
Supplementary Materials
Table S1. Catalytic Performance of Cu/WO3 Under Different Active Metals (typical reaction conditions: 200 mg 

of catalyst, HMF concentration of 12.6 mg·mL-1, water as solvent, atmospheric pressure, reaction temperature: 

300 ℃. All products were collected between hours 7 and 8 of the reaction for GC analysis.)

Catalyst C (%) S
5-MF 

(%) S
DFF 

(%) S
other 

(%)

Zn/WO
3 9.4 40.9 24.9 34.2

Fe/WO
3 22.8 31.8 18.4 49.8

Co/WO
3
 5.9 44.9 23.6 31.5

Ni/WO
3 15.3 37.2 16.3 46.5

Mn/WO
3 11.5 31.2 20.5 48.3

Cu/WO
3 100 72.7 0 27.3

Ag/WO
3 89.7 73.9 0 26.1

Au/WO
3 68.4 67.3 0 32.7

(a) The loading of Ag is 3 wt%, the loading of Au is 1 wt%, and the loading of other metals is 9 wt%. (b) Sother 

includes products that are undetectable by chromatography.

Supplementary Information (SI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2025



Table S2. Catalytic Performance of Cu/WO3 Under Different Organic Solvents (typical reaction conditions: 200 

mg of catalyst, HMF concentration of 12.6 mg·mL-1, water as solvent, atmospheric pressure, reaction 

temperature: 300 ℃. All products were collected between hours 7 and 8 of the reaction for GC analysis.)

Catalyst Solvent C (%) S
2，5-DMF 

(%) S
5-MF 

(%) S
DFF 

(%) S
others

 
(%)b

Cu/WO
3 1,4-dioxanea 100 0 94.3 0 5.7

Cu/WO
3 1,3-dioxolan 100 0 90.5 0 9.5

Cu/WO
3 Tetrahydrofuran 100 0 89.1 0 10.9

Cu/WO
3 Acetonitrile 47.6 0 85.9 0 14.1

Cu/WO
3 n,n-dimethylformamide 100 0 84.7 0 15.3

Cu/WO
3 propionic acid 100 0 79.3 0 20.7

Cu/WO
3 acetic acid 100 0 77.8 0 22.2

Cu/WO
3 Acetone 100 5.1 76.2 0 18.7

Cu/WO
3 formic acid 100 0 73.0 0 27.0

Cu/WO
3 Water 100 0 72.7 0. 27.3

Cu/WO
3 n,n-dimethylacetamide 100 0 71.3 0 28.7

Cu/WO
3 dimethyl sulfoxide 16.3 0 18.4 29.1 52.5

Cu/WO
3 1-methyl-2-pyrrolidinone 100 0 14.1 0 85.9

Cu/WO
3 n-butylamine 100 0 11.8 0 88.2

Cu/WO
3 Ethylenediamine 100 0 8.2 13.2 78.6

(a) All solvents used are mixtures of organic solvent and water in a 4:1 volume ratio. (b) Sother includes products 

that are undetectable by chromatography.



Table S3. Catalytic Performance of Cu/WO3 Under Different pH Conditions (typical reaction conditions: 200 mg 

of catalyst, HMF concentration of 12.6 mg·mL-1, water as solvent, atmospheric pressure, reaction temperature: 

300 ℃. All products were collected between hours 7 and 8 of the reaction for GC analysis.)

Catalyst Solvent pH C (%) S
2，5-DMF 

(%) S
5-MF 

(%) S
DFF 

(%) S
others

 
(%)b

Cu/WO
3 Trifluoroacetic acid (1ml)a 0.21 100 0 73.3 0 26.7

Cu/WO
3 formic acid (16ml) 1.21 100 0 73.0 0 27.0

Cu/WO
3 acetic acid (16ml) 1.81 100 0 77.8 0 22.2

Cu/WO
3 propionic acid (16ml) 1.92 100 0 79.3 0 20.7

Cu/WO
3 propionic acid (1.1ml) 2.50 100 0 78.2 0 21.8

Cu/WO
3 propionic acid (0.11l) 4.50 100 0 74.8 0 25.2

Cu/WO
3 Water (20ml) 7.0 100 0 72.7 0. 27.3

Cu/WO
3 Ethylenediamine (0.02ml) 11.05 100 0 54.4 0 45.6

Cu/WO
3 Ethylenediamine (0.04ml) 11.20 100 0 38.3 0 61.7

Cu/WO
3 Ethylenediamine (0.06ml) 11.29 100 0 23.7 0 76.3

Cu/WO
3 Ethylenediamine (1.3ml) 11.96 100 0 5.2 0 94.8

Cu/WO
3 Ethylenediamine (16ml) 12.50 100 0 8.2 13.2 78.6

Cu/WO
3 n-butylamine (16ml) 12.77 100 0 11.8 0 88.2

(a) The values in parentheses represent the amount of organic acid or base solution added. All solvents are 

mixed solvents prepared with 20 mL total volume by combining the aqueous solutions. (b) Sother includes 

products that are undetectable by chromatography.



Figure S1. N2O-TPD Profiles of Cu/MOx  (M = Cr,  Mo, W)

Figure S2. TGA Analysis of Cu/MOx (M = Cr, Mo, W) Under an Air Atmosphere

Figure S3. Partial density of states for d orbitals of Cu in Cu/MOx (M=Cr, Mo, W)



Figure S4. The lifespan experiment of Cu/WO3 (typical reaction conditions: 50 mg of catalyst, HMF 

concentration of 12.6 mg·mL-1, 1,4-dioxane:water = 4:1 as a mixed solvent, atmospheric pressure, reaction 

temperature: 300 ℃.)



Table S4. Summary of catalysts reported for 5-HMF to 5-MF

Entry Catalyst Catalyst (mg) HMF (mmol) T (℃) t (h) H2 Pressure (MPa) Solvent Conv. (%) S5-MF (%) Ref

1 Au/TiO2@NPC 400 1 180 1.5 0.1 (N2) 1，4-Dioxane 100.0 95.0 1

2 Pt1/Nb2O5-Ov 20 0.3 160 4 4.0 THF 100.0 100.0 2

3 Pd-PVP/C(1:2) 50 2 200 7.5 0.5 (N2) THF 87.0 90.0 3

4 Pt/Nb/SiO2 236 1.2 180 6 0.4 BDO 47.0 31.0 4

5 CoAl-MMO 100 2 180 6 1 THF 15.9 41.5 5

6 30W2C/AC 152 1 200 3 5 THF 99.0 88.0 6

7 Fe-N-C-900 100 0.5 240 1 4 n-butanol 95.0 22.0 7

8 Pt@PVP/Nb2O5 40 0.3 140 24 4 THF 100.0 92.0 8

9 10%MoOx/C 100 4 180 1 1.5 n-butanol 39.9 37.5 9

10 Au/a-TiO2 100 1.6 230 8 5 THF 100 83.1 10

11 Fe2O3 200 0.2 300 1
0.13

（20 mL·min-1）
H2O+1，4-Dioxane 85.8 84.9 11

12 Ni@NbOx 10 0.1 160 4 4 THF+dodecane 94.3 91.8 12

13 Ni/TiO2(PC500) 150 7.93 220 1 5 1，4-Dioxane 97.0 90.0 13

14 Mn_N_Graphene 10 0.3 160 12 1 THF 99.0 92.0 14

15 Pd/Nb2O5–500H 10 0.1 160 4 3.7(H2)+0.3(CO) THF+dodecane 100.0 81 15

16 FPhS−Pd/C 50 2 100 6 4 H2O 99.0 90.1 16

17 Cu/WO3 200 0.1 300 1
0.13

（20 mL·min-1）
H2O 100 72.7 This work

18 CuZn/WO3 200 0.1 300 1
0.13

（20 mL·min-1）
H2O 100 76.2 This work

19 Cu/WO3 200 0.1 300 1
0.13

（20 mL·min-1）
H2O+1，4-Dioxane 100 94.3 This work

20 CuZn/WO3 200 0.1 300 1
0.13

（20 mL·min-1）
H2O+1，4-Dioxane 100 95.3 This work



References
1. J. Zhang, Z. Wang, M. Chen, Y. Zhu, Y. Liu, H. He, Y. Cao and X. Bao, Chinese Journal of 

Catalysis, 2022, 43, 2212-2222.
2. S. Li, M. Dong, J. Yang, X. Cheng, X. Shen, S. Liu, Z.-Q. Wang, X.-Q. Gong, H. Liu and B. Han, 

Nature Communications, 2021, 12, 584.
3. G. Sun, J. An, H. Hu, C. Li, S. Zuo and H. Xia, Catalysis Science & Technology, 2019, 9, 1238-

1244.
4. N. Ly, K. Al-Shamery, C. E. Chan-Thaw, L. Prati, P. Carniti and A. Gervasini, Catalysis Letters, 

2017, 147, 345-359.
5. J. Xia, D. Gao, F. Han, R. Lv, G. I. N. Waterhouse and Y. Li, Frontiers in Chemistry, 2022, 10.
6. Y.-B. Huang, M.-Y. Chen, L. Yan, Q.-X. Guo and Y. Fu, ChemSusChem, 2014, 7, 1068-1072.
7. Y. W. Hsiao, X. Zong, J. Zhou, W. Zheng and D. G. Vlachos, Applied Catalysis B: 

Environmental, 2022, 317, 121790.
8. S. Li, J. Du, B. Zhang, Y. Liu, Q. Mei, Q. Meng, M. Dong, J. Du, Z. Zhao, L. Zheng, B. Han, M. 

Zhao and H. Liu, Acta Phys. -Chim. Sin, 2022, 38(10), 2206019.
9. Y. Yang, Q. Liu, D. Li, J. Tan, Q. Zhang, C. Wang and L. Ma, RSC Advances, 2017, 7, 16311-

16318.
10. L. Dong, J. Morales-Vidal, L. Mu, L. Li, N. López, J. Pérez-Ramírez and Z. Chen, Applied 

Catalysis B: Environmental, 2023, 335, 122893.
11. X. Li, P. Rui, T. Ye, X. Yao, R. Zhou, D. Li, S. Wang, J. H. Carter and G. J. Hutchings, Catalysis 

Science & Technology, 2023, 13, 3366-3374.
12. Y. Liu, H. Yuan, B. Zhang, L. Zhang, Q. Xu, M. Dong, T. Wang, X. Cheng, H. Qi, Z. Zhao, L. 

Chen, B. Su, B. Han and H. Liu, ACS Sustainable Chemistry & Engineering, 2024, 12, 16202-
16211.

13. M. Przydacz, N. Tanchoux, D. Ihiawakrim, D. Kubička, N. Keller and A. Ruppert, 2024, DOI: 
10.26434/chemrxiv-2024-3b54n.

14. M. S. Ahmad, Y. Nagata, K. Masumoto, Y. Inomata, K. Hatakeyama, A. T. Quitain, A. 
Shotipruk and T. Kida, Molecular Catalysis, 2024, 553, 113787.

15. Y. Liu, B. Zhang, J. Xia, M. Douthwaite, M. Dong, H. Yuan, X. Cheng, S. Luan, Y. Wu, Z. Zhao, 
J. Tai, L. Chen, B. Su, B. Han and H. Liu, Chemical Engineering Journal, 2024, 479, 147687.

16. Q. Deng, J. Lu, G. Sheng, Y.-C. Zhang, J. Wang, Z. Zeng, T. Yoskamtorn and S. C. Edman 
Tsang, ACS Catalysis, 2023, 13, 14356-14366.


