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Fig. S1 (a) Top view of an optimized TM@CdS configuration, (b) side view of an optimized TM@CdS configuration, (c) top view of optimized TM1-TM2@CdS configuration and (d) side view of optimized TM1-TM2@CdS configuration.
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Fig. S2 Partial density of state (PDOS) of H adsorbed on pristine CdS (110) surface and TM@CdS surface from the conventional DFT calculations. The upward electron spin is denoted as up, downward spin is denoted as dw, p represents the sum of p orbital, d represents the sum of d orbital. The PDOS of H atom in pristine CdS surface was multiplied by 10 to enable a more easily visual comparison. The Fermi level is set to 0.
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Fig. S3 Partial density of state (PDOS) of H adsorbed on the TM1-TM2@CdS surface from the conventional DFT calculations. The upward electron spin is denoted as up, downward spin is denoted as dw, d represents the sum of d orbital. The PDOS of H atom in pristine CdS surface was multiplied by 10 to enable a more easily visual comparison. The Fermi level is set to 0.

Fig. S4 Relationship between band structure of TM1-TM2@CdS semiconductor and redox potentials of H2S and H2O decomposition computed with the HSE06 hybrid functional.






[bookmark: _GoBack]Table S1. The top view of the most stable configurations for species adsorption on TM@CdS after geometry optimization. The order of the TM dopant from left to right is 3d series to 5d series. Color scheme: Cd = purple, S = yellow, H = white, O = red, TM = grey.
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