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Abstract: Detail structure, electrical and optical characterization of five samples different in 
concentration of NiRxRSR1-xROR2R were performed to be used as solar cells. All the compounds were 
synthesized by wet chemical route known as sol-gel process.  The aim of this work is to characterize 
these samples films to see how there can used as solar cells. The morphology of all the samples have 
been studied through X-ray diffraction (XRD). The information about the molecular bonding is 
obtained from the Fourier transform infrared (FTIR) spectra techniques. The calculated band gap from 
UV-Visible spectra characterizes the semiconducting and insulating nature of the samples. Electrical 
efficiency of all the Samples had been carried out using simple electric circuit. The results of NiRxRSR1-

xROR2R samples indicate that increasing Ni concentration increases the nano crystal size, crystal spacing, 
absorption coefficient and solar cell efficiency. All the solar cells samples of this specimen exhibited 
a voltage of 1.184mV, an open-circuit voltage of 1.440mV, a fill factor of 0.73 and efficiency range 
from 1.6808% up to 1.9320% according to the different concentrations 
Keywords: NiRxRSR1-xROR2R; solar cell. 
 
Introduction: 

   Thin film solar cells are a solution for the renewable energy industry. They possess several 
benefits over conventional crystalline photovoltaic solar cell technologies, but there are still 
some limitations to these devices [1]. Thin film solar cells are produced by depositing one or 
more thin layers of photovoltaic materials on a substrate. Common substrates utilized for 
these photovoltaic devices are plastic, metal, and glass[2]. These devices consist of a 
photovoltaic material, conductive layer, and a protective sheet[3]. Layers can vary in 
thickness, from a few nanometers to several micrometers. This is much thinner than 
conventional crystalline solar cells, which can be up to 200 µm in thickness[4]. They were 
originally proposed in 1970. By 1980 researchers were achieving 10% efficiency[5]. Less 
semiconductor material is required in the manufacture of thin film solar cells. Strong light-
absorbing materials are used in these devices, with the most common being cadmium 
telluride, copper indium gallium selenide, amorphous silicon, and gallium arsenide. Organic 
photovoltaic cells have also been explored[6]. These devices have advantages over 
conventional photovoltaic solar cell technologies. Firstly, they are more lightweight than 
crystalline silicon cells. Thin film devices can be manufactured with enhanced flexibility, 
giving them more applications than conventional devices. Additionally, they are potentially 
cheaper due to the ease of mass production[7]. This technology possesses some limitations 
with their efficiency which tends to be between 7-18%.  compared to crystalline silicon solar 
cells which is 29%. Theoretically, they could achieve higher efficiency than other 
technologies[8]. Concentrator photo voltaic is another recent advance. These third-generation 
devices combine highly efficient multi-junction solar cells with tracking systems and optical 
lenses. The potential to produce low-cost, efficient solar energy harvesting technologies has 
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caught the attention of several researchers worldwide. This technology is fast becoming the 
next revolution in the field of renewable energy. 

Materials and methods 
    
  Five samples nano powder fabricated of NiRxRSR1-xROR2R with (X =0.1 , 0.3 , 0.5 , 0.7 , 0.9 respectively 
) were prepared by sol-gel method. In which aluminium nitrate Al(NOR3R)R3R + aluminium sulphate 
(AlR2R(SOR4R)R3R were added  and doped in barium acetate (CR4RHR6RBaOR4R) Distilled water was added 
as dissolving medium and nitric acid NHOR3R as adjusting of PH to be approximately 5 PH.    
then the solutions were mixed and added to titanium doxide, (TiOR2R) the product mixture was 
heated and stirred at 80C P

o
P continuously about one hour, then filtered for one day to obtain 

pure solution (Hydrolysis step), which was slowly evaporated to form sol by continues 
heating convert to gel after two hours at150C P

o
P (gelation step). Finally the gel was dried and 

grinded to powder. After the samples were prepared, they exposed to X-ray diffraction (XRD) 
and analyzed using Riveted method for crystal structure, lattice parameters, (the positions of 
atoms within the cell). The chemical bonds were measured with the help of the Fourier 
transform infrared spectroscopy (FTIR) technique. The optical and electrical properties were 
characterized using ultraviolet-visible spectrometer. The performance of the cells as solar 
cells was tested using simple electric circuit. 
 
Results 
 
XRD Result for all NiRxRSR1-xROR2 

 

 

Fig. 1 XRD spectrum of all (NiRxRSR1-xROR2R) samples 
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Table 1 Resuts of X-ray diffraction (XRD) of the five samples of (NiRxRSR1-xROR2R) after they  
have been analyzed using Riveted method for crystallite lattice parameters (a,b,c,α,β,γ), density 
(mg.cmP

-3
P), Xs( nm ) and  d–spacing(AP

o
P)  

 
Sample a b c α= β= γ Density(mg.cmP

-3
P) Xs(nm) d-spacing (AP

o
P) 

NiR0.9RSR0.1ROR2 9.7984   8.2759 9.6138 90 1.9013 46.60 2.26102 
NiR0.7RSR0.3ROR2 9.7984   8.2759 9.6138 90 1.9035 60.21 2.47383 
NiR0.5RSR0.5ROR2 9.7984   8.2759 9.6138 90 1.9117 59.80 2.26096 
NiR0.3RSR0.7ROR2 9.7984   8.2759 9.6138 90 1.9138 57.20 2.21573 
NiR0.1RSR0.9ROR2 9.7984   8.2759 9.6138 90 1.9144 56.16 2.17141 

 

 

 

 

 

 

 

 

Fig. 2 relationship between SR(1-x)R rated and d-spacing of all (NiRxRSR(1-x)ROR2R) samples 

 

 

 

 

 

 

Fig. 3 relationship between SR(1-x)R rated and crystallite size of all (NiRxRSR(1-x)ROR2R) samples 
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Fig. 4 relationship between SR(1-x)R rated and Density of all (NiRxRSR(1-x)ROR2R) samples  

UV Results of (NiRxRSR(1-x)ROR2R) 

 

 

 

 

 

 

 

 

 

 

Fig. 5 relation between absorbance and wavelengths of all (NiRxRSR(1-x)ROR2R) samples 
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Fig. 6 relation between transimission and wavelengths of all (NiRxRSR(1-x)ROR2R) samples 

 

 

Fig. 7 relation between absorption coefficient and wavelengths of all (NiRxRSR(1-x)ROR2R) samples 
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Fig. 8 optical energy band gaps of (NiRxRSR(1-x)ROR2R) samples 

 

FTIR Results of (NiRxRSR1-xROR2R ) samples  

 

 

 

 

 

 

 

 

 

 

 

Fig.9 FTIR Results of the five (NiRxRSR1-xROR2R ) samples 
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 Solar Cells Results of (NiRxRSR1-xROR2R ) samples  

 

 

 

 

 

 

 

 

 

 

Fig.10 Solar Cell Results of (NiR0.1RSR0.9ROR2R )sample 

 

 

 

 

 

 

 

 

 

 

Fig. 11 Solar Cell Results of (NiR0.3RSR0.7ROR2R )sample 
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Fig. 12 Solar Cell Results of (NiR0.5RSR0.5ROR2R ) sample 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13 Solar Cell Results of (NiR0.7RSR0.3ROR2R ) sample 
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Fig. 14 Solar Cell Results of (NiR0.9RSR0.1ROR2R ) sample 

 

Table 2 all (NiRxRSR1-xROR2R ) samples 

sample IRscR (mA) IRmR (mA) VRocR(mV) VRmR(mV) JRscR(mA.cmP

-2
P) FF η% 

NiR0.1RSR0.9ROR2 5.6360 5.0040 1.440 1.184 0.8743 0.73 1.6808 
NiR0.3RSR0.7ROR2 5.7571 5.1210 1.440 1.184 0.8945 0.73 1.7195 
NiR0.5RSR0.5ROR2 5.8860 5.2341 1.440 1.184 0.9145 0.73 1.7581 
NiR0.7RSR0.3ROR2 6.0158 5.3517 1.440 1.184 0.9345 0.73 1.7967 
NiR0.9RSR0.1ROR2 6.4686 5.7518 1.440 1.184 1.0050 0.73 1.9320 

 

Discussion 
 
   The optical and electrical properties also the nano structure of the crystals the d-spacing and the 
matter density of the solar cell thin films NiRxRSR1-XROR2R show interesting results related to the cell 
efficiency. For NiRxRSR1-XROR2R figures 2, 3 and 4 beside table 1 shows that as Ni molar concentration (X) 
increases the d- spacing, nano crystal size Xs increase but the density decreases. Figure 7 beside table 
2 show that upon increasing the Ni concentration X the absorption coefficient and the cell efficiency 
increase, while the energy gap decrease. This results confirm also with the well-known theoretical 
models[9,10,11,12]. This means that increasing the nano size increases the absorption coefficient and 
the efficiency but causing the energy gap to decrease. 
 
 
Conclusion 
 
   For the thin film NixS1-xO2, that increase of Ni concentration increase crystal spacing nano crystal 
size absorption coefficient and cell efficiency, but causes the energy gap and density to decrease. 
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