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Fig. S1. TGA and DTG results of ZnS(en)0.5 precursor measured in (a) Ar and (b) air atmosphere, 

respectively.

Fig. S2. (a) Raman and (b) FT-IR spectra of ZnS(en)0.5, ZnS-Ar and ZnS-Air samples, respectively.

Fig. S3. Solar fuel production over ZnS-Ar and ZnS-Air catalysts, respectively.

Fig. S4. XRD patterns of the ZnS samples before and after photoreduction experiments.

Fig. S5. High resolution XPS spectra of (a) Zn 2p and (b) S 2p of the ZnS samples after 

photoreduction experiments.

Fig. S6. SEM images of (a) ZnS-Ar and (b) ZnS-air samples after photoreduction experiments.

Fig. S7. EIS Nyquist plot of the samples before and after photoreduction experiments and the 

zoom-in spectra.

Fig. S8. Solar fuel production over ZnS-Ar sample for 8 h.

Fig. S9. EDX mapping of the ZnS samples prepared in Ar and air, respectively.

Fig. S10. XRD pattern of commercial ZnS used as reference sample, indicating it is Blende 

structure.

Fig. S11. SEM images of commercial ZnS used as reference sample.

Fig. S12. Distribution of pore size for ZnS-Ar (3.51.0 nm) and ZnS-Air (~2.0-15.0 nm) samples.

Fig. S13. PL spectra of the ZnS samples synthesized in Ar and air, respectively.

Fig. S14. Typical isotherms of (a) CO2 adsorption and (b) N2 adsorption-desorption for ZnS-Ar and 

ZnS-Air samples.

Fig. S15. Adsorption configurations of (a) CO, (b) H2O and (c) H2 on the clean surface, Vs defects 

and VZn-Vs-VZn defects of ZnS, respectively.

Fig. S16. In-situ DRIFTS for CO2 interactions with ZnS catalysts in the dark and under irradiation.

Fig. S17. In-situ DRIFTS for the interactions of intermediates formed during CO2 photoreduction 

with ZnS catalysts in the dark and under irradiation.

Fig. S18. In-situ DRIFTS for H2O interactions with ZnS catalysts in the dark and under irradiation.
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Fig. S1. TGA and DTG results of ZnS(en)0.5 precursor measured in (a) Ar and (b) air atmosphere, 

respectively.
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Fig. S2. (a) Raman and (b) FT-IR spectra of ZnS(en)0.5, ZnS-Ar and ZnS-Air samples, respectively.
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Fig. S3. Solar fuel production over ZnS-Ar and ZnS-Air catalysts, respectively.
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Fig. S4. XRD patterns of the ZnS samples before and after photoreduction experiments.
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Fig. S5. High resolution XPS spectra of (a) Zn 2p and (b) S 2p of the ZnS samples after 

photoreduction experiments.
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Fig. S6. SEM images of (a) ZnS-Ar and (b) ZnS-Air samples after photoreduction experiments.
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Fig. S7. (Top) EIS Nyquist plot of the samples before and after photoreduction experiments and 

(Bottom) the zoom-in spectra.
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Fig. S8. Solar fuel production over ZnS-Ar sample for 8 h.
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Fig. S9. EDX mapping of the ZnS samples prepared in Ar and air, respectively.
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Fig. S10. XRD pattern of commercial ZnS used as reference sample, indicating it is Blende 

structure.

 

Fig. S11. SEM images of commercial ZnS used as reference sample.
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Fig. S12. Distribution of pore size for ZnS-Ar (3.51.0 nm) and ZnS-Air (~2.0-15.0 nm) samples.
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Fig. S13. PL spectra of the ZnS samples synthesized in Ar and air, respectively.



12

0 100 200 300 400 500 600 700 800
0
1

2
3
4

5
6

7
8

ZnS-Ar

ZnS-Air 

Qu
an

tit
y 

ad
so

rb
ed

 (c
m

3 /g
) 

Absolute pressure (mmHg)

(a)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0

20

40

60

80

100

120 (b)  ZnS-Ar, 120.8 m2/g
 ZnS-Air, 54.9 m2/g

Relative pressure (P/P0)

Q
ua

nt
ity

 a
ds

or
be

d 
(c

m
3 /g

) 

Fig. S14. Typical isotherms of (a) CO2 adsorption and (b) N2 adsorption-desorption for ZnS-Ar and 

ZnS-Air samples.
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Fig. S15. Adsorption configurations of (a) CO2, (b) CO, (c) H2O, and (d) H2 on the clean surface, Vs 

defects, and VZn-Vs-VZn defects of ZnS, respectively.
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Fig. S16. In-situ DRIFTS for CO2 interactions with ZnS catalysts in the dark and under irradiation.
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Fig. S17. In-situ DRIFTS for the interactions of intermediates formed during CO2 photoreduction 

with ZnS catalysts in the dark and under irradiation.
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Fig. S18. In-situ DRIFTS for H2O interactions with ZnS catalysts in the dark and under irradiation.


