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1. Experimental Section

1.1 Synthesis of Cu2O Cubes. Typically, 30 mL of 0.1 M NaOH aqueous solution 

was added into 300 mL of 0.01 M CuCl2·2H2O aqueous solution. Half an hour later, 

30 mL of 0.6 M ascorbic acid solution was added dropwise and the mixture was aged 

for 3 hours. The whole reaction was carried out under magnetic stirring in a water 

bath at 55℃. The brick-red precipitate was collected by centrifugation and washed 

with deionized water thrice and ethanol twice, and finally dried in vacuum at 60℃ 

overnight. 

1.2 Synthesis of Co(OH)2 hollow cages. Briefly, 200 mg Cu2O powder was firstly 

dispersed in 200 mL ethanol and 200 mL aqueous solution under ultrasound for an 

hour. Then, 6 g PVP K30 was added into the above solution. After stirring for half an 

hour, 68 mg CoCl2·6H2O was added in the mixture under stirring in 15 min. After that, 

pre-configured Na2S2O3·5H2O aqueous (160 mL, 1 M) was added dropwise and the 

reaction continues until the solution changed from brick-red to light green. The 

precipitate was collected by centrifugation and washed with deionized water and 

ethanol trice, and finally dried in vacuum at 60℃ overnight.
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2. Figures

Fig. S1. FE-SEM images of A) Cu2O cubes; B) Co(OH)2 hollow cages; C) Co9S8 
hollow cages; D)TEM image of ZnS NPs and E, F)FE-SEM images of ZnS/Co9S8.

Fig. S2. Photoresponses of ZnS/Co9S8-x/ITO in 0.1 M PBS (pH=7) at a bias potential 
of 0.2 V(x=15, 20, 25 wt%) in the absence and presence of 0.2 ppb chlorpyrifos.

Fig. S3. Photoresponses of ZnS/Co9S8-based PEC sensor under different bias 
potentials (0 V, 0.1 V and 0.2 V).
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Fig. S4 A) Unstable photoresponse of the mixture of the ZnS and Co9S8 (20 wt%) 
modified ITO B) Stable photocurrents of the mixture of the ZnS and Co9S8 (20 wt%) 
modified ITO in the absence (a) and presence (b) of 0.2 ppb chlorpyrifos. in 0.1 M 
PBS (pH=7) at a bias potential of 0.2 V.

Fig. S5. Chemical structural formulas of Chlorpyrifos, parathion-methyl and 
acetamiprid. 

3. Table

Table S1. Energy band levels of Co9S8 and ZnS (E vs. NHE).

Samples Eg(eV) Efb(eV) ECB(eV) EVB (eV)

Co9S8 0.80 -0.853 -1.053 -0.253

ZnS 3.33 -0.323 -0.523 2.807


