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Figure S1. X-ray photoelectron spectra (XPS) of Br 3d.

Figure S2. a) Scanning transmission electron microscope (STEM) image. b) Elemental mapping.
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Figure S3. XRD patterns of samples synthesized by different condition. a) Controlling the
hydrothermal time. b) Controlling the hydrothermal temperature. ¢) Controlling the pH value. d)
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Figure S4. Raman spectra of CN-NH, and CN.
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Figure S5. Electron paramagnetic resonance (EPR) spectra affected by adding the CTAB.

Table S1. The peak areas proportions of C-N-H, N-(C); and C-N=C based on X-ray
photoelectron spectra results.
sample C-N=C (%) N-(C); (%) C-N-H (%) C-N-H/N-(C)3
CN-NH, 70.31 20.65 9.03 0.44
CN 71.87 20.36 7.77 0.38

Table S2. The peak areas proportions of NH and NH, group based on magic angle spinning
nuclear magnetic resonance with a H-labelled experiment.
sample NH, (%) NH (%)
CN-NH, 59.45 40.54
CN 26.58 73.42
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Figure S6. SEM of porous CN synthesized by different condition, such as the amount of
hexadecyl trimethyl ammonium bromide (CTAB), the regulated pH of solution, hydrothermal
temperature and time: al and a2) 0 g CTAB, pH=2, T=160 °C and H=16 h. bl and b2) 1 g
CTAB, pH=2, T=160 °C and H=16 h. c1 and ¢2) 2 g CTAB, pH=2, T=160 °C and H=16 h. d1 and
d2) 3 g CTAB, pH=2, T=160 °C and H=16 h. el and e2) 2 g CTAB, pH=1, T=160 °C and H=16 h.
f1 and f2) 2 ¢ CTAB, pH=3, T=160 °C and H=16 h. g1 and g2) 2 g CTAB, pH=2, T=160 °C and
H=14 h. h1 and h2) 2 g CTAB, pH=2, T=160 °C and H=18 h. il and i2) 2 g CTAB, pH=2, T=140
°C and H=16 h. j1 and j2) 2 g CTAB, pH=2, T=180 °C and H=16 h.



Figure S8. Physical morphology and porous properties of CN. a) Field-emission scanning
electron microscope (FESEM) image. b) Transmission electron microscope (TEM). ¢) High
resolution transmission electron microscope (HRTEM). d) Scanning transmission electron
microscope (STEM).
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Figure S9. The pore size distribution of porous CN: a) The selected areas for pore size statistics,
b) the result of measured pore size distribution.
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Figure S10. Nitrogen adsorption-desorption isotherm and pore size distribution.

Table S3. Nanoparticle size of CN-NH; and CN.

sample Nanoparticle size (nm)
CN-NH, 1030 - 4160
CN 160 - 710

Table S4. BET specific surface area and pore size of CN-NH; and CN.

sample BET specific surface area (m? g!)  Pore size (nm)
CN-NH, 2.02 43.69
CN 10.51 45.50
~164 —— CN-NH, ——CN o
© o
21.2] o
= g.o/“
N—" o
c 0.8 r
ke e :
= o .
9'0 4 o ’
O . °,e P
% .o°'° Qo—o"
o'°° ¢—03°_°
< 0.0'3’:\)-Q,)a_,)90—9‘9‘)_03
000 001 002 003

Relative pressure (P/P,)

Figure S11. CO; adsorption isotherms at 273.15 K.
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Figure S12. Photocatalytic performance of CN with different catalyst mass.
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Figure S13. Photocatalytic performance of samples synthesized by different conditions. a) The
effect of hydrothermal time. b) The effect of hydrothermal temperature. ¢) The effect of regulating

pH. d) The effect of adding CTAB.
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Figure S14. The CH4 and CO signals collected by gas chromatography for confirming the

CH, and CO productions.

Table S5. Comparison of CO, photoreduction performance with other photocatalysts.

Main product rate

Main product

Sample Light source Products L Reference
(CO) selectivity (CO)

CN-NH, 300 W Xe lamp CH,4, CO 18.07 umol g'! h! 91.52% This work

CN 300 W Xe lamp CH,4, CO 58.83 umol g h'! 97.61% This work
Ti0,/CsPbBr; 300 W Xe lamp H,, CO 9.02 pmol g! h! 95 % [1]
BisTi;01» 300 W Xe lamp Co 15.1 umol g1 h! / 2]

BiOIO; with surface
) 300 W Xe lamp H,, CHy, CO  17.33 pmol g! h™! / [3]
oXygen vacancies
Br-Bi,O,(OH)(NO;) 300 W Xe lamp CH4, CO 8.12 pmol g! h! / [4]
CoRu-HCNp 300 W Xelamp ~ CH,, CO  27.31 pmol g h-! 91.8 % 5]
Cu/g-C3Ny 300 W Xelamp ~ CH,, CO 3.1 pmol g h! ~100% 6]
LaP0O,/g-C5Ny 300 W Xe lamp Cco 14.4 umol g h'! / [7]
Ni/Porous few layer
300 W Xe lamp CH,, CO 8.6 pmol g! h-! 81.1% [8]
g-C3Ny
CO, CHy, and
R-CNS-400 300 W Xe lamp 55.3 pmol g! h-! 98.9 % 9]
C,H,
CO, CH,,
CCN 300 W Xe lamp  CH3O0H, and 12.1 umol g h'! 91.5 % [10]
CH;CH,OH
CO, CHy, and
Cu/CN-0.25 300 W Xe lamp CH.OH 11.2 ymol g' h! 82.6 % [11]
3

Ni/CN-0.5 300 W Xe lamp CO, CH, 19.9 umol g h'! 81.22% [12]
0.7Ni-50B-CN 300 W Xe lamp CO, CH, 22.1 umol gt h! 71.75% [13]
CoNiSx-CN 300 W Xelamp ~ CO,CH,  11.77 pmol g h! 92.86 % [14]
g-C3N4/Ti0,/C 300 W Xe lamp CO, CH, 8.65 umol g'' h! 87.52% [15]
P-CeOy/g-CsN; 300 W Xe lamp Co 0.523 umol g ! 100% [16]
Ni/S-CN-N 300 W Xe lamp CO, CH, 11.72 umol g'' h! 75.61% [17]
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Figure S15. The isotope tracer experiment of H,O oxidation (The volume ratio between

H,%0 and

H,%0is 1 : 1).
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Figure S16. Electron paramagnetic resonance signal of CN. DMPO-+OH signal

detected in dark condition and light irradiation for 20 min.
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Figure S17. X-ray diffraction (XRD) pattern of CN and CN after CO, photoreduction.
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Figure S18. Absorbance and apparent quantum yield (AQY).
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Figure S19. Redox potential: a) Reductive potentials obtained from Mott-Schottky plots and b)
schematics illustrating the electronic band structures and redox potentials.

The band structures are important for CO, photoreduction!'8]. The Mott-Schottky tests
indicated that both CN-NH; and CN had positive slopes, suggesting that both CN-NH; and CN were
typical n-type semiconductor (Figure S14a). The flat-band potentials of CN-NH, and CN were -
0.55 and -0.63 V, respectively. Generally, the conduction band minimum (CBM) of n-type
semiconductor was closed to its flat-band potential'>?%1, Thus, the CBM of CN-NH, and CN were
about -0.55 and -0.63 V vs. NHE, which was close to other reportsi?!-231. Moreover, based on the
Eyp = Ecp + E,, the valance band minimum (VBM) of CN-NH; and CN were 2.09 and 1.75 V vs.
NHE. Thus, the band structures and redox potentials of CO, reduction suggested that the CN-NH,
and CN had suitable band structures for realizing CO, reduction (Figure S14b).



a — 1 TAB, pH=2, T=160 C, | 14 h b — 7  CTAB, pH=2 =140 C, H=1¢
1.54—2 g CTAB, pH=2, T=160 °C, H=16 h (CN) 1.54——2 g cTAB, pH=2, T=160 °C, H=16 h (CN)
=2 g CTAB, pH=2, T=160 °C, H=18 h =2 g CTAB, pH=2, T=180 °C, H=16 h
- -~
> >
©
5 10 L 4ol
3 3
c c
© ©
2 £
o 0.5 S 0.5
n n
0 @)
< < SS ..
0.0 , . 0.0 : .
200 400 600 800 200 400 600 800
Wavelength (nm) Wavelength (nm)
c 2 2 CTAB. oMot 12180 °C. HeTa 1 d ——g-CN, (CN-NH)
1.5 =2 g CTAB, pH=2, T=160 °C, H=16 h (CN) 1.54===0g CTAB pH=2, T=160 C. H=16h
——2 g CTAB, pH=3, T=160 °C, H=16 h = 1g CTAB, pH=2, T=160 °C, H=16 h
— — =2 g CTAB, pH=2, T=160 °C, H=16 h (CN)
> > ]
d - d
L o] L o
8 3
c c .
© ©
£ 2
o 0.5+ o 0.5
7] ]
e < ]
< — | <
0.0 r . 0.0
200 400 600 800 200 400

Wavelength (nm)

Figure S20. UV-vis diffuse reflectance spectra of samples synthesized by different condition.
a) Controlling the hydrothermal time. b) Controlling the hydrothermal temperature. ¢) Controlling

Wavelength (nm)

the pH value. d) Adding the hexadecyl trimethyl ammonium bromide.
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Figure S21. Electrochemical impedance spectroscopy (EIS) of CN and CN-NH,.
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Figure S22. EIS of samples synthesized by different condition. a) Controlling the hydrothermal
time. b) Controlling the hydrothermal temperature. ¢) Controlling the pH value. d) Adding the

hexadecyl trimethyl ammonium bromide.
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Figure S23. Time-resolved transient fluorescence decay spectra of CN and CN-NH,.
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Figure S24. Bode phase spectra of CN and CN-NH,..
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Figure S25. Transient photocurrent response of samples synthesized by different condition. a)
Controlling the hydrothermal time. b) Controlling the hydrothermal temperature. ¢) Controlling the
pH value. d) Adding the hexadecyl trimethyl ammonium bromide.
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Figure S26. Photovoltage of CN-NH; and CN.
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Figure S27. Thermogravimetry analysis.
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Figure S28. /n-situ Fourier-transform infrared (/n-situ FTIR) spectra of CO, photoreduction. a, ¢)
CN-NH,, b, d) CN

Table S6. The peak areas of adsorbed H,0, carbonates and adsorbed CO, based on XPS

results.

L Adsorbed H,O Carbonates Adsorbed CO,
sample

P (CPS.cV) (CPS.cV) (CPS.cV)
CN-NH, 4149.16 6508.57 1502.39

CN 4248.82 7701.19 5373.94




Table S7. BET specific surface area, pore size, and nanoparticle size of CN-NH; and CN.

BET specific surface CO production rate CO production rate/BET specific

sample
area (m? g'!) (umol g'' h'l) surface area (umol h'! m2)
CN-NH, 2.02 18.07 8.94
CN 10.51 58.83 5.59

Table S8. The mass content of nitrogen, carbon and hydrogen.

sample N (wt %) C (wt %) H (wt %)
CN-NH, 60.96 33.96 2.103
CN 59.04 34.14 1.807

The molar amount of nitrogen in CN-NH, = {[mass content of nitrogen (wt %)]x[catalyst mass (g)]}
/ { nitrogen relative atomic mass (14.007)}= {60.96%x0.02g}/14.007= 8.704x10-* mol.

The molar amount of carbon in CN-NH, = {[mass content of carbon (wt %)]*[catalyst mass (g)]} /
{carbon relative atomic mass (12.011)}= {33.96%%x0.02g}/12.011= 5.654x10* mol.

The molar amount of hydrogen in CN-NH, = {[mass content of hydrogen (wt %)]x[catalyst mass
()]} / {hydrogen relative atomic mass (1.008)}= {2.103%x0.02g}/1.008= 4.173x10-* mol.

The molar amount of nitrogen in CN = {[mass content of nitrogen (wt %)]*[catalyst mass (g)]} /
{nitrogen relative atomic mass (14.007)}= {59.04%x0.02g}/14.007= 8.43x10** mol.

The molar amount of carbon in CN = {[mass content of carbon (wt %)]x[catalyst mass (g)]} /
{carbon relative atomic mass (12.011)}= {34.14%x0.02g}/12.011= 5.685x10* mol.

The molar amount of hydrogen in CN = {[mass content of hydrogen (wt %)]*[catalyst mass (g)]} /
{hydrogen relative atomic mass (1.008)}= {1.807%x0.02g}/1.008= 3.585x10-* mol.

Table S9. The molar amount of nitrogen, carbon and hydrogen in 0.02 g catalyst.

sample N (mol) C (mol) H (mol) Catalytic sites (mol)
CN-NH, 8.704x104 5.654x104 4.173x10* 4.173x10*
CN 8.43x104 5.685x104 3.585x104 5.88x107
The difference between
5.88x10
CN-NH, and CN

To reveal the relationship between molar amount of catalytic sites and photocatalytic
performance, the elemental analysis was conducted to calculate the molar amount of catalytic sites
(Table S8 and Table S9). The molar amount of hydrogen in 0.2 g CN-NH, was 4.173x10 mol,
implying that the -NH, group was 2.087x10** mol. There were two catalytic sites (nitrogen atoms)
adjacent to the -NH, group, implying that the molar amount of catalytic sites in CN-NH, was
4.173x10* mol. The CO production rate of CN-NH, was 18.07 umol g! h'!, thus, CO production
rate of CN-NH, was 43302.18 umol geaaiyiicsie”’ ™. Importantly, the molar amount of lost hydrogen
in 0.2 g CN was 5.88x10 mol, implying that the molar amount of lost -NH, group was 2.94x10-
mol. There were two catalytic sites (nitrogen atoms) adjacent to the lost -NH, group, implying that
the molar amount of catalytic sites in CN was 5.88x10-3 mol. The CO production rates of CN was
58.83 pmol g! hl, thus, CO production rate of CN was 1000510.20 umol geuuiyiic sie”’ h',
respectively.



Table S10. The turnover number (TON) and turnover frequency (TOF) of CO.
Reaction Yield of CO Catalytic

sample ) ) TON® TOF®
time (h) (mol) sites (mol)
CN-NH, 3 1.08x10¢ 4.173x10* 2.598x103  8.659x10*
CN 3 3.53x10¢ 5.88%107 6.003x102  2.001x10%?

aTurnover number (TON) = [mol (product)]/[mol (catalytic sites)].
"Turnover frequency (TOF) = [mol (product)]/[mol (catalytic sites)x(reaction time)].
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