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Abstract 
Hydrochemical deposition of the films of stoichiometric composition Cu2S was determined 

in ammoniac and acetated layer systems by energy-dispersive elemental analysis. The film 
composition almost corresponds to formula unit Cu2S. Electron-microscopic research of the film 
morphology showed that the particles, which are formed the films of Cu2S have average size ~10 nm. 

The authors conclude that: 
1. Nanocrystal films of copper (I) sulfide with the thickness 100±10 nm exhibiting good

adhesion to sitall substrate were obtained by hydrochemical deposition in systems «CuSO4 – NaAc 
– CS(NH2)2» and «CuSO4 – NH3 – CS(NH2)2». EDX analysis confirmed that at hydrochemical
deposition the formation of thin Cu2S film phase which is closed to stoichiometric composition 
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with the average content of metal and sulfur 66.59 and 33.41 at.%, 66.82 and 33.18 at.% in acetated 
and ammoniac systems correspondingly occurs. 

2. Morphology of obtained films Cu2S was studied by electron-microscopic research, their
nanocrystal nature was determined. 

Keywords: hydrochemical deposition, thin films, copper (I) sulfide, surface morphology, 
raster electron microscopy. 

Introduction 
Different methods of production of copper (I) sulfide layers are known: solid phase reaction 

[1], pyrolysis [2, 3], sputtering [4], photochemical method [5, 6], chemical deposition from aqueous 
solutions [7, 8], vacuum vaporization [9]. Method of synthesis has a significant influence on the 
variety of film phase states: from Cu2S to CuS2 [10], and therefore – on the structure and 
morphology of their surface. 

As it was shown in our previous paper [11] the advantage of copper (I) sulfide hydrochemical 
deposition is that it allows to control the changes of the fraction of free metal ions in the reaction 
mixture by using ligands with different strengths for copper. The control of both copper complex 
degrees in the solution and process temperature gives an opportunity to vary the characteristics of 
growing films of Cu2-xS: elemental composition, microstructure, and size of particles, their 
electrical and optical properties. 

It is known that hydrochemical deposition of metal sulfide layers is based on interaction 
of metal salts in alkaline with chalcogenizer that is usually thiocarbamide or its compounds [12]. 
Earlier chemical deposition of Cu2S from aqueous solutions by thiocarbamide CS(NH2)2 was 
described in [13-18], as well as by sodium thiosulphate Na2S2O3 in [19, 20] in alkaline [13-17, 19] or 
in acid [18, 20]. CuCl2 or CuSO4 were used as copper (II) salt. In [18] the function of the 
complexing agent belonged to tartaric acid C4H6O6. However, it should be mentioned that the 
common ligands for copper ions used by scientists are ammonia NH3 and triethanolamine 
C6H15NO3 [13-17, 19]. In [11] we showed that the use of complexing agents with different strengths 
and denticity has a great influence on deposition process rate and morphology features of thin zinc 
sulfide films formation. 

Taking into account the information mentioned above the present article is about elemental 
composition and morphology of hydrochemically deposited copper sulfide films. 

Experimental 
Synthesis of copper sulfide films by hydrochemical deposition was made using two 

compound variants containing copper sulphate CdSO4 as the metal source, and thiocarbamide 
CS(NH2)2 as the chalcogenizer. To slow down the rate of sulfide formation ammonia NH3 was 
introduced (ammoniac reaction system) in one case and sodium acetate was introduced (acetated 
reaction system) in another case. The synthesis of copper sulfide layers in ammoniac mixture was 
carried out at temperature 298 K in the course of 120 min, in acetated mixture – at 343 K in the 
course of 45 min. Previously defatted ST-50 sitall sheets were used as substrates. 

Film thickness was measured with Linnik MII-4M interferometer. 
Surface morphology and elemental composition study of films were examined with Scanning 

Electron Microscope JEOL JSM-5900LV by Raster (Scanning) Electron Microscopy (REM) with an 
EDX attachment for X-Ray Spectral Electron Microprobe Analysis. 

Results and discussions 
It is believed that during mixture interaction of copper sulphate CuSO4 solution and 

complexing agents L (NH3, Acˉ) with thiocarbamide the following reaction of the formation of CuS 
occurs: 

CuLх
2+ + CS(NH2)2  + 4ОН = CuS ↓ + хL + CN2

2 + 4H2O 
It should be noted that in the system it is possible either complete or incomplete reduction of 

Cu (II) to monovalent state by thiocarbamide having rather high reduction potential (-0.42V) 
[21, 22]. 
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The result of hydrochemical deposition in both systems was copper sulfide films with 
thickness 100-110 nm with homogeneous covering of the substrate surface. Copper is in 
a monovalent state in them. 

Figures 1-2 show electronic microscopic images of obtained films with the indication of 
ranges of local element analysis. Its results showed that the separate granules and interphase 
surface of films from ammoniac system consist of copper and sulfur with the content 66.59±and 
33.41±1.0 at.%.  

 

 
Fig. 1. Results of energy-dispersive analysis of Cu2S film produced by hydrochemical depositin 
from acetated system at temperature 298 K 

 
For layers from the acetated system these values are 66.82±0.58 and 33.18±0.58 at.% 

correspondingly. The obtained results show high stoichiometry of synthesized semiconductive 
layer of Cu2S in both reaction systems. The presence of bands of oxygen, calcium, titanium, 
magnesium, aluminium, silicon is determined by the nature of sitall substrate consisting of oxides 
of elements mentioned above. 

It should be noted that more homogeneous composition of copper (I) sulfide film was 
obtained from acetated reaction bath. 

 

 
 
Fig. 2. Results of energy-dispersive analysis of Cu2S film produced by hydrochemical depositin 
from ammoniac system at temperature 343 K 

 
To study the surface relief of Cu2S films synthesized in ammoniac and acetated reaction 

systems raster electron microscopy method was used. Microimages are given on Fig. 3. 
Microimages show that the most homogeneous layer of copper sulfide is formed on the sitall 

matrix surface from acetated system. It has a rather dense arrangemnet. Layers from ammoniac 
reaction system are distinguished by lower uniformity. It can be explained by the following. 
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The calculated values of supersaturation show that the formation of copper sulfide film in both 
systems ammoniac (1.59×1010) and acetated (1.52×108) occurs in high supersaturated solutions. 
However, it should be considered that the calculation of ionic equilibria was made at 298 K for 
both systems; whereas hydrochemical synthesis of copper sulfide films in acetated bath was carried 
out at 343 K. Temperature increasing intensifies synthesis process, increasing the rate of 
interaction between copper and thiocarbamide with the formation of sulfide solid phase. 

 
 
 
 
 
 
 
 
 
 
 
 

                                      а                                                                         б 
Fig. 3. Electron-microscopic images of Cu2S films deposited at 298 K in the course of 120 min 
from ammoniac system (a) and at 343 K in the course of 45 min from acetated system (б) 

 
Despite the significant differences in morphology of the layers obtained from studied systems 

it can be said that independently from the compound of baths spherical globules are the main 
structure elements that the layers of Cu2S are consisted of. These globules are formations of smaller 
particles preliminarily of spherical shape. Undoubtedly, the size and the shape of structure 
elements of the film are influenced by deposition process intensity, which is determined by the 
conditions in reactor, particularly by different temperatures of deposition process. Thus, in 
acetated system (Fig.3) the formation of copper (I) sulfide film occurs from globules with enough 
homogeneous size (~10 nm) which attach to each other densely, forming agglomerates with the size 
up to 80-150 nm. In ammoniac bath where the synthesis was carried out at 298 K larger 
agglomerates of spherical shape with diameter 180-200 nm are formed. 

Electron-microscopic images of Cu2S films generally confirmed the signified cluster-cluster 
mechanism of film growth that was proved by us in research works [23, 24]. It suggests the 
formation of nuclei of primary clusters of solid phase in the bulk of solution, their growth and 
subsequent adsorption on the substrate. 

One more factor that leads to differences in morphology of deposited layers of Cu2S can be 
the nature influence, particularly structure-spatial parameters of ligands introduced in the system. 
Thus, ligands possessing branched spatial structure can make difficult the interaction of primary 
clusters of sulfide phase with growing Cu2S film. First, it refers to acetate ions that have two carbon 
atoms, the first one is connected with three hydrogen atoms, and the second one with two oxygen 
atoms. Such spatial configuration makes additional difficulties for collisions of primary clusters 
between each other in the bulk of reaction mixture, with film surface and slows down the rate of 
film growth. As a result, Cu2S layers are produced with more organized and denser surface 
structure. Ammonium molecule with one central nitrogen atom surrounded by three hydrogen 
atoms cannot have such a strong blocking influence on aggregation of particles. 
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Conclusion 
1. Nanocrystal films of copper (I) sulfide with the thickness 100±10 nm exhibiting good 

adhesion to sitall substrate were obtained by hydrochemical deposition in systems «CuSO4 – NaAc 
– CS(NH2)2» and «CuSO4 – NH3 – CS(NH2)2». EDX analysis confirmed that at hydrochemical 
deposition the formation of thin Cu2S film phase which is closed to stoichiometric composition 
with the average content of metal and sulfur 66.59 and 33.41 at.%, 66.82 and 33.18 at.% in acetated 
and ammoniac systems correspondingly occurs. 

2. Morphology of obtained films Cu2S was studied by electron-microscopic research, their 
nanocrystal nature was determined. 
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