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Table S1 The calculated bandgaps of pristine CdX and ZnX (X =S, Se and Te) in bulk phase

at GGA-PBE and HSE06 level in comparison with experimental data'-3

Methods CdS CdSe CdTe ZnS ZnSe ZnTe

GGA-PBE 1.15 0.63 0.57 2.16 1.36 1.11
HSE06 241 1.86 1.47 3.56 2.55 2.39

Expt!-3 2.485 1.75 1.43 3.68 2.7 2.26




Table S2. Free energies for the intermediates (*H) absorption on the pristine and TM doped

CdX and ZnX (X =S, Se and Te) surface.

CdS CdSe CdTe ZnS ZnSe ZnTe

System AG.g/eV AG.g/eV AG.y/eV AG.g/eV AG.g/eV AG.y/eV
H-M H-X H-M H-X H-M H-X H-M H-X H-M H-X H-M H-X
pristine 2.00 1.07 193 112 1.73 145 195 164 180 164 1.52 1.78
Fe 0.84 0.79 077 086 056 088 057 113 054 098 025 0.65
Co 035 044 043 050 034 065 034 083 033 059 025 0.64
Ni 0.32 -0.03 030 0.19 020 037 028 053 024 034 0.09 045
Cu -0.48 -0.28 -0.10 -0.22 0.17 0.08 -045 0.01 0.17 -0.06 036 0.25
Pd 029 0.10 0.19 031 0.06 027 -0.06 025 005 0.19 0.17 0.52
Pt 0.38 030 0.06 050 -0.12 042 -0.001 0.77 -0.18 034 0.01 0.66
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Figure S1. Calculated band structures of pristine (a) CdS, (b) CdSe, (c) CdTe, (d) ZnS, (e) ZnSe

and (f) ZnTe in bulk phase using HSE06 methods. The dashed black line is the Fermi level.

As shown in Figure S1, the general features of the band structures of pristine CdX and ZnX (X
=8, Se, Te) are similar with differences in bandwidths and all these compound materials are direct
bandgaps. The valence bandwidth of CdX is smaller than that of ZnX, which probably arises from
the hybridization accompanying the change in bonding from more ionic to more covalent, as Zn is
replaced by Cd. In addition, the bandwidth of CdX and ZnX increases as S is replaced by Se and Se
by Te in hexagonal phases. In all cases, the valence band maximum and the conduction band
minimum occur at the G point, hence these compounds are semiconductors with direct energy band

gaps. For the same X atom, this direct energy bandgap decreases from Zn to Cd.
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Figure S2. Calculated TDOS and PDOS of Cd/Zn and X atoms in CdX and ZnX for pristine (a)
CdS, (b) CdSe, (c) CdTe, (d) ZnS, (e) ZnSe and (f) ZnTe in bulk phase using HSE06 methods. The

dashed black line is the Fermi level.

To understand the bonding characteristics of pristine CdX and ZnX (X = S, Se, Te), We
calculated their the total density of state (TDOS) and PDOS with HSE06 method, and the results are
depicted in Figure S2. It can be noted that the electron density of state (DOS) is similar for all
pristine CdX and ZnX (X = S, Se, Te), with some small differences in details. The major
contribution to the occupied part of the electron DOS around the Fermi energy comes from the p
orbitals of the X atom and the s orbitals of Zn and Cd. The corresponding PDOS of CdX and ZnX
in Figure S2 illustrates that the valence band of CdX and ZnX is dominated by Cd/Zn 4p, S 4p, Se

5p and Te 6p states, indicating hybridization between those orbitals and a covalent bond character.
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Figure S3. The optimized structures of hydrogen adsorption on TM doped CdS surface at transition

metal active site.
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Figure S4. The optimized structures of hydrogen adsorption on TM doped CdS surface at S active

site.



giesgeses. tﬁﬁl‘

Fe doped CdSe Co doped CdSe Ni doped CdSe

338332328831
gesudeisidaias.

Cu doped CdSe Pd doped CdSe Pt doped CdSe

Figure S5. The optimized structures of hydrogen adsorption on TM doped CdSe surface at

transition metal active site.
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Figure S6. The optimized structures of hydrogen adsorption on TM doped CdSe surface at Se

active site.
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Figure S7. The optimized structures of hydrogen adsorption on TM doped CdTe surface at

transition metal active site.
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Figure S8. The optimized structures of hydrogen adsorption on TM doped CdSe surface at Te

active site.
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Figure S9. The optimized structures of hydrogen adsorption on TM doped ZnS surface at transition

metal active site.
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Figure S10. The optimized structures of hydrogen adsorption on TM doped ZnS surface at S active

site.
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Figure S11. The optimized structures of hydrogen adsorption on TM doped ZnSe surface at

transition metal active site.
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Figure S12. The optimized structures of hydrogen adsorption on TM doped ZnSe surface at Se

active site.
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Figure S13. The optimized structures of hydrogen adsorption on TM doped ZnTe surface at

transition metal active site.
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Figure S14. The optimized structures of hydrogen adsorption on TM doped ZnTe surface at Te

active site.



REFERENCES

[1] Guido Petretto, Shyam Dwaraknath, Henrique P. C. Miranda, Donald Winston, Matteo
Giantomassi, Michiel J. van Setten, Xavier Gonze, Kristin A. Persson, Geoffroy Hautier, Gian-
Marco Rignanese, High-throughput density functional perturbation theory phonons for
inorganic materials, Scientific Data, 2018, 5,180065

[2] Aminoff, G. Untersuchungen ueber die kristallstrukturen von wurtzit und rotnickelkies.
Zeitschrift fur Kristallographie, 1923, 58, 203-219;

[3] Wyckoff, R. W. G. Second edition. Interscience Publishers, New York, New York Note:

wurtzite structure. Crystal Structures, 1963, 1, 85-237



