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Activity Evaluation

Schematics of experimental device of N,O photocatalytic decomposition was exhibited in
Figure S1.

Characterization of Catalyst

The structure and crystal phases of the as-prepared photocatalysts were determined by X-ray
diffractometer (XRD) patterns with 26 ranges from 5—80< The equipment is Shimadzu XRD-7000
diffractometer with Cu Ka radiation (k = 1.5406 A) and performed at 40 kV and 30 mA.

Specific surface area was determined using a Quadrasor Sl instrument (Micromeritics
Instruments, USA) after degassing of materials at 300 <C for 3 h to remove physisorbed water. The

measured data were processed according to the BET isotherm within the range of P/P, = 0—1 at 77 K.

The Raman spectra were obtained with a 10 mW Ar" laser (532 nm) and a 50 long-focus lens.

The time and power of acquisition were 10 s and 5%.

The morphology of the samples was characterized by a field emission scanning electron
microscopy (SEM, FEI Quanta 200F). Before the SEM analysis, the samples were sputtered by gold
(Polaron Range SC 7640) in the argon atmosphere.

Transmission electron microscopy (TEM) images were taken on a Tecnai G2 F20 electron
micro-scope operated at 200 kV. The catalysts were suspended in ethanol and dispersed over a
carbon-coated holey Cu grid with a film prior to measurements.

X-ray photoelectron spectroscopy (XPS) spectra were collected on an ESCALAB 250
spectrometer equipped with Al K, (150 W) radiation. The binding energies were calibrated using C1s
peak of contaminant carbon (BE = 284.8 eV) as an internal standard. Deconvolution of Bi 2p, V 3d,
Mo 3d, W 3d and O 1s peak of catalysts was performed on origin 8.5 software.

Diffuse reflectance (DR) UV-vis spectra of the products were recorded on a Shimadzu UV-4100
spectrophotometer with BaSO, as reflectance standard.

The photoluminescence (PL) spectra were conducted on an F-7000 spectrophotometer with
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excitation wavelength of 400 nm. The signal of carbon at 284.8 eV was used as a reference to
calibrate the binding energy.

Electrochemical characters of materials were performed on a CHI-660E -electrochemical
workstation using a platinum electrode as the counter electrode, and a saturated calomel electrode as
the reference electrode in a standard three electrode cell, respectively. The electrolyte was 0.2 mol/L
Na,SO, aqueous solution. The working electrode was prepared by dispersing amount of as-prepared
material in 1 mL dimethylformamide and then spreading it on a cleaned fluoride-tin oxide (FTO)
glass electrode (1.5 cm = 1.0 cm). Finally, the electrodes were calcined at 200 <C for 2 h. The
electrochemical impedance measurements were conducted via a two probe method. All experiments
were carried out with oscillation amplitude of 50 mV and frequency range between 100 Hz and 100
KHz.

Computational Details

All calculations were conducted using density functional theory (DFT) within the plane-wave
pseudopotential as implemented in the VASP code with a cutoff energy of 500 eV. The Perdew,
Burke, and Ernzerhof (PBE) exchange-correlation functional within a generalized gradient
approximation (GGA) were employed.! The PAW method was used to describe the effect of core
electrons.?® A (2 %2 x 1) k-point mesh was used for all geometry optimization, and a (9 <9 x 1)
mesh was utilized for electronic structure calculation. The atomic positions were relaxed until the
force on each atom was less than 0.05 eV/A. Using the periodic slab model and self-consistent dipole
correction, the averaging electrostatic potential in the planes perpendicular to the slab normal could
be obtained.

The optical absorption properties (as shown in Figure S4) of BiVO,, Bi,MoOg, and Bi,WOs

were evaluated by absorption coefficient a(w) defined as Equation S1:°

() = xﬁa)[\/gf (w)+&; (@) —gl(a))}z (S1)

Where, o is light frequency, €1(®) and gx(®) are real part and imaginary part in the dielectric
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function, respectively. The real part €1(w) of the dielectric function is evaluated from the imaginary
part &(®) by Kramer-Kronig trans-formation. The imaginary part of the dielectric function can be

given by the following Equation S2:'°
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Where, Q, ®, u, v, and ¢ are unit-cell volume, photon frequencies, vector defining the
polarization of the incident electric field, valence band states, and conduction band states,
respectively.

To reduce the error of polar surfaces, dipole correction was considered. We used DFT+U
method to minimize the error of DFT calculations for materials containing V (U = 4), Mo (U = 3)
and W (U = 6).*”° To simulate a photogenerated electron, one electron was added.”® In calculation
section, to investigate the reaction, a hydrogen atom is introduced on the surface O atom to become a
proton with an apparent charge state of +1. The electron from this H atom redistributes over V, Mo,
and W atoms to populate the bottom of the BiVO,, Bi,Mo0Og, and Bi,WOg CB (Conduction Band),
respectively. This electron mimics a photoexcited electron in these reactionsThe bulk equilibrium
lattice constant of BiVO, is: a =b = 5.14 A ¢ = 11.72 A. The bulk equilibrium lattice constant of
Bi;M0oOg is: a = 5.49 A b = 16.23 A ¢ = 5.51 A, and the bulk equilibrium lattice constant of
Bi,WOs is: a=5.46 A b =5.43 A ¢ =16.43 A The models of BiMO, are shown in Figure S5. We
built a periodic slab with four, three and three layers for BiVO,4, Bi,M0Og, and Bi,WOQOg surfaces,
respectively. 2>2 surface unit cells were used, respectively. The bottom layer of BiMOy is fixed,
while the top two layers are relaxed during the calculation. The vacuum gap thickness is set to be 12
A

Supplementary computational details of the relative level of CBM (Conduction Band Minimum)

for BiVO, (011) and (111) surface.
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We calculated the local potential of BiVO, along the z-axis of (011) surface and (113) surface,
which are displayed in Figure S6A and S6B. We selected a point deep in the vacuum (16 A) as the
reference energy for (011) surface and (113) surface. In this point, the local potential is 4.19 and 5.06
eV, respectively. The difference of electrostatic potential is -0.87 eV. The original CBM for (011)
surface and (113) surface are 1.02 and 0.63 eV, respectively. Therefore, the CBM for BiVO, (011)
surface is 1.26 eV, which is higher than that for (113) surface, and the CBM for (011) surface is 1.26
eV that is higher than that for (113) surface.

For the same calculation method, in the point (16 A), the local potential of Bi,MoOs (002) and
(112) surface are 3.22 and 5.58 eV, respectively (Figure S7). The original CBM for (002) surface and
(112) surface are -0.03 and 0.64 eV, respectively. The CBM for Bi,M0Og (002) surface is 1.69 eV
higher than that for (112) surface. In the point (20 A), the local potential of Bi,WOg (200) and (131)
surface are 4.37 and 4.60 eV, respectively (Figure S8). The original CBM for (200) surface and (131)
surface are —0.06 and 0.04 eV, respectively. The CBM for Bi,WOg (200) surface is 0.15 eV, which is

higher than that for (131) surface.
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Table S1 The Ratio of the Integral Area and the Conduction Band of M (V, Mo, W).

catalyst integral area of M integral area of BiMOy ratio
conduction band conduction band

BiVO, 13.60 40.00 25.8%

Bi,MoOg 10.33 28.00 48.6%

Bi,WOq 10.43 40.00 26.1%
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Figure S1 Schematics of experimental device of N,O photocatalytic decomposition: 1.
Chromatographic workstation; 2. Mass spectrometer work station; 3. Gas chromatograph; 4. Mass
spectrograph; 5. Illuminant; 6: Photocatalytic reaction apparatus; 7. Catalyst; 8. Magnet rotor; 9.
Magnetic stirrers; 10. Circulation water inlet valve; 11. Circulating water outlet valve; 12. Gas

supply system; 13. O,/Ar; 14. Ar; 15. N,O/Ar; 16. Hy; 17. Venting; 18. Venting; 19. Bypass pump.
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Figure S2 Raman spectra of the photocatalysts: (a) BiVOy; (b) BioMoOg; and (c) Bi;WOe.
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Figure S4 Optical absorption spectra of BiVO,; Bi,Mo0Og; and Bi,WOg.
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BiVO, Bi,MoOj Bi,WO,
Figure S5 The crystallographic models of BiVOy; Bi,Mo0Og; and Bi,WOg.
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Figure S6 The local potential along the z-axis of the BiVO, surface: (A) (011) surface; and (B) (113)

surface
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Figure S7 The local potential along the z-axis of the Bi,M0Og surface: (A) (002) surface; and (B)

(112) surface
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Figure S8 The local potential along the z-axis of the Bi,WOQg surface: (A) (200) surface; and (B)

(131) surface
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