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Figure S1. XRD pattern of ZnNi ZIF precursor from two different metal concentrations.
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Figure S2. a-c, SEM iages of ZnNi ZIF precursr (Ni:Zn=1:1). d, rresponding elemental

mapping images of Ni, Zn, and N.
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Figure S3. TGA pattern of ZnNi-ZIF.
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Figure S4. Raman spectra of SA-Ni-NC prepared at different heating treatment.
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Figure S5. XRD pattern of SA-Ni-NC pyrolyzed at 950 °C.
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Figure S6. a-c, SEM images of ZnNi ZIF precursr (N 1:Zn=9:1). d, Corresponding elemental

mapping images of Ni, Zn, and N.
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Figure S7. XRD pattern of Ni NP/N-C pyrolyzed at 950 °C.
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Figure S8. XPS spectra for Ni NP/N-C. a, Survey curve, b, C 1s, ¢, Ni 2p, and d, N 1s spectra

of Ni NP/N-C.



Figure S9. a-b, TEM images of Ni NP/N-C. ¢, HRTEM images of Ni NP/N-C. d, HAADF-

STEM image of Ni NP/N-C and corresponding elemental mapping images of C and Ni.
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Figure S10. BET adsorption/desorption isotherms of SA-Ni-NC.
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Figure S11. XPS spectra for the a, Ni 2p, b, N 1s of SA-Ni-NC.

Figure S12. a, SEM and b-d, TEM images of SA-Ni-NC.
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Figure S13. a-c, HRTEM 1ages of SA-Ni

20 nm

_NC. d, HAADF-STEM image of SA-Ni-NC and

corresponding elemental mapping images of C, N, and Ni.
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Figure S14. Atomically resolved EELS identification of a single Ni. a, HAADF image
displaying atomic resolution. b-d, selection of EELS within a different range. Red and black

spectra in ¢ correspond to the pixels outlined in A and B points in a.
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Figure S15. Graphic illustration for a flow cell.
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Figure S16. Electrocatalytic performance of N-doped carbon and SA-Ni-NC under pure

acetylene flow. a, LSV curves at a scan rate of 5 mV s™!. b, Faradaic efficiencies of C;H,.
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Figure S17. a, Ethylene Faradaic efficiency and b, LSV curves of catalyst prepared at different

heating temperatures. ¢, Ethylene Faradaic efficiency and d, LSV curves of catalyst prepared at

different ratios of Ni and Zn.
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Figure S18. Electrochemical carbon dioxide reduction measurements in a three-electrode flow
cell. a, Chronoamperometric plots of SA-Ni-NC at different potentials. b, Faradaic efficiency

of ethylene and H, for SA-Ni-NC. c, Long-term stability test of SA-Ni-NC at a current density

of =30 mA cm 2.
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Figure S19. Electrochemical capacitance and electrochemical impedance spectroscopy (EIS)
measurements. a-b, Cyclic voltammogram (CV) curves were recorded in a potential range
(0.00~0.1 V) without faradic processes for SA-Ni-NC and Ni NP/N-C. ¢, The linear slopes of
is equivalent to twice of the double-layer capacitance Cg4;, and the Cgy is proportional to the

ECSA. d, EIS of SA-Ni-NC and Ni NP/N-C in the frequency range of 0.01 to 10° Hz.
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Figure S20. Electrochemical performance of the full cell based on the SA-Ni-NC/NiFe-LDH
pair. a, LSV curve in acetylene at a scan rate of | mV s™!. b, Chronoamperometric responses of

at different voltages.
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Figure S21. a, LSV curves of SA-Ni-NC in 1 M KOH aqueous solution under acetylene flow

with different concentrations. b, FEcnyiene Of SA-Ni-NC at different potentials.
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Figure S22. Digital images of the as-designed flow cell with an electrode area of 25 cm?.
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Figure S23. Gas chromatography curves of electrocatalytic acetylene semihydrogenation on

SA-Ni-NC catalyst at a flow rate of 10 sccm.
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Figure S24. Graphic illustration of the flow cell for in situ Raman spectroscopy.

The flow cell for in-situ Raman spectroscopy is provided by GaossUnion (Tian Jin)
Photoelectric technology. The gas-diffusion carbon papers loaded with electrocatalysts (1 mg
cm2) served as the working electrode. Ag/AgCl electrode and graphite rod were used as the
reference and counter electrodes, respectively. 1 M KOH aqueous solution at a flow rate of 10
ml min~! were utilized as electrolytes at both cathode and anode chambers. An anion exchange
membrane was sandwiched between catholyte and anolyte compartments to avoid product
crossover. The CoH,/Ar (50 %/50 %) flow was fed to the cathode at 20 ml min~! using a mass

flow controller.
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Figure S25. (a) the free energy diagram for water dissociation on the Ni NP/NC (111) surface.

(b) the adsorption configuration of water on the SA-Ni-NC catalyst.

Table S1. Loading weight of Ni in SA-Ni-NC determined by ICP

Sample Ni loading (wt.%)
SA-Ni-NC-1 2.3482
SA-Ni-NC-2 2.4455

Table S2. XAFS data fitting results of SA-Ni-NC.

Sample Shell N R(A) o©2(A2) AEO(eV) R factor

Ni-Ni 1st shell 12 (fixed) 2.4868  0.0064
Ni foil 6.64 0.006
Ni-Ni 2nd shell 6 (fixed)  3.5204 0.0100

SA-Ni-NC Ni-N 3.76 1.8259  0.0040 4.46 0.019

N, corrdination number; R, the distance between absorber and backscatter atoms; 62, the Debye-

Waller factor value; E (eV), inner potential correction to account for the difference in the inner

potential between the sample and the reference compound.
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Table S3. The acetylene semihydrogenation performances of reported thermocatalyst and this

work.
. Temperatur ~ space velocity CH, CaHy
Catalyst Gas composition e (°C) (nL-g,, b1y conversion selectivity
Seat (%) (%)
SA'NV‘V'i%(Th‘S CHa 25 2.4x10% 97.4 >99.9
Felll Z10, Gl 100 4.0%10° >99 87.5
CoHy/CoH,/Hy/C3Hy/N
2 2012/ 2114 2 3118 2 3
Pd/PPS e il 100 1.637x10 45.0 78.0
. C,H,/C,H,/Hy/He
3 2412/ 2114/ 117, 4
Pd/Ni(OH), e oty s 105 2.4x10 73.0 79.0
C,H,/C,H,/H
4 2012/ 2114/ X1 4
Grapheme ol ps vt 110 1.46x10 81.0 922
. C,H,/ Hy/CH,/He=
5 2117, 2 4 3
PYTIWN L 115 1.8x10 78.0 77.0
C,H,/C,H,/Hy/He
N 6 2Ho/CoHa/Hy 4
ISA-Pd/MPNC ool 120 1.05%10 85.0 82.0
C,H,/C,H,/Hy/He=
_ _ 7 2412/ 21 14/ 11, 3
Pd-SAs-900 e 120 1.2x10 96.0 93.4
Pd,Sn/C? mlxmre;nfdcéHz’ CoH, 160 8.0x103 100.0 93.0
2
C,H,/C,H,/Hy/He
9 2412/ 2114/ 117, 4
Co,Mn, sFeq sGe —0.1/10/40/49.9 170 2.0x10 63.5 85.0
C,Hy/C,H,/Hy/Ar
10 2012/ 2114 2 3
CwALO; SAC i 178 810 76.0 91.0
Na-Ni@CHA!" Czlfj{gfgez 180 1.5x10% 100.0 97.0
Il’l203 _ 4
panopoders  CoHH=32396.77 180 2.0966x10 66.0 85.0
C,H,/C,H,/Hy/He=
13 2012/ 2114/ 11) 3
Cu/ND@G P 200 3.0x10 95.0 98.0
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