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Preparation of PS template

PS emulsions are based on previous reports and pass through partially modified1, 2. Firstly, the 

polymerization inhibitor in styrene was removed by mixing 2 mol/L NaOH and styrene in a volume 

ratio of 3:1 and stirring. 200 mL deionized water and 20 mL styrene were added to the three-neck 

flask, and access N2 protection, stirred at 70 ℃ for 30 min, and 0.4 g K2S2O8 was added refluxed 5 h 

to obtain a good dispersion of PS emulsion. The PS emulsion was dripped on the polycarbonate (PC) 

substrate for 24 h at 60 ℃ to obtain a structural regulatory PS template.

Fig. S1 SEM images of (a) PS, (b) PS template, (c) CTO precursor filling PS Template.

The size of the PS spheres obtained by soap-free emulsion polymerization is uniformly 

distributed at about 400 nm (Fig. S1 (a)). The PS template structure obtained by the emulsion 

concentration method has good regulation (Fig. S1 (b)), and after filling CTO precursor, the integrity 

of PS template is not destroyed (Fig. S1 (c)).
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Fig. S2 TEM of ZxC1-xS QDs with the different chemical composition.



Fig. S3 N2 absorption-desorption isotherms of CTO、3DOM CTO、3DOM CTO-Z0.5C0.5S QDs 

(inset is the corresponding pore size distribution).



Fig. S4 (a) band gap, (b) XPS-VB spectra, (c) Mott-Schottky plot, (d) position of the conduction band 

edge and the valence band edge of Z0.1C0.9S、Z0.5C0.5S and Z0.9C0.1S.



Fig. S5 High-resolution XPS spectra of (a) Ca 2p, (b) Ti 2p, (c) O 1s, (d) Zn 2p, (e) Cd 3d, (f) S 2p of 

3DOM CTO-Z0.5C0.5S, 3DOM CTO-Z0.5C0.5S-C and 3DOM CTO-Z0.5C0.5S-2C.



Fig. S6 XRD and SEM spectra before and after the reaction.
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Fig. S7 (a) transient photocurrent (inset is the photocurrent intensity of 250 s), (b) electrochemical 

impedance spectroscopy of 3DOM CTO-ZxC1-xS QDs.
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Fig. S8 The work function of (a) CTO (1 1 2), (b) Z0.5C0.5S (1 1 1), band structure of CTO and Z0.5C0.5S 

(c) before composite, (d) after composite.


