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Fig. S1. SEM images of (a) CZ0.5S and (b) ZnS assembled nano-spheres.

Electronic Supplementary Material (ESI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2020



Fig. S2. (a, b) TEM, (c) HRTEM, and (d) dark-field STEM and EDX elemental mapping graphs of 
CZ0.5S assembled nano-spheres.

Fig. S3. (a, b) TEM and (c) HRTEM images of ZnS assembled nano-spheres.

Fig. S4. PL spectra of CZ0.5S and ZnS nano-spheres. 



Fig. S5. EDX spectra of (a) CdS, (b) CS@30CZ0.5S, (c) CS@30CZ0.5S@40ZS, and (d) 
CS@30CZ0.5S@40ZS-3N. 

Table S1. The composition of samples determined by EDX measurement. 

Catalyst Cd (at. %) Zn (at. %) S (at. %) Ni (at. %)

CdS 48.21 - 51.79 -
CS@30CZ0.5S 45.32 3.71 50.97 -

CS@30CZ0.5S@40ZS 34.15 15.32 50.53 -
CS@30CZ0.5S@40ZS-3N 35.54 12.67 50.22 1.57

Fig. S6. S 2p XPS spectrum of the CS@30CZ0.5S@40ZS-3N hybrid. 



Fig. S7. S 2p XPS spectra of the CZ0.5S and ZnS nano-spheres. 

Fig. S8. (a) Photocatalytic HER activities and (b) corresponding rates of the CdS@CZ0.5S 
composites with different CZ0.5S contents. 

Fig. S9. (a) Photocatalytic H2 evolution activities and (b) corresponding rates of the CdS@30 
wt%Cd1-xZnxS with varying Zn ratios in Cd1-xZnxS.



Fig. S10. (a) Photocatalytic HER activities of (b) corresponding rates of the CS@30CZ0.5S@ZnS 
containing different ZnS loading amounts. 

Fig. S11. (a) Photocatalytic HER activities and (b) corresponding rates of the CS@30CZ0.5S@40ZS-
Ni(OH)2 deposited with different concentrations of Ni(OH)2. 

Fig. S12. (a) HER activities and (b) corresponding rates of the Ni-deposited CS@30CZ0.5S@40ZS 
measured employing different hole scavengers. 



Fig. S13. Cycling HER test for the CS@30CZ0.5S@40ZS-3N composite. 

Fig. S14. XRD patterns of the CS@30CZ0.5S@40ZS-3N hybrid before and after cycling HER test. 



Fig. S15. (a, b) SEM images of the CS@30CZ0.5S@40ZS-3N composite (a) before and (b) after 
cycling activity test. The Ni(OH) was indicated by the green dashed circles. (c, d) TEM and (e) 
HRTEM photos of the CS@30CZ0.5S@40ZS-3N hybrid after the cycling HER measurement.

Fig. S16. N2 adsorption-desorption isotherms and pore-size distributions of (a) CdS, (b) CZ0.5S, (c) 
CS@30CZ0.5S, (d) ZnS, and (e) CS@30CZ0.5S@40ZS. 



Table S2. Comparison on the HER activities of CdS-based photocatalysts.

Photocatalyst Hole scavenger
(aqueous solution)

Light source
(Xe lamp)

Maximum rate
(mmol∙h-1∙g-1)

AQY
(420 nm)

Reference

CdS@Cd0.5Zn0.5S@ZnS-Ni(OH)2 Na2S/Na2SO3 λ > 420 nm 86.79 22.8% This work
WO3-Pt-CdS Na2S/Na2SO3 λ > 420 nm 0.39 - [1]

Cd1-XZnXS Na2S/Na2SO3 λ > 420 nm 46.60 6.56% [2]
CdS/NiO Methanol/NaOH λ > 400 nm 5.91 8.6% [3]
CdS/ZnS Na2S/Na2SO3 λ > 420 nm 0.239 16.8% [4]

Graphene-ZnxCd1-xS Na2S/Na2SO3 λ > 400 nm 1.06 19.8% [5]
ZnO/CdS Na2S/Na2SO3 λ > 400 nm 4.134 - [6]

CdS/Ni2O3 Methanol λ > 400 nm 4.46 - [7]
ZnS-(CdS/Pt) Na2S/Na2SO3 UV-vis light 5.05 - [8]

ZnxCd1-xS/MoS2 Na2S/Na2SO3 λ > 420 nm 0.42 - [9]
CdS@MoS2 Lactic acid λ > 410 nm 26.14 - [10]

NiS/CdS Na2S/Na2SO3 λ > 420 nm 1.13 6.1% [11]
CdS–ZnS Na2S/Na2SO3 λ > 420 nm 0.792 - [12]

Cu1.94S-ZnxCd1-xS Na2S/Na2SO3 λ > 420 nm 7.74 8.5% [13]
Zn1-xCdxS Na2S/Na2SO3 λ > 420 nm 7.42 9.6% [14]

CdS/CdWO4 Lactic acid λ > 420 nm 9.17 - [15]
CoOx/ZnS@CdS/Ni Na2S/Na2SO3 λ > 420 nm 20.33 - [16]

MoS2/CdS Lactic acid λ > 400 nm 3.85 10.5% [17]
Cd0.5Zn0.5S(en)-NiS Na2S/Na2SO3 λ > 420 nm 38.2 - [18]

Ni2P/Zn0.5Cd0.5S Na2S/Na2SO3 λ > 420 nm 22 - [19]
NiS/CDs/CdS Na2S/Na2SO3 λ > 420 nm 1.44 - [20]

Table S3. BET surface areas of different samples.

Catalyst CdS CZ0.5S ZnS CS@30CZ0.5S CS@30CZ0.5S@40ZS

SBET (m2∙g-1) 14.37 35.87 100.36 20.72 40.66
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