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Electrochemical synthesis and characterization
of conducting copolymer: poly(o-anisidine-co-
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D. D. BOROLE, U. R. KAPADI, P. P. MAHULIKAR, D. G. HUNDIWALE
School of Chemical Sciences, North Maharashtra University, Jalgaon 425 001, (M.S.) India

E-mail: ddborole@indiatimes.com

Copolymerization of o-anisidine and o-toluidine was achieved electrochemically in aqueous
solution containing H,SO,4 as supporting electrolyte. The copolymer compositions can be
altered by varying the monomer feed ratios during electrosynthesis. The films were
electropolymerized in solution containing monomers in various ratio (0.025-0.1 M) and 1 M
sulphuric acid as electrolyte by applying sequential linear potential scan rate 50 mV/s
between —0.2 to 1.0 V. versus Ag/AgCl electrode. The copolymers were characterized by
cyclic voltammetric, conductivity measurement, UV-Visible spectroscopy, differential
scanning calorimetry (DSC), thermogravimetric analysis (TGA).
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1. Introduction
Polymers are generally used as insulators. However, the
discovery that the organic polymers can also have con-
ductivities comparable to metals and semiconductors
has revolutionized this area of research especially in
the electronics industry. The prospective utility of these
conducting polymers or synthetic metals in electronic
displays, telecommunication, electrochemical storage
systems, biosensors and molecular electronics, etc., has
further enhanced the interest in this important field
[1-4]. Considerable research efforts are currently being
devoted to electrochemical studies on conducting poly-
mers [5]. Among conducting polymers, polyaniline and
its derivatives have attracted much attention due to its
ease of synthesis, good stability in the presence of oxy-
gen/ water and an interesting electrochemical properties
including unique conduction mechanism, their interest-
ing electrical, optical and catalytical properties [6—10].
However their properties depend on the synthesis con-
ditions such as type of supporting electrolyte, reagent
concentration, applied potential, type of solvent and pH
of polymerization bath [11-13].

With regard to polyaniline based copolymers,
a pioneering work has been done by Wei and co-
workers [14, 15] who showed that aniline could
be copolymerized with o-toluidine to control con-
ductivity in a broad range. Dao et al. [16] have
reported electrosynthesis of copolymer of aniline
and N-butylaniline with good conductivity and sol-
ubility in common organic solvents. A successful
copolymerization of aniline with N-methylaniline
[17], 3-aminophenyl-boronic acid [18] and
o-aminobenzonitrile [19] have also been reported.
Optical and electrical properties of soluble terpolymers
of pyrrole, thiophene and 3-decylthiophene have also
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been studied [20]. All these reports reveal that the
electrochemical synthesis of copolymers is a conve-
nient method to prepare new conducting materials
with desired properties different from individual homo
polymers. When polymer is synthesized by anodic
oxidation (of monomer), the anions of supporting
electrolyte function as doping ions (anions) and in turn
influence overall properties of conducting polymers.

In continuation of our work on conducting
homopolymers and copolymers [21-25], poly(o-
anisidine-co-o-toluidine) (POA-co-POT) films synthe-
sized by changing the mole ratio of monomers and
characterized by cyclic voltammetry, UV-Visible spec-
troscopy, conductivity measurements, differential scan-
ning calorimetry (DSC) thermogravimetric analysis
(TGA). A mechanism for homo and copolymerization
of POA and POT has been suggested.

2. Experimental

The monomers, o-anisidine and o-toluidine were dis-
tilled twice before use. The thin films of poly(o-
anisidine) (POA), poly(o-toluidine) (POT) and a
copolymer (POA-co-POT) were synthesized electro-
chemically on platinum substrates under cyclic voltam-
metric conditions in a single compartment glass cell.
A three electrode geometry was employed during the
electrochemical polymerization in which platinum sub-
strate as working electrode (1.5 cm?), carbon as counter
electrode and Ag/AgCl as the reference electrode.
The reference electrode was kept in close proximity
to the working electrode to minimize the electrolytic
ohmic drop. The films were electropolymerized in so-
lution containing monomers (various mole ratio) and
1 M supporting electrolyte (Sulphuric acid) by apply-
ing sequential linear potential scan rate of 50 mV/s
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between —0.2 to 1.0 V versus Ag/AgCl electrode. The
cyclic voltammetric conditions were maintained us-
ing Potentio-Galvano Stat-30 (Metrohm Autolab Elec-
trochemical Instrument with 663 VA Stand). The ho-
mopolymer and copolymer films were deposited with
20 cycles for the polymerization and their voltammo-
grams were recorded on P.C. After deposition, the films
were rinsed with the solution of 0.2 M supporting elec-
trolyte. Throughout the studies, anaerobic conditions
were maintained with nitrogen gas atmosphere.

The optical absorption study of all synthesized films
was carried out using UV-Visible spectrophotometer
(Simadzu, UV-1601). The UV-Visible spectra were ob-
tained ex situ in DMSO. All the spectra were recorded
in the wavelength range 300—1100 nm. The conductiv-
ity was measured on a platinum electrode, 4 mm with
diameter and thickness of 1 um. The thickness of poly-
mer thin films was measured using a digital micrometer.
After the synthesis, films were washed thoroughly us-
ing 0.2 M solution of respective supporting electrolyte
and then the films were immersed in the solution for
24 h. Finally the film were dried at 50°C for 2 h. The
dried films were used for the determination of con-
ductivity at constant current of magnitude10 mA. The
electrical conductivity of the films was measured using
four probe technique. Differential scanning calorime-
try (DSC) studies were carried out on DuPont 2100
calorimeter with a standard heating rate of 20°C/min
in a nitrogen atmosphere. Temperature range of 25 to
200°C was selected for each scan. Thermogravimetric
analysis (TGA) (TGA, Mettler Toledo 851¢) was stud-
ied in a nitrogen atmosphere with a temperature range
40 to 700°C with a heating rate 20°C/min in a nitrogen
atmosphere.

3. Results and discussion
3.1. Cyclic volammetric study
There are three ways to carry out electrochemical oxida-
tive polymerization as: (i) to control the anodic current,
(ii) to hold the applied potential at certain value and (iii)
to scan the applied potential within a certain potential
region. Only the third method, cyclic voltammetry, re-
sulted in the formation of homo and copolymer better
thin films of o-anisidine and o-toluidine

Figs 1 A-I show the cyclic voltammograms (CVs)
recorded during the synthesis of POA, POT and POA-

co-POT films in aqueous solutions using sulphuric acid
as supporting electrolyte by changing the concentration
of monomer at room temperature. The overall observa-
tions and results based on CVs are concluded as follows.

e Three peaks (A, B and C) are observed in repetitive
cycling. The redox potentials and current densities
corresponding to these peaks are summarized in
Table 1.

e The height of CV curves increase with the num-
ber of cycles for various monomer concentrations
of o-anisidine and o-toluidine, indicating the for-
mation of conducting polymer films in each case.
It signifies that the oxidation potential depends on
the concentration of monomer.

e The highest current densities corresponding to the
anodic peaks are observed for the copolymer-
ization of 0.1:0.1 M ratio of o-anisidine and o-
toluidine in 1 M H,SOy4. The current densities ob-
served during cyclic voltammograms are summa-
rized in Table I. Current densities of copolymers
are observed to be higher than those of the in-
dividual homopolymers for peak A. This could
be the additive effect of concentration of each
monomer. When the concentration of the monomer
in the copolymerization bath increases, the poly-
meric forms of POA-co-POT dominate on the elec-
trode surface [26].

e In the case of o-anisidine polymerization, two
redox peaks are observed in H,SOy4 as support-
ing electrolyte. The CV result of poly o-anisidine
is in well agreement with the reported result of
Lacroix [27]. The redox peaks for the polymer-
ization of o-toluidine are three in H,SO4 as sup-
porting electrolyte. The redox peaks of o-toluidine
carried outin H, SOy, are similar as reported by Wei
[28]. Similarly, for copolymer poly(o-anisidine-
co-o-toluidine) prepared in various concentration
of monomer, three peaks are observed. Redox po-
tential values of copolymer POA-co-POT are dif-
ferent to that of POA and POT homopolymers [25].

e In the reverse scan, as the applied potential de-
creased from 1 to —0.2 V versus Ag/AgCl, the film
became reduced, which was seen by an increase in
the cathodic current.

TABLE I Redox potentials and current densities at the redox peaks of POA-co-POT films prepared in various mole ratios using sulphuric acid as

electrolyte

Concentration of monomer (M)

Redox potential (mV)

Current density (mA/cm?)

o-anisidine o-toluidine A B C A B C

0.1 0 230 388 - 2.15 4.52 -

0.1 0.025 200 376 637 4.62 4.59 4.51
0.1 0.050 230 405 659 5.07 4.25 5.26
0.1 0.075 237 413 669 5.42 4.14 5.86
0.1 0.1 222 420 672 6.56 6.41 8.48
0.025 0.1 232 383 654 4.16 3.34 3.26
0.050 0.1 235 396 667 4.33 3.48 5.12
0.075 0.1 237 403 676 4.52 3.54 5.49
0 0.1 239 441 663 1.76 2.95 2.25
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Figure 1 Cyclic voltammograms recorded during the synthesis of POA, POT and POA-co-POT films in aqueous solution of H>SOy as electrolyte.
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Figure 2 Optical absorption spectra of POA-co-POT films synthesized electrochemically under cyclic voltammetric conditions in aqueous solutions
of 1 M H,SO; as electrolyte taking respective monomers mole ratio.
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Figure 3 (a) DSC thermogram of POA in HySOy. (b) DSC thermogram of POT in H,SOy4. (c) DSC thermogram of POA-co-POT in H,SOy4.
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Figure 4 TGA of POA, POT and POA-co-POT in H,SOy4.

Thus the CVs clearly revealed the formation of
electroactive polymer films in all the case of various
monomers ratio of o-anisidine and o-toluidine. The an-
odic peak A and/or C are assigned to the oxidation of
polymer deposited on the electrode surface, which cor-
responds to the conversion of amine units into radical
cations [29]. The peak B in the cyclic voltammograms is
due to adsorption of quinone/hydroquinone, generated
during the growth of polymer film which is strongly
adsorbed in the polymer matrix [30]. The appearance
and intensity of peak B is highly dependent on the elec-
trolytic medium. The CV of copolymer POA-co-POT
is different (A, B or C peaks) than that of individual
homopolymers POA and POT, clearly supports the for-
mation of a copolymer.

3.2. UV-visible spectra of the homo- and
copolymers

The peak values of optical absorption spectra of POA,

POT and POA-co-POT films deposited in presence of

OCH3
o-anisidine

N—H + -

OCH3 OCH3

Scheme la Homopolymerization of poly(o-anisidine).

sulphuric acid under identical experimental conditions
are summarized in Table II and the nature is visualized
in Fig. 2. The UV-visible spectra are obtained ex situ
in DMSO and peaks appearing at about 802-826 nm
with a shoulder at 410-426 nm are for emeraldine salt
(ES) phase of POA, POT, and POA-co-POT in sulphuric
acid as electrolyte. From Table II, we can see that an
average absorption for the polymerized products ob-
tained using both the monomers indicate the formation
of copolymer (POA-co-POT) i.e. absorption peaks for
(POA-co-POT) copolymer are different from individ-
ual polymers POA and POT.

3.3. Conductivity of the homo- and
copolymers

The conductivity of POA, POT and POA-co-POT films

prepared in a solution containing 0.1 M monomer(s)

and 1 M H;,SQy, are 0.0275, 0.0563 and 0.0375 S/cm

respectively. The conductivity of these films prepared

|
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TABLE II Influence of mole ratios of monomer of POA-co-POT films
on electrical conductivity and UV-visible spectra (peak and shoulder)

Concentration UV-visible
of monomer (M) spectroscopy (nm)
Conductivity

o-anisidine o-toluidine (S/cm) Peak Shoulder
0.1 0 0.0275 826 426
0.1 0.025 0.0297 825 426
0.1 0.050 0.0315 822 426
0.1 0.075 0.0343 819 424
0.1 0.1 0.0375 815 418
0.025 0.1 0.0410 811 416
0.050 0.1 0.0457 808 415
0.075 0.1 0.0512 806 415
0 0.1 0.0563 802 410

in a solution containing different ratio of monomer(s)
in 1 M H,SQOy are as shown in Table II. The formation
of copolymer (POA-co-POT) has also been confirmed
by average values obtained for electrical conductivities
of individual polymers POA and POT.

3.4. Differential scanning colorimetery
(DSC)

The thermal properties of POA, POT and POA-co-
POT films prepared in a solution containing 0.1 M
monomer(s) and 1 M H,;SOy as electrolyte were mea-
sured by DSC. The graph of temperature (°C) versus
heat flow (W/g) is shown in Figs 3 a—c. The peak val-
ues (melting) for POA, POT and POA-co-POT are ob-
served at 46.56, 64.38 and 54.33°C respectively. It is
clear from the DSC thermogram that the film of copoly-
mer is formed by the polymerization of both monomers
and not the layers of individual homopolymers. In case
of formation of layers of homopolymers, it would have
shown two different peaks for individual melting, which
is not the case here, confirming the formation of copoly-
mers.

3.5. Thermo gravimetric analysis (TGA)

The thermal stability of POA, POT and POA-co-
POT films prepared in a solution containing 0.1 M
monomer(s) and 1 M H,;SOy as electrolyte were mea-
sured by TGA. The graph of temperature (°C) versus
weight (%) is shown in Fig. 4. The thermal stability for
POA, POT and POA-co-POT are observed upto 287.85,
320.81 and 299.35°C respectively. This study shows the
stability of POA-co-POT lies in between POA and POT.

3.6. Mechanism of homo
and copolymerization

The initiation process of the electrochemical copoly-
merization was thought to be the formation and reac-
tions of the cation radicals [31] and dimeric species
[32]. The mechanism of the electrochemical polymer-
ization of monomer is believed to proceed via a radical
cation which reacts with a second radical cation to give
a dimer. This reacts further with the radical cation of
the monomer to build up the polymer chain. In case

of copolymerization a chain might be built up by for-
mation through conjugation of radicals of two different
monomers followed by propagation. The possible reac-
tion mechanisms [33] for homo and copolymerization
have been given in Scheme I a and b and Scheme II
respectively.

4. Conclusions
Following conclusions have been drawn from the
present study.

1. The cyclic voltammetric investigation clearly in-
dicated the formation of electroactive POA, POT and
POA-co-POT films prepared using various monomers
feed ratio in sulphuric acid as electrolyte.

2. It is observed that the anodic current densities of
polymerization of POA, POT and POA-co-POT films
are greatly influenced by the concentration of monomer
in the bath.

3. The optical absorption spectroscopy results also
show that UV-visible spectra for copolymer lies in be-
tween individual homopolymers. However the optical
absorption varies with the changing the concentration
of monomer.

4. In general, the electrical conductivity depends on
monomers and its concentration.

5. The peaks for POA, POT and POA-co-POT
copolymer prepared in H,SO4 as electrolyte are ob-
served at 46.56, 64.38 and 54.33°C respectively. The
formation of copolymer has been confirmed by DSC
studies.

6. Thermo gravimetric analysis suggests that stabil-
ity of copolymer lie in between their individual ho-
mopolymers.
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