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Fig. S1 Size distribution maps of the CZTS and CZTSSe nanocrystals.
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Fig. S2 EDX spectra of (a) the CZTS nanocrystals and (b) the CZTSSe nanocrystals.
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Fig. S3 (a) XRD patterns of (i) the as-prepared CZTSSe nanocrystals without purification, the peaks 

marked with * correspond to Se (JCPDF No. 86-2246), (ii) the CZTSSe nanocrystals after 

purification by post-treatment in the NaBH4 solution, (iii) the unpurified CZTSSe sample annealed at 

200 C, (iv) the unpurified CZTSSe sample annealed at 400 C, the shift of (112) peak is due to 

selenization by the Se by-product. (b) An SEM image of the unpurified CZTSSe nanocrystals, 

showing the existence of Se microrods. (c) An SEM image of the CZTSSe nanocrystals after 

purification by post-treatment in a NaBH4 solution. (d) An SEM image of the CZTSSe nanocrystals 

after annealing in nitrogen flow at 400 C.
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Fig. S4 (a) I-V curves of the CZTS nanocrystal film on a glass substrate in the dark and under AM 

1.5G illumination at an intensity of 100 mW cm−2; (b) Time-resolved photoresponse of the CZTS 

nanocrystal film at a bias of 1.0 V.
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Fig. S5 Photographs of the ZnO, ZnO/CZTS, ZnO/CZTSSe photoanodes.
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Fig. S6 (a) UV-vis absorption spectra of the various photoanodes; (b) LHE of the ZnO/CZTSSe and 

ZnO/CZTS photoanodes. Calculation of LHE can be referred to references (Energy Environ. Sci. 

2012, 5, 8896; Electrochim. Acta 2016, 191, 62).
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Fig. S7 IPCE spectra of the ZnO/CZTSSe and the bare ZnO photoanodes at a bias of 1.23 V vs NHE.
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Fig. S8 Time-resolved photocurrent of the ZnO/CZTSSe photoanode.
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Fig. S9 XPS spectra of Cu 2p and Sn 3d from the ZnO/CZTSSe sample after stability test.


