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EXPERIMENTAL SECTION
Synthesis of Te NWs

Te nanowires were synthesized via a modified hydrothermal reduction process.
Briefly, 0.1 g sodium tellurite (Na,TeO3) and 0.2 g polyvinyl pyrrolidone (PVP) were
dissolved in 100 mL deionized water. Subsequently, 1.0 mL of hydrazine hydrate
(N2H4 H,0) and 2.0 mL of ammonia water (25-28 wt% of NH3,) were dropped into
the solution under vigorous stirring in the dark. The above solution was transferred
and sealed into a Teflon-lined autoclave. The autoclave was heated to 180 <C for 3 h.
Then the autoclave was cooled down naturally to room temperature. The product was
centrifugated and washed sequentially by 50 mL of ethanol and water to remove any
possible contaminations, and finally dried at 50 <C in a vacuum oven
Synthesis of ZnIn,S, NPs

In a typical synthesis, 20 mL of H,O and 3 mL of glycerol were injected into a
50 mL glass bottle. Then, the solution was sonicated for 10 min to obtain a uniform
solution. Subsequently, 0.2 mmol ZnCl,;, 0.2 mmol InCl3 4H,O and 0.4 mmol
thioacetamide were added to the above-mentioned solution and stirred for 30 min.
The resulting mixture was allowed to heat at 80 <C for 2 h. After naturally cooling
down to room temperature, the product was collected by centrifuging, washed with
water and ethanol thoroughly, and dried at 40 <C in a vacuum.
Synthesis of Te/ZnIn,S, NLs

In brief, 20 mg Te nanowires were ultrasonically dispersed in a mixed solution of
20 mL water and 3 mL glycerol. Subsequently, different amount of InCl; 4H,0 (0.1,
0.2, 0.3 mmol), ZnCl, (0.1, 0.2, 0.3 mmol), and thioacetamide (TAA) (0.2 0.4, 0.6
mmol) were added to the solution and stirred for another 30 min to obtain a series of
samples with different amount of Znin,S,. The resulting mixture was allowed to heat
at 80 <C for 2 h. After naturally cooling down to room temperature, the product was
collected by centrifuging, washed with water and ethanol thoroughly, and dried at
40 <C in a vacuum.The samples were then labeled as Te/ZIS-1, Te/ZIS-2, Te/ZIS-3

respectively.
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Characterizations

The morphology and nanostructure were examined using transmission electron
microscopy (TEM, JEM-1400) and high-resolution transmission electron microscopy
(HRTEM, JEM-2100F). The composition of the product was analyzed by the
accompanying energy dispersive spectroscopy (EDS). Concurrently, elemental
profiling was conducted using the same instrumentation. The Philips X'pert Pro X-ray
diffractometer was employed to obtain X-ray diffraction (XRD) spectra, while an
ESCALAB 250 photoelectron spectrometer was utilized for X-ray photoelectron
spectroscopy (XPS) analysis. In-situ diffuse reflection infrared Fourier transform
spectroscopy (DRIFTS) analysis was performed in situ using a Nicolet iS50 FTIR
spectrometer (Thermo Fisher, USA) to investigate the samples. Electron paramagnetic
resonance (EPR) spectroscopy data were acquired using the Bruker A300
spectrometer. The photoelectrochemical performance of the specimens was assessed
using a CHI 650E potentiostat (Shanghai Chenhua) configured with a three-electrode
system.

Photocatalytic Production of H,0,

The prepared samples were tested to evaluate the performance of the
photocatalytic H,O, production. In the experimental setup, 20 mg of the photocatalyst
was dispersed in 100 mL of deionized water. Prior to exposure to a Xe-lamp (A>420
nm), the solution underwent prestirring for a duration of 30 min and continuous
oxygen flow (30 mL min™) into the Pyrex reactor. The quantification of H,O, was

conducted using UV-vis spectrophotometry with potassium titanium oxalate methods.
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Fig. S1 TEM image of Te NWs.

Fig. S2 TEM image of ZnIn,S4 NPs.

Fig. S3 TEM image of Te/ZIS NLs.
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Fig. S4 EDS microanalysis spectrum of Te/ZIS NLs.
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Fig. S5 XPS spectra of Te/ZIS NLs.
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Fig. S6 Comparison of H,0, yield.
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Fig. S7 Working curve for the determination of hydrogen peroxide concentration.
Using 0.5 mL of a quantifiable quantity of hydrogen peroxide solution, 1 mL of
deionized water, and 1 mL of potassium titanium oxalate solution (0.05 mol L™), a
calibration curve was created. When the concentration of hydrogen peroxide is above
10 mmol L™, the solution should be diluted to below 10 mmol L™ before detection.
The absorbance of the hydrogen peroxide color solution is then measured at 400 nm

using UV-Vis.
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Fig. S8 XRD pattern of Te/ZIS NLs before and after used.

Intensity / a.u.

Fig. S9 TEM image of the recycled Te/ZIS NLs.
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Fig. S10 (a) H,O, production rate of the samples from five different batches, (b) Error
analysis, (c) Stability test.

To validate reproducibility, we tested samples from three different batches, and
the results exhibited minimal variation, further demonstrating the stability and
repeatability of our synthesis and measurement processes. We also performed
six-cycle stability tests. After six cycles, the H,O, production rate showed a slight
decline, which may be attributed to catalyst loss during the recovery process and a

slight decrease in catalytic activity.
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Fig. S11 M-S plots of (a) ZIS and (b) Te.
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To probe the charge transfer dynamics between Te NWs and ZIS NPs, we
conducted an in-depth analysis of the band structure using UV-vis diffuse reflection
spectroscopy and Mott-Schottky analysis. The band gap (Eg) of ZIS and Te are 2.27
and 2.19 eV, respectively. The Mott-Schottky plots of ZIS and Te were shown in Fig.
S11. For n-type semiconductor, the CB position usually more negative 0.1-0.3 eV
than the flat band potential, while for p-type semiconductor, the VB position usually
more positive 0.1-0.3 eV than the flat band potential. Therefore, the CB of ZIS is
about -0.73 V, and the VB of Te is about 0.63 V (vs. NHE). In addition, according to

the formula:
Ecg = Eyp — Eg

The VB of ZIS and the CB of Te can be confirmed as 1.54 and -1.36 V (vs.

NHE), respectively.!!
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Fig. S12 (a) Photocurrent curves and (b) EIS spectra of Te/ZIS NLs, Te NWs and ZIS

NPs under visible-light illumination.
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Fig. S13 Contour plots of in situ DRIFTS spectra for Te/ZIS NLs.
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Table S1 Comparison of different catalysts for photocatalytic H,O,.

Samples

Light source

Reaction system

H,0, yields (pmol g h ™)

SnSy/I;Sy/CDs A >420 nm H,0 1112M
TDB-COF A > 420 nm H,0 7235
PEI/C3N, AM 15G H,0 208.1%
ZIS/PDAO.1 A>420 nm H,0 1747%]
RF/P3HT-1.0  A>300 nm H,0 666"
K-CN/ZnIn,S;  A>420 nm H,0 1729 9'f]
DNM88B@ZIS  A>>420 nm H,0 624.06!"
P1/ZnIn,S,-2 A>>420 nm H,0 411,078
CdS/ZnIn,S, A>>400 nm H,0 604.8%
This work A>420 nm H,O 1920
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