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Figure S1 XRD patterns of solid products after reactions of glucose and CuO for 3 h at different 
temperatures: (a) CuO; (b) 150 °C, 0.4 M NaOH; (c) 220 °C, 0.4 M NaOH; (d) 250 °C, without NaOH; 
(e) 250 °C, 0.4 M NaOH
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Figure S2 XRD patterns of solid products after reactions of cellulose and CuO with (a) 220 °C, 0.4 M 
NaOH, 1.5 h; (b) 250 °C, 0.4 M NaOH, 1.5 h; (c) 250 °C, without NaOH, 3 h.



S3

30 40 50 60 70 80










 

    






2-Theta (deg)





 Ni
 NiO

(a)

(b)

(c)

(d)

111

200
220

Figure S3 XRD patterns of solid products after reactions of glucose and NiO with different reaction 
conditions: (a) 250 °C, without NaOH, 6 h; (b) 220 °C, 2.5 M NaOH, 6 h; (c) 250 °C, 2.5 M NaOH, 4 
h; (d) 250 °C, 5 M NaOH, 4 h.
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Figure S4 XRD patterns of solid products after reactions of cellulose and NiO at 250 °C ((a) without 
NaOH, 6 h; (b) NaOH 2.5 M, 3 h; (c) NaOH 5 M, 3 h; (d) NaOH 5 M, 4.5 h).1
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1. Acetic Acid;
2. 2-Cyclopenten-1-One;
3. 2-Methyl-2-Cyclopenten-1-One;
4. 3,4-Dimethyl-2-Cyclopenten-1-One;
5. 2,5-Hexanedione;
6. 3-Methyl-2-Cyclopenten-1-One;
7. 2,3-Dimethyl-2-Cyclopenten-1-One;
8. 2,3,4-Trimethyl-2-Cyclopenten-1-One.
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Figure S5 GC-MS chromatogram of the sample after the reaction of glucose and CuO (250 °C, 0.4 M 
NaOH, 3 h).
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1. Glycolic acid;
2. Lactic acid;
3. Formic acid;
4. Acetic acid;
5. Acrylic acid;
6. Isobutyric acid. 

Figure S6 HPLC chromatogram of the liquid sample after the reaction of glucose and CuO (250 °C, 
0.4 M NaOH, 3 h).
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1. 3-Hydroxy-2-Butanone;
2. 2-Methyl-3-Pentanol;
3. 2-Butanol;
4. 2-Methyl-2-Cyclopenten-1-one;
5. 3-Methyl-2-Cyclopenten-1-one;
6. 2,3-Dimethyl-2-Cyclopenten-1-one;
7. Butylene glycol;
8. Propylene Glycol;
9. Ethylene glycol;
10. 2-Furanmethanol;
11. Furfural.
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Figure S7 GC-MS chromatograms of samples after reactions of cellulose and CuO without (a) and 
with 0.4 M NaOH (b) (250 °C, 1.5 h).
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1. Pyruvic acid;
2. Glycollic acid;
3. Lactic acid;
4. Formic acid;
5. Acetic acid;
6. Acrylic acid;
7. HMF.
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Figure S8 HPLC chromatograms of liquid samples after the reaction of cellulose and CuO in the 
absence (a) and presence (b) of 0.4 M NaOH (250 °C, 1.5 h).
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1. Acetic acid;
2. Propanoic acid;
3. 2-Methyl-Propanoic acid;
4. 5-methyldihydrofuran-2(3H)-one;
5. Dihydrofuran-2(3H)-one;
6. 2-Methyl-Butanoic acid;
7. 2-Methyl-Propenoic acid.
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1. Cyclopentanol;
2. 2-Methyl-Cyclopentanol;
3. 3-Methyl-Cyclopentanol;
4. Butylene glycol;
5. Propylene glycol;
6. Unknown.4
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Figure S9 GC-MS chromatograms of samples with (a) adjustment of pH by using HCl and (b) 
without adjustment of pH after the reaction of glucose with and without NiO (250 °C, 5 M NaOH, 4 h).
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Figure S10 HPLC chromatograms of liquid samples after the reaction of glucose with (a) and without 
(b) NiO (250 °C, 5 M NaOH, 4 h).
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1. Cyclopentanol;
2. 2-Methyl-Cyclopentanol;
3. 3-Methyl-Cyclopentanol;
4. Butylene glycol;
5. Propylene glycol;
6. Ethylene glycol.
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1. Acetic acid;
2. Formic acid;
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4. Ethylene glycol;
5. Butyrolactone.
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Figure S11 GC-MS chromatograms of samples without (a) and with (b) adjustment of pH using HCl 
after the reaction of cellulose in the presence and absence of NiO (250 °C, 5 M NaOH, 4.5 h).1
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1. Maleic acid;
2. Pyruvic acid;
3. Malonic acid;
4. Lactic acid;
5. Formic acid;
6. Acetic acid;
7. Acrylic acid;
8. Unknown.
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Figure S12 HPLC chromatograms of liquid samples after reactions of cellulose in the presence (a) 
and absence (b) of NiO (250 °C, 5 M NaOH, 4.5 h).1
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Figure S13 XRD patterns of solid products after the reaction of 0.4 M glucose and 0.2 M PbO2 (250 
°C, 1 M NaOH, 6 h).
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1. 2-Cyclopenten-1-One;
2. 2-Methyl-2-Cyclopenten-1-One;
3. Acetic acid;
4.  1-(2-Furanyl)-Ethanone;
5. Propanoic acid;
6. 2-Methyl-Propanoic acid;
7. Dihydro-5-Methyl-2(3H)-Furanone;
8. Butanoic acid;
9. 3-Methyl-1,2-Cyclopentanedione;
10. Furfural;
11. 5-Methyl-2-Furancarboxaldehyde;
12. 5-Methyl-2(5H)-Furanone.
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Figure S14 GC-MS chromatograms of liquid samples after the reduction of CuSO4 (a), CuCl2 (b), 
Cu(NO3)2 (c) and Cu2P2O7 (d) by glucose (160 °C, 6 h).
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1. 3-Hydroxy-2-Butanone;
2. 2-Methyl-2-Cyclopenten-1-One;
3. Acetic acid;
4. 3,4-Dimethyl-2-Cyclopenten-1-One;
5. 2,3,4-Trimethyl-2-Cyclopenten-1-One;
6. 2,3,4,5-Tetramethyl-2-Cyclopenten-1-One;
7. 3-Methyl-2-Cyclopenten-1-One;
8. 2,3-Dimethyl-2-Cyclopenten-1-One;
9. 2,3,4-Trimethyl-2-Cyclopenten-1-One;
10. Dihydro-5,5-Dimethyl-2(3H)-Furanone;
11. Dihydro-5-Methyl-2(3H)-Furanone;
12. 2,3-Dimethyl-2-Cyclopenten-1-One;
13. Propanoic acid;
14. 3-Methyl-1,2-Cyclopentanedione;
15. 1-Cyclohexyl-Ethanone;
16. Acetamide.
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Figure S15 GC-MS chromatograms of liquid samples after the reduction of CuSO4 (a), CuCl2 (b), 
Cu(NO3)2 (c) and Cu2P2O7 (d) by glucose (250 °C, 3 h).
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9 1. Solvent peak;
2. Pyruvic acid;
3. Formic acid;
4. Levulinic acid;
5. Isobutyric acid;
6. Lactic acid;
7. HMF;
8. Acrylic acid;
9. Oxalic acid.

Figure S16 HPLC chromatograms of liquid samples after the reduction of CuSO4 (a), CuCl2 (b), 
Cu(NO3)2 (c) and Cu2P2O7 (d) by glucose (160 °C, 6 h).
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Figure S17 HPLC chromatograms of liquid samples after the reduction of CuSO4 (a), CuCl2 (b), 
Cu(NO3)2 (c) and Cu2P2O7 (d) by glucose (250 °C, 3 h).
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Figure S18 GC-MS chromatograms of liquid samples after reactions of cellulose with CuSO4 (a), 
CuCl2 (b), and Cu(NO3)2 (c) (250 °C, 3 h).

Figure S19 HPLC chromatograms of liquid samples after reactions of cellulose with CuSO4 (a), 
CuCl2 (b), and Cu(NO3)2 (c) (250 °C, 3 h).
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Figure S20 XRD patterns of solid products after the reaction of Ni with 0.4 M (a) and 5 M (b) NaOH 
(250 oC, 3 h).
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Figure S21 XRD patterns of solid products after reduction of NiO by ethylene glycol (EG) (a), 
propylene glycol (PG) (b), butylene glycol (BG) (c) (250 oC, 5 M NaOH, 3 h).
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Figure S22 HPLC chromatograms of liquid samples after reduction of NiO by EG (a), PG (b), BG (c) 
(250 oC, 5 M NaOH, 3 h).
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