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ABSTRACT

Conducting polymers can be generated chemically and electrochemically.
Electrochemical polymerization is easy to control and gives better results.
There are many kinds of monomers that can be Converted to conducting
polymers including 5-membered heterocycles such as thiophenes and
pyrroles which are interesting because of their suitable properties.

Here, we attempt to find more Suitable electrochemical polymerization
conditions . The method of choice is cyclicvottammetry and the influence of
electropolymerization conditions are studied.

Thlophene (T), 3-methylthlophene (3-MeT) and 3-bromothtophene
(3-BrT) are electropolymerized on Pt electrode In nitrobenzene and also
perchlcsic acid (9 .1 M) . The electoactivrty of polymers prepared by different
sweeping rates is studied.

The optimum sweeping rates found at given temperatures are 20
(rnvls) for all cases except 3-MAT in acidic medium, which is 10 (rrnls).
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INTRODUCTION

Conducting polymers containing heterocyclic
aromatics as monomeric units show very promising
properties in terms of stability and insensitivity to
higher temperatures and chemical environment .In
particular, polythiophenes proved to be substances
with very favorable properties I1].

The electrochemical preparation is easy to

control and results in adhesive films on the surface
of suitable electrodes [2].

Most electropolymerization conditions which
affect polymer properties have been thoroughly
investigated. For example, the effect of
polymerization temperature has been studied
extensively [3-5] . But there has been little work on
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sweep rate influence, which can have a large effect
on polymer properties, such as its electroactivity.

Cyclievoltammetry, believed to be a powerful
tool for characterizing conducting polymers [6], is
used on a large scale in this work.

Previously polythiophenes, generated
electrochemically were studied in non-aqueous
solutions but less in aqueous solutions [7,8], partly
because of the potential limitation from water
decomposition . In order to find electrochemical
polymerization conditions of thiophenes in
aqueous solution, we used a perchloric
acid-monomer system to carry out electrochemical
polymerizations.

EXPERIMENTAL

3-Bromothiophene (3-BrT) was synthesized by
selective a-dehalogenation of 2,3,5-
tribromothiophene.The latter can easily be
prepared by the Troyanovsky method [9].
3-Methylthiophene was prepared by Huang-
Minion reduction of 3-thiophene carboxaldehyde

[10] . The purity of synthesized monomers was
checked by H.P.L.C and all three monomers were
normally distilled twice before electro-
polymerization.

Acetonitrile (CH 3 CN) (Merck) and
nitrobenzene (Merck) which were used as solvents,
were distilled twice over P 20 5 to eliminate water.

Finally perchloric acid (HC1O 4) (Merck) was used
without further purification.

Lithium perchloratc, (LiClO 4 ) and tetra
(n-Butyl) ammonium perchlorate
(n-Bu 4 NCIO 4 )(Fluka), which were used as
electrolytes, were dehydrated at 80°C for 24 hours
before electropolymerization [41.

Table 1 . The optimum electropolymerization
temperatures {°C) in perchloric acid and nitrobenzene

tsar polythiophenes derivatives (ill .
-X Acidic Medium (°C) Organic Medium (°C)
-H 12 18

-Me 15 27
-Br 15-20

The cyclicvoltammetric set consisted of a
Polarograph (Metrohm, E506), a voltage scanner
(VA-scanner metrohm) and a X-Y recorder
(Hewlett-Packard).

A platinum disk electrode (A-0.06 cm2) and

a platinum rod electrode were used as working and
auxiliary electrodes, respectively . Saturated calomel
electrode (SCE) was used as a reference electrode.

RESULTS AND DISCUSSION

Previously [111, we studied the influence of
electropolymerization temperature on the
polymer's electroactivity . There, we found some
special temperatures, (Table 1) . Here we attempt
to find the influence of electropolymerization on
sweeping rate as an electroactivity characteristic of
polymers.

In the preceding work [11], we used the
sweep rate of 20(mvls) in order to find the
optimum temperatures . This time, at a constant
temperature (the best one), we alter the sweeping
rate.

Organic Medium Electropolymerization

The polymers were obtained from a solution of
0 .01M n-Bu 4 NC1O 4 and 0 .2 M monomer in
nitrobenzene as organic medium . Solution

dearated for 20 minutes by N 2 bubbling and
clectropolymerization took place under N 2

atmosphere .Each kind of polymer was prepared
several times with different sweep rates, but at a
known constant temperature (the best one) . The

number of sweeps was 10 in each case.
After washing the working electrode on

which the polymeric film was deposited with
n-hexane, it was transferred to a solution of
CH3 CNILiC1O 4 (0 .1 M)without monomer [121.

Now at these conditions, and at ambient
temperature, the cyclicvoltammograms of
polymeric films were obtained by several different
sweeping rates, for example 20, 30, 40 and 50
(mvls).
Figure 1 is an example . In these cyclicvoltammo-
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Fig.l . Cyclicvoltammetric curves during electro -
polymerization of thiophene in nitrobenzene at 20°C
and sweep rate of 20 (mv/s).

grams, there are successive anodic peaks
(pa)related to polymer (pot) oxidation. The plot of
the current of these anodic peaks (iP° I p,) versus
sweep rates (v)are straight lines.

In figure 2 a typical iP°'•w -V line is shown as
an example . In this figure the variation of i po1 •p,

versus sweep rate can be seen for polythiophene
prepared at 20 °C by sweep rate of 20 (mels).

Acidic Medium Electropolymerization

Electropolymerization of T, 3-MeT and 3-BrT was
carried out as previously described [11] .In acidic
medium, polymerization was accomplished in a
solution of HC1O 4 (9 .1M) and 0 .027M monomer.
Electropolymerization was carried out several
times, each time with different sweeping rates . The
number of sweeps in each case was 10.

After washiae the working electrode on
which the polymeric film was deposited with
HC1O 4 (9 .1 M), it was transferred to a solution of
HCIO 4 (9 .1 M)without monomer . Now at these
conditions, and at ambient temperature, the
cyclicvoltammograms of polymeric film were
obtained by different sweeping rates, as they were
obtained in organic medium conditions.
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Table 2 . Oxidation potentials applied for
electropolymerization (E mO1 • p4 ) of monomers and
oxidation ('°I p,)and reduction (E PDI p,) potentials of
polymers in acidic medium.

-X E*~°^p,(VISCE} EP° I•p,(VISCE) EPol.1 (VISCE)
-H 1 .1 0.426 0.311

-Me 1 .0 0.367 -0.05
-Br 1.1 0.562 062, 0.25'

*Two peals were observed

Table 2 shows the applied oxidation
potentials of monomers (El'° II-pa) and of polymer
oxidation potential (EP°tp,) and reduction potential
(E°Lp,)in HCIO4(9.1 M) solution.

We believed that polymers with high
clectroactivity must have a greater slope for
-V line. Therefore the variation of slope of lines
versus sweeping rate of polymerization was studied.

..r
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Fig.3 . The relationship between slope of line versus
electropolymerization sweep rate . Thiophene in
nitrobenzene.
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Fig .2. Typical linear relationship between i po1•p, versus
sweep rate. Polythiophene prepared at 20 (°C)by sweep
rate of 20 (marls) .
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Fig .4 . The relationship between slope of line versus
eleetropolymertzation sweep rate . 3-Methyl thiophene
in nitrobenzene.

The relationship between sweep rate of
polymerization and the slope of line at T=20 °C is
shown in Figure 3.

The maximum slope was found for
polythiophene prepared by sweep rate of 20
(mvls).

Figure 4 shows the relationship between
sweep rate of polymerization and the slope of line
for 3-MeT at 27 °C.

Maximum slope was found for poly
(3-McT)prepared by sweep rate of 20 (mels).

Figures 5, 6 and 7 show the relationship
between slope of line and the polymerization
sweep rate for T, 3-MeT and 3-BrT at 12, 20 and
20 °C, respectively.

The maximum slope of the line occurs in
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Fig .5 . The relationship between slope of line versus
electropolymerization sweep rate . Thiophene in
perchloric acid.
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Fig.6 . The relationship between slope of line versus
electropolymerizatlon sweep rate . 3-Methyl thiophene
in perchloric acid.

polymerization sweep rate of 20, 10 and 20
(mv/s)for T, 3-MeT and 3-BrT, respectively.

CONCLUSION

It is an interesting result that the optimum sweep
ratas are all at 20 (mels) except for 3-MeT in acidic
medium, which is 10 (mvls) . In all cases, the
investigations of sweep rate influence was carried
out at optimum temperatures, which were found in
our previous work [11] .In the case of 3-MeT in
acidic medium, the investigation was carried out at
20°C instead of optimum temperature (15°C) . And
so the optimum sweep rate, tends to be 10
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Fig .7 . The relationship between slope of line versus
electropolymerization sweep rate . 3-Bromo thiophene
in perchloric acid.
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(mvls)but not 20 (mels).
From these experimental data, it seems that,

there is an interrelation between optimum sweep
rate and optimum temperatures.

In the other words, for finding the best
electropolymerization temperatures [ll] we have
used sweep rate of 20 (mvls) only . Now in the
investigation of sweep rate influence we applied
the already obtained optimum temperature (Table
1)and the answers were 20 (mels) . It seems that
temperature and sweep rate, balance each other
until optimum electropolymerization conditions are
reached . In the case of 3-MeT in acidic medium,
we did not apply the best temperature and the
answer was not 20 (mvls)-
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