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A simple electrochemical method of synthesis of polypyrrole/silver (PPy/Ag) nanocomposite is presented. The method is based
on potentiodynamic polymerization of pyrrole followed by electrodeposition of silver employing a single potentiostatic pulse.
The synthesized PPy film has embedded Ag nanocubes. The morphology and structure of the resulting nanocomposite were
characterized by field emission scanning electron microscopy and X-ray diffraction. Electron paramagnetic resonance studies
showed that silver nanoparticle deposition on polypyrrole leads to an increase in carrier density, indicative of enhanced conductivity
of the resulting composite. Electrocatalytic performance of the prepared composite was examined for reduction of hydrogen
peroxide and was compared with corresponding PPy film and bare glassy carbon electrode.

1. Introduction

In recent years, the electrically conducting composites have
attracted attention of researchers because of their potential
applications in various fields, such as sensors, actuators, and
electric devices [1–4]. These include electrically conducting
polymers such as polypyrrole (PPy) [5, 6], polyaniline [7–9],
polythiophene [10], poly(3,4-ethylenedioxythiophene) [11],
and poly(p-phenylene vinylene) [12]. PPy is known as one
of the most important conducting polymers owing to its
high conductivity, easy preparation, good environmental
tolerance, and a large variety of applications [13]. Various
nanoparticles of different metals such as Au, Ag, Pd, Cu, and
Pt can be incorporated into the polymer matrix to obtain a
composite material with new properties [14–17]. Chemical
and electrochemical polymerizations are used to prepare
conducting polymer composites. One possible way of prepa-
ration of nanocomposite material is to use a spontaneous
redox reaction of monomer and metal ion, sometimes in the
presence of supporting reagent [18–20]. Another one is the
chemical polymerization of monomer dissolved in a solution

of colloidal metal particles in the presence of an oxidant
[21, 22].Metal nanoparticles/conducting polymer composites
can also be obtained by using the electrochemical methods.
These methods of preparation give a possibility of better
control of the synthesis process compared to the chemical
methods, because the structure, quantity, and properties
of both electrodeposited components, that is, nanoparticles
and polymer, depend not only on the composition of the
solution, but also on the electrolysis potential and time [23,
24]. Electrochemical deposition is advantageous because of
the least requirement of the additives and absence of any
interfering products generated during the electrodeposition
of silver metal. It is interesting to note that the deposition of
Ag nanoparticles on polypyrrole film has not been attempted
electrochemically so far. To the best of our knowledge,
this is the first effort for the electrosynthesis of polypyr-
role and then electrochemically depositing Ag nanoparticles
on it. Such approach, in comparison with DC deposition,
permits obtaining a more homogeneous polymer surface
[25] and more homogenously distributed silver grains [26].
This necessitates the optimization of different parameters
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Figure 1: FESEM images of the PPy film formed by potentiodynamic growth before (a) and after (b) electrodeposition of the silver
nanoparticles.

to achieve the desired quality of the polypyrrole film and
silver nanoparticles. It was, therefore, of interest to develop a
strategy for the electrochemical synthesis of Ag nanoparticles
on a polypyrrole film and their characterization. The results
of these studies are reported in this paper.

2. Experimental

All the chemicals, namely, pyrrole (C
4
H
5
N), sulphuric acid

(H
2
SO
4
), potassium chloride (KCl), silver nitrate (AgNO

3
),

and hydrogen peroxide (H
2
O
2
), were of GR (Guaranteed

Reagent) grade. Cyclic voltammetry (CV), chronoamper-
ometry, and differential pulse voltammetry were performed
using CHI 760D electrochemical workstation with a three-
electrode voltammetric cell having glassy carbon disk work-
ing electrode (area, 𝐴 = 0.07 cm2), platinum wire counter
electrode, and Hg/Hg

2
SO
4
reference electrode. All potentials

are quoted with respect to Hg/Hg
2
SO
4
reference electrode.

All the experiments were carried out at room temperature
(25 ± 1∘C). Morphology of the composite was recorded by
Auriga make field emission scanning electron microscope
(FESEM). X-ray diffraction (XRD) patterns were recorded
in air atmosphere by STOE-Theta-X-ray diffractometer using
graphite monochromatic Cu K𝛼 radiation (𝜆 = 0.15406 nm).
Electron paramagnetic resonance (EPR) measurements were
done at room temperature using Bruker EPR spectrometer
operated at X-band frequency (9.6GHz). Polypyrrole (PPy)
film was electrodeposited onto glassy carbon electrode by
optimized procedure from aqueous 0.06M pyrrole solution,
using 0.1MKCl as supporting electrolyte by potentiodynamic
polymerization of pyrrole. A potential sweep from −0.9V to
1 V was applied at a scan rate of 100mV s−1 to the working
electrode for a total of 30 sweep segments. 1mM aqueous
solution of AgNO

3
containing 1MH

2
SO
4
was used to deposit

silver nanoparticles onto PPy modified working electrode by
applying a fixed potential of −0.38V for 10 seconds.

3. Results and Discussion

Figure 1 shows FESEM images of PPy film formed by poten-
tiodynamic growth before (a) and after (b) electrodeposition

Figure 2: Backscattered electron image reflecting the surface com-
position of PPy/Ag.

Table 1: XRD data of silver nanoparticles (𝜆 = 0.15406 nm).

2𝜃 values 𝑑 value (Å) 𝐼/𝐼
0
(%) ℎ 𝑘 𝑙

38.76 2.36 100 1 1 1
44.88 2.04 44.7 2 0 0
65.11 1.44 22.3 2 2 0
77.87 1.23 22.0 3 1 1
81.86 1.17 6.0 2 2 2

of silver nanoparticles. The polymer exhibits the typical
cauliflower-like nodular morphology. More changes in the
structure and surface composition of the PPy/Ag could
be noticed by using SEM backscattered electron detector
(Figure 2). The contrast visible in the images reflects the
surface composition of the material. The bright objects
correspond to the positions where the silver structures are
present, and the dark area is related to the polypyrrolematrix.
Powder XRD pattern shown in Figure 3 also confirmed the
presence of silver in the nanocomposites. All the diffraction
peaks could be indexed to the cubic phase of silver (JCPDS
card number 87-0717) having fcc lattice. The crystallographic
data of the relatively intense peak (𝐼/𝐼

0
> 5) was indexed on

a cubic system with space group Fm-3m and cell parameter
𝑎 = 4.085 Å. The XRD data are given in Table 1.
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Figure 3: XRD pattern of silver nanoparticles.
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Figure 4: EPR spectra recorded at room temperature at X-band
frequency (9.5 GHz) using receiver gain RG = 2.5 × 103; modulation
amplitude MA = 1.0G; microwave power 6.3mW. (A) Polypyrrole
(PPy) polymer and (B) Ag/PPy composite. (1) shows the asymmet-
rical signal in PPy polymer with 𝑎/𝑏 = 1.4 (Dysonian line shape).

EPR spectrum of PPy (Figure 4(A)) showed a single
Lorentzian line with a slight asymmetry {Dysonian line
shape, asymmetry parameter 𝑎/𝑏 = 1.4 as shown in
Figure 4(1)} at 𝑔 = 2.0026 indicating the presence of polaron
(charge carrier with spin 1/2 due to unpaired electron). This
value is close to the free electron 𝑔 value (𝑔 = 2.0023). The
small increase in 𝑔 value observed for PPy/Ag indicates that
the unpaired electrons are present in the𝜋 electron system for

Electropolymerization
GC disc electrode PPy-GC disc electrode

Electrostatic pulse

PPy/Ag-GC disc electrode PPy/Ag-GC disc electrode

H2O2 H2O

Figure 5: Schematic diagram of electrode modification process
with polypyrrole and silver nanoparticles and its electrocatalytic
application for hydrogen peroxide reduction.
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Figure 6: Cyclic voltammograms obtained during the potentio-
dynamic growth of PPy on a 3mm diameter glassy carbon disc
electrode. The potential was swept from −0.9V to 1 V versus
Hg/Hg

2
SO
4
15 cycles at 100mV s −1.

the conjugated polymers [27]. Upon electrodepositing silver
on polymer matrix, the EPR signal became more symmetric
(𝑎/𝑏 = 1.0). It was observed that Ag deposition leads to a
corresponding increase in the area under the peak computed
by double integration of the signal. This proves an increase
in carrier density of the composite which is responsible for
enhancement of catalytic activity [28]. Figure 5 shows the
schematic diagram of electrode modification process with
polypyrrole and silver nanoparticles and its electrocatalytic
application for hydrogen peroxide reduction.

Cyclic voltammetry (CV) was employed to monitor the
polymerization of PPy and to investigate the kinetics of
electrode process for electropolymerization. Figure 6 shows
the first 15 cyclic voltammograms obtained during the poten-
tiodynamic growth of PPy on a 3mm diameter GC disc
electrode as the potential was swept from −0.9V to 1 V. The
cathodic peaks obtained were significantly broader than the
anodic peaks. The voltammograms are consistent with those
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Figure 7: (a) Cyclic voltammogram of 1mM aqueous solution of AgNO
3
containing 1M H

2
SO
4
at PPy modified electrode. (b) Differential

pulse voltammogram carried out with PPy/Ag composite electrode in 1M H
2
SO
4
.

reported previously [29]. On the first scan, a single anodic
wave was typically observed at approximately +0.5 V which is
consistent with the oxidation of pyrrole monomer to produce
the radical cation [30]. On the second scan and all the subse-
quent oxidative scans, a new anodic wave is observed that is
consistent with the oxidation of the newly formed polymer
between −0.1 V and 0.5 V [29, 30]. With each successive scan,
the peak current associated with the anodic as well as the
cathodic peaks of the polymer increased and an increasingly
thick, dark black coloured film was observed on the working
electrode. The increase in charge passed between each cycle
was approximately constant suggesting that the growth rate
of the polymer is approximately constant. Depositing silver
nanoparticles within the PPy film provides a convenient way
to increase the area available for the electrocatalysis to take
place and may improve the film conductivity.

Figure 7(a) shows CV of 1mM aqueous solution of
AgNO

3
containing 1M H

2
SO
4
at PPy modified electrode.

Based on the CV results,−0.38Vwas chosen as the optimized
potential to deposit silver nanoparticles. Differential pulse
voltammogram (DPV) shown in Figure 7(b) was obtained
with PPy/Ag composite electrode in 1M H

2
SO
4
. The anodic

peak observed at −0.068V is responsible for the stripping of
Ag+ from metallic Ag nanoparticles. This further confirmed
the presence of Ag at polypyrrole matrix.

The electrochemical behavior of the synthesized PPy
and PPy/Ag was examined by cyclic voltammetry to catal-
yse reduction of hydrogen peroxide. Figure 8 shows the
cyclic voltammograms of bare-GC, PPy-GC, and PPy/Ag-
GC coated electrodes in presence of 0.4mM H

2
O
2
in 1M

H
2
SO
4
. It is clearly seen that when bare glassy carbon

electrode was used, no well-defined peak with very small
current was observed in presence of H

2
O
2
. For PPy-GC

electrode, although the current was high enough no substan-
tial peak was seen for the reduction of hydrogen peroxide.
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Figure 8: Cyclic voltammograms using bare-GC, PPy-GC, and
PPy/Ag-GC electrodes in presence of 0.4mMH

2
O
2
in 1M H

2
SO
4
.

Only a broad cathodic peak was observed between −0.5 V
and −0.6V. When silver nanoparticles were embedded in
polypyrrole film (PPy/Ag), the silver modified PPy film
electrode exhibited a considerable electrocatalytic behaviour
towards the reduction of hydrogen peroxide and a reduction
peak appeared at about −0.08V (1∗) versus Hg/Hg

2
SO
4

reference electrode. Another cathodic peak at around 0.2V
(2∗) was attributed to the reduction of AgOH in the PPy film.
Typically, this reduction is preceded by uptake of H+ ions
during reduction of PPy.We can conclude that, after addition
of hydrogen peroxide to the solution, silver dispersed in the
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PPy film reacts chemically with hydrogen peroxide according
to the following equation [31]:

Step 1

2PPy/Ag (0) +H
2
O
2
→ 2PPy–Ag (I) –OH (1)

The second step is electrochemical reduction of silver hydrox-
ide (peak 2∗):

Step 2

2PPy Ag (I) –OH + 2H+ + 2e−

→ 2PPy Ag (0) + 2H
2
O

(2)

The peak present at 0.5 V is attributed to AgO stripping peak
(2).

4. Conclusion

Fabrication of PPy/Ag composite through electrosynthesis
of polypyrrole and then electrochemically depositing Ag
nanoparticles is presented. Such approach, in comparison
with DC deposition, permits obtaining a more homogeneous
polymer surface and more homogenously distributed silver
grains. FESEM, XRD, and electrochemical measurements
indicate that Ag/polypyrrole nanocomposite is successfully
prepared in our experiments. This further showed electro-
catalytic performance towards hydrogen peroxide reduction.
We believe that the present method could be exploited for
the fabrication of novel and inexpensive hydrogen peroxide
sensor.
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