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1. Materials
Glucose (95.5%) and fructose (99%) used in the present study were procured from Sigma-

Aldrich while levulinic acid (98%) and formic acid (99%) were obtained from Alfa Aesar and 

Sigma-Aldrich. The chemicals required for the synthesis of acidic IL such as 1,3-propane 

sultone (98%; Across Organics), 1-methylimidazole (99%; Alfa Aesar), sulfuric acid (96%; 

Honeywell Fluka), and toluene (99.5%; J.T.Baker) were procured and used without any 

treatment and further purification. The methyl isobutyl ketone (MIBK; 98.5%) solvent and 

hydroxyapatite (Ca5(OH)(PO4)3; 99.8) were procured from Sigma-Aldrich while 5-

hydroxymethylfurfural (HMF 99%) received from Across Organics.

2. Catalyst characterization and reaction analysis
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Fig. S1 NMR spectum of acidic IL. a) 1H NMR, b) 13C NMR.
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Fig. S2 XRD pattern of hydroxyapatite and bone char.
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Fig. S3 SEM-EDX analysis of bone char.

Table S1 EDX-Elemental mapping.

Element Weight (%) Atomic (%)

C K 14.16 22.62

O K 46.44 55.68

Na K 1.45 1.21

Mg K 1.27 1.00

P K 13.68 8.48

Ca K 23.00 11.01

Totals 100.00
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Fig. S4 XPS spectra of bone char catalyst.
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Fig. S5 CO2-TPD analysis of bone char catalyst.
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Fig. S6 N2-adsorption/desorption isotherm of bone char.
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Fig. S7 Pore size distribution of bone char.
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Table S2 Pore characteristic of bone char.

BET Surface Area (m2/g) Total pore volume (cm³/g) Mean pore diameter (nm)

98.3 0.25 10.32

80

85

90

95

100

50 250 450 650

W
ei

gh
t l

os
s 

(%
)

Temperature (ºC)

Fig. S8 TGA of fresh bone char (performed under air)
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Fig. S9 TGA of bone char (performed under air) recovered from reaction mixture. This TGA 

sample was dried before analysis at 120 ºC for 20 h. Therefore, more loss of water cannot be 

seen in the TGA plot.
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Reaction analysis

The analysis glucose reaction mixture and the calibration of standards (glucose, fructose, 

HMF, formic acid levulinic acid, etc.) were performed using HPLC. HPLC equipped with a 

refractive index detector and Shodex Asahipark NH2P-50 4E column was employed for the 

analysis of glucose and fructose. The acetonitrile+water (7:3 v/v) solution was used as the 

mobile phase with a flow rate of 1 mL min-1. The concentration of HMF in the reaction mixture 

was quantified using an ICE-Coregel 87H3 column (operated at 35 ºC). In this case, sulfuric 

acid (8 mM) was used as the mobile phase with a flow rate of 0.6 mL min-1. The calculations 

for glucose conversion, HMF yield and selectivity were mentioned in the ESI (Section 5).

3. Results for the reactions of glucose isomerization and fructose 
dehydration

Table S3 Glucose isomerization to fructose using bone char catalyst.

Entry Bone-Char 
catalyst (g)

Temperature 
(ºC) Time (h) Conversion 

(%)
Fructose 
yield (%)

Selectivity 
(%)

1 Non 90 3 0 0 0

2 0.03 90 3 19 12 63

3 0.05 90 3 27.2 15 55

4 0.1 90 3 32 15 47

5 0.15 90 3 34 15 44

6 0.05 50 3 2 0 0

7 0.05 70 3 17 9 53

8 0.05 110 3 35 13 37

9 0.05 130 3 36 12 33

10 0.05 90 1 21 12 57

11 0.05 90 2 21 13 61

12 0.05 90 4 27 13 48

Reaction Condition: Glucose 0.1 g, H2O 10 mL.
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Table S4 Dehydration of fructose.

Entry C6 Sugar Catalyst Solvent Time (h)
Temp 
(ºC)

Glucose 
Conv. 
(%) 

Fructose 
Conv. 
(%)

HMF 
Yield (%)

1 Fructose – H2O+MIBK 
(1:5 v/v) 0.5 150 – 9 0.7

2 Fructose H2SO4
H2O+MIBK 
(1:5 v/v) 0.5 150 – 85 32

3 Fructose BAIL H2O+MIBK 
(1:5 v/v) 0.5 150 - 84 73

Reaction condition: Fructose 0.5, Catalyst 0.025 g, H2O 5 mL, MIBK 25 mL.

Table S5 Some recent work of glucose dehydration using water as a solvent.

Entry Glucose Catalyst Solvent 
Time 
(h)

Temp 
(ºC)

Glucose 
Conv. 
(%) 

HMF 
Selectivity 
(%)

HMF 
Yield 
(%)

Ref.

1 0.4 g PTSA_PMO 0.2 g, 
AlCl36H2O 0.15 g H2O 16.5 mL 1 140 14.3 8.4 1.2 1

2 10 % FeCl36H2O 1% H2O 6 130 - - 1.7 2

3 10 % AlCl3 1% H2O 5 130 - - 11 2

4 10 % CrCl36H2O 1% H2O 2 130 - - 13 2

5 0.1 g 
NaCl 0.37 g, [MimAM] 
H2PW 30 mol

H2O 12 mL 7.5 160 69.3 10 6.9 3

6 0.01 g Nb0.2-WO3 0.1 g H2O 1 mL 12 120 93 33 31 4

7 0.2 g Bone char 0.05 g, 
BAIL 0.05 g H2O 20 mL 12 170 72 54 39 This 

work
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4. Separation of BAIL from reaction mixture
After completion of the reaction, the collected reaction mixture contains BAIL and bone char 

catalysts. It also contains HMF and some unconverted sugars (fructose and glucose). HMF 

was extracted using MIBK solvent (the BAIL catalyst is not soluble in MIBK), and bone char 

were separated using filtration method. Then from remaining reaction mixture (aqueous layer), 

water was removed using rotavap to get viscous liquid which contains BAIL and some 

unconverted sugars. Then 2 mL of water was added to the viscous liquid which makes IL and 

sugars soluble and decreases viscosity. Afterword 25 mL acetone was added slowly to this 

solution which results in a light white colored solution. The solution is then kept for 20 min in 

static condition results in separation of BAIL from the solution (Fig. S8). The acetone layer 

was decanted leaving BAIL at the bottom of the vial. Next, the BAIL was dried under vacuum 

for 4 h at 80 ºC. Finally, the dried BAIL characterized using 1H NMR spectroscopy (Fig. S9).

Fig. S10 BAIL separated from the reaction solution after 20 min of acetone addition.
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In single experiment around 68% BAIL was recovered for complete extraction of BAIL 

repetition of IL separation experiments are required. As it can be seen from Hammet acidity 

analysis data and NMR data that the recycled BAIL has similar Hammet acidity and NMR 

spectrum like fresh BAIL. This shows that it is stable under reaction condition.

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
Chemical Shift (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
Chemical Shift (ppm)

Recovered IL

Fresh IL

Fig. S11 1H-NMR of fresh and recovered 1-methyl-3-(3-sulfopropyl)-imidazolium hydrogen 

sulfate (acidic IL) from the reaction mixture. Reaction condition: Glucose 0.2 g, bone char 0.1 

g, [C3SO3HMIM][HSO4] 0.1 g, H2O 20 mL, 170 ºC, 3 h.
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5. Calculations
The glucose conversion, HMF yield and selectivity were calculated using following equations:

𝐺𝑙𝑢𝑐𝑜𝑠𝑒 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 (%) =
(𝑤𝑡.  𝑜𝑓 𝑠𝑡𝑎𝑟𝑡𝑖𝑛𝑔 𝑔𝑙𝑢𝑐𝑜𝑠𝑒 ‒ 𝑤𝑡. 𝑜𝑓 𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑔𝑙𝑢𝑐𝑜𝑠𝑒)

𝑤𝑡. 𝑜𝑓 𝑠𝑡𝑎𝑟𝑡𝑖𝑛𝑔 𝑔𝑙𝑢𝑐𝑜𝑠𝑒
𝑥100

𝐻𝑀𝐹 𝑦𝑖𝑒𝑙𝑑 (%) =
𝑤𝑡.  𝐻𝑀𝐹 (𝐻𝑃𝐿𝐶)

𝑤𝑡. 𝑜𝑓 𝐻𝑀𝐹 (𝑡ℎ𝑒𝑜𝑟𝑡𝑖𝑐𝑎𝑙)
𝑥100

 𝐻𝑀𝐹 𝑠𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%) =
𝐻𝑀𝐹 𝑦𝑖𝑒𝑙𝑑

𝐺𝑙𝑢𝑐𝑜𝑠𝑒 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛
𝑥100
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