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Density functional theory calculation

All calculations were carried out for the material in the framework of Density
Functional Theory (DFT) using the Vienna Ab initio Simulation Package (VASP 6.3.0)
[1-3]. The generalized gradient approximation (GGA) of the Perdew-Burke-Ernzerhof
(PBE) function was used to describe the exchange-correlation energy [4]. The projected
augmented wave (PAW) method and pseudopotentials were used to describe the
interactions between valence electrons and ions [5]. To ensure the efficiency of the
computational results and parallel computing. A 3*3*1 k-point grid under Monkhorst-
Pack is used in the optimization process and 450 eV truncation energy is set. The lattice
parameters and ionic positions of all crystals were fully relaxed, and the convergence
criteria for the total energy of all relaxed atoms and the final force were 10 eV and
0.03 eV/A, respectively. The work function (®) of WO5 (001) and CdS (111) was
calculated according to the formula of ® = Ey — Ef, where Ey and Ef stand for the
vacuum energy level and Fermi level of the slabs.
Materials

Analytical grade compounds including tungsten chloride (WClg), cadmium nitrate
tetrahydrate (Cd(NOs), 4H,0), and sodium sulfide nonahydrate (Na,S -9H,0) were
purchased from Aladdin Industrial Corporation. Deionized water (DI) was used during
the experiment. All chemicals were analytically pure and did not require further
purification.
Material Characterization

The powder X-ray diffraction (XRD) patterns were obtained on a D/MAX-2200,



Japan. Scanning electron microscopy (SEM) and transmission electron microscope
(TEM) images were acquired with a Philips XL-30-ESEM-FEG instrument operating
at 3 kV and Jem-2100F at an accelerating voltage of 200 kV, respectively. Ultraviolet-
visible (UV-vis) diffuse reflection spectra (DRS) were measured on a UV-vis
spectrophotometer (UV-2550, Shimadzu) with an integrating sphere attachment, and
BaSO, was used as the reference material. The chemical bond composition was
measured by Fourier transform infrared spectrometer (FT-IR, Bruker TENSOR 27).
Inductively coupled plasma mass spectrometry (ICP-MS) was conducted on a Thermo
Fisher Scientific 6300. X-ray photoelectron spectroscopy (XPS) was taken on the
Thermo Fisher Scientific K-Alpha. Electron paramagnetic resonance (EPR) spectra
were carried out on a Bruker A300 EPR spectrometer.
Photoelectrochemical measurements

Photoelectrochemical performances were examined by CHI 760E electrochemical
workstation (CH Instruments, Chenhua, China) under a three-electrode system in 0.5
M Na,SO; solution by using saturated Ag/AgCl and Pt foil as the reference electrode
and counter electrode, respectively. The working electrodes for electrochemical
measurements were prepared by dropping the powder samples onto a pre-cleaned
indium doped tin oxide (ITO) glass. In detail, 10 mg of photocatalyst was dispersed in
an ethanol solution (260 puL) containing 40 pL of Nafion. After dropping the above
mixture on ITO followed by drying at 60 °C, the working electrode was obtained. The
Mott-Schottky (M-S) curves were measured in the dark at a frequency of 0.5 kHz,

respectively. Electrochemical impedance spectra (EIS) were collected at an off-line



potential with frequencies ranging from 105 kHz to 0.1Hz and modulation amplitude
of 5.0 mV. The measured potentials (V vs. Ag/AgCl) were converted to the reversible
hydrogen electrode (RHE) scale according to the Nernst equation: ERrpg)

:E(Ag/AgC1)+O-05 92 XpH+O. 199.



Table S1 Detailed composition of as-synthesized formulations.

Nominal Ingredients Cd(NO3),;'4H,0 Na,S
Molar CdS WO,
Ratio %
mmol mg mg
WO;/CdS- 4 0.018 0.43 5.5 4.32
4
WO;/CdS- 8 0.037 0.43 11.3 8.88
8
WO;/CdS- 12 0.059 0.43 18.2 14.16
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Table S2 The results were obtained from N, adsorption-desorption isotherms.

Sample Sger (M? g™ Pore size (nm) Pore volume (cm? g™!)
WO; 71.4461 5.1762 0.09245
CdS 102.5153 8.1665 0.20929

WO5/CdS-8 78.2110 5.6325 0.11013




Table S3 The content of CdS in the as-prepared WO;/CdS-8 sample.

Sample CdS content (mol%)
Nominal value Actual value
(ICP-MS)

WO;/CdS-8 8 7.69




Table S4 A summary of cell performance with different photoanodes.

Photoanode Power density SECE (%) Specific Specific capacitance ~ Ref.
(mW-cm™2) capacitance is maintained (%)
FeO(OH)/BVO 2 0.89 (1]
BiVO, 0.194 (2]
g-C3Ny 0.156 0.146 2.8(12h) (3]
COCN 0.298 0.248 5900 (3 h) 37.8 (12 h) (4]
AHCN/AgNCs 0.74 0.42 5975 (2h) 572 (12 h) [5]
Mo-BiVO, 0.18 (6]
PDI/Au 1.07 0.74 5661 (3h) 50.2 (12 h) (7]
s-PDI/Au 2.36 0.89 49,500 (3h) 52.6 (12 h) (8]
BiVOJ/Ag 0.122 9]
BiVO4y/Ag 2.03 1.75 28,469 (3h) 60 (12 h) [10]
BiVO./V,0s 0.26 [11]
W-BiVO4/V,05 0.84 [11]
WO,/CdS 2.97 2.12 29,342 (2h) 51 (12 h) This
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Figure S1. (a) N, adsorption/desorption isotherms and (b) corresponding pore-size

distribution curves of WO;, CdS, and WO3/CdS-8; (c) FT-IR spectra of WO;, CdS, and

WO,/CdS-x.
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Figure S2. LSV curves of Fe!'lPc/WOs/carbon paper electrode combined with (a)

WOs3/Ni mesh, and (b) WO3/CdS-8/Ni mesh, respectively.
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Figure S3. (a) I-V and I-P curves of WO;, CdS, WO3/CdS-4, WO5/CdS-8 and
WO;/CdS-12-based cells; (b) Specific capacitance of the WO;, CdS, WO5/CdS-4,

WO;/CdS-8 and WO;/CdS-12-based cells after 0.5 h light irradiation for H,O, storage.

Table S5 Specific capacitance of the WO;, CdS, WO3/CdS-4, WO5/CdS-8 and

WO3/CdS-12-based cells after 0.5 h light irradiation for H,O, storage.

Sample Specific capacitance (irradiated 0.5h)
WO;3 9463 mF cm™2
Cds 2005 mF cm™
WO;/CdS-4 23728 mF cm™
WO;/CdS-8 25989 mF cm™

WO;/CdS-12 18240 mF cm ™2
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Figure S4. Electrochemical impedance spectra (EIS) of WO;, CdS, WO5/CdS-4,

WO;/CdS-8 and WO5/CdS-12.
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