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1. Experimental section

1.1 Materials

Ni(NO3),-6H,0 (98%, Tianjin beilian reagents), Zn(NOs), -6H,0 (99%, AHX), 2-
methylimidazole (98%, Macklin), Nickel(Il) acetate tetrahydrate (99%, Aladdin),
1,4,7,10-tetraazacyclododecane (>97%, Aladdin), methanol (99.5%, Macklin), hexane
(>99.0%, Fuyu chemical reagents), carbon paper (MAY A-CR-9247), Nafion solution
(5 wt.%, D520), ethanol (>99.4%, Shanghai chemical reagents) were used without
purification.
1.2 Electrochemical measurements

Linear scanning voltammograms (LSV) tests were performed in 0.5 M KHCO;
solution with a scan rate of 10 mV/s. The electrochemical surface area (ECSA) is
proportional to the value of the double-layer capacitance (Cq), which can be obtained
from cyclic voltammetry (CV) curves at diverse scan rates. Electrochemical impedance
spectroscopy (EIS) measurements were conducted at an open-circuit voltage (OCP)

with an amplitude of 5 mV over the frequency of 0.1~100000 Hz.



Fig. S1. SEM images of (a) Ni SAC, (b) Ni cluster, (c) Ni NP, and (d) N-C.



Fig. S2. (a-c) TEM and AC-HAADF-STEM images of Ni SAC, (d-f) TEM and

HAADF-STEM images of Ni cluster, (g-i) TEM and HAADF-STEM images of Ni NP.
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Fig. S3. LSV curves of different catalysts in the Ar-saturated (dotted line) and CO,-
saturated (solid line) 0.5 M KHCO; electrolyte at a scan rate of 10 mV s of (a) Ni
cluster, (b) Ni NP, and (c) N-C.
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Fig. S4. '"H NMR spectrum of the electrolyte after CO,RR over Ni SAC, Ni cluster, and

Ni NP for 1 h at an applied potential of -0.8 V vs. RHE.
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Fig. SS5. FEy; in CO,-saturated 0.5 M KHCO; at different applied potentials of (a) Ni
SAC, (b) Ni cluster, (¢) Ni NP, and (d) N-C, respectively.
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Fig. S6. CV measurements with scan ranging from 1 to 5 mV s'! with an interval of 1
mV s'! at the potential range of 0.45 V to 0.55 V vs. RHE for (a) Ni SAC, (b) Ni cluster,
(c) Ni NP, and (d) N-C, respectively.



Table S1. Physiochemical properties of the prepared Ni SAC, Ni cluster, Ni NP, and
N-C catalysts.

Catalvsts Ni loading BET surface Pore volume Pore size
y (Wt.%) area (m%g) (em3/g) (nm)
Ni SAC 1.68 901 0.57 2.53
Ni 1.66 1406 0.94 2.67
cluster
Ni NP 1.85 898 0.56 2.49

N-C ; 841 0.49 2.32




Table S2. Comparison of the electrochemical performance of metal-N-C catalysts for

CO,RR.
Catalyst (Snl Iie 1(1:2?1?11;5 (VEVS. F(];(;)O (irClOA "{hOll; Ref.
(wt.%) RHE) cm?)
Ni SAC - 1.68 -0.8 85 12 3554.5 This work
Ni cluster 1.1 1.66 -0.8 68 8.2 1773.7  This work
Ni NP 15.3 1.85 -0.8 59 4.0 1249.5  This work
NiPc/CNT - 0.17 -0.79 97 8 4000 1
Ni-NC@Ni 0.2 1 -0.78 87.4 24 ~1752 2
Ni-SNC - 2.2 -0.8 95 11 ~109.5 3
Ni@N-C 7 3.9 -0.8 90 17 ~795.4 4
Fe-N-C - 1.5 -0.6 91 7.5 ~520.9 5
Fe/NG - 1.25 -0.6 80 1.75 ~72.9 6
Fe-CNPs 40 0.24 -0.58 98.8 54  ~2344 7
Fe-N-G - 0.36 -0.58 94 23 1630 8
FeNPs-NC 20 - -0.6 93 2.5 - 9
Fe,C-Cs 1.07 1.37 -0.7 97.1 8 - 10
Co-N; - 8.01 -0.66 42 7 69.4 11
CoPc - 0.46 -0.8 90 28 ~3346 12

Zn NPs 6.8 0.2 -1.1 70 2.8 - 13
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