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Fig. S1. The XRD data of (a) CulnS,, (b) 1Zn-CIS, (¢) 3Zn-CIS and (d) 5Zn-CIS fitted by

Rietveld refinement.
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Fig. S2. The formation energy of S, at different sites in the CulnS; model.
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Fig. S3. The substitution energy of Zn replacing different In sites.
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Fig. S4. The substitution energy of Zn replacing different Cu sites.
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Fig. S5. The pDOS of (a) CulnS,, (b) Zn-CIS without S, and (c¢) Zn-CIS with S..
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Fig. S6. (a) UV-vis DRS, (b) Tauc plot, (c) M-S plot and (d) band structure diagram of CulnS,,
1Zn-CIS, 3Zn-CIS and 5Zn-CIS.
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Fig. S7. (a) EXAFS fitting curve for 3Zn-CIS in the k-space, (b) EXAFS fitting curve for
3Zn-CIS in the R-space.
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Fig. S8. The product selectivity of CulnS; and Zn-CIS.
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Fig. S10. (a) XRD pattern before and after cyclic stability test; (b) TEM image and (c) ESR
after cyclic stability test.
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Fig. S11. The XPS spectra (a) Cu 2p, (b) In 3d, (c) S 2p and (d) Zn 2p after cyclic stability

test.
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Fig. S12. PL spectrum of CulnS; and 3Zn-CIS.
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Fig. S13. In situ DRIFTS spectra of CulnS,.
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Fig. S14. The CO> adsorption model of (a) CulnS: and (b) Zn-CIS.
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Zn-CIS without S, *CO,

Fig. S15. CO; adsorption model, differential charge and bader charge of Zn-CIS without Sy
(the electron—density isosurface was plotted at 0.0004 e A, the pink and green zones indicate

electron accumulation and depletion)
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Fig. S16. The top view of CulnS; model and Zn-CIS model.
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Fig. S17. The mass spectrometry spectrum of '2CO; (a, b) and '3CO; (¢, d) isotope

experiments on 3Zn-CIS.
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Fig. S18. The HRTEM images and corresponding interplanar spacing of CulnS: (a, g; b, h; c,
1) and 3Zn-CIS (d, j; e, k; £, 1).
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2. Supplementary Tables

Table S1. Mass percent of Zn element of xZn-CIS from ICP-OES.

Sample Mass persentage (%)
1Zn-CIS 0.87
3Zn-CIS 1.69
5Zn-CIS 2.07
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Table S2. Crystallographic data of the CulnS; and xZn-CIS by Rietveld refinement.

Sample a(A) b(A) c(A) aC® B  yC©  cell volume (A%

CulnS» 5.474 5.474 10.629 90 90 90 318.45
1Zn-CIS 5.467 5.467 10.624 90 90 90 317.5
3Zn-CIS 5.460 5.460 10.619 90 90 90 316.6
5Zn-CIS 5.458 5.458 10.611 90 90 90 316.17
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Table S3. EXAFS fitting parameters at the Zn K-edge for various samples (S¢*=0.850)

Sample shell CN« R?(A) 62(A?) AE¢(eV) R factor
Zn foil /n—7Zn 6* 2.64+0.01 0.0101 1.3+£0.6 0.006
7nS Zn-S 4% 2.32+0.02 0.0050 29+0.4 0.016
3Zn-CIS Zn-S 3.06+0.2% 2.27+£0.08 0.0079 —-69+0.2 0.001

“CN: coordination numbers; “R: bond distance; ‘6% Debye-Waller factors; ¢ AEo: the inner potential correction. R factor:
goodness of fit. Error bounds that characterize the structural parameters obtained by EXAFS spectroscopy were estimated as
CN =+ 20%; R + 1%; 6% £ 20%.
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Table S4. Comparison of the recently published catalysts for photocatalytic CO> to CoHy

. C:Hy4
. . . C:H4 production .
Catalysts Reaction conditions Light sources Lo Selectivity refs
rate(upmol-g=-h™")
(%)
. 300 W Xe-lamp, 200
) 10 mg photocatalysts in 30
Cu®/ Ce0,-TiO W-ecm?2 (320 > L > 4.51 73.9 1
4 o mL H>O, 0.1 MPa CO, gas mWren ( (1]
850 nm)
5 mg photocatalyst in 45
mL H>0 and 5 mL
CuACs/PCN 300 W Xe-1 10.17 63.02 2
HALS TEOA, CO; gas, e-lamp 21
C30H24CIoNgRu-6H>0
0.26 MPa CO2,0.1 mL 300 W Xe-1 853
Au-Pd/TiO; atbetim c-amp, 143 275 3]
H.0 mW-cm™
80 KPa CO2, 2 mL H20
At ST 300 W Xe-lamp (>
Sv-CdS@ZIF-8 20 mg photocatalysts, 0.8 12.8 [4]
420 nm)
25°C
350 W Xe-lamp, 100
0.5 MPa CO2 and H20, 5
CuOx@p-ZnO - and i mW-cm? (320 > A > 223 57.49  [5]
mg photocatalysts
780 nm)
300 W Xe-1 100
Co-doved NiS 10 mg photocatalysts, 10% W -f(:nl\:[pi o 25 a "
- i mW-cm . . .
OEOPEEIRE 0, 90% N, 1atm e
solar simulator)
10 mg photocatalysts, 5 300 W Xe-lamp (A >
Mo-MOF 3.57 67.1 7
© mL H0, CO; gas 420 nm) 71
4-5 hotocatalysts, 0.4 300 W Xe-1 AM
CulnP:Ss g profocatalysts, e-lamp ( 20.89 746  [8]
mL H>O, CO> gas 1.5G solar simulator)
2 mg photocatalysts, 1 mL 300 W Xe-lamp, 100
MoSy/F 10. 1
0Sx/Fe203 H,0. CO» gas mW-em? 0.6 86.17 [9]
5 mg photocatalysts,200 300 W Xe-lamp, 453
Cui/W150 4.9 67.9 10
e uL H0, CO; gas mW-cm? L10]
. COz gas and 300 pL HO, 300 W Xe-lamp, 100
-Fe203/GR/Bi202S 2.88 36.5 11
AR BRR 80 kPa mW-cm? (A > 420 nm) [11]
. 5 mg photocatalysts,0.5 300 W Xe-lamp, 150
Vs-NiC02S4-NF 354 84.6 12
SR04 mL H,0, CO; gas mW-cm? [12]
5 mg photocatalysts,2 mL 300 W Xe-lamp, 200
MIL-88B-NS40 17.7 10.6 13
H>0, CO> gas mW-cm? (A > 420 nm) [13]
10 mg photocatalysts, 0.4
BPQD-WO 300 W Xe-1 11 49.2 14
Q ’ mL H>0, CO; gas e-amp [14]
20 mg photocatalysts, 1
Bii9S27Br3-Vs mL H>0, 80 KPa CO., 300 W Xe-lamp 4.75 85 [15]
5°C
35 mg photocatalysts, CO> 300 W Xe-lamp, 920
Co3S4/NC@ZnS/NC 12.23 66.98 16
0:S/NC@Zn gas, 25°C mW-cm? (A > 420 nm) [16]
5 hotocatalysts, 1 mL
ISs@BirSs  © e PROIOCHAYSE, I 346 W Xe-lamp 11.81 9735  [17]
H>0, CO; gas
10 mg photocatalyst, 1.68 .
300 W Xe-lamp, 600 This
Zn-CulnS NaHCOs3 and 15 mL 0.5 15.9 77.5
i gha 3 an m mW-cm2 (A > 420 nm) work

M H»SOs4, 25 °C
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