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ABSTRACT 
Cadmium oxide nanoparticles were prepared by precipitation method using cadmium acetate and ammonia 

solution. The synthesized CdO nanoparticles were characterized by using FTIR, X-ray diffraction studies (XRD), 

Field emission scanning electron microscopy (FE-SEM), Energy dispersive spectrometry (EDS), BET analysis, I-

V characterisitics and dielectric studies. FTIR analysis confirmed the Cd-O bond formation in synthesized 

nanomaterial. The X-ray diffraction pattern revealed that synthesized cadmium oxide nanoparticles are face 

centered cubic with average crystallite size of  25 nm. The morphology and elemental composition were confirmed 

by FE-SEM and EDAX.The synthesized CdO nanoparticles showed high surface area of 31.5 m2/g, which enables 

high absorption of dye molecule in DSSC fabrication for increasing the efficiency of solarcell. The temperature 

and frequency dependence of dielectric constant, dielectric loss and AC conductivities were studied over a range 

of (50 Hz to 5 MHz) and temperature (40 - 200°C). Solar cell was fabricated using CdS as photo cathode material, 

TiO2/CdO as photo anode material, potassium iodide/iodine as electrolyte solution, ruthenium red dye as sensitizer 

and solar conversion efficiency was found to be 1.62%. 
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1. INTRODUCTION  

Fabrication of metal oxide nanoparticles have a special interest due to superior electrical conductivity. The 

brown colored cadmium oxide is insoluble in water and absorbs CO2 from air and can be reduced to the conducting 

oxide. The cadmium oxide is a degenerate n-type semiconductor  having low electrical resistivity and large band 

gap value of 2.5 eV. These properties of cadmium oxide makes it useful in wide range of optoelectronic applications 

such as dye sensitized solar cells, transparent electrodes, catalyst, photo transistors, IR reflectors and gas sensors. 

The CdO nanoparticles were also synthesized by various methods like hydrothermal, solvothermal, precipitation, 

sol-gel etc. In this present work synthesis, characterization and dielectric properties of cadmium oxide nanoparticles 

were studied.The solarcell was fabricated using CdO as photoanode material. 

2. MATERIALS AND METHODS 

The chemicals used in the experiment were AR grade cadmium acetate was purchased from Loba chemie 

Pvt ltd and ammonia solution was from GR merck. All chemicals were used without further purification. Millipore 

water was used throughout the experiment. 

Cadmium acetate (0.1N, 2.66g) was dissolved in 100 ml of Millipore water and ammonia solution was 

added drop wise until pH value was reached to above 8 with constant stirring. The yellow precipitate was formed 

initially and it was allowed to settle for 5-6 h and then centrifuged, washed, dried at 100 ºC and ground. The 

resulting yellow color powder was calcined at 400 ºC for 2 h. Thus brown color of cadmium oxide powder was 

obtained. 

 
3. RESULTS AND DISCUSSION 

XRD pattern of the synthesized cadmium oxide nanoparticles was shown in Fig.1. The peaks obtained 

were good agreement with pattern JCPDS no.05-0640 and it revealed that face centered cubic structure of 

crystalline nanopowder. The average grain size of CdO nanoparticles was calculated as 25 nm using Scherrer 

equation. 

  
 

Fig.1.XRD pattern for CdO nanoparticles       Fig.2.FT-IR spectrum of CdO nanoparticles 

         calcined at 400°C                                                  cacined at 400°C 
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Fourier transform infrared spectrum of CdO nanoparticles was given in Fig.2. There are four peaks were 

observed in this spectrum which corresponds to O-H stretching (3381cm-1) and vibrartion (1620 cm-1) bands. The 

peaks 644cm-1 is attributed to CdO metal bond formation. O-H functional group is related to absorption of water 

during pellet formation. 

Fig.3 shows the FESEM image of synthesized CdO nanoparticles which was calcined at 400°C. The 

obtained grain particles are spherical shaped nanoparticles. EDS spectra confirms that the presence of cadmium 

and oxygen and there is no other elements were identified.     

    

Element Weight% Atomic% 

O K 28.82 73.99 

Cd L 71.18 26.01 

Totals 100.00 100.00 

 

Fig.3).FESEM image and b) EDAX spectrum of CdO nanoparticles 

         
Fig.4.Dielectric loss of CdO nanoparticles as a  Fig.5.Dielectric Constant of CdO nanoparticles as 

function of frequency at different temperature      a function of frequency at different temperature 

 

Dielectric properties of materials are mainly from the electronic, ionic, dipolar and space charge polarizations. The 

ionic polarization arises due to the relative displacement of the positive and negative ions.14 The dielectric 

parameters, like the dielectric constant (εr) and dielectric loss (tan δ) are the basic electrical properties of the CdO 

nanoparticles. The variations of the dielectric constant and dielectric loss of the CdO nanoparticles at frequencies 

of 50 Hz to 5 MHz and at different temperatures of 40 to 200°C are given Figs 4 and 5 . The dielectric constant is 

evaluated using the relation                                                            εr = Cd / εₒA 

Where d is the thickness of the sample and A, is the area of the sample. The results suggest that the dielectric 

constant and dielectric loss strongly depend on the frequency of the a.c. signal and the different temperatures of the 

CdO nanoparticles.  The dielectric constant has higher values in the lower-frequency (50 Hz) and then it decreases 

up to the high frequency (5 MHz). In dielectric materials, dielectric losses usually occur due to the absorption 

current. Dielectric loss also shows a trend similar to the one shown by the dielectric constant. The decrease in the 

dielectric loss with the increase in frequency for all the temperatures suggests that the dielectric loss is strongly 

dependent on the frequency of the applied field 

The obtained isotherms of the CdO sample prepared in ethanol (Fig.6a)  corresponds to a type V  isotherm 

in the Brunauer classification which is characterized by the hysteresis loop, and it does not exhibit any limiting 

adsorption at high relative pressures. The specific BET surface area and BJH pore size of the CdO sample were 

determined to be 31.5 m2/g and 6.7 Å respectively. 

Fig.6b indicates the photo current density versus voltage (J-V) transfer, showing the characteristics of 

fabricated solar cell device, 0.25 cm2 in size. The cell was fabricated by coating Titanium oxide and cadmium oxide 

material on FTO glass by doctoral blade method. Ruthenium N719 red dye was used as a sensitizer in potassium 

iodide/iodine electrolyte solution. The short current density (Jsc), open circuit voltage (Voc), fill factor (FF) and 

power conversion efficiency were found to be 5.47 mA/cm2, 0.46 V, 0.51 and 1.62% respectively. This conversion 

efficiency was higher compared to TiO2/CdS semiconductor solar cell (1.15%). This conversion efficiency is yet 

to be improved by replacing photoanode materials. The work can improve the overall power conversion efficiency 

by synthesizing different morphological structures of CdO. 
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Fig.6.a) BET adsorption-desorption curve  b) J-V curve of dye sensitized solar cell using cadmium      

                                                                             oxide nanoparticles 

4. CONCLUSION 

Cadmium oxide nanoparticles were synthesized by chemical precipitation method using cadmium acetate 

and ammonium hydroxide. The synthesized CdO were characterized by using XRD, FESEM, BET analysis and 

dielectric studies. XRD analysis revealed that CdO nanoparticles are face centred cubic with average grain size of 

25 nm. The synthesized CdO nanoparticles have high surface area (31.5 m2/g) and narrow pore size distribution 

(6.7Å).   The dielectric studies revealed that both the dielectric constant and dielectric loss decrease with an increase 

in the frequency. CdO possessed comparatively low dielectric constant which is useful for various electro-optic 

devices and their applications. The Solar cell conversion efficiency was found to be 1.62% and it was yet to be 

improve by replacing other photoanode materials with TiO2. 
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