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The electrochemically synthesized Polypyrrole-Polyvinyl Sulphonate (Ppy-PVS),
Poly(N-methylpyrrole) - Polyvinyl Sulphonate (P(NMP)-PVS) and their co-polymer Polypyrrole-
Poly(N-methylpyrrole)-Polyvinyl Sulphonate (Ppy-P(NMP)-PVS) films on indium tin oxide (ITO)
coated glass electrode have been investigated by galvanostatic method. This study reveals that as
compared to (P(NMP)-PVS) and (Ppy-P(NMP)-PVS), the Ppy-PVS film provide a polymer matrix
with very good porosity, mechanical and environmental stability, uniform surface morphology and
higher conductivity, which is suitable for the immobilization of biocomponent. The synthesized films
were characterized using electrochemical technique, electrical conductivity, Fourier-transform infrared
(FTIR) spectroscopy and scanning electron microscopy (SEM).
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1. INTRODUCTION

Electrically conductive polymers have been considered as interesting materials since its electrical
conductivity could be increased by doping it with a suitable electron-withdrawing group or an
electron-donating group [1, 2]. In a ®-conjugated polymer such as polyacetylene, polyaniline [3], poly
(p-phenylene vinylene), or polythiophene, polypyrrole (Ppy) and poly( N-methylpyrrole) (P(NMP)),
the interchange of single and double bonds in the polymer backbone leads to various energy states and
transfer of electrons through the backbone. Among the conductive polymers, Ppy is one of the most
extensively studied because it possesses highly conductive, oxygen resistant, and in noxious
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characteristics, which are favorable for various applications [4, 5]. Ppy offers tremendous
technological applications such as fabrication of molecular electronic devices [6], an electrodes for
solid-state batteries [7], an solid electrolytes for capacitors [8], electromagnetic interference shielding
materials [9], ion-sensors [10,11], and static charge dissipating coating. Ppy can be conventionally
prepared by a stoichiometric oxidative polymerization [12, 13] of pyrrole using an oxidant or by an
electrochemical polymerization [14, 15].

Polypyrrole and its family e.g. Poly (N-methylpyrrole) is an important member of intrinsically
conducting polymers which can be synthesized by electrochemical or chemical methods. It is reported
to be a stable polymer that has excellent retention of its electrical, chemical, thermal, and mechanical
properties [16, 17]. The Ppy and P(NMP) has a nodular, cauliflower-like surface morphology, the
roughness of which depends on the electrochemical synthesis conditions [18]. Smoother films with
improved surface can be synthesized by careful choice of synthesis parameters, such as pH [19],
synthesis temperature, time, type of dopant and concentrations [18]. The Ppy can be synthesized with
an electrical conductivity ranging from 10 1010 S/cm.

The remarkable switching capability of these electroactive materials (conducting polymers)
between the conducting oxidized (doped) and the insulating-reduced (undoped) state is the basis of
many applications. Among others, the poly-conjugated conducting polymers have been recently
proposed for biosensing applications because of a number of favorable characteristics, such as (1)
direct and easy deposition on sensor electrode by electrochemical oxidation of monomer, (2) control of
thickness and (3) redox conductivity. Various conducting polymers viz polyacetylene, polythiophene,
polypyrrole, polyindole and polyaniline have been extensively used for immobilization of enzymes.
Among the conducting polymers, polypyrrole has been widely studied because it can be easily
polymerized, with ease of membrane formation, high conductivity and chemical stability [20-22].
However, P(NMP) film has been studied by very few researchers [23,24]. Aqueous
electropolymerization may be an alternative which can eliminate the use of toxic chemicals.
Advantages of aqueous electropolymerization include: (1) the aqueous solutions used are
environmentally favorable. The use of aqueous solutions also greatly lowers the costs for materials and
waste disposal. (2) This technique combines the formation of the polymer and deposition of the
coating in one process. The process is energy-effective and can be easily automated. (3) Mild reaction
conditions such as room temperature, low current or potential are used. The production cost is
relatively low. (4) The Ppy and P(NMP) can be easily synthesized by electrochemical oxidation of the
monomer with formation of doped conducting films. The electrochemically deposited Ppy and
P(NMP) films are dependent on many parameters viz. current density, monomer type, monomer
concentration, electrolyte type, electrolyte concentration, pH of the reaction medium and the reaction
time used during the electrodeposition etc. [25-27].

Doping materials can increase the stability, mechanical strength and conductivity of Ppy and
P(NMP) matrix. The materials, which can be doped with Ppy and P(NMP), are Nafion, polyvinyl
alcohol, polystyrene sulphonate, poly (methylmethacrylate), dodecylbenzene sulphonate, p-toluene
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sulphonate and polyvinyl sulphonate [28, 29]. It has been reported that use of polyelectrolyte in
polymerization solution with pyrrole and N-methylpyrrole causes to increase growth rate, higher
compactness of the synthesized film and improved environmental stability [30, 31]. The stability of
polymer matrix depends on anions. The anions play an important role during the electrosynthesis. The
anions are divided into three groups, (a) small inorganic anions; such as NO; , (b) medium sized
anions (mainly organics); such as dodecylsulphonate, p-toulenesulphonate and (c) large polymeric
anions; such as polyvinylsulphonate [32].

In general, the mobility of anions in Ppy and P(NMP) films depends on the size of the anions;
small anions have good mobility, medium anions have average or bad mobility and large polyanions
are not able to leave the Ppy film at all. The ion exchange properties and stability of polypyrrole (Ppy)-
polyvinylpyrrolidone (PVP) and polypyrrole (Ppy)-polyvinyl alcohol (PVA) and polypyrrole (Ppy)-
polystyrene sulphonate (PSS) composites have been studied by some authors [33, 34]. However, it is
still important to find high quality polymers and effective dopants showing their desirable properties
for specific application.

We have synthesized and characterized the Ppy-PVS in our earlier reported work [35]. In
present investigation, we have synthesized P(NMP)-PVS films as well as the co-polymer Ppy-
P(NMP)-PVS films on ITO coated glass electrode by galvanostatic method. The synthesized films
were characterized using electrochemical technique, electrical conductivity, FTIR spectra and scanning
electron microscopy (SEM).

2. EXPERIMENTAL

Ppy films were prepared by galvanostatic electrochemical synthesis, which provides a constant
oxidative current at the anode. The electrochemical deposition of Ppy-PVS, PINMP)-PVS and their co-
polymer Ppy-P(NMP)-PVS films were carried out by using a galvanostatic technique at temperature 27
°C in a one-compartment, three-electrode glass cell. The ITO coated glass plate was used as a working
electrode, platinum foil as a counter electrode and Ag/AgCl as a reference electrode. The electrolyte
solution was prepared in deionized water with 0.1 M pyrrole (98 %) (Spectrochem) and 0.1 M N-
methylpyrrole (Rankem) which was double distilled and kept refrigerated until use. The dopant 0.025
M PVS (Aldrich) was used. The applied current density 1 mA/cm” and the 3.0 pH were kept constant
during synthesis of polymer films. After synthesis the polymer coated electrodes were rinsed
thoroughly in deionized water dried in cold air and then used for subsequent characterization.

The synthesized composite films were subjected to various characterization viz. galvanostatic
electrochemical technique, electrical conductivity measured by Keithley 6514 electrometer, the FTIR
spectrum of synthesized composite films were carried out using Shimadzu FTIR-8400 series, using
KBr pellets in the region 350-4000 cm™, the scanning electron micrographs were recorded, using
JEOL JSM-6360A SEM machine.
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3. RESULTS AND DISCUSSION

The conducting Ppy and/ P(INMP) film can be electrochemically synthesized according to the
following (scheme 1) reaction:

. +
Q L C- Oxidise /N\ c-
H H n
(a)
I Oxidi "
Q L C- xidise /N\ c-
CH Ch
(b)

Schemel: Polymerization reaction of (a) pyrrole and/ (b) N-methylpyrrole in the presence of C
(where, C is counterion, which may be PVS)

The oxidation of pyrrole and/ N-methylpyrrole yields a charged polymer film with incorporated anions
(scheme 1). The pyrrole and/ N-methylpyrrole units have positive charges, which are balance by
anions that are incorporated into the polymer matrix during polymerization. The Ppy and/P(NMP) is
electroactive as it can be switched from the oxidized to reduced state by applying a potential between
the working and reference electrode.

The potential time curves of the galvanostatically synthesized Ppy-PVS, P(NMP)-PVS and
Ppy-P(NMP)-PVS composite films are shown in Fig. 1. In fact, the behaviour of the galvanostatic
synthesis overshoot during the first few seconds probably indicates difficult formation of dimmers and
oligomers. After this, potential remains constant suggesting that building up of the film proceeds
according to the same reaction along the full thickness of the polymer. We have recorded the lowest
polymerization potential for Ppy-PVS film with higher conductivity and uniform morphology. Slightly
higher polymerization potential recorded for co-polymer Ppy-P(NMP)-PVS film than that of Ppy-PVS
film. However, the surface morphology of the synthesized Ppy-P(NMP)-PVS film was non uniform.
The highest polymerization potential was recorded for P(INMP)-PVS film which results in poor
conductivity as well as non uniformity.

The scanning electron micrographs of synthesized Ppy-PVS, P(NMP)-PVS and Ppy-P(NMP)-
PVS composite films are shown in Fig. 2, 3 and 4 respectively. It can be seen that, the surface
morphology of the Ppy-PVS film has good uniformity, porosity. However, it was non uniform for Ppy-
P(NMP)-PVS as well as P(INMP)-PVS films. The SEM result shows good resemblance with earlier
reported work [36, 37].
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Fig. 1. Potential-time curve of Ppy-PVS,
P(NMP)-PVS and their co-polymer Ppy-

P(NMP)-PVS films at pH 3.0, 1 mA/cm?® current
density and T=27°C

Fig. 3. SEM of P(NMP)-PVS film at pH 3.0, 1
mA/cm’ current density and T=27°C
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Fig. 2. SEM of Ppy-PVS film at pH 3.0, 1
mA/cm? current density and T=27°C

F. 4. SEM of co-polymer film Ppy-P(NMP)-
PVS at pH 3.0, 1 mA/cm?® current density and
T=27°C

Table 1. Relation between the electrical conductivity and the
plateau potential of Ppy-PVS, P(INMP)-PVS and their co-polymer

Ppy-P(NMP)-PVS films

SrNo  Various Plateau Electrical
Polymer Films Potential Conductivity
(mV) (S/cm)
1 Ppy-PVS 217 2412 %107
Ppy-P(NMP)-PVS 224 1.210x 107
3 P(NMP)-PVS 248 0.988 x 10

The Ppy and P(NMP) film can have any electrical conductivity spanning a range of about
several orders of magnitude, depending on the concentration of the dopant anion added into the
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electrolyte prior to the electrochemical synthesis. A common feature of intrinsically conducting
polymers is the presence of conjugation that provides a significant degree of delocalization of 7-
electrons along the polymer chains. The overlapping molecular orbitals allow carrier mobility along
the polymer chain. Undoped conjugated polymers do not contain intrinsic charge carriers. They
introduced by a process called ‘doping’ which, in polymers, is a redox process involving charge
transfer leading to creation of charged species. The prerequisites for electronic conductivity are both
the presence of charge carriers and an orbital system to provide mobility to carriers [18]. The
sulphonate ions of the PVS provide a charged surface for electrostatic interactions between the enzyme
and the surface [38, 39]. The electrical conductivity of synthesized composite films Ppy-PVS,
P(NMP)-PVS and Ppy-P(NMP)-PVS is 2.412 x 10” S/cm, 1.210 x 10® S/cm and 0.988 x 10~ S/cm
respectively as illustrated in Table 1. It shows very good resemblance with polymerization potential

recorded during polymerization.
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Fig. 5. FTIR spectra of a) Ppy-PVS, and b) P(NMP)-PVS c) Ppy-
P(NMP)-PVS at pH 3.0, 1 mA/cm’ current density and T=27°C

The FTIR spectrum of synthesized composite Ppy-PVS, P(NMP)-PVS and Ppy-P(NMP)-PVS
are shown in Fig. 5. All three spectrums showed the broad peak at 3400-3500 cm™ corresponds to N-H
stretching. The incorporation of the counter anion in the polymer is evidenced by the peaks at 2924-
3000 and 2850 cm™ assigned to aliphatic -CH3 and —CH,, related to the sulphonate anion. Further
evidence of the presence of this anion in the polymer film is revealed by peaks at 1380 and 1600-1640
cm™ which may be assigned to SO, stretch in sulphonates. The vibration bands are observed at 1728-
1784 cm’ (C=0), 1527-1548 cm’ (N-H bending). These bands correspond to the characteristic bands
for Ppy and P(NMP); it shows very good agreement with earlier reported work [40, 41]. Thus, the
FTIR spectral results confirm the formation of polypyrrole Ppy and P(NMP).

4. CONCLUSIONS

The electrochemical, electrical, optical and morphological properties of composite Ppy-PVS, P(NMP)-
PVS and Ppy-P(NMP)-PVS (at 1 mA/cm” current density and pH 3.0) have been successfully studied.
The characterization study reveals that the composite Ppy-PVS film provide uniform, porous and
stable polymer matrix as compared with P(NMP)-PVS and Ppy-P(NMP)-PVS which is suitable for
immobilization of biocomponent.. The composite Ppy-PVS film shows highest conductivity 2.412 x
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10 S/cm with lower polymerization potential. The FTIR spectra of composite Ppy-PVS confirm the

presence of organic groups as well as occurrence N-H stretching.
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