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1. Experimental section 

1.1 Preparation of SrTiO3 sample 

According to literature reports, the SrTiO3 photocatalyst was prepared using the 

high-temperature molten salt method.1 Briefly, 14.53 g SrCl2·6H2O, 41 mg 

Al(NO3)3·9H2O, and 1 g SrTiO3 powder were thoroughly ground. The mixture was 

heated to 1150 ℃ for 10 hours at a rate of 10 ℃·min−1 in a corundum crucible under 

an air atmosphere. After cooling to room temperature, the product was rinsed with 

deionized water and filtrated until the filtrate was neutral and dry at 60 ℃. 

Co-catalysts were loaded via an impregnation-calcination method. In a typical 

preparation, 500 mg of molten salt method treated SrTiO3 powder, 1.0 mg RhCl3, 3.8 

mg Cr(NO3)3·9H2O, and 2.5 mg Co(NO3)3·6H2O were dispersed into 5 mL of deionized 

water under constant stirring and ultrasonic dispersion for 5 min, respectively. The 

mixing suspension was dried at 80 ℃ under stirring, and the dried sample was ground 

evenly and calcined at 350 ℃ for 1 hour at a heating rate of 10 ℃·min−1 in an air 

atmosphere. After cooling to room temperature, the obtained power of SrTiO3 was 

collected. 

1.2 Photoelectrochemical performance 

Photoelectrochemical data were acquired on an electrochemical analyzer 

(CHI660E). Photoelectrochemical experiments were carried out in a three-electrode 

cell with a quartz window (diameter = 1.2 cm) facing the working electrode. The 

samples were dropped on the surface of the cleaned indium tin oxide glass (ITO glass) 
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as a working electrode, and the contact area between the sample and electrolyte was 

controlled to be about 1 cm2. A platinum sheet and a saturated calomel electrode (SCE) 

were used as the counter and reference electrodes, respectively. The photocurrent-

time curve (IT) of the cathode was acquired without bias. The linear sweep 

voltammetry curve (LSV) had a sweep rate of 0.5 mV·s−1. A 300 W xenon lamp with a 

420 nm cut-off filter served as the excitation source, and the electrolyte was 0.1M 

Na2SO4 solution. 

1.3 Characterization of the catalysts 

The crystallographic information of the catalyst was recorded using a Rigaku 

B/Max-RB X-ray powder diffractometer (XRD) equipped with a nickel-gate CuKα target 

at a sweep rate of 0.01°·s−1 over a 10-80° diffraction range. X-ray photoelectron 

spectroscopy (XPS) of the sample was performed using VG Scientific ESCALAB210-XPS 

photoelectron spectrometer using an Al Kα X-ray source. The Tecnai-G2-F30 field 

emission transmission electron microscope (TEM) was used to capture TEM and high-

resolution TEM (HR-TEM) images of the sample at an acceleration voltage of 300 kV. 

The photoluminescence spectra (PL) and time-resolved PL (TR-PL) (excitation 

wavelength is 970 nm) of the samples were obtained by Hitachi F-4500 

photoluminescence spectrometer. The UV-vis-NIR diffuse reflectance spectrum (UV-

vis-NIR DRS) of the sample was collected by the PerkinElmer Lambda 950 UV/vis/NIR 

spectrometer with BaSO4 powder as the internal standard. The concentration of 

arsenic (As3+) ions in the aqueous solution of the reaction system was determined 

using the contrAA700 atomic absorption spectrometer (AAS). 

1.4 Photocatalytic splitting D2O and H2
18O isotope-labeled experiments 

The isotope tracer experiments were performed in a mini-reactor to investigate 

the photocatalytic splitting of D2O and H2
18O. Typically, 10 mg of catalyst was dispersed 

in 10 mL D2O or 2 mL H2
18O in the sealed quartz flask. After ultrasonic treatment for 

30 min, the sealed suspension system was bubbled with argon flow for 30 min to 

remove air from the reactor. After visible light irradiation for 6 hours, the mixed gas 

was analyzed by MS (TILON LC-D200M mass spectrometer, equipped with a high 

vacuum sampling valve, quartz glass capillary tube, and capillary temperature 



maintained at 120 °C). 

1.5 The reverse reaction experiments of H2 and O2 

The H2-O2 recombination experiments were conducted in a sealed reactor, the 

same as the reactor used in photocatalytic experiments. The specific experimental 

process was described as follows. In the reactor, 20 mg of photocatalyst was 

ultrasonically dispersed in 100 mL de-ionized water. To exclude air as much as possible, 

the reactor was purged with high-purity Ar. After that, H2 (1.2 mL) and O2 (0.6 mL) were 

injected into the reactor to imitate the H2-O2 reverse reaction under dark conditions. 

  



 

Figure S1 XRD patterns of Zn3As2 and corresponding JCPDS card. 

  



 

Figure S2 UV-vis-NIR DRS of Zn3As2. 

Figure S2 shows the UV-vis-NIR DRS of Zn3As2, revealing a distinct absorption edge 

at approximately 1250 nm, which corresponds to a solar spectral coverage of ~85% in 

the solar spectrum. The broad spectral response spanning the ultraviolet to near-

infrared regions, coupled with an exceptionally high absorption coefficient, establishes 

Zn3As2 as a promising light-harvesting candidate for next-generation optoelectronic 

devices. 

  



 

Figure S3 (A) TEM and (B) HR-TEM images of Zn3As2. 

  



 

Figure S4 (A) TEM and (B) HR-TEM images of ZnO/Zn3As2. 

  



 

Figure S5 (A) TEM and (B) HR-TEM images of SrTiO3. 

  



 

Figure S6 XPS survey spectra of (a) ZnO/Zn3As2, (b)SrTiO3, and (c) ZnO/Zn3As2/SrTiO3. 

  



 

Figure S7 O 1s spectra of (a) ZnO/Zn3As2, (b) SrTiO3, and (c) ZnO/Zn3As2/SrTiO3. 

  



 

Figure S8 Zn 2p spectra of Zn3As2 before and after reaction. 

  



 

Figure S9 As 3d spectra of Zn3As2 before and after reaction. 

Figure S9 shows the As 3d XPS spectra of Zn3As2 before and after the 

photocatalytic reaction. Before the photocatalytic reaction, the characteristic peak of 

As 3d was located at 40.3 eV, corresponding to As3− in Zn3As2. After 3 hours of 

photocatalytic reaction, the As 3d spectrum can be deconvoluted into two peaks at 

40.9 eV and 44.3 eV, respectively, assigned to Zn3As2 and As2O3. However, the 

conductivity of As2O3 is very low, and the transport of photo-excited charge carriers 

is significantly hindered by the abundant As2O3 on the surface of Zn3As2.2 Thus, during 

the photocatalytic water splitting process of Zn3As2, the formation of As2O3 via 

surface oxidation drastically suppresses the hydrogen evolution activity of Zn3As2. 

  



 

Figure S10 The photocatalytic hydrogen production activity of ZnO/Zn3As2 photocatalysts 

with different ZnO content in 3 h under visible light irradiation. 

  



 

Figure S11 The As3+ ion concentration in reaction solution of Zn3As2 and ZnO/Zn3As2 

composite with visible light irradiation time. 

  



 

Figure S12 The photocatalytic hydrogen production activity of Zn3As2 photocatalysts. 

  



 

Figure S13 The photocatalytic hydrogen production activity of ZnO/Zn3As2/SrTiO3 

photocatalysts with different ZnO/Zn3As2 content in 3 h (the hydrogen production content 

calculation with ZnO/Zn3As2). 

  



 

Figure S14 The photocatalytic hydrogen production activity of Zn3As2/SrTiO3 (1:2.5 mass 

rate) and ZnO/Zn3As2/SrTiO3 photocatalysts in 3 h (the hydrogen production content calculation 

with Zn3As2). 

  



 

Figure S15 XRD patterns of ZnO/Zn3As2/SrTiO3 photocatalyst. 

  



 

Figure S16 The apparent quantum yield on ZnO/Zn3As2/SrTiO3 photocatalyst. 

  



Table S1 The apparent quantum efficiency (AQEs) of reported samples for long-wavelength 

visible light (>600 nm) for H2 evolution reaction by photocatalytic overall water splitting. 

NO. Photocatalyst Solution AQE Ref. 

1 ZnO/Zn3As2/SrTiO3 H2O 0.71% at 740 nm This work 

2 α-Fe2O3/RP H2O 0.002% at 700 nm 3 

3 sp2c-Py-BT COF H2O 0.22% at 650 nm 4 

4 Cu2ZnSnS4/CdS/TiO2/Pt H2O 0.03% at 675 nm 5 

5 Y2Ti2O5S2 H2O 0.05% at 600 nm 6 

6 Pt/Ni(OH)2-C3N4 H2O 0.05% at 600 nm 7 

7 BiFeO3/COF H2O 0.32% at 650 nm 8 

8 ZnSe-Znv H2O 0.15% at 600 nm 9 

9 boron phosphide @ g-C3N4 H2O 0.005% at 730 nm 10 
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