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Figure S1. (a) Tests of the cutoff energy and (b) the K-point mesh.
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Figure S2. Top and side views of CuZnX structures (X = Si, P, S, Cl).

Table S1. Formation energies of oxidized and reduced Zn clusters under solvation
conditions (e=78.4). All data were obtained at AuO =-2.5 eV, i.e., under a hydrogen-

rich environment.

Cluster Formation/eV (App =-2.5 eV)
Zn0O? -0.07
ZnOH? -1.37
Zn? -1.52
/n® -1.73
Zn* -1.71
Zny® -1.68

Zl’lzs* -1.61




Table S2. Vibrational frequencies of *COOH, *CO, COH, and H on CuZnX.
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Figure S3. Distribution of oxidized and reduced clusters formed under different pH

and reduction potentials.
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Figure S4 Functional relationship between H adsorption energy and Bader charge

transfer in CuZn;5X.

Table S3. Gibbs Free Energies of Reaction Intermediates (in eV).

intermediates
*COOH *CO *COH *H
CuZnX

CuZnSig 0.51 0.30 1.28 -0.12
CuZn;*Pyep -0.16 -0.24 0.22 -0.74
CuZn;*Shep 0.46 0.38 1.04 -0.31
CuZn;*Clyy 0.75 0.31 1.13 -0.21
CuZn,® 0.86 0.36 1.16 -0.21
CuZn;** Singp 0.82 0.35 0.96 -0.08
CuZn;* Ppep 1.13 0.27 1.41 -0.12
CuZn;* Spep 1.20 0.35 1.46 -0.17
CuZn;¥ Clyys 0.88 0.34 1.07 0.10

CuZn** 0.46 0.32 1.08 -0.23




