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Figure S1. XRD characterization of the BiVO4 and H2-BiVO4. 

  



 
Figure S2. Raman characterization of the BiVO4 and H2-BiVO4. 

  



 

Figure S3. FTIR spectra of the BiVO4 and H2-BiVO4. 

  



 

Figure S4. Bi L3-edge XANES spectra of Bi powder, Bi2O3, BiVO4, and H2-BiVO4-300, 

respectively. 

  



 

Figure S5. WT-EXAFS plots of Bi powder, Bi2O3, BiVO4, and H2-BiVO4-300, respectively. 

  



 

Figure S6. SEM images of the BiVO4 and H2-BiVO4. 

  



 

Figure S7. In-situ STEM images of the BiVO4 subjected to high-temperature treatment in an H2 

atmosphere. 

  



 

Figure S8. The product selectivity of thermal catalytic selective oxidation of benzylic C–H of 

toluene over the BiVO4 and H2-BiVO4. 

  



 

Figure S9. The stability of H2-BiVO4-300 in selective oxidation of the benzylic C–H of toluene. 

  



 

Figure S10. SEM/EDS elemental mapping of the H2-BiVO4-300-R-20h. 

  



 

Figure S11. In-situ FTIR characterization of the H2-BiVO4-300 in an O2/toluene atmosphere at 

160 °C. 

  



 

Figure S12. XRD characterization of the fresh and used H2-BiVO4-300. PDF#76-2478 is the 

standard card of Bi2O3. “R” represents the H2-BiVO4-300 after the reaction, for example, R-1h refers 

to the H2-BiVO4-300 after use for 1 h in the reaction. “★” is used to label the characteristic peaks 

belonging to Bi2O3. “◆” is used to label the characteristic peaks belonging to metallic Bi particle. 

  



 

Figure S13. XRD characterization of the fresh and used BiVO4. “R” represents the BiVO4 after the 

reaction, for example, R-20h refers to the BiVO4 after use for 20 h in the reaction. 

  



 

Figure S14. SEM images of the BiVO4, H2-BiVO4-300, H2-BiVO4-300-O2, H2-BiVO4-300-R-5h, 

H2-BiVO4-300-R-10h, and H2-BiVO4-300-R-20h. 

  



 

Figure S15. SEM image and corresponding elemental mapping of the BiVO4-R-30h. 

  



 

Figure S16. TEM images and the corresponding elemental mapping of the BiVO4, H2-BiVO4-300, 

H2-BiVO4-300-R-10h, and H2-BiVO4-300-O2. 

  



 

Figure S17. In-situ STEM images of the reduced BiVO4 undergoing high-temperature reoxidation 

under an O2 atmosphere. 

  



 

Figure S18. In-situ STEM images of the reduced BiVO4 undergoing high-temperature reoxidation 

at 600 °C. 

  



 

Figure S19. STEM/EDS linear scan performed on BiVO4 treated with H2 (a) and subsequently 

treated with O2 (b), and the signal intensity distribution of Bi, V, and O elements and O/V intensity 

ratio at the corresponding linear scans (c). 

  



 

Figure S20. XRD characterization of Bi2O3 and Bi2O3/BiVO4-syn-1.5. PDF#76-2478 is the 

standard card of Bi2O3. PDF#83-1700 is the standard card of BiVO4. “★” is used to label the 

characteristic peaks belonging to Bi2O3. 

  



 

Figure S21. Thermal catalytic selective oxidation of benzylic C–H. Product yield obtained over the 

Bi2O3/BiVO4-syn. 

  



 

Figure S22. The yields of benzyl alcohol, benzaldehyde, benzoic acid, and benzyl benzoate obtained 

over H2-BiVO4-300 at different reaction time. 

  



 

Figure S23. Reaction pathway and free-energy diagrams for generation of the high value-added 

products of toluene. 

S1: O2 + e−  •O2
− 

S2: C6H5CH3 + h+  C6H5CH2• + H+ 

S3: C6H5CH2• + •O2
−  C6H5CH2OO•− 

S4: C6H5CH2OO•− + H+  C6H5CH2OOH 

S5: C6H5CH2OOH  C6H5CHO + H2O 

S6: 2 C6H5CH2OOH  2 C6H5CH2OH + O2 

S7: C6H5CHO + h+  C6H5CO• + H+ 

C6H5CO• + H+ + 1/2 •O2
−  C6H5COOH 

S8: C6H5COOH + C6H5CH2OH  C6H5CH2OCOC6H5 + H2O 



 

Figure S24. Optimized geometric structures of the BiVO4, Bi/BiVO4, and Bi2O3/BiVO4. Pink, Bi; 

Orange, V; Red, O. 

  



Table S1. The catalytic performance of BiVO4-based catalysts for selective oxidation of benzylic 

C–H of toluene. 

Catalysts 

Selectivity (%) 

Products 

(mmol·gcat
−1) 

Toluene 

Conversion 

(mol·g−1·h−1) 

Total 

Selectivity  

(%) Benzaldehyde 
Benzyl 

alcohol 

Benzoic 

acid 

Benzyl 

benzoate 

BiVO4 38.46 11.54 5.77 0.00 29.00 1733.33 55.77 

H2-BiVO4-200 13.60 6.80 34.17 1.43 309.00 18633.33 55.99 

H2-BiVO4-300 11.53 2.15 37.14 2.28 410.00 26300.00 53.11 

H2-BiVO4-400 13.03 2.10 38.38 1.96 389.00 23800.00 55.46 

H2-BiVO4-500 12.92 1.97 35.25 1.69 363.00 23733.33 51.83 

H2-BiVO4-600 13.85 2.92 33.69 1.54 333.00 21666.67 52.00 

H2-BiVO4-300-HNO3 13.88 4.13 35.37 0.99 326.00 20166.67 54.37 

Bi2O3 15.43 16.98 21.60 1.85 178.00 10800.00 55.86 

Bi2O3+BiVO4 21.65 13.06 23.37 0.00 169.00 9700.00 58.08 

Bi2O3/BiVO4-syn-1.5 16.92 7.69 36.04 0.00 276.00 15166.67 60.65 

Bi2O3/BiVO4-syn-3 12.04 4.82 38.24 1.42 394.00 23533.33 56.62 

H2-BiVO4-300-O2 11.34 2.14 37.91 2.02 416.00 26466.67 53.40 

Products = Yield (Benzyl alcohol) + Yield (Benzaldehyde) + Yield (Benzoic acid) + Yield (Benzyl 

benzoate); 

Toluene conversion = Amount of toluene converted/(Reaction time * Catalyst dosage); 

Selectivity (Benzyl alcohol) = Yield (Benzyl alcohol) / Amount of toluene converted; 

Selectivity (Benzaldehyde) = Yield (Benzaldehyde) / Amount of toluene converted; 

Selectivity (Benzoic acid) = Yield (Benzoic acid) / Amount of toluene converted; 

Selectivity (Benzyl benzoate) = 2 * Yield (Benzyl benzoate) / Amount of toluene converted; 

Total selectivity = Selectivity (Benzyl alcohol) + Selectivity (Benzaldehyde) + Selectivity 

(Benzoic acid) + Selectivity (Benzyl benzoate). 

  



Table S2. Comparison of the the selective oxidation properties of benzylic C–H of toluene with 

the catalysts reported in the literatures. 

Catalyst Solvent 
Product Yield 

(mmolgcat
−1) 

Toluene Conversion 

(mol·g−1·h−1) 
Reference 

H2-BiVO4-300 No 410.00 26300.00 This Work 

La2Mn2O6 No 134.00 5433.33 1 

N-TiO2 No 132.80 5693.33 2 

Au-Pd/TiO2 No 59.50 2375.82 3 

-MnO2 No 32.10 4968.53 4 

mpg-C3N4 No 29.40 1833.62 5 

Cu/Al2O3 No 11.60 5875.00 6 

Fe2O3/HZSM-5 No 17.50 4952.13 7 

Pd/ZSM-5 No 63.00 10750.00 8 

Co(OH)2/Cr2O3 No 101.98 10197.53 9 

CrS-1 Acetic acid 10.80 830.00 10 

Co4Al oxide Acetonitrile 4.50 989.47 11 

Cu/graphene Methanol 25.00 3120.25 12 

Cu-CNB Acetonitrile 21.00 1312.50 13 

CuCr2O4 Acetonitrile 79.50 8320.67 14 

Pd/C Dimethylacetamide 2.82 61.13 15 

[n-Bu4N]3H3[PW9V3O40] Acetonitrile 79.00 13166.67 16 
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