Supporting Information

Interfacial Chemical Bond and Internal Electric Field Modulated Z-
Scheme Sv-ZnIn.S4/MoSe, Photocatalyst for Efficient Hydrogen

Evolution

Xuehua Wang?!, Xianghu Wang?, Jianfeng Huang®, Shaoxiang Li°, Alan Meng®”, Zhenjiang

Lil,3,5*

L College of Materials Science and Engineering, Qingdao University of Science and Technology, Qingdao
266042, Shandong, P. R. China

2 Key Laboratory of Optic-electric Sensing and Analytical Chemistry for Life Science, MOE. College of
Chemistry and Molecular Engineering, Qingdao University of Science and Technology, Qingdao 266042,
Shandong, P. R. China.

3 College of Sino-German Science and Technology, Qingdao University of Science and Technology,
Qingdao 266061, Shandong, P. R. China.

4 School of Material Science and Engineering, International S&T Cooperation Foundation of Shaanxi
Province, Xi’an Key Laboratory of Green Manufacture of Ceramic Materials, Shaanxi University of
Science and Technology, Xi’an 710021, China

5 Shandong Engineering Technology Research Center for Advanced Coating, Qingdao University of
Science and Technology, Qingdao, 266042, P. R. China

* Corresponding author.

E-mail address:

zhenjiangli@qust.edu.cn (Z. J. Li); alanmengqust@163.com (A. L. Meng)



mailto:zhenjiangli@qust.edu.cn
mailto:alanmengqust@163.com

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

Zn,cInanddSin ZIS



I b
BB

[Cursor=
[Vert=4000 Window 005 - 40.955= 73,998 ent

10 kW

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

Zn1.00In1.8554.13




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

element mapping images of c Zn, d Inand e S.
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Fig. S4. EDS spectrum of S,-ZIS.



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

Atomic (%)

Element
Zn 15.95
In 30.62
S 53.43
Zn; oolny 9283 35
Table S3. Elemental analyses of the S,-ZIS/MoSe; 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
Zn; oolny 835325
Table S4. Elemental analyses of the S,-ZIS/MoSe; photocatalyst by XPS.
Theoretical chemical formula ZIS S\-ZIS S.-Z1S/MoSe»
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 0.04210.090(0.163 | 0.042]0.093|0.138 { 0.042 | 0.090 | 0.141

Actual chemical formula

Zny 00In2.15S3.87

Zn1.00In2.20S3.29

Zn1 00ln2.14S3 36
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Fig. S5. Wavelength-dependent H, production rate in the presence of S,-ZIS/5.0MoSe;.

Table S5. The calculated AQY of S,-ZIS/MoSe; photocatalyst at different wavelengths.

Wavelength The mean H, production in 1 hour Light power (Xe lamp)
380 nm 90.46 pmol 0.034 W
420 nm 258.53 umol 0.107 W
500 nm 156.66 pmol 0.140 W
600 nm 0.88 pmol 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 (A=2380, 420, 500 and 600 nm). AQY was roughly calculated based on the

following equation:



2=380 nm:

2=420 nm:

2=500 nm:

2A=600 nm:

the number of reacted electrons
= x 100%

AQY

 the number of incident photons

_ 4 X the number of H, molecules

= x 1009
the number of incident photons %

4 X the number of H, molecules
= N X 100%

_EA_0.034 x 3600 x 380 x 10~°

N =— = = 2.34 x 102°
hc 6.626 x 10734 x 3 x 108

~ 4x9046 x 107% x 6.02 x 1023

AQY X 100% = 93.08%

2.34 x 1020
_EA_0.107 x 3600 x 420 x 1077 _ 814 x 1020
" he  6.626x1073*x3x108
4 % 258.53 x 107° x 6.02 x 1023
Y = 812 X 1070 x 100% = 76.48%
_EA_ 0.140 x 3600 x 500 X 107° 146 x 1021
" he 6.626x1073*x3x108
4 x 156.66 X 107 x 6.02 x 1023
AQY = 57 % 1071 x 100% = 29.70%
EA  0.134 x 3600 x 600 x 10~°
== = 1.46 x 102!

T he 6.626x1073*x3x 108

Loy = 1X 088X 107° x 6.02 X 10%° < 100% — 0.15%
or = 1.46 x 1071 TR
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Fig. S6. Wavelength-dependent AQY for photocatalytic H2 evolution of ZIS and Sv-ZIS.
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Fig. S7. UV—-vis absorption spectra of S,-ZIS/MoSe; with different mass ratio of MoSe; to ZIS.



Sv-zIs/0.5MoSe,
Sv-Z1s/1.0MoSe,
Sv-Z1S/3.0MoSe
Sv-ZIS/7.0MoSe
Sv-ZIS/5.0MoSe

2
2
2

Intensity (a.u.)

400 425 450 475 500 525 550
Wavelength (nm)

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

MoSe; to ZIS.
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Fig. S9. Photocurrent response of S,-ZIS/MoSe, with different mass ratio of MoSe, to ZIS.



Table S6. Comparison of representative ZnIn,Ss-based photocatalysts for their H, evolution behavior recently.

H; evolution rate

Photocatalysts Light source (mmol-g-h) AQE Refs
Co09Ss/ZnIn,Sy 300 W Xe lamp (A>400 nm) 9.039 4.49% at 420 nm !
CooSs@ZnIn,Sy 300 W Xe lamp, A>400 nm 6.250 / 2
ZnIn;S4-TisC2Tx (3 wt% Pt co-catalyst) 300 W Xe lamp, A>420 nm 3.475 11.14 at 420 nm 3
ZnzIn,Ss/TizC2(0, OH) x (2 wt% Pt co-catalyst) 300 W Xe lamp, A>420 nm 2.596 8.96% at 420 nm 4
g-C3Ns/Aminated-ZnIn:S4 (1 wt% Pt co-catalyst) 300 W Xe lamp 4.851 / 3
N-doped ZnIn;S4 300 W Xe lamp, 2>400 nm 11.086 16.6% at 420 nm 6
Ui0-66-(COOH)2/ZnIn;2S4/MoS; 300 W Xe lamp 18.794 / 7
AgxAul-x/Znln;S4 300 W Xe lamp, 2>420 nm 5.401 8.06% at 420 nm 8
Zn3In;S¢/FCN (2 wt% Pt co-catalyst) 300 W Xe lamp, A>420 nm 0.510 / 9
ZnlIn,S4/1%MoSe; 300 W Xe lamp, A>400 nm 6.454 / 10
Co/NGC@ZnIn,S4 300 W Xe lamp, A>400 nm 11.270 5.07% at 420 nm i
NiS/Vs-ZnIn:S4/WO; 300 W Xe lamp, A>400 nm 11.090 72% at 420 nm 12
ultra-thin ZnIn,Ss/protonated g-C3Ny4 300 W Xe lamp, A>400 nm 8.601 0.92% at 400 nm 13
NizP/ZnIn,S4 300 W Xe lamp, 2>420 nm 2.066 7.7% at 420 nm 14
ZnIn;S4@NH>-MIL-125(Ti) 300 W Xe lamp, A>420 nm 2.204 4.3% at 420 nm 15




Cubic/hexagonal ZnIn,S4 heterophase junctions 300 W Xe lamp, 2>420 nm 3.806 18.67% at 420 nm 16

ZnIn;S4/MoSe; 300 W Xe lamp, A>420 nm 2.228 21.39% at 420 nm 17

2D/2D g-C3N4 nanosheet@ZnIn,S4 300 W Xe lamp, A>420 nm 2.780 / 18

Hydrogenated ZnIn,S4 300 W Xe lamp, A>320 nm 0.215 13.2% at 420 nm 19

MoS2/ZnIn,S4 300 W Xe lamp, A>400 nm 8.898 / 20

Half-unit-cell ZnIn,S4 300 W Xe lamp, A>400 nm 13.478 53.68% at 365 nm 21

ZnpInsSy+3@In,S; 300 W Xe lamp, A>420 nm 3.300 / 2
Syv-ZnIn,Ss/MoSe; 300 W Xe lamp, 2>420 nm 63.21 76.48% at 420 nm  This work
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