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ABSTRACT

The surface of polyaniline nanofibres is modified by silver nano particles using cyclic voltametry (CV). The surface
modifications induced by silver particles are confirmed by scanning electron microscopy (SEM), Energy dispersive X-ray
analysis (EDX) and Raman spectroscopic techniques. The SEM micrographs show uniform distribution of silver particles on the
surface of PANI nano fibers. Presence of silver particles was confirmed by EDX. Structural variations induced after reduction
of Ag-metal particles and formation of polaron and bipolarons are studied by Raman spectroscopy. Copyright © 2013 VBRI

press.
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Introduction

The combination of noble metals and conducting polymers
opens new horizons of hope for researchers to overcome
with challenges of day to day life. The composites of metals
and conducting polymers are attention grabbing materials
due to their demanding potential applications in the domain
of various fields, such as chemical sensors, catalytic
activities, bio-technology and micro-electronics [1-4].
Many efforts are applied for the preparation of metal-
polymer composites (MPCs), such as MPC - nanostructure,
MPC core-shell nano particles and MPC co-axial nano
cables [5-8]. Sreeram et al. [9] have reported that
conducting polymer —metal nanoparticle bulk composites
provide enhanced sensitivity and selectivity for gas sensing
as compared to pure conducting polymers. Coupling of
metal particles with the conducting polymers offers strong
electronic interaction between them which invokes
researches to study these composites in detail. Therefore,
this work deals with the synthesis process for the
fabrication of metal polymer nanocomposite to be used for
sensing application.

Among all the conducting polymers, polyaniline (PANI)
has attracted great attention because of its easy synthesis
process, environmental stability, light weight, conductivity,
mechanical flexibility and low cost. Synthesis and
characterization of polyaniline grafted with different
materials using ecofriendly new approaches are adopted for
sensing applications [10-17]. PANI has three distinct
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oxidation states with different colours and has an acid/base
doping response [18-20]. On the other hand, silver being
the most conducting among noble metals. Its unique
electronic and optical properties with high conductivity and
stability make it versatile material to be employed for the
fabrication of composites with polymers [21-22].

To produce high quality composites with higher
conductivity, the oxidation of PANI with silver nitrate
solution in different acids, such as nitric, acetic, formic and
sulphonic acids are reported by various researchers [23-26].
Various chemical and electrochemical methods are
employed for the synthesis of Ag-PANI composite films
which includes in situ photo-redox mechanism [27] and one
pot synthesis method [28-29]. Shengyu et al. [30] reported
the synthesis of Ag-PANI core-shell nanocomposite.
Jaroslav et al. [31] reported PANI nano tubes as substrate
for the reduction of silver nitrate to synthesized Ag-PANI
composite. According to them the composite film exhibited
the conductivity of the order of 68.5 Scm™. Dipali et al.
[32] investigated Ag-PANI composites for electrochemical
Supercapacitor application. Ugarte et al. [33] fabricated
Ag-PANI composites through a two phase water/toluene
interfacial reaction. They further mentioned that by
controlling the reaction time, different structure of
composites can be obtained. Recently, the extraordinary
advances in the generation of new materials based on both
fundamental elements and composites and their synthesis
processes are reported in the literature [34]. Various
authors have reported the fabrication of sensors based on
the metal-oxide/PANI nanocomposite [35-37].

In previous communication, fabrication of PANI
nanofibres was reported using chronopotentiometry with
optimised process parameters on conducting 1TO substrate
[38]. Therefore, in the communication as synthesised PANI
nano-fibre film is used as working electrode in the three
compartment electrochemical cell for the surface
modification by noble Ag-metal particles. During cyclic
voltametry the reaction process was cycled for less sweep
segments with moderate scan rate to have uniform
distribution of Ag-particles on the surface of PANI fibers.
CV is most appropriate technique for the surface
modification of polymer films by metal particles due to the
redox process. The SEM, EDAX and RAMAN
spectroscopy are carried out to study modification after the
reduction of Ag metal particles on the surface of PANI
nanofiber.

Experimental

All chemicals used for the experiment were of GR grade.
Aniline monomer (MERCK, 99.5% purity) was double
distilled prior to synthesis, H,SO, and HNO; (MERCK,
>99% purity), and AgNO; (Sigma Aldrich) were used in
the present investigation. For all purposes double distilled
water was used.

An aqueous solution (80 ml) of aniline and H,SO4 as a
supporting electrolyte was prepared in 0.1:0.5 molar (M)
concentration ratio in double deionised (DID) water for the
synthesis of polyanniline  nanofiber films  using
chronopotentiometry. The as synthesized film was later
used as working electrode for surface decoration by Ag-
metals in an 80ml aqueous solution of AgNO; and HNO3 in
the ratio of 0.0004:0.005 M using CV technique. The
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electro-chemical process was carried out with CHI 660C
electrochemical workstation. The standard three electrode
setup was employed in one compartment electrochemical
cell. A rectangular ITO sheet of size 20 x 10 x 0.8 mm was
used as working electrode whereas a platinum sheet of size
20 x 40 x 0.25 mm was used as a counter electrode. The
reference electrode was an Ag/AgCl electrode. The SEM
micrographs and EDX analysis were obtained using JSM-
6490LV Joel. The image resolution was set at 5,000X and
10,000X. The Raman spectroscopy is performed by a
micro-Raman Spectrophotometer in the range of 500 to
2000cm™ at room temperature. An argon laser is used as an
excitation source with an excitation wavelength of 514.4
nm.
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Fig. 1. The cyclicvoltragram shows of deposition of Ag particles on PANI
nano fiber between potential window of -1 V to 0.7V in a solution of
AgNO;3; + HNOg3 in a ratio 0.0004:0.005 respectively with scan rate of
40mV/sec.

Results and discussion
Electrochemical synthesis and characterization

Chronopotentiometric fabrication of PANI nano-fibre was
carried in as solution of 0.1:0.5 molar (M) ratio
concentration of aniline and H,SO, respectively with
optimised process parameters as communicated earlier
[38]. This technique is most sophisticated and it is reported
that chronopotentiometric deposition of polymer film could
produce highest electrochemical reactivity in comparison to
CV and potentiostatic deposition methods [39]. CV is a
very accepted technique which represents the
electrochemical spectrum designates the potential at which
number of process happen can be achieved rapidly. The
working electrode i.e. PANI nano fibre was cycled using
CV between the applied potential window ranges from -1 to
0.7 V at the scan rate of 40 mV/s in a solution of nitric acid
contain AgNO; for surface modification of PANI nano
fibre composites as show in Fig. 1. The voltammogram is a
display of current (vertical axis) verses potential (horizontal
axis). The scan rate was kept at 40mV/sec which
significantly affects the role of kinetics of chemical species
during the redox process. The cathodic peak shows light
upgrading of peak after each cycle indicates the moment of
Ag+ cations towards the cathode i.e. PANI nano fibre
electrode. The peak at 0.13 becomes more prominent shows
the Ag® ions are reduced on the on the PANI nano-fiber
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after first order dissociation of AgNOj; in acidic solution of
HNO;. The colour of PANI film turned faint brown like
grey spots are sputtered on green polyanniline nano fiber
which indicates the reduction of Ag* cations on the working
electrode. The increasing current in the cathodic peak
shows the growth of Ag” on the polymer surface which is
also visible in the given cyclicvoltragram. The PANI
nanofibres in an acidic aqueous solution can undergo an
oxidative decomposition reaction leading to the removal of
hydrogen and subsequent coupling of silver nano particles
on the surface of polymer.

Scanning electron microscopy

The surface morphology judgment of the Ag-PANI
nanofibre composite was carried out by scanning electron
microscope as shown in Fig. 2 (A-B). The fibrous surface
with uniformly Ag-metal particles distributed over whole
surface is observed in the SEM micro graphs. Fig. 2 (B) is
the magnified image which clearly displays the fibrous
PANI structure and Ag-metal particles are seen as white
spots on the surface of polymer film which clearly indicates
their coupling with PANI nanofibers. The surface also
exhibits uniform porosity in their structures which is an
important factor for sensing application. Controlled and
optimised process parameters are essential requirements to
obtain desired results.
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Fig. 2. SEM micrograph (A) Ag-PANI nano fiber composite (B)
magnified image of (A).
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After a range of permutations of process parameters,
optimised scan rate and sweep segments for proper and
uniform reduction of Ag-metal particles was achieved to
decorate uniformly the polymer film to obtain Ag-PANI
nanofibre composites. Moreover, the image shows
homogeneous nucleation and high porosity, which indicate
its reliability using as a sensing material. The dense
network of PANI fibers and Ag-metals particles also
ensures their proper redox process which enhances the
stability, mechanical, optical and electrical properties of the
of Ag-PANI composite. Fig. 2 shows fibrous cotton like
structure.
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Fig. 3. EDX spectrum of silver particle on Ag-PANI nano fiber composite
film.
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Fig. 4. Raman spectrum of Ag-PANI nano fiber composite.

Energy dispersive X-ray analysis

The EDX study reveals the presence of silver particles (Fig.
3). The EDX pattern shows the peak of carbon and silver
(Ag). The presence of Ag-peak strongly indicates that Ag-
particles are successfully decorated on the PANI nanofiber.
This EDX graph was taken in a complete area of millimetre
range to guarantee the uniform distribution of Ag-particles
on the surface polyaniline nano fibre.

Raman spectroscopy

Raman spectroscopic analysis was carried out to
characterize the Ag-PANI nanofiber (Fig. 4). The
characteristics of main Raman bands of the Ag-pain nano
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fiber are observed at, 1053, 1123, 1250, 1404, 1585 and
1710 cm™. Surface modification by Ag-metal particles
using CV method shows the shift, appearance and
disappearance of peaks which clearly indicates that redox
process has occurred between the Ag-metal particles and
PANI nanofibers. This breaking and formation of bonds
ensures the coupling of Ag-particles on the surface of
polymer to modify its functional properties. The peak
1584cm™ shows the formation of semiquinone radical
cation i.e. p-disubstituted benzene rings begins to transfer
in to polarons [40]. The Raman spectrum peak at 1710 cm™
shows the existence of C=0. The strong bond at 1250cm™
appears related to the C-N* stretching of the semi-quinone
radical of the emeraldine salt, this state of PANI film is
treated as most conductive state [41]. The peak located at
1123 cm™ exhibits the C-H ring in plane bending modes of
quinoid units [42]. The peak at 1404 cm™ represents the C-
C stretching of quinoid units [43]. The peak at 1053 cm™
shows the Ring vibration for ortho-disubstituted benzene.
From Raman spectra it is observed that the shifts in the
Raman bands occur in case of Ag-PANI nano fiber when
compared with pure PANI nano fiber which is due to the
insertion of Ag-metal particles on the surface of PANI fiber
film. Raman shows that after the first sweep segment of CV
at given scan rate, the free radical cations are produced due
to removal of electrons form the amines group causes the
formation of polarons and bipolarons [40].

Conclusions

Ag-PANI nano fiber composites were synthesised using
two steps electrochemical method with optimised process
parameters. The surface of PANI nanofiber was decorated
by Ag-metal particles using CV. The presence of Ag-metal
particles on the polymer surface shows redox activity
between metal and polymer, which is also confirmed by
Raman analysis. The SEM micrograph shows that the
composite surface is uniformly modified by Ag metal
particles which results favourable fabrication of Ag-PANI
nano fiber composites. Micrographs clearly show porous
and fibrous structure of polymer film. Raman describes the
significant effects of polaron and bi polaron formation.
Raman peak shows the emeraldine salt state of PANI
nanofiber. This is simple and cost effective method for
fabrication of metal-polymer nano composites.
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