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Fig. S1. Morphology characterizations of ZIS. a SEM, b-d the corresponding element mapping images of b 

Zn, c In and d S in ZIS 

 



 

Fig. S2. EDS spectrum of ZIS. 

 

 

Table S1. Elemental analyses of the ZIS photocatalyst by EDS. 

Element Atomic (%) 

Zn 14.33 

In 26.49 

S 59.18 

Zn1.00In1.85S4.13 

 

 



 

Fig.S3. Morphology characterizations of Sv-ZIS. a, b SEM, c, d TEM and HRTEM, e-g the corresponding 

element mapping images of c Zn, d In and e S. 

 

 

Fig. S4. EDS spectrum of Sv-ZIS. 

 

 



Table S2. Elemental analyses of the Sv-ZIS photocatalyst by EDS. 

Element Atomic (%) 

Zn 15.95 

In 30.62 

S 53.43 

Zn1.00In1.92S3.35 

 

 

Table S3. Elemental analyses of the Sv-ZIS/MoSe2 photocatalyst by EDS. 

Element Weight (%) Atomic (%) 

Mo 2.08 1.37 

Se 2.54 2.04 

Zn 16.43 15.89 

In 52.81 29.06 

S 26.14 51.64 

Zn1.00In1.83S3.25 

 

Table S4. Elemental analyses of the Sv-ZIS/MoSe2 photocatalyst by XPS. 

Theoretical chemical formula ZIS Sv-ZIS Sv-ZIS/MoSe2 

Element Zn In S Zn In S Zn In S 

Peak area ratio 0.235 0.656 0.109 0.235 0.673 0.092 0.235 0.668 0.097 

Atomic ratio 0.042 0.090 0.163 0.042 0.093 0.138 0.042 0.090 0.141 

Actual chemical formula Zn1.00In2.15S3.87 Zn1.00In2.20S3.29 Zn1.00In2.14S3.36 

 

 

 

 



 

Fig. S5. Wavelength-dependent H2 production rate in the presence of Sv-ZIS/5.0MoSe2. 

 

Table S5. The calculated AQY of Sv-ZIS/MoSe2 photocatalyst at different wavelengths. 

Wavelength The mean H2 production in 1 hour Light power (Xe lamp) 

380 nm 90.46 μmol 0.034 W 

420 nm 258.53 μmol 0.107 W 

500 nm 156.66 μmol 0.140 W 

600 nm 0.88 μmol 0.134 W 

 

The apparent quantum yield (AQY) was measured following the same reaction 

conditions as photocatalytic test except that the incident light was supplied by a 300W Xe 

lamp equipped with specific band-pass filters to get the desired monochromatic incident 

wavelength (λ＝380, 420, 500 and 600 nm). AQY was roughly calculated based on the 

following equation: 



                   𝐴𝑄𝑌 =
𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑎𝑐𝑡𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠

𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑝ℎ𝑜𝑡𝑜𝑛𝑠
× 100%

=
4 × 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻2 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠

𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑝ℎ𝑜𝑡𝑜𝑛𝑠
× 100%

=
4 × 𝑡ℎ𝑒  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻2 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠

𝑁
× 100% 

λ=380 nm: 

𝑁 =
𝐸𝜆

ℎ𝑐
=

0.034 × 3600 × 380 × 10−9

6.626 × 10−34 × 3 × 108
= 2.34 × 1020 

𝐴𝑄𝑌 =
4 × 90.46 × 10−6 × 6.02 × 1023

2.34 × 1020
× 100% = 93.08% 

λ=420 nm: 

𝑁 =
𝐸𝜆

ℎ𝑐
=

0.107 × 3600 × 420 × 10−9

6.626 × 10−34 × 3 × 108
= 8.14 × 1020 

𝐴𝑄𝑌 =
4 × 258.53 × 10−6 × 6.02 × 1023

8.14 × 1020
× 100% = 76.48% 

λ=500 nm: 

𝑁 =
𝐸𝜆

ℎ𝑐
=

0.140 × 3600 × 500 × 10−9

6.626 × 10−34 × 3 × 108
= 1.46 × 1021 

𝐴𝑄𝑌 =
4 × 156.66 × 10−6 × 6.02 × 1023

1.27 × 1021
× 100% = 29.70% 

λ=600 nm: 

𝑁 =
𝐸𝜆

ℎ𝑐
=

0.134 × 3600 × 600 × 10−9

6.626 × 10−34 × 3 × 108
= 1.46 × 1021 

𝐴𝑄𝑌 =
4 × 0.88 × 10−6 × 6.02 × 1023

1.46 × 1021
× 100% = 0.15% 



 

Fig. S6. Wavelength-dependent AQY for photocatalytic H2 evolution of ZIS and Sv-ZIS. 

 

 

Fig. S7. UV–vis absorption spectra of Sv-ZIS/MoSe2 with different mass ratio of MoSe2 to ZIS. 



 

Fig. S8. Photoluminescence spectra (PL, excited at 375 nm) of Sv-ZIS/MoSe2 with different mass ratio of 

MoSe2 to ZIS. 

 

Fig. S9. Photocurrent response of Sv-ZIS/MoSe2 with different mass ratio of MoSe2 to ZIS.



Table S6. Comparison of representative ZnIn2S4-based photocatalysts for their H2 evolution behavior recently. 

Photocatalysts Light source 
H2 evolution rate 

(mmol·g-1·h-1) 
AQE Refs 

Co9S8/ZnIn2S4 300 W Xe lamp (λ>400 nm) 9.039 4.49% at 420 nm 1 

Co9S8@ZnIn2S4 300 W Xe lamp, λ>400 nm 6.250 / 2 

ZnIn2S4-Ti3C2TX (3 wt% Pt co-catalyst) 300 W Xe lamp, λ>420 nm 3.475 11.14 at 420 nm 3 

Zn2In2S5/Ti3C2(O, OH) x (2 wt% Pt co-catalyst) 300 W Xe lamp, λ>420 nm 2.596 8.96% at 420 nm 4 

g-C3N4/Aminated-ZnIn2S4 (1 wt% Pt co-catalyst) 300 W Xe lamp 4.851 / 5 

N-doped ZnIn2S4 300 W Xe lamp, λ>400 nm 11.086 16.6% at 420 nm 6 

UiO-66-(COOH)2/ZnIn2S4/MoS2 300 W Xe lamp 18.794 / 7 

AgxAu1-x/ZnIn2S4 300 W Xe lamp, λ>420 nm 5.401 8.06% at 420 nm 8 

Zn3In2S6/FCN (2 wt% Pt co-catalyst) 300 W Xe lamp, λ>420 nm 0.510 / 9 

ZnIn2S4/1%MoSe2 300 W Xe lamp, λ>400 nm 6.454 / 10 

Co/NGC@ZnIn2S4 300 W Xe lamp, λ>400 nm 11.270 5.07% at 420 nm 11 

NiS/Vs-ZnIn2S4/WO3 300 W Xe lamp, λ>400 nm 11.090 72% at 420 nm 12 

ultra-thin ZnIn2S4/protonated g-C3N4 300 W Xe lamp, λ>400 nm 8.601 0.92% at 400 nm 13 

Ni2P/ZnIn2S4 300 W Xe lamp, λ>420 nm 2.066 7.7% at 420 nm 14 

ZnIn2S4@NH2-MIL-125(Ti) 300 W Xe lamp, λ>420 nm 2.204 4.3% at 420 nm 15 



Cubic/hexagonal ZnIn2S4 heterophase junctions 300 W Xe lamp, λ>420 nm 3.806 18.67% at 420 nm 16 

ZnIn2S4/MoSe2 300 W Xe lamp, λ>420 nm 2.228 21.39% at 420 nm 17 

2D/2D g-C3N4 nanosheet@ZnIn2S4 300 W Xe lamp, λ>420 nm 2.780 / 18 

Hydrogenated ZnIn2S4 300 W Xe lamp, λ>320 nm 0.215 13.2% at 420 nm 19 

MoS2/ZnIn2S4 300 W Xe lamp, λ>400 nm 8.898 / 20 

Half-unit-cell ZnIn2S4 300 W Xe lamp, λ>400 nm 13.478 53.68% at 365 nm 21 

ZnmIn2Sm+3@In2S3 300 W Xe lamp, λ>420 nm 3.300 / 22 

Sv-ZnIn2S4/MoSe2 300 W Xe lamp, λ>420 nm 63.21 76.48% at 420 nm This work 
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