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ADEVĂRUL DESPRE UN MARE OM
Prin amabilitatea doamnei
profesor Rodica Vâlcu am fost invitat să
prefaţez volumul omagial dedicat
profesorului Grigore Popa.
Profesorul Grigore Popa s–a
născut în 1913 într–un sat din preajma
Cheilor Turzii, fapt care i–a inoculat
întreaga viaţă pasiunea pentru munte. A
obţinut titlul de doctor la Universitatea
din Cluj în domeniul combinaţiilor
complexe cu urotropină, sub conducerea
academicienei Raluca Ripan.

Grigore Popa
profesor
(1913-1990)

L–am cunoscut pe profesorul
Popa în anul 1950, fiind student în anul I
şi asistând la cursul de chimie
anorganică predat de dânsul. În acea
perioadă a fost şi secretarul general al
Academiei. Din 1958 am început să
colaborăm în cercetarea ştiinţifică
formând un trio împreună cu profesorul
Negoiu. Profesorul Popa m–a ajutat să
mă transfer din funcţia de cercetător în
cadrul Academiei la Universitatea din
Bucureşti, la Catedra de Chimie
Anorganică şi Analitică.

În 1961 a înfiinţat Catedra de Chimie Analitică, a Facultăţii de Chimie, prima
Catedră de acest fel din învăţământul superior de chimie. Ulterior, a fost creată Catedra de
Chimie Analitică a Universităţii din Cluj, precum şi cea de la Universitatea din Iaşi. Ca
iniţiator al catedrei de Chimie Analitică a reuşit să conducă o echipă de cercetare şi
didactică de mare valoare, care a contribuit, în mare măsură, la dezvoltarea acestei
discipline în România. A avut o serie de funcţii de conducere, cum ar fi cea de decan al
Facultăţii de Chimie, precum şi director general al Institutului de Cercetări Chimice. A
făcut tot posibilul să doteze Catedra de Chimie Analitică cu aparatură de cercetare de
bună performanţă, fapt care i-a ridicat prestigiul, dar totodată s–au creat o serie de invidii.
Fiind în primul rând un om cu o ţinută morală deosebită s–a înconjurat de o serie de
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prieteni şi colaboratori de diverse vârste, dar de foarte bună calitate. Este necesar să
menţionăm prietenia dânsului cu Constantin Teodosiu, unul din cei mai buni colaboratori
ai regretatului profesor Longinescu, precum şi cu toţi membrii echipei, printre care
menţionăm pe: Croitoru Vasilica, Pătroescu Constantin, Paralescu Ion, Cruceru Dumitru,
Dimonie Elena, Lerch Rudolf, Enea Octavian, Ciurea Constantin, Moldoveanu Şerban,
Magearu Vasile, Dumitrescu Valerică, Luminiţa Vlădescu, dar şi cu cercetători din afara
catedrei, Todor Dumitru, Tiberiu Năşcuţiu, şi mulţi alţii.
Odată cu unirea Facultăţii de Chimie cu Facultatea de Chimie Industrială în aşanumitul “Institutul Naţional de Chimie”, s–a pensionat înainte de vreme şi deşi a dorit să
lase la conducerea catedrei de Chimie Analitică pe profesor Croitoru Vasilica, conducerea
Ministerului învaţamântului din acea perioadă, influenţată de doi carierişti, din păcate din
Catedra de Chimie Analitică, a fost împotrivă, iar din acel moment profesorului Popa, deşi
a fost inţiatorul Catedrei de Chimie Analitică nu i s–a asigurat nici un spaţiu pentru
scopuri didactice şi de cercetare.
Profesorul Grigore Popa a fost în primul rând un mare om şi iubitor de munte.
După o muncă în laborator, la care dânsul participa în mod substanţial, ne invita pe toţi în
excursii, plăcându-i în mod deosebit Munţii Ciucaş.
Deşi a crezut într–o societate mai bună, evoluţia evenimentelor din România l-a
decepţionat şi la vârsta de 77 de ani a decedat lăsând în urmă amintiri frumoase. Cu
ocazia a 10 ani de la decesul profesorului Popa, Societatea de Chimie Analitică din
România a ţinut o şedinţă festivă la care au participat cadre didactice de la diverse
catedre, iar în final, i s-au dedicat o serie de proiecţii cu imagini din munţii lumii,
prezentate de cel mai mare alpinist român al tuturor timpurilor, Constantin Lăcătuşu.
Facultatea de Chimie recunoscând meritele de OM în primul rând ale
profesorului Grigore Popa, i-a dedicat un amfiteatru, care-i poartă numele si care pentru
chimiştii analişti, membrii ai Societăţii de Chimie Analitică, reprezintă un sanctuar al
activităţii didactice şi ştiinţifice.

George-Emil Baiulescu
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Ilya Prigogine

După o viaţă consacrată unor
realizări de înalt profesionalism Ilya
Prigogine, ilustrul profesor şi
creatorul unor instituţii şi şcoli de
cercetare durabile, a trecut în
eternitate la 28 mai 2003. Viaţa sa
s-a stins, dar aureola operei sale
monumentale nu se va risipi în
neant: rămân posterităţii creaţii cu
rezultate surprinzătoare, idei de
valoare, deschizătoare de orizonturi
noi.

Ilya Prigogine s-a născut la Moscova, cu câteva luni înaintea revoluţiei din
octombrie 1917, urmată de proclamarea Republicii Socialiste Federative Sovietice.
La începutul vieţii sale a avut un destin neobişnuit: viaţa familiei Prigogine a fost
marcată de naţionalizarea fabricii tatălui său, inginer chimist, nevoit să emigreze în
Germania. Copilul Ilya avea patru ani, iar fratele său Alexandru era mai mare.
După câţiva ani de căutări, familia s-a mutat în Belgia. In 1929 Ilya şi-a finalizat
studiile secundare, dar deşi avea înclinaţii spre domeniul umanist şi reale aptitudini
muzicale, la sfatul tatălui său şi a fratelui mai mare, devenit chimist, s-a înscris la
Facultatea de Stiinţe, profilată pe chimie şi fizică, din Universitatea Liberă din
Bruxelles. In 1939 era licenţiat, iar doi ani mai târziu a obţinut titlul de Doctor în
Stiinţele Chimice.
După al doilea război mondial, s-a îndreptat spre cariera universitară, la
Universitatea Liberă din Bruxelles (ULB) şi a optat pentru studiul termodinamicii
chimice, domeniu pe cât de atractiv, pe atât de deschis înnoirilor.
In anul 1949 a devenit cetăţean belgian. După o perioadă de cca. 10 ani,
interval în care s-a impus în lumea ştiinţifică prin valoarea contribuţiilor sale şi a
unui temperament activ, I. Prigogine nu a încetat să-şi extindă sfera cunoaşterii în
domeniul ştiinţelor exacte, manifestând şi calităţi manageriale. In anul 1959 a
preluat conducerea Institutului Internaţional de Fizică şi Chimie Solvay care
fusese fondat în 1911, de acest mare industriaş, împreună cu profesorii Nernst şi
Lorenty. Prigogine a rămas directorul acestui institut până la sfârşitul vieţii.
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Din iniţiativa sa a fost înfiinţat în anul 1967, un centru de studii, prin
colaborarea facultăţilor profilate pe disciplinele fizico-chimice din ULB şi
Universitatea Austin din Texas. Prigogine a predat consecvent, o perioadă
îndelungată studenţilor din noua instituţie, denumită Ilya Prigogine Center for
Studies in Statistical Mechanics and Complex Systems. Institutul a devenit Centru
de excelenţă şi principalul nod dintr-o reţea de institute similare, infiinţate în mai
multe oraşe din lume.
I. Prigogine a lăsat o imensă operă ştiinţifică de valoare, îmbogăţind ştiinţa
cu realizări care îi vor reprezenta geniul, peste generaţii. Din conţinutul ei nu
lipsesc tratate de termodinamică chimică de echilibru şi ireversibilă, mecanica
statistică în formulări clasice şi de neechilibru, numeroase monografii, unele cu
implicaţii din filozofia ştiinţelor, cca.1000 de articole ştiinţifice, la care se adaugă
variate conferinţe prezentate ocazional, adesea în medii academice sau la reuniuni
sociale. Chiar din interviurile acordate, adesea cu privire la perspectivele ştiinţei,
reiese gândirea sa spontană şi flexibilă. De la începutul carierei sale, maiestrul a
manifestat o deosebită predilecţie pentru termodinamică, ramură fundamentală a
ştiinţelor naturii, cu rezultate concludente, dar limitate – un timp – la studiul
sistemelor în echilibru, sau cel mult, în vecinătatea echilibrului.
Primele noţiuni de ireversibilitate, s-au introdus prin ingeniozitatea şi
intuiţia lui Clausius care a definit entropia ca funcţie de stare, stabilind printr-o
teoremă o nouă formă de enunţ al principiului II, din care decurg, în anumite
condiţii, criteriile de echilibru sau de evoluţie ale sistemelor. Studii ulterioare
asupra variaţiei locale de entropie cu timpul, în sisteme neuniforme, au condus la
corelarea căldurii necompensate cu afinitatea chimică. Pe această direcţie s-au
înscris lucrările ilustrului fizician Théophile de Donder, autorul definirii
termodinamice a afinităţii chimice. Prigogine şi colaboratorii au iniţiat şi au
desvoltat termodinamica neliniară, departe de echilibru, un principiu general de
evoluţie adaptat studiului reacţiilor chimice.
Inainte de contribuţia capitală a carierei sale ştiinţifice, maiestrul Prigogine
s-a preocupat intens, împreună cu un grup de elită dintre colaboratori, de
fundamentarea mecanicii statistice în condiţii de neechilibru, formulând previziuni
asupra comportării unor corpuri departe de starea de echilibru. Au urmat, ulterior,
verificările practice ale teoriei propuse. Experimentele au fost descrise pentru
starea de gaz, solide şi plasmă, departe de echilibru, când s-a constatat apariţia unui
fenomen necunoscut, ieşit din comun, la creşterea etapizată a distanţelor faţă de
starea de echilibru. Fenomenul s-a reprodus la repetarea experimentelor. La
creşterea distanţei faţă de poziţia de echilibru peste un anumit prag critic, a apărut o
bifurcaţie, iar prin depăşirea pragului, sistemul “şi-a regăsit”o nouă ordine
stabilizată de fluxul disipativ de energie,care l-a menţinut în noua stare. In acea
stare au apărut structuri cristaline sau complexe denumite structuri disipative. Prin
această confirmare experimentală a teoriei s-a putut constata că un sistem care ar
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trebui să se degradeze în haos, conform legilor termodinamicii, poate deveni mai
complex prin schimb de energie cu mediul. Prigogine a explicat prin modele
matematice, modul de producere al structurilor complexe în sistemele departe de
echilibru, care au fost obţinute experimental. Aceste cercetări au deschis calea unui
nou domeniu ştiinţific denumit Complexitate, aplicabil în descifrarea celor mai
variate fenomene dinamice, aparent fără nicio legătură între ele. Asemenea sructuri
pot fi reprezentate de aproapre tot ce ne înconjoară: o celulă vie, creierul, traficul
automobilelor pe o autostradă, desvoltarea unui oraş, o colonie de furnici, reţeaua
de internet etc. Toate aceste exemplificări au totuşi un suport comun: se pot reduce
la o multitudine de elemente heterogene, care interacţionează după anumite reguli.
In 1977, Comitetul Nobel a distins importantele realizări ale savantrului
I. Prigogine din termodinamica de neechilibru cu Premiul Nobel în Chimie, cu
menţiunea specială, pentru teoria structurilor disipative. Această distincţie a
marcat apogeul creaţiilor sale ştiinţifice.
Preocupările sale ştiinţifice au avut impact şi în domeniul reacţiilor
oscilante produse în zonele proceselor irevesibile neliniare. Nu a prelucrat însă
acest domeniu.
Intr-o perioadă care a anticipat celebra sa descoperire, unul din domeniile
reprezentative de cercetare din catedra profesorului I. Prigogine (Service de Chimie
physique II), era consacrat tratărilor statistice ale soluţiilor de neelectroliţi.
Impreună cu doi dintre principalii săi colaboratori, A. Bellemans şi V. Mathot,
specializaţi în acest domeniu, a publicat în anul 1957 tratatul The thermodynamic
theory of solutions. In această conjunctură am început stagiul post-doctoral de
specializare, în anul universitar 1966/1967, la catedra Profesorului I.Prigogine.
Datorez iniţiativa realizării acestei specializări, Academicianului I.G. Murgulescu,
şeful meu de catedră, recunoscut ca un Mecena al timpurilor noi.
Am ajuns cu bine la destinaţie, la catedra Profesorului I. Prigogone, o
unitate de elită, de înalt nivel profesional, cu o orientare teoretică, încadrată cu un
număr mare de tineri, chimişti şi fizico-chimişti, atent selecţionaţi, după pregătirea
profesională, potenţialul lor intelectual şi atitudinea etică. Personalul calificat al
catedrei nu depăşea, în medie 35 de ani, iar şeful departamentului se apropia de
vârsta de 50 de ani. Climatul de lucru dominat de concentrare şi seriozitate, asigura
fiecărui membru al colectivului liniştea şi echilibrul atât de necesare creaţiilor
ştiinţifice.
Cu entuziasmul şi energia vârstei m-am încadrat, în scurt timp, în marele
colectiv, unde am fost întâmpinată cu colegialitate şi simpatie. La întoarcerea
Profesorului din Statele Unite, la scurt timp după sosirea mea, i-am fost prezentată
de A. Bellemans. Profesorul mi-a demonstrat solicitudine şi după o întrevedere
deosebit de utilă pentru activitatea mea de cercetare, a expus principalele orientări
ale studiilor din catedră, informându-se asupra propriilor mele preocupări în
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cercetare. I-am prezentat extrase publicate în Z.phys.Chem.(Leipzig) şi în
J.Chem.Phys.(Chicago), toate din temodinamica soluţiilor, obţinute experimental
sau prin modelarea lor pe bazele termodinamicii statistice.
Mulţumit de relatarea mea, m-a încadrat în sectorul de cercetare teoretică
al soluţiilor.
Catedra nu dispunea de domenii experimentale, în general, şi cu atât mai
puţin pentru soluţii. Am fost mulţumită de această decizie, ştiind ce înseamnă o
cercetare practică şi am început a doua zi lucrul, în primul rând documentarea.
Omul cel mai orientat în domeniu era A.Bellemans care m-a găsit a doua zi la
bibleotecă, s-a bucurat că vom colabora şi mi-a spus cam ce este util să fac: un
program de cercetare, pe care să-l aprobe “le Patron” adică Prigogine. Peste un
timp de documentare, am conceput acest program, care a fost aprobat. Partea grea
începea de abia atunci! Mi-am impus un program de lucru concentrat, de şapte ore
zilnic, întrerupt de câteva ore de asistenţă la cursul de Termodinamica proceselor
ireversibile, până când Profesorul a decis continuarea lui în fiecare săptămână, de
câte un alt colaborator.
Colectivele de catedră se ţineau cu regularitate de două ori pe lună.
Programul obişnuit consta din câte-o conferinţă cu profesori invitaţi din ţări
limitrofe, urmate de 2-3 comunicări ale membrilor din colectiv.Aceste întâlniri se
numeau “ceaiuri” (servite la propriu), fiind organizate după programul zilnic,
începând cu ora 17, iar sala avea aspectul unui salon de recepţie. Amfitrionul nu
lipsea niciodată: era inima acestor întâlniri şi orienta discuţiile.
Ajunsesem în faza de a comunica, periodic, etape încheiate din lucrarea
mea, la început cu emoţie evidentă. De fiecare dată Profesorul era mulţumit iar eu
cu o piatră mai puţin pe inimă. După ultima comunicare, Profesorul mi-a sugerat ca
din referatele comunicate, să constitui două lucrări având în vedere că din conţinut
reiese o problemă cu particularităţi diferite, ceeace era exact. Conlucrând cu
Bellemans, am organizat conţinutul textelor celor două lucrări independente, care
au fost prezentate la Societatea de Chimie din Belgia şi publicate, ulterior, în două
numere succesive ale periodicului Bull.Soc.Chim.Belges, apărute în sistem de
urgenţă în 1967:
Application of the average potential model to simple liquid mixtures (autori
A.Bellemans şi R.Vîlcu);
Extension of the average potential model of solutions to systems submitted
to a moderate pressure (autori R.Vîlcu şi A.Bellemans). Am privit aceste lucrări ca
un “trofeu olimpic”, ştiind că Profesorul Murgulescu se va bucura, la întoarcerea
mea acasă, de rezultatul obţinut în timpul specializării.
In ultimele două săptămâni ale stagiului, am răspuns, cu plăcere,
dezideratului lui A. Bellemans de a aduce la zi bibliografia teoriilor despre soluţiile
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de neelectroliţi, începând din 1957, data apariţiei primei cărţi, în vederea reeditării
ei actulizate.
In ajunul plecării în ţară Profesorul a organizat o cină în familia sa, la care
am fost invitată împreună cu soţul meu, venit la Bruxelles ca să ne întoarcem în
ţară cu câteva escale, în trecere, prin oraşe europene. Primirea şi întreaga seară, nea lăsat o amintire deosebit de plăcută. Inainte de plecare, Profesorul mi-a adresat
invitaţia de a reveni la catedră şi chiar de a rămâne “sine die”. Pe atunci această
posibilitate era exclusă, şi nici eu n-aş fi făcut acest pas. Legătura puternică cu
familia mea şi nostalgia pământului natal au anihilat cele mai tentante oferte! Am
păstrat mult timp legătura, în scris, cu colegii care mi-au organizat la despărţire în
sala de “ceai” o seară de “au revoir!”.
După o viaţă activă în cercetarea de vârf, I. Prigogine a remarcat multiplele
necunoscute şi aproximări din ştiinţele fundamentale, recomandând să se aibă în
vedere reevaluarea şi/sau actualizarea unor asemenea situaţii.Pe lângă bogata sa
contribuţie la deschiderea şi consolidarea unor căi noi de studiu în ştiinţele fizicochimice, Prigogine a avut tentaţia, firească pentru un savant, de a investiga
fenomene intangibile, situate dincolo de limitele cunoaşterii contemporane.
Colaborarea sa cu Isabelle Stengers, specialistă în domeniul filozofiei ştiinţelor, i-a
favorizat publicarea unor reflexii asupra cărora planau incertitudini Monografiile
publicate, au apărut în intervalul dintre anii 1979 şi 1996, cu următoarele titluri:
Physique, temps et devenir; La nouvelle alliance; Les lois du chaos; La fin des
certitudes;L’homme devant l’incertain. Fiecare dintre aceste monografii, conţine
idei pertinente, cu tentă filozofică.Voi cita câteva dintre ele, urmate de unele
puncte de vedere ale autorului şi al unor deziderate de perspectivă, precum:
“Universul este guvernat de legi statistice;” ”Stiinţa este un dialog cu
natura”; ”Timpul este o dimensiune fundamentală a universului nostru”; “Timpul
precede existenţa”; “Dacă universul a avut un început timpul nu l-a avut”; “Dacă
timpul intervine în mod dinamic în evoluţie, viitorul nu este dat de prezent şi el nu
este determinat”; “Viaţa a apărut printr-o succesiune de instabilităţi” etc.
In fiecare dintre monografiile publicate apare o bogăţie de date din sfera
ştiinţelor fundamentale clasice, pe lângă menţiuni asupra înnoirilor necesare, cu un
accent special pe tendinţele de trecere de la legile deterministe spre un univers nou,
deschis fluctuaţiilor şi inovaţiilor: “Mulţi dintre marii fondatori ai ştiinţelor clasice
ar trebue să ne permită să depăşim lumea aparenţelor pentru a atinge lumea
raţională” - scria Prigogine. ”Secolul nostru este o perioadă de experimentări: au
apărut forme noi de manifestare în artă, muzică, literatură şi în ştiinţă. Acum, la
sfârşitul secolului XX, nu putem prezice încă, cu certitudine, încotro ne va conduce
acest capitol nou al istoriei omenirii. Dar ceea ce este sigur, începând de astăzi, este
instaurarea unui nou dialog între natură şi om!” Aceleaşi idei, dar mai complet
conturate, se desprind şi din prefaţa scrisă de maiestrul I. Prigogine, la cartea
Termodinamica proceselor ireversibile, pe care am publicat-o în colaborare cu
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A. Dobrescu, în Editura Tehnică, Bucureşti, în 1982. Citez din expunerea
maiestrului un scurt pasaj: “Schimbarea de concepţie în orientarea cercetărilor spre
procesele ireversibile şi experienţele cu rezultate inedite în acest domeniu, explică
interesul unei părţi considerabile a lumii ştiinţifice; printre acestea. termodinamica,
un domeniu clasic până nu demult, este aplicată astăzi într-un mod nou.Ideile de
neliniaritate, instabilitate şi fluctuaţii, pătrund într-o zonă din ce în ce mai extinsă a
ştiinţei”
Opera ştiinţifică a maiestrului I. Prigogine caracterizată prin profunzime şi
diversitate, nu l-a consacrat numai ca un ilustru chimist; remarcabila sa competenţă
în fizică, chimia fizică, în biochimie şi chiar în filozofia ştiintelor, este încă un mod
de afirmare a personalităţii sale! Membru al Academiei Regale de Stiinţe, Litere şi
Arte frumoase din Belgia, precum şi din alte ţări şi spre satisfacţia ţării noastre,
Membru al Academiei Române (din 1965 în calitatea de m.c. iar din 1992, membru
de onoare), Ilya Prigogine a vizitat în mai multe rânduri ţara în scopuri ştiinţifice.
In afara Premiului Nobel (1977) i s-au atribuit premii în Belgia (1955 şi
1965) şi din partea unor fundaţii din Tokio (1973), Quebec (1993), Rusia (1996)
ş.a. Peste 50 de Universităţi din lume i-au decernat titlul de Doctor Honoris Causa,
dar lista distincţiilor obţinute nu se opreşte aici.
In anul 1989, Regele Belgiei i-a acordat titlul nobiliar de Viconte,
demonstrându-i deplina sa apreciere pentru onoarea pe care a adus-o ţării.
I. Prigogine a vizitat în 1994 România satisfăcându-şi pe lângă programul
ştiinţific o veche pasiune pentru istorie şi arheologie, ajungând de la Universitatea
din Iaşi, unde fusese invitat, la situl arheologic din Cucuteni. Intors la Bucureşti, a
expus o conferinţă la Academia Română din consideraţiile sale vizionare ale
perspectivelor în ştiinţă.
Enormul regret al pierderii omului şi savantului Ilya Prigogine a marcat
generaţiile care l-au urmat şi care i-au cunoscut opera. Inconjurat cu stimă şi
preţuire în nobila sa misiune, Ilya Prigogine va rămâne profesorul care a creiat
ştiinţă şi care a deschis larg orizotul spre ştiinţa viitorului. Alături de elevii şi
colaboratorii săi, îmi exprim gratitudinea pentru condiţiile de studiu pe care mi le-a
asigurat cu generozitate în departamentul său, într-un climat de înalt nivel ştiinţific.

Rodica Vîlcu

DEVELOPMENT OF A NEW ETHANOL BIOSENSOR WITH
ELECTROPOLYMERISED MELDOLA BLUE AS MEDIATOR
Camelia Bala½, L. Rotariu, Alina Vasilescu and V. Magearu
abstract: An amperometric biosensor for ethanol was developed based on immobilization of
alcohol dehydrogenase on screen-printed electrodes modified with electropolymerised Meldola
Blue carried out by cyclic voltammetry in the range from –0.6 to +1.4 V vs. Ag/AgCl. The
calibration plots for ethanol in 0.1 mol.L-1 phosphate buffer pH 8.5 containing 0.1 M KCl shows
linearity in the range from 0.1x10-3 to 25x10-3 mol.L-1 ethanol The biosensor showed no
decrease in sensitivity after 5 hours of continuous use..

Introduction
The measurement of alcoholic compounds, particularly of ethanol, plays an important role
in the quality control of alcoholic beverages such as beer, wines and spirits. A variety of
methods had been reported for the determination of this analyte, such as spectrophotometry
[1], gas chromatography [2], liquid chromatography with amperometric detection [3,4].
These methods are expensive, slow, need well trained operators and in some cases, require
steps of extraction or sample pretreatment, increasing the time of analysis. The food and
drink industries need rapid methods to determine compounds of interest [5].
An alternative to facilitate the analysis in routine of industrial products is the biosensors
development. Some advantages of this promising tool for food analysis are high selectivity
and specificity, relative low cost of construction and storage, potential for miniaturization,
facility of automation and simple and portable equipment construction for a fast analysis
and monitoring. [6].
In the case of ethanol a number of enzymes based electrochemical devices have been
developed either with alcohol oxidase [4,7-9] or alcohol dehydrogenase [10,11]. In the case
of biosensors for ethanol based on alcohol oxidase the oxygen consumption or hydrogen
peroxide production is monitored [8,12,13]. The alcohol dehydrogenase has the advantage
to be more stable and more specific for ethanol but also the disadvantage to be dependent
on the coenzyme NAD+ which has to be added to the assay. Additionally, electrochemical
detection of NADH requires overpotential of about 1 V for oxidation and at this potential a
number of other substances present in food samples, is also oxidized and can interfere in
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the measurement. This disadvantage may be overcome by adding a mediator in order to
improve the electron transfer kinetics and lower the applied electrode potential and
effectively regenerate NAD+ [14]. Biosensors based on quinones [15], oil-soluble mediators
based on phenothiazinium chloride [16], phenoxazines [17], organic dyes [18-21]
In last years the NADH detection based on screen-printed electrodes has attracted growing
interest of researchers as these electrodes can be mass-produced at low cost making them
suitable for commercial purposes. Immobilization of mediators on screen-printed electrodes
was successfully conducted by different way: inclusion in different matrices at the electrode
surface [12,22], inclusion of the mediator in the screen-printing ink [20,21] or by
electrochemical polymerisation [23-25].
We have chosen as electron transfer mediator, Meldola Blue (7-dimethylamino-1,2benzophenoxazine), having a fast rate of electron transfer with NADH. This mediator
allows to achieve high sensitivity for the amperometric determination of NADH and to
detect as low as 2x10-6 mol.L–1 [25], with good selectivity since the measurements could be
made in an “ideal” potential window (from 0 V to –0.200 V vs. SCE) where
electrochemical interferences are minimal.
In order to improve the stability of the mediator modified electrodes and to avoid the
mediator leakage, different strategies were reported [26-28]. The characteristics of
poly(MB) screen printed sensors are superior to those previously reported for detectors
based on the same screen-printed graphite electrodes containing Meldola Blue-Reinecke
salt [28]. In terms of sensitivity, the poly(MB) sensors [31] are superior to the other
detectors already reported based on the same mediator [32]. The NADH detection limit
attained by screen-printed electrodes modified by the electropolymerisation of Meldola
Blue is close to the best value reported for screen-printed sensors (2.0x10–6 mol.L–1) [21].
In this paper an amperometric biosensor for ethanol was developed based on
immobilization of alcohol dehydrogenase on screen-printed electrodes with
electropolymerised Meldola Blue carried out by cyclic voltammetry in the range from –0.6
to +1.4 V vs. Ag/AgCl. The characteristics of screen-printed electrodes with poly Meldola
Blue were already reported. [25,29].

Experimental
The enzyme alcohol dehydrogenase ADH (EC 1.1.1.1.) from baker’s yeast 264 U/mg solid,
β-nicotinamide adenine dinucleotide, in its oxidized form of NAD+ and reduced form
NADH, ethanol were purchased from Sigma Chemical Co. Meldola Blue was from Aldrich.
The supporting electrolytes used in this work were Sörensen 0.1 mol.L–1 phosphate buffers
pH 8.5. In amperometry determination the buffer contained also 0.1 mol/L KCl in order to
insure proper functioning of the screen-printing pseudo Ag/AgCl reference. All NADH
solutions were prepared right before use. Screen-printed graphite electrodes with a
geometric area of 0.17 cm2 were fabricated at University of Perpignan, France according to
a previously described procedure [28] and were kindly provided by Prof. Jean-Louis Marty.
All the experiments were carried out with a BAS 100B/W Electrochemical Workstation
(BioAnalytical System Inc., West Lafayette, USA). Data display and recording were
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supported by BAS electrochemical software version 3.2. In CV experiments the reference
was an Ag/AgCl (3M KCl, BAS) electrode while a platinum wire was used as counter
electrode, all BAS, USA.
Biosensor preparation
Sensors were prepared by electrochemical polymerization of Meldola Blue (MB) on screenprinted graphite electrodes. After film deposition, the electrodes were rinsed with distilled
water and kept dry at room temperature until use. Immobilization of alcohol dehydrogenase
was achieved by cross-linking with glutaraldehyde by depositing 3µL of a mixture
containing 20 IU/µL ADH, 1% (m/v) bovine serum albumin and 0.5% (m/v) glutaraldehyde
on the surface of screen-printed electrodes modified with poly(MB). The sensors were left
to dry at least 24 h at 4°C and kept at this temperature until use.

Results and discussions
Cyclic voltammetry experiments have been performed in the absence and the presence of
NADH in order to establish the catalytic ability towards the oxidation of NADH of poly
Meldola Blue (Fig. 1).

Fig. 1. Cyclic voltammogramms at poly(MB) electrodes
in the absence (––––) and the presence (----) of 5.10–3 mol.l–1 NADH.

The sensors screen-printed sensors with polyMB show catalytically ability for NADH
oxidation with a larger increase in the anodic current in the presence of NADH 5x10-3
mol.L–1 and a superior sensitivity compare to other modified screen-printed electrodes
reported previously [31,32]. The results show that the screen-printed electrodes modified
with polyMB can catalyze the oxidation of NADH that is generated from the reaction of
NAD+ and ethanol catalyzed by alcohol dehydrogenase, as schematized in Fig. 2.
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Fig. 2. Schematic representation of the mechanism of response of mediated ethanol biosensor

An amperometric biosensor for ethanol was developed based on immobilization of alcohol
dehydrogenase on screen-printed electrodes with electropolymerised Meldola Blue,
Electropolymerisation of MB represents the best approach for obtaining sensors with good
operational stability and remarkable analytical performances for the amperometric detection
of NADH [25].
Preliminary experiments with this sensor aimed to the stable immobilization of the enzyme
by cross-linking with glutaraldehyde. Several tests were run to illustrate the influence of
enzyme loading and the cofactor concentration on the performances of the alcohol detector.
Optimization of cofactor concentration
In a first approach, the concentration of NAD+ cofactor was varied from 4.10–4 to
2.10–3 mol.L–1 and the response of a biosensor with 12 IU alcohol dehydrogenase was
recorded for ethanol concentrations up to 12.10–3 mol.L–1. The amperometric
determinations were carried out at 0.05 V vs. Ag/AgCl in 0.1 mol.L–1 phosphate buffer pH
8.5. It was shown that cofactor concentrations above 8.10–4 mol.L–1 did not significantly
improve the sensitivity or the detection limit but increased the magnitude of the linear range
for the detection of ethanol. A concentration of 1.6.10–3 mol.L–1 NAD+ was considered as
optimum that allowed a detection limit of 3.10–4 mol.L–1 (S/N=3) and a linear range up to
7.5x10–3 mol.L–1. This biosensor was characterized by a rather narrow linear range and a
low sensitivity (8.54 µA.L.mol–1).
Effect of enzyme loading on the biosensor sensitivity
To emphasize the effect of enzyme loading on the sensitivity of the biosensor, three
different volumes (2.5, 3 and 3.5 µL) of the same biocatalytic mixture were deposited on
the surface of poly (MB) electrodes. Comparison of the resulted biosensors presented in
Table 1 revealed a substantial increase in sensitivity. High enzyme loadings thus appear as
necessary in order to obtain biosensors with a satisfactory sensitivity.
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Table 1. Effect of enzyme loading on the sensitivity of the biosensor
Enzyme loading
(IU)

Biosensor sensitivity
(µA.L.mol–1 ± SD*)

12.5

4.7 ± 0.6

15.0

11.0 ± 0.9

17.5

31.0 ± 2.5

* standard deviation for five measurements.

Calibration of the biosensors
The calibration plots for ethanol in 0.1 mol.L–1 phosphate buffer pH 8.5 containing 0.1 M
KCl shows linearity in the range from 0.1x10–3 to 25x10–3 mol.L–1 ethanol. the analytical
curve is describe by the equation I (nA) = 36.46 (±0.02) + 204.3 (±0.07) Cethanol, R2=0.9993
for n=21. Detection limits around 0.008 mM ethanol could be estimated considering
Signal/Noise=3. The overall coefficient of variation for the determination of ethanol using
described biosensor was 5.4% (n=30). This coefficient was found to be mainly induced by
the screen–printed procedure, differences in the responses of the sensors being caused by
small differences in area of modified graphite layer.
The response time was measured as the time required reaching 95% of the saturation
current and is 90 s.
Operational stability
The operational stability of alcohol dehydrogenase sensors was tested by performing 10
consecutive series of calibration with the same biosensor. The concentration of cofactor in
the electrochemical cell was 1.6.10–3 mol.L–1 and the calibration was performed by adding
different volumes of a 5.10–2 mol.l–1 ethanol solution until reaching saturation. No
significant decrease in sensor sensitivity was observed at the end of this 5-hour experiment,
which represents the more important result obtained for the ethanol biosensor.
Additionally, the described biosensor shows the potentialities of poly(MB)-electrodes as
detectors associated with NAD+-dependent dehydrogenases that catalyse reactions with
very low equilibrium constants (Keq= 8.10–5mol.l–1 for ethanol transformation at pH 7). In
these cases sensitive detection of NADH is particularly necessary, especially if
amplification systems or coupled reactions that drive the equilibrium to the product side are
not taken into consideration.
Analysis of alcoholic beverages
The performance of the ethanol biosensor allowed its application for the direct monitoring
of ethanol concentration in different beverages: gin, beer, red wine and Romanian palinca.
All the samples were diluted with phosphate buffer solution (1:200 for wine and 1:500 for
the other samples), in order to avoid the interferences effect and to fit the analyte
concentration within the linear range of the calibration curve. Table 2 presents the values
found and the recoveries obtained with the biosensor.
The quantification method was standard addition. As can be observed the results show
excellent agreement between the biosensors results and those certified by the suppliers
following the Official Method of the European Community consisting of a distillation.
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Table 2. Recovery percentages in different samples obtained with ethanol biosensor
Beverage

Added ethanol
(m.mol.L–1)

Found ethanol
(m.mol.L–1)

Recovery* %

Gin

3.0

2.95 ± 0.12

99.5 ± 2
98.7 ± 2

Beer

3.0

2.78 ± 0.11

99.3 ± 3

Wine

3.0

2.87 ± 0.10

99.14 ± 3

Romanian palinca

3.0

2.96 ± 0.12

99.4 ± 2

* Average of five measurements

Conclusions
The biosensor for alcohol has a good operational stability and stands for an example of
application of poly (MB) detectors with NAD+-dependent dehydrogenases, especially
demanding with respect of sensitivity towards NADH. Another common feature for the
detection of NADH is the improvement obtained by Meldola Blue polymerization over
other procedures for electrode modification with the mediator like incorporation of Meldola
Blue or Meldola Blue-Reinecke salt in the screen-printing ink. This improvement refers to
detection limit, sensitivity and operational stability.
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DETERMINATION OF TRACE AMOUNTS OF MOLYBDENUM
BY ADSORPTIVE STRIPPING VOLTAMMETRY
USING MORIN AS CHELATING AGENT
Mihaela Buleandră½, I.G. Tănase½, M. Ionică½½ and M.M. Buleandră½
abstract: A highly selective and sensitive procedure for the determination of ultra-trace
concentrations of molybdenum by adsorptive stripping voltammetry is presented. The method is
based on adsorptive accumulation of the molybdenum - morin complex onto a hanging mercury
drop electrode, followed by reduction of the adsorbed species by voltammetric scan using square
wave modulation. Optimal analytical conditions were found to be a morin concentration of
5 µM, pH = 2.3 (Britton-Robinson buffer), and an adsorption potential at –0.25 V versus SCE.
The peak current is proportional to the concentration of molybdenum over the range of 10–9 – 10–6 M
with a detection limit of 0.1 nM for an accumulation time of 60 s. The method has been applied
to the determination of molybdenum in seawater samples and results were in good agreement
with atomic absorption spectrometry determinations.

Introduction
Molybdenum is an essential trace element for all living organisms [1]. Since the
concentrations of molybdenum in plants, water and soil are generally at parts per billion
levels, selective and sensitive methods for the determination of molybdenum are required.
According to literature data methods for determination of molybdenum are mainly
spectrophotometric techniques [2,3], spectrofluorimetry [4], atomic absorption
spectrometry [5,6], neutron activation analysis [7], plasma emission spectrometry [8], ion
chromatography [9] and electroanalytical techniques [10-31].
Many electroanalytical procedures based on the catalytic reduction of some oxianions like
nitrate [10,11], bromate [12] and chlorate [13], the adsorptive accumulation of
molybdenum complexes onto a HMDE [14-20] or the combination of the adsorptive
accumulation with a catalytic current system [21-31]] have been used in the determination
of molybdenum in environmental and biological samples. The adsorptive accumulation of
molybdenum complexes onto a HMDE has been used by means of chemical interactions of
the substrate with specific ligands such as 8-hydroxyquinoline (detection limit of 4 nM for
120 s) [14], phosphate (4 nM for 120 s) [15], tropolone (0.3 nmol L–1 for 60s) [16],
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chloranilic acid (0.3 nmol L–1) [17], Eriochrome Blue Black R (5.2 nmol L–1 for 30s) [18],
phenanthroline (0.6 nM for 20 min) [19], toluidine blue (0.1 nM for 240 s) [20].
In order to develop a new sensitive method for determination of molybdenum, the present
work deals with a study of electrochemical behavior of the trace amounts of molybdenum
in presence of 3,5,7,2',4'-pentahydroxy-flavone (morin) and determination of this element
from seawater samples.

Experimental
All reagents were of analytical grade and were used without further purification (Sigma).
Solutions were prepared by dissolving the salt or concentrated solution in three-distilled
water. The Mo(VI) solution was prepared by dissolving (NH4)6Mo7O24⋅4H2O in threedistilled water to give a 10–2 M stock solutions. Solutions of lower concentration were
prepared daily by appropriate dilution of the stock solution. The 3,5,7,2',4'-pentahydroxyflavone (morin) stock solution, 10–3 M, was prepared by dissolving the necessary amount of
dye in three-distilled water. A 0.04 M stock Britton-Robinson buffer solution with respect
to o-boric, o-phosphoric acid and acetic acid was prepared. From this solution of different
pH values were prepared by additions of 0.2 M sodium hydroxide.
The adsorptive voltammetric measurements were performed using a Radiometer POL 150
polarographic analyzer coupled to a Radiometer MDE stand with a hanging mercury drop
electrode (HMDE), a saturated calomel electrode (SCE) reference electrode and a platinum
wire counter-electrode. The potential was scanned from +0 to -1.2 V for the screening
experiments and from –0.25 to –1.00 V for the Mo(VI) calibration and sample
determination, at a scan rate of 50 mV s–1. The solutions were de-aerated with highly
purified argon at the beginning of each experiment and a flow of argon was maintained
over the solution during the experiment to prevent oxygen interference. All experiments
were performed at room temperature. The data acquisition and the scan recordings were
done by means of Trace Master 5.0 software.
A sea water sample was filtered to remove suspended particles. The sample solution
(10 mL), containing 5 µM morin and Britton-Robinson buffer (pH = 2.3) was pipetted into
the voltammetric cell. The stirrer was switched on and the solution was purged with argon
gas for 5 min. The accumulation potential (–0.25 V) was applied to a fresh HMDE for 60 s.
Following the accumulation period, the stirrer was stopped, and, after 10 s, the
voltammogram was recorded by applying a negative-going square wave scan from –0.25 to
–1.00 V. Each standard addition was 0.1 mL of Mo(VI) solution with a concentration of
10 mg L–1.
An atomic absorption spectrometer SpectrAA 880 - Varian with a GTA 100 - Varian
graphite furnace was used for the determination of molybdenum. The spectrometer was
operated using a hollow cathode lamp for molybdenum (λ = 313.3 nm, 0.5R nm spectral
slit width). A volume of 20 µL of both reference and sample solutions were transferred into
graphite tube through the autosampler. Argon 99.999% was used as protective and purge
gas.
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High purity standard reference solutions of Mo(VI) (from (NH4)6Mo7O24 4H2O in 0.5 M
NH4OH AAS standard solutions) in 0.1% HNO3 (v/v) were used to prepare the analytical
solutions (0 – 200 µg/L) for calibration of the graphite furnace atomic absorption
spectrometer. All measurements were made with three replicates and based on integrated
absorbance.

Results of discussions
SWAdSV response of Mo(VI)-morin complex
Molybdenum (VI) forms a soluble complex with morin in aqueous acidic medium [32]. In
aqueous acidic medium Mo(VI) additions to a solution containing morin give rise to the
formation of a Mo(VI)-morin complex, which is susceptible to be adsorbed onto mercury
drop electrode and is, therefore, able to be analytically determined using Square Wave
Adsorptive Stripping Voltammetry (SWAdSV). The voltammogram Mo(VI) in presence of
morin at pH = 2.3 has showed one cathodic peak at about -0.55 V. This peak is proportional
with molybdenum concentration.
In order to obtain the coordination number (m) of the adsorbed complex on the electrode
surface, the following equation can be used [33]:
1
1
1
=
+
,
ip ip,max ip,max β [ L ] m

where ip and ip,max are the current and the maximum current of the reduction peak of the
complex MoLm, [L] the concentration of the ligand and β the stability constant of the
complex. For a given concentration of molybdenum, additions of morin in the range of
0.1 - 8 µM give rise to a saturation curve, typical of adsorption phenomena. Fig. 1 shows
that, for a Mo(VI) concentration of 1 nM, the peak current increases with the morin
concentration up to 5 µM, and then becomes constant. Analyzing this curve by plotting 1/i
as function of 1/[L]m for m = 1, 2, 3, …, it results a straight line for m = 2 which
corresponding to the number of ligand molecules bound to the metal. This shows that the
composition of the electroactive complex of Mo(VI) is 1:2, thus it can be written as
Mo(L)2.

Optimization of experimental conditions
The formation of the complex, the stability and the potential of reduction are strongly
dependent on the pH value of the solution. The influence of pH on stripping current of
molybdenum has been studied in the pH range of 1.8 to 5.0 (Fig. 2). In order to keep
constant the composition of the buffer, when studying the effect of pH, Britton-Robinson
buffers were used. It is clear that higher current can be obtained when pH is in the range of
1.8 – 2.8. Therefore, pH 2.3 identified as the optimum pH value, under these conditions the
peak potential being -0.55 V. As illustrated in Fig. 2, the peak potential varied with pH and
was shifted in the negative direction by 57 mV/pH unit.
The dependence of the reduction peak current of Mo(VI) complex on the accumulation
potential in the range from 0 to –0.40 V was studied using an accumulation period of 60 s.
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The optimum accumulation potential was –0.25 V. From the variation of the current peak
has been observed that the peak height of the molybdenum-morin complex rapidly
increases with the accumulation time during the first 100 s and then slows down. This is
confirming that an adsorption process is involved.
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Fig. 1: Effect of the morin concentration on the height of the reduction peak of complex in Britton-Robinson buffer
(pH 2.3) for 1 nM Mo(VI), with an accumulation time of 60 s at -0.25 V; scan rate = 50 mV s–1.
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Fig. 2: Variation of the SWV peak height (■) and SWV peak potential (●) as function of the pH
in Britton-Robinson buffer using 1 nM Mo(VI) and 5 µM morin, with an accumulation time of 60 s at -0.25 V;
scan rate = 50 mV s-1.

DETERMINATION OF TRACE AMOUNTS OF MOLYBDENUM …

31

In order to examine the effect of different scanning wave-forms on the sensitivity and linear
dynamic range for determining molybdenum, the optimum conditions for square-wave
adsorptive stripping voltammetry (SWAdSV) were compared to differential pulse
adsorptive voltammetry (DPAdSV). The peak heights were greater, and a better resolution
of the peak was obtained using SWAdSV.

Calibration graph, precision, detection limit and interferences
Under optimized conditions, a linear relationship between the reduction peak current of
molybdenum complex and the concentration of Mo(VI) can be obtained in the range of 109
- 10-6 M. The detection limit for Mo(VI) was calculated as kSB/b, where SB is the standard
deviation of blank signal with current values measured at the same potential as for
molybdenum-morin signal, and b is the slope of the calibration plot, and k is a constant
equal to 3 as recommended by IUPAC [34]. The standard deviation of ten blank curves was
0.54 nA for an accumulation time of 60 s leading to detection limit of 0.1 nM.
Some trace elements can interfere with the determination of molybdenum adsorbing
competitively onto HMDE or producing signals close to that of molybdenum. However, no
interferences of common interfering ions such as iron and aluminum were caused by the
100-fold excess of these elements for molybdenum determination with tested reagent.

Application to real samples
The proposed method was successfully applied to the determination of molybdenum in
three seawater samples (Black Sea) without interference removal (Fig. 3). In order to
eliminate matrix effects, the standard addition method was used. Molybdenum
concentrations in the µg L–1 range in seawater samples were found to be in good agreement
with values determined by GF-AAS (Table 1).

Fig. 3: SWAdSV voltammogram for Mo(VI) determination in water sample no 2 by addition standard method;
1: water sample; 2: + 5 10-6 M morin; 3: first addition; 4: second addition; 5: third addition of Mo(VI)
Table 1: Results of molybdenum determination in sea water by AdSV method with morin and GF-AAS
Sample

AdSV (µg/L)

GF AAS (µg/L)

No. 1

129.33 ± 1.01

129.54 ± 0.4

No. 2

125.95 ± 1.54

127.70 ± 1.6

No. 3

125.20 ± 1.23

125.89 ± 0.8
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Conclusions
A method for determination of Mo(VI) with morin as an electroactive ligand by SWAdSV
is developed and successfully applied in seawater samples. The proposed method can be a
potential candidate for the practical use of molybdenum determination with high sensitivity,
simplicity and speed.
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DETERMINATION OF SULPHIDE
BY POTENTIOMETRIC TITRATION
V. Dumitrescu½, Nina Dumitrescu and Dana Anghel
abstract: Sulphide anion was determined indirectly, by potentiometric titration. For this
purpose, a known concentration of Ce4+ and sulphide ions was added into the electrochemical
cell. Ce4+ remained in the cell after his reduction by the sulphide ions was titrated with a Fe2+
solution having a known concentration. The difference between total Ce4+ and the titrated Ce4+
corresponds to the amount of Ce4+ reduced by the sulphide ion. The proposed method is
reproducible, fast and allows the determination of sulphide ion in waters.
keywords: sulphide, potentiometric determination

Introduction
The sulphide ion is found in various waters and often arises the problem of quantitative
analysis. Regarding the methods used in the analysis of the sulphide from waters can be
applied well-known techniques in analytical chemistry, depending on the variable amount
of sulphide. For this purpose classical and instrumental methods of analysis can be used.
The sulphide determination can be made using volumetric methods [1], spectrophotometric
methods [2-7] and electrometric methods [9-13]. Among all electrometric methods those
frequently used are direct or indirect potentiometric methods.
In this paper indirect determination of sulphide ion was achieved by potentiometric
titration.

Experimental
Apparatus and reagents
For measuring the electromotive tension an electrochemical cell was used containing a
platinum electrode as indicator electrode and a calomel-saturated electrode as the reference
electrode. The electrochemical cell was connected to a pH-meter/millivoltmeter MV-84
Clahmann - Grahnet. The solution was stirred with a magnetic stirrer.
For the determinations the following solutions were used:
–
½

10–1N Ce(SO4)2 solution in 10–1N H2SO4, provided by Merck;
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–

10–2N Na2S solution in 10–1N H2SO4, provided by Merck;

–

10–1N (NH4)2Fe(SO4)2. 6H2O solution, provided by Merck.

All reagents used in our studies were of analytical purity. The solutions were obtained in
bidistilled water.

Results and Discussion
Potentiometric determinations were made in an electrochemical cell containing a platinum
electrode and a calomel-saturated electrode. The Ce4+ solution was titrated with a Fe2+
solution. The reaction that takes place is:
Ce4+ + Fe2+ → Ce3+ + Fe3+
In the electrochemical cell were also added S2– ions. After the reduction of one part of the
initial amount of Ce4+, the Ce4+ remained was titrated with Fe2+.
From the titration curve the equivalence volume was calculated. Knowing the Ce4+ initial
concentration, the amount of Ce used to oxidize S2– ions can be calculated by difference
and the sulphide amount present in solution can be implicitly calculated.
In order to verify of the Ce4+ solution’s titre, 5 ml 10–1N Ce4+ solution was titrated with
10–1N Fe2+ solution. In the titration cell was also added 20 ml 10–1N H2SO4 solution. The
titration curve is presented in the Fig. 1.
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Fig. 1: Potentiometric titration curve of Ce4+ with Fe2+ ( cCe4+ = 10−1 N; cFe2+ = 10 −1 N ) .

From this figure 5 ml equivalence volume was obtained.

a) The time influence
The time influence on Ce4+ reduction by S2– was studied. For this purpose, 5 ml 10–1N Ce4+
solution, 10 ml 10–2N S2– solution and 10 ml 10–1N H2SO4 solution were added into the
electrochemical cell. From the potentiometric titration curves presented in Fig. 2, Fig. 3,
Fig. 4 and Fig. 5 the equivalence volumes were determined at 10 minutes, 20 minutes,
25 minutes, 30 minutes after adding S2– solution into the electrochemical cell.
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Fig. 2: Potentiometric titration curve of Ce4+ and S2- with 10-1N Fe2+ solution at 10 minutes
after adding S–- (Ve=4.75 ml)
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Fig. 3: Potentiometric titration curve of Ce4+ and S2- with 10-1N Fe2+ solution at 20 minutes
after adding S–- (Ve=4.125 ml)
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Fig. 4: Potentiometric titration curve of Ce4+ and S2- with 10-1N Fe2+ solution at 25 minutes
after adding S2– (Ve=4 ml)
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Fig. 5: Potentiometric titration curve of Ce4+ and S2- with 10-1N Fe2+ solution at 30 minutes
after adding S2– (Ve=4 ml)

The reactions that take place are:
2Ce4+ + S2- → 2Ce3+ + S0
Ce4+ + Fe2+ → Ce3+ + Fe3+
In Fig. 6 the equivalence volume is graphically represented as a function of time.
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Fig. 6: Graphic representation of equivalence volume as a function of time

From this figure a constant equivalence volume (4 ml) is observed at 25 minutes after
adding 10–2N S2– solution. In the following determinations 30 minutes were allowed to pass
before the titrations were done.

b) The influence of sulphide concentration
5 ml 10–1N Ce4+ solution, 10–1N H2SO4 solution and variable amounts of 10–2N S2– solution
(10 ml; 5 ml; 2.5 ml; 1 ml) were introduced into the electrochemical cell. The final volume
in the cell was 25 ml (10–1N H2SO4 solution was added).
The variation of equivalence volume with the S2– added amount was followed.
All titration were made at 30 minutes after adding S2– solution.
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In Table 1 the equivalence volumes obtained for variable amounts of 10–2N S2– solution are
presented.
Table 1. The equivalence volumes (ml) of 10–1N Fe2+ obtained at the titration of variable amounts of S2–
10–2N S2– volume
(ml)

10

5

2.5

1

10–1N Fe2+ equivalence
volume (ml)

4

4.5

4.75

4.9

S2– concentration

4 10–3N

2 10–3N

1 10–3N

.

.

.

.

4 10–4N

From this study is ascertain that, using the proposed method, S2– concentrations higher than
4.10–4N can be determined.

Conclusions
In this work the experimental conditions for potentiometric determination of sulphide anion
were established. An indirect method of sulphide anion determination was used. Known
concentrations of Ce4+ and S2- were added into the electrochemical cell. The Ce4+ was
titrated with a Fe2+ solution with known concentration. The difference between total Ce4+
and the resulted Ce4+ at the titration corresponds to the amount of Ce4+ reduced by S2-.
It was observed that the titration can be done at 25-30 minutes after adding S2- to the Ce4+
solution.
This method can be used for determination of S2- concentrations higher than 4.10-4N. The
method is reproducible, fast and allows the determination of sulphide ion in waters.
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PARTICLE-INDUCED X-RAY EMISSION (PIXE): A TOOL
FOR MULTIELEMENT ANALYSIS IN THE YEAST CELLSa
Ileana Cornelia Farcasanu½, F. Nishiyama½½ and T. Miyakawa½½½
abstract: The analytical particle-induced X-ray emission (PIXE) procedure for the multielement
analysis offers great potential for trace element analysis in the biological and medical fields.
Here we present the PIXE procedure as an accurate tool to detect both the major and the trace
chemical elements within the Saccharomyces cerevisiae cells.

Introduction
One of the main characteristics of living organisms is their ability to maintain certain
parameters within the physiological limits. Out of the basic homeostasis mechanisms,
regulation of the ratio between chemical elements must be an important determinant for
adaptation to various environments. Many elements, both major and trace elements [1, 2],
take part in the complicated biochemical reactions and one cannot say beforehand which
one has a crucial role in certain case. It is also known that there exist synergetic effects,
such that the concentration of certain element influences the function of another. If one has
a complete elemental profile, there is less chance of overlooking valuable information.
Particle-induced X-ray emission (PIXE) analysis is a multielement technique that has been
developing worldwide over the past years [3-6]. Certain advantages make it useful for
applications in biological sciences: 1) PIXE offers its maximum sensitivity or minimum
detection limit in two atomic number regions, 20 < Z < 35 and 75 < Z < 85; the former
region happens to contain the majority of trace elements of interest in various areas of
biological sciences. 2) PIXE analysis also determines several major elements such as K, Ca,
S and P, and it is often of great interest to know their concentrations. 3) Optimum
sensitivities are attained at rather low proton energies; this is important since it means that
small accelerators are most suitable for PIXE, with consequent benefits in both reliability
and economics. 4) Analysis times are typically a few minutes in duration. 5) The
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multielement nature of PIXE in combination with high sensitivity permits the determination
of many elements in a single run.
Trace metals (Fe, Zn, Cu, Mn, Co) play an important role in cell metabolism, especially as
coenzymes and cofactors in various cellular processes. Usually, the environmental
concentrations of such elements are low and cells must develop active transport processes
to accumulate them. On the other hand, when the internal concentration of these metals gets
higher than the physiological levels, they become toxic, mainly by non-specific binding to
proteins or by interference to other metals' metabolism. Under such circumstances, cells
develop defense strategies, by limiting the influx, by sequestering the excess cations in a
non-toxic form, or by activating the export. PIXE was used to monitory the uptake or efflux
rates of individual trace elements [7, 8] as well as the intracellular distribution of
manganese [9], in the Saccharomyces cerevisiae cells, but no multielement analysis was
carried out.
In this article we present PIXE as a way to measure highly encountered elements (K, S, P,
Mg) along with trace elements (Fe, Mn, Zn, Ca, Cu, Ni, Co) inside the cells of the yeast
Saccharomyces cerevisiae grown under standard conditions.

Experimental
Strains, media, and preparation of the PIXE samples
The brewer's yeast Saccharomyces cerevisiae, strain W303 1A (MAT a trp1 leu2 ade2 ura3
his3 can1-100) was used for our experiments. Cells were grown in liquid YPD (yeast
extract-polypeptone-dextrose) [10] supplemented with adenine (400 µg/ml) and uracil
(200 µg/ml). A preculture was used to inoculate the culture at a concentration of about
2 x 105 cells/ml. The cell suspensions were incubated with shaking for 8 hours at 28ºC.
Cells were harvested by centrifugation and were washed three times with deionized water.
Finally, cells were brought to the desired density by adding an appropriate volume of
deionized water. All centrifugation (3 min, 3000 x g) was done at 4ºC.

PIXE experiments
Suspensions with various cell densities were placed in aliquots of approximately 5 µl on
polycarbonate membranes (Nucleopore Corp., U. S. A., pore size 0.1 µm, thickness ~ 6
µm) and let dry overnight in a desiccator containing silicagel. The elements in the cellular
material were determined using a Van de Graaff accelerator (Nissin High Voltage Co. Ltd.,
model AN-2500). The proton energy used was 2 MeV for heavy elements (Z > 18), but for
detection of light elements (Z < 18), the proton energy was degraded to 0.75 MeV in order
to obtain a good signal-to-noise ratio. For Mg, P and S determinations, a Si (Li) X-ray
detector (Canberra SL80175) with 25 µm beryllium window was used. For K, Ca, Mn, Fe,
Ni, Cu, Zn determinations, a Ge (int) X-ray detector (ORTEC GLP-10180/07) with 127 µm
beryllium window was used. All data were accumulated by a multichannel pulse height
analyzer AMS-1000 (Laboratory Equipment Corp.). The elements determined were
expressed as µg/mg total cellular protein; total cellular protein content was determined by
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the method described by Bradford [11]. The measurements were carried out in five
different experiments, using triplicates for every sample.

Results and discussion
A typical example of a PIXE spectrum of the main elements present in the yeast cell are
presented in Fig. 1. The amounts of various elements determined by PIXE inside the
S. cerevisiae cells are presented in Table 1. Minimal detection limit within an organic
matrix is considered to be 10–7~10–6 mM [3]. If the yeast cell is considered to be a sphere of
5µ diameter, then for detecting for example Mn2+, whose average concentration in the cell
is around 5 mM [12], the minimal cell density in the sample should be of the 106 order. We
found for the majority of elements detected that the cell density 105-106 cells/sample gave
accurate and reproducible values (Table 1). However, when the cell density was higher
than 5 x 106, the reproducibility was poor, probably because of the interference of the cell
matrix.
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Fig. 1. A PIXE spectrum of elements found in yeast cell.
The yeast cells were grown to the log phase and concentrated by centrifugation. 5 µl of cell
suspension (106 cells, in this case) were used for PIXE analysis as described in the
Experimental section. One typical PIXE spectrum is presented.

Certain trace elements (Fe, Cu, Zn) were easy to determine by PIXE (Fig. 1), but in order to
measure some of the minor trace elements (e. g., Co, Ni,) it was necessary to optimize the
sensitivity. This was done by superposing two different spectral data.
The lightest element that could be detected in our experiments was Na, but the cellular
content determined increased with sample dilution and reproducibility of results was poor.
This observation suggested us that for light elements (Li, Na) other analytical techniques
(e. g., atomic spectroscopy) may be more appropriate.
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Table 1. The element composition of yeast cells as determined by PIXE.
The results are the average of five different measurements.
Element

Cellular content
(µg/mg protein)

OCD1
(cells/sample)2

Mg

21.93±0.57

1x105~1x106

P

167.5±5.95

1x105~1x106

S

19.56±0.93

2x105~1x106

K

169.77±15.23

1x105~1x106

Ca

2.33±0.15

2x105~1x106

Mn3

0.025±0.015

1x106~5x106

Fe

0.355±0.005

2x105~5x106

Co4

1.4x10-2

5x106

4

-3

2.7x10

5x106

Cu

0.122±0.003

1x106~5x106

Zn

2.26±0.02

2x105~5x106

Ni

4

-2

Br

Rb3
1

5x106

1.3x10

1x106~5x106

0.033±0.001
2

3

OCD = optimal cell density; Sample volume = 5µl; Minimal cell density for detection:
1x 106 cells/ml; 4 Minimal cell density for detection: 5x106 cells/ml.
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ENZYMATIC MARKER FOR TOXICITY
OF CONTAMINATED SOILS
S. Fleschin, A. Bunaciu and Mihaela Scripcariu½
abstract: The treatment of toxic wastewater and remediation of soil is greatly facilitated by
oxidizing the chemicals with selected activated sludge or mixed bacterial strains. Many different
chemicals are destroyed or degraded to less hazardous products by altering the chemical
structure of the molecule through reaction with the powerful hydroxyl radical. This simple to use
oxidant power of microorganisms is easy to prepare, is inexpensive and is used at ambient
temperatures and pressures..

Introduction
The concept of applications of enzymatic determination in wastewater treatment or soil
remediation is reconsidered now in modern way. The treatability of any industrial
wastewater, of course, depends upon its composition. A wastewater containing any of the
compounds susceptible to enzymatic oxidation is a candidate for treatment [1,2].
Industries produce wastewaters which contain some toxic organics susceptible to oxidation.
For example, the petroleum industry produces waste streams containing phenols, benzenes,
toluens and xylenes. Plywood and adhesive manufactures frequently have phenol,
formaldehyde and resorcinol wastes. The aerospace industry uses a combination of
chemicals including phenol, formic acid and benzoil alcohol in stripping paint from aircraft
[3,4]. Modern industries generating wastewater with enzymatic treatment possibilities are
listed below, in Table 1.

Experimental
It well known that dehydrogenases are a group of intra celular enzymes that are involved in
microbial oxidoreductase metabolism. This enzymes have been frequently used as an index
of microbial activity in wastewater and soil samples [5,6].
The activity of such enzyme is linked to the respiratory and energy producing processes, in
the cell, and basically depends on the metabolic state of microorganism.
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Determination of dehydrogenase activity in activated sludges or soil sample is usually
based on the use of tetrazolium salts as artificial electron acceptors, which are reduced by
microbial activity to red coloured formazans, which can be determined
spectrophotometrically [6-8].
By choosing appropriate conditions the natural H+ / e– acceptors of the microorganisms of
soil or sludge samples are replaced by the redox dye triphenyl tetrazolium chloride.
Respiration of the microorganisms causes a reduction of TTC to triphenyl formazan TPF,
which is red and insoluble in water. Concerning soil and sludge sample, TTC has been
applied exclusively in the determination of general dehydrogenase activity.
Table 1
Civilian industries

Military industries

Aircraft and engine cleaning waste water treatment

Air force, Navy Coast Guard, paint stripper
waste water
Engine cleaning wastewater

Electroplating circuit board wastewater

Electroplating circuit board wastewater

Aviation paint stripper wastewater

Plastic industry chemical process waste water

Rocket fuel waste water

Refinery phenol

Explosives waste water

Dye waste water

Remediation of contaminated soil

Textiles waste water
Pesticide production and application
Drugs and pharmaceuticals
Wood treating
Remediation of contaminated soils
Table 2. Redox processes in soil and sludge sample.
Reaction

Redox potential pH = 7,0 ; 1 atm

4H + 4 e + O2 ←⎯
→ 2H 2 O

E0 = + 800 mv

+

−

+

−

TTC + 2H + 2e ←⎯
→ TPF

E0 = + 490 mv

In this case, TTC replaces oxygen as final H+/e- acceptor in an aerobic mixed culture of
bacteria from soil or waste water sludge. TTC is significantly reduced only by the aerobic
cytocrome system.

Procedure for enzymatic determination
Enzymatic determination is shown schematically bellow:
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Results and Discussion
Spectrophotometric procedure for calibration curves is very simple.
Standard solutions with 0; 5; 10; 20; 30; 40 µg TPF/ml were made in methanol. The
UV-VIS spectra of TPF standard solution in methanol shows a principal absorption peak at
480 nm, which was the wavelength for the spectrophotometric readings of supernatant
samples (Fig. 1).
Dehidrogenase activity was quantified by measuring the optical density of the supernatant
against the blank at 480 nm.
The preliminary results was obtained with two sample of soil from a little garden 10 km
from Brazi factory and soil from treatment station of waste water whose belong phenol
factory.
In Fig. 2 are represented the variation of the absorbance at 482 nm with the amount of TPF
added for this soil samples.
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Fig. 1 UV-VIS spectra of TPF in methanol.

Fig. 2. Variation of the absorbance at 482 nm with the amount of TPF.

Conclusion
Small differences in absorbance were observed between the standard with garden soil and
treatment soil (r = 0.9995 and 0.9997 respectively) which indicates a good extraction with
methanol and presence of phenol in the proximity (10 km) of Brazi phenol factory.
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ANIONS COMPLEXES DU Pt(IV) EN ANALYSE ET CONTROLE
DES MEDICAMENTS. DETERMINATION ANALYTIQUE DE LA
PRENYLAMINE A L’AIDE DE K2[PT (SCN)6]
I. Gănescu½, G. Brătulescu½, V. Magearu½½ and Anca Gănescu½
abstract: This paper describe an analytical study about the products formed by chemical
reaction between prenylamine and anion complexes of Pt(lV). Elementary analysis of C, H and
N gave the molecular formulas of the substances. The products are ions-pair with high molecular
weight and small solubility in reaction medium. These proprieties were utilised for achievement
certain new dosage methods of prenylamine raw material: gravimetric, oxidimetric and
spectrometric methods.

Introduction
La prénylamine (Bismethin®, Carditin®, Corpax®, Elecor®) est une substance avec action
vaso dilatatoire, coronarienne utilisée dans le traitement de l’anger [1-4], de l’infarctus du
myocarde etc. Conformément à l’IUPAC, cette substance est dénommée N-(1-méthyl -2phényléthyl)-γ- phénylbenzènpropanamine et conditionnée sous forme du sel de l’acide
lactique (Agozol®, Angormin®, Coredamin®):

+

CH3

CH CH2 CH2 NH2 CH CH2

CH3

. CH OH
COO

-

La prénylamine possède un atome du carbone asymétrique, le produit pharmaceutique étant
un racémique.
Dans la littérature sont mentionnées un nombre réduit des références scientifiques
concernant l’identification et le dosage de la prénylamine. On connaît certaines réactions de
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précipitation, de changement de la couleur et des propriétés spectrales de cette substance
[5-7].
Les nouvelles méthodes de détermination de la prénylamine que nous avons tentés de
réaliser sont liés de la fonction basique de cette molécule. Gh. Morait et coll. ont employé
pour la détermination de la prénylamine des hétéro- polyacides: acide siliciumwolframique H4[SiW12O40] ou acide silicium- molybdique H4[SiMo12O40] [8].
Avant d’effectuer certaines réactions de détermination quantitative de la prénylamine nous
avons effectué une étude analytique concernant les conditions de réaction, puis les éléments
composants des produits (C, H, N) ont été déterminés quantitativement.

Partie expérimentale. Résultats et discussion
Les absorbances des solutions ont été mesurées à l’aide d’un spectromètre Spekol CarlZeiss Jena.
Nous avons observé que la prénylamine réagit avec les acides complexes du Pt(lV) agissant
comme une base monoprotonique. Pour obtenir les précipités avec les anions complexes du
Pt(lV) on a pris 0,1g de prénylamine qui, ensuite, sont dissous dans 10 mL de méthanol
afin d’être précipités avec les anions complexes utilisés [9-11]. On a ajouté chaque fois
25 mL de HCl à 2N lorsqu’il résulte des précipités jaune-oranges. Après 30 minutes de
précipitation, les cristaux résultants sont filtrés sur un entonnoir type Büchner (diamètre
10 cm), lavés avec de la solution saturée du filtrat, puis séchés à l’air (Tableau 1).
Tableau 1. Nouvelles produits chimiques de la prénylamine avec les hexaacidocomplexes du Pt(lV)
No.

Combinaison

M
calc.

Rend.
[%]

Aspect
Micro- Cristallin

1

(AH)2[Pt(SCN)6]

1604.48

98

2

(AH)2[PtCl6]

1468.99

3

(AH)2[PtBr6]

4

5

Analyse
Calculé

Trouvé

microcristaux
rouges- oranges

C:40.42
H:4.15
N:6.98

40.36
4.12
6.94

96

microcristaux
rouges- oranges

C:44.15
H:4.53
N:1.91

44.08
4.51
1.84

1743.99

97

microcristaux
rouges- oranges

C:37.19
H:3.81
N:1.61

37.15
3.78
1.58

(AH)2[Pt(NO2)6]

1507.99

94

microcristaux
rouges- oranges

C:43
H:4.41
N:7.43

42.93
4.37
7.38

(AH)2[PtI6]

2017.99

93

microcristaux
rouges- oranges

C:32.14
H:3.30
N:1.39

32.06
3.25
1.36

A= prénylamine; Cr sous forme de Cr2O3; S sous forme de BaSO4; N par gaz- volumétrie.

Le comportement thermique des complexes mentionnés dans le Tableau 1 nous a montré
que leur stabilité thermique est très élevée. Ils se décomposent aux températures de
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180-200°C ; c’est la raison pour quelle la méthode gravimétrique est très bien adaptée pour
la détermination de la prénylamine.

Détermination gravimétrique de la prénylamine
Pour la détermination gravimétrique de la prénylamine sous forme des complexes
thiocyanatoplatiniques on a procédé de cette manière : on a pris des échantillons 5-10 mg
de prénylamine qui ont été précipités, en milieu de HCl à 2N, avec K2[Pt(SCN)6] sous
forme de (PrénylamineH)2[Pt(SCN)6]. Le précipite obtenu sur un creuset verre fritté G4 est
lavé 3-4 fois avec 10 mL de l’eau distillée jusqu’a l’écoulement incolore du filtrat, puis il
est séché dans une étuve à 105°C jusque ce que la poids demeure constante. Les résultats
obtenus sont indiqués dans le Tableau 2.
Tableau 2. Détermination gravimétrique de la prénylamine sous forme de (PrénylamineH)2[Pt(SCN)6]
mg
prénylamine
prise d’essai

G complexe
pesé

mg
prénylamine
trouvé

mg

%

Données
Statistiques

2.56

7.75

2.56

0.00

0.00

M=1604.48 ;f=0.33

5.13

15.54

5.12

–0.01

0.19

ξ=2.64 ; s2=5.23.10–4

10.26

31.09

10.25

–0.01

0.10

s=2.34.10–2 ; t=0.43

20.52

62.18

20.51

–0.01

0.05

tn–1.∝=2.26 ; ∝=96%

Erreur

30.98

93.27

30.96

–0.02

0.06

8 – ts< A <8 + ts

41.04

124.36

41.06

+0.02

0.05

2.55<2.56<2.58

Les résultats expérimentaux portés dans le Tableau 2 ont été interprétés statistiquement
[12,13] et nous avons constaté que cette méthode de détermination n’est pas affectée des
erreurs systématiques.

Détermination oxydimétrique de la prénylamine
Pour déterminer la prénylamine par oxydimétrie nous avons procédé de façon similaire à la
méthode gravimétrique: le précipité est filtré et lavé sur une entonnoir type Büchner
(diamètre 5 cm) puis porté avec le papier dans un bêcher à 500 mL. On ajoute 10 mL
NaOH à 5% et on chauffe sur un bain d’air jusqu’à la décomposition du complexe lorsqu’il
résulte Cr(OH)3. On ajoute de l’acide chlorhydrique concentré, la quantité étant déterminée
selon la relation suivante:
VHClconc =

(

1.7 Vox +Vi

)

10.4

De telle manière que la normalité de chaque échantillon soit 1,7-2N. On ajoute 5mL de
CCl4 et 10 gouttes de ICl. On titre NCS- libre avec KMnO4 à 0,1N, KBrO3 à 0,1N, KIO3 à
0,1N et on établis que 1 mL de solution d’oxydant est équivalent avec 2,20 mg de
prénylamine. La stœchiométrie de la réaction de titrage est très avantageuse puisque 1 mol
NCS– consomme 6 équivalents-grammes de MnO4–, selon à la réaction:
NCS- + 4H2O→ SO42- + HCN + 7H+ + 6e-
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soit:
5NCS– + 6MnO4– + 13H+ → 6Mn2+ + 5HCN + 5SO42– + 4H2O

(1)

A l’équivalence il se produit la décoloration de la solution violette de l’iode dans CCl4 et
simultanément, la coloration de la solution aqueuse en rouge à cause de l’excès du
permanganate. Dans ce cas, le fin du titrage a lieu avec point final extrait et sans
consommation du réactif, à cause des réactions suivantes:
6SCN– + 6I+ + 4H2O → SO42– + HCN +3I2 +7H+
–

+

+

(2)

2+

5I2 + 2MnO4 + 16H → 10I +2Mn +8H2O

(3)

respectivement:
5SCN– + 30I+ +20H2O → 5SO42– +5HCN + 15I2 +35H+
15I2 + 6MnO4– + 48H+ → 30I+ +6Mn2+ +24H2O
Lors de la réaction (2) il y a formation d’iode moléculaire qui colore en violet la solution de
CCl4 même au début du titrage. Suite de la réaction (3) a lieu la décoloration du solvant
organique, donc le virage de l’indicateur (iode), mais sans consommation supplémentaire
du permanganate. Le fin du titrage est marqué donc par un double virage. A partir de ces
observations il résulte que la détermination de l’ion moléculaire NCS- est effectuée en
présence d’ICl [14,15]. La préparation de la solution d’ICl est effectuée à partir du KIO3,
KI et HCl, conformément à la réaction :
KIO3 + 2KI + 6HCl→ 3ICl + 3KCl + 3H2O
Les résultats expérimentaux sont rassemblés dans le Tableau 3.
Tabeau 3. Détermination oxydimétrique de la prénylamine sous forme de (PrénylamineH)2[Pt(SCN)6]
Prénylamine
[mg]
prise d’essai

No.
dét.

Moyenne
dét.
8

2,4

10

2,208

2,33.10-2

8,80

10

8,810

3,15.10-2

tb

tn-1,∝,
∝=95%

6,42.10-3

2,33.10-2

2,57

4,15.10-3

8,14.10-2

s

ta

Détermination permanganométrique

Détermination bromatométrique
4,40

10

4,396

1,15.10-2

3,14.10-3

1,13.10-2

.

.

-3

1,16 10

6,12.10-2

-2

17,60

10

17,602

2,03 10

8,80

10

8,798

2,94.10-2

1,14.10-3

2,14.10-2

13,20

10

13,204

1,18.10-2

2,02.10-2

4,12.10-2

2,57

Détermination iodométrique
2,57
2,57

Obs. :1mL de solution 0,1N d’oxydant (KMnO4, KBrO3, KIO3) est équivalent à 2,200 mg de prénylamine

Détermination spectrométrique de la prénylamine après précipitation
sous forme de (PrénylamineH)2[Pt(SCN)6].
1,32g-13,2 mg de prénylamineH est acidifiée avec quelques gouttés d’HCl à 20% et
précipitée avec K2[Pt(SCN)6] sous forme de (PrénylamineH)2[Pt(SCN)6]. Le précipité est
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filtré sur un entonnoir à plaque de verre fritté G4, lavé 2 à 3 fois avec 10 mL de l’eau
distillée, puis dissous dans l’acétone. La solution rouge- orange est portée dans une fiole
jaugée de 25 mL et on complète avec de l’acétone. On détermine l’absorbance de la
solution à 460 nm et constate que le loi de Lambert – Beer est vérifiée dans le domaine de
concentration 0.0528 – 0.528 mg/mL de prénylamine. Le coefficient molaire d’absorption
molaire est ε=1185 Lcm–1mol–1. La courbe de calibrage pour la détermination
spectrométrique de la prénylamine sous forme de (PrénylamineH)2[Pt(SCN)6] est présentée
dans la Fig. 1.

Absorbance

0.4
0.32
0.24
0.16
0.08
0
0

2

4
6
8
10 12
Prénylamine [mg/mL]

14

Fig..1. Détermination spectrométrique de la prénylamine comme (PrénylamineH)2[Pt(SCN)6].

Les résultats expérimentaux pour la détermination spectrométrique de la prénylamine sont
reportés dans le Tableau 4.
Tableau 4. Détermination spectrométrique de la prénylamine sous forme de (PrénylamineH)2[Pt(SCN)6]
No.

x[mg]

x2

y

y2

x.y

x+y

(x+y)2

1

1.32

1.7424

0.04

0.0016

0.0528

1.36

1.8496

2

2.64

6.9696

0.08

0.0064

0.2112

2.72

7.3984

3

3.96

15.6816

0.12

0.0144

0.4752

4.08

16.6464

4

5.28

27.8748

0.16

0.0256

0.8448

5.44

29.5936

5

6.60

43.56

0.19

0.0361

1.2540

6.79

46.1041

6

9.90

98.01

0.29

0.0841

2.8710

10.19

103.8361

7

13.20

174.24

0.39

0.1521

5.1480

13.59

184.6881

Total

42.90

368.082

1.27

0.3203

10.8570

44.17

390.1163

Le traitement statistique des données spectrométriques est fait grâce par régression linéaire
[12,13] comme la montre le Tableau 4. Les données de ce tableau nous ont permis la
vérification des calculs:
∑(x+y)²=390.1163
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∑x² + ∑y² + 2∑xy=390.1163
On constate que les deux valeurs sont exactes. Ainsi, la méthode proposée pour effectuer la
détermination spectrométrique de la prénylamine est reproductible et précise.
Les déviations standard σx et σy et le coefficient de régression r sont donc les suivants:

σx =
σy =

∑x

2

n

∑y

2

− x = 3.87
2

n

2

− y = 0.11

ξ=6,13; y =0,18

r=

∑ xy − x y
n
σxσ y

= 1.05 ≈ 1

La valeur de r ≈ 1 nous prouve que les résultats obtenus grâce à cette méthode sont
reproductibles et l’erreur est négligeable.
Les fonctions qui rendent meilleur la dépendance entre l’absorbance et la concentration du
produit actif dans l’échantillon (mg), établies par régression linéaire sont:
y− y =r

(

y
x−x
x

)

y=0.029845x-0.00295
et

x−x = r

(

x
y− y
y

)

x=36.94y-0.52

Conclusions
Nous avons élaboré trois nouvelles méthodes de détermination de la prénylamine sous
forme de (PrénylamineH)2[Pt(SCN)6]. L’interprétation statistique des résultats
expérimentaux nous a conduit à la conclusion que les méthodes élaborées par nous sont
reproductibles, suffisamment exactes et, comparativement, aux autres méthodes existantes
dans la littérature ne sont pas affectées d’erreurs systématiques. De plus, les méthodes
élaborées sont sélectives et nous permettent de réaliser une excellente détermination de la
prénylamine. Ces méthodes sont recommandées aux laboratoires d’analyse de produits
pharmaceutiques.
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ANIONS COMPLEXES DU PLATINE EN ANALYSE
ET LE CONTROLE DES MEDICAMENTS.
DETERMINATION DE L'ANAFRANILE
I. Gănescu½, G. Brătulescu½, V. Magearu½½, I. Papa½ and Anca Gănescu½
abstract: Some new gravimetric, oxidimetric and spectrometric methods for the anafranile
determination as (Anafranile.H)2[Pt(SCN)6]2 have been described. The experimental data statistic
processing proves that our methods are accurate enough and not affected by systematic errors.

Introduction
L'Anafranile (3-chlor-5-[3-(dimetilamino)- éthyle propyl]-10,11-dihydro-5H-dibenzo [b,f]
azepinechorohydrate) dénommée aussi 3-chloro-imipramide est un médicament
antidépressive, anticholinergique et antihistaminique. Le produit est administré sous forme
des dragées contenant 10-25 mg de chlorhydrate d'anafranile: La structure de l'anafranile
est la suivante:

10 11

9

2

8
7

1

6

5N

4 3 Cl
CH3
CH2 CH2 CH2 N
CH3

L'anafranile est synthétisée par une méthode décrite auparavant. [1] Dans la littérature
existe plusieurs méthodes de déterminations de ce médicament. [2] Nous avons observé que
dans le milieu acide l'anafranile précipite quantitativement avec l'anion [Pt(SCN)6]2- sous
forme de (anafranile.H)2[Pt(SCN)6]2. A partir de cette constatation nous avons développé
trois méthodes de déterminations des médicaments sous forme gravimétrique,
oxydimétrique et spectrométrique. [3,4]
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Partie expérimentale. Résultats et discussion
Les absorbances des solutions ont été mesurées à l’aide d’un spectromètre Spekol CarlZeiss Jena.

Obtention des sels complexes de Pt(lV)
Préparation de Na2[PtCl6].6H2O
Une solution concentrée de H2[PtX6] est diluée avec de l'eau en rapport 1:5. On ajoute de
NaCl calculé à la stœchiométrie (0,28 g de NaCl correspond à 1g de H2[PtX6]) et, sur un
bain-marie, on évapore le solvant à moitie. Apres refroidissement, dans la solution il
résulte des cristaux oranges de Na2[PtC6].6H2O.[5]

Préparation de K2[PtBr6]
D'abord on dissout le platine dans un mélange de HBr et Br2 via les réactions suivantes:
Pt + 2HBr + 2Br2→ H2[PtBr6]
H2[PtBr6] + 2KBr → K2[PtBr6] + 2HBr
On utilise 24,8 g de Pt, 80 mL de HBr à 48% et 30 mL de Br2.
Le mélange est tenu au reflux pendant 10 h. Dans cet intervalle du temps le platine est
dissous progressivement, ensuite, la solution résultante est évaporée sur un bain-marie, puis
le résidu est reprise avec de l'eau et, enfin, on ajoute 30 g de KBr. Tout de suite, il précipite
des cristaux octaédriques avec une couleur rouge. On filtre au vide, lave avec de l'eau
distillée et de l'éthanol. [6]

Préparation de K2[PtI6]
Pour obtenir K2[PtI6] on utilise H2[PtCl6] à 10% et un excès de solution concentrée de KI.
La réaction qui se produit est donc:
H2[PtCl6] + 8KI → K2[PtI6] + 6KCl + 2HI
On prenne 5 g de H2[PtCl6] et 10,2 g de KI et on procède comme dans le cas précédent.[7]

Préparation de K2[Pt(SCN)6].2H2O
On pèse 5 g de K2[PtCl6] et 6g de KSCN qu'on dissout au chaud lorsqu'il résulte la solution
concentrée du complexe de couleur rouge -orange. Apres refroidissement, il se dépose des
cristaux rouge- oranges de K2[Pt(SCN)6].2H2O. On recristallise dans l'eau chaude à 8090°C ou dans l'éthanol lorsqu'il résulte des cristaux de K2[Pt(SCN)6].2H2O hexagonales ou
octaédriques facilement soluble dans l'eau ou éthanol. [8] La réaction qui a eu lieu est:
K2[PtCl6]+6KSCN → K2[Pt(SCN)6]+6KCl
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Préparation de K2[Pt(NO2)6]
On pèse 5g de H2[Pt(SCN)6] et 4,5g de KNO2 qui sont dissous dans l'eau lorsqu'il résulte la
solution concentrée du complexe H2[Pt(SCN)6]. On ajoute 2-3 mL d'HNO3 concentré puis
on barbote NO et NO2 pendant 2h. Au début, il se forme un produit cristallin bleu qui
devient jaune pendant 4-5h. On filtre au vide et recristallise dans l'eau chaude. [9] Les
transformations qui se produisent sont les suivantes:
H2[PtCl6]+4KNO2 → K2[Pt(NO2)4] + 2KCl +2HCl+ Cl2
K2[Pt(NO2)4] + HNO3 +NO+ NO2 → K2[Pt(NO2)4(NO)(NO3)] → K2[Pt(NO2)6]

Obtention des sels des acides H2[PtX6] avec l'anafranile
10 mmol d'anafranile sont dissous dans 50-75 mL solution hydroalcoolique de méthanol
(1:1) et on traite avec 3mmol de K2[PtX6] dissous dans 20-25 mL d'eau. Apres 30-60
minutes les produits cristallins sont séparés et laissés au séchage dans l'air, après leur
filtration. Les résultats expérimentaux sont portés dans le Tableau 1.
L'étude thermogravimétrique du complexe de l' anafranile avec l'anion complexe de Pt(lV)
prouve une stabilité thermique du complexe dans l'intervalle 150-200°C ce qui nous a
permis utilisation de la méthode gravimétrique de détermination.
Tableau 1. De nouveau sels complexes des acides H2[PtX6] avec l'anafranile
No.

Combinaison

Masse
moléc.
calc.

Rend.
[%]

Caractère
microcristallin

Analyse
[%}
Calculé

Trouvé

1

(AH)2[PtCl6]

1039.57

92

microcristaux jaune

C:43.90
H:4.85
N:5.37

43.85
4.80
5.32

2

(AH)2[PtBr6]

1306.27

94

microcristaux jaune

C:34.94
H:3.86
N:4.29

34.86
3.81
4.22

3

(AH)2[PtBr6]

1588

93

microcristaux jaune

C:34.94
H:3.86
N:4.29

28.66
3.12
3.48

4

(AH)2[PtI6]

1176.37

98

microcristaux jaune

C:34.94
H:3.86
N:4.29

44.88
4.23
11.82

5

(AH)2[Pt(NO2)6]

1102.90

95

microcristaux jaune

C:41.38
H:4.57
N:12.69

41.30
4.51
12.62

A= Anafranile

Détermination gravimétrique de l'anafranile après précipitation
sous forme de (AnafranileH)2[Pt(SCN)6]
2,1-21 mg de Anafranile est acidulée avec 5mL de HCl à 0,1M, puis on précipite avec le
réactif analytique dans une solution hydroalcoolique jusque ce que le filtrat demeure
incolore. Le précipité est séché dans une étuve à 105°C pendant 1h. [10,11]
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Les résultats expérimentaux sont présentés au Tableau 2.
Tableau 2. Détermination gravimétrique de l'anafranile comme (AnafranileH)2[Pt(SCN)6]
Anafranile
prise
[mg]

G complexe trouvé
[mg]

Anafranile
trouvée
[mg]

mg

%

2,1

3,89

2,08

-0,02

0,95

4,2

7,88

4,22

+0,02

0,48

Erreur

8,4

15,75

8,43

+0,03

0,36

12,6

23,45

12,55

-0,05

0,40

16,8

31,44

16,83

+0,03

0,18

21,0

39,31

21,04

+0,04

0,19

Données statistiques
M=1176,37; f=0,5353
8=16,81
s²=6,33.10-4
s=2,52.10-2
t=0,40
tn-1,∝=2,26 ; ∝=95%
8 - ts< A <8 + ts
16,79 < 16,80 < 16,81

Détermination oxydimétrique de l'anafranile après précipitation
sous forme de (AnafranileH)2[Pt(SCN)6].
2,1-21 mg de Anafranile est traitée avec K2[Pt(SCN)6] conformément au mode opératoire
décrit antérieurement. On filtre le précipité sur papier filtrante, lave avec de l'eau distillée
jusqu'à ce que le filtrat coule incolore. On bouillit le précipité dans un bêcher de 500 mL
avec 20 mL de solution 5% de NaOH à la vue de la décomposition du complexe et
l'obtention de NCS- libres. On ajoute une quantité connue d’HCl de sorte que la
concentration normale de ce-ci libre dans chaque échantillon soit 1,7-2N (HCl à 37% a la
concentration normale 1,21 N), grâce à la relation suivante:
VHCl =

(

1.7 Vinitial +Voxidant

)

10.4

On ajoute 5mL de CCl4 et 10 gouttes de solution de ICl et on titre avec une solution 0,1N
de KMnO4, KBrO3 ou KIO5, sous agitation jusqu'à la décoloration de la couche de CCl4.
Grâce à leur pouvoir réductrice ces anions complexes peuvent être oxydés avec KMnO4,
KBrO3 ou KIO3 après une stœchiométrie favorable, en conditions expérimentales bien
choisisses. On observe que sont nécessaires 6 équivalents- grammes d'oxydant (KMnO4)
par anion NCS–:
NCS– + 4H2O→ SO42– +HCN + 7H+ + 6e–
5NCS– + 6MnO4– + 13H+ → 6Mn2+ + 5SO42– + 5HCN + 4H2O
NCS– + 3IO3– + 4H+ → 2SO42– + 3I+ +2HCN + H2O
NCS– + 3BrO3– + 4H+ → 2SO42– + 3Br+ +2HCN + H2O
La méthode est précise, rapide et comme il sort des données statistiques [12] n'est pas affectée
d'erreurs systématiques. Les résultats expérimentaux sont indiqués dans le Tableau 3.
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Détermination spectrométrique de la anafranile après précipitation
sous forme de (AnafranileH)2[Pt(SCN)6].
On prenne des échantillons de 1,6-12,8 mg d'anafranile qu'on ajoute dans un bêcher de
100 mL. Chaque échantillon est acidulé avec 1-2mL de HCl à 0,1M et on complète à un
volume de 50mL avec une solution H2O-C2H5OH (1:1), puis on précipite avec une solution
H2O-C2H5OH (1:1) de K2[Pt(SCN)6]. Le précipité jaune obtenu est filtré à l’aide d’un
entonnoir à plaque de verre fritté G4, lave 3 à 4 fois avec 10 mL H2O-C2H5OH (1:1), puis
on le dissout dans l’acétone et les solutions résultantes sont portées dans des fioles jaugées
de 25 mL et complétées avec de l’acétone. On détermine l’absorbance des solutions à
570 nm [13,14]. Les résultats expérimentaux sont indiqués dans le Tableau 4.
Tableau 3. Détermination oxydimétrique de l'anafranile comme (AnafranileH)2[Pt(SCN)6]
Anafranile
[mg]
prise

No.
dét.

Moyenne
dét.
8

s

ta

tb

tn-1,∝,
∝=95%

Détermination permanganométrique
2.1

10

2.113

2.78.10–2
.

21.22.10–4

–2

12.6

10

12.611

4.2

10

4.213

2.77.10–2

21.08

.

18.28.10–2

2.57

–4

18.51.10–2

2.57

23.11.10–4

18.36.10–2

2.57

.

2.52 10

28.70 10

Détermination bromatométrique
21.0

10

–2

.

3.05 10

–4

20.39 10

.

–2

18.44 10

2.57

Détermination iodométrique
8.4

10

16.8

10

8.409

2.33.10–2

26.05.10–4

18.01.10–2

2.57

16.810

.

.

18.21.10–2

2.57

–2

2.58 10

–4

6.07 10

1 mL de solution 0.1 N (KMnO4, KBrO3, KIO3) est équivalent à 0.8747 mg de anafranile
Tableau 4. Détermination spectrométrique de l'anafranile sous forme de (AnafranileH)2[Pt(SCN)6]
No.

x[mg]

x2

y[A]

y2

x.y

x+y

(x+y)2

1

1.6

2.56

0.10

0.0100

0.160

1.70

2.8900

2

3.2

10.24

0.19

0.0361

0.608

3.34

11.4921

3

4.8

23.04

0.29

0.0841

1.392

5.09

25.9081

4

6.4

40.96

0.40

0.1600

2.560

6.80

46.2400

5

8.0

64.00

0.49

0.2401

3.920

8.49

72.0801

6

9.6

92.16

0.58

0.3364

5.568

10.18

103.6324

7

11.2

125.44

0.68

0.4624

7.616

11.88

141.1344

8

12.8

163.84

0.78

0.6084

9.984

13.58

184.4164

Total

57.6

522.24

3.51

1.9375

31.808

61.11

587.7935

A partir des données du Tableau 4 nous pouvons passer au contrôle des calcules effectués:
∑(x+y)²=587.7935
∑x² + ∑y² + 2∑xy=587.7935
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Nous observons que les deux valeurs sont très proches l'une de l'autre ce qui démontre que
la méthode proposée par nous est reproductible et précise.
Les déviations standards σx, σy et le coefficient de régression r sont donc les suivants:

∑x

σx =
σy =

2

∑y

2

n

r=

2

− x = 3.666; ξ = 7.2

n

2

− y = 0.223; y = 0.4387

∑ xy − x y
n
σx σ y

= 0.9998 ≈ 1

La valeur de r ≈ 1 nous prouve que les résultats obtenus grâce à cette méthode sont
reproductibles et l’erreur est négligeable.
Les fonctions qui rendent meilleur la dépendance entre l’absorbance et la concentration du
produit actif dans l’échantillon (mg), établies par régression linéaire sont:

(

)

y=0.0608171x +0.0008170

(

)

x=16.436174y-0.0105495

y− y =r

y
x−x
x

x−x = r

x
y− y
y

L'intervalle de la concentration auquel est valable la loi de Lambert-Beer est
0.064mg – 0.512mg d'anafranile. Le coefficient d’absorption molaire est
ε=1792.1262 Lcm–1mol–1. La courbe de calibrage pour la détermination spectrométrique est
présentée en Fig. 1.
0.8

A

0.6
0.4
0.2
0
0 1 2 3 4 5 6 7 8 9 10 11 12 13
mg anfranile/25mL
Fig. 1. Détermination spectrométrique de l'anafranile sous forme de (AnafranileH)2[Pt(SCN)6].

Variation de l'absorbance du complexe (AnafranileH)2[Pt(SCN)6] en fonction de la
longueur d'onde est présentée en Fig. 2:
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Fig. 2. Variation de l'absorbance de (AnafranileH)2[Pt(SCN)6] en fonction de λ.

Détermination de l'anafranile dans les comprimés
On pulvérise finement, par broyage, dans un mortier d’agate 20 pastilles d'anafranile (10mg
d'anafranile chlorhydrate par pilule). On pèse sur une balance analytique 0,10-0,15g
d'échantillon que l'on traite comme il a été décrit au-dessus. Le précipité lavé de l'excès du
réactif est porté quantitativement dans un ballon de 100mL et on ajoute de l'acétone
jusqu'au signe. La solution obtenue de couleur jaune- orange est analysée photométrique
comme nous avons indiqué lors de la réalisation de la courbe d'étalonnage (λ=570 nm). La
quantité d'anafranile dans chaque essai est mesurée à l'aide de la courbe d'étalonnage (Fig. 1).

Conclusions
L'anafranile peut être déterminée quantitativement avec l'anion [Pt(SCN)6]2– sous forme de
(AnafranileH)[Pt(SCN)6] par voie gravimétrique, oxydimétrique ou spectrométrique.
Tous les résultats expérimentaux ont été affinés statistique et on a constaté que les
méthodes élaborées par nous ne sont pas affectées d'erreurs systématiques, sont suffisantes
de rapides et exactes; c'est le motif pour quel nous les recommandons aux laboratoires
d'analyse et contrôle des médicaments.
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DETERMINATION OF VITAMIN C FROM
SOME NATURAL PRODUCTS PRESERVED
UNDER DIFFERENT STORAGE CONDITIONS
Nicoleta Matei½ and V. Magearu½½
abstract: Ascorbic acid (Vitamin C) is an essential Vitamin which participates in many different
biological processes. The ascorbic acid content in vegetables and fruits is a maturity index and
its determination in such samples is of special interest in quality control. In this paper we present
a titrimetric method with potassium bromide for the determination of ascorbic acid in walnut,
cabbage and some herbs. For determination of ascorbic acid we used titrimetric method with
potassium brommat-bromide solution in the acid medium. Ascorbic acid, C6H8O6 is cleanly
oxidized to dehydroascorbic acid by bromine. Ascorbic acid is instable and his preservation
depends on the way and on the time duration of the storage. The different ways of storage of the
vegetable products leads to the different preservation of ascorbic acid into the samples.

Introduction
Ascorbic acid (AA), also referred to as L-ascorbic acid or Vitamin C, is a water soluble
Vitamin and it is largely used in therapy as an anti-infections of cells. Vitamin C was first
known to prevent scurvy, disease which is a rare clinical finding today, but interest in
ascorbic acid persists [1].
Hence, ascorbic acid has to be supplemented mainly through fruits, vegetables and tablets.
The current US recommended daily allowance (RDA) for ascorbic acid ranges between
100-120mg/ per day for adults. Many health benefits have been attributed to ascorbic acid
such as antioxidant, anti-atherogenic, anti-carcinogenic, immunomodulator and prevent
cold etc. Thus, though ascorbic acid was discovered in 17th century, the exact role of this
vitamin/nutraceutical in human biology and health is still a mystery in view of many
beneficial claims and controversies [2].
Ascorbic acid is a labile molecule; it may be lost from foods during cooking/processing
even though it has the ability to preserve foods by virtue of its reducing property.
As is evident from the structural formula, ascorbic acid possesses a relatively high reducing
power. It is easily and reversibly oxidized to dehydroascorbic acid, which is still
physiologically active, though much less stable. Further conversion beyond the
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dehydroascorbic acid stage results in the irreversible formation of physiologically inactive
diketogluconic acid [3-5].
Vitamin C is extremely unstable in neutral or alkaline solution in oxygen. It must be
acidified with metaphosphoric acid, thiourea or sodium metabisulfite [6-8].
Though the literature is replete with the different types of methods for the analysis of such
diversified products, efforts continue in the search of better methods. Such attempts to
quantify ascorbic acid in these samples have resulted in a large number of methods:
titrimetry, voltammetry, fluorometry, potentiometry, kinetic-based chemiluminescence
(CL), flow injection analyses and chromatography. [9-11]
In this paper we present a titrimetric method for determination of Vitamin C from herbs,
cabbage and walnut.

Experimental
For determination of ascorbic acid we used titrimetric method with potassium bromatbromide solution in the acid medium [12].
Ascorbic acid, C6H8O6 is cleanly oxidized to dehydroascorbic acid by bromine:

An unmeasured excess of potassium bromide is added to an acidified solution of the
sample. The solution is titrated with standard potassium bromide to the first permanent
appearance of excess bromine: this excess is then determined iodometrically with standard
sodium thiosulfate. The entire titration must be performed without delay to prevent airoxidation of the ascorbic acid [13-15].
All reagents were of analytical-reagent grade and all solutions were prepared using
distilled-deionized water.
The reagents used have been: Na2S2O3 0.1N, KBrO3-KBr 0.05N, K2Cr2O7 0.1N, H2SO4 1N,
H2SO4 1:2, KI, starch indicator 1%.
For ascorbic acid determination has been used different vegetable products in different
ways of storage: walnut, parsley, dill and cabbage. To observe how easy it’s losing Vitamin
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C once with high temperature, we determine Vitamin C concentration from: fresh, dry,
frozen and boiled herbs.
The samples were weighed, crushed, dissolved in water and transferred into a 100mL
volumetric flask. After that, was filtered and from analysis we take a portion of this filtrate.
From juice of pickle cabbage we take an amount of these products directly in analysis.

Results and Discussions
L-ascorbic acid was determined from Vitamin C tablets with orange taste. The analytical
results are given in Table 1 and suggest that the results obtained with titrimetric method are
good and the ascorbic acid amount determined was 0.3% more than the tablet’s original
content.
Table 1. Ascorbic acid concentrations in pharmaceutical products by the proposed procedure.
Sample

L-ascorbic acid content
of tablets(mg/tablet)

Found L-ascorbic acid
contents(mg/tablet)

Recovery (%)

Vitamin C
tablet with
orange taste

100

103.09

97

The contents of L-ascorbic acid in herbs and cabbage were determined by titrimetric
method and the results are given in Table 2 and respectively in Table 3.
Table 2. Determination of ascorbic acid from parsley and dill by the titrimetric method.
Products

L-ascorbic acid contents (mgAA/g product)

Fresh parsley

175.53

Frozen parsley

152.33

Loss (%)
13.31

Boiled parsley

169.50

3.43

Dry parsley

170.14

3.07

Fresh dill

141.76

Frozen dill

123.13

13.14

Boiled dill

136.22

3.9

We observe one variation of Vitamin C concentration depending on time, temperature and
light, the big losing of Vitamin concentration being after we frozen the parsley (13.21%)
and respectively the dill (13.14%).
Table 3. Vitamin C concentration from cabbage
Products

L-ascorbic acid contents (mgAA/g product)

Fresh cabbage

56.53

Pickle cabbage

36.25

Juice of pickle cabbage

11.49

Loss (%
15.54
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In conclusion, drying herbs is a good way for Vitamin C preservation.
In cabbage it’s a big Vitamin C quantity per 100g products. After cabbage preservation, a
portion of Vitamin is finding in juice of pickle cabbage. The losing of this Vitamin is just
15.54%.
We determined the ascorbic acid from walnut; it is a very big source of this one. In walnut
exist 11600mg Vitamin C per 100g green products and approximately 2500mg per 100g
dry products, so the Vitamin C concentration is diminished with 78%.

Conclusions
As a result of this work, the titrimetric method was found to be advantageous comparatively
to other methods reported in the literature: it is sensitive, economic, practical and less timeconsuming.
In the dry, boiled and frozen products the active form of Vitamin C oxidizes at
diketogluconic acid, which doesn’t have vitaminic action.
The method has been used for ascorbic acid determination on different type of vegetables:
cabbage, parsley, dill and walnut
After results obtain, we observe that in fact the fresh products has important vitamin C
amount necessary human body.
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PARAMETERS INFLUENCING THE RETENTION MECHANISM
OF RALOXIFEN AND ITS RELATED IMPURITIES IN
HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY
A. Medvedovici½, F. Albu½½ and V. David½
abstract: The main parameters influencing the retention of Raloxifen and its related impurities
in reversed-phase liquid chromatography using a monolithic column were studied. Among them
the organic modifier content, pH, and temperature were studied for developing an optimum highperformance liquid chromatography with diode-array detection method in pharmaceutical
samples.
keywords: Raloxifen; retention mechanism; hydrophobicity; liquid chromatography

Introduction
Optimization of the separation in reversed-phase liquid chromatography (RP-LC) of
ionizable compounds is usually focused on the following parameters of the mobile phase:
organic modifier, pH and ionic strength of the aqueous component. On the other hand, the
optimization of the separation will take into account the parameters belonging to the
analytes of interest and characterizing the stationary phase. Combining these parameters
into a single model in order to predict the LC separation is rather difficult, and up to the
present several attempts have been advanced [1-4].
In this paper the main parameters that influence the retention of a new drug (Raloxifen) and
its related impurities were studied in order to develop an optimized method for their HPLCDAD determination in pharmaceutical mixtures. Raloxifen hydrochloride is relatively a
new drug, which has not been included up to now in International Pharmacopoeias (USP,
BP or EP). Its structure as well as the structures of four main related impurities resulted
from synthesis procedure are given in Fig. 1.

Experimental
Experiments were performed with an Agilent 1100 liquid chromatograph built-up from a
quaternary pump, autosampler, column thermostat, degasser and diode-array detector
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(DAD). Chromatographic data were acquired by means of the Chemstation software
(Agilent Technologies). A Chromolith Performance RP-18e column (100 mm length; 4.6
mm i.d.), purchased from Merck (Darmstadt – Germany) was used. The column
temperature was set up at 25°C. UV detection was achieved at 240 and 284 ± 2 nm
(reference wavelength: 480 ± 10 nm). Flow-rate of the mobile phase was 2.0 mL/min.
HO

S

S

OH

OCH3

CH3O

O

O C C N
H2 H2

(impurity B)

(Raloxifen)

HOOC

O CH2

CH3O

CH2 N

OCH3

(impurity C)

HO

S

O

COOCH3

O C C N
H2 H 2

(impurity D)

(impurity E)
Fig. 1: Structure of Raloxifen and its four related impurities.
Table 1. Elution gradient program.
Time (min)

% Aqueous component
(solvent A)

% Methanol
(solvent B)

0

75

25

2,5

60

40

3,5

35

65

20

15

85

The mobile phase consisted of methanol as organic modifier and the aqueous component:
buffer solution containing 0.1% H3PO4 adjusted to pH = 7.5 with triethylamine (TEA). A
gradient elution was applied according to the Table 1. Injection was done automatically for
a volume of 10 µL. A methanol solution containing 4 µg mL–1 of each analytes of interest
was used in this study.
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Application
pH dependence
The reversed-phase (RP) mechanism of an ionisable analyte in LC is strongly influenced by
the pH-value of the aqueous component of the mobile phase. The retention of acid analytes
is enhanced by decreasing the pH of the aqueous component to the acidic domain, while the
retention of basic analytes is increased by increasing the pH value, but not more than 9 (the
analytical column is damaged). The primary equilibrium of an acid compound R-OH that
takes place in the mobile phase is following:
R-OH ↔ R-O– + H+ K a =

[RO − ][H + ]
[ROH]

(1)

K
[RO − ]
= +a
[ROH] [H ]

One results that:

(2)

According to the major relationship in LC:

k ' = α ⋅ k 'ROH + (1 − α) ⋅ k 'RO-

(3)

where k’ is the capacity factor, defined as (tr – td)/td, tr – the retention time and td – the dead
time of the separation; the indexes refer to the species involved in the LC separation. α
represents the fraction of the analyte R-OH as following:
α=

[ROH]
[H + ]
= +
−
[ROH] + [RO ] [H ] + K a

(4)

and consequently (1 – α) is the fraction of R-O-.
Combining the above relationships, one obtains that the capacity factor of an analyte ROH
in reversed-phase mechanism is given by the next equation:
k'=

1
k 'ROH + k 'RO− ⋅10 pH − pK a
1 + 10 pH − pK a

(

)

(5)

According to this equation the contribution of RO– to the retention of the acidic species is
lower at low pH values (acid mobile phase) and pH < pKa. For higher pH-values the
contribution of this species becomes significant and thus the acid compound has a low
retention. From the studied compounds only Raloxifen, impurity C and impurity E are
influenced by the pH-value of the aqueous component. However, Raloxifen and impurity C
contain a secondary amine also, and thus the influence of pH on the functional groups will
be opposite. Therefore, only the impurity E can be observed as having retention depending
on pH, as all acid-like solutes behave in reversed-phase LC. The overall effect of pH on
their retention can be deduced from Fig. 2, while the dependence of the capacity factor on
pH for impurity E is represented in Fig. 3. According to these data one results that low
variation of pH-value of the aqueous component in the mobile phase (due to possible errors
in obtaining the buffer solution) do not influence significantly the main chromatographic
parameters.
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0
0
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6
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Capacity factor (k')

Fig. 2: Retention of Raloxifen and its related impurities for different pH-values
of the aqueous component in the mobile phase.
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Fig. 3: Dependence of the capacity factor on pH for impurity E.
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Hidrophobicity parameter
The capacity factor is related to the octanol/water partition coefficient (known as the
hydrophobicity parameter, and denoted here by Ko,w [5].
ROH
k 'ROH = β ⋅ Ko,w

RO
k 'RO− = β ⋅ K o,w

(6)

−

(7)

β represents the stationary phase/mobile phase volume ratio in the column. The value of log
Ko,w can be measured experimentally, by means of shake-flask extraction experiments, or
can be theoretically estimated by means of the fragment methodology [6]. This parameter
plays a major role in predicting the retention behaviour of analytes in sample in reversedphase or ion-pair mechanisms [7]. According to this parameter the analytes elute in order
given by the increased value of the hydrophobicity parameter.

Organic modifier content in the mobile phase
A polynomial correlation between the capacity factor and concentration of methanol (used
as organic modifier) in the mobile phase was observed for these analytes, under gradient
elution (with the elution programs given Table 2). Because of different hydrophobicity
parameters of the considered analytes, gradient elution conditions were thus necessary.
Studies in such conditions have been recently reported and used in estimating different
solute properties [9]. The capacity factor (k’) for each chromatographic separation was
computed, and the dependence of k’ on the initial methanol concentration (Cm) in the
mobile phase was studied, according to the following linear relationship:
k ' = A + B1 ⋅ Cm + B2 ⋅ Cm2

(8)

where A can be used in estimating the value of ko,w extrapolated for pure water in the
mobile phase that is related to the hydrophobicity parameter by means of the eqs. 6 and 7.
Within narrow interval of organic modifier concentration this dependence becomes a linear
or polynomial regression. The dependences of the retention on the organic modifier
concentration in the mobile phase according to several elution programs given in Table 2
are depicted in Fig. 4 (overlaid chromatograms) and Fig. 5 (as polynomial regressions). The
main regression parameters were calculated and given in Table 3.
Table 2. Several elution programs for studying the retention of analytes of interest.
Time
(min.)

Program 1

Program 2

Final program

A

B

A

B

A

Program 3

Program 4

B

A

B

A

B

0

70

30

74

26

75

25

76

24

80

20

2.5

55

45

59

41

60

40

61

39

65

35

3.5

30

70

34

66

35

65

36

64

40

60

20

10

90

14

86

15

85

16

84

20

80

These dependences can be used in extrapolating to the variations of the mobile phase within
±0.1% around the value of the organic modifier content in the mobile phase. According to
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the studied dependences such variations do not influence significantly the retention time
and the resolution values between pair of analytes. Therefore, the method is robust towards
this parameter.

mAU

70

C

D
B

Raloxifen

E

Program 4

60

Program 3

50

Final program

40

Program 2

30

Program 1

20
10

min

0
5

2.5

17.5

15

12.5

10

7.5

Fig. 4: Overlaid chromatograms corresponding to five elution programs (given in Table 2).
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2
20

22

24

26

28

30

Initial concentration of methanol (%)
Fig. 5: Dependences of the capacity factor of Raloxifen and its related impurities
on the organic modifier concentration (C) in the mobile phase.
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Table 3. Regression parameters for the dependences given in Fig. 5.
Analyte

A

B1

B2

r2

Raloxifen

27.976

–1.254

0.0180

0.9999

Impurity B

5.869

–0.253

0.0032

0.9996

Impurity C

49.651

–1.487

0.0105

0.9999

Impurity D

44.943

–1.532

0.0149

0.9999

Impurity E

8.477

–0.256

0.0018

0.9999

Temperature
The distribution of an analyte between mobile and stationary phases is governed by the
standard free enthalpy (∆G0). The relationship between ∆G0 and the distribution coefficient
of the analyte i between the two phases (Ki), and finally in terms of the retention data is
following:
Ki = β ⋅ k = e
'
i

−

∆G 0
RT

(9)

By changing ∆G0 with the enthalpy and entropy of transfer of solutes from the mobile
phase to the stationary phase, these thermodynamic parameters can be calculated from
retention data by evaluation of van’t Hoff plots. Thus, the retention factor can be expressed
in terms of standard enthalpies and entropies of transfer from the mobile to stationary phase
according to the following relationship [10,11]:
ln k ' = −

∆H 0 ∆ S 0
+
+ ln β
RT
R

(10)

The enthalpy (∆H0) refers to the transfer of the analyte from the mobile phase to the
stationary phase. Entropy (∆S0) represents the entropy change of the system (between the
mobile and stationary phase). R is the gas constant (8.314 J⋅K–1⋅mole–1). A plot of lnk’ vs.
1/T (known as van’t Hoff plot) is linear, if ∆H0 and ∆S0 are independent on the temperature.
The slope of the van’t Hoff plot gives the standard enthalpies of transfer; the standard
entropies of transfer are calculated from the intercept and depend on the phase ratio. The
plots of ln k’ vs 1/T in the temperature interval of 20 – 30°C for Raloxifen and its related
compounds are given in Fig. 6. Then ∆H0 and ∆S0 were estimated by means of the
regression parameters and given in Table 4. lnβ was taken as 0.405, considering that
usually the porosity volume of a chromatographic column represents approximately 0.4
from the entire volume [12].
These values of ∆H0 and ∆S0 are in very good agreement with those obtained for other
solutes on similar columns and for the same temperature interval, e.g. aromatic
hydrocarbons [13], phenols [14] or basic compounds [15]. Unlike other thermodynamic
studies, carried out by similar LC separations, such as for amiodarone and its metabolites
[16], this study pointed out quite a different behaviour of one of the compounds (impurity
B) in comparison with the others. The difference between the impurity B and the other
analytes of interest is that the first one has no ionisable functional groups in order to be

76

A. MEDVEDOVICI  F. ALBU  V. DAVID

ln k'

influenced by the pH-value of the mobile phase, which at its turn is influenced by column
temperature.
3.4
3.2
3.0
2.8
2.6
2.4
2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Impurity C
Impurity D
Raloxifen

Impurity E

Impurity B

0.00330 0.00332 0.00334 0.00336 0.00338 0.00340 0.00342

1/T
Fig. 6: Dependence of the retention of Raloxifen and its related impurities on column temperature.

Table 4: Regression parameters for Raloxifen and its related compounds for the dependence
of the retention on temperature and the main thermodynamic parameters.
Regression parameters
Analyte

Thermodynamic parameters

a

b

∆H0
(kJ⋅mol–1)

∆S0
(J⋅mol–1⋅K–1)

Raloxifen

–0.435

744.24

–6.188

–6.98

Impurity B

4.617

–1258.0

+10.459

+35.02

Impurity C

0.357

772.06

–6.419

–0.40

Impurity D

–1.654

1319.98

–10.974

–17.12

Impurity E

–4.279

1623.56

–13.498

–39.94

On the other hand, the regression parameters a and b for the dependences of the capacity
factor for each analyte on column temperature can be used in estimating the variation of
their retention time values when column temperature varies within a range of ±0.5°C
around 25°C as expected to occur for a validated LC system. In this case, such variations of
the column temperature will result in the retention time variations situated within the
normal interval of variation of this parameter.
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Conclusions
The main parameters influencing the retention of Raloxifen and its related impurities in
reversed-phase liquid chromatography were studied and used for developing a
chromatographic method for their separation and determination. The dependences can be
used in predicting the variation of the retention parameters (retention time, capacity factor,
resolution between pairs of analytes) when the chromatographic parameters change
randomly their values within a certain interval of variation. On the other hand, the study can
be useful in understanding the partition process in reversed-phase liquid chromatography.
REFERENCES
1.

Espinosa, S., Bosch, E. and Roses, M. (2000) Anal. Chem. 72, 5193.

2.

Vervoort, R.J.M., Ruyter, E., Debets, A.J.J., Claessens, H.A., Cramers, C.A. and de Jong, G.J. (2001)
J. Chromatogr. A 931, 67.

3.

Neue, U.D., Phoebe, C.H., Tran, K., Cheng, Y.F. and Lu, Z. (2001) J. Chromatogr. A 925, 49.

4.

Espinosa, S., Bosch, E. and Roses, M. (2002) J. Chromatogr. A 947, 47.

5.

Hansch, C. and Anderson, S.M. (1967) J. Org. Chem. 32, 2583.

6.

Meylan, W.M. and Howard, P.H. (1995) J. Pharm. Sci. 84, 83.

7.

David, V., Albu F. and Medvedovici, A. (2004) J. Liq. Chromatogr. Rel. Technol. 27, 951.

8.

Ionescu, M., Farca, A., David, V. and Medvedovici, A. (2003) Rev. Roum. Chim. 48(10).

9.

9. Dias, N.C., Nawas, M.I. and Poole, C.F. (2003) Analyst 128, 427.

10. Sentell K.B. and Dorsey, J.G. (1989) Anal. Chem. 61, 930.
11. Dorsey, J.G. and Cooper, W.T. (1994) Anal. Chem. 66, 857A.
12. Vervoort, R.J.M., Debets, A.J.J., Claessens, H.A., Cramers, C.A., Jong, G.J. (2000) J. Chromatogr. A 897, 1.
13. Ranatunga, R.P.J. and Carr, P.W. (2000) Anal. Chem. 72, 5679.
14. Miyabe, K. and Guiochon, G. (2002) Anal. Chem. 74, 5754.
15. Schlauch, M. and Frahm, W. (2001) Anal. Chem. 73, 262.
16. Medvedovici, A., David, V., Albu, F. and Farca, A. (2004) Rev. Roum. Chim. in press

FIRST DERIVATIVE SPECTROMETRY
FOR DETERMINATION OF A RUBBER ANTIOXIDANT
Zenovia Moldovan½ and Laurenţia Alexandrescu
abstract: The aim of our study was to develop a simple method for quantitative estimation of an
amine antioxidant, namely 2,2,4 – trimethyl – 1,2 – dihydro – quinoline (TMHQ), used in the
manufacture of industrial rubber. In order to avoid the influence of other polymer additives, the
analysis of TMHQ was made by derivative spectrometry. Thus, by applying the first derivative
spectrum of TMHQ, Beer’s law has been valid in the concentration range 0.25-10µg TMHQ /mL.
Measurements were made at 254 nm. At this wavelength, the first derivative spectra of the other
polymer additives cross the zero line.

Introduction
Aromatic amines are widely used as rubber antioxidants in industry. Almost all methods
reported for the estimation of the antioxidants are usually based on their separation from the
other additives, after extraction from the polymer [1]. As an inexpensive alternative to the
separatory techniques (HPLC [2], GC-MS [3], MS-HPLC [4], capillary liquid
chromatography [5]), we have reported in recent papers [6÷8] a simple method for
estimation of the antioxidant, by derivative spectrometry. As a continuation of these
studies, the present work is concerned with the determination of TMHQ in presence of
other additives, by first derivative spectrometry.

Experimental
Reagents
All the chemicals used were of analytical-reagent grade (Merck) and all the solutions were
prepared in ethanol. The following vulcanization accelerators were selected:
2-cyclohexylbenzothyazil sulphenamide (CBS) and diphenylguanidine (DPG). The
antioxidant used was 2,2,4 – trimethyl – 1,2 – dihydro – quinoline (TMHQ). As plasticizer,
stearic acid (SA) was used. Stock solutions containing 100 µg polymer additive/mL were
prepared in ethanol. Working solutions were obtained by appropriate dilutions of the stock
solutions with ethanol.
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Apparatus
All absorption spectra and derivatives were recorded with a Jasco-V 530 UV-VIS double
beam spectrophotometer, equipped with a pair of 1-cm path length quartz cells and
interfaced to a compatible computer running a spectrophotometric software. This
equipment allows a direct derivatization up to the third-order. The suitable wavelength at
which derivative spectrum crosses the zero-line was linearly approximated from two
neighbouring measurements. Suitable settings were: slit width, 1 cm; scan speed,
200 nm/min.

Procedure
Suitable volumes of stock solutions containing 100 µg polymer additive/mL were placed
into the 10-mL calibrated flasks and brought to volume with ethanol. Also, mixtures of
stock solutions containing suitable amounts of the investigated polymer additives were
placed into the 10-mL standard flasks and diluted to the mark with ethanol. The absorption
spectra of the samples were recorded between 220 and 350 nm, against ethanol. For the
estimation of TMHQ, the value of the first derivative spectra was measured at the selected
"zero-crossing" wavelength of the first derivative spectra of the other additives commonly
presented in mixtures with TMHQ (λ = 254 nm).

Results and Discussion
Spectral characteristics of the polymer additives
In Fig. 1 the absorption spectra of the investigated polymer additives are shown. The
spectra of TMHQ, CBS and DPG overlap considerably, while the spectrum of SA is
insignificant in the 220 – 350 wavelength range. So, UV conventional spectrum of TMHQ
is not suitable for its determination in presence of CBS and DPG.

Fig. 1. Conventional UV spectra of some polymer additives.
TMHQ ( _____ ); CBS (- - - -); DPG (- . - . - ) ; SA ( . . . . . );cTMHQ = cDPG = cCBS = cSA = 10 µg/mL
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First derivative absorption spectra of the polymer additives
Fig. 2 shows the first derivative synchronous spectra of the polymer additives in ethanol,
recorded against the reagent blank. As we observe, at 254 nm the derivative signal of the
accelerators CBS and DPG passes through zero, while that attributed to SA is zero. This
point can be used for the determination of TMHQ in presence of CBS, DPG and SA, by
applying the quantitative zero-crossing method [9]. Thus, when the first-derivative signals
of the interferents (here CBS and DPG) are zero, the derivative spectrum of the analyte
(TMHQ) is a function only of its concentration.

Fig. 2. First derivative spectra of some polymer additives
TMHQ ( _____ ); CBS (- - - -); DPG (- . - . - ) ; SA ( . . . . . );cTMHQ = cDPG = cCBS = cSA = 10 µg/mL

Conformance to Beer’s law
As is shown in Fig. 3, a reproductible straight line dependence of dA/dλ signal with the
concentration of TMHQ was obtained in the range 0.25-10 µg/mL.

Fig. 3. Conformance to Beer’s law, for the antioxidant TMHQ

Determination of TMHQ in synthetic mixtures
As preliminary tests, the spectrometric method has been applied to the quantitative analysis
of TMHQ in several binary mixtures with each interferent, in different ratios. Table 1
summarizes the results calculated from the calibration graph. As it can be seen from Table
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1, the determination of the antioxidant TMHQ can be easily and selectively performed in
the presence of the other additives. Only DPG has a significant effect on the determination
of TMHQ at a 4-fold excess with respect to TMHQ. In real samples, the studied polymer
additives are added in the following ratio: TMHQ-CBS-DPG-SA = 1:2:2:3. For testing the
validity of the proposed method, synthetic samples whose composition corresponds to real
samples were prepared and general procedure applied for TMHQ determination. Table 2
shows the results obtained. As we observe, the first order derivative spectrometry applied to
complex mixtures of rubber additives allows the determination of TMHQ in presence of
three other constituents, in the concentration range 0.25-5 µg/mL, with a relative error not
greater than + 6 %.
Table 1. Results of TMHQ determination in ternary mixtures by the use of the first derivative (mean values for
three independent measurements; RSD = relative standard deviation)
TMHQ
in
sample,
µg/mL

THQM found by
first derivative*,

2.50
2.50
2.50

2.50
2.44
2.40

–
– 2.40
– 4.00

CBS

2.5
5
10

2.50
2.50
2.50

2.50
2.62
2.75

–
+ 4.80
+ 10.00

DPG

2.5
5
10

2.50
2.50
2.50

2.50
2.50
2.50

–
–
–

SA

2.5
5
10

Interferent, µg/mL

RSD, %

µg/mL

* Measurements were performed at λ = 254 nm.
Table 2. Results of TMHQ determination in multicomponent mixtures by the use of the first derivative (mean
values for three independent measurements; RSD = relative standard deviation)
TMHQ
in
sample,
µg/mL

TMHQ found by
first derivative*,

0.25
0.50
1.00
2.50
5.00
10.00

0.25
0.50
1.00
2.57
5.29
7.20

RSD, %

µg/mL

–
–
–
+ 2.80
+ 5.80
– 28.00

Interferents, µg/mL
CBS DPG SA
0.50
1.00
2.00
5.00
10.00
20.00

0.50
1.00
2.00
5.00
10.00
20.00

0.75
1.50
3.00
7.50
15.00
30.00

* Measurements were performed at λ = 254 nm.

Conclusion
The first derivative spectrometric method proposed for determination of TMHQ is simple
and permits its determination in multicomponent mixtures. Also, the preliminary step of
separation of the polymer additives from each other is avoided. In our following
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experiments, the determination of the antioxidant in real rubber samples, containing the
studied polymer additives, will be performed.
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DNA-BASED BIOSENSOR FOR DETECTION
OF GENETICALLY-MODIFIED ORGANISMS
A.G. Nica, M. Mascini½ and A.A. Ciucu½½
abstract: An electrochemical genosensor for the monitoring of hybridization was used in order
to develop and characterize a DNA biosensor-based assay for the detection of geneticallymodified organisms (GMOs). Screen-printed gold electrodes were modified with a suitable thioltethered DNA sequence (probe) related to the sequence of the 35S promoter (target) inserted in
the genome of GMOs and responsible for regulating the transgene expression. An enzymeamplified detection scheme was applied in order to quantify the electrochemical signal produced
by reaction between probe sequence and target sequence (analyte). The assay was firstly
characterized using synthetic oligonucleotides. Relevant parameters such as probe concentration,
hybridization and enzymatic reaction time were investigated and optimized. Electrochemical
techniques for DNA-modified electrodes control were used.
keywords: Biosensor; Screen-printed electrode, Genetically-modified organisms.

Introduction
In recent years there has been a considerable increase in the use of nucleic acids (DNA or
RNA) as a tool in recognition and monitoring of many compounds of analytical interest
(pollutants, toxic substances, antitumor drugs, pathogenic nucleic acid sequences etc.) due
to the high stability and huge variability of nucleic acids sequences. Nucleic acids layers
combined with electrochemical transducers produce a new kind of affinity biosensors for
analytes of interest.
GMOs are referred to as living organisms whom genome has been modified by the
introduction of an exogenous gene able to express an additional protein that confers new
characteristics. The foreign DNA is usually inserted in a gene “cassette” consisting of an
expression promoter, a structural gene (encoding region) and an expression terminator (Fig. 1).
Alternatively physical methods (e.g. particle gun) or chemical methods (e.g. polyethylene
glycol or electroporation) may be used [1]. The promoter of the subunit 35S of ribosomal
RNA of cauliflower mosaic virus (P35S) is widely used for the production of many
transgenic vegetables, as soy Roundup Ready TM, maize Mais-Gard and the tomato Flavr
Savr. Some genetically engineered plants are waiting for authorization, whereas others have
already been approved by several countries: US, Canada, European Union, Switzerland,
Australia, Argentina, Brazil and Japan. Concerning GM plants, new proteins usually confer
½
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herbicide tolerance [2], fertility/maturation modification or virus, fungi, parasite, drug or
insect resistance [3]. Labelling of the genetically modified organism is not mandatory in
US, but in Europe the novel food regulation will require the labelling.

Fig. 1. Schematic representation of a “gene cassette”,
consisting of a promoter, a structural gene (coding region) and a terminator

The ability of DNA and RNA complementary single strands to reform their double-helical
structure was discovered more than 35 years ago [4]. Lately, new biosensor-based
technologies have emerged toward the development of a fast low-cost practical diagnostic
device. These technologies rely on the immobilization of a single-stranded DNA probe onto
an electrochemical, optical, or piezoelectric transducer, which converts the recognition of
the target sequence into an electrical signal (reviewed in [5]). In recent years, considerable
efforts have been made to create an electrochemical sequence-specific DNA hybridization
biosensor [5-l3]. Progresses in the development of electrochemical DNA-hybridization
biosensors have been summarized in some excellent reviews [14-18].
Recent reports have concentrated only on synthetic oligonucleotides, showing that the
hybridization can be monitored by variation of current or potential values [19-22]. Only a
few authors [23-25] have reported the detection of hybridization event by using PCRamplified DNA from real samples with electrochemical DNA biosensors to obtain reliable
measurement of clinical interest.
Prof. Mascini’s group developed piezoelectric [26] and optical [27] genosensors for GMOs
detection, providing useful tools for screening analysis in food samples.
In this paper we describe a simple, sensitive and selective screening method, which can be
used for the detection of GMOs. This method associates the hybridization of DNA with an
electrochemical biosensor. The system relays on DNA sensing based on the hybridization
of a nucleic acid probe immobilized on the screen-printed electrode transducer and the
complementary oligonucleotides (target) in solution. The immobilized probe is specific for
35S promoter sequence, characteristic of GMOs. Electrochemical methods consist in cyclic
voltammetry (CV) and constant curent chronopotentiometry (CCCP) were used in order to
detect hybridization reaction between DNA-modified sensor surface and target sequence
(analyte).

Experimental
Reagents and materials
Aldrich provided sulfuric acid 95-98% (Catalog no. 25,810-5) and potassium chloride
(Catalog no. 420,800-0). Potassium ferrocyanide (Catalog no. 22,768-4) and potassium
ferricyanide (Catalog no. 20,801-9) were obtained from Aldrich.
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Sodium dihydrogen phosphate monohydrate, (p.a., Cat. No 106346), di-sodium hydrogen
phosphate dihydrate (p.a., Cat. No 106580) from Merk (Darmstadt, Germany) were used
for phosphate buffer (PBS) preparation.
Fluka provided 6-mercapto-1-hexanol (MCH) (Catalog no. 63762) and bovine serum
albumine (BSA) (Catalog no. 05490) and Sigma provided 5-bromo-chloro-3-indolyl
phosphate/nitro blue tetrazolium (BCIP/NBT) (Catalog no. B 1911) and streptavidinalkaline phosphatase conjugate (Catalog no. S 5795).
Diethanolamine (DEA) was from Sigma (Catalog no. D 8885).
Synthetic oligonucleotide for DNA probe (having group C6-SH at the 5’ termination) was
purchased from Sigma-Genosys (Cambridge, UK) and biotinylated synthetic
oligonucleotides were purchased from Pharmacia Biotech (Uppsala, Sweden).
5’-mercaptohexyl-DNA probe sequences was 5’HS-(CH)2-GCT CCT ACA AAT GCC
ATC ATT GCG A-3’, target DNA sequence (complementary strand) was 5’biotinyl-TCG
CAA TGA TGG CAT TTG TAG GAG C-3’ and non-complementary DNA strand was
5’-biotinyl-TGC CCA CAC CGA CGG CGC CCA CGG A-3’.

Apparatus
Electrochemical experiments were performed with an AUTOLAB PGSTAT 10
electrochemical analysis system, with GPES4 software package (Eco Chemie B.V.,
Utrecht, The Netherlands), in connection with a VA-Stand 663 (Metrohm, Milan).

Fig. 2. Screen-printed electrodes configuration

Screen-printed electrodes were printed with a Model 245 screen printer, type DEK
(Weimouth, UK) using inks obtained from Acheson Italiana (Milan, Italy). Graphite-based,
silver, gold and insulating inks (Electrodag) were used. Working electrode was made from
gold ink and geometrical area was 7 mm2. Reference and auxiliary electrodes were made
from silver ink and graphite ink, respectively (see Fig. 2).
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All electrochemical measurements were carried out at room temperature in a 2 ml PTFE
beaker.

Procedures
Preparation of DNA-modified gold electrodes
Preparation of DNA-modified electrodes was a multi-step procedure, as presented in Fig. 3.
This procedure consists in surface pretreatment, immobilisation of DNA probe (25-mer),
post-treatment with MCH, hybridisation with biotinylated target DNA sequence, coupling
with the streptavidin-alkaline phosphatase conjugate and incubation with the enzymatic
substrate (BCIP/NBT) of alkaline phosphatase.
a)

Gold electrode surface pretreatment followed an electrochemical method (cyclic
voltammetry). Electrochemical cell was a 2 ml PTFE beaker, with all electrodes
(working, reference and auxiliary electrode) printed on the same substrate of polyester
flexible film. CV parameters were: Umin = - 0.3 V, Umax= + 1.6 V, υ = 100 mV/s, n = 4,
where is Umax first vertex potential, Umin is second vertex potential, where, υ is scan
rate, n is number of scans (see Fig. 4). As electrolyte H2SO4 0.5 M (in KCl 0.1 M) was
used. After pretreatment, electrodes were kept in PBS until next step.

b) Immobilization of DNA probe (25-mer) consists in placing 10 µL of
5’-mercaptohexyl-DNA solution (10 µg/mL in PBS) onto the gold working electrode
surface overnight. Next day the electrode surface was carefully rinsed with purified
water and electrodes were kept in PBS until used.
c)

Post-treatment of gold electrodes with MCH: 10 µL of 1 mmol/L MCH aqueous
solution were placed onto the probe-modified electrode for 30 min.

d) Hybridization of probe-modified surface with target sequence was accomplished by
placing 10 µL of 5’-biotinylated target sequence (complemantary strand) in PBS for
20 min. After that, electrodes were washed with DEA buffer and kept wet until used.
e)

Coupling with the stptavidin-alkaline phosphatase conjugate: 10 µL of the enzymatic
conjugate (1 U/mL in DEA buffer, pH 9.6 + 8 mg/mL BSA) were reacted biotinylated
hybrid for 20 min.

f)

Incubation of enzyme-labeled DNA-modified electrodes with enzymatic substrate:
30 µL of BCIP/NBT mixture were incubated onto the biomodified sensor surface for
20 min. Incubation of enzymatic layer with substrate produces an insoluble product
which precipitates in the mixed monolayer of MCH/enzyme-conjugate biotinylated
hybrid. The precipitate acts as barrier which impedes the charge and mass transfer of
redox probe in the electrochemical measurement (CV or CCCP).Electrodes were
carefully washed with KCl 0.1 M and kept wet until measured.
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Fig. 3. Preparation of electrodes using a multi-step procedure

Electrochemical measurements
Electrochemical detection based on CV and CCCP techniques was used for assessment of
hybridization of target DNA sequence with probe sequence immobilized onto sensor
surface. A redox probe detection scheme based on [Fe(CN)6]3/4– (1 mM in KCl 0.1 M) was
applied in both CV and CCCP measurements.
CV parameters were: Umin = –0.3 V, Umax= + 0.6 V, υ = 100 mV/s, n = 1, where is Umax first
vertex potential, Umin is second vertex potential, where, υ is scan rate, n is number of scans.
For CV measurements, anodic peak current was considered when compared different
electrodes.
CCCP parameters were I = 10 µA and t = 50 s where I is constant curent which was
imposed to flow in the cell and t is the time of measurement. For CCCP measurements, the
final equilibrium potential (taking into account the overpotential required for passing the 10
µA constant current) was considered in order to compare different electrodes.
For CV and CCCP were prepared sets of six different electrodes (1, 2, 3, 4, 5 and 6)
following the preparation procedure. Thus, all six electrodes are prepared in the same mode
until the formation of a mixed monolayer of MCH/DNA-SH (steps a, b and c in preparation
procedure). After that, electrodes 1 and 2 were exposed to enzymatic conjugate solution and
to the substrate solution (steps e and f in preparation procedure); electrodes 3 and 4 were
exposed to non-specific biotinylated target sequence solution (1 µg/mL), to enzymatic
conjugate solution and to the substrate solution (steps d, e and f in preparation procedure);
electrodes 5 and 6 were exposed to specific biotinylated target sequence solution
(10 µg/mL), to enzymatic conjugate solution and to the substrate solution (steps d, e and f
in preparation procedure).

Results and discussion
Preparation of DNA-modified gold electrodes
Electrochemical cleaning of electrodes (pretreatment) of electrodes was used in order to
remove the impurities from the electrodes surface. The increase in oxidation and reduction
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peaks (not shown) in CV voltammograms underline cleaning process. The curents remained
constant after four scans.
Immobilization of DNA probe was achieved due to chemisorption of SH group onto gold
surface of electrode. Because chemisorption of 5’-mercaptohexyl-DNA is not the only
phenomenon which takes place onto gold surface, we tried to remove the amount of wikly
adsorbed DNA. For that reason we employed a post-treatment procedure in order to obtain
a highly ordered MCH/DNA-SH monolayer. By comparing DNA-modified electrodes with
and without post-treatment (results not shown) we decided to keep the post-treatment
reaction of sensor surface with MCH for electrode preparation procedure.
The influence of DNA probe concentration on signal was investigated. We checked
different DNA probe concentrations (1, 10, 20, 50, 100 µg/mL) and we decided that the
most suitable probe concentration is 10 µg/mL in order to achieve high signals with lowest
amount of DNA probe (see Fig. 4). dI represents difference in anodic peak currents of
redox probe ([Fe(CN)6]3/4-) for a DNA probe-modified electrode and an electrode without
immobilization step in the preparation procedure. The currents were recorded in CV
experiments and ∆I is plotted versus probe concentration in Fig. 4.
40
d I (µA)
30

20

10

0
0

20

40

60

80 100 120

DNA probe concentration (µg/mL)
Fig. 4. Influence of probe concentration on signal variation

The detection scheme is based on hybrid formation between DNA probe and target
sequence. In order to see if the sensor selectively recognizes the complementary DNA
sequence we compared electrodes that were exposed to specific (complementary)
biotinylated DNA and to non-specific (non-complementary) biotinylated sequence.
The influence of incubation time (with enzymatic substrate) on signal was investigated. We
checked different incubation times (10, 20, 30 60, 120 min) and we decided that the best
incubation time is 20 min for achieving high signals in shortest time (see Fig. 5). dI
represents difference in anodic peak currents of redox probe ([Fe(CN)6]3/4-) for a modified
electrode with a given incubation time and an electrode without incubation step in the
preparation procedure. The currents were recorded in CV experiments and dI is plotted
versus incubation time in Fig. 5.
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Fig. 5. Influence of incubation time on signal variation

Electrochemical detection
Sets of six electrodes (prepared as mentioned in “Procedures” section) were run in CV and
CCCP experiments. For illustration, Figs. 6 and 7 are presented. Each curve corresponds to
each electrode, thus curve 1 belongs to electrode 1, curve 2 belongs to electrode 2 and so
on. Concentration of analyte (complementary biotinylated target) for electrodes 5 and 6 was
1 µg/mL and concentration of non-specific (non-complemantary) biotinylated target was
ten times bigger in order to check the selectivity of the sensor. The responses in CV
measurements for electrodes 5 and 6 were similar and represented a decrease in anodic (or
cathodic) peak currents (a decrease of ~25 µA) comparing with electrodes 1, 2, 3 or 4 in
Fig. 6.

Fig. 6. Cyclic voltammograms for six different electrodes
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A possible explanation for the decrease of the current for electrodes which performed a
hybridization step could be insoluble product formation (which precipitates in the sensor
biolayer) due to enzymatic reaction driven by alkaline phosphatase. This insoluble product
could hinder the mass and charge transport which are responsible for reduction currents.
The other effect of the precipitate is that of the shifting of the peak potentials for oxidation
and reduction curves. The degree of the shift is in around 300 mV.
We expected that electrodes 1, 2, 3 and 4 to behave similarly because no precipitate could
be formed in the layer and the corresponding currents to be higher than those of electrodes
5 and 6.

Fig. 7. Chronopotentiograms for six different electrodes

In good agreement with CV measurements, one can see that hybridization phenomenon
could be revealed by chronopotentiograms in Fig. 7. Electrodes 5 and 6 which were
exposed to hybridization with complementary DNA target sequence presented a much
different final equilibrium potential at the end of the CCCP measurements. A reasonable
explanation for this behaviour is that the overpotential required by electrodes exposed.
40
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Fig. 8. Calibration plot for detection of complementary DNA sequence

CV measurements for different electrodes prepared in the same manner as electrodes 5 and
6 (step d, we used different concentrations of specific biotinylated target) allowed us to
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obtain a calibration curve. As depicted in Fig. 8, limit of detection for the method was
0.1 µg/mL and the linear range of the response is 0.1-1 µg/mL.

Conclusion
With the progress of molecular biology, demand for gene analysis is increasing more than
ever. Electrochemical gene analysis is one of the promising methods as far as the analytical
speed and sensitivity is concerned. We described a novel electrochemical assay for nucleic
acid sequence detection based on the DNA hybridization between an immobilized probe
sequence and target sequence in sample solution.
A disposable, electrochemical DNA biosensor has been developed using screen-printed
electrodes. The biosensor has been characterized using 25-mer oligonucleotides as model
for the 35S promoter sequence and it was able to distinguish between full-matched (target),
and non-complementary DNA sequences, with a detection limit of 0.1 µg/mL of target
sequence. A 10 min hybridization time allowed a full characterization of each sample.
At the present stage of the technology, an amplification step is necessary to analyze real
samples.
Further work includes the analysis of fragments of the 35S promoter sequence in DNA
sample isolated from the biological sources amplified by polymerase chain reaction (PCR)
and application of more sensitive electrochemical pulse techniques such as: Differential
Pulse Voltammetry (DPV) and Square Wave Voltametry (SWV).
Acknowledgements
The authors are grateful to Prof. M. Mascini, University of Florence, for kindly providing the DNA sequences.
Anton Ciucu is grateful to NATO fellowship awarded by the National Council of Research-Italy. The authors
would like to thank also the National Institute of Biostructure and Biosystems, in particular their Research
Grant in the frame of Project intitled “L’Impiego dei biosensori nella valutazione dell’esposizione occupazionale a
inquinanti chimici e biologici”.

REFERENCES
1.

Motti, C., Dainese, E., Mascini, M., Minunni, M. and Cozzani, P. I. (2000) Italy J. Biochem. 49 3.

2.

Niederhauser, C., Gilgen, M. and Meyer, E. (1996) Mitt. Gebeite Lebensm. Hyg. 87 307.

3.

Minunni, M., Mascini, M., Mascini, M. and Cozzani, I. (2001) Anal. Lett. 33(15), 3093.

4.

Marmur, J., Rownd, R. and Schildkraut, C.L. (1963) Progress in Nucleic Acids Research, J.N. Davidson and
W.E. Cohn, (Eds.), Academic Press, New York and London, 232.

5.

Mikkelsen, S. R. (1996) Electroanalysis 8, 15.

6.

Hall, J.M., Moore-Smith, I., Bannister, J.V. and Higgins, I.J. (1994) Biochem. and Molec. Biol. Int. 32, 21.

7.

Hashimoto, K. and Ishimori, Y. (1994, Anal. Chem. 66, 3830.

8.

Johnston, D.H., Glasgow, K.C. and Thorp, H.H. (1995) J. Am. Chem. Soc. 117, 8933.

9.

Millan, K.M., Saraulo, A. and Mikkelsen, S.R. (1994) Anal. Chem. 66, 2943.

94

A.G. NICA  M. MASCINI  A.A. CIUCU

10. Pang, D.W., Qi, Y.P., Wang, Z.L., Cheng, J.K. and Wang, J.W. (1995) Electroanalysis 7, 774.
11. Wang, J., Palecek, E., Nielssen, P., Rivas, G., Cai, X., Shiraishi, H., Dontha, N., Luo, D. and Farias, P.A.M.
(1996) J. Am. Chem. Soc. 118, 7667.
12. Wang, J., Cai, X., Rivas, G. and Shiraishi, H. (1996) Anal. Chim. Acta 326, 141.
13. Xu, X.H. and Bard, A.J. (1995) J. Am. Chem. Soc. 117, 2927.
14. Pividori, M. I., Merkoci, A. and Alegret, S. (2000) Biosens. Bioelectron. 15, 291.
15. Yang, M., McGovern, M.E. and Thompson, M. (1997) Anal. Chim. Acta 346, 259.
16. Wang, J. (2000) Nucleic Acids Res. 28(16), 3011.
17. Palecek, E. and Fojta, M. (2001) Anal. Chem. 73, 74.
18. Palecek, E. (2002) Talanta 56, 809.
19. Loewy, Z.G. and Pottathil, R. (1993) Diagnostics in the Year 2000: Antibody, Biosensor and Nucleic Acid
Technologies, Singh, P., Sharma, B. P., Tyle, P. (Eds.), Van Nostrand Reinhold, New York, Chapter 22,
389–410.
20. McPherson, M.J., Quirke, P. and Taylor G.R. (Eds.) (1991) PCR: A Practical Approach, IRL Press (Oxford
University Press), New York.
21. Erdem, A., Kerman, K., Meric, B., Akarca, U.S. and Ozsoz, M. (2000) Anal. Chim. Acta 422, 139.
22. Yan, F., Erdem, A., Meric, B., Kerman, K., Ozsoz, M. and Sadik, O.A. (2001) Electrochem. Commun. 3, 224.
23. Keller, G.H. and Manak, M.M. (1989) DNA Probes, Stockton Press, New York, Chapter 1, 18–22.
24. Napier, M.E. and Thorp, H.H. (1997) Langmuir 13, 6342.
25. Minunni, M., Tombelli, S., Mariotti, E. and Mascini, M. (2001) Fresen. J. Anal. Chem. 369, 589.
26. Mannelli, I., Minunni, M., Tombelli, S. and Mascini, M. (2003) Biosens. and Bioelectron. 18, 129.
27. Mariotti, E., Minunni, M. and Mascini, M. (2002) Anal. Chim. Acta 453, 165.

THE SEPARATION AND PURIFICATION OF NEW COMPACT
CONDENSED HETEROCYCLIC SYSTEMS
WITH THIAZOLIC RING BY HPLC
Cristina Rădulescu½, C.M. Tărăbăşanu½½, Ana Maria-Hossu½,
Ionica Ionită½ and V. Magearu ½½½
abstract: In this present study two original compact condensed heterocyclic systems with
thiazolic ring, 2-aminothiazolo[4,5-b]chinoxalin-6-carboxylic acid and 2-aminothiazolo[5,4b]chinoxalin-7-carboxylic acid, in mixture, were synthesized. They have never been quoted in
the specific literature and never been separated by classic methods of separation. The high
performance liquid chromatography, HPLC, was applied in this case to lead at the separation and
purification of the aminothiazolo-chinoxalines mixture. The chromatograph Jasco 800 was used
in this work and if can be used for both analytical and purification purposes. An important stage
choosing the chromatographically column; finally several tests were performed in order to purify
and separate the heterocyclic systems from the mixture. The gel permeation columns were
chosen NUCLEOGEN® 4000-7 DEAE type. They were considered to be the most appropriate
because they allow retention times long enough for an efficient separation and do not present the
colmation phenomenon for the heterocyclic systems. IR, UV-VIS, NMR spectroscopy and
elemental analysis characterized the structure of synthesized heterocyclic systems.

Introduction
The obtaining of mixed condensed aromatic ring systems was the object of numerous
studies in the last years, this due to the special characteristics which these structures confer
to the dyestuffs.
The stability of the compact condensed substances having thiazolic ring are the
characteristic of every aromatic ring. Thus, the special biological activities of the thiazolic
ring determined scientists to study and to apply them in many areas and there are series of
precursors of heterocyclic azo dyes deriving from thiazolo-chinoxalines.
The direct substitution of thiazolic heterocyclic system has formed the object of many
studies, because the compact condensed substances with thiazolo ring was used for
synthesis of cationic dyes.
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The structures, which we have obtained, have beside the thiazolil ring a chinoxalinic ring
unit condensed with the first.

Experimental part
The heterocyclic systems 2-aminothiazolo[4.5-b]chinoxalin-6-carboxylic and 2-aminothiazolo[5.4-b]chinoxalin-7-carboxylic acids were obtained by next stage, in accordance
with reactions presented in figure no 1.
1) In synthesis were used the 4-aminobenzoic acid premium matter. After this acid was
treated with NaOH 20% solution, was obtained the sodium salt of 4-aminobenzoic
acid, 2. The protection of the amino group, -NH2, was made by acetylating with acetic
acid when resulted the N-acetyl-4-aminobenzoic acid, 3, white powder.
2) Nitration of N-acetyl-4-aminobenzoic acid with nitrating acid was made by usual
methods found in the literature.[1] The compound 4 was hydrolyzed in medium HCl
32%, to recovery the amino group, resulting the 5-nitro-4-aminobenzoic acid, 5, orange
powder, witch was purified by recrystallization of ethyl alcohol.
3) Reduction the compound 5 at 6 using method Béchamps in accordance with literature
[1] and the 4,5-diaminobenzoic acid was purified by recrystallization of ethyl alcohol.
4) The 2,3-dihidroxichinoxalin-6-carboxilic acid, 7, was obtained by condensation of
compound 6 with oxalic acid in water acidified with sulphuric acid 98%, in accordance
with the literature [2]. The purification of this product was made by recrystallization of
ethyl alcohol, when resulted yellow dark powder.
5) The nucleophile substitution reaction at groups –OH (compound 7) with –Cl
(compound 8) was made by chlorination with PCl5 and POCl3 at reflux, in 8 hours.
Finally the reaction product was transferred over cool water and ice when the yellow
2,3-dichlorochinoxalin-6-carboxilic acid, precipitated immediately.
6) The 2,3-dichlorochinoxalin-6-carboxilic acid was treated with ammonium
sulphocyanate in DMF, at reflux 10 hours; the molar ratio compound 8:NH4SCN = 1:1.
The sulphocyanine derivatives of chinoxaline 9 and 10 were prepared and purified by
recrystallization of ethyl alcohol and by HPLC. These methods proved the presence of
a mixture of two compounds with were used in the next step [4,9].
7) 2-amino-3-sulphocyanochinoxalin-6-carboxilic and 2-sulphocyano-3-aminochinoxalin6-carboxilic acids were obtained by treating compounds 9 and 10 with NH3 in CH3OH
at 90-1000C, under pressure, in stainless steel reactor; products 11 and 12 (dark yellow
powder) was treated with ammonia alcoholic solution, 20 hours, in reactor at 60-70 at;
finally the mixture, compounds 11 and 12, was purified with ethyl alcohol for remove
the resins.
The classic chromatographic resolution methods indicate the presence of impurities
that could not by remove totally of the mixture of the two carboxylic acids. Separation
of compounds 11 and 12 of the mixture was possible by HPLC. The next step of the
reaction, the NA was possible on chemically cleans compounds (yeld~51,5 %) [4,9].
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8) Compounds 11 and 12, in mixture, were refluxed 12 hours in HCl 5N and finally
mixture filtered hot; the filtrate (contain chlorhidrats the compounds 10 and 11) is
treated with NH3 25% when pH=7,5. 2-aminothiazolo[4,5-b]chinoxalin-6-carboxilic
acid, 13, and 2-aminothiazolo[5,4-b]chinoxalin-7-carboxilic acid 14, in mixture, were
purified by recrystallization of ethyl alcohol (yield ~35%) [4,9].
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Fig. 1. Synthesis of 2-aminothiazolo[4,5-b] chinoxalin-6-carboxylic acid
and 2-aminotiazolo [5,4-b]chinoxalin-7-carboxylic acid

Purification methods, the melting points and the yields of synthesis of compounds 5-14
were presented in Table 1.
The UV-VIS electronic spectra [3] were performed with SECOMAN S 750 apparatus in
quartz cells (1cm) for ethyl alcohol of c ~ 2.10-5 M of the compounds synthesized. The
absorption bands characterized by maximum wave length are presented in same table.
The high performance liquid chromatography, was applied in this case to lead at separation
and purification of 2-aminothiazolo[4.5-b]chinoxalin-6-carboxilic and 2-aminothiazolo
[5.4-b]chinoxalin-7-carboxylic acids in mixture and was achieved about the usual
technique; the chromatograph JASCO 800 was used and the scheme is presented in Fig. 2.
This apparatus is composed of solvent tank, S, which the tree solvent were introduced, the
degasifier on-line Waters used for degasification of solvent because can appeared gap of
solvent of liquid route. The solvent system introduced in degasifier was passed in ternary
system of pump which created pressure of 1 – 400 atm. This pump is connected at
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controller which prescribes the analysis parameter: pressure, flow, the gradient of pressure,
the gradient of solvent concentration. Next apparatus is injection cock which introduced the
probe in chromatographically column, where the mixture was separated; the compounds
were eluted separate.
Table 1. The purification methods and the characteristics of UV-VIS spectra of compounds 5-14
Cmpd

Chromatography method

λmax , nm
(Absorbtevity)

Melting
points,0C

Yield, %

>250

81.5

209.4 (0.671)
248.8 (1.734)
380.2 (0.369)

5

Substratum: silica gel F254 (Merck) on
aluminium layer.
Eluent: ethyl alcohol : benzene = 90:10
(vol/vol); Rf = 0.74

6

Substratum: silica gel F254 (Merck) on
aluminium layer.
Eluent: ethyl alcohol : benzene=
90:10 (vol/vol); Rf = 0.69

240-241

62

213.6 (0.603)
249.0 (1.274)
272.9 (0.938)
378.1 (0.326

7

Substratum: silica gel F254 (Merck) on
aluminium layer.
Eluent: acetic acid : benzene = 90:10
(vol/vol) ;Rf =0.54

>250

71

248.8 (1.194)
378.1 (0.248)
394.5 (0.320)

8

Substratum: silica gel F254 (Merck) on
aluminium layer.
Eluent: acetic acid : benzene = 90:10
(vol/vol) ;Rf = 0.46

157-159

62.5

207.6 (1.572)
222.0 (1.725)
248.6 (1.567)
317.9 (1.359)

>250

67

209.0 (0.987)
247.1 (1.023)
331.0 (0.074)

51.5

211.2 (0.867)
248.6 (1.102)
287.3 (0.765)
330.4 (0.043

34.2

212.7 (0.190)
244.3 (0.133)
327.5 (0.093)
378.3 (0.032)

9,10

Substratum: silica gel F254 (Merck) on
aluminium layer.
Eluent: acetic acid : ethyl alcohol= 90:10
(vol/vol); Rf = 0.89; 0.79

11,12

Substratum: silica gel F254 (Merck) on
aluminium layer.
Eluent: acetic acid : pyridine = 90:10 (vol/vol);
Rf = 0.73; 0.62

13,14

Substratum: silica gel F254 (Merck) on
aluminium layer.
Eluent: acetic acid : ethyl alcohol = 90:10
(vol/vol); Rf = 0.59; 0.43

>250

>250

Controller
Injection cock

Fraction
collector

S
S

Degasifier

Pump

Column

Integrating meter

Detector

S

Fig. 2. The scheme of chromatograph JASCO 800
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For this case were used the gel-permeable columns, Nucleosil® 5C8 and Nucleogen® 4000-7
DEAE, (Table 2) considered to be the best and the most appropriate because they allow
retention times long enough for an efficient separation and do not present the colmation
phenomenon for the heterocyclic systems. About chromatographically column the mixture
separated passed in fraction collector by separation and purification or in detector for
analytical analysis.
Table 2. The parameters of purification by HPLC of compounds 5-14
Detection λ,
nm

Cmpd

Column, flow

Elution analysis

5

Nucleosil® 5C8
1 mL/min.

15 mM octansulphonat of sodium, 5 mM ninhydryn in
water : aceto-nitryl :methyl alcohol (92:3:5)

380.2

6

Nucleosil® 5C8
1 mL/min.

15 mM octansulphonat of sodium, 5 mM ninhydrin in
water : aceto-nitryl : CH3OH (92:3:5)

378.1

7

Polygosil® 60-2540 C18
0.8 mL/min.

1.015 mM heptan-sulphonat of sodium, 4 ml acetous acid
conc., sol. methyl alcohol 4%

394.5

8

Polygosil® 60-2540 C18
0.8 mL/min.

1.015 mM heptan-sulfonat de sodium, 4 ml acetous acid
conc sol. methyl alcohol 4%

317.9

9,10

Nucleogen® 4000-7
DEAE, 2 mL/min

0.5 M NaCl, 6M urea, 25 mM phosphate of sodium

331.0

11,12

Nucleogen® 4000-7
DEAE 2 mL/min

0.5 M NaCl, 6M urea, 25 mM phosphate of sodium

330.4

13,14

Nucleogen® 4000-7
DEAE 2 mL/min

0.5 M NaCl, 6M urea, 25 mM phosphate of sodium

327.5

The chromatograph JASCO 800 are in endowment two detectors, one UV-VIS for λ=190600 nm and one of fluorescence. In this case given up at integrating meter, because the
retention times not present interesting, but wished to purify and separate the heterocyclic
systems from the mixture for characterized this by NMR spectroscopy.
The parameters of purification and separation by HPLC are presented in Table 2.
The compounds 5-14 were analyzed by NMR spectroscopy using VARIAN GEMINI 300
BB apparatus, with frequency of registration in case 1H-NMR is 300 MHz and in case
13
C-NMR the frequency is 75 Hz. The purified prove was soluble in DMSO or in
deuterochloroform and signals was reported at TMS. We select compounds 13 and 14 to
present in NMR spectra.
1

H-NMR spectra for 2-aminotiazolo[4.5-b]chinoxalin-6-carboxylic, 13, and 2-aminotiazolo
[5.4-b]chinoxalin-7-carboxylic acids, 14, separated by HPLC, is identical and lead to the
signals:
H5 – split singlet, δH : 6.92 ppm with coupling constant in meta J(5.7) = 1.50 Hz.
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H7 – split doublet, δH :7.07 ppm, coupling constants orto J(7.8) = 8.00 Hz, meta
J(7.5) = 1.50 Hz.
H8 – doublet, δH : 6.32 ppm with the coupling constant orto J(8.7) = 8.00 Hz
The signals of 4.66 ppm, singlet, has been attributed the presence of amino group.
The proton of –COOH group present signal at 9.50 ppm, singlet.
13

The C-NMR spectra (figure no. 4) present next signals for carbon atoms:
The carbon atoms C5, C7 and C8 present signals of δ: 114.2; 118.6; 114.2 ppm.
The carbon atoms C2, C3, C6, C9 and C10, δ: 163.0; 142.2; 126.4; 140.0; 135.2 ppm
and the carbon of group -COOH has been attributed a signal 198,0 ppm (this value
appear at all analyzed chinoxalinic compounds).
The signal, δ: 130.0 ppm, has been attributed at carbon atom on thiazolic ring.
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Fig. 3. The 1H-NMR spectra of compound 13(14)
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The IR spectra [5,7] were made including the synthesized compounds in KBr disks,
absorption been measured with SPECORD 75 IR apparatus and the results were:

–

The IR spectra* of compounds 13, 14 confirm the proposed structures in accordance
with the values found about the thiazolic ring: ν = 1610, 1055, 2460 cm-1.

THE SEPARATION AND PURIFICATION OF NEW …

101

–

The values of IR spectra for the group C=O and –OH, appear at different frequency,
due to the internal conjugation p-π on the carboxyl group, frequency what appear of
1720 and 1430 cm-1.

–

The presence of the chinoxalinic ring appear at 1620, 1560, 1270 and 1350 cm-1
(depending on νC=N and νC-N-); this values were due to the conjugation with aromatic
ring (the bands is sharps), lead at the values diminution νC=N and the intensity increase
of valence vibration νC-N.

–

The –NH2 groups were observed, in IR spectra, about sharps bands of vibrations; the
band more high correspond to asymmetrical valence vibration and this with the more
small correspond of symmetrical valence vibration(*the IR spectra of mixture is
identically with those of the pure products).

ppm

Fig. 4. The 13C-NMR spectra of compound 13(14)

The elementary analysis results were presented in Table 3.
Table 3. Elemental analysis of compounds 5-14
C

%

N

%

O

%

S

%

Calc.

Exp.

Calc.

Exp.

Calc.

Exp.

Calc.

Exp.

5

46.15

46.01

15.38

15.12

35.16

35.09

-

-

6

55.26

55.11

18.42

18.31

21.05

21.12

-

-

7

52.42

52.37

13.59

13.51

31.06

30.84

-

-

Compound

8

44.44

43.87

11.52

10.93

13.16

13.21

-

-

9(10)

45.19

44.91

15.81

15.65

12.05

12.11

12.05

12.09

11(12)

48.78

48.43

22.76

22.51

13.00

13.06

13.00

12.95

13(14)

48.78

48.40

22.76

22.51

13.00

13.06

13.00

12.95

The biological activities for these two synthesized compact condensed systems were
investigated.
White mice of Swiss race weighing 20+/-2g and white rats of Wistar race weighing 140+/20g were used in batches of 20 animals (10 males am=and 10 females) and the dose to be
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tested. The solutions, 0.01% of heterocyclic systems were injected as water-solutions, in a
unique dose [8,9].
The animals were supervised for 14 days and the modifications of their behaviour and the
mortality have been registered. At the end of the testing period, there were performed
biochemical determinations and anatomic-pathological exams of the rats in order to
disclose possible damages of their principal internal organs. The conclusions:
1) For the maximum tolerated dose administrated p.o. and i.p., no particular clinical
phenomena occurred and no mortality.
2) The biochemical tests applied did not show any modification comparing to the
witnesses.
3) The anatomic-pathological exam of the rat at the end of the testing period does not
show modifications of the principal internal organs for any dose of systems used.
4) The studies of acute toxicity applied on 2 species and using 2 ways of administration,
with solutions of 0,01% heterocyclic systems proved no toxicity for both p.o. and i.p.
administration. Therefore, the DL50 could not be calculated but it was determined the
maximum dose.
The antimicrobial activity was tested to a stem of Penicillium glaucum. This type of mould
is a superior one, is very wide spread in the exterior environment and is one of the most
resistant to the action of external factors. After this mould has been isolated and obtained in
pure culture, it was prepared a suspension of spores in sterile water with 4x106 spores/ml,
using the Thorna counter camera.[6,8,9]
After several dilutions in decimal system were made inseminations with the same inocul in
Petri dishes with fluidized and cooled at around 450C Czapek medium, in the alternative of
witness specimen without colouring agent added, used in relation to the growth medium, in
a dose of 0.01 and 0.02%. The above samples were optimally maintained at 250C for 15
days. Afterward, the colonies developed were counted and the antifungal effect of the
heterocyclic systems has been assessed.
The concentrations used to apply the colouring agent on fabrics were taken into account
during the tests for the evaluation of their antimicrobial activity.
The results are presented in Table 4.
Table 4. Antimicrobial activity of 2-aminothiazolo[4,5-b]chinoxalin-6-carboxylic acid
Probe

Number
colonies/plate

Inhibition of the
growth, %

Observations

Witness

185

–

Colonies in diameter 2-4 mm, pigmented in light green,
characteristic the stem of Penicillium glaucum

0.01%

136

26.08

More of ½ colonies have white color with yellow shadow.

0.02%

34

73.16

Number greatest of colonies, white colors, in comparative
with the probe in which was utilized one doze de 0.01%
synthesized compound organic
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By doubling the concentration of 2-aminothiazolo [4,5-b]chinoxaline-6-carboxylic acid, the
percent of the inhibiting effect over the growth of Penicillium stem increased by 2.5 times
approximately. The antimicrobial effect of these dyes became obvious regarding also the
dimensions of the colonies developed, they being much smaller (not reaching the maturity),
by comparison with the tests performed with the other chemical compounds.

Conclusions
Were obtained new compounds by an original method, very profitable both technological
and economical. The synthesized compounds were characterized by IR, UV-VIS and NMR
spectroscopy, thin layer chromatography, HPLC, elementary analysis and decomposition
points. The biological activities were demonstrated too for synthesized compact condensed
heterocyclic systems.
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FAST ENZYMATIC METHOD FOR ACETALDEHYDE
DETERMINATION IN WINE QUALITY CONTROL
L. Rotariu, Adina Arvinte, Simona-Carmen Litescu and Camelia Bala½
abstract: A fast enzymatic method for acetaldehyde determination applied for wine quality
control is described. Analytical determination is based on the determination of variation of
concentration of NADH formed in the enzymatic reaction catalysed by the aldehyde
dehydrogenase in the first 20 sec. The calibration curve for acetaldehyde was linear in the 0.02 to
0.3 mM range. Determination of acetaldehyde in white wine samples was realised.

Introduction
Acetaldehyde represents one of the components in the oxidative chain of alcoholic
fermentation. Acetaldehyde is formed also in the processes of wine aging by oxidation of
ethanol, being the intermediary between ethanol and acetic acid.
Presence of acetaldehyde in wines is related to the wine oxidative processes. Antioxidant
capacity of wines is correlated with the concentration of acetaldehyde. This is why
acetaldehyde is one of the main parameters in the wine quality control. Acetaldehyde
concentration is closely related with the SO2 content of the wine. A very stable combination
is formed between SO2 and acetaldehyde (K = 2.4·10-6). Free SO2 is responsible with the
antioxidant activity.
The Romanian wines have an acetaldehyde concentration form 20 to 2000 mg/L for some
oxidative wines. Colour, taste and wine bouquet (flavour) are affected by the content of
acetaldehyde. Acetaldehyde is responsible also for alcoholic intoxication because it is a
very reactive compound towards proteins, aminoacids and glutathione. For exported
Romanian wines, one of the main criteria is a lowest acetaldehyde concentration.
Standard chemical methods for determination of acetaldehyde [1,2] are not expensive,
relatively rapid. Chemical method has the disadvantage of a supplementary distillation step
and a higher detection limit. Colorimetric methods [3-5], gas chromatography [6] or
enzymatic methods [7-10] were also developed. Enzymatic methods have the advantage of
selectivity and rapidity. Almost all enzymatic methods are based on use of aldehyde
dehydrogenase.
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Aldehyde dehydrogenase (E.C 1.2.1.5) catalyses the oxidation of aldehydes to carboxylic
acids in the presence of NAD or NADP according to reaction [11,12]:
R-CHO + NAD(P)+ + H2O ⎯⎯ ⎯ ⎯ ⎯ ⎯
⎯→ R-COOH + NAD(P)H + H+
aldeyde dehydrogen ase

(1)

Unlike the majority of enzymatic reactions, the reaction catalysed by this enzyme is
practically an irreversible reaction [13] and it could be used for quantitative determination
of acetaldehyde.
Acetaldehyde dehydrogenase (AlDH) can oxidise many aliphatic and aromatic aldehydes
like: acetaldehyde, propionandehyde, benzaldehyde, formaldehyde, etc. in the presence of
NAD or NADP. Acetaldehyde manifests the highest affinity for this enzyme
(KM = 9.10–6 M). Potassium ions and mercaptoethanol are used to activate and maintain the
activity of enzyme [14].
Assay time and cost of determination are very important from practical point of view.
Enzymatic determination using steady-state method requires till 5 minute reaching the
steady-state signal.
In this paper a fast spectrometric method for acetaldehyde determination was developed for
control of acetaldehyde concentration in wine samples. The rate of NADH formation is
determined spectrometrically at 340 nm, by calculating the variation ∆A/∆t which is
proportional with the concentration of acetaldehyde from the sample.

Experimental
Materials
Acetaldehyde dehydrogenase (E.C 1.2.1.5) and β-NAD+ were purchased from Sigma, and
acetaldehyde from Fluka. All other reagents were of analytical grade. Standard solutions of
acetaldehyde were prepared in phosphate buffer pH=9 with KCl 0.1 M.
White wine samples were purchased from I.C.V.V. Valea Calugareasca.
Equipments
Spectrometric measurements were performed with disposable cuvettes of 1.5 mL using a
Cary 100 Bio spectrometer, with dual cell Peltier accessory for temperature and stirring
control of reaction mixture (1.5 mL), data display and recording were Cary Win UV
software version 3.0. Measurements were realised in the first 20 sec.
All cuvettes were previously kept for 2 minutes to reach the set-up temperature.

Results and Discussion
Optimisation of coenzyme concentration
The rate of the enzymatic reaction is influenced by the amount of coenzyme, NAD+, which
is consumed during the oxidation of acetaldehyde. Excess of NAD+ is necessary in order to
have a zero degree reaction order towards the co-substrate.
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Concentrations of NAD+ from 0.1 to 1 mM were tested and experimental results are
presented in Fig. 1.
The reaction rate becomes independent from the concentration of NAD+ starting with
0.5 mM. A concentration of 0.7 mM NAD+ was considered a good compromise between
the cost of one determination related with the consumption of this reagent and saturation of
the enzyme with coenzyme and it was used for further experiments.

reaction rate, ∆A/∆t

0.015

0.010

0.005
0.0

0.2

0.4

0.6

0.8

1.0

+

NAD conc., mM
Fig. 1. Optimisation of coenzyme concentration (temperature 25 oC, pH=9.00, acetaldehyde 0.1 mM).
Each point represents the average of 3 determinations.

Effect of temperature
It is well known that enzymes activity is affected by temperature. Depending of the source
of enzyme the optimal temperature can vary. Effect of temperature upon the enzyme
reaction rate was studied in the range of 20 – 35oC. Fig. 2 shows that the maximum rate is
reached for a temperature of about 35oC. A minor difference was observed between
reaction rate for 25 and 35oC. Therefore temperature of 25oC was used for further
experiments, taking into account also the fact that at this temperature the temperature
control is not a critical point.
Effect of pH
Optimal pH of the acetaldehyde dehydrogenase reported by the supplier is 9. Working pH
is important not only from the point of view of the enzyme activity but also affect the state
of the substrate. For wine samples, total amount of acetaldehyde should be determined.
Concentration of free acetaldehyde is relatively low and the complex with SO2 has to be
decomposed. Alcalin pH discriminates in favour of complex decomposition. Therefore a
pH=9 was used for all determinations. A pH=7 could be used for determination of free
acetaldehyde but a calibration must be performed at this pH.
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reaction rate, ∆A/∆t

0.03

0.02

0.01

20

30

40

o

temperature, C
Fig. 2. Effect of temperature on enzyme reaction rate (pH=9.00, acetaldehyde 0.2 mM).
Each point represents the average of 3 determinations.

Substrate inhibition
It is reported that higher concentrations of acetaldehyde produce an inhibition of the
enzyme [15]. This effect was demonstrated by using different concentrations of
acetaldehyde. Kinetics measurements, for concentration of acetaldehyde between 0.066 and
0.4 mM, are presented in Table 1.
Table 1. Inhibition effect of substrate (pH=9, t=25oC, 0.2 UI AlDH, 0.67 mM NAD+)
Acetaldehyde conc.
(mM)

Slope
(reaction rate)

Effect

0,066

0.0138

-

0,133

0.0176

-

0,166

0.0192

-

0,2

0.0211

-

0,33

0.0152

inhibition

0.4

0.0124

inhibition

Enzyme inhibition occurs for acetaldehyde concentrations higher than 0.3 mM. Calibration
graph should be plotted for concentration up to 0.3 mM acetaldehyde.
Calibration curve
Fig. 3 shows the calibration curve for acetaldehyde under conditions of pH=9.00 and 25oC.
Each point represents the average for 5 determinations.
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Parameters for linear regression (y=ax+b) are:
a = 0.0104 ± 0.00006
b = 0.053 ± 0.003

with the correlation coefficient of 0.9983 and standard deviation SD=0.22.
acetaldehyde conc., mg/L
0.0

4.4

8.8

13.2

0.1

0.2

0.3

reaction rate, ∆A/∆t

0.03

0.02

0.01

0.0

acetaldehyde conc., mM
Fig. 3. Calibration curve for acetaldehyde (kinetic measurements, temperature 25 oC, pH=9.00).
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Fig. 4. Correlation between enzymatic method and chemical method.
5 determinations were realised for each sample. 1 - Feteasca 1997; 2 - Feteasca 1986; 3 - T.R. 1977; 4 - T.R. 1988;
5 - Chardonnay 2002; 6 - Muscat Ottonel 2002; 7 - Pinot Gris 1990; 8 - Riesling 1990; 9 - Sauvingnon 1976
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Acetaldehyde determination in wine samples
Wines from I.C.V.V. Valea Calugareasca have a declared concentration of acetaldehyde
between 20 and 150 mg/L. Dilutions 1/10 of the wine samples were realised before
measurements.
Results for 9 wines are represented in Fig. 4 for enzymatic method and chemical method.
The correlation coefficient of experimental data of 0.9948 shows a good correlation
between enzymatic kinetic method and chemical method. The variation coefficient was no
more than 3% for enzymatic method and 2.5% for chemical method, for determination
realised in the same day.

Conclusions
A fast enzymatic method for determination of acetaldehyde from wine samples was
realised. Working conditions were pH=9 and temperature of 25oC.
Linear response was recorded in the range of 0.02 – 0.3 mM acetaldehyde. Drawback of the
kinetic method is represented by inhibition effect manifested at higher substrate
concentration. Method is fast and sample dilution eliminates the necessity of adjust the pH
of the wine.
Comparable sensitivity and good correlation with chemical method were observed.
Acknowledgement: We acknowledge the financial support of Romanian Ministry of
Education, Research and Youth - MATNANTECH Program no. 48/2001.
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ANALYTICAL CHARACTERIZATION OF STABILITY FOR SOME
FAT-SOLUBLE VITAMINS IN PHARMACEUTICAL PRODUCTS
Mihaela Scripcariu½, Ana-Maria Hossu½½ and V. Magearu½½½
abstract: Vitamins are generally sensitive to light, high temperatures and moisture. They should
be kept in properly closed containers, protected from humidity and light at temperature of
maximum 210C.The aim of this work is to analyzed the stability of some fat-soluble vitamins (A
and E). The analyzed technique used was the HPLC method for analytical characterization of
these.

Introduction
Most of the fat-soluble vitamins present in pharmaceutical preparations or in natural
products are accompanied by a number of closely related compounds. This explains why
chromatographic methods are so frequently used in analysis of these compounds. HPLC is
almost ideally suited for these compounds because of its simplicity, speed, selectivity and
sensitivity [1-6].
Vitamin A (formula 1) was chromatographed in the form of the alcohol, the acid or the
respective ester in the presence of its isomers or other vitamins, especially D2, D3 and
tocopherol [7-10]. Reverse-phase chromatography with a mobile phase of methanol and
water (96:4 or 95:5) was used for the quantitative determination of vitamins A and E
[11-14]. Retinol and α-tocopherol were determined in serum with high sensitivity over a
wide linear range using UV detection at 340 or 280 nm and using retinyl acetate as the
internal standard.
A number of HPLC modifications for the simultaneous analysis of vitamins A and E
(formula 2) in pharmaceutical preparations and biological material have been worked out.
These methods usually used UV, fluorimetric or electrochemical detection [15,16]. The two
vitamins were determined using elution with aqueous methanol and detection at 325 nm
(retinol) or 292 nm (tocopherol) [17].
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Formula 1

Formula 2

In this paper the influence of temperature on the stability of these vitamins fat-soluble is
analysed using the HPLC method, during 30 months. The stability of these is influenced in
principal by temperature, light and moisture and also by the preservation conditions.

Experimental part
Investigations were carried out with a Spectra-Physics Analytical Model P 4000 liquid
chromatograph with a Model 2000 UV detector (Spectra-Physics Analytical). This system
was connected to a computer Pentium III 800MHz.
The pump P 4000 is conceived to reach the performances and the maximal capacities. It
presents features of vanguard: four solvents, eleven files users of the names of files and
solvents, and a waiting line for the link of the files.
The UV 2000 is a detecting UV/VIS doubles length of wave, programmable, entirely
equipped. It functions as well in simple fashion that length of wave doubles in fashion, in
the UV ranges and visible. The UV 2000 also offers the spectral sweep, a file develop (for
the development of the methods), the storage of several files, a waiting line (for the link of
the files), and more. We place the detector to a length of wave λ = 326 nm for vitamin A
and for vitamin E to λ = 292 nm.
A mobile phase composed of methanol and water (98/2) allowed a very good separation of
vitamins A and E on LC 18 column.
The vials of oral solution Biosol (Biokim Istanbul Turkey) were stored in special climate
shelves. The vials were kept at temperatures of +50C, +150C, +210C and +370C.
The following tests have been executed:
–

optical appearance of the product;

–

qualitative and quantitative analysis of the active ingredients (vitamins A and E).

ANALYTICAL CHARACTERIZATION OF STABILITY FOR SOME …

113

Results and discussion
For vitamins A and E, the European Pharmacopoeia gives the following storage
instructions: “store in a well-closed, well-filled container, protected from light, between
80C and 150C. When the container has been opened, its contents should be used as soon as
possible; any part of the contents not used at once should be protected by an atmosphere of
inert gas (e.g. nitrogen)”.
The limits for the contain in vitamins for each vial are 45000-55000 U.I./mL vitamin A and
27 – 33 mg/mL vitamin E. The results of the determinations for each temperature, test
period 30 months, are presented below in Tables 1-4.
Table 1. The results obtain at temperature +50C (refrigerator).
Assay
Nominal value

Vitamin A (U.I./mL)

Vitamin E (mg/mL)

50000

30

Date of manufacture

55000

33

6 months

54000

33

12 months

54000

32

18 months

53000

32

24 months

51000

31

30 months

50000

31

Table 2. The results obtain at temperature +150C (cool cabinet).
Assay

Vitamin A (U.I./mL)

Vitamin E (mg/mL)

Nominal value

50000

30

Date of manufacture

55000

33

6 months

54000

33

12 months

53000

32

18 months

51000

31

24 months

50000

31

30 months

49000

30
0

Table 3. The results obtain at temperature +21 C (room temperature).
ssay
Nominal value

Vitamin A (U.I./mL)

Vitamin E (mg/mL)

50000

30

Date of manufacture

55000

33

6 months

54000

33

12 months

52800

32

18 months

51000

31

24 months

49500

30

30 months

48000

29
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Table 4. The results obtain at temperature +370C (climate cabinet).
Assay

Vitamin A (U.I./mL)

Vitamin E (mg/mL)

Nominal value

50000

30

Date of manufacture

55000

33

6 months

52000

31

12 months

49000

30

18 months

47000

29

24 months

41000

27

30 months

37000

25

60000

U.I./mL

55000

15 grd C

50000

21 grd C

45000

37 grd C

40000

5 grd C

35000
30000
0

6

12

18

24

30

Months
Fig. 1. Variation of content in vitamin A with time at different temperatures.

35

mg/mL

33

15 grd C

31

21 grd C

29

37 grd C

5 grd C

27
25
0

6

12

18

24

30

Months
Fig. 2. Variation of content in vitamin E with time at different temperatures.

The oral solution of Biosol in the original vial is stable and retains its activity when stored
at room temperature (18-210C). Under high temperatures (370C climate cabinet), the
solution is showing an intensifying colouring after longer storage and looses activity, which
are even below the tolerances of the declared value.
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Conclusions
The stability tests show that during a storage period of 2 years an adequate stability is
provided, when the product is stored at room temperature (< 210C) and protected from
light. The choice of the storage temperature plays an important roll for the stability of the
pharmaceutical products of vitamins.
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OPTIMIZED MICROWAVE DIGESTION METHOD FOR IRON
AND ZINC DETERMINATION BY FLAME ABSORPTION
SPECTROMETRY IN FODDER YEASTS OBTAINED FROM
PARAFFIN, METHANOL AND ETHANOL
A. Tanase ½, A. Vamanu, Cornelia Niculae and C. Patroescu
abstract: In this paper a simple and rapid acid digestion method by microwave heating in highpressure Teflon-TFM bombs is reported for the determination of total iron and zinc content in
fodder yeasts, by flame atomic absorption spectrometry (FAAS). The analytical results were
agreed well, as confirmed by the statistical evaluation, with those obtained after conventional
wet digestion method. This procedure was applied to the determination of Fe and Zn in some
Romanian fodder yeasts growth on n-paraffines, methanol and ethanol.
keywords: Fodder yeasts, microwave digestion, iron, zinc, FAAS.

Introduction
Fodder yeast is the name given to the total dry mater of yeast biomass when is used as an
animal feed supplement. Yeast biomass is microbiologically synthesized proteins, usually
termed single cell proteins (SCP) due to the unicellular nature of its parent microorganisms
(i.e. yeasts). Growing microorganisms for animal feed has two main attractions: first, the
growth rate of microorganisms is very much faster that those of plants, thus potentially
shortening the time needed to produce a given mass of feed; second, a range of raw
materials can be used to produce SCP, depending on microorganisms chosen. The main raw
materials considered for SCP are oil fractions (hydrocarbons, n-paraffins, n-alkanes),
methanol, ethanol, carbohydrates and cellulosic materials from various sources. Another
advantage of SCP as animal feed supplements is its higher nutritional values compared to
vegetable proteins [1].
Fodder yeasts could enrich with high quality protein, and other physiologically active
substances, the animal feedstuffs reducing the requirements for such materials as soybean
meal and fish meal. The nutritional value of fodder yeasts is especially due by the
percentages of essential amino acids in proteins, but also by the contents in essential
metallic elements. Therefore, the accurate determination of concentrations of metallic
elements in fodder yeasts is necessary and may help the specialists in animal nutrition to
elaborate an efficient diet for animal feeding [2].
½
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A broad variety of analytical techniques have been used to determine trace and essential
elements in organic matrices materials: atomic absorption spectrometry with flame (FAAS)
and graphite furnace (GFAAS), inductively coupled plasma optical emission spectrometry
(ICP-OES) and mass spectrometry (ICP-MS), etc. [3]. Most analytical methods for trace
element determination in organic matrix materials require total decomposition of the
sample. Hence, sample decomposition procedures play an important role and the efficiency
of the mineralization procedure is of great importance [4, 5]. Sample preparation is still the
major factor contributing to the uncertainty of the final analytical results [6].
Pretreatment of organic matrices materials for atomic spectrometry usually involves ashing
of the sample (dry ashing method) and subsequent dissolution of the ash in an acid medium
(usually nitric) or, alternatively, direct acid treatment (wet acid digestion method). Sample
dry ashing is lengthy and prone to losses of the more volatile elements. Conventional wet
acid digestion method using a hot plate requires high boiling point oxidizing acid mixtures
and long reaction times. After digestion, filtration is commonly needed, which increases the
risk of sample loss or contamination. Although these classical digestion methods are still
well accepted, they generally are time-consuming and require a great deal of analyst
attention, skills and experience in order to gain accurate and precise analytical results [5, 7].
Based on the consideration of shortening working time and minimizing volatile loss of
analytes, microwave digestion technique is regarded as a more convenient and precise
sample pretreatment method. The use of microwave energy as a means to rapidly and
complete wet acid digestion of samples is increasing, as shown by the large number of
reviews and books dealing with the principles and applications of microwave digestion
techniques for elemental analysis for a wide range of sample matrices. Open-vessel, closedvessel, and focused techniques are all well documented in the literature. Although openvessel microwave digestion is popular because of its simplicity, such methods suffer from
the same drawbacks as conventional methods: loss of volatile elements, risk of sample
contamination, release of acid gases, and maximum digestion temperatures limited by the
boiling point of the acid mixture. In contrast, samples digested in closed-vessel
environments are protected from the atmosphere and undergo accelerated decomposition
reactions as a consequence of increased pressure and temperature. In addition, the elevated
temperature in a closed-vessel procedure increases the oxidizing power of mineral acid and
achieves decomposition of matrices components that would not be possible in an openvessel or other conventional environments. Closed-vessel microwave digestion has been
successfully implemented for many different types of organic matrices samples [8 – 25]
Microwave digestion has clear advantages over more traditional procedures: a shorter acid
digestion time; a supposed better recovery of volatile elements; lower contamination levels;
minimal volumes of reagents are required, more reproducible procedures; and a better
working environment. Furthermore, the closed vessel microwave digestion has a unique
advantage over other closed vessel technologies. Microwaves only heat the liquid phase,
while vapors do not absorb microwave energy. The temperature of the vapor phase is
therefore lower than the temperature of the liquid phase and vapor condensation on cool
vessel walls takes place. As a result, the actual vapor pressure is lower than the predicted
vapor pressure. This sort of sustained dynamic, thermal non-equilibrium is a key advantage
of microwave technology, as very high temperatures (and in turn short digestion times) can
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be reached at relatively low pressures. These days several microwave sample preparation
methods have been accepted by international organizations [21, 26].
The aim of this work was to develop a rapid, reproducible and reliable analytical procedure
for the sequential determination of Fe and Zn (which are elements of our main interest) in
some Romanian fodder yeast using FAAS following closed-vessel microwave acid
digestion. To evaluate the microwave digestion method, the results obtained with this
method were compared, from statistical point of view [27] (F-test, t-test), with those
obtained by FAAS after conventional wet digestion in open vessel heated on hot plate.

Experimental
Instrumentation
For conventional wet digestion, all samples were digested in 150 ml Pyrex-glass beakers
covered with watch-glass and heated on a hot plate.
The microwave digestion system used for sample preparation was a Milestone MLS 1200
MEGA. The power range of the microwave oven may be set in 10 W increments up to a
maximum of 1000 W. The system is equipped with an microwave digestion rotor (MDR
1000/6/100/110) containing six high pressure digestion vessels (each one capacity of 100
mL) model HPS 100/110, and with a laboratory-made cooling station with circulating
water. The vessels are constructed of Teflon-TFM (tetrafluormethaxil; Registered
Trademark of Hoechst) and are capable of withstanding temperatures of up to 260 °C and a
maximum pressure of 110 bars. A detailed description of Milestone MLS 1200 MEGA
microwave system was presented elsewhere [2].
Atomic absorption signals were measured with a Zeiss flame atomic absorption
spectrometer (model AAS 3, Germany). The instrumental conditions used for the Fe and Zn
FAAS measurements are given in Table 1. A single slot 10 cm burner with an air –
acetylene flame was used. The burner position, flame condition and aspiration rates were
optimized for maximum absorption. The integration period was set as five seconds and the
average of five replicate readings was taken.
Table 1. FAAS operating parameters
Instrumental parameters
Lamp current (mA)
Wavelength (nm)
Slit (nm)

Fe

Zn

4

4

248.3

213.9

0.2

0.2

Air / Acetylene ratio

60 / 85

60 / 90

Burner position

Normal

Normal

Observation height (mm)
Background corrector

7

7

NO

NO

Reagents
Triply distilled water (TDW) was used for sample and solutions preparation. All reagents
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used (i.e. concentrated HCl, HNO3, HClO4, H2O2) were p.a. quality (Merck).
Monoelemental Fe and Zn standard solutions (1000 mg element /L), each in Merk Titrisol
ampoules, were also used for daily preparation of working standard solution, by serial
immediate dilution with TDW, and used freshly prepared.

Labware cleaning
The glass bakers, watch glass, pipettes and calibrated flasks were rinsed with water and
cleaned by soaking in 10% (v/v) nitric acid overnight, followed by thoroughly rinsed with
TDW. Prior to their use, the Teflon-TFM vessels were first soaked in HNO3 + HCl + H2O
(1:2:9) solution overnight. Then the following microwave cleaning procedure was carried
out: a 30 ml aliquot of 10% HNO3 was added to each vessel; the digestion vessels were
sealed and heated with microwave energy (5 min at 250 W and 10 min at 400 W); after
cooling, the contents were discarded and the vessels were thoroughly rinsed with TDW.

Results and Discussion
The aim of the present work was to evaluate the benefits offered by microwave digestion
procedure and to create a routine digestion method of fodder yeasts prior to determination
of iron and zinc (or other metallic elements) by FAAS. The samples analyzed were tree
Romanian powdered fodder yeasts obtained from n-paraffins (sample S1, from
RONIPROD; Curtea de Arges), methanol (sample S2, from Institute of Chemical and
Pharmaceutical Research – ICCF; Bucharest) or ethanol (sample S3, from Institute of
Chemical and Pharmaceutical Research – ICCF; Bucharest) as source of carbon substrate in
growth medium for microorganisms (i.e. yeasts). All samples were dried to constant weight
at 60 °C in a oven (about one day). The dried materials then were ground in an agate mortar
with an agate pestle, before weighting and carrying out the analysis.

Sample digestion methods
Conventional wet digestion at normal pressure (reference method).
About 500 mg of dried sample were weighed into Pyrex-glass beaker, covered with a watch
glass and 10 mL of HNO3 were added. The sample was allowed to stand for about two
hours at room temperature and then was boiled on hot plate, first gently to oxidize all easily
oxidizable matter, then with greater intensity. After cooling, 5 mL of 30% H2O2 were added
and the content was heated again, until the brown fumes of nitrogen dioxides disappeared.
To eliminate the excess of H2O2, the solution was boiled once more. Finally, after cooling,
2 mL of HClO4 were carefully added and the content was heated again, very gently, until a
clear, colorless solution resulted and a white fume appears. After cooling, the solution was
quantitatively transferred into a 25 mL volumetric flask and diluted to volume with TDW.
The blank were prepared with the same reagents, without the samples, undergoing a similar
digestion procedure. This digestion is considered and accepted as a reference method.
Microwave acid digestion in closed-vessels (proposed method).
All the microwave digestions were performed with a Milestone MLS 1200 MEGA
computer controlled microwave system (6 closed Teflon-TFM vessels). Dried sample
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(about 200 mg) was weighed directly into digestion vessel and was soaked with 5 ml
concentrated HNO3. The mixture was allowed to stand overnight at room temperature to
oxidize all easily oxidizable matter (predigestion step) and then the vessel was closed. By
predigesting samples overnight, the organic matrices materials were partially decomposed.
The first digestions were performed using microwave oven at 250 W (“unpulsed” mod) for
3 min. After cooling (in a cooling station with circulating water) vessels were opened and 2
mL HNO3 and 3 mL H2O2 (30%) were added. Samples were allowed to react with the
peroxide for 1 h before closing, and then heated again with the next digestion program. Step
1: power 250 W, time 1 min; Step 2: power 0 W, time 2 min, Step 3: power 250 W, time 5
min, Step 4: power 400 W, time 5 min, Step 5: power 600 W, time 5 min; Step 6: power
250 W, time 5 min: Step 7 (ventilation): power 0 W, time 2 min. After cooling (about half
an hour, in order to reduce the pressure and temperature inside the vessels to ambient
values), each “bomb” was opened carefully in a fume cupboard. The sample solutions were
transferred to 25 ml calibrated flasks and diluted up to mark with TDW. The blank solution,
with identical regents, subjected to the same treatment as the fodder yeast samples, was
prepared as well.
Unfortunately, in our microwave digestion system no monitoring accessories for
temperature and pressure were available. Because there is no way of monitoring the
pressure and temperature inside the high-pressure vessels, the effect of these parameters on
the dissolution could not be evaluated. For this reason, our objective was only to obtain
conditions that resulted in clear and colorless, or slightly colored solutions, after dilution
with TDW. Therefore, as a criterion for the completeness of digestion, the clearness of the
sample solutions by visual inspection was used. After conventional wet digestion and after
dilution with TDW, clear and colorless solutions without residue resulted for all types of
fodder yeast samples.
After microwave digestion, the diluted sample had a light-yellow colour, indicating that,
probably, the organic materials in these samples were not completely decomposed. The use
of H2O2 indeed reduced the carbon content in the digestate as reported by other studies
[28]. But a colourless diluted digestate is not an indicator of good analyte recovery as
determined by FAAS. Previous tests showed that using HNO3 + H2O2 digestion in which
H2O2 was added after the overnight predigestion with HNO3 but 1–2 h prior to the
microwave digestion, the analytical precision was improved, especially for the elements
with low recoveries. The major concern in the use of H2O2 for digestion is the
contamination from its impurities. However, if high purity H2O2 reagent is available, then
the addition of H2O2 to samples several hours after the addition of HNO3 is recommended.

FAAS determination of Fe and Zn in fodder yeasts samples
Iron and zinc (the elements of our main interest) were determined in the digested solutions
obtained after both digestion procedures by FAAS, well-known and recognized as a
reference technique, directly or after suitable dilutions. For all samples (S1 – S3) three
replicates (n = 3) were made, for both digestion methods. Quantification of metals content
was based on direct calibration graphs obtained from standard working solutions containing
the same acid concentrations as the digested sample solutions. The experimental conditions
used for the determination of each element are given in Table 1. All absorbance of standard
and sample solutions were corrected for the blank value, which was obtained before
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carrying out the quantification.
Analytical results of iron and zinc determination, obtained after both conventional wet
digestion and microwave digestion, corresponding to the fodder yeast analyzed, are shown
in Table 2 and Table 3, respectively. Analytical results are expressed as mean concentration
± standard deviation (SD), expressed in µg/g. In general, the analytical results for iron and
zinc appear to be slightly higher after conventional wet digestion. A comparison of methods
precision, expressed as relative standard deviation (RSD%), shows the microwave digestion
method being more precise that conventional wet digestion method.
Moreover, in order to evaluate the precision and accuracy of the microwave digestion
method, the analytical results obtained after this digestion method were compared, by
means of the F-test and Student’s t-test [27], with those obtained after conventional wet
digestion. The calculated values of statistical parameters F and t (Fcalc and │tcalc│) are also
presented in Table 2 and 3. These values are smaller than the theoretical (tabulated) values
of F (39.0) and t (2.776) at the 95% confidence level. This indicates that the two methods
have comparable standard deviations and there are no statistically significant differences
between mean results for iron and zinc determination in all fodder yeast samples analyzed.
The variance values (squares of the standard deviations) of both methods are within the
limits of random errors. The proposed method can be considered free of systematic errors.
Table 2. Analytical results (µg/g) for FAAS determination of Fe in fodder yeast
Conventional wet digestion

Sample

Mean ± SD

RSD%

Microwave digestion
Mean ± SD

RSD%

Statistical parameters
Fcalc

│tcalc│

S1

355 ± 6.6

1.86

374 ± 13.0

3.48

3.867

2.260

S2

1034 ± 37.0

3.58

986 ± 20.7

2.10

3.199

1.962

S3

278 ± 15.1

5.44

250 ± 9.2

3.68

2.695

2.745

Table 3. Analytical results (µg/g) for FAAS determination of Zn in fodder yeast
Sample

Conventional wet digestion
Mean ± SD

RSD%

Microwave digestion
Mean ± SD

RSD%

Statistical parameters
Fcalc

│tcalc│

S1

142 ± 8.5

5.99

130 ± 3.6

2.77

5.562

2.187

S2

543 ± 24.5

4.52

581 ± 35.8

6.27

2.135

1.118

S3

169 ± 13.7

8.11

156 ± 9.6

6.16

2.048

1.308

Conclusions
The main goal of this work was to demonstrate the feasibility of high-pressure digestion
procedure with microwave energy of various fodder yeast samples, obtained from nparaffins, methanol or ethanol that allows determining sequentially the two elements in the
same solution in order to make the FAAS method less time consuming and laborious.
Statistical evaluation of analytical results obtained fallowing the procedure described
indicate that this digestion method is accurate, and sufficiently precise.
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Closed-vessel microwave digestion method by MLS 1200 MEGA system has a number of
advantages compared to the open wet method. It takes less time (without cooling time, 28
min compared to almost 2 h) and requires less reagents quantities. It this way, low blank
value and reliable results are ensured. The system is easy to control and almost does not
require supervision. In addition, the use of closed-vessels prevents contamination from the
laboratory environment or cross-contamination from other samples.
Safety is an important consideration, because this completely closed system does not
expose laboratory personnel to undesirable or potentially dangerous acid fumes. In addition,
productivity increases, because, on the one hand, six simultaneous digestions can by carried
out in one run and, one the other hand, the analysts can accomplish other tasks while the
microprocessor-controlled unit runs through the digestion routine unattended.
Looking at the limitations of the current closed-vessel microwave digestion technologies,
perhaps the most limiting factor at present is the amount of sample that can be digested.
This is particularly true for organic matrices. The maximum working pressure allowed in
the closed-vessel microwave digestion system used in this study limits the maximum
amount of the fodder yeast sample to be efficiently digested.
During a microwave closed-vessel acid digestion, the heating raises the temperature and the
vapor pressure of the solution. Furthermore, the chemical reaction itself may also generate
gases further increasing the pressure inside the closed vessel. A simplified reaction between
a generic organic sample and nitric acid can be summarized in this form:
ORG + HNO3 ⇒ MetalsNO3 + CO2(gas) + NOX(gas) + H2O
Obviously, the larger sample amount, the higher the pressure generated by the reaction. It
can be noted that a larger sample amount not only produces a higher pressure, but also a
more exothermal reaction. Although microwave technology has entered thousands of
laboratories worldwide, it is still a relatively new and expensive technology.
Taking the above into account, the explored closed-vessel microwave digestion method is
simple, rapid, and perfectly suitable for routine decomposition of fodder yeast prior to
determination of iron and zinc (and other metallic elements) by FAAS.
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VOLTAMMETRIC BEHAVIOR OF ETHYLMERCURY
USING PLATINUM AND GLASSY CARBON ELECTRODES
I.G. Tănase½, Florentina Panţîru (Soare), A. Ciucu
abstract: There was studied the voltammetric behavior of ethylmercury with a three electrodes
system with two different working electrodes-platinum and glassy carbon. Using BrittonRobinson buffers we analyzed the pH influence covering the 2.3-9.86 domain. There are
discussed the influence of the adsorption phenomena and the chemical reaction interference for
different values of working parameters.
keywords: voltammetric, determination, ethylmercury.

Introduction
Ethylmercury (chloride of) is an organomercury compound, a class of compounds with a
large spectrum of application but they are also very well known for their toxicity. It’s a
certain fact that mercury is one of the most toxic elements from the periodical system,
affecting human body especially, and all alive organisms in general. Exposure to mercury
can lead to –SH groups binding, can block the sulfate transporter in intestines, kidneys,
reduces glutathione availability, inhibits enzymes of glutathione metabolism, disrupts
purine and pyrimidine metabolism, disrupts mitochondrial activities, especially in brain. It
accumulates in amygdale, hippocampus, basal ganglia, cerebral cortex, etc. If inorganic
mercury is highly toxic, the alkylate form is even more dangerous since it can be
concentrated through the food chain as a consequence of its solubility in lipids [1].
The organomercury compounds have been, and still are used as pesticides (organomercury
fungicides); primary data [2] derive from victims of contaminated fish (Japan-Minamata
Disease) or grain (Iraq, Guatemala, Russia).
During 1980-1990 on the pharmaceutical market, appears a vaccine, B hepatic, which
contains Thimerosal (having 49.6% ethylmercury), and who was given to the children, age
14 months [3]-[5]. In the earlier ’90s appears the idea that Thimerosal could be the cause of
children autism, a very serious disease, with a irreversible evolution [6]. That why, for a
while, autism was also called as the mercury intoxication. Autism is not the only disease
caused by the accidental or indirect ingestion of mercury; due to the fact that once inside of
the human body affects especially the nervous cells and is interfering in the cardiovascular
system, it may lead to the Alzheimer disease or to serious heart problems.
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Thimerosal (49.6% ethyl mercury) can also be found in some cosmetic products and in
some drugs.
Due to the quite large applicability of the organomercury compounds, especially
ethylmercury, it is justified this choose for an analytical study which may explain his
behavior in different conditions.
In the literature, there are many references about the organomercury compounds studies
made until now through different techniques, such as: AAS with its various designs [7,8],
including the cold-vapor technique, AES [9,10], HPLC[11], LC [12,13], GC[14,15],
ICP-MS [16].
Regarding the electrochemical techniques used for the determination of Hg in general, and
of ethylmercury especially [17-24] we have to say that there is a big interest these days in
use of polymer coated electrodes for inorganic and organic mercury determination [25,26].

Experimental
All chemicals used were of high purity or reagent grade provided by Merck, no further
purification being need.
Water used for sample preparations and for glasses wash was triple distilled. All solutions
used in the electrochemical measurements have been deoxygenated by purging purified
argon stream into the solution from the electrochemical cell. for a 5 minutes period before
each recording. The sweep rate was the same for all cases, 100mV/s. As working electrodes
were used both Pt and glassy carbon who were polished after every recording with alumina
powder.
Britton-Robinson buffer solution with a pH from 2.3 until 9.8 was used as indifferent
electrolite.
Electrochemical studies were carried out in a BAS, CV-50W, with a three electrodes
electrochemical cell configuration where was used the Ag/AgCl electrode as the reference
electrode, a wire of Pt as auxiliary electrode and a Pt millielectrode and a glassy carbon
millielectrode as working electrodes.

Results and Discussion
In 1913 Kraus [2] discovered that by electrolyzing of an ammonia solution of alkylmercury
chloride results a free radical RHg. which disproportionate to R2Hg at room temperature. In
the earlier ‘50s it was observed that for the reduction of an alkylmercury salt two
polarographic waves were obtained attributed to the following irreversible processes:
RHgX + e
+

RHg . + H + e

RHg . + X

RH + Hg

(1)
(2)
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The later studies [27] searched for the reversibility of these two steps, establishing that
reaction (1) is a reversible process and reaction (2) is an irreversible process, reaction (1)
being followed by a chemical reaction, dimerization of the alkylmercury free radical, and so
the mechanism can be rewrite as:
RHg . + X

RHgX + e

RHg .

(RHg)2

(3)

R2Hg + Hg

+
RHg . + H + e

(4)

RH + Hg

(5)

The first polarographical studies based on the dropping mercury electrode, indicated that
the free alkylmercury radicals are partly adsorbed on the working electrode surface, the
adsorbed ones being those who are reduced in the second part of the mechanism (5); the
unadsorbed radicals dimerize rapidly to the final dialkylmercury derivate [28].
Knowing these facts we tried to verify the mechanism using different working electrodes-Pt
and glassy carbon- and to search for the ethylmercury behavior in different experimental
conditions.

a) pH influence
Using as indifferent electrolyte Britton-Robinson buffer with pH values between 2.3 and
9.86, we recorded the cyclic voltammograms for the solutions of ethylmercury . The
concentration of ethylmercury was equal to 2.5 x10–4 mole×L–1 in all samples.
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Fig. 1. Cyclic voltammograms recorded for ethylmercury in Britton-Robinson buffer (pH=7), v=100mV/s;
- glassy carbon working electrode; the small icons represent the DPV curves recorded in the same conditions;
1-10-cycle number, a, b, c, d-CV and DPV peaks
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As expected there are differences not only between the voltamogramms recorded at
different pHs values (acid, neutral and basic) but also between the voltammograms obtained
at the same pH but using different working electrodes.
There are indicated the voltammograms at pH=7 recorded at a glassy carbon working
electrode (Fig. 1) and at Pt working electrode (Fig. 2); for confirmation of the peaks
identified by cyclic voltammetry we show in the small icons the differential pulse
voltammograms recorded in same conditions for these systems.
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As it can be seen, in the first case (fig.1), the voltammogram present 4 peaks, two reduction
peaks at Ep1=+0,102 V vs Ag/AgCl, Ep2=-0,450 V vs Ag/AgCl and two oxidation peaks at
Ep3=+0,356V vs Ag/AgCl and Ep4=-0,320 V vs Ag/AgCl. The first reduction peak, Ep1, is
very well defined, typical for the reversible processes, the second one Ep2 is smaller than
the first one, quite large which implies either a slow electronic transfer or an adsorption
phenomena in the studied system.
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Fig. 2. Cyclic voltammograms recorded for ethylmercury in Britton-Robinson buffer (pH=7), v=100mV/s;
platinum working electrode; the small icons represent the DPV curves recorded in the same conditions;
1, 2,…, 10-cycle number; a ,b-CV and DPV peaks

The first oxidation peak, Ep3, is also a typical reversible one and the second, Ep4 being a
very small and large, and as we saw in the later investigations appearing in a medium range
of pH (6.52-7.19). We attributed these peaks, taking in count the order of appearance of the
four peaks, as it follows:
RHgX + e

RHg .

RHgX + e

RHg . + X

2+

Hg

+

e

2

X

Hg

(Ep2)
(Ep4)
(Ep3)
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Hg

(Ep1)

The mercury atoms which are first oxidized (Ep3) and then reduced (Ep1) appear from the
etylmercury free radical dimerization (4), the free radicals resulting from the first
electrochemical step (3) as the reduced form of the ethylmercury chloride; the mercury
atoms involved in these reactions are adsorbed on the electrode surface forming a film,
removed by polishing the electrode after each recording. We identify these peaks by
recording the differential pulse voltammograms for the both electrochemical processes:
reduction and oxidation.
It is very interesting the variation of these peaks in acidic and basic conditions. In acidic for
the case of glassy carbon working electrode, for pH from 2.3 to pH 6.8 Ep2 shift towards
less positive values until pH=4.67 and than back to less negative ones; the peaks
corresponding to Hg oxidation and Hg2+ reduction are increasing from pH 2.3 to pH 5.04
where they reach the maximum value for Ip decreasing than for the minimum value at pH
6.25 increasing again until pH=7.
In Pt working electrode case, the voltammogram (Fig. 2) presents one reduction peak with
Ep2= -0,209 V vs Ag/AgCl, and one oxidation peak at Ep4=-0,229 V vs Ag/AgCl; the peaks
corresponding to the processes for Ep3 and Ep1 from the earlier case do not appear due to
the polarization of the electrode; in acidic conditions, Ep2 has almost the same variation as
for the glassy carbon electrode with the difference that the pH corresponding to the
minimum value for Ep2 is 6.25 and the oxidation peak disappear at pH=4.67 appearing
again at pH=7.00. The peak defined by Ep4 is practically inexistent at very low pHs values
showing a better defined shape for a pH domain between 6.8 and 9.86.

ip(µA)

As presented earlier there were recorded the differential pulse voltammograms for both
systems and analyzed the response of peak current intensity at pulse amplitude change. As
it can be seen in Fig. 3 in both cases we have a good linear relationship between Ip and ∆E.
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Fig. 3. Ip=f(∆E)-glassy carbon electrode: 2-Ep4, 4-Ep3,; platinum electrode: 1-Ep2, 3-Ep4
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In basic medium in case of glassy carbon electrode Ep3 decreases while pH is growing, all
peaks disappearing at pH=9.86; the fact that the peaks corresponding to the
oxidation/reduction of Hg/Hg2+ disappear could only mean that at this pH value the second
electrochemical step (not showing for this system) is becoming better underlined than the
first one.
On the contrary, for case b, Pt working electrode, once the pH increase the peaks are
becoming better defined, Ep shifting towards less positive (Fig. 4).
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b) Ip=f(v1/2)
By doing the Ip=f(v1/2) representation (Fig. 5) we have a typical variation for the reversible
electrode processes only in case of glassy working electrode at low sweep rate. For greater
values an abnormal variation was observed which could be attributed to adsorption
phenomena which occur at these levels and to the presence of the chemical reaction.

Conclusions
The electrochemical mechanism of ethylmercury in Britton-Robinson buffers at different
pH values using as working electrodes both platinum and glassy carbon electrode was
investigated.
In the imposed pH conditions use din this work only the first half of the mechanism with its
variation in pH, sweep rate and nature of working electrode indicating the peaks
corresponding to the reaction (3) (backward and forward) was demonstrated. Also in case
of glassy carbon electrode, the peaks corresponding to the oxidation/reduction of the
Hg/Hg2+ were identified.
As the extension of this study will be take in consideration case of Hg working electrode in
order to find the whole mechanism and to establish the amplitude of the adsorption
phenomena and the rate of the competition between the chemical reaction and the second
electrochemical process.
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DETERMINATION OF ARYLSULPHONYLBENZAMIDES
RELATED PRODUCTS OF ARYLSULPHONYLTHIOBENZAMIDES BY DERIVATIVE SPECTROMETRY
Luminiţa Vlădescu ½, Florentina Bădău, Mariana Surmeian and Irinel Adriana Badea
abstract: A derivative spectrometric method has been developed for the determination of
arylsulphonylbenzamides related products of arylsulphonylthiobenzamides. At the wavelengths
selected the calibration graphs between the amplitude of the signals and the concentration of
each compound were linear. The method is simple and rapid and does not require any
preliminary treatment of the sample. The method was validated.

Introduction
Derivatives of arylsulphonylthiobenyamides have unique properties connected with the
simultaneous presence of sulphonyl and thiobenzamide moieties in their molecules. Such
compounds have been tested and shown effective activity against Mycobacterium
tuberculosis, variety H27 and more recently in cancer treatment [1,2,3].
Arylsulphonylbenyamides are used as raw material in the synthesis of
arylsulphonylthiobenzamides [4] and can be considered as major impurities of them
(Fig. 1). For the purity control of arylsulphonylthiobenzamides thin layer chromatography
[4] has been reported. This paper reports a rapid, sensitive and highly selective UV
derivative spectrometric method used for the simultaneously determination of
arylsulphonylbenzamides and arylsulphonylthiobenzamides.
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NH2

O

R 1' : Y = H,
R '2 : Y = Cl
R 3' : Y = Br

+1/10P4S10
-1/10P4O10
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Fig. 1. Synthesis of arylsulphonylthiobenzamides
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Experimental
Reagents
All chemicals and solvents used were commercially available and were of analytical grade
(obtained from Merck). The water used was double distilled. Stock solutions of each
organic reagent (10–3 mol.L–1) were prepared by dissolving the appropriate quantity of each
in methanol 99.9%. Working solutions (5·10–4 mol.L–1 in methanol) were prepared by
dilution of the stock solutions. A series of working solutions containing a fixed quantity of
arylsulphonylthiobezamide and various quantities of corresponding arylsulphonylbezamide
were prepared.

Apparatus
All measurements were performed on a Jasco V 530 spectrometer coupled with a Hewlett
Packard PC computer, running the Jasco software. The measurements have been made in
quartz cells of 1 cm path length and conditions for recording the spectra were: wavelength
range, 200-400 nm; scan speed, 100 nm/min; slit width, 2 nm; wavelength interval 1nm;
smooth, 5. The ORIGIN program (Microcal Inc, version 6.0) was employed for the linear
regression analysis. For ruggedness study the SPECORD M42 was used as a second
spectrometer.

Procedure
The UV spectra of the working solutions are recorded in the range 200-400 nm. First,
second and third derivatives spectra of the zero order spectra were obtained by means of
Jasco software. The zero-crossing method has been used to select the optimum wavelength
for quantitative determination of arylsulphonylbenzamide in the presence of
arylsulphonylthiobezamide.
Linearity and range. For the calibration graph successive dilutions of working solutions
were performed using 25 mL volumetric flasks. The zero order spectrum of each solution
was recorded against methanol as blank. The first, second and third derivative spectrum
was obtained using the software supplied by Jasco.
Precision. Six spectra of different concentration of each compound were recorded on the
same day and the values of RSD were calculated to determine the intra-day precision. The
same procedure was also performed on different days and the inter-days precision was
determined.
Accuracy. Accuracy was evaluated by fortifying a mixture containing the
arylsulphonylthiobezamide with known concentrations of the arylsulphonylbenzamide. The
recovery of each compound was calculated.
Detection and quantification limits. According to ICH [5] rules the LOD was determined
based on the standard deviation of the response and the slope. The quantification limit was
also calculated.
Ruggedness. The ruggedness was established through the spectrometric studies by different
analysts on the same apparatus. A study was also performed on a different spectrometer on
a different day.
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Results and discussion
Arylsulphonylthiobezamide and the corresponding arylsulphonylbenzamide are quasi
similar as structure. This fact implies a very similar zero order spectra for each pair amidethioamide studied. As it is shown in Fig. 2 the zero spectra of thioamides are not different
from that of the corresponding amides. Therefore it is not possible to develop a quantitative
method for the determination of the amide in the presence of thioamides based on the zero
order UV spectra. The problem was solved using the derivative spectrometry.
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Fig. 2. Zero order spectra for (_____) arylsulphonylbenzamide and ( ------) arylsulphonylthiobezamide

Spectrometric measurements
The first derivatives spectra of R 1 and R 1' are presented in Fig. 3. As it shown the 248 nm
was selected as the optimum working wavelength for determination of R 1' in the presence
of R 1 . It is possible to determine R 1 in the presence of R 1' also. The working wavelength
is 244 nm. For the pair R 2 and R '2 the first derivatives spectra are presented in Fig. 3b.
The zero-crossing point for R 2 is 253 nm and for R '2 is 249 nm respectively. The pair R 3
and R 3' show a better separation of bands only in the third derivatives spectra. As it is
shown in Fig. 3c the zero-crossing point for R 3 is 230 nm and for R 3' at 237 nm.
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Validation of the method
Linearity and range. The results of the linearity and range for each pair amide-thioamide
are presented in Table 1. The intercept is very small and the correlation coefficient almost
equal to unity. The values obtained show a good linearity and the fit of Beer’s law. The
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Student’s t distribution was calculated. These values do not exceed the tabulated data of
2.77 for a probability of 95% means that the intercept of regression line is not significantly
different from zero hence the method is free from the procedural errors. Detection limits
and the quantification limits are presented in Table 1 also.
Table 1. Study of linearity for arylsulphonylthiobeyamide and arylsulphonylbeyamide
y = a + bx

Reagent

Range
(µg.mL–1)

a

b

R1

2.0 – 25.0

–35.44·10–3

8.52·10–2

–3

R'1

0.5 – 2.5

7.48·10

R2

2.0 – 25.0

–0.03978

R'2

0.5 – 2.5

R3

2.0 – 26.0
0.5 – 2.7

R'3

–29.78·10

–3

R

LOD
(µg.mL–1)

LOQ
(µg.mL–1)

0.9999

0.441

1.543

0.9942

0.052

0.182

0.0079

0.9948

0.517

1.801

–0.00267

–0.0160

0.9995

0.031

0.108

0.00048

–0.0309

0.9945

0.582

2.037

0.02942

–0.0092

0.9987

0.028

0.098

Note: R = correlation coefficient.

Precision. The RSD values for intra-day precision and for the inter-day precision are both
bellow 2% for each pair amide-thioamide. These results confirm that the method is precise.
Accuracy. In order to verify the accuracy six replicate determination were performed on
each of five solid mixture containing arylsulphonylthiobenzamide (20 µg·mL–1) and
arylsulphonylbenzamide (0.5 µg·mL–1). Percentage recovery was calculated and the values
obtained are in the range 98 – 102%.
Table 2. Determination of arylsulphonylthiobeyamide and arylsulphonylbeyamide in synthetic samples
Quantity, mg
Reagent

R1 and R1'

R 2 and

R '2

R 3 and R 3'

sample
no.

Ri

R'i

actual
(%)

determined (%) ±
s.d.

actual
(%)

determined (%) ±
s.d.

1

100.0

98.62 ± 0.14

2.0

98.12 ± 0.02

2

100.0

101.3 ± 0.54

5.0

102.3 ± 0.02

3

100.0

101.2 ± 0.71

10.0

99.24 ± 0.03

1

100.0

100.3 ± 0.65

2.0

101.4 ± 0.02

2

100.0

100.1 ± 1.05

5.0

100.8 ± 0.02

3

100.0

100.1 ± 0.98

10.0

98.53 ± 0.03

1

100.0

100.3 ± 0.71

2.0

99.47 ± 0.02

2

100.0

100.12 ± 0..28

5.0

100.5 ± 0.02

3

100.0

99.97 ± 0.64

10.0

99.52 ± 0.03

Note: i = 1,3; each value represents the average of three determinations ± standard deviation.

Stability of the solutions. The stock solutions of the each compound were stored in light at
room temperature for 30 days. The solutions were analyzed twice a week during the whole
period. The results obtained by the proposed method were compared with those obtained
using TLC method. No degradation products were observed during this time.
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Ruggedness. Ruggedness was performed to confirm that the assay of each organic reagent
was satisfactory under conditions external to the method. Good results were obtained
during this study confirming that the method remained selective and precise for all
components under tested conditions.
Applications. Synthetic samples containing each pair arylsulphonylthiobeyamide and
arylsulphonylbeyamide amide have been analyzed by two different methods. The results
are presented in Table 2 and show good recovery.

Conclusion
A new derivative spectrometric method was proposed for simultaneous determination of
arylsulphonylbenzamide and arylsulphonylthiobenzamide in synthetic mixture. The method
was validated and can be used not only for the determination of thiobezamide and the
corresponding amide but also for the routine control of the synthesis of the thiobenyamide.
The method is simple, selective and rapid.
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COMPLEXES WITH TRIAZOLE DERIVATIVES
II. MONONUCLEAR COMPLEXES OF Co(II) WITH
1-[METHYLAMINO-N-(O-TOLYL)]-1H-BENZOTRIAZOLE
Mihaela Badea½, Rodica Olar, Dana Marinescu, Elena Cristurean,
Lucia Ivan and Ana Emandi
abstract: Three new mononuclear complexes with formula [CoL2(H2O)2](CH3COO)2 (1),
[CoL2]Cl2 (2) and [CoLCl2] (3) (L: 1-[methylamino-N-(o-tolyl)]-1H-benzotriazole) were
synthesized and characterized as mononuclear species on the basis of elemental chemical
analysis, electronic and infrared spectra. The IR spectra indicated the presence of benzotriazole
derivative as chelate coordinated through one heterocyclic nitrogen atom and the nitrogen from
the secondary amine group. In complex (1) Co(II) adopt octahedral stereochemistry while for the
other two complexes the stereochemistry is tetrahedral.

Introduction
The chemistry of 1,2,3-triazole derivatives has received much attention due of their wide
range of applications. They have been used as fungicided, herbicides, light stabilizers,
fluorescent whiteners, optical brightening agents, corrosion inhibitors and photostabilizers
for fibers, plastics or dyes [1, 2]. Some 1,2,3-triazole derivatives have seldom been found in
nature as constituents of natural products. For a number of these compounds there have
been found diverse uses in medicinal and pharmaceutical chemistry as cytostatic, virostatic,
antiproliferative agents, synthetic intermediates for antibiotics, antihistaminic agents and
polyheterocyclic compounds with neuroleptic activity [3-9].
There are few numbers of complexes with benzotriazole [10, 11] and 1,2,3- triazole
derivatives [12]. We described elsewhere complexes of Ni(II) and Cu(II) with
1-[methylamino-N-(o-tolyl)]-1H-benzotriazole (L) [13].
The present note reports three new mononuclear complexes of Co(II) with
1-[methylamino-N-(o-tolyl)]-1H-benzotriazole (L).
The complexes were formulated as mononuclear species on the basis of elemental chemical
analysis, electronic and infrared spectra.
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Experimental
All reagents used were p.a. grade.

The syntheses of the complexes
Compound [CoL2(H2O)2](CH3COO)2 (1): 1 g (4 mmoles) Co(CH3COO)2·4H2O and 1.9 g (8
mmoles) 1-[methylamino-N-(o-tolyl)]-1H-benzotriazole were dissolved in 30 ml ethylic
alcohol; the reaction mixture was refluxed for 30 minutes on air-bath. The sparingly
soluble, pink colored product was filtered off and washed with ethanol. Chemical analysis.
Found: Co, 9.23; C, 55.11; H, 5.82; N, 17.28 %, CoC32H38N8O6 requires: Co, 8.55; C,
55.73; H, 5.55; N, 16.25 %.
Compound [CoL2]Cl2 (2): By magnetic stirring at room temperature of 0.952 g (4 mmoles)
CoCl2·6H2O and 1.9 g (8 mmoles) 1-[methylamino-N-(o-tolyl)]-1H-benzotriazole for 1
hour, a pink-grayish product, sparingly soluble in ethanol, is obtained. The compound was
filtered off and washed several time with ethanol. Chemical analysis. Found: Co, 10.04; C,
55.32; Cl, 11.33; H, 4.45; N, 19.05 %, CoC28 Cl2H284N8 requires: Co, 9.72; C, 55.46; Cl,
11.69; H, 4.65; N, 18.48 %.
Compound [CoLCl2] (3): Working as above, heating, a green product sparingly soluble in
ethanol, is obtained. The compound was filtered off and washed several time with ethanol.
Chemical analysis. Found: Co, 16.34; C, 45.45; Cl, 19.62; H, 3.57; N, 15.77 %, CoC14
Cl2H14N4 requires: Co, 16.00; C, 45.68; Cl, 19.26; H, 3.83; N, 15.22 %.
The elemental chemical analyses were performed by usual micromethods. The diffuse
reflectance spectra were recorded in the 24-14 kK (380-1200 nm) range, on a
VSU2-P Zeiss-Jena spectrophotometer, using MgO as standard. The IR spectra were
recorded on a Specord M80 spectrophotometer in the 200-4000 cm-1 range using KBr
pellets. The heating curves (TG, T, ADT and DTG) were recorded in a MOM (Budapest)
derivatograph, type Paulik-Paulik-Erdely, in a static air atmosphere.

Results and Discussion
Starting from Co(II) salts and 1-[methylamino-N-(o-tolyl)]-1H-benzotriazole (L) three new
complexes was obtained as it showed in the scheme (1).
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Co(CH3COO)2 + L
1
: 2

heating

[CoL2(H2O)2](CH3COO)2 (1)

room temperature
CoCl2 + L
1 : 2
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heating

[CoL2]Cl2 (2)
[CoLCl2] (3)

Scheme 1

The infrared spectra, offer information about the ligand and the donor atoms nature
(Table 1). The assignments of the most important absorption bands, according to the
literature data [14, 15] permit us to make the following remarks:
–

the mean bands of the triazole derivative, γ(CH) (746 cm–1) δ(CH) (1135–1220 cm–1),
δ(CH2) (1445 cm–1), δ(CH3) (1390 cm–1), ν(C=C) (1530–1535 cm–1), νs(CH2) (2926–
2949 cm–1) indicate the presence of this ligand in all complexes;

–

the band assigned to the ν(N−N) vibration mode is shifted to lower energy in the
spectra of complexes; that fact is in accord to a coordination of at least one nitrogen
atom at the metallic ion;

–

the ν(N=N) band from the complexes spectra is shifted to higher energy from the one
corresponding to the free ligand due to the coordination of at least one of the nitrogen
atom to the metallic ion;

–

the ν(NH) band from the complexes spectra is shifted to lower energy which suggests
the coordination of this nitrogen atom to the metallic ion;

–

the additional bands which appear around 1415 and 1560 cm–1 for the complexes (1) is
a proof for the presence of uncoordinated acetate ion [16];

–

the presence of water molecules in compound (1) could be responsable for the
appearance of a large strong band in the 3400-3500 cm-1 range, assigned to ν(OH)
stretching vibrations; in addition, in the spectra of all complexes appear a band
assigned to the coordinated water molecules (ρw(H2O));

–

in the 435-440 cm–1 range, in all the complexes spectra it appears an absorption band
assigned to the stretching vibration ν(M-Nalif).

Thus, the infrared spectra suggest the chelate coordination of the triazole derivative through
one heterocyclic nitrogen atom and the nitrogen from the secondary amine group; the
complex (1) contains also water molecules coordinated while the acetate anion is
uncoordinated.
The thermal degradation of the compound (1) occurs in two steps. The first step
corresponds, in the TG curve, to the lost of the water molecules. The process occurs in the
interval 150 - 1900C, with a maximum (endothermic effect in the DTG curve) at 1700C,
which indicates that the water molecules are coordinated. This observation supports the
conclusion of the spectral investigations. A second step, occurring between 420 - 7500C, is
a non-single, exothermic one and corresponds, according to the DTA and DTG curves, to
minimum two processes. The final residue of the thermal decomposition is Co3O4.
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Table 1. IR spectra (cm-1)
L

(1)

(2)

(3)

Assignments

–

437 w

437 w

437 w

ν(M−Nalif)

–

617 m

–

–

ρw(H2O)

750 vs

750 m

750 vs

750 vs

γ(CH)

980 m
1154 s
1229 m
–

990 w
1134 w
1220 w
1414 s

995 w
1134 m
1200 m
–

996 w
1135 w
1191 w
–

ν(N−N)

νs(COO)

1435 s

1438 s

1445 m

1445 s

δ(CH2)

1525 vs

1535 s, sh

1534 m

1530 m

ν(C=C)

–

1562 vs

–

νas(COO)

1605 s

1646 m

1647 s

2949 m

2928 m

2932 m

–
1616 s
1661 s
2926 m

3394 s

3427 s

3377 vs

3425 s

ν(NH)

–

3480 m, sh

–

–

ν(OH)

δ(CH)

ν(N=N)
νas(CH2)

The diffuse reflectance spectra were assigned, in order to obtain information about the
coordination number and the complexes stereochemistry (Table 2) [17].
Table 2. Electronic spectra
Compound

[CoL2(H2O)2] (CH3COO)2
(1)

[CoL2]Cl 2
(2)

[CoLCl2]
(3)

Absorption
maxima
[cm-1]

⎧20408
⎨
⎩17065

Assignments

4

4

13890
8764
⎧18832
⎨
⎩15823
8511

T1 → 4T1 (P)
T1 → 4A2
T1 → 4T2

4

4

A2 → 4T1 (P)

4

A2 → 4T1 (F)

24570
15823

4

CT
A2 → 4T1 (P)

⎧11364
⎨
⎩8780

4

A2 → 4T1 (F)

The spectrum of the complex (1) is consistent with an octahedral distorted environment of
the Co(II) ion, being assigned the three spin-allowed transitions (Fig. 1).
For the complexes (2) and (3) the electronic spectra indicate a tetrahedral environment
(Figs. 2 and 3) for the metallic ion.
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Fig. 1. The electronic spectrum of [CoL2(H2O)2] (CH3COO)2

Fig. 2. The electronic spectrum of [CoL2]Cl2

Fig. 3. The electronic spectrum of [CoLCl2]
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Conclusions
Three new Co(II) complexes of 1-[methylamino-N-(o-tolyl)]-1H-benzotriazole have been
synthesized and characterized on the basis of elemental chemical analysis, electronic and
infrared spectra.
According to the IR spectra, all the complexes contain the triazole derivative as chelate
ligand. The electronic spectra agree with an octahedral stereochemistry for complex (1) and
tetrahedral one for the complexes (2) and (3).
By correlating all these experimental data, we propose the following molecular formula for
the complexes:

H

N
N
N HO

N

N
N

Co

or

OH N

H

N

H

N

N

N
Co

N
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NN

N

N

H

N

N
N

or
HN
Cl

Co
Cl
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COMBINAISONS COMPLEXES DU NICKEL(II) AVEC
SALICYLEALDÉHYDE BENZOTHIAZOLYL HYDRAZONE.
SYNTHÈSE, CARACTÉRISATION ET PARAMÉTRISATION DU
CHAMP DES LIGANDS
Mirela Călinescu½, Emilia Ion, D. Negoiu et Ana Emandi
abstract: Quatre combinaisons complexes du Ni(II) avec salicylealdéhyde benzothiazolyl
hydrazone (H2L) ont été préparées et caractérisées sur la base de l’analyse élémentaire et
thermogravimétrique, déterminations magnétiques, spectres dans l’infrarouge et ultravioletvisible. Dépendant du sel utilisé et du pH, le ligand agit comme donneur neutre, monobasique ou
dibasique, bi- ou tridenté. Ainsi, en utilisant l’acétate et l’iodure de nickel(II) on a obtenu des
complexes dimères, plan-carrés, ayant les formules : [Ni2L2] et [Ni2(H2L)2I2]I2⋅2H2O,
respectivement. Le nitrate conduit à un complexe monomère, [NiL(NO3)]Na, tandis que le
chlorure de nickel donne un dimère, [Ni2(HL)2Cl2]⋅H2O, dans ces deux composés le cation étant
penta-coordiné. L’analyse des spectres électroniques a permis la paramétrisation du champ des
ligands pour ces complexes.

Introduction
L’intérêt pour la chimie des combinaisons complexes avec des ligands de la classe des
hydrazones a augmenté considérablement, grâce à leur activité biologique [1-3]. On a
trouvé ainsi que les hydrazones et leurs complexes métalliques possèdent des propriétés
antivirales, antibactériennes [4,5], anticonvulsantes [6] et antifongiques [7,8].
Les hydrazones dérivés de 2-hydrazinobenzothiazole et divers aldéhydes aromatiques ont
montré une activité biologique encore plus puissante, due à la présence d’un hétérocycle à 5
atomes, condensé avec un noyau benzénique et à une délocalisation π pouvant s’étendre sur
la molécule entière [9,10]. Les recherches les plus nombreuses sont concentrées sur les
composés des métaux de transition [11-13], mais on a signalé aussi l’obtention des
complexes d’aluminium, de germanium ou de plomb [12].
En vue de l’importance pratique, mais aussi théorique de cette classe de combinaisons
complexes, on a synthétisé et caractérisé quatre complexes du Ni(II) avec salicylealdéhyde
benzothiazolyl hydrazone (H2L).
En continuant nos recherches sur la paramétrisation du champ des ligands dans les
combinaisons complexes des métaux de transition avec des hydrazones [14-17], on a fait
une étude approfondie sur les spectres électroniques des complexes obtenus, ce qui nous a
½
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permis d’établir la symétrie du polyèdre de coordination et le calcul des paramètres du
champ fort dans les complexes plan-carrés.

Partie expérimentale
Tous les réactifs utilisés sont de pureté p.a.
Préparation du ligand. On a préparé le ligand conformément à la méthode de Katz [9], par
la réaction de condensation de l’aldéhyde salicylique avec 2- hydrazinobenzothiazole, en
quantités équimoléculaires, en méthanol, à réflux (3h). H2L: p.f. = 262 0C, composé jauneclaire.
2-hydrazinobenzothiazole a été obtenu à partir de 2-mercaptobenzothiazole et hydrate
d’hydrazine, en éthanol, en réfluxant le mélange réactionnel pendant 10h [18]; p.f. = 1990C.
Préparation des combinaisons complexes. Le complexe [NiL(NO3)]Na (I) a été préparé par
la méthode suivante: on a dissous 1,34 g (0,005 moles) de ligand en 30 ml d’éthanol, à
réflux; à cette solution on a ajouté 1,45 g (0,005 moles) de Ni(NO3)2⋅6H2O, dissous dans la
quantité minimale d’éthanol. Aucun changement n’a été observé après une heure de
réfluxation; en ajustant le pH à 5,5 avec de l’acétate de sodium, un précipité brun se forme
presque immédiatement. Après encore une heure de réfluxation, on l’a séparé par filtration
à vide.
Le complexe [Ni2(H2L)2I2]I2⋅2H2O (II) a été préparé en réfluxant pendant 2 heures un
mélange formé de 1,34 g (0,005 moles) de ligand dissous en 30 ml d’éthanol et 1,56 g
(0,005 moles) de NiI2 dissous en quantité minimale d’éthanol. Il se forme un précipité
jaune, qu’on a séparé par filtration à vide.
La synthèse des complexes [Ni2L2] (III) et [Ni2(HL)2Cl2]⋅H2O (IV) a été publiée dans un
travail antérieur, mais sans faire une caractérisation spectrale détaillée [19]. Les deux
complexes sont colorés en rouge foncé et vert, respectivement.
L’analyse élémentaire et les déterminations de conductibilité molaire (en éthanol) donnent
les résultats suivants:
[NiL(NO3)]Na (I): trouvé (%): C, 40,25; N, 13,86; Ni, 14,01. Calculé (%): C, 40,87; N,
13,62; Ni, 14,35; λM = 130 Ω–1cm2mol–1.
[Ni2(H2L)2I2]I2⋅2H2O (II): trouvé: C, 28,32; N, 7,20; Ni, 9,72. Calculé: C, 28,00; N, 7,05;
Ni, 9,83%; λM = 154 Ω–1cm2mol–1.
[Ni2L2] (III) : trouvé: C, 51,87; N,13,36; Ni, 18,54. Calculé: C, 51,37; N, 12,84; Ni,
18,04%; λM = 45 Ω–1cm2mol–1.
[Ni2(HL)2Cl2]⋅H2O (IV) : trouvé: C, 45,42; N,11,62; Ni, 15,77. Calculé: C, 45,10; N, 11,27;
Ni, 15,88%; λM = 34 Ω–1cm2mol–1.
La détermination de C, H et N a été faite par combustion, avec un appareil Carlo Erba
1180; le métal a été déterminé par analyse gravimétrique.
Les spectres infrarouges (4000–400 cm–1) ont été enrégistrés à l’aide d’un
spectrophotomètre Spekord IR M-80 Carl Zeiss Jena. Les déterminations
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thermogravimétriques ont été faites dans un intervalle de température compris entre la
température ordinaire et 10000C, à l’aide d’un appareil MOM Q-1500. Les mesuréments de
conductibilité ont été réalisés sur un conductomètre Phillips PR 9500, en solution
éthanolique 10–3M. Les spectres UV-VIS (10000-50000 cm–1) ont été enrégistrés en
réflexion diffuse, à l’aide d’un spectrophotomètre Spekord M-40. Les spectres en
infrarouge proche (1100-2500 nm) ont été réalisés sur un spectrophotomètre Nirs Sisten
Pharma – 5100, en réflexion diffuse. On a déterminé les moments magnétiques en utilisant
une balance de type Weiss, par la méthode de Faraday, avec Hg[Co(SCN)4] comme
standard.

Résultats et discussion
Les résultats de l’analyse élémentaire montrent que les quatre complexes correspondent à
un rapport molaire nickel:ligand = 1 :1.
L’étude comparée des spectres dans l’infrarouge du ligand et des complexes a permis
d’établir que l’hydrazone peut coordiner à l’ion métallique en deux formes tautomères
(Fig. 1).
HO

N
S

N

NH

CH

HO

NH
S

N

N

CH

Fig. 1. Formes tautomères du ligand

Le Tableau 1 donne les fréquences caractéristiques dans les spectres infrarouge du ligand et
des combinaisons complexes.
Le spectre infrarouge de ligand présente une absorption intense, à 1617 cm–1, attribuée à la
vibration de valence du groupement C=N [20-22]. L’abaissement de la fréquence νC=N dans
les spectres de tous les complexes est d’accord avec la coordination du ligand par les
atomes d’azote azométhinique (exo et endocyclique). Le déplacement de la bande due à la
vibration N-N confirme aussi la coordination des atomes d’azote azométhinique.
Les bandes caractéristiques à la vibration de valence du groupement NH secondaire
(3200cm–1) et aux vibrations couplées δNH+νCN (1575 cm–1) subissent des déplacements
dans les spectres des complexes II et IV, mais disparaissent dans les spectres des complexes
I et III. Cela indique la tautomérisation suivie par la déprotonation du groupement NH dans
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les complexes I et III [22-24]. Une bande très intense apparaissant dans leurs spectres en IR
à 1511–1513 cm–1 est probablement due au squelette: >C=N-N=C< [22,24].
Tableau 1. Absorptions caractéristiques en IR pour le ligand et pour les complexes (cm-1)*
Vibration

H2L

I

II

III

IV

νOH (H2O)

-

-

-

-

3404 m

νOH
phénolique

2923 m

-

2967 m

-

-

νNH

3200 m

-

3133 m

-

3185 m

νC=N

1617 ti

1603 i

1601 i

1604 ti

1602 ti

δNH+νCN

1575 i

-

1541 ti

-

1550 ti

1268 m

1277 i

1260 i

1277 mi

1262 i

-

-

-

981 m

956 m

νC-O
phénolique
ν(ONO)
(NO3)

-

1702 m
1695 m
960 m

946 m
954 m
νNN
ti = très intense ; i = intense; m = moyenne; f = faible

La bande d’intensité moyenne située à 2923 cm–1 dans le spectre du ligand est attribuée à la
vibration de valence du groupement OH phénolique associé par des liaisons hydrogène
[24]. Cette bande disparaît dans les spectres des complexes I, III et IV, d’accord avec la
déprotonation de ce groupement par coordination. Le spectre du complexe II montre que le
groupement OH n’est pas coordiné à l’ion métallique, sa bande caractéristique étant
seulement déplacée vers des nombres d’onde plus hauts (à cause de la destruction des
liaisons hydrogène).
Dans les spectres IR des combinaisons complexes on observe aussi l’apparition de
nouvelles bandes, à 3404 cm–1 (complexe IV), due à la vibration de valence de la liaison
O-H de l’eau [22,24] et à 1702 et 1695 cm-1 (complexe I), caractéristiques à l’anion nitrate
ligand bidenté [25].
Les nouvelles bandes intenses, apparaissant dans les spectres des complexes II, III et IV à
1229 cm-1, 1249 cm–1 et 1232 cm–1, respectivement, sont trouvées être caractéristiques aux
espèces dimères [24].
Les observations présentées ci-dessus montrent que l’hydrazone agit comme ligand
dibasique tridenté dans les complexes I et III, monobasique tridenté dans le complexe IV et
neutre bidenté dans le complexe II.
L’analyse thermique a prouvé la présence de l’eau de cristallisation dans le complexe IV
(celle-ci est perdue dans le processus endothermique, avec le maximum à 135 0C) [26]. Le
chlore coordiné, dans le même complexe, est éliminé dans un processus endothermique, de
maximum à 270 0C [27]. L’iode (ionique et coordiné – complexe II) est perdu dans un
intervalle de température assez large, 260-360 0C et 360-500 0C, correspondant à deux
processus endothermiques [27]. La décomposition du ligand organique se produit, dans tous
les cas, entre 400-500 et 6500C, dans un processus fortement exothermique. Dans le cas du
complexe [NiL(NO3)]Na la perte de masse observée entre 320 et 400 0C, avec le maximum
à 340 0C, correspond au nitrate coordiné [27].
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Les déterminations de conductibilité molaire indiquent que les complexes I et II sont des
électrolytes 1:1 et 1:2, respectivement, les deux autres étant non-électrolytes.
Les résultats présentés ont permis d’attribuer aux complexes les structures suivantes (Fig. 2):
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O
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Fig. 2. Structures des complexes

Les déterminations de susceptibilité magnétique à température ordinaire montrent que les
complexes I et IV sont paramagnétiques, ayant les valeurs du moment magnétique égales à
3,02 M.B. et 2,80 M.B., respectivement. Les complexes II et III sont diamagnétiques, ce qui
indique une géométrie plane-carrée.
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La corrélation des données analytiques et spectrales en IR pour les complexes I et IV
conduisent à la conclusion que l’ion métallique est penta-coordiné, mais leurs spectres
d’absorption dans l’infrarouge proche et ultraviolet-visible diffèrent sensiblement.
La position et l’intensité des bandes dans le spectre du complexe [NiL(NO3)]Na (I)
correspondent à une géométrie de bipyramide triangulaire (symétrie D3h), avec 3E'(F) le
fondamental orbital [28,29]. Dans cette hypothèse, les bandes observées peuvent être
attribuées aux transitions suivantes [28]:
12640 cm–1

3

E’(F) → 3A1’’, 3A2’’

13600 cm–1

3

17390 cm–1

3

23800 cm–1

3

E’(F) → 3A2’
E’(F) → 3E’’(P)
E’(F) → 3A2(P)

Pour le complexe [Ni2(HL)2Cl2]⋅H2O (IV) le spectre d’absorption dans l’infrarouge proche
montre deux bandes, à 5000 et 9100 cm–1. Quatre autres bandes, dans le visible, se situant à
11760, 16050, 20833 et 24038 cm–1 sont encore caractéristiques à une symétrie de
pyramide carrée (C4v) [28]. En admettant le terme 3B1 comme fondamental orbital, on peut
attribuer les bandes observées aux transitions suivantes :
5000 cm–1

3

B1 → 3E

9100 cm–1

3

11760 cm–1

3

16050 cm–1

3

20833 cm–1

3

24038 cm–1

3

B1 → 3A2
B1 → 3B2

B1 → 3E (3T1, F)
B1 → 3A2(P)
B1 → 3E(P)

Dans les complexes II et III, l’ion métallique est tétra-coordiné et leur diamagnétisme est en
accord avec une symétrie plane-carrée. Leurs spectres électroniques ne présentent pas de
bandes d’absorption au-dessous de 10000 cm–1. Outre les trois bandes attribuées aux
transitions permises par le spin, on observe dans le visible une bande supplémentaire, due à
la transition interdite : 1A1g → 3A2g (Tableau 2).
Tableau 2. Transitions électroniques pour les complexes [Ni2(H2L)2I2]I2⋅2H2O (II) et [Ni2L2] (III)
Bandes observées (cm–1)

Attributions

II

III

10200

13755

1

A1g → 3A2g

11365

15948

1

A1g → 1A2g

17700

18512

1

25000

23419

A1g → 1B1g

1

A1g → 1Eg

La résolution du spectre électronique suppose la détermination des paramètres de champ
fort, ∆1, ∆2 et ∆3, définis ainsi:
∆1 = E(b1g) – E(a1g) ;

∆2 = E(b1g) – E(eg) ;

∆3 = E(b1g) – E(b2g)
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On note que les orbitales anti-liantes se transforme en symétrie D4h comme suit :
d x2

− y2

→ b1g; dxy → b2g; dxz,dyz → eg ; d z 2 → a1g

Les énergies observées, exprimées en fonctions des paramètres ∆1, ∆2, ∆3, B et C sont les
suivantes [30] : E(1A1g → 1A2g) = ∆1 - C ;
E(1A1g → 1B1g) = ∆1 + ∆2 - 4B - C ;
E(1A1g → 1Eg) = ∆1 + ∆2 + ∆3 - 3B - C ;
E(1A1g → 3A2g) = ∆1 - 3C
On assume aussi C/B = 4. Les valeurs obtenues pour les paramètres sont comprises dans le
Tableau 3.
Tableau 3. Paramètres du champ des ligands pour les complexes plan-carrés (cm–1)
Paramètre

II

III

∆1

11947

18527

∆2

6917

5143

∆3

7154

4262

B

146

644

Ces valeurs conduisent à la succession énergétique suivante:
Complexe II : d z 2 < dxy < dxz, dyz < d x 2

− y2

Complexe III: d z 2 < dxz, dyz < dxy < d x 2

− y2

Dans le complexe III, la succession énergétique correspond à une géométrie plane-carrée
typique, sans aucune intéraction dans la direction de l’axe des z. L’inversion énergétique
dans le cas du complexe II est due à un champ plus faible crée par l’iode et, probablement,
à une contribution π de l’iode à la liaison avec le métal [30].

Conclusions
En utilisant des sels différents, on a préparé quatre combinaisons complexes du Ni(II) avec
salicylealdéhyde benzothiazolyl hydrazone. L’analyse des spectres électroniques montre
que l’hydrazone crée un champ cristallin intermédiaire, plus fort que les halogènes et
permet le calcul des paramètres dans le cas des complexes plan-carrés.
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CONTROLLED SYNTHESIS II.
REACTION OF Sn(IV) AND Zr(IV)
WITH ISATIN-3-TIOSEMICARBAZONE
AND n-METIL ISATIN-3-TIOSEMICARBAZONE
Elena Cristurean, Carmen Pârnău½, Mihaela Badea and Rodica Olar
abstract: A series of new metal chelates of Sn(IV) and Zr(IV) with the thiosemicarbazones
formed by condensation of isatin with thiosemicarbazides have been synthesized and
characterized. Following the synthesis conditions, two types of complexes were obtained:
[M(HLI)2]; [MLII2]Cl2, where: H2LI = isatin 3-thiosemicarbazona; HLII = N-metil-isatin
3-tiosemicarbazona; M=Sn(IV), Zr(IV). The complexes were characterised by IR, diffuse
reflectance data, elemental analyses and molar conductivity measurements. The experimental
data suggest that the ligand acts as tridentate, and in function of reaction system, can coordinates
in two different forms.

Introduction
In view of versatile importance of isatins [1÷5] and in continuation of our previous work
dealing with the Sn(IV) and Zr(IV) complexes of isatin Schiff bases [6÷8] and looking for
greater carcinostatic activity, we have now turned our attention to TSCs derived from isatin
(1-H-indole-2,3-dione) which was recently found to be endogenous in mammalian tissues
and body fluids [9÷16]. There has been considerable interest show in the coordination
chemistry of metal ions and isatin-thiosemicarbazones, but less attention has been paid to
complexation of main group metal ions.
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Fig. 1: Structure of ligands (H2LI:R=H, HLII:R=CH3)
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Isatin-thiosemicarbazone may act as chelating agent coordinating to the central metal ions
throught azomethine nitrogen, carbonylo oxygen and thiolato sulphur atoms (mono- or
dibasic NOS tridentate ligands) (Fig. 2).
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S
1
NH2

2
N
H
HS

N
N
H

NH2

N

O

HS
N
N

N

NH2

OH

Fig. 2: Tautomer structures of isatin 3-thiosemicarbazona (H2LI)

Experimental
Materials and methods
All reagents used were of analytical grade and were used without further purification. SnCl4
(Riedel), ZrCl4 (Merck), isatin (Aldrich, 98%), thiosemicarbazida (Merck) and other
chemicals employed in the preparation of the TSCs were used as supplied by commercial
sources. Solvents were purified by usual methods. Chemical analysis was performed by
using the well-known micromethods. The diffuse reflectance spectra were recorded in
range 350-800 nm on a VSU2-P Zeiss Jena spectrophotometer, using MgO as standard. The
IR spectra were recorded in range 400–4000 cm–1 with a BIO–RAD FTS 135
spectrophotometer, using KBr pellets. Molar conductivities were measured in freshly
prepared 10–3 mol.dm–3 solutions in DMF at room temperature with a digital conductivity
meter Consort C 533.

Synthesis of the ligands (H2LI, HLII)
Isatin-2,3-indolinedione or N-metylisatin and thiosemicarbazide, taken with 1:1 molar ratio,
were dissolved in aqueous ethanol in presence of a few drops of acetic acid. The mixture
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was refluxed over water bath for 1 h. After cooling at room temperature, the yellow
microcrystalline solid was separated, washed with ethanol, dietylether and dried under
vacuum. M.p. H2LI 240 0C; HLII 257 0C. H2LI IR (cm–1, KBr): 3322m, 3206m,br, 3086m,br,
3086m (NH2+NH); 1699s (C=O); 1622s (C=N); 830m (C=S); HLII IR (cm–1, KBr): 3426s,
3247m,br, 3150m (NH2+NH); 1676s (C=O); 1607s,br (C=N); 832m (C=S).

Synthesis of complexes
All complexes were prepared by the following general procedure: a hot anhydrous ethanol
solution of the ligand was added to the clorides (1:2 molar ratio) of Sn(IV), Zr(IV)
dissolved in anhydrous ethanol.
[MLI2] The reaction mixture were refluxed on a steam bath for 12 h; then, under nitrogen
atmosphere and continuous stirring, sodium methoxide was added (M:ligand:CH3ONa
1:2:4). [M(HLII)2]Cl2 The reaction mixture were refluxed on a steam bath for 6 h; then,
under nitrogen atmosphere and continuous stirring, sodium methoxide was added
(M:ligand:CH3ONa 1:2:2).
The complexes were crystallized upon concentration. The compounds were filtered, washed
with anhydrous ethanol and dried over P2O5 in vacuum.
[MLI2] SnC18H12O2S2N8 Requires: Sn 21.29; N 20.08%. Found for beige-maron solid: Sn
23.12; N 20.11%. ZrC18H12O2S2N8 Requires: Zr 17.20; N 21.12%. Found for beige-maron
solid: Zr 17.12; N 21.19%. [M(HLII)2]Cl2 SnCl2C20H18O2S2N8 Requires: Sn 18.11;
Cl 10.83; N 17.08%. Found for maron solid: Sn 18.06; Cl 11.08; N 17.00.
ZrCl2C20H20O2S2N8 Requires: Zr 14.52; Cl 11.30; N 17.83%. Found for maron solid:
Zr 14.36; Cl 11.38; N 17.70%.

Results and Discussion
The analytical data show different stoichiometries in dependence of organic anion and in
function of reaction system (i.e. CH3ONa), ligands can coordinates in two different forms.
The complexes were isolated as sparingly soluble, coloured products from the reaction
medium. These chelates are powders stable towards air and moisture. They decompose at
>300 °C and are insoluble in most common organic solvents but soluble in dmf.
On the basis of chemical analysis the minimal formula correspond to [MLI2] and
[M(HLII)2]Cl2, M=Sn(IV), Zr(IV).
The conductivity values for the [MLI2] complexes (6.5-10.4 Ω–1.cm2.mol–1) indicate that the
complexes are non-electrolytes in solution. For the [M(HLII)2]Cl2 the conductivity values
(62-80 Ω–1.cm2.mol–1 ) indicate that the complexes are electrolytes in solution.
The most important IR bands, presented and assigned in Table 1 show the following
characteristics:
The bands at 3150, 1700-1680 and 1620-1610 cm–1 in the ligands spectra, were assigned to
stretching vibration modes νN(2)H+N(4)H, νC=O and νC=N, respectively.
All the bands assigned to stretching vibration modes νN(2)H, νC=O and νC=S in the free ligands
disappear in the spectra of the compounds, but new bands are recorded at 1595-1570,
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1310-1270 and 500-600 cm–1, respectively. These new bands, assigned to the νC=N* (new
azomethine bond), νC-O and νC-S vibration modes respectively, suggest the enolysation
and/or thiolysation of NH hydrogen of isatin and/or of NH thiosemicarbazide and the
coordination at tin/zirconium through the oxygen/sulphur of the C-O/C-S group.
Table 1. Infrared spectra (cm–1)
Compound

νN(2)H

νN(4)H

νC=O

3158
s, br

I

HL

1699
s
1662
w–m

[SnLI2]

–

–

[ZrLI2]

–

–

HLII

3145
m,br

–

[Sn(HLII )2]Cl2

–

–

1664
w–m

[Zr(HLII)2]Cl2

–

–

1660
w–m

1660
w–m
1681
s

H

N

H

νC-O

νC=S

νC-S

νM-O/M-S

–

830
m

–

–

1310
s, sh

–

550
m

470/420
w

1310
s,sh

–

610
m

472/430
w

–

830
m

–

–

1270
s

–

550
m

481/427
w

1270
s

–

598
m

480/430
w

NH2

H
H

νC=N
νC=N*
1622
s
1609
m
1595
s
1603
m
1613
vs
1609
m
1570
s
1610
m
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H
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Fig. 3: Proposed structures of complex compounds [MLI2], [M(HLII)2]Cl2; M=Sn(IV), Zr(IV)

The formation of M-O and M-N bonds is further supported by the appearance of νM-O and
νM-N in the regions 480-470 and 430-420 cm–1, respectively, in the spectra of chelates.
The most important conclusions drawn from the infrared spectral evidence is that the
thiosemicarbazones (TSCs) is acting as chelating agent towards the central metal ions as a
mono- or dibasic NOS tridentate ligand forming two five-membered chelating rings.

COMPLEXES OF Sn(IV) AND Zr(IV) WITH SCHIFF BASE LIGANDS

159

The highest energy π→π* band at 35780 cm–1 (279 nm) in the UV-VIS spectra of ligands,
in ethanol, is at higher energy in the spectra of complexes, suggesting it likely arises from
one of the functional groups that coordination rather the aromatic ring. The diffuse
reflectance spectra were recorded in range 350-800 nm (MgO). In the spectra of ligands the
band at 27820 cm-1 (359 nm) is very broad and likely involves n→π* transitions for the
C=O, C=N and C=S functions. The Sn(IV) and Zr(IV) chelates are diamagnetic with no
ligand field transition. The two lowest energy bands in the diffuse reflectance spectra of the
complexes are assigned to charge transfer transitions (430-441 nm) with the lowest energy
band (579-604 nm) hydroxilato/thiolato donor.
The proposed structural representations are presented in Fig. 3.

Conclusion
We report here the synthesis and the characterization of new complexes of Sn(IV) and
Zr(IV) with the thisemicarbazones derived from “isatins” and thiosemicarbazide. The
syntheses were conducted in conditions allowing the tridentate mono- or di-basic function
of the ligands and the stability of Sn/Zr(IV). The synthesized compounds were
characterized by elemental analysis, IR and electronic spectroscopy, as well as by
conductance measurements. The correlation of the experimental data allows assigning a
octahedral stereochemistry to all the reported complex compounds.
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SYNTHESIS AND CHARACTERISATION
OF SOME NEW METAL COMPLEXES
OF 3-NITROZO-4-HYDROXY-COUMARIN
AND ANTRANILIC ACID
Ana Emandi½, Mirela Calinescu, Mihaela Badea and Rodica Olar
abstract: Some new mononuclear tetracoordinated compounds of Ni(II), Pd(II), Pt(II) and
Cu(II) with different donor atoms (OO) and (ON) of the monobasic and bidentate organic
ligands: 3-nitrozo-4-hydroxy-coumarin or oxiimidobenzotetronic acid (L1H) and antranilic acid
(L2H) have been synthesized and characterized by elemental analysis, the effective magnetic
moment, UV-VIS, IR, spectral data. The elemental analysis and IR spectral data exhibited for all
complexes the general formula [M(L1)(L2)], where M= Ni(II), Pd(II), Pt(II) and Cu(II) and L1 ,
L2 are the deprotonated ligands above mentioned. The effective magnetic moments and the
electronic spectra are in agreement with a square planar geometry for all complexes.
keywords: Ni(II), Pd(II), Pt(II) and Cu(II) complexes, 3-nitrozo-4-hydroxy-coumarine,
oxiimidobenzotetronic acid, antranilic acid

Introduction
Coumarin derivatives have found extensive applications in medicine and biology and they
are also known for their tendency to give coordination compounds with different metallic
cations [1]. The complexation behaviour of the transition cations in a different environment
is always of interest to inorganic chemists [2]. We have focused our attention in
synthesising the coordinative compounds with ligands containing condensed aromatic
rings.
Such type of ligands are very important in obtaining complexes with an extend π –
delocalised electron system where a donor acceptor bond as the metal - ligand bond is, acts
as a push-pull molecular device [3÷7].
We have coupled the monobasic and bidentate ligand, 3-nitrozo-4-hydroxy-coumarine or
oxiimidobenzotetronic acid (L1H) with another monobasic and bidentate ligand, antranilic
acid (L2H) in order to obtain a giant planar molecule in a hybride inorganic - organic
composition as a π delocalised system. The cations Ni(II), Pd(II), Pt(II) and Cu(II) were
chosen for these coordinative compounds because they easily give coordinative compounds
four coordinated. These results are briefly discussed in an attempt to determine the
stereochemistry around the cations and the nature of the bonds.
½
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Experimental
Materials: NiCl2.6H2O, PdCl2, K2[PtCl4], CuCl2.H2O, EtOH, were purchased from
MERCK LTD.

Measurement techniques:
Elemental analyses were performed using a Carlo Erba 1108 apparatus. Metallic cations
were determined by analytical classical methods.
Magnetic susceptibility measurements were performed by the Faraday method, at room
temperature, using Hg[Co(SCN)4 ] as standard.
The IR spectra were run with a Perkin Elmer FT-IR Spectrophotometer in 4000-200 cm-1
range, in KBr pellets.
The UV-VIS spectra of all compounds were obtained by diffuse reflectance technique,
dispersing the sample in MgO, with a M400 Carl Zeiss Jena Spectrophotometer.

Preparation and isolation of the compounds:
3-nitrozo-4-hydroxy-coumarine or oxiimidobenzotetronic acid (L1H) was prepared by
nitrosation of 4-hydroxy - coumarin under acidic conditions [7]. Chemical analysis: Found:
C 40.81; H 6.12; N 9.52%. C5H9O4N requires: C 41.05; H 5.92; N 9.50%.
The coordinative compounds were prepared by mixing the ethanolic solutions of the metal
salts (2.28.10–3 mols) in 10 ml EtOH with an ethanolic solutions of ligands in a molar ratio
M / (L1H) / (L2H) = 1 / 1 / 1 in 15 ml EtOH and continuous stirring at the room
temperature. The solution of the ligands was added step by step to the solution of the
metallic salts. After few minutes the pH was adjusted from 4.5 to 7 with a solution of
NaHCO3 32% and an abundant, intense coloured precipitate arose. The stirring was
maintained for 1.5 h, and the precipitate was filtered off and recrystallized from an ethanol /
acetone = 1/1 (v/v) solution. All complexes were obtained as microcrystalline powders.

Results and Discussion
The chemical analysis of the metal complexes (Table 1) indicates the same molar ratio of
M / (L1H) / (L2H) = 1 /1 / 1 used in the synthesis.
The chemical reactions of the synthesis have been formulated on the basis of these data for
the following coordinative compounds:
NiCl2·6H2O +L1H + L2H + 2NaHCO3 → [Ni(L1)(L2)] + 2NaCl + 2H2O + 2CO2
PdCl2 + L1H + L2H + 2NaHCO3

→ [Pd(L1)(L2)] + 2NaCl + 2H2O + 2CO2

K2[PtCl4] +L1H +L2H + 2NaHCO3 → [Pt(L1)(L2)] + 2NaCl+2KCl+ 2H2O + 2CO2
CuCl2·2H2O + L1H + L2H + 2NaHCO3 → [Cu(L1)(L2)] + 2NaCl + 4H2O + 2CO2
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Table 1. The chemical analysis, melting points, colour and molecular formulas of the metal complexes
Compounds

C%

H%

(49.92)
(2.60)
[Ni(L )(L )2] (1)
(48.05)*
(3.00)*
(44.40)
(2.31)
[Pd(L1)(L2)2] (2)
(45.02)*
(2.01)*
(36.84)
(1.91)
[Pt(L1)(L2)2] (3)
(36.22)*
(1.82)*
(2.56)
(49.29)
[Cu(L1)(L2)2] (4)
(2.15)*
(49.00)*
( ) theoretical data, ( )* experimental data.
1

2

N %

M%

(7.28)
(7.29)*
(6.47)
(6.40)*
(5.37)
(5.92)*
(7.18)
(7.21)*

(15.23)
(15.70)*
(24.6)
(24.95)*
(37.44)
(37.05)*
(16.30)
(16.85)*

Melting
points (0C)

Colour

315

Brown

325

Orange
Brown
greenish
Greenish
brown

341
297

The IR spectral data
The free ligands IR spectra show in 4000 – 2000 cm–1 region intense, broad absorption
bands corresponding to intramolecular hydrogen bonding as it follows: for the (L1H) a band
at 3400 cm–1 which belongs to the hydrogen bonding (O-H…O) while for the (L2H) a band
near 3200 cm–1 that was assigned to intramolecular hydrogen bonding (N-H…O). In the
coordinative compounds these bands disappear.
The IR spectra of all complexes (Table 2) indicate that for the ligand L1H the N=O group is
involved in bond formation. This fact is supported by the shift of the ν(N=O) frequency
from 1565 cm–1 in the free ligand to 1545 cm–1 in the complexes [8, 9]. The ν(C-O)
frequency of the OH group is also shifted to the lower frequency in the complexes (1320 –
1250 cm–1) and the absence of a band at 3400 cm–1 due to an OH group in the spectra of the
complexes suggests the coordination through the oxygen of the hydroxyl group.
Table 2. The IR spectral data in the wave number (cm-1) of the free ligands and their metal complexes
Compounds

L2H

L1H

(1)

(2)

(3)

(4)

Assignments
ν(OH…O)
ν(NH…O)
δ(NH)
amino acid I
ν(N=O)
δ(NH)
amino acid II
ν(OCO)

3400 vs
3200 s
1665 s

–

–

–

–

–

–

1565 s

1545 m

1542 m

1540 m

1545 m

1552 m

–

–

–

–

–

1400 s

–

1325 m

1324 m

1325 m

1328 m

1320 s

1300 s

1290 s

1250 s

1300 s

ν(C−OH)
(coumarin)
ν(M−N)

–

–

565 m

590 m

575 m

550 m

ν(M−O)

–

–

469 m

521 m

492 m

450 m

The free antranilic acid shows a strong band around 1665 cm–1 and a medium band at
1552 cm–1 assigned to δ(NH) amino acid I and δ(NH) amino acid II respectively. These
bands disappeared in the complexes, but the band corresponding to ν(COO) in the free
amino acid at 1410 cm–1 is shifted in the complexes at 1325 cm–1 assigned to ν(COO)
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coordinated group. New bands corresponding to ν(M-O) and ν(M-N) are also present in all
the complexes spectra in the 590-450 cm–1 range.
Thus, the infrared spectra clearly confirm the formation of the complexes and the donor
sites in the ligands.
The electronic absorption spectra and the effective magnetic moments measurements of the
complexes further elucidate the nature and the symmetry of the tetracoordinated complexes
(Table 3). The assignments are in agreement with the literature data [10÷12].
Table 3. The assignments of the electronic absorption spectra in the wave number (cm-1) and the effective
magnetic moments [BM] of the complexes
µeff [BM]

ν max (cm-1)

[Ni(L1)(L2)]
(1)

1

0

21050
24390
27030

[Pd(L1)(L2)]
(2)

18900
24000
28200

1

0

[Pt(L1)(L2)]
(3)

0

20000
26000
29400

[Cu(L1)(L2)]
(4)

1.88

10900
13100
14300

Complexes

Assignments
A2 ← 1A1
B1 ←1A1
1
A2 ← 1A1
1

A2 ← 1A1
B1 ← 1A1
1
E ← 1A1

1

1

A2 ← 1A1
B1 ← 1A1
1
E ← 1A1

1

2

A2 ← 2A1
B2 ← 2A1
2
B1 ← 2A1
2

The electronic spectra and magnetic data correspond to a square planar geometry for all
metallic ions.
We have calculated the ligand field parameters for the platinum complex [Pt(L1)(L2)]
according to the literature data [11]. The bands of the electronic spectrum were labelled
with:
(1A2←1A1) = ∆A (ν4) ; ∆A = -35 F4 - 10 Dq
(1B1←1A1) = ∆B (ν5); ∆B =-71 F4 - 4 Ds - 5 Dt
(1E←1A1) = ∆E (ν6); ∆E = 62 F4 - Dq -3 Ds + 5 Dt
A D4h ligand field is characterized by the following parameters:
4 Dq + 7 Dt =0; F4 = 85 cm–1;
So the relationships become:
∆A = –35 F4 – 10 Dq;
–1

∆A(ν4) Dq = –2187.5 cm / comparable with the value Dq = –2848 cm–1 for [Pt{NH3}4]2+
mentioned by the literature data [9] as a square-planar complex.
∆B = –71 F4 –20/7 Dq –4 Ds; ∆B(ν5 ) Ds = –5475.75 cm–1
∆E = 62 F4 – 90/7 Dq –3 Ds; ∆E(ν6 ) Ds =1049 cm–1
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The different values of Ds computed with these data (ν5) and (ν6) of the our spectrum were
explained as results of these bands 24000cm–1 and 29000 cm–1 that include the forbidden
spin transitions 3B1g←1A1g and 3Eg←1A1g.
A very important conclusion in this case is the fact that the competition between the cation
and the organic part of the ligands for the geometry of the complex has been won by the
Pt(II) cation. We supposed that it is a result of a more covalent interaction metal-ligand of
the Pt(II) cation.
On the basis of these arguments the following structural formula were proposed (Fig. 1).

H2
N O
M
O O N

O
O

O
Fig. 1. The proposed formula of the tetracoordinated complexes
M = Ni(II), Pd(II), Pt(II), Cu(II)

Conclusions
The tetracoordinated complexes of Ni(II), Pd(II), Pt(II), Cu(II) showed a constant square
planar geometry. This geometry is a very stable one for Pd(II) and Pt(II) while Ni(II) and
Cu(II) are usually hexacoordinated. We explained this behaviour as a consequence of the
presence of five condensed rings with 6 atoms around the metallic cations. On the other
hand, the angles of a six membered ring fit probably very well the square planar geometry
of the coordinated polyhedra and the d orbital of Ni(II) and Cu(II) cations are probably
z2

involved in the π delocalised system by a d π – p π interactions and they are not available
for an octahedral symmetry. These structures are very promising to be used in a polymeric
matrix in order to produce nanostructured devices.
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SYNTHESIS AND CHARACTERISATION OF SOME NEW
COMPLEXES OF Ni(II), Cu(II), Zn(II), Cd(II) AND Hg(II) WITH
MIXED LIGANDS (NITROGEN, OXIGEN) DONOR GROUPS
Ana Emandi½, Anca Nicolae, Mihaela Badea and Rodica Olar
abstract: Some new tetracoordinated Ni(II), Cu(II), Zn(II), Cd(II), Hg(II) complexes with the
Schiff base derived from 5-formyl vanillin and sulphanilamide (AH) and
1-(2`-benzthyazolyl)-3-methyl-pyrazol-5-one) (BH) have been synthesized and characterized.
The complexes were formulated as mononuclear species with the general formula [MAB] on the
basis of chemical analyses, molar conductance and IR spectral data. The stereochemistry of the
complexes has been proposed on the basis of electronic data. The magnetic moments at room
temperature agree with the proposed stereochemistry.
keywords: Complexes of Ni(II), Cu(II), Zn(II), Cd(II), Hg(II), 5-formyl vanillin,
sulphanilamide, C11H9N3O 1-(2`-benzthyazolyl)-3-methyl-pyrazol-5-one.

Introduction
Schiff bases have received renewed attention in the recent years due to their proved
antitumoral activities [1-4].
Complexes with mixed ligands, a Schiff base derived from 5-formyl vanillin and
sulphanilamide (AH) and different amines have been reported [5]. However, complexes with
the Schiff base AH and 1-(2`-benzthyazolyl)-3-methyl-pyrazol-5-one (BH) had not been
reported. In the present paper we have focused our attention in synthesizing stable complexes
with these ligands that contain beside donor groups, free functional organic groups (-CHO,
CH3O-, -SO2NH2) available for polymerisation with different organic co-monomers.
Such complexes could be used as monomers that can be linked to a polyurethanic matrix by
these functional groups in order to obtain biomaterials with a controlled released of the
metallic cation in the human body.

Experimental
Materials: NiCl2.6H2O, CuCl2.H2O, ZnCl2, CdCl2, HgCl2, EtOH, were purchased from
MERCK LTD, Schiff base were prepared in our organic laboratory by classical method.
Measurement techniques:
½
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Chemical analyses were performed using a Carlo Erba 1108 analyser. Metallic cations were
determined by analytical classical methods.
Magnetic susceptibility measurements were performed by the Faraday method, at room
temperature, using Hg[Co(SCN)4 ] as standard.
Molar conductances of the complexes were measured in dimethylformamide with a
Toshniwal conductivity cell having a cell constant 0.5cm–1.
The IR spectra were run with a Perkin Elmer FT-IR Spectrophotometer in the 4000-200 cm–1
range, in KBr pellets.
The UV-VIS spectra of all compounds were obtained by diffuse reflectance technique,
dispersing the sample in MgO, with a M400 Carl Zeiss Jena Spectrophotometer.
The EPR spectrum was recorded on microcrystalline samples at room temperature with a
JES ME-3X spectrometer. The field was calibrated using crystalline
diphenyilpicrylhydrazyl (g=2.0036).

Synthesis of complexes:
An identical procedure was adopted for the synthesis of all metal chelates reported. For the
sake of brevity only one reaction has been discussed in detail.
(5-formyl vanillin-sulphanilamide) – nickel (II) chloride: To an ethanolic solution of
NiCl2.6H2O (2.376g, 10mmol) was added an ethanolic solution of Schiff base (3.34g,
10mmol) and 1-(2`-benzthyazolyl)-3-methyl-pyrazol-5-one) (1.99g, 10mmol). The reaction
mixture (~50ml) was refluxed for 2h and reduced to one third of its volume. On cooling, a
brown reddish crystal was obtained and recrystallised from 95% ethanol.

Results and Discussion
The reaction of metal chloride with Schiff base (AH: C15H14N2O5S)
1-(2`-benzthyazolyl)-3-methyl-pyrazol-5-one) (BH: C11H9N3O) may be depicted as:

and

MCl2 + C15H14N2O5S + C11H9N3O → [M(C15H13N2O5S) (C11H8N3O)] + 2HCl

(1)

where M: Ni(II), Cu(II), Zn(II), Cd(II), Hg(II) .
The chemical analyses (Table 1) indicate a 1:1:1 (M : AH : BH) stoichiometry for all
complexes. The complexes are stable in DMSO, dymethylformamide, and acetone. The
molar conductance values of 0.001M solutions of the complexes in DMF indicate nonelectrolyte behaviour in this solvent [6, 7].

The IR spectral data
The infrared spectra (Table 2) of the free ligands are mainly modified after complexation in
the ranges corresponding to the vibration modes characteristically to the azomethynic and
phenolic group as is depicted in the Fig. 1. The Schiff base derived from 5-formyl vanillin
and sulphanilamide exhibits two strong bands at 1600 cm–1 (ν(C=N)) and 1269 cm–1
(ν(C-OH)) and a broad absorption band near 3400 cm–1 that is assigned to the
intramolecular hydrogen bonding (O-H…N) that disappear after complexation [8]. The first
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two bands are found to be shifted to lower frequencies in the spectra of the corresponding
metal complexes indicating the involvement of C=N and OH groups in complexation [9-10].
Table 1. Analytical and Physical Data of Complexes
Compound

m. p.
[0 C]

[Ni (C15H13N2O5S) (C11H8N3O)]
(1)

Analysis %: calcd./(found)

ΛM
[Ώ-1 cm2 mole-1]

M

C

H

N

205

9.94
(9.90)

52.97
(52.01)

3.56
(3.90)

11.88
(11.80)

48

[Cu (C15H13N2O5S) (C11H8N3O)]
(2)

216

10.69
(10.52)

52.52
(52.10)

3.53
(3.62)

11.78
(11.68)

32

[Zn(C15H13N2O5S) (C11H8N3O)]
(3)

232

10.95
(10.88)

52.32
(52.30)

3.52
(3.68)

11.73
(11.67)

21

[Cd (C15H13N2O5S) (C11H8N3O)]
(4)

240

17.46
(17.40)

48.49
(42.30)

3.26
(3.45)

10.87
(10.79)

23

[Hg (C15H13N2O5S) (C11H8N3O)]
(5)

252

28.06
(28.00)

42.26
(42.15)

2.84
(3.01)

9.48
(9.52)

19

Table 2. Important IR bands (cm–1) of 5-formylvaniline-sulfanylamide and
1-(2`-benzthyazolyl)-3-methyl-pyrazol-5-one and their metal complexes
AH

BH

3400m
1678s
1600s
1269s
1141-1156 s

(1)

(2)

(3)

(4)

(5)

Assignments

–

–

–

–

–

ν OH..N

1650s

1650s

1655m

1660m

1660m

ν C=O

1590m

1590m

1570m

1510

1520m

ν C=N

1210m

1205m

1210m

1230m

1240m

ν C-OH

1096w

1098w

1096w

1096w

1098w

ν benzothyazolic ring

580w

580w

590w

590w

620w

ν M-N

420w

420w

440w

440w

450w

ν M-O

CHO
1600 cm-1
CH3O

CH

N

OH

SO2NH2

H3C

S

N
N C

N

1678 cm-1
O

1141-1156 cm-1
1269 cm-1
Fig. 1. The frequencies of the organic groups of the free ligands before complexation

The bands corresponding to the pyrazolone derivative 1-(2`-benzthyazolyl)-3-methylpyrazol-5-one undergoes two main shifts to lower wavenumbers in complexes. One of them
is the band assigned to ν(C=O) and the other strong band is the benzothyazolic ring, which
suggests that the carbonylic oxygen and the benzothyazolic nitrogen are involved in
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coordination [11]. Two new that bands appear in the spectra of the complexes at 580-620,
420-450 could be assigned to M−N and M−O stretching modes [12].

The electronic absorption spectra
The electronic spectra of Ni(II) complex (Table 3), show multiple visible bands. Since the
effective magnetic moment, µeff, is around 2.91 BM we assigned the band at 16 755 cm–1 to
3
T1(3P)→3T1 (3F) (ν3) transition and the band 24 300 cm–1 to a charge transfer band in a
tetrahedral geometry around Ni(II) cation [13].
The Cu(II) complex (Table 3) shows in the range 10000–15000 cm–1 three bands
(10900 cm–1, 13100 cm–1, 14300 cm–1) and this range is in good agreement with a square
planar field. The assignments were presented in the (Table 3). The effective magnetic
moment, µeff, is around 1.85 BM and it corresponds to an unpaired electron [14].
The Zn(II), Cd(II), Hg(II) complexes are presumable tetrahedral and show bands in the
visible region that lye in the range of 24 000 – 14 500 cm–1 and were assigned as CT charge
transfer bands [15].
Table 3. Absorption maxima, assignment and magnetic moments for complexes (1) ÷ (2)
Compound

Absorption
maxima (cm-1)

(1)

16 755
24300

(2)

Assignement
3

T1(3P) ←3T1
CT
2

10900
13100
14300

µeff (BM)
2.91

2

A2g← A1g
B2g←2A1g
2
B1g←2A1g

1.85

The RPE spectrum of the Cu(II) complex gave the experimental values g║ = 2.335 and
g┴ = 2.062 that are in good agreement with the theoretical g values accounted from the
electronic data:
g║ = 2.0023 -

8λ
= 2.502 and
∆E ( B1g − B 2 g )

g ┴ = 2.0023 -

2λ
= 2.112
∆E ( Eg − B1g )

The literature data underline that the value gII < 2.3 corresponds to a covalent bond
Cu – ligand and gII >2.3 corresponds to an ionic interaction Cu – ligand. If we compared the
experimental and the theoretical data of gII we conclude that the Cu(II) is in the border
between the covalent and ionic interaction. We have also calculated the G value using the
experimental values g║ and the relationship of G factor according to the literature data [16-18].
G=

g C − 2.002
g ⊥ −2.002

The literature [11] data have mentioned a more ionic interaction metal-ligand and a weak
field for the G≥4. It was obtained G = 4.5, which also corresponds to the limit situation
between the covalent and ionic interaction. We proposed the general formula (Fig. 2):
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SO 2NH2

CH3
O

N
M
OHC

O

N N

N
S

OCH3
Fig. 2. The proposed formula of the tetracoordinated complexes

Conclusions
The tetracoordinated Ni(II), Cu(II), Zn(II), Cd(II), Hg(II) complexes of the Schiff base
derived from 5-formyl vanillin and sulphanilamide and 1-(2`-benzthyazolyl)-3-methylpyrazol-5-one) have been synthesised and characterised in order to establish the synthesis
method and the symmetry of the ligand field. The complexes are very stable in time at the
room temperature and the normal pressure and the electronic spectra and the magnetic
susceptibilities agree with a tetrahedral stereochemistry for Ni(II), Zn(II), Cd(II), Hg(II)
and a square planar one for Cu(II).
The presence of uncoordinated carbonylic and sulphonamidic groups in the structures of
complexes confers them the ability of implication in co-polymerisation reaction with
different polyuretanic units in order to obtain different metal complex biomaterials. The
works for obtaining this type of species are in progress in our laboratory.
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UREA AND N-SUBSTITUTED UREA DERIVATIVES
COMPOUNDS OF IRON (II) ARE SUITABLE INTERMEDIATES
IN THE SYNTHESIS OF COMPLEXES MIMIKING
THE NONHEME IRON-CONTAINING ENZIMES
Monica Ilis, Angela Kriza, Irinel Badea and Veronica Pop½
abstract: Four complexes of iron (II) having as ligands only urea (or N-substituted urea
derivatives) and easily replaceable water molecules, having low molecular weight, an electrolytic
nature and a reasonable stability in aqueous medium, were synthesised in order to be used as
intermediates in the aqueous synthesis of other iron (II) compounds, with mixed ligands,
mimicking anti-oxidant nonheme, iron-containing enzymes. The compounds were characterised
by analytical procedures, measurement of some physical constants, IR and electronic
spectroscopy and stability studies.

Introduction
A large class of nonheme iron-containing enzymes is essential for the biosynthesis of a
diverse array of compounds, catabolism of selected bio-molecules, repair of alkylated DNA
and RNA and oxygen sensing in cells [1-7].
In the past decade, protein structures of such several mononuclear non-heme iron(II)
enzymes were solved, such as isopenicillin N synthase (IPNS), deacetoxycephalosporin C
synthase (DAOCS), clavaminic acid synthase (CAS), proline 3-hydroxylase (P-3-H),
taurine dioxygenase (TauD), and anthocyanidin synthase (ANS). This increased structural
information caused a growing interest in these enzymes and several mimicking complexes
have been investigated [8-14].
The high molecular mass of the large part of the natural antioxidants induces some
difficulties in their pharmacological formulation and administration; consequently, the
synthesis of low-molecular weight complexes mimicking the natural antioxidants is an area
of intense current interest.
Urea, the most common nitrogen-containing final product of proteins catabolism, inhibits
the oxidation of iron (II) and this way it may protect brain and liver tissues against lipid
peroxidation; a recent study evaluated in vitro and ex vivo the potencies of urea and several
urea derivatives as scavengers of oxygen reactive species, largely responsible for cardiac
dysfunctions [15].
½
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In designing mimicking systems of the natural anti-oxidants, the compounds of iron (II)
with urea (or urea derivatives) may represent potential antioxidants by themselves or
intermediates in the synthesis of compounds with mixed ligands. We report here the
synthesis of a series of such compounds of iron (II), having as ligands urea or N-substituted
urea derivatives. Similar compounds of other metal centres with biological relevance,
copper (II) and manganese (II), were reported previously [16, 17].
In this step, we were mainly interested to obtain pure, low-molecular weight, water-soluble
compounds of iron (II) with urea (U) and some urea derivatives, respectively methyl-urea
(MeU), ethyl-urea (EtU) and 1,3 dimethyl-urea (Me2U), reasonably stable in order to allow
their use as intermediates in the synthesis of some complexes with mixed ligands,
mimicking nonheme iron-containing enzymes.

Experimental
Apparatus and methods
Chemical analysis of metal was performed using volumetric methods; sulphate was
determined gravimetrically, nitrogen by combustion and water by thermal analysis.
The melting points were measured using a SMP-3 apparatus. IR spectra were recorded
with a BIO RAD FTIR 135 spectrometer, using the potassium bromide technique, in the
range 4000 – 400 cm-1. Electronic spectra by diffuse reflectance technique, with MgO
standard, were recorded in the range 380 - 1100 nm, on a VSU2-P-Zeiss Jena
spectrometer; absorption spectra were recorded in the range 200 - 1100 nm, on a Jasco V
530 spectrometer, in aqueous solutions, using aqueous NaCl solutions 0,9%. The molar
conductivities were measured with a CONSORT C533 apparatus. The heating curves
(TG, T, ADT and DTG) were recorded in a MOM (Budapest) derivatograph, type PaulikPaulik-Erdely, in a static air atmosphere with a sample weight of 40-45 mg over the
temperature range 20-1000oC, using various heating rates (2.5 – 10 k/min).

Syntheses and physical constants
All reagents were of commercial analytical quality and were used without further
purification.
The urea compound was prepared by adding drop wise, on ice, a cold isopropyl alcohol
solution of Fe(NH4)2(SO4)2·6H2O to a concentrated aqueous urea solution (in 4:1molar ratio
urea : Fe(II) and 50:1 volumes ratio isopropyl alcohol : H2O). The mixture was allowed to
stir on ice during 30 min. The (pale orange) water-soluble solid compound was washed
with isopropyl alcohol and dried. The urea-derivatives compounds (pale orange or pale
yellow) were prepared similarly, using appropriate alcoholic solvents for the ligands. The
compositions that the elemental analyses indicate and some physical constants are:
Fe(U)2SO4(H2O)2: found: Fe: 17,42 % N: 17,92%, SO42–: 32,05 %; requires for
FeC2O8N4SH12: Fe: 18,12 % N: 18,18%, SO42–: 31,17 %; yield 76%, m.p. 426K, ΛM (molar
conductivity in 10–3M aqueous solution): 120 Ω–1cm2mol–1
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Fe(MeU)2SO4(H2O)4: found: Fe: 14,22 % N: 15,19%, SO42–: 25,17 %; requires for
FeC4O10N4SH20: Fe: 15,00 % N: 15,05%, SO42–: 25,80 %; yield 70%, ΛM: 130 Ω–1cm2mol–1
Fe(EtU)2SO4(H2O)4: found: Fe: 14,12 % N: 13,28%, SO42–: 24,21 %; requires for
FeC6O10N4SH24: Fe: 13,94 % N: 13,99%, SO42–: 23,99 %; yield 67%, ΛM: 123 Ω–1cm2mol–1
Fe(Me2U)2SO4(H2O)4: found: Fe: 13,65 % N: 13,33%, SO42–: 23,18 %; requires for
FeC6O10N4SH16: Fe: 13,94 % N: 13,99%, SO42–: 23,99 %; yield 65%, ΛM: 120 Ω–1cm2mol–1

Results and Discussions
The coordination modes of urea and urea derivatives in the synthesised iron (II) compounds
were put into evidence by the IR spectra, interpreted by comparison with those of the
corresponding ligands [18-20]. In sum, the IR spectra reveal two main coordination modes
of these species: as bidentate ligands, both by nitrogen and oxygen atoms, forming by
coordination four membered rings, or as unidentate ligands, through the oxygen atoms of
the CO group. The presence of alkyl radicals in the N-substituted urea derivatives is
supposed to increase the electronic density on the oxygen atom, favouring the function of
these derivatives as unidentate ligands.
The recorded IR spectra reveal that in the compounds FeU2(H2O)2SO4 and
Fe(MeU)2(H2O)4SO4, urea and methyl-urea act as bidentate ligands. By difference, in
Fe(EtU)2(H2O)4SO4 and Fe(Me2U)2(H2O)4SO4, ethyl-urea and 1, 3 dimethyl-urea act as
unidentate ligands.
The spectra presented in Fig. 1 reveal these two coordination modes, for FeU2(H2O)2SO4
and Fe(Me2U)2(H2O)4SO4, by comparison with the corresponding ligands. As Fig. 1
reveals, in the interval 3200 – 3500 cm–1, characteristic for the N-H stretching vibration
modes, the spectrum of the compound FeU2(H2O)2SO4, displays a significant multiplicity
of the absorption bands (3461, 3381, 3358, 3344, 3300, 3277, 3257, 3214 cm–1) by
comparison with the spectrum of urea (3423, 3347, 3259 cm–1). This indicates that only one
of the two nitrogen atoms of the urea molecule participates at the coordination at the
metallic centre. In the same interval, the spectrum of the compound with dimetyl-urea is
practically similar to those of the ligand. The large bands recorded in this interval allow the
supposition that water molecules are also present in the composition of the compounds.
Around 1600, both categories of complexes show significant differences by comparison to
the corresponding ligands, as consequence of the implication of the oxygen atoms from the
CO groups in coordination. The formation of the Fe-O bonds tends to decrease the double
character of the C-O bond. For example, the corresponding absorption maxims are at
1615 cm–1 for FeU2(H2O)2SO4, by comparison with 1667 cm–1 in free urea, at 1667 cm–1
for Fe(MeU)2(H2O)4SO4, by comparison with 1686 cm–1 for methyl–urea, at 1651cm–1 for
Fe(EtU)2(H2O)4SO4, by comparison with 1664 cm–1 for ethyl–urea and at 1647 cm–1 for
Fe(Me2U)2(H2O)4SO4, versus 1679 for dimethyl–urea.
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Fig. 1: IR spectra of FeU2(H2O)2SO4 and Fe(Me2U)2(H2O)4SO4 versus urea and 1,3 dimethyl-urea

The formation of the Fe-O bonds also produces different separations of the bands
associated to the C-O and C-N stretching vibrations.
The spectra of all the compounds reveal the presence of the uncoordinated sulphate ions, by
the intense bands at about 1100 cm–1 and the weaker bands around 625cm–1.
The geometry of the Fe(II) centres environment in the solid state of the compounds,
suggested by the diffuse reflectance electronic spectra, is a distorted octahedral one, as
indicated by the maximums at around 12200 and 680 cm–1 that the spectra of all the
compounds display; the spectra also display shoulders at around 19600 cm-1, attributable to
charge transfer transitions [21].
Correlation of analytical and thermal analyses data with IR and diffuse reflectance
electronic spectra suggests the implication of water molecules in the coordination.
The values of the molar conductivities in aqueous solutions, indicating an electrolytic
nature of the compounds, also suggest that only urea (or urea derivatives) and water
molecules assure the hexa-coordination of the metallic centres.
The absorption electronic spectra, recorded in 10–2 M aqueous solutions, in the range
200-1100 nm indicate the conservation of the metallic centres surrounding.
Stability studies were performed by absorption spectroscopy in aqueous solutions, in
physiological-like conditions. The stability at pH 7,2 was studied using aqueous NaCl
solutions 0,9%, the absorption spectra of the same sample being recorded immediately after
dissolution (t =0), after 10, 20, 30, 40, 50, 60, 90, 120, 150 minutes.
The position of the absorption maxims and the values of the molar absorbance coefficient
indicate that all the synthesised compounds have satisfactory stability in time. For
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FeU2(H2O)2SO4 and Fe(EtU)2(H2O)4SO4 the absorption spectra remain practically
unchanged in the studied time-interval; extremely slight modifications appear in the spectra
of Fe(MeU)2(H2O)4SO4 and Fe(Me2U)2(H2O)4SO4.
Fig. 2 illustrates a significant area of the absorption spectra of Fe(MeU)2(H2O)4SO4.
Abs.
0.15

0.1

0
200

300

400

500

Wavelength [nm]

Fig. 2: Absorption spectra of aqueous solution of Fe(MeU)2(H2O)4SO4 at pH=7.2, in time.

Conclusions
The four complexes of iron (II) reported here may be characterised by the followings: they
have as ligands only urea and N-substituted urea derivatives (with proved anti-oxidant
activity by themselves) and easily replaceable water molecules; they have low molecular
weight, an electrolytic nature and a reasonable stability in aqueous medium. For all these
reasons, they are suitable intermediates in the aqueous synthesis of other iron (II)
compounds, with mixed ligands, mimicking nonheme, anti-oxidant iron-containing
enzymes.
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CONTROLLED SYNTHESIS I.
REACTION OF Sn(IV) AND Zr(IV) WITH SCHIFF BASES
DERIVED FROM 1-H-INDOL-2,3-DIONE AND DIAMINES
Angela Kriza, Carmen Pârnău½, N. Popa and T. Roşu
abstract: A series of new metal chelates of Sn(IV) and Zr(IV) with the Schiff base ligands
formed by condensation of isatin with diamines have been synthesized and characterized via
elemental analyses, infrared, electronic spectral data and molar conductivity measurements. The
data suggest a 1:1 (metal:ligand) stoichiometry for all the isolated complexes. The ligands
behaves as dibasic ONNO tetradentate.

Introduction
Although much attention has been directed to study the metal complexes of the Schiff base
ligands derived from isatin [1÷7], no investigations have appeared in literature to describe
the Sn(IV) and Zr(IV) complexation of Schiff bases derived from isatin with aliphatic and
aromatic diamines. In view of versatile importance of isatins [8÷12] and in continuation of
our previous work dealing with the Sn(IV) and Zr(IV) complexes of isatin Schiff bases
[13÷15] we herein, deemed desirable to report the synthesis and identification of the metal
complexes of Sn(IV) and Zr(IV), with the Schiff base ligands formed by condensation of
isatin with etylenediamine, o-phenylenediamine and tolylene.

N
N
H

O

N
O

N
H

Fig. 1: Structure of etylenediamine-bis(isatin)
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Fig. 2: Structure of o-phenylenediamine-bis(isatin)
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Fig. 3: Structure of tolylene-bis(isatin)

Experimental
All reagents used were of analytical grade and were used without further purification.

Synthesis of the ligands
Ethanolic solutions of isatin (0.02 mol) in 100 ml and diamine (0.01 mol) in 50 ml were
mixed and refluxed on steam bath for 2h, and then concentrated in vacuo. The resulting
Schiff base ligand precipitated was filtered off, washed with ethanol and recrystallized from
chloroform.

Synthesis of complexes
[MLCl2] complexes were prepared by addition of metal salts (0.01 mol) in 50 ml anhydrous
ethanol to a hot ethanolic solution of the ligand (0.01 mol / 50ml); then, under nitrogen
atmosphere and continuous stirring, sodium methoxide was added until pH reaches 7.3. The
reaction mixture was refluxed on a steam bath for 4 hours.
Chemical analysis SnCl2C18H12O2N4 Requires: Sn 23.47; Cl 14.04; N 11.07%. Found: Sn
23.52; Cl 14.11; N 11.11%. ZrCl2C18H12O2N4 Requires: Zr 19.07; Cl 14.85; N 11.71%.
Found: Zr 19.12; Cl 14.86; N 11.69%. SnCl2C22H12O2N4 Requires: Sn 21.44; Cl 12.82; N
10.11%. Found: Sn 21.36; Cl 12.78; N 10.08. ZrCl2C22H12O2N4 Requires: Zr 17.33; Cl
13.49; N 10.64%. Found: Zr 17.36; Cl 13.38; N 10.72%.%. SnCl2C23H15O2N4 Requires: Sn
20.87; Cl 12.48; N 9.85%. Found: Sn 21.02; Cl 12.46; N 9.82%. ZrCl2C23H15O2N4
Requires: Zr 16.85; Cl 13.12; N 10.35%. Found: Zr 16.90; Cl 13.14; N 10.38%.
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The complexes were precipitated upon concentration. The compounds were filtered,
washed with anhydrous ethanol and dried over P2O5 in vacuum.
Chemical analysis was performed by using the well-known micromethods.
The diffuse reflectance spectra were recorded in range 350-800 nm on a VSU2-P Zeiss Jena
spectrophotometer, using MgO as standard.
The IR spectra were recorded in range 400-4000 cm–1 with a BIO-RAD FTS 135
spectrophotometer, using KBr pellets.
Molar conductivities were measured in freshly prepared 10–3 mol.dm–3 solutions in DMF at
room temperature with a digital conductivity meter Consort C 533.

Results and Discussion
In the systems MCl4-H2L (where M= Sn(IV);Zr(IV) and H2L=etylenediamine-bis(isatin),
o-phenylenediamine-bis(isatin), tolylene-bis(isatin)) the syntheses have been developed in
the molar ratio 1:1 at pH=7.3. The complexes were isolated as sparingly soluble, beige
coloured products from the reaction medium. These chelates are powders stable towards air
and moisture. They decompose at higher temperature (270-320°C) and are insoluble in
most common organic solvents.
On the basis of chemical analysis the minimal formula correspond to [MLCl2], M=Sn(IV),
Zr(IV).
The conductivity values for the [MLCl2] complexes (6.5-10.4 Ω–1.cm2.mol–1) indicate that
the complexes are non-electrolytes in solution. This suggests that the anions are covalently
bonded. The most important IR bands, presented and assigned in Table 1 show the
following characteristics:
The three bands appearing at 3190-3235, 1740-1715 and 1652-1619 cm–1 in the ligands
spectra, were assigned to stretching vibration modes νNH, νC=O and νC=N respectively.
All the bands assigned to stretching vibration modes νNH, νC=O and νC=N in the free ligands
disappear in the spectra of the [MLCl2] compounds, but new bands are recorded at
1583-1572 and 1225-1233 cm–1. These new bands, assigned to the νC=N* (new azomethine
bond) and νC-O vibration modes respectively, suggest the enolysation of NH hydrogen of
isatin and the coordination at tin/zirconium through the oxygen of the C-O group.
The formation of M-O and M-N bonds is further supported by the appearance of νM-O and
νM-N in the regions 480-515 and 440-470 cm–1 respectively in the spectra of chelates.
The most important conclusions drawn from the infrared spectral evidence is that the
diamine bis(isatin) Schiff base ligand is acting as chelating agent towards the central metal
ions as a dibasic ONNO tetradentate ligand via the two coordinating sites of azomethine
nitrogen atoms and the two negatively charged oxygen of isatin residues forming three fivemembered chelating rings.
Electronic spectra were recorded in diffuse reflectance spectra (MgO). The Sn(IV) and
Zr(IV) chelates are diamagnetic with no ligand field transition. Their diffuse reflectance
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spectra manifest two bands at 430-441 and 579-604 nm for [MLCl2]. These bands may
probably be attributed to intraligand transitions.
Table 1. Infrared spectra (cm–1)
Compound

νNH

νC=O

νC=N

νC=N*

νC–O

νM–N

νM–O

H2L’=2IZTen

3190
m,br

1740
s

1652
s–m

–

–

–

–

[SnCl2L’]

–

–

1620
m

1575
m

1230
m–w

440
w

515
w

[ZrCl2L’]

–

–

1600
m

1583
m

1225
m–w

448
w

500
w

H2L’’=2IZTfen

3219
m,br

1715
s

1650
s–m

–

–

–

–

[SnCl2L’’]

–

–

1615
m

1583
m

1228
m–w

468
w

481
w

[ZrCl2L’’]

–

–

1610
m

1572
m

1233
m–w

460
w

480
w

H2L’’’=2IZTtol

3235
m,br

1733
s

1619
s–m

–

–

–

–

[SnCl2L’’’]

–

–

1606
m

1574
m

1229
m–w

441
w

511
w

[ZrCl2L’’’]

–

–

1603
m

1582
m

1228
m–w

440
w

514
w

The correlation of the experimental data allows assigning a octahedral stereochemistry to
all the reported complex compounds. The proposed structural representations are presented
in Figs. 4 and 5:
N

Cl

N

M
N

O

Cl

N

O

Fig. 4: Proposed structures of complex compounds [MCl2L]; M=Sn(IV), Zr(IV); H2L=2IZTen
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Fig. 5: Proposed structures of complex compounds [MCl2L] M=Sn(IV), Zr(IV); H2L=2IZTfen, 2IZTtol
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Conclusion
We report here the synthesis and the characterization of new complexes of Sn(IV) and
Zr(IV) with the Schiff Base ligands derived from isatin and alyfatic and aromatic diamines.
The syntheses were conducted in conditions allowing the tetradentate bi-basic function of
the ligands and the stability of Sn/Zr(IV). The synthesized compounds were characterized
by elemental analysis, IR and electronic spectroscopy, as well as by conductance
measurements. The correlation of the experimental data allows assigning a octahedral
stereochemistry to all the reported complex compounds.
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SYNTHESIS, SPECTROSCOPIC AND MAGNETIC
CHARACTERISATION OF SOME NICKEL(II) COMPLEXES
WITH 2-AMINO-1,3,4-THIADIAZOLE-5-THIOL
Rodica Olar½, Mihaela Badea, Nicolae Stanica, Elena Cristurean,
Dana Marinescu and Ana Emandi
abstract: A series of complexes of Ni(II) with 2-amino-1,3,4-thiadiazole-5-thiol (HTDA) have
been synthesised and characterised. The bonding and stereochemistry of the complexes have
been characterised by IR and electronic studies, magnetic susceptibility at room temperature and
conductivity measurements. The Ni(II) complexes exhibit octahedral or trigonal bipyramidal
stereochemistry. Thiadiazole in monoanionic form is coordinated as chelate through cyclic
nitogen (N4) and exocyclic sulfur of the tioamide moiety while in neutral form acts as unidentate
through N4. The effective magnetic moments at room temperature agree with proposed
stereochemistry. Data concerning thermal behaviour of complex [Ni(TDA)Cl(H2O)3]·2H2O are
presented.
keywords: nickel(II) complex, 2-amino-1,3,4-thiadiazole-5-thiol

Introduction
There is a much interest in heterocyclic ligands and their main group or transition metal
complexes with particular attention focused on bioinorganic studies. It was shown that the
mono- and disubstituted 1,3,4-thiadiazoles have pharmacological properties [1] and are
versatile coordinating agents [2, 3]. Moreover, the complexes with 1,3,4-thiadiazole
derivatives are biologically active having applications as fungicide [4]. We described
homo- and heteronuclear complexes with 2-amino-1,3,4-thiadiazole-5-thiol (HTDA) which
exhibit good inhibitory properties toward carbonic anhydrase [5÷8].
We report here the new complexes of Ni(II) with 2-amino-1,3,4-thiadiazole-5-thiol
prepared and studied in order to evidence the coordination behaviour of this ligand in
alkaline medium and at high metal: ligand molar ratio. The complexes were formulated on
the basis of analytical, spectral and magnetic data.

Experimental
IR spectra (200-4000 cm–1) were recorded in KBr pellets with a Specord M80
spectrophotometer. Electronic spectra were recorded by diffuse reflectance technique using
½
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MgO as standard with a VSU-2P Zeiss Jena instrument. Magnetic measurements were
carried out using a Faraday balance at 250C, with Hg[Co(NCS)4] as standard. The molar
conductivities of 10-3 M solution in DMSO or DMF were obtained on a Radelkis
OK-120/1 conductivity bridge (having the cell constant 0.68), at room temperature.
The ligand, 2-amino-1,3,4-thiadiazole-5-thiol, NiCl26H2O and Ni(CH3COO)22H2O were
purchased from Merck. Nickel, chloride and sulphur were determined gravimetrically while
nitrogen was determined by microcombustion.
Preparation of the complexes (1)-(5)
Compound [Ni(TDA)(AcO)(H2O)2] (1) and [Ni(TDA)(Cl)(OH2)3]·2H2O (2). To a
magnetically stirred metal salt solution (2 mmoles nickel(II) acetate or chloride) in 20 mL
EtOH:H2O (1:1, v/v) was added a solution of HTDA (2 mmoles) in 40 mL hot EtOH. The
pH was adjusted at 8-9 with a solution of NaOH (10%) and the mixture was stirred 8h until
a green compound was formed. The microcrystalline product was filtered off, washed with
EtOH, Et2O and air dried. Analysis, found: Ni, 21.09; ; N,14.82; S, 22.72, NiC4H9N3O4S2
requires: Ni, 20.62; N,14.68; S, 22.38, ΛM= 3Ω−1cm2mol–1; analysis, found: Ni, 18.77;
N,13.31; S, 20.12; Cl,11.46; mass loss at 120oC, 11.29, NiC2ClH12N3O5S2 requires: Ni,
18.64; N,13.27; S, 20.22; Cl,11.22; mass loss at 120oC, 11.37, ΛM= 3 Ω−1cm2mol-1.
Compound [Ni(TDA)2(H2O)2] (3). To a magnetically stirred solution of 2 mmoles nickel
(II) chloride in 20 mL EtOH:H2O (1:1, v/v) was added a solution of HTDA (4 mmoles) in
40 mL hot EtOH. The pH was adjusted at 8-9 with a solution of NaOH (10%) and the
mixture was refluxed for 6h until a brown-green compound was formed. The
microcrystalline product was filtered off, washed with EtOH, Et2O and air dried. Analysis,
found: Ni, 16.89; N,23.49; S, 35.44, NiC4H8N6O2S4 requires: Ni, 16.43; N,23.39; S, 35.65,
ΛM= 14 Ω−1cm2mol-1.
Compound [Ni(TDA)2 (HTDA)2] (4). To a magnetically stirred solution of 2 mmoles nickel
(II) chloride in 20 mL EtOH:H2O (1:1, v/v) was added a solution of HTDA (8 mmoles) in
100 mL hot EtOH. The pH was adjusted at 8-9 with a solution of NaOH (10%) and the
mixture was refluxed for 2h until a light green compound was formed. The microcrystaline
product was filtered off, washed with EtOH, Et2O and air dried. Analysis, found: Ni, 9.98;
N, 28.52; S, 43.46, NiC8H10N12S8 requires: Ni, 10.02; N, 28.52; S, 43.46,
ΛM= 8 Ω−1cm2mol–1.
Compound [Ni(HTDA)5]Cl2 (5). To a magnetically stirred solution of 1 mmole nickel II)
chloride in 10 mL EtOH:H2O (1:1, v/v) was added a solution of HTDA (10 mmoles) in 100
mL hot EtOH. The mixture was refluxed for 4h until a brown compound was formed. The
microcrystaline product was filtered, and washed with EtOH, Et2O and air dried. Analysis,
found: Ni, 9.98; N, 28.52; S, 43.46, NiC8H10N12S8 requires: Ni, 10.02; N, 28.52; S, 43.46,
ΛM= 8 Ω−1cm2mol–1.

Results and discussion
In this paper, we report the preparation and the physical-chemical characterisation of new
complexes of Ni(II) with 2-amino-1,3,4-thiadiazole-5-thiol (HTDA).
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2-amino-1,3,4-thiadiazole-5-thiol (HTDA)

All the complexes are polycrystalline solids with a low solubility in MeCN, THF, MeOH,
EtOH and soluble in DMSO and DMF. The molar conductivities values in DMF (10-3 M)
are low suggesting that complexes (1) - (4) behave as nonelectrolytes. For complex (5) the
value obtained for molar conductivity agrees with an 1: 2 electrolyte behaviour [10]
For compound (2) it was proved by thermogravimetric analysis that the degradation of it
occurred in three steps in the range 200 - 650 oC, the final residue being NiO. The heating
curves TG, DTG and DTA allowed us to evidence the following decomposition steps:
75o C

[Ni(C2H2N3S2)Cl(OH2)2]·2H2O (s) ⎯⎯
⎯→ [Ni(C2H2N3S2)Cl(OH2)2] (s) + 2H2O (g) (1)
205 - 535o C

[Ni(C2H2N3S2)Cl(OH2)2] (s) +8O2 (g) ⎯⎯ ⎯⎯→ NiCl2 (s) + NiO (s) + 2CO2(g)+
+3NO2 (g) + 4H2O (g)
o

535 − 650 C

NiCl2 (s) + NiO (s) + 0.5O2 (g) ⎯⎯ ⎯⎯→ 2NiO (s) + Cl2 (g)

(2)
(3)

The first decomposition step occurred in the temperature range 70-200°C (the maximum
decomposition rate corresponds to 75°C) with a weak endothermic effect. This step
corresponds to the loss of crystallisation water molecules. The next two steps correspond to
the loss of the coordinated water molecule, oxidative degradation of thiadiazole derivative
and also of the nickel chloride transformation in nickel oxide.
The major IR spectral features of complexes, HTDA and NaTDA are listed in Table 1.
The band due to ν(SH) is absent in spectra of complexes. This information, together with
the shifts of the four thioamide bands suggests the presence of 2-amino-1,3,4-thiadiazole-5thiol in anionic form coordinated through nitrogen and sulfur of tioamide moiety in
complexes (1) to (3). For these complexes the following modification were observed:
(i) the shift of TI and TIV bands towards lower wavenumbers by 15-30 cm–1;
(ii) the shift of TII band with 25-30 cm–1 towards higher wavenumbers.
For complexes (4) and (5) the spectra are more complex. The split and shift of the
thioamide bands is in accord with the presence of both neutral and anionic form of
thiadiazole. The following observation could be made:
(i) the TI and TII bands are splitted in two components;
(ii) the TIV band have also two components, both being shifted to lower wavenumbers, the
former with 10 cm–1 and the second with 100 cm–1 in comparison with neutral ligand and
with 20 cm–1 in comparison with sodium salt.
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These modifications could indicate that the neutral form of ligand is coordinated as
monodentate through N4 and respectively that in monoanionic form the ligand is
coordinated through N4 and tioamide sulfur [11÷13].
Two bands at 1530 and 1400 cm–1 in the complex (1) spectrum may be assigned to the
acetate coordinated as bridge (∆ν = 130 cm–1) [14].
The presence of water molecule could be responsible by the fact that in spectra of
complexes are present broad and strong bands in region 3400-3500 cm–1 and medium bands
at ca. 560 cm–1 [15].
The new bands, observed in 460-480, 370-450 and 280-360 regions are assignable to
ν(Ni-O), ν(Ni-N) and ν(Ni-S) respectively [15, 16].
Table 1. Absorption maxima (cm1) and assignments for HTDA, NaTDA and complexes (1) ÷ (5)
HTDA

NaTDA

(1)

(2)

(3)

(4)

(5)

Assignments

–
3330m
3210m
3110s
2885s

–
3280m
3200m
3050s
2900m

3420s

–
3400s
3310s
3250s
3150s

3450m
3400m
3325m
3165m
3135m

–
3290s
3200s
3050s
2870s

ν(OH)

3230m
3140m

3400s
3340s
3250m
3120m
2920m

3400s

ν(NH) cyclic
ν(NH)
exocyclic

2585m

–

–

–

–

–

–

ν(SH)

–

–

1530vs

–

–

–

–

νas(COO)

1585s

1585s

1610s

1610s

1615s

1610s
1600s

1560vs

ΤΙ
ν(C=N)

–

–

1400s

–

–

–

–

νs(COO)

1380m

1370s
1320s

1310vs
1285s

1080s

1055s

1020vs

750m
665m
550w

750m
660m
–

710s
680m
–

Τ ΙΙ
δ(NH) +ν(C=N)+ ν(C=S)
Τ ΙΙΙ
ν(C=N)+ ν(C=S)
T IV
ν(C=S)

465w
410w
400w
390w
350w
310w

–
445w
420w
375w
310w
280w

–

ν(M–O)

430w

ν(M–N)

–

ν(M–S)

1320s

1310s

1350m

1355m
1330m

1040s

1030s

1050s

1055m

740m

680m

660m

640m

–

–

540m

–

–

–

435w

–

–

–

410w

450w

–

–

365w
310w

310w

ρw(OH2)

Electronic spectral data of the complexes (1) ÷ (5) are presented in Table 2. The solid state
d-d spectra of compounds (1) ÷ (4) show three characteristic bands of Ni(II) in a
pseudooctahedral environment [17] as it is shown in Fig. 1 for complex (1). The assignment
of the absorption about 12500 cm-1 to the spin forbidden 3A2 → 1E transition is based on
literature data [18].
The distortion from a regular octahedron, associated with the different nature of ligands
and/or donor atoms, generated the broad aspect of the ν1 and ν2 bands. The average values
of crystal field parameter falling in range 8,000-9,000 cm–1, are consistent with the
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presence of oxygen, sulfur or chlorine as donor beside nitrogen, atoms that generates a
weak field.
The spectrum of complex (5) (Fig. 2) is consistent with a pentacoordination that could be
associated with a trigonal bipiramidal stereochemistry for Ni(II) ion with a high spin
configuration [19].
Table 2. Absorption maxima, assignement, crystal field parameters and magnetic moments for complexes (1)÷(5)
Complex

Absorption
maxima
(cm−1)

[Ni(TDA) (AcO)(OH2)2]
(1)

26315
14600
12440 sh
8900

[Ni(TDA)(Cl)(OH2)3]·2H2O
(2)

25640
14925
12755 sh
9090

[Ni(TDA)2(H2O)2]
(3)

26660
15150
9170

3

[Ni(TDA)2 (HTDA)2]
(4)

(24710)
15150
10640

3

[Ni(HTDA)5]Cl2
(5)

26315
19230
13123
9090

B
(cm−1)

β

(µ)HT
(µB)

855

0,82

3,16

880

0,85

2,93

3
A2 → 3T2
A2 → 3T1 (F)
3
A2 → 3T1 (P)

960

0,92

3,10

A2 → 3T2
A2 → 3T1 (F)
3
A2 → 3T1 (P)

768

0,64

3,20

Assignment
3
A2 → 3T2
A2 → 3T1 (F)
3
A2 → 1T1
3
A2 → 3T1 (P)
3
A2 → 3T2
3
A2 → 3T1 (F)
3
A2 → 1T1
3
A2 → 3T1 (P)
3

3

E → 3A2
E → 3E
3
E → 3A2 , 3A1
3
E → 3E

Fig. 1. The electronic spectrum of [Ni(TDA) (AcO)(OH2)2]

3

3

3,78

Fig. 2. The electronic spectrum of [Ni(HTDA)5]Cl2

The values of effective magnetic moments (Table 2) agree with this stereochemistry and
suggest that there is no interaction between the metal centres at room temperature [20].
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Conclusions
Five new Ni(II) complexes with 2-amino-1,3,4-thiadiazole-5-thiol have been synthesised.
The complexes were formulated on the basis of chemical analysis, molar conductivity
measurements, electronic and IR spectral data and also magnetic behaviour at room
temperature.
The complexes adopt distorted octahedral stereochemistry with the exception of complex
(5) for which the electronic and magnetic data agree with a trigonal bypiramidal
stereochemistry.
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NEW PYRROLO[1,2-a][1,10]PHENANTHROLINE DERIVATIVESa
F. Dumitraşcu½, C. Drăghici½, Loredana Barbu½ and Christina Zălaru½½
abstract: The 1,3-dipolar cycloadditions between 1-(4-chlorophenacyl)-1,10-phenantrolinium
ylide 4 and dimethyl, diethyl or diisopropyl esters of acetylenedicarboxylic acid gave
pyrrolo[1,2-a][1,10]phenantrolines 7a-c. The helical chirality of ethyl (7b) and isopropyl esters
(7c) was put in evidence by 1H-NMR spectroscopy and the activation free energy was estimated
from the coalescence. Treatment of ylide 4 with acetylenic esters at room temperature gave
regio- and stereospecifically a mixture of cis-3,3a-dihydropyrrolophenantrolines 6 along with
variable amounts of 7..

Introduction
The monosubstituted heteroaromatic N-ylides obtained in situ by deprotonation of the
corresponding cycloimmonium salts in the presence of bases are 1,3-dipoles which undergo
cycloaddition with acetylenic dipolarophiles resulting in the formation of fused five
membered heterocycles [1÷6].
Recently, we isolated and characterized the primary cycloadducts of monosubstituted
phthalazinium and 1,10-phenanthrolinium phenacylides with dimethyl acetylene
dicarboxylate [7]. Also, the rearrangement of primary cycloadducts was found to occur
readily in the presence of triethylamine [7].
The present work describes the reaction of 1-(4-chlorophenacyl)-1,10-phenantrolinium
ylide 4 with esters of acetylenedicarboxylic acid giving new derivatives of
pyrrolo[1,2-a][1,10]phenantrolines 7b,c. Compounds 7b,c were found to exhibit helical
chirality. Also, the NMR characterization, previously described [7] is reported.

Experimental
All meting points were recorded with a Boetius microapparatus and are uncorrected. NMR
spectra were recorded with a Varian Gemini 300BB instrument, operating at 300 MHZ for
1
H and 75 MHz for 13C, the chemical shifts being expressed in δ values relative to TMS as
internal standard.
a
½
½½
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Synthesis of diesters of 1-(4-chlorobenzoyl)-pyrrolo[1,2-a]
[1,10]phenanthroline-2,3-dicarboxylate (7a-c) - General procedure:
2.3 g (5 mmol) phenanthrolinium salt 3 were suspended in 25 mL dichloromethane and
then 5.5 mmol of dimethyl (or diethyl, diisopropyl) acetylenedicarboxylate were added.
Under vigorous stirring 0.7 mL (5 mmol) of triethylamine (dissolved in 5 mL methylene
chloride) were dropped. After 20 min. the reaction mixture was washed twice with water
and the solvent evaporated. The residue was refluxed in ethanol for an hour and the
precipitate was picked up by filtration.
Dimethyl ester, 1-(4-chlorobenzoyl)-pyrrolo[1,2-a][1,10]phenanthroline
-2,3-dicarboxylate (7a) [7]
The product was recrystallized from nitromethane and yellow crystals were obtained. Yield
76%; m.p. 311 °C. Calcd. C 66.04; H 3.62; Cl 7.50; N 5.92. Found for C26H17ClN2O5: C
66.28; H 3.90; Cl 7.79; N 6.27.
1

H-NMR (CDCl3+TFA; δ, ppm; J, Hz): 3.77; 4.01 (2s, 6H, CH3); 7.38 (d, 2H, 8.6, H-3’, H5’); 7,41 (d, 2H, 8.6, H-2’, H-6’); 7.99 (d, 1H, 9.6, H-5); 8.23 (dd, 1H, 8.2; 6.3, H-9); 8.32
(d, 1H, 8.9, H-7); 8.39 (d, 1H, 9.6, H-6); 8.59 (d, 1H, 9.6, H-4); 9.17 (dd, 8.2; 1.2, H-8);
9.36 (dd, 6.3, 1.2, H-10).
13

C-NMR (CDCl3+TFA; δ, ppm): 53.2; 54,1 (2CH3); 94.9 (C-3); 117.7; 118.8; 122.3;
126.3; 127.0; 128.5; 130.6 (C-1, C-2, C-3a, C-5a, C-7a, C-11a, C-11b); 124.7 (C-4, C-5, C9); 126.1 (C-6); 126.9 (C-2’, C-6’); 129.6 (C-3’, C-5’); 130.3 (C-7); 138.0 (C-1’); 139.1 (C4’); 144.4 (C-10); 147.4 (C-8); 164.4; 166.9 (CO2CH3); 183.5 (COAr).
Diethyl ester, 1-(4-chlorobenzoyl)-pyrrolo[1,2-a]
[1,10]phenanthroline-2,3-dicarboxylate (7b)
The product was recrystallized from ethanol and yellow crystals were obtained. Yield 76%,
m.p. 248-9 °C. Anal. Calcd. C 67.14; H 4.23; Cl 7.08; N 5.59. Found for C28H21ClN2O5: C
67.37; H 4.51, Cl 7.39; N, 5.87
1

H-NMR (CDCl3; δ, ppm; J, Hz): 1.10 (t, 3H, 7.1, 2-CH2CH3); 1.38 (t, 3H, 7.2, 3CH2CH3); 3.76-4.02 (m, 2H, 7.1, 14.2, 2-CH2CH3, system ABX3); 4.32-4.47 (m, 2H, 7.2,
14.4, 3-CH2CH3, system ABX3); 7.35 (dd, 1H, 8.2, 4.3, H-9); 7.49 (d, 2H, 8.5, H-3’, H-5’);
7.68 (d, 1H, 9.2, H-5); 7.79 (d, 1H, 8.6, H-7); 7.85 (d, 1H, 8.6, H-6); 8.02 (dd, 1H, 4.3, 1.7,
H-10); 8.10 (d, 2H, 8.5, H-2’, H-6’); 8.17 (dd, 1H, 8.3, 1.7, H-8); 8.55 (d, 1H, 9.2; H-4).

13

C-NMR (CDCl3; δ, ppm): 13.7; 14.3 (2CH3); 60.4; 61,5 (2CH2); 104.2 (C-3); 120.3 (C-4);
122.5 (C-9); 138.4 (C-4’); 125.3 (C-7); 125.9 (C-5); 126.7 (C-6); 136.5 (C-1’); 131.3 (C-2’,
C-6’); 128.3 (C-3’, C-5’); 136.1 (C-8); 125.7; 125.9; 127.7; 128.9; 130.1; 137.3; 137.4 (C-1,
C-2, C-3a, C-5a, C-7a, C-11a, C-11b); 145.5 (C-10); 163.4; 165.4 (CO2CH2CH3); 182.9
(COAr).
Diisopropyl ester, 1-(4-chlorobenzoyl)-pyrrolo[1,2-a]
[1,10]phenanthroline-2,3-dicarboxylate (7c)
The product was recrystallized from nitromethane and yellow crystals were obtained. Yield
78%, m.p. 231-2 °C. Anal. Calcd. C 68.12; H 4.76; Cl, 6.70; N 5.30. Found for
C30H25ClN2O5: C 68.43; H 4.97; Cl 7.01; N 5.55.
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1

H-NMR (CDCl3; δ, ppm; J, Hz): 0.93; 1.14 (2d, 6H, 6.3, CH3); 1.37; 1,40 (2d, 6H, 6.3,
CH3); 4.80 (sep, 1H, 6.3, CHMe2); 5.32 (sep, 1H, 6.3, CHMe2); 7.34 (dd, 1H, 8.2, 4.3, H9); 7.50 (d, 2H, 8.5, H-3’, H-5’); 7.68 (d, 1H, 9.2, H-5); 7.79 (d, 1H, 8.6, H-7); 7.86 (d, 1H,
8.6, H-6); 7.96 (dd, 1H, 4.3, 1.7, H-10); 8.14 (d, 2H, 8.5 , H-2’, H-6’); 8.17 (dd, 1H, 8.2;
1.7, H-8); 8.59 (d, 1H, 9.2, H-4).
13

C-NMR (CDCl3; δ, ppm): 21.0; 21.5; 21.9; 22,1 (4CH3); 67.9; 69.7 (2CHMe2); 104.6 (C3); 120.3 (C-4); 122.4 (C-9); 125.2 (C-7); 125.7 (C-5); 125.7; 125.8; 127.7; 129.0; 129.6;
137.2; 138.5 (C-1, C-2, C-3a, C-5a, C-7a, C-11a, C-11b); 126.7 (C-6); 128.4 (C-3’, C-5’);
131.5 (C-2’, C-6’); 136.5 (C-8); 136.6 (C-1’); 138.5 (C-4’); 145.5 (C-10); 162.9; 165.1
(CO2CH(CH3)2); 182.8 (COAr).

Results and Discussion
1-(4-Chlorophenacyl)-1,10-phenanthrolinium bromide (3) was obtained by reaction
between 1,10-phenanthroline monohydrate(1) and 2-bromo-4’-chloroacetophenone(2), in
acetone at reflux, similarly to previous literature procedure [8÷9].
The cycloimmonium ylide 4, being unstable was generated in situ by reaction between
quaternary salt 3 and triethylamine. Ylide 4 has an amphionic structure and can act as 1,3dipole, according to the structure 4B (Scheme 1), in reaction with acetylenic dipolarophiles,
Treatment of 1-(4-chlorophenacyl)-1,10-phenantrolinium ylide (4) with dimethyl, diethyl or
diisopropyl esters of acetylenedicarboxylic in dichloromethane at room temperature gave a
mixture consisting cis 6a-c and 7a-c. When the above mixture was heated in ethanol at
reflux, pyrrolo[1,2-a][1,10]phenanthrolines 7a-c were obtained in good yields (Scheme 1).
The structure proof for cis stereochemistry was assigned by 1H-NMR spectroscopy. The H3 atom appeared as doublet with coupling constant J = 13.8 Hz, whereas H-3a gave a
double triplet with coupling constants of 13.8, 2.6 and 2.1 Hz, the last two values
corresponding to the coupling with H-4 and H-5 protons. The large value of the vicinal
coupling constant between H-3 and H-3a indicated a cis configuration, in agreement similar
values for other dihydroderivates [10-13].
The 1H- and 13C-NMR data for the compounds 7a-c were also in agreement with the
structure assignment. Supplementary evidence was given by COSY, HETCOR and NOE
experiments.
The most characteristic feature of 1H-NMR spectrum of the compound 7b is two distinct
patterns ABX3 for the two methylenic protons in the ester groups. This behaviour can be
explained by non-coplanarity between pyrrolic and pyridinc moieties, rendering helical [14]
conformation to the molecule 7b. A similar observation was made for compound 7c. At
room temperature the methyl protons of each isopropyl radical appeared in the 1H-NMR
spectrum as two doublets (Fig 1).
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Fig. 1 1H-NMR of diastereotopic isopropyl groups in 7c.

On raising the temperature, coalesce occurred and finally only two doublets were observed.
The activation free energy for the terminal rings flipping in 7c was found to cca. 70 kJ/mol–1
(coalescence temperature 60°C; solvent DMSO-d6). Also, the methyl carbon of each
isopropyl radical was found to be non-equivalent in the 1H-NMR spectrum

Conclusion
The pyrrolo[1,2-a][1,10]phenantrolines derivatives 7a-c were obtained by 1,3-dipolar
cycloaddition between 1,10-phenanthrolinium ylide 4 and acetylenic esters.
The cis stereochemistry of dihydro-derivatives 6 was assigned by 1H-NMR spectroscopy.
Based on 1H-NMR chemical shift non-equivalence of prochiral groups (ethyl, isopropyl)
the pyrrolo[1,2-a][1,10]phenantrolines 7b,c were found to posses helical chirality. In the
case of 7c the activation free energy was determinated by DNMR experiment.
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NEW SUBSTITUTED 2-(3,5-DIMETHYL-PYRAZOL-1-YL)ACETANILIDES WITH PHARMACOLOGICAL ACTIVITY
Christina Zălaru½, M. Iovu, F. Dumitraşcu, Elena Cristea and Isabela Târcomnicu
abstract: New substituted 2-(3,5-dimethyl-pyrazol-1-yl)-acetanilides were obtained. The
compounds have been characterized by UV-VIS, IR, 1H-NMR, 13C-NMR. spectra, mass
spectrometry and pharmacology research.

Introduction
Our previous papers [1-4] have reported the synthesis and characterization of some
2-(pyrazol-1-yl)-acetanilides. It was shown that the nature and the number of substituents
from the pyrazole influence the physical, chemical and pharmacological behaviour of the
compounds. It seemed desirable to investigate whether or not the nature, number and
position of R-substituent from the benzene ring cause the same effects in physical, chemical
and pharmacological behaviour. For this, the present work examines compounds of the
following type (R-substituent described in Table 1):

R
NH CO CH2
H3C

N N
CH3

Experimental
The melting points were determined with a Boetius apparatus and are not corrected.
Thin layer chromatography (TLC) was made on silicagel Merck plates, in one dimensional
technique; for the development solution of 7.5:1:2:1 = petroleum ether: ethyl ether:
methylene chloride: ethyl acetate were used. The visualization was made with an UV lamp,
λ = 254 nm.
½

Dept. of Organic Chemistry, Faculty of Chemistry, University of Bucharest, 90-92 Road Panduri, Bucharest,
Romania

Analele Universităţii din Bucureşti – Chimie, Anul XIII (serie nouă), vol. I-II, pag. 197-200
Copyright © 2004 Analele Universităţii din Bucureşti

198

C. ZĂLARU et all

Molecular weight was obtained with a GC-MS 8000 MD 800 Fissions spectrometer at
70 eV, carrier gas He at 2 ml/min.
Electronic spectra within 200-800 nm range were obtained with Unicam UV-VIS
spectrometer in ethanol solution 10–5M.
IR spectra were recorded within 4000-400 cm–1 range by BIO-RAD FTS-135 spectrometer,
in KBr pellets.
NMR spectra were recorded on a Varian Gemini 300 spectrometer operating at 300 MHz
(1H-NMR), 75MHz (13C-NMR) respectively in CDCl3 or DMSO-d6 in 5 mm NOREL-57
PP grade sample tubes. The chemical shifts were referred to TMS as internal standard.
The chemical shifts of representative compounds are:
1

H-NMR (CDCl3, δ (ppm) for compound number 1: 5.92 s (H-4); 2.16s (Me-3); 2.27s (Me5); 4.78s (CH2); 8.28bs (NH); for compound number 5: 5.93s (H-4); 2.24s (Me-3); 2.32s
(Me-5); 4.84s (CH2); 7.50bs (NH); for compound number 6: 5.84s (H-4); 2.12s (Me-3);
2.17s (Me-5); 4.73s (CH2); 10.16bs (NH).
13

C-NMR (CDCl3, δ (ppm) for compound number 1: 149.9 (C-3); 106.4 (C-4); 140.9 (C-5);
13.4 (Me-3); 10.9 (Me-5); 165.6 (CO); 52.5 (CH2); for compound number 5: 149.9 (C-3);
106.4 (C-4); 140.7 (C-5); 13.4 (Me-3); 11.0 (Me-5); 166.5 (CO); 52.3 (CH2); for compound
number 6: 150.4 (C-3); 106.8 (C-4); 140.2 (C-5); 13.4 (Me-3); 10.9 (Me-5); 167.1 (CO);
52.9 (CH2).
Acute toxicity (LD50). White mice weighing 20±2 g each were used in batches. The new
compounds were administered in doses ranging between 250 and 750 mg/kg of body
weight. The graphic method [5,6] was used. The strain of the experimental animals has
been maintained at a minimum all through the testing.
Infiltration local anaesthetic action was determined by Bianchi's method [7,8]. Lidocaine
hydrochloride was used for comparison. The results were interpreted using the “t” student
test [5,6].
Antiarrhythmic action. The latent time of the appearance of heart fibrillation was measured
using Hackenberger's technique [9] for the new compounds comparatively with lidocaine
hydrochloride and quinidine sulphate.

Results and discussion
The new compounds were synthesized by N-alkylation reaction of 3,5-dimethylpyrazole
with several 2- iodoacetanilides as described in reference [1-4].
Physical properties are given in Table 1. The purity of new compounds was checked
through TLC.
The electronic spectra of the compounds recorded in ethanolic solution show the λmax
values which exist in the characteristic ranges (222-236 nm and 254-324 nm) of the
chromophores present in the molecule (>C=O, >C=C<, >C=N-). These bands are assigned
to the π-π* transitions.
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It was noticed that in the electronic spectra of the new compounds there occur the bands
λ1,λ2 assigned to the π-π* transitions characteristic of disubstituted benzene ring, but they
are shifted either hypsochrome or batochrome depending in the nature of the substituent on
the benzene ring.
In the case of compound number 6 (R = o’-NO2) we noticed the occurrence of a wide and
strong band with three peaks (234, 258,324 nm) whose λmax is much shifted batochrome.
Table 1. Analytical physical data
Molecular mass

Base
peak m/e
100%

M.P.
(oC)

Yield
(%)

RF

109

151-152

36.2

0.17

243

109

136-138

79.5

0.13

243.31

243

109

145-147

52.5

0.20

257.34

257

109

158-159

26.4

0.17

C17H23N3O

285.39

285

109

149-150

79.9

0.16

C13H14N4O3

274.28

274

109

130-131

40.5

0.19

No

R

Formula

1

2’-Me

C14H17N3O

243.31

Exp.
(MS)
243

2

3’-Me

C14H17N3O

243.31

3

4’-Me

C14H17N3O

4

2’,4’-diMe

C15H19N3O

5

2’,6’-diEt

6

2’-NO2

Calc.

IR spectra recorded in the 4000-400 cm–1 range in KBr pellets reflected the molecular
structure of the new compounds and showed the bands characteristic of the secondary
amides [13]. The strong band due to the stretching frequency, νNH appears within the
3242-3278 cm–1 range. The very strong amide band l, νCO appears within the
1660-1690 cm–1 range; the strong amide band ll, due to the δNH + νCN coupling is present
within the 1531-1587 cm–1 range. The bands due to the stretching of the pyrazole ring can
be found within the 1375-1490 cm–1 range.
1

H-NMR and 13C-NMR spectra recorded at 300 MHz in the CDCl3 and DMSO-d6 solution
support the structure formulas assigned to these compounds, deduced from the equation of
the synthesized reaction [1-4]. The positions of the protons and of the substituents on the
ring can be found out using HETCOR and COSY.
Table 1 gives the m/e values % of the base peak in the mass spectra of the new compounds.
Fragmentation processes can support the structure formulas assigned to the compounds
[2,3]. The fragmentation process specific to the aromatic amides occurring by the cleavage
of the bond between the N and C atoms of the carbonyl group followed by CO elimination
[2,3]. The base peak thus appears [10]. As expected, the base peak is the same with all
compounds.
Pharmacological results. The acute toxicity (LD50) of the compounds ranges within
438-650 mg/kg of body weight. The compounds evince acute toxicity on mice which is low
versus lidocaine hydrochloride. The least toxic compound is number 4 and the most toxic is
compound number 6.
The anaesthetic and antiarrhythmic actions were tested using 1/10 of the LD50 value of the
compounds as a working dose.
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Local anaesthetic action. The anaesthetic action was tested using Bianchi’s [7,8]
experiment on mice using lidocaine hydrochloride as reference substance. All compounds
have moderate infiltration anaesthetic action versus lidocaine hydrochloride (41.92%58.03%).
Antiarrhythmic action. The influence of the studied compounds was determined on the
experimental fibrillation induced in mouse by an atmosphere of chloroform [9]. The
reference substances were quinidine sulphate and lidocaine hydrochloride.
All tested compounds delayed the appearance of the toxic fibrillating effect of chloroform
(32.22%-88.08%) and (20.61-56.35%). Compound number 6 has high antiarrhythmic
activity versus lidocaine hydrochloride (88.08%) and quinidine sulphate (56.35%)
respectively. Structurally, this most active compound was characterized by the presence of
the nitro group in the o-position on the benzene ring, but it is also the most toxic.

Conclusions
The new compounds were characterized by UV-VIS, IR, 1H-NMR,
pharmacological tests.

13

C-NMR, SM and

The studied compounds have infiltration local anaesthetic actions and antiarrhythmic
action, but their potency is lower than that of lidocaine and quinidine respectively.
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VAPOUR PRESSURE EQUATIONS FOR 2-PHENOXYETHANOL
AND ACETYL- PHENOXYETHANOL
Zoica Cenuse½ and Cornelia Cercasov
abstract: The parameters of Wrede-Auguste and Antoine’s equations have been calculated for
2-phenoxyethanol (C8H10O2) and acetyl-2-phenoxyethanol (C10H12O3), used as fixatives per
parfumes in organic synthesis, as bactericides and topical antiseptics.

Introduction
The present paper attempts to establish the Wrede-Auguste and Antoine’s parameters of
vapour pressure equation based on experimental measurements and using the author’s
calculation program [1].
The vapour pressures at various temperatures were measured in a statically – based
principle installation, previously described [2] in the range 350 – 425 K.
The measurement were carried out at different temperatures, following 5-6 successive
operation of freezing with liquid nitrogen and degassing with a vacuum aggregate to
10–4 mmHg pressure. The manometer readings were performed by a cathetometer with an
accuracy of ± 0.01 mmHg.

Experimental
The measurements were carried out using a static installation based on the isotensioscope
method. It [2] consist of four principle parts: the equilibrium still, the measurement and
compensation system, the vacuum system (10–6 torr) and the degassing and sample
introducing device.
The samples were degassed into the equilibrium cell following 6 – 7 successive cycles of
freezing with liquid nitrogen and pumping to high vacuum. The vacuum system contains a
McLead gauge which gives as the opportunity to measure high vacuum of the installation.
The equilibrium cell was introduced in an oil bath and thermostating temperature was
measured with an accuracy of 0.5 K.

½

Faculty of Chemistry, Department of Physical Chemistry, University of Bucharest, 4-12 Regina Elisabeta,
Bucharest, Romania

Analele Universităţii din Bucureşti – Chimie, Anul XIII (serie nouă), vol. I-II, pag. 201-206
Copyright © 2004 Analele Universităţii din Bucureşti

202

Z. CENUSE  C. CERCASOV

Since desired temperature was performed the vapour pressure of the substances was
compensated and measured by an external mercury manometer. The manometer readings
were performed by a cathetometer with an accuracy of ± 0.01 mmHg.
The performance of the installation was already analyzed [2].

Results and discussions
These substances are used as fixatives for perfumes in organic synthesis, and they have
bactericide as well as antiseptic effect. So is very important to know their vapour pressure
at low temperature, the closest to standard ones.
Substances were synthesized products of the first grade of purity checked by GC. The
evidence of the purity (better than 99%) is illustrated in Table 1. The physical properties of
used substances and LD50 are also shown in Table 1.

138.16

183.16

287.15
[3]

376.45
[3]

Tb (K)

518.05
[3]

523.35
[5]

0.1254
[3]

0.1623
[3]

nD

Antoine’s parameters
P(kPa) and T(K)

3

ρ20 (Kg/m )

A

B

C

2033.96
[4]

84.761
[4]

1.534
[4]
1.535
this
work

1.194
[4]
1.110
this
work

6.69552
[4]

1.5232
[5]
1.5280
this
work

1.057
[5]
1.063
this
work

8.1156
[4]

LD50 (g/Kg)

Tm (K)

20

1.26

M (g/mol)

Vm
(m3/kmol)

(in the 351-519K)

3422.32
[4]

27.331
[4]

0.93

acetyl-2phenoxyethanol

2phenoxyethanol

Substance

Table 1. Physical properties of substances.

(in the 355-533K)

In Table 1 LD50 means medium lethal dose equal with quantity of chemicals that is
estimated to be fatal to 50% of organism tested.
The experimental saturation vapour pressure obtained for substances in the range 350-430K
are presented in Table 2.
Figs. 1 and 2 represent P (mmHg) = f [t(oC)] and lgT = f(1/T).
Using the calculation program earlier presented [1] the Wrede-Auguste and Antoine’s
parameters were calculated and presented in Table 3.
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Table 2. Saturated vapour pressure versus temperature (oC)
2-phenoxyethanol

acetyl-2-phenoxyethanol

o

t ( C)

P (mmHg)

t (oC)

P (mmHg)

84.5

0.7

92.0

1.8

90.1

1.1

95.3

2.2

95.0

1.7

100.1

2.7

101.2

2.8

105.6

3.6

105.6

3.4

110.4

4.5

109.9

4.8

114.9

5.6

115.2

7.0

120.1

7.1

119.0

8.7

125.6

9.1

125.7

12.7

131.2

11.6

131.0

16.0

135.8

14.0

135.3

19.4

141.2

17.5

146.5

21.6

151.0

25.7

3 0

2- p h e n o xy e tha n o l
A c e ty l- 2 - p h e n o x y e th a n o l

2 5

P

(m m H g )

2 0

1 5

1 0

5

0
8 0

9 0

10 0

11 0

12 0

13 0

14 0

o

t ( C )
Fig. 1. Vapour pressure versus temperature for substances.
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1 .6

2 -p h e n o x ye th a n o l
A c e t y l- 2 - p h e n o x y e th a n o

1 .4
1 .2
1 .0

lg P

0 .8
0 .6
0 .4
0 .2
0 .0
-0 .2
2 .3

2 .4

2 .5

2 .6

1 /T

1 0

2 .7

2 .8

2 .9

3

Fig. 2. lg P = f (1/T)
Table 3. Wrede-Auguste and Antoine’s parameters.
Wrede-Auguste equation

Substance

Antoine equation

A

B

A

B

C

2-phenoxyethanol

9.15482

3213.36

3.9709

386.947

8.435

acetyl-2-phenoxyethanol

7.59933

2633.30

9.56265

3918.188

327.7

In Table 4 are listed the experimental and calculated vapour pressure as well as the values
of relative and average standard deviation δ (P) calculated with the equations:
1

δ( P) =

Pexp − Pcalc
Pexp

⎡ ∑ ( P − P )2 ⎤ 2
exp
calc
⎥
⋅100 and δ ( P ) = ⎢
⎢
⎥
N− f
⎣
⎦

were N is the number of experimental points and f is the number of constant in correlation
equations.
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Table 4. Experimental vapour pressure, calculated vapour pressure and relative and average standard deviation.
2–phenoxyethanol
Deviation
1

t (oC)

⋅ 10

T

3

Pexp

(mmHg)

1

Pcalc.

lg P

δ( P) =

Pexp − Pcalc
Pexp

⋅100

W–A

A

W–A

A

84.5

2.79

0.7

–0.156

1.48

0.65

–

7.10

90.1

2.75

1.1

0.041

2.03

1.12

–

–1.80

95.0

2.71

1.7

0.230

2.60

1.73

–

–1.76

101.2

2.69

2.8

0.447

3.72

2.82

–

–0.71

105.6

2.64

3.4

0.531

4.08

3.39

–

0.29

109.9

2.61

4.8

0.681

4.82

4.83

–

–0.62

115.2

2.57

7.0

0.845

7.59

7.07

0.625

–0.42

119.0

2.54

8.7

0.939

9.00

8.76

0.689

–0.68

125.7

2.5

12.7

1.104

12.54

12.76

0.472

–0.47

131.0

2.47

16.0

1.204

15.99

15.99

0.062

0.06

135.3

2.44

19.4

1.287

19.40

19.36

0.206

0.20

δ =0.410

δ =–0.591

⎡ ∑ ( P − P )2 ⎤ 2
exp
calc
⎥
δ(P) = ⎢
⎢
⎥
N− f
⎣
⎦

W–A

A

0.404

0.0418

1.6

0.0447

acetyl–2–phenoxyethanol
92.0

2.74

1.8

0.255

2.42

1.86

–4.44

–3.33

95.3

2.71

2.2

0.342

2.73

2.20

0.00

0.00

100.1

2.67

2.7

0.431

2.90

2.79

–3.33

–0.33

105.6

2.64

3.6

0.556

3.71

3.65

–1.38

–1.38

110.4

2.61

4.5

0.663

4.44

4.57

0.65

0.65

114.9

2.57

5.6

0.748

5.32

5.62

10.35

–0.35

120.1

2.54

7.1

0.851

8.14

7.11

–14.64

–0.14

125.6

2.50

9.1

0.959

10.37

9.06

–13.95

0.43

131.2

2.47

11.6

1.064

12.44

11.53

–7.24

0.60

135.8

2.44

14.0

1.146

14.90

13.99

–6.40

0.07

141.2

2.41

17.5

1.243

17.91

17.47

–2.34

0.34

146.5

2.38

21.6

1.332

21.48

21.60

0.09

–0.04

151.0

2.35

25.7

1.411

25.70

25.82

0.00

–0.07

δ =11.09

δ =–0.22
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From Table 4 we can identify the best vapour pressure correlation equation for substances
which is Antoine’s so far. For 2-phenoxyethanol, in the temperature range of 350-425 K
average standard deviation is 0.0418 while for acetyl-2-phenoxyethanol is 0.0447.
The Wrede-Auguste correlates the saturation vapour pressure of 2- phenoxyethanol in the
range 288-308 with a relative deviation of 0.41 but doesn’t correlate the acetyl-2phenoxyethanol data. The error is too high.
The experimental saturation vapour pressures are as we expected, small in that temperature
range. This is the reason for their cosmetical and antiseptic use.
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RESEARCH OVER SOME PHYSICAL-CHEMICAL PROCESSES
TAKING PLACE IN THE SULPHOUROUS MINERAL WATERS
FOR THE KNOWLEDGE OF THEIR QUALITIES ALTERATIONS
OCCURRED IN TIME
Madalina Ciocan½ and Rodica Vîlcu½½
abstract: The present work is treating the physical-chemical alterations registered by the
sulphurous waters. They register the redox phenomenon where participate the sulphur
compounds in different states of oxidations, especially H2S and HS - ions in correlation with the
pH, the temperature and the water composition.

Introduction
The sulphurous mineral waters represent complex solutions of electrolytes in which exists
sulphur compounds in state of oxidation 2, i.e. H2S, HS–, and more rarely S2–, which gives
them specific characters reflected in the therapeutic effect.
The large possibilities of valorisation from the medical field have necessitated in the past
and also request nowadays the attention over the physical-chemical composition and
processes of this kind, with their direct reflection in the capacity of keeping the therapeutic
characters.
The analytical data regarding the sulphurous waters accumulated over the years have put in
emphasized o great variety of physical-chemical compounds both as regards quality and
quantity. They have also emphasized and variations of the redox potential in time on some
types of sulphurous waters as indicators of some characteristic processes of these solutions.
The present work is proposing itself the notification of the physical-chemical balances
mobility in time of the sulphurous mineral waters, of the generating causes, as well for the
determination of some correspondences between the physical-chemical indicators alteration
and the therapeutical effects. The premise from where they start in the interpretation of
these physical-chemical from these mineral waters is that they represent electrolytes
solutions of a determined ionic strength, which have an evolution in time, strongly
influenced by the interactions between the solution ions. The size of the ionic strength
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influences the activity coefficients of the existing ions and by these, the processes at which
participate the ions in solution.
The pH is a value both dependant of the solution ionic strength and the temperature as well,
fact to be considered in the values estimation. Its mobility in time in the sulphurous mineral
waters is an indicator on the processes taking place in them and of which they mention:
–

ionization phenomena as that where participate the H2S

–

salts hydrolyze phenomenon

–

precipitation phenomenon (ex. the insolvable sulphurs formation)

–

oxidation-reduction phenomenon of which they can mention the one with the
participation of the sulphur compounds in different states of oxidation

Experiments
The water ionization process being an endothermic process, the dissociation degree is
growing (in a sensible way), with the temperature rising. For a given temperature the water
ionization is growing together the solution ionic strength.
The sulphurate hydrogen (H2S) is soluble in water (the saturated solution contains at 20°C –
3.85g/l). In the watery solution this one is ionizing forming ions of hydrosulphur:
⎯⎯
→ H 3 O + HS−
H 2S + H 2 O ←⎯
⎯

and a in reduced measure ions of sulphur S 2 –
⎯⎯
→ H 3 O + S2 −
HS + H 2 O ←⎯
⎯
−

The above ionization balances are characterized by the quantities of acidity K1 and K2

⎡ HS− ⎤⎦ ⎡⎣ H3 O + ⎤⎦
K1 = ⎣
= 6.3 × 10−8
[ H 2S]
⎡S2 − ⎤[ H 3 O ]
= 1.3 × 10−12
K2 = ⎣ ⎦ −
⎡⎣ HS ⎤⎦

which demonstrates the weak acid character of the sulphurate hydrogen, weaker even in
respect the carbonic acid.
The temperature manifests in this case too its influence over the ionization characters.
Egorov and Odinels indicate a calculation formula for the determination of the ionization
constants related to the temperature.

− log k =

A
+B
T

Where for the first ionization constant K1, A=1132 and B=3,191.
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The calculations have emphasized an increase of the K1 values related to the temperature,
which means an increase of the ionization phenomena as the temperature rises.
As regards the alkaline sulphurs and hydrosulphurs, the latter which exists in the
sulphurous waters are partially hydrolyzed salts, as can be noticed in the equations below:
⎯⎯
→ NaSH + NaOH
Na 2S + H 2 O ←⎯
⎯

respectively
⎯⎯
→ H 2S + NaOH
NaSH + H 2 O ←⎯
⎯

For this reason the watery solutions where are present sulphurs or hydrosulphurs have an
alkaline character.
The presence in a solution of water and alkaline hydrosulphurs of the sulphurate hydrogen
has an action of dabbering by the decrease of its pH. In this way the pH is determined by
the coexistence of the two balances of hydrolysis of the hydrosulphurs and ionization of the
weak H2S acid, and thus influenced by the ration of the two compounds concentrations.
In a first approximation this dependence can be expressed by the formula:
a
⎡⎣ H + ⎤⎦ = k
c

where: k = the acid constant of dissociation; a = the acid concentration; c = the salt
concentration
To the above mentioned phenomena they can add the possibility of some precipitation
reactions which in the sulphurous waters have as result the formation of some insolvable
salts, such as FeS, CuS, CoS, ZnS, NiS, etc. or of some hydroxides, such as Al (OH)3, Cr
(OH)3 and under special situations Fe (OH)3.
The precipitation of the above mentioned sulphurs is both determined by their products of
solubility (ex. : PFeS = 3.7×10–19, PCoS = 3.0×10–26, PNiS = 3.0×10–21,etc. as wells as by the
solution pH.
It is worth to mention the fact that at pH-s close to 8 as those existent in the studied
sulphurous waters, the concentration of the S2- of the solution, calculated by the relation:

[S ] =
2−

k

=

10 −23

[H ] [H ]
+ 2

+ 2

can determine the respective ions precipitation at their lowest concentrations. This is the
explanation of the appearance of some deposits of black colour within the solutions of the
sulphurous mineral waters, mainly on the basis of FeS.
As regards the redox processes within these mineral waters, they include the chemical
alterations of the sulphur compounds in different states of oxidations.
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The specialty literature emphasizes that the sulphurate hydrogen (H2S) oxidation, and of its
salts takes place gradually, the stability of the sulphur compounds being determined by the
solution pH, the partial pressure of the oxygen and the temperature.
The presence of the SO4 2– has a catalytic effect on the sulphurs oxidation.
The [H] research as regards the oxidation speed and mechanism by the atmospheric oxygen
of H2S, MeSH and of their salts in a watery solution have emphasized that they are talking
of a complex heterogeneous process determined by the diffusion coefficients of the
compounds and the speed constants of the chemical reactions.
The oxidation speed is influenced by the temperature and the ionic compounds of the water,
that is of the ionic strength of the solution; the reaction speed is growing generally together
with the ionic strength.
At pH-s between 7 – 13.74 the main oxidation product is S203 2– with the increase of pH, the
formation of S04 2– being accentuated.
There are also to mention the studies regarding the formation of the polisulphurs in watery
solutions. When the water containing sulphurs is exposed to air, the reaction between the
suplhurs and the oxygen takes place slowly, the polisulphurs being a reaction intermediary.
The reaction speed is dependent on pH; generally the maximal concentration of polisulphur
corresponding to the pH field 7.0 ±0.4 range, the reaction speed decreasing rapidly both in
acid solution and in alkaline ones.
Under a pressure of 1 atm of the oxygen and a concentration in sulphurs of 10-3 – 10-2 H/l a
conversion of 8 – 14% is attained.
They give below the reaction for the formation of the sodium disulphur:
⎯⎯
→ NaS − SNa + H 2 O
2NaSH + 1 O 2 ←⎯
⎯
2

In watery solutions in the presence of oxygen the polisulphurs can oxide at the tiosulphate
S2O5 2– ions.
Regarding the significance of the redox potential of the natural waters they can appreciate
that they are not balance potentials, the natural water not being a redox balance. The redox
potential can be used only to foresee the direction of a reaction, but not its intensity.
In the context of the studies dedicated to the processes of oxidation of the sulphurate
hydrogen and the hydrosulphurs of the watery solutions they mention too the ones of
Avrahami and Golding for the situation of the small concentrations of these compounds.
The reactions indicated as taking place in solution are shown below:
HS− + 3 O 2 → SO32 − + H +
2
SO32 − + 1 O 2 → SO 4 2 −
2
SO32 − + HS− + 1 O 2 → S2 O32 − + OH −
2

RESEARCH OVER SOME PHYSICAL-CHEMICAL PROCESSES TAKING PLACE … 211

SO32 − + 1 O 2 → SO 4 2 − + S
2

The oxidation speed has been increased by the pH and temperature increase. The first
reaction is the determinant stage of speed, followed by the rapid transformations of the
SO32– ions and finally by the slow oxidation of the S2O32– in SO42– and S ions.
The self-oxidation of the sulphurs in watery solutions and the nature of the formed reaction
products is dependant of the concentration:
[HS-] < 2×10–3 M, the self-oxidation is very slow and the reaction product is sulphur.
For concentrations of 2×10–3 M < [HS–] < 3×10–3 M, the main reaction products are
represented by the polisulphurs, and at bigger concentrations of the HS-, takes place a rapid
oxidation of the sulphur at oxidated anions.
Even if there some valoric differences for the specification of the reaction products nature,
remains as a conclusion the tendency of these compounds to oxide depending on the factors
above mentioned at sulphur, polisulphurs and oxygenated anions, mainly S2O32– and SO42–.
The presentation I made has are a scope the creation of a guide with physical–chemical
factors and processes which could possible take place in the sulphurous mineral waters, that
could be useful in the interpretation of the phenomena experimental observed and the
physical–chemical data obtained by experimental determinations.

Work Methodology
As regards the chemical analyze methodology, they use the volumetric methods of analyze,
of H2S, HS–, S2O3–, SO32– , the gravimetric method for the determination of the SO42– and
the extraction of tricloretilene of the colloidal sulphur.
As regards the evaluation of the content in H2S and HS–, they can mention the use of the
relation:

⎡ HS− ⎤⎦ ⎡⎣ H3 O + ⎤⎦
K1 = ⎣
= 6.3 × 10−8
[ H 2S]
Taking into account the K values at different temperatures calculated with the relation:
− log K = A + B
T

and the total concentration in mE/L of H2S and HS– determined with the titrimetric method.
In case of the polisulphurs presence it is to be mentioned that the titrimetric method
indicated the global concentration in H2S, HS– and polisulphur anions, the reason for which
it is recommended the presentation of the analytical data as mE/L of the sulphur
compounds as anions in state of global oxidation "–2" and not as H2S which do not
correspond to the reality.
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In order to emphasize the polisulphurs they have proceeded at the oxidation of the
compounds with sulphur in the state of oxidation "–2" of the mineral water in sulphur and
its extraction with tricloretilene.

Conclusions
The behaviour of the suplhurous waters in time is dependant of a series of physical–
chemical factors, among which they can mention:
– the temperature at emergencies and its variation in time
– the chemical composition and respectively the ionic strength of the solution
– the concentrations of H2S and HS– and other sulphur compounds
– the partial pressure of oxygen
– the solution pH
The used methods of current analyze determine the total content in H2S and HS– and
polisulphurs existing in mg H2S/l.
Is more correct the expression of the results in mE/L anions of sulphur in state of global
oxidation –2.
The waters with a high content in H2S and a pH at the source between 7.4–7.6 have a
bigger percentage of extractable colloidal sulphur, than the one corresponding to H2S and
HS– and even S2O32– indicating the presence of some anions richer in sulphur, such as
polisulphurs.
In case of the polisulphurs absence they can estimate by calculation, depending on the
temperature and ph the ration between H2S and HS–.
The redox phenomena can be determined by the oscillations of the S2O32– anions, the
increase of concentration in SO42– and the deposits of colloidal sulphur.
The tendency of the sulphur compounds oxidation from the state of oxidation –2 (H2S, HS–,
polisulphur) is closely correlated with their concentration and partial pressure of the
oxygen.
They can observe an intensification of the phenomena of oxidation, at more alkaline pHs.
The capsulated probes, without the presence of an air volume above the liquid, have a
smaller tendency of oxidation and this is no more limited al colloidal sulphur, but also at
superior products of oxidation (oxygenated anions of sulphur).
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THE SOLUBILITY OF CO2 IN SOME C4 ALCOHOLS
AT HIGH PRESSURES
I. Găinar½ and Daniela Bala
abstract: The aim of this work is to present the results concerning the solubility of CO2 in some
C4 alcohols, namely n-butanole and iso-butanole by pressures up to 4 MPa and in temperature
range 0 ÷ 40 0C. For both systems we observed remarkable values of gas solubility at all values
of pressures and temperatures. Molecular structures of the alcohols have a small influence and
therefore the obtained data are comparable. A different behaviour was observed at the lowest
temperature and highest pressures for both alcohols. In these conditions the gas solubility
exceeds the value 0.5, it means that a new equilibrium is established: the solubility of liquid in
the condensed gas.

Introduction
The solubility of gases in liquids is an area of active interest from both the theoretical and
practical standpoints. Both the dilute solutions resulting from the low solubility of many
gases in liquids, and the large variety of sizes, shapes, and polarities of gases molecules to
act as “probes” have made the solubility of gases in liquids an excellent tool to investigate
the test theories of liquid properties and liquid structure. A knowledge of the solubility of
gases is of practical importance in various industrial processes, in the study of artificial
atmospheres for divers and astronauts, in the interaction of gases with our environment (as
in the biological oxygen demand in natural waters), in processes for saline water
demineralization, and in the study of various biological fluids and tissues.
Determination of the solubility of gases in liquids at high pressure has become of increasing
importance. The problems of adequate mixing of the gas and liquid phases to ensure
saturation, pressure and temperature control, and sampling and measurement of the gas
dissolved at high-pressure present greater difficulties than in apparatuses that operate at
atmospheric pressure.
The solubility of gases in liquids has been expressed in terms of many different units,
depending on the particular application. The principal methods of expressing gas solubility
are: the Bunsen coefficient – α, the Kunsen coefficient – S, the Ostwald coefficient – L, the
mole fraction – x2, the absorption coefficient - β, the Henry’s Law constant – KH, the
weight solubility Cw [1, 2].
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In our determinations we used mole fraction solubility x2, which is given by:

xg = x2 =

ng
ng + ns

(1)

for two components, where n is the number of moles (of gas and of solvent). The difficulty
with this equation is that the gas solubility is directly proportional to the gas partial pressure
via Henry’s law. To be unambiguous then, both the partial pressure of the gas and the
temperature of measurement must be specified to fix the mole fraction.
In this experiment we shall determine the solubility of CO2 in n-butanole and iso-butanole
at pressures up to 4 MPa and in temperature range 0 ÷ 40 0C.
This work is a continuation of a programme initiated for some years ago concerning the
solubility of gases in a wide category of organic solvents: hydrocarbons, alcohols, ketones
at high pressure and a wide domain of temperatures [3÷5].

Materials and Methods
The experimental device and the detailed description of working method is presented in a
separate research [6]. By using of this experimental method we have performed a study
concerning the influence of temperature and pressure on gas solubility. In this purpose we
have selected two alcohols namely n-butanole and iso-butanole. The used alcohols were
Merck products and carbon dioxide was Linde gas one with high purity.
The measured experimental parameters were:
–

working pressure (measured with a precision of 10–2 MPa);

–

working temperature (measured with a precision of 0.020C);

–

mass of alcohol (weighted with analytical balance);

–

pressure of the desorbed gas (measured with a precision ± 0.005 mm Hg).

Results and Discussion
Using the measured experimental parameters we calculate the moles number of the
desorbed gas which represents the value of the carbon dioxide solubility in the given
conditions of pressure and temperature. For the calculations the ideal gas equation was
used, because the values of measured pressure did not exceed the values of working
pressure. Other equations, as virial state equations were tested, but without any significant
differences concerning the obtained values. The experimental data are presented in Table 1.
The pressure dependence of carbon dioxide solubility in n-butanole and iso-butanole is
comparatively presented in Figs. 1÷6.
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Table 1. The solubility of carbon dioxide in n-butanole and iso-butanole at various temperatures
n-butanole

t
(0C)

iso-butanole

Pworking

malcohol

PCO2

(MPa)

(g)

(mm Hg)

Pworking

malcohol

PCO2

(MPa)

(g)

(mm Hg)

0

3.89
3.19
2.50
2.01
1.37
0.78

0.1881
0.3427
0.8068
1.1403
1.1319
1.0623

67.85
56.55
45.63
44.75
32.73
23.55

0.731
0.554
0.298
0.228
0.179
0.143

3.60
3.09
2.47
2.06
1.53
1.08
0.64

0.2224
0.5732
0.8886
1.0420
1.1726
1.4629
1.4079

94.70
57.36
48.81
44.75
36.60
30.70
16.70

0.762
0.429
0.292
0.244
0.190
0.136
0.082

10

4.49
3.48
2.35
1.83
1.25
0.71

0.2880
0.5291
1.0701
1.0013
1.1841
1.8088

43.90
38.66
41.64
30.98
24.81
20.55

0.534
0.355
0.226
0.189
0.136
0.079

3.53
3.02
2.59
1.93
1.47
0.99
0.61

0.4661
0.6632
0.8808
1.1120
1.4807
1.3469
1.6989

36.24
37.16
37.75
35.50
30.95
19.30
13.67

0.369
0.296
0.244
0.194
0.136
0.097
0.057

20

4.53
4.13.04
3.44
2.52
1.98
0.73

0.4976
0.7436
0.6039
0.9372
0.9842
1.3697

34.70
45.01
33.40
31.95
28.31
14.41

0.344
0.313
0.294
0.204
0.178
0.073

4.31
3.48
3.02
2.51
1.98
1.44
0.94
0.51

0.7054
0.7715
0.8282
0.9417
0.9361
1.3774
1.3229
1.7541

51.01
40.27
35.70
32.25
24.47
25.83
19.46
14.29

0.352
0.282
0.245
0.205
0.164
0.124
0.100
0.058

25

4.28
3.53
2.50
1.43
1.02
0.54

0.7591
0.8513
1.2887
1.5147
1.6042
1.2789

39.62
38.10
37.31
31.33
28.50
16.18

0.282
0.252
0.179
0.135
0.118
0.090

3.48
2.92
2.41
1.94
1.46
1.03
0.57

0.7300
0.7015
1.2836
1.5712
1.4869
1.2581
1.5429

35.50
29.00
38.50
36.20
25.08
16.05
13.05

0.268
0.237
0.184
0.148
0.113
0.088
0.060

30

4.27
4.10
3.35
2.45
1.78
1.16
0.67

0.8738
0.7489
1.1284
1.6610
1.7915
1.4820
2.0241

42.83
33.71
41.27
42.05
32.07
19.82
16.35

0.269
0.253
0.216
0.160
0.119
0.091
0.057

3.54
2.98
2.62
1.99
1.55
1.03
0.53

0.5798
0.7647
0.6351
1.1885
1.3065
1.6634
1.6975

28.50
29.12
22.45
28.68
23.62
21.20
12.30

0.270
0.223
0.200
0.154
0.120
0.087
0.052

40

4.45
3.45
2.43
1.51
0.74

0.9527
1.1118
1.6702
1.2146
1.3803

39.37
36.77
37.09
15.98
11.53

0.237
0.199
0.143
0.090
0.059

3.22
2.65
2.14
1.67
1.08
0.54

0.8361
0.9634
1.1823
1.7799
1.2458
1.9400

28.43
27.72
25.10
32.32
15.18
12.00

0.204
0.178
0.138
0.120
0.084
0.044

xCO2

xCO2
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Fig. 2. The pressure dependence of CO2 solubility in
n-butanole and i-butanole at 100C
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Fig. 1. The pressure dependence of CO2 solubility in
n-butanole and i-butanole at 00C
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Fig. 3. The pressure dependence of CO2 solubility in
n-butanole and i-butanole at 200C
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Fig. 4. The pressure dependence of CO2 solubility in
n-butanole and i-butanole at 250C
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Fig. 5. The pressure dependence of CO2 solubility in
n-butanole and i-butanole at 300C
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Fig. 6. The pressure dependence of CO2 solubility in
n-butanole and i-butanole at 400C
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Conclusions
Analyzing the above results we obtained the following conclusions:
–

at high pressures (greater than 3-4 MPa) and low temperature, 00 and 100C
respectively, the solubility have great values. In these conditions the gas solubility
exceeds the value 0.5 (as we can see from Table 1) and a new equilibrium is
established: the solubility of liquid in the condensed gas. The liquid phase disappeared
and in the working cell we have one phase with fog aspect;

–

decreasing the pressure, the equilibrium curves change their slopes and at molar
fractions smaller than 0.3 the pressure dependence of solubility becomes linear, it
means that Henry’s Law can be applied (see Fig. 1). At 100C the phenomenon is less
visible, but still we can remark the slope changing in n-butanole (see Fig. 2);

–

increasing the temperature, the pressure dependence of solubility becomes linear on the
entire range of values, it means that the Henry’s Law is respected (Fig. 3 – Fig. 6).
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INVESTIGATION ON THE REAL STATE OF SOME
RADIONUCLIDES IN VERY DILUTED WATERY SOLUTIONS
IN THE PRESENCE OF SOME COMPLEXING AGENTS
M. Iliescu, C. Jujea, C. Podina½, P. Balea
abstract: A general method of investigating of the real ionic state of the metallic radionuclides
in very diluted watery solutions in the presence of some complexing agents was elaborated. To
this purpose, using the ion exchange on the cation exchangers the overall stability constants of
the complexes resulted from reaction of the 110Ag+, 65Zn2+, and 55+59Fe3+ radionuclides with
neutral or anionic complexing agents were obtained. Using these constants the fractions from the
respective ion concentrations in solution, both in a simple ionic state and in every complex state
too, at different concentrations of the complexant agent were estimated.

Introduction
It is known that in very diluted solutions the radionuclides react differently from the same
non-radioactive metallic ions in usual concentrations. The metallic radionuclides which are
to be found in microconcentrations in waters, besides a simple ionic state can also form
radiocolloides pseudo-radiocolloides or complex compounds with different complexing
agents which are likely to exist as impurity in waters. Such complexing agents can be the
HO– ions resulting from the ionization of the water as well as other neutral or anionic
species in the waters.
Knowing the real state of the metallic radioactive ions in such systems is especially
important while studying the radioactive pollution, as well as in the process of depollution
with a view to protect the environment.
The previous papers [1,2] showed that the real state of metallic ions in very diluted watery
solutions can be established if the overall stability constants of all complexes existing in the
respective solution are known. The best way to obtain the values of these constants is the
ion exchange on the cation exchangers and the anion exchangers as well [3÷5]. To this
purpose the global distribution coefficient of the metallic ions between the ion exchanger
and the solution, both in the absence of the complexing agent (P0) and at different
concentrations of the complexing agent in solution (Pj) has been determined [6÷9].
The advantage of this method is even greater if the metallic radionuclides are used because
they are always in microconcentrations. That's why the variation of the concentration of the
complexing agent as a result of the complexation of the radioactive metallic ions is to be
½
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neglected, because it is much higher than the concentration of the radionuclides under
study. One may conclude that, at equilibrium, the concentration of the complexing agent is
practically equal to the initial one.

Experimental
In this paper it has determined the global distribution coefficients P, of 110mAg+, 65Zn2+, and
55+59
Fe3+ radioactive ions between the Dowex-50×8 (200 Mesh) cation exchanger and a
watery solution both in the absence and in the presence of complexing agents at different
concentrations: NH3 and SCN– for the 110mAg+ ions, HO– for the 65Zn2+ ions and Cl– for the
55+59
Fe3+ ions. The necessary radionuclides, in tracer amounts, were supplied by IFIN-HH
Magurele, Bucharest (Romania). The Dowex – 50×8 cation exchanger was purified being
alternatively washed in solutions of HCl, distilled water and NaOH and, finally, it was
obtained in the Na+ form.
Before the experiment, the test tubes and the flasks were kept for two hours in AgNO3,
ZnCl2 and FeCl3 inactive solutions having a 0.2 mol⋅L–1 concentration, to diminish the
adsorption. The solutions meant to provide the ion exchange equilibria had a constant ionic
strength. For every radionuclide and the respective complexing agent 12 solutions having
the same amount of radionuclides but different amounts of ligand were prepared.
The first solution was used to determine the initial specific radioactivity, I&0 of the solutions
before the contact with the cation exchanger. The second solution didn't contain the
complexing agent while the 3rd÷12nd solutions had 10 different concentrations of the
complexing agent. 40 mL from the 2nd÷12nd solutions were poured into eleven 100 mL
Erlenmeyer flasks provided with tops in which the same amount of cation exchanger
(~0.15 g) was previously introduced. In order to provide the ion exchange the flasks were
airtightly closed and then introduced into a thermostat and kept there for 6 hours at a
temperature of 25°C. Every 10÷15 minutes the flasks were intensely stirred for 30÷40
seconds. As soon as the exchange equilibrium was established, 3 samples of 2 mL were
taken from every flasks in order to measure the specific radioactivity using a mono-canal
γ-spectrometer ''Gamma NK-350''.
The average value of the 3 samples represents the specific activity I& of the solution at the
equilibrium with the cation exchanger. The distribution coefficients P, of the radionuclides
under study were calculated by formula:

P=

I&0 − I& V
⋅
I& m

where I&0 and I& are the initial and equilibrium specific radioactivities, V is the volume of
the solution and m is the mass of the air-dry cation exchanger.
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Results and Discussion
Table 1 presents the global distribution coefficients of the 3 radionuclides under study at
different concentrations of the corresponding complexing agent. The overall stability
constants of the complex compounds resulted from every radionuclide and the respective
complexing agent have been calculated from the global distribution coefficients.
Table 1. The global distribution coefficients Pj for the 110m,Ag+ , 65Zn2+ and 55+59Fe3+ radionuclides
between the cation exchanger and the solution at different concentrations of the complexing agent
in the watery solution.
110m

Ag+

Nuclide
Ligand
Sample

[ NH 3 ] ⋅104

( mol ⋅ L )
−1

Pj

65

⎡⎣SCN − ⎤⎦ ⋅ 10 4

( mol ⋅ L )
−1

Pj

Zn2+

⎡⎣ HO − ⎤⎦ ⋅ 105

( mol ⋅ L )
−1

55+59

Pj

⎡⎣ Cl− ⎤⎦ ⋅ 10 2

Fe3+

( mol ⋅ L )
−1

Pj

2

0.0

1348.0

0.0

1348.0

~0

2151.0

0.0

2385.0

3

1.0

976.8

0.5

318.3

0.1

1756.0

1.0

1813.0

4

2.0

641.9

1.0

162.0

0.5

351.1

5.0

837.0

5

3.0

426.6

2.0

70.7

1.0

101.2

10.0

443.0

6

4.0

295.6

3.0

40.6

2.0

27.0

15.0

277.0

7

5.0

214.0

4.0

26.5

3.0

11.8

20.0

190.1

8

10.0

67.06

5.0

18.7

4.0

6.66

25.0

138.7

9

20.0

18.42

6.0

14.0

5.0

4.27

30.0

105.6

10

30.0

8.41

7.0

10.8

6.0

2.97

35.0

83.1

11

40.0

4.79

8.0

8.63

8.0

1.67

40.0

67.1

12

50.0

3.09

9.0

7.05

10.0

1.07

50.0

46.3

Considering the cation exchanger in the Na+ form, and the radioactive metallic ion with the
electric charge z+, the ion exchange reaction in the absence of the complexing agent is:

Mez + + zR − Na + ←⎯
→ MeR z + zNa +
The global distribution coefficient is as follows:
P=

[ MeR z ]e xch
⎡⎣ Me z + ⎤⎦
sol

= K0

(1)

where [ MeR z ]e xch represents the concentration of the metallic ions in the cation exchanger,
and ⎡⎣ Mez + ⎤⎦ is the concentration of the metallic ions in the solution at the equilibrium
sol
with the cation exchanger.
If a ligand (complexing agent) having a negative charge L–y is introduced in the solution, n
complex specia can result from this ligand and the Mez+ ions. All the complex specia
having a positive charge will participate to the ion exchange. The ion exchange reaction is:

( z − my ) R − Na + + MeL(zm−my) + ←⎯→ MeLm R (z − my) + ( z − my ) Na +
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The distribution constant of every complex species is:
[MeL m R (z − my) ]e xch

Km =

in which m can be 0 ≤ m ≤

(2)

⎡⎣ MeL(zm− my) + ⎤⎦
sol

z −1
.
y

The distribution constants defined for every species charged positively, can't be directly
measured experimentally. That's why the global distribution coefficient shown by the
relation:
m

P=

∑ ⎡⎣ MeL R
i =0
n

i

(z − iy)

⎤⎦
e xch

(3)

∑ ⎡⎣ MeL(zk − ky)+ ⎤⎦sol
k =0

is more convenient. The numerator represents the total concentration of the metallic ions in
the cation exchanger and the denominator represents the total concentration of the metallic
ions in the solution at the equilibrium with the cation exchanger. These total concentrations
are directly proportional to the specific activities, I& , experimentally measured, for the 2
phases in equilibrium. In order to eliminate the proportionality factor the specific activities
for the solution and the ion exchanger should be measured in identical conditions. If I&
0

represents the specific activity of the solution before coming into contact with the ion
exchanger, and I& represents the specific activity of the solution after the distribution
equilibrium was established, the difference ( I&0 − I& ) represents the specific activity of the
cation exchanger at equilibrium.
For every radionuclide, 10 values of the global distribution coefficient were determined,
corresponding to 10 different concentrations of the respective ligand.
The equilibrium concentrations of the complex specia in the solution can be expressed by
the corresponding overall stability constant, βk:
z+

y−

(z − ky ) +
k

Me + kL ←⎯
→ MeL

with βk =

⎡⎣ MeL(zk − ky) + ⎤⎦
sol
k

⎡⎣ Me z + ⎤⎦ ⋅ ⎡⎣ Ly − ⎤⎦
sol
sol

results:
k

[MeL(zk − ky) + ]sol = β k ⋅ ⎡⎣ Me z + ⎤⎦ ⋅ ⎡⎣ Ly − ⎤⎦
sol
sol

where 0 ≤ k ≤ n.
Considering the relations (3) and (4) after some simple maths operations the result is:

(4)
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Pj =

P0 + ∑ K iβi ⎡⎣ L j y − ⎤⎦
i =1
n

1 + ∑ βk ⎡⎣ Lyj− ⎤⎦
k =1
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i
sol

(5)

k
sol

This very general expression of Pj corresponding to a certain concentration of the ligand in
solution, ⎡⎣ L jy − ⎤⎦ , is greatly simplified for the concrete situations, if the necessary
sol
z −1
is considered. If there are bivalent metallic ions (z = 2) and
condition, m ≤
y
monovalent anionic ligands (y = 1) m has only one value, m = 1, and the relations (5)
becomes:
Pj =

P0 + K1β1 ⎡⎣ Lyj− ⎤⎦
n

1 + ∑ βk [L
k =1

sol

(6)

y− k
j
sol

]

Considering the values of the distribution constants for all the complex specia being much
lower than the respective global distribution coefficients the relation (6) is as follows:

P0 − Pj
Pj

n

= ∑ βk ⎡⎣ L jy − ⎤⎦
k =1

k

(7)

sol

This relation is valid for every value of y, including the neutral ligands (y = 0) when m = n.
The experimental determination of the global distribution coefficients Pj for n different
values of the ligand concentration [Lj], has as a result a system of n linear equations. The
solutions to these equations are the n overall stability constants βk of the complex specia
formed by the metallic ion Mez+ and the respective ligand.
Ten Pj values for 10 different concentrations [Lj] of the ligand were determined for every
radionuclide under study. Four systems of n linear equations solved by means of a
computer programme were drawn up. The average between the 4 values of overall stability
constant is used further on. Table 2 presents these results.
Table 2. The overall stability constants of the complex compounds formed
by the 110mAg+, 65Zn2+, and 55+59Fe3+ radionuclides with different ligands.
110m

Ag+

Radionuclide
Ligand

Values

65
–

NH3

Zn2+

55+59

–

SCN

Cl–

HO

β1 = 2.1× 103

β1 = 5.6 × 104

β1 = 2.5 × 104

β2 = 1.7 × 10

7

Fe3+

β1 = 30.2

β2 = 1.7 × 10

11

β2 = 2.0 × 10

β2 = 135.0

β3 = 2.8 × 109

β3 = 1.4 × 1013

β3 = 13.6

β3 = 4.7 × 10

β4 = 4.6 × 10

β4 = 0.06

8

9

14
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Using the values of these overall stability constants, the fractions αi (%) for every
radionuclide existent in the solution either as a simple uncomplexed ion or in every possible
complex state depending on the ligand concentration in the solution, were calculated.
If the Mez+ metallic ions and the ligand L form many complex specia MeLi with 0 ≤ i ≤ n ,
the fraction α i of these ions existing in a complex state in the solution is represented by the
ratio between the concentration of this complex and the absolute concentration of the
respective ions in a system at equilibrium.
α i (%) =

[ M e Li ]sol

⋅100

n

∑[M e L ]

(8)

k sol

k =0

Expressing the concentrations of the complex specia in the solution by the respective
stability constants and the concentration of the ligand the result is:
α i (%) =

βi
n

∑ β [L]
k =0

k −i

⋅100

(9)

k

The fractions α i for the radionuclides and the corresponding ligands at different
concentrations in the solution were calculated by means of the overall stability constants
(see Table 2 and the relation 9).
The tables 3÷6 show the results.
The complexation of the

110m

Ag + ions in 5 ⋅10−5 mol ⋅ L−1 concentration of the ammonia in

ammoniacal solutions is considerable. If the concentration is higher 10−5 mol ⋅ L−1 the whole
amount of Ag is complexed (see Table 3). The complexation of the Ag ions with SCN −
ions begins right at 10−6 mol ⋅ L−1 concentrations. At 5 ⋅10−4 mol ⋅ L−1 all the positive Ag ions
are to be found as neutral or anionic complex compounds (see Table 4). For SCN − ion
concentrations higher than 10−2 mol ⋅ L−1 there are only anionic complex specia in the
solution. The complex [ 110 Ag + (SCN) 2 ]− is over 80% predominant.
Table 5 shows that the 65 Zn 2 + radioactive ions are to be found in the solution in this simple
state only for pH < 8. There are also more than 10% cationic specia for pH values up to 9.
For pH 9÷10 there are only neutral complex compounds in the solution. For pH > 11 the
anionic complex compounds are present in the solution in a considerable number. The
65
Zn 2 + radioactive ions from the polluted waters can be separate on the cation exchangers
only if the pH is neutral or acid. For pH > 13 the above mentioned radioactive ions can be
separated on the anion exchangers. For pH 8÷13 these radioactive ions can't be entirely
separated from the polluted waters either on the cation exchangers or the anion exchangers.
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Regarding the 55+ 59 Fe3+ radioactive ions in solutions containing Cl− at a lover than
10−3 mol ⋅ L−1 concentration the whole Fe3+ amount is uncomplexed. There are only
cationic specia in the solution having 1 mol ⋅ L−1 concentration of the Cl− ions. At very
high concentrations, over 10 mol ⋅ L−1 , there are

⎡⎣ 55+ 59 Fe Cl4 ⎤⎦

−

anionic complex

compounds in the solution.

Conclusion
This method makes the study of the real ionic state of metallic radionuclides in very diluted
watery solutions possible. The data presented in this paper offer the best conditions and the
most efficient method of separating the radionuclides which can be found in
microconcentrations in polluted waters.
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ACTUAL TRENDS IN COMPUTATIONAL TOXICOLOGY
I. USING PHYSICAL-CHEMICAL DATA
TO EVALUATE THE ACUTE TOXICITY (LD50)
Cristina Mandravel, Valentina Chiosa and Ioana Stanculescu½
abstract: Aim of this work consists in evaluation of acute toxicity indices, expressed as LD50
values, based on physical-chemical data. Some basic considerations concerning actual trends in
computational toxicology are exposed. The calculated LD50 values based on different physicalchemical data in a series of new synthesized acetanilides derivatives are discussed in relation
with experimental ones.

Introduction
In present numerous companies and researchers are working on developing software to
enable toxicology to be undertaken in silico rather than more conventionally in vivo or in
vitro, with all their associated experimental and ethical problems [1]. Chemical Abstracts
Service introduced TOXICENTER in February 2002, a database which carries
toxicological information in more than five millions records [2]. The COmputerized
Molecular Evaluation of Toxicity (COMET) project of the European Commission DG12
was completed in 2001 under coordination of Emilio Benfenati, chief of laboratory on
Environmental Chemistry and Toxicology in Milan, Italy. Parameters for coupling
molecular similarity and dissimilarity with activity using physical-chemical, topological
and quantum chemical data have been defined.
The goal of this paper consists in evaluation of acute toxicity, defined as LD50 using only
primary level of information, i.e. the physical-chemical data concerning a class of
compounds as in precedent work [3]. Sure, our group can manage successfully with
information received from quantum chemical computations [4].

Theoretical considerations
It is necessary to define concepts used in toxicology [5].
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Toxicant is a substance which introduced in organisms in relative high dose (unique or
repeated at short periods) or in small doses (repeated for long time) determines alteration of
organisms functions and may lead to death. Really, is established that every molecule,
thermodynamic instable at temperatures higher than zero absolute, posses a reactivity
which can be expressed by its toxicity.
The sphere of concept is larger; this can cover more classes of toxicants. For example the
new proposed medicines (drugs) must be tested for toxicity.
DL50 (in mg/kg corp) is defined as acute toxicity induced by a substance (introduced in
organism in oral/ parentheral mode) which determine a lethal effect for 50% from exposed
animals.
A series of regression equations between CL50 (mM/l) and molecular weight (M), boiling
point (tb), melting point (tm) and density (d) of organic volatile compounds have been
established by Golubev [6]:
log CL50(mM/l) = 0.08 – 0.011 M

(1)

log CL50(mM/l) = 0.02 – 0.09 tf

(2)

log CL50(mM/l) = 1.62 – 0.01 tm

(3)

log CL50(mM/l) = 0.11 – 0.2 d

(4)

In this case indices of toxicity CL50 are defined after an exposure to toxic agent of 2 hours
and a period of observation of 7 days and the physical chemical parameters of toxicants
must be in corresponding interval:
30 < M < 300; 0.5 < d < 2; –100°C < tb <300°C; –190°C < tm <180°C
In works of Filov [7] and Sato [8] are done similar type of equations for TLV’s∗.
A very argumented regressional analysis [3] for aminic compounds indicates the following
equations:
log CMA = –1.04 – 0.006 M

(5)

log CMA = –1.62 – 0.012 tm

(6)

A better prediction for TLV’s has been obtained using acute toxicity indexes [9,10]. For
organic volatile compounds the corresponding equation is:
log CMA (mM/m3) = 0.88 log DL50 (mM/l) –2.29

(7)

Results and discussions
To apply these considerations we extracted physical-chemical data from [11] for new
substituted 2-(3,5-dimethyl- pirazol-1-yl)-acetanilides with pharmacological activity having
general formula:

∗

- TLV’s (Threshold Limits Values) – correspond in Romanian terminology to Maximal Admitted Concentration
CMA’s, expressed in mg/m3.
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NH

CO

R

CH2
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N N

H3C

CH3

where R – distinctive substituent given in Table 1.
Table 1. The physical-chemical data of named compounds
No

Distinctive radical R

Mexp

M.P (°C)

1

2’-Me

243

151-152

2

3’-Me

243

136-138

3

4’-Me

243

145-147

4

2’4’-diMe

257

158-159

5

2’,6’-diEt

285

149-150

6

2’-NO2

274

130-131

Using the equations (5) or (6) and consecutively (7) we obtained the values of log CMA
and log DL50 from Table 2.
Table 2. Calculated log CMA and log DL50 values for named compounds
No

log CMA (5)

log DL50 (7)

1

–2.498

2

–2.498

3

–2.498

log DL50 (7)

0.236

log CMA (6)
–3.444

0.236

–3.252

–1.093

0.236

–3.360

–1.215
–1.393

–1.311

4

–2.582

0.3318

–3.516

5

–2.750

0.522

–3.408

–1.270

0.4472

–3.18

–1.011

6

–2.684

Analyzing results in columns two and three we can observe that computations after
equation which use M values (determined with high precision by MS in [11]) can not
discern between isomers. The compounds 1-3 appear as the most toxic in this series in
contradiction with experimental data of authors [11]. But the results of computations done
in fourth and fifth columns of Table 2 based on melting point determinations indicate that 6
(2’-NO2) is the most toxic compound in this series and the least toxic is the compound
number 4 (2’,4’-diMe) in concordance with experimental data of cited authors [11].

Conclusion
Acute toxicity indices defined as log DL50, obtained using melting point determinations can
discern accurately the experimental observed variation of acute toxicity and can predict the
most toxic compound in a series.
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SYNTHESIS AND THERMODYNAMIC CHARACTERIZATION
OF 4-(P-ETHYL-N-PHENYL-ACETAMIDOXY)4’-[P-METHYL-PHENYLAZO]BIPHENYL
Viorica Meltzer½, Gabriela Rau, Gabriela Iacobescu and Elena Pincu
abstract: The new derivative with liquid crystals properties, characterized by IR and
electronic spectra are prepared. Their mesomorphic behaviour have been determined
by differential scanning calorimetry (DSC) and polarising optical microscopy (POM).

Introduction
Liquid crystals have important applications in many advanced technologies like liquid
crystal displays, optical filters, imaging systems, optical storage systems, radiation
visualison, temperature sensors and medical thermography.
In thermotropic liquid crystals, the changes between various possible mesomorphic phases,
and from these phases to the crystalline or isotropic liquid phases, occur at well defined
temperature, with well defined latent heats of transformation. These phase equilibria, called
mesomorphic states, mesomorphic phases or mesophases, in their most stable form, could
be clasified into three fundamental types: nematic, cholesteric and smectic phases.
The smectic phases are more viscous therefore more organized, their molecules lay parallel
one to each other in close – packed parallel planes.
In this paper we present synthesis and thermodynamic characterization of new compound
with liquid crystal properties.
4-(p-ethyl-N-phenyl-acetamidoxy)-4’-[p-methyl-phenylazo]biphenyl a new compound, was
synthesized by the condensation of p-ethyl-N-chloroacethylaniline with sodium salts of
4’-(4-methylphenylazo)-4-hydroxy biphenyl:
N

CH3

-

N

+

O Na

+ ClCH2

C

NH

C2H5

NH

C2H5 + NaCl

O

CH3

N

N

O

CH2 C
O

½
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Experimental
Materials
4’-(4-methylphenylazo)-4-hydroxy biphenyl was synthesized by coupling of corresponding
diazonium salt with phenol.
p-Toluidine, p-phenetidine, chloroacetylchlorure were pure commercial products Merck or
Fluka.
p-ethyl-N-chloroacethylaniline was prepared by p-phenetidine and chloroacetylchlorure.

Techniques
The analyses of carbon, hydogen and nitrogen were performed with a Carlo Erba analyzer,
model 1108.
The electronic spectra were carried out in dioxane with a UV-VIS Jasco V-530
spectrophotometer within the range 200-700 nm.
Infrared spectra were recorded on a Nicolet spectrophotometer, in KBr pellets, within the
range 4000-650 cm–1.
The melting temperatures were established in capillaries and verified with a Böetius
apparatus.
The microstructural analysis of 4-(p-ethyl-N-phenyl-acetamidoxy)-4’-[p-methyl-phenylazo]
biphenyl was performed using an IOR MC-5A polarized light microscope equipped with an
electric hot stage connected to a KFKI-type NV 288/2 precision temperature controller.
The substance was encapsulated by capillarity between In2O3-glass electrodes, separated by
12 µm Mylar spacers.
In order to realize a complete physical-chemical characterization of new compound
synthesized a thermodynamic study for thermal characteristic transition is necessary [1,2].
The transition path and thermodynamic function were measured by differential scanning
calorimetry (DSC).
The calorimetric measurements were made with a Perkin-Elmer DSC 2 calorimeter in a
highly purified argon atmosphere. The weight of samples lay in the range of 1-3 mg.
Typically heating and cooling rates of 10 K/min were used.
Synthesis of 4-(p-ethyl-N-phenyl-acetamidoxy)-4’-[p-methyl-phenylazo] biphenyl
To a solution of 1.44 g (5 mmoles) of 4-(p-ethyl-N-phenyl-acetamidoxy) - 4’ - [p-methyl phenylazo] biphenyl in 20 ml of benzene and 15 ml of ethanol is added 0,22 g (5 mmoles)
of sodium hydroxide. The reaction mixture is stirred for 1.5 hours at 65-700C, while the
azophenol reacts with sodium hydroxide. The water resulted in reaction is isolated as an
azeotrpic mixture water-benzene-ethanol.
To anhydrous azophenoxide is added 0.9875 g (5 mmoles) of p-ethyl-Nchloroacethylaniline and the reaction mixture is stirred at 50-550C six hours. After cooling
at room temperature, the solid product is filtered, washed with water for the removal of
sodium chloride, then with two two 5 ml portion of ethanol.
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The yellow-orange precipitate is dried in a heating chamber at 900C. The solid is then
recrystallized repeatedly from toluene to afford 1.97 g (5 mmoles) of 4-(p-ethyl-N-phenylacetamidoxy)-4’-[p-methyl-phenylazo] biphenyl , m.p. 1470C, yield 87,75%.

Results and discussions
UV-VIS and infrared spectra
The molecular formula of new 4-(p-ethyl-N-phenyl-acetamidoxy)-4’- [p-methyl-phenylazo]
biphenyl and the semi-microanalytical results of carbon, hydrogen and nitrogen, the melting
temperatures, the yields and the values of λmax and εmax established from electronic spectra
are given in Table 1.
Table 1. Results of electronic spectra.
Molecular
formula

C29H27N3O2

%C
calc.

%H
calc.

%N
calc.

%O
calc.

found

found

found

found

77.50

6.01

9.35

7.12

77.62

6.12

9.44

Melting
point 0C

yield
%

λmax
[nm]

εmax
[1000 cm2]
mol

147

87.75

269
326
387

39772.5
16667.5
8595

7.16

Analytical results of C,H,N presented in Table 1 confirmed the purity of 44-(p-ethyl-Nphenyl-acetamidoxy)-4’- [p-methyl-phenylazo] biphenyl and the molecular formulae.
The structure of these compounds has been investigated on the basis of IR and UV-VIS
spectra.
The electronic spectra, recorded in dioxan, exhibit R-band due to azo-group at 387 nm, a
high intensity K-band due to conjugated system Ar-N=N-Ar at 326 nm and a high intensity
B-band due to the aromatic rings, at 269 nm.
The infrared spectra confirm the presence of azo, ether, amyde and methyl groups in the
structure of compounds mentioned in Table 2.
Table 2. Results of IR spectra

Name
of compound

4-(p-ethyl-N-phenylacetamidoxy)-4’- [pmethyl-phenylazo]
biphenyl

IR (cm-1)
aromatic nuclei

-N=N-

3036.30 (m-s)
1663.96 – 1685.64 (m-s)
1654.85 (fs-s)

1577.83 (m-s)
1388.63 (i)

CAr-O-CH2asim sim
1237.00
(fi-i)

1021.00
(i)

-CO-NH1534.651541.49 (s-m)
1718.80 (i)

Aromatic rings show a characteristic series of peaks in the 1663.96 – 1685.64 cm-1 of the
infrared spectra.
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As many as four absorptions are sometimes observed in the 1663.96-1685.64 cm–1 region
because of complex molecular motions of the ring itself.
The compound show strong absorptions in the 700-800 cm-1range due to C-H out-of-plane
bending. The exact position of absorptions is diagnostic of the substitution pattern of the
aromatic ring.
In the region 1400-1600 cm–1 available the bands due to the vibrations of azo group and
those due to the stretching vibrations νC=C for the C-C linkages in aromatic nuclei. The
absorptions bands due to the azo group appear in two regions, namely at 1400-1430 cm–1
and 1388.63 cm–1.
The intensive bands of the first region are a result of conjugation of azo group with
aromatic nuclei. The weak bands of region 1388.63 cm–1 are due to the vibration of azo
group and agree with the data presented in literature.
The very intensive absorption at 1370-1380 cm–1 can be assigned to the δC-H and to νCH3
sym frequencies. These bands can be splitted in two or three peaks, with variable intensity.
4-(p-ethyl-N-phenyl-acetamidoxy)-4’-[p-methyl-phenylazo]biphenyl show two strong
absorptions at 1237.00 cm–1 due to the antisymmetrical valency vibration of the C-O-C
group and at 1021.00 cm–1 due to the symmetrical valency vibration of the same group.
The strong absorption band at 1120-1150 cm–1 is characteristic to the vibration of the Ph-N
band.

Mesomorphic properties
The mesomorphic properties of the material were investigated by Differential Scanning
Calorimetry (DSC) and Polarising Optical Microscopy (POM).

Differential Scanning Calorimetry (DSC)
In a DSC curve, thermic flux (dH/dt, mcal.s–1) is function on temperature (T, K).
Typical DSC traces recorded on heating and cooling for new compound are shown in
Fig. 1.
endo
dH
dt

(a)

(mcal ⋅ s -1 )

exo

380

(b)
390

400

410

420

Fig. 1. The heating (a) and cooling (b) DSC curves.

430
T (K)
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Phase sequences and phase transition temperatures (oC) by DSC:
–

Heating:

K 139.34 SA 145.84 I

–

Cooling:

I 132.84 SA 128.59 K

Polarising optical microscopy
In order to identify the types of mesophases presented by this compound, an IOR MC 5A
polarized light microscope was used. The sample was encapsulated by capillarity between
two glass plates using 12 µm thickness Mylar spacers and placed in a copper microscope
hot stage. The temperature was measured with 0.01oC precision using a T-type thermocuple
and a KEITHLEY 2000 digital multimeter, a stability around 0.5oC being obtained by a
phase controlled device with a numerical PID algorithm [3]. The transitions temperatures
were determined at 0.1oCs-1. Microphotographs (Fig.2-4) were captured using a JVC
camera while heating/cooling.

Fig. 2. Paramorphic mosaic texture of the smectic A
phase, at heating from the solid state.
Crossed polarizers, 136oC (×100).

Fig. 3. Growth of the smectic A phase,
from the isotropic phase, at 138oC.
Crossed polarizers, (×100).

Fig. 4. Solid crystalline state at 129.5oC. Crossed polarizers, (×100).

The compound exhibits an enantiotropic transition between the liquid crystalline state and
the isotropic liquid at 143oC (clearing point). Additionally, it displays a crystal to
mesophase transition at 135.5oC on the first heating-cooling cycle. The texture appearance
in crossed polarizers is typical for a smectic A phase [4] (Fig. 2). While cooling, a smectic
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A phase slowly growths from the isotropic phase at 138oC (Fig. 3) and at 129.5oC the
crystalline solid state appears (Fig. 4).
Phase sequences and phase transition temperatures (oC) by POM:
–

Heating:

K 135.5 SA 143 I

–

Cooling:

I 138 SA 129.5 K

Conclusions
The new compound synthesized present in the same molecule a specific structure for
smectic phase observed by POM and DSC.
The differences between values were obtained because of working in different gaseous
medium: inert for DSC (argon) and air for POM.
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DI-ELECTRODE OF TRANSFER AFFECTED BY DIFFUSION
m
m
AT ITIES. EXPRESSIONS FOR gITIES AND i
IN POTENTIAL-DEPENDENT KINETIC CONSTANTS.
I. TRANSFER OF TWO IONS OF SAME CHARGE ACROSS ITIES
C. Mihailciuc½ and S. Lupu½½
abstract: This paper deals with two-ion (of same charge) transfer across the ITIES under the
“mixed potential” (i.e., in open circuit) condition. A transfer affected by diffusion is considered
m
(the “mixed potential” of the ITIES) and for i m (the individual
and the expressions for g ITIES
current density at “mixed potential”) are deduced as functions of potential-dependent kinetic
constants. As concerns the relative magnitude of the exchange current densities of the two
transferred ions, three limiting cases are discussed.

Introduction
Transfer of only one ionic species across ITIES has been modelled from an electrodic
viewpoint [1-8] as a charge transfer reaction across the electrochemical double layer
existing in the interphase region.
ITIES together with the transfer of only one ionic species, well-known in classical electrode
kinetics as single-electrode, was denoted [8] as single-electrode of transfer. Of course, if
two ionic species pass across the ITIES a di-electrode of transfer appears [9-14]. The
electrode kinetics of the single-electrode of transfer [8] and of the di-electrode of transfer
[9-14] existing at ITIES, in steady-state conditions, under a combined overtension of charge
transfer and diffusion [8] or under a pure charge transfer overtension [9, 11, 13] or under a
pure diffusion overtension [10, 12, 14] was theoretically studied, both for two ions of the
opposite charge [9, 10, 13, 14] and for two ions of the same charge [11, 12].
m
, and for the “exchange
At the same time, the expressions for the “mixed potential “, g ITIES

mixed "current density at “mixed potential”, i m , were deduced using both the traditional
quantities of electrode kinetics [8-12] and the traditional quantities of chemical kinetics.
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In the present paper we discuss the limiting case of a di-electrode of transfer affected by
diffusion (under diffusion control) for two ions of same charge which are transferable
across the ITIES.

Theoretical
Transfer affected by diffusion
In a previous paper [14] it has been analysed the case of a di-electrode of transfer
unaffected by diffusion (in fact, under charge transfer control). This paper deals with the
case of a di-electrode affected by diffusion (controlled by diffusion). At least one of two
diffusion processes is here rate-determining step.
For two cations C (initially in phase I only) and C (initially in phase II only) the
di-electrode of transfer can be modelled by the following equivalent reaction:

C ( I ) + C ( II ) ↔ C ( II ) + C ( I )

(1)

which occurs under the thermodynamic condition ∆Gtro,,IC→ II <0, ∆Gtro,,IC→ II >0 leading to
the following condition concerning the individual reversible electrode potentials:
rev
m
rev
g ITIES
,C (t ) ≤ g ITIES (t ) ≤ g ITIES ,C (t )

(2)

m
(t ) )
Under closed circuit condition (i.e., under a nonzero polarisation, P ≠ 0 or g ≠ g ITIES
the current density is given by:

i=

k C ,a a CI − k C ,c a CII
1+

k C ,a
iCI ,l

a CI

−

k C ,c
iCII,l

k C ,a a CI − k C ,c a CII

+

a CII

1+

k C ,a
iCI ,l

a CI

−

k C ,c
iCII,l

(3)

a CII

m
(t ) )
and under open circuit condition (i.e., under a zero polarisation, P = 0 or g = g ITIES
when the net (total) current density is zero but each individual current density (each
electrode reaction component of the di-electrode of transfer has associated its own
individual current density), at “mixed potential”, are equal with each other and with the i m
quantity, designed here as "exchange mixed" current density:

i

m

=

i Cm

=

−i Cm

=

k C ,a a CI − k C ,c a CII
1+

k C ,a
iCI ,l

a CI −

k C ,c
i CII,l

a CII

=−

k C ,a a CI − k C ,c a CII
1+

k C ,a
i CI ,l

a CI

−

k C ,c
i CII,l

(4)

a CII

For two anions A (initially in phase I only) and A (initially in phase II only) the
di-electrode of transfer can be modelled by the following equivalent reaction:
A( I ) + A ( II ) ↔ A( II ) + A ( I )

(1')
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which occurs under the thermodynamic condition ∆Gtro,,IA→ II <0, ∆Gtro,,IA→ II >0 leading to the
following condition concerning the individual reversible electrode potentials:
rev
m
rev
(t ) ≤ g ITIES
(t ) ≤ g ITIES
g ITIES
, A (t )
,A

(2')

m
(t ) )
Under closed circuit condition (i.e., under a nonzero polarisation, P = 0 or g = g ITIES
the current density is given by:

k A,a a AII − k A,c a AI

i=

1+

k A,a
i AII,l

a AII

−

k A,c
i AI ,l

k A ,a a AII − k A ,c a AI

+

a AI

1+

k A ,a

a AII

i AII,l

k A ,c

−

i AI ,l

(3')

a AI

m
(t ) )
and under open circuit condition (i.e., under a zero polarisation, P ≠ 0 or g ≠ g ITIES
when the net (total) current density is zero but each individual current density (each
electrode reaction component of the di-electrode of transfer has associated its own
individual current density), at “mixed potential”, are equal with each other and with the i m
quantity, designed here as "exchange mixed" current density:

i

m

=

i Am

=

−i Am

=

k A,a a AII − k A,c a AI
1+

k A,a
i AII,l

a AII −

k A,c
i AI ,l

k A ,a a AII − k A ,c a AI

=−

a AI

1+

k A ,a
i AII,l

a AII −

k A ,c
i AI ,l

a AI

where the potential-dependent constants are defined in the following manner:
i Co

k C ,a = k ' C ,a e αC zC fg

k ' C ,a =

k C ,c = k ' C ,c e − (1− αC ) zC fg

k 'C ,c =

k A,a = k ' A,a e − (1− α A ) z A fg

k ' A,a =

k A,c = k ' A,c e α A z A fg

k ' A ,c =

k C ,a = k ' C ,a e αC zC fg

m

k A,a = k ' A,a e − (1− α A ) z A fg

a CI

e

rev
− αC zC fg ITIES
,C

rev
iCo (1− αC ) zC zC fg IIES
,C
e
II
aC

i oA
a AII

e

i oA
a IA

rev
(1− α A ) z A z A fg IIES
,A

e

− α A z A fg rev
ITIES, A

k C ,c = k ' C ,c e − (1− αC ) zC fg
m

k A,c = k ' A,c e α A z A fg

and in analogue manner for the cation C and for anion A .

m

m
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Case of a pair of transferable cations
Case a

If the two electrode reactions, component of the transfer di-electrode, modelling the cations
transfer of C and C , occur under the following conditions:
- for C : fast charge transfer, slow diffusion:
ηC > 0;

iCII,l << iCI ,l e − zC fηC

k C ,a a CI >> iCI ,l ;

(5a)

- for C : fast charge transfer, slow diffusion:
ηC < 0;

k C ,c a CII >> iCII,l ;

iCII,l >> iCI ,l e

− zC fηC

(5b)

then, taking account of conditions (5a) and (5b) as well as the expressions of kinetic
constants, the equations (3) and (4) become:
⎛ k C ,c a CII
i = i CI ,l ⎜1 −
⎜ k aI
C ,a C
⎝

⎞
⎞ II ⎛ k C ,a a CI
⎟
⎟−i ⎜
−
1
,
C
l
⎜ k a II
⎟
⎟
⎠
⎝ C ,c C
⎠

⎛ k C ,c a CII
i m = i Cm = −i Cm = iCI ,l ⎜1 −
⎜ k aI
C ,a C
⎝

⎞
⎞ II ⎛ k C ,a a CI
⎟
⎟=i ⎜
−
1
,
C
l
⎜ k a II
⎟
⎟
⎠
⎝ C ,c C
⎠

(7a)

(8a)

To obtain the expression for the “mixed potential” one can use the second equality (8a) in
the conditions ηC → 0 and η C → 0 . Taking also into account the expressions of potentialdependent kinetic constants, after several mathematical calculations, one gets the
expression:
rev
II
rev
zC iCI ,l g ITIES
,C − zC iC ,l g ITIES ,C
m
(9a)
g ITIES =
zC iCI ,l − zC iCII,l
m
g ITIES
being somewhere between the two individual reversible electrodes potential at
enough distance from each of them.

Using any of the expressions of i m , given in (8a), and the “mixed potential” expression
(9a), it results the individual expression of the current density at the “mixed potential”:
i m = − zC zC fiCI ,l iCII,l

rev
rev
g ITIES
− g ITIES
,C
,C

zC iCI ,l − zC iCII,l

(10a)

where i m is, obviously, a positive quantity.
Case a’

If initially C is only in phase I, (being transferred under a positive individual overtension
η C > 0 ) and C is only in phase II (being transferred under a negative individual
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overtension ηC < 0 ), then the equations (5a)-(10a) are still valid but it is necessary to
interchange C and C . Obviously the transfer of C takes place under condition (5a), with
C in place of C and the transfer of C takes place under condition (6a), with C in place
of C . The conditions ηC → 0 and η C → 0 continue keeping their role.
Case b

If the two electrode reactions, component of the transfer di-electrode, modelling the cations
transfer of C and C , occur under the following conditions
- for C : fast charge transfer, slow diffusion:
iCII,l << i CI ,l e − zC fηC

(5b)

k C ,a a CI << i CI ,l ; k C ,a < k C ,c

(6b)

k C ,a a CI >> iCI ,l ;

ηC ≥ 0;

- for C : slow charge transfer, fast diffusion:
ηC < 0;

k C ,c a CII << i CII,l ;

then the equations (3) and (4) become:
⎛ k C ,c a CII
i = iCI ,l ⎜1 −
⎜ k aI
C ,a C
⎝

⎞
⎟ − k a II
⎟ C ,c C
⎠

⎛ k C ,c a CII
i m = iCm = −i Cm = i CI ,l ⎜1 −
⎜
k C ,a a CI
⎝

(7b)

⎞
⎟ = k a II
C ,c C
⎟
⎠

From the first equality (8b) of i m and the condition

im
iCI ,l

(8b)

→ 0 one gets the "mixed

m
will follow the behaviour of the individual reversible
potential" expression; this g ITIES
rev
electrode potential of the cation C , g ITIES
,C , therefore of the ion which is faster

transferable in the charge transfer step:
m
rev
g ITIES
≅ g ITIES
,C

(9b)

To obtain the expression for the individual current density from the “mixed potential” one
can use the second expression of i m under the assistance of the individual reversible
electrode potential (due to the action of the equation (9b)); one gets:

⎛ k' ⎞
i = k 'C ,c ⎜ C ,c ⎟
⎜ k' ⎟
⎝ C ,a ⎠
m

where:

σC =

σC

⎛ aCII
⎜
⎜ aI
⎝ C

−(1 − α C ) z C
zC

⎞
⎟
⎟
⎠

σC

aCI

(10b)

(11b)
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Case b’

If initially C is only in phase I, (being transferred under a positive individual overtension
η C > 0 ) and C is only in phase II (being transferred under a negative individual
overtension ηC < 0 ), then the equations (5b)-(10b) are still valid but it is necessary to
interchange C and C . Obviously the transfer of C takes place under condition (5b), with
C in place of C and the transfer of C takes place under condition (6b), with C in place
of C . The "mixed potential" will follow closely the behaviour of the individual reversible
potential of C , because its charge transfer step is fast and its diffusion step is slow.
Case c

If the two electrode reactions, component of the transfer di-electrode, modelling the cations
transfer of C and C , occur under the following conditions
- for C : slow charge transfer, fast diffusion:
kC , a aCI << iCI ,l ;

ηC > 0;

kC , c aCII << iCII,l ;

kC , a > kC , c

(5c)

- for C : fast charge transfer, slow diffusion:
kC , c aCII >> iCII,l ;

ηC ≤ 0;

iCII,l >> iCI ,l e

− z C fηC

(6c)

then the equations (3) and (4) become:
i=

i

m

=

i Cm

=

−i Cm

=

⎛k

− iCII,l ⎜
⎜
⎝

aI
C ,a C
k C ,c a CII

k C ,a a CI

iCII,l ⎜
⎜

k C ,a a CI

=

⎞
− 1⎟
⎟
⎠

⎛k
⎝

aI
C ,a C
k C ,c a CII

From the second equality (8c) of i m and the condition

im
iCII,l

(7c)
⎞
− 1⎟
⎟
⎠

(8c)

→ 0 one gets the "mixed

m
will follow the behaviour of the individual reversible
potential" expression; this g ITIES
rev
electrode potential of the cation C , g ITIES
, therefore of the ion which is faster
,C

transferable in the charge transfer step:
m
rev
g ITIES
≅ g ITIES
,C

(9c)

To obtain the expression for the individual current density from the “mixed potential” one
can use the first expression of i m under the assistance of the individual reversible electrode
potential (due to the action of the equation (9c)); one gets:
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m

= k ' C ,a

⎛ k ' C ,a
⎜
⎜ k'
⎝ C ,c
σC =

where:

⎞
⎟
⎟
⎠

σC

⎛ a II
⎜ C
⎜ aI
⎝ C

⎞
⎟
⎟
⎠
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σC

a CI

αC zC
zC

(10c)

(11c)

Case c’

If initially C is only in phase I, (being transferred under a positive individual overtension
η C > 0 ) and C is only in phase II (being transferred under a negative individual
overtension ηC < 0 ), then the equations (5c)-(10c) are still valid but it is necessary to
interchange C and C . Obviously the transfer of C takes place under condition (5c), with
C in place of C and the transfer of C takes place under condition (6c), with C in place of
C . The "mixed potential" will follow closely the behaviour of the individual reversible
potential of C , because its charge transfer step is fast and its diffusion step is slow.

Case of a pair of transferable anions
Case a

The anion A from phase I is transferred under η A < 0 and the anion A from phase II
under the condition η A > 0 . Both anions pass the ITIES practically out of the equilibrium
state, the charge transfer step being fast while the diffusion step is slow (the "mixed
potential" is somewhere between the two individual reversible electrode potentials):
m
g ITIES

=

rev
rev
z A i AII,l g ITIES
+ z A i AII,l g ITIES
,A
,A

z A i AII,l + z A i AII,l

i m = − z A z A fi AII,l i AII,l

rev
rev
g ITIES
, A − g ITIES , A

z A i AII,l + z A i AII,l

(12a)

(13a)

Case a’

If initially A is only in phase I, (being transferred under a positive individual overtension
η A < 0 ) and A is only in phase II (being transferred under a negative individual

overtension η A > 0 ), then the equations (12a) and (13a) are still valid but it is necessary to
interchange A with A . Each of two anions will pass the ITIES out of its own individual
reversible electrode potential, enough far from it.
Case b

If initially A is only in phase I, (being transferred under a positive individual overtension
η A ≥ 0 ) and A is only in phase II (being transferred under a negative individual
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overtension η A < 0 ), then A is transferable practically at its own equilibrium state (charge
transfer step being fast while diffusion step is slow) and A out of its own equilibrium
electrode potential, enough far from it, under a very negative overtension (charge transfer
step being slow while diffusion step is fast):
m
rev
g ITIES
≅ g ITIES
,A

i

m

= k ' A ,a

⎛ k ' A,a
⎜
⎜ k'
⎝ A,c

⎞
⎟
⎟
⎠

σA

⎛ a AII
⎜
⎜ aI
⎝ A

(12b)
⎞
⎟
⎟
⎠

σA

a AII

(13b)

Case b’

If initially A is only in phase I, (being transferred under a positive individual overtension
η A ≤ 0 ) and A is only in phase II (being transferred under a negative individual

overtension η A > 0 ), then A passes the ITIES practically at its own equilibrium state
(charge transfer step being fast while diffusion step is slow) and A out of its own
equilibrium electrode potential, enough far from it, under a very positive overtension
(charge transfer step being slow while diffusion step is fast).
Case c

If initially A is only in phase I, (being transferred under a positive individual overtension
η A < 0 ) and A is only in phase II (being transferred under a negative individual

overtension η A ≥ 0 ), then A is transferable practically at its own equilibrium state (charge
transfer step being fast while diffusion step is slow) and A out of its own equilibrium
electrode potential, enough far from it, under a very negative overtension (charge transfer
step being slow while diffusion step is fast):
m
rev
g ITIES
≅ g ITIES
,A

i

m

= k ' A,c

⎛ k ' A ,a
⎜
⎜ k'
⎝ A ,c

⎞
⎟
⎟
⎠

σA

⎛ a II
⎜ A
⎜ aI
⎝ A

(12c)
⎞
⎟
⎟
⎠

σA

a AI

(13c)

Case c’

If initially A is only in phase I, (being transferred under a negative individual overtension
η A < 0 ) and A is only in phase II (being transferred under a positive individual

overtension η A ≥ 0 ), then A passes the ITIES practically at its own equilibrium state
(charge transfer step being fast while diffusion step is slow) and A out of its own
equilibrium electrode potential, enough far from it, under a very positive overtension
(charge transfer step being slow while diffusion step is fast).
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Conclusions
In this theoretical study the di-electrode of transfer affected by diffusion is analysed for two
ionic species of same charge crossing the ITIES.
The equations describing the "mixed potential" and the individual current densities from the
"mixed potential" show which are the quantities which can control or determine them in the
m
open circuit condition, i = 0 and g ITIES = g ITIES
.
The "mixed potential" will follow the better the individual reversible electrode potential of
an ion which transfers faster in the charge transfer step the greater its exchange current
density is in comparison with the other transferable ion.
Equation (3), in its specialised forms, could be used to obtain the individual current
densities from the "mixed potential" either from the Tafel analyse of the polarisation curve
or from the polarisation resistance determination. That is the situation for the case a and
case a' when P → 0 it results the expression for i m . For the case b and case b', as well as
for case c and case c', one can obtain the corresponding i o quantity.
m
one could notice that is the ion controlling its value and
From the expression of g ITIES

from the expression of i m which are the kinetic parameters influencing its value.
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CO2 EFFECT ON THE FLAME VELOCITY IN GASEOUS
FLAMMABLE MIXTURES. PRELIMINARY TESTS ON
STOICHIOMETRIC ETHYLENE-AIR MIXTURE
Codina Movileanu½, Maria Mîţu½, V. Munteanu½½, Domnina Răzuş½ and D. Oancea½½
abstract: Paper presents several tests regarding the effect of CO2 on the flame propagation in
stoichiometric ethylene-air mixture, at atmospheric and subatmospheric initial pressures. Results
are discussed and compared with literature data. The apparent activation energy of the
propagation process is also determined in the presence of CO2 (526 kJ/mol).

1. Introduction
There has been a great interest regarding the precautions that have to be paid against
accidental explosions; authorities issued reports and thoroughly discussed the
implementation of safety rules in central and eastern European countries, in light of their
admission within European Union [1]. These precautions fall into two categories, namely
prevention and protection. The preventive actions are meant to ensure that the conditions
under which an explosion becomes possible never occur and the protective ones aim to
minimize the effects of explosions that it is assumed will occur [2].
The use of inert diluents, as CO2, in gaseous environments that exhibits explosive hazard, is
one prevention method, and it aims both to reduce the oxidant content bellow necessary
requirements to support combustion and to take over the excess of energy dissipated by the
chemical reaction.
The paper presents some work in progress results on how CO2 affects the flame velocity of
ethylene-air mixture.

2. Experimental
Stoichiometric (6.54 vol%) ethylene-air mixtures with CO2 addition between 0 and 16 vol%
have been prepared based on partial pressures additivity. Ethylene (99.97% purity) has been
purchased from SIAD RG Italy. Air was provided using a compressor type HP 1.5 made by
OMA Compressori Italy.
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The explosion cell [3,4] was fitted with an ionisation gauge that was placed at a small
distance, rgauge, from the spark gap, monitoring the flame propagation. The space velocity of
the flame was calculated by the following approximation:
Ss =

rgauge
dr
≅
dt
tflame

(1)

assuming that in the early stage of explosion, the process is still isobaric; tflame is the time
from the explosion initiation to the maximum of the ionisation gauge signal.
The normal burning velocity, Su, is then calculated based on:
Su =

1 dr
⋅
E0 dt

(2)

where E0 represents the expansion factor, at initial constant pressure, that has been
evaluated from the thermodynamic properties of each mixture [5]. The measurements were
made at initial ambient temperature, and atmospheric and subatmospheric initial pressures.

3. Results and Discussion
Table 1 presents the experimental burning velocities for ethylene-air system of
stoichiometric concentration (6.54 vol% of ethylene in air), at various initial pressures, with
CO2 addition ranging from 0 to 16 vol%.
The first observation is that, at ambient initial conditions, an addition of CO2 higher than
10 vol% significantly affects the burning velocity, decreasing it four times, and at the
highest CO2 addition covered by this investigation (e.g. 16%) the burning velocity almost
reaches the transition to self-quenching condition (below 0.05 m/s).
Table 1. Influence of CO2 addition to normal burning velocities, Su, for stoichiometric ethylene-air mixture,
at atmospheric and subatmospheric initial pressures, pi
% CO2

tflame (s)

Ss (m/s)

E0

Su (m/s)

pi = 101.3 kPa

0

0.0059

3.27

8.06

0.41

4

0.0076

2.55

7.79

0.33

8

0.0184

1.06

7.51

0.14

12

0.0207

0.94

7.23

0.13

16

0.0362

0.54

6.95

0.08

pi = 81.3 kPa

0

0.0113

1.72

8.06

0.21

4

0.0174

1.12

7.79

0.14

8

0.0228

0.85

7.51

0.11
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% CO2

tflame (s)

Ss (m/s)

E0

Su (m/s)

12

0.0331

0.59

7.23

0.08

16

0.0465

0.42

6.95

0.06

pi = 71.3 kPa

0

0.0134

1.45

8.06

0.18

4

0.0163

1.19

7.79

0.15

8

0.0231

0.84

7.51

0.11

12

0.0318

0.61

7.23

0.08

16

0.0465

0.42

6.95

0.06

pi = 61.3 kPa

0

0.0131

1.48

8.06

0.18

4

0.0184

1.05

7.79

0.14

8

0.0244

0.79

7.51

0.11

12

0.0344

0.56

7.23

0.08

16

0.0476

0.41

6.95

0.06

pi = 51.3 kPa

0

0.0162

1.20

8.06

0.15

4

0.0163

1.19

7.79

0.15

8

0.0234

0.83

7.51

0.11

12

0.0294

0.66

7.23

0.09

16

0.0355

0.55

6.95

0.08

pi = 41.3 kPa

0

0.0149

1.30

8.06

0.16

4

0.0124

1.57

7.79

0.20

8

0.0197

0.98

7.51

0.13

12

0.0221

0.88

7.23

0.12

16

0.0244

0.79

6.95

0.11

0

0.0165

1.18

8.06

0.15

4

0.0195

1.00

7.79

0.13

8

0.0167

1.17

7.51

0.16

12

0.0160

1.21

7.23

0.17

16

0.0305

0.64

6.95

0.09

0

0.0174

8.06

0.14

pi = 31.3 kPa

pi = 21.3 kPa

1.12
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% CO2

tflame (s)

Ss (m/s)

E0

Su (m/s)

4

0.0163

1.19

7.79

0.15

8

0.0197

0.98

7.51

0.13

12

0.0195

1.00

7.23

0.14

16

0.0281

0.69

6.95

0.10

The second observation is that as one moves towards lower initial pressures, the effect of
CO2 decreases in amplitude, so that at 21.3 kPa, it shows a rather insignificant effect on the
burning velocity. This behaviour is somewhat as expected because, at very low initial
pressures, the gaseous mixture is more disperse, so that the role of CO2 as diluting agent do
not affect significantly the propagation behaviour.
When compared with literature data one mentions that, at atmospheric initial pressure, the
normal burning velocity is almost twice smaller than that reported by Gibbs and Calcote
[7], 0.68 m/s, or Gunther and Janisch [8], 0.78 m/s, using Bunsen burner method.
A possible explanation of this difference could originate in the flame stretch, a significant
process in the early stages of spherical flame propagation [9,10]. Also, another explanation
is the existence of an induction time necessary to obtain the minimal flame.

-1

Su (m/s)

1xe

-2

1xe

stoichiometric ethylene-air mixture
===========================
CO2 - diluted
Ea = 526 kJ/mol
-3

1xe

3.6

3.7

3.8

3.9

4.0
-1

4.1

4.2

4

1/Tf (K *10 )
Fig. 1. Flame temperature dependence of the normal burning velocity;
initial pressure 101.3 kPA; initial temperature 298 K; semilogarithmic scale.
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Based on previous research [3,6] the burning velocity dependence on the adiabatic flame
temperature, Tf, can be used to evaluate the overall activation energy of the flame
propagation process, using the dilution method:

Su ~ f1 (Tflame ) ⋅ e

−

Ea
2 RTflame

(3)

where Ea represents the apparent activation energy, in J×mol–1, R is the gas law constant, in
J×mol–1×K–1, Tflame is the adiabatic flame temperature, in K, and f1 (Tflame ) is an intricate
function of the Tflame . The adiabatic flame temperature has been also calculated from the

thermodynamic data [5]. For Tf ranging from 1700 K to 2500 K, f1 (Tflame ) does not vary as

much as the exponent in eqn. (3), so that the semilogarithmic dependence:

(

−1
ln Su = f Tflam
e

)

(4)

gives the possibility of evaluating Ea.
Fig. 1 shows the flame temperature dependence of the normal burning velocity at ambient
initial temperature and pressure, with CO2 addition in the range taken into consideration by
this paper. The value reported herein is 526 kJ/mol.
The possibility of increasing CO2 content, as well as replacement of CO2 by other diluents
or suppressants is under current investigation and the results will be published shortly.

Conclusions
Burning velocities for stoichiometric ethylene-air mixture with CO2 addition between 0 and
16 vol% have been determined using a very simple method. The experimental data show
that an addition of CO2 higher than 10 vol% significantly affects the burning velocity,
decreasing it four times, at atmospheric initial pressure, but has insignificant effect at initial
pressures below 31.3 kPa.
Also, based on the inert dilution effect, the apparent activation energy of the flame
propagation process has been determined from the temperature dependence of the burning
velocity.
Acknowledgement: The financial support from CNCSIS – The Romanian Ministry of
Research, Education and Youth is acknowledged.
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CONDITIONING OF ZEOLITE STONE FROM ZALAU.
PHYSICAL-CHEMICAL STUDIES
S. Neagoe½, O. Pântea½, Eva Trâmbiţaşu½, Daniela Popovici½, D. Bomboş½½,
Fănica Bacalum½½½, Dorina Matei½, C. Neagoe½½½½, T. Jugănaru½ and M. Hotinceanu½
abstract: Paper presents investigation of the zeolite stone from Marsid – Salaj county, as well as
its conditioning in view to retain ammonium ion from waste waters. S 0.04 mm and S 0.09 mm
types of zeolite have been chemically analysed, and then analysed by X-ray diffraction method.
Two methods have been used for acid activation: ammonium nitrate and ammonium chloride in
acid medium, and 1N solution of hydrochloric acid. In order to establish the exchange capacity
of the zeolite the overall acidity has been determined.

1. Introduction
Indigenous clinoptilolyte-rich zeolite stone which has a good selectivity for ammonium ion,
has concerned others researchers too [1,2]. Chemically activated and inserted into the ionexchange chromatographic columns it has been used to study its capacity to retain
ammonium ion [3].
Senyavin et all [4] studied the possibility of copper recovery from sea waters, and R. Pode
[5] studied the following ion exchange equilibriums:
⎯⎯
→ 2Na
Cu 2 + ←⎯
⎯
⎯⎯
→ 2Na
Zn 2 + ←⎯
⎯
on indigenous clinoptilolytic zeolite.
The zeolite content in SiO2, Al2O3, CaO, MgO, Fe2O3, K2O, and Na2O has been determined
by both classical and modern methods [6,7].
The paper presents the results and chemical and physico-chemical analysis of the zeolite
stone, as well as the conditioning (activation) of the zeolite in the acid form.
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2. Experimental part
At first, the two samples of zeolite have been analysed to determine their chemical
compositions.
Desaggregation of the samples was made by treating them with a mixture solution of
sodium carbonate and potassium carbonate, and then by hydrochloric acid solution, when
SiO2 precipitates. The gravimetric method was used to determine the SiO2 content of the
samples.
The Al, Ca, and Mg content has been determined by complexonometry; also Fe and Ti
content has been determined by photocolorimetry, and K and Na content by inductive
coupled plasma atomic emission spectroscopy (ICP-AES), using a Varian-type
spectrophotometer.
Granulated zeolite has been characterised by X-ray diffraction, using a DRON 2-type
diffractometer.
Thermal analysis of the two samples of zeolite has been performed on a derivatograph
model TGA V5.1A DuPont 2000, and the determination of the specific surface has been
done by Bett method.
The conditioning of the absorbent has been performed on a discontinuous assemble
consisting of an autoclave with a detachable lid, and provided with a thermometer, a mixing
device with variable spinning velocity, and a heating device.
All the reagents used in analysis were p.a. grade.

3. Results and Discussion
Table 1 presents the chemical composition of zeolite samples S 0.04 mm and S 0.09 mm,
used to retain the ammonia for waste waters.
Table 1. The chemical composition of the two samples of zeolite
Marsid
Zeolite

SiO2

Al2O3

Fe2O3

CaO

MgO

K2O

Na2O

TiO2

SiO2/
Al2O3

P.C

Granularity
0.04 mm

66.32
67.30

12.42
12.05

0.09
0.12

3.39
3.88

0.43
0.53

2.91
3.75

0.42
0.35

0.05
0.05

5.80
5.60

12.50

Granularity
0.09 mm

67.52
67. 90

13.30
12.55

0.75
0.52

3.66
2.89

0.72
0.95

3.93
3.25

0.98
1.20

0.08
0.07

5.10
5.40

11.95

The data show a very similar composition of the two samples can be observed.
The X-ray analysis is based on the Bragg-Brentano coupled Θ – 2*Θ diffraction method on
plane pulverulent samples, and the equipment used was a DRON 2.0 diffractometer having
a characteristic radiation of CuKα1&2. In order to eliminate the CuKβ component of the
radiation, a graphite monocromator has been placed into the diffracted beam.
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The experimental data have been digitally acquired, using the step by step scanning
method, within the angular range of 2*Θ: 3 ÷ 70 degree. Qualitative phase analysis has
been performed according to the Hanawalt standard method (A.S.T.M.).
Table 2 presents the composition of the 0.04 mm granulated sample, determined by X-ray
diffraction.
Table 2. Composition of the 0.04 granulated zeolite, established by X-ray diffraction
No.

Phase

estimative vol.%

1

(Na,K)4Ca(Si30Al6)O72*24H2O - Clinoptilolite

~ 65

2

Na(Si3Al)O8 - Albite

10 ÷ 15

3

(K,H3O)Al2Si3AlO10(OH)2 - Hydromuscovite

10 ÷ 15

4

SiO2 - α-Quartz

~5

5

CaCO3 - Calcite

<5

6

Mg6Fe2CO3(OH)16*4H2O - Pyroaurite

7

SiO2-based material

possible < 5

The resulted diffractogram for the S 0.04 mm zeolite sample is presented in Table 3.
Table 3. The recorded diffractogram
Peak
2*θ (degree)
8.85

9.992

Int.
(%)
16

9.85

8.979

49

Clinoptilolite

11.20

7.900

23

Clinoptilolite

13.05

6.784

9

Clinoptilolite

14.90

5.945

10

Clinoptilolite

15.85

5.591

1

Clinoptilolite

16.95

5.231

9

Clinoptilolite

17.35

5.111

19

Clinoptilolite

19.10

4.646

14

Clinoptilolite

d (Å)

Phase
Hydromuscovite

Pyroaurite
Clinoptilolite
Albite
Albite

Hydromuscovite
Hydromuscovite
Albite
20.45

4.343

6

Clinoptilolite
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Peak
2*θ (degree)
20.95

4.240

Int.
(%)
4

21.85

4.068

8

22.50

3.951

100

Clinoptilolite

22.80

3.900

26

Clinoptilolite

d (Å)

Phase

α-Quartz
Albite
Hydromuscovite
Hydromuscovite
Pyroaurite
Albite

23.15

3.842

8

Clinoptilolite

24.00

3.708

8

Clinoptilolite

25.10

3.548

10

Clinoptilolite

26.10

3.414

24

Clinoptilolite

26.30

3.389

4

Clinoptilolite

Calcite
Hydromuscovite

Hydromuscovite
Hydromuscovite
Albite
26.70

3.339

20

α-Quartz
Clinoptilolite
Hydromuscovit
Albite

26.90

3.314

11

α-Quartz
Clinoptilolite
Clinoptilolite
Hydromuscovite

27.70

3.220

2

Hydromuscovite

28.15

3.170

47

Clinoptilolite

Albite
Clinoptilolite
Hydromuscovite
Albite
28.60

3.121

15

Clinoptilolite

29.10

3.069

13

Clinoptilolite

29.45

3.033

16

Albite

30.05

2.974

43

Clinoptilolite

Albite

Calcite
Hydromuscovite
Albite
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Peak
2*θ (degree)
30.10

d (Å)

2.969

Int.
(%)
52

Phase
Clinoptilolite
Hydromuscovite
Albite

32.00

2.797

21

Clinoptilolite

32.85

2.726

18

Clinoptilolite

33.40

2.683

1

Clinoptilolite

Hydromuscovite
Hydromuscovite
Pyroaurite
35.15

2.553

7

Hydromuscovite

35.55

2.525

8

Clinoptilolite

Pyroaurite
Hydromuscovite
Hydromuscovite
Albite
36.10

2.488

7

Clinoptilolite
Albite
Calcite

36.80

2.442

8

α-Quartz
Clinoptilolite
Hydromuscovite
Albite

37.05

2.426

16

Clinoptilolite

38.15

2.359

2

Clinoptilolite
Albite

43.30

2.089

2

Clinoptilolite
Albite
Calcite

44.10

2.053

2

Clinoptilolite

44.95

2.017

4

Clinoptilolite

46.30

1.961

4

Clinoptilolite

46.90

1.937

3

Albite

50.10

1.821

3

α-Quartz

51.60

1.771

3

Albite

52.10

1.755

3

Hydromuscovite

54.05

1.697

4

Hydromuscovite

55.55

1.654

0.5

Hydromuscovite

Calcite
Albite

α-Quartz
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Peak
2*θ (degree)
59.05
60.00

1.564

Int.
(%)
0.7

Pyroaurite

1.542

0.7

α-Quartz

d (Å)

Phase

Hydromuscovite
60.15

1.538

0.6

65.00

1.435

1

α-Quartz
Calcite

67.90

1.380

0.5

α-Quartz

69.55

1.352

0.9

Pyroaurite
Calcite

The diffractograms of six samples of activated zeolite (in acid form), before and after
ammonia treatment, have been recorded. The comparison between them and standard
ASTM-PDF diffractograms has been performed.
Thus, the 0.09 mm zeolite sample contains three crystalline phases: 1) clinoptilolyte with
monoclinic structure (a=17.63 Ǻ; b =17.95 Ǻ; c=7.399 Ǻ; ß=117o3´), according to ASTMPDF 25-1149; 2) criophylite with monoclinic structure (a=5.25 Ǻ; b=9.18 Ǻ; c=10.02 Ǻ;
ß=100o10´), according to ASTM-PDF 14-565; 3) SiO2 – quartz with hexagonal structure
(a = 4.913 Ǻ; c = 5.405 Ǻ), according to ASTM-PDF 33-1161. Concentration of each phase
in mixture is: clinoptilolyte 60%, criophylite 35%, and quartz 5%.
The zeolite sample S 0.09 mm, converted into acid form by nitric acid / ammonium nitrate
method, contains the same crystalline phases as the initial one, but the peak at 5.640 suffers
a displacement to approx. 7.000 (2θ), which corresponds to the substitution of larger
metallic ions with smaller protons, H+.
The zeolite sample S 0.09 mm, activated by hydrochloric acid, contains the same crystalline
phases as the initial one, the diffractogram indicating a reduction of the crystal size,
especially for clinoptilolyte.
The zeolite sample S 0.04 mm, contains the same crystalline phases as the sample S 0.09
mm, the phase concentrations being: clinoptilolyte 75%, criophylite 20%, and quartz 5%.
The thermogravimetric analysis of the two samples of zeolite has been done by classical
method, with the same heating rate of 20oC/min for inactivated zeolite as well as for the
activated one. The thermograms show a continuous decrease in weight between 50oC and
500oC, the weight loss being 13.5%. This is more like an indication of the presence of
interstitial water molecules and OH– ions in the crystalline structure rather than the
"crystallisation water".
Specific surface and pore distribution of the two samples of zeolite stone, S 0.04 mm and
S 0.09 mm, has been determined by the Bett method, and Table 4 presents the results.

The ion exchange capacity of the zeolite samples is:
–

sample S 0.04 mm: 0.75 mequiv./g;

–

sample S 0.09 mm: 0.65 mequiv./g.
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Table 4. Specific surface and pore distribution of the samples S 0.04 mm and S 0.09 mm
Sample S 0.04 mm
2

Specific surface, m /g
3

Pore volume, m /g
Average pore radius

Sample S 0.09 mm
Specific surface, m2/g

40.954

Pore volume, m3/g

0.0546
26.68

Average pore radius

43.411
0.0612
28.18

Pore distribution, % vol.
0 – 10

4.35

0 – 10

6.46

10 – 15

30.47

10 – 15

28.73

15 – 20

15.89

15 – 20

14.29

20 – 25

10.49

20 – 25

9.46

25 – 50

35.26

25 – 50

23.65

50 – 100

2.12

50 – 100

10.42

100 – 150

0.87

100 – 150

4.27

150 – 200

0.27

150 – 200

1.33

200 – 300

0.28

200 – 300

1.39

Conditioning of the Adsorbent
In order to obtain the adsorbent in the active form, a set of 40 experiments have been made,
by varying conditioning temperature and time, for both samples of zeolite. Two different
techniques have been applied, namely:
a)

treatment with HNO3 / NH4NO3;

b) conditioning with 1N solution of HCl, at ambient temperature, directly in the
adsorption column, followed by conversion to sodium form, upon treatment with
1N solution of NaCl.
Activation by the HNO3 / NH4NO3 technique has been performed at 600 spins/min rate of
the mixing device, for 6 hours, followed by filtration and washing with distilled water until
pH reaches 5.5-6.0 level, and drying in oven at 105oC. Then the material is blended for 2
hours, and extruded for 1 hour, after that being roasted at 550oC for 3 hours. The resulted
form is then used to build up the columns for the determination of the ion exchange
capacity.
After activation, the ion exchange capacity, in mequiv./g, has been determined. Table 5
presents the results of correlation between the ion exchange capacity and activation
conditions, according to the HNO3 / NH4NO3 technique. One can observe that the ion
exchange capacity is week for both samples, the average being 0.80 mmmol NH4+/ g of
absorbent, conditioned at 20oC, and 0.15 NH4+/ g of absorbent, conditioned at 100oC, as
compared to the inactivated zeolite, which shows an insignificant capacity of ion exchange.
Analysis of the results shows that the optimal range of conditioning temperature is 60–
70oC, and the conditioning time is 2.5 hours, followed by filtration, washing, blending,
extruding, and roasting steps.
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Table 5. Correlation between ion exchange capacity and activation conditions

Exp.
no.

Granulation,
(mm)

Temperature
(0
C)

Mixing time
(h)

Exchange capacity,
(mequiv./ g)

1.

0.09

20

6

0.78

2.

0.09

20

12

0.80

3.

0.04

20

12

0.86

4.

0.04

100

2

0.15

5.

0.04

60 - 65

2.5

1.75

6.

0.09

60 - 65

2.5

1.62

7.

0.09

70

2.5

1.67

In such conditions the ion exchange capacity has been improved, reaching an average value
of 1.70 mmol NH4+/ g of conditioned adsorbent, for both samples of zeolite.

Conclusions
The physico-chemical studies on the two samples of zeolite from Zalau have evidenced the
high level of clinoptilolyte content: 60% for S 0.09 mm, and 7% for S 0.04 mm,
respectively.
Activation conditions and optimal condition has been established, the activation with nitric
acid and ammonium nitrate being recommended, because the crystal size of clinoptilolyte is
reduced in the case of 1N HCl activation, and a higher concentration of HCl solution
destroys the crystals.
Activation with nitric acid and ammonium nitrate does not affect the crystalline structure of
the zeolite; the ion exchange capacity increases, attaining an average value of 1.70 mmol
NH4+/ g of conditioned adsorbent, for both samples of zeolite.
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COPPER (II) CATALYZED OXIDATION
OF 2-AMINOPHENOL IN AQUEOUS MEDIUM
Mihaela Puiu and D. Oancea½
abstract: The kinetics of 2-aminophenol oxidation with oxygen from air catalyzed by several
copper (II) compounds in aqueous medium was studied using a spectrophotometric method. The
catalysts efficiencies in initial conditions were discussed in relation to their states in aqueous
solution.

Introduction
The removal or neutralization of organic pollutants from waste waters is usually carried out
by advanced oxidation using either strong oxidants like H2O2 or O3 in the presence of high
energy sources able to generate HO· or other reactive radicals, or wet air oxidation
requiring elevated temperatures and pressures and/or catalysts. If the conventional strong
oxidants are replaced by dioxygen from air, at ambient temperature and pressure, the
process become simpler and cheaper. The molecular oxygen is however not significantly
reactive in this conditions and it requires a catalytic activation.
The transition metal compounds can act as catalysts in many organic oxidation reactions
[1]. Copper compounds especially, occupy a major place in oxidation chemistry due to their
abundance in natural and biological media [2]. Because of its occurrence in many natural
enzymatic processes, the interaction of molecular oxygen with copper in its different
oxidation states was also a subject of numerous investigations [3]. The activation of
dioxygen for aminophenols oxidation was less studied in the presence of copper (II) salts or
its complexes. The oxidation of 2-aminophenol (OAP) to 2-amino-3H-phenoxazin-3-one
(APX) in the presence of tyrosinase, a copper containing monooxygenase, is a well-known
reaction [4, 5] used as model for the biosynthesis of the powerful antineoplastic agent,
actinomycin D [6]. The presence of Cu (II) salts as catalysts in aerated wastewaters
containing, OAP as a pollutant has a significant contribution to its natural conversion into
less harmful compounds and consequently deserves an increased concern.
Previous work on copper-catalyzed oxidation of OAP [7] as well as studies on enzymatic
oxidation [8] validates a model where the formation APX is preceded by the appearance of
several active intermediates resulted in successive oxidation, conjugate addition, and
tautomerisation reactions, some of them occurring without catalyst assistance. The overall
½
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stoichiometric equation for OAP oxidation is shown in Fig. 1. Our work provides a
comparative study concerning the efficiency of some copper (II) salts and copper (II)
complexes in the partial oxidation of OAP.
NH2

2

N
+

NH2

3/2 O2

+
O

OH

3 H2 O

O

APX

OAP

Fig. 1: Overall equation of 2-aminophenol oxidation to 2-aminophenoxazinone

The kinetic models reported in literature provide two pathways for o-quinone imine
formation [7÷9]:
1. The mono-electronic oxidation of OAP (1) to phenoxy radical (2), followed by the
disproportionation of radicals to o-quinone imine:
NH2
+

O2

NH2

k1

+

slow

HO O

O

OH
(2)

(1)
NH2
2

NH2

k2

NH

+

fast
OH

O
(2)

O
(3)

(1)
Fig. 2: Formation of o-quinone imine, via phenoxy radicals

The next steps consist in fast conjugate additions, oxidation and tautomerisations, yielding
APX (6):
H
NH2

NH

+

NH

k3

NH2

fast
OH
(3)

(1)

O

OH

O

(4)
+ O2
+
-2 H
- 2 e-

N

NH2

O2 +
+

-2 H
O

N

NH2

- 2 e-

O

OH
(5)

(6)

Fig. 3: Formation of APX by “oxidative” cascade”
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It was shown that in the presence of oxygen from air, in saturated solution, the partial
reaction order with respect to OAP is 1 and is also 1 with respect to oxygen [10] according
to the proposed model. Earlier studies on cobaloxime-containing biomimic systems confirm
the presence of phenoxy free radicals as key intermediates [11], suggesting that this model
is realistic.
2. The bi-electronic oxidation of OAP directly to o-quinone imine represents the
determining rate step. From this stage the reaction follows the pathway previously
described. This model is supported by the studies on enzymatic oxidation in the presence of
tyrosinase [4] and the chemical oxidation of OAP [12].

Materials and Methods
Materials: OAP was obtained from Aldrich Chemical Co. and APX was prepared according
to literature methods [13]. UV-VIS spectra were measured on a JascoW530
spectrophotometer equipped with kinetic software. Argon from Linde was 99.9% and
copper salts (II) were of the highest purity grade from Fluka. The glycine-copper (II)
complex was prepared according to literature recipes [14, 15].
The oxidation was followed in a bubbling stirred semi-batch reactor using dioxygen from
air as oxidizing agent and OAP as substrate in a 3.33 mM solution in the presence of copper
chloride (1.66, 1.25, 0.83, 0.62, 0.42, 0.21 mM) at pH = 4.50, copper sulphate (1.66 mM) at
pH = 4.95, copper acetate (1.66 mM) at pH = 5.50 and diglycine-copper chloride
(0.83 mM) at pH = 6.00. The initial concentration of OAP, 3.33 mM, was chosen due to its
low solubility in water and of the main reaction product. The air stream was passed through
two thermostated saturation vessels containing water in order to avoid the evaporation of
the solvent from the reactor. Under these conditions the solution was saturated with air.
Kinetic assays were run at 30ºC. The stability of OAP in the absence of oxygen was
verified by passing an argon stream through the solution, when no transformation of OAP
was observed. APX formation was recorded at 434 nm (ε = 23200 cm–1·M–1 for APX)
(Fig. 4). The pH of each reaction mixture, established after copper salt addition, was also
monitored during the oxidation, but no significant variation was observed.

Fig. 4: Electronic spectra recorded during the oxidation process
Conditions: [OAP]0 = 5mM, [CuCl2] = 1.66 mM
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Results and discussion
The chemical transformation of the substrate was studied by product (APX) analysis.
Samples were removed from reactor at different time intervals and the spectra of the
reaction mixture were scanned between 200 and 800 nm. The formation of the product can
be followed at 434 nm, where the substrate has no absorption. The HPLC analysis of the
reaction mixture indicated the formation of APX as the main product. The instant
concentration of OAP was calculated from the mass balance. APX is formed through
copper catalyzed oxidation of OAP to the o-quinone imine.
The experimental curves [OAP] vs. time in the presence of different copper catalysts show
an increased efficiency of the copper chloride comparing to the other simple salts. The
transformation rates in initial conditions (conversion 0.5 – 5%) were calculated from the
slope of initial part of the curve [OAP] towards time. The rates of the catalyzed reaction
were obtained by subtracting the rates of the non-catalyzed process. [16]. It was previously
shown that the overall non-catalyzed process in air-saturated solution is a pseudo-first order
one [10]. Consequently, the rate constants of the pseudo - first order processes ( k ′ ) without
catalyst were calculated and their values introduced in the kinetic equation giving the
overall transformation rate of OAP:
−

d[OAP]
= 2 ⋅ rcat + 2 ⋅ rnon-cat
dt

(1)

1 d[OAP]
rcat = − ⋅
− rnon-cat
2
dt

(2)

where rnon-cat = k ′ ⋅ [ OAP ] .
Since the oxidation was followed at lower conversions, a linear dependence of reaction rate
with respect to OAP concentration is expected. This expectation was confirmed by the
linear regression on the obtained data (Fig. 5).
9
8

8

3

Reaction rate.10 mol/dm .s

7

CuCl 2
CuSO 4
Cu(CH 3 CO O) 2

6
5
4
3
2
1
2.8

2.9

3.0

3.1
3

[OAP].10 mol/dm

3.2

3.3

3

Fig. 5: Rates of catalyzed reactions vs. OAP concentration
Conditions: [OAP] = 3.33mM, [CuCl2,], [CuSO4], [Cu(Ac)2] = 1.66 mM
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The catalytic efficiency factors, calculated from the proportionality constants divided by
catalyst concentration, are summarized in Table 1. The presence of Cu (II) salts induces a
pH change of the solution, which is also given in the last column of the table.
Table 1. Catalytic efficiency factors for different copper salts

(

)

pH

No

Catalyst

10 2 k cat dm 3 ⋅ mol −1 s −1

1

Cu(CH3COO)2

1.48±0.03

5.40

2

CuSO4

5.08±0.01

4.95

3

CuCl2

5.83±0.00

4.50

The catalytic efficiency introduced by different copper salts can be assigned to anion effects
resulting in incomplete dissociation (copper acetate), ion pair formation (copper sulphate)
and possibly to some specific interactions.
The complexation of copper ion with glycine, a bidentate ligand, at pH = 6 and 0.83 mM
concentration of catalyst, seems to decrease the catalyst efficiency. The efficiency factor is
CuCl2
larger for simple copper chloride kcat
=(5.83± 0.00)·10–2 dm3 mol–1· s–1 as compared to the
[Cu(gly)2 ]Cl2
value of the copper-glycine complex, kcat
=(1.13 ± 0.04)·10–2 dm3 mol–1· s–1.

The kinetic parameters of OAP oxidation in the presence of mushroom tyrosinase were
evaluated in a recent study [17], under the same experimental conditions. The parameters
rmax and KM were estimated from the plot of enzymatic reaction rate in initial conditions vs.
initial concentration of OAP and the selectivity constant kenzyme [18] was calculated as the
ratio of rmax and KM (kenzyme = 1·10–5 s–1) This constant, divided to enzyme concentration (in
tyr
protein), gives the value of the catalytic efficiency factor: kcat
= 6.58·102 dm3 mol–1· s–1 for
tyrosinase-catalyzed reaction. Since the concentration of catalytic centers is always smaller
than the concentration in protein, the calculated value represents the lowest estimate of
enzyme efficiency. The enhanced activity of copper complex in tyrosinase reflects the
important structural contribution of protein environment.

Conclusions
The oxidation of OAP, a toxic organic pollutant present in wastewaters, with dissolved
oxygen from air leading to a less harmful product (APX) is a naturally occurring process,
which can be accelerated by different transition metal ions. The copper ions are species
often present in natural waters and in the active centers of some oxidative enzymes like
tyrosinase. The catalytic effect of copper (II) salts on the oxidation of OAP to APX using
oxygen from air is significantly dependent on coordination of Cu+2. In turn, this
coordination is a strong function on anion nature as well as on ligand properties. The
incomplete dissociation, the ion-pair formation and the interaction with a bidentate ligand
like glycine, lower the catalytic efficiency of Cu+2. On the contrary, the Cu+2 binding in a
flexible environment offered by tyrosinase provides a significant increase of its catalytic
efficiency.
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NEW THERMODYNAMIC STATE FUNCTIONS
Andrei Rotaru½
abstract: In Thermodynamics, the Characteristic Functions Method represents a very important
solving process. Thermodynamics demonstrates the existence of the characteristic functions, but
cannot furnish their concrete form, which is possible only in Statistical Physics. Even without
knowing their explicit form, there may be found important relations starting from the fact that
they exist and they are state functions. This study proposes two new thermodynamic state
U
H
and π 2 = −
) and also
functions π 1 and π 2 , defined by the following equations: (π 1 = −
S
S
interesting relations Temperature-Entropy and Volume-Pressure, through them, Massieu
function and Planck function.

Introduction
The only two functions actually required in Thermodynamics are the internal energy U,
obtained from the First Law of Thermodynamics, and the entropy S, obtained from the
Second Law of Thermodynamics.
When the First and the Second Law are combined, the entropy function appears as an
extensive independent variable.
It becomes convenient to define other functions, such as: Gibbs - G, Helmholtz - F,
Massieu - Φ, Planck – Ψ and so on, for which the temperature, the volume, the pressure or
the composition (if the system is open) are the independent variables, rather than the
entropy.
The introduction of mass as an independent variable for the thermodynamic functions
yields the equations that Gibbs called “fundamental”. It is on these equations that much of
the development of the applications of Thermodynamics to chemical system is based on.
Many of the problems met in applications require the evaluation of various derivatives and
the integration of differential quantities that involve the derivatives. If the derivatives are
partial with respect to the extensive variables, they become intensive parameters [1].
So it is very important to find out a quick correlation between intensive and extensive
variables, which is done through Legendre transformations [2]. Mathematically speaking,
the thermodynamic functions – a fundamental one – Z =Z (X 1 , X 2 …) or generally:
½
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Z = Z( X )

(1)

Z = Z( Y )

(2)

should be substituted by a function:

Y≡

where:

∂Z
∂X

(3)

and represents the derivative of the function Z with respect to X.

a)

b)

Fig. 1: Z= Z(X) and the definition of the Legendre transform

Fig. 1(a,b). schematically shows the substitution of Z = Z(X) by Z = Z(Y) . Also, one can
calculate:

Y=

Z −W
X −0

(4)

or: W = Z − XY where W is named Legendre transform of function Z. The differential of
the Legendre transform is:
and because of (3):
or

dW = dZ − XdY − YdX

(5)

dW = − XdY

(6)

X =−

∂W
∂Y

(7)

These Legendre direct and reverse transforms are equivalent as can be seen from Table 1.
If the Legendre transform is a function of only one variable W ≡ Z(Y) , then it is called a
simple one; if it is a function of successive variables W ≡ Z( Y1 , Y2 …), then it is called
successive Legendre transform, i.e. G ≡ H(T,P).
Therefore, after Legendre transformations, variables became functions and functions
became variables [2].
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Table 1. Direct and reverse Legendre transforms
Function
Derivative
Transform

Z = Z(X)

Y=

W = W (Y )

dZ
dX

−X=

dW
dY

W = Z − YX

Z = W + XY

If one eliminates X and Z we have
W = W(Y)

If one eliminates W and Y we have
Z = Z(X)

There are a lot of state functions, not very often used in solving the problems of the Applied
Thermodynamics, but very important for the correlation of the results of Statistical Physics
with Thermodynamics [3].
In the Statistical Physics, in the study of one component system, one can use the Grand
PV
Canonical function, defined by: J ≡ U(T, µ) , where J = U(T, µ) = −PV with
called
T
Kramers function.
If we use S = S( U, V, N 1 ,...) for defining other functions, we can obtain Massieu function
[2÷9]:
U
F
⎛1⎞
S⎜ ⎟ = S − = − = Φ
T
T
⎝T ⎠

(8)

U PV
H
G
⎛1 P⎞
S⎜ , ⎟ = S − −
=S−
=− =Ψ
T
T
T
T
⎝T T ⎠

(9)

or Planck one:

The Legendre transformations of entropy are:
S ( U ,V ) → Φ( T ,V )

(10)

S ( H , P ) → Ψ( T , P )

(11)

Evolution and equilibrium criteria of general processes are expressed by the following
relations [10]:
( dΦ )T ,V ≥ 0

(12)

( dΨ )T ,P ≥ 0

(13)

It is well known that these two state functions are not used very often.
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Results and Discussion
In 1996, I. Petre proposed two new state functions [6]:
π1 = π1 ( S ,V ) = −

F
U
= −T −
S
S

(14)

π2 = π2 ( S ,P ) = −

G
H
= −T −
S
S

(15)

In this study we establish some of their properties, as well as interesting relations
temperature-entropy and volume-pressure through them, Massieu function and Planck
function.
First we must mention that they are Legendre transforms of temperature:
T ( F ,V ) → π1 ( S ,V )

(16)

T( G, P ) → π2 ( S , P )

(17)

Table 2. contains the differential equations and the first order partial derivatives of Massieu
function Φ, Planck function Ψ and of the new state functions π 1 and π 2 .
Table 2. Differential equations and First order partial derivatives
No

Thermodynamic
state function

Variables

Differential equation

First order partial derivatives

1

Φ

T,V

P
⎛S−Φ⎞
⎜
⎟dT + dV
T
⎝ T ⎠

S − Φ ⎛ ∂Φ ⎞
P
⎛ ∂Φ ⎞
, ⎜
⎜
⎟ =
⎟ =
T
⎝ ∂T ⎠ V
⎝ ∂V ⎠T T

2

ψ

T,P

V
⎛S−ψ⎞
⎜
⎟dT − dP
T
⎝ T ⎠

S − ψ ⎛ ∂ψ ⎞
V
⎛ ∂ψ ⎞
, ⎜
⎜
⎟ =
⎟ =−
T
T
⎝ ∂T ⎠ P
⎝ ∂P ⎠T

3

π1

S,V

P
⎛ T + π1 ⎞
−⎜
⎟dS + dV
S
⎝ S ⎠

T + π1 ⎛ ∂π1 ⎞
P
⎛ ∂π1 ⎞
, ⎜
⎜
⎟ =−
⎟ =
∂
∂
S
S
V
S
⎝
⎠V
⎝
⎠S

4

π2

S,P

V
⎛ T + π2 ⎞
−⎜
⎟dS − dP
S
⎝ S ⎠

T + π2 ⎛ ∂π2 ⎞
V
⎛ ∂π 2 ⎞
, ⎜
⎜
⎟ =−
⎟ =−
S
S
⎝ ∂S ⎠ P
⎝ ∂P ⎠S

These new thermodynamic state functions have the following properties:
1. they are Legendre transforms of temperature
2. ( dπ1 )S ,V ≥ 0 and ( dπ 2 )S ,P ≥ 0
3. the measure unit for these state functions is the temperature unit
4. the differential equations and first order partial derivatives are shown in Table 2
5. they are correlated whit the internal energy and the enthalpy
From the first order partial derivatives of Massieu and Planck state functions and equations
(8-9) there has been obtained:
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⎛ ∂Ψ ⎞
Φ = Ψ − P⎜
⎟
⎝ ∂P ⎠ T

(18)

⎛ ∂Φ ⎞
Ψ = Φ −V ⎜
⎟
⎝ ∂V ⎠ T

(19)

If we compare eq. (18) with (19) we obtain:
⎛ ∂Ψ ⎞
⎛ ∂Φ ⎞
V⎜
⎟
⎟ = − P⎜
V
∂
⎝ ∂P ⎠ T
⎠T
⎝

(20)

Table 2 is also used to obtain relations: π1 − π 2 , π1 − Φ , π 2 − Ψ .
The form of the relation between π1 and π2 can be obtained according to the sequences:

⎛ ∂π
U = H − PV = − Sπ 2 + PS ⎜⎜ 2
⎝ ∂P
⎡ ⎛ ∂π
U = S ⎢ P⎜⎜ 2
⎣⎢ ⎝ ∂P
π1 = −

⎡ ⎛ ∂π
U
= − ⎢ P⎜⎜ 2
S
⎣⎢ ⎝ ∂P

⎞
⎟⎟
⎠S

(21)

⎤
⎞
⎟⎟ − π 2 ⎥
⎠S
⎦⎥

⎤
⎞
⎛ ∂π
⎟⎟ − π 2 ⎥ = π 2 − P⎜⎜ 2
⎠S
⎝ ∂P
⎦⎥

(22)

⎞
⎟⎟
⎠S

(23)

At the same time:

⎡ ⎛ ∂π ⎞
⎤
⎛ ∂π ⎞
H = U + PV = − Sπ1 + VS ⎜⎜ 1 ⎟⎟ = S ⎢V ⎜⎜ 1 ⎟⎟ − π1 ⎥
⎝ ∂V ⎠ S
⎣⎢ ⎝ ∂V ⎠ S
⎦⎥

and

⎡ ⎛ ∂π ⎞
⎤
S ⎢V ⎜⎜ 1 ⎟⎟ − π1 ⎥
⎢⎣ ⎝ ∂V ⎠ S
⎥⎦
H
⎛ ∂π ⎞
π2 = −
=−
= π1 − V ⎜⎜ 1 ⎟⎟
S
S
⎝ ∂V ⎠ S

(24)

(25)

If we compare π1 and π2 values from eq. (23) and eq. (25) we obtain:

⎛ ∂π ⎞
⎛ ∂π
V ⎜⎜ 1 ⎟⎟ = − P⎜⎜ 2
∂
V
⎝
⎠S
⎝ ∂P

⎞
⎟⎟
⎠S

(26)

equation which provides the correlation π1-π2.
The Helmholtz free energy can be calculated using eq.(22) and F = U − TS :

⎡ ⎛ ∂π ⎞
⎛ ∂π ⎞ ⎤
F = S ⎢ P⎜⎜ 2 ⎟⎟ + S ⎜⎜ 2 ⎟⎟ ⎥
⎝ ∂S ⎠ P ⎥⎦
⎢⎣ ⎝ ∂P ⎠ S

(27)
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⎛ ∂π
At the same time: G = F + PV and V = −S⎜⎜ 2
⎝ ∂P

⎞
⎟⎟ give the Gibbs free enthalpy:
⎠S

⎛ ∂π
G = S 2 ⎜⎜ 2
⎝ ∂S

⎞
⎟⎟
⎠P

(28)

A correlation between Φ and π1 can be easily obtained, first by finding the volume
expression from eq. (19) and eq. (25):
V=

V =

Φ−Ψ
⎛ ∂Φ ⎞
⎜
⎟
⎝ ∂V ⎠ T

(29)

π1 − π 2
⎛ ∂π1 ⎞
⎜⎜
⎟⎟
⎝ ∂V ⎠ S

(30)

and then by comparing eq. (29) and eq. (30):
π1 − π 2
Φ−Ψ
=
⎛ ∂π1 ⎞
⎛ ∂Φ ⎞
⎜⎜
⎟⎟
⎜
⎟
⎝ ∂V ⎠ S ⎝ ∂V ⎠ T

⎛ ∂π ⎞
⎛ ∂π ⎞
⎛ ∂Φ ⎞
⎛ ∂Φ ⎞
π1 ⎜
⎟ − π2 ⎜
⎟ = Φ⎜⎜ 1 ⎟⎟ − Ψ⎜⎜ 1 ⎟⎟
⎝ ∂V ⎠ T
⎝ ∂V ⎠ T
⎝ ∂V ⎠ S
⎝ ∂V ⎠ S
−

U
S

H ⎛ ∂Φ ⎞
F
⎛ ∂Φ ⎞
⎜
⎟ + ⎜
⎟ =−
V
S
V
T
∂
∂
⎝
⎠T
⎝
⎠T

G ⎛ ∂π ⎞
⎛ ∂π1 ⎞
⎟⎟ + ⎜⎜ 1 ⎟⎟
⎜⎜
V
∂
⎠ S T ⎝ ∂V ⎠ S
⎝

⎛ H − U ⎞⎛ ∂Φ ⎞
⎛ G − F ⎞⎛ ∂π1 ⎞
⎜
⎟⎜
⎟ =⎜
⎟⎜⎜
⎟⎟
⎝ S ⎠⎝ ∂V ⎠ T ⎝ T ⎠⎝ ∂V ⎠ S

(31)

(32)

(33)

(34)

Equation (34) can be simplified through:
U +G = H + F

(35)

⎛ ∂π ⎞
⎛ ∂Φ ⎞
T⎜
⎟ = S ⎜⎜ 1 ⎟⎟
⎝ ∂V ⎠ T
⎝ ∂V ⎠ S

(36)

resulting:

A correlation between Ψ and π2 can be also obtained comparing:
P=

π 2 − π1
⎛ ∂π 2 ⎞
⎜⎜
⎟⎟
⎝ ∂P ⎠ S

(37)
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Ψ −Φ
⎛ ∂Ψ ⎞
⎜
⎟
⎝ ∂P ⎠ T
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(38)

and then following the same sequences, one can find out that:

⎛ ∂π
⎛ ∂Ψ ⎞
T⎜
⎟ = S ⎜⎜ 2
⎝ ∂P ⎠ T
⎝ ∂P

⎞
⎟⎟
⎠S

(39)

If we divide rel.(20) by rel.(26) or rel.(36) by rel.(39) we will obtain:

⎛ ∂Φ ⎞ ⎛ ∂π 2
⎜
⎟ ⎜⎜
⎝ ∂V ⎠ T ⎝ ∂P

⎞
⎛ ∂Ψ ⎞ ⎛ ∂π1 ⎞
⎟⎟ = ⎜
⎟⎟
⎟ ⎜⎜
⎠ S ⎝ ∂P ⎠ T ⎝ ∂V ⎠ S

(40)

Equations (20) and (26) represent the relation between Volume and Pressure, and equations
(36) and (39) represent the relation between Temperature and Entropy.

Conclusions
Two new state functions and some of their properties were presented. We obtained four
new equations, which can be used to find out correlation between the results of Statistical
Physics and the principles of Thermodynamics. Without knowing the explicit form of
theses characteristic functions, important relations such as temperature-entropy and
volume-pressure have been deduced and also open the possibility to obtain new ones, based
only on the fact that they are state functions.
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MODELS OF OSCILLATING CHEMICAL REACTIONS.
PARTICULARITIES OF SOME PROPOSED MODELS FOR
THE CHARACTERIZATION OF CHEMICAL OSCILLATIONS
Rodica Vîlcu½ and Daniela Bala
abstract: Some models proposed for the characterisation of the oscillatory behaviour of certain
systems will be presented. One of them will be used for the explanation of Belousov-Zhabotinsky
reaction, one of the most famous oscillating chemical reactions.

Introduction
In order to explain an oscillating behaviour of a chemical reaction there were proposed
several models. A model for a chemical reaction should consist the following parts:
¾

A mechanism
This is a set of elementary chemical reactions necessary for the description how
reactants form intermediates, intermediates combine with one another and reactants,
and finally the products are formed.

¾

A set of rate equations
These are differential equations corresponding to the reaction mechanism and giving
the rates of change of all reactants, intermediates and products.

¾

A set of integrated rate equations
These equations show the concentrations as functions of time for reactants,
intermediates and products. They are obtained by integrating the rate (differential)
equations.

The criterion for an acceptable theoretical model is that it agrees with experimental
observations of measured time variation of concentrations. If the model is acceptable one
can say that we have got a better understanding of the studied reaction.
Analytical and computational methods have proven to be useful mathematical tools for the
elucidation of mechanisms of oscillating chemical reactions. The ordinary of partial
differential equations which describe the oscillating system are parameterized by rate
constants, initial conditions, boundary conditions etc. the successful modelling of an
oscillating system depends on:
½
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1. An appropriate choice of the form of differential equation;
2. An appropriate choice of values for each of the parameters.
The usual mathematical methods for studying the properties of models of oscillating
reactions are: linear stability analysis, bifurcation theory, numerical simulation [1].
The most representative models for the simulation oscillations will be presented. For the
simplification the next notations were made: A, B, C, D – are the reactants, P, Q, R – are
the reaction products and U, V, W, X, Y, Z – are the intermediates. The concentrations of
the respective species were noted by: a, b, c, d, p, q, r, u, v, w, x, y, z (were it was
necessary).

1. The Lotka Model
In 1910, Lotka showed that a set of consecutive reactions can give rise to damped
oscillations on the way to equilibrium. The model consists of three irreversible steps with
one autocatalytic reaction:
1
A⎯
⎯→
X
2
X +Y ⎯
⎯→
2Y
3
Y⎯
⎯→
P

(1.1)

A→ P

Considering that the concentration of A is constant, the model contains only two variables:
x and y. The system of differential equations attached to the model is:
dx
= k1a − k 2 xy
dt
dy
= k 2 xy − k 3 y
dt

(1.2)

dx dy
=
=0
dt dt

(1.3)

⎧k1 a − k 2 xy = 0 = f 1
⎨
⎩k 2 xy − k 3 y = 0 = f 2

(1.4)

At stationary state:

The solution of stationary state obtained from equation (4) is:
k3
⎧
⎪x0 = k
⎪
2
⎨
k
⎪ y = 1a
⎪⎩ 0 k 3

The Jacobian attached to the system (4) is:

(1.5)
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∂f1
∂f
= − k 2 y a 21 = 2 = k 2 y
∂x
∂x
∂f 2
∂f1
= k 2 x − k3
=
= −k 2 x a 22 =
∂y
∂y
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a11 =
a12

(1.6)

At stationary state, the Jacobian is:
−
J=

k1k 2 a
k3

k1k 2 a
k3

− k3
(1.7)
0

From equation (7) one can obtain:
k1 k 2 a
<0
k3

(1.8)

det J = ∆ = k1k 2 a > 0

(1.9)

trJ = T = −

One can observe that the expressions (8, 9) fulfil the stability conditions (T<0, ∆>0) for any
values of the fourth parameters. Therefore the solution of the model is stable. Analyzing the
difference:

⎤
⎡k k a
T 2 − 4∆ = k1k 2 a ⎢ 1 22 − 4⎥
⎥⎦
⎢⎣ k 3

(

(1.10)

)

One can observe that there is a threshold when T 2 − 4∆ passes from positive to negative
value (in the case when the amount from the brackets is smaller than zero). In this situation
the solution of the system passes from a stable node (A class behaviour) in stable focus (B
class behaviour) and the trajectory of the system in (x, t) or (y, t) coordinates presents
damped oscillations.

2 Lotka – Volterra Model
In 1920 Lotka proposed the following reaction mechanism (with corresponding rate
equations). Each reaction step refers to the molecular mechanism by which the reactant
molecules combine to produce intermediates or products. For example, in step 1 a molecule
of species A combines with a molecule of species X to yield two molecules of species X.
this step depletes molecules A (and adds molecules X) at a rate proportional to the product
of the concentrations of A and X.
A key feature of this system, and of most chemical systems that exhibit oscillations, is
autocatalysis, which means that the rate of growth of species increases with the
concentration of the species. Step 1 is autocatalytic because X accelerates its own
production. Likewise step 2 is autocatalytic. Lotka obtained oscillating concentrations for
both intermediates X and Y when the concentration of reactant A is constant.
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1
⎯→
A+ X ⎯
2X
2
X + Y ⎯⎯→
2Y
3
⎯→
Y⎯
P
A→P

(2.1)

As indicated, each step is irreversible. We can write down a system of differential equation
to describe the behaviour of the species:
⎧ dx
= k1ax − k 2 xy
⎪⎪ dt
⎨
⎪ dy = k xy − k y
2
3
⎩⎪ dt

(2.1)

Similarly with the treatment at Lotka model we can obtain:
⎧T = 0
⎨
⎩∆ = k1k 3 a > 0

(2.2)

The solution of the system is a conservative center (C class behaviour). Lotka’s mechanism
can be re-interpreted as a model for oscillating populations of predators and preys as wad
done by Volterra. In this, A represents the ecosystem in which prey X and predator Y live.
Step 1 represents pre procreation: prey population doubles (typical exponential growth).
Then Y is the population of predators that consume the prey in order to sustain (and
expand) their population. Step 2 represents the inclination of predators to reproduce in
proportion to the availability of prey. Finally (step 3), predators die at a certain natural rate
(also exponential) so that they are removed from the ecosystem.
Despite the fact that it generates sustained oscillatory behaviour from simple “chemical
reactions” with mass action kinetics, the Lotka – Volterra model is not an appropriate
description of any actual chemical, as opposed to ecological, system. It is possible to prove
that the model has an oscillatory solution for any values of the rate constant and initial
values of a, x and y, and the amplitude and period of the oscillations obtained depend upon
all of these quantities; there is an infinite array of oscillatory solutions. If the system is
perturbed (for example by adding a bit more a or x or y) it continues to oscillate, but with a
new period or amplitude until it is perturbed again. In the presence of any significant of
noise, the behaviour would hardly be recognizable as periodic, since it would constantly be
jumping from one oscillatory behaviour to another. Real chemical systems do not behave
this way. They oscillate only within a finite range of parameters, and they have a single
mode (amplitude and frequency) of oscillation, to which they return if the system is
perturbed.

3. Models Derived from Lotka Model
Beginning with 1990 a series of models derived from Lotka AND Lotka-Volterra models
was proposed.
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3.1 Alternator
This model [1] consists from three steps and two variables:
1
A+ B ⎯
⎯→
X
2
A+ B + X ⎯
⎯→
P1 (+ Q1 + Q2 )

(3.1)

3

A+ B +Y ⎯
⎯→ 2Y + P2

Any of these three steps can be reversible. Because steps 2 and 3 are trimolecular the nonlinearity degree is increased and complex behaviour can appears. The model is not
complete; the overall chemical reaction couldn’t be written because the Y species doesn’t
disappear from the system.

3.2 Explodator
Explodator model [2] has four steps and three variables:
1
(1 + α ) X
A+ X ⎯
⎯→
2
X +Y ⎯
⎯→
Z
3
(1 + β )Y
Z⎯
⎯→

a ≅ constant; α, β, γ ∈[0, 1]; γ = α × β

(3.2)

4
Y⎯
⎯→
P
A → γP

This model have one non-stable solution which tends to infinite (explode).

3.3 Model with Four Intermediates
This model [27] has five (or six) steps and four variables:
1
2
⎯→
⎯→
A+ X ⎯
W⎯
2X
3
4
⎯→
⎯→
X +Y ⎯
Z⎯
2Y
5
⎯→
B +Y ⎯
P
A+ B → P

a, b = constants

(3.3)

The six step could be the formation of X. the model is used at the simulation of complex
behaviour in systems with many intermediates.

3.4 Model with Dimmer
This model [4] was created for open isothermal systems (CSTR) which have uniform
spatial concentrations. The reaction mechanism where intermediate X is a dimmer of P.
A+ X → P+ X
2P → X

(3.4)
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4. Brusselator
The Brusselator model was proposed by Prigogine and his collaborators in 1967 [5, 6]. The
reaction mechanism is:
1
A⎯
X
⎯→
2
B+ X ⎯
P +Y
⎯→
3
2X + Y ⎯
3X
⎯→

a, b ≅ constants

(4.1)

4

X⎯
⎯→ Q
A+ B → P+Q

This model was created for the explanation of the mechanism of Bray – Liebhafsky. In the
case of the Bray reaction A, Q would correspond to HIO3; Y corresponds to H2O2, and P to
O2. Because A = Q the overall balance is:
B→P

The autocatalytic step (3) of the Brusselator and of the reaction model of the Bray reaction
is trimolecular. This is the most problematic step of this model because trimolecular
reactions are extremely improbable, especially in a reaction mixture like that of Bray –
Liebhafsky reaction for which 16 possible reactions of 11 reactants have to be considered
and in which two bimolecular reactions are in competition.
The variables of the model are the concentrations of X and Y species. The differential
equations system is:
⎧ dx
2
⎪⎪ dy = k1a − k 2 bx + k 3 x y − k 4 x
⎨
⎪ dy = k bx − k x 2 y
2
3
⎪⎩ dt

(4.2)

Brusselator is a complex model, which can describe different behaviours including limit
cycles that appear around the non-stable focus. This model with small modifications can
describe chemical waves and spatial structures. This model presents certain insufficiencies.
Several authors like Edelstein [7], Schlogl [8], Escher and Vidal [9, 10] proposed changing
or addition of some steps of Brusselator in order to improve it.

5. Oregonator
The mechanism of the Belousov – Zhabotinsky reaction is well understood. The basic
framework was suggested by Field, Koros and Noyes in 1972 and elaborated on by Edelson
et al. Parameterization of the mechanism is thermodynamically internally and externally
consistent and in agreement with all known direct kinetic measurements of the rates of
component reactions. It and various simplifications have been very successful modelling,
all known experimental behaviours of the BZ reaction, except aperiodicity [7, 11-17].
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Model contains five steps and three variables:
1
A+Y ⎯
⎯→ X
2
X +Y ⎯
P
⎯→
3
B+ X ⎯
⎯→
2X + Z
4
Q
⎯→
2X ⎯

a, b ≅ constants; f ∈ (0, 1)

(5.1)

5
Z⎯
fY
⎯→

A + 2 B → fP + Q

The usual variable identifications are: A = BrO3−, X = HbrO2, Y = Br−, Z = Ce4+,
P = BrCH(COOH)2, B = CH2(COOH)2.
The quantities X, Y and Z are dynamic variables corresponding to intermediates, while A
and P are reactants and products whose concentrations are usually assumed to be constant.
The quantity f is an expandable stoichiometric factor that can be eliminated in more
complex models than three dynamic variables. In order to respect the thermodynamic
constrain on the entire domain of variables is necessary a reversibility of step 1 or a
supplementary slow step as:
6
C ⎯⎯→
Y c ≅ constant

The system of differential equation of the model is:
⎧ dx
2
⎪ dt = k1ay − k 2 xy − k 3bx − 2k 4 x
⎪
⎪ dy
⎨ = −k1ay − k 2 xy + fk 5 z
⎪ dt
⎪ dz
⎪ dt = k 3bz − k 5 z
⎩

(5.2)

The model has eight parameters and the solutions can be limit cycles in tridimension phase
space. The weak point of the model is step 5, because of the presence of f. the Z species
doesn’t have a great importance and for the simplification of the model, step 3 was rewritten, and Z was eliminated:
3
B+ X ⎯
⎯→
2 X + fY

In that form the oscillations disappeared, it means that Z species introduce a delay in
producing Y [18].
In 1978, Showalter and coworkers [19,20,13] proposed an amplification of Oregonator. The
model consists in the following steps:

284

R. VÎLCU  D. BALA
1
A+Y ←
X +P
⎯→
2
2P
X + Y ←⎯→
3
2W
A + X ←⎯→
4
W + C ←⎯→
X + Z'

(5.3)

5
2 X ←⎯→
A+ P
6
Z ' ⎯⎯→
gY + C

The identification of the variables with the components of BZ reaction is: A = BrO3−, W =
BrO2•, Y = HBrO2, Y = Br−, C = Ce (IV), P = species with bromine in oxidation state (+1)
as HOBr or bromurated organic substrate.
By analogy with Oregonator we can see that is appeared a new step and a new intermediate,
five steps are reversible, and A and C are re-formed. This model can lead to the reducing of
very complex models.

6. Berlinator
The elimination of Z species and step 5 from Oregonator and introducing a feedback
created this model in 1982 [21]. The Berlinator contains four steps (bimolecular) and three
variables:
1
A+Y ⎯
⎯→
X +P
2
2P
X +Y ⎯
⎯→

( )

3
2X + Z '
A + X (+ Z ) ⎯
⎯→

(6.1)

4

2X ⎯
⎯→ A + P
2 A → 2P
This model is used for the explanation of BZ reaction behaviours. The usual variable
identifications are: A = BrO3−, P = HOBr, X = HBrO2, Y = Br−, Z = 2Ce3+, Z’ = 2Ce4+. We
can observe that reactant A is reformed in step 4, so we cannot consider that the
concentration of A is constant. Berlinator model has four parameters and leads to the
following kinetic equations:
⎧ da
2
⎪ dt = −k1ay − k 3 ax + k 4 x
⎪
⎪ dx
2
⎨ = k1ay − k 2 xy + k 3 ax − 2k 4 x
dt
⎪
⎪ dy
⎪ dt = −k1ay + k 2 xy
⎩
The system (6.2) has three solutions: two stable nodes and a saddle point.

(6.2)
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7. Braylator
In order to understand the behaviour of Bray – Liebhafsky reaction several models have
been proposed. By the neglect of oxygen effect and elimination of hypothetical species I2O,
the Braylator have been obtained [22, 23]. The model has five steps, two of them being
reversible (steps 1 and 3):
1
⎯→
X + A←
Y +Z
2
X + Y ⎯⎯→
2Y
3
X + Y ←⎯→
P

(7.1)

4
Y (+ B ) ⎯⎯→
X
5
2Y (+ B ) ←⎯→
Y +Z

In the case of Bray – Liebhafsky reaction: X = I−, Y = HIO, Z = HIO2, A = IO3−, B = H2O2.
This model has not any reaction of the type Y → 2Y (direct autocatalysis) like models
presented before (Brusselator, Oregonator, Explodator). The Braylator contains an indirect
autocatalytic reaction: 2Y → Y . For the stability study the concentrations of species A and
B are considered constant. If the stationary state is stable, the regular decomposition of
hydrogen peroxide is obtained. If the stationary state is not stable, the Braylator produces
oscillations similar with those obtained by experiment.
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ETUDE DE LA DESHYDROGENATION OXYDANTE DU
n-BUTANE SUR LE PYROPHOSPHATE DE TITANYLE, (TiO)2P2O7
I.-C. Marcu½ et I. Săndulescu
résumé: Un pyrophosphate de titanyle, phase pure et bien cristallisée, a été synthétisé par la
réaction thermique entre le dioxyde de titane et le pyrophosphate de titane. Le solide s’est avéré
actif et sélectif pour la déshydrogénation oxydante du n-butane. Son activité est encore plus
élevée à des températures supérieures à 530°C.
mots clé: pyrophosphate de titanyle, déshydrogénation oxydante, n-butane

Introduction
La réalisation de la déshydrogénation oxydante des alcanes légers avec des rendements
susceptibles de conduire à des applications industrielles est un défi très important de la
catalyse. De nombreuses études et revues ont été consacrées ces dix dernières années à ce
sujet sans que des catalyseurs suffisamment actifs et sélectifs n’aient pu être mis au point
[1-10].
Le problème le plus important c’est que les alcènes ont une réactivité plus élevée que les
alcanes correspondants et qu’aucun catalyseur de type oxyde connu, n’est plus actif dans
l’oxydation de l’alcane que dans l’oxydation de l’alcène correspondant. Par exemple, sur un
catalyseur de type V-Mg-O, très actif et sélectif pour la déshydrogénation oxydante du nbutane, on estime que la vitesse de réaction des butènes est encore 4 fois plus grande que
celle du butane [11].
A partir de l’idée que le pyrophosphate de vanadyle, (VO)2P2O7, est un catalyseur très actif
et sélectif pour l’oxydation ménagée du n-butane en anhydride maléique [12-14], nous nous
sommes proposés d’étudier la réaction du n-butane sur le pyrophosphate de titanyle,
(TiO)2P2O7, en attendant plutôt une sélectivité pour la déshydrogénation oxydante de ce
catalyseur. Les résultats obtenus sont présentés dans cet article.
Il est intéressant de noter qu’un pyrophosphate de zirconyle, (ZrO)2P2O7, à été testé dans la
déshydrogénation oxydante du propane [15], la sélectivité en propène ne dépassant pas 33%
pour une conversion de 3,5% à 400°C.
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Expérimental
La surface spécifique du solide a été déterminée par adsorption d'azote à –196°C en
utilisant la méthode BET. Le solide a été préalablement désorbé pendant 2 heures sous vide
secondaire à 200°C après une montée en température de 5°.min-1. Les diffractogrammes ont
été enregistrés à température ambiante sur une plage angulaire allant de 3 à 85° (2θ) avec
un pas de 0.02° (2θ) et un temps de comptage de 1 s par pas ou 15 s par pas. Un
diffractographe BRÜKER D5005 équipé d'une anti-cathode de cuivre a été utilisé. Le
spectre infra-rouge a été enregistré en transmission sur un appareil IFS110 BRÜKER à
transformée de Fourier. Le solide a été broyé dans du KBr (0,25 mg pour 100 mg de KBr)
et comprimé sous une pression de 6 .105 Pa.
La réaction catalytique a été effectuée dans un réacteur tubulaire en quartz, avec un lit fixe
de catalyseur en courant descendant du mélange réactionnel à la pression atmosphérique
comme décrit ailleurs [16]. Le mélange réactionnel est constitué de n-butane et d’air. Le
catalyseur a été testé avec le temps de contact de 3,6 s (VVH par rapport au n-butane de
1000 h–1), un rapport molaire air/n-butane égal à 5 et une température de réaction variant de
450 et 570°C. Les produits de réaction observés sont des produits de déshydrogénation
oxydante, soit le 1-butène, le trans-2-butène, le cis-2-butène et le butadiène, des produits
d’oxydation totale, soit CO et CO2, et des produits de craquage, soit l’éthane, l’éthylène, le
méthane et le propène. Ils ont été analysés par chromatographie en phase gazeuse sur trois
colonnes différentes.

Résultats et discussion
Préparation et caractérisation du catalyseur
La synthèse du catalyseur a été faite en mélangeant le dioxyde de titane à l’état pulvérulent
avec une quantité d’acide phosphorique (85%) correspondant à un rapport P/Ti égal à 1. La
pâte obtenue après homogénéisation du mélange est maintenue à 120°C jusqu’à l’obtention
d’un solide. Ce dernier est calciné à 700°C pendant 2,5 heures. Le solide ainsi obtenu est un
mélange de deux phases : TiO2 et TiP2O7, comme le diffractogramme de rayons X le
montre (Fig. 1). Le pyrophosphate de titanyle a été obtenu par la calcination de ce mélange
à 1000°C pendant 5 heures, se basant sur la réaction [17] :
TiO2 + TiP2O7 → (TiO)2P2O7
Le diffractogramme de rayons X de ce matériau, enrégistré, pour une meilleure résolution,
avec un temps de comptage de 15 s par pas et présenté sur la Fig. 1, montre que le solide
correspond à la phase pure pyrophosphate de titanyle [18].
Le spectre infra-rouge du solide est présenté sur la Fig. 2. Les raies entre 1000 et 1200 cm–1
sont caractéristiques pour les vibrations P-O, les raies aux environs de 600 cm–1
corespondent à des vibrations O-P-O et les raies à 757 et 797 cm–1 sont caractéristiques de
ponts P-O-P, donc du groupement P2O7 [19].
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Fig. 1: Spectres de diffraction de rayons X de: a) TiP2O7 (x) – TiO2 (o) et b) (TiO)2P2O7.
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Fig. 2: Spectre IR du pyrophosphate de titanyle, (TiO)2P2O7.

La surface spécifique du catalyseur ne vaut que 2,2 m2.g-1 ce qui est compréhensible si on
tient compte que pour obtenir la phase pyrophosphate de titanyle, le précurseur a été calciné
à 1000°C. Elle reste inchangée après le test catalytique.

Propriétés catalytiques
Le catalyseur a été testé dans la déshydrogénation oxydante du n-butane. Les conditions de
test sont : un volume de catalyseur de 2 cm3 (2,4 g), une VVH par rapport au n-butane de
1000 h–1, un rapport molaire air/n-butane égal à 5 et une température de réaction allant de
450 à 570°C. Les résultats obtenus sont reportés dans le Tableau 1. Les produits de
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craquage ont été regroupés pour un calcul global de sélectivité, mais la sélectivité en
propène est présentée séparément entre parenthèses, étant donnée son importance.
Tableau 1. Résultats catalytiques obtenus sur le catalyseur (TiO)2P2O7 dans
la déshydrogénation oxydante du n-butane
Temp.

(°C)

Conv.
(%)

Sélectivité (%)
Butènes

Butadiène

STDO

a

Craquage
b

COx

vi c
(10-8 .mol.s-1.m-2)

490

3

52

3

55

27 (9)

18

13

530

6

54

4

58

33 (13)

9

27

570

24

48

4

52

44 (21)

4

107

a

sélectivité totale pour déshydrogénation oxydante.
b
sélectivité en propène dans les produits de craquage.
c
vitesse intrinsèque de transformation du n-butane.

On observe que la conversion du n-butane reste à un niveau bas en dessous de 530°C et
augmente fortement à des températures supérieures. L’augmentation de la conversion est
accompagnée d’une augmentation de la sélectivité pour les produits de craquage aux
depens de celle pour la déshydrogénation oxydante et pour la combustion. La sélectivité
pour la déshydrogénation oxydante reste toutefois à un niveau élevé (supérieur à 50%) pour
une conversion de 24% à 570°C. De plus, la sélectivité en propène, produit très important,
dépasse 20%, ce qui fait que la sélectivité pour les alcènes soit supérieure à 70% dans ces
conditions. A noter que la sélectivité pour COx est inférieure à 10% pour des températures
de réaction supérieures à 530°C.
-13
-14

lnv i

-15
-16
-17
-18
1,1

1,2

1,3

1,4

10 /T (K )
3

-1

Fig. 3: Droite d’Arrhenius pour la conversion du n-butane sur (TiO)2P2O7.

Nous avons calculé l’énergie apparente d’activation de la réaction en portant le logarithme
de la vitesse intrinsèque de transformation du n-butane en fonction de l’inverse de la
température, exprimée en °K, selon la loi d’Arrhenius (Fig. 3). La pente de la droite
obtenue donne l'énergie apparente d’activation dont la valeur est de 30 kcal.mol–1. Cette
valeur est très proche de celles calculées pour la même réaction sur ZrP2O7 et SnP2O7
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[20,21], ce qui suggère que la transformation du n-butane a lieu par l’intermédiaire du
même mécanisme réactionnel sur ces catalyseurs, présenté dans la Réf. [21].
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HYDROGENATION REVIVAL OF THE PAREX REAGENT
G. Brebeanu½, S. Neagoe and C. Savu½½
abstract: The paper presents several trials for the hydrogen revival of the PAREX reagent
(concentrate of aromatic hydrocarbons), on a pilot hydrogenation station provided with a small
volume of fixed layer catalyst. Three types of catalysts have been used, based on palladium,
nickel and nickel-molybdenum. The desired carbonyl number has been achieved by
hydrogenation of the PAREX reagent.

1. Introduction
The PAREX-type isomerisation facilities use a solvent composed by a concentrate of
diethylbenzene-like aromatic hydrocarbons. This solvent suffers oxidation in time, thus
decreasing its activity as the carbonyl number increases.
The current revival process is complicate and implies equipment very hard to control.
In order to avoid solvent loses in process, a hydrogenation revival of the solvent has been
tried.

2. Experimental Section
The continuous flow hydrogenation revival of the solvent has been tried out on a pilot
laboratory station that had a 60 cm3 volume of catalyst.
The reactor is 18 mm in diameter, and is provided with a 6 mm diameter thermocouple in
order to measure the reaction temperature within the catalyst layer.
The reaction conditions are as follows:
–

temperature, oC:

250 – 320;

–

pressure, bar:

18;

–

volume rate, vol/vol.h:

1 – 5;

–

hydrogen/material ratio, lN /l:

350.

The catalysts used in all experiments were manufactured in Romania.
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A series of catalysts that allow easy hydrogenation, without causing any stability issues or
asking for reaction severe conditions, have been studied. For this, a constant working
pressure of 18 bar and a hydrogen/material ratio of 350 lN/l have been chosen, and
hydrogenation temperature and volume rate have been varied.
Two solvents sampled from an industrial PAREX facility were hydrated, and three different
types of catalysts were used.
The objective is to obtain by hydrogenation a decrease of carbonyl and bromine numbers,
without causing any structural changes of the aromatic hydrocarbons.
The first experiment consisted in selective hydrogenation on Pd catalyst; the experimental
results are shown in Table 1.
The second experiment consisted in hydrogenation of the solvent sample on a catalyst with
25.4% Ni content, within the temperature range 250 – 320oC, and a volume rate between 1
and 5 vol/vol.h. The analytical data obtained by this experiment are presented in Table 2.
Because the Ni catalyst is sensitive to sulphur compounds (it poisons easily), a third
experiment has been tried out by hydrogenation of the PAREX solvent on an aluminasupported catalyst based on Ni and Mo sulphurs, similar to those used in hydro-refining and
hydro-cracking. Two samples of PAREX solvent have been used and the experimental data
are presented in Table 3.
The chemical composition of the analysed solvent samples, both unhydrated and hydrated,
has been determined by gas chromatography.

3. Results and Discussions
Table 1. Analytical data obtained for hydrogenation of the PAREX solvent (1)
on a Pd catalyst, at 18 bar, volume rate 1 vol/vol.h, and a hydrogen/material ratio of 350 lN/l
composition
mass %

unhydrogenated
solvent
(1)

characteristic

hydrogenated solvent
hydrogenation temperature, oC
150

165

light compound

0.01

1.78

24.6

Ethylbenzene

0.01

0.21

0.35

p-xylene

0.11

0.13

0.36

m-xylene

0.39

0.37

0.87

o-xylene

0.60

0.53

0.89

other light compounds

6.73

6.42

4.60

p-DEB

37.62

26.09

37.62

m-DEB

38.01

39.27

30.18

o-DEB

4.82

4.53

3.16

11.71

11.60

8.89

0.40

0.20

0.20

50.00

41.50

40.00

unidentified compounds
bromine number,
g Br/100 g product
carbonyl number, ppm
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Table 2. Analytical data obtained for hydrogenation of the PAREX solvent (2)
on a Ni catalyst, at 18 bar, and a hydrogen/material ratio of 350 lN/l
composition
mass %

hydrogenated solvent
hydrogenation temperature, oC
310
310
310
volume rate, vol/vol.h
1
3
4

unhydrogenated
solvent
(2)

250
1

1

5

1

Ethylbenzene

0.02

0.11

4.45

1.23

0.11

0.10

0.08

1.10

p-xylene

0.13

0.17

1.69

0.79

0.18

0.20

0.16

0.41

characteristic

300

310

320

m-xylene

0.41

0.54

2.65

0.85

0.47

0.50

0.59

0.49

o-xylene
other light
compounds
p-DEB

0.62

0.70

1.54

0.29

0.68

0.68

0.63

0.30

6.26

6.44

14.60

3.94

3.40

10.01

9.43

22.00

36.07

34.72

11.25

6.38

33.39

35.93

34.60

15.61

m-DEB

39.39

36.75

11.76

7.22

39.05

36.40

37.80

17.71

4.82

4.19

1.96

1.29

4.52

4.51

4.55

2.51

12.28

16.38

49.10

78.05

18.20

11.67

12.19

62.09

47.00

11.20

7.00

0.25

0.50

0.70

1.00

1.00

0.20

0.20

0.22

0.2

0.22

0.20

0.20

0.20

o-DEB
other heavy
compounds
Carbonyl number,
ppm
Bromine number,
g Br /100 g product

characteristic
light compounds

0.01

Solvent 1
hydrogenated
temperature, oC
300

310

320

320

volume rate, vol/vol.h
1
1
1
1.52
1.15
1.20

2
1.26

unhydrated

composition
mass %

unhydrogenated

Table 3. Analytical data obtained for hydrogenation of the PAREX solvents
on a Ni-Mo catalyst, at 18 bar, and a hydrogen/material ratio of 350 lN/l
Solvent 2
hydrogenated
temperature, oC
310

310

310

volume rate, vol/vol.h
1
2
3
0.82
0.46
0.37

Etilbenzen

0.01

0.08

0.07

0.07

0.13

0.02

2.73

4.08

4.04

p-xilen

0.11

0.16

0.17

0.17

0.17

0.13

0.17

0.31

0.15

m-xilen

0.39

0.38

0.37

0.38

0.37

0.41

0.20

0.19

0.19

o-xilen
other light
compounds
p-DEB

0.60

0.65

0.61

0.59

0.59

0.62

0.99

1.14

1.14

6.73

7.78

8.54

7.77

7.78

6.26

9.47

10.15

10.34

37.62

36.25

35.5

35.55

35.70

36.07

28.26

23.19

22.41

m-DEB

38.01

37.39

37.13

37.80

37.80

39.39

45.33

50.79

52.52

o-DEB

4.82

4.09

4.19

4.45

4.04

4.82

4.35

4.81

4.67

11.71

11.66

12.27

12.02

12.16

12.28

7.68

4.80

4.17

0.40

0.2

0.2

0.22

0.25

0.20

0.20

0.20

0.30

50.00

1.20

1.0

0.9

1.10

47.00

0.50

0.80

1.10

other unknown
heavy compounds
Bromine number,
g Br/100 g product

Carbonyl
number, ppm
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Data presented in Table 1 show that the hydrogenation process at low temperature fails to
hydrate the carbonyl groups as desired.
Also, the xylenes and ethylbenzene fractions significantly increase upon a 15oC increase in
the temperature of the hydrogenation process.
Table 2 shows that at 250oC the hydrogenation of the carbonyl groups does not result in
carbonyl number below 1 ppm level, as required. The carbonyl number decreases below
1 ppm level only at working temperatures above 300oC. The working conditions applied in
this experiment allowed obtaining 0.2 g Br/100 g product for the bromine number, a
characteristic value for aromatic hydrocarbons.
From the analytical data shown in Table 3 one observes that in presence of the Ni-Mo
catalyst, the carbonyl number decreases to around 1 ppm, and the bromine number
conforms to that required for these types of solvents.

Conclusions
The revival of the PAREX reagent can be done easily if ones use a method that implies
catalytic hydrogenation on an alumina-supported Ni-Mo-based catalyst, by applying mild
reaction conditions.
The laboratory pilot station involved in hydrogenation is simple, easy to build-up and
operate.
The optimal working regime for the hydrogenation of the PAREX reagent, necessary to
decrease the carbonyl number below 1 ppm and the bromine number to 0.2, are:
–

temperature, oC:

300 – 320;

–

pressure, bar:

18;

–

volume rate, vol/vol.h:

1 – 3;

–

hydrogen/material ratio, lN /l:

350.

In an industrial facility, that allows a better flow regime than the laboratory pilot station, the
hydrogenation can be achieved in working regime conditions milder than those used in
present paper.
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INVESTIGATION OF THE ADSORPTION CAPACITY
OF THE ZEOLITE STONE FROM ZALAU
S. Neagoe½, O. Pântea½, Eva Trâmbiţaşu½, Fănica Bacalum½½,
Mihaela Bomboş½½, V. Dumitrescu½, D. Bomboş½½, Lucia Antonescu½,
Alexandra Schiopescu½, G. Brebeanu½, C. Neagoe ½½½ and I. Câlp½½½½
abstract: Paper presents the investigation of the ammonia adsorption capacity on activated
zeolite, using synthetic solutions of 5 mmol/L and 10 mmol/L of ammonia. The correlation
between the mass of activated zeolite, the concentration of ammonium ions and the column flow
rate has been studied. The paper also presents the dynamic regime adsorption isotherms at 25oC,
for the zeolite initially conditioned and then regenerated by treatment with 1N solution of NaCl.

1. Introduction
Removal of the ammonium ion represents a major interest to maintain the ecological
equilibrium of the environment, frequently polluted by both major industry and small
agriculture and industry entrepreneurs.
Because of the relatively high cost of the ion exchange resins, other materials with similar
properties but cheaper have been searched for. Thus, the zeolite stone contains
clinoptilolyte, which shows a great selectivity for ammonium ion [1,2]. The literature
mentions some interest for utilisation of the adsorption capacity of granulated zeolites [3],
as well as for the removal of the metallic ion pollutants from water, on a chemically
modified zeolite [4,5].
In order to assure a good ion exchange capacity, the zelite suffers granulation by the help of
bindings, which induce higher mechanic strength and increase the porosity. Clay bindings
like haloysite, bentonite, montmorilonite, caolinite, sodium silicate, etc. are used to
granulate the zeolite, and the coagulation medium is concentrated solution of calcium
chloride [3,6].
The ion exchange capacity of the conditioned zeolite [2] has been determined using
solutions of ammonium ion of various concentrations driven over the zeolite surface packed
into fixed length columns. Then the columns have been regenerated with solutions of HCl
and NaCl, rechecking the adsorption capacity of the zeolite.
½
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2. Experimental
In order to determine the ion exchange capacity of the activated zeolite, a standard solution
of 1000 mg NH4+/L has been prepared, and working solution of 5 mmol/L, and 10 mmol/L
respectively, have been prepared from it.
The flow rate has been set to 5 cm3/min. Several portions of 100 cm3 volume of effluent
have been sampled and the concentration of the ammonium ion has been determined
according to STAS 6328-85.
The adsorption isotherms for the samples of raw zeolite and 1 M HCl and nitric
acid/ammonium nitrate conditioned zeolite have been drawn; the relation between the
quantity of the adsorbed ammonium per unit of mass of zeolite and the concentration of the
ammonium in the effluent phase satisfies the Freundlich's equation:
1
x
= k ⋅ ( ceffluent ) n
m

x
is the quantity of the adsorbed ammonium per unit of mass of zeolite, in mmol/g,
m
ceffluent is the concentration of the ammonium in the effluent phase, and k and n are
characteristic constants for the adsorbent – solution system, at a given temperature.

where

The linearization of the Freundlich's equation results in:

1
⎛x⎞
ln ⎜ ⎟ = ln k + ln ( ceffluent )
n
⎝m⎠
The 0.09 mm sample of conditioned zeolite has been labelled B; the adsorption isotherms
are drawn as a function of concentration of the ammonium ion in the effluent phase.

3. Results and Discussion
Table 1 presents the values of the ammonium ion concentration in the effluent phase, for
various volumes of effluent sampled in dynamic regime from the zeolite B packed column,
that has been pre-treated with 1M solution of HCl and washed with distilled water, and then
10 mmol/L NH4Cl solution was allowed to cross the column.
Fig. 1 shows the variation of the ammonium ion content of the effluent as a function of the
total solution volume of the 10 mmol/L NH4+ concentration that crosses the zeolite column.
Table 1
No.

Veffluent, cm3

c, mmol/L

No.

Vefluent, cm3

c, mmol/L

1
2
3
4
5
6

0
100
200
300
400
500

0
0.067
0.111
0.139
0.178
0.350

7
8
9
10
11

600
700
800
900
1000

2.389
6.000
6.833
6.944
7.222

cefluent, mmol/l
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Fig. 1. The variation of the ammonium ion concentration in effluent, function of the effluent volume, in dynamic
regime, for zeolite B treated in column with 1M HCl solution, at 25°C.

From Fig. 1 one can observe that ammonium ion is retained almost integrally until the
exchange capacity decreases to approximately half of initial value. In dynamic regime, the
ion exchange capacity is 1.7 mmol/g of adsorbent.
Data of the adsorption equilibrium for B treated in column with 1M HCl solution, washed,
and 10 mmol/L NH4Cl solution crossed over the column, at 25°C are presented in Table 2.
Table 2
No.

cech., mmol/L

x/m, mmol/g

lncech.

ln(x/m)

1

0.111

0.2175

–2.198

–0.834

2

2.389

0.4341

0.871

0.218

3

6.001

0.650

1.792

0.286

4

6.883

0.8519

1.929

0.335

5

6.945

1.0764

1.938

0.383

6

7.221

1.2431

1.977

0.426

Fig. 2 shows the adsorption isotherm of the ammonium ion on conditioned zeolite B, as
resulted from Table 2.
The adsorption isotherm for a 5 mmol/L solution of NH4Cl (t = 25 °C) has been drawn, and
the values of the ammonium ion concentration in effluent, for various volumes of effluent
sampled from the column with zeolite B, in dynamic regime, are presented in Table 3.
Variation of the ammonium ion content in effluent, as a function of the volume of the
solution crossed over the zeolite B in column, is shown in Fig. 3.
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300
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Fig. 2. Adsorption isotherm of the zeolite B, in dynamic regime, treated in column with 1M HCl solution, at 25°C.
Table 3
No.

Veffluent, cm3

c, mmol/L

No.

Vefluent, cm3

c, mmol/L

1
2
3
4
5
6

0
100
200
300
400
500

0
0.016
0.344
0.678
1.389
2.167

7
8
9
10
11

600
700
1000
1300
1600

2.417
3.361
3.378
3.722
4.083

The variation of the ammonium ions adsorbed on the unit of mass of zeolite B, in dynamic
regime, washed and then a 5 mmol/L solution of NH4Cl crossed over (t = 25 °C), respects
the linearity within the concentration range of 0.4÷4.5 mmol/L.
The processing of data shown in Table 3 is presented in Table 4, and the corresponding
adsorption equilibrium data are presented in Fig. 3.
Table 4. Adsorption equilibrium data for zeolite B, in dynamic regime, washed and
a 5 mmol/L solution of NH4Cl crossed over (t = 25 °C).
No.

cech., mmol/l

x/m, mmol/g

lncech.

ln(x/m)

xsol.

xR

1

0.344

0.161

–1.067

–1.826

0.069

0.248

2

0.678

0.233

–0.388

–1.457

0.136

0.358

3

1.389

0.294

0.329

–1.224

0.078

0.452

4

2.167

0.342

0.773

–1.073

0.433

0.526

5

2.417

0.386

0.883

–0.952

0.483

0.594

6

3.378

0.441

1.217

–0.819

0.676

0.678

7

3.722

0.567

1.314

–0.567

0.744

0.872

8

4.083

0.618

1.407

–0.481

0.817

0.951
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Fig. 3. The adsorption isotherm in dynamic regime for the zeolite B initial, washed and
5 mmol/L solution of NH4Cl crossed over (t = 25 °C).

The adsorbent properties of zeolite B, in dynamic regime, after regeneration with 2M
solution of NaCl have been studied also, using a 5 mmol/L solution of NH4Cl (t = 25oC).
The corresponding experimental data are presented in Tables 5 and 6.
Table 5. The Values of the ammonium ion concentration in effluent, for various volumes of effluent sampled
from the zeolite B column, in dynamic regime, after regeneration with 2M solution of NaCl, washed
and a 5 mmol/L solution of NH4Cl crossed over (t = 25oC).
No.

Vefluent, cm3

c, mmol/l

No.

Vefluent, cm3

c, mmol/l

1

0

0

6

500

1.889

2

100

0.078

7

600

2.456

3

200

0.356

8

700

2.922

4

300

1.178

9

800

3.861

5

400

1.233

10

900

4.806

Table 6. Adsorption equilibrium data for zeolite B, in dynamic regime, after regeneration with
2M solution of NaCl, washed and a 5 mmol/L solution of NH4Cl crossed over (t = 25oC).
No.

cech., mmol/l

x/m, mmol/g

lncech.

ln(x/m)

xsol.

xR

1

0.356

0.162

–1.033

–1.820

0.071

0.324

2

1.178

0.226

0.164

–1.487

0.236

0.452

3

1.233

0.290

0.209

–1.238

0.247

0.580

4

1.889

0.342

0.636

–1.073

0.378

0.684

5

2.456

0.385

0.899

–0.955

0.491

0.770

6

2.922

0.420

1.072

–0.868

0.584

0.840

7

3.861

0.437

1.351

–0.828

0.772

0.874

8

4.806

0.443

1.570

–0.814

0.961

0. 886
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Fig. 4. Adsoption isotherm of zeolite B, in dynamic regime, after regeneration with
2M solution of NaCl, washed and a 5 mmol/L solution of NH4Cl crossed over (t = 25oC).

Conclusions
Studies on the activated zeolite, in view to establish the optimal concentration range which
for the zeolite exhibits maximum adsorption capacity and the dynamic adsorptiondesorption regime is set, have been done with synthetic solutions of NH4Cl of 10 mmol/L
and 5 mmol/L concentrations, respectively, at room temperature.
The adsorption isotherm in dynamic regime of the activated zeolite show is linear over a
sufficiently wide range, proving that the adsorption capacity of zeolite is high, so that it is
suitable for depollution of waste waters, which usually do not have a content level higher
than 1 ppm.
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THE SIMULATION OF MULTIPLE EXTRACTION
IN COUNTER CURRENT
T.-M. Sturzu½, and I.-C. Marcu½½
abstract: The paper depicts a mathematical algorithm and a TURBO-PASCAL computer
programme that permit the effectuation of some calculations for multiple extraction in counter
current, using both the Gibbs’s triangle (Hunter-Nash method) and the equilibrium diagram
(McCabe-Thiele method). The results, which were got on the computer, are in accordance with
those obtained by hand execution of the graphical constructions. The depicted algorithm can
simplify the hand graphic construction work.

Theoretical Aspects
Multiple extraction in counter current represents the largest used method because, owing to
the circulation in counter current of the extractive solvent and of the initial mixture, it is
assured a high degree of separation and a reasonable use of the solvent; the method can be
made in differential contact equipment [1].
For a ternary mixture with A - the primary solvent, S - the extraction solvent, absolutely
immiscible, and B, the useful substance, in the hypothesis that the mixture respects Nernst
rule, one can calculate analytically the number of contact steps, applying the equilibrium
relation and material balance’s conditions for successive contact steps.
Whether the A and B substances are partly immiscible, calculations are graphic effectuated
using Gibbs’s triangle and Hunter-Nash method [2]. Knowing the composition for the
mixture that is going to be separated (F point in Fig. 1), its flow, its composition (S), the
flow of the solvent and having the equilibrium data, one can get the composition of the final
extract (E), joining R point, which expresses the final composition of the refined mixture,
with M point that is situated on FS straight line; the position of M point depends on the
mixing rapport solvent-to-initial mixture; E point is situated at the intersection of RM
straight line with the extract’s branch of the saturation isotherm. At the intersection of FE
and RS straight lines, there is the operating pole, P.
Through E point, one draws 1 – 1’ conodum; point 1 from the refined mixture’s branch is
joined with the operating pole; its intersection with the extract’s branch represents 2’ point;
trough this point one draw 2 – 2’ conodum and so on, until intersection point with the
½
½½
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extract’s branch position is situated under R point or at the same place. The optimal value
of solvent/initial mixture rapport is determined out of economical principles, taking into
account the price of equipment and the damage of solvent [3].
McCabe-Thiele method for the determination of contact step’s number for multiple
extraction in counter current is, somehow, alike the same method for the fractional
distillation. In accordance with this method (Fig. 2), one draws the equilibrium curve
yB=f(xB) in a rectangular graphic. For the drawing of the operating curve, the points are got
with Gibbs triangle’s help, drawing through the pole a number of sectional straight lines.
Their intersection with the two branches of the saturation isotherm determine the desired
values (yB,i and xB,i ).

Fig. 1. The simulation of the calculations for multiple extraction in counter current using Gibbs’s triangle.

Fig. 2. The simulation of the calculations for multiple extraction in counter current using McCabe-Thiele method

The equilibrium curve and the operating one are drawn on the same graphic, and the
number of horizontal segments of the graphic construction, in the interval xB,F – xB,R, gives
the number of theoretical extractive steps.
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If A and B substances are absolutely immiscible [2], operating curve becomes a straight
line whose slope is:
tgα =

A quantity
S quantity

(1)

Distinctive Features of the Simulation for the Solving of Multiple
Extraction in Counter Current Problems Using Graphical Methods
The main difficulty of Hunter-Nash method’s simulation is the fact that it is rather difficult
to elaborate a mathematical method, which is to provide some regressive equation’s
coefficients in a ternary system.
For eliminating this difficulty, we proposed a model [4], that was applied in industry by
other authors [5], named rectangular-triangular model for liquid-liquid equilibrium in
ternary systems, model which is based on the variable’s change:

x *A = 100 − x A − x B / 2

(2)

Thus, both in Gibbs triangle and in associated rectangular system, the graphical
representations have to be the same. The relation for the extract branch is analogous.
In principle, the simulation of multiple extraction in counter current problems follows the
graphical construction depicted in Fig. 1. First of all, one determines the regressive
polynomial equation’s degree, both for extract’s and for refined mixture’s branch, that are
branches of the saturation isotherm [6]. Then, one determine the polynomial regressive
equation’s coefficients whose type is:

x B = b0 + b1 x *A + b2 x *A2 + b3 x *A3

(3)

where xA* are modified equilibrium data in accordance with relation (2). Using this
algorithm and relation (2), the form of saturation isotherm is indeed the same in the two
systems, thus being possible the analytical treatment of the problems. One also uses
analytical geometrical relations [7] that permit the construction depicted in Fig. 1.
McCabe-Thiele method is simpler for the analytical transposition, owing to the use of a
rectangular co-ordinates axes system; the simulation realizes the construction depicted in
fig. 2, using the algorithm for the determination of a regressive polynomial equation for
determining the equations of the two curves [9], and usual analytical geometrical relations
that permit a variable drawing of the graphical construction on the display screen, in
accordance with the input data. The stages of the algorithm were previously depicted.

The Presentation of the Principal Modules of the Program
that Realizes the Simulation
The TURBO-PASCAL program assures the codification of an algorithm that realizes the
correlative analysis for equilibrium data, the determination of the regressive equation’s
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Table 1. Principal modules of the TURBO-PASCAL program

Procedure curba(pxmin,pxmax,gr:byte;b,xd:vectx);
var xmin,xmax,xc,yc,corectie,fsc,pas:real;xg,yg:word;
begin
fsc:=2;if cod<10 then corectie:=sin(pi/3) else corectie:=1;
xmin:=xd[pxmin];xmax:=xd[pxmax];pas:=1/fsc;xc:=xmin-pas;
repeat
xc:=xc+pas;yc:=b[1];
for j:=2 to gr+1 do yc:=yc+b[j]*putp(xc,j-1);
if yc>=0 then plot(xcen+round(xc*fsc),ycen+round(fsc*corectie*yc));
until xc>=xmax;
readkey;
end;
procedure ecdr1ppd(panta,xd,yd:real;var a0,a1:real);
begin
a1:=panta;a0:=yd-a1*xd;
end;
procedure linieh(x1,y1,x2,y2:real);
var dx,dy:real;
begin
plot(xcen+round(2*x1),ycen+round(2*y1*sin(pi/3)));
dx:=2*(x2-x1);dy:=2*(y2-y1)*sin(pi/3);
dr(round(dx),round(dy));
end;
procedure drfs(var f0,f1:real); {traseaza dreapta fs si returneaza
ecuatia}
begin
col(lightcyan); scrish(3,xas,xbs-5,'S');
scrish(2,xbf/2,xbf,'F');linieh(xbf/2,xbf,xas,xbs);
ecdr2p(xas,xbs,xbf/2,xbf,f0,f1);readkey;
end;
function lungseg(x1,y1,x2,y2:real):real;
var dx,dy,int:real;
begin
dx:=abs(x2-x1);dy:=abs((y1-y2)*sin(pi/3));
int:=sqrt(putp(dx,2)+putp(dy,2));lungseg:=int;
end;
procedure exls(x1,y1:real;var la,lb:real);
var xas,a0,a1:real;
begin
xas:=100-xss-xbs;xas:=100-xas-xbs/2;
ecdr2p(xas,xbs,x1,y1,a0,a1);
pint2d(a0,a1,0,2,la,lb);col(red);
linieh(la,lb,xas,xbs);scrish(2,la,lb,'L');
end;
procedure conhn;
var ajuns:boolean;coin,cof,ntr:byte;
begin
extr[1,1]:=xae;extr[1,2]:=xbe;i:=1;cod:=4;ajuns:=false;
repeat
i:=i+1;col(lightmagenta);
conoda(xae,xbe,xg,yg);linieh(xae,xbe,xg,yg);scrish(1,xg,yg,stru(i-1));
raf[i-1,1]:=xg;raf[i-1,2]:=yg;if yg<=yr then ajuns:=true;
if not ajuns then begin
readkey;ecdr2p(xg,yg,xpol,ypol,a0,a1);
intdrcb(2,gre,be,a0,a1,xg1,yg1);
linieh(xg,yg,xg1,yg1);linieh(xg1,yg1,xpol,ypol);
scrish(1,xg1,yg1,stru(i)+'"');
extr[i,1]:=xg1;extr[i,2]:=yg1;xae:=xg1;xbe:=yg1;readkey;
end;
until ajuns;
ntr:=i-1;
if codop=1 then begin coin:=42;cof:=80;
end else begin coin:=1;cof:=45;end;
writer(14,coin,cof,2,0,1,'Compositions of phases in each step (%):');
scrisech(1,14,coin,cof);
if ntr<11 then for i:=2 to ntr do scrisech(i,14,coin,cof)
else scrisech(ntr,16-ntr,coin,cof);readkey;
end;

procedure scrish(kod:byte;xd,yd:real;sir:string);
var dx:integer;
begin
if kod=1 then dx:=-4 else if kod=2 then dx:=-8 else dx:=4;
writexy(xcen+round(2*xd)+dx,ycen+8+round(2*yd*sin(pi/3)),0,1,sir);
end;
procedure mccabe;
var xop,yop,bop:vectx;grop:byte;
xta,yta,xta1,yta1:real;
begin
ycen:=30;col(lightmagenta);
writexy(xcen+50,239,0,1,' McCABE – THIELE METHOD');
col(lightgray);readkey; plot(xcen,30);dr(200,0);dr(0,200);
dr(-200,0);dr(0,-200);
col(yellow);for i:=1 to 5 do begin plot(xcen+(i-1)*50,27);
writexy(xcen-4+(i-1)*50,20,0,1,stru((i-1)*25));end;
for i:=1 to 5 do begin plot(xcen-3,30+(i-1)*50);
writexy(xcen-30,33+(i-1)*50,0,1,stru((i-1)*25));end;
writexy(xcen+180,10,0,1,'xb,%'); writexy(xcen-35,210,0,1,'yb,%');
cod:=11;col(lightmagenta);puncte(xb,yb);
readkey;coeficienti(xb,yb,br,grr);
curba(1,n,grr,br,xb);
for i:=1 to n do begin
xop[i]:=xb[i];ecdr2p(xa[i],xb[i],xpol,ypol,a0,a1);
intdrcb(2,gre,be,a0,a1,xg,yop[i]);
end;
coeficienti(xop,yop,bop,grop);timp(0);
col(lightcyan);puncte(xop,yop);curba(1,n,grop,bop,xop);
readkey;i:=0;
xta:=xbf;yta:=calculy(grop,xta,bop);col(red);
repeat
i:=i+1;timp(0);
intdrcb(1,grr,br,yta,0,xta1,yta1);
plot(xcen+round(2*xta),ycen+round(2*yta));
dr(round(2*(xta1-xta)),0);
writexy(xcen-8+round(2*xta1),ycen+round(2*yta1),0,1,stru(i));
if yta1>xbr then begin
xta:=xta1;yta:=calculy(grop,xta,bop);
plot(xcen+round(2*xta1),ycen+round(2*yta1));
dr(0,round(2*(yta-yta1)));
end; readkey;
until (yta1<=xbr) or (yta<0.75*xbr);
end;
{PRINCIPALCOMPOUNDINSTRUCTION}
..................................................................................................................
'm':BEGIN
initgraph(gd,gm,pdriver);cleardevice;
cod:=3;coeficienti(xa,xb,br,grr);cod:=4;coeficienti(ya,yb,be,gre);
ecdr2p(xas,xbs,xbf/2,xbf,b0,b1);
xm:=xas-(xas-xbf/2)*ksol/(1+ksol);ym:=f0+f1*xm;
ym:=xbs+(xbf-xbs)*ksol/(1+ksol);
intdrcb(1,grr,br,xbr,0,xr,yr);ecdr2p(xr,yr,xm,ym,c0,c1);
intdrcb(2,gre,be,c0,c1,xae,xbe);ecdr2p(xbf/2,xbf,xae,xbe,a0,a1);
ecdr2p(xr,yr,xas,xbs,b0,b1);pint2d(a0,a1,b0,b1,xpol,ypol);
if xpol>0 then codop:=1 else codop:=2;
if codop=1 then begin
xcen:=40;ycen:=270; end else begin
xcen:=390;ycen:=270;
end;
if codop=1 then writer(2,20,80,1,3,2,'HUNTER-NASH METHOD') else
writer(2,1,60,1,3,2,'HUNTER-NASH METHOD');triunghi(cod);
col(blue);puncte(xa,xb);col(red);puncte(ya,yb);
col(lightblue);curba(1,n,grr,br,xa);col(lightred);curba(n,1,gre,be,ya);
col(black);rect(xcen+203,ycen-8,40,8,9);drfs(f0,f1);
scrish(1,xm,ym,'M'); key:=readkey;ecdr2p(xr,yr,xm,ym,b0,b1);
scrish(2,xr,yr,'R');linieh(xr,yr,xm,ym);readkey;
linieh(xm,ym,xae,xbe);scrish(3,xae,xbe,'E');readkey;
linieh(xr,yr,xas,xbs);key:=readkey;linieh(xr,yr,xpol,ypol);readkey;
linieh(xbf/2,xbf,xae,xbe);readkey;linieh(xae,xbe,xpol,ypol);
scrish(1,xpol,ypol,'P');readkey;conhn;
mccabe;col(lightcyan);timp(0);readkey;
END;
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coefficients for the two branches of the saturation isotherm in rectangular system associated
to the Gibbs triangle, respectively the regressive equations for the two curves in the case of
McCabe-Thiele method. One realizes then the graphical constructions depicted in Fig. 1
and 2, being displayed only the essential data that had been implicitly calculated, especially
the composition of the two phases (extract and refined mixture) for each contact step.
For determining the point of intersection of a straight line with a curve we used the halving
interval method, because we couldn’t know exactly the polynomial regressive equation’s
degree, and owing to the possibility of using regressive equations that are different from the
polynomial ones [9]. Though the effort of calculation is higher, this method is safer owing
to its better possibility of adaptation at different types of regressions.
For realizing the two depicted graphical constructions we used the program which permits
their display and shows the compositions for each extractive step. The principal modules of
the programme are presented in Table 1.

Results and their Interpretation
Having as an aim the validation of calculating algorithm and of the proposal programme we
take into account the extraction of acetone out of an initial mixture acetone-water with 50%
(weight) acetone, using as an extractive solvent pure chlorbenzene. We worked with 100 g
initial mixture. Equilibrium data for the ternary system acetone-water-chlorbenzene were
those from the specialized literature [8]. One imposed that the refined mixture must contain
max. 2% acetone. We made then the hand construction of the graphics and the simulation at
the computer. Using Hunter-Nash method, for the branches of the saturation isotherm there
have been obtained, in rectangular system of co-ordinates associated to Gibbs’s triangle, the
regressive equation’s coefficients. Using a similar algorithm, we got the regressive
equations for equilibrium and operating curves for McCabe-Thiele method.
Using the program we can reproduce the graphical construction depicted in Figs. 1 and 2,
for any correct input data; for stimulation there were used usual analytical geometrical
relations. For the considered example, we got 4 contact steps and the compositions of the
two phases (extract and refined mixture) for each extractive step. They are depicted in
Table 2.
Table 2. The obtained results for the phase composition in each extractive step
No.
of
step

RAFINEDMIXTURE

EXTRACT

1.

%
water
72.98

%
acetone
26.67

%
chlorbenzene
0.35

%
water
1.01

%
acetone
32.58

%
chlorbenzene
66.41

2.

86.87

13.10

0.03

0.31

14.36

85.32

3.

94.31

5.57

0.12

0.33

5.99

93.69

4.

98.01

1.78

0.21

0.39

1.85

97.76

Comparable results were obtained both experimentally and by hand drawing of graphical
constructions. We note that the time for the graphics elaboration is about two hours, while
at the computer the results are obtained in only a few seconds, and also that at less values of
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the concentrations, hand graphical constructions are considerably influenced by the
executor’s ability, being subjective and generating errors.

Conclusions
a)

The paper depicts a mathematical algorithm and a TURBO-PASCAL computer
programme that permit the effectuation of some calculations for multiple extraction in
counter current, using both the Gibbs’s triangle (Hunter-Nash method) and the
equilibrium diagram (McCabe-Thiele method).

b) The results that were got on the computer are in accordance with those obtained by
hand execution of the graphic constructions.
c)

The depicted algorithm can simplify the hand graphic construction work.

d) The elaborated programme can be used both in industry and in researching units for
calculations and in instructional units as a didactic facility.
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monocatenar acid and large ligands-ADN
in vivo

20.05.2003

Pof. Dr. Doc.
Tatiana Oncescu

10

Socoteanu
Radu

Structure, properties and application of
some porphyrinic compounds

5.12.2003

Prof. Dr.
Constantin Patroescu
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Name of
doctorand

Title of Ph. D. Thesis

Date of
presentation

Scientific Advisor

11

Iorgulescu
Emilia Elena

Study of electroanalytical behaviour and
electroanalysis of some compounds with
bilogical and pharmaceutical interest

10.10.2003

Prof. Dr.
Ion Tanase

12

Buleandra
Mihaela

Study of electrochemical behaviour,
speciation and electroanalysis of some
metallic cations

28.03.2003

Prof. Dr.
Ion Tanase

13

Boboc Monica
Nidelea

Chemical modified electrodes in chemical
analysis

13.06.2003

Prof. Dr.
Ion Tanase

14

Dragoescu
Dana

Thermodynamic characterisation and
modeling of experimental liquid vapors
equilibrium data for oerganic liquid
mixtures

16.05.2003

Prof. Dr. Doc.
Rodica Valcu

15

Mocan Nicoleta
Manuela

Extractions with supercritical fluids of
some natural compounds in vegetal matrix

26.06.2003

Prof .Dr. Doc
Rodica Valcu

16

Serdaru Maria

Determination of selenium in biological
samples in the frame of relation plantanimal

18.12.2003

Prof. Dr.
Luminita Vladescu

Scientific secretary of faculty council,
Prof. Dr. Elena Cristureanu

SCIENTIFIC EVENTS OF THE YEAR 2003
In 27th May 2003 in the auditorium Nicolae Teclu at Faculty of Chemistry was celebrated
40 years of existence of Institute of Physical Chemistry of Romanian Academy I.G.
Murgulescu. The scientific tradition and the actual trends in fundamental and applied
research of this prestigious institute were described by the academicians V. Em Sahini,
Mircea Banciu, dr. M Popa, actual director of the Institute, Prof. dr. doc. Eng. Rodica
Valcu, Prof. Dr. doc. E. Segal, prof. Dr. Elena Volanschi, Chair of Physical Chemistry
Department, and former researchers: Dr. Doc. Stefania Zuca, Dr. doc. C. Marchidan and dr.
doc. Gh. Cismariu.
American Romanian Academy (ARA) organised his 28th Annual Congress at University
Constantin Brancusi from Targu-Jiu, between June 3rd-8th 2003. At official opening session
directed by Prof. Dr. Emil Moroianu, rector of host university, some introductory words
were pronounced by Eugen Simion, president of Romanian Academy, G, Zaman, Romania
Presidents counsellor, Doru Ionescu, Secretary of Government, Ioan Dumitrache, president
of National Research Council of High Education, numerous personalities from host county
and, finally, Professor dr. Eng. Ion Paraschivoiu, ARA’s president. Program of congress
contain 4 plenary sessions, 3 round tables, an international Book Exhibition and 10 parallel
sessions. Plenary sections: Nations Future in a world of globalisation, moderated by ARA
member Florin Ionescu, Germany; Far–East - A divided Power, Cl. Matasa, Hollywood,
USA; Role of Diaspora in Research remaking in Romania, R. Mihalcea, Bochum,
Germany; Informational confruntation –contemporary dimensions, moderated by Acad.
Radu Voinea, Romania. Parallel sessions are dedicated to 338 paperworks distributed in:
Law and Politics( LAPO-48), Philosophy and Theology (PHTH-15), History, Anthropology
and fine Arts(HAFA-45), Linguistics and Literature (LILE-19; Economy (EC-46);
Environment (EN-15); Biology and Medicine (BIME-15); Engineering and Applied
Mathematics (EGAM-106 papers – the best represented section); Physics and Chemistry
(PHCY - 31) Education and Psychology (EDPS-46) sections. In the June7th was held ARA
General Assembly. The hosts did their best including a very rich social program
(excursions at Pestera Muierilor, at Monument of Tudor Vladimirescu at Pades, Tismana
Monastery, in Constantin Brancusi Museum at Hobitza, etc) The next ARA congress will
be in Bochum, Germany.

The 11th Physical Chemistry Conference with International Participation
ROMPHYSCHEM11 have been organised in September 2-5th, 2003 in Timisoara with
collaboration of followings institutions: Institute of Chemistry Timisoara of Romanian
Academy, West University of Timisoara (Faculty of Industrial Chemistry and
Environmental Engineering) I.G. Murgulescu Institute of Physical Chemistry of Romanian
Academy, University of Bucharest (Department of Physical Chemistry), National Institute
for Research and Development in Electrochemistry and Condensed Materials, Timisoara,
University of Medicine and Pharmacy Victor Babes Timisoara (Faculty of Pharmacy),

312

SCIENTIFIC EVENTS

Banats University of Agricultural Sciences and Veterinary Medicine Timisoara, section of
Physical Chemistry of the Romanian Chemical Society, Timis Country Council (Culture
Commision). Chairman Acad. Victor Em. Sahini, (University of Bucharest), Co-chairman:
prof. Dr. Simon Zeno, corresponding member of the Romanian Academy, scientific
secretary Prof. Dr. Eugen Segal, corresponding member of the Romanian Academy.
Location: West University of Timisoara. In the opening day of conference 2nd September in
the beautiful Aula Magna of the University, after special ceremony of the Doctor Honoris
Causa awarding to prof. Allan R. Katritzky, Department of Chemistry, University of
Florida, Gaineswille, USA and response of the nominee, were scheduled Honorary
scientific lectures: Understanding how chemical structure determines physical, chemical
and biological properties (prof. A. R. Katritzky); Molecular design in large scale-the open
Molgrid project (prof. M. Karelson, Centre of Strategic Competence, University of Tartru,
Estonia). Other plenary lectures: Electrostatic enzyme catalysis (prof. Gabor Naray-Szabo,
Hungarian Academy of Sciences, Budapest); Structure-activity relationship in
ecotoxicology (prof. Gerrit Schurmann, Department of Chemical Ecotoxicology, UFZ
Center for Environmental Research, Germany); Variability of denatured protein refolding
mechanism (Acad. V. Em. Sahini, Dept. of Physical Chemistry, Bucharest); Current density maps, ring curents and aromaticity (prof P.W. Fowler, Department of Theoretical
Chemistry, University of Exeter, UK); On the evaluation of nonisothermokinetic
parameters of (GeS2)O3, (Sb2S3)O7 crystallisation using the IKP method (prof. Dr. Doc.
E. Segal & coll. – Univ. of Bucharest); Enumeration of conjugated circuits in nanotubes
(dr. I. Lukovits, Chemical Research Center Hungarian Academy of Sciences); From
natural to artificial light harvesting systems (dr. S. T. Balaban, Forchung Zentrum,
Karlsruhe, Germany); From 3-5th September were been organised 7 poster sessions
grouping 179 posters and also a number of 51 oral communications distributed between 10
traditionally sections of this conference . In the frame of the ROMPHYSCHEM11 were
also discussed the works of four Symposia: Sol-Gel Science Symposium, QSAR and
Computer Molecular Modeling Symposium, Phase Equilibria Symposium, Oscillating
Reactions Symposium. The ROMPHYSCHEM11 occasioned an important foreign
participation and interesting scientific discussions and social programme, finally meaning a
better knowledge of state of art in physical chemistry science.
Between 16-20 September 2003 has been organised the 13th Romanian International
Conference on Chemistry and Chemical Engineering (RICCE 13). In very modern
e-mail system calling, by Faculty of Chemical Industry from Polytechnic University of
Bucharest under auspices of Ministry of Education and Research. At opening session, in
Polizu location, Chairman of conference, Prof. Dr. Ecaterina Andronescu, Dean of Faculty,
expressed some considerations on the perspectives of scientific research in this domain.
Program of this conference contained section lectures, oral communications and posters
distributed in the traditionally 11 sections of the conference. We indicate firstly number of
plenary lectures/number of oral communications, secondly number of the posters, and last
number in paranthesis shows the contribution of our faculty members at this scientific event
in the corresponding sections: 1. Inorganic Chemistry (2/13,18,8); 2. Organic Chemistry
and Biochemistry (4/17,22,1); 3. Physical Chemistry (12,21,11); 4. Quality Control and
Analytical Chemistry (7,12,4); 5. Biochemical and Chemical Engineering (26,5,0); 6.
Inorganic Chemical Technology and Environment Protection (13,16,4); 7. Organic
Chemical Technology, Dyestuffs, Petrochemistry, Carbochemistry (18,6,3); 8. Science and
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Engineering of Oxidic materials (17,3,0); 9. Chemistry and Technology of Macromolecular
Compounds (1/10,11,0); 10. Corrosion and Electrochemistry (17,13,0); 11. Economical
Engineering (8,7,0).
Romanian Society of Occupational Hygiene with Faculty of Chemistry of Bucharest
University organised between 25-26th September 2003, under auspices of Romanian
Ministry of Health and Institute of Public Health, the 3rd Conference with international
participation. Motto of this conference: The study of occupational risk. Partnership
between the occupational hygienist and the occupational medicine physician. In the
opening session the following personalities have been expressed their appurtenance to this
interdisciplinary conference: Eng. R. Branisteanu, president of Romanian Society of
Occupational Hygiene (RSOH), Prof. Dr. Vasile Magearu, Dean of Faculty of Chemistry,
Researcher I, Dr. Rodica Stanescu co-chairman of this conference, Secretary of State from
Ministry of Health, Acad. Victor. Em. Sahini. The keynote speakers of this conference:
Kenneth Olden, director of American National Institute of Hygiene: Toxicology in the Postgenome sequencing era, Dr Donna Doganiero from AIHA, Partnership between the
occupational hygienist and the occupational medicine physician, Prof. Dr. Cristina
Mandravel: Computation methods for TLV’s from Physical –chemical data. In plenum of
conference have been presented fruitfully 12 oral communications (2 from Netherlands, 1
from England), 10 posters communications and have been included the stand desks of the
firms: SEPADIN srl (in co-operation with SKC-LTD, UK, represented by Director Melanie
Brown), JASCO and were observed very interesting debating discussions on the new
Occupational Safety Law(2002)in Romania. The foreign participants were impressed of
new restored University House where conferences cocktail are organised.
Between 29-31th October 2003 in new location of Romanian Academic Library have been
opened the works of annual Symposium Environment and Industry, dedicated to 25 years
of activity of National Institute for Research and Development for Industrial Ecology. This
event was organised under auspices of Chemistry Section of Romanian Academy,
Romanian Society of Chemistry, Ministry of Economy and Trading, Ministry of Education,
Research and Youth, Ministry of Agriculture, Forests, Waters and Environment, Balcanic
Association of Chemistry (BENA). In the opening session actual director of this Institute
Margareta Nicolau evoked dynamics of development of institution and permit some
allocutions of formerly directors: Gavril Musca, Cornel Craiu, Virgil Candea. Plenary
lecture: Isaac Sheps: On Today Menu – Quality. In the traditional sections of this annual
Symposium have been presented numerous oral communications and posters I (18 OC + 23
P); II (18 OC + 4 P); III (15 OC + 13 P). In the new introduced fourth section entitled
Projects and Fellowships - Environment program Tuborg – BENA, Laws Management of
Environment & Quality were presented 7 oral communications and 37 posters. Exposition
of firms products for control and monitoring of pollutants have been also organised.
Prof. Dr. Cristina Mandravel

TEACHING NEWS:
A NEW POST GRADUATE COURSE, MASTER LEVEL AT
FACULTY OF CHEMISTRY FROM BUCHAREST UNIVERSITY
Between 21-31st October 2003, Faculty of Chemistry from Bucharest University in
collaboration with Romanian Association of Occupational Hygiene have been organised a
new Postgraduate course entitled CONTROL AND PROTECTION OF
OCCUPATIONAL ENVIRONMENT. In period of preparation of curricula
Prof. Dr. Cristina Mandravel, Director of this course, discussed with specialists from
National Institute of Public Health (NIPH) dr. Rodica Dumitru-Stanescu, dr. Carmen
Ruxandra Artenie and from abroad: Prof. Dr. Roy Buchan, University of Colorado, Boulder
and Dr. Kenneth Olden, director of National Institute for Environment Health, NC, USA.
Finally, program of realised course included 66 hours of lectures, 10 hours of applications
(on the last modern apparatus presented by firms SEPADIN SRL, REAL WESTECH SRL)
and 4 hours for pre and post evaluation activities. The lectures are distributed between 6
disciplines: Health of Occupational Environment - 10hours (Lecturer - Dr Carmen
Ruxandra Artenie - NIPH); Industrial Hygiene I - 30 hours (lecturers: Dr Rodica DumitruStanescu - NIPH, Prof Dr Cristina Mandravel and Dr Valentina Chiosa - Department of
Physical Chemistry Bucharest University); Industrial Hygiene II (control and monitoring of
physical noxes) –10 hours (lecturers: Dr. Greta Nita - NIPH); Industrial Hygiene III
(biotoxicology) - 8 hours (lecturers : Dr. Mihaela Negru and Dr. Rodica Dumitru StanescuNIPH);Ergonomy - 4 hours (lecturer Dr. Greta Nita - NIPH); Law and Work security - 4
hours (lecturer: Dr Carmen Ruxandra Artenie-NIPH). Financial support of course was
realized exclusively, using the 40 post graduated students (chemists, physicians, biologists
and chemical engineers) registrations fees. The obtained funds were used partially in
sponsorship of printing in Romanian Academy Publishing Co. of the book The physicalchemical methods used to measure noxes in occupational environment (authors: Cristina
Mandravel and Rodica Dumitru-Stanescu) which was included in registration fee. The
course was accredited by Bucharest University Council and at graduation the students
received on official diploma corresponding to a semester of master level education. In
conclusion, in organisation of this new high level course was demonstrated a strong
fruitfully collaboration between specialists from Faculty of Chemistry, Department of
Physical Chemistry and those from NIPH.

NOTE TO THE AUTHORS
The new chemistry series of ANALELE UNIVERSITĂŢII DIN BUCUREŞTI publishes
original papers and short notes in all fields of chemistry, in English or French language. All
contributions are carefully revised by the boarding members; those not accepted for
publications are not returned to the contributors.
The camera-ready typescript submission will be made both as hard copy (paper – duplicate)
and as digital copy (3.5'' diskette or e-mail to: anunivch@gw-chimie.math.unibuc.ro). The
typescript should be made on an IBM or IBM-compatible machine, with MICROSOFT
Word processor (allowed version – up to 10.0).
Camera ready preparation:
please visit http://gw-chimie.math.unibuc.ro/anunivch/analele_univ_chimie.html
and download the template.

Page Setup – A4 (210x297 mm); top 58.5 mm; bottom 48.5 mm; left 40 mm; right 40 mm;
header 48.5 mm; footer 48,5 mm; Layout: section start – new page; different odd
and even; different first page.
Styles in use:

Style Header – font Times New Roman 9 pts, all CAPITALS, justified, spacing before 0 pts,
after 0 pts, line spacing single, tab stop position 65 mm center, 130 mm right;
Style TITLE OF CONTRIBUTION – font Times New Roman 12 pts, double
underlined (bold), all CAPITALS, flush left, spacing before 20 mm (56.7 pts), after
0 pts, line spacing single, keep with next;
Style authors – font Times New Roman 9 pts, double underlined (bold), flush left,
indentation 10 mm left, spacing before 5 pts, after 0 pts, line spacing single;
Style footnote text – font Times New Roman 8 pts, justified, spacing before 0 pts, after 0 pts,
line spacing single.
Style

– font Times New Roman 8 pts, justified, indentation 10 mm left and 10 mm
right, spacing before 5 pts, after 0 pts, line spacing single;

abstract

Style Heading 1 – font Times New Roman 12 pts, double underlined (bold), flush left,
spacing before 20 pts, after 10 pts, line spacing single;
Style Normal – font Times New Roman 10 pts, justify, spacing before 0 pts, after 5 pts, line
spacing single;
Style equation – font Times New Roman 10 pts, justify, spacing before 5 pts, after 5 pts,
line spacing single, tab stop position 65 mm center, 130 mm right;
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Equation Editor Definition: Style Text – Times New Roman, Function – Times
New Roman, Variable – Times New Roman Italic, L.C. Greek – Symbol, U.C.
Greek – Symbol, Symbol – Symbol, Matrix-Vector – Times New Roman Bold,
Number – Times New Roman;

Size Full – 10 pts, Subscript/Superscript – 7 pts,
Sub-Subscript/Superscript – 5 pts, Symbol – 16 pts, Sub-Symbol – 10 pts;
Style Figure Place – font Times New Roman 10 pts, centered, spacing before 5 pts, after
0 pts, line spacing single, keep with next;
Style

– font Times New Roman 8 pts, single underlined (italic), centered,
spacing before 0 pts, after 5 pts, line spacing single;

Figure Caption

Style Table Caption – font Times New Roman 8 pts, double underlined (bold), centered,
spacing before 5 pts, after 0 pts, line spacing single, keep with next;
Style Table Text – font Times New Roman 8 pts, centered, spacing before 0 pts, after 0 pts,
line spacing single;
Style REFERENCE TITLE – font Times New Roman 10 pts, all CAPITALS, flush left,
spacing before 20 pts, after 10 pts, line spacing single, keep with next;
Style Reference text – font Times New Roman 8 pts, justified, indentation special hanging by
7 mm, spacing before 0 pts, after 5 pts, line spacing single, numbered Arabic, tab
stop position 5 mm.
The paper should not exceed 8 pages in length (it would be helpful an even number of
pages e.g. 6 or 8), with maximum 6 pictures and tables (avoid drawing and writing the same
data).
For article’s title use Title of Contribution Style. It is followed by contributor names (author
Style), abstract (abstract Style), Introduction (Heading 1 Style), Experimental (Heading 1
Style), Results and Discussion (Heading 1 Style), Conclusion (Heading 1 Style), Reference
(Reference Title Style). Experimental and Results and Discussion Sections may have some
explicit title determined by the actual paragraph content. Author names format will be J.
Kennedy, Kristina Appleton. The footnote of the first page will be the address of the
corresponding author (distinguished by a superscript star). Tip: use insert footnote
command and choose Custom Mark (*) right after the corresponding author’s name.
For paragraph text use Normal Style. Do not indent first line of the paragraph.
When including equation use equation Style, with the Equation Editor Settings accordingly.
If text refers to equation, a number (continuous numbering starting from 1, between
brackets) should be mentioned right flush (use tabs for centering equation and for placing
the equation number at the right side).
All pictures and tables will be included at their right place, at the smallest distance from the
referred text, preferably on the same page of the referred text. Text reference should be
Fig. 1, Figs. 2 and 3, or Table 1, Tables 2 and 3.
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Pictures should be drawn by the help of the most appropriate processor, e.g. for graphs MS
Excel, Microcal Origin, SigmaPlot, Table Curve, PeakFit etc, for drawings Corel Draw,
Adobe PhotoShop, PhotoFinish, MS Paint etc. Photographs and pictures acquired with
scanner should bear at least 150 dpi resolution. All picture-included notations will be made
only with Times New Roman (10 pts full size) or Symbol (16 pts full size) – see Equation
Editor's definition for guidance. For picture place use Picture Place Style. Figures will be
followed by a legend (numbered continuous starting from Fig. 1). For figure legend use
Figure Caption Style (note that numbering is not underlined e.g. Fig. 1: Figure Caption).
Tables will be preceded by a title (numbered continuous starting from Table 1). For table
title use Table Caption Style. Table content will be typed in Table Text Style. Tables will
be bordered only with horizontal borders, separating start, heading and end of table. Tables
will be centered between paragraphs and will have a row depth of at least 5 mm.
Avoid using large tables or figures (maximum width 120 mm, maximum height 180 mm).
All papers will be ended by a reference section. The reference caption number given in
paragraph text will be continuous starting from 1, e.g. [1] or [1,2÷7] for multiple reference.
For reference text use Reference Text Style.
Periodicals will be referred as follows: Author 1 (Last Name, First Name Initial.), Author 2
(Last Name, First Name Initial.) and Author 3 (Last Name, First Name Initial.) (Year)
Periodic Title (single underlined) Volume Number (double underlined), pages.
e.g.:
1.

Doe, J., Keaton, M. and Hu, L. (1996) Combustion Science and Technology 4, 146-180.

Books will be referred as follows: Author 1 (Last Name, First Name Initial.), Author 2
(Last Name, First Name Initial.) and Author 3 (Last Name, First Name Initial.) (Year)
Book Title (double underlined), vol. no (where applied), Publisher, City, pages.
e.g.:
2.

Doe, J., Keaton, M. and Hu, L. (1996) Handbook of Macromolecules, vol. I, John Wiley & Sons, New York,
146-180.

Patents will be referred as follows: *** Author (Last Name, First Name Initial.) or
Company, Country (single underlined) Patent Number (double underlined), Chemical
Abstract Quotation.
e.g.:
3.

***Jones, M., British Patent 601238, 1954, 54, 12808.

Special Reports will be referred as follows: *** Author (Last Name, First Name Initial.) or
Company (Year) Special Report Title (single underlined), pages.
e.g.:
4.

***NASA Release (1997) Fire, Explosion, Compatibility, and Safety Hazards of Monomethyl-hydrazine,
Section II: Fire Hazards, 350-370.

Header will include: first page header – nothing, even page header – page number flush left,
Author’s Name centered (use tab key to align the name of the authors), odd page header –
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running title centered (no more than 50 characters), page number flush right (use tab key
for alignment).
The scientific content of the paper bears the exclusive responsibility of the authors.
Authors are asked to highlight the subjects of the article (use a green or yellow highlight
marker and mark the subject keywords on one of the 2 paper-print copies) in order to
generate the Journal Subject Index.
Authors are asked to sign the contribution, in order to be agreed with the copyright transfer
to publisher.
The submission (2 paper-print copies enveloped in a transparent map and 3,5'' floppy-disk
with digital version if applied) will be made to s.l. dr. Valentina Chiosa – Submission
Secretary of ANALELE UNIVERSITATII DIN BUCURESTI Chemistry Section.
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http://gw-chimie.math.unibuc.ro/users/anunivch/analele_univ_chimie.html.
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