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1. Introduction

Numerous studies have been devoted to the investi-
gation of electronic conducting organic polymers. The
study of these materials is growing since the number of
new conducting polymers synthesized is continuously
increasing. Among them, three types appear to be
particularly important for potential applications:
polyaniline [1-2], polypyrrole [3] and polythiophene
[4]. The possibility of incorporating catalytic metal
particles inside the polymer matrix [5] opens up new
fields of application, particularly in electrocatalysis
[6-8].

The aim of the present work is to investigate the
electrocatalytic properties of a conducting polymer
modified by the inclusion of a small amount of dis-
persed platinum. Three electrocatalytic reactions
will be taken as typical examples: the electrooxidation
of hydrogen, of formic acid and of methanol.

All conducting polymers have a defined domain of
electroactivity and although polythiophene appears
promising, owing to its excellent chemical and electro-
chemical stability, its electroactivity potential range,
from 0.5 to 1V/SCE does not fit with these electro-
oxidation reactions. Thus, in order to extend this
working range, a copolymer poly (pyrrole-thiophene)
has been used as a conducting matrix; this has been
shown to be electroactive between 0 and 1 V/SCE [9].

2. Experimental details

Copolymerisation of pyrrole and thiophene was
carried out electrochemically on a gold sheet (1 cm?
geometrical area) under galvanostatic conditions
from a solution containing 0.1 M pyrrole and 0.1 M
dithiophene in acetonitrile with 0.05M NBu,ClO,.
Platinum particles were then incorporated by electro-
deposition from a solution of 107°M K,PtCl, in
0.05M KCl with pulses of potential (pulses of 20 ms
between — 0.1 and — 0.5 V/SCE). The thickness of the
copolymer layer was around 2 um and the amount of
incorporated platinum was 0.1 mgem 2.

For the electrocatalytic tests, electrolytic solutions
were prepared from ultrapure water (Millipore Milli Q
system) and Merck reagents (p.a. for formic acid and
methanol and ‘suprapur’ for HCIO,); hydrogen was U
quality from V'Air Liquide. All experiments were
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performed at 25°C under a nitrogen atmosphere. The
reference electrode was a mercury/mercurous sulphate
electrode (MSE), but the electrode potentials are given
on the reversible hydrogen electrode (RHE) scale.

Voltammograms were recorded using standard
equipment (a wemking PSG 77 potentiostat, a PAR
175 universal programmer and a Linseis LY 17000—xy
recorder).

3. Results

The electroactivity of the copolymer electrode, modi-
fied with 0.1 mg cm ™2 of platinum, was investigated by
observing the electrooxidation of three model mol-
ecules: hydrogen, formic acid and methanol.

Figures 1, 2 and 3 show the voltammograms of the
Pt-modified copolymer electrode for the oxidation of
hydrogen, formic acid and methanol, respectively.
These curves were recorded at a sweep rate of SmVs ™
in a solution saturated by bubbling H, or in solutions
containing 0.1M HCOOH or 0.1M CH;OH. The
supporting electrolyte was 0.1 M HCIO;,.

In each figure, the curve corresponding to the
supporting electrolyte alone is also given. The upper
potential limit is limited to about 0.95 V/RHE in order
to avoid any destruction of the copolymer film. The
voltammograms recorded in the supporting elec-
trolyte (the dashed curve of Figs 1, 2 and 3) do
not show any well-defined peaks corresponding to
the adsorption-desorption region of hydrogen on
platinum. This observation confirms that the copoly-
mer electrode contains a small amount of platinum
and that a very good dispersion of platinum is
achieved, since there are no platinum islands which
should have the adsorption properties of the bulk
metal.

3.1. Electrooxidation of hydrogen

Figure 1 represents the electrooxidation of hydrogen
dissolved at saturation in perchloric acid solution.
The oxidation starts at 0.0 V/RHE, which is normal
for an active catalytic electrode, the hydrogen over-
potential being small for such electrodes. The current
density reaches a limiting value resulting from kinetic
control of the overall process by diffusion of the elec-
troactive species. Under these conditions of stirring
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Fig. 1. Voltammograms of a copolymer (polypyrrole-polydithioph-
ene) electrode modified with 0.1 mgem~? of platinum, in 0.1M
HClO,; 25°C; 5mVs™'. (~--) without H,; (—) in an H,
saturated solution.

(magnetic stirrer), this limiting current is around
2.5mA cm™*. The general shape of the curve confirms
that the Pt-modified copolymer electrode is conduct-
ing at lower potentials, in contrast with the case of
polymer electrodes without Pt particles.

3.2. Electrooxidation of formic acid.

The electrooxidation of formic acid is shown in
figure 2 for 0.1M HCOOH in 0.1M HCIO,. The
oxidation starts at around 0.1 V/RHE and reaches a
maximum of about 9mA cm ? at 0.85V. During the
reverse sweep, the curve is practically superimposed
on that obtained during the positive sweep. No signifi-
cant poisoning of the electrode active sites is thus
detected.

3.3. Methanol electrooxidation

Figure 3 shows the voltammogram for the electro-
oxidation of 0.IM methanol at a Pt-modified
copolymer electrode. Methanol oxidation starts at
0.55 V/RHE and the maximum of the current density
(i, ® ImAcm™?) is observed at 0.9V/RHE. The
potentials at which oxidation occurs during the two
sweeps are quite similar. This fact confirms the
observation made previously with a Pt-modified poly-
aniline electrode [8], namely, that poisoning, which
leads to a potential shift between the two sweeps, is
very weak with dispersed platinum electrodes. How-
ever, the maximum current densities for methano!
oxidation obtained with the polypyrrole-dithiophene
copolymer electrode are smaller than those obtained
with a Pt-modified polyaniline electrode containing
the same amount of platinum.
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Fig. 2. Voltammograms of a copolymer (polypyrrole-polydithioph-
ene) electrode modified with 0.1 mgem 2 of platinum, in 0.1 M
HCIO,; 25°C; 5mVs~!. (- - -) without HCOOH; (——) with 0.1 M
HCOOH.

4. Conclusion

These preliminary measurements clearly show the
possibility of making an active electrode with a small
amount of platinum (0.1 mgem™?) dispersed into a
conducting polymer matrix. The electroactivity of
such an electrode towards the oxidation of hydrogen,
formic acid or methanol is very encouraging, showing
the possibility of attaining good electrocatalytic
anodes for fuel cells. The main point concerns the
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Fig. 3. Voltammograms of a copolymer (polypyrrole-polydithioph-
ene) electrode modified with 0.1mgem™? of platinum, in 0.1 M
HCIO,; 25°C; 5mV s~} (- - -) without CH,OH; (——) with 0.1 M
CH,OH.



526

SHORT COMMUNICATION

reduction of poisoning phenomena, in contrast with
the behaviour of massive platinum electrodes, on
which poisoning species are easily formed during the
tion of organic molecules such as formic acid or
methanol [10].
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