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Abstract  
Thin films of Copper Nickel Selenide (CuNiSe) were synthesized on glass slides at room 

temperature using chemical bath deposition (CBD) method. The films were deposited from 

aqueous solution containing copper ion, nickel ion and potassium selenate (K2SeO4) at varying 

concentration of nickel ion with constant deposition time and pH of the reaction bath. The 

optical absorption data reveals that films of CuNiSe absorbs strongly at the ultraviolet range of 

300 nm and has above 70% transmittance in the visible–near infrared regions. The results 

revealed high average band gap energy that ranges between 2.80 eV to 3.40 eV. The film is 

found suitable for window layer in p-n junction solar cell. The morphological study showed 

thatthe particle sizes of the films increase as the concentration of the nickel ion increases. 

Compositional analysis shows the presence of Copper, Nickel and Selenium and that that the 

film is rich in copper. 

Key Words: Thin films, Copper Nickel Selenide, Chemical bath deposition, band gap 

energy.  
1.INTRODUCTION  

 

In the past years, synthesis and physical characterization of thin film semiconductors have attracted 

significant interest. They have a wide variety of applications such as solar cells electroluminescent 

devices, photoconductors, sensor and infrared detector devices [Osuji and Ezema, 2007]. Chemical 

bath deposition method has been used for the deposition of thin films of sulfides and selenides. The 

basic principal involved in chemical bath deposition technique is the controlled precipitation of the 

desired compound from a solution of its constituents. This requires that the ionic product must 

exceed the solubility product. The use of complexing agent is very common in the preparation of 

thin films which helps in slow precipitation of the desired cations. Many researchers use various 

complexing agents such as sodium citrate, ammonia11, triethanolamine and disodium 

ethylenediamine tetra-acetate during deposition of thin films [Hankare and Jadhav, 2011].  

 

Thin film materials are the key elements of continued technological advances made in the field 

of optoelectronic, photonic, magnetic devices. The processing of materials into thin films allows 

easy-integration into various types of devices. The properties of materials significantly differ 

when analyzed in the form of thin films. Most of the functional materials are rather applied in 

thin film form due to their specific electronically; magnetic, optical properties. Thin film 

technologies make use of the fact that the properties can particularly be controlled by the 

thickness parameter. Itis formed mostly by deposition, either via physical or chemical methods.  

Thin film, both crystalline and amorphous, has immense importance in the age of high 

technology. Few of them are microelectronic devices, magnetic thin films in recording device, 

magnetic sensors, gas sensor, anti- reflection (AR) coating, photoconductors, infrared (IR) 

detectors, interference filters, solar cells, polarizer’s temperature controller in satellite, 

superconducting films, anticorrosive and decorative coatings [Ilenikhena and Ezemonye, 

2010].Two important factors that should be considered in producing these materials are the band 

gap energy matching the solar spectrum and the competitiveness of production cost. The rationale 
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for this is that thin films modules are expected to be cheaper to manufacture due to their reduced 

material costs, energy costs, handling costs and capital costs [Esparza-Ponze, Hernendez-Borja, 

Cerventes-Sanchez 2009]. The usefulness of the optical properties of metal films and scientific 

curiosity about the behavior of two dimensional solids has been responsible for the immense 

interest in the study of science and technology of thin films. Thin film studies have directly or 

indirectly advanced many new areas of research in solid state physics and chemistry which are 

based on phenomena uniquely characteristic of the thickness, geometry, and structure of the 

film [Ilenikhena and Ezemonye, 2010]. 

 
Copper Nickel Selenide thin films is a semiconductor thin films which is suitable for application in 

solar cells sensor and laser mmaterials owning to its band gap energy of between 1.50 eV to 3.20 V 

obtained by [Ezenwaka et al, 2014]. In the present investigation, thin films of CuNiSe were 

prepared from an alkaline bath using copper (II) chloride  dehydrate (CuCl2.2H2O), Nickel (II) 

chloride hexahydrate (NiCl2.6H2O), and Potassium selenate (K2SeO4) whichacted as sources of 

copper, nickel and selenide ions.Disodium Ethylenediamine tetra-acetate EDTA 

[Na4(C10H16N2O8)] was used as a complexing agent during deposition process. The prepared CuNiSe 

films were characterized and the optical and morphological properties were determined.  

 

 

2. Materials and Methods 

2.1 Deposition of Copper Nickel Selenide Films 

Copper nickel selenide films were deposited in reaction of solutions containing copper (II) 

chloride (CuCl2.2H2O), Nickel (II) chloride hexahydrate (NiCl2.6H2O), Potassium selenate 

(K2SeO4), disodium ethylenediaminetetraacetate (Na4(C10H16N2O8)) commonly known as 

EDTA, ammonium solution (NH4OH), and distilled water in a beaker. The complexing agent 

EDTA slowed down the quick precipitation of the copper and nickel ions in the mixture. 

Ammonium solution stabilizes the pH of the reacting mixture. 

Deposition of Copper Nickel Selenide thin films on slides labeled G1, G3, and G5 were carried 

out using 100ml glass beaker at room temperature. 10ml of Copper chloride was taken in a 

beaker followed by the addition of 10mls of nickel chloride and 5mlsof Potassium selenate with 

a slight shake to have a homogenous mixture which is light blue in colour. 3mls of EDTA and 

5mls of ammonium solution were also poured into the solution drop wise and stirred. The 

addition of ammonium solution changed the colour of the mixture to navy blue.  60mls of 

distilled water was added to the mixture of the precursors and the final solution was stirred for 

about 2 minutes to have a homogenous mixture. Three basic solutions of molar concentration 

0.05M, 0.15M, and 0.25M of nickel ion represented by G1, G3, and G5 were prepared. A 

constant time of 24 hrs and temperature of 300K were maintained throughout the deposition 

period. The pH of the reaction baths was measured which was about 9.5. At the end of 24 hours, 

the substrates were removed, rinsed with distilled water and dried in open air.  

 

2.2 Characterization of the Deposited Films 

The optical and surface microstructure characterization of the deposited films were carried out 

using Stellar Net UV-VIS-NIR Spectrometer (Blue-wave Miniature: model: UVNb) and 

Scanning Electron Microscope (SEM). From the absorbance values obtained, other properties 

such as transmittance, reflectance, refractive index, and coefficient of absorption were estimated 

using the formulae stated in the theory [Ezenwaka et al, 2014]. 
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3.RESULTS AND DISCUSSION 

3.1 Optical Properties of CuNiSe films. 

 
 

Figure 1: Spectral absorbance of CuNiSe film at varying concentration of nickel. 

 

The absorbance spectra of CuNiSe films deposited at varying molar concentrations of nickel ion 

were recorded in the wavelength range of 300nm-1100nm as shown in figure1. The plot shows 

an exponential decrease of absorbance with wavelength in the UV-VIS-NIR region. It also 

reveals that absorbance is dependent on the molar concentration of nickel ion (Ni2+ ). The 

increase in absorbance spectra with increase in the concentration of Ni2+ in the reaction bath was 

attributed to decrease in transmittance and reflectance as a result increased photon absorption 

[Isah et al, 2008]. Highest value of absorption was noted at high molar concentration of nickel 

ion and the least value at low molar concentration ofnickel ion forming films which are fit for 

window layer in p-n junction solar cell [Reynolds, 1979, Odari, Musembi, Mageto, 2013]. 

 
Figure 2: Spectral transmittance of CuNiSe film at varying concentration of nickel. 
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Figure 2 shows that the percentage transmittance is low in UV region which increases towards 

the VIS and NIR regions. Transmittance decreased as the concentration of Ni2+ ion increased 

from 0.05M-0.25M and this was attributed to increased free carriers coupling to the electric 

field hence increasing the reflection [Bacaksiz et al, 2009, Messina et al, 2007, Subramanianet 

al, 2006, Asogwa et al, 2007].  

 
Figure 3: Spectral reflectance of CuNiSe film at varying concentration of nickel. 

 

Figure 3 reveals the highest value of reflectance of the films at 400nm which was attributed to 

high value of refractive index [Ezenwa and Ekpunobi, 2011]. The films have reflectance values 

ranging from -0.031 to 0.20 which decreases as the wavelength increases. A decrease in the 

reflection was attributed to increased transmittance with low reflectance value in the VIS-NIR 

region, the material is best for photovoltaic devices like solar cells as a window layer as this 

reduces reflective loss on the cell surface[Ezenwa and Ekpunobi, 2011,  Pankove, 1971].    

 

 Figure 4: Variation of refractive index with wavelength (nm) for varying 

concentration of nickel.  
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Figure 5: Band gap spectra forCuNiSe thin film with varying concentration of nickel ion. 

 

The band gap was determined from the relation between the absorption (α) and the incident 

photon energy (hν) given by [Ekwealor et al, 2014], 

𝛼ℎ𝜈 = 𝐴(ℎ𝜈 − 𝐸𝑔)𝑛 

where A is a constant, 𝐸𝑔 is the band gap energy of the material, and n depends on the nature of 

transition. For direct allowed transition, 𝑛 =
1

2
,  for direct forbidden transition, 𝑛 =

3

2
,  and for 

indirect allowed transition, 𝑛 = 2  [Vurgaftman and Meyer, 2003]. The possible transition was 

determined from the plot of (𝛼ℎ𝜈)2 against ℎ𝜈  given in figure 5. By extrapolating the straight 

portions of the graphs on ℎ𝜈 axis, the band gaps were obtained from the intercepts since 𝐸𝑔 =

ℎ𝜈  when(𝛼ℎ𝜈)𝑛 = 0. Figure 5 reveals wide band gap energy values which lie in the range 2.80 

eV to 3.40 eV. These values of band gap energy are in line with the values obtained by 

[Ezenwaka et al, 2014]. The shift in optical band gap due to increase in the concentration of the 

doping agent can be understood to be due to the increase in the crystallinity of the films with 

increasing concentration of nickel in the films. This may be attributed to the change in structure 

and stoichiometry of film as Ni content in the film changes as can be seen from scanning 

electron microscope images. As the structure changes the lattice constants are also changing 

which are related to band gap [Santhosh and Pradeep, 2011, Green, 2002]. High band gap 

values are in good agreement with results obtained by [Manolacheet al, 2007]. This increases 

the chance that an ejected electron will meet up with a previously created hole in the material 

before reaching the p-n junction [Manolacheet al, 2007, Abramoff et al, 2004]. The films also, 

show more ordered structure which gives a comparatively small contribution to the absorption, 

thus shifting the absorption edge to higher energy.   

 

3.2 Micro-structural Analysis 

The micro-structural properties of the films were analyzed using Scanning Electron Microscopy 

(SEM). The results of the SEM images presented in figure6 showed that the micro-structural 

surfaces are smooth. The surfaces are made of particles of different aggregates which suggest 

that the deposited films are polycrystalline in nature.  
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Fig.6 SEM images of CuNiSe thin films deposited with 0.05 M, 0.15 M and 0.25 M of Nickel 

ion.  

 

The SEM images were analyzed using ImageJ software for Image analysis. The sample 

deposited with 0.05 M of Ni ion content (G1) has total particle count of 84,861 particles and 

average particle size of 6.46 nm. The film deposited with 0.15 M of Ni ion has total particle 

count of 49,070 and average particle size of 11.61 nm. The one deposited with 0.25 M of Ni ion 

content has total particle count of 28,024 and average particle size of 15.66 nm.The results of 

the SEM show that the particle sizes increase as the concentration of the doping agent increases. 

 

2.3 Compositional Analysis 

Compositional analysis of Copper Nickel Selenide (CuNiSe) thin films was conducted with the 

help of Energy Dispersive X–ray Spectroscopy (EDX). The results reveal the presence of 

Copper, Nickel and Selenium with their percentage quantity present in each of the samples. It 

also shows that the percentage of copper and selenium decreases as that of nickel increases. The 

deposited films are highly rich in copper with relatively small proportion of nickel and 

selenium. 

 
Figure 7 Energy Dispersive X–ray Spectroscopy (EDX) of CuNiSe film deposited with 0.05 M 

of nickel ion.  
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Figure 8 Energy Dispersive X–ray Spectroscopy (EDX) of CuNiSe film deposited with 0.15 M 

of nickel ion.  

 

 

 
Figure 9 Energy Dispersive X–ray Spectroscopy (EDX) of CuNiSe film deposited with 0.25 M 

of nickel ion.  

 

4 CONCLUSION 

High quality CuNiSe thin films were prepared on low-cost glass substrates by chemical bath 

deposition technique. The deposited films show excellent reproducibility of the film 

morphological and optical properties. The depositedCuNiSe films maintain an average 

transmittance of over 70% from 500 nm to at least 1250 nm. The bandgap absorption edge 

shifts considerably toward longer wavelength due to the Burstein–Moss effect, improving the 

visible to near infrared optical transmittance. With increasing the molar concentration of nickel 

ion, optical properties are remarkably improved without detrimentally affecting the film 

structure or surface morphology.+ 
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