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We report the synthesis of cooper sulphide thin films ammonia-free by chemical bath method using triethanolamine and 
barium hydroxide as chelating agents and were deposited on glass microscope slides at 600C. The use of these complexing 
agents improving the adhesion of the deposited films and reduces of time reaction. The structural characterization was 
carried out by X-ray diffraction and atomic force microscopic. The X-ray diffraction analysis showed a amorphous nature of 
thin film and indirect transition with a bandgap of 1.28 eV and index refraction of the 1.515. 
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1. Introduction 
 
Metal chalcogenide films have been extensively 

studied because of their promise in electronic, optical and 
superconductor devices as well as solar energy 
conversions and cooper sulphide (CuxS) is one of the most 
attractive.  It is well known that CuxS in bulk form exists 
in five stable phases at room temperature: covellite (CuS) 
in the sulphur-rich region, anilite (Cu1.75S), digenite 
(Cu1.8S), djurleite (Cu1.95S), and chalcocite (Cu2S) in the 
copper rich region [1-6]. Between some of its applications 
are: A.R. coating, interference filters, polarizer's, narrow 
band filters, solar cells, photoconductors, IR detectors, 
waveguide coatings, superconducting films, anticorrosive 
films, microelectronics devices, high temperature wear 
resistance films, hard coatings, etc [7].  Chemically 
deposited CuxS thin films have been found to posses near 
– ideal solar control characteristics: transmittance in the 
visible region of 20 – 50 %, low transmittance, 10 – 20 %, 
in the infrared region, low reflectance, < 10 %, in the 
visible region so as to avoid glare, and relatively higher 
reflectance, > 15 %, in the near–infrared region [8].  

There are different techniques to deposition of these 
thin films, among which are: spray pyrolysis [6], 
electrodeposition [9], successive ionic adsorption and 
reaction [10], photochemical deposition [11], chemical 
bath deposition [12-18] and others [7]. Among them, the 
chemical bath deposition (CBD) has been proven to be the 
most suitable method to produce CuS thin films for 
photovoltaic applications because it is an efficient, cost-
effective, and large-scale method.  

CuxS represents an interesting class of semiconducting 
materials, which are attractive for large-scale applications 

because of the easy availability and low cost of starting 
materials. The preparation of thin films of CuS by 
chemical bath deposition is mostly based on the utilization 
thiourea, thioacetamide, thiosulphate and sodium sulphide 
are generally as sulphide precursors. Metallic precursors 
are metal complexed ions with ammonia ligands, for 
instance [7]. However, it is clear that the preparation of 
CuxS by CBD for large scale production represents a 
serious contamination problem because the employment of 
large amounts of ammonia, which is toxic and is highly 
volatile and harmful for the environment. Some efforts 
have been dedicated to the investigation of CBD processes 
for the synthesis of good quality CuxS thin films, which 
reduce this environmental problem. One of the main 
approaches is the substitution of ammonia as the 
complexing agent of cooper ions in the CBD process [20, 
21] and others [1]. Here we report on a technique based on 
triethanolamine and barium hydroxide that eliminates the 
problems of ammonia volatility and toxicity, improving 
the adhesion of deposited films on the substrate and 
reduces the reaction time. 

 
 
2.  Experimental  
 
CuxS thin films were deposited on glass slides 

substrates by means of the chemical bath method. 
Chemical bath used for the deposition of CuxS thin films 
were: 31 ml of H2O, 2 ml of cooper nitrate (0.1 M), 2 ml 
of barium hydroxide (0.01 M), 2 ml of triethanolamine (1 
M), 4 ml of thiourea (1 M) and 19 ml of H2O. 

In general, the processes that occur in the CBD 
solution for chalcogenide films from a metal cation like 
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Cu2 + complexed by the triethanolamine (TEA), C6H15NO3 
= (HO-CH2-CH2)3-N, consist to the following steps: 
1) Complexant-water equilibrium:  
 

C6H15NO3 + H2O → (C6H16NO3)+ + OH- 
 
2) Dissociation of water:  
 

H2O → H+ + OH- 
 
3) Displacement of ligands:  
 
Cu(NO3)2 + Ba(OH)2 + C6H15NO3 → Cu(OH)2 + 
Ba(NO3)2 + C6H15NO3 
 
Cu (OH)2 + 2(C6H15NO3) → [Cu(C6H15NO3)2]2+ + 2(OH)- 

 
4) Hydrolysis of Thiourea: 
 

(NH2)2CS + (OH)- → HS- + H2O + H2CN2 
 

HS- + (OH) - → S2- + H2O 
 
5) Total Reaction:  
 

[Cu(C6H15NO3)2]2+ + S2-  → CuS (s) + 2(C6H15NO3) 
 

The films were deposited in the substrate into solution 
to 60oC, they were kept into solution for 15 min. The 
obtained CuxS films were flat homogeneous, green-gray 
transparent and very good adherence to the substrate. The 
gap energy of the films was 1.26 eV for 15 minutes. Their 
thickness was approximately 150 nm and had a amorphous 
structure. 

The X-ray diffraction measurements were performed 
using a Rigaku Ultima III diffractometer. Optical 
transmission spectra of the bilayer were recorded by an 
Ocean Optics USB4000-UV-VIS spectrometer in the 280-
850 wavelength range. The index refraction was 
measurement with Abbe refractometer and was of 1.515. 
The morphology of the samples surface was investigated 
by Atomic force microscopy (AFM) using a JSPM-4210 
scanning probe microscope (JEOL Ltd). 

  
 
3. Results and discussion 
 
The X-ray analysis of CuxS thin films have 

amorphous structure, see figure 1. This is a typical 
behavior previously reported, for instance in [22], but 
using different complexation set for the copper. 

The Figs. 2 and 3 show the transmittance/absorbance, 
transmittance/reflectance as functions of wavelength of 
CuxS thin films. In these figures it can be observed that 
the CuxS thin films transmit about 70% in VIS-NIR 
regions of the spectrum. These films are very useful in 
applications of windows due to his good transparence. 
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Fig. 1.  X-ray diffraction pattern of CuxS thin films. 
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Fig. 2. Transmitance versus absorbance of CuxS thin films. 
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Fig. 3. Transmitance versus reflectance of CuxS Thin films. 
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Fig. 4. Plot of square of optical absorption multiplied by 

square energy versus energy for the CuxS thin films. 
 

A plot of square of optical absorption multiplied by 
square energy versus energy for the CuxS thin films is 
shown in figure 4. The energy gaps are obtained by 
extrapolating the linear portion of the curve to the energy 
axis. The indirect bandgap was found to be 1.28 eV. The 
optical band gap of CuxS varies in the range of 1.2–2.5 eV. 

The Fig. 5 shows surfaces morphologies, in two [a)] 
and three [(b)] dimensions, which are representative across 
the overall sample extension. These images were obtained 
with an AFM system. Our sample show that the maximum 
grain size is about 400 nm, but the average is between 100 
and 200 nm.  
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Fig. 5. AFM images of CuxS thin film: a) Top view of a representative area, showing its nanometric grains sizes and 
b) Perspective view of the same representative area, showing its nanometric grains sizes. 

 
4. Conclusions 
 
CuxS thin films using Triethanolamine and barium 

hydroxide as chelating agents were prepared from CBD 
and are amorphous nature. It’s know that the annealing 

conditions of the deposition bath can be affect the 
crystallinity [22] and the phase of the deposition film at 
increasingly higher temperatures in an inert atmosphere, 
the stoichiometry of the films could be controlled [20]. 
These experiments are coming to do. The use of these 
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complexing agents eliminates the problems of ammonia 
volatility and toxicity, improving the adhesion of 
deposited films on the substrate and reduces the reaction 
time. Optical and structural analyses of the films have 
been carried out and present an indirect bandgap of             
1.28 eV and 1.515 of the index refraction. 
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