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Abstract: Metal selenides have recently attracted considerable interest as advanced
electrode materials for supercapacitors owing to their high intrinsic conductivity, tunable
multilevel architectures, and abundant redox-active sites. These characteristics position them
as a promising class of electrode materials following metal oxides. This review provides an
overview of the crystal structures, electronic properties, and fundamental physicochemical
characteristics of metal selenides and introduces major synthesis techniques, including
hydrothermal, solvothermal, chemical vapor deposition, and template-directed methods. The
electrochemical energy storage behavior of metal selenides is discussed in detail, particularly
their storage mechanisms in supercapacitors, encompassing electric double-layer capacitive
behavior based on ion adsorption/desorption and pseudocapacitive behavior dominated by
rapid surface faradaic reactions. The electrochemical performance of typical single-metal
selenides and bimetallic selenides is examined, along with their supercapacitor applications.
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Modification strategies for enhancing electrochemical performance are also summarized,
including composite modification, morphology engineering, and interface engineering. Despite
their significant advantages in energy density and power density, metal selenides still face
challenges such as volume expansion, active material dissolution, and high cost. Future
research should focus on material design, mechanistic analysis, and device integration to
advance the practical application of metal selenide-based supercapacitors.

Keywords: metal selenides; electrochemical energy storage; supercapacitors; electrode

materials; optimization design
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Fig. 1 (a) lllustration of MSe, and their typical 1 T, 2H and 3R structures (top and side view)"", (b) Energy
diagram of atomic orbitals with 3d-, 4d- and 5d- energy levels"®
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Fig. 2 (a) Schematic illustration of hydrothermal synthesis route and corresponding structures of various
metal selenides™, (b) SEM images of MoSe nanoparticles synthesized by solvothermal method with different Mo
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with mixed-salt precursors®™, (d) Schematic of the synthesis process for hollow Ni-Co-Se (H-Ni-Co-Se)
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Fig. 6 (a) Schematic illustration of spray painting process for fabricating SnSe nanocrystal/carbon fabric
electrodes”, (b) Schematic of one-pot colloidal synthesis of 2D hexagonal SnSe nanosheets, (c) SEM
images of NiSe, nanostructures grown on Ni foam"", (d) SEM image and corresponding electrochemical
performance of 3D interconnected ultrathin CoSe nanosheets """, (e) SEM images of Co,,.Se nanosheets on Ni
foam®, (f) Schematic illustration of preparation of Co,,,Se NWAs'"*, (g) Crystal structure of monolayer of
hexagonal MoSe,"”, (h) Top-view and side-view SEM images of CuSe nanosheets film™", (i) Plausible
mechanism for formation and SEM of Cu,Se thin films deposited by different deposition potential?
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Fig. 7 (a) Morphology of Ni-Co selenides prepared with different concentrations of Se reactant'*”,

(b) Schematic illustration of synthesis process for Ni-Co-Se samples'*", (c) Schematic of low-temperature
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Fig. 9 (a) Schematic illustration of fabrication process for NiCoZn-Se@CC "“*, (b) Schematic diagram of CoSe /
CNT hybrid fibers™", (c) Schematic illustration of ionic transport process in CCSe electrode and photograph of
two red LEDs powered by CCSe//AC HSC device!'”, (d) Schematic construction of FAHSC and digital
photographs of device powering blue/green LEDs and a multifunctional electronic display"*,
(e) Schematic illustration of a triboelectric nanogenerator-integrated structural supercapacitor for energy
harvesting and storage applications?, (f) Schematic of portable flexible DSC-SC solar cell/supercapacitor
device and its outdoor performance under sunshine"*!
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