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Experimental

1 Characterizations

The crystal phase was characterized by a Rigaku D/MAX RAPID II X-ray
diffractometer (XRD). X-ray photoelectron spectroscopy (XPS, Thermo Fisher
Scientific ESCALAB 250Xi) with a monochromatized Al Ko X-ray source was used
to perform the chemical composition. The morphology was characterized by FEI
QUANTAFEG-450 field emission scanning electron microscope (SEM).
Transmission electron microscopy (TEM), high-resolution transmission electron
microscopy (HRTEM), and selected-area electron diffraction (SAED) analysis were
performed on JEOL JEM-2100 transmission electron microscopy. Diffuse reflectance
spectra (DRS) were tested by an ultraviolet-visible-near-infrared U-4100
spectrophotometer (Hitachi) using BaSO,4 as a reference. Photoluminescence (PL)
spectra were performed by a FluoroMax-4 fluorescence spectrophotometer (Horiba)
with an excitation wavelength of 360 nm. The nitrogen adsorption-desorption curves
of the samples were obtained by specific surface and porosity analyzer, and the BET
specific surface area can be calculated. The signals of superoxide radical (+O;"),
hydroxyl radical (*OH), hole (h*) and signet oxygen (10,) species were detected by a
Bruker EMX nano electron param-magnetic resonance (EPR) spectrometer through
using solution of 5, 5-dimethyl-1-pyrrolin-n-oxide (DMPO), 2,2,6,6-
tetramethylpiperidine (TEMP) and 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) as
spin capturing reagents. As for detecting *O,, *OH, h* and 'O, radicals, methanol
(MeOH) solution of DMPO, aqueous solution of DMPO, aqueous solution of TEMPO
and aqueous solution of TEMP were used respectively. The intermediate products of
TC photodegradation were detected by liquid chromatography equipped with mass
spectrometry (LC-MS), and the possible photodegradation pathway of TC was
deduced. Fotric 628C-L25 (Shanghai Thermal Imaging Technology Co., Ltd) infrared
imaging cameras were used to detect temperature change owing to the photothermal
effect.

2 Electrochemical measurements



During the electrochemical test, Ag/AgCl was used as the reference electrode,
platinum foil was acted as the counter electrode, and the prepared sample was severed
as the working electrode. Then, Na,SO, aqueous solution (0.2 M, 150 mL) was
applied as the electrolyte solution. To prepare the working electrode, 5 mg samples
were first added to 0.5 mL distilled water for ultrasonic dispersion for 10 min, and
then 10 pL Nafion was added to the above solution for an ultrasound of 15 min. The
above suspension was coated on ITO conductive glass with a surface area of 1 cm x 1
cm. Finally, the sample was dried in air to prepare the as-required working electrode.
3 Photodegradation evaluation

10 mg of sample was added to TC deionized aqueous solution (20 mg/L, 50 mL)
and ultrasonic treatment was performed until the sample was uniformly dispersed.
Then, the mixture was stirred in dark for 1 h to ensure adsorption-desorption balance.
Afterwards, the mixed solution was placed under a 300 W Xe lamplight source (A >
700 nm) at a fixed distance and the light source was turned on to start the
photodegradation reaction.

After an interval of 10 min, 4 mL of the mixture was centrifuged at high speed and
then the supernatant was aspirated to test the absorbance. The photodegradation rate
was calculated by the following formula (see Eq. (1)). Where C, represents the initial
absorbance after adsorption desorption equilibrium in dark, C represents the real-time

absorbance under solar light irradiation.

X 100%
0 (1)

Meanwhile, in order to study the reusability and stability of the catalyst, the

Degradation ef ficiency =

WO,/Cu,0 sample was tested for three recycles with TC solution as pollutant. The
cyclic samples can be obtained by continuously collecting and centrifuging the
catalysts after three irradiations. Then, the crystal phase and morphology
characterization of the recovered WO,/Cu,0O samples were carried out.
4 Theory calculation

DFT calculations were conducted by the Vienna ab initio Simulation Package

(VASP). Generalized gradient approximation of the PBE function was used as the



exchange-correlation function. The cutoff energy was set to 450 eV, and the k-mesh
was set to 0.03 2*PI/Angstrom. Structure relaxation was performed until the
convergence criteria of energy and force reached 1x10# eV and 0.03 eV A-l,
respectively. During the work function calculations for Cu,O (111) and WO, (011)
surfaces, a vacuum layer of 15 A was constructed to eliminate interactions between

periodic structures of surface models.
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Figure S1. (a) and (b) High-resolution XPS spectra of Cu 2p and O 1s for Cu,O sample. (c) and (d)

High-resolution XPS spectra of W 4f and O 1s for WO, sample.
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Figure S2. (a) Photodegradation curves under NIR light irradiation, (b) kinetic plots of -In(C/Cy)

versus time and (c) the corresponding & values of the samples synthesized by adding different amount

of ethylene glycol.
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Figure S3. EPR spectra of (a) pristine WO, and (b)~(c) WO, after treated by EG/glucose/NaOH

solution with and without NaNO; at 90 °C for 30 min.
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Figure S4. Schematic illustration of the preparation process of different samples. (a) the synthesis

of Cu,0. (b) The treatment of WO, samples. (c) The synthesis of Cu,0O/WO, composites.
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Figure S6. Adsorption curves of the WO,, Cu,O and Cu,O/WO, composites in dark.
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Figure S7. N, adsorption-desorption isotherms of the WO,, Cu,0 and Cu,0O/WO, composites, and

the inset is the corresponding values of BET surface areas.
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Figure S8. Kinetic plots of -In(C/Cy) versus time for (a) WO,, Cu,O and Cu,O/WO, composites
under NIR light irradiation, (b) Cu,O/WO, composites irradiated by NIR, NIR-visible light and full-
spectrum solar light, (¢) Cu,O/WO, composites under NIR light irradiation at room temperature
(photocatalysis), NIR light with natural warming (photothermal catalysis) and keeping heating at 54 °C

without NIR light irradiation (thermal catalysis).
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Figure S9. (a) Recycle curves of the as-prepared Cu,O/WO, composites. (b) XRD pattern and (c)

TEM image of the as-prepared Cu,O/WO, composites after three cycles.
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Figure S10. Kinetic plots of -In(C/C,) versus time for WO,, Cu,0 and Cu,O/WO, composites with

different radical scavengers under NIR light irradiation.
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Figure S11. Kinetic plots of -In(C/Cy) versus time for Cu,O/WO, composites in different (a) TC
concentration, (b) mass, (c) anion interfering agents, (d) cation interfering agents, (e) pH values

and (f) solvents.
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Figure S12. MS spectra of the intermediate products of TC solution.
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Figure S13. (a) and (b) Ultraviolet photo-electron spectroscopy (UPS) spectra of Cu,0O and WO,.
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Figure S14. Mott-Schottky plot of Cu,0.
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Table S1. Comparison of degradation of TC solution with other recently reported catalysts.

Photocatalyst Wavelength TC Volume Dosage Time Efficiency k (min™') Reference

WO,/Cu,O 2>700 nm 20 mg/L 50mL 10 mg 120 min 91% 0.026 This work
(001)TiO,/Ti;C, 2>780 nm 10 mg/L 50 mL 50 mg 150 min 28.63% 0.00053 1
CuBi,0,-,/Bi,0,,CO;  A>800 nm 20 mg/L 50 mL 50 mg 120 min 43% 0.0065 2
CuS/H,0, A=980 nm 20 mg/L 50 mL 10 mg 80 min 80% 0.0205 3
1 wt% Cu-WO;3 2>800 nm 10 mg/L 100 mL 30 mg 360 min 92.4% 0.00292 4
3% CDs/ZnFe,0, 2>800 nm 30 mg/L 100 mL 20 mg 120 min 78% 0.0026 5
BiVO,/Ag@N-CQDs A>760 nm 10 mg/L 100 mL 30 mg 180 min 65.7% None 6

g-C;3N,. (800 nm <
+/B1/B1,0,(CO3);. A< 1500 20 mg/L 50 mL 50 mg 480 min 70% None 7
«(Br.D), nm)

Bi,S;/C—dots 2>800 nm 10 mg/L 80 mL 50 mg 60 min 57.9% None 8
BW-ZnWO,,, A>700 nm 20 mg/L 100 mL 20mg 60 min 83% None 9
5%-CNQDs/Bi,WOq A>700 nm 20 mg/L, 50 mL 50mg 60 min 40% None 10
BiOBr/CDs/g-C;N, 2>700 nm 20 mg/L 100 mL 20 mg 180 min 17.5% None 11

WO0,/Cu,O 2>420 nm 20 mg/L 50mL 10 mg 120 min 95.7% 0.0454 This work
Bi,WO,/C@Cu,0 A>420 nm 10 mg/L 50 mL 20 mg 180 min 88% 0.0035 12
CuO@ZnO A>420 nm 50 mg/L 50 mL 50 mg 120 min 75.2% 0.0202 13
Ag-Cu,0 A>420 nm 20 mg/L 20 mL 5 mg 120 min 90% 0.0198 14
CuO-Cu,0/GO 2>420 nm 10 mg/L 100 mL 30 mg 120 min 90% 0.0205 15
Cu,0/g-C3Ny A>420 nm 20 mg/L 100 mL 200 mg 120 min 96.8% 0.0102 16
Ti/Fe-Cu,O A>420 nm 40 mg/L 50 mL 20 mg 60 min 82.5% 0.0306 17
Cu,0/TiO, A>420 nm 50 mg/L 100 mL 30 mg 60 min 91% 0.0432 18
g-C;Ny/Cu,O A<400 nm 10 mg/L 40 mL 40 mg 40 min 84% 0.0470 19
Cu,O/ZIF-8 A>420 nm 50 mg/L 50 mL 20 mg 120 min 84% None 20
MoS,@Fe;0,@Cu,O A>420 nm 20 mg/L 100 mL 10 mg 80 min 90.3% None 21
Cu,0/Bi,WOq A>420 nm 100 mg/L 10 mL 50mg 180 min 86% None 22
RGO-Cu,0/Bi,03 A>420 nm 10 mg/L 100 mL 50mg 180 min 75% None 23
N-C;N4/Cu/Cu,O A>420 nm 20 mg/L 50 mL 25mg 30 min 84% None 24
g-C3Ny/Cu,O A>420 nm 30 mg/L 90 mL 100mg 100 min 92.1% None 25
Cu,0@CuS A>420 nm 80 mg/L 100 mL 40mg 120 min 91% None 26
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Table S2. LC-MS data of the intermediate products obtained in degradation of TC by the as-

prepared WO,/Cu,0 composites under NIR light irradiation.

m/z m/z
Name Molecule structure theory value real value
(g/mol) (g/mol)
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