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Supplemental Experimental Data

Crystal data for BIF-24: CygHeaBaNaZns, M,=1216.64, cubic, a=b=c=20.4868(3) A, V=8598.5(2) A3, T=173 (2) K,
space group /3d, Z=4, 977 reflections measured, 741 independent reflections (R;,;=0.0450). The final R1 value was
0.0746 (I>20(/)). The final wR(F?) value was 0.2014 (1>2(1)). The goodness of fit on F> was 1.328. CCDC 931167 (BIF-
24) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from

The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Figure S1. a) Powder XRD patterns of BIF-24 and X-BIF-24, b) The EPR spectrum of 5%-BIF-24, 20%-BIF-24, and

BIF-24.
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Figure S2. a-e) SEM images of 5%-BIF-24, 10%-BIF-24, 15%-BIF-24, 20%-BIF-24, BIF-24, f) The precursor of NC.
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Figure S3. a-c) SEM images of NBC-10%, NBC-15%, NBC-20% and NC.



Figure S4. a) SEM image. b) TEM image. c) High-resolution TEM image. d) HAADF image and corresponding

elemental mappings of NBC.
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Figure S5. XRD patterns of catalysts.
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Figure S6. Raman pattern of NC.
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Figure S7. N, adsorption-desorption isotherm of NC.
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Figure S8. Corresponding pore size distributions of NBCs.
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Figure S9. Survey XPS spectra.
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Figure S10. XPS spectrum of NC.
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Figure S11. XPS spectra of C 1s of NBC-5%.

13



=]

Intensity (a.u.)

NBC-1% C1s

280 282 284 286 288 290 292 294

(]

Intensity (a.u.)

Binding Energy (eV)

NBC-1% B1s

186 188 190 192 194
Binding Energy (eV)

d

Intensity (a.u.)

NBC-1% N 1s

396 398 400 402 404 406 408
Binding Energy (eV)

Figure S12. XPS spectra of NBC-1%. a) C 1s, b) N 1s, c) B 1s.
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Figure S13. XPS spectra of NBC-10%. a) C 1s, b) N 1s, c) B 1s.
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Figure S14. XPS spectra of NBC-15%. a) C 1s, b) N 1s, c) B 1s.
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Figure S15. XPS spectra of NBC-20%. a) C 1s, b) N 1s, c) B 1s.
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Figure S16. XPS spectra of NBC. a) C 1s, b) N 1s, c) B 1s.
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Figure S17. FE of CO on various catalysts in the CO,-saturated and Ar-saturated 0.1 M KHCOs.
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Figure S18. 'H NMR and 2C NMR spectra of a liquid sample (a-b) after CO, electroreduction electrolysis (c-d) a

blank 0.1 M KHCOj; solution.
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Figure S19. a-f) LSV scans in 0.1 M KHCO3 with CO, or Ar atmosphere of NBC-5%, NBC-10%, NBC-15%, NBC-20%,

NBC, NC.
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Figure S20. a-f) Tafel plots of various catalysts.
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Figure S23. The electrochemical impedance spectroscopy (EIS) analysis of NBCs.

The EIS was conducted from 0.01 Hz to 1 MHz to evaluate the conductivity and electronic transfer kinetics of X-
NBC. The diameter of semicircle was changed with the order of NBC-5% < NBC-10% < NBC-15% < NBC-20% < NBC.
NBC showed a largest diameter, suggesting the unfavorable electron transfer and conductivity after the increasing
in boron and nitrogen. The NBC-5% possessed smaller diameter of the semicircle in the high frequency, indicating
the enhanced conductivity and electronic transfer kinetics, which could be owing to the small amounts of boron

dopant and the coexistence of nitrogen.
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Figure S24. The electrochemical impedance spectroscopy (EIS) analysis of NC.
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Figure S26. a) TEM image, b) High-resolution TEM image of the NBC-5% after electrolysis.

28



N

o

'ty(l mA/cm?)

Current Densi

——NBC-10%

600 1200 1800 2400 3000 3600 4200
Time(s)

2

ity(mA/cm?)

Current Densi

v
=y
o

4

61

—NBC-15%

600 1200 1800 2400 3000 3600 4200
Time(s)

2

ity(mA/cm?)

Current Densi

'
-
o

4

—NBC-20%

600 1200 1800 2400 3000 3600 4200
Time(s)

re

o
-

o b B

]
-]
M

—NBC

Current Density (mA/cm?)
)

Figure S27. The comparison of CA scans and calculated FEco for NBC-10%, NBC-15%, NBC-20%, NBC at -0.75 V

vs.RHE.
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Table S1. Surface Composition of NBC-1%, NBC-5%, NBC-10%, NBC-15%, NBC-20%, NBC and NC.

Sample C atom% N atom% B atom% 0 atom%
NBC-1% 93.09 1.99 0.57 4.35
NBC-5% 82.04 4.78 3.06 10.12
NBC-10% 78.26 7.45 5.06 9.22
NBC-15% 75.18 8.92 5.34 10.56
NBC-20% 71.69 10.06 6.32 11.92
NBC 70.5 10.61 8.62 10.28
NC 94.31 1.63 - 4.06

Table S2. The relative content of four major N species.

Sample

398.5 eV 399.7 eV 401.2 eV 402.6 eV
(pyridinic N) (pyrrolic N) (graphite N) (oxidized N)

NBC-1% 0.31406 0.55090 0.71423 0.41080
NBC-5% 1.72382 1.16644 0.86620 1.02354
NBC-10% 2.31661 2.94842 1.23025 0.95473
NBC-15% 2.56642 5.16787 1.32389 0.1626
NBC-20% 3.65122 4.67965 1.39621 0.33292

NBC 5.098168 3.5374 0.822559 1.151875
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Table S3. The relative content of B species.

sample 190.4 eV 191.5 eV 192.3 eV
(C-B) (C-B-N) (0-B)

NBC-1% 0.19754 0.18907 0.18339

NBC-5% 0.83831 0.91481 1.30688

NBC-10% 1.19842 1.66447 2.19711
NBC-15% 0.76286 1.76044 2.8167

NBC-20% 2.08908 1.8667 2.36422

NBC 2.92818 3.16889 2.52293
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Table S4. Comparison of CO,RR electrocatalytic performance of NBC-5% with some previously reported CO,RR

catalysts.
Catalyst Electrolyte Main product Operating Potential Tafel Ref.
[FE%] (mV/dec)

5%-NBC KHCO; (0.1M) CO (93.14) -0.7 V vs. RHE 129,31 This work
CNF EMIM-BF, CO (98%) -0.573 V vs. SHE 11(2013)
BDD CH5OH HCOOH (74%) -1.7 V vs. Ag/Ag+ 21 (2014)
PEI-NCNT KHCO;3 (0.1M) HCOOH (87% ) -1.8 V vs. SCE 134 131(2014)
B-Graphene KHCO3 (0.1M) HCOOH (66%) 1.4V vs. SHE 41 (2015)
NCNT KHCOs (0.1M) CO (80%) -0.78 V vs. SHE 203 151(2015)
NCNT KHCO;3 (0.1M) CO (80%) -1.05 V vs. SHE 160 [€1(2015)
N-3D Graphene KHCO; (0.1M) CO (85%) -0.58 V vs. SHE 222 [71(2015)
N-Graphene KHCO; (0.5M) HCOOH (73%) -0.84 V vs. SHE 135 81(2016)
N-GQDs KHCO; (0.1M) CoHa (31%) -0.75V vs. SHE 198 91(2016)
Fe-N-C NaHCO; (0.1M) CO (91%) -0.6 V vs. RHE [101(2017)
HNCM/CNT KHCO; (0.1M) HCOOH (81%) -0.8 V vs. RHE 138 [111(2017)
Ni-N-C KHCO; (0.1M) CO (85%) -0.78 V vs. RHE 121 (2017)
Au/TiNS KHCOs (0.5M) CO (95%) -0.65 V vs. RHE 131 (2018)
FCPC KHCO; (0.5M) CO (88.3%) -1.0 V vs. RHE 130 (141(2020)
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Table S5. Comparison of CO, electroreduction to syngas performance of NBCs with some previously reported

CO;RR catalysts.

Catalyst Electrolyte CO [FE%] Operating Range of Ref.
Potential VCO/VH2
NBCs 0.1M co -0.7 V vs. RHE 1~12.3 This work
KHCO; (93.14)
Cu-In alloys 0.1M 30 -0.9 Vvs. RHE 1/18-1/2.6 1151(2017)
KHCO;
MoSeS EmimBF, 45.2 -1.15V vs. 1/1 1161(2017)
RHE
Fe-N-C 0.1M 90 -0.6 Vvs. RHE 0-4/1 1171(2017)
NaHCO;
Pd/C 0.5M ~50 -0.6 Vvs. RHE 1/2~1/1 1181(2017)
NaHCO;
C030,-CDots-C3N, 0.5 M 89 -0.6 V vs. RHE 0.25~14.3 (191(2017)
KHCO;
Cu/In,0; 0.5M 68 -0.7 V vs. RHE 1/4-1/0.4 201(2018)
KHCO3
Zn 0.1 M KHCO; 85 -1.1Vvs. RHE 1/5-2.31/1 [211(2018)
Au/TiNS 0.5M 81.9 -0.65 V vs. 0.22~4.93 (221(2018)
KHCO3 RHE
n*p-Si/Al,0;/AgP, 0.5M 67 -0.2 V vs. RHE 1/3to5/1 (231(2019)
KHCO3
Ag-SnS; 0.5M 24.9 -0.6 V vs. SHE 1/1 (241(2019)
KHCO3
Pd bimetallic 0.1M 70 -0.9 V vs. RHE 2.75~0.5 (251(2019)
NaHCO;
CoNi-NC 0.5M 90 -0.5 V vs. RHE 0.23~2.26 (261(2020)
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KHCO;3

F-y-In,Se;/CP [Bmim]PFs/MeCN/H,0 96.5 -2.0 Vvs. SHE 1/3-24/1 (271(2020)
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