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Theoretical design of two-dimensional visible light
driven photocatalysts for overall water splitting
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Abstract

Hydrogen production from water via photocatalytic water-splitting has attracted great interest due to the increasing
challenge from energy and environment. The light harvest, electron-hole separation and catalytic activity are keys to
enhance the efficiency of solar energy utilization, which stimulates the development of high-performance photocatalysts.
Two-dimensional (2D) materials have attracted much attention due to their extremely large specific surface area, shortened
carrier migration path and excellent optical properties, but it is still a challenge to realize overall water splitting under visible
light with 2D materials photocatalysts experimentally. Density functional theory (DFT) based first-principles calculations
provides a quicker and lower cost approach in materials design than experimental exploration. In this report, recent
advances in design of 2D materials photocatalysts, including chemical decoration, molecular engineering, building hetero-
structures, perpendicular electric field introduction and machine learning are systematically presented from a theoretical
perspective. Future opportunities and challenges in theoretical design of 2D materials photocatalysts toward overall water

splitting are also included.
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Sunlight-driven catalysis can save nonrenewable energy and utilize the solar energy simultaneously. Among various kinds
of sunlight-driven catalysis, photothermal catalysis shows the advantage of maximum utilization of solar spectrum.[1] The
intense efforts on photothermal catalysts have been carried out to achieve a synergistic effect of efficient sunlight absorp-
tion and high catalytic activity.[2] Meanwhile, the energy management of photothermal system enables photothermal
catalysis to operate under natural sunlight irradiation[3] and the catalysts’ structure is designed to match the natural
sunlight driven photothermal catalysis,[4] laying the foundation for the application of photothermal catalysis. To date,
photothermal catalysis is advancing towards large-scale, industrialized development.[5] In this talk, recent advances in
photothermal catalysis and crucial issues that should be addressed in future research activities will be introduced and

discussed.
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