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Abstract
Two-dimensional semiconductors are promising candidates for photocatalytic CO>
reduction reactions (CO2RR) and serve as ideal, well-defined models for density
functional theory (DFT) calculations. Herein, we present our recent work towards
understanding the active sites of V-doped MoS,, edges of WSe», and ZnIn,S4 materials.
Point defects, such as S/Se vacancies on basal planes and metal adatoms at edge sites,
play crucial roles in governing CO; adsorption on MX> (M =Mo, W; X =S, Se) systems.
Our findings suggest that localized unoccupied metal orbitals facilitate the initial
capture of CO; as the first step of CO2RR. For Znln;S4-based systems, which favor
water adsorption and dissociation into OH™ and H”, a distinct synergistic effect is
observed. Finally, using the CI-NEB method based on transition state theory, we
elucidate the reaction pathways and activation barriers for each elementary step of

CO2RR on defective WS», providing an atomic-level understanding of the process.



