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Abstract 

Commercial Zinc Selenide (ZnSe) was explored as an electrode material for aqueous supercapacitor systems. The material was 

found to have a cubic structure with no impurities and hence as such subjected to the electrochemical properties in a three 

electrode system. The material was found to deliver a first cycle discharge capacitance of 106 F/g for a current density of 

0.125A/g in the wide potential window of -0.8 to 0.5 V. The cycling efficiency of the commercial material was tested at a high 

current rate of 3 A/g. The material delivered a discharge capacitance of 16 F/g even after 1000 cycles. The used electrode after 

1000 cycles was then explored for the photocatalytic efficiency. The dye degradation was about 78.96 % for methylene blue, 

indicating ZnSe to be a promising material for both the energy and environmental applications. 
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1. Introduction 
The universe is in need of clean and renewable energy storage systems for the pollution free environment 

(Kumar and Majid, 2020). The supercapacitors are considered as the promising energy storage devices as 

they have high power density like capacitors and high energy density like batteries (Olabi et al., 2022). 

Though the non-aqueous supercapacitors have higher energy density, the electrolytes used are toxic and 

not safe in nature. Where else, the aqueous supercapacitors are very promising in nature in terms of safety 

features (Zhao and Zheng, 2015). The main drawback of the aqueous supercapacitors is the voltage 

limitations owing to the decomposition of water over 1.23 V. Hence, the materials with higher over 

potential for hydrogen evolution can be utilised in order to overcome the water splitting. In this sense, 

many bimetallic selenides were explored as the materials for supercapacitor applications (Wu et al., 2018; 

Cheng et al., 2020; Moosavifard et al., 2020). Yet to the best of the author’s knowledge, the exploration 

of the ZnSe for the supercapacitor applications and its morphological stability or degradation during long 

cycling is not reported elsewhere. The Zinc Selenide with two different crystal structures like hexagonal 

(wurzite) and cubic (zinc blende) has an application as a material for light emitting diodes and for diode 
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lasers (Chen et al., 2005; Huang et al., 2021). The material being insoluble in water can be explored as a 

suitable material for aqueous supercapacitor applications, which is the aim of the present report. The 

material was explored as supercapacitor electrode material in aqueous electrolyte system to get its 

electrochemical signature. The electrochemical properties suggest that, it has pseudo capacitor behaviour 

rather than electric double layer capacitor behaviour. The used material after long cycles of charge and 

discharge process, was found to have excellent photocatalyst property. The structural and morphological 

properties of the used electrode was found to influence the photocatalytic property. 

 

2. Experimental Techniques 
Zinc Selenide (ZnSe) was purchased from Sigma Aldrich. The slurry for working electrode was done by 

grinding ZnSe, activated carbon and PVDF in ratio80:10:10. NMP was used as solvent (Figure 1). 

Graphite sheet was used as current collector. The coated electrodes were dried for 24 hrsat 80°C.Three 

electrode set up with slurry coated graphite sheet as the working electrode, Ag/AgCl as reference and 

platinum wire as a counter electrode in 1M KOH aqueous electrolyte was arranged (Pavithra et al., 2021). 

 

 

 
 

Figure 1. Schematic representation of electrode preparation. 

 

 

X-ray Diffraction patterns of the sample were obtained using a SHIMADZU-XRD-6000 diffractometer 

with Cu-Kα radiation (wavelength = 0.1541 nm) as the source at 40 kV with a scanning range between 5° 

and 80° at 10/min scan speed. Scanning Electron Microscope (SEM) wasdone using JEOL-JSM 6000 for 

morphology analysis. UV-Vis-NIR Spectrophotometer, V-670 in the wavelength range of 400-800 nm 

was used for optical studies. Computer controlled CH electrochemical workstation (Model: CHI-6008E) 

were used to record electrochemical studies. Cyclic Voltammetry (CV) was measured in the potential 

range of -0.8 to 0.6 V at various scan rates; The Galvanostatic Charge Discharge (GCD) in the range of -



Pavithra et al.: Zinc Selenide (ZnSe) for Supercapacitor and Photocatalytic Applications 

 
 

13 | Vol. 1, No. 1, 2022 

0.8 to 0.5V were done at current densities of 0.125, 0.25, 0.5, and 1 to 10A/g. Specific capacitance 

obtained from CV was calculated using the formula (Pavithra et al., 2021). 

 

𝐶 =
𝐴

2𝑘𝑚∆𝑉
                                                                                                                                                   (1) 

 

where, ‘C’ - specific capacitance, ‘A’ - area under the CV curve, ‘k’ - scan rate, ‘m’ - mass of electrode 

and ΔV - potential difference. Specific capacitance obtained from GCD was calculated using the formula 

(Pavithra et al., 2021). 

 

𝐶 =
𝐼 ∗ 𝛥𝑡

𝑚∗ ∆𝑉
                                                                                                                                                     (2) 

 

where ‘C’ - specific capacitance in F/g, ‘I’ - current density, ‘Δt’ - time of discharge, m’ - mass of 

electrode and ΔV - potential difference. The photocatalytic measurement was made using Philips 250 W 

low voltage halogen lamp as the optical source. The methylene blue dye (MB) (C16H18ClN3S) was used 

for the photocatalyst dye degradation studies.  

 

3. Results and Discussion 

3.1 XRD Analysis 
Figure 2 shows the XRD pattern for the commercial Zinc Selenide. The characteristics peaks of ZnSe 

were found at 2θ = 27.1°, 45.1°, 53.4°, 65.7° and 72.5° which corresponds to (1 1 1), (2 2 0), (3 1 1), (4 0 

0) and (3 3 1) hkl planes, respectively. The XRD pattern matches well with the JCPDS card number 88-

1360. The commercial ZnSe showed cubic structure (face centered) with the space group of F4̅3m.The 

average crystalline size was calculated to be 205 nm. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 
 

Figure 2. XRD pattern for commercial ZnSe powder. 

 

 

Solubility nature of commercial zinc, selenium and Zinc Selenide powder materials (left to right) were 

tested as shown in Figure 3. It can be seen that Zinc, Selenium and Zinc Selenide particles shows very 

poor solubility in the water.  
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Figure 3. Solubility behaviors of (left to right) pure zinc, pure selenium and ZnSe. 

 

 

3.2 Electrochemical Studies 

3.2.1 Cyclic Voltammetery Studies 
Cyclic Voltammetry (CV) was measured in -0.8 to 0.6V potential range using three electrode systems as 

shown in Figure 4(a). The specific capacitance of the ZnSe electrode was found to be 15.77, 17.33, 19.53, 

22.89, 29.52, 37.21 and 46.65 F/g at the scan rate of 100, 80, 60, 40, 20, 10 and 5 mV s-1 (Figure 4b). The 

increase in specific capacitance value with decrease in scan rate is due to the sufficient time given for the 

ions to interact (Sarkar and Khan, 2018). Also the current value increases with increase in the scan rate as 

the growth of diffusion layer is constricted at higher scan rates which leads to the higher electrolyte flux 

(Sarkar et al., 2015). It has been noted that no dissolution of ZnSe from the electrode into the electrolyte 

solution even after the long use of the electrode. This is due to the insolubility nature of ZnSe in water 

and therefore ZnSe is suitable for energy storage devices with aqueous electrolytes.  

 

The charge discharge storage kinetics were measured using the CV graph using the relationship between 

current (i) and scan rate (ϑ) as follows (Teli et al., 2020) 

 

𝑖 = 𝑎𝜗𝑏                                                                                                                                                        (3) 

 

where, ‘I’ is the current at specific voltages; ‘ϑ’ is the scan rate; ‘a’ and ‘b’ are constants. Figure 4c shows 

the dependence of peak current on the scan rate and corresponding ‘b’ values. The ‘b’ value between 0.5 

and 1 in the cathodic and anodic peak represents both diffusion and capacitive controlled behaviour of the 

material (Teli et al., 2020).The cathodic and anodic peaks show the ‘b’ values of 0.7 and 0.5, respectively. 

Therefore, the total current of the ZnSe is contributed by both the diffusion controlled charge storage and 

surface controlled capacitive behaviour. 
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Figure4. (a) CV curves of ZnSe electrode at different scan rates (b) Scan rate (vs.) specific capacitance (c) 

dependence of peak current on the scan rate. 

 

 

3.2.2 Galvanostatic Charge- Discharge Studies 
Galvanostatic charge discharge studies were carried out in the potential range of -0.8 to 0.5V at different 

current densities. Comparison of ZnSe electrode at different current densities was shown in Figure 5a.  

 

The GCD curve of the ZnSe electrode shows the pseudocapacitor behaviour. As the current density 

increases specific capacitance was found to decrease. The specific capacitance of the ZnSe electrode was 

found to be 106.87, 88.04, 75.04, 63.76, 21.53, 19.15, 12.61, 10.76, 8.07 and 4.61 F g-1at the current 

densities of 0.125, 0.25, 0.5, 1, 2, 3, 4, 5, 7, 10 A g-1, respectively. Cyclic stability was tested for ZnSe 

electrode for 1000 cycles at the current density of 3A g-1 (Figure 5c). The 1st and 1000thcycle showed a 

specific capacitance of 19 and 16 F g-1, respectively. It was seen that ZnSe shows 85% retention of 

specific capacitance after 1000 cycles at high current density of 3Ag-1. The increase in capacitance was 

observed from 200th cycle.  

(a) (b) 

(c) 
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Figure5. (a) GCD curves (first cycle) of ZnSe electrode at different current density (b) Different current density 

(vs.) specific capacitance (c) Cyclic stability for 1000 cycles at current density of 3A g-1. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

(a)                                                                                             (b) 
 

Figure 6. SEM images of ZnSe electrode taken (a) before cycling and(b) after 1000 charge-discharge cycles (current 

density of 3 A g-1). 

(d) (d) 

 
 

(a) (b) 

(c) 
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Figure 6 shows the SEM images of the ZnSe electrode before and after 1000 cycles at current density of 3 

A g-1. It was found that the ZnSe particles in the electrodes has undergone electrochemical grinding and a 

size reduction due to long cycles. This has enhanced the charge/discharge capacitance of the material 

beyond 200 cycles. Hence this material is found to be promising with a size reduction by preparation 

through chemical routes.  

 

3.2.3 Electrochemical Impedance Spectroscopy (EIS) Analysis 
EIS analysis was done to observe the capacitive and resistive behaviors in the frequency range of 1 mHz 

to 1kHz for ZnSe electrode. The absence of semicircle at high frequency region and presence of spike in 

the low frequency region is evident that the material shows capacitive nature with low internal resistance 

(Poudel et al. 2020). There was no much increase in the resistance after 1000 cycles, owing to the 

electrochemical grinding of the ZnSe particles.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure7. EIS studies of ZnSe electrode (a) before cycling and (b) after 1000 cycles of charge-discharge at current 

density of 3 A g-1. 

 

 

3.3 Photocatalytic Studies 
The ZnSe working electrode after its use in the three electrode system was taken as such and dried in 

ambient atmosphere for some time. Later the dried electrode of mass 3 mg was tested for photocatalytic 

degradation under visible light. Methylene blue dye was used to test the photocatalytic degradation effect 

on the used electrode in the concentration of 20 mg L-1 with the pH maintained at 6.5. The commercial 

ZnSe powder of 3 mg was tested for comparison. The aqueous solution with methylene blue and the 

photocatalyst was taken in a 100 ml beaker and stirred continuously. First the solution was stirred in dark 

for 30 min followed by stirring in the presence of visible light. The samples were collected at regular 

intervals of every 30min to test the degradation property using UV-Vis spectrometer. The absorbance 

spectra were recorded at different time intervals in the range of 400 to800 nm and the absorbance of 

methylene blue was found at 663 nm. Figure 8 (a-b) shows the UV-vis absorption spectra of MB solution 

degraded with commercial ZnSe powder and the used ZnSe electrode. The Figure 8 (c-d) shows their 

corresponding decolouration pictures, respectively. 
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Figure 8. UV absorbance spectra of MB solution in case of (a) used ZnSe electrode (b) commercial ZnSe powder, 

(c) Comparison of degradation (%) vs. reaction time (in min)(d) photo degradation efficiency (C/C0) of MB over 

dye, used ZnSe electrode and commercial ZnSe powder(e) Pseudo-first-order kinetic model fit for the degradation of 

MB with dye, used ZnSe electrode and commercial ZnSe powder. 

 

(c) 

(d) 

(c) (d) 

(e) 
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The reduction in methylene blue peak at 663 nm confirms the degradation of MB dye using 

photocatalysts (Figure 8 (a-b)). The percentage of dye degradation was calculated using the formula, 

 

Degradation % = (
𝐴0−𝐴

𝐴0
) x100.                                                                                                                   (4) 

 

where, ‘A’ is the initial dye concentration and ‘A0’ is the dye concentration at certain irradiation time. 

After 0, 30, 60, 90, 120, 150 and 180 minutes, the dye degradation percentage was found to be 0, 14.16, 

50.20, 56.15, 63.00, 65.49 and 78.96 % for used ZnSe electrode, whereas it was about 0,13.21, 30.02, 

39.95, 55.07, 72.17 and 75.69 % for commercial ZnSe powder. The Figure 8e shows the comparison of 

degradation % between the two photocatalyst and it can be seen that the electrode used for 

electrochemical activities shows higher degradation percentage. Langmuir–Hinshelwood model was used 

to fit the experimental data to find the reaction kinetics of the photocatalytic MB degradation (Guo et al., 

2016) as follows 

 

Ln (C/C0) = kt.                                                                                                                                            (5) 

 

where, C and C0 are the concentrations of MB solution at time t and initial concentration, k is the first-

order rate constant, respectively. Pseudo first-order kinetics with respect to dye concentration (as shown 

in Figure 8e was proved by the linear fit between ln(C/Co) and reaction time and the correlation 

coefficient for dye, commercial powder and used electrode to be R2 = 0.31705, 0.97563 and 0.8835 and k 

=0.7333x 10-6 min-1, 0.441x 10-4 min-1 and 0.429 x 10-4 min-1 respectively. 

 

4. Conclusion 
Commercial cubic ZnSe powder was tested for pseudocapacitor application using aqueous three electrode 

setup. The ZnSe electrode exhibited a high specific capacitance of 106 F/g at 0.125 A/g in the potential 

window of -0.8 to 0.5 V. Cyclic stability was tested at high current density of 3 A/g and the 85% of 

specific capacitance retention was achieved after 1000 cycles. The used ZnSe electrode from the three 

electrode cell was further used as a photocatalyst for methylene blue dye degradation studies. The 78.96 

% of dye degradation achieved for the used ZnSe electrode proves it to be a potential material for both the 

electrochemical and photocatalytic applications. 
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