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Table S1 DFT calculated energy, zero-point energy, entropy, and Gibbs free energy of the gas

phase molecules considered in this work

Molecule E/eV ZPE/eV -TS/eV G/eV
CO, -22.95 0.31 -0.66 -23.30
CO -14.77 0.13 -0.61 -15.25
H,O -14.22 0.58 -0.67 -14.31
H, -6.77 0.27 -0.40 -6.90

Here, the Gibbs free energy change of intermediates are given by Equations S1 and S2:'
AG(COOH *) = G(COOH*) —G*~G(CO,)-1/2G(H,)+AG(PH) (S1)
AG(CO*)= G(CO¥) + G(H,0) ~G*-G(CO,)~G(H,) +AG(PH)  (S2)
The solvation correction is given by Equations S3 and S4:

AG,,, (COOH*) = AG(COOH*) +AE,,(COOH ) ($3)

corr

corr

AG,,, (CO*) = AG(CO*) +AE,, (CO) (S4)

The solvation correction to adsorbate energy could be applied to both COOH* (-0.25 eV) and

CO* (-0.1 eV).2

Table S2 DFT calculated cohesive energy of different models

Models AG(COOH*)/eV AG(CO*)/eV
WS,-3W -0.75 -1.15
WS,-4W -0.70 -1.19

We compared the semi-infinite strip model with 3 W atoms (WS,-3W) in a direction with the
semi-infinite strip model with 4 W atoms (WS;-4W) in a direction. The calculated values of
AG(COOH*) and AG(CO*) show that the WS,-3W model is similar to the previous studies in
literature.> # In the WS,-3W model, the distance between the adsorption intermediate of adjacent

lattices is 9.54 A, which can avoid the contact between the adjacent lattices.



Table S3 DFT calculated cohesive energy of different models

Models cohesive energy (eV/atom)

WS, 5.56
WS,-1Zn 5.39
WS,-2Zn 5.17
WS,-3Zn 4.96
WS,-1Fe 5.49
WS,-2Fe 5.41
WS,-3Fe 5.33
WS,-1Co 5.52
WS,-2Co 5.46
WS,-3Co 5.39
WS,-1Ni 5.52
WS,-2Ni 5.47

WS,-3Ni 541




Table S4 DFT calculated adsorption energy of the intermediates COOH and CO onto different

models
Models Concentration Adsorption site AE 4(COOH = )/eV AE 4(CO *) )y

WS, 0 w -4.17 -2.45
WS,-1Zn-1 1/3 W -3.79 -2.49
WS,-1Zn-2 1/3 Zn -1.78 -0.22
WS,-2Zn-1 2/3 w -3.79 -1.80
WS,-2Zn-2 2/3 Zn -1.91 -0.23
WS,-3Zn-2 1 Zn -1.89 -0.39
WS,-1Fe-1 1/3 w -3.98 -2.81
WS,-1Fe-2 1/3 Fe -2.59 -2.01
WS,-2Fe-1 2/3 \\% -4.11 -2.22
WS,-2Fe-2 2/3 Fe -2.66 -2.24
WS,-3Fe-2 1 Fe -2.50 -1.78
WS,-1Co-1 1/3 w -3.99 -2.14
WS,-1Co-2 1/3 Co -2.58 -1.76
WS,-2Co-1 2/3 w -4.02 -2.04
WS,-2Co-2 2/3 Co -2.66 -1.92
WS,-3Co-2 1 Co -2.48 -2.03
WS,-1Ni-1 1/3 w -4.06 -2.26
WS,-1Ni-2 1/3 Ni -2.35 -0.97
WS,-2Ni-1 2/3 A\ -3.99 -2.10
WS,-2Ni-2 2/3 Ni -2.24 -0.93

WS,-3Ni-2 1 Ni -2.32 -1.22




Table S5 The calculated Gibbs free energy change at 298.15 K for the adsorption of the

intermediates COOH and CO onto different models

Models  Concentration Ads:i?énon AG(COOH¥)/eV  AG(CO¥)/eV  AG(H*)eV

WS, 0 w 0.75 115 20.47
WS,-1Zn-1 1/3 w 2038 1.19 0.43
WS,-1Zn-2 1/3 Zn 1.62 1.05 1.62
WS,-2Zn-1 213 w 037 051 0.17
WS,-2Zn-2 2/3 Zn 150 1.06 0.18
WS,-3Zn-2 1 Zn 1.52 0.88 175
WS,-1Fe-1 1/3 w 2056 1150 20.49
WS,-1Fe-2 1/3 Fe 0.82 -0.69 0.84
WS,-2Fe-1 213 w 20.68 -0.93 0.12
WS,-2Fe-2 2/3 Fe 0.75 091 0.10
WS,-3Fe-2 1 Fe 0.91 -0.46 0.93
WS-1Co-1 1/3 w 2058 0.83 0.43
WS-1Co-2 1/3 Co 0.83 0.43 0.77
WS,-2Co-1 213 w 20.60 0.75 20.02
WS,-2Co-2 213 Co 0.75 20.60 0.67
WS,-3Co-2 1 Co 0.93 0.71 0.87
WS- INi-1 1/3 w 20.65 -0.95 0.65
WS,-1Ni-2 1/3 Ni 1.06 0.34 1.10
WS,-2Ni- 1 213 w 057 0.81 0.04
WS,-2Ni-2 2/3 Ni 1.18 0.38 1.14

WS,-3Ni-2 1 Ni 1.09 0.09 1.10




Table S6 Bond lengths in the considered models

Models Concentration Adsorption site COOH*/A COr/A

Mc  dvor  dvo dw-c

WS, 0 W 2.05 224 3.30 2.00
WS;-1Zn-1 1/3 W 2.04 219 3.31 1.92
WS,-1Zn-2 1/3 Zn 2.04 294 2.83 2.11
WS,-2Zn-1 2/3 W 207 222 3.32 2.03
WS,-2Zn-2 2/3 Zn 203 2091 2.83 2.09
WS,-3Zn-2 1 Zn 204 291 2.84 2.08
WS,-1Fe-1 1/3 W 203 218 3.30 1.91
WS,-1Fe-2 1/3 Fe 191  2.65 2.89 1.74
WS,-2Fe-1 2/3 W 2.05 224 3.30 2.01
WS,-2Fe-2 2/3 Fe 1.93 270 2.89 1.75
WS,-3Fe-2 1 Fe 196 271 291 1.77
WS,-1Co-1 1/3 W 2.03  2.16 3.30 2.01
WS,-1Co-2 1/3 Co 1.92 281 2.78 1.75
WS,-2Co-1 2/3 w 206 223 3.30 2.03
WS,-2Co-2 2/3 Co 193 282 2.78 1.75
WS,-3Co-2 1 Co 1.92 274 2.83 1.74
WS,-1Ni-1 1/3 W 2.04  2.18 3.31 2.00
WS,-1Ni-2 1/3 Ni 195 283 2.78 1.81
WS,-2Ni-1 2/3 W 206 222 3.30 2.01
WS,-2Ni-2 2/3 Ni 196 284 2.78 1.82
WS,-3Ni-2 1 Ni 195 282 2.76 1.81




Table S7 Solvent corrected AG ory

(COOH *)

values (in eV) at different PH in the considered

models
Models o
1 2 3 4 5 6 7 8 9 10 11 12 13 14

WS, -1.00 -094 -0.88 -0.82 -0.76 -0.71 -0.65 -0.59 -0.53 -047 -041 -0.35 -0.29 -0.23 -0.17
WS,-1Zn-1  -0.63 -0.57 -0.51 -045 -0.39 -0.33 -027 -022 -0.16 -0.10 -0.04 0.02 0.08 0.14 0.20
WS,-1Zn-2  1.37 1.43 1.49 1.55 1.61 1.67 1.73 1.79 1.85 1.90 1.96 202 208 214 220
WS,-2Zn-1 -0.62 -0.56 -0.50 -0.44 -038 -032 -026 -020 -0.14 -0.08 -0.02 0.04 0.09 015 021
WS,-27Zn-2  1.25 1.31 1.37 1.43 1.49 1.55 1.60 1.66 1.72 1.78 1.84 1.90 1.96 2.02 2.08
WS,-3Zn-2  1.27 1.33 1.39 1.45 1.51 1.56 1.62 1.68 1.74 1.80 1.86 1.92 1.98 204 2.10
WS,-1Fe-1  -0.81 -0.75 -0.69 -0.63 -0.58 -0.52 -046 -040 -034 -028 -022 -0.16 -0.10 -0.04 0.02
WS,-1Fe-2 057 063 069 075 0381 087 092 098 1.04 1.10 1.16 1.22 1.28 1.34 1.40
WS,-2Fe-1  -093 -088 -082 -0.76 -0.70 -0.64 -0.58 -0.52 -0.46 -040 -034 -028 -0.22 -0.16 -0.11
WS,-2Fe-2 050 056 0.62 0.68 0.74 0.80 0.86 0.92 0.97 1.03 1.09 1.15 1.21 1.27 1.33
WS,-3Fe-2  0.66 0.72 0.78 0.84 090 0.96 1.02 1.08 1.14 1.20 1.25 1.31 1.37 1.43 1.49
WS,-1Co-1 -0.83 -0.77 -0.71 -0.65 -0.59 -0.53 -047 -041 -035 -029 -024 -0.18 -0.12 -0.06 0.00
WS,-1Co-2 058 064 070 076 082 0838 094 1.00 1.06 1.12 1.18 1.23 1.29 1.35 1.41
WS,-2Co-1 -085 -0.79 -0.73 -0.67 -0.61 -0.55 -049 -043 -037 -031 -0.26 -0.20 -0.14 -0.08 -0.02
WS,-2Co-2 050 056 062 0.67 0.73 079 085 091 0.97 1.03 1.09 1.15 1.21 1.27 1.33
WS,-3Co-2 068 074 079 085 091 0.97 1.03 1.09 1.15 1.21 1.27 1.33 1.39 1.45 1.51
WS,-1Ni-1  -090 -0.84 -0.78 -0.72 -0.66 -0.60 -0.54 -048 -042 -036 -031 -0.25 -0.19 -0.13 -0.07
WS,-INi-2 081 0.87 093 0.99 1.05 1.10  1.16 1.22 1.28 1.34 1.40 1.46 1.52 1.58 1.64
WS,-2Ni-1  -0.82 -0.76 -0.70 -0.64 -0.58 -0.52 -046 -040 -034 -028 -023 -0.17 -0.11 -0.05 0.01
WS,-2Ni-2 093  0.99 1.04 1.10 1.16 1.22 1.28 1.34 1.40 1.46 1.52 1.58 1.64 1.70 1.76
WS,-3Ni-2  0.84 090 0.96 1.02 1.08 1.14 1.20 1.26 1.32 1.38 1.44 1.49 1.55 1.61 1.67




Table S8 Solvent corrected AG oy

(CO*)

values (in eV) at different PH in the considered models

Models il
1 2 3 4 5 6 7 8 9 10 11 12 13 14

WS, -1.25  -1.19 -1.13 -1.07 -1.02 -096 -090 -0.84 -0.78 -0.72 -0.66 -0.60 -0.54 -0.48 -0.42
WS,-1Zn-1 -1.29 -123 -1.17 -1.11 -1.05 -099 -093 -087 -081 -0.76 -0.70 -0.64 -0.58 -0.52 -0.46
WS,-1Zn-2 095 1.01 1.07 1.13 1.19 1.25 1.31 1.37 1.42 1.48 1.54 1.60 1.66 1.72 1.78
WS,-2Zn-1  -0.61 -0.55 -049 -044 -038 -032 -026 -020 -0.14 -0.08 -0.02 004 0.10 0.16 022
WS,-2Zn-2  0.96 1.02 1.08 1.14 1.20 1.26 1.32 1.37 1.43 1.49 1.55 1.61 1.67 1.73 1.79
WS,-3Zn-2 078 0.84 090 0.96 1.02 1.08 1.14 1.20 1.26 1.32 1.38 1.43 1.49 1.55 1.61
WS,-1Fe-1  -1.60 -1.54 -148 -143 -137 -131 -125 -1.19 -1.13 -1.07 -1.01 -095 -0.89 -0.83 -0.77
WS,-1Fe-2  -0.79 -0.73 -0.67 -0.61 -0.55 -049 -043 -037 -031 -025 -020 -0.14 -0.08 -0.02 0.04
WS,-2Fe-1  -1.03 -097 -091 -085 -0.79 -0.73 -0.67 -0.61 -0.55 -049 -043 -037 -032 -026 -0.20
WS,-2Fe-2  -1.01 -095 -089 -083 -0.77 -0.71 -0.66 -0.60 -0.54 -048 -042 -036 -030 -0.24 -0.18
WS,-3Fe-2  -0.56 -0.51 -045 -039 -0.33 -027 -0.21 -0.15 -0.09 -0.03 0.03 0.09 0.15 0.21 0.26
WS,-1Co-1  -093 -0.88 -0.82 -0.76 -0.70 -0.64 -0.58 -0.52 -046 -0.40 -0.34 -028 -0.22 -0.16 -0.10
WS,-1Co-2 -0.53 -048 -042 -036 -030 -024 -0.18 -0.12 -0.06 0.00 0.06 0.12 0.18 024 029
WS,-2Co-1  -085 -0.79 -0.73 -0.67 -0.61 -0.55 -049 -044 -038 -032 -026 -020 -0.14 -0.08 -0.02
WS,-2Co-2 -0.70 -0.64 -0.58 -0.52 -046 -040 -034 -0.28 -023 -0.17 -0.11 -0.05 0.01 0.07 0.13
WS,-3Co-2 -0.81 -0.75 -0.69 -0.63 -0.57 -0.51 -045 -039 -033 -027 -021 -0.15 -0.09 -0.03 0.02
WS,-1INi-1  -1.05 -0.99 -0.94 -0.88 -0.82 -0.76 -0.70 -0.64 -0.58 -0.52 -0.46 -0.40 -0.34 -0.28 -0.22
WS,-INi-2 024 030 036 042 047 053 0.59 0.65 0.71 0.77 083 0.89 0095 1.01 1.07
WS,-2Ni-1  -091 -085 -0.79 -0.73 -0.67 -0.61 -0.55 -049 -043 -037 -031 -0.25 -0.20 -0.14 -0.08
WS,-2Ni-2 028 034 040 046 052 058 064 070 0.76 0.82 088 093 0.99 1.05 1.11
WS,-3Ni-2  0.00 0.06 0.12 0.18 024 029 035 041 0.47 0.53 0.59 0.65 0.71 0.77 0.83




Table S9 Solvent corrected Uy values (in V) at different PH in the considered models

Models PH
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

\WAH -1.25  -1.19 -1.13 -1.07 -1.02 -096 -090 -0.84 -0.78 -0.72 -0.66 -0.60 -0.54 -0.48 -0.42
WS,-1Zn-1 -1.29  -123 -1.17 -1.11  -1.05 -099 -093 -0.87 -0.81 -0.76 -0.70 -0.64 -0.58 -0.52 -0.46
WS,-1Zn-2 -1.37 -143 -149 -155 -l1.61 -167 -1.73 -1.79 -185 ~-190 -196 -2.02 -2.08 -2.14 -2.20
WS,-2Zn-1 -0.61 -0.55 -049 -044 -038 -032 -026 -020 -0.14 -0.08 -0.02 -0.04 -0.09 -0.15 -0.21
WS,-2Zn-2 -1.25  -131 -137 -143 -149 -155 -1.60 -1.66 -1.72 -1.78 -1.84 -190 -196 -2.02 -2.08
WS,-3Zn-2 -1.27 -133 -139 -145 -1.51 -156 -1.62 -1.68 -1.74 -1.80 -1.86 -192 -1.98 -2.04 -2.10
WS,-1Fe-1 -1.60 -1.54 -148 -143 -137 -131 ~-125 ~-1.19 ~-1.13 ~-1.07 -1.01 -095 -0.89 -0.83 -0.77
WS,-1Fe-2 079 073 -0.69 -075 -0.81 -087 -092 -098 -1.04 -1.10 -1.16 -122 -128 -134 -140
WS,-2Fe-1 -1.03 -097 -091 -0.85 -0.79 -0.73 -0.67 -0.61 -0.55 -049 -043 -0.37 -032 -0.26 -0.20
WS,-2Fe-2 -1.01 -095 -0.89 -0.83 -0.77 -0.80 -0.86 -092 -097 -1.03 -1.09 ~-1.15 ~-1.21 -1.27 -1.33
WS,-3Fe-2 -066 -0.72 -0.78 -0.84 -090 -096 -1.02 -1.08 -1.14 -1.20 -1.25 -131 ~-1.37 -143 -149
WS,-1Co-1 -093 -0.88 -082 -0.76 -0.70 -0.64 -0.58 -0.52 -046 -040 -034 -0.28 -022 -0.16 -0.10
WS,-1Co-2 -0.58 -0.64 -0.70 -0.76 -0.82 -0.88 -094 -1.00 -1.06 ~-1.12 -1.18 -1.23 -1.29 -1.35 -141
WS,-2Co-1 -0.85 -0.79 -0.73 -0.67 -0.61 -0.55 -049 -044 -038 -0.32 -0.26 -0.20 -0.14 -0.08 -0.02
WS,-2Co-2 -0.70 -0.64 -0.62 -0.67 -0.73 -0.79 -0.85 -091 -097 ~-1.03 -1.09 -1.15 ~-1.21 -1.27 -1.33
WS,-3Co-2 081 075 079 -085 -091 -097 -1.03 -1.09 -1.I5 -121 -127 -133 -139 -145 -151
WS,-1Ni-1 -1.05 -099 -094 -0.88 -0.82 -0.76 -0.70 -0.64 -0.58 -0.52 -046 -0.40 -0.34 -0.28 -0.22
WS,-1Ni-2 -0.81 -0.87 -093 -099 -1.05 -1.10 ~-1.16 -122 -1.28 ~-1.34 -140 -146 -1.52 -1.58 -1.64
WS,-2Ni-1 -091 -0.85 -0.79 -0.73 -0.67 -0.61 -0.55 -049 -043 -037 -0.31 -0.25 -0.20 -0.14 -0.08
WS,-2Ni-2 -093 -099 -104 -1.10 ~-1.16 -122 -128 ~-1.34 -140 -146 -1.52 -1.58 -1.64 -1.70 -1.76
WS,-3Ni-2 -0.84 -090 -096 -1.02 -1.08 -1.14 -120 -126 -132 -1.38 -144 -149 -1.55 -1.61 ~-1.67
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Figure S1 Optimized stable structures of (a) WS,-1TM models, (b) WS,-2TM models and (c)
WS,-3TM models. (d) Binding energy of WS,-xTM. The binding energy (Ey) is calculated by the
following formula: E,=E(WS,-xTM)-uTM-E(WS;,-Vy), where E(WS,-xTM) and E(WS,-Vy) are
the energy of WS,-xTM model and the energy of WS, with W vacancy, respectively, and pTM is

the energy of each TM atom in its bulk phase.
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Figure S2 Stable structures of WS, and WS,-1TM-1 models absorbed with reaction intermediates

(a) COOH* and (b) CO*, respectively
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Figure S3 Stable structures of WS,-1TM-2 models absorbed with reaction intermediates (a)
COOH* and (b) CO*, respectively; stable structures of WS,-2TM-2 models absorbed with
reaction intermediates (¢) COOH* and (d) CO*, respectively; and stable structures of WS,-3TM

models absorbed with reaction intermediates (¢) COOH* and (f) CO¥*, respectively
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Figure S4 Charge density for (a) WS;,-1Zn, (b) WS,-1Fe, (c) WS,-1Co, (d) WS,-1INi, (e) WS;-

3Zn, (f) WS,-3Fe, (g) WS,-3Co and (h) WS,-3Ni models.
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Figure S5 The side view of charge density difference for the adsorption of COOH* on (a) bare
WS,, (b) WS,-2Zn-1, (¢) WS,-2Fe-1, (d) WS;-2Co-1 and (e) WS,-2Ni-1 models. The charge
accumulation/depletion is shown in yellow/cyan with the isosurface of 0.002 e/A3 * c. The gray,
blue, yellow, brown, red and white balls in the ball-and-stick models represent the W, Zn, S, C, O

and H atoms, respectively.
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Figure S6 The main view of charge density difference for the adsorption of COOH* on (a) bare
WS,, (b) WS,-2Zn-1, (¢) WS,-2Fe-1, (d) WS;-2Co-1 and (e) WS,-2Ni-1 models. The charge
accumulation/depletion is shown in yellow/cyan with the isosurface of 0.002 e/A3 * c. The gray,
blue, yellow, brown, red and white balls in the ball-and-stick models represent the W, Zn, S, C, O

and H atoms, respectively.
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Figure S7 The side view of charge density difference for the adsorption of CO* on (a) bare WS,,
(b) WS,-2Zn-1, (c) WS,-2Fe-1, (d) WS,-2Co-1 and (e) WS;-2Ni-1 models. The charge
accumulation/depletion is shown in yellow/cyan with the isosurface of 0.002 e/A3 * c. The gray,
blue, yellow, brown, red and white balls in the ball-and-stick models represent the W, Zn, S, C, O

and H atoms, respectively.
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Figure S8 The main view of charge density difference for the adsorption of CO* on (a) bare WS,,
(b) WS,-2Zn-1, (¢) WS,-2Fe-1, (d) WS,-2Co-1 and (e) WS,-2Ni-1 models. The charge
accumulation/depletion is shown in yellow/cyan with the isosurface of 0.002 e/A3 « c. The gray,
blue, yellow, brown, red and white balls in the ball-and-stick models represent the W, Zn, S, C, O

and H atoms, respectively.
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Figure S9 Projected state density of d-orbit of adsorption site in (a) WS,-1TM-1, (b) WS,-1TM-2,

(c) WS,-2TM-2, and (d) WS,-3TM models.
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Figure S10 Relationship between the Gibbs free energy change and d-band centers of W sites in

WS,-1TM models in the case of absorption intermediate(a) COOH* and (b) CO*, respectively.

The R shows the correlation between Gibbs free energy and d-band centers. The gray region

indicates the models with better electrocatalytic performance (-0.5<<AG<<0.5 eV).
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Figure S11 Relationship between the Gibbs free energy change and d-band centers of TM sites in
WS,-1TM models in the case of absorption intermediate(a) COOH* and (b) CO*, respectively.
The R shows the correlation between Gibbs free energy and d-band centers. The gray region

indicates the models with better electrocatalytic performance (-0.5<<AG<<0.5 eV).
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Figure S12 Relationship between the Gibbs free energy change and d-band centers of TM sites in
WS,-2TM models in the case of absorption intermediate(a) COOH* and (b) CO*, respectively.
The R shows the correlation between Gibbs free energy and d-band centers. The gray region

indicates the models with better electrocatalytic performance (-0.5<<AG<<0.5 eV).
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Figure S13 Relationship between the Gibbs free energy change and d-band centers of TM sites in
WS,-3TM models in the case of absorption intermediate(a) COOH* and (b) CO*, respectively.
The R shows the correlation between Gibbs free energy and d-band centers. The gray region

indicates the models with better electrocatalytic performance (-0.5<<AG<<0.5 eV).
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Figure S14 Stable structures of (a) WS,, (b) WS,-2Zn-1, (c) WS,-2Fe-1, (d) WS;-2Co-1 and (e)
WS,-2Ni-1 models absorbed with reaction intermediates CO* and H*, respectively. Stable
structures of (f) WS,, (g) WS,-2Zn-1, (h) WS,-2Fe-1, (i) WS;-2Co-1 and (j) WS;,-2Ni-1 models

absorbed with reaction intermediates COOH* and H*, respectively. Stable structures of (k) WS,,



(1) WS,-2Zn-1, (m) WS;,-2Fe-1, (n) WS,-2Co-1 and (0) WS,-2Ni-1 models absorbed with reaction
intermediates CO* and OH*, respectively. Stable structures of (p) WS,, (q) WS,-2Zn-1, (r) WS,-

2Fe-1, (s) WS,-2Co-1 and (t) WS;,-2Ni-1 models absorbed with reaction intermediates COOH*

and OH*, respectively.
-2,
0 I | | | |
(., | | | |
(Y 1 I 1 I
. | | | |
-1.61 | s | I
28 i oh 1 [l
w | o~ I — w
! : ~
A [ Ip (K [
AR |l 1 | |
-1.2 1 | <, 3 1 1= 1
— €N — . 5 — . [sg]
s . | 1L QY ! ! 5 ol <t
gt I < | XS Bl [ 2! o ®
- I | Tt s S S
0.8 o i L= Nl oy
-0.841| |1 13 H e SIS
1 (R 1 { — |V =
I = I <l | I
| | | | |
-0.4 1 g B o e N A N AR S N I Cl B
A BEIZE| [REIRE| KI2Ige| ' <1215 RERE
= P I B S TR 0 0 B P P S O I B O NS S I D B B
HEE |22 B 252 B EIEE] 525 F| EEEE
| | 1 |
0.0 T f T I 1
WS, WS,-ITM-1 WS,-2TM-1 WS,-1TM-2 WS,-2TM-2' WS,-3TM-2

Figure S15 The calculated values of limiting potential (Up) after solvation modification for the

CO3RR to CO on different models at PH=0.
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Figure S16 The calculated values of limiting potential (Up) after solvation modification for the
CO,RR to CO on WS,, WS,-1Co-2, WS,-2Co-2, WS,-2Zn-1 and WS,-3Fe-2 models at different

PH.
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Figure S17 The calculated values of limiting potential (Up) after solvation modification for the

CO3RR to CO on WS,-1TM-1 models at different PH.
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Figure S18 The calculated values of limiting potential (Up) after solvation modification for the

CO3RR to CO on WS,-1TM-2 models at different PH.



U (V)

PH

Figure S19 The calculated values of limiting potential (Up) after solvation modification for the

CO3RR to CO on WS,-2TM-2 models at different PH.
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Figure S20 The calculated values of limiting potential (Up) after solvation modification for the

CO3RR to CO on WS,3TM-2 models at different PH.
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