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Abstract: Hydrogen energy as an ideal energy carrier holds significant importance for promoting the transformation
of energy structures. Electrolytic water splitting technology is crucial to achieve large-scale hydrogen production. The
hydrogen evolution activity, stability and cost of catalysts are the key factors for its development. Transition metal
compounds (TMCs) become popular candidates to replace noble-metal catalysts due to their low costs, abundant
resources and tunable electronic structures. Mott-Schottky (M-S) junctions, constructed between transition metal

compound semiconductors and metals, are considered to be an effective strategy to enhance catalytic activity. This
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review summarizes the research progress of metal/ TMCs M-S junction catalysts, including their classification

(metal/oxides, sulfides, selenides, phosphides, and nitrides, efc.), construction strategies (hydrothermal method, in-situ

reduction, and phosphidation treatment, etc.), and enhancement mechanisms. Research findings indicate that the M-S

junction optimizes their electronic structure and hydrogen adsorption free energy through interfacial charge

rearrangement and their formation of built-in electric fields, thereby promoting charge separation and transfer and

significantly enhancing hydrogen evolution activity. In addition, the review discusses the key issues that still need

in-depth exploration and clarification regarding M-S junction catalysts, and provides an outlook on future research

directions and development trends. It aims to offer theoretical guidance for design of efficient and cost-effective

hydrogen evolution electrocatalysts and to promote sustainable development of hydrogen energy technology.

K ey wor ds: transition metal compound; Mott-Schottky junction; catalyst; hydrogen evolution reaction; review
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(a) Schematic diagram of synthesis process for M-S type Co-Co,P@CNT//CM heterojunction; (b) HRTEM and
(c) SAED images of Co-Co,P@CNT//CM; (d, e) Energy diagrams for Co and Co,P before and after Schottky contact;
(f) Calculated AGy+ and (g) AEno of Co, Co,P and Co-Co,P
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atomic Bader charge coloring for the M-S heterojunction™; (e) Electrostatic potential for the corresponding geometries
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(f) Energy band diagram of metallic Ni and WsN, with M-S interface after Schottky contact’®”);
(g) HER polarization curves of the series of catalysts’™; (h) Schematic illustration
of Co-NC@W,N M-S junction after contacting!®”; (i) Schematic diagram of synthesis process for Co-NC@W,N!®"!
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Tablel Summary of the direction of electron transfer in M-Sjunction catalysts

No. Mott-Schottky catalyst Metal Semiconductor Electron transfer Ref.
1 V,0,/Ni Ni V,0, Metal to semiconductor [37]
2 Ni@NiO Ni NiO Metal to semiconductor [38]
3 Co/a-WO, Co a-WO, Metal to semiconductor [39]
4 Ni/NiFeO Ni NiFeO Metal to semiconductor [40]
5 Au/MoS, Au MoS, Metal to semiconductor [44]
6 Mo-MoS, Mo MoS, Metal to semiconductor [45]
7 Co-Co,P Co Co,P Metal to semiconductor [53]
8 NiCoP-Co Co NiCoP Metal to semiconductor [56]
9 Ni/WsNy Ni W;sN, Metal to semiconductor [59]

10 Ni/NizN Ni Ni;N Metal to semiconductor [61]
11 FeNis/NiFe,0,4 FeNi, NiFe,0, Metal to semiconductor [62]
12 FeCoNi/MnWO, FeCoNi MnWO, Metal to semiconductor [63]
13 Ni3S,/Fe;04 NisS, Fe;0,4 Metal to semiconductor [64]
14 Ni;S,/MoS, NisS, MoS, Metal to semiconductor [65]
15 Ru-WO, 7, Ru WO, 7, Semiconductor to metal [41]
16 Mo@(2H-1T)-MoSe, Mo MoSe, Semiconductor to metal [48]
17 Co/Coqg5Se Co Cog g5Se Semiconductor to metal [49]
18 Co/MoSe, Co MoSe, Semiconductor to metal [50]
19 Ru/Ru, Fe-CoP Ru Ru, Fe-CoP Semiconductor to metal [54]
20 Co/CoP Co CoP Semiconductor to metal [55]
21 Co-NC@W,N Co W,N Semiconductor to metal [60]
22 NiS/MoS, NiS MoS, Semiconductor to metal [66]
23 NiSe,/MoSe, NiSe, MoSe, Semiconductor to metal [67]
24 NiSe,/Ni,P NiSe, Ni,P Semiconductor to metal [68]
25 CoyN/Co,P CosN Co,P Semiconductor to metal [69]
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