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Characterization of the photocatalysts

X-ray diffraction (XRD, AXS D8 ADVANCE, Bruker) patterns were recorded by using
a Philips X’Pert Pro Super diffractometer with Cu Ka radiation (A = 1.54178 A). X-ray
photoelectron spectroscopy (XPS, ESCALAB 250Xi, Thermo Fisher) measurements
were performed on a VGESCALAB MK II X-ray photoelectron spectrometer with an
excitation source of Mg Ka (1253.6 eV). The binding energies obtained in the XPS
spectral analysis were corrected for specimen charging by referencing C 1s to 284.8 eV.
The field emission scanning electron microscopy (SEM) images were performed by
using a FEI Sirion-200 SEM. Transmission electron microscopy (TEM) and high-
resolution TEM images were obtained by using a JEOL-2010 TEM with an acceleration
voltage of 200 kV. UV-vis diffuse reflectance spectroscopy (DRS) was recorded on a
Solid 3700 UV/Vis-NIR spectrophotometer (Shimadzu, Japan). Fourier transform
infrared (FT-IR) spectra were acquired on a NICOLET FT-IR spectrometer with KBr
tablets, scanning from 4000 to 400 cm™ at room temperature (Thermo Fisher Scientific,
America). The electron paramagnetic resonance (EPR) was detected on A300-10/12
Bruker EPR spectrometer. The surface properties of the as-synthesized products were
examined by measuring the contact angles of water droplet on the corresponding
samples with a XG-CAMB2 instrument. Room temperature photoluminescence (PL)
and the decay time spectra were recorded on a Hitachi F-7000 fluorescence

spectrophotometer (FLS920, Edinburgh Instruments Ltd.)
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Computational methods

In this work, density functional theory (DFT) calculations were performed for structural
optimization as implemented in the Vienna ab-initio Simulation Package (VASP). The
PBE exchange-correlation functional of the generalized gradient approximation (GGA)
was used to describe the exchange correlation energy. To achieve the accurate density
of the electronic states, the plane wave cutoff energy was 520 eV and the Brillouin zone
integration was performed using Monkhorst-Pack grids of 3x3x1 during the iterations.
Ionic relaxations were carried out under the conventional energy (1x107° eV) and force
(0.02 eV/A) convergence criteria. The ground state structures of CO2*, COOH* and
CO* adsorbed on g-C3Ns surface were determined by testing all the possible
configurations on possible active sites and found the lowest energy one. The free energy
for adsorbates and non-adsorbed gas-phase molecules is calculated as:

AG = Etotar — Esiap — Emor + AEzpp — TAS (S1)
where Eoa 15 the total energy for the adsorption state, Egab 1s the energy of pure surface,
Emor 1s the energy of adsorption molecule, AEzpg is the zero-point energy change and
AS is the entropy change.

Based on Table S3, calculate the AEzpg and TAS of CO- reaction paths:
CO, +*—xC0, TAS = —0.42 eV; AZPE = —0.14 eV (52)
*C0,+H" 4+ e~ >« COOH TAS = —0.33 eV; AZPE = 0.22 eV (S3)
* COOH + H* + e~ »xCO + H,0 TAS =0.50eV; AZPE =0.22eV  (54)

*CO - CO T+ = TAS = 0.46 eV; AZPE = —0.18¢eV (S5)
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Photoelectrochemical test

An electrochemical workstation (Chenhua Instruments Company, China) was used to
perform electrochemical measurements using a three-electrode system. Photocurrent
and electrochemical impedance spectroscopy (EIS) measurements of samples were
carried out in the three-electrode system. In the three-electrode system, the reference
electrode was a silver and silver chloride, and the platinum wire was used as the counter
electrode. The working electrode was prepared as follows: 5 mg of photocatalyst
powder was dispersed in 1 mL ethanol solution, then 20 puL of the dispersed solution
was coated ina 10 X 5 mm indium tin oxide (ITO) glass and dried under 60°C to remove
ethanol for 12 hours. The electrolyte solution is 0.2 M Na>SO4. The light source is a

300 W Xenon lamp (PLS-FX300HU, Beijing Perfectlight).

Photocatalytic CO:2 reduction measurement

The photocatalytic CO; reduction activities of the as-obtained samples were assessed
in a liquid-solid reaction system with a 300 mL closed quartz reactor (CEL-SPH2N).
Typically, 10 mg of the sample was dispersed in 10 mL acetonitrile (CH3CN) aqueous
solution (Vcusen: Vizo =3 : 2), and then, 2 mL of triethanolamine (TEOA) was added
as the hole sacrificial regent, followed by degasification to eliminate the air. The
temperature was kept at 10°C and the pressure was kept at 75 kPa. Under CO»
atmosphere, a 300 W Xenon lamp (CEL-HXF300-T3, Beijing China Education Au-
light Co., Ltd., China) was used to initiate the photocatalytic CO> reaction. A gas

chromatograph (GC7920, Ar carrier) equipped with a thermal conductivity detector
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(TCD) and hydrogen flame ionized detector (FID) was used to determine the amount
of the gas product. The selectivity of CO and CH4 was calculated by follow equation:
selectivity of CO (%) = [2v(CO)]/[2W(CO) + 8W(CH4) + 2v(H2)] x 100%, and selectivity
of CHs (%) = [8v(CHa4)])/[2v(CO) + 8v(CH4) + 2v(H2)] x 100%, where v(CO), v(CHa)

and v(H>), represent the yielding rates for CO, CH4 and Ha, respectively.

Figure S2. Charge density difference of O and N adsorbed on (a) Bulk CN and (b)

CSCN.
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Figure S3. Schematic illustration for preparing CSCN photocatalysts.
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Figure S4. Proposed mechanism of the reaction paths for the formation of polymeric.
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Figure S5. Static water contact angle experiments of (a) Bulk CN and (b) CSCN-2.
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Figure S6. EPR patterns of Bulk CN and CSCN-2 photocatalysts.
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Figure S7. XPS survey spectra of Bulk CN and CSCN-2.
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Figure S8. Elemental analysis chart of Bulk CN and CSCN samples.
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Figure S9. TEM image of Bulk CN.
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Figure S10. Nitrogen adsorption-desorption isotherms of Bulk CN and CSCN

samples.



Intensity (a.u.)

— Before reaction
— After reaction

20

40 60
2-Theta (degree)

80

Figure S11. XRD patterns of CSCN-2 before and after the cycling photocatalytic

experiment.
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Figure S12. Structural models of Gibbs free energy calculations on Bulk CN surface.
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Figure S13. Structural models of Gibbs free energy calculations on CSCN surface.
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Table S1. Comparison of photocatalytic CO> reduction performances on the state-of-

the-art photocatalysts.

Main
Photocatalyst Reaction medium products Ref.
(umol h' g
300 W Xe-lamp, 2 mL TEOA, 4 mL 28.5 (CO) This
CSCN H>O, 6 mL acetonitrile, 10 mg work
catalyst
Covalent triazine 300 W Xe-lamp, 1 mL Co(bpy)s;CL, 151.1 (CO) S1

framework/g-C3Ny

2D/2D FeNi-LDH/g-
C3Ny

g2-C3N4@CeO2 (CeO2

49.7 wt %)

Bi,WOs/RGO/g-C3N4

g-C3N4/NiAl-LDH

MnO»/g-C3N4
Bi3NbO7/g-C3N4

TEOA solution (1.5 x 10~ mol/L), 4
mL acetonitrile, 5 mg catalyst

300 W Xe-lamp, 0.084 g NaHCO:;,
0.3 mL H>SOs4 (2 mol/L), 0.05 g
gas-prepared sample

300 W Xe-lamp, 10 mL H20, 50 mg
catalyst

300 W Xe-lamp (4 >420 nm), 50
mg catalyst

300 W Xe-lamp (4 >420 nm), 50
mg catalyst

300 W Xe-lamp, 50 mg catalyst
CEL-HXF300, H2O, NaxCO; (1.3
g), H2SO4 (2.0 mL), 50 mg catalyst

1.64 S2
(CH30H)
4.2 (CO) S3

15.96 (CO)  S4
2.51 (CHa)
8.2 (CO) 35

2.04(CO)  S6
37.59 (CHs)  S7
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Table S2. Energy (eV) of groups and Zero Point Energy (ZPE) and TS (T: Temperature,

S: Entropy) contributions to the free energies at the standard conditions.

Species E/eV ZPE/eV TS/eV
CO, -22.98 0.31 0.66
CO -14.79 0.13 0.60
H,O -14.21 0.56 0.67

H, -6.76 0.27 0.40
*CO, -- 0.17 0.24

*COOH -- 0.52 0.11

*CO -~ 0.31 0.14

Table S3. Energies (eV) of the Bulk CN surface and corresponding groups.

Bulk CN Slab (*) *CO, *COOH *CO CO
E/eV -950.42  -973.63 -975.76  -965.44 /
AE/eV 0.00 -0.23 1.25 -0.51 0.23
AG/eV 0.00 0.05 1.79 -0.79 -0.41

G/eV 0.00 0.05 1.84 1.05 0.64



Table S4. Energies (eV) of the CSCN surface and corresponding groups.

CSCN  Slab (%) *CO, *COOH *CO CO
E/eV -942.68  -966.43  -970.17  -957.62 /
AE/eV 0.00 -0.77 -0.36 1.72 0.15

AG/eV 0.00 -0.49 0.18 1.43 -0.49
G/eV 0.00 -0.49 -0.30 L2 0.64
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