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1. Experimental Details 

Characterizations 

The phase structure of the prepared samples was investigated by X-ray diffraction (XRD, 

Panalytical Empyrean diffractometer, Netherlands) measurements. UV-Vis diffuse reflectance 

spectroscopy (DRS) was recorded with a PerkinElmer Lambda 950. The morphologies of the composite 

samples were characterized by transmission electron microscopy (TEM, JEOL JEM-2010) and scanning 

electron microscopy (SEM, HITACHI Regulus 8220).  Photoluminescence (PL) spectra were obtained 

through the FLS920 spectrometer. Fourier transform infrared spectroscopy (FT-IR) was tested on 

Nicolet iS50 spectrometer. The photoelectrochemistry of the prepared samples was measured by a 

Shanghai Chenhua CHI-660D workstation. For photoelectrochemical measurements, the electrolyte 

solution was 1 M Na2SO4. 20 mg catalyst, 50 μL 5% Nafion and 0.5 mL ethanol were evenly mixed, 

and then the sample was coated on ITO glass to prepare the working electrode. The Pt wire was used as 

the counter electrode, and the reference electrode was Ag/AgCl. The photocurrent curve was recorded 

by alternately turning on and off the light every 50 s. X-ray photoelectron spectroscopy (XPS) analysis 
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was performed on Thermo ESCALAB 250 spectrometer. In situ irradiated XPS (ISI-XPS) was 

performed by irradiating the characterization chamber using a 300 W xenon lamp as light source. The 

Barrett-Emmett-Teller (BET, ASAP 2060) method was used to calculate the specific surface area of the 

sample. Electron paramagnetic resonance (EPR) signals were collected on a Bruker EPR A300 

spectrometer. In-situ Fourier transform infrared spectra was obtained over a DF-FTIR-100 Fourier 

transform infrared spectrometer. Atomic force microscopy was performed on Bruker Multimode 8 to 

study the thicknesses of the prepared sample. Raman spectroscopy was performed on a Raman 

spectrometer (HORIBA LabRAM HR Evolution). 

 

 

Figure S1. XRD patterns of BWO and OVs-BWO. 

 

 

Figure S2. FT-IR spectra of CN and 40%CN/OVs-BWO. 
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Figure S3. SEM images of (a) OVs-BWO, (b) CN and (c) 40%CN/OVs-BWO. 

 

 

 

Figure S4 Light absorption spectra of CN, OVs-BWO and CN/OVs-BWO loaded with different 

CN contents. 

 

After coupling with the CN, the absorption band edges of the CN/OVs-BWO blue-shift with the 

increase in the CN contents. 
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Figure S5. (a) Light absorption spectra of OVs-BWO, BWO and CN. (b) Plots of the (αhν)1/2 

versus photon energy (hν) of OVs-BWO, BWO and CN((αhν) 2). 

As shown in Figure S5a, the absorption edge of BWO locates at around 438 nm, showing a light-

yellow color. Upon introduction of the oxygen vacancies, the absorption edge of the OVs-BWO red-

shifts to around 468 nm, further suggesting the presence of oxygen vacancies. The band gap can be 

obtained with the following equation[1,2]: 

( )
/ 2n

ghv A hv E = −  

α is the absorption coefficient, h and ν are Planck's constant and light frequency, and A is a constant. 

n is related to the type of semiconductor. Figure S5b shows that the OVs-BWO band gap is blue-shifted 

to 2.45 eV compared to BWO (2.64 eV), which can be attributed to the abundant defect states. CN band 

gap is 2.82 eV. The positive slopes of OVs-BWO and CN in the Mott-Schottky plots indicate that they 

are n-type. The flat-band potential was estimated from the x-intercept of the Mott-Schottky plot (Fig. 

S6). For n-type semiconductors, the conduction band minimum (CBM) is usually located slightly 

negative than the flat-band potential. Based on this approximation, the CB of OVs-BWO and CN at 1 

kHZ are -0.42 and -1.29 V, respectively. The VB can be obtained by the following formula: 

 VB g CBE E E= +  

Thus, the VB of OVs-BWO is 2.03 V, and the VB of CN is 1.53 V.  
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Figure S6. Mott‐Schottky plots of (a) OVs-BWO and (b) CN measured at the frequency of 1 kHz. 

 

 

Figure S7. (a,b) N2 adsorption‐desorption isotherms (a) and (a) SBET of different prepared samples. 

(b) (c,d) N2 adsorption-desorption isotherms curves (c) and SBET (d) of BWO, 40%CN/BWO and CN. 
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Figure S8. Transient photocurrent responses of CN, OVs-BWO and 40%CN/OVs-BWO.  

 

 

Figure S9. Time profile of CO production during photocatalytic CO2 reduction. 
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Figure S10. XRD patterns of 40%CN/OVs-BWO before and after the photocatalytic test. 

 

 

Figure S11. (a,b) Optimized structures of CN/OVs-BWO (a) and CN/BWO (b). (c,d) Top view of 

the charge density difference with an isosurface of 1*10–3 e/Å3 of CN/OVs-BWO (c) and CN/BWO (d). 
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Figure S12. (a,b) Optimized structures of (a) CO2 on CN/ BWO and (b) CO2 on CN/OVs-BWO. 

(c,d) Top view of the charge density difference with an isosurface of 1*10–3 e/Å3 of (c) CO2 on CN/ 

BWO and (d) CO2 on CN/OVs-BWO. 
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Table S1. Comparison of the photocatalytic CO2 conversion of the 40%CN/OVs-BWO with the 

previously reported photocatalysts. 

Sample Light source 
CO production rate 

 (µmol g-1 h-1) 
References 

RuO2/Bi2WO6 300 W Xe lamp 0.9787 [3] 

Cs2AgBiBr6/Bi2WO6 300 W Xe lamp 48.5 [4] 

Ni-g-C3N4 (boron-oxo species) 300W Xe lamp 22.1 [5] 

CNQDs/Bi2WO6 300W Xe lamp 26.24 [6] 

1.5Fe-Bi2WO6 300 W Osram light source 36.78 [7] 

2Ag- Bi2WO6 300 W Xe lamp 19.49 [8] 

HBWO@Br-COF-2 300 W Xe lamp 19.9 [9] 

CN/OVs-BWO 300 W Xe lamp 48.65 This work 
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