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ABSTRACT 

Copper Manganese Sulphide thin films were successfully grown on conducting fluorine oxide 

glass substrate using electrodeposition technique at room temperature. The bath parameter 

was time variation. Stellar Net UV-VIS-NIR spectrophotometer (Blue wave miniature model) 

was used to characterize the grown films between the wavelength of 300nm and 1000nm. The 

absorbance values were obtained. From these values of absorbance, other properties such as 

transmittance, reflectance, refractive index, real and imaginary dielectrics, extinction 

coefficient were calculated using optical formulae. The spectral analysis revealed that the 

absorbance values of the films are very high in the ultraviolet (UV) region of the spectrum. 

Thin films of high absorbance value at the UV region as used as window coating for those 

living in the temperature regions of the world like Nigeria. The transmittance values are very 

high at Near Infra Red (NIR) region and such films are used in poultry industries. Most of 

other films grown have low reflectance and high energy band gap values. These make the 

films to have high potential for the fabrication of solar cells and solar energy applications. 

 

 

INTRODUCTION 

Recently, the cost of non-renewable energy resources has increased. As a result, emphasis is 

shifted to renewable energy (Otti and Ekpunobi 2012). The ultimate solution of the energy 

crisis will be through the discovery of method of harnessing the non-conventional energy 

sources. The extracting and utilization of non-conventional energy sources will help in 

meeting energy demand of the people. Sunlight or solar energy is certainly of the most 

attractive and also much abundant (Ezenwaka et al., 2014). Solar energy can be efficiently 

converted into electrical energy by using solar cells (photovoltaic cells). Therefore, the 

present research is focused on developing thin film materials that can be used in solar cells 

for harnessing solar energy. The film materials are key element of continued technological 

advances made in the field of optoelectronic, photonic and magnetic devices. The processing 

of materials into thin films allows easy integration into various types of devices. Thin films 

are especially appropriate for applications in microelectronics and integrated optics. 

 

In search of novel semiconductor materials for efficient solar energy conversion, ternary thin 

films have been investigated extensively (Choi et al., 1998), as the films with suitable 

characteristics for fabrication of photo-electrochemical solar cells (Lee et al., 2003). Ternary 

thin films are the films that contain three different elements. The preparation and study of 

physical properties of ternary chalcogenide and oxide compound has increased in recent years 

(Ezenwa and Okoli, 2015). Ternary compounds are found to be suitable materials for 

optoelectronic device applications and good materials for window layer for solar cells 

(Woon-jo and Cye-choon 2003). Various techniques have been employed in the deposition of 
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these films - such as sputtering, laser evaporation epitaxial techniques, spray pyrolysis, sol 

gel, chemical bath deposition technique. Source of these techniques require sophisticated 

equipment but electrodeposition technique, the method employed in this research work is a 

process whereby electrical current is used to reduce cations of a desired material from a 

solution and coat that material as a thin film onto a conductive substrate surface. The 

electrolytic solution contains positively charged ions (cations and negatively charged ions 

(anions). Under the applied electric field, the cations migrates to the cathode where they are 

discharged and deposited as metal. The over process is known as electrolysis. Thickness of 

the electroplated layer on the substrate is determined by the time duration of the plating. An 

electroplated layer is usually composed of a single metallic element. The technique is the 

most popular technique today. A large number of conducting and semiconducting thin films 

can be prepared by this technique. It has many advantages as stated by (Chopra, 1969), which 

include: the deposition can be carried out at room temperature enabling it to form the 

semiconductor junctions without inter-diffusion. With this method, high quality products are 

possible at low cost, toxic precursors need not be used. It is cost effective. With this method, 

the materials needed for this research is easily available. Electrodeposition technique does not 

require any particular environment and it is suitable for large area deposition. On the other 

hand, electrodeposition technique can be carried out only on conducting substrates. It is 

carried out at relatively low temperature. The stoichiometry of the film produced is not as 

good as that obtain at high temperature. Electrodeposition technique is one of the most useful 

techniques for preparing thin films on the surface of conducting substrates. This technique is 

directly related to many academic challenges in material physics and chemistry. According to 

(Anyakoha 2011), this technique is purely governed by the laws of Faraday about 

electrolysis, that the mass (m) of a substance liberated is electrolysis is directly proportional 

to the quantity of electricity (Q), which has passed through the electrolyte. 

i.e m α Q α It 

 m = Zit 

 

The masses of different substances deposited or liberated by the same quantity of electricity 

are directly proportional to the electrochemical equivalent of the substances. 

ie.   

 

Where M is the mass deposited in grams, I is the current in ampere, t is the time in second 

and Z is the electrochemical equivalent of the deposited substance. The substrate for the 

deposition is taken as the electrode and therefore an electrodeposition technique is achieved 

by passing an electric current between two or more electrodes separated by an electrolyte. 

 

Experiment 

The preparations of copper manganese sulphide (CuMnS) thin film were carried out using 

electrodeposition technique. The experimental set up consist of three electrode system. The 

conducting substrate was fluorine doped tin oxide (FTO) as the working electrode which is 

the labelled sample saturated calomel electrode (SCE) as the reference electrode and platinum 

foil which served as the counter electrode which was used as the anode. These substrates 

were subjected to distinct pre-treatment to ensure the presence of catalytic surface to improve 

the adhesion of the films to the substrates particularly as film thickness increases. The pre-

treatment of FTO glass slides substrates used involved the following steps; cleaning the FTO 
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slides with detergents, soaking the slides in acetone for about 10 minutes in an ultrasonic bath 

drying the substrates in an electronic oven for about 10 minutes at a temperature of about 

50°C. 

Electrodeposition of the copper manganese sulphide (CuMnS) thin films was carried 

out at room temperature of 300K. The bath parameter was time variation of 2 minutes, 4 

minutes, 6 minutes and 8 minutes. The deposition of copper manganese sulphide (CuMnS) 

thin films were carried out using 100mls glass beaker as the reaction bath. The reaction baths 

were made up of 20mls of 0.2m of copper chloride, 20ml of 0.10m of manganese chloride, 

5mls of 0.05m of EDTA as the complexing agent, 2ml of 36% of ammonium solution to 

create an alkaline medium and 10mls of 0.1m of thiourea . The three electrodes were inserted 

vertically in the beakers with the help of a wooden guide after stirring the mixture with a 

glass ensure homogenous mixture. The terminals of the electrode were connected to D.C 

voltage supply unit. Voltage of 5V was alloyed to pass through the circuit and current with 

the help of ammeter connected in series with the working electrode (FTO). The whole set was 

allowed to stay for 2 minutes. After the allowed time, uniform and adhesive film was coated 

on the surface of the working electrode. The remaining three beakers were prepared in the 

same way and the samples were left for 4minutes, 6minutes and 8minutes. At the end of each 

deposition time, the electrodes were removed and dried. Table I shows the preparation of 

copper manganese sulphide (CuMnS) thin films. 

 

Table 1: Time Variation for deposited CuMnS thin films 

Bath 

Name 

0.2M 

CuCl2 

Vol. (ml) 

0.1M 

MnCl2 

Vol. (ml) 

0.1M 

SC(NH2)2 

Vol. (ml) 

0.05M 

EDTA 

Vol. (ml) 

36% 

NH4OH 

Vol. 

(ml) 

pH  

(A) 

 

(V) 

Dip 

Time 

(mins) 

CM1 20.00 20.00 10.00 5.00 

 

2.00 10.10 0.89 5.0 2.00 

CM2 20.00 20.00 10.00 5.00 

 

2.00 10.10 0.89 5.0 4.00 

CM3 20.00 20.00 10.00 5.00 

 

2.00 10.10 0.89 5.0 6.00 

CM4 20.00 20.00 10.00 5.00 

 

2.00 10.10 0.89 5.0 8.00 

 

The optical, electrical, structural and surface microstructural characterization of the deposited 

films were carried out using UV-VIS-NIR spectrophotometer, four point probe, x-ray 

diffractometer and scanning electron microscopy respectively, between the wavelength of 

300nm and 1000nm. 

 

4. Results 

The spectral absorbance, Optical transmittance, reflectance, refractive index, extinction 

coefficient, real dielectric constant, band-gap-energy and optical thickness (µm) were 

displayed in figures 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, and 4.10. Table 2 shows the 

summary of band gap energy (eV), optical thickness of the CuMnS thin films deposited at 

various time intervals.  

Figures 4.1, 4.2, 4.3, 4.4, to 4.10 shows the time variation. 
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4.1.1 Time Variation for deposition of Copper Manganese Sulphide thin films 

 

Absorbance (abr. unit) 

 
Figure 4.1:  Graph of absorbance plotted against wavelength for time variation of  

  deposition of CuMnS thin films 

 

 

Transmittance (%) 

 
Figure 4.2: Graph of transmittance plotted against wavelength for time variation of  

  deposition of CuMnS thin films 
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Reflectance  

 
Figure 4.3:  Graph of reflectance plotted against wavelength for time variation of  

   deposition of CuMnS thin films 

 

 

Refractive Index  

 
Figure 4.4:  Graph of refractive index plotted against wavelength for time variation of 

   deposition of CuMnS thin films. 
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Extinction coefficient 

 
Figure 4.5:  Graph of extinction coefficient plotted against wavelength for time  

   variation of deposition of CuMnS thin films 

 

Real Dielectric Constant 

 
Figure 4.6:  Graph of real dielectric constant plotted against wavelength for time  

   variation of deposition of CuMnS thin films 
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Imaginary dielectric constant 

 
Figure 4.7:  Graph of imaginary dielectric constant plotted against wavelength for 

time variation of deposition of CuMnS thin films. 

 

Optical Conductivity 

 
Figure 4.8:  Graph of optical conductivity plotted against wavelength for time  

  variation of deposition of CuMnS thin films 
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Band gap Energy (eV) 

 
Figure 4.9:  Graph of  plotted against photon energy (eV) for time variation of  

  deposition of CuMnS thin films. 

 

Optical Thickness (µm) 

 
Figure 4.10:  Graph of optical thickness  plotted against time (mins) for 

deposition of CuMnS thin films. 
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Discussion and Conclusion 

Thin film of copper manganese sulphide (CuMnS) have been successfully deposited and 

characterized between the wavelength of 300nm and 1000nm using electrodeposition 

technique with time variation of 2 minutes, 4 minutes, 6 minutes and 8 minutes as parameter. 

The optical properties of the deposited thin films were studied within UV-VIS-NIR regions 

of electromagnetic spectrum. The results revealed that absorbance of the films were high in 

UV (300nm-400nm) region and low in NIR region. The value is 0.7 (abr. Unit) and the least 

value is 0.05 (abr. Unit). High absorbance films in the UV region are good for construction of 

poultry houses to protect the young chicks from the harmful ultraviolet radiations. High 

absorbance films could also be used in coating of eye glasses to protect the skin around the 

eye from sun burn due to UV radiations.  

The transmittance has the maximum value of 90% in the NIR region and the lease 

value of 25% in the UV region. High transmittance in the NIR region is a good material for 

construction of roofs and walls of poultry house where warm environment is needed for the 

young chicks. The films have high refractive index of 2.7 within the visible region of 400nm-

500nm. Such films are good for photovoltaic cells for solar windows to collect solar energy. 

The films have high extinction coefficient. Such films could be considered as good materials 

for solar windows for harnessing solar energy. The optical conductivity of the deposited 

CuMnS decreases as the wavelength increases but increases as the time of deposition 

increases. This shows that the ability of the films to conduct electromagnetic (EM) radiations 

decreases as the wavelength increases.  

The deposited CuMnS thin films have wide band gap energy of 2.8eV. Due to the 

wide band gap energy of CuMnS films grown, they could be considered as good materials for 

absorber layer of solar cell and as effective coating materials for poultry houses in poultry 

industries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


