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ABSTRACT 
 

Cadmium Oxide (CdO) nanoparticles have been synthesized by simple approach of sol-gel 
method at room temperature using cadmium acetate (precursor) and starch as stabilizing agent. 
The precipitate of cadmium hydroxide after hydrolysis by using ammonia was heated overnight 
and then sintered upto 600oC in steps so as to get the reddish brown colour of CdO 
nanoparticles. Nanocomposites of polyaniline with CdO nanoparticles have been synthesized by 
in-situ chemical oxidation polymerization method using ammonium persulphate (APS) as oxidant 
and HCl as dopant. The synthesized nanocomposites were subjected for spectroscopic and 
structural characterization using FTIR, UV-VIS and SEM, XRD respectively. The structure of 
CdO was found to be cubic with lattice parameter 4.689 Å which was confirmed from XRD. The 
average crystallite size was found to be 56 nm which was supported by SEM images. Structural 
changes have been observed with different weight % of CdO in composite in UV and IR spectra. 
Nanocomposites show high electrical conductivity compared to pure PANI. The conductivity of 
nanocomposites increases with increasing of CdO content because of the new conductivity 
passageways formed by embedded nanoparticles of CdO.  
 
Keywords: polyaniline; conducting polymers; nanocomposites; CdO nanoparticles; electrical 
conductivity. 
______________________________________________________________________________ 

 
INTRODUCTION 

 
Conducting polymers have been the subject of continuous research and development due to their 
potential applications in many technological areas. Conducting polymers offered the promise of 
achieving a new generation of polymers; materials which exhibit the electrical and optical 
properties of metals or semiconductors and which retain the attractive mechanical properties and 
processing advantages of polymer leading to wide range of technological applications [1-4]. 
Amongst the family of conducting polymers, polyaniline (PANI) is unique due to its ease of 
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synthesis, environmental stability, and simple doping/dedoping chemistry. Because of its rich 
chemistry, polyaniline has been one of the most studied conducting polymers of the past 20 
years. Polyaniline (PANI) is a promising material because of its intrinsic electrical conductivity 
by doping with organic dopants [5]. The highly order structures such as crystalline or self-
assembled structures of ideal conducting polymer with π-conjugated structure is expected to 
have metal-like electrical conductivity [6]. To induce an ordered structure, other materials acting 
as filler for the composite are required [7-14]. Nanostructurization of conducting polymers and 
their composites emerged as a new field of research and development, directed to creation of 
new materials for use in modern and future technologies. Recently, conducting polymer/metal 
oxide nanoparticle composites have been considered as a new class of materials due to their 
improved properties when compared with those of pure conducting polymer and metal oxide 
[15-17].   
 
Cadmium oxide (CdO) is n-type semiconductor used as a transparent conductive material 
prepared as a transparent conducting film back. Cadmium oxide has been used in applications 
such as photodiodes, phototransistors, photovoltaic cells, transparent electrodes, liquid crystal 
displays, IR detectors, and anti reflection coat. CdO micro particles undergo band gap excitation 
when exposed to UV-A light and is also selective in phenol photo degradation. With this 
background of multifunctionality CdO, it was thought worthwhile to use the nano-sized CdO as 
an inorganic counter part in the composite preparation.    
 
In present context, we are introducing a conducting polymer polyaniline in which nano scale 
filler of cadmium oxides are embedded in the polymer matrix. Appropriate addition of nano 
particulates or nanoscale fillers to the polymer matrix and good dispersion of these fillers not 
only enhances its performance but also introduces new physical properties and novel behaviour 
to the original polymer matrix. It also observed that electrical conductivity of polyaniline vary as 
the concentration percentage varies. In this paper we report FTIR, UV-VIS, XRD, SEM and 
electrical conductivity studies of polyaniline-CdO nanocomposites. 

 
MATERIALS AND METHODS 

 

All the chemicals used in this investigation were of analytical reagent grade and used as received 
except aniline which was distilled prior to use. Nanostructure CdO was synthesized by sol – gel 
method using respective metal precursor cadmium acetate [18]. Cadmium acetate was added 
slowly in 500 ml clear solution of starch and distilled water and the solution was stirred. While 
stirring, equimolar ammonia in aqueous solution was added drop by drop. Then stirring was 
carried for another two hours and the solution was kept overnight. Next day the solution was 
filtered and precipitate of CdO was obtained which was heated overnight at 80ºC. Next day 
crystalline form of CdO was sintered up to 600ºC. At 80ºC the colour of CdO was light red and 
at 600ºC, it was reddish brown. PANI-CdO nanocomposite was obtained by in-situ 
polymerization. Initially polymerization of monomer aniline was initiated by drop wise addition 
of ammonium peroxidisulphate in acidic medium in which specific quantity of synthesized CdO 
powder was added. The stirring was continued for 2 hours and then solution was kept overnight. 
Next day, the mixture was filtered, washed with distilled water and the methanol and then dried 
at 80ºC for overnight. By changing the weight percentage of CdO with aniline monomer 
(5%.10%, 20%) a series of PANI-CdO nanocomposites was obtained [19]. 
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 The UV-Vis spectra of synthesized composites were recorded by using UV-1800 Shimadzu 
automatic recording double beam spectrophotometer in the range of 200-1100 nm. The FTIR 
spectra were taken on Shimadzu FTIR-8101A spectrophotometer between 450 cm-1 to 4600 cm-

1. X-ray diffraction patterns were recorded on Philips PW1710 automatic X-ray diffractometer. 
The morphology analysis was carried out using scanning electron microscope JSM-6380A. The 
electrical conductivity was measured by using four point probe method. 
 

RESULTS AND DISCUSSION 
 

The XRD patterns of pure CdO and PANI-CdO nanocomposite (20%) are shown in figure 1(a) 
and (b) respectively. The XRD pattern of pure CdO has been matched with standard JCPDS data 
(file No.11049). According to that data, structure of sample is cubic where atoms are arranged in 
octahedral position. The particle size of CdO was determined from the width of the XRD peak 
by using Scherrer’s formula. The particle size of pure CdO was found to be 56 nm. While 
comparing the XRD pattern of PANI reported earlier [20] and PANI-CdO nanocomposite (20%), 
it can be concluded that CdO has been uniformly mixed in the chain of polyaniline as the peak at 
26o of polyaniline became well intense and the peak at 21o of polyaniline became diminished in 
case of nanocomposite shown in figure 1 (b). 
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       Fig 1(a): XRD pattern of  CdO 
nanoparticles 

 

 
Fig 1(b): XRD pattern of  nanocomposite (20%) 

The SEM image of PANI-CdO nanocomposite (20%) is shown in figure 2. It can be seen from 
the image that the particle size is in the range of nanometer and having spherical and porous 
structure [21]. The FTIR spectra of PANI-CdO nanocomposite (20%) is shown in figure 3. It is 
clearly seen from the figure that the characteristic peaks at 3450, 1600, 1554, 1491, 1207, 1160, 
823 cm-1 attributed to N-H stretching of secondary amine, benzonoide ring, C-N strectching band 
vibrating of the dopant anion and paradisubstituted benzene ring respectively. The decrease in 
peak area with respect to the PANI indicates the structural change in polymer due to presence of 
CdO nanoparticles which has been uniformly mixed in the polymer matrix as supported from its 
SEM.. 
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Fig 2: SEM image of CdO nanoparticles   
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Fig 3: FTIR spectra of nanocomposite (20%) 

 
UV-VIS spectra of nanocomposites are shown in figure 4.  From the spectra, it can be seen that 
pure CdO shows maximum absorption at 400nm indicating blue shift which is due to particle 
size in nano regime [22]. The changes in peak position of PANI- CdO composites of 5% and 
20% shows the enhanced absorption as compared to10% around 389-390nm indicating the 
polaronic bands have been formed in the composites which are responsible to increase the 
electrical conductivity of these composites due to specific amount of CdO incorporation in 
polymer matrix as compared to that of pure polyaniline [23,24].  
 

 
Fig 4: UV –VIS Spectra of CdO and nanomposites 

 
 

 

 
 

Fig. 5: Electrical conductivity of pure PANI and 
nanocomposites

The variation of conductivity with temperature for PANI-CdO nanocomposites are shown in 
figure 5. The increase in conductivity for the  nanocomposites containing 5% and 20% filler 
particles may be due to the formation of more number of polarons in the widen band gap which 
is also confirmed from the UV-vis spectra. Hence for the particular amount of filler 
nanomaterial, the surface of PANI would be modified to have high conductivity and have much 
active surface. The change in the conductivity of the composites indicates a change in the doping 
state of the polymer. Though the composite having 5% and 20% of CdO shows the higher 
conductivity than pure PANI but the formation of 3-D conduction network is not likely and thus 



Subhash Kondawar et al                                               Adv. Appl. Sci. Res., 2011, 2 (4):401-406  
 ___________________________________________________________________________ 

405 
Pelagia Research Library 

such enhancement of DC conductivity values can be attributed to the uncoiling of polymeric 
chains due to strong interfacial interaction between CdO nanocrystallites with PANI caused by 
their composition [25]. 
 

CONCLUSION 
 

CdO nanoparticles were prepared successfully by sol-gel simple approach. A series of PANI-
CdO nanocomposites have been synthesized by chemical oxidation polymerization method. 
PANI-CdO nanocomposites show enhanced polaronic bands as observed from UV-VIS spectra. 
This also reveals the well incorporation of the nanosized CdO in the PANI matrix and effect of 
nanoparticles on the structural and optical properties of polyaniline. The enhanced electrical 
conductivity for the composites of 5% and 20% with ordered structure compared to pure PANI 
may be applicable in the nanoelectronic devices which have the dual advantages of low 
dimension and organic conductor.  
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