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Figure S1. FESEM images of Fe@C sample. Fe nanoparticles of 50-200 nm can be observed. 
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Figure S2. Catalytic performance of Fe@C catalyst after pre-reduction treatment. 

 

The catalyst (10 mg) has been pre-reduced by H2 (10 bar) at 260 oC for 6 h in autoclave before of 

reaction. HMF, dodecane and MeOH were dried previously with molecular sieves and N2 flow. After 

the pre-reduction treatment, a solution of HMF (0.5 mmol) in MeOH (5 mL) and dodecane as standard 

was transferred to autoclave at room temperature with a syringe and was purged three times with H2. 

Then the autoclave was pressurized with 10 bar of H2. The stirring speed is kept at 1000 rpm and the 

reactor was heated at 110 oC.  
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Figure S3. Morphological characterization of 25Cu/Fe@C sample by STEM-EDS mapping with 25 

wt% of Cu. In these images, Cu nanoparticles as well as highly dispersed Cu species on Fe@C 

nanoparticles can be observed. 
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Figure S4. Morphological characterization of 25Cu/Fe@C sample by STEM-EDS mapping with 25 

wt% of Cu. In these images, Cu nanoparticles as well as highly dispersed Cu species on Fe@C 

nanoparticles can be observed. 
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Figure S5. Morphological characterization of 25Cu/Al2O3 sample by STEM-EDS mapping. In these 

images, Cu nanoparticles as well as highly dispersed Cu species on Al2O3 can be observed. 
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Figure S6. Morphological characterization of 25Cu/Al2O3 sample by STEM-EDS mapping. In these 

images, Cu nanoparticles as well as highly dispersed Cu species on Al2O3 can be observed. 
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Figure S7. Morphological characterization of 25Cu/Al2O3 sample by STEM-EDS mapping. In these 

images, Cu nanoparticles as well as highly dispersed Cu species on Al2O3 can be observed. 
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Figure S8. Morphological characterization of 25Cu/Fe2O3 sample by STEM-EDS mapping. In these 

images, Cu nanoparticles as well as highly dispersed Cu species on the Fe support can be observed. 
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Figure S9. Morphological characterization of 25Cu/Fe2O3 sample by STEM-EDS mapping. In these 

images, Cu nanoparticles as well as highly dispersed Cu species on the Fe support can be observed. 
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Figure S10. Morphological characterization of 25Cu/Fe2O3 sample by STEM-EDS mapping. In these 

images, Cu nanoparticles as well as highly dispersed Cu species on the Fe support can be observed. 
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Figure S11. Morphological characterization of 25Cu/TiO2 sample by STEM-EDS mapping. In these 

images, Cu nanoparticles as well as highly dispersed Cu species on TiO2 can be observed. 
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Figure S12. Morphological characterization of 25Cu/TiO2 sample by STEM-EDS mapping. In these 

images, Cu nanoparticles as well as highly dispersed Cu species on TiO2 can be observed. 
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Figure S13. Morphological characterization of 25Cu/TiO2 sample by STEM-EDS mapping. In these 

images, Cu nanoparticles as well as highly dispersed Cu species on TiO2 can be observed. 

  



S15 
 

 

Figure S14. Morphological characterization of 25Cu/ZrO2 sample by STEM-EDS mapping. In these 

images, Cu nanoparticles as well as highly dispersed Cu species on ZrO2 can be observed. 
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Figure S15. Morphological characterization of 25Cu/ZrO2 sample by STEM-EDS mapping. In these 

images, Cu nanoparticles as well as highly dispersed Cu species on ZrO2 can be observed. 
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Figure S16. Morphological characterization of 25Cu/ZrO2 sample by STEM-EDS mapping. In these 

images, Cu nanoparticles as well as highly dispersed Cu species on ZrO2 can be observed. 
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Figure S17. Catalytic performance of Cu catalysts supported on conventional solid carriers for 

hydrogenation of HMF. (a) 25Cu/Al2O3, (b) 25Cu/Fe2O3, (c) 25Cu/TiO2 and (d) 25Cu/ZrO2. Reaction 

conditions: 10 mg solid catalyst, 0.5 mmol HMF, 5 mL methanol as solvent, 110 oC and 10 bar of H2. 
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Figure S18. Morphological characterization of 5Cu/Fe@C sample by STEM-EDS mapping with 5 wt% 

of Cu. In these images, Cu nanoparticles as well as highly dispersed Cu species on Fe@C nanoparticles 

can be observed. 

 

  



S20 
 

 

Figure S19. Morphological characterization of 5Cu/Fe@C sample by STEM-EDS mapping with 5 wt% 

of Cu. In these images, Cu nanoparticles as well as highly dispersed Cu species on Fe@C nanoparticles 

can be observed. 
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Figure S20. Morphological characterization of 5Cu/Fe@C sample by STEM-EDS mapping with 5 wt% 

of Cu. In these images, Cu nanoparticles as well as highly dispersed Cu species on Fe@C nanoparticles 

can be observed. 
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Figure S21. Stability test of Cu/Fe@C sample for hydrogenation of HMF. 
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Table S1. Chemical compositions of various CuFe bimetallic catalysts, determined by ICP.  

Sample Mole percentage of Fe Mole percentage of Cu 

Fe0.92Cu0.08 0.92 0.08 

Fe0.88Cu0.12 0.88 0.12 

Fe0.76Cu0.24 0.76 0.24 

Fe0.50Cu0.50 0.50 0.50 

Fe0.25Cu0.75 0.25 0.75 
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Figure S22. FESEM images of Cu@C sample. Cu nanoparticles of 50-500 nm can be observed. 
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Figure S23. FESEM-EDS mapping of Cu0.75Fe0.25@C sample in two different areas. 
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Figure S24. FESEM-EDS mapping of Cu0.50Fe0.50@C sample in two different areas. 
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Figure S25. FESEM-EDS mapping of Cu0.24Fe0.76@C sample in two different areas. 
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Figure S26. FESEM-EDS mapping of Cu0.12Fe0.88@C sample in two different areas. 
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Figure S27. FESEM-EDS mapping of Cu0.08Fe0.92@C sample in two different areas.  
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Figure S28. Low-magnification TEM images of Cu0.08Fe0.92@C sample. 

  



S31 
 

 

 

Figure S29. High-magnification TEM images of Cu0.08Fe0.92@C sample. 
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Figure S30. Low-magnification TEM images of Cu0.12Fe0.88@C sample. 
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Figure S31. High-resolution TEM images of Cu0.12Fe0.88@C sample. 
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Figure S32. Low-magnification TEM images of Cu0.24Fe0.76@C sample. 
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Figure S33. High-resolution TEM images of Cu0.24Fe0.76@C sample. 
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Figure S34. Low-magnification TEM images of Cu0.50Fe0.50@C sample. 

  



S37 
 

 

Figure S35. High-resolution TEM images of Cu0.50Fe0.50@C sample. 
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Figure S36. Low-magnification TEM images of Cu0.75Fe0.25@C sample. 
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Figure S37. High-resolution TEM images of Cu0.75Fe0.25@C sample. 
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Figure S38. High-resolution TEM images of Cu@C sample. It should be noted that, there are also 

very big Cu nanoparticles present in the Cu@C sample. 
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Figure S39. STEM-EDS mapping of Cu and Fe in the Cu0.76Fe0.24 sample. (a-c) mapping of Cu and 

Fe in this area and the corresponding HAADF-STEM image (d).  
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Figure S40. STEM-EDS mapping of Cu and Fe in the Cu0.50Fe0.50 sample. (a-c) mapping of Cu and 

Fe in this area and the corresponding HAADF-STEM image (d). 
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Figure S41. STEM-EDS mapping of Cu and Fe in the Cu0.24Fe0.76 sample. (a-c) mapping of Cu and 

Fe in this area and the corresponding HAADF-STEM image (d). 
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Figure S42. STEM-EDS mapping of Cu and Fe in the Cu0.12Fe0.88 sample. (a-c) mapping of Cu and 

Fe in this area and the corresponding HAADF-STEM image (d). 
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Figure S43. STEM-EDS mapping of Cu and Fe in the Cu0.08Fe0.92 sample. (a-c) mapping of Cu and 

Fe in this area and the corresponding HAADF-STEM image (d). 
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Figure S44. Kinetic curve of the hydrogenation of HMF with Cu0.08Fe0.92@C NPs. Reaction conditions: 

HMF (0.5 mmol, 63 mg), 10 mg catalyst, 10 bar H2, MeOH (solvent, 5 ml), 110 oC. Determined by 

GC using dodecane as an internal standard. HMF (■), BHMF (●). 
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Figure S45. Kinetic curve of the hydrogenation of HMF with Cu0.12Fe0.88@C NPs. Reaction conditions: 

HMF (0.5 mmol, 63 mg), 10 mg catalyst, 10 bar H2, MeOH (solvent, 5 ml), 110 oC. Determined by 

GC using dodecane as an internal standard. HMF (■), BHMF (●). 
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Figure S46. Kinetic curve of the hydrogenation of HMF with Cu0.24Fe0.76@C NPs. Reaction conditions: 

HMF (0.5 mmol, 63 mg), 10 mg catalyst, 10 bar H2, MeOH (solvent, 5 ml), 110 oC. Determined by 

GC using dodecane as an internal standard. HMF (■), BHMF (●). 
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Figure S47. Kinetic curve of the hydrogenation of HMF with Cu0.50Fe0.50@C NPs. Reaction conditions: 

HMF (0.5 mmol, 63 mg), 10 mg catalyst, 10 bar H2, MeOH (solvent, 5 ml), 110 oC. Determined by 

GC using dodecane as an internal standard. HMF (■), BHMF (●), Acetal (). 
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Figure S48. Kinetic curve of the hydrogenation of HMF with Cu0.75Fe0.25@C NPs. Reaction conditions: 

HMF (0.5 mmol, 63 mg), 10 mg catalyst, 10 bar H2, MeOH (solvent, 5 ml), 110 oC. Determined by 

GC using dodecane as an internal standard. HMF (■), BHMF (●), Acetal (). 
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Figure S49. Kinetic curve of the hydrogenation of HMF with Cu@C NPs. Reaction conditions: HMF 

(0.5 mmol, 63 mg), 10 mg catalyst, 10 bar H2, MeOH (solvent, 5 ml), 110 oC. Determined by GC using 

dodecane as an internal standard. HMF (■), BHMF (●), Acetal (). 



S52 
 

 

Figure S50. Kinetic curve of the hydrogenation of HMF with Fe/Cu@C catalyst with ~25 wt% of Fe 

on Cu@C nanoparticles loaded by wetness impregnation. Reaction conditions: 0.5 mmol HMF, 10 mg 

of catalyst, 5 mL methanol as solvent, 110 ºC and 10 bar of H2. After 1 h, the catalyst was separated 

and the reaction was continued. HMF (■), BHMF (●), Acetal (). 
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Figure S51. Kinetic curve of the hydrogenation of HMF with mixture of Fe@C and Cu@C NPs (3:1). 

Reaction conditions: 0.5 mmol HMF, 10 mg of solid catalyst, 5 mL methanol as solvent, 110 ºC and 

10 bar of H2. After 1 h, the catalyst was separated and the reaction was continued. HMF (■), BHMF 

(●). 



S54 
 

 

Figure S52. Distributions of Cu species on Fe nanoparticles measured by STEM-EDS mapping in the 

Cu0.24Fe0.76@C sample. As can be seen in (c), Cu patches and highly dispersed Cu species can be 

observed. 
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Figure S53. Distributions of Cu species on Fe nanoparticles measured by STEM-EDS mapping in the 

Cu0.24Fe0.76@C sample. As can be seen in (c), Cu patches and highly dispersed Cu species can be 

observed. 
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Figure S54. STEM image and the corresponding EDS mapping of a representative area in the 

Cu0.24Fe0.76@C sample. 
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Table S2. Catalytic performance of non-noble metal catalysts for hydrogenation of 5-

(hydroxymethyl)furfural (HMF) to 2,5-Bis(hydroxymethyl)furan (BHMF). 
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Table S3. BE of surface elements from X-ray photoelectron spectroscopy 

 

Sample Fe 2p3/2 BE (eV)a-c (%)d Cu 2p3/2 BE (eV) 

(%)d 

 

 Fe2+ Fe3+ Fe0 Cu+/Cu0 Cu2+ α´e 

Fe@C 709.9 

(81.8%) 

712.3 

(18.2%) 

-- -- --  

Fe@C-H2 709.5 

(72.2%) 

711.8 

(17.9%) 

707.0 

(9.8%) 

-- --  

Cu0.24Fe0.76@C 710.1 

(62.3%) 

712.3 

(37.7%) 

 932.7 

(11%) 

934.1 

(89%) 

1852.7 

1849.7 

Cu0.24Fe0.76@C-H2 710.1 

(51.8%) 

712.8 

(19.8%) 

708.1 

(28.3%) 

931.7 

(38.9%) 

934.0 

(61.1%) 

1851.3 

a) Peng Li, E.Y. Jiang, H.L. Bai J. Phys. D: Appl. Phys.44 (2011) 075003 

b)  Mark C. Biesinger, Brad P. Payne, Andrew P. Grosvenor, Leo. W. M. Lau, Andrea R. Gerson, 

Roger St. C. Smart, Appl. Surf. Sci. 257 (2011) 2717-2730 

c) Toru Yamashita, P. Hayes, Appl. Surf. Sci. 254 (2008) 2441-2449 

d) In brackets the atomic percent of each component 

e) Auger parameter α´= BE(Cu+/Cu0) +KE(Cu LMM); (Cu0) = 1851.3 eV; (Cu+) = 1849.7eV; 

(Cu2+) = 1852.7eV 
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Table S4. Catalytic performance of noble metal catalysts for hydrogenation of 5-(hydroxymethyl)furfural 

(HMF) to 2,5-Bis(hydroxymethyl)furan (BHMF). 
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Figure S55. H2-Temperature-programmed reduction (TPR) profiles of Fe3Cu1@C and Fe@C samples. 
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Figure S56. Leaching test with catalyst removal during the reaction course. Reaction conditions: 0.5 

mmol HMF, 10 mg of Cu0.24Fe0.76@C as the catalyst, 5 mL methanol as solvent, 110 ºC, and 10 bar of 

H2. After 1 h, the catalyst was removed and the reaction was continued. HMF (■), BHMF (●). 
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Figure S57. The catalytic performances of recycled Cu0.24Fe0.76@C NPs in reduction of HMF to 

BHMF. Reaction conditions: Reaction conditions: HMF (0.5 mmol, 63 mg), 10 mg of catalyst, MeOH 

(solvent, 5 mL), dodecane as internal standard, 110 oC. and 10 bar of H2. First use (■), second use (●), 

third use (▲), and fourth use (▼). 

  



S64 
 

 

Figure S58. FESEM image and corresponding EDS mapping on the distribution of Fe and Cu in the 

used Cu0.24Fe0.76@C sample after four catalytic runs for hydrogenation of HMF. 
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Figure S59. FESEM image and corresponding EDS mapping on the distribution of Fe and Cu in the 

used Cu0.24Fe0.76@C sample after four catalytic runs for hydrogenation of HMF. 
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Figure S60. FESEM image and corresponding EDS mapping on the distribution of Fe and Cu in the 

used Cu0.24Fe0.76@C sample after four catalytic runs for hydrogenation of HMF. 
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Figure S61. FESEM image and corresponding EDS mapping on the distribution of Fe and Cu in the 

used Cu0.24Fe0.76@C sample after four catalytic runs for hydrogenation of HMF. 
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Figure S62. FESEM image and corresponding EDS mapping on the distribution of Fe and Cu in the 

used Cu0.24Fe0.76@C sample after four catalytic runs for hydrogenation of HMF. 
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Figure S63. FESEM image and corresponding EDS mapping on the distribution of Fe and Cu in the 

used Cu0.24Fe0.76@C sample after four catalytic runs for hydrogenation of HMF. 

 


