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1 Experimental sections

1.1 Materials and reagents

Cadmium nitrate tetrahydrate (Cd(NO)3·4H2O), Zinc nitrate hexahydrate 

(Zn(NO)3·6H2O), Thiourea (CH4N2S), Ethylenediamine(C2H8N2), Cobalt chloride 

(NiCl2·6H2O), Sodium borohydride (NaBH4), ethylene glycol (CH2OH)2. All reagents 

used were of analytical grade and used without further purification. Deionized water 

was used in all experiments.

1.2 Characterization and Instrumentation

The crystal structure of the samples was analyzed by Brook D8 X-ray 

diffractometer (XRD) at A scanning rate of 10°·min-1, 2θ range of 10°~ 80°, and Cu 

Kα radiation (=1.54178 Å). X-ray photoelectron spectroscopy (XPS) measurements 

were performed in a Thermo Fisher Scientific XPS ESCALAB 250 Xi instrument 

with an Al Kα (1486.8 eV) X-ray source to determine the valence states of all 

elements. The morphology of the sample was observed by field emission scanning 

electron microscope (FESEM) using Zeise Sigma 500 at 10 kV acceleration voltage. 

FEI Talos f200s transmission electron microscopy (HRTEM) was used to analyze the 

samples with high resolution under 200 kV acceleration voltage. Uv-vis 

measurements were performed on SHIMADZU UV-2600I using barium sulfate as a 

reference. The instrument used for ESR testing is the Bruker A300. BET performed 

nitrogen isothermal adsorption/desorption measurements on Micromeritics 3Flex. The 

samples were photoluminescence tested with Japanese HORIBA FluorOMax-4 at the 

same excitation wavelength. 1~2mg powder sample was taken and tested in an 
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infrared spectrometer (Nicolet is 5 FT-IR), with a wave number range of 

4000~400cm-1, scanning number of 32, and resolution of 4cm-1.  

1.3 Photocatalytic hydrogen production performance test

The 5 mg sample was dispersed in 10 mL of ultrapure water and subsequently 

transferred to a 20 mL photoreactor equipped with circulating water. The photoreactor 

was hermetically sealed and purged with argon for 10 minutes to eliminate any 

interference from air. To simulate the visible light source, a xenon lamp with a cut-off 

filter at 420 nm and power output of 300 W was employed. Gas chromatography 

(Japan Shimadzu Corporation GC-14B) equipped with a thermal conductivity detector 

(TCD) and a column packed with 5 Å sieves (4 mm × 2 m) was used for hourly 

analysis of the gas mixture, where only 100 μL were injected per hour. Argon served 

as the carrier gas.

1.4 Electrochemical test

All the electrochemical measurements were performed on a CHI660D 

electrochemical workstation (Shanghai Chenhua Instrument, Ltd. Shanghai, China) 

with a standard three-electrode system. The following methods were used to prepare 

working electrodes: 2 mg sample was put into a sample tube, and 480 μL of absolute 

ethanol and 20 μL of Nafion solution were added. The samples were dispersed by 

ultrasonic for 30min and then dropped on the prepared 1×1 cm2 FTO (fluorine-doped 

tin-oxide) glass. The test frequency of electrochemical impedance spectroscopy (EIS) 

was 10-2 Hz to 104 Hz. All tests were performed at room temperature with 0.5 mol·L-1 

Na2SO4 as electrolytes
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Fig. S1. TEM Mapping of ZnCdS(EDA)

Fig. S1. TEM Mapping of ZnCdS(EDA)

Fig. S2. TEM Mapping of ZnCdS(WAT)

Fig. S2. TEM Mapping of ZnCdS(WAT).
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Fig. S3. EDX of ZnCdS(EDA)/Ni@NiO

Fig. S3. EDX of ZnCdS(EDA)/Ni@NiO.

Fig. S4. Pore size distribution curves of several sampled

Fig. S4. Pore size distribution curves of several samples.
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Fig. S5. Recycling in photocatalytic pure water splitting

Fig. S5. Recycling performance of ZnCdS(EDA)/Ni@NiO-3 compounds in the 

sacrificial agent-free system.

Fig. S6. Recycling results in a mixed aqueous solution consisting of 9.5 mL water and 

0.5 mL EDA system.

Fig. S6. Recycling results in a mixed aqueous solution consisting of 9.5 mL water and 

0.5 mL EDA system.
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Table S1. Hydrogen evolution performance of different catalysts under different 

conditions 

Catalyst
Incident

light
Catalytic system H2 evolution

ZnCdS(WAT) Yes
9.5 mL water+0.5 mL 

EDA
Trace

ZnCdS(WAT) Yes 10 mL water Trace

ZnCdS(EDA) Yes
9.5 mL water+0.5 mL 

EDA
70.45 μmol·g-1·h-1

ZnCdS(EDA) Yes 10 mL water Trace

ZnCdS(WAT)/Ni@NiO-
3

Yes 9.5mL water+0.5 mL EDA 49.87 μmol·g-1·h-1

ZnCdS(WAT)/Ni@NiO-
3

Yes 10 mL water Trace

ZnCdS(EDA)/Ni@NiO-3 Yes 9.5 mLwater+0.5 mL EDA 5760.58 μmol·g-1·h-1

ZnCdS(EDA)/Ni@NiO-3 No 10 mL water Trace

ZnCdS(EDA)/Ni@NiO-3 Yes 10 mL water 159.13 μmol·g-1·h-1

Table S2. Comparison of H2 evolution performance over CdS-based photocatalysts

Photocatalyst Incident
light

H2 evolution Sacrificial agent Ref.

Zn0.5Cd0.5S-P ≥420 nm 419.00
(μmol ·h-1 ·g-1)

No [1]

Pt-TiO2/CdS ≥420 nm 3.07
(μmol ·h-1 ·g-1)

No [2]

CDs/CdS ≥420 nm 51.00
(μmol ·h-1 ·g-1)

No [3]

CdS/Ni2P/g-C3N4 ≥420 nm 15.56
(μmol ·h-1 ·g-1)

No [4]

Pt/CdS@Al2O3 ≥420 nm 62.10
(μmol ·h-1 ·g-1)

No [5]

CoP/CdS/WS2 ≥420 nm 9.16
(μmol ·h-1 ·g-1)

No [6]

MoS2/CdS ≥420 nm 145.00 No [7]
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(μmol ·h-1 ·g-1)
CdS-Pd (3.83‰) ≥420 nm 947.9

(μmol ·h-1 ·g-1)
No [8]

ZnCdS(EDA)/Ni@
NiO

≥420 nm 159.13
(μmol ·h-1 ·g-1)

No This 
work

Cd-NiS ≥420 nm 1.13
(mmol ·h-1 ·g-1)

0.35 M Na2SO3/
0.25 M Na2S

[9]

CdS-MoS2-CoOx / 7.4
(mmol ·h-1 ·g-1)

TEOA [10]

ZnO/CdS/ MoS2 ≥420 nm 10.25
(mmol ·h-1 ·g-1)

0.35 M Na2SO3/
0.25 M Na2S

[11]

AgBr/CdS ≥420 nm 5406
(μmol·g-1·h-1)

TEOA [12]

One-dimensional 
NiS/CdS

/ 1.512
(mmol ·h-1 ·g-1)

Lignin/
Lactic acid

[13]

CdS/MoS2 ≥420 nm 1.36
(mmol ·h-1 ·g-1)

lactic acid [14]

ZnO/CdS / 4134
(μmol·g-1·h-1)

0.35 M Na2SO3/
0.25 M Na2S

[15]

ZnCdS(EDA)/Ni@
NiO

≥420 nm 5760.58
(μmol·g-1·h-1)

0.1 M Na2SO3/
0.1 M Na2S

This 
work

Fig. S7. XRD patterns of ZnCdS(EDA)/Ni@NiO-3
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Fig. S7. XRD patterns of ZnCdS(EDA)/Ni@NiO-3.

Fig. S8. FTIR spectra of ZnCdS(EDA)/Ni@NiO-3 

Fig. S8. FTIR spectra of ZnCdS(EDA)/Ni@NiO-3 before and after the reaction.

Fig. S9. SEM spectra of ZnCdS(EDA)/Ni@NiO-3 

Fig. S9. SEM spectra of ZnCdS(EDA)/Ni@NiO-3 before and after the reaction.
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Fig. S10. XPS spectrum of ZnCdS(EDA)/Ni@NiO-3 

Fig. S10. XPS spectrum of ZnCdS(EDA)/Ni@NiO-3 before and after reaction: (a) 

XPS total spectrum of ZnCdS(EDA)/Ni@NiO-3 before reaction; (b) XPS total 

spectrum of ZnCdS(EDA)/Ni@NiO-3 after reaction; (c) XPS spectrum of Zn 2p; (d) 

XPS spectrum of Cd 3d; (e) XPS spectrum of S 2p; (f) XPS spectrum of Ni 2p; (g) 

XPS spectrum of C1s; (h) XPS spectrum of C1s; (i) XPS spectrum of N 1s.

Table S3. Eg, EVB and ECB results of different samples

Photocatalyst Eg (eV) EVB (eV) ECB (eV)

ZnCdS(WAT) 2.24 -0.77 1.47
ZnCdS(EDA) 2.54 -0.79 1.75
NiO 3.5 -0.5 3.0 
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