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ABSTRACT 
Costin D. Nenitzescu was born in Bucharest in 1902 and passed 
away in Busteni, Romania in 1970. He obtained primary and 
secondary education in Romania and began uni~ersity studies at 
the Swiss FederaZ PoZytechnic Institute in Zllrich. Later, he 
moved to the Technische HochschuZe in Mllnchen (Munich) where he 
worked with Hans Fischer and obtained the Doctor of Engineering 
Degree in 1925. During the same year he returned to Romania 
where he spent the rest of his Zife working, first at the 
University of Bucharest (1925-1935) and then at the Poiytechnic 
Institute (1935-1970). Costin D. Nenitzescu is considered the 
founder of the School of Modern Organic Chemistry in Romania. 
He has published apprO$imately 300 (three hundred) scientific 
articles, twenty books and treatises dealing mainly with organic 
chemistry and authored about forty patents.Several organic 
reactions bear his name. Costin D. Nenitzescu's work includes 
the chemistry of indole and pyrrole, Romanian petroleum, nitro
derivatives, reactions catalyzed by aluminum chloride, pyrytium 
salts, aromatic aZkyZation, cyclobutadiene, cyctooctatetraene, 
annuienes, carbonium ion reactions, eliminations, oxidations 
and additions. 

1 

:K:EY'\VC>:RJ>S History of Chemistry. Aliphatic and Aromatic Alkylation. 

RESUMO 

Nenitzescu Indole'Synthesis. Naphthenic Acids. 
Mech.anistic Organic Chemistry. 

Costin D. Nenitzesau nasceu em Buaareste em 1902 e fateaeu em 
Busteni, Rom8nia em 1970. Fez os estudos primarios e secundQrios 
na Rom8nia e aome9ou os estudos universitarios na EsaoZa 
Potiteaniaa Federat de· Zurique. Mais tarde transferiu-se para 
a Technisahe Boahsahute Mllnchen (Munique) onde trabathou aom 
Bans Fischer o obteve o grau de Doutor em Engenharia em 1925. 
No mesmo ano voZtou pa~a Rom8nia, onde passou o resto de sua vida 
trabathando, primeiramente na Universidade de Buaareste (1925-35) 
e depois na EscoZa Potiteaniaa de Buaareste (1935-1970). Costin 
D. Nenitzesau e aonsiderado o fundador da Esaota Moderna de 
Qu-imiaa Organiaa na Rom'3nia. PubZ.ia.ou aproximadamen te 3 00 
(trezentos) artigos aienttfiaos, aproximadamente vinte Zivros 
e tratados, principaZmente sobre quimica orgGniaa e foi o 
inventor de aproximadamente quarenta patentes. vanas reat;Oes 
organiaas Zevam seu nome. O trabatho de Costin D. Nenitzesau 
incZui a qutmiaa db indoZ e piroZ, petrOZeo romeno, nitroderiva
dos, reat;Oes aataZ.izadas por cioreto de aZumtnio, sais de pir-itio, 
al.qui Z.ag'G.o aromG:t.ica, cic Zobutadieno, -aicZ.ooatate tra·e229, anu Zenos, 
rea90es dQ ton carbOnio, eZimina90es, oxidagOes e adi90es. 

DOI: 10.48141/SBJCHEM.v10.n11.2002.4_2002.pdf
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Costin D. Nenitescu (Nenitzescu in languages other than 
Romanian) was born in Bucharest on July 15, 1902 and passed 
away in Busteni, Romania on July 28, 1970. 

He was a member of a prominent Romanian family from the 
Galati Region. His uncle , loan Nenitescu (1854-1901) studied 
at the University of Iasi and in Germany, was mayor of Tulcea 
and a well known poet and pa~riot. His father, Dimitrie 
Nenitescu (1865-1930) followed a military career, later studied 
law at the University of Louvain, Belgium and published an 
important work entitled "The Danube and International Law". 
As Minister of Industry and Commerce he was fundamental in 
the promulgation of the first law dealing with workers 
insurance, benefits, social security and regulation of pro
fessions in Romanis. 

Costin D. Nenitzescu received a very good primary and 
secondary education and graduated from the Gh. Lazar Lyaeum, 
the most prestigious secondary school in Bucharest. In the fall 
of 1920 he travelled to Switzer land and enrolled as a student 
at the Swiss Federal Polytechnic Institute in ZUrich. Among 
his teachers in ZUrich were Peter Debye (Nobel Prize l936) 
and Hermann Staudinger (Nobel Prize Z953). In 1922, Costin D. 
Nenitzescu moved to Munich to study with Hans Fischer, a 
chemist, physician and biochemist at the Technische Hochschule. 
He was fascinated by Hans Fischer's work with blood, bile and 
leaf pigments. Munich, at the time could be considered one of 
the world's centers for organic chemistry with Richard 
Willstlltter (18,72-1942;NobeZ Prize 1915), Heinrich Wieland 
(1877-1957; Nobel Prize 1927) and Hans Fischer (1881-1945; 
Nobel Prize 1930). 

He obtained the Doctor of Engineering Degree in 1925 
and his thesis dealt with the synthesis of degradation products 
of blood pigments. During the same year he returned to 
Romania, where he spent the rest of his life working, first 
at the University of Bucharest (1925-1935) and then at the 
Paljtechnic'Iristitute of Bucharest (1935-1970). 

Costin D. Nenitzescu is considered the Founder of the 
School of Modern Organic Chemistry in Romania. He has publlshed 
approximately three hundred (300) scientific articles, twenty 
books or treatises dealing mainly with organic chemistry and 
authored about forty patents. 

His research work includes indole and pyrrole derivatives, 
nitroderivatives, Romanian petroleum, reactions catalyzed by 
aluminum chloride, synthesis and reactions 0£ pyrylium salts, 
mechanism of aromatic alkylation, cyclobutadiene, cycloocta
tetraene, annulenes, carbonium ion reactions, eliminations, 
oxidations and additions. Several organic reactions bear his 
name. 

Costin D. Nenitzescu believed that applied research was 
an important part of the work of a scientist. His more than 
forty patents include industrial production of thiodiglycol, 
benzene, toluene, xylene, organic compounds of arsenic, 
polymerization of ethylene, chlorination of cyclohexane and 



SOUTH. BRAZ. J. CHEM., Vol. 10, N° 11, 2002 

L. G. Ionescu 

COSTIN D. NENITESCU (1902 - 1970) 

3 



4 

SOUTH. BRAZ. J. CHEM., Vol. IO, N° 11, 2002 

C.D. Nenitzeseu - 100th Birth AnniversaX'y 

benzene, production of chloroprene, terephthalate and 
bicycloheptadiene. He worked with nerve gases and was 
instrumental in the industrial production of many drugs 
in Romania during the difficult years following World 
War II. 

He held many positions in various agencies of the 
Ministry of Petroleum and Mines and the Ministry of 
Chemistry that dealt with industrial and technological 
development in Romania including INCT (Institutul National 
de Cercetari Tehnologice - 1947), ICEPS (Intreprinderile 
pentru Cercetari si Productie Semiindustriala - 1948), 
ICECHIM (Institutul de Cercetari Chimice - 1950) and 
IP~OCHIM (Institutul de Proiectari Chimice - 1950). 

Costin D. Nenitzescu studied the chemistry of coal 
fro~ cha Petrosani Region, but a more important contri
bution was the discovery and isolation of several 
naphth.enic acids, tetramethylbenzene and direethylnaphtha
lenes in Romaniam petroleum. Naphthenic acids have many 
technical uses, including mildew proofing of sandbags, 
rope for use at sea, wood, cotton, jute and hemp, compound
ing of special lubricants for high pressure and NAPALM, 
employed widely for incendiary bombs. 

Cyclopento.ne· 
carboxylic add 

Cyclopcntyl
acetic add 

Cl!,COO!I 

6-Cll, 
J -?vf e thykyd()pcn tyl

acct ic add 

SOME OF THE NAPHTHENIC ACIDS DISCOVERED BY 
COSTIN D. NENITZESCU IN ROMANIAN PETROLEUM. 

Several organic reactions were named after Costin D. 
Nenitzescu. In 1925 he published in Beriehte der Deutsehen 
Chemisehen GesseZZsehaft a new reaction for the synthesis 
of indole (Nenitzescu Indole Synthesis). 

., . :• 

OC
COR' 

... +1, 

.. ·~.1· 

NENITZESCU INDOLE SYNTHESIS. 
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Four years later he developed an improved synthesis 
for 5-hydroxyindole (Cf. BuZZ. Soa. Chim. Rom.,11,37, 
1929). Both reactions are still widely used today to 
obtain biologically active compounds. The second reaction 
is more important and is used to prepare tryptamine, 
serotonin and indoleacetic acid. 

o~ + 

~o 
J(

COOEl . __ .,. 
HN R 

' R· 

(HO~COOE) (lAu .... 1 Ott HN R . 
R" 

: ""OD:l -··!····.· 
N R . 
R' 

NENITZESCU 5-HYDROXYINDOLE SYNTHESIS. 

The work of C.D. Nenitzescu and A.T. Balaban on the 
synthesis of pyrylium salts was published simultaneously 
with P.F.G. Praill of Queen Elizabeth College, London (Cf. 
J. Chem. Soa.,1961,3553-3573) and the reaction is generally 
known as the Balaban-Nenitzescu-Praill Pyrylium Salts 
Synthesis. , 

: -~ ;. : 

.. ·.h .. 
.. ·!Ac" ,,. .. '. 

, ,; . 

. . ; . . . 

A:~ 
-H' / >. -II' "'... 

~A ·Me~CO~ 
I . / i' .: .·. ' i Ac' • 

w .. n"" "")()"" + . '. . · -11,? i · I 

. 0 0 . . Q.& 
Y.o Me. . tk Me 

BALABAN-NENITZESCU-PRAILL PY'RYLI·UM SALTS SYNTHESIS. 
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Hydride Transfer Reactions during Friedel-Crafts 
Catalysis wer.e studied by Nenitzescu and his collaborators 
during War War I I and wer,e first described in 19 45 (Cf. 
Aaad. Roum. Bull. Seation Saientifique, XXVII (10),1, 
1945). Today this reaction is known as the Bartlett
Nenitzescu-Schmerling Migration. 

ti;C=CH2 +· H~L + -A1c1>_ ~ .cH3CH::/ A1c14 _. 

(CH3)JCH + CH:;CH2 • ,\iql.: ~ --Jo- . {CH~bC• AiCI, - + Ci'.fG 

{Cl-i3)3C.A1Cr~- + H2C=CH; - 77-":".' {CH.:hC-CH~-CH~· AIC!, -

. CH3 
.....,, H - - ~ + 
__,._ H3C-C-CH-CH3 . . I . . 

CH
3 

.. ,_.,_,, ' 

. '. 
. H3C-C-CH-CH· 

I I ~. 
:. CH3CH3 ' . _,. 

' ' . 

BARTLETT-NENITZESCU-SCHMERLING MIGRATION. 

Costin D. Nenitzescu has published more than twenty 
books at all levels, dealing mostly w~th organic chemistry, 
but including tppics such as nerve gases, technical dicr 
tionaries in many languages and chemical engineering. His 
book on advanced organic chemistry was translated to many 
languages. 

He was a member of many scientific societies and 
received ·many prizes and awards. Among them we cite the 
August Wilhelm vonHofmann Gold Medal, the highest award 
of the German Chemical Society. He was distinguished by 
Scientific Academies in Romania, Germany,Rµssia, Poland, 
Czechoslovakia and Hungary. 

We met Profes·sor Nenitzescu and his wife Ecaterina 
Cioranescu-Nenitzescu in Bucharest in 1965. At the time 
we visited hi·m at his home on Strada Scoalei. As a young, 
aspiring chemist we presented him with a copy of our 
Master's Thesis on Liquid Scintillators, work done at 
the University of New Mexico and the Los Alamos Scientific 
Laboratory under the supervision of G.H. Daub and F. Newton 
Hayes. Costin D. Nenitzescu was a kind, warm hearted person. 
He had a noble bearing and implied respect. We remember a 
large desk in his study full of books on organic chemistry. 
We recognized most of the treatises and manuals that were 
in use in the United States. 

At the time, one of Costin D. Nenitzescu's major 
preoccupations was the construction of the new Research 
Center of Organic Chemistry of the Romanian Academy. It 
was eventually inaugurated in 1968 and it still functions 
today. · 
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NEW BUILDING OF THE CENTER OF ORGANIC CHEMISTRY 
IN BUCHAREST INAUGURATED IN 1968. 

One of his best friends was Horia Hulubei, a Romanian 
physicist and co-discoverer of francium. They served to
gether on many scientific commisions and both enjoyed 
mountain climbing in the Carpathians around Sinaia and 
Bus teni. 

Costin D. Nenitzescu firmly believed in the importance 
of resaerch. He was convinced that the person that transmits 
science ~ust be a researcher, a creator of science, or at 
least should try to be one. Some of his former students are 
today renowned scientists working in Romania, United States, 
Germany, Moldavia, Israel and other countries. 

He was preoccupied with both pure and applied research. 
In fact, his last address before the Academy of Science of 
the Socialist Republic of Romania in July 1970, a few weeks 
before his death, was entitled "Meditations on the Relation 
between Soienoe and Teohnology". Costin D. Nenitzescu thought 
that both pure and applied research were important. His 
thinking was based on the analysis of science and technology 
from antiquity to the present time and on the role that 
scientists played throughout history. According to him, 
activity in science should never be directed or controlled. 
In fact, liberty or the freedom to search the truth is the 
most important aspect of science. 

Some representative publicationl of Costin B. Nenitzescu 
(after ref. 1) are listed on the following pages. 
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NATURAL PYRRHOTITE DISSOLUTION IN AQUEOUS SOLUTION 
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Romania 

ABSTRACT 

The effects of some metal (II) ions on the natural pyrrhotite dissolution in hydrochloric acid 
solutions were studied Our results suggest that the rate of pyrrhotite dissolution increases in 
the presence of Sn2+ ion. Ions like Ni2+, Co2+, Cu2+, zn2+ do not appear to have any effect on 
pyrrhotite dissolution in hydrochloric acid solutions. The magnitude of the activation energy 
(23.31 k.J mof1

) is in agreement with a mechanism controlled by a diffusion process. 

RESUMO 

Foram estudados os efeitos de varies ions metalicos (II) sobre 
a dissoluc:;:ao do mineral pirrohotita em soluc:;:oes aquosas de 
acido cloridrico. Os resultados experimentais indicam que a 
presenc:;:a de ions de Sn2+ aumenta a dissoluc:;:ao deste mineral de 
ferro. Po outro la do, ions como Ni 2•, co2•, cu2•, Zn2+ nao tern 
nenhum efeito sobre a dissoluc:;:ao. A magnitude da energia de 
ativac:;:ao (23.31 kJ mor1

) esta de acordo com um mecanismo 
controlado por processes de difusao. 

KEYWORDS: pyrrhotite, nonoxidative dissolution, activation energy, iron minerals 

INTRODUCTION 

Pyrrhotite is an nonstoichiometric1 compound, with the general formula Fe1.,S, based 
on Fe(II) and s2

• ions. Values of x vary within the range O<x<0.125. The forms of the 
hexagonal pyrrhotite most commonly found in natural samples arise from vacancy ordering 
with numerous hexagonal and orthorhombic superstructures across FC9S10, Fe10S11, - - -
(or Fe1-xS). 

*Author to whom correspondence should adressed (pchirita@chimie.ucv.ro) 
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There have been numerous studies on pyrrhotite dissolution in the Iiteraturei-s. 
Literature values for activation energy of pyrrhotite dissolution in acidic condition vary 
widely. On the basis of iron release, Janzen et al. 5 reported that the activation energies for 
pyrrhotite oxidation by oxygen and ferric iron ranged from 47 to 63 kJ mor1

• Ingrham et al. 8 

reported 29 kJ ·mol"1 fur dissolution in oxygen free condition at a pH less than one. This value 
is in the energy range for diffusion control. In addition to temperature, the crystal structure, 
trace metal content and specific surface area have also been reported to be controlling factors 
in the reaction kinetics of pyrrhotite dissolution.9 Pyrrhotite dissolution mechanism and its 
dependence on aqueous solution composition is of fundamental importance in understanding 
mineral processing and the treatment of resulting waste mineral. Recovery of copper, nickel, 
gold and platinum often involves the processing of an iron sulfide rich matrix. Waste from the 
processing of sulfide ores are typically rich in pyrrhotite and other iron sulfides. These 
materials are a major contributor to acidic run off, commonly at pH 3 or lower. 

The objective of this study is to compare the dissolution behavior of pyrrhotite as 
function of temperature and dissolved metal concentration. From these experiments we expect 
to improve the understanding of the mechanism ofpyrrhotite dissolution in acidic solutions. 

EXPERIMENTAL 

Reagent grade tin (II) chloride (SnCh ·2H20), cobalt (II) chloride (CoC'2·6H20), 
nickel (II) chloride (NiCh·6H20), cupric chloride (CuC'2·2H20) and zinc chloride (ZnCh) 
were obtained from Aldrich. The stock solutions of metal (II) chloride with a concentration of 
0.1 mo! L"1 were prepared by dissolving appropriate metal chloride in water containing 
0.1 mo! L"1 HCI. These solutions were diluted further with 0.1 mo! L"1 HCI solution to obtain 
the required concentrations. The deoxygenated solutions were prepared by bubbling nitrogen 
for at least 2 hours. 

The pyrrhotite was crushed and the particles ranging in siz.e from 50 to 80 µm were 
recovered by sieving. This size fraction was used for the experiments. 

Dissolution experiments were performed in a reaction vessel immersed in a controlled 
temperature bath. The vessel consisted of glass to minimize adsorption of pyrrhotite particles 
on the walls. The cap of the reaction vessel contained borings for sampling and for the stirrer. 
An agitation rate of600 revolutions per minute (rpm) was chosen as a standard condition for 
the experiments. The experiments used 0.25 g pyrrhotite in 250 mL 0.1 mol L"1 HCI solutions 
with different metal (II) clorides. 

The dissolution rate was monitored by determining the amount of total iron in 
solution. Periodically, I 0 mL samples were extracted via a filter unit, to remove fine particles. 
The concentration of total Fe in solution was determined by Atomic Absorption Spectroscopy 
(AAS) with a Perkin Elmer AAS 3100 spectrometer. Reaction rates were measured 
experimentally by determining the slopes of concentration-time curves. 

Identification ofpyrrhotite by X-ray powder diffraction analysis was performed using 
an Inel Compteur Courbe X-ray diffractometer, with Co X-rays generated at 40 kV and 
25 mA. The related X-ray diffractogram is shown in Figure 1; peak positions are consistent 
with reported ASTM data of hexagonal pyrrhotite. This sample composition was 
characterized by electron microprobe beam techniques (accelerating voltage of 25 kV and 
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beam current 20.130 nA). The results gave a composition ofFe1-0.nS. Trace elements content 
(Co, Zn and As) in the pyrrhotite matrix was below 0.32 %. 

~~~~~:=a~aaa;=~!a:;~~~~~~==aa~=a=:~~~=~aE~~ 

~~iil~iil~iiiiiii~iiiiiiiiliiiiiiii~!lilii~ 

2theta 

Figure J. X-ray diffractogram of the PY"hotite sample. 

RESULTS AND DISCUSSION 

Typical results of the dissolution experiments are shown in Figure 2. These results 
exhibit high iron fluxes during early times, with a decline to more consistent rates over short 
periods oftime. The time over which rates were calculated for each experiment corresponds 
to intervals containing relatively consistent rate values. The initially high iron concentrations 
appear to be the result of preexperimental oxidation of the pyrrhotite surfaces that is difficult, 
if not impossible to avoid. This is the reason that the rate data was ignored prior to about 
600 s into experimental runs. 

The pyrrhotite dissolution rate in acidic conditions and in presence of Sn2
+ ions is 

affected by changes in temperature (Table I). A plot of the - In Rate against !If yields a 
straight line in temperature range 30-65°C and an activation energy of 23.31 kJ·mor1

• This 
value of activation energy point to diffusion controlled mechanism. The activation energy is 
much closed from value obtained by Ingrahmm et al. 7 than others values from literature. 
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Table I. Data for rate dependence on temperature for PY"hotite dissolution in the presence 
ofSnCl:J. 

s x 10-3 

s x 10-3 
s x 10·3 

s x 10-3 
0 

T{°C) 

65 
so 
40 
30 
65 

d* (µm) 

50-80 
50-80 
50-80 
50-80 
50-80 

Rate 
(mol s-1 g-'! 
1.733 x 10-
1.218 x 10·7 

1.017 x 10-7 

6.402 x 10-8 
1.180 x 10-8 

*d =diameter of pyrrhotite particles. 
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Figure 2. Effect of temperature on pyrrhotite dissolution in hydrochloric acid solution. 

The addition of SnCii with initial concentrations ranging from 2 x 10'4 to 
S x 10·3 mo! L"1 causes an asympthotical increase of the pyrrhotite dissolution rate by a fuctor 
- 8 (Figure 3). 

The release rates of iron indicate that the presence of the Sn2+ ions influences the 
dissolution of natural pyrrhotite. The results show that the Sn2

+ is indeed able to increase the 
dissolution rate of pyrrhotite. The conclusion seems therefore obvious that the observed 
increase of dissolution rate of pyrrhotite in presence of Sn2

+ is related to the reduction of 
ferric iron by Sn2+. 

4 
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Figure 3. Rate for the dissolution of natural PY"hotite in acidic solutions at various Initial 
concentration of Sn2

+. 

In order to understand this pattern one has to recapitulate the mechanism for 
dissolution of pyrrhotite proposed in the literature. Unlike pyrite, pyrrhotite can dissolve both 
oxidatively and nonoxidatively. Any oxidative dissolution which occurs increases the iron 
deficiency of the pyrrhotite structure and thus decreases the probability ofH2S production and 
rapid release ofFe.4 

It is generally accepted that ferric iron has an oxidant effect on pyrrhotite. Fe3+ may be 
directly released into solution from the pyrrhotite surface during the first stage of dissolution. 
Pratt et al. JO and Mycroft et al. 11 have shown tbat when exposed to air, pyrrhotite surface 
oxidized rapidly to form a superficial layer of iron (III) oxyhydroxides, and later iron sulfate. 

Partial oxidation of pyrrhotite by ferric iron may produce either elemental sulfur or 
increasingly sulfur-rich pyrrhotite: 

Fe1-xS + 2yFe3
+ ~ 3yFe2

+ + Fe1-x-yS (1) 

Nonoxidative dissolution can occur in acidic conditions whenever there is exposed 
s2· on the surfuce of a iron sulfide. The reaction which occurs is 

FeS + 2W ~ Fe2+ + H2S (2) 

5 
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Under these conditions the extra sulfur rich layer on the pyrrhotite is absent or is thin, and 
dissolution of pyrrhotite will be more rapid. 

Any interference of Sn2
+ on the pyrrhotite dissolution must be related to this model. In 

the presence of the Sn2+, which reduce Fe3+, the concentration of the iron species in solution 
and at the pyrrhotite surface will be altered. The reduction of the ferric iron will affect the 
oxidation of pyrrhotite, which is equivalent to avoid the extra sulfur rich layer formation on 
the pyrrhotite surface (Eq. 1 ). The activation energy value suggests that the rate-controlling 
step is a diffusive process rather than chemical reaction. The Fe1--0.uS can be considered like 
sulfur rich iron sulfide. Therefore, it is possible that in this experiment the release of Fe into 
solution may be influenced by the diffusion rate of iron through pyrrhotite. 

Nicol and Scott12 showed that nonstoichiometric iron-deficient sulfides dissolved 
spontaneously via nonoxidative dissolution once reduction to stoichiometric FeS had occurred 
via cathodic potential. The results shown here are in agreement with their observations. 

The effect of some metals (Ni2+, Co2
+, Cu2+, Zn2

} on the pyrrhotite dissolution rate 
was also examined. The experiments were conducted in 0.1 mol L-1 HCl solutions with 
5 x 10-3 mol L-1 metal (II) concentration at 65°C. Runs made in these solutions showed little 
or no effect on the pyrrhotite dissolution rates (Table 2). The addition of these metals ions to 
the aqueous solution will not result in a change in the iron species present in solution and on 
the pyrrhotite surfuce. Addition of Sn2

+ ions to a pyrrhotite suspension may results in the 
conversion of a ferric iron to ferrous iron. 

Table 2. Effect of metals on the dissolution rates of natural PY"hotite in 0.1 mo/ r 1 HCI at 
65°C. 

Metal 
Ni2+ 

Co2+ 

Cu2+ 
Zn2+ 

5 x 10-3 

5 x 10-3 

5 x 10-3 

5 x 10-3 

Rate (mol s-1 _,-1) 

2.017 x 10 
1.094 x 10-8 
3.952 x 10-8 
2.108 x 10-8 

As can be seen, attempts to fit our experimental results with the general mechanism 
remain somewhat speculative. Since laboratory work gave quite contrasting results on the 
rates of the oxidation of pyrrhotite with ferric iron,5 the proposed mechanism needs further 
experimental confirmation. Future studies should therefore be designed to explain the 
interaction between the surface states and the solution composition. 

CONCLUSIONS 

The results of pyrrhotite dissolution experiments presented here indicate that the 
presence of Sn2

+ affects its dissolution behaviour. The dissolution rates increased in the 
presence ofSn2+ ions in solution. This implies that in presence of reducing species the rate of 
pyrrhotite dissolution can be enhanced. On the other hand, ions like Ni2+, Co2+, Cu2+, Zn2

+ do 
not appear to have any effect on pyrrhotite dissolution in hydrochloric acid solutions. 

The activation energy (23.31 kJ·mor1
) points to a diffusion controlled mechanism. 

6 
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LIQUID-LIQUID EQUILIBRIA OF THE WATER+ETHANOL+DIMETHYL 
ADIPATE TERNARY SYSTEM 

Erol ince and S. ismail Kirba~lar" 

Department of Chemical Engineering, Faculty of Engineering, Istanbul University, 34850 
Avc1lar, Istanbul, Turkey. 

ABSTRACT 
Liquid-liquid equilibrium data for the terna1y system water.,.ethanol.,.dimethyl adipate 

(dibasic ester) have been determined experimentally at 298.15±0.20, 308.15±0.20 and 
318.15±0.20 K. Tie-line compositions were correlated by Othmer-Tobias method. The 
UN!FAC method was used to predict the phase equilibrium in the system using the interaction 
parameters determined from experimental data between the CH;, CH2, OH, CH;COO and 
H10 groups. Distribution coefficients and separation factors were evaluated for the 
immiscibility region. 

KEYWORDS: ethanol, dimethyl adipate, liquid-liquid extraction, ternary systems 

RESUMO 

Dados e:cperimentais de equiUbrio foram determinados experimentaZ
~~nte para o sistema terna!>io agua-etanoZ -dimetiladipato a 298.Z5, 
308. Z5 e 3Z8. Z5 K • As aomposi{!oes das Zinhas de unW.o foram aorrelado.s 
eom o ml#odo de Othmer-Tobias. 0 metodo UNIFAC foi usado para predizer 
equilibria entre fases para o sistema, usando parCimetros de interaqao 
determinados experimentaZmente de dados aonsiderando os grv:pos CH3, CH2, 
OH, CHsCOO e H20. Coefiaientes de distribuiqao e fatores & separaqao 
foram avaliados na regW.o de imisaibiZidade. 

INTRODUCTION 
In the scope of investigating more benign solvents as potential replacements for 

chlorocarbons or aromatic hydrocarbons and as new solvents for separations, we have 
concentrated on the dibasic esters (dimethyl adipate, dimethyl glutarate, dimethyl succinate and 
mixture these three esters) which have excellent properties for industrial applications. They are 
powerful solvents, and as such they are already widely used in the paint, coating, and polymer 
industry and as industrial cleaners. They have low toxicity, great stability, rather high boiling 
points (463-573 K), and viscosity and density that are close to those of water. The dibasic 
esters also be used as novel solvents in separation techniques 1• 
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Dimethyl adipate is a colourless liquid, produced from adipic acid esterification. Its 
formulae is as follows: 

R 
C~/OCH3 

c~<Y' h 
0 

dimethyl adipate 

The properties of dimethyl adipate are excellent solvency, high boiling point, high flash 
point, low miscibility with water (beneficial for waste water treatment), high miscibility with 
organic solvents (safe diluent for classified solvents) and readily biodegradable. Dimethyl 
adipate is used in paint, lacquers, varnishes, in plasticizers for cellulose type resins, and in paint 
strippers. It is offer as an alternative to hazardous solvents2

. 

In order to separate the ethanol from fermentation product, traditional distillation 
processes are frequently used, but these processes are very energy intensive. On the other 
hand, liquid-liquid extraction is a technique known to separate the ethanol from water mixtures 
and it is an alternative to distillation. In addition, liquid-liquid extraction allows to obtain high
standard ethanol. This also lowers the energy cost of the process in comparison to 
distillation3

"
10

. 

The real behaviour of fluid mixtures can be calculated with the help of activity 
coefficients. The correct description of the dependence on temperature, pressure and 
composition in multicomponent systems requires reliable thermodynamic models, which allow 
the calculation of these properties from available experimental data3

·
6

. The UNIF AC method 
(UNIF AC Functional Group Activity Coefficient) was developed by Fredenslund et al. n It is 
one of the best methods in the estimating activity coefficient that has been established to date. 
The UNIF AC method for estimation of activity coefficients is based on the concept that a 
liquid mixture may be considered a solution of structural units from which the molecules are 
formed rather than a solution of the molecules themselves. This type of procedure is known as 
group contribution method. It has the advantage of being able to form a very large number of 
molecules from a relatively small set of structural units. The structural units in the calculation 
method are called subgroups. The mole fractions, x: and X~ of liquid-liquid equilibrium 
phase can be calculated using the following equations. 

(1) 

In this study, the predicted interaction parameters between CH3, CH2, OH, CH3COO 
and H20 groups were used to estimate the activity coefficients by the UNIF AC method. 

This study is part of a research program on the recovery of ethanol from dilute aqueous 
solutions using solvents with high boiling points. In this study. in order to evaluate dimethyl 
adipate as an agent for the extraction of ethanol from dilute aqueous solutions, we reported 
liquid-liquid equilibrium results at temperatures 298. 15, 303. IS and 318.15 K for the ternary 
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system water+ethanol+dimethyl adipate. Dependence on temperature was· studied by 
evaluating distribution coefficients and separation factors for each case. 

EXPERI1"1ENTALPROCEDURE 
Materials. Ethanol and dimethyl adipate were purchased from Merck Co. with purities 

of99.98 % (W/W) and 99 % (W/W). Ethanol and dimethyl adipate were used without further 
purification. Deionized water was further distilled before use. The measured physical 
properties are listed in Table I, along with literature values12

. 

Table I. Densities (d), refractive indices (no) and boiling points (B.P.) of the pure compounds. 

d (298.15 K} g.cm·3 n0 (298.15 K} B.P. (101.325 kPa/K} 
Com2ound EXQ. Lit. EXQ. Lit. EXQ. Lit. 
Water 1.0000 0.99704 1.3324 1.3325 373.18 373.21 
Ethanol 0. 7851 0.78493 1.3593 1.3594 351.16 351.17 
Dimethyl adi2ate 1.0610 1.0630 I 1.4278 1.4285 505.23 505.15 

Procedure. Three different temperatures were fixed to study the ternary equilibrium 
system in order to observe the evolution of the tie lines. At each temperature, (298.15±0.20, 
308.15±0.20 and 318.15±0.20 K) tie-line data were obtained by preparing ternary mixtures 
(water+ethanol+dimethyl adipate) of known overall compositions lying within the two phase 
region after being stirred vigorously and allowed to reach equilibrium in the isothermal 
conditions at constant temperatures at the Figure I. 

19mm 

Solvent phase 
port ~::::::==~ JYiagnetic 

stirrer 
~~~~ous phase f:ib=::. _ _j(~,,.,g;""lal·"'"~"~··"~·~~"'~''"~""·L) _) 

SO mm 

10mm 

Temperature 
control 

-E--

Figure 1. Liquid-liquid equilibrium cell. 

E 
E 

0 
~ 
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The suitable stirring time for the attainment of equilibrium was 4 hours. After the 
stirrer was turned off, the contents were immediately allowed to enter the vertical settler also 
equipped with an isothermal jacket After the complete separation of the phases, a suitable 
amount of each layer was removed for analysis. Temperature was controlled using a 
Proportional-Integral-Derivative (PID) controlled thermostat with a precision of 0.02 K All 
mixtures were prepared by weighing with a Mettler balance with an accuracy of± 0.0001 g. 

Analysis. The liquid samples were analysed using a Gas Chromatograph (Hewlett 
Packard GC, Model 6890 Series), equipped with a Thermal Conductivity Detector (TCD) for 
the quantitative determination of water, ethanol and dimethyl adipate. A 15-m long HP-Plot Q 
column (320-micrometer diameter with a 20-micrometer film thickness) was used with a 
temperature programmed analysis. The oven temperature was fixed at 523. 15 K The 
detector temperature was kept 523.15 K, while injection-port temperature was held at 473.15 
K The flow rate of carrier gas, nitrogen was kept 6 mL/min. Samples of single phase with 
known compositions were used to calibrate the instrument in the composition range of interest. 

RESULTS AND DISCUSSION 
The experimental tie line data of water+ethanol+dimethyl adipate ternaries at 

temperatures 298.15, 303 .15 and 318. 15 K, are given in Table IL 
It was found that dimethyl adipate was only slightly soluble in water but miscible with 

ethanol. The experimental and predicted tie-lines for the system at each temperature were 
plotted and shown in Figures 2-4. 

Table II. Experimental Tie-Line Data of Water (!)+Ethanol (2)+Dimethyl adipate (3) at 
temperatures of298.15, 308.15 and 318.15 K 

water-rich 2hase {W/W, %} solvent-rich 2hase {W/W, %) 
Tem2. {K} water ethanol dimeth_yl adi12ate water ethanol dimethyl adi12ate 

298.15 88.91 7.08 4.01 3.66 1.88 9446 
86.21 942 4.37 4.22 2.66 93.12 
82.20 13.15 4.65 4.73 4.05 91.22 
78.48 16.15 5.37 6.37 5.81 87.82 
77.7! 17.50 549 642 6.69 86.89 
73.66 19.65 6.69 7.78 8.63 83.59 

308.15 88.96 7.11 3.83 3.96 2. l l 93.93 
86.25 942 4.33 443 2.91 92.66 
82.81 12.87 432 5.02 4.32 90.66 
78.84 !5.65 5.5 l 6. !8 5.95 87.87 
75.99 17.81 6.20 7.28 746 85.26 
72.78 19.55 7.67 8.53 8.94 82.53 

318.15 88.68 6.72 4.60 4.10 2.14 93.76 
86.73 9.05 4.22 4.30 3. ! I 92.59 
82.87 !241 4.72 5. ! 6 4.55 90.29 
79.60 ! 5.5 ! 4.89 6. !9 6.11 87.70 
77.13 1747 540 7.26 7.46 85.28 
74.22 19.32 6.46 8.85 9.05 82.10 
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Figure 2. Ternary diagram for experimental LLE of water (1) + ethanol (2) + dimethyl 
adipate (3) at 298.15 K; -11- experimental tie-line data, --o-- calculated 
(UNIF AC) tie-line data. 
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Ethanol 
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Figure 3. Ternary diagram for experimental LLE of water (1) + ethanol (2) + dimethyl 
adipate (3) at 308.15 K; -D.- experimental tie-line data, --o-- calculated 
(UNIFAC) tie-line data. 
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Figure 4. Ternary diagram for experimental LLE of water (1) + ethanol (2) + dimethyl 
adipate (3) at 318.15 K; -!;,.- experimental tie-line data, --o-- calculated 
(UNIFAC) tie-line data. 
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Distribution coefficients, D;, for ethanol (i=2) and water (i= 1) and separation factors, S, 
were determined as follows: 

D. = _w_e1-=·g_ht_fr_ac_t_io_n_in_so_l_ve_n_t~p_h_as_e--'('--W--'i"'-3 ) 
' Weight fraction in aqueous phase (Wi 1) 

S= D, 
D, 

(2) 

(3) 

The distribution coefficient, D1 of ethanol was calculated according to the Equation 2. 
The distribution coefficients and separation factors for the each temperature are given in Table 
!IL 

Table III. Distribution Coefficients, Di of Water (!)-Ethanol (2) and Separation Factors at 
298.15, 308.15 and 318.15 K 

Tem12erature, {K} D1 D2 s 
298.15 0.0412 0.2655 6.4505 

0.0490 0.2824 5. 7687 
0.0575 0.3080 5.3523 
0.0812 0.3598 4.4322 
0.0834 0.3823 4.5856 

308.15 0.0445 0.2968 6.6667 
0.0514 0.3089 6.0145 
0.0606 0.3357 5.5371 
0.0784 0.3802 4.8502 
0.0958 0.4189 4.3722 

318.15 0.0462 0.3185 6.8879 
0.0496 0.3436 6.9313 
0.0623 0.3666 5.8883 
0.0778 0.3939 5.0658 
0.094 l 0.4270 4.5366 

The separation factor (S) is greater than unity for all temperatures reported. This 
means extraction of ethanol using dimethyl adipate is possible. Hovewer, it is not constant 
over the whole two-phase region. The extracting power of the solvent at each temperature, 
plots ofD2 vs. W21 and S vs. W21 are given in Figure 5 and 6, respectively. 
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Figure 5. Distribution coefficient, D2 of ethanol as a function of the mass fraction W 21 of 
ethanol in aqueous phase. 
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Figure 6. Separation factor, Sas a function of the mass fraction W21 of ethanol in the aqueous 
phase. 
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The reliability of experimentally measured tie-line data can be ascertained by applying 
the Othmer-Tobias correlation Equation 4 at each temperatureD 

!-W3- 1-W11 In( , ) =a+ b In( ) 
W33 W11 

(4) 

The linearity of the plot indicates the degree of consistency of the data. Othmer-Tobias 
plots were made of the In ((l-W,3)/W3,) vs. In ((l-W11)/W11). The parameters of the Othmer
Tobias correlation are in Table IV. 

Table IV. Othmer-Tobias Equation Constants for Water + Ethanol + Dimethyl Adipate 
System. 

Temperature, (K) 
298.15 
308.15 
318.15 

a 
0.4137 
0.4633 
0.2736 

b 
0.8630 
0.9135 
0.8489 

0.9880 
0.9931 
0.9928 

Prediction of Equilibria by the UNIFAC Method. The equilibrium data of the 
ternary mixture were predicted by UNIF AC method 11 using the interaction parameters between 
CH3, CH2, OH, CH3C00 and H20 obtained by Magnussen et al. 14 . UNIF AC parameters for 
LLE prediction are summarised in Table V. 

Table V. UNIF AC group parameters for prediction tie lines data 14. 

CHJ CH2 OH CH3COO H20 Rk Q. 
CHJ 0 0 156.4 114.8 300 0.9011 0.848 
CH2 0 0 156.4 114.8 300 0.6744 0.54 
OH 986.5 986.5 0 245.4 -229.1 1 1.2 
CH3COO 232.1 232.1 I 0 I. I 0 72.87 1.9031 1.728 
H20 1318 1318 353.5 200.8 0 0.92 1.4 

We observe, in Figures 2-4, how the UNIF AC method predicts the equilibrium data 
(dashed lines in Figures 2-4 ). The discrepancy between the experimental and predicted 
solubilities do not change with temperature because the predicted and experimental data are 
practically independent of temperature. 

The temperature effect on the distribution coefficients was found to be slightly positive. 
The experimental and UNIF AC model predictions were fitted according to the following 
equation. 

D2 =Aexp(-EA /RT) (5) 

The experimental and predicted UNIF AC values are shown in Figure 7. 
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The experimental activation energy (EA) and the frequency factor (A) were found as 
-0.0715 J.mor 1 and 1.5763, respectively. The calculated (UNIFAC) activation energy (EA) 
and the frequency factor (A) were found as -0.0216 J.mol" 1 and 1.3306, respectively. 

Selectivity. Selectivity diagrams on a solvent-free basis are obtained by plotting 
Wr)(W23+W13) vs. W21/(W21+W 11 ) for 298.15, 308.15 and 318.15 Kin Figure 8. The effect 
of temperature change on the selectivity values was found to be insignificant. 
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o 298.15 K 
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Figure 8. Selectivity diagram at investigated temperatures (free-solvent basis) 

CONCLUSION 

0.6 

Dimethyl adipate was chosen on the basis of its suitability for industrial applications. It 
is concluded that because dimethyl adipate shows low solubility in water it may serve as an 
adequate solvent to extract ethanol from dilute aqueous solutions. The tie-lines in Figures 2-4 
show, as was expected, that ethanol is more readily soluble in the water phase than in the 
dimethyl adipate phase. It was found the UNIF AC method predictions were satisfactory and 
agreed qualitatively with the experimental data. 
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NOMENCLATURE 
A frequency factor, Equation 6 
d density, (g.cm"3

) 

D; distribution coefficient of the i'" component, Equation 2 
E extract (solvent) phase 
E..1 activation energy, J.mor1 

I component number of water (I), ethanol (2) and solvent (dimethyl adipate) (3) 
R raffinate (aqueous) phase and universal gas constant, Equation 6 
S separation factor, Equation 3 
T temperature, K 
W, weight fraction of the i'" component 
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W ll weight fraction of water (I) in the aqueous phase 
W21 weight fraction of ethanol (2) in the aqueous phase 
W31 weight fraction of dimethyl adipate (3) in the aqueous phase 
W13 weight fraction of water (l) in the solvent-rich phase 
W23 weight fraction of ethanol (2) in the solvent-rich phase 
W 33 weight fraction of dimethyl adipate (3) in the solvent-rich phase 
X mole fraction of the component 
no refractive index 
y activity coefficients of the component 

REFERENCES 

31 

I. M. Uusi-Penttila, R.J. Richards, P. Blowers, B. A. Torgerson, and K. A. Berglund, J. Chem. 
Eng. Data, 41, 235 (1996). 

2. H. L. Jackson, Journal of Paint Technology, 58, 87 ( 1986). 
3. A. Arce, A. Blanco, P. Souza, and I. Vidal, J. Chem. Eng. Data, 39, 378 (1984). 
4. D.R. Arenson, A. S. Kertes, and C. J. King, Ind. Eng. Chem. Res., 29, 607 (1990). 
5. A. M. Dadgar, and G. L. Foutch, Biotechnology and Bioengineering Symp. No. 15. 612 

(1985). 
6. I. G. Garcia, A. Ch. Perez, and F. C. Calero, J. Chem. Eng. Data, 33, 468 ( l 988). 
7. D.S., Jassal, Z. Zhang, and G. A., Hill, Can. J. Chem. Eng., 72, 822 (1994). 
8. F. Kollerup, and A. J. Daugulis, Can. J. Chem. Eng., 63, 919 (1985). 
9. M. Miner, and G. Goma, Biotechnology and Bioengineering 14, 1565 ( 1985). 
10. Z. Zhang, and G. A. Hill,J. Chem. Eng. Data, 36, 453 (1991). 
I l. A. Fredenslund, R. L. Jones, and J.M., Prausnitz, AIChEJournal, 21, 1086 (1975). 
12. D. R., Lide, "Handbook of Chemistry and Physics", 73'd Edition, CRC Press Inc., Boca 

Raton FL, (I 992) p. 3. 
13. D. F. Othmer, and P. E. Tobias, Ind Eng. Chem., 34, 693 (1942). 
14. T. Magnussen, P. Ramussen, and A. Fredenslund, Ind Eng. Chem. Process. Des. Dev., 20, 

331 (1981). 

The SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY (ISSN: 2674-6891; 0104-5431) is an open-access journal since 1993. Journal DOI: 10.48141/SBJCHEM.
http://www.sbjchem.com.
This text was introduced in this file in 2021 for compliance reasons.
© The Author(s)
OPEN ACCESS. This article is licensed under a Creative Commons Attribution 4.0 (CC BY 4.0) International License , which permits use, sharing , adaptation , distribution , and
reproduction in any medium or format , as long as you give appropriate credit to the original author (s) and the source , provide a link to the Creative Commons license , and indicate
if changes were made. The images or other third-party material in this article are included in the article’s Creative Commons license unless indicated otherwise in a credit line to the
material . If material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/ licenses/by/4.0/.



SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY 
SOUTH. BRAZ. J. CHEM., Vol. 10, N° 11, 2002 
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ABSTRACT 
The paper reports the condusions about the structure of jive new romp/exes of Co(ll), 

Ni(ll}, Cu(ll), Zn(ll) and Cd(ll) with the heterocyclic ligand, 5- hydroxy -6- mercapto -
benzo[aj phenazine (H:;L). These were obtained by elemental analysis, JR, UV-VIS and EPR 
spectral analysis, conductivity and magnetic susceptibility measurements and thermal 
analysis. Bacteriological studies revealed that the ligand and the complexes possess moderate 
antimicrobial activity. 

KEYWORDS : heterocyclic ligand; antibacterial activity; thermal decomposition; 
activated energies; transition metal complexes 

RESUMO 
Foi determinada a estrutiwa de aineo aompZexos novos do Zigante 

heteroaiaZiao 5-hidroxi-6-meracrpto-benzo(a)fenazina (Hgl:_) aom Co(II), 
Ni(II), Zn(II), Cu(II) e Cd(II). Foram usadas teaniaas de anaZise 
elementar, infruvermeZho, uZtruvioZeta-visiveZ, HPE, aonCJ:utividade, 
susaeptibiZidade magnetiaa e anaZise termiaa. Estudos baaterioZogiaos 
indiaaram que o Zigante e os aompZexos possuem atividade antimiarobiaZ. 
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INTRODUCTION 
Metallic complexes of heterocyclic ligands are of considerable interest from the 

structural point of view and, also, as a consequence of their applications e.g. in analytical 
chemistry, in polymer industry and, specially, in medical-biological systems, where their 
bacteriostatic and cytostatic properties are useful 1

• 

In continuation of our earlier studies on the study of such complexes 2, we report here 
the synthesis and characterization of the products obtained by the reaction of 5- hydroxy -6-
mercapto - benzo[ a ]phenazine (H2L) 3, with Co(ll), Ni(ll), Cu(ll), Zn (11) and Cd(ll). 

H 

H2L 

The bacteriostatic activity of the ligand and its complexes was determined against 
selected bacteria. 

EXPERIMENTAL PROCEDURE 
All chemical used were of analytical grade: Co(0Ac)2·4H20 (Merck, p.a.); 

Ni(OAc)2·4H20 (Merck, p.a.); Cu(OAc)2·H20 (Merck, p.a.); Zn(0Ac)2·2H20 (Merck, p.a.) 
and Cd(OAc)2 (Merck, p.a.). 

The ligand was doubly recrystallized from ethanol. 
The IR spectra were recorded on a BIO RAD FTS 135 instrument in anhydrous .KBr 

pellets in the range 400-4000 cm·1
• An Unicam UV2-300 spectrometer was used to obtain 

electronic spectra. The molar conductivities were determined using an OK - 102 Radelkis 
conductivity meter. The magnetic susceptibility measurement was made with a Faraday 
balance at room temperature. The thermogravimetric curves were traced with derivatograph 
MOM 1500-D (10°C/min). The EPR spectrum was registered on a Art -5 - Ifin Bucharest 
spectrometer, that operates in the X band, the modulation of magnetic field being I 00 kHz, 
using Mn2+ as an internal standard. 

The complexes were prepared by mixing ethanolic solutions of metal acetate with 5-
hydroxy -6- mercapto - benzo[a]phenazine in a 1:1 molar ratio and an adequate pH. The 
resulting solution was gently refluxed for one hour at 100°C. The reaction mixture was left at 
room temperature for six hours. Then, the corresponding metal complexes precipited. They 
were filtered, washed with ethanol and dried in an oven at l 00-110°C. 

RESULTS AND DISCUSSIONS 
The complexes obtained were microcrystalline colored powders. They are stable at 

room temperature and their solubilities in common inorganic and organic solvents are 
medium. 

The elemental analysis data for C, H, N and S showed that the complexes prepared are 
of the type [M(HL)2]"EtOH where M=Co(ll), Ni(ll), Cu(ll), Zn(ll) and Cd(ll) and HL=the 
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mono-anion of the ligand. The molar electric conductivities are in the range A.=10.0-15.2 n-1 

cm2mor1 in DMF (I0-3M) solutions at room temperature, which means that all the complexes 
are non-electrolytes. 

The important bands (cm-1) observed in the infrared spectra of the liF,d and the metal 
complexes were as follows:the ligand shows absorption band at 3400 cm- characteristic for 
VOH which appears in complexes at lower frequencies (3435-3440 cm-1). This decrease 
indicates the coordination of the oxygen atom with the metal ion. The absorption band 
observed at 2550 cm-1 in the spectrum of the ligand due to Vsu, disappeared in the complexes, 
indicating the deprotonation of thiol group and coordination of the sulphur atom with the 
metal ion. Another significant change in the IR spectra of metal complexes was the 
appearance ofve-0u band between 1125-1130 cm-1 as compared to 1140 in the ligand, thus 
showing a shift towards lower region by 10-15 cm-1. This decrease indicated the existence of 
hydroxyl group and the coordination of oxygen atom. The metal complexes were also 
characterized by the appearance of some new bands of medium and low intensity at 440-450 
cm-1, which could he assigned to VM-0 stretching frequencies. The absorption band observed at 
685 cm-1 in the spectrum of ligand appeared at 655-662cm-1, thus showing a shift towards 
lower regions. This band was characteristic of ve-s, and its shift supported the coordination of 
sulphur atom. 

In conclusion, 5-hydroxy-6-mercapto-benzo[a]phenazine acts as a monoanionic 
bidentate ligand in the complex compounds investigated. 

The information referring to the geometry of the complexes was obtained from the 
electronic spectra in solution and from values of the magnetic moments. 

The UV spectrum of the ligand reveals two bands assigned to the transitions n~1t* 
and 1t~1t*. These transitions were also found in the spectra of the complexes but shifted to 
lower frequencies (~v=l500-3000 cm-1), confirming the coordination of the ligand to the 
metal ions. 

The magnetic moment value of the Co (II) complex is 3.08 MB. Its electronic 
spectrum displays two bands at 16400 and 21200 cm-1, which may be assigned to 2A18~ 2Bz8 
and 2 A1~2Eg transitions, respectively, in a square-planar configuration around Co(ll) 4• 

The Ni(ll) complex is diamagnetic. The electronic spectrum of this chelate exhibited 
two bands at 18700 (v1), 20900 (v2), which are assigned to 1A18~ 1A28 and 1A18~ 1818 
transitions, respectively. These transitions are characteristic of compounds with a square -
planar geometry for the Ni (II) ion 5• 

The magnetic moment for the Cu(ll) complex is 1.83 B.M. (close to the spin - only 
value of d 9 ion). The electronic spectrum displays two weak and broad bands around 21700 
and 16800 cm-1 which may be assigned to 2B18~2E8 and 2B18~2A18 transitions, respectively 
in a square- planar symmetry 4• 

The EPR spectrum of the compound [Cu(HL)zlEtOH presents values for the 
anisotropic parameters as follows: gn=2.2014 and 8J. =2. 0102. Because 8li> 8J. the line shape 
suggests a tetragonal geometry specific for Cu(ll) in a square planar configuration6

. 

The Zn (II) and Cd (II) complexes are diamagnetic. The electronic spectra exhibit two 
peaks in the UV domain due to L ~ L * transitions only. 

Thermal analyses were carried out for the Co(ll), Ni(Jl) and Cu(ll) complexes and the 
results are presented in Table I. The agreement between experimental and theoretical mass 
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loss for each of the complexes is within experimental error (±2%) and confirms the formula of 
the complexes. 

Table 1. Thermal analysis data for the complexes. 

Step T; Tr T" 
(oC) (oC) {°C) 

re- :.n ',lEtOH 
1 58.3 102 78.5 +) 
2 102 185.6 175 + 
3 185.6 340 260. U'-) 
4 340 480.8 -
5 480.8 580.2 506.6(-) 
6 580.2 665.3 -
7 665.3 780 -
8 780 995 -

fNil ITT ., lEtOH 
1 70.8 90.7 78.5 -) 
2 90.7 175.7 -
3 175.7 240 240l+) 
4 240 325 306.6'-) 
5 325 373.4 370<-) 
6 430 890 -

rcu ITT ~lEtOH 

1 73.5 82.8 78.5(+) 
2 82.8 182.3 17()(+) 
3 182.3 240 -
4 240 313.6 -
5 313.6 479.4 320.6(+) 
6 479.4 673.8 -
7 673.8 980 748.3(-) 

•Endothermic(+) or exothenmc (-)process 
b Total mass losses 

lim" 
(%) 

6.9 
22.76 
52.17 
37.63 
50.48 
51.2 
56 

67.2 

6.83 
7.12 
8.21 
12.83 
20.12 
61.6 

6.51 
32.15 
34.42 
36.17 
46.35 
66.21 

73 

Tvc 
(oC) 

78.5 
125 

254.6 

-
506.6 

-
-
-

78.5 

-
-

300.4 
370 

454.4 

78.5 
154.08 
233.6 
299.2 

-
538.3 
-

• The temperature when the speed of decomposition is maximmn 

The thermogravimetric curves proved again the existence of one molecule of ethanol 
in the structure of the complexes. The loss of this molecule takes place at 78.5°C which 
means that the ethanol is not chemically bound. 

The mass losses of the TG and DTG curves indicate that the ligand is lost in two steps 
as a radical which is then stabilized through dimerization. Confirmation of this process has 
been obtained for case of the Ni(ll) complex at room temperature by IR analysis of the 
evolved heterocycles of the cooled melt initially obtained at about 300°C, by collection. 

The two steps in which are lost the two molecules of ligand have maximum of 
temperatures which are specified for each complex. In table 2 are presented these 
temperatures AT1 and AT2 and the activated energies of the thermal decomposition 7. 
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The activation energies have comparable values for the three complexes, but the 
temperatures are different, which means that the strength metal - ligand is not the same in 
these complexes. The bond is stronger in nickel complex (AT1=300.4°C) but in radical 
complex [Ni(HL)]', the breaking of the metal - ligand bond is achieved easier (AT:z=370°C) 
than in the case of [Co(HL)]' and [Cu(HL)]' complexes (AT:z=538.3°C, AT2=500.6°C, 
respectively). 

Table 2. The maximum of the temperatures AT1 and AT2 and the activation energies. 

Complex AT1 E'a AT2 E''a 
(OC) (kJ/mol) (OC) (kJ/mol) 

c~ HJ ... ·EtOH 125 98.12 506.6 50.2 
Ni Lil ·- ·Et0H 300.4 94.24 370 40.96 
Cu HI ~ ·EtOH 154.08 87.97 538.3 42.19 

The chemical analysis of the black final residue in each case, gave no indication of 
carbon, nitrogen, sulphur and hydrogen being present in the composition, and it was mainly 
identified as MO (where M=Co(ll), Ni(ll) and Cu(ll)). 

The general mechanism proposed for the thermal decomposition of the three 
complexes is one radicalic: 

[M(HL)i}F.t0II78.5°C., [M(HL)i] + F.tOH(g) 

!AT, 

M+(HLh-- (HL)" + [M(HL)r 

t AT2 I 

MO + COi + SOi + N2 + H20 (g) 

Base on the above observations, a structure in which metal ions in the complexes 
prepared with the sulphur and oxygen donating ligand have coordination number equal to 4, 
may be proposed. 

Bacteriological Studies 
Antibacterial activity of the ligand and its complexes was studied against S. aureus and 

E. coli by employing the diffusion method using streptomycin as control 8
• The ligand does 

not exhibit any remarkable activity (zone of inhibition < 8mm) while the complexes showed 
moderate activities (zone of inhibition 10-20 mm). The antibacterial activity was found to 
increase in the order: Ni>Co>Cu. 
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ETHYLENDIIMINO- BIS - DIBENZOYLMETHANE 
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ABSTRACT 
Five new chelates o/Co(lll) of the [Co(dibenzec){amine)ir type (dibenzec.H2 -

ethylenediimino-bis- dibenzoylmethane: C32H2sNi02. amine=aniline, o-anisidine, p
toluidine, m- xilidine, a- naphtilamine) were synthetized and characterized by isolation 
of thirty-four new complex salts by means of the double decomposition reactions. The 
thermal stability of the complexes was studied by means of differential thermal analysis. 
The structural properties were discussed 011 the basis of IR and UV spectra. 

KEYWORDS : Co(lll), chelates, complex salts, structure chromium (Ill) 

RESUMO 
Cinco quelatos novas de Co(l/l) do tipo [Co(dibenzec){amina)ij+ foram 

sintetzados e caracterizados atraves da isola¢o de trinta e quatro sais complexos 
usandlJ rea90es de decomposi¢o dupla. (dibenzec.Hretilenodiimino-bis
dibenzoilmetano: C32H2sNi02, amina=anilina, o-anisidina, p-toluidina, m-xilidina, a
naftilamina). A estabilidade termica dos complexos Joi estudada com analise termica 
diferencial. As propriedades estruturais foram discutidas em termos de espectros na 
regiiio infravermelha e u/travioleta. 

DOI: 10.48141/SBJCHEM.v10.n11.2002.40_2002.pdf
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INTRODUCTION 
The P- diketones (e.g. acetylacetone, benzoylacetone, dibenzoylmethane) react 

easily with 1,2- and 1,3- aliphatic diamines and aromatic ortho - diamines. The formed 
bis - Schiff' s bases act as tetradentate chelating agents towards bi and trivalent 
transition metal ions. Various complex salts and non-electrolytes of this class were 
obtained and characterized. Some derivatives were also used for analytical purposes 1·

4 

The synthesis of ethylendiimino - bis - acetylacetone ( ec.H2) and some non -
electrolytic complexes: Ni (ec.), Cu (ec), Pd (ec) was reported by Combers 5

. Mixed 
chelates of Co(lll) with ammonia [Co( ec )(NH3)2]X were obtained by Morgan and Smith 
6

. In our previous papers 7
•
9 a series of new mixed complexes of the type: 

[Co(ecXamine)2t (aromatic and heterocyclic amines) were described. 
Zsak6, Varhelyi and co-workers described in a previous paper new chelates of 

the ethylenediimino - bis - benzoylacetone (benzec.H2: C22H2~202) 10
• 

In the present paper instead dibenzoylmethane was used for condensation with 
ethylendiamine. The bis Schiff' s base formed: ethylendiimino - bis - dibenzoylmethane 
(dibenzec.H2: C32H2sN202) provides a series of new chelate cations with Co(lll) in the 
presence of organic N-bases. 

EXPERIMENTALPROCEDDURE 
Ethylendiimine - bis- dibenzoylmethane (dibenzec.HJ): A sample of 0.2 mole of 
dibenzoylmethane and 0.1 mole of ethylenediamine in 250 mL methanol were refluxed 
on a water bath. After 2-3 hours boiling the Schiff base that separated was filtered off 
and washed with dilute methanol. Silky, irregular needles were obtained. 
[Co(dibenzec)] (C32H2sNzO:J : Dark yellow microcrystals were obtained by refluxing 
0.1 mole cobalt acetate and 0.1 mole dibenzec.H2 in 250 mL methanol for 30-40 
minutes (Co calcd. 11.13%, found 11.08%). 
[Co(dibenzec)(amine)i]- acetate -solutions : 
Method/. 

Fifty mmoles of cobalt acetate and 50 mmole of dibenzec.H2 in 400 mL ethanol 
were refluxed on a water bath for 30-40 minutes, subsequently 120-130 mmoles of 
different aromatic amines, pyridine or alkyl-pyridine derivatives were added. The 
mixture was oxidized by adding dropwise an excess of300/o (aprox. 10-12 mL) H202. 
The scarlet yellow microcrystals [Co(dibenzec)] formed dissolved slowly and a dark 
brown (from dark yellow a reddish brown depending on the nature of amine 
component). [Co(dibenzec)(amine)2]- acetate - solution was formed. After cooling the 
solutions were filtered and used for double decomposition reactions. 
Method/I. 

The suspension of SO mmoles of[Co(dibenzec)] and Sg of sodium acetate in 400 
mL ethanol was treated with 120-130 mmole of amine and oxidezed with 10-12 mL of 
300/o H202 added dropwise under refluxing conditions and the cooled. The filtered 
solutions were used for double decompositions reactions. 
[Co(dibenzec)(amine)i]X complex salts: A sample of 10 mmoles of 
[Co(dibenzec)(amine)2] acetate in 100 mL alcoholic solutions was treated with an 
excess of2-100/o aqueous KI, NaCl0<1, N&[Co(NH3)2(NOz)4], [Cr(NCS)4(amine)2]N& 
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in 3% aqueous-alcoholic solutions. The obtained crystalline products were filtered off 
after 15-30 minutes, washed with dilute ethanol and dried in air. 
Analytical Determinations 

The cobalt content of the samples was determined complexometrically after 
decomposing 80-100 mg of the substance with boiling cone. sulphuric acid and some 
crystals ofKN03. 

After dilution with water the solution was neutralized with sodium acetate. The 
N contents were determined by usual microanalytical methods. 

The electronic spectra were recorded in methanol with a Specord recording 
spectrophotometer (Carl Zeiss Jena). 

The infrared spectra were registered in KBr tablet on a IR Perkin-Elmer 1600 
apparatus. 

RESULTS AND DISCUSSIONS 
The condensation reaction take place according to the following equation: 

HsC6'_ ,...CJis 
C N-CH2CH2-N=C 
I I 

CH2 CH2 
I I 

_,...C=O O=C 
HsC6 'cJI5 

1l 

The enolic form of this bis Schiff' s base exhibits chelating properties towards 
transitions metal ions. Of the analogous derivatives of the higher homologues of the 
diamines only 1,2- and 1,3-propanediamine are suitable for chelation. The condensation 
products with 1,4-, 1,5-, 1,6- diamines do not present complexing properties. 

Some bivalent transition metals form well defined, non-electrolytic type chelates 
with the above mentioned reagent, e.g. Cu(dibenzec), Co(dibenzec), Pd(dibenzec), 
Pt(dibenzec). From these M(dibenzec) type compounds the Co(ll) derivative can be 
oxidized easily to mixed electrolytic chelates of cobalt (II), in the presence of 
monodentate ligands. For this purpose perhydrol, chlorine and bromine can be used in 
the presence of amines, phosphines, arsines, e.g.: 

2Co2
+ + 2dibenzecH2 + 4amine + H202-+ 2[Co(dibenzec)(amine)2f + 2W +2H20 

41 
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In this paper five new chelate cations [Co(dibenzec)(amine)zr (amine=aniline, o
anisidine, p- toluidine, m- xilidine, a- naphthylamine, pyridine, y- picoline) were 
prepared. These new chelate cations were characterized by isolation of 34 salts by 
means of double decomposition reaction from the alcoholic solutions of the acetates 
with alkaline salts of the halides, pseudohalides and complex acids of Co(lll) and Cr(lll), 
respectively. The [Co(dibenzec)(amine)2f type chelate cations exhibit five 
stereoisomeric modifications, viz. two optical antipode pairs and an inactive, 
symmetrical "trans" form (Fig. I). 

(0 
(l--~-----A 

"-c/.' 0 ' ./" ' .,.r ........ 

~ 
A 

A-----1) ,~t/' 

Active 

Active 

\ CQ.... \ 
'. / -...........'. --------

A 

~ .' "-c/.' 
' 0 ' ' _,.... ' . .,.r ........ -------

A 

Inactive 

Figure 1. The stereoisomers of the [Co(dibenzec)(amine)zr type chelate cations. 

The new complex salts obtained are characterised in Table I. 
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Table 1. New complex salts of the type [Co(dibenzec)(amine)2]X. 

No Fonnula Molecular Yield Aspect Analysis 
Weight (%) (%) 
calc. calc. found 

I II Ill IV v VI Vil 
I [Co(dJllenzec)(pyridineh]I 814.48 72 sparkling, red- Co7.23 7.19 

brown N6.87 6.73 
2 [Co(dibenzec)(pyridineh]CIO• 787.03 76 sparkling, daik Co7.48 7.30 

brown """""' N7.ll 4.06 
3 [Co(dibenzec)(pyridineh]NCS 745.66 40 brown square Co7.90 7.77 

plates N9.38 9.21 
4 [Co(dibenzec)(pyridine)zJ 964.61 75 brown needles Co 12.22 12.10 

- ' .. 4 N 14.51 14.43 
5 [Co(dt1lenzec)(pyridine)z] 1006,01 86 reddish brown Co+Cr 11.02 10.93 

19.lliCS) •• - -- ' ' mi - N 13.91 13.83 
6 (Co(dtllenzec)(pyridineh] 1158.01 90 Brown needles Co+Cr9.58 9.47 

fCo<NCSManiline \.1 N 12.09 11.94 
7 [Co(dtllenzec)(y-picoline)z]I 842.50 52 Brown irregular Co6.99 6.92 

- N6.64 6.58 
8 [Co(dtllenzec)(y- 815.05 60 orange-brown Co7.23 7.15 

nicoline\.1Cl04 shortmisms N6.87 6.71 
9 [Co(dibenzec)(y- 773.68 38 thick, daik brown Co7.61 7.55 

nicoJine\.lNCS disks N6.46 6.34 
10 [Co(dibenzec)( y-picoline)z] 992.63 82 short, brown irreg. Co 11.87 11.78 

fCntNn ' 4(NH3»1 prisms N 14.10 14.00 
II [Co(dibenzec)(y-picoline)z] 1185.03 88 reddish brown Co+Cr9.36 9.22 

fCr{11!C$).(aniline»l microciystals N 11.81 11.74 
12 [Co(dibenzec)(o-anisidine)z}l 902.66 53 dark brown square Co6.52 6.44 

nrisms N6.20 6.12 
13 [Co(dibenzec)(o- 875.21 58 square thin brown Co6.73. 6.65 

anisidine\.1Cl04 nlates N6.39 6.20 
14 [Co(dJllenzec)(o- 817.77 47 thick, dark brown Co7.20 7.17 

anisidinc»lSCN disks NS.SS 8.43 
15 [Co(dt1lenzec)(o-anisidine)z] 1094.19 94 brown irreg. ccyst. Co+Crl0.14 10.06 

fCr{11!C$),<NH31.1 N 12.79 12.69 
16 [Co(dJllenzec)(o-anisidine)z]I 870.54 73 sparkling brown Co6.77 6.71 

nrisms N6.43 6.33 
17 [Co(dibenzec)(p- 843.09 82 brown disks plates Co6.99 6.85 

toluidine\..1Cl04 N6.64 6.57 
18 [Co(dtllenzec)(p- 801.72 50 brown square Co7.35 7.19 

toluidine).,1$CN N8.73 8.62 
19 [Co(dtllenzec)(p-toluidineh] 1020.67 84 light brown Co 11.54 11.43 

if'.nlN(),)4 3\.-l mi"""'"'stals N 13.71 13.60 
20 [Co(dibenzec)(p-toluidine).,J 1062.07 94 reddish- Co+Cr 10.44 10.31 

[CI(NCS).(NH,)z] brown micro- N 13.18 13.10 
crv<1als 

21 (Co(dibenzec)(p-toluidineh] 1214.07 87 reddish - brown Co+Cr9.13 9.06 
fCr{11!C$),(aniJine\..1 mi - N 11.53 11.40 s 

.:22 [Co(dtllenzec)(<X- 942.54 83 brown disk Co6.25 6.18 
- Jamine\..ll N5.94 5.82 
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I II Ill IV v VI VII 
23 [Co(dibenzec)(a- 915.09 86 red-brown Co6.25 6.18 

naphtylamine).,lCIQ4 microcrystals N5.94 5.82 

24 [Co(d!l>enzec)(a- 873.72 73 reddish-brown Co6.74 6.71 
nanhtylamine)z)NCS microcrystals NS.OJ 7.95 

25 [Co(dibenzec)(a- l134.07 94 red-brown Co+Cr9.78 9.66 
naphtylamine),] microcrystals N 12.34 12.21 
!Cr<NCS).(NH,)2] 

26 [Co(d!l>enzec)(a- 1286.07 96 red-brown Co+Cr8.62 8.55 
naphtylamine )z) microcrystals N 10.88 10.79 
!Cr(NCS).,(aniline\..l 

27 [Co(dibenzec)(m· 972.40 74 dark brown irreg. Co6.06 6.00 
bromoaniline),ll prisms N5.75 5.63 

28 [Co( dibenzec)(m- 944.95 80 sparkling, short Co6.23 6.20 
bromoaniline\..1Cl04 brown orisms N6.87 6.77 

29 [Co( dibenzec)(aniline )z)I 842.50 51 sparkling, thin Co6.99 7.02 
brown prisms N6.64 6.51 

30 [Co(dibenzec)(anilineh]CI04 815.05 62 sparkling, brown Co7.23 7.26 
rhomb. olates N6.87 6.79 

31 [Co(d!llcnzcc)(anilinc),] 1186.03 84 brown dendrites Co+Cr9.35 9.20 
fCr<NCSManiline).,1 N 11.80 11.69 

32 [Co(dibenzec)(m-xylidine),]I 898.74 53 dark brown plates Co6.55 6.44 
N6.23 6.19 

33 [Co(d!l>enzec)(m· 871.29 62 sparkling brown Co6.76 6.70 
=lidine\..lCI04 olates N6.42 6.33 

34 [Co(dibenzec)(m-xylidine),] 1242.27 92 reddish-brown Co+Cr8.89 8.77 
re .. ·- '.laniline).,1 mi 

. 
N 11.26 11.ll ' s 

When compared to the analogous ethylendiimino - bis- acetylacetone 
derivatives, [Co(ec)(amine)2JX, the [Co(dibenzec)(amine)2]X salts are more sparingly 
soluble in water and dilute alcohol. 

The salts with [Co(NCS)4(amine)r are insoluble in water and alcohol, and easily 
soluble in ketones, e.g. acetone, acetylacetone, dimethylformamide and 
dimethylsulfoxide, respectively. 

Thermal Stability 
The thermal stability of some [Co(dibenzec)(amine)i]X type complexes was 

studied by means of differential thermal analysis. The complicated thermal degradation 
processes begins at 140-180°C in the case of the [Co(dibenzec)(amine)2]X derivatives 
as a function of the nature of the amine component and of the external anion. The 
nitrates, perchlorates, periodates (not analysed) decompose suddenly, generally with 
explosion. The halides, pseudohalides and the corresponding salts with complex acids 
liberate free amines, N2, CO, C02 and other decomposition and oxidation products in 
non stoichiometric ratios, during a slower pyrolysis process under the static air 
atmosphere of the furnace. The final product at 800-850°C is C0304 or C0304 + Cr2{h. 

The thermal behaviour of the [Co(dibenzec)(amine)2]X type complexes is 
analogous with that of the [Co(ec)(amine)2]X derivatives, the latter having a higher 
thermal stability. 
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The exo- and endothermal peaks in the temperature range of 150-550°C show 
these complicated decomposition and oxidation processes. 

The first not well formed inflection point on the thermograms of some 
derivatives with X=Br, I, NCS corresponds to a partial deamination reaction. 

[Co( clibenzec )(amine )i]X ~[Co(dibenzec )( amine)X] + amine 

This endothermal process (DTA- peak at 150-l80°C is not so evident as in the case of 
the dimethylglioximino complexes [Co(DH)(amine)i]X which were reported in our 
earlier papers 11

•
12, also from the kinetic point of view: 

[Co(DH)i(amine)i]X~[Co(DH)i(amine)X] +amine 

Electronic Spectra 
The spectrum of dibenzec.H2 has a similar feature to that ofbenzec.H2 and ec.H2 

respectively, but its characteristic double bond, situated at about 30800 and 32700 cm·1 

in case of the latter, is strongly shifted towards the visible region and appears at 28400 
cm"1 and 29400 cm·' for the former. This important shift is due to the effect of the 
phenyl group, extending the it-bond system of the molecule. Presumably, the above 
mentioned bands correspond to a n-n* transition. 

Table 2. IR spectral data of some [Co(dibenzec)(amine)i]X type complexes and free 
dibenzec.H2. 

Substance l II Ill IV v VI 
vibration 
vN-H - 3220- 3220- 3200- 3200m 3260m 

3180m 3160m 3160m 3130 3!70m 
3125m 3130m 3120m 3080 3085m 

vC-H 2%0m 2960w 2970m 2960m 2980m 2985w 
2880m 2860w 2880w 2870w 2860m 2880w 

vC,,,-C/\r l620vs l605vs 1605vs 1605vs l610vs 16020vs 

l5.,NH2 - 1580m 1585m 1580m 1590w 1540vs 

vC-N 1555vs 1530vs 1535vs 1535vs 1540vs 1540vs 

l5.,CH3 145Is 1495vs 1470s 1470s 1475m 1485s 
1470s 1450s 1435s 

l5,CH2 1355vs 1350m 1360m 1360m 1370m 1365m 

l5NH2 - 1310s 1310s 1310s 1318s 1310vs 
vC-0 1180w 1130s l134s I 145s 1145w 1340m 

1160w ll35w 
YNH2 - 845m 850m 850m 825m 865m 
yC,.,..C,,, 770vs 770vs 765vs 765vs 760vs 760m 
'VC,,,-H 715vs 720s 720s 720s 715s 720vs 
I. Dloonzec.H2; II [Co(dtoonzec)(anilineh)I; Ill [Co(dibell2CC(m-toluidinc)2JI; IV [Co(dibenzec)(o-Br
aniline)2JI; V [Co(dt1lenzec)(m-xylidine),]I; VI [Co(dt1lenzec)(a-naphtylamine,JI 

45 
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The coordination of both ec.H2 and dibenzec.H2 gives rise to the formation of 
larger delocalized n-bond systems, involving also the 1t type dxy and dyz orbitals of the 
Co atom. In this case the n-n* absorption bands may be expected to be shifted toward 
lower wave number values. In the case of the analogous ec and pee (pec.H:z=l,3-
propylenediimino-bis-acetylacetone) complexes of Co(lll) two absorption bands appear 
indeed at about 2300 and 2960 cm·1, respectively. 

Freshly prepared solutions of the [Co(ll)dibenzec] complex exhibit several d-d 
transition bands, viz. at 13600, 1490 and 16500cm·1• In the UV region two main bands 
appear, at 24100 and 30200 cm ·1, respectively, as well as three inflection points at 
21000, 23000 and 28000 cm·1. Upon contact with air, the spectrum changes gradually in 
48 hours, the d-d bands disappear and there remains a single strong band at 2800 cm·1 

and two inflection points at 17000 and 29000 cm·1. Presumably, this transformation is 
due to the oxidation of Co(ll) to Co(lll) and the strong band may correspond to the n-n* 
transition in the conjugated n-bond system of the resulting [Co( dibenzec )(H20 )if 
complex ion. Generally, in the visible and UV region, the amine containing dibenzec 
complex of Co(lll), ([Co(dibenzec)(amine)2J'), exhibits five absorption bands, as the 
corresponding ec and pee derivatives. Sometimes, besides them inflection points 
between 13800 and 15000 cm·1 also appear, indicating weak d-d transitions. 

The absorption bands of the dibenzec complexes studied are summarized in 
Table Ill. 

Table Ill. Wave numbers(in cm-1
) and molar absorptivity (e) of the absorption bands in 

the electronic spectrum of[Co(dibenzec)(amine)2JX type complexes. 

No Amine x Bands 
A B c D E 

I NH3* I 21800 27300 34000 43500 49300 
1700 23000 20000 32000 74000 

2 aniline I 22000 27000 35500 43000 49000 
3 m-toluidine I 21500 27300 34200 40600 48800 
4 o-toluidine c10. 22000 27400 35600 40300 49000 
5 pyridine* c10. 22700 27400 - 50000 74000 

1500 !l600 39300 46500 
6 y-oicoline c10. 22700 27400 - 39500 45300 
7 a-naohtvlamine Ac 21500 29200 36100 41500 46600 
8 m-xvlidine I 21200 27100 35400 28500 37600 
9 o-anisidine I 22000 27200 35200 38500 48500 
10 m-bromoaniline I 22000 27500 35500 44500 48500 
ll o-bromoaniline I 22200 27300 35000 37800 48000 
12 B-oicoline Ac 22600 27400 - 39500 45300 

-Ac=CH3COO; *Ref. 13. 

Obviously, both bands A and B have lower wave numbers as compared to the 
absorption bands of dibenzec.H2 exactly as with the analogous ec. complexes, 
suggesting that these might be due to n-n* transitions. As far as the influence of the 
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amine ligands is concerned, in the case of ec and pee complexes of Co(lll), a difference 
has been observed 7 between the behaviour of the amine ligands forming only cr-bands 
with Co and those forming also it-bonds. The former situation appears in the case of 
complexes 1-9 in Table Ill, the latter one with complexes 10-12. 

The mean values of the wave numbers of the five absorption bands obtained for 
the dibenzec complexes studied, are presented in Table IV, separately for cr- bond 
forming amine derivatives (o), and n-bond forming ones (n). 

Table IV. Mean wave numbers (in cm"1
) of the absorption bands for dibenzec and ec. 

complexes of Co(lll) containing only cr- bond forming amine ligands (o), also 
n-bond forming ones (n) and general mean values(g). 

Bond A B c D E 
dibenzec ~ 21720 27400 34900 41920 48500 

c....!!.... 22000 27700 36100 39000 47000 
lZ 21850 27500 35300 40800 48000 

ec ~ 23600 29700 35400 42000 45700 

c....!!.... 22900 29600 35000 38900 45300 
2 23300 29700 35200 40500 45600 

For the sake of comparison besides the general mean value (g) the analogous 
data reported earlier for ec. complexes are also given in the same Table. 

By comparing the mean wave numbers one can see, that substitution of ec with 
dibenzec entails the shift of bands A and B towards lower values; bands C and D are 
practically not affected and band E exhibits an important shift towards higher wave 
numbers. Therefore we presume that bands A and B might be due to Jt-Jt* transitions as 
shown above, bands C and D besides the Co atom might be involved the amine ligands 
and with band E the ec and dibenzec ligands, respectively. 

Concerning the influence of the cr or Jt type of the amine ligands, practically, the 
bands Band Care not affected at all. In the case of band D, and in a smaller extent also 
band E, the Jt type amine ligands give rise to a shift towards lower wave numbers, both 
with ec and dibenzec derivatives. The behaviour of band A is more complicated. It is 
also shifted towards lower wave number by n type amines in the case of ec-complexes, 
but the opposite is observed with dibenzec ones, these effects however are not important 
and might be due to experimental artifacts. 
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ABSTRACT 

The present study reports experimental results obtained for the physical and 
chemical properties of conventional or standard pattern wax and reformulated 
pattern wax blended in order to obtain maximum efficiency for possible recycling 
in the investment metal casting industry. Some of the properties determined 
included melting point, flash point, water content, ash content, volumetric 
expansion, hardness, refractive index, infrared and ultraviolet spectra, thermal 
behavior, curves obtained by DSC, OTA and TGA. The reformulated wax was 
shown to be relatively stable and good for industrial use after twelve simulated 
recycling steps. 

RESUMO 

0 presente trabalho apresenta resultados experimentais obtidos para cera 
padrtio para modelos, convencionalmente utilizada pela industria, e cera 
reformulada visando sua reciclabilidade quando utilizada no processo de 
microfusao. A/gumas das propriedades determinadas foram: temperaturas de 
fusao e de volatilizaqao, teores de agua (volateis), cinzas, dureza, m6dulo de 
elasticidade, fndice de refraqao, expansao volumetrica, espectros caracteristicos 
no infravermelho e ultravioleta e as curvas termicas: DSC, OTA, TGA ou DTG. Os 
resultados obtidos mostram que a cera reformulada permanece relativamente 
estavel depois de doze ciclos simulados de utilizaqtio e que ela e satisfat6ria para 
processos industriais de microfusao. 

KEY WORDS: Pattern Wax, Metal Casting, Dewaxing, Recycling of Pattern Wax. 
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INTRODUCTION 

Pure beewax or common waxes modified with fats and resins have been 
used since ancient times in Europe, Asia end Africa, to make models that were 
invested with clays to give ceramic moulds from which metal casting especially 
bronze, were made. Art objects of high quality were manufactured in Italy during 
the 161

h century, but the lost-wax process only became of industrial importance with 
the development of dental metallurgy and earticularly the advent of the turbine 
engine in the years preceeding World War II. 4 

The investment casting process is characterized by the manufacturing of 
parts of high metallurgic quality, especially with respect to complexity of design, 
dimensional aspects and surface finshing. In addition, investment casting is able to 
achieve the tolerance necessary to eliminate difficult or impossible machining 
operations. 4-10 

Waxes used for patterns are complex mixtures composed of selected, high
priced ingredients that have been formulated and blended by a wax supplier in 
order to make the best wax patterns possible. 

Pattern wax is a very valuable raw material and represents the starting point 
for the production of investment casting. Obviously, the better the quality of the 
wax patterns prepared, the higher will be the quality of investment castings 
produced. 

Waxes are generally classified into three cathegories: natural waxes, 
modified natural waxes and fully synthetic waxes. 11

·
12

· Natural waxes, widely 
distributed in nature, are usually classified into fossil and nonfossil or recent waxes. 
Among the more common fossil waxes are petroleum waxes that consist of long 
chain hydrocarbons and monton waxes that contain oxygen functional groups in 
the molecules. 12.13 Nonfossil or recent waxes include animal and plant waxes. By 
far, the most widely known is beewax produced by Apis mellifera and other bees of 
the Apis especies, but there are other insect waxes used on a large scale 
produced by bugs at the Coccidae family, the Chinese insect wax, being the most 
widely commecialized. Animal waxes come from land animals (e.g, wool wax) and 
marine animals (e.g. sperm whale or spermaceti wax). Among plant waxes the 
more common ones are carnauba, an exudate of the carnauba palm leaves 
produced commercially in Northern Brazil in the states Of Ceara and Piaui and 
candelilla wax obtained from a desert shrub, produced on a large scale in Mexico, 
in the states of Sonora and Chihuahua.13 

Modified natural waxes are obtained from crude oil by physical refining 
methods or chemical processes involving paraffin or monton waxes 1 

. 

Fully synthetic waxes may be hydrocarbon waxes or nonhydrocarbon waxes 
including amides, ethers alcohols, acids, polyethylene and Fischer - Tropsch 
waxes15 

.. 

A wide majority of the pattern waxes available commercially are usually a 
blend of waxes, resins and additives selected to impart the necessary 
characteristics 16

. Among the desired features are strength, hardness, melting 
point, viscosity, surface smootheness, ash content, dimensional stability, 
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shrinkage, toughness, mold release, injection temperature and compatibility with 
mold materials. 

The purpose of the present study was to analyze physical and chemical 
properties of a typical pattern wax used by the regional investment casting 
industries in the State of Rio Grande do Sul, Brazil and evaluate the possibility of 
recyclinig, making the necessary adjustment in the formulation of the pattern wax 
blend. 

Some of the properties determined included melting point, flash point, water 
content, ash content, volumetric expansion, hardness, refractive index, elastic 
modulus, viscous modulus, viscosity, complex viscosity, infrared and ultraviolet 
spectra and thermal behavior curves obtained by a differential scanning calorimetry 
(DSC) and a differential thermal analysis (TGA). 

MATERIAL AND METHODS 

The two model pattern waxes used in this study were prepared from 
commercial products. One model, the conventional or standard pattern wax, used 
by the regional investment casting industries in the State of Rio Grande do Sul, 
Brazil, consists of 48% by weight pitch, 20% mineral wax, 5% carnauba palm wax 
and 2% ethylene vinyl acetate (EVA). The second model, a reformulated pattern 
wax, consisted of 38% pitch, 40% paraffin, 27% synthetic wax, 2% ethylene vinyl 
acetate (EVA) and 1% butylated hydroxytoluene (BHT) 

The model waxes were prepared in a container equipped with heating and 
paddle stirring and a hot filtering system. The fusion processes were a performed 
as follows: a) melting of paraffin and mineral wax (120°c). b) addition and melting 
of EVA and pitch under continuous stirring until the temperature reached 
90°c. c) addition and fusion of carnauba palm wax. d) stirring for 30 minutes 
and e) warm filtration followed by cooling. 

The microfusion process was simulated starting with 15 kg of pattern 
wax, dewaxing in an autoclave under the same conditions used by the 
investment casting industries 7,4 to 7,6 kg/cm2 of pressure, 170 to 175 °C; 
1 O minutes dewaxing time followed by cooling and testing under 
environmental conditions for 24 hours. The reformulated pattern wax was 
subject to twelve (12) recycling processes. 

The infrared spectra were obtained using KBr pellets with a Perkin
Elmer FT-IR Spectrum 1000 Spectrophotometer and the ultraviolet spectra 
were determined in cyclohexane solution containing 3mg/L of solute using a 
Shimadzu Model 160 /PC UV-VIS Spectrophotometer. 

Thermal and termogravimetric analyses were performed using a TA 
instrument Model DSC-2010, with inert atmosphere, closed capsule and a 
heating rate of 10 °C/min and a Netzch Instrument Model STA-409 with an 
open capsule, an oxidizing atmosphere (a flow of 150 ml of air per minute) 
and a heating rate Of 2,5 °C/min. 
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The water content of the wax was determined employing a Sartorius 
Model MA 30 Eletronic Humidity Analyzer at 105 °c for 5 minutes keeping 
the sample in equilibrium with a hygroscopic environment (60o/o humidity and 
-24 °C). 

The characterization and monitoring during the successive cycles was 
done measuring the refractive index (Abbe refractometer at 80 °C with a 
precision of± 0,0015); Young Elasticity Modulus (EMIC DL500 Apparatus at 
24°C, 85% deformation of 10mm and a rate of 20 mm/min); Shore D 
Hardness; volumetric expansion (IBER-P-092 Technical Norm) and melting 
and Flash points using Differential Scanning Calorimetry DSC. 

RESULTS AND DISCUSSION 

Figure 1 shows the physical appearance of conventional pattern wax
( a) and (c) and reformulated pattern wax (b) and (d). 

Figure 1. Physical Aspect of Conventional Pattern Wax a) Fused at Rest and c) Fused with stirring 
and Refonnulated pattern Wax b) Fused at Rest and d)Melted with Stirling 

The reformulated pattern wax shows no phase separations indicating 
that the desired structural stability has been achieved. 

Figure 2 illustrates the infrared spectra of the standard or conventional 
pattern wax and the reformulated pattern wax. Absorption bands at 2907, 
1469 and 717 cm-1 are characteristic ox waxes containing hydrocarbons 
(paraffins and mineral waxes). The bands at 2907, 1694 and 1277cm-1 are 
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typical of acid waxes and the peaks at 3426, 1694 and 1181 cm·1 indicative 
of waxes that contain esters. It is worthwhile to note that no absorption 
bands occur about 1500 cm·1, indicating the absence of saponificated 
carboxyl groups. 
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As can be seen in Figure 3 the recycling of the reformulated pattern 
wax (cycles 1,3,5, 7 ,9 and 11) has little effect on the IR Spectrum as a whole, 
indicating the relative stability of the reformulated wax. It should be noted 
that the spectra were obtained after drying and filtering the recycled sample 
and removing the dark paticles from the dewaxed waxes. 

Figure 4. shows the ultraviolet absorption spectra obtained for the 
conventional or standard wax and even - numbered recycled samples of 
reformulated wax. 
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Figure 4. Ultraviolet Absorpition Spectra of Standard or Conventional Pattern Wax and Recycled 
Sample of Reformulated Pattern Wax (Even - Numbered Cycles). 

Some changes in the spectra of the recycled sample are to be noted 
in the region of 215 to 220 mm. They are however, difficult to interpret, On 
the whole, it may be concluded that the dewaxing process leads to little 
oxidation of double bonds of the abietic acid ring, and apparenty no cyclo
additions of the Diets - Alder type, ring condensations and polymerizations 
take olace 17

· 
18
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As can be seen in Figure 3 the recycling of the reformulated pattern 
wax (cycles 1,3,5, 7 ,9 and 11) has little effect on the IR Spectrum as a whole, 
indicating the relative stability of the reformulated wax. It should be noted 
that the spectra were obtained after drying and filtering the recycled sample 
and removing the dark paticles from the dewaxed waxes. 

Figure 4. shows the ultraviolet absorption spectra obtained for the 
conventional or standard wax and even - numbered recycled samples of 
reformulated wax. 
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Some changes in the spectra of the recycled sample are to be noted 
in the region of 215 to 220 mm. They are however, difficult to interpret, On 
the whole, it may be concluded that the dewaxing process leads to little 
oxidation of double bonds of the abietic acid ring, and apparenty no cyclo
additions of the Diels - Alder type, ring condensations and polymerizations 
take olace 17
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Figure 5. ilustrates a typical differential scanning calorimetry (DSC) 
curve for a conventional pattern wax. The two transitions, melting point at 
56,2 °C and the flash point at 253,3 are very distinct. 
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Figure 5. DSC Curve for a Standard Pattern Wax (10 °C/min under N2 Atmosphere) 

Figure 6. shows DSC curves a virgin pattern wax, a dewaxed pattern 
wax and a dewaxed and dried pattern wax corresponding to the first dried 
recycling process. Again, the melting and flash points are clearly distinct in 
all three cases and exhibit essentially the same values. It is interesting to 
note the presence of a large number of minor peaks for the case of the 
dewaxed pattern wax indicating the presence of water, essentially in the 
emulsified and occluded forms. These peaks are absent in the other two 
cases. Differential Scanning Calorimetry thus appears to be a sensible 
technique for detecting the presence of water in waxes. 
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Figure 6. DSC Curves for Virgin Pattern Wax. a Dewaxed Patem Wax and Dewaxed 
Dried Patem Wax 

TG and TGA curves studied the total thermal degradation of pattern 
wax and representative results are illustrated in Figure 7. The interpretation 
of the results in terms of TGA and DTA curves leads to three distinct steps. 
During the first step, below 340 °C (interval A - B) the pattern wax is 
thermally stable the only processes occurring are melting and loss of 
humidity. The second step between 340 °C and 470 °C (interval C) involves 
volatilization and combustion of the fraction of the wax with lower molecular 
weight. The third step, between 470 °C and 580 °C (interval D) corresponds 
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to the volatilization and combustion of the high molecular weight fraction. 
The process ends about 600 °C (point E) with total combustion of the wax 
resulting in an inorganic residue (ashes). 
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Figure 7. TGA Curve and Its Derivative for a Pattern Wax (Heating Rate 10 °C/min, under Nitrogen 
Atmosphere). 

Table I summarizes the mass loss in percent by weight at different 
temperatures in the presence of air for pattern wax and some of its 
components. 

Table I. Mass Loss for the Pattern Wax and its Components {%mg) and the Corresponding 
Temperature in the Presence of Air {40mUmin). 

MATERIAL Ste 1 Ste 2 s oc Ao/omg oc Ao/omg oc Ao/omg 
Pitch 258,31 83,01 5,98 521,39 10,67 
Parafin 263,49 92,63 491,00 7,52 534,75 10,73 
Mineral Wax 296,76 77,9 441,57 13,37 
Camauba 307,19 64,61 416,94 21,83 495,42 13,62 
EVA* *no mass loss 
PatemWax 235,21 57,47 40,51 2,03 
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Analysis of the data in Table I shows that for all the components the 
preponderant weight loss occurs below 300 °C by volatilization (fumigation) 
and subsequent combustion of the vapors. The rate of mass loss is an 
indication of the ease of volatilization and may also show which materials 
are carried during autoclaving and which may be removed with water. For 
example, mineral wax is the first to disappear and leaves no residue and 
thus is easily eliminated and alters the composition and structure of the 
recycled wax, Carnauba, on the other hand, volatilized and decomposed 
more slowly and leaves a lot of residue. 

The behavior of pattern wax is different when compared to its 
components, showing that it is really a blend. The study of the degradation 
process under oxidizing atmosphere may provide a wealth of information 
about the reactivity, heats of reaction, kinetics and activation energy of the 
steps involved. 

Figure 8 illustrates some typical Shore D Hardness values obtained for 
standard pattern wax and the corresponding 12 cycles simulated with and 
without the presence of ceramic investment at 23 °C. 

Similar results are presented in Figure 9 for reformulated pattern wax 
at 23 °C for the odd numbered cycles simulated. 
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Figure 8. Shore D Hardness for Patter Wax in the Presence 
and Absence of Ceramics for Twelve Simulated Cycles. 
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The hardness increases in a linear form for samples with or without 
the presence of ceramics. The slope "a" of the line in Figure 8 may be 
considered a measure of the degradation of the wax during recycling. The 
experimental results in all cases sugest a relative small degradation rate and 
relative structural instability for each cycle. 

Similar results are presented for the refractive index of the pattern wax 
and reformulated pattern wax in Figures 1 O and 11, respectively, at 80 °C. 
As can be seen, the refractive index increases both in the presence and 
absence of ceramics. 
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Figure 10. Refractive of Pattern Wax and 80 °C in the Presence and Absence of Ceramics. 
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The presence of fine ceramic particles decreases as a whole the 
refractive index as can be seen in Figure 10. Again, the gradual increase of 
the refractive index as a function of recycling is indicative of a slow and 
linear degradation of the wax and its structural instability, since the refractive 
index is directly related to molecular composition.20 

Volumetric expansion, water content and the modulus of elasticity are 
not good parameters for determining degradation or decomposition of the 
wax. On the other hand, they are very sensitive to structural instability, as 
can be deduced from the results of the recycling processes. 

In conclusion it may be stated that the original standard pattern wax 
and the reformulated pattern wax are heterogeneous dispersions. Pitch 
added in a high concentration tends to segregate the system causing 
instability of the mixture. 

Wax has typical and reproductive spectra that may be used for its 
characterization. In the infrared (IR), bands at 2907, 1469 and 717 cm·1 are 
characteristic of paraffin and mineral waxes due to hydrocarbons, the acid 
fraction has bands at 2907, 1694 and 1277 cm·1 and the ester fraction 
exhibits strong peaks at 3426, 1694 and 1181 cm·1

• In the ultraviolet (UV) 
region there is a strong band at 241 mm characteristc of abietic acid present 
in pitch. 

Differential Scanning Calorimetry (DSC) termal curves for pattern wax 
are typical and show that the processes occurring below 300 °C are loss of 
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humidity and volatile materials, fusion, fumigation (volatization of 
inflammable vapors and incipient oxidations. The thermogravimetric (CTG) 
curves obtained for total thermal degradation indicate that wax contains two 
characteristic molecular fractions, one that volatilizes and oxidizes between 
340 and 470 °C and a second one that undergoes similar processes 
between 470 and 580 °C. The hot water present in the autoclave mixes with 
the wax and upon solidification most of it remains occluded in the mixture 
and the rest is emulsified, beeing associated with polar groups of the wax. 

The experimental results obtained for the analysis of sample of 
pattern wax subject to the simulated recycling show that the main change is 
random and of a structural nature and that the extent of degradation is very 
small and can be measured by the refractive index, hardness, viscosity and 
other dynamical and mechanical parameters. 

The shift of the base line of DSC curves indicates that the thermal 
properties of the wax are changed during the recycling. The change may be 
due to oxidations and elimination of components by volatilization and 
carriage. 

The infrared spectra show the possible occurrence of cleavage of 
molecules, oxidations, dehydrogenations, reactions involving functional 
groups, ring condensations and formation of a new products. Similar 
processes appear to take place with pitch during dewaxing especially 
involving dimerization of acid isomers, ring condesantions and double bond 
oxidations. 

The higher homogeneity of the dewaxed wax samples containing 
ceramics is due to the successive processing steps (filtration, dewaxing and 
removal of the water during each cycle) that eliminate the incompatible 
fractions and due to the presence of fine ceramic particles, that improve the 
structural stability of the wax. 

The reformulated pattern wax presented all the prerequisites 
necessary for sucessful recycling and possible industrial use or application. 
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ABSTRACT 

63 

Salvation kinetics of [Cr(NCS)4(imidazole)2]~ has been studied in ethanol-water 
mixtures at different temperatures. The first stage of the salvation consists of two 
competitive reactions: two NCS- ions are exchanged, presumably, by water molecules awl 
simultaneously an imidazole molecule by ethanol, the latter in a second-order reaction, 
acceierated by hydrogen ions. The exchange of the amine is followed by the substitution of 
the first two NCS- ions. The third and fourth Ncs- ions are substituted only in neutral and 
slightly acidic solutions. Kinetic parameters have been determined for reactions (1), (2) 
and (4). The influence of the solvent composition and acidity is discussed. 

K.E\'WORI>S: complexes of chromium, competitive reactions, mechanism, kinetic 
parameters, water-ethanol solution. 

RESUMO 
A cinet.iaa de solvataqao do {on @;!'(.NCSJ 4(imidazoZJ.J- foi 

estuilada a Va;!'ias tempe;!'aturas em solugoes aquosas de etanol. 
A p;!'imeira etapa de solvataqao eonsiste de duas reaqO.es eompeti
tivas: dois {ons Ncs- sao substituidos po;!' moleeulas de agua e 
simultaneamente uma moleeula de imidazol e substituida po;!' etanol. 
A segunda ;!'eaqao, que e de segunda O;!'dem,e aeelerada por ions de 
hid;!'O(Jenio. 0 inte;!'eambio da amina e seguido pela substituiqao 
dos primei;!'os dois ions Ncs-. O te;!'cei;!'o e o quarto {on Ncs-
sao substituidos somente em so Zuqoes neutras OU Zevemente aeidas. 
Foram determinados parametros einetieos para as reaqoes (l), (2) 
e (4). Os efeitos da eomposiqao do meio e da aeidez do mesmo 
sao diseutidas. 

DOI: 10.48141/SBJCHEM.v10.n11.2002.65_2002.pdf
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INTRODUCTION 
In our previous papers 1

•
7 we described the solvation kinetics of some 

[Cr(NCS)4(amine)if type complexes that have been studied in ethanol-water mixtures, 
with the following amines: aniline; p-toluidine; p-ethylaniline; p-anisidine and p
phenetidine. 

The first stage of solvation consists of two competitive reactions, viz. of the exchange 
of the first Ncs- ion or of an amine molecule A by the solvent molecules ROH, i.e. 

[Cr(NCS).i.A2r +ROH= [Cr(NCS)3(A)2ROHJ + NCS
[Cr(NCS)4A2r + ROH= [Cr(NCS)4(A)ROHr + A 

(1) 
(2) 

Reaction (1) proceeds by a SN1 mechanism and is followed presumably by the 
practically instantaneous reaction: 

[Cr(NCS)J(A)2ROH]- +ROH= [Cr(NCS)2(A)i(ROH)2t + Ncs- (3) 

Reaction (2) seems to be of SN2 mechanism. It is accelerated by the presence of 
mineral acids and is followed by the reactions: 

[Cr(NC$)4(A)ROHr +ROH= [Cr(NC$)3(A)(ROH)2] + Ncs- ( 4) 
[Cr(NCS)J(A)(ROH)i] +ROH= [Cr(NCS)2(A)(ROH)3t + NCS- (5) 

Reaction (4) is analogous with reaction (1). It's kinetic parameters are very close to 
those characteristic of reaction ( 1) and reaction ( 5) is presumably also instantaneous. 

In neutral solutions the third and the fourth Ncs- ions are also substituted, according 
to the equations: 

[Cr(NCS)2(A)2(ROH)2r +ROH-> [Cr(NCSXA)i(ROH)3!2+ + Ncs- (6) 
[Cr(NCS)2(A)(ROH)3! +ROH-> [Cr(NCS)(AXROH)4]2 + Ncs- (7) 
[Cr(NCSXAXROH)3J + + ROH ..... [Cr(A)i(ROH)4]3+ + Ncs- (8) 
[Cr(NCSXAXROH)4J2+ + ROH ..... [CrA(ROH)st + Ncs- (9) 

On cannot exclude the possibility that the second amine molecule may be exchanged. 
Thus, other reactions may also by involved. 

Kinetic parameters of reactions (1) and (4) are not influenced sensibly by the nature 
of the amine molecule, but the rate of reaction (2) depends on the nucleophilic character of 
the amine, viz. it has lower values if A is p-anisidine or p-phenetidine, when compared to 
the other amines studied. 

EXPERIMENTAL 
The synthesis of the imidazole·H[Cr(NCS)4(imidazole)2] complex salt been described 

in our previous paper io,n. 
Kinetic measurements have been carried out in the same way as described earlier in 

the literature 5• 
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RESULTS AND DISCUSSION 
In the present paper the solvation of the complex ion with A=imidazole has been 

studied at different temperatures and in ethanol-water mixtures containing 37.7, 48.5, 72.7 
and 97.0 percent by volume in ethanol. The concentration of the non-transformed complex 
ion and the NCS- ions liberated has been followed with time. The concentration of the non
transformed complex ion has been determined colorimetrically and since the validity of 
Beer's law been observed, the plot of log A versus time was used to determine the rate 
constants. This graphical plot gives very good straight lines, and shows the overall reaction 
to be of first order. Some examples are given in Figure 1. 
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Fig.1 Determination of overall first order rate constants k 1. 48.5% EtOH, 40°C; 2. 
72. 7% EtOH, 40°C; 3. 97.0% EtOH, 406 C; 4. 48.5% EtOH, 40°C. 

Rate constants derived from the slope of these straight lines are presented in Table l. 
The graphical plot of log, k!T values versus I IT enabled us to calculate the apparent 
activation energy and entropy values. Both decrease systematically with increasing ethanol 
content of the solvent, as is seen from Table 1. 

Table 1 Kinetic parameters of the overall process 

EtOH k·103sec-1 ilH¢ 
content 6.S#e.u. 

kcal/mole (%Vol.) 40°C 45°C 50°C 55°C 
37.7 0.098 0.236 0.541 l.18 33.3 29.2 
48.5 0.136 0.309 0.698 1.46 31.7 24.5 
72.7 0.177 0.381 0.803 1.74 30.2 21.2 
97.0 0.242 0.513 1.082 2.23 29.5 19.l 

In order to find the fraction of reactions (1) and (2) in the overall reaction, the ratio 
between the concentration C1 of Ncs- ions liberated and the complex transformed, 
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r=Ctl(Co-C) has been determined (Co and C stand for the initial and actual concentration of 
the complex ion studied). As in the case ofthe complexes investigated earlier, a finite zero
time NCS--ion concentration has been found and in order to estimate the concentration 
Ncs- liberated, C1-values have been corrected with the zero-time values, obtained by 
means of extrapolation of experimental data. 

Similarly to the analogous complexes, the ratio has a practically constant value at the 
beginning of the solvation process and it depends only on the ethanol content of the solvent 
and not on the temperature. The plot of r versus transformation degree of the complex is 
shown in Figure 2. 

• 
• • • ••• • • •x •• '\x • • 
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• • ,. 
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Fig.2 Ratio r=C1/(Co-C) as function of transformation degree a. 48.5% EtOH; 
• 40°C; • 45°C; ... 50°C; x 65°C. 

The shape of the r - a curves is also similar for other ethanol concentrations. The 
nearly constant initial r values, which are referred to as ro, are the following: 

Ethanol content (Vol.%) 
ro 

37.7 48.5 
0.26 0.17 

72.7 97.0 
0.091 0.052 

The small r0 values show that reaction (2) plays an important part in the overall 
process. By using the above given r0 values, the rate constants k1 and k2 of reactions (1) and 
(2) can be derived from the overall first-order rate constant k. In order to diminish the 
influence of experimental errors, calculations have been carried out by using corrected k 
values, derived from Afi"' and 8.S"' values given in Table 1, instead of the experimentally 
determined ones. In these calculations reaction (3) has been presumed to be instantaneous. 

This preswnption seems to be sound, since in the case of the Reinecke salt, with 
A=NH3 

8 and also in the case of the analogous benzylamine derivative 9
, where the amine 
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molecules are not substituted, ro"'2 has been observed, which means the practically 
simultaneous exchange of the :first two NCS- ligands. By adopting this reaction scheme, the 
individual first-order rate constants k1 and k2 can be calculated according to the following 
fonnulae: 

k 1 = kro/2 and k2 = k( 1-ro/2) (10) 

The results are given in Table 2. 
Rate constants k1 are a little larger than for the analogous complexes studied earlier 

and show a systematic decrease with increasing ethanol content. This variation is much 
larger than previously observed The first order rate constants k2 increase simultaneously 
with the ethanol content and the ratio k2 to molar concentration of ethanol is practically 
constant for a given temperature. One may presume the amine molecules to be substituted 
only by ethanol by an SNz pathway. The corresponding second-order constants k'2 are given 
in Table 2. These values are close to k '2 obtained for the analogous complexes when 
A-p-toluidine and p-ethylaniline 4•

5
. 

Table 2. Rate constants of reactions (I) and (2) 

EtOH content Rate Temnerature 
(%Vol.) const. 40°C 45°C 50°C 52°C 
37.7 1.34 3.15 7.28 16.l 
48.5 

K1·105seC1 1.11 2.46 5.44 11.8 
72.7 0.781 I.70 3.65 7.75 
97.0 0.602 1.27 2.66 5.53 
37.7 0.864 2.01 4.63 10.3 
48.5 Kz· l 04sec-1 1.25 2.86 6.25 13.6 
72.7 l.67 3.64 7.83 16.4 
97.0 2.36 5.04 10.52 21.6 
37.7 l.133 0.319 0.726 1.64 
48.5 K'2·104sec-1 0.152 0.344 0.765 1.65 
72.7 0.131 0.297 0.634 1.32 
97.0 0.140 0.306 0.639 1.30 

The influence of acidity upon the solvation kinetics has been studied in solution with 
37.7 percent ethanol, by adding various amounts ofperchloric acid. The results obtained are 
given in Table 3. 

The general picture is the same as observed in our previous papers: k1, ro, .6.Hl' and 
.6.S# decrease with increasing in perchloric acid concentration, i.e. reaction ( l). is hindered 
and reaction (2) is, on the contrary, enhanced. At concentration higher than l (iZ M, the rate 
constant k1 is practically not influenced by the acidity. Generally, increasing acidity and 
increasing ethanol content make k1 and k2 vary in the some direction, but a partial reaction 
order can be found only in the case of k2 and only for ethanoL The order effects involve 
presumably different pre-equilibria. 
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Table 3. Influence of perchloric acid on the kinetic parameters. (37.7% EtOH) 

Rate Temn rature ilW AS~ 

const. 40°C 45°C 50°C 55°C (kcal/mole) e.u. ro 

0.112 0.245 0.535 1.38 31.1 22.6 0.141 

k· l03sec-1 0.134 0.301 0.642 l.30 30.4 21.4 0.092 
0.164 0.343 0.767 1.55 31.3 21.5 0.034 
0.193 0.422 0.871 l.81 29.3 18.6 0.023 
0.786 1.76 3.82 8.09 

k1·105sec-1 0.601 1.31 2.87 5.97 
0.281 0.611 1.33 2.74 
0.244 0.521 1.11 2.22 
0.103 0.230 0.507 1.06 

k1· l 04sec-1 0.129 0.281 0.606 1.29 
0.156 0.346 0.735 1.56 
0.193 0.411 0.864 1.74 

The kinetic parameters llW and llS* of the overall reaction decrease when the part 
played by reaction (2) increases. This suggest the idea, that both AW and D.S°' of reaction 
(1) are higher than the same parameters for reaction (2). We could not obtain individual 
values, since our experimental data were too scattered to evidence the influence of 
temperature upon the initial ratio ro. 

In order to obtain additional information concerning the second stage of the solvation 
process, i.e. reactions (4) - (9), the excess concentration Cex of Ncs- ions has been 
calculated by subtracting from the experimental free Ncs- concentrations the theoretical 
Ci, calculated from k1 values, taking also in to account the instantaneous reaction (3). 

Results expressing the influence of temperature, ethanol content and of the acidity on 
this excess concentration are given in Figs. 3-5. 

From these figures it is apparent, that the third and fourth Ncs- ions are also 
substituted in neutral and in slightly acidic solution. 

However, the rate of this reaction decreases considerably with increasing ethanol 
content. The NCS- ions are presumably exchanged by water molecules, which may be 
involved in the reaction mechanism too. 

Fig. S shows reactions ( 6) - (7) to be entirely hindered in highly acidic solutions and 
the excess Ncs- ion concentration to be due only to reactions (4) and (5). By using a curve 
fitting method, described earlier 4•

7 rate constants k4 of reaction ( 4) can be derived from the 
Cex·time curves for concentration of HCI04 = 10-i and l 0-1 M, on the presumption that 
reaction (5) was instantaneous. The procedure is illustrated by Fig. 6, showing several 
theoretical curves calculated for different k4 values, as well as experimental data. 
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Fig. 3 Influence of temperature on the excess Ncs- concentration. 
(37.7% ethanol by volume) 
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Fig. 4 Influence of the ethanol content on the excess Ncs- concentration. 55°C 

69 



70 

SOUTH. BRAZ. J. CHEM., Vol. 10, N° 11, 2002 

SoZ.vation of Chromium ImidazoZ.e Compl.ex 

Fig. 5 Influence ofperchloric acid concentration (in mole/1) on the 
excess Ncs- concentration. (37.7% EtOH, 55°C.) 

to 

5 

0 100 2 l mil. 

Fig. 6 Determination ofk4 by means of the curve fitting method. (37.7% EtOH. 55°C.) 
Cone. ofHCI04 = 10-1 M. Presumed k4·105 values: 
1 and 2.0; 2 and 2.1; 3 and 2.2; 4 and 2.3; 5 and 2.4 

Rate constants k4 detennined by means of this procedure are presented in Table 4. 
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Table 4. Rate constants of reaction (4) in acid solutions kr105sec-1
, 

(37.7% ethanol by volume) 

t°C 
fHCJ04l, (mole/I) 

IO-' 10-' 
40 0.28 0.29 
45 0.58 0.58 
50 l. 17 1.13 
55 2.28 2.32 

Values obtained are very close to k4 values for analogous complexes studied earlier 4•
1

. 

The plot oflog(k.JT) versus l/T, given in Fig. 7, shows a good linearity and enabled 
us to calculate, by means of the least square method, the following kinetic parameters of 
reaction (4) . .6.W= 27.6 ± 0.6 kcal/mole, .6.S*= 3.6 ± 2.0 e.u. 

-"""'-"''" __ , -.--··------
8.2 

E' 8.1 

i 8 
.s 7.9 • 

7.8 

7.7 
7.6 
7.5 
7.4 
7.3 
7.2 
7.1 -,-.. - .. 

3 3.05 3.1 3.15 32 3.25 
1rr 1if 

Fig.7 Determination of ~H* and .6.S* in acid solution.( 37.7% ethanol by volume) 
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ABSTRACT 

Polypropylene is a thermoplastic polymer, widely employed by converter industries 
to produce different plastic objects. In order to control and optimize the final 
properties of the polypropylene material, the evaluation of transition temperatures 
and enthalpies by Differential Scanning Calorimetry (DSC) has a very important 
role. Therefore, it is fundamental to know how the analytical conditions influence 
the results. In this study heating and cooling rates, 10°Clmin and 20°Clmin, and 
two different rates of nitrogen flow, 20 mUmin and 50 mUmin, were investigated. It 
was concluded that thermal properties are influenced by rates of heating and rates 
of nitrogen flow. Best precision was obtained with the low heating rate, 10°Clmin, 
and high flow rate, 50 mUmin. These conditions are being used with the DSC 
method for polyolefin quality control and material characterization. 

KEY WORDS: Polypropylene, Differential Scanning Calorimetry, Thermal Analysis. 

RESUMO 

0 polipropileno e uma resina termoplastica largamente utilizada por 
transformadores na produgtio de diferentes artefatos plasticos e a determinagtio 
das temperaturas de transigtio e das entalpias por Calorimetria Explorat6ria 
Diferencial (DSC) e extremamente importante no sentido de controlar e otimizar as 
propriedades finais do polimero. Assim, e fundamental conhecer a influencia das 
condii,;Oes analiticas nos resultados, sendo que neste trabalho foram ava/iados os 
efeitos das taxas de aquecimento e resfriamento de 10°Clmin e 20°Clmin, e dos 
fluxos de nitrogenio de 20 mUmin e 50 mUmin. Foi possfvel concluir que as 
propriedades termicas stio influenciadas pelas taxas de aquecimento e 
resfriamento e pelos fluxos de nitrogenio. A maior precistio nas determinagoes foi 
obtida com taxa de aquecimento de 10°Clmin e com fluxo de nitrogenio de 50 
mUmin. Estas condigoes foram adotadas no metodo de DSC para controle de 
qua/idade e de caracterizagtio de poliolefinas. 

• Corresponding author 

DOI: 10.48141/SBJCHEM.v10.n11.2002.75_2002.pdf



SOUTH. BRAZ. J. CHEM., Vol. 10, N° 11, 2002 

Transition Terrrperatux>es for PoZypropyZene 
74 

INTRODUCTION 

Polypropylene is a thermoplastic polymer widely employed by converter industries 
for different applications such as fibers (carpets, tape, cordage, nonwoven 
fabrics,. .. ), injection molded products (rigid packaging, home appliances, ... ), films, 
automotive parts and others. 

The growing use of polypropylene (PP) for the plastic compounders and 
processors can be related to both low cost and thermal and mechanical properties 
of the material. They allow its use in the production of fibers, films, parts molded by 
injection, etc1

. The final properties of the PP product depends on polymerization 
conditions, stabilization recipies and other variables. In order to design the 
performance of the compound, the evaluation of melting temperature (Tm), 
crystallization temperature (Tc), enthalpies of fusion (~Hf) and crystallization (~He) 
by Differential Scanning Calorimetry (DSC) are very helpfui2. Therefore, it is 
important to improve the analytical conditions and this study represents an effort to 
understand the effect of variables such as heating and cooling rates and nitrogen 
flow. 

METHODOLOGY 

In this work samples of PP random copolymer and PP homopolymer produced by 
the bulk polymerization according to the Spheripol process were analyzed. The 
DSC equipment used was the DSC 2920 from T.A. Instruments previously 
calibrated with In and Sn. Approximately 6 mg of the sample was weighed and 
placed inside an aluminum pan. In order to get the results, every experimental 
measurement was evaluated ten times. The analytical conditions follow ASTM 
standards3

•
4 and the variables evaluated are presented in Table 1. 

Table 1. Variables Studied 

Variable Description* Heating and Cooling Rate Nitrogen Flow 
(°C/min) (mUmin) 

R10F20 10 20 

R20F20 20 20 

R20F50 20 50 
• R means rate, 10°C/min or 20°C/min, and F means flow, 20 mUmin or 50 mUmin; 
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RESULTS AND DISCUSSION 

Figure 1 illustrates typical results obtained for the melting temperature (Tm) and 
Figure 2 shows a representative result measured for the crystallization temperature 
(Tc). 

Sample: PP 190 Amostra 10 
Size: 6.6200 mg 
MethOd: DSC 10 C-mln 
Comment: Rampa 10 - OesviO +Tot de Medidas 

DSC 
File: C: ... \DSC\PP\pp190<10.10 
Operator: alecsandro 
Run Date: 3-Aug-99 09:00 

o.o~------------------------, 

' 

.0.5 

~ 
~ ·1.0 
u. 
;; 
• J: 

·1.5 

156.39.C 
101.0J/g 
53.14 % crystallil.cd 

120 140 

Temperature re) 

I 

164.37"(: 

' 

200 220 
UnlvcrMIV2.3C TA h'l$tn.lll'letlb 

Figure 1. Determination of Melting Temperature of a Polypropylene (PP) 
Sample by DSC 

Table 2 presents the results for the analysis keeping the nitrogen flow at 20 mUmin 
and changing the heatinglcooling rates. In the calculation of the crystallinity, it was 
considered that PP (100% crystalline) releases 190 Jig. The statistical values are 
related to 95% confidence level and the Dixon test was done to exclude outliers. 
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Sample: PP 190 Amostra 10 
Size: 6.6200 mg DSC 

Fiie: C: ... \OSC\PP\pp190r10. 10 
Operator; a!ecsandro 

Method: DSC 10 C-min Run Date: 3-Aug-99 09:06 
Comment: Rampa 10 - Oesvio •Tot d& Medidas 
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Exo Up Temperature (°C) UnlversalV2.3C TA ln11Jvment1 

Figure 2. Evaluation of the Crystallization Temperature Tc for a 
Polypropylene (PP) Sample by DSC 

Table 2. Results of Properties of PP Obtained Changing Heating Rates and 
Constant Flow 

Property Tm c·ci Tc c·ci t.Hf (J/g) t.Hc (Jig) 

Condition• R10F20 R20F20 R10F20 R20F20 R10F20 R20F20 R10F20 R20F20 

Results 164,44 163,56 117,16 113,41 107,93 101,87 99,15 97,76 

Crystallinity (%) - - - - 57± 1 54± 1 52± 1 51±1 

CL(±) 0,16 0,36 0,29 0,35 1,73 2,07 1,30 1,66 

CV(%) 0,14 0,30 0,34 0,41 2,25 2,41 1,83 2,64 

R 0,72 1,55 1,28 1,53 7,75 8,02 5,80 7,42 

• R means rate, 10°C/min or 20°C/min, and F means flow, 20 mUmin or 50 mUmin; 

Significance tests were used to decide if there were differences between the 
conditions. The results are shown on Table 3. 
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Table 3. Significance Test Results 

Test Method Precision (Variance) 

Item F SnedecorTest Cochran Test 

Tm Rate 10°C/min and flow 20 Rate 10°C/min and flow 20 
mUmin has better precision mUmin has better precision 

Tc No differences -

6Hf No differences No differences 

6Hc No differences No differences 

The following equations were applied: 

where, 

CL = confidence limits, 

CL= Fn 
CV= s.100 

x 

R =ts../2 

t = coefficient from t Student distribution, 
s = standard deviation of a sample, 
n = sample size, 
CV = coefficient of variation or relative standard deviation, 
X = arithmetic mean of a sample, 
R =repeatability. 

Average Comparison 

tTest 

Averages are different 

Averages are different 

Averages are different 

Averages are different 

77 

It is possible to conclude that the analytical procedure with the low heating rate has 
better precision in the Tm determination than the condition using 20°C/min. No 
precision differences were noticed in the other evaluations but the methods are 
really different. 

Tests were carried out keeping the heating/cooling rate at 20°C/min and changing 
the nitrogen flow from 20 mUmin to 50 mUmin. The results and the statistical 
interpretation of the analysis are presented on Tables 4 and 5. 
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Table 4. Property Results Changing Flow Rate and Keeping the Heating Rate 
Constant 

Temperature Tm (oC) Tc (°C) 

Condition* R20F50 R20F20 R20F50 R20F20 

Average Value 163,92 163,56 112,91 113,41 

Nitrogen Flow (mUmin) 50 20 50 20 

CL(±) 0,22 0,35 0,22 0,36 

CV(%) 0,19 0,30 0,28 0,41 

R 0,97 1,55 1,00 1,53 
• R means rate, 10°C/min or 20°C/min, and F means flow, 20 mUmin or 50 mUmin; 

Table 5. Significance Test Results 

Test Method Precision (Variance) Average Comparison 

Item F Snedecor Test Cochran Test tTest 

Tm No differences No differences No differences 

Tc No differences - Averages different 

No significative differences between the precision and methods averages were 
noticed but there is a tendency that the better precision is obtained using the high 
flow. 

CONCLUSIONS 
The heating/cooling rate alter the results and the best precision is obtained using 
10°C/min rate. Anyway, the differences are not big. Changing the nitrogen flow 
from 20 mUmin to 50 mUmin seems optimize the precision a little bit. 
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ABSTRACT 

The paper presents the synthetic routes for obtaining of some organic 
semiconductors and their characterization in order to use in thin film deposition for 
gas sensing devices. 

An original technique was used to control the molecular weight of polymeric 
phthalocyanine. 

We have fabricated devices consisting of evaporated thin films of copper, 
nickel and iron phthalocyanines onto interdigital electrodes and estimated the 
electrical conductivity by in-situ measurements. The films were evaporated onto 
substrates (gold or aluminum) which were entirely integrated in the standard CMOS 
(capacitor metal oxide semiconductor) technology. 

The objectives of this work were to improve the synthesis methods of organic 
metal-complex tetraizoindoles and their polymers and to evaluate their electrical 
response and thermal stability as evaporated thin films. We have also investigated 
the variation of polymers conductivity and sublimation yield with the average 
molecular weight. We found that for polymeric phthalocyanines, the thermal stability 
was higher than for Pcs monomers. The stability of polymers increased with the 
average molecular weight. 

Keywords: organic semiconductors, phthalocyanine, polymers, electrical 
measurement, thermal stability. 

RESUMO 
Este trabalho trata da sintese e propriedades de peliculas finas 

de ftalocianinas de Cu, Ni e Fe. Em particular, foram determinadas 
propriedades tais come peso molecular, estabilidade termica de ftalo
cianinas polimericas, condutividade in- situ. As peliculas foram 
evaporadas sobre substrates de Au ou Al completamente integrados na 
teconologia CMOS. A condutividade eletrica esta relacionada ao 
tamando do sistema conjugado de eletrons -TI e os gases adsorvidos 
sobre os filmes fines. 

* Corresponding author 
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1. Introduction 

Monomeric and polymeric compounds of metallic phthalocyanines (MePcs) 
are of great interest in material science because of their electronic and photophysical 
properties. The use of these materials is expected to significantly increase the 
performance of gas detection devices for NO, N02, CO, NH3, and other gases. 
MePcs are proved to be organic semiconductors; the majority of carriers in double 
sublimated CuPc are p-types carriers 1

• 

One of the best-known molecules in cell signaling is nitric oxide (NO). It has 
a wide range of functions including regulation of blood pressure and 
neurotransmission. Since its half-life is very short (in range of seconds), devices 
detecting small amounts of NO have to be enough sensitive to overcome such 
difficulties. Solid MePc (Me=Mn, Co, Cu, and Fe) have been reported to axial 
coordinate NO 2. The coordination between the central metal and the NO molecule 
was accompanied by some electron transfer phenomena. 

Thin films of PbPc (lead phthalocyanine) have been shown particularly 
sensitive to N02, with useful response to Ch and very low sensitivity to electron 
donor gases. For reversibility and minimized effects of water vapor, most of the 
work on these devices has been carried out at I oo0c. The film sensitivity decreases 
with the increasing of temperature above l 60°C, because of strong adsorption and 
reaction of oxygen with the lead atom. 

In metal-free, NiPc or FePc there is no evidence of a similar process3. PbPc, 
NiPc and CuPc show significant changes in IR adsorption spectra following high
temperature (> 300°C) treatment. These changes are consistent with the modification 
in polymorphism of Pcs from the a-phase to the ~-phase (for CuPc and NiPc). For 
PbPc, which has no a or ~ polymorphism, the observed properties seem to be due to 
the non-planar structure the single crystal. 

Evaporated thin films of CuPc exhibit reversible changes of conductance in 
the presence of very small (ppb) concentrations of oxidizing gases: NO, 03, S02, etc. 
The conductance of films didn't change after exposing them to reducing gases as 
C0 4

• 

2. Materials and Methods 

We succeeded in synthesizing several MePc, monomers and polymers. The 
synthesis procedures for monomers were previously presented in detail5

• The MePc 
monomers were obtained either by classical synthesis methods (in solvent, at high 
temperature), or by using a better method (without solvent, in a microwave field). 

We prepared MePcs (Me= Cu, Co, Ni and Fe (II) in a microwave field by 
heating phthalonitrile with metal salts and urea (using a molar ratio 5:1:5) for 15 
minutes at 220°c. The magnetron power was 500-600W. 

A new method was used for purifying the monomers. The crude solid product 
was added into 40ml acetonitrile and the suspension was heated under reflux for 30 
minutes. After cooling the solid is filtered off, washed with distilled water and 
purified again with HCl 2% solution and NaOH 2% solution. 

The second technique has been shown to be faster and more efficient than the 
classical techniques. 
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The polymers were prepared by the reaction of pyromellitic anhydride, urea 
and metal salts (using a molar ratio of 1:20:1.5) at 180-200°C for 5 minutes. 

An original method was applied to obtain polymeric MePcs with variable 
average molecular weight (MW). The structure is presented in figure 1. In order to 
stop the polymerization, variable amounts of phthalic anhydride were added to the 
usual reaction mixture. The molar ratio between pyromellitic dianhydride and 
phthalic anhydride was in the range of 1 :0 to 1 :0.9. 

We obtained a variation of the average molecular weight between 4.000D and 
80.000D. 

Characterization of the Pcs 

The elemental analysis of the Pcs confirmed a high purity degree of 
synthesized compounds. The results, including IR and UV-VIS analysis, are reported 
in tables 1 and 2. The polymers are dark blue-green to black powders with fair 
thermal stability and show the visible and infrared absorption bands, characteristic of 
phthalocyanines. 

The thermal behavior of Pc products appears to be the key for their use in 
evaporated thin films (stability to high-temperature treatment, sublimation capacity, 
etc.). 

The thermogravimetrical analysis (TGA) was carried out on TGA-V5-1A Du 
Pont 2000 equipment. Thermal evaporation was carried out at 200-400°C and 2x 10·5 

mbar for 60-90nm thickness of monomers Pcs. For polymeric Pcs, higher 
temperatures were required (> 1 OOOK}, with a step rate of 200K/min. The layer to be 
obtained was about 30 times thicker (300nm). 

The SEM pictures of the evaporated thin films were obtained using a 
scanning electron microscope Philips XL 20. 

The thin film preparation 

All of the Pc thin films were obtained by vacuum evaporation, using a Bal
Tech Med 020-Modular high vacuum coating system. Each of tested Pcs was 
deposited onto an electronic device using a mask. For each deposition, 
approximately 2g of Pc powder was evaporated from a molybdenum boat, at high 
temperature (300-400°C), under a vacuum pressure of 8.7xl0'5mbar. The geometry 
of the films was determined by the mask pattern. 

Using a deposition rate of 0.20nm/s for all the Pcs (NiPc, FePc and CuPc), 
films of 20-40nm thickness were obtained. The deposition was controlled with a film 
thickness and rate monitor QSG 060, BAL-TEC type (Liechtenstein). For polymeric 
Pc higher temperatures were required (>630°C). 

Phthalocyanine films were evaporated onto the substrates of the interdigital 
electrodes in order to analyze their sheet resistivities. The Pc film temperature was 
accurately controlled by the integrated heating element and thermoresistor. For an 
accurate deposition of phthalocyanine in the active area of the device, the lift off 
technique was used. The active area of the sensor contained the metal electrodes. The 
thickness of the metal layer (Cr-Au) was 400nm. 

The process for obtaining the interdigital integrated sensor was presented in 
detail elsewhere6

• 
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Table 1. Metallic Phthalocyanine characterization 

C% H% N% Metal% 
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1 CuPc 66.74 66.69 2.78 2.72 19.45 19.41 11.03 11.00 

3 NiPc 67.30 67.27 2.80 2.75 19.61 19.57 10.27 10.25 
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Table2. Copper polyphthalocyanine characterization and mean molecular weight variation 

Polymer anhydride: 
no. phthalic 

~~·4!11 ~Met!~ 

1 1 :0 

3 1:0.3 
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Fig.I. Metallic phthalocyanine polymer structure 
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3. Results and Discussion 

CuPc monomer exhibited a remarkable thermal stability up to 300°C. After 
this point, the sublimation process was very fast with a constant rate of evaporation 
(0.16nm/s.) and a minimal decomposition of the CuPc (<1%). 

For the polymeric phthalocyanines, the thermal stability was higher than for 
Pcs monomers. The stability increased with the average molecular weight (350°C for 
MW = 20.000D and more than 600°C for MW = 80.000D). The polymeric f,igment 
stability was not dependent on observed temperatures between 125-400 C. The 
molecular weight decrease up to 125°C was due to the humidity loss. 

Electrical conductibility was determined for CuPc (lo-12n-1cm-1) and for 
polymeric Pcs (5x10-2 n-1cm-1 when MW= 80.000D). 

For a variation of molecular weight in the range of 4.000D and 80.000D, the 
specific resistivity was p=I0-9

- 5x10-2n·1cm-1 as shown in figure 2. 
The p variation with the temperature is exponential: 

p = Po·ee12kT 

where: p0 • specific resistance at very high temperature (infinite), s - width of 
restricted band, k - Boltzmann constant. 

lnp = Inp0+e/2kT 

The Pcs films d eposited o nto m icrosensor e lectrodes h ad h igh r esistance 
values: IOMQ for CuPc, 15MQ for NiPc and 30MQ for FePc. It is important to 
study the uniformity of the resulting layers in order to prevent degradation by 
clustering of the contact metal. The electrode strips were thicker than the Pc film 
deposited on the top. A relative bad covering of the strips and a relative high number 
of cracks caused by the edges of the capacitor strips were expected. Pcs did not form 
a continuous film over the edge of the electrode strips. 

During the evaporation, the incident angle of the Pc molecules was not 
normal to the surface and, therefore, the strip edge formed a kind of shadow on one 
side. The cracks can be observed in SEM picture of the electrodes covered with 
MePc layer (figure 3). 

In very aggressive environments, MePc films were very stable and still 
sensitive to gases. The films were evaporated on interdigital electrode substrates 
(gold or aluminum) which were entirely integrated in the standard CMOS (capacitor 
metal oxide semiconductor) technology for detection of NO, N02 in the air. 

4. Conclusions 
The conductance of very thin films allowed resistance measurements without 

any contact problems. The electrical conductivity dependence to the adsorbed gas 
nature was correlated with the size of the n electron-conjugated system in the 
polymeric molecules. 
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However, resistance to sublimation decreased with the increasing of the 
average molecular weight. The decrease was more significant under molecular 
weights of 50.000D. 

This behavior of Pc requires further research in order to achieve a more 
reproducible technology for producing highly sensitive detecting layers, in gas 
sensors. 
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ABSTRACT 
The paper presents a spectrophotometric study of the binary system 

Rh(/11) -2- thioxo - 4 -thiazolidinone. The formation conditions and the analytical 
application of the formed complex for spectrophotometric determination of 
Rh(/11) were studied. The composition of the Rh(///) chelate with this particular 
ligand was determined by the continous variation method,its instability constant 
being K;nst = 1,61·10-8 moi2L -<. 

KEYWORDS: rhodium (111), 2-thioxo-4-thiazolidinone, spectrophotometric study 

RESUMO 

89 

O presente trabaZho trata do estudo espeatrofotome
triao do sistema binario Rh(III)-2-tioxo-4-tiazoZidinona. 
Foram estudadas as aondiqoes de formaqao e as apZiaaqoes 
do aompZexo para determinaqao anaZitiaa de Rh(III). A 
aomposiqao do queZato do Rh(III) aom este Zigante foi 
determinada usando o metodo de variaqao aontinua e ~ 
aonstante de instabiZidade, K. t' foi 1, 61xlo-8 moZ 2L- • 

i.ns 

INTRODUCTION 
Among all platinum metals, rhodium has the greatest number of oxidation 

states, namely eight positives and two negatives ones. The oxidation state for 
which the greatest diversity of complexes is found is (111). Ligands which are 
good a-donors, but which have marked TT-donor or TT-acceptor properties a re 
often associated with the oxidation state Rh (Ill). The methods based on the 
complex combinations formation with N-donor ligands (oxime, a-substituted 
dioxime, hydrazone) or S-donor ligands (Ncs·, thiokethone, thioamide) are 
much more usedH. 

The present paper reports the study on the formation, the optical 
properties and the structure of the Rh (Ill) chelate with 2-thioxo-4-thiazolidinone 
(L). The chemical bond implies the participation of both a sulphur atom and a 
nitrogen of the ligand in coordination to the metal. This chelate was proposed 
for spectrophotometric determination of Rh (Ill). 

DOI: 10.48141/SBJCHEM.v10.n11.2002.90_2002.pdf
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s 

;Q~ 
H 

(L) 
EXPRIMENTAL PROCEDURE 

All the chemicals we used were of analytical grade: RhCl3·3H20 (Merk 
p.a.), 2-thioxo-4-thiazolidinone (L) (recrystallized). 

The electronic spectra were performed in aqueous solutions using an 
Ocean Optics spectrometer(USA). 

Experiments were done with an aqueous solution of RhCla (1 ·10-aM, 
1/2·10-aM, 1/3·10-3M) with the aqueous solution of L (1·10-aM, 1/2·10-aM, 
1/3·10-aM) by solving the ligand. As a consequence of the reaction taking place 
between Rh (Ill) and the ligand L, yellow coloured complex compound was 
obtained, then the samples were heated for 10 minutes. The solutions were 
cooled and brought to 25 ml in calibrated tasks. 

RESULTS AND DISCUSSIONS 
Rh (Ill) reacts with 2-thioxo-4-thiazolidinone (L) at high temperature to 

form yellow complex compound. 
The factors influencing the formation of the new compound are: the time 

period in which the colour of the new product stabilizes is about 1 O minutes and 
the optimum pH for the formation is 5,5. The other pH values do not certify the 
formation in the studied system of the other more stable coloured compounds. 

The electronic spectrum of the complex compound is presented in Figure 
1. From the obtained data one can see that the most favourable wavelength in 
460 nm (corresponding to 21739 cm-1

). 
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Figure 1. Electronic spectrum of the RhCla-L system at pH=5,5 
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The composition of the Rh (Ill) chelate was determined by the continous 
variation method. Figure 2 presents the results of the Job's method application 
for the three isomolar solution series (1·10-3M, 1/2·10-3M, 1/3·10-3M) at pH=5,5 
and 11=460 nm. One can notice that each of the three curves reaches a single 
maximum value corresponding to the same molar ratio, which proves that a 
single complex compound was formed in the binary system and that its molar 
ratio is Rh (lll):L = 1 :2. 

0,20..------------------, 

Absorbnnce 
0,18 

0,16 

0,14 

0,12 / 
0,10 ; I 
0.08 

I I 

::: 11 
0,02 !jl 

0,15 0,30 0,45 0,60 0,75 0,90 I.OS 1,20 1,35 1,50 
Mole ratio Rh (lll):L 

Figure 2. Variation of the absorbance for isomolar series.: 
l-1 ·10-3M ll-1/2·10-3M llJ-1/3·10-3M 

' ' 

To calculate the instability constant of the complex one has made use of 
the nonisomolar series method. 

The general expression of the instability constant for equilibrium 

(1) 

is: 
cm+n-1 n-l[(pm+n)x-n]m+ n 

(2) 

in which m and n are molar index, C = the molar concentration of A, p = the 
molar concentration ratio of B and A, x = the mole ratio corresponding to 
maximum absorbance. 

For the studied system, the molar index being m = 1 and n = 2 we obtain 
the following simplified expression: 
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C2 p((p+2)x-2]3 

(p-1 )2(2-3x) 

Two series of nonisomolar solutions were prepared: 
- the solution RhC'3 (1/2·10-3M) - L (10-3M); 

the solution RhC'3 (1/3·10-3M) - L (10-3M). 
The results obtained are given in Figure 3. 
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Figure 3. Variation of the absorbance in the nonisomolar series: 
I= Rh (Ill) (1/2·10-3M)- L (10-3M); II= Rh (Ill) (1/3·10-3M)- L (10-3M). 

By introducing the practical results into the expression of the instability 
constant we obtain the values enclosed in Table 1. 

Table 1 
Values of the instability constant 

c 
(mol · L-1

\ 
p x Kn st 

(mol2 
· L-2\ 

Km.inst 
(mol2 · L-2

\ 

1/2. 10~ 3 0,55 1,14. 10~ 1,61 . 10-s 
1/3·10~ 2 0,50 2,07. 10~ 

The charge determination of the complex ion has been achieved by 
means of the electrophoretic migration method in presence of a weak solution 
of potassium nitrate. A small quantity of urea was introduced into the solution 
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containing the complex compound corresponding to the molar ratio 1 :2. After 15 
minutes the displacement of the coloured complex ion towards the catode could 
be observed, thus proving the existence of its positive charge. 

The results prove the following formula: [Rhl2Cl2t. in which L acts as a 
bidentate ligand, using both a sulphur atom and a nitrogen in coordination to the 
metal. 

In order to establish the coordination geometry and the symmetry for the 
new complex compound, a spectral analysis in the visible and UV range has 
been done. The correspondence between the absorption band occurring at 
21739 cm-1 (460 nm) and 33335 cm-1 (299 nm) in the investigated complex 
[Rhl2Cl2l' (Figure 1) and the ones found for the trans octahedral complexes of 
the type t-[Rh(N2S2)Cht7•

9
, leads us the conclusion that the coordinative 

compound that appears from the binary system Rh (111)-2- thioxo-4-
thiazolidinone is stabilized by 2 L in equatorial plan and the monodentate c1-
ligands are situated in trans to each other, so that [Rhl2Cl2t has an octahedral 
coordination geometry and a tetragonal symmetry, belonging to the D2h point 
group 10 consequently (actually, the point group is either C2h or C2v, but the 
internal structure of the ligand may be neglected). 

Taking into account the results of the study above, which confirm high 
enough stability of this complex compound, it has been used for analytical 
purposes, namely for establishing a method of spectrometric determination of 
Rh (Ill). 

The experimental results of the absorbance variation versus Rh (Ill) 
concentration are presented in Figure 4. The Beer's law was respected over the 
concentration range 0,2-20,6 µg Rh (111)/ml. 

Absorbance 

0.10 

0,09 

0,08 

0,07 

0.06 

0,05 

O.Q4 

0,03 

0,02 

0,01 

/ 
0 2 4 6 8 10 12 14 16 18 20 

ug Rh(lll)ltnl 

Figure 4. Variation of the absorbance versus Rh (111) concentration 
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In order to test the validity of the method, the experimental data were 
statistically interpreted. The error corresponding to eight determinations (to.95 = 
2,447) is m = (30.414 ± 0,2334)·10-4, meaning that the proposed method is 
reproducible and accurate and it is not affected by systematic errors, so that 
[RhL2Cl2r can be used indeed for the spectrometric determination of Rh (Ill). 

Other platinum metals (M = Pd, Pt) do not interfere in the spectrometric 
determination of rhodium in the [RhL2C12r form. From the reaction's feature 
between Rh (Ill) and L it has been ascertained that it is possible to recognize 
the Rh (Ill) in ruthenium's presence up to the ratio Rh (Ill): Ru (Ill)= 1:18 and in 
gold's presence up to the ratio Rh (Ill): Au (Ill) = 1 :20. 

CONCLUSIONS 
On the basis of all the results obtained by this study, the following 

structure is proposed for the new complex compound, trans-(RhL2C'2t: 

Cl 

L 
L 

Cl 

It also has been proved that trans-(RhL2C12r may be used for analytical 
purposes, namely for establishing a reproducible and accurate method of 
spectrometric determination of Rh (Ill). 
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BOOKS I LIVROS 

LIVROS 

ARNO MULLER, Solidificar;iio e Analise Termica dos Metais, &litora da UFRGS, Porto 
Alegre, RS, Brasil, 2002, 278p. 

Solidificar;iio e Analise Termica dos Metais trata de conceitos fundarnentais que 
constituem a base para o entendimento dos processo e mecanismos de fabrieac;iio de bens 
industriais pelo uso da fundic;iio. Por um !ado a solidificac;iio garante a qualidade das P"l"'S 
metfilicas eliminando defeitos e a analise termiea, medindo as rea9(ies termieas durante a 
solidifieac;iio assegura a qualidade e as propriedades mecanicas do produto da fundic;iio. 

0 livro contem sete eapitulos e um apendice com anexos ricos em dados de interesse 
na metalurgia e apresenta a solidifieac;iio e a anfilise termiea da forma mais quantifieada 
possivel. 0 processo de solidifieac;iio, incluindo embriogenese de metais, termodinfuniea, 
transformac;iio e nucleac;iio sao tratados de maneira exemplar no Capitulo 1. A transferencia 
de ealor e a difusiio de massa durante a solidifieac;iio siio analisados nos Capitulos 2 e 3, 
respectivarnente. 0 Capitulo 4 trata da estrutura de lingotes, o Capitulo 5 de defeitos de 
solidifieac;iio. Os fundarnentos de anfilise termiea dos metais silo apresentados no Capitulo 6 e 
as apliea9(ies industriais silo discutidas de maneira clara no Capitulo 7. 

De certa forma, o livro retlete a persona!idade, earater e filosofia de vida do Professor 
Arno Muller. Ele e Engenheiro Metalfugico formado pela UFRGS, Mestre em Ciencia dos 
Materiais pelo Instituto Tecnol6gico da Aeronautiea (!TA) de Sao Jose dos Campos, Sao 
Paulo e Doutor em Engenharia pela Universidad Nacional de Rosario, Republiea Argentina. 
Poi Professor Titular de Metalurgia da UFRGS, fundador do Laborat6rio de Fundic;iio do 
Centro de Tecnologia da UFRGS e Diretor da Escola de Engenharia da mesma universidade. 
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Junto com outros pioneiros visionanos e bandeirantes desbravadores, o Prof. Dr. Amo 
Muller foi tambem um dos fundadores do Programa de Doutorado em Engenharia 
Metalfilgica e dos Materiais da Escola de Engenharia da Universidade Federal do Rio Grande 
do Sul. 

Atualmente ele ocupa os cargos de Professor e Coordenador do Programa de P6s
Graduayiio em Engenharia: Energia, Ambiente e Materiais da ULBRA - Universidade 
Luterana do Brasil. 

Reproduzimos ad integra o frontispicio do livro do Prof. Arno Millier. 

"Duos visiies do mundo tive comigo como engenheiro e pesquisador. 

A primeira: 
Fae quod in te est, ou faz aquilo que esta ao teu alcance, 

lema da Escola de Engenharia da UFRGS. 

A segunda, a frase de Kant: 
Alles Wissen stammt aus der Erfahrung 

Ou seja, todo o conhecimento e proveniente da experiencia. 

Dedico este livro ao sofrido povo brasileiro, que custeou minha educa~ao 
universitaria em todos os nlveis." 

Recomendamos altamente este livro para todos os interessados em propriedades e uso 
de metais, incluindo alunos de graduayiio e p6s-graduayiio em engenharia, fisica, quimica, 
mineralogia e ciencia dos materiais. A sua traduyiio em outras linguas seria muito salutar. 

Lavine! G. Ionescu, B.S., MS., Ph.D. (Ffsico-Quimica) 

ARNO MOLLER, Solidlf1Cat;tio e Analise Termica dos Metais, Editora da UFRGS, Porto Alegre, 

RS, Brasil, 2002, 287p. 

Solidification and Thermal Analysis of Metals (in Portuguese) treats fundamental 

concepts necessaty for the understanding of metal casting and manufucturing of industrial metal 

pros!ucts. The book consist of seven chapters and an appendix with physical data. 

It includes solidification embryogenesis of metals, nucleation, solidification defects, 

thermodynamics, heat and mass difusion, thermal analysis and industrial applications. The book is 

the result of experience, reflection and practice of many decades of teaching and research in 

metallurgy. We recommend its translation to English and other languages. 
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