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supercapacitor applications, the fabrication of nanostructured
materials to improve the specific surface area and electrical
conductivity is crucial. In the present work, a simple and economical
hydrothermal route was used for the synthesis of CuzSnSs
nanoparticles. The structure, chemical composition, and morphology
of the synthesized materials were investigated by scanning electron
microscopy (SEM) and transmission electron microscopy (TEM), as
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EXTENDED ABSTRACT

Introduction

In recent years, with the impressive growth of science and technology, the development
and promotion of energy production and storage devices have become one of the most
important research goals in the field of energy. The published papers on supercapacitors
(SCs) confirm their efficiency as super energy storage sources for electric vehicles and
battery types. Supercapacitors are also considered for their advantages such as optimal
energy storage and high-power density, longer stable operations, good charge/discharge
process performance, excellent maintenance, and lower price. Hybrid composites consisting
of carbon materials, metal oxides, hydroxides, and conductive polymers are used to create
supercapacitors with extraordinary efficiency and high-power energy storage. Due to the
low electrical conductivity, mechanical stability, and electrochemical performance of
transition metal oxides compared to their sulfides, recent research focuses more on mono
and bimetallic sulfides. Thus, in the current research, to make more use of electrical
conductivity and specific capacity of double metal sulfide, Cu2SnS4 nanostructures were
prepared by a two-step hydrothermal method.

Methodology

Recently, several bimetallic sulfides with the overall structure of AxByOz have been
compared with monometallic sulfides and show better electrochemical activity and specific
capacity. This is best explained by the synergistic interaction between two different metal
ions, which allows them to have better oxidation and reduction states, and more
importantly, their electrical conductivity also increases qualitatively. In addition, metal
sulfide-based supercapacitors usually have higher conductivity, much lower
electronegativity, and a small band gap compared to the corresponding oxides. This can be
due to the diverse stoichiometry and crystal structure of metal sulfides. Previous studies
show that the presence of copper-type compounds in bimetallic sulfides can increase
electrical conductivity and create a buffer matrix to increase the volume size.

Field emission scanning electron microscope (FESEM) and transmission electron
microscope (TEM) techniques were used to investigate the structure, chemical composition,
and morphology of the synthesized materials. Cyclic voltammetry, galvanostatic charge,
electrochemical impedance spectroscopy, and cyclic stability in 2 M potassium hydroxide
solution as an electrolyte were used to investigate the electrochemical behavior and
determine the capacitance.

Results and discussion

In the present research, the economical hydrothermal route was used for the synthesis
of CuzSnSs nanoparticles on a nickel foam substrate. After detailed characterization, the
supercapacitor performance of the CuzSnSs electrode was investigated through different
electrochemical techniques. Microscopic images of the surface showed that CuzSnSs
nanoparticles with dimensions of approximately 66 nm and cauliflower morphology were
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formed on the nickel foam substrate (Fig. 1a, b). The TEM image of the prepared electrode
confirms the CuzSnSs cauliflower structure (Figure 1c).

Figure 1. (a) Low and (b) high magnification FESEM images of Cu2SnSson Ni foam; (c) TEM image of Cu2SnSs.

The surface porosity of the proposed nanostructure is highly useful for the mass transfer
of the electrolyte during the charge-discharge process. The electrode prepared in this
research was able to show a high capacity of 2076.9 F g1 at a current density of 1 A g1 (Fig.
2 aand b) and a stability of 90.44% after 10000 cycles (Figure 2 c).
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Figure 2. (a) The GCD curves of CuzSnS: nanoparticles arrays at different current densities; (b) Geometric
specific capacitance of CuzSnSs nanoparticles at different current densities; (c) Cycling stability of CuMoO4
nanosheets electrode at the current density of 14 A g-1.

In addition, the asymmetric CuzSnSa4//AC supercapacitor provides 246.93 F g capacity
at 1A g current density (Figure 3a, b) and 82.32% stability after 10000 cycles (Figure 3c).
The results illustrated that by adjusting the asymmetric configuration, the electrode
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material used in the positive and negative electrodes varied, and for this reason, it was
possible to expand the potential window to high voltages, increasing the energy density of
supercapacitors. The Nyquist diagram of the CuzSnSs//AC hybrid supercapacitor at the
open circuit potential of 0.428 V showed that the internal resistance (impedance) of the
CuzSnSs//AC supercapacitor in the two-electrode system is negligible (Figure 3d).
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Figure 3. (a) GCD curves of ASC device at different current densities; (b) specific capacitance of ASC device
atvarious current densities; (c) cycling performance of CuMoO4//AC ACS device ata current density of 5 A
g% (d) Impedance Nyquist plots of ASC device.

Conclusion

In summary, for the first time, it was possible in the present research to prepare CuzSnS4
nanoparticles on a nickel foam substrate through an easy and economical two-step
hydrothermal process. The Cuz2SnSs/NF electrode provided good quasi-capacitive
performance with an outstanding capacitance of 2076.9 F g1 at a current density of 1 A g,
and excellent cycle stability of less than 10% capacitance loss after 10000 cycles. These
advantages can be considered due to good electrical conductivity and accessible surface
areas with high Coulombic efficiency (~100%). In addition, an asymmetric supercapacitor
was successfully fabricated using CuzSnSs and AC as positive and negative electrodes, and
this device provided energy density and power of 88.50 Wh kg! and 806.6 W kg,
respectively. Asymmetric CuzSnSs//AC supercapacitor also demonstrated excellent speed
capability and acceptable cycle stability. The asymmetric supercapacitor prepared in this
research could maintain approximately 82.32% of its initial capacity after 10000 charge and
discharge cycles in a current density of 5 A g'1. The aforementioned characteristics make
CuzSnSs nanoparticles a promising electrode material for use in renewable energy
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production and storage devices, and provide great opportunities for power supplement
devices in the future.

Figure 4. Conventional electrochemical cell arrangement in the three-electrode system.
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