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Fig.S1 SEM images of Cu powder. Scale bars, 5 umin (a), 2 um in (b).

C

Fig. S2 SEM (a) and TEM images (b) and EDX mapping (c) of Cu/Ni bimetallic complex. Scale bars, 300 nm in (a), 100 nm in
(b). The complex consists of copper, nickel, carbon, nitrogen and oxygen elements, and the elements are evenly distributed
throughout the sample.
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Fig. 83 XRD patterns of the Cu,Ni,/N-C. The standard diffraction patterns for Cu (JCPDS no. 04-0836) and Ni (JCPDS no.
04-0850) are provided as references. For CuggNiio/N-C, CuqoNiso/N-C and CusNiso/N-C, the Cu,Niy, nanoparticles exist as
alloy, while for CussNijo/N-C and Cu,gNis o/N-C, the Cu,Niy, nanoparticles present as a mixture of metallic copper and Cu/Ni
bimetallic alloys.
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Fig. S4 The Auger Cu LMM spectrum of CuqoNij o/N-C.
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Fig. S5 K3-weighted (K) function of the EXAFS spectra of Cu,¢Niso/N-C, Cu4oNiso/N-C after electrolysis for 120 min, Cu foil
and Ni foil.

Fig. S6 SEM (a, c) and TEM (b, d) images of CuggNis o/N-C complex (a, b) and CuggNiso/N-C catalyst (c, d). Scale bars, 200
nm in (a), 100 nm in (b), 100 nm in (c), 100 nm in (d).



Fig. S7 SEM (a, c¢) and TEM (b, d) images of Cu4sNijo/N-C complex (a, b) and CuysNis o/N-C catalyst (c, d). Scale bars, 100
nm in (a), 100 nm in (b), 100 nm in (c), 200 nm in (d).

Fig. S8 SEM (a, c) and TEM (b, d) images of CussNijo/N-C complex (a, b) and CussNi; o/N-C catalyst (c, d).Scale bars, 200
nm in (a), 100 nm in (b), 100 nm in (c), 200 nm in (d).



Fig. S9 SEM (a, c) and TEM (b, d) images of Cu4gNi;o/N-C complex (a, b) and Cu,gNijo/N-C catalyst (c, d).Scale bars, 200
nm in (a), 100 nm in (b), 100 nm in (c), 100 nm in (d).

Fig. $10 SEM (a, c) and TEM (b, d) images of Cu/N-C complex (a, b) and Cu/N-C catalyst (c, d). Scale bars, 200 nm in (a),
100 nm in (b), 200 nm in (c), 100 nm in (d).



Fig. S11 SEM (a, c) and TEM (b, d) images of Ni/N-C complex (a, b) and Ni/N-C catalyst (c, d). Scale bars, 100 nm in (a), 200
nm in (b), 500 nm in (c), 3 umin (d).

80
a_ bA 70
Eal .\I—.————/ R —=—Cu, Ni; /N-C
6ol =% —e—Cu, ,Ni, /N-C
2 —=—H, 2 50
2 8
] —e—CO O 40l
i 40 —4—HCOOH £
(7 @
© o 30+
2 L
20} § 20f
= -
ey R
0 L 1 1 L 1 0 1 ' 1 1 1 1 1 1
09 08 _ 07 .06 -0.5 1.1 -1.0 09 -0.8 -0.7 0.6 -0.5 -0.4
Potential (V vs. RHE)

Potential (V vs. RHE)

Fig. S12 Faradaic efficiency of H,, CO and HCOOH at various potentials for Cu/N-C (a). Faradaic efficiency of H, at various
potentials for Cuq gNis o/N-C and Cuy, gNiqo/N-C (b).
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Fig. S13 Faradaic efficiency of H, and CO at various potentials for CuggNis o/N-C (a), CuqsNis o/N-C (b) and CussNiso/N-C (c).
Faradaic efficiency of H, at various potentials for Ni/N-C (d).
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Fig. S14 'H NMR spectra of the electrolytes after CO, reduction at different potentials versus RHE.
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Fig. S15 Energy efficiency of CO formation over different catalysts at different applied potentials.
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Fig. S16 Partial current density of Cu, oNis o/N-C at the applied potentials.
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Fig. S17 TEM image (a) and XRD patterns (b) of Cu4Ni;o/N-C after CO; reduction at -0.61 V for 38 h. Scale bars: 100 nm in
(a).
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Fig. S18 Cu (a) and Ni (b) K-edge XANES spectra of Cu4 ¢Nis o/N-C and Cu4 oNis o/N-C after different electrolytic time. Cu foil,
CuO, Ni foil and NiO were used as contrast samples.

Fig. S19 The electrical equivalent circuit used for simulating the experimental impedance data.
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Table $1. Element contents in Cu,Ni,/N-C electrocatalysts as well as the molar ratios of Cu to Ni.

electrocatalysts Cu (wt%) Ni (Wt%) C (Wt%) N (Wt%) O (wt%) Molar ratio of Cu : Ni
Cu/N-C 80.1 / 134 5.0 1.5 /

CugpgNiy o/N-C 31.9 36.4 25.0 46 2.1 0.8:1.0

Cuq oNiy o/N-C 37.8 335 23.2 42 1.3 1.0:1.0

Cuy sNiy o/N-C 431 27.9 25.0 3.1 0.9 1.5:1.0

Cus sNiy o/N-C 60.3 16.1 17.2 5.1 1.3 3.5:1.0

Cuy gNiy o/N-C 64.9 124 18.5 23 1.9 4.8:1.0
Ni/N-C / 94.1 35 1.1 1.3 /
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Table S2. The catalytic performances of Cu-based alloys and bimetallic catalysts.

Catalyst Electrolyte Product FE(CO) Potential Current density Ref.
PdgsCu4s/C 0.1 M KHCO;, CoO 86% -0.89 6.9 1
C-Cu/Sn0,-0.8 0.5 M KHCO; CO, HCOOH 93% -0.70 46 2
CulnO, 0.1 M KHCO; CO,HCOOH 20% -0.60 23 3
Cu-In alloy 0.1 M KHCO; CO, HCOOH 70% -0.80 / 4
Cu-Sn 0.1 M KHCO; CO, HCOOH 90% -0.60 1.0 5
0-AuCu NP 0.1 M KHCO; CO, HCOOH 80% -0.77 1.8 6
CO,CHy, CaHy, 0
Cu-Pd (ordered) 1 M KCOH C,H<OH 80% -0.55 / 7
Cu-In 0.1 M KHCO;, CO, HCOOH 85% -0.60 0.7 8
FL-Pd;Cu 0.1 M KHCO;, Cco 82.1% -0.9 6.0 9
Cu/Ni(OH), 0.5 M NaHCO;,3 CoO 92% -0.5 43 10
Cu-Pd-0.3 0.5 M KHCO4 CoO 93% -0.87 55 11
Culn20 0.1 M KHCO; CO, HCOOH 93% -0.60 2 12
Mesoporous o
Pd,Cu; 0.1 M KHCO; ofe) 80% -0.80 2 13
CuysAgss dendrite 0.5 M KHCO3 CoO 45% -0.87 / 14
Ag-Cu 0.1MKHCO;  CO, CH,, CH, 82% -1.06 18 15
core—shell
Au-coated CuNW 0.5 M KHCO3 Cco 33% -0.65 13.5 16
CO, HCOOH, o
CugzSnys 0.1 M KHCO;, CHa, CHs 60% -1.0 / 17
Cu, oNiy o/N-C 0.5 M KHCO;, CoO 94.5% -0.60 18.8 This work
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