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Figure S1. (a), (b), (c) and (d) Pictures of p-NCB1, p-NCB2, p-NCB3 and p-NCB4. (e), (f), (g) and (h)
TEM images of NCB1, NCB2, NCB3 and NCB4.
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Figure S2. The high-resolution C 1s XPS spectra of NCB1 (a), NCB2 (b), NCB3 (c) and NCB4 (d).
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Figure S3. (a), (b), (c) and (d) The high-resolution O 1s XPS spectra of NCB1, NCB2, NCB3 and
NCB4.
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Figure S4. NHs-TPD of CB, NCB1, NCB2, NCB3 and NCB4.
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Figure S5. Contact angle of (a) NCB1, (b) NCB2, (c) NCB3 and (d) NCB4.
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Figure S7. LSV curves of NCB1, NCB2, NCB3, NCB4 and CB in COz-saturated 0.1 M KHCO:s solu-
tion.
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Figure S8. Total current density of CB, NCB1, NCB2, NCB3 and NCB4 at different electrolytic po-
tentials in H-type cell.
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Figure S9. Faradaic efficiency of H2 and CO in a H-type cell on the various catalysts at different
potentials in COz-satureted 0.1 M KHCO:s solution. (a) NCB1, (b) NCB2, (c) NCB3 and (d) NCB4.
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Figure S10. (a) CO and (b) H2 FE of NCB1, NCB2, NCB3, NCB4 and CB.
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Figure S11. (a) FEco and (b) jco for NCB3 when alternatively, supplying CO2 and Ar feedstocks at -
0.9 Vvs. RHE. (c) FE#2 and (d) ju2 for NCB3 when alternatively supplying CO2 and Ar feedstocks at
-0.9 Vvs. RHE.
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Figure S12. The ratio of syngas at different potentials in H-type cell.
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Figure S13. CV curves of various catalysts studied in 0.1 M KHCO:s at different scan rates (10, 20,
30,40, 50 and 60 mV s) for estimation of double layer capacitance. (a) NCB1, (b) NCB2, (c) NCB3
and (d) NCB4.
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Figure S14. The relationship between amino-N (a) and pyridinic-N (b) content of NCB3 and FEco
and FEmn2 in a H-type cell and flow cell, respectively.
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Figure S15. The relationship between the content of pyrrolic-N (a-b), graphitic-N (c-d), and oxide-
N (e-f) and FEco and FEn2 in H-type cell and flow cell, respectively.

Table S1. Weight of various sample before and after calcination.

Samples Before calcination (g) After calcination (g) Yield (%)
NCBI 0.285 0.152 53.33
NCB2 0.488 0.203 41.60
NCB3 0.715 0.532 74.41
NCB4 0.885 0.619 69.94

Table S2. C, N and O contents of various samples (data from XPS analysis).

Samples C (at.%) N (at.%) 0O (at.%)
CB 97.04 - 2.96
NCBI1 91.21 3.14 5.65
NCB2 92.46 3.18 4.36
NCB3 90.99 4.28 4.73
NCB4 89.05 5.28 5.67

Table S3. C-C/C=C, C-O, C-N and C=0 groups contents of various samples (data from XPS analy-

sis).
Samples C-C/C=C c-0 C-N Cc=0
(at.%) (at.%) (at.%) (at.%)
NCB1 76.89 14.34 6.14 2.63
NCB2 74.83 15.58 6.68 291
NCB3 76.78 14.04 5.92 3.26

NCB4 74.88 14.74 6.73 3.62




Table S4. C=O and C-O groups contents of various samples (data from XPS analysis).

Samples C=0 (at.%) C-0 (at.%)
NCB1 56.59 43.41
NCB2 54.40 45.60
NCB3 59.88 40.12
NCB4 59.70 40.30

Table S5. Pyridinic-N, amino-N, pyrrolic-N, graphitic-N and oxide-N contents of various samples.

Samples pyridinic-N amino-N pyrrolic-N graphitic-N oxide-N
(at.%) (at.%) (at.%) (at.%) (at.%)
NCBI1 34.58 7.55 22.58 31.04 4.25
NCB2 23.63 18.88 20.17 32.26 5.06
NCB3 20.30 26.94 28.12 19.20 5.44
NCB4 31.02 10.11 23.12 29.66 6.09

Table S6. The results of N2 adsorption-desorption for different samples.

Samples Sser (m? g!) Vrotal (em?® g1) b D (nm)
CB 138.24 0.082 2.37
NCB1 268.94 0.24 3.57
NCB2 458.29 0.66 5.76
NCB3 602.71 0.86 5.71
NCB4 582.70 0.80 5.49

a Sper (BET surface area) is calculated by BET method. Vot (Total pore volume) is the single point
adsorption at P/Po=0.99. < D (average pore diameter) is calculated by BJH method.

Table S7. Performance comparison of catalysts for syngas formation.

Catalysts FEco (%) CO/H: ratios c“r(;‘i':/g‘;‘z‘)s“y app“e(‘i,ﬁzz‘;““als Ref.
NCB3 64.14 0.52-4.77 1.9 -0.5-1.0V This work
OA-PCN 40 0.67 -7 -0.56-0.86 V 1
Pd/C 62 0.5 1.5 -0.5-0.8 V 2
MPC-1000 62 not reported -6 -03-0.7V 3
Pd/PdOx 58 1.45 11 0.55-09V 4
Cu14ZnssO/CNT not reported 1 1.5 -0.5-0.88 V 5
Ni-NG 53 1.10 12.4 -0.5-09V 6
Co@CoNC-900 42 1 -2.7-1.9 -0.6 -0.8 V 7

Table S8. Electrical conductivity of the synthesized catalysts by the 4-point probe method under a

pressure of 10 MPa.
Samples NCB1 NCB2 NCB3 NCB4
electrical resistivity (mQ cm) 239.5 149.3 70.1 84.3
conductivity X103 (S cm™) 4.2 6.7 14.3 11.8
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