
Advances in Natural and Applied Sciences, 9(16) December 2015, Pages: 36-40 

 

AENSI Journals 
 

Advances in Natural and Applied Sciences 
 
 

ISSN:1995-0772    EISSN: 1998-1090 
Journal home page: www.aensiweb.com/ANAS 

 

 
   

Corresponding Author: P.A. Nwofe, Department of Industrial Physics, Faculty of Science, Ebonyi State University, 
P.M.B. 53, Abakaliki, Nigeria. 

                                      E-mail: patricknwofe@gmail.com 

pH Induced Optical Constant Variation of Chemically Deposited CoSe Thin Films 
 
1R.A. Chikwenze, 2P.A. Nwofe, 2P.E. Agbo, 2H.U. Igwe 
 

1Faculty of Science & Technology, Dept. of Physics/Geophysics/Geology, Federal University, Ndufu-Alike Ikwo, Nigeria. 
2Faculty of Science, Dept. of Physics, Ebonyi State University, Abakaliki, P.M.B. 53, Nigeria. 

 

 
A R T I C L E  I N F O   A B S T R A C T  
Article history: 
Received 10 November 2015 
 Accepted 30 December 2015 
 Available online 18 January 2016  
 
Keywords: 
pH Characterization 
Optical Constants 
 
 

 In this letter, we report on the variation of optical constants of chemically deposited 
CoSe (cobalt selenides) thin films. The films were deposited at pH range of 8.4-9.6, 
with the other deposition variables kept constant. The films were characterised using X-
ray diffractometry to investigate the structural properties, and optical spectroscopy to 
study the optical properties of the films.  The results show that the variation of the 
optical constants were strongly dependent on the pH. In particular, the energy bandgap 
was  direct, with values in the range 2.4 eV to 3.6 eV that increased with increasing pH 
values.  
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INTRODUCTION 

 
In recent times, thin film chalcogenides of 

metals and semiconductors are widely used for 
different device applications.  In the literature, cobalt 
selenides thin films has been reported to be utilised 
in dye-sensitized solar cells (Zhang et al., 2013; 
Gong et al., 2012), nano devices (Luo et al., 2005),  
magnetic dipoles (Gao et al., 2006), and solar 
infrared absorbers (Gulotta et al., 1995). Cobalt 
selenides thin films can be grown using low cost 
deposition technique including electro-deposition 
(Wang et al., 2011; Liu et al., 2007), solvothermal 
process (Zhao et al., 2011), and chemical bath 
deposition method (Pramanik et al., 1987). The 
major aim of this study is to deposit thin films of 
CoSe using the solution growth technique, 
characterise the layers using structural and optical 
characterisation techniques, and to determine the 
possible technological applications of the films.  

 
Methodology: 

The following chemicals were  commercially 
purchased and used for the deposition. Anhydrous 
tetraoxosulphate IV sodium sulphate were used to 
synthesize sodium selenosulphite; the source of 
cations throughout the deposition, and Cobalt II 
chloride crystal, were used to provide cobalt ions. 
Triethanolamine (TEA) was used as the complexing 
agent for the deposition of cobalt selenide. Ammonia 
served as the source of pH stabilizer and complexing 
agent in preparations of the CoSe films. Polyvinl 
alcohol (PVA), polyvinyl prolidon (PVP) and water 

were used as growth media. The variation of pH of 
the CoSe thin films was done by varying the 
concentration of NH3 and measuring the pH of the 
solution baths. Five samples of CoSe thin films were 
deposited from five different reaction baths which 
consisted of 5ml, 1M CoCl2 + 10ml, TEA + 5ml 
1MNa2SeSO3 + 40ml H2O + Xml NH3, (where X = 
1,2,4,5,7). The dip time of 10 hours and a constant 
deposition temperature of 65 oC was maintained in 
all the depositions. All the samples were subjected to 
post deposition annealing of 100 oC for 1 hour.   

The X-ray diffractometry was done using a  MD 
-10 mini diffractometer at the Engineering and 
Material Development Institute, Akure, Nigeria and 
the optical spectroscopy was done using double beam 
(UNICO-UV-2102PC) spectrophotometer, at a 
wavelength range of 300 nm to 1100 nm. 

 
Results: 

Physical observation of the films indicates a 
brownish colour. From the XRD analysis, the films 
were polycrystalline, crystallising in the hexagonal 
crystal structure. Similar findings has been observed 
by other research groups (Wang et al., 2011; 
Pramanik et al., 1987). Fig. 1 gives the variation of 
the absorbance with wavelength. The absorbance 
were higher in the region of higher photon energies 
(shorter wavelength) and decreased in the region 
lower photon energies (longer wavelengths). This 
behaviour can be attributed to that of the free carrier 
absorption at the longer wavelengths. Other authors 
have reported similar findings in the literature 
(Reddy and Reddy, 2006).
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Fig. 1: Absorbance vs wavelength at different pH. 
 
Fig. 2 show the variation of the transmittance 

with wavelength at the different pH. As indicated in 
Fig.2, the transmittance were > 40% at wavelengths 
> 500 nm in all the films. The data extracted from the 
transmittance spectra were used to deduce the 
important optical constants such as the energy 
bandgap and the extinction coefficient. The energy 
bandgap was deduced using the relation (Pankove, 
1987; Nwofe et al., 2012a; Nwofe et al., 2013a-b): 

 

( )n
gEhAh −= ∗ ννα )(           (1) 

 
In equation 1, A* is an energy independent 

constant and n is an index that characterizes the 
optical absorption process. In general,  n = 0.5 for 
direct allowed transition, and 1.5 for indirect 
forbidden transitions. Equation 1 can be rearranged, 

such that the graph of 2)( ναh  vs νh  for the films 

at the pH is plotted, and the linear portion of the 

graph of 2)( ναh  vs νh is mostly used to evaluate 

the energy bandgap. Fig. 3 gives the graph of 
2)( ναh  vs νh  at the different pH. As shown in 

Fig. 3, the energy bandgap were in the range 2.4 eV 
to 3.6 eV. The value reported in this work is within 
the range obtained by other research groups (Hamad 
et al., 2015; Afzaal, 2010; Lai et al., 2011). However 
Wang et al., (2011), reported an optical absorption 
coefficient of higher than 1×105 cm-1, and an optical 
band gap of 1.53±0.01 eV at a pH of 2.0 for 
electrodeposited CoSe films. This difference is 
attributed to the wide margin in the pH range 
investigated in the former compared to the latter.

  
 

 
Fig. 2: Transmittance vs wavelength at different pH. 
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Fig. 4 show the variation of the reflectance with 
wavelength at the different pH. The reflectance were 
typically low as expected, exhibiting a maximum at 
wavelengths range of 400 nm to 420 nm. The 
behaviour exhibited in Fig. 4 has been reported by 
other authors in the literature (Hankare et al., 2010; 
Vayner et al., 2007).  The data extracted from the 
reflectance measurements were used to evaluate the 

refractive index and plotted as indicated in Fig 5.  
The refractive index was calculated using the relation 
(Kumar et al ., 2013; Nwofe 2015); 

R
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1

1
                          (2)

 

 
Fig. 3: Plots of 2)( ναh  vs νh  at different pH. 

 
Fig. 4: Reflectance vs wavelength at different pH. 

 
In equation 2, n is the refractive index and R is 

the reflectance. The refractive index were relatively 
constant at photon energies ≤ 3 eV and decreased 
thereafter for films grown at pH range ≤ 9.3. 
However the film grown at a pH range of 9.6 
exhibited an increase up to a photon energy of 3.5 
eV, and then decreased. 

The extinction coefficient was deduced using the 
relation (Pankove, 1987); 

 

( )( ) 14 −= παλk                          (3) 

 
where α is the optical absorption coefficient, and 

λ is the wavelength. 
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Fig. 5: Refractive index vs photon energy at different pH. 

 
The extinction coefficient decreased and then 

increased at some range of photon energies. This 
trend has been observed by other research groups 
(Reddy and Reddy, 2006). 

Fig. 7 gives the change of the real dielectric 
constant with the photon energies. The real dielectric 
constant was deduced using the formula (Pankove, 
1987; Nwofe et al., 2012b, Agbo et al., 2014). 

 

 
Fig. 6: Extinction coefficient vs photon energy at different pH. 
 

 
Fig. 6: Real dielectric constant vs photon energy at different pH. 

 
The real dielectric constant exhibited similar 

behaviour to the refractive index. This behaviour was 
due to the similarity in the formula used to compute 

both parameters. The values of the real dielectric 
constant and the nature of the plots is in agreement 
with the literature (Reddy and Reddy, 2006). 
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Conclusion: 

In conclusion, thin films of cobalt selenides has 
been grown using the solution growth technique and 
the variation of the optical constants at different pH 
is reported. The results show that the energy band 
gap is direct with values in the range suitable for use 
as window layers in solar cell devices. Window layer 
materials for use in solar cell devices are known to 
exhibit energy bandgap ≥ 2.0 eV (Nwofe, 2013c; 
Fahrenbuch and Bube, 1983). This range of energy 
band gap also suggest possible use of the layers in 
other solar thermal devices. 
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