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Fig. S1 EDX diagram of PW12/ Co3O4-Cu2S film.

Fig. S2 EDX elemental mappings P, W, Co, O, Cu and S in PW12/Co3O4-Cu2S film.



Fig. S3. CV curves of different counter electrodes in the three-electrode system. 

To evaluate the electrocatalytic activities, the cyclic voltammetry (CV) measurement were performed 
over Co3O4, PW12/Co3O4, Cu2S, Co3O4-Cu2S, PW12/Co3O4-Cu2S counter electrodes, respectively (Fig. S3). 
The CV curves could indicate the catalytic reaction at the interface of the CE/electrolyte. The reduction of 
Sx

2− ions lead to the negative currents, while the positive currents result from the oxidation of S2− ions. 
Furthermore, the reduction peak current is the most important, which largely reflects the catalytic ability of 
CE for Sx

2-reduction in the QDSSCs.1 Peak to peak separation (Epp) is also crucial parameters for evaluating 
the catalytic performance of the counter electrode.2 From the curves, compared with other counter 
electrodes, the composite PW12/Co3O4-Cu2S counter electrodes have higher peak current and minimum Epp, 
suggesting that the composite counter electrodes have better electrocatalytic performance.
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