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1. Experimental section
1.1 Characterization

The crystalline structure of the sample was determined by X-ray diffraction (XRD, Shimadzu
XRD-7000) with Cu K, radiation (A = 1.5406 A) over the 20 range of 10°-80° at a scanning rate of
5°/min. Morphological and microstructural analyses were performed using transmission electron
microscopy (TEM, Thermo Fisher Scientific Talos F200X) operated at 200kV. For TEM
observation, the sample was first dispersed in anhydrous ethanol via ultrasonication, deposited onto
a carbon-coated copper grid, and then dried at ambient temperature. The surface elemental chemical
states of the sample were analyzed using an X-ray photoelectron spectrometer (Thermo Fisher
Scientific ESCALAB 250Xi, Al K, radiation), with binding energies calibrated using the C 1s peak
(284.8 eV). The optical absorption properties of the sample were tested using a UV-Vis
spectrophotometer (Agilent Cary 5000, BaSO, as reference) in the wavelength range of 200-800
nm. The absorption spectra were derived from diffuse reflectance data by applying the Kubelka-
Munk transformation. were tested by FLS980 (Edinburgh, Britain). The superoxide radical was
analyzed using electron spin resonance (ESR, Bruker EMXplus) spectroscopy. Photoluminescence
(PL) spectra and the transient fluorescence decay curves of the sample were measured at room
temperature using a time-resolved fluorescence spectrometer (Edinburgh Instruments FLS980,
excitation wavelength 375 nm), and the fluorescence lifetime was obtained by fitting the data with

an exponential decay function.
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1.2 Photoelectrochemical tests

Photoelectrochemical (PEC) measurements were carried out on a CHI660E electrochemical
workstation (Shanghai Chenhua, China). The photocurrent response, electrochemical impedance
spectroscopy (EIS), and Mott-Schottky (M-S) plots were recorded using a conventional three-
electrode configuration in 0.2 M Na,SO, electrolyte. A Pt plate and an Ag/AgCl electrode served
as the counter and reference electrodes, respectively. The working electrode was fabricated by
depositing the sample onto fluorine-doped tin oxide (FTO) glass. For electrode preparation, 5 mg
of the catalyst was uniformly dispersed in a solution containing 950 uL isopropanol and 50 pL
Nafion under ultrasonication. Then, 30 pL of the resulting suspension was drop-cast onto the FTO
substrate and dried naturally in air to obtain the working electrode.
1.3 Active species trapping experiment

To investigate the main active species involved in the photocatalytic H,O, production process,
silver nitrate (AgNO3), 1,4-benzoquinone (BQ), and ethylenediaminetetraacetic acid (EDTA) were
used to trap electrons (e7), superoxide radicals (-O,"), and holes (h*), respectively, at the same
concentration (0.500 mM). The specific procedure involved adding AgNO3, BQ, and EDTA to the
reaction solution during the photocatalytic H,O, production process, while the remaining steps
followed the standard procedure for hydrogen peroxide preparation. The active species trapping
experiments were conducted to identify the key active species responsible for the photocatalytic

H,0, production, thereby supporting the proposed photocatalytic reaction mechanism.
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Figure S1 Schematic illustration of the synthesis process of the x%-ZnIn;S,/g-C5Ny

nanocomposites.
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2. Results and Discussion

Figure S2 (a) TEM image of pure g-C;Ny4; (b) TEM image of pure Znln,S,; (c) HRTEM image of

pure Znln,S,.
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Figure S3 XPS results of (a) C 1s; (b) N 1s; (¢) Zn 2p; (d) In 3d; (e) S 2p of 7%-Znln,S4/g-C5Ny

nanocomposite before and after cycle photocatalysis.
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Figure S4 (a) Active species capture experiment of photocatalytic generation of H,O,; (b) ESR

spectra of 7%-ZnIn,S,/g-C3N,.

Table S1 Photocatalytic performance comparison of 7%-Znln,S,/g-CsN, with reported materials

for H, production.

Catalyst Hydrogen
Photocatalyst Light Sacrificial reagent mass production rate Reference
(mg) (umol-g'-h)
300 W Xe TEOA, )
7%-ZnlIn,S4/g-C3Ny I 15 vol.% 30 1869.1 This work
amp vol.%
300 W Xe  DL-lactic acid,
40% CPMV/CN 20 1515.63 [R1]
lamp 10 vol.%
300 W Xe TEOA,
CUS()_5S€()_5/g—C3N4 lamp 20 vol.% 10 1327.3 [R2]
300 W Xe MeOH,
CN/CT-Mn 20 720 [R3]
lamp 10 vol.%
125 W Xe MeOH,
CNV-1 20 981 [R4]
lamp 10 vol.%
300 W Xe
Zn0O/Mo,C-3/PAH I / / 755.5 [R5]
amp
300 W Xe
B-Red P/BN I / 20 212.5 [R6]
amp
125 W Xe MeOH,
TC@TO/NCL-20 20 593 [R7]
lamp 10 vol.%
300 W Xe MeOH,
EZUNH-2 20 331.26 [R8]
lamp 10 vol.%
300 W Xe
NCP@ZIS@Co I / 10 1541.2 [R9]
amp
o-MnO,@B/O-g- 150 W Xe MeOH, 20 8972 [R10]
C3Ny/d-Ti3C, lamp 10 vol.% ’
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Table S2 Photocatalytic performance comparison of 7%-ZnlIn,S,/g-C;N4 with reported materials

for H,O, production.

Hydrogen peroxide
Photocatalyst Light Atmosphere  Condition production rate Reference
(umol-g'-h)
300 W Xe 10 vol% .
7%-Znln,S4/g-C5Ny 1 0, PA 803.8 This work
amp
300 W Xe 10 vol%
40% CPMV/CN ) 0O, EOH 1400 [R1]
amp
300 W Xe 10 vol%
CN/CT-Mn 0O, 104 [R3]
lamp MeOH
250W Hg 5 vol%
CNV-1 Lamm/ 0O, PA 1867.5 [R4]
amp
300 W Xe
Zn0O/Mo,C-3/PAH ) / / 626.3 [R5]
amp
300 W Xe
B-Red P/BN ) / / 172 [R6]
amp
125 W Xe 5 vol%
TC@TO/NCL-20 0O, 1183 [R7]
lamp IPA
300 W Xe 5 vol%
EZUNH-2 ) 0O, PA 35.2 [R8]
amp
300 W Xe
NCP@ZIS@Co ) / / 1381.1 [RI]
amp
0-MnO,@B/O-g- 250 W Xe 10 vol%
. 0O, 2846.4 [R10]
C;3N4/d-TisC, lamp EtOH
300 W Xe ) 10 vol%
12-NOCN ) Air PA 91.2 [R11]
amp
300 W Xe
2% Ru-ZIS ) / / 464.4 [R16]
amp
300 W Xe 5 vol%
1% TC/g-CN/BOC 0O, 664.05 [R17]
lamp IPA
e-BCN 250 W Xe 0, 5 vol% 398.3 [R18]
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lamp EtOH

. 300 W Xe )
WO5/NiS Air / 619 [R19]
lamp
300 W Xe
CdS/CFR-15 0O, / 275 [R20]
lamp
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