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Abstract 
In recent years, a great interest has been emerged on electrochemical preparation of 
semiconductor films based on selenium. Therefore, a study of electrochemical reduction 
of selenium could be very important. In this work, the kinetics and mechanism of the 
electrochemical reduction of selenite ions on the Pt cathode have been studied in the 
electrolyte containing selenious and tartaric acids. The study shows that electroreduction 
of selenite ions from tartaric electrolytes proceeds in two stages. The effect of various 
factors on the cathodic reduction of selenium ions has also been studied. The effective 
activation energy was calculated using the polarization curves of the temperature 
dependence of the electroreduction process of selenite ions. It was established that the 
process of electroreduction under investigation is proceeding by mixed kinetics, at first by 
concentration and then by electrochemical polarization. 
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Introduction 

Progress of the modern science and technology is closely related to formation of traditional 

semiconductor materials, as well as formation and exploration of new promising semiconductors 

what become one of the urgent problem facing scientists. Different physical properties of semi-

conductor materials create wide opportunities for their application in modern electronics and 

electrical engineering [1−3]. They are used in modern computers, light diodes, solar cells, lasers, 

and photodetectors. As is already known, selenium element is one of the important semiconductors 

with wide scope of applications. For example, selenium is important technological and biological 
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element used in industry and medicine. In non-ferrous metallurgy, processing of raw material 

containing selenium as pulp and paper products is one of the selenium related industrial area. 

Selenium is available in the form of various chemical compounds in many natural materials such as 

organic fertilizers, water, living organisms and plants. The biological properties of selenium are 

ambiguous. At the one side it is vitally important strong adjuvant, antioxidant anti-carcinogenic 

agent, but at the other side it is very toxic material. The nature of crystal structure and chemical 

bonds for selenium are rather complex. In spite of the presence of many active defects in the crystal 

structure, it always has a conductivity of p-type [1]. Effective properties of selenium make it to be a 

good candidate for photo elements, light diodes, luminescent materials, ionizing radiation 

detectors, optical filters and sensors, what all open wide opportunities for its usage in industry. 

Selenium is widely used in production of photo-elements due to the optimal value of the band gap 

(Eg = 1.83 eV), direct optical transitions and high absorption coefficient in the visible region of the 

spectrum [1].  

Elemental selenium is also included in the composition of binary and ternary semiconductors, 

where Sb2Se3 is one of the most important binary semiconductor compounds. In order to get thin 

films and coatings of Sb2Se3 by electrochemical method, the processes of electrodeposition of Sb 

and Se should be firstly studied separately. Kinetics and the mechanism of the electroreduction 

process of antimony on the cathode and the effects of various factors on the deposition process 

have already been studied [4]. These results, together with the results from a study of the 

electroreduction of selenite ions on the cathode, would ensure easily obtaining of Sb2Se3 

semiconductor films.  

Electroreduction of selenite ions on the cathode has frequently been studied by various rese-

archers [5–10]. On the contrary, the deposition of thin films of selenium by photo electrochemical 

methods has been rarely studied. The results showed that selenium coatings obtained during 

illumination have higher quality than selenium coatings obtained in the dark [5,6]. The electro-

chemical behavior of selenide ions has already been studied in different ways on different electrodes 

such as mercury (Hg), graphite, platinum and other electrodes [7–10]. Synthesis of CuInSe2 from 

electrodeposited Cu-In precursors was investigated in [11]. A thermal process was adopted to turn 

Cu-In precursors into uniform Cu11In9 binary compounds. The conditions for electrodeposition of Cu, 

In and Se were adjusted to achieve the preferred atomic proportions. However, the annealing 

temperature of synthesized Cu-In-Se films from Cu11In9 was found critical, since the XRD patterns and 

Raman spectra showed that the Cu2Se compound residue is due to an incomplete reaction at lower 

annealing temperatures. Large dense grains could be grown at 650 °C for 5 min. 

Since the kinetics and mechanism of an electrochemical reduction process should be thoroughly 

investigated to develop a technology of obtaining a high-quality semiconductor of desired 

properties based on elemental selenium and its compounds, the present contribution is devoted to 

a study of the electroreduction process of selenite ions in selenious and tartrate electrolytes on the 

platinum electrode.  

Experimental 

Deposition of selenite ions on the cathode by the electrochemical method was carried out as 

follows. An electrolyte solution was prepared by dissolving a proper amount of tartaric acid (C4H6O6) 

in the distilled water, and then an appropriate amount of selenious acid (H2SeO3) was dissolved in 

the prepared tartaric acid solution. The composition of the obtained electrolyte consisted of 

0.1 mol/L H2SeO3 + 0.007 mol/L C4H6O6. After that, polarization curves were taken using a 
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computerized potentiostat of IVIUMSTAT Electrochemical Interface. All electrochemical 

experiments were carried out in a three-electrode electrochemical cell. Pt with a surface area of 

2 mm2 was used as the working electrode and the Pt sheet of surface area 2 cm2 as the counter 

electrode, respectively. Silver/silver chloride (Ag/AgCl) was used as the reference electrode. The 

temperature of the electrolyte solution during electrolysis was controlled via UTU - 4 universal ultra-

thermostats. 

Results and discussion 

The electroreduction of selenite ions on the Pt cathode has already been studied in alkaline and 

acidic solutions [12,13], where acidic electrolytes have been found to be more characteristic for 

electroreduction of selenite ions. In this regard, we have used the tartaric acid as an organic additive 

electrolyte since this acid has two advantages; firstly, it is an effective solvent and the H2SeO3 easily 

dissolved in this solution and secondly, it has a great effect on the brightness and smoothing of 

electrodeposits.  

It is known that selenious acid is a dibasic acid and when dissociated, it forms the HSeO3
− (1) and 

SeO3
2− (2) anions in solution [14]: 

H2SeO3 ↔ H+ + HSeO3
−  Ka = 2.88×10-3 (1) 

HSeO3
−↔ H+ + SeO3

2−  Ka = 9.55×10-9 (2) 

As seen from the dissociation constant, Ka, values, it is possible to ignore the amount of SeO3
2− 

ions in relation to HSeO3
− ions. Therefore, H2SeO3 molecules and HSeO3

− ions are involved in the 

process of decomposition of the selenious acid. These processes can be described by the following 

reactions [14,15]: 

HSeO3
− + 5H+ + 4e− → Se + 3H2O  E0 = 0.778 V vs. RHE (3) 

H2SeO3 + 4H+ + 4e−→ Se + 3H2O  E0 = 0.740 V vs. RHE (4) 

HSeO3
− + 6H+ + 6e− → HSe−+ 3H2O  E0 = 0.349 V vs. RHE (5) 

Two cathodic peaks (A and B) and one anodic peak (C) are noticed in the cyclic voltammetry 

polarization curves shown in Figure 1.  
 

 
Figure 1. Cyclic voltammetry polarization curves of the Pt electrode. T = 296 K, ν = 0.02 V s-1.  

Electrolyte composition: (1) 0.007 M C4H6O6, pH 2.16; (2) 0.1 M H2SeO3 + 0.007 M C4H6O6, pH 1.5;  
(3) 0.1 M H2SeO3 + H2O, pH 1.6. 

Peak A starts from 0.56 V to 0.43 V and attains the peak current value of −4.4×10-5 A, 

corresponding to the electroreduction of selenite ions by the reaction (3). The surface of an 
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electrode is covered with selenium at the value of a peak current and this process continues until 

the potential value of 0.33 V was reached. Note that H2SeO3 molecules and HSeO3
− ions are more 

stable at pH 1.3-1.5 of the solution. Over time, the concentration of elemental selenium on the 

surface of the electrode increases and after that, the second cathodic peak B is formed as the result 

of the reaction (4). Formation of the peak starts at +0.34 V and reaches the maximum value at 0.22 V 

at which the current value is equal to −7.8×10-5 A. After 0.13 V, the process of conversion of 

elemental selenium into HSe− ions takes place according to the reaction (5). Peak C shows the 

oxidation process of the elemental selenium formed during the electroreduction of selenite ions by 

reactions 3 and 4 on the Pt electrode.  

The impact of a number of factors on the electroreduction process of selenite ions has also been 

investigated. The electroreduction process at different pH values were carried out in the range of 

2.2–1.5, corresponding to the selenious acid concentration of 0.005-0.1 mol/L. Based on the 

measurements polarization curves, the Ep - f(pH) and ln ip - f(pH) dependences were constructed and 

shown in Figure 2. 
 

 a b 

   
Figure 2. pH dependences of: a - peak potential value of peaks A and B and  

b - logarithmic peak current values of peaks A and peak B. 

The dependences of the peak potential value on pH for the peaks (A) and (B) at the concentration 

interval of 0.005-0.1 mol/L of selenious acid are presented in the Figure 2a. As can be seen from the 

Figure 2a, at 0.1-0.03 mol/L concentration range (pH 1.5-1.85), the potential in the curve A shifts 

towards the less positive side with the increase in pH, reaches a maximum at 0.025 mol/L (pH 2.06) 

and then again reduces sharply. For the second peak B, the potential is the most positive for 

0.1 mol/L (pH 1.5) and gradually moves towards more negative values with increase of pH, reaching 

a minimum at 0.03 mol/L (pH 1.85). Thus, from the Ep-pH dependence shown in Fig. 2a, it is obvious 

that the potential value moves in a positive direction with increase in the concentration of the 

selenious acid and the corresponding decrease of the pH value. However, in the Figure 2b showing 

the ln ip - pH curves, the current values of current increase with decrease of the pH value or increase 

of the concentration of the selenious acid. This means that the current spent on the 

electroreduction process reaches a maximum value at pH > 2. Selenite ion concentration also affects 

the quality of gold-and-red-colored selenium films deposited on the surface of the electrode.  
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Figure 3 shows the effect of concentration in the selenious acid in the range of 0.005–0.1 M on 

the rate of the electroreduction process. It is observed that the rate of the electroreduction process 

increases by increasing the concentration of selenite ions.  
 

 
Figure 3. Effect of the concentration of selenite ion 

on reduction process on Pt electrode: (1) 0.005;  
(2) 0.025; (3) 0.03; (4) 0.05; (5) 0.08; (6) 0.1 M.  

Electrolyte composition: 0.007 M C4H6O6,  
T = 296 K, ν = 0.02 V s-1. 

 
Figure 4. Effect of scan rate on electroreduction of 

selenite ions on Pt electrode: (1) 0.005; (2) 0.01;  
(3) 0.03; (4) 0.05; (5) 0.08; (6) 0.12; (7) 0.2 V s-1. 

Electrolyte composition: 
0.1 M H2SeO3 + 0.007 M C4H6O6, T= 296 K, pH 1.5 

 

One of the factors affecting the reduction process of selenite ions is the scan rate of potential 

changes. The effect of the scan rate on the reduction process of selenite ions was studied in the 

range of 0.005-0.2 V s-1 and the cyclic polarization curves are shown in Figure 4.  

From polarization curves given in Figure 4, it appears that the scan rate has a significant impact 

on the reduction process. The current height of peaks formed during the electroreduction process 

is directly proportional to the value of the scan rate. Thus, the peak current value at the scan rate 

of 0.005 V s-1 is equal to −1.52×10-5 A for the first peak A and −1.32×10-5 A for the second peak B, 

respectively. At the scan rate of 0.2 V s-1, however, the peak current values are higher and equal to 

−5.04×10-4 A for the first peak A and −1.0×10-3 A for the second peak B, respectively. 

The effect of temperature on the rate of electroreduction process on the Pt cathode has been 

also studied in the 296-348 K range and the results are shown in Figure 5.  
 

 

Figure 5. Effect of temperature on electroreduction of selenite ion on Pt electrode:  
(1) 296; (2) 308; (3) 318; (4) 328; (5) 338; (6) 348 K.  

Electrolyte composition: 0.1 M H2SeO3 + 0.007 M C4H6O6, ν = 0.02 V s-1, pH 1.5. 
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From the cyclic polarization curves shown in Figure 5, it appears that by increasing the 

temperature, the reduction potential of selenite ions gradually moves in the positive direction. At 

the same time, the peak of the anodic current shifts in the negative direction with increase of 

temperature up to 348 K with the simultaneous increase of current values. These suggest that 

acceleration of the anodic process takes place with an increase of the temperature. Based on the 

polarization curves of the temperature effect shown in Figure 5, the log ik - 1/T dependences were 

derived and presented in Figure 6. Based on tg α values obtained from the slopes of linear graphs, 

the effective activation energy, Aef, were calculated. The calculated Aef - E dependence is shown in 

Figure 7.  
 

  

Figure 6. log ik - 1/T dependence constructed from Fig. 5 at different selected cathodic potentials 

 
Figure 7. Dependence of the calculated activation energy on the selected cathodic potentials 

The obtained results show that, the polarization in the reduction process of selenite ions 

according to the first peak is of concentration nature, and the one of the second peak is of 

electrochemical nature. This may be explained by the fact that, the first reduction process 

proceeding by eq. (3) takes place depending on the transport rate of the selenite ions to the 

electrode surface, and the reduction of the H2SeO3 proceeding by eq. (4) is based on the 

electrochemical reaction. The effect of temperature has also a significant impact on the adhesion of 

selenium film deposited on the surface of the electrode as a result on the uploading selenite ions 

on the cathode. As the temperature rises the collapse of deposited films from surface is observed. 
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By performing several experiments in this regard, it has been found that the surface films having 

good adhesion are obtained within the temperature range of 296 - 318K.  

The impact of the electrode material on the electroreduction process of selenite ions has been 

investigated by comparing the results obtained using Pt and Pt/Se surfaces and presented in 

Figure 8. 

From the cyclic polarization curves shown in Figure 8, it appears that the cathodic currents are 

higher for the reduction process on the Pt than the Pt/Se electrode. This is due to the fact that 

selenium is a semiconductor. One can assume that the entry of Se ions into the cage of Pt/Se takes 

place easier than on Pt. From the anodic branch of the polarization curve shown in Figure 8, it is 

seen that the oxidation of selenium on the Pt electrode occurs at lower current values than on the 

Pt/Se electrode. This is due to the fact that before the reduction of the selenite ions on the Pt/Se 

electrode there is already a selenium layer present on the electrode surface and dissolution occurs 

at higher current values than for the Pt electrode.  
 

 

Figure 8. Effect of the electrode material on electroreduction of selenite ions on: 1) Pt/Se and 2) Pt 
electrodes. Electrolyte composition: 0.1 M H2SeO3 + 0.007 M C4H6O6, ν=0.02 V s-1, T = 296K, pH 1.5. 

Conclusions 

The cathodic reduction process of selenite ions from selenious and tartaric acid electrolyte on 

the Pt electrode has been studied using the cyclic polarization curves. Influence of temperature, 

concentration, pH, scan rate of potential and other factors to the reduction process have been 

studied. The results showed that the electroreduction of H2SeO3 and HSeO3
− forming Se and 

HSe−occurs at a potential of 0.56 to -0.45 V. The kinetics and mechanism of electrochemical 

reduction of selenite ions on the Pt cathode have been studied. It was found that the reduction 

process is proceeding by mixed kinetics, firstly by concentration, and then by electrochemical 

polarization. The experimental results showed that the optimal reduction process occurs at 

0.1 mol/L H2SeO3 + 0.007 mol/L C4H6O6 - containing electrolyte, T = 296 K, ν = 0.02 V s-1 and at pH 1.5. 
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