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Materials

Indium chloride (InCl;, 99%) and thioacetamide (C,HsNS, TAA, 99%) were purchased from

Shanghai Macklin Biochemical Technology Co., Ltd. Tungsten chloride (WCls, 99%) and red

phosphorus (P, 98.5%) were supplied by Shanghai Aladdin Biochemical Technology Co., Ltd. Zinc

chloride (ZnCl,, 99%), nickel chloride hexahydrate (NiCl,-6H,O, 99%) and N,N-

dimethylformamide (C;H;NO, DMF, 99.5%) were obtained from Tianjin DeEn Chemical Reagent

Co., Ltd. All chemicals utilized were of analytical grade and were applied as received.

Materials characterization

Morphological and elemental distribution measurements were conducted using a scanning

electron microscope (SEM, JSM-6390-LV). A transmission electron microscope (TEM, JEM2100)

was employed for lattice fringe and microstructure characterizations. X-ray diffraction (XRD) was

conducted using a powder X-ray diffractometer (Bruker D8 Advance) equipped with Cu-Ka

radiation. The optical properties were investigated using UV-Vis diffuse reflectance spectroscopy

(DRS) with a Cary5000 UV-Vis-NIR spectrometer. The BET surface area analyses were carried out

using a Micromeritics ASAP 2010 automated adsorption instrument. X-ray photoelectron

spectroscopy (XPS) spectra were obtained using an ESCALAB MKII instrument. Ultraviolet

photoelectron spectroscopy (UPS) characterizations were performed on an AXIS SUPRA+

instrument (KRATOS). The photoluminescence (PL) tests were carried out using an FLsp920

fluorescence spectrometer at an excitation wavelength of 475 nm. Raman spectroscopy was

conducted on a LabRAM HR evolution spectrometer. A Malvern Nano-ZS90 Zetasizer was utilized

to analyze the zeta potential of the products. Fourier transform infrared (FTIR) spectra were

acquired a Spectrum 400F spectrometer with a spectral resolution of 4 cm!.



Electrochemical measurements

Photocurrent response, Mott-Schottky (MS), cyclic voltammetry (CV) and electrochemical

impedance spectroscopy (EIS) measurements were performed using an electrochemical workstation

(CHI-660D) with 0.5 M Na,SO, solution as the electrolyte solution and the Ag/AgCl and Pt wires

as the reference and counter electrodes, respectively. For the preparation of the working electrode,

5 mg of catalyst was suspended in a mixture consisting of 10 pL Nafion and 0.25 mL water, followed

by sonication for 30 minutes to form a uniform slurry. The prepared slurry was deposited onto a 1

cm x 1 cm fluorine-doped tin oxide (FTO) glass substrate, followed by drying at 60 °C for 30

minutes. For the photocurrent measurements, a 300 W Xe lamp was utilized as the light source,

while a 1 M KOH solution was used as the electrolyte in the linear sweep voltammetry (LSV) tests.

Photocatalytic experiments

The photocatalytic H, generation tests were carried out in a sealed Labsolar-III reactor

(Perfectlight, Beijing). Typically, 50 mg catalyst was dispersed in 100 mL of aqueous solution

comprising 10 % lactic acid. Prior to irradiation with a 300 W xenon lamp, the quartz reactor was

purged with high-purity N, for 30 minutes and then evacuated to remove residual air. The reactant

solution was irradiated with the xenon lamp while being magnetically stirred, with the temperature

held constant at 25 °C. At specific intervals, the hydrogen evolved was quantified by on-line gas

chromatography (GC-7900), employing nitrogen as the carrier gas. The apparent quantum

efficiency (AQE) was determined using the following formula:

2 X number of evolved H, molecules

AQE =
Q number of incident photons
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Fig. S1. XRD pattern of the INP/5SWS/ZIS composite.
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Fig. S2. Corresponding pore size distribution curves of the ZIS, SWS/ZIS, 1NP/ZIS, and

INP/5WS/ZIS samples.
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Fig. S3. Energy dispersive X-ray (EDX) spectrum of the INP/SWS/ZIS catalyst.

Fig. S4. Selected scanning region of EDX spectral analysis.
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Fig. S5. Survey XPS spectrum of the INP/SWS/ZIS catalyst.
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Fig. S6. Photocatalytic activity of pure water splitting of the INP/SWS/ZIS catalyst.
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Fig. S7. XRD analysis of the INP/SWS/ZIS product before and after cycling tests

Fig. S8. SEM image of the INP/SWS/ZIS product after the cycling test.
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Fig. S9. FTIR spectra of the INP/SWS/ZIS product before and after cycling tests.



Zn 2P
a 102126 ev | Znlp b Jn3gy, In3d
Zn 2Py, 49 e
1044.38 eV

el 5

= .

& A Before < Before

z : b=y :

A After After

1010 1020 1030 1040 1050 1060 435 440 445 450 455 460

Cc Binding energy (V) d Binding energy (eV)
S2p,, S2 m———
16145 ¢V S2Py, * 33.79 €V
162.65 eV 32.81 eV (| 34.61 eV
3181V 35’41; 79‘6’2 &

- - .
E Before E‘« 4

Z : e
£ | 2

= h

After

159 160 161 162 163 164 165 166 26 28 30 32 34 36 38 40 42 44

Binding energy (eV) Binding energy (eV)
Nit* Ni2p f P-O P2p
853.19 ¢V o+ 3345V
I satellite Ni%* N
86237 cv 87037 ey 87378V i

Intensity (a.u.)
Intensity (a.u.)

845 850 855 860 865 870 875 880 885 128 130 132 134 136 138
Binding energy (eV) Binding energy (eV)

Fig. S10. XPS spectra of the INP/SWS/ZIS product before and after cycling tests: Zn 2p (a), In 3d

(b), S 2p (c), W 4f (d), Ni 2p (e), and P 2p ().
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Fig.S11. CV curves (a-b) and current density versus scan rate fitting curves (c) of 1T-WS, and

Ni,P cocatalysts.
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Fig. S12. Tauc plots of the ZIS, SWS/ZIS, 1NP/ZIS, and INP/SWS/ZIS.
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Fig. S13. MS curves of the ZIS (a),
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Fig. S14. Band structures variation of ZIS after the coupling with Ni,P and 1T-WS, cocatalysts.
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Fig. S15. XPS spectra of the Zn 2p (a), In 3d (b), S 2p (c), W 4f (d), Ni 2p (e), and P 2p (f) of the

INP/SWS/ZIS in the dark or under 300W Xe lamp irradiation.
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Tables

Table S1 Textural properties of the ZIS, SWS/ZIS, 1NP/ZIS, and 1INP/SWS/ZIS catalysts.

BET surface Average pore total pore volume
Photocatalysts .
area (m? g'!) diameter (nm) (cm? g
ZIS 98.97 8.33 0.214
SWS/Z1S 61.88 7.83 0.124
INP/ZIS 50.85 7.72 0.095
INP/SWS/ZIS 60.65 7.27 0.111

H, rate
Photocatalyst Light source Sacrificial agent (mmol Ref. (Year)
g'h?)
300 W Xe-lamp lactic acid
MoS,/ZnIn,S, A > 420 nm (12.5 vol%) 4.19 [S1](2017)
300 W Xe-lamp 0.1 M
MoS,/CQDs/ZnIn,S, A > 420 nm Na,S/Na,SOs 3.00 [S2] (2018)
300 W Xe-lamp Na,S (0.35 M)
In(OH)3/ZnIn,S, 0.52 [S3](2019)
A>420 nm Na,S0; (0.25 M)
300 W Xe lamp
Co9Sg/ZnIn,S,4/PdS TEOA (25 vol%) 11.41 [S4] (2021)
A>420 nm
Na,S (0.35 M)
Co,P/ZnIn,S, 300 W Xe lamp 7.93 [S5] (2021)
Na,S0; (0.25 M)
biochar/ 150 W Xe-lamp lactic acid
1ochar/ZnIn,S 4.47 S6] (2022
e AM15G filer (20 vol%) [56](2022)
. 300 W Xe-lamp
NiO/ZnIn,S, TEOA (20 vol%) 5.00 [S7](2023)
A>420 nm
ReS,/Znln,S four 3-W 420 nm - lactic acid 2.24 [S8] (2023)
e nln .
? . LED lamps (10 vol%)
) 300 W Xe-lamp lactic acid
1T-MoS,/Znln,S 15.60 S971 (2024
/4ninas AM 156 filer (20 vol%) [591 2024)
. 300 W Xe lamp
ZnIn,S,/Co¢Sg/Ni, P TEOA (20 vol%) 6.82 [S10] (2024)
A>420 nm
300 W Xe lamp
Mo0O,/C/ZnIn,S, TEOA (10 vol%) 2.36 [S11](2024)
A>420 nm
300 W Xe-lamp
CoSe,/Na-Znln,S, TEOA (25 vol%) 4.53 [S12] (2024)
A>420 nm
lactic acid Present
Ni,P/1T-WS,/ZnIn,S, 300 W Xe-lamp 16.39

(10 vol%)

work

Table S2 Comparison of photocatalytic H, production rate of cocatalyst-assisted ZnIn,S, systems.
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