Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2022

Supporting Information

Highly Selective CO: Electroreduction to CO by Synergy

between Ni-N-C and Encapsulated Ni Nanoparticles

a

Yidan Sun,* Fang Liu,* Xuerong Wang,* Kangkang Lu,* Xiaojing Liu,* Yan Huang,
Fengjiao Yu,** and Yuhui Chen*?*

4 State Key Laboratory of Materials-oriented Chemical Engineering, Nanjing Tech

University, Nanjing, Jiangsu, 211816, China

* Corresponding Authors. E-mail: fjyu@njtech.edu.cn, cheny@njtech.edu.cn.

S-1



Supplementary Figure

25

d =31.94 nm

mean

N
o

-—
54}
i

AN
L/

o-‘ . \@_

20 30 40 50 60

Particle size (nm)
Fig. S1. Particle size distribution of Ni NPs for Ni@Ni-N-C.
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Fig. S2. Characterization of Ni-N-C. (a) SEM mages, (b, c) TEM images, (d) HADDF

image and EDX element mapping images of Ni, C, N.
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Fig. S3. Characterization of N-C. (a) SEM mages, (b, c) TEM images.
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Fig. S4. XPS survey spectra of (a) Ni@Ni-N-C, (b) Ni-N-C and (c) N-C.
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Fig. S5. N contents calculated from XPS results.
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Fig. S6. Chrono-amperometry results at the corresponding potentials in CO»-staturated

0.1 M KHCO:s solution on (a) Ni@Ni-N-C, (b) Ni-N-C and (c) N-C.
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Fig. S7. Potential dependence of faradaic efficiencies for CO2RR on (a) Ni@Ni-N-C,
(b) Ni-N-C and (c) N-C.
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Fig. S8. 'H NMR spectrum of Ni@Ni-N-C for the electrolyte after CO2RR in CO»-
saturated 0.1 M KHCO:s.
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Fig. S9. CV curves of (a) Ni@Ni-N-C, (b) Ni-N-C and (¢) N-C performed in CO»-
saturated 0.1 M KHCOs at different scan rates. (d) A plot of changing current density
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against scan rates for electrochemical active surface area (ECSA).
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Fig. S10. Nyquist plots of Ni@Ni-N-C, Ni-N-C and N-C.
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Fig. S11. Long-term stability test at-100 mA cm™ of Ni@Ni-N-C catalyst in 1M KOH.
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Fig. S12. (a) SEM, (b) TEM image and (c) HAADF image and EDX elemental maps
of Ni@Ni-N-C after long-time stability test.
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Supplementary Tables

Table S1. Summary of the atomic ratio of C, N, Ni and O based on the XPS survey

spectra.
Contents (at.%)
Sample
C N Ni O
Ni@Ni-N-C 90.42 3.1 0.42 6.06
Ni-N-C 89.18 2.89 0.27 7.66
N-C 87.6 2.55 0 9.86
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Table S2. Comparison with other Ni-based electrocatalysts for CO; electrochemical

reduction in the literatures.

. . CO partial
Operating Faradaic
current
Catalysts Electrolyte potential efficiency densit Reference
ensi
(V vs RHE) of CO Y
(mA/cm?)
NC-CNTs
. 0.1 M KHCO3 -0.8 90% ~7 1
(N1)
Ni-N-C 0.5 M KHCO3 -0.67 93% 3.63 2
SA-NING-
0.5 M KHCO3 -0.7 96.4% ~ 10 3
NV
NiSA-NGA-
0.5M KHCOs3 -0.8 90.2% ~6 4
900
Ni SAs/N-C | 0.5 M KHCOs3 -0.9 71.9% ~5.68 5
Ni-NC@Ni 0.5 M KHCO3 -0.78 87.4% 14.77 6
NisN/C 0.5M NacCl -0.9 85.7% ~6.2 7
NiSA-N-
0.5 M KHCO3 -0.7 91.3% 23.5 8
CNTs
Ni-N-C-rGO | 0.5 M KHCO3 -0.87 85% 8.5 9
NZ*@NG 0.5 M KHCO3 -0.68 92% 9.38 10
ACP/S-N-Ni | 0.5 M KHCO;3; -0.77 91% 34 1
Ni-N-C 0.5 M KHCO3 -0.9 91.2% 11.63 12
CNS-NiSA 0.5 M KHCO3 -0.8 95% 7.8 13
Ni@Ni-N-C | 0.1 M KHCO3 -0.9 96.4% 5.26 This work




Table S3. ICP result of as-prepared catalysts.

Sample Ni Contents (wt %)
Ni@Ni-N-C 6.29
Ni-N-C 1.337
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