Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2016

Supporting Information

Understanding divergent behaviors in the photocatalytic hydrogen evolution reaction on

CdS and ZnS: A DFT based study

Zhaohui Zhou, " Fengshuang Han," Liejin Guo, Oleg V. Prezhdo™*
fInternational Research Center for Renewable Energy, State Key Laboratory of Multiphase Flow
in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China

iDepartment of Chemistry, University of Southern California, Los Angeles 90007, United States



Table S1. Length of M-S bonds (M = Cd or Zn) closest to the adsorption site of various

geometries: Ly.s., (in A) within the topmost layer and Ly, (in A) between the topmost layer and

sublayer. For the definition of M-S bonds and various adsorption geometries, please refer to

Figure 1. Values in parentheses are derived with the 2x2 slab.

H*M) H*S) HO*M) HO*S) O*M) O*S)
JHO*(S)  /HO*(M)
254 263 256 256 263 257 269 2.68
L.
SMSL 555 (263)  (2.57)  (.50) (261 (2.56)  (2.85)  (2.84)
2.58 2.56
CdS
254 373 264 306 248 261 (262  (2.61)
L
L 055 @73) 264 (2.61)  (246) (2.61)  2.59 2.57
265  (2.64)
230 238 234 227 240 233 242 2.45
Lis.
SESL ) (238) (238)  (2.28)  (240) (2.33)  (258)  (2.65)
2.36 2.37
ZnS
236 324 243 238 229 237 (238)  (239)
L
L 034 391 (240) (236)  (2.28) (2.38) 238 237

(2.41) (2.40)

Table S2. Adsorption energy (AE), bond length (L) and magnetic moment (u) for adsorption
geometries with H* species on pure and Pt loaded CdS and ZnS (110). For the definition of
adsorption sites on the Pt load CdS and ZnS (110), please refer to Figure 4(a) and S3(a).

H*(M) H*S) H*(M-1) H*Pt) H*S-1) H*(S-2) H*(S-3) H*(S-4)

AE(V) 197 098 072 007 087 0.24 0.68 0.29

cdS L(A) 182 135 172 158 1.36 1.36 1.35 1.35
1 (uB) 2 0 2 0 0 0 0 0
AE(eV) 187 164 105 008  1.64 111 1.95 0.88

znS LA) 166 136 156 158 1.38 1.37 1.39 1.35
1t (uB) 2 1.5 2 2 0.6 1.4 0.3 2




Ly =167

o
>_@,}’

o< >
0
u= 2
AE =1.89
(A) H*(Zn)

Loy, =1.89
b
P

o
m,\b

1.62
(B) H*(S)

Lo_s =152

p

o 0

g
&

Lho.zn = 1.90

Lios = 2.18 A

\

2 uB
2.63 eV

(D) HO*(S)

Loz, =1.83 A
Lys=135A

ol b
) o

9,

p= 4 0 0 O uB
AE =455 2.68 2.19 0.63 eV
(E) O*(Zn) (F) O%(S) (G) H*(Zn)+HO*(S) (H) H*(S)+HO*(Zn)

Figure S1. Optimized adsorption geometries for the ZnS (110) with the 1x1 slab: (A) H*(Zn), (B)
H*(S), (C) HO*(Zn), (D) HO*(S), (E) O*(Zn), (F) O*(S), (G) H*(Zn)/HO*(S) and (H)
H*(S)/HO*(Zn). The bond length (L) of adsorbates with the (110), as well as the total magnetic
moment (1) and the adsorption energy (AE), was presented for each geometry. Zn, S, O and H

atoms were depicted in blue, yellow, red and white, respectively. Broken Zn-S bonds of which the

length exceeded 3 A were denoted as dashed lines.
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Figure S2. Optimized adsorption geometries for the ZnS (110) with the 2x2 slab: (A) H*(Zn), (B)
H*(S), (C) HO*(Zn), (D) HO*(S), (E) O*(Zn), (F) O*(S), (G) H*(Zn)/HO*(S) and (H)
H*(S)/HO*(Zn); Optimized adsorption geometry with the 2x3 slab: (I) H*(S).
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Figure S3. Top views of the geometries for (a) Pt loaded ZnS (110) and H* adsorbed at (b) Zn-1,
(c) S-4 and (d) Pt site with the 2x2 slab. Two types of surface Zn atoms and four types of surface
S atoms were distinguished on the Pt loaded (110). The adsorption energy, bond length and

magnetic moment were presented for each geometry.



