noKa3yjy расподелу честица по eHeprajaMa. Овакав сложени систем ока-

рактерисан je различитим значеньима температуре22,23:

a) електронском, одре^еном кинетичким енергсфма електрона

b) гасном, одре^еном кинетичком енерпфм неутралних честица

c) ексцитационом, Koja одговара запоседнутости побу1)ених нивоа

d) joHH3auH0H0M, Koja одговара joHH3annoHoj равнотежи.

Када je плазма у термодинамичко} равнотежи, сви видови температуре

теже Hcroj вредности, тзв. температури плазме, а састав плазме je одре^ен

термодинамичким константама. Расподела свих честица по брзинама и eHep

rajaMa je тада Maxwell-ова односно Boltzmann-ова. Ради)ациона густина треба

да je у складу са Planck-овим зш оном зрачен>а. Join 1923. године Compton24-26

je третпоставио и показао да се стан>е плазме jeflHOCMepHor лука ко)и слободно

гори у ваздуху при crpyjaMa лука реда величине 10 А може означити као

ставье локалне термалне равнотеже. Ова чиньеница je KacHnje потвр^ена кэко

TeopnjcKH тако и експериментално27,28.

С обзиром на чшьеницу да je на)виша температура лука дуж н»егоЕе

осе (карактеристично 6000—7000 К) па затим опада са pacrojaibeM од осе,

може се сматрати да je сваки елемент запремине лучне плазме окарактерисан

локалном температурой Т. Пошто су температуре у централно) зони лука или

стубу лука високе, за аихово одре^иваае не би дошле у обзир класичне

методе мерен>а. Много коришЬен метод за одре^иван>е температуре лука у
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централно) зони jecre одре1)иванье температуре из односа интензитета две

атомске спектралне литф 2»-зг.

— = —— ехр J (1)

h A2g2 \ kT J

где je / — интензитет спектралне лин^е, А — вероватноНа прелаза, g — ста-

тистичка тежина, е — eHepraja побу^иван>а, k — Boltzmann-ова константа и

Т — температура. Индекси 1 и 2 се односе на спектралне лишце 1 и 2 односно

на нивое 1 и 2. За одре^иванье температуре потребно je знати статистичке

тежине нивоа, вероватноНе одговара)уЬих прелаза и eHepraje побу^ивавьа

нивоа, док се интензитета спектралних линфа експериментално oflpetjyjy.

При одре!)иван>има се користе елементи са релативно високим енерпцама

joHH3aimje (да не ремете услове у плазми) а одабране спектралне литце треба

да HMajy блиске таласне дужине, а знатно да се разлику)у у енерпфма псбу-

1)иваньа. IIpojeKTOBaH>eM узане централне зоне лука на разрез спектрографа и

таквим осветл.аван.ем да свака тачка те узане зоне осветл>ава сваку тачку

разреза може се добити тзв. средньа температура централне зоне лука. Темпе

ратура одре^ена из интензитета спектралних лини)а првенствено би одговарала

„ексцитационо) температури". Пошто у )едносмернсм луку Kojn слсбодно

гори у ваздуху све дефинищце температуре (ексцитациона, гасна, електронска)

воде HCToj нумеричко)' вредности, ово je истовремено и температура плазме.

Прва одре^иваньа температуре плазме лука су извршена на основу

мереньэ интензитета ротационих люоф унутар одре^ене вибрационе траке

(конкретно молекула CN, прелаз В22+->Х2£+)34. Oeaj начин одре^ивааа

температуре ни)е стекао велику популарност jep je прилично мукотрпан али

га треба поменути како из истори}ских тако и из TeopnjcKHX разлога jep се

ггоре1)еньем температура доби)ених из интензитета молекулских трака и оних

добивених на основу интензитета атомских спектралних лини)а и експери

ментално може показати да све дефинищ^е температуре у луку да)у углавном

исте вредности.

Интензитет jeflHe ротационе спектралне линиje / за прелаз измену два

ротациона нивоа, унутар jeflHe траке, тоТЛ' ->nv"J" Л"35 je:

I=—Anv "j» »л", mv г л' nmv у h v (2)

где je d дебл>ина onoja, А вероватноНа прелаза a nmv у 6poj честица у датом

нивоу. EpojeEH у индексима шип озкачава}у горвьи и доньи електронски ниво,

респективно ; v и / означава}у вибрациони од! осно ротациони квантни 6poj

а оэнаке " и ' значе дон>и и горвьи ниво, респективно. Л" и Л' су молекулски

квантни 6pojeBH дон>ег и горньег електронског стала a Av je eHepraja прелаза.

Пошто je 6poj молекула п у побу!)еном станьу одре^ен Bolrzmann-овим законом

расподеле д,оби]а се за /:

/= const. 5у»л»ехр(-ег/*Г) (3)

где je Sj-a." т. зв. Honl-London-ов фактор а ег ротапиока eHepraja. Заменой

е*=В heУ C/'+l) у (3), (В je ротациона константа) и логаритмовалем тако

Важя за двоатомске молекуле а такви се углавном и no6yl)yjy у луку



432 J. РАДИЪ-ПЕРИЪ

настале )едначине се добфа израз:

= const- (4)

Sj-A- 2,3026* T

kojh да)е могуНност одре^ивааа ротационе температуре на основу измерених

интензитета ротационих спектралних niuuija за различите Бредности У'34.

Температура се може одредити и из интензитета вибрационих трака35-37.

Тада се долази до тзв. вибрационе температуре Т Koja у случа>у графитног

jeflHOCMepHor лука, ко)и слободно гори у ваздуху одговара и температури

плазме.

Из релаци)е:

/»"»■= 2 Ivr'.v'J' = COnSt />„••„• Яр" v4 (5)

где je п'в 6poj честица у горньем вибрационом станьу (ир = £ я*' У) a pv" »•

г

)ачине траке; заменой n'v Koje следи Boltzmann-ову расподелу, се доби}а

радна }едначина:

1 Iv" v' ev ,ч

log = const. 6)
v4 •/>„»,,• 2,3026*7

где je v фреквенци)а a е0* вибрациона енерги]"а.

Пошто се може сматрати да je максимални интензитет траке на челу

траке, пропорционалан укупном интензитету траке, може се мерешем интен

зитета чела трака за различите прелазе »'-»•£>" одредити температура Т, уко-

лико су познате ja4HHe трака /V»"35. МогуЬности одре!)иван>а температуре

на основу интензитета лтпф или трака ограничене су Henocroja&eM поузданих

података за вероватноке прелаза.

Лучни извор карактерише рад!флно опадан>е температуре па у складу

са тиме nocTojH OflroBapajyha радщална расподела интензитета зраченьа атсма,

joHa7. На основу радэдалне расподеле интензитета ,,термеметарских спек

тралних лини)а" могуЬе je одредити радщалну расподелу температуре.

Нека се оса лука поклапа са г-осом и нека je разрез спектрографа ьерти-

калан, сл. 1. Ако ставимо испред разреза и фoкycиpajyheг система mmepiyiyhy

призму, слика лука на разрезу бине обрнута за 90°. Разрез, у координатнем

систему лука има сада правац дг-осе. На разрез висине х пада зрачевье са диска

мале деблдне. У равни ху шрафирани део геометри]ски mrycrpyje интензитет

/г_о(х) у тачки х разреза, ко)тл се региструje при мереау. Веза измену 1(х) и

J(x, у, z) где J представлю зрачен>е по }единици запремине и }единици про-

сторног угла (зависност у од г се обично изоставл>а при писаау) je:

I(x) = 2 jj(x,y)dy. (7)



ПРОЦЕСИ У ПЛАЗМИ 1ЕДНОСМЕРНОГ ЛУКА 433

За изворе са кружном симетрирм (а такав je лук) функщф J (х, у) се може

сменити функци)ом J(r) помоКу трансформащф гг=х2+у2 па се доби)а:

со
 

Сл. 1. Осветл>аван>е разреза спектрографа при одре^иваау ради)'алне ра-

споделе густине зрачен>а: В — лук; Li, Lj, Ls, и L« — сочива;

Р — инверту)уЪа (Dove) призма; А — контролни заклон; S — разрез;

К — колиматор (горе). У равни ху шрафирани део геометри)'ски илу-

dpyje интензитет /г-о(х) у тачки х разреза (доле)

Расподела J(r) je одре^ена Abel-овом интегралном ^едначином:

г

На основу експериментално измерених интензитета 1(х) се помоЬу Abel-ове

)едначине 39-40 може израчунати /(г) и добита радо^ална расподела густине

зраченьа за централну зону лука (или лучни стуб*).

Температуре у спол>ашн>им зонама лука (Г<2500 К) могу се одредити

Schlieren методом41-42. Метода je заснована на вези Koja nocrojH измену

индекса преламаньа и густине плазме. Са друге стране, густина je при кон

стантном притиску обрнуто сразмерна температури. Светлосни зраци из

одрег)еног извора се nponyuiTajy кроз спол>ашн>у зону лука, прелама)у се под

различитим угловима jep због градиента температуре плазме nocTojH градиент

* Ради)ус стуба лука би се могао дефинисати као pacToja&e од осе лука при коме

концентрация електрона опадне на нулу.
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индекса преламан>а. Анализом фотографских снимака се може одредити

ради)ална расподела густине зрачен>а J(r) у температурско) области од 2500 К

до собне.

 

На слиии 2 су приказане три карактеристичне ради)алне расподеле

температуре у графитном луку ко)н слободно гори у ваздуху. CTpyja лука je

9 А, ди)аметар аноде je 6mm а електродни размак je 5 mm. Проба je испаравала

из донье електроде, аноде. Крива 1 на сл. 2 се односи на графитни лук без

додатака, крива 2 npnKa3yje ради}алну расподелу температуру у луку у при-

суству Са (0,01%). Крива температурске расподеле у cny4ajy 2 има мэн>и

нагиб у односу на криву 1 што je последила ниже температуре у централно}

зони лука а због присуства калцэдума као елемента са нижим потенциалом

joHH3auHje. Крива 3, сл. 2 noKa3yje flejcreo флуора на ради}алну расподелу

температуре.

3. САСТАВ ЛУЧНЕ ПЛАЗМЕ

Пошто je лучна плазма гасни систем окарактерисан локалном термалном

равнотежом, могуКе je израчунати сэстав такве плазме на различитим темпера-

турама. Рад 14 je посвекен одре!)иван>у равнотежног састаЕа плазме графитног

лука Kojn слободно гори у ваздуху уз додатак мале количине флуора Kojn,

CBojHM присуством, може да утиче на процесе у плазми, а тиме на интензитете

спекгралних лини)а елемената Kojn се oflpe^yjy (калци)ум je изабран као

репрезентативни елемент). Плазма .тгука je посматрана као гасни систем са
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константним N/O односом (0,79/0,21) уз додатак С*, F и Са. Израчунава&е

састава овакве плазме ура^ено je по методи White-a и сарадника 44. Метода

je заснована на чишеници да равнотежном станьу система одговара минимална

слободна енерпф. Слободна eHepraja F jeflHor система представлю суму про-

извода хеми)ских потенциала са молским фраюпфма х, свих компонената:

F=£*,ft (Ю)

п je 6poj хеми)ских cacrojaKa (атома, )Она или молекула) у систему. Сет х,

вредности за равнотежно станъе, може се одредити решаванъем ]едначине:

8F=0 (11)

а при испуьеном услову за одржан>е масе у систему:

я

£a,]X{=bj j=\,2,...m (12)

т представлю 6poj елемената у систему а je 6poj атома елементау у молекулу

г, bj je коефшпфнт пропорционалан процентном саставу елемента j у систему.

Квазинеутралност система изражена je релаци}ом:

п

£х,а,=0 где je а( наелектрисаае врете г.

i=i

Према методи White-a и сарадника, слободна eHepraja (10) се прво развое у

Taylor-ов ред. Услов (12) се узима у обзир помоЬу Lagrange-ових мултипли-

катора щ. Систем jeflHa4HHa KojH се добщя решава се итеративно. Димензща

оваквог система je m+1 и зависи само од 6poja елемената. Молска фракци^а

одре^ене хенфске врете, присутне у трату, може се одредити помоЬу ^едначине :

xf = ехр [- (FoIR Г), - In (р) +2 «d щ (1 3)

г

где je р укупан притисак у систему.

При израчунаван>у састава плазме ваздуха са 1 % С што би одговарало

плазми графитног** лука у присуству мале количине флуора (0,1%) и кал-

ци)ума (0,01 %)14 узета je у обзир могуЬност rpatje&a око 60 }едшьен>а, прак

тично свих оних за Koje су постлали литературни подаци за слободне енер-

rHje45,4e На слици З14 су приказани парщфлни притисци компонената ваз-

душне плазме са 1% С у функции температуре. У присуству флуора (0,1%)

парнэдални притисци атома азота, кисеоника и упьеника као и молекула

изгра1)ених од ових атома, се неНе битно променити. При температурама

нижим од 2000 К настаКе известан 6poj стабилних молекула флуора са N, С

и О (CF4, F2CO, FNO2) док се на температурама изнад 2000 К флуор готово

еэв налази у форми атома. У ваздушно) плазми у присуству упьеника, елек-

трони углавном Hacrajy joHH3annjoM молекула NO (концентращца електрона

у луку je око 3 - Ю-4 atm). Присуство елемената са нижим потетпфлом

^онизащф, нпр. Са, показуje велики yTHnaj на електронску концентрапэду

* Угл>еник у плазму лука долази испаравагьем са графитних електрода

** У графитном луку реално je очекивати 1% С у плазми '.
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у плазми. Тада електрони, на температурама нижим од 4000 К, готово у потпу-

кости Hacrajy jomi3aimjoM калцщума а на температуря од 6000 К електронска

о-
 

Сл. 3. Парци)ални притисци главних

компонена плазме ваздуха

(N=78,21% 0=20,79%) У

присуству С (1%), као функ-

iuija температуре

нонцентраци)а je 1,5 пута веКа у присуству Са него без н>ега14. Концентраци|г

атома Са, joHa Са и молекула СЮ на Г<3500 К, у присуству флуора се сма-

ayje због rpatjeaa CaF и CaF2 молекула, сл. 414.

4. ЗРАЧЕШЕ ЛУЧНЕ ПЛАЗМЕ

Зрачевье вертикалног )едносмерног лука Kojn слободно гори у ваздуху

измену графитних електрода, потиче од термички побу^ених атома, молекула

и радикала ожшних cacroja^a плазме imp. Ог, N2, NO а на^веЬи део тзь.

тра* астог дела позадинског зацрн>ен>а у графитном луку Hacraje зрачеиьем

молекула CN и Cj. Други део зрачеч>а лука je резултат тердшчког побу^ивавьа



ПРОЦЕСИ У ПЛАЗМИ 1ЕДНОСМЕРНОГ ЛУКА 437

 

Т(К)

Сл. 4. Парци)ални притисци различитих форми калщцума за ваздушну

плазму са 1 % С и 0,01 % Са : лево — без F ; са 0, 1 % F у плазми — десно

атома, )*она и молекула састо)ака пробе додате у лук. Поред лиш^ског зрачоьа

у луку се )авл>а и фон континуалног зрачен>а.

Интенштет спечтралне лини}е или траке одре^еног атома, joHa или

молекула показу)е зависно л- од ради^уса лука I—I(r) због nocrojaiba градиента

температуре и концентраци)е честида дуж ради)уса лука. Представимо лук

у виду цилиндра радиуса г и висине /. Нека je укупна густина честица одре-

1)ен.е врете N у тачки са координатама г, ср, z, N (г, <р, г)*. Густина честица

у-тог облика (нпр. атома) je тада:

П](г,<?,г) = N (г, ф, z) X) (г, <р, г) (13)

где je X) молска фракщ^аj-те форме и зависи од температуре. Пошто je темпе

ратура функци}а координата изабраног запреминског елемента, то je и xj

функ1пф координата. Укупан интензитет зрачен>а одре^ене спектралне лишф

или траке може се написати:

R 2л

Ijq — j j J rdr d<p cb (14)

ООО

где je ijq густина зрачетьа:

ijq = Cjq щ exp ( — ejqlk T) = Cjp N Xj (exp — zjqjk T) (15)

tjq je ексцитациони потенциал 7-те форме, a Cjq jwbynyje у себи вероватноЬу

прелаза и статистичку тежину побу^еног стака, к je Boltzmann-ова константа

а Г температура. ПретпоставиНемо да температура Т, укупна густина честица N

* N=n атома Ьи)она + и молекула одре^еног елемента
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и молска фракхпф х] mtajy само радофлну зависност. Заменой (15) у (14)

и интегращфм тако доби)ене )едначине, Hacraje израз:

R

1)д = 2тг / С}д j N (г) х} (г) ехр (ел/Л Т) rdr ( 1 6)

о

Ако je познат састав плазме и ако претпоставимо да се N много не мен>а са г.

могу се из кривих зависности log [х; ехр ( — zjqlkT)] од температуре за разли

чите вредности потенциала ексцитаци|е, одредити оптималне температуре

за емиси)у одре!)ених спектралних лини)а, нпр. калци)ума као у реф. 47,

Тако je на основу ди)аграма зависности log (х ехр - е«/£Г) од Т за одре1)ене

траке молекула С2, CN и СО (С2 : А3П8-»Х3Пи; СМ : В22+->Х2Е+; СО :

: АЧТ-^Х1^) пок1зано да зрачоье ових молекула за наведене прелазе потиче

претежно из централне зоне лука. Тако1)е je оценом укупног интензитета зра-

чен>а ових трака IJq (нумеричком интегращфм )едначине (16)) за 3 темпера-

турске расподеле у луку, сл. 2, показана велика осетллвост интензитета трака

Сг, CN и СО на промене температуре и расподеле температуре у луку48 што je

и експериментално констатовано7.

5. ПРОСТОРНА РАСПОДЕЛА КОНЦЕНТРАЦЩЕ ЧЕСТИЦА У ЛУКУ

Ради)ална расподела укупне концентращф честица одре^ене врете, нпр.

калцщума, Nc&, може се оценити комбинащфм ради)алних расподела атома

калщцума или молекула СаО доби)ених из интензитета атомских спектралних

лини)а или трака молекула СаО и ради)алних расподела фракщ^а атома Са

или молекула CiO Kojn следе из рачунски доби)еног састава плазме. Тако je

на!)ено9 да присуство флуора у плазми npoyspoKyje веки градиент концен-

TpaiHije укупног калщ^ума Ысл у правцу радиуса лука, сл. 5.

 

Сл. 5. Ради]ална расподела укупне концен-

0 12 3 4 5 r(mm) траци)е калци)ума • без флуора; са

флуором О

Расподела укупне концентращ^е честица у луку, егзактно се може добити

ешаван>?м )едначине транспорта масе. Општи облик )едначине транспорта
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Mice за систем честица подвргнут детству одре^ене силе Koja им да)е усмерену

брзину v и днфузи)е, због nocrojaiba концентрационог градиента, je :

—= \7(DS7n-nv) (17)

д t

где п представл>а концентраци)у честица a D je дифузиони коефици)ент. У

принципу и D и v могу бити функци^е координата. За описиван>е транспорта

масе у вгртикалном аксщално (осно) симетричном луку kojh слободно гори у

ваздуху, природно je коришЬаье цилиндричног координатног система. За

равнотежно стан>е (<Эя/дг=0) {едначина (17) има следеНи облик:

„д2я , / п , dD\ 1 дп , пд2п , dDdn 1 д

D Н D+r—J h D 1 я rvr—

dr2 \ dr J v dr dz2 dz dz r dr

dn dvz dn

— vr n Vi —= 0. (18)

dr dz dz

тедначина (18) се не може решити аналитички чак и уз нека упрошКен>а-

Boumans и de Galan49,50 су развили модел према коме се лук третира као

басконачно висок цилиндер са непробо)ним зидом. Супстанца испарава из

донье електроде, аноде, и бива ношена конвекци)ом и под утица)ем електричног

пол>а вертикално навише, константном брзином. Решеше (еднэчине (уз зане-

мариван>е vr и извода D и v) je дато у форми Bessel-ових функщца. Кринберг

и Смирнова8 1-54 побол>шава)у Boumans-ов модел узима)уЬи у обзир промене

aKcnjaiiHe брзине vz дуж осе лука и flejdEO горн»е електроде катоде као меха-

ничке препреке. Холш^тнгр-АнтуновиЬ и сарадници55-57 посматра;у горньу

елгкгроду, катоду као елактричну препреку и flajy oflroBapajyhy акси)алну

расподелу концентраци>е честица. Сва поменута разматра!ьа расподеле кон-

центрац^е честица се односе на централну зону лука и нису погодна за опис

nojaea у спол>ашн>им, хладни)им зонама лука. У радовима 58 и 59 je предложен

метод Kojn омогуНава решение {едначине транспорта масе. Ова) метод пред-

ставл>а примену Gelerkin-овог метода60,61 за решаванье диференци)алних

)едначина. Нека тражимо решение диференцщалне }едначине:

L{«}-0 (19)

где je L одговара}уЬи оператор а и функвдоа (Koja у нашем or/4ajy зависи од

гиг) Kojy треба одредити и Koja сама као и н>ени изводи треба да задовол>ава

неке граничне услове. Приближно решение }едначине (19) тражимо у облику

N М

и(г,г)=2 2 Спт?п W Ф"» (*) (20)

где су /„(г) и срт (г) биисне функци)е Koje зависе од координате г иг. Функш^а

п (г, г) треба да задовол>ава следеЬе граничне услове49:

z= оо

и = 0 за (21.1)

Г— 00

—D-n \-vn=f(r) за z = 0.

dz

(21.2)
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Услов (21.1) подразумева да je концентращф честица п у бесконачности нула

док услов (21.2) опису)е улазак узорка из дон>е електроде у плазму па /(г)

flaje профил флукса. 3aMeH.yjyhH п (г, г) у )едначини (18) сетом функщф (20)

и npojeKroBaib^M тако доби)еног израза на сваку од базисних функци.)а добива

се израз:

hi м

2 2 Спт Lti.nm = о

л— 1 т= I

(22)

где je

L^nm = j* j ft (r) ф^ (z) Lfn (г) фп» (z) rdr dz.

о о

Захтев за поштоваше граничног услова (21.2) води до ситуаци|е при Kojoj

сви коефищфнти спт нису линеарно независни што захтева примену La-

grange-ових мултипликатора. Зато (едначина (22) има сада облик:

N М

2 2 c»"»Ltf,»m + >*fy= 0, 1 = 1 N, j=l м

n= 1 m=» 1

где je

пликатори.

д Фт v т
—i фт=/гП( а А, су Lagrange-ови мулти-

д z D

.01

03

.02

.01

с
А 2 = 0,0 cm 2=0.1 cm 2=02 cm z=0.3 cm

Г \
1 \

i

i А

\ \
\ \
\ \
\ \
\ \

-
\\ \ \

\ \

\ \

\ v
ч V

\ \

z=0 4 cm z =0.5 cm z=06cm 2= 07 cm

4 .

—j 1 >=>^ i "7>^

0.4 0B 0.4 Ofl 04 08 0 4 06

r (cm)

Сл. 6. Просторна расподела концентрации e честица: без флуора у присуству

флуора
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1едначина (23) представл>а систем од N (М+ 1) линеарних )'едначина чи-

)Им се решаван>ем floonja NxM коефищпената c»m ко'щ одре!)у]у просторну

расподелу концентраций честица п (г, г)иМ Lagrange-ових мултипликатора X,.

На основу експериментално добивених зависности коефицэдената дифу-

3Hje D од температуре и брзина акс^алног транспорта см,80,аъ« могу се

добити просторне расподеле концентраци)е честица при одре^еним условима

у луку. На сл. б63 су приказане ради;алне расподеле концентрапэде честица,

за различите pacrojafta z од аноде, доби)ене решаван>ем )едначине (23). Пуна

лищф одговара уобича)ено) ситуации у графитном лику (акси)ална брзина

v =200 cm/s20) а испрекидана значи присустио флуора у луку (©=400 cm/s21).

Ако се узме у обзир утица) флуора на испараваае узорка и ренормира)у се

вредности и ()•, z) за г==0 добива се расподела и (г, z) са Koje се види да при-

суство флуора проузроку^е стрми)'у расподелу концентраци]'е честица, што je

у складу са експерименталним резултатима47.

6. УТИЦА1 „ТРЕЪЕ СУПСТАНЦЩЕ" НА ИНТЕНЗИТЕТЕ СПЕКТРАЛНИХ

ЛИНЩА И ТРАКА ИСПИТИВАНОГ ЕЛЕМЕНТА

Резултати проучаван>а yTrajaja ,,Tpehe cyncrammje", конкретно флуора,

на параметре и састав лучне плазме, описани у првих пет одел>ака овог рада,

oivioryhaBajy o6janra»eibe промене интензитета спектралних лини)а и трака

испитиваног елемента (калци)ума) у присуству „треЬе супстанци]'е". Како

„треНа супстанци)а" може, зависло од свощх карактеристика (потенци)ала

joHH3auHje, елекгронегативности, хеми|ског афинитета итд.) и количине у

Kojoj je присутна у плазми, у различите} мери променити температуру и елек-

тронску густину у луку као и шихове просторне расподеле, просторну распо

делу честица исцитиване супстанци)е као и форму у Kojoj се ова]' )авл>а у плазми,

немогуйе je извести општи закл>учак о томе да ли he спектралне лишф и траке

елемента ко)и се oflpetjyje бити у присуству „треНе супстанщф" noja4aHe

или ослабл>ене. Поуздашца анализа и предви^ан>е експерименталних резул-

тата може се извести само ако су доступни конкретни подаци о променама

по)единих фактора Kojn HMajy yranaja на интензитете. Пример оваквог истра-

живан>а приказан je у раду 63. Комбинован»ем експериментално добивених

података о расподели температуре и честица калщцума у луку Kojn слободно

гори у ваздуху без и у присуству флуора, са рачунааем oflroBapajyhnx односа

атомских, joHCKHx и молекулских компоненти калщл'ума, показало je не само

да евентуалне промене интензитета лишф и трака калщ^ума зависе од коли

чине флуора присутног у плазми, Beh и да интензитети лгаил'а и трака са

различитим потенци)алима ексцитаци)е могу да буду промеаени на сасвим

различит начин. Повезиван>е овакве анализе са проучаван>ем промене интен

зитета позадинског зацрн>ен>а48 омогуНава да се избором врете и концентрацще

„треКе cyncTaHinije" обезбеде оптимални услови за спектрохеми)ско одре-

1)иван>е елемената у плазми електричног лука.

7. ЗАЮЬУЧАК

1едносмерни електрични лук ко)и слободно гори у ваздуху представлю

класичан ексцитациони извор, ипак сви процеси Kojn се ojmrpaBajy у плазми
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лука нису join увек доволло проучени. Узрок томе je суперпозищф разли-

читих процеса у плазми, испараван>а, дисоци)аци)е, )онизаци)е — yorairre

xeMHjcionc peaKiujja, ca транспортами феноменима, kojh сви за|едно одрег)у)у

ексцитационе услове у луку. Сви ови процеси су веома осетл>иви на присуово

тзв. „трепих супстанщф" у плазми. Свестрано испитиван>е процеса у плазми

лука захтева примену специфичних експерименталних техника као и теори^ких

метода. У овом раду дат je преглед неких резултата таквих истраживаньа.

Велики део резултата истраживан>а приказаних у овом прегледу настао je у сарадтьи

и под руководством проф. В. ВукановнКа коме аутор дугу)е дубоку захвалност.

ИЗВОД

Дат je преглед неких резултата експерименталних и теоршских истраживан,а процеса

ко)и се одиграва{у у плазми (едносмерног електричног лука kojh слободно гори у ваздуху .

Посебна пажн>а посвеКена je проучаваау утица;а „треКе cyncTaHimje" на интензитете спек-

тралних лшода и трака испитиваних елемената.

SUMMARY

EXPERIMENTAL AND THEORETICAL INVESTIGATIONS OF THE

PROCESSES IN THE PLASMA OF A DC ARC FREELY BURNING IN AIR

JELENA RADlC-PERlC

Institute of Physical Chemistry, Faculty of Science, P. O. Box 550, YU-11001

Belgrade, Yugoslavia

A review is given of some results of experimental and theoretical investigations of the

processes occurring in the plasma of a dc arc freely burning in air. Special attention is paid to the

consideration of the influence of the "third substance" on the intensities of the spectral lines and

bands of investigated elements.

(Received 5 June 1984)
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Palladium(II)-catalyzed carbonylation of two dienes with isolated double

bonds, involving a weak base, polar solvent acting also as a nucleophile, and copper(II)

salt which reoxidizes the palladium metal to an active palladium(II) species, has

been studied. The products were identified by spectral means and chemical trans

formations. The mechanisms for their formation are discussed.

Recently the number of investigations carried out on mechanistic and syn

thetic aspects of carbonylation reactions, employing palladium as a catalyst1-7

or stoichiometric component, have increased considerably8,9. As a result, a large

number of synthetically useful Pd(II)-induced transformations of the organic

substrates, otherwise not easily achieved by classical organic reactions, have found

application in the synthetic area of organic chemistry1-7.

In the course of our studies, concerning the carbonylation of the acetato-

-bridged methoxy-palladium adduct of 1,5-cyclooctadiene l10in methanol, we

were interested to find mild experimental conditions for the catalytic carbonylation

of unconjugated chelating dienes, such as dicyclopentadiene and 1,5-hexadiene.

 

1

It is well known> that during the carbonylation of the o--Pd(II) adducts of

type 2, prepared from the diene-palladium(II) ^-complexes 3 with appropriate

nucleophiles Nu, palladium black precipitates by decomposition of a labile hydrido-

palladium species HPdX9-10. Hence, in order to make the carbonylation reaction

catalytic, which is of practical synthetic use because of the cost of the metal, it is

necessary to reoxidize inactive zerovalent palladium to palladium(II). In this

445
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AI ■ 1 , 3-cyclooctndiene, norbornadiene, dicyclopentadiene

N1

Nu « OR", OH"

X » CI, OAc

Jespect, it should be mentioned that elemental palladium can be dissolved in hy

drochloric acid in the presence of oxygen, but since this is a very slow process,

such a redox system is unsatisfactory11. However, in many catalytic processes

including the commercially attractive Wacker reaction12, where ethylene is oxidized

to acetaldehyde, copper(II) chloride is used for reoxidation of the palladium metal

to palladium(II). For that reason we have also selected copper(II) chloride as an

oxidant, that prevents the piecipitation of palladium(O) and serves at the same time

as a limiting reagent. The first reaction mixture contained disodium tetrachlo-

ropalladate13 as a catalyst, sodium acetate as a base (sodium acetate or other base

prevents the build-up ofacid), copper(II) chloride and an excess of dicyclopentadiene

in absolute methanol (see Experimental for details). The reaction was run at room

temperature in a Parr shaker hydrogenation apparatus, and carbon monoxide was

introduced, with constant shaking, from a ballast CO tank at the pressure of 340 kPa.

The blue-green suspension became black after 80 h, due to the precipitated palla

dium, and upon opening the reaction flask to air the mixture began to turn blue

again. After filtering off undissolved salts and precipitated palladium, the solution

was concentrated and extracted with ether. The final organic residue after evapo

ration of the solvent, analyzed by gas chromatography, showed the presence of

only one component. This sole product isolated by vacuum distillation was iden

tified on the basis of i.r. and XH n.m.r. spectra as dimethyl ш-ехо-За,4,5,6,7а-

-hexahydro-#jdo-4,7-methanoindene dicarboxylate (4)*.

 

 

* Noteworthy is the fact that oxidative carbonylation of dicyclopentadiene affording the

same product 4, may be conducted at room temperature and atmospheric pressure.
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The molecular mass (Ci4HieO4=250. 12208), determined by high resolution

mass spectrometry, was another confirmation of the proposed structure. Hydro

lysis of the diester 4 gave the corresponding acid 6, while hydrogenation afforded

the symmetrically saturated molecule 5 for which i.r., ЧН n.m.r. and 13C n.m.r.

spectra were in full agreement with the proposed structure. The stoichiometric

carbonylation of the dicyclopentadiene-PdCh тг-complex 7 in methanol, in the

presence of a weak base reported by Stille et al.9, resulted under the high pressure

of CO (3000 kPa) in the isolation of the methoxy and acetoxy esters 8 and 9. Thus,

if dicyclopentadiene acting as a strong chelating diene, foims the same 7T-complex 7

as an intermediate then, it would be expected to yield the analogous products 8

and 9 in the catalytic reaction investigated by us. However, in view of the difference

 

between stoichiometric and catalytic reactions the most reasonable explanation is

that exo coordination of Pd(II) giving rise to the monoene --complex 10 (Scheme 1)

is much faster than competitive enrfo-diene-Pd(II) coordination. The apparent

inhibition of the dicyclopentadiene-Pd(II) 7r-complex (7) formation, on the expense

of the monoene тг-complex 10, may be interpreted in terms of endo steric hindrance

of the other ring, that prevents the approach of Pd(Il) catalyst. Furthermore, the

isolation of the single product, the diester 4, indicates that the coordination occurs

at the norbornene double bond, which is more reactive due to the strain.

It now remains to discuss the mechanism of the reaction. As outlined in

Scheme 1, the initial step is the formation of the (olefin)palladium carbonyl n-

-complex 10. The stereospecific nature of the reaction is ascribed to the involvement

of the carbomethoxypalladium species 11, formed by interaction of the 7i-complex 10

with methanol, in the presence of a base*. The subsequent step, called carbo-

 

Scheme 1

* In accord with the results previously reported this type of the intermediate has been

proposed in the hydrocarboxylation of olefins and dicarboalkoxylation of olefins and acetylenes14'15.
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methoxypalladatidn, implies ci'i-addition of РсЗСОгСНз to the double bond. The

resulting inteimediate 12, leading to the acyl palladium complex 13, has to undergo

further carbon monoxide insertion via the pentacoordinate palladium(II) carbonyl

complex, which is for the sake of simplicity omitted from Scheme 1. The last

step of this catalytic cycle, envisaged as the nucleophilic attack of methanol on thi

complex 13 affords the organic product 4, with concomitant formation of the

palladiumhydride species.

After having studied the carbonylation of dicyclopentadiene, we have examined

a similar carbonylation reaction of another acyclic diene, 1,5-hexadiene. The first

conclusion to be made from the data summarized in Table I is, that the carbonylation

of 1,5-hexadiene gives rise to the mixture of products 14—16, by contrast to single

product 4, obtained from dicyclopentadiene as the starting substrate.

TABLE t. OXIDATIVE CATALYTIC CARBONYLATION OF 1,5-HEXADIENE*

Catalyst CuCl NaOAc Solvent CO gauge Temp. Rxn.

mraol mmol mmol (cm ) ^(jjpjj)* °c
tlme(h)

Product composition

OAc

,b,c

14 15

 

16

Yield

(*>

PdCl2

0.56

PdCl2

0..56

11

11

3. Na.PdCI. 44
2* 4

1.00

22

44

CHjOH

(50)

CHjOIt

(50)

£70

27.0

CH3OH(4) 270

CH2C12(70)

SO

50-65

24

21

36

17

83

46

E * C02CH3

51

a) Amount of the diene: 16 mmol in expts. 1 and 2. and 48 mmol in expt. 3.

b) Products listed comprise 80, 60 and 77% of gas chromatography peak areas

c) The structural assignment of products 14-16 "as based on the [г, H nmr, С nmr and

d) The mechanism for the formation of dimethyl 2-(3-buten-l-yl)succinate (16) is the same

! 1 for the carbonylation of dicyclopentadiene.

mass spectroscopy,

one depicted in Sche-

The formation of the acyclic p-methoxy and acetoxy derivatives 14 and 15

can be rationalized in terms of the existence of the (diene)PdCi2 тс-complex 17

as a common intermediate (Scheme 2). The interaction of 17 with the solvent,

forming the methoxy palladium(II) adduct 18, occurs with the concurrent acetoxy-

palladation when, acetate from a weak base competes with the solvent, yielding

the acetoxy adduct of Pd(II) 19. The carbonylation of these adducts in the manner

described earlier (Schemel), leads to the products 14 and 15.

One final note concerning the mode of the oxypalladation step deserves

comment. In order to rationalize the structures of the isolated products 14 and 15,

it is required that in the oxypalladation step, the palladium forms a bond with

the terminal carbon atom (the primary carbanion coordinated to palladium(II) is

doubtlessly a more favorable direction of addition). It is also interesting to note,

as indicated in Table I (expt. 2), that the product distribution was markedly influ

enced by the absence of a base, when the amount of the diester 16 decreased to 15%

(60% in the presence of sodium acetate), because its formation, as shown previously,
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CH OH
coJ

-HCl/

 

 

17

OA с

CO

 

 OAс

ri

OAc

L = CO  

^1-

19 15

Scheme 2

is base catalyzed. Finally, expermental results clearly indicate that the structure

of the starting diene affects ths reaction pathways (Schemes 1 and 2). That implies

the monoene 7r-complex 10 formation in the case of dicyclopentadiene, while on

the other hand the involvement of the monoene and diene ^-complexes as inter

mediates, is necessary to explain the formation of the products 14, 15 and 16 in

the carbonylation of 1,5-hexadiene.

Gas chromatography (?.c): Loenco model 15 С—E and Hewlett-Packard model 775 g.c.

colums used for analytical and preparative analysis were packed with 10% and 20% Carbowax

4000 on Chromosorb W 60/80 mesh, non-acid washed; for higher temperatures Carbowax 20 M

on Chromosorb W 60/80 mesh, non-acid washed was used. Infrared spectra (i.r.): Perkin-Elmer

Spectrophotometer, Model 283 ; 1H-n.m.r. spectra: Varian T-60 and Varian XL-100 spectrometers;

l3C-n.m.r. spectra: Varian CFT-20 spectrometer. Mass spectra: AEI MS-902 spectrometer.

General procedure for the oxidative catalytic carbonylation of dienes in the presence of palla

dium^!) salt as catalyst

Commercially available palladium chloride was used without further purification. Diso-

dium tetrachloropalladate was prepared according to a known procedure13. Carbon monoxide

was CP grade —99.5% pure. Dienes were freshly distilled before reaction. Absolute solvens

were used.

The reactions requiring carbon monoxide pressure above 100 kPa were carried out in a

250 cm3 heavy-walled Pyrex bottle used for hydrogenation with the Parr apparatus. The bottle

is equipped with a stainless steel adapter, that has a pressure gauge, pressure release safety valve

and a needle valve connected to the Parr hydrogenation tank which contained carbon monoxide.

A suspension of copper(II) chloride, sodium acetate, palladium(II) catalyst, diene (approx 10%

excess with respect to the oxidant) in methanol was placed into the flask with a magnetic stirring

bar. The flask was evacuated on a vacuum line, and carbon monoxide introduced to desired pressure

(up to 340 kPa). The reaction mixture was magnetically stirred to ensure thorough mixing of

all components present. The reaction was continued under these conditions (24—80 h) until

palladium black, precipitated, indicating the total consumption of copper(II) chloride for oxidation

of the palladium(O). Generally, the temperature of the reaction mixture is adjusted (0—100°)

by placing the bottle in an ice or oil bath. At the end of the reaction, the solution is separated by

filtration from precipitated palladium and some of the undissolved inorganic salts. Then, most

of the solvent was distilled off, and the residue was treated with ether and the resulting ether

EXPERIMENTAL
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solution washed few times with water. Alternatively, the residue was extracted with several portions

of pentane or petroleum ether (30—60°). Organic extracts were combined, dried and concen

trated until the solvent was totally removed by distillation at atmospheric pressure and finally

under reduced pressure at room temperature. The residue was further purified by passing it

through a neutral alumina column to eliminate the traces of remaining inorganic salts (in some

cases before this treatment, the solution had a pale green color due to the copper(II) salts). The

analysis and separation of oiganic mixture was done by analytical and preparative gas chromato

graphy (in several instances the products were insolated by vacuum distillation). Identificaticn

of the products was done by i.r., JH n.m.r., 13C n.m.r., mass spectra and appropriate chemical

transformations.

Catalytic carbonylation of dicyclopenladiene

The suspension of 8.4 cm3 (7.4 g, 56 mmol) of dicyclopentadiene, 0.294 g (1 mmol) of

disodium tetrachloropalladate, 6 g (44 mmol) of copper(II) chloride and 5.9 g (72 mmol) of sodium

acetate in 1 50 cm3 was carbonylated at room temperature, under 340 kPa carbon monoxide pressure,

for 80 h, according to the procedure just described. The final organic residue, analyzed by g.c.

using a 3 m x 0.60 cm column of 10% Carbowax 4000 on non-acid washed 60/80 mesh Chro-

mosorb W operated at 140° and 68 kPa, showed the presence of one compound (retention time

220 minutes). Vacuum distillation, bp 135—7° (0.5 mm) afforded 3.56 g (80%) of dimethyl ci's-

-ejc0-3a,4,5,6,7,7a-hexahydro-emfo-4,7-methanoindene dicarboxylate (4): lH n.m.r. (ССЦ): 8 5.6

(m, 2H, HC=CH), 3.58 (s, 6H, 2СОаСОз), 3.20 (d, 2H, HCCO2CH3), 2.62 (m, 3H, allylic),

1.4—1.6 (broad d, 2H); I.r. (neat): 3045, 2860, 1745, 1615, 1435, 1360, 1145 and 690 cm"1; cal

culated m/« for CuH1804 250.12050 (found 250.12208). Hydrolysis of diester 4 (0.4739 g, 1.8

mmol) in refluxing methanolic solution of potassium hydroxide yielded, after treatment of the

potassium salt with hydrochloric acid (3 mol/dm3), 0.2404 g (61%) of the corresponding diacid в

(mp 130—6°). Hydrogenation of unsaturated diester 4 (0.4 g, 1.53 mmol) on 5% palladium

on charcoal in the Parr hydrogenation apparatus under 270 kPa hydrogen pressure afforded a

quantitative yield (4.03 g, 1 .53 mmol) of saturated diester 5 : XH n.m.r. (ССЬ) : 8 3.6 (s, 6H, 2 CO2-

CH3), 2.95 (d, 2H, HCCO2CH3), 2.42 (broad s, 4H, methine hydrogens), 1.35—1.7 (broad s,

8H); 13C n.m.r. (ССЦ): Сп,и 172.4 (s), Ci2,i4 50.8 (q), Сг,з 45.13 (d), Сы 44.47 (d), С5,я 43.80 (d),

C10 40.48 (t), Св,в 28,73 (t), C7 26.44 (t) (chemical shifts 8 С (in ppm) are recorded relative to

TMS (= 0 ppm) as internal standard ; abbreviations for multiplicity (in the off-resonance decoupled

spectra): s, singlet; d, douglet; t, triplet; q, quartet.

Catalytic carbonylation of 1,5-hexadiene

The suspension of 2 cm3 (1.37 g, 16 mmol) of 1,5-hexadiene, 1.5 g (11 mmol) of copper(II)

chloride, 1.8 g (22 mmol) of sodium acetate, 0.1 g (0.56 mmol) of palladium chloride in 50 cm3,

of methanol was carbonylated ft 80°, over the period of 24 h at 270 kPa carbon monoxide pressure-

The organic residue was analyzed by g.c. (3 m x 0.64 cm column of 10% Carbowax 4000 on non-

-acid washed 60/80 mesh Chromosorb W) at 120° and 68 kPa, and showed the presence of three

main compounds (80% of g.c. peak areas) with retention times of 19, 70 and 80 minutes (com

pounds with shorter retention times were not analyzed). The first compound isolated by prepar

ative g.c. (retention time 19 minutes) was identified as methyl 2-methoxy-5-hexenecarboxyIate

(14) (23%): 'И n.m.r. (CCL,): 8 5.4—5.8 (m, 1H, HC-CH2), 4.8—5.1 (m, 2H, HC-CH2),

3.6 (s, ЗН, CO2CH3), 3.5 (m, barely seen signal, 1H, НСОСНз), 3.3 (s, ЗН, ОСНз), 2.4 (d, 2H

CH2CO2CH3), 1.4—2.1 (m, 4H); I.r. (neat): 3080, 3020, 1740, 1645, 1440, 1095, 990 and 910

cm-1. Second minor compound (retention time 70 minutes) was identified as methyl 2-acetoxy-5-

-hexenecarboxylate (15) (17%): 41 n.m.r. (CCLt): 8 5.4—5.8 (m, 1H, HC = CH2), 5.0—5.2 (m,

2H, HC-CH2), 4.9 (m, 1H, HCOAc), 3.62 (s, ЗН, СОгСН3), 2.5 (d, 2H, CHsCOsCHs), 2.0

(s, ОСОСНз), 1.5—2.2 (m, 4H); 13C n.m.r. (CCU): 8 Ca,9 170 and 172 (s), C5 138 (d), Ce 115 (t),

C? 70 (q), Сю 51 (q), C2 38 (d), Ci 35 (t), Ci 30 (t), C3 22 (t); I.r. (neat): 3075, 1740 and 1650

cm *. The major compound (retention time 80 minutes) was identified as dimethyl 2-(3-buten-l
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-yl)succinate (16) (60%): *H n.m.r. (ССЦ): 8 5.4—5.8 (m, Ш, HC=CHa), 4.8—5.2 (m, 2H,

HC=CHa), 3.62 (s, 6H, 2 СОаСНз), 2.38—2.8 (m, ЗН, НССН2СОаСН8), 1.4—2.1 (m, 4H);

 

s «

15 16

i3C n.m.r. (CCU): S do.e 175 and 172 (s), C5 138 (d), Ce 116 (t), C7,9 52.1 and 52.0 (q), Ca 41 (d),

Ci 36 (t), Ct 32 (t), C3 26 (t); I.r. (neat): 3080, 1645, 1745, 1165, 990 and 910 cm-1.

извод

ОКСИДАТИВНО КАРБОНИЛОВАН>Е ДИЦИКЛОПЕНТАДИЕНА

И 1,5-ХЕКСАДИЕНА У ПРИСУСТВУ ПАЛАДЩУМ(И) КАТАЛИЗАТОРА

КЕРТИС Б. АНДЕРСОН

XeMujcmi иисшишуш Универзишеша у Калифорнией, Санша Барбара, Санша Барбара, Кали-

форни]а 93106, САД

и

РАДЕ МАРКОВИЪ

Хемщски иисшишуш Природно-машемашичког факулшеша Универзишеша у Беохраду

Проучавано je карбониловаше диена са изолованим двогубим везама, катализовано

палади)умом(П), у присуству слабе базе, поларног растварача kojh flenyje и као нуклеофил

и бакар(П) соли i<oja реоксиду)'е метални палади)ум до активне палади)ум(И) врете. Про

изводи су идентификовани на основу спектралних метода и хеми)ских трансформаци;а.

Механизми гра^еша ових произвола су изложени.

(Прнмллно 5. априла 1984)
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Spectrophotometric investigation of monohydroxybenzene, 1,3-dihydroxy-

benzene, 1,4-dihydroxybenzene, 1,2,3-trihydroxybenzene and 1,3,5-trihydroxy-

benzene solutions with Ti(IV) in 72.3% НСЮ4 has shown formation of complex

compounds. Complexes Ti : monohydroxybenzene = 1 : 2 (Xmax=434 nm),

Ti : 1,4-dihydroxybenzene =1 : 2 (Xm»x = 492 nm) and Ti : 1,3,5-trihydroxybenzene

= 1 : 1 (Xmax = 410 nm) are formed immediately after preparation of the solutions.

Due to the change with time of hydroxybenzenes in concentrated НОСч these

complexes also change forming solid products. Titanium(IV) also forms complex

compounds with the intermediary products of the transformation ofhydroxybenzenes.

Literature data on complex compounds of hydroxybenzenes with metal

ions refer to complexes in water1 and concentrated sulphuric acid2-4, To the authors'

knowledge no data concerning these complexes in concentrated perchloric acid

have been published so far. The aim of the present work was to investigate the

behaviour of the hydroxybenzene-titanium-perchloric acid system.

EXPERIMENTAL

Measurements were performed on a spectrophotometer Specord UV-VIS, Carl Zeiss,

Jena, with 0.998 cm quartz cells. The titanium stock solution concentration (0.01 mol/dm3) was

determined gravimetrically, and that of perchloric acid by titration using a pH-meter 26 Radio

meter. The chemicals used were: hydroxybenzenes (monohydroxybenzene, 1,3-dihydroxybenzene,

1,4-dihydroxybenzene, 1,2,3-trihydroxybenzene, 1,3,5-trihydroxybenzene), TiCU and НСЮ4,

all p. a., Merck. Hydroxybenzene solutions were prepared by dissolving weighed amounts of the

solid substances in HCIO4.

Since hydroxybenzene — Ti(IV) — НСЮ4 systems are very sensitive, it was important

to take care of the time between preparation of the solution and measurements, component con

centrations and the manner of preparation of solutions. The used perchloric acid concentration

was 72.3%; all the data presented here refer to this concentration. The spectra were recorded

using 72.3% HCIO4 as a reference.

In the present paper the chemicals used are referred to as: Fen — monohydroxybenzene,

Re — 1,3-trihydrox} benzene, Hi — 1,4-dihydroxybenzene, Pg — 1,2,3-trihydroxybenzene and

Flo — 1,3,5-trihydroxybenzene.

453
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RESULTS AND DISCUSSION

Absorption spectra of the system Fen — Ti(IV)—HCIO4 are recorded for

titanium and hydroxybenzene concentrations: CTi = CFen = 7x 10 3 mol/dm3 and

Cxi = CFen=3.5x 10~3 mol/dm3. The obtained spectra have one characteristic

absorption maximum at 434 nm (Fig. 1), which shifts to 465 nm after 7 h. The

absorbance at this maximum first decreases for 2 h then it increases for the next

5 h, i.e. until the appearance of insoluble products. At higher titanium concen

tration (Cti = 1.3x IO-3 mol/dm3, CFen=5xlO-2 mol/dm3) a maximum appears

at 487 nm. The change of the solution colour is ascribed to the formation of various

types of complexes.

ОБ

OA

Q2

00

 

354 400 500 600 700 nm

Fig. I . Absorption spectra of Fen —

Ti(IV) complex in 72.3% HCIO4. /, 2

and 3 — ~ 10 min, 3 h and 7 h after

preparation of solutions, respectively.

Cn=Crm=3.5x Ю-3 mol/dm*

 

600 700 nm

Fig. 2. Absorption spectra of Hi—

—Ti(IV) complex in 72.3% НСЮ4.

/ and 2 —~ 10 min and 6 h after

preparation of solutions, respectively.

Cti=Chi = 2.5x Ю-4 mol/dm3

In the system Re—Ti(IV)—HCIO4 absorption appears 8 h after mixing

of the components with a band maximum at 555 nm (CRe = CTi= 1 x 10-3 mol/dm3).

After this time the absorbance of Re at 585 nm ih higher than that of the complex,

pointing to a simultaneous transformation of Re and complex formation in the

system.

Spectra of the Hi—Ti(IV)—HCIO4 system were recorded with reference

to the Hi solution of the same concentration as that of the mixture (Сш = С ti =

=2.5 x 10~2 mol/dm3). The formed complex has a maximum at 492 nm (Fig. 2).

The absorbance at the maximum decreases but its position does not change with

time. After longer standing the solutions become opaque. A complex formed at

an excess of Ti(IV) (Cti = 5 x 10" 2 mol/dm3) has a maximum at 446 nm. A different

absorbance, followed by different colouration of the solution, indicates a formation

of a number of different complexes.

A spectrum ofPg—Ti(IV)—HCIO4 solution (CTi = CP(?=3.5 x 10"2 mol/dm3),

recorded 18 h after mixing, shows a maximum at 500 nm (Fig. 3). The sam: band

is observed in the spectrum of a complex formed by adding Ti to a Pg solution

after 24 h of standing.

Immediately after mixing of Ti and Flo solutions in HClOj (Cti=Cfio=

=4x 10 2 mol/dm3) a slight inflexion appears at 440 nm (Fig. 4) which becomes
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more explicit after 2 h, when a new one also appears at 595 nm. The absorption

at 440 nm continues to increase with time. A complex is also formed by adding

Ti to Flo solution after 24 h of standing. In this case the form of the spectrum

is the same as that of the complex formed with a fiesh Flo solution but the absorb-

ance is increased by 55%. Maxima at 444 and 595 nm appear with further standing

of the solution.
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Fig. 3. Absorption spectra of Pg—

—Ti(IV) complex in 72.3% НСЮ4.

/ and 2 —~ 10 min and 24 h after

preparation of solutions, respectively.

Cti=CPs=-3.5x10-4 mol/dm3

Fig. 4. Absorption spectra of Flo—

—Ti(IV) complex in 72.3% НСЮ4.

/ and 2 —~10 min and 2 h after

preparation of solutions, respectively.

Cti = Cfio=4x10-2 mol/dm3

The composition of Fen, Hi and Flo complexes was determined by Job's

method using freshly prepared hydroxybenzene solutions5. The obtained, results,

presented in Figs 5—7, show a formation of the complexes of the following com-

A

08!

A.

OA

02

 

TO 02 ' M ' 06 Ofl Cfen

cTi-CFen

Fig. 5. Job's curves for Ti(IV) — Fen

complex (recorded ~ 10 min after

preparation of solutions). /—435 nm.

2—417 nm. Cti+Cfc„-3.5x Ю-3

mol/dm3

06

Oi,

02-

00

 

00 02 Ok 06 08 10 ' CHi

cTi+cHi

Fig. 6. Job's curves for Ti(IV)—Hi

complex (recorded ~ 10 min after

preparation of solutions). /—49 nm.

2—454 nm. CTi + CHi = 2.5 x 10"»

mol/dm3
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positions: Fen : Ti(IV)=l : 2; Hi : Ti(IV) = l : 2 and Flo : Ti(IV)=l : 1. It can

likewise be assumed, from the shapes of the obtained curves, that Ti(IV) complexes

are formed with Fen and Flo in the ratio of 1 : 1 and 2:1, respectively. Due to

their change with time, determination of the composition of either hydroxybenzenes'

or complex solutions was useless.

The obtained results show a decisive effect of the interaction of hydroxyben

zenes with perchloric acid on the instability and other characteristics of titanium

complexes with hydroxybenzenes. Transformation of hydroxybenzenes most

probably takes place in the process of formation of many unindentified products

preceding that of the final, solid product.

Immediately after mixing of the components, complexes are formed with

protonated forms of hydroxybenzenes such as Fen, Hi and Flo. The change of

absorbance with time is due to a further transformation offormed types of complexes

caused by transformation of hydroxybenzenes themeslves.

Intermediary products of the transformation of hydroxybenzenes form also

complexes with titanium(IV). However, it is not possible to investigate these

complexes thoroughly prior to the identification of the inermediary products.

РЕАКЦЩЕ ХИДРОКСИБЕНЗЕНА У JAKO КИСЕЛИМ СРЕДИНАМА.

VII. КОМПЛЕКСНА ТЕДИгЬЕгЬА ТИТАНА И ХИДРОКСИБЕНЗЕНА У РАСТВО

РИМА КОНЦЕНТРОВАНЕ ПЕРХЛОРНЕ КИСЕЛИНЕ

MHPJAHA В. ОБРАДОВИЪз, ДРАГАН С. ВЕСЕЛИНОВИЪ и ДРАГАН А. МАРКОВИЧ

Спектрофотометрщ'ска испитиванл су показала да монохидроксибензен, 1 ,3-дихидрок-

сибензен, 1 ,4-дихидроксибензен, 1 ,2,3-трихидроксибензен и 1,3,5-трихидроксибензен граде

са Ti(IV) комплексна {едшьмьа у 72,3% HCld. Непосредно по припреми раствора HacTajy

комплекси састава Ti(IV): монохидроксибензен= 1 : 2 ((Xm«ks = 434 nm), Ti(IV): 1,4-дихи-

дроксибензен = 1 : 2 (Xmaka = 492 nm) и Ti(IV): 1,3,5-трихидроксибензен= 1 : 1 (Xmak« = 410

nm). Због трансформащяа копима подлежу хидроксибензени у растворима концентроване

перхлорне киселине долази и до промена насталих комплекса са временом, што доводи и

до ii3;;Bajaifaa чврстих продуката. TiiTaH(IV) таког)е гради комплексна )един>ен>а и са мег)у-

продуктима трансформаци)е хидрокснбензена.

А

 

Fig. 7. Job's curves for Ti(IV)—Flo complex

(recorded ~ 10 min after preparationofsolutions).

1—416 nm. 2—440 nm. CTi+Cfi0=4x 10~*

mol/dm3

извод

(Примл>ено 14. Maja 1984)
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The hydrolysis of the copper(II) ion in sodium chloride medium was studied

by the emf method at 25°C. The data show that copper(II) hydrolyzes between

pH 3.5 and 5 depending on its concentration. Thus, as the copper(II) concentration

increases, the beginning of the hydrolysis is shifted to lower pH values. The deter

mination of the composition of the hydrolytic complexes indicates the formation

of Cu2(OH)22+ with a stability constant log (32,2 = -9.31 +0.25.

The hydrolysis of the copper(II) ion has been studied in sodium perchlo-

rate1-2 and potassium nitrate3-4 media. The data indicate that the principal hydrolytic

complex of the copper(II) ion is Сиг(ОН)22+. Theie is also some evidence2-4-5

on the formation of the mononuclear complex CuOH+, but its existence still is

quite uncertain6.

Since the medium effect might be significant7, better understanding of the

hydrolytic behaviour of copper requires investigation of its hydrolysis in various

ionic media. Therefore, in this work hydrolysis of the copper(II) ion has been

studied in sodium chloride medium by the emf method.

EXPERIMENTAL

All chemicals were of analytical grade purity. In addition, copper(II) chloride and sodium

chloride were purified by recrystallization.

In order to prevent initial hydrolysis of the copper(II) ion, in the stock solution a small

amount of hydrochloric acid was added. Concentration of the free acid in the stock solution of

copper was determined potentiometrically using the Gran plot8. The copper content in the stock

solution was determined by electrodeposition in the presence of sulphuric acid.

Preparation of sodium chloride, sodium hydroxide and hydrochloric acid solutions and

their standardization was described elsewhere9. Purification of the nitrogen gas, which was used

for stirring and providing an inert atmosphere also was described in ref. 9.

The emf measurements were carried out as potentiometric titrations using a Wilhelm

bridge and the constant ionic medium (3.0 mol/dm3 (Na)Cl**). During the measurements the

titration vessel and the bridge were inserted in a paraffin oil thermostat at 25.0±0.2°C which

was placed in a room thermostatted to 25.0±O.5°. The cell contained: a glass electrode/copper(II)

solution, HC1, 3.0 mol/dm3 (Na)Cl/RE— , where RE=Ag, AgCl/ionic medium saturated with

* To whom correspondence should be addressed.

** Notation is in accordance with ref. 10.
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AgCl. The glass electrode was commercial (Beckman), while the Ag, AgCl electrode was preparep

according to Brown11.

Titrations of 5.0, 10, 20, and 40 mmol/dm3 Cu2+ ion were carried out by adding the sodium

hydroxide solution from one buret and the copper(II) solution of a twice higher concentration

in the same portions from the other buret. In this way, the total concentration of the copper(II)

ion was kept constant. Since all solutions were prepared in corresponding concentrations of sodium

chloride, the total concentration of chloride ions was also constant (3.0 mol/dm3). Adding the

sodium hydroxide to the test solution the analytical excess of H+ (denoted as H) was decreased,
so that it became negative during the course of the titration. The concentration of the free HT

(denoted as A) at each point was calculated by the Nernst formula

£=£„+3 + 59.16 log*

where E is the measured potential, E0 a constant which includes the standard potential of the

glass electrode, and Ej the liquid junction potential which is an approximately linear function of

h, i.e. Ei=j h. In order to determine E0 andj, a Gran plot was first made to get a better value

of H, which was then used to plot £ — 59.16 log h versus A (or H in the range before hydrolysis

started). The limiting value of A (when A=0) gave £0, while j was obtained from the slope. E0

was determined for each titration directly from the part of the titration where no hydrolysis occur

red. Since values of j were small, liquid junction was neglected. The potential was measured

after each new addition of the solutions from burets, until a constant value was reached. In the pH

range where the copper(II) ion hydrolyses, establishment of the equilibrium was very slow. Thus,

at the end of titration it was necessary to wait more than five hours to reach the constant value

of ±0.3 mV. Therefore, each titration lasted approximately one week.

The emf was measured with a Beckman Digital pH meter, Model 4500, sensitivity ±0. 1 mV.

RESULTS AND DISCUSSION

The emf data of the hydrolysis of 5.0, 10, 20 and 40 millimolar Cu2+ ion in

3.0 mol/dm3 (Na)Cl medium are represented in Fig. 1, as the dependence of the

ao M (Na)Cl

 

Fig. 1. Hydrolysis of copper(II) ions in 3.0 mol/dm3 (Na)Cl medium (M=

=mol/dm3, mM=-= mmol/dm3).

hydroxide number of copper on the concentration of the free hydrogen ions, h.

The hydroxide number of copper, ZCU(ii) (the average number of OH" ions bonded



HYDROLYSIS OF THE Cu(II) ION 461

per copper(II) ion) was calculated from the analytical excess of hydrogen ions, H,

the measured concentration of the free hydrogen ions, h, and the total concentration

of the copper(II) ion, B, according to the expression Zcu(ii)=(A—Я)/В. The

data obtained show that the copper(II) ion hydrolyses between pH 3.5 and 5.0

depending upon its concentration. Thus, as the copper concentration increases

the beginning of the hydrolysis is shifted to lower pH values (Fig. 2). The obtained

 

0 10 20 30 «5

Concentration of copper (i), ттЫНп?

Fig. 2. Dependence of the pH of the beginning of the hydrolysis on the

concentration of copper(II) ions.

separate curves for each concentration of the iron(II) ion indicate a formation of

polynuclear hydrolytic complexes. The composition of complexes and their stability

constants were deteimined using the generalized least-squares program Leta-

grop12.

Supposing that the copper(II) ion, on interaction with water molecules, forms

one or more hydrolytic complexes of the general formula Cue (OH)J,<2«-J'>+,

formation constants pp„ for each (p, q) complex can be defined as the equilibrium

constant of the reaction

q Cu2++p H20 — Cu„ (ОНУ2«-р>++/> H+. (1)

Although the hydrolytic complex might contain a certain number of chloride ions

and water molecules, in reaction (1) the hydration of the individual ions and com

plex formation of copper(II) ion with chloride ions are omitted. The concentration

of both chloride ions and water molecules is much higher than the concentration

of copper, therefore, it is difficult to follow their changes during titration. In order

to avoid the effect of the chloride ion, which might be significant, its concentration

was kept constant. Thus, the complex formation with chloride ions appears as a

constant effect and does not affect the number of OH" ions in the hydrolytic

complexes.

Denoting by b and h the concentrations of the free copper(II) and hydrogen

ions respectively, the concentration of the (p, q) complexes is given by

cpe = pPeA-fR (2)
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If the total concentration of the copper(II) ions, B, is given by the sum of

the free ions and the ions bonded in complexes

B^b+'Lqc^b+'Lq^h-Pbc (3)

then the hydroxide number of copper(II) or the amount of OH~ bonded to В or

in equivalent, the amount od H+ ions set free by reaction (1) can be represented

by the expression

Z=2p Срд/В=2p pM h~P b«l(b+ S q $pg Н~* M) (4)

The composition of the hydrolytic complexes and their stability constants was

determined by minimization of the error square sum f/=S(Zcaic—ZeXp)2 using

the Letagrop program12. The hydrolysis data of 5.0—40 millimolar Cu2+ in 3.0

mol/dm3 (Na)Cl medium indicate formation of the polynuclear complex Сиг(ОН)г2+

with a stability constant log Рг3г= —9.31 ±0.25. The mononuclear complex CuOH+

and several other complexes were also tested during the calculational procedure,

but all of them were rejected. However, the separate calculation of the data of the

each copper concentration indicate that the mononuclear complex CuOH+ was

formed at the hydrolysis of 5 millimolar Cu2+ ion. It supports the statement that

mononuclear complexes are formed at the hydrolysis of low concentration of the

m^tal ions.

TABLE I. Values of the stability constant of the Сиг(ОН)гг+

complex obtained in various ionic media

Medium -log (32,2 References

3.0 M (Na)C104 10.6 1

3.0 M (Na)C104 (heavy water) 11.46 2

0.1 M KN08 10.67 3

0.1 M K(NOs) 10.99 4

3.0 M (Li)C104 (dioxane — water) 10.95 5

3.0 M (Na)CI 9.31 this work

M=mol/dma

The fact that the dinuclear complex Сиг(ОН)22+ was found in various ionic

media (Table I) indicates that the medium does not influence the composition

of the principal complex. However, the values of its stability constant are different

going from one medium to another due to various activities of both copper(II)

ions and water molecules.

Determination of the distribution of the complex Сиг(ОН)22+ using the

Haltafall program13 shows that its concentration at a definite pH increases with

increasing concentration of the copper(II) ion.
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ИЗВОД

ХИДРОЛИЗА БАКАР(П) JOHA У НАТРЩУМ-ХЛОРИДН01 СРЕДИНИ

НИКОЛА Б. МИЛИИ и ПРЕДРАГ ЪУРЪЕВИЪ

Природно-машемашички факулшеш, Kpaiyjeeau,

Изучавана je хидролиза бакар(П) joHa у натрэдумхлоридно) средний методом потен-

циометри)ских титраци>а на 25°. Резултати показуху да бакар(П) хидролизу)е измену рН 3,5

и 5,0 зависно од н>егове концентраци)е. Са порастом концентраци)е бакар(П) )она почетен

н>егове хидролизе помсра се у облает нижих рН вредности. Одре1)иван>е састава хидроли-

тичких комплекса Letagrop програмом указу)е на гра1)ен>е комплекса Си»(ОН)22+ са кон

стантой стабилности log (32,2 = —9.31 ±0,25.

(Примллно 18. )уна 1984)
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The phase composition of two series of samples prepared by thermal decom

position in air and nitrgen flows of mixtures of copper and chromium containing

compounds with Сг-to-Cu ratio equal to 2 was studied. It was found that in the

samples obtained in nitrogen atmosphere the Cu(I)-containing mixed oxide,

CuaCr20«, finally appeared at 923 K.

Mixed СиО/ос-СггОз catalysts for dehydrogenation and oxidation have

been well known for a long time1. However, the reactions between the components

and their transformation under different conditions (e.g. initial compounds, temper

ature, atmosphere etc.) have attracted the attention of chemists more recently.

The most studied process of transformation of a mixed copper-chromium phase

has been the thermal decomposition of CuCr04. It has been established2-5 that

both in air and nitrogen atmospheres in the temperature range 723—923 K, the

final solid products of СиСЮ4 decomposition were CuO and the spinel CuCr204,

the reaction being completed at 923 K. Above 1073 К in air a reduction reaction

between the copper oxide and the spinel CuCr204 begins yielding as a solid product

the hexagonal metachromite phase CuaCr204. Contrary to the case in nitrogen, it

has been found that the temperature at which this reaction begins, decreases in

vacuum (approx. 7 Pa) from 1073 to 925 K8.

In order to obtain a system containing only the spinel CuCr204, some authors1-4

tried to decompose, in air, mixtures of initial Си and Cr containing compounds

in which the atomic Cr/Cu ratio was 2. In this case at temperatures below 723 К

besides СиСЮ4 some Cr(VI)-containing compounds are formed. In the range

723—923 К these chromates decompose:

2 СиСЮ4 = CuO+CuCr204+3/2 02 {0

Cr(VI)-containing compounds -> а-Сг2Оз (2)

The chromia obtained according to (2) reacts with CuO giving a^'second molecule'

of CuCr204:

СиО+а-Сг2Оз = CuCr2Q4 (3)

465
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In this way at 923 К in air monophase samples are obtained containing only the

spinel mixed oxide. However, it is well known that the temperature of crystallization

of а-СггОз depends strongly on the atmosphere in which the decomposition

reaction (2) takes place and in nitrogen flow the crystalline chromia appears at the

lowest temperature of 673 К with a rather high specific surface area of 160 m2/g 6-

That is why we decided to try the preparation of CuCr204 from starting mixtures

with Cr/Cu=2 in nitrogen flow supposing that one should obtain a spinel at lowei

temperature and eventually with a higher surface atea.

EXPERIMENTAL

The synthesis of binary mixtures was performed with analytical grade Cu(NOa)s 1 3H*0

and СгОз. The amounts necessary to obtain the atomic ratio Cr/Cu= 2 were taken. The nitrate

was dissolved in water at 353 К and then СгОз was added. The paste obtained was dried at 383 К

for 24 h. The thermal treatment in air or nitrogen flow (0.02 m3/h) was performed in a step-like

way at 623, 723, 823, 923, 1023, 1123 and 1223 K, consequently. After each step of 5 h duiation,

a small portion of the sample was taken for analysis, the rest was ground and after that heated at

the next temperature step.

The X-ray phase analysis was performed using a DRON — 3 diffractometei with mono

chromatic CuKa-radiation. The EPR spectra of the samples were taken as first derivatives of the

absorption lines with an ERS 220/Q spectrometer in the X-band.

RESULTS

The X-ray phase analysis confirmed that when decomposing (Cu : Cr= 1 : 2)

mixtures in air one obtains at 923 and 1023 К only the spinel СиСггС^1,4. When

the samples were thermally treated in nitrogen, neither at 923 К nor at any other

temperature used in this work was this the case. For example, at 823 К а-СггОз

and CuO were detectable as well, whereas in the next heating step, 923 K, rather

large quantities of Cu(I)-containing mixed oxide, CU2O2O4, appeared (Some

а-Сг2Оз was also present in the last sample). The EPR-signal from the Cr(III)-

-ions belonging to СигСггО) was registered. It is a single line with a Lorentzian

shape, £=1.99 and peak-to-peak linewidth at room temperature about 200 Oe К

The relative amount of СигСггСм estimated from the EPR line intensities increases

monotonously with the temperature of thermal treatment of the samples in nitrogsn

flow. In this series of samples (923, 1023, N23 and 1223 K) besides CuCr204

and Cu2Cr204, а-Сг2Оз was present as well.

DISCUSSION

Two reactions could be sources of CU2C12O4 appearing in the samples pre

pared in nitrogen flow at Г>923 K:

2 СиО+а-Сг2Оз = Cu2Cr204+l/2 02 (4)

CuO 4 CUO2O4 - Cu2Cra04+l/2 O2 (5)

However, at least in the absence of «-СГ2О3, reaction (5) was not observed

in nitrogen atmosphere at 923 К 5. So, one can suppose that the main souice of
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СигСгг04 at this temperature, and to some extent at higher temperatures, is direct

synthesis from simple oxides (reaction 3). This result is in good agreement with

the calculations showing that above 900 К at Po„ ~ 133 mPa the thermodynamically

stable copper oxide is C112O 7. It is interesting to mention a corollary from this

finding. If at 923 К in nitrogen atmosphere the reaction (4) occurred together

with or instead of leaction (3) and if the thermal decomposition of CuCrC>4 in

nitrogen atmosphere did not yield СигСггС^ at 923 К 5, then one could conclude

that CuCr04 decomposes directly to СиСгг04 and CuO as proposed by Sirina

et al*

Acknowledgement. The authors are indebted to Dr. K. Petrov in whose laboratory the X-ray

diffraction spectra were taken.

ИЗВОД

OCBPT НА РЕАКЦЩЕ СИСТЕМА CuO/Cr203 У АЗОТУ

AHA ТЕРЛЕЦКИ-БАРИЧЕВИЪ, ДУШАН JOBAHOBHb

Институт за xeiuujy, ttiexHOAoiujy и мешалурхщу, Оделен* за катализу, Н>е1ошева 12, 11000

Беохрад

СИМЕОН АНГЕЛОВ и ДИМИТЬР МЕХАНДЖИЕВ

Инсшшиуш за ойшшу и неорханску хемщу, Бухарска академика наука, 1040 Софита, БуХарска

Разматран je фазни састав две cepuje узорака смеша )едшьен>а бакра и хрома, при

односу Сг/Си= 2, ко)и су били припремл>ени термалним разлагаяьем у стру)'и ваздуха и азота.

Наг)ено je да се у узорку ко)и je припремл>ен у атмосфери азота фаза Cu(I) мешаног оксида

СигСггОа nojaBn.yje на 923 К.

(Примлено 7. марта 1984)
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Kinetic investigations of methanol oxidation and dehydrogenation on electro

lytic silver as the catalyst were carried out in a fixed bed integral reactor. Silver

granulations of +0.2 to —2.5 mm were used. The partial methanol pressure was

4.5 xlO4 Pa, while the O2/CH3OH molar ratio varied from 0.26 to 0.39 for gas

mixture space velocities of 5.5 x 104 to 7.5 x 104 h-1. The molar ratio of water vapour

and methanol was maintained in the interval of 0.67 to 0.75. On the basis of the

obtained results, the rates ofmethanol oxidation and dehydrogenation per unit volume

of silver increase with decreasing silver crystal granulation as a consequence of

the decrease of diffusion limitations and greater oxygen adsorption. However, the

contribution of dehydrogenation in the reaction of methanol conversion to formal

dehyde decreases, which leads to a decrease in process selectivity. The larger relative

extent of the dehydrogenation reaction, obtained on larger crystals of electrolytic

silver, enables greater stability and process selectivity.

Formaldehyde is formed on a silver catalyst by the reactions of methanol

oxidation :

CH3OH+O.5O2 z=. СНгО+Н20, ДЯ= -159.0 kj mol^K.-1 (1)

and methanol dehydrogenation:

СНзОН — CH2O+H2, ДЯ=-83.7 kj moHK-1 (2)

The process cn the whole is exothermal, and the high efficiency of the silver catalyst

on an industrial scale is obtained at temperatures from 500 to 600°C.

Most of the earlier data on reaction kinetics 1_"5 pertains to investigating tht

whole process at lower temperatures of at very low oxygen partial pressures, at

which there is a decreased possibility of the existence a nonsteady-state process

which occurs as the consequence of changes on the silver surface or in temperature

conditions. On silver supported on alumina Robb et alA have shown that the rate

of methanol oxidative dehydrogenation is zero order in regard to oxygen in the

wide interval of oxygen partial pressures, except at partial pressures lower than

1.0 x10s Pa.

In the works of Kaliya et a/.6,7, results were published on the influence of

oxygen partial pressure on the rate of individual processes of methanol oxidation

and dehydrogenation on group lb metals. According to their results, methanol

dehydrogenation does not occur in the absence of oxygen in the reaction mixture,
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from which it follows that both reactions take place simultaneously on the active

centers formed previously by oxygen adsorption. The relative ratio of dehydro-

genation and oxidation rates on silver wire is proportional to the oxygen partial

pressure in the range 0.87 x 102 to 3.7 x 102 Pa.

In the industrial process of formaldehyde production, metallic silver of

99.99% purity obtained by electrolyse crystallization is used as the catalyst. The

catalyst i? applied in a thin layer consisting of several sublayers of various gran

ulations8,9.

Kinetic data obtained on highly disperse silver on a carrier and on silver

wire cannot be completely applied to the metal catalyst. Thus, in this woik, the

rates of the individual processes of methanol oxidation and dehydrogenation on

electrolytic silver crystals of different granulation at molar ratios of oxygen and

methanol comparable to those used in the process, were studied.

APPARATUS AND MEASUREMENT PROCEDURE

The apparatus for measuring the activity of silver catalysts and the reactor system are

presented in Figs la and lb, respectively.

 

Fig. la. The apparatus for measuring the activity of Fig. lb. The reactor

silver catalysts system

The flow rate of air and nitrogen, supplied from bombs (Fig. la), were regulated by needle

valves (1) and measured by calibrated flowmeters (2). The gases were dried in columns with

molecular sieves (3) and by means of a three-way valve (4) lead into the reactor (7). A mixture of

methanol and water entered as an independent flow into a pre heater of the reactor by means



METHANOL DEHYDROGENATION AND OXIDATION 471

of a mini-peristaltic pump (5) and a burette (6) serving as the reservoir. Formaldehyde, methanol

and formic acid were absorbed by water in an absorber (12) and the rest collected in a flask (13)

kept at the alcohol freezing point (about —60°). Gaseous products upon leaving the absorber

were dried in columns with silica gel and introduced into a six-way chromatographic injection

valve (10) then into a gas-meter (11) and into the ventilation system. All the gaseous products

were analysed in a gas chromatograph (9).

The reactor (Fig. lb) consisted of a quartz tube (1) 16 mm in diameter and 400 mm long.

The reactor was heated by an electric furnace (3) constructed in three independent segments.

Each of the segments had independent temperature regulation and registration. The first segment,

filled with quartz rings, of the length 160 mm, served as a vaporizer of the methanol and water

mixture and at the same time as a gas and vapour mixer. The temperature of the feed mixture

was regulated by a thermocouple (2) placed in the middle of the segment. The second segment,

of a 60 mm length, contains a catalyst bed with two thermocouples (4). The first thermocouple

served for recording the temperature in the first layer of the catalyst at the feed mixture entrance

and the second one was in the middle of the layer and connected to a temperature regulator. The

third segment, of a 80 mm length, and a thiee-way valve (5) at the reactor exit were thermostatted

at 200°. Blank runs have shown that at this temperature there was no formaldehyde condensation.

The formaldehyde analysis was carried out by the sulphite method, while methanol was

analysed by the oxidation method with chromic acid10.

The analysis of gases was performed on a Perkin-Elmer type 3920 В gas chromatograph.

The analysis of Нг, CO, COa, CH4, Oa and N2 were carried out in one sample by applying two

in series connected columns packed with Chromosorb 102 and molecular sieve 5A. The analysis

was performed on HWD under the following conditions: column temperature 50°, flow rate of

helium as carrier gas 1 .56 x 10~B Nm3h_I, heat detector temperature 1 50°. For better maintenance

of steady-state operating conditions, the feed mixture was diluted with water vapour. It is known

that the dilution of an alcohol and air mixture by water vapour, while maintaining the same

air/methanol ratio, leads to a decrease of 50—60° in the adiabatic combustion temperature, and

to a decrease of the same value of the catalyst surface temperature, which provides a more stable

temperature regime18. The molar ratio of water vapour and methanol was maintained in the range

0.67—0.75 in all experiments. The standard experimental conditions were the following: catalys

weight 1.6 g, silver dilution by inert of the same granulation of quartz was 1 : 4, methanol partial

pressure 4.5 x 104 Pa, O2/CH3OH molar ratio from 0.26 to 0.39, space velocity of the reaction

mixture 5.5 x 104—7.5 x 104 h"1.

For further discussion only experiments for which the material balance was within the

error of 3% were used. The material balance (B) was calculated according to the following formula :

(Mc Ha OH +MCHj о +Mco +MCOj)out

D — " (3)

AfcHaOH1"

On the basis of experimental data the following values were calculated : Methanol conversion to

formaldehyde (Xi)

АТ1 = Л1"сн>о°и,/.МсНзОН|п. (4)

The total conversion of methanol (Хг)

„ ЛТснзон1" — Л1сн,он01П

Лг = (5)
Л1сн,он'п

Process selectivity (5)

S^XxIXt. (6)

In the previous equations M denotes the molar fraction of reactants and products at the reactor

entrance and exit.

The rate of methanol dehydrogenation was calculated by the following equation7:

гн,=Л1н, • V (7)

in which Л1на is the mole fraction of hydrogen in the exit gas mixture and V the volume rate of

the mixture expressed in m3 of mixture per m3 of catalyst. The formula can be used only in the

case when the dehydrogenation process is the only hydrogen source,
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For each series of experiments a new sample of silver was used. The change in silver surface

was followed by checking the reproducibility of the activity at a chosen temperature after com

pleting a series of measurements.

Table I shows the volumes of masses of various granulations of two samples of an industrial

silver catalyst, which were applied as catalysts in our experiments.

TABLE I. Volume of the mass of individual granulations of silver crystals

Mass volume (kg m"3) ■ 10~3

Granulation (mm)

В D

+ 2.0-2.5 2.30 2.58

+ 1.5-2.0 2.49 2.67

+ 1.25-1.5 2.79 3.27

+0.80-1.25 3.09 3.79

+0.50-0.80 3.77 3.99

+0.20-0.50 4.00 4.35

Differences in the mass volume of individual granulations of two catalyst samples may be

caused by the non-uniformity of crystal shape and size within the range of particular fractions,

as well as crystal texture.

RESULTS AND DISCUSSION

Methanol conversion to foimaldehyde (X\) and oxygen conversion vs. tem

perature, for three chosen silver crystal granulations on sample B, are shown in

Fig. 2a.

The decrease of methanol conversion to formaldehyde, noted at 550°, is

followed by a decrease in process selectivity, Fig. 2b. The decrease in selectivity

can be a result of the occurrence of the following parallel or successive reactions :

СНзОН+0.5 02 — С02+Н20, ДЯ=-301 kj mol-^K-1 (8)

СН20+02 = С02+Н20 ДН=-514 kj moHK1 (9)

CH2O+O.5 02~CO+H20 ДЯ=-234 kj тоНК"1 (10)

CH20-*CO+H2 ДЯ=+8.37 kj mol^K-i

The rate of C02 formation per unit volume of catalyst decreases with tem

perature for all investigated catalyst granulations, Fig. 2b. In the reaction products

at the temperature of 550°, carbon monoxide is present in a concentration of 2 to 4

vol. %. The reaction of formaldehyde decomposition, eq. (1 1)> is thermodynamically

more probable at higher temperatures than the oxidation reaction, eq. (10), and

the selectivity decrease is mostly the consequence of its occurrence. As a supplement

to this conclusion, we also note that for our experimental conditions a low value

of the 02/CH3OH ratio was chosen, so that already at 500° more than 80% of the

present amount of oxygen reacted on all granulations, Fig. 2a.

With decreasing silver catalyst size, i.e. with the increase of the average

value of mass volume from 2.49 x 103 to 4.35 x 103 kg nr3, the conversion of meth



METHANOL DEHYDROGENATION AND OXIDATION 473

anol to formaldehyde increases for the same weight of silver in the layer. The

oxidation and dehydrogenation rates per catalyst unit volume are shown in Fig. 2c.

Methanol oxidation proceeds at a higher rate on all granulations than dehydro-
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genation. The relative extent of the dehydrogenation reaction in the process as a

whole increases with temperature increase, which is a result of the endothermal

character of this process, Fig. 2d.

The rate of dehydrogenation per catalyst unit volume does not depend on

the space velocity at 550°. However, the rate of methanol oxidation increases to the

same degree on all silver granulations, Fig. 3a, so the contribution of the dehydro

genation reaction in the whole process decreases with the increase of space velocity,

Fig. 3b.

The independence of the rate of carbon dioxide formation upon space veloc

ity indicates that CO2 is formed by a reaction parallel to the elementary ones, i.e.

by the reaction of methanol oxidation, which is in agreement with the results of

Robb and coworkers4. The methanol conversion, i.e. formaldehyde yield decreases

only slightly with increase of the space velocity, Fig. 3c.
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With increase of the oxygen partial pressure at a space velocity of 5.5 x 104

h_1, the rate of methanol oxidation and rate of CO formation increase, Fig. 4a
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Fig. 3. Influence of the volume rate on rates of methanol oxidation and dehydrogenation

and formaldehyde yield at 550°
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Fig. 4. Influence of oxygen partial pressure on rates of methanol oxidation and dehydro

genation and formaldehyde yield at 550°, Sv = 5.5x 104 h-1, СНзОН/vvater vapour=0.75
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Thus, the rate of hydrogen formation is collected by a value equivalent to

the formed carbon monoxide, assuming that the CO is formed by reaction (11).

The corrected values of the rate of hydrogen formation show that the dehydro

genation reaction is independent of the oxygen partial pressure on all investigated

catalyst granulations. This result is not in agreement with the published results

of Kaliya and coworkers7, probably due to the great differences in applied oxygen

partial pressures. The increase in oxidation rate led to a small increase in the total

conversion of methanol to formaldehyde on lower granulations and a somewhat

more expressed increase on larger silver crystals.

According to the presented results the rates of both the methanol dehydro-

genation and oxidation reactions per silver unit volume increase with decrease of

the silver crystal granulations as a consequence of the decrease in diffusion limi

tations and greater oxygen adsorption, Fig. 2a and Fig. 4c. However, the relative

oxtent of the dehydrogenation reaction decreases, which favours further formalde

hyde oxidation to undersired products, i.e. process selectivity fall. The larger

fraction of dehydrogenation obtained on larger silver crystals maintains better

process stability and selectivity.

The choice of operating conditions which favour a large increase of the oxygen

concentration on the catalyst surface (greater space velocities and oxygen partial

pressure) leads to the decrease of the relative extent of methanol dehydrogenation.

Knowledge of the fraction of individual reactions on silver crystals of various

mass volumes at chosen operating conditions, enables the optimization of the

distribution and participation of silver crystals of differing granulations in an indus

trial layer in order to obtain maximum efficiency.

извод

ДЕХИДРОГЕНАЦЩА И ОКСИДАЦЩА МЕТАНОЛА НА КРИСТАЛИМА СРЕБРА

РАЗЛИЧИТЕ ГРАНУЛАЦЩЕ

АНА ТЕРЛЕЦКИ-БАРИЧЕВИИ, ЕОШКО ГРБИЪ и ДУШАН ТОВАНОВИЪ

Инсшишуш за хемщу, шехнологщу и мешалурхщу, Оделена за кашализу, Н>егошева 12, 11000

Београд

Извршена су хинетичка испитиваша оксидаци^е и дехидрогенаци)е метанола на

узорцима електролитичког сребра у интегралном реактору. При раду су коришЬене грану-

лаци)е сребра од +0,2 до —2,5 mm. Парци^ални притисак метанола je износио 4,5- 104 Ра,

а молски однос О2/СН3ОН варирао je од 0,26 до 0,39 при запреминским брзинама гасне

смесе од 5,5 • 10* до 7,5 • 104 h^1. Молски однос водене паре и металнола одржаван je у

интервалу од 0,67 до 0,75. На основу доби)ених резултата, брзине оксидавде и дехидроге-

naiuije метанола по )единици запремине сребра расту са снижением гранулаци)е кристала

сребра као последние смак.ен>а днфузионих ограниченна и веКе адсорпци)е кисеоника, али

удео реакци)с дехидрогенаци)е опада што води паду селективности процеса. ВеНи удео

реакци)е дехидрогенаци)'е, i<ojn je добивен на веНим кристалима електролитичког сребра,

o6e36el)yje Behy стабилност и селективност процеса.

(Примллно 27. марта 1984)
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The effect of adding alkaline metal oxides on some structural properties and

the catalytic activity of ammonia synthesis catalysts was investigated. The samples

were obtained by coprecipitating iron and aluminium from salt solutions and adding

alkaline metals as hydroxides. Comparative investigations of the texture of catalysts

in oxide and reduced forms show that they are bidisperse porous structures with

transitional and macropores. No dependendence of common pore diameter size upon

the nature of the added alkaline promoter was noted. The catalyst activity was

investigated at atmospheric and elevated pressure (102 MPa). The corresponding

rate constants for the reaction of ammonia synthesis increase with the atomic number

of the alkaline promoter. The activity of the catalyst without alkaline promoter is

higher at atmospheric pressure and lower at elevated pressure than the activity

of catalysts with alkaline promoters, which is an agreement with the expected effect

of alkaline promoters.

The alkaline promoter is a necessary component of catalysts for synthesis

of ammonia. However, its function has still not been completely elucidated. Thus,

the nature of this promoter has been the subject of permanent investigations 1_e.

Although in contemporary catalysts for ammonia synthesis only potassium has

found practical application as an alkaline promoter, investigations of the effect

of the presence of various alkaline metals on catalyst properties can contribute

to better understanding of the alkaline promoter action. In this work the effect

of various alkaline metals upon the activity of ammon:a catalysts at atmospheric

and elevated pressures, was investigated.

EXPERIMENTAL

The catalysts were synthesized on the basis of iron oxides with the same amount (4.6%

malar) of structural promoter (А1»Оз) and equiatomic concentrations (1.66% atomic) of particular

alkaline metals. Catalysts were synthesized by coprecipitation of the ferroalumogel by ammonia

from iron and aluminium nitrate solutions at pH = 9. Alkaline promoters were introduced into

the catalyst in the form of hydroxide solution. The catalysts were dried at 360 К and then ther

mally treated four hours in air at 1073 K. The samples were marked in the following way: 1 —

sample without alkaline promoter, 2, 3, 4, 5 and 6 samples with Li, Na, K, Rb and Cs oxides,

respectively.
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The total pore volume (Vp) was investigated by the method of mercury porosimetry. The

specific surface (5) of the samples before and after reduction was measured by the method of

low-temperature nitrogen adsorption and calculated by the BET method. The mean pore diameter

(£>) was calculated on the basis of the values for 5 and Vv.

Differential thermal analysis and thermogravimetric analyses of chosen precipitated catalyst

samples were performed before thermal treatment in order to follow the formation of the oxide

form of the catalyst. Analyses were carried out in static air atmosphere up to 1073 К at a linear

heating rate of 10°/min and with А1аОз as the reference substance. The sample phase composition

was investigated by powder X-ray diffraction .The catalyst activity in ammonia synthesis on

atmospheric pressure was determined in an open loop recycle reactor, with stoichiometric mixtures

of purified nitrogen and hydrogen. The space velocity of gaseous mixtures was 104 h_1 and the

grain size of catalyst was 1.02—1.5 mm. The samples were prereduced on atmospheric pressure

with catalytically purified hydrogen by a stepwise heating program up to 823 К for 50 hours.

The reduction and activity measurement of samples at elevated pressure were performed

under the following conditions: the samples were reduced by a nitrogen-hydrogen mixture for

36 h up to a temperature of 823 К and at a pressure of 50 MPa. The activity was measured at

102 MPa from 623 К to 823 K. The space velocity of the gas mixture in both cases was 3 x 104 h_1.

RESULTS AND DISCUSSION

A review of the investigated textural properties of the catalysts is given in

Table I.

TABLE I. Textural properties of the investigated catalysts

Oxide sample | Sample reduced at 5 MPa

Sample

S(m2/g) Hp(cm8/g) Z)i(nm) D2(nm) | S(nvVg) Kp(cm3/g) Oi(nm)

1 2.02

2 0.87

3 0.95

4 1.37

5 3.80

6 6.70

0.124 84

0.106 90

0.086 88

0.117 90

0.163 56

0.111 80

300 25.70

400 15.30

380 16.00

250 15.40

250 16.60

300 17.70

0.240 65

0.217 40

0.320 50

0.330 40

0.390 60

The specific surfaces of catalysts in oxide form increase with the atomic

number of the alkaline promoters. In the case of reduced catalysts no dependence

of the specific surface upon the chemical nature of the alkaline promoter was noted.

The surface of the reduced catalysts is 3 to 1 5 times greater than the surface of

oxide catalysts. Catalysts in oxide form are bidisperse with pore diameters mostly

in the range of transitional pores with Di = 56 to 90 nm and in the range of ma-

cropores with £>2=250 to 400 nm.

Reduced catalysts possess a 2 to 3.5 times greater total pore volume than

oxide forms. As the differential pore distribution curves according to pore diameter

size, given in Fig. 1, show, the reduced catalysts retained a bidisperse structure

with pores in the range of transitional and macropores. Most of the pore diameters

are shifted toward lower values with Di=40 to 65 nm and /)г=100—500 nm. No

dependence of the common pore diameter size upon the nature of the alkaline

promoter was noted.

Thermograms of catalysts with various alkaline promoters and without

alkaline promoter are compared in Fig. 2. In all the samples the same thermal
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effects were noted differing mostly by the mutual ratio of intensities which indicates

a different participation of individual processes in the catalyst formation.

2

3

5

... 6

 

Fig. I. Differential curves cf

the pore volume distribution

versus pore diameter for cata

lysts reduced at 5 MPa. For the

numbering see Experimental.

The formation of iron oxides from hydrated forms can take place by means

of various pathways of which the most common are presented schematically7-10:

a)/

/ y-FeOOH
490—620

FeOOH • H20
360—480 K,

endo N
b) a-FeOOH

\ FeOOH

 

am. endo

у-РегОз

ехо|б43—780

а-РегОз

exo|540—673

I

Fe203am.

DTA curves of the investigated catalysts (Fig. 2) show an intensive endo-

thermic effect which ends at about 460 К and mainly encompasses the removal of

nonstructural water; the first exothermic effect arises from the decomposition of

NH4NO3 remaining from catalyst synthesis u, the second effect is a direct crystal

lization of the amorphous iron oxide to а-РегОз while the third exothermic effect

corresponds to the transition у—а РегОз 12.
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In samples with promoters this last effect shifts toward considerably higher

temperatures which indicates the influence of the promoters present on the for

mation of oxides from the initial ferrogels.

 

Fig. 2. Thermal analysis of catalysts in air.

It is noteworthy that the removal of water and volatile components in all

samples terminates at about 600—630 K, after which the stationary state is main

tained up to about 1000 K.

X-ray analysis of the catalysts upon theimal treatment at 1073 К showed

only the presence of the а-БегОз phase with some differences in the regularity

of the formed structure as may be seen from data given in Table II which presents

the values for interplanar distances, d (nmx 10_1) and the corresponding relative

reflection intensities, /, recorded in chosen investigated samples. The influence

of the nature of the promoter is not pronounced. Therefore, it may be concluded

that iron oxides in the synthesized catalysts form by a combined pathway which

involves the processes denoted as a) and c) on the Scheme.

TABLE II. X-ray analysis of catalyst oxide forms

di (nm x 10-')

Sample

5

a-FeaOs

4 6

3.685ai 3.685зз 3.65532 3.67035

2.708ioo 2.700ioo 2.67hoo 2.690ioo

2.52b» 2.52Ьз 2.500,4 2.51475

2.21025 2.20525 2.195ie 2.20425

1.693*5 1.69245 1.69438 1.69245

1.486м 1.48420 1.48326 1.48420

1.45528 1.45225 1.45028 1.45225
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A separate phase AI2O3 was not observed under the investigated conditions

by X-ray analysis. Considering that 13% molar AI2O3 is the solubility limit of

AI2O3 in РегОз, it can be assumed that in the investigated catalyns aluminium

oxide is found in the form of a solid solution in БегОз which was established earlier

by X-ray analysis and Mossbauer spectroscopy of similar systems u.

The formation of alkaline ferrites, found in catalysts synthesized by melting 14,

was not recorded in the investigated samples obtained by precipitation, which may

originate from the lower content of alkaline promoter in these samples.

Analysis of the phase composition of the reduced catalysts showed only the

presence of the a-Fe phase which confirms complete reduction.

TABLE III. Catalyst activity in the reaction of ammonia synthesis at various pressures

P=l MPa P=lxl02 MPa

Sample £873102.5 £723]()2.5 E» (kj mol"1)

673—733 К

£в73102.5 £.723102.5

(Pa°.5h-i) (Pa°.5h-i) (Ра0.^-1) (Ра°.6Ь-1т-г)

1 82 1506 236.9 84 2.3

2 5 318 351.3 84 3.9

3 14 501 310.0 156 6.9

4 10 585 301.6 430 18.9

5 26 981 290.1 1105 47.0

6 44 1334 272.6 1787 72.1

The rate constant, k, the specific rate constant calculated on the total specific

area of the reduced catalyst, fa, and the activation energy of ths ammonia synthesis

reaction were determined as a measure of the catalyst activities, and presented

in Table Ш. The diagram in Fig. 3 presents kinetic curves for the temperature

range 673-753 К at atmospheric pressure.

 

13 W 1.5 j I^IK"1 )

Fig. 3. Change of the reaction rate constant with temperature in the kinetic

region at atmospheric pressure.
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According to the values of rate constants, the catalyst activity increases witn

the atomic number of the metallic promoter from Li toward Cs, which is seen

from the change in the reaction rate constant at a' mospheric pressure and at 1 0- Л1Ра ,

This is in agreement with the electron-acceptor mechanism of nitrogen chemi-

soiption as the slowest step of the reaction of ammonia synthesis. The noted

dependence is somewhat disturbed by the similar activities of catalysts with the

addition of sod'um and potassium oxides at atmospheric pressure. A somewhat

lower activity of the catalyst with potassium oxide at lower tempreratures can originate

from its less developed surface, which did not affect the catalyst activity at high

pressure.

The specific rate constants were calculated for samples investigated at high

pressure. In this case alsD, the same dependence remains in regard to the influence

of the atomic number of the alkaline metal upon catalyst activity.

The same conclusion can be drawn from changes in the activation energy, HK -

of the NH3 synthesis reaction at atmospheric pressure determined in the kinetic

region.

The activity of the catalyst without alkaline promoter was higher at at mos

pheric pressure than the activity of catalysts with alkaline promoters, while at the

elevated pressure the inverse relation was obtained.

Such effect of alkaline promoters — to increase at high pressures, and at

low ones to decrease the catalyst activity, was expected considering the noted

action of alkaline metal oxides at high pressures 15 as well as the action of potassium

oxide at both high and low pressures ie.

By comparing the corresponding reection rate constants it may be seen

that by increasing the catalyst operating temperature for several tens of degrees

at atmospheric pressure the activity of a catalyst operating at p=\G2 MPa and

a somewhat lower temperature, can be attained.

CONCLUSIONS

On the basis of the performed investigations it may be concluded that the

total catalyst activity increases with the atomic number of the alkaline promoter

at atmospheric and elevated pressures. The same dependence was also registered,

for the specific reaction rate constant at elevated pressure. The activation energy

of the reaction in the kinetic region at atmospheric pressure decreases with increase

of the atomic number of the alkaline metal in the promoter. The activity of the

catalyst without alkaline promoter at atmospheric pressure is higher and at elevated

pressure lower than the activity of catalyst with alkaline promoter, which is in

agreement with the observed phenomena that alka'ine promoters at atmospheric

pressure decrease and at elevated pressures increase the activity of catalysts for

ammonia synthesis.

Tne obtained results have shown the usefulness of measuring the catalyst

activity at atmospheric pressure for inve?tigating the effect of the nature of the

promoter.



EFFECT OF ALKALINE PROMOTERS 483

ИЗВОД

УПОРЕДНА ИСПИТИВАН.А ЕФЕКАТА АЛКАЛНИХ ПРОМОТОРА НА АКТИВНОСТ

КАТАЛИЗАТОРА ЗА СИНТЕЗУ AMOHHJAKA НА АТМОСФЕРСКОМ И ПОВИ-

ШЕНОМ ПРИТИСКУ

EOJAHA Д. АЛЕКСИИ, ИВАН Г. МИТОВз, ДИМИТР Г. КЛИСУРСКИ*. НАДЕЖДА А. ПЕТРАНОВИЪ**,

НАДЕЖДА Н. ДОВАНОВИЪ и СЛАВИЦА С. БОГДАНОВ

Оделен* за катализу, Инсшишуш за xeuujy, шехнолощу и мешалурщу, Беохрад, *Инсшишуш

за ойшшу и неорханску xestujy Бухарске академике наука, Софща и **Инсшишуш за физичку

xeMujy Природно-машемашичкох факулшеша, Београд

Испитиван je утица) додатка оксида алкалних метала на нека структурна свойства и

каталитичку активност катализатора за синтезу амони;ака. Узорцн су доби)'ени таложеньем

оксида гвожЬа и алумини)ума из раствора соли и додавашем алкалних метала у облику хи-

дроксида. Упоредна испитцван,а текстуре катализатора у оксидном и редукованом облику

показу)у да су бидисперзне порозне структуре са транзитним и макропорама. Ни]е залажена

зависност величине преовладава^упег пречника пора од природе додатог алкалног про

мотора. Активност катализатора je испитивана на атмосферском и повишеном приТиску.

Катализатори без алкалног промотора показу)у на атмосферском притиску веКу а на високом

притиску машу активност у односу на катализаторе са алкалним промотором, што je у са-

гласности са очекиваним утищцем алкалних промотора.

(Примл>ено 5. Maja 1984)
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ЭВОЛЮЦИЯ МИКРОСТРУКТУРЫ ПРИ СПЕКАНИИ

КЕРАМИКИ Bi4Ti30i2

ВАЛЕРИЙ ЛАГЕРЕВ*, ВЛАДИМИР ПЕТРОВИЧ, СТАМЕНКА М. РАДИЧ и

МОМЧИЛО М. РИСТИЧ
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мулътидисциплинарному обучению Белградскою университета, 11000 Белград, Югославия

(Поступило в редакцию 5 июня 1984)

В данной работе исследовано изменение микроструктуры Bi4TijOi2

в процессе спекания. Показано, что в более поздних стадиях процесса зна

чительную роль играет тормозящее действие пор на процесс роста зерен.

^Получением и изменением свойств керамики Bi4TisOi2 (BiT) занимались

многие исследователи1-4. Основной задачей, при этом, является получение

керамики с высокой плотностью и хорошими свойствами. Качество керамики

в значительной степени определяется ее микроструктурой. Отсутствие в

литературе систематических данных о микроструктур ных изменениях, про

исходящих при огкании керамики BiT привело к необходимо сти проведения

этой работы.

ЭКСПЕРИМЕНТАЛЬНАЯ ЧАСТЬ

Порошок титаната висмута Bi4Ti30i2 получали измельчением прессовок из смеси

оксидов висмута и титана, прокаленных при 1 153 К в течение 240 мин.

Образцы дпя исследований представляли собой таблетки диаметром 8 и высотой

3—4 мм, спрессованые под давлением 400 МПа.

Спекание осуществляли на воздухе в муфельной печи. Образцы устанавливали в

печь по достижении в ней необходимой температуры и извлекали, охлаждая вне печи по

окончании времени изотермической выдержки. Отсчет времени начинали с момента уста

новления в печи температуры спекания (5—7 мин после установки образцов).

Температуру измеряли Pt-PtRh термопарой.

Линейные размеры образцов измеряли микрометром с точностью ±0,01 мм.

Вес таблеток определяли с точностью ±0,01 г.

По линейным размерам и весу рассчитывали плотность образцов.

Микроструктуру образцов изучали на металлографическом микроскопе Reichert.

В качестве травителя использовали раствор соляной кислоты в воде (3 части НС1 на 1 часть

Н„0).

Нами изучались изменения в микроструктуре поверхности образцов, поверхности

излома и шлифов.

* Во премя проведения этой работы был на стажировке в Центре по мультидиспи-

плинарному обучению; работает в Московском институте стали и сплавов, Москва, СССР.
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Микроструктура поверхности спеченных образцов BiT представлена на рис. 1.

После спекания при температуре 1253 К видны удлиненные зерна, а также зерна в виде

призм, количество которых растет с увеличением продолжительности спекания. Наглядно

виден и рост частиц BiT. Среди зерен вытянутой формы видны и равноосные, пластин

чатые частицы.

 

 

 

Дальнейший рост зерен происходит при температурах 1303—1353 К. Чаще встре

чаются частицы вытянутой формы, видны тетрагональные зерна. Появляются фигуры

спирального роста на крупных, плоских частицах после 120—240 мин спекания.
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Максимальный рост зерна отмечается при 1403 К. Если на поверхности образца,

спеченного 30 мин, соотношение между равноосными и вытянутыми частицами примерно

одинаково, то после 60—240 мин изотермической выдержки преобладают плоские частицы

и тетраэдры. Часто видны фигуры роста в виде выхода винтовых дислокаций на поверхно

сти крупных зерен, открывшихся, по-видимому, за счет процесса испарения с поверхности.

Характер поверхности излома образцов (рис. 2) говорит о том, что разрушение, в оснсвном,

 

идет через зерно. С увеличением температуры и продолжительности изотермической вы

держки такой характер разрушения преобладает все больше. Однако, на всех снимках

видны следы выпавших зерен, что говорит о частичном разрушении по их границам.

На фотографиях микроструктуры шлифов утверждено, что поры имеют неправильную

форму. С увеличением температуры и продолжительности спекания пористость изменяется

мало. Можно говорить о незначительном увеличении размеров крупных пор за счет исчезно

вения мелких. Форма пор определяется границами зерен и при высоких температурах,

особенно при 1403 К, они приобретают вид остроугольных многогранников. На фотографиях

травленых шлифов (рис. 3) хорошо виден рост степени удлинения зерен с повышением

температуры. Зерна в виде продолговатых палочек расположены хаотично, что придает

порам, расположенным по их границам, вид многоугольников, в основном, с тремя, че

тырьмя сторонами. Крупные пустоты на травленых шлифах являются следствием выпа

дения отдельных зерен из-за применения сильного травителя.

ОБСУЖДЕНИЕ РЕЗУЛЬТАТОВ

Изучение поверхности образцов позволило проследить свободный рост

зерен BiT и изменение их формы при спекании. Зерна, находящиеся на

поверхности, не ограничени соседними частицами. Они растут во внешнее

пространство, принимая идеальный облик, соответствующий их кристалли

ческой структуре. Частицы BiT принимают вид полиэдров, треугольных

тетраэдров или плоских треугольников со срезанными углами. Рост частиц

внутри образца происходит в объеме, ограниченном соседними зернами.

Поэтому форма их определяется особеннсстями внутренней структуры образца

(количеством и крупностью зерен, скоростью их роста, количеством контактов

с соседними зернами и т. д.).

Хрупкость BiT и формирование структуры с преобладанием частиц

плоской и удлиненной формы приводит к тому, что разрушение образцов,

в основном, идет через зерно.

По результатам исследований поверхности образцов, структуры их

излома и микроструктуры шлифов была сделана оценка изменения среднего
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размера зерен и пер в ходе спекания BiT. Полученные данные представ

лены в табл. I.

 

Рис. 3. Микроструктура травленых шлифов BiT

Изменение температуры спекания от 1258 до 1403 К приводит к увели

чению среднего размера зерен на 4—5 мкм (в зависимости от длительности

изотермической выдержки). С увеличением продолжительности спекания от

30 до 240 мин на к аждой из температур зерна росли на 3,5 — 4 мкм.
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Рост зерен в поликристаллических материалах вообще характеризуется

уравнением5

Dn-D„ = kt

где D — средний размер зерна, Do — начальный размер зерна, k и п —■ по

стоянные, t — время.

Значение показателя п в этом общем кинетическом уравнении роста

зерен в нашем случае зависит от температуры спекания. Расчеты с использо

ванием метода наименьших квадратов дали следующие результаты: я =3,5

при 1253 и 1303 К, я=4,6 при 1353 К и п=5,6 при 1403 К.

Отклонение от известных теоретических законемерностей (D*!1'2 или

D=t113) в данном случае может быть объяснено и тормозящим действием

пористости. Действительно, начиная с плотности 87—88%, которая дости

гается уже после 60 мин при спекании при 1253 К, наблюдается реет зерен

BiT, причем процесс уплотнения завершен (рис. 4). Это указывает на то, что

Р(%)

90

Рис. 4. Зависимость плотности спечен

ного BiT от среднего размера зерен

(А — 1253 К; В— 1303 К; С— 1403 К. 80

О — 30 мин; ж — 60 м ; ^ — 120

мин; • — 240 мин)

в исследуемом интерЕале температур и выдержек уплотнение мало и не

оказывает существенного влияния на рост зерен. Уплотнение, практически,

прекращается по достижению среднего размера чгстиц я 5 мкм. Отклонения

от общей кинетической закономерности, наблюдаемые при росте зерен BiT,

связаны, по-видимому, с разницей в подвижности границ зерна. Эта ра

знит приводит к усиленному росту зерен BiT вдоль одной из кристал

лографических осей (ось С) и формированию структуры, состоящей из удли

ненных или плоских частиц. С повышением температуры степень удлинения

зерен растет (табл. I), что усиливает роль геометрического фактора в про

цессе формирования струкгуры керамики BiT.

ТАБЛИЦА I. Влияние температуры и продолжительности изотермической выдержки

на средний размер зерен D и пор d и степень удлинения зерен а.

т (мин.) 30 60 120 240

Т (К) D d а D d а D d а D d а

1253

1303

1353

1403

4,50

5,00

7,50

9,00

2,30

2,40

2,45

2,50

2/1

2/1

2,5/1

4/1

5,00

6,00

8,50

11,00

2,40

2,45

2,50

2,55

2/1

2,5/1

2,5/1

4/1

6,00

8,00

10,50

12,50

2,40

2,50

2,60

2,60

2/1

2,5/1

3,5/1

5/1

8,00

9,00

11,50

13,00

2,50

2,60

2,65

2,70

2,5/1

2,5/1

3,5/1

5/1
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ВЫВОДЫ

При спекании керамики Bi,iTi30i2 в интервале температур 1252—КОЗ К

наблюдаются сильные изменения микроструктуры. С повышением темпера

туры зерна Bi4TisOi2 приобретают форму пластин или вытянутых палочек,

причем степень удлинения и количество зерен удлиненной формы растут

вместе с температурой и увеличением продолжительности спекания. Уплотне

ние образцов, практически, прекращается по достижении среднего размера

зерен 5 мкм. Отклонение от известных теоретических закономерностей в

кинетике роста зерен связаны, по нашему мнению, с различиями в скорости

роста зерен вдоль отдельных кристаллографических осей.

SUMMARY

EVOLUTION OF THE MICROSTRUCTURE DURING SINTERING OF Bi-iTisOia

CERAMICS

VALERII LAGEREV, VLADIMIR PETROVIC, STAMENKA RADIC and MOMCILO M. RISTlC

Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, YU-11000 Belgrade,

and Center for Multidisciplinary Studies of the Belgrade University, YU-1 1001 Belgrade, Yugloslavia

Extensive changes occurring in the microstructure were noticed during sintering ofBuTisOu

ceramics in the temperature interval 1253—1403 K. The rise of temperature is followed by changes

of shape of Bi4TisOi2 grains thus becoming elongated rods or plates. Both the degree of elongation

and quantity of elongated grains showed the tendency of growth together with rise of sintering

time and temperature. It was established that sample densification, in fact, is completed at the

moment the medium grain size reaches the value of 5 цт. The laws of grain growth kinetics deviate

from established teorethical postulates what, according to our opinion, results from different

grain growth rates along single crystallographic axes.

(Received 5 June 1984)
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Abstract. 1 -Bromo-2,4,5-trimethy1-3,6-dini-

trobenzene (I) was selectively reduced on a

mercury-pool cathode in an electrolytic cell

fitted with a diaphragm. The catholyte con

sisted of a mixture of 105 ml acetic acid and

45 ml 15% sulphuric acid and the anolyte was

15% sulphuric acid. 2-Bromo-3,5,6-trimethyl-

-1,4-phenylenediamine (II) was isolated in a

yield of 85%. Polarograms were recorded and

the character of the limiting current was

assessed using usual criteria. The number of

electrons, coulometrically determined, amount

ed to 12.

*

The aim of this work was to find conditions

of the preparative selective electrochemical

reduction of l-bromo-2,4,5-trimethyl-3,6-di-

nitro (I) to 2-bromo-3,5,6-trirnethyl-l,4-phenyl-

enediamine (II). Both of these compounds

are known as the intermediates in the vitamin E

synthesis.

For the reduction of compd. I numerous

authors recommended a series of chemical

procedures1"4 in which compd. II or 2,3,5-

-trimethyl-l,4-phenylenediamine have been

synthetized. The electrochemical reduction of

compd. I was also investigated4 but the mixture

of compd. (II) and 2,3j5-trimethyl-l,4-phenyl-

enediamine in various relations of yields has

been prepared.

Polarographic investigations5-7 of compd.

I in a great number of various electrolytes have

been reported. The successful preparative se

lective electrochemical reduction of compds I

to II has not been reported hitherto.

A polarogram of a molecule (I) in a mixture

of 105 ml glacial acetic acid and 45 ml 15%

aqueous sulphuric acid at 25°C is shown on

Fig. 1. Compd. I exhibits one polarographic

wave with Ei,t= -0.175 V vs. S.C.E.

 

Е3д=-0.2К V

E1/2 »0J7SV

E,«=- 0.140

14
7-&

3/' id
 

-0.1 -02 ■OA -0.5 -D.S -07 -0.8 > -03
—\
—

-1J0
—r~
-IJ

V vs. S.C.E.

Pig. 1. Polargraphic curve of saturated solution of I-bromo-2,4,5-trmethyl-3,6-dinitrobcnzene (I) in mixture of

105 ml HAc aod 45 ml 15% HaSO, at 25°C.
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The linear dependence of the limiting cur

rent on the square root of the effective height

of the mercury reservoir and the concentration

of the substrates showed that the currents are

diffusion controlled. The logarithmic analysis

of the polarographic curve indicates an irrevers

ible process. Plotting of E (the applied po

tential) vs. log(iL — i)/> gave a straight line

with a slope of 79 mV. Control by the Tomes

criterion (Ei ц —Езц =0.074 V) implies the

irreversible process too.

The results of coulometry at controlled

potential of —0.5 V vs. S.C.E. varied between

« = 11.82—12.31. Ол the basis of the isolation

of product of reduction and number of elec

trons involved the electrochemical reduction

could be represented summarily:

 

A set of electrolyses at the controlled

cathode potential was performed at —0.5 V vs.

S.C.E. We have examined the influence of

amount of depolarizer (I) (0.5—8.0 g) and

temperature (20—70°) on the yield. The best

yield was achieved by the electrolysis at a

controlled cathode potential of —0.5 V vs.

S.C.E. with 2 g of depolarizer at the tempera

ture of 40°.

From electrochemically synthesized compd.

II new amide derivatives were synthesized8.

This electrochemical synthesis represents

a simple and practical procedure for preparing

of 2-bromo-3,5,6-trimethyl- 1 ,4-phenylenedi-

amine.

Experimental. The meking points were de

termined on a Kofler heating microscope and

are given uncorrected. Compd. I (m. p.

221—2°C) was synthesized according to the

procedures described previously1.

Preparative electrolyses were performed in

a 250 ml jacketted cell with a ceramic dia

phragm 0 40 mm for separating cathodic from

anodic compartments. The cathode was a

mercury pool of 0.528 dm2 area and the anode

was a platinum spiral. A saturated calomel

reference electrode was connected to the

cathode compartment through a Luggin cap

illary. The catholyte was stirred by a magnetic

stirrer. The temperature was kept constant by

circulating thermostated water through a jacket

surrounding the electrolytic cell. The cathodic

potential was measured by a vacuum-tube volt

meter MA 3032 Iskra, Kranj and as a source of

current a DC generator Iskra, Kranj was used.

Controlled potential was adjusted manually.

The catholyte was made up- of 105 ml of

glacial actic acid and 45 ml of 15% aqueous

sulphuric acid. As the anolyte 50 ml of 15%

aqueous sulphuric acid was used. When a

catholyte and anclyte have been placed in

their compartments, 2 g (6.92 mmol) ofcompd.

I was added into the catholyte. The catholyte

was stirred and after the temperature of 40° was

reached, reduction I to II was carried out at

controlled potential of —0.5 V vs. S.C.E.

The electrolysis was completed and stopped

when the current dropped to 0.05 A, read at

—0.5 V vs. S.C.E. Duration of the electrolysis

was approximately 2.5—3 h (theoretical time

was 2 h). The content of the cathode compart

ment was removed and concentrated to a volume

of about 50 ml under reduced pressure. Into

the remaining solution 200—300 ml distilled

water was added and neutralized with 5%

aqueous sodium hydroxide to pH 5. The

resulting yellowish-orange and red precipitates

of crude intermediates was filtered off and the

filtrate was neutralized further as long as the

white precipitate of II occurred. This precipi

tate was filtered off, washed with distilled

water and ethanol. The yield was 1.35 g (85%).

The m.p. of the compound, recrystallized

twice from ethanol was 170—1°.

In a modified procedure of preparative

electrochemical reduction with 8 g of compd.

I at controlled potential of —0.9 to — 1.0 V vs.

S.C.E., 2 g of I was added into the catholyte at

the beginning of reduction and the every next

portion of 2 g I was appended when the current

was dropped to 0.3—0.4 A. The electrolysis

was stopped when the current finally dropped

to 0.05 A, read at - 0.5 V vs. S.C.E. The duration

was 8—9 h, the yield 70—75% and m.p.

160—65°.

The polarograms were recorded with a

Polariter PO-4 polarograph, Radiometer, Co

penhagen, using a standard saturated calomel

electrode connected via a salt bridge of 3%

agar in saturated potassium chloride solution.

During polarography the temperature was kept

constant at 25° by means of a thermostat.

Before and during measuring the solution was

flushed with hydrogen.

*
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извод

СЕЛЕКТИВНА ЕЛЕКТРОКЕМЩСКА РЕДУКЦЩА 1-БРОМ-2,4,5-ТРИМЕТИЛ-3,6-

-ДИНИТРОБЕНЗЕНА, ИНТЕРМЕДЩЕРА У ПРОИЗВОДгЬИ ВИТАМИНА Е

• М. ШУПРИНА и | М. ЛАЪАН 1 1

ПрехрамЬгно-Ьиошсхтлошки факулшай Свеучилишша у 3atpeSy, Пшрошщгю 6/IV, 41000 3alpt6

1 -Бром-2,4,5-триметил-3,б-динитробен-

зен (I) селективно je редуциран на ми)еша-

Hoj живино) катоди у електролитско) Кели;и

с диафрагмой. Католит се састо)и од см)есе

105 ml оцтене киселине и 45 ml 15%-тне

сумпорне киселине а анолит je 15%-тна сум-

порна киселина. Cnoj 2-бром-3,5,6-триме-

тил-1 ,4-фенилендиамин (II) изолиран je с

85%-тним искориштевьем. Снимл>ен je пола-

рограм и уобича)евим методама одревен ка-

рактер граничне crpyje. Куломгцяцеким о-

дре^ивавъсм утвр^ен je утроник 12 елек-

трона.

(Прямяево 28. фсбруара 1984)
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Phase transfer catalysis has provided a

number of useful new methods for use in

synthesis1-3. It has been recognized recently

that numerons N—H compounds can be con

veniently alkylated in the presence of concen

trated aqueous sodium hydroxide solution and

quaternary ammonium salts as catalysts. The

catalytic method has been used for N-alkylation

of various heterocycles such as: phenothiazi-

nes4, pyrazole5, cabazole5, indole6-8 as well as

diphenylamine5 and phenylhydrazones'. Now

we wish to report our results on the catalytic

C-alkylation of 4-arylaminocoumarin deriv

atives.

Stirring of 4-ar>laminocoumarin (/) with

a halo derivative, RX, in a two phase system

consisting of an organic solvent (CHsCli) and

a 25% aqueous sodium hydroxide solution in

the presence of an ammonium salt [PhCHiN-

(СНз)вС1-] leads to the results summarized

in the Table. The products 3 were obtained

in good yields ranging from 60 to 94% whose

formation can be explained according to the

following scheme

 

In spite of the ambident nature of anion 2

we have observed the formation of 3-alkyl-4-

-arylaminocumarins (i) only, whose yield is

dependent upon the structure of starting sub

strate 1. 4-Arylaminocoumarine (/) were pre

pared by the condensation reaction between

4-hydroxycoumarin and the appropriate aro

matic amine and their synthesis will be reported

elsewhere.

Preparation of 3-alkyl-4-arylaminocoumarins

{General procedure)

A mixture of 4-arylaminocoumarin (/;

3 mmol) and alkylating agent (4 ml), methy-

lenechloride (30 ml) is stirred with 25%

aqueous sodium hydroxyde solution (30 ml)

containing benzyltrimethylammonium chloride

(0.3 mmol) at room temperature for 2 h. The

organic layer is then separated, washed with

water, dried (NajSO^ and evaporated. The

crude product is purified from the appropriate

solvent (see Table).

495



496 N. AJDINI <( at.

TABLE. C-AUtylation of <

id Ar- R—X Yield of

product (%)
m.p.

(solvent)

Elemental Analysis

Calc'd/Found

%C %H %N

3a p-anisyl CHiI 94 148—149° 72.59

72.43
5.33

5.30

4.98

CMeOH) 5.03

» p-anisyl CHt-CHCHiBr 90 111—112°

(MeOH)

74.26

74.01
5.53

5.37

4.56

4.50

Si p-toluidyl CH.I CH.I 88 170—171°

(MeOH)

76.98

77.03
5.66

5.72

5.28

5.11

3d phenyl CH,I 15 180—181°

(MeOH)

76.49

76.55

5.17

S.19

5.57

5.60

и 2,6-dimethvlphenyl CH.I 70 192—193°

(MeOH)

77.41

77.09
6.01
6.30

5.01

5.26

V 2,6-dimethylphenyl CH, = CHCH,Br 60 146—148° 78.68

78.71

6.22

6.51

4.59

4.62(MeOH)

») IR (KBr) : 3280 (N—H), 2830 (С—H), 1640 (C = 0,

pyrone), 1600 (C= C, aromatic) cm"1. 'H NMR
(DMSO-d,) : 8= 1,85 (s, 3H, CH,), 3.72 (s. 3H,

OCHt), 6.9—7.9 (8H, aromatic), 8.05 (br. s, 1H, NH)

b) IR (KBr) : 3300 (N—H), 2950 (С—H), 1650 (C-O,
pyrone), 1605 (C-C, aromatic) cm-', »H NMR

(DMSO-d«) : 8 = 3.1—3.5 (m, 2H, CH.CH-CH,),

3.78 (a, 3H, OCHi), 4.8—5.2 (m, 2H, CH,CH = CH,)

5.4—6.2 (m, IH, CHiCH-CHi), 6.9—7.9 (m, 8H,

aromatic), 8.3 (a, 1H, NH) ppm.

c) IR (KBr): 3260 (N—H), 2920 (С—H), 1650 (C = 0,
pyrone), 1600 (C= C, cromatic) an-1, 'H NMR,

(DMSO-d«): J- 1.85 (s, 3H, CHs), 2.28 (s, 3H, p-CH.)

6.8—7.9 (m, 8H, eroamtic), 8.1 (a, 1H, NH).

d)IIR (KBr): 3280 (N—H), 2960 (С—H), 1655 (C = 0,

pyrone), 1600 (C= C, aromatic) cm-1, 'H NMR
(DMSO-d,): 8-1.85 (s, ЗН, CH»), 6.98—7.9 (m,

[911, aromatic), 8.42 (s, 1H, NH) ppm.

e) IR (KBr): 3300 (N—H), 2950 (С—H), 1650 (C = 0,

pyrone), 1605 (C= C, aromatic) cm-1, 'H NMR

(DMSO-d,): 8-1.52 (s, 3H.CH,), 2.20 (s, 6H, CH»),

7.1—7.7 (m, 7H, aromatic) 8.1 (br. », IH, NH) ppm.

f) IR (IBr): 3320 (N—H), 2910 (С—H), 1655 (C = 0.
pyrone), 1600 (C= C, aromatic) cm-1, 'H NMR

(DMSO-d,): 8-2.18 (s, 6H, CH,), 3.0—3.1 (m,

2H, CH,, CH-CH,), 4.4—6.2 (ЗН, CH,CH= CH.)

7 —7.9 m, 7H, aromatic), 8.05 (br. s., IH, NH) |

ИЗВОД

XEMHJA КУМАРИНА — МЕЪУФАЗНО КАТАЛИТИЧКО С-АЛКИЛОВА1ЬЕ

4-АРИЛАМИНОКУМАРИНА

|Н. Л°ДИНЙ~|, О. ЛЕЦИ, И. ТАБАКОВИЬ и К. ТАБАКОВИЪ

Природно-машемашички факулшеш , УниверяишеШ Косова, 38000 Пртишина и Технолошки фаху.

Униферзишвша , , Ъуро Пуцар Сшари", 78000 Бапалука

Извршено je алкиловшье 4-ариламино- —CHaCU) у присуству бензилтриметиламс-

кумарина (Ar= CeHs, р-СНзОСвН4, р- ни)ум-хлорида као катализатора. Добивени

-СНаСаН^, 2,6-CHe-CeHs) са алкилха- су исюьучиво З-алкил-4-ариламинокумарини

логенидима (метил)одид, алилбромид) у у 60 до 94%-тном искорипЛеау.

двофазном систему (25% NaOH у води —

(Примлсно 28. марта 1984)
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ООУР ИНСТИТУТ ЗА ЗАВАРИВАН>Е, ИСПИТИВАВЪЕ

И КОНТРОЛУ МАТЕРЩАЛА „ЗИКОМ"

Смед. Паланка, М. Тита 202

Београд, М. РакиЬа 35

Делатност :

ИСТРАЖИВАЧКО-РАЗВСЦНЕ УСЛУГЕ

— усавршаваае посто)еЬих и осва)ан>е нових, продуктивних техноло-

raja заваривала код осва)ан>а нових производа и материала

—■ усавршава!ье nocrojehHX и осва)ан>е нових метода испитиван>а ква-

литета материала и производа

— Истраживан>е и pa3Boj у области корози)е и заштите материала од

корози)е.

ТЕХНОЛОШКИ nPOJEKTH ЗАВАРИВАЛА И АНТИКОРОЗИОНЕ

ЗАШТИТЕ

— решеш! избора поступка заваривала; припреме, додатног материала,

парам^тара заваривала, редоследа изво1)ен>а, термичке обраде и

метода контроле

— избор врете и система антикорозионе заштите материала и про

извода у зависности оц квалитета конструкционог материала и коро-

зионе средине.

 

Из рада механичке лабораторное
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Примет технолог^е завариван>а у производи.!!

ОБЕЗБЕЪЕШЕ КВАЛИТЕТА У ПРОИЗВОДНОЙ И НА МОНТАЖИ

— контрола и сперконтрола заварених cnojeBa и материала

— улазна контрола квалитета

— испитиванэа са и без разаран»а материала у лаборатор^ама и на

об)екти.ма

— провера стручне способности заваривача
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ПРЕГЛЕД — REVUE

ТРАНСПОРТ MACEИ ГУСТИНА ЧЕСТИЦА У ТЕРМИЧКС-J ПЛАЗМИ*

ИВАНКА Д. ХОЛЦЛА^НЕР-АНТУНОВИЪ
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1. Увод

2. Транспорт масе

2.1. Дифузща

2.2. Де)'ство електричног польа

2.3. Конвекщца

3. Теори]'ски модели просторне расподеле густине честица у плазми

3.1. Основне поставке модела за бесконачно дуг лук

3.2. Teopnja просторне расподеле честица за лук коначне дужине

3.3. Дал>е усавршаван>е теорщ'е расподеле честица

3.3.1. Основне поставке модела за централну зону лука

3.3.2. Примена модела на проширену централну зону

4. Закгьучак

1. УВОД

Проучававьа стационарних пражньевьа, Koja се користе као изьори зра-

чевьа у спектролемищ, све мавъе се баве емпирщским pa3EojeM рутинских

метода а све више HMajy за цшь упознававье и об|ашн>аван>е основних процеса

KojH се дешава|у у електродном кратеру и зони пражвъевъа1.

Супстанци)'а Koja испарава из електроде само делимично улази у зону

пражньаьа где долази до процеса дисоцэдащф, )онизаци)е и ексцитацэде. Че-

стице доспеле у плазму дал»е се креЬу услед различитих транспортних процеса.

Интекзитет спектралних лини)а или однос интензитета лшпф према

позадини зависи према томе од услова ексцитащф и процеса транспорта.

ПовеЬанье односа интензитета лищф према позадини, што je основни цил>

при разради сваке спгктрохелш^ске методе, може се постиКи остваривавьем

погодни]'их услова ексцитаци)е, ]'онизационе равнотеже, испарлльости узорка,

повеНававъем времена задржававьа честица у плазми, смавьивавьем позадинслог

зрачевьа, боллш условима детекщф. Ме^утим, граница детекцэде сьаке

* Делимично саошптено као уводно предававье на 7. Конференци)'и за аналитичку

атомску спектроскойи)у, Сопрон, 1982.
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методе одрешена je минималном количином честица у плазми. Због тога je

са спектрохеми|ске тачке гледишга проблем густине честица и н>ене расподеле

у плазми од примарног знача)а. Поред тога за решаваае mhoihx проблема у

области xeMHje плазме потребно je познавати просторне расподеле карактери-

стика разматраног пражн>ен>а као и густине честица испитиваних елемената.

Електрични лук ]едносмерне crpyje Kojn слободно гори у ваздуху,

)'едан од на]'шире коришНених изьора зраченьа у спектрохем^и, има нехо-

могену просторку расподелу густине емитованог зрачоьа. То noKa3yjy многи

радови у KojnMa je експериментално одре^ивана акоцалыа и рад^ална распо-

дела интенэитета спектралних nmoija елемената присутних у траговима2-4.

Расподела густине зрачен>а условл>ена je с jenne стране расподелом параметара

плазме а са друге расподелом густине честица.

Просторна расподела параметара плазме зависи од енергетског биланса у

плазми Tj. од рэвнотеже доведене електричне енерпф и eHeprnje одведене

различитим процесима. У случа)у лучног пражн»ен>а то су процеси термалне

проводл>ивости и конвекцтф, при ^ему xeMHjcKe реакщф измену основних

компонената плазме miajy знача}ну улогу ycлoвл>aвajyhи измену просторне

расподеле температуре и елеьтронске густине5-9. Поред TeopnjcKHX nocroje и

многи експериментални радови10~]4 у Kojrota су одре^иъане просторне распо

деле температуре и електронске i устине са довольном тачношпу за разлику од

просторне расподеле густине честица Koja примарно oflpetjyje густину емито

ваног зраче&а.

Процеси ступан>а честица из електроде у зону пражньеаа као и процеси

н>иховог транспорта кроз зону пражньиьа oflpeijyjy не само средн>у концен-

Tpaunjy у стубу вен и нчихову расподелу. TeopnjcKH модели просторне распо

деле густине честила, Kojn y3HMajy у обзир различите механизме преноса са

различитим степенима апроксимащф, OMoryhaBajy бол>е разумеванче процеса

ко)и се дешава)у у плазми. Поред тога познато je да сва спектрохеми}ска

израчунаватьа уюъучу)у одре^иван.е релативних концентращф лреко калибра-

ционих кривих доби)ених коришЬеньем одговара)уКих стандарда. У апсолутко)

методи могуКе je ово одре!)Иван>е без коришйенча калибрационе криве, директно

из мереног емисионог сигнала. У том ary4ajy потребан je довольно тачан

теори)ски или емпири)ски израз функщф концентращф уз познаьан>е карак-

теристичних константи. Сманчиааше грешке код оваквих одре^иванча могуне

je дальим разво)ем стабилних светлосних и?вора, бол>им TeopnjcKHM моделима

као и тачни}им вредностима атомских константи.

2. ТРАНСПОРТ МАСЕ

Основни процеси kojh доводе до транспорта сулстанци)е у плазми a kojh

се у сваком и najjeflHOCTaBimjeM моделу Mopajy узети у разматран>е су: дифу-

зи)а (концентрациона, амбитоларна и термална), flejerao акси)алне и paflnjame

компоненте слектричног пол>а и конвеюпф. nocxojn велик 6poj рацова

посвеНених проучавшьу транспорта масе у електричном луку а прилично

детален преглед о томе дат je у раду ВукановиЬа и сарадника15. Овде Немо

дати само битне карактеристике траиспортних феномена Koje су од 3Ha4aja

за TeopnjcKe моделе расподеле честица у плазми.
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2.1. Дифузща

Под по)мом обичне (концентрационе) дифузи)е подразумева се кретаае

честица услед градофнта густине честица у области )едне фазе.

Први Fick-ов закон16-18 flaje везу измену укупног флукса честица Koje

дифунду]'у J и градиента густине честица V» под стационарним условима:

J=-Z)Vn (1)

где je хонстанта пропорционалности коефщдфнт дифузи^е D. Утица) дифу-

3Hje на брзину кретан>а честица Vd услед гради)'ента густине честица дат je као

VD=-— V«. (2)

п

Коефшцфнт дифузи^е je одре^ен свим интеракци)ама Kojmia су изложене

честице испшиване cynciaHuiije. Ме1)утим5 без обзира на начин на kojh je

коефищфнт дифузи)е одре^ен, он )еднозначно oflpefcyje флукс и брзину

честица. Промена густине честица са временом дата je II Fick-овим законом:

^=/>Д„. (3)

dt

Ова )едьачина примешена на вертикални, слободно гореЬи лук за Kojn се

може претпоставити аксщална симетрща flo6nja следеки облик

^=Cp+J-^l. (4)

dt \_dr* г dr\

Решегье дифузионе }едначине компликовано je зависно од посматраних гра-

ничних услова. За ary4aj тачкастог извора почетне густине щ решение горше

{едначине je следеКег облика

п= ехр| . (5)

4nDt \ 4Dt)

У векини практичнчх проблема дифузи^а се дешава кроз средину Koja

не MHpyje и на Kojy делу^у спол^аштье силе. У cjr/4ajy електричног лука честице

се Kpehy услед градиента концентрапэде кроз средину Koja се Kpehe услед

KOHBeKnnje и noja се налази у електричном пол.у. У том cny4ajy he поред

промене густине честица услед дифузи^е посто)ати и промена услед конвекщф

и flejcTEa електричног пол>а (под чи}им се укупним детством честице Kpehy

брзином V) па he диференщ^ална |едначина за расподелу густине честица

Koje се Kpehy под де)ством дифузи^е, конвекщф и електричног пол,а у стацио

нарном станьу имати облик:

^ дгп^ 1 дп

дг2 г дг dz*

F^=0. (6)

о z

Решаван.е ове )едначине за различит^ граиичне услове, зависно од примеаених

апроксимаци)а биЬе дато KacHnje.

У свим разматрашима узима се да je коефищцент дифузи)е конспантан,

независан од концентраци]е и координата што се за разматран>а у електричном
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луку може узети као добра апроксимаци^а. Коефищфнт дифузи)е je као што

je веЬ поменуто одре^ен различитим интеракди|ама честила испитиване

супстаннэде и окружу}уНе средине. Може се одредити на различите начине.

КоришЬиьем елементарне кинетичке теори)е гасова може се доЬи до израза

за коефици)'ент дифузи)е а слична третираньа и апроксимаци)е користе се и у

теорией дифузи^е за течно и чврсто стан>е19. Строжи)'а Teopuja за гасове омо-

гуЬава решаваше }едначина транспортних феномена базира]уЬи се на одре-

1)еним молекуларним моделима применом сукцесивних апроксимаци)а до

тачних вредности20.

Утицащ амбиполарне и термодифузи)е узима)у се у разматрэае при

детал.ни)им студиjaMa 21>22.

2.2. Це]сшво електричног Пола

На joH у електричном пол>у константне ja4mie делу)е сила електричног

пол>а Koja изазива убрзано кретан>е )она, ако се крстан>е врши у вакууму.

С обзиром на интеракди)у измену joHa и окружу|уКе средине, joH he се у

средн>ем кретати константном брзином, све док je брзина добщена од пол>а

(у релативно слабом електричном пол>у) мала у поре^еау са каотичном брзи

ном због термалног кретан>а самих joHa. Брзина под де]'ством елехтричног

пол>а директно je сразмерна ja4HHH електричног гол>а Л2*24:

\е=хКЕ (7)

где je коефищфнт пропорционалности К покретл>ивост joHa Koja je за}едничко

ceojcTBO joHa и гаса кроз Kojn се кретаае врпш. Брзина кретана под де}ством

електричног пол>а веома зависи од степена joHH3anHje х испитиване суп-

станцще. При томе се свака честица може разматрати као joH х-ти део времена

а као неутрални атом за преостало време. Покретл>ивост ;она масе т и на-

електрисан>а е дефинише се као

К = г\тч (8;

где je v колизиона фреквенщф.

тедноставан израз за покретл>ивост joHa може се извести на основу

кинетичке теори)'е гасова25.

С обзиром да покретл>ивост као и коефшвфнт дифузфе представлю

важан параметар ко]и карактерише кретанье jona у гасу, то je важна н>ихоеа

ме^усобна веза. Она се може извес/и разматраньем кретан>а joHa у присуству

градиента концентраиеде и електричног пол>а за мале }ачине пол>а17-23:

J=-DV«+«/CE. (9)

Претпосгавл,а)уЬи успоставл>а!ьс равнотеже измену градиента концентра-

UHje jona под д^ством електричног пол.а и .1_ифузи)е и полазеЬи од юга да je

равнотежна функцп^а расподсле jona у електричном пол>у описана Boltzmann-

-овим законом

(10)
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може се доки до тзв. Einstein-оъе релащф

K = De\kT (11)

Koja да)'е вгзу измену покретл>ивости и коефщцфнта дифуз^е, Koja je од

великог практичног знача)а.

2.3. Конвекцщ 1

Слободна конвенций je кретавье настало услед де}ства сила 1раьитаци]е

и потиска на флуид густине рт (на тедшератури Т) ко]и je окружен флуидом

густине ро (на co6Hoj температури То). У вертикалном, слободно горевем

луку енерги^а се одводи конвекщцом само у периферщским зонэма где су

изотерд^ под извесним углом у односу на правац crpyjaba гаса, док се у цен-

тpaлнoj зони лука OBaj утица} може занемарити26.

Применом }едначине кретан>а на непобу^ену атмосферу густине ро яри

притиску р:

p0l^-=-grad р+р0^=0 (12)

dt

као и на лук Kojn гори, при чему се на рачун доведене електричне eHeprnje

гас загрева то температуре Т а н>еюва густина опада до рт:

Рт— \-?0g=?Tg (13)

dt

може се доЬи до израза за брзину вертикалног кретавьа под flejcrEOM конвекщце

брзином Vk у праьцу зг-осе Koja се подудара са осом лука27:

V Рт

(14)

Узима}уЬи у обзир nocTojaae градиента температуре дуж електроде,

горн>и израз се коригу;е за додатни члан z'0 ко]и представл>а pacrojaibe испод

површине дон>ъ електроде са Koje почитье вонвективно CTpyjaH>e28:

V Рг

^g(z+zS). (15)

Доб^ена теорщска зависност брзине конвективног crpyjaiba од pacrojasba

од дон>е електроде потврйена je експерименталним меренчима брзине кретан>а

угл>ених делиЬа у луку 28-32, Битно je поменути да брзина конвекци)е за

разлику од брзина под де}ством дифуз^е и електричног пол>а не зависи од

природе посматране супстанцтф.

3. ТЕОРЩСКИ МОДЕЛИ ПРОСТОРНЕ РАСПОДЕЛЕ ГУСТИНЕ ЧЕСТИЦА

У ПЛАЗМИ

ITocTojH велики 6poj фактора Kojn утичу на успоставл>ая>е просторне

расподеле честица у .шазми. Велики je ме^утим проблем уюъучити у (един-

ственом теори}ском третману све nojaBe од ко]ш битно зависи расподела
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честица, тако да он одражава реалну физичку ситуаци)у а да при томе мате

матики апарат rojh се користи буде довол>но (едноставан да да одговара)уКа

употреб.ъива реше&а. Строг третман проблема довео би до веома сложених

диференци)алних }едначина Koje би се могле решити {едино нумеричким

методама. nocroje различите Teopnje Koje peuiaBajy ова)" проблем више или

ман>е успешно и зависно од примениних апроксимаци)'а да)у расподелу честица

само са ньеним битним карактериа икама без тачни)их квантитатиБНИх слаганьа.

3.1. Основне Поставке модела за бесконачно дуг лук

ПрБИ модел просторне расподеле честица пострвио je Boumans33-38 а

дал>е су га разрадили и поболтали Кринберг и Смирнова39-42.

С обзиром да je анализа трэгова елемената од на^веНег интереса за спек-

трохеми)ску праксу то се разматра случа) у коме je укупна густина истгитиваног

елемента n=na+m мала у порег)ен>у са густином атома основног гаса у плазми

Na. Да би се описала расподела атома и joHa испитиваног елемента у плазми,

полази се од }едначина непрекидности и кретэн>а (услед конвекцэде, дифузще

и електричног пол>а) Koje за посматрано стационарно станье има)у следеНи

облик:

V(«aVa)= ra (16)

V(mVi)=r, (17)

-Vj>a+^^H»rt,(V-V,)-a. ПлЫ* k V Г=0 (18)

pDa (n&+Nb)

- Vpi+^^mNa(V-Vi)-ai niN* kV Т+ещЕ=0 (19)

pDL (m+N&)

где су: pa—na kT и pi=m kT — парци)ални притисци комлонеьата, p — укупни

притисак гагне смеше, Va и Vi — средае брзине кретан.а атома и )Она елемента-

-примесе, V — средн>а брзина крета&а атома основног гаса (при темпера-

турама Koje влада)у у луку густине електрона и joHa основног га^а занемар-

л>иве су у одно ;у на гусгину атома основног гаса), Da и Di — коефици]енти

дифуз^е атома и joHa причесе у одно у на атоме основног гаса, аа и оч су

термодифузионе константе, Га и Ti ■— брзине образованна честица у )единици

запремине, при чему je због одржавая>а 6poja честица Га= — Гь

ПолазеЬи од претпоставке да je вертикални слободно гореКи лук акси-

janHe cHMeTpnje и да се може описати у цилиндричном систему координата,

као и од апроксимащце да су коефицэденти дифузи)е као и термодифузионе

константе за атоме и joHe елемента примесе приближно jenHaKe (Da xDixD

и аа ~ at х а) а укупни притисак гасне смеше je р X Na kT, долази се до диферен-

UHjajTHe {едначике Koia oiracyje просторну расподелу густине честица у плазми:

d Г / xDe„ din Г п<Ипп\1 .

d^L \ kT dz dz /J

, 1 df I xDe dlnT пЭ1пп\1 ....

H m Fr-^ Er-Dy D =0 (20)

r dr[ \ kT dr dr \
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где je y=1+<x. Изрази у средоьим заградама представлюjy брзине кретан>а

честила под де}ством различитих механизэма у акоцалном и ради|алном

правцу. У таблици I приказане су вредности ових брзина за централну зону

ТАБЛИЦА I. Компоненте акси)алне и ради)'алне брзине транспорта према литературним

експерименталним и теори)ским подацима39

Акси)ална брзина (cm s- Ради)'ална брзина (cm e-i)

De д In Т д 1пя De din Г д In я

дг

У, xkTE' * dz D

dz
Иг х— Ег Dv

kT ' дг

D

ISO 400* 2 60 40 30* 20 100

радиуса 0,1—0,3 cm у луку39. Ове брвине дате су за елеменат релативне

атомске масе 50 чи]'и je коефищфнт дифузи)е 10 cm2s-1 у ваздуху. Анализом

вредности брзина транспорта може се закгьучити да се честице у правцу

г-осе Kpehy под детством вертикалне конвекци)'е, електричног лол>а и дифузще

а у ради^алном правцу само под детством концентрационе дчфузи)е. Детства

термоцифузи)е, ради]'алне конвекщф и ради)алне компоненте електричног

пол>а се могу занемарити. С обзиром да коквеищф и ja4HHa електричног

пол>а у области лучног стуба слабо зависе од z, то се може узети да су оье

величине константне. Тако1)е се за централну зону лука, где je температурски

градщент ьеома мали, може узети да je коефици]ент дифузи)е чесица кон-

стантан. У том arynajy се горн>а ]едначина (20) своди на тзв. ]едначину кон-

вективне дифузще:

^+±^+^-С7^ = 0 (21)

дг2 г дг dz2 dz

где je U=— ±— Ez. Решение ове {едначине за тачкасти извор добро je по-

D kT

знато. Да би се добило решение Koje he описивати просторну расподелу густине

честица у .туку, потребно je поставит oflroBapajyhe граничне услове. У мо-

делима Boumans-a33"38 и Кринберга и Смирнове39-42 транспорт честица се

посматра у зони ограничено} цилиндром радиуса r=R к базом у z=0. Ово

je облает у луку са HajouiTpnje дефинисэном границом кроз Kojy углавном

протиче електрична crpyja и у Kojoj je температурски градщент веома мали,

док ван лье температура нагло опада. Извор честица има облик диска радиуса

а у равни #=0 и кроз н»ега честице улазе у зону пражньеша константном брзи-

ном Q. Утица} горн>е електроде — катоде на транспорт честица се занемару)е.

Претпоставлю се да катода нема рефлексионе особине тако да се честице Koje

flocneEajy до н>е не epahajy више у лучни стуб веН Hanyurrajy прикатодни

cnoj услед конъешпф и дифузще. С обзиром да се прикатодна облает про

теже свега неколико милиметара испод говршине катоде43-46 то се за дуге

лукове присуство катоде може занемарити.
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Гранични услови за овако поставлен «одел су следеКи:

Q за г<а

теа2 при 2=0 (22)

0 за г>а

я=0 при 2=оо (23)

—=0 при г=0 (24)

dr

-D~=knR при r=R. (25)

dr

Транспорт честица кроз цилиндар ради)'уса R дефинисан je граничним

условом (25). У моделу Кринберга и Смирнове39 обом граничном услову

flaje се болл фи?ички смисао него у моделу Boumans-a. OBaj гранични услов

дефинише непрекидност флукса честица кощ се унутар цилиндра обаагьа

дифузи^ом а ван н>ега дифузщом и радофлном конвенл^ом. Коефици^енат

k у )'едн. (25) представл>а коефтдфнат масене размене и може се показати

да износи k=(x.D1lz. За елеменат коефшпфнта дифуз^е 10 cm2s_1 4Hja се

расподела oraicyje у луку Kojn гори у ваздуху тако да je <х=22 s-1/2, вредност

k\D=l cm-1 док je Boumans за ову вредност узимао вредности у интервалу

0—0,5 cm-1.

Решенье диферешуцалне }едначине (21) за наведене граничле усгове ie:

п (r,R, ,/JO-ifi- § J ЛЪЩ_ Jq ^ r}R) .

•exp[-*/fl(V«>a+x<-eO] (26)

где су Jo и Ji Bessel-ове функ1пф прве врете нултог и првог индекса, w= VRJ2D

— бездимензиона брзина преноса а константе Х« су позитивни корени jejma-

чине47:

dz

ЪЛ(М-^Я\Л(М=0. (27)

За разлику од Boumans-овог модела у коме се узима да je акси)ална

брзина транспорта V константна, у моделу Кринбер1а и Смирнове40 се прет-

поставл>а да ова брзина зависи од pacTojaiba z од дон>е електроде према изразу :

V=Vol{\+$z) (28)

где je Vq — почетна брзина i ри 2=0 а (3 — константа. Од основних компоне

ната акси)*алног трансаорта доминантни утица) на облик зависносш укупне

брзине транслорта од pacrojaiba има CTpyjHa брзина KojoM атоми Ha.iyurrajy

дон>у електроду a Koja веома брзо опада са расто)аньем услед вискозности

средине48. Друге две компоненте акофлне брзине услед конЕекцэде и де{ства
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електричног пол>а могу се сматрати константним у читавом ме!)уелектроном

размаку. На слици 4 приказана je зависност величине U=VjD од pacrojaiba z

—R = <mm

• - R г 5 mm

■ R = 7mm

Л, 10
z=2mm

10
2=4mm. z = 8mmQ

• \5 5

:\0 n 11,, -v..-.. , , . .

0 2 А б [(mm) 0 2 4 6r(mm) 2 4 6 r(mm)

Слика 1. Ради)ал:га расподгла ср;дн>е густине честица n/Q- 103 (s cm-3) на

различитим расто)ан>има од аноде према моделу Boumans-a33-37

од дон.е електроде за Ga и Zn. Узима|у1ш у обзир овакву расподелу акафлне

брзине решенье диференци;аляе |едначине (21) тражи се у облику производа:

п (г, z)=R (г) Z (z) (29)

што своди |едначину конвективне дифузи^е (21) на следегш систем:

d2R(r) , 1 dR(r)

дг2 г дг

d2Z(z) d[U(z)Z(z)]

dz

R(r)W=0

f Z(*)X2 = 0

(30)

(31)

где je X — константа. Решаван>ем овог система уз pajmje поменуте граничне

услоье долази се до просторне расподеле густине честица:

2Q £ 1 JifrtalR)

n{rlR,z!R) ={$z+\)^^- 2

к aD ,е, Kv+i (Xi/P R) X? [Jo (Xi) +j\ (X<)]

(32)

где су v=— ( -^5- — 1 ) и Км —модификована Bessel-ова функщф друге ьрсте

v-тог индекса. За разлику од решен>а према коме концентраци)а честица

монотоно опада са расто)ан»ем z (решение (26)), овде nocTojn тенденшца сма-

нен>а концетращф на рачун функщф Kv и пораст због (p^+l)v+1. Као

резшат тога на оси лука се )авл>а максимум густит честица 4nja величина и

лоложа) заЕИсе од Vo и р.

Ради)алне расподеле рслативне густине честица njQ израчунате према

изложении моделима приказане су на слици 1 . Расподеле су дате за пресеке

стуба на различитим висинама од доше електроде када je ради)ус диска изьора

честица а—2 mm и за различите радиусе R централне зоне. У близини дотье



508 ХОЛЦЛАГТНЕР-АНТУНОВИЪ

електроде (аноде) nociojH оштра рад^ална промена гутгиье честица Koja

nocrraje униформшца са удал>аван>ем од дон>е електроде. Идеално хомогена

расподела постиже се у граничном случа)у када je c—R. TeopHja<H резултати

су упоре^ени са ексг.еримеяталним мсриьима de Galan-а49,50. Ако се модел

примени за централну зону радиуса i?=0,4 cm што je физички и Hajpt ални^е,

Слика 2. Акси)ална расподела средн>е густине честица я/Q- 103 (s ст~3)

ф= 15 cm2 s~x, а=0,2 cm, R=0,4 cm): а и b — према моделу Boumans-a33-37

при KCOnst = 2 ms_1 и 5 ms_1, с — према моделу Кринберга и Смирнове40 при

Vo=5 ms"1, (3 = 5 cm-i, 1 — r=R, 2 — 0,7K

поре1)ен>е je извршено за еисоко, среднее и слабо )онизоване елементе. Наг)ено

je да je радиус диска извора веома важан параметар. При веКим акси)алним

брзинама транспорта процеси дифузи^е не могу довести до латералног ширен>а

супстанцще за кратко време н>еног боравка у зони пражн>е1ьа. Да би се добила

униформна распоцела, потребно je да pannjyc диска буде бар 0,3 cm, што

Hnje у складу са експерименталним услоЕима. Очигледно да приелектродви

феномени не доэвол>ава)у {едностаЕну апроксимацэду површине дон>е елек

троде извором у облику диска. Стога се уэима да се виртуелни извор облика

диска налази на извесном pacrojaay (1—2 mm) од аноде а транспорт од елек

троде до диска би се морао разматрати посебно. У разматраним условима

yrauajn акацалног транспорта и дифузще на апсолутну концентращ^у су у

извесно} мери у равнотежи. При Behoj акси)ално) брзини «естице се више

шире лонгитудинално док je yrai^aj дифузще много изражени'и при Maaoj

aKCHja.THoj брзини. Експериментални подаци, посебно зависност эпсолутне

концентраци)е од степена joHH3auHje, указу]у т доминантан утица) акси)алног

транспорта. На слици 2 приказана je акси}ална расподела среднье густине

п

О

Ю
 

6

2 J 1 1 1- I 1 I I I I 1 I I L 

n!Z)

п|2д)

40

а Ь с

30

20

10
 

1 *—Г I \-—Г |

A Q2 0,4 Q2 0,4 0,2 0,4 К

—- z(cm)

Слика 3. Акси^ална расподела средше густине че

стица нор.миране у односу на аноду према моделу

за лук коначне дужине 4 1,42 : а — Ga, b — Pb, с — Zn
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честица n/Q узима)'у1аи у прва два случала да je акси'ална брзина константна

и у треНем да се мгтьа према изразу (28). За разлику од ради)алне расподеле,

Koja je у релативно добром слаганьу са експерименталним меретьима, овде се

види да алсолутна концентрацтф опада са порастом расто]'ан>а од дон>е елек-

троде. Ово je оправдано с обзиром да се разматратьа односе на бесконачно

дуг лук. Ме^утим, у реалним експерименталним условима утица] катоде се

никако не може занемарити с обзиром да главни карактер акси)алне расподеле

потиче баш од прикатодног задржаваньэ честица и прш атодног noja4aH>a

eMHcnje зрачеаа.

3.2. Teopuja йросшорне расйоделе чесшица за лук коначне дужине

Да би се основне поставке TeopnjcKor модела просторне расподеле

густине честица могле примснити на лук коначне дужине потребно je при

разл:дтран>у тока честица узети у обзир yTraiaj катоде. OBaj се утица} зависно

од услова пражн>ен>а узима у обзир на два начина.

У првом arjnrajy се узима да катода потпуно зауставл>а флукс честица.

Уместо граничног услова (23), Kojn важи у луку бзсконачне дужине, уводи се

нови гранични услов према коме брзина акси)алног транспорта на површини

катоде nocraje )еднак нули:

-D—+Vn= 0 при z= l (33)

dz

где jt / дужина ме^уелектродног размака. Oeaj гранични услов важи када je

радиус катоде довольно велики (веНи од 6 mm) или код катода маньег радиуса

када je вертикални флукс честица веома узак, што je случа) код великих

аксщаллих брзина (када честице не стажу да дифунду}у са стране) и када je

шетанье лука сведено на минимум.

У другом ory4ajy катода само делимично заустгвл>а флукс честица,

тако да део честица настаЕл>а да се креЬе са стране катоде вертикално навише

под flejcTBOM дифузи(е и конвекщф. Овде je катода граница измену две области

са разли-штим брзинама кретавьа. У области ме!)уелектродног размака до

поврпвше катоде честице се крсЬу брзином V профила датог изразом (28)

а ван ове области, Tj. изнад површине катоде честице се Kpehy константном

брзином V\ за Kojy се узима да je (еднака средтьо) брзини конвекщф. У овом

cny4ajy као гранични услов узима се непрекидност густине и флукса ^ес.ица:

_DdJL+Vn=_D*b+niVv (34)

dz dz

1едначина (21) за граничне услове (22), (24), (25), (33) и (34) и уз претпоставку

да се аьсщална брзина транспорта меньа дуж осе лу.<а према изразу (28), има

решенье следеЬег облика:

2о - 1 7lri)

я(г/Л,г/Л) =—^-(p«+l)v+iT V '

7i aD ,е, м (y0 - At /v+i (y0 X? [f0 (X,) +j\ (X,)]

■Jo |x, ~j [Kv (t)() + At /v (•/)()] (35)
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где су y<=~^~ и 7]<=y< (р*+1)- Константа .<4j израчуьава се према изразу :

(o<)+ a<^v(<T<)

где je (7i--Y< ф1+1). У првом случа)у када катода потпучо зауставл>а флукс

честица а<=0 а у другом je:

(w«+X«)1/2+«>

сц= , w=ViRj2D. (37)

Просторна расподела густиве честица зэ лук коначне дужине према оьом

моделу разлику;е се само у акс^ално) компоненти тако да су на слици 3 при-

казане ака^алне расподеле честица у луку. Израчунага расподела (пуна

U(mm') г
 

r(mml

Слика 4. Акси)ална расподела

величине U— VjD одре^ене

према изразу (28) за Ga и Zn

линзп'а) упорс^ена je са експериментално доби^еном (испрекидана лшнф)42.

Види се да постош слагаше у облику кривих. HajBeha одступаньа су у прика-

тодном сло)у и то поссбно за елементе kojh су у плазми )онизовани у «ehoj мери.

3.3. Да.ье усавршавшъе uieopuje расйоделе чссшица

С обзиром да иеома Еелики 6poj фактора утиче на успославл^анье про-

сторне расподеле честица у плэзми, а ушкучиваше свих них у модел je из

практичних разлога немогуЬе, то je дал>и pa3Boj теори]'е био у смислу рсал-

iwjHX проценэ транспортних брзцна и процеса у прикатодном cjiojy51,52.

У првом моменту разматравьа се orpamiqaBajy на уску централку зону. Почетна
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претпоставка, узима)уКи у обзир физичке услове разматране плазме, су пре

свега стадионарност процеса и занемаривгнье ефеката ради)алног електричког

пол>а, ради^алне конвекнтц'е и терлодифузи)е.

3.3.1. Основне Поставке модели за централку зону лука

Разматра се централна зона вертикалног, слободногореКег и цилин-

дрично симетричног лука ко;а je ограничена координатама: 0<r<R

и 0<2</. Транспорт честица се врши под де)ством рашц'е наведених процеса.

Коефищфнт дифузи]е се у разматрано) зони узима константним. Брзина

транспорта V(z) услед електричног пол>а и конвекщце управл>ена je дуж осе

лука (z-осг). Претпоставл>а се да температура и електронска густина зависе

само од г (с обзиром да се веома слабо Meibajy дуж осе)10,14. Тако^е се из

експерименталних разлога 53 може сматрэти да je у разматрано) зони густина

честица практично константна у ради)алном правцу. Због тога се систем }ер,-

начина (30) и (31) своди на само jeflHy }едначину:

*£»-irW^«-ZW«^-0 (38)

dz dz dz

за 4Hje je решаванье потребно претлоставити профил транспорше брзине

U (z) и дефинисати граничне услове.

Експериментални резултати, као и TeopnjcKa израчунаваньа за гкап'алну

расподелу брзине честица U(z)5i~5a, noKa3yjy да ова брзина споро расте у

области стуба до извесног pacrojaHsa zo кала долази до нагле промене густиъе

честица. С обзиром да се акси}ални транспорт дешава под flejcrBOM конвегацф

и електричног пол>а, то се разматран>ем удела сваког од ових ефепата долази

до профила U(z). Као шго je веН помгнуто, кретанье под flejcreoM електричног

пол>а врши се константном брзином С/о О'едн. 7), док конвекщф доприноси

благом порасту брзине чланом (З'я1/2 где je р' константа ()едн. 14). На Taj je

начин у области лучног стуба (z^zo) профил брзине U{z) потлуно дефинисан

као U(z)=^,z1li+Uo. Ван лучног стуба, при расто}ан>има z>zo, утца] при-

катодних феномена на ток честица постаje знатан и м-гханизам транспорта се

меша. У OBoj области градиент потенциала се меньа и електрично пол>е

norraje нехомогено57,58 док се температура и електронска густина благо

noBehaeajy53. Честице (позитивни johh) Koje из области лучног стуба кон-

стантног градиента потенциала долазе у прикагодну зону веЬег градиента

потенциала убрзава)у се и нгутрэлизу}у на катоди. Зависно од фактора акомо-

цаци)е59 долазиве до рефлекси)е или ancoprauije атома а исто тако до поновне

joHH3aunje. Испред катоде долгзи због тога до нагомилаван>а честица, ujto

доводи до измене електричног пол>а катоде услед eKpaHHpajyher де)ства.

Поред тога, с обзиром на смааен градиент концентралэде у ово; области,

измен>ени су процеси дифузи}е. У сваком ar/4ajy долази до сман>иван>а акси-

jaraor транспорта, како то показу)у и теори)ски и експериментални резул

тати54-56.

У овом моделу je претпоставл>ено да je механизам усгораваньа честица

у лрикатодно} зони резултат неког ефсктивног трен>а, тако да je промена акси-

jame брзине транспорта dU по {единили пута dz пропорциоьална са U т].

*Ш=-к(х>г)6я (39)

dz
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где константа пропорционалности k(x:z) зависи од посматраног елемета

(одн. од шегоЕог степена )онизаци)е) и paciojaaa од донье електроде (одн. од

облика катоде) . На та) je начин Moryhe доКи ао профила U(z) у прикатодно) зони

U (z) = U (го) ехр

Z

k (х, z)dz (40)

С обзиром да у области z^zo нема успораваньа, то се узима да je константа

k{x,z) )еднака нули у Toj области. При расто)ан>има z>zo брзина честица

почшье да опада и то утолико нише уколико je епемент нише )ониэован.

Елементи високог потенциала joHmanHje практично неЬе показивати никэкео

успораван>е или нагомилаванье60-68 креНуЬи се само под утицаjeM конвекиэде

и дифузи)'е. Поред тога, ггретпоставл^уЬи линеарну зависност од х као реалну

апроксимаци)у, долази се до следеЬег израза за k(x,z) :

0 при Z^Zo

*(*,*)=
(41)

l—zo

при Z>Z0-

За читаву разматрану облает акси)ална брзина транспорта зависи од z на

следеЬи начин:

U(z)=l

( pV/2+ C/o при z^z0

(p'4/2 + f/o)exp при Zo<Z<l

(42)

што je приказано на слици 5 (пуна лшнф).

Овако дефикисана акси}ална брзина транспорта уводи се у jenH.. (38)

за расподелу густине честица и решение се налази посебно у области лучног

стуба (одн. од површине аноде до pacrojaiba 20):

Z (г) = ехр (U0 z+ 2/3 р'23/2) [С2 +d j ехр ( - U0 z- 2/3 р'г3/2) d г] (43)

а посебно за прикатодну облает где почшье да се oceha yiinraj катоде на ток

честица:

Z(*) = exp (С7о + ^У2) |-^-ZJ ехр (- jc2+d J ехр [(t/o+frf)'

Константа С\ у горшим )едначинама налази се из услова минимума функщф

Z(z) при pacTojan>y го а константа С% на основу експериментално одре^ених

вредности густине честица Z и брзине U при z=zq-
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Према овом моделу израчунате су акафлне расподеле густине честица

за In и Zn кощ су у плазми били присущи у трату. Нормиранье je извршено

у односу на вредност при граничном pacroja&y zq. Сви потребил параметри

 

2,2

 

& ' .6 К

2 (mm)

Слика 5. Акси)ална расподела величине U одре^ене према изразу (42) за In

и Zn (пуна лини)а) и иста расподела узета у моделу за проширену центрглну

зону (испрекидана лини)а)

за израчунаваье експериментално су одрег}ени и приказали у таблици II.

Доби|ени нумерички резулта!и приказани су на слици 6. Израчунате расподеле

упоре^ене су са експериментално доби)еним с обзиром да je TeopnjcKH56,69 и

ТАБЛИЦА II. Вредности параметара коришНених за нумеричка израчунавааа

Елемент U(.z0) (cm-i) zo(cm) Dicta?*-1) a(cm_1) V

In 2,35 0,48 10 8,8 2,90 2,1

Zn 1,07 0,39 15 12,3 0,38 2,1

експериментално54,56 пока?ано да аксщальа расподела релативног интен-

зитета зраченьа прати расподелу густине честида. Од посебног je значаja

слагайте теори^ских и експерименталних резултата у прикатодно) области,

пошто je основни нздостатак претходних модела било баш неслаган>е у Toj

области због неадекватног третирааа yranaja прикатодних феномена на тран

спорт честица.
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z (mm)

Слика 6. Акси)ална расподела релативне густине честица према моделу за

централну зону и релативног интензитета зрачевьа експериментално одре^еног

3.3.2. Примет модела на йроширену ценшралну зону

У претходном моделу разматрана je расподела у релативно уско) цен-

Tparaoj зони са претпост авком да je густина честица непроменьл>ива у ради-

;алном правцу. Да би се osaj модел могао применити и на ширу облает плазме,

мора се узети у обзир и ради^ална зависност густине честица Koja je посебно

изражена у перифери)ским областима плазме. У том aiyqajy je ситуации знатно

компликовани]'а. Просторна расподела густине честица у области лучног

стуба доби)а се решавааем следеКег система:

^+1^_лх2=0 (45)

d г2 г d г

-^-(C/o+ pV-/2)----1- fZz^'2+ZX2=0. (46)

d z2 d z 2

За прикатодну облает потребно je решити следеЬи систем:

^+±^_ЯХ!_0 (47)

d г2 г d г
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d2Z

ds2

(C/o+P'4'z)exp /_ z-z0\ dZ (Up+^J2) Izq-Г

\ 1-zoj dz Z \ x I

+ZX2=0.

 

(48)

+

1едначине (45; и (47) су обичне Bessel-ове |едначине познатих решеаа. Ме-

1)утим, ;едначине (46) и (48) се различу од )*едн. (38) за члан ZX2, lino je

резултат утица]а nocrojehe ради)алне рэсподеле честица. Ове {едначине се

могу решити аналитички (што je од значаща за практични рад) само уз извесне

апроксимацэде. Найме, с обзиром да у области лучног стуба експериментални

резултати показу)у веома спор пораст акоцалне брзине28,32, то се у npBoj

апроксимащф може узети да je U(z) константно одн. U(z)~U(zo) (испреки-

дана лини)а на слили 5). У том cny4ajy нормирана акачална расподела густине

честица израчунава се према изразу:

У прикатодно) области могуке je onaflajyfm профил брзине транспорта (42)

уз минималну грешку апроксимирати изразом С7(г)=а/(1+&г), с обзиром да

се тада je,ira. (48; може много jeflHocraBifflje аналитички решити. Нормирана

aKCHjaraa расподела густине честица израчунава се према изразу:

njzjR) ■ expj-z/R[Vwz+ X?- а»])

n(zolR) ,=i ехр(-яо/Лд/«'2+Х>?-го)]

(49)

n(z/R) » Kv fa) +^v+i (op /v (gt)/jm (at)
(50)

П (Zo/R) <- 1 Кч (7J(0) +К4+1 ((T(o) Iw (rno)//v+i (<Tio)

где je R граница проширене зоне у Kojoj модел важи.

 

Zn 307,6nm

 

*—« EKSPTEOR.

2

0

 

 

0

A 2 3 5 6 К

Слика 7. Акси)ална расподела релативне густине честица према моделу за

проширену централну зону и релативног интензитета зрачен>а експериментално

одре^ена
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Вредност параметара потребяих за израчунаван>е расподеле према овом

моделу за разматране елементе In и Zn приказане су у таблици II. Релативне

расподеле густине честица за лучни стуб и прикатодну облает приказане су

на сл. 7. На дщ'аграму су тако^е приказане експериментално одре^ене акси-

)алне расподеле релативних интензитета зрачен>а нормиране на исти начин.

Како je век поменуто, ово поре!)ен>е je могуке с обзиром да расподеле густине

зрачаьа и густине честица има)у сличну просторну зависност.

Ради)алне расподеле густине честица према nocrojehnM моделима33-42

у добро) су сагласности са експерименталним резултатима. Стога je радщат.на

компонента решен>а и у овом моделу задржана у идентичном облику.

ЗАЮЬУЧАК

TeopHjcKH модели просторне расподеле густине честица развивали су

се паралелно са прошириван>ем знан>а и бол.им разумеваньем процеса у плазми.

Првобитни модел Bouraans-a омогуКава израчунаваае целокупне и рад^алне

и ака^алне расподеле честица коришЬешем релативно {едноставног мате-

матичког модела али има недостатака, посебно код описиван>а успоставл>ене

акси)*алне расподеле. Претпоставл>а се да се честице Kpehy дуж читавог ме^у-

електродног размака константном брзином а утица) катоде на ньихово кретавье

се занемару)е. Стога густина честица опада са удал>аван>ем од дон>е електроде

брзином Koja je условл>ена брзином акещалног транспорта. Cteaj модел уса-

вршили су Кринберг и Смирнова. У KpajibeM, osaj модел релативно добро

onncyje ток акси)элне расподеле густине честица, посебно карактеристични

пораст у близини катоде. Ме^утим, претпоставл>ени механизам измене акси-

]awt брзине транспорта и у вези са тим претлостэвл>ени профил брзине, не

oflroeapajy реално) физишео) ситуацией у плазми. Према овом моделу брзкна

транспорта опада дуж читавог ме1)уелектродног размака. Утинг^ катоде се

разматра као ефекат механичке препреке Koja или потпуно или делимично

зауставл>а ток честица. Експериментални резултати53, ме!)утим, показу)у да

практично нема разлике у прикатодном noja4aH>y емиси)е зрачен>а за широку

равну и уску, конусно зашил>ену катоду. Поред тога, ово noja4aibe веома

зависи од степена joHH3annje испитиваног елемента. Стога се катода мора

третирати као електромеханичка препрека где на ток честица примарно де-Tyje

електрично пол>е катоде, Tj. н>егова просторна конфигурацща.

Основна иде)а предложеног модела за централну и проширену централнк

зону51'52 je да се профил акевдалне брзине транспорта, KojH одговара реални^

условима у плазми, уврсти у диференцщалну {едначину за просторну распо

деле густине честица. Ово je од посебног 3Ha4aja с обзиром да аксщ'ална

брзина транспорта примарно oflpefyyje облик расподеле честица. Утица) катоде

на ток честица ушъучен je кроз профил акещалне брзине транспорта. Теорщска

израчунаванча према овом моделу flajy бол>у сагласност са експерименталним

резултатима, посебно код елемената нижег потенциала jomraaimje, што je

знатно побол.шан>е у односу на остале моделе где су неслаган>а баш била

изражена. Разлог за то свакако je третиран>е катоде као механичке препреке,

Tj. занемариван>е flejcrBa електричног пол>а на транспорт честица што je од

посебног 3Ha4aja.
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Дгиьа перспектива nocrojehnx модела je у BsBXOBoj примени на друге

типове термичких плазлш као и н>ихова д&тьа примена у решаван»у практичних

проблема*9-73.

ИЗВОД

Дат je преглед процеса транспорта масе и успоставл>ене просторне расподеле густине

честица трагова у лучно) плазми. Разматрани су различити теори)СКн модели и дата упоредна

анализа вьихових резултата. Посебна пажн>а посвеЬена je брзинама транспорта Koje инди-

ректно ymbywyjy утица) прикатодних феномена на расподелу честица.

SUMMARY

MASS TRANSPORT AND PARTICLE DENSITY IN THERMAL PLASMA

IVANKA D. HOLCLAJTNER-ANTUNOVlC

Institute of Physical Chemistry, Faculty of Science, University of Belgrade, P. O. Box 550, YU-1 1001

Belgrade, Yugoslavia

A survey of mass transport precesses and the established spatial particle density distribution

of traces in a d. c. arc plasma is presented. Various theoretical models are considered and compar

ative analysis of their results is given. Special attention is paid to the transport velocities which

indirectly include the influence of cathode layer phenomena on the particle distribution.

(Received 27 June 1984)
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Fourteen topological formulas for total 7t-electron energy (E) are tested using

the exact HMO values for E of 106 benzenoid hydrocarbons. The formulas con

sidered depend on three invariants of the molecular graph: number od vertices

(я), number of edges (m) and the modified topological index (Z). A few novel for

mulas of this type are designed. The results obtained are collected in eqs. (1>—(14)

and in Table I.

In ? recent paper2 results of a systematic comparative examination of approxi

mate topological formulas for Hiickel molecular orbital (HMO) total 7t-electrpn

energy (E) of benzenoid hydrocarbons were reported. The formulas considered

in ref. 2 were of (я, m)- anc1 (я, m, K)-types, that is they were functions of и — the

number of vertices of the molecular graph3, m— the number of edges of the molec

ular graph3, and (in some cases) of К — the number of Кеки1ё structures. In the

present work1 we will report an analogous study of a class of formulas of (я. m, Z)-

-type, where Z is the modified topological index4,5.

Let G be the molecular graph of a benzenoid molecule having я vertices

and m edges and let Ф (G, x) be its chaiacteristic polynomial3. The modified

topological index of G is then3

where i= л/ —I.

It has been shown6 that the Hiickel molecular orbital total re-electron energy

of a conjugated hydrocarbon conforms to the integral formula

2=(-0»Ф(С?,0

 

— CO

where

F(a)=*-2 In [(-»*)" Ф (G, »7x)].

The function F(x) has the following properties:

1° F(*)=F(-*);

521
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2° F(x) is bell-shaped;

3° the meximum of F(x) is F(0)=m;

49 F(l)=lnZ;

5° for large values of x, F(x) behaves asymptotically as nx~2 Id x

In ref. 7 a method for constructing approximate topological formulas for E

has been proposed. This method is based on the following idea. Let F*(x) be a

bell-shaped function, coinciding with F(x) for large and near-zero values of x and,

eventually, for x=\. Then

E*=— j F*(x) dx

— CO

is expected to be an acceptable approximation for E. If F*(x) is required to have

the properties 1°—5°, then, of course, E* must be of (я, m, Z)-type.

A CLASS OF (n,m,Z)-TYPE FORMULAS FOR E

We have constructed three functions which fulfil the conditions 1°—5°.

The first of them is F*(x), defined piecewise as

f я*-2 In (Z1/2- 1-х) for xGC-oo, -1)

F*(x)= m-(m-ln Z) Xя for x£(-l, 1)

их"2 \n(ZW-\+x) for *G(1, +oo)

The second function is given by

Ft(x)=n [c7+ln (Xz+A)]l(2x*+2V)

where

U=2m lnZ/[n(w-lnZ)]-[m/(m-lnZ)] In [(Л+1)/Л]-1п A

F=lnZ/(m-lnZ)-fa/(2m-2 lnZ)] 1п[(Л+ 1)/Л]

and where A is an arbitrary positive constant.

The third function satisfying 1°—5° is

F*(x)^[m+n W In (1+B *2)]/(l+2 Wx2)

where

W=(m- In Z)/]2 lr Z-n In (1 +B)]

and where В is again an arbitrary positive constant.

A straightforward, but not quite elementary integration of F*(x), f£(x)

and F*(x) yields the (я, m, Z)-type expressions E* , Ez and E* , respectively. They
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read аз follows:

E* =— [2 m+ In Z+3 Z1/" In ZKZV*-\)

3*1

£2* =« V-W (U12+ In АЩ+1П12\

and

£3* =(2 IF)-1'2 m+(2 IF)1/2 и In [(£/2 JPy/a+l].

Note that the latter formula is a generalization of a result given in ref. 5. Namely

by setting B=\, E* reduces to a previously known5 topological formula £4 :

Et=m T+n Г-1 1п(Г+1)

where

Г=[(2 In Z-n In 2)/(2 m-2 In Z)]1/2,

NUMERICAL WORK

All calculations reported in this work have been performed on the same set

of 106 benzenoid hydrocarbons which has been used in ref. 2. Therefore the present

results can be directly compared with that of ref. 2. Data for E were taken from

ref. 8 whereas data for Z were taken either from ref. 9 or сг Iculated by the inter

active programming system "GRAPH", implemented at the Faculty of Electrical

Engineering in Belgrade10.

The parameteis A and В in E$ ?nd £* have been first determined by mini

mizing the standard deviation between E and E2 and between E and £3 , respectively.

The optimal values found were /1=3.053 and £=1.7143 In the case of £* the

parameter В cannot be chosen greater than 201/3— 1, since otherwise the value

of W may become negative.

Hence we arrived at the following approximate (и, m, Z)-type expressions

for E:

£=£* (1)

£=£2 (2)

£=£* (3)

£=£4*. (4)

A further improvement of the above formulas is gained by introducing the empirical

parameters a and b, such that £=a£* or E=aE*+b, These parameters were

obtained by standard least-squares fitting and resulted in the following formulas :

£=0.976 £1* (5)

£=1.009 £2* (6)
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£=0.996 £3* (7)

£=0.982 £4*. (8)

£=0.969 £,* +0.284 (9)

£=1.012 £2* -0.1 15 (10)

£=0.990 £3* +0.211 (11)

£=0.978 £* +0.143. (12)

As already mentioned, A=3.053 has been used in eqs. (2), (6) and (10) and B= 1.7143

in eqs. (3). (7) and (11).

Finally, we have also examined the formula E—a In Z (proposed ir> ref. 4

and elaborated in ref. 11) and obtained

£=2.650 In ~Z. (13)

Note that Aihara's value11 for a was almost identical a=2.643. The two-parametric

modification of (13) leads

£=2.640 In Z+0.141. (14)

Further numerical data on eqs. (1)—(14) can be found in Table I.

TABLE I. Results of numerical testing of formulas (1>—(14) for 106 benzenoid hydrocarbons2,8;

* means that the data for benzene have not been taken into account

Formula No. of Mean Max. error Correlation

no. empirical error observed coefficient Ref.

parameters (%) (%)

4 0 0.69 1.3 5

1 0 0.92 1.7

3 1 0.16 0.5

13 1 0.19* 0.5 0.999997 4,11

8 ] 0.22 0.8 0.999997 5

5 1 0.31* 1.1* 0.999993

2 1 0.35* 1.5

14 2 0.17 0.6 0.99995 4

6 2 0.17* 0.6* 0.999997

12 2 0.20 0.7 0.99993 5

7 2 0.22 0.8 0.999997

9 2 0.27 1.0 0.99988

10 3 0.17* 0.8* 0.99994

11 3 0.18 0.5 0.99995

DISCUSSION

The rest Its given in Table I should be compared with the analogous tesults

obtained for topological formulas of the (n in i>Q-type2. It can be seen that formulas
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of (n, m, Z)-type are considerably more accurate. Several formulas given in the

present work reproduce E up to some 99.7 or 99.8%.

It is also worth noting that the increase of the number of empirical parameters

does not substantially lower the mean and maximal error of a topological formula.

Hence {n m, Z)-type topological formulas for total 7i-e!ectron energy of benzenoid

hydrocarbons having just one empirically determined parameter are of sufficiently

good quality. Formula (3) should be especially recommended as an easy means

for accurate and reliable estimation of E.

As seen above, earb of the expressions E* , Ег , E* and E% is successful in

reproducing the gross part of the Hiickel molecular orbital total 7i-electron energy.

The dependence of these expressions on Z is quite complicated — and completely

different. The algebraic form of E* , E\ , E3 and £4 has also nothing in common

with the simple relation (13). It would be interesting to resolve this seeming disci ep-

ancy between eqs. (1), (2), (3), (4) and (13).

извод

О НЕКИМ ТОПОЛОШКИМ ФОРМУЛАМА ЗА УКУПНУ тг-ЕЛЕКТРОНСКУ

НЕРГЩУ БЕНЗЕНОИДНИХ МОЛЕКУЛА

ИВАН ГУТМАН, АЛЕКСАНДАР В. ТЕОДОРОВИЪ и ЖИВАДИН БУГАРЧИЪ

Природно-машемашички факулшеш у Kpaiyjeeny

Исшггано je 14 тополошких формула за укупну я-електронску енерги)у (Е) користеЬи

тачне ХМО вредности за Я за 106 бензеноидних углюводоника. Разматране су формуле

Koje зависе од три инварианте молекулског графа: 6poja чворова (и), 6poja грана (т) и

модификованог тополошког индекса (Z). Изведено je неколико нових формула овог типа.

Доби)'ени резултати су приказали )едначинама (1)—(14) и таблицом I.

(Примл>ено 2. )ула 1984)
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The synthesis of a series of 2-hydroxy-3-carboxy-5-chloro-, 2-hydroxy-3-

-carboxy-5-bromo-, 2-0-(acetyl)-3-carboxy-5-chloro- and 2-0-(acetyl)-3-caxboxy-

-5-bromo-benzenesulphonylamino acids (V—XXX) and some of their corresponding

dipeptide methyl esters (XXXI—XXXV) is described. Six of various substituted

halogenated salicylic acid — sulphonylamino acid derivatives were found to possess

specific antimicrobial activities towards different microorganisms.

Previously, salicylic acid, salicylamide, acetylsalicylic ?cid aid some sulphon-

amide derivatives were found to have hypoglycaemic, antipyretic, analgesic and

other pharmacological activities 1_7. Moreover, we have reported the synthesis of

N-salicybulphorylamino acids and halogeno benzenesulphonylamino acids and

the compounds were found to posseas some biological activities 8_u. However,

the effect of variations of the functional groups in both the salicylic and amino

acid moieties on the biological and pharmacological activities has not yet been

studied.

The present investigation involved the synthesis of some 2-hydroxy-3-

-carboxy-5-chloro- (or 5-bromo)-, 2-0-(acetyl)-3-carboxy-5-chloro- (or 5-bromo)-

-benzenesulphonylamino acids and some dipeptide methyl ester derivatives (V—

—XXXV) and studies of their microbiological activities.

OR"
 

Compounds Type (A) Compounds Type (B)

(V^XI.XX- XXV, XXXI -XXXV) (XH-XIX.XXVI-XXX) .

2-Hydroxy-3-carboxy-5-chlorobenzenesulphonyl chloride (I) and 2-hydroxy-

-3-carboxy-5-bromobenzenesulphonyl chloride (II) were prepared by direct chloro-

sulphonation of the corresponding 5-chloro- and 5-bromosalicylic acids respectively.

527
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The 2-0-(acetyl)-3-carboxy-5-chloro- (or 5-bromo)- benzenesulphonyl

chlorides (Ш and IV) were successively prepared by acetylation ofthe corresponding

sulphonyl chlorides (I and II) using acetyl chloride at 50°. Structures ofthe sulphonyl

chlorides (I—IV) were supported by their characteristic IR spectra, elemental

analysis and chromatographic studies.

The reaction of the sulphonyl chlorides (I—II) with the appropriate amino

acid in water — tetrahydrofuran — triethylamine medium, gave the desired 2-

-hydroxy-3-carboxy-5-chloro (or 5-bromo)-benzenesulphonylamino acids (V—

—XIX).

Synthesis of 2-0-(acetyl)-3-carboxy-5-chloro- (or 5-bromo)-benzenesul-

phonylamino ai ids (XX—XXX) was carried out by the reaction of III or IV with

different amino acids using similai conditions as described for preparation of

(V—XIX).

Complete acid hydrolysis of (IX) or (XVI) or (XXIII) or (XXVII) at 100°

for 24 h using 6 mol/dm3 HC1, followed by subsequent paper chromatography,

gave ninhydrin-positive spots of valine.

For the preparation of 2-hydroxy- (or 2-0-acetyl)-3-carbonylamino acid

methyl ester-5-chlorobenzenesulphonyldipeptide methyl esters (XXXI—XXXV),

the appropriate amino acid methyl ester hydrochloiide (2 mol) was reacted with

2-hydroxy- (or 2-0-acetyl)-3-carboxy-5-chloro-L-Val (or -L-Leu) (or -DL-Phe)

(1 mol) in THF — EteN medium using the dicyclohexylcarbodiimide (DCC)

procedure. The dipeptide esters (XXXI—XXXV) were purified through repeated,

recrystallizations from the proper solvent and the products were chromatograph-

isally homogeneous. Zj=zero for all dipeptide derivatives indicating the high

purity of the products.

Complete acid hydrolysis of (.XXXI) with 6 mol/dm3 HC1, at 100° for 24 h

and subsequent chromatography gave positive spots for both glycine and valine.

The dipeptide methyl esters (XXXI—XXXV) gave blue coloured 1 : 1

copper(II) complexes exhibiting Xmax at 640—660 nm characteristic for normal

dipeptide esters.

The structures of (V—XXXV) were assigned on the basis of elemental

analysis, chromatographic and electrophoretic studies, spot tests, IR ?nd NMR

spectra.

The IR spectra of compounds (V—XXXV) showed characteristic bands at:

3180, 3080 (NH, CONH), 1460, 1380, 1180, 1080 (S02NH) 1650, 1550, 1360

(amide I, II and III), 1780, 1720 (>C=0) and other bands characteristic of the

amino acid or dipeptide and salicyl or acetylsalicylic acid residues.

The NMR spectra of compounds (V—XXXV) exhibit two benzene protons

at 8 7.4—7.6 and NH amide protons at 5.64 and other protons assignable to the

remaining amino acid and salicylic acid residues.

Compounds (II—XXXV) were prepared and characterized for the first

time (cf. Table I). All of the compounds which were synthesized (II—XXXV)

g.'ve IR and NMR spectra consistent with their assigned structures. The methods

used for studying the copper(II) complexes were the same as described in previous

papers 12.
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Biological screening results

The antimicrobial activity of the compounds which were synthesized (II—

—XXXV) were determined using the hole plate and filter par.er disc methods13-16

and the results compared with the activity of the starting 2-hydroxy-3-carboxy-

-5-chloro- (or 5-bromo) - benzene and the sulphonyl chlorides (I—IV).

2-Hydroxy-3-carboxy-5-chlorobenzeneculphonyl-L-Val (IX) and the corre

sponding L-Leu (X) derivative were found to be highly active against Bacillus

subtilis (ICC — Strain), Bacillus mycoids (USSR) and Bacillus cereus (NRRL-B-

-569) with minimal inhibitory concentration (MIC) ranging from 25 — 50[i.g/ml,

but inactive against Escherichia coli (NRRL-B-210), Salmonella typhosa (NRRL-B-

-573) and Penicillium chrysogenum (MIC 250—500 i^g/ml).

2-Hydroxy-3-carboxy-5-bromobenzenesulphonyl-B-AJa (XIII) and the cor

responding L-Val (XVI) produced antimicrobial effects and gave promising results

against B. mycoids and B. cereus (MIC 25—50 (xg/ml).

2-0-(Acetyl)-3-carboxy-5-chlorobenzenesulphonyl-L-Ala (XX) and 2-0-(acet-

yl)-3-carboxy-5-bromobenzenesulphonyl-L-Tyr (XXX) were found to had marked

growth inhibitory effect against B. subtilis and B. mycoids (MIC 25—50 ug/ml).

The remaining amino acid and peptide derivatives were inactive against

all the tested microorganisms.

The present investigation revealed that introduction of chloro- or bromo-

-substituents in the 5-position in the salicylic acid moiety in combination with

sulphonylamino acid moieties gave chloro- or bromo-hydroxybenzoic acid —

sulphonylamino acid derivatives of highly specific biological properties. The

L-Leu, L-Val, L- or B-Ala, and L-Tyr derivatives were found to possess high

antimicrobial properties when compared with the corresponding L- or DL-Ser

and DL-Phe derivatives. Moreover, acetylation of the nuclear hydroxyl group

enhance and verify the biological properties of the L-Ala and L-Tyr derivatives

(cf. compounds XX and XXX). However, elongation of the peptide chain and

masking of the nuclear carboxyl group with amino txid residues results in biolo

gically inactive compounds. Other pharmacological studies are currently in progress.

EXPERIMENTAL

All melting points are uncorrected. Thin layer chromatography (Rt values) was made on

Silica Gel G using n-butanol •— pyridine ■— acetic acid — water (15 : 10 : 3 : 12) as the solvent

system. Benzidine, ninhydrin and hydroxamate reactions were used for detection of the amino

acid derivatives on the TLC plates or on paper chromatograms (Spot reactions). The electro-

phoretic mobilities (E) were measured with 1000 V, 2 h in pyridine — acetate buffer (pH 5—6).

The IR spectra (vmu in cm-1) were measured with a Unicam SP 1200 in KBr pellets, and NMR

data were determined on a Varian EM «— 360 L spectrophotometer in CD3COCD3 and shifts

are reported in ppm (8) relative to internal TMS. Optical activities [a]^ were taken in a Zeiss

polarimeter in 1 dm tube, C= 10 in ethanol.

2-Hydroxy-3-carboxy-5-chlorobenzenesulphonyl chloride (I). The title compound was pre

pared by the reaction of 5-chlorosalicylic acid (0.1 mol) and chlorosulphonic acid (0.5 mol) at

50—70° for 3 h, using the procedure described earlier 17.

2-Hydroxy-3-carboxy-5-bromobenzenesulphonyl chloride (II) . The title compound was pre

pared by the reaction of 5-bromosalicylic acid (0.1 mol) and chlorosulphonic acid (0.5 mol) at
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50—70° for 3 h, using the procedure described for preparation of (I) . The product was recrysta-

llized from chloroform. Yield (64%), m. p. 194—196% Rt 0.78.

Analysis: (Found: C, 27.05; H, 1.40, S, 10.02.

C7H405SBrCl Calc: C, 26.65; H, 1.28, S, 10.16%).

2-O-fAcetyl) -3-carboxy-5-chlorobenzenesulphonyl chloride (III). A mixture of 2-hydroxy-3-

-carboxy-5-chlorobenzenesuIphonyl chloride (I, 0.01 mol) and pure acetyl chloride, (0.03 mol)

was refluxed for one hour at 50°. The solid material was dissolved and the excess acetyl chloride

was evaporated in vacuo. The sulphonyl chloride (III) was recrystallized from chloroform. Yield

69%, m. p. 135—137°, Rt 0.83.

Analysis: (Found: C, 34.82; H, 1.90; S, 10.50

CoHeOeSCls Calc: C, 34.52; H, 1.93; S, 10.24%).

2-0- (Acetyl) -3-carboxy-S-bromobenzenesulphonyI chloride (IV). The title compound was

prepared starting from (II), using the procedure described for preparation of (III). The sulphonyl

chloride (IV) was recrystallized from chloroform. Yield 89%, m. p. 151—153°, Rt 0.59.

Analysis: (Found: C, 30.31; H, 1.75; S, 8.96

C9HeOeSBrCl Calc: C, 30.23; H, 1.69; S, 8.97%).

General procedure for the synthesis of 2-hydroxy-3-carboxy-S-chloro- or 2-hydroxy-3-carboxy-5-

-bromo- or 2-O-facetyl) -3-carboxy-5-chloro- or 2-0- (acetyl) -3-carboxy-5-bromo-benzenesulphonyl-

amino acids (V—XXX); (Table I).

The amino acid (0.01 mol) was dissolved in water (8 ml), tetrahydrofuran (4 ml) and triethyl-

amine (0.11 mol) added. The mixture was cooled to 5° and 2-hydroxy-3-carboxy-5-chloro- (or

5-bromo)- or 2-0-(acetyl)-3-carboxy-5-chloro- (or 5-bromo)-benzenesulphonyl chloride (I) or

(II) or (III) or (IV) (0.015 mol) added to it portionwise during 30 min. The mixture was concen

trated in vacuo and water (10 ml) added. The excess sulphonyl chloride was removed by treatment

of the mixture with ether (25 ml). The aqueous layer was cooled to 0° and acidified with 5 mol/dm3

HC1 until acidic to Congo red (pH 5). The separated crude product was filtered and recrystallized

from water, ethanol, methanol or their mixtures. All the products (V—XXX) were chromato-

graphically homogeneous when developed with benzidine and gave negative ninhydrin tests (cf.

Table I, Сотр. V—XXX).

General procedure for the synthesis of 2-hydroxy- (or 2-0-acetyl)-3-carbonylamino acid methyl

ester-5-chlorobenzenesuIphonyldipeptide methyl ester derivatives (XXXI—XXXV) ; (Table I):

The 2-hydroxy- (or 2-0-acetyl)-3-carboxy-5-chlorobenzenesulphonylamino acid (IX or

X or XI od XXIV) (0.01 mol) and the appropriate amino acid methyl ester hydrochloride (0.023

mol) were dissolved in THF (150 ml) containing triethylamine (3 ml). The mixture was cooled

to 0°, dicyclohexylcarbodiimide (DCC) (0.023 mol) was added and the mixture was stirred for

3—4 h at 0° and then left for 24 h at 0° and for another 24 h at room temperature. Dicyclohexyl-

urea was filtered off and the filtrate was evaporated in vacuo. The residual solid was recrystallized

from methanol— water or ethanol— water (1 : 1) mixture. The products (XXXI—XXXV) were

easily soluble in alcohols, dioxane, DMF, THF, nitromethane and inosoluble in water and ether.

The dipeptide esters (XXXI—XXXV) were chromatographically homogeneous when developed

with benzidine and hydroxamate reactions, but all gave negative test with ninhydrin (cf. Table I,

Сотр. XXXI—XXXV).



TABLEI.Physicaldataofvarious2-hydroxy-3-carboxy-5-chloro-(or5-bromo)-benzenesulphonyIaminoacidsanddipeptidederivatives

(V—XXXV).

Elemental*** analysis,

Calc.Found

N%N%

4.30 4.40 4.10 4.15 3.86
4.0

3.60 4.20 3.80 3.62 3.60 3.30 3.20 3.10 3.00 3.71 4.00 3.40 3.44 3.29 3.30 3.48 3.19 3.30 3.00 3.00 8.40 8.80 5.70 6.40 5.20

4.33 4.33 4.12 4.12 3.98 3.83 3.50 3.80 3.80 3.65 3.65 3.53 3.41 3.15 3.04 3.83 3.83 3.65 3.56 3.43 3.17 3.41 3.20 3.10 2.88 2.79 8.51 8.74 5.83 6.35 5.51

[a]20**RtЕстMolecular (C=10,(TLC)formula

ethanol)

+9.4C10H10NO7SCI +6C10H10NO7SCI +13CioHioNOsSCl +12.5CioHioN08SCl +20C12H14NO7SCI +22C13HUNO7SCI +20C16H14NO7SCI +12.9CioHioN07SBr +17CmHioN07SBr +25CicHioNOgSBr +26CioHioNOgSBr +10.5Ci2Hi4N07SBr +17.5C13HieN07SBr +17C16Hi4N07SBr +23CieHuNOeSBr +26C12Hi2N08SCl +24.8Ci2H12N08SCl
+22.2Ci1HioN01„SCl
+22C14HieN08SCl +25.5Ci5Hi8N08SCl +25.2Ci8Hi(,N08SCl +11Ci2Hi2N08SBr +13.5Ci4HieN08SBr +19.5C15Hi8N08SBr +16.5Ci8HuN08SBr 0CieHieNOeSBr

0C18HmN3ObSC1

0C21H30N3O8SCI 0CseHssNsOeSCl
0C2eHi4N3OioSCl 0C35H40N3OUSCI

0.79 0.83
0.8

0.72 0.91 0.87 0.88 0.62 0.91 0.69 0.67 0.85 0.75 0.94
0.947

0.72 0.69 0.75 0.66 0.73 0.82 0.82 0.76 0.66 0.39 0.72 0.69 0.96 0.57 0.93 0.95

+27.2

—

+40.5

.—

+100.5
+20.1

—

+3.14

—

+175.8

—

+15.7 +51.3

.—

+47.1
+6.2

—

+37.6 +38.2 +25.2
+15.07

—

+54.6
+161.4 +23.89

+8.97 +18.6
+12.56 +20.09

+5.17
+24.49

M.P.* CO

141—143 198—200 ~280 140—142 194—196 205—207 220—222 142—144 228—230 198—200 180—182 244—246 230—232 202—204 206—208 173—175 218—220 210—212 206—208 213—215 194—195 196—198 240—242 231—233 218—220 226—228 189—190 175—177 156—158 204—206 175—177

Yield

(%)

68 77 67 61 99 82 60 54 70 49 75 81 46 63 32 51 72 58 40 98 67 73 66 66 70 87 36 37 22 43 39

R'-
H H H H H H H H H H H H H H H

Ac. Ac. Ac. Ac. Ac. Cc. Ac. Ac. Ac. Ac. Ac.
H H H

L—Leu—DL—Leu—OMeDL—Leu—OMeAc. —Tyr—OMeDL—Tyr—OMeAc.

R'-
OH OH OH OH OH OH OH OH OH OH OH OH OH OH OH OH OH OH OH OH OH OH OH OH OH OH

Gly—OMe

B—Ala—OMe L—Tyr—OMe

—OMe

-Ala—OMe Tyr—OMe

R-

L—Ala B—Ala L—Ser

DL—Ser
L—Val L—Leu

DL—Phe

L—Ala B—Ala L—Ser

DL—Ser

L—Val L—Leu

DL—Phe

L—Tyr L—Ala B—Ala L—Ser L—Val L—Leu L—Phe B—Ala L—Val L—Leu L—Phe L—Tyr

I^-Val—Gly-

L—Leu—B— L—Phe—L—

L—Leu—DL

Compd.

No.

(Type)

V(A)
VI(A)

VII(A)
VIII(A)

IX(A)
X(A)

XI(A)
XII(B)

XIII(B) XIV(B)
XV(B)

XVI(B)
XVII(B)

XVIII(B)

XIX(B)
XX(A)

XXI(A)
XXII(A)

XXIII(A) XXrV(A)
XXV(A)

XXVI(B)
XXVII(B)

XXVIII(B)

XXIX(B)
XXX(B)

XXXI(A)
XXXII(A)

XXXIII(A) XXXIV(A)
XXXV(A)

*Crystallizationsolventforcompounds(V—XIX)=water,(XX-XXX)and(XXXV)=ethanol—waterand(XXXI—XXXIV)=

=methanol—water.**OpticalactivitiesweredeterminedC=10inethanol.***Allthecompounds(V—XXXV)gavesatis

factoryСandHanalyses.
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ИЗВОД

СИНТЕЗА НОВИХ ДЕРИВАТА 5-ХЛОРО- И 5-БРОМОСАЛИЦИЛНЕ КИСЕЛИНЕ

СА СУЛФОНИЛАМИНОКИСЕЛИНАМА И НЬИХОВА АНТИМИКРОБНА

АКТИВНОСТ

А. М. Ел-НАГАР, И. М. ИСМАИЛ, М. Р. ЗАХЕР и М. X. Ел-ХАКИМ

Одсек за xemtjy, Природно-машемашички факулшеш, Универзишеш Ал-Азхар, Наср-Сиши,

Каиро, Ешйаш

Описана je синтеза cepnje 2-хидрокси-3-карбокси-5-хлорс-, 2-хидрокси-З-карбоксь-

-5-бромо-, 2-0-(ацетил)-3-карбокси-5-хлоро- и 2-0-(ацетил)-3-карбокси-5-бромобензен-

сулфониламинокиселина (V—XXX) као и неких од одговара)уЬих дипептидних метилестара

(XXXI—XXXV). Код шест деривата je на1)ено специфично антибактери)ско делован>е на

разне микроорганизме.

(Примльено 4. )уна 1984)
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ETHYL PYRIDINES
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G=-O0-phenyl, -CO-cyclohexyl, -OONHCH2CH2OH in position 3 or 4

They inhibit human eryhtrocyte AChE in concns 0.8 x 10~4 to 12.3 x 10~8 mol dm"3.

None of them was able in cone, of 2 x 10~5 mol dm~s to reactivate in vitro human

erythrocyte AChE inhibited by sarin, soman, tabun and VX, nor to protect it against

inhibition by soman.

In recent years a number of aliphatic, aromatic and heterocyclic oximes has

been synthesized and used as antidotes in experimental poisonings with organo-

phosphorus inhibitors of acetylcholinesterase (AChE). The best antidotal activity

was obtained with mono and bis-hydroxyiminomethylpyridinium compounds.

These compounds reactivate both in vitro and in vivo AChE inhibited by organo-

phosphorus compounds.

Most of the authors believe that AChE reactivation is the principal mode of

action of these compounds, but other mechanisms such as "direct action" should

also be taken into consideration.

In the series of pyridinium compounds in which the hydroxyimino group is

not bound to the pyridine ring, the first one described in more details was 2-hy-

droxyimino-2-phenylethylpyridinium chloride (FAOP). It was found that it exerts

a complex action on cholinergic and adrenergic nerve systems 1_4.

FAOP and similar compounds 5~7, and among them also its 4-hydroxyimino-

methyl derivative, are strong inhibitors of AChE and poor reactivators of AChE

inhibited by paraoxon.

In the series of bis-pyridinium monooximes the benzoyl, cyclohexylcarbonyl

and 2-hydroxyethylaminocarbonyl groups exert a favourable effect on antisoman

activity M. We synthesized six new 2-hydroxyimino-2-phenylethylpyridinium

compounds containing aforementioned groups and tested their antidotal activity

(Received 22 May 1984)

Six phenylhydroxyiminoethylpyridinium compounds were synthesized and

their in vitro antidotal activity examined:
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to get a better insight into the relationship between chemical constitution and

biological activity.

EXPERIMENTAL

Melting points are uncorrected. Elemental analyses varied within ±0.4% of theoretical

values. Infrared spectra (KBr pellets) were recorded on a Perkin-Elmer 167 spectrometer.

For NMR spectra a Varian FT-80A instrument and DMSO-de as a solvent were used.

Chemical shifts are quoted in 8 values against tetramethylsilane as internal standard.

Organophosphorus inhibitors sarin (isopropyl methylfluorophosphonate), VX (ethyl-S-

-diisopropylaminoethyl methylthiophosphonate), tabun (ethyl N,N-dimethylanunocyanophosphate)

and soman (pinacolyl methylfluorophosphonate) were >98% pure.

The enzyme used was native human erythrocyte acetylcholinesterase (AChE E.C. 3.1.1.7).

Inhibition in vitro (/во)» reactivation in vitro of human erythrocyte AChE inhibited by sarin,

VX, tabun and soman, and protection in vitro of human erythrocyte AChE (Psa) against inhibition

by soman were determined according to the procedures described previously 8,1°.

Preparation of 2-hydroxyimino-2-phenylethylpyridinium derivatives

To a solution containing 9 mmol of sodium iodide in 10 ml of dry acetone 3 mmol of

chloroacetophenone oxime and 3 mmol of pyridine derivative dissolved in 5 ml of acetone was

added with stirring at room temperature. The reaction was followed by TLC withBuOH/СНз-

-COOH/HaO (4:1:1) as an eluent.

After four hours of prolonged stirring the resulting orange to red precipitate was filtered

off, washed with acetone and recrystallized by adding some acetone to water solution.

General structure and characteristics of prepared compounds are given in Tables I and II.

TableJ. STRUCTURE, YIELDS AND PHYSICAL CHARACTERISTICS OF PREPARED COMPOUNDS

 NOH

II

C-CH2-N

 

Compound 6 Position
Melting

point
Yield Colour

A
»-О

4 145-7 IS V. yellow

В 4 755-6 70 % yellow

С 3 153 -S 27 V. orange

0 3 172-3 54 V.
pale

yellow

E C0NHCH2 СНг ОН 4 173 - 4 54 •/.
yellow

F CONHCHj CH2 OH 3 172 - 4 41 V.
pale

yellow
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TABLE II. Spectroscopic characteristics of prepared compounds

Compound IR bands (cm-i) *H NMR spectral data (8, ppm)

A 3110,

1450,

3020, 2780, 1677,

1287, 1007, 700

5.98 (s, 2H), 7.44—7.86 (m, 10H), 8.41 (d, J=7Hz,

2H), 9.32 (d, /=7Hz, 2H), 11.61 (s, 1H)

В 3190,

1470,

2930,

1380,

2860, 1693,

990, 700

1.00—2.10 (m, 10H), 3.5 (m, 1H), 5.90 (s, 2H),

7.42—7.75 (m, 5H), 8.53 (d, 7=7Hz, 2H), 9.25 (d,

/=7Hz, 2H), 11.50 (s, 1H)

С 3245,

1297,

3040, 1665, 1325,

963, 707

5.90 (s, 2H), 7.40—7.90 (m, 10H), 8.23, 8.41 (2d,

J= 8Hz, 1H), 8.87 (split d, J= 8Hz, 1H), 9.26 (split d,

7=6Hz, 1H), 9.48 (s, Ш), 11.52 (s, 1H)

D 3250,

1695,

ЗОЮ,

1390,

2925, 2850,

1165, 990, 695

1.00—2.05 (m, 10H), 3.50 (m, 1H), 5.97 (s, 2H),

7.30—7.75 (m, 5H), 8.29, 8.37 (2d,/=8Hz, 1H), 9.08

(split d, 8Hz, 1H), 9.28 (split d, 7=6Hz, 1H), 9.66

(s, Ш), 11.47 (s, 1H)

В 3380,

1670,

3320, 3200, 3080,

1050, 900, 683

2.80—3.75 (m, 5H), 4.60—5.00 (m, 1H), 5.92 (s, 1H),

7.30—7.80 (m, 5H), 8.45 (d, 7=6Hz, 2H), 9.25 (d,

7=6Hz, 2H), 11.55 (s, 1H)

F 3340, 3240,

998, 705

1640, 1060, 3.20—3.70 (m, 5H), 4.77 (t,7=6Hz, 1H), 5.88 (s, 2H),

7.40—7.73 (m, 5H), 8.24, 8.32 (2d, /=8Hz, 1H),

8.90—9.22 (m, 2H), 9.52 (s, Ш), 11.47 (s, 1H)

RESULTS AND DISCUSSION

The results of biological experiments are presented in Table III.

TABLE III. Inhibiting, reactivating and protective effects of oximes on human erythrocyte

AChE in vitro

Compound /50* Рьо** hajPba Reactivation***

A 3.9 52.1 0.07 0

В 10.3 69.1 0.15 0

С 0.8 16 0.05 0

D 10.9 23.9 0.46 0

E 123 >75 <1.76 0

F 18.8 >70 <0.27 0

♦Concentration of oxime (10~4 mol dm-3) which provokes 50% inhibition of human erythrocyte

AChE. **Concentration of oxime (10-4 mol dm-3) protecting 50% od the AChE activity in the

presence of soman (2x 10-8 mol dm-3) over an interval of 15 min. ***Per cent of reactivation

with oximes (2x 10_s mol dm-3) of human erythrocyte AChE inhibited by sarin (8.7 x 10-8 mol

dm-8); tabun (9.6x 10~7 mol dm"8) and soman (2.8x 10~8 mol dm"3); temp. = 37°C, f(reactiva-

tion)=30 min.

Newly synthesized 2-phenyl-2-hydroxyiminoethylpyridinium compounds

(A—F), with the exception of compound E, are strong inhibitors of human eryth

rocyte AChE, and all of them were ineffective in reactivating human erythrocyte

AChE inhibited by sarin, tabun, soman and VX. In these two aspects these com

pounds do not differ from other phenylethylpyridinium ketooximes u. In comparison

with pyridine aldoximes they show an enlarged inhibiting and a lowered reactivating

action.
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Compounds A—F are not to be considered as in vivo antisoman agents

because they are ineffective in in vitro protecting AChE against inhibition by

soman 12. So it seems that the beneficial effect of the carbonyl group on the anti

soman activity of oximes is limited to the hydroxyiminomethyl bispyridinium

structure.

извод

АНТИДОТСКА АКТИВНОСТ ФЕНИЛХИДРОКСИИМИНОЕТИЛПИРИДИНА

IN VITRO

ИБО БРЕГОВЕЦ, АНТЕ ДЕЛ.АЦ, MATEJ МАКСИМОВИЧ* и ЗЛАТКО БИНЕНФЕЛД

Завод за органску кемщу и биокемщу, Природословно-машеиашички факулшеш Свеучилишша

у Загребу, 41000 Загреб и *Во]ношехнички институт, 11000 Београд

Синтетизирано je и испитана je in vitro заштитна моЬ шест фенилхидроксиимино-

етилпиридини)ских cnojeea:

ион G

О-' -«•>-■•&

0=-СО-фенил, -СО-циклохексил, -CONHCH2CH2OH у положа;у 3 или 4

Наведени спо^еви инхибира)у еритроцитну ацетилхолинестеразу л>уди (AChE) у

конц. 0,8 х Ю-4—12,3 х 10-3 mol dm-8. Ни )едан од наведених cnojeea у конц. 2х 10~5 mol

dm-3 не може реактивирати еритроцитну AChE луди инхибирану сарином, соманом, табуном

и VX-ом, нити je може заштитити од инхибици^е соманом.

(Примл,ено 22. Maja 1984)
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Fifteen new N-monosubstituted phenylacetamides were synthesized employ

ing various methods of amide bond formation. The substituent groups were cyclo-

alkylj alkyl (with straight and branched chains) and differently substituted phenyl.

The yields of purified compounds were rather high, from 56 to 84%. In all cases

only trans isomers were isolated. These substances are of interest because both

of their potentical pharmacological activity and their stuctural similarity to the

lateral chain of natural benzylpenicillin.

It is known that the amide moiety is an important consituent of many biolo

gically significant compounds1. With an intention to understand the structure of

proteins, several workers have been investigating N-monosubstituted amides as

the simplest molecules containing the peptide bond. N-Monosubstituted phenyl

acetamides present especially interesting derivatives2 due to their structural similarity

to the lateral chain ofnatural benzylpenicillin. Moreover, for example, N-cyclohexyl-

phenylacetamide exhibits valuable antiinflamatory activity and actually presents

and immunosuppressant and inflamation inhibitor3.

In this paper the results of a study of the preparation of some new N-mono

substituted phenylacetamides in which the substituent group is cycloalkyl, alkyl

(with straight and branched chains) and differently substituted phenyl are described.

The synthetic procedures for obtaining these phenylacetamides, which can present

pharmacologically significant compounds, are the subject of corresponding patent

applications4-6.

The synthesis of new phenylacetamides may be carried out in several path

ways. In this work some of the most common pathways for amide formation were

employed: (a) the treatment of a primary amine with an acylating agent, (b) con

densation by means of N,N-dicyclohexylcarbodiimide (DCC), and (c) reaction

of an acid with amines (heating benzene-water azeotrope). (Scheme).

The first method (1) is the known Schotten-Baumann reaction of acylation

of amines with phenylacetyl chloride. The reactions were carried out in presence

of potassium hydroxide or in presence of excess amine.

* Paper presented at the 26th Annual Meeting of the Serbian Chemical Society, Belgrade,

Jan. 1984.
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In the second method (2) of phenylacetamide synthesis the reaction of phenyl-

acetic acid with DCC was applied, with subsequent treatment of the reactive

intermediary compound with the amines7.

PhCH2CNcl (K6H or.excess RNH2» ' ™W
0

^NHR

PhCH^COOH ♦ C6H,rN=C=N-.C6H1l ■ 1 . . рь£нг-'с-о-с=ы-с6нп

*6H11 (2)

о 0 н о H

PhCH2C-0-C^N-C6Hn ♦ RNH2 ► PhCHoC** + ■С6НП-Й-С-Л-С6Н]]

ceHn

PhCH2COOH ♦ RNH2 -"H2°— PhCH2C^° (3)

NNHR

The third method (3) consists of synthesizing the phenylacetamides by

heating together an equimolar mixture of phenylacetic acid and the amines, and

removing the obtained water (benzene — water azeotrope).

N-Monosubstituted phenylacetamides may be obtained using some new

procedures for amide bond formation: the reaction of phenylacetic esters with

boron tribromide followed by addition of an amine8, the use of phosphoric diamide

reagents in activating phenylactic acid for acylation of amines9, the treating of

of amines with esters in the presence of Al halides10, the use of sulphuryl chloride

fluoride, convenient reagent for the preparation of amides from carboxylic acids

and primary amines under mild conditions11, the reductive acylation of nitrobenzene

using a phase-transfer catalyst12 and the use of chlorosulphonyl isocyanate as a

dehydrating agent13.

As mentioned above, in this work these new procedures were not employed,

because the usual preparative procedures have provided good yields of phenyl

acetamides under relatively mild conditions. Moreover, the advantage of common

preparative procedures is in the simplicity of the experiment and easy isolation

of the reaction product.

EXPERIMENTAL

All the chemicals used were of p. a. purity grades.

IR spectra were recorded on a Perkin-Elmer infrared spectrophotometer, model 580 in

the form of KBr pellets.

NMR spectra were determined for solutions in deuterochloroform (CDCls) with a Varian

FT 80A instrument, using tetramethylsilane as internal standard. Chemical shifts are expressed

in terms of S (ppm) values and coupling constants (/) in Hz.



539

Gas chromatography, Varian Aerograph instrument, series 3700 (FID) for analytical

purposes equipped with 4% OV-101 adsorbed on Chromosorb W-HP 80/100 mesh, in a glass

column 200 cmx2 mm i. d. Carrier gas: nitrogen, flow rate 30 ml/min. The temperature was

programmed for analytical work, 120—240°C, 10°C/min.

Mass spectra were obtained on a Varian Mat 311 A mass spectrometer, using a direct

probe and 70 eV ionizing energy.

Melting points were taken on a Electrothermal melting point apparatus and are not corrected.

Purification was carried out by recrystallization to constant melting point data. The purities were

determined by gas chromatography.

Cyclobutylamine hydrochloride was synthesized frcm cyclobutanecartoxylic acid, according

to the common Schmidt procedure14 in a yield of 74%.

First method

I a) The reaction was carried out analogously to the synthesis of N-methyl phenylaceta-

mide166. Phenylacetyl chloride (0.05 mol) was dissolved in 25 ml ether and slowly added dropwise

into the aqueous solution of amine hydrochloride (0.10 mol) in the temperature range of 5 to 15°,

and in the presence of potassium hydroxide (70%, aqueous solution). When the addition was

completed, the reaction mixture was maintained at the same conditions and stirred with a magnetic

stirrer for two hours. After adding 50 ml water, which is sufficient for dissolving the formed

potassium chloride, extraction was carried out twice with ether (each time with 50 ml). Ethereal

extracts were combined and the crude product, obtained by removing the ether in a rotary evapora

tor, was recrystallized twice from corresponding solvents (ethanol, water, benzene, petroleum

ether).

I b)151 Into a 250 ml three-necked round bottom flask equipped with a thermometer,

dropping funnel and reflux condenser, 3.25 ml (0.025 mol) phenylacetyl chloride dissolved in

20 ml anhydrous dioxane, was placed. The mixture was stirred with a magnetic stirrer, kept at

the reaction temperature at 10 to 20° and 5.05 g (0.05 mol) 1,2,2-trimethylpropylamine dissolved

in 30 ml of anhydrous dioxane was slowly added. Addition was maintained at such rate that the

temperature did not exceed 20°. The reaction lasts for 30 min. After that the content of the reaction

flask was poured into a glass beaker with 200 ml of distilled ice-cold water with stirring. The pH

value of the obtained mixture was adjusted to 3—4 by slowly adding 1 mol/dms HC1. The white

crystals were filtered on a Buchner funnel, washed with cold water and twice recrystallized from

water to a constant melting point.

Second method: Into a 100-ml three-necked round bottom flask equipped with a thermometer,

dropping funnel and reflux condenser, 3.75 g (0.05 mol) of phenylacetic acid and 12.38 g (0.06 mol)

of dicyclohexylcarbodiimide in 30 ml anhydrous methylene chloride were added. After stirring

for 5 min, 2.85 g (0.05 mol) cyclopropylamine was added dropwise. The reaction was carried out

for 4 h at room temperature with constant stirring and then 1 ml acetic acid was added. The in

soluble dicyclohexylcarbamide was removed (change the solvent to ethyl acetate), the solution

washed with dilute acetic acid and then with sodium bicarbonate aqueous solution. After extraction

with petroleum ether and evaporating the solvent, white crystals were obtained.

Third method1*: Into a 250-ml three-necked round bottom flask equipped with a thermometer

and Vigreux column and a water condenser attached to the side arm, 3.75 g (0.05 mol) phenylacetic

acid and 5.55 g (0.05 mol) of 4-fluoroaniline dissolved in 50 ml benzene were placed. The reaction

was carried out for 4 h at boiling temperature. After this time, the water formed in the reaction

together with benzene was driven off. The hot liquid was poured in a thin stream into a glass

beaker containing 100 ml of cold water, with stirring. The mixture was cooled by stirring, pref

erably in ice. The crude amide was then collected on a Buchner funnel and washed with cold

water. The formed moist amide was recrystallized from ethanol.

RESULTS AND DISCUSSION

Table I shows the physical data obtained by various experimental methods.

The presented data indicate that the wanted phenylacetamides were obtained

in greatest yield by the first method. Moreover, the advantage of this method is the



TABLEI.SomecharacteristicsofvariousN-monosubstitutedphenylacetamides3PhCHzCONHR

H

found 7.40 7.78 8.31 9.00 9.34 9.51 7.20 9.13 6.59 4.20 5.11 7.86 5.49 5.83 5.03

Elementalanalysis
о- calcd. 7.48 7.98 8.43 9.15 9.33 9.65 7.16 9.33 6.71 4.17 5.28 7.80 5.57 5.92 5.12

С

found 75.38 76.08 76.69 77.86 76.02 76.82 80.20 75.92 83.58 57.81 73.15 76.51 71.30 75.82 76.18

0'
/0

calcd. 75.40 76.16 76.81 77.88 76.06 76.67 80.30 76.06 83.78 57.95 73.35 76.59 71.37 75.98 76.25

Purity

(GC)

(%)

99.13 99.65 98.87 99.22 99.61 99.57 99.48 99.19 99.32 99.72 99.33 99.40 99.18 99.37 99.49

M.P.
(°C)

94—96
110—111 111—112 131—133

52—54 93—95
115-118

45-47
175—177 177—179 126—128

88—90
151—153 121—123 155—157

Method»/Yield

(%)

11/68 11/71 11/56 111/38 11/73

HI/56

111/58 111/46 111/49

Purification1"

lb/74 la/83 lb/62 lb/65 lb/76 lb/75 lb/84 lb/78 lb/83 lb/77 lb/71 lb/36 lb/43 lb/56 lb/63

E E С С E W В E В E E E E E E

Compd.

R

cyclopropyl
cyclobutyl

cyclopentyl cycloheptyl

w-pentyl

(l,2,2-trimethyl)propyl

(l-phenyl)ethyl (1-ethyl)propyl

(l,2-diphenyl)ethyl

4-bromophenyl 4-fluorophenyl

4-(N,N-diethylamino)phenyl

4-carbomethoxyphenyl

4-acetylphenyl 4-cyanophenyl

No. I 2 3 4 5 6 7 S 9 10 11 12 13 14 IS

a)MethodI:Reactionofphenylacetylchloridewithamines(la—inpresenceofKOH,lb—inpresenceofexcessamines);

MethodII:ProcedurewithDCC;MethodIII:Reactionofphenylaceticacidwithamines(heatingbenzene—waterazeotrope)

b)Thelettersindicatesolvent(E=95%ethanolW=water,B=benzene,C=cyclohexane)



TABLEII.SummaryodspectraldataofN-monosubstitutedphenylacetamides,PI1CH2CONHR

Compd.

No.RIR,(cm-i)MS,(m/e)NMR,(ppm),/(,Hz)

1.cyclopropyl3295(NH),1640(C=O)175(M+,51%),91(100%)0.25—0.9(4H,m),2.65(1H,m)5.45(NH,br),

3.52(2H,s),7.25(5H,m,ArH)

2.cyclobutyl3280(NH),1645(C=0)189(M+,18%,)92(100%)1.5—2.5(6H,m),4.35(lH,sec.,/=8),5.55(NH,

br),3.50(2H,s),7.25(5H,m,ArH)

3.cyclopentyl3270(NH),1640(C=O)203(M+,35%),92(100%)1.10—2.2(8H,m),4.15(1H,sec.,/=6.5),

5.05(NH,br),3.50(2H,s),7.25(5H,m,ArH)

4.cycloheptyl3270(NH),1630(C=O)231(M+,23%),91(100%)0.8—2.2(12H,m,(CHa)e),3.5(2H,s,—CH2—)

3.8(1H,m,—CH—),5.4(NH,br),7.25(5H,m,

ArH)

5.л-pentyl3280(NH),1645(C=0)205(M+,10%),92(100%)0.85(3H,def.t.),1.27(4H,m),3.2(2H,qv.,J=
=6.5),3.56(2H,s),5.40(NH,br),7.28(5H,m,

ArH)

6.(l,2,2-trimethyl)propyl3280(NH),1645(C=0)219(M+,2%),44(100%)0.72(9H,—C(CH3)s,s),0.95(3H,d,/=6,8),

3.8(1H,m),5.15(NH,br),3.55(2H,s),7.25(5H,

m.ArH)

7.(l-phenyl)ethyl3310(NH),1645(C=0)239(M+,51%),105(100%)1.35(3H,d,/=6.7),5.1(1H,qv,7=6.7),5.75

(NH,br),3.55(2H,s),6.90(10H,2xPh,m)
8.(l-ethyl)propyl3280(NH),1640(C=O)205(M+,10%),91(100%)0.75(6H,t,—CHs),1.45(4H,m,—CHa—),

3.65(2H,s,—CH3),3.75(1H,s,CH),5.05(NH,

br),7.25(5H,m,ArH)

9.(l,2-diphenyl)ethyl3320(NH),1665(C=0)315(M+,1.5%),105(100%)2.95(2H,m,—CHa—),3.50(2H,s,—CH2—),

5.25(1H,br),7.25(15H,m,ArH)

10.4-bromophenyl3260(NH),1660(C=O)289(M+,5%),18(100%)7.22(4H,m,ArH),7.30(5H,m,ArH),3.70

(2H,s)

11.4-fluorophenyl3260(NH),1655(C=0)229(M+,24%),111(100%)3.65(2H,s,—CH2—),7.15(4H,m,ArH),7.30

(5H,s,ArH)

12.4-(N,N-diethylamino)phenyl3305(NH),1650(C=O)282(M+,15%),18(100%)1.14(6H,t,—CHs—,/=6.7),3.30(4H,q,
—N—CHs—,/=6.7),3.70(2H,s),6.57(2H,

BB'),7.20(H,AA'),7.35(5H,m,ArH)

13.4-carbomethoxyphenyl3350(NH),1675(C=0)269(M+,92%),91(100%)3.72(2H,s,—CHa—),3.75(2H,s,—ОСНз—),

7.30(5H,m,ArH),7.50(2H,BB'),7.90(2H,

AA')

14.4-acetylphenyl3300(NH),1670(C=O)155(43%),60(100%)2.57(3H,s,—COCHs—),3.80(2H,s,

-CHa-),7.40(5H,m,ArH),7.50(2H,BB'),

7.90(2H,AA')

15.4-cyanophenyl3320(NH),1690(C=O)236(M+,6.5%),118(100%)3.70(2H,s,—CHa—),7.25(4H,m,ArH),7.50

(5H,s,ArH)
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simplicity of the experiment. As we expected, the third method, in the past the

usual preparative procedure, does not give such good yields. The advantage of the

DCC method of amide bond formation is that it is not necessary to isolate the

intermediary compound and that both steps take place at room temperature. By

employing this procedure very good yields of N-monosubstituted phenylacetamides

were also obtained.

All the synthesized compounds have very high purity (GS) and satisfactory

elemental C/H-analyses.

Table II shows the summary of spectral data of various N-monosubstituted

phenylacetamides. It is known17 that an important consequence of the partial

double bond character in amides is the existence of configurational isomers (ей

and trans) arising from the lack of free rotation about the C(0)-N bond. Spectro

scopic and other physical studies (such as, for example, dipole moment measure

ments) have shown that the trans configuration of N-monosubstituted amides

predominates over the as configuration 18_23.

In the normal secondary amides, such as N-methylacetamide, the trans

configuration predominates to the extent of 95%, but in sterically hindered second

ary amides, such as N-tert. butyl phenylacetamide, the cis configuration is present

for 70% 24. It is known 25~28 that in the open chain secondary amides, the main

NH stretching absorption occurs near 3270 cm-1 in the solid state.

Tne IR spectra of N-monosubstituted phenylacetamides were measured and

found to be in accordance with trans structures, as we expected for this type of

secondary amides29.

By employing the data from NMR studies of amides30'31 the structures

of the final products were also established and the trans configuration was found.

Tne mass spectra of synthesized N-monosubstituted phenylacetamides

confirmed the expected structures.

These results are in accordance with our previous investigations of the

structures of known N-H-alkyl phenylacetamides32.
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ИЗВОД

СИНТЕЗА НЕКИХ НОВИХ N-МОНОСУПСТИТУИСАНИХ АМИДА

ФЕНИЛСИРЪЕТНЕ КИСЕЛИНЕ

СЛОБОДАН Д. ПЕТРОВНЕ1, НАДЕЖДА Д. CTOJAHOBHR>, ВЛАТКА Е. BAJC*. НЕСТОР Л. КОБИ-

ЛАРОВ1 и OCTOJA К. CTOJAHOBHE1

1Кашедра за орхаиску хемщу, Технолошко-мешалуршки факулшеш, Универзихйеш у Беохраду,

й. йр. 494, 11001 Беохрад и гИнсшишуш за xeuujy, шехнолохщу и мешалургщу, Н>ехошева 12,

11000 Беохрад

У наставку наших истраживаша понаншьа амидне везе синтетизовали смо неке нове

N-моносупституисане амиде фенилсирКетне киселине. За доби)ан>е амида су употребл>авани

уобича)ени поступци формираньа амидне везе. Приноси прекристалисаних )един>ен>а су

врло високи и Kpehy се од 56—84%. За сва нова )един>ен>а je доби)ена задовол>ава)ука

елементарна анализа, а чистоЬа амида je одрег)ивана гасно-хроматографски. Структура

доби)ених амида je потврЬена проучаван>ем ИЦ, НМР и МС података. Код свих амида je

потвр^ена само шранс конфигуращ^а. Све ове супстанце су интересантне због CBoje могуЬе

фармаколошке активности и због структурне сличности са бочним низом природног бен-

(Примллно 28. Maja 1984)
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Diese experimentelle Arbeit befaflt sich mit dem Problem der Crazebildung

am Beispiel der Polycarbonat A ■— Folien. Die Crazebildung wurde unter sehr

unterschiedlichen Testbedingungen registriert und untersucht. So wurde unter

anderem der Einflufi der Mefitemperatur, der chcmischen Zusammensetzung im

Kriech-, Relaxations- und Zugversuch auf die Crazebildung bestimmt. Auf Grund

der Mefiergebnisse wurden die aus der Literatur bekannten Kriterien fiir die Cra

zebildung gepriift, bzw. ein neues Kriterium vorgeschlagen. Dieses neue Kriterium

ist durch die Nachgiebigkeit / oder ihren reziproken Wert, den Modul des Stoffes

Б im Moment des Crazeauftretens gegeben.

Das Crazephanomen als eine wichtige Deformationserscheinung bei den

Polymeren hat besonders in den letzten zwei Jahrzehnten grofies Interesse her-

forgerufen. In diesem Zeitraum sind zahlreiche Veroffentlichungen liber das

Problem der Crazes erschienen. Eine umfassende Monographic von Kambour1

wie auch einige neuere Veroffentlichungen2"4 geben Auskunft iiber den Stand der

Kenntnisse auf diesem Gebiet. Im folgenden werden nur einige Charakteristika

der Crazes kurz besprochen werden.

Werden die amorphen polymeren Stoffe einer Zugbeanspruchung unter-

worfen, so treten in vielen Fallen senkrecht zur Zugrichtung die Crazes auf. Sie

wurden aber auch an den kautschukartigen1, an den vernetzten amorphen5 und

and den teilkristallinen6 polymeren Stoffen gefunden.

Die Struktur und die Eigenschaften der Crazes sind im ausreichenden Mafie

bekannt7 9. Der Mechanismus der Crazebildung bleibt aber weiterhin ungeklart.

Die meisten Vorstellungen10,11 gehen davon aus dafi die Glastemperatur in kleinen

Volumenelementen des Polymeren, das einer Belastung ausgesetzt ist; auf den

Wert der Mefitemperatur herabgesetzt wird und dies bedeutet den Ubergang vom

glasartigen zum gummielastischen Zustand. Als Resultat dieses Vorganges entsteht

eine Mikrofliefizone, ein Craze. Ein Beispiel fiir Vorstellungen dieser Art stellt

die Arbeit von Gent12 dar. Da wird angenommen dafi die Glastemperatur von

der hydrostatischen Komponente der Spannung a (D=o/3) abhangt. Die Glastem

peratur wird mit steigender Spannung in kleinen Volumenelementen allmahlich auf

die Mefitemperatur herabgesetzt. Das makroskopische Kriterium fiir die Cra

zebildung ist hier also eine kritische Spannung. Rein formal lassen sich auch andere

Variablen (z. B. eine kritische Deformation) als Kriterien fiir die Crazebildung

einsetzen.

Das grundsatzliche Problem bei den Crazes liegt in der Schwierigkeit den

echten Anfang der Crazebildung vom Crazewachstum zu unterscheiden. Aus

545
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diesem Grund beziehen sich alle angefiihrten Betrachtungen auf den Zeitpunkt in

dem die ersten Crazes unter dem Mikroskop sichtbar werden.

Die verschiedenen aus der Literatur bekannten makroskopischen Kriterien

fur die Crazebildung lassen sich auf folgende drei Gruppen aufteilen: 1) maximale

kritische Deformationsenergie13; 2) maximale kritische Deformation14'15 und 3)

maximale kritische Spannung16,17.

Wir gehen davon aus daB wir die Crazes als eine Deformationsart betrachten.

Jede Deformationsart ist mit einem bestimmten mechanischen Zustand des Stoffes

verknupft; anders ausgedriickt, hat ein Stoff seinenfiir das Crazeauftreten kritischen

Zustand erreicht, so treten die Crazes auf. Es wird folgende Annahme aufgestellt:

als Kriterien fur dts Crazeauftreten kommen in Frage solche GroBen die den

mechanischen Zustand des Stoffes beschreiben. Eine solche Grofie ist der Elasti-

zitatsmodul, bzw. sein reziproker Wert, die Nachgiebigkeit. Der differentielle

Elastizitatsmodul (die differentielle Nachgiebigkeit) kann in jedem Augenblick

als ein Mafi fur den mechanischen Zustand eines Stoffes aufgefafit werden. Wir

nehmen an dafi gerade die differentielle Nachgiebigkeit das Kriterium fur das

Crazeaufteten ist. Um diese Hypothese zu priifen wurde eine ganze Reihe von

Messungen unternommen, deren Ergebnisse im folgenden dargestellt sind.

EXPERIMENTELLES

Das zu untersuchende Material lag in Form der Follien vor — ,,Macrolon" und chemisch

modifizierte ,,Macrolon" — Folien der Fa. Bayer AG. Die MeBproben wurden mit einem Stanz-

eisen aus der Folie ausgestanzt. Beim Ausstanzen wurde nicht besonders auf die Richrung geachtet,

da eine Meflreihe uberzeugen konnte dafi die Richrung keincn Einflufi auf die MeCergebnisse hat.

Die Proben waren 20 mm lang, 4 mm breit, die Dicke schwankte um 0,2 mm. Um sicherzustellen

dafi sich Proben bei alien Versuchen im gleichen Zustand befinden, wurden sie vier Stunden

unter Vakuum bei 163°C — also oberhalb der Glastemperatur — getempert, anschliefiend im

Eiswasser abgeschreckt.

Das Auftreten von Crazes wurde optisch an einem Lichtmikroskop registriert.

MESSERGEBNISSE

1) Zugversuche

Bei den Zugversuchen wurden die Proben bei acht konstanten Streckge-

schwindigkeiten die zwischen 0,25 und 250 %/min lagen so lange verstreckt bis die

ersten Crazes auftraten. Es wurde dabei auf folgende Weise vorgegangen: traten an

der verstreckten Probe die Crazes nicht auf, so wurde die nachste Probe mit den

gleichen Streckgeschwindigkeit etwas mehr verstreckt und dieser Vorgang wurde

so lange wiederholt bis die Crazes auftraten. Fur jede von diesen acht Streckgesch

windigkeit wurden dabei die relevanten Grofien — die kritische Spannung, die

kritische Dehnung und die kritische differentielle Nachgiebigkeit — ermittelt.

Es wurde ferner ein Polyathylenterephtalat mittleren Molekulargewichtes von

25 000 demselben Mefiprogramm unterworfen, diesmal bei fiinf verschiedenen

Streckgeschwindigkeiten. Es sollte auch ein anderes Material zum Vergleichszweck

gctestet werden.
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Die Ergebnisse sind in den Abb. 1 und 2 dargestellt. Abb. 1 zeigt die Be-

ziehung zwischen der kritischen Spannung und der kritischen Deformation fur

die Crazebildung. In der Abb. 2 ist die kritische differentielle Nachgiebigkeit

J 1 1 1
1 1

dclMPa]

/ ^
^

tci - .

I i i

Abb. 1. Crazespannung oc und Crazedeformation ec bei Polycarbonat.

• Kriechen, О Zug, Э Relaxation.

fiir die Crazebildung bei Polycarbonat und Polyathylenterephtalat in Abhangigkeit

von der Streckgeschwindigkeit aufgetragen. Aus der Abb. 1 geht deutlich hervor

daB es bei den Zugversuchen weder eine kritische Dehnung noch eine kritische
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Abb. 2. Differentielle Nachgiebigkeit bei der Crazebildung von RC und

PET in Abhangigkeit von der Streckgeschwindigkeit.

Spannung fiir die Crazebildung gibt. Andererseits spricht der konstante Verlauf

der differentiellen Nachgiebigkeit (Abb. 2) fur die vorhin aufgestellte Annahme

beziiglich der Kriterien fiir die Crazebildung.

2) Kriechversuche

Bei den Kriechversuchen wurden die Proben bei zehn festen Belastungszeiten

zwischen sechs Minuten und 100 Stunden gehalten und dann unter dem Mikroskop
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untersucht. Traten die Crazes nicht auf, so wurde die nachste Probe einer groBeren

Spannung ausgesetzt, usw., und umgekehrt, beim Auftreten der Crazes wurde die

Belastung herabgesetzt. So wurde fur jede von zehn Belastung>zeiten die kritische

Spannung und die kritische Deformation fur die Crazebildung bestimmt.

Die kritische differentielle Nachgiebigkeit bei den Kriechversuchen wurde

folgendermafien ermittelt: jeweils neue Proben wurden dem Kriechversuch unter-

worfen und zwar unter den gleichen Bedingungen wie vorhin. Nach Ablauf der

vorgegebenen Belastungszeit wurden die Proben mit konstanter Streckgesch-

windigkeit von 25 %/min verstreckt und aus der Anfangssteigung der Spannungs-

-Dehnungskurve wurde die kritische Nachgiebigkeit berechnet. In den Abbildungen

1 und 3 sind die Ergebnisse wiedergegeben, in der Abb. 1 fur die kritische Spannung

bzw. Dehnung und in der Abb. 3 fiir die kritische differentielle Nachgeibigkeit.

1 , 1 1
I

- - - Jx 10* СМРаГ1

-

- » 4. t t .
•

о • • .

■— ' .

1 tStd]

1 1 1 1

10"' 10° 10' to2

Abb. 3. Differentielle Nachgiebigkeit bei der Crazebildung von Polycarbonat

in Abhangigkeit von der Belastungszeit. • Kriechversuchj О Relaxations-

versuch3 Э Zyklischer Versuch ё=0,25 %/min3 С Zyklischer Versuch

....... 6= 50 %/min.

3) Spannungsreldxationsversuche

Bei den Spannungsrelaxationsversuchen wurde ahnlich wie bei den Kriech

versuchen vorgegangen: die Proben wurden bei neun festen Belastungszeiten unter

konstanter Deformation gehalten und anschliefiend untersucht. Traten die Crazes

nicht auf, so wurde die nachste Probe einer groBeren Deformation unterworfen

und wieder die gleiche Zeit unter neuer Deformation gehalten usw. Nach der

Bestimmung der kritischen Dehnunng und der kritischen Spannung wurde auch die

kritische differentielle Nachgiebigkeit nach dem selben Verfahren wie bei den

Kriechversuchen ermittelt.

Der Abb. 1 kann man entnehmen daB es wieder weder eine kritische Spannung

noch eine kritische Dehnung fiir die Crazebildung gibt. In der Abb. 3 ist die kri

tische differentielle Nachgiebigkeit in Abhangigkeit von der Belastungszeit auf-

getragen.
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4) Zyklische Zugversuche

Im weiteren wurden die Proben dem zyklischen Zugversuch am „Instron"-

-Prufgerat unterworfen. Ein Zyklus bestand aus dem Verstreckvorgang bis zu

einer vorgegebenen Deformation mit konstanter Streckgeschwindigkeit; der

Entlasmngsschritt erfolgte mit derselben Streckgeschwindigkeit auf Deformation

e=0. Es wurde bei zwei verschiedenen Streckgeschwindigkeiten verstreckt; sie

lagen bei 0,25 imd 50 %/min. Die obere Deformationsgrenze wurde zwischen

1,5 imd 4% variiert, die untere Deformationsgrenze lag wie bereits erwahnt,

bei 0%. In der Tabelle I sind die kritische Deformation, die kritische Zeit und die

AnzahJ der Zyklen bis zur Crazebildung dargestellt.

TABELLE I. Kritische Gr5fien bei den zyklischen Versuchen

Streckge

schwindigkeit

(%/min)

Kritische

Deformation

Kritische

Zeit

min

Kritische

Anzahl

der Zyklen%

0.25 2,75 396 18

2,50 340 17

2,25 486 27

2,00 1760 110

1,75 6300 450

SO 4,00 3,7 23

3,00 10 85

2,50 18 180

2,25 42 470

2,00 120 1500

1,75 455 6500

1,50 2100 35000

Die kiitische differentielle Nachgiebigkeit wurde nach dem gleichen Ver-

fahren wie bei den Kriech-, bzw. Spannungsrelaxationsversuchen bestimmt. Die

Abbildung 3 zeigt das Ergebnis, die kritische differentielle Nachgiebigkeit in Abhan-

gigkeit von der Belastungszeit.

5) Einflufi der Mefitemperatur

Der Einflufi der Mefitemperatur auf die kritischen Grofien fur die Craze

bildung wurde anhand von Messungen im Zugversuch mit 0,5 %/min bei einigen

Temperaturen zwischen Raumtemperatur und Einfriertemperatur untersucht. In

der Tabelle II sind die Ergebnisse wiedergegeben.

TABELLE II. Kritische Gr6Ben in Abhangigkeit von der Mefitemperatur

Mefitemperatur Kritische

Deformation

Kritische

Spannung

MPa

Kritische

Nachgiebigkeit

MPa-*°C %

Raumtemperatur

50

80

110

3,15

2,90

2,60

1,90

32,1

25,2

22,4

12,7

7,35

6,55

7,10

6,85
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6) Versuche an modifizierten Polycarbonat-Folien

Es wurden ein Copolymerisat mit folgender Zusammensetzung : 30% Poly-

carbonat (PC) und 70% Tetrachlorbutylpolycarbonat (TClBhPC) und ferner

antiweichmacherhaltige und getemperte Polycarbonatproben untersucht.

Copolymerisat PC-TClBhPC

Das Copolymerisat ist durch seinen hohen Modulwert von 4300 MPa und

sehr hohe Glastemperatur von ca. 200° gekennzeichnet. Es wurde nach dem iiblichen

Verfahren im Zugversuch getestet und die kritische Nachgiebigkeit fiir die Cra-

zebildung ermittelt (Abb. 4).

 

Abb. 4. Differentielle Nachgiebigkeit bei der Crazebildung von PC-Copoly-

merisat in Abhangigkeit von der Belastungszeit.

Antiweichmachermodifizierte PC-Proben

Die Polycarbonat-Folie wurde durch Zugabe von 2,2'-dinitrobiphenyl (DNBP)

modifiziert Die modifizierte Folie weist im Vergleich zur Ausgangssubstanz ein

anderes Eigenschaftsbild auf18. Die modifizierten Proben wurden fiir jede von

Jx KrlMPa]'1 Jxlo'rMPa)"'

 

100 120 UO 20 25

Abb. 5. Differentielle Nachgiebigkeit bei der Crazebildung von Polycarbonat

in Abhangigkeit von der Tempertemperatur und der DNBP-Konzentration.
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drei DNBP-Konzentrationen (5,8, 11,7 und 23,2%) im Zugversuch bei unter-

schiedlichen Streckgeschwindigkeiten getestet und die kritische Nachgiebigkeit

fur die Crazebildung berechnet (Abb. 5).

Getemperte PC-Proben

Der Temperprozefi hat bekanntlich bestimmte Auswirkungen auf mecha-

nische Eigenschaften von polymeren Stoffen, von Polycarbonat auch18. Die Proben

wurden bei verschiedenen Temperaturen unterhalb von Tg (bei 80, 100, 120

und 140°) getempert und im Zugversuch bei verschiedenen Streckgeschwindigkeiten

untersucht. Die kritische Nachgiebigkeit fur die Crazebildung ist in der Abb. 5

dargestellt.

DISKUSSION

Еч wurde eingangi die Frage gestellt, welches von den vorgeschlagenen

Kriterien fiir die Crazebildung das richtige ist. Die makroskopisch mefibaren

Grofien auf die wir unser Interesse eingeschrankt haben sind die kritische Dehnung,

die kritische Spannung und die kritische Nachgiebigkeit. Die ersten zwei Grofien;,

die kritische Dehnung und die kritische Spannung konnen aufgrund der Mefiergeb-

nisse als Kriterien fur die Crazebildung ausgeschlossen werden. Die Ergebnisse

zeigen deutlich dafi weder die kritische Dehnung noch die kritische Spannung

einen konstanten Zahlenwert beim Crazeauftreten eirmehmen. Die Ergebnisse

zeigen auch dafi die kritische Nachgiebigkeit eher ein solches Kriterium fiir die

Crazebildung sein konnte, denn sie hatte einen, im Rahmen der normalen Streuung

der Mefipunkte, konstanten Wert unabhangig von den Mefibedingungen. Aufierdem

hatte die kritische Nachgiebigkeit einen konstanten Zahlenwert unabhangig von

der Belastungsart. Das Gesagte trifft nicht fur die modifizierten PC-Proben zu.

Der Grund hierfiir liegt darin dafi die Modifizierung, sowohl chemische als auch

physikalische, eine Strukturanderung mit sich bringt und so ist es verstandlich

dafi modifizierte Proben mit geanderter Struktur auch modifizierte mechanische

Eigenschaften aufweisen. E> ist wesentlich dafi die kritische Nachgiebigkeit fiir

eine benimmte Stoffstruktur einen konstanten Wert hat.

Dieser Befund wurde von Eiden19 bestatigt. Es wurden PC-Proben — in

verschiedenen organischen Medien (Athanol, и-Нехап, Benzylalkohol, Propion-

saure) verquollen — im Zug- und im Kriechversuch getestet und die Ergebnisse

zeigten dasselbe Verhalten hinsichtlich der Crazebildung: einen konstanten Wert

der kritischen Nachgiebigkeit fiir die Crazebildung unabhangig von den Test-

bedingungen, aber unterschiedlichen numerischen Wert fiir einzelne Quellungs-

mittel. Die Erklarung liegt wieder in der Tatsache dafi gequollene Polymere ihre

Struktur geandert haben.

Es soli im folgenden auf den Zusammenhang zwischen der kritischen Nach

giebigkeit und der physikalischen Ursache fiir die Crazebildung hingewiesen

werden. Es wird angenommen dafi die Deformations- bzw. die Spannungsfluk-

tuationen die physikalische Ursache fiir die Crazebildung sind. Nach dieser Hypo-

these soli der Mechanismus der Crazebildung folgendermafien aussehen: da das

Polymere auf der Mikroebene nicht homogen ist so sind auch die Spannung und

die Dehnung in kleinen Volumenelementen unterschiedlich grofi. Wird das Poly

mere einer aufieren Belastung ausgesetzt, fluktuiert in kleinen Volumenelementen
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die Spannung bzw. die Dehnung; dabei ist der raumliche Mittelwert der fluktui-

erenden Grofien gleich der makroskopisch mefibaren Spannung bzw. Dehnung.

Uberschreitet die Abweichung vom Mittelwert eine kritische Grenze, kommt es

zu einer Deformationserscheinung, zu einem Craze.

Im weiteren soil der qualitative Zusammenhang zwischen der fluktuierenden

und der makroskopisch mefibaren Grofie am Beispiel der Dehnung gezeigt werden.

In der allgemeinen Theorie der Fluktuationen wird fur den Gleichgewichtszustand

folgende Formel zur Untersuchung von Fluktuationen angewendet:

w(x) dx = const exp [S(x)lk] dx

w(x) dx — Wahrscheinlichkeit mit der die fluktuierende Grofie x einen Wert

im Intervall zwischen x und x+dx annimmt.

S(x) — Entropie die formal als Funktion des exakten Wertes von x betrachtet

wird und

k — Boltzmannsche Konstante

Davon ausgehend kann man zeigen20 dafi die mittlere quadratische Fluktuation

gegeben ist als:

wobei Э=(Э25/дл^)г,а-о eme positive Konstante ist. In diese Fomel soli nun

die Deformation e als fluktuierende Grofie eingesetzt werden:

Unter Voraussetzung dafi neben der Temperatur auch das Volumen konstant

ist, und das ist nur naherungsweise richtig, gilt:

S=FjT und F* = ~hT

Im Glaszustand weisen Polymere mit sinkender Temperatur immer mehr

rein elastisches Verhalten auf, so gilt naherungsweise:

(dF{de)T, v=—ojv

Daraus folgt:

kTV
T*= bzw. ё'=*ГР'(де/да)г,г.«-«

(дв/де) т,г,е-е

Es ist also:

Au? der letzten Gleichung ist der Zu;ammenhang zwischen der Deformationsfluk-

tuation und der Nachgiebigkeit klar zu ersehen.
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ZUSAMMENFASSUNG ... v

Fassen wir zusammen: Experimente zeigen dafi im Augenblick des Craze-

auftretens die Nachgiebigkeit des Stoffes einen konstanten Wert hat, unabhangig

von den Mefibedingungen. Dieses Mefiergebnis lafit die Schlufifolgerung zu dafi .

die Nachgiebigkeit als ein makroskopisch mefibares Kriterium fiir das Craze-

aufteten betrachtet werden kann. Anschliefiend wurde versucht in sehr vereinfachter

Weise zu zeigen dafi die Erklarung und die Ursache fiir dieses experimentell ge-

fundene Verhalten in den Dsformationsfluktuationen zu suchen ist. Es wurde

namlich gezeigt dafi die mittlere quadratische Deformationsfluktuation und die

Nachgiebigkeit in direkter Beziehung zueinander stehen.

Die Untersuchungen wurden durch Mittel der Deutschen Forschungsgemeischaft iin

Rahmen des Sonderforschungsbereiches 41 gefbrdert. Der Autor dankt Herm Prof. Dr. E. W.

Fischer vom Institut fiir Physikalische Chemie der Universitat in Mainz fur viele Diskussionen

und Anregungen. .

ИЗВОД

О nOJABH ЗОНА ТЕЧЕН.А (CRAZING) КОД ПОЛИКАРБОНАТНИХ ФОЛЩА

МИЛУТИН Н. ГОВЕДАРИЦА

ИХТМ, ООУР ЦТЕ, Секшор за йолимерне материале, Добршъска 11, 11000 Београд

Приказали су експериментални резултати испитивавъа nojaue зона тече&а на примеру

поликарбонатних фолэда. Тако je испитан под различитим условима— на пример у огледима

истезааа, пузата и релаксаци)е — утица) веНег 6poja параметара као на пример температуре

и хеми)ског састава на феномен зона теченл. Доби)ени резултати су искориннЧени за тести-

ран»е из литерятуре познатих критери)ума за настанак овог типа деформащце. Пошто се

показало да ни jeflaH од nocTojehnx критери;ума не onncyje на задовол>ава)уКи начин стварно

понашан>е матери)ала, то je предложен и )едан нови критери)ум за настанак зона течеаа.

Taj нови критерщум дат je модулом еластичности, односно попустл>ивошЬу (реципрочна

вредност модула) материала у тренутку настанка зона теченл. Поре^е&е са резултатима

експеримената je показало да OBaj KpnTepnjyM бол>е од осталих onncyje збиваша у полимеру,

односно настанак зона течеаа.

(Примл.ено 1. марта 1984)
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В работе рассмотрен вопрос реакций в твердой фазе в системах алмаз

— титан — никель, дан анализ образования и свойств карбида титана. Под

робно изучено упрочнение металлической матрицы карбидом титана.

Карбиды переходных металлов являются объектом постоянного внима

ния и подробного исследования материаловедов, физиков, химиков и кри

сталлохимиков, и не только в связи с их пркктичеекнч значением, но и потому,

что они являются модель-материалами, при помощи которых можно получить

важную информацию об электронном строении, химической связи, природе

механических характеристик, изменении физических и других свойств в

области гомогенности1.

Тугоплавкие карбиды, характеризуемые высокими температурами пла

вления и многими другими важными физическими и физико-химическими

свойствами представляют собой весьма перспективные материалы современ

ной техники. В рамках этого, карбид титана является весьма ценным мате

риалом, который применяется в технике резания, точения и шлифовачия;

его часто используют в качестве компонента композиционных материалов

в данной области техники.

Свойства композиционных материалов во многом зависят от их струк

туры. Правильный выбор компонентов и их содержания, равномерное распре

деление составляющих и хорошее сцепление на межфазной границе, подбор

соответствующего технологического режима изготовления являются необхо

димыми условиями получения композиционных материалов с заданным

уровнем свойств.

Разработка композиционных поликристаллических материалов на основе

сверхтвердых веществ имеет ряд трудностей, связанных с их максимально

высокими среди известных материалов модулями упругости2. При нормальных

* Работа проведена в рамках сотрудничества между АН СССР и САНИ.
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условиях зерна алмаза являются упругими, несжимаемыми телами и для их

формоизменения необходимо приложение высоких давлений и температур.

Одним из способов снижения и повышения прочностных свойств

алмазных поликристаллических материалов является введение ь них пере

ходных металлов и их карбидов. Целью настоящей работы явилось исследо

вание формирования структуры композиционных алмазосодержащих мате

риалов с металлической матрицей, состоящей из сплава титан — никель.

КАРБИДООБРАЗОВАНИЕ В СИСТЕМАХ АЛМАЗ — ПЕРЕХОДНЫЙ МЕТАЛЛ

Установлено, что реакция карбидообразования в системах алмаз —

переходный металл обеспечивает образование переходного слоя карбида

между алмазом и металлами3. Химическое взаимодействие на межфазной

границе приводит к образованию прочной связи в паре алмаз — карбид,

обусловленной образованием ковалентных связей между атомами углерода

и атомами металла. С другой стороны, между кристаллическими решетками

металла и карбида, образующегося при перестройке решетки металла, также

существует прочная когерентная связь, осуществляемая атомами металла и

углерода.

В качестве возможных матриц рассматривали Ni—Ti, содержащие в

структур^ минимальнее количество интерметаллидов, приводящих к охрупчи-

ванию, и имеющих температуру плавления не выше 1300°С, что делает

возможным проводить жидкофазное спекание в области стабильности алмаза4.

КАРБИД ТИТАНА И ЕГО СВОЙСТВА

Как показывает рис. 1 образование карбидов характерно для переходных

металлов. Металлы первого переходного периода образуют, по крайней мере,

III IV V VI vii . vim .
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НЭхемвнты, we обрвэуюцие карбиды.

Рис. 1. Карбиды переходных металлов.

один карбид. Среди металлов второго и третьего периодов карбиды образуют

гласным осразом элементы III—IV групп периодической системы. Карбиды

Mn, Fe, Со и Ni являются важными компонентами сталей.
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В системе Ti—С (рис. 2) существует лишь монокарбид титана с кубиче

ской гранецентрироваш ой решеткой и широкой областью гомогенности. При

этом показано5 существование ближнего порядка в области C/Ti от х 0,5 до

х 0,64 и сверхструктурной области с дальним порядком в расположении

атомов углерода6 при температурах ниже 900°.
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Рис. 2. Фазовая диаграмма системы Ti—С.

Систематическое исследование растворимости и твердофазного взаимо

действия тугоплавких карбидов с никелем проведено в работе 7. По данным

микрорентгенослектрального и металлографического атомов, для никеля

наименьшая ширина диффузионной зоны наблюдается при взаимодействии

его с карбида', и металлов IV группы (в том смысле с TiC), а наибольшая

— с карбидами металлов VI группы.

Для карбидов переходных металлов характерны высокие значения

микротвердости. Модель конфигурационной локализации валентных элек

тронов удовлетворительно описывает природу изменения микротвердости

как простых, так и сложных тугоплавких карбидов8. В TiC, где относительно

невелик СВАСК d5, за счет стабилизации нелокализованными электронами

металла sp3(s2p3) — конфигурации атомов углерода, последние приобретают

наиболее высокий статистический вес. Это означает усиление жесткости и

направленности связей, а следовательно, и существенное повышение барьеров

Пайерса-Набарго, препятствующих движению дислокаций. При этом твер

дость карбида титана оказывается максимальной среди простыч карбидов9.

ОБСУЖДЕНИЕ ЭКСПЕРИМЕНТАЛЬНЫХ ДАННЫХ

Для изучения упрочнения металлической матрицы системы карбидом

титана использовали для получения образцов порошки алмаза и титана.



558 КУШТАЛОВА и др.

С целью активирования процесса взаимодействия и структуросбразо-

вания кроме порошка сплава Ni—Ti использовали мелкозернистые порошки

никеля. Образцы получали методами порошковой металлургии.

Дла металлографического анализа применяли микроскоп „Неофот-2".

Микротвердость измерялась на приборе ПМТ-3 при нагрузке 50 г. Состав

переходной зоны исследовапи на микрозонде ARL с энергетическим диспер

сионным спектром типа TN 2000. Микрофотографии снимались на скани

рующем электронном микроскопе, входящем в коплект прибора.

Структура композитов с Ni—Ti и Ti—Ni матрицами представляет

собой равномерно расположенные в металлической связке алмазные зерна.

Наличие значительного количества разрушенных алмазных зерен связано,

по-видимому, с низкой прочностью высокого статистического давления при

спекании. Структура границы раздела алмаз- матрица, снятая при большем

увеличении показывает плотное прилегание связки к зернам алмаза, пере

ходной зоны на границе алмаз-мгталл не наблюдается.

Следует отметить, что твердость чистых металлов равна 1,54 и 1,76 ГПа

для Ti и Ni соответственно10, и значительное повышение твердости матрицы

при спекании под давлением может быть связано, как с образованием твердых

растворов и ингерметаллидов, так и с упрочнением при пластическом дефор

мировании и закалкой структур при быстром охлаждении под давлением.

Низкопрочные металлические матрицы обладают невысокой стойкостью

против абразивного износа.

Для уменьшения абразивного износа связки ь качестве твердого напол

нителя использовали карбид титана.

Металлографический, микродюрометрический и микрорентгеноспек-

тральньш методы исследований не обнаруживают зерен TiC в чистом виде

в матрице после прессования под давлением, тогда как общая твердость

матриц повышается до 9—9,5 ГПа, что приводит к снижению абразивного

износа связки. Повышение твердости матрицы, по-видимому, связано с обра

зованием эвтектики Ni—Ti, температура плавления которой равна 1280° и

совпадает с температурами плавления сплавов, и кристаллизацией ее в мелко

зернистой структуре, что подтверждается микрорентгеноспектральным ана

лизом. В пользу этого предположения говорит и тот факт, что использование

в качестье твердого наполнителя порошка АЬОз не приводит к увеличению

твердости матрицы.

Увеличение содержания TiC ведет к увеличению твердости матрицы

до 10 ГПа, охрупчиванию связки и, соответственно, к увеличению износа

за счет хрупкого выкрашивания и выпадения алмазных зерен.

Более высокий абразивный износ композита на Ni—Ti матрице, как

показал микрорентгеноспектральный анализ (рис. 3) обясняется тем, что в

кот акте с алмазом по большей части находится никель или твердый раствор

Ni(Ti). Появление при спекании жидкой фазы Ni(Ti) с ее низкой текучестью

под давлением, не может обеспечить перераспределение компонентов связки

и наличия достаточного количества титана для образогания слоя TiC и

осуществления алмдзоудержания по всей поверхности алмазных зерен. Это

приводит к слабому алмазоудержанию, расшатыванию и Еыпадению зерен

алмаза из связки.
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На границе раздела алмаз-связка в Ti—Ni матрице методом микро-

рентгеноспектрального анали?а обнаружены зоны обедненной титаном твер-

 

Рис. 3. Распределение элементов в Ni—Ti матрице.

дого раствора Ti(Ni) и эвтектики Ti-^Ni (рис. 4). При этом слой карбида

титана на границе раздела фаз не обнаруживается, хотя его образование под

тверждается методом рентгенофазового анализа. Это свидетельствует о малой
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Рис. 4. Распределение элементов в Ti—Ni матрице.

толщине слоя TiC, что хорошо коррелирует с приводимой в работе 1 1 опти

мальной шириной переходной зоны 100—500 мм, не приводящей к уменьше

нию контакта.
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Исследование абразивного износа композита, спеченного при различных

температурах, показывает, что существует лишь очень узкая температурная

зона спекания, обеспечивающая хорошее сцепление алмаза с матрицей. А

именно, зона жидкофазного спекания. Спеканием при более высоких темпера

турах приводит к сильному взаимодействию матрицы с алмазом и графитом

связки. Спекание в твердой фазе не обеспечивает прочного сцепления на

межфазной границе. Твердость матрицы при температурах твердофазного

спекания уменьшается до 8 ГПа. Исследование образцов при увеличении

1000 обнаруживает проникновение связки в объем алмазного зерна и залечи

вание его дефектов (каверн, трещин), что обуславливает упрочнение зерен.

Микрорентгеноспектральный и дюрометрический анализы включений в ал

мазных зернах позволили идентифициронэть их состав и структуру, полностью

совпадающие с составом матрицы — твердый раствор Ti(Ni) интерметаллид

Ti2Ni. Дальнейшее увеличение времени спекания приводит к снижению

абразивного износа поликристаллов, что, очевидно, связано с образованием

пленки TiC значительных размеров. Широкий слой TiC содержит значи

тельное количество вефектоЕ, снижающих его прочность и ухудшающих

алмазоудержание. Кроме того, увеличение выдержки при спекании приводит

к охрупчиванию связки за счет образования интерметаллидов.

Обобщая результаты экспериментальных исследований формирования

структуры алмазосодержащих композиционных материалов, следует отметить,

что основными условиями работоспособности указанных материалов являются

образование тончайшего переходного слоя карбида титана на границе алказ-

-матрица для осуществления алмазоудержания и достаточно высокая прочность

и пластичность матрицы для получения минимального абразивного износа и

предохранения зерен алмаза от выкрашивания.

ВЫВОДЫ

Исследорана проблема упрочнения металлической матрицы карбидом

тшана, благодаря реакции алмаз-титан, осуществляющейся в системе алмаз

— титан— никель . Увеличение содержания TiC ведет к увеличению твердости

матрицы до 10 ГПа, охрупчиванию связки и, соответственно, к увеличению

износа за счет хрупкого выкрашивания и выпадения алмазных зерен. На

границе алмаз-связка в Ti—Ni матрице методом микрорентгеноспектралького

анализа обнаружены зоны обедненной титаном твердого раствора Ti(Ni) и

эвтектики Ti2Ni. При этом получается малая толщина слоя TiC, которая

не приводит к уменьшению прочности контакта. Благодаря высокому статисти

ческому весу sp3 — конфигураций в TiC его наличие в металлической ма

трице приводит к увеличению твердости исследуемого композиционного

материала.
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SUMMARY

HARDENING OF A METAL MATRIX BY TITANIUM CARBIDE OBTAINED BY

REACTION IN THE DIAMOND — TITANIUM — NICKEL SYSTEM

IRINA P. KUSHTALOVA, LYUBOMIR F. STASYUK

Institute of Superhard Materials of the Ukrainian Academy of Sciences, Kiev, USSR

DRAGAN P. USKOKOVIC, STAMENKA M. RADIC and MOMCILO M. RISTIC

Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, YU- 11000 Belgrade,

Yugoslavia

The problem of hardening of a metal matrix by titanium carbide, due to the diamond-

-titanium reaction taking place in the diamond-titanium-nickel system was investigated. The

growth of the TiC content causes an increase in hardness of the matrix up to 10 GPa, as well as

an increase both in its brittleness and wear because of the escape of diamond grains from the

matrix. Micro X-ray spectral analysis shows grains consisting of the Ti(Ni) solid solution and of

the Ti2Ni eutectic along the diamond-matrix boundary in the Ti—Ni matrix. At this, a TiC

layer of a small thickness causing no reduction of the contact strength is obtained. Owing to the

large statistical weight of the sps configuration in TiC, its existence in the metal matrix contributes

to the increase in hardness of the investigated composite material.

(Received 5 June 1984)
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В работе проведено исследование спекания системы алмаз — карбид

титана — хром под давлением 4,3—7 ГПа, при температурах 600—1800°С.

Методом рентгенофазового анализа установлено, что при этом происходит

образование карбида СгзСз через стадии образования низших карбидов

СггзСв и Сг7Сз.

Разработка композиционных материалов на основе сверхтвердых ве

ществ представляет ряд трудностей, связанных с их максимально высокими

среди известны* веществ модулями упругости. При нормальных условиях

зерна алмаза яв тянутся упругими, несжимаемыми телами. Для их формоизме

нения и получения прочных связей между зернами необходимо приложение

очень высоких давлений (до 10 ГПа) и температур (до 2000°С).

Одним из способов закрепления алмазных зерен в композиционном

материале является использование химических сил связи. Протекание реакции

карбид©образования в системах алмаз - переходный металл обеспечивает обра

зование прочных связей на границах алмаз-карбид и карбид-мет алл, обусло

вленных образованием ковалентных связей между атомами углерода в алмазе

и карбиде и ковалентно-ионных связей между атомами углерода и атомами

метатла1. Наличие прочных связей на границах алмаз-карбид и карбид-

-металл дает возможность создавать материалы с металло-карбидной матрицей,

удерживающей зерна алмаза, что в свою очередь позволяет снизить техноло

гические параметры спекания алмазных композиционных материалов.

Настоящая работа посвящена исследованию в течение процесса спекания

взаимодействия алмаза с одним из наиболее активных карбидообразующих

металлов — хромом при высоких давлениях и температурах. Для установления

влияния жидкой фазы на процесс карбидообразования использовалась наи

более легкоплавкая в системах переходный металл - тугоплавкий карбид ■—

эвтектика карбид титана - хром.

* Работа прэведгна в рамках сотрудничества между АН СССР и САНИ.
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ЭКСПЕРИМЕНТАЛЬНАЯ РАБОТА

Образцы получали спеканием в камере типа „тороид" при давлениях 4,3 и 7 ГПа

и температурах 600—1800° (с интервалом 100°). Исследования проводили методом рентгено-

фазового анализа на дифрактометре „ДРОН-З" в СиКа излучении при скорости счетчика

2° /минуту. Использовались микропорошки алмаза марки АСМ 3/2, обладающие значи

тельной удельной поверхностью.

На рентгенограммах, снятых от шлифов спеченных образцов, пики уширены и

размыты, поэтому съемку проводили на порошках после дробления образцов в ступке.

Идентифицирование образующихся фаз прородили, используя в качестве эталонов исход

ные компоненты и соответствующие карбиды, обработанные при тех же давлениях и тем

пературах.

Содержание металла выбирали для заполнения объема прессовки, исходя из пред

посылки укладки зерен алмаза под давлением в плотной упаковке, что отвечает 30 об. %

пор. Порошок хрома (марки ПХСМ, содержание Сг—96,5%) отмучивали в дистиллиро

ванной воде до размеров зерен порядка нескольких микрон. Карбид титана, полученный

методом псевдоплавления, разделяли на центрифугах на фракции и использовали зерна

размером 2 мкм.

ОБСУЖДЕНИЕ РЕЗУЛЬТАТОВ

В системе алмаз-хром под давлением 4,3 ГПа взаимодействие начи

нается при температуре 800°. На рентгенограмме появляются линии отра

жения плоскостей (420), (422), (531), (440), (644), карбида хрома СггзСв и линии

(311), (,401), (202), (800) и (10.0.0) карбида Сг7С3 (рис. 1). Наиболее интен

сивная линия карбида СгазСе (333) совпадает с линией алмаза (111), а линия

СггзСв — (422) накладывается на наиболее сильную линию карбида СГ7С3

— (202), что не дает возможности оценить относительное содержание этих

карбидов в образце. Илггенсивность линий хрома уменьшается незначительно,

что говорит о малом количестве образовавшихся карбидов.

При температуре 900° начинается образование карбида СгзСг на рентгено

грамме (рис. 1) появляются линии отражения плоскостей (112) и (301). Коли

чество карбидов СггзСв и О7С3 практически не изменяется, содержание

хрома уменьшается незначительно. По-видидому, СГ3С2 образуется при

насыщении углеродом низших карбидов СггзСв и СГ7С3. Интенсивный рост

карбида ОзСг в процессе спекания начинается с температуры 1000°; содер

жание хрома при этом значительно уменьшается. Линии низшего по содер

жанию углерода карбида СггзСв на рентгенограмме при этой температуре

полностью исчезают. Повышение температуры спекания до 1100° приводит

к интенсификации реакции карбидообразования. На рентгенограмме наблю

даются все линии СгзСг, а линии хрома на больших углач отражения почти

исчезают. При температуре спекания 1200° карбид СгзСг существует еще в

смеси с низшим карбидом СГ7С3. Однако уже при 1300° наблюдается только

однофазный карбид СгзСг, а хром рентгенографически не обнаруживается.

Протекание процесса образования СгзСг под давлением через стадии образо

вания низших карбидов хорошо согласуется с данными работы 2, где стадий

ный рост карбида наблюдается при атмосферном давлении и температурах

950—1050°.

Согласно диаграмме состояния углерода3 температура 1300° при да

влении 4,3 ГПа лежит в области стабильности графита, однако графитизации
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алмаза не наблюдается. Это объясняется тем, что процесс обратного пре

вращения алмаза ядляется диффузионным4 и времени выдержки 2 мин

недостаточно для образования значительного количества графита. Процесс

графитизации и как его следоствие уменьшение интенсивности пиков алмаза

наблюдается при температуре спекания 1500° (рис. 1). Увеличение давления

до 7 ГПа при этой температуре подавляет графитиззцию алмаза и несколько

снижает интенсивность пиков карбида, что объясняется замедлением диффу

зионных процессов с ростом давления5. При температуре спекания 1600° под

давлением 7 ГПа реакция карбидообразования практически заканчивается

и дальнейшее повышение температуры вплоть до 1800° не приводит к изме

нению вида рентгенограмм.

Протекание реакции карбидообразования в течение процесса спекания

во времени характеризуется интенсивным взаимодействием в первые минуты

процесса и дальнейшим его затуханием, что объясняется быстрым образова

нием карбида на межфазной границе и уменьшением скорости реакции при

диффузии компонентов через промежуточный слой. Образование О3С2 идет

одновременно с образованием низших карбидов Сг?зСб и 0;Сз.

Влияние жидкой фазы на процесс взаимодействия исследовали ис

пользуя эвтектику карбид титака-хром (плавящуюся при 1100° при аморфном

давлении; при равном соотношении компонентов. При температурах спекания

ниже плавления эвтектики взаимодействие протекает также как в системе

алмаз-хром. Реакция начинается при 800° и идет через стадию образования

низших карбидов СггзСв и СГ7С3 (рис. 2). Карбид СгзСг начинает появляться

при 900° и значительное количество его наблюдается уже при 1000°. При

температуре поярления эвтектики — 1100° (при атмосферном давлении)

взаимодействие активируется, однако незначительно, что объясняется по

вышением температуры плавления веществ под давлением.

Значительное активирование процесса спекания из-за реакции карбидо

образования наблюдается при температуре 1200° с появлением жидкой фазы.

На рентгенограмме присутствуют только линии однофазного карбида СгзСг

и содержание его достигает максимума (рис. 2). Ускорение процесса карбидо

образования обяъсняется повышением скорости диффузии в жидкости,

наблюдавшемся под давлением также и в системе графит-титан4.

Повышение температуры спекания до 1300° лри давлении 4,3 ГПа не

приводит к увеличению содержания СгзСг, однако ведет к графитизации

алмаза (рис. 2). При таких же давлениях и временах выдержки а твердо-

фазной системе алмаз-хром графитизация алмаза наблюдается при 1500°.

Такое значительное снижение температуры графитизации связано, по-види

мому, с каталитическим влиянием расплавов карбидообразующих металлов

на процесс графитизации алмаза0.

Период решетки карбида титана несколько уменьшается уже при темпе

ратурах начала взаимодействия (табл. I), что обусловлено остаточными

сжимающими деформациями и совпадает с изменением периода г.ешстки

карбида титана при спекании под давлением. Начиная с 1200° период решетки

TiC значительно уменьшается, что связано с образованием твердого раствора

карбида хрома СгзСг в карбиде титана7. При температуре спекания 1300°,

согласно работе 7, содержание СгзС-> достигает 4 мае %, а уменьшение периоад

решетки TiC составляет 0,001 нм.
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ТАБЛИЦА I. Изменение периода решетки карбида титана в процессе спекания в системе

алмаз — карбид титана — хром (давление 4,3 ГПа, время 2 мин).

Исхода. "С
 

Рис. 2. Рентгенограммы продуктов ре- Рис. 3. Рентгенограммы продуктов ре

акции в системе алмаз-карбид титана- акции в системе алмаз-карбид титана-

-хром при давлении 4,3 ГПа и времени -хром при давлении 7 ГПа и темпера-

2 мин. туре 1500°С.

Реакция образования карбида СгзСг при температуре спекания 1500°

и давлении 7 ГПа завершается практически за пол-минуты нагрева и увели

чение длительности нагрева до 1 мин не изменяет содержания СгзСз (рис. 3).

Образование карбида хрома из расплава в течение 1 мин находится ь хорошем

согласии с результатами работы 8, где карбид титана образовался при пропитке

алмазных порошков меднотитановыми сплавами за 1 мин. В работе 9 куби

ческий карбид кремния образуется при нагреве смеси алмазов и кремния в

интервале температур 450—1500° (что выше температуры плавления кремния)

и давлении 6 ГПа в течение 1 мин, и увеличение врем», ни незначительно

повышает количество карбида.
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Однако при более длительных изотермических выдержках (>2 мин)

наблюдается уменьшение интенсивности пиков карбида СгзСг, появление

карбидов СГ7С3 и СггзСв и увеличение содержания графита при постоянном

количестве алмаза (риз. 3). Это по-видимому связано с процессом перитекти-

ческого плавления образовавшегося карбида СгзСг. При метастабильной

кристаллизации расплава, обусло зленной высокой скоростью охлаждения под

давлением, кристаллизуются низшие Карбиды С13С3 и СггзСв. Относительное

содержание карбидов в образце однако трудно установить, так как наиболее

сильная линия СгтСз — (202) накладывается на сдвигающуюся в сторону

меньших углов дифракции линию (200) карбида титана. В то же время линия

(333) карбида СггзСв накладывается на линию (111) алмаза.

Одновременно с процессом растворения карбида О3С2 и кристалли

зацией его в виде низших карбидов наблюдается растворение СгзСг в карбиде

титана, о чем свидетельствует уменьшение периода решетки TiC (табл. II).

Согласно данным работы 7 предельная растворимость СгзСг в карбиде титана

при температурах 1400 и 1500° составляет 8 и 18 мае %, соответственно,

период решетки TiC при этом равен 0,4283 и 0,4260 нм, что хорошо корре

лирует с результатами настоящей работы.

ТАБЛИЦА II. Изменение периода решетки титана (нм) с увеличением времени спекания

в системе алмаз — карбид титана — хром (давление 7 ГПа).

мин

°С 0,5 1 2 3 4

1400

1500

0,4320

0,4315

0,4318

0,4301

0,4312

0,4261

0,4291

0,4248

0,4273

0,4246

Таким образом, в результате проведенных исследований спекания

установлено, что в системе алмаз-хром под давлением 4,3 ГПа взаимодей

ствие начинается при 800°. Образование карбида СгзСг идет через стадии

образования низших карбидов СггзСв и СГ7С3.

Появление жидкой фазы в системе алмаз - карбид титана - хром значи

тельно активирует реакцию карбидообразования. Реакция карбидообразования

идет с большой скоростью в первые минуты нагрева, а затем замедляется

за счет диффузии углерода через образовавшийся слой карбида. При высоких

температурах жидкая фаза обуславливает растворение СгзСз и кристалли

зацию его в виде низших карбидов хрома. Результаты настоящего исследования

могут быть использованы при разработке инструментальных композиционных

материалов.

ВЫВОДЫ

Исследовано твердофазное взаимодействие алмаза с одним из наиболее

актииних карбидообразующих металлов — хромом, а также жидкофазного

спекания в системе алмаз - карбид титана - хром. Образцы получали в камере

типа „тороид" при давлениях 4,3—7 ГПа, при температурах 600—1800°С.

Исследования проводили методом рентгенофазового анализа. Установлено,
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что образование СгзСг идет через стадии образования низших карбидов

СггзСв и СГ7С3; появление жидкой фазы значительно активирует реакцию

карбидообразования. Реакция карбидообразоьания идет с большой скоростью

в первые минуты нагрева, а затем замедляется за счет диффузии углерода

через образовавшийся слой карбида.

SUMMARY

REACTIVE SINTERING IN THE DIAMOND — TITANIUM — CHROMIUM SYSTEM

UNDER HIGH PRESSURE

LYUBOMIR F. STASYUK, IRINA P. KUSHTALOVA

Institute of Superhard Materials of the Ukrainian Academy of Sciences, Kiev, USSR

DRAGAN P. USKOKOVIC, ILIJA KRSTANOVIC, STAMENKA M. RADIC and MOMCILO M. RISTIC

Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, YU-11000 Belgrade,

Yugoslavia

The solid-state interaction of diamonds with one of the most active carbide-forming metal,

chromium, was investigated. Attention was also paid to the study of sintering in the presence

of a liquid phase in the diamond ■— titanium carbide — chromium system. The samples were

obtained in a Toroid type chamber at pressures from 4.3 to 7 GPa at temperatures 600—1800°C.

The analysis was performed by X-ray diffraction. It was established that the formation of СгзСг

is preceded by stages of formation of lower carbides such as СггзСв and СГ7С3. It was noticed

that the occurrence of a liquid phase considerably accelerates the formation of carbides. This

reaction is very rapid at the beginning of heat treatment and slows down afterwards due to diffusion

of carbon through the formed carbide layer.
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By observing of partially reacted crystals of sodium bicarbonate, after a

selective leaching of the reaction product, it was established that the thermal de

gradation homothetically advances from the surface to the particle centre. By electron

microscopy it was found that the start of the surface reaction consists of an appearance

of pits of very regular radii and distances between centres of them, which is different

from the final structure of sodium carbonate. Two assumptions on the possible mech

anism of this reaction are presented.

When investigating the topochemical mechanism of the thermal decompo

sition of solid substances, the basic approach consists of determining the kinetic

law for the rate of these reactions. But, as it is known, the formal kinetic law does

not provide a guarantee that the reaction truly takes place according to the mechan

ism that was supposed while deriving the given equation. Sometimes it is not

certain, even on the basis of the applicability of some kinetic equations upon the

given data, that one might conclude that the reaction of thermal dissociation is

really of a topochemical character. It may occur that the reaction takes place in the

whole mass of substance, similarly to homogeneous reactions, which may be the

consequence of the forming of molten mass during certain degradation steps,

although the degradation in its total course may be presented by equations which

are valid for topochemical processes. On the other hand, in some cases it was con

firmed that the reaction was of a topochemical character, but that it might be

described by various laws which are valid for homogeneous reactions. That is why

during the past years, in the course of investigating this type of reaction, efforts

were being directed towards following the true changes in crystals during the course

of reaction. These changes were followed by optical and physical methods that

enable direct insight on the localization of the reaction and the way of spreading

and growth of the reaction zones, with efforts to connect these occurrences to the

form of the obtained kinetic expressions.

The purpose of this work consisted in determining the real topochemical

character of the thermal decomposition of sodim bicarbonate. For the reaction of

sodium bicarbonate particles of various sizes in vacuum, it was found1 that the

following kinetic law holds

l-(l-x)1/3 = kt
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where: x —■ degree of conversion, k — rate constant and t —■ time corresponding

to the homothetic shift of the narrow front which moves into the solid particle

at a constant linear rate. As part of the denoted investigations, efforts were made

to present the initial reaction period on the outer surface and also an attempt to

explain the microkinetic mechanism of the reaction from the obtained results

was made.

PROCEDURE AND RESULTS

The thermal decomposition of the particles of sodium bicarbonate was

carried out at constant temperature, at a pressure of 2 kPa, in such a way that the

sample was in a small basket hung on a quartz spiral in an evacuated column that

was placed into a thermostat. The course of the reaction, and also the final degree

of conversion were determined by reading the position of the end of the spiral.

By this method the crystals of sodium bicarbonate reacted to a different extent

at a temperature of 105.2°C, after which their structure was identified by optical

and electron microscopy.

The first thing noted by optical microscopy is the steady dimming of all

the crystal planes of the same degree of conversion. Totally transparent crystals

of sodium bicarbonate become, even at a small degree of conversion, evenly dimmed

by the solid reaction product, which is seen under the microscope as a light yellow

colouring of the crystal planes. As the reaction proceeds the colouring becomes

more intensive until brown, which corresponds approximately to a degree of con

version of 0.50.

The mechanically crushed crystal, previously reacted to a conversion degree

of 0.29, was examined under a microscope. Various parts of such a crystal retain

the initial degree of opacity, while certain ones represent totally transparent small

particles, which is proof that the interior of the crystal before crushing is completely

unreacted and presents pure sodium bicarbonate.

In Figure 1 it may be seen that larger particles present an aggregate of more

regular, fused crystals, and that the reaction occurs on the surface of particular

crystals of the aggregate, and not only on the outer surface of the whole particle,

which is also expressed in the found kinetic behaviour ofparticles ofvarious size1.

 

Fig. 1. View of a partially reacted ЫаНСОз particle

Parallel to this observation, a selective leaching of partially reacted sodium

bicarbonate particles was carried out. The crystals of sodium bicarbonate which
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reacted during the reaction in vacuum over various periods, were exposed to a

gradual humidifying process by exposing to air for a few days. During the course

of this process the following changes occurred. By adsorbing moisture, the sodium

carbonate present in these samples slowly changes to higher hydrates, and then

to a saturated solution which, under the influence of the surface tension on the

interface solution - solid sodium bicarbonate and solution-air, shrinks into drops at

various place, on the crystal and crystallizes gradually as a stable sodium carbonate

monohydrate. These place;, that represent aggregates of small, rhombic crystals

of ЫагСОз • H2O, under the microscope are distinctly darker than the surface of

sodium bicarbonate. The surface of the crystals of sodium bicarbonate of various

degrees of conversion, after leaching the present sodium carbonate, is presented

in Fig. 2. The larger or smaller aggregates of the ЫагСОз ■ H2O crystal, depending

on the degree of conversion, and transparent unreacted particle cores can clearly

be seen.

This experiment of "baring" the unreacted core by selective leaching of the

solid reaction product represents the next proof of die localization of the reaction

on the surface and gradual advancement of the narrow front which moves into

the solid particle.

Determinations of the specific surface of sodium carbonate formed during

the course of the thermal decomposition of sodium bicarbonate of various degrees

of conversion, were carried out by a modified method by iodine adsorption from

solution2. Results have shown a peculiar phenomenon of very large sodium car

bonate specific surface at the start of the reaction. As an illustration in Fig. 3 a

graphical representation of the dependence of the sodium carbonate specific surface

upon the degree of conversion is given, as is an enlarged diagram for the initial

 

Fig. 2. View of ЫаНСОз particles of various degrees of conversion after

selective leaching, a) x = 0.07 b) x= 0.14 c) x= 0.29 d) дг=0.46
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reaction period. It was noted that this surface area suddenly diminishes with an

increase in the degree of conversion and then tends to a constant value.

 

ii, Fig. 3. №2СОз specific surface

О Ш 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 X as a f"nc»°n of the degree of

conversion.

In order to check the origin of this phenomenon, a series of photographs

of the surfaces magnified by an electron microscope were made, for which the

photographed samples were prepared by the replica method. In Fig. 4 which repre

sents the surface of sodium carbonate (magnified 47000 x), pores of irregular

shapes can clearly be seen, the average diameter of which, obtained by measuring

the noted openings in various directions, is about 0.4 p.m. This value is in agreement

with the value of the average pore diameter obtained by determining the specific

surface by iodine adsorption2.

Fig. 4. Ыа2СОз surface (magni

fied 47000 X)

 

In Fig. 5 (magnified 47000 x), representing a photograph of a part of the

surface of sodium bicarbonate of a very small degree of conversion, distinct circular

pore openings of quite small diameters (9.7 x 10~2 jxm) may be seen. Besides,
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Fig. 5. ИаНСОз surface at the

beginning of the reaction (mag

nified 47000 x ).

 

the distribution of these openings on the crystal surface is very regular; the average

distance between the pore centres is about 0.3 fxm.

The results obtained by the method ofoptical microscopy : by direct observation

od partially reacted crystals of sodium bicarbonate and the same crystals after

selective leaching of the solid reaction product, present without a doubt a proof of

the character of the topochemical process. The reaction is localized on the surface

of the crystal, and then the narrow front moves into the solid particle.

The kinetic law points to the fact that the linear dimensions of the unreacted

core are contracted at a constant rate and homothetically, regardless of the cause

of this way of reacting (a large number of reaction centres on the sruface, the fast

growth of surface nuclei, an increased activity of the whole surface of the solid

reactant in regard to the rest of the mass, the isotropy of conducting heat, etc.).

Photographs of the surface made by means of an electron microscope indicate

the fact that the final structure of the solid reaction product is not formed immedi

ately on the reaction surface. At first, a structure with smaller pore openings is

formed than those characteristic for its final structure. This phenomenon may,

theoretically, be the result of the following microkinetic reaction mechanisms on

the reaction surface.

a) Particular places on the crystal surface, the locations of which are a result

of the regular distribution of surface energy, have totally reacted to sodium car

bonate. In this process pores are formed which correspond to the formed mass of

sodium carbonate (the theoretical ratio of pore surface to sodium carbonate surface

is 0.91). This mass of sodium carbonate would be distributed around the pore

centres as it is shown in the scheme (Fig. 6a). With advancement of the reaction

in the surface layer these openings become larger, and when the neighbouring

masses of formed sodium carbonate during the course of the reaction begin to

touch, under mass and gas pressure unordered of sodium carbonate are formed,

with the fusion of existing pore openings and the formation of larger ones.

This representation may be quantitatively illustrated taking into consideration

the distances read off the photographs in the following way. When the surface

layer belonging to one pore opening (0.09 цт2) reacts, the pore diameter in this

DISCUSSION
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instant would be 0.234 (i.m. However, there would be contact sooner between

neighbouring layers of the reaction product encircling each corresponding pore,

in the moment when the diameter of the opening becomes 0.207 цт, so that further

reaction must bring about on accumulation and redistribution of the sodium car

bonate mass with fusion of particular openings into one pore. It can be calculated

 

b)

Fig. 6. Schematic representation ofthe start ofthe reaction of the thermal degradation

of NaHCOs. a) Model of the final structure of ЫагСОз. b) Model of the pseudo-

structure of NajCOe.

that by the fusion of three pores of the average diameters of 0.234 (лт, corresponding

to the maximum degree of conversion on the surface, one pore of the diameter

0.405 |im which corresponds to the real average pore diameter of the real structure

of sodium carbonate would be formed.

b) The total structure at the beginning of the reaction represents the pseudo-

structure of the reaction product of lesser density (1.388 g/cm3) than the normal

sodium carbonate density (2.533 g/cm3). The initial formation of micropores,

depressions in the pseudostructure, is a result of inner tensions which appear

during the transformation of sodium bicarbonate to sodium carbonate and cause

the regular distribution of dislocations and later of pores, at distances corresponding

to the most stable energy distribution. Thus, аз the reaction advances, a gradual

transformation of the pseudostructure to the real structure occurs with an increase

in its density, followed by pore formation and an increase in their diameters. The

layer with the pseudostructure will, during the course of the reaction, constantly

move deeper into the interior of the crystal, leaving behind the final structure of

sodium carbonate.

This way of reacting is presented schematically in Fig. 6b. Regarding the

denser distribution of openings on the surface, in other words the lesser distances
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between pore centres than those in the final product, a fusion of several pores into

an opening would occur.

In the course of the advancement of the reaction, the layer with smaller

pores, corresponding to a larger specific surface of sodium carbonate, is smaller

and smaller in reagard to the layer with final pores of larger diameter, which is

reflected on the smaller and smaller found average specific surfaces of sodium car

bonate, to almost constant values.

извод

ЛОКАЛИЗАЦИИ И МИКРОКИНЕТИЧКИ МЕХАНИЗАМ ТЕРМИЧКОГ

РАЗЛАГАША НАТРЩУМ-БИКАРБОНАТА

ВЕСЕЛИНКА М. ГАЛОГАЖА

Технолошко-мешалуршки факулшеш Универзишеша у Ееохраду, й. йр. 494, 11001 БеоКрад

Посматрашем делимично прореаговалих кристала натр^ум-бикарбоната директно

под микроскопом као и кристала после селективног лужеша произвола реакцще, утвр^ено

je да термичка разградаьа хомотетично напреду^е од површине ка центру честице. ПомоНу

електронског микроскопа je на!)ено да се отпочин>ан>е реакци)е на површини састо;и у ства-

ран>у отвора веома правилног пречника и расто)ан,а центара, за разлику од коначне структуре

натри]ум-карбоната, на основу чега су изнете две претпоставке о могуЬем микрокинетичком

механизму ове реакци^е.

(Примллно 24. априла 1984)
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ПРЕГЛЕД — REVUE

РАВНОТЕЖА ПАРА — ТЕЧНОСТ АСОСОВАНИХ СИСТЕМА

1ЕЛЕНКА Б. САВКОВИЪ-СТЕВАНОВИЪ, АЛЕКСАНДАР Ж. ТАСИЪ и

EOJAH Д. ЪОРЪЕВИЪ

Технолошко-мешалуршки факу.гшеш Универзишеша у Београду, й.йр. 494,

11001 Београд

(Примл>ено 10. )ула 1984)

Увод

Teopnje идеалних асосованих раствора

Модели фазне и хеми^'ске равнотеже у парно) и течно; фази

Корелисан>е равнотежних података асосованих система

Заюьучак

УВОД

Савремена истраживан>а теори)е течног стааа су усмерена и на эдре-

г)ива1ье особина неидеалних смеша, нолазеЬи од особина ньихових консти-

туената. Истраживан>а у oBoj области се cacroje у разви^ашу термодинамички

конзистентних модела ко)и су погодни како за генерисанье тако и за интер-

полаци]'у или екстраполаци)у равнотежних података. У HOBHje време развита

се термодинамика равнотеже фаза пара — течност Koja узима у обзир фазну

и хеми)ску равнотежу. Преглед об)авл.ених радова указу)е да у OBoj области

nocToje знача]ни проблеми kojh join увек нису решени. Нчрочято су недо

вольно проучени слстеми са реакциям acounjaimje у обе фазе.

Класични радови из теори)е течног стала се углавном односе на ра

створе са конституентима чи|и су молекули неполарни и сферични1-13.

ВеЬина теори)а идеалних раствора претпоставл>а потпуну мешгьивост

молекула. Код jai<o неидеалне смейте, оваква претпоставка доводи до оз-

бил>них грешака. Teopnja непотп}не мешл>ивости доводи до концепта ло-

калних састава код смеша.

Физичка теори)а раствора van Laar-a претпоставл>а да нема хеми)ских

реакщпа у растворима и да сва одступаша од идеальог понашаша потичу

од ме^умолекуларнихсила14. Хеии)ска Teopnja раствора Dolezalek-a15 постулира

да сва одступааа од идеалног понашан>а раствора потичу од формащ^а и

деструкци)а xeMtfjcKHX врста, претиоставл^уЬи равнотежу acoiuijaimje илл

>.олватацч)е.

Општр узевшя и физичке я хеми)скс силе се Mopajy /з~ти у обзир при

савременом проучаван>у термодин чмичких особина раствора са сложении

итеракщфма.

С обзиром на то, ова; рад naje критички преглед праваца разво)а т.ори)'а

асосованих система, Koje разматра)у ефектч и физичких и хеми)ских сила.

579



580
САВКОВИ'Н-СТЕВАНОВИ'Н, ТАСИЪ и ЪОРЪЕВИЪ

TEOPHJE ИДЕАЛНИХ АСОСОВАНИХ РАСТВОРА

Разво) Teopnje идеалних асосованих раствора (видм слику 1), према

Kojoj се ефекти комплекса различитих величина и облика занемэручу дачи

HEMIJSKA TE0RIJA

—г—

FIZlCKA teorija

DOLEZALEK

X

VAN LAAR

TEORIJA IDEALNIH AS0SOVANIH RASTVORA
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MODEL FAZNE I HEMIJSKE RAVNOTEZE ZA REAKCIJE

ASOCIJACIJE I SOLVATACIJE U PARNOJ FAZI

Я
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Kits (J

—I—

MODEL FAZNE I HEMIJSKE RAVNOTEZE ZA REAKCIJE

ASOCIJACIJE U PARNOJ I TECNOJ FAZI KOJI PHETPOSTA-

VLJA SAMO TEMPESATURNU ZAVISNOST KONSTANTI ASO

CIJACIJE

ZZ \

MAREK-STANDARD (MS)

MODEL FAZNE I HEMIJSKE RAVNOTEZE ZA REAKCIJU

ASOCIJACIJE U PARNOJ I TECNOJ -FAZI KOJI PRETP03TA-

VLJA TEMPERATURNU I KONCENTRACIONU ZAVISNOST K0H3-

TANTE ASOCIJACIJE ТЕСЫЕ FAZE

I

JENKINS-GIBSON-ROBINSON (JGR)

MODEL FAZNE I HEMIJSKE RAVNOTEZE ZA REAKCIJE

ASOCIJACIJE I SOLVATACIJE U PARNOJ I TECNOJ FAZI

KOJI PRETPOSTAVLJA TEMPEBATURHU I KONCENTRACIONU

ZAVISNOST KONSTANTI ASOCIJACIJE I SOLVATACIJE

I

SAVKOVIC-STEVANOVIC - DJORDJEVIC - TASIC

(SSDJT)

Сл. 1. Разво) Teopnja и модела асосованих система
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су Kortiim, Prigogine и Flory16~21 и Hildebrand и Scott22. Kehiaian и коау-

тори23-27 проучавали су детально смеше типа А+В+АВ, А+Аг+В и Меске-

-Kempter-ове типове acoinijaimje А+ Аг+Аз+...+Аг+В. Таког)е je важно

помести радове Sarolea-Mathot28 на типу асоци)'аци)е А+В+АВ и McGlashan-

-Rastogi29 и Rastogi-Girdhar30 на типу aconnjaimje А+АВ+АВ2. Знача}на

испитиванл бинарних раствора, кощ садрже два типа комплекса, извели

су McGlashan и Rastogi, HcmiTyjyhH термодинамичке особине система р-

-диоксан — хлороформ29.

IlocToje 6pojHa теори]ска и експериментална испитиван>а термодина-

мичких величина Koje се односе на бинарне система са алкохолима31-45.

Мнэги истраживачи су третирали водоничну везу алкохола као велике ли-

неарие полимерне комплексе. Овде треба истаИи радове Koje су дали Gogge-

shall и Sair39, Gineed40, Kretshmer и Wiebe41, Sarolea28, Tobolsky и Thach44,

Wiehe« и Nagata46.

1една од кара1<теристика веЬине Teopnja идеалних асосованих раствора

je да користе више равнотежних константи за водоничнс везе. Статистичка

Teopnja асосованих раствора, узима у обзир два главна ефекта асощфщф

разви)ену топлоту и сман>ен»е 6poja могуЬих opHjeHTairnja асосованих мо

лекула28. Sarolea-Mathot28 je проучавао термодинамичке и спектроскопске

особине асосованих раствора. Узео je у обзир emponnje мешан>а комплекса

користеНи }едначину Guggenheim-a47. На основу релащф Koje je извео

Sarolea-Mathot28, Kehiaian и Sosnokowska-Kehiaian24 су проучавали термо

динамичке допунске функщф {едначина идеалних смеша типа А+В+АВ.

Kehiaian je игвео )едначине реакпмоних лищф за асосоване системе типа

A+B+AtB^s.

Релаци)е Koje je извео Kehiaian за прорачун константе асощфщф из

дэпунских функщф, Н. Wolff са коауторима je применио на системе метил-

-етил-и-пропил- л диметиламин — и-хексан и метанол — и-хексан48,49.

Термодинамичке особине раствора алкохола у засиНеним упьоводони-

цима су описали Wiehe л Bagley34 помоЬу двопараметарске Flory-Huggins-ове

(едначине12,13. Wiehe и др.45 je проширио модел Wiehe и Bagley на тернерне

смеше алкохола са неасосованом компонентом. Nagata46 je проширио Teopnjy

Wiehe и Bagley на широк oncer смеша алкохола са ьеасососваним компо-

нентама.

МОДЕЛИ ФАЗНЕ И XEMHJCKE РАВНОТЕЖЕ У nAPHOJ И

TE4HOJ ФАЗИ

Marek и Standart50,51 су развили релащф фазне и хем.фке равнотеже

за асощфщф у обе фазе, naphoj и течно), док веЬина аутора52-59 при овим

разматранэима игнорише асощфци)/ течне фазе. Тако на пример Francesoni-

-Trevissoi-Cojutti52-53 и радови Tamir-Wisniak54,56 разматра^у реакщф асо-

щфщф само у napHoj фази. Marek и Standart су у поменутим радовима развили

фазну и хеми)ску равнотежу за реакщф асогпфщф у napHoj и течно) фази.

За константе асощфщф у napHoj и Te4Hoj фази претпоставили су да су

наке константама ааяпфщф чисте асосоване супстанце и самим тим да су

функщф само од температуре.

К= КТ(Т) и k=kT,x(T)
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Ме1)утим, у течно)" фази спентроскопска мерен>а показу)^ да je константа

acoinijaimje функци^а и састава64.

Jenkins и Gibson-Robinson (JGR) су модификовали модел течне фазе

Marek-а и Standari-a пр<-тпоставл>а)укй да je константа aconnjauHje у течно)

фази функц^а температуре и састава асоци)ата у смеши64-66. За константу

acounjaHitje у парно) фази претпоставили су да je )еднака константи асоци-

jaiinje чисте асосоване компоненте.

К=КТ(Т) и k=kT,x(T,X)

Jenkins и Gibson-Robinson су обраг)ивали бинарне системе сирКетне

киселине га толуолом, водом и алкохолима, где еирЬетна киселина acocyje

у обе фазе. Они су разматрали равнотежу peaKimje димеризащф до почет <а

естерификащф. При томе су занемарили димеризацтцу и полнмеризацч}у

алкохола у раствору као и солватадионе ефекте воде.

СавковиН-СтевановиЬ, ТасиЬ и Ъор^евиЬ су JGR модел применили

на бинарне систел.е сирЬетна киселина — ароматична упьэЕодоници67 71,79

у KojHMa егзистира следеЬа реакци)а acoiuijaniije:

2Ai+Xi — A2+Xi за КА=КТ(Т), kA=kT,x{T)

У радовид а7'--74 изведено je проширенье JGR модела на вишекомпо-

нентне системе у Kojnwa jeflHa компонента acocyju у обе фазе, дефинишуЬи

систем реакцэд'е acounrjainije

2Ai fXi+Xz+Хз+...+Х,, — А2-^Х,+Х.> +X3+- ...+X,

за КА=Кт{Т) и kA=kT,x(X,T).

СавковиН-СтевановиЬ, Ъор^евиЬ и ТасиЬ (SSDJT) су развили нов

модел за обраду равнотежних података за системе Kojn садрже хомогене

acoirajaTe и комплексе, односно у KojHMa се одиграва peaKiuija acoiuijaqHje

и солватаци)е75~78:

2Ai ^ А2

2Bi zrt В2

А+В АВ

за Ка,в,ав=Кт(Т) и кА,в,Ав = кт,х(х,Т).

Модел SSDJT je проширен на вишекомпонентне системе75,76,78 за ре-

aKinije acoiyijaiuije :

2Ai+Xi+X2+X3+...+X9 ^ А2+Х1+Х2+Хз+...+Х9

2Bi+Xi+X2+...+Xe ^ B2+Xi+X2+...+Xe

AiT-Bi+Xi+Xa+...-rXe ^ AB+Xi+X2+...+X«

за K=KT(T) и &a,b,ab =kT,x(X,T).

Алгоритаи за обраду равнотежних података разви)ен je за бинарне75-7'

и вишекомпоненте системе75,76,78 у Kojima две компоненте acocyjy у обе фазе,

при чему се одви)а)у peai-cnHje aconnjaunje и солватаци)е. Има)уки у вигу

сложеност наведених модела, на слици 2 je дата општа логичка веза свих
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физичких и хеми^ских феномена Koje треба узети у обзир при успоставлэанчу

модела асосованих система.

(sr<nT>-^\^-

ULA2
EKS». HAVNOT. PODATAKA

КИЮТАИТЕ AJOCOACfJE /

I2*ACIMJAVANJE
KOREKCIDA ZA REAKCOE
АЙХМОАС/ЗЕ 111 SCU.VATAC/JE

IZKACUWA4AWJE К0Л£ГАЛЛ7
ASOCOACU6 U.I SoLVATACIDf
ГЕСА16 FAZE kl*j(T ;* ;)

1 1-1 L-1

IZKAdl/A/AUAMJE КЖЕКСОД

ZA AIEIOE ALMOST ГЕСМЕ
FAZE

 

aeACuwAvAAne toeexcoA

ZA NEIDEALMOST fiARNE

FAZE

IZLAZ
gAVNOTEZWIH
PARAMETARA ZA

£inUL>RA№£ I

—(STOP )

Сл. 2. Блок шема алгоритма за кибернетско проучаван>е асосованих система

Показани кибернетски алгоритам ynasyje и на могуЬности дагьег про-

шире&а и разво)а модела асосованих система. Универзалност кибернетског

аагоритма се огледа у томе што се са различитим спецификащцама н>и.ме

моту обухватити сви )едноставни,]и напред разматрани модели.

КОРЕЛИСАТЬЕ РАВНОТЕЖНИХ ПОДАТАКА АСОСОВАНИХ СИСТЕМА

Коефишяенти активности у асосованим системима Kojn се израчунава)'у

на бази модела фазне и хемИ)'ске равнотеже, како je то дато у претходном

одел>ку, се екстремно тешко корелишу. ТешкоЬе при корелисан>у условл>ене

су сложеношЬу понашан>а асосованих система и броней компонената у сме-

шама, што je довело до потребе за применом веЬег 6poja корелэционих мо

дела: као што су општи облици Wohl-a80, van Laar1481, Margules82 и Schatcher-

-Натегоз, Wilson-a86, NRTL87 и UNIQUAC88. Orye и Prausnitz84 су показали

да се Wilson-ова )едначина може употребити за корелисан>е равнотежних

података пара-течност различлтих раствора укгьучу)уЬи растворе алкохола

са алифатичним угл>оводоницима.

Wiehe и др. су успешно предсказали тернерну равнотежу пара-течност

из oflroBapajyhnx бинарних комбинаци|а45 помоЬу NRTL jeflm^mie87 и Wilson-

-ове )едначине86 за системе алкохола са неасосованим растварачем.

Nagata и Kawamura88-89 су користили UNIQUAC )'едначине Abrams-a

и Prausnitz-a90 и показали да оне добро репрезенту|у особине асосованих

раствора алкохола у засиЬеним угл>оводоницима88 и растворе алкохола сч

неасосованом активном компонентом89.

Sowistowski и Pilavakis91 су помоЬу Margules-ове ]едначине предска-

зивали особине четворокомпонентног система сирЬетна киселина — метанол

— метилацетат — вода.

Jenkins и Gibson-Robinson64 су са успехом користили Wilson-ову, NRTL

и UNIQUAC )едначине за корслпсаше изотермских података система толуол-

-сирКетна киселина. У радовима65,66 Jenkins и Gibson-Robinson за корелисан>е
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бинарних система сирЬетна киселина — вода и сирЬетна киселина — алкохоли

користе Wilson-ову и NRTL )едначину.

СавковиЬ-СтевановиЬ, ТасиЬ и Ъор1)евиЬ су користили корелационе

)едначине Margules-a, van Laar-a, Scatchard-Hamer, Wilson-a и NRTL за

корелиса&е смеше сирЬетне киселине са ароматичним упьоводоницима67-74.

При томе су се NRTL )едначине показала као нащогодшф, за испитивавье

системе.

NRTL корелационе |едначине су се показале успешним и за корелисахье

система сирЬетне киселине са водом и пропионском киселином75-79.

ЗАК.ЪУЧАК

Резултати овога рада приказу^у досадаппье путеве pa3Boja Teopnje

асосованих система и указуjy на нове трендове разво)'а.

Дал>и разво) Teopnje асосованих система вероватно he иЬи у правду

pa3Boja ригорознщих модела kojh y3HMajy у обзир фазну и хемщску равнотежу

у обе (napHoj и течно)) фази. Што се тиче врете асосованих система кощ he

се испитивати, будуЬи тренд he с )едне стране више водити рачуна о сло-

жености peaKinije Koje обухвата)у ефекте aconnjairHje или солватацэде, а с

друге стране he зависите и од примене оваквих система као на пример у ек-

страктивно) и aaecnponHoj дестилациде.

ОЗНАКЕ

Ai — мономер прве асосоване компоненте

Аг — днмер прве асосоване компоненте

ХьХг Х? -неасосована компонента

Bi — мономер друге асосоване компоненте

Вз — днмер друге асосоване компоненте

К — константа асоци)аци)е парне фазе

k — константа асоци)'аци)'е течне фазе

х — састав течне фазе, молски удели

Т — температура К

*

Аутори се захвал>у)у За)'едници науке Cponje и Технолошко-металуршком факул-

тету из Београда на делнмичном финансиран.у опог рада.

ИЗВОД

Приказан je разво) термодинамичких Teopuja и модела асосованих система. Дат

je преглсд термодинамичких конзистентних )едначнна за корелпсак,е равнотежних пода-

така пара-течност асосованих смеша. С обзнроч на сложеност асосованих система, развитей

je кибернетски алгоритам за симулиран,е 1ьнховог рсалног понашан>а. Рад указу^е и на

нове трендове у изучавашу асосованих раствора.
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SUMMARY

VAPOUR-LIQUID EQUILIBRIUM OF ASSOCIATED SYSTEMS

J . B. SAVKOVIC-STEVANOVIC, A. 2. TASIC and B. D. DORDEVIC

Faculty of Technology and Metallurgy, University of Belgrade, P.O. Box 494,

YU-11001 Belgrade, Yugoslavia

The development of thermodynamic theories and models of associated systems is pre

sented. The review of thermodynamic consistent equations for vapour-liquid equilibrium data

of associated mixtures reduction is given. Having in view the complexity of associated systems,

a cybernetic algorithm is developed for simulation of their real behaviour. The paper also points

to new trends in the study of associated folutions.

(Received 10 July 1984)
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Thermal stability and degradation behaviour of poly[4-(terephthaloylamino)

benzoic acid hydrazidej (PTABH) samples of different molecular weights (Afw of

5000, 9000 and 26,500, respectively) was investigated in helium, nitrogen and air

by thermogravimetric analysis and differential scanning calorimetry. With exception

of the 150—280"C 'emperature range, where two lower molecular weight samples

showed significant weight losses which were most probably due to hydrogen bonded

NjN-dimethylacetamide, all of the investigated samples behaved similarly regardless

of their respective molecular weights. This finding seems to indicate that structural

building blocks responsible for high temperature polymer properties are their

characteristic atomic groups, such as aromatic nuclei and amide linking bonds

in the case of PTABH, and 1,3,4-oxadiazolyl rings, aromatic nuclei and amide

groups in the case of poly(amide-l,3,4-oxadiazoles), rather than longer chain seg

ments. The results obtained for high molecular weight sample were further com

pared with those previously published in the literature. It could be observed that

unusually large differences existed between the values reported for cyclodehy-

dration reaction of polymer hydrazine bonds in different reports, so that certain

characteristic temperatures differed between them by as much as 70—80"C. Anal

ysis of the respective works led to conclusion that the observed differences could

very probably arise from different hydrazine bond conformations which could

have been present in the respective samples and that, in accordance to some earlier

results reported for the polyhydrazide family, these could have originated from

different histories of the investigated samples.

One of the important and potentially very useful properties of the entire

class of wholly aromatic polyamide-hydrazides is certainly their characteristic

behaviour at elevated temperatures which leads to materials of pronounced thermal

stability in inert as well as in oxidative atmospheres1. A general structural formula

of these polymers could be written as follows:

он о н н О

II I II I I II

—C—N—Ar—C—N—N—С-Ar'—

where: Ar and Ar' most often stand for />-phenylene or wj-phenylene aromatic

nuclei.

First investigations in this field were performed by Culberf on and Murphy2

and later by Preston, Black and Hofferbert3, who described the thermal stability
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and degradation behaviour of a number of different polyamide-hydrazide.< and

among them particularly those of the parent polymer of the series: poly[(4-te-

rephthaloylamino)benzoic acid hydrazide)] PTABH (I). Their results, which

were obtained by use of thermogravimetric analysis (TGA) and differential scanning

calorimetry (DSC), showed that at temperatures between 240J and 350 C these

polymers underwent a thermo-chemical transformation, into the corresponding

poly(amide-l,3,4-oxadiazoles), PAODZ (II), as shown in Reaction 1, and also

that the PAODZ products, which on further heating remained stable until about

470", could by rightfully classified among the highly thermally stable linear polymer?.

-+H-

н о M н о 0

I /=\ Kill /=\ II
C-N-N-C-<\ />-cf- — ► -+H-\J-C^0'C-\_fi-C+ * ' '

н ы ы о

i /=\ f\ /=\ !!

The reasons responsible for such stability of these polymers are expected

to originate primarily from their chemical structure, which, as can be seen from

II, is composed of building units generally known to be highly resistant towards

increased temperatures, such as: amide groups and aromatic and 1,3,4-oxadiazolyl

rings4. In addition to this, their high temperature stability is also expected to be

further enhanced by their considerable crystallinity1'5, which should be promoted

by establishment of strong hydrogen bonding between the amide groups of the

neighbouring chain segments.

Consequently, it follows from the preceding, that the PAODZ repeating

units may be considered as very desirable chemical structures especially in the

field of ma^nals of which increased resistance towards high temperatures is re

quired. With respect to this, and since it wa, indicated by the previous workers

in this field-,3, that the cyclodehydration reaction of polyamide-hydrazides occurred

on controlled heating with practically quantitative yields of PAODZ products,

it folowed that such thermal treatment could become a very useful route to p.rep

aration of these highly thermally stable polymer?5, or perhaps to syntheses of

their lower molecular weight oligomers which could possibly be further ussd

as suitable building blocks for incorporation in other macromolecular structures.

Controlled preparation and properties of the wholly aromatic polyamide-

-hydrazides have for some time been a subject of extensive investigations in this

author's laboratories6 8. Among these, particular attention was devoted to the

lower molecular weight PTABH bomologues, which in the form of a,w-diamines

could represent very useful difunctional „monomers" for synthetic purooses

in condensation polymerization reactions8. Consequently, a point oi interest within

these investigatiors was the thermal stability and degradation behaviour of the

lower mokcular weight amide-hydrazide oligomers, and among these expecially

those of the products with Mw in the vicinity of 7000, which was earlier deter

mined to correspond to the chain length critical for the onset of entanglement

coupling in these materials7. For that reason, TGA and DSC studies were per

formed in air as well as in helium on PTABH samples with Mw of 5000 and 9000,

respectively. This paper describes the results thus obtained and compares them

with tho.se corresponding to what could Ы referred to as high molecular weight

PTABH polymer with Afw of 26500.
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EXPERIMENTAL

p-Aminobenzhydrazide {ABH). Commercially available product (Cambrian Chemicals, Gt. Britain)

was recrystallized from boiling ethanol, and its purity was determined by elemental analysis

41 NMR spectroscopy and melting point. Elemental analysis: Calcd. for GrHeNsO: С, 55.62%;

H, 6.00%; N, 27.80%. Found: С, 55.28%; H, 5.92%; N, 25.08%. 'H NMR in DMSO-de,

S: -NHa, 5.59 ppm (s); =N-NH2, 4.43 ppm (s); -CON-H, 10.12 ppm (a); aromatic, 6.67 ppm

(d.) (J, 8cps) and 7.70ppm (d) (У, 8 cps). M.P., 220—22ГС.

Therephthaloyl chloride (ТСГ). Commercially available product (Fluka, Switzerland) was recry

stallized prior to use from n-hexane which had previously been dried and distilled from CaHj.

Elemental analysis: Calcd. for C8Hi02CI2: C, 47.33%; H, 1.99%; CI, 34.92%. Found: C, 48.05%;
H, 2.11%; CI, 35.30%. 'H NMR in acetone-de, 8: 7.60 ppm (s). M.P., 82—83c.

N,N-dimethylacetamide {DMA). Technical grade solvent was dried for 48 h over BaO, followed

by two hour reflux and di?:illation under reduced pressure. The fraction which boiled at 58—59^/

/1.5 kPa was collected and stored over molecular sieves before use.

Preparation of PTABH samples. The procedure used for this preparation was essentially based

upon the earlier described viscometrical monitoring method for controlling the course of poly-

condensation reactions6. To a 150 ml one-necked, round bottomed flask, to which a capillary

glass viscometer (R = 0. 1 cm ; / = 8.6 cm) was connected, equipped with a Teflon coated stirring

bar and placed into a crushed ice-water cooling bath, 1.631 g (10.8 mmol) of ABH and 120 ml

of dry DMA were added. Stirring was started and ABH was allowed to completely dissolve.

When the solution was cooled to between 0 and 4% 1.08 g (5.32 mmol) of solid TCI was added

and allowed to react for about 0.5 b. After this period, first measurement of the reaction mixture's

viscosity was performed to yield capillary flow time of 14.3 s for the achieved molar ratio of the

two reacting monomers r = 0.493 (where: r = mmol TCl/mmol ABH). This monitoring procedure

was carried op throughout the entire polycondensation reaction, at the end of which r was equal

to 1.04 and the reaction mixture capillary flow time re?ched 2116 s and ceased to increase any

further. At that point, the obtained highly viscous solution was poured, with constant stirring,

into a ten times larger volume of methanol, and the white polymer (sample A), which precipitated

immediately, was isolated by filtration through a sintered glass funnel. The product was dried,

to constant weight, for 24 h in a vacuum oven heated to 78 . The two low molecular weight sam

ples^ and B) were isolated during the course of this reaction when the reaction mixture capillary

flow times were 65 and 135.3 s. respectively, and were further precipitated filtered off and dried

in the same way. After precipitation in methanol, filtration and drying*, intrinsic viscosities of

these samples, as determined in DMA at 20 ± 0.5°, were: 0.660, 1.081 and 2.677 dl/g, for C,

В and A, respectively, which according to the equation: [vj] = 5.16 x 10~4 Mv 0 84 ^corresp

onded to the weight average molecular weights of 5000, 9000 and 26500, Consequently, since

it was already shown that the PTABH chain length critical for the onset of entangled behaviour

in DMA solution, corresponded to Mw of about 70007, it followed that the molecular weights

of the low molecular weight samples were just as desired: slightly below (sample C) and somewhat

above (sample B) that critical value. On the other hand, Alw of the highest molecular weight

sample A (26500) seemed just high enough to assure that this sample would exhibit properties

of a true PTABH polymer and thus successfully serve for comparison with those of the above

mentioned lower molecular weight oligomers, and also with the literature data published by the

earlier investigators.

Thermogravitnetric analysis. AH samples were subjected to thermal degradation in air and in he

lium. A Du Pont 950 Thermogravimetric Analyzer in line with a Du Pont 900 Thermal Analyzer

was used. The sample weights ranged from 5 to 15 mg and they were heated at constant rate

of 20°/min within the range of 40 to 750°. Gas flow rates were in all experiments the same and

equaled 25 ± 2 ml/min.

Differential scanning calorimetry. A Perkin-Elmer Differential Scanning Calorimeter, Model

DSC-2, was used. The temperature interval between 30 and 525° was investigated, using the

constant heating rate of 20 /min. The samples analysed ranged from 6 to 10 mg in all cases, and

the experimental sensitivity was 42mJ/s.

* Because of the TGA results, which are described in the following section of this paper,

the samples for intrinsic viscosity determinations were dried by heating to 300 in a strong stream

of helium purge.
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Infrared spectroscopy. A Perkin-Elmer infrared spectrophotometer, Model 283, was used. The

simples were films and the spectral range from 800 to 4000 cm-1 was covered in all cases at 25°.

Intrinsic viscosity. Intrinsic viscosities were determined for all samples in DMA solvent at 20 ±

t 0.5 \ Solutions were prepared at room temperature in all cases. Their concentrations ranged

from 0.49 to 0.52 g/dl. Flow times were determined at five different concentrations using Cannon

viscometers which were selected to give solvent flow times in excess of 100 s. All flow times en

countered were sufficiently long to justify neglect of kinetic energy corrections, and the lack of

shear-rate dependence was verified. Intrinsic viscosities were determined by the usual double

extrapolation of 7jSp/c and (In 7)r<>i)/c to zero concentration. The plots obtained were linear in

all cases. Weight average molecular weights were calculated using the earlier reported equation:

ft] = 5.16 x 10-" My. °'84 «.

Thermograbimetric Analysis

The degradation behaviour of the described PTAJBH samples was deter

mined by TGA measurements which were performed at 20°/min heating ra:e,

under the constant streams of prepuritied helium and of air (the flow rate of which

wtre in all cases 20 ml/mir) and the results obtained are shown in Figs 1 and

2, respectively.

Previous invescigators in this f ield2'3 already showed that when subjected

to thermogravimetric analysis in air as well as in nitrogen high molecular weight

PTABH samples (Mw of about 40,000 — 50,000) exhibited characteristic degra

dation patterns which consisted of three distinctive steps in which appreciable

weight losses were observed. These could be summarized as follows:

1st step: 3—5% weight loss; at 70— 150°; in N2 as well as in air;

2nd step: 7—8% weight loss; at 240—350°; in N2 as well as in air;

3rd step: 52—53.5% weight loss; at 470—710° in N2; but 100% weight loss;

at 470—720" in air.

All of the losses given above were relative to the sample weights at the be

ginning of each step.

RESULTS AND DISCUSSION
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Fig. 1. TGA thermogram in helium of the

PTABH samples. A : Afw = 26,500; В : Mw

= 9000; С : Mw = 5000.

Fig. 2. TGA thermogram in air of the

PTABH samples. A : Afw = 26,500; В : Afw

= 9000;C : Mw=5000.
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The same general TGA pattern was also observed in this work for the

molecular weight PTABH sample (Mw = 26,500), as shown by curves -A in Figs

1 and 2, although helium was used ar, inert gas instead ot nitrogen. This finding

seems to indicate that the mechanism by which this polymer degrades in inert

enviroments in not affected by the particular inert gas used.

During the first weight-loss step, which occurred in both investigated atmos

pheres between 70 and 150°, all of the samples exhibited relatively small losses

of only about 3—5% of their original weights, as shown in Figs 1 and 2 and also

in Tables I and II. These weight losses were clearly attributable to evaporation

TABLE I. TGA of poly[4-(terephthaloylamino)benzoic acid hydrazide] in helium

Sample designation1

А В С

Evaporation of Temperature region, °C 70—160 60—130 60—130

absorbed moisture Total weight lossb, wt.% 4 8 8

Liberation of DMA Temperature region, °C — 155—285 160—290

Total weight loss0 wt.% — 23.6 24.4

Cyclodehydration Temperature region, °C 310—460 310—460 320—460

Total weight lossa wt.% 8 7 6.27

PAODZ degradation Temperature region °C 490—675 490—660 490—650
Total weight losslt wt.% 53.4 51.5 52.0

a) A : Afw = 26,500; В : Af* = 9000; С : Afw = 5000. b) Relative to sample weight at ambient
temperature, c) Relative to sample weight at 150J. d) Relative to sample weight at 300°. e) Relative

to sample weight at 480°.

TABLE II. TGA of poly[4-(terephthaloylamino)benzoic acid hydrazide] in air

Sample designation"

A в С

Evaporation of Temperature region, °C 70—150 60—105 50—150

absorbed moisture Total weight loss1', wt.% 4 9.5 8.2

Liberation of DMA Temperature region, °C — 160—300 165—300

Cyclodehydration

Total weight lossc, wt.% — 22.8 23.2

Temperature region, °C 300—440 320—440 320—440

Total weight loss"1, wt.% 7 5.6 5.8

PAODZ degradation Temperature region, С 490—700 485—695 475—695

Inflection point, °c 580 570 570

Total weight losse wt.% 100 100 100

a) A : Afw = 26,500; В : M„ = 9000; С : Afw = 5000. b) Relative to sample weight at ambient

temperature, c) Relative to sample weight at 150°. d) Relative to sample weight at 300 . e) Relative

to sample weight at 480°.

of absorbed moisture, because of the following observations. Firstly, the elemental

analysis of the high molecular weight sample A which had been heated to 160°

was in excellent agreement with the values calculated tor pure PTABH, while

the results obtained for the same sample before this heating treatment had shown

considerable differences, as showr in Table III. Secondly, while the infrared spectra

of all the samples which had been heated to 160° and also those which had not

been heated at all showed strong absorption bands f t 3270 cm-1 (N—H stretch

ing2) and at 1670 cm-1 (amide I2), they significantly differed in the 3700 cm-1

wavenumber region in which the latter exhibited characteristic bands which disa-

peared upon heating. Such behaviour was observed in all experiments performed
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in this work, regardless of the molecular weights of ihe samples. Finally, when

the investigated samples were first heated to above 150°, then cooled back to

ambient temperature under the strong purge-gas stream and then reheated again,

TABLE III. Elemental compositions of poly[4-(terephthaloylamino)benzoic acid hydrazide]

samples, their degradation products and calculated values for the predicted structures11

%c %H %N

Calcd. for PTIPH 64.06 3.91 14.95

Sample A 58.93 5.23 11.77

Sample В 55.50 5.05 14.36

Sample A after heating to 160° 64.47 4.09 14.51

Sample В after heating to 160° 55.65 5.04 14.39

Sample В after heating to 320° 61.85 3.78 14.63

Calcd. for PAODZ 68.44 3.41 15.96

Sample A after heating to 480° 68.16 3.38 15.34

Sample В after heating to 480° 67.32 3.42 15.47

Sample A after heating to 700' 80.93 2.62 11.18

Sample В after heating to 700° 72.60 1.95 12.36

a) For degradation in helium at heating rate of 20°/min.

т 1 г

Fig. 3. Infrared spectra of PTABH (—) and

PAODZ ( ) as thin films. Arrows indicate

 

major differences as described in the text. мнюрчиевгп ™"

noweigbi loss could be observed between 70 and 150° in the second heating cycle,

as shown by curves b in Figs 4 and 5, indicating that if once liberated moisture

was taken away by che purge-gas stream, so that it could not condense again on

the sample surface, completely dry PTABH (the structure of which was confirmed

by IR and elemental analyses of the heated samples, as mentioned above) was

consequently obtained.

The second step in which all of the investigated samples showed considerable

losses, occurred between 240 and 460 " in air, and between 250 and 470° in helium.

This step reflected the occurrence of the cyclodehydration reaction by which

1,3,4-oxadiazole rings were formed from the hydrazine linkages, and during which

H2O wcs formed and lost, as shown in Equ 1.

This reaction was discovered in 1903 by Stolle9 and later extensively studied

on aromatic polyhydrazides by Frazer et a/.510,11 who observed its onset in vacuum
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at temperatures above 240°. Culbertson and Murphy2 were the first to report

its occurrence on heating of the aromatic polyamide-hydrazides2,12 as shown before

by Equ 1 and their studies were further extended by Preston et al.3. The anal

yses performed in this work clearly conirmed all these observations.
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Fig. 4. TGA degradation behaviour of

PTABH sample A (M„ = 26,500) in helium

a: as prepared; b: after heating to 160°;

c: after heating to 470' .

Fig. 5. TGA degradation behaviour of

PTABH samples В and С (Mv = 9000

and 5000) in helium, a: as prepared; b:

after heating to 160°; c: after heating to

300°; d: after heating to 470°.

Firstly, the amount of water which forms in this reaction should theoretically

equal 6.4% of the weight of the sample which enters the cyclodehydration reaction,

and al. hough the values expenmentally determined in this work were somewhat

larger (7.8—8.4%), they seem to be in good agreement with the calculated one.

Secondly, the results obtained by elemental analyses of the sample residues et

460" agreed very well with the composition of the poly(amide-l,3,4-oxadiazcle),

II, in Equ. 1, as shown in Table III. Finally, the IR spectra of these residues

clearly snowed appearance of the characteristic absorption bands at 1620 cm-1

(1,3,4-oxadiazolyl moiety'--12) and at 1020 cm-1 ( =C—О—C= stretching2,5,12),

as well as disappearance or reduction of intensity of the bands at 3270 and 1670

cm-1, and the position of NH stretching and amide I absorbtion bands at 3400

and 1675 cm-1, as shown in Fig. 3.

Finally, true degradation of the PAODZ main chain backbone occurred in

both investigated atmospheres at tempentures above 480°. However, while in

helium all investigated amide- 1,3,4-oxadiazole samples degraded in a single step,

to leave about 53% of the material which entered this stage above 700°, the same

was clearly a two-step process in air. Regardless of the molecular weights, it started

at about 480°, exhibited inflections on the TGA curves at about 570° and led to

complete annihilation of the samples above 710—720". Although the onset tem

peratures of this final degradation step were the same in both investigated atmos

pheres, that was the only similarity between thest two processes and at higher

temperatures the air degradation was obviously more complex and much more

effective.

Major differences between the TGA behaviour of the investigated PTABH

sample^ were observed between 1 50 and 280 , and they repeated in both degradation

atmospheres. As it can be seen from Figs 1 and 2, while within that temperature
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range PTABH oligomers (samples В and C) lost about 23—24% of their weights

wh'. h remained after evaporation of the absorbed moisture at 1 50°, no such weight

loss could be detected for the high molecular weight polymer (sample A). In an

attempt to identify the nature of the product given off by samples В and С under

these heating condition-., elemental analyses of their residues left over alter 1 50°

and atter 300° were compared (see Table III), and the gases released between

there temperature's were trapped in a collector, which war, cooled to liquid nitrogen

temperature, and later analysed by gas chromatography. It can be seen trom Table

III that in contrast to almo.t perfect agreement between the experimentally obtained

elemental composition of the polymer residue at 150° (sample A) and that calculated

for C15H11N3O3, no significant changes from the original (not heated) sample com

position could be detected for the oligomer residue at 150° (sample 6). As a matter

of fact, good agreement with the calculated composition was obtained only after

further heating to 300°. This indicated that volatiles given off by the PTABH

oligomers between 150 and 300° could not be products of their true degradation,

but rather some compounds which had been bonded to them by some secondary

association forces probably stronger than simple adsorption forces but at the same

time weaker than the covalent bonds. This line of thoughts led to the assumption

that the volatile product could have been DM\, the polymerization solvent left

in the samples eve.a afcer their vacuum drying to constant weight, because of possible

formation of hydrogen-bonded associates with their polar amino, imino and car-

bonyl groups. It seemed acceptable that the energy needed to break down such

associates and liberate the DMA molecules (boiling point of which is 175° at atmo

spheric pressure and 58—59° at 1.5 kPa), could be h;gh/"r than that applied during

the drying procedure (78° at about 0.67 kPa), and at least comparable, if not alao

higher than that required to boil the solvent. In order to verify this assumption,

volatilized products which were trapped during the heating of samples В and С

in He between 150 and 300° were analysed by gas chromatography. The results

obtained correlated well with the DMA standard, so that this could be taken as

acceptable GC identification. It is, however, not completely clear why such a

large quantity (23—25%) of DMA remained associated only with the lower molec

ular weight PTABH samples (B and C) and not with the high molecular weight

polymer (A), although the same drying treatment wa; utilized for all of these samples

prior to their TGA investigations.

Differential scantling calorimetry

Typical DSC thermograms obtained for the investigated PTABH samples

are shown in Fig. 6 and 7. It can be seen that broad and very intensive endotheims,

which represented evaporation of moisture from the sample surfaces, were obse ved

in all cases between 75 and 150° (curves a), and in accordance with the alrerady

described TGA experiments they disappeared when the samples were heated to

about 160", then cooled back to ambient temf.erature, and scanned again (compare

curves b and с in Figs 6 and 7). Cyclodehydration reaction manifested itself by

another very distinctive endotherm between 300 and 460°, and for the investigated

samples the beginnings, maxima and the ends of these agreed very well with the

corresponding TGA values. In addition to this, and also in agreement with the

pre/iou;ly described TGA observations, as it could be seen from the curves с and d

in Fig. 6 and d and e in Fig. 7, there cyclodehydration endotherms disappeared

when the samples were first heated to 460° so that the corresponding amide- 1,3,4
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-oxidiazoles were formed, then quickly cooled back to room temperature and re-

ehated again.

 

о "30 kc ж it sx.

 

100 200 300

Fig. 6. DSC thermograms of

PTABH sample A (Mw = 26,500)

in nitrogen, a: full scan; b: heating

to 250'; c: heating to 480° after

preheating to 250° (trace b); d:

heating to 525' after preheating

to 480° (.trace с); I: evaporation

of absorbed moisture; II: cycle-

dehydration reaction; HI: onset of

PAODZ degradation.

Fig. 7. DSC thermogram of

PTABH sample В (ЛГ„ = 900C)

in nitrogen, a: full scan; t : heating

to 160°; c: heating to 320° after

preheating to 160° (trace b); d:

heating to 480° after preheating

to 320° (trace c); e: heating to

525° after preheating to 480°

(trace d); I: evaporation of ab

sorbed moisture; II: liberation of

DMA; HI: cyclodehydration reac

tion; IV: onset of PAODZ de

gradation.

The above described behaviour was characteristic for all of the investigated

sampler, exept that, as it could have been expected after the TGA results, the

lower molecular weight oligomers (samples В and C) showed again their additional

endotherms between 160 and 300 which closely corresponded to what had already

been observed in their TGA thermograms. As in the case of wafer evaporation,

these endotherms also disappeared if the samples were heated to 300°, then cooled

back to ambient temperature and rescanned again (compare traces с and d in Fig. 7).

Finally, it should be .noted that in these experiments it was not possible to

observe any melting transitions, although Tm = 495° was reported earlier for the

PAODZ polymer3.

Comparison of the obtained results with other reported data

It was pointed out in the introductory section that the results obtained in

this work by no means represented the only informations which could be found

on thermal degradation of wholly aromatic polyamide-hydrazides in general, and

especially on PTABH in particular. Earlier reports on this subject exist from tm

other groups of authors, specifically from Culbertson and Murphy2 and Preston

et a/.3, who investigated the thermal stability and degradation behaviour of PTABH

and other closely related polymers. Because of this, it was perhaps inevitable to

compare the results obtained by these three independant sources, and on their

more detailed consideration it was possible to notice that considerable differences

clearly existed between some of the characteristic TGA values. In addition to this,
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while some of these differences could have been accepted as probably originating

from different experimental precisions or even from different experimental con-

 

300 350

T EMPERAT URE, -c

Fig. 8. TGA thermograms for PTABH

hydrazine cyclodehydration reaction in

inert atmospheres: (D) from Ref. 2;

(A) from pre?ent work and (E) from Ref. 3.

Fig. 9. TGA thermograms for PTABH

hydrazine cyclodehydration reaction in

air: (D) from Ref. 2 and (A) from present

work.

 

300 350

TEMPERATURE. 'C

ditions used during the respective measurements (such as : different heating rates

— which were reported as 15 3 and 20° /min 2; different thermal pretreatment of the

examined samples; possibly different carrier gat. flow rates, etc.), there yet remained

certain characteristic TGA values which differed between the reported results

that much that their differences did not seem easily explainable on the bases of

these arguments only. Of the hiter, the most distinguished ones were those corre

sponding to cyclodehydration which could be represented by the following basic

reaction :

 

Fig. 10. Rates of PTABH hydrazine

cyclodehydration reaction in inert atmos

pheres as calculated from results of Fig. 8.
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0 H H 0

II I I II ,
R - C-N-N-C-R

-H,0

, N-N.

4 0

IV

С - R 111

For the case of PTABH, the available TGA data on this reaction are collected

and shown in Figs 8 and 9. In these figures and to the end of this paper A, D and E

will correspond to PTABH samples and their thermograms reported in present

work and references 2 and 3, respectively. In all cases shown in Figs 8 and 10 TGA

measurements were performed in inert atmospheres, while the traces presented

 

Fig. 11. Rates of PTABH hydrazine

cyclodehydration reaction in air as calcu- 250 300 350 400 450
lated from results of Fig. 9. tewpesatuoe. -c

in Figs 9 and 1 1 were obtained when the same was done in air. Traces E are missing

form Figs 9 and 1 1 because a TGA thermogram for degradation in air was not

given in Preston's report 3.

Influence of hydrazine group conformation on cyclodehydration of polyhydrazides

Frazer and Sarasohn reported their results obtained during investigation of

thermal behaviour of a series of different polyhydrazides13. These polymers may be

represented by the following general formula:

-NH—NH-

0

-NH—NH—С— I „

and among the others the investigated samples included those which were wholly

aromatic in character i.e.: those in which X and Y were phenylene moieties. The

results obtained by TGA and DSC measurements showed all of the previously

mentioned features characteristic for thermal behaviour of hydrazine containing

polymers, such as : occurrence of thermally induced cyclodehydration reaction and

degradation of thereby formed 1 ,3,4-oxadiazole rings, but, in addition to these,

the authors were also able to observe an unexpected phenomenon that the rates

by which different samples of one polymer underwent cyclodehydration reaction

depended very much on their physical forms. Namely, they noticed that „conversion

of oriented fibres" prepared from polymers which contained either 1,3- od 1,4-

-phenylene rings in the main chain (groups X and Y above) „required much longer

heating times than those necces^ary for the conversion" of the same polymers

„as powders, or unoriented films. In fact, the unoriented structures (powders or
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unoriented films) were converted 14 to 15 times as fast as the oriented fibres".

In an attempt to explain these differences the authors postulated that they were

„due to the difference in polymer chain configuration"* in these two physical

forms. Thus, they proposed that in oriented samples, i. е.: in fibres, a greacer

percentage of the polymer chain was in extended form to which a zig-zag con

formation of hydrazine groups (V) could be ascribed, whereas in the unoriented

samples, i. е.: in the powders and/or unoriented films, the situation was reversed

and a relatively greater fraction of hydrazine groups was in the folded or unextended

form (VI).

О 0 0

II II II

- С NH - С С -
\ / \ \ у
NH С - NH - NH

II
0

In addition to this, the authors further suggected that „the preferred ,conformation'

for cyclization is the folded or unextedned form" (VI) so that it followed that this

conformation could also be expected to more easily and thus also faster undergo

the considered thermochemical cyclodehydration reaction. Consequently, such

understanding of the reaction route by which this transformation occurs, led to

explanation ot the reasons which caused the experimentally observed ditterences

in rates (by which polyhydrazides of same chemical structure but of different physical

forms underwent cyclodehydration) but it also implied that for any given polymer

containing hydrazine groups in its main chains thermal stability to cyclodehydration

reaction would be strongly influenced by the physical form in which it was processed

after ^reparation by appropriate polymerization reaction. Since this form is in

turn caused by the nature of forces to which the material was exposed during

its solidification from the reaction mixture solution, it would further seem to follow

that it is that nature of forces which ought to be considered if one wishes to predict

the level of resistivity of any particular sample of hydrazine-containing polymers

to transformation into corresponding polyoxadiazole by heating to appropriately

elevated temperatures.

Possible structure-property relationship which might determine thermal behaviour of

PTABH during the cyclodehydration reaction and analysis of the reported experimen

tal data

In the light of such understanding of structure-property relationships in

these and other closely related polymers, TGA data reported for PTABH by the

previous workers could now be reconsidered and correlated with the processing

history of the respective samples. By comparing the respective results it could

clearly be noticed that these three different groups of authors isolated their samples

from reaction mixtures (in which th.ir polymer products had been synthesized)

by different procedures, which in turn were most probably capable of producing

samples with different chain conformations. Namely, while Culbertson and Murphy

prepared their ,,tough fibrous macerial"2 (traces D in Figs 8— 1 1) by quenching

PTABH polymerization product in vigorously stirred water; this author utilized

* In their paper Frazerand Sarasohn inadequately use ^configuration" to describe entirely

conformational differences.
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for polymer isolation precipitation in methanol during which the residing PTABH

fibres (traces A in Figy 8— 11) were simultaneously wound up about the stirring

shaft of an electrically driven high-speed mechanical stirrer; and Preston et al.3,

in contrast to both of the above, processed their ultra-high modulus3 fibres (traces

E in Figs 8— 11) by hot-drawing from N,N-dimethylacetamide and/or dimethyl

sulphoxide solutions. Comparing these procedures now, it seems reasonable to

expect that different pul'ing forces to which there samples were exposed during

the r^psctive fibre-forming operations were capable of inducing different degrees

of axiil orie.itation within the obtained fibres and thus to also impose different

degrees of hydrazine conformational order within their macromolecular chain:,.

This h based upon the known semi-flexibi'ity of the PTABH macromolecults7

which had been showл14 to originate fron the possibi'ity of relatively unhindered

rotation about their hydrazine bonds. Accepting tins, it seems logical to expect

that different samples thus obtained by different authors contained different amounts

of extended hydrazine conformarions (V) and consequently abo different ralios

of extended and unextended conformations (V/VI) so that this ratio was higher ir

fibres which were exposed to stronger pulling forces during their formation. It

would then follow that the ratio of conformations V and VI would have increased

in the PTABH fibres considered herein in the following order:

(V/VI) in samples E > (V/VI) in samples A > (V/VI) in samples D

(Preston et a!.3) (present work) (Culbertson and Murphy2)

Relating such understanding of the possible structural, i. e. conformational, differ

ence;; which could hive exi ted between those PTABH samples tc the previous'y

described results obtained by Frazer and Sarasohn13, one would be led to expect

that the rates by which these samples could have undergone cyclodehydration

reaction should have decreased in the following order: (dc/dr)E>(dc/dr)A>

>(dc/dr)D yielding feE>&A>&D, where each k represents the appropriate rate

constant for hydrazine cyclodehydration reaction into 1,3,4-oxadiazole ring .

From this it would further follow that at any particular constant reaction tenpcni-

ture, cyclodehydration would have more rapidly occurred in PTABH sample v h' h

contained a comparably larger amount of folded hydrazine groups (VI) but also

that any such sample would have required a somewhat lower reaction temperature

to undergo this reaction at the same reaction rate as that by whhh some other

sample with smaller amount of folded structures (VI) but at ihe same time larger

amount of extended hydrazine conformations (V) transformed at higher tempera

tures. As a consequence, this would then indicate that the hydrazine cyclode

hydration reaction would have started at lower reaction temperatures in the pclyn cr

samples which contained larger amounts of folded hydrazine conformations, a:

compared to those temperatures required for corresponding samples with lcvci

amounts of these conformations.

Finally, based upon such understanding of this thermochemical reaction and

the role which hydrazine conformation might play in. the course of its occurrence,

•it would seem to follow that in a series of polymer samples in which the only struc

tural variable would be conformation of hydrazine groups, one could expect tb..

the reaction temperature at which cyclodehydration starts would increase with

increasing V/VI ratio or, in other words, with increasing fraction of extended

hydrazine conformation. For the PTABH samples considered herein tbir. cov'tl

then be represented by th- f.l'o.ving row of relations: (7o)e>(7"o)a> (V'o n

where To is the cyclodehydration onset temperature which is experimentally dc
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tectable by some suitable method, such as TGA or DSC, for example. In order to

evalute the proposed hypothesis the following analysis of the reported experimenu.1

data was undertaken.

It can be seen from Figs 8 and 9 that in all three respective works considered

herein, general shapes of cyclodehydration thermograms were very similar regard

less of the nature of respective samples or of the surrounding atmospheres. Such

situation seems to indicate that the mechanism of this reaction was not affected

by changes in sample enviroments even when these were as dramatic as replacement

of inert gas (nitrogen and/or helium) by an oxidizing atmosphere such as air.

It can also be seen from these figures that on going from Culbertson end

Murphy's fibrous samples (D) to those which were hot-drawn (E) the respective

TGA thermograms shifted to higher reaction temperatures. Thus, although experi

mental data are missing for the behaviour of hot-drawn fibers (E) in air, it can clearly

be seen that in both reaction atmospheres PTABH fibres obtained by winding up

around the stirring shaft during the precipitation in vigorously stirred methanol

(A) underwent the cyclodehydration reaction at higher temperatures than the

fibrous ones (D), while in inert atmosphere the hot drawn fibres (E) did the same

at still higher temperatures. Such situation seems to support the proposition that

the assumed increasing amount of extended hydrazine conformation (V) in the

investigated fibres induced the observed increase of their thermal stability because,

on the bases of Frazer's data13, this conformation would be expected to show pro

nounced resistivity towards this thermochemical transformation. If such was the

case, it would appear acceptable that PTABH samples with larger percentage of V

would require somewhat more energy to start cyclodehydration because their

extended hydrazine bonds would firstly need to use up some of that extra energy

in order to transform into the corresponding folded structures and thus to attain

favourable sterical conformation for futher successful closure of 1,3,4-oxadiazole

rings within the polymer chains with simultaneous elimination ofwater by-product

In Figs 10 and 11 the rates by which the described samples were losing

weights during the TGA experimentes are shown as a function of reaction tempera

ture. These curves were calculated by differentiation of the approprite thermo

grams of Figs 8 and 9. Finally, characteristic parameters which seemed significant

for the present discussion are collected in Table IV. It can be seen from Figs 10.

TABLE IV. Characteristic TGA parameters as determined for PTABH cyclodehydration reaction"

Sample

Reaction

atmosphere

Onset tem

perature, °C

Maximum

reaction rate

temperature,

Second max

imum reac

tion rate

End tem

perature, °C Reference

°C

D nitrogen 230 260 to 320 none 380 2.

A helium 270 280 to 350 370 to 420 460 present study

I- nitrogen 300 310 to 360 360 to 430 460 3

1) air 230 260 to 320 none 380 2

A air 300 310 to 360 370 to 420 460 present study

a) No data were available for the behaviour of samples E in air.

and 1 1 that in both atmospheres, i. e. in inert as well as in air ,Culbertson and

Murphy's fibrous samples (D) behaved similarly: their transformations started at

230^ and ended at about 380°. Within this temperature interval, the rates by which

they were losing weights first increased rapidly until about 260°, then they seemed
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to remain high but constant until about 320° and then they decreased to zero at

about 380°. The situation appeared somewhat different with the samples investigated

in this author's laboratories (A) and also with the hot-drawn fibres prepared by

Preston et al. (E) which, however behaved very similarly between themselves. In

inert atmospheres, their respective transformations started at about 270° in the

case of the former and at about 300° in the case of the latter. They reached constant

rates of losing weight at about 280 and 310°, respectively, and they remained at

these constant rater, until about 350—360" in both cases. After this temperature,

another increase in rates followed so that the second maximum was reached at

about 400° after which both rates finally slowed down and decreased quickly to

zero at 460°. In air, however, the results were available for samples A only. For

that case, as it can be seen from Fig. 11, the reaction started at about 300°, reached

the first rate maximum at 310°, remained at it until about 360°, increased in rate

again until 370° and then, in contrast to the situation in helium, it apparently sta

bilized at that second rate maximum, to stay there until about 420° and then finally

decreased to zero at 460° just like in inert atmosphere.

The important points to notice from these figures seem to be the following

Firstly, particular samples exhibited similar behavioural patterns in both types of

reaction atmospheres, so thit all of the characteristic temperatures were the same,

with the only exception beeing that of the reaction onset for samples A. Secondly,

in contrast to the behaviour of samples D, samples A and E seemed to behave

very similarly between themselves, indicating that if it were their extended vs.

folded hydrazine fraction ratios which governed their thermal behaviours then

these might have been very similar. Thirdly, it appears from the data on reaction

rates, that there might have been two different steps of cyclodehydration reaction

which occurred wi.hin the overall process, particularly in the cases of samples A

and E. The first of these steps seems to occur at somewhat lower reaction tempera

tures (between 280 and 360"), while the second appears to start at about 360—370°

in both cases. Having, however no other concrete proof for this, it just seems

possible that these two steps corresponded to cyclodehydration of those polymer

segments which contained predominantly folded hydrazine groups (at lower reaction

temperatures) and to those which contained mostly extended hydrazine conforma

tions (at higher reaction temperatures), respectively. Namely, as it has already

been mentioned before, since the folded hydrazine groups are expected to be

sterically closer to the transition state through which the cyclodehydration should

occur, it may also seem logical to expect that these groups will undergo their trans

formation at lower reaction temperatures which may correspond to the lower

temperature plateau in the rate curves. If this is so, then only when the temper-

rature was further increa< ed to reach the value at which sufficient energy for rotation

of the extended hydrazine groups into their folded conformation was supplied ro

the sampler (which corresponded to about 360—370° in all cases) another cyclode

hydration could have started, in which that fraction of the hydrazine groups which

were originally in the extended form would undergo the same thermochemical

transformation (between 360° and 430°). Furthermore, if the preceding was true,

then this order of events should occur in any PTABH sample containing both

types of hydrazine groups so that it would seem possible that samples A and E

did contain both of these types of conformations within their chins while, in contrast

to this, Culbertson and Murphy's samples (D) were composed almost exclusively

of the folded hydrazine units perhaps because the pulling force to which they were

exposed during their formation in water was too low.



604 DVORNlC

CONCLUSIONS

It has been shown that the remits obtained in this work clearly support trie

observations which had previously been reported for the degradation b hwiour

of poly[4-(terephthaloylamino)benazoic acid hydra^ide]2,3. In addition to this, it

has also been shown herein, that this behaviour apparently did not change when

helium was used as inert gas instead of nitrogen. The major difference between

the degradation behaviour under the purely thermal and under the thermo-oxidative

conditions was observed at high temperatures. While, above 490° PAODZ degraded

by a single-step mechanism in helium, this was clearly э two-step process in air.

In addition to this, the latter seemed much more destructive, so that it led to

complete annihilation of the investigated samples at about 700°, as compared

to the residues of 51—53%, relative to the sample weights at 480°, which remrined

at the same temperature when helium Etmosphere was used.

No significant differences could be observed in this work between the de

gradation behaviour of the low molecular weight PTABH oligimers (Mw : 5000 —

9000) and the corresponding high molecular meight polymer (Alw = 26,500) ac

temperatures above 300° in helium as well as in air. However, differences existed

in both atmospheres at lower temperatures. Thus, while all of the investigated

samples clearly showed a visible tendency towards absorption of moisture, which

was, during TGA experiments, being liberated between 70 and 150°, only the

lower molecular weight samples (Mw : 5000—9000) exhibied yet another pro

nounced weight loss (about 23—24% wt., relative to the weight before its onset) at

temperatures between 155 and 300'. It seems at present that this second weight

losing step, in the ca~.e of lower molecular weight PTABH samples, could possibly

be associated with liberation of DMA, the polymerization solvent used in their

preparation. This judgement was based upon the elements 1 analyses and IR spectra

of the sample residues, taken before and after its occurrence, as well as on the

GC analyses of the trapped volatiles. However, the reasons for such behaviour

of the lower molecular weight PTABH samples, which to a significant extent

differs from that of the corresponding higher molecular weight homologue, do

not seem clear on the bases of these results only.

With exception of this diference, however, the important point which follows

from these investigations seems to be that even below the molecular weight critical

for the onset of entangled behaviour (Af« 7000"), or in order words, even in

what might be called the low molecular weight oligomeric state, PTABH homo-

logues behave just as their higher molecular weight polymer;. This finding seemi,

to confirm once again that high temperature stability is not a polymer property

which would depend upon the length of its macromolecular chains, but rather

upon its chemical structure in which all and every atomic group contribute by

its own thermal stability to the macroscopic property of the whole.

Finally, it has also been attempted to compare available literature data on

thermally induced cyclodehydration reaction of different PTABH samples because,

on initial inspection, these seemed to reveal more than just usual scattering of

experimental results. Before any further comments, however, it must be noted

that in doing this a serious risk was consciously accepced. It consisted of comparing

the results which were obtained by investigating polymer samples from different

sources and of different chemical and thermal histories. However, in spite of
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this, it was felt that above mentioned differences could not clearly and completely

account for such distinctive differences in the values obtaibed for particular charac

teristic parameters corresponding to the hydrazine cyclodehydration reaction by

different authors and that because of this it seemed worth-while to perform a

more detailed analysis of these data in order to try to get better understanding

of the situation which might hopefully lead to at least intuitive clues for further

considerations. Consequently, this part of the paper should be taken only as an

attempt to indicate some possibile structure-proprety relationships which might

be operating in these polymers but which necessarily need to be experimentally

proven before being accepted.

Keeping this in mind, the following results of the analysis described herein

could be selected. It seems that processing history does effect the properties of

PTABH samples duringi their cyclodehydration into the corresponding poly(amide-

-oxadiazoles) to a signifcant extent. This appears со follow from the distinctive

differences which were observed when their characteristic reaction temperatures

were compared. These comparisons showed that in the case of the samples isolated

by simple precipitation in a non-solvent the reaction was reported to begin at

about 70° lower temperatures than those required for the purpousely drawn fibres.

Such relatively large differences did not seem to be ea-iily and completely explicable

on the bases of different thermal histories of these samples only. Consequently,

it seemed plausible to attempt to relate them to the possible differences in contents

of folded and extended hydrazine bonds within the investigated samples, i.e. to

correlate this situation to that described earlier by Frazer and Sarasohn for the

polyhydrazide family.
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ИЗВ0Д

ПОТИУНО АРОМАТСКИ ПОЛИАМИД-ХИДРАЗИДИ. III. ТЕРМИЧКА СТАБИЛ-

HOCT И ПОНАШАНэЕ ПРИ ДЕГРАДАЦЩИ ПОЛИ [4-(ТЕРЕФТАЛОИЛАМИНО)

ХИДРАЗИДА БЕНЗОЕВЕ КИСЕЛИНЕ]

ПЕТАР Р. ДВОРНИЪ

Сектор за йолимерне машерщале, Институт за xejuujy, технологий

и металургщу, Добршьска 11, 11000 Београд

Испитана je термичка стабилност и понашан>с при деградации поли[4-(терефталоил-

амино)хидразида бензоспе киселине] РТАВН. КоришКена су три узорка различитих мо-

лекулских маса (Мш од 5000, 9000 и 26500) а испитивааа су вршена у атмосферама хели)ума,

азота и ваздуха применом термогравиметри)ске анализе и диференци)алне калориметри)е.

Сем у интервалу температуре од 150—280% у коме су узорцн маи,пх молекулских маса по

казали знача)ан губитак тежине на)вероватнн)е због ослобаЬа!ьа водоннчно везаног
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N, N-диметилацетамида, свн испитани узории су се мег)усобно слично понашали без обзира

на молекулске масе. Изгледа да ово указу)е да су структуралне градивне ^единице Koje

предодрег)у|у особине полимера на високим температурама н>ихове карактеристичне атомске

групе, као што су ароматска je3rpa и амидне везе код РТАВН, а 1 ,3,4-оксадиазолнн прстени,

ароматска ;езгра и амидне групе код PAODZ, а не неки дужи сегменти ланаца. Резултати

доби>ени за узорак велнке молекулске масе су упореЬени са одговарадуЬим резултатима

раните об)авл>еним у литератури. Пажл>ивим пореЬешем ових резултата могло се уочити

да се jaen>ajy неуобича^ено велике разлике измену по)'единих вредности доби)ених за ре-

aKirnjy циклодехидратаци)е хидразинских група, тако да се неке карактеристичне темпе

ратуре разлику)у мег)усобно и до 70—80°. Детальна анализа података об)авл>ених у прет-

ходним радовима и доби)ених у овом раду je довела до закгьучка да би уочене разлике

могле врло вероватно потицати од разлика у конформаш^ама хидразинских група Koje

су се могле створити у испитиваним узорцима и да, сагласно са неким рани^им резултатн.ча

саопштеним за полихидразиде, су оне могле настати због различитих предистори)а испи

тиваних узорака.

(Примл>ено 14. )>на 1984.)
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EleUroactive thyocholineiodide (SChT) formed by hydrolysis of butyryl-

thiocholineiodide (BuSChI) in borate buffer and in presence of the enzyme, butyro-

cholineesterase (BuChE), forms three peaks on a differential pulse polarogram,

d.p.p. Besides an iodide peak (I) at a rymmetry potential E9 = 0.050 V vs. SCE,

two and three SChI peaks appear respectivi ly at 1 x 10_1 and 1 x 10~3mol/dm3

BuSChI. At lower thiol concentrations, an adsorption pre-peak (IV) appears at more

negative potentials (& =— 0.400 V vs. SCE), while a peak in a positive pttntial

region (£s = 0,090 V vs. SCE) immediately following the iodide peak, is due to

the formation of a poorly soluble product of thiol with mercury ions and is similar in

shape (sharp and narrow) as the iodide peak ascribed to the formation of mercury

iodide oflow solubility. At higher thiol concentrations, i.e. at saturation of the pre-

-peak IV, apeak III appears at more positive potentials (£*= — 0.312 V,atpH = 7,

and —0.372 V, at pH = 8.5). Automatic recording of kinetic curves, »,, = f(-r),

during the enzymic reaction, by following the current change of the peaks I, III

and IV at the symmetry potential, E*, enables the observation of ester hydrolysis.

Slopes of linear parts of kinetic curves, at unchanged substrate concentration depend

on the present enzyme concentrations in the кact ion.

Hydrolysis of butyrylthiocholineiodide (BuSChI) in the presence of an

enzyme, butyrochelineesterase (BuChE), has been investigated by many authors,1-5

using colorimetric and spectrophotometric methods. Electrochemical methodr,

with exception of chronopotentiometry6-8 and classical polarography9, have not

been wider used to the best of the authors' knowledge.

In the present work, differential pulse polarography with a dropping mercury

electrode (DME) was used with the aim to follow the enzymic activity of BuSChI

hydrolysis in the presence of BuChE, according to the equation:

C3H7COS(CH2)2N(CH3)3l BuChE C3H7COOH + HS(CH2)N CH3I (1)

BuSChI H20 butyric SChI

acid

607
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EXPERIMENTAL

The electrochemical system PAR (Princeton Applied Research) Model 370 with a three-

-electrode cell adjusted for thermastating was used in the work. The cell also contained working

DME, counter Pt electrode and saturated calomel electrode (SCE) as a reference electrode.

The pH measurements were performed using a pH-meter Iskra Mod. MA5705 with a

glass electrode and reference SCE.

Ester, BuSChI, H3BO3 and NaOH were all Merck p. a. grade, and the enzyme BuChE

was prepared from horse serum.

Prior to each series of experiments, BuSChI stock solutions were prepared in 0.1 mol/dm3

borate buffer with adjusted pH value. Before injecting BuChE, dissolved in borate bufftr of

determined pH, a purified nitrogen current was passed for 10 min through the cell containing

BuSChI. Solutions were thermostated at different temperatures; optimum temperature for the

observed enzymic reaction used in the experiments, was 30 ± 0.2°C. The potential values are

given versus SCE.

D. c. polarograms of the buffer solution, 2 x 10~3 mol/dm3 BuSChI at

pH = 7.5, before and after contact with BuChE (x«r)* are shown in Fig. 1

Prior to the ester hydrolysis reaction (Fig. 1, curve 1) an iodide anodic wave I

is observed at £1/2 = 0. 100 V andathiol anodic wave IV, due to spontaneous de

composition of the ester, at £1,2 =—0.400 V. Four anodic waves are also observed

after termination of the enzymic reaction (Fig. 1, curve 4). Two of these waves,

not distinctly separated, in the further positive potential region, at £j /2 = 0. 100

and 0.080 V, belong to poorly soluble iodide (I) and thiolate (II) mercury compounds.

Waves III and IV, due to SChI, at £1/2 = -0.300V and £1/2 = -0.400V, respectively ,

are Brdicka's adsorption waves according to their characteristics (a normal wave

III and a pre-wave IV). These results were proven by analysis according to stand

ard criteria,10 and are in agreement with the behaviour of some thiols in redox

processes on mercury1114. The adsorption wave IV shows a maximum limiting

current value, ii, at the thiol concentration of * 5 x 10~4 mol/dm3 followed

by the appearance of wave III. Therefore, the dependence ii = f(Cmioi) for wave

IV is linear in the low concentration region (< 5 x 101 mol/dm3) i.e. the obtained

straight line begins at the coordinate origin. The wave height (III + IV) is a

linear function of the thiol concentration in the higher concentration region which

is in agreement with the adsorption currents in polarography.

RESULTS AND DISCUSSION

с 

Fig. 1. Anodic waves of 2 x 10~3 mol/dm3

BuSChI in borate buffer (pH = 7.5) in

absence (0) and in presence (1—4) of BuChE

in suicessivc time intervals during the

reaction.

* Kr= relative units
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The SChI and BuSChI waves, which appear on a d.c. polarogram (Fig.

1, curve 4) have corresponding peaks on differential pulse polarograms (d.p.p.

curves). Figures 2 and 3 show d.p.p. of buffer BuSChI solution, at pH = 8.5,

 

Fig. 2. (a) D.p.p. of 1 x 10-4mol/dm3

BuSChI in borate buffer (pH - 8.5) in

absence (0) and in presence (1—5) of 0.8

Mr/ml BuChE in successive 3 min intervals

during the reaction.

Fig. 3. (a) D.p.p. of 1 x 10~3mol/dm3

BuSChI in borate buffer (pH = 8.5) in

absence (0) and in presence (1—5) of 4 ttr/ml

BuChE in successive 3 min intervals during

the reaction.

recorded in absence (curve 0) and in presence (curves 1—5) of BuChE at successive

cime intervals from the beginning of the reaction. Two different BuSChI concen

tration?, 1 x 10~4 and 1 x 10-3mol/dm3 in buffer (pH = 8.5) were chosen in

order to obtain linear ir = f(Cthioi) dependences in both cases. The corresponding

enzyme concentrations were 0.8 and 8 wr/ml. Prior to BuSChI hydrolysis, two

peaks, i.e. an iodide peak (I) at E& = 0.100 V, and an adsorption pre-peak (IV),

due to SChI present as impurity, at Es = —0.400 V, are observed on a d. p. p.

(Fig. 2). A mercury thiolate peak II at Es= — 0.300 V, appears during hydrolysis

very soon after the appearance of the thiol, to remain unchanged in height and

followed by disappearance of wave I. However, peak IV increases at the beginning

of hydrolysis, to become constant in height simultaneously with the appearance

and further increase of peak III at £s=— 0.300 V.

The dependence of SChI Es peaks on pH was observed in 1 x 10_1 and

1 X 10~3 mol/dm3 BuSChI solutions in presence of 0.8 and 8 «r/ml BuChE,

respectively. Besides d. p. p. curves (Figs 4a and 5a) the peak III and IV current

change with time during the reaction is presented in Figs. 4b and 5b respectively.

The curves were recorded automatically by maintaining a constant electrode po

tential value, i.e. th- symmetry potential of the corresponding peak, EH. A more

considerable effect of pH on the potential value is observed only on the peak III,

whose Es value is shifted towards more negative potentials with increasing pH

(from -0.312 V at pH = 7 to -0.372 V at pH = 8.5). Undistinct separation

of the peaks II and III at pH < 7 is ascribed to this influence, making this pH

region unsuitable for further examination. The value of pH 7.5 is taken as optimum

since peaks II and III are fairly well separated and the kinetic tp = f(x) curves

show considerably faster hydrolysis. The peak II was omitted from further ob

servation for giving irregular kinetic curves.

As expected, the enzymic reaction rate, i.e. the linearity region of i'„ — f(x)

curves is affected by enzyme concentration in the reaction mixture.
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Kinetic curves and d. p. p. of 1 x 1 0-3 mol/dm3 BuSChI in presence

of 1 Иг/ml of enzyme in borate buffer, at pH = 7.5, are shown in Fig. 6. As it

can be seen by comparison with Fig. 8, the slope is even greater in presence ot

 

Fig. 4. (a) D. p. p. of ] x I0"4 mol/dm3

BuSChI at pH 7.5 prior to the reaction

(0) and after termination of enzymic reaction

with 0.4 Иг/ml BuChE at different pH borate

buffer; (b) Change of the adsorption peak

IV height during the enzymic reaction, for

determined pH values.

8 Mr/ml of enzyme in th~ reaction mixture. For this reason higher BuSChI con

centrations are more suitable at higher and lower concentrations at lower (<5 x

X 10~4 mol/dxi3) enzymic activities. As it can be seen in Fig. 7, in the latter case

\1 Ц.

Fig. 5. (a) D.p.p. of 1 x a lO"3 mol/dm3

BuSChI in borate buffer fter termination

of enzymic reaction with 8 Mr/ml BuChE,

at different pH values; h(b) Change of

the normal peak (III) height during the

enzymic reaction, for different pH values.
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kinetic curves can be followed by observing the iodide peak I besides peak IV

due to the disappearance of peak II. Fig. 7 shows d. p. p. curves for pure BuSChI

(curve 0) and in presence of 0.8 иг/т1 of enzyme (curves 1—6) recorded during

hydrolysis, as well as the ip = f(x) curve for the iodide peak I and thiol peak IV.

 
 

Fig. 6. (a) D.p.p. of 1 x 10"3 mol/dm3

BuSChI in borate buffer (pH = 7.5) in

absence (0) and in presence (1—8) of 1 ar/ml

BuChE in successive 3 min intervals during

reaction: (b) the corresponding kinetic curve

of the peaks III and IV.

Fig. 7. (a) D.p.p. of 1 x 10-4mol/dm3

BuSChI in borate buffer (pH = 7.5) in

absence (0) and in presence (1—6) of 0.8

Mr/ml BuChE in successive 3 min intervals

during reaction; (b) the corresponding kinetic

curves of the peaks I and IV.

D. p. p. curves of 1 x 10 3 mol/dm3 BuSChI in borate buffer, at pH = 7.5,

recorded in successive time intervals, in absence and in presence of enzyme are

shown in Fig. 8a, curves 0 and 1—9, respectively. The corresponding «p = f(x)

 

Fig. 8. (a) D.p.p. of 1 x 10~3 mol/dm3

BuSChI in borate buffer at pH = 7.5 (0)

and in presence of 8 Mr/ml BuChE (1—9),

recorded at successive 3 min intervals during

reaction fnd 16 h after reaction termination!

in presence of air oxygen (10). (b) the cor

responding kinetic curve of the peak III.

Fig. 9. D.p.p. of 1 x 10~3 mol/dm3 in boratet

buffer at pH = 7.5 after 16 hours of contacn

with air oxygen before reaction (0) and in

presence of 1 иг/т1 BuChE (1—6), recorded

at successive 3 min intervals during reactio.
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curves for peaks III and IV, are given in Figs 8b and 8a, curve 10, also includes

a d. p. p. for a solution aged for 16 h after termination of hydrolysis in an uncovered

vessel. Th;s polarogram shows an appearance of peak V, at somewhat more neg

ative potentials as compared to those of peak IV, most probably due to thiol

oxidation by air oxygen, to corresponding disulphide, which is also electroactive.

The effect of oxygen on BuSChI i.e., on the enzymic reaction after exposure of

the ester to air oxygen is also observed. Fig. 9 shows d. p. p. curves recorded at

successive time intervals during the reaction. As it can be seen, peak V, which

appears before the reaction, remains unchanged while peak III is only insignifi

cantly changed. This also indicates that the thiol, formed by spontaneous hydro

lysis of the ester is oxidized to corresponding disulphide while the fraction of

non-hydrolysed ester reacts with the present enzyme.

The liberated thiol increases the current of peak III, while peak IV, being

overlapped by peak V, cannot be folloved.

извод

ПРИМЕНА ДИФЕРЕНЦЩАЛНО-ПУЛСНЕ ПОЛАРОГРАФЩЕ НА ПРОУЧАВАНЬЕ

РЕАКЦЩЕ БУТИРИЛТИОХОЛИЩОДИД — БУТИРОХОЛИНЕСТЕРАЗА

ДРАГАН С. ВЕСБЛИНОВИЪ, ДЕСАНКА Ж. СУЖН,ЕВИЪ, НИКОЛА С. ВУКЕЛИЪ

Инсшишуш за физичку хемщу, Природно-машемашинки факулшеш, Универзишеш у Београду,

й.йр. 550, 11001 Београд

ДРАГОЛУБ Ж. ПАВЛОВИЪ и АЛЕКСАНДАР В. НИКОЛИЪ

Во]'ношехнички инсшишуш, Београд

Електроактиван тиохолшцодид (SChJ) настао у реакцией хидролизе бутирилтиохолин

)'одида (BuSChJ) у боратном пуферу посредством ензима бутирохолинестеразе да)е три

струена врха на диференци)ално-пулсном поларограму. Поред )одидног врха и на потен-

ци)алима симетри)'е £8 = — 0,05 V према ЗКЕ, при концентрацией BuSChJ 1 • Ю-4 mol/dms

jaBn>ajy се два, а при концентрации 1 ■ Ю-3 mol/dm3 три врха SChJ. Адсорпциони пре-врх

IV je на негативтфш потенци^алима (Z?s= —0,400 V према ЗКЕ) док je врх у позитивно]

области потенциала (Ея — 0,09 V према ЗКЕ), непосредно до )'одидног, последица фор-

миран>а слаборастворног продукта тиола са ;онима живе. Он има сличай облик (оштар

и узан) као )одидни, приписан ствараау слаборастворног меркури)'одида. При вишим

концентраци)ама тиола, када струна пи-ка IV достиже сатураци)у, на позитивни)ИМ потен-

щ^алима (£8=— 0,312 V на рН= 7 и —0,372 V на рН= 8,5) по)авл>у>е се врх III. Ауто-

матским бележен.ем кинетичких кривих :р = f (т) за време ензимске реакци^е, пракен>ем

промене CTpyja врхова I, III и IV на потенци^алима симетри)е Ee, Moryhe je следити ток

реакци^е хидролизе BuSChJ. Нагнби праволини^ских области кинетичких кривих, при

непромешено) концентрацищ естра, зависни су од концентраци)е присутног ензима у ре-

акционом систему.

(Примл>ено 6. ;ула 1984)
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The electrochemical behaviour of the butyrylthiocholineiodide-butyro-

cholineesterase (BuSChl-BuChE) system was investigated by cyclic voltammetry

(c.v.). Investigations were performed in borate buffer (pH = 7.5) with a stationary

Hg-electrode as a working electrode in a polarization potential region 0.3 to —0.8 V,

vs. SCE, at a potential change rate of 0.005 to 0.5 V s_1. Due to hydrolysis two pairs

of thiocholineiodide peaks, anodic and cathodic, are observed. The peaks at more

positive potentials most probably belong to a 1 : 1 poorly soluble mercury thiolate

while those at more negative potentials are asoribed to 1 : 2 thiolate. One couple

of peaks is ascribed to the electrode surface blocking process and the other to specific

adsorption of thiolate formed on a Hg-electrode. The basic parameters of electrode

kinetics of the observed processes were determined by analysing peak current

characteristics as a function of polarization rate. The processes are found to be

irreversible to a small extent, with a n» values 0.55 and 0.35 for the first and second

process, respectively. The corresponding rate constants ks for the heterogeneous

process are 7.5 x 10-4 and 1.5 x 10-8 s-1.

Hydrolysis of the ester butyrylthicholineiodide (BuSChI) in the presence

of the enzyme butyrocholineesterase (BuChE) results in the formation of butyric

acid and thiocholineiodide (SChT). The activity of the enzyme, or the kinetics

ofthe above reaction, can be followed by observing the change ofpH ofthe reacting

system, i.e. of butyric acid concentration, or that of liberated thiol.

This reaction has been studied by many authors1-6, most often by using

colour reactions and consequently also colorimetric and spectrophotometric

methods, which proved to be insufficiently sensitive for determination of reactant

concentrations. Better results are obtained by using electrochemical methods,

especially the chronopotentiometric method6-8 which also enabled the invention

of the enzymic electrode. Data are also available on utilization of d.c. polarography

for the study of reaction I9. However, other voltammetric methods, as well as

available electrochemical techniques have not been applied more widely.

615
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In the present work cyclic voltammetry (c.v.) was used for investigation

of the system BuSChI — BuChE in borate buffer (B.B.), utilizing the stationary

Hg-electrode as a working electrode.

EXPERIMENTAL

A Princeton Applied Research instrument, Model 331-1 for corrosion investigations and

an electrochemical system Model 337, were used in the work. Besides a working x 0.2-cm2 Hg

stationary electrode the electrolyticcell also contained a Pt counteranda reference saturated calomel

electrode (SCE); the pH was adjusted and measured by a pH meter Iskra Model MA 5705. The

chemicals used were: butyrylthiocholineiodide, H3BO3 and NaOH, all p.a. grade, Merck, and

butyrocholineesterase obtained from horse serum. All BuSChI and BuChE solutions were pre

pared in 0.1 mol/dm3 borate buffer, pH = 7.5, immediately before experiments, or previously

kept for some time in purified nitrogen atmosphere. Before each recording, purified nitrogen

was introduced into the solution for lOmin. All experiments were performed at 30 ± 0.5°C.

RESULTS AND DISCUSSION

In the mercury anodic dissolution potential region thiocholineiodide (SChI),

liberated in the hydrolysis reaction10 shows several limiting regions, i.e. currenc

plateaus on a d.c. polarogram and several current peaks on a differential pulse

polarogram (d.p.p.)10. Besides the iodide anodic wave, due to undecomposed

ester three more anodic waves, due to SChI formed in the same reaction10, are

also observed. Analogous with some thiols, such as thioglycolic acid11, two waves

in the negative potential region would correspond to Brdicka's adsorption waves

(prewave and normal wave) which are due to the formation of 1 : 2 mercury thiolate

at negative potentials. The third thiol wave in the positive potential region is attri

buted to formation of a poorly soluble 1 : 1 mercury thiolate which remains on

the electrode surface causing film blockage effects11.

The cyclic voltammetry method was applied to the system BuSChI — BuChE

in a polarographic wave potential region of 0.3 to —0.8 V and at a voltage sweep

rate from 0.005 to 0.5 V s-1. Fig. 1 shows c.v. curves of undecomposed BuSChI

(curve 1) and of the same compound hydrolysed in presence of 4 r.u.* of enzyme

(curve 2). In the cathodic current region of undecomposed ester (Fig. 1, curve

2) one wider, assymetric peak, cm, due to thiol, is observed. Under certain ex

perimental conditions, this peak is composed of the basic peak and of one smaller

fraction, a post-peak, which appears at more negative potentials. In the anodic

current region the peak am corresponds to the peak cm. Having in mind the

fact that, depending on the adsorbed form of the depolarizer, oxidized or reduced,

adsorption in a redox system is followed by appearance of either a pre-peak or

a post-peak, besides one basic peak, cm and am (Fig. 1, curve 2) are ascribed

to adsorption. Besides these two peaks, one very sharp and narrow cathodic peak,

сц, also due to the thiol, is observed on a c.v. curve, at —0.3 V (Fig. 1, curve

2). This peak is very close to the iodide peak, Ci, well formed in the presence of

undecomposed ester (Fig. 1, curve I). At the end of BuSChI hydrolysis, the iodide

peak dissapears leaving an inflection, at —0.2 V which precedes the sharp thiol

peak (Fig. 1, curve 2). In the anodic current region a peak an, at —0.12 V, di-

* r.u. = relative unit
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rectly followed by a rounded iodide peak at more positive potentials, corresponds

to the sharp thiol peak, сц. Under determined experimental conditions the iodide

peak merges with an into one new, wider, rounded peak. The shape of сц, whose

 

♦OJV

Fig. 1. BuSChI cyclovoltammetric curves,

(1) in presence and (2) in absence of 4

ur. ml-1 BuChE in borate buffer; pH = 7.5,

v = 0.05 V v'i (0) supporting electrolyte

 

Fig. 2. C.v. curves of hydrolysed BuSChI

at different polarization rates, v, under the

same conditions as in Fig. 1.

formation during oxidation is diffusion-controlled, is characteristic for electrode

processes followed by the blockage of the electrode surface by products of low

solubility. Passing through a maximum, the peak current suddenly drops to the

current level of the basic electrolyte, as seen on the c.v. curve (Fig. 1, curve 2)

Characteristics of c.v. curves are observed as a function of the polarization voltage

change rate, v. Fig. 2 shows a series of curves recorded after termination of ester

hydrolysis for the 1 x 10-3 mol/dm3 BuSChI solution in presence of 4 r.u./ml

BuChE. The logari hm of peak current, logi'p, as a function of logv (Fig. 3) tor

-Ep/V
 

02

06

4 logV

Fig. 3. logi'p = f (logv) using the values

given in Fig. 2.

Fig. 4. Ev as a function of v, using the

data given in Fig. 2.

cm and am shows a linear dependence with an almost theoretical slope (0.5)

at lower polarization rates, a*v1 almost constant peak currents at higher v values.

This also means that at lower polarization voltage change rates adsorption in the
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redox system is controlled by slow diffusion while at higher rates the electrode

kinetics is controlled by adsorption. The change 01 log z'p = f (log v) is linear tor

both peaks, an and сц, with а я» 0.5 for the former and almost half that mag

nitude for the latter peak (Fig. 3).

The change of peak potentials, Ep, as a function of log v (Fig. 4) points to

a slight irreversibility of the electrode processes in the observed system. Products

of а яа, obtained experimentally from Ev values by changing v for one order of

magnitude according to the equation12

£p/2(2j— -Ер/го» = (0.0128/аиа) ln(v2/vi) (1)

where £p/2(i> and Яр/г(2) are the corresponding half peak potentials at respective

polarization rates vi and v2, are: 0.55 and 0.35 for the processes resulting in the

peaks сц and cm, respectively. Similar values are obtained by analysing the

corresponding anodic processes.

Graphical presentation of the corresponding anodic and cathodic peak current

ratios as a function of the polarization rate (Fig. 5) gives a straight line parallel

to the ж-axis for both pairs of peaks, II and III, whereby the quotient гл : t'c = 1

for the latter, and only half that value for the former pair. The dependence of

the cyclovoltammetric constant ip/v1/2onv (Fig. 6) shows deviations for the peak

r

0.1 ol T/Vs-1

018

0.12

0C6

001
~Й vvr1

Fig. 5. Ratios of peak-current values as Fig. 6. C.v. constant as a function of the

a function of polarization rate, using the polarization rate, using the data given in

data of Fig. 2. Fig. 2.

с 1 1, for which a straight line with a negative slope is obtained. The ratio г'р/v1^ as

a function of v for the pair Щ is constant at lower but shows deviation at higher

a values. As it should be expected, the behaviour ot the pair II is considerably

vffected by the iodide peak, especially in the cathodic current region where it

appears as an inflection immediately preceding the sharp peak of thiol the height

or which is thererore calculated with considerable error. The pair III corresponds

to diffusion-controlled processes only at lower polarization rates, which is in agree

ment with the analysed dependence log i'p = f (log v), (Fig. 2). The value for

the heterogeneous rate constant, kB is determined from the potential differences

between corresponding cathodic and anodic peaks, AEP, at a determined polari

zation rate using the equation13

Фе = Y"*»/(e D)1'2 with a = nFjRT (2)

where ye is a kinetic parameter, у the ratio oi diffusion coefficients or oxidized

and reduced forms, ka the rate constant oi the heterogeneous process, while all

other magnitudes have their usual meaning. For this purpose the function n Д£р =
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= фе was first graphically presented using table data13, and then фе was calculated

for the investigated process assuming participation of 2e. The heterogeneous

rate constants, leading to the appearance of the peak pairs: II — kt = 7.5 x lO^s-1

and III — kB= 1.5 x 10_3s_1, were obtained by introducing the value for ka into

eq. (2) assuming that у = 1 and D = 10-5 cm s_J, and using <хяа values deter

mined earlier.

извод

ЦИКЛОВОЛТАМЕТРЩСКО ПОНАШАНэЕ СИСТЕМА БУТИРИЛТИОХОЛИЩОДИД

— БУТИРОХОЛИНЕСТЕРАЗА НА ЖИВИНС-J ЕЛЕКТРОДИ

ДЕСАНКА Ж. СУЖНэЕВИЪ, ДРАГАН С. ВЕСЕЛИНОВИЪ, НИКОЛА С. ВУКЕЛИЪ

Инсшишуш за физичку хемщу, Природно-машемашички факулшеш, Универзишеш у Београду,

й.йр. 550, 11001 Београд

ДРАГОЛ>УВ Ж. ПАВЛОВИЧ и АЛЕКСАНДАР В. НИКОЛИЪ

Во)ношехнички инсшишуш, Београд

Испитано je електрохем^ско понашан>е система бутирилтиохолтцодид (BuSChJ)

— бутирохолинестераза (BuChE) методом цикличне волтаметри)'е. Испитиван>а су вршена

са стационарном Hg-електродом, као радном, из боратног пуфера рН= 7,5 у области по

тенциала поларизашпе 0,3 до —0,8 V према ЗКЕ и брзинама н>егове промене 50 до 500

mV е-1. Применена je nojaea два пара (энодни-катодни) врхова насталог тиохолина у про-

цесу хидролизе од Kojux пар на позитивни^им потенци)алима потиче од rpaljejba слабо-

растворног меркуритиолата састава, на)вероватни)е, 1:1, док пар на негативни)им потен-

ци)алима потиче од 1 :2 меркуритиолата. Први потиче од блокирала електродне површине

слаборастворним тиолатом, а други од специфичне адсорпци)е награ1)еног тиолата на Hg-

-електроди. Из анализе карактеристика eipyjirax врхова, доби)ених при различитим бр

зинама поларизаци)'е, одре^ени су основни параметри електродне кинетике посматраних

процеса. Установлено je да су они слабо иреверсибилни и да оша износи 0,55 за први и
0,35 за други процес, a oflroBapajyhe константе брзине хетерогеног процеса ks износе 7,5 ■ 10~4

и 1,5 • 10-is-1.

(Примл>ено 6. )ула 1984)
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Coulometric generation of hydrogen ions by the oxidation of some dihydric

and trihydric phenols in waterless acetonitrile and acetic acid — acetic anhydride

(1:6) was examined. Current-voltage curves for the supporting electrolyte, indicator,

titrated bases and depolarizers show that the depolarizers studied are oxidized

at potentials much more negative than those of titrated bases and other substances

present in the solution. Hydrogen ions generated by the oxidation of these depo

larizers were used for titration of potassium hydrogenphthalate and sodium acetate

in acetic acid — acetic anhydride (1 : 6) as well as for the determination of butyl-

amine, 2,4,6-collidine and triethylamine in acetonitrile with visual and photometric

end-point detection. The oxidation of hydroxyhydroquinone, pyrocatechol, pyro-

gallol, 2,3,4-trihydroxybenzoic acid and galilc acid, respectively, was found to proceed

with 100% current efficiency.

Macher and Anson1-3 were the first who applied an acetic acid — acetic

anhydride mixture for coulometric determination of bases in nonaqueous media.

These authors attempted the application of a mercury anode2,3 believing that

mercury(I) ions formed by the oxidation of mercury will react with acetic acid

to give hydrogen ions. However, in a study on the electrochemical oxidation of

mercury, Durand and Tremillon4 concluded that in acetic acid — acetic anhydride

mercury is quantitatively oxidized to mercury(I) ions, but that these ions do not

react with acetic acid. Thus, in this solvent mixture hydrogen ions cannot be

generated with a mercury anode.

For the coulometric determination of aliphatic and aromatic amines in

nonaqueous media Streuli applied acetonitrile as solvent, and generated hydrogen

ions by the oxidation of water which was added to the solution in the form of

LiC104. ЗН2О 5. The results obtained were for 10% lower than the theoretical

ones due to the oxidation of amines with oxygen, liberated at the anode. To avoid

this effect Hanselman and Streuli added hydroquinone as the antioxidant6.

In order to obtain waterless perchloric acid in acetonitrile as titrant for the

determination of amines, Vedell and Tremillon7 investigated the oxidation of

* Address for correspondence: Institute of Chemistry, Faculty of Science, University

of Belgrade, P.O.Box 550, YU-11001 Belgrade, Yugoslavia
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acetonitrile with a platinum electrode and found thit it takes place at a very high

potential (2.4 V); since aliphatic and aromatic amines are oxidized at potentials

which are much more negative thin that of acetonitrile, this procedure cannot

be applied for coulometric determination of organic bases. On the other hand,

the solution of perchloric acid in acetonitrile, obtained by the oxidation of actto-

nitrile, cannot be applied as titrant since perchloric acid in acetonitrile may form

a basic cyclic dimer8 or may decompose to CI2O7 and water, on standing9.

All the difficulties connected wkh titrimetric and coulometric determi

nations of bases in nonaqueous media may be overcome by using the procedure

given by Vajgand et a/.10-18 which involves the generation of hydrogen ions by

the oxidation of some anode depolarizers at a platinum anode. On the basis of

these papers we have assumed that isomeric ortho and para polyhydric phenols

may be also used as anodic depolarizers i.e. as sources of hydrogen ions. In this

work we have investigated the generation of hydrogen ions at a platinum anode

by oxidation of pyrocatechol, pyrogallol, hydroxyhydroquinone, 2,3,4-trihydroxy-

benzoic acid and gallic acid, respectively, in waterless acetonitrile and acetic acid

— acetic anhydride (1 : 6).

EXPERIMENTAL

Reagents

All the chemical used were of analytical reagent-grade (Merck and Fluka). Before use,

acetonitrile was purified as described by Kreshkov et a/. 19 Acetic acid and acetic ar hydride were

not purified but only redistilled, fractions boiling at 116° and 138°C, respectively, being collected.

Liquid bases (but> lamine, triethylamine and collidine) were first dried over fused po

tassium hydroxide and then redistilled under reduced pressure.

Sodium acetate solution was prepared by introducing directly into a volumetric flask

a weighed amount of sodium carbonate (obtained by heating sodium hydrogen carbonate at 270°),

dissolving it in a little acetic acid and diluting the solution to the mark with acetic acid — acetic

anhydride mixture. The potassium hydrogen phthalate solution was obtained by weighing the

base directly in a volumetric flask and adding the solvent mixture to the mark.

The concentration of organic bases in solution thus obtained was checked by titration

of hydrogen ions generated in the oxidation of hydroquinone10.

By means of a microburette having a Teflon tap, 0.6 to 1 cm3 of investigated solutions

was measured for the titration.

The supporting electrolyte was 0.2mol/dm3 sodium perchlorate in waterless acetonitrile

or in acetic acid — acetic anhydride (1 : 6).

Titration end-points were detected by the use of either a 0.1 % solution of malachite greeo

in acetic acid — acetic anhydride or a 0.1% solution of crystal violet in acetonitrile.

Apparatus

The apparatus used for the coulometric titrations of bases consisted of a current source,

an electrolytic cell, a Lange colorimeter and a pen recorder (Fig. 1). The current source was a

voltage-current stabilizer (Vinca, Belgrade) and the current in the generator circuit was measured

with a precise milliammeter (Iskra, Kranj). The electrolytic ctll was U-shaped and the anolyte

was separated from the catholyte by a sintered glass G-4 disk. The volume of the anolyte was

2—3 cm3 and that of the catholyte about 10 cm3 (Fig. 1A), or the volumes of the anolyte and

the catholyte were 20 and 25 cm3, respectively (Fig. IB).

Platinum electrodes of a surface area of about 300 mm2 each, were used. During the

electrolysis the solution was stirred vigorously with a magnetic stirrer. The titration end-points

were detected either visually or with a Lange differential colorimeter (Model VI). Changes in

the photocurrent intensity during the electrolysis were recorded by a chart recorder (Radelkis,

Type OH- 102).
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Procedure for visual end-point detection. The anode and the cathode compartments of the electro

lytic cell are filled with the supporting electrolyte to the same level. To the anolyte are added

about 100 mg of the investigated depolarizer, 1—2 drops of the indicator and a small amount

of the base to be determined. Platinum electrodes are dipped into the electrolytic chambres, th

magnetic stirrer is started and the current is switched on. When the colour of the indicator i

changed, the current is switched off. To the anode compartment a known amount of the bas-

to be determined is added and after simultaneous switching on of the current and the chrono

meter, the electrolysis is continued until the same change of the indicator colour is obtained

Procedure for photometric end-point detection. The supporting electrolyte is poured into the elec

trolytic compartments (Fig. IB) up to the same level, and to the anolyte are added 100 mg of

the investigated depolarizer, 2 — 3 drops of the indicator and a small amount of the base to be

determined. The anode compartment is placed in front of one photocell and in front of the other

photocell a cuvette with the supporting electrolyte containing one drop of the indicator is placed.

The platinum electrodes are dipped into the electrolyte chambers and the magnetic stirrer is

started. The recorder pen is zeroed by widening the colorimeter slit and the current is switched

on. When the base added has reacted with generated hydrogen ions, the indicator colour changes,

and so does the photocurrent. The electrolysis is interrupted at the maximum change of the

photocurrent. Then, a weighed amount (about 4 x 10~5mol) of the base under test is added

to the anolyte and the titration is allowed to proceed to the same photocurrent. Several samples

can be titrated in the same supporting electrolyte.

The amount of the tested base in the titrated solution is calculated from the quantity of

electricity consumed, whereas the current efficiency is obtained from the amount of the base

taken and that found in the coulometric titration.

In the general case, in order to be applied as a source of hydrogen ions, a

compound should satisfy the following requirements:

1. Its oxidation potential must be more negative than that of the solvent,

the indicator and the titrated base used, respectively, and

2. The oxidation must proceed rapidly and with 100% current efficiency.

Since the oxidation potentials of investigated depolarizers in acetonitrile

and acetic acid — acetic anhydride, respectively, have not be reported so far, we

have recorded the current-voltage curves of these compounds in the corresponding

solvents as well as those oftitrated bases, indicators and solvents used. The current-

-voltage curves were recorded under the same experimental conditions as those

applied in coulometric titrations (Fig. 2 and 3). It is seen that all the depolarizers

 

Fig. 1. Schematic diagram of

the apparatus for coulometric

titration of bases with (A)

visual end-point detection, and

(B) photometric end-point de

tection. /. current stibilizer;

2. electrolytic cell; 3. Pt cathode

4. Pt anode; 5. pen recorder;

Se — selenium photocell.

RESULTS AND DISCUSSION
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studied are oxidized at potentials much more negative than those of the titrated

bases, indicators and solvents used; thus, the first condition for the application

of a compound as a source of hydrogen ions is satisfied.

7 6 54

8 76? i 32 1

321
 

 

w V/Hg2(CH3COO>2

Fig. 2. Change of the anode potential

with current density in 0.2 mol/dm3 sodium

perchlorate in acetic acid — acetic an

hydride (1 :6): J. solvent; 2. malachite

green; 3. sodium acetate; 4. gallic acid;

5. pyrocatechol; 6. hydroxyhydroquinone;

7. pyrogallol; 8. 2,3,4-trihydroxybenzoic

acid.

V/SCE

Fig. 3. Change of anode potential with

current density in 0.2 mol/dm3 sodium

perchlorate in waterless acetonitrile: /.

solvent; 2. crystal violet; 3. collidine; 4.

pyrocatechol; 5. gallic acid; 6. pyrogallol;

7. hydroxyhydroquinone.

From Figs 2 and 3 it is also seen that the potential of the investigated phenol

depends upon the relative position of the hydroxyl groups as well as upon the

position of other groups present. It is evident that in acetontrile and acetic acid

—acetic anhydride, these elects are the same as in water but shifted by about

300 mV towards more positive values. The oxidation of these depolarizers pro

ceeds with the formation of the corresponding quinones whereby an equivalent

amourt of hydrogen ions is generated.

In order to establish whether the oxidation of these depolarizers is rapid

and quantitative, sodium acetate and potassium hydrogenphalate in acetic acid

—a etic anxxdride, and butylamine, triethylamin~, and 2,4, 6-colli dine in ace

tonitrile, were titrated with hydrogen ions generated by the oxidation of these

depolarizers.

The oxidation of the investigated depolarizers gives rise to pale yellow

quinones, the colour of which does not interfere with the end-point detection.

When calculating the current quantity required for the attainment of the

titration end-point, correction was made for the current cunsumed for the neutral

ization of the solvent in which the base was dissolved.

The results obtained in the determination of sodium acetate and potassium

hydrogenphthalate in acetic acid — acetic anhydride, and of 2,4,6-collidine, butyl

amine and trieth} lamine in waterless acetonitrile, are given in Table I. These

data show that the current efficiency is 100%, whereby the second requirement

for the application of a compound as a source of hydrogen ions is satisfied, as

■vwell. On this basis it might be concluded that hydroxyhydroquinone, pyrogallol,
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pyrocatechol, gallic acid and 2,3,4-trihydroxybenzoic acid can be applied successfully

as depolarizers and sources of hydrogen ions in coulometric determination of

bases in waterless acetonitrile and acetic acid — acecetic anhydride. и

TABLE I. Coulometric titration of bases with hydrogen ions generated by the oxidation of dy-

hydric and trihydric phenols. 1 = 9 mA

Number

of deter

minations

Current

efficiencyDepolarizer Solvent Titrated base

/0

Pyrogallol СНзСООН-(СНзСО)аО potassium hydrogen- 9 99.8±0.5

phthalate

СНзСООН-(СНзСО)гО sodium acetate 10 100.1 ±0.3

CHsCN butylamine 9 99.9±0.3

CH3CN triethylamine 7 99.9 ±0.4

CH3CN collidine 6 100.1 ±0.3

Pyrocatechol СНзСООН-(СНзСО)20 potassium hydrogen-

phthalate 13 100.0±0.3

СНзСООН-(СНзСО)гО sodium acetate 6 99.9±0.6

СНзСЫ butylamine 6 100.0±0.4

CHsCN triethylamine 7 100.0±0.6

2,3,4-Trihydr - СНзСООН-(СН3СО)»0 potassium hydrogen-

oxybenzoic acid phthalate 16 100.2±0.4

СНзСООН-(СНзСО)аО sodium acetate 8 100.0±0.4

CH3CN collidine 6 99.9±0.4

CH3CN butylamine 6 100.0±0.5

- CH3CN triethylamine S 100.0±0.3

Gallic acid СН3СООН-(СИзСО)аО potassium hydrogen-

phthalate 7 100.0±0.3

СНзСООН-(СНзСО)гО sodium acetate 6 99.9 ±0.4

CHsCN collidine 4 100.1 ±0.2

Hydroxyhy-

CH3CN triethylamine 5 99.8±0.3

droquinone СНэСООН-(СНзСО)20 potassium hydrogen- 6 99.9 ±0.2

phthalate

ИЗВОД

КУЛОМЕТРИ1СКО ГЕНЕРИСАН>Е ВОДОНИКОВИХ JOHOBA АНОДНОМ ОКСИ-

ДАЦЩОМ ДВО- И ТРОХИДРОКСИЛНИХ ФЕНОЛА У АЦЕТОНИТРИЛУ И У

СМЕСИ СИРЪЕТНЕ КИСЕЛИНЕ И АНХИДРИДА СИРЪЕТНЕ КИСЕЛИНЕ

ВИЛИМ J. ВА1ГАНД, РАНЪЕЛ П. МИХАДЛОВИЪ и MHPJAHA С. МАНЕТОВИЪ

Хемщски инсшишуш Природно-машемашичког факулшеша Универзишеша у Београду, Хе-

MujcKu инсшишуш Природно-машемашичког факулшеша Универзишеша у Kpatyjeeuy и Хе

мщски инсшишуш Природно-машемашичког факулшеша Универзишеша у Пришшини

Испитивано je кулометри)ско генерисаке водоникових ;онова оксидаци)ом неких

дво- и трохидроксилних фенола у безводном ацетонитрилу и смеси сирКетне киселиве

и анхидрида сирЬетне киселюге (1 :6). Снимльене су /—V криве основног електролита,

индикатора, титрованих база и анодних деполаризатора на основу чега je заюьучено да

се ислитивани деполаризатори OKcnjryjy на много негативни^им потенци)алима него испк-

тива] е базе и друге супстанце додате раствору. Водоникови johh генерисани помоЬу де



626 VAJGAND, М1НА)ЬО\'1Й and MANETOVIC

поляризатора употребл>ени су за кулометри)ску титраци)у кали)ум-дихидрогенфталата и

натри)ум-ацетата у смеси сирКетне киселине и анхидрида сирЬетне киселине (1 :6) као и

за одрег)ива!ье бутиламина, 2,4,6-колиднна и триетиламина у ацетонитрилу при чему je

завршна тачка титраци)'е одреЬивана визуелним или фотометри)ским путем. Оксидаци)а

хидроксихидрохинона, пирокатехола, пирогалола, 2,3,4-трихидроксибензоеве киселине и

галне киселине врши се са 100% искоришп&ьем cipyje.

(Примл>ено 6. )ула 1984)
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Thermometric acid-base and redox titrations with coulometric generation of

titrant are described. The change in temperature during the titration is followed

by a differential technique with two thermistors connected in opposition in a Wheat-

stone bridge. The micromole amounts of sulphuric, citric and boric acids, triethan-

olamine, pyridine, antimony(III), ascorbic acid and iron(II) were determined.

The relative error of determination was less than 1.3%.

Recently, we have developed a method for coulometric thermometric ti

trations of halides in molten calcium nitrate tetrahydrate with generated silver

ions1. The temperature changes were monitored by a differential technique using

two thermistors placed in both cathodic and anodic cell compartments and con

nected in opposition in a Wheatstone bridge. In that way, the heat effect due to

current passage was eliminated.

The objective of the present work is to demonstrate that the above method

can be aUo applied to other reactions in aqueous solutions. This wf s demonstrated

by titrations of strong and weak a:ids and bases (sulphuric acid, boric acid, citric

acid, pyridine and triethanolamine), as well as of the reductants (antimony(III),

iron(II) and ascorbic acid). Although thjrmometric titrations of the most of these

substances can be carried out by volumetric addition of the titrant2-4, the combi

nation of thsrmo.Tiitric titration with a coulometric generation of the titrating

reagent is advantageous since it allows determination of smaller amounts of the

substances. Besides, in this way the need is eliminated for preparation and stand

ardization of the titrant solution and undesired effects such as the change of

heat capacity of the system due to the volume increase, temperacure difference

between the titrand and titrant, heat of dilution and of mixing etc. Some of thest

effects can be also eliminated in the volumetric method by employing a differential

indication, but it would require a parallel titration with two burettes. In coulo

metric titration the heat capacity remains practically constant and other effects

are eliminated by differential indication.

627
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EXPERIMENTAL

All reagents were reagent grade. Stock solutions of acids and bases, and of ferrous am

monium sulphate were prepared by dissolving the appropriate amounts of substances in deion-

ized water. The solutions of sulphuric, boric and citric acids were standardized by potentio-

metric titration with standard sodium hydroxide solution. Triethanolamine and pyridine solutions

were standardized as follows. To 10 cm3 of the aqueous base solution an excess (with respect

to the water present in it) of acetic anhydride was added and allowed to react with the water for

several days. The solutions were then filled up to 100 cm3 with glacial acetic acid and the aliqucts

were titrated potentiometrically with a standard perchloric acid solution in glacial acetic acid.

The solution of ferrous ammonium sulphate was standardized by potentiometric titration with

standard permnginate solution. The solution of antimony(III) sulphate was prepared by dis

solving the appropriate amount of metallic antimony as a primary standard in concentrated sul

phuric acid and filling up to the desired volume with 1 : 1 sulphuric acid. Stock solutions of

ascorbic acid were prepared daily by dissolving the weighed amount of ascorbic acid, as a primary

standard, in deionized water.

The ,,H" type cell for coulometric thermometric titration was made of Pyrex glas« and

consisted of the cithodic and anodic compartment, separated by a porosity-4 sintered-glass disc.

Both compartments were closed by rubber bungs with suitable holes for thermistors and elec

trodes. The cell was placed in a glass beaker with the inside wall covered with aluminium foil

and the bottom with a 0.5 cm thick polystyrene plate. The beaker was closed with another poly

styrene plate with two suitable holes for inserting the electrodes and thermistors. The solution

in the cell was stirred by a magnetic stirrer.

The generator and counter electrode consisted of two helically wound platinum wires

with an effective surface area of about 3 cm2 each. As a constant current source served a Metrohm-

-Herisau type E coulostat. The temperature-monitoring system consisted of two thermistors

(GM 103, ITT), coupled in a Wheatstone bridge and a Goerz-Electro, type Servogor SRE 51 1

recorder. The thermistors were connected in opposition, one of them being placed in the anodic,

the other one in the cithodic cell compartment. They had a resistance of 10 Ш at 25 and dis

sipation constant of 0.7 mV/deg. The e.m.f. for the Wheatstone bridge was supplied from a 2.6 V

battery. The thermistor yielded a temperature response of 0.09 K/mV and the full scale deflection

on the recorder was 2 mV. The apparatus for coulometric titration and the circuit diagram have

been described in our previous work1.

Procedure. To both cell compartments the appropriate supporting electrolyte solution

was added to the same level. Then, to the wo-king compartment, containing about 17 cm3 of

the solution, 50 to 200 ,u.l of the stock solution was added by means of a calibrated micropipette.

The final solute concentration was 9 x 10_1 to 4 x 10~3 mol dm-3. Afterwards, the electrodes

and the thermistors were placed in both cell compartments, and, after temperature equilibration

the titration and temperature change recording were started. The titration rate was 0.1 or 0.05

[xmol/s, and the current density about 4.5 mA/cm2. The chart speed was lOmm/min.

RESULTS AND DISCUSSION

Titration of acids

Tht possibility of acid determination was demonstrated by titration of the

strong sulphuric a:id, weak tribasic citric acid and the very weak boric acid. Tbe

titration curves for these acids are presented in Fig. 1.

In the titration of sulphuric acid the supporting electrolyte was a 1 mol

dm^3 KC1 solution and titrated amounts of the acid were about 15 u.mol. As it

can be seen from Fig. 1, both the beginning and the end point are marked with

a sharp break on the titration curve. Thin allows a precise determination of the

amount of electricity required for neutralization, in mo.it cases even without extrap

olation.
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Titration of citric acid, which in aqueous solutions behaves as a tribasic one

(pKai — 3.06, рХаг = 4.7, pKea = 5.4), gave a titration curve with only one break,

corresponding to the third equivalence point. The break is not as sharp as in the

 

Fig. 1. Coulometric thermometric

titration curves: 1, 40.0 |лто1 of

iron(II); 2, 17.1 цто1 of anti-

топу(Ш); 3, 28.9 цто1 of ascorbic

acid; 4, 15.4 цто1 of sulphuric

acid; 5, 30.3 [imol of boric acid

(in presence of mannitol); 6, 15.3

ixmol of citric acid; 7, 55.5 (лто1

of pyridine; 8, 44.9 (лто1 of triet

hanolamine.

case of sulphuric acid, but it still enables a relatively precise location of the end

point by means of extrapolation of the straight parts of the titration curve.

The very weak boric acid is a typical example of a weak acid which cannot

be titrated with a strong base by using visual indicators or potentiometric method

for the end point detection, but in thermometric titrations it behaves as a mono-

protic strong acid, its heat of neutralization being almost as large as that for a

strong acid.

It is known that the addition of mannitol increases the strength of boric

acid, improving thus the end point location. The boric acid titrations were carried

out in 1 mol dm-3 KC1 solution as the supporcing electrolyte, both in the presence

(about 0.05 g/cm3) and in the absence of mannitol. In the presence of mannitol

the slope on the enthalpogram is steeper and the break at the end point sharper,

as it could be expected. However, even in the absence of mannitol the obtained

titration curve had two marked breaks at the beginning and at the end point. The

titration curve obtained for 30.3 fxmol of boric acid in the presence of mannitol,

shown in Fig. 1, is comparable with the curve for 15.4 [xmol of sulphuric acid.

As it can be seen, the two curves are very similar, the slope of that for boric acid

being slightly lower and titration end point somewhat less sharp.

The shape of a coulometric thermometric titration curve can be also in

fluenced (due to heating caused by current passage, electromigration, etc.) by

the nature of the supporting eleccrolyte. In view of this a series of determinations

of boric acid in the presence of both KC1 and NaCl of the same concentration

(I mol/dm3) was carried out. The slope on the titration curve in the latter cafe

was lower and the break at the end point less sharp compared to the correspond
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ing curve obtained in th/з presence of KC1. Hence, the results obtained in the

presence of NaCl were less precise (Table I). The same was noticed in the cast

of titration of sulphuric acid.

TABLE I. Results of determination

Substance titrated Composition of No. of Taken Found Relative Relative

the electrolyte titns. Tjmol
■»)mol error, % std.dev. %

Sulphuric acid 1 mol dm"3 KC1 8 15.4 15.2 -1.3 1.2

Citric acid 6 15.3 15.1 -1.3 1.4

Boric acid 1 mo! dm-8 KCI + mannitol 6 30.3 30.5 + 0.7 1.5

я 6 52.9 52.9 0.0 0.9

1 mol dm-3 KCI

ЗУ S 75.6 75.4 -0.3 0.7

8 52.9 52.4 -0.9 1.8

1 mol dm-3 NaCl + mannitol 6 52.9 53.4 + 0.9 1.7

Pyridine 0.1 moldm-3Na2S04 10 55.5 55.4 -0.2 2.S

Triethanolamine 6 44.9 45.3 + 0.9 0.4

Antimony(in) 2 mol dm"3 HC1 6 17.1 17.1 0.0 0.6

0.2 mol dm-3 KBr

Ascorbic acid 0.1 omldm-3 KBr

0.6 mol dm-3 NaCl 6 29.0 28.9 0.3 0.4

0.01 mol dm-3 HC1

Iron(II) 0.02 mol dm"3 CuS04 7 40.0 40.0 0.0 1.0

2 mol dm-3 HC1

On the basis of Table I it can be concluded that all three acids can be de

termined with a relative standard deviation below 1.8%. The relative error did

not exceed 1.3%.

Titration of bases

As the examples of these titrations two weak bases were chosen, viz., tri

ethanolamine (рКь = 6.23) and pyridine (рКь = 8.8). As the supporting electrolyte

served a 0.1 mol dm-3 solution of Na2S04. The corresponding titration curves

are presented in Fig. 1. It is evident that the end point for triethanolamine can

be easily determined since it is marked by a sharp break, while in the case of ti

tration of pyridine, as a weaker base, ih° titration curve in the vicinity of the end

point is rather rounded. The relative standard deviation for triethanolamine de

termination is 0.4%, while the relative error was 0.9%. The pyridine determi

nation was less reproducible but the relative standard deviation did not exceed

2.5%. It should be noted that the low relative error of —0.2% in this case is prob

ably accidental, since the corresponding standard deviation was rather high.

Redox titrations

The reaction heats of redox processes are, as a rule, large; hence these reac

tions are suitable tor thermometric titration^. As the examples of coulometric

thermomerric titrations we present here oxidation of antimopy(III), of ascorbic

acid and of iron(II). The corresponding titration curves are presented in Fig. 1.

Thi supporting electrolyte in titration of antimony(III) was a solution of

2 mol dm"3 HC1 and 0.2 mol dm-3 KBr, as propo>ed by Brown and Swift5. An

example of titration curve is sho%vn ir Fig. 1. As it can be seen, a curve with a

sharp break at the beginning and at the er«d point is obtained, which resulted

in relatively small standard deviation (0.6%) and relative error ( — 0.2%).
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In the ascorbic acid determinations the supporting electrolyte consisting

of 0.6 mol dm-3 NaCl, 0. 1 mol dm-3 KBr and 0.01 mol dm"3 HCl was used6.

The end-point break at the titration curve is somewhat less sharp, but the end

point can be easily determined by extrapolation.

The iron(II) was determined in a supporting electrolyte consisting of 0.02

mol dm-3 Q1SO4 and 2 mol dm-3 HCl in the anode compartment, and 2 mol

dm-3 HCl in the cathode compartment. Titration curves with a large slope and

a fairly sharp end-point break were obtained.

As it can be seen from Table I, all three reductants can be determined with

a relative standard deviation below 1% and a relative error less than 0.3%.

It should be noted that coulometric thermometric redox titrations cannot

be performed in every case, although the reaction heat and the reaction rate are

sufficiently high. The reason are the possible intermediate reactions whoje re

action heat may have an opposite sign with respect to che main reaction, which

can result in a titration curve unsuitable for evaluation.
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извод

КУЛОМЕТРИТСКО-ТЕРМОМЕТРЩСКЕ АЦИДО-БАЗНЕ И РЕДОКС ТИТРАЦЩЕ

ИШТВАН J. ЖИГРАИ, КАТАЛИН МЕСАРОШ СЕЧЕН.И и JbHJbAHA М. ДИМИТРВДЕВИЪ

Писшишуш за хеми]'у, Природно-машемашинки факулшеш, Универзишеш у Новом Саду,

21000 Нови Сад

Описане су термометри)ске ацидо-базне и редокс титраци)е са кулометри^ским ге-

нерисаььем титранта. Промена температуре у току титраци)е праНена je диференщцалном

техником са два термистора, ведана у Wheatstone-ов мост )едан наспрам другог. Одре^иване

су микромолске количине сумпорне, лимунске и борне киселине, триетаноламина, пири

дина, антимона(Ш), аскорбинске киселине и гвоифа(П). Релативна грешка одре^ивака

била je ман>а од 1,3%.

(Примлено 6. )ула 1984)
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By means of anodic stripping voltammetry, the solubility of silver chloride

was determined as a function of chloride concentration in the Са(ЫОз)2 • 4ШО

melt at 60, 70 and 80 C. From these data, the AgCl solubility product was deter

mined, as well as the consecutive stability constants for AgCl, AgCh""- and AgClj-.

Also, the corresponding thermodynamic con tints, AG°, AH° and AS° were calcu

lated. The values for equlibrium constants and thermodynamic parameters were

compared to those reported for other nitrate melts.

The association of silver ions with halides in molten nitrates has been ex

tensively studied, mostly in anhydrous melb. The silver halide complex formation

in aqueous melts attracted much less attertion. To the best of our knowledge,

only results for silver halide complexes in the NH4NO3-H2O system have been re

ported1 '2. In our previous work3 we have determined thermodynamic data on

dissolution of silver halides in molten Са(Ж)з)г • 4НгО on the basis ot emfmeasure

ments. However, from these data, due to the low solubility of silver halides,

it was not possible to determine the complex formation constants. The present

paper extends our research to simultaneous determination of the solubility product

and the consecutive stability constants for silver chloride complex species, in

order to provide some new thermodynamic data on silver halide formation in

this type of solvents.

EXPERIMENTAL

The solvent Ca(N03)2.4H.20 was prepared by melting reagent grade calcium nitrate tetra-

hydrate (Kemika, Zagreb), recrystallized from water. Reagent grade sodium chloride (Kemika,

Zagreb) was recrystallized from water acidified with hydrochloric F.cid and dried by prolonged

heating at 500 С . Melt samples with known amounts of sodium chloride (1 x 10~3 — 1 x 10-2

mol kg ') were prepared and placed in 50 cm3 stoppered glass iubes. The small amount of sodium

ions, introduced in to the melt, was negligible with respect to the c?lcium ions and did not change

significantly the melt composition. The melt samples were then saturated with AgCl by adding

small amounts of solid, freshly prepared and carefully washed silver chloride. The glass tubes

with the samples were left in a trmmstnt at the desired temperature (±0.1") for at least one

week. The tube contents were shaken from time to time and then allowed to settle for two days.

633
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With preheated glass pipettes, samples of the clear supernatant (10—15 g) were withdrawn,

weighed and dissolved in 60 cm3 1 mol dm-3 hydrochloric acid. The silver content in the solution

was then determined by anodic stripping voltammetry, using a glassy carbon electrode (Sigri

Elektrographit 2400). Its potential (in the well-deaerated and vigorously stirred solution) was

held for a suitable time at —0.60 V vs S.C.E., and after 6 seconds of quiescence, swept linearly

by 20mVs-1 in the anodic direction. The anodic dissolution peak appeared at + 0.10—0.15 V.

In order to minimize experimental errors due to differences in the electrode surface pretreatment

(polishing by fine alumina suspensions) and in peak shapes, the standard addition method was

employed and the peak areas (measured by a planimeter), instead of peak heights were taken

for determination. The solubility of silver chloride was then determined from the measured

amount of silver and the sample weight.

Solubility determinations of silver chloride were made at 60, 70, and 80°C, as a function

of chloride concentration. The experimental data are presented in Fig. 1.

 

Fig. I. Dependence of silver

chloride solubility on chlo

ride concentration in molten

calcium nitrate tetrahydrate.

The curves were calculated

using the constants given

in Table I.

RESULTS

The solubility of silver chloride, S, i.e. the total silver concentration in

a solution saturated with silver chloride, is defined by the equation:

5 = [Ag+] + [AgCl] + [AgClai -f [AgClh + . . . (1)

In this equation we neglect the polynuclear complexes, like Ag2Cl+, since at low

Ag+ concentration and large excess of free halide ions, formation of such com

plexes is not probable.

The solubility product and the consecutive formation constants are:

Kbp = [Ag+] [C1-] (2)

К( = [AgCM.-y-l/rAgCl,-^-2)-] [CI ] (3)

In the above equations the equilibrium chloride concentration, [CI-], is not known

but, owing to the low solubility of silver chloride, it is practically identical to the
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total chloride concentration. Thus, taking the total instead of equilibrium con

centration and combining eq. (1) — (3), one obtains:

+КРК1тп -i-KW&wci +KevK,K2K3»ici + • ■ • (4)

where mci is the total molal concentration of chlorde.

The experimental results were treated by employing a simple computer,

program to fit them according со eq. (4) by a relative deviation least-square? method.

In order to obtain the starting data for the fitting procedure the chloride concen

tration corresponding to the minimal solubility, mci (min), was determined from

the solubility curve. For this point it holds:

S(min) =Kaplmci (min) +KapKj +KaVKiK-<nn \ (min) (5)

and

d Sjd mci (min) = 0 (6)

where terms for complexes higher from AgCl^ are neglected. From (5) and (6)

it follows:

wci(min) =:Ki^2)-1'2 (7)

From (7), the KiKz product is easily obtained, and taking for/Cep the previously

reported value3, Ki can be calculated fromeq. (5). Having K»p,Ki апйКг values,

we calculated K3; die higher complexes (AgClJ- etc.) being neglected. The obtained

approximate values of the parameters were refined then according to the above

fitting procedure. The numerical values for Kep, Ki, Кг and/Сз ar^ given in Table

I on the mcle fraction scale.

In the above calculation it was assumed that the activity coefficients of

all solutes were constant and equal to unity. This assumption is based on the

fact that in most molten nitrates1,4 6 the 1— 1 salt solutes follow Henry's law up

to a molality of about 0.06 — 0.1, and all our solubility measurements were made

at chloride concentrations below 0.08 m. Therefore, it can be concluded that

the constants given in Table I are thermodynamic constants.

TABLE I. Equilibrium constants*

Гр/К 101'X.p Кг Кг к3 KilKt

333 4.01 1643 462 46.5 3.5

343 7.50 1453 572 29.4 2.5

353 19.9 1351 436 21.2 3.1

* Mole fraction scale based on Са(ЫОз)а.4НгО as one component. The estimated errors

inK,p and/G are 10—15%, inK* 20—25%, and inXs 50%.

As seen from Table I, K»p increases and the consecutive stability constants

decrease with temperature, as usual in anhydrous and aqueous melts. The only

exception is the Кг value at 60°, which seems to be too low.
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DISCUSSION

The Ksp values in Table I are in fairly good agreement with the corresponding

values obtained in our previous work3 and with the results of Burro vs and Noers-

jamsi7, both derived from emfmtasurements. This agreement suppc its the assump

tion that silver halide complex formation in the Ca(NOs)2 • 4НзО melt can be

neglected when the solubility product is to be calculated from the emf data3.

The Ki/K.2 ratio gives useful informations on the statistics of ligand coordi

nation. This ratio is independent on the concentration scale and temperature;

hence it is suitable for comparison in different solvents. The obtained values

(Table I), teing between 2.5 and 3.5, are close to the statistical mio for non-di

rectional ligand coordination8. Namely, it ле assume that the average quasi-lattice

coordination number is Z = 6 for the nitrate molt4'8, then the statistical ratio

for nor-direcdonal ligard coordination8 is K1IK2 = 2Z/(Z— 1) = 2.4. In dilute

aqueous solutions, the statistical ratio defined above is not valid, and theKi/ЛГг

ratio is expected to be much higher9. Values similar to our K1IK2 ratio have been

obtained for some anhydrous melts4,10-11 and molten NH4NO3 ■ ZEfcO1. This

indicates that in the solvent Ca(NOs)2 ■ 4НгО the coordination mechanism of

silver chloride complex formation is similar to that in anhydrous melts, but signif-

cantly different from the analogous process in dilute aqueous solutions.

With the K*p and Ki values from Table I we calculated the standard Gibbs

free energy for the dissolution equilibrium:

AgCl(e) ~ Ag+ + Cl-

and for complex formation:

Ag+ + CI- — AgCl

AG°=-RTlnK.

From the temperature variation of KsP and Ki, one can determine the corresponding

tnrhalpy changes, ДН°, from the relation

dlnX/d(l/r) =-ДЯ0//?

by plotting InK against 1/Г, and the standard entropy changes from:

TAS° = ДЯ AG .

These data are summarized in Table II. Values obtained for .Кг and^ are too

uncertain for a meaningful evaluation of thermodynamic functions; hence the

corresponding data for AgCfc and AgCl|~ have been omitted.

TA13LE II. Thermodynamic quantities for dissolution and complex equilibria at 343 K.

Dissolution Complex formation

AG'/kJmol 1 66.5 -20.8

AWVkJmol 1 74.8 - 9.5

Д^/Тто!-1 К"1 24.0 +33.0
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The AH° value for the dissolution process is somewhat higher than our

value obtained from emf measurements (65.9 kj mol-1), but still lower from the

value of Burrows and Noersjamsi (75.8 kj mol-'). The difference in AS0 values

determined in the same solvent is much larger. Thus, our value is 24 J mol K_1,

while the values of —2.2 and 29.3 J molK-1 have been reported tor the same melt

and the same temperature3'8. This large discrepancy in AS° is probably due to

the fact that small variations in AH° and AG0 can cause very large variations in

the AS° value.

On the formation of silver halide complexes in Ca (N1)3)2 • 4НгО melt there

are no dat? in the literature. However, if our values for^Ci are compared with the

corresponding vah.es in the melts of (Ca, K) NO34, NH4NO3 • xH20 (x = 0.4—1.4)2

and NH4NO3 • 2H2O1, it can be seen chat stability constants are of the same order

of magnitude. Thus, Kx in (Ca, K) NOs (471 K) is 1470, in NH4NO3 ■ *H20 (383 K)

1760—2580, and in Ca(N03)2 ■ 2H20 (343 K) 1860. The comparison temperatures

were chosen so that they were for 25—30° above the melting point, except in the

case of NH4NO3 • xH20, where it was higher for about 70°.

Although the ДЯ' values for the dissolution of solid AgCl in various melts

are similar3, these values tor AgCl complex formation are quite different. Thus,

our AH° value for AgCl formation is — 9.5 kj mol-1, whereas in (Ca, K) NO34

and (Na, K) NO310 a value of — 1 8.4 kj mol1 has been reported. On the other

hand, our value is in fairly good agreement with the value of — 8.2 kj mol-1 in

the NH4NO3 • 2НгО melt, calculated from the data in ref. 1.

As mentioned above, the AS° values are too uncertain for a meaningful

evaluation.
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извод

РАСТВАРАНэЕ СРЕБРО-ХЛОРИДА И ГРАЪЕН>Е ХЛОРИДНИХ КОМПЛЕКСА СРЕБРА,

У РАСТОПУ КАЛЦЩУМ-НИТРАТА ТЕТРАХИДРАТА

ИШТВАН J. ЖИГРАЙ, ЛУКА J. Б1ЕЛИЦА и КАТАЛИН МЕСАРОШ СЕЧЕНэИ

Инсшишуш за xe.uujy, Природно-машемашички факулшеш, Универзишеш у Новом Саду

21000 Нови Сад

Методом анодне ,,stripping" волтаметри;е одре^ена je растворл>ивост сребро-хлорида

као функщф концентраци)е хлорида у растопу Са(ЫОз)г ■ 4НгО на температурама од 60,

70 и 80°С. Из података за растворл>ивост одре^ени су производ растворл>ивости сребро-

-хлорида и консекутивне константе стабилности комплекса AgCl, AgCli и AgClj-. ТакоЬе

су израчунате вредности термодинамичких параметара ДО", ДН° и Д5°. Вредности равно-

тежннх константи и термодинамичких параметара упоре1)ене су са подацима за друге нн-

тратне растопе.

(Примл>ено 14. )ула 1984)
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ПРИЛОГ ИЗУЧАВАВЪУ ПРИМЕНЕ „СЕДЕЪЕ" ЖИВИНЕ ЕЛЕКТРОДЕ

КОД КОМПЛЕКСОНОМЕТРЩСКИХ ПОТЕНЦИОМЕТРЩСКИХ ТИ-

ТРАЦЩА. И. ОДРЕЪИВАЬЬЕ ВИШЕКОМПОНЕНТНИХ СИСТЕМА

БОРИСЛАВА Д. ВУЧУРОВИЪ и MHPJAHA Д. CTOJAHOBHTi

Технолошко-мешалуршки факулшеш Универзишеша у Београду, й.йр. 494,

11001 Београд

(Примл>ено 24. марта 1984)

Испитивана je могуЬност диференци)алног одреЬиваша различитих

)онских врсти директном титраци)ом са комплексоном III (Кш) уз електродни

систем „седеЬа" Hg/ЗКЕ. Истраживакима je обухваЬена анализа раствора

двокомпонентних система: Bi3+/Cu2+, Bi3+/Zn2+, Bi3+/Pb8+, Bi3+/Mn2+, Bi3+/

/Со2+, Cu2+/Zn2+, Cu2+/Co2+, Zn2+/Co2+ и трокомпонентног система: Bi3+/

Cu2+/Zn2+, различитих молских односа компонената. Осим тога, како Als+,

а посебно Сг^ )они не могу да буду поуздано одреЬени директном титраци)ом

са Кш, то je посебно испитана могуЬност диференци)алног одреЬиван>а (она:

Cu2+, Zn2+, Pb2+, Bis+, Мп2+ и Co2+ у присуству )она алумитцума одн. хрома,

као друге компоненте. Доби;ени резултати су показали да je у веЬини слу-

4ajeea (Bi3+/Cu2+, Bi3+/Zn2+, Bi3+/Pb2+, Bi3+/Mn2+, Bi3+/Co2+) Moryhe извр-

шити диференци)ално одреЬиван,е наведених система директном титрацэдом са

Кш уз електродни пар „седеЬа" Hg/ЗКЕ. Диференци)ална титрацн)а сис

тема Cu2+/Zn2+ одн. Bi3+/Cu2+/Zn2+ била je могуйа (едино кода je однос ком

понената износио яа)маи>е 5:1 одн. 5:5:1, док Je при титращци система Си2+/

/Со2+ и Zn2+/Co2+ као резултат добирен само укупан садржа) смеше. Са друге

стране, квантитативно одреЬиван>е нспитиваних joHa из двокомпонентних

система, када je jewa од компонената joH алумишцума одн. хрома, било je

успешно само у cnywajy када je молски однос компонената износио на)ман,е 2 : 1

у присуству joHa aлyминиjyмa одн. 5:1 у присуству )она хрома као друге ком

поненте.

У првом делу овога рада1 приказани су резултати одре^иваша johckhx

врста: Cu2+, Zn2+, Pb2+, Bi3+, Со2+, Mn2+, А13+ и Сг8+ директном комплек-

сонометри)ском титраци)ом. За индикаци)у завршне тачке употребл>ен je

пар електрода „седеЬа" Hg/ЗКЕ, уз посебно испитивавъе утицаja додатка

жива(П)-комплексоната на резултате одрег)иван>а. При томе, доби)ени су

задоволкша^уЬи резултати код анализе свих )онских врста осим алумини)ума,

а посебно хрома, Kojn на oeaj начин нису могли да буду поуздано одре^ени.

У наставку истраживан>а, чи)и су резултати презентирани у овом раду,

испитана je могуЬност диференци|алног одре^иванъа двокомпонентних система :

Bi3+/Cu2+, Bi3+/Zn2+, Bi»+/Pb2+, Bi3+/Mn2+, Bi3+/Co2+, Cu2+/Zn2+, Cu2+/Co2+,

Zn2+/Co2+ и трокомпонентног система: Bi3+/Cu2+/Zn2+, директном титращфм

са Кш уз електродни пар „седеЬа" Hg/ЗКЕ. Све титраци)е вршене су у

присуству жива(Н)-комплексоната, а сваки од наведених система анализиран

639
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je тако што je мен>ан молски однос колиюнената. Таког)е, посебно je испитана

могуЬност диференцщалног одре!)иван>а joHa: Cu2+, Zn2+, Pb2+, Bi3+, Mn2+

и Co'2+ из двокомпонентних система, када je друга компонента j'oh алумини-

jyMa или хрома.

ЕКСПЕРИМЕНТАЛНИ ДЕО

За испитивагьа су употребл>ени раствори соли аналиэираних металних johckhx врсти

направл>ени у концентрацией 0,1 mol/dm3 и то: CuSO^ • 5НгО, „Зорка", Шабац; ZnSO 1 ■

• 7Н20, „Зорка", Шабац; РЬ(ЫОз)г, „Зорка", Шабац; Bi(N03)2 ■ 5Н20, „Кемика", Загреб;

МпСЬ • 4Н26, „Laphoma", Скошье; C0SO4 • 7Н20, „Reanal", Будимпешта; AlCla ■ 6Н2О,

„Кемика", Загреб и К3СЮ4, „Кемика", Загреб. Стандардизаци)а нанранл.сних раствора,

ко)и не задовол.ава)у услове примарног стандарда, вршена je прнменом гравиметри)'ске

и електрогравиметри)ске методе. Раствор комплексона III (Na2H2Y • 2Н20, „Кемика",

Загреб), употреблен као титрант, направлен je у концентрацией 0,1 mol/dm3 и Hnje стан-

дардизован.

Све xeMHKannje употреблене у овом експерименталном раду биле су чистоКе р.а.

Раствор за титраци)у правл>ен je меиодьем по 1 cm3 раствора oflroBapajyhHX соли

анализираних joHCKHX врсти (одн. 1:0,5; 0,5:1 итд.). Пре почетка THTpaunje подешена je

рН вредност анализираног раствора и то: раствором азотне киселине, сирКетне киселине,

смешом сирЬетне киселине и натри}умацетата као и смешом амонщумхидроксида и амо-

ни)умацетата, што je зависило од рН вредности раствора Kojy je требало добити. Титраци)е

су извог)ене при оптималним рН вредностима утврг)еним претходно код одрег)нван>а )едно-

компонентних система1. Осим тога, CBaKoj проби je пре почетка титравдие додавано и 1—2

капи 0,1 mol/dm3 раствора жива(П)-комплексоната1,:!. Укупна запремина раствора за

THTpaimjy износила je 50 cm3.

ПраКен>е тока TUTpaimje вршено je помоЬу днгиталног рН-метра, тип М 62, про

изводное Radiometer, Копенхаген, Kojn je подешен да ради као миливолтметар.

За одрег)иван>е завршне тачке комплексонометри)ске потенциометри)ске титрацще

као пндикаторска електрода употреблена je „седеЬа" живина електрода сопствене израде1.

Као референтна електрода коришКена je заснКена каломелова елетрода, тип К 100, про

изводное Radiometer, Копенхаген.

РЕЗУЛТАТИ И ДИСКУСЩА

Johh бизмута, за раэлику од осталих исггитиваних joHCKHX врсти, од-

pel)yjy се директном титраци)ом са Кш у jai<o кисело) средний,1 па се могло

очекивати да неЬе бита сметши при диференци)ално) титраци)и двокомпо-

нентних система у ко)има je )една од компонената ]'он бизмута. Ово je и екс-

периментално потврг)ено при анализи смеша: Bi3f/Cu2+, Bi3l/Zn2+, Bi3+/Pb2+,

Bi3+/Mn2f и Bi3+/Co2+ и то у молским односима 1:1, 2:1 и 1:2. У свим слу-

4ajeBHMa извршено je успешно раздва)ан»е одрег)иваних ^энских врста ко-

ристеЬи различите рН вредности. Као пример оваквих одрег)иван>а приказане

су, на слици 1 , титрационе криве доби)ене директном TirrpainijoM са комплек-

соном III смете раствора бизмута и олова, уз електродни систем „седеЬа"

Hg/ЗКЕ. При овим титращфма прво je одрег»шан joH бизмута, у jaKO ки

село) средний (рН= 1,75), а затим, подешавашем рН вредности на 5,0 ти-

трисан je joH олова. Добщене титрационе криве OMoryhaBajy успешно одре-

г)иван>е завршне тачке татраиэде.

"V
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Грешке са KojnMa су доби)ени резултати при диференцщалном одре-

г)иван>у наведених система приказане су у таблици I. Види се да грешке од

ТАБЛИЦА I TABLE

Грешке резултата доби)ених диференци)'алном комплексонометри^ском титраци)ом уз

електродни систем „седека" Hg/3KE

The errors of results obtained by differential complexometric titrations using the sitting"

mercury/SCE indicating pair

Молскн JoHCKa Bi3+ Bi3+ Bi3+ Bi3+ Bi3+

одкос врста Cu2+ Zn2+ Co2+ Mn2+ Pb2+

Mole ratio Ion species

Грешка, %-

Error, %

7,9 9,8 3,1 2,9 0,3

1 : 1 . и 3,4 2>4 0,6 2,9

7,6 7,2 1,9 1,7 3,1

2 : 1 1,2 1,1 2,5 3,6 3,7

5,3 7,8 6,9 1,1 0,3

1 : 2 3,5 3,7 1,1 1,8 0,2

ре1)ива1ьа )она бизмута, kojh je присутан у свако) од анализираних смеша,

зависе пре свега од система ко'щ се анализира, а затим и молског односа ком-

понената у н>ему. Тако, )он бизмута je одрег)ен са на)ман>ом грешком при

анализи система Bi3l"/Pb2' и Bi3+/Mn2+; при одре^ивашу у рсталим системима

грешкаje веЬа, Утица), молског односа тако1)е посто)И иако нема )еднозначан

карактер, веЬ. истовремено зависи и од испитиваног система. Тако je одре-

г)иван>е joHa бизмута са HajMaibOM грешком постигнуто при молском односу

1 :1 и 1 :2 (за систем Bi3,/Pb2 + и Bi3! /Mn2+), као и 2:1, при анализи система

Bi3+/Co2+. Из таблице I се, тако!)е, види да je глобално посматрано опсег

грешке, при одрег)иван>у осталих joHCKHX врста у присуству joHa бизмута

и у наведеним молским односима, знатно ужи и Kpehe се од 0,2—3,7%.

Диференци)ална титраци)а двокомпонентних система: Cu2+/Zn2+, Си2+/

/Со2+ и Zn2+/Co2+, 4nje се joHCKe врете oflperjyjy у приближно истом once* у

рН вредности, вршена je при молским односима компонената: 1:1, 2:1, 1:2,

5:1 и 1 :5 Као и у претходним случа)евима и овом приликом je свако одре-

г)Иван>е поновл.ено десет пугта. Доби)ени скокови потенциала у naepuraoj

тачки титращф, у веЬини cnyqajeea, одговарали су укупном садржа)у обе

joHCKe врете. Само када je одрег)иван систем Cu24/Zn2+ и то када je раствор

бакра узет у пет пута eehoj запремини од раствора цинка исте концентрации,

било je могуКе извршити диференци)алну титраци)у, што je приказано на

слици 2. Код извог)ен>а ове титращце грво су одрег)ивани jomi бакра при

рН вредности 5,0 а затим jomi цинка при рН вредности 9,0.

За диференци)алну титращщ трокомпонентног система узета je смеша

joHa Bi3+/Cu2+/Zn2+ за Kojy се на основу веЬ иьвршених испитива&а прет-

поставл>ало да се може успешно титрисати1. На слици 3 приказане су ти-

трационе криве добщене одрег)иван>ем овог трокомпонентног система у мол

ском односу мешала компоненатя 1:1:1 и 5:5:1. Са слике се види да у слу-

4ajy када je молски однос компонената мег)усобно исти, т) . 1:1:1 могу се од
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редити само jo™ бизмутэ, док се за )оне бакра и цинка добша н>ихов укупан

садржа). У другом сл>ча)у, када je однос компонената Bi3+/Cu2+/Zn2+ износио

5:5:1, све три компоненте су се могле диференци)ално одредити. Мег)утим,

 

Слика 1 Figure

Криве диференцидалне комплексономе-

три)'ске титраци)"е joHa Bi3+/Pb2+ у смеши

уз електродни систем „седеНа" Hg/3KE.

Titration curves of Bi3+/Pb2+ system

applying differential complexometric ti

tration technique with sitting" mercury/

SCE couple.

Слика 2 Figure

Криве диференцидалне комплексономе-

TpnjcKe титраци)е )'она Cu2+/Zn8+ у смеши

уз електродни систем ,,cefleha" Hg/3KE.

Titration curves of Cu2+/Zn2+ system

applying differential complexometric ti

tration technique with „sitting" mercury/

SCE couple.

како су релативне грешке резултата овако одрег)иваних )онских врсти велике,

oeaj начин одрег)иван>а може се прихватити као добра и брза квалитативна

метода.

Потенциомотри^ска ко лплексонометри)ска титраци)а двокомпонентних

система у кощма je |една од компонената joh алумини)ума или хрома, а друга,

)една од следеКих )онских врста: Cu2+, Zn2+, Pb2+, Bi3+, Мп2+ и Co2+, по

казала je, да joHe алуминя$ума одн. хрома raije мэгуЬе квантитативно одредити

нити у jeflHOM orynajy, а одрег)иван>е друге компоненте je вршено са разли-

читим успехом. Тако, смеша анализиране joHCKe врете и joHa шгумшпщма

узетих у молском односу 1 : 1 Hnje била погодна за поуздано одрег)иван>е нити

jeflHor испитиваног joHa. Када je та) однос компонената износио 2:1 било

je могуЬе веома добро квантитативно одредити само joH кобалта, а при односу

компонената 5 : 1 могли су да буду одрег)ени и сви други испитивани метални
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)они, осим бизмута. Са друге стране, у случа^евима када се анализирани )'он

нашао у смеши са )оном хрома у молским односима 1:1 и 2 : 1 , mije било могуhe

поуздано одредити ьити |едан испитавани joH. Квантитативно одре1)иван>е

)она Cu2+, Zn2+ и Bi3+ било je могуНе само када je однос компонената износио

5:1. Ефекат присуства joHa алумини]ума одн. хрома на одре1)иван>е )она бакра

из двокомпонентне смеше комплексонометри)ском потенциометри)ском тл-

траци)ом приказан je на слици 4.

 

Слика 3 Figure

Криве диференциjалне комплексоно-

метри)ске титраци)е трокомпонентног си

стема Bi3+/Cu2+/Zn2+ уз електродни си

стем „седеЛа" Hg/3KE.
Titration curves of Bi3f /Cu2+/Zn2+ system

applying differential complexometric ti

tration technique with j,sitting" mercury/

/SCE couple

Слика 4 Figure

Криве комплексонометри)ске титраци)е

смеше )она Cu2+ и А13+ одн. Сг3+ уз

електродни систем „седеЬа" Hg/3KE.

Titration curves of Cua+/Al3+ and Cu2+/

/Cr3+ systems applying differential com

plexometric titration technique with

„8rtting" mercury/SCE couple.

На основу доби|ених резултата произилази да при диференциjajmoj

комплексонометрИ)ско) титравдци johh А18+ одн. Сг*+ утичу, осим ако je

Лихов молски удео мали, на peaKirnjy метальлх joHa са Km и на Taj начин

онемогуг1ава)у н>ихово одрег}иван>е. Таког)е, вршено je и испитиваше утица>а

присуства joHa алумини>ума одн. хрома на диференщфлно одрег)иван>е тро-

компонентних система. Доби)ене комплексонометри)ске титрационе криве

одре^иваньем смеше joHa Bi3+, Со2+ и А13+ одн. Сг*+ при молском односу

компонената 1:1:1 и 10:10:1 уз електродни систем „седеЬа" Hg/ЗКЕ по-

каэале су да обе анализиране )онске врете могу да буду одрег)ене тек када
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je въихов молски удео десет пута веЬи у односу на joHe ал^мин^ума одн.

хрома.

ЗАКМЬУЧАК

На основу извршених испитиваньа може се закл>учитя дч je могу he

извести успешну директну диференгщалну комплексонометриjску т npannjy

двокомпонентних система, уз пар електрода „седеНа" Hg/ЗКЕ, када су рН

вредности при Kojravia се одре^у)у гон'едине joHCKe врете довол>но различите.

Диференци;ална титрагдца двокомпонентних и трокомпонентног система чи|и

се joHH одре1)у)у у приближно истом опсегу рН вредности, ни)е била увек

успешна. Као резултат одрегщвавьа углавном je добран укуган садржа)

joHCKnx врсти осим у ciiyMajy када je одрег)иван систем Cu2+/Zn2+ одн. Bi3+/

/Cu2+/Zn2+ и то тако да je молски однос компоненчта износио 5:1 одн. 5:5:1.

Диференщ^адна потенциометр^ска комплексонометриjena титраци)а

двокомпонентних система у Kojoj je jtflHa компонента joH алумини}ума одн.

хрома, а друга, нека од следеЬих joHCKnx врста: Cu2+, Zn2+, Pb2+, Bi3+, Mn2+

и Co2+, показала je да joH алумини}ума одн. хрома mije могуЬе одред-гги

нити у (едном aiy4ajy-j а квантитативно доказиван>е друге компоненте je

било успешно само ако je ова присутна у такво) количини у однесу на joHe

алуминщума одн. хрома да молски однос компонената износи HajMa&e 2:1

одн. 5:1. На аналоган начин било je могуhe извршити диференщ^'ално одре-

^иванъе анализираног трокомпонентног система.

SUMMARY

APPLICABILITY OF THE „SITTING" MERCURY ELECTRODE FOR COMPLEXO-

METRIC POTENTIOMETRIC TITRATIONS. II. DETERMINATION OF MULTI-

COMPONENT SYSTEMS

BORISLAVA D. VUCUROVIC and MIRJANA D. STOJANOVlC

Faculty of Technology and Metallurgy, University of Belgrade, P.O. Box 494,

YU-11001 Belgrade, Yugoslavia

The possibility of differential determination of various ionic species by means of com-

plexone III (С III) titration, using the „sitting" mercury/SCE couple was investigated. Analyses

of solutions of the two-components systems Bi3+/Cu2+, Bi3+/Zn2+, Bi3+/Pb2+, Bi3+/Co2+ Cu2+/

/Zn2+, Cu2+/Co2+ and of the three-component system Bi3+/Cu2+/Zn2+ were tried. Since Al3+

and particularly Cr3+ could not be determined by direct titration with С III, attention was paid

to the possibility of determination of Cu2+, Zn2+, Pb2+, Bi3+, Mn2+ and Co2+ ions in presence

of Al and Cr as the second component of the systems. The results showed that in the majority

of cases (Bi3f/Cu-+, Bi3f/Zn2+, Bi3f/Pb2f, Bi3+/Mn2^ and Bi3+/Co2t) it was possible to titrate

differentially such systems applying direct С Ш titration with a sitting" mercury electrode
as indicator electrode. The differential titration of systems Cu2J7Zn2+ nad Bi3+/Cu2+/Zn2+ was

possible only if the mole ratio of the components was either 5 : 1 or 5 : 5 : 1 respectively. On

the other hand, when the titration of the systems Cu2+/Co2+ or Zn2+/Co2^ was performed, only
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total amounts in the mixtures could be obtained. The quantitative determination in two-component

systems, when one of the components was either Al or Cr, was successful only in cases when

the mole ratio of components amounted to at least 2 in the presence of Al or 5 in the presence

of Cr as the second component.

(Received 24 March 1984)
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БАКАР-СЕЛЕКТИВНА ЕЛЕКТРОДА НА БАЗИ СУЛФИДИСАНЕ

БАКАРНЕ ЖИЦЕ

БОРИСЛАВА Д. ВУЧУРОВИЪ и МИЛОШ Б. PAJKOBHTi*

Технолошко-мешалуршки факулшеш Униеерзишеша у Београду, й.йр. 494, 1 1001 Београд и

*Пол,ойривредни факулшеш Униеерзишеша у Београду, 11081 Београд — Земун

(Примл>ено 6. )ула 1984)

Испитивана je могуКност нзраде )он-селективне електроде осетл>иве

на )оне бакра(П) сулфидизацщом чеоног дела бакарне жице. При томе, ана

лизом су обухваКени поступак и услови сулфидизаци)е, употреба различитих

раствора за кондициониран,е и време делован>а, као и начин чувака конди-

циониране електроде измену употребе. Доби)енн резултати су показали да

овако направлена електрода, при оптималним условима, у спрегу са заси-

Ьеном каломеловом електродом показу)е осетл>ивост на )Оне бакра(И) у области

концентраци)а 10~4 — Ю-1 mol/dm3 уз стабилан и репродуктиван потенщфл.

JoH-селективне електроде осеттьиве на )оне бакра налазе знача]ну прак-

тичну примену за решаваше низа аналитичких задатака, а тако1)е и за ауто-

матску контролу и peryjiauHjy компонената у технолошким растворима. У

литератури су описане различите врете бакар-селективних електрода,

i ри чему посебан знача) доби;а)у електроде са чврстом мембраной направ-

л>ене Hajqeuiht од талога сулфида бакра и сребра хомогене одн. хетер^-ене

структуре 1_3. Израда ових електрода може да буде доста сложена као у

crryqajy када се за активни матерная користи монокристал4 или пресовани

поликристални прах5, при чему je електрична веза остварена преко чврстог

или течног контакта. По)едноставл>е1ье израдь joH-селективних електрода

довело je до правл>ен>а потпуно чврстих електродч, код Kojnx се активни

материал наноси у облику веома танког cnoja на чврст проводник, на ком

принципу je направлена „селектрода"6, затил, наношеньем танког oioja

халкогенида бакра на платину електрохеми)ским путем7, као и сулфидиза-

UHjoM бакарне жице пречника 0,01 mm за микроодре^иван>е.

У овом раду испитивана je могуЬност правл>ен>а joH-селективних елек

трода (едноставне конструкщф, осетл,ивих на joHe бакра(П) сулфидизащфм

чеоног дела бакарне жице пречника 2 mm. Сулфидизащф je вршена у erpyjH

H2S и у H2S води на различитим температурама и у различитим временским

интервалима. Ради побол>шан>а електрохеми)ског понашаньа овако доби)ених

електрода испитиван je ефекат кондиционирааа у растворима бакар(П)-

-нитрата, комплексона III (динатри)>мове соли етилендиаминтетрасирКетне

киселине) и аскорбинске киселине. Поред тога, испитани су и услови чуван>а

647
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ових електрода измену по)единих мереаа и то: државьем на ваздуху, у дести-

лисано) води и растворима бакар-нитрата, комнлсксона III или аскорбиинске

киселине.

ЕКСПЕРИМЕНТАЛНИ ДЕО

Пзрада електроде

Тело бакар-селективне електроде правлено je од комерци)алне бакарне жице

чистоНе 2N, пречника 2 mm. Заштита тела електроде вршека je вишеструким премази-

ван>ем лаком. После сушен>а лака жица je на jenflOM Kpajy пажливо пресечена и на Taj

начин припремл>ена за сулфидизаци;у. Сулфидизаци;а je извожена третиран>ем у CTpyjH

HaS или у H2S води.

Сулфидизаци}а cipyjoM H2S вршена je у трогрлом балону у KojeM je смештена прет-

ходно припрелиьена бакарна жица, на co6Hoj температуря (са. 25°) и на 50°, Koja je одржа-

вана помоЬу пешчаног купатила. Водоник-сулфид je добран из Киповог апарата. Време

сулфидиза1дне износило je 15, 30, 45 и 60 минута.

Водоник-сулфидна вода je припремана пропуштааем CTpyje H2S кроз дестилисану

воду током jeflpor сата. Претходно припремл>ена бакарна жица сулфидисана je у H2S води

у временским интервалима од 1 , 3 и 24 сата на co6Hoj температури, а затим су електроде

сушене на 105°.

Айарашура

За мерен,е потенциала овако направл>ених електрода корпшкен je дигитални рН-

метар 62, производное Radiometer, Kopenhagen. Као референтна електрода корншНена je

засиЬена каломелова електрода К 101, производите Radiometer, Kopenhagen.

Реагенси и начин рада

Све употребл.ене хемикал^'е у овом раду биле су чистоКе р. а.

За пспитиван>е понашан>а електрода коришЬени су раствори бакар(П)-нитрата,

Merck, Darmstadt, у опсегу концентращ^а 10~в — Ю-1 mol/dm3. За одржаван>е константне

joHCKe )ачине раствора употребл>ен je раствор кaлиjyм-нитpaтa, Алкалоид, Скошье, кон-

центращ^е 0,1 mol/dm3.

Ради поболтала електрохеми)ског понашаша, електроде су пре употребе конди-

цнониране у раствору бакар(П)-нитрата концентращ^е 10~3 mol/dm3, раствору комплексона

III, Кемика, Загреб, концентращ^е Ю-3 mol/dm3 и раствору аскорбинске киселине, Кемика,

Загреб, концентраци)е 10~2 mol/dm3. Време кондиционирааа износило je 1, 3 и 24 сата.

Електроде су измег)у мерен>а чуване на ваздуху, у дестилисано$ води, 10~3 mol/dm3

раствору бакар(П)-нитрата, 10~3 mol/dm3 раствора комплексона III или Ю-2 mol/dm3

раствору аскорбинске киселине.

Сва мережа са овако направлении електродама вршена су одмах после кондицио-

нираша, затим 1, 3, 24, 72 и 96 сати по CTajaH>y у одговара)уЬем медиуму.

РЕЗУЛТАТИ И ДИСКУСЩА

На слици 1 приказане су калибрационе криве доби^ене коришЬенъем

слектродног система : сулфидисака бакарна жица/засиЬена каломелова електр

ода. Сулфидизаци)а бакарне жице вршена je у HiiS води у Tpajaiby од )едног

сата на co6Hoj температури и у CTpyjn H>S у Tpajaiby од 30 минута на co6Hoj

температури и на 50°. При томе, електроде нису биле кондициониране, а

измег)у мереша чуване су па ваздуху. Према приказании резултатима види
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се да je нагиб добщених кривич суб-нернловски (23 mV/pCu), а линеарност

за електроде сулфидисане у crpyj* H2S и H2S води износи 10 4 одн. 10_3

mol,dm3. Таког)е, може се запазити да je нагиб калибрационих кривих нешто

бол>и (25 mV/pCu) када je као електрода употреблена бакарна жица сул-

фидисана у crpyjn H2S ьа 50я.

 

Слика 1 Figure

Утица) сулфидизаци)'е на осетл>ивост

електроде: (А) 15, (В) 30, (С) 45, (D)

60 мин. (а) 1, (Ь) 3, (с) 24 сата.

The effect of the sulphidization on the

electrode response. Time, t, of sulphidi

zation: (A) 15, (B) 30, (C) 45, (D) 60 min.

(a) 1, (b) 3, (c) 24 h.

Време сулфидизац^е бакарне жице како у crpyjH H2S тако и у H2S

вод»! HHje показало битной утица) на облик калибрационих кривих .

У цшьу побо!ыиан>а осстл>ивэсти, испитан je ефекат кондиц.юнирагьа

за различите сулфидисане електроде у 10 3 mol/dm3 раствору бакар(П)-ни-

трата и комплехсону III, као и 10 2 mol/dm3 раствору аскорбинске киселине.

Показало се да се кондициониран>ем електроде -улфидисане у H2S води

линеарност продужава до 10 4 mol/dm3 у односу на некондиционирану елек-

троду, док je за електроду сулфидисану у crpyjH H2S линеарност иста, али

се нагиб калибрацион^лс кривих побол>шава, односно скок износи са. 30

mV/pCu (единици.

Осим тога, примешени раствори за кондиционираше показу)у различите

yranaje на електроде. Тако, раствор бакар(Н)-нитрата се показао погодним

за кондициониран>е електроде сулфидисане у crpyjn H2S, док за електроде

сулфидисане у H2S води на)бол>и ефекат рспол>ава раствор аскорбинске

киселине.

Испитиваше ynujaja времена кондиционираша електрода у применении

растворима показало je да како у cny4ajy електрода сулфидисаних у H2S

води (слика 2) тако и у oryuajy електрода сулфидисаних у crpyjH H2S ефекат
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l,5-DIARIL-l,3,5-TRIKETIONI KAO HELIRAJUCl AGENSI. I. l,5-DI-(p-TOLIL)-l,3,5-

-PENTANTRION

DANKO SKARE, ALICA BAUMAN i MARICA JURAS

Tchniika vojna akademija KoV JNA, Zagreb i Institut za medicinska istraSivanja i higijenu rada,

Zagreb

Dat je postupik pripravr stabilnog kom- mjerenjem gama-aktivnosti. Prisutnost Cu(II),

pleksa Sr i 95Sr sa l,5-di-0-tolil)-l,3,5-pentan- Ni(II) i Co(II) ometa stvaranje navedenog

trionom. Potpunost precipitacije pracena je kompleksa.

(Primljeno 22. juna 1984)
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6. Примена бакар-селективних електрода

1. УВОД

Нагли развоj joH-селективних електрода за детекци^у низа кат]'она и

аниона, KojH je започео шездесетих година овога века, условно je и nojasy

бакар-селективних електрода, Koje веома брзо налазе широку примену у

низу фундаменталних и примешених истраживагьа. Разлог за ово свакако

лежи у чшьеници да бакар представлю веома интересантан, специфичан и

3Ha4ajaH хеми^ски елемент, KojH се, захвал>у}уЬи cboj'hm халкофилним, лито-

филним и сидерофилним особинама налази у 6pojHHM лежиштима широм

зедиьине кугле. ПолазеЬи од тога да je бакар пратилац руда многих метала,

као и да у металном облику има веома распространьену примену у бродням

гранама науке и технике, то се гьегова одрег)иван>а изводе у свим знача)ни]'им

лабораторииама у свету. Измену ових, од посебног су значаща она одрег}иван>а

Koja захтева)у одре^ену динамику условл>ену одв^аньем разних процеса,

због чега су потребне брзе и тачне анализе. То je све разлог да je пажнл

6pojHHX истраживача током последних година заокушьена производили и

применом бакар(П)-селективних електрода.

Hajn03HaTHjn светски проязвог)ачи jон-селективних електрода (Radio

meter, Philips, Orion, Beckman, Radelkisz и др.) произвели су до сада из-

вестан 6poj по типу различитих бакар(П)-селективних електрода, при чему,

од тога какав je тип електроактивног материала примешен и каква je врста

унутрапльег контакта сензорске мембране, зависи и н>ен потенциал у ра

створу бакра(П), а самим тим и могуКност примене.
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2. ИСТОРЩСКИ PA3BOJ БАКАР-СЕЛЕКТИВНИХ ЕЛЕКТРОДА

Почетак израде бакар-селективне електроде (CuSE) датира од рала

Chatterjee и Mitra1 kojh су 1955. год. направили електроду са чврстом мем

браной од глине, осепьиву на ;оне бакра, Ме!)утим, nojaea CuSE шездесетих

година била je пре свега покуша) по^единих аутора, а не нешто уобича^ено

у том временском периоду. Разлог je свакако чивьеница да je пуна пажвъа

одре1)иван>у бакра тих година била посвекена спектрофотометр^'ском испи-

тиваньу, па се може реки да нагли pa3Boj joH-селективних, а самим тим и

бакар-селективних електрода започшье седамдесетих година.

У почетним радовима из ове области, Bertocci са cap. у периоду од

1957—1966 год. Hcnmyje израду монокристала и електрода од монокристала2,

обраду површине3 као и улогу opHjeHTaiyije кристала на понашанье елек

троде4-7. Левин са cap. 1966. год. Hciunyje yranaj структуре површине ба-

карне електроде од поликристала на кинетику електродних pearamja8.

Плохов и Флеров 1967. год. израдили су и испитали CuSE засноване

на прашкастом СигО 9.

Од радова Ross-a и Frant-a i<ojH су 1966. год. увели употребу мембрана

од сулфида бакра као сензора за joHe бакар(И)10,11, многи аутори су у пе

риоду 1971—76. год. публиковали различите методе за израду талога сулфида

бэкра12-20, при чему Haj4euihe користе Na2S11-15, H2S12-13 или тиоацетамид13.

Осим сулфида, Hirata и Higashiyama 1972. год. Hcrarryjy употребу бакар-

-телурида17, Bailey и Pungor 1973. год. употребу електроде базиране на си-

ликoнcкoj гуми и генерисаним joHHMa21, а Жуков са cap. 1975. год. употребу

бакар-селенида22, Ryan и Cheung 1976. год. израЬу;у електроду од комплек-

сних соли23, а као могукност израде електроде Geyer са cap. 1981. год. ис-

nHTyje бакарну плочу прекривену cлojeм сулфида24.

Упоредо са pa3BojeM бакарних електрода са чврстом мембраной, Ru-

2icka и Tjell 1969. год. pa3BHjajy и бакарне електроде са течном мембраной

користеЬи матрицу од порозног графита натогаьену раствором oflroBapajyhe

соли бакарног joHa у органскэм растварачу25. У низу радова из ове области

разни аутори Hcmrryjy израду течне мембране од порозне пластичне масе,

синтерованог стакла или другог инертног порозног мaтepиjaлa, натопл>еног

растварачем или течношку веома нерастворном у води и са ниским напоном

паре26-2».

Последвьих година пажн>а je посвекена посебном типу тзв. проточних

електрода, тако да се и у Toj области пojaвл>yje низ радова30-31.

3. ВРСТЕ БАКАР-СЕЛЕКТИВНИХ ЕЛЕКТРОДА

Бакар-селективна електрода je електрохемщски сензор 4njn потенци}ал

линеарно зависи од логаритма активитета бакарног joHa у раствору (сагласно

KoMHcnjn за аналитичку номенклатуру)32. Бакар-селективне електроде, на

основу радова oбjaвл>eниx у литератури33-34 могу се сврстати у три групе,

с обзиром на материал коришкен при изради мембране, и то на: а) електроде
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са чврстом мембраной (тешко растворне соли или чврсти )оноизмен>ивачи),

Ь) електроде са течном мембраной (течни }оноизмен>ивачи) и с) остале елек-

троде.

3.1 Електроде са чврсшом мембраном

Бакар-селективне електроде, Koje припада)у OBoj групи, с обзиром на

начин правл>ен>а могу се поделити на више подгрупа:

А) Кристалне електроде, Koje могу бити хомогене или хетерогене.

a) Хомогене мембранске бакар-селективне електроде су joH-селективне

електроде код Kojroc je мембрана кристал35, доб^ена од )едног )'един»еаа

Или хомогене смесе )едщьен>а. Хомогене мембране H3par)yjy се од монокри-

стала, топл>ен>ем соли или пресованъем праха под пристисцима од неколико

t/cm2. Тако, Jenkins и Bertocci pa3BHjajy електроду базирану на три разли-

чита типа 3N чистог бакар монокристала36'37 док Hirata са cap.38, као и низ

аутора19'38-40, изра5у)'е керамичку мембрану од бакар(Н)-сулфида. Као ма

териал за хомогене CuSE употреблен je и бакар(П)-сулфид стехиометри;-

ског17,41-45 или нестехиометри^'ског састава: Лопачак и Баусова flo6njajy

електроду од сулфида састава Cui,eoS и Cui,9eS 4в, Hepel са cap. користи

сулфиде састава Сид ,eeS и Cui,98S 47, док Hirata са cap 48-50 као и Pick51 и Toth52

при)'авл>у)у низ радова и патената за израду мембрана за одреЬивгиье бакар(Н)

joHa заснованих на Сиг-icS, при чему се х Kpehe од 0 до 0,21. Као посебан

тип сулфидних CuSE, типа прекривена жица, А. В. Виштьаков испиту)'е

микроелектроду (пречника 20 (хт) од бакарне жице сулфидисане у сгрузи

H2S на повишено; температури53, Geyer са cap. HCiurryje сулфидом прекри-

вену CuSE доб^ену од бакарне жице или плочице, таког)е сулфидисане

у crpyjH H2S на 125 и 400°24, док друга група аутора54-58 разви)'а аналогии

тип електроде HcmnyjyfeH методу сулфидизаци|е, начин кондИдиониран>а и

пречник сулфидисане жице.

Осим електрода базираних на xoMoreHoj мембрани од бакар(И)-сулфида,

oбjaвл>eн je и низ радова о изради хомогене мембране на бази бакар(1) jo-

дида57, селенида или телурида. Тако, Vesely onncyje перформансе електроде

базиране на нестехиометрщском монокристалу CuijeSe58, Neshkova59 и Ada-

metzova80>el електроду од Сиг-xSe, док Жуков са cap.82 Hcmnyje читаву

cepHjy електрода заснованих на бакар(П)-селениду и саставу : Cu2-xSe-Cu3Se2,

Cu3Se2-CuSe и CuSe-CuSe2. Миркин са cap. ncnHTyje применл>явост елек

троде од телурида бакра(1)83, док Hirata H3par)yje електроду али од бакар

(П)-телурида17, Гордиевски je патентирао мембрану од бакар-телурица не-

стехиометр^ског састава Cui,7sTe 84.

b) Хетерогене мембранске CuSE су формиране када je активна супстанца

(или смеса активних супстанци) помешана са инертном матрицом као што

су силиконска гума или ПВЦ, или су поставл.ена на хидрофобизирани графит

у облику сензитивне мембране Koja je хетерогене природе.

У литератури je овом типу CuSE посвеЬена Hajeeha пажньа, тако да

je об}авл>ен велики 6poj наслова Kojn се баве овом проблематиком. Pungor

први jom 1965. год. користи силиконску гуму као матрицу за CuSE65-87.

Осим Pungor-a, jom низ аутора H3pal)yje мембранску електроду од силиконске

гуме. Тако, Buchanan и Seago H3pal^yjy мембранску електроду од силиконске

гуме Koja садржи CuHP04e8, a Pick бакар(П)-сулфид инкорпорира у мем
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брану од силиконске гуме18,69. Bailey и Pungor21 и Hirata и Date70 таког)е

користе електроду базирану на силиконско] гуми, при чему Hirata Cu-пло-

чицу или Pt-жицу превлачи смесом CU2S (25%) и силиконске гуме, или

електроду flooiijajy мешашем C112S са 10% теж. епоксидном смолом. Haj-

распростран>ени)'и тип хетерогених CuSE je свакако смеса бакар-сулфида и

Hajqeiuhe сребро-сулфида.12,14'18-71-84

Ruzicka са cap. развща посебан тип CuSE са чврстом мембраной и чвр-

стим унутранпьим контактом (тзв. „all solid state") Koja представлю бакар-

-селективну електроду, сензорски прах смеса CuS/Ag2S 13 . Предност селек-

троде je селективност Koja се може по потреби мешати. JoBaHOBHh са cap.

разргфу)'е CuSE Ружичкиног типа GPE 201.801, са сензорским прахом CuS/

Ag2S 85 . Hulanicki електроду развита од синтетичког халколита ко;и користи

са силиконском гумом19. Leest припрема електроде превлачен>ем пелете од

joHCKor проводника (нпр. Ag2S, AgaSBr или Ag3SJ) са танком превлаком

сулфида бакра, при чему je угл>еник или сребро употреблено као контактни

матер^ат.88 Umezawa onncyje CuSE са чврстом мембраной од CuSE/Ag2S

талога87, Berge развита електроду базирану на смеси селенида бакра и сребра

CuSe/Ag2S88, док Sharma и Gurtu доби)а)у електроду мешан>ем HgS и CuS

у инертноj cmnucoHCKoj гуми89, Ryan разматра електроду са хетерогеном

мембраной базирану на ПВЦ-у као инертном носачу90. Као активни материал

употреблен je талог соли металних комплекса типа MXN(II)L,4. У cny4ajy

CuSE, L je лиганд (SCN~ или J-), M je Cu(II) a N je Hg(II). Електроде

овога типа од смесе телурида Cu2Te/Ag2Te развща Миркин са cap.83

В) Некристалне бакар-селективне електроде. Код ових електрода мэ-

трица, Koja се cacrojn од joHCKe (кат)онске или ащ'онске) или ненаелектрисане

врете, формира joH-селективну мембрану Koja je обично уметнута измену

два водена раствора. Употреблена матрица може бити порозна (нпр. Millipore

filter, стаклени фрит итд.) или непорозна (нпр. стаклени или инертни поли

мерии матери}ал као што je ПВЦ, производ са joHCKOM изменой или растварач

за учвршКиване хомогене смесе). Ове електроде noKa3yjy осетливост у при-

суству joHO-измевъивачког материала у мембрани.

а) Електроде са крутом срединой (нпр. стаклене електроде) су joH-ce-

лективне електроде код Kojwx je сензитивна мембрана танко парче стакла.

XeMnjcKH састав стакла oflpehjyje селективитет мембране.

Из ове cepnje CuSE, Jasinski узима AS2S3 стакло, добщено загреванем

As и S (чистове 4N) у Si ампули на 525° током 90 h, Koje затим уситвъава

и загрева са Си, СиО или CuS у евакуисано} Si ампули на 400° током jewtor

сата91. Baher и Trachtenberg су CuSE израг)ивали од халкогенидног стакла

(28% Ge, 60% Se и 12% Sb) Koje су допинговали са Си 92. Owen pa3Bitja

микроелектроду на бази полупроводничког стакла добщеног од халкогенпда

(бинарних }единен>а IV групе елемената)93. Таква стакла, базирана на арсен-

-селениду или селениду-телуриду са 25% мол. бакра употреблена су за CuSE.

b) Електроде са покретним носачем.

— Негативно наелектрисани носач. Комплекснра}уЬи агенси (типа

(КО)РОг) или гломазни aHjoHH (нпр. тетра-р-хлорофенилборатни ан)он) Kojn,

када су растворени у одговара}уЬем органском растварачу и задржани на

HHepTHoj матрици (нпр. Millipore filter или ПВЦ) o6e36et)yjy мембрану Koja

je осетл>ива на промену активитета катиона. Тако Ross патентира CuSE Koja
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садржи сензитивни део раствореног joHCKor измевъивача формираног од

водо-нерастворне соли S-алкил-тиогликолне киселине опште формуле RSCH2-

СОгН, при чему je R алкилна група са 6pojeM угл>еникових атома од 9—11,

компресована 50:50 смесом и-деканола и дихлоробензена94.

Saharay и Basu HcnHTyjy осетл>ивост електроде са СН—4, С1—7 и СН—7

мембранама према бакар(И) joHy95. Kamata разви)а CuSE са мембраной од

ПВЦ-а базиране на 13,14-бензо-1,4,8,11-тетрациклопентадекану96. Sharp и

Johansson oraicyjy CuSE добщене из органских радикалних joHa97. Мембрана

може бити формирана из диска од компресованог материала, таложевьем

матери) ала на метални проводник или уметан>ем у пластичну матрицу. Sharp

таког)е развита CuSE из бакра и по;дчгроЕОДничких соли од радикалних joHa:

2,6-бис(дици|анометилен)-нафталин и од 9-дици)анометилена-2,4,7-тринитро-

флуора и н>егове 2,4,5,7-тетранитро аналоги^е98. Осим тога, Sharp за израду

CuSE ncrmcyje фталощ^анине бакра, полимере од тетраци)'аноетилена kojh

садржи бакар и координативне полимере доби)'ене кондензовавьем хлоранила

са о-фенилдиамином".

— Ненаелектрисани носач. Електроде базиране на раствору молеку-

ларног катjона (нпр. антибиотици, макроциклична }едтьевьа или други

секвестира)у}щ агенси) KojH могу бити употребл>ени за доб^а&е мембрана

Koje noKa3yjy сензивитет и селективитет према извесним кат)'онима. Бакар-

-селективне електроде овога типа описане су од стране Sudarshan-a и Chris-

tian-a100,101 a Tai102 приказу)*е реви)"ално све радове ван Кине из ове области.

3.2 Електроде са шейном мембраном

Бакар-селективне електроде са течном мембраном cacroje се обично од

порозне пластичне масе. синтерованог стакла или другог инертног матери-

)ала Kojn се натопи растварачем или течношЬу веома нерастворном у води

и са ниским напоном паре103. Ако ова течност има висок коефищи'ент вис-

козности онда се мембрана може дуго времена употребл>авати. Ако je диелек-

трична константа употребл>ене течности ниска, тада долази до асоци)апи)'е

молекула. Неке од ових особина nocenyjy супстанде са дугим низом угл>о-

водоника у молекулу.

У цшъу грайевьа CuSE са течном мембраном коришНен je низ супстанци.

Селективитет ових мембрана зависи првенствено од селективности }оноизме-

вьивачког процеса. Тако Ruzidka са cap. pa3BHja електроде са течном мем

браном на бази графита импрегнисаног бакар(11)-дитизонатом27,104 или je

органски растварач садржавао лако екстрахован комплекс joHa или бакар-

-хелата26. Осим ових радова као електрода са течном мембраном коришКен

je графят импрегнисан са Ю-4 mol/dm3 раствором бакар(П)-дитизоната у

ксиленолу105, Си-салицилалдоксимом106, Си-пиролидином-1-карбодитиатомом

у СНС1з107,108 или Си комплексом дифенилтиокарбамидом раствореним у

СНС1з109. Harrel за израду електроде користи течну )оноизмен>ивачку мем

брану засновану на динонилнафталинсулфонско} киселини110. Sharp и Jo

hansson pa3BHjajy електроду од joHa органских радикала111. Гордиевски ис-

питу)е могуКност употребе комплекса 2'-хидрокси-3-етил-5'-метилхексафенона

оксима са бакром као течном мембраном112. Kataora течну joHOH3MeH>HBa4Ky

мембрану доби}а мешавьем Chrome Azurala S, зефиамина, ацетатног пуфера,

воде и нитробензена113,114. Czczepaniak електроду конструише од прзонен

мембране од силана и комплекса бакар(11)-Н-фенилбензо-хидроксиоамиче
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киселине у 1,1,2,2-тетрахлоретану ко)'и je употреблен као течни измеаивам115.

Negoiu електроде производи мешаьем CUSO4 са CHCI3 ко')И садржи 6-

-бензилтио-5-тиооксо-2-(2,3,5-три-о-бегооИл-р-0-рибофуранозил)-1,2,4-три-

азин-3-он и органску фазу користи за импрегнаци)у графитне цеви116, док

Hadjiidannov и Gritzapis, као )'оноизмевьивачку мембрану користе тетрафенил-

фосфони)ум 3,5-динитросалицилат у 4-нитрокумену или диметил-диоктадецил-

амони)ум 3 ,5-динитросалицилат у деканолу117.

3.3 Осшале електроде

Од осталих бакар-селективних електрода, пре свега треба поменути

рад Buchanan-a и Seago-a у коме аутори Hcnmyjy cepnjy електрода засно-

ваних на оксидационо-редукционо) реакцией на површини и трансферу кроз

биполарну мембрану118. Електроде су конструисане лешьеаем металле фолИ)'е

или комада метала на Kpaj стаклене цеви. За бакарну електроду коришКека

je полирана бакарна фолща или мембрана од фолще амалгамираног бакра.

Battle и Baynes такойе користе бакар koj'h лепе епоксидном смолом за стакло

као CuSE119.

Осим ових врста конвенционалних електрода, описан je и низ тзв.

проточних (flow-through) електрода30'31. Blaedel и Dinwiddie CBojy микро

проточну електроду rapabyjy од комада Ag2S/CuS зацементираног на Kpaj

цеви и CMeinrajy у проточну Ьел^у са референтном електродом (Ag/AgCl)

и улазно-излазним делом за раствор120. Проточне електроде су описане и

од стране Linden-a и Oostvervink-a83, Sioda и Piotrewske121, Walsh-a и Gabe-a122,

Thompson-a и Rechnitz-a123 и Островидова124.

Тржишту je понурен читав низ фабричких комерци]алних CuSE за-

снованих на поменутим врстама сензора и приказаних у таблици I. Тако

фирма „Radiometer" производи електроду од CuSe/CuSe2 монокристала125,

универзалну Ружичкину „селектроду" 4Hja се селективност може по по

треби меаати126, а таког)е и патентира CuSE са течном мембраной127. Елек

трода се cacrojH од електрохемиjски неактивног дела (графит, Hepbajyhn

челик или месинг) Kojn je прекривен танким филмом комплекса бакра са

нпр. дитизоном, купфероном или диетилтиокарбаматом. Фирма „Orion"

производи електроде хомогене структуре од бакар-сулфида128, a „Matsushita"

pa3BHja и патентира CuSE састава СигТе (10 до 30%)-Ag2S129-130.

ТАБЛИЦА I. Комерци)'алне електроде

Врста сензора Фирма Фабричка ознака Литература

Хетерогена Radiometer F. 3002 13,126

Matsushita 40

Orion 94—29A 131

Denki Kagaki

Комплекс од

Keiki Co. Cu-Dkk 84

металних )'она Radiometer 127

Кристална Tacussel PCu2

Radiometer F. 1112Cu 125

Perkin-Elmer 132

Редокс тип Radiometer 133

Остали Beckman Select Ion 39612 134

Philips IS 550-Cu 135
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Знатан 6poj радова у вези са теори}ским прилазима, конструкщфм

и применом CuSE обухваЬен je у разним ревщалним чланцима33,37'136-155.

као и у посебним квьигама156-163 и часопису „Ion-selective Electrode Reviews"164,

4. КОНСТРУКЦЩА БАКАР-СЕЛЕКТИВНИХ ЕЛЕКТРОДА

Бакар-селективне електроде, у односу на остваревье контакта унутраш-

н>ег дела мембране, могу се поделити на два типа електрода: а) електроде

са унутрашньом референтном електродом, и Ь) електроде са унутранпьим

чврстим контактом. Код типа а) обично je унутрашвьа референтна електрода

]едаа од електрода другог реда (Ag/AgCl или каломелова), док je код типа

Ь) унутраппьа страна мембране cnojeHa са проводним лепком на бази епок-

сидних смола, Koje садржи прах сребра.

Тело бакар-селективних електрода може бити направлено од стакла53,165,

челика18, пластичне масе39,70 или тефлона13.

Пример конструкгрце CuSE приказан je на сл. 1.

Може се запазити различитост у приступу конструктивном решаваньу

CuSE што je условл>ено првенствено наменом аутора га употребом. Разно-

ликост у конструкции застушьена je како у изради селективне мембране

на бакар(П) joH, тако и у остваривавьу контакта измену мембране и мерног

инструмента.

join je Pungor са cap.140 открио да je од изванредне важности дефектна

структура макро или микро кристала }едтьен>а Koje се npHMeayje као сензор.

Sato у CBojoj o6HMHoj студии термодинамичког израчунаваньа пoтeнциjaлa

разних сулфида у растворима коресподентних joHa166 yKaeyje на неминовност

HecrexHoMeTpHje компоненти сензора. Тешко да се и jeflHO природно или

синтетичко }едшьен>е, нарочито када je реч о сулфидима, може да наг}е у

свом апсолутно стехиометр^ском саставу, пасе нпр. сулфид бакра може да

прикаже формулой Cu^S, где х може да варира од 1 до 2. Управо ова не-

стехиометрща састава кристала сензора, позната под именом Frenkel-ових

деформапэда, OMoryhyje полупроводничке особине соли Koje су битне да би

такво }едшьен>е могло да функционише као сензор. Интерстицэдални кат)он

(Frenkel-ов ефекат) „тунелским померавъем" кроз ме^упросторе кристалне

решетке омогуКава проток електричне CTpyje, чинеКи такво ^едщьеше „чвр

стим електролИтом" (сл. 2).

Уколико се овакво }едгаьен»е са дeфopмaциjaмa у кристалш^ решетки

наг)е у раствору у коме nocroje вьеговом саставу кореспондентни joHH, због

различитих нивоа xeMHjcKHx потенциала истих joHa у 4BpcToj и Te4Hoj фази,

доЬи he до успоставл>ан>а Donann-ове равнотеже и nojaBe потенциала мем-

бранског на додирно} површини чврсто/течно.

Поред зависности потенциала селективне електроде од нестехиометри)е

сензорског jeflHH>eH>a, за потенциал електроде веома je битно чиме je „кон-

S2" Си2* S2" Си2* S2- Cu2,^S2"

Си2* S2"Cu2* S2" Си2: 2.S2^Cu2'

S2- Си2* S2" Си2* S2 - S2"

Си2* S2"Cu2* S2' Си2*" S2" Си2*

Сл. 2. Frenkel-ов пар (интерстици)ални

кат)он и ан)онска ваканси)а) у CuS.

Стрелице од центра суседних joHa ин-

дицира)у истезан>е решетке.
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тактиран" сензор са унутрашн>е стране електроде са чврстом. мембраной

— 1'една се вредност стандардног потенциала бележи ако je контакт остварсн

 

й ) м

Сл. 1. Различите конструкци)'е бакар-селективних електрода: а) Конструкций еле

ктроде са металним контактом88>78. 1 — мембрана, 2 — контакт (кадми)ум), 3 — сребрив

жица, 4— тело електроде, 5 — епоксидна смола, 6 — бакарна жида, 7 — поклопац.

б) KoHCTpyraoija бакарне микроелектроде1'. 1 — цев од челика, 2 — епоксидна смола, 3 —

стаклени рукав 4 — бакарна жица, 5 — епоксидна смола са сребром, 6 — сензитивна

мембрана, ц) Конструкци^а електроде типа превучена жица58,54. 1 — контакт, 2 — легура

Wood-a, 3 — микрокапилара, 4 — Ag или Си жица у стаклено) облози, 5 — сулфидисани

кра) жице. д) Конструкци)а микроЬели)е и микроелектроде185. 1 — тефлонски завртан»,

2 — тефлонски држач, 3— тефлонска hennja поставл»ена на електродни држач, 4 —

CuS/AgaS превлака, 5 — тефлон-графит, 6 — електрични контакт, е) Вишенаменска

joH-селективна електрова GPE 201.80185.

1 — сензорски прах, CuS/AgjS, 2 — матрица од хидрофобизираног графита, поли-

етилен (е), одн. тефлон (f)> 3 — графитни контакт, 4 — тело електроде, тефлон, 5 —

опруга, 6 — жица од Hep^ajyher челика. f) Бакар-селективна електрода Ru2iifoi-ce-

лектрода типа18.
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преко сребра, а друга ако je преко графита. Када je сензор контактиран сре

бром, активитет канона сензора у чврсто) фази je ^единица (яМе = 1); уко-

лико je, са друге стране, применен угл,енични контакт, тада je активитет

сулфида у 4Bpcroj фази )еднак }единици (as = 1), будуНи да je у таквом

cjry^ajy хеми^ски потенциал сребра одн. сумпора раван нули. Уколико je

сензорски сулфид пресиЬен сумпором а контактиран сребром са унутранпье

стране, долази до стваран>а Ag2S на месту контакта па се равнотежа поисто-

Behyje са оном Koja Hacraje када се метално сребро налази у раствору CBojnx

joHa. Ме^утим, ако je OBaj исти сензорски сулфид (пресиЬен сумпором) кон

тактиран графитом, на месту унутрашн>ег контакта сензора неЬе се стварати

неки сулфид, веЬ he тада xeMHjcKH потенциал сумпора бити раван нули

(ньегов активитет у 4Bpcroj фази раван je тада jединили). Управо на бази

овога, HMajyhn на уму да je сензорски материал чврст електролит, не могу

се као контактни матер^'али примените неплеменити метали, пошто he врло

брзо да KopoflHpajy и да noKa?yjy нестабилне потенциале.

Потенциал CuSE flaje се обично у односу на потенциал система ре-

ферентне електроде, а зависност потенциала CuSE од активности примарних

бакар(П) joHa уре^ена je }едначином Nernst-овог типа:

Е — £°cu2+/cu + (RTInF) In асиг+-

Уколико се бакар-селектавна електрода не налази у чистом раствору

примарног — бакарног joHa, веЬ je овде присутан и интерферира}уЬи joH,

по Eisenman-y167, други члан Nernst-овог израза je оптереЬен joui и са „кое-

фициjeнтoм селективности", тако да Taj члан доб^а следеЬи изглед:

Е = £°cu2+/cu + (RTInF) In (acu2+ + Ascu,b),

где je В интepфepиpajyhи joH, a Acu,b представлю однос активитета при

марног и интерферщ^уЬег joHa

^Cu,В — ЯСи2+/ ^в + .

Према томе, потенциал joH-селективне електроде, па теме и CuSE,

HHje jeflHa константна вредност, веЬ га je потребно израчунавати уз кориш-

Ьен>е поступака KojH нису опште познати. Ако се овоме дода и неизвеснол1

око коефищчента селективности (Kojn у физичком смислу представлю пока

зателе колико je пута електрода осетл>иви}а на примарни joH у односу на исту

концентращ^'у интерферира}уЬег joHa), лако се уви!)а да у овом тренутку

Teopnje и праксе CuSE не може да се примени код директних потенциоме-

TpHjcKHx мерен,а (на начин како je то могуЬе чините са стакленом електро-

дом): вредност потенциала Koja се прочита неЬе, преко Nernst-овог израза

дата поуздан податак о непознатом активитету примарног joHa. Стога, до

овог се податка долази применом конструисан>а баждарног ди)аграма за-

висности потенциала електроде од активитета cepnje стандардних раствора

различитих концентращпа.
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5.1 Израчунавшье иошенцщала бакар-селекшшне елекшроде

Зависност потенциала бакар-селективне електроде од стехиометри^е

бакар-сулфида, активитета сулфидних joaa и )она бакра у раствору била

je описана од стране Sato-a166 помоЬу ог/ште )едначине:

Ем, х, = Е°м, х, + — • 1 п -'— (1 )

' ' 2yF [X<-]a>q ■ [МЦ Xj

при чему стандардни потенциал електроде може бити дефинисан као:

£Чх; = J (Е°м,м'++ Е°х'"> х) С2)

где t и j означава|у стехиометри)'ске коефици^'енте, М je метал — у наш^м

случа)у бакар. X — неметални елемент, сумпор и индекси aq и М{Ху (или

s) означава)у да ли делимични активитети ynyhyjy ка компонентама у воденс^*

или 4Bpcroj фази нестехиометрщског ]едИ1ьен>а.

У сводим рани)'им радовима Sato168 да^е мишл»ен>е о израчунаваяьу

потенциала електроде од минерала халкозина CU2S ромбичне структуре, у

раствору ко)и садржи бакар(П) joh у износу веКем од сулфидног )она и по-

реди добщене са експериметалним подацима, при чему запажа добро сла-

гавье. Аутор je описивао потенциал електроде од халкозина помоКу Nemst-ове

}едначяне:

£eq = 0,530 + (RTjnF)\n [Cu2+] (3)

при чему je експериментална вредност износила 0,505. Систем бакар-сумпор

и н>егов стандардни потенциал био je испитан од стране Mathieu-a я Rickert-a169

Hepel и Leszko47 paaMaTpajy модел мембранске електроде, произведене

од нестехиометри{ског бакар-сулфидч (Сиг-zS). Они CMaipajy да за време

редукцщ'е инфинитезимадног износа (S) бакар(И) joHa, састав нестехиоме-

TpnjcKe фа?е трпи малу промену сагласно реакции:

Сиг-zS (s) - 8Cu2+(aq) + 2 Se Cu2-*+8S (s). (4)

Супротно Sato-y16e, Kojn je претпоставио да као компоненте }един>ен>а

MjX/ елементи М и X могу ненаелектрисани (као у oryqajy амалгама), по-

менути аутори пpeтпocтaвл>ajy следеНе изво^еае фазе Cii2-a:S:

[Сиг-zS] = [(1-*) Cu2S (n-s)x-CuS (n-s)]. (5)

Суштинска разлика измену }едначине 5 и Sato-овог ви^еша je да су

Си+ и Cu2+ joHH, Kojn реално nocroje у Сиг-zS фази, узети у обзир у

начини 5, док су код Sato-a сви атоми метала еквивалентни са друхим.

Нешто модификованщи прилаз дао je Koebel170, Kojn yKa3yje на за

висност потенциала joH-селективне електроде од врете чврстог унутраппъег

контакта (Ag или С). На примеру сензора чи'щ je састав CuS, Cui,8S, Cui,9S,

Cui,95S и C112S (Ag2S/Cua;S) OBaj аутор, узима^уЬи у рачун слободну eHeprajy

формиравьа одговара)уЬих сулфида показухе да када je сензор контактиран

сребром, активитет канона сензора у 4BpcToj фази je {единица (аси = 1):

уколпко je примешен упьенични контакт, тада je активитет сулфида у 4Bpcroj
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фази |еднак )'единиии (<4=1), будуЬи да je у таквом случа]у хеми^ски по

тенциал сребра одн. сумпора раван нули. Koebel разматра систем:

Cuz+ / Cu^S / контакт (6)

раствор Ei сензор Е%

при чему се на сваком додиру фаза успоставл>а onroBapajyhn потенциал

условл>ен активитетима врсти са )едне и са друге стране додира, па je по

тенциал система, Е, )еднак алгебарском збиру парщцалних потенциала

Ei и Ег.

Потенциал Е\ je зависай од логаритма односа активитета мег)усобно

коресподентних врсти овим двема фазама и израчунава се преко Nernst-овог

израза:

Ei = £°cu/cu2+ + (RTInF)ln dCU2+ - (RTInF)ln acu (7)

док на вредност потенциала Ez утиче природа контакта измену сензора и

кабла за инструмент, при чему Koebel уэима као могуЬи контактни материал:

1. метал коресподентан саставу сензора, 2. сребро и 3. графит као инертан

електронски проводник.

Buck и Shepard ceoja израчунаванл 6a3Hpajy на нестехиометрщи ком-

поненти сензора joH-селективне електроде и пресиЬености сензора било

металом или неметалом171. Тако, уколико je контактни материал метал ко

респодентан сензору или од овог племенити}и, pa4jratajy се }единичним ак-

тивитетом метала у 4Bpcroj фази (ам = 1)- Уколико je примеаен графит

као контактни мaтepиjaл, онда je активитет неметала у 4BpcToj фази (ах)

раван )единици. Према томе, потенциал бакар-селективне електроде у ра

створу бакра, по мишл>ен>у Buck-a и Shepard-a, je дефинисан изразом:

Ясиз = Е°си2+/си + (RT/nF) In (аСи2+/яси). (8)

Резултати испитиван>а различитим теори^ама као и поредбени са екс-

периментално добщ'еним резултатима приказани су у таблици II.

ТАБЛИЦА II. Стандардни потенци)али бакар-селективних електрода

Е° (према СВЕ)"

Teopnja Сензор Експер. TeopHja Литература

Sato CuS

(ковелин, хеке.)

— 71 166

Cu2S — 21 166

(халкозин, ромб.)

Hepel Cub8eS 519 — 47

Cui,eeS 502 — 47

Koebel Ag2S/CuIS 478—545b 448b 170

569—606° 595c 170

614 — 13

Buck и Shepard Cu2S, Cui,gS 337—535 337—504 171,172

CuS-Cul)8S 490—610 504—595 171,172

169,171CuiS-AgaS 464 464"

478—545 594 (S-зас.) 171

569—606 337 (Си-зас.) 171

Ruzicka CuS 351 349 13

CuS/AgaS 369 — 13

Orion CuS/AgaS 269 — 13

Beckman CuS/AgaS 295 — 13

Radiometer CuS/AgaS 195 — 13

a — при pCu = 0, у mV; b — Ag контакт; с — графитни контакт
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6. ПРИМЕНА БАКАР-СЕЛЕКТИВНЕ ЕЛЕКТРОДЕ

Примена бакар-селективне електроде je веома велика и разноврсна

не само у домену фундэменталних испитиван>а него и у пракси. У таблици

III je тематски приказана примена CuSE.

ТАБЛИЦА III. Примена бакар(П)-селективне електроде

Примена за Литература

Одре1)иван.е Cu(II) joHa

— у аналитичким растворима

— у води

— у отпадним водама

— у морско) води

— у палмином ул>у

— у силици)'уму

— у месингу

— у лековима

Одрефившье

— сулфата

— ванадила

— Fe(III) )она

— Hg(II) )она

— редукционих супстанци

Титраци)е

— 8-хидроксихинолина

— цитрата

Титращце са амино-киаелином

Комплексометри)ске титращц'е

— Са(И) и Mg(II) >она

— Zr(IV), Fe(III), Th(IV), Sc(III) и Cu(II) )она

Таложне титраци)е

— оксалата

Неводене титрацще

Хелатометри)*ске титращце Са(И) и Mg(II) )она

— у магнезиту

Одре^иватье стабилности комплекса

— Си(И)-тиосемикарбазид

— Cu(II)-NTA

— Си(Н)-В-пеницилинамина

Проучаваае комплекса Cu(II) са

— EDTA

— DTPA

— EGTA

— NTA

— Fe(III)

— глицином

Проучаван>е Cu(I) комплекса у ацетонитрилу

Испитинале комплексираьа Cu(I) са хлоридом

Одре^иваше тпрдоНе воде

Одре1)иван,е растворливости Си(П)-молибдата и волфрамата

Одре^иваше брзине екстракци)е бакра из водених раствора

Испитиван>е за коришЬензе

— као референтна електрода

— за мерен.е концентраци;е зага!)ивача у ваздуху и води

Испитиван,е

— утица)а хлорида

— поиске ja4iiHe
— за анализу облога купатила електролита

Поре^еже бакар(Н)-селективних електрода

120,165, 173, 174

175—178

179

180

181

182, 183

184

185

186

187

188, 189

190

191, 192

193, 194

194

195

196

197—200

201

202

203, 204

205

206

207

208

209—21 1

210

211

212

209

211

213

214

215

216

217

218

219

220,221

221

222

174
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ИЗВОД

Разматране су врете и конструкщца бакар-селективних електрода са различитим

мембранама (стаклена, чврста — на бази тешкорастворних соли и чврстих )оноизмен>ивача,

течна) као и н>ен разво) од шездесетих година до данашньих дана. Приказане су теорще

разних аутора Koje су покушале да об^асне механизам успоставл>ан>а мембранских потен

циала преко jедкачина Nernst-овог типа, Koje onHcyjy промену потенщцала бакар-селек-

тивне електроде са концентрациям )она бакра у раствору. Приказана je многострана при-

мена бакар-селективне електроде како у домену фундаменталних испитивааа тако и у

анализи бакра у на^разноврснищм узорцима.

SUMMARY

PREPARATION, ANALYTICAL EVALUATION AND

APPLICATION OF COPPER-SELECTIVE ELECTRODES

BORISLAVA D. VUCUROVlC and MILOS B. RAJKOVlC*

Faculty of Technology and Metallurgy University of Belgrade P.O.Box 494, YU-11001 Belgrade, and *lnstitute of

Food Technology and Biochemistry, Faculty of Agrictulture, University of Belgrade, P.O.Box 127, YU-11081 Belgrade-

Zemun, Yugoslavia

A re\iew of the development, theory, constructions, practical considerations and appli

cations of copper-selective electrodes is presented, with 222 references.
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ОКСИДАТИВНА ДЕГРАДАЦЩА ЦЕЛУЛОЗЕ У AJIKAJIHOJ

СРЕДИНИ

MAPMJA ТЕОДОРОВИЪ, JbHJbAHA МАТДАНАЦ и МИЛОШ СТАНКОВИЪ

Технолошко-мешалуршки факулшеш Универзишеша у Београду, й.йр. 494,

11001 Београд

(Прилиьено 1. октобра 1984)

Испитивана je кинетика деполимеризаци)е алкалицелулоза Koje су до-

би^сне третиран>ем узорака целулозе, полазног стелена полимеризациjе (хо) 448

и 669, раствором натрщ'ум-хидроксида (21%). Испитиваша су вршена на тем-

пературама 42,5 и 65,0°С. Применом закона за први ред реакци;е одре^ене

су константе брзине деполимеризаци^е и oflroBapajyhe eHeprnje активаци)е.

Испитиване су, тако^е, промене у структури целулозе Koje Hacrajy после

одре^ених времена сазреваьа алклиацелулозе. Израчунати су индекси кри-

сталиничности (Сг!) и однос интензитета дифракци]е 002 и 101 равни (Аом/АмТ )■

Хидролитичка деградащф целулозе, као и оксидативна разградша

целулозе у алкално) средний представлю]у реакщф Koje се onBHjajy у хе-

терогено) средини. Деградаци]'а се углавном одиграва у несре^еном noflpy4jy

услед чега степей полимеризащце у току времена тежи неко] гранично} вред

ности. Хидролитичка деструмпф тече до вредности степена полимеризаци)'е

koj'h приближно onroeapajy величинама сре^ених подруч|а. У случа^у де-

градаци)"е у алкално) средини у присуству кисеоника, карактер промена

степена погимеризаци)'е у току времена врло je близак оном код хидроли-

тичке деструкщце, али je констатовано да je у овом cnynajy гранична вредност

степена полимеризаци)е нешто веЬа. Оксидативна деструкцща тече релативно

споро, у средини Koja изазива jano бубревье, што noroflyje процесу рекри-

стализащф1-3. Пораст кристалиничности за време деструкщце cMaayje ре-

активност алкалицелулозе док с друге стране, смашевъе молекулске масе у

току деградац^е, повеЬава ньену реактивност. МеЬутим, на кинетику процеса

деградаци)е утичу и специфичности надмолекулске структуре, условл>ене

пореклом материала и начином ньегове претходне обраде. При недовольном

степену млевевъа и Manoj концентрации кисеоника у racHoj фази нз кинетику

процеса утиче и дифузи^а.

Мада су кинетику деградаци^е целулозе испитивали многи аутори она

join увек ни)е дефинитивно проучена4-18. Залажено je да процес разграднье,

без обзира да ли се одвщ'а у KHceuoj или ajncarntoj средини, тече брже у по-

четку реакцщ'е, а затим знатно cnopHje. Уочени феномен се тумачи различите

Schulz и Pascu на пример, CMaTpajy да на ток хидролизе утиче присуство

периодично распоретених изузетно слабих xeMHjcKHX веза4. Ово je у CBojHM

радовима негирао Sharpies6,6. Други пак аутори су мишл>ен>а да nocToje

673
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активиране хеми^ске везе Koje располажу са веком енерги)'ом у целулозном

макромолекулу, а налазе се у правилним интервалима од око 500 глукозних

^единица7. Према овом моделу кра^еви макромолекула чине несрег)ена под

ручна у кристадима елементарних фибрила услед чега се jaajbajy напрезавьа

Koja aKTHBHpajy хеми)'ске везе у крутим целулозним ланцима. Figini сматра

да се при хидролитичко) разградши одиграра)у симултано две реакци)е са

различитим константама брэине4. Неки аутори Kojn су испитивали оксида-

тивну разградку алкалицелулозе дошли су до заюьучка да у концентро-

ваним растворима алкали)'а долази до интрамолекулског умрежавааа целу-

лозниу макромолекула. Oeaj ефекат нарочито утиче на почетне сталиjyjvie

разградите, jep Eeh у самом почетку настану циклични и рачвасти макро-

молекули целулозе12.

Цил> овог рада je био да се испита ток оксицативне разградае у ал-

кално) средний (сазреваае алкалицелулозе) и покуша да се доби)ени пара-

метри доведу у везу са променама у надмолекулско) структури целулозе,

што би могло да допринесе разумеваньу кинетике испитиване реакни^е. Де-

градаци;а целулозе праЬена на je температурама 42,5 и 65,0°С.

Да би се установио утица) степена полимеризациие на ток деградаш^е,

паралелно су испитивана два узорка целулозе, полазних степена полимери-

зацще 448 и 669.

Промене у току сазреван>а алкалицелулозе праЬене су одрег)иван>ем

степена полимеризаци^'е и сниманием рендгенских дифрактограма.

ЕКСПЕРИМЕНТАЛНИ ДЕО

У раду je испитивана букова целулоза за вискозу доби)'ена сулфатним поступком

с парном претхидролизом. Основне карактеристике испитиване целулозе су:

ос — целулоза, 93,8% (метода TAPPI Т-203 os-61),

Р — целулоза, 3,4% (метода TAPPI Т-203 os-61),

у — целулоза, 2,8% (метода TAPPI Т-203 os-61),

Пентозани, 4,0% (метода TAPPI Т-223 os-62),

Степей белине, 90,0% (метода JUS. Н. N. 8).

Припрема целулозе за испитиван>е деградащце cacrojana се у приходном испираьу

узорака дестилованом водом, да би се уклониле поврпшнски активне матерее и вьиховом

сушеьу на co6Hoj температури до константне тежине. Узорци су затим третирани раствором

натри)ум-хидроксида (21%) на температурама 42,5 и 65,0°С двостепеним поступком. У

првом стушьу (алкализаци)а) Kojn je Tpajao 30 минута хидромодул je износио 1 :5, а у сле-

декем стушьу (сазреваье алкалицелулозе) износио je 1:3. После одреЬених времена са-

зрван>а узорци су потапани у воду, испирани до неутралне реакщце и сушени на ваздуху.

Степен полимеризаци)е je одреЬиван методом SCAN-C-15-62.

Хигроскопна вода je одрег)ивана термогравиметри)ском методом на TGS-2 апарату

Perkin-Elmer.

Рендгенски дифрактограми узорака снимани су noMohy Siemens-Kristaloflex 4 ди-

фрактометра. Узорци су припремани у облику таблета коришкеаем Perkin-Elmer-ове пресе

за ИЦ-спектроскогпяу. Индекс кристаличности израчунат je према Segal-y1*. Pa:«najaibe

рефлекс^а 002 и 101 равни на добщеним дифраиограмима ураг)ено je рачунским путем

на рачунару IBM 11 30 по MeTOfliiPatil-anDweltz-a15. Програм je написан на je3HKy Fortran IV.
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ДИСКУСЩА РЕЗУЛТАТА

У процесу сазреваньа алкалицелулозе, Kojn се одви)*а у набубрелом

систему иелулозних молекула, може се претпоставити да вероватноЬа кидааа

гликозидних веза не зависи од положа^а везе у макромолекулу16 и да се

промена 6poja гликозидних веза са временом дешава по закону за I ред ре-

акцизе:

ds

где je: s — 6poj 1лнкозидних веза: t — време: k — константа брзине депо-

лимеризаци)'е.

Ако се у ropaoj )'едначини укупан 6poj веза изрази у функцией стелена по-

лимеризаци]'е као s = с (х — 1) где je с моларна концентрациjа , а х среявьи

степен полимеризаци)'е, добща. се )едначина Koja пружа могуЬност израчу-

наван>а константе брзине деполимеризаци^'е преко степена полимеризаци]е :

In = In — kt.

X Xq

Ме^утим, применом горн>е }едначине, доб^ене су за испитиване узорке

у току 40 часова сазревааа алкалицелулозе све ман>е вредности константе

брзине у току времена. Стога je покушано са применом ^едначине Ka3ejeBa

Koja je са успехом кориипЧена код многих хетерогених peaiaraja. Хедначина

Казе^ева има следеЬи облик:

а = 1 — exp (—ktn)

где je: а — степен реаговаша, t — време, a k и п константе. И на oeaj начин

израчунате константе k и п имале су све ман>е вредности у току времена.

Опадан>е вредности за константу и, указивало je на све веЬи утица} дифузще

на ток реакцще деполимеризаци;е. Познато je да je за peaKirnje Koje се од-

BHjajy у кинетичко] области я = 1 а за дифузионе я =0,5.

Све веЬа улога дифузи}е у процесу могла би да буде последила недо-

вол>не концентрадеде кисеоника у racHoj фази, а тако^е и присуства cpet)e-

HHjnx кристалних области Koje су ман>е доступне кисеонику a Koje се без

обзира на jaKO бубреше алкалицелулозе у &oj задржава^у. Сем тога, као

што je веК наглашено, набубрела алкалицелулоза представлю погодну средину

за процес рекристализациjе .

Врло добро слагаае експерименталних података са законом за први

ред реакцизе постигнуто je када je степен реаговааа изражен у слецеЬем

облику:

so — St

ос =

SO — Sao

где so, sea и st представлю укупан 6poj гликозидних веза на почетку, на Kpajy

и у времену t, одре^ен мереаем степена полимеризацще. На Taj начин je

узета у обзир и гранична вредност степена пoлимepизaциje, Koja je последила

одви^аньа peaiouije претежно у приступачним, несре^еним подруч}има. Гра
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ничне вредности степена полимеризатлце на испитиваним температурама

постигнуте су после 40 часова (тэбл. I).

ТАБЛИЦА I TABLE

Граничив вредности степена полимеризациие, *<ю

The level-off degree of polymerization, Xa>

Уэорак

(полазни стелен Температура сазрева&а алкалицелулозе

полимеризаци)е) Alkalicellulose aging temperature °C

Sample

(the starting degree of 42,5 65,0

polymerization) xo

448 204,0 93,8

669 230,0 96,0

Графички приказ примете )едначине — ln(l — а) = kt дат je на слици

1. Константе брзине деполимеризаци^е израчунате су помогу методе Haj-

ман>их квадрата (табл. II). Одговара^уКе енергще активаци]'е су: за први

 

О 5 10 15 20 ,jh] 25

Слика 1 Figure

Приказ примене )едначине за први ред реакщце на процес деполимеризацще

алкалицелулозе .

Representation of application of the equation for first-order reactions on the alkali

cellulose depolymerization process.

О • _ 65°C, ДА — 42,5°C, • A — xo = 669, О д — jc0 = 448.

узорак (*o = 448) 21,7 kj/mol а за други узорак (xo = 669) 31,3 kj/mol.

Доби^ене вредности указу^у на сличай ток разградвье оба узорка, што би

значило да nocrojeha разлика у вредностима полазних степена полимериза-

ци)'е не утиче битнике на брзину деполимеризаци^е.

Зависност константи брзине од температуре (Ai+io°) и мале енергщ'е

активаци^е говоре о yranajy дифузи)'е на ток pearauije17,18.

Да би установили да ли у току сазревавьа алкалицелулоза долази до

структурних промена, снимл>ени су рендгенски дифрактограми алкалицелу
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лозе (хо = 448) после потагшьа у раствор натри)ум-хидроксида (г = 0) и

после сазревшьа (г = 24 h) на температури 65°С (сл. 2). Приликом потапшьа

ТАБЛИЦА II TABLE

Константа брзине деполимеризаци)е

The depolymerization rate constant * x Ю^-1

Узорак

(полазни степей

полимеризациj е) Температура сазреваьа алкалицелулозе

Sample Alkalicellulose aging temperature

(the starting degree of °C

polymerization) xo 42,5 65,0

448 1,94 3,36

1,32 2,91669

у раствор натрИ)ум-хидроксида долази до наглог бубреша и структура це

лулозе I се трансформише у структурни облик алкалицелулозе са битно про-

меньеним мег)ураванским расто^аньем елементарне heraje18-23. Мег)утим, по-

веЬана днфузивност лшпце дифрактограма после сазреван>а алкалицелулозе

у току 24 часа говори о сман>ен>у величине присутних честица, а повеЬани

интегрални интензитет (PolPu = 1,1436) о напредован>у трансформациие. На

истом дифрактограму запажа се и пораст дифракци^е на 20 = 10° што би

указивало на пораст бочне срег)ености у равни 101. Уочене промене настале

у току сазреван>а алкалицелулозе, одражава;у се и на рендгенским спектрима

после испиран>а натрщум-хидроксида и сушеша узорака (сл. 3), када се они

flo6Hjajy у облику целулозе II (структурна модификацэда карактеристична за

регенерисана влакна и узорке Kojn су третирани растворима натри)'ум-хи-

дроксида, концентраци]'а веЬих од 10%, а затим испрани водом). Узорци

су снимали у овом облику да би се избегао рад са нестабилним узорцима ал

калицелулозе. На слици 3 приказани су дифрактограми неких карактери-

стичних узорака (целулоза II), као и порег}ен>а ради, дифрактограм полазне

целулозе (целулоза I).

Из дифрактограма свих испитиваних узорака израчунати су индекси

кристалиничности kojh су у зависности од времена сазреваньа алкалицелулоза

приказани на слици 4. Криве на oboj слици указуjy на нагли пораст индекса

кристалиничности у току првих 7 часова разградтье алкалицелулоза, када

се истовремено дешава^у и нагле промене у степену полимеризаци)е. Ово

би значило да рекристализаци^а не омета ток разградоье све до вредности

индекса кристалиничности од око 72%.

Испиту)уКи исту peaiamjy Vink3 je доби)ао оштри)е расподеле када се

молекулска тежина сман,у)е, што не би требало очекивати у ar/4ajy ста-

тистичке деградаци)е. Као )едно од могучих o6jauiH>eH>a за ово Vink наводи

пораст кристализациjе алкалицелулозе када се молекулска тежина сман>у)е,

што утиче на приступачност и опадаае брзине деградаци^'е.

Поред индекса кристаличности израчунат je за )'едан узорак (ло =

= 448,65°С) и однос висина пикова 002 и 101 равни, кощ je мерило транс-

формаци}е целулозе у кристалографски облик И. Да би висине пикова могле

да буду тачно одрег)ене, ураг)ено je раздва}ан>е пикова применом методе Kojy

у дали Patil и Dweltz15.
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Однос А002/А10Г имя Hajeehy вредност после алкализшдце (г = 0) Koja

за ова) узорак износи 1,15, а после 24 часа сазревавьа свега 1,04 (табл. III).

Опадавье вредности Л002/А0Г je доказ сре^ивавьа кристала у равни 101.

ТАБЛИЦА III TABLE

Однос интензитета дифракщце 002 и 101 равни (Лооз/ЛюТ ) и

хигроскопна вода

Ratio of heights of 002 анс! 101 peaks (Aooi/AioD and hygroscopic water

Време сазреван>а

алкализацще, h

Time intervals of 0 2 4 7 17 24

alkalicellulose aging, h

*°°^1оГ MS U~4 ПЫ Ш w ПоТ

Хигроскопна вода

Hygroscopic water % 8,6 10'0 10'8 9'° «>2 Ь2
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г)утим, константно опадание ових вредности после 4 часа сазреванъа може

се довести у везу са рекристализашцом узорака при чему садржа) влаге

опада и приближава се оном за нетретирани узорак.

 

Слика 3 Figure

Рендгенски дифрактограми нативне целулозе (хо = 448 и хо = 669) и одговавдуЬих

узорака целулозе II после 2 и 24 h сазреван>а на 65°

The x-ray diffractograms of the native cellulose (xo = 448 и хо = 669) and corresponding

cellulose II samples after 2 and 24 h of aging at 65°C.

ЗАШЬУЧАК

Показало се да се реакщца оксидативне деполимеризаци^е алкалицелу-

лозе у испитиваном температурном опсеху покорава закону за I ред реакщце

ако се степен реаговаьа изрази преко концентраци]'е гликозидних веза и

узме у обзир гранична вредност стелена полимеризаци)'е.

За исти узорак у таблици III наведене су и вредности за хигроскогщу

воду. Пораст хигроскопне воде у току првих часова сазреванл алкалицелу-
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Мале апсолутне вредности енергще активаци^е доби)'ене за испитиване

узорке, Ei =21,7 kj/mol за узорак полазног степена полимеризащц'е 448 и

Ег = 31,3 kj/mol за узорак полазног степена полилкризащф 669, указу)'е

на утица; дифузще на ток процеса деградацй)е целулозе.
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Слика 4 Figure

Индекс кристалиничности

(CrI) у зависности од тра-

jaaa сазревавьа алкалицелу-

лозе: l.xo = 448; 2. хо = 669

Crystallinity index (CrI) as a

function of alkali cellulose

aging time: 1. xo =448;

2.xo = 669.

Констатовано je да у току испитиване реакци)е долази до промена у

надмолекулско) структури целулозе Koje се одржава;у на степену кристали

ничности узорака. Промене су установл>ене одрег)ивавьем хигроскопне влаге

узорака и сниманием рендгенских дифрактограма.



ОКСИДАТИВНА ДЕГРАДАЦЩА ЦЕЛУЛОЗЕ 681

SUMMARY

OXIDATIVE DEGRADATION OF CELLULOSE IN ALKALINE MEDIA

MARIJA TODOROVlC, LJILJANA MAJDANAC and MILOS STANKOVlC

Faculty of Technology and Metallurgy, University of Belgrade, P.O.Box 494, YU-11001

Belgrade, Yugoslavia

The depolymerization kinetics of alkali cellulose, obtained by treatment of cellulose

samples having different polymerization degrees (xo = 446 and 669), with 21% sodium hy

droxide solution, was investigated at temperatures of 42.5 and 65.0°C. It was established that

the reaction of oxidative alkali cellulose depolymerization obeys the equation of the first order

reaction, it the conversion is expressed through the concentration of glycoside splitting bonds

and if the level-off degree of polymerization is taken into consideration. The small activation

energies (Я1 = 21.7 kj/mol and E% = 31.3 kj/mol) suggest the diffusion influence on the cellulose

degradation process. The effects of structural changes on the degradation development in the

course of the investigated temperature interval was also considered. The crystallinity index and

changes in the diffraction intensity by 002 and 101 lattice planes (Й002/Л00Г ) were calculated after

specified periods of alkali cellulose aging.

(Received 1 October 1984)
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The examination of the polarographic behaviour of citraconic and mesaconic

acid dibromides have shown that the pH value of the solution has a great influence

on the number of waves, their heights and values of the half-wave potential. By

the reduction of citraconic acid dibromide three waves are produced. The first wave

corresponds to the reduction of citraconic acid dibromide to citrocanic acid (at

pH 3.4) and to mesaconic acid (at pH 6.1). The third wave results from the re

duction of the corresponding unsaturated acid to methylsuccinic acid. The second

wave results perhaps from the reduction of a product obtained during the hydro

lysis of citraconic acid dibromide. By the reduction of mesaconic acid dibromide

two waves appear, the more positive one results from the reduction of mesaconic

acid dibromide to mesaconic acid and the more negative one corresponds to the

reduction of mesaconic acid to methylsuccinic acid.

The aim of this study was to examine the polarographic behaviour of the bro-

mination products of citraconic and mesaconic acids. The trans-addition of bromine

to the double bond takes place, according to the lliterature1-4, by the action of

bromine on citraconic and mesaconic acids. In the first case citraconic acid di

bromide (DL-rAreo-a,[3-dibromomethylsuccinic acid) is produced:

С00Н С00Н

c-c

/ V-h
Br Br

and in the second case mesaconic acid dibromide (DL-eryr/zro-a,!S-dibromo-

methylsuccinic acid) is obtained:

С00Н Br

сн3<, /

c-c

Br С00Н

While the polarographic behaviour of meso or racemic 2,3-dibromosuccinic acids,

which are prepared by the action of bromine on maleic and fumaric acids, has
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been reported in literature5-6, there exists no information about citraconic and

mesaconic acid dibromides.

EXPERIMENTAL

The citraconic and mesaconic acid dibromides were prepared according to the procedures

of Vaughan and Milton2. The purity of the products was checked by recording IR spectra.

The polarographic curves were recorded on a polarograph Radiometer Polariter P04.

Capillary characteristics were determined in distilled water at a potential of О V (with respect

to the saturated calomel electrode) and with a height of mercury column of 35 cm. Mercury drop

time was 4.0 s, while the rate of flow was 2.29 mg The oxygen was being removed from the

investigated solution by bubbling purified nitrogen for 8 to 10 min. An inert atmosphere above

the solutions during the measurments was maintained by flushing with nitrogen. All the measure

ments were done at 25 ± 0.5°.

Phosphate buffers of the desired pH-values were obtained by neutralization of phosphoric

acid of a corresponding concentration by means of concentrated solution of potassium hydroxide8.

For maximum suppression freshly prepared 1% gelatine solution was used. Its concentration

in the investigated solution was 0.005%.

RESULTS

a. Citraconic acid dibromide

Citraconic acid dibromide gives in 0.1 mol dm-3 phosphate buffer in the

presence of 1 mol dm-8 KC1 in the pH-range from 4 to 7, three waves (Fig. 1 ),

 

Fig. 1. Polarographic waves of mesaconic acid dibromide

(2mmol.dm~3) in phosphate buffer (0.1 mol dm-8 HsP04 +

КОН, 1 mol dm-3 KC1) at different pH values

whose heights and values of half-wave potentials change by altering the acidity

of the solution. The heights of the first and the third waves reduce with the in

crease ot pH and the height ol the second wave increases The total height of the

first and the second waves is constant. The half-wave potentials of the first and

the third waves changes considerably between pH 3.4 and 6.95 (for the first wave

from -0.07 V to -0.30 V, and for the third from -1.08 V to 1.31 V). The half-

-wave potential of the second wave is constant in the mentioned range of pH

values (-0.52 V)

The first wave results from the two-electron, irre versible (a = 0.36 at pH

4.07) reduction of citraconic acid dibromide. The values of half-wave potentials,

especially at lower pH, are near to the values of the half-wave potential of anodic
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dissolution of mercury in the presence of chloride ions and the wave is not often

properly developed. The better formed waves can be obtained in 1 mol dm-8

phosphate buffer, in which case the presence of KC1 is unnecessary.

The second wave at pH of solution under 4.0 does not appear at all, if the

recording is made immediately after the preparation of the solution. After 24

hours of standing of the solution, the height of the first wave decreases and the

second increases. This shows that at higher pH-values, especially after standing,

the hydrolysis of citraconic acid dibromide takes place. This phenomenon has

been noticed by Kingsbury7 who has found the values of hydrolysis constant in

strong basic medium being of the order of magnitude of 10-4. Among the products

of hydrolysis he discovered as the major products cis and trans forms of bro-

momerhacrylic acid, 2.3-hydroxy-2-methylsuccinic acid, 2-hydroxy-2-methyl-3-

-bromosuccinic acid, 3-oxybutane acid and acetone. Therefore the second wave

is produced by the reduction of the product obtained by hydrolysis of citraconic

acid dibromide.

The identity of the third wave is shown by comparing the wave of citra

conic acid dibromide with the wave of citraconic acid (Fig 2, curve 3), or mes-

aconic acid (Fig. 2, curve 2).

 

i I

0,0 V 0,0 V

Fig. 2. Polarographic waves of 2 mmol mesaconic acid dibromide

(1), in the presence of 2 mmol dm-3 mesaconic acid(2)and in the

presence of 2 mmol dm-3 citraconic acid (3) in 0,1 mol dm-8

phosphate buffer, 1 moldm-3KCl, pH 6.2 and 3.1

The mentioned examinations were performed in phosphate buffer at pH

3.4 and 6.1. It can be observed from the curves 1 and 2 that the wave at pH 6.1

is scarcely visible. This is in accordance with the polarographic behaviour of me

saconic acid at this pH-value and we can assert that the third wave is a result of

a reduction of mesaconic acid. In the solutions of pH 3.4, the half-wave poten

tials of the third waves from curves 1 (citraconic acid dibromide alone) and 2

(citraconic acid dibromide and citraconic acid) are very close — 1 .08 V and — 1 . 10 V.



686 SPIREVSKA and REKALlC

So it was concluded that by the reduction of citraconic acid dibromide, citraconic

acid has been produced. This conclusion, however, does not exclude the possi

bility of formation of some mesaconic acid at this pH which might be similar to

the phenomenon that Rosenthal and Elving5 discovered with racemic dibromo-

succinic acid. These conclusions give the answer to the question which are the

products of the reduction of citraconic acid dibromide on the dropping mercury

electrode.

With regard to the polarographic determination of citraconic acid dibromide

it is preferable to use the first wave, which is the more characteristic one. Besides,

it is better to perform the recording in the presence ot 1 mol dm-3 phosphate

buffer, and at is the best at pH about 2, where the height oi the wave slightly

changes by changing pH.

b. Mesaconic acid dibromide

Mesaconic acid dibromide gives in 1.0 mol dm-3 phosphate buffer in the

presence ot 1 mol dm-3 KC1 at lower pH, two well-defined polarographic waves.

Th; height of the first wave, the more positive one, is almost unchangeable by

pH 5.32. Above this value appears a hardly visible doubling o1 the wave.

 

0.0 V

Fig. 3. Polarographic waves of citraconic acid dibromide (2 mmol dm-") in phosphate

buffer (0.1 moldm-3H3P04 + КОН, 1 moldm"* KC1) at different pH values

The height ot the second wave is constant by pH 4. Above this pH value,

the wave height begins to decrease, and at pH 6.97 the wave completely disappears

The half-wave potentials are shifted to the more negative values with the decrease

ot the solution acidity. By changing pH trom 2.0 to 6.20 the half-wave potential

ot the more positive wave changes from —0.04 V to —0.43 V, and of the more

negative one from —0.92 V to 1.35 V.

The first wave results from the two-electron, irreversible (a = 0.21 at pH

3.67) reduction of mesaconic acid dibromide and is controlled by the diffusion

current. The values of half-wave potentials, especially at lower pH, are close to

the values oi the half-wave potential ot anodic dissolution ot mecrury, in the pres

ence of chloride ions and both waves are joined, as with citraconic ac;d d;bro-

mide. The better developed waves can be obtained in 1 mol dm-3 phosphate

buffer, because in this case the presence of potassium chloride is unnecessary.

With regards to the second wave, the values of the half-wave potentials

of this wave and the height at different pH-values are close to thevalues of mes

aconic acid, obtained in the same conditionis With the intention to find out whether

mesaconic of citraconic acids are formed by the reduction of mesaconic acid di

bromide, we added mesaconic acid (Fig. 4, curves 2) and citraconic acid (Fig.
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4, curves 3) to the solutions of mesaconic acid dibromide (Fig. 4, curves 1) Jn

phosphate buffer at pH 3.1 and 6.2. At pH 3.1 the half-wave potentials of the

second waves from the curves 1 (mesaconic ac;d dibromide alone) and 2 (mesa-

conic acid dibromide and mesaconic acid) are almost the same (—1.03 V and — 1.04

V) so we have concluded that the second wave is a result of the reduction ofmes-

 

0,0 V 0.0 V

Fig. 4. Polarographic waves of 2 mmol dm-3 citraconic acid dibromide (1), in the presence

of 2 mmol dm-3 mesaconic acid (2) and in the presence of 2 mmol dm-3 citraconic acid

(3) in O.lmoldm"3 phosphate buffer, lmoldm-3KCl, pH 3.4 and 6.1

aconic acid. At pH 6.2 rhe second wave is hardly visible on the curves 1 and 2,

that is in accordance with polarographic behaviour of mesaconic acid at this pH

value8. We have therefore concluded that in this case too occurs the reduction

of mesaconic acid. Th^se conclusions give the answer to the question which are

the reduction products of mesaconic acid dibromide, as in the case of citraconic

acid dibromide.

The schemes of the electrode processes of reduction of citraconic and mes

aconic acid dibromides can be expressed by the following equations:

HOOC— CHBr— CBr — COOH +2e

CHs

mesa- or citradibromosuccinic acids

HOOC— CH = С—COOH + 2Br-

I

CH3

mesaconic or citraconic acids

HOOC — CH = С COOH M HOOC — CHs — CH —COOH

I ' I

CHs CHs

methylsuccinic acid

With regard to the polarographic determination of mesaconic acid dibromide

it is better to use the first wave which is a more characteristic one. The recording

should be performed in the presence of 1 mol dm-3 phosphate buffer at pH about 2.
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ИЗВОД

ПОЛАРОГРАФСКО ПОНАШАТЬЕ ЦИТРА И МЕЗАДИБРОМ ЪИЛИБАРНИХ

КИСЕЛИНА У ФОСФАТНОМ ПУФЕРУ

ИЛИНКА СПИРЕВСКА

Хемиски факулшеш на универзишешош „Кирил и Me&oduj", Ской]е

ВЛАДИМИР J. РЕКАЛИЪ

Технолошко-мешалуршки факулшеш Универзишеша у Београду

Испитиван>а поларографског понашан>а цитра- и мезадибромНилибарне киселине

показуху да на 6poj таласа, н>ихову висину и вредност полуталасног потенциала има зна

ча)ан утица) рН-вредност раствора. При редукцищ цитрадибромНилибарне киселине )ав-

л>а)у се три таласа. Први талас одговара редукци)и цитрадибромНилибарне киселине до

цитраконске (при рН 3,4) и мезаконске киселине (при рН 6,1). ТреНи талас се )авл>а услед

редукщце одговара)уКе незасиЬене киселине до метил Ьилибарне киселине. Друга талас

вероватно настаje редукци)ом произвола добивеног хидролизом цитрадибромкилибарне

киселине. Редукци)ом мезадибромНилибарне киселине )авл>а)'у се два таласа, позитивней

ко)и Hacraje редукци)ом мезадибромНилибарне киселине до мезаконске и негативней kojh

потиче од редукци)е мезаконске до метил Килибарне киселине.

(Примлено 10. септембра 1984)
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KOP03HJA ПРАХА ЦИНКА У АЛКАЛНИМ РАСТВОРИМА

ОЛИВЕРА Ж. ПАВЛОВИЪ, ДРАГИЦА П. ОВЦИН*,
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луршки факулшсш Универзишеша у Београду, й.йр. 494, 11001 Београд

(Прилиьеко 9. Ataja 1983; ревидирано 29. октобра 1984)

Испитивана je корози)а праха цинка у растворима кали)ум-хидроксида и

кали^ум-цинката путем мерен>а запремине издво)еног водоника у току 50

часова. Варирана je концентрaimja (mol/kg) слободног калщум-хидроксида

(2,62—15,86) при константно) концентрации калщум-цинката (0,105), кон-

центращца KairajyM-цииката (0,105—1,654) при константно) концентрацией

кали)ум-хидроксида (12,5) и температура раствора (15—45°). На^ено je да у

почетном периоду корози{е (за времедо 10 h) запремина издво;еног водоника

приближно линеарно зависи од времена, т). да je брзина корозще константна.

За дужа времена корози)е (10—50 h) запремина нздво;еног водоника у функ-

ци)и времена има облик параболе н-тог стелена (п = 0,8), а брзина нздва)аньа

водоника опада са временом. Концентраци)а хидроксвда има мали утица)

на брзину Kopo3Hje при нижим кокцентрацщ'ама (до око 5 mol/kg). При вишим

концентрациjама хидроксида, повеКатье концентраци)е хидроксида доводи до

пораста брзине корозще, а експерименталне вредности реда процеса корозще

по хидроксилним )онима су 0,8—1,2. Пороет концентраци)е кали)ум-цинката

доводи до сман>ен>а брзине корози)е, а експерименталне вредности реда про

цеса корозще по )онима цинката креНу се од —0,2 до —0,4. Вредности енер-

nije активацзде процеса Kopo3Hje износе од 26,0 до 15,8 kj/mol.

У концетрованим алкалним растворима цинк подлеже интензивно)

корози)'и уз издва)ан>е водоника. Ова по)'ава представл>а |едан од на|озбигь-

ни)'их проблема за успешну техничку реализаци)у неких електрохеми)ских

извора енерги)е (система HgO/Zn, AgO/Zn, и др.) код kojhx цинк функ-

ционише као негативна електрода у концентрованом алкалном раствору1.

Корози)'а цинка уз издва)ан.е водоника у концетрованим алкалним ра

створима je доста проучавана2-12, али join увек nocroje знатна неслагавьа

у речултатима, а тако^е и у HjncoBoj интерпретациjи . У овом раду предузета

су испитиван>а зависности брзине корози]'е праха цинка (од кога се пресо-

вавьем доби)'а)у порозне негативне електроде за електрохеми^ске изворе

енерги)'е) на различитим температурама у функцией концентраци)е хидроксида

и цинката у раствору. При интерпретации доби)ених експерименталних ре-

зултата учюьен je noKyuiaj да се установл>ене зависности повешу са тео-

ри)ским сазнаньима о кинетиги и механизмима електрохемиjског растваран»?

цинка13-18 и игдва^авьа водоника на цинку19-21, као полуреакщца у процесу

Kopoadje.
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ЕКСПЕРИМЕНТАЛНА ТЕХНИКА

Раствори су припремани из калвдум-хидроксида и цинк-оксида квалитета р.а. Прп-

прелиьене су две cepuje раствора за испитиванье брзине корозще цинка: 1) са променльнвом

концентраци)ом слободног кали)'ум-хидроксида (2,62—15,86 mol/kg) и константном кон-

центращцом кали)ум-цинката (0,105 mol/kg) и 2) са промешьивом концентрациям калщум-

-цинката (0,105—1,654 mol/kg) и константном концентрацииом слободног калщум-хидрок-

сида (12,5 mol/kg). У сваком од припремл»ених раствора одрег)ивана je брзина корози)"е

праха цинка на различитим температурама (15—45°). За испитива&а je коринтен прах

цинка квалитета р.а. (99,995% Zn) са величином специфичне површине 1,25 m2/g, при

чему je као стандардна проба узиман 1 g праха на 10 cm8 раствора, тако да je однос повр-

шине праха прсма запремини раствора износио 1250 cm-1.

ОдреЬиван>е брзине корозэд'е праха цинка вршено je мерен>ем запремине издво)еног

водоника у току 50 часова. При томе су коришпене стаклене посуде са градуисаном цеви,

облика сличног Beh описаном у литератури12, поставл>ене у водени термостат. Водоник

Kojn се развита у сферичном доаем делу посуде у коме je прах цинка у контакту са раст

вором, потиску)е раствор у градуисано) цеви, што oMoryhyje очитаваше запремине издвс-

jeHor водоника. Мала ова метода има недостатака, нарочито у погледу тачности очитававьа

запремине издво)еног водоника, погодш^а je од других метода за праКмье корози;е у ду-

жем временском периоду.

РЕЗУЛТАТИ

На сл. 1 приказане су типичне зависности запремине издво^еног водо

ника (сведене на стандардне услове и обрачунате на ^"единицу мясе праха

цинка) од времена контакта праха цинка са раствором, одревене на разли

читим температурама. Криволини^'ски облик приказаних Г(Нг)-т зависности,

ко)И одговара параболично)' функции я-тог степена по времену, добила се

и под свим другим експериментахним условима, а индицира да брзина ко-

po3Hje опада са временом.

 

п.
Е 1.0

|СМ

0*

_ |ms(KOH)-12,5mol kg-'
Raslvor I ъ ,

Solution lm(ZnO)-0,418molkg-'

Temperatura: ■ - Б*С

Temperature: , _ 25*с

«- ЗУС

o-45'C

t(h)

Слика 1 Figure

Зависност запремине издвденог водоника од времена (утица) температуре)

Dependence of the volume of evolved hydrogen on time (influence of the temperature)
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На сл. 2 приказане су зависности log F(H2)-log т израчунате на основу

ди)'аграма са сл. 1. flo6Hjajy се две праволини^ске зависности са различитим

 

Слика 2 Figure

Зависност log Н(Нг) од log т

Dependence of log У{Нг) on log т

нагибима (прелаз je за времена корозИ)'е око 10 часова). У почетном периоду

корози^е (0—10 часова) нагиб зависности log V(H.2)-log т je близак уединили,

tj. запремина издво}еног водоника расте приближно линеарно са рременэм.

За дужа времена Kopo3Hje нагиб ове зависности je нижи и износи приб

лижно 0,8.

Утица; концентрациие слободног кали)ум-хчдроксида на запремину

водоника издво)ену током времена илycтpyje сл. 3. Да би се из приказаних

зависности добила зависност брзине Kopo3Hje, К(Нг), од концентрацще

хидроксида, эдрег)ене су за сваку криву брзине короле за три различите

времена Kopo3Hje — 2, 10 и 30 часова, тако што су повучене тангенте на криве

у тачкама Koje o/rroBapajy наведении временима и израчунат нагиб тангенти.

Овако одрег)ене брзине за време од 2 и 10 часова одговара}у почетном пе

риоду корози^е, када je зависност К(Нг)-т приближно линеарна, док брзина

за 30 часова одговара завршном периоду Kopo?Hje, Tj. параболично; завис

ности Г(Нг)-т. Зависности log F(H.2)-log ws(KOH) доби^ене на oeaj начин

су линеарне , али HMajy различит тренд у области маньих и веЬих концентра-

niija хидроксида. За ман>е кэнцентращ^е хидроксида (до око 5 mol/kg) брзина

мало зависи од коьцентраци^е хидроксида и има тенденщцу опадааа. При

веЬим концентраци^ама хидроксида (изнад око 5 mol/kg) брзина Kopoenje

расте са концентраци^ом хидроксида, а вредности dlog F(H2)/dlog me(KOH)

у OBoj области износе 1,2 (т = 2 h), 1,0 (т = 10 h) и 0,8 (т = 30 h).

Зависности К(Нг)-т зэ различите почетне концентраци^е кали)ум-цир-

ката (на 25°) приказане су на сл. 4. Из оваквих зависности, доби)ених на

различитим температурама, изведене су зависности логаритма брзине издва



692 О. ПАВЛОВИЪ и др.

ja&a водоника (за времена корози)е 2, 10 и 30 h) од логаритма почегног

молалитета кали)ум-цинката. Ове зависности су линеарне, а вредности

dlog F(H2)/dlog w(ZnO) износе -0,2 до -0,25 (т = 2 h),-0,4 (т = 10h)

и-0,35 (т = 30 h).

 

Слика 3 Figure

Зависност запремине издво^еног водоника од времена (утица) КОН)

Dependence of the volume of evolved hydrogen on time (influence of KOH)

 

Слика 4 Figure

Зависност запремине издво)еног водоника од времена (утица] ZnO)

Dependence of the volume of evolved hydrogen on time (influence of ZnO)

Утица) температуре на брзину корози^е праха цинка испитиван je у

низу раствора различитог састава (резултате за )едан од н>их илустру)е сл.
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1). Из зависности К(Яг)-т за различите температуре конструисане су ли-

неарне К(Нг)-1 IT зависности из чи)их нагиба су одре^ене енерги^е акт^-

ваци)'е сумарног процеса корози)е и на^ено да износе 26,0 (т = 2 h), 18,9

(т = 10 h) и 15,8 (т = 30 h) kj/mol. Овако ниске енерпце активацще инди-

цира^у да je брзина сумарног процеса корози^'е контролисана дифузирм.

ДИСКУСИ1А

Електрохеми|ско растварэн»е цинка, као анодна полуреакцщ'а процеса

корози)е, може се у концентрованим алкалним растворима приказати jefl-

начином

Zn + 40Н- Zn (OH)J- + 2е.

Кинетика и механизам ове реакци)'е проучаванису у више радова13-18 .

Поставлено je неколико реакционих путева и метанизама оц ко)их je за сврхе

анализе експерименталних резултата у овом раду прихваЬен механизам дат

у раду15:

Zn + ОН- ZnOH + е

ZnOH + ОН- = Zn(OH)l (3)

Zn(OH)i + ОН" — Zn(OH)r + е (4)

Zn(OH)T + ОН- ^ Zn(OH)J- (5)

Zn(OH)J- ^Zn(OH)J~ (раствор). (6)

Електрохеми^'ско издва|авье водоника на цинку, као катодна полуре-

акщф процеса Kopo3nje, може се у алкалним растворима приказати )едначином

2 Н20 + 2е — Н2 + 2 ОН~ (7)

Механизам ове peararaje, на основу вредности параметара кинетике20,

може се г редставити са

НгО + е Hads + ОН" (8)

НгО + Hade + е z= Н2 + ОН". (9)

Према томе може се претпоставити да се на површини праха цинка

kojh кородира успоставл,э)у следеЬе парци^'алне густине crpyje (о?наке има)у

уобича^ено електрохеми)ско значение, а индексом о означене су концентращце

на површини честица праха):

1) електрохеми)ског растваран>а цинха

U = k+ [ОН-]* exp QFE/2RT) (10)

2) електрохеми)'ског таложеаа цинка

>_ = *_[Zn(OH)J-]o [ОН-]о 1 exp (-FE/2RT) (1 1)

3) дифузи]е цинката са површине честица праха у раствор ко)и се на-

лази унутар aioja праха

U = ka ([Zn(OH)J-]o -[Zn(OH)*-],) (12)
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(где je ka константа брзине дифузщ'е, а индексом s означена je концентрациjа

у раствору унутар aioja праха цинка), и

4) електрохеми;ског издва)ан>а водоника

У_(На) = *-(Н2) exp (-FE/2RT) (13)

Ai'o се успостави стационарно статье растваравьа праха, укупна густина

cipyje расгвараша, j, je дата са

У =/+—/- = Уа (14)

а са друге стране важи

У = ./-(На) = Ук (15)

где je ;'к густина crpyje Kopo3Hje, а У_(Н2) густина CTpyje издва}ан>а водоника.

За одабране експерименталне услове дюже се претпоставити да je бр-

зина процеса растваран>а ограничена дифузи^ом. Са овом претпоставком,

може се на основу )едначина (10)—(15) извести израз за crpyjy Kopoanje.

После рутинских изво^ен>а, Koja су овде изоставл>ена, доби}а се

У|[(У* + Ad[Zn(OH)2-]„) = ki[OH~]* (16)

где je ki = Д*(Нз)АйА+ /JL константа.

Ако je почетна концентращца цинката у раствору довольно висока

(>0,1 mol/dm3), тада je Уь ■< Ad[Zn(OH)2_]e и }едначина (16) nocraje

yk = к2[он-) фофвр-Ъ1* (17)

где je k — k\!A, а [ОН-] почетна концентраци)а хидроксилних joHa у ра

створу (обзиром на присуство хидроксида у знатном вишку [ОН~]о [ОН-]).

Када се има у виду стехиометри)а процеса корози^е

Zn + 20Н- + 2НгО -+ Zn(OH)*- + Н2 (18)

могу се поставити релащф

га л dK(H2) RT S .

»№)= — =—— Jt = k3 S (19)

dT 2F pn

V (H2) = V0 (H2) + ks S yk т = *3 5 yk т (20)

где je Pn нормализовали притисак, 5 површина праха, кз = RTjlFpu кон

станта и F0(H2) интеграциона константа ()еднака нули за т = 0). Заменой

(17) у (19) и (20) flo6nja се

F(H2) = fc4S[OH-] [Zn(OH)J-]-i/4 т и (21)

г>(Н2) = й45[ОН-] tZn(OH)J-]-i/4 (22)

где je кц = kzkz константа.

Релаци)е (21) и (22) добро omrcyjy експериментално одре^ене кривс

К(Н2)-т и из н>их изведене зависности брзине издва)ан>а водоника од по
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четних концентращф хидроксида и цинката за краЬе време Kopo3Hje (до

10 h). Найме, ове релаци)е предвижу вредности dF(H2)/dx = 1 (експери

ментално 1), d log г>(Нг)М log [OH~] = 1 (експериментално 1,0—1,2) и

d logo(H2)/d log [Zn(OH)4-]e = — 1/4 (експериментално —0,2 до —0,25 под

претпоставком да je [Zn(OH)2_]s блиско или пропорционално почетно^ кон

центрацией цинката у раствору, што вероватно важи за краЬе време корози]'е).

При дужим временима корози^е (изнад 10 h) долази до одступаньа

експерименталних зависности Г(Нг) -т иго н>их изведених брзина издва]ан>а

водоника од релэцща (21) и (22), што je вероватно последила акумулавдце

цинката у раствору унутар cuoja праха ко]и кородира. Промена концентраци]е

цинката са временом може се описати приближном релаищом (занемару|у1ш

брзину дифузи)'е цинката из caoja праха у раствор).

[Zn (ОН)*-]. ~ [Zn (ОН)»-] + h т (23)

где je [Zn(OH)2-] почетна концентращф цинката у раствору, a Vs запремина

раствора унутар cuoja праха.

Заменой (17) у (23) добща се после сре^ивааа

tZn(OH)J-]ei/4 ((Zn(OH)J-]8 - [Zn(OH)J-]) = -§- *2[ОН-]т (24)

2FVs

Пошто се за дуже време Kopo3nje може претпоставити [Zn(OH)J_]e ^>

> [Zn(OH)»-], то из (24) следи

[Zn(OH)J-]s = *5[ОН-]4/5т4/5 (25)

где je ks = (*2S/2FFs)4/5 константа. Заменой (25) у (21) и (22) цобн)а. се

V(Ht) = Ae5[OH-]4/fi т4/5 и (26)

г>(Н2) = й65[ОН-]4/6 т-1/5 (27)

где je k« = ktk& константа.

1едначина (26) предвифа К(Нг)-т зависност облика параболе и-тог

степена са вредношНу п = 4/5 као што je експериментално и на^ено за дуже

време Kopo3Hje. Са друге стране, }едначина (27) предвидя да бргина изд-

BajaH>a водоника опала са временом, што je тако^е експериментално утвр^ено

за дуже време Kopo3Hje. Ь^зад, }едначина (27) предви^а нижу вредност

нагиба зависности log v {Hz)- log тг.в (КОН) ()еднаку 4/5) него при краЬим

временима Kopo3hje, што je експериментално потвр^ено (експерчментална

вредност !=» 0,8).

Релаци]е изведене на основу савремених знака о кинетиди и механизмима

електрохемиjског раствараньа цинка и издва^аша водоника на цинку у ал-

калним растворима OMoryhyjy, према томе, задовол>ава}уНу интерпретациjу

експерименталних података о брзини Kopo3Hje праха цинка, доби}ених ме-

рен>ем запремине издво}еног водоника током дужег периода времена, без

обзира на грубост >ч>ш>енях апроксимащф. Озбшьюце неслагавье jaвл>a се

jедино у погледу jrrmjaja концентраци]'е хидроксида на брзину Kopo3Hje у
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области нижих концентраци)а хидроксида. Чшьеница да концентрациjа хи-

дроксида у ово) области мало утиче на брзину корози)е уместо да je повеЬава

може се, мег}утим, o6jacmrra таложешем цинк-оксида на површзши честица

праха премд реакцией

Zn(OH)2- = ZnO + 2 ОН- + Н20 (28)

Ова реакци]а, када се ан^'они цинката акумулира^у у раствору измену честица

праха, долази до изрэжа^а при кижим концентрацИ]'ама хидроксида, a Hnje

узета у обзир при разматран>има. Створени ZnO блокира површину честица

праха и на Taj начин смавьу^'е брзину издва)ан>а водоника, што може да ком-

neroyje yranaj хидроксида на брзину корози^е у ограничено) области промене

н>егове концентрациие.

SUMMARY

ZINC POWDER CORROSION IN ALKALINE SOLUTIONS

OLIVERA 2. PAVLOVIC

Faculty of Technology, University of Novi Sad, Veljka Vlahoviia 2,

YU-21000 Novi Sad

DRAGICA P. OVCIN, NURUDIN S. JUSIC and MILAN V. VOJNOVIC

Faculty of Technology and Metallurgy, University of Belgrade, P. O. Box 494, YU-11000 Belgrade

Yugoslavia

Zinc powder corrosion in potassium hydroxide and potassium zincate solutions was

investigated by measuring the volume of evolved hydrogen for 50 hours. The concentration of

free hydroxide (2.62—15.86mol/kg) at the constant potassium zincate concentration (0.1

mol/kg), the concentration of potassium zincate (0.105—1.654mol/kg) at the constant potassi

um hydroxide concentration (12.5 mol/kg) and the temperature of solutions (15—45°C) were

varied. It was found that the volume of evolved hydrogen is approximately linearly dependent

on time in the initial period of the corrosion process (up to 10 h), i.e. the corrosion rate is con

stant. The dependence of the volume of evolved hydrogen on time is a parabola of the я-th degree

(n = 0.8) for a long period of the corrosion process (10—50 h) and the hydrogen evolution rate

decreases with time. The hydroxide concentration has a minor influence on the corrosion rate

at lower concentrations (up to 5 mol/kg). At higher hydroxide concentrations, the increase of

the hydroxide concentration brings to increase of the corrosion rate, and the experimental values

of the order of the corrosion process with respect to potassium hydroxide are 0.8—1.2. The

increase of the potassium zincate concentration brings to the decrease of the corrosion rate,

and the experimental values of the order of corrosion process with respect to potassium zincate

are between —0.2 and —0.4. Values of the activation energy of the corrosion process are bet

ween 26.0 and 15.8kJ/mol.

(Received 9 May 1983; revised 29 October 1984)
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КОНТАКТНОЕ ВЗАИМОДЕЙСТВИЕ В СИСТЕМЕ
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В работе исследовано взаимодействие в системе алмаз-переходный

металл при высоких температурах и под высоким давлением. Установлено,

что на контакте между этими материалами происходит образование карбидов

переходных металлов.

В современном материаловедении при создании инструментов алмазо-

металлических композиций важное значение имеет прочность соединения

алмаз - металл.

Наибольший интерес представляет контактное взаимодействие в системе

алмаз — металл при высоких температурах, которые, как правило, являются

необходимым условием получения композиционных материалов и алмазных

инструментов и часто развиваются в процессе эксплуатации этих материалов.

Исследование твердофазного взаимодействия в системах титан — алмаз

и хром — алмаз проводилось под высоким давлением (до 70 кбар) при тем

пературах 1200 — 1400°С в камере типа „тороид". Кристаллы алмаза раз

мером 1 — 1,5 мм помещали в центре компактных титановых образцов или

в засыпку порошка хрома.

Для исследования зоны контакта делали поперечный шлиф зоны

контакта. Состав переходной зоны между металлом исследовали с помощью

рентгеновского микроанализатора типа Микроскан-5 при следующем режиме

работы: ускоряющее напряжение при определении титана и хрома 15 и 25

кВ соответственно, диаметр зонда 1 мкм, сила тока, пропускаемого через

образец, 5 — 10 А, при определении углерода диаметр зонда увеличивается

до 2 — 5 мкм, ток до 0,8 А.

В качестве эталонов использовали чистые металлы — титан и хрс.л,

поправки вводили по Батыреву и Рыднику1. Для контроля точности анализа

было определено содержание титана и хрома (при таких же условиях работы

прибора) в образцах карбидов известного состава.

Модельные эксперименты по исследованию механизма взаимодействия

алмаза с титаном и хромом проводили на природных алмазах размером 1 —

699
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1 ,5 мм, помещенных в центр титановых образцов или в засыпку порошка

хрома. Для исследования межфазной границы делали поперечный шлиф

зоны контакта. Состав переходной зоны между алмазом и металлом иссле

довали с помощью микрорентгеноспектрального анализа. Исследования

взаимодействия проводили в области термодинамической стабильности алмаза

при температурах и давлениях, несколько выше линии равновесия графит

— алмаз по диаграмме состояния углерода2.

Исследование микроструктуры в паре алмаз — титан, подверженной

воздействию температуры 1400° при давлении 50 кбар в течение 15 мин

обнаруживает наличие переходного слоя на лкжфазной границе. Сканиро

вание зонда по линии алмаз — металл с записью интенсивности отражения

углерода и титана (рис. 1 а) показывает образование карбйдного слоя тол

щиной 4 мкм и слоя твердого раствора углерода в титане толщиной я» 10

мкм. Съемка шлифа в характеристическом С Ка излучении подтверждает

наличие зон карбида и твердого раствора (рис. 1 б).

 

~к—*
Алмаз -Титан Ширина образца. мкм

:-i - ■

*

•у ■

1
■ - ■.

Рис. 1. Структура зоны взаимодействия в паре алмаз-титан (1400°С, 55 кбар, 15

мин): а) распределение углерода и титана; б) в характеристическом С К» излучении

( х 200)

Повышение температуры до 1700° при давлении 65 кбар и времени

10 минут приводит к увеличению толщины переходного слоя, причем ши

рина зоны по периметру алмаза различна, что может быть связано с гра

диентами температуры в камере высокого давления и близостью температуры

взаимодействия к температуре плавления титана. Картина распределения

титана и углерода при перемещении электродного зонда по прямой, пер

пендикулярной границе фаз, показывает наличие зоны карбида титана ши

риной в среднем 9 мкм и слоя твердого раствора толщиной приблизительно

12 мкм (рис. 2 а). Изображение шлифа в рентгеновском Ti Ка излучении
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показывает уменьшение содержания металла в направлении от плана к

алмазу (рис. 2 б).

Запись интенсивности излучения углерода в переходном слое после

воздействия температуры 1600° и давлении 63 кбар в течение 12 минут с

 

Рис. 2. Структура зоны взаимодействия в паре алмаз-титан (1700°С, 65 кбар, 10

мин): а) распределение углерода в титане ; б) в характеристическом Ti Кл) излучении

(Х1500)

одновременной записью интенсивности углерода в карбидах известного со

става вблизи границ области гомогенности TiCo,95 и TiCcse показывает

изменение содержания углерода по толщине слоя (рис. 3). При этом, карбид

не достигает насыщения по углероду (что также набюдалось на порошковых

смесях) и соответствует составу « TiCo>8 на границе с алмазом. По мере

удаления от границы раздела фаз состав карбида уменьшается до мини

мального по содержанию углерода. Ширина зоны карбида составляет е»

<=» 7 мкм, а твердого раствора « 10 мкм.

Проведение эксперимента при давлении и температуре ниже линии

равновесия алмаз — графит, 1500°, 43 кбар, в области термодинамической

стабильности графита3 приводит к тому, что наряду с образованием карбида

титана идет процесс графитизации, о чем свидетельствует образование слоя

графита на поверхности алмаза. Это значит, что фактически взаимодействие

протекало между титаном и графитом и образование слоя карбида сопо

ставимого по толщине со слоями, образующимися при взаимодействии в

паре алмаз — титан, говорит об одинаковой реакционной способности алмаза

и графита.

Образование слоев карбидов в системе алмаз — титан размеров, сопо

ставимы по величине с переходными зонами, образующимися при анало

гичных условиях в паре графит - титан (учитывая большую временную вы

держку в опытах с алмазом), подчеркивает, что интенсивность межфазного
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взаимодействия зависит более от природы реагирующих атомов и сил связи

между ними, чем от структуры, в которую они организованы. Силы связи

между атомами углерода в решетке графита в слое не менее прочны, чем

в решетке алмаза.

В паре алмаз — хром при температуре 1500°, давлении 60 кбар и вре

мени выдержки 12 минут образуется переходный слой толщиной около

 

Рис. 3. Интенсивность отражения углерода на межфазной границе алмаз-титан

(1600°С, 63 кбар, 12 мин): а) структура переходного слоя; б) в характеристическом

Ti К« излучении (х2800)

25 мкм. Съемка шлифа в характеристическом С Ка излучении показывает

наличие на межфазной границе слоя с различным содержанием углерода

(рис. 4 б). При сканировании зонда по линии алмаз — хром, с одновреме

нной записью интенсивности углерода в карбиде эталона СггзСе, карбидный

слой обнаруживает тональное строение (рис. 4 а). Зона, прилегающая к

алмазу, шириной «а 4 мкм, представляет собой карбид СгзСг- Во второй

зоне шириной «а 20 мкм содержание углерода уменьшается и соответствует

карбиду СГ7С3. Дальше и^ет зона твердого раствора углерода в хроме с

включением карбида СггзСе. Образование промежуточной фазы из трех

слоев карбидов СГ3С2, С^Св и СггзСз соответствует наличию этих карбидов

на диаграмме состояния системы хром — углерод5.

При температуре 1700° (давление 65 кбар, время 10 мин) толщина

слоя карбида СгзСг увеличивается до 12 мкм (рис. 5 а). Следующем к нему

примыкает слой карбида СггзСе, достигающий толщины 25 мкм, с включе

нием карбида СГ7С3. Картина шлифа в рентгеновском С Ка излучении под

тверждает неравномерность распределения углерода (рис. 5 б). Наблюдаемые

скачки концентрации углерода на границе раздела фаз характерны для поо-

цессов диффузионного насыщения поверхности твердых тел, сопровождаемых
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химическими реакциями и фазовыми превращениями. Единственным отли

чием диффузии углерода в хроме под давлением от насыщения в вакууме8

является наличие включений одной фазы в слое другой.

 

Рис. 4. Структура переходной зоны в паре алмаз-хром (1500°С, 60 кбар, 12 мин): а) рас

пределение углерода; б) в характеристическом С Ка излучении ( х 800)

 

Рис. 5. Структура межфазной границы в паре алмаз-хром (1700°С, 65 кбар, 10 мин):

а) распределение углерода ; б) в характеристическом С Ка излучении ( х 3000)
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Большая, чем в системе алмаз — титан, ширина слоен карбидов в си

стеме алмаз — хром при аналогичных условиях обработки давлением и тем-

пературой, обясняета; разной диффузионной подвижностью углерода в слое

более термодинамически прочного карбида титана мала и это определяет

меньшую скорость роста слоя. Аналогичная закономерность наблюдалась

также и в работе 6.

ВЫВОДЫ

Исследовано взаимодействие в системах алмаз — титан и алмаз —

— хром, причем особое внимание уделено межфазной границе. Состав пере

ходной зоны исследован с помощью рентгеновского микроанализатора.

В системе алмаз — титан на местах контакта обнаружена фаза, которая

вблизи границ области гомогенности TiCo,95 и TiCo,56 соответствует составу

TiC0,8.

В системе алмаз — хром обнаружено зональное строение промежу

точной фазы. Зона, прилегающая к алмазу соответстует составу СгзСг.

Дальше к хрому идут зоны СГ7С3 и СггзСв-

При аналогичных экспериментальных условиях ширина карбидных

слоев в системе алмаз — хром больше, чем в системе алмаз — титан.

извод

КОНТАКТНА ИНТЕРАКЦИТА У СИСТЕМУ ДИТАМАНТ — ПРЕЛАЗНИ МЕТАЛ

И. П. КУШТАЛОВА, Л. Ф. СТАСГУК, С. М. РАДИВ*, Д. Р. УСКОКОВИЪ*

и М. М. РИСТИЬ*

Иншсишуш за суйершврде Mdiuepujaae АН УССР, Kujee, СССР и *Инсшишуш шехничких

наука САНУ, Београд

Проучавана je интеракци)а у системима дщамант — титан и двдамавт — хром, при

чему je нарочита пажн>а обраКена на границу измену фаза. Састав прелазне зоне проучаван

je помоЬу рендгенске микроанализе. У систему до^амант — титан на местима контакта

откривена je фаза Koja близу граница области хомогености TiCo,9s и TiCo,se одговара са-

ставу TiCo,e. У систему ди)амант — хром утвр^ена je зонална rpat)a ме^уфазе. Зона Koja

се граничи са дщамантом одговара саставу CriCi. Дал>е према хрому налазе се зоне СгтСа

и СгазСв. При аналогним експерименталним условима ширина карбидних сло)ева у систему

дщамант — хром Beha je него у систему доцамант-титан.

(Примл>ено 1. октобра 1984)
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SUMMARY

CONTACT INTERACTION IN THE SYSTEM DIAMOND — TRANSITION METAL

IRINA P. KUSHTALOVA, LYUBOMIR F. STASYUK, STAMENKA M. RADIC*.

DRAGAN R. USKOKOVlC* and MOMClLO M. RISTIC*

Institute of Superhard Materials of the Ukrainian Academy of Sciences, Kiev, USSR, and

*Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, YU-11000 Belgrade

Yugoslavia

The contact interaction occurring in diamond — titanium and diamond — chromium

systems was studied with particular attention paid to interphase boundaries. The composition

of transition zones was investigated by an X-ray microanalyser. In the diamond — titanium

system, at contact points, a phase was found which in the vicinity of the TiCo.95 and TiCo-ae homo

geneity boundary approximately corresponds to TiCo.e. In the diamond — chromium system

a zonal composition of the interphase layer was found too. The zone facing the diamond corre

sponds to the composition of СгзСа, while СГ7С3 zones appear further towards chromium. It,

was also noticed that at analogous experimental conditions, the width of carbide layers is greater

in the diamond — chromium system than in the diamond — titanium system.

(Received 1 October 1984)
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ДИАГНОСТИКА ПЛАЗМЕ КАСКАДНОГ ЛУКА U-ОБЛИКА ПРИ

РЕАЛНИМ СПЕКТРАЛНОАНАЛИТИЧКИМ УСЛОВИМА. I. КОНС-

ТРУКЦЩА ЛУКА ЗА ДИРЕКТНО МЕРЕЕЬЕ РАДЩАЛНЕ РАСПОДЕЛЕ

ПАРАМЕТАРА ПЛАЗМЕ

HEBOJIIIA 3. ПАВЛОВИЪ и МОМИР Д. МАРИНКОВИЪ*

Фабрика o6ojeuux мешала „Ъуро Canaj", В. ВлаховиНа бб, 18000 Ниш и *Инсшишуш за

нуклеарне науке „Борис Кидрич", й.йр. 522, 11001 Београд

(Примл>ено 18. септембра 1984)

Описана je нова конструктива каскадног лука U-облика, са додатнвм

сегментима за разби)ан>е плазмених пера и иснитана могуЬност корвшЬевьа овог

лука за диагностику плазме без примене поступка Абелове инверзж)е. Испи-

твва&е je вршено распршивааем раствора NaCl, концентрaiiiije 2 mol/dms, а

доби)ени резултати noiooyjy да je помоКу овог лука могуЬе директно мерам

ради^алне расподеле параметара плазме.

Ди)агностика плазме извора за ексцитаци^'у представлю важан ступанъ

у Н.ИХОВОМ изучаваау. Найме, када су познати параметри плазме (као што

су: температуре, функгпф расподела брзина и енерпн'а честица, концен-

траци)'е по)единих врста честица у плазми, парци)"ални притисци по)'единих

xeMHjcKHX врста итд.) као и аихова ради)ална расподела, код акещално

симетричних извора, могуЬе je извести заюьучке о ш^единим физичким и

физичкохеми)ским процесима у пдазми, а могу да се израчуна)у и различите

физичке и физичкохем^ске величине. Поред тога, на основу ових података

могу да се изведу заюьучци и о по)'единим хеми)ским реакци)"ама у плазми.

Познаванъе хеми^ских реакцкца у плазми извора за ексцитацщу пружа мо-

гуЬност да се об)'асне различите хеми)'ске интерференци}е, Koje се 1авл>а)у

у практичном аналитичком раду, а исто тако омогуЬава да се об^асне процеси

ко;'има се аналит трансформише из хеми^ског облика у коме се налази у узорку

у облик koj'h да^е аналитички сигнал. Све ово je 3Ha4ajno са спектралноана-

литичког становишта, jep омогуЬава оптимизаци)у радних услова и побол>-

шан>е аналитичких карактеристика (линеарног опсега рада, осетл>ивости,

граница детекщд'е итд.) спектрохемиjских метода.

Посебно je важно да се диагностика плазме врши при реалним спек-

тралноаналитичким условима, односно када су у H>oj присутни: узорак Kojn

се анализира, спектрохемщеки у}едначивачи, ]'онизациони пуфери и сл., jep

се nojeflHHH параметри плазме 3Ha4ajHO Meaajy у присуству nojeflmfflx хе-

mhjckhx ;едивьеаа и елемената.
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ПОСТУПАК АБЕЛОВЕ ИНВЕРЗЩЕ

Електричним луковима класичне конфигураци]'е, где лук гори измену

две електроде поставл>ене ]една наспрам друге, сво^'ствена je акоцална си-

метри^а и ради^ална расподела параметара плазме, ако се из разматрааа

изузму приелектродне области. Мереае рад^алне расподеле се не врши

директно, веК се, полазеЬи од акси;алне симетри)'е стуба лучне плазме, ко-

ристи тзв. поступак Абелове инверзще. Oeaj сложени поступай се, у основи,

састо)и из три дела, како je ниже дато.

Први део се састо)И у поставл>ан>у експерименталних услова, тако да

се нормално на улазни разрез спектралног апарата npojeKTyje лик лучне

плазме, при чему ширина разреза oflpeljyje дебл>ину цилиндричног сегмента

у коме се изучава радщална расподела, а висина разреза одре5у)'е ширину

исечка цилиндра лучне плазме за kojh се врши по^единачно мероье. Апсо-

лутни интензитет ради^аци^е, I(x), Koja се емиту^е из овог сло]а лучне плазме,

дебл>ине х, je основни извор информаци)е, а н>егова веза са емисивношЬу,

J(r), на pacrojaay г од осе лучне плазме дата je Абеловом интегралном ^ед-

начином, чи)е решавшье представлю други ступан> у овом поступку. Ре-

шаван>е се врши применом Лапласове трансформащ^е1, при чему се добт^а

инверзна (едначина Абелово), одакле потиче назив за цео поступак. Решаваье

интеграла инверзне Абелове )едначине je последоьи и на)сложени)И део по

ступка Абелове инверзи)е, а врши се графички или методама нумернчке

анализе.

О сложености целог поступка довольно говори податак да je од првог

рада KojHM je предложено мераье ради)алне расподеле температуре и елек-

тронске густине применом Абелове инверзне до данас прошло скоро 50

година2, a join увек се jaa^ajy радови kojh се односе на формализам овог

поступка3. Исто тако je jacHO да сваки од по}единачних стугпьева поступка

Абелове HHBep3Hje уноси сопствену грешку, Koja се одражава на тачности

мерен>а радди"алне расподеле. riocToje многи критички чланци Kojn се односе

на OBaj поступак, а овде he бита поменуте само неке од монографии у ко)има

je он детально описан и критички обращен4-6.

Из горн>ег излаган>а се вили зашто се у овом раду тежило за таквом

конструкщцом испитиваног лука Koja би омогуЬила директно мереше ради-

jarae расподеле параметара плазме, односно без коришЬаьа поступка Абе

лове mmep3Hje.

КОНСТРУКЦЩА КАСКАДНОГ ЛУКА U-ОБЛИКА ЗА ДИРЕКТНУ ДИАГНОСТИКУ

ПЛАЗМЕ

Према терминологией Интернационалне уни)е за числу и примен>ену

xeMHjy7, стабилизовани лукови се деле на: зидно стабилизоване, гасно ста-

билизоване и магнетно стабилизоване. Овде je за изучавани лук употреблен

израз „каскадни лук", jep у основи представлю комбинашку зидно и гасно

стабилизованог лука и тешко je дата предност }одаок или другом називу,

HMajyhn у виду саму конструкнэду Koja je приказана на слици 1 . Поред тога,

oeaj лук je прихваЬен у спектрохеми)ско) литератури под наведении називом8,
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а стабилизаци^а лучне плазме je постигнута у „каскади", као и код првобит-

них каскадних лукова. Найме, назив „каскадни лук" примешен je за прву

конструкци)у зидно стабилизованог лука9, код кога je стабилизащ^а по

стигнута низом хлаг)ених ди^афрагми са отворима на средини у ко)има се

вршила констргащщ'а плазме лучног стуба. Taj лук je прво служио за кван

титативна спектрофизичка меревъа, а затим и у cneKTpoxeMHjcKoj анализи10.

Овде описани лук je у првобитно} конструкции имао класичну конфигураций

и-13} KOja je модификована у U-облик ради примене у aTOMCKoj ancopirnHOHoj

спектрометрии, и при томе трпела веЬе или ман>е измене11-14-18. Ова конфи

гурация лука се показала бол>ом и за емисиону спектрометрщ'ску анализу19,20.

Детален опис и начин функционисан>а овог лука су веК дати на другом ме-

сту14,15,2°, па Ьемо се овде осврнути само на модификаш^е Koje су сада из-

вршене.

opt icaf ах

  

о)

Слика 1 Figure

Схематски приказ лучне коморице: а) пре модификаци]е, Ь) после модификаци)е.

1 и 9 су графитне електроде, 2 и 8 су водом хлаг)ени метални сегмента, мег)усобно

изоловани, 3 и 7 су плазмена пера, 4 и 5 су изолатори, 6 je лучни стуб, а 10 центра

лни11 и 12 су додатни водом хлайени сегмента са узаним правоугаоним отворима.

Shematic representation of the arc device : a) before modification, b) after modification.

1 and 9 are graphite electrodes, 2 and 8 are water cooled metal segments electrically in

sulated from one another, 3 and 7 are plasma plumes, 4 and 5 are insulators, 6 is the arc

column and 10 is a central segment. 11 and 12 are additional water cooled segments with

narrow rectangular openings.

У овом раду извршена je дал>а модификацща каскадног лука U-облика,

додаватьем jour je;iHor пара хлаг)ених сегмената са узаним процепима. Задатак

ових сегмената са узаним процепима je да разбща тзв. „плазмена пера", Koja

се jaaibajy при изласку носепег гаса из централне зоне лука, a Koja су при

казана на слили 1а. Ова плазмена пера су у jeflHOM раду коришЬена и као

зона посматравьа за квантитативну спектрохеми]ску анализу21. EtojaBa ових

пера у eMHCHOHoj cneKTpoxeMHjcKoj анализи представлю проблем, jep као

зона ниже температуре доводи до самоапсорпщце у извору, а самим там и

до смавьегьа линеарног опсега аналитичких кривих. У дщагностици плазме
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ова; проблем je далеко веЬи, jep nojaea caMoancopmmje доводи до погрешннх

резултата у мерен>у температура, посебно када су у меревьа укгьучене резо-

нантне лишне, а самим тим и до погрешне информащце о равнотежама у

плазми, као и о другим од температуре зависним величинама и процесима.

Са овим изузетком (tj. nojaBOM плазмених пера), каскадни лук U-облика

je веома погодан за директно мере&е ради^'алне расподеле параметара плазме

лучног стуба, jep на разрез спектралног апарата долази painijaimja емитована

из сло^а плазме паралелног оси лучног стуба, па поступак Абелове инверзи^е

HHje потребан. У овом cлyчajy висина и ширина разреза спектралног апарата

дефинишу ширину и висину посматрано! crcoja пгазме, респективно. Дужина

тог cnoja плазме ^еднака je дужини хоризонталног дела лучног стуба. Кон-

струкци)а лука са додатним сегментима приказана je на слици lb. Разб^'авъе

плазмених пера се врши на Taj начин што додатни сегмента miajy толико

узане процепе да кроз ньих може да прог)е плазма централног дела лучног

стуба, али не и плазмена пера, па се она pa36njajy на зидовима сегмената.

Како су пропели на овим сегментима хоризонтални, односно нормални у

односу на разрез спектралног апарата, померавьем целог лучног извора у

правду процепа, на разрез се npojeicryjy делови плазме на различитим ра-

CTojaibHMa од осе лучног стуба, односно врши се ради]'ално посматравье.

Уза}амни положа} лучног стуба, процепа додатног сегмента ближег разрезу

и разреза спектралног спарата приказан je на слици 2.

 

Слика 2 Figure

Схематски приказ осветл>аван>а разреза за директно посматраше ради;алне распо

деле параметара плазме: а) акси]'ално посматрано, Ь) коса npojeKinija. 1 je правоу-

гаони отвор на додатном сегменту ближем разрезу спектралног апарата (у cnytajy

модификоване коморице), 2 je лучни стуб, а 3 разрез спектралног апарата. г je ра-

ди)ус за Kojn се мере параметри плазме.

Shematic representation of illumination of the slit for direct observation of radial distri

bution of plasma parameters : a) axial view, b) off-axis view. 1 is the rectangular opening

of the additional segment closer to the slit of the spectral apparatus (in the case of the

modified arc device), 2 is the arc column, and 3 is the slit of the spectral apparatus, г is

the radius for which the plasma parameters are measured.

ЕКСПЕРИМЕНТАЛНИ ДЕО

Да би проверили ефикасност нове конструкцще лука за примену у директюч ди)а-

гностици плазме, вршили смо мерен>е профила лини^а натри)умовог резонантног дублета:

Na I 588,995 nm и Na I 589,592 nm. Мереье je вршено за време распршивальа раствора

NaCl концентраци)е 2 mol/dms у лук. Натри)ум je изабран jep аегове резонантне ливзце

BMajy малу eHeprHjy ексцитаци}е од 2,11 и 2,10 eV респективно, па лако долази до само-

ancopmwje и реверсности лшш;а.
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Као извор )едносмерне cipyje служио je трофазни исправл>ач, ко)и je давао напон

отвореног кола од 300 V. У раду je лук напахан стру)ом од 6 А, што представля уобича)ену

вредвост у спектралноаналитичком раду. Проток главне crpyje аргона je био 3,0 dm8/min,

а за доби)ан.е аеросола je коришЬен ангуларни распршивач са комором. Аеросол раствора

NaCl je убациван помоКу главне струне аргона у централни сегмент каскадног лука.

Као монохроматор je служио преправл>ени спектрограф PGS-2 (Carl Zeiss), коме

je уместо касете за спектрографску плочу приюъучен излазни разрез са фотомултипли-

катором. Употребл>ена je оптичка решетка од 650 уреза/mm, Koja je коришЬена у првом

реду. Ширина улазног и излазног разреза je била 0,05 mm, што одговара спектрajaroj ши-

рини разреза од 0,04 шп. КоришЬен je оптички филтер WG-5 (Carl Zeiss). Фотомулти-

пликатор R 212 (Hamamatsu TV Co.) je напа)ан помоИу извора стабилизованог напона

HNC 2000-10 (Heizinger). За регистроваае спектра коришКен je писач са угра^еним пс~

ja4HBa4eM B1G1 (Carl Zeiss). Пошто посто)и paдиjaлнa расподела емитованог зрачеаа,

на улазни разрез je про)ектована зона плазме у Kojoj je на;интензивниj а емиси)г радщащце

резонантног дублета натри)ума. Начин про)ектован,а лика извора на улазни разрез при

казан je схематски на слици 2.

РЕЗУЛТАТИ И ДИСКУСЩА

Прво су снишьени профили лини^а натри)'ума за немодификован лук,

а затим за лук са додатним сегментима. У оба случала прво je на разрез про-

)ектована катодна, а затим анодна страна лука. На та) начин добщена су

четири спектрофотогрэма, приказана на слици 3.

Порег)ен>ем спектрофотогрэма доби^ених помоЬу каскадног лука без

додатних сегмената (сл. За и ЗЬ) са одговара)уКим спектрофотограмима за

новоконструисан лук (сл. Зс и 3d), уочава се да je у првом cny4ajy реверсност

лшпф изражешц'а, а янтензитет маньи. ПовеЬахье интензитета код другог

лука износи за катодну страну око 7 пута (сл. За и Зс), а за анодну страну

око 20 пута (сл. ЗЬ и 3d). Са спектрофотограма je уочл>иво да се и код нове

конструктиве лука у cny4ajy катодне стране задржава реверсност лишц'а

(сл. Зс).

ПовеЬатье интензитета и сман>ен>е реверсности лшпц'а, односно потпуно

одсуство реверсности у cny4ajy npojeKTOBa&a лика анодне стране новокон-

струисаног лука (сл. 3d), може да се o6jacHH разбщанъем плазмених пера,

у KojHMa je температура нижа од оне у плазми лучног стуба а концентраци}а

непобуг)ених атома довольно велика да дог)е до знатне ancopmnije рздщацщ'е

у извору. Разлика у понашатьу катодне и анодне стране, посебно у crry4ajy

новоконструисаног лука (сл. Зс и 3d), потиче од различитих концентраци^а

натри}ума у овим зонама лука. Найме, }едан део атома натриjyMa ипак успева

да про1)е кроз процепе додатних сегмената и нъихова концентрацща je веЬа

на кaтoднoj страни, где flocneeajy у облику Na+ joHOBa, услед flejcTBa акси-

jaiTHor електричног пол>а. При овоме треба имати у виду да je концентрацииа

HaipnjyMa у овом експерименту била изузетно велика (2 mol/dm3), и то било

да je реч о концентрации аналита у eMHcHOHoj cneKTpoxeMHjcKoj анализи

или концентрацией „термометри}ских елемената" у ди^агностици плазме.

На основу дибо}ених резултата, може да се заюъучи да убациванъе до

датних сегмената за разби}ан.е плазмених пера и npojeKTOBaae лика анодне

стране лука на разрез спектрометра омогуЬава директно мереае радец'алне

расподеле параметара плазме, односно н>ену диагностику без корилпигьа

поступка Абелове инверз^е.
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Поред тога, ови резултати указу)у и на то да je могуЬе да се у кванти

тативно] емисионоспектрографско) я емисионоспектрометри]'ско) анализи (при-

меном новоконструисаног каскадног лука U-облика) користе резонантне

лини)е са малом енерги)ом ексцитаци)е уз повеЬан>е линеарног опсега ана-

литичких кривих. О овоме he бита више речи у аналитичком делу овог рада.

 

589.0

(с)

589.6 589.0

(d)

589.6

Слика 3 Figure

Спектрофотограми лини)а натри)умовог резонантног дублета, Na I 588,995 nm и

Na I 589,592 nm, добщеяи распршиван,ем раствора NaCl, концентраци)е 2 mol/dm3,

у лук: а) немодификован лук посматрака катодна страна, Ь) немодификован лук

посматрана анодна страна, с) модификован лук посматрана катодна страна и d) мо-

людификован лук посматрана анодна страна.

Spectrophotograms of the sodium resonance dublet, Na I 588.995 nm and Na I 589.592

nm, obtained by nebulization of NaCl solution, concentration 2 mol/dm3, in the arc:

a) unmodified arc device cathodic side viewed, b) unmodified arc device anodic side viewed,

c) modified arc device cathodic side viewed, and d) modified arc device anodic side viewed.
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SUMMARY

PLASMA DIAGNOSTICS OF U-SHAPED CASCADE ARC UNDER ACTUAL CON-

DTIONS OF SPECTRAL ANALYSIS. I. CONSTRUCTION OF ARC DEVICE FOR

DIRECT MEASUREMENT OF RADIAL DISTRIBUTION OF PLASMA PARAMETERS

NEBOjSA Z. PAVLOVIC and MOMIR D . MARINKOVIC*

Non-ferrous Metals Works „Duro Salaj", V. Vlahoviia bb, YU-18000 NH, Yugoslavia, and *Boris

Kidrid Institute of Nuclear Sciences, P.O.Box 522, YU-11001 Belgrade Yugoslavia

A new construction of a cascade U-shaped arc device is described. The device has

additional segments for elimination of plasma plumes. The applicability of the arc device for

plasma diagnostics without the Abel inversion procedure was investigated. The investigation

was performed by nebulizing a NaCl solution, concentration of 2 mol/dm3, in the arc plasma.

The results obtained suggest that the arc device is suitable for direct measurement of the radial

distribution of plasma parameters.

(Received 18 September 1984)
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Спектроапсорпциометриjска мереьа извршена на фнавили)умском je-

дапьегьу (моносупституисаном у позицщама 7-ОН-групом и 4'-ОСНз-групом)

могла су поуздано да дефинишу главке индивидуалности овог молекула ка-

рактеристичне за одре^ене области рН вредности. Наша раниjа мерсы су нам

омогувила и разликоварье типова тих индивидуалности на основу н>ихових

апсорпционих спектара: ка^онске форме у области рН-вредности 1,12—3,30j

псеудобазне флавенског типа у области неутралних рН-вредности; док се у

jaKo алкално) средини ]авл>а само ;едан облик анхидробазе. Супституисан>е

4'-позицще метокси групом завршава ову електрохемиjску трансформацщу

флавенским обликом анхидробазе, без nojaee н>еяог )окязованог облика,

flpaheae кинетике фотохеми)ских промена разних структура овог хромофор-

ног система, преко различитих трансформационих реакщца, обезбе^ивало je

податке и о н>ихово; фотохеми)'ско) активности.

Врло знача)на и у природа широко распространена класа флавили-

]'умских )едан>еша вeh je дуже предмет наших истражива&а. Не^еднакост

у реактивности по^единих no3mmja узрок je и различитих трансформационих

механизама ових )един>ен>а. Изузетна реактивност позищф 7- и 4'- и н>ихоео

ни]ансиран>е путем запоседнутости различитим супституентима у структури

флaвилиjyмcкoг молекула, има велики знача} за електрохемщско и фото-

хею^ско понашаае овог хромофорног система.

У овом раду je извршено спектроапсорпциометри)ско испитивавье син-

тетизованог )едшьен>а 7-ОН,4'-ОСНз-флавитцум перхлората и дефинисавъе

аегових могуких структурних облика у зависности од области рН-вредно-

сти. Истовремено су пракене и фотохеми^ске промене преко различитих тра

нсформационих реакщца.

ЕКСПЕРИМЕНТАЛНИ РАД И РЕЗУЛТАТИ

Флавипц'умско )един>ен>е 7-ОН,4'-ОСНз-флавили)ум-перхлорат, Koje je

кортшЧено у овом раду, синтетизовали смо према jenHoj HOBHjoj референции1.

После вишеструког прекристалисаваша извршили смо контролу н>егове чи-

crohe одре^иваьем тачке тошьеша, Лгвредности и карактеристичне апсорп

715



716 J. БАРАНАЦ и др.

ци)е основног максимума2. Као растварачи су коришКени Britton-Robinsson-овн

пуфери константне joHCKe )ачине (у. = 0,15). Мереша апсорпционих спектара

су вршена преко Beckman ACTA СШ спектрофотометра у области од 200

до 700 nm. При раду je прво справллн закисел>ен метанолски раствор овог

)един»ен>а концентращ^е реда величине 10~4 mol/dm3, kojh je имао улогу

основног раствора. За справл>шье осталих раствора узиман je )едан cm3 ос

новног и допушаван до 10 cm3 одрег)еним пуферским раствором чиме je обез-

бе^ивана приближна константна концентрация мерених раствора (реда ве

личине 10~5 mol/dm3).

Апсорпциони спектри 7-ОН,4'-ОСНз-флавили}ум перхлората у киселим

растворима показуху карактеристичну ancopnuHjy KaTjoHCKor облика овог

jeflHH>eiba у пуферима рН 1,12—3,30, као што je показано на сл. 1. Она je ока-

рактерисана основним, на)дуготаласш^им максимумом код Xi = 456 nm и

npeeojeM код Xi = 365 nm. Ancopnunja у UV-области Hije карактеристична

за KaTjoncKH флавилщумски облик овог молекула, веЬ за аегове могуКе транс-

формационе форме о KojHMa Ьемо говорити у Диcкycиjи. При повеКаваньу

рН-вредности раствора у области од рН = 4,00 до 5,00 (види сл. 2) интен-

 

 

Слика 1 Figure

Апсорпциони спектри 7-ОН,4'-ОСНз-

-флавили)ум-перхлората у киселим ра

створима.

Absorption spectra of (flavylium-7-OH,4'-

-ОСНз) • СЮ4 in acid solutions.

Слика 2 Figure

Апсорпциони спектри 7-OH,4'-OCHs-

флавили)ум-перхлората у растворима сл—

едеЬих рН-вредности: рН = 1,12—4,58.

Absorption spectra of (flavylium-7-OH,

4'-ОСНз) ■ СЮ4 in acid solutions with

pH-values: pH = 1.12 — 4.58.

зитетски се cMa&yje карактеристична ancopniraja KaTjoHCKor облика на Xi =

= 456 nm уз )ав.ъа1ье апсорпционе траке код X = 360 - 370nm и шено интензи-

ф чковаае са дал>им порастом рН-вредности раствора, Koje je обрнуто срал-

мерно понашашу интензитета на максимуму Хт. Као доказ уза^амности наве-

дених променч, одн. усиоставл>ан>а извесне равнотеже je nocrojaH.e и изоз-

бестне тачке код X|S = 410 nm. Код рН-вредности 4,58 }авл>а се приметна
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инфлeкcиja на дуготаласном делу основног максимума Х| = 480 nm Koja

наговештава наста^анье анхидробазе. ИдуЬи ка веЬим рН-вредностима (од

6,10 до 8,20; вици сл. 3) уочавамо веЬу промену карактеристичне ancopniraje:

 

Слика 3 Figure

Апсорпциони спектри 7-ОН,4'-ОСНз

-флавили)ум-перхлората у приближно

неутралним растворима.

Absorption spectra of (flavylium-7-OH,4'-
-ОСНэ) ■ CIO4 in nearly neutral solutions.

Слика 4 Figure

Апсорпциони спектри 7-ОН,4'-ОСНз-

-флавили)ум перхлората у алкалним ра

створима.

Absorption spectra of (flavylium-7-OH,4'-

-OCHs) - СЮ4 in alkaline solutions.

основни максимум Xi трпи изузетан батохромни помера)' ка X = 480 nm, мак

симум код X я» 365—360 nm се задржава, као и ancopnnnja у читаво; UV-

области X = 280, 250—240 nm, Koja je у назначении условима много изра-

жа)-юц'а. У изразито auKaraoj области рН-вредности карактеристична ап-

copmmja се делимично мевъа: апсорпциони максимум код X = 480 nm ocraje

непромевьен по таласно) дужини, уз знатно интензификовавье са повеЬавьем

алкалности (види сл. 4). Апсорпциона трака код X к» 365 nm изчезава, а

и ancopmjHja у UV-области je измешена и сведена на две траке X = 290—280

nm, и X = 225 nm Koje су иктензитетски врло неу)'едначене.

У цил.у проверававьа фотохеми)ског понашавьа овог )един>еньа у ме-

реним пуферским растворима, испитивали смо горе назначене растворе у

функции времена осветл>аван>а дифузтм дневним светлом. ЬЪихове смо

спектре поредили са спектрима истих раствора ко)и су били заштиЬени

од дневног осветл>ававьа, одн. kojh су били у мраку. На сл. 5 су приказани

спектри овог ]едивьевьа у изразито киселом пуферу, рН = 1,12, при освет-

л>ававьу и неосветл>аван>у у временском интервалу од 5 минута до 96 сати.

Као што се са сл. 5 види, спектри означени кривама 1, 2 и 3 су мег)усобно

потпуно идентични. Ово несумньиво yKa3yje да ни дифузно дневно освет-

ллвавье, нити мрак не ремете стабилност овог молекула у изразито кисело)
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средний. Ситуаци]а je готово идентична и у )'ако алкално) средини, рН =

= 12,40, као што je приказано на сл. 6. Ипак су овде уочгьиве интензитетске

промене, као на максимуму X = 490 пш, тако и на максимуму X = 290 шп.

Осветл>аван>ем овог раствора интензитет апсорпци]'е на X = 480 nm се сман»у;е,

1.-SH)

2-96*

3-96"

■

1 L 270 1К

. J ■ , I ,

 

Слика 5 Figure

Апсорпциони спектри 7-ОН,4'-ОСНз-

-флавшпчум-перхлората у киселом пу-

ферском раствору рН-вредности 1,12 у

функцией времена и осветл>аван>а: крива

1 — непосредно по справл>ан>у раствора;

крива 2 — при осветл>аван»у; крива 3

— без осветл>аван>а.

Absorption spectra о (flavylium-7-OH,4'-

-ОСНз)- С1Сч in acid solution рН 1.12:

5 min after the preparation of the solution

— curve 1 ; 96 h in diffuse daylight —

curve 2; 96 h kept in darkness — curve 3.

Слика 6 Figure

Апсорпциони спектри 7-ОН,4'-ОСНз-

-флавили)ум-перхлората у алкалном пу-

ферском раствору рН = 12,40 у функ

ции времена и осветл>аван>а: крива 1 —

непосредно по справллау; крива 2 при

осветллва&у; крива 3 — без освет-

л>аван>а.

Absorption spectra of (flavylium-7-OH,4'-

-ОСНз) • CIO4 in alkaline solution, pH

12.40: 5 min after the preparation of the

solution — curve 1 ; 96 h in diffuse daylight

— curve 2; 96 h kept in darkness —

curve 3.

а на X = 290 nm расте, док су код раствора kojh je crajao у мраку промене

само у повеКаван>у интензитета на максимуму X = 290 nm. Код раствора

са рН = 3,30 (види сл. 7) промене су много изразкпц'е и то нарочито код

неосветл>ених раствора. Интензитет максимума Xi = 456 nm се изразито

CMa&yje, нарочито код неосветл>еног раствора, уз по)авл.иван>е интензивног

максимума код X = 370 nm.

У области приближне неутралности идуЬи од рН-вредности, рН =

= 6,10 (види сл. 8) и рН = 7,00 (види сл. 9) промене су врло интензивне:

Хт скоро изчезава уз повеЬан>е интензитета Хц = 370 nm Koje не достиже

ancopmnijy максимума Xi. Характер ancopmntje UV-области се доста упронгЬава,

приликом ctajaiba горвьих раствора, било на светлу или у мраку.
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ДИСКУСЩА И ЗАЮЬУЧЦИ

Спектроапсорпциометри)ска меревьа извршена на 7-ОН,4'-ОСНз фла-

вилгацум перхлорату могла су поуздано да дефшшшу главне индивидуалиости

овог молекула карактеристичне за одрег)ене рН-вредности. Катрнски облик

овог )еди1ьен>а je нарочито стабилан у киселим растворима вредности рН =

= 1,12—3,30 уз назначено присуство флавенске псеудобазе изражене преко

н>ене апсоргщще у области од 280—240 nm (види сл. 1).

 

Слика 7 Figure

Апсорпциони спектри 7-ОН,4'-ОСНз-

-флавили)ум-перхлората у пуферском ра

створу рН = 3,30 у функции времена

и осветл.аван.а: крива 1 — непосредно

по справл>ан>у; крива 2 — при осветла-

ван>у; крива 3 — без осветл>аван>а.

Absorption spectra of (flavylium-7-OH,4'-
-ОСНэ) • СЮ4 in acid buffer solution pH

3.30: 5 min after the preparation of the

solution — curve 1 ; 96 h in diffuse daylight

— curve 2; 96 h kept in darkness — curve 3.
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Слика 8 Figure

Апсорпциони спектри 7-ОН,4'-ОСН»

-флавили)ум-перхлората у пуферском ра

створу рН = 6,10 у функцией времена

и осветл>аван>а: крива 1 — непосредно

по справл>ан>у; крива 2 — при осветлл-

ван>у; крива 3 — без осветзьава&а.

Absorption spectra of (flavylium-7-OH,4'-

-ОСНз) • C104 in the buffer solution

pH-value 6.10: 5 min after the preparation

of the solution — curve 1 ; 96 h in diffuse

daylight — curve 2 ; 96 h kept in darkness

— curve 3.

Слика 9 Figure

Апсорпциони спектри 7-OH,4'-OCHa-

-флавили)ум-перхлората у пуферском ра

створу рН = 7,00 у функцией времена

и осветл>аван>а: крива 1 — непосредно

по i правл>ш>> ; крива 2 — при осветлл-

ван>у; крива 3 — без осветл>аван>а.

Absorption spectra of (flavylium-7-OH,4'-

-OCHs) • СЮ4 in neutral buffer solution

pH-value 7.00; 5 min after the preparation

of the solution — curve 1 ; 96 h in diffuse

daylight — curve 2; 96 h kept in darkness

— curve 3.
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У области рН-вредности 4,00, 4,58, хипохролши ефекат на апсорпцн]'и

ка-rjoHCKor облика на максимуму Xi и по)авл>иван>е халконских трака (као

Што се вида на сл. 2) указу)е на делимично нарушаван>е флавилиjумске

структуре и стваран>а халконске. Апсорпциона трака код X = 370—360 nm

je како према нашим радовима3, тако и према раду Basso-a и др.4 поуздан

и карактеристичан доказ за настали 2,7-дихидрокси-4'-метокся халкон у

KojH се наш хромофорни систем pa3rpar)yje (вида сл. 2, криве 3 и 4). Томе

у прилог иде и изозбестна тачка код Xi8 =410 nm (види сл. 2) као нэ)бол>и

доказ равнотежне солватохроми^е измену флавили)умске и халконске струк

туре. Истовремено, она указу)'е и на нестабилност флавигап'умске структуре

у ман>е киселим. пуферским растворима.

Дал>е повеЬан>е рН-вредности ка Heyrpairaoj и слабо алкално) средина

условллва и по)'авл.иван>е изразитще флавенске псеудобазе. Апсорпционе

траке у области таласних дужина од 280 до 240 nm (види сл. 3) су доказ

претпоставки, Koje су биле уобличене и у нашим рани)'им радовима5. Наста-

ja&e форме флавенске псеудобазе je дефаворизовано са иовеЬан>ед1 алкал-

ности средине.

У алкално; области рН-вредности долази до формиран»а анхидробазе,

процесом депротонащце, Koja показухе карактеристичну ancopmnijy са ос

новном максимумом код X = 490 nm (вида сл. 4), уз ишчезаванье апсорпционнх

трака псеудобазе. 1онизовани облик анхидробазе, ко;и се )'авл>а код 7-ОН,

4'-ОН-флавили)ум перхлората6, при овакво) супституци)'и изоста)е. Супсти-

туисана позици^а 4'- метокси трупом, као што je то случа] код нашег (едюьеньа,

завршава ову електрохемэдску тpaнcфopмaциjy onroBapajyhHM обликом ан

хидробазе.

Посто)аност молекула овде проучаваног )единьеаа у посматраним ра

створима у функции времена и освет.тьаван>а односно неосвеиьавшьа раст

вора je различите. KaTjoHCKH облик у jaKo 1шсело] средини (рН = 1,12)

je прилично стабилан под посматраним условима (вида сл. 5). Исто се може

заюьучити и за анхидробазни облик али у jaKo anKamoj области рН = 12,40

(види сл. 6) са ипак нешто ман>им интензитетским променама. Ме^утим,

код раствора рН-вредности 3,30 (сл. 7), 6,10 (сл. 8) и 7,00 (сл. 9) тренд про

мена je идентичан, било да су раствори били изложени дневном дифузном

светлу, или заштикени. Према приказании апсорпционим тракама, евидентно

je да се ове промене завршава^у стабилизованим халконима. Алсоргщионе

траке транзиентних форми псеудобаза ишчезава]у, као што се то види са

слика 7, 8 и 9 (криве 2 и 3). Напред изложене промене нам yKa3yjy да при

посматраним условима нису доминантни фотохем^ски yranajn, веН пре елек-

TpoxeMnjcKH, Tj . протонациони и депротонациони процеси што их условл>ава]у

погодне рН-вредности средине. Присуство молекула воде, код слабо киселю,

неутралних и слабо алкалних раствора, добщ'а доминантну улогу вршеЬи

квазинеутрализационе реакщи'е KaijoHCKor облика флавилщ'умске хромофоре

уз rpal)eibe транзиентне форме флавенске псеудобазе и аену брзу децикли-

заци)у у oflroBapajyhy халконску структуру.

Према изложеном можемо заюьучити да nocrojaibe метокси трупе у

позиции 4'-, поред ОН-групе у позицией 7-, условллва одрех)ене карак-

теристичне промене одн. трансформац^у флaвилиjyмcкe структуре Koja се

прилично разлику^е од исте код флавшш^умског молекула са ОН-групама
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у позицщама 7- и 4'- в. То наглашава не само значащ позицще 7- и 4'- на транс-

формациони карактер флавили^умске хромофоре, поред позици^е 3- Kojy je

истакао Jurd7 Beh и природу супституената у н>има.

Испитиван>е стабилности овог )'един>еаа указу^е на н>егову непогодност

за коришЬевье као 6ojemi адитив у одговара]'уЬим прехрамбеним производима,

па самим тим и недовол>ну технолошку примену. Известан допринос je ипак

у том смеру дат баш због прецизира&а нестабилности 6ojeraoc структура

овог молекула управо у oHoj области рН-вредности Koja се обично користи

у наведено^' примени. Мег)утим, то свакако не уман>у)'е знача) доприноса

раз)ашн.ек>у реактивности овако супституисаног молекула у контексту наших

дал>их студи)'а релацэде структурних трансформаци)а и реактивности супсти-

туисанвх позици)'а флавили^умских хромофора преко електронских спектара.

SUMMARY

SPECTROABSORPTIOMETRIC AND PHOTOCHEMICAL STUDIES OF A

METHOXYLATED FLAVYLIUM COMPOUND

JBLISAVETA M. BARANAC, DRAGlSA C. SPIRIDONOVIC, VIDOSAVA M.

GEORGIJEVIC-VUKANOVIC and DRAGAN M. AMIC

Institute of Physical Chemistry, Faculty of Science, University of Belgrade, P.O. Box 550, YU-1 1001

Belgrade, Quality Control, Galenika-Lekovi, Belgrade, and Faculty of Agriculture, Osjek, Yugoslavia

Spectroabsorptiometric measurements carried out on the flavylium compound (mono-

substituted in the positions 7-OH, 4'-ОСНз) gave a reliable possibility to define the principal

individualities of this molecule characterizing its behaviour in the regions of well specified pH-

-values. Taking into account our former measurements we were able to distinguish the types of

the mentionned individualities by using their absorption spectra: cationic forms in the pH-region

1.12—3.30; pseudobasic forms of the flavenic type in the region of the neutral pH-region. Only

one form of the anhydrobase type was found to characterize the region of strongly alkaline media.

Thus, the substituted position 4'- with the methoxy group appear to finalize this series of electro

chemical transformation by a flavenic form of anhydrobase without any indication of ionized

individuality. Following the kinetics of the photochemical transformations of various structures

of this chromophoric system through their electrochemical reactions, some useful data of its

photochemical reactivity were also obtained.

(Received 28 September 1984)
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A sample of Kosova Basin coal was extracted in an autoclave with DMSO.

The yield of the extract after 24 h was 10.2 wt.% of the coal substance. The extract

was fractionated by a series of solvents of increasing polarity. After ashing of the

extract and its fractions by a wet method (acid digestion) thirteen elements (Na, K,

Ca, Mg, Fe, Ni, Co, Pb, Zn, Cu, Mn, Cr and Cd) were analysed by atomic absorption

spectroscopy. Seven other elements (Al, Ba, Sr, Be, B, Ga and V) were monitored

by inductively coupled plasma optical emission spectroscopy. The way of bonding of

these metals in the coal is discussed.

Coal extraction experiments, carried out at temperatures sufficiently low

to prevent thermal cleavage of chemical bonds, lead to the conclusion that the

contents of extractable substances in bituminous coals can be quite high. Therefore,

a study of the mechanism of coal extraction, as well as identification of extractable

substances and their metal analyses, may contribute to the elucidation of signif

icant elements of coal structure1. The key to the understanding of the extraction

mechanism is inherent in a correlation between solvent properties and their effec

tiveness in coal extraction, and in the chemical nature of extractable substances.

The effluent gases from coal combustion are known to contain elements

that are minor and trace constituents of coal. The emission of the volatile elements

is generally due to the vaporization of the elements from coal2. It became recently

evident that the growing concern over environmental pollution will ultimately

require a thorough knowledge of the elements present in coal even in trace amounts.

Many trace elements are now being considered not only as potential environmental

pollutants, but also as poisons of costly catalysts in certain of the proposed coal

gasification and liquefaction schemes3-5.

The coal is composed not only of those elements generally considered to

be organic (С, H, О and N), which are utilized in convening coal to synthetic

fuels, but it is extremely heterogeneous and contains significant quantities of „in-

organic" elements. These elements are associated primarily with individual mineral

phases in the coal, but a part of them is associated with individual fragments of

coal organic macromolecules8,7.
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EXPERIMENTAL

Instrumentation — A Perkin-Elmer 370 A model atomic absorption spectrometer was used for

determination of concentrations of the following elements: Na, K, Ca, Mg, Fe, Pb, Zn, Си, Мл,

Co, Ni, Cr and Cd. The metal concentrations of elements : Al, Ba, Sr, Be, B, Ga and V were

determined using a model 35000-C ARL (Applied Research Laboratories, Sunland, Ca.) induc

tively coupled plasma-optical emission spectrometer (ICP-OES).

Sample preparation — Investigated coal sample in this study was taken from the surface exploited

coal mine in Bellaqevc (Belacevac) with following characteristics: moisture content 26.83 wt.%,

ash content 26.58 wt.% (on a dry basis), sulphur 1.61 wt.%, oxygen 32.73 wt.%. Among the

oxygen functionalities dominate carboxyl oxygen (25.73 wt.%), hydroxyl oxygen (26.91 wt.%)

and ethereal oxygen (35.89 wt.%).

Dimethyl sulphoxide (DMSO) extract was obtained in a Sutjeska autoclave. The tem

perature and pressure conditions of extraction were constant (411 К and 2.5 bar). Typically,

20 g of dried coal samples were mixed with 200 cm3 of DMSO in brown laboratory reagent

bottles and placed in a temperature and pressure controlled autoclave for a constant period of

hydrolysis time. After each two hours, the mixtures were separated by filtration, the retained

coal portions treated with new portions of DMSO until the period of extraction time of 24 h.

The extract solutions were freed from solvent by vacuum distillation. The extract yield amounted

to 10.21 wt.% of total organic coal substance.

Separation of the DMSO extract was done by a series of solvents of increasing polarity

by a scheme shown in Fig. 1.

Analyses — The desolution of the DMSO extract and its fractions was done by a method of wet

ashing (acid digestion) to prevent the loss of potentially volatile elements that are part of the

coal organic substance. The wet ashing procedure included treatment of the extract and its frac

tions with a mixture of НСЮ4 and HNOa in a 1 : 1.5 ratio (10 cm3 НСЮ4 and HNOs 15 cm8)

in Teflon beakers. The beakers were placed in a sand bath and the mixture in them evaporated

to dryness. This process was repeated according to the amount of treated matter (one to three

times) until the total dissolution of it. Into the Teflon beaker than were added 5 cm3 of HNOj

the contents transferred to volumetric flasks and made to volume with redistilled water.

RESULTS AND DISCUSSION

A chemical-class separation of the DMSO extract, and trace metal anal

yses were done on each fraction after drying and wet ashing, as previously des

cribed.

High level of oxygen content in the studied sample of Kosova Basin coal,

especially high percentage of carboxyl and hydroxyl oxygens show that this coal

present a young type of lignite where the carbonization process is in its beginning

phase. Oxygen functionalities may permit some ionic bonding of trace metals

in forms of O-Me-O and O-Me-C types of compounds.

Table I contains the analytical results for the concentrations of metals in :

benzene soluble, chloroform soluble, ethyl acetate soluble, methanol soluble,

water soluble and water insoluble fractions of the DMSO extract.

From the data shown in Table I it can be seen that detectable concentrations

were noted for all elements exept for (1) Be in all fraction of DMSO extract, (2)

V in chloroform, ethyl acetate, methanol and water fractions, (3) Ga in chloroform

and ethyl acetate fractions, (4) Pb in chloroform, ethyl acetate and water frac

tions, (5) Cr in all fractions, (fj) Ni in chloroform and ethyl acetate fractions, (7)

Co in chloroform and ethyl acetate fractions and (8) Cd in chloroform, ethyl acetate

and methanol fractions.
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The absence of Pb, Ni, Co and V in tractions of the DMSO extract that

were separated by means of polar solvents show that these elements are bound

with the hydrocarbon matrix of the coal substance.

DMSO extract

10.0280 g

Benzene

extraction

Benzene solub(Bs)

1.018g or 10.15#

Benzene insolub.(B )|

9.01g or 89.84 wt>

Chloroform

extraction

Chloroform soluble|

p.0699g or 0.69 *

Chloroform insoluble|

e.jiie or 82.67 wt;;

Ethyl acetate

extraction

LEth.ac. soluble

K).198g or 1.97 vrt^

Eth . ac . insoluble

7.921g or 78.98 wt*

|Hethanol

extraction

Methanol soluble

fl.35g or 15.46 %

I-.ethanol insoluble

6.571g or 65.52 wtfc

Distilled water

extraction

Water soluble

1.225g or 12*21Jb

water insoluble

K.941g or 49.27 wt;

Fig. 1 . Scheme of fractionation of the DMSO extract

Very high levels of concentrations of Na, K, Fe, Zn, Cu, Mn, Ca, Mg, Al,

Ba, Sr, and В in fractions of the DMSO extract that were separated by polar sol

vents point out the possibility of replacing of hydrogen atoms as protons in the

carboxylic or phenol hydroxyl groups.
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High level of concentrations of Fe, Co, Ni and Ga in the benzene fraction

of the DMSO extract show the possibility of their bonding as metal alkyls, metal-

-chelates, metal porphyrins, metal-carbonyls, metallocenes and arene carbonyls.

TABLE I. Metal analysis data for fractions of DMSO extract

Fractions micrograms/gram substance

Benzene Na К Са Mg Fe Pb Zn Cu Mn Ni

soluble 5893 9607 24852 9823 11788 12 7121 1473 1964 1070

Co Сг Cd Al Ba Sr Be В Ga V

373 0 13 137 125 49 0 222 821 110

Chloroform Na К Са Mg Fe Pb Zn Cu Mn Ni

soluble 100143 60658 1430 11445 4005 0 61516 21459 1387 0

Co Сг Cd Al Ba Sr Be В Ga V

0 0 0 1087 1974 572 0 16452 0 0

Ethyl acetate Na К Са Mg Fe Pb Zn Cu Mn Ni

soluble 959 8838 2626 505 757 0 5050 2525 5050 0

Co Сг Cd Al Ba Sr Be В Ga V

0 0 0 303 697 202 0 6616 0 0

Methanol Na К Са Mg Fe Pb Zn Cu Mn Ni

soluble 13703 3852 10592 8740 25185 6 6740 1185 2243 1481

Co Сг Cd Al Ba Sr Be В Ga V

77 0 0 3822 1523 244 0 326 74 0

Water Na К Са Mg Fe Pb Zn Cu Mn Ni

soluble 3714 2204 832 12245 8979 0 9387 1796 252 816

Co Сг Cd Al Ba Sr Be В Ga V

175 0 8 1469 1678 254 0 1461 702 0

Water Na К Са Mg Fe Pb Zn Cu Mn Ni

insoluble 1680 14572 3238 3845 24894 7 1922 1659 1026 607

Co Сг Cd Al Ba Sr Be В Ga V

121 0 3 971 519 89 0 120 174 24

ИЗВОД

АНАЛИЗА МЕТАЛА У ТРАГОВИМА У ФРАКЦЩАМА ЕКСТРАКТА DMSO ИЗ

УПЪА КОСОВСКОГ БАЗЕНА

НЕЦАТ М. ДАЦИ, ЕСАТ М. ХОДА и ГОРАН ВУ1ИЧИЪ*

Природно-машемашички факулшеш, Пришшина и *Природно-машемашички

факулшеш, Загреб

Узорак yrjba Косовског Базена екстрахован je у аутоклаву са DMSO. Принос ек-

стракци)е након 24 сати био je 10,21%. Екстракт je фракционисан са )едном серщом рг-

стварача растуКег поларитета. Након разармьа екстракта и кегових фракцща jeflHOM мо

кром методом тринаест елемената (Na, К, Са, Mg, Fe, Ni, Со, Pb, Zn, Mn, Сг и Cd) ана-

лизирано je атомском ancopmmjoM. Седам осталих елемената (Al, Ba, Sr, Be, B, Ga и V) од-

реЬивани су ICP-AES спектроскопщом. Дискутоване су могуНности везиван>а ових еле

мената у углу.

(Примл>ено 19. марта 1984)
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HACTABA ХЕМЩЕ НА БЕОГРАДСКОМ ДИОДУ И

ВЕЛИКОJ ШКОЛИ У 19. ВЕКУ

СНЕЖАНА BOJOBHB

Виша йедагошка школа, Душанова 13, 11000 Београд

(Прилиьено 12. октобра 1984)

Дат je разводни ток наставе хеми;е на Jlmjejy и Велико; школи од 1839.

године, када je хемща уведена у настану, па до 1905. године, када je Велика

школа прерасла у Универзитет. Читав OBaj период подел>ен je у шест крашга

раздобл,а. Свако раздобл>е обухвата основне високошколске реформе, органи-

зацщу наставе, анализу програма и уцбеника, практичне радове и опремл>еност

лаборатори)е. При истраживан>у коришКени су следеКи извори: архивска rpai)a,

стручни и научни часописи, заоставштине, об]авл>ена rpafja, дневна штампа

и литература.

Хемща у Србч;и почела je да се развита четрдесетих година прошлог

века. За српску xeMHjy специфично je да се прво развила високошколска

настава, потом примешена хемща, наука, па средоьошколска настава. Овакав

разво)ни ток условлен je исторщским и политичким приликама у KojHMa

се Cp6nja нашла у npBoj половини прошлог века. Сам pa3Boj високошколске

наставе, на Kojn су неоспорно утипале просветне реформе, текао je често

мимо спол>ашн>их околности, неравномерно, уз нагле успоне али и Дуже

периоде стагнациие.

Да би се лакше пратио pa3Boj наставе на Лице}у и Велико} школи, читав

период од 1839. до 1905. године поделили смо у следеЬих шест раздобл>а:

1839—1853, 1853—1863, 1863—1873, 1873—1894. 1894—1899 и 1899—1905.

Ову поделу наметнула je сама динамика pa3Boja. Сваки од ових интервала

оме^ен je школским реформама изузев петогодшшьег периода, 1894—1899,

Kojn je због специфичних околности издво^ен мимо школских реформи.

НАСТАВА XEMHJE У ПЕРИОДУ ОД 1839. ДО 1853. ГОДИНЕ

Лице} je отворен у Београду 1838. године у условима Kojn нису били

OflropapajyhH за овакву врсту наставе*. Физика се травила у наставном

програму Лице}а веЬ 1839. године. У првом периоду pa3Boja Лицфа xeMHja

je предавала у оквиру наставе физике. Ъапи су je први пут слушали без прет-

ходног знан>а из природних наука, а професори KojH су предавали нису имали

* Посикала je само jeflHa петоразредна гимназща Koja HHje пружала неко озбшынце

образование па je Лице) првих година на неки начин допуьавао гимнази^ско обра

зование.
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одговара)уЬих квалификаци]а. Због тога je настава физике у првим годинама

била сиромашна садржа^ем, али je веН први програм из физике у себя са-

државао и нешто xeMHje.

У чегрнаестогодишн.ем периоду изменило се пет професора физике*.

У програму сваког од тих xeMHja je била различию застушьена. На први

трат о настави xeMHje наишли слю у HSBeimajy Ъор^а Мушицког министру

просвете из новембра 1842. у коме извештава да су „Слушателей 2ге г. Фи

лософов у течение месеца Октовриа показали у Фисики, а имено у Хемии

приличан успех"1 Но нека хеми)ска учила поручена су Beh новембра 1839.

године2 што говори да je xeMHja била застушьена у првом програму из физике**.

Први сачувани програм из физике Kojn садржи поглавл>е из хеми)е jecre

из 1846. године, али се по н>ему предавало од 1843. године. У овом програму

Kojn je саставяо JaHKO Шафарик од укупно девет глава три се односе на хе-

MHjy:

Део први: Основна хеми;а. Глава прва: наука о првоосновцима. Глава

друга: о хемичком сродству и сложении телима. Глава треНа: о хемичким

пословима и походима, особито изложен je поход врен>а3.

Из програма произилази да je xeMHja заузимала добар део наставе фи

зике, jeflHy треЬину од укупног програма првог семестра. Од посебне важ

ности je Tpehe поглавл>е Koje се односи на xeMHjcKe „послове" и указу^е на

важност ко)а се придавала експериментално; настави. На основу осталих

сачуваних програма може се сматрати да се првобитни програм у основном

садржа]у ня]е миьао, осим што je прошириван и модернизован. Прва два

професора, Арнот и Мушицки, предавала су по истом програму у коме je

xeMHja била мало застушьена. Шафарик je цео програм из физике прошнрно

а посебно je обрадио део Kojn се односио на хемщ'у.4 Вук МаринковиЬ, по

ставлен за професора 1849,5 унапредио je наставу xeMHje и у стручном по-

гледу и прошириван.ем. Написао je први упбеник физике на српском ]езику***,

у коме je xeMHjcKH садржа) изложио на 70 страна: обухватио je елементе

(56), )един>ен>а, xeMHjcKe силе, различите хемщске поступке и чак нешто

органске хеми^е. Први пут je xeMHjcKa номенклатура почела да добила место

у научно] терминологии. Oeaj програм веЬ представлю основу будуЬе на

ставе xeMHje као посебног предмета.

Оно што je од необичне важности за прве кораке у настави xeMHje jecre

експериментална настава. Сачувани су бро)Ни спискови физичких и хеми)-

ских учила и захтеви за опремом физичког кабинета. Hnje могуhe са сигур-

ношКу pehH шта je од поруцбина реализовано jep нису сачувани инвентаре

физичког кабинета, али je веома 3Ha4ajH0 за оно време прихватаае наставе

физике и xeMHje као експерименталне. У списковима из 1839. 2 и 1841.7 налазе

се хемикашф, посуде и апарати. Чи.д су пристигле прва учила oflBojeHa je

посебна просторна за н>ихово чуваше, односно основан je физички кабинет

и у оквиру н>ега будуЬи хеми]ски кабинет8. Године 1843. Шафарик се жалио

* Константин БранковиК (1839), Антони)е Арнот (1839—1841), Ъор^е Мушицки

(1841—1843), JaHKO Шафарик (1843—1849) и Вук МаринковиЬ (1849—1853).

** Ова; спнсак од 100 учила садржавао je флаше, реторте, кондензатор и дссетак

хемикали)а.

*** Рукопис je предао 1850, а штампан je 1851. године.
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на оскудност у „предметима хемичним"9 и тражяо да се за ову „преважну

грану физике" набави, поред посуда и хемикашф, збирка хемщских еле-

мената и комплет opyl)a за анализе на сувом и мокром нуту10. Да je ова по-

руцбина реализована могло би веЬ да се говори о будуЬо) хеми^ско) лабора

торией. Али пошто су три године каснще поново тражене исте ствари11,

сигурно je да се ова учила join нису налазила у физичком кабинету. До по-

)единих хемикали)'а и стакленог посуда професори су лакше долазили, на-

бавл>али су их у апотеци12. Но без обзира колико се од тражених хеми]'ских

учила нашло у JLnjejy, само наручивавье и наво1)ен>е потребе за овим стварима

из xeMHje утрло je пут отвараньу хеми^ске лабораторщ'е.

Тако се у свом разво)Ном путу од 1839. до 1853. године xeMHja посте

лено утрачивала у програм физике, заузимала све веЬи простор и 3Ha4aj

да би се на Kpajy овог периода, 1853. године, издво}ила као засебна дис

циплина.

НАСТАВА XEMHJE У ПЕРИОДУ ОД 1853. ДО 1863. ГОДИНЕ

На почетку овог периода, 1853. године, извршена je реформа наставе

на Jlmjejy13. Отворено je, измену осталог, ново Одел>ен>е за природне и тех

ничке науке и у оквиру н»ега основана Катедра за xeMHjy и xeMHjcKy тех-

нолопцу. За професора je поставлен Михаило РашковиН Kojn je завршио

филoзoфиjy, рударство, xeMnjcKy технологу и металурги^у14.

Доиаском РашковиЬа отпочео je нагли pa3Boj xeMHje. Према наставном

плану xeMHja je предавала на flpyroj години са пет часова недел>но, а техно

логи; а на ipehoj години са четири часа недел>но. У распореду часова за 1861 /2.

годину }авл>а се и „хемичка практика", понеделжом и средом од 14—16 ча

сова15.

Први сачувани програм из xeMHje, xeMHjcKe тexнoлoгиje и аналитичке

xeMHje носи датум 1861. године16. Акт KojH je приложен уз програм yK33yje

да се он ifflje мевьао од 1853/54, односно да je РашковиК предавав по истом

програму од доласка на Jlnuej . Програм из xeMHje садржи 24 главе од Kojnx

се 18 односи на неорганску а 6 на органску xeMHjy. Неорганска xeMHja по

делана je на огпнти и посебни део. Општи део обухЕата дeфинициjy xeMHje,

поделу, xeMHjcKe силе, структуру кристала, киселине, базе и соли и „справе

и хемичне послове". Глава Koja носи назив „закон о ]един>ен.има craxnja са

кисеоником" вероватно се односи на сталност xeMHjcKor зедшьеша и сте-

хяометри}ске законе. Посебни део обухвата кисеоник, водоник, флуор, азот,

сумпор, фосфор и арсеник. Затим следе киселине (хлороводонична, флуоро-

водонична и сумпорна), амотцак и вьегова }едщьевъа. упьеник и ньегова

jeflmteiba с кисеоником, силицэд'умом, азотом и водоником. На Kpajy су из-

ложени метали (18). Oeaj део завршава се поглавл>ем о еквивалентима.

Свако поглавл^е Koje се односи на одре^ени елемент почшье с доби}ан>ем

и особинама тог елемента, а потом следе вьегова }едтьевъа.

За органски део xeMHje карактеристично je да нигде m*je изричито

поменута подела на бил>на и животивьска }едшьен>а, мала се у целом овом

делу програма говори о бшьним матерщ'алима. Истакнуто je доСЭДавъе и пре
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чишЬавшье следеЬих )един>е1ьа: шеКера, алкохола, масти и сапуна. Обу-

хваЬени су угл>еви, бо)ене материке и доби^анье органских база и киселина*.

Програм из хеми^ске технологи^е обухватио je све познате процесс

за доби)ан>е метала, гра^евинског материала, индустри)'ских производя и

производя из свакодневног живота.

Од изузетног значаща бяо je програм из аналитичке xeMHje kojh говори

да je nocrojao експериментални рад. ОбухваЬена je xeMHjcKa анализа, оруг)е

за анализе, реагенси за анализе на сувом и мокром путу, растварачи и ра-

стваравъе, таблица по Kojoj су се систематски испитивали елементи, поступци

за испитиванье талога, база и киселина, метали, реагенси за анализе на сувом

путу и анализе сложених тела. Из касни)ег периода nocrojH податак да je

РашковиН и на испиту поставлло питанье из аналитичке xeMHje.

За оно време а нарочито прилике у Србщ'и, када се у средоьо) школи

природне науке нису предавале, програми су били довольно оппгарни и

стручни и обухватали су све вaжниje xeMKjcKe nojMOBe.

Од изузетног 3Ha4aja за разво) наставе xeMHje а и xeMHje уопште jecre

оснивавье лаборатор^'е. JIa6opaTopnja je основана веК 1853. године17 и исте

године почела je да се опрема. Сума од 500 талира18 Koja се годиппье из-

двajaлa за све кабинете и лабораторщ'е raje била довол>на за скупу лабора-

TopnjcKy опрему и на Рашковийево траженье у првим годинама овог периода

често су издва}ана додатна средства за xeMnjoca учила19. Haj6pojHHjy и Haj-

CKynoHeHHjy опрему лаборатор^а je стекла 1856. године када je у ову сврху

из државне касе издво}ено 3.699 форинти20. С тим новцем РашкориЬ je у

Бечу поручио око 300 врсти учила (апарата и посуда)21. Исте године хемздска

лабораторща добила je jenny npocTopnjy за чуваше апарата и }едну за чувагье

хемикалща22, а у лаборатории су направл>ени ормани за посуде23. Kpaje.4

овог периода у лаборатории се налазило неколико вага, апарат за дест i-

лованье, разне врете пеНи (за загреванье, за сагоревавъе, за тошьен>е), разне

врете лампи, апарат за гасну анализу, кали-апарат, водена купатила, велики

6poj посуда, кристални модели од гипса, збирка препарата и др.24 Тако je

у првим годинама pa3Boja лаборатори}а добила бревну, за оно време врло

скупоцену опрему Koja je омогуЬавала разноврсне квалитативне и кванти-

тативне анализе.

Необично важан чинилац у настави xeMHje био je ученички рад у ла

боратории. У 1857. години кушьено je 12 столица, а нешто кааоп'е и неко

лико столова и тиме je основано 12 ^ачких радних места**23. О томе да су

1)аци радили у лaбopaтopиjи yKaeyjy два документа. У jeflHOM акту из 1855.

године, Kojn се односи на набавку хемикали}а, каже се следеЬе: „... да се

сума на хемични материал определи да не би се по скушьу цену материал

за опите, радоьу ученика и збирку хемичну, из апотеке набавл»ати морао"25.

У другом документу из 1861. crojH да у xeMHjcKoj лаборатории може да ради

и државни хемичар али „изван часоЕа предаваша и практичке раднье уче-

* Подсетимо да се у то време органска хеми)а тек почела да развита и да се join imje

била одво^ила од неорганске; владала je виталистичка теорща и Teopiija екви-

валената.

** Oeaj 6poj радних места остао je исти кроз цео 19. век, па и по прерастан>у Велике

школе у Универзитет.
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ника"28. У Европи су })ачке лаборатори)е тек почеле да се OTBapajy педе-

сетих година прошлог века, а на Велико) школи вежбе су постале обавезни

дго наставе тек законом из 1896. године. Збэг тога je овако рано уво^еше

г)ачких вежби у наставу свакако )едан од юьучних момената у pa3Bojy ове

науке.

Но без обзира на добар почетак у разводу xeMHje на Jbmejy, мора се

реКи и то да крадем овог периода настава xeMHje imje crajana на сасвим чвр-

стом тлу. Целокупно устройство Jlnueja из 1853. године HHje се показало

успешним. Нарочито се то запажало на Природно-техничком одел>ен>у на

коме се предавав велики 6poj предмета a HHje се стицала практично никаква

стручна квалификапэда. У npojeKTHMa kojh су се односили на ново ycrpojceo

школе хеми)а и хеми)ска технологи^а нису се налазиле у наставним плано-

вима*27. До оваквих npojeKaTa довели су државни и друштвени интереси:

требало je стварати административна државни апарат са чиновницима обра

зовании у правно) струци: све остале струке биле су од мааег 3Ha4aja. Но

кра)ем овог периода, можда бар делимично и РашковиЬевом заслугой, из

менили су се просветни токови и у новом устройству школе хемщ'а je join

чвршЬе угргфена у наставу природних наука.

Тако се у овом првом периоду разво)а хеми)а утемел>ила у наставни

садржа} школе и научни живот Cp64je.

НАСТАВА XEMHJE НА ВЕЛИКОJ ШКОЛИ У ПЕРИОДУ ОД 1863. ДО 1873. ГОДИНЕ

Године 1863. Jbrnej je прерастао у Велику школу и преселио се у Ка-

петан-Мишино зданье. Велика школа добила je три факултета: Филозофскд,

Технички и Правни. XeMHji je предавана на Техничном факултету као опште-

образовни предмет али су je слушали и ^аци Правног факултета28. Ученици

Правног факултета слушали су xeMHjy на npeoj години (уторком и четвртком

од 9—10 сати), а ученици Техничког факултета на Tpehoj (уторком и че

твртком од 9—10, и средой од 8—11 сати)29. Ъаци Техничког факултета

имали су три часа више xeMHje од 5)ш<а Правног факултета и то су вероватно

били часови за рад у лаборатории**.

Ново ycrpojcTBo школе донело je велики пpeoбpaжaj у настави и на-

ставним програмима. XeMHjy je до 1872. предавао Михаило РашковиЬ, а

од 1872. Сима ЛозаниЬ. Нов програм из xeMHje далеко je omimpiffljH, бо-

rainjH caдpжajeм и модерт^и од оног на Jlrajejy. У време када je Jbmej пре

растао у Велику школу измените су се прилике не само у високошколско)

и среднъошколско} настави у Cp6njH него се у ме!)увремену и настава xeMHje

у свету нагло развила. Многе битне поставке, Teopnje и хйпотезе радикално

су измен>ене. СудеЬи по РашковиЬевом програму сасвим je сигурно да je

он пратио pa3Boj xeMHje и да je многе нове садржа}е унео у програм. Док

je на JlHuejy програм из xeMHje обухватэо и неорганску и органску xeMHjy

Планирало се да РашковиЬ, ако се xejvmja више не буде предавала, држи наставу

физике; пред Kpaj овог периода он je неколико година предавао физику.

' Bpoj 1)ака Правног факултета био je увек преко 50, што je онемогукавало н>ихов

рад у лаборатории.
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Цео садржа] подел»ен je на увод, металоиде и метале. Увод je, у односу

на ранили програм, проширен и модернизован. Садржи опште по)мове о

материи, разлику измену простих и сложених тела, дел>ивост матерще,

и у извесно]' мери и структуру материке, законе, ознаке за елементе, формуле

и поделу елемената. У делу koj'h се односи на металоиде Haj6pojaHH су сви

металоиди и ньихова ;един>евьа. Метали су подел>ени на лаке и тешке, дате

су вьихове физичке и xeMHjcKe особине и детство различили реагенаса на

н>иу. Следе метални оксиди, соли, киселине и базе и анализе на сувом и мо

кром путу. У последньем делу изложени су поjедини метали. Лаки метали

класификовани су у алкалне, земл>ано-алкалне и земльане. Код сваког метала

наведени су оксиди, соли и друга важтф )единьен>а и на Kpajy реагенси.

На Kpajy програма дата je „наука хемиски еквивалената" и „теори^а атома".

ЧиБьеница да се TeopHja еквивалената и атомска TeopHja начазе jeniia до друге

и то на Kpajy програма yKa3yje можда на РашковиНево колебание измену ове

две Teopnje: при предаван>у он се држао Teopnje еквивалената како je то

било yo6H4ajeHO и у добром делу Европе. Програмом су били обухванени

сви важней xeMHjcKH nojMOBH, сви елементи и сва )едгаьен>а Koja су се учила

и у другим сличним школама. Али начин об^агшьава&а хелш)ских по;ава

и материке унеколико je 3aocrajao за модерном xeMHjoM. У уводу нема свих

xeMHjcKHx закона а потребан простор HHje посвеЬен структури матери;е.

Поред тога у програму се join не налазе нови називи за соли него се упо-

требл>ава]у стари називи Kojn потичу од Берцели^уса. Стари називи задржани

су и за оксиде: различити оксиди не Ha3iroajy се 6pojeBHMa вен додававъем

префикса и наставка (оксид, оксидиЬ, пероксидин). Но без обзира на стару

терминолопц'у. она je jacHa и прецизна и не доводи у забуну око назива je-

дин>ен>а. Остали термини углавном су се задржали и каснще. Сви називи

за елементе остали су непромен>ени: иако су годинама ш^единци покушавали

да измене називе елемената додатком наставка щ, и;а или ще (кали), кали)а

или калщ'е). У погледу назива )един>ен>а РашковиЬева терминологиja je

чак била више у духу српског )езика него касни)е ЛозаниНева. Он je за je-

дивъен>а употребл>авао придевске облике (платинин оксид, кали)ума оксид)

док Лозанин то HHje чинио (HaTpHjyM-хлорид а не натри)ума хлорид).

РашковиНев програм из органске xeMHje HHje сачуван и не зна се колико

и на Kojn начин je предавав. По неким документима може се зашьучити

да се неорганска xeMHja држала у првом, а органска у другом семетру.

У nocneflftoj години овог периода дошло je до промене на Катедрн

xeMHje. Уместо умрлог РашковиКа за професора je поставлен Сима ЛозаниЬ3' .

Долазак Симе ЛозаниЬа представл>ао je квалитативан скок у настави xeMHje.

Он се школовао у HajeehHM xeMHjcKHM центрима оног времена* где се управо

у то време стварала нова хемща, нарочито органска: и он je нова знан>а донео

са собом на Велику школу. Не nocroje програми въегових предаваьа, ала

je он из свих предмета Koje je предавав написао упбенике. Из овог периода

nocTojn само уцбеник из неорганске xeMHje**32. Збогтога Немо овде говорите

само о том упбенику.

Садржа) програма из неорганске xeMHje подел>ен je на општи и посебад

део. Општи део представлю увод у неорганску xeMHjy и обухвата nojMoee

* Две године у Цириху код Вислицевуса и две године у Берлину код Хофмаш.

** Рукопис je предао на преглед и оцену 1872, а уцбеник je изашао из штампе 1874.

године.
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о материки, елементе, ^едшьевьа, смеше, jединство матерее, структуру ма

териje, nojajvi атома и молекула, квантиваленцу, номенклатуру, метарски

систем и класификащцу. Ова) део садржи и иеке сасвим модерне приступе

хеми)ским теори)адш, преко експеримената (да би се показала разлика измену

анализе и синтезе, стални запремински однос и др.)- Специ)ални део садржи

елементе и н>ихова важюца )един>евьа. Ова) део подел>ен je на металоиде

и метале. Металоиди су разврстани у пет група. Код сваког елемента редо-

след излагавьа je исти: где се налази, доби^авье и особине и сва аегова )еди-

вьевьа, а на Kpajy сваке групе и одре^ене карактеристике те групе. Метали

су подел>ени према „квантиваленци" у шест група. На Kpajy су изложени

оксида, сулфиди, хлорида, бромида, )одяди. и флуорида. Поделу елеменатг

какву je изврщио у овом првом уцбенику ЛозаниН je касшце нетто изменио.

Чак je и садржа) уцбеника па и организацща садржа)а различита у следеЬем

издавьу : вероватно се у овом првом уцбенику у H3BecHoj мери равнао према

РашковиЬевом програму. Но оно што треба истаЬи у овом програму jecrc

н>егов нов квалитет. Суштинска разлика од дотадаипьег jecTe у новом и

динамичном начину на ко)и су изложене хелш^ске nojase и закони. Поред

тога ЛозаниЬ Hnje био оптереКен старим TeopHjaMa Koje су се управо тих го

дина замевъивале новим (виталистичка, теорща еквивалената). Он je учио

код оних Kojn су стварали нову xeMHjy и одмах je и без икакве резерве при-

хватао нова схватавьа и уносио их у предавала и уцбенике.

Ако се упореде РашковиЬев и Лозаникев програм, не улазеКи у вьихову

суштину о чему смо веК говорили, измену н>их нема велике разлике. Haj-

веКа разлика je у уводу Kojn je код ЛозаниКа много omuHpHHjH, садржи мо

дерне nojMoee о матери)'и, H>eHoj структури и недел>ивости, садржи метарски

систем и спектралну анализу. У ЛозаниКевом програму има неколико еле-

мената више него у РашковиЬевом, али и код РашковиЬа има неколико еле-

мената Koje не налазимо код ЛозаниЬа. Код ЛозаниНа joiu нема поделе метала

на алкалне, земноалкалне, лаке и тешке, док je РашковиЬ ту поделу био

увео. У 6pojy и врсти ]едшьеша тако!}е нема велике разлике. Разлика измену

ова два програма поегози у терминологии. ЛозаниЬ je увео интернационалне

називе за соли, киселине и оксиде, и правила за читанье сложених )едшьен>а.

Мада су многи ЛозаниЬу замерали што се сувише чврсто држао немачке

терлшнологи)е Koja, примешена на наш )'език, често iraje била граматички

исправна и у духу српског )езика, односно сложенице нису имале придевски

облик, кастами разво) хемще, многобро)на сложена ^едщьегьа и сложена

)езички називи дали су му за право. Н>егова терминологща била je флуент-

HHja, jeflHocraBHHja и применл>иви}а. Упоре^у^уКи РашковиЬеве и ЛозаниЬеве

програме односно шихов рад у настави мора се реЬи и то да су РашковиЬев

рад и уопште вьегова личност на неки начин хендикепирани ЛозаниЬевом

nojaBOM. Не само ЛозаниЬево школоваае, него и ниво ЛозаниЬеве научне

мисли били су изнад времена и прилика у Срби^и. И да се само по себи ово

поре^енье не намеЬе, РашковиКев програм могли бисмо да сматраио сасвим

стручним и модерним за време и прилике у природним наукама код нас.

Кала je Лице) прерастао у Велику школу и преселио се у нову зграду

и лаборатори)а je добила нове и Behe просторще. У овом периоду она je стекл?

изглед ко)И je задржала кроз цео 19. век. У лаборатории се налазио велики

и био изложен на 3,5 стране, сада je програм раздво)'ен, а сачуван je део из

неорганске хеми)е изложен на седам страница великог формата30.
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сто за експериментисадье, 10 1)ачких столова и 12 столица, 4 мала стола на

ко)Има je РашковиЬ вероватно вршио анализе за државне потребе, два сто-

чиЬа на извлачеае, сто са дувал>ком за тошьеьье стакла, 6 ормана за посуде,

огньиште, „меови с опьиштем" за тошьеше стакла, апарат за дестилован>е

воде с угра^еном фуруном, различите хеми)'ске псЬи (сваки сто имао je по

;едну neh), лампе, ваге, водена и пешчана купатила и веЬи 6poj других апэ-

рата38. Ъачка радна места била су снабдевена одре!)еном опремом и посут)ем,

а остало се узимало на реверс. Према инвентару из 1865. у лабораторией je

било 250 различили врсти справа и посуда. Поред тога у лаборатории се

налазила таблица елемената с еквивалентним тежинама, эбирка елемената,

алкалоида и хеми^ских препарата, спектрална таблица и стручна литература.

Године 1868. основана je хемщска библиотека куповином првих осам

кнъига34: KacHnje je сваке године oeaj 6poj допун>аван одрешении за то сред-

стЕИма.

Тако je у овом кратком десетогодипльем периоду настава xeMHje имала

два успона; на самом почетку, када су на Велику школу уведени нови, оп-

ширни и модерни програми, и на Kpajy, када je, доласком ЛозаниЬа, у наставн

xeMHje дошло до join jeflHor квалитативног скока и када je xeMHja почепа

да се предаje по узору на ш^модершн'е програмске caдpжaje оног времена.

НАСТАВА ХЕМЩЕ У ПЕРИОДУ ОД 1873. ДО 1894. ГОДИНЕ

KpajeM 1873. године извршена je реформа наставе на Велико} школи85.

Ова реформа je поред организационих промена донела и ново прегруписа-

вавье предмета по факултетима. XeMHja je са Техничког факултета пребачена

на Природно-математички одсек Филозофског факултета и први пут je пре

давана као стручни предмет. На другоj години у првом семестру предавала

je неорганска а у другом органска xeMHja са по шест часова недеано36. На

Tpehoj години ;едно време предавала je и аналитичка xeMHja са три часа не-

дел>но87.

Доласком Симе ЛозаниЬа на Катедру xeMHje отпочело je ново раздобл.е

у pa3Bojy ове науке што се нарочито осетило после нове реформе Koja je пру-

жала шире могуЬности у pa3Bojy наставе xeMHje. ЛозаниЬ je HajBinue учинно

у настави xeMHje ceojHM уцбеницима из неорганске и органске хеми^е, хеми)ске

технологи^е и прево1)ен>ем два практикума. Преко ових уцбеника у Cp6njy

je ушла модерна xeMHja скоро у исто време кад и у многе pa3BHjeHHje европске

зе«л>е. Свако ново издаае допун>авао je новим и савремени)им TeopHjaMa,

меаао je систематизациjу материала, усавршавао терминолоп^у, унэсио нове

садржа}е и све друго што je пратило разЕо; ове науке у свету. Пратио je

модерна стремл>ен>а и мада je био изван хеми)ских центара, често je нове са-

држа}е прихватао пре CBojnx савременика KojH су били на извору аиховог

стваравьа.

Први унбеник ЛозаниК je написао из неорганске xeMHje. Прво издаае

Koje je изашло 1874. године имало je 411 страна, друго Koje je изашло 188038

имало je 695 страна, а треКе из 1893.39 787 страна. О првом изданьу je веЬ

било говора. У друго издаае унео je нешто друкчи}у систематизащцу елеме
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ната и нове садржа]е. Основна разлика измену ова два издан>а je у општем

делу. Цео општи део из прве юьигг задржан je у друто) , али je унето много

нових поглавл>а од Kojnx се веМина односи на кинетичку теори^у гасова.

Многа поглавл>а су проширена (поглавл>е о HCTopnjcKOM pa3Bojy xeMHje про-

ширено je од 2 на 35 страна, а о растворима од 8 на 20 страна). 1една од Haj-

важнщих новина je природни закон и Мендел>е)евл>ев периодни систем елеме-

ната. 06jaunbaBajyhH периодни закон ЛозаниЬ je наговестио сложеност атома

и законе Kojn he из тога проистеки. Иако je прихватио периодни систем,

при класификацэди елемената iraje га се држао него je елементе класификовао

„према величини привлачне силе".

Tpehe издание изашло je 13 година после другог. Измену другог и треЬег

издавьа маньа je разлика него измену првог и другог. Градиво je у неколико

поглавл>а прощирено и унети су елементи KojH су у ме^увремену прона^ени.

Hajeeha новина у овом уцбенику jecre поглавл»е из термохеми}е изложено

на 25 страна. Терминологща je била релативно нова облает и вьено уношенье

у уцбеник joui raje било yo6H4ajeHO. Поглаагье о периодном систему je про-

пщрено и jane jt наглашена ньегова важност. Наведено je 68 елемената (у

првом 63, а у другом 64) и наговештено je да he се ньихов 6poj „на сваки

начин новим проналасцима увеЬати".

Уцбеник из органске xeMHje изашао je 1875.40 (писан 1872/73. и 1873/74)

и 1883. године. Прво изданье имало je 580, а друго 1008 страна. Наслов уц-

беника гласно je „XeMHja са гледишта модерне Teopnje". Модерна Teopnja

односила се на структурне формуле Koje су тек биле почеле да се уносе у

уцбенике.* Први пут код нас органска }един>евьа представлена су као ]еди-

ньеньа угл>еника и сва су систематски изложена. Алифатична )единьен>а кла-

сификована су према 6pojy угл>еникових атома а не према функционалним

групама. Сва )едшьен>а Koja садрже jeflaH угл>еников атом еврстана су у моно-

карбониде, са два угл»еникова атома у бикарбониде и тако редом до )едюьенъа

са 30 угл>еникових атома. После ових 30 група изложени су угл>ени хидрати,

ароматична }един>еньа (поред бензола и вьегових деривата y6pojami су камфор,

терпен, смоле, балсами, пиколин базе, алкалоиди, 6oje, индиго и анималне

MaTepnje), квалитативна и квантитативна елементарна анализа и физиолоп^а

хравьен.а. У првом делу у коме je изложено 30 група карбонида, imje свим

групама посвеЬен jeflHaK простор. У npeoj и flpyroj групи ошпирно je изложен

огроман 6poj jeflHfteBia. Затим je много манъе простора посвеЬено групама

до седме, од седме до jeflaHaecTe поменути су само важней представници,

и на Kpajy су поменуте 27. и 30. група. О угл>еним хидратима тада се мало

знало па ипак je OBaj одел>ак ошииран. Наводи се више претпоставки Koje

су се показале исправним. Тако се на пример каже да je „врло вероватно

да су тела СвНггОв нека врста алдехида Koje можемо и овако написати

СНгОН-СНОН-СНОН-СНОН-СНОН-СНО." Изложени су сви познати углл-

ни хидрати од Kojnx многих више нема у данаильим уцбеницима. Ароматична

jeflHH>eH>a била су добро позната и испитана и у кнъизи им je посвеЬено преко

120 страна. Сасвим тачно дата je разлика измену ароматичних и алифатичних

}един>ен>а а сам бензол je врло добро окарактерисан. Сва друга )едшьен>а

за Koja се Hnje знало где спада)у еврстана су у ароматична али je наглашено

* Примера ради наводимо да у Кекулеовом уцбенику органске хеми;е из 1868. )ош

нема структурних формула.
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да нису ароматична. Терминолоп^а ародштичних )един>ен>а скоро je у целости

задржана и данас. За неколико сложених )един.ен>а формуле су биле по-

грешне (антрацен, камфор) али су исправл>ене у следепем изданьу. Код смола,

балсама и каучука не наводе се никакие формуле, а за 6oje, анималне матери]е

и беланчевине речено je да „нисмо у ставъу ни просте формуле да поставим©".

При писаау овог уцбеника Лозанин се стужио познатим уцбеницима оног

времена (Кекуле, Пинер, Штрекер, Горуп-Безанец, Наке, Хофман)42.

Друго изданье органске хеми^е изашло je 1883. године. Bpoj страна

скоро je удвостручен (1008). Распоред MaTepHje остао je иста, само су изме-

вьени називи по)единих поглавл>а. Сва органска ]един>е1ьа подел>ена су на

масна jenHaeaa, ароматична ]едтьеша и )един>ен>а непознате конституцще.

У масна ^едшьеша сврстана су сва алифатична ]едшьен>а Koja су подел>ена

у 30 трупа према 6pojy угл>еникових атома. Лозанин je у уводу уцбеника

оправдао овакву класификащцу тиме што je погодщца jep се „по H>oj вида

поступни pa3Boj угл>еничних ]едан>ен>а, почев од HajnpocrajHx до на^сложе-

HHjHx" и тиме што je Хофман излагао по истом систему.* 1едшьен>а непознате

конститупэде била су „индиферентна бшьна ]един>е&а, алкалоида, жучне

киселине и жучне 6oje и албумино)иди или беланчевине". У овом делу налази

се и поглавл>е о вревъу и реакщце органских ]едан>ен>а. Поглавл>е о физио

логией растеша je избачено. У самом уводу дато je више примера структурних

формула, o6jauiH>eHa je проста и незасикена веза, дате су опште формуле

хомологих низова. У односу на претходно изданъе наjвише je проширен први

део Kojn се односи на алифатична ^едивьевъа. Taj део обогапен je општям

карактеристикама сваке класе чиме je уцбеник много добио у стручностн

и прегледности. Подела карбонида на групе остала je иста али je унет веЬи

6poj ;един>ен>а. Читава класификаци]а прегледни^а je од претходне, нарочито

je то уочл»иво код азотних ]едивьен>а. По^едине дефинищп'е су изменъене

или проширене, код неколико угл>оводоника дати су погодни^и називи.

Угл»ени хидрати тачно се дефинишу као „алдехидни деривата шестохидрок-

силних алкохола" и први пут су им написане рационалне формуле. Део о

ароматичним )едгаьен>има ни)е се много изметю с там што je додат веки

6poj )един>еаа и pearafflja. Последнее поглавл>е обухвата опште хеми;ске

pearamje: OBaj део ра^ен je по Ба}лшта}ну.

Уцбеници из неорганске и органске xeMHje пружили су много више

од онога што je настава xeMHje на Велико} школи могла да прихвати. Бьихов

квалитет и обим обезбедио им je дуговечност: исти уцбеници служили су

Kacmije и универзитетско} настави. 1едан од недостатака уцбеника чини

нам се да и jecre аихова преобимност односно излагайте огромног 6poja jenii-

н>ен>а од Kojnx многа HeMajy Behy важност и само oirrepefayjy уцбенике, оте-

жава}у ученье и cMa&yjy прегледност. Но за ову оганирност nocrojao je добар

разлог. Ни)е било никакве друге стручне литературе па су из н>ега црпли

обавештен>а и сви они KojH су на било kojh начин били повезани с хемш'ом :

уцбеници су заправо представл>али малу хеми^ску енциклопеди)у . Што се

таче начина излагала материке, описа по)еданих класа )един>ен>а, o6jam-

Нэавшьа структура, nojaBa и особина и приступа уопште, уцбеници HMajy

велику стручну, научну и педагошку вредност.

У Хофмановим уцбеницима jecre извршена класификациjа према 6pojy угтьенн-

кових )един>ев>а, али иза тога следи и класификащца према хомологим редовнма.
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Уцбеници из хеми)"ске технолопф, н>их четири, изишли су 1886, 1892.

и 1894. године и носе следеЬе називе: О води и гориву; Основи металур-

raje: Стакло, керамик, креч, цемент, гипс; и Хеми^ски производи (неор-

гански)43. И ови уцбеници су са стручне стране сасвим добри и обухватни,

врло су приступачни, прегледни, пуни табела и слика.

Одмах по доласку на Велику школу ЛозаниН je превео и два практи

кума. Вислиценусово „Упутство за квалитативну хемиску анализу неорганских

тела" (1873)*44 обухвата анализе на сувом и мокром путу изложене на 26

страна. Друго издан>е изишло je 1879. године, а треЬе издание je MnnHBoje

ЛозаниЬ предао у штампу 1914, али je због рата изашло тек 1924. године45.

Други практикум, Хофманова „Аналитичка класификашф метала и вьихове

важнее pearamje" (1875)46 садржавао je прегледну таблицу за испитивале

елемената. Године 1848. Mиливoje ЛозангаЧ штампао je и друго издание47

проширено новим садржа}ем, али je аналитичка таблица метала била скоро

истоветна OHoj из првог изданьа. Ови практикуми били су први те врете у

Cp6njn и имали су великог 3Ha4aja за практични лаборатори;ски рад. Чи-

вьеница да су штампани и много година Kacmije говори да je ЛозаниЬ умео

да изабере прави уцбеник, практикум Kojn he бита у употреби, видели смо,

преко 50 година.

ЛозаниЬеви уцбеници HMajy вишеструк 3Ha4aj и за наставу xeMHje и

за ерпску хеми^у у целини. Сама по)ава уцбеника означила je прекретницу

у ученъу xeMHje: до тада се учило из бележака и прево!)ен>ем страних уцбеника

што je oBoj науци уманьивало 3Ha4aj и онемогуЬивало студиозни}е изучававье.

Уцбеници су били врло опширни чак и за данашнье nojMOBe, али они нису

били намевъени само ранима за ученье, веЬ су морали да 3aMeH>yjy стручну

литературу Koja HHje nocTojana. Садржа^и су били модерни и свеобухватни.

Предност над многим, позната^им чак уцбеницима, била je у томе што je

ЛозаниЬ, с jeflHe стране, био врло критичан и ретко je уносио оно што je join

било непроверено, а с друге стране био je врло еластачан, лако je исправл>ао

грешке и у нова издавьа уносио исправне чшьенице. ВЬегова научна интуи-

тивност ретко га je варала и често je пре многих других уносио у уцбенике

нове caдpжaje (атомска Teopnja, периодни систем, термохемща, структурне

формуле). Кроз уцбеничку номенклатуру у потпуности je оформлена ерпска

стручна xeMHjcKa терминологи}а. Уведена су правила и термини KojHMa се

и данас служимо. Дода}мо на Kpajy да сви ЛозаниЬеви уцбеници, поред ве-

лике стручне вредности и савремености у ондашньем тренутку, HMajy и велику

вредност с методолошког, научног и )езичког гледишта.

У овом периоду лабораторща се HHje много изменила, али je модер

низована. Bpoj радних места остао je иста (12) али je докугаьено join неколико

столова за 1?ачки рад48. Године 1875. у лабораторщу je угра^ена капела49,

а неколико година Kacmije и у слушаоюшу. Године 1883. набавлен je апарат

за произволение гаса50, смештен je у подрум а инсталацще су спроведене

до свих радних места. Уво^евье гаса олакшало je рад у лаборатории, омо-

гуЬило je бол^е осветл>енье и загревянье и куповину модершце опреме на гас.

Лабораторща je била отворена преко целог дана и 1)аци су у H>oj радили

кад год нису имали предавала. Рад у лаборатории започинъао je после за-

вршеног слуша&а огантег дела xeMHje и полаган>а првог колоквщума. Hajnpe

Ова) практикум ЛозаниЬ je превео join jaKyapa 1870, док je учио код Вислиценуса.
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су ра!)ене „pearamje га^единих елемената и хелш)'ских cnojeBa" по Хофма-

новом практикуму, а пред Kpaj првог семестра ра!)ене су квалитативне анализе

на сувом и мокром путу по Вислиценусовом практикуму61. У другом семестру

вршене су квантитативне анализе по уцбенику „Anleitung in die quantitative

chemische Analyse, 1875—1877, I и II"52 и уцбеницима Вислиценуса и Класена

(Classen). У току дал,их студила 1)аци kojh су се и датье интересовали за хеми)у

оста^али су да вежба^у у лаборатории а въихов рад je на]'чешЬе био диктиран

ЛозаниЬевим стручним и научним радом.

Године 1875. донет je закон о приправницима или помоЬницима53, прела

коме су за приправнике могли да се 6npajy свршени ученици Филозофског

и Техничког факултета ко)'и су из веЬине предмета имали одличне оцене.

У пракси су за помоКнике, бар за хеми|ске, бирани ученици ко;и су joui учили

Велику школу али су положили испите из xeMHje. Први помоЬник у xeMnjcKoj

лаборатории био je Jonan Byrcerah (1876—1878)54, затим Витомир Младе-

новиЬ (1879)55, Михаило Благ^евиЬ (1885—1888)56, Милорад JoBH4Hh (1888—

1889)87, Доброслав УрошевиЬ (1889— 1892)58 и Милан Bajnh (1892— 1 894)".

Двадесетогодиппьи период од Kpaja 1873. до почетна 1894. године

карактерише се наглим успоном у разведу наставе Kojn се протегао до по

ловине осамдесетих година, а затим }едним периодом стагнащце до Kpaja

овог раздобл>а. Нагли скок у почетку и убрзани pa3Boj у првим годинама

овог периода постигнута су доношенъем нових програма из свих области

xeMHje a join више nojaBOM упбеника. KpajeM осамдесетих и почетном деве-

десетих година HHje дошло до дал>ег напредованъа у настави*.

НАСТАВА ХЕМЩЕ У ПЕРИОДУ ОД 1894. ДО 1899. ГОДИНЕ

Због нередовне наставе и изузетних околности Koje су се стекле на

Катедри xeMHje петогодиппьи период од 1894. године, када je Сима ЛозаниЬ

отишао са Велике школе, па до 1899. године, када je Марко Леко изабран

за редовног професора, издоили смо у посебан одел>ак. У читавом овэм

периоду настава roije држана редовно: или су предавали хонорарни про-

фесори (Леко и ЛозаниЬ), или привремени наставник (Милорад JoBHMHh)

или се настава уопште HHje изводила.

Сима ЛозаниЬ отишао je са Велике школе jaHyapa 1894. године и Ка-

тедра за xeMHjy и xeMHjcKy тexнoлoгиjy остала je упражьена. Предаваема

нису држана лепьег семестра 1894/95. и зимског семестра 1895/96. године.

Maja 1894. године Савет Филозофског факултета, HMajyhH у виду npojeicr

око новог ycrpojcTBa Школе, поделио je Катедру за xeMHjy и хеми)ску тех-

нoлoгиjy на Катедру за xeMHjy (неорганску и органску) и Катедру за хеми^ску

и механичку технолопп'у {на Техничком факултету)90. Сходно oeoj подети

у jyHy 1894. године расписан je конкурс за професора xeMHje и професора

xeMHjcKe и механичке технолопце61. Али док je конкурс join Tpajao донета

je нова одлука по Kojoj се Катедра за xeMHjcKy технолоп^у oflBojiuia од Ка-

тедре за механичку тexнoлoгиjyв2. Због тога je расписан нови конкурс за

ове две катедре63. Октобра месеца Савет Велике школе вршио je избор за

* Катедра je остала 1еподел>ена, настава ни)'с проширека, односно фонд часов»

HHje увеНан и поред ошнирни^ег програма; на Катедри je био само )едан професор.
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све три катедре (15. 10. 1894). За Катедру хеми^'е изабран je др Марко Леко.

Тако^е je изабран и професор за механичку технологи)у, али HHje изабран

професор за хелш^ску технологиjy64. Иако je Леко изабран за редовног про-

фесора. Министерство просвете HHje потврдило oeaj избор и Катедра je остала

непонуньена све до Kpaja децембра када je Леко поставлен за хонорарног

професора65.

Леко je предавао хемщу три семестра према Закону из 1873. године,

односно по истом плану по коме je предавао и ЛозаниЬ: неорганску xeMHjy

у првом и органску xeMHjy у другом семестру. Како HHje биран и за профе

сора xeMHjcKe технолопце, OBaj предмет HHje ни предавай66. Програм KojH

je сачуван из овог периода обухвата зимски семестар 1895/96. године67 и

односи се само на неорганску xeMHjy. Oeaj програм paanHKyje се од Лоза-

ниЬевог HajBHuje по редоследу излагавъа уводног и општег дела неорганске

xeMHje, док у укупном садржа}у готово нема разлике. Програм из органске

хеми)е HHje сачуван. Вежбе су држане редовно, али HHje остало забележено

по KojHM практикумима. Леко je био хонорарни професор и сам HHje могао

да мен>а програм па je вероватно да су и вежбе држане по истом режиму као

у претходном периоду.

За време лепьег распуста 1896. године министар просвете извршио je

промену професора на Катедри xeMHje: уместо Лека поставив je ЛозаниЬа68.

Како je ово поставл>ен.е текло без сагласносги Академског савета Beлике

школе, то je и ЛозаниЬ морао да npeflaje као хонорарни професор68. ЛозаниЬ

je предавао два семестра. Поред неорганске и органске xeMHje предавао je

и xeMHjcKy технологиjy70.

KpajeM 1896. године донет je нови Закон Велике школе71. Предмети

су груписани у стручне одсеке, а настава je модернизована. Овом закону

претходиле су расправе и договори у факултетским саветима. Факултетске

савете сачтьавали су редовни и ванредни професори Велике школе, а како

на Катедри xeMHje mije било редовног професора то се на унапре1)е1ьу наставе

ништа HHje учинило. Додуше било je неколико предлога KojH би умногом

унапредили наставу xeMHje, али нису ycBojeHH. Тако je министар просвете

Л>убомир КлериЬ предлагав да се Катедра xeMHje подели на „анорганску

xeMHjy с аналитичком и органску xeMHjy с xeMHjcKOM технолопфм"72. Ло

заниН je предлагав да jeppa катедра обухвата неорганску xeMHjy и xeMHjcKy

технологиjy, а друга органску и „биолошку" xeMHjy. Поред тога ЛозаниЬ

je предлагао да се Филозофски факултет подели у три одсека: математички,

jестаственички и физички, с тим да се у овом последнем изучава)у физика,

xeMHja и минеалопф73. Ови предлози изнети су пред Савете Филозофског

и Техничког факултета али ни ]едан Савет их HHje ycBojHO74. Тако je новям

законом xeMHja остала неподел»ена. Предавала je на 7естаственичко-хеми}ском

одсеку Филозофског факултета са истим 6pojeM часова као и до тада. Jeppmo

je дата веЬа могуЬност лаборатори}ским радовима.

Када je ЛозаниЬ напустио Велику школу октобра 1897. године, морао

je да се распише нови конкурс за професора xeMHje: због ступааа на снагу

новог Закона Леков избор више HHje био у важности75. До попун>ен>а Ка

тедре министар просвете поставио je за привременог наставника др Мило-

рада ]овичиЬа76. }овичиЬ je предавао више од годину дана, од новембра

1897. до janyapa 1899. године. О н>еговим предаваьима нема никаквих по
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датака. Извешта;е о свом раду нзн'е подносио ни старешини Филозофског

факултета ни ректору Велике школе (мала je то била обавеза сваког про-

фесора)77. Према новом Закону xeMHja се полагала писмено и усмено у оквиру

првог стручног испита, после завршене друге године, а практични део из

хеми]'е полагао се у оквиру другог стручног испита после четврте године.

Но за време }овичиЬевог рада на Катедри xeMHje практични испит юле могао

да се полаже jep лаборатори^'а raje радила78. Неколико докумената указу^у

на чиьеницу да се за лаборатори]у нису издва]ала средства што значи да нису

могле да се набавл^у хемикали^е79. Тако je скоро две године xeMHja пре

давала без практичних вежби.

Да би се место на Катедри xeMHje понунило редовним професором,

у децембру 1897. године расписан je конкурс80. У одре^еном року jaBiiaa

су се два кандидата: Марко Леко81 и Милорад JoBH4nh. Оба кандидата ис-

пуьавала су услове конкурса, али ни )едан ни]'е изабран jep HHje добяо по

требив две треЬине гласова чланова Савета82. У току летвъег распуста 1898.

године конкурс je поновл^ен83. Око избора je било несугласица84 и конкурс

je продужен до Kpaja 1898. године када je за редовног професора изабран

Марко Леко85. Тако je после пуних пет година настава xeMHje опет почела

редовно да се држи, janyapa 1899. године.

У овом периоду први пут je покренуто питание асистента, али ни oeaj

избор HHje окончян тако да je Катедра xeMHje остала без асистента када су

на свим другим катедрама асистенти изабрани86.

Протекли период je несумн>иво {едини период у pasBojy наставе xeMHje

када она HHje држана редовно и када су 1)аци учили без лабораториjских

вежби. Уз то, због неискоришЬених законских могуЬности из 1896, настава

xeMHje заостала je за другим наукама. Ово раздобл>е штетило je уграт)иван>у

xeMHje у нову организацэду школе, прекинуло je н>ен напредак и прибли

жаваае университетском начину учен>а чему се тих година тежило.

НАСТАВА XEMHJE У ПЕРИОДУ ОД 1899. ДО 1905. ГОДИНЕ

Последил период у животу Велике школе био je врло динамичен.

Припремало се вьено прераставье у Универзитет и на свим одсецима чивьене

су знача}не квалитативне измене у програмима и организации наставе. На

JecrecTBeHO-xeMHjcKOM одсеку наставу xeMHje држао je Марко Леко. У хе-

MHjH, за разлику од претходног периода, Kojn je спречио н>ено напредовавье,

сада се у flo6poj мери надокнадило пропуштено и кренуло се дшье у н>еном

приближаваньу захтевима будуНег Универзитета.

После Закона из 1896. ранено je на томе да настава доби}е join crpyq-

ни)И карактер. Уредбом Филозофског факултета из 1900. године87 сви пред

мета на Филозофском факултету подел>ени су у 1 1 група, а предмета у ок

виру )едне групе били су стручни, помоКни и споредни*. Према oBoj Уредби

xeMHja je припадала flpyroj групи стручних предмета (са физиком и мине-

* Стручни или главки предмета поли али су се писмено и усмено на Kpajy последьег

семестра; помоКни предмети полагали су се по завршетку предавала; споредни

предмети морали су да се cnyuiajy али се нису полагали.
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ралоги)'ом), а у Tpehoj и четврто) групи налазила се као помоЬни предмет

Поред тога xeMHja je предавана и на npeoj години Техничког факултета.

Хеми)ска технология предавана je само на Техничном факултету као стручни

предмет на одсеку машинских инжеьера. Мала je у наставном плану назна

чен одре^ен 6poj часова вежби, вежбе из xeMHje могле су да се раде сваког

семестра.

Из овог периода нема ни ;едног програма из xeMHje. О Лековим преда-

ван>има и програмима може да се заюьучу)е посредно, на основу н>егових

издана и критика ЛозаниЬевих уцбеника. Са сигурношЬу може да се тврди

да се тьегов програм разликовао од Лозанийевог и по садржа}у, a join више

по распореду градива. HHje се користио Лоэанийевим уцбеницима из неор-

ганске хеми)е jep je сматрао да поделом неорганске xeMHje на општи и по-

себни део „pejjajy се по}едини одел>ци из хемще сасвим шаблонски". Он

HHje oflBajao општи од посебног дела вен je на „основу експеримената и опи-

сиван>а xeMHjcKHX nojaBa об]ашн>авао TeopHje и законе"88. Године 1903. от-

почео je писание уцбеника из неорганске xeMHje. Уводни део написао je по

Холеману89 па je сасвим вероватно да je по овом унбенику и предавао. По-

зната je и чшьеница да je Лека заокушьала физичка xeMHja: године 1902.

боравио je код Оствалда (Ostwald) и узимао часове из физичке xeMHje код

ньеговог асистента90, али HHje познато колико je од тога уносио у предавала.

Што се органске xeMHje тиче зна се само да je )едшьен>а класификовао према

функционалним групама а не према 6pojy угл>еникових атома.

Првих неколико година Леко je, као и вьегови претходници, цело-

купну xeMHjy предавао у два семестра, у првом неорганском а у другом ор-

ганску xeMHjy. Школске 1903/4. године продужио je предававьа на три се

местра: неорганску xeMHjy предавао je у првом и до половине другог семестра,

када je почтьао да преда]е органску xeMHjy: предававьа из органске xeMHje

завршавао je следеКе године у другом семестру. Разлог за ова; прекид у пре-

даван>има био je што су неорганску xeMHjy у првом семестру слушали и уче-

ници Техничког факултета заседаю са ученицима Филозофског факултета91.

Поред проширеша наставе неорганске и органске xeMHje уведена je и физичка

xeMHja као нов предмет. Године 1903. према Лековом реферату за доцента

за физичку xeMHjy на Филозофском факултету изабран je др Ataroje Сто-

jnibKOBHh92. Исте године GrojiUbKOBHh je предавао у првом семестру Jecre-

ствено-хемщ'ског одсека атомску Teopnjy и хеми^ску статику, а у другом се

местру статику и динамику. Предавала je држао два пута недел>но97. Уз

предавала држао je и лаборатор^ске вежбе; али физичка xeMHja HHje могла

да дрбще засебну лаборатор^у па су се вежбе држале }еданпут недешно

у xeMHjcKoj лaбopaтopиjи све до 1910. године. Уво^еье физичке xeMHje у

настану било je врло напредно и рано за оно време када се физичка xeMHja

тек осамостагьивала као засебна наука, а поготову за прилике на Катедри

xeMHje када су се и неорганска и органска xeMHja join увек предавале за}едно.

Године 1904. Леко je тражио да се одво}и неорганска xeMHja од органске

и да се осну)е посебна Катедра за xeMHjcKy тexнoлoгиjy94. У вези с тим, Kpaje«

1904. године предложио je Милорада JoBHHHfia за доцента за органску хемщу.

JoBH4Hha je }едногласно изабрало и Behe Филозофског факултета и Савет

Велике школе95. Али због npeflCTojeher прерасташа Велике школе у Уни-

верзитет Министарство просвете HHje ДовичиЬа поставило за доцента96.
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Тако je Катедра за хеми)у неподел>ена дочекала прелазак на Универзитет

и таква остала и много година касгапе.

Први асистент за хеми)'у изабран je 1900. године. То je био Доброслав

УрошевиЬ KojH je за време студ^а радио као помощник код Симе ЛозаниНа,

а по завршетку студила предавао природне науке у Гимназией, Bmnoj женско}

школи и Tpa^aHCKoj школи97. УрошевиН je поставлен за помоЬника, али

у актима из 1903. па надал>е назива се асистентом98. УрошевиЬ je преко целог

дана боравио у лаборатории, припремао je растворе, издавао ученицима

анализе, контролисао н>ихов рад и припремао експерименте за Лекова пре

давала.99

У овом периоду изменена je и лаборатори)а и рад у H>oj. У раздобл.;

Koje je претходило, пет година нису набавл>ене хемикагпп'е и учила и лабо-

ратори)а je била запуштена. Због тога, прве године док се лаборатори;а об-

навллла и преурег)ивала, rjann су вежбали у Државно] лабораторией Koja

je у оно време била на}бол>е урег)ена лаборатори}а у Срби^и100. Вежбало се

{еданпут недел>но по три сата101. Beh следеве године вежбе су држане три

пута неделлю по три сата102, а од 1901 . године лаборатори}а je била отворена

преко целог дана103.

Почетком 1901/2. године 1)аци су вежбали по „упутствима за квали-

тативну xeMHjcKy анализу" од Шигаднер-Колбе-Абел)анца104. Превод овог

практикума изашао je из штампе октобра 1903. године. Од 1903/4. вежбало

се по практикуму Хабера и Штрекера „Praktische Ubungen in der Chemie"105.

Леко се определио за oeaj практикум jep се по н>ему Hajnpe понови „оно

што се на предаван>има из xeMHje чуло и видело" што олакшава стицаше

лaбopaтopиjcкe праксе будуЬих наставника xeMHje у средгьим школама копима

je потребно не само „да виде огледе на предавааима веК да су у стан>у и да

их сами изврше".106 Од 1903. године у лабораторщски рад ушло je и прав-

л>ен>е органских препарата : до тада су правл>ени само неоргански препарати107.

Лаборатор^а je обновл>ена и преурег)ена. Последних година издва^ана

су огромна средства за н>ену опрему. Beh 1900/1. године за лаборатори)у

je издво}ено 3000 динара што je било три пута више него за остале кабинете,

и много више него што je за лаборатор^*у издва}ано до тада (1893. издвojeнo

je 1600 динара, 1894. 480 динара, а 1899. 1000 динара)108. Године 1903. и

1904. на Леково енергично тражегье одво}ено je чак 5000 динара109. Инвен

таре из овог периода нисмо нашли, но Haj6pojHHjy опрему Леко je набавио

за време путоваша по Европи 1902. године, по угледу на на}бол>е опремл>ене

лаборатори}е оног времена (на пример апарат за екстрахован>е течности какав

je видео код Вислиценуса)110.

Године 1901, после електрификащф Београда и увог)ен>а електричних

инсталаци^а у Велику школу, ове инсталац^е спроведене су у све npocropuje

XeMHjcKe катедре. KpajcM овог периода xeMHjcKe npocropHje, изузев слу-

шаонице, налазиле су се у „авли}и" и cacrojane су се из четири npocropHje:

1)ачке лаборатори)е са 12 радних места, мале лaбopaтopиje (професорске),

собе за збирке препарата и кабинета за професора xeMHje111. Овакав изглед

Катедре за хемщу задржала je и после прерастан>а Велике школе у Уни

верзитет.

Тако je у последнем годинама рада Велике школе дошло до убрзаног

pa3Boja наставе xeMHje (проширен>е наставе, увог)ен>е физичке xeMHje, избор
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асистента, прошироье програма из практичних вежби, обнавлакье лабо

раторное) што joj je олакшало прелаз на Универзитет.

ЗАКЛ.УЧАК

Настава xeMHje у 19. веку развивала се неравномерно, имала je неко-

лико наглих услона и )едан период стагнаци)е. Главни продори у настави

везани су за четири године: 1853, када je на Катедру xeMnje дошао РашковиН,

утемел>ио и уобличио наставу и основао лaбopaтopиjy; 1863, када je Jlmjej

прерастао у Велику школу, настава проширена и модернизована; почетак

седамдесетих година, када су доласком ЛозаниЬа уведени нови и савремени

caдpжajи, написани уцбеници и настава достигла европски ниво; и 1899.

година, када je доласком Лека изведена join }едаа модернизаци}а наставе.

Нагли пад у настави xeMHje донеле су деведесете године, када je дошло до

заоста]'ан>а за општим наставшш напретком и када je пропуштена прилика

да се настава унапреди и крене у корак са осталим природним наукама. У

мег)увремену, измену ових пресудних збиван>а Koja су обликовала наставу

xeMHje у Србящ, у дужим временским интервалима настава се споро раз

врата и ништа се битно HHje меаало.

SUMMARY

STUDIES OF CHEMISTRY AT THE BELGRADE ЬУСЁЕ AND THE GREAT SCHOOL

IN THE 19th CENTURY

SNE2ANA BOJOVIC

The Higher Pedagogical School, YU-11000 Belgrade, Yugoslavia

The development of chemistry teaching at the Lycge and the Great School in Serbia in

the 19th century may be divided into six more or less distinct periods. These periods are caused

by school reforms, except the fith one which is a result of specific circumstances.

In the first period, 1839—53, chemistry was taught at the Lycee to a small extent only,

as a part of the course of physics.

In the second period, 1853—63, chemistry as a separate subject was taught at the De

partment of Science and Mathematics of the Lycee. It was a general education subject. Mihailo

RaSkovic taught both in the theoretical and practical classes. He founded a laboratory and organ

ized practical exercises in it. The following curricula are preserved: inorganic, organic and

analytical chemistry and chemical technology. Laboratory inventories exist also.

Chemistry in the third period, 1863—73, was taught at the Technical Faculty of the Great

School. It was still a general education subject. M. RaSkovic lectured till 1872, and Sima Lozanic

during the last year. Only the inorganic chemistry curriculum is preserved, as well as laborato

ry inventories.

In the fourth period, 1873—94, chemistry was lectured at the Department of Science

and Mathematics of the Faculty of Philosophy. It was a professional subject. The lecturer was

S. Lozanic. He was the author of textbooks on inorganic chemistry (1874, 1880, 1893), organic

chemistry (1875, 1883) and four books on chemical technology (1880, 1892, 1894), as well as

of a translation of two books on practical laboratory works.

In the fifth period, 1894—99, chemistry was lectured at the Department of Science and

Mathematics and from 1896 at the new Department of Natural Sciences and Chemistry of the
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Faculty of Philosophy. The classes were not held regularly, with a gap from Jan. 1894 to Jan.

1895. Marko Leko (Lecco) as a part-time professor gave lectures from Jan. 1895 to Aug. 1896.

S. Lozanic, also as a part-time assignment, lectured in 1896—97. From this time on lectures

were given by Milorad Jovidic up to Jan. 1899. In the last three semesters of this period the stu

dents had only oral presentations because the laboratory was closed. The only curriculum pre

served from this period is of inorganic chemistry.

The sixth period, 1899—1905, is characterized by the lectures ofM. Leko at the Departmnei

of Natural Sciences and Chemistry of the Faculty of Philosophy. Very few documents of this

period are preserved.

(Received 12 October 1984)
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65. АС Фонд МП 60—142/1897, министар просвете Мивистарском савету 30. 12. 1894;

АС Фонд ВШ 3/1895, министар ректору 1. 1. 1895.

66. АС Фонд ВШ 2194/1896, старешина Техничког факултета ректору 12. 1. 1896.

67. АС Фонд ВШ 1708/1895, програм из неорганске хеми)'е за први семестар 1895/96

године.

68. АС Фонд ВШ 828/1896, ЛозаниК министру просвете 1. 8. 1896; министар просвете

ректору 5. 8. 1896.

69. АС Фонд ВШ 828/1896, ректор Жу)овиЬ министру просвете 7. 9. 1896. АС Фонд

МП 1—87/1897, министар просвете ректору 14. 9. 1896.

70. АС Фонд ВШ 439, 440, 530/1896.

71. Д. Баралин, Зборник, стр. 77. и 81.

72. АС Фонд МП 42—124/1896, министар ректору 18. 11. 1896.

73. АС Фонд ВШ 1977/1896, ЛозаниЬ ректору 25. 11. 1896.

74. АС Фонд ВШ 1977/1896, старешина Техничког факултета ректору 1. 2. 1897. ста

решина Филозофског факултета ректору 8. 2. 1897.

75. АС Фонд МП 60—142/1897, министар просвете ректору 23. 1. 1897. АС Фонд МП

35—25/1897, ректор министру 18. 2. 1897.

76. АС Фонд МП 35—25/1897/ министар ректору 22. 10. 1893; ректор министру 27. 10.

1897, министар директору Друге београдске гимназще 10. 11. 1897.

77. АС Фонд ВШ 2519/1899, извешта) о раду Jeer. хеми)'ског одсека.

78. АС Фонд ВШ 2362/1898, старешина Филозофског факултета ректору 17. 9. 1898.

79. АС Фонд ВШ 2148/1898, АС Фонд ВШ 1426/1898, извешта) о раду Филозофског.

факултета од 4. 7. 1897. ШШШ

80. АС Фонд МП 5—26/1899, конкурс расписан 10. 12. 1897, важи до 10. 3. 1898.

81. АС Фонд МП 55—140/1898, Леко министру просвете 9. 3. 1898.

82. АС Фонд МП 5—26/1899, министар ректору 11. 3. 1897, ректор министру 13. 4. 1897.

83. АС Фонд МП 5—26/1899, старешина Филозофског факултета ректору 30. 6. 1898;

АС Фонд МП 55—140/1898, конкурс расписан 24. 8. 1898, важи до 24. 9. 1898.

84. АС Фонд МП 55—140/1898, Леко министру просвете 9. 10. 1898, JoBH4Hh министру

просвете 9. 10. 1898. АС Фонд МП 46—175/1898, министар ректору 23. 10. 1898.

АС Фонд ВШ 2737/1898, старешина Филозофског факултета ректору 28. 10. 1898.

85. АС Фонд ВШ 2737/1898, старешина Филозофског факултета ректору 28. 10. 1898.
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АС Фонд МП 55—140/1898. АС Фонд ВШ 3098/1898, ректор министру просвете

26. 12. 1898. АС Фонд ВП 5/1899, указ о поставл>е!ьу од 1. 1. 1899.

86. АС Фонд МП 39—69/1902. ректор министру 31. 1. 1897. Леко министру унутранпьих

дела 19. 3. 1897, министар унутрацпьих дела министру просвете 26. 3. 1897.

87. Д. БаралтЛ, Зборник, страна 125. и 140. АС Фонд МП 13—17/1900.

88. Записник Српског хемиског друштва са 50. састанка од 21. 4. 1905. стр. 4—10.

89. Остьвштина породице Леко, дневник Марка Лека (дал>е дневник М. Лека) из 1903.

90. Дневник М. Лека из 1902. АС Фонд МП 5—18/1902, Леко министру 7. 1. 1902. и

12. 2. 1902, министар Министерском савету 12. 2. 1902.

91. Просветни гласник за 1904, стр. 663—683. Записник Српског хемиског друштва

са 51. састанка од 14. 5. 1905, стр. 6.

92. АС Фонд ВШ 3—218/1903, запасник са седнице.

93. Просветни гласетк за 1904, стр. 712, извешта) о раду Велике школе у 1903/4.

94. Записник Српског хемиског друштва са 51. састанка од 14. 5. 1905, стр. 6—8.

95. АС Фонд МП 3—18/1904, Леко ректору 10. 10. 1904. Савет Филозофског факултета

вршио избор 22. 10. 1904, а Академи)ски савет Велике школе 9. 11. 1904.

96. АС Фонд МП 3—18/1905, министар ректору 20. 1. 1905.

97. АС Фонд МП 59—113/1904, Леко ректору 28. 7. 1900, министар ректору 28. 8. 1900.

АС Фонд МП 8—56/1902. АС Фонд МП 7—74/1912.

98. АС Фонд МП 4—79/1903.

99. Дневник М. Лека.

100. АС Фонд МП 11—60/1899, Леко министру 19. 3. 1899, министар ректору 26. 3. 1899.

Извеппа) са седнице JecTaer. веКа од 30. 3. 1899. и седнице Филозофског факултета

од 29. 3. 1899, министар ректору 8. 4. 1899.

101. АС Фонд ВШ 2630/1899, распоред часова.

102. АС Фонд ВШ 6—1354/1900, распоред часова.

103. АС Фонд ВШ 7—8/1902, распоред часова.

104. Дневник М. Лека.

105. АС Фонд МП 32—89/1903, Леко министру 6. 8. 1903. Каига изашла у октобру 1903.

у 500 примерака.

106. Записници Српског хемиског друштва са 54. састанка од 15. 10. 1905. стр. 8.

107. АС Фонд ВШ 4—218/1903. АС Фонд ВШ 1—61/1904, Леко старешини Филозофског

факултета 5. 1. 1904.

108. АС Фонд ВШ 1—83/1900. АС Фонд ВШ 3—407/1901.

109. АС Фонд МП 57—1/1903, Леко министру 17. 5. 1903. АС Фонд ВШ 2—52/1904 рас

поред буцета.

НО. Дневник М. Лека.

111. АС Фонд ВШ 4—1357/1900. АС Фонд ВШ 4—699а/1900, инвектар Велике школе.





ПОВОДОМ ПЕДЕСЕТ ГОДИНА ИЗЛАЖЕВЬА

ГЛАСНИКА СРПСКОГ ХЕМЩСКОГ ДРУШТВА

Овом свеском часопис Српског хеми^ског друштва, Гласнвк, завршава

CBojy 49. годину излажен>а. Пред )убиларним датумом осврнуЬемо се на н>егов

истори)ат, место у науци и струци, као и знача) за разво) хемще у Србщи у

мери у Kojoj су очувани архивски матери]'али.

Хеми^а се огласила стручним нубликащпама тридесетак година пре

излажен>а првог 6poja Гласника али je сигурно да je континуирана периодика

стручних а и почетак научних радова везана за Гласник. Први 6poj Гласника

Српског хемщског друштва изашао je 1930. године. После десет година рат

je прекинуо издавайте да би 1946. године Гласник наставио са излажен,ем

све до данаппьих дана.

Чланови Српског хеми)ског друштва, основаиог 1897. године, стручне

чланке из xeMHje штампали су 1898. и 1899. године у „Наставнику", листу

професорског друштва. Почетком 1899. Друштво je o6jaBnno посебан билтен

под именом „Записници Српског хемиског друштва". Од 1899. до 1906.

године изашло je 11 бро)ева ових записника. Године 1906. престало je изла

жена Записника а 1914. године об;авл>ен je у „Наставнику" извешта) М.

Сто)ил>ковиКа за период 1904—1906.

У годияама после првог светског рата рад Српског хемщског друштва

био je замро. Тек 1927. године Друштво je обновлено, али je ,,проширило

делокруг рада на целу земл»у" и променяло назив у Хемиско друштво Кра-

л>евияе Срба, Хрвата и Словенаца. Рад je почело у Београду, а после извесног

времена образована je и Загребачка секщца Друштва. Године 1928. Загребачка

секщц'а издво)ила се из Хемщског друштва Крал>евине Срба, Хрвата и Сло

венаца и наставила да ради самостално као 1угословенско хемиско друштво,

а Хемиско друштво Крал>евине Срба, Хрвата и Словенаца променило je име

у Хемиско друштво Крал>евине 1угославщ'е.

У статуту Друштва, Kojn je ycBojeH jaHyapa 1927. године, неколико

чланова односи се на стручни часопис. У члану 5, Kojn се бави начинима ос-

тварен>а задатака Друштва, каже се да he се ово постиКи, поред осталог,

„издававшем за)едничког стручног часописа". Jom три члана ових правила

односе се на издаваше часописа. Чл. 34: „Главна управа има да се брине о

издаваау стручног часописа као органа друштва". Чл. 35: „О уре^иваьу

и издаван>у часописа друштво he направити посебан прчвилник". Чл. 36:

„Стручни часопис штампаЬе се у месту где Главна управа на^е да je Hajno-

вол>ни)е за интересе Друштва. Сви чланови уре1)ивачког одбора не Mopajy

бита из места где се часопис штампа, Beh могу општити писмено". Часопис

Српског xeMHjcKor друштва, Гласник, основан je три године после излажен>а

ових правила. Но исте године када je обновл>ено Хемщско друштво почело

да ради, облавливали су се и xeMHjcKH радови. Прве две године, 1927. н 1928.

радови су публиковали у за^едничком часопису за хемщу и фармацщу, >уАрхив

за целокуйну xejtujy и фармаци]у" , Kojn je излазио као додатак „Гласу айоше-

карсшва", часопису Српског апотекарског друштва. Часопис су уре^ивали

А. Леко, П. 1овановнЬ и М. Мокраньац, као и раниjи уредник ,^ласа айо-

шекарсшва", М. МирковиЬ. Прве две године изашле су три, а следеЬе, 1928,

)една свеска. Beh 1929. часопис се одво)ио од ,^Гл&са апотекарства" и почео

да излази самостално под именом „Анали хеми)е и фармаци}е". Изашао je

само )едан 6poj jep je 1930. године XeMHjcKo друштво покренуло CBojy стручну

публикаци)у, Гласник Хемиског Друшшва Кралевине ]угослави]е. Уре1)иваа>е

часописа поверено je Николи Путину (1875—1947). Он je био главни уредник

Гласника све до почетка рата. Први редакциони одбор изабран je 25. 3. 1930.

године. Поред Путина, као главног уредника, у одбор су ушли Александар

Леко (1890—1982), Петар Матавул, (1890—1948), Павле 1овановиЬ (1893—

1952), Момчило Мокранлц (1899—1967) и Панта ТутунциЬ (1900—1964).

Године 1931. поред Путина, редакциони одбор сачивьавали су Александар

1ЧЛ
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Леко, Фран БубанопиК, Влада НиколиЬ и Фран Подбр«жник. СледеЬе, 1932,

изабран je и помокник уредника, Р. ЖивадиновиЬ, док се остали чланови

нису мен>алн. Године 1933, поред Путина и ЖивадиновиЪа, у одбор je уз

БубановиЬа и Лека ушао и М. Самец из Л>убл>ане. СледеЬе две године, 1934.

и 1935. чланови одбора нису се мен>али, а 1936. додат je join )едан члан, се

кретер, ЪорЦс Димитри)евиЬ .

Како je 1930. године дошло до преговора око поновног cnajaiba бео-

градског и загребачког Друштва, предложене су измене дотадаипьих правила

Кн>ига 1. 1930 Свеска 1.

ГЛАСНИК

ХЕМИСКОГ ДРУШТВА

Кратьевине Зугославще.

Bulletin de la Societe Chimique du

Royaume de Yougoslavie.

Уредник Про*. H. ПУШИН.

Редакция: Београд, Топличин Венац, 21 А.

CflflP>KAJ:

Стр.
1. Александар Леко и Властимнр ИвковнЬ.

О кондензационом продукту измеЬу хинолинске

киселине и орто-фенилен-диамина 3

2. N. A. PuSin i L. Sladovid:

Ravnoteia u blnarnim sistemlma, koji su sastav-

ljeni od krezola i amina . II

3. Dr. Stanko S. Miholtt:

Kemijska analiza alkalicnih kiselica u Donjo]

Kostrivnlci 25

4. Др. M. Ст. Мокран>ац:

Je.iHa нова реакци;а езерина и н>ена примена 41

5. Панта С. ТутунииЬ:

Галваноелектрично квантитативно одре^иваше

метала 47

6. Инж. П. ХристиЬ:

О Mn.KKuj шалитри и произведши jofla ... 54

7. Ив секшее Београд.
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Друштва. У за)едничком предлогу правила два члана одяосила су се на стручни

часопис. Чл. 26: „Главна управа има да се брине о урег)иван»у стручног ча-

сописа као орган Друштва", и чл. 27: „О уре1)иван>у и издаваьу часопвса

друштво he направити посебан правшшик". Нисмо могли да утврдимо да

ли je nocTojao правилник о издаван,у Гласника, али из архивске графе Српског

хемщског друштва сазна;емо да су нека правила посто)ала. Поред тога што

je Гласник био стручни часопис Хеми;ског друштва, он je yjemio био и „стручни

часопис Унивезитета у Београду за чисту и примеьену хемщу". У н>ему су

могли да се штампа)у „сви чланци из ма Koje области xeMnje а ко)и има;у било

научног било техничког интереса". Радови су могли да се пишу само на срп-

ском и словеначком, а резимеи на страной je3in<y. Редовни чланови Друштва

добивали су Гласник бесплатно, с тим што je уписнина у Друштво износила

20 динара, а годшшьа чланарина 100 динара. Годшшьа претплата за оне Kojn

нису били чланови Друштва износила je 120 динара Оедно краНе време 250

динара). Сваки 6poj Гласника штампао се у 500 примерака, величине 4—4,5

штампам табака. Радови KojH су се штампали у Гласнику реферисани су у

енглеским, француским и немачким часописима.

Прве године излажека, 1930, изашле су само две свеске Гласника

на укупно 138 страница. Садржавале су 11 оригиналних научних радова и

)едан „референтног карактера". Од укупно 12 чланака осам je припадало

београдским хемичарима, три загребачким и jenaH л>убл>анском. Издававшем

прве две свеске Гласника утрошена су била сва новчана средства углавном

засновала на „чланским улозима". Да би се обезбедила средства за дал>е

излажен>е часописа редакциони одбор предложив je следеЬе мере:

1) Да се у Друштву привуче што веии 6poj чланова;

2) Да се за нечланове повеКа претплата на 250 динара годиппье и да се постара

да се што веКи 6poj института научног и стручног карактера, као и др-

жавних и приватних институци)а претплати на лист;

3) Да се обрати са молбом за матери)алну noMoh Министарству просвете,

Фонду Луке ЪеловиКа, Индустрщско) комори, Апотекарско} комори и

другим институциjама Koje су у вези са хемиским знан>ем.

Предузете мере уродиле су плодом. Исте године доби)ена je помоЬ

од Београдске индустри)ске коморе (5000 динара), Дрогери;е МишковиЬ

(500), Дрогерще ИЗИС (500) и Управе апотекарске коморе (500). Поред

редовних чланова на часопис се претплатио и веНи 6poj државних и при

ватних институциja. У почетку je годитшьа претплата износила 250 динара,

али je касни)е смаиьена на 125 па на 120 динара. Од 1931. године Гласник je

излазио тромесечно — сваке године штампане су четири свеске.

Редакци^а Гласника била je врло упорна у насто)ан>у да Гласник стекне

што вепч 6poj читалаца. Тако je, на пример, директору фабрике за произ-

водаьу шпиритуса и алкохолних imha из Сиска, Kojn je у први мах одбио да

се претплати на часопис, редактора написала следеЬе: Цшь je Хемиског

Друштва да свим cbojhm силама припомогне, како би се у нашо) земл>и )една

тако важна грана природних наука као што je ХЕМЩА (a 4Hja je примена

у индустрии без сумке од врло вслике важности), што више не! овала, од-

носно унапре1)ивала. Само се по себи разуме да Хемиско Друштво не тражи

издававшем ^ласника" никакву матери)алну корист, веЬ се брине само за

ширеше хемиског знака у нашо) земли. За то je на)бол>и доказ, да сви сарад-

ници 'Гласника', редактор и сав редакциони одбор раде без икакве награде.

Баше предузеНе Koje важи за )едно од Hajeehnx те врете у тугославщи, без

сумае да je запослило и извесан 6poj гг хемичара. UMajyhn у виду горе из-

ложене цшьеве Хемиског Друштва, релакцща Hnje смела да пренебрегне

CBojy дужност, мала л без претплате, а да не стави на расположение вашо)

гт хемичарима скоро jедини наш научни часопис..."

1уна 1931. године започела je размена Гласника за позкате стране ча-

сопиое. Понуда за размену часописа послата je на следеНе адресе: Chemical

Society-London, Indian Chemical Society-Calcutta, Nederlansche chemische

Vereenigen-Ajnsterdam, Kemisk Forening-Kobenhavn, The Faraday Society
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-London, The Biochemical Society-London, Sociedad Espanola de Fisica у Qui-

mica-Madrid, Asociacion Quimica Argentina-Buenos Aires, American Chemicla

Society-Ohio, Руском физико-хеми)ском Обштеству-Ле&инград. Размена ча-

сописа отпочела je исте године. СледеЬе године сарадн>а je проширена на

)ош нека страна и каша друштва, док су nojедина Друштва сама нудила раз

мену часописа (Societatea Romana de Stiinte-Bucuresti, Chinese Standard Com

mittee, The Patent Office Library-London, Deutsche Chemische Gesellschaft-

-Berlin).

У годики 1931. Гласник je могао да се штампа захвал>у)уКи дотацией

Kojy je друштво примало од Фонда Луке ЪеловиКа-Требивьца. Изишле су

четири свеске са „18 оригиналних научних радова, 3 реферата, 3 некролога

и )едним пригодним чланком поводом педесетог ро^ендана проф. М. Самца,

на укупно 246 страна".

СледеНе, 1932. године, за штампан>е Гласкика помоЬ je доби)ена суб

венций»! из Фонда Луке ТгеловиЬа (15.000) и Министарства просвете (3.600),

претплата на Гласник (1.050), чланским улозима (8.555), прилогом добщеним

од Дрогери)е Мишковип (650) и Алотекарске коморе (400). Од те, 1932. го

дине, у заглавл>у Гласиика редовно се наглашава: „штамшиье ове кв>иге

омогуЬено je благодареЬи материjamioj помоЬи фонда Луке Ъеловива-Тре-

бшьца".

Наjвеки 6poj радова изашао je у 1932. и 1933. годшш, 23 рада 2 не

кролога и 1 извешта) на 232 стране односно 26 радова, 2 извешта)а и 1 не

кролог на 235 страна.

У 1934. години 6poj радова опет се смаьио на петнест. Уз „оригиналне

научне радове експерименталног карактера" у oeoj години штампана су и три

извешта)а, два реферата и jenna peueH3Hja на укупно 230 страна.

Почетком 1935. године средства нису била довольна за штампан>е све

четири свеске Гласника. Редакщ^а се тада обратила Управи задужбине Вели-

мири;анум писмом следеЬе садржине: „ПримеКу)емо да je 'Гласник' jедини

научни часопис за чисту и примевьену xeMHjy у JyrocnaBHjH, те тиме служи

и иде;и зближевъа научних радника из свих кра;ева наше земл>е. Изменом

'Гласника' са страним хемиским часописима, OMoryhyje се нашим хемичарима

да прате разво) хемще у иностранству (...) За штампанъе часописа потребно

нам je око 20.000 дин. годинпье. Прилози Koje ynyhyjy чланови нашег друштв*

нису доволлги, мала сарадници Тласника', редактор и цео редакциони одбор,

раде без икакве награде. Престанком излажен>а часописа настао би ненадо-

кнадив губитак за нашу младу хемиску науку и индустри)у..." ПомоН je благо-

времено обезбе^ена што je омогуКило редовно излажен>е часописа. У Toj

години изашло je 15 радова, jeflaH реферат и два извенгвда на укупно 246

страна.

У 1936. години 6poj радова смавыю се на 12. Поред научних радова

штампана су и два чланка полемичке природе, осам реферата, )едан некролог

и три извештаjа на укупно 168 страна.

У 1937. години штампано je 16 радова, 10 реферата и два некролога

на 206 страна, а у 1938. 13 радова, 2 реферата, 4 извептца и 2 некролога на

237 страна.

Последоьа предратна кн.ига Гласника, юьига 10, Koja носи годиште

1939, садржавала je 15 радова, три H3Benrraja, четири реферата и уедай не

кролог на 219 страна. Последом рад примл>ен je средином децембра 1940.

године, што значи да je последила свеска овог годишта изашла или кра;ем

1940, или, што je joni вероватшце, почетком 1941. године.

У току десетогодипиьег излажен>а редаюпча Гласника савла^ивала je

бро)не тешкоКе, почев од техничких и организационих питан* па до попу-

ларизаци;с часописа и сарадоье са сарадницима, трудеЬи се да се уздигне 6poj

и квалитет радова. Првих година било je проблема око самог штампан>а. По-

jедини аутори жалили су се уреднику да у чланцима има грешака и поред
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тога што je коректура исправно ранена. На jenny такву примедбу уредник

je почетном 1932. године одговорио да je „врло тешко за словослагаче kojh

се j ош нису навикли на слагайте стручних текстова, нарочито из природних

наука, а да не праве грешке" и завршио речима да ,,не ocraje нам шшгта друго

него да стршы>во изводимо коректуру све док се они временем не поправе

и усаврше".

Радови ко)и су се редакцией чинили да не одговара)у нивоу Гласника

слати су на рсцензщу, а затим за)едно с мишл>ен>ем рецензента враЬани аутору.

Године 1933. )едан чланак послат je С. Шл>ивиЬу да га стручно оцени, a oBaj

je, поред неколико критичких напомена и примедбе да се рад може штампати

мада „не вреди много", тражио да се уводни део скрати. ИЬъивиКево мишл>ен>е

послато je аутору рада с напомеком да ако oeaj жели да му се исти чланак

штампа мора да поступи по Шл>ивиЬевим примедбама. Исте године je Р. Ка-

шанину послат рад KojH je у себи садржавао математичку интерпретациjу .

Кашанин je у образложеау написао да „математачка анализа криве (...) до-

бивене експериментално, не може издржати критику". Редакцща je само

вратила рад с приложеном рецензи)ом. СледеКе мишл>еае о )едном раду

написао je А. Леко: „Не би се могао штампати у Гласнику, све док аутор не

изнесе хемиско образложеае по овом питаньу". И опет je мтшье&е послато

аутору без икаквог коментара саме редакшце. Дешавало се да се аутори не

слажу с мшшьегьем рецензената и у известии случа;евима штампане су и

такве полемичке расправе.

Редакцииа Гласника повремено се обраЬала нашим и страним хемича-

рима и тражила од ьих да се „y6poje > сараднике Гласника" на Taj начин

што he да пошал>у „неки оригиналан рад, може и рад ко)и je у мег)увремену

послат неком страной часопису". Овакав захтев редакцн}а je 1933. године

упутала Ребеку, Jawnrhy, Кал>чиЬу и Гузел>у (Л>убл>ана), МладеновиЬу (За

греб) и Ружички (Цирих). KpajeM 1933. године Пушин je писао М. Ребеку

да би чланке Koje oeaj штампа и припрема за „Collection" радо примио за

Гласник у „оном облику" kojh oeaj наг)е за ,,на)целисходни}и''. Поново се

1937. редакцща обратила jeflHOM 6pojy универзитетских професора с молбом

да CBoje научне радове o6jaen>yje у Гласнику. То су били: Самец, Ребек, JaH-

чик, Гузел> (Л>убл>ана), Режек, Пинтер, МикшиЬ (Загреб), ДежелиЬ, Мла-

деновиК, МиКовиЬ, JoBaHOBHh (Београд).

Редакщ^а je повремено тражила и од nojejnomx xeMHjcKnx фабрика

да o6jaBn>yjy огласе преко Гласника jep „средства ко)им располаже Хемиско

друштво за штампаше 'Гласника' врло су скромна".

Године 1932, када je скоро био постигнут договор око у^едщъиъа бео-

градског и загребачког Хемиског друштва, поставило се питание будуЬег

3aj едничког стручног часописа. Разминыьало се да се београдски Гласник

и загребачки Архив cnoje у jeflaH часопис, или да оба и дал>е излазе као за-

себни часописи. 1едан за)еднички предлог дат je кра;ем 1933. године. Пред

ложено je да XeMHjcKO друштво има два часописа: ,,1) Гласник у Београду

у коме би се штампали оригинални научни радови из чисте и примаьене хеми)е,

научни збирни реферата великог значаща, кратки извешта)и Београдске сек-

uiije и Главне управе, и 2) Архив у Загребу у коме би се штампали прегледи

о различитим питан>има као н. пр. о нашим сировинама, нашим методама

рада, нашо) индустр)и и слично, чланци о начину испнтиван>а хем. техн.

продуката а у вез1 сапм анкета за i зраду ншш х ун! щ фираних метода рада,

TpeTHpajy се питагьа различитих услова за набавке; класификавдца номенкла

туре и терминологи)е; сталешка питан.?; законодавство ; настава више и ниже

xeMHje и физике; друштвена питаньа ошптег значаja; трговина, економи)а,

финанси)е, статистика; изводи из стране литературе назочито с обзиром на

хемичаре у пракси; патента наши и страни; реферата техничке природе и

из приметъене xeMHje". Пошто су преговори око у)един>ен>а хеми)ских друштава

прекинута, питанье око ова два часописа остало je нерешено. Чим су договори

обновл>ени, 1935. године, поново je покрекуто и питаке часописа. Како je

3arpe6a4Koj секци)и „било стало да се и дагье одржи (...) досадаппьи Архив

као научни часопис", Фран БубановиЬ je предложно да београдски Гласник

„постане наш интернационални хемщски часопис у ком би се штампали Haj
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важни)и оригиналки радови наших хемичара у страким }езицима, а за преостале

наше публикапвде био би на располагаау загребачки Архив, где би само resumei

били у страной )езику". Чланови Српског хеми^ског друштва нису се сло

жили с овим предлогом и Пущин je у име Друштва одговорио следеКе: „...

што се тиче издавала 'Гласника' на страним )езицима, о чему je неколинина

од нас веЬ давно мислила, овдацпъе колеге сматра;у да je ова иде)а за сада

неостварлзИва из многих разлога — у првом реду из матерщ'алних, jep би

издававье на страним }езицима стлало много скушье а ми тешко долазимо

до средстава. Чланови нашег Друштва траже да се штампа на нацноналном

српско-хрватско-словеначком je3HKy; (...) Ме1)утим, ако се Тласник' и дал>е

H3flaje на националном )езику, принципиjелно не би имало смисла да у}едшъено

хемиско друштво изда)е на истом je3HKy два идентична часописа од Kojnx

сваки оскудева у научном материалу. Било би много природнще да се изда;е

jедини часопис, Kojn би заиста окупио све наше хемичаре и досте^но репре-

зентирао JyrocnaBHjy (...). Код jyrocn. хем1гчара oceha се потреба, за )едним

озбил>ним сталешким часописом, Kojn би доносио реферате, члакке компи-

лативног карактера, третирао питан>а законодавства, наставе, номенклатуре,

различите сталешка и техничко-стручна питанл, методе испитнваьа у ана-

литвчним лаборатори)ама и т.д. Ако je потребно даостану и Тласник' и 'Apxim',

митшьевьа сам да би )едая од н>их морао да промени смер, да се претвори у

сталешки орган jyr. хемичара и да преузме на себе третиранье наведених пи

тана. Кад би загребачке колеге пристали да преузму на себе издававье оваквог

органа, ja мислим да би га београдски хемичари у сваком погледу подупрли".

Тако je у првих десет година излажевьа, и поред матер^алних тешкоЬа

и размшшьааа о могуКим изменама око организаци;е и садржа^а па и пил>ева

часописа, Гласник редовно излазио све до рата, држеКи се одре1)ене политике

одре^ене при осниваау и успешно одржава)уКи висок стручно-научни ниво,

посебно у оригиналним научним радовима.

Први послератни 6poj Гласника изашао je 1947. године. Те године,

заправо, штампане су две кньите: квъига И Koja je носила ознаку годишта

1940—1946, и квъига 12 за 1947. годиште. Штампан.е ових првих бро)ева Глас

ника омогуКено je субвенщцом Техничког факултета. Редакциони одбор за

издававье Гласника изабран je KpajeM 1945. године, а конституисан почетном

1946. Главки уредник остао je и далье Ником Путин, помощник уредника

PaflHBoje ЖивадиновиК, а чланови одбора били су Mиливoje ЛозаниЬ, Панта

ТутунциЬ и Ъор^е СтефановиН.

KpajeM 1945. донета су нова правила СХД у KojnMa чл. 19 гласи: ,,Управа

има да брине о издаваньу стручног часописа као органа друштва. О уре^евьу

в издававьу часописа друштво he направити посебан правилник". Према

овом правилнику Гласник je био стручни часопис у коме he се „штампати

научни радови теориског и експерименталног карактера из чисте и примевьене

xeMnje, као и стручни реферата. Радови he бита штампани на српско-хрват-

ском или словеначком je3HKy, Ьириляцом или латиницом по жел>и аутора".

Чланови Друштва добрали су Гласник бесплатно, док je за „нечланове"

годиппьа претплата износила 120 динара, а за студенте 80 динара; Гласник

je излазио четири пута годшшье па je цена )едне свеске била 30, односно 20

динара.

У квьизи 11 (1940—1946) изашло je 18 радова, 5 реферата и jeflaH нз-

Benrraj на укупно 241 страна. У кьизи 12 (1947) штампано je 18 радова, 6

реферата, 1 некролог и 1 извешта} на 278 страна.

Године 1948. за главног уредника Гласника изабран je Александар

Леко, помо)шик уредника остао je ЖивадиновиЬ, а чланови одбора П. Ту

т-унций и Ъ. СтефановиЬ. Штампанье часописа омогуЬено je средствима Koja

су доб^ена од Комитета за научне установе, Универзитета и високих школа

HP Cp6nje — 50.000, док je од чланских улога прикупл>ено 1 1.660, а од прет-

плате 3.834. Изашле су четири свеске кньиге 13 са 23 рада, 2 некролога, 3

реферата и 2 извепшца. Исте године почело je размен.иван.е Гласника за

стране часописе. На oBaj начин доб^'ене су 153 свеске страних и 4 свеске

домаких часописа.
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У 1949. години главни и помоНни уредник остали су исти, али je про-

ширен 6poj чланова редакционог одбора (МиКовиН, Тутунцив, Стефановик,

Димитри)евип, ЛаковиЬ, rajnh, Jerep, Милип, Хоровиц). Редакциони одбор

одлучио je да приступи ,,интензивниjем скушьаау гра^е за исторщу хеми]'е

у ]угослави)и" и због тога се обратно „свим колегама" да му у овом помогну.

У Hcroj години об)авл>ена су два рада из истори)е хемще. Кн.ига 14 садржавала

je 31 рад, 2 некролога и 1 извешта). Као новика уведен je прилог Гласнику

у коме су се „давала обавештевьа из хемиског живота у свету". У току године

за штампу je почео да се припрема jy6nnapHH 6poj Гласника посвеЬен педе-

сетогодиппьици СХД. За размену за Гласник примл>ено je из иностранства

198 свезака од 26 различитих стручних часописа и 19 свезака од пет домаЬих

часописа. Од Комитета за научне установе за штампаке je доби)ено 70.000

динара, док се од чланских улога у каси стекло 10.000 динара.

У 1950. години изашле су четири свеске юьиге 15 са 22 рада „на ко-

)има je сара1)ивало 31 сарадник, ме1)у KojnMa се налазе више н>их Kojn се први

пут по)авл>у]у са CBojHM р&довима уопште или у нашем часопису". За размену

са Гласииком добщено je 190 свезака од 24 часописа и 10 свезака од три до-

маЬа часописа. Jyna месеца Влада HP Cp6nje наградила je СХД новчаном

наградой од 70.000 динара шю je омогуКило издаван>е. На последа*^ страни

юьиге 15 дата су упутства ауторима о припреман>у чланака за штампан>е.

У години 1951. изашле су три свеске юьиге 16, док je четврта издата

почетном 1952. Укупно je об)авл>ено 26 радова на ко)има je радило 37 сарад-

кика од ко)их се готово jeflHa треКина први пут nojasayje са сво)им радовима

било уопште, било у нашем часопису". Изашао je и 1убиларни 6poj Гласника

поводом педесетогодиильице Друштва. Штампан je на 20 табака и у 2000

примерака од Kojnx je „500 примерака на 6cwboj хартщ'и". У 1убилгрном 6pojy

об)авл>ен je 21 рад, од тога седам радова страних аутора (из САД, Француске

Шва)царске, Пол>ске и Бугарске) и 14 домаКих (6 из Загреба, 1 из Л>убл>ане

и 7 из Београда). Током године друштво je за размену примило 177 свезака

од 27 разних часописа из иностранства и 24 свеске од 7 часописа из земл>е.

План редакционог одбора за следеКу годину био je да се изда четири „а ако

je потребно и шест свезака Гласника хемиског друштва".

Због веКег 6poja приспелих радова у 1952. години, редакщца Гласника

повеЬала je 6poj свезака од четири на шест. Штампана су 34 рада на ко)има

je радило 30 сарадника. У замену за Гласник примл>ено je 145 свезака од 27

разних часописа из иностранства, и 16 свезака од осам часописа из земле.

У плану рада за 1953. годину редакциони одбор je забележио: „обратит

изузетну пажн.у повеЬан>у претплатника на Гласник и издати десет

свезака Гласника Хемиског друштва".

У 1953. години нагло се повеКао 6poj радова и први пут je издато 10

свезака юьиге 17. На npeoj страни Гласника писало je да излазн двомесечно.

У првих девет свезака об)авл.ено je 56 радова од, чак 62 сарадника. У односу

на претходну годину 6poj радова увеКао се за 22% a 6poj сарадника за 32%.

Поред тога остало je join 20 необ)авл>ених радова примл>ених у Toj години

Kojn су морали да 4eKajy следеЬу годину за публиковавье. Свеска 6poj 10

садржавала je списак 103 рада прщавл>ена за III Саветован>е хемичара HP

Cp6nje, затим списан чланова СХД и часописе Koje je библиотека СХД при

мяла у току године. Од укупног 6poja радова 82 су била из неорганске и ор-

ганске xeMnje а 21 рад из хеми^е и технологи}е целулозе, скроба и mehepa.

Почев од 1950. године пристижу нове генераци)е послератних дипломираних

хемичара, физикохемичара и технолога и то се oceha по порасту 6poja радова

као и по учешКу много Beher 6poja сарадника него рани j их година. У току

године повеЬао се и 6poj претплатника на Гласник; док je на почетку oeaj

6poj износио 34, на Kpajy годике попео се на 57. Укупно je послато за земл>у

619 комплета часописа, а за иностранство, за размену и „као репрезентащцу",

63 примерка у 20 држава. Примдено je 34 часопи-а из иностранства (16 зе-

малл), од Kojnx пет нових, и 9 часописа из земл>е од Kojn су четири „нова

размена". За следеЬу годину редакциони одбор предвидео je штамшиье 10

свезака Гласника и издаван>е ^биларног 6poja поводом стогодинпьице хе-

ми)ске наставе у Србщи.
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Плав редакционог одбора je остварея и у 1954. годили изашло je десет

свезака Гласника са 56 радова од 59 сарадника. Свака свеска имала je про

сечно 3—6 штампаних табака, а уз свеске 4—9 штампан je и по jeflaH табак

,,прилога" са шцважюцим обавештеньима о раду Ме1)ународне ушл'е за чисту

и примен>ену xeMHjy. Свеска бр. 10 садржавала je, као и претходне године,

списак радова при)авл>ених за IV Саветован>е хемичара HP Срби;е: ПО ра-

дова од KojHx 79 из неорганске и органске хемще, 28 из хешцске технологще

и три рада за наставну cerarajy, од укупно 117 сарадника. Велики 6poj радова

и ове године остао je необ)авл>ен — 25 радова остало je да чека следеку го

дину. Због повеЬаног 6poja радова редакциони одбор морао je у споразу.чу

са ауторима, да сман>у)е обим рукописа да би се радови могли што пре штам-

пати". УвеЬали су се трошкови око издаван>а и штампан>а и израда jejraor

клишеа износила je просечно око 50.000 динара. Због тога je годшшьа прет-

плата повеЬана на 2000 динара за земл>у и 2400 девизних динара за иностранство.

Чланарина je повеКана на 400 динара (200 за студенте). Успоставл>ена je нова

размена часописа са join неколико држава тако да je Друштво у току године

примело 39 часописа из 19 држава и 14 часописа из земл>е, од тога je пет прим-

л>ено први пут. У току године изабран je нов уредник. На место Александра

Лека ко)И je био главни уредник часописа од 1948. године изабран je Панша

ТушущиЛ, до тада члан редакционог одбора.

У 1955. години у девет свезака кн.иге 20 изашло je 60 радова док je

десета свеска садржавала списак радова при)авл>ених за V Саветован>е хе

мичара Србще. Нови редакциони одбор довекле je изменио и проширио пра

вила око приема радова за штампаье у Гласнику.

У 1956. години изашло je пет посебних свезака кн.иге 21 са 37 радова,

а свеска 6—7—8—9—10 као neTo6poj у коме су штампан и радови и области

углл, нафте и природног гаса (21 рад) саопштени на V Саветовавьу хемичара

Cp6nje. Тако je укупно изашло 58 радова на 614 страна. Behmia свезака изашла

je са закаппьекем — пета свеска и neTo6poj изашли су у 1957. години — jep,

због штампа&а срешьошколских уцбеника, штампарща ни;е неколико меседи

радила. У току године примлено je 46 иностраних и 17 домаКих часописа.

Годинпъа претплата за земл>у остала je иста (2000 динара), док je за иностран

ство повеЬана на 3000 динара.

Почетком 1957. године Управа СХД оддучила je да се од jaHyapa 1957.

године у Гласнику могу штампати радови и на енглеском, немачком, руском

и француском jesHKy „са кратким изводом на народном jesBKy". Први рад

написан на енглеском (езику изашао je у Tpo6pojy 5—6—7. Био je то рад Ве-

лимира ЦаниЬа и Радмиле ЪорЬевиЬ, пршиьек 11. 5. 1957: The Basicities

of the Pyridine-monocarboxylic Acid Ethyl Esters and the Equilibrium between

Dipolar Ions and uncharged Molecules in Solution of these Acids. СледеЬа све

ска, Tpo6poj 8—9—10, посвеЬена je била Лавославу Ружички. Свих 12 ра

дова Koje je садржавала штампано je на страним )езицима (енглеском, не

мачком и француском). На npBoj страни ове свеске crajao je текст управе

СХД: „Радови об)авл>ени у овом Tpo6pojy Гласника хемиског друштва Бео-

град, посвеЬени су д-ру Лавославу Ружички, носиоцу Нобелове награде,

професору Техничке велике школе у Цириху, у част седамдесетогодинпьице

ьеговог рог>ен>а. Српско хемиско друштво жели овим cbojhm скромним при-

логом да да видан и TpajaH знак свог великог поштован.а и високе оцене жи-

вотног дела свог сународника и npnjaTen>a Лавослава Ружичке". У кьизи

22 изашло je укупно 54 рада.

Од 1957. године Гласиик при врху корица носи наслов Documenta

Chemica Jugoslavica. Ово je настало као плод дугогодиппьег напора Унще

xeMHjcKor друштва JyrooiaBnje да се постигне одрег)ено jединство у погледу

начина издаван>а часописа и научног нивоа радова ко)и се публику^у у jyro-

словенско) xeMnjcKoj периодици. Oeaj наслов имали су право и обавезали

су се да носе часописи Kojn су поштовали ова) договор у низу техничких пи-

тавэа а пре свега у правилу да се научни радови штампа;у тек пошто добщу

две позитивне рецензще.

После 1957. године, односно издавала кьите 22, због недостатка сред-

става Гласник Buje излазио скоро три године. До почетна 1961. изашао je



50 ГОДИНА ИЗЛАЖЕН>А ГЛАСНИКА 759

;едан ванредни 6poj Гласника Kojn je садржавао регистар аутора, предмета

и формула Кн>. 1—10 (1930—1939), издат 1958, и шест свезака кн>иге 23—24

за 1958/59 годиште. Почетном 1961. године доб^ено je 4,000.000 динара

од Фонда за издавачку делатност при Савету за културу CP Cp6nje. Нетто

средстава доби)ено je и од установа чи)и су чланови штампали cBoje радове

у Гласнику. Ова средства помогла су да се доврши кн>ига 23—24 (1958/59):

издат je 4eTBOpo6poj свеске 7—8—9—10 са 22 рада на укупно 174 стране,

односно укупно je било 67 радова на 549 страна. Од юьиге 25—26 за 1960/61

годиште издат je двобро) 1—2 и Tpo6poj 6—5—7. Почетном 1962. године

завршена je шьига 25—26 и почело се са редовним издаван>ем за 1962. годину.

У юьизи 25—26 (1960/61), Koja je цела посвеНена 20-годшшьици устанка

народа JyroanaBHje, штампано je 70 радова. У свесци 3—4 об;авл,ени су неки

од радова (15) саопштених на I Саветован>у спектрохемичара JyrocnaBHje

одржаном jaHyapa 1959. За ове радове интересантно je што je први пут на

ведено да су н>ихову стручну редакщчу извршили Слободан РистиЬ (Београд)

и Карло Вебер (Загреб). Ради саниравьа финанси)ске сит>ащф Гласника,

управа СХД одлучила je да уведе штампан>е огласа како би }едан део сред-

става могао да се прикупи на Taj начин. Издавачко предузеЬе „Нолит" при

хватило je 1961. године да, на рачун Техничке помоЬи, изда)е паралелно

издаае Гласника на енглеском je3HKy. Управа СХД и редакцща Гласника

сматрале су ово ,,знача)ним успехом, с обзиром да je Гласник изабран као

jeflan од света неколико научних часописа са копима се ово чини". На Главно)

годиппьо] скупштини, jaHyapa 1962, речено je да he ово „несумвъиво допринети

jom Behoj афирмацщи Гласника изван граница наше земл>е, с обзиром на

то да he Гласник бити у ставьу да врло ажурно штампа научве радове hojb

му буду доставллни". Тираж Гласника у 1961. години износио je 1280 при-

мсрака. Од тога je 70 примерака размешено за иностране часописе из 24 зешье,

а 15 са домаЬим издавачима.

Почетком 1962. године дотаданньи главки уредник Панта ТутунциЬ

изабран je за дооживотног почасног председника СХД, а за новог уредника

изабран je Милош Младеновик. Нов уредник одмах je наишао на тешкоЬе

око издавала часописа. Мада су на располага&у стачала довол>на матери)ална

средства — финансиравье часописа прешло je у надлежност Секретариата

за финансиран>е HP Cp6nje Kojn je одмах доделио суму од 3.600.000 динара

— због техничких смепьи, изузев завршававьа кн>иге 25—26 за 1960/61 го

диште, mije изашла ни Эедна свеска квъиге 27 за 1962. годину; прва свеска

ове канте изашла je тек почетком 1963. године иако je комплетан рукогшс

предат на штампаае KpajeM августа 1962. године. У питаньу je била презау-

зетост штампари)е. Штампан>е последнее свеске юьше 27 завршена je тек

почетком 1964. године. Кнъига 27 садржавала je 51 рад, што je било много

ман>е него раниjих година. Редаюдца се плашила „да ускоро до1)е у ситуацийу

да ьегово (Гласниково) издаванье заостане услед недостатка радова". Због

тога je организован састанак „са нашим познатим научницима (...) позива^у^и

их да CBoje радове o6jaBn>yjy у овом часопису". Поводом тога на Годинпыч

скупштини Друштва речено je да би чланови Друштва „требали да HMajy

у виду да je Гласник часопис Kojn репрезенту^е н>их и аихову научну репро-

flyiamjy и да CBoje радове ставл^у првенствено вьему на располагавье". Од

1960. према новом правопису, Гласник Српског хемиског друштва поста] -

Гласник хеми-j-CKor друштва. У 1962. години почело je издаваше Гласника

у eHmecKoj верзи;и. У ту сврху предузеЬе „Нолит" доделило je Друштву

суму од 1.500.000 динара. Тираж Гласника износио je 1200 примерака; изу-

зетно je свеска 9—10 издата у 1500 примерака jep je садржавала матсри;ал

са X Саветован>а хемичара. Од 1200 примерака 1044 се слало и то: члановима

Друштва (724), претплатницима у земл>и (134) и претплатницима у иностран-

ству (176) и за размену са домаЬим часописима (15).

У 1963. години, због издававьа заосталих свезака юьиге 27 за 1962.

годину, изашле су само свеске 1 и 2 юьиге 28 за 1963. годину; остале свеске

штампаре су у 1964. години. Због све Beher канпьека око издавала часописа,

управа СХД била je приморана да промени штампарщу. Кньига 28 имала je

укупно 59 радова. Редаквдца je и дал>е апеловала на чланове Друштва да

neuihe шал>у радове за Гласник jep издавайте свих 10 свезака „зависиКе ис-

юьучиво од кихове научне npoflyramje". За штампавъе Гласника Савет за
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научни рад доделио je 3.600.000 динара. Издавайте часописа помогао je и

ИХТМ са 1.000.000, ПМФ са 250.000 и Фармацеутски факултет са 100.000

динара.

Позив ауторима на интензивни)у сарадаьу HHje имао успеха и у 1964.

години 6poj радова сман>но се чак на 36. Због тога je цео последней тробро) ,

8—9—Ю, садржавао синопсисе са XI Саветованьа хемичара. У току године

за новог уредника изабран je Ъор/fe ДимишрщевиН. Нова редакщца донела

je нова, проширена правила о припреман>у рукописа за штампаке. Због пре-

воЬен>а Гласника на енглески je3HK jeflaH примерах рукописа морао je да се

припрема „према упутствима NSF".

У 1965. години 6poj радова join се више сманъио — 33 рада на укупно

337 страна. Због тога су, изузев прве и последнее, све свеске штампане као

двобро)еви (2—3, 4—6, 7—9). Поред 10 свезака, кн>ига 30 имала je и посебно

издание (Supplement) Koje je садржавало Предлог ]угословенске номенклатуре

неорганске xejuuje изранен на основу препоруке Интернационалне ушце за

чисту и применьену xeMHjy, 4njy je српску верзи)у урадио В. МиКовиН (60

страна). Редакциони одбор одлучио je да се eeh у roj години рецензента ко)и

прегледа)у радове ,,хоноришу" а да сви текстови лекторишу. Одлучено je

и да се, почев од следеЬе године, am-a>Kyje лектор за наш )език и сталии цртач

Kojn he да прецртава све цртеже. У току године Друштво je разаслало 944

примерка Гласника и то: 438 претплатника из Београда, 187 претплатницима

из унутраипьости, 123 претплатницима из групе , .Друштва в установе", 26

претплатницима из иностранства и два преко „|угословенске каиге". За

размену са иностранством доставл.ено je 150, а у земл>и 18 примерака Гласника.

Годиипьа претплата повеЬана je на 5000 динара.

У 1966. години 6poj радова повеНан je на 53. Годиипьа претплата за

земльу износила je за чланове 15 Н. динара, за „нечланове" 75 Н. динара,

а за иностранство 10 долара САД, односно ,,еквивалекат у стране] валути".

У юьизи 32 за 1967. годину 6poj радова опет се сман>ио на 39. Због

тога je, изузев свеске 1, Koja je садржавала синопсисе радова са XII Саве-

товаша хемичара и са Симпозиума о биохеми)и, изашло само три Tpo6poja:

2—3—4 са 13 радова, 5—6—7 са 13 радова и 8—9—10 са 13 радова.

У 1968. години за главног уредника изабран je Александар ДесйиН.

У троброjу 2—3—4 први пут се jaejbajy библиографске картице са изводима

об)авл>ених радова и универзалном децималном класификаци)ом — УДК

класификаци]ом ; ове картице излазиле су редовно све до 1978. године. Укупно

je штампано 45 радова у три Tpo6poja (2—3—4, 5—6-—7 и 8—9—10). Прва

свеска садржавала je матери)ал са XIII Саветован>я хемичара и I Jyrocno-

венског симпозиума о електрохемщи. На Kpajy сваке свеске дата су додатна

упутства ауторима у погледу припреман>а радова за штампан>е.

Bpoj радова у 1969. години HHje се много повеКао па je опет издато

три Tpo6poja (2—3—4, 5—6—7 и 8—9—10) са 47 радова.

У 1970. години изашло je укупно 38 радова (2—3, 4—5—6, 7—8 и 9—10).

На Kpajy свеске 10 дат je регистар по ауторима и областима од 1965. до 1969.

године. Уведени су и „летеЬи наслови" на непарним страницама текста.

У 1971. години изашло je пет двобро)ева са 36 радова.

У 1972. години, поред пет двобро}ева са 36 радова, издат je 1убиларни

6poj Гласника поводом 75-годиштьице осниван>а Српског xeMHjcKor друштва

у коме je Ъор1)е Димитр^евиН иецрпно изложио HCTopnjaT Друштва Kojn je

обухватио и осниваше и рад Гласника у протеклим годинама. За ф1шансиран>е

Гласника средства je доделила За^едннца за научни рад, ИХТМ, ПМФ,

Фармацеутски факултет и Покра)инска за)едница за научни рад из Новог

Caia. Уведена je озцака Meljj'Hapofliior библиотечког кода (coden) — GHDBAX.

Престало je штампэше Гласника у eHr.necKoj nep3njn jep су средства Техничке

помоНи на.чс1ьсне за ту еврху, била утрошена.

У 1973. години, поред главног уредника, уведен je заменик главног

уредника за нога je изабран Слободан Рибникар. Ура1)еко je ново графичко
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решиье корица, а наслов je почео да се штампа и на полег)ини кьиге. У мькэв

38 изашло je укупно 40 радона у пет двобро)ева. На предлог управног одбора

донета je одлука да се, почев од следепе године, изда;е посебна 11. свеска

Гласника у Kojoj he се об)авл>ивати реви)ални радови.

У 1974. години изашло je 11 свезака. Поред 40 радова, у 11. свесци

штампана су четири реви)ална чланка. У свесци 3—4 дат je опширшци при-

лог о ме^ународиим )единицама (SI).

У 1975. години 6poj радова inije повеЬан — остао je 40 — али je из

давайте постало интензивтце. Изашло je комплетно заостало 1974. годиште

кн.иге 39, као и свеске 1—6 за 1975. годину (юьиге 40). На Kpajy свеске 11

штампа се садржа) целе квьиге и индекс аутора.

У 1976. години за главног уредника изабран je Слободан Рибникар.

Исте године Гласник je изашао у ново), модерниjoj опреми, а аутори су за

припреман>е текстова добили нова упутства. Bpoj радова нагло се повеКао

што je бар делимично, била последица уредюцег об)авл>ивав>а часописа.

У пет ABo6pojeBa изашло je 57 радова, од тога je 32 рада било штампано на

страним $езицима. Гласник je уведен у ме^ународну класификаци)у и према

Kojoj je добио ознаку YU-ISSN 0017—0941 . Гласник je имао 589 претплатника

у земли и 38 у иностранству, а 134 примерка поолато je у иностранство на

основу размене.

У 1977. години уре1)ивачки одбор успео je да, поред две заостале свеске

из 1976. године, после дужег времена, успостави редовност штампаньа ча

сописа. Велики 6poj чланака 68, омогупио je да се две свеске (3 и 8) изда)у

као nojедини 6pojeBH, а не као двобр<чеви, што je у последоьим годинама

била прайса. Половина чланака била je на страним (езицима. Bpoj претплат

ника попео се на 810 у земл>и и 140 у иностранству. Претплата на часопис

повеЬана je на 80 динара, док je чланарина износила 70 динара.

У 1978. години 6poj радова достигао je, до тада, нэдвепу 6pojKy —

98. Због тога су све свеске, осим 1—2 Koja je садржавала синопсисе радова

са XXI Саветован>а, штампане као посебни 6pojeBH. УН. свесци Koja je са

државала „прегледке чланке" уредник je направио малу шалу представл>а)уЬи

како би дагье растао, према графичком приказу, 6poj радова, и замолио ауторе

да радове пишу у ман>ем обиму. На годиппьо) скупштини речено je да je „ку-

риозитет cBoje врете да су у свесци 9 за 1978. годину штампани радови прим-

л>ени у септембру 1978. Оваквом ажурнонту BepyjeMo да се заиста ретко

Koja научни часопис може похвалити". Часопис je имао око 860 претплат

ника, а економска цена je;mor годишта износила je 900 динара.

Сл. 1 . Приказ бро)сва об^ав/ьених научних ра

дова у Гласнику по годинама. За двогодишта

1958/59 и 1960/61 унет je просечен 6poj за те

године. У 1983. штампано je и 14 радова са

Симпозиума о електрохемщи, што je назначено

■спрекиданом лини)ом.
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ГОДИШТЕ

У 1979. години штампано je 86 радова. Због нешто смазьеног 6poja

радова у односу на претходну годину опет je изашао )едан двобро). Од укуп-

вог 6poja радова 61 je био на страним )езицима. Редакциони одбор оддучио
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je да се „прегледни чланци" више не штампа)у као до тада у посебяо) свесци

11, веК да се >кл>учс у редовне свеске према редоследу приема, а да свеска

11 и дал>е остане. Како се 6poj радова на странши )езицима у последнее две

године скоро удвостручио, редакци)а je почела да размшшьа о прелажевьу

на издаванъе часописа исюьучиво на страним )езицима. Да би се Гласник по

пуларизовао у иностранству, Председништво СХД предложило je да се сачини

листа од око 200 адреса установа и nojединица из иностранства ко)има би се

часопис слао ]сцио време бесплатно; очекивало се да ,^едан 6poj институци)а

или по)единаца на oeaj начин постану Kacmije претплатници Гласника".

Као прилог свеске 8 дата je и таблица на)нови)их атомских тежина;

преплатници су ову таблицу добили и одштампану посебно на твр1)ем картону.

У 1980. години 6poj штампаних радова опао je на 64, што je било 30%

маке у односу на претходну годину. Bpoj радова на страним )езвцкма и дал>е

je био у порасту — 80% од укупног 6poja радова. Пошто су услуге око штам-

пан>а поскупеле, редакцща je предложила поскупл>ен>е претплате.

Сл. 2. Процент радова о5)лв.-ъсннх на страннк
)езнцима (енглеском, руском, немачком и фран-

цуском) од 1957. год. када je та могуЬност уве

дена. Нису унети прегледни радовн ко)и су,
по правилу, писани нашим )езиком. За 1984.

годину, процент се односи на свеске 1 — 10.

У 1981. години 6poj радова опет се нагло повеЬао. Од укупно 91 рада,

81% штампано je на страним )езицима. У порасту je био и 6poj радова по-

теклих ван Београда. Редакциони одбор одлучио je да се jenHa свеска овог

годишта посвети 85. ро^ендану проф. В. МиповиКа, а чланке су припремали

ьегови ученици, сарадници и поштоваоци. Професор МиЬовий ни)е доживео

oeaj jy6Rnej, али je свеска 6 издата „ньему у спомен".

У 1982. години изашло je 86 радова, од тога 4/5 на страним )езицима.

Последн>а свеска, И, издата je у спомен проф. Александра Леку; радове

у oBoj свесци припремили су ьегови ученици, дугогодиильи сарадници и

поштоваоци.

У 1983. години изашло je укупно 113 радова. Од укупног 6poja радова

14 je потицало са Симпозиума о електрохемщи; ових 14 радова, штампано

je на енглеском je3HKy и об)авл>еяо je у noce6Hoj свесци (Supplement).

И Hajeafl, у OBoj години Гласник je o6jaBHo 93 рада, од Kojnx шест пре-

гледног карактера.

У cBojnx 49 година излаженъа, Гласник jacHO одсликава токове раз-

виткэ xeMnjcKHX наука у нас. Ocehajy се падови и успоки, финанстцске невол>е,

утшеди правилника о вреднован>у радова итд. Видан je и полет ко)и доносе

прве послератне reHepainije хемичара и технолога.

Од релативно скромног обнма у предратним годинама, када je про

сечно об)авл,ивано по 16 радова годицпье, у последил време oeaj се 6poj

креКе око стотине. Тако je до сада у Гласнику ставлено 2075 радова. Током

год!ша растао je и 6poj аутора радова, од двадесетак до близу 200 имена го

дицпье.

Bpoj радова об)авл>ених на светским )езнцпма, од 1957. године, када

je ова могуЬност уведена, noKaeyje сталан пораст, Kojn je графички приказан

 

ГОДк-ШТЕ
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на сл. 3. У последних неколико година процекат ових радова премашао je

80%. Велика веЬина ових радова писана je на енглеском )езику, чему су до-

принели и релативно бро)ни прилози из многих земалл света.

Тако je jyHa 1984. године на Скупштини Српског хемщског друштва

одлучено да се почев од юъиге 50 за 1985. годину, у Гласнику штампа;у радови

исюьучиво на енглеском je3HKy, а да се назив часописа промени у Journal

of the Serbian Chemical Society. Изводи радова и дал>е би се писали нашим

)езиком.

Уз честитке за досадаппьа достигнуНа, Гласнику желимо успеха и

у овом новом подухвату.

Др Снежана BojoBiih
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