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Characterizations

A field emission scanning electron microscopy (FESEM, Gemini SEM 300, Germany Zeiss)
with an energy-dispersive X-ray spectroscope (EDX) was employed to examine the surface
morphology and element composition of as-obtained catalysts. The microstructure of all samples
were examined by transmission electron microscopy (TEM) using a Tecnai G220 microscope
operating at an acceleration voltage of 200 kV. A powder X-ray diffractometer (XRD, Bruker D8
ADVANCE diffractometer) was used to record the crystallographic structures of all samples. A X-
ray photoelectron spectroscopy (XPS, ESCALAB XI" -600W, Thermo Fisher Scientific) was
adopted to analyze the electronic structures and surface chemical components of as-obtained
photocatalysts. The Brunner—Emmet—Teller (BET) measurements were recorded by N, adsorption-
desorption isotherm on a surface analyzer (ASAP 2020 HDS88, Micromeritics USA). The pore size
distributions (PSD) were calculated according to the Barrett—Joyner—Halenda (BJH) method from the

branch of adsorption isotherm.



Photoelectrochemical measurements

UV-Vis DRS were performed at a Carry5000 UV-Vis spectrophotometer (Agilent, USA). PL
spectra were measured at an Edinburgh FLS980 (England) spectrophotometer. Transient
photocurrent (TPC) responses and electrochemical impedance spectroscopy (EIS) measurements
were evaluated on an electrochemical workstation (CHI660e Instruments) with a standard three-
electrode photoelectrochemical cell, where an Ag/AgCl electrode, a platinum-wire electrode and a
photocatalyst-coated glassy carbon electrode (GCE, 3 mm in diameter) were employed as the
reference, counter, and working electrodes, respectively. Moreover, the potentials in this work were
all converted to reversible hydrogen electrode (RHE, Erug = Eagagcr + 0.1987 + 0.05916pH). The
electrolytes required for PC responses and EIS measurements were 0.5 mol-L™! Na,SO4 and 5
mmol-L™! potassium ferricyanide solution, respectively. In addition, a 10 W xenon lamp was

employed as the light source for PC responses test.



Photocatalytic hydrogen evolution tests

Photocatalytic HER activity was obtained in an automatic on-line four trace gas analysis system
(Labsolar-6A, Beijing PerfectLight) with a 300 W Xe lampas light source (cutoff filter A > 420 nm).
Before light exposure, 20 mg of catalysts, 3 wt% of platinum (provided by H,PtCls-6H,0), and 10
mL of triethanolamine were ultrasonic mixed with 90 mL of deionized water at least 30 min.
Especially, air must be removed from the photoreactor before testing. In addition, a circulating
cooling water (below 10 °C) system was employed to eliminate thermal effect. H, was determined
by an online gas chromatograph (GC9790II, China) accompanied with a thermal conductivity

detector.

The corresponding AQE values were obtained according to the followed equations.

number of reacted electrons
AQE(%) = — X 100%
number of incident photons

2 X number of evolved H, molecules

= — x 100%
number of incident photons




Details of theoretical calculations

DFT calculations were realized by using the CASTEP module of VASP. The exchange-
correlation function in the form of Perdew-Burke-Ernzerhof was employed to study the surfaces of
CN and HV-SCN. The Brillouin zone was sampled by Monkhorst Pack method (3 % 3 x 1 k-point
grid). Moreover, the semiempirical dispersion correction of the Grimme scheme was considered for
geometric optimization of CN and HV-SCN. Therein, the total energy of convergence criterion and
the maximum force are 1.0 x 105 eV-atom™! and 0.03 eV-A~!, respectively. The maximum

displacement and stress and are 1.0 x 103 A and 0.05 GPa, respectively.

The free energy calculation of hydrogen adsorption (AGy+) was defined by Nerskovetals’

hydrogen electrode model as follows:

Where AE, AEzpg, and AS respectively represent the changes of electronic energy, zero-point
energy, and entropy that caused by adsorption of hydrogen. The ideal AGy+ is near zero, which could

balance the adsorption and desorption of hydrogen reaction.
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Figure S1. Schematic illustration of the preparation process of HV-SCN.
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Figure S2. Schematic illustration of CN sample.
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Figure S3. The pre-assembly formation of PCN sample.



Figure S4. (a) SEM and (b) TEM images of HV-SCN.
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Figure S5. XPS survey spectra of CN, PCN and HV-SCN.
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Figure S6. (a) High-resolution XPS spectra of C 1s, (b) N 1s and (c) O Is for CN.
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Figure S7. High-resolution XPS spectra of O 1s for PCN and HV-SCN.
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Figure S8. (a) Photocatalytic HER performance of PCN and (b) HV-SCN obtained at different

precursor ratios. (¢) Photocatalytic HER performance of HV-SCN obtained at different calcination

temperatures. (d) Photocatalytic HER performance of HV-SCN obtained at different holding times.
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Figure S9. XRD patterns of HV-SCN before and after 24h continuous photocatalytic HER testing.

The (100) and (002) peaks of HV-SCN do not shift after stability testing. Moreover, the peak
shape does not change significantly. The result proves the good structural integrity of developed HV-

SCN catalyst.
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Figure S10. The photocatalytic stability of the HV-SCN after resting in a dry environment for 40

days.
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Figure S11. Photocatalytic H, evolution rate of HV-SCN at different wavelengths.
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Figure S12. M-S plots of CN and PCN obtained at different frequencies.
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Figure S13. (a) Structure diagram of S-doping of different N-Sites for CN, and (b-d) the

corresponding formation energy of different S-doping for CN.



Figure S14. Optimized adsorption structures of H* intermediate at different S active sites of HV-

SCN.



Figure S15. Top view of charge density difference for HV-SCN.
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Figure S16. Schematic of the photocatalytic H, evolution mechanism of HV-SCN.



Table S1. Specific surface area and total pore volume of CN, PCN and HV-SCN.

Samples SBET (m2 g'l) VPore (cm3 g-l)
CN 5.08 0.029
PCN 49.94 0.334

HV-SCN 70.93 0.405




Table S2. The EA results of CN, PCN and HV-SCN.

Samples C (at.%) N (at.%) S (at.%) C/N
CN 33.99 59.72 \ 0.569
PCN 33.62 58.62 \ 0.574

HV-SCN 32.81 56.49 0.15 0.581




Table S3. The XPS results of CN, PCN and HV-SCN.

Samples C (at.%) N (at.%) O (at.%) S (at.%)
CN 40.94 56.59 2.47 \
PCN 41.91 54.83 3.26 \

HV-SCN 42.47 54.52 2.78 0.23

Table S4. The S 2p XPS results of HV-SCN.

Samples Peak Binding energy (eV) Assignment FWHM (eV) Area (Arb. unit) ratio
164.3 S-C 2 446.97 0.809
HV-SCN S 2p
168.3 S-O 2.1 105.705 0.191




Table S5. The C 1s XPS results of CN, PCN and HV-SCN.

Area

Samples Peak Binding energy (eV) Assignment FWHM (eV) (Arb. unit) ratio
284.6 C-C 1.15 6561 0.063

CN 287.7 C-NH, 0.9 39744.98 0.385
288.2 N-C=N 0.8 56967.81 0.552

284.6 C-C 1.15 10000 0.101

PCN Cls 287.8 C-NH, 0.9 40582.35 0.407
288.3 N-C=N 0.8 49057.91 0.492

284.6 C-C 1.15 10000 0.099

HV-SCN 287.8 C-NH, 0.9 44886.95 0.446

288.3 N-C=N 0.8 45882.82 0.455




Table S6. The N 1s XPS results of CN, PCN and HV-SCN.

Samples Peak Binding energy (eV) Assignment FWHM (eV) Area (Arb. unit) ratio
398.6 C-N=C 1.2 162740.6 0.659

CN 399.2 N-(C), 29 67716 0.274
400.9 C-NH, 1 16430.29 0.067

398.6 C-N=C 1.2 86214.89 0.604

PCN N 1s 399.2 N-(C), 2.9 49097.09 0.344
400.9 C-NH, 1 7511.512 0.052

398.6 C-N=C 1.2 79994.01 0.536

HV-SCN 399.2 N-(C), 2.9 62189.59 0.417
400.9 C-NH, 1 7087.209 0.047




Table S7. The O 1s XPS results of CN, PCN and HV-SCN.

Samples Peak Binding energy (eV) Assignment FWHM (eV) Area (Arb. unit) ratio

532.1 adsorb oxygen 1.2 5347.007 0.670
CN
533.1 adsorbed water 1.35 2638.99 0.330
531.8 adsorb oxygen 1.2 5566.888 0.493
PCN Ols
533 adsorbed water 1.35 5722.988 0.507
531.95 adsorb oxygen 1.2 3864.309 0.512
HV-SCN

533.15 adsorbed water 1.35 3669.809 0.478




Table S8. Comparison of photocatalytic HER activities of other S-doped CN catalysts reported

recently.
Loadi H luti t
Catalysts oading Sacrificial agents Light Source  Co-catalysts 2 evolution rate Ref.
(mg) (mmol g h')
300 W Xe lamp
SPCNO.1 50 10 vol% TEOA 3 wt% Pt 4.20 [1]
(420 nm cut)
300 W Xe lamp
HS-SPHI-650 50 10 vol% TEOA 2 wt% Pt 3.58 [2]
(420 nm cut)
300 W Xe lamp
SCN/NiS-1 20 10 vol% TEOA \ 0.70 [3]
(400 nm cut)
0.36-SUCN 20 10 vol% TEOA 300 W Xe lamp 2 wt% Pt 8.07 [4]
300 W Xe lamp
S-g-C;N4-E 20 10 vol% TEOA 3 wt% Pt 5.55 [5]
(420 nm cut)
300 W Xe lamp
S-g-C3N4-D-1 20 10 vol% TEOA 3 wt% Pt 5.65 [6]
(420 nm cut)
500 W Xe lamp
6Sr-SCN 10 17 vol% TEOA 3 wt% Pt 1.39 [7]
(420 nm cut)
300 W Xe lamp
SCN-tm/CN 50 10 vol% TEOA 3 wt% Pt 541 [8]
(420 nm cut)
. 300 W Xe lamp
SCNys 20 10 vol% lactic acid 2 wt% Pt 3.93 [9]
(AM1.5G)
300 W Xe lamp
S-g-C3N4-D-2 20 10 vol% TEOA 3 wt% Pt 3.11 [10]
(420 nm cut)
300 W Xe lamp
g-CN-TM1 10 10 vol% TEOA 0.5 wt% Pt 443 [11]
(420 nm cut)
300 W Xe lamp
S-CN(0.1) 50 10 vol% TEOA 3 wt% Pt 6.23 [12]
(420 nm cut)
S-CN/Pty; 100 20 vol% methanol 300 W Xe lamp \ 0.74 [13]
300 W Xe lamp
SS-CN 50 20 vol% TEOA 1 wt% Pt 0.98 [14]
(420 nm cut)
300 W Xe lamp This
HV-SCN 20 10 vol% TEOA 3 wt% Pt 9.49
(420 nm cut) work




Table S9. Dynamics analysis of emission decay for different photocatalysts.

Sample T, (ns) Aq T, (ns) A, Tave (DS)
CN 1.285 1947840.0 9.539 844.7 1.311
PCN 1.523 593575.4 9.604 1319.1 1.641

HV-SCN 1.843 230365.4 8.981 2003.5 2.175




Table S10. fs-TAS results of CN , PCN and HV-SCN.

Sample T, (ns) Al 7, (ns) A, R’
CN 10.17 1.344 163.78 0.422 0.99051
PCN 4.24 0.285 118.88 4.202 0.99966

HV-SCN 3.42 0.397 120.58 4.151 0.9994
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