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Fig. S1. Comparison of AGcoon* and AGycoo+ of MiM,@Cu catalysts with high CO,RR selectivity.
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Fig. S2. Optimized structures of intermediates of catalysts screening and CO, reduction over
M M,@Cu surface. (a) Optimized structures of catalysts screening. (b) Intermediates of CO,
electrochemical reduction to C; products over catalyst surface. (c) Intermediates of CO,

electrochemical reduction to C,H, over catalyst surface.
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Fig. S3. Reaction network of C; products CO, CH;0H and CHj,.
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Fig. S4. Gibbs free energy diagram of C; products formation. (a) PtZn@Cu. (b) PdBi@Cu. (c)

PtBi@Cu. (d) PtSn@Cu.
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Fig. SS. Gibbs free energy diagram of C,H, formation. (a) PtZn@Cu. (b) PdBi@Cu. (c) PtBi@Cu.

(d) PtSn@Cu.
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Fig. S6. XPS spectra of PtNi@Cu catalyst.
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Fig. S7. XPS results of PtZn@Cu catalyst. (a) Survey spectra. (b) Cu 2p XPS spectra. (c) Zn 2p XPS

spectra. (d) Pt 2p XPS spectra.



Fig. S8. SEM images of Cu, PtNi@Cu and PtZn@Cu. (a, b) Cu. (¢, d) Pt@Ni@Cu. (e, f) PtZn@Cu.
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Fig. S9. Particle size distribution of PtNi@Cu.

10

165



(111)

1000
900

800

700
600

500

400

0.0 0.5 1.0 1.5 2.0
Length (nm)

Fig. S10. Length of lattice fringe spacing on (111) surface.
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Fig. S11. Faradic efficiency of PtZn@Cu catalysts with different metal proportion.
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Fig. S12. Faradic efficiency of Pt;Zn;@Cu, at the potentials ranging from -0.9 V vs. RHE to -1.3 V

vs. RHE.
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Fig. S13. Linear scan voltammetry curves of PtZn@Cu.
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Fig. S14. Stability test of Pt;Zn;@Cu;.
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Fig. S15. Bode phase diagram of catalysts. (a) Pt;Ni;@Cu,. (b) Pt;Zn;@Cu;.
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Fig. S16. Impedance spectrum of catalysts. (a) PtNi@Cu. (b) PtZn@Cu.
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Fig. S17. Electrochemical surface area of PtZn@Cu catalysts.
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Fig. S18. In-situ FTIR spectra of PtNi@Cu catalyst.
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Fig. S19. Partial density of states of ternary alloy catalysts. (a) PdBi@Cu. (b) PtNi@Cu. (c)

PtBi@Cu. (d) PtSn@Cu. () PtZn@Cu.
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Fig. S20. The electron density difference plots of COH* adsorption on PtNi@Cu, Pt@Cu, Ni@Cu

and Cu.
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Fig. S21. COHP diagram of COH* adsorption on PtNi@Cu. (a) Cu-C COHP of COH* adsorption.

(b) Ni-C COHP of COH* adsorption. (¢) Pt-C COHP of COH* adsorption.
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Fig. S22. COHP diagram of COH* adsorption on Cu.
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Fig. S23. COHP diagram of COH* adsorption on Ni@Cu and Pt@Cu. (a) Cu-C COHP of COH*
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Table S1. CO,RR performance comparison of binary and ternary alloys.

Type Catalysts Products FE (%) Ji (mA cm?) Ref.
Binary alloy Cu@Bi HCOOH 91.27 -80.12 !
Binary alloy IrSn HCOO- 98 -78 2
Binary alloy Cu-Ni CO 98.8 -27.6 3
Binary alloy Pd-Cu IM C; products 64.95 ~-81 4
Binary alloy CuZn C,+ products 91 -136.5 3
Binary alloy SnCu C,+ products 79.3 -634.4 6
Ternary alloy CuZnMn CH,4 55 -418 7
Ternary alloy AgCuAu CO ~97 ~-145.5 8
Ternary alloy AgCu CO ~100 -3.9 ?
Ternary alloy CuAgNi C,+ products 93.2 -818.1 10
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Table S2. Percentage of element contents in PtNi@Cu and PtZn@Cu.

Catalysts Cu?2p Ni 2p Zn2p Pt 4f

PtNi@Cu 31.38% 32.66% - 35.96%

PtZn@Cu 33.88% - 31.84% 34.29%
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Table S3. The d-band center and M-M, bond length of different catalysts.

BiPd@Cu  PNi@Cu  PtSn@Cu  PBi@Cu PtZn@Cu

eq (M) 0 =277 -3.12 -2.97 -2.91
€4 (My) -2.87 -1.36 -1.92 0 -6.74
€4 (Cu) -2.78 -2.47 -2.84 -2.74 -2.70

d(M;-M,) 2.85 2.49 2.75 2.87 2.57
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