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Figure and Table Captions:

Figure S1. NH3-TPD profiles of (a) commercial NiO nanoparticles, (b) NiO(P)-300, (c) 

NiO(P)-400 and (d) NiO-300.

Figure S2. CO2-TPD profiles of (a) commercial NiO nanoparticles, (b) NiO(P)-300, (c) 

NiO(P)-400 and (d) NiO-300.

Figure S3. TEM image of commercial NiO nanoparticles.

Figure S4. FAOL selectivity as a function of particle size of different catalysts. 

Figure S5. (a) GC chromatograms of reaction mixtures (from GC-MS) obtained from the 

CTH of FF to FAOL over NiO(P)-300 catalyst after 1 h at different reaction temperature and 

(b) MS chromatogram of 2-(diisopropoxymethyl)furan.

Figure S6. (a) Kinetic profiles of FF to FAOL conversion by the NiO(P)-300 catalyst (X: FF 

conversion), (b) Arrhenius plot of formation of FAOL from FF.

Figure S7. FAOL yield profiles of the reaction solution with NiO(P)-300 catalyst or without 

catalyst (separated after 1 h). 

Figure S8. XPS of Ni 2p3/2 of (a) fresh, (b) used and (c) regenerated NiO(P)-300 catalyst.

Figure S9. Pictures of (a) fresh, (b) used and (c) regenerated NiO(P)-300 catalyst.

Figure S10. 1H NMR spectrum (in CD3Cl) of the as-synthesized FAOL from gram-scale 

experiment. 

Figure S11. 1H NMR spectrum (in CD3Cl) of as-prepared IPL. 

Figure S12. GC chromatograms of reaction mixtures obtained from the one-pot conversion of 

FF to IPL over (a) NiO(P)-300 and Amberlyst 15 and (b) NiO(P)-300 and H-Beta catalyst.

Table S1. Comparison of the activity of NiO(P)-300 with other heterogeneous catalysts in the 

production of FAOL from FF with alcohols in hydrogenation donor reaction systems.

Table S2. Detail data of kinetic studies and calculated activation energy for the CTH of FF 

over NiO(P)-300.

Table S3. Catalytic performance of NiO(P)-300 in 2-BuOH at different reaction temperature.

Table S4. One-pot conversion of FF to IPL with NiO(P)-300 and other acid catalysts.

Table S5. Effect of acid or base additive on the CTH of FF to FAOL over NiO(P)-300.

Scheme S1. Gram-scale CTH of FF to FAOL over NiO(P)-300 catalyst.
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Figure S1. NH3-TPD profiles of (a) commercial NiO nanoparticles, (b) NiO(P)-300, 

(c) NiO(P)-400 and (d) NiO-300.
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Figure S2. CO2-TPD profiles of (a) commercial NiO nanoparticles, (b) NiO(P)-300, 

(c) NiO(P)-400 and (d) NiO-300.
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Figure S3. TEM image of commercial NiO nanoparticles.
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Figure S4. FAOL selectivity as a function of particle size of different catalysts. 

Reaction conditions: 1 mmol FF, 0.02 g catalyst, 5 mL 2-propanol, 120 °C, 1 h. Mean 

particle size was determined from TEM measurement.
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Figure S5. (a) GC chromatograms of reaction mixtures (from GC-MS) obtained from 

the CTH of FF to FAOL over NiO(P)-300 catalyst after 1 h at different reaction 

temperature and (b) MS chromatogram of 2-(diisopropoxymethyl)furan.
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Figure S6. (a) Kinetic profiles of FF to FAOL conversion by the NiO(P)-300 catalyst 

(X: FF conversion), (b) Arrhenius plot of formation of FAOL from FF.

In the applied reaction system, the concentration of 2-propanol didn’t affect the reaction 

kinetics due to excess use of 2-propanol. Thus, the transfer hydrogenation of FF is assumed to 

be a pseudo-first order process. The reaction rate can be expressed as the following equation 

as a first-order rate to FF concentration:

- d[FF]/dt = k[FF] = d[FAOL]/dt

[FF] and [FAOL] represent concentrations of FF and FAOL, respectively, and k is the rate 

constant of FF hydrogenation at certain temperature. 

After the integral calculation, the above equation is transformed into the following equation:

-ln(1-X) = kt + C

Herein, X is FF conversion whereas t and C are reaction time and an arbitrary constant, 

respectively. 

In order to calculate the rate constant (k), values of –ln(1-X) versus reaction time were plotted 

at different reaction temperature, and the reaction rate constants (k) calculated from the slops 

of the plot in Fig. S6a. 

The activation energy (Ea) can be calculated by the following Arrhenius equation:

lnk = -(Ea/R)·(1/T) + lnA

The value of Ea was calculated on the basis of the linear of lnk versus 1/T as displayed in Fig. 

S6b. 
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Figure S7. FAOL yield profiles of the reaction solution with NiO(P)-300 catalyst or 

without catalyst (separated after 1 h). Reaction conditions: 1 mmol FF, 5 mL 2-

propanol, 0.02 g NiO(P)-300, 120 ºC.
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Figure S8. XPS of Ni 2p3/2 of (a) fresh, (b) used and (c) regenerated NiO(P)-300 

catalyst.
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Figure S9. Pictures of (a) fresh, (b) used and (c) regenerated NiO(P)-300 catalyst.
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Figure S10. 1H NMR spectrum (in CD3Cl) of the as-synthesized FAOL from gram-

scale experiment. 
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Figure S11. 1H NMR spectrum (in CD3Cl) of as-prepared IPL.
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Figure S12. GC chromatograms of reaction mixtures obtained from the one-pot 

conversion of FF to IPL over (a) NiO(P)-300 and Amberlyst 15 and (b) NiO(P)-300 

and H-Beta catalyst.
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Table S1. Comparison of the activity of NiO(P)-300 with other heterogeneous 
catalysts in the production of FAOL from FF with alcohols in hydrogenation donor 
reaction systems.

Catalyst H-donor
Cat. amount a

(%)
T

(°C)
t

(h)

Conv
.

(%)

Yield
(%)

Sel.
(%)

Ea

(kJ/mol)
Ref.

Co3O4/MC b 2-Propanol 52.1 120 8 100 >97 >97 - [S1]
Co-Ru/C Benzyl alcohol 28.9 150 12 98 98 100 58 [S2]

γ-Fe2O3@HAP c 2-Propanol 41.6 180 10 96.2 91.7 95.3 47.69 [S3]
MgO 2-Propanol 10.0 170 5 >99.9 74 74 - [S4]

Fe-L1/C-800 2-Butanol 104.2 160 15 91.6 76.0 83 - [S5]
Ni-Cu/Al2O3 2-Propanol 22.3 200 4 95.43 95.41 >99 - [S6]
Ru/C+DyCl3 2-Propanol 52.1 180 3 100 97 97 - [S7]

ZrPN 2-Propanol 41.7 140 2 98 98 >99 70.5 [S8]
Pd/Fe2O3 2-Propanol 33.3 150 7.5 66 37 56.1 46.8 [S9]
NiO (sea 
urchin)

2-Propanol 20.8 120 3 97.3 94.2 96.8 41.8
This 
work

a Relative to initial mass of FF. b MC = mesoporous carbon; c HAP = hydroxyapatite. 
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Table S2 Detail data of kinetic studies and calculated activation energy for the CTH 

of FF over NiO(P)-300 a

Temp. (K) 1/T (K-1) Rate constant k 
(min-1) R2 Ea 

(kJ/mol) R2

373.15 2.68·10-3 0.00954 0.99439
393.15 2.544·10-3 0.01802 0.98107
413.15 2.42·10-3 0.03517 0.9307

41.8 0.99616

a Reaction conditions: 1 mmol FF, 0.02 g NiO(P)-300, 5 mL 2-propanol, t = 0.5-2.0 h.
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Table S3 Catalytic performance of NiO(P)-300 in 2-BuOH at different reaction 

temperature a

Entry Temp. (°C) FF conv. (%) FAOL Yield 
(%)

FAOL select. (%)

1 120 57.1 56.3 98.6
2 160 89.4 87.4 97.8

a Reaction conditions: 1 mmol FF, 0.02 g NiO(P)-300, 5 mL 2-BuOH, 3 h.
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Table S4. One-pot conversion of FF to IPL with NiO(P)-300 and other acid catalysts a

O
O

O
OH

O
O

O
FF FAOL IPL

Sea urchin-like NiO

2-PrOH, 140 C, 2 h

Bronsted acid

2-PrOH, 140 C, 4 h

Entry Acid catalyst Acid amount (mmol/g) b Conv. (%) Yield IPL (%)
1 Amberlyst 15 4.7 c >99.9 61.5
2 H-Beta (12.5) 0.86 >99.9 17.0
3 H-ZSM-5 (11.5) 1.49 >99.9 6.8
4 H-MOR (10) 1.77 >99.9 10.8
5 H-Y (6) 0.84 >99.9 30.4

a Reaction conditions: 1 mmol FF, 0.02 g NiO(P)-300, 0.04 g acid catalyst. One-pot, 
two-step process where the NiO was removed after 2 h at 140 °C followed by addition 
of acid catalyst for 4 h at 140 °C. b Measured by NH3-TPD. c Measured by acid-base 
titration.
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Table S5. Effect of acid or base additive on the CTH of FF to FAOL over NiO(P)-300 a

Entry Additives FF Conv. 
(%)

FAOL 
Yield
(%)

FAOL formation rate c 
(μmol g-1min-1)

TOF d 
(h-1)

1 No 72.6 70.2 585 2.6
2 Piperidine b 19.5 14.3 119.2 0.53
3 Benzoic acid b 11.6 7.4 61.7 0.28

a Reaction conditions: 1 mmol FF, 5 mL 2-propanol, 0.02 g NiO(P)-300, 120 ºC, 1 h. b 
The amount of additives is 0.02 g. c Calculated from the yield of GVL obtained after 1 
h. d Turn-over frequency (TOF) as (mole of FAOL)/(mole of catalyst × reaction time).
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(20 mmol, 1.922 g)
FF FAOL

Sea urchin-like NiO (0.21 g)

2-propanol (25 mL), 140 C, 5 h

(1.68 g, 85.7% yield)

Scheme S1. Gram-scale CTH of FF to FAOL over NiO(P)-300 catalyst.


