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ABSTRACT

In the present work, we report on effect of camphor sulfonic acid (CSA) doping on polyaniline-ZnO (50%) nanocompo-
sites prepared by spin coating method on glass substrates. The XRD analysis revealed that the addition of CSA has no
effect on crystallinity of PANi-ZnO nanocomposites. Surface morphological studies (SEM) showed that CSA has a
strong effect on morphology of PANi-ZnO. The FTIR & UV-Vis spectroscopy confirmed the interaction between CSA
and PANi-ZnO nanocomposite. DC electrical conductivity studies showed an increase in conductivity of PANi-ZnO

nanocomposites by one order due to addition of CSA (10% - 50%).
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1. Introduction

Semiconducting zinc oxide (ZnO) is attracting lot of at-
tention due to its unique properties such as direct wide
band gap (3.37 eV) and large exciton binding energy (60
meV) at room temperature [1]. Due to these properties it
has been studied extensively for making optical and elec-
tronic devices [1-3] like: light emitting diodes, solar cells,
transducers, varistors, photodetetors, etc. Nanostructured
ZnO can be synthesized by various methods such as
physical, chemical, electrochemical, etc. but chemical
route has attracted much attention due to the flexibility of
controlling the shape and size of the structures by tuning
the different growth conditions [4-10].

In recent years, the development of inorganic/polymer
hybrid materials on nanometer scale have been receiving
significant attention due to a wide range of potential ap-
plications in optoelectronic devices [11-13] and in field
effect transistors [14]. The inorganic fillers at nanoscale
exhibit high surface to volume ratio and thus expected to
modify drastically the electrical, optical and dielectric
properties of polymer. In general, the synthesis of hybrid
of polymer/inorganic material has the goal of obtaining a
new composite material having synergetic or comple-
mentary behaviors between the polymer and inorganic
material. Polyaniline (PANi) is a most studied polymer
because of its relative ease in preparation, good envi-
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ronmental stability [15,16] and tunable conductivity.
Several reports on the synthesis of composite of nano-
fillers like: TiO,, CdS, Na -montmorillonite, Pd and Au
with PANi have been demonstrated [17-21]. These syn-
thesis processes have been carried out either in the
aqueous solutions or via a sol-gel method, including the
initial dispersion of the nanoparticles in the solution and
the succedent oxidative polymerization of aniline with
ammonium peroxidisulphate (APS). Since the conduct-
ing polyaniline and inorganic semiconducting material
ZnO in nanoform both are having a wide range of tech-
nological applications, we got motivated to make com-
posite of PANi and ZnO and believed to get novel prop-
erties resulting from the molecular level interaction of
these two dissimilar chemical components [22,23].

In most of these cases, the nanocomposites were fur-
ther used in various applications in their thin-film form.
Although these PANi-ZnO nanocomposites are also con-
ducting since they are polyaniline emeraldine chloride,
their processability is still poor to limit their commercial
uses although their conductivity could be measured by
sandwiching the pellets. PANi doped with organic acids
such as CSA, DBSA, PVSA etc. which possesses suffi-
ciently strong Bronsted acid centers capable of polyani-
line protonation together with suitable functional groups
which, when introduced to the polymer matrix upon
doping, induce the solubilization of its stiff conjugated
backbone, is readily soluble, chemically stable, and elec-
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trically conductive [24-27].

There are few reports on the synthesis, morphological,
electrical and optical studies [28,29] of PANi/ZnO com-
posite. However to the best of our knowledge no study
has been reported on effect of organic (ionic) acid doping
on PANi1/ZnO nanocomposite.

In this paper for the first time, we report systematic
investigation on the effect of camphor sulfonic acid
(CSA) doping on structural, morphological optical and
electrical properties of PANi-ZnO nanocomposite. Much
effort has been put into the investigation of the interac-
tion between CSA and PANi-ZnO in order to gain a bet-
ter understanding of the doping effect of CSA. The
structural, morphological, optical and electrical proper-
ties of CSA doped PANi-ZnO nanocomposite were in-
vestigated using XRD, FTIR, SEM, UV-Vis spectros-
copy and four probe technique.

2. Experimental Techniques
2.1. Synthesis of PANi-ZnO Nanocomposite

The undoped polyaniline powder was dissolved in m-
cresol. The solution was stirred for 11 hr and filtered

Synthesis of PANi
(Chemical Polymerization Method)

with a Whatman filter paper having pores of size of few
microns. The solution of filtered undoped PANi was
poured in a Petri dish and dried at 60°C [30]. The ZnO
nanoparticles were prepared by sol gel method [31]. The
ZnO nanocomposite with undoped PANi was prepared
by adding 50 wt% ZnO nanoparticles in filtered solution
of undoped PANi in m-cresol and stirring it for 11 hr.
Films of the nanocomposite were prepared on glass sub-
strate by spin coating method at 3000 rpm for 40 s [32].

2.2. Synthesis of CSA Doped PANi-ZnO
Nanocomposite

The CSA doped PANi-ZnO nanocomposites were pre-
pared by adding 10 - 50 wt% of camphor sulfonic acid
(CSA) into PANi-ZnO nanocomposite powder and grind-
ing it in a smooth agate and mortar for 1 hr for solid state
doping. Thin films of the CSA doped PANi-ZnO (50%)
nanocomposite were prepared on glass substrate by spin
coating technique at 3000 rpm for 40 s and dried on hot
plate at 100°C for 10 min.

Figure 1 shows the flow diagram of preparation of
CSA doped PANi-ZnO nanocomposite.

Synthesis of ZnO NP
(Sol-Gel Method)

[ m-Cresol

PANi-ZnO (50 wt%)
Composite
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Figure 1. Flow diagram of preparation of PANi-ZnO:CSA (10 - 50 wt%).
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2.3. Characterization Techniques

X-ray diffraction (XRD) studies were carried out using a
Philips powder X-ray diffractometer (Model: PW1710).
The XRD patterns were recorded in the 26 range of 10° -
80° with step width 0.02° and step time 1.25 sec using
CuK,, radiation (1 = 1.5406 A). The XRD patterns were
analyzed by matching the observed peaks with the stan-
dard pattern provided by JCPDS file. Fourier Transform
Infra Red (FTIR) spectroscopy (Model: Perkin Elmer
100) of CSA doped PANi-ZnO (50%) nanocomposite
was studied in the frequency range of 400 - 4000 cm .
Morphological study of the films of CSA doped PAN:i-
ZnO nanocomposite was carried out using scanning elec-
tron microscopy (SEM Model: JEOL JSM 6360) operat-
ing at 20 kV. UV-Vis spectra of the CSA doped PANi-
ZnO nanocomposite, which were dispersed in m-cresol
under ultrasonic action, were recorded on a Simandzu-
100 UV-Vis spectrophotometer. The electrical dc resis-
tivity measurements were made on thin films using four
probe technique. The thickness of the film was measured
by using a Dektak profilometer. The values obtained are
presented in Table 1.

3. Results and Discussion
3.1. Structural Analysis

Figure 2 shows the X-ray diffraction pattern of the CSA
doped (10% - 50%) PANi-ZnO nanocomposite.

The spectra showed sharp and well defined peaks, in-
dicating the crystallinity of synthesized materials. The
peak at 26 = 25.30 corresponds to (110) plane of PANi
[30]. Other observed 26 values are consistent with the
standard JCPDS values (JCPD File No.79-0208) which
shows wurtzite structure of ZnO [32]. However, the
peaks at 26 = 11.24, 18.66 and 19.32 in the crystal pat-
tern of PANi-ZnO:CSA belong to CSA and their strength
is found to be increasing with increasing wt% of CSA in
PANi-ZnO nanocomposites [33]. They are more signifi-
cant in the 40 wt% and 50 wt% doping patterns. The
peaks at 260 = 15.22, 21.18 and 27.4 (d = 5.82, 4.19

and 3.26 A respectively), belong to the crystal structure
of PANi [34]. These results indicate the effect of cam-
phor sulfonic acid doping on structural properties of
PANi-ZnO nanocomposites.

3.2. Fourier Transform Infrared Spectroscopy
Studies

The FTIR spectra of PANi-ZnO:CSA (10% - 50%) are as
shown in Figure 3.

Actual spectra was recorded in the wave number range
400 - 4000 cm', however figure shows only expanded
view in wave number region 500 - 2000 cm ', where
major changes are observed. The incorporation of CSA
into the polymer chain was confirmed from the FTIR
studies. The presence of characteristic IR absorption at
1575, 1480, 1294, 1120, and 808 cm ' (quinoid, benze-
noid and Zn-O-Zn) in PANi-ZnO spectrum [32] is found
to shift towards higher frequency side at 1586, 1494,
1298, 1139 and 820 cm ' respectively [35-37]. These shifts
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Figure 2. X ray diffraction patterns of (a) PANi-ZnO:CSA
(10%); (b) PANi-ZnO:CSA (20%); (c) PANi-ZnO:CSA
(30%); (d) PANi-ZnO:CSA (40%) and (e) PANi-ZnO:CSA
(50%).

Table 1. Effect of CSA doping on thin film properties PANi-ZnO nanocomposite.

Sr.No. CSA doping in PANi-ZnO in % Thickness (in pm) Particle size from XRD (nm) Conductivity (S/cm)
1 0 1.090 68.96 7.24 % 10°°
2 10 1.167 40.86 2,68 x107°
3 20 1.782 40.75 298 x107°
4 30 2.472 40.68 3.03x107°
5 40 2.676 39.73 3.12x107°
6 50 4.011 37.15 3.14x10°7°

Copyright © 2012 SciRes.
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Figure 3. FTIR spectra of (a) PANi-ZnO:CSA (10%); (b)
PANi-ZnO:CSA (20%); (¢) PANi-ZnO:CSA (30%); (d)
PANi-ZnO:CSA (40%) and (e) PANi-ZnO:CSA (50%).

Table 2. Characteristic frequencies of CSA doped PANi-
ZnO nanocomposite.

Wavenumber (cm™) Assignment
3420 N-H stretching of aromatic amines
1686 C=0 stretching vibration
1580 C=N stretching vibration (quinoid unit)
1494 C=C stretching vibration (benzenoid unit)
1298 C-N stretching mode of benzoid ring
1315 C-N stretching mode of benzoid ring
1139 Aromatic C-H in plane bending vibration
1045 SO’ vibration
820 C-H out of plane bending vibration
722 Zn-O-Zn antisymmetric vibration

can be attributed to the interaction of CSA with PANi-
ZnO nanocomposite. Two more peaks at 1045 cm'
(SO*") and 1737 ecm™' (C=0) [38] are also observed. The
fact that the polymer is protonated in part by surface
anions is demonstrated by the presence of the peak at 722
cm ', which is attributed to a stretching vibration in the
surface anion [39]. The frequency data obtained and their
assignments are presented in Table 2.

3.3. Surface Morphology Studies

Figure 4 shows the surface morphologies of PANi-ZnO:
CSA (10 - 50 wt%). The change in the surface morphol-
ogy has been observed with increasing composition of
CSA (10% - 50%) in PANi-ZnO nanocomposite (Fig-
ures 4(a)-(e)). The complex, stringy, interconnected net-
work is a general feature of the morphology of CSA

Copyright © 2012 SciRes.

doped PANi (EB)-ZnO nanocomposite. At higher % of
CSA, the connected path way become more and more
dense as the pure PANi-ZnO is approached [32]. At these
higher percentage of CSA doped PANi-ZnO nanocom-
posites; the morphology appears almost foam like with
PANi-ZnO network surrounded by CSA. Thus CSA pro-
vides large conduction island thereby reducing the con-
duction path through the film. The increase in conductiv-
ity of PANi-ZnO:CSA thin films may be devoted to this
phenomenon.

3.4. UV-Vis Analysis

The effect of addition of CSA in PANi-ZnO nanocompo-
site was studied using UV-vis spectroscopy. UV-vis spec-
tra of PANi, PANi-ZnO and PANi-ZnO:CSA (50 wt%)
suspension in m-cresol is as shown in Figure 5.

It shows that three characteristic bands of PANi appear
at about 341, 416 and 924 nm, which can be attributed to
the m-n*, polaron-n* and m-polaron transition respec-
tively [35-38]. It can be noted that all of the characteristic
peaks of ZnO and PANi (EB) appear in PANi-ZnO
composite, but there are some shifts compared with
PANi. The peaks at 441 and 924 nm are slightly shifted
towards lower wavelength side (435 and 869 nm) respec-
tively [38]. In case of PANi-ZnO:CSA (50%) also the
same shifting towards the lower wavelength side is ob-
served. The peaks observed in PANi-ZnO at 334 and 435
nm are shifted to 301 and 380 nm respectively. The
shifting of the bands in the spectra of PANi-ZnO indi-
cates that CSA interacts strongly with PANi-ZnO and
has the effect of doping on PANi-ZnO nanocomposite.
However UV spectra of PANi-ZnO:CSA (50%) exhibit
the flat peak at 824 nm followed by free carrier tail indi-
cates that the localized polaron band is converted to the
delocalized polaron free carrier tail absorption. Such dif-
ference also supports the high conductivity of PANi-ZnO:
CSA (50%) [39].

3.5. Electrical Conductivity Studies

Figure 6 shows the variation of electrical conductivity (o)
with increasing doping concentration of CSA into PANi-
ZnO measured according to the standard four point probe
method at room temperature.

It is observed that the room temperature conductivity
of PANi-ZnO increases remarkably from 7.24 x 107°
S/cm to 2.68 x 107 S/cm as doping concentration of
CSA increased from 0 - 10 wt% (Table 1). The conduc-
tivity continues to increase further with increasing CSA
content into PANi-ZnO but at the slower rate. This may
be attributed to the doping effect of CSA which maxi-
mizes the number of carriers. The highest number of car-
riers can be connected with the delocalization effect of
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Figure 4. SEM micrographs: (a) PANi-ZnO:CSA (10%); (b) PANi-ZnO:CSA (20%); (¢) PANi-ZnO:CSA (30%); (d) PANi-
ZnO: CSA (40%) and (e) PANi-ZnO:CSA (50%).
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Figure 5. UV-Vis spectra of CSA doped PANi-ZnO nano-
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Figure 6. Variation of log o versus the content of CSA in
PANi-ZnO nanocomposites.

doping process and formation of the polarons or bipolar-
rons in the composite structure as discussed before by
researchers [40,41], thus enhancing the conductivity of
composite. Moreover, CSA being anionic surfactant [42]
may prevent agglomeration of functional material and
provide reduced conduction path through the film. This
can also be one of the reasons of remarkable increase in
electrical conductivity due to CSA doping. The satura-
tion of the conductivity at higher doping percentages (30
- 50 wt%) of CSA may possibly due to combination of
CSA coated ZnO with CSA doped PANi induces the
confirmation change of stiff PANi backbone due to con-
tacted CSA coated ZnO. The saturation in increase in
conductivity may be due to particle blockage of conduc-
tion path by the ZnO nanoparticles embedded in the
PANI matrix [43].

4. Conclusion

The doping effect of CSA on structural, morphological

Copyright © 2012 SciRes.

optical and electrical properties of PANi-ZnO nanocom-
posite was investigated by XRD, FTIR, SEM, UV-Vis
spectroscopy and four probe technique. The XRD spectra
showed that the addition of CSA has no effect on crystal-
linity of PANi-ZnO nanocomposites. SEM studies re-
vealed that the connected path way become more and
denser as % of CSA increased in PANi-ZnO nanocom-
posites. The FTIR spectra reveal the interaction between
CSA and PANi-ZnO nanocomposite. Electrical conduc-
tivity measurements indicate that with the increasing
content of CSA, the conductivity shows an orderly in-
crease.
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