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Conductive polymer, polyaniline and its nanocomposite have attracted much attention due to their potential applications.
The incorporation of gold nanoparticles to ultra thin polyaniline film has been done and its effects on structural and optical
properties have been discussed. The SEM and TEM spectra for polyaniline and gold nanocomposite polyaniline clearly
show different states of surface morphology of two samples. FTIR and TEM spectra display the presence of gold
nanoparticles in the nanocomposite polyaniline sample. The increase of conductivity and change of band gap in gold
nanocomposite film have been observed. The band gap calculated for polyaniline and gold nanocomposite polyaniline films
are 2.90 eV and 2.73 eV, respectively. Intense photoluminescence effect is observed in gold nanocomposite samples.
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1 Introduction

Conductive polymers, like polyaniline, polypyrol,
polythiophene, etc. are important candidates in
modern electronic technology as they have several
potential applications, such as optical, microelectronics,
sensors, solar cells, etc'>. Considerable research
interests have been grown over the last few years on
nanocomposite of these polymers materials. Inorganic
materials and their oxides have been used to such
polymers in forming inorganic polymer matrix. These
are used in various devices for optical, gas sensing,
solar photovoltaic, etc.”® Among these conductive
polymers, polyaniline (PANI) is one of the important
material and has been used in various forms. Due to
its different important properties, like easy
processing, cheap, antistatic, flexibilities, etc. these
materials have been gaining popularity among the
researchers’. The incorporation of metallic or
semiconducting nanoparticles in polyaniline is of
interest because of the strong electronic interaction
between the nanoparticles and the polymer materials.
This product not only changes the physical properties
but also enhances electrical conductivity'’. More
recently, structural, electrical, optical properties of
nano structural polyaniline and nanocomposite
polyaniline have been under intense investigation. A
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good number of literatures indicate the use of these
materials in various device fabrications, like
microelectronics, photonics, sensor applications, etc.
This material is also studied for various optical
applications both in linear and non linear regimes''. In
this paper, various properties of ultra thin gold
nanocomposite films are presented and compared to
the base material, polyaniline ultrathin film. In this
process, surface morphology and optical properties of
these materials are investigated.

2 Experimental Methods
2.1 Preparation of sample

The preparation of polyaniline and gold
nanocomposite polyaniline ultra thin film were
performed by electrochemical method using Autolab
Potentiostat/Galvonostat (EcoChemie, Netherlands,
Model 101N) with NOVA software in which working
electrode was replaced with PANI/ITO and
AuNPs/PANV/ITO. Platinum wire and Ag/AgCl
(3 M KCl) were used as counter and reference
electrodes, respectively. Prior to the electro-polymer
ization, the ITO glass plate (0.80 cm®) was thoroughly
cleaned with methanol and then rinsed with de-
ionized water. Polymerization was achieved in a
potentiodynamic mode in 0.2 M aniline per 1 M HCl
solution following methodology of Radhapyari et al."
The nanocomposites of AuNPs-PANI were prepared
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by electrochemical deposition of a mixture of HCI
(1.0 M), aniline (0.2 M) and 500 uL AuNPs (2 mgmL~
Uof KAuCly) and thoroughly sonicated for 15 min;
introduced in a three-electrode electrochemical
cell of Autolab Potentiostat/Galvonostat (EcoChemie,
Netherlands, Model 101N). The cell consists of
Ag/AgCl (3M KCl) as reference, Pt wire as counter
electrode and ITO glass plate (0.80 cm?) as working
electrode. The electro-polymerization was demonstrated
at a scan rate of 20 mVs™ for seven (7) cycles in the
potential range of -2.0 - 1.1 V. The AuNPs/PANI/ITO
electrode is washed with de-ionized water to clean off
the untreated AuNPs-PANI. Two set of films were
prepared in the range of 110 - 130 nm thickness.

2.2 Studies on various parameters

The surface morphology of the samples was carried
out by SEM (JEOL Asia PTE Ltd.) and TEM
(JEM-2100) analysis. FTIR studies were conducted by
FTIR spectrometer (Perkin Elmer System 2000).
UV-Vis spectra were recorded by UV-Vis spectrometer
(model Shimadzu UV-Vis Spectrometer) within
the range of 330-2500 nm. Photoluminescence
study was performed by a spectrofluorophotometer
(Perkin Elmer, Singapore) in the wavelength range of
340-550 nm.

3 Results and Discussion

3.1 Structural morphology

Figures 1(a) and 1(b) represent the SEM spectra
of the samples for the polyaniline and gold
nanocomposite  polyaniline, respectively. The
polyaniline and its gold nanocomposite morphology
of the films have been displayed by the observed
SEM spectra. It has been seen that the gold
nanoparticles are uniformly distributed in the gold
polyaniline matrix. The particles are of almost
spherical in nature and average size is about 7 nm and
dispersed within the range of 2-20 nm.

TEM spectra of the polyaniline and gold
nanocomposite polyaniline are shown in Figs 2(a) and
2(b), respectively. The TEM images of the samples
and corresponding particle size histograms have been
shown in Fig. 3. The average size distribution of the
gold nanoparticles was found to be 5-7 nm. The
micrographs of the sample indicate the spherical
morphology of the particles and almost evenly
dispersed in the media.

Figures 4(a) and 4(b) show FTIR spectra of
polyaniline and gold nanocomposite polyaniline film,
respectively. FTIR analysis of the finger print region

]

15kV’ » X5,500

Fig. 1(a) — SEM spectra of polyaniline sample and (b) SEM
spectra of gold nanocomposite polyaniline sample
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Fig. 2(a) - TEM image of polyaniline and (b) TEM image of gold
nanocomposite polyaniline
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Fig. 3 — Particle size distribution for polyaniline in TEM image of
gold polyaniline matrix
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Fig. 4(a) — FTIR spectra of polyaniline sample and (b) FTIR

spectra of gold nanocomposite polyaniline sample
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between 600 and 2000 cm™ is particularly useful for
examining the resonance mode of the benzinoid and
quinoid unit. From these spectra, it has been observed
that all peaks corresponding to polyaniline are present
in gold nanoparticle samples. However, there has
been shifting of peaks in sample for gold
nanocomposite polyaniline. It has been seen from the
two figures that the shifting of about 5 cm™ of peak
has taken place in Fig. 4(b), which is due to the effect
of incorporation of gold nanoparticles to polyaniline
material. The peaks at about 1153 and 1305 cm™ may
be combination modes of benzoid and quinoid unit
and C-N stretching, respectively”. The shifting of
peak may be attributed to the interaction of gold
particles with amine and imine nitrogen site of
benzenoid and quinonoid moieties'*.  Similar
observations have been reported by earlier researcher
in gold nanocomposite materials'.

The conductivity of gold nanocomposite films as
measured by four probe method (not shown in figure)
is found to be slightly higher than that of pure
polyaniline film. The increase of conductivity of
nanocomposite polyaniline (Table 1) may be
attributed to charge transfer from polyaniline to gold
nanoparticle through tunneling process'®. This has
been supported by the slight decrease of band gap as
observed in optical study.

3.2 Optical properties

Figure 5 shows the UV-Vis spectra of the films for
polyaniline and gold nanocomposite polyaniline. Two
main peaks observed for these samples are at 587 nm
(2.1 eV) and 295 nm (4.1 eV), respectively. The
absorption peaks at 2.1 and 4.1 eV may be attributed
to the transition from lower polaron to the upper
polaron and to the conduction band, respectively'’.
The slight shifting of the peak observed in gold
polyaniline matrix by an amount of 5 nm is due to the
combine effect of bonding of polyaniline and gold
nanoparticles. Thus, shifting of peaks towards the
longer wave length may be due to the strong

Table 1 — Various parameters of polyaniline and gold nanocomposite polyaniline thin film sample

Sample Thickness  UV-Vis absorption peak  Conductivity Band gap  Photoluminescence peak Structure
(nm) (nm) (Scm™) (eV) (nm)

Polyaniline 120 587, 295 ~(10°-1071% 2.90 380 Amorphorous
(for thin film);
Polycrystalline
(for thick film

Gold nano- 120 592,296 ~(10%-107) 273 367 Polycrystalline

composite

polyaniline
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Fig. 5 — UV-Vis spectra of two types of samples (a) polyaniline
and (b) gold nanocomposite polyaniline

1.8 ~

[y
W
I

e
o
I

2
[
I

()
1
T T Ty

!
2 r 3 4 5
r

hv(eV)

(ahv)2x1019 (cm2eV?)

o

5]
=
[y

Fig. 6 — Plot of hv versus (ahv)* for two types of samples
(a) polyaniline and (b) gold nanocomposite polyaniline

interaction of polymer with gold particles and could
be attributed to spill out of s-electrons or due to
increase of effective mass of conduction electrons
as was observed by earlier researhers in Ag
nanoparticles'®. The band gaps of the films were
calculated by plotting (ahv)* versus hv using the
relation a = (hv -E, )"/ hv, where, n, is 2 for indirect
band gap and V2 for direct band gap.

The band gaps evaluated from the plot are 2.90 eV
and 2.73 eV for polyaniline and gold nanocomposite
polyaniline matrix, respectively as shown in Fig. 6.
The slight decrease of band gap may be either
reduction of disordered state or increase in density of
defect states in polycrystalline polyaniline sample'®.
The various sample parameters for both types of films
have been shown in Table 1

Photoluminescence of these samples were recorded
to study the effect of illumination with an exitonic
wavelength of 295 nm. Figure 7 shows the
photoluminescence spectra for both types of samples.
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Fig. 7 — Photoluminescence spectra for two types of samples
(a) polyaniline and (b) gold nanocomposite polyaniline

Both the spectra indicate a small peak around 380 nm.
However, with increase of intensity and slight shifting
of peak has been observed for nanocomposite
polyaniline. The slight shifting of peak may be
attributed to the presence of aggregation of gold
nanoparticles in polymer chain, which might change
band gap® as has been discussed in band gap
measurement.

4 Conclusions

Ultrathin polyaniline and gold nanocomposite
polyaniline samples were studied to evaluate various
parameters required for device fabrication. It has been
observed that the incorporation of gold nanoparticles
greatly affect the physical and optical parameters of
the samples. A considerable increase of conductivity
and decrease of band gap have been observed due to
incorporation of gold particles to polyaniline films.
The gold nanocomposite film indicates higher
photoluminescence effect than that of polyaniline
film. These factors are essential for device fabrication
of these materials in microelectronics and gas sensing
applications®.
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