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The findings of cyclic voltammetry investigation of copper(II), zinc(II), tin(IV), selenium(IV) ions 

simultaneous electrochemical reduction on the molybdenum disk electrode from a tartaric acid-based 

electrolyte are provided. Cu2ZnSnSe4 (CZTSe) thin films were produced in the potentiostatic mode on 

Mo/glass substrates and their characteristics were studied. The prepared films have a rough surface and 

are formed from large particles 1–2 µm in size, which consist of small spherical particles with an average 

size of 200–500 nm. The phase composition and the band gap energy of the obtained thin films were 

investigated. It was shown that electrodeposited CZTSе thin film has photoactivity. 
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1. INTRODUCTION 

 

The development of cheap and technological techniques for producing non-toxic semiconductor 

materials, which are used as efficient light absorbers in solar cells, is important to the future progress of 

thin-film photovoltaics. These materials include the four-component CZTSe thin film with the kesterite 

structure [1, 2]. Along with its good optical properties, this material's advantages include its abundance 

and low cost of components in the crust of the earth [3–8]. 

To date, numerous methods for producing CZTSe thin films have been developed, including 

sputtering [9], chemical deposition [10], electrochemical deposition [11–15], and others. 

Electrochemical deposition is one of the most promising methods for obtaining thin films owing to the 

relatively simplicity of the technology and equipment, as well as the ability to control the chemical 

composition and thickness of the coating by changing the potential or current. The electrochemical 

production of CZTSe thin film can be performed in two ways: 1) simultaneous electrodeposition of all 

components in one stage, and 2) sequential electrodeposition of metal layers, followed by selenization. 

These methods have both disadvantages and advantages. In contrast to sequential deposition, the 
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advantage of simultaneous electrodeposition is the ability to obtain a thin film with a single-phase 

structure free of binary or ternary compound impurities. Electrochemical methods have also been applied 

to successfully produce thin films as CuInSe2 [16] and Cu(In,Ga)(Se,S)2 [17]. 

The aim of the research is to investigate the properties of the CZTSe thin films formed on a Mo-

coated glass by one-step electrochemical deposition from a tartaric acid-based electrolyte. 

 

 

 

2. EXPERIMENTAL 

The electrochemical behavior of copper(II), zinc(II), tin(IV), and selenium(IV) ions in an 

electrolyte solution containing 0.1 M tartaric acid was studied using the method of cyclic voltammetry 

with a potential sweep rate 20 mV/sec. Electrodeposition of CZTSe thin films was performed at a 

potential -600 mV with stirring in electrolyte solution containing 0.002M CuSO4x5H2O, 0.01M 

ZnSO4x7H2O, 0.01M SnCl4x5H2O and 0.005M NaHSeO3 and 0.1 M tartaric acid (C4H6O6). 

Electrochemical experiments were carried out using a potentiostat Gill AC at room temperature in a 

three-electrode cell, which consists of a molybdenum disk electrode (S=0.07 cm2) or Mo/glass substrate 

as a working electrode, a Pt counter electrode, and Ag/AgCl reference electrode. The film 

electrodeposited was washed with distilled water, dried in air, and annealed at 450ºC in Ar atmosphere 

for 30 min. 

The chemical composition and surface topography of prepared thin films were studied using 

JSM-6600 SEM with EDAX determination (JEOL) and JSPM-5200 atomic force microscopy (JEOL). 

Crystal structure was investigated by XRD analysis using a DRON-4-07 (Bourevestnik) diffractometer 

with a copper X-Ray tube. 

Photoelectrochemical (PEC) analysis of prepared CZTSe thin films was performed in a three-

electrode cell using an 0.1 M Na2SO4 electrolyte. CZTSe/Mo/glass sample was working electrode, a Pt-

coil and Ag/AgCl electrode used as the counter electrode and reference electrode, respectively. A Gill 

AC potentiostat was used to registration voltammograms. Polychromatic light source with an intensity 

80 mW cm-2 was used for chopped illumination. 

 

 

 

3. RESULTS AND DISCUSSION 

The electrodeposition of a four-component compound containing copper, zinc, and tin selenides 

in a single step is quite difficult. Therefore, the simultaneous electrochemical reduction of copper, zinc, 

and tin selenides on a molybdenum disk electrode was studied using cyclic voltammetry in a tartaric 

acid-based electrolyte. Previously, in [18], we discovered that polarization of a molybdenum disk 

electrode in acidic solutions is possible within a potential range of -600 ÷ +300 mV. At more negative 

than -600 mV potentials, hydrogen evolution begins on the molybdenum disk electrode, and the 

electrode is passivated if the potential is higher than +300 mV. From a background electrolyte based on 

0.1M tartaric acid, polarization of the molybdenum electrode into the cathode region is possible up to -

600 mV, as shown in Figure 1. 
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Figure 1. Voltammetry curve for Mo-disk electrode in 0.1 M C4H6O6. 

 

 

The electrochemical reduction of Cu(II) from an electrolyte solution containing 0.1 M tartaric 

acid proceeds in a negative potential area, as was shown in [19]. Tin and zinc ions didn’t show any 

cathodic or anodic peaks in the interval between 0 ÷ -600 mV. Figure 2 shows that with the joint 

reduction of all four components, a cathodic peak appears in the potential interval 0 ÷ -400 mV and 

corresponds to joint reduction of copper and selenium [19]. The cathodic peak with a maximum at -420 

most likely corresponds to the reduction of tin with selenium. The curve shows a cathodic peak at -500 

mV, close to the hydrogen evolution potential, where the reduction process of zinc can take place. The 

synthesis of a four-component metal compound with selenium probably passes through the stages of 

binary compound formation. Additionally, near the electrode, negatively charged selenide ions (Se-2) 

can join a reaction with positively charged metal ions, forming metal selenides. Based on the analysis of 

the cyclic voltammetry investigation, the optimal mode for the deposition of CZTSe films wes chosen. 

 

 
 

Figure 2. Voltammetry curve for Mo-disk electrode in 0.1 M C4H6O6 and 0.002M CuSO4x5H2O + 

0.01M ZnSO4x7H2O + 0.01M SnCl4x5H2O + 0.005M NaHSeO3. 
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Figure 3 shows a SEM micrograph of the surface and elemental mapping of an electrodeposited 

CZTSe thin film after annealing. The heat treatment process is very important for the formation of 

kesterite thin films [20]. It’s also important to note that the annealing process has an impact on the 

surface topography of the obtained films. A SEM micrograph demonstrates that the surface topography 

is formed of spherical grains of varied sizes, ranging from 0.5 μm to 2 μm. EDX elemental mapping 

confirms the constituent elements and homogenous distribution of them as presented in Figure 3.  

 

 

  

  

  
 

Figure 3. SEM micrograph and EDX elemental mapping analysis of CZTSe/Mo/glass. 
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Using atomic force microscopy, the surface topography of electrodeposited CZTSe films was 

studied and presented in Figure 4. An investigation of the topography of the obtained film indicated that 

the surface has a different microrelief.  

 

  
Figure 4. ACM images of the CZTSe thin film’s surface topography. 

 

On the surface of electrodeposited CZTSe, a localized grainy structure as well as erosion zones can be 

observed, which form clusters 0.5×1 μm in size and 130-180 nm high during deposition. The observed 

grains are rounded. Nanometer pores are also seen on the surface topography of the obtained film, which 

could be caused by hydrogen released during the reduction of the metal from the electrolyte. 

Table 1 shows the results of the chemical composition analysis of the CZTSe film. 

 

Table 1. Elemental analysis of the electrodeposited CZTSe film. 

 

Substrate 
Element composition, atomic% Ratio of elements 

Cu Zn Sn Se Cu/(Zn+Sn) Zn/Sn 

Mo/glass 19.6 10.6 14.6 55.2 0.77 0.73 

 

The X-Ray diffraction results in Figure 5 show three main peaks, which correspond with the 

CZTSe phase (JCPDS 52-0868). Peaks at 40.5° and 58.6° are assigned to the Mo substrate. 

 

 

 
 

Figure 5. XRD pattern of CZTSe/Mo/glass. 
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The lattice parameters of CZTSe were calculated from the XRD results and are presented in 

Table 2. 

 

 

Table 2. Lattice parameters of electrodeposited CZTSe. 

 

Substrate a, Å c, Å 

Mo/glass 5.696 ± 0.003 11.339 ± 0.010 

 

The band gap, Eg = 1.32 eV, was determined by studying the optical characteristics of 

electrodeposited CZTSe using the IR spectroscopy method. 

Photoelectrochemical analysis was used to investigate the photocurrent-voltage measurements 

of electrodeposited CZTSe under chopped illumination in a 0.1 M Na2SO4 electrolyte. The results are 

presented in Figure 6. Photoactivity was discovered in electrodeposited CZTSe. A cathodic current was 

generated by CZTSe/Mo/glass, indicating that it was a p-type semiconductor electrode. 

 

 

  

 
 

Figure 6. Chronoamperometric dependence (a) and voltammogram (b) for CZTSe/Mo/glass under 

chopped illumination. 
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Photocurrent for CZTSe/Mo/glass is the same as the photocurrent generated by 

CZTSe/FTO/glass, which we previously reported in [21]. The values of photocurrents for 

CZTSe/Mo/glass was 3.0-3.5 µA/cm2. We propose that the transient spike can be related to sluggish 

charge transfer due to surface roughness. 

 

 

4. CONCLUSION 

A one-step electrochemical deposition of CZTSe in potentiostatic mode was performed based on 

the voltammetry investigation of copper(II), zinc(II), tin(IV), and selenium(IV) ions on the molybdenum 

disk electrode in a tartaric acid-based electrolyte. Heat treatment in an Ar atmosphere was used to 

optimize the crystal structure of the CZTSе thin film. Elemental, structural, and photoelectrochemical 

analyses were performed to characterize the properties of the prepared thin films. The chemical 

composition was observed that is close to stoichiometric. The phase structure was confirmed by XRD. 

The surface topography of the obtained film has microrelief with a grainy structure. The electrodeposited 

CZTSе thin film demonstrated photoactivity.  
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