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ABSTRACT Low temperature synthesis of metal oxide nano materials using polymer as a fuel constitute simple and 
energy efficient synthetic route. Solid state combustion technique is used for the synthesis of oxide materials 

at nano dimension.  Present work reports, solid state preparation of nanosized CdO by thermal decomposition of cadmium oxalate 
precursor employing polyvinyl alcohol as a fuel. The structure of as synthesised CdO is characterised by X-ray diffraction (XRD), bond-
ing by Fourier transfer infrared (FTIR), morphology and particle size by Scanning Electron Microscope (SEM) tools. Crystallite sizes 
and density measurement of the sample is under taken. The crystallite sizes were calculated using X-ray line broadening and density 
measurements were under taken by various methods. Crystalline behaviour is observed by XRD pattern and metal –oxygen (Cd-O) 
bond formation was confirmed by FTIR study. 
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1.	 Introduction
Solid state combustion synthesis of materials at nano dimen-
sion enhances the synthetic chemistry. Although one can evolve 
a rational approach to the synthesis of oxides, there is always an 
element of serendipity. Several methods are used for the prepa-
ration of verity of oxides specially, traditional ceramic method, 
which involves mixing and grinding powders of the constituent 
oxides by heating them at high temperature with intermediate 
grinding when necessary. A wide range of conditions often bor-
dering on the extreme, have been employed in materials syn-
thesis; these include high temperatures or precursors, very low 
oxygen fugacites and rapid quenching. Recent method trend is 
to avoid brute force methods in order achieve better control of 
purity. The so called soft chemistry routes are indeed desirable 
because they lead to novel products at low temperature [1-2].

Solid state combustion synthesis method is known for its sim-
plicity and materials can be prepared at laboratory grade as 
well as industry level [3-4]. The oxide ceramics obtained by 
combustion technique shows nanocrystalline nature and also 
good particle morphology [5-6]. Materials based on cadmium 
oxides have been extensively investigated because of their po-
tential applications in many technological fields. Cadmium ox-
ide is an important ceramic oxide used as a good adsorbent for 
heavy metals and catalytic applications. 

Present work reports the synthesis of cadmium oxide nanopar-
ticle using cadmium oxalate precursor employing combustion 
synthesis method. Polyvinyl alcohol (PVA) is used as a fuel for 
the conversion of cadmium oxalate in to cadmium oxide nano-
particles. Polyvinyl alcohol is a good surfactant and dispersant, 
hence the precursor will be well dispersed in the molton PVA 
which is needed for the initiation of combustion process. Ini-
tially it burns partially with fuel and it completes conversion of 
precursor in to cadmium oxide particles at high temperature. 
The prepared sample is well characterised for its structure by 
X-ray diffraction (XRD), morphology by Scanning Electron Mi-
croscope (TEM) and bonding by  Fourier Transform Infrared 
study (FT-IR) techniques. Crystallite size and various densities 
of cadmium oxide are calculated.

2.  Experimental
2.1 Materials and methods
Cadmium salt, oxalic acid and ammonia chemicals are used in 
the present study were of AR grade.  Polyvinyl alcohol of molec-
ular weight 125,000 was obtained commercially is used as fuel. 
Thermal decomposition method is adopted for the synthesis of 
cadmium oxide  nanoparticles

2.2 Preparation of cadmium oxalate precursor
The hydrated cadmium oxalate precursor was prepared by dis-
solving eqimolar proportions of cadmium salt and oxalic acid in 
minimum volume of suitable solvent and was stirred for about 

15 min on a magnetic stirrer. The slight brown coloured pre-
cipitate is obtained at 5-6 pH and is washed with cold distilled 
water. Finally, the precipitate is washed repeatedly with dry ac-
etone and then dried under vaccume [7].

2.3 	 Preparation of Cadmium Oxide
The prepared cadmium oxalate precursor is mixed with poly-
vinyl alcohol in the weight ratio 1:5 [8] and ground well using 
pestle and mortar. The resultant mixture was transferred into a 
crucible and ignited in an electrical oven. The dispersed phase 
ignited with the evolution of large volume of gases. Here, PVA 
reacts with the precursor a partially decomposed product was 
obtained, after the complete evolution of gases. The tempera-
ture of the process does not exceed 300oC at any time. Chemical 
and physical characterisation of the partially decomposed prod-
ucts did not give any confirmable phases. The possible reason 
for a partially decomposed product formed may be attributed 
to the low temperature of the reaction giving rise to the insuf-
ficient energy needed for complete conversion. Hence, the par-
tially decomposed sample mixture is further heated to get the 
desired product. Initially it burns with small flame shows the 
presence of cadmium metal. Further heating the sample forms 
crystalline product called cadmium oxide sample.  

2.4 Density measurement
2.4.1 Density evaluation from X-ray data

d 8
M

Na3

The X-ray density of the samples have been computed from the 
values of lattice 

parameters using the formula [9-10].

Where 	 8 represents the number of molecules in a unit cell of 
a spinal lattice

M = Molecular weight of the sample N = Avogardo’s number 

a = Lattice parameter of the sample 

The lattice constant for the cubic was calculated using the equa-
tion

2.4.2 Tap density
The as prepared cadmium oxide was crushed in agate mortar 
using a pestle and mortar. A known amount of this powder was 
filled into a graduated cylinder of 25ml capacity. The cylinder 
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was tapped until the powder level remains unchanged. The vol-
ume occupied by the powder was noted. The ratio between the 
weight of the substance and the volume gave tap density [11].

2.4.3 Powder density
The powder densities were measured using Archimedes princi-
ple [12] with a pycnometer and xylene as a liquid medium. The 
pycnometer of volume 25ml was used. The following weights 
were taken and used in the density calculation. 	

Weight of the bottle = W1g, Weight of the bottle + Substance = 
W2g, Weight of the bottle + Substance + Xylene = W3g, Weight 
of the bottle + Xylene = W4g, Density of Xylene = rsol, Density of 
sample = rsample

2.4.4 Crystallite size from X-ray data
Detailed knowledge of crystallite size, shape and strain in a 
finely divided powder often helps to correlate many physical 
properties of a system undergoing transformation in a solid-
state reaction. X-ray line broadening analysis provides a method 
of finding bulk average size of coherently diffracting domains 
and r.m.s strain. The average crystallite size (D) from X-ray line 
broadening has been calculated using the Scherrer equation 
[13-14]. The instrumental broading was corrected using quartz 
as a internal standard. 

Where λ is the wavelength of the X-ray beam, β1/2 is the angular 
width at the half-maximum intensity and θ is the Bragg angular 

2.5 Characterisation
The X-ray diffraction patterns were obtained employing a Geol 
JDX-8p spectrometer using CuKα radiation. The X-rays genera-
tor was operated at 30kV and 20mA. The scanning range, 2θ/θ 
were selected. The scanning speed =10 min-1 were employed 
for precise lattice parameter determination. High purity silicon 
powder was used as an internal standard. The shape, size and 
distribution of the powder, as prepared tin oxide sample, micro-
structure of the sample have examined using a Leica-440 Cam-
bridge Stereoscan, scanning electron microscope image. The 
infrared spectra of the oxide sample were recorded on a Perkin 
–Elmer FTIR spectrophotometer [Model 1000] in the range 400 
cm-1 to 4000cm-1. 

3.0. Results and discussion
3.1. X-ray diffraction
Figure1 shows indexed XRD pattern of as prepared cadmium 
oxide. The pattern shows large number of peaks confirms the 
formation of cubic phase CdO sample. The d-spacing values 
of the sample matches well with standard 04-0640 JCPDS file. 
Unit cell parameters ware obtained by least–square refinement 
of the powder XRD data. This study reveals that the sample is 
monophasic and the values in the parenthesis indicate miller 
indices.

Figure1: XRD pattern of Cadmium oxide

3.2. Crystallite size and density
The crystallite size of the co sample is calculated from XRD data 
is 80 nm. The size obtained is dependent on solid-state trans-

formation reaction, which generally adopts the habit of its pre-
cursor. Thus, the conversion of cadmium oxalate precursor into 
CdO is considered being topotactic in nature, indicating that the 
synthesis of precursor with very small particle sizes would be 
required for obtaining nanosized cadmium oxide sample. The 
densities of the sample calculated from XRD data, tap density 
and powder density is 4976 kg/m3, 5289 kg/m3 and 3740 kg/
m3 respectively. The sample shows approximately same density 
may be attributed to their average shape which might have simi-
lar surface area. 

3.3. Scanning Electron Microscopy
The morphology of as prepared cadmium oxide was studied 
by Scanning Electron Microscope tool. Figure 2 shows SEM im-
age of as prepared CdO sample. Irregular shaped particles are 
grouped each other and some particles are spherical agglomer-
ated. A uniform morphology and chemical homogeneity is also 
observed in the image.

Figure-2: SEM image of Cadmium Oxide

3.4. Infrared studies
The bonding nature of the prepared cadmium oxide sample 
was studied by Fourier transform infra red tool. Figure 3 shows 
FTIR spectrum of as prepared CdO sample. The sample shows 
the absorption in the region 3630, 1464, 645 and 410 cm-1. 
The peak 3630cm-1 corresponds to water of absorption and 
the peak at 1460 cm-1 due to the presence of some overtones. 
The peaks at 645 and 410 cm-1 corresponds to metal-oxygen 
(Cd-O) vibrational modes of the spinal compound. (Metal ox-
ides generally give absorption bands below 1000cm-1 arising 
from inter-atomic vibrations [15]).This conform the formation 
of CdO sample. 

 

Figure 4: FTIR spectrum of as prepared Cadmium oxide 
sample

4. Conclusions
Solid state chemical conversion of cadmium oxalate precursor 
in to cadmium oxide nanomaterial. Polyvinyl alcohol is used as 
an efficient fuel in microwave ignition. This preparative tech-
nique is very simple and energy efficient to obtain materials at 
nano dimension. Hence, this method can adopt for the synthesis 
of other metal oxides at nano dimensions not only for laborato-
ry preparation, this procedure may be extended for large-scale 
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synthesis. A characterization technique confirms the complete 
conversion of cadmium oxalate in to its oxide.
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