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IN MEMORIAM: ACAD. PROFESSEUR EUGEN ANGELESCU
Cette année, à 4 janvier on célèbre 107
ans de la naissance de l’Académicien
professeur Eugen Angelescu et en
février, la même année, on commémore
35 ans de la disparition de cette grande
personnalité.
Ce mémento, à l’occasion de 107 ans de la
naissance de l’Acad. Prof. E. Angelescu,
signifie pour ces disciples, les anciens
collaborateurs et étudiants un moment de
profonde reconnaissance, estime et
respect pour le maître et le savant connu
et reconnu dans le pays et ailleurs.
Le professeur Eugen Angelescu a été
l’un des plus aimés et appréciés
professeurs de l’Université de Bucarest,
de la Faculté de Chimie et du
Département de Chimie Organique.

Eugen I. Angelescu
Académicien Professeur
(4 janvier 1896 – 19 février 1968)

Le professeur Eugen Angelescu est né le
4 janvier 1896 dans la ville Rm. Valcea,
dans une famille intellectuelle qui
appréciait l’instruction et l’éducation. Il
suit l’école primaire et secondaire dans la
ville natale et le lycée à Craiova.
En 1913 il est admis à la Faculté de
Sciences de l’Université de Bucarest, la
section Physico-Chimiques.

Les années d’études se sont superposées
avec les années de la première guerre mondiale, et lors de ces conditions, le jeune étudiant a
été mobilisé à Iassy à l’Ecole Militaire de Génie, en étant encadré dans une unité militaire
de spécialité.
En 1918 il revient à Bucarest décoré avec la “Croix Commémorative” et il obtient la licence
de fin des études universitaires en Sciences Physico-chimiques avec la mention “Très
bien”.
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En janvier 1919 il est employé comme assistant suppléant au Département de Chimie
Agricole de la Faculté de Sciences.
En 1920 il reçoit une bourse d’études à Rome ou il travaille sous la direction du Prof.
Emmanuele Paterno, en élaborant dans le même temps sa thèse de doctorat dans le domaine
des composés naturels – des terpénoides – qu’il va le soutenir à l’Université de Rome en
1922, en obtenant la note maximale et l’appréciation “Cum laudae”.
Revenu dans le pays il a parcouru toutes les étapes didactiques, assistant (1924), maître de
conférences (1926) – il a enseigné le premier cours de Chimie Physique, en 1929 il a
soutenu brillant sa “docenza” en Chimie Physique -, en 1930 il est désigné professeur et
mandaté le directeur du département de Chimie Organique de la Faculté de Sciences.
En 1938 il est élu comme membre correspondent de l’Académie roumaine et en 1953 il
devient membre titulaire de cet organisme.
Du début de sa carrière, le prof. E. Angelescu a intégré de manière harmonieuse et habile
l’activité didactique avec celle de recherche scientifique, ces occupations portant
l’empreinte de sa formation de chimiste organicien et à la fois de chimiste physicien.
Dans sa qualité de professeur il a enseigné premièrement le cours de Chimie Physique, en
suite le cours de Chimie Organique et de Théories Modernes dans la Chimie Organiques,
en touchant les étudiants et les collègues par clarté, nouveauté, haut niveau scientifique,
autrement dit par sa grande autorité didactique.
En ce qui concerne l’activité de recherche, les études ont été orientées vers la relation
structure-propriétés des composés organiques, en devenant pionnier et créateur dans la
chimie physique organique et le fondateur de l’école roumaine de chimie colloïdale.
Chercheur passionné, prof. E. Angelescu étudie plus de deux cent de systèmes concernant
l’équilibre entre deux phases liquides, en développant des corrélations très intéressantes sur
les influences inter et intramoléculaires, la nature des combinaisons qui peuvent se former,
les types de liaisons qui peuvent apparaître, en élaborant en suite une série de théories sur la
formation des systèmes colloïdales, études qui ont conduit à la mis en évidence - pour la
première fois – du phénomène connu sous le nom de “l’effet Angelescu”, portant sur
l’action entraînée à l’addition d’une substance lyophilisante dans les systèmes colloïdaux
comme conséquence d’une double action de solvatation et de dispersion.
Simultanément, le prof. E. Angelescu a accédé et développé des nombreuses études dans
les suivants domaines: la nature des combinaisons du saccharose avec l’oxyde de calcium,
des recherches concernant les phénomènes d’adsorption et répartition parmi deux phases, la
solubilité de certains composés organiques dans des mélanges de solvants, l’étude de la
vitesse de quelques-unes des réactions dans des systèmes homogènes, l’hydrolyse des
nitriles, des recherches dans le domaine des huiles végétales, la nature des plusieurs
combinaisons moléculaires des amines aromatiques avec des acides aliphatiques, la
tautomérie thiocarbonyl – thioalcool, des composés d’inclusion, études regardant la
structure et les propriétés tinctoriales de certains colorantes sur les fibres cellulosiques.
Il est impliqué, de même, dans des nombreuses activités de recherche à spécificité
biochimique. Depuis ce temps-là, les recherches développées par les membres du
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département et certains des thésards, ont visé les unes des directions mentionnées
auparavant.
En même temps, sont abordés une série des autres domaines de recherche sous la direction
des professeurs G. Vasiliu et I.V. Nicolescu.
Du département de Chimie Organique s’est séparé en 1962 le collectif qui a constitué le
Département de Technologie Chimique et Catalyse, fondé et dirigé par Prof. I.V. Nicolescu.
Le développement pour la première fois dans le pays des plusieurs travaux de recherche
dans le domaine de la chimie colloïdale – respectivement les colloïdes organiques – le
nombre considérable des travaux et surtout leur valeur, tenant compte de l’appréciation des
spécialistes du pays et de l’étranger dans le domaine, consacre le professeur E. Angelescu
comme le fondateur de l’école roumaine de chimie colloïdale et le novateur des recherches
de chimie physique organique.
Le professeur E. Angelescu a accompli plus de 200 travaux scientifiques publiés dans des
revues roumaines et étrangères, a élaboré une série des manuels et traités, a conduit des
nombreuses thèses de doctorat, a modelé des spécialistes en se penchant sur chacun avec
chaleur, compréhension et affection.
Par ailleurs, comme il disait une fois, toute sa vie a été partagée entre l’Université et le
laboratoire, le laboratoire et l’Université, en prouvant un grand désir et pouvoir de travail,
passion et flamme pour sa profession.
Pour ces travaux il a été apprécié avec des nombreux prix et distinctions accordées par les
organismes scientifiques nationales et internationales, étant honoré de la considération et
l’estime des nombreuses et prestigieuses personnalités.
Dans les à peu près 50 années accordées à l’enseignement et à la science, l’Académicien
professeur E. Angelescu a constitué un symbole de grande classe et valeur de la culture
roumaine, ayant au long de sa vie beaucoup des responsabilités: secrétaire général de la
Société de Chimie de Roumanie, directeur général de l’Institut de Recherches
Technologiques, directeur adjointe du Centre de Recherche de Chimie Organique de
l’Académie, Conseiller et professeur à l’Académie Militaire, vice-recteur de l’Université de
Bucarest, doyen de la Faculté de Chimie, etc.
Le professeur E. Angelescu a été un représentant éclatant de l’Ecole de Chimie roumaine,
un humaniste, un esprit profondément lumineux et chaleureux, une haute conscience
morale, un modèle pour tous ceux avec qu’il a travaillé, étudiants et collaborateurs, qui ont
eu la chance de le connaître et l’estimer et qui lui portent dans ce moment d’anniversaire un
grande, fidèle et révérencieux hommage.

Le département de Chimie Organique

XIV

EUGEN ANGELESCU - THE FOUNDER OF
"ROMANIAN SCHOOL OF COLLOIDAL CHEMISTRY"
Georgeta Popescu∗

MOTTO
It must permanently be said that the
scientist is not ever trained by a solitary
experience.
He
gets
from
the
predecessor’s knowledge, way of
thinking, position.
Eugen Angelescu
Prof. EUGEN ANGELESCU was born on January 4th, 1896 at Râmnicu Vâlcea, Romania.
There he attended the classes of primary and secondary school. He attended the high school
inside the Department of Sciences of University from Bucharest, which he graduated with
excellence in 1918. The First World War marred his studentship. He was sent to Jassy to
The Military School of Engineer corps and then in active combat; meanwhile he passed his
examinations.
He got his BS in physical-chemical sciences and joined the staff of agricultural chemistry
chair of Bucharest University in January 1919 as an assistant.
Between 1920 and 1922 he carried out remarkable studies on ether oils at the University of
Rome, Italy under the supervision of Prof. E. Paterno; the results made up the subject of his
Doctoral Dissertation which was appreciated "cum laude". At the same time he improved
his teaching skills attending classes of organic, physical and pharmaceutical chemistry
given by the professors Canizzaro, Paterno and Leone, respectively.
He returned to Romania in 1922 and resumed his activity at the University of Sciences,
Bucharest, holding teaching positions of associate professor (1926) and professor (1936).
In 1929 he was awarded the title of Doctor of Science and taught the first course of
Physical Chemistry. In 1032 he was elected General Secretary of Romanian Chemical
Society and in 1936 he became the chairman of Organic Chemistry Department, position
which he held until the end of his life. In 1938 he was elected as Corresponding Member
and in 1953 Member of Romanian Academy.

∗

Research Center for Macromolecular Materials
79611 Bucharest, e–mail: macromol@rnc.ro
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In 1940 he published "Introduction to Physical Chemistry" second treatise of it issued in
our country (the first had been issued by Prof. Petre Bogdan from Jassy University) in
1929.
His research activity was influenced by his erudition in physical and organic chemistry. He
became a pioneer of organic chemistry and the founder of Romanian School of Colloid
Chemistry. From his remarkable contributions we mention:
Adsorption phenomena and the partition between two phases
He established the existence of a close relation between the adsorbent solubility in solvent
and its adsorption on coal.
He has proved that the iodine's adsorption on starch, depending on the potassium iodide
concentration, does not depend on iodide concentration because the iodine is adsorbed as a
combination with potassium iodide [2].
The study of binary and ternary systems relating with the hydrocarbon solubility in
solvents mixtures, the critical point of solubility
He started from the idea that the shape of the solubility curve of some substances in solvent
mixtures could give information on the phenomenon, which are accompanying the
dissolving (associations, combinations, dissociation etc) by deviations from additivity.
Studying the solubility of picric acid in solvent mixtures of some benzoic substituted acids,
trifenols or aliphatic alcohols in solvent mixtures, he came to the conclusion that, in case of
curves with maximum, the dissolved substances could form combinations with one of the
solvents [3, 4].
In another series of researches he measured the solubility of hydrocarbons in dissolvent,
which possess a permanent electric moment and which, in consequence, possess a selective
dissolving power for different classes of hydrocarbons [5].
He has determined the curves and the equilibrium surfaces between two liquid phases in
case of over 200 binary and ternary systems.
His conclusions concerned the following:
-

the selectivity of polar solvents for hydrocarbons and the applicability limiting
values of the analytical methods recommended in literature for the study of
hydrocarbon mixtures (oil fractions) based on the aniline point or, generally, based
on the critical point of solubility [6, 7].

-

-upon the nature of molecular combinations of aromatic amines with aliphatic
acids (heteropolar or homeopolar) [11-13].

-

by studying the properties, that depend on the free space between molecules (ex.:
volume contraction, superficial tension, parachor, refraction index, molecular
refraction) he draw the conclusions upon the nature.

The study of the nature of sucrose and calcium oxide combinations
Applying the methods of colloidal chemistry he hadin fact, proved that many of described
combinations are, mixtures of sucrose or calcium oxide with tricalcic succrate, that are in
advanced dispersion stage [8].
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Based on some kinetic studies made upon sugar extraction from pure sucrose solution or in
the presence of electrolytes he elaborated the mechanism of calcium succrate formation,
with application at the improvement of Steffen procedure of "the melase desacharification
with calcium oxide", for the purpose of increasing the extraction yield.
For these researches he won the prize "The Association of Chemists from France", in 1936,
and was elected as member of the "Maison de la Chimie" Society.
Introduction of "furfurol point" as a new constant for vegetal oil [14] that helped classifying
the oils as: nonsicative, semisicative and sicative [15].
The research domain, that has captivated Eugen Angelescu, was that of colloidal chemistry.
Since 1930, in his lecture of Physical Chemistry he presented a chapter entitled "The
heterogeneous dispersed colloidal systems".
He inferred with clearness the importance of colloidal chemistry for modern economy.
His researches were directed on the study of organic colloidal systems, treating the relations
between the physical-chemical properties and the dispersion degree.
In this goal, he has studied the organic association colloids of high fatty acids salt type.
The first paper, which made him famous in this field was published in 1930, in KolloidZeitschrift entitled "Contribution on colloidal chemistry of the soap-cresol-water system"
[21], in which he underlines for the first time a phenomenon, that is known today as "The
Angelescu Effect", name that entered the worldwide scientific circuit at the XVIth
International Congress of the History of Science", which took place in Bucharest in august
1981.
In essence this effect consists in a double solvatation action, according to Ostwald and the
dispersion theory, exerted by the addition of a lyophilized substance upon the colloidal
systems; the phenomenon is visualized by the appearance of a maximum of viscosity,
according to the addition's concentration (Fig. 1) [22].

Fig. 1.
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High fatty acids' salts form dispersions that are gradually changes from molecular solutions
to colloidal systems
The properties of soap cresolate solutions are varying in a specific way, depending on the
amount of added cresol, the viscosity passing through a maximum and the superficial
tension reaching a minimum (Fig. 2) [23].
The maximum is as pronounced as the solution is more concentrated and
the temperature is lower, the hydrocarbon chain is longer and depending
on the cresol's isomery, varies as it follows: orto-, meta-, para- [24].
Later, these papers were completed by the study of saturated acids' salts
with 8-18 carbon atoms, with and without electrolytes having common
cation, studying the influence of hydrocarbon chains, which include
double bonds, an OH group or studying the influence of cis-trans
isomery upon the rheologic properties of these electrolyte association
colloids [25].
The appearence of the structural viscosity to cresolate solutions of
sodium oleate pleads for anisodiametrical form of the micelles, the
system presenting a pseudoplastic flow and tixotropic properties [26].
Another characteristic property studied is the electric conductibility,
important especially for determining the critical micelle concentration.
The addition of polar compounds cresol type produces the dispersion of
the electrolytic colloid, a rise of the electric particle numbers, which are
able to conduct the electric current [27]. As a result, the electric
Fig. 2
conductivity rises, reaches a maximum plateau, to a certain cresol
concentration (larger than the one corresponding to the maximum of
viscosity), after that decreases slowly. The study of electric conductivity in various
experimental conditions, varying the factors that influence the system's lyophilic/lyophobic
character evidenced a histeresis phenomenon, particularly in the gel state.
The gellification hysteresis was studied according to the turbidimetry, emphasizing three
stages in gellification process, which characterizes system's state from the point of view of its
capacity to form either lyophobic gels (coagels) having a pronounced recrystallisation
tendency, or at the limit, soils that are not gellified under the same temperature conditions
[28].
These researches allowed the classification of disperse lyophilic from lyophobic systems.
The lyophilic or lyophobic grade of some systems is not fixed, but it is determined by the
quantitative ratio (ϕ) between the volume of the dispersed phase and the volume of medium
dispersion and by the mutual solubility between the present phases: [28].
Systems with mutual solubility
completely (ϕ has any value);

limited;

-homogeneous system

ϕ under the miscibility's limit value:

-liquid mixture

-solution with solvatation molecular
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complexes, hydrates
ϕ over the miscibility's limit value:
-lyophilic heterogeneous system
Systems with unilateral solubility
ϕ under the limit

ϕ over the limit

-homogeneous system, solution without

-lyophobic, heterogeneous system

solvatation, molecular dispersion
It could action either upon the interaction's dispersed phase or upon the dispersion, either
upon the quantitative ratio between phases. In both cases, the properties of the system will
be hardly modified.
The phenomenon emphasizes through a maximum of viscosity concomitant with a
minimum of surface tension, depending on the concentration of liophylisation agent added
to a colloidal system has been described as "Angelescu phenomenon" and presented by his
disciples at "The XVIth International Congress for Science History", from Bucharest in
August 1981. The explanation consists in the double action of solvation and dispersion that
a liophylisation agent exerts on the colloidal solution.
This effect pointed out for the first time by Eugen Angelescu, has been cited in many
treaties and papers in this field being appreciated by great personalities such as: M.E.Laing,
Mc Bain, E. Huttchinson or W. Phillippoff.
Though this was the starting point for some serial of researches made by colloid schools of
those times, driven by J. W. Mc Bain, Per Ekwall, A. M. Bose or A.T.C. Lawrence,
unfortunately he can't be found today in any of modern books for colloid science.
Prof. Angelescu's sustained scientific activity has materialized in about 200 papers; he
supervised the graduate studies for more than 50 students, issued physical chemistry
handbooks (1940), organic chemistry part I (1948) and theoretical organic chemistry
problems (E.Angelescu and F.Cornea 1969).
Prof. E. Angelescu was membre of scientific societies: Kolloid Gesellschaft, Maison de la
Chimie, Association des Chimistes de France, Commission International des Industries
Agricoles - Netherlands.
Member of Academy, General Secretary of Romanian Chemical Society, Director of the
Institute of Technological Research, Deputy Director of the Organic Chemistry Center of
Romanian Academy, adviser and professor at the Military Academy, Dean of Chemistry
Department and Vice-president of the University of Bucharest, Prof. Eugen Angelescu was
highly appreciated, esteemed by Romanian scientists and culture men and by personalities
in the whole world: Wo.Ostwald, P.A.Rehbinder, max Bodenstein, Swietoslawski, Nikitin,
Liesegang, with whom he maintained a permanent contact (kept in touch).
Throughout more than half a century Prof. E.Angelescu has tirelessly conducted a
prodigious teaching and research activity; he taught tens of generations of chemists the
scientific performing experimental accuracy. He created in Romania a tradition of studies
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on colloids and set the foundations of Romanian School of Colloidal Chemistry, which was
continued by his successor.
Besides, he was an exponent of Romanian culture and a militant for the peace.
When in 1957 he was solicited by Linus Pauling to ask the Romanian scientists the
signatures for an appeal to ban atomic weapons and their removal for preventing an atomic
war, Acad. Eugen Angelescu accompanies it with the following vibrant words:
"The cultural goods of the humanity won by art, poetry, philosophy and science, are
shining over the centuries and give the content and value to the life. The war not only
destroys the cultural values of the humanity, which were hardly won, but hits even the
human being, degrading it. Everyone who loves MANKIND and wishes his promotion must
fight without rest and hesitation not only against the war, but even against all the facts
which might create a tension and continuous anxious atmosphere."
C.P. I Dr. GEORGETA POPESCU
Senior Researcher of first degree - Disciple and coworker
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NECROLOG: PROFESOR DOCTOR DUMITRU FĂTU

Dumitru Fătu
Profesor
(1939-2003)

La 8 martie 2003 a încetat din viaţă, la vârsta de 64 ani,
profesorul Dumitru Fătu, un respectat membru al
corpului profesoral din Facultatea de Chimie. Absolvent
al Facultăţii de Chimie din Universitatea Bucureşti,
promoţia 1964, promoţie de referinţă prin calitatea
profesională şi umană a membrilor săi, tânărul chimist
Dumitru Fătu este reţinut preparator la Catedra de Chimie
Fizică, disciplina cinetica reacţiilor heterogene cu
participarea fazelor solide. În scurt timp s-a acomodat cu
sarcinile didactice care i-au fost încredinţate şi începe
activitatea ştiinţifică în domeniile cineticii heterogene şi
catalitice, izoterme şi neizoterme. Susţine in anul 1972 o
strălucită teză de doctorat privind cinetica descompunerii
termice a unor compuşi coordinativi. Şi-a desăvârşit
pregătirea profesională printr-un stagiu postdoctoral în
laboratorul profesorului Guy Pannetier de la
Universitatea Paris VI în perioada 1971-1972. A parcurs
pe bază de concurs toate treptele ierarhiei didactice până
în anul 1993 când a fost atestat profesor universitar.

A montat cu pricepere şi îndemânare lucrări practice pentru laboratorul general de cinetică
chimică precum şi pentru laboratoarele de specialitate la disciplinele :cinetică heterogenă,
cinetica reacţiilor catalitice, cinetică neizotermă, destinate atât studenţilor din ultimii cât şi
masteranzilor. A elaborat cursuri generale şi de specialitate în care a reuşit să îmbine
nivelul teoretic ridicat cu accesibilitatea. A condus numeroase lucrări de diplomă precum şi
lucrări de doctorat, cu începere din anul 1990, obişnuite şi în cotutelă cu colegi din Franţa.
A publicat, singur şi în colaborare 95 lucrări în reviste din ţară şi străinătate şi şapte cărţi. A
contribuit de asemenea la rezolvarea unor probleme ridicate de numeroase contracte şi
granturi de cercetare. Dintre problemele abordate care s-au soldat cu deosebite rezultate
originale menţionez instituirea unor metode pentru evaluarea parametrilor cinetici
neizotermi, contribuţiile la determinarea structurii unor filme subţiri, cele referitoare la
cinetica descompunerii unor vapori pe filme şi filamente metalice şi semiconductoare
precum şi cele referitoare la cinetica reacţiilor în sisteme solid-solid. A fost distins cu
premiul Ministerului Învăţământului pentru cercetare ştiinţifică pe anul 1968 şi cu premiul
“GHEORGHE SPACU al Academiei pe anul 1976. Reputaţia ştiinţifică a profesorului Fătu
a determinat printre altele alegerea sa ca vicepreşedinte al Comisiei de Analiză Termică şi
Calorimetrie a Academiei Române precum şi cooptarea sa în corpul de referenţi ai revistei
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“THIN SOLID FILMS”. In activitatea desfăşurată, profesorul Fătu a manifestat un deosebit
simţ al colaborării şi o exigenţă deosebită însoţite de o modestie şi discreţie cu totul
excepţionale.
Prin încetarea din viaţă a profesorului D. Fătu, Facultatea de Chimie din Universitatea
Bucureşti pierde un mare profesor, comunitatea ştiinţifică un reputat specialist iar
subsemnatul pe cel care a fost primul meu doctorand şi în acelaşi timp un prieten şi
colaborator de care mă leagă decenii de activitate comună.

Eugen Segal

STABILISATION OF BITUMEN EMULSIONS
M. Georgescu½, Georgeta Popescu, G. Grâsâc and O. Nita

Introduction
Bitumen emulsions represent a technologic variant often used at the rehabilitation and
construction of the roads, being a cold application process.
The bitumen from oil refinement has a complex chemical composition, its complexity
being determined by the “composite” character of this one. Three fundamental types of
colloidal structure were defined, depending on the structure of components and their
content and type of structure: “gel” type of structure, “sol” type of structure and “sol-gel”
type of structure. Most of road bitumen belongs to the last type, and the differences in their
behaviour come from sol-gel transition and the aromatic character of the dispersed medium.
It was accepted that the bitumen is a colloidal system made of four groups of components
as it follows in Fig. 1 [1].
–

asphaltene resins that are present as disperse colloids disposed as micelles (asphaltenes
surrounded by the resins);

–

saturated and aromatic oils represent the dispersion medium.

The determination of bitumen composition is based on the difference in the four types of
components solubility in polar and non-polar solvents and it can be made by combining the
extraction with gravimetry or by flame ionisation chromatography detector
(IATROSCAN).
Asphaltenes can be found in colloidal bitumen as aggregates, fact proved by X-rays
diffraction, the molecules having a great tendency for self-association. Asphaltenes nuclei
are quasispheric, forming several layers. Inside the cavities inorganic salts or metals (Fe,
Ni, V etc) can be found.
Asphaltenes are not soluble in oils but the presence of the resins having a chemical
structure and molecular weight is intermediary between that of the oils and that of the
asphaltenes contributing to the maintaining of the asphaltenes in the phase formed from oils
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and resins, called the “maltenic” phase. A colloidal dispersion can be realised from
asphaltenes in maltenic phase by asphaltenes peptisation in oils and resins.

Fig.1: Colloidal system made of four groups of components.

The stability of colloidal system increases as the content of aromatic hydrocarbons
increases (about 50%). The parafines help the precipitation of asphaltenes that destroy the
colloidal system. A good bitumen has a maximum content of about 10% asphaltenes.
Because Romanian bitumens have the aromatic hydrocarbons content between 24-36%, and
that of asphaltenes is increased (16-18%), the introduction of some adhesives is necessary
and this leads to a change of the colloidal balance of the bitumen.
This change doesn’t have a negative influence on the stability of colloidal system and
doesn't lead to a fast separation of the phases, or to a temperature at which all the
components are in liquid state.
An important role in the preparation of bitumen emulsions has the emulsifier that besides
the stability can ensure the improvement of the emulsion and the bonding capacity of the
inorganic aggregates, by the modification of surface tension. The distribution of the
emulsifier between the two phases (aqueous and bitumen) acts on the breaking speed of
emulsion. This distribution of the emulsifier is extremely important, being correlated to the
time of the emulsifier, to the concentration of surface tension and to the micelle critical
concentration (CMC) [4].
Is very important to know and anticipate the evolution of these characteristics during a
period of time because an emulsion has to keep its stability in time and carry out the role of
ligand inside the asphalt mixture.
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Experimental Methods and Materials
A bitumen from Crisana (Suplacu de Barcau) was used having the following composition:
–

asphaltenes

16÷17%

–

saturated hydrocarbons

42÷44%

–

cyclic hydrocarbons

32÷36%

–

resins

12÷13%

–

colloidal stability index (IC)

1.0÷1.4

The following emulsifiers were tested:
–

anionic type sodium dodecyl sulphate, CH3-(CH2)11OSO3Na (SDS) (from Merck)
M=288.3 with CMC=8.2÷9.0×10–3 mol/L;

–

cationic type, cetyl trymethylammonium CH3(CH2)15NBr(CH3)3 (CTAB) M=364.5
with CMC=4.0×103 mol/L;

–

cationic polyelectrolyte, PONILIT CS2, polymer produced by Macromolecular
Chemistry Institute “P.Poni” Jassy, obtained by the polymerisation-polycondensation
of dimethylamine with 1,3 diaminepropane and epyclorhydrine.

The concentration of the solution: 346%, M=80.000.
Surface tensions were determined with a tension - meter by drop volume method.
Critical micelle concentration (CMC) was determined from the variation of surface tension
with the concentration of the emulsifier. The solutions were prepared with distilled water, at
working concentration of about 1%.

Results and Discussions
It is known that the polyelectrolytes have a lower hydrophobicity in general and an
adsorption capacity and lower surface activity compared to classic emulsifiers.
The surface tension curves vs. the concentration of polyelectrolyte solutions (curve 1) and
for the two types of emulsifiers: anionic SDS (curve 2) and CTAB (curve 3) are presented
in Fig. 2.
The values of critical micelle concentration experimentally determined are according to the
data reported in the literature. It can be noticed that the surface tension of water at
25°C=70 dyne/cm, of anionic emulsifier for a 1% solution, the concentration in the bitumen
emulsion is 37 dyne/cm and for the cationic emulsifier is 34 dyne/cm. This proves that the
capacity of surface-active compound of two emulsifiers for the reduction of the surface
tension during the process for forming the emulsion.
The addition of small and variable amounts of surface active compounds with opposite
ionic charge (SDS) in PE solution up to constant working concentration (Fig. 3) produces a
synergetic effect on surface tension decrease. This can be explained by the formation of
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some aggregates with strong surface activity and the formation of a surfactantpolyelectrolyte complex (SPECOM).

Fig. 2: The variation of surface tension with the concentration for:
cationic polyelectrolyte PONILIT CS2-curve 1, anionic emulsifier SDS-curve 2 and cationic CTAB-curve 3.

Fig. 3: The variation of surface tension with concentration
for PE-SDS (1:1) complex, compared to PE and SDS.

In case of the addition of surfactant with the same ionic charge (CTAB), surface tension of
the mixture with PE doesn't decrease that much (Fig. 4).
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Fig. 4: The variation of surface tension with concentration for complex, PE-CTAB compared to PE and CTAB.

The two situations can be represented schematic as it follows (Fig. 5)

(a)

(b)

Fig. 5: a) cationic surfactant and cationic polyelectrolyte (having the same ionic charge) does not form a complex;
b) anionic surfactant and cationic polyelectrolyte (having opposite ionic charge) forms a complex.

At the formation of bitumen emulsion, in the case of ionic opposite charge of PE and
surfactant, the synergetic effect manifests by forming a complex SPECOM adsorption layer
at the interface with bitumen drops and mutual rejection of these layers inside the emulsion.
Stronger stabilisation effect can be explained by greater surface activity of the complex
SPECOM in which the alkyl-hydrophobic chain of surfactant molecules acts as an "anchor"
that stops the complex desorption and its removal with a liquid medium [2,3].
The steric stabilisation of microscopic liquid film (bitumen emulsion) with SPECOM
complex, compared to polyelectrolyte is schematically presented in Fig. 6.
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(a)

(b)

(c)

Fig. 6: Schematic representation of steric stability of SPECOM complex, compared to PE.
a) polyelectrolyte; b) lower critic micelle concentration (CMC); c) greater critic micelle concentration

Polymer adsorption capacity at bitumen surface and the creation of some "adhesion
centres", respectively, were tested. The addition of 1% of SPECOM complex to Crisana
bitumen leads to an increase of adhesion values [5]:
Table 1
Sample

Adhesion

Crisana Bitumen

74

Crisana Bitumen + 1% SPECOM

84

Conclusions
The influence of anionic type (sodium dodecyl sulphate) and cationic type (trymethyl cetylammonium bromide) emulsifiers on the stability of bitumen emulsion shows a weaker
influence of the cationic one compared to the anionic one.
The use of a mixture of emulsifier and polyelectrolyte in the ratio 1:1, at the working
concentration of about 1%, a remarkable surface tension decrease in the case of emulsifier
with an electric opposite charge (CTAB) can be seen, underlining the synergetic effect of
SPECOM complex formed between PE and surfactant. This complex is strongly adsorbed
at the surface of bitumen particle: the alkylhydrophobic chain of surfactant acts as an
"anchor" that stops the complex desorption and its removal from liquid medium.
This polyelectrolyte also increases bitumen adhesion.
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A NEW SIGHT ON HYDROPHOBIC BEHAVIOUR
OF OXYETHYLENE GROUPS LOCATED BETWEEN ALKYL
CHAIN AND IONIC GROUP IN CATIONIC SURFACTANTS
I. Mândru, Mihaela Olteanu½, Otilia Cinteză and Manuela Dudău
abstract: The behaviour of amphiphilic molecules having oxyethylene groups EO located
between alkylchain and ionic group of the type CmH2m+1-(OCH2CH2)n-N+C5H5 Cl– in
micellization, reduction of surface tension and adsorption at solid/liquid interface have been
investigated. Insertion of oxyethylene groups leads to the increase of hydrophobicity of these
molecules in all process studied. For this reason, a certain hydrophobic value HV for
oxyethylene groups was attributed. The hydrophobic values for the processes of micellization
and adsorption at liquid/air interface are similar but higher than for adsorption at solid/liquid
interface where hemimicelle are formed.

Introduction
The amphiphilic molecules characterized by existence of two parts, one nonpolar as a rule a
hydrocarbon tail of at least eight methylenic groups and a hydrophilic one (ionic or
nonionic) have a specific behaviour determined by the tendency of the two parts to
accommodate with the most favourable medium. In order to decrease the unfavourable
interactions with the environment, the surfactants tend to accumulate to liquid/gas or
liquid/liquid as well as liquid/solid interfaces and to form association micelles in aqueous
medium. In these processes, the tendencies of hydrocarbon parts to reduce the contact with
aqueous environment is known as hydrophobic bonding characterized by a certain free
energy of transfer. Even so, the nature of interactions involved is the same, the free energy
of transfer in adsorption and micellization is different because the final state of amphiphilic
molecules is different.
In the present study, the behaviour of particular class of cationic surfactants, namely
alkyloxyethylene pyridinium chloride:
CmH2m+1-(OCH2CH2)n-N+C5H5 Cl–

(1)

where m=12 and 16 and n=0, 1 and 2, is investigated by micellization, determination of
efficiency in reduction of surface tension of aqueous solution in comparison with the
capacity to adsorb at solid/liquid interfaces characterized by hemimicelle formation.
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The capacity of these compounds to form micelles in aqueous solution has been
investigated [1]. The insertion of oxyethylene groups EO between hydrophobic part and
ionic groups as a spacer leads to the increase of solubility that should have as effect an
increase of CMC of compound. These facts do not happen, the CMC of compounds
containing oxyethylene groups is lower than of parent compounds. Due to this behaviour, a
certain hydrophobic value HV for oxyethylene groups can be attributed. The HV value can
be looked as a contribution of oxyethylene groups to extension of alkylic chain of
amphiphilic molecules in micellization, surface tension reduction and adsorption at
solid/liquid interface.
The same behaviour has been found for the adsorption of these compounds at solid/water
interface [2], phenomenon accompanied by hemimicelle formation [3]. The addition of
oxyethylene groups in amphiphilic molecules leads to the increase of hydrophilic character
of whole molecules due to capacity of ether groups to form hydrogen bonds. This general
behaviour is not confirmed when oxyethylene groups is a spacer between alkyl chain and
ionic groups.

Materials and Methods
The cationic surfactants studied were unitary compounds as length of hydrophobic parts as
well as oxyethylene groups obtained by Williamson Synthesis [4, 5].
The CMC were determined from surface tension measurements using du Nouy ring
method.
The adsorption determinations at silica-alumina/water interface were conducted by
reduction of surfactant concentration in contact with the solid for 48 hours, using
interferometric measurements.

Results and Discussions
The surface tension measurements are presented in Figs. 1 and 2. Adsorption of cationic
surfactants on silica-alumina from water is presented in Figs. 3 and 4.
From surface tension measurements, the CMC of these compounds were determined as the
concentration of surfactants where surface tensions remain unchanged (Table 1). The
values of CMC obtained from surface tension measurements are in good agreement with
those obtained from adsorption on silica –alumina (Figs. 3 and 4).
The critical hemimicelle concentration (CHC) obtained from adsorption measurements at
silica-alumina interface are much lower than CMC of corresponding compounds (Table 1)
showing that adsorption is more favourable energetically than micellization.
The adsorption at liquid/gas interface is governed by Gibbs equation:

Γ2 = −

c
RT

⎛ dγ ⎞
1
⎜
⎟ =−
d
c
RT
⎝ 2 ⎠T

⎛ dγ ⎞
⎜
⎟
⎝ d ln c2 ⎠

where γ is the surface tension and Γ2 the surface excess expressed in moles/m2.

(2)
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Fig. 2: Dependence of surface tension on lg c for C16EOnPy Cl

Using Gibbs equation (2), one can obtain the minimum surface occupied by a molecule of
surfactant in adsorption layer A in the vicinity of CMC from:
A=

1
N A Γ2, max

(3)

where Γ2,max is the surface excess near CMC and NA, Avogadro’s number. The surface
occupied by molecules is given in Table 1. One can point out the constancy for C12 series
and an increase of surface for C16 series in the presence of EO as spacer.
The efficiency of amphiphilic molecules to reduce surface tension is expressed generally by
Traube rule [6]. A new way of expressing the efficiency in lowering the surface tension that
can accomodate other structural effects than number of methylenic groups contained in
Traube rule was proposed by Rosen [7] as the concentration of surfactants that produces a
reduction of surface tension with 20mN/m:
− lg(C )20 = pC 20

(4)
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The values of pC 20 of cationic surfactants studied are given in Table 1. At this value of
surface tension about 80% of adsorption layer is occupied.
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Fig. 3: Adsorption isotherms of C12EOnPy Cl on silica-alumina at pH 7 and 250C:
(•) n=0, (o) n=1, (∆) n=2. The data for very diluted range are presented in small box.
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Fig. 4: Adsorption isotherms of C16EOnPy Cl on silica-alumina at pH 7 and 250C:
(•) n=0, (o) n=1, (∆) n=2. The data for very diluted range are presented in small box
Table 1. Adsorption characteristics of cationic surfactants at liquid/water and liquid/solid interfaces.
Compound

Abreviation

CMC×103
mole/L

CHC×104
mole/L

A at CMC,
Å2

pC20

C12H25NC5H5Cl

C12PyCl

14.80

17.00

48

2.10

C12H25(OCH2CH2)1NC5H5Cl

C12EO1PyCl

5.80

11.30

52

2.57

C12H25(OCH2CH2)2NC5H5Cl

C12EO2PyCl

4.00

8.00

45

2.76

C16H33NC5H5Cl

C16PyCl

0.90

1.00

45

3.38

C16H33(OCH2CH2)1NC5H5Cl

C16EO1PyCl

0.28

0.32

63

3.90

C16H33(OCH2CH2)2NC5H5Cl

C16EO2PyCl

0.18

0.20

92

4.25

The oxyethylene groups located between alkyl chain and ionic groups have different effects
on micellization and adsorption as can be seen from Table 2.
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Table 2. Hydrophobic values of oxyethylene groups located between hydrophobic
and hydrophilic parts of cationic surfactants.
Parent Compound

Hydrophobic values
from CMC

from L/S adsorption

from L/G adsorption

C12PyCl
-First EO group
-Second EO group

1.50
0.35

0.80
0.40

1.47
0.50

C16PyCl
-First EO group
-Second EO group

1.75
0.75

1.40
1.00

1.63
1.09

The effect of oxyethylene groups or hydrophobic values is higher at micellization
comparative to formation of hemimicelles (Table 2) very likely due to different degree of
packing at the interface.
For the case of adsorption at water/air interface, expressed as pC20 vs. m, the following
relation applies:
pC 20 = −1.74 + 0.32(m + HV )

(5)

The hydrophobic value of oxyethylene groups in this case is comparable with the process of
micellization but higher than for adsorption at liquid/solid interface.
It is well known that behaviour of amphiphilic compounds is dominated by the nature of
hydrophobic group. The alteration of hydrophobic part by introduction of ethylenic
unsaturation, ether, ester or amide linkage, or hydroxyl located away from the head groups,
will result in a significant lowering of both micellization capacity as well as efficiency in
reduction of surface tension comparative to materials without these polar groups [8]. These
effects are usually attributed to changes in orientation of the adsorbed molecules, the effect
being less dramatic if the polar group is located near ionic part.
In the case of oxyethylenic groups located between alkyl chain and ionic group as a spacer,
the effect is an increase of surface activity expressed by pC20. That’s why one can speak of
a “lengthening” of alkyl chains or of a hydrophobic value of oxyethylenic groups, the
specific values depending on the process involved.

Conclusions
The introduction of oxyethylene groups in the nonionic surfactants are known as having a
hydrophilic effect. The data presented in this study demonstrate an opposite effect when the
oxyethylene groups are located between alkylic chain and ionic groups in alkyl pyridinium
chloride compounds. The increase of hydrophobic character of these molecules has been
proved by the decrease of CMC, CHC and pC20.
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REMOVAL OF URANYL IONS UO22+
FROM DILUTE SOLUTIONS BY ELM TECHNIQUE.
I. TRANSPORT MECHANISM OF URANYL IONS
WITH AMMONIUM QUATERNARY SALTS AS CARRIER
Cristina Măruţă½, I. Mândru, Daniela Raţă, Mihaela Sandu,
Georgeta Popescu and Ana Mariana Urmenyi
abstract: The separation of uranyl ions from dilute solutions can be realized by a facilitated
transport using ammonium quaternary salts as carrier (Aliquat 336), dissolved in an organic
membrane. This process was realized by ELM technique. By this method, aqueous solutions
containing uranyl ion in the range 4÷10 mg/L were extracted and concentration reduced to under
0.4 mg/L so that these solutions can be delivered to surface waters. The inverted emulsions used
in extractions were obtained by stirring equal volumes of organic phase (kerosene) and aqueous
stripping solution containing NaHCO3 1 M, and Span 80 as emulsifier. The extraction yields are
determined by the pH of source phase, a maximum around pH = 5 being observed. The
extraction yields are also determined by the emulsion / source phase ratio.

Introduction
Liquid membranes containing mobile complexing agents have been widely studied in the
form of inverted emulsions known as emulsion liquid membranes (ELM). The method has
been proposed for the first time by Li [1]. The present work presents the posibility of using
ELM method to separate the uranyl ions UO22+ from dilute solutions and waste waters.
The extraction mechanism implies the use of an ammonium salt, Aliquat 336 (trioctyl
methyl ammonium chloride) as carrier, dissolved in the liquid membrane formed of
kerosene. The inverted emulsion is obtained by stirring the organic phase (kerosene)
containing the carrier with the receiving phase, a solution of NaHCO3 1M in the presence
of emulsifier (Span 80).
By dispersing the inverted emulsion W/O in the phase source, a liquid membrane is
realized between the two phases, source and receiving solution.
Extraction of uranyl ions UO22+ takes place if H2SO4 is added to the source phase when the
uranyl sulfate anion is formed (1):
UO22+ + 2 SO42- ↔ UO2 (SO4)22-

½

(1)

Research Center for Macromolecular Materials and Membranes, Spl. Independentei 202B,
RO – 79611, Bucharest

Analele Universităţii din Bucureşti – Chimie, Anul XII (serie nouă), vol. I-II, pag. 37–42
Copyright © Analele Universităţii din Bucureşti

38

CRISTINA MĂRUŢĂ et all

The uranyl-sulfate anion reacts at the interface with the carrier Aliquat 336 to form a
complex soluble in organic phase. This complex is transported to membrane / receiving
phase where a reaction with HCO3– take place to form an insoluble in organic phase
uranyl-carbonate complex UO2 (HCO3)22– [2÷4].
The entire separation mechanism is illustrated in the following scheme:
UO2(SO4)2 [CH3 N (C8H17)3]2

UO2 (SO4)22–

Na+ HCO3–

HCO3–

UO2 (SO4)22–
HCO3 [CH3N(C8H17)3]

In this way, the concentration of uranyl-ions in receiving phase is taking place against the
concentration gradient. In the some time, HCO3– is transported in countercurrent from
receiving phase to source phase.

Materials and Methods
The solution of uranyl ions were obtained by dissolving uranium octoxid (U3O8) in
concentrated nitric acid and dilution with distilled water to concentration between
4÷10 mg/L.
The organic membrane was composed of kerosene (Merck) having dissolved the carrier,
Aliquat 336 (Fluka) and the emulsifier (Span 80). Equals volumes of organic phase and
receiving solutions (NaHCO3 1 M) were stirred using a Cole & Parmer high-speed stirrer to
obtain the inverted emulsions.
The extraction of uranyl ions from dilute solutions was realized by dispersing the inverted
emulsion in the source phase (at 1:15 ratio) for times between 5÷30 min.
The yield of extractions was expressed as the ratio of uranyl ions extracted to initial
quantity in system.
The residual uranyl ions remained in the source solution were determined photometricaly
using the Arsenazo III as indicator [5].

Results and Discussions
The main factor that determines the yield of extraction of uranyl ions is the pH of the
source phase as illustrated in Fig. 1.
The curve yield versus pH are going through a maximum at around pH = 5. The higher
yield value is obtained at longer extraction times reaching a plateau. The extending
extraction time over a certain value is detrimental probably to the destruction of inverted
emulsions during stirring and reintroduction of receiving solution to source phase.
The extraction yields are also affected by the emulsion / source phase ratio (Fig. 2).
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Fig. 1: The influence of phase source’s pH on the extraction yield.
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Fig. 2: The influence of volumetric ratio emulsion/ source phase on the extraction yield.

For economical reasons, the emulsion / source phase should be as low as possible in order
to reduce the costs of operations and to increase the efficiency. From Fig. 2, one can point
out that an increased ratio brings some increases in the extraction yield but not very big.
Also, one can point out that an extended extraction time can become detrimental to the
extraction yield. A time of 15 min is optimal.
The extraction yield is also affected by the ratio of organic phase to receiving aqueous
phase in inverted emulsion as illustrated in Fig. 3.
The increase of organic phase to aqueous phase leads to a decrease in yields, the maximum
yield being obtained for 1:1 ratio.
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Fig. 3: The influence organic phase ratio/receiving phase on the extraction yield.

Besides the yield of extraction versus carrier and emulsifier nature as well as the
characteristics of emulsion formulation, the speed of transport from source phase to
receiving solution care be characterized by the flux of uranyl ion defined by:
γ net =

CRP
M ⋅ S ⋅t

⎡ mol cm 2 ⋅ s ⎤
⎣
⎦

(2)

where: CRP is the concentration of uranyl ions in the receiving phase after time t, S – area of
separation between two phases and M – molecular weight of transported species.
For dispersions of inverted emulsion in source phase the mean diameter of spherical
particles was d = 0.05 cm and the specific surfaces of 1 ml emulsion is given by:

S =

6
d

(3)

The CRP after time t in receiving solution is given by:
CRP = ( C0 − Ct )

VSP
VRP

[ mol L]

(4)

where: C0 and Ct are the concentration of uranyl ions in the source phase.
The net flux vs time is presented in Fig. 4.
The net flux is decreasing in time as result of diminished concentration in phase source but
the value is much higher, 100 times the fluxes obtained in the SLM technique for the same
system.
These data demonstrates the high efficiency of the ELM method due to higher contact area
realized by dispersion of inverted emulsion.
The higher fluxes in these methods open the possibility of extension for industrial processes
of separation.

41

5

-12

2

Flux of uranyl ions x 10 (mol/cm s)

TRANSPORT MECHANISM OF URANYL IONS I

4
3
2
1
0

0

10

20

30

40

50

60

Time (min)
Fig. 4: The influence of the time on the uranyl ions’s flux.

Conclusion
It was demonstrated the possibility of applying the ELM technique using ammonium
quaternary salts as carrier to remove the uranyl ions from dilute solution (waste waters)
with high extractions yields (85÷90%) the remaining uranyl ions concentration in the
source phase are located under the value admitted for surface water delivery.
The optimal formulation for inverted emulsion was established to obtain the maximum
extraction yield and speed of transfer (fluxes).
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REMOVAL OF URANYL IONS UO22+
FROM DILUTE SOLUTIONS BY ELM TECHNIQUE.
II. TRANSPORT MECHANISM OF URANYL IONS WITH
FATTY PRIMARY AMINES AS CARRIERS AND EMULSIFIER
Cristina Măruţă½, I. Mândru, Daniela Raţă, Mihaela Sandu,
Georgeta Popescu and Ana Mariana Urmenyi
abstract: The separations of uranyl ions (UO22+) from dilute aqueous solution can be achieved
by ELM technique using primary fatty amines C14 – C18 as carrier and emulsifier in the same
time. Uranyl ions are transported across a membrane formed of kerosene to the receiving
solution composed of NaHCO3 1M. By these techniques, residual concentrations under 0.4 mg/L
are obtained.

Introduction
The use of liquid membrane in the separations processes has become of interest in the last
time for recovery of valuable materials or as means of depoluting wastewaters.
As a rule, in this technique, the liquid membrane consisting is an insoluble organic liquid
containing both the emulsifier and carrier are used in order to obtain an inverted w/o
emulsion.
This paper demonstrates the possibility to use a single compound, fatty primary amine, both
as emulsifier and carrier for uranyl ions from dilute aqueous solutions to receiving
solutions.
Like in the case previously presented (1), extraction of uranyl ions UO22+ is based on
formation in the phase source of uranil-sulfate anion:
UO22+ + 2 SO42– ↔ UO2 (SO4)22–
(1)
The mechanism of separation is illustrated in the following scheme:
UO2 (SO4)22-

UO2(SO4)2[RNH]2

+2H+

HCO3–
Na+
HCO3[RNH]2

2–

UO2 (SO4)2

½
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The separation process is based on protonation of primary amine at the phase source /
membrane interface to form UO2(SO4)2[RNH3]2 complex. This complex is soluble in
organic phase and transported to the receiving phase where interacts with HCO3- to form an
insoluble inorganic phase complex UO2(HCO3)42–.
This way, a transport against the concentration gradient takes place, uranyl ion being
accumulated in the receiving solution.
The solution of uranyl ions were obtained by dissolving uranium octoxid (U3O8) in
concentrated nitric acid and dilution with distilled water to concentration between
4÷10 mg/L.

Materials and Methods
The organic membrane was composed of kerosene (Merck) having dissolved the carrier,
primary fatty amines (Akzo Nobel). Extraction of uranyl ions from dilute aqueous solution
is achieved using for the first time a single compound as emulsifier and carrier in the same
time. Equal volumes of organic phase and receiving solutions (NaHCO3 1 M) were stirred
using a Cole & Parmer high-speed stirrer to obtain the inverted emulsions.
The extraction of uranyl ions from dilute solutions was realized by dispersing the inverted
emulsion in the source phase (at 1:15 ratio) for times between 5÷15 min.
The yield of extractions was expressed as the ratio of uranyl ions extracted to initial
quantity in system.
The residual uranyl ions remained in the source solution were determined photometricaly
using the Arsenazo III as indicator [1].

Results and Discussions
As in the case of using the ammonium quaternary compounds [2], the extraction yield is
strongly dependent on pH of the source phase (Fig. 1).
As a particularity, in this case, the yield of extraction reaches a maximum under pH 5, with
a sensible decrease above this value.
Extending the contact time between source phase and inverted emulsion a maximum in
extraction yield is reached after 5 min and than the yield drops very likely due to emulsion
breaking (Fig. 2).
The extraction yield is affected by the emulsion / source phase ratio (Fig. 3).
The transfer process is very fast. The high values of the yield are obtained for 5 min. of
contact time. Extending the contact time is detrimental for extraction. The emulsion /
source phase ratio does not change sensible the extraction yield in contrast with the case
when an ammonium salt is used as carrier [3,4].
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Fig. 1: The influence of phase source’s pH on the extraction yield.

The extraction yield (%)

100
95
90
85
80

1.5 %
1%
2%
3%

75
70
4

6

8

10

12

14

16

Contact time [min]
Fig. 2: The influence of the contact time on the yield extraction.

Besides the yield of extraction versus carrier and emulsifier nature as well as the
characteristics of emulsion formulation, the speed of transport from source phase to
receiving solution care be characterized by the flux of uranyl ion defined by:
γ net =

CRP
M ⋅ S ⋅t

⎡ mol cm 2 ⋅ s ⎤
⎣
⎦

(2)

where: CRP is the concentration of uranyl ions in the receiving phase after time t, S – area of
separation between two phases and M – molecular weight of transported species.
For dispersions of inverted emulsion in source phase the mean diameter of spherical
particles was d = 0.05 cm and the specific surfaces of 1 ml emulsion is given by:
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S =

6
d

(3)

The CRP after time t in receiving solution is given by:
CRP = ( C0 − Ct )

VSP
VRP

[ mol L]

(4)

where: C0 and Ct are the concentration of uranyl ions in the source phase.
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Fig. 3: The influence of volumetric ratio emulsion/ source phase on the extraction yield.

The net flux vs. time is presented in Fig. 4.
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Fig. 4: The influence of the time on the uranyl ions’s flux.
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Conclusion
The removal of uranyl ions from waste waters by ELM technique has been realized by
using for the first time a primary fatty amines with double role: as carrier and emulsifier.
The best results were obtained with these fatty amines (the extraction yield is about 95%).
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ULTRAFILTRATION OF DYES IN THE PRESENCE OF
SURFACTANTS
Georgeta Popescu ½, B. Albu½, Demetra Nuta½, Daniela Rata½, E. Aldea ½½,
G. Dinescu½½ and M. Olteanu½½½
abstract: The wastewater from the dye synthesis facilities contains high concentrations of
organic solutes and multivalent ions. This contribution evidences the influence of ionic
surfactants on colloidal ultrafiltration of dyes. The surfactant-dye mixed aqueous solutions
obtained by varying the dye and surfactant concentration respectively was characterized by
UV-VIS spectroscopy. The interaction between these components and the ultrafiltration
membrane determines the flow and retention values.

1. Introduction
The asymmetric membranes have determined a tremendous development of the separation
processes involving membranes such as microfiltration, ultrafiltration and reverse osmosis.
In the 50'th period, the scientists have introduced the surfactants in the composition of the
polymeric solution from which the membrane is formed, in view to maintain the
characteristics of the membrane (for example, porosity, flux) both in wet and in dry state [1].
Recently the decisive role of the nature and concentration of the surfactant present in the
casting solution to the morphology and membrane performances was emphasized [2].
The surfactants are also implied in the membrane processes, influencing flow through
polymeric porous media [3,4], cleaning of membranes during the process and after use [5]
or modifying the microstructure of the disperse system for separation [6,7].
In this work the influence of some surfactants upon the flow and retention of some pure
water soluble dyes were studied.

½

½½

½½½
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2. Materials
Membranes: polysulfone membrane (PS) prepared by phase inversion method, immersionprecipitation technique from a casting solution 16% polysulfone in dimethylformamide,
coagulated in water solution and a composite membrane (PSP) prepared by plasma
polymerization conditioning of the PS membrane (monomer – styrene, working gas – air,
pressure 100 Pa, conditioning time 8 min, exposure 100 W.min.) Mercury porosimetry:
Carlo-Erba Computerized Microstructure Complex from Carlo-Erba (Italy). Liquid
porometry: Coulter Porometer II from Coulter Electronics Limited (England)
Ultrafiltration device: CELFA MEMBRANE SYSTEME P 28
Surfactants: dimethylbenzyl hexadecyl ammonium chloride (DBHAC) from Loba
Feinchemie
Dyes: Yellow III (food dye, color index 15985) and Orange III (methyl orange) from Merck
All the reagents used were of analytical grade and the aqueous solutions were prepared with
microfiltered water. The determination of dyes was performed by UV-VIS
spectrophotometer (GBC 918), respectively.

3. Results
3.1. Membrane characterization
A complementary characterization of the PS membrane is presented below; the plots of
pore size distribution given by mercury porosimetry, liquid porometry being represented in
Figs. 1 and 2 respectively.
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Fig. 1: Pore size distribution carried out by mercury
porosimetry
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Fig. 2: Pore size distribution carried out by liquid
porosimetry

The characteristics evidenced: pore size of the PS polymeric membrane having a Gaussian
pore size distribution with maxims among 0.05÷0.1 µm.
The mean pore radii measured by a gas permeability method were 73 nm for PS and 21 nm
for PSP membranes respectively, in accordance with the previous measurements.
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The plot of the distilled water flux vs. pressure for the membranes PS and PSP is presented
in Fig. 3. It is observed a linear plot flux – pressure, the hydraulic permeability for the PSP
membrane being of 2.65x10–3 cm.s–1.bar–1.
12
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8
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PSP

6
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2
0
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1
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3

4

5

P [bar]
Fig. 3: Plot of the distilled water flux vs. pressure for the membranes PS (c) and PSP (d).

3.2. Dye characterization
In the absence of the surfactant, the Yellow III (Y) dye exhibits in the plot of the
normalized flux vs. the solution concentration an extreme point at a concentration of
0.14 g/dL, both for PS and PSP membranes, which can be explained by an aggregation
phenomenon. The Y dye shows also a maximum retention for small concentrations
(0.01 g/dL). At greater concentrations, the retention on the PS membrane is zero,
respectively 40% for the PSP membrane. The maximum point can be assigned to an
adsorption phenomenon on the membrane, but the PSP membrane exhibits a real retention
due to its hydrophilic surface (Fig. 4).
Adding in the Y dye solution a constant amount of DBHAC ([DBHAC]=0.05 g/dL) the
normalized flux for the PSP membrane is diminishing its value in the aggregation zone
followed by a strong decrease of it due to the adsorption phenomena of the complex in the
porous structure. The introduction of DBHAC results an increase of the retention, due to
the inclusion of the Y dye in the micelle, phenomenon also associated with a displacement
of maximum adsorption in the visible (Fig. 5).
In the case of Orange III (MO) dye the observed phenomena are similar. Adding a constant
amount of DBHAC ([DBHAC]=0.02 g/dL) in the MO solution micellar aggregates are
formed, the PS membrane is fouled and hence the normalized flux is decreasing. The PSP
membrane, which possesses smaller pore sizes as compared with PS membrane, retains the
micellar associates only on the surface, as compared with the PS membrane where the
adsorption occurs in the porous walls. This fact can explain the more pronounced
discontinuity for the PSP membrane for an MO concentration of 0.025 g/dL (Fig. 6). The
micellar association phenomenon leads to the displacement of the maximum adsorption
wavelength from 470 nm, characteristic for MO solution to 362 nm specific to the micellar

52

GEORGETA POPESCU et all

1

80

0.9

60

0.8

40

0.7

20

0.6
0.005

R [%]

J/J0

solution. The retention of MO increase with dye concentration (Fig. 6), attaining a 100%
value for PSP membrane, the permeate UV spectra being specific to the surfactant, being
possible to measure the surfactant concentration in permeate (Fig. 7).
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Fig. 3: Dependence of the normalized flux (J/J0 — ) and retention ( R ····· )
of Yellow III (Y) vs. concentration for {- PS z-PSP
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Fig. 4: Dependence of the normalized flux (J/J0 — ) and retention ( R ··· )

of Yellow III (Y) / DBHAC ([DBHAC] = 0.05 g/dL) vs. concentration ({- PS z-PSP ).
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Fig. 5: Dependence of the normalized flux (J/J0 — ) and retention ( R ··· )

of MO / DBHAC ([DBHAC] = 0.02 g/dL) vs. concentration ({- PS z-PSP ).
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Fig. 6: Plot of the DBHAC retention vs. MO concentration ([DBHAC]=0,02 g/dL) (c- PSF, d - PSP).

4. Conclusion
The presence of the surfactant in the dye solution leads to the formation of some complexes
in the initial solutions. These complexes may be swelled with an organic compound, or may
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be caused by the electrostatic interactions, favouring the increase of the retention both for
the dye and the surfactant.
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DISPOSABLE ALCOHOL BIOSENSOR BASED ON ALCOHOL
DEHYDROGENASE AND SCREEN-PRINTED ELECTRODES
Camelia Bala½, L. Rotariu and V. Magearu
abstract: A disposable biosensor for alcohol based on alcohol dehydrogenase and screenprinting electrodes is described. The mediator of the electron transfer is Meldola Blue included
in the graphite ink. The applied potential is + 50 mV vs. Ag/AgCl. The biosensor was tested with
very good results for ethanol determination in beverages.

Introduction
The control of food quality and freshness is of growing interest for both consumer and food
industry. In the food industry, the quality of a product is checked using conventionally
techniques as, chromatography, spectrophotometry and others. 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 [1].
An alternative to facilitate the analysis in routine of industrial products is the biosensors
development. Biosensors are analytical devices composed of a biological recognition
element (such as enzyme, antibody, receptor or microorganisms) coupled to a chemical or
physical transducer (electrochemical, mass, optical and thermal). These devices represent a
promising tool for food analysis. Some advantages as 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 in platforms of raw material reception, quality control laboratories or some
stage during the food processing [2].
The determination of alcoholic compounds, particularly of ethanol, is relevant to the food
industry, especially in alcoholic beverages such as beer, wines and spirits. In the case of
ethanol a number of enzyme-based electrochemical devices have been developed. For this
purpose there are two enzymes: alcohol oxidase and alcohol dehydrogenase. The alcohol
dehydrogenase is a NADH depending enzyme and the biosensors for ethanol based on this
enzyme require the co-immobilization of both enzyme and co-enzyme. In addition this coenzyme requires an overpotential of abut 1 V for oxidation and at this potential a number of
other substances present in food samples, are also oxidized and can interfere in the
½
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measurement. Different chemical mediators could be used successfully to decrease the
overpotential as well as to prevent the electrode pasivation.
Among the mediators taken into consideration when designing biosensors, Meldola Blue
counts as a well studied, extensively used compound, being most famous for facilitating
NADH oxidation. This mediator allows to achieve high sensitivity for the amperometric
determination of NADH and to detect as low as 2×10–6 mol.L–1 [3], 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. The formal potential
of Meldola Blue, assimilated with the arithmetic mean of cathodic and anodic peak
potential, ranges from –0.051 to –0.175 V vs. SCE, depending on the sensor material and
the method used for mediator entrapment [4÷7].
In recent years the number of reports concerning biosensors based on screen-printed
electrodes was continuously increasing and Meldola Blue was often a preferred modifier
when designing NADH detectors [8÷11].
In this paper we have chosen as electron transfer mediator, Meldola Blue (MB), a
phenoxazine dye, having a fast rate of electron transfer with NADH. This approach allows
not only to shift the equilibrium of the enzymatic reaction to the product side but also to
reduce the overpotential for the oxidation of NADH.
This work presents the modification of a screen-printed carbon electrode by including
Meldola’s Blue in the graphite [12].
The sensor was characterised and further developed to produce a low cost biosensor for
ethanol based on the association of screen-printing technology and chronoamperometry.
As the construction of reusable biosensors by immobilising the low-weight cofactor was
shown to be a very difficult task [13], the problems related to NAD were overcome in this
work by the simple design of the sensors: disposable biosensors for ethanol were obtained
by direct deposition of small amounts of alcohol dehydrogenase and NAD on the planar
surface of a mediator-incorporating carbon electrode.
The final goal was to apply the biosensor for the detection of ethanol in beverages, the
operating conditions being optimised.

Experimental
The enzyme ADH (EC 1.1.1.1.) from baker’s yeast 264 U/mg solid and β-nicotinamide
adenine dinucleotide, in its oxidized form of NAD+ and reduced form NADH were
purchased from Sigma Chemical Co. MB was from Aldrich. All the solutions were
prepared in phosphate buffer pH 7. In amperometry and cronoamperometry 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. The screen printing electrodes with MB 2% were kindly provided by Prof. Jean-Louis
Marty from University of Perpignan. They are prepared according to the procedure
described elsewhere [12]. The disposable biosensors for ethanol were prepared by simply
depositing on the working area of Melodola Blue-modified electrodes 2.5 µL of a mixture
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containing 8 IU ADH and 1.3×10–3mol/L NAD+ (optimum amounts). The biosensors were
left to dry overnight at 4oC. All the measurements were performed at 25oC.
All the experiments were carried out with a BAS 100B/W Electrochemical Workstation
(BioAnalytical System Inc., West Lafayette, USA). Data display and recording were
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.

Results and Discussion
The electrochemical behaviour of Meldola Blue incorporated in the graphite ink of the
screen-printed electrodes was studied. The modified electrodes were used in cyclic
voltammetry experiments in which the potential was scanned between –0.4 V and +0,4 V vs
Ag/AgCl at 0.1 V/s in 0.1 mol/L phosphate buffer pH 7. These studies revealed the
catalytic properties of MB towards NADH oxidation. As we can observe in Fig. 1 in the
presence of 5×10–3 mol/L NADH the magnitude of the oxidation peak for MB increase,
whereas that of the reduction peak decreases. This is a typical feature of catalytic processes
which follow an E-C mechanism:
E >E0

MBH ⎯⎯⎯→ MB+ + H+ + 2e–

(1)

NADH + MB+ ⎯
⎯→ NAD+ + MBH

(2)

ADH

Alcohol + NAD+ ⎯⎯⎯
→ Acetaldehyde + NADH + H+

(3)

Fig. 1. Voltammograms recorded in 0.1 mol/L phosphate buffer pH 7 with MB-incorporating screen-printing
electrodes in the absence (
) and the presence (----) of 5x10–3 mol/L NADH.

Therefore the changes in anodic current produced by these biosensors are proportional to
alcohol concentration changes in the sample. The sensitive detection of the NADH were
performed in this manner at +50 mV vs Ag/AgCl, in the potential range were the
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electrochemical interferences are reduced to a minimum. In order to optimize the mediator
content in the screen-printed ink we have tested a series of electrodes containing 2÷6%
Meldola Blue (w/w graphite). Taking into account the sensitivity of the sensors towards
NADH detection, the noise level and the value of residual current, we found an optimum of
2% MB (w/w graphite). The analytical performances of 2% MB modified screen printed
electrodes towards NADH are presented in Table 1.
Table 1. Analytical performance of 2% MB modified screen printed electrodes.
Limit of
detection
(mol/L x 10-6)

Linear range
(mmol/L)

Equation

0.01

0.02 – 0.2

I (nA) = 75 + 2786 CNADH

The procedure used for the biosensor preparation, with the enzyme deposited on the surface
of the electrode, produces single-use biosensors, ideal for the analysis of small amount of
liquid (30÷50µL) by chronoamperometry. Taking into account the difficulty of
immobilizing the enzymatic cofactor NAD+, this configuration was found must appropriate
for fabrication of disposable biosensors based n the NAD – dependent dehydrogenase.
The response of ethanol biosensor was recorded by chronoamperometry at 30, 60, and 120s
after applying the potential +50mV vs Ag/AgCl, for different concentration of substrate in
the range 0.1÷20 mmol/L ethanol. We choose as optimum time for determination, 60s, and
we did not observe significant differences compare with the biosensor response for 120s
(Fig. 2). The coefficient of variation was 8.9% for n = 5 electrodes, which is acceptable for
screen-printed electrodes and considering that the deposition of biocatalytic layer was
performed manually.
600
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Fig. 2. Response curves foe ethanol biosensors, recorded by chronoamperometry:
30s, 60s, 120s after applying the potential.

The performances of the disposable biosensors were tested by applying it to the
determination of the ethanol concentration of different beverages: whisky, gin and white
wine. In order to fit the analyse concentration within the linear range of the calibration
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curve, the sample required an appropriate dilution with phosphate buffer, 1:20000 for the
wine and 1:50000 for the others beverages. The results obtained with the disposable
biosensor were compared with Official Method of the European Community consisting of a
distillation (Table 2). As can be seen, the results show excellent agreement with the results
obtained by the Official Methods and with the label of the beverage.
Table 2. Ethanol determination in beverages.
Beverage
Whisky

Biosensor
determination
(%) n = 5

Official Methods
(%) n = 5

Label indicated
alcohol content
(%)

38 ± 0.5

39.5 ± 0.2

40

Gin

37.3 ± 0.4

38.9 ± 0.2

40

Wine

11.7 ± 0.3

10.8 ± 0.1

11

Conclusions
The paper describes disposable biosensors for ethanol determination based on aldehyde
dehydrogenase and screen-printing electrodes. The main advantages of this biosensor are
the sample preparation and the short time of analysis compare with Official Methods. The
application developed by our group highlight the flexibility which results from coupling
screen-printing technology with the use of graphite inks for the construction of biosensors.
Work is in progress to improve the stability and reproducibility of the sensors.
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POLAROGRAPHIC BEHAVIOR OF PALLADIUM ION IN
PARTIAL AQUEOUS MEDIUMS
V. Dumitrescu½, Nina Dumitrescu and Dana Anghel
abstract: There was studied the polarographic behavior of palladium ion in presence of the
reagent nitrosobenzene and the following solvents: hexamethylphosphortriamide (HMPA),
dimethylphormamide (DMFA), dimethylsulfoxide (DMSO). The method can be used for
quantitative determinations of palladium into the domain 5·10-5M-2·10-4M. Polarograms were
well defined and reproducible.
keywords: polarographic, determination, palladium.

Introduction
Polarographic determination of many species can be achieved using aqueous or nonaqueous mediums. A large variety of inorganic and organic substances that are not soluble
in water requires a proper solvent or a mixture of solvents so that the polarographic waves
should be well defined for a quantitative determination. In this study is presented a method
of polarographic determination of palladium in presence of nitrosobenzene reagent and
HMPA, DMFA, DMSO solvents.
HMPA is a colorless liquid miscible which water in any ratio and with other polar and nonpolar organic solvents. HMPA has been used in polarographic determination of Pd2+
complex with p-nitrosodimethylaniline [1].
In the mid ‘60 there was established that one of the most important solvents in
polarographic studies is DMFA [2]. In the presence of DMFA the polarographic reduction
of Sn (II) was studied with very good results [3].
DMSO is a very good solvent in polarographic determinations of many cations in aqueous
or partially aqueous solutions.
In the specialty literature a series of electrometric determination of Pd2+ is mentioned
[4÷13].
In this paper the solvents influence on polarographic waves and the optimal (experimental)
conditions for quantitative determinations of palladium were established.
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Experimental
Apparatus and reagents
Polarographic determinations were accomplished with the aid of a polarograph LP72 and a
recorder TZ213S. The electrochemical cell was composed of dropping mercury electrode as
cathode and a electrode with large surface of mercury as anode. The glass capillary had a
diameter of 0.07 mm and the dropping rate was 2 drops/second.
For the determinations the following (basic) solutions were used:
–

PdCl2 solution 10–3M in 1% HCl; PdCl2 solution was provided by Fluka;

–

(CH3)4NCl (tetramethylammonium chloride) 1M; (CH3)4NCl was used as support
electrolyte and was provided by Merck;

–

gelatine solution 0.1%, used as a suppresser for polarographic maxims;

–

nitrosobenzene solution 10–2M in 50% ethanol, provided by Merck;

–

HMPA solution 99% provided by Merck;

–

DMFA solution 99.8% provided by Merck;

–

DMSO solution 99.8% provided by Schuchardt.

All reagents used in our studies were of analytical purity. The solutions were obtained in
bidistilled water. Sample volume was 5 ml.

Results and Discussion
I. The polarographic study of palladium ion in presence of HMPA (without reagent) was
made using the following solutions: (CH3)4NCl 10–1M; gelatine 0.01%; HMPA 20%; Pd2+
5·10–5M÷10·10–5M. The polarograms obtained were well defined and reproducible. We
mention that these are the optimal conditions. The polarograms height increases with the
increase of the concentration of the PdCl2 solution. We made the logarithmic analysis of the
polarographic wave. From this we obtained E1/2 = –1.34 V. We also made the calibration
curve. We made polarographic determinations of Pd+2 in presence of HMPA and
nitrosobenzene reagent, using solutions with the same concentrations as we mentioned
above and nitrosobenzene 2·10–3M and Pd2+ 10·10-5M. In Fig. 1 the polarogram obtained is
shown.

This polarogram is also obtained in optimal conditions for polarographic determination of
palladium. It shows two reduction steps. We discussed and analyzed during this study only
the second polarographic wave, for which E1/2 = –1.468 V.
Comparing the polarograms we noticed that in presence of nitrosobenzene the semiwave
potential (E1/2) moves towards “more negative” values.
In these conditions (Pd2++HMPA+nitrosobenzene) the influences of various components of
the solution were studied.
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Fig. 1: Polarogram for a solution containing the complex
between Pd2+ and nitrosobenzene, in presence of HMPA.

a) Influence of suppresser

The presence of maxims on polarograms has a drawback of incorrect evaluation of
parameters of polarographic wave. Removing of these maxims could be fulfilled by adding
to the solution to be polarographically determined an active superficial substance in a low
concentration.
Gelatine in different concentrations was used as a suppresser for polarographic maxims
maintaining the concentrations of other substances constant.
The polarographic wave becomes less defined and its height decreases with the increase of
gelatine concentration. It was established that 0.5 ml gelatine/5 ml sample was enough for
obtaining well -defined and reproducible polarograms.
b) Influence of reagent concentration

Concentrations of (CH3)4NCl 10–1M; gelatine 0.01%; HMPA 20%; Pd2+ 10·10–5M were
kept at a constant value. It was observed that by adding nitrosobenzene with a higher
concentration than 2·10–3M the semiwave potential is constant. At smaller concentrations
the polarographic wave is less defined and E1/2 takes “more positive” values. At higher
reagent concentrations the height of the polarographic waves decreases (we consider only
the second polarographic wave).
In polarographic determinations the optimal reagent concentration must be at least 20 times
higher than that of Pd2+.
c) Influence of support electrolyte

As a support electrolyte in our polarographic determinations a solution of
tetramethylammonium chloride (CH3)4NCl 10–1M was used. At this concentration the
polarographic waves are well defined and reproducible. Support electrolyte is in excess
than the concentration of palladium.
d) Influence of the height of Hg column

This study was accomplished using the following solutions: Pd2+ 10·10–5M; (CH3)4NCl
10–1M; gelatine 0.01%; nitrosobenzene 2·10–3M; HMPA 20%, at different mercury column
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heights within 30÷60 mm. It was noticed that the height of the polarographic waves
increased with the increase of the mercury column height.

log h

In Fig. 2 we show the dependence between log h and log H1/2, where h is the limit current
intensity and H is the mercury column height (for the second polarographic wave).
1.76
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1.7
1.68
1.66
1.64
1.62
0.72

0.76
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0.84

0.88

0.92
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log (H )
Fig. 2: Dependence log h = f (log H1/2).

We reached the conclusion that the dependence log h = f (log H1/2) is linear which means
that the current intensity is a diffusion-controlled process.
In Fig. 3 is presented the logarithmic analysis of the second polarographic wave for a more
accurate determination of semiwave potential.

log [(id -i)/i]

From this representation we obtained E1/2=–1.468 V.
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Fig. 3: Diagram of logarithmic analysis of the second polarographic wave.

We also accomplished the quantitative determination of Pd2+ in presence of nitrosobenzene
and HMPA. We established the optimal conditions for polarographic determination of Pd2+:
(CH3)4NCl 10–1M; gelatine 0.01%; nitrosobenzene 2·10–3M; HMPA 20%. Palladium
concentration was taken within the domain 5·10–5M÷20·10–5M.
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In Fig. 4 the calibration curve for quantitative determination of palladium ion is given,
taking into account the second polarographic wave.

h (mm)

It was ascertained that Pd2+ could be determined within the domain 5·10–5M÷20·10–5M.
140
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.
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Fig. 4: Calibration curve for palladium polarographic determination,
in presence of nitrosobenzene and HMPA.

II. We also studied the polarographic behavior of Pd2+ in presence of DMFA and
nitrosobenzene. The optimal conditions for the polarographic determination: (CH3)4NCl
10-1M; gelatine 0.01%; nitrosobenzene 2·10-3M; DMFA 20%; Pd2+ 15·10-5M were
established. We obtained polarographic waves well defined and reproducible just as those
obtained in presence of HMPA.

log[(id -i)/i]

Using the logarithmic analysis we determined E1/2=–1.58V. Data regarding the dependence
log h = f (log H1/2) is given in Fig. 5.
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Fig. 5: Diagram of logarithmic analysis of the second polarographic wave
in presence of DMFA and nitrosobenzene.

We must mention that in presence of DMFA and nitrosobenzene the semiwave potential
(for the second wave) takes “more negative” values than in presence of HMPA and
nitrosobenzene.

66

V. DUMITRESCU  NINA DUMITRESCU  DANA ANGHEL

The influence of the height of the mercury column was also studied using solutions with the
concentrations mentioned above. The height of the mercury column varied between 30 and
60 mm. The conclusion was the same as in the case of HMPA: the height of the
polarographic waves increased with the increase of the mercury column height and the
variation is linear, which means that the current intensity is a diffusion - controlled process.
Using nitrosobenzene and DMFA the palladium ion can be polarographically determined
within the domain 10·10–5M÷20·10–5M. These determinations were made in the specified
conditions, only for the second polarographic wave.
III. The polarographic determination of palladium ion in presence of DMSO and
nitrosobenzene was made using the following solutions: (CH3)4NCl 10–1M; gelatine 0.01%;
nitrosobenzene 2·10–3M; DMSO 20%; Pd2+ concentration was taken within the domain
7·10–5M÷20·10–5M. The polarograms were well defined and reproducible. We considered
only the second polarographic wave. The study of the influence of the mercury column
height was accomplished with the same conclusion as in the precedent cases (HMPA and
DMFA): the polarographic waves increased with the increase of the mercury column height
and the dependence log h = f (log H1/2) is linear, which means that the current intensity is a
diffusion controlled process.

Making logarithmic analysis of the second polarographic wave we observed that
E1/2 = –1.305 V. This semiwave potential has a “more positive” value than those obtained in
presence of HMPA, respectively DMFA. The palladium ion can be determined by
polarography in presence of nitrosobenzene and DMSO within the domain
7·10–5M÷20·10–5M, in the optimal conditions previously determined.

Conclusions
In this paper the condition of polarographic determination of palladium ion in presence of
nitrosobenzene and different non-aqueous solvents (HMPA, DMFA and DMSO) were
established. These solvents influenced the diffusion current intensity and the value of the
semiwave potential (E1/2). These effects are due to the solvation modification of the ions
and to different diffusion coefficients. In Table 1 the solvents influence on semiwave
potential is presented.
Table 1. The solvents influence on semiwave potential in presence of nitrosobenzene
Pd2+ + reactiv + solvent

–E1/2(V)

Pd2+ + nitrosobenzene + HMPA

1,468

Pd2+ + nitrosobenzene + DMFA

1,58

Pd2+ + nitrosobenzene + DMSO

1,305

Polarograms were well defined and reproducible. The results lead us to the conclusion that
this method can be applied to the quantitative determination of palladium ion within the
concentration domain 5·10–5M÷20·10–5M in presence of nitrosobenzene and HMPA,
DMFA or DMSO. In presence of nitrosobenzene reagent the semiwave potential takes
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“more negative” values than in its absence. The whole study was made for the second
polarographic wave.
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MICROBIAL BIOSENSOR FOR ETHANOL DETERMINATION
IN ALCOHOLIC BEVERAGES
L. Rotariu ½, Camelia Bala and V. Magearu
abstract: A new microbial biosensor based on an immobilized yeast cells (Saccharomyces
ellipsoideus) and Clark type oxygen electrode is described. Analytical determination is based on
the respiratory activity of the microorganism in presence of the analyte. Response time of
approximately 2 min. for steady-state method and 30 s. for initial slope method was registered.
The calibration curve for ethanol was linear in the 3 to 50 mM range. This biosensor was used
for selective determination of ethanol in the presence of glucose using a second Teflon
membrane. The biosensor is practically specific to ethanol while the interference of glucose in
determination of ethanol for a biosensor with dialysis membrane is about 30%. Selective
biosensor was used to determine ethanol concentration in alcoholic beverages. A good
correlation of the results between biosensor and spectrometric method with alcohol
dehygrogenase was observed.

Introduction
Ethanol is very often used in the human nourishment although ethanol is not considered an
aliment. Inside the human body ethanol is completely oxidised or can be partially
eliminated trough skin, respiration or urine. Ethanol ingestion could affect nervous system,
circulatory system or digestive system. Exceeding consumption could cause coma or even
death. Alcoholmetrical determinations are from this point of view very important in clinical
analysis [1].
In industry, determination of ethanol presents interest in preparing alcoholic beverages, in
some biotechnological processes and in cosmetic industry. Ethanol could also represent a
quality indicative for food when ethanol is produced in a process of food degradation.
Enzymatic methods for ethanol determination use only two enzymes alcohol oxidase
(AOD) and alcohol dehydrogenase (ADH). Spectrometrical [2,3], chemiluminescence [4,5]
or electrometrical methods were developed for AOD. Due to the lower selectivity of AOD
this enzyme was used in realisation of HPLC detectors for alcohols [6,7].
ADH presents a better selectivity for ethanol and was used for enzymatic biosensor
development. Spectrometric methods were also described based on colorimetric [3],
fluorimetric [2] or chemiluminescence [4] NADH measurements.
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The main problems for ADH based biosensor is the high amount of coenzyme required,
low stability of enzyme and the relatively high applied potential for amperometric
determination [8÷11].
Mediators [12÷15] were also used for ethanol biosensors design with promising results.
Bacteria and yeasts are recognised as organisms, which metabolise very well all kind of
substrates. Amperometric and potentiometric microbial and hybrid biosensor for sugars
were previously reported [16,17] based on different types of oxygen electrode [18]. Based
on microorganisms like T. brassicae, S. cerevisiae, Acetobacter aceti or Acetobacter
xylinnium, different types of microbial biosensor for ethanol were developed using
amperometric [19,20], potentiometric [21] or conductometric [22] detectors.
This work presents an amperometric microbial biosensor for determination of ethanol.
Incubation with ethanol was used as a good method to improve the selectivity of a
microbial biosensor for ethanol. A high selectivity was achieved by using a second Teflon
membrane to cover the biocatalytical yeast layer.

Experimental
Materials
A yeast strain of Saccharomyces ellipsoideus, purchased from University of Galati
(Romania), was used as a biocatalyst of the microbial sensor; all other reagents were of
analytical grade. Standard solutions of ethanol were prepared in disodium phosphate - citric
acid buffer 0.5 M.

Preparation of microbial electrode and assay procedure
Yeast cells were previously incubated in a medium containing 1.0 g/l KH2PO4, 3.5 g/l
(NH4)2SO4, 0.3 g/l MgSO4, 0.1 g/l CaCl2 and 1% ethanol, as unique carbon source.
Incubation of the cells on a medium based on the substrate, that the biosensor will be
realised for, is a well-known method to improve the selectivity of the selected cells. The S.
ellipsoideus cells were maintained for 12 hours at 30 oC, under continuing oxygenation of
the cells suspension. After centrifugation, solid deposit were suspended in distilled water
and centrifuged again. The cell mass obtained was suspended in 0.9% NaCl solution and
successive dilutions were realised (absorbance between 0.04 and 0.4 at 660 nm). 0.5 ml of
each suspension was filtered through a dialysis membrane. After drying, each membrane
was kept at 4oC before utilisation.
The oxygen sensor MF-2100 consists in a platinum electrode, and an Ag/AgCl electrode, as
reference electrode, covered with an oxygen permeable membrane. Internal electrolyte is
based on a 0.1 M KCl.
Amperometric measurements were realised using an electrochemical workstation BAS
100B/W (Bioanalytical System, USA West Lafayette), at a applied potential of –650 mV,
data display and recording were supported by BAS electrochemical software version 3.2.
Spectrometric measurements were performed with JASCO UV-VIS 540.
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The immobilised microorganisms were placed on the oxygen membrane and covered with a
dialysis membrane and fixed with a rubber ring.
All the determinations were realised in a 10 ml measuring cell and all the solutions were
previously saturated with oxygen. Before every determination, the biosensor was kept in
oxygen saturated phosphate buffer solution. After the output signal of the microbial sensor
became stable, the sensor was removed in a buffered standard solution of ethanol (saturated
with oxygen).
The current decrease indicates that ethanol passes through the membrane and it is
assimilated by the immobilized yeast cells. Oxygen consumption due to respiratory activity
of the microorganism caused a decrease in dissolved oxygen concentration around the
membrane and consequently brought about the decrease in output signal. The decrease of
oxygen concentration was taken as the measure of ethanol concentration.
Decrease of the oxygen concentration around the oxygen electrode is measured and
correlated with ethanol concentration from the sample.
In principle, there are two possibilities of measuring biosensor response: a) endpoint
determination (steady-state method) and b) kinetic measurements (initial slope method).
For selective determination of ethanol in the presence of glucose was added a second
Teflon membrane, which is permeable only for ethanol.

Results and Discussion
Optimisation of the microorganisms concentration in the biocatalytical layer
The membranes with immobilised yeast were tested on a 10 mM ethanol solution.
Response curves were registred as a difference between steady state signal and base signal
in oxygen-saturated buffer is represented in Fig. 1.
150
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Fig. 1: Optimisation of yeast cell concentration (temperature 25oC, pH=7.00, ethanol 10 mM).
Each point represents the average of 3 determinations.
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Low immobilized cell concentrations do not modify the base line of the biosensor in the
presence of ethanol solution. Increasing the cell concentration on the surface of membrane
leads to a very low base signal for microbial biosensor and signal decrease rapidly to zero
in the presence of ethanol in the sample solution. In extremis, for very high concentration
of yeast cells, oxygen electrode could not detect dissolved oxygen around the biocatalytical
membrane. Membranes realised by deposing 0.5 ml of a cell suspension with absorbance of
0.1 showed the maximum response. These membranes have been used for further
experiments.

Response curve of microbial biosensor
When the microbial sensor was immersed in the oxygen saturated buffer solution the output
current of the sensor became stable within 5 min. After the steady current was obtained, the
sensor was transferred to solutions containing different concentrations of ethanol in the
range of 5÷20 mM. The output current began to decrease and the minimum current was
observed within 2 min. Kinetic measurements could be done in the first 30 s. when the
response curve is linear.

Effect of temperature
The respiration activity of the yeast cells depends on the presence of a carbon source and on
the temperature. Fig. 2 shows the effect of temperature upon the response of microbial
sensor. Temperature of 25oC was chosen as the working temperature. A lower base line for
oxygen electrode, worst reproducibility and limited response range for sucrose was
observed for higher temperatures.

∆I, nA

150

100
20
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35

40

45

0

temperature, C

Fig. 2. Effect of temperature on biosensor response (pH=7.00, ethanol 1 mM).
Each point represents the average of 3 determinations.

Effect of pH
The effect of pH on the response of microbial biosensor was investigated in the pH range of
4÷8. The response to standard solution of 10 mM ethanol was recorded and no significant
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differences were registered in this range. All further measurements were realised at the
pH=7.00.

Calibration curve
Fig. 3 shows the calibration curves for ethanol using steady-state method under conditions
of pH=7 and 25oC. Each point represents the average for 5 determinations. A linear
relationship between the oxygen concentration decrease and concentration of ethanol was
observed, up to 50 mM.
Parameters for linear regression (y=ax+b) are:
a = 43.6 ± 4.6
b = 9.00 ± 0.17

with the correlation coefficient of 0.9988 and standard deviation SD=8,22. The detection
limit was 1.5 mM.
600
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Fig. 3. Biosensor calibration curve (steady state, temperature 25 oC, pH=7.00).

An extension of the calibration range can be obtained using kinetic measurements. In this
way a linear response was observed up to 80 mM ethanol.

Interferences
Selectivity of the microbial biosensor was study on some common organic compounds
present in alcoholic beverages: methanol, propanol, iso-propanol, acetic acid and glucose.
All measurements were performed with yeast cell immobilised on dialysis membrane (DM)
at 25oC, pH=7.00 for concentrations of 10 mM for each compound.
Results presented in Fig. 4 show that only glucose interferes in the determination of
ethanol. All the other organic volatile compounds do not interfere. Usually, interference of
glucose is eliminated for almost all kind of biosensors by adding a second anti-interference
enzymatic layer with GOD. In this case the substrate is a volatile compound and a gas
permeable membrane could be used as anti-interference layer.
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Fig. 4. Selectivity of the microbial biosensor for ethanol. (10 mM, 250C, pH=7).

Using a Teflon membrane (TM) the microbial biosensor responds selectively to ethanol in
the presence of all the other compounds tested (Fig. 4.). Use of this membrane affect the
response time of the biosensor, which increases to approximately 5÷6 min. Independency
from the external factors as pH, contamination, represent positive effects of separation of
the biocatalytical layer from the sample solution.
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Fig. 5. Biosensor stability (temperature 25 oC, pH=7.00, ethanol 10 mM).
Each point represents the average of 3 determinations.
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Stability
Biosensor stability was tested on a 10 mM sucrose solution, pH=7.00, 25oC, for 10 days
with 5 determination per day (Fig. 5). In between the sensors was kept in buffer solution at
4oC. After 5 days, the signal decreases to 80% from initial value in the first day and reach
50% after 9 days.

Ethanol determination in alcoholic beverages
Microbial biosensor was used to determine ethanol concentration in alcoholic beverages.
Different dilutions between 40 and 500 times were performed. Results were compared with
the enzymatic spectrometric method (Table 1).
The correlation coefficient of experimental data of 0.9983 shows a good correlation
between biosensor and spectrometric method. The variation coefficient was no more than
5% for biosensor and 2.5% for spectrometric method, for determination realised in the same
day.
Table 1. Comparative results of ethanol determination from alcoholic beverages.
Biosensor

Spectrometric method
conc.
conc.
(M) a
% vol

Sample

conc.
(M) a

conc.
% vol

beer 1

0.87

4.00

0.88

4.05

beer 2

1.95

8.90

2.01

9.25

black bere

2.17

10.00

2.08

9.57

vodka

6.95

31.90

7.06

32.50

cognac

8.69

40.00

8.81

40.50

palinca 1

10.86

50.00

10.60

48.70

palinca 2

13.00

59.80

13.24

60.90

a

5 determinations were realised for each sample

Conclusions
A microbial biosensor for ethanol based on yeast cell of S. ellipsoideus was realised and
characterised. Optimum working conditions were pH=7 and temperature of 25oC. A fast
response of about 2 min. was registered for yeast immobilised on dialysis membrane and
about 7 min. for selective biosensor with yeast immobilised on Teflon membrane.
The interference of glucose in ethanol determination is significant even after yeast
incubation with ethanol before biosensor preparation. Use of the Teflon membrane allows
to prepare a highly selective biosensor for ethanol.
Linear response was recorded in the range of 3÷50 mM ethanol. Improve of the sensitivity
is object of further studies.
Comparable sensitivity and good correlation with enzymatic spectrometric method were
observed.
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THE RESPONSE OF POLYPYRROLE COATED SOME METALLIC
AND GLASSY CARBON ELECTRODES TO HYDRONIUM ION
ACTIVITY IN AQUEOUS SOLUTIONS
I.G. Tănase½, Monica Nidelea and Mihaela Buleandra
abstract: Polypyrrole (PPy) coated Pt, Au and glassy carbon (GC) electrodes as indicator
electrodes for hydronium ions (H3O+) - pH electrodes - in aqueous solutions have been studied.
Their potential response towards pH of aqueous solutions is quite similar with that of the pH
glass electrode. These electrodes are in solid state and, in principle, do not involve redox
reactions. Their potential is determined by the surface charge density due to the protonation and
deprotonation of the PPy film surface covering the solid electrode surface. It seems that they
behave as a capacitor. The deprotonated form of PPy has been used for pH 1.81 to 7.00, while
the protonated form has been used for pH 7.00 to 11.92. PPy coated metallic (Au, Pt) and GC
electrodes are recommended for direct and indirect pH determinations, as well as for
electrochemical titration of neutralization.

Introduction
Conducting organic polymers represent a class of materials with electronic type
conductivity. Fundamental electrochemical aspects of conducting organic polymers
(including their electronic conductivity) have been detailed in many articles and reviews of
the specialized literature [1÷6]. The most important polymers of this class are:
polyacetylene (PAc), polypirrole (PPy), polyaniline (PAni), polythiophene (PT),
poly-p-phenilene (PPP), polytriphenilene (PTP), polyazulene (PAz), polyfluorene (PFI),
polynaphtalene (PNap), polyanthracene (PAnt), polyfuran (PFu), polycarbazole (PCz) and
their derivates [2÷5].
The first successful attempt for the synthesization of these polymers was reported by Furt
and co-workers [5,6] in the 1950s. However, the first electronically conducting polymeric
systems with conjugated double bonds were synthesized by Dall’Olio and co-workers [7] in
the late 1960s. Moreover, only in the late 1970s Heeger and co-workers [8] and Diaz and
co-workers [9] discovered that these materials would undergo chemical and
electrochemical redox transition to yield polymers with relatively high intrinsic electronic
conductivities.
Conducting organic polymers are a class of materials which are now competing with the
classical surfaces such as metals and carbon in different electrochemical applications
½
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[10÷14]. For example, they can enhance the stability of photoelectrodes used in converting
solar energy to electrical or chemical energy [4,15,16] or chemical energy to electrical
energy and its stockpiling [4].
Some important aspects making modified electrodes look attractive as electrochemical tools
are: the possibility of preconcentrating the analyte near or at the electrode surface, the high
selective nature of the modified surface and their remarkable sensitivity. The
implementation of the above properties along with some specific catalytic activity will
result in minimizing high background currents by the suppression of competing redox
reactions. Fouling of the electrode surface has long been a serious problem in
electrochemical determinations of many organic compounds. Polymer coating of the
surface of the electrode substrate helped to alleviate this problem [5,17]. On the other hand,
metal and carbon electrodes with extremely small dimensions, (micro and
ultamicroelectrodes) have been used for voltammetric measurements and were developed
for biological, medical research and bioanalytical research, especially [18÷21].
Fleischmann and co-workers revealed in their work [22] that a decrease of the surface area
of the electrode not only affects quantitative changes, but also results in unusual qualitative
effects. One major advantage of microelectrodes is that the expansion of the inherently
small diffusion layer on the scale time of the experiment is grater than the characteristic
dimensions of the electrode. In the case of the frequently employed disk electrode such a
characteristic is its radius. Relatively large diffusion layer develop a few seconds after the
current starts passing through electrodes with dimensions smaller than 20 µm. The hemispherical diffusion (versus a planar one for conventional electrodes) leads to higher flux of
the electroactive species. The mass transport coefficient m, which is a measure of the rate of
transport of electroactive species in the diffusion layer, is given by the equation:
m=D r ,

(1)

where D is the diffusion coefficient and r is the electrode radius. As a result, the diffusion
rate is exceptionally large as the electrode dimension decreases. Moreover, the current
density at small size electrodes is relatively large (compare to conventional electrodes) and
results in considerable increase in the ratio of the faradic to the capacitive currents. Thus,
the property of enhanced fast mass transport was anticipated for the development of in vivo
fast microvoltammetric sensors by minimizing the electrocatalytic reaction between
ascorbic acid and dopamine [23]. With the help of a fast potentiostat and the use of
ultramicroelectrodes it was possible to obtain fast kinetic information about the redox
behaviour of conducting polymer films [24] and their electropolymerization mechanism
[25]. It was also found that ultramicroelectrodes coated with polyaniline could be switched
between its redox states more rapidly than has previously reported [26].
In this work, we have electrochemically deposited PPy on Pt, Au, GC stationary disc
electrodes. PPy chemically modified electrodes have been tested in order to be used as
potentiometric sensors for determination of the hydronium ion activity, i.e. of pH aqueous
solutions. Electrochemical characteristics of the obtained modified electrodes have been
determined and compared with those of the glass electrode for hydronium ions.
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Experimental
All chemical used were of very high purity or reagent grade and used without further
purification. Pyrrole (Fluka AG. Purum) was vacuum distilled and kept in refrigerator.
Water used for preparations of solutions and glassware washing was tridistilled. All
solutions used in electrochemical measurements were deoxigenated by bubbling purified Ar
stream through these solutions placed in the electrochemical cell.
Buffer solutions of pH 1.81 to 11.92 were prepared based on the composition of
Britton-Robinson solutions.
All materials used for the preparation of the electrodes were of 99.999% purity.
Chemically modified electrodes by electrochemical covering with PPy were prepared on
stationary disc Pt, Au, GC electrodes (Φ=2 mm), after they were primary polished using
H2O/alumine and washed with tridistilled water, by their immersion in an aqueous solution
containing 5 ml PPy and 95 ml 0.1N HCl.
Using cycle voltammetry [16,28÷32], the potential applied to the electrode was scanned
between the following limits: -0.200V and +1.400V for 5 to 10 cycles with a scan rate of
50 mV s–1.
Electrochemical synthesis of PPy was carried out with a three electrodes electrochemical
cell where the working electrode was the electrode to be covered by PPy, the reference
electrode was SCE and the auxiliary electrode was a platinum electrode and using an M110
Radiometer recorder polarographic assembly potentiostat. For plotting voltammetric curves
an LY 14010 II x – y recorder was used.
Potentiometric measurements were carried out using a two electrodes cell where the
working electrode was PPy coated electrode and the reference electrode was SCE and a
Cole Parmer pH-meter/mV-meter.
In order to compare the response of PPy modified electrodes towards the pH of aqueous
solution, a Cole Parmer combined glass electrode has been used.

Results of discussions
Electrochemical synthesis of PPy, an electronic conductor in its oxidized form, is quickly
carried out through oxidation and concomitant polymerization of PPy [32]. This process
can also be readily performed by chemical oxidizing agents such as Fe(III) salts [33]. A
freestanding polymer film is obtained by electrochemical way. In an oxidizing environment
pyrrole typically polymerizes by linkage at its α-position, along with loss of a proton at
each of these positions (Fig. 1).
The product thus prepared exists as a positively charged polymer chain that is doped with
negative ions. The oxidation level is variable and the half-reaction for formation of a
polymeric unit has to be written as shown in equation (2):
n PyH2 + A– → (Py)n+A– + 2n H+ + (2n + 1) e–

(2)
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where PyH2 is pyrrole and A– is dopant ion. The value of n depends on the precise
conditions of the synthesis reaction and the resultant polymeric chain comprises an
indefinite number of (Py)n+A- units.

N
H

...

N
H

H

H

N

N

N

...

H

Fig. 1: Polypyrrole (a) monomer and (b) polymer chain

The number of PPy entities with positive charge (n) can be determined from the
electrochemical data and the mass of polymer produced. The value of n thus determined
usually fall between 2 and 3.
The brittle nature of ionic materials can be reduced to some degree, by the use of a long
chain surfactant such as sodium dodecylbenzenesulfonate as the dopant anion in this
polymer.
A PPy film can be conveniently prepared in one compartment cell using an anode and a
cathode made from stainless steel. Neither the purity of the reactant nor the quality of the
electronic device is critical to the success of the electrosynthesis.
In the context of the experiments discussed in this work, the PPy film was prepared in a
three electrodes voltammetric cell where the working electrode on which surface the film
was deposited was a stationary one with a disk form (Φ = 2 cm) and made from platinum,
gold and glassy carbon, respectively. Each of these three electrodes was soaked in an
aqueous solution of pyrrole and the potential was swept between –0.200 V and +1.400 V
vs. SCE for 5 to 10 cycles with a scan rate of 50 cm s–1, using cyclic voltammetry.
For example, Fig. 2 shows cyclic voltammograms resulted during PPy covering Au
electrode. Similar voltammograms were also obtained for Pt and GC. The voltammetric
curve characteristic to the first anodic sweep of the potential is responsible for the current
variation at a solid electrode in the presence of pyrrole, while further successive
voltammetric curves represent cyclic voltammograms of conducting PPy film because it is
formed on the solid electrode and its thick is growing with successively applied potential
cycling.
First voltammogram shows an anodic peak with Epa = + 0.85V vs. SCE that corresponds to
the pyrrole oxidation while further voltammograms exhibit a broad anodic peak with
Epa>1.1 V corresponding to the PPy oxidation and a cathodic peak corresponding to the
PPy film reduction.
Due to its insolubility and intractability, the structure of PPy is not well characterized. The
electrochemically prepared material is generally anisotropic, with layers of polymer chains
parallel to the electrode surface interspersed with layers of the electrical charge balancing
anions [32]. It seems that the nature of the anion may have a strong influence on the
structure and the degree of anisotropy of the polymer.
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Although, it has been widely studied, the mechanism of electrochemical formation of PPy
has not been completely established. It has generally been accepted that the reaction is
initiated by oxidation of a pyrrole molecule to form a radicalic cation. Two such species
may then dimerize with the subsequent loss of two protons [34]. Dimeric or polymeric
pyrrole oxidizes at a lower potential than pyrrole (Fig. 2), so propagation of the polymer
may occur by the analogous addition of pyrrole radical cations to polymeric radical cations.
However, other evidence suggests that these pyrrole radical cations are not involved after
initiation [35] and propagation may occur by electrophilic attack of polymer radical cations
on neutral monomers. There are no evidence the mechanism of chain termination but a
nucleophlic attack by water to convert a PPy chain unit into a lactam ring has been
proposed [36].
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1

2
3
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4
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Fig. 2: Cyclic voltammograms resulted during PPy covering Au electrode
in aqueous solution of HCl 1N (95 mL) + Pyrol (5 mL) (6 cycles).

The extent of oxidation of PPy film can be easily reflected in the value of n in equation (2)
and can be altered by subjecting the film to a reducing potential. Reduction of the film
requires a corresponding expulsion of dopant anions or an incorporation of cations,
showing that both processes are taking place when the film is reduced [37,38]. In its
reduced form PPy is a nonconductor, its conductivity increasing to a limit value with
increasing of the oxidation level. However, overoxidation may cause degradation of the
polymer.
Its unique proprieties have determined some new applications of the PPy, despite the lack
of a full understanding of its structure and electronic conduction mechanisms. The polymer
has been used in the manufacture of printed circuit boards, electrolytic capacitors,
rechargeable batteries, conductive coatings for textiles [39] and chemically modified
electrodes [3÷5,11,20,21] and its commercial utilization is destined to expand in the future
when new knowledge of the factors that affect its mechanical and electrical proprieties is
discovered.
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A number of attempts for utilization of PPy electrochemically modified Pt, Au, GC solid
electrodes as potentiometric sensors for direct and indirect determination of hydronium ion
activity in aqueous solutions and for performing acid-base potentiometric titrations is
presented in this work.
Two types of experiments have been conducted:
A. Pt, Au, GC stationary electrodes were covered by PPy through electrodepositation;
then, each electrode thus prepared was used for verification of its response to
variation of hydronium ion activity in Britton-Robinson buffer solutions
(pH=1,81÷11,92), without any preliminary treatment than washing with tridistilled
water for 1 min. before soaking in each buffer solutions.
B. PPy coated Pt, Au, GC electrodes have been soaked in 2 mol L–1 NH4OH for
3 min., rinsed with tridistilled water and used to record the potentiometric cell
voltage as a function of the pH of the solutions placed in the cell, from pH 1.81 to
pH 7.00. Before measuring the voltage over the basic range (pH 7.00 to pH 11.92),
these electrodes were soaked in a 2 mol L–1 HCl solution, for 3 min. and then
rinsed with tridistilled water before each measurement of voltage was performed.
The Fig. 3 shows the responses of PPy coated Pt, Au, GC electrodes towards pH variation
and the response of a hydronium ion indicator glass electrode, over a pH range between
1.81 and 11.92, for the purpose of comparison, when no other treatment has been applied to
these electrodes after electrodepositation than washing with tridistilled water before each
voltage measurement (the treatment A). In this conditions responses of PPy coated Pt, Au
electrodes towards variation of hydronium ion activity are nearly linear with slopes of
62 mV/pH and 58.5 mV/pH, respectively, over the entire investigated range of pH. A slope
of 54 mV/pH was obtained with Au electrode over a narrow range of pH (from 1.81 to
8.30).
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Fig. 3: The potential variation of PPy coated Pt, Au,
GC electrodes towards pH variation, without any
pretreatment, comparative with response of a
hydronium ion indicator glass electrode.
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Fig. 4: The potential variation of PPy coated Pt, Au,
GC electrodes towards pH variation, with pretreatment
(experiment B), comparative with response of a
hydronium ion indicator glass electrode.
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Fig. 4 compares the responses of PPy coated Pt, Au and GC electrodes to the pH variation
with that of a glass electrode (slope of 59.1 mV/pH) over a pH range from 1.81 to 11.92,
when PPy coated electrodes were given treatment of soaking in a 2 mol L–1 NH4OH for
acid range and 2 mol L–1 HCl for basic range (the treatment B).
The treatment B was given to PPy coated Au, Pt, GC electrodes in order to make sure that
the surface of the electrodes was in the same form before each measurement of voltage i.e.
the same protonation or deprotonation form of PPy.
In this conditions, the response function of the PPy coated electrodes E = f(pH) is linear
over the entire investigated pH range (1.81÷11.92) for all three type of materials with
slopes of 61 mV/pH for Pt, 58.5 mV/pH for GC and 54 mV/pH for Au.
One reason for obtaining different values of slopes may be the different degree of
protonation and deprotonation of PPy according to the equilibrium:
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and also the morphology of PPy which changes depending on the surface conditions of
solid surface. Thus, for obtaining reproducible and reliable results is recommended to apply
the treatment B and appropriate preparation of the solid electrode surface before
electrodepositation of PPy.

Conclusions
PPy chemically modified electrodes, hydronium ion indicators are nonglass electrodes with
polymeric structure prepared by electrochemical way. The obtained results highlight that, in
very well defined conditions, they follow the same relationship of potential and hydronium
ion activity as glass electrode. The structure of electrode surface and the degree of
protonation and deprotonation through the surface actives sites results in different slopes of
response function.
For analytical purposes it is recommend to use PPy coated Pt and GC electrodes due to the
fact that they ensure the formation of a solid PPy film, mechanical sturdiness, usability at
high pressure and usability at the microscale.
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DETERMINATION OF m-AMINOBENZOIC ACID
BY POTENTIOMETRIC TITRATION
Luminiţa Vlădescu ½, Dana Ciutaru and Irinel Adriana Badea
abstract: Cerium (IV) sulfate solution in sulfuric acid was used for the determination of the
m-aminobenzoic acid in sulfuric acid solution by potentiometric titration. The optima working
conditions were set up for the quantitative determination of m-aminobenzoic acid. The method is
simple, rapid and reliable.

Introduction
The m-aminobenzoic acid is a white to pale yellow crystaline powder, slightly soluble in
cold water but freely soluble in boiling water. The aqueous solution turns brown on
standing in air. It is used as an intermediate for production of black disazo dyes for jet
printing inks and pigments as well as for perfumes and pharmaceutical products. Various
methods have been used for determination of m-aminobenzoic acid such as: spectrometric
[1] and chromatographic [2÷4] methods. There are few titrimetric methods used for direct
determination of them [5]. Based on the results already published [6,7] concerning the
determination of aminobenzoic acids by potentiometric titration using a Ce(IV) solution
this paper reports this a simple, rapid and reliable method for assay of m-aminobenzoic acid
by direct titration. The optima working conditions for the direct quantitative determination
of m-aminobenzoic acid by redox potentiometric titration with Ce (IV) solution have been
established.

Experimental
Reagents
All the reagents used were of analytical reagent grade. m-aminobenzoic acid was provided
by Sigma, 1·10–1 mol·L–1 cerium (IV) sulfate solution in sulfuric acid 1 mol·L–1 and the
concentrate sulfuric acid d = 1.84 g·cm–3 were provided by Merck. Solution 1·10–1 mol·L–1
of sulfuric acid has been obtained by dilution of the concentrate sulfuric acid with distilled
water.
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Apparatus
All the potentiometric measurements were made with a Consort P901 pH/mV-meter. A
platinum redox electrode was used as indicative electrode for titration. A saturated calomel
electrode was used as reference.

Procedure
The two electrodes were immersed into Berzelius beaker containing accurately measured
volumes of m-aminobenzoic acid (MABA) solutions diluted to the 20 mL with sulfuric acid
solution. The electromotive force of the system was recorded after each addition of the
titrant solution (cerium (IV) sulfate solution).

Results and Discussion
The variation of the electromotive force with the volume of the solution of Ce(IV) added
was used to draw the titration curve. From each curve the equivalence volume, the apparent
redox standard potential of the MABA oxidized form / MABA reduced form, the apparent
redox standard potential of the couple Ce4+ / Ce3+ and the number of electrons exchanged
during the redox reaction have been determined. The equivalence volume was determined
also by the first and the second derivative of the titration curve. In Fig. 1 a titration curve of
m-aminobenzoic acid with Ce(IV) solution is shown.
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Fig. 1: Titration curves of m-aminobenzoic acid with 10–1 mol·L–1 cerium (IV) sulfate solution.
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It was observed that the redox reaction occurs harder when the titrant concentration
decreases. For this reason only the titration of MABA with a solution 10–1 mol·L–1 of
cerium (IV) sulfate solution was performed. In this condition the number of electrons
exchanged during the redox reaction, n, is equal to 5, the apparent redox standard potential
of the m-aminobenzoic acid oxidized form/m-aminobenzoic acid reduced form, ε0ox/red is
883±32 mV and the apparent redox standard potential of the Ce4+/Ce3+, ε0Ce4+/Ce3+ is
1373±32 mV.

Analytical application
The proposed method was applied for the assay of MABA in solution containing known
amounts of MABA. The quantity of the MABA was determined also by a spectrometric
method1. The results obtained by the two methods proved that the proposed method could
be used for the quantitative determination of MABA.
Table3. Results of MABA assay on synthetic samples application of the method
Amount (mg)
Taken

Found by*:
Proposed method

Spectrometric method1

0.30

0.31±0.01

0.30±0.03

0.62

0.61±0.02

0.59±0.01

1.29

1.33±0.01

1.30±0.02

2.12

2.14±0.03

2.13±0.02

2.51

2.48±0.02

2.54±0.01

*each value represents the mean of five determinations ± standard deviation

Conclusions
The optima working conditions for the assay of m-aminobenzoic acid by potentiometric
titration with 10–1 mol·L–1 cerium (IV) sulfate solution in 1 mol·L–1 sulfuric acid have been
determined. From the titration plot the apparent redox standard potential of the
m-aminobenzoic
acid
oxidized
form/m-aminobenzoic
acid
reduced
form,
ε0ox/red = 883±32 mV; the number of electrons exchanged during the redox reaction, n = 5;
the apparent redox standard potential of the Ce4+ / Ce3+, ε0Ce4+/Ce3+ = 1373±32 mV have
been determined. The method shows good results when it was applied on synthetic
samples. The results obtained prove that the method proposed can be used for quantitative
determination of m-aminobenzoic acid when the optima working conditions are applied.
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COMBINAISONS COMPLEXES DU Tb(III) ET Eu(III) AVEC DES
HYDRAZONES DÉRIVÉES DE 2-HYDRAZINOBENZOTHIAZOLE.
SYNTHÈSE, CARACTÉRISATION ET PROPRIÉTÉS
LUMINESCENTES
Mirela Călinescu ½, Emilia Ion, D. Negoiu et Ana Emandi
abstract: On a préparé et caractérisé trois nouveaux complexes du Tb(III) et Eu(III), ayant les
formules: [Tb(HLa)3(H2O)2]Cl3, [Eu(HLb)3NO3].(NO3)2.2C2H5OH et [Tb(HLb)3NO3].(NO3)2.2H2O, où
HLa = p-diméthyleaminobenzaldéhyde benzothiazolil hydrazone et HLb = p-méthoxy benzaldéhyde
benzothiazolil hydrazone. Les données analytiques et spectrales montrent que les ligands agissent
comme donneurs neutres et bidentés. Tous les trois complexes présentent de l’émission luminescente
plus intense que celle des ligands pour la même concentration de la solution.

Introduction
Les dernières années on a observé un intérêt particulier pour les composés de coordination
possédant des propriétés luminescentes et plusieurs nouvelles applications on leur a trouvé
[1÷4].
Les recherches les plus nombreuses sont concentrées sur les composés des lanthanides, car
ceux-ci présentent des transitions électroniques conduisant à l’émission d’un spectre entier
de raies de fluorescence [5÷7]. Ainsi, les lanthanides entrent dans la composition de
nombreux matériaux lumineux excitables par les rayonnements des domaines ultra-violet,
visible, infrarouge ou par les rayons X et les électrons.
Pendant que la fluorescence de la plupart des composés organiques a été utilisée dans les
recherches médicales, la luminescence des ions métalliques reste encore peu exploitée pour
ce domaine. Cela s’explique par le fait que seulement quelques cations de la série des
lanthanides (Eu3+, Tb3+, Sm3+) présentent de luminescence en solution, à température
ordinaire. La formation des complexes avec des ligands forts conduit à l’intensification de
la luminescence et à la supprimation de l’effet désactivant des molécules d’eau [1].
La perspective la plus captivante dans le domaine de la synthèse des complexes
fluorescents est de les utiliser, surtout ceux du Tb(III) et Eu(III), comme alternative à la
radiographie, pour les usages médicaux [8,9].
En vue de l’importance théorique et des possibles applications pratiques, on a synthétisé et
caractérisé trois combinaisons complexes du Tb(III) et Eu(III) avec deux ligands de la
classe des hydrazones: p-diméthyleaminobenzaldéhyde benzothiazolil hydrazone (HLa) et
p-méthoxy benzaldéhyde benzothiazolil hydrazone(HLb) (Fig. 1).
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Fig. 1 : Formules des ligands.

Partie expérimentale
Tous les réactifs utilisés sont de pureté p.a.

Préparation des ligands
On a préparé
condensation
benzaldéhyde
à réflux (3h).
jaune-claire.

les ligands conformément à la méthode de Katz [10], par la réaction de
de la p-diméthyleaminobenzaldéhyde, respectivement p-méthoxy
avec 2-hydrazinobenzothiazole, en quantités équimoléculaires, en méthanol,
HLa: p.f. = 238 0C, composé jaune – orange; HLb: p.f. = 1980C, composé

2-Hydrazinobenzothiazole a été obtenu à partir de 2-mercaptobenzothiazole et hydrate
d’hydrazine, en éthanol, en réfluxant le mélange réactionnel pendant 10h [11]; p.f. = 1990C.

Préparation des combinaisons complexes
Le complexe [Tb(HLa)3(H2O)2]Cl3 (I) a été préparé par la méthode suivante: on a dissous
0,44 g (0,0015 moles) de ligand HLa en 35 ml d’éthanol, à réflux; à cette solution on a
ajouté 0,2265 g (0,0005 moles) de TbCl3.6H2O, dissous dans la quantité minimale
d’éthanol. Un précipité jaune cristallin se forme après une heure de réfluxation. Il a été
ensuite séparé par filtration à vide.
Le complexe [Tb(HLb)3NO3].(NO3)2.2H2O (II) a été préparé en réfluxant pendant 3 heures
un mélange formé par 0,42 g (0,0015 moles) de ligand HLb dissous en 35 ml d’éthanol et
0,2265 g (0,0005 moles) de Tb(NO3)3.9H2O dissous en quantité minimale d’éthanol. Le
précipité formé, gris-verdâtre, a été séparé par filtration à vide.
Pour la synthèse du complexe [Eu(HLb)3NO3].(NO3)2.2C2H5OH (III) on a préparé
préalablement le nitrate d’europium, en utilisant Eu2O3, par sa réaction avec de l’acide
nitrique. La synthèse du complexe a été réalisée comme suit: à une solution contenant 0,42g
(0,0015 moles) de ligand HLb en 35 ml d’éthanol, on a ajouté une solution éthanolique
contenant 0,223 g de Eu(NO3)3.6H2O. Le mélange réactionnel a été maintenu à réflux pour
3 h, en obtenant un précipité micro-cristallin, de couleur verte-claire, que l’on a séparé par
filtration à vide.
L’analyse élémentaire et les déterminations de conductibilité molaire (en éthanol) donne les
résultats suivants:
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[Tb(HLa)3(H2O)2]Cl3 (I): trouvé (%): C, 48,05; N, 13,86; Tb, 13,41. Calculé (%): C, 48,42;
N, 14,12; Tb, 13,36; λM = 195 Ω–1cm2mol–1.
[Tb(HLb)3NO3].(NO3)2.2H2O (II): trouvé: C, 43,62; N, 13,20; Tb, 12,72. Calculé: C, 43,90;
N, 13,65; Tb, 12,92%; λM = 134 Ω–1cm2mol–1.
[Eu(HLb)3NO3].(NO3)2.2C2H5OH (III): trouvé: C, 45,48; N,12,92; Eu, 11,60. Calculé: C,
45,97; N, 13,13; Eu, 11,88%; λM = 140 Ω–1cm2mol–1.
La détermination de C, H et N a été faite par combustion, avec un appareil Carlo Erba
1180; les métaux ont été déterminés par l’analyse chimique classique, comme oxydes [12].
Les spectres infrarouge (4000÷400 cm–1) ont été enrégistrés à l’aide d’un
spectrophotomètre Spekord IR M–80 Carl Zeiss Jena. Les déterminations
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 de luminescence ont été enrégistrés sur un
spectrophotomètre Perkin Elmer MPF, en solution éthanolique, à la temperature ordinaire;
largeur de la bande du monochromateur d’excitation: 5 mm; largeur de la bande du
monochromateur d’émission: 5 mm; sensibilité: moyenne.

Résultats et discussion
Le Tableau 1 donne les fréquences caractéristiques des spectres infrarouge des ligands et
des combinaisons complexes.
Tableau 1. Absorptions caractéristiques en IR pour le ligand et pour les complexes (νmax, cm–1)*
Vibration

HLa

I

HLb

II

III

νOH

–

3350 m

–

3381 m

3413 m

νNH

3200 m

3195 m

3188 m

3187 m

3185 m

νC=N

1619 m

1615 I

1611 i

1609 i

1613 i

δNH+νCN

1573 I

1570 I

1576 i

1576 i

1570 i

δNH+νCN

1353 I

1355 I

1377 i

1376 i

1377 i

ν(ONO)
(NO3)

–

–

–

1736 m
1760 m

1730 m
1758 m

νNN

942 m

950 m

940 m

942 m

942 m

ρw (H2O)

–

905 f

–

–

–

νLn-O

–

610 f

–

620 f

655 m

i = intense; m = moyenne; f = faible

Les spectres infrarouge des ligands HLa et HLb présentent une absorption intense, à
1619 cm–1 et 1611 cm–1, respectivement, attribuée à la vibration de valence du groupement
C=N [13÷15]. L’abaissement de la fréquence νC=N dans les spectres des complexes est
d’accord avec la coordination du ligand par les atomes d’azote azométhinique.
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Les bandes caractéristiques à la vibration de valence du groupement NH secondaire
(3200cm–1) et aux vibrations couplées δNH+νCN, apparaissant à 1573 cm–1, 1353 cm–1 (HLa)
et 1576 cm–1, 1377 cm–1 (HLb) ne disparaissent pas dans les spectres des complexes. Ces
obsevations indiquent que la possible tautomérisation suivie par la déprotonation des
ligands ne se produit pas par coordination et ils agissent ainsi neutres et bidentés [16,17].
Dans les spectres IR des combinaisons complexes on observe aussi l’apparition de
nouvelles bandes, à 3350÷3400 cm–1, dues à la vibration de valence de la liaison O-H de
l’eau (de coordination dans le complexe I et réticulaire dans le complexe II) et de l’alcool
éthylique (complexe III) [13,17].
Les spectres des complexes II et III présentent, dans le domaine 1730÷1760 cm–1, des
bandes caractéristiques à l’ion nitrate. L’existence de deux bandes dans cette région est en
accord avec la présence du nitrate comme ligand bidenté [18]. La présence du nitrate
ionique est prouvée par des déterminations de conductibilité molaire.
Les spectres de tous les complexes présentent, à 610÷655 cm–1, de nouvelles bandes par
rapport aux ligands, dues, probablement, aux vibrations métal-oxygène [19,20].
L’analyse thermique montre, pour le complexe [Tb(HLa)3(H2O)2]Cl3, un processus
endothermique, de maximum à 2250C, correspondant à la perte de l’eau de coordination
[21]. Le processus exothermique, avec le maximum à 2850C est dû à la perte des anions
chlorure [22]. La décomposition du ligand organique se produit entre 320 et 6500C, dans un
processus fortement exothermique. Dans le cas du complexe [Tb(HLb)3NO3].(NO3)2.2H2O,
la perte de masse commence à 950C, par un processus endothermique (l’eau réticuliare). Le
processus exothermique, observé entre 225 et 2750C, avec le maximum à 2450C,
correspond à la perte du nitrate, tandis que le processus fortement exothermique, se
produisant entre 275 et 6000C, correspond à la perte du ligand organique. Pour
[Eu(HLb)3NO3].(NO3)2.2C2H5OH, la perte du nitrate se produit entre 225 et 3450C (le
maximum étant à 3050C) et au-dèla de cette température jusqu’à 6200C a lieu la perte du
ligand organique.
Les déterminations de conductibilité molaire indiquent que les complexes sont des
électrolytes 1:3 (I) et 1:2 (II et III).
Les résultats présentés ont conduit aux conclusions suivantes:
–

dans le complexe [Tb(HLa)3(H2O)2]Cl3 l’hydrazone agit comme ligand neutre et
bidenté, en coordinant par les atomes d’azote azométhinique; le nombre de
coordination du metal est 8;

–

dans les complexes [Tb(HLb)3NO3].(NO3)2.2H2O et [Eu(HLb)3NO3].(NO3)2.2C2H5OH
l’hydrazone HLb agit aussi comme ligand neutre et bidenté; le nombre de coordination
est aussi 8, le nitrate étant bidenté dans tous les deux cas.

Les spectres d’émission luminescente. Le spectre d’absorption de p-diméthyleaminobenzaldéhyde benzothiazolil hydrazone (HLa), enrégistré en réflexion diffuse, montre une
bande très intense, centrée à 360 nm, due aux transitions π→π*. L’excitation du ligand, en
solution éthanolique 10–5M, à cette longueur d’onde, conduit à un spectre d’émission
fluorescente dont le maximum se situe à 445 nm (Fig. 2).

COMBINAISONS COMPLEXES DU Tb(III) ET Eu(III) …

93

Pour son complexe de Tb(III), le spectre d’émission luminescente, réalisé dans les mêmes
conditions mais à une concentration de 10-4M, présente un maximum à 430 nm (Fig. 2). On
observe que l’intensité de l’émission fluorescente augmente par complexation. Le
maximum de l’émission peut-être attribué aux transitions 5D4 → 7FJ (J = 1÷6), la transition
la plus intense étant 5D4 → 7F5 [5,23].

Intensité x 100

2500

2

2000
1500

1

1000
500
0
380

430

480

530

580

λ (nm)
Fig. 2: Spectres de fluorescence du ligand HLa (1) et [Tb(HLa)3(H2O)2]Cl3 (2)

La durée de vie de l’état excité du complexe est inférieure à 1 ns. Une détermination précise
de cette durée de vie n’a pas été possible, étant donné que l’impulsion excitatrice du laser a
elle-même une largeur de 3 ns.
Fluorescence du ligand L4
20000

Intensité

15000
10000
5000
0
285

305

325

345

365

385

λ (nm)
Fig. 3: Spectre de fluorescence du ligand HLb.

Pour p-méthoxy benzaldéhyde benzothiazolil hydrazone (HLb) les maxima d’absorption se
situent à 256 nm (n→π*), 340 et 398 nm (π→π*). Le spectre de fluorescence obtenu pour
le meilleur couple excitation/émission (273/328 nm), en solution éthanolique 10–5M, est
présenté dans la Fig. 3. En excitant à 340 nm, en sensibilité haute, on observe deux autres
pics de fluorescence, à 384 et 406 nm.
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Le complexe [Tb(HLb)3NO3].(NO3)2.2H2O présente, dans l’ulta-violet, trois maxima
d’absorption: 222, 256 nm (n→π*) et 340 nm (π→π*). L’excitation à 256 nm, en solution
éthanolique 10–5M, conduit à une émission fluorescente intense, située dans le domaine
290÷450 nm (Fig. 4).
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Fig. 4: Spectre de fluorescence du [Tb(HLb)3NO3].(NO3)2.2H2O
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Fig. 5. Spectres d’émission normalisés du ligand HLb (1) et du [Eu(HLb)3NO3].(NO3)2.2C2H5OH (2)

Le complexe d’europium, [Eu(HLb)3NO3].(NO3)2.2C2H5OH, est le seul qui présente un
déplacement fort du maximum d’émission, vers le rouge, par rapport à celui du ligand
(Fig. 5). Le spectre d’émission fluorescente présenté dans cette figure a été obtenu par
excitation 281 nm (la longueur d’onde à laquelle l’absorption est maximale), en éthanol,
solution 10-5M. Le maximum d’émission a été trouvé à 410 nm. On connaît que pour Eu3+
le domaine caractéristique de l’émission luminescente est 580÷680 nm, les transitions
responsables étant 5D0 → 7FJ (J = 0÷4) [5÷7]. L’existence d’un maximum d’émission à
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410 nm indique la réduction de Eu3+ à Eu2+, par le transfert d’un électron du chromophore
au métal [15]. La position du maximum correspond au domaine d’émission caractéristique
à Eu2+ (entre 390 et 430 nm, dû à la transition 6P7/2 → 8S7/2, [6]).
Pour tous les trois complexes l’émission est plus intense que celle du ligand correspondant
(pour la même concentration de la solution), mais le temps de l’émission étant très court,
des analyses plus détaillées ont été inaccessibles.

Conclusions
On a préparé et caractérisé trois nouvelles combinaisons complexes du Tb(III) et Eu(III) en
utilisant comme ligands p-diméthyleaminobenzaldéhyde benzothiazolil hydrazone et
p-méthoxy benzaldéhyde benzothiazolil hydrazone. Les ligands et leurs complexes
présentent de l’émission fluorescente assez intense en solution éthanolique. Le complexe
d’europium montre la luminescence la plus intense, ce qui indique une conversion efficace
de la lumière incidente en lumière émise.
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TEMPLATE CONDENSATION REACTIONS 1
XI. Fe(II) AND Ni(II) COMPLEXES RESULTING
IN THE SYSTEM BARBITURIC ACID - ETHYLENEDIAMINE
Elena Cristurean, Dana Marinescu, Rodica Olar ½,
Mihaela Badea, Viviana Radulescu and Carmencita Ciomaga
abstract: New complexes with the general formula [M2LX2]X2⋅mH2O (where L is the Schiff
base resulting in [3+3] condensation of barbituric acid (BA) with ethylenediamine (en), (1)
M=Fe, X= 1/2SO4, m=2; (2) M=Ni, X= Cl, m=12) have been synthesised and characterised The
bonding and stereochemistry of the complexes have been characterised by IR and electronic
spectroscopy, magnetic data at room temperature and conductivity measurements.

Introduction
In the last years, a lot of work has been done on the synthesis of complexes with
hydroxypyrimidine derivatives [2, 3]. Such compounds have polifunctional ligands that
combine good coordination properties and hydrogen-bonding sites. It has been shown that
barbituric acid can be implicated in condensation reaction that leads to complexes with
saturated macrocyclic ligands [4-6]. As we reported [1], the condensation reaction of
barbituric acid with ethylenediamine in presence of Cr (III) and Co (III) results in the
formation of mononuclear complexes. In this paper, we have extended the study to
complexes of Fe(II) and Ni(II) with the Schiff base resulting in template condensation of
barbituric acid with ethylenediamine. The new complexes have the general formula
[M2LX2]X2⋅mH2O (L = Schiff base resulting in [3+3] condensation of barbituric acid with
ethylenediamine ((1) M=Fe, X= 1/2SO4, m=2; (2) M=Ni, X= Cl, m=12). The compounds
were formulated as binuclear species on the basis of analytical, spectral and magnetic data.

Experimental
IR spectra were recorded in KBr pellets with an UR 20 Zeiss Jena instrument; electronic
spectra were obtained by diffuse reflectance technique, using MgO as standard, with a
VSU-2P Zeiss Jena instrument. Magnetic measurements were done by Faraday’s method,
at room temperature, using Hg[Co(NCS)4] as standard. The conductivities of 10–3 M DMSO
or MeOH solutions of the compounds were measured with a Radelkis OK-120/1 (Hungary)
conductivity bridge, at room temperature.
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Metal salts (Merck) were of analytical grade. The chemical analysis was performed by
usual micromethods.

Preparation of the complexes
Compound [Fe2L(SO4)2]⋅2H2O (1): To a solution of FeSO4⋅7H2O (0.556 g, 2mmoles) in
ethanol (100 cm3) was slowly added ethylenediamine (0.2 mL, 3 mmoles) and barbituric
acid (0.384 g, 3 mmoles); the reaction mixture was then refluxed 2 h until it results a
sparingly soluble product, brown coloured. The compound was filtered off and washed
several times with a small volume of cold ethanol and air dried. Analysis found: Fe, 14.2;
N, 21.0; S, 8.1 %; requires for Fe2C18H28N12O9S: Fe, 14.2; N, 21.0; S, 8.2 %;
ΛM(DMSO) = 10 Ω–1cm2mol–1 at 250C.
Compound [Ni2LCl2]Cl2⋅12H2O (2): To a solution of NiCl2⋅6H2O (0.475g, 2mmoles) in
ethanol (100 cm3) was slowly added ethylenediamine (0.4 mL, 6 mmoles) and barbituric
acid (0.768 g, 6 mmoles); the reaction mixture was refluxed 10 h until it results a sparingly
soluble product, light green coloured. The compound was filtered off and washed several
times with a small volume of cold ethanol and air dried. Analysis found: Ni, 12.9; N, 17.9;
Cl, 15.7 %; requires for Ni2C18H48N12O15: Ni, 12.6; N, 18.0; Cl, 15.2 %;
ΛM(MeOH) = 413 Ω–1cm2mol–1 at 250C.

Results and discussions
In this paper, we report the preparation and physico-chemical characterisation of new
complexes of Fe(II) and Ni(II) with the Schiff base (L) resulting in [3+3] condensation of
barbituric acid with ethylenediamine. The attempt to isolate the free ligand by reaction of
[Ni2LCl2]Cl2⋅12H2O with potassium cyanide in ethanol failed.
The thermal weight loss proved that all the water present in the molecule of the complexes
was lost in a single step until 140oC. This fact proves that the water molecules are
equivalent and that only lattice water is present in these compounds.
The conductivity measurements in DMSO have indicated that complex (1) behaves as
nonelectrolyte and complexe (2) as 1:2 electrolyte [7].
The most important IR absorption bands for the barbituric acid (BA) and for the isolated
complexes (1) and (2) are given in the Table 1.
The most important remarks, which are available on the basis of spectral data, are as it
follows:
(i)

the IR spectra of the complexes exhibit the same pattern;

(ii) the absence of the absorption bands assigned to the NH2 group stretching mode of
ethylenediamine [8] in the complexes spectra and the appearance of the new bands at
1590÷1600 cm–1 that could be assigned to ν(C=N) vibration mode [9] reveals the fact
that the condensation reaction involves all NH2 function of amine;
(iii) the evidence of the bands characteristic of the amidic group [10, 11] at 1680 cm–1
(A I) and 1290÷1300 cm–1 (A III);
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(iv) the fundamental vibrations associated with sulphate indicate their bidentate nature [12];
(v) the presence of water molecules in all compounds could be responsible for the
appearance of a large medium band in the 3400÷3500 cm–1 range, assigned to ν(OH)
stretching vibrations [13];
(vi) in the 400÷500 cm–1 range appear bands that could be assigned to ν(M-O) and
respectively ν(M-N) stretching vibration [13].
Table 1. Absorption maxima (cm−1) and assignments for barbituric acid (BA) and complexes (1) and (2)
BA

(1)

(2)

Assignments

–

3420bm

3420s

ν(OH)

3220s
3100s

3220s
3100m

3240s
3100s

ν(NH)

2920m

2920m

2920m

ν ass (CH2)

2810m

2840m

2835m

ν sym (CH2)

1685vs

1680s

1680s

ν(C=O) (A I)

–

1590vs

1600s

ν(C=N)

1280m

1290m

1300m

ν(C–N)+ δ(NH) (A III)

–

1210s
1090vs

–

ν1(SO4)

–

785m

760m

ρ(CH2)2

–

590m

–

ν4(SO4)

–

445w
400w

460w
430w

ν(M-O)+ ν(M-N)

These modifications indicate that the two species contain the Schiff base resulting in
condensation of barbituric acid with ethylenediamine (Fig. 1).
O

N

N

NH

O
NH

NH

NH
N

N
N

NH

N
NH

O
Fig. 1: The Schiff base resulting in condensation of barbituric acid with ethylenediamine (L)

Electronic spectral data of the complexes are presented in Table 2. These data revealed an
octahedral stereochemistry for both ions [14].
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Table 2. UV-VIS spectral and magnetic moment data of the complexes (1) and (2)
Complex

Absorption
maxima (cm−1)

[Fe2L(SO4)2]⋅2H2O
(1)

28570
10750
9175

[NiLCl2]Cl2⋅12H2O
(2)

25000
14490
9524

Assignments
CTLM
5

T2 → 5E

A2 → 3T1
A2 → 3T2
3
A2 → 3T2
3
3

The band assigned to the spin allowed transition 5T2 → 5E for Fe(II) (3d5) is splited in two
components due to the Jahn-Teller effect. The solid state d-d spectrum of (2) shows three
characteristic bands of Ni(II) in an octahedral environment, as is show in Fig. 2. The 10Dq
value (9524 cm–1) fall within the range observed for a [Ni(II)N4Cl2] chromophore [14]. The
shape of spectrum and absence of splitting of ν1 and ν2 in complex indicates cis- rather
trans - [Ni(II)N4Cl2] chromophore.
40
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Fig. 2: Electronic spectrum of the complex (2).

The room-temperature (χM T)HT experimental values for complexes (Table 3) are slightly
lower than the theoretic values suggesting an interaction between paramagnetic centres.
Table 3. Magnetic data for compounds (1) and (2) at room temperature.
Complex

χT
calculated

experimental

[Fe2L(SO4)2]⋅2H2O
(1)

6.00

5.65

[NiLCl2]Cl2⋅12H2O
(2)

2.00

1.82
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Conclusions
Three new Fe(II) and Ni(II) complexes have been synthesised in [3+3] condensation
reaction of barbituric acid with ethylenediamine.
The complexes were formulated as dinuclear species on the basis of chemical analysis,
molar conductivity measurements, electronic and IR spectral data and also magnetic
behaviour at room temperature.
All complexes adopt distorted octahedral stereochemistry.
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COMPLEXES WITH SCHIFF BASES1
II. COMPLEX COMPOUNDS OF Mn(II), Fe(II), Ni(II) AND Cu(II)
WITH N,N’-BIS(3-FORMYL-5, 6-DIHYDROXY-BENZILIDEN)
ETHYLENEDIAMINE
Dana Marinescu ½, Anca Nicolae, Elena Cristurean, Aurelia Meghea,
Mihaela Badea, Rodica Olar, Carmencita Ciomaga and Andreea Cudrici
abstract: Four new complexes of M(II) (M: Mn, Fe, Ni, Cu) with a Schiff bases derived from
5-formyl-protocatehaldehide and ethylenediamine were prepared. These compounds were
characterized on the basis of elemental chemical analysis, electronic, infrared and EPR spectra
and formulated as mononuclear (for Mn(II), Ni(II) and Cu(II)) and trinuclear (for Fe(II)) species.

Introduction
By continuing our research on complexes with the Schiff bases [1÷4], we have studied the
systems which contain the Schiff base derived from 5-formyl-protocatehaldehide and
ethylenediamine and M(II) acetates (M: Mn, Ni, Cu) or Fe(II) sulfate.
There were obtained four new complexes, three formulated as mononuclear species:
[MnL(OH)], [NiL] and [CuL]·2H2O and a trinuclear compound [Fe3L2(H2O)6]SO4 where L
is the dianion of N,N’-bis(3-formyl-5, 6-dihydroxy-benziliden) ethylenediamine.
The compounds were formulated according to the chemical analysis, electronic, infrared
and EPR spectra.

Experimental
All reagents used were p.a. grade.

The syntheses of the complexes
1. [MnL(OH)] (I). The MeOH/H2O (1:1 v/v) solution which contains 2.45 g
Mn(CH3COO)2·4H2O (1 mmole) and 3.84 g (1 mmole) (H2L) (KOH solution was added
stoichiometrically to deprotonate the OH groups) was refluxed on a steam bath during
30 min. The sparingly soluble, yellowish brown coloured product was filtered off and

½
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washed with MeOH/H2O (1:1 v/v). Chemical analysis. Found: Mn 12.41; N 6.76;
C 50.56%. MnC18H15N2O7 requires: Mn 12.90; N 6.57; C 50.70%.
2. [Fe3L2(H2O)6]SO4 (II). Working as above, and using 2.78 g FeSO4·7H2O (1 mmole) and
3.84 g (1 mmole) (H2L), it was obtained a black, sparingly soluble compound. Chemical
analysis. Found: Fe 15.41; N 5.38; C 40.25; S 2.76%. Fe3C36H40N4O22S requires: Fe 15.54;
N 5.19; C 40.00, S 2.96%.
3. [NiL] (III). To a solution in MeOH/H2O (1:1 v/v) which contains 1.99 g
Ni(CH3COO)2·4H2O (1 mmole) it were added 3.84 g (1 mmole ) H2L. After 30 min
refluxing on the steam bath, the sparingly soluble, green product was separated and washed
with MeOH/H2O. Chemical analysis. Found: Ni 14.17; N 6.95; C 52.61%. NiC18H14N2O6
requires: Ni 14.06; N 6.80; C 52.42%.
4. [CuL] ·2H2O (IV). Working as above, by using 2.19 g (1 mmole) Cu(CH3COO)2·H2O, it
was obtained a yellow colored, sparingly soluble product. Chemical analysis. Found: Cu
13.72; N 6.29; C 47.84%. CuC18H18N2O8 requires: Cu 13.89; N 6.18; C 47.68%.
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 an IR, BIORAD FTS 135 spectrophotometer in the
400-4000 cm-1 range using KBr pellets.
The EPR - spectra were recorded in polycrystalline powder, with an ART - 5 - IFIN
(Bucharest) spectrometer in X - band (9060 MHz frequency), magnetic field modulation
100 kc/s and Mn(II) as standard.

Results and Discussion
In the systems:
M(CH3COO)2

−

H2L

FeSO4

−

H2L

M: Mn, Ni, Cu

where H2L is:

OH
OHC

HO
OH
N

HO

CHO

N

the syntheses have been developed in MeOH/H2O (1:1 v/v) using the reactants in the
1:1 molar ratio. There were isolated four new compounds as sparingly soluble products
with different colours.
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The complexes were formulated according to the chemical analyses as it follows:
(I)

[MnL(OH)]

yellowish brown

(II)

[Fe3L2(H2O)6]SO4

black

(III)

[NiL]

red

(IV)

[CuL]·2H2O

redish brown

Infrared spectra
The infrared spectrum of the ligand H2L was recorded within the 400÷4000 cm–1 range and
compared with those of the new four complexes (Table 1).
Table 1. IR spectra (cm–1).
H2L

(I)

(II)

(III)

(IV)

Assignments

–

415 w

430 w

435 w

440 w

ν(M−O)

–

–

590 w

–

–

ρw(H2O)

–

–

615 m

–

–

ν4(SO4)

856 m

850 w

845 w

849 m

850 w

γ(CH)

967 m

988 m

980 m

985 m

997 m

δ(CH)

–

1078 m

–

–

–

δ(OH)

–

–

1135 s

–

–

ν3(SO4)

1147 s

1150 s

1148 m

1155 s

1154 s

ν(C−O)

1266 m

1275 vs

1275 vs

1275 vs

1277vs

ν(C−N)

1453 m

1460 m

1440 m

1460 m

1459 s

δ(CH2)

1557 s

1538 m

1545 m

1545 m

1550 m

ν(C=C)

1618 vs

1588 s

1592 vs

1595 vs

1600 vs

ν(C=N)

1633 s

1636 vs

1646 s

1645 s

1640 vs

ν(C=O)

–

3406 s

3393 m

–

3447 m

ν(OH)

(I) [MnL(OH)]; (II) [Fe3L(H2O)6]SO4; (III) [NiL]; (IV) [CuL]·2H2O.

According to the literature data [5, 6] the most important remarks are the following:
–

the spectra of all complexes are alike with that of the free Schiff base H2L, containing
the absorption bands which are assigned to the vibrations: ρ(CH2), δ(CH2), ν(CH2),
ν(C=C), ν(C=N) and ν(C=O); that suggests the presence of a generally unaltered structure
of this ligand;

–

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

–

the presence of a broad and intense band at about 3400 cm–1 is an evidence for the
presence of water molecules in complexes (II) and (IV); in addition, in the spectrum of
the iron complex appears a band assigned to the coordinated water molecules
(ρw(H2O));
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–

for the manganese complex the IR spectrum contains a band which was assigned to the
OH coordinated groups;

–

in the spectrum of the complex (II) appears the two bands infrared active for the free
sulfate ion;

–

the bands that occur in the low wavenumbers range were assigned to the stretching
vibrations ν(M-O).

Thus, the infrared spectra suggest the following information about structure of complexes:
–

all the complexes contain the deprotonated Schiff base L2– as ligand;

–

the complex (II) contains water molecules as ligands; the manganese compound
contains hydroxyl groups coordinated.

Electronic spectra
In order to obtain informations about the stereochemistry, the oxidation state and the
coordination number for the complexes, the diffuse reflectance spectra were recorded
within the 380÷1200 nm (24-14 kK) range (Table 2).
Also, it was recorded the spectrum of the Schiff base.
Table 2. Electronic spectra.
Compound

ν max ( cm–1)

Assignments

20410

π → π∗
CT
π → π∗
5
E → 5T2
π → π∗

H2L
[MnL(OH)]

[Fe3L2(H2O)6]SO4
[NiL]
[CuL]·2H2O

27470
19920
18420
20200

⎧16390
⎨
⎩12820
21700
17640
26315
23475
17860

5

T2→5E

π → π∗
1
A1 → 1A2
CT
π → π∗

d z → d x −y
2

2

2

The examination of these spectra offers the following information, according to the
literature data [7]:
–

for the complex (I) the electronic spectrum is characteristic for Mn(III) ions in an
octahedral stereochemistry;

–

the electronic spectrum of iron (II) trinuclear complex
characteristic for Fe(II) 3d6 ion in an octahedral environment;

–

the electronic spectrum of complex [CuL]·2H2O suggests a square-planar
stereochemistry of Cu(II) ion, fact confirmed by EPR-spectrum.

[Fe3L2(H2O)6]SO4 is

The EPR spectrum of [CuL]·2H2O complex is intense and anisotropic (Fig. 1), with
parameters: gll = 2.1798 and g⊥ = 2.0658. A such spectrum (gll < g⊥ ≅ 2.0) is consistent
with a square-planar stereochemistry [8, 9].
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Fig. 1: EPR spectrum for the cooper complex.

Conclusions
1. There were obtained four new complex compounds with a Schiff base derived from
5-formyl-protocatehaldehide and ethylenediamine.
2. By correlating the data of chemical analysis, IR, electronic and EPR spectra, the
proposed formulae for the new complexes are the following:

CHO

OH
N

O

N

OH2
N
O

OH

Mn

Fe

O

N

OH

CHO

CHO

CHO

O
OH2

CHO

OH HO
OH2

H2O
O
N

Fe

Fe

OH2
OH HO

O
N
H2O

CHO

SO4
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CHO

CHO

OH
N

O

OH
N

Ni
N

O
2H2O

Cu

O

N

O

OH

CHO

OH

CHO
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COMPLEX COMBINATIONS OF TRANSITIONAL METALS
WITH MIXED LIGANDS
T. Rosu½, M. Negoiu, C. Dobrogeanu and T. Ruse
abstract: This paper describes synthesis and characterization of ternary complex combinations
of Zn(II) and Co(II) with Tyrosine and Cysteine as primary ligands and 2,2’-bypiridyl as
secondary ligands. The type of complex combinations form depends on pH. Complex
combinations
were
characterized
through
IR-spectroscopy,
electronic
spectra,
thermogravimetrycal analysis, electrical conductibility and elemental analysis. Analyzing the
result we were able to determine the geometry of complex combinations that we obtained.

Introduction
Complex combinations of metal ions with aminoacids are important because of their
biological applications. In 1965 Szazuchin O. and his team studied the synthesis of
complex combinations of Zn(II) and Ni(II) with aminoacids: D-Penicilamine and
L-Cysteine. These complex combinations have biological and therapeutical activities [1].
In 1970 Final I.L.describes the importance of biological applications of ternary complexes
with transition metals using as primary ligand imidazol and as secondary ligand Hystidine [2].
From literature we know that aryl-azobenzimidazol, barbituric acid and their derivatives are
important in biochemistry because their imidazolic and barbituric parts are contained in
enzymes, proteins and nucleic acids [3,4]. In literature [5,6] are described the biological and
therapeutical activities of ternary complex combinations using different amino acids as
primary ligand and imidazol as secondary ligand. Those complex combinations were found
in biological medium and influence the interaction between drugs and biomolecules [7,8].
It’s presumed that the presence of metal ions in biological fluids influences the
therapeutical action of drugs.
It is well known that carboxylic acids and their derivatives from Py: e.g. N-(2-acetamido)iminodiacetic acid and amino acids have biological activities [9] and ternary complex
combinations of these ligands with transition metals are important in biological medium,
because enzymes are activated by metal ions.
Bunel S. and his team [10] have synthesized ternary complex combination with Zn (II)
using 1,10-phenantroline as primary ligand and amino acids: L-Alanine, L-Serine,
L-Threonine, L-Proline, L-Valine and L-Leucine as secondary ligands. He proved that the
½
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volume of the ligands influences the geometry of complex combinations. Many biological
studies showed that Zn (II) is more efficient because it inhibits the elimination of histaminic
parts from base cell or in elimination of histaminic parts in extra cellular fluids [11]. Zn (II)
can be used to diminish pharmacological effects of histamine after its elimination from the
base cells. These effects can be used for treating anaphylactic and anafilactidic shocks. It
was, also, observed that Zn (II) is capable of inhibition the physiological activity of neurotransmission injected into the sanguine flow (circuit) compared with other metals ions that
have the opposite effects [12]. Taking in consideration biological activity of Zn(II) and
ternary complex combinations, Kahn F. and his team prepared ternary complex
combination with amino acids: α-Alanine, L-Leucine, L-Valine, L-Glutamine,
L-Asparagine, L-Lisine, L-Ornithine, L-Threonine, L-Serine, L-Phenylglycina,
L-Phenylalanine as primary ligands and as secondary ligands used: acetic and propionic
acids [13,14].
Amrallah A.H. and his team proved that in complex combinations of Zn (II), Cu (II) and Cd
(II) with imidazol, its derivatives and amino acids the imidazolic part as primary ligand is
involved into coordination to metal ions. This interaction was attributed ability to form σ
and π bonds [15]. This paper describes synthesis and characterization of some ternar
complex combinations of Zn (II) and Co (II) with Tyrosine and Cysteine as secondary
ligand depending on pH.

Experimental
a) Synthesis of complex combination using Zn (II), L-Tyrosine (Tyr)
and 2, 2’-Bipyridil (Bipy).
An amount of Bipy (0.156g) was dissolved in 10 ml of HCl 0.2M. This solution was added
to a solution of ZnSO4H2O (0.287g) in 10 ml of HCl 0.2M. The mixture was stirred up for
15 minutes, heating the solution at 65÷70˚C. After cooling under energetic stirring, a
solution of 0.145 g Tyr in 5ml solution of NaOH 1M was added.
The pH of the solution was adjusted to 4.5 using HCl 0.2 M. It was observed the formation
of a grey precipitate that changes the colour to yellow-green after 24 hours. The precipitate
was filtered, washed with methanol and dried out.

b) Synthesis of complex combination using Zn (II), L-Cysteine (Cys)
and 2,2’-Bipyridil (Bipy).
The procedure for the preparation of this complex is the same with the except that a
solution of 0.24 g Cys in 5 ml solution of NaOH 0.1 M was used. pH of the solution was
adjusted to 4.5÷5 using HCl 0.2 M. The mixture was allowed to stand at room temperature
and after 48 hours an orange precipitate was formed. The precipitate was filtered, washed
with methanol and dried out.

c) Synthesis of complex combination using Cu (II), L-Tyrosine (Tyr)
and 2, 2’-Bipyridil (Bipy).
An amount of 0.290 g Co(NO3)26H2O and 0.156 g of Bipy in molar ratio 1:1, were
dissolved separate into 10 ml solution of HCl 0.2 M. After the entire amount was dissolved,
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the two solutions were mixed under energetic stirring and heated at 60oC, that lead to
homogeneous solution. Over the mixture, after cooling and under energetic stirring, it was
added a solution of 0.145 g Tyr in 5 ml NaOH 1M.
The mixture was divided in two parts.
To one part the pH was adjusted to 5.5 using HCl 0.2 M. A grey precipitate was formed and
its colour changed to pink after 24 hours. The precipitate was filtered, washed with
methanol and dried.
To the other part pH was adjusted to 4÷4.5 and allowed to stand at room temperature for
five days. The green precipitate resulted was filtered, washed with methanol and dried.

d) Synthesis of complex combination using Co (II), L-Cysteine (Cys)
and 2,2’-Bipyridil (Bipy).
The procedure is the same as we described at c), but it was used 0.24 g Cys in 5 ml NaOH
0.1 M. the pH was adjusted to 4.5÷5 using HCl 0.2 M. The mixture obtained was coloured
brown light and after 48 hours a precipitate red-brown was formed. The precipitate was
filtered, washed and dried.
For the characterization of complex combinations obtained were used: electronic spectra
performed with spectrophotometer VSU-2P diffuse reflectance technique (using MgO), IR
spectra (KBr) using Spekord M-80 Carl Zeiss Jena spectrometer, in the range
4000÷400 cm–1, elemental analysis for C,N using a Carlo-Erba LA 118 analyser, and
AAS-1N Carl-Zeiss-Jena spectrometer for Zn(II) and Co(II), thermo gravimetrical analysis
using MQ-1500 derivatograph and molar conductance in nitrobenzene solution on Consort
C-533 conductometer.

Results and Discussion
The results of elemental analysis, molar electrical conductibility determined for the 10–1M
solutions of complex combination in nitrobenzene and pH values of solution that lead to the
complex combination are given in Table 1.
Table 1. Data for elemental analysis, molar electrical conductibility and pH.
Compound

Colour

pH

C(%)
calc.
det.

N(%)
calc.
det.

M(%)
calc.
det.

Λ
(Ω–1cm2 mol–1)

[Co(Tyr)2(Bipy)]

Pink

5.5

58.43
59.62

9.82
8.80

10.26
9.96

11

[Co(Tyr)(Bipy)(H2O)2]NO3

Green

4÷4.5

46.81
47.30

11.08
10.50

12.11
11.86

24

[Zn(Tyr)(Bipy)]2SO4

Yellow-green

4.5

50.77
51.82

9.35
8.76

11.67
11.20

57

[Co2(Cys)(Bipy)2(H2O)2](NO3)2

Brown-red

4.5÷5

37.68
38.71

13.52
12.91

14.25
13.92

53

[Zn2(Cys)(Bipy)]SO4

Orange

5

30.80
31.56

9.00
8.21

20.90
20.35

27
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From the experimental date obtained through electrical conductibility resulted that complex
combination [Co(Try)2(Bipy)] has a character of nonelectrolyte and the other two are
electrolytes.

Fig. 1: Curve of thermal analysis for complex
combination [Co2 (Cys) (Bipy) 2 (H2O)2] (NO3)2.

Fig. 2: Curve of thermal analysis for complex
combination [ Zn 2 (Cys) (Bipy)] SO4

Curve of the loss of weight TG and TGD for Co(II) complex: [Co(Tyr)(Bipy)(H2O)2]NO3
green and [Co2(Cys)(Bipy)2(H2O)2](NO3)2 brown-red indicate a loss of weight from
130o÷140oC corresponding to 2 molecules of water per mol of complex combination.
Between 220÷360oC the loss of weight is 32.20% with a maximum of temperature at 305oC
for complex combination [Co(Tyr)(Bipy)(H2O)2]NO3 and 38.18% with a maximum of
temperature at 294oC for [Co2(Cys)(Bipy)(H2O)2](NO3)2. For the green combination we
observed the third loss of weight 37.30% with a maximum of temperature at 610oC
corresponding of one mol of complex. For the brown-red combination between 494÷635oC
we have a loss of weight of 28.10% in two steps that indicates the elimination of one mol of
Cys from two molecule of complex combination. We can presume that S-S bond is broken
from Cys molecule and elimination of the two fragments took place in two steps. The final
step of loss of weight 690÷800oC, 694÷810oC suggests that NO3– is eliminated and the
residue corresponds to Co2O3. in Fig. 1 is presented the loss of weight (TG and TGD) and
the curve of differential analysis (ATD) which indicates the effect endo-exothermic that
accompanies the loss of weight for complex combination: [Co2(Cys)(Bipy)2(H2O)2](NO3)2.
The curve of thermo analysis for [Co(Tyr)2(Bipy)] doesn’t indicate the elimination of water
molecules or NO3– groups.
Curve for loss of weight TG and TGD for complex combination of Zn(II):
[Zn(Tyr)(Bipy)2]2SO4 yellow-green [Zn2(Cys)(Bipy)]SO4 are characterized by three steps
in the same ranges of temperature.
For complex combinations [Zn2(Cys)(Bipy)]SO4 the loss of weight between 480÷644oC
took place in two steps. In Fig. 2 are presented the curve of weight loss (TG and TGD) and
differential thermal analysis (ATD) corresponding to the loss of weight for
[Zn2(Cys)(Bipy)]SO4 complex.
The absorption bands corresponding to stretching and bend frequencies for ligands and for
the complex combinations prepared are given in Table 2. For the spectral data of complex
combinations were attributed signals corresponding to atoms or group of atoms involved in
coordination and the signals corresponding to the groups not involved in coordination.
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So, the bands from 3107 cm–1, 1602 cm–1, 1513 cm–1 corresponding to stretching and bend
frequencies (δ-amino acid I,δ-aminoacid II) can be attributed to –NH2 from Tyr are shifted
to higher wave numbers in complex combination spectrum. This proves that the group
–NH2 is involved in coordination.
Table 2. Data of IR spectra for ligands and complex combinations prepared (cm–1).
Compound

υOH

υNH

δNH(I)

δNH(II)

υCOOH

υC-S

υS-S

υC=N

υCOO…M

Tyr

–

3107m
2601s
2080s

1602m

1513m

1887m

–

–

–

–

[Co(Tyr)2 (Bipy)]

–

3440i

1620s

1580s

–

–

–

–

1634m

[Co(Tyr)(Bipy)(H2O)2]NO3

3480

3438i

1625s

1581s

1875m

–

–

–

1630m

[Zn(Tyr)(Bipy)]2SO4

–

3432i

1620m

1585s

–

–

–

–

1762m

3037m
2570s
2078s

1650m

1486 i

1730m

667m

532i

–

Cys
[Co2(Cys)(Bipy)2(H2O)2](NO3)2

3487

3035m
2572s
2073s

1651m

1487m

–

636s

527m

–

1631

[Zn2(Cys)(Bipy)]SO4

–

3030m
2570m
2071s

1650

1485

–

623m

505s

–

1605

Bipy

–

–

–

–

–

–

–

1555i

–

The position of absorption bands corresponding to the same frequencies of Cys, from the
complex combination IR spectrum, is unchanged. This behaviour indicates that, the –NH2
group from amino acid is not involved in coordination. This confirms once again the
information from literature [16]. If the synthesis of complex combination takes place at
pH>4, in coordination are involved –COOH groups and atoms of sulfur.
The frequency of vibrations νCOOH, attributed to the absorption bands from 1880 cm–1(Tyr)
and 1730 cm–1(Cys) are situated in the spectrum of complex combinations, to lower wave
numbers. This fact indicates amino acids coordination to metal ions through –COO– in
ionized form.
The vibration frequencies νC-S and νS-S from IR spectrum of complex combination with Cys
ligand are situated to lower wave numbers, indicating that the sulfur atoms are involved in
the coordination, that are more polarizable than nitrogen atoms in the process of
coordination.
This frequency can be attributed to νOH given by water molecules coordinated. The
presence of water molecules in complex combination composition is indicated also by
thermo gravimetrical analysis.
From the data we presented so far we can consider that Tyr as ligand coordinates to metal
ions through –COOH group ionized and through –NH2 group and the Cys ligand is
coordinated through –COOH group ionized and sulfur atoms only if the pH>4.
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We point out that, for all complex combination that we prepared, the band located at
1555 cm–1 disappears. The band from 1555 cm–1, strong, is characteristic of C=N group
from 2,2’-Bipyridil. This proves that nitrogen atoms from Bipyridinic unit are coordinated
to metal ions.
In Table 3 are presented the type of transitions observed in electronic spectra for the ligands
and their complexes.
Table 3. d-d Transitions from electronic spectra.
Compound

π→π*

n→π*

L→M

Tyr

47393

41150

–

[Co(Tyr)2 (Bipy)]

46296

39270

[Co(Tyr)(Bipy)(H2O)2]NO3

45871

[Zn(Tyr)(Bipy)]2SO4

4

T1g(F)→4T1g(P)

4

T1g(F)→4A1g(F)

Dq

B

–

–

–

–

–

21739

17699

983

1055

38910

–

21551

17543

974

1046

43668

34965

29000

–

–

–

–

Cys

45454

38461

–

–

–

–

–

[Co2(Cys)(Bipy)2(H2O)2](NO3)2

44450

37735

–

22421

–

–

–

[Zn2(Cys)(Bipy)]SO4

41152

34965

31645

–

–

–

–

From the value of their transitions, from complex combination of Co, we determined the
parameter Dq and B using the following relationships: [18]
4

A2g→ 4T1g=18Dq

4

T1g(P)→ 4T1g(F)=6Dq+15B

The calculated Dq and B values are specific to octahedral Co(II) complexes. Charge
transfer bands, L → M, were observed at 29000 and 31645 cm–1 in the UV-VIS spectra of
Zn(II) complexes [18].
From experimental data we can suppose that the structures of ternary complex combination
prepared are:
H2 O
HO

O
H
C C C O
H2
NH2

HO
N
Co
N

NO3

O
H
CH C C
2
O
HN
2
Zn N

SO 4

N
H2 O
[Co(Tyr)(Bipy)(H2O)2]NO3

[Zn (Tyr)(Bpy)]2SO4

2
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N
N
S

OH2

N

O

CH
Co
O

H2C

CH2

S

HC
C

(NO3)2

H2N

O

Zn
S S

CH Zn

O C O

NH2

CH2
HC NH2

O

SO

4

C O

[Zn2(Cys)(Bipy)]SO4

C

OH2

N

N

Co

H2 C
H2N

N

O

[Co2(Cys)(Bipy)2(H2O)2](NO3)2

HO

N
O
H
C C C
N
O
H2
Co
N
O
H2
O
HN C
2
CH
CH2

[Co(Tyr)2(Bipy)]

OH

In conclusion, we obtained ternary complex combination with Co(II) and Zn(II) using as
primary ligands amino acids L-Tyrosine and L-Cysteine and 2,2’-Bipyridil as secondary .
Depending on pH value, the coordination mode of L-Cysteine is different. Probable
geometry of complex combination was attributed using experimental data.
REFERENCES
1.

Szazuchin, O. and Navarin, S.M. (1965) Antibiotiki 6, 56.

2.

Finar, I.L. (1970) Org. Chem., vol 2,4th edn. Longman, London, 532.

3.

Horten, J.L. and Stevens, M.F.G. (1981) J. Pharm. Pharmacol. 33, 308.

4.

Gary, H.G. and Sharma, R.A. (1970) J. Pharm. Sci. 59, 1691.

5.

Freeman, H.C. (1973) Inorganic Biochemistry, Elsevier, Amsterdam, New York.

6.

Danielle, P.G., Zerbinati, O., Zelano, V. and Ostacoli, G. (1991) J. Chem. Soc., Dalton Trans, 2711.

7.

Rao, A.K., Venkataiah, P., Bathina, H.B. and Mohan, M.S. (1989) J. Coord. Chem. 20, 69.

8.

Sigel, H. and Martin, A. E. (1982) Chem. Rev. 82, 385.

116
9.

T. ROSU  M. NEGOIU  C. DOBROGEANU  T. RUSE
Bridger, K., Patel, R.C. and Matejijivec, E. (1982) Polyhedron 1, 269-75.

10. Bunel, S., Larrazabal, G. and Decinti, A. (1981) J. Inorg. Nucl. Chem. 43(11), 2781.
11. Cazinierczak, W. and Maslinski, C. (1978) Biochem. Pharmacol. 27, 243.
12. Walker, W.R. and Reeves, R. (1975) Search. 6(4), 131.
13. Farid, K. and Ratna, D. (1995) J. Indian Chem. Soc. 72, 193.
14. Farid, K. and Krishna, N. (1991) J. Indian Chem. Soc. 68, 290.
15. Amrallah, A.H., El-Haty, M.T., Mahmoud, R.A. and Ibrahim, A. (1995) Talanta 42, 1711.
16. Nair, M., Arasu, T.P., Pillai, S.M. and Natarajai, C. (1993) J. Chem. Soc., Dalton Trans., 917.
17. Nakamato, K. (1986) Infrared spectra of inorganic and Coordination Componds, Ed. J. Wiky and Sons,
Inc. New York.
18. Lever, A.B.P. (1984) Inorganic Electronic Spectroscopy, Elsevier, Amsterdam.

CHELATES OF Cu(II) AND Ni(II) WITH THE OXIME
AND o-METHYLOXIME DERIVED FROM
4-HYDROXY-5-ETHOXY-ISOPHTALALDEHYDE
Florica Zalaru½, Anca Nicolae, Aurelia Meghea and Christina Zalaru
abstract: Metal chelates of 4-hydroxy-5-ethoxy-isophtalaldehyde dioxime (A) and 4-hydroxy-5ethoxy-isophtalaldehyde-bis (O-methyloxime) (B) were prepared and characterized by elemental
analysis, electronic, IR, EPR spectra and thermodifferential analysis.

Introduction
The interest in the study of the ability of some oxime to form coordination compounds with
metal ions may be explained by the applications of these compounds and in understanding
the increased biological activity of some drugs when they are administrated as metal
complexes [1÷3].
Our previous paper [4] has reported the synthesis and characterization of the coordination
compounds of some oxime derivatives of 5-formylvaniline with Ni(II) and Cu(II) ions.
The present paper deals with coordination of the some metal ions with others oxime derived
from 4-hydroxy-5-ethoxy isophtalaldehyde for purpose of comparison Two new ligands
able to generate complexes have been synthesized [5] and characterized by 1H- and
13
C-NMR spectra. These compounds are: 4-hydroxy-5-ethoxyisophtalaldehyde dioxime (a);
4-hydroxy-5-ethoxyisophtalaldehyde-bis (O-methyloxime) (b).
1'

1'

CH N OCH3

CH N OH
6
5

H3C

CH2O

1

2

4 3

OH
(a)

½

2'

H3C

CH
N

OH

2'

CH2O

CH
OH

N

OCH3

(b)
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Experimental
The ligands were prepared according to a literature method [5] and Cu(CH3COO)2.H2O and
Ni(CH3COO)2.6H2O p.a. Merck were used.
The chelates, ML2(CH3OH)2 have been obtained following the same general procedure. In a
typical experiment to a methanolic solution of ligand (2 mmol) was added a methanolic
solution of the metal acetate (1 mmol). The precipitate obtained was filtered off, washed
with methanol and air dried at room temperature.
Chemical analysis:
1) CuA2(CH3COO)2 – Found: Cu 11.32; C 45.70; H 5.10; CuO 14.52; Calcd. for
CuC22H32O10N4: Cu 11.04; C 45.86; H 5.55; CuO 13.82.
2) NiA2(CH3COO)2 – Found: Ni 10.37; C 45.69; H 5.13; NiO 13.67; Calcd. for
NiC22H32O10N4: Ni 10.28; C 46.26; H 5.61; NiO 13.09.
3) CuB2(CH3COO)2 – Found: Cu 9.95; C 50.02; H 5.91; CuO 13.15; Calcd. for
CuC26H40O10N4: Cu 10.06; C 49.40; H 6.33; CuO 12.59.
1

H-NMR and 13C-NMR data:

4-hydroxy-5-ethoxyisophtalaldehyde-dioxime (A):
1

H-NMR (CDCl3, δppm): 10.96 (HO-oxime 1’); 11.41 (HO-oxime 2’); 9.85 - HO;
8.00 (H-oxime 1’); 8.30 (H-oxime 2’); 7.27 (H-2); 7.18 (H-6).

13

C-NMR (CDCl3, δppm): 147.69 (CH=N, -1’); 147.20 (CH=N, -2’); 124.42 (C-1); 118.43
(C-2); 118.57 (C-3); 146.82 (C-4); 146.95 (C-5); 110.36 (C-6); 64.04 (CH2); 14.62 (CH3);

4-hydroxy-5-ethoxyisophtalaldehyde-bis (O-methyloxime) (B):
1

H-NMR (CDCl3, δppm): 9.68 - HO; 8.11 (H-1’); 8.36 (H-2’); 7.34 (H-2); 4.19 (H-6); 4.06
(CH2); 1.34 (CH3); 3.82 (CH3O-1’); 3.90 (CH3O-2’).

13

C-NMR (CDCl3, δppm): 148.40 (CH=N, -1’); 147.40 (CH=N, -2’); 123.24 (C-1); 117.82
(C-2); 118.10 (C-3); 146.82 (C-4); 145.30 (C-5); 110.36 (C-6); 61.12 (CH3O, -1’); 61.41
(CH3O, -2’); 64.25 (CH2); 14.55 (CH3).

The carbon and hydrogen contents were determined by microcombustion. The metal
content was determined gravimtrically using the standard method. The methanol content
and residue MO) were calculated from the TG curve.
All melting points were recorded with a Boetius microapparatus and are uncorrected.
Electronic spectra within 400÷900 nm range were obtained with a JASCO 570 V
spectrophotometer by the diffuse reflectance technique with MgO as the standard.
NMR spectra were recorded on a Varian Gemini 300 spectrometer operating at 300 MHz
(1H-NMR) and 75 MHz (13C-NMR) respectively, in CDCl3. The chemical shifts were
referred to a tetramethylsilane (TMS) as an internal standard.
EPR spectra were recorded at room temperature in polycrystalline powders on ART-5-IFA
spectrograph. The clystron frequency was 9060 MHz. The EPR spectral parameters were
calculated against Mn(II) standard.
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Thermodifferential analysis was carried out with a Paulik-Paulik-Erdey Derivatograph
Q-1500 D MOM. Conditions of measurements: temperature range at 1000oC; heating
program: 10 degree/min; sensitivity DTA 1/10; m2 = 0.0418 g; S = 50 mg; m3 = 0.0434 g;
S = 50 mg; atmosphere over sample air, α-alumine was used as a reference material.
IR spectra within 400÷4000 cm–1 range were performed on KBr pellet by means of a
FT-IR-RAMAN JASCO 620 spectrophotometer.

Results and Discussion
By treating the methanolic solution of the Ni(II) and Cu(II) acetate with methanolic
solution of the ligand A or B at a metal:ligand molar ratio of 1:2 or 1:4, the compounds of
the CuL2(CH3OH)2 type are obtained (where L = A or B), but NiA2(CH3OH)2 compound
only has obtained. In the same conditions (reaction medium, molar ratio, temperature), the
ligand B did not generate any compound with Ni(II) acetate (Table 1).
Table 1. Analytical data and some physical data of the compounds.

*

No.

Compound

Empirical formula*

Melting point, oC

Colour

1

CuA2(CH3OH)2

CuC22H32O10N4

245-246

Brown-red

2

NiA2(CH3OH)2

NiC22H32O10N4

280-282

Green

3

CuB2(CH3OH)2

CuC26H40O10N4

187-188

Brown-red

The elemental analysis data were in good agreement
with the calculated percentages of Cu, Ni, C, H for all the synthesized compounds

All compounds were microcrystalline materials, stable in air. The complex compounds
contain also two molecules of methanol which can be either as coordinated methanol or as
crystalline solvent.
Thermodifferential analysis curves for the complex compounds are similar. In Fig. 1 is
shown in detail differential curve for CuB2(CH3OH)2 compound. The results indicate that
the compound is stable up to 150oC when it begins to lose weight. Weight loss at 190oC:
found = 10.13% calcd for 2CH3OH = 10.93%. Hence the two molecules of methanol are
present as coordinated ones, in this chelates.
Diffuse reflectance spectra of Cu(II) complex compounds (1 and 3) present a broad band with
a maximum at 696 nm and 764 nm respectively and another band (540 nm) or a shoulder (522
nm) respectively. These spectra are consistent with a distorted octahedron axially up to a
square planar [6, 7].
The spectrum of Ni(II) compound presents the three spin-allowed bands: ν1, ν2 and ν3
characteristic of the Ni(II) octahedral compounds. Their assignments are in agreement with
data in the literature [8, 9] (Table 2).
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Fig. 1: Thermodifferential curve of CuB2(CH3OH)2 compound
Table 2. Electronic spectral data and EPR spectral parameters.
No.

Compound

1

CuA2(CH3OH)2

2
3

λmax, nm

Assignments

g||

g⊥

540, 696

d-d

2.0706

2.1694

NiA2(CH3OH)2

870
652, 500
404

ν1 T1g← A2g
ν2 3T2g(F) ←3A2g; 1Eg←3A2g
ν3 3T2g(P) ←3A2g

CuB2(CH3OH)2

522sh, 764

2.0736

2.2056

3

3

d-d

sh = shoulder

The band ν2 appears as well-formed doublet. The structure of this band was interpreted
either as a spin-orbit coupling or as a spin-forbidden transition at the 1Eg level [8,9].
The EPR spectra recorded at room temperature on polycristalline sample present EPR
signals characteristic of a monomeric species of Cu(II) with various degrees of axial
distortion for compounds noted 1, 3 (Fig. 2). The shape of the line is in agreement with the
geometry axial compressed octahedron with g|| < g⊥ supporting the electronic spectra of the
complex compounds 1, 3.
The main bands and their assignments in IR spectra of free ligands and complex compounds
are shown in Table 3. A comparison of the position of bands in complex compounds spectra
with their positions in the spectra of the free ligands shown changes of the bands due to νOH,
νC=N. The presence of the OH and –CH=N–OH groups with lying in vicinal position with
respect to each other favours intramolecular hydrogen bond (–OH…N).
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Fig. 2: EPR spectra of the compounds 1 and 3
Table 3. The main absorption bands in the IR spectra (cm-1) and their assignments.
No.

Ligand / Compound

νOH nonassociated

νOH associated

νC=N

A

3516br.vs

3337br.m

1624m

1

CuA2(CH3OH)2

3399m

–

1640m

2

NiA2(CH3OH)2

3388m

–

1670m

B

–

3331br

1609m

3

CuB2(CH3OH)2

–

–

1616vs

vs – very strong, m – medium, br - broad

In the spectra of the ligands the band due to νOH appears as a broad one with two peaks:
3516, 3337 cm–1 (ligand A) and one peak at 3331 cm–1 (ligand B). The bands at 3337 and
3031 cm–1 are characteristic of the hydrogen bond that occurs between the atom of oxime
nitrogen and the proton of the hydroxyl group from the position 4 in the isophtalaldehyde
fragment. These bands have disappeared in the spectra of the complex compounds. This
could be indicating that on metal chelate formation the chelate structure (–OH…N)
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disappears whereas the metal chelate structure (–OM…N) appears. The band due to νC=N
(which occurs in the ligand spectra at 1624 cm–1 and 1609 cm–1 respectively) is shifted to
higher values suggesting the coordination of the ligands through oxime nitrogen. Thus, the
ligands act bidentately forming chelates of the ML2(CH3OH)2 type. The six-coordinated
surrounding of the metalic ion is due to coordinatively bond methanol molecules. Based on
the previous discussion of spectral data, elemental and thermal analysis, the structures of
the synthesized complexes were suggested in Fig. 3.

HO
HC N S
HON HC

M/2
O S
O C2H5

S = the two methanol molecules axially bonded
through donor atom oxygen
Fig. 3: Structural formula proposed for the ML2(CH3OH)2 compounds.

Conclusions
In the new obtained complexes, the metal ion is hexacoordinated.
The ligands A and B act bidentately forming chelates.
The two methanol molecules are axially bonded.
REFERENCES
1.

Willams, D.R. (1972) Chem.Rev. 72, 203.

2.

Grandos, A.J. (1992) Talanta 39(5), 475-80.

3.

Song, B. and Murmann, R.K. (1991) Chim.Chem.Lett. 2(7), 569-70; C.A. (1992) 116, 222283x.

4.

Zalaru, F., Nicolae, A. and Meghea, A. (1996) Rev.Roum.Chim. 41(5-6), 365-70.

5.

Nicolae, A., Maior, O., Draghici, C. and Crangus, N. (1995) Rev.Chim. 46, 13-19.

6.

Hathaway, B.J. and Billing, D.E. (1970) Coord.Chem.Rev. 5, 143.

7.

Hathaway, B.J. (1972) J.Chem.Soc.(A), 1196.

8.

Lever, A.B.P. (1984) Inorganic Electronic Spectroscopy, 2nd Ed., Amsterdam, 507.

9.

Eilbeck, W.J., Holmes, F. and Underhill, A.E. (1967) J. Chem. Soc. (A), 757.

COORDINATION COMPOUNDS OF Cu (II) WITH AZOMETHINE
Adalgiza Ciobanu ½, Florica Zălaru, I. Baciu and Christina Zălaru
abstract: Cu (II) complexes employing the Schiff bases derived from 3-formylcarvone,
2-formylmenthone and 3-formylcamphor and p-aminobenzoic acid have been prepared. The
complex compounds CuL2·2H2O, (CuLCH3COO)2,, [CuL4](CH3COO)2 and CuL2 have been
characterized by chemical analysis, electronic, IR, EPR spectra, thermodifferential analysis, and
conductivity measurements.

Introduction
The present interest in the study of the reactivity of some substances existing in plants
(carway, dill, mint) such as carvone, menthone and their derivatives might be explained by
the numerous applications (in medicine, industry of odorant products, additives in food
industry).
Our previous papers [1,2] has reported the synthesis and characterization of the
coordination compounds of some “3d” metals with Schiff bases derived from
3-formylcarvone, 3-formylcamphor and 2-formylmenthone and o-, m-, p-toluidine. The
position of the methyl substituent on the benzene ring has determined the type of the
complex compound and monodentate and bidentate coordination of the ligand.
It seemed desirable to investigate, for purpose of comparison, how the different nature of
the formyl-derivatives could influence the coordination ability of these Schiff bases.
This paper describes the coordination ability of the three Schiff bases derived from the
formylmenthone, formylcarvone and formylcamphor and the same aminoacid,
p-aminobenzoic acid. The presence of the >C=O and >C=N- groups lying in vicinal
position with respect to each other favours keto-enolic-enamine tautomerism (Scheme 1).
NMR studies have shown that some Schiff bases exist in solution as enolic tautomer (3)
and that tautomer distribution was solvent dependent [3].
Three ligands able to generate complexes have been synthesized:
–

½

4-isopropenyl-1-methyl-3-[(phenylamino)-methylene]-1-ciclohexene-2-one-4’carboxylic acid noted A;
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–

4-isopropyl-1-methyl-2-[(phenylamino)-methylene]-ciclohexan-3-one-4’carboxylic acid noted B;

–

3-[(phenylamino)-methylene]-bornan-2-one-4’-carboxylic acid noted C.
H
CH N
O

(1)

R

CH
O

N

R

H

N
C

R
H

O

(2)Z

(2)E

H
C
O

N..
.
H

R

(3)
Scheme 1.

Experimental
The ligands were prepared according to literature and Cu (CH3COO) 2. H2O p.a. Merck was
used. The cooper contents were determined by the gravimetrical analyses. The carbon,
hydrogen contents were determined by microcombustion.

Syntheses:
1. CuA2.2H2O; The complex compound was prepared by mixing warm methanol solutions
50% of Cu (II) acetate (1 mmole) and ligand (2 mmoles). The resulting precipitate was
filtered off in vacuum and washed with aqueous methanol solution 50% and air-dried.
Analysis for: C36H36O7N2 calculated: Cu, 9.24; C, 62.83; H, 5.24; found: Cu, 8.95; C, 63.02;
H, 4.84.
2. (CuBCH3COO)2.; To a warm methanol solution (~40oC) of ligand B (2 mmoles) it was
added a warm methanol solution (40oC) of Cu (II) acetate (1 mmole). The microcrystalline
khaki colored sparingly soluble product was filtered off in vacuum, washed with methanol
and air-dried. Analysis: Cu2C40H50O10N2 % calculated: Cu, 15.02; C, 56.79; H, 5.96; N,
3.33; % found: Cu, 15.17; C, 56.55; H, 5.73; N, 3.62.
3. [CuB4](CH3COO)2;. To the remaining light green filtrate from the synthesis of the
compound 2, 10 ml of water were added; immediately a microcrystalline light-green
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colored product precipitated. This was filtered off, washed with water and air-dried.
Analysis: CuC76H98O16N4 % calculated Cu, 4.58; C, 65.79; H, 7.12; N, 4.05; % found: Cu,
4.39; C, 65.52; H, 7.01; N, 4.15. The same compound was isolated by crystallization of the
remaining methanol filtrate without addition of water.
4. CuC2; To a warm methanol solution (~40oC) of ligand was added a warm methanol
solution of Cu (II) acetate (1 mmole). The microcrystalline light-green colored sparingly
soluble, product was filtered off in vacuum and washed with methanol. Analysis for
CuC36H40O6N2 calculated: Cu, 9,63; C, 65,50;H,6,06; found: Cu,9,24;C,65,21;H,7,18;

IR spectra (KBr, pellets) were measured on a BIO-RAD FTS-135 Spectrometer.
EPR spectra were recorded at room temperature in polycrystalline powders on ART-5-IFA
Spectrograph. The clystron frequency was 9060 MHz. The EPR spectral parameters were
calculated against a Mn(II) standard.
The electronic diffuse spectra within 300÷1100 nm range were obtained with VSU-2P
Zeiss-Jena Spectrophotometer, using MgO as a standard.
NMR spectra were recorded on a Varian Gemini 300 Spectrometer operating at 300 MHz
(1H-NMR) and 75 MHz (13C-NMR) respectively, in CDCl3 or DMSO-d6. The chemical
shifts were referred to tetramethylsilane (TMS) as the internal standard.
Thermodifferential analysis was carried out with a Paulik-Paulik-Erdey Derivatograph
Q-1500 D MOM. Conditions of measurements: temperature range at 1000oC; heating
program 10 degree /min; sensivity DTA = 1 /10; m1 = 0.0180 g; S = 50 mg; atmosphere
over sample air.
Conductivity measurements were performed in methanol solution 10–3 M on a Radelkis OK
102/1 conductometer.

Results and Discussion
Our Schiff bases A – C have been characterised by 1H – and 13C – NMR spectra in CDCl3
and DMSO-d6 respectively. These spectra put in evidence the presence of keto – enolic –
enamine tautomerism. In addition, the spectra have shown that in DMSO – d6 and CDCl3
solutions, the ligands B and C exist as enamine tautomer in both Z/E diastereoisomers:
Ligand B: 1H – NMR (CDCl3, δ ppm, JHz): -NH = 9.10 (d, 1H, 12.7, E = 85%); 9.80 (d, 1H,
12.0, Z = 15%); 13C – NMR (CDCl3, δ ppm): >CO = 205.3 (E); 204.4 (Z).
Ligand C: 1H – NMR (DMSO – d6, δ ppm, JHz): -NH = 12.06 (d, 1H, 11.8, E = 50%); 12.20
(d, 1H, 11.7, Z = 50%); 13C – NMR (CDCl3, δ ppm): >CO = 203.7.
Synthesis was performed in methanol medium in a molar ratio Cu:L = 1:2 for the ligand B
and C and in water – methanol mixture 1:1 for the ligand A. Two different compounds
were obtained with the ligand B (Table 1).
The thermodifferential analysis has confirmed the formula of the compound CuA2.H2O.The
mass loss observed within 120-1900C range on TG curve corresponds to the loss of two
water molecules per molecule (found: 4.95%, calculated: 5.23%). Hence, the two water
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molecules are present as coordinated water. The electrolytic character 1:2 of the
[CuB4](CH3COO)2 compound is showed by the conductivity measurements [4]. Except
compound 2, the others are soluble in organic solvents.
Table 1. Analytical, physical data and molar conductivity, λ(Ω-1cm2mole-1)
No

Ligand

1

A

2

B

3

B

4

C

Empirical formula

Color

M.p. (0C)

λ

CuA2.2H2O

C36H36O7N2

Light-brown

172-174

10

(CuBCH3COO)2

Cu2C40H50O10N2

Khaki

230-232

-

[CuB4](CH3COO)2

CuC76H98O16N4

Light-green

153-155

136

CuC2

CuC36H40O6N2

Light-green

270-272

15

Complex

The diffuse reflectance electronic spectra of the complex compounds are similar; the broad
band with a maximum 600÷750 nm range can be assigned to a d-d transition. This band can
be associated with a distorted elongated tetragonal octahedron with various degrees of axial
distortion up to square planar [5,6] The strong absorption which occurs at ~ 400 nm is
assigned to the ligand A. Its “tails off” goes to strongly into the visible range that could
explain its colour.
The EPR spectra of the compounds 1 and 4 are similar. The spectra present a EPR signal
with two g factors (with g|| > g⊥) characteristic for the elongated tetragonal octahedral
stereochemistry supporting the electronic spectra (Table 2) [5,6]. EPR signal of the
compound 3 has a third order anisotropy for the g factor which is compatible with Cu (II)
ion in a rhombic distorted geometry, axially elongated5. The EPR spectra of compound 2
does not present signal.
Table 2. Electronic spectral data and EPR spectral parameters.
Complex

λmax (nm)

g|| = g3

g⊥ = g2

1

CuA2.2H2O

400;600

2.2439

2.036

-

2

(CuBCH3COO)2

730

-

-

-

3

[CuB4](CH3COO)2

700

2.0689

2.1118

2.1566

4

CuC2

750

2.2320

2.065

-

No.

g1

The most relevant absorption bands in IR spectra of the free ligands and their complex
compounds are shown in Table 3.
The keto-enolic-enamine tautomerism is supported by the presence of the bands due to νOH,
νNH, νC=O and νC=N. The different nature of the ring of the ligands A-C could explain the
differences occuring in the shape, intensity and position of these bands (Table 3).
IR spectrum of the compounds 1,2 and 4 presents the changes that involve the νOH and νC=N
stretching frequencies suggesting the same donor atoms. The band due to νC=N is shifted to
lower values and νOH band is shifted to higher values (compounds 1 and 2) or keeping its
broad character (compound 4). Schiff bases containing an N, O, donor atom set, upon
coordination to metal ion through both O and N, a decrease of the νC=N frequency and a
increase of the νOH are generaly noticed [3]. These changes could suggest that ligands A, C
and B in the compound 2 act bidentately by both the O and N donor atoms through the
deprotonation of the OH groups making evident the participation of these ligands in enolic
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tautomeric form. Cu (II) coordinates with four strong bond N and O donor atoms in a plane
and with weaker bond to two axial molecules of water for the compound 1, only, while in
the chelate, CuC2, Cu (II) ion would be tetracoordinated in a square planar geometry
distorted to tetrahedron [6] (Figs. 1 and 2).
Table 3. The main absorption bands in the IR spectra (cm-1) and their assignments.
Ligand/
complex

νOH

A
1

νNH

νC=O

νC=N

3405 m

-

1700 m

1680 s

3410 s

-

1700 w

1650 sh

B

-

3300 sh

1674 vs

1642 m

2

3410 br

-

-

1639 m

3

3422 br

-

1693 m

1642 s

C

3540-3300 br,s

-

1740 vs

1610 vs

4

3440-3200 m

-

1740 vs

1600m

vs – very strong. s – strong, m – medium, w – weak, vw – very weak,
br - broad , sh - shoulder

The IR spectrum of [CuB4](CH3COO)2 compounds shows that the band due to νC=O
(1674 cm–1) is shifted to higher values (1693 cm–1), while the others did not change. This
might suggest the involvement of the carbonyl group upon coordination making evident the
participation of ligand B in the keto-tautomeric form, the ligand acted monodentately. The
six – coordination surrounding of Cu (II) ion could be achieved by oxygen atoms of the
carbonyl in a plane and by longer bonds to axial acetate ion in a distorted elongated
rhombic geometry supporting its EPR spectrum.

OH2
O
Cu
H
R

N

2

OH2

Fig. 1: Structural formula proposed for the CuA2 2H2O compound.
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N
O

Cu

R
O
O

CH3
O
O
R

Cu

O

N

CH3

where: R =

COOH

Fig. 2: Structural formula proposed for the (CuBCH3COO)2 compound.

Conclusions
The ligands B and C exist in CDCl3 or DMSO – d6 solutions as enamino – tautomer forms
in both the Z/E diastereoisomers, but in methanol solution it is possible to exist as enolic tautomer forms.
With the ligands A and C the chelates CuA2.2H2O and CuC2 were obtained. The ligands act
bidentately in enolic - tautomer form.
With the ligand B two compounds: (CuBCH3COO)2 and [CuB4](CH3COO)2.were obtained.
The ligand acts bidentately in former in the enolic - tautomer form and monodentately in a
latter in the keto – tautomer form.
Some complexes adopted a distorted octahedral stereochemistry and others adopted a
square planar geometry distorted up to tetrahedron.
Three complexes were formulated as mononuclear species on the basis of chemical
analysis, molar conductivity, thermal behaviour, electronic, IR and EPR spectra, while one
was formulated as a binuclear compound.
These differences in the coordination ability of the three Schiff bases could be explained
through different nature of the formyl - derivatives (formylcarvone, formylmenthone,
formylcamphor).
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SYNTHESIS OF SCHIFF BASES DERIVED
FROM 5-FORMYL ETHYLVANILLIN
A. Nicolae½ and A. Anghel
abstract: In the reaction between 5-formyl ethylvanillin and aromatic amines in equimolecular
ratio, Schiff bases are formed with raised yields. By the Schiff bases formation, can be observed,
that from the two carbonyl groups of the 5-formyl ethylvanillin molecule, the formyl group
situated in the ortho position towards the hydroxyl group is more reactive. The synthesized
Schiff bases were characterized by means of IR, 1H-, and 13C-NMR spectra.

Introduction
Schiff bases are organic compounds with great utility in important fields as: medicine
agriculture, cosmetic products [1÷11]. Some Schiff bases present anticancer [2], antitumor
[3], antibacterial [4] activity; they play a prominent part in the enzymatic or unenzymatic
transaminating reactions of the carbonyl compounds with amino acids [5]. In the coordinate
chemistry field, a lot of Schiff bases operate as ligands [7,9]. Some of the Schiff bases
complex combinations with metals are used as insecticides, fungicides, herbicides [10]. Can
be remarked the large field of the biological action presented by the Schiff bases derived
from aromatic 2-hydroxyaldehydes [11].
In order to obtain new compounds having practical importance, a series of Schiff bases
derived from 5-formyl ethylvanillin were synthesized.

Experimental
Melting points were determined in open capillary and are uncorrected. The IR spectra were
recorded with a FTS 135-Biorad spectrophotometer, in KBr pellets. The NMR spectra were
registered on Varian Gemini 300 and Varian EM360L NMR, 60 MHz. spectrometers, using
CDCl3 as solvent and TMS as internal standard. The purity of each compound was verified
by TLC- silica gel plates (Merck). The elution was realized in the chloroform-methanol
9:1 (V/V). The spots visualization was done either with UV light (λ = 254 nm) or with
iodine vapour.
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General procedure for the Schiff bases synthesis
0.01 moles of 5-formyl ethylvanillin were solved in 20 ml anhydrous ethanol, keeping
warm conditions. To the room temperature cooled solution are added by dropping
0.01 moles aromatic amine solved in 20÷40 ml anhydrous ethanol, corresponding to the
amine solubility. After 2 hours, the formed crystals are filtrated, washed with some
methanol and dried. The reaction yields, the melting points and the recrystallization
solvents for the obtained Schiff bases are presented in the Table 1.
N (3’-formyl-5’- ethoxy-6’-hydroxybenzyliden)aniline I

IR(CHCl3:1663(νC=O);1613(νC=N),
1590,1482,1450 (benzene rings)
1293(νC2H5-O-C aromatic);
1146(νC-OH).

14

CHO
10
16

15

1

11

9

12

8 7

H3C H2CO

2

CH N

13

3
4

1

OH

6

5

H-NMR(CDCl3, 350 MHz, δ ppm, J,
Hz): 1.54(t.6.9, 3H, H-16); 4.19(q,
6.9, 2H, H-15); 7.30-7.36(m,3H,H-2,
H-4,H-6); 7.43(d, 1.8, 1H, H-11);
7.53(d, 1.8, 1H, H-9); 7.46(m, 2H, H3, H-5); 8.70(s, 1H, H-7); 9.83(s, 1H,
H-14).

13

C-NMR(CDCl3, 350 MHz, d, ppm): 14.66(CH3, C-16); 64.60(C-15); 111.90(C-11);
117.51(Cq,C-8);120.84(C-2;C-6);127.66(Cq,C-10);127.79(C-4);129.72(C-3,C-5);
129.90(C-9);
145.48(C-11);
149.37(Cq, C-1);
160.56(C-7);
161.40(Cq, C-13);
189.96(C-14).
Anal. Calcd. for C16H15O3N: N, 5.20; Found: N, 5.28

4-Methyl-N(3’- formyl-5’- ethoxy-6’-hydroxybenzyliden)aniline II

IR(CHCl3,cm–1):1663((νC=O);
1610(νC=N);1580,1474,1447
(benzene rings); 1293(νC2H5-O-C
aromatic) 1154(νC-OH)

14

CHO

1

10
11
16

9

15 12

H3C H2CO

3

8 7
13

OH

13

2

CH N

4
1

6

5

17

CH3

H-NMR(CDCl3, 350 MHz, δ ppm,
J, Hz): 1.53(t, 7.0, 3H, H-16);
2.40(s, 3H,H-17); 4.18(q, 7.0,2H,
H-15); 7.23(d, 8.8, 2H, H-2, H-6);
7.26(d, 8.8, 2H, H-3, H-5); 7.41(d,
1.8, 1H, H-11); 7.51(d, 1.8, 1H, H9); 8.69(s, 1H, H-7); 9.8(s, 1H, H14).

C-NMR(CDCl3, 350 MHz, δ ppm): 14.61(CH3, C-16); 21.06(C-17); 64.48(C-15);
111.49(C-11); 117.28(Cq, C-8); 120.54(C-2, C-6); 127.32(Cq, C-10); 130.01(C-9;
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130.27(C-3, C-5); 137.99(Cq, C-4); 142.38(Cq, C-12); 149.45(Cq, C-1); 159.35(C-7);
161.19(Cq, C-13); 189.94(C-14).
Anal. Calcd. for C17H17O3N: N, 4.94; Found: N, 5.07.
2-Methyl-N(3’- formyl-5’- ethoxy-6’-hydroxybenzyliden)aniline III

IR(CHCl3,cm–1): 1663((νC=O);
1610(νC=N);1590,1478,1443
(benzene rings); 1289(νC2H5-OC aromatic); 1154(νC-OH).

14

CHO

17

CH3

10
11
16

9

15 12

2

8 7

H3C H2CO

CH N

13

1

H-NMR(CDCl3, 60 MHz, δ
ppm, J, Hz): 1.53(t, 7.0, 3H, H16); 3.5(s, 1H, H-17); 4.16(q,
7.0, 2H, H-15); 7.07-7.35(m, 6H,
H-3-H-6, H-9, H-11); 8.61(s,
1H, H-7);9.77(s ,1H, H-14).

3
4

1

OH

5

6

Anal. Calcd. for C17H17O3N: N, 4.94; Found: N, 5.11.
4-Hydroxy-N(3’- formyl-5’- ethoxy-6’-hydroxybenzyliden)aniline IV

IR(CHCl3,cm–1): 1671((νC=O);
1612(νC=N);1590,1480,1443
(benzene rings); 1289(νC2H5-O-C
aromatic); 1154(νC-OH).

14

CHO
10
11
16

15 12

H3C H2CO

1

9

2

3

8 7

CH N

13

4
1

OH

6

OH

5

H-NMR(DMSO-d6, 60 MHz, δ
ppm, J, Hz): 1.52(t, 7.0, 3H, H16); 4.17(q, 7.0, 2H, H-15);
7.08(dd,, 9.0, 4H, H-2, H-3, H-5,
H-6); 7.36(d, 1.8, 2H, H-9, H-11);
8.7(s, 1H, H-7); 9.81(s, 1H, H14).

Anal. Calcd. for C16H15O4N: N, 4.91; Found: N, 5.10
4-Methoxy-N(3’- formyl-5’- ethoxy-6’-hydroxybenzyliden)aniline V

IR(CHCl3,cm–1): 1675((νC=O);
1617(νC=N);1587,1480,1447
(benzene rings); 1293(νC2H5-O-C
aromatic); 1146(νC-OH).

14

CHO
10
11
16

15 12

H3C H2CO

1

9

2

3

8 7
13

OH

CH N

4
1

6

5

17

OCH3

H-NMR(CDCl3, 60 MHz, δ ppm,
J, Hz): 1.53(t, 7.03, 3H, H-16);
3,5(s, 3H, H-17); 4.16(q, 7.03,
2H, H-15); 7.07(dd, 8.8, 4H, H-2,
H-3, H-5, H-6); 7.35(d, 1.8, 2H,
H-11, H-9); 8.61(s, H-7); 9.77(s,
1H, H-14).
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Anal. Calcd. for C17H17O4N: N, 4.68; Found: N, 4.81.
4-Chloro-N(3’- formyl-5’- ethoxy-6’-hydroxybenzyliden)aniline VI

IR(CHCl3,cm–1): 1667((νC=O);
1617(νC=N);1580,1482,1443
(benzene rings); 1289(νC2H5-O-C
aromatic); 1146(νC-OH).

14

CHO

1

10
11
16

9

15 12

H3C H2CO

2

3

8 7

CH N

13

4
1

OH

6

Cl

5

H-NMR(CDCl3, 350 MHz, δ
ppm, J, Hz): 1.53(t, 7.0, 3H, H16); 4.2(q, 7.01, 2H, H-15);
7.25(d,, 8.8, 2H, H-3, H-5);
7.42(d, 8.8, 2H, H-2, H61);
7.47(d, 1.8, H-11); 7.54(d, 1.8, H9); 8.69(s, 1H, H-7); 9.84(s, 1H,
H-14).

13

C-NMR(CDCl3, 350 MHz, δ ppm, J, Hz): 14.61(C-16); 64.76(C-15); 112.47(C-11);
117.80(Cq, C-8); 122.26(C-2, C-6); 128.05(Cq, C-10); 129.31(C-9); 129.77(C-3, C-5);
133.36(Cq, C-4); 144.83(Cq, C-1); 148.99(Cq, C-12); 158.75(Cq, C-13); 161.24(C-7);
189.90(C-14).
Anal. Calcd. for C16H14O3NCl: N, 4.61; Found: N, 4.76.

4-Bromo-N(3’- formyl-5’- ethoxy-6’-hydroxybenzyliden)aniline VII

IR(CHCl3,cm–1): 1667((νC=O);
1611(νC=N);1585,1485,1443
(benzene rings); 1293(νC2H5-O-C
aromatic); 1154(νC-OH).

14

CHO
10
11
16

9

15 12

H3C H2CO

2

8 7
13

OH

CH N

1

3
4

1

6

Br

5

Anal. Calcd. for C16H14O3NBr: N, 4.02; Found: N, 4.20

H-NMR(CDCl3, 60 MHz, δ ppm,
J, Hz): 1.5(t, 6.8, 3H, H-16);
4.17(q, 6.8, 2H, H-15); 7.14(d,
8.0, 4H, H-2, H-3, H-5, H6);7.47(m, 2H, H-9, H-11);
8.67(s, 1H, H-7); 9.8(s, 1H, H-14)
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N-(3’- formyl-5’- ethoxy-6’ - hydroxybenzyliden)α-naphthylamine VIII

IR(CHCl3,cm–1):1678((νC=O);
1610(νC=N);1600,1570,1470,1430
(benzene and naphthalene rings);
1289(νC2H5-O-Caromatic);
1157(νC-OH).

16

CHO

12
18

13

11

17 14

10

H3C H2CO

2
9

1

1

CH N

15

3
4

8a

OH

4a
5

8
6

7

H-NMR(CDCl3, 60 MHz, δ ppm, J,
Hz): 1.53(t, 6.0, 3H, H-18); 4.18(q,
6.0, 2H, H-17); 7.16-7.60(m, 4H, H2, H-3, H-6, H-7);7.68-7.92(m, 2H,
H-11, H-13); 8.16-8.28(m, 3H, H-4,
H-5,H-8); 8.61(s, 1H, H-9); 9.76(s,
1H, H-16).

Anal. Calcd. for C20H17O3N: N, 4.38; Found: N, 4.51.
N(3’-formyl-5’- ethoxy-6’-hydroxybenzyliden)β-naphthylamine IX

IR(CHCl3,cm-1):1668((νC=O);
1609(νC=N);1600,1572,1460,1430
(benzene and naphthalene rings);
1293(νC2H5-O-C aromatic);
1154(νC-OH).

16

CHO

12
18

13

11

17 14

10

H3C H2CO

15

OH

1

9

CH N

2

3

1

4

8a

4a
5

8
7

6

H-NMR(CDCl3, 350 MHz, δ, ppm,
J, Hz): 1.55(t, 7.1, 3H, H-18);
4.21(q, 7.1, 2H, H-17); 7.40-7.60(m,
2H, H-6, H-7); 7.71(d, 1.8, 1H, H1); 7.12(d, 8.7 1H, H-4); 7.45(d, 1.7,
H-13); 7.56(d, 1.7, 1H, H-11);
7.41(dd, 8.7, 1.8, H-3); 7.87(m, 2H,
H-8, H-5); 8.70(s, 1H, H-9); 9.84(s,
1H, H-16)

13

C-NMR(CDCl3, 350MHz, δ ppm,): 14.70(C-18); 64.71(C-17); 111.97(C-13); 117.69(Cq,
C-10); 119.34(CH); 126.49(CH); 127.08(CH); 127.19(CH); 127.73(Cq, C-12);
127.86(CH); 127.9(Cq); 128.16(CH); 129.80(CH); 129.88(C-11); 132.64(Cq); 133.75(Cq);
142.91(Cq); 159.36(Cq); 160.48(C-9); 189.90(C-16).
Anal. Calcd. for C20H17O3N: N, 4.38; Found: N, 4.56.

Results and Discussion
5-Formyl ethylvanillin (4-hydroxy-5-ethoxy-isophtalaldehyde) obtained by Duff reaction
from ethylvanillin, hexamethylenetetramine in acid medium [12], was condensed with
aromatic amines in order to obtain Schiff bases (Scheme 1).
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The reaction of 5-formyl ethylvanillin with aromatic amines was realized in equimolecular
ratio between the reagents.
CHO

CHO
C6H12N4 / CH3COOH 50 %

CHO

H5C2O

H5C2O

OH

OH

X

CHO

H2N

X
CH N
H5C2O
OH

I

_

IX

where: I. X = H; II.X = p.CH3; III.X = o.CH3; IV.X = p.OH; V.X = p.OCH3;
VI.X = p.Cl; VII.X = p.Br; VIII.X =α.C10Η7; IX.X = β.C10H7
Scheme 1

When the Schiff bases are formed one can observe that from the two formyl groups of the
5-formyl ethylvanillin, more susceptible in the reaction is the CHO group, situated in the
ortho position towards the hydroxyl group. The greater reactivity of the formyl group,
explained by the possibility to form a chelate with the neighbouring OH group was also
observed in the condensation reactions with bases containing nitrogen and with compounds
containing “methylene active” groups [12].
In Table 1 the yields reaction and some of the characteristic constants regarding the
synthesized Schiff bases are presented. The obtained compounds were characterized by IR
and NMR spectra, and their purity was confirmed by thin layer chromatography (TLC) and
elemental analysis.
By TLC can be observed that the Schiff bases I-IX spots are coloured. Nevertheless the
spots visualization is carried out either with iodine, or in ultraviolet light and afterwards
with 2,4-dinitrophenylhydrazine in order to verify the compounds purity. The synthesized
Schiff bases Rf values are presented in Table 1.
In the IR spectra of the synthesized Schiff bases, characteristic is the νCH=N stretching
vibration, which appears as an intense band from 1605 to 1621 cm–1. The infrared spectra
of the Schiff bases, are observed bands corresponding to the structural elements
characteristic for the 5-formyl ethylvanillin nucleus, namely; the stretching vibration band
of the formyl group around 1663÷1678 cm–1, the bands for the symmetrical and
asymmetrical stretching vibration of the ethoxy group at about 2829÷2890 cm–1 and
2921÷2971 cm–1, the ν C–OH stretching vibrations at 1146÷1157cm–1 and at
3500÷3300 cm–1. Besides these bands, appear also bands characteristic for the aromatic
nucleus of the synthesized products (1600÷1580 cm–1, 1480÷1470 cm–1,1453÷1440 cm–1).
In the range at 700÷1200 cm–1 are superposed a lot of vibrations characteristic both
aromatic nucleus and ν Ar-N, δ CH from the azomethine group.
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Table 1. Characteristic constants of Schiff bases I-IX
Compound
No.

M.W.

Yield
(%)

M.P.
(0C) (solvent)

Cristal
colour

T.L.C.
Rf

1.

I

269.30

81.0

109-110 (toluene)

Red

0.74

2.

II

283.33

78.6

113-114 (ethanol)

Yellow

0.737

No.

3.

III

283.33

67.90

107-108 (diethyl ether)

Yellow

0.77

4.

IV

285.30

94.04

213.5-214.5 (ethanol)

Red-orange

0.56

5.

V

299.33

92.35

99.5-100.5 (toluene)

Yellow

0.80

6.

VI

303.75

91.60

131-132.5 (ethanol)

Orange

0.70

7.

VII

348.20

89.67

134-135 (toluene)

Light red

0.71

8.

VII

319.36

90.90

146-147 (ethanol)

Orange

0.75

9.

IX

319.36

87.77

148-149 (ethanol)

Orange

0.77

The IR absorptions values for each compound are presented in the experimental part. The
IR spectra confirm the suggested structures.
The molecular structure confirmation of compounds I-IX was realized by the NMR spectra
and the main signals are presented for the each compound in the experimental part.
The 1H-NMR spectra of new compounds shows that the chemical shift for the CH=N group
appear like a singlet at values between δ = 8.61÷8.70 ppm. There were emphasized signals
as triplet for the methyl group protons (δ = 1.5÷1.55 ppm), as quartet for those from ethyl
group (δ = 4.16÷4.21 ppm), as singlet for formyl group proton (δ = 9.77÷9.84 ppm ). The
aromatic protons from the two substituted benzene rings are found again in the region δ
=7.07÷8.28 ppm. Also, appear additional signals caused by the substituents from the aniline
nucleus. For instance, for the Schiff bases II and III can be observed an additional singlet
at δ=2.40÷2.43 ppm, corresponding to the methyl group protons, and for the compound V,
the singlet at δ= 3.5 ppm corresponds to the methoxy group protons.
In 13C-NMR spectra, the chemical shifts for the carbon atoms of azomethine group are at
δ=159.35÷161.24 ppm, while the carbon atoms from the formyl groups absorbs at
δ=189.90÷189.96 ppm, and the carbon atoms involved in the bond with the hydroxyl group,
adjacent to the azomethine group are found again at δ=161.40÷159.36 ppm.The 13C- NMR
spectra were only carried out for the Schiff bases I, II, VI, IX and the chemical shifts are
presented in the experimental part.
The synthesized Schiff bases belong to a series of compounds, which follow to be tested as
ligands in order to obtain coordination compounds with bivalent and trivalent metal ions.

Conclusions
5-Formyl ethylvanillin was condensed with aromatic amines in equimolecular ratio
between the reagents, obtaining the corresponding Schiff bases with 68÷94% yields.
When the Schiff bases are formed, one can observe that from the two formyl groups from
the 5-formyl ethylvanillin molecule, more susceptible in the reaction is the group situated in
ortho position towards the hydroxyl group.
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The structure of the new compounds was confirmed by analytical and spectroscopic
methods (IR, 1H and 13 C- NMR).
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LA STRUCTURE ET LA RÉACTIVITÉ DES NITRILES
D. Zăvoianu½ and I. Ciocăzanu
abstract: Pour pouvoir établir des relations entre la structure et la réactivité des nitriles on
détermine les chaleurs de combustion et de formation de quelques nitriles non saturés
aromatiques. On constate que les valeurs de chaleurs de combustion et de formation sont
influencées par les effets électroniques qui se manifestent dans les molécules des nitriles étudiés.
Mots clés: chaleur de formation, chaleur de combustion, alcoylidène-phénylacétonitriles,
benzylidène-phénylacétonitriles, nitriles alpha-, bêta- non saturés.

Introduction
Le comportement dans la réaction d’hydrolyse alcaline de quelques nitriles α, β non saturés
aromatiques a été étudié dans une série de notes [1÷6]. On a constaté que la présence des
électrons π détermine la croissance de la vitesse de réaction et l’abaissement des valeurs
des énergies d’activation.
De même on a observé que la présence des substituants qui repoussent ou qui attirent les
électrons dans la molécule des nitriles α, β non saturés déterminent la modification des
valeurs des paramètres d’activation (∆H#) l’enthalpie d’activation et (∆S#) l’entropie
d’activation.
Dans une autre série de notes [7÷15], on a constaté l’influence exercée par les effets
électroniques sur les valeurs des chaleurs de combustion et de formation de certains amides,
acides organiques, azodérivés α, β-non saturés. Les résultats obtenus ont servi à l’étude de
l’hydrolyse des aminonitriles secondaires dans la formation prébiotique des aminoacides [16].
Afin d’apporter une contribution à la connaissance des relations entre la structure et la
réactivité des nitriles nous présentons les résultats obtenus en ce qui concerne les chaleurs
de combustion (∆cHº).
La chaleur de combustion (∆cHº) constitue un paramètre thermodynamique important qui
peut caractériser une certaine substance. La chaleur de combustion (∆cHº) se trouve en
étroite liaison avec la force de liaison chimique, l’enthalpie standard de formation (∆fHº),
l’énergie de conjugaison et avec l’énergie de résonance.
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Les nitriles étudiés sont les suivants:
–

propylidène-phénylacétonitrile;

–

iso-propylidène-phénylacétonitrile;

–

butylidène-phénylacétonitrile;

–

iso-butylidène-phénylacétonitrile;

–

amylidène-phénylacétonitrile;

–

iso-amylidène-phénylacétonitrile;

–

cyclopenthylidène-phénylacétonitrile;

–

cyclohexylidène-phénylacétonitrile;

–

o-nitrobenzylidène-phénylacétonitrile;

–

m-nitrobenzylidène-phénylacétonitrile;

–

p-nitrobenzylidène-phénylacétonitrile;

–

o’-nitrobenzylidène-p-chlorephénylacétonitrile;

–

m’-nitrobenzylidène-p-chlorephénylacétonitrile;

–

p’-nitrobenzylidène-p-chlorephénylacétonitrile.

Partie expérimentale
Pour la détermination des chaleurs de combustion on a utilisé une bombe calorimétrique
adiabatique du type Gallenkamp [7].
Cette bombe est munie d’un système électronique qui permet à maintenir toujours une
différence nulle de température entre l’enceinte intérieure et l’enceinte extérieure du
calorimètre. La bombe calorimétrique est prévue d’un thermomètre spécial dont la
précision est de 0,01º. Avec un système optique attaché on peut déterminer la température à
0,001º.
Pour les déterminations effectuées on a utilisé des fils de Cr-Ni avec la chaleur de
combustion de 335 cal/g et de coton dont l’énergie de combustion préalablement
déterminés a pour valeur ∆cHº (s, 298,15K) = - 4180 cal/g.
L’équivalent énergétique du calorimètre a été obtenu à partir d’une série de combustions à
l’acide benzoïque (Riedel Haen AG Seelze Hannover, étalon thermochimique 9 E 70681)
auquel on connaît la chaleur de combustion de 6311,5 cal/g. L’équivalent énergétique du
calorimètre obtenu à la suite d’un grand nombre de déterminations a une valeur moyenne
de 441,7 cal/degré.
Pour obtenir des valeurs plus précises des chaleurs de combustion pour les composés
contenant dans la molécule de l’azote on fait les corrections pour la formation de l’acide
azotique [17].
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L’acide azotique est titré pour pouvoir faire les corrections respectives. De même, on tient
compte [18] que 15-20% du chlore contenu dans la molécule se retrouve à l’état de chlore
libre et le reste sous la forme d’acide chlorhydrique. Pour transformer toute la quantité de
chlore contenu dans la molécule comme ions de chlore nous avons traité le contenu du
calorimètre avec une solution d’oxyde arsénieux quand a lieu la réaction suivante:
2 Cl2 (g) + As2O3 (aq.) + 2 HOH → As2O5 (aq.) + 4 HCl (g)

(1)

La solution d’oxyde arsénieux qui n’a pas réagi est titrée par une solution 0,1 KMnO4.
Ainsi on peut déterminer la quantité d’acide chlorhydrique et connaissant sa chaleur de
formation dans les conditions de la réaction [19] on fait la correction correspondante à la
chaleur de formation pour la substance étudiée. Pour les composés qui contiennent en
même temps atomes d’azote et de chlore, on emploie le procédé décrit et on effectue la
détermination colorimétrique d’acide azotique en présence de diphénylamine.
La combustion a été effectuée dans une atmosphère d’oxygène dont la pression retenue
dans la bombe après un prélavage, est de 25 atm.

Résultats et discussion
À partir des équations de combustion pour les composés qui contiennent que de l’azote:
C15H10O2N2 (s) + 16,5 O2 (g) → 15 CO2 (g) + 5 H2O (l) + N2 (g)

(2)

et pour les autres composés,
C15H9O2N2Cl (s) + 16 O2 → 15 CO2 (g) + 4 H2O (l) + N2 (g) + HCl (g)

(3)

les enthalpies standard de formation des composés, d’après la loi de Hess, sont:
o
∆f HC

15 H10 O 2 N 2 (s )

o
= −∆ c H C

15 H10 O 2 N 2 (s )

o
+ 15∆ f H CO

2 (g )

+ 5∆ f H oH

2 O ( l)

(4)

respectivement
∆ f H oC H O N Cl(s) = − ∆ c H oC H O N Cl(s) + 15∆ f H oCO (g ) + 4∆ f H oH O( l) + ∆ f H oHCl (g ) (5)
15 9 2 2
15 9 2 2
2
2

où: ∆ f H oCO

2 (g )

, ∆ f H oH

2 O ( l)

et ∆ f H oHCl(g ) sont les enthalpies de formation connues [10]

du dioxyde de carbone, eau et acide chlorhydrique.
Les résultats expérimentaux des déterminations pour les chaleurs de combustion des
substances étudiées sont consignés dans les Tableaux 1 et 2.
Des données consignées dans les Tableaux 1 et 2, on constate que la structure moléculaire
des nitriles étudiés exerce une influence sur les valeurs d’enthalpie de combustion et de
formation; ainsi une enthalpie de formation petite correspond au fait que la substance
donnée présente des liaisons plus fortes, c’est à dire une plus grande stabilité.
Ainsi, des dattes du Tableau 1, on observe la croissance de la stabilité moléculaire à partir
du propylidène au isopropylidène et au butylidène-phénylacétonitrile, conséquence due à
l’effet du substituant. Dans le cas de la ramification du substituant (iso-butylidènephénylacétonitrile), la stabilité devient plus grande, la valeur de la chaleur de formation
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étant fort diminuée par comparaison à celle du terme non ramifié (le butylidènephénylacétonitrile).
Les mêmes constatations sont valables dans les cas des nitriles amylidène et isoamylidènephénylacétonitrile, dont les valeurs des chaleurs de formation diminuent par comparaison
aux valeurs des termes inférieurs (conséquence due à l’effet de masse du substituant) et de
même l’influence de la ramification du substituant sur la stabilité moléculaire plus grande
pour le terme amylidène-phénylacétonitrile.
Tableau 1. Les chaleurs de combustion et de formation pour les alcoylidènes-phénylacétonitriles
Substance

C

CN

C

CN

H3C

C

CH3

C

CN
(CH2)2

C

C
CH

48,52

-1457,45

47,14

-1615,64

42,96

-1614,38

41,70

-1773,08

38,03

-1770,19

35,14

-1720,6

53,87

-1878,04

48,94

CH(CH3)2

CN
(CH2)3

CH

-1458,83

CH3

CN

CH
C

∆fHº (s, 298,15 K)
[cal/g]

CH2CH3

CH

CH

∆cHº (s, 298,15 K)
[cal/g]

CH3

CN
CH2
C

CH(CH3)2
CN

C

C
C

CN

Dans le cas du cyclopentylidène-phénylacétonitrile et du cyclohexylidènephénylacétonitrile, on observe des valeurs plus grandes pour la chaleur de formation par
comparaison aux valeurs correspondantes aux termes contenant des radicaux acycliques, le
cyclohexylidène- étant plus stable que le cyclopentylidène-phénylacétonitrile.
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En examinant les dattes consignées dans le Tableau 2, on constate que les termes qui
contiennent le groupement nitro dans les positions orto- et para- présentent une valeur plus
grande pour la chaleur de formation que pour les positions méta, fait du probablement aux
effets –E et –J qui se manifestent dans les positions orto- et para par comparaison à la
position méta- où se manifeste seulement l’effet –J. Ceci explique la stabilité plus grande
des molécules qui contiennent les groupements nitro en position méta-.
Tableau 2. Les chaleurs de combustion et de formation pour les benzylidène--phénylacétonitriles

Substance

∆cHº (s, 298,15 K)
[cal/g]

∆fHº (s, 298,15 K)
[cal/g]

-1795,30

44,05

-1793,68

41,43

-1797,85

45,60

-1716,40

21,32

-1713,80

18,72

-1717,90

22,82

C CN
CH
NO2
C CN
CH
NO2
C CN
CH

NO2
Cl

C CN
CH
NO2

Cl

C CN
CH
NO2

Cl

C CN
CH

NO2
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Conclusion
En conclusion, la stabilité moléculaire est déterminée par les effets stériques et
électroniques des divers substituants présents dans la molécule organique.
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DIBLOCK COPOLYMER THIN FILMS – PHYSICS
AND APPLICATIONS
D. E. Angelescu½, C.K. Harrison, D.H. Adamson, P. M. Chaikin and R. A. Register
abstract: Block copolymers have seen a significant increase in interest over the past few years.
The unique properties of such polymers make them an ideal candidate for a number of
technological applications. Recent efforts aimed at combining the self-assembling nature of
block copolymers with semiconductor thin-film processing techniques have proven extremely
fertile, opening a novel field of block copolymer nanolithography. In the current paper an
attempt is made to review some of the more important techniques and results (developed in our
group and elsewhere) in the field of diblock copolymer thin films, with emphasis on
technological applications and physical properties. In particular we report the experimental
observation of a two dimensional order-disorder transition in a thin film of diblock copolymer.

Introduction
Diblock copolymer molecules are composed of two covalently bonded blocks of polymers
that are immiscible in bulk. Due to the constraints imposed by molecular connectivity,
macroscopic phase separation is not possible; instead the polymer exhibits microphase
separation on a molecular scale, where micelles (or microdomains) of the minority polymer
block form within a matrix of the majority polymer block. By tailoring the ratio of the
block lengths within the copolymer molecule one can produce microdomains shaped like
spheres (in a body centered cubic lattice), cylinders, gyroids or lamellae for bulk samples.
In terms of thin film morphology, one can obtain triangular lattices of spheres (for highly
asymmetric blocks) or in-plane arrays of cylinders (if more-symmetric, cylinder-forming
blocks are used); the gyroidal morphology has not been reported in thin film samples. The
lamellar morphology has not seen much interest in terms of thin films.

Experimental
Very thin polymer films can be obtained by a variety of techniques, the most commonly
used being spin coating from a dilute solution (a method borrowed from the semiconductor
industry). Film thicknesses that range from few nanometers to tens of micrometers can be
obtained by this method. For a diblock copolymer film, the thickness corresponding to a
single layer of microdomains (monolayer) is usually on the order of a few tens of
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nanometers and scales with the molecular weight of the polymer. Other methods used for
obtaining such thin polymer films include dip coating and flow coating.
Thin films of diblock copolymer require specific techniques for characterization. Methods
commonly used in bulk samples (such as small angle x-ray scattering) are inapplicable for
thin films, due to the insufficient amount of polymer present. For thin films, therefore, the
in-plane structure must be determined by direct imaging techniques. These methods,
developed partly by our group, include FE-SEM (field emission scanning electron
microscopy – in order to use this technique, the samples must be previously prepared, either
by preferential removal of the minority block followed by etching, resulting in topographic
contrast [1,2], or by staining one of the blocks, resulting in chemical contrast [3]) and TMAFM (tapping mode atomic force microscopy, which relies on the existence of a
mechanical contrast between the two blocks, such as a different elastic constant. This is the
case if the minority block is glassy while the majority block is rubbery at the imaging
temperature [3]). Besides its simplicity, the latter method has the advantage of being nondestructive, which allows dynamical studies. It has therefore become our method of choice.
A micrograph obtained by TM-AFM is presented in Fig. 1. The out-of-plane structure can
be determined by TEM (transmission electron microscopy) or by DSIMS (dynamic
secondary ion mass spectroscopy [4]).

Fig. 1: TM-AFM micrographs of a polystyrene-b-poly(ethylene-alt-propylene) (PS-PEP) copolymer,
forming glassy PS cylinders embedded in a rubbery matrix of PEP.

Results and Discussion
Applications
Technological interest in thin films of diblock copolymer has seen a significant increase
after their use as self-assembled lithographic templates for nanometer-scale lithography was
demonstrated by several groups [1,5,6]. The most common method used today for
fabricating feature sizes on the order of several nanometers is electron beam lithography, a
very expensive and slow process. Imprint stamping has seen recent interest as an
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economical alternative to electron beam lithography. When simple periodic features are
desired, diblock copolymer lithography seems to be the method of choice for nanometerscale fabrication. This technique allows the transfer of nanometer-scale patterns that selfassemble in the polymer film to arbitrary substrates. Arrays of metal dots (if a sphereforming polymer is used as the template) or metal lines (if a cylinder-forming polymer is
used instead) can be obtained. A periodic array of metal dots can be used for magnetic
information storage, leading to a significant increase in data density. Prototype hard disks
have already been manufactured by this technique [7,8], and commercial products are on
the way.
Most practical applications of this lithography technique, however, are strongly dependent
upon the degree of order preexisting in the polymer film. For metal dot arrays, for example,
one should be able to address each metal dot independently, while for metal wires one
would like to have long, straight, continuous wires running across the sample. It is essential
therefore to develop methods for aligning polymer microdomains in thin films. While for
bulk samples, various degrees of alignment have been achieved (by means of shear, flow or
sweeping temperature gradients), in thin films long range order has been notoriously
difficult to attain. For sphere-forming diblock copolymers, alignment with straight substrate
features has recently been shown to work [4,9]. For cylinder-forming diblock copolymers,
alignment with strong electric fields has been achieved [10]. Unfortunately, the electric
fields required are so strong that they can only be extended to very small areas of a sample
(few square microns). A lot of recent work has been reported in this area, and the problem
of alignment over large areas seems to be tractable, at least for thin films of cylinderforming diblock copolymers [11].

Scientific Importance
Besides their commercial uses, thin copolymer films are of scientific interest due to their
two-dimensional crystalline nature, which suggests an obvious application as model
systems for real two-dimensional atomic crystals (in the case of sphere-forming polymers)
or smectic liquid crystals (in the case of cylinder-forming polymers). Several investigations
have been carried out regarding the mechanisms responsible for pattern coarsening and
alignment occurring during the annealing phase [3,4,9], leading to novel ideas in the field
of pattern formation.
A recent experiment carried out by our group employed a sphere-forming diblock
copolymer film for studying the melting phase transition (or, for our system, the orderdisorder transition) in two-dimensional crystalline systems. It is interesting to note that two
dimensional phase transitions of the sort observed here are rare, and most of the previous
experimental realizations were achieved in suspended colloidal systems, which suffer from
limited resolution and finite sample effects. In contrast, our approach of using a thin
diblock copolymer film provides a practically infinite two-dimensional specimen. Our
sample consisted of a sphere-forming polystyrene-b-poly(ethylene-alt-propylene) (PS-PEP)
diblock copolymer layer, where the molecular weights of the two blocks were 3300 g/mole
(PS) and 23100 g/mole (PEP) [12]. PS formed spherical microdomains embedded in a PEP
matrix. The resulting triangular lattice had a lattice spacing of approximately 25 nm. After
an annealing step above the glass transition temperature of both blocks but below the orderdisorder temperature (ODT), the sphere pattern coarsened and developed well-defined
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grains, with the grain size dependent on annealing conditions. For a typical annealing time
of 1 hour at 70°C, the grain size was on the order of 1 micron, or 40 lattice spacings.
The experimental setup (shown schematically in Fig. 2) involved a temperature gradient
stage onto which the polymer sample was annealed in an inert atmosphere. Temperature
stability of ±0.1°C with absolute temperature accuracy of 2.0° was obtained on the gradient
stage by using dedicated temperature controllers in conjunction with low thermal mass
Peltier heaters. The sample was placed across the gradient and annealed for a specified time
(on the order of a few hours), such that each point along the sample corresponded to a
different annealing temperature. In particular, the hot end of the sample was annealed
above, while the cold end was annealed below the bulk ODT. Subsequently the sample was
rapidly quenched by a brief immersion in liquid nitrogen, and allowed to equilibrate with
room temperature. TM-AFM micrographs were acquired at various positions across the
sample (corresponding to various annealing temperatures).

Fig. 2: The gradient stage setup. The temperatures at the two ends of the sample (silicon wafer covered with the
polymer layer) are controlled within 0.1°C, the temperature gradient being constant through the rest of the sample.
Each point along the sample corresponds to a different annealing temperature. The hot end is annealed above ODT
(disordered lattice - inset right) while the cold end is annealed below ODT (ordered lattice - inset left)
The gradient stage is placed in an inert nitrogen atmosphere during the annealing.

From the resulting micrographs, translation and orientation correlation functions were
determined and the corresponding correlation lengths calculated as a function of the
annealing temperature (it is important to note here that the orientation correlation length is a
robust measure of grain size). At the same time, the number of topological defects
(dislocations and disclinations) in the lattice was calculated. Orientation correlation lengths
(and, corresponding, grain sizes) were seen to abruptly collapse as temperature was
increased past a certain value (127°C), corresponding to the thin film ODT. At the same
value of the temperature, the density of topological defects increased dramatically, proving
that the observed phase transition was defect-mediated. Fig. 3 shows the dependence of the
correlation lengths, and of the density of disclinations, on temperature.
It is interesting to note that the thin-film ODT and the bulk ODT were extremely close to
each other (within the experimental uncertainty). One would be tempted to expect that the
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crystallographic differences between the body-centered-cubic bulk configuration and the
triangular plane lattice, in conjunction with the substrate interactions, would induce a shift
in the ODT as the film thickness approaches that of a monolayer. We currently have no
convincing explanation for this phenomenon.

Fig. 3: The temperature dependence of the orientation correlation length (and correspondingly, of the grain size).
The collapse of the correlation length above 127°C corresponds to the thin film order-disorder transition. Data
points were obtained by two different techniques [13], hence the different symbols on the graph. Around the same
temperature the density of topological defects shows a dramatic increase (inset: the density of disclinations).

Conclusions
We presented a review of some of the important applications of diblock copolymer thin
films. We described, as well, an experimental setup which allowed us to capture and image
a whole phase transition on a single diblock copolymer sample. The order-disorder
transition we observed is rare in two dimensions, and our setup provides a new system for
studying such phase transitions.
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USER FUNCTION IN THE CURVE-FITTING PROCESS
FOR DETERMINATION OF THE MULTIPLE
EQUILIBRIA BINDING CONSTANTS
C. Bendic½
abstract: User function that can be used in the curve fitting for the determination of the binding
constants in the case of multiple equilibria was defined. This function, written in C language, is
based on the exactly solution of the cubic equation obtained when both 1:1 and 1:2 complexes
are simultaneously present in the system.
key words: multiple equilibria, binding constants, 1:1 and 1:2 complexes

Introduction
The problem of multiple equilibria consisting in the formation of two or more complexes
has been dealt with in several fields. Thus, acid-base equilibria, metal ion-ligand
coordination, as well as binding of small molecules to macromolecules including
biopolymers, like enzymes and nucleic acids, and synthetic polymers, require consideration
of multiple binding.
Even in the field of small molecule-small molecule organic complexes, careful
investigation sometimes reveals that it is necessary to take account of additional complex
species [1÷5].
In many cases, the determination of the stepwise binding constants is very difficultly, if not
impossible, to do, the experimental property measured being a sum of the contribution of
all components present in the system. Various graphical methods are used consisting in
some equation linearization, linear extrapolations, Taylor’s series expansion and linear
approximation [6,7]. The most serious disadvantage of these methods is that the stability
constants of complicated systems can be evaluated only in several steps when an
accumulation of errors occurs.
The best way to estimate the binding constants for multiple equilibria is nonlinear
regression analysis.
In this paper it is developed a general method for the determination of the stepwise binding
constants, when both 1:1 and 1:2 complex formation is taken into account. This method
uses as curve-fitting function a cubic equation obtained for this systems writing the
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stepwise constants K11 and K12 as a function of the total transformation degree of the ligand
into 1:1 and 1:2 complexes.

Theoretical
When both 1:1 and 1:2 complexes (SL and SL2) are present in the medium, it is chemical
reasonable to assume that every complex is formed in a bimolecular process, so these two
complexes are related by following equilibria:
S+ L

(1)

SL

SL + L

(2)

SL 2

and the stepwise binding constants K11 and K12 are defined by:

K11 =

[SL]
[S][L]

(3)

K 12 =

[SL2 ]
[SL][L]

(4)

Any observable property of the system can be written as a function on the degree of the
transformation of the ligand into both complexes (α ) , which is a sum of the ligand fractions
in the form of species SL (α 11 ) and SL2 (α 12 ) . The following relations define these
fractions:

α 11 =

[SL 2 ]
[SL]
and α 12 =
Lt
Lt

(5)

α = α 11 + α 12

(6)

The mass balance expressions for S and L are:
S t = [S] + [SL] + [SL 2 ] = [S] + α 11 L t +

α 12
2

Lt

L t = [L] + [SL] + 2 ⋅ [SL 2 ] = [L] + α 11 L t + α 12 L t

(7)
(8)

In equations (5)-(8) St and [S] represent total and free (unbound) substrate concentrations,
respectively, and similarly for the ligand.
From (7) and (8) the concentrations of free substrate and free ligand can be written as a
function of the ratio of initial concentrations of the substrate and ligand X = St/Lt.
After the expansion of the binding constants K11 and K12 in terms of α 11 , α 12 and α ,
equation (6) leads to the following third order equation in α :

α 3 − [( A + 2(1 + X)] ⋅α 2 + [1 + (4 + A)X + A(1 + B)] ⋅ α − (2 + A)X = 0
where X is the ratio of total concentrations of the substrate and ligand X = St/Lt .

(9)
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The parameters A and B from the equation (9) are correlated with stepwise binding
constants by relation (10):
A=

1
1
and B =
K 12 ⋅ L t
K 11 ⋅ L t

(10)

the concentration of the ligand Lt being constant
These parameters will became the fitting parameters in the user function together with the
ones that determine the analytical response (absorbance, chemical shift, conductivity, etc.)
One of the real solutions of the equation (9) has the physical significance of the total degree
of ligand transformation. The nature of the roots is determined by the value of the
dicriminant of the equation [8].
The first part of the user function needed in the fitting process is dedicated to solution of
the equation (9). The results of this part, α 11 and α 12 , are used in the second part to
compute analytical response of the system as a function of the ligand fractions in the form
of species SL (α 11 ) , respectively SL2 (α 12 ) .
User function is a part of a little program written in C language which can be easily
adjusted (and translated) to any iterative fitting program based on the least squares method.
This user function is:
q=1/3*(2+A+2*X)*(1+A*(1+B)+(4+A)*X)-2/27*(2+A+2*X)
*(2+A+2*X) *(2+A+2*X)-(2+A)*X;
p=1+A*(1+B)+(4+A)*X-1.0/3*(2+A+2*X)*(2+A+2*X);
delta=q/2*(q/2)+p/3*(p/3)*(p/3);
if (delta > 0)
{
f1 = -q/2 + sqrt(delta);
f2 = -q/2 - sqrt(delta);
if (f1 < 0) f3 = -exp(1/3 * log(fabs(f1)));
else f3 = exp(1/3 * log(fabs(f1)));
if (f2 < 0) f4 = -exp(1/3 * log(fabs(f2)));
else f4 = exp(1/3 * log(fabs(f2)));
alfa = f3 + f4 + 1/3 * (2 + A + 2*X);
}
else
{
f1 = sqrt(fabs(p/3*(p/3)*(p/3)));
cosfi = -q/f1 /2;
f2=acos(cosfi);
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XX = exp(1.0 / 3 * log(fabs(f1)));
alfa = 2*XX*cos(f2/3+ 2/3*M_PI) + 1/3*(2 + A + 2 * X);
}
alfa11 = (1 - alfa) * (2*X - alfa) / (2*B + 1 - alfa);
alfa12 = alfa -alfa11;
property = C * alfa11 + D * alfa12;

Discussion
The last line of the function computes the property of the system, C and D being another
two fitting parameters that correlated the transformation degrees of the ligand with this
property.
For example, when experimental method is optical spectroscopy, the property is the change
in the absorbance of the system ∆A, and a wavelength is selected so that the molar
absorptivities (ε i ) of the present species are different:
∆A = (∆ε 11α 11 + ∆ε 12α 12 ) ⋅ L t

(11)

where ∆ε 11 = ε SL − ε S − ε L and ∆ε 12 = ε SL 2 − ε S − ε L .
In this case the last line of the function has to be written:
property = (C * alfa11 + D * alfa12)*Lt ;

(12)

if the concentration of the ligand Lt is held fixed; C and D represent the changes in the
molar absorptivities ∆ε 11 and ∆ε 12 .
If the experimental data consist of recorded values of the property by varying the ligand
concentration at constant total substrate concentration, a substitution has to be made. Thus
the parameters A and B become:
A=

1
1
⋅ X and B =
⋅X
K 12 ⋅ S t
K 11 ⋅ S t

(13)

and now the new fitting parameters will be:
AA =

1
1
and BB =
K 12 ⋅ S t
K 11 ⋅ S t

(14)

As a result of this substitution the parameters A and B have to be replace in equation (9) as
well as in the user function, with AA*X and BB*X. The last line becomes:
property = (C * alfa11 + D * alfa12)*St/X ;

(15)

Both equation (9) and user function present flexibility and can be modified by adequate
substitution if it is required by the experimental reasons.
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The user function was tested for some hypothetical systems with binding constants K11 and
K12 varying on a large range. There is an ambiguity into the results of the fitting process
only for the low value for K11 or K12. In these cases only a statistical analyses can
discriminate between a false or a true result and, in general, is necessary to repeat the fitting
process using different initial estimates of the parameters till all of them is obtained with an
acceptable standard error.
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MODIFICATION OF MOLECULAR PROPERTIES
OF PROFLAVINE IN NON-IONIC MICELLAR
AQUEOUS SOLUTIONS
Cristiana Bercu½ and Tatiana Oncescu½½
abstract: We studied the behavior of proflavine cationic dye (3,6- diaminoacridine) in non-ionic
surfactants (Tween 20, Tween 60, Tween 80 and Triton X100). The determined CMC was
practically the same in the presence or the absence of proflavine. The absorptivity ε444 is some
higher comparative to the value obtained in water. The wide-line δH of NMR spectra are higher
in the presence of proflavine than in its absence. These results suggested a possible interaction
between proflavine monocation PFH+ and these micelles. We determined also pKa and found
values some higher than that in water what confirms the interaction supposition too. Its nature is
probably the hydrogen bonding between amino groups of PFH+ and oxygen atoms of
polyoxyethylenic chains, supported also by molecular orbital computation.

Introduction
Micelles provide various small environments which have considerable influence on
molecular properties and chemical equilibria. Basic dyes are good choice for use as probes
for micellar systems [1,2].
Bathochromic and hyperchromic modifications in the absorption spectrum of the dye
indicate indeed the presence of interactions between this one and the micelles [3].
The ionic micelles were much more studied comparative to the non-ionic ones [4÷8]. This
is the reason for which we chose to study this problem in the present paper.

Experimental
We used as such proflavine C13H12N3.HSO4 (Serva Feinbiochemica Heidelberg) and the
following non-ionic surfactants: Tween 20, Tween 60, Tween 80 and Triton X100 (Loba
Chemie, Wien).
For CMC determination we used a wide-line NMR spectrometer IFA T-71 (10MHz), a
Specord M40 Carl Zeiss Jena spectrophotometer and a Radelkis conductometer.
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The acidity constant pKa of proflavine in these media
spectrophotometrically from the absorption spectra variation with pH.

was

determined

The computation based on quantum mechanics was carried out using PC SPARTAN
programs, version 1.5.

Results and Discussion
Our experimental CMC values for the above non-ionic surfactants, in the absence or
presence of proflavine are summarized in Table 1.
Table 1. CMC values of non-ionic surfactants.

Experimental
method

(CMC)Tween60
× 103
[g/dl]

(CMC)Tween20
× 103
[g/dl]
- PfH+

+ PfH+

- PfH+

+ PfH+

(CMC)Tween80
× 103
[g/dl]
- PfH+

(CMC)Triton
× 103
[g/dl]

+ PfH+

- PfH+

+ PfH+

Conduct.

5.50

5.50

2.50

2.40

2.00

2.00

16.2

15.2

NMR

5.40

5.10

2.50

2.30

2.00

2.20

16.2

15.2

Spectroph.

–

5.50

–

2.30

–

2.00

–

16.2

Spectrofl.

–

5.60

–

2.40

–

2.00

–

15.8

Average

5.45

5.43

2.50

2.35

2.00

2.05

16.2

15.7

–3

One observes that CMC ranged between (2.0÷2.5)x10 g/dl for Tween 60 and 80 but it
reaches a value of 5.45 x10-3g/dl for Tween 20. This result is in good agreement with the
structure of these surfactants. Indeed, Tween surfactants are characterized by the formula:
C47H91O25R in which R= –C11H23 for Tween 20, whereas for Tween 60 and Tween 80, R
are very nearly, –C17H35 and –C17H33 respectively.
One observes also, that CMC is not influenced, in the limit of experimental errors by the
presence of proflavine (in good agreement with micellar theory [9]).
One remarks too that it was possible to determine CMC conductometric although these
micelles are non-ionic. Due to the hydrophilic end of polyoxyethylenic chains, in water is
established the following equilibrium by forming hydrogen bonding [10,11]:
C O C
H2
H2

+

HOH

C O C
H2
H2
H

+

OH

(1)

It reveals the weak cationic character of these surfactants.
This cationic character at the end of the polyoxyethylenic chains is sustained by the charge
distribution (Table 2) determined by molecular orbital computation (at MNDO
approximation level) for one oxyethylenic group:
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4

H 2H

2

C 1C O 1H

5

H 3H

Table 2. Electronic charge distribution of polyoxyethylenic groups.

Charge [x 1,6x10-19C]

Surfactant
1

C

2

C

O

1

H

2

H

3

H

4

H

5

H

∑

Tween 20

0.156

0.179

–0.332

0.185

–0.005

–0.005

0.001

0.001

0.180

Tween 60

0.137

0.166

–0.303

0.164

0.003

–0.031

0.007

0.020

0.163

Tween 80
Triton
X100

0.155

0.167

–0.333

0.183

–0.001

–0.001

0.002

0.003

0.175

0.155

0.177

–0.332

0.185

–0.006

–0.006

0.001

0.001

0.175

As a consequence their hydrophil / lypophil ratio have values nearly to cationic HLB,
namely ∼ 15.5.
We determined proflavine absorptivity ε at the absorption maximum (λ=444÷445 nm) in
these media and found 4.13x104 M–1cm–1 some higher than the value in water
(3.92x104 M–1 cm–1). This results suggest a possible interaction between proflavine and
these non-ionic micelles. This affirmation is supported also by the spectral modification of
proflavine with the increasing of micelle concentration. We exemplify by the absorption
spectrum of proflavine (2.14x10–6 M) in water and Tween 80 respectively.

Fig.1: The absorption spectrum modification with Tween 80 concentration:
0) 0 g/dl; 1) 9×10-4 g/dl; 2) 2,5×10-3 g/dl; 3) 5×10-1 g/dl.

One remarks the shifting of the absorption spectrum towards the long wavelengths
accompanied by the absorbance increasing. The same behaviour we found also in watermethanol mixtures so that we concluded that the interaction between proflavine and these
non-ionic micelles may be ascribed to the hydrogen bonding formation.
We mentioned also that the initial value of δH NMR spectra obtained for premicellar
concentrations is also some higher in the presence of proflavine, ascribed to the hydrogen
bonding formation too.
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We determined also the acidity constants pKa of proflavine in these non-ionic micelles. In
aqueous solutions it can exist in different protonations forms due to the three N atoms with
aminic character. The prototropic equilibria are shifted according to pH:
p Ka
PFH + ←⎯⎯
→ PF + H +

(3)

In Fig. 2 we present the profile of proflavine absorption spectra in aqueous solutions of
Tween 20 at various values of pH.

Fig. 2: The variation of proflavine (1,917×10-6M) spectra in Tween 20, 9×10-3g/dl, at various values of pH.

One notices two absorption maxima: at 445nm absorbs the monocation PFH+ whereas at
400nm the neuter form, separated by an isosbestic point at 403nm. By using the equation:

p K a = p H− log

A − APFH+
APF − A

(4)

were APFH + is the absorbance of monocation and APF of the neuter proflavine.
We calculated with equ. (4) the following values of pKa:
(pKa)Tween20=10.64; (pKa)Tween60=10.52; (pKa)Tween80=10.72; (pKa)TritonX100 =10.81.
These pKa values are some higher than that obtained in water (9.5). Such a result shows that
proflavine molecule is stabilized in these non-ionic micelles interacting with these by
hydrogen bonding formation between amino groups of PFH+ and oxygen atoms of
polyoxyethylenic chains.
In Fig. 3 we present the result of molecular orbital computation of interaction between the
monocation proflavine molecule and Tween 20 molecule.
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Fig. 3: The results of molecular orbital calculation of the interaction between PFH+ and Tween 20.

The hydrogen bonding between positive charged amino groups of the proflavine
monocation and the polyoxyethylenic chains is determined by oxygen atoms with negative
electric charge (Table 2).

Conclusions
The present study evidenced:
–

CMC of the investigated non-ionic surfactants do not change in the presence of
proflavine in the limit of experimental errors;

–

the absorptivity ε444 of proflavine is some higher in these surfactants than in water;

–

the absorption spectrum shifts toward long wave lengths accompanied by the
increasing of absorbances with the increase of surfactant concentrations;

–

the acidity constant pKa is higher too comparatively to the value obtained in water;

–

the wide-line δH of NMR spectra is some higher in the presence of proflavine;

–

these experimental data suggest the existence of interactions between proflavine and
these non-ionic surfactants most probably by hydrogen bonding;

–

this last conclusion is also in good agreement with our molecular orbital computations.
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SPECTROSCOPIC STUDY OF SOME HUMAN
AND BOVINE SERUM ALBUMIN CONFORMERS
OBTAINED BY RENATURATION
Liliana Bîrlă½, Alina Tîrşoagă and V.E. Sahini
abstract: From various folding pathways of thermally denatured human and bovine serum
albumin, a mixture of different conformers was obtained by different cooling procedures, the aim
of the present paper being the study of their spectroscopic properties. Spectral study of eosin
(EOS) and bromphenol blue (BSP) association with some albumin conformers (AC) was
performed in order to determine their molecular interaction parameters. The slope of eosin
absorbency (in the region λ ~ 530 nm) differentiates the conformers among them, as well as in
respect with the natural albumin. The association constants, obtained by various methods and the
number of binding sites are different between AC and the non-denatured albumin, as well as
among them, having the order of magnitude of 105M–1. The results are in agreement with the
hypothesis that, corresponding to various refolding conditions; the albumin molecule acquires
new local secondary structures, different among them and from the one in the initial unfolding
conditions.

Introduction
The interaction between albumins and several ligands has been largely studied in the last
decades [1], in order to determine parameters of the interaction, as well as the
conformational changes upon binding. The aim of the present paper is to study, using the
absorption spectra, the influence of the refolding process of the thermally denatured BSA
conformers. In its native state, the albumin macromolecule has probably a conformation in
which the polar aminoacid residues are especially directed towards the outside of the
macromolecular surface and the non-polar ones are directed prevalently inside the surface.
The thermal denaturation, followed by particular refolding conditions, leads to conformers
in which the ratio between the hydrophobic and hydrophilic moieties is gradually modified
in respect with the natural albumin. Previously, results on the same conformers, obtained by
chromatography [2] and electrophoresis [3] had been reported. In the present study we
propose an alternative way of investigating modifications in the protein conformation,
using a dye (eosin, bromphenol blue) as a tool, by following the effect produced on its
spectral properties after adding in solution natural or denatured protein. Albumin
conformers are supposed to regain only a part of their initial structure, presenting
differences function of the renaturation pathway.
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Experimental
BSA, Sigma fraction V, was used without further purification. Buffer solutions (NaOH and
H3BO3) have been prepared, to keep the pH at 7.4. The solutions of albumin have been
obtained with natural (sample 1) and thermally denatured, for 15 minutes at 65°C, albumin.
Samples 2, 3, 4 have been obtained with renatured albumin, after a slow refolding of
~1.5°C/min. (sample 2), refolding at 4°C (sample 3) and at –20°C (sample 4). Eosin
(2’,4’,5’,7’-tetrabromofluorescein) disodium salt, was purchased from Baker. Absorption
measurements have been done with a Unicam-Helios α spectrophotometer (Vision
software). Working solutions were obtained by adding variable volumes of eosin stock
solution, at total concentration of albumin, kept constant during the experiment. In the case
of BSP, dye concentration has been kept constant and its absorption measured in presence
of different concentrations of albumin. The molecular formula of the two dyes is presented
in Fig. 1.
OH

C6H4-COOBr

Br

Br

Br

OH

O

-O
Br

Br

O

S

Br
O

EOSIN DI-ANION

O
Br
O
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Fig. 1: Molecular structure of the two dyes used in interaction with albumins

Results and Discussion
Interaction between renatured HSA and eosin
In respect with the reference eosin molar absorption coefficient (noted εR) obtained in
presence of native albumin at a constant concentration 2.875 µM, eosin presents different
absorption molar coefficients when albumin conformers obtained after denaturationrenaturation are added in solution, in the same constant concentration.
Table 1. Slopes of eosin absorption as a function of concentration in the range (0.536-5.490) µM,
in presence of denatured-renatured HSA (probes 1-4) at constant concentration 2.875 µM
λ max /
nm

Slope (m)

Natural albumin

530

46910

-

0.9969

Isothermal

528

42271

4639

0.9986

3

At constant t = 4°C

528

43854

3056

0.9977

4

At constant t = -20°C

528

49531

2621

0.9977

Sample No.

Renaturation

1
2

∆m

r

In Table 1 we could observe comparatively, for probes 2 and 5, a decreasing, respectively
increasing of ε, from the reference probe εR = 46910M–1cm–1. We assumed that the
absorption results from the Lambert-Beer law (the length of the spectrocell is 1cm):
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(1)

A / a.u.

where A is the absorbance experimentally measured, εfree and εbound are the molar absorption
coefficients of the free and bound eosin in solution, Cfree and Cbound are the concentrations of
these two forms, respectively. Thus, the value of apparent molar absorption coefficient
εapp= A/C0, (C0 = Cfree + Cbound) results from a different contribution of the free and bound
form. The value of the maximum wavelength confirms these results, being shifted with
9÷14 nm from λfree= 516 nm. The plot of eosin absorption as a function of its concentration
is presented in Fig. 2. The relative position of slopes obtained in presence of different
constant concentration of albumin conformers differentiates the interaction of all these
conformers and the natural albumin.

0.25
0.2
0.15
0.1
0.05
0
0

0.000002

0.000004

0.000006

c EOS /M
Fig. 2: Eosin absorption at λ = 525-530 nm as a function of its concentration, in presence of natural
and denatured human serum albumin (where * is sample 4; ♦ is sample 1; ∆ and ■ are samples 2 and 3).

In the region of the ratio between protein and eosin concentrations, P/D = 0.52÷5.39, a
more quantitative approach of this interaction has been made using Scatchard-type relation
[4,5]:

ν
Cfree

= nK −ν K

(2)

where ν represents the ratio between the concentration of bound eosin and the
concentration of protein, n is the number of binding sites and K is the association constant;
the results are presented in Table 2. In all cases, a strong affinity of albumin for eosin has
been noticed, of the order of magnitude K ~ 105M–1 for the association constant, the bigger
value being obtained with natural HSA. The correlation coefficients are relatively good for
the number of experimental points used in the fitting. Regarding the conformers, we
observe that a relatively large affinity still exists for conformer 4 and that the smaller
affinity presents conformer 2. Another observation is that, whereas all Scatchard
representations could have been fitted only with one type of binding sites, in the case of
conformer 2, relatively good results have been obtained with two types of binding sites.
It could be possible that some of the sites, which have been buried in the hydrophobic core,
became exposed at the solvent during the denaturation and have a small probability to
regain their initial position in the renaturation time.
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Table 2. Scatchard calculation of v/cf = f (cf) for CHSA = 2.857µM (constant).

Sample No

P/D

K*10-5 / M-1

n

r

No. of points

1

3

0.52-5.33
0.63-0.77
0.83-1.54
0.52-5.33

11.313
0.113
1.356
4.035

0.94
21
0.5
0.83

0.9553
0.9752
0.9888
0.9539

14
4
5
17

4

0.52-5.33

6.735

1.27

0.9828

16

2

Interaction between renatured BSA and eosin
By comparison with HSA, the first observation is that the absolute value of the slope for
BSA is almost two times bigger for all conformers. The correlation coefficients are very
good, the fitting being made for 20 experimental points in all cases. The maximum of the
absorption band is placed at the same value, presenting also the contribution of free and
bound eosin in solution. The main difference consists of the fact that all slopes are smaller
for conformers in respect with the natural protein and that as conformer 2 has the same
behaviour as in HSA, the conformer 4 has a completely different behaviour, presenting the
smaller value of the slope (Table 3).
Table 3. Slopes of eosin absorption as a function of concentration in the range (0.536-5.490) µM,
in presence of denatured-renatured BSA (probes 1-4) at constant concentration 2.875 µM.

Sample No.

Renaturation

λ max /
nm

Slope (m)

r

1

Natural albumin

530

90701

0.9997

2

Isothermal

528

87624

0.9991

3

At constant t = 4°C

528

85656

0.9991

4

At constant t = -20°C

528

79472

0.9995

Table 4. Scatchard calculation of v/cf = f (cf) for CBSA = 2.857µM (constant).

Sample No

P/D

2

0.086 - 0.877

4

0.224 - 0.740

Method

K*10-5 / M-1

n

r

Scatchard
Gentile
Scatchard
Gentile

3.048
4.059 ± 0.730
4.362
4.757 ± 0.440

33
26 ± 3
25
22 ± 1

0.9198
0.9858
0.9314
0.9896

A possible interpretation could be the following: it is well known that HSA contains only
one tryptophan residue (Trp 214), whereas BSA has two Trp residues in the molecule (Trp
134 and Trp212), one in the polar environment and the other in the hydrophobic core [6÷8].
Supposing the interaction eosin-Trp, it is possible that electrostatic binding with charged
residues in near vicinity of tryptophan occurs. If we consider Trp 212 and Trp 214 as
having similar environment in the two albumins, in the conformer 4 of BSA the binding
could occur at Trp 134. Conformer 2, having similar behaviour in both albumins, may give
an indication of the interaction in the vicinity of Trp 212 and Trp 214, which are in the
polar environment, more exposed and perturbed by the interaction with the ionic
atmosphere. This hypothesis is also supported by Scatchard and Gentile calculation
(Table 4). In the range of P/D = 0.086-0.877 there is also a high affinity of BSA for eosin,
the association constant having the same order of magnitude K~105M–1 with both methods.
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Very different is the number of binding sites, 22-33 for eosin to BSA. This result has been
found in literature only concerning small ions interacting with BSA [9,10].

Interaction between denatured BSA and bromphenol blue
In order to verify our results, we used a dye for which the association constant with proteins
is well known from the literature [11] as being 1.5*106M–1 and studied its interaction with
natural bovine albumin, conformer 2 and conformer 4 only (which presented the most
different behaviour in BSA and HSA).
0.16
0.14
0.12

A (u.a.)

0.10
0.08
0.06
0.04
0.02
0.00
-0.02
400

450

500

550

600

650

700

λ(nm)

Fig. 3: Absorption spectrum of 2.06 µM BSP in presence of renatured BSA (sample 4)
at P/D between 0.029 and 2.2, in buffer at pH=7.4.

The absorption spectrum of BSP in the absence (the most intense curve) and in presence of
BSA is given in Fig. 3. An important shift occurs in solution containing increasing
concentrations of BSA. Four calculation methods have been used in order to determine the
association constant (Table 5).
Table 5. Scatchard calculation of v/cf = f (cf) for CBSA = 2.857µM (constant)

Sample
No

Scatchard[4]

Gentile[5]

K*10-6 / M-1
Chaires[12]

Molec.model[9]

Kmean *10-6 / M-1

1

0.628

-

0.439

1.989

1.019

2

0.152

-

0.092

0.053

0.099

4

3.020

2.910

0.742

0.579

1.813

A relatively large difference between natural and the two albumin conformers is noticed. A
relatively small affinity for the conformer 2 and a very big affinity for the conformer 4, by
respect with the normal albumin. It is the same result as for the previous cases.

Conclusions
1. Absorption spectra of eosin and BSP in presence of BSA and HSA have proved to be
useful tools in order to differentiate conformers obtained after 15min. thermal denaturation
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of albumin at 65°C. In respect with the reference eosin molar absorption coefficient in
presence of native albumin (HSA or BSA) at a constant concentration of 2.857 µM, eosin
in presence of different albumin conformers obtained after denaturation followed by
refolding showed different molar absorption coefficients.
2. In all cases the absorption maximum of dye appears to a different value from that of the
free dye in buffer solution, indicating the presence of bound dye (previous studies showed
that during binding a red shift of approximately 10 nm is noticed). By respect with εR,
conformer 2 presents a smaller value for both albumins. This conformer corresponds to a
long time refolding process. On the contrary, conformer 4 obtained after fast cooling at
t ~ -20°C gives a value of molar absorption coefficient ε4<εR for BSA and ε4>εR for HSA,
differentiating between binding sites on the macromolecular surface: as we consider Trp
212 and Trp 214 as having similar environment in the two albumins, than in BSA the
binding could occur at Trp 134.
3. Quantitative parameters, association constants and number of binding sites have been
obtained using Scatchard and Gentile methods for BSA-EOS, HSA-EOS and BSA-BSP
interactions, as having the order of magnitude K ~105M–1 in the first two cases; the affinity
of conformer 2 for eosin is smaller than that of conformer 4, both smaller than the native
one, showing that the macromolecule does not regain the entire binding affinity by
renaturation. BSP has the same behaviour, the order of magnitude being K ~106M–1.
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RELATIONSHIP BETWEEN ANAEROBIC TRESHOLD
AND ENDURANCE PERFORMANCE IN SWIMMING
EXPRESSED BY EVOLUTION OF LACTATE CONCENTRATION
IN BLOOD AFTER FRANCAUX MODEL
I. G. Bratu ½, Valentina Chiosa½½ and Cristina Mandravel
abstract: In a previous paper we studied by reflectance photometry lactic acid concentration
during high performance swimmers training at different targets. In this work we try to explain
this evolution using Francaux model to explore this data.

Introduction
It is known the essential role of lactic acids derivatives in organisms as metabolism
products, fuel for sustaining of physical effort and vector of different drugs.
The basic biological foundations of performance diagnostics and of training guidance are
the modes of energy provision for muscle contraction [1]:
1.

The aerobic mechanism;

2.

The lactic acid mechanism;

3.

The alactic mechanism.

Energy is provided by all three mechanisms in specific proportions, depending on the
intensity and duration of the exercise. Each individual mechanism operates according to its
own laws. The three mechanisms differ in their capacity their output, the minimum time
required for recovery after loading: for creatine phosphate to be built back up again, for
lactate to be degraded and for muscle glycogen to be built up.
The time required for recovery ranges from seconds to minutes for creatine phosphate
resynthesis, runs to several minutes for lactate degradation, and in the case of heavy
cumulative exercise, may be long as a few days for restoration of muscle glycogen. The
maximum possible performance decreases from the alactic mechanism, to the lactic acid
and then the aerobic. For capacity the reverse order applies.
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The characteristics of motoricity such as frequency and force impulse per movement cycle
affect the degree to which the three mechanisms are used. The fundamental aim for any
health oriented sporting activity is that working muscles should receive sufficient oxygen,
ensuring that the energy produced comes almost exclusively from the oxygen – dependent
aerobic break – down of carbohydrates and fats.
In a previous paper [1] we have studied blood lactic acid concentration during high
performance swimmer training at different targets. The determinations of lactate
concentration were effected with Accusport analyzer in field conditions [2].
In basic literature the strong relationship existing between the anaerobic threshold and the
endurance performance of a subject is well documented [3÷5].
Anaerobic threshold is defined as the level of oxygen uptake (VO2) at which a metabolic
acidosis occurs. It may be determined by the point where the blood lactate concentration
([La–]) begins to increase above its rest level during an incremental exercise test [6,7].
Similar concepts have been also developed using constant values (2 and 4 mmol/l) of the
blood lactate concentration to determine the OBLA (Onset of Blood Lactate
Accumulation) [8], the area of aerobic-anaerobic transition [9] or anaerobic threshold.
Beaver [10] have proposed a simple mathematical model to estimate the lactate threshold
that require the transformation to logarithmic coordinates of each value of oxygen uptake
and of [La-] to determine a threshold visually apparent.
All this models give satisfactory fit of the typical [La–] - VO2 curve (see Fig. 1) but remain
empirical.

Fig. 1: Mean evolution of blood lactate concentration in top level swimmers (n=5) and cyclists (n=5)
during an incremental bicycle ergometer test.

In 1993 Francaux et al [11] have published a mathematical model that describes evolution
of [La–] versus VO2 during an incremental exercise test. Deduction of final equation was
based on demonstrated physiological phenomena.
During a continuous graded interval test, there is a linear relationship between time (t) and
oxygen uptake (VO2) at the end of each step and the equation that describes the evolution
of blood lactate concentration versus VO2, after Francaux, is:
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⎡ La − ⎤ = P eα ⋅VO2 − Vmax
⎣
⎦ α
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{( K M + VO2 ) − ⎡⎣ K M ln ( K M + VO2 )⎤⎦} ,

(1)

where: P – is intercept; α – is the slope of exponential function that corresponds to rate of
appearance of lactate in blood; Vmax – is maximal rate of lactate elimination; KM – constant
of Michaelis-Menten (the VO2 necessary to reach half of Vmax).

Materials and Methods
The biometrical data (age, weight, height) of our swimmers mentioned in our precedent
work [1] are disposed in the same range of values as the groups of the swimmers and
cyclists tested in Francaux experiment [11] and have similar sportive performances
(members of Olympic Team). Although, we can transfer/use some of established parameter
for by Francaux protocol theoretical computation of lactate concentration evolution in our
assisted swimming training. (This protocol was a continuous graded 3 minutes interval
exercise test on an electrically braked bicycle Jaeger ergometer. This exercise started at a
power output of 70 W, which was increased by 40 W every 3 minutes until voluntary
cessation. At the end of each intensity level 25 µl of capillary blood were taken from the
earlobe to determine lactate concentration with YSI lactate analyzer. Oxygen uptake was
measured every 30 seconds using an Ergo-Oxyscreen Jaeger spirometer. A Sportester PE
3000 continuously recorded heart rate.)

Discussion
On this basis we extracted from [11] considered parameters from Table 1:
Table 1. Comparison between swimmers and cyclists after [11].

Parameters
PWC 170 [beats/min]
-1

VO2peak [l x min ]
P [mmol x min x lO2-1 x lVd-1]

α [min x lO2 ]
-1

Vmax [mmol x min x lO2-1 x lVd-1]
KM [lO2-1 x min-1]

Swimmers

Cyclists

F value

Prob > F

± 56.924
4.096 ± 0.751
0.423 ± 0.120
0.767 ± 0.094
1.850 ± 0.815
2.591 ± 0.261

357.6 ± 19.604

8.436

0.0198

5.128 ± 0.352

7.741

0.0238

0.293 ± 0.032
0.690 ± 0.067
3.428 ± 0.959
2.919 ± 0.070

5.383

0.0489

279.4

2.184

N.S.

7.861

0.0231

7.405

0.0262

The PWC 170 is the power capacity for a 170 beats/min heart rate, which has been
calculated from regression equation computed between the power output, and the heart rate
between 100 and 180 beats/min.
VO2 peak is definite as the peak of oxygen uptake measured during exercise.
We have computed theoretical [La] - VO2 curve (Table 2) corresponding to our
experimental data [1] after this model (Fig. 2).
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Table 2. Calculated data after Francaux model.

Crt. no.

[La]
mmol/l

VO2
L/min

1

0.6416

0.925

2

0.6530

0.950

3

0.6734

1.000

4

0.9230

1.500

5

1.3624

*

2.000

6

2.1402

2.500

7

3.3840

*

3.000

8

5.4938*

3.500

9

6.9015

3.750

10

7.0198

3.800

11

7.9241

3.900

12

8.6915*

4.000

The values of calculated lactate concentrations nearly of those determinated in our
precedent work [1] in different swimming conditions are marked with asterisk.

Fig. 2: Calculated [La] – VO2 curve.

It is obvious that the value of VO2 uptake corresponding to 3 l/min leads to a calculate
concentration of blood lactate of 3.38 mmol/l which coincids satisfactory with that of
3.3 mmol/l, determined in our first training exercise [1] at 30 seconds break-time after each
hundred meters of swimming. The values of VO2 uptake larger than 3.5 l/min correspond to
range of lactate concentration which surpasses the value of 4.0 mmol/l (considered as value
for the performance at the „anaerobic threshold conditions”) [1].
In Table 3 and Fig. 3 are presented the calculated data after Beaver [10] conditions which
also sustained our previous observations about anaerobic threshold.
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Table 3. Logarithmic values of Table 2 data.

Crt. no.

Log [La]

Log (VO2)

1

–1.806

–1.965

2

–1.813

–1.977

3

–1.829

0

4

–1.965

0.176

5

0.134

0.301

6

0.330

0.397

7

0.528

0.477

8

0.739

0.546

9

0.844

0.574

10

0.845

0.579

11

0.898

0.591

12

0.939

0.602

Fig. 3: Log [La] – log VO2 curve.

Concerning the values of calculated lactate concentrations which are nearly those
determinated in training conditions of our previous work [1] is possible to observe
appearence of larger lactate concentrations in plasma when distances target in swimming
are to much fragmented. This also reflects regression of ability to effort adaptation of the
swimmer in these conditions of training.

Conclusions
1.

Use of Francaux model (in which the equation (1) is demonstrated on the
physiological basis and no arbitrary selected) to calculate lactate concentration in
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blood as function of VO2 uptake shows a good fit of experimental typical curve for
swimmers training.
2.

In the serie of corresponding values [La] – VO2 we can observe the range of
transition (between 2-4 mmol/l lactate) and anaerobic threshold (at 4 mmol/l).

3.

Analysis of calculated [La] concentrations in blood permits a logical mode of
training which exclude too much fragmentation of target distance in swimming.
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MOLECULAR PROBE TECHNIQUES
IN THE STUDY OF COLLOIDAL SYSTEMS
H. Caldararu, Agneta Caragheorgheopol½, Marilena Vasilescu and Rodica Bandula
abstract: This review presents some examples obtained by molecular techniques in the study of
non-ionic reverse micelles of poly(ethylene oxide) type surfactants: tetraethylene glycol mono-ndodecyl ether (C12E4), Triton X-100, and triblok copolymers poly(ethylene oxide)-blockpoly(propylene oxide)-block- poly(ethylene oxide) (L62 and L64 Pluronics). By using specific
spectral parameters of spin, fluorescence and UV-VIS probes the microenvironment
characteristics: polarity, viscosity and order degree in reverse micelle were investigated. The
polarity data were expressed in a common scale, to be able to compare the results obtained using
different spectroscopic methods. The aggregation number of the micelles has been obtained from
time-resolved fluorescence quenching method.

Introduction
Professor Eugen Angelescu has started in Bucharest, as early as 1960, a systematic study of
organic colloids, of changes in physico-chemical properties as a function of the dispersion
degree in the transition from molecular to colloidal region. The way the amphiphilic
molecules self-assemble and the structure of the interface was found to depend on the polarity
of the solvent, concentration, temperature, polar or non-polar additives, counterions [1]. The
colloidal domain, with its self-assembling systems has since been recognized to be one of
the most fascinating and important research areas, revealing the basic mechanisms of
Nature’s ways to achieve highly organized systems.
Among amphiphilic molecules, the nonionic surfactants are of significant industrial,
biological and physicochemical interest. Solutions of the nonionic polyoxyethylene
amphiphile have been the subject of many studies on their phase diagrams [2,3], and it is
only in the last 10 years that the micellar structural and dynamical properties attracted a
considerable attention. They show a wide variety of aggregation and phase behaviours in
binary and ternary systems depending on concentration and temperature, such as micelles,
hexagonal, lamellar and two different cubic type liquid crystals as well as reverse micelles.
Whether they are alkyl ethers, alkyl-aryl-ethers or block-copolymers of the
poly(oxyethylene)-poly(oxypropylene)-poly(oxyethylene) type, the phase behaviour proved
to be similar [4,5].
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Results and Discussion
The molecular probes are well suited to report about the local values of structural
parameters in these complex microheterogeneous systems. The electron paramagnetic
resonance (EPR or ESR) spectroscopy of spin probes is a powerful technique for studying
the aggregation behavior, microviscosities and local polarities, the effect of different
solubilizates and the dynamics of the micellization process [6,7].
Me
CH 3

O

N

N

+

(CH ) n-1
2

CH

3

]I-

(CH )
2 17-n
O

(CH )
2 n-2
N

COOH

O

Me

CAT n n-doxyl stearic acid
This possibility of using this technique for the study of different molecular structures
arouses in connection with two important milestones: (i) the development of the theories
describing the EPR line shapes of free radicals under different dynamic conditions [8,9] and
(ii) the synthesis of stable nitroxide radicals [10÷14]. The potential for the success of the
ESR method stems also from the fact that the motions associated with the aggregation of
amphiphilic molecules are on a time scale that influences the ESR spectrum. Since the
magnitude of the anisotropic magnetic interactions are larger in ESR than in NMR, the two
techniques are sensitive to motions on different time scales. The successful use of
nitroxides as spin probes has resulted from the unique possibility to vary their chemical
structure without significant changes in their paramagnetic properties. Thus, the chemical
structure can be adjusted according to the needs of the investigated system, while the
experimental setting, the methodology used and the interpretation of the results remain
basically the same. Nitroxide radicals are optimal as spin probes because their spectra,
while very sensitive to the modifications of many parameters of the environment, are
reasonably simple and allow a small number of parameters to be defined for the description
of the radical behaviour.
Fluorescence spectroscopy has been applied to the determination of critical micelle
concentrations, micelle size and shape, micro polarity and micro viscosity, using
fluorescent probes, whose fluorescent properties, intensities, intensity ratios, lifetimes,
quenching and polarization, depend on physical parameters of the micelles [15-19]. The
method is also applied for the study of the modification of these parameters with surfactant
composition, concentration, temperature, interaction with different additives (salts,
polymers, proteins, etc.). The fluorescent probes: 1-anilinonaphtalene-8-sulphonic acid
(ANS), N-(5-dimethyl-amino-naphtalene-1-sulphonyl)hexadecyl amine (Dansyl) and
pyrene sulphonic acid sodium salt (PSA), all of special purity, were used for reverse
micelle characterization.
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UV-VIS absorption probes are those molecules, which present a clear solvatochromic
effect. The absorption probes, 4-nitropyridine-N-oxid (NP) and methyl orange (MO) were
found suitable for studies in reverse micelles.
O N
2

N

+

O

-

(CH ) N
3 2

N

N

SO Na
3

NP MO
Reverse micellar (RM) systems

Systematic studies of RM systems of polyethylene oxide(PEO)-alkyl ethers, PEO-alkylarylethers and block-copolymers of PEO-poly(oxypropylene(PPO)-PEO series have been
undertaken by using TRFQ of fluorescent probes for determination of aggregation numbers
and the spin probe technique combined with other molecular probe techniques (UV-VIS,
fluorescence) for structural characterization of the aggregates.
Determination of micellar sizes by the TRFQ method
The fluorescence quenching technique allows the determination of micellar size (see
reviews [16,17,20÷22]. In order to have a good resolution of the intramicellar quenching
process, the probe-quencher pair has to be selected so as to ensure that the quenching
process in micelles is very rapid compared to the fluorescence lifetime of the probe. An
efficient quencher should deactivate the excited probe on the first encounter.
Infelta et al. [23] and Tachiya [24] suggested that, for small, monodisperse micelles, with a
random distribution of the quencher and probe molecules among the micelles (a Poissonian
distribution), and when the quencher moves between micelles during the lifetime of the
excited probe, the fluorescence intensity decay according to the equations:
ln ⎡⎣ F ( t ) F ( 0 ) ⎤⎦ = − A2 + A3 ⋅ exp ⎡⎣( − A4 t ) − 1⎤⎦

Where

A2 = k0 + kq ⋅ k− ⋅ n ( kq + k− ) ; A3 = n ⋅ kq2

(k

(1)

+ k− ) ; A4 = kq + k− ; kq being the
2

q

first-order rate constant for quenching in a micelle with one quencher, k– the exit rate
constant of a quencher leaving the micelle, k0 the unquenched decay rate of the probe
fluorescence (the reciprocal of the lifetime) and n the average number of quenchers per
micelle. If k– is much less than kq and k0, eq. 1 reduces to [25]:
ln ⎡⎣ F ( t ) F ( 0 ) ⎤⎦ = −k0 ⋅ t + n ⋅ exp ⎡⎣( −kq t ) − 1⎤⎦

The expressions for the parameters A2, A3, and A4 are:

(2)
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A2 = k0 ; A3 = n = [ Q] [ M ] ; A4 = kq
This is the ideal case for the determination of the aggregation numbers N.

N = n ⋅ [Smic ] [ Qmic ]

(3)

The parameters kq and n are estimated by fitting experimental data to eq. (2), while k0 is
obtained from fluorescence decay curve without quencher. In this case the tails of the decay
curves − with and without quencher − are parallel (in logarithmic representation). The
"mic" subscript at S and Q indicates the surfactant and quencher concentrations in micelles.
Results obtained on poly(oxyethylene)[4]dodecylether, C12E4, in three different solvents:
cyclohexane, decane, and dodecane, with various water additions are presented below [26].
The dependence of the aggregation number, N, on solvent, temperature, and water
concentration, was investigated with ruthenium bipyridyl (the dichloride salt of Ru(bpy)32+)
as probe and methylviologen (MV2+) as quencher. The radius of polar core, Rpc, and the
surface area per polar head, Aph, were calculated by the following equations:
Rpc3 = 3 N/4π(VH 2 O +VEO) = N(262.8 + 30W)/4.19 (Å3) ; Aph = (4 πRpc2)/N (Å2) assuming
that all the water and the polyoxyethylene part of the surfactant lie within the polar core,
which is spherical, monodisperse, and separated from the oil phase by a monolayer of alkyl
chains of N surfactant molecules. At very low W =[H2O]/[surfactant] molar ratio, the
micelles are spherical with no water core. At higher W, a pool of free water is formed and
the Aph is smaller and remain independent of W. These data, supported by DLS
measurements, point to a spherical shape for the micelles whose size varies between 30 Å
(at W = 1.34) and 60 Å (at W = 13.4).
Table 1. Calculated N, Rpc, and Aph Values for 15% C12E4/Oil/Water Systems at 8° C.

H2O
%

Cyclohexane

Decane

Dodecane

Rpc
(Å)

Aph
(Å2)

N

Rpc
(Å)

Aph
(Å2)

N

Rpc
(Å)

Aph
(Å2)

N

1

14.9

61.9

45

16.7

54.3

64

18.2

49.6

84

2

17.9

59.9

67

19.9

51.8

96

24.5

42.0

200

3

22.6

54.0

121

32.6

35.1

380

35.4

32.4

484

4

24.9

53.1

142

40.2

31.4

649

48.3

26.2

1121

5

29.5

51.3

213

6

32.3

51.2

256

7

35.5

50.5

313

8

39.1

49.7

386

9

41.6

50.2

433

In conclusion, the micelle size depends on solvent nature, the aggregation being favoured in
longer linear hydrocarbon. The aggregation numbers and Rpc increase with W and decrease
with temperature.
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Polarity profiles in reverse micelles of Triton X-100
The polarity and ordering profile in RM of Triton X-100 in cyclohexane and benzene/nhexane have been studied with the aid of spin probe and absorption probe techniques.
Spectral properties of NP. The molecular absorption probe 4-nitropyridine-N-oxide (NP) is
soluble in water and only scarcely soluble in non-polar solvents. Its distribution coefficient
for water/cyclohexane, water/n-hexane and water/benzene are higher than 1500.
The π - π* absorption band of NP is blue shifted with increasing polarity of the solvent [27]
(for instance λmax is 315 nm in water, 330.2 nm in methanol and 348 nm in acetone. In
protic solvents, the hydrogen bonding plays an important role in the solvatochromism of
NP involving the N-oxide group. In non-hydrogen bonding solvents, dipol−dipol
interaction causes a small blue-shift. In polar solvents, the ground state of the molecule is
stabilized and the transition energy increases, i.g. leading to a negative solvatochromism.
Spectral measurements of the NP absorption in different solvents have shown that its
transition energy, ENP, can be used as a polarity parameter, similar to Kosower’s Z value
[28]. The maxima were converted into transition energy by means of the relation (derived
from E = hν): ENP (kcal mol–1) = 28590/ λ max, where λmax is expressed in nm.
The good linear relation between ENP and Z, in various solvents and solvent mixtures can be
expressed as: Z = 3.008×ENP − 178.4
Clearly, NP is well suited as a polarity probe. Its small dimensions further favour its use in
the study of micropolarity in reverse micelles. The polarity range covered by this probe
makes it interesting for the study of the polar core in RM of poly(oxyethylene) type
surfactants. Using Z values one can compare results obtained with different probes in the
same system. The transition energies measured for MO in the mixtures of water with TEG
and TGME were plotted against ENP. Straight line was obtained and the relationship can be
expressed as: ENP = − 1.68×EMO + 194.0
Micropolarity in reverse micelles of Triton X-100, using NP as a UV-VIS probe.
The absorption spectra of NP in TX (0.66 M)/cyclohexane/H2O RM, as a function of water
content (w= [H2O]/EO, molar ratio) at 298 K, show an increasing blue-shift of the
absorption maxima indicating a polarity increase of the probe environment. In order to
interpret the corresponding ENP (and Z) values in terms of water-distribution in the polar
core, measurements have been made on a series of homogeneous TEG/water and
TGME/water mixtures, for which ENP and Z values have also calculated [30].
The data (Table 2) show that for both RM systems, the polarity at NP site is lower than in
TEG/water mixture with the same w.
ESR measurements of polarity profile. The simple classification of probes into
hydrophilic/hydrophobic is too coarse to describe their location in micelles and reverse
micelles. Quite on the contrary, owing to the non-uniform, continuously changing
composition of the aggregates of nonionic, PEO type surfactants, each probe molecule will
have a different location, as a result of the fine balance of its hydrophyl/hydrophobe
interactions. This is even more so with amphiphilic probes.
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Table 2. Dependence of the λ max (nm) of NP probe on the w values in TX-100 (0.66 M) / cyclohexane /H2O,
TX-100 (0.28 M) / benzene - n-hexane (30:70 v/v)/ H2O, TEG/ H2O and TGME/ H2O systems.

TX-100/cyclohexane/H2O
w

0.01

λmax(nm)

352.0

0.13

0.23

0.33

0.43

348.2

346.1

343.0

341.

TX-100/benzene-hexane/H2O
w

0.01

0.11

0.21

0.31

0.43

0.53

0.62

0.75

0.83

λmax(nm)

352.0

349.7

347.6

345.3

343.8

343.4

342.5

341.3

340.7

w

0.03

0.25

0.50

0.78

1.00

1.28

1.50

1.80

λmax(nm)

344.0

341.0

337.4

335.0

333.0

331.0

329.0

326.4

TEG/H2O

TGME/H2O
w

0

0.10

0.25

0.50

0.85

λmax(nm)

353.0

352.0

350.0

347.0

343.0

Using a series of related cationic probes, CAT n, has checked these ideas. All probes have
the same nitroxide head bound to the ammonia group, but differ by the length of a
hydrocarbon chain substituent. Thus, the aN values, describing the local polarity can be
directly compared. The probes will have different radial positions, those with the shorter
chain having the nitroxide group in the most polar region.
The results in Table 3 show, indeed a polarity profile, decreasing from CAT 1 to CAT 16.
The polarity values for the same water content are almost equal in the two solvent systems,
but, as with CAT 4, the τc values for each probe are much lower in benzene-hexane as
compared to cyclohexane as a solvent.
Table 3. ESR parameters of a series of CAT n spin probes in the RM systems TX-100
(0.27 M)/cyclohexane/H2O and TX-100(0.27 M)/benzene-n-hexane 30:70 v/v/ H2O with w = 0.4 , at 295 K.

Probe

TX/cyclohexane
aN(G)

TX/benzene-hexane

τc(10 )s
10

aN(G)

τc(10-10)s

CAT 1

16.05

5.8

16.00

4.4

CAT 4

15.95

10.9

15.95

6.3

CAT 8

15.60

15.2

15.70

12.5

CAT 11

15.60

20.0

15.70

13.6

CAT 16

15.40

24.8

15.60

15.3

The spectral parameters of CAT n spin probes and of 4-nitro-pyridine-N-oxide (NP)
absorption probe were related to local hydration by means of a series of PEO/water
calibration mixtures and have been expressed in terms of Kosover’s Z values. This way the
relative radial positioning of all probes was established and could be compared with those
of 1-methyl-8-oxyquinolinium betaine (QB) and methyl orange (MO), previously used by
Schelly et al. [29] in the same systems. A continuous variation of the polarity in RM was
evidenced, from the most polar region in the center, with the polarity of ethanol/water
mixtures (CAT 1, CAT 4 and QB) to a region corresponding to tetraethylene glycol
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(TEG)/water mixtures and triethylene glycol monoethyl ether/water mixtures (NP and
CAT 8), to a region at the limits of the core, with the polarities of the triethylene glycol
dimethyl ether/water mixtures (MO) and to still lower values, found with the 16-doxyl
probe, in the corona. The different hydration dynamics at various depths in the micelles
showed earlier saturation in the outer regions of the core as compared to the central regions.
The 16-DSA probe evidenced the compacting and ordering effects of the water on the
surfactant chains in the polar core and corona. The RM in benzene/hexane appear to have a
much lower viscosity in the polar core (over the whole range of W) as compared to those in
cyclohexane. The order degree of the chains is lower too and corona appears to be
penetrable by CuX2, at variance with the cycloxane system. All the data are consistently
explained by the loosening effect of benzene, solvating the surfactant chains in the corona.
Reverse micelles of Pluronics L62 and L64
The approach described above was extended in the study of RM of Pluronics L62
((EO)6(PO)30(EO)6) and L64 ((EO)13(PO)30(EO)13) both in ternary system (surfactant/oxylene/water)[31,32]. A whole series of cationic probes, CAT n (n = 1, 4, 8, 11 and 16) and
x-DSA (x = 5, 7, 10, 12, and 16) were used, leading to the determination of a polarity
profile of the polar core and an ordering profile of the surfactant chains. The idea of using
this homologous series of probes consists in the fact that the identical nitroxide moiety
ensures that aN values vary only as a result of different surroundings [30]. The probes
positioning is a result of the fine balance of the interactions of the cationic head, which is
always the same, and of the hydrocarbon chain "tail", which increases in a regular fashion
with n. Therefore, as the hydrocarbon chain increases, the average position of the probes
will shift from the polar part, further and further from towards the hydrophobic region.
Fluorescence and UV-VIS probes were also used to check the inner consistency of the
results obtained from different spectral regions. The specific spectral parameters of all
probes, measured in samples with various water quantities added (W), were referred to a
common polarity scale, the one proposed by Kosower. For this purpose calibration curves
were determined from measurements of the spectra of all probes in the same TEG/water
mixtures to which Z values have been previously assigned.
The spectral measurements carried out with a wide range of molecular probes with various
locations resulted in complementary and concordant conclusions regarding micellization,
hydration (polarity) and microviscosity in various micellar zones at water addition, as
follows: (i) water is a prerequisite for micellization: in the L64/o-xylene system: with no
added water RM were not identified. The spin probes associate with surfactant chains,
probably as unimers; starting from W = the spin probes positively detect 0.25 surfactant
aggregates. The fluorescent probes yield the same minimal water quantity required for
micellization: W = 0.4 for L62/o-xylene and W = 0.2 for L64/o-xylene systems as the spin
probes; (ii) with increasing water content the polarity in the core increases, much more so
in the center of the core than near the polar/apolar interface (PPO/PEO). Two regions can
be distinguished in the polar core: one in which polarity is above average and increases
with the quantity of dissolved water and a second region, where the polarity is below
average, and at a certain water concentration saturation appears, so that polarity does not
change at subsequent water dissolution; (iii) microviscosity data confirm the hydration
profile, since increase of the water content brings about a decrease of the microviscosity in
the middle of the core, and an increase at the polar/nonpolar interface; (iv) the values of the

180

H. CALDARARU et all

polarity sensitive parameters of most probes in the reverse micelles have been “translated”
into values of Kosower`s Z polarity factor. This way an ordering of all probes used was
achieved, according to their hydrophobic character: Dansyl > NP > CAT16 > CAT 11 ~
ANS > CAT 8 > PSA > CAT 4 > CAT 1 (Fig. 1); (v) in the binary L62/water and
L64/water systems in the L2 phase, formation of RM was proven by the polarity gradient
indicated by the probes. Segregation of water is more advanced in the ternary systems than
in the corresponding binary ones, the range of W values being double in the first case as
compared to the second one, which points to the influence of the non-polar solvent on water
distribution and is an indirect indications of the considerable solvation in the PPO region of
ternary systems; (vi) the microviscosity is much lower in the ternary than in the binary
systems at the same water content, owing to the considerable solvation of the PPO region,
which determines a looser packing of surfactant chains, even in the PEO core; (vii) water
contributes to the micellar ordering. For W ≥ 1 a considerable order at the polar/apolar
interface and tighter packing in the corona were noted in both L62 and L64 ternary systems.
In the corresponding binary systems the rather peculiar “freezing” of the surfactant chain
rotation, encountered with longer PEO chains, was found at room temperature (295 K),
which is not released even at higher temperature (320 K).

Fig. 1: Z values in (a) L62/o-xylene/water and (b) L62/water as a function of W; the continuous line represents
the calibration curve obtained with NP and PSA probes (UV-vis determinations) in TEG/water mixtures.
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Conclusion
The molecular probe technique, using specific spectral parameters of spin, fluorescence and
UV-VIS probes, provide important information in reverse micelle regarding
microenvironment characteristics: polarity, viscosity and order degree.
The “location” of the probe has been established using reference solutions, and the polarity
data were referred in a common scale (Kosower’s polarity factor), to be able to compare the
results obtained using different spectroscopic methods, and the results were concordant.
The aggregation number of the micelles has been obtained from time-resolved fluorescence
quenching method. For the reverse micelles investigated, the aggregation numbers and Rpc
increase with W and decrease with temperature. The solvent has an important role on the
size of the micelle.
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ETUDE THERMODYNAMIQUE
DE QUELQUES HYDROXY-ALDEHYDES
I. Ciocăzanu½, Viorica Meltzer, Anca Nicolae et Elena Pincu
abstract: Cette publication est consacrée à l’etude par calorimétrie de combustion et par
calorimétrie differentielle à balayage (DSC) de quelques hydroxy aldehydes. Ainsi on a
determiné les enthalpies de combustion, les enthalpies et les temperatures de fusion et on a
calculé les enthalpies de formation de ces composés en état standard.

Introduction
Dans le présent travail sont présentés les résultats obtenus par calorimétrie de combustion
et par calorimétrie differentielle à balayage, pour trois nouveaux composés organiques
obtenus dans le laboratoire de chimie organique de la Faculté de Chimie [1].
La determination experimentale de la chaleur de combustion

( ∆cU )

dans la bombe

calorimetrique adiabatique a permis le calcul de l’enthalpie de combustion ( ∆c H ) d’apres
la relation:
∆ c H = ∆ cU + ∆νRT

(1)

ou: ∆ν represente la variation stoechiométrique des participants, en état gaseuse, dans la
reaction de combustion, R est la constante des gases parfaites et T – la temperature (K).
L’enthalpie de formation ∆ f H d’un composé chimique avec la formule generale CaHbOc,
formule valable aussi pour les composés etudiés, a été calculé à partir des enthalpies de
combustion, d’apres la loi de Hess, par la relation:
b
∆ f H = −∆ c H + a∆ f H CO ( g ) + ∆ f H H O( l )
2
2
2

(2)

ou: ∆ f H CO ( g ) et ∆ f H H O( l ) sont l’enthalpies de formation connues [2] du dioxyde de
2
2
carbon (g) et d’eau (l).
Par calorimétrie differentielle à balayage (DSC) ont été determinées les enthalpies et les
temperatures de fusion.
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Les grandeurs thermodynamiques determinées mettent en evidence l’influence des
differents substituents sur la stabilité et la reactivité chimique des composés.
La structure des composés chimique etudiés est présentée dans le Tableau 1.
Tableau 1. Structure des composés etudiés.

Substancé

Dénomination

Formule moleculaire

Formule structurale
CHO

I

Aldehyde 4-hydroxy-5-ethoxybenzoïque

C9H10O3
H5C2O
OH
CHO

II

Aldehyde 4-hydroxy-5-ethoxyisophtalique

C10H10O4
H5C2O

CHO
OH

CHO

III

Aldehyde 4-hydroxy-5methoxy-isophtalique

C9H8O4
OH3C

CHO
OH

Partie expérimentale
La synthèse et la purification des composés I-III ont été decrites dans la réference [1]. La
pureté des substances a été verifiée par cromatografie et par analyse élementaire.
Pour mener à bien cette étude, nous avons utilisé la calorimétrie de combustion et la
calorimétrie differentielle à balayage.
Pour réaliser les expériences par calorimétrie de combustion a été utilisée une bombe
calorimétrique adiabatique – Gallenkamp CB 110 – decrite dans autres references [3]. Les
effets thermiques et les températures de fusion ont été determinées avec un calorimètre
differentialle à balayage – DSC 2 Perkin-Elmer [4].

Résultats et discussions
L’equivalent énergétique du calorimetre, (U cal ) , a été determiné à partir d’une serie des
combustions d’acide benzoïque – étalon thermochimique – Riedel de Haen AG, Seelze
Hannover pour lequel ∆ cU 0 ( s; 298.15K ) = − ( 26445 ± 70 ) J ⋅ g −1 .
On a obtenu pour l’équivalent énergétique du calorimètre la valeur moyenne
U cal = (10845 ± 15 ) J ⋅ K −1 .

ETUDE THERMODYNAMIQUE DE QUELQUES HYDROXY-ALDEHYDES

185

Les enthalpies standard de combustion et de formation pour les trois composés chimique
sont consignés dans le Tableau 2.
Tableau 2. Enthalpies standard de combustion et de formation des composés I-III.

−∆ c H m0 ( s; 298.15K )

∆ f H m0 ( s; 298.15K )

(kJ·mole-1)

(kJ·mole-1)

166.18

4424.6 ± 5.7

– 130.9 ± 5.7

II

194.19

4697.7 ± 8.1

– 159.7 ± 8.1

III

180.16

4173.5 ± 7.3

– 511.5 ± 7.3

Substance

Masse molaire
(g·mole-1)

I

Les résultats éxperimentaux obtenus sur les enthalpies standard de combustion sont confirmés
par les values obtenues en appliquant la methode des contributions des groupes [5].
Par calorimétrie differentielle à balayage dans un régime de chauffage controlé (5
degrés/minute) dans une atmosphere controlée d’argon ont été determinées les enthalpies et
les temperatures de fusion. Les courbes DSC, flux thermique – temperature, obtenues pour
les trois composés ont permis à calculer les enthalpies et temperatures de fusion. Les
resultats obtenus par cette methode sont consignés dans le Tableau 3.
Tableau 3. Enthalpies et temperatures de fusion des composés I-III.

Substance

∆H fusion
(kJ·mole–1)

Temperature de fusion (K)

I

22.53

349.42

II

32.06

384.27

III

25.81

395.50

Les valeurs des grandeurs energetiques presentées dans les Tableaux 2 et 3 menent aux
conclusions:
–

Autant à partir des donnés de calorimétrie de combustion que de celles de
calorimétrie differentielle à balayage il en résulte que le radical methoxy de la
position 5 induire une stabilité de la molecule par rapport du radical ethoxy de la
même position (les composés II et III).

Les mêmes conclusions resultent par l’etude des courbes DSC pour les deux composés.
–

Le derivé substitué de l’aldehyde isophtalique (II) est plus stable que le composé
substitué avec le meme groupement (ethoxy) de l’aldehyde benzoïque (I), d’ou
la conclusion que le groupement, -CHO, de la position 3 sur le noyau
benzenique produit une stabilisation de la molecule. A la même conclusion
menent aussi les courbes DSC pour les deux composés (I et II).

–

Pour les substances organique la combustion constitue la seule mèthode
expérimentale pour determiner les enthalpies standard de formation.

–

Les methodes thermique présentées ont une grande applicabilité pour la
caracterisation thermodynamique des composés chimique.
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Fig. 1: Les courbes DSC pour: (1) aldehyde 4-hydroxy-5-ethoxy isophtalique
(2) aldehyde 4-hydroxy-5-methoxy isophtalique
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Fig. 2 : Les courbes DSC pour:
(1) aldehyde 4-hydroxy-5-ethoxy benzoïque (2) aldehyde 4-hydroxy-5-ethoxy isophtalique
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MOLAR EXCESS VOLUMES OF BINARY SOLUTIONS
OF TOLUENE WITH C3 - C4 ALKANOLS
V. Dumitrescu and Simona Gruia½
abstract: Excess molar volumes, VE, of mixtures of toluene + propane-2-ol, methyl-2-propane1-ol, butane-2-ol and propane-1-ol were determined from density measurements at 20, 25, 30
and 35ºC, respectively. The VE is positive over the entire composition range for all mixtures,
with the exception of toluene + propane-1-ol system, where the VE is negative at low toluene
mole fractions. The experimental excess molar volumes were correlated by means of the Redlich
- Kister equation.

Introduction
The thermodynamic and transportation macroscopic properties of liquid mixtures are the
reflection of the intermolecular forces and microscopic structure of the liquids, too. It is
very important to know some of the physic properties like density, refractive index,
viscosity or dielectric constant, for a better understanding of the interaction between
different molecules existing in the liquid solutions. The variations of these properties with
concentration give important informations about intermolecular interactions and solvent
structure.
It has been made some research regarding thermodynamic properties of these systems for
understanding physical-chemical behavior of binary mixtures alkanol-aromatic
hydrocarbons [1÷4].
There are a small number of studies regarding physical-chemical properties of the aromatic
hydrocarbons and the isomers of alkanol [5,6].
In this paper it has been studied some of the physical properties of the C3-C4 alcohols in
toluene to obtain new information about the nature of these solutions. In this purpose,
density and molar volume have been determined at 293.15÷308.15 K.

Experimental
High purity chemicals (BDH) were employed. All the substances have been dried on the
molecular sieves (Fluka 4 Å) before using. The substances purity has been verified by
density, viscosity and refractive index measurement. The experimental data (density,
½
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refractive index) was analyzed comparing with theoretical data obtained from literature,
regarding the reactive used in this research and there are presented in the Table 1.
The solutions (propane-1-ol, methyl-2-propane-1-ol, butane-2-ol and propane-2-ol in
toluene) have been prepared by weighing at analytical balance and preserved in well-closed
bottles. It has been prepared five different concentrations for each system, having molar
fraction between 0.16 and 0.80. The pure substances and the solutions density have been
determined by hydrostatic method (Mohr - Westphal balance) with an apparatus having a
float and an analytical balance made in physical-chemistry laboratory [12÷14].
The precision of density determinations was ± 0.00005 g/cm3. The refractive index has
been determined at 20 and 25°C with Abbe refractometer (D sodium line).
Table 1. Pure substance properties comparing with dates from literature.

Substance

Density, g/cm3

t,°C

Obs.

toluene

propane-1-ol

methyl-2propane-1-ol

butane-2-ol

propane-2-ol

20

0.8617

25

0.8589

30

0.8554

35

0.8526

20

0.7996

25

0.7972

30

0.7939

35

0.7921

20

0.7971

25

0.7950

30

0.7919

35

0.7902

20

0.8025

25

0.7994

30

0.7961

35

0.7937

20

0.7808

25

0.7782

30

0.7751

35

0.7726

Lit.

Refractive index
Obs.

Lit.

1.4918

1.494111)

1.3820

1.38329)

1.3953

1.395510)

1.3943

1.38538)

1.3769

1.377610)

0.85697)

0.79968)

0.791588)

0.797808)

0.79028)

0.80248)

0.781268)
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Results and discussions
The molar excess volume VE (the difference between real volume VR and ideal volume Vid.)
was calculated with the following equation:
VE =

xM1 + (1 − x ) M 2
ρ

⎡ xM (1 − x ) M 2 ⎤
−⎢ 1 +
⎥
ρ2
⎣ ρ1
⎦

(1)

where x and (1-x) represent the molar fraction of the component 1, 2 respectively; ρ1, 2 – the
density of the pure component 1, 2 respectively; M1, 2 – the molar mass of the components.
The density and excess volumes values of the toluene in C3-C4 alcohols solutions have been
studied at 20÷35oC and the results are shown in the Table 2-5. Figs. 1 and 2 show the
variation of the density with the temperature for the pure substances and equimolar
solutions of alcohols in toluene, respectively. In this figures there are the equations and
corresponding correlation coefficients, too.
The table and the figures lead to the following observations:
1- there is a good conformity between the experimental and tabular densities and the
refractive index for the majority of the substances, having the relative error 0.38%
maximum;
2- the pure components densities vary in this order:
ρ toluene > ρ -butane-2-ol > ρ -propane-1-ol> ρ -methyl-2-propane-1-ol> ρ -propane-2-ol
3- the density of the pure substances and of the all analyzed solutions have a linear
decrease with the temperature enhance (Figs. 1, 2);
4- the solutions density increase with the toluene concentration enhance, at the constant
temperature, for all hydrocarbons-alcohol systems;
5- the results of this study are in conformity with the data published by Nikam [5] for the
toluene + propan-1-ol system. It hasn’t been found published data for the other studied
solutions to verify them;
6- the following mixtures: toluene + propane-2-ol and methyl-2-propane-1-ol + butane-2ol, have positive values for the molar excess volume in the whole concentration and
temperature studied domain;
7- the molar excess volume of toluene + propane-1-ol has positive value for small
concentrations and negative value for bigger alcohol concentrations;
8- the molar excess volume increase with the enhance of the temperatures.
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Fig. 1: The variation of pure substances densities with temperature.
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Fig. 2: The variation of the equimolar solutions densities of toluene in alcohols with temperature.
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The positive values of molar excess volume in dilute solution are caused by the hydrogen
bonds breaking between the alcohol molecules and unfavorable interactions between the
components molecules. The negative excess volumes in the concentrated alcohol solutions
could be explained if they are considered to be the results of the: a) structural contribution;
b) alkanes molecules locating in the ramified interstitials structures of the associated
alcohol molecules; c) alcohol molecules auto-associations by hydrogen bonds.
The molar excess volumes values were associated with polynomial equation Redlich-Kister
type [15]:
i=2

V E = x(1 − x)∑ Ai (2 x − 1)i

(2)

i =0

where x and (1-x), respectively, represent the molar fraction of the components; Ai - the
polynomial equation coefficients. The values of Ai coefficients have been calculated with a
computerized program and the results are shown in Table 6.
The standard deviation, σ, has been calculated with the following equation:
E
E
⎡ ∑ (Vexp.
)2 ⎤
− Vcalc.
(3)
σ=⎢
⎥
m−n
⎣⎢
⎦⎥
where m is the number of experimental points; n - the number of Ai estimated coefficients.
1/ 2

Table 2. The densities and molar volumes of the toluene and propane-2-ol (x) solutions.
t, ºC

20

25

30

35

x
0.0000
0.2038
0.3880
0.5004
0.5990
0.8013
1.000
0.0000
0.2038
0.3880
0.5004
0.5990
0.8013
1.000
0.0000
0.2038
0.3880
0.5004
0.5990
0.8013
1.000
0.0000
0.2038
0.3880
0.5004
0.5990
0.8013
1.000

ρ, g/cm3
0.8617
0.8477
0.8358
0.8265
0.8175
0.8015
0.7808
0.8559
0.8451
0.8327
0.8235
0.8159
0.7985
0.7782
0.8554
0.8416
0.8291
0.8195
0.8122
0.7994
0.7751
0.8526
0.8393
0.8268
0.8168
0.8094
0.7922
0.7726

VR, cm3/mol
106.917
100.982
95.361
92.078
89.228
82.925
76.972
107.265
101.293
95.716
92.413
89.403
83.237
77.230
107.704
101.714
96.131
92.864
89.810
83.615
77.538
108.058
101.993
96.399
93.171
90.121
83.899
77.789

Vid. cm3/mol
106.917
100.814
95.298
91.933
88.980
82.922
76.972
107.265
101.144
95.611
92.235
89.274
83.198
77.230
107.704
101.556
95.999
92.609
89.635
83.520
77.538
108.058
101.889
96.314
92.911
89.927
83.804
77.789

VE cm3/mol
0.000
0.168
0.062
0.145
0.248
0.003
0.000
0.000
0.149
0.104
0.178
0.129
0.039
0.000
0.000
0.158
0.132
0.255
0.176
0.094
0.000
0.000
0.104
0.085
0.260
0.194
0.095
0.000
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Table 3. The densities and molar volumes of the toluene and methyl-2 propane-1-ol (x) solutions.
t, ºC

20

25

30

35

x
0.0000
0.1691
0.3511
0.4499
0.5548
0.7658
1.0000
0.0000
0.1691
0.3511
0.4499
0.5548
0.7658
1.0000
0.0000
0.1691
0.3511
0.4499
0.5548
0.7658
1.0000
0.0000
0.1691
0.3511
0.4499
0.5548
0.7658
1.0000

ρ, g/cm3
0.8617
0.8517
0.8406
0.8336
0.8276
0.8146
0.7971
0.8589
0.8489
0.8368
0.8305
0.8242
0.8114
0.7950
0.8554
0.8449
0.8324
0.8271
0.8213
0.8079
0.7919
0.8526
0.8424
0.8308
0.8242
0.8186
0.8058
0.7902

VR cm3/mol
106.917
104.596
102.078
100.801
99.249
96.167
92.987
107.265
104.941
102.542
101.177
99.658
96.547
93.233
107.704
105.438
103.084
101.593
100.010
96.965
93.598
108.058
105.751
103.282
101.950
100.340
97.218
93.799

Vid. cm3/mol
106.917
104.561
102.026
100.650
99.189
96.249
92.987
107.265
104.892
102.338
100.952
99.480
96.519
93.233
107.704
105.319
102.751
101.358
99.878
96.901
93.598
108.058
105.647
103.052
101.643
100.147
97.138
93.799

VE cm3/mol
0.000
0.035
0.052
0.151
0.060
-0.082
0.000
0.000
0.049
0.203
0.225
0.178
0.028
0.000
0.000
0.119
0.332
0.235
0.132
0.063
0.000
0.000
0.104
0.231
0.307
0.193
0.079
0.000

Table 4. The densities and molar volumes of the toluene and butane-2-ol (x) solutions.
t, ºC

20

25

30

x
0.0000
0.1705
0.3496
0.4474
0.5492
0.7663
1.0000
0.0000
0.1705
0.3496
0.4474
0.5492
0.7663
1.0000
0.0000
0.1705
0.3496
0.4474
0.5492
0.7663
1.0000

ρ, g/cm3
0.8617
0.8505
0.8401
0.8345
0.8272
0.8163
0.8025
0.8589
0.8475
0.8369
0.8318
0.8256
0.8133
0.7994
0.8554
0.8431
0.8329
0.8286
0.8217
08102
0.7961

VR, cm3/mol
106.917
104.714
102.171
100.746
99.418
95.956
92.361
107.265
105.085
102.562
101.073
99.611
96.310
92.720
107.704
105.633
103.054
101.463
100.084
96.679
93.104

Vid. cm3/mol
106.917
104.435
101.828
100.405
98.923
95.763
92.361
107.265
104.785
102.180
100.757
99.277
96.119
92.720
107.704
105.215
102.600
101.172
99.686
96.516
93.104

VE cm3/mol
0.000
0.279
0.343
0.351
0.496
0.193
0.000
0.000
0.300
0.382
0.315
0.334
0.191
0.000
0.000
0.481
0.454
0.291
0.398
0.163
0.000
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Table 4. Continued
T, ºC

35

x
0.0000
0.1705
0.3496
0.4474
0.5492
0.7663
1.0000

3

ρ, g/cm
0.8526
0.8413
0.8305
0.8243
0.8191
0.8072
0.7937

VR, cm3/mol
108.058
105.859
103.352
101.992
100.402
97.038
93.385

Vid. cm3/mol
108.058
105.556
102.928
101.493
100.000
96.814
93.385

VE cm3/mol
0.000
0.303
0.424
0.499
0.402
0.224
0.000

Table 5. The densities and molar volumes of the toluene and propane-1-ol (x) solutions.
t, ºC

20

25

30

35

x
0.0000
0.2447
0.5066
0.6341
0.7541
0.7986
1.0000
0.0000
0.2447
0.5066
0.6341
0.7541
0.7986
1.0000
0.0000
0.2447
0.5066
0.6341
0.7541
0.7986
1.0000
0.0000
0.2447
0.5066
0.6341
0.7541
0.7986
0.0000

ρ, g/cm3
0.8617
0.8499
0.8357
0.8280
0.8196
0.8194
0.7996
0.8589
0.8468
0.8332
0.8251
0.8170
0.8164
0.7972
0.8554
0.8427
0.8296
0.8224
0.8138
0.8135
0.7939
0.8526
0.8409
0.8270
0.8189
0.8110
0.8109
0.7921

VR, cm3/mol
106.917
99.179
90.826
86.739
82.938
81.219
75.163
107.265
99.542
91.099
87.044
83.202
81.517
75.389
107.704
100.027
91.494
87.330
83.529
81.808
75.702
108.058
100.241
91.782
87.703
83.818
82.070
75.874

Vid. cm3/mol
106.917
99.146
90.830
86.781
82.971
81.558
75.163
107.265
99.465
91.117
87.052
83.227
81.809
75.389
107.704
99.873
91.492
87.412
83.572
82.147
75.702
108.058
100.182
91.754
87.650
83.788
82.356
75.874

VE cm3/mol
0.000
0.033
-0.004
-0.043
-0.033
-0.339
0.000
0.000
0.0077
-0.018
-0.009
-0.025
-0.291
0.000
0.000
0.153
0.002
-0.082
-0.042
-0.340
0.000
0.000
0.058
0.028
0.053
0.029
-0.286
0.000

Table 6. The Ai coefficients and standard deviations, σ, of the molar excess
volume VE (cm3/mol), according to the 4th equation, at different temperatures.
t, °C

20
25
30
35
20
25
30
35

A0

A1
A2
Propane-2-ol (x) + toluene (1-x)
0.63770
-0.27317
-0.32655
0.57548
-0.38653
-0.05795
0.79475
-0.15343
-0.15565
0.78096
0.21081
-0.60198
Methyl-2- propane-1-ol (x) + toluene (1-x)
0.37375
-0.68493
-1,.59126
0.85673
-0.46343
-1.72733
0.89344
-0.91969
-0.74137
1.02011
-0.50870
-1.31253

σ
0.084
0.034
0.044
0.055
0.034
0.011
0.057
0.031
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Table 6. Continued.
t, °C

20
25
30
35
20
25
30
35

A0

A1
A2
Butane-2-ol (x) + toluene (1-x)
1.63092
-0.40571
-0.51418
1.32178
-0.77854
0.66160
1.35171
-1.57785
1.94530
1.78487
-0.78403
-0.45947
Propane-1-ol (x) + toluene (1-x)
0.17972
-1.03223
-2.31931
0.15447
-0.72109
-2.16812
0.69369
-0.00588
-0.43588
0.69369
-0.00588
-0.43588

σ
0.069
0.022
0.068
0.025
0.100
0.091
0.020
0.078

Conclusion
It has been determined the densities and molar excess volumes for four systems containing
toluene and C3-C4 at different temperatures, in the whole domain of concentrations.
The molar excess volumes are positives for all investigated systems, excepting toluene
solutions in propane-1-ol, at bigger alcohol concentration.
The molar excess volumes have been correlated with Redlich-Kister polynomial equations.
REFERENCES
1.

Batino, R. (1971) Chem. Rev. 71, 5.

2.

Treszczanowicz, A. (1977) J. Chem. Thermodyn., 1189; ibid., (1980), 173; ibid., (1981), 253.

3.

Rodriguez Nünez, E. (1985) J. Chem. Thermodyn., 817.

4.

Benson, G., Anand, S. and Kiyohara, O. (1974) Chem. Eng. Data, 258.

5.

Nikam, P. S., Jagdale, B. S., Sawant, A. B., and Hasan, M. (2000) J. Chem. Eng. Data 45, 559.

6.

Latifi, L. (1996) Rev. Roum. Chim. 41, 29.

7.

Aminabhavi, T. M., and Banerjee, K. (1999) J. Chem. Eng. Data 44, 547.

8.

Riddick, I. A., Bunger,W. B., and Sakano, T. K. (1986) Physical Properties and Methods of Purifications,
vol. II, New York.

9.

Ortega, J. (1982) J. Chem. Eng. Data 27, 312.

10. Hill, M. G. (1985) Perry’s Chemical Engineers’ Handbook, 6th ed.
11. Neniţescu, C. D. (1952) Manualul Inginerului Chimist, vol. II.
12. Dumitrescu, V. (2000) Teză de doctorat, Universitatea Bucureşti.
13. Dumitrescu, V., Săndulescu, D. (1998) Rev. Roum. Chim. 43, 183.
14. Dumitrescu, V., Vîlcu, R. (2000) Rev. Roum.Chim. 45, 981.
15. Redlich, O., Kister, A. T. (1948) Ind. Eng. Chem. 40, 345.

THE SOLUBILITY OF CO2 AND N2O IN SOME C6
HYDROCARBONS AT HIGH PRESSURES
I. Găinar ½
abstract: In this study we have studied the solubility of CO2 and N2O in a series of C6
hydrocarbons, namely: n-hexane, cyclohexane and metyl-cyclopentane by pressure up to 35 bar
and temperatures in a range of 0÷250C. In all investigated systems we have found remarkable
values of gas solubility with specific features that evidence some effects depending of the
structure of solvents. The regular solutions theory was employed as theoretical model for
calculation the solubility of gases in the investigated solvents.

Introduction
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, alchols, ketones at
high pressure and a wide domain of temperatures [1÷3].

Materials and Methods
The experimental device and the detailed description of working method is presented in a
separate research [4]. By using of this experimental method we have performed a study
concerning the influence of the isomeric effects on gas solubility. In this purpose we have
selected two cyclic hydrocarbons namely cyclohexane and metyl-cyclopentane and two
gases with likewise properties, CO2 and N2O. As a reference we have select the solubility
of these gases in n-hexane. The working domain was temperatures among 273.16÷298.16 K
and pressures up to 50 bar. The finding of experimental data for the mentioned system is
very difficult because in this temperature interval the vapour pressures of all solvents
possess considerable values. Moreover, because the solubility are obtained by measurement
the amount of disrobed gas after vacuum détente of gas saturated liquid was necessary to
cool the gathering ampoule at –20 0C to condense the vapours of the solvent.

½

Department of Physical Chemistry, Faculty of Chemistry, University of Bucharest,
4-12 Bd. Regina Elisabeta, 70346 Bucharest, Romania

Analele Universităţii din Bucureşti – Chimie, Anul XII (serie nouă), vol. I-II, pag. 197–202
Copyright © Analele Universităţii din Bucureşti

198

I. GĂINAR

Results and Discussion
The experimental values of gas solubility are presented in Table 1 for the systems solvents
with CO2 and in Table 2 for the systems solvents with N2O.
Table 1. Experimental values of gas solubility.

n-hexane + CO2
T (K)

273.16

278.16

283.16

288.16

298.16

Metyl-cyclopentane + CO2

P (bar)
37.43
36.26
32.04
30.38
21.85
20.58
12.74
5.68

x CO2
0.450
0.380
0.365
0.331
0.219
0.204
0.122
0.058

44.00
39.00
29.10
21.46
8.13

0.508
0.421
0.281
0.194
0.071

41.45
41.25
30.96
21.75
12.54
44.78
41.25
33.51
30.87
21.75
9.99
52.33
41.65
41.35
31.85
31.65
26.75
15.68
11.85
7.05

0.379
0.368
0.260
0.176
0.094
0.351
0.340
0.254
0.222
0.152
0.073
0.350
0.265
0.261
0.203
0.201
0.169
0.100
0.081
0.046

T (K)

P (bar)

x CO2

273.16

28.32
21.26
11.27
6.56

0.618
0.439
0.240
0.206

278.16

32.00
22.44
15.19
10.09
5.88
5.68

0.597
0.389
0.288
0.212
0.172
0.163

283.16

31.75
21.65
18.71
12.83

0.538
0.362
0.290
0.243

288.16

29.69
22.54
13.52
9.99
5.48

0.487
0.398
0.273
0.246
0.166

298.16

35.08
26.06
17.83
11.95
5.88

0.422
0.315
0.231
0.175
0.126

Cyclohexane + CO2
T (K)

P (bar)

x CO2

273.16

29.79
21.65
15.28
9.80
5.39

0.525
0.337
0.250
0.205
0.151

278.16

29.40
22.93
16.75
11.56
6.86

0.448
0.344
0.256
0.215
0.165

283.16

33.41
26.26
19.60
12.25
8.13

0.499
0.346
0.264
0.209
0.179

288.16

41.16
31.55
22.65
13.23
7.44

0.548
0.393
0.313
0.211
0.159

298.16

42.82
32.73
22.34
12.74
7.54

0.400
0.321
0.222
0.147
0.114

One can remark considerable values of gas solubility for all investigated systems.
Concerning the absolute values of solubility’s expressed as molar fractions one observe
noteworthy features that spotlight the influence of structural effects on gas solubility.
The smaller values of solubility were observed for systems n-hexane + CO2 and n-hexane +
N2O. For all investigated temperatures and pressures the solubility of CO2 in n-hexane is
considerable greater as for N2O in the same solvent.
For the other systems (cyclohexane and metyl-cyclopentane + CO2 and N2O respectively)
the solubility are much greater. For example, for the system metyl-cyclopentane + CO2 at
temperature of 273.16 K the molar fraction of CO2 has a value of about 0.6 and in similar
condition the solubility of CO2 in cyclohexane exceed the value 0.5.
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For the systems cyclohexane and metyl-cyclopentane + N2O the solubilities reach to values
of 0.8. This means the appearance of a new equilibrium: the solvent dissolved in the
compressed gas, these increased values on the result of the interaction between the
molecules of gas and those of the hydrocarbons.
For all investigated systems one observe at higher pressures and lower temperatures
considerable deviation from Henry law. At 298.16 K the dependence P = f (x2l) is a straight
line and therefore the Henry law is respected. A proof of this assertion is the fact that the
values of solubility obtained by extrapolation at P = 1 atm are (x2l)CO2=0.41 and
(x2l)N2O=0.40.
A rigorous method for the prediction of gas solubility requires a valid theory of solution but
such of theory is not available. For a semiempirical description of non-polar systems the
theory of regular solution can serve as a basis for the correlation of gas solubility [5÷7].
Table 2. Experimental values of gas solubility.

n-hexane + N2O
P (bar)
29.6
24.79
19.70
273.16
15.20
9.70
6.08
30.9
24.6
19.11
278.16
14.8
10.09
5.78
30.38
24.89
20.09
283.16
14.99
10.19
5.68
T (K)

x N2O
0.486
0.351
0.275
0.212
0.145
0.084
0.393
0.309
0.235
0.184
0.131
0.092
0.351
0.292
0.229
0.167
0.116
0.085

288.16

31.75
26.56
21.85
16.46
10.39

0.311
0.259
0.221
0.176
0.117

298.16

34.50
29.98
25.48
19.89
14.50
8.03

0.287
0.258
0.219
0.168
0.133
0.072

Metyl-cyclopentane + N2O
T (K)
P (bar)
x N2O
0.810
27.73
0.771
24.79
0.639
19.6
273.16
0.520
14.5
0.410
9.8
0.248
4.6

278.16

26.65
21.26
14.40
10.29
5.29

0.720
0.586
0.435
0.363
0.221

283.16

26.26
20.6
15.68
10.19
5.97

0.621
0.498
0.423
0.291
0.203

288.16

31.06
24.89
19.79
14.7
9.89
5.39

0.610
0.538
0.428
0.316
0.240
0.145

298.16

27.63
21.75
16.17
11.56
6.46

0.451
0.378
0.290
0.228
0.162

T (K)

Cyclohexane + N2O
P (bar)
x N2O

273.16

25.67
20.67
15.48
10.68
6.17

0.619
0.510
0.392
0.274
0.170

283.16

25.97
20.67
15.77
10.97
6.07

0.493
0.409
0.321
0.210
0.140

288.16

26.36
20.97
15.87
10.38
5.97

0.448
0.362
0.291
0.194
0.133

298.16

27.83
21.36
15.97
10.29
6.0

0.404
0.310
0.247
0.177
0.122

For that purpose to consider a gas dissolved isothermally in a liquid far from its critical
temperature. The dissolution process is accompanied by a change in enthalpy and in
entropy as in the case when two liquids are mixed. The dissolution of a gas in a liquid is
accompanied by a large reduction in volume, since the volume of the solute in the
condensed phase is much smaller then that in the gas phase. This large decrease in volume
differentiates the dissolution of a gas from the dissolution of a liquid. In order to apply
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regular solution theory which assess no volume change – it is necessary to condense firstly
the gas up to a volume close to the partial molar volume of a solute dissolved in a certain
solvent. The isothermal dissolution process is then considered in two steps:
∆G = ∆G1 + ∆G2
∆G1 = RT ln

f 2l

(1)
(2)

f 20

∆G2 = RT ln γ l2 ⋅ x2l

(3)

In the first step the gas is isothermally condensed up to a hypothetical state having a
volume as a liquid. In the second step this hypothetical liquid is dissolved in the solvent.
Since the solute from the liquid solution is in equilibrium with the gas at unit fugacity, the
equation of equilibrium is:
∆G = 0

(4)

The regular solution theory allows the calculation of the activity coefficient of the gaseous
solute with the relation:

RT ln γ l2 = V2l ( δ1 − δ2 ) ⋅ φ12
2

(5)

The substitution of equations (1), (2) and (5) into equation (4) gives the solubility at 1 atm
partial pressure:
V2l ⋅ ( δ1 − δ 2 ) ⋅ φ12
f 2l
1
=
exp
x2l
f 20
RT
2

(6)

This correlating scheme involves three parameters for the gaseous component as a
hypothetical liquid: the fugacity, the volume and the solubility parameter. These parameters
are all temperature dependent; however the theory the theory of regular solution assumes
that at constant composition ln γ l2 is proportional with 1 and therefore the quantity
T

V2l ⋅ ( δ1 − δ2 ) ⋅ φ12 is not temperature dependent. Thus, any convenient temperature may be
2

used to specify V2l and δ 2 provided the same temperature is used for δ1 and V1l . The most
convenient temperature is
25 0C. The fugacity of the hypothetical liquid must be however treated as a function of
temperature. The small effect of solvent on V2l need not be considered for the purposes of
this work because the volume change is much smaller than that corresponding to step 1.
The fugacity of the hypothetical liquid solute at a pressure of 1 atm depends only on the
temperature and properties of the solute and is independent of the properties of the solvent.
It is possible therefore to apply the theorem of corresponding states and to show that the
reduced fugacity of the hypothetical liquid solute is a universal function of the reduced
temperature. For the reduced temperature range 0.7 to 0.8 vapor-pressure data for liquefied
l
gases (such as CO2 and N2O) were used to obtain a plot of f 2
versus T
(Fig. 1) [8].
Tc
Pc
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Fig. 1: Fugacity of a hypothetical liquid at partial pressure of 1 atm.

For the calculation that we performed at partial pressure of 1 atm

(f

l
2

= 1) , the molar

fraction of the solute in the liquid phase is much smaller as unity and in this case we
consider the volume fraction φ1 = 1 .
The results obtained by application the regular solution model are presented in the Table 3.
Table 3. The calculated solubility of gases by application of the regular solution model.

Gas

Solvent

δ1
(cal/cm3)1/2

δ2
(cal/cm3)1/2

V2l
(cm3/mol)

Tc
(K)

Pc
(bar)

f2l
(bar)

x2l

CO2

n-hexane

7.30

6.0

55

304.25

73

29.2

0.0292

CO2

cyclohexane

8.20

6.0

55

304.25

73

29.2

0.0220

CO2

metyl-cyclopentane

8.0

6.0

55

304.25

73

29.2

0.0240

N2O

n-hexane

7.30

7.6

36

309.65

71.7

43.02

0.0230

N2O

cyclohexane

8.20

7.6

36

309.65

71.7

43.02

0.0232

N2O

metyl-cyclopentane

8.0

7.6

36

309.65

71.7

43.02

0.0227

The calculated values are in good concordance with those obtained by application the
Henry law in the form x2l = 1 g .
f2
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Conclusions
By using of a genuine experimental device one have determined the solubility of CO2 and
N2O in three non-polar solvents: n-hexane, cyclohexane and metyl-cyclopentane at pressure
up to 50 bar and in the temperature domain of 273.16 ÷298.16 K. We have found
remarkable values for solubility of gases in all organic solvents with great deviation from
Henry law, especially for low temperatures. For correlation of gas solubility we have
applied the regular solution model.
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THEORETICAL STUDY OF THE EXCITED STATE PROPERTIES
OF 4-ACETYLDIPHENYLSULFIDE
Sorana Ionescu and Mihaela Hillebrand ½
abstract: The experimental data on 4-acetyldiphenylsulfide (I) were previously explained by
considering the possibility of twisted intramolecular charge transfer (TICT) excited state
formation. In the present paper solvent dependent semiempirical calculations were performed in
solvents of different polarities. The ground and excited states potential energy surfaces were
built in terms of the torsion angle about the single bond joining the two aromatic fragments of
the molecule, acting as D and A. The ground state has quasiplanar geometry, but in the excited
states also the orthogonal conformation corresponds to a minimum, stabilised in methanol due to
the large charge separation between the D and A fragments. The possibility of forming TICT
excited states for I and the solvent polarity effect on the relative stability of the TICT state is
discussed.

Introduction
The TICT concept was firstly used by Grabowski et al. [1] to explain dual fluorescence of
aromatic compounds with single bonded donor (D) and acceptor (A) moieties. Subsequent
to absorption of light, the molecule can reach two different excited states from which it can
then emit, the Franck-Condon or locally excited (LE) state, planar or quasi-planar, and the
TICT state, in which the two fragments of the molecule have an orthogonal relative
position. In the emission spectra, one will observe the band corresponding to the LE state,
at shorter wavelengths, named band B, and another one at longer wavelengths,
corresponding to the TICT state, namely band A [2÷6]. As the TICT state has a large dipole
moment, the equilibrium LE→TICT will be shifted to the right in polar solvents, due to
solvation interaction, so the B/A intensity ratio will decrease with increasing solvent
polarity. Theoretical studies on potentially TICT forming compounds were conducted most
frequently by single point calculations [7÷11]. They indicate a minimum on the excited
state PES for the orthogonal geometry, which is stabilised in polar solvents, and a large
D→A charge transfer. Recently, the presence of the TICT excited states was assumed for
compounds in which a sulphur containing moiety acts as donor [12÷14], such as
4-acetyldiphenylsulfide (Fig.1).
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Fig.1: Structural formulae of the title compound.

In our previous paper on I [14], we have shown that although no two distinct fluorescence
bands could be evidenced, the large broadening of the emission band in going from a
nonpolar to a polar solvent is consistent with the presence of two overlapped bands. The
deconvolution of the experimental spectra pointed out that the ratio of the areas of the two
bands was solvent dependent, the band at longer wavelength being enhanced in polar
solvents. The emission at about 350 nm was assigned to the normal fluorescence and that at
400 nm to a TICT band. The experimental data were modelled by in vacuo calculation of
the potential energy surface (PES) in respect with the torsions about the two single bonds
joining the sulphur atom to the two aromatic moieties. The calculations showed that only
the rotation of the C6H5S fragment is significant for the formation of a twisted
configuration in which there is a charge transfer from the donor to the acceptor fragment.
Adding at the heat of formation the solvation free energy estimated in terms of the Onsager
model using the calculated value of the excited dipole moment, we have obtained that in
polar solvents the twisted conformation is strongly stabilised and becomes comparable in
energy to the Frank-Condon excited state.
The aim of this paper is to give further theoretical support to the experimental data. The
possibility of performing solvent dependent optimisations in the frame of the AMSOL
program was used to evidence the role of the solvent in the TICT states stabilisation.

Computational Details
The calculations were performed using the AM1 hamiltonian and the charge model
SM5.4A of the AMSOL [15÷18] program. The optimisations were carried out using either
the EFOLLOW or the TRUSTE procedures. The key words for the excited states were
OPEN(2,2), SINGLET or TRIPLET, C.I.=2 and MECI. The potential energy surfaces for
the ground and excited states were built considering fixed values for the torsion (τ=5432 in
Fig. 1) about the single D-A bond in the range –200 to 2000 and allowing the relaxation of
all other internal coordinates. The optimisation of the excited states was difficult to
perform. The minima are rather flat and the heats of formation plus the solvation energies
(∆H+∆Gsol) do not change to a great extent for the gradient norm lower than 4. Therefore
the condition GCOMP=2 was used for the cases in which either changes in the geometry or
in the heat of formation were no more significant. For the critical points on the potential
energy surfaces the total charges on the D and A fragments were calculated by summing up
the charge densities on all the atoms including the hydrogens. Both the charges obtained by
the Mulliken population analysis (M) and the CM1 (charge model 1) ones were considered
for comparing reasons, although the SM5.4A model only uses the CM1 charges. The
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calculations were performed in cyclohexane (CHX) and methanol, as nonpolar and polar
protic solvents.

Results and Discussion
The calculated geometrical parameters indicate that only the simple bonds of the S atom
change upon excitation. Their values decrease from 1.69-1.70 Å to 1.63-1.65 Å. The
frontier orbitals are differently localised for the planar and orthogonal conformations, as it
can be seen in Fig. 2. From the pattern of linear combination of atomic orbitals in the
frontier orbitals it could be seen that subsequent to twisting the degree of localisation of
HOMO and LUMO on the phenyl-sulf (D) and acetylphenyl (A) fragments, respectively,
and lack of conjugation between the two aromatic moieties increases. In the case of the
planar conformer, HOMO is mainly localised on the sulfur atom, but also the atoms in the
phenyl and acetyl-phenyl fragments have non-zero coefficients, while LUMO is delocalised
on the entire molecule, with larger coefficients on the acetyl-phenyl moiety. For the twisted
state, HOMO is entirely localised on the D fragment, whereas LUMO is localised on A.
The conjugation between the two rings is interrupted.
Supposing that the first transition, S0-S1, is the HOMO-LUMO transition, an intramolecular
charge transfer from phenyl-sulf to acetylphenyl is expected in the first excited singlet state.
For the orthogonal conformation the charge transfer will presumably be larger, as it is the
transition of one electron between two orbitals localised on the D and A fragments,
respectively.
The PES for the ground state presents two minima (see Table 1), corresponding to 12.60
and 164.60 in CHX and 8.60 and 172.80 in methanol, while the orthogonal conformation
corresponds to a maximum in both polar and non-polar solvents. The rotational barrier has
a value of about 1.8-1.9 kcal/mol, not depending to a great extent on the polarity of the
solvent. As the molecule is symmetrical to the rotation about the D-A bond, only one quasiplanar conformer was considered in the tables below. The PES for the excited state of I
calculated in CHX and methanol are presented in Fig. 3. In the excited state, in vacuo
calculation, the stable conformers are the planar ones [14]. However, a minimum for τ=900
can be evidenced, attesting the possibility that a twisted state can be reached, although a
rotational barrier of 4.23 kcal/mol is predicted. The behaviour of I in CHX is similar, the
planar conformers being the most stable ones, but the rotational barrier decreases to 2.00
kcal/mol. Increasing the polarity of the solvent from CHX to methanol, an inversion of the
minimum energy conformers is predicted, the twisted conformer being more stable than the
planar one. That means that in the emission spectrum, although it is possible that both
bands be present even in non-polar solvents, the B/A bands intensity ratio decreases as the
solvent polarity increases. This result correlates well with the results obtained by
deconvolution of the emission spectrum reported in our previous paper [14], which indicate
a B/A intensity ratio of 3.40 in CHX and a value of 1.40 in methanol.
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Fig. 2: Frontier molecular orbitals in methanol, a) planar, b) orthogonal conformers.

A comparison of the solvation energies in methanol calculated by the Onsager model [14]
and the SM5.4A solvation model indicates a serious underestimation of ∆Gsol in the first
case. The calculations made in the frame of the Onsager model result in a value of about
2-4 kcal/mol, depending on the solvation radius considered. The SM5.4A model predicts
23.13 kcal/mol for ∆Gsol, such as the TICT state is largely stabilised and becomes the first
excited state.
Table 1 Heat of formation and energy of solvation in CHX and methanol
for different stable conformers in the ground and excited states
In vacuoa

State

a

CHX

CH3OH

τ (deg)

∆H
(kcal/mol)

τ (deg)

S0

8.1

16.28

12.6

3.69

8.6

1.57

S1

0.1

70.85

0.0

58.12

1.0

55.87

88.6

75.08

90.0

60.12

92.3

51.95

reference [14]

∆H+∆Gsol
(kcal/mol)

τ (deg)

∆H+∆Gsol
(kcal/mol)
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Fig. 3: Calculated PES in the excited state in cyclohexane and methanol.

The Mulliken and CM1 electronic charge transferred from the donor to the acceptor in the
ground and the excited state are listed in Table 2.
Table 2 Mulliken and CM1 charge densities transferred from D→A
in the planar and twisted conformers in cyclohexane and methanol.
∆q S0 ( D→A)

∆q S1 ( D→A)

CHX

CH3OH

CHX

CH3OH

M-0

0.215

0.220

0.301

0.324

M-90

0.234

0.244

0.825

1.044

CM1-0

0.049

0.013

0.175

0.188

CM1-90

0.070

0.079

0.557

0.736

The results point out that the transferred charge is dependent on both the polarity of the
solvent and the adopted D-A conformation, the larger values being obtained for the twisted
conformation in methanol. The use of the CM1 charge densities predicts a reduced polarity
in comparison with that reflected by the Mulliken charges. The differences are mainly due
to the charges of the sulphur atom and the carbons directly joined to him. The charge
transfer increases in the excited state, as expected from the electronic structure of the
frontier orbitals.
The dipole moment results presented in Table 3 indicate that the dipole moment enhances
for the orthogonal conformation even for the ground state, but in the excited state there is a
four-fold increase. In fact, the value of the dipole moment continuously increases with
increasing value of the dihedral τ. The polarity of the solvent also influences the value of
the dipole moment. The twisted state in methanol has a dipole moment of 16.741D
calculated by the Mulliken population analysis and 17.638 D calculated by the CM1. This
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explains the relative stabilisation in methanol of the twisted state comparing to the LE one,
which has a value of no more than 4.9-5.9 D.
Table 3. Dipole moments (D) in the ground and excited states calculated in cyclohexane and methanol.

µ S0

µ S1

CHX

CH3OH

CHX

CH3OH

M-0

2.864

3.569

3.641

4.861

M-90

2.901

3.722

11.593

16.741

CM1-0

2.951

3.884

4.316

5.913

CM1-90

3.168

4.351

11.449

17.638

We also calculated the absorption and emission features. Frank-Condon absorption
wavelength, λa, was obtained considering the sequence of states calculated at the geometry
of S0, while the fluorescence emission maximum was estimated from the relative order of
states calculated at the geometry of S1, at the C.I.=2 level, involving the frontier molecular
orbitals. The results indicate a value of 339 nm in both solvents for the absorption band at
long wavelengths, larger, but in rather good agreement with the experimental values of
303-305 nm. The fluorescence maxima were found to have too low values, in the range of
the IR light, and could not be correlated to the experimental data. On the other hand they
illustrate the red shift in polar solvents.

Conclusions
The PES for I in the ground and the excited states were built along the dihedral about the
single D-A bond in two solvents of different polarities, cyclohexane and methanol. The
frontier orbitals are differently localised on the D and A fragments, depending on the
twisting dihedral. For the orthogonal conformer, HOMO is localised on D, while LUMO is
localised on A. The conjugation is interrupted. The results on building of the PES by the
SM5.4A solvation model confirm the previous calculation made in the frame of the
Onsager model, but the value of the solvation energy is larger. Thus, in methanol the
twisted excited state is the most stable one. The present results qualitatively correlate with
the previous experimental results, which yielded a decrease of the B/A intensity ratio on
increasing solvent polarity. A large charge transfer upon twisting in the excited state was
found and a four-fold increase of the value for the dipole moment.
These facts prompt us to conclude that TICT excited state formation is possible for single
bonded D-A sulfur containing aromatic compounds such as 4-cetyldiphenylsulfide.
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RHEOLOGICAL BEHAVIOUR OF CONCENTRATED
SOLUTIONS OF SOME AROMATIC ESTER-IMIDE OLIGOMERS
Minodora Leca½
abstract: Aromatic ester-imide oligomers are transformed into high thermal class
electric/electronic insulators by thermal curing. They are deposited on electric conductors from
solutions of adequate concentration in a convenient solvent. Rheological behaviour of solutions
must be known to be able to select the best solvent and the most adequate concentrations to
obtain high quality insulators with uniform thickness and no defects. The rheological behaviour
of solutions of two aromatic ester-imide oligomers - one containing neopentylglycol and the
other one ethylene glycol - in cyclohexanone as solvent for concentrations ranging between 1
and 60% was studied. Given the low molecular weights and the relative rigidity of the chains,
both ester-imide oligomers behave Newtonian. Viscosities of solutions increase very slowly with
oligomer concentration for concentrations up to about 35%, then the increase is higher and a
sudden increase produces when the concentration exceeds about 50% for both oligomers.
According to the rheological measurements, the most convenient concentrations for deposition
on electric conductors are 45%.

Introduction
High thermal class electric insulators are indispensable for the top electrical and electronic
industries - aerospace and microelectronics. They are used especially for magnetic
conductors functioning for a long time at high temperatures [1]. So the conventional
temperature limit of functioning of electronic devices and circuits is 1200C [2],
temperatures as 180 and even 2000C are necessary in many cases.
The application of insulating material is usually made by passing the electric conductors
through an enamelling bath having a concentration of resin of 35÷55%, heating them to
remove the solvent, followed by the thermal or catalytic curing to transform the
thermoplastic insulator into an insoluble and infusible rigid thermosetting one. In industrial
conditions curing is realized passing the conductors through ovens of pre-established length
and temperature with a given speed.
A series of polymers and copolymers having the above thermal properties are known [1,2],
but polymers having high heat resistance are usually insoluble and thus their application on
wires from concentrated solutions is impossible.

½

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

Analele Universităţii din Bucureşti – Chimie, Anul XII (serie nouă), vol. I-II, pag. 211–218
Copyright © Analele Universităţii din Bucureşti

212

MINODORA LECA

The polymers having the highest chemical and oxidative resistance and the best electrical
and mechanical properties to be used as high thermal class electrical insulators are
polyimides, obtained by the curing of imide oligomers [3]. In addition, the structureproperties relationships are relatively well established for this class of compounds [4,5], but
they are highly insoluble.
Heat resistance and solubility are opposed properties and a slight decrease of heat resistance
in the favour of solubility is generally accepted. Thus, ester-imide [6] or amide-imide [7]
oligomers, with adequate heat resistance and improved solubility, determined by the
flexibility of the functional groups (ester or amide) introduced into the main chains, were
synthesized.
Compared to amide-imide, ester-imide oligomers have the following advantages [8÷10]:
they are a bit more flexible and thus have improved solubility, better adhesion to different
metals, higher resistance to solvents and environmental conditions, higher hardness and
lower price. However, the commercial ester-imide oligomers have as solvents only cresols,
solvents known as carcinogenic. That is why synthesis of ester-imide oligomers soluble in
more solvents and/or mixtures of solvents is necessary.
Aromatic ester-imides oligomers are usually obtained by solution or melt polycondensation
of polyalcohols (usually ethylene glycol, EG, and very seldom propyleneglycol), aromatic
polycarboxylic acids or their derivatives and aromatic polyamines, comonomers able to
form imide cycles [11]. Given their importance, information about this type of insulators
may be finding only in patents.
Considering the structure-properties relationships established for polymers, we prepared
more soluble ester-imide oligomers [12, 13]. Knowing that branching reduces the cohesion
energy, and thus increases solubility, ester-imide oligomers containing a branched glycol –
neopentylglycol (NPG) – were synthesised. Dimethylterephthalate (DMT) and trimellitic
anhydride (TMA) were used as aromatic polycarboxylic monomers, diaminodiphenylmethane (DDM) as aromatic diamine, NPG and tris-(2-hydroxyethyl) isocianurate (THEIC)
as hydroxyl monomers. An increased number of aromatic rings into chains resulting in an
increase of heat resistance (but a decrease of solubility), two molar ratios of DMT were
used. To be able to make solubility comparisons, the corresponding oligomers containing
EG were also prepared. Thus, four ester-imide oligomers, R1 – R4, were synthesised, two
containing NPG and two EG, with two different molar ratios of DMT [12,13].
Thermal curing of oligomers deposited on electric conductors from concentrated solutions
in a convenient solvent being practised in industry, the most convenient solvent/solvents
must be selected. At the same time, the rheological behaviour of concentrated oligomer
solutions in the selected solvent must be known in order to be able to choose the most
adequate concentrations to obtain layers of uniform thickness, with no defects, that assure
high quality insulators.
Solubility of the prepared oligomers in different solvents was determined as well as their
global and partial solubility parameters [14] from solubility data using the Hansen’s method
[15,16]. To be able to select the most convenient solvent from the points of view of
solubility, film-forming properties, price and human and environmental risk, the intrinsic
viscosities of the most soluble oligomers, R3, in the best solvents, selected according to the
solubility parameters of the oligomer, were determined. With cyclohexanone as the most
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convenient solvent from the above points of view, the rheological behaviour of solutions
with concentrations ranging between 1 and 60% for the oligomer R3 and for the
corresponding oligomer containing EG, R1, was determined and the most adequate
concentration was selected.

Experimental
The oligomers’ synthesis was realized by melting polycondensation of the following
comonomers: DMT, TMA, DDM, THEIC and NPG or EG. It is described in detail in two
previous papers [12, 13]. The oligomers R1 and R2 contain EG as dialcohol and different
amounts of DMT (higher in the oligomer R2, molar ratio 1.3) while R3 and R4 contain NPG
and the same amounts of DMT, respectively.
To be dissolved, the oligomers were milled and sieved (sieve mesh 0.5 x 0.5 mm). The
dissolution was done at room temperature for a solvent to oligomer ratio of 4/1 by weight.
The molecular weights of oligomers being small (between 1130 and 1350 g mol–1 [12,13]),
the intrinsic viscosities were determined using two Ubbelohde viscometers having the
constants 0.00976 and 0.00488 at 25 ± 0.10C.
Rheological measurements were made, using cyclohexanone as solvent, for concentrations
ranging between 1 and 60% at 25±0.10C. The viscosities were determined using adequate
equipment: capillary viscometers having a range of constants (0.00488 ÷ 0.0945) for
solutions with concentrations ranging between 1 and 9%, a Hoppler rheoviscometer for
concentrations between 10 and 27% and a Kaake VT550 Viscotester, developing shear
rates ranging between 0.3 and 1312.0 s-1 and shear stresses between 1 and 103 N s m–2, for
concentrations ranging between 28 and 60%.

Results and Discussion
It is well known that branching reduces the cohesion energy and increases polymer
solubility, while an increased number of aromatic rings into the main chains increase
polymer’s heat resistance and decrease solubility.
The compounds given in Table 1 were used as solvents. The results of dissolution tests for
a oligomer to solvent ratio of 4/1 by weight are given in the same Table, together with their
global, δ, and partial - δd, δp and δh - solubility parameters of solvents.
Solubility data in Table 1 show that, indeed, NPG increases the solubility of oligomers both
when the lower and the higher amount of DMT was used. Thus, oligomer R3, combaining
the influence of branching produced by the presence of NPG in the molecule and of lower
amount of DMT, is soluble or swells in all the solvents in Table 1, while R1, containing the
same amount of DMT but EG as glycol, is not soluble in acetone and
methyldiethyleneglycol - with which R3 swells - and swells in 1,2-dichlorethane in which
R3 dissolves. At the same time, oligomers containing the lower amount of DMT are more
soluble than those containing the higher one as expected: R1 swells in 1,2-dichlorethane
while R2 does not interact with it; R3 swells in acetone and m-cresol and dissolves in
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1,2-dichlorethane, while R4 does not interact with the first two solvents and swells in
1,2-dichlorethane in which R3 solves. Thus, R3 is the most convenient oligomer from the
point of view of solubility and R2 the less convenient one. It is also convenient from the
points of view of mechanical and electrical properties [18] as well as of thermal index [19]
to be used as electrical and/or electronic insulator.
Table 1. Solvent tested, their global and partial solubility parameters and the result of dissolution tests

Solubility parameters, MPa1/2

Solvent

Oligomer solubility

δ

δd

δp

δh

R1

R2

R3

R4

Tetrahydrofuran

19.4

16.8

5.7

8.0

+

+

+

+

Dichlormethane

19.8

18.2

6.3

6.1

+

+

+

+

Acetone

20.0

15.5

10.4

7.0

–

–

±

–

1,2-Dichlorethane

20.0

18.8

5.3

4.1

±

–

+

±

Cyclohexanone

20.2

17.8

8.4

5.1

+

+

+

+

Morpholine

21.5

18.8

4.9

9.2

+

+

+

+

Pyridine

21.7

19.0

8.8

5.9

+

+

+

+

Methyldiethylenglycol

21.9

16.2

7.8

12.7

–

–

±

–

m-Cresol

22.7

18.0

5.1

12.9

+

+

+

+

Dimethylformamide

22.9

17.0

13.3

9.0

+

+

+

+

N-Methylpyrolidone

22.9

17.0

12.3

9.2

+

+

+

+

Dimethylenetriamine

25.8

16.8

13.3

14.3

+

+

+

+

γ-Butyrolactone

26.0

19.0

16.6

6.5

+

+

+

+

Dimethylsulphoxide

28.4

18.4

16.4

10.2

+

+

+

+

– No interaction; ± Swelling; + Complete dissolution.

Oligomer R3 is also soluble in mixtures of methyldipropilene glycol and xylene or toluene
1/1 by weight at concentrations of 40% and higher. With usual concentrations for
deposition ranging between 40 and 48%, such mixtures of solvents may be used for
commercialization of oligomer R3.
Table 2. Partial and global solubility parameters and radii of interaction sphere of the four oligomers

Oligomer

δd, MPa1/2

δp, MPa1/2

δh, MPa1/2

δ, MPa1/2

R, MPa1/2

R1

18.2

9.6

8.2

22.1

7.6

R2

18.0
17.8a
18.0b
18.0

10.0
9.6a
11.1b
9.6

8.6
8.4a
8.8b
8.2

22.3
21.9a
22.9b
22.1

7.2
7.6a
8.6b
7.6

R3
R4
a

Hansen’s method; bOriginal method

Solubility data were used to determine the partial (δd - due to the dispersion forces, δp - due
to the dipole-dipole and dipole-induced dipole forces and δh - due to hydrogen bonds) and
global (δ) solubility parameters of the oligomers as well as of the radii of their interaction
spheres (R) using Hansen’s method [15,16]. The obtained results are given in Table 2
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together with those obtained using an original - more accurate - method, but only for
oligomer R3 [14].
As expected, the lowest solubility parameter was obtained for oligomer R3 - containing
NPG and the lowest amount of NPG - and the highest one for R2 - containing EG and the
highest amount of DMT. At the same time R1 - containing EG and the lowest amount of
DMT - has the same solubility parameter as R4 - containing NPG and the highest amount of
DMT. They have also the same values for δp and δh and radii of interaction spheres. The
influence of NPG is reflected into the values of δd, a little bit lower for R3 and a little bit
higher for R1. The oligomer containing EG and the higher amount of DMT (R2) has the
lowest radius of interaction sphere, while the others three have identical values. This
explains the lower number of solvents for oligomer R2 (less solvents are included into the
oligomer’s solubility sphere). The new original method [14] gives higher values for all the
above quantities but it was proved only for oligomer R3.
Determination of intrinsic viscosities, [η], being time consuming, they were determined
only for the most soluble oligomer, R3, in the solvents given in Table 3 in the order of
increasing of their global solubility parameters. The solvents were selected according to the
solubility parameters of the oligomer R3.
Table 3. Intrinsic viscosities of oligomer R3 in the specified solvents

Solvent

Cyclohexanone

Morpholine

Dimethylformamide

N-Methylpyrolidone

γ-Butyrolactone

Dimethylsulphoxide

[η], dl/g

0.0075

0.1045

0.0990

0.1014

0.0700

0.0190

As it is well known, the intrinsic viscosity is a measure of the size of the macromolecules in
the given solvent: the higher the polymer-solvent interaction (the better the solvent), the
higher the macromolecule size. The oligomers having very low molecular weights and
pretty rigid molecules, due to the aromatic and imide cycles from their main chains, the
intrinsic viscosities have low values, as can be seen in the Table.
Considering the values of intrinsic viscosities, the best solvent may be considered
morpholine, followed by N-methylpyrolidone, but they are not usual solvents in the paint or
varnishing industry. Thus, the third solvent from the point of view of the value of intrinsic
viscosity - cyclohexanone - was selected as solvent for concentrated solutions in view of
deposition and determination of rheological behaviour.
Rheological measurements were performed for solutions of the most soluble oligomer R3,
containing NPG and the lower amount of DMT, and - for comparison purposes - for the
corresponding oligomer containing EG - R1. Because of the low viscosities, capillary
viscometers with different constants were used to determine the viscosities of solutions
having the concentration ranging between 1 and 9%, a Hoppler rheoviscometer for
concentrations ranging between 10 and 27% and a rotational viscometer for higher
concentrations (28 ÷ 60%).
Rheological measurements shown that even the most concentrated solutions behave
Newtonian, so their rheograms are not shown. This can be explained by the low molecular
weight of oligomers and their relatively rigid molecules.
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The dependence of viscosity on concentration for the oligomer R3 is shown in Fig. 1.

Fig.1: Dependence of viscosity on concentration for oligomer R3.

Fig. 2: Dependence of viscosity on concentration for oligomer R1

As can be seen from the Fig. 1, the viscosity increases very slowly with concentration until
it is about 35%, the increase is more pronounced between 35 and about 45% and it is very
high for concentrations exceeding about 50%.
The equation fitting the best the experimental data is:
η = 0.011 ⋅ exp(0.165 ⋅ c)

(1)
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The dependence of viscosity on concentration for the oligomer R1 (Fig. 2) is similar, but the
viscosities of solutions are higher for all the concentrations (about 2.2 higher for 60 %), so
the molecular weights of the two oligomers are comparable (about 10% lower for oligomer
R1). The equation describing the best its behaviour is:
η = 0.124 ⋅ exp(0.125 ⋅ c)

(2)

The differences of viscosity may be explained by the shape of molecules of the oligomer R3
that are more bulky than those of the oligomer R1, due to the presence of NPG - a branched
dialcohol - in the molecule.
Figs. 1 and 2 show that concentrations of about 45%, and no higher than 48%, must be used
in order to obtain films of convenient thickness by deposition from an enamelling bath on
electric conductors from cyclohexanone solutions. If the concentration exceeds 48% the
viscosity is excessively high and the deposition from cyclohexanone solutions cannot be
done.

Conclusions
The most convenient oligomer from the point of view of solubility for application from
concentrated solutions on electrical insulators is R3, containing neopentylglycol and the
lower amount of dimethylterephthalate.
Both the oligomer R3 and the corresponding oligomer containing ethylene glycol, R1, has
Newtonian behaviour in cyclohexanone as solvent for concentrations ranging between 1
and 60% due to their low molecular weight.
Viscosities of solutions increase very slowly with concentration within the concentration
range 1÷35%, the increase is more pronounced between 35 and about 45% and is very high
for concentrations exceeding about 50%.
The rheological measurements show that in the case of cyclohexanone as solvent the most
convenient concentration for deposition on electric conductors by passing them through an
enamelling bath to obtain high quality insulators is 45%. If the concentration exceeds 48%
the viscosity is excessively high and the deposition from cyclohexanone solutions cannot be
done.
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ON THE CURENT DENSITY AND OVERTENSION SIGNS
II. THE CASE OF THE MULTI-ELECTRODIC INTERFACE
C. Mihailciuc ½ and S. Lupu½½
abstract: For a spontaneous electrode reaction the entropy production and the current density
across the electrodic interface and the overtension under which the electrode reaction occurs are
intimately linked. From this relationship, considering only the widely accepted sign convention
for the anodic and cathodic overtension, the signs of the anodic and cathodic current densities, in
a galvanic cell and in an electrolysis cell, could be deduced. No other convention, except the
completely accepted overtension convention and the well-known physical convention for the
current, is made.

Introduction
In a previous paper [1] one has been treated the case of a single-electrode reaction
occurring at a single-electrode interface. In short, this paper deals with the case of a multielectrode reaction occurring at a multi-electrode interface. It is well known that the entropy
production for a chemical reaction depends on the chemical rate and of the chemical
affinity [2]. One knows that for an electrode reaction the entropy production also depends
on the rate of the electrode reaction that is the current density, i (a thermodynamic flux)
and of the overtension under which the electrode reaction occurs, η (a thermodynamic
force) [3].
Considering the kinetic criterion, there are two limiting cases of electrode reactions:
reversible (or fast) and irreversible (or slow). Considering the thermodynamic criterion,
there are also two limiting cases of electrode reactions: spontaneous (occurring in galvanic
cell) and nonspontaneous (occurring in electrolyser). The kinetic terms of reversibility or
irreversibility are obviously different from the thermodynamic term spontaneous and
nonspontaneous. Only the thermodynamic term is able to offer a criterion for the
occurrence of an electrode reaction.
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Theoretical
Let us assume that the multi-electrode reaction [4,5] occurring at the electrodic interface is
a redox electrode reaction written in the cathodic direction as follows:
⎛

∑ ⎜⎜ ∑ νiρOiρ
ρ

ziρ

⎝

∑ ν jρ R jρ

z jρ

+ nρ e − +

i

j

⎞
⎟=0
⎟
⎠

(1)

where the stoichiometric coefficients for the reactants O iρ and e − are negative
( ν iρ < 0 , nρ < 0 ) and for the products R jρ are positive ( ν jρ > 0 ). Of course, the principle
of charge conservation is respected being expressed by the equation:

∑ν

iρ z iρ

+

i

∑ν

= nρ

jρ z jρ

(2)

j

Considering the degree of advancement of the electrode reaction dλ [6,7], one can write
the following relationships for the components in the electrode reaction:

d λρ = −

d nOiρ
νiρ

=−

d ne−ρ

=

nρ

d nR jρ

(3)

ν jρ

describing the connection with the stoichiometric coefficient and the mole number of each
consumed (for O iρ and e − ) or produced ( R jρ ) species. As it is known, the electrode
reaction rate is given by the ratio between the increment of the degree of advancement,
dλ ρ , and the interval of the time, dt , in which this increment occurs:
rρ =

d λρ

(4)

dt

Expressing the rates with respect to O iρ , e − and R jρ one can write:
rOiρ = −

d nOiρ
dt

, re−ρ = −

d ne−ρ
dt

, rR jρ = +

d nR jρ
dt

(5)

or, if one takes account to the equation (4), one obtain:
rOiρ = −ν iρ

d λρ
dt

, re− ρ = − nρ

d λρ
dt

, rR jρ = ν iρ

d λρ
dt

(6)

obviously, the following relationship exists between the individual rates:

rρ = −

rOiρ
ν iρ

=−

re −ρ
nρ

=+

rR jρ
ν jρ

(7)

In the electrode kinetics the rate of the electrode reaction is expressed as current density:
ik ρ = zk ρ Frk ρ

(8)
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therefore, inserting, in turn, each individual equation from the equation (6) into the equation
(8) one gets:
iOiρ = − ziρ ν iρ F
ie − ρ = nρ F

d λρ

(8’)

dt

d λρ

(8’’)

dt

iR jρ = z jρ ν jρ F

d λρ

(8’’’)

dt

and consequently, the elementary charge being:
d qk ρ = ik ρ d t

(9)

the elementary charges associated with each current density are given by:
d qOiρ = − ziρ νiρ F d λρ

(9’)

d qe−ρ = nρ F d λ ρ

(9’’)

d qR jρ = z jρ ν jρ F d λ ρ

(9’’’)

As mentioned above, the electrode endowed with an electrode reaction could be seen as a
two-phase system and a charge transfer between the two phases which determines chemical
composition changes at least in one of the two phases. From a thermodynamic viewpoint,
one can assume that the internal energy equation (the so-called Gibbs equation) extended
with the electrical term:
d U = T d S − p d V + ∑∑ µ k ρ d nk ρ + ∑∑ Φ k ρ d qkρ
ρ

ρ

k

(10)

k

is still valid, where k counts both for the reactants ( O iρ and e − ) and for the products
( R jρ ). Therefore, by splitting the sum signs, one can rewrite the equation (10) in the
following form:

dU =

T d S − p dV +

∑∑ µO
ρ

Φ Sol

∑∑ d qO
ρ

i

iρ

i

+ Φ Me

iρ

d nOiρ +

∑ µe ρ d ne ρ + ∑∑ µ R
−

−

ρ

ρ

∑ d qe ρ + Φ Sol ∑ ∑ d qR
−

ρ

∑ dqR jρ

j

j

jρ

d nR jρ +
(11)

jρ

j

where it was considered that all O iρ and e − and R jρ being dissolved into the same
electrolytic solution have the same inner (Galvani) electrical potential (i.e.,
Φ i ρ = Φ jρ = Φ Sol and Φ e −ρ = Φ Me ). Inserting the equations (3) and (9’, 9’’ and 9’’’) into
the equation (11) one gets a dλ ρ dependence of internal energy:
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⎛
T d S − p d V − ∑ ⎜ ∑ νiρµOiρ + nρµ e−ρ − ∑ ν jρµ R jρ
⎜
ρ ⎝ i
j

dU =

⎞
⎟ d λρ
⎟
⎠

(12)

⎡
⎤
⎛
⎞
−∑ ⎢ F Φ Sol ⎜ ∑ νiρ ziρ − ∑ ν jρ z jρ ⎟ d λ ρ + nρ F Φ Me d λ ρ ⎥
⎜ i
⎟
⎥
ρ ⎢
j
⎝
⎠
⎣
⎦

Rewriting the equation (12), by gathering all the terms referring to the same species, one
gets:
dU =

T d S − p dV −
−

∑
ρ

∑∑ νiρ ( µO
ρ

(

)

+ ziρ F Φ Sol d λ ρ

iρ

i

)

∑∑

nρ µ e−ρ − F Φ Me d λ ρ +

ρ

j

(

(13)

)

ν jρ µ R jρ + z jρ F Φ Sol d λ ρ

~ , which consists of
Taking into account the meaning of the electrochemical potential [8], µ
k
the chemical potential, µ k , contribution and the electrical work, z k FΦ k , contribution
~ = µ + z FΦ ) the equation (13) can be written in a shorter form:
(µ
k
k
k
k
dU = T d S − p dV −

∑∑ νiρµ% O
ρ

iρ

i

d λρ −

∑ nρµ% e ρ d λρ + ∑∑ ν jρµ% R
−

ρ

ρ

j

jρ

d λρ

(14)

or in another form:
dU = T d S − p dV −

⎛

∑ ⎜⎜ ∑ νiρµ% O
ρ

⎝

iρ

i

+ nρ µ% e−ρ −

∑ ν jρµ% R
j

jρ

⎞
⎟ d λρ
⎟
⎠

(15)

from which it is possible to obtain the shortest form that follows:
dU = T d S − p dV −

∑ A%ρ d λρ

(16)

ρ

~

in electrochemical affinity term Aρ :
~
~
Aρ = − ∆Gρ =

∑ν
i

~

iρ µ Oiρ

~ −
+ nρ µ
e −ρ

∑ν

~

jρ µ R jρ

(17)

j

The electrochemical affinity is defined as follows (i.e., in the same manner as the chemical
affinity is defined):
⎛ ∂G% ρ
A%ρ = −∆G% ρ = − ⎜
⎜ ∂λ
⎝

(as

concerns

⎞
⎛ ∂Gρ ⎞
⎟ ; Aρ = −∆Gρ = − ⎜
⎟
⎟
⎝ ∂λ ⎠ p ,T
⎠ p ,T

the others quantities theirs meanings are the usual
⎛
⎞
⎛
⎞
∆G% ρ = ∑ ν jρ µ% jρ − ⎜ ∑ ν iρ µ% iρ + nρ µ% e− ρ ⎟ , ∆Gρ = ∑ ν jρ µ jρ − ⎜ ∑ ν iρ µ iρ + nρ µ e− ρ ⎟ ).
⎜
⎟
⎜
⎟
j
j
⎝ i
⎠
⎝ i
⎠

(18)
ones:
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One knows the relationship between electrochemical Gibbs energy and chemical Gibbs
energy:
~
∆Gρ = ∆Gρ + nρ FE ρ

(19)

where E is the electrode potential of the electrode endowed with the electrode reaction (1):
Eρ = Φ Me − Φ ρ ,Sol

(20)

Using the corresponding meanings in affinity terms of Gibbs energies, given in the
equations (18), the equation (19) can be written in the form that governs the progress of the
electrode reaction:
~
Aρ = Aρ − n ρ FE ρ

(21)

In the electrochemical equilibrium state ( iρ = 0 , E ρ = E ρ ,rev ) the electrochemical affinity
is zero:
~
0 = Aρ ,i =0 = Aρ ,i =0 − nρ FEρ ,rev

(22)

where E rev is the reversible (equilibrium) electrode potential:
E ρ ,rev = ( Φ Me − Φ Sol ,ρ )i =0

(20’)

If the electrode reaction is not at the equilibrium state ( iρ ≠ 0 , E ρ ≠ E ρ ,rev ) the
electrochemical affinity is positive:
~
0 < Aρ ,i ≠0 = Aρ ,i ≠0 − nρ FEρ

(22’)

Combining the equations (22) and (22’) and taking into account that:
Aρ ,i =0 = Aρ ,i ≠0

(23)

(because they depend on the same chemical potentials) one gets:
~
Aρ ,i ≠0 = −nρ F ( Eρ − Eρ ,rev )

(24)

and then by using the overtension notion:
~
Aρ ,i ≠0 = −nρ Fηρ

(25)

which, for our discussion, shows that the reduction (cathodic) electrode reaction (→) is
spontaneously having negative overtension and therefore positive electrochemical affinity.
From equation (16) one gets the total entropy change:

dS =

1
p
dU − dV +
T
T

A%ρ

∑T
ρ

d λρ

(26)

as a sum [9] of the entropy change d e S with the exterior and the entropy change d i S due
to the spontaneous electrode reaction occurring at the electrode interface:
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d S = d e S + di S

(27)

Taking into account the expression for d e S :
de S =

1
p
dU − dV
T
T

(28)

one gets the expression for di S as:
di S =

∑
ρ

d i Sρ =

A%ρ

∑T
ρ

d λρ

(29)

showing that the electrochemical affinity of the spontaneous electrode reaction is
responsible for the entropy production in the two-phase system. The rate of entropy
change/increase is given by the equation:

A%ρ d λρ
di S
=∑
dt
ρ T dt

(30)

~
where Aρ plays the role of a thermodynamic force closely related to the electrode reaction

rate. The electrochemical affinity and the electrode reaction rate must have the same sign.
Combining the equation (30) with the equation (25) one obtains firstly:
−nρ F ηρ d λρ
di S
=∑
T dt
dt
ρ

(31)

because one can write (considering the physical convention on the current, the direction of i
is the same as that of the moving positive charge):
iρ = −ie− ρ =

− nρ F d λ ρ
dt

(32)

and then for the component ρ of the multi-electrode reaction one has:
d i Sρ
dt

=

iρ ηρ
T

>0

(33)

and, finally, considering the multi-electrode reaction and summing over the all electrode
reactions which are components of the multi-electrode reaction, one has:
d i Sρ
di S
=∑
dt
dt
ρ

(33')

Combining these two last equations one obtains:
iρ ηρ
di S
=∑
>0
T
dt
ρ

(34)
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an equation [3,10,11] that offers the criterion for the current density sign for an electrode
reaction occurring at the electrodes into a galvanic cell: the current density iρ must be
taken with the same sign as the overtension ηρ in a spontaneous electrode reaction.
Therefore, if the electrode reaction is spontaneous the entropy production is positive, if
ηρ > 0 (i.e., an anodic overtension) then iρ > 0 (i.e., the partial anodic current density is
also positive). Consequently, if ηρ < 0 (i.e., a cathodic overtension) then iρ < 0 (i.e., the
partial cathodic current density is also negative).
On the contrary, if the electrode reaction is not a spontaneous one the entropy production is
not positive, if ηρ > 0 (i.e., an anodic overtension) then iρ < 0 (i.e., the partial anodic
current density is negative). Consequently, if ηρ < 0 (i.e., a cathodic overtension) then
iρ > 0 (i.e., the partial cathodic current density is positive).

Conclusions
The equation (34) governs the progress of an electrode reaction occurring spontaneously at
an electrode interface. This is the case of a multi-electrode electrode reaction taking place
into a galvanic cell, the so-called electrical energy producer. During its occurrence, this
multi-electrode reaction has a positive entropy production. Therefore, for an anodic
occurrence of a j component of the multi-electrode reaction, the positive overtension
generates an anodic current that is positive too, while for a cathodic occurrence of a j
component of the multi-electrode the negative overtension generates a cathodic current that
is also negative.
Therefore, the usual classification of electrode reactions as reversible (fast) and irreversible
(slow), whose criterion is the charge transfer rate, has nothing to do with the terms of
reversible and irreversible processes considered by thermodynamics. Such fast and/or slow
electrode reactions can occur at the electrode interface into a self-driven cell as spontaneous
electrode reactions (having a positive entropy production) as well as into an externally
driven cell as nonspontaneous electrode reactions (for which the entropy production is not
positive).
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ON THE CURENT DENSITY AND OVERTENSION SIGNS
III. THE CASE OF THE INTERFACE BETWEEN TWO IMMISCIBLE
ELECTROLYTE SOLUTIONS IN OPEN CIRCUIT CONDITION
C. Mihailciuc ½ and S. Lupu½½
abstract: For a spontaneous electrode reaction the entropy production and the current density
across the electrodic interface and the overtension under which the electrode reaction occurs are
intimately linked. From this relationship, considering only the sign convention for the anodic and
cathodic overtension, the signs of the anodic and cathodic current densities, in a galvanic cell and
in an electrolysis cell, could be deduced. No other convention, except the completely accepted
overtension convention and the physical convention for current, is made. The charge transfer
through the ITIES could be treated by electrodic concepts as an electrode reaction (at single- or
multi-electrode).

Introduction
In two previous papers [1,2] we have treated the case of a charge transfer occurring at a
metal/electrolyte interface which behaves either as a single electrode [1] or as a multielectrode [2] when the charge transport reaction takes place spontaneously. In this paper we
are dealing with the Interface between Two Immiscible Electrolyte Solutions (ITIES) case
in which two ions of opposite charge are transferred spontaneously across the ITIES. Even
the ionic charge transfer across the ITIES may be treated as an electrode reaction [3]:
obviously, the electron transfer across the ITIES resembles more with the usual electrode
reaction taking place to the M/S electrodic interface. These ionic charge transfers are
modelled as a di-electrode reaction forming the so-called di-electrode of transfer [4,5].
Among different electrodic interface the ITIES is of major importance especially in
understanding the biological membrane electrochemistry. At an ITIES one could meet
different cases of ionic charge transfer: single-electrode of transfer for a single ionic species
[4,5], di-electrode of transfer [4,5] for two ionic species (of the same or opposite charge) or
multi-electrode for at least three ionic charges transferred across the ITIES.
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Theoretical
One considers a two-phase system formed by two ionically conducting phases, denoted
here by S1 (in the left-side) and S2 (in the right-side) with an interphase region developed
between (having different special properties from the two phases in direct contact but
determined by these two forming phases). This interphase region is the so-called electrodic
interface at which an electrode reaction takes place [6]. The electrode reaction means the
transfer of some electrically charged species (usually cations and anions for an ITIES)
between the phase S1, whose inner (Galvani) electrical potential is Φ S1 , and the phase S2,
whose inner (Galvani) electrical potential is Φ S2 . Taking into account that this ionic
charge transfer, between the two phases of well-defined electrical potential, is usually
accompanied by a change in the chemical composition of at least one of the two forming
phases, then at the electrodic interface an electrode reaction takes place. Obviously the
charge transfer itself with no preceding and/or following chemical reaction could be seen as
an electrode reaction [4,5,7-10]. Between the two phases of the system, through this special
kind of electrodic interface, a flow of ionic species, positively and negatively charged,
occurs; obviously, this charge flow is accompanied by a mass transfer too (the ions having
both mass and charge). But the system as a whole is closed and, therefore, the spontaneous
exchange of charge and matter inside the system, is the cause of the entropy production. In
its progress from the initial state to the final state of equilibrium, the system moves by a
steady-state route because of the condition of open circuit (or a zero-polarization control).
Let us assume that the electrode reaction occurring at the ITIES is an ionic charge transfer
of a cation C zC and of an anion A z A which cross the interphase region from the more
concentrated electrolyte solution (let be S1) to the more diluted electrolyte solution (let be
S2). Obviously, the passage of the cation from the left to the right direction (forward
direction) and the passage of the anion from the right to the left direction (backward
direction) are electrically equivalent because that means a transport of a positive quantity of
electricity from the left to the right. On the contrary, the passage of the cation from the right
to the left direction (backward direction) and the passage of the anion from the left to the
right direction (forward direction) are also electrically equivalent because the former means
a transport of a negative quantity of electricity from the left to the right and the latter a
transport of a negative quantity of electricity from right the to the left. In fact, for this
chosen interface both the cation and the anion pass the interface from the left to the right,
each of two carrying, at the beginning, the same quantity of electricity because of the open
circuit condition. During the steady-state progress of mass and charge transfer, the passage
of the two ions could occur in both directions because the backward transfer becomes more
and more intense (the forward transfer becoming less and less intense (until the two
processes, forward and backward, balance each other)). In order to reach the equilibrium
state the cation and the anion will pass across the ITIES in the forward direction under open
circuit condition ( iC zC + i Az A = i + + i − = 0 or iC zC = −i Az A ; i+ = −i − ) each individual ionic
charge transfer being out of its own equilibrium state (for C zC the E C zC ,rev = E + ,rev value
and for for A z A the E Az A ,rev = E −,rev value). For this reason, the passage of the cation in
the forward direction being an oxidation occurs under an anodic overtension assistance and
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the passage of the anion in the forward direction being a reduction occurs under a cathodic
overtension assistance. So the equivalent electrode reaction might be written in the
following form:
C IzC ⇔ C IIzC

(1)

AIz A ⇔ AIIz A

(1’)

where the stoichiometric coefficients for the reactants C IzC and AIz A are negative( ν i < 0 )
and for the products C IIzC and AIIz A are positive( ν i > 0 ). Of course, the principle of charge
conservation is respected being expressed by the equation (here ν i = 1 ):

∑ν z

i i

=0

(2)

i

By introducing the degree of advancement of the electrode reaction dλ [11,12], one can
write the following relationships for the components in the electrode reaction:

d λi = − d nC zC = d nC zC

(3)

d λ j = − d nAz A = d nAz A

(3’)

I

II

I

II

describing the connection with the stoichiometric coefficient and the mole number of each
consumed (for C IzC and AIz A ) or produced ( C IIzC and AIIz A ) species. As it is known, the
electrode reaction rate is given by the ratio between the increment of the degree of
advancement, dλ , and the interval of the time, dt , in which this increment occurs:
rk =

d λk
dt

(4)

Expressing the rates with respect to C IzC and AIz A , on one hand, and C IIzC and AIIz A , on the
other hand, one can write:

rC zC = −
I

d nC zC
I

dt

, rAz A = −
I

d nAz A
I

dt

, rC zC = +
II

d nC zC
II

dt

, rAz A = +

d nAz A

II

II

dt

(5)

or, if one takes account to the equation (4), one obtain:
rC zC = −
I

dλ j
dλ j
d λi
d λi
, rA z A = −
, rC zC = +
, rA z A = +
I
I
I
II
dt
dt
dt
dt

(6)

obviously, the following relationship exists between the individual rates:

ri = − r

z

= +r

z

= +r

CI C

r j = −r

AI A

z

(7)

z

(7’)

C IIC
AIIA
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In the electrode kinetics the rate of the electrode reaction is expressed as current density:
ik = z k Frk

(8)

therefore, inserting, in turn, each individual equation from the equation (6) into the equation
(8) one gets:
iC zC = − zC F
I

i Az A = − z A F
I

d λi
d λi
; iC zC = + zC F
II
dt
dt
dλj
dt

; i Az A = + z A F
II

(8’)

dλj
dt

(8’’)

and consequently, the elementary charge being:
d qk = ik d t

(9)

the elementary charges associated with each current density are given by:
d qC zC = − zC F d λ i ; d qC zC = + zC F d λ i

(9’)

d q Az A = − z A F d λ j ; d q Az A = − z A F d λ j

(9’’)

I

II

I

II

As mentioned above, the electrodic interface endowed with an electrode reaction could be
seen as a two-phase system and a charge transfer between the two phases which determines
chemical composition changes at least in one of the two phases. From a thermodynamic
viewpoint, one can assume that the internal energy equation (the so-called Gibbs equation)
extended with the electrical term:
dU = T d S − p dV +

∑µ

k

d nk +

k

∑Φ

k

d qk

(10)

k

is still valid, where k counts both for the reactants C IzC and AIz A and for the products C IIzC
and AIIz A . Therefore, by splitting the sum signs, one can rewrite the equation (10) in the
following form:
dU =

T d S − p dV +

∑µ d n + ∑µ
i

i

i

Φ SI

∑
i

d qi + Φ S II

j

∑

dqj

j

d nj +

(11)

j

where i counts for the reactants C IzC and AIz A (they belong to the S I electrolyte solution
in which the inner (Galvani) electrical potential is Φ S I ), and j for the products C IIzC and
AIIz A (they belong to the S II electrolyte solution in which the inner (Galvani) electrical

potential is Φ S II ). Inserting the equations (3) and (9’, 9’’, 9’’’ and 9’’’’) into the equation
(11) one gets a dλ dependence of internal energy:
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dU =

T d S − p dV − (
−( F Φ S I

∑

∑µ d λ − ∑µ
i

i

i

j
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dλ j)

i

zi d λ i − F Φ SII

i

∑

(12)

zj dλ j)

j

Rewriting the equation (12), by gathering all the terms referring to the same species, one
gets:
dU =

T d S − p dV −
+

∑ (µ

∑ (µ + z F Φ
i

i

SI

) d λi

i

j

(13)

+ z j F Φ S II ) d λ j

j

~ , which consists
Taking into account the meaning of the electrochemical potential [13], µ
k
of the chemical potential, µ k , contribution and the electrical work, z k FΦ k , contribution
~ = µ + z FΦ ) the equation (13) can be written in a shorter form:
(µ
k
k
k
k
dU = T d S − p dV −

∑ µ% d λ + ∑ µ%

j

dλ j

(14)

∑ µ% d λ − ∑ µ%

j

dλ j)

(15)

i

i

i

j

or in another form:
dU = T d S − p dV − (

i

i

i

j

from which it is possible to obtain the shortest form that follows:
dU = T d S − p dV −

∑ A% d λ
k

(16)

k

k

~

in electrochemical affinity term A :
A% = −∆G% = −

∑ ∆G% = ∑ ∆A%
k

k =i , j

(17)

k

k =i , j

The electrochemical affinity is defined as follows (i.e., in the same manner as the chemical
affinity is defined):
⎛ ∂G%
A% k = −∆G% k = − ⎜ k
⎜ ∂λ
⎝

⎞
⎛ ∂Gk ⎞
⎟⎟ ; Ak = −∆Gk = − ⎜
⎟
⎝ ∂λ ⎠ p ,T
⎠ p ,T

~
(as concerns the others quantities theirs meanings are the usual ones: ∆Gk =
∆G k =

∑µ

(18)

∑ µ~

k

,

k

k

).

k

One knows the relationship between electrochemical Gibbs energy and chemical Gibbs
energy:
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~
∆G = ∆G + nFE

(19)

where E is the electrode potential of the electrode endowed with the electrode reaction (1):

E = Φ S I − Φ S II

(20)

E +,rev = (Φ S I − Φ S II ) i =0 when there is only C zC transferable

(20’)

E −,rev = (Φ S I − Φ S II ) i =0 when there is only A z A transferable

(20’’)

Using the corresponding meanings in affinity terms of Gibbs energies, given in the
equations (18), the equation (19) can be written in the form that governs the progress of the
electrode reaction:
~
A = A − nFE

(21)

(here n = 1 because it was assumed that only 1F C of positive electricity was transported
across the electrodic interface which is the ITIES from the left to the right, if not every t k
must be multiplied by n).
In the electrochemical equilibrium state ( i = 0, E = E rev ) the electrochemical affinity is
zero:
~
(22)
0 = A+ ,i =0 = A+ ,i =0 − nFE+ ,rev
~
0 = A− ,i =0 = A− ,i =0 − nFE− ,rev

(22’)

where E rev is the reversible (equilibrium) electrode potential:

E rev = ( Φ S I − Φ S II )i =0

(20’)

If the electrode reaction is not at the equilibrium state ( i ≠ 0, E ≠ E rev ) the
electrochemical affinity is positive:
~
0 ≠ A+,i =0 = A+,i =0 − nFE+ ,rev

(22’’)

~
0 ≠ A−,i =0 = A−,i =0 − nFE−,rev

(22’’’)

Combining the equations (22) and (22’) and taking into account that:
A+ ,i =0 = A+ ,i ≠0

(23)

A−,i =0 = A−,i ≠0

(23’)

(because they depend on the same chemical potentials) one gets:
~
A+,i ≠0 = −nF ( E − E +,rev )

(24’)
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(24’’)

and then by using the overtension notion:
~
A+,i ≠0 = −nFη+

(25’)

~
A−,i ≠0 = −nFη−

(25’’)

which, for our discussion, shows that the reduction (cathodic) electrode reaction (→) is
spontaneously having negative overtension and therefore positive electrochemical affinity.
From equation (16) one gets the total entropy change:
dS =

p
1
dU − dV +
T
T

A% k

∑T

d λk

(26)

k

as a sum [14] of the entropy change d e S with the exterior and the entropy change d i S due
to the spontaneous electrode reaction occurring at the electrode interface:
d S = d e S + di S

(27)

where the electrochemical affinity, in open circuit condition, could be written in the
following manner:
~ ~
~
A = A+,i =0 + A−,i =0

(28)

Taking into account the expression for d e S :
de S =

1
p
dU − dV
T
T

(29)

one gets the expression for d i S as:
di S =

A%k

∑T

d λk

(30)

k

di S = di S+ + di S− =

A%+
A%
d λ+ + − d λ−
T
T

(30’)

showing that the electrochemical affinity of the spontaneous electrode reaction is
responsible for the entropy production in the two-phase system. The rate of entropy
change/increase is given by the equation:
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di S
dt

di S+ di S−
+
dt
dt
%
A d λ + A%− d λ −
= +
+
T dt
T dt
%A d λ
k
k
=
T
t
d
k

=

(31)

∑

~
where A plays the role of a thermodynamic force closely related to the electrode reaction
rate. The electrochemical affinity and the electrode reaction rate must have the same sign.
Combining the equation (30) with the equation (25) one obtain firstly:
di S
dt

di S+ di S−
+
dt
dt
−nF (η+ d λ + + η− d λ − )
=
T dt

=

−nF
=

∑η

k

(31)

d λk

k

T dt

because one can write (considering the physical convention on the current, the direction of i
is the same as that of the moving positive charge):
i+ = −ie− =

− nF d λ +
dt

(32)

i− = −ie− =

− nF d λ −
dt

(32’)

and then:
d i S i+ η+ i− η−
=
+
>0
dt
T
T

i+ η+ > 0; η+ > 0 ⇒ i+ > 0 for C zC
i− η− > 0; η− < 0 ⇒ i− < 0 for A z A

(33)
(33)

an equation that offers the criterion for the current density sign for an electrode reaction
occurring spontaneously at the ITIES when the two-phase system goes from the initial sate
to the equilibrium final state: the current density i must be taken with the same sign as the
overtension η in an spontaneous electrode reaction. Therefore, in such a system where the
entropy production is positive, if η > 0 (i.e., an anodic overtension) then i > 0 (i.e., the
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partial anodic current density is also positive). Consequently, if η < 0 (i.e., a cathodic
overtension) then i < 0 (i.e., the partial cathodic current density is also negative).
On the contrary, in a driven two-phase system (an electrolysis cell) where the entropy
production is not positive, if η > 0 (i.e., an anodic overtension) then i < 0 (i.e., the partial
anodic current density is negative). Consequently, if η < 0 (i.e., a cathodic overtension)
then i > 0 (i.e., the partial cathodic current density is positive).
For a multielectrode (endowed with n different electrode reactions taking place
simultaneously at the ITIES) a general equation, remembering the multielectrode case from
the metal/electrolyte interface [2,15,16], could be obtained:
n

di S
=
dt

∑i η
k

j =1

T

k

>0

(34)

describing the spontaneous entropy production as a sum of entropy changes of each
electrode reaction component of the multielectrode.

Conclusions
The equation (34) governs the progress of an electrode reaction occurring spontaneously at
an electrodic interface. This is the case of an electrode reaction taking place spontaneously
into a two-phase system containing an ITIES (a two-phase system which is not initially at
equilibrium). During its occurrence, this electrode reaction has a positive entropy
production. For the case when only two ions of different signs pass across the ITIES either
in closed or open circuit condition the electrode reaction is, in fact, a di-electrode reaction.
This charge transfer of two ions was called di-electrode of transfer. Therefore, in closed
circuit condition, for an anodic occurrence of the di-electrode reaction, a positive
overtension generates an anodic current of the cation electrode reaction (which is positive)
and a negative overtension generates a cathodic current of the anion electrode reaction
(which is negative). For a cathodic occurrence of the di-electrode reaction a negative
overtension generates a cathodic current of the cation electrode reaction (which is negative)
and a positive overtension generates an anodic current of the anion electrode reaction
(which is positive). Even in open circuit condition, if, for example, the concentration of the
electrolyte is greater in the left-side phase, namely S1, than in the right-side phase, namely
S2, the individual electrode reaction for the cation occurs under anodic overtension while
the individual electrode reaction for the anion occurs under cathodic overtension, the
overall current being zero (the charge transfer occuring from the left to the right).
For an electrode reaction that does not take place spontaneously at an electrodic interface,
the entropy production is not positive. To take place, the electrode reaction needs to be
helped by an external energy contribution. This is the case of an electrode reaction
occurring at an electrodic interface belonging to a two-phase system in which a charge
transfer has to be driven. For these nonspontaneous electrode reactions the product of
overtension by current density is always negative. As a consequence, for an anodic
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occurrence, the positive overtension generates an anodic current that is negative, while for a
cathodic occurrence the negative overtension generates a cathodic current, which is
positive.
Therefore, the usual classification of electrode reactions as reversible (fast) and irreversible
(slow), whose criterion is the charge transfer rate, has nothing to do with the terms of
reversible and irreversible processes considered by thermodynamics. Such fast and/or slow
electrode reactions can occur at the electrode interface into a self-driven cell as spontaneous
electrode reaction (having a positive entropy production) as well as into an externally
driven cell as nonspontaneous electrode reaction (for which the entropy production is not
positive).
Concluding, the anodic current is positive for a spontaneous progress of a two-phase system
and negative for a nonspontaneous progress of a two-phase system and, conversely, the
cathodic current is negative for the former system and positive for the latter system.
REFERENCES
1.

Mihailciuc, C., Lupu, S. Analele Universităţii Bucureşti, XI (seria nouă), vol. II, 2002, 127-134.

2.

Mihailciuc, C., Lupu, S. Analele Universităţii Bucureşti, XII (seria nouă), vol. I-II, 2003.

3.

Mihailciuc, C., Bonciocat, N., Borda, M., Spataru, T. (1998) Rev. Roum. Chim., 43, (11), 1003-1009.

4.

Mihailciuc, C. (1998) Rev. Roum. Chim., 43, (12), 1113-1120; (1999) Rev. Roum. Chim., 44, (1), 19-23;
(1999) Rev. Roum. Chim., 44 (7), 635-642; (1999) Rev. Roum. Chim., 44 (8), 781-787.

5.

Mihailciuc, C. (1998) Rev. Chim. (Bucureşti), 49, (9), 632-637, (1998); Rev. Chim. (Bucureşti), 49, (10), 708712, 1998; (2000) Rev. Chim. (Bucureşti), 51, (5), 359-364, (2000); (2002) Rev. Chim. (Bucureşti), 5, (), -,
2002, in press

6.

Bonciocat, N. (1996) Electrochimie şi aplicaţii, Dacia Europa-Nova, Timişoara.

7.

Gavach, C. (1973) J. Chim. Phys, 70(10), 1478.

8.

Melroy, O. R., Buck, R. P.(1982) J. Electroanal. Chem., 136, 19.

9.

Koryta, J. (1979) Electrochimica Acta, 24, 293-300; (1984) Electrochimica Acta, 29 (4),445-452; (1988)
Electrochimica Acta, 33 (2), 189-197.

10. Kakiuchi, T. (1995) Electrochimica Acta, 40 (18), 2999-3003.
11. de Donder, Th. (1928, 1931, 1934) L’affinité, Gauthier-Villars, Paris, de Donder, Th. (1936) L’affinité,
Gauthier-Villars, Paris.
12. de Donder, Th., van Rysselberghe, P. (1936) Affinity, Stanford University Press, Stanford.
13. Guggenheim, E. A. (1949) Thermodynamics, North Holland Publishing Company.
14. Prigogine, I. (1967) Introduction to themodynamics of irreversible processes, Interscience Publishers,
New York London Sydney a division of John Wiley & Sons.
15. Zakharov, E. M. (1964) Zhurn. Fiz.Khim., 38, 2950.
16. Guidelli, R. (1970) Trans. Faraday Soc., 66, 1185-1193, 1194-202.

THE TITRATION OF SOLUBLE SULFUR CONTENT
OF THE INSOLUBLE SULFUR AS RAW MATERIAL
IN THE RUBBER INDUSTRY
S. Neagoe½ and M. Hotinceanu
abstract: The aim of present paper is to present a spectral method to determine the amount of
soluble sulfur contained in the insoluble sulfur used as raw material in rubber industry. The
soluble sulfur extracted in an organic solvent presents an UV absorption band at 263nm.

Introduction
In rubber industry there are used two common polymorphic sulfur forms as vulcanization
agent of unsaturated polymers. These two forms are the rhombic sulfur, soluble (Sα) and
insoluble sulfur (Sµ) respectively.
Both Sα and Sµ powders can cause dust explosions (static, spark, etc.) and hence they are
oil-coated form 1.5-20% oil. In our polymer the pre- dispersed sulfur is bound, these
hazards being in this way completely removed.
Both Sα and Sµ are difficult to mix and a good dispersion of sulfur powder in mixing is not
achieved.
Sα exists as eight atom ring:

S

S

S

S
S

S

S

S

and Sµ is a polymeric [S8]n [1,2] which is an unstable form and even at ambient temperature
Sµ tends to revert to Sα. This process is accelerated by the temperature rising. At 50oC, Sµ
will revert to Sα with 1% per day and it will revert even faster in presence of alkaline
materials (hence insoluble sulfur) powders are not recommended to be weighed and mixed
with such chemicals. Polymer bound in soluble sulfur does not have these problems.
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At moulding temperature, Sµ reverts totally to Sα and behaves similarly in the sulfur
crosslink mechanisms. There are used stabilizers to delay this reversion.
Practically, the rubber chemists with an eye on cost savings usually opt for Semi-EV cure
system i.e. S dosage of 1.5±0.2 PHR. This is very close to the maximum solubility of 1.5
PHR S in NR/SBR/BR at 25oC. If our S-80 is used to replace S at 1:1 weight basis, then the
actual active S dosed is only 1.2 PHR in such Semi-EV cure systems and in most cases, no
S bloom is encountered. For supplementary safety, we recommend the use of our
economical ISE-60 or ISE-75. Factories are also encouraged to stock with both our S-80
and IS-65 grades and they can experiment with whatever combinations of these substances
to suit their formulations.
The use of insoluble sulfur in rubber industry involves many aspects, such as oil content,
density, acidity and soluble sulfur content. Sulfur and its compound titration is very present
in chemical literature [3,4,5,6,7,8].

Experimental
Reagents
All reagents used were of analytical purity (crystallized sulfur, n-hexane).

Apparatus
The spectra were recorded using n-hexane as solvent and a Jasco V-550 UV-VIS
spectrometer. 25cm3 measuring bottle has also been used. A standard reference solution
was prepared solving crystallized sulfur in n-hexane with 0.4g/l concentration. Diluting this
solution with solvent there were prepared the working sample solutions with concentrations
comprised within the range 1.06·10–2 and 2.55·10–2g/l used for calibration curve.

Results and discussion
It was recorded the 200÷450nm absorption spectra using sulfur in n-hexane standard
solution. The maximum absorbance was found for 263nm.
The calibration curve was made measuring the absorbance of standard solutions obtained
from stock solutions diluted with n-hexane.
Table 1 summarizes the experimental data.
The data from Table1 were used to plot the calibration curve [19], using the least squares
regression:
C=-0.000154+0.038715·A263

(1)

The obtained correlation coefficient is r=0.998983 showing a good curve linearity.
The calculated detection limit is 1.1·10–3 g/l sulfur and the determination limit is 2.2·10–3g/l.
It was calculated soluble sulfur in insoluble sulfur rate using the relationship
C2=C·100/Cq

(2)
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C2 is the concentrated value calculated using the eqn (1) and Cp is the concentration of the
sample assumed from calibration curve whose absorbance is fitted in eqn (1).
Table 1. The calibration curve for n-hexane as solvent.

Nr. crt.

Concentration (g/l)(x10-2)

Abs (%)

1

1.06

0.275

2

1.18

0.310

3

1.32

0.350

4

1.44

0.375

5

1.57

0.405

6

1.69

0.435

7

1.82

0.475

8

1.94

0.510

9

2.07

0.550

10

2.19

0.570

11

2.31

0.600

12

2.43

0.625

13

2.55

0.665

Interference study
a.

Refined oil influence as insoluble sulfur stabilization factor
It was utilized extra refined mineral oil (soluble in n-hexane) for the preparation of
synthetic mixtures of soluble sulfur with different proportions. The spectra were
recorded and the soluble sulfur matter was calculated from eqn (1).

Table 2 presents the obtained results.
Table 2. Influence of refined oil on the soluble sulfur determination.

Nr.
Crt.

Csoluble(g/l)
(introduced)

Coil(g/l)
(introduced)

Coil/Cs

Cfound(g/l)

C(g/l)

1

0.0269

0.0135

0.51

0.0273

0.0004

2

0.0202

0.0202

1.00

0.0208

0.006

3

0.0162

0.0242

1.45

0.0169

0.0007

4

0.0135

0.0269

1.99

0.0140

0.0005

It is obvious that the influence of the refined oil on soluble sulfur graduation is insignificant
(compare Csoluble with Cfound)
b.

Influence of temperature
It was followed the influence of the operating temperature on soluble sulfur
dissolution. Five sample sets were prepared with the same concentration of sulfur
solved in n-hexane at the room temperature and at 60oC. After cooling of the
samples until the room temperature is reached, their absorbance has been recorded
and the sulfur concentration calculated.
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The Table 3 presents the average concentrations for each temperature.
Table 3. Temperature influence on the soluble sulfur determination.

No.

T(oC)

Csoluble (g/l)·10-2

Cfond(g/l)·10-2

1

Room temperature

2.100

2.110

2

30

2.030

2.010

3

40

2.180

2.180

4

50

2.260

2.263

5

60

2.380

2.282

The Table 3 reveals a gently increase of soluble sulfur content with temperature.
It is recommended that the dissolution of the sample which contains soluble and insoluble
sulfur at maximum 50oC do no affect the soluble sulfur stability.
c.

Error calculation
The standard deviation was calculated from the formula:
1

1

⎡ (∆C founded )2 ⎤ 2 ⎛ 0.16 ⎞ 2
=⎜
S = ⎢∑
⎟ = 0/16
n ⎥
⎝ 6 ⎠
⎦
⎣

(3)

The variation coefficient, σ is:
σ=

100S
0.16
= 100 ⋅
= 2.7 0 0
n
6

(4)

It was calculated P=95% and the trust interval for Cfound is of ±0.2%.
d.

Proposed protocol
It is measured an amount of approximately 0.01g of sample that contains insoluble
sulfur (Sµ) and soluble sulfur (Sα). The sample is solved in n-hexane at a
temperature of 40-50oC, cooled at the room temperature and then filtered in a
25cm3 measuring flsk. It fills out to 25cm3 with n-hexane. The absorbance is
measured at 263nm. The corresponding sulfur amount is found from etalon curve.
The found values are put in the following equation:
Ssoluble=(-0.000154+0.38715·A263)·100/Cp

(5)

where Cp is the value extracted from the etalon curve and Csoluble is the concentration of
soluble sulfur from the analyzed sample.

Conclusions
A method for the determination of soluble sulfur from insoluble sulfur has been studied and
proposed for the use of sulfur as raw material in rubber industry for fabrication of tires. The
base of this method is the molecular UV absorption spectroscopy. The method uses
n-hexane as solvent instead of CS2, which is toxic and very volatile. Thus, the reactive costs
are substantially lowered.
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The influence of additional oil on the method accuracy is insignificant (accuracy of 95%).
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ACTIVATION ENERGY VARIATION DURING IGNITION
OF PROPANE-AIR MIXTURES ON ISOTHERMALLY
HEATED PLATINUM FILAMENTS
D. Oancea ½, Maria Mitu½½ and Domnina Razus½½
abstract: The ignition of a stagnant stoichiometric propane-air mixture by an isothermally
heated platinum filament supported on a thin quartz bar was studied at various filament
temperatures between 400 and 600 K and at ambient pressure. The heterogeneous ignition over
the platinum surface continues in the gaseous phase as an independent flame. The induction
periods of the gas-phase ignition at various filament temperatures were used to evaluate the
overall activation energy of the process.The chemical heat flux variation during surface reaction
exhibits an anti Arrhenius behaviour and allows an evaluation of a continuous change of the
apparent activation energy.

1. Introduction
The ignition of gaseous flammable mixtures on hot solid surfaces is a frequent phenomenon
having numerous implications and applications in a variety of combustion problems [1÷3].
Special aspects connected with this subject arise from the catalytic effect of solid surfaces
[4÷5]. Particularly, the catalytic oxidation of hydrocarbons on platinum has received wide
attention in recent years due to the use of platinum as one of the active components in
automotive exhaust catalytic converters. The experimental information and theoretical
analysis of the ignition indicate the existence of some critical conditions necessary for its
occurrence. A very specific property characterizing the system is the induction period of the
ignition and its dependence on the mixture pressure and composition as well as on the
surface temperature [5÷7]. The variation of this property on the system variables gives
valuable information on the kinetics of process. The simple models which give the pressure
and composition dependence of the induction period reffer to initial gas composition,
before the ignition. Depending on the relative value of the induction period as well as on
the relative contribution of chemical reactions and transport processes, this composition can
be significantly changed. The aim of the present paper is to report the measured induction
periods of a stoichiometric propane-air mixture for gas-phase ignition on a heated platinum
filament at various filament temperatures and to calculate the overall activation energy and
its variation during this transient period. The ignition source, serving also as a detector of
½
½½
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the processes accompanied by heat exchange, ensures a quasi-rectangular temperature
jump, followed by an isothermal heating. The fast response of the platinum filament with
respect to heat exchange processes is expected to give detailed information on the local
changes. The stoichiometric propane – air mixture was thoroughly examined in many
laboratories and there are reliable reference data in literature for comparison [4,8,9].

2. Experimental apparatus and procedure
The experimental equipment contains four major parts: (1) the gas feed and evacuation with
gas control and monitoring system, (2) the explosion cell equipped with a platinum filament
as ignition source, (3) the power supply and (4) the data acquisition system.
A specially designed electrical circuit is used to produce a quasi-rectangular jump of the
wire temperature and to keep it constant. A platinum wire coiled as filament with resistance
Rf, a standard resistor with resistance Rst and a potentiometer form a Wheatstone bridge.
The discharge of a condenser previously charged at a suitable voltage (established by trial
and error) across the filament in less than 1 ms insures the temperature jump, while an
integrated circuit senses the bridge unbalance and adjusts the feed voltage through a
transistor, permitting a continuous monitoring of Rf. The initial setting of potentiometer
adjusts the value of Rf and consequently the filament temperature [10,11]. The transient or
stationary voltages across Rst are recorded using a data acquisition system
Tektronix-TestLab 2505, provided with a 4-channel acquisition card type 25AA1.
To maintain the symmetry of the platinum filament, it was supported on a thin quartz bar
(φ = 1 mm, l = 50 mm). Experiments were made at various filament temperatures (within
the range 437÷589 K), at a constant pressure (100 kPa) and stoichiometric composition
(4.02 vol.% propane) of propane-air mixture. The platinum filament temperature was
calculated from the circuit characteristics using the following equation taken from
literature:

ρ = A + Bx + Cx 2

(1)

where ρ = Rf/Rf0 is the relative resistance, Rf0 is the filament resistance at 0°C, x is the
temperature (in 0C) and A, B, C are constants (A = 1, B = 3.97427·10–3, C = 5.844·10–7 [12]).

3. Results and Discussion
The ignition on catalytically active surfaces is a complex process implying as a first step
the ignition of the surface reaction, occurring even outside the flammability limits of fuel,
followed subsequently by the gas phase ignition occurring within the explosivity range.
There is a strong interaction between surface and gas phase ignition [13÷17]. While for
noncatalytic surfaces the combustion reaction is initiated within a thin layer of gas
surrounding the solid surface, for catalytic surfaces the process starts as a surface reaction
implying adsorbed species. When the critical conditions are attained, the gas phase reaction
propagates into the whole mixture. Since the combustion reactions in the adsorbed layer or
in the adjacent gas phase are exothermal, their occurrence can be easily identified on the
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experimental curve giving the voltage across the standard resistor in time. The output of the
acquisition system for a typical run with the platinum filament on a quartz bar in air or in
the test mixture is given in Fig. 1 as voltage across the standard resistor, Ust in time. It can
be easily seen that the exothermic reactions can be identified as a lowering of the input
voltage necessary to maintain a constant temperature. The initial decreasing represents the
surface reaction, while the sudden decrease represents the ignition of the gas reaction.
8

in air
7

Uet / V

6

5

in explosive mixtures
4

τ /2

τ /10

τ

3

2
0.0

0.1

0.2

0.3

0.4

0.5

0.6

time / s
Fig. 1: Output of the acquisition system for a typical run: voltage across the standard resistor, Ust
with the platinum filament on a quartz bar in air or in the test mixture
The data refer to a stoichiometric C3H8-air mixture at p0 = 100 kPa and T f = 1040 K.

On Ust = f(t) diagrams, the induction period can be measured as a function of the initial
pressure, p0, and the filament temperature, Tf. The thermal ignition theory indicates that the
induction period, τi, can be expressed as a function of p0 and Tf by the relationship [1,17]:
Ea

τi = a ⋅ p0− n ⋅ e RTf

(2)

where n is the overall reaction order, Ea is the activation energy, and R is the gas constant.
At constant pressure (100kPa) the following results were obtained from the plot lnτ = f(1/T)
(Fig. 2): the slope = (9.06±1.36)×103, the intercept = –3.03±1.26 with the correlation
coefficient 0.968. The corresponding activation energy of the gas phase ignition process is
Ea = 75.3 kJ.mol–1 which can be compared with the reported data of Hiam, Wise and
Chaikin [4], who obtained Ea = 114 kJ.mol–1 and with the result from Veser and Schmidt
[8,9], who obtained Ea = 80 kJ.mol–1, for the surface ignition of propane-air stoichiometric
mixtures on platinum. Because of the relatively high values of the induction periods (up to
0.3 s) one can suppose that there is a significant change of mixture composition within the
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reaction layer due to chemical reaction, so that the kinetics of the surface reaction might be
dependent on the variable local composition of mixture in time. It is also possible for the
surface combustion to change its mechanism between its start and the ignition of gas phase
reaction. All these processes are likely to induce a change of the overall activation
parameters. In order to check this posibility, we examined the heat flux (which is correlated
with the reaction rate) for different fractions of the induction period, for each surface
temperature. It is assumed that the induction period is a characteristic property of the
system and its fractions characterize also the process evolution in the same way for each
surface temperature. An examination of the heat flux for a specific fraction at different
temperatures would give a corresponding apparent activation energy.

5.8
5.7
5.6

ln τ / (ms)

5.5
5.4
5.3
5.2
5.1
5.0
0.00088

0.00090

0.00092

0.00094

0.00096

K/T
Fig. 2: Induction periods of ignition for a stoichiometric C3H8-air mixture at p0 = 100 kPa
by a platinum filament supported on a quartz bar, at various temperatures

The difference between the rates of heat transfer from the filament to air and to an
explosive mixture originates essentially in the exothermic combustion reaction. The rate of
the chemical heat release dQr/dt can be considered equal to this difference and calculated as [10]:
d Qr d t =

[( ) − (U )

Rf
U st2
Rst2

air

2
st mixture

]

(3)

To visualize the variation of the activation energy during the transient period, the heat
fluxes for different fractions of the induction period (τ/z, were 1<z<10) were calculated.
If dQr/dt is related to the rate of the overall combustion reaction, the following relationship
is obtained:
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( d Qr

dt) = α ⋅

p0n

n1
⋅ ( X ox

⋅

X fn2

)⋅e

−

Ea
RTf
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(4)

where, as a first approximation, α is a constant, Xox and Xf are the molar fractions of oxygen
and fuel, respectively, and n1, n2 are the corresponding reaction orders. This relationship
can be used at the end of the ignition period, as well as for its different fractions and can be
also extrapolated to initial conditions, when the mixture composition within the reaction
layer is known. An illustrating plot at the end of induction period is given in Fig. 3 as
ln(dQr/dt) against 1/T. The correlation between the reaction heat flux and the surface
temperature is very good for such processes where there are many uncontrolled factors.
Similar analyses were made for different induction period fractions. The results are given in
Table 1. A systematic increase of the apparent activation energy from higher to lower
fractions can be observed. This variation is given in Fig. 4.
1.3

1.2

ln (dQ/dt)

1.1

1.0

0.9

0.8

0.7
0.00088

0.00090

0.00092

0.00094

0.00096

0.00098

K/T
Fig. 3: Rate of heat release at the surface ignition with a Pt filament supported on quartz
of a stoichiometric C3H8-air mixture at p0 = 100 kPa

An examination of the results given in Fig. 3 and 4, as well as those presented in Table 1,
indicates an anti Arrhenius dependence of ln(dQr/dt) with respect to 1/T which, according
to equation (4), should give a negative slope. A similar trend was also reported for a 4.47
vol% propylene/air mixture at normal pressure for temperatures between 1000 and 1200K
[19], using the same experimental technique. Such behaviour, although unusual, is not quite
surprising for a catalytic surface. Numerous experimental observations indicate that the
catalytic surfaces require higher ignition temperatures as compared to noncatalytic ones
[13÷18], a result which contradicts the expected Arrhenius kinetics. It was shown [18] that
there are situations under which an increase in the surface temperature can result in an
inhibition of its ignition ability due to extensive reactant depletion within the adjacent
gaseous layer, enhanced by the catalytic effect. If the mass transfer is not able to
compensate rapidly this reactant deficit, the overall reaction rate can decrease with
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temperature increasing. This possibility is explicitly shown in equation (4) through the
presence of the oxygen and fuel molar fractions, Xox and Xf. Within restricted experimental
conditions, when the mass transfer cannot compensate the reactant depletion, the decrease

(X

of the product

n1
ox

⋅ X fn2

)

can compensate the Arrhenius increase of the overall rate

constant. Consequently the reported values of the apparent activation energies represent
composite quantities containing both the overall activation energy and the temperature
variation of the local composition. In agreement with theoretical predictions [18], such
compensations are likely to occur especially for catalytic ignitions in stagnant mixtures.
350

300

Ea/kJ.mol

-1

250

200

150

100

50
0.0

0.2

0.4

0.6

0.8

1.0

fraction from the induction period
Fig. 4: Variation of the apparent activation energy against the fraction from the induction period,
for a stoichiometric C3H8-air mixture at p0 = 100 kPa
Table 1. Regression parameters of linearized form of equation (4) for different induction period fractions
Correlation
Slope
Intercept
Ea/kJ.mol-1
τ/z
Coefficient
τ/10

(37.9±12.6)103

-36.2±13.5

0.832

315±105

τ/5

(30.5±5.11)103

-28.6±4.73

0.960

253±42.5

τ/3

(19.9±3.36)103

-18.3±3.11

0.960

165±29.9

τ/2

(13.9±1.74)103

-12.4±1.61

0.977

116±14.5

τ/1.5

(10.7±1.52)10

-9.20±1.41

0.971

88.9±12.6

τ/1.25

(9.27±1.30)10

-7.72±1.20

0.972

77.0±10.8

τ/1

(6.87±0.596)103

-5.36±0.552

0.989

57.1±4.95

3
3

For many fuel/air mixtures, where the catalytic ignition occurs in flow systems, such
phenomena were not encountered. This can be explained by the renewal of reactant
concentrations brought about by convection. It is expected that a partial renewal of
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reactants within the reaction zone can be also ensured by the natural convection that
supplements the mass transfer provided by the molecular diffusion. The variation of the
apparent activation energy within the ignition period indicates a higher effect of reactant
depletion at the beginning of the surface reaction, which subsequently decreases due
probably to natural convection. An important contribution to the decrease of the convection
mechanism, especially during the early stages, is likely to be brought by the presence of the
quartz bar used to support the platinum filament in order to maintain its symmetry. It
should be noted that small changes in experimental conditions could induce important
variations of the mass transport mechanism, explaining the large spread of data obtained in
this field.

Conclusions
The gas-phase ignition of a stoichiometric propane-air mixture was studied using an
isothermally heated platinum filament supported on a thin qurtz bar at different
temperatures and ambient pressure. The induction periods for different filament
temperatures were measured and the overall activation energy of the gas-phase ignition was
evaluated. The obtained value is close to other reported values for the surface ignition
process.From the analysis of the chemical heat flux during the transition from surface to
gas-phase ignition, an anti Arrhenius behaviour of the overall chemical reaction, as well as
a significant variation of the apparent activation energy for the surface reaction were found.
The results were explained assuming an important reactant depletion during the ignition
period, in accord with current opinions regarding the effects of catalytic surfaces at high
temperatures.
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KINETICS OF 2-AMINOPHENOL OXIDATION
IN THE PRESENCE OF AN EXTRACELLULAR
TYROSINASE FROM STREPTOMYCES sp.
Adina Răducan ½, D. Oancea and E. Vissarion
abstract: A rich tyrosinase extract was obtained from a strain of Streptomyces sp. The enzymatic
extract was purified by precipitation and gel filtration. The activity was tested on L-DOPA and
2-aminophenol. The kinetics of 2-aminophenol oxidation with air in the presence of this extract
was studied and the kinetic parameters were estimated using the Michaelis - Menten model.

Introduction
Tyrosinase (E.C.1.14.18.1) is a monooxygenating enzyme catalysing both the
hydroxylation of phenols (monophenolase activity) and the oxidation of diphenols at
corresponding quinones (cathecolase activity) [1]. The reaction takes place with the
reduction of dioxygen to water. The enzyme can be found in a wide variety of organisms,
ranging from prokaryotes to mammals. Although the enzyme is known for over a century,
its structure and mechanism of action still remain to be solved. All isolated tyrosinases
contain 2 to 4 copper atoms/molecule in the active site, which are usually coordinated to 3
histidine residues, similar to the coordination mode found in hemocyanins [2]. Most of the
microbial tyrosinases are located intracellularly, the extraction and purification being quite
difficult. Several species of Streptomyces genus produces bioactive molecules, including
antibiotics, pigments and many extracellular enzymes such as lipases, cellulases and
proteases. In addition, this group of actinomycetes is also able, when are cultivated on
organic media, to synthesize and excrete dark pigments (melanins or melanoid pigments)
which are considered as an useful criteria in taxonomic studies [3]. Since these strains
excrete dark pigments, they are producer of the extracellular tyrosinase; it was extracted
and purified from different strains of Streptomyces sp. [4,5]. In this paper, some results
concerning the extraction, purification of tyrosinase from Streptomyces MIUG 4.88 and its
effect on the kinetics of 2-aminophenol autooxidation are presented.
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Materials and Methods
Materials – Sephadex G-25 was purchased from Pharmacia Fine Chemicals, Sweden,
L-DOPA and 2-aminophenol were from Sigma-Aldrich Chemie Gmbh Germany.
Screening of Microorganisms for Tyrosinase Production –117 strains of Streptomyces sp.
isolated from Romanian soil, being part of the collection of Laboratory of Industrial
Microbiology from University “Dunărea de Jos” Galaţi, Romania, were cultivated on a
synthetic medium for melanin formation with the following composition: glycerol 1.5%, Larginine 0.5%, L-tyrosine 0.1%, L-methionine 0.03%, agar-agar 1.5%, K2HPO4 0.05%,
MgSO4 0.02%, CuSO4, CaCl2, FeSO4, ZnSO4 and MnSO4 in bidistillated water. After 5
days at 250C, 11% of strains produced a dark brown pigment. By repeating the screening, 4
strains were used in quantitative analysis; these strains were able to synthesize melanins
after 1-3 days at 250C. After cultivation for 72 hours at 250C, the cells were removed by
centrifugation (8000 rpm for 20 min) and the supernatant was used as a source for
tyrosinase. The strain Streptomyces MIUG 4.88 was selected due to its higher performances
in same cultivation conditions.
Assay for Tyrosinase Activity Using L-DOPA as the Substrate –The enzyme activity was
measured spectrophotometrically by the method of Pomerantz [6] with a slight
modification. 5mL of enzyme solution was incubated at 300C with 25mL L-DOPA 0.05M,
in unbuffered system; the conversion of substrate to dopachrome was measured by
monitoring the increase of absorbance at 475nm, at which dopachrome shows an absorption
maximum. The reaction was followed by using a JASCO V530 spectrophotometer and the
enzyme activity was calculated from the initial linear part of A=f(time) curve. One unit of
enzyme activity was defined as the amount of enzyme which causes a ∆A at 475nm of
0.01/minute under specified conditions. The concentration of the protein was estimated
%
spectrophotometrically by assuming that A11cm
, 280 nm is 10[4], and the specific activity was
calculated as the enzyme activity units per mg protein.
Purification of Tyrosinase –The supernatant was fractionated by ammonium sulphate
precipitation at 50% saturation. The precipitate was dissolved in a minimum volume of
10mM sodium phosphate buffer at pH=7.0 and insoluble materials were removed by
centrifugation. The supernatant was desalted by gel filtration on a Sephadex G-25 column.
Kinetic Assay Using 2-Aminophenol as the Substrate – The oxidation of 0.0125-0.1M
solutions of 2-aminophenol with air was studied in a bubble-air stirred reactor, at constant
temperature(300C) and initial enzyme concentration. The reaction was followed by
measuring the increase of product absorbance at 434nm, by using a JASCO V530
spectrophotometer.

Results and Discussion
Screening of Microorganisms for Tyrosinase Production – From the 117 strains screened,
13 produced a diffusible dark-brown pigments in the medium, and one (MIUG 4.88) was
selected as potentially the most efficient producer of tyrosinase in the culture filtrate. The
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strain belongs on Streptomyces genus, group rectus-flexibilis with green aerian mycelium
and compact substrate mycelium.
Purification of Extracellular Tyrosinase – The crude extract was combined with solid
ammonium sulphate at 50% saturation and stored at 40C for 24 h. The suspension was then
centrifuged at 8000 rpm for 30 min. This precipitate can be stored for several month at –
100C without loss of its activity. The ammonium-sulphate precipitate was dissolved in
50mL of 10 mM sodium phosphate buffer at pH=7 and centrifuged at 8,000 rpm for 15
min. Then 40 ml of clear supernatant were desalted by passing through a column (2.5 x 40
cm) of Sephadex G-25 previously equilibrated with the same buffer. Finally more than 95%
of the contaminants (melanin pigments) were eliminated under these conditions. The
activity, using L-DOPA as substrate, was calculated as:
∆A 475
⎞
A ( U / mL) = 1000 ⋅ ⎛⎜
min ⎟⎠
⎝

(1)

The concentration of enzyme protein was estimated spectrophotometrically by the method
of Warburg ,Christian and Kalckar[7] as:
Pr otein (mg / mL) = 1.45 ⋅ A 280 − 0.74 ⋅ A 260

(2)

The purification procedure is summarized in Table 1.
Table 1. Purification scheme for tyrosinase.

Purification step

Volume
(ml)

Total protein
(mg/ml)

Activity
(U/ml)

Specific activity
(U/mg)

Crude extract
50%(NH4)2SO4 precipitate
Sephadex G-25 column

500
50
60

2.68
0.13
0.11

21
12
10

7.8
92
90.9

The absorption spectrum of the tyrosinase shows a maximum at at 282 nm and a small
shoulder at 290nm (Fig. 1). The shoulder is typical for all tyrosinases investigated so far [1]
and is likely to be assigned to oxidized tyrosyl residues.
2
1.75
1.5

A

1.25
1
0.75
0.5
0.25
225

275

325

375

λ/nm

Fig. 1: Absorption spectrum of Steptomyces MIUG 4.88 tyrosinase (0.1 mg/mL in water).
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Kinetic Study of 2-Aminophenol Oxidation – The oxidation of 2-aminophenol
(0.0125÷0.1M) solutions, saturated with air, was studied in a bubble-air stirred reactor, at
constant initial enzyme concentration and temperature (298K). The time evolution was
observed by measuring the absorbance of product reaction, 2-amino-phenoxazin-3-one, at
λ=434nm(ε = 23200 cm–1 [8]), where the substrate has no significant absorption. The
absorption spectra at different times are presented in Fig. 2, and the integral kinetic curves
[P] versus time are presented in Fig. 3.

Fig. 2: UV-VIS spectra of 2-aminophenol oxidation ([S]0=0.05M).
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Fig. 3: Variation of product concentration in time at different initial substrate concentrations.
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The concentration of 2-aminophenol was calculated from the mass balance. From each
curve [S]=f(t) the initial rates were calculated as the slope of initial liniar part. The results
are presented in table 2.
Table 2. Values of initial rates of 2-aminophenol oxidation.

[S]0/M

v0 109/(M/s)

0.012

2.21

0.025

3.41

0.037

4.08

0.05

5.35

0.10

7.14

The plot of initial rates on initial substrate concentration has a hyperbolic shape, suggesting
that the system follows a Michaelis-Menten mechanism. The equation (3) was fitted on the
data v0=f([S]0), using a nonlinear regression analysis:
v0 =

v max
K
1+ M
[S]0

(3)

The results are presented in Fig. 4.
8e-09

7e-09

vR0/(M/s)

6e-09

5e-09

4e-09

3e-09

2e-09

1e-09

0

0

0.022

0.044

0.066
[S]0/M

0.088

0.11

Fig. 4: Kinetic parameters, using Michaelis-Menten equation:
vmax=(1.06±0.28) 10-8M/s; KM=(62.1±3.4)mM; r=0.9248.

Conclusions
A strain of Streptomyces sp. MIUG 4.88 was selected by qualitative and quantitative
screening of 117 strains isolated from Romanian soil and found to be the best source of
tyrosinase. This strain produced tyrosinase in the culture filtrate which indicates that the
enzyme was excreted extracellularly.
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The strain produces a dark pigment in the medium; most of the pigment was adsorbed on
Sephadex column. The purified enzyme was stable after one month at 40C.
The specific activity of tyrosinase for L-DOPA has the same magnitude to other
tyrosinases[4,5] isolated from Streptomyces sp.
Tyrosinase catalyses the autooxidation of 2-aminophenol to 2-amino-phenoxazin-3-one; the
activity for this substrate is quite small as compared to L-DOPA (1.5%). The system
follows a Michaelis-Menten kinetics, with a Michaelis constant of 62.1 mM. This value is
10 times greater than those obtained for others substrates, indicating that the specificity of
tyrosinase for 2-aminophenol is low.
REFERENCE
1.

Ferrer A. S., Rodriguez-Lopez J. N., Garcia-Canovas F., Garcia-Carmona F. (1995) Biochimica et Biophysica
Acta. 1247, 1-11.

2.

Klabunde T., Eicken C., Sacchetini J.C., Krebs B. (1998) Nature Structural Biology 5(12), 1084-90.

3.

Petinate S., Martins R., Coelho R., Meirelles M.N., Branquinha M.H., Vermelho A.B. (1999) Mem. Inst.
Oswaldo Cruz 94(2), 173-7.

4.

Yoshimoto T., Yamamoto K., Tsuru D. (1985) J. Biochem. 97, 1747-54.

5.

Lerch K., Ettlinger L. (1972) Eur. J. Biochem. 31, 427-37.

6.

Pomerantz S. H. (1963) J. Biol. Chem. 238, 2351-7.

7.

Warburg O., Christian W. (1941) Biochem. Z. 310, 384-91.

8.

Barry C.E., Nayar P.G., Tadhg P. (1989) Biochemistry 28(15), 6323-33.

ALGORITHM FOR FORMAL KINETICS
OF CATALYTIC REACTIONS; APPLICATIONS
TO TWO STEPS CATALYTIC REACTIONS
E. Segal½
abstract: The author presents some elements of graph theory applied in writing rate equations of
homogeneous catalytic reactions, particularly reactions used in analytical chemistry. Actually the
kinetic graph technique and the, already classical, quasi steady state approximation (QSSA) are
alternative procedures which if correctly applied should lead to similar results. Thus, for a given
catalytic system, one should use the less cumbersome technique which leads without loss of
rigour and with minimum effort of calculation to the searched rate equation. The paper could be
considered as a message of the author, who happens to be a professor of chemical kinetics, to the
analytical chemists interested in one of the most fruitful applications of its teaching field in
analytical chemistry.

Generalities
One of the most spectacular applications of chemical kinetics, particularly of the kinetics of
homogeneous reactions, in analytical chemistry was the setting up of the kinetic methods of
analysis. According toYatzimirskii [1] the kinetic methods of analytical chemistry exhibit one
of the highest sensitivities. The lower theoretical limit of these methods is 10–17mole/l [2].
These circumstances might be considered among the reasons for nowaday there were
developed kinetic methods to determine more than 70 elements of the periodic system [3].
In order to determine microamounts of elements by means of the kinetic methods, more
often redox catalytic homogeneos reactions are used [4]. As indicators various compounds
which can be easy either oxidized or reduced in presence of traces of elements which act as
catalysts can be used.Actually in the kinetic methods of analysis one defines an indicator
compound as the compound whose change in concentration in time is followed in order to
evaluate the reaction rate. As an example of an indicator reaction we mention the following
one:
ClO3– + 6I– + 6H+ = Cl– +3J2 + 3H 2O
catalysed by Y, Re, Ru, Os, whose indicator compound is the molecular iodine. The
increase of iodine concentration in solution is used to determine the reaction rate [5].
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Other kinds of reactions like those with generation of polarographic catalytic
curents,isotopic exchange reactions, substitutions in the inner sphere of coordination
compounds,enzyme reactions and induced reactions are mentioned as being used in the
kinetic methods of analysis too [5].
Concerning the kinetics of catalytic reactions, in this lecture I am going to present an
algorithm based on graphs for writing rate equations. Although general, the algorithm is
going to be applied to catalytic reactions of interest in analytical chemistry. Actually this
algorithm is an alternative to the QSSA applied to the formal kinetic treatment of the same
class of catalytic reactions.
The graph theory originates in the works of Euler [6,7], Kirchoff [6,8] and Cayley [6,9]
who aimed respectively to solve the famous problem of Königsberg bridges, to calculate
the current intensity in electrical networks as well as to enumerate the constitutive isomers
of the alcanes.
Used at its beginning for recreative purposes, the graph theory found its applications only
after 1900. Among the beneficial fields one has to mention: electrical engineering,
automatics, city planning and chemistry [6,10].
Christiansen [11] can be considered as a precursor in using graphs in chemical kinetics. He
applied graphical schemes not yet comprised in the framework of the graph theory, in order
to describe kinetically complex noncatalytic and catalytic reactions.
The first application of the graph theory in chemical kinetics in order to describe the
kinetics of fermentative reactions is due to King and Altman [12]. Volkenshtein and
Goldshtein extended and applied the graph theory to the kinetic investigation of enzyme
reactions [13]. Besides the extension of the graph theory to the kinetic analysis of
multiroute catalytic reactions [14,15], Temkin suggested a procedure to derive rate
equations for noncatalyric reactions [16]. Snagovskii and Avetisov [17] used graphs in
order to describe kinetically multiroute reactions which occur on nonuniform surfaces. The
applicationof the graph theory to the kinetics of heterogeneous catalytic reactions as treated
in the book of Snagovskii and Ostrovskii[18]should be mentioned too. A review article
dedicated to the use of graphs in the kinetics of homogeneous as well as enzyme reactions
is due to Yatsimirskii [10]. One has equally to mention Kiperman`s excellent book [19]
dedicated to the kinetics of heterogeneous catalytic reactions. Three relatively recent
contributions in the field, namely the works of Petrov [20], Temkin et al [21] and of the
author of this article [22], I appreciate as being worth mentioning.
As far as some fundamentals on graphs needed for application in chemical kinetics, the
author sends the interested readers to some literature sources [1,21÷25]. In this article we
should limit only to few definitions strictly necessary for the understanding of the kinetic
applications.

Definitions
Graph.

Graphical representation of a finite set of elements as well as
the connexions between them. A graph G(X,Y) can be defined
as a manifold consisting of two subsets :a nonzero subset, X,
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whose elementa are called vertices, and a subset, Y, whose
elements are called edges.
Directed graph.

A graph containing drected (oriented) edges.

Multiple edge.

One from the several edges connecting two vertices.

Degree of a vertex.

Number of edges converging at a vertex.

Node.

Vertex with degree higher than two.

Branche.

Line joining two nodes.

Chain.

A line which crosses the same vertex several times and which
passes through each edge only once.

Cicuit.

Chain which begins and ends at the same point.

Elementary chain.

A line which passes through the vertices of the graph(not
necessary all the vertices) only once.

Route of the graph.

An alternative succession of vertices and edges connecting the
first and the last vertices.

Connected graph.

A graph in which any vertex is connected to any other vertex
through an elementary chain.

Tree.

Connected graph witout circuits.

Spanning (maximal) tree. Tree which consists of all the vertices of a graph connected
with arcs.
Cyclomatic number (υ).

The minimum number of edges which have to be removed
from a connected graph in order to turn into a tree.
υ = p − b +1

(1)

where p is the number of edges and b is the number of verices. The cyclomatic number
equals the number of independent circuits (routes).
The extent of the graph.

The product of edge sizes in the graph.

The extent of the cycle.

The product of edge sizes in the circuit.

Basis.

Any vertex of the graph considered as initial.

Basic tree.

Chain passing through the vertices toward the basis and with
the end in the basis.

Magnitude of the graph's route. The product of successive edges (multiple edges in the
given direction should be added)
Magnitude of the tree.

The product of the constitutive edges.

Determinant of the basis. The totality of all the possible trees directed to the basis and
crossing all the vertices. This is obtained by adding the
multiple edges directed toward the basis and by multiplying
the successive ones.
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Algorithm for reaction rate calculation
In the following, monoroute catalytic reactions with linear mechanism (a linear mechanism
consists in linear elementary steps characterized by only one active center as reactant) are
going to be considered. To a given mechanism one associates a graph with the active
centers in the vertices and with the edges labelled with the elementary steps weights
(frequencies). The frequency of the elementary step,ω, is defined as the ratio between the
rate of the elementary step and the concentration of the active center attending it.
Vokenshtein and Goldshtein [13] derived the following relation between the concentrations
of active centers attending steps i and j, Xi and Xj, and the basic determinants corresponding
to the vertices of Xi and Xj, Di and Dj.
Xi
D
= i
X j Dj

(2)

whence it is easy to obtain:
Xj

=

Dj

(3)

∑X ∑D
i

i

Relation (3) was derived using a rule from electrotechnics known as Mason's rule [26,27].
In the kinetic calculations for homogeneous catalytic reactions one considers that the total
cocentration of the active centers equals the concentration of the catalyst i.e., under such
conditions relation (3) turns into:
Dj

Xj =

∑D

ck

(4)

i

Taking into account that the rate of a stage (two reversible elementary steps) is given by the
difference:
r = rs − r− s

(5)

as well as the obvious relations:
rs = ωs X s

where ωs is the frequency of the step s, the rate (5) becomes:
r = ω s X s − ω− s X − s

(6)

or expressing XS and X–S taking into account relation (4), it follows that:
⎛
r = ⎜ ωs
⎜
⎝

Ds

∑D

− ω− s
j

D− s ⎞
⎟ ck
Dj ⎟
⎠

∑

This is the searched formula for the calculation of the reaction rate.

(7)

ALGORITHM FOR FORMAL KINETICS OF CATALYTIC REACTIONS

261

Taking into account these considerations, the procedure to derive rate equations for
monoroute homogeneous catalytic reactions comprises the following steps:
1.

Write the reaction sequence consisting in linear steps or stages.

2.

Draw the representative graph.

3.

Calculate the determinants of bases corresponding to the vertices of the graph.

4.

Apply formula (7) at least for one stage of the sequence in order to obtain the rate
equation.

People less familiar with kinetic graphs should check the result by calculating in the same
way the reaction rate for other stages or steps. Obviously the same rate equation should be
obtained.

Examples
Once the algorithm is known, we are going to show how the chemist involved in kinetic
procedures of analysis can relatively easy write rate equations by means of graphs.
Two step reactions .Among the most simple reactions which can be treated formalkinetically by help of graphs one has to mention the two step homogeneous catalytic
reactions. The results obtained by means of this procedure support an easy comparison with
those obtained by applying the QSSA or by a treatment which suppose an equilibrium
followed by a rate determining step. Two step catalytic reactions are important by
themselves, many catalytic reactions occurring according to such a simple mechanism.
Besides it can be demonstrated that the kinetic treatment of more complicated multistep
reactions can be reduced, under given conditions, to the kinetic treatment of two step
reactions [28].
In Table 1, rate equations obtained for the two step reactions, A + B = AB and AB = A + B,
by means of graphs, by using the QSSA and by means of the equilibrium followed by a rate
determining step procedure (the last one was for reversible first stages) are compared [29].
According to the recommendations from the previous section we give in column 1 the two
step mechanism, the representative graph in column 3, the basic determinants in column 4
and the rate equations in column 5.These could be easily be compared with the so called
classical rate equations (column 2) obtained by means either of an equilibrium stage
followed by a rate determining step (the first two lines of the tables) or using the QSSA
approximation. By looking at the rate equations one can notice that if the second step is
considered as rate determining the classical procedures and that based on the graph theory
lead to identical results. Thus, the graph treatment is a relatively simple alternative to the
classical ones and sometimes is preferable to them due to its simplicity.

Two-step
Sequence

Classical rate
Equation

Representative
Graph

Basic
Determinants

Table 1. Rate equations obtained by classical procedures and by means of graphs
Rate equation obtained
by means of graphs
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Two-step
Sequence

Classical rate
Equation

Representative
Graph

Table 1. Continued.
Basic
Determinants

Rate equation obtained
by means of graphs
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Some catalytic redox reactions used frequently in the kinetic methods of analysis are
actually two step reactions. Considering for example the catalytic oxidation of iodide by
halates [10] using vanadium compounds as catalysts, an oxidation of vanadium (IV) to
vanadium (V) by halate and a reduction of vanadium (V) to vanadium (IV) by iodide occurs
alternatively. It can be easily shown that such a reaction can be represented by a two step
mechanism and by the corresponding graph [10] which can be treated from the kinetic
standpoint similarly to those previously shown.
Another reaction which is worth mentioning is the catalytic decomposition of hydrogen
peroxide by the coordination compounds of nickel with monoethanolamine [30] which
occurs according to the two step mechanism:
2+

Ni ( MEA )n + H 2 O 2

2+

Ni ( MEA )n ⋅ H 2 O 2

2+

2+

Ni ( MEA )n ⋅ H 2 O 2 + H 2 O2 → Ni ( MEA )n + 2H 2 O + O 2
and which is described by a sheme which is relatively similar to that given in the second
row of table 1.Under such conditions one can directly write the rate equation:
r=

k1k2 C 2 H 2O2
k1cH 2O2 + k−1 + k2 cH 2O2

CNi(MEA)2+
n

(8)

Which is quite similar to that obtained by means of QSSA.

Conclusions
The use of graph in kinetic analysis offers simple rigorous and efficient procedures to write
kinetic equations. In many cases such procedures allow to bypass the cumbersome
calculations required by QSSA.
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ELECTROCHEMICAL, SPECTRAL AND MO INVESTIGATION
OF THE REDUCTIVE ACTIVATION OF ANTITUMORAL
DRUGS DOXORUBICIN AND EPIRUBICIN
Iuliana Serbanescu½, Mirela Enache½½ and Elena Volanschi½
abstract: The electrochemical and chemical reduction of the antitumoral drugs doxorubicin and
epirubicin is investigated in aprotic and protic media, in the presence and absence of oxygen by
coupled electrochemical and spectral techniques. The cyclic voltammetry with stationary and
rotating disc electrode (RDE) points out a quite similar electrochemical behaviour, consisting of
two electron transfers and evidence as intermediate species the anion-radical (A–.), the dianion
(A2–) and the protonated species AH-, AH., AH2. EPR and optical spectra registered during the
electrochemical reduction allow the identification of these species and suggest the possibility of
back oxidation of the drug by electron transfer to molecular oxygen. AM1 semiempirical MOcalculations allow a rationalisation of the experimental results regarding the reactivity in redox
processes and outline the dominant role of the anthraquinone moiety. Biological implications of
the reductive activation of molecular oxygen are also discussed.

Introduction
Doxorubicin and its epimer epirubicin are potent anthracycline antitumoral drugs which due
their action to the intercalation of the anthracycline (aromatic) moiety between the DNA
base-pairs, resulting in the inhibition of transcription by blockage of RNA polymerase
[1÷3]. Their binding to DNA was intensively studied using absorption and emission
spectroscopy [4÷9], and to a smaller extent and especially in analytical purposes,
electrochemical methods [10,11]. However, besides their benefic action, these drugs
possess also an undesirable toxicity. The generally accepted mechanism for this process
implies the mono or bielectronic reduction of the drug, with the appearance of reactive
reduction intermediates, radical species which may mediate electron transfer to molecular
oxygen, with formation of superoxide anion radicals (and other reactive oxygen species),
responsible for cellular damage and cardiotoxicity. However, the possibility of formation of
an adduct between the anthracycline drug and singlet oxygen (AO2) which is reduced to
AO2-. and can release superoxide anion radical and recover the initial quinone, was also
discussed [12,13]. This process, usually called “reductive activation”, is not completely
½
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understood, although several studies were devoted to this subject [14÷20]. It is the aim of
the present paper to investigate the behaviour in reduction processes of doxorubicin and
epirubicin, in both aprotic and protic media, in the presence or absence of oxygen, by
coupled electrochemical and spectral techniques, including EPR and absorption
spectroscopy, in order to identify the intermediate species and to propose a reaction
mechanism. Semiempirical MO-calculations were performed to outline the electronic
structural features implied in redox processes. The possibility of electron transfer from the
different reduction intermediates to molecular oxygen and/or of formation of covalent
adducts with (1∆g) O2 was also analysed using model compounds.
O

O

OH

OH
OH
OH

OMe O

HC

3

HO

O

O
4' NH
2

Molecular formulae of doxorubicin (4’ – OH - axial) and epirubicin (4’ – OH - equatorial).

Experimental
Cyclic voltammetry experiments with both stationary and rotating disc electrode (RDE)
were performed in phosphate buffer and dimethyl sulphoxide (DMSO) with 0.1 M tetra
buthyl ammonium tetrafluoborate (TBABF4) as supporting electrolyte, at a VOLTALAB32 electrochemical laboratory, with platinum working and counter electrodes and Ag-quasi
reference electrode [21]. All potentials are refered to a saturated calomel electrode (SCE),
using for calibration the ferrocen/ferrocenium couple. To study the influence of dissolved
oxygen, air was bubbled through all solutions for 15-60 min. The optical spectra were
registered during the electrochemical and chemical reduction using in-situ techniques
developed in our laboratory [22] on a C. Zeiss Jena and UNICAM-UV 4
spectrophotometers. The EPR spectra were recorded during the electrochemical reduction
on a JES-3B spectrometer in the X-band frequency, using peroxylamine disulphonate as
standard (aN = 1.3 mT g = 2.0055). The semiempirical MO calculations were performed
using the AM1 hamiltonian in the MOPAC program package and RHF (ROHF/UHF)
formalism for closed and respectively open-shell structures.

Results and Discussion
A. Cyclic voltammetry
Both doxorubicin and epirubicin exhibit
range 0 to -1.5 V/SCE (Fig. 1a), which
electrochemical criteria. It may be stated
behaviour of both drugs is quite similar

in deaerated DMSO two reduction waves in the
were analysed separately according to the usual
from the very beginning that the electrochemical
(identical) and therefore the results are reported
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either for doxorubicin or for epirubicin. The relevant electrochemical data are presented in
Table 1. The first process is characterised by a well shaped anodic counter part, and the
difference between the cathodic and anodic peak potentials allows an estimate of the
standard
electron
transfer
rate,
ks,
using
Nicholson’s
γ1/ 2 ( RT )1/ 2 k s
ks
formula: Ψ =
= 28.8 1/ 2 , where the constant value was obtained considering
( nFD0 πv)1/ 2
v
γ = DO/DR ~ 1, DO = 10–5 cm2 s–1, n = 1 and RT/F = 25.67 mV at 250C. A value of
ks = 2.3x10–2 cm/s was obtained, attesting to a rapid electron transfer.
Therefore, this wave was assigned to the reversible monoelectronic reduction of the drug to
its anion–radical, A + e −
A − . However, the ratio of the peak currents ipa/ipc is much
smaller than unity, with an increasing tendency with the sweep rate, and the ratio ipc/v1/2
decreases slightly with the scan rate, which are indications of a follow–up chemical
reaction, consuming the anion–radical formed in the first reduction step. The most
commonly encountered follow–up reaction in electrochemical experiments in standard
aprotic solvents, is the protonation of the anion–radical by the protic impurities present in
the solvents in amounts of the order of the substrate concentration: A − + H + → AH . The
pseudo first-order rate constant was evaluated from the dependence of the peak current ratio
with the sweep rate [23] and a value of about 0.15 s–1 was obtained. Support for this
assignment is furnished by the cyclic voltammograms registered when water is added in
DMSO, up to a concentration of 1: 6 (v/v). Analysis of the I-st wave in these conditions
according to the electrochemical criteria already discussed, reveals a greater estimated rate
for the chemical following step, k = 1.1 s–1, in agreement with the enhancement of the
protonation reaction of the anion-radical (Fig. 1b).
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Fig. 1: (a) Cyclic voltammetry of doxorubicin (C = 1.22 x 10–3 M) in DMSO/0.1 M TBABF4: 1 – potential swiched
after the Ist wave, v = 50 mV/s; 2 – v = 100 mV/s; 3 – potential swiched after the IInd wave, v = 50 mV/s.
(b) Ist wave of doxorubicin (C = 3.94 x 10–4 M) in DMSO: water (6:1) (v/v) at different sweep rates:
1 – v = 50 mV/s, 2 – v = 100 mV/s, 3 – v = 200 mV/s, 4 – v = 400 mV/s, 5 – v = 600 mV/s.

Analysis of the second wave using the same criteria points out a quasireversible electron
transfer, the standard rate constant being about an order of magnitude lower,
ks ~ 4.4x10–3 cm s–1. This process was assigned to the reduction of anion-radical to a
dianion, A − + e −
A 2− .
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Table 1. Relevant electrochemical data for doxorubicin (C = 1.22x10-3 M)
in deaerated DMSO, in the potential range 0 to -1.5V/SCE.

v (V/s)

- Epc (V)

- Epa (V)

∆Ep

ipa/ipc

ipc/v1/2x103

st

I – wave
0.050

0.568

0.500

0.068

0.429

0.671

0.100

0.573

0.509

0.064

0.455

0.640

0.200

0.579

0.518

0.061

0.488

0.625

0.400

0.584

0.520

0.064

0.507

0.630

0.600

0.592

0.494

0.098

0.486

0.580

IInd – wave
0.050

1.116

0.937

0.179

0.695

0.750

0.100

1.046

0.928

0.113

0.848

0.557

0.200

1.046

0.902

0.139

0.827

0.498

0.400

1.054

0.928

0.126

0.847

0.528

0.600

1.069

0.934

0.135

0.839

0.538

Again the electrochemical criteria discussed above indicate a follow-up chemical step, i.e.
an EC – process; as the dianion is a stronger base than the anion-radical, the protonation
reaction probably occurs more rapidly. The results obtained with the rotating disc electrode
(RDE) confirm that both waves are monoelectronic. Plots of E vs. ln((il-i)/i) (eq. 1,
r = 0.950, n = 11) allow to determine E1/2 values.
The plot of the cathodic limiting current in function of the square root of the rotating rate
(eq. 2, r = 0.961, n = 11) allows the determination of the diffusion coefficients, DO. The plot
of the reciprocal of the current vs. the reciprocal square root of the rotating rate (eq. 3,
r = 0.995, n = 9) allows the determination of the electron transfer rate [21]. The results are
presented in Table 2.
E = E1/ 2 +

i −i
RT
ln k
i
αnF

(1)

ik = 0.620nFAC0 D02 / 3 ω1/ 2 v −1/ 6

(2)

1 1
1
= +
i ik 0.620nFAC0 D02 / 3 ω1/ 2 v −1/ 6

(3)

Table 2. RDE results of the investigated compounds.

E1/2 (V)

ks x 102
cm/s

DO x 105
cm2/s

Ist wave

-0.550

2.9

IInd wave

-1.026

1.7

α

ik (mA)

1.58

-

0.109

2

0.46

0.065

The influence of dissolved oxygen on the first reduction wave of doxorubicin is presented
in Fig. 2a. It may be observed that the wave is shifted towards negative potentials and has
no anodic counterpart, which is indication of an irreversible follow-up reaction consuming
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the anion-radical; this could be assigned to the electron transfer from the anion-radical to
molecular oxygen, besides the protonation reaction already discussed. At the same time a
new wave is apparent at more negative potentials, in the range of the reduction potential of
molecular oxygen in DMSO. This wave could be assigned either to the reduction of
molecular oxygen in DMSO, or to the reduction of a complex formed between the drug and
singlet oxygen (AO2), as stated for other anthraquinone derivatives in literature [13]. The
fact that this wave has no anodic counterpart seems to be a support for the second
hypothesis, as the reduction of oxygen in DMSO is known to be reversible. If this wave
corresponds to the process AO 2 + e − → AO 2 − , the possible follow-up reaction would be:
AO 2 − → A + O 2 − , and would explain the formation of superoxide anions in the system. It
is interesting to note that the influence of dissolved oxygen in neutral protic media is
different (Fig. 2b), i.e. the new wave on the voltammogram being at positive potentials vs.
the first wave of the drug in DMSO, which becomes irreversible. This can be explained by
the fact that the reduction of molecular oxygen in protic media occurs at more positive
potentials, the superoxide anion being thermodinamically stabilised in protic solvents, and
therefore the new wave may be assigned to this process.
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Fig. 2: Influence of dissolved oxygen on the Ist reduction wave of doxorubicin (C = 1.22 x 10-3 M)
(a) in DMSO, v = 400 mV/s: 1 – without oxygen, 2 – aerated; (b) in protic media (phosphate buffer,
C = 1 x 10-2 M), v = 100 mV/s: 1 - without oxygen, 2 – aerated.

If cycling is performed on an extended potential range (Fig. 3), it may be observed that new
redox couples are apparent on the oxidation scan. At the same time, the intensity of the
anodic peak of the first wave decreases, attesting for an enhanced reactivity of the anionradical in aerated media. Possible reactions accounting for this behaviour are:
A − + O 2 → A + O 2 − and 2A − → A 2 − + A , the dismutation reaction explaining also the
increase of the anodic peak of the second wave, corresponding to the oxidation of the
dianion. The new redox couples on the positive scan were assigned respectively to the
oxidation of the intermediate species AH- (couple III), as well as of the final reduction
product, the dihidroquinone AH2 (couple IV).
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Fig. 3: Cyclic voltammetry of doxorubicin (C = 1.22 x 10-3 M) in DMSO (aerated),
extended potential range (+1 to -1.5V), succesive scans (v = 800 mV/s).

B. EPR results
In order to identify the paramagnetic intermediates in the reduction process of doxorubicin,
EPR spectra on the electrochemical and chemical reduction were recorded. If the
electrochemical reduction is performed in deaerated DMSO a fairly stable anion-radical is
obtained with the spectrum in Fig. 4. The hfsplittings used to simulate the experimental
spectrum were assigned to the protons in the benzenic ring of the anthraquinone moiety and
to the methyl group in the methoxy group (a CH3 = 0.0936 mT). The value of the g-factor,
2.0038 and the spin distribution are in agreement with the quinone structure of the drug,
attesting to a semiquinone type anion-radical, and point out that the main features of the
electronic structure implied in reduction process are due to the anthraquinone moiety.

C. Absorption spectra
In order to get a deeper insight into the reduction mechanism of the investigated drugs,
optical spectra were performed during the chemical and electrochemical reduction using insitu techniques. The family of curves obtained at the electrochemical reduction of
doxorubicin in DMSO at a potential after the first wave on the voltammogram is presented
in Fig. 5. The absorption band of the starting compound, consisting of two overlapped
bands located at 480 and 500 nm*, decreases in time and a new absorption range at 585 nm
is apparent, with an isosbestic point around 550 nm. When the electrolysis is stopped and
the solution is opened to air, the new band decreases and the absorption band of the initial
compound is partially recovered. Therefore this band was assigned to the anion-radical (A.
), also evidenced by EPR spectroscopy in similar experimental conditions. A similar
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behaviour was noted at the chemical reduction of doxorubicin with potassium t-butoxide,
and, as the same EPR signal was obtained in these conditions too, the species absorbing at
585 nm was assigned to the anion-radical. At prolonged reduction, new absorption ranges
are apparent at about 640 nm and 357 nm, the reduction process becoming irreversible.
Therefore these bands could be assigned to the protonated reduction intermediate (AH–)
and respectively to the reaction product, presumably the hydroquinone AH2, also signaled
by the electrochemical study (Fig. 3).

(a)

(b)

Hyperfine splittings aH (mT):
0.043
0.172
0.222

-.

aCH3 = 0.094

(c)

Fig. 4: EPR spectrum obtained at the electrochemical reduction of a 1.23 x 10-3 M solution of doxorubicin
in DMSO/0.1 M TBABF4 at the potential of the Ist wave, a) experimental; b) simulated;
c) assignment of the hfsplitting constants to the different positions in the molecule.
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Fig. 5: Absorption spectra recorded at the electrolysis of an epirubicin solution
(C = 4 x 10-3 M) in DMSO/0.1 M TBABF4 at the potential of the Ist wave: 1 –11 in time.

Corroborating all experimental data, the following reduction mechanism may be proposed
for doxorubicin and epirubicin in deaerated aprotic solvents with low amounts of protons:
A + e− → A −

(E)

A − + H + → AH

(C)

A − + e− → A 2−

(E)

A 2 − + H + → AH − ( C )
i.e. a complex sequence in which intermediate species like A–., A2–, AH. and AH– were
evidenced by cyclic voltammetry, EPR and/or optical spectroscopy. In aerated media the
possibility of electron transfer to molecular oxygen competes with the protonation of the
anion-radical in the chemical step, as pointed out by the dramatic decrease of the ipa/ipc ratio
for the first wave on aeration.

In protic media further protonation of the dianion occurs:

AH − + H + → AH 2 ( C )
leading to the final reduction product, according to a ECECC sequence.

D. MO calculations
The MO calculations were performed in order to rationalise the experimental data
previously discussed and aim to answer the following questions:
–

Which are the electronic structural features implied in the redox reactivity of the
anthracycline drugs? and

–

If the reductive activation of molecular oxygen by the reduction intermediates of
doxorubicin or epirubicin is possible?
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MO calculations were performed using the AM1 hamiltonian in the MOPAC program
package and restricted Hartree-Fock (RHF) formalism for closed shell and both
UHF/ROHF for open shell structures. As the experimental results have pointed out that the
sugar ring exerts practically no influence on the behaviour of these molecules in redox
processes, a model compound was considered, in which the sugar was replaced by an OH
group (Model 1). The results were compared with 1,4-dihydroxi-5-methoxy anthraquinone,
as reference compound (Model 2).
All structures were fully optimised using eigenvector-following (EF) optimisation
algorithm. Relevant electronic parameters used in the discussion of reactivity in redox
processes [18,19] are:
–

the ionisation potential given by Koopman’s theorem by: IP = -εhomo;

–

the absolute electronegativity, Χv = 1/2 (εhomo+ εlemo);

–

the adiabatic ionisation potential, IPad defined as ∆H for the reaction: A → A + + e − ;

–

the adiabatic electron afinity, EAad defined as the negative of ∆H for the reaction:
A + e− → A − ;

–

the adiabatic electronegativity, Χad = 1/2 (IPad + EAad).
Table 3. AM1-calculated electronic parameters implied in redox processes.

Model
Model 1
(UHF)
Model 2
(UHF)

∆H
(kcal/mol)

εhomo
(eV)

εlemo
(eV)

Χv
(eV)

IPad
(kcal/mol)

EAad
(kcal/mol)

Χad
(eV)

-263.15

-8.91

-1.41

5.16

179.74

59.44

5.18

-129.4

-8.98

-1.45

5.21

186.9

49.72

5.13

The results are presented in Table 3 and show low lying l.e.m.o orbitals and high absolute
and adiabatic electronegativities, in agreement with the high reducibility of these
compounds and with the experimental reduction potentials. Moreover, the adiabatic and
absolute electronegativities are close to one another, indicating that no significant geometry
modifications arise in the anion-radical as against the starting molecule. The presence of the
saturated ring and the substituents on it in Model 1 (which actually differentiate the
anthracycline drugs) does practically not modify the energies of the frontier orbitals and the
electronegativity values as against Model 2, which reflects the redox properties of the
anthraquinone moiety. Comparison of the results of Model 1 with those obtained for the
whole molecule (doxorubicin) shows only minor differences in the energies of the frontier
orbitals (-8.92 eV for h.o.m.o and –1.45 eV for l.e.m.o.) and justifies the use of this
simplified model in order to save computational time. Therefore only these results will be
further discussed.
The reduction pathway as evidenced by experimental data may be considered as a sequence
of electron and proton transfers. Therefore, the energetics of the following sequences was
analysed, leading from the starting molecule to the final reduction product AH2, using the
values of the formation enthalpies calculated for all intermediate species:
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I

II

III

IV

+

−

+

−

e
H
e
H
A ⎯⎯
→ A −. ⎯⎯
→ AH ⎯⎯
→ AH − ⎯⎯
→ AH 2

V ↓ e−
A 2−

The results are contained in Table 4 and allow for the following comments: the first
electron transfer leading to the anion-radical is energetically favourable; total reduction of
the drug to AH2 is exothermic; the formation of the dianion from the starting compound,
although exothermic, seems to be less favourable than formation of the protonated
anion-radical (AH–). The reaction of the reduced species AH2 with the substrate A, leading
to reactive species AH. is exothermic. Both the second electron transfer and the protonation
of the anion-radical are endothermic.
Table 4. Energetics of the intermediate reduction steps for anthracycline drugs.

Step

Model 1
(UHF)

I

–59.44

II

41.68

III

–55.46

IV

58.30

Overall

–14.92

A + AH 2
A → A

2AH

–20.60

2−

–18.82

As the reactivity towards molecular oxygen is concerned, the energetics of the ET-reactions
in Table 5 was examined, for both ground (3Σg) and singlet (1∆g) states of oxygen. For the
oxygen species literature values [18] were employed.
Table 5. Energetics of electron transfer reactions to molecular oxygen.

Reaction

A − + O2 → A + O2−

∆g

27.74

.

Σg

50.34

∆g

-72.32

Σg

-49.72

∆g

-11.84

3
1

3
1
.

AH 2 + O 2 → AH + HO 2
*

Model 1

1

A 2− + O2 → A − + O2−
AH + O 2 → A + HO 2

O2*

For oxygen species values from [18] were employed:
∆Hf (1∆g) = 18.4 kcal/mol;
For O2
∆Hf (3Σg) = -4.2 kcal/mol;
∆Hf = -13.3 kcal/mol;
For O2–.
∆Hf = -11.2 kcal/mol.
For HO2.

Σg

10.76

∆g

-32.44

Σg

-9.84

3
1

3
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Analysis of the data in Table 5 shows that the electron transfer from A–. is not energetically
favourable for both states of oxygen, but from the dianion A2– (i.e. after the second
reduction step) is energetically favourable, even for the ground triplet state. Oxidation of
the reduced species AH2 by O2 seems possible for both states of oxygen, whereas for AH. it
is not favourable energetically.
This attempt to rationalise the experimental results by means of semiempirical calculations
is only a simplified thermodinamic approach which does not take into account solvation
effects, which are expected to be important especially in polar aprotic solvents, and give no
indications about the rate and the real reduction mechanism. Therefore further study will be
necessary to give a more complete understanding of the reductive activation of antitumoral
drugs.
Acknowledgements: The authors wish to acknowledge gratefully financial support from
the VIASAN-051 project.
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USING PHYSICO-CHEMICAL DATA TO EVALUATE CMA’S
OF SOME POLLUTANTS WHICH APPEAR AS INTERMEDIATES
IN TRIAZOLOISOINDOLES SYNTHESIS
Ioana Stanculescu½, Valentina Chiosa and Cristina Mandravel
abstract: The pollutant effect on the health exposed persons and on the environment, generally
depends on the different factors: the most important is the extents concentration in the workplace
atmosphere. Analyzing the recent procedures for triazoloisoindols synthesis we used the physical
chemical data concerning some of intermediates after its purification, to calculate their CMA’s
(maximal admitted concentrations).

Introduction
The ecotoxicology [1] is a new interdisciplinary science derived from ecology and
toxicology. It has three complex objectives: 1) the foresight of the substances behavior in
environment 2) the response of biological systems in their presence 3) the control of risk
associated with emissions. In this work we concern on some problems related to the third
objective of the ecotoxicology.
The pollutants effect on the health exposed persons and on the environment, generally,
depends on the different factors: the most important is the extant concentration in the
workplace atmosphere. [2] This in relation with other factors: the level of emission rate, the
potential of accumulation in environment (or organism), the climatic conditions, the density
of exposed population.
Felov firstly selected 38 physical-chemical properties (systematized in three classes), which
have been used to obtain the characterization of risk limits for the industrial toxicants [3].
Now numerous companies and researchers are working on developing of the toxicology in
silico (e.g. the computer based statistical methods of prediction) rather than the more
conventionally in vivo or in vitro [4].
In this work we try to calculate CMA’s (concentration maximal admitteda, in mg/m3) for the
intermediates in new procedure [5] of triazoloisoindols from physical-chemical data.
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Department of Physical Chemistry, Faculty of Chemistry, University of Bucharest
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or peak maximal admitted concentration. After Geneva established terminology CMA was abbreviated as
TLV-C Threshold Limit Value-Ceiling. This value must not be exceeded at any time, otherwise the
professional diseases appear [3].
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The triazolisoindols are stable compounds with remarkable semiconductor properties used
as analytical reactives pesticides [6].

Calculation details
The physical chemical data of intermediates are done in Tables 2-3, and the computational
requirements are described in footnote at Table 4.

Results and discussions
Synthesis of 1H-[1,2]-[1,2,4] triazolo [3,4]-isoindols after is done in Fig.1.
After this schema it is possible to observe 4 distinct stages of synthesis. Each stage is
developed within organic solvents with a high dielectric constant. In this synthesis exits 10
intermediates, which have been isolated with high yields in rapport with purified products.
All isolated intermediates have been physical chemical chracterized [7] yields (s. Table 1),
melting point (s. Table 2), molecular weight (s. Table 3), 1H RMN spectra. [7]
Table 1. Reaction yields for purified products.

Compound

R1

R2

Yield (%)

Ia
Ib
IIIa
IIIb
IIIc
IIId
Va
Vb
Vc
Vd
VIa
VIb
VIc
VId

C6H5-CH24’-MeO-C6H4C6H5-CH2C6H5-CH2C6H5-CH24’-MeO-C6H4C6H5-CH2C6H5-CH2C6H5-CH24’-MeO-C6H4C6H5-CH2C6H5-CH2C6H5-CH24’-MeO-C6H4-

-H
-CH3
-OCH3
-H
-H
-CH3
-OCH3
-H
-H
-CH3
-OCH3
-H

70
86
60
75
47
59
68
62
61
77
76
75
80
67

Table 2. Determined melting points.

Compound

R1

R2

Ia
Ib
IIIa
IIIb
IIIc
IIId
Va
Vb
Vc
Vd
VIa
VIb
VIc
VId

C6H5-CH24’-MeO-C6H4C6H5-CH2C6H5-CH2C6H5-CH24’-MeO-C6H4C6H5-CH2C6H5-CH2C6H5-CH24’-MeO-C6H4C6H5-CH2C6H5-CH2C6H5-CH24’-MeO-C6H4-

-H
-CH3
-OCH3
-H
-H
-CH3
-OCH3
-H
-H
-CH3
-OCH3
-H

Melting point (°C)
53
84
175
155
160
197
97-98
101-102
104-105
109-110
225
235
229
276

CMA’S OF SOME INTERMEDIATES IN TRIAZOLISOINDOLS SYNTHESIS

Fig. 1: 1H-[1,2,4]triazolo[3,4-a]isoindols synthesis by intramolecular
condensation of disubstituted carbanion ylide.
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Table 3. Molecular weights.

Compound

Molecular formula

R1

R2

M – Molecular weight

Ia
Ib

C6H5-CH24’-MeO-C6H4-

-

159
175

IIIa
IIIb
IIIc
IIId

C6H5-CH2C6H5-CH2C6H5-CH24’-MeO-C6H4-

-H
-CH3
-OCH3
-H

277/357
291/ 371
307/ 387
293/ 373

Va
Vb
Vc
Vd

C6H5-CH2C6H5-CH2C6H5-CH24’-MeO-C6H4-

-H
-CH3
-OCH3
-H

488
502
518
504

VIa
VIb
VIc
VId

C6H5-CH2C6H5-CH2C6H5-CH24’-MeO-C6H4-

-H
-CH3
-OCH3
-H

442
456
472
458

For prediction of CMA’s of triazolisoindols synthesis intermediates we preferred the
logarithmic relation:
log CMA = -1.2- 0.012m.p. + log M

(1)

Where m.p. –melting point (in °C); M – molecular weight
This relation may be used for prediction of CMA (mg/m3) for organic compounds with: 100 °C < m.p. < 180 °C and 30 < M < 300.
From examination of data from Table 3 results that only for the first six intermediates it is
possible (for volatility reasons [8]) to use this type of equation to predict CMA’s.
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From examination of firstly calculated values of CMA’s (s. Table 4) for these 6
intermediates in triazole isoindols synthesis we can observe the followings:
–

Compound Ib which has a radical more polarizable and heavy than compound Ia has a
CMA value more reduced (e.g. it correspond to a greater risk);

–

In the series of intermediates IIIa-IIId the most reduced value of CMA (the greater
risk) corresponds to compound IIId with asymmetric substitution (R1=4’MeO-C6H4,
R2=H).
Table 4. Calculated log CMA values.

Compound

R1

R2

Log CMA*

Ia
Ib
IIIa
IIIb
IIIc
IIId

C6H5-CH24’-MeO-C6H4C6H5-CH2C6H5-CH2C6H5-CH24’-MeO-C6H4-

-H
-CH3
-OCH3
-H

0.365
0.035
0.869
0.591
0.632
1.097

Thus we can repeat the assertion from ecotoxicology [1]: “the increase of molecular
complexity of the pollutant is parallel with increasing of its toxicity”.
It is perhaps “an impossible dream that computation will eradicate the need for real life
toxicity testing”[4] but the progress that has been made in recent years is allowing the
fundamental properties of a wide range of compounds from pollutants to pharmaceuticals,
to be determined with increasing reliability.

Conclusions
1. Analysis of synthesis procedure of triazoloisoindols and characterization of the isolated
intermediates has allowed the computation of CMA’s for 6 members of series.
2. The greater risk corresponds to intermediate IIId with the asymmetric substitution.
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SPECTRAL AND ELECTROCHEMICAL STUDY
OF THE REDUCTION BEHAVIOUR OF SOME
BENZOYL SUBSTITUTED HETEROCYCLES
Aura Tintaru, O. Maior , Mihaela Hillebrand and Elena Volanschi ½
abstract: The heteroaromatic compounds containing fragments with different donor-acceptor
properties have large applications in many fields in which charge separation represents a
required property. The present work is constituted in a spectral and electrochemical study of the
benzoyl derivatives of the phenoxathiine and dibenzo-para-dioxin. The reduction behaviour of
the compounds was investigated using the cyclic voltammetry and ESR technics. The
experimental results were in agreement with the MO calculations.

Introduction
The heteroaromatic compounds containing fragments with different donor-acceptor
properties have large applications in many fields in which charge separation represents a
required property. The redox properties of these compounds are determined both by the
character of the constituting moieties and the interaction between them. Experimental
evidence on the predominance of the donor/acceptor character of the molecule can be
furnished by coupled electrochemical and spectral ESR techniques.
This paper deals with the experimental and theoretical study of the benzoyl derivatives of
two heterocycles with known donor character, phenoxathiine and dibenzo-p-dioxin. For the
sake of comparison we have also included benzophenone, characterized by the presence of
the same acceptor group. The compounds are presented in Fig. 1.
6
7
8
9

5

O
X

10

4

1

3

R1

2

R2

Ia X = S; R1 = -H; R2 = -COC6H5
Ib X = S; R1 = -COC6H5 ; R2 = -H
II X= O; R1= -H ; R2 = -COC6H5

Fig. 1: Structure of Investigated Compounds.
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Experimental
Cyclic voltammetry experiments with both stationary and rotating disc electrode (RDE) were
performed in dimethyl sulphoxide (DMSO) with 0.1 M tetra buthyl ammonium
tetrafluorborate (TBABF4) as supporting electrolyte, at a VOLTALAB-32 electrochemical
laboratory, with platinum working and counter electrodes and Ag- cuasi reference electrode
[1]. The EPR spectra were recorded during the electrochemical reduction on JES-3B
spectrometer in X-band frequency, using peroxylamine disulphonate as standard
(aN=1.3 mT, g=2.0055). The semiempirical MO calculations were performed using the
AM1 hamiltonian in the AMSOL program package [2,3] and RHF (ROHF) formalism for
closed and respectively open-shell structures.

Results and Discussion
Cyclic Voltammetry Results
The cyclic voltammograms of Ia and Ib in DMSO exhibit one redox couple in the range
0 to -1.9 V. A typical cyclic voltammogram is presented in Figure 2 and the relevant
electrochemical data are presented in Table 1. The values of the peak potential for the first
electron transfer (-1.4 – -1.5V/SCE) attest the reducibility of these molecules, comparable
with that of benzophenone, and not influenced by the position of the substituent in the
phenoxathiine ring. This wave was analysed according to the usual electrochemical criteria.
The first wave presents a well shaped anodic counterpart, but the difference between the
cathodic and anodic peak potentials is in the range 0.120 to 0.200 V. Using this difference
and Nicholson’s formula [4]:
Ψ = 28.6k s ν1/ 2

where ν is the scan rate (the value 28.6 is obtained from the expression of the constant,
γα (RT)1/2 / (nFDOπ)1/2, with n=1, γ= DO/DR and considering DO=DR = 1x10-5 cm2/s and
T= 298K), the value of the standard electron transfer rate in Table 1, ks, was estimated.
Table 1. Cyclic voltammetry results for the first wave of compounds Ia and Ib.
Ia

Ib

v
(Vs-1)

-Epc
(V)

-∆Ep
(V)

Ipa/Ipc

Ip/v x10
(AV-1/2s1/2)

-Epc
(V)

-∆Ep
(V)

Ipa/Ipc

Ip/v1/2x104
(AV-1/2s1/2)

0.100

1.460

0.120

0.740

0.652

1.460

0.150

1.350

0.386

0.200

1.501

0.150

1.020

0.640

1.461

0.150

1.150

0.362

0.400

1.520

0.180

1.070

0.604

1.480

0.180

1.190

0.348

0.600

1.510

0.190

1.040

0.591

1.470

0.170

1.130

0.347

0.800

1.540

0.200

0.990

0.572

1.480

0.200

1.090

0.335

ks~3.72 x 10-3 cm/s

1/2

4

ks~3.73 x 10-3 cm/s

The Ipa /Ipc ratio is in the range 0.74÷1.35 for the first wave of both compounds, if the scan
is reversed after the first peak. The plot of the peak current vs the square root of the sweep
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rate, Ipc=f(ν1/2), is fairly linear (correlation coefficient r ~ 0.998), attesting to diffusional
control for the first wave of both compounds. As the standard transfer rate for both
compounds is at the lower limit of the rapid transfer, this process was assigned to the
quasireversible monoelectronic reduction of the neutral compound to a rather stable anionradical.
0.04

0.02

I(mA)

0.00

-0.02

-0.04

-0.06

-0.08
-1800

-1600

-1400

-1200

-1000

-800

-600

-400

E(mV)

Fig. 2: Cyclic voltammogram of compound Ib.

RDE linear voltametry
The analysis of the RDE electrochemical data allows the determination of n, the number of
electrons involved, the electron transfer rate kf, the transfer coefficient α and the diffusion
coefficient DO, using the dependences E= f (ln(I1-I)/I ) , I = f(ω1/2), I-1 = f(ω-1/2) as
expressed by the equations [1, 5]:
I = 0.620 n FADO2/3 ω1/2ν−1/6cO*

1/I = 1/Ik + 1/ ( 0.620 n FADO
Ik= nFAkf(E)

2/3

cO*

(1)

1/2 −1/6

ω ν

cO*)

(2)
(3)

In these relationships A is the electrode area, DO is the diffusion coefficient , ω the rotation
rate, ν the kinematic viscosity of the solvent (ν = 0.01896 cm2/s for DMSO) and cO* is the
bulk substrate concentration. From the analysis of the first wave, values of 0.63x10-5cm2/s
for Ia and 3.25x10-5cm2/s for Ib in DMSO were obtained. Both waves are monoelectronic
and the values of the electron transfer rate in the range 3x10-3- 1x10-2 cm/s are in reasonable
agreement with those obtained by cyclic voltammetry.

ESR results
The ESR spectra obtained at the electrochemical reduction of the investigated compounds
in DMSO are presented in Fig. 3 and the relevant parameters (hyperfine splitting constants
hfs, g-factor values, line widths) are contained in Table 2.
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a)

b)

c)

Fig. 3: RPE spectra of investigated compounds: Ia (a), Ib (b) and II (c),
electrochemical reduction in DMSO/ 0.1 M TBAP (in-situ technique)
Table 2. EPR parameters for investigated compounds and the benzophenone.

Compound

1

2

3

4

o

o’

m/m’

p

δ
(mT)

gfactor

Ia

0.247

-

0.247

0.082

0.277

0.310

0.082

0.330

0.025

2.0037

Ib

0.080

0.210

-

0.210

0.294

0.310

0.080

0.350

0.030

2.0035

II

0.255

-

0.255

0.086

0.255

0.307

0.086

0.337

0.025

2.0035

-

-

-

0.260

0.260

0.088

0.345

-

2.0037

Benzophenone*
* values from reference [6].

Both g-factor values and hfs. constants attest an odd electron distribution similar to that of
the anion-radical of benzophenone and other benzoyl derivatives [6, 7], i.e. mainly
determined by the benzoyl moiety and not by the parent heterocycle. This is further
supported by the similitude of the hf splittings of anion-radicals Ia, 2-benzoyl
phenoxathiine, and II, 2-benzoyl dibenz-p-dioxin. Somewhat greater differences are
observed in function of the substitution site in the heterocycle. Substitution in site 3 (anionradical Ib) determines a greater delocalization of the unpaired electron on the benzoyl
moiety, as attested by the slightly higher hf.coupling constants for anion-radical Ib.

MO calculations
The electronic structure of the investigated compounds is dependent on the relative position
of the substituent and the heterocycle. The configurations are mainly dependent on two
torsion angles, the torsion around the heteocycle-benzoyl bond, hereafter labelled as τ1, and
a second torsion, τ2, between the carbonyl group and the phenyl ring of the benzoyl
fragment. An in vacuo conformational search performed on the compounds attests that a lot
of conformations within 1 kcal/mol are possible, the presence of the two torsions conferring
to the molecule an enhanced flexibility. In order to select the minimum energy
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conformations the potential energy surfaces (PES) were built for all the compounds, in term
with τ1. As an example, the PES for 2-benzoylphenoxathiine is presented in Fig. 4 and the
main results for all the compounds are listed in Table 3.
16.0

∆H+∆Gsol (kcal/mol)

15.5

15.0

14.5

14.0

13.5
-50

0

50

100

150

200

τ1

Fig. 4: Potential energy surface (PES ) of compound Ib.
Table 3. Main theoretical parameters for the neutral, ∆G (kcal/mol),
compounds and the anion radicals.

Compound

τ1
(deg)

τ2
(deg)

∆H+ ∆Gsolv
(kcal/mol)

∆Gsolv
(kcal/mol)

Ia

-28.7

145.4

13.78

-16.68

Ia( )

-6.2

122.0

-64.31

-

Ib

-31.5

149.9

13.98

-17.072

Ib(_•)

-4.0

123.6

-67.16

-

II

-30.2

147.3

14.35

-15.781

II(_•)

-1.5

123.0

-93.11

-

_•

The results predict nonplanar conformations, even if the barrier to rotation are about
2 kcal/mol. The highest point on the PES corresponds to the values of 90 deg for both
torsions, that means for those conformations in which the conjugation is totally interrupted.
Considering the equilibrium conformations the vertical and adiabatic electronegativity were
calculated. The results are presented in Table 4 and are in good agreement with the
experimental observations. The vertical and adiabatic electronegativities are not too
different reflecting the slight changes in the geometry in going from the neutral to the
charged species. Due to the high donor character of the phenoxathiine ring, known for its
low ionisation potential and its ability to give cation radicals even in the presence of
electron acceptors, the presence of the benzoyl fragment confer some reducibility but lower
than that of dibenzo-p-dioxin a poorer electron donor. However, both substituted
heterocycles are less electronegative than benzophenone.
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Table 4. DMSO Calculated vertical1,χV , adiabatic2, χad (eV).

1

Compound

εhomo

εlemo

Iad

Aad

χV

χad

Ia

-8.368

-1.134

5.88

3.40

4.75

4.64

Ib

-8.462

-1.222

5.96

3.53

4.84

4.75

II

-9.007

-1.103

6.79

3.42

5.06

5.10

Benzophenone

-9.755

-0.818

7.35

3.16

5.41

5.26

χv = - ½ (εhomo + εlemo)

χad = ½ (Iad + Aad); Iad is given by the enthalpy of the process, M ⎯→ M+ + e-; Aad, the adiabatic
electron affinity, is given by the negative of the enthalpy of the process, M + e- ⎯→ M-.

2

In order to obtain some information on the charged species restricted Hartree-Fock
calculations were performed on the anion radicals. The main geometric features for the
minimum energy conformations are given in Table 3. The theoretical results predict a
tendency to planarity of the heteroring with the carbonyl group of the substituent and a
twisted position of the phenyl ring. For these conformations, the conjugation heteroring-CO
is enhanced and a larger delocalisation on the odd electron on the substituted phenyl ring of
the heterocycle was obtained. However, as for the neutral parent compounds, several
conformations with close energy were found implying that an average of the spin
distribution is obtained experimentally.

Conclusions
Both electrochemical and EPR data attest that, in spite of the donor properties of the two
heterocycles, the electon acceptor character of the benzoyl group is sufficient to ensure the
formation of stable anion radicals. The calculated vertical and adiabatic electronegativity
reflect well the experimental behaviour.
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THE POLARIZATION STEEL BEHAVIOR IN REFINERY
INDUSTRIAL WATERS IN THE ABSENCE AND THE PRESENCE
OF THE INCOR AN INHIBITOR
Eva Trîmbiţaşu½, V. Brânzoi, Florina Brânzoi and S. Neagoe
abstract: This paper presents a study concerning the carbon steel OL 37, W4541 and W4571
alloys corrosion speed variation in “reflux water V1”, in the presence and the absence of the
INCOR AN inhibitor. Tests were made to study the bias curves using the static potential method
and the evaluation of corrosion’s kinetic parameters (Icor, Ecor) by the extrapolation of Tafel
curves.

Introduction
The petroleum industry is one of the main domains in which the corrosion generates severe
problems in economic strategies and in security issues 50÷70% of the refinery plants’ and
chemical industry installations' maintenance expenses are referenced to the corrosion.
The most important corrosion type in oil processing plants is the electrochemical one,
which appears because of the fact that the equipment metal is in direct contact with
electrolytic conductive corrosive media.
The main characteristics of this corrosion form are given by passing electrical charge
through metal-electrolyte phase limit. In fact, electrochemical corrosion represents a redox
process, which takes place on the interface metal-solution with electrons transfer through
metal and ions through solution [1].
The metal’s nature and the corrosive medium’s characteristics are the main factors that
influence the speed and the type of the electrochemical corrosion [2-3].
A metal that corrodes freely generates a particular potential between its surface and its ions in
the solution. Using an external circuit we can alter this potential which will determine a change
in the metal’s corrosion state. The electronic device used in the external circuit maintains the
potential at a constant level or facilitates its variation in the desired direction [4,5].
If the electrode’s potential is altered using a step-by-step external circuit (25÷30mV) to
anode or cathode, we are talking about potentiostatic technique.
In the potentiodynamic method, the electrode’s potential varies continuously and the charge
is recorded periodically or continuously.
½
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In the present study we used the potentiostatic technique to test the anode and cathode bias
curves of the OL 37 steel, W4541 and W4571 alloys in “water reflux V1” in the presence
and the absence of INCOR AN inhibitor.

Experimental part
The metallic compositions tested in this study (OL 37, W4541, and W4571) took shape of
cylindrical test bars with inside thread used to attach them to the sustain-support. The
cylindrical shape was preferred because of its large surface and low number of edges
(known as more fallible in corrosion). The reference electrode was calomel-saturated, and
the auxiliary electrode was a platinum board.
The corrosive medium, “reflux water V1”, was sampled from DAV plant- PETROBRAZI
refinery Ploiesti, being analytically described in (Table 1).
Table 1. Analytical characterization of the corrosive medium.

No

Sample type

Conductivity
(mS)

pH

1

Reflux water V1

0.94

4.5

Chemical composition (ppm)
Cl

NH4+

S2-

Fe2+

Na+

5.48

0

6.35

2.32

81

-

ICERP SA Ploiesti produced the INCOR AN amines based. A very important aspect for the
corrosion speed’s decrease is maintaining the pH close to the optimal value (5.5÷6.5) inside
the top of the distillation tower. To accomplish this, we used neutralizing inhibitors.
While studying the INCOR AN’s efficiency in “reflux water V1” we drew the bias curves
for OL 37, W4541 and W4571 at the temperature of 60oC, in the presence and the absence
of INCOR AN inhibitor.
The starting point in drawing the cathode and anode curves was the mixed potential of the
stationary state, which, as for every other potential, was measured corresponding to the
calomel-saturated electrode.

Results and discussions
Here are presented the OL 37 steel polarization curves in reflux water, at the temperature
level of 30oC (Fig. 1) and 60oC (Fig. 2) in the absence of the inhibitor. Observing the
evolution of the curves, it is easily concluded that at the temperature of 30oC, the corrosion
speed is a little bit lower than the level recorded at 60oC.
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Fig. 1: Polarization curve for OL 37 steel at 30oC
in reflux water.

Fig. 2: Polarization curve for OL 37 steel at 60oC
in reflux water.

Fig. 3: Polarization curve for OL 37 steel at 60oC in reflux
water in the presence of INCOR AN 500ppm.

Fig. 4: Polarization curve for OL 37 steel at 60oC in
reflux water in the presence of INCOR AN 1000ppm.

We also presented the OL 37 steel polarization curves in the presence of INCOR AN
corrosion inhibitor, 500ppm concentration (Fig. 3) and 1.000ppm (Fig. 4). The curves
analisys reflects a maximum point of protection efficincy at 60oC and 500ppm.
The study on the alloyed steels W4541 and W4571, implies the recording of polarization
curves at 30 and 60oC respectively, in the absence of the inhibitor, in reflux water (Figs. 5,
6, 9 and 10). Analising the curves, we can clearly see that the corrosion speed is higher at
60oC, for both observed steels. Furthermore, at 60oC, the W4571 steel records a higher
corrosion speed.
The action of the INCOR AN inhibitor at 500ppm and 1.000ppm and 60oC is graphically
presented in Figs. 7, 8, 11 and 12. Observing these items, it is noted that the corrosion
speed is lower when the concentration level of the inhibitor reaches 500ppm. In the same
time, the W4571 steel’s corrosion speed is lower than W4541`s.
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Fig. 5: Polarization curve for W4541 alloy at 30oC
in reflux water.

Fig. 6: Polarization curve for W4541 alloy at 60oC
in reflux water.

Fig. 7: Polarization curve for W4541 alloy at 60oC in
reflux water in the presence of INCOR AN 500ppm.

Fig. 8: Polarization curve forW4541 alloy at 60oC in
reflux water in the presence of INCOR AN 1000ppm.

Fig. 9: Polarization curve for W4571 alloy
at 30oC in reflux water.

Fig. 10: Polarization curve for W4571 alloy
at 60oC in reflux water.
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Fig. 11: Polarization curve of W4571 alloy at 60oC, in the
presence of INCOR AN 500ppm.
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Fig. 12: Polarization curve for W4571 alloy at 30oC in
reflux water in the presence of INCOR AN 1000ppm.

In Table 2 are presented the corrosion kinetical parameters, which were determined by
Tafel curves extrapolation and which indicate that the presence of the INCOR AN inhibitor
decreases dramatically the corrosion process. The corrosion speed (noted as Rmpy in
Table 2) was calculated using the following formula:
Rmpy = 0.15 ie/ρ

And it is expressed in miliinch/year, where: i = current density (µA/cm2); e = chemical
equivalent of the metal; ρ = metal’s density (g/cm3).
Table 2. Kinetic corrosion parameters in reflux water V1 with INCOR AN 500 ppm
inhibitor, temperature 60oC.

No.

Inhibitor type

Icor
µA/cm2

Ecor
mV

Rmpy
ie / ρ

P
mm/year

Kg
g/m2h

1

OL 37
Without
inhibitor

21,50

-690

10,030

0,2546

0,2264

2

OL37
INCOR AN

3,00

-650

1,400

0,0350

0,0320

3

W4571
Without
inhibitor

3,20

-170

1,493

0,0380

0,0340

4

W4571
INCOR AN

0,99

-140

0,462

0,0120

0,0100

5

W4541
Withthout
inhibitor

3,10

-115

1,477

0,0370

0,0330

6

W4541
INCOR AN

1,50

-100

0,700

0,0180

0,0160

E
%

81,25

69,06

51,60
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Conclusions
Observing the bias curves, we noticed that, in contrast with the alloys, the OL 37 carbon
steel did not present any transition active-passive until very high potentials.
Electrode’s surface metalographical analysis after each measurement in “reflux water V1”
stressed that OL 37 steel corrodes uniformly not like the alloys that were attacked by pitting
corrosion.
Consulting the presented bias curves it is also easily noted that, at low over voltage, the
activation of OL 37 steel corrosion is controlled and using the extrapolation of Tafel curves
it is possible to calculate the density of the corrosion current and the corrosion potential.
At higher over voltage, the corrosion process is under control for every type of diffusion.
The shapes of the bias curves show the appearance of the limit diffusion currents.
Observing the presented data, it is stated that INCOR AN efficiency reaches a maximum
level for OL 37 steel and minimal for W4541, but in any case, using this inhibitor will
diminish the corrosive attack. The determined optimal inhibitor dose is 500ppm. The
efficiency of the inhibitor (E%) is higher in the case of OL 37 steel (81,25%) than that
recorded in the case of the alloyed steels (69.06%, 51.60% respectively).
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ANISE ESSENTIAL OIL EXTRACTION BY SUPERCRITICAL CO2
Rodica Vîlcu½, Manuela Mocan and I. Găinar
abstract: The supercritical fluid extraction (SFE) of anise essential oil was studied using anise
(Pimpinella anisum, fam. Apiaceae) seeds as raw material and CO2 as solvent. The effect of
operation conditions was analyzed in a series of experiments at temperatures between 40 and
50°C and pressures between 100 and 120 bar. The colected extracts were analyzed by GC-MS
and the relative composition of the essential oil was determined. Trans-Anethole is the principal
component extracted. The optimum conditions for trans-anethole extraction were 40°C and 120
bar; in these conditions, trans-anethole represents more than 83% of essential oil. We obtained
an essential oil asymptotic yield of 1.52 wt % of the loaded material. Furthermore, the effect of
CO2 flow rate and mean particle size of coriander seeds was studied in the range of 0.5 to 1.5
kg/h and 0.5 to 1.0 mm, respectively.

Introduction
Partly in connection with the development of flavourings for new food products, there is
need for renewed research into the alternative techniques available for extracting these
compounds from plant material. The most widely used methods are based on
hydrodistillation. These methods can result in damage to some of the more thermolabile
compounds. Extraction with compressed CO2 is an alternative approach, which is applied
commercially to some extent [1,2]. The extracts obtained by this method contain a wider
range of compounds than do the extracts obtained by hydrodistillation [3,4]. The
pharmaceutical, cosmetic and perfume industries are also users or potential users of herb
material extracts.
In the present work, extraction tests have been performed on anise seeds using supercritical
CO2 as solvent. The objectives were to study the influence of operation conditions on the
composition of extracts and investigate the effects of mean particle size and solvent mass
flow on the extraction yield of essential oils.

Experimental part
Tests on anise seeds were performed on a laboratory unit based on a 350 cm3 extraction
vessel equipped with two separators operated in series with a volume of 250 cm3 each. A
thermostated jacket allows regulating the temperature in the extractor by using of an
½
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electronic device with Pt thermometer control. Both separators were immerged in two 8 l
Dewar vessels filled with a mixture of ethylene glycol and water. More details and a
schematic representation of the apparatus have been given elsewhere [5]. About 300 g of
comminuted anise seeds (with a mean particle size of 0.5 mm) were submitted to extraction
in each run. A CO2 flow rate of 1.5 kg/h and an extraction period of 120 min were used.
First the SFE process was performed at various CO2 densities. GC-MS data and sensory
analysis were used to determine the extraction conditions that minimize the co-extraction of
unwanted compounds; subsequently the optimum fractionation conditions to be used in the
two separators were studied. The yield of the various fractions was measured by weight
with respect to the dried material charged in the extractor.
GC-MS data were obtained using a Varian model 3400 gas chromatograph equipped with a
fused silica DB-5 column (J&W; 30 m × 0.25 mm i.d., film thickness 0.25 µm) for the
essential oil analysis. The GC apparatus was interfaced with a Finnigan-MAT 800 Ion Trap
Detector (ITD, software version 4.1). GC conditions for the essential oil separation were as
follows: oven temperature 50°C for 5 min, then programmed 50÷250°C at 2°C/min and
subsequently isothermal at 250°C for 15 min. The samples were injected using the splitless
sampling technique. The percentage composition of the essential oil was computed from
the GC peak areas without using correction factors. The identification of the compounds
was based on a comparison of retention times and mass spectra with corresponding data of
components of reference oils and authentic compounds. Some mass spectra were compared
with those of mass spectra libraries (NIST, version 4.0 and WILEY, version 5.0).
Extractions performed at various CO2 densities showed that an extraction at p = 120 bar
and T = 40°C was optimum in order to minimize the co-extraction of unwanted
compounds. The best parameters to perform the fractionation were p = 90 bar and T = −5°C
for the first separator and p = 15 bar and T = 10°C for the second one. Using this procedure,
cuticular waxes were selectively precipitated in the first separator, in the second one the
essential oil was recovered. Small quantities of water were obtained in the second separator
and then separated by centrifugation. The amount of the oil collected in the separator was
determined gravimetrically.

Results and Discussion
A further series of runs was performed to assess the optimal extraction conditions for the
vegetable species considered. GC-MS analysis was used to characterize the extracted
essential oils. Since oxygenated monoterpenes are considered the most desired essential oil
flavour constituents, optimum extraction was fixed so that the maximum percentage of
oxygenated monoterpenes with respect to the other compounds was produced. It was found
that the optimum extraction pressure and temperature for anise seeds were in the ranges
from 100 to 120 bar and from 40 to 50°C, respectively.
Operating conditions of 120 bar, 40°C (called SFE-1) and 100 bar, 50°C (called SFE-2)
were selected to evaluate process yields against time. The yield of anise oil was measured
by weighting the oil recovered in the second separator at the various extraction times. The
extraction results are summarized in Fig. 1.
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The yield data show that the initial extraction rate of essential oils is high but tends to zero
when solute concentration decreases. The essential oil yields obtained by SFE were
compared. In the case of anise, the maximum yield was 1.52% by weight of the charged
material, at SFE-1 conditions. Of course the two products are not completely comparable.
Table 1 shows the identification and the quantification of extracted compounds (SFE-1 and
SFE-2). The identified compounds are listed by increasing retention times.
The analysis of GC results given in Table 1 shows that the major contribution comes from
trans-anethole, which represents 82÷83% of the oil composition. The hydrocarbon
monoterpenes contribute less to the anise essential oil composition (1.29÷1.15%).
Oxygenated terpenes are considered to be the main constituents of the aroma of many
essential oils. In the anise oil extracted under SFE-1 conditions, oxygenated monoterpenes
contribute with 7.37% to the total area.
Table 1. Percentage composition of anise oil isolated by supercritical CO2 extraction (SFE-1 and SFE-2).
The percentages are based on GC peak areas.

Compound

Rta

SFE-1 (%)

SFE-2 (%)

α-Pinene

4.78

0.12

-

Camphene

4.97

0.10

0.14

∆3-Carene

5.18

0.22

0.19

Sabinene

5.30

0.13

-

β-Pinene

5.60

0.20

0.26

β-Myrcene

5.72

0.24

0.19

α-Phellandrene

5.91

0.08

0.09

o-Cimene

6.27

0.10

0.11

p-Cimene

6.35

0.91

0.77

Limonene

6.50

0.05

0.08

1,8-Cineole

6.96

0.81

0.70

γ-Terpinene

6.99

0.09

0.15

cis-Linalool oxide

7.21

0.08

0.11

trans-Linalool oxide

7.60

0.14

-

α-Terpinolene

7.72

0.06

0.05

Linalool

8.03

1.12

2.26

Fenchone

8.25

2.40

2.44

Camphor

8.74

0.22

0.25

cis-Menthone

8.84

1.38

1.39

Isomenthone

9.04

0.09

0.08

Neomenthol

9.29

0.07

-

cis-Menthol

9.30

0.75

1.05

Dihydrocarvone

9.47

0.16

0.24
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Table 1. Continued.

a

Compound

Rta

SFE-1 (%)

SFE-2 (%)

Carvone

10.54

0.15

0.12

Estragole

10.75

1.38

1.67

p-Anisaldehyde

10.82

3.71

3.20

Fenchyl acetate

10.91

0.11

0.29

cis-Anethole

11.02

0.17

0.15

trans-Anethole

11.11

83.34

82.74

δ-Elemene

11.38

0.08

0.09

Dihydrocarveol acetate

11.40

0.15

0.08

Eugenol

11.73

-

0.05

Methyl Eugenol

11.91

0.15

0.07

β-Elemene

12.10

0.18

0.15

β-Caryophyllene

12.42

0.05

0.09

α-Bergamotene

12.76

0.05

-

cis-β-Farnesene

13.05

0.05

.014

Germacrene

13.65

0.34

0.27

β-Bisabolene

13.79

0.29

0.21

Farnesol

15.04

0.28

0.13

Rt = retention time (min).

1.8

Yield (%)

1.2
SFE - 1

0.6

SFE - 2

0
0

30

60
Time (min)

90

120

Fig. 1: Anise oil yield at various extraction times.

To study the influence of solvent mass flow and particle size of anise seeds on extraction
rate, two series of experiments were designed in the range of 0.5 to 1.5 kg/h and 0.5 to 1.0
mm at 120 bar and 40°C (see Figs. 2 and 3). The average particle size of anise seeds
employed in the first series was 0.5 mm and the solvent mass flow employed in the second
series was 1.5 kg/h.
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1.8

Yield (%)

1.2
0.6
0
1.0
CO2 flow rate (kg/h)

1.5

0.5

Fig. 2: Influence of CO2 flow rate on the yield of anise essential oil
extraction.

The Fig. 3 shows the extraction yield as a function of time for mean particle sizes
respectively of 0.5, 0.8 and 1.0 mm. These results confirm the importance of particle size in
SFE of essential oils. By the other end, it is not possible to operate with the smallest
particle size possible because comminution techniques can induce degradation of some
thermolabile compounds.
The changes of the mean particle size have a relevant effect on the extraction yield and can
be utilized to better use the SFE technology. In other words, it is possible to have a more
efficient use of the extractor and a lower CO2 and utilities consumption.
1.8

0.5 mm

0.8 mm

Yield (%)

1.2

1.0 mm
0.6

0
0

30

60
Time (min)

90

120

Fig. 3: Anise essential oil yield against extraction tim e, at different particle sizes.

Conclusions
Trans-anethole is the principal component extracted. At 120 bar and 40°C the transanethole content in the essential oil extracted is greater than 83%.
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The particle size, extraction time and solvent flow rate should be taken into account to
acquire a complete knowledge of the SFE process. These parameters influence the
extraction rate and the yield of the process.
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CHEMICAL OSCILLATIONS IN HOMOGENEOUS SYSTEMS
1. ESSENTIAL THERMODYNAMIC AND KINETIC CONDITIONS
FOR THE OCCURRENCE OF OSCILLATIONS
Rodica Vîlcu½ and Daniela Bala
abstract: This manuscript reviews the understanding of homogeneous chemical oscillations, the
conditions in which a chemical reaction will undergo oscillations and presents a schematic
classification scheme for homogeneous-phase chemical oscillations.

General background
Oscillating reactions are a subset of phenomena in a wide field which deal with the
formation of structures ordered in space and/or time in physical and chemical systems.
Such structures are maintained as long as matter and/or energy flow through the system
assuring the highest rate of entropy production. For this reason are called dissipative
structures.
In an oscillating chemical reaction the concentrations of catalyst and/or intermediate
species undergo oscillations in time. The behaviour of the system is determined by the
decreasing in Gibbs free energy of an overall reaction, which occurs far from
thermodynamic equilibrium.
Compared to the variety of oscillatory systems, they show a surprising similarity in the
general shape of their response curves or oscillograms (time variation of the intermediate
species concentrations or time variation of the potential or pH of the system etc). This fact
suggests that there may exist a common kinetic principle for their occurrence. The
oscillograms consist in periodic transition of the system between two distinct quasi states.
Chemical oscillations look like non-linear flip-flop oscillations or can have saw-tooth shape
(Fig. 1). The sinusoidal oscillograms recorded sometimes are due to particularly simple
processes.
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Fig. 1: Examples of flip-flop (a) and saw-tooth (b) oscillations

The kinetics of most chemical oscillations is not completely well understood, but the
phenomenology of these systems shows that there are certain thermodynamic and kinetic
conditions for the producing of spontaneous oscillations.
¾

The oscillatory processes can occur only in thermodynamic systems which are far from
equilibrium;

¾

The oscillatory systems consist from a network of reactions and the behaviour of these
systems requires a corresponding set of simultaneous differential equations. Therefore
it can’t exist direct functions like y = f (x, y, …) but only set of equations of the kind:
dx
dy
= f x ( x, y,...)
= f y ( x, y,...)
dt
; dt

(1)

Hence, the dynamics of the oscillatory systems is described by equations:
d x (t )
dt

= F ( x, u , t )

(2)

In the case of a system with a set of chemical reactions, the equation (2) represents the
expression of the rates of change. We note by: x – the vector of system variables (which can
be represented by concentrations and/or temperature); F – the vector of functions obtained
from the kinetic model; u – the vector of system parameters (which can be represented by
rate constants, stoichiometric coefficients, temperature, pressure, etc; t – time.
In order for the system to present oscillations, the x vector must be at least bidimensional
(two concentrations or one concentration and temperature).
¾

The relationships between driving forces and driven fluxes are extremely non-linear.
The function from F must be non-linear. Non-linearity are due to the type of feedback,
the oscillatory processes contain autocatalytic or autoinhibitory reactions, or they can
appear because of the exponential dependence of the rate constant with the temperature
(in the systems with temperature variation);

¾

Oscillatory systems always contain unstable states;

¾

Several kinetic variables participate in the periodic process and oscillations are the
results of mutual coupling between processes. The variables are not directly
interdependent but they are kinetically coupled with one another;
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In physicochemical systems, sometimes the oscillations are accompanied by
periodically occurrence spatial propagation processes (an example can be the
Belousov-Zhabotinsky reaction). Therefore they are temporal and spatial phenomena at
the same time [1÷9].

The feedback in chemical oscillations
Oscillatory systems contain at least two simultaneous processes. The total coupling effect
between these processes forms closed feedback loops for each kinetic variable involved.
Feedback occurs when a process acts kinetically upon itself and consists in a closed chain
of action, which causes:
–

effects of self-enhancement in case of positive feedback;

–

effects of self-inhibition in case of negative feedback.

a) When the output of transmission systems acts upon the input of the same systems (an
effect is influencing its own cause) than this type of feedback has no effect upon the
properties of the transmission systems or upon the rate constant of the reaction. This
kind of feedback is named “non-systemic” feedback (Fig. 2). The chemical analogy is
stoichiometric autocatalysis. In an autocatalytic reaction the product is also a reactant.
k

SYSTEM

A+X

2X

Fig. 2: Non-systemic feedback.

b) Another type of feedback is the “systemic” feedback, which acts upon the properties of
the systems and has no effect upon the input (Fig. 3). This kind of feedback can arise in
heterogeneous systems (at electrodes, contact catalysts and membranes etc) and also in
homogeneous systems (in themochemical reactions, in enzymatic systems). Systemic
feedback is usually non-stoichiometric (non-linear) being more favourable to
oscillations than non-systemic feedback (which is linear).

k
SISTEM

A+X

P

Fig. 3: Systemic feedback

Search for new oscillators
The first chemical oscillators (Bray-Liebhafsky and Belousov-Zhabotinsky reactions) were
discovered by accident, and before 1980 it was believed that homogeneous oscillating
reactions were impossible. The Bray – Liebhafsky [10÷13] (shortly BL) oscillatory reaction
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has been studied for more than eighty years and consists in hydrogen peroxide
decomposition in the presence of potassium iodate and sulphuric acid. Although this
reaction is reasonably well known from the beginning of the century, new experimental
approaches could be made.
The Belousov [14] – Zhabotinsky [15,16] (BZ) reaction is one of the most studied and bestunderstood chemical oscillating reactions. Even in a closed system the reaction exhibits an
unexpected wealth of dynamic behaviors ranging from sustained oscillations [14÷18],
excitabilities [19÷21] and chemical wave activity [22÷24] to bistability [20,15÷27]. In
general, a BZ reaction is the simultaneous bromination and oxidation of an organic
substrate by bromate in the presence of metal ion catalyst in aqueous media [28,29].
Malonic acid is the most common substrate used in the studies of the BZ reaction and it
plays a dual role: the reduction of the metal ion catalyst and the removal of bromine.
Oscillatory phenomena in biochemical systems were also becoming a subject of intensive
study (glycolytic oscillation).
An important step in understanding the bromate oscillators was the formulation by Noyes
[30] of a classification scheme for the known bromate oscillators. Since that time, another
oxyhalogen (bromate, chlorite, iodide) systems have been shown to oscillate. In Fig. 4 we
present a preliminary attempt of a classification scheme for homogeneous chemical
oscillators [31,32]. In that scheme we noted: R = reductant, R(In) = inorganic reductant,
R(Or) = organic reductant, R (Ar) = aromatic reductant, Ox = oxidant, MB = methylene
blue, M+ = metal ion catalyst, Sulfur species = S2O32-, SCN-, S2-, SO32-, thiourea. Solid lines
link related systems within families or chemical oscillators. Broken lines connect systems
that share certain features.

Fig. 4 Schematic classification scheme for homogeneous chemical oscillators
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In a next paper we will present the most important and studied chemical oscillators in
homogeneous medium (Bray-Liebhafsky and Belousov-Zhabotinsky reactions). Details
about the types of systems and adopted mechanisms for the explanation of their periodic
behaviour will be given. The most used experimental techniques and some of our results
concerning these two systems will be reviewed.
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ETUDE DE L’ACIDITE DES PYROPHOSPHATES DE TITANE,
CATALYSEURS POUR LA DESHYDROGENATION
OXYDANTE DU n-BUTANE
I.-C. Marcu½ and I. Sãndulescu
abstract: Le pyrophosphate de titane a été préparé par trois voies différentes. Les propriétés
acides des matériaux ainsi obtenus ont été étudiées, d’une part par conversion de l’isopropanol
et, d’autre part, par adsorption de pyridine. Leurs propriétés catalytiques ont été évaluées dans la
réaction de déshydrogénation oxydante du n-butane, et des corrélations entre celles-ci et leur
acidité ont été établies.
mots clé : acidité, pyrophosphate de titane, n-butane, déshydrogénation oxydante.

Introduction
La réaction de conversion de l’isopropanol (IPA) est utilisée pour étudier l’acidité des
catalyseurs [1÷3]. Cette réaction conduit à la formation de propène, d’acétone et de
diisopropylether (DIPE) selon la nature des sites acides ou basiques mis en jeu. En
l’absence d’oxygène, la déshydratation de l’IPA en propène a lieu sur des sites acides alors
que la déshydrogénation en acétone s’effectue sur des sites basiques. La formation de DIPE
demeure encore controversée; elle nécessiterait soit des sites acido-basiques soit la présence
de sites acides très rapprochés. Il est couramment admis que la vitesse de formation du
propène est proportionnelle au nombre de sites acides en surface.
D’autre part, la pyridine est une molécule test largement utilisée dans la spectroscopie
infra-rouge afin d’obtenir des renseignements qualitatifs et quantitatifs sur l’acidité de
surface des oxydes [4,5].
Le but de cet article est d’étudier l’acidité de surface de trois pyrophosphates de titane
préparés par différentes méthodes et qui présentent activités différentes dans la
déshydrogénation oxydante du n-butane, et de rechercher des corrélations entre l’acidité des
catalyseurs et leurs propriétés catalytiques.
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Expérimental
Préparation et caractérisation des catalyseurs
Nous avons utilisé trois méthodes différentes pour préparer les catalyseurs. Dans une
première méthode (Ma), le pyrophosphate de titane est obtenu par la réaction de TiO2 avec
une quantité stœchiométrique d'acide phosphorique en solution (85%). La pâte obtenue
après l'homogénéisation du mélange a été séchée à 120ºC jusqu'à l'obtention d'un solide. Ce
dernier a été calciné à 700ºC pendant 2,5 heures.
La deuxième méthode (Mb) a été inspirée de la méthode décrite par M. Ai [6]. Elle est
basée sur la réaction entre le TiCl4 et l’acide phosphorique. Ainsi, à une solution obtenue
par mélange de 25,6 g (0,135 moles) de TiCl4, 40 mL d’acide lactique (85%), 5 mL
d’ammoniaque (28%) et 580 mL d'eau, on ajoute, goutte à goutte, 106 g d’une solution
d'acide phosphorique (30%) tout en agitant avec un barreau aimanté. Le rapport P/Ti de la
solution est fixé à 2,3. Le gel résultant est séparé par centrifugation et séché à l'étuve en
augmentant graduellement la température de 80 à 200ºC, pendant 6 heures. Le solide ainsi
obtenu est recuit dans un courant d'air à 300, 450 et 600ºC, pendant 6 heures à chaque
température.
Dans la troisième méthode (Mc), une solution de di-isopropoxyde bis(2,4-pentanedionate)
de titane dans de l’isopropanol est hydrolysée avec une solution aqueuse d'acide
phosphorique, 0,3M, jusqu'à l’obtention d’un rapport P/Ti = 2,1, tout en maintenant le pH à
la valeur 9 à l'aide d'une solution d'ammoniaque. Le gel obtenu est séparé par
centrifugation, lavé avec de l'eau distillée, séché à l'étuve à 60ºC et ensuite recuit à 650ºC
pendant 4 heures.
La structure cristalline des solides a été analysée par diffraction de rayons X. Le solide
préparé par la méthode Ma correspond à la phase pure bien cristallisée tandis que ceux
préparés par les méthodes Mb et Mc sont amorphes.
Les rapports P/Ti massiques déterminés par analyse chimique sont, pour tous les
pyrophosphates de titane préparés, proches du rapport stœchiométrique.
Les surfaces spécifiques des TiP2O7-Ma, Mb et Mc sont 6,2, 107,4 et 3,1 m2/g,
respectivement. Les valeurs des surfaces spécifiques restent inchangées après le test
catalytique, sauf pour le solide préparé par la méthode Mb, pour lequel elle diminue
fortement (77,1 m2/g).

Le test catalytique
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 [7,8]. Le mélange réactionnel est constitué de n-butane et d'air.
Les catalyseurs ont été testés avec le même 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 de 490 et 530°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
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l’éthane, l’éthylène, le méthane et le propène. Ils ont été analysés par chromatographie en
phase gazeuse sur trois colonnes différentes.

Mesures d’acidité
Test de conversion de l’isopropanol

L’appareillage consiste en un réacteur en Pyrex avec un lit fixe de catalyseur, deux
chromatographes en phase gazeuse et une alimentation en gaz. L'isopropanol est ajouté à
l'aide d'un saturateur maintenu à 17°C. La pression partielle d'isopropanol est réglée à partir
du débit de gaz vecteur passant par le saturateur. On a le choix entre l'azote et l'air comme
gaz de réaction. Les débits des gaz sont réglés par des vannes à pointeau équipées d'un
vernier. L'analyse des gaz réactionnels s'effectue à l'aide de deux chromatographes en phase
gazeuse, équipés de deux détecteurs différents (FID et TCD). Le premier chromatographe
équipé d'une colonne Poraplot Q et du détecteur FID permet de séparer le propène,
l'acétone, l'IPA et le DIPE. Il travaille en montée de température (80 → 100°C à 2°.min–1,
2 min à 100°C, 100 → 160°C à 8°.min–1 et 5 min à 160°C) avec l'hélium comme gaz
vecteur (14 cm3.min–1). Le deuxième chromatographe, équipé de deux colonnes
chromatographiques en série avec le détecteur TCD intercalé entre les deux colonnes,
permet la séparation des gaz N2, O2, CO2 et H2O. L'analyse est effectuée en isotherme à
55°C sur une colonne Porapak R et à 25°C sur une colonne tamis 5 Å. L'hélium est utilisé
comme gaz vecteur (32 cm3.min-1). Une vanne permet de faire les analyses du mélange
avant ou après réaction. Pour éviter toute condensation, les tuyaux pouvant contenir le
mélange réactionnel ainsi que les vannes d'injection sont placés dans une boîte chaude dont
la température est maintenue à 118°C. De même, les raccords entre la boîte chaude et les
chromatographes sont chauffés par des cordons chauffants.
Les conditions généralement utilisées pour notre étude sont les suivantes : une masse de
270 mg de catalyseur, placée dans un réacteur en verre de diamètre 12 mm au niveau du lit
catalytique, un débit de 30 cm3.min–1 d'azote avec une pression partielle d'environ 25 Torr
d’isopropanol, une température de réaction de 200°C. Il reste à noter que pour être
comparables les conversions ne doivent pas être très élevées.

Adsorption de pyridine suivie par spectroscopie IR
Les spectres IR de la pyridine adsorbée ont été enrégistrés avec un specromètre IR à
transformée de Fourier IFS110 BRÜKER. Les échantillons sous forme de pastilles, placés
dans la cellule IR, sont traités sous oxygène à 530°C pendant 8 heures, ensuite sous vide
(10-5 Torr) à la même température pendant 1 heure. Après refroidissement à l’ambiante, les
échantillons ont été mis en présence de vapeurs de pyridine pendant 5 minutes. Après
évacuation sous vide (10-5 Torr) pendant 30 minutes à la température ambiante, 100, 150,
200, 250 et 300°C, les spectres IR ont été enrégistrés (200 scans, résolution 1 cm-1).
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Résultats et discussion
Propriétés catalytiques
Les propriétés catalytiques des pyrophosphates de titane, dans la déshydrogénation
oxydante du n-butane, obtenues à 490 et 530°C, sont présentées dans le Tableau 1 (la
sélectivité en propène, qui est un produit de craquage recherché, est également présentée).
On observe que les pyrophosphates ont des activités catalytiques très différentes, mais tous
sont sélectifs pour la déshydrogénation oxydante.
Tableau 1. Résultats catalytiques obtenus sur les catalyseurs TiP2O7
dans la déshydrogénation oxydante du n-butane

Catalyseur

Temp.
(°C)

Conv.
(%)

Sélectivité (%)
Butènes

Butadiène

490
20
43
12
TiP2O7-Ma
530
25
42
14
490
14
41
10
TiP2O7-Mb
530
18
39
15
490
3
41
2
TiP2O7-Mc
530
5
34
4
a
sélectivité totale pour déshydrogénation oxydante.
b
sélectivité en propène dans les produits de craquage.
c
vitesse intrinsèque de transformation du n-butane.

STDO
55
56
51
54
43
38

a

Craquage

COx

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

18 (5)) b
22 (6)
7 (1)
12 (3)
18 (7)
27 (9)

28
22
42
34
39
35

48
60
4
5
29
47

Etude de l’acidité
Test de conversion de l’isopropanol

Les résultats obtenus dans le test de conversion de l’isopropanol sont présentés dans le
Tableau 2.
Tableau 2. Résultats catalytiques du test de conversion de l’isopropanol sur les pyrophosphates de titane

Catalyseur

Temps de
réaction
(min.)

Conv.
(%)

Sélectivité (%)
Propène

DIPE

26
9
89
11
TiP2O7-Ma
242
6
87
13
26
37
99
1
b
TiP2O7-Mb
242
31
99
1
TiP2O7-Mc
26
1
98
2
242
1
96
4
a
Vitesse intrinsèque de formation du propène et du di-isopropyléther (DIPE).
b

vi a
(10-10.mol.s-1.m-2)
Propène

DIPE

330
215
1016
851
81
79

41
32
10
9
2
3

Masse testée : 32 mg.

Les produits de conversion de l’isopropanol sont le propène et le di-isopropyléther (DIPE).
La formation d’acétone n’a pas été décelée. Pour tous les catalyseurs étudiés, nous
observons une désactivation au cours du temps vraisemblablement causé par un
empoisonnement des sites acides par du coke. Les résultats présentés dans le tableau 2 sont
ceux obtenus après 26 et 242 minutes de réaction, mais pour comparer l’acidité des solides
nous ne considérons que les mesures faites après 242 minutes de réaction lorsque les
propriétés catalytiques sont stables. Le propène est le produit majoritaire de la réaction de
conversion de l’isopropanol pour tous les catalyseurs, ce qui démontre bien leur caractère
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acide. A partir de leur activité catalytique dans la formation du propène nous pouvons
classer ces solides dans l’ordre décroissant de leur acidité: Mb > Ma > Mc.
Adsorption de pyridine

Les spectres IR de la pyridine adsorbée sur les solides, ont été enrégistrés afin de mettre en
évidence le type de sites acides sur les trois échantillons. Nous présentons sur la Fig. 1 les
spectres IR de la pyridine adsorbée sur TiP2O7-Ma, TiP2O7-Mb et TiP2O7-Mc, après
évacuation sous vide à la température ambiante, 100, 150, 200, 250 et 300°C.

Absorbance (u.a.)

a

b

25°C
25°C

100°C
100°C

150°C

150°C

200°C
200°C

250°C

250°C

300°C

300°C
1700

1600

1500

1400

1700

Nombre d'onde (cm-1)

1600

1500

Nombre d'onde (cm-1 )

c

25°C

100°C

150°C
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Fig. 1: Spectres IR à transformée de Fourier de la pyridine adsorbée sur TiP2O7-Ma (a),
TiP2O7-Mb (b) et TiP2O7-Mc (c), après évacuation aux températures indiquées.
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Le spectre de Py/TiP2O7-Ma à la temperature ambiante présente des bandes à 1640, 1611,
1577, 1546, 1491, 1465 et 1448 cm–1 (Fig. 1a). Les bandes à 1611 et 1448 cm-1 sont
attribuées aux modes ν8a et ν19b, respectivement, de la pyridine coordinée, et celles à 1640 et
1546 cm-1 sont attribuées aux modes ν8a et ν19b de l’ion pyridinium. Lorsque ces bandes
sont observées, alors sur la surface de l’échantillon se trouvent des sites acides de Lewis
ainsi que des sites acides de Brønsted. Les intensités de toutes les bandes diminuent lorsque
l’échantillon est évacué à des températures de plus en plus élevées. Une diminution
significative de l’intensité des bandes est observée au-delà de 200°C.
Le spectre IR de Py/TiP2O7-Mb pris à la température ambiante (Fig. 1b) présente des
bandes à 1639, 1609, 1576, 1544, 1490, 1465 et 1447 cm–1. Comme dans le cas de
Py/TiP2O7-Ma, sur la surface de cet échantillon il y a des sites acides de Lewis et de
Brønsted. Dans ce cas, l’intensité des bandes correspondantes aux sites de Lewis et de
Brønsted reste importante après évacuation à 200°C, ce qui suggère que les molécules de
pyridine sont fortement adsorbées à la surface de TiP2O7-Mb.
Le spectre IR de Py/TiP2O7-Mc pris à la température ambiante (Fig. 1c) présente des
bandes ν8a qui correspondent à HPy (1641 cm–1) et à LPy (1607 cm-1), et des bandes ν19b qui
correspondent à HPy (1544 cm-1) et à LPy (1446 cm-1). Les bandes correspondantes aux
sites acides de Brønsted sont très faibles. L’intensité des bandes correspondantes aux sites
acides de Lewis est encore importante après évacuation à 200°C.
Sur la Fig. 2 nous avons représenté les variations de l’acidité de Brønsted (a), de Lewis (b)
et totale (c) des trois catalyseurs en fonction de température.
On observe que pour tout le domaine de températures, les solides peuvent être classés dans
l’ordre décroissant de leurs acidités de Brønsted ainsi: Ma > Mb > Mc.
Pour l’acidité de Lewis, l’ordre est inversé: Mc > Mb ≥ Ma.
On observe également que l’ordre décroissant de l’acidité totale mesurée par adsorption de
pyridine étant
Mc > Ma ≈ Mb
ne se corrèle malheureusement pas avec celle obtenue par le test de conversion de
l’isopropanol sur les mêmes solides. Ce désaccord pourrait être expliqué par le fait que la
conversion de l’isopropanol, ayant lieu à 200°C, est accompagnée d’un empoisonnement
des sites acides forts par du coke.
Correlations acidité-performances catalytiques

Nous allons donc considérer, pour rechercher des corrélations entre l’acidité et les
performances catalytiques des pyrophosphates, les résultats obtenus par adsorption de
pyridine.
Takita et al. [9,10], qui ont étudié la déshydrogénation oxydante de l’isobutane en
isobutène sur des catalyseurs à base de pyrophosphates métalliques, montrent que les
propriétés acides de ces solides semblent jouer un rôle essentiel dans la réaction: les
catalyseurs les plus acides apparaissent comme les plus actifs.
Nous trouvons une corrélation pareille entre les conversions du n-butane sur ces catalyseurs
et l’acidité de Brønsted: plus cette dernière est élevée, plus la conversion du n-butane est
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grande. Cette corrélation est observée sur la Fig. 3, où la conversion du n-butane mesurée à
490 et 530°C sur les trois catalyseurs en fonction du rapport des acidités Bronsted/Lewis
déterminées à deux températures différentes, 200 et 300°C, est représentée.
4
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0.6
Mc

0.4

1

Mb

0.2

Ma
0

0
0

100

200

0

300

100

200

300

Températ ure (°C)
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Fig. 2 : Effet de la température sur l’acidité de Brønsted (a), de Lewis (b) et totale (c) des trois solides.
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1

2

3

Rapport des acidités Bronsted/Lewis

Fig 3: Corrélation entre l’acidité de Brønsted, exprimée comme rapport des acidités
Brønsted/Lewis déterminées par adsorption de pyridine, et la conversion du n-butane mesurée à 490 et 530°C.

On observe également que le catalyseur TiP2O7-Mc, caractérisé par les acidités de Lewis et
totale les plus élevées, engendre plus de produits de craquage que les autres catalyseurs. Par
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contre, en ce qui concerne la sélectivité pour les produits de déshydrogénation oxydante, il
semble qu’elle est d’autant plus élevée que le catalyseur est moins acide.
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AROMATIZATION OF C6 HYDROCARBONS
ON Zn /H-ZSM-5 CATALYST
Adriana Urdă½, Rodica Zăvoianu and I. Săndulescu
abstract: The distribution of reaction products in the aromatization of C6 hydrocarbons depends
on the molecular structure of the hydrocarbon and, as a consequence, on the reaction
temperature. If for the C6 alkanes cracking is prevalent, and begins at low temperatures, for the
cycles cracking diminishes, the temperature for the break of the cycles shifts to higher values and
the aromatic content of the reaction products increases; in the special case of cyclohexene,
aromatization appears at low temperatures and this evolution was confirmed by the IR spectra of
adsorbed cyclohexene.
keywords: Aromatization, H-ZSM-5, modified ZSM-5 zeolites.

Introduction
The formation of aromatics from light alkanes represents one way for better utilization of
these hydrocarbons, which have fewer uses in petrochemistry [1]. On the other hand,
aromatics are valuable intermediates in many syntheses, so obtaining them in another
process than catalytic reforming is of great interest. There are many data in the literature
concerning the aromatization process of C3-C4 alkanes, using as catalysts ZSM-5 zeolites,
in the protonic form or modified with zinc or gallium [2÷5]. ZSM-5 zeolites are used for
their strong acidity and for their shape selectivity [6] that lead to a convenient distribution
of mononuclear aromatics, with a high concentration for the BTX (benzene-toluenexylenes) fraction. Modifiers (zinc or gallium) lead to a higher selectivity of the catalyst
towards aromatics, due to their involvement mainly in the dehydrogenating steps of the
process [3]. Although the literature is so rich in experimental data, the reaction pathways
for this process are far from being elucidated [7÷11]. It is known that alkenes are
intermediates in the transformation, but it is not clear the way the aromatic ring is formed
from alkenes oligomers. It is supposed that these oligomers dehydrogenate through a
transfer of protons and hydride ions to other alkenes from the reaction mixture, and then
cycles are formed and further dehydrogenated to aromatics [12]. In addition, another
problem is that although most of the studies are made on C3 hydrocarbons, the aromatics
that predominate in the reaction products are toluene and xylenes.
In this paper we report our results concerning the dependence of catalytic performances of a
ZSM-5 sample on the reaction temperature, for several C6 hydrocarbons, in order to study
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the way these hydrocarbons convert to aromatics. The C6 hydrocarbons were chosen
because they can react in one of two ways: either direct dehydrogenation to benzene, or a
cracking reaction, which produces C2–C4 alkenes, and these transform into aromatics.

Experimental
The catalyst sample, 0.57% Zn/H-ZSM-5, was obtained from the parent zeolite (Si/Al = 92)
by impregnation with a zinc nitrate solution, drying and calcination. The sample was
characterized for crystalinity, surface area, porosity, and Brönsted and Lewis acidity.
Cyclohexene adsorption measurements were carried out on 5 mg.cm–2 wafers, previously
degassed in an quartz in situ cell equipped with two KBr windows, at 400oC and 10–3 Pa
overnight, followed by evacuation for 5 h at the same temperature.
The catalytic tests were performed in a fixed bed reactor, as previously reported [13], at
atmospheric pressure and temperatures between 200o and 500oC. Before the catalytic tests,
the catalyst was heated at 550oC in airflow, and then the temperature was lowered to the
reaction temperature. After reaction, the catalyst was regenerated at 550oC in airflow for
1 h. After the reactor, the reaction products were cooled and the liquid and gaseous
fractions separately collected and analyzed by gas chromatography. n-Hexane (Merck,
99%), 2-methylpentane (Fluka AG, 97%), cyclohexane (Merck, 99.7%) and cyclohexene
(Jensen Chimica, 99%) were used as starting materials. Catalytic tests were performed with
2.0 h–1 VHSV (volume hourly space velocity) for the hydrocarbon feed. Total conversion
(CT) was calculated as the amount of the feed transformed into products divided by the
amount of feed introduced in the reactor. The conversion to liquid fraction was calculated
as the amount of feed transformed into liquid products divided by the amount of feed
introduced in the reactor. The quantity of aromatics (A) was calculated as the amount of
aromatics in the liquid fraction multiplied by the conversion to liquid fraction.

Results and discussion
In order to study the influence of temperature on the distribution of reaction products, each
C6 feed will be discussed separately.

a) n-Hexane
The results obtained for the conversion of n-hexane on 0.57% Zn/H-ZSM-5, between 200o
and 500oC, are summarized in Table 1 and Fig. 1.
As expected for endothermic reactions, the total conversion values increase with
temperature, reaching almost complete conversion at 500oC. At low temperatures (200oC)
the transformation is limited to the formation of small quantities of cracked products and
isomers (2- and 3-methylpentane). Although the cracked products are in small quantities,
butane concentration is higher than that for propane. This fact suggests that cracking
proceeds at this temperature mainly through monomolecular mechanism for n-hexane
according to Narbeshuber and co. [14]. As the temperature increases, the conversion values
also increase, and the quantities of isomers in reaction products are decreasing.
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Table 1. Distribution of main reaction products (wt.%) and variation of the catalyst performances (%) in
n-hexane conversion on 0.57% Zn/H-ZSM-5 at different temperatures (VHSV = 2 h-1).

i-Hexane

200oC

300oC

350oC

400oC

450oC

500oC

3.3

7.1

3.3

2.1

1.4

0.1

-

-

0.2

0.8

0.3

3.4

Toluene
Ethylbenzene
+ xylenes
CT

-

-

3.1

3.4

2.2

13.1

-

-

9.0

4.5

2.1

8.4

10.6

30.6

40.9

74.7

78.9

98.7

A

0

0

3.2

3.1

2.6

25.4

Concentration (mole %)

Benzene

50
40
Propane

30

Butanes

20

C2 fraction

10
0
0

100

200

300

400

500

600

o

Temperature ( C)
Fig. 1: Variation of main gaseous products concentration with increasing temperature,
in n-hexane conversion on 0.57% Zn/H-ZSM-5 (VHSV = 2h-1).

Above 300oC, propane concentration has a larger increase than butane. As the conversion
values grow, larger quantities of adsorbed carbocations will exist on the surface, so nhexane cracking takes place in larger extent through bimolecular mechanism, leading to the
formation of propane and propene [14]. On its turn, propene can be transformed into
aromatics, or it can extract a hydride ion from another alkane. This way the large propane
quantity in reaction products can be explained. Propane and butane concentrations pass
each trough a maximum, but at different temperatures. The temperatures corresponding to
these values (400oC for butane and 450oC for propane) are the temperatures at which DGr
for the conversion of alkanes in aromatics become negative, according to Seddon [2], so
they are the minimum temperatures above which propane and butanes are converted in
aromatics. This explains the increase of the quantity of aromatics formed at high
temperatures and the decrease of the propane and butane concentrations at these
temperatures. When temperature becomes higher, the concentration of C1-C2 fraction
increases, probably due to the intensification of the cracking reactions.
Aromatics appear in the reaction products at 350oC, because DGr for their formation from
hexane becomes negative above 320oC [2]. Their distribution is modified with increasing
temperature: up to 400oC xylenes are predominant among aromatics, and above 400oC
toluene becomes prevalent. It is possible that dealkylation and disproportionation reactions
have a certain influence, but it is less probable that these reactions modify so significantly
the distribution of aromatics. Although the concentration of benzene rises with temperature,
it is at all temperatures smaller than those of toluene and xylenes. In the literature [10] this
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behavior was explained by the rapid disproportionation and isomerization reactions for
toluene and xylenes, based on the observation that the distribution of aromatics is similar
(at high temperatures – 500oC) with the one from the disproportionation of toluene. We
consider that, although these secondary reactions of aromatics cannot be ignored, the main
reason for such a distribution is the formation of reaction intermediates from the alkenes
that resulted from cracking, the first reaction step. The way alkenes react between them, the
nature of these alkenes and the succession of reactions that lead to the formation of
aromatics are the main factors that influence the nature of the aromatics that are formed.
The presence of large quantities of alkanes in the reaction products (and the presence of
isobutane and hexane isomers) reflects the large extent that the hydride transfer mechanism
has in the formation of aromatics on 0.57% Zn/H-ZSM-5. In this reaction the main function
is the acidic one, the dehydrogenating function (zinc) having a less important role, which
becomes evident only at 500oC. This fact suggests that the transformation of hexane takes
place on this catalyst mainly on the acid sites of the zeolite.

b) 2-Methylpentane
The results obtained for the conversion of 2-methylpentane on 0.57% Zn/H-ZSM-5,
between 200o and 500oC, are summarized in Table 2. As for n-hexane, the total conversion
and the quantity of aromatics increase with temperature. At low temperature (200oC), small
quantities of isomers (3-methylpentane and n-hexane) and cracked products (mainly
propane) are formed. As the temperature rises, the cracking reaction intensifies, and above
350oC aromatics appear in the products, their concentration slowly growing with
temperature.
Table 2. Distribution of main reaction products (wt.%) and variation of the catalyst performances (%)
in 2-methylpentane conversion on 0.57% Zn/H-ZSM-5 at different temperatures (VHSV = 2 h-1).

200oC

300oC

350oC

Propane

0.6

0.5

1.8

Butanes

0.1

1.0

2.1

400oC

450oC

500oC

7.5

14.1

16.8

5.4

11.4

7.0

Benzene

-

0.1

0.4

0.7

0.9

2.5

Toluene
Ethylbenzene
+ xylenes
CT

-

0.5

0.7

4.0

6.3

9.8

-

-

1.4

6.5

6.2

9.1

3.8

10.3

23.2

46.8

50.2

67.9

A

0

0

0.4

4.3

4.4

12.8

The share of gaseous hydrocarbons in the products is small, and among them propane and
butanes are the most important, but without exceeding 25% even at 500oC. Methane and
ethane have low concentrations, as do the C2-C4 alkenes and butadiene. This behavior can
be explained by the lower cracking rate of 2-methylpentane (approx. half) compared to
n-hexane [15]. Because this reaction is the first step in the transformation of the alkane, it is
obvious that lower values for the total conversion will be obtained. Also, because the
cracking of 2-methylpentane is slow, the concentration of the alkenes on the catalyst
surface will be low and, as a consequence, the quantity of resulted aromatics will be low.
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Among aromatics, at 350o and 400oC xylenes have the highest concentration, but it
decreases with temperature. The concentration of toluene rises constantly with temperature,
while benzene practically remains constant.
The distribution and variation of the reaction products with temperature suggest that the
transformation of 2-methylpentane takes place trough a first, cracking step, that is probably
performed mainly on the acid function of the catalyst. Because the cracking rate is
relatively small, the conversion values are also small, the concentrations of alkenes and
aromatics being, as a consequence, low. The main aromatics are, again, toluene and
xylenes. The dehydrogenating function has a relatively small role in the conversion, and
this fact was also observed from the low hydrogen concentration in reaction products.

c) Cyclohexane
The results that were obtained in the conversion of cyclohexane on 0.57% Zn/H-ZSM-5,
between 200o and 500oC, are summarized in Table 3 and Fig. 2. The total conversion has a
large increase with temperature above 350oC, reaching about 85% at 500oC. The high
stability of the saturated cycle can be the explanation for the smaller conversion values
compared to the ones obtained for n-hexane, and also for the fact that up to 350oC the
conversion values are around 10%. The quantity of aromatics has a similar evolution,
reaching 30% at 500oC, with values slightly higher than those for n-hexane.
The distribution of the reaction products shows that at low temperatures cracking is the
main reaction. Because the C3 fraction has the highest concentration among gaseous
hydrocarbons, we can assume that the cracking of cyclohexane molecule takes place mainly
in a symmetrical way, leading to two propene molecules. In a lower extent butanes are
formed. Lighter hydrocarbons (C1, C2) have a very low concentration (traces) up to
350oC,and increasing only above 400oC.
Starting from 350oC aromatics
are the main aromatics, only
variation of distribution is
2-methylpentane, indicating a
common intermediaries.

are formed and, as for the other feeds, up to 400oC xylenes
above 450oC toluene having a higher concentration. The
similar with the ones observed for n-hexane and
common way of formation from different feeds, through

Table 3. Distribution of main reaction products (wt.%) and variation of the catalyst performances (%)
in cyclohexane conversion on 0.57% Zn/H-ZSM-5 at different temperatures (VHSV = 2 h-1).

200oC

300oC

350oC

400oC

450oC

500oC

Propane

5.4

3.8

1.9

7.3

23.2

24.3

Propene

0.7

0.7

0.2

0.2

0.7

2.6

Butanes

3.4

1.3

1.1

2.3

6.0

7.3

CT

10.8

8.5

12.2

38.9

73.2

84.3

A

0

0

0

6.0

21.0

28.0

The transformation of cyclohexane is influenced by temperature in a similar way with
n-hexane and 2-methylpentane, the performances being different only in their values.
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Fig. 2: Distribution of BTX in aromatics fraction with increasing temperature,
in cyclohexane conversion on 0.57% Zn/H-ZSM-5 (VHSV = 2h-1)

d) Cyclohexene
The results that were obtained in the conversion of cyclohexene on 0.57% Zn/H-ZSM-5,
between 200o and 500oC, are summarized in Table 4.
Table 4. Distribution of main reaction products (wt.%) and variation of the catalyst performances (%)
in cyclohexene conversion on 0.57% Zn/H-ZSM-5 at different temperatures (VHSV = 2 h-1).

200oC

300oC

350oC

400oC

450oC

500oC

-

-

0.3

1.1

1.7

4.6

Propane

-

0.1

2.4

6.7

5.8

7.7

Propene

-

-

1.3

2.0

3.1

5.4

Butanes

-

-

4.2

6.9

6.9

4.5

Butadiene

-

-

0.3

0.4

0.3

0.2

Ethene

Benzene

-

0.4

2.8

4.1

4.6

11.0

Toluene
Ethylbenzene
+ xylenes
CT

0.2

1.3

10.7

20.6

25.7

20.8

0.5

5.6

34.2

27.5

29.2

19.2

28.4

53.1

92.9

94.5

97.1

94.9

A

0.2

20.1

44.4

45.2

61.5

55.0

Cyclohexene has a high reactivity, which is reflected in the high values of conversion even
at low temperatures. The quantity of aromatics that is formed is high, reaching 60% at
450oC. At 500oC a slight decrease is observed, that can be explained by the intense cracking
reactions leading to methane and C2 fraction. The formation of aromatics (even in small
quantities) begins at low temperatures (200oC).
Up to 350oC, reaction products contain only traces of gaseous hydrocarbons, indicating
that, for this feed, cracking is less important at low temperatures. The formation of
cyclohexane and n-hexane was observed, suggesting the presence of hydrogenation and
disproportionation reactions. Dehydrogenation to benzene is also possible. However, we
consider that none of these paths has a large importance, because cyclohexane and benzene
concentrations are small, and at all temperatures benzene has a low concentration (it is the
least important aromatic hydrocarbon).
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As the temperature increases, cracking reactions intensify, leading to unsaturated
compounds. The highest probability in such a cracking reaction is for ethene and butadiene
to be formed, and they were indeed observed in reaction products. Alkynes were never
observed, and we never found in the literature any indication concerning alkynes formation
in the cracking step, so we consider this path to have a low probability. Another argument
for butadiene formation in cracking reaction is the high concentration of butanes and
butenes in reaction products, and also the high concentration of xylenes – the main aromatic
hydrocarbon up to 450oC. The lower concentration of C3 fraction in products suggests that
the probability of a symmetrical cracking of cyclohexene, is less important.
It is obvious that at this Zn concentration (0.57%), the dehydrogenation of cyclohexene is
less important, the reactions by hydride transfer mechanism on the acidic function being
predominant.
The dependence of cyclohexene conversion on temperature was also studied by in situ IR
spectroscopy [16] on a sample of the same zeolite, but with 2% Zn. Although the zinc
concentration is different, the effect is similar. Even at 210oC the presence in the IR
spectrum of some bands characteristic to the aromatic ring was observed (1485 cm–1,
3000÷3100 cm–1), simultaneously with the attenuation of the absorption bands for
cyclohexene (1420÷1440 cm–1, 2800÷3000 cm–1). This fact demonstrates that the
conversion to aromatics takes place even at low temperatures. The simultaneous attenuation
of the band characteristic to Brönsted acid sites at 3610 cm–1 suggests the cyclohexene
interacts with this type of sites. Increasing the temperature up to 450oC indicates a
substantial modification of the IR spectrum, with lower intensity of the cyclohexene bands
and intensification of the bands due to aromatic ring.

Conclusions
For all C6 hydrocarbons used as feed, increasing temperatures lead to higher conversion
values, due to the fact that all the reactions are endothermic. At low temperatures the
transformation involves mainly cracking reactions (except for cyclohexene), leading to
C3-C4 hydrocarbons. At high temperatures important quantities of C2 fraction and methane
are formed. Aromatics appear above 300oC (except for cyclohexene, that leads to aromatics
even at 200oC), and the quantity of aromatics rises with temperature up to 450oC. At 500oC
a decrease was observed for some of the feed hydrocarbons, probably due to more
advanced cracking of reaction intermediates. For all feeds, xylenes are the main aromatic
up to 400oC, above this temperature toluene becoming predominant. Benzene has low
concentrations, only slightly increasing with temperature. Because of this behaviour, we
concluded that direct dehydrogenation is not an important pathway for the C6 hydrocarbons
conversion to aromatics on 0.57% Zn/H-ZSM-5 catalyst.
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EFFECT OF THE MODIFICATION WITH Sn, Zr AND Ce
ON THE PHYSICO-CHEMICAL AND CATALYTIC
PERFORMANCES OF H-ZSM-5 ZEOLITE
Rodica Zăvoianu ½, Adriana Urdă, Anca Cruceanu and E. Angelescu
abstract: The physico-chemical and catalytic activities of Zr-, Sn- and Ce- modified HZSM-5
zeolite catalysts utilised in n-butene conversion were analysed and correlated with the nature of
the modifying agent. In modified catalysts prepared by impregnation technique, the modifying
element is found mainly as an oxide on the external surface of the zeolite. Its presence generates
modifications of the acidity and of the specific surface area of the zeolite. The highest selectivity
for n-butene aromatisation was obtained with the catalyst modified by Sn, which was the element
with the lowest ionic radius and the highest electronegativity. The modification with Sn
generates the catalyst with the highest surface area and the highest proportion of strong acid
sites.
keywords: Sn-H-ZSM-5, Zr-H-ZSM-5, Ce-H-ZSM-5, aromatisation of n-butene, NH3-TPD.

Introduction
Due to its high protonic acidity and unique shape-selective behaviour, ZSM-5 zeolite has
been proved to be a highly active and stable catalyst for the conversion of light olefins in
oligomers (at low temperatures, 200-300ºC) and aromatics (at higher temperatures). The
formation of aromatics from olefins in the presence of H-ZSM-5 catalysts is accompanied
by production of light alkanes since aromatisation takes place simultaneously with
hydrogen transfer and cracking reactions [1,2]. Different authors showed that when the
zeolite is modified with different metal oxides such as Ga2O3 or ZnO [3÷5], aromatics
formation is improved while that of the alkanes is decreased and the hydrogen is directly
eliminated from the reaction system. It has been assumed that this fact would be a
consequence of the dehydrogenating activity of the modifying oxide. Several other studies
showed that the performances of H-ZSM-5 zeolite in the aromatisation of light olefins
(C2-C4) are improved when it is modified by other cations, such as In3+, Sc3+, Ni2+, or Ag+
[6÷8]. In an earlier study, we showed that in the case of H-ZSM-5 zeolite modified with
bivalent cations, the catalytic activity for the aromatisation of butane and butene depends
on the acid-base character of the modifying oxide and on the pathway of hydrogen
transfer [8]. Up to now, the effect of the modification with tetravalent cations on the
physico-chemical and catalytic performances of H-ZSM-5 type zeolite utilised in the
½
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aromatisation of light hydrocarbons (C2-C4) has been investigated only for Ce4+ [9] and
Ge4+ [10], while Sn4+ effect has been investigated only when it is added to Pt [11,12].
However, the results of these researches cannot be correlated since different parent zeolites,
concentrations of modifying agents, and reactants were utilised. Therefore, in this paper we
considered it would be interesting to investigate the consequences of the modification with
Zr4+, Sn4+ and Ce+ on the properties of a H-ZSM-5 zeolite modified with equivalent
concentrations of modifying element. The physico-chemical and catalytic activities of
several modified zeolite catalysts M/HZ (M=Zr, Sn, Ce, HZ=H-ZSM-5) were analysed and
correlated with the specific features of the modifying agent.

Experimental
Since the number of Al atoms in the lattice of H-ZSM-5 is known to be responsible for the
acidity and ionic exchange capacity of this solid, this value characteristic to the parent
zeolite was calculated based on its composition. Aiming to study the effect of the
modifying agent, for all M/HZ (M=Zr, Sn, Ce) modified catalysts, a concentration of
modifying element representing approximately half of the total amount of Al per gram of
zeolite was chosen.
Modified H-ZSM-5 catalysts, (M/HZ, where M=Zr, Sn, Ce), were prepared using a parent
zeolite HZ (SiO2 /Al2O3 = 45, Alconc.= 4.8 x 1020 atoms/gram). The parent zeolite, was
impregnated with aqueous solutions of Zr, Sn, and Ce salts, (e.g. SnCl4, Zr(NO3)4 and
Ce(NO3)4), containing the appropriate amounts of modifying agent. After impregnation, the
solids were dried at 105ºC for 12 hours, and then submitted to calcination under airflow at
550ºC for 4 h. This treatment allowed the thermal decomposition of the modifying elements
salts into the corresponding metal oxides (MO2). The concentrations of the modifying
elements as determined by AAS were: Zr - 3.6 wt.% in Zr/HZ; Sn – 4.7 wt.% in Sn/HZ; Ce
- 5.5 wt% in Ce/HZ. These values corresponded to: 2.35 x 1020 Zr-atoms /gram of catalyst;
2.36 x 1020 Sn-atoms/gram of catalyst; 2.37x1020 Ce-atoms/gram of catalyst.
The crystalline structure (a=19.92Å, b=19.87Å, c=13.36Å, v=5388.03Å3, β501 (º) =0.235, %
crystallinity 100%) of the parent zeolite prepared according to the procedure indicated in
our previous work [8], was confirmed by the results of XRD analysis performed with a
Philips PW 1050 X-ray diffractometer (Cu-Kα radiation, 2θ range 2-60º). In the XRD
patterns of the modified catalysts, we could not notice any diffraction lines corresponding
to the modifying oxides, probably due to their low concentration.
Modified catalysts were further characterised by FTIR spectroscopy, BET analysis for
surface area and pore volume and ammonia thermodesorption (NH3-TPD). Infrared spectra
in the range 400-4400 cm-1 were recorded on a Perkin Elmer 1600 FTIR spectrometer.
Resolutions of 4 cm-1 and 64 scans were used. Samples were prepared using the KBr pellet
technique and strictly reproducible procedures for obtaining the pellets. The BET surface
areas of the catalysts were measured with a Micromeritics ASAP 2000 equipment.
NH3-TPD experiments allowing to determine the acid properties of catalysts were
performed in a continuous flow apparatus, at atmospheric pressure, using a gaseous mixture
5 mol.% NH3 in helium according to the method described in a previous work [13]. Before
adsorption, each sample (ca. 300 mg) was kept under helium flow, at 550ºC, until the
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complete removal of the adsorbed impurities. The sample was cooled down to 150ºC and
pulses of the adsorbing gas were introduced until the saturation of the surface. The
physisorbed gas was removed by passing helium for 30 minutes. The thermodesorption was
then performed by heating the sample up to 550ºC, at 10ºC/min, under helium flow (1 ml/s)
and the process was monitored by a thermal conductivity detector (TCD).
The catalytic tests for n-butene conversion were performed in a continuous flow reactor, in
the temperature range of 320-5400C at W/F = 22.4 g catalyst· h·(mole n-C4H8)-1. For each
test, equal amounts of catalyst (3 grams) were utilised. Before each test, catalysts were
activated at the reaction temperature under nitrogen flow for 1 h. Reaction products were
analysed by gas chromatography according to the method described in a previous work [8].

Results and Discussion
The FTIR spectra of the catalyst samples, in the range of 400÷4000 cm–1, are shown in
Fig. 1. The lattice vibrations characteristic to H-ZSM-5 zeolite appear in the range of
400÷1200 cm–1, while the bands corresponding to OH bonds vibrations appear at
wavenumbers higher than 3200 cm-1.

Transmittance (a.u.)

HZ

Zr/HZ
Sn/HZ
Ce/HZ

400 800 12003200 3600 4000
-1
Wavenumber (cm )
Fig. 1: FTIR spectra of catalysts samples.

According to Flannigen [14], the bands at 545 cm–1, 585 cm–1, and 620 cm–1 are assigned to
the structurally sensitive double five–member ring (D5R) vibrations, the band at 450 cm–1,
to the bending of the TO4 tetrahedra, and those at 800 and 1100 cm–1, to the symmetric and
respectively, asymmetric stretching vibrations of the T–O–T linkages of the zeolite
framework. In the FTIR spectra of the modified catalysts, there where no significant
changes in the region of the spectra where the lattice vibrations appear. This fact was
consistent with the results obtained by XRD-analysis, which also showed that the
crystallinity of the parent zeolite was not affected by the modification with Zr, Sn or Ce.
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In the FTIR spectrum of Zr/HZ, a very weak band was noticed at 740 cm–1 corresponding
to Zr-O vibrations in monoclinic ZrO2. The bands at 510 cm–1 and 590 cm–1 corresponding
to Zr-O vibrations in tetragonal ZrO2 were not noticed in the spectrum of the modified
zeolite. This would be probably happened because the intense bands of the parent zeolite
overlapped the bands characteristic to tetragonal ZrO2 [15].
In the FTIR spectra of Sn/HZ and Ce/HZ catalysts, the bands corresponding to D5R
vibrations are slightly shifted to lower wavenumbers, 542 cm–1, 582 cm–1, and 617 cm–1 in
the case of Sn/HZ, and respectively, 543 cm–1, 584 cm–1, and 618 cm–1 in the case of
Ce/HZ.
The main differences between the FTIR spectra of the unmodified and modified zeolite
catalysts appear in the region where the bands ascribed to OH bonds are detected. Thus, in
the spectrum of the neat H-ZSM-5 zeolite, these bands appear at 3235 cm–1, and
3425 cm–1, while in the spectra of M/HZ samples, these bands are shifted to higher
wavenumbers as it follows: 3454 and 3653 cm–1 in the case of Zr/HZ, 3428 and 3656 cm–1
in the spectrum of Sn/HZ, and respectively 3455 and 3656 cm–1 in the spectrum of Ce/HZ.
The intensity of these bands increases in the order: Sn/HZ < Zr/HZ < Ce/HZ.
Based on the results of FTIR analysis, it may be assumed that in Sn, Zr and Ce/HZ, the
modifying oxide is disposed mainly on the external surface of the zeolite. This assumption
is consistent with the fact that ionic exchange reactions between the parent zeolite and
tetravalent cations cannot take place easily. Besides, the impregnation method employed for
the preparation of the modified catalysts favours the deposition of the modifying element
on the external surface of the zeolite.
In Table 1, data concerning the specific surface area (m2·g–1), the pore volume (mm3·g–1)
and the acidity determined by ammonia TPD for the studied catalysts are presented. The
acidity was expressed as miliequivalents of NH3 per gram of catalyst.
The modification of the H-ZSM-5 zeolite with Zr, Sn, or Ce oxides leads to a decrease of
its specific surface area. The specific surface areas and the pores volumes of the modified
catalysts are decreasing with the increase of the ionic radius of the tetravalent cation
modifier.
NH3-TPD analysis showed that modifying the zeolite with tetravalent cations leads to a
decrease of the total acidity of the catalyst, this decrease being more drastic as the ionic
radius of the modifying element decreases, probably because a small ionic radius would
allow their entrance into the zeolites channels. The partial loss of the total acidity of the
parent zeolite after modification could be due to a masking effect induced by the presence
of the modifying oxide that covers some of the acid sites of the zeolite. Thus, the lowest
acidity value is obtained for the catalyst modified with Sn which has the shortest ionic
radius. This observation is rather surprising, since Sn has also the highest electronegativity,
e.g. 1.8. and it is known that CeO2 has a basic character, ZrO2 has a weak basic character
and SnO2 has weak acid character [17]. Hence, it would be expected that the increase of the
electronegativity would be accompanied by an increase of the acidity.
However, from the acid sites strength distribution it may be seen that indeed, the
concentration of strong acid sites in the modified catalysts increases with the increase of the
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electronegativity of the modifying element and with the acid character of the modifying
oxide, in the order Ce/HZ < Zr/HZ < Sn/HZ.
Table 1. Specific surface area, pore volume and acidity of HZ and M/HZ catalysts (M=Zr, Sn, Ce)
and some characteristics of the modifying elements.

Catalyst
HZ

Zr/HZ

Sn/HZ

Ce/HZ

Specific surface area (BET) (m ·g )

418

392

400

367

3

191.8

180.3

183.8

169.2

0.8

0.71

1.01

1.1

1.02

0.78

1.08

33.64
66.36

38.62
61.38

23.53
76.47

40.56
59.44

1.4

1.8

1.2

2

-1

-1

Pore volume (mm ·g )
Ionic radius of the modifying cation (Å) [16]
Total acidity (meq. NH3·g-1)
Acid sites distribution (%)
Weak + Middle-strength (150ºC-350ºC)
Strong (350ºC-550ºC)
Electronegativity of the modifying element [16]

0,003

da/dT

0,0025
0,002
0,0015
0,001

Sn/HZ
HZ
Zr/HZ
Ce/HZ

0,0005
0
100 175 250 325 400 475 550
0
Temperature ( C)
Fig. 2: NH3-TPD plots of HZ and M/HZ catalysts (a = acidity expressed as miliequivalents of NH3/gram).

The differences between the strength of the acid sites in different catalysts are indicated by
the temperatures corresponding to the maximums of the ammonia thermodesorption curves
presented in Fig. 2. For all catalysts, the NH3-TPD plots present two peaks. The first peak
having a broad shape and a maximum intensity at a lower temperature (200-300ºC) is
ascribed to weak acid sites. The second peak appearing at a higher temperature (above
400ºC) is ascribed to strong acid sites. The temperatures where the two maximum
intensities of the signal are registered are designated as Tweak and Tstrong respectively. The
values of Tweak are 225ºC for Ce/HZ, 245ºC for HZ, 270ºC for Zr/HZ and 285ºC for Sn/HZ
respectively. This suggests that the strength of these weak sites increases in the following
order: Ce/HZ < HZ < Zr/HZ < Sn/HZ. The values of Tstrong are 475ºC for Ce/HZ, 485ºC for
Zr/HZ, 490ºC for HZ, and 500ºC for Sn/HZ, suggesting that the strength of strong acid sites
increases in the order: Ce/HZ < Zr/HZ < HZ < Sn/HZ. The fact that for the modified
catalysts the acid strength varies in the same order as the acid character of the modifying
oxide corroborated with the results of FTIR analysis suggests that the modifying element is
fixed mainly as oxide on the surface of the parent zeolite.
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The results of catalytic activity tests presented in Table 2 show that conversions of butene
higher than 90% are obtained at both reaction temperatures (e.g. 320ºC favourable for
oligomers formation, and 540ºC favourable for aromatisation). The differences between the
performances of HZ and those of M/HZ concern mainly the distribution of the reaction
products and the value of the ratio R = (Σ moles alkanes C2-C4/Σ moles BTX), which is
considered by several authors [4-6] as an indicator of the reaction pathway.
Thus, according to the hydride transfer mechanism on the protonic sites of the zeolite
proposed by Poustma for the conversion of propylene to benzene on H-ZSM-5 [18], the
formation of each mole of aromatic hydrocarbon should be accompanied by the production
of three moles of alkanes. Hence, if the reaction pathway is governed only by the acid sites
of the zeolite, the ratio of the alkanes mole number to the aromatics mole number should be
equal to 3. On the other hand, it was shown [4-6], that in the case of H-ZSM-5 zeolites
modified by metal oxides having dehydrogenating activity, such as Ga2O3 and ZnO, R has
values much lower than 3. In all cases, our results showed that for M/HZ catalysts the value
of the ratio R is lower than 3. Modified catalysts are more selective for oligomerization and
aromatisation of n-butene even at 320oC. Their selectivity for aromatisation at 540oC, when
aromatics formation prevails, is increased by 10 up to 20% compared to that of HZ. This
higher selectivity for aromatisation is accompanied by a higher concentration of H2 in the
reaction products and a lower concentration of alkanes C2-C4. At 320ºC, the aromatic
fraction was rich in xylenes and ethyl benzene, obtained by dehydrocyclization of C8
oligomers. At 540ºC, the toluene was found to be in higher proportion than C8 aromatics,
while the presence of a high concentration of CH4 in the reaction products was also noticed,
indicating that dealkylation of alkyl benzenes occurs. These observations lead to the
conclusion that the formation of aromatics also occurs essentially by the direct
dehydrocyclization over the modifying element species that play their own role in the
aromatisation process in combination with the zeolitic protons.
Depending on the nature of the modifying metal oxide, differences in the distribution of
reaction products were noticed. Results show that the selectivity to aromatics increased in
the order: Ce/HZ < Zr/HZ < Sn/HZ that coincides with the increase of the acid sites
strength on the modified catalysts as well as with the increase of their specific surface area
(see also Table 1). Since oligomers are known to be precursors in aromatic formation, it
would be expected a similar order of increase for the selectivity to oligomers. However,
Zr/HZ presents higher selectivity for oligomers than Sn/HZ. This apparent anomaly could
be explained taking into account the different types of acid sites involved in
oligomerization and dehydrocyclization. Thus, according to Miao [9], when aromatisation
takes place in the presence of H-ZSM-5 zeolites modified by metallic oxides which
generate strong Lewis – type acid sites on the catalyst surface, the formation of oligomers is
due mainly to Brönsted acid sites with high- or middle-strength, while the
dehydrocyclization process involves mainly high strength Lewis acid sites. This could
explain the higher selectivity for oligomerization of Zr/HZ catalyst when compared to that
of Sn/HZ since the former has a higher proportion of middle-strength acid sites
accompanied by a lower proportion of strong acid sites. The aromatics distribution was
significantly influenced by the modifying oxide whose molecular dimensions determine
different diffusion hindrances. The molecular dimensions of the MO2 oxides increase in the
order SnO2<ZrO2<CeO2. Results showed that, with Ce/HZ an aromatic fraction very rich in
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benzene and toluene was obtained, while Sn/HZ leads to higher concentrations of xylenes
and heavier aromatics C9+.
Table 2. n-Butene conversion at T =320ºC and T=540ºC, W/F = 22.4 g catalyst·h (mole C4H8) -1

Catalyst
HZ

Zr/HZ

Sn/HZ

Ce/HZ

T= 320ºC

Conversion (wt. %)

95.3

95.1

94.8

94.7

R = Σ moles alkanes C2-C4/Σ moles BTX
Products distribution (wt. %)
H2
CH4
Alkanes C2-C4
Alkenes C2-C3
Oligomers C5+
Aromatics
Coke
Aromatics distribution (wt. %)
Benzene
Toluene
Xylenes+Ethyl-benzene
C9+

2.9

1.3

1.0

1.7

0.7
2.4
18.5
11.3
37.2
27.1
2.9

1.2
1.0
14.3
3.3
48.8
30.0
1.5

1.4
2.9
10.4
6.5
44.4
32.0
2.4

0.9
3.5
17.5
6.2
41.2
28.0
2.7

8.8
13.1
36.9
41.2

6.5
24.0
44.5
25.0

3.5
17.9
48.6
30.0

12.3
28.4
39.5
19.7

T=540ºC

Conversion (wt. %)

97.0

97.7

96.4

96.5

R = Σ moles alkanes C2-C4/Σ moles BTX
Products distribution (wt. %)
H2
CH4
Alkanes C2-C4
Alkenes C2-C3
Oligomers C5+
Aromatics
Coke
Aromatics distribution (wt. %)
Benzene
Toluene
Xylenes+Ethyl-benzene
C9+

3.0

1.0

0.8

1.4

0.7
9.4
35.7
5.3
13.8
30.7
4.5

2.8
13.9
18.0
5.8
9.5
47.3
2.7

3.5
17.5
14.2
5.6
5.9
50.3
3.3

2.0
15.3
24.0
7.1
5.1
43.0
3.6

11.6
20.3
43.3
24.8

7.9
37.2
38.5
16.4

5.1
33.5
40.3
21.1

14.9
40.3
33.9
10.9

Conclusion
The results we obtained entitled us to conclude that the catalytic activity and the
physico-chemical properties of H-ZSM-5 zeolite modified with Zr, Sn and Ce were
influenced by the nature of the modifying element. Modified catalysts prepared by
impregnation technique, contain the modifying element mainly as an oxide on the outer
surface of the zeolite, generating modifications of the acidity and of the textural properties
of the zeolite. The proportion of strong acid sites increases with the electronegativity of the
modifying element, while the specific surface area and the pore volume decrease with the
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increase of its ionic radius. The best selectivity for aromatics was obtained with Sn/HZ, the
catalyst having the highest specific surface area and the highest proportion of strong acid
sites.
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SCIENTIFIC EVENTS OF THE YEAR 2002
In the 25th January 2002 in Aula Magna of Romanian Academy have been organized a
plenary session dedicated to memory of Professor Academician Ilie G. Murgulescu
(1902 – 1991), fonder of Department of Physical Chemistry and of Institute for Physical
Chemistry of Romanian Academy.
In presence of a distinguished assistance the following professors have been evocated
different aspects from activity and life of this exceptional personality:
Acad. V.Em. Sahini, Prof. Dr. Ecaterina Andronescu - Ministry of Enseignement &
Research, Eugen Simion - President of Romanian Academy, Prof. Dr. Doc. Eugen Segal Corresponding Member of Romanian Academy, Prof. Dr Doc Eng. Rodica Valcu., Prof.
Dr Doc. Tatiana Oncescu, Principal researcher Dr Doc Stefania Zuca, Prof. Dr. Cristina
Mandravel.
American Romanian Academy for Arts and Sciences (ARA), have been organizedin 29
May – 2 June at University of Oradea his XXVII ARA Congress. Chair of Congress was
Prof. Ioan Tepelea, Honorary Chairman Prof. Dr Eng. Theodor Maghiar - Rector of this
new, but prestigious university. The Congress festively opened in the Aula Magna and
presence of several personalities gave to congress a special luster: Prof. Emeritus
Constantin Corduneanu - University of Arlington Texas, Arlington, Prof. Claude Matasa University of Lauderwile, Giorgia, Acad. Gabriel Tepelea and Mircea Malita - Romanian
Academy. A large audience was registered to parallel traditional sessions. Discussions and
the round tables were of excellent quality. From our faculty were communicated at section
chemistry 2 papers by Ph D student Petruta Oancea (co-author Prof. Tatiana Oncescu) and
lecturer Ion Iosub (co-author Valentina Chiosa), a plenary lecture of Prof. Cristina
Mandravel, which also led the works of 8th section. Social program offered to participants
an excursion in the picturesque zone of Apuseni Mountains. The next ARA Congress will
be held in Tg Jiu at the University Constantin Brancusi.
The 53rd Annual meeting of the International Society of Electrochemistry took place
between 15-20 September 2002 in Dusseldorf – Germany and was devoted to
”Electrochemistry in Molecular and Microscopic Dimensions”. The Congress was
organized on 10 symposia, covering different topics of electrochemistry: 1. Molecular and
Electronic Aspects of the Interface 2. Electroanalysis 3. Bioelectrochemistry, 4.Molecular
and Microscopic Aspects of Corrosion and Corrosion Protection 5.Electrochemical Micro
and Nanosystem Technologies 6. Electrochemistry for Sustainable Development 7. Electro
Chemical Energy Technology 8. Solid State Electrochemistry 9. Organic Electrochemistry
10. Electrochemistry of Conducting Polymers. The plenary lectures were given by world
known scientists and covered all topics involved. A special mention deserves the plenary
lecture of professor M. Eigen, Nobel Prize for Chemistry, from Max Plank Institute of
Physical Chemistry in Gottingenon on “Quasi – species, error threshold and anti-viral
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strategies”. The Romanian research was represented by the group from University BabesBolyai (Prof.dr Ioan Catalin Popescu, M. Jitaru, V. Danciu), the group of the West
University of Timisoara (Dr. Vaszilcsin, A. Kellenberger), Prof. T Visan from the
University Polytechnic Bucharest, Prof. Dr. Elena Volanschi and M Enache (PhD student)
from the Department of Physical Chemistry of the Bucharest University, whose presented
the paper ”Spectroelectrochemical Study and MO modelisation of the Reductive
Activation of some Quinone and Quinone – Imine Antitumoral drugs” in Symposium 10.
The 7th Symposium on the Colloidal and Surface Chemistry was held at the Faculty of
Chemistry from Bucharest University in 21st - 22nd September. This anniversary
Symposium with international participation was organized by Research Center for
Macromolecular Materials and Membranes (founded in 1992, Director: principal researcher
Ph.D.Georgeta Popescu) in cooperation with Faculty of Chemistry of Bucharest University,
Association Economtech and Faculty of Chemical Industry of Polythecnic University.
Program of Symposium contained 3 plenary lectures, 32 oral communications distributed in
3 sections and 10 posters. Titles of plenary lectures: ”News in the field of the membranes
techniques”- Prof. Louis Cot from University of Montpelier, France, ”Ion exchangers as
materials for the retention of metal cations”- Prof. Cornelia Luca, Institute Petru Poni,
Iassy, ”Surfactant template Hierarchical materials”- Prof. Bao Lian Su, University of
Namur, Belge.
Romanian Society for Chemistry (President Prof. Ph D Eng. Sorin Rosca) organized
between 23-25th September in Bucharest the 3rd International Conference of the
Chemical Societies of South Eastern European Countries. Opening ceremony and
cocktail were located at Parliament Palace and Scientific Program was organized at
Polytechnic University. The organizational aspects of the Conference were the same as at
the precedent editions. The scientific program content was very dense every day: 13
plenary lectures, 103 oral communications and 600 posters were distributed after 23 topics.
Additionally was organized a satellite Symposium “Process Simulation, Integration and
Optimization”. Over 800 participants were announced from Albania, Bulgaria, Cypr,
Greece, France, Germany, Macedonia, R. Moldova, Montenegro, Romania and Serbia.
Discussions were fruitfull at the open sessions and in the time of 24th September Banquet.
University of Bacau, Department of Chemistry under auspices of Iassy filial of Romanian
Academy and Mairy of Bacau were organized in very well conditions in 10-12th October a
“COLLOQUE FRANCO-ROUMAINE DE CHIMIE APLIQUE” with international
(French) participation. The program enclosed 7 plenary lectures, 132 posters (6 from our
faculty) distributed in 4 sections: Applied chemistry (2 sections), Engineering chemistry
and Chemistry in Environmental Protection.
The Research Center OLTCHIM, Romanian Academy and Romanian Society of chemistry
have been organized between 23-25th October the 27th National Conference in Chemistry
which was held in Calimanesti - Caciulata. Program enclosed 9 plenary lectures, 78 section
lectures and 125posters. The sections lectures and posters were distributed in 5 sections:
I. Organic and bioorganic Chemistry and Technology (14, 95)
II. Inorganic and bioinorganic Chemistry and Technology (11, 34)
III. Polymers Chemistry and Technology (15, 52)
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IV. Chemical Engineering (16, 15)
V. Analytical Chemistry and Environmental Protection (22, 55)
International and national participation was remarkable, discussions were fruitfull but
from our faculty participation was modest (only one conference at the sections II, IV,
two conferences at section V and 7 posters).
In the 25th November, at Seance of Thermique Analysis Society from Hungary, at the
University L. Eotwos in Budapest Prof. dr. doc. E. Segal from Department of Physical
Chemistry University of Bucharest held a plenary lecture: Methodological problems of
nonisothermal kinetics.
University of Chemical technology and Metallurgy from Sofia Bulgaria organized between
4-5 December 2002 an Scientific Colloquium SCITECH 2002 with occasion of 10 years
of existence of French section. At this event have been invited 49 participants as follow:
(France (1), Belgium (1), Hungary (2), Bulgaria (28), Republic Moldavia (2), Romania (14)
– (13 from Bucharest University, group leaded by Prof. Lucia Ivan) with oral
communications. The discussion was fruitful and the hosts did their best the scientific
training for rapid publishing papers and to present the picturesque sourondings of the Sofia.
Prof Ph D Cristina Mandravel
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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://193.226.51.177/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

Figure Caption

Style

Table Caption

– font Times New Roman 8 pts, single underlined (italic), centered,
spacing before 0 pts, after 5 pts, line spacing single;
– 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 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.
For more information and contact please visit the WEB page at
http://gw-chimie.math.unibuc.ro/users/anunivch/analele_univ_chimie.html.
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