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1. Characterizations

Zeta potential was performed by was recorded by Litesizer 500. Powder X-ray diffraction 

(PXRD) data were collected using a Rigaku RINT-2000 X-ray diffractometer with Cu Kαradiation 

(λ=1.54056 Å), and the tube current and tube voltage was set at 40 mA and 40 kV respectively. 

Scanning electron microscope (SEM) images were recorded with a Hitachi S4800 FE-SEM 

system. Transmission electron microscope (TEM) and high-resolution transmission electron 

microscope (HRTEM) images were obtained by using a JEM1200EX JEOL electron microscope, 

whose acceleration voltage was set at 100 kV. The Brunauer-Emmett-Teller (BET) method was 

employed to determine the nitrogen adsorption-desorption isotherm of the samples at 77 K with 

ASAP 2020. Chemical states of the samples were characterized by X-ray photoelectron 

spectrometer (a monochromatic Al Ka X-ray radiation). UV−vis diffuse reflectance spectra were 

collected using a Shimadzu UV-2550 spectrometer. The photoluminescence (PL) spectra and 

time-resolved flourescence emission spectrum were taken on a Horiba Scientific FluoroMax-4 

fluorometer spectrometer at room temperature. 
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2. Detailed electrochemical measurements

Electrochemical measurements were conducted using a CHI-660e workstation (CHI 

Shanghai, Inc.) with a conventional three-electrode configuration. A platinum wire served as the 

counter electrode, and a saturated calomel electrode (SCE) functioned as the reference. The 

working electrodes were fabricated by dispersing 5 mg of photocatalyst and 20 μL of 0.5% Nafion 

in 1.0 mL ethanol, followed of ultrasonication for 10 min. Then, 50 μL of this dispersion was 

coated onto cleaned indium tin oxide glass (ITO) substrates (1×1 cm²). The electrodes were 

subsequently annealed at 100 °C for 1 h. Mott-Schottky analysis was conducted from -0.7 to 2.0 V 

(vs. SCE) in the dark, applying a 5 mV potential at 1 kHz frequency. Electrochemical impedance 

spectroscopy (EIS) was performed at 0.5 V vs. SCE, sweeping frequencies from 100 kHz to 0.01 

Hz with a 5 mV perturbation. Transient photocurrent responses were captured at 0.2 V vs. SCE 

under visible light from a 300-W Xe lamp with a 420 nm cutoff filter. The electrocatalytic activity 

was assessed via linear sweep voltammetry (LSV) at a scan rate of 5 mV s⁻¹.

     
  Fig. S1. XRD patterns of 5% CoOx@CdS sample.
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Fig. S2. XPS survey spectra of CdS and 2% CoOx@CdS sample.

 



Fig. S3. UV-vis DRS of (a) CdS and 2% CoOx@CdS samples and (b) 2% CoOx@CdS;The (αhv)2 

vs photon energy curves of (c) 0.25% CoOx@CdS and 0.5% CoOx@CdS, (d) 1% CoOx@CdS, (e) 

2% CoOx@CdS, (f) 3% CoOx@CdS and 5% CoOx@CdS samples.

Fig. S4. SEM images of (a) fresh and (b) used 2% CoOx@CdS samples; (c) XPS spectra of S 2p 

for the fresh and used 2% CoOx@CdS samples.



Table S1. Comparison of CdS-based photocatalysts for photocatalytic H2 production

Photocatalysts Light sources
Sacrificial 

reagent
Activity 

(mmol h-1 g-1)
Photostability

test time
Ref.

CoOx/CdS
5 W LED, λ ≥ 

420 nm

 0.35 M 
Na2S and 
0.25 M 

Na2SO3 (30 
mL)

16.30 
70 h

This 
work

CdS/W18O49 
300 W Xe 
lamp with 

AM-1.5 filter

20v/v%lactic 

acid

(100 mL)

15.4 24 h 1

Co3O4/CdS 
300 W Xe 

lamp

0.25 M 
Na2SO3/0.35 

M Na2S 
mixed 

solution 
(100 mL)

0.62 -- 2

WO3/CdS/WS2

300 W Xe 
lamp, λ ≥ 420 

nm
lactic acid 14.34 12 h 3

WC/CdS
300 W Xe 

lamp, λ ≥ 420 
nm

lactic acid

(10 vol%, 

100 mL)

3.31 —— 4

Ru, WC/CdS
300 W Xe 

lamp, λ ≥ 420 
nm

lactic acid
(10 vol%, 
100 mL)

16.8
——

5

CoP/CdS/WS2

300 W Xe 
lamp, λ > 420 

nm
Pure water 0.04 20 h 6

WN/CdS
320 W Xe 

lamp, λ ≥ 420 
nm

lactic acid

(10 vol%, 10 

mL)

24.13 30
7

CdS/WO3

300 W Xe 
lamp, λ ≥ 420 

nm
lactic acid 2.15 —— 8



NiS/CdS 
300 W Xenon

 lamp (λ ≥ 
400 nm)

lactic acid (3 

vol%, 70 

mL)

0.55 12 h 9

NiO/CdS
300 W Xenon

 lamp (λ ≥ 
420 nm)

triethanolami

ne
7.89 --

10

ZnSe/CdS 
460 nm LED 

irradiation
triethylamine 0.38 (4h) --

11
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