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The functionalized pyrrole copolymers were fabricated by electropolymerization of pyr-
role (Py) and functionalized pyrrole monomers, pyrrole-3-carboxylic acid (P3C) and
4-(3-pyrrole) butyric acid (PBA). The electrochemical behavior and doping/dedoping
properties of the obtained copolymer thin films were investigated by cyclic voltammetry
(CV) in neutral phosphate-buffered saline (PBS) solution. Moreover, the functionalized
pyrrole copolymer films were characterized by UV-vis absorption spectroscopy and
atomic force microscopy (AFM). The obtained copolymer thin films showed good sta-
bility and electroactivity in neutral PBS solution. The presented functionalized pyrrole
copolymer thin films may possess potential applications to study in various systems of
the biosensors.

Keywords Conducting polymer; copolymer; electropolymerization; pyrrole

1. Introduction

Conducting polymers (CPs) have received considerable attention because of their unique
electrical optical, chemical and biochemical properties [1–3]. In recent years, CPs have
potential applications in various fields such as fuel cells, electrochromic displays, field
effect transistors (FETs) and biosensors [4–6]. The most widely investigated CPs includes
polythiophene, polyaniline, poly(phenylene vinylene) and polypyrrole and their deriva-
tives. CPs can be synthesized either chemically or electrochemically [1, 7]. Nowadays,
electrochemical synthesis is a common alternative for making CPs, particularly because
this synthetic procedure is relatively straightforward, ability of controlling thickness, shape
and morphology of CPs [2, 3, 8]. Among these CPs, polypyrrole (PPy) and their derivatives
are especially promising materials for commercial applications due to their good electrical
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conductivity, environmental stability to air and water, ease and high flexibility in prepara-
tion [1, 9]. In particular for biosensor application, PPy and their derivatives based biological
sensor have been extensively investigated to detect the biomolecules for example glucose,
hormones, antibodies and antigens [6, 9–11]. However, there are still few reports in terms
of the electroactivity of pyrrole-based polymer films in neutral solution, although it is very
important to construct effective biosensors based on conducting polymer mediators.

In this study, the fabrication and characterization of functionalized pyrrole copolymer
thin films were reported. The pyrrole-3-carboxylic acid (P3C) and 4-(3-pyrrole) butyric
acid (PBA) monomer as shown in Scheme 1, with various ratios in acidic aqueous solution
were employed to fabricate functionalized polypyrrole copolymer films on indium tin
oxide (ITO) coated glass slide by electropolymerization. Their electrochemical behavior
and doping/dedoping properties were monitored by cyclic voltammetry (CV) in neutral
PBS solution. Moreover, the UV-vis absorption spectroscopy and AFM were performed to
characterize the copolymer films. In addition, the electroactivity of the obtained copolymer
films in PBS solution were studied.

Scheme 1. Schematic representation of the electropolymerization of functionalized pyrrole
copolymers.

2. Materials and Methods

2.1. Chemicals and Materials

The Py, P3C and PBA monomer and PBS (pH 7.4) were purchased from Sigma-Aldrich
Co. All other chemicals were analytical grade with highest purity and used as received.

2.2. Electropolymerization of Functionalized Pyrrole Copolymers

The functionalized pyrrole copolymer, PPy/PPBA was electrochemically polymerized on
ITO substrate. The precursor solutions containing α mM Py and β mM PBA with constant
10 mM monomer concentration in 0.5 M H2SO4 solution, the simple notation of α:β
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Py/PBA, such as 9:1 Py/PBA 7:3 Py/PBA, 5:5 Py/PBA, etc., were used for fabricating the
PPy/PPBA films. 0.5 M sulfuric acid was acted not only as electrolyte solution but also
solvent in this study. It is assumed that the supplementary doping of the copolymer in
sulfuric acid media could be introduced multiple charge carriers leading to an improvement
of the electrical conduction along the polymer chain and ability to undergo easier diffusion
of the dopants during the redox process. For the electrochemical system, platinum wire,
Ag/AgCl and ITO were used as counter, reference and working electrodes, respectively.
The electropolymerization was performed by CV in a range from 0 to 1.0 V at a scan
rate of 20 mV/s. The same procedure was employed for the fabrication of PPy/PP3C and
PPBA/PP3C copolymer films.

2.3. Characterization

UV-vis spectra of the obtained copolymers film deposited on the ITO-glass electrode were
recorded using Jasco V-650 spectrophotometer. In addition, the obtained copolymer films
with applied constant potentials at −0.2, 0, 0.3 and 0.6 V in PBS solution to study the
electroactivity property were monitored by UV-vis measurement. Moreover, AFM was
employed to characterize the topology of the functionalized pyrrole copolymer films, the
measurements were conducted with tapping mode at ambient temperature.

3. Results and Discussion

3.1. Electropolymerization of Functionalized Pyrrole Copolymers

Figure 1 shows electrochemical property during the electropolymerizaition of PPy/PPBA,
PPy/PP3C and PPBA/PP3C copolymers. As shown in the CV trace of PPy/PPBA, PPy/PP3C
and PPBA/PP3C copolymers, the current in the anodic scan increased at about 0.3, 0.6 and
0.5 V respectively, indicating the beginning of the formation of functionalized pyrrole
copolymers on ITO electrodes. The current slightly decreased at about 0.15, 0.3 and 0.4 V
respectively in the cathodic scan, which indicated the dedoping process of the deposited
copolymer films. The current of electropolymerized PPy/PPBA copolymer exhibited higher
current than that of other copolymers due to the large amount of deposited film on the
electrode. These results indicate that the PPy/PPBA has lower oxidation potential which
facilitates the electropolymerization of the copolymer film as compared to other combina-
tions [12]. Based on these results, PPy/PPBA copolymer films were employed to represent
the properties of functionalized pyrrole copolymer films.
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Figure 1. CV trace of the electropolymerizaition of (a) PPy/PPBA, (b) PPy/PP3C and (c) PPBA/PP3C
copolymers.
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Figure 2. UV-vis spectra of (a) Py monomer, PBA monomer, Py/PBA monomer solution, and
PPy/PPBA copolymer film and (b) PPy/PPBA copolymer film at different concentration ratios.

3.2. Characterization of Functionalized Pyrrole Copolymer Films by UV-vis and AFM

UV-vis absorption spectra of Py, PBA, 5:5 Py/PBA monomer solution and 5:5 PPy/PPBA
copolymer film are shown in Fig. 2(a). The absorption peak at around 480 nm are obtained
in the UV-vis spectra of 5:5 Py and PBA monomer solution. The peak of PPy/PPBA
copolymer film on ITO are obtained at around 450 nm. The presensce of a absorption peak
for the copolymer spectra, which is absent in the monomer absorption peak, indicates the
monomers are transformed to polymer and extended degree of conjugation in the polymer
chain. Especially, the broad absorption peak seen at higher than 600 nm corresponds to
polaron/biporalon band due to the doping of the conjugated polymer chain. Fig. 2(b) shows
UV-vis absorpation spectra at several ratio of Py:PBA for the electropolymerization. The
results show that the absorption intensity increases with increasing the ratio of Py, indicating
that the presence of Py facilitates the electropolymerization and deposition of the film.

The topology of PPy/PPBA copolymer film was characterized by AFM in order to
investigate the roughness of the film. The roughness of the obtained copolymer films over
an area of two-dimensional views of 2 × 2 μm2 AFM image are shown in Table 1. The
obtained results indicated that the topology of PPy/PPBA copolymer films increased with
increasing PBA ratio.

3.3. Potentiostatic Measurement

UV-vis spectra of the 5:5 PPy/PPBA copolymer film deposited on an ITO glass substrate
at constant applied potentials of −0.2, 0.0, 0.3 and 0.6 V are shown in Fig. 3(a). The
absorbance in visible region of the copolymer film increased with increasing the potentials,
which indicates that the PPy/PPBA copolymer can be electroactive in neutral PBS solution
due to the topological changes of the copolymer films, because the film might swell due
to the doping effect by the applying the potentials [9]. The electroactivity property of
PPy/PPBA copolymer film was compared with PPy and poly (4-(3-pyrrole) butyric acid)

Table 1. The surface roughness of PPy/PPBA copolymer film

α:β PPy/PPBA 9:1 7:3 5:5 3:7 1:9
Surface roughness (nm) 3.425 3.963 4.082 4.315 4.652
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Figure 3. UV-vis spectra of (a) 5:5 PPy/PPBA copolymer thin film and (b) the comparison of the
shift of absorption intensity with PPy, PPBA and PPy/PPBA thin film on ITO substrate at different
constant applied potentials.

(PPBA) at different constant applied potentials as shown in Fig. 3(b). It was found that the
absorption intensity of PPy/PPBA copolymer shifted changed much more steeply with the
applied potential among than the homopolymers. The reason for this shifting is that the PPy/
PPBA copolymer thin film produced higher π -π∗ transition formation due to the doping of
the polymer among applied potential than that of PPy and PPBA thin films, indicating that
the increase of the absorption intensity much more than the homopolymers. Moreover, the
increase of PPBA content in the copolymer could be obtained higher absorption intensity
with the potential as shown in Fig. 4 but this behavior was less effective than that of the
applied potential.

These results indicated that the functionalized pyrrole copolymer films showed good
electroactivity in neutral solution and their electroactivity property could be enhanced with
the electrochemically controlled potential, which may possess potential applications to
study in various systems of the biosensors.
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Figure 4. UV-vis spectra of PPy/PPBA copolymer film at different concentration ratios with and
without applied potential.
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4. Conclusions

The functionalized pyrrole copolymer thin films were successfully prepared by electropoly-
merization. The AFM images of the topology of PPy/PPBA copolymer showed that the
roughness increased with increasing PBA proportion. Moreover, it was found that the
obtained copolymer thin film of PPy/PPBA showed obvious change of UV-vis spectra
with applied constant potentials in neutral PBS solution. These results indicate that the
topology and electroactivity of the fabricated copolymer can be controlled by applying
electrochemical potentials. Therefore, it can be concluded that an electrochemically fabri-
cated functionalized pyrrole copolymer is a promising candidate as smart materials for the
biosensors application in the future.
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