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Fig. S1. XRD pattern of the CdS/Co(OH), nanocomposites. The diffraction peaks can be well

indexed to the tandard hexagonal CdS phase (JCPDS No0.41-1049). Diffraction peaks of Co(OH),

are not detected due to its amorphous feature.
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Fig. S2. Raman spectra of CdS, CdS/Co(OH), nanocomposites and CdS/CoO-1h

heterostructures. The characteristic peaks at 296 and 598 cm™ in the Raman spectra are
identified as the CdS,! where the Raman bands at 453 and 515 cm™ can be ascribed to Co(OH),,
indicating the presence of Co(OH),.2 While, the peaks at 485, 530 and 690 cm™ are in good
agreement with the CoO,* * which further proves that the CdS/CoO heterostructures is

prepared successfully.



..

Fig. S3. SEM image 'of the aé—prepared Cds nanoros.



Fig. S‘4.‘KSEM ‘imégeskar'id Mcorrespondmg TEM images of the preparéci (a, e) CdS/Co(OH)z—O;25
h, (b, f) CdS/Co(OH),-1 h, (c, g) CdS/Co(OH),-3 h and (d, h) CdS/Co(OH),-6 h. It is clearly seen
that with prolonged reaction time period, more amorphous Co(OH), nanosheets can be

formed on the CdS nanorods.
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Fig. S5. TEM image of CdS/Co(OH),-1h nanocomposites, which shows the highly crystallized

CdS nanorod is wrapped by amorphous Co(OH),.
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Fig. S6. SEM images of the prepared (a) CdS/Co0-0.25 h, (b) CdS/Co0-1 h, (c) CdS/Co0-3 h

,mié%r’

and (d) CdS/Co0-6 h.
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Fig. S7. SEM image of CdS/ZIF-67 mixture prepared with the molar ratio of Co?* ions to 2MIM

at ~1:7.



Fig. S8. SEM image of a critical structure for CdS/ZIF-67 mixture and CdS/Co(OH),

nanocomposites prepared with the molar ratio of Co?* ions to 2MIM at ~1:1.4.



Fig. S9. SEM image of CdS/Co(OH), nanocomposites (the order of addition is Co(NOs),-6H,0
first, and then 2MIM).
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Fig. $10. SEM image of CdS/Co(OH), nanocomposites prebare innthelanhydrous system,

which actually shows that no Co(OH), is formed.
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mL of water into the anhydrous system, respectively.
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Fig. S12. SEM image of CdS/Co(OH), nanocomposites when the reaction solvent is only

water.
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Fig. S13. SEM images of (a) TiO, nanobelts, (b) TiO,/Co(OH), nanocomposites, (c) Cu,0

nanoparticles and (d) Cu,0/Co(OH), nanocomposites.
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Fig. S14. Survey XPS spectrum of CdS/CoO-1h heterostructures, which shows the existence

of S, Cd, O, and Co elements.
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Fig. S15. XPS spectra of Cd 3d for CdS nanorods and CdS/CoO-1h heterostructures, which

shows shifts to lower binding energies for the CdS/Co0O-1h heterostructures and reveals that

the electron density of CdS is increased with the decoration of CoO nanoparticles.
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Fig. S16. Comparison of UV-vis absorption spectra of the prepared CdS/CoO-x. (x=0.25 h, 1 h,

3hand6h)
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Fig. S17. The light harvesting efficiency of the CdS and CdS/Co0O-1h heterostructures.
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Fig. S18. Comparison of PL spectra of the prepared CdS/CoO-x. (x=0.25h, 1 h,3 hand 6 h)
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Fig. S19. Photocatalytic hydrogen evolution activities of CdS, CdS/Pt and the CdS/Co0O-1h

heterostructures.
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Fig. S20. The corresponding apparent quantum yield (AQY) of the CdS/CoO-1h

heterostructures.
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es of the used CdS/Co0O-1h heterostructures, which show

Fig. $21. (a) SEM and (b) TEM imag

no obvious structure collapse during the photocatalytic hydrogen evolution process.
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Fig. S22. XRD patterns of the CdS/CoO-1h heterostructures before and after hydrogen
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evolution test.
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Fig. S23. XPS spectra of the used CdS/Co0O-1h heterostructures: (a) Cd 3d, (b) S 2p, (c) Co 2p
and (d) O 1s. From the S 2p and Co 2p spectra, Co-S bonding features can still be clearly seen,

ensuring the stable photocatalytic performance.
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Fig. S24. Optimized geometry of H adsorbed structures of (a) CoO, (b) CdS and (c) CdS/CoO
with CoO clusters on CdS (100) interface.
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Fig. $25. (a) SEM image, (b) ultraviolet—visible diffuse reflectance spectra, (c) optical bandgap
and (d) Mott-Schottky plot of commercial CoO nanoparticles.
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Table S1 The molar ratio of Co to Cd in CdS/CoO-x heterostructures determined by XPS and

ICP.
Samples XPS ICP
CdS/Co0-0.25 h 0.18 0.29
CdS/Co0-1 h 0.73 0.62
CdS/Co0-3 h 1.45 1.33
CdS/Co0-6 h 2.21 2.29
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Table S2 Parameters obtained from time-resolved PL decay curves according to a double-

exponential decay.

Samples Ty (ns) T, (ns) A; (%) A; (%) lifetime (ns)
CdS 1.28 6.18 39.86 60.14 4.22
CdS/Co0-1h 1.44 7.89 26.65 73.35 6.17
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Table S3 A brief survey of CdS and CoO hydrogen evolution photocatalysts reported in

literature.
Catalyst H, Light source Cocatalyst Sacrifical Ref
production (nm) reagent
rate (umol
g'th?)
CdS/CoO, ~3500 350 W Xe lamp Na,SO3/Na,S >
(A>420)
g-C3N4/Co0 ~650 300 W Xe lamp 3 w% Pt triethanolam 6
(A =400) ine
NiS/CdS ~1512 300 W Xe lamp lactic acid 7
(A =>400) and lignin
CdS/Ni ~4300 300 W Xe lamp Na,S0s/Na,S 8
(A = 420)
CdS/CdIn,S, ~830 300 W Xe lamp Na,S03/Na,S 8
(A=420)
CdS/WO; ~2900 500 W Xe lamp 3 w% Pt lactic acid 9
(A > 400)
Au-CdS ~600 300 W Xe lamp Na,S05/Na,S 10
(A = 420)
CdS/WO0; ~2900 500 W Xe lamp 3 w% Pt lactic acid n
(A = 400)
cd/cds ~2570 300 W Xe lamp Na,S0s/Na,S 12
(A > 410)
NiS/carbon ~1450 350 W Xe lamp Na,S0s3/Na,S 13
dots/CdS (A>420)
CdS/Zn,Co3.,04 ~4000 300 W Xe lamp lactic acid 14
(A = 420)
Cds/Co0O ~6450 300 W Xe lamp lactic acid This
(A 2 420) work
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