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Section 1: Chemical and equipment 

Iron (III) chloride (≥ 97%), sodium hydroxide (≥ 99%), hydrochloric acid (36%), oxalic acid 

(≥ 99%), D-glucose monohydrate (≥ 99%), dioxane (≥ 99%), methyl isobutyl ketone (MIBK) 

(≥ 99%), D-fructose (≥ 99%), dimethylformamide (≥ 99%) were obtained from Merck. 2,5-

Diformylfuran (>99%), 2,5-furandicarboxylic acid (>99%), 5–(hydroxymethyl)furfural 

(>99%) furfural (>99%), levulinic acid (>99%), deuterochloroform (>99%), dimethyl sulfoxide 

(>99%) were supplied by Sigma–Aldrich. All chemicals were utilized without any additional 

purification.

Analytical techniques

The NMR spectra were obtained using a Bruker Advance 500 MHz nuclear magnetic resonance 

(NMR) spectrometer, with D-chloroform serving as the solvent. A thorough examination was 

carried out using Fourier transform-infrared spectroscopy (FTIR) on KBr pellets utilizing a 

Bruker Vertex 70 system. The reaction products were measured using a high-performance 

liquid chromatography system with a diode array detector at a specific wavelength. A particular 

type of column, called InertSustain C18, was used in the experiment to efficiently separate the 

different components in the reaction mixture. The temperature of the column was kept at 30 oC. 

A solution of methanol and sulfuric acid was utilized as the eluent, flowing at a rate of 0.7 

mL.min−1.

H% = (The number of 5-HMF moles)/(The initial number of fructose moles)×100%  (1)
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Section 2: NMR spectrum of 5-HMF
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Figure S2-1. 1H–NMR spectrum of HMF
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Figure S2-2. 13C–NMR spectrum of HMF
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Section 3: Titration of catalyst 

Figure S3-1. The titration curves of 100-4 with pH/V (orange line) and pH/V (blue 

line)

Figure S3-2. The titration curves of 200-4 with pH/V (orange line) and pH/V (blue 

line)



5

Figure S3-3. The titration curves of 300-4 with pH/V (orange line) and pH/V (blue 

line)

Figure S3-4. The titration curves of 350-4 with pH/V (orange line) and pH/V (blue 

line)
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Figure S3-5. The titration curves of 400-4 with pH/V (orange line) and pH/V (blue 

line)

Figure S3-6. The titration curves of 400-4R4 with pH/V (orange line) and pH/V 

(blue line)
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Figure S3-7. The titration curves of 500-1 with pH/V (orange line) and pH/V (blue 

line)

Figure S3-8. The titration curves of 500-2 with pH/V (orange line) and pH/V (blue 

line)
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Figure S3-9. The titration curves of 500-3 with pH/V (orange line) and pH/V (blue 

line)

Figure S3-10. The titration curves of 500-4 with pH/V (orange line) and pH/V (blue 

line)
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Figure S3-11. The titration curves of 500-5 with pH/V (orange line) and pH/V (blue 

line)

Figure S3-12. The titration curves of Blank with pH/V (orange line) and pH/V (blue 

line)
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Section 4: HPLC chromatography

Figure S4-1: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 30 minutes at 120 °C.
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Figure S4-2: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 1 hour at 120 °C.
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Figure S4-3: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 3 hours at 120 °C.
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Figure S4-4: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 6 hours at 120 °C.
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Figure S4-5: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 8 hours at 120 °C.
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Figure S4-6: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 9 hours at 120 °C.
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Figure S4-7: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 10 hours at 120 °C.
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Figure S4-8: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 11 hours at 120 °C.
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Figure S4-9: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 120 °C.
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Figure S4-10: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 13 hours at 120 °C.
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Figure S4-11: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 30 minutes at 120 °C.
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Figure S4-12: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 1 hour at 120 °C.
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Figure S4-13: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 3 hours at 120 °C.
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Figure S4-14: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 6 hours at 120 °C.
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Figure S4-15: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 8 hours at 120 °C.
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Figure S4-16: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 9 hours at 120 °C.
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Figure S4-17: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 10 hours at 120 °C.
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Figure S4-18: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 11 hours at 120 °C.
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Figure S4-19: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 120 °C.
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Figure S4-20: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 13 hours at 120 °C.
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Figure S4-21: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 30 minutes at 120 °C.
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Figure S4-22: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 1 hour at 120 °C.
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Figure S4-23: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 3 hours at 120 °C.
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Figure S4-24: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 6 hours at 120 °C.
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Figure S4-25: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 8 hours at 120 °C.
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Figure S4-26: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 9 hours at 120 °C.
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Figure S4-27: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 10 hours at 120 °C.
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Figure S4-28: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 11 hours at 120 °C.
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Figure S4-29: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 120 °C.



40

Figure S4-30: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 13 hours at 120 °C.
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Figure S4-31: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at room temperature.
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Figure S4-32: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 40 °C.
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Figure S4-33: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 60 °C.
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Figure S4-34: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 80 °C.
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Figure S4-35: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 100 °C.
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Figure S4-36: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 120 °C.
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Figure S4-37: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 140 °C.
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Figure S4-38: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 40 °C.
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Figure S4-39: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 60 °C.
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Figure S4-40: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 80 °C.
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Figure S4-41: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 100 °C.
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Figure S4-42: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 120 °C.
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Figure S4-43: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 140 °C.
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Figure S4-44: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 3 hours at 120 °C.
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Figure S4-45: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 3 hours at 120 °C.
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Figure S4-46: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 3 hours at 120 °C.



57

Figure S4-47: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 3 hours at 120 °C.
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Figure S4-48: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 3 hours at 120 °C.
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Figure S4-49: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 3 hours at 120 °C.
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Figure S4-50: HPLC chromatography of 5-HMF in investigating catalytic performance. 
Reaction conditions: Fructose (1mmol), DMSO, for 3 hours at 120 °C.



61


