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Crystalline CdS nanoparticles have been successfully synthesized by a microwave
assisted-solution method. Polyaniline (PANI)/Cadmium sulfide (CdS) nanocomposite
was synthesized by in situ polymerization of aniline in the presence of CdS
nanoparticles. Characterization of CdS and PANI/CdS nanomaterials was carried out
using various studies such as powder X-ray diffraction (XRD),  FT-IR spectral
analyses, scanning electron microscopic (SEM) high resolution transmission electron
microscopic (HRTEM) studies. The high resolution transmission electron micrographs
of the images indicate that the CdS nanoparticles were embedded in the polyaniline
matrix forming the core-shell structure.
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INTRODUCTION
Semiconductor capped polymers nanocomposites have been
widely studied due to their wide range of possible applications
[1,2]. Absorption and emission energy was affected by particle
size due to the quantum confinement effect and it gives
properties between molecule and bulk [3–5]. CdS
nanoparticles were the most widely studied materials because
of their many exciting technological applications (e.g., optical,
magnetic, catalytic and electrical) [6]. Polymer is one of
appropriate choice as a matrix material; it enables an easy
processing of nanocomposites and can be used to control the
particle size and shape of the nanoparticles [7]. Conducting
polyaniline is used as organic polymer and has been
intensively studied because of its low cost, high conductivity,
ease of preparation and good environment stability [8–11]. It
has been used in a large variety of applications such as light-
emitting, electronic devices and chemical sensors. There
unique chemical and physical properties were controlled by
the oxidation and protonation state [12–16]. The development
of inorganic/organic composite has grown rapidly because of
their wide range of potential [17,18]. The reactivity of such
stabilizers in semiconductor photo initiated reaction is
generally unknown. Illuminated semiconductor suspensions
have been shown to be suitable initiator of the polymerization
of methyl methacrylate, styrene and 1-vinylpyrene [19,20].
Different particle sizes of semiconductors (i.e. PbS, ZnS,
CdSe, ZnSe, TiO2 and CdS) colloids in heterogeneous
photochemical studies has several advantages over suspended
powder or solid electrode. Hoffman et al. [21] synthesized the
CdS with different particle sizes and used it as a photoinitiator
to polymerize of vinylic monomers. Many synthesized
methods of the composites between polyaniline and inorganic

nanoparticles have been reported. Lu et al. [22,23] have
prepared PANI/CdS composite micro-wires by introducing
hydrogen bond or electrostatic interaction between the
carboxyl groups capped CdS nanoparticles and the polyaniline
molecules. In this work, CdS  nanoparticles were synthesized
by microwave-assisted solution method. Polyaniline (PANI) /
Cadmium sulfide (CdS) nanocomposite was synthesized by in
situ polymerization of aniline in the presence of CdS
nanoparticles and the prepared pure CdS nanoparticles and
PANI/CdS nanocomposite were characterized by various
studies.

Experimental

MATERIALS
The aniline (AR grade MERCK ) was distilled twice under
reduced pressure. Ammonium persulphate [(NH4)2S2O8]
(Analytical regant, RANBAXY fine chemicals Limited,
india), Hydrochloric acid (AR grade MERCK) and Cadmium
sulphate (Merck), Thiourea (Merck).were used to prepare the
nanocomposites of this work. Water used in this investigation
was de-ionized water.

Synthesis

Synthesis of CdS nanoparticles

Initially, Cadmium sulphide (CdS) nanoparticles was prepared
as follows: Correct stioichiometric ratio of cadmium nitrate
and thiourea were taken and dissolved in de-ionized water.   1
M  solution of cadmium sulphate and  2M solution of thiourea
were prepared separately  and they were mixed and mixed
solution was stirred well using a magnetic stirrer for about one
hour. During the stirring, ammonia solution was added to
maintain the pH value at 12 and then 10 wt% of ethylene
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glycol was also added to the solution. In the synthesis of
nanoparticles, ethylene glycol was used as the capping agent.
After stirring of the solution was over, it was kept in the
microwave oven to heat the solution for half an hour (for 4
minutes heating and 4 minutes cooling). During the synthesis,
medium power was maintained and the temperature    was
maintained    approximately at 70 oC. The chemical reaction
took place among cadmium sulphate and thiourea  to form
cadmium sulphide(CdS)  nanoparticles . After the reaction was
over to form the nanoparticles, they were centrifuged and
filtered out. Then the nanoparticles were washed with de-
ionized water for five or six times to remove the unwanted
residues. The synthesized nanoparticles  of CdS were dried in
an oven at 50 oC. The synthesized nanoparticles were
observed to be  yellow in colour and very fine powder of CdS.

Synthesis of PANI/CdS nanocomposites

Polyaniline / CdS nanocomposite was prepared as follows:
4.5 ml aniline was injected into 70 ml of 2 M of  HCl
containing 2 g of   CdS nanoparticles  under ultrasonic action
to reduce the aggregation of nanoparticles. After 12 h,  4.5 g
of Ammonium Persulphate (APS)  was dissolved in 20 ml de-
ionized water and it  was dropped into solution with constant
stirring for about  10 minutes. The polymerization was
allowed to proceed for 3 h at 30 oC. Reaction mixture was
filtered under gravity, and washed with 2 M  HCl and de-
ionized water, afterwards dried at 90 oC for 12 h in vacuum to
obtain a fine tint green powder.

Instrumentation

Powder X-ray diffraction pattern  of the nanoparticles  was
obtained using a powder X-ray diffractometer (PANalytical
Model, Nickel filtered Cu K

α
radiations  with λ= 1.54056 Å

at  35  kV, 10 mA).  The sample   was scanned over the
required range for  2Ө  values(10-70 o ). The FTIR spectrum
of the sample was recorded using a Shimadzu 8400S
spectrometer by the KBr pellet technique in the range 400-
4500 cm-1.  The SEM images of the synthesized samples were
recorded using a Hitachi Scanning Electron Microscope. The
size and shape of nanoparticles was obtained by high
resolution transmission electron microscopy (HRTEM) and
HRTEM measurements were carried out on a JOEL JEM
2000.

RESULTS AND DISCUSSIOSN
Structural characterization

X-ray diffraction(XRD) studies

The XRD pattern of pure CdS synthesized in this work is
presented in Fig.1(a). It is observed that the XRD reflection
peaks for pure CdS sample are in a perfect  match with the
diffraction pattern  of CdS published in the (JCPDS File No.
80-0019). All the reflections of powder XRD patterns of this
work were indexed using the TREOR  and INDEXING
software packages. The discernible peaks can be indexed to (1
1 1), (2 2 0) and (3 1 1) planes of the inner cubic crystal
structure of CdS. The position and the relative intensities of
the cubic CdS were in good agreement with JCPDS no. 80-
0019. The inner cubic crystal structure of the CdS
nanoparticles was attributed to the rapid nucleation and
growth from a supersaturated solution. The cubic structure
may result from its closer similarity to a roughly spherical

nucleus, expected at the initial instant of nucleation, than the
hexagonal structure [24]. No diffraction peaks of other
impurities were detected, suggesting the CdS product with a
high purity. The obtained values in this work are in good
agreement with the values reported by other research group
[25]. The unit cell parameters of the sample were found using
the software ‘UNITCELL’ and the observed values are a = b =
c = 5.818 Å and α = β = γ = 90o. Due to the nanocrystalline
nature of the sample, the peaks are broadened and diffused
considerably. Hence, the peak position and resolution were
determined using Gaussian peak fitting method. The particle
size was calculated using Scherrer equation [26]:= .

where β is the full width at half maximum in

radians, λ is the wavelength of      X-rays used and θ is the
Bragg’s angle [27]. For the various reflection peaks of the
XRD pattern, the particle size was estimated and the average
size of nanoparticles of the sample was found to be around 17
nm [28, 29].

Fig.1 (b). shows the XRD pattern of  PANI/CdS
nanocomposite. All of the diffraction peaks from the
nanocomposite samples, 2 θ = 26.5, 44 and 52◦, can be
attributed to the cubic phase of CdS. No remarkable changes
were noticed in the values of 2θ or the corresponding
intensities due to the interaction between CdS and aniline
monomer. Generally speaking, the XRD patterns of the
CdS/PANI composite samples presented the same profile
observed in the pure CdS, indicating that the crystal structure
of CdS was not modified by the PANI. The concentration of
CdS were increased the interaction between PANI and CdS
increased. Also, these results indicate that the presence of CdS
hampers the crystalline behavior of PANI molecular chain.
This is because, when the PANI is adsorbed on the surface of

Fig 1 (a) XRD pattern of  Pure CdS nanoparticles, (b) XRD pattern of
PANI/CdS nanocomposites, (c) FT-IR spectrum of CdS nanoparticles, (d)

FT-IR spectrum of PANI/CdS nanocomposites, (e) SEM image of CdS
nanoparticles and  (f) SEM image of PANI/CdS nanocomposites.
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the CdS nanoparticles, the molecular chain of polyaniline is
tethered due to the restrictive effect of the surface of CdS
nanoparticles and the crystallinity is suppressed, i.e. the
presence of the CdS nanoparticles impedes the crystallization
of the PANI molecular chain [30,31].

SEM and HRTEM studies

The typical SEM image of the CdS and PANI/CdS
nanocomposites are displayed in the fig.1(e) & 1(f). From the
SEM images it is observed that the morphology of
nanoparticles is spherical and agglomeration of particles. Also
it is observed that there are some nanorods in the SEM
images. SEM micrograph of CdS  and PANI/CdS
nanocomposite  are shown in Fig. 1(e) and 1(f). indicates the
homogeneous distribution of CdS particles in polymer matrix.
Although the morphology of the composites does not differ
much from the pure CdS, when CdS is added, the grain size of
composite becomes smaller, which leads to the changes in
morphological structure heaped composites from loose cotton
to firm gravel in appearance.

The HRTEM overview images of CdS nanoparticles were
presented in Figs. 2(a) and 2(b)  from the images it is
concluded that the nanoparticles are of uniform in size and
shape. It is observed that the shapes of most of the particles
are nearly spherical and slightly elongated. The selected area
electron diffraction (SAED) pattern of nanoparticle is shown
in the    Fig. 2(c). The high crystallinity of the powder leads to
its corresponding well-pronounced Debye-Scherrer diffraction
rings in the SAED pattern that can be assigned to the
reflections (1 1 1), (2 2 0) and (3 1 1) Miller planes which well
characterize the tetragonal CdS structure within a F43/m space
group. There are no additional rings in the SAED pattern
stemming from any crystalline impurities. To get further
insight into the atomic order of the CdS nanoparticles, high-
resolution images were recorded. To obtain a particle size
distribution from transmission electron micrographs we
manually measured the particle sizes for 10 particles to ensure
a reliable representation of the actual size distribution. The
crystallite size is about 5-15 nm as estimated from the TEM
micrographs. The experimental and calculated XRD patterns
provide a volume-weighed average grain size of 17 nm, which
is in good agreement with the particle size observable on the
TEM image. The interplanar spacing of the CdS nanoparticles

is about 0.409 nm, which is identical with the (1 0 1) facet
distance of bulk CdS phase. From SEM and HRTEM images,
the morphology of nanoparticles is observed to be spherical
shaped particles with slight agglomeration. The images
indicate that the nanoparticles were nearly spherical and
slightly elongated and it confirms the possibility of different
crystallographic planes of different atomic density. The
HRTEM images demonstrate that the nanoparticles range from
10-20 nm, which are approximately the sizes reported by
Laffont and Gibot [32]. These images also provide evidence
for the formation of larger aggregates (supra-aggregates) as
observed in the HRTEM image which is shown in Fig.2(b).
These supra-aggregates are likely the stable form of these
nanoparticle suspensions. We could also observe some smaller
particles of 5- 15 nm in size, which are combined together to
grow to the irregular particle with the size about 20 nm like a
single particle observed by HRTEM. Since the CdS particles
tend to lower the surface energy, we could observe the
agglomeration of nanoparticles like spherical shape with the
size between 20 and 60 nm in the SEM image.

The HRTEM image of PANI/CdS/ nanocomposite is shown in
Fig. 2(d) & 2(e). The image of PANI-coated CdS
nanoparticles indicated a regularly external spherical shape
with core/shell structure. Since the electron density of CdS is
so much greater than that of polyaniline, the polymer shell
appeared as a light ring around a core of darker color, i.e. in
each composite particle, the inner dark core was CdS particle,
while the grey part outside can be ascribed to polyaniline
shell. From HRTEM image it can be concluded that the
coating with PANI takes place at the outer surface of the
cadmium sulfide nanoparticles. The particle size distribution
of PANI/CdS core/shell is given in Fig. 2(e). One can see that,
the mean particle diameter is 50 nm which is larger than that
of CdS nanoparticle. This is due to the thickness of the
polyaniline shell formed at the surface of CdS core. It is
indicated that the nanocomposites are composed of CdS
nanoparticles and PANI, which is in accordance with the
results obtained by XRD analysis.

FT-IR analysis

The FT-IR spectrum of as-prepared  pure PANI, CdS
nanoparticles and PANI/CdS nanocomposites are show in the
fig. 2(f), 1(c) and 1(d) .The fig 2 (f) show the pure PANI FT-
IR spectrum. The characteristic bands of PANI were assigned
as follows: the band at 3465 cm−1 was attributable to N–H
stretching mode, band at 2923-2366 cm−1 corresponds to –N–
H and –C–H stretching vibrations, C–N and C–C stretching
mode for the quinoid (Q) and benzenoid (B) rings occurred at
1546 cm−1 and 1477 cm−1, the bands at about 1299 cm−1 and
1242 cm−1 had been attributed to C–N stretching mode for the
benzenoid ring, while the band at 1116 cm−1 was assigned to
the in plane bending vibration of C–H (mode of N–Q–N,
Q_N+H–B and B–N+H-B), which was formed during
protonation. The peaks at 879 cm-1 and 810 cm-1 are attributed
to an aromatic C–H out-of-plane deformation vibration of the
para disubstituted benzene ring.  An FTIR spectrum of CdS
nanoparticles is shown in Fig. 1(c). The band at 3393cm-1 is
due to OH stretching vibrations of water molecules. The
bending vibrations of water molecules appeared at 1994 and
1631cm-1,C–C stretching, CdS nanoparticles showed two
stretching bands, asymmetric and symmetric, at 3192 and
2923cm-1, associating with C–H stretching [33]. At 369 and

Fig.2 (a) and (b) HRTEM image of CdS nanoparticles, (c) SAED pattern of
CdS nanoparticles, (d) and (e)   HRTEM image of PANI/CdS nanocomposites

and FT-IR spectrum of PANI nanoparticles.
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616 cm-1, there are medium to strong bands which have been
assigned to Cd–S stretching [34]. Fig. 1(d) shows FTIR
spectra of PANI/CdS  nanocomposite. It can be seen that, the
absorption spectrum was dominated with very strong and
broad absorption peak spread over the spectral region (3600–
3000cm-1). This effect was thought to be due to adsorbed
water vapor since these features were consistent with
underlying (H-bonded) OH stretching bands. However, one
can see weak shoulders riding over this broad peak. The
aromatic C H stretching vibration was easily identifiable
above 3000 cm-1 as a weak peak at 3141cm-1. The absorption
band appeared at 3201cm-1 and a shoulder at approximately
3439cm-1 were assigned to hydrogen bonded symmetric and
asymmetric N H stretching vibrations.  The strong absorption
peak at 1401 and 1461 cm-1 in all the PANI/CdS
nanocomposites shows that the intensity of bands in polymer
due to a mine and imine groups has decreased. This could be
due to the presence of different oxidation states of polymers.
Similarly, the shifts in aromatic peaks that is C–H stretching
mode of vibrations is also observed which is consistent with
the values that are normally observed for PANI. In the present
case the C–H absorption frequency has shifted by about 40
cm-1 from its well reported value of about 3100 cm-1 and is
found at 3141cm-1, a further shift from 2924 cm-1 in PANI.
The absorption bands at 1118 cm-1 are assigned to C H in
plane bending vibration. A comparison of FTIR values of
PANI, CdS and PANI/CdS nanocomposites it can be seen that
almost all absorption values have shifted to either higher or
lower values in case of composite with CdS. This indicates
that nano-sized CdS has affected the absorption phenomena in
the IR region for the composite. From FTIR data it could be
confirmed that PANI was successfully polymerized on CdS
surface.

CONCLUSION
The nanomaterials like pure CdS nanoparticles and PANI/CdS
nanocomposite have been synthesized by microwave- assisted
solution method and they were characterized by various
studies. XRD patterns showed that the obtained CdS
nanoparticles were of cubic phase. The morphological and
structural studies of the synthesized particles were found by
SEM, HRTEM, and SAED studies. The HRTEM of the
images indicate that the CdS nanoparticles were embedded in
the PANI matrix forming the core–shell structure. The
functional groups of the samples were identified from FT-IR
spectra. The synthesized PANI/CdS nanocomposite can be
used for fabrication of films or coatings, or even in further
polymer blending.
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