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Abstract: Nanostructures of cadmium oxide (CdO) thin films were deposited by sol-gel dip coating technique on glass and 
Si substrates. X-ray diffraction patterns and selected area electron diffraction patterns confirmed the nanocrystalline cubic CdO 
phase formation. Transmission Electron Micrograph (TEM) of the film revealed the manifestation of nano CdO phase with 
average particle size lies in the range 1.6 nm to 9.3 nm. From the measurements of transmittance spectra of the films the direct 
allowed bandgap values have been calculated and they lie in the range 2.85 eV to 3.69 eV with high transparency (~ 75% in the 
wavelength range 500 - 800 nm) of the film. Particle size have also been calculated from the shift of bandgap from that of bulk 
value for those films for which the particles are compearable to Bohr exitonic radius. 
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1. Introduction 

Nanocrystalline semiconductors have attracted much 
attention due to their novel properties and varaities of 
promising potentials in extensive applications [1, 2]. 
Numerous technical advancements in the field of 
nanostructured materials have stimulated the wide range of 
research interest in recent years because of various new 
properties exhibited by them. Recently, nanostructured 
semiconductor are widely used to design a rich varieties of 
device for microelectronics. One-dimensional nanostructured 
materials have gained special interest in the assembly of 
nanodevices [1-3]. Nanometer-scale electronics have been 
predicted to play an important role in device technology [4, 
5]. Quantum wires of semiconductors [6] and metallic alloys 
[7] have found to exhibit interesting magnetic and electrical 
properties. The nanostructure transparent conducting oxides 
have also gained trememdous importance due to their size 
dependent optical properties and possible applications in near 
future. 

Recently, various research groups around the world are 
working on the synthesis of several II-VI n-type transparent 
semiconducing oxide thin films in different process [8-18]. 
Previously, thin films of CdO have been synthesized by 
various techniques, including activated reactive evaporation 

[8], spray pyrolysis [9, 10], solution growth [11], MOCVD 
[12], PLD [13], rf sputtering [14] etc. Recently, F doped CdO 
thin film have been reported by us [15] via sol-gel process. The 
preperation of ZnO quantum dots by Mahamuni et al [16], 
nanowires and nanoribbons byYao et. al [17], nanorods by Liu 
et. al [18] and Guo et. al [19] etchave been studied wiedly. The 
nanostructure of CdO have been prepared by Ashrafi et. al [20] 
via metalorganic molecular-beam epitaxy and nanobelts have 
also been prepared by Pan et. al [21] via thermal evaporation 
method. In this paper I report successful synthesis of 
nanostructured cadmium oxide thin film via a very simple sol-
gel route. The sol-gel dip-coating method is chosen because of 
its many advantages such as easier composition control, better 
homogeneity, low processing temperature, lower cost, easier 
fabrication of large area films, possibility of using high purity 
starting materials and having an easy coating process of large 
and complex shaped substrates. In this paper, the temperature 
dependent of nanostructural and optical properties of cadmium 
oxide thin films has been studied. 

2. Experimental 

2.1. Preparation of Films by Sol-gel 

The thin films of CdO have been deposited on glass and Si 
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substrates using sol-gel dip coating process. Cadmium 
acetate (99.99% Cd(COOCH3)2) has been taken as the source 
cadmium and 2-methoxy ethanol and monoethanol amine 
have been taken assolvent and stebilizer respectively. The 
solution of cadmium acetate dissolving in 2-methoxy ethanol 
was stirred by a magnetic stirrer and heated at a constant 
temperature of ∼80°C for a one hr. The solution was aged for 
three hrs. Before dip coating the glass substrates were 
cleaned by mild soap solution, washed thoroughly by 
distilled water and then in boiled water. Finally it was 
degreased in alcohol vapor. Si substrates were cleaned at first 
in 20% HF solution for 5 minutes and then washed in acetone 
in an ultrasonic cleaner. The cleaned substrates were dipped 
vertically into the solution and withdrawn very slowly at a 
speed of ~ 8 cm/min and dried at 60°C for 15 minutes for 
quick gel formation. This process was repeated for eight to 
nine times. Finally the coated substrates were annealed at 
desired constant temperature 200°C, 250°C, 300°C and 
350°C for one hr. in open air. 

2.2. Characterization 

The nanosructure and the selected area electron diffraction 
pattern of the films were studied by a transmission electron 
microscope (TEM, Hitachi-H600). X-ray diffraction pattern 
was recorded by an X- ray diffractometer (Bruker D8 
Advance) in 2θ range 20 - 70° using Cu Kα radiation of 
wavelength λ = 0.15406 nm. The optical transmission 
spectra of the films were measured in the wavelength range 
λ = 300 nm to 800 nm using a UV-VIS-NIR 
spectrophotometer (Shimadzu UV-3101PC) at room 
temperature. The thickness of the film (~ 400 nm) was 
estimated from cross-sectional scanning electron microscopy 
(SEM, JEOL-5200) measurement. 

3. Results and Discussion 

3.1. Nanostructural Studies and X-ray Diffraction 

The nanostructured of the films, prepared by dispersing the 
nanoparticles on carbon coated copper grid, were studied at 
room temperature by using transmission electron microscope 
(TEM) which revealed the particle size lies in therange 1.6 
nm to 9.3 nm. The micrographs and corresponding 
diffraction pattern of CdO thin films for different annealing 
temperature have been shown in figure 1 (a) 200°C, (b) 
300°C and (c), SEAD for temperature 250°C. 

From SAED pattern, the inter-planer spacing (d) values 
have been calculated, which correspond to reflection from 
(111) and (220) planes of cubic CdO. 

Table 1. Interplaner spacing (d) from TEM, XRD and JCPDS data card and 

corresponding (hkl) values. 

d(TEM) (Å) d(XRD) (Å) d(JCPDS) (Å) (hkl) 
2.71 2.713 2.712 (111) 
2.35 2.349 2.349 (200) 
--- 1.660 1.661 (220) 
--- 1.415 1.416 (311) 

X-ray diffraction patterns of the CdO thin films using Cu 
Kα radiation of wavelength λ= 1.5406 Å has been shown in 
figure 2. 

 

Figure 1. TEM micrographsand selected area electron diffraction pattern 

for (a) annealed temperature 200°C, (b) annealed temperature 300°Cand (c) 

SAED pattern. 

 

Figure 2. XRD paterns of a nanocrystalline CdO thin films deposited on 

glass substrates for annealed temperature (a) 200°C, (b) 250°C, (c) 300°C 

and (d) 350°C. 
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Figure 3. Transmittance spectra of representative nanocrystalline CdO thin 

films deposited on glass substrates at different annealed temperatures: (a) 

200°C, (b) 250°C, (c) 300°C and (d) 350°C. 

The several peaks of cubic face-centered CdO with a0 = 
4.6953Å have been obtained due to diffraction form (111), 
(200), (220) and (311) planes. The interplaner spacing (d) 
corresponding to XRD peaks, TEM measurement and JCPDS 
data card [22] have been compared as shown in table-1. X-
ray diffraction pattern of CdO-nano shows broadening of 
peaks, which indicate CdO is nanocrystalline in nature. 

3.2. Optical Absorption and Optical Bandgap 

The optical bandgap values of the films Eg(film) were determined 
from the transmission vs. wavelength traces. The absorption 
coefficient (α) was obtained from the standard relation [23]: 

T = A λ
πkx
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n0, n1 and n being the refractive index of air, substrate and 
films respectively. 

For k2 << n2, A is nearly equal to unity and T can be 
expressed as: 

T~ e-αx                                  (2) 

The fundamental absorption, which corresponds to 
electron excitation from the valance band to conduction 
band, can be used to determine the nature and value of the 
optical band gap. The relation between the absorption 
coefficients (α) and the incident photon energy (hν) can be 
written as [24], 

( ) ( )
g

n EhAh −= ννα 1
                             (3) 

where A is a constant and Eg is the bandgap of the material 
and exponent n depends on the type of transition. For direct 

allowed 
2

1=n , indirect allowed transition, n = 2, and for 

direct forbidden, 
2

3=n . To determine the possible 

transitions, ( ) nh
1να  vs. hν were plotted and corresponding 

bandgap were obtained from extrapolating the straight 
portion of the graph on hν axis at α = 0. 

 

Figure 4. Determination of direct band gap of nanocrystalline CdO thin 

films for differentannealed temperatures: (a) 200°C, (b) 250°C, (c) 300°C 

and (d) 350°C. 

Figure 3 shows the transmttance vs. wavelength traces 
which show nearly 75% transmittance in the wavelength 
range of 500 nm to 800 nm. To determine the possible 
transitions, (αhν)1/n vs. hν  were plotted and corresponding 
band gap were obtained from extrapolating the straight 
portion of the graph on hν axis. 

The direct bandgap calculated from (αhν)2 vs. hν plots (as 
shown in figure 4) lie in the range 2.85 eV to 3.69 eV and 
indirect bandgap calculated from (αhν)1/2 vs. hν  plot lie in 
the range 1.6 eV to 2.29 eV as shown in figure 5. Both the 
direct bandgap and indirect bandgap values of the films are 
higher than that of the value of bulk materials because of 
quantum confinement of CdO nanocrystals. 

 

Figure 5. Determination of indirect band gap of nanocrystalline CdO thin 

films for different annealed temperatures: (a) 200°C, (b) 250°C, (c) 300°C 

and (d) 350°C. 
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The properties of nanocrystalline materials are changed 
from their corresponding bulk properties due to the sizes of 
the crystallites become comparable to the Bohr excitonic 

radius ( Br ). 
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where ε is the permittivity of the sample, m*e and m*h are the 
effective mass of electron and hole in CdO respectively. The 
values of the particle size of the CdO thin films, as obtained 
from TEM studies for annealed temperature below 300°C, 
are comparable to the Bohr excitonic radius supporting the 
quantum size effect. 

 

Figure 6. Variation of direct bandgap and indirect bandgap of 

nanocrystalline CdO thin film with annealed temperature. 

The properties of nanocrystalline materials are changed 
from their corresponding bulk properties due to the sizes of 
the crystallites become comparable to the Bohr excitonic 
radius. The shift of band gap might also be utilized in 
determining the crystal radius (r) using relation [25, 26] 
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where 
**

11

he mm
+=µ  is the reduced mass of electron-

hole effective masses and ε is the permittivity of the sample. 
From the above equation, the particle sizes have been 

determined and these lie in the range 2.56 nm to 4.06 nm and 
that obtained from TEM measurements (bellow annealing 
temperature 300°C) are also fairly support these results. 

The variation of direct bandgap and indirect bandgap with 
different annealed temperature are shown in figure 6. It is 
clear from this figure that both the direct bandgap and 
indirect bandgap decreases with increase in annealed 
temperature. These may due to better quantum confinement 
at comparatively lower annealing temperature. 

4. Conclusions 

The thin films of CdO nanoparticles have been 
successfully prepared by sol-gel process. XRD and SAED 
patterns confirmed the nanocrystalline cubic CdO phase 
formation. The XRD peaks are more broaden at lower 
temperature which indicate that the quantum confinement is 
better at lower temperature. TEM and optical studies also 
revealed that the quantum size effect occurred in the films. 
Optical transmission spectrum showed nearly 75% 
transmittance in the wavelength range of 500 nm to 800 nm 
and high direct bandgap lies in the range 2.85 eV to 3.69 eV. 
The indirect bandgap of the films (lies in the range 1.6 eV to 
2.29 eV) are also higher than that of the bulk CdO materials. 
This may be due to quantum confinement effect of CdO 
nanoparticles. 
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