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Supplementary Figures
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Fig. S1. a-c) The TEM images of Ni/NC (a), MoC/NC (b) and Ni-MoC/NC (c).
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Fig. S2. The HRTEM image of Ni-MoC/NC.



Fig. S3. The EDS mapping of Ni-MoC/NC.
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Fig. S4. (a) N sorption isotherms of Ni/NC, MoC/NC, Ni-MoC/NC and Ni/NC&MoC/NC. (b) The
pore size distributions of Ni/NC, MoC/NC, Ni-MoC/NC and Ni/NC&MoC/NC.



Ci1s

—~ | Ni/NC&MoC/NC

=

ol A **—*l_~___,__
s Ni-MoC/NC

.a p— | A

& [ MoC/NC

=

Ni/NC

1000 800 600 400 200 O
Binding energy (eV)

Fig. S5. The XPS survey spectra of Ni/NC, MoC/NC, Ni-MoC/NC and Ni/NC&MoC/NC.
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Fig.S6. N 1s xps spectra of MoC/NC.
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Fig.S7. C 1s xps spectra of Ni/NC.
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Fig.S8. a-d) LSV curves in Ar or CO,-saturated 0.5 M KHCOj; solution with a scan rate of 5
mV:-s! of NC (a), Ni/NC (b), MoC/NC (c) and Ni-MoC/NC (d).
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Fig.S9. a-c) Gas chromatograms of CO,RR products over Ni/NC (a), MoC/NC (b) and Ni-MoC/NC (c) .
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Fig.S10. a-f) CV curves of NC (a), Ni/NC (b), MoC/NC (c), Ni-MoC/NC (d) and Ni/NC&MoC/NC (e) under
different scan rates from 5 mV-s™' to 80 mV-s'. (f) Half of the capacitive current density difference as a
function of scan rates for NC, Ni/NC, MoC/NC, Ni-MoC/NC and Ni/NC&MoC/NC.
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Fig. S$11. (a) Jco normalized by ECSA of NC, Ni/NC, and Ni-MoC/NC. (b) J42 normalized by ECSA of
NC, Ni/NC, MoC/NC and Ni-MoC/NC.
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Fig.S12 a,b) Gas chromatograms of the products from the electrocatalytic CO,RR over Ni/NC&MoC/NC,

TCD chromatogram (a), FID chromatogram (b), (c) '"H NMR spectrum, (d) Liquid chromatograms.

Note: Two peaks appear in the liquid chromatogram. One is the water peak at 7.7 min,
which has been marked in the figure. The other peak at 23.9 min is an impurity originating

from the column.
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Fig.S13. (a) FEco of Ni-MoC/NC and Ni/NC&MoC/NC. (b) FE; of Ni-MoC/NC and Ni/NC&MoC/NC
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Fig. S14. (a) Jco normalized by ECSA of Ni-MoC/NC and Ni/NC&MoC/NC. (b) Ji, normalized by ECSA

of Ni-MoC/NC and Ni/NC&MoC/NC.
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Fig.S15. CO rate of Ni/NC at different potentials
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Fig.S16. Theoretical CO/H, ratio and actual CO/H; ratio corresponding to Ni/NC and MoC/NC

theoretical mass ratios at -0.85V vs RHE.
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Fig. S17 (a) Jco, Ju2, and CO/H, ratios for electroduction of CO, for syngas production over
Ni/NC&MoC/NC catalysts with diverse mass ratio of Ni/NC to MoC/NC including 2:1, 1.2:1 and 0.4:1 under
-0.65V vs. RHE, (b). Jco, Juz, and CO/H; ratios for electroduction of CO, for syngas production over
Ni/NC&MoC/NC catalysts with diverse mass ratio of Ni/NC to MoC/NC including 1.5:1, 0.9:1 and 0.5:1
under -0.75V vs. RHE
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Fig.S18 Characterization of the Ni/NC and MoC/NC catalysts (mass ratio = 1.3:1) after stability testing
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at-0.85V vs. RHE (a) XRD, (b) SEM, (c) Ni 2p XPS spectrum, (d) Mo 3d XPS spectrum.
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Fig. $19 The chronoamperometry measurement with CO/H, ratio over the Ni/NC&MoC/NC composite
catalyst with 1.2:1 of mass ratio of Ni/NC to MoC/NC under 0.65V vs RHE. The electrolyte is CO,-
saturated 0.5 M KHCOj solution.



Supplementary Tables

Table S1. The element content (at%) of the samples was determined by XPS.

Sample C N (0] Nia Mo®b
Ni/NC 81.16 12.96 4.57 1.31(5.6) -
MoC/NC 90.29 5.11 3.93 - 0.67(8.3)
Ni-MoC/NC 88.19 5.63 4.75 0.82(3.6) 0.61(5.0)
Ni/NC&MoC/NC 85.97 85 4.31 0.83(3.6) 0.39(3.2)

a. The value in parentheses is the calculated Ni weight loadings (wt%) based on the XPS. b.The value in

parentheses is the calculated MoC weight loadings (wt%) based on the XPS.



Table S2. CO,RR to syngas performances of recently reported catalysts in the H-type cell.

Current density

Catalysts E (V vsRHE) CO/Hj; ratio Electrolyte Ref.
(mA-cm-2)

Cop5Nigs-NC -0.7 22 1:1 0.5 M KHCO3; 1
CoNi-NC -0.9 51 1:1 0.5 M KHCO3; 2
Fe/FeN,C -0.45 ~5 1:1 0.5 M KHCO3; 3
Ni,Fe-hG -0.9 ~15 1:1 0.1 M KHCO; 4
Ni-Fe DASs -1.1 ~75 ~1:1 0.5 M KHCO3; 5
CI-Ni/NC -0.56 6.1 ~1:1 0.5 M KHCO; 6
NiNC/FeNC -0.8 ~25 1:1 0.1M KHCO3 7
Co@CoNC-900 -0.8 7.9 1:1 0.1M KHCO3 8
PcCu-Os-Zn -1.0 16 1:1 0.5 M KHCO3; 9
Cu-Au needle -0.65 22 1:1 0.5 M KHCO3; 10
Ni/NC&MoC/NC -0.85 52 1:1 0.5 M KHCO; This work




Table S3. Performance of Ni/NC&MoC/NC with a mass ratio of 1:3 in a flow cell at an applied potential
of -0.85 V vs RHE.

Jco (MA-cm2) Jhz2 (MA-cm-2) CO/H,

51.2 51.2 1
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