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ABSTRACT

The preparation of polypyrrole conducting polymer in aqueous medium by electrochemical method
containing several alkylsulfonate dopants such as methylsulfonate (C,), butylsulfonate (C,), octylsulfonate
(Ce) and dodecylsulfonate (Cy;) are reported. The prepared polymer films were characterized by cyclic
voltammetry, infrared spectroscopy, scanning electron microscony (SEM) and elemental analysis. The
conductivity of the prepared films was found to increase wilh the increase of carbon number of
alkylsulfonate dopant. The resuits of Infrared and elemental analysis show that the alkylsulfonate dopants
were incorporated in the polypyrrole structure. it has been ohserved from cyclic voltammetry analysis that
lighter dopants produced more current suggesting that the movement of the dopants in and out of the
polymer surface is much more fiexible than that of the cases for heavier dopants.

Keywords. Conducting polymer, polypyriole, alkyisulfonate dopant, electrochemical polyrerization, cyclic
Voltammetry.

(constant current) and potentiodynamic (potential
scanning i.e. cyclic voltammetry) methods.

Polypyrrole is by far the most extensively
studied conducting polymer since the monomer
pyrrole is easily oxidized, water soluble and
commerciaily available. Hence, pyrrole offers
several advantages such as  environmental
stability, goed redox properties, and ability to give
high electrical conductivity (Rodriguez et al..
1997). ’

Since the properties of the resultant films
depends on a number of parameters such as the
type of counter-ion, the type of solvent, their
concentrations, pH, synthesis tempercture,
electrochemical voltage and mode of synthesis (
Zhou and Heinze, 1999; Kassim et al., 1992,
Kuwabata et al, 1987, Pernaut et al., 1989;
Mitchell et al, 1988), research on the
preparation and characterization of conducting
polymers is still continuing. When the polymer is
produced by the anodic okidation of monomer,
the doping anions are incorporated into the
polymer, the nature of which is known to
influence the properties of conducting polymers.

INTRODUCTION

The interest in the development of conducting
polymers such as polyaniline, polypyrrole,
polythiophene and polyphenylene has increased
tremendously during the last decade because of
their versatile promising applications in the field
of energy storage (Novak et al., 1997; Mermilliod
and Tanguy, 1986), bioelectrochemistry
(Palmisano, 1997), organic eiectrochemistry
(MacDiarmid, 2002), electrochemical caracitors
(Belanger et al., 2000), sensors (Nicolas et al.,
2001; Harris et al., 1997), electronic and optical
devices (Potember et al., 1987), electrochromic
devices (Gazotti et al., 1999), microsystem
technologies (Gardner and Bartlett, 1995), ion-
exchange membrane (Wang et al., 2001) and so
on. Conducting polymers can be prepared by
chemical or electrochemical polymerization
(Toshima and Hara, 1995). The advantage of
chemical synthesis is that it offers mass
production at a reasonable cost. On the other
hand, electrochemical method invoives the direct
formation of conducting polymers with better
control of polymer film thickness and morphology, During the electrochemical redox process, the
which are suitable for use in electronic devices. small doping inorganic anions such as Cl, ClO;
Different electrochemical techniques for the and NO;” are getting out of / into the film and their
preparation of conducting polymers nclude electrical  conductivities are too small for
potentiostatic (constant potential), galvanostatic commercial applications (Saunders et al., 1992).
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Table 1. Conductivity of the produced ppy-alkylsulfonate films at 25 c

Dopant anions Carbon number

methylsulfonate Cy
butylsulfonate Ca
octylsulfonate Cg
dodecylsulfonate Cn

Concentration, M

Conductivity at

25°C, S/em

0.1 0.62
0.1 0.94
0.1 1.38
0.1 1.50

Table 2. Elemental analysis of ppy-alkylsulfonate filins using various dopants

Polymer %C  %H %N %S %0 N/S
(Mole
- - ~ratio)
ppy-methylsulfonate  47.92 4.78 15.35 9.29 22.66 3.77/1
ppy-butylsulfonate 49.07 5.01 13.21 11.08 21.03 2.72/1
ppy-octylsulfonate 56.83 6.76 11.60 9.48 15.33 2.79/1
ppy-dodecylsulfonate  59.48 7.70 9.42 6.58 16.82 3.36/1

N/S = Nitrogen (polypyrrole)/sulphur (sulfonate)

On the other hand, bulky doping anions such as
dodecyl sulfate (Pernaut et al., 1989) and p-
phenol sulfonate (Kuwabata et al., 1990) are
found not to move easily out of / into the film. In
order to improve the conductivity and mechanical
properties, research approaches have been
made on using bulky organic sulfonate dopants
(Kiani and Mitchell, 1992; Wernet et al.. 1984;
.Cheung et al., 1990; Buckley et al., 1987
Takeoka et al., 1998, Bunting et al., 1997;
Warren and Anderson, 1987) or preparing
composites of polypyrrole with other polymers
(Yan et al., 2001; Otero and Sansinena, 1996;
Niwa and Tamamura, 1984).

Wermet et al. (1984} have conducted a
research on a series of conducting polymers
using several n-alkylsulfate and n-alkylsulfonate
dopants and demonstrated some interesting
structural and electrical properties of the
conducting polymers. Apart from their work
(Wernet et al., 1984), bearing a different research
objective, and since it is suggested that the
conductivity of the polypyrrole film is affected by

the kind of dopant anions in the film (Kuwabata et
al., 1987: Cheung et al., 1990, Warrecn and
Anderson, 1987, Buckley et al., 1987), our
research interest is to seek a better
understanding on the role of alkylsulfonate
dopants on the electrical conductivity of the

‘polypyrrole films prepared electrochemically in

aqueous medium and share our findings on the
redox behaviour of the conducting polymers
studied by cyclic voltammetry. We have also
characterized the conducting polymer fiims by
scanning electron microscopy (SEM), FTIR and
elemental analysis.

To this end, we have chosen a series of
alkylsulfonate dopants with increasing number of

carbon such as methylsulfonate (Cy),
butylsulfonate  (C4), octylsulfonate  (Cs) gnd
dodecylsulfonate (Cs2) to incorporate into

polypyrrole film in aqueous medium foilowing
electrochemical method. ’

Experimental

The polypyrrole (ppy) films doped with
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alkylsulfonate dopants used in the present
investigation were electrochemically prepared by
the oxidation of commercially available pyrrole
(Fluka) monomer in its distilled form with various
bulky aliphatic dopants. The various aliphatic
sulfonated dopants used in this study were
methanesulfonic acid sodium salt, 1-
butanesulfonic acid sodium salt, 1-octanesulfonic

acid sodium salt and 1-dodecanesulfonic acid :

sodium salt. All these chemicals were supplied by

Fluka. The electrochemical synthesis was carried
out in a one-compartment cell using a
potentiostat under computer _control. An indium-
tin-oxide (ITO) glass was used as the working
electrode (anode) while a carbon rod was used
as the counter electrode (cathode). The anodic
potential of the working electrode was measured
as 1.2 volt against a saturated calomel electrode
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(SCE). The aqueous solution containing pyrrole
of 0.2 M concentration and the dopant of 0.1 M
concentration was electrochemically polymerized
at 18 °C for 5 hours to form ppy-alkylsulfonate
films of 0.1 mm thickness. The films thus
produced on the ITO glass surface as an
insoluble film were rinsed with purified water and
then peeled off from the electrode.

Polymer characterization .
The PPy-alkylsulfonate films produced
electrochemically in aqueous medium by using
various alkylsulfonate .dopants with varying
carbon number such as methylsulfonate (C.),
butylsulfonate (C,), octylsulfonate (Cs) and
dodecylsuifonate (C;;) were characterized by
cyclic voltammetry, scanning electron microscopy
(SEM), FTIR spectroscopy and elemental
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Figure 1. The correlation between the conductivity of the ppy-alkylsulfonate

film and the number of carbon atoms of alkylsulfonate dopants in the film.

Polypyrrole
chain with
dopant

Figure 2. Schematic view of partially formed chains at the growth surface with

(a) hydrophilic dopants and (b) hydrophobic dopants.



MOND, ZAKI, L. TLKARSIAIN, 0. DLVINERLL, A. 8. B. NITA SALINA and H. N. M. E. MAHMUD.

224 - N.ANUAR,A.A. MAUM, A,

699 — l;,i, ‘ r?

6-098 [~
4,000 —
2.008 —

9.000 —

[ (af)

-2,898 —
~4.998 —

-.61990 =

R RS

T T ] 1

Lo ] 1L i

-3.000

; Mlace (with y, L were armed i aCl solution o
and ITO glass (without polymer). Scans were perlnr!md in Na(.‘l solutic S

at a scan rate of 20 mV/s;

analysis. The conductivity of the prepared films -

was measured by the four-point method"at 25°C
by taking the average value of five readings.
Cyclic voltammetry experiments were

carried out using EG & G Princeton. Applied

Research (PAR) potentiostat. The working
electrode was the ITO glass electrade and a Pt
rod was the counter electrode and SCE was the
reference electrode. Experiments were carried

out in 0.1 M sodium chioride aqueous solution. .~
The applied scanning speed was 20 mV/s and -
the potential range of scanning was from +1600 -

mV to -900 mV. The IR absorption spectra were
recorded on Perkin Elmer FTIR

Spectrophotometer. The elemental analysis of.
the polypyrrole films was done using Elemetar

Analysensysteme GmbH. The scanning electron

microscopy (SEM) study was done by JEOL ;}SM-p :

6400 microscope.
RESULTS AND DISCUSSION

Pyrrole  monomer  doped with - several

alkylsulfonates of 0.1 M solution- in aqueous:
phase produced uniform ppy-alkylsulionate films

of about 010 mm thickness regarciless of the

2,000 1.600 1.200° '9.889 -9.492 9,900
L E

Figure 3. Cyclic voltammograms of polypyrrole containing various dopant anions
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. nature of dopants.. The conductivity of the

résulting polymer films with different dopant

~ anions is presented in Table 1. The conductivity

of the polymer films (at 25 °C) was found to

_increase with the increase of the carbon number,

of the dopants as shown in Figure 1. The
probable .explanation for this is that the alkyl
group - of the alkylsulfonate., dopants is
hydrophobic with respect to the aqueous
electrolyte (Kassim et al., 1994). The sulfonate

. group in the alkylsulfonate dopant will be located
‘preferentially adjacent to the pyrrole ring as it has

been reported earlier for camphor sulfonate
dopant (Kassim et al., 1994). Thus, the overall

. interaction for the polypyrrole chain and the

hydrophobic part (alkyl group) of the dopant

would tend to result in the continuous part of the

chain ‘depositing’ upon the growth front (Figure
2).. The shorter chain-of the alkyl group present in
the alkylsulfonate dopants is less hydrophobic
than longer chain alkyl group. Thus, in our study,

methylsulfonate dopant having shortest carbon

chain provides a less hydrophobic surface to the
polypyrrole chain, which in turn, allows the buik

' chain growth away from the electrode surface

resulting ‘rather a thin layer of polypyrrole-
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methylsulfonate film adjacent to the electrode. As
a consequence, a low conductivity of polypyrrole-
methylsulfonate film has been observed. The
higher ' conductivity shown by dodecylsulfona'ge
attributes to the dense formation of the chain
growth along the electrode surface due to the
more hydrophobic nature of dodecyl _group
(Figure 2) which favours the interaction of
polypyrrole and the dodecyl group of the dopant
rather than the interaction of polypyrrole and the
agueous electroivte.

Cyclic voltammmsiry

Cyclic volammetry iz often used to characterize
conducting polymer films. The oxidation and
reduction can be monitored in the current-voltage

diagram in cyclic voltammelry. In order to

©

compare the redox behaviour of the conducting
polymers doped with various alkylsulfonate
dopants, the cyclic voltammograms of PPy-
alkylsulfonate films in 0.1 M. NaCl solution, and
that of ITO glass only (without polymer) in 0.1 M
NaCl solution, are shown in Figure 3 by
overlapping each other. The voltammograms
were scanned from +1600 to -900 mV and were
found varying in shape from smaller to large
alkylsulfonate dopants. The broad shape of the
voltammogram is associated with smaller
alkylsulfonate i.e., methylsulfonate dopant while
the narrow shape of the voltammogram is.
associated with long chain alkylsulfonate i.e.,
dodecylsulfonate dopant. The present
observation is in good agreement with the results
of other large organic sulfonate dopants
(Kuwabata et al., 1990, Warren and Anderson,

P -

(d) .

Figure 4. Scanning electron micrographs ol polypyrrole incorporated in

(a) methyisulfonate; (b) butylsulfonate: (¢) octylsulfonate and

(d) dodecylsulfonate.
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1987; Walton et al., 1992). It can be seen that at
about +200 mV, there is very littlé current for long
chain alkylsulfonate (dodecylsulfonate) dopant
while there is more current associated with the
curve for methylsulfonate dopant. It is clear from
this observation that the transport of ions in and
out of the polymer films is higher for short chain
alkylsulfonate dopants while little movement of
ions in and out of the films is associated with
bulky long chain alkylsulfonate dopants. liv the
cyclic voltmmogram (Figure 3), the process
involves the dopant expulsion upon reduction and
reincorporation upon oxidation, which is occurring
according to equation 1.

In this equation, A’ is the mobile dopant
anion incorporated into the polymer and A(S) 1S
the dopant anion expelled into the solution. In

........ Fquation 1.

Figure 3, the voltammogram for ITO glass only
(without  polymer), looks horizontal that
corresponds to zero current, which suggests that
the electrolyte NaCl did not interfere with the
movements of dopants in the  cyclic
voltammograms of polypyrrole in NaCl electrolyte.

Scanning electron microscopy (SEM)

Scanning electron micrographs of all the
prepared polymer films are shown in Figure 4
These micrographs indicate the difference ir
polymer morphology brought about by the
presence of different dopant anions. The wrinkles
in the micrographs can be seen getting bigge
with the increase of the size from lighte
(methylsulfonate, C,) to heavier dodecylsulfonate

(Cy,) dopant.
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Figure 5. IR-spectra of polypyrrole films using 1nethy15111f§11ate (MS),
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Elemental analysis

The elemental analysis of the polypyrrole films
using various alkylsulfonates as dopants has
been presented in Table 2. It shows the mole
ratio of pyrrole to dopant. This ratio is obtained by
considering the fact that there is one nitrogen
atom per pyrrole ring and one sulfur atom per
sulfonated dopant.

From this elemental analysis it has been
found that the mole ratio of pyrrole to dopant is
3.77/1 for ppy-methylsulfonate, 2.72/1 for ppy-
butylsulfonate, 2.79/1 for ppy-octylsulfonate and
3.36/1 for ppy-dodecyisulfonate. It can be seen
that for all these polypyrrole films doped by
various alkylesulfonates, the mole ratios of
pyrrole unit to dopant are close to 3 pyrrole/1
dopant unit which is well in agreement with the
results obtained for long chain aikylsulfonate
(Mitchell et al., 1988; Bunting et al., 1997).

Infrared Absorption Spectra

The infrared absorption spectra of the polymer
films  using methylsulfonate, butylsulfonate,
octylsulfonate and dodecylsulfonate dopants are
shown in Figure 5. All the spectrum show a
strong absorption band in the region 3438 -
34336 cm™ due to N-H stretching vibration. The

C=C ring stretching vibration occurred in the

region of 1636-1430 cm™. Peaks near 1230,
1190, and 1130 correspond to the S-O stretching
vibrations of sulfonate. Bands between 1100 and
1000 cm™ are all due to C-H vibrations. Bands
near 2900 are due to -CH,- group.

The IR-spectra of all these ppy-
alkylsulfonate films show the characteristic
polypyrrole absorption bands between 1650-1000
cm’ and the characteristic peak due to sulfonate
near 1230-1130 cm™, which confirm that the
alkylsulfonates were incorporated in polypyrrole
structure.

CONCLUSIONS

In  conclusion, we suggest that various
alkyisulfonates with increasing carbon number
can be used in agueous solution for the
preparation of polypyrrole conducting films by
elect-achemical polymerization of pyrrole. The
nature of the long chain
alkylsulfonate dopants with respect to aqueous
electrolyte causes a more dense film formation
along the electrode surface, which in turn offering
a higher conductivity. The conductivity of the films
thus was found to increase with the increase of
carbon number of the dopants. The major peaks
of all the IR-spectra of ppy-alkylsulfonate films

showed the various characteristic polypyrrole
absorption bands and the bands for sulfonate,
which confirm that the alkylsulfonates were
incorporated in polypyrrole structure. From the
elemental analysis it has been found that the
mole ratios of pyrrole to alkylsulfonate are close
to 3 pyrrole/T dopant unit which also suggests
that the various alkylsulfonates were successfully
incorporated in the polypyrrole structure. The
cyclic voltammetry analysis shows that lighter
short chain dopants produced more current
suggesting that the movement of the dopants in
and out of the polymer surface is much more
flexible than that of the cases for long chain
dopants.
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