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Quantitative analysis
Quantitative analysis was performed according to the method described by Wen et al.!

Ico=I(So/61S 26)/2 + 1(Gy) + I(Hys )/2 (S1)

where /g represents the integral value of aromatic ring in lignin; /(S; ¢+S ) 1s the integration of
Sa6 and S'y6; 1(Gy) 1s the integral value of Gy; I(Hys ) 1s the integral value of H, ¢. The integration
was conducted in the same contour level by using MestReNova.

Ix% =Ix/Ic9 x100% (S2)

where I is the integral value of A (p—0—4, '—0—4), B (B-5), and C (B—); S/G ratio was calculated
with the following equation:

S/G rati0=I(Sz/6+S ’2/6)/2/I(G2) (S3)

Enzymatic hydrolysis

The enzymatic hydrolysis was carried out at 50 °C for 72 h in an incubator shaker. The
pretreated solids (2 g) were added to 20 mL of citric acid buffer (50 mM, pH 5.5) and NaN; was
then added to the mixture.

The enzyme loading was 5 mg protein/g solid, with Cellic® CTec2 and HTec2 added at 10:1
volumetric mixing ratio. After the hydrolysis, the enzymes were deactivated by heating the mixture
at 80 °C. The liquid was collected for sugar analysis using high performance liquid chromograph
(HPLC). Glucose yields were calculated according to Equation S4.

) Mass of glucose released after hydrolysis
Glucose yield (%) = : x 0.9 x 100%
Mass of cellulose in pulp (S4)
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Table S1. Composition of biphasic solvent systems

Aqueous phase (Wt%) Organic phase (wt%)
Sample No. NaCl solution

' (PEDGE:(S)A) Total CNSa(l)Cli ” H,O H,0 MIBK

Do 70.0 - - - - 30.0
Dg3 W+ 63.0 - - - 7.0 30.0
D4yWy, 49.0 - - - 21.0 30.0
D3sW3s 35.0 - - - 35.0 30.0
Ds6S14 56.0 14.0 3.5 10.5 - 30.0
D49S7; 49.0 21.0 53 15.7 - 30.0
D4,S5s 42.0 28.0 7.0 21.0 - 30.0
D35S35 35.0 35.0 8.8 26.2 - 30.0
D2sS4, 28.0 42.0 10.5 31.4 - 30.0
D31S49 21.0 49.0 12.3 36.7 - 30.0
D14Ss6 14.0 56.0 14.0 41.9 - 30.0
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Table S2. Thermal behavior of DES with PEG mole fraction (x,,,) varied from 0.1 to 1

XpEG Melting point (Tm, °C) Melting enthalpy (AHm, J/g)
0.1 97.16 565.5
0.3 25.90 38.2
0.5 -63.94 5.0
0.7 -22.09 38.8
0.9 -13.11 105.7
1.0 -10.37 131.2
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Table S3. Viscosity of DES

Sample ? Viscosity [mPa-s]’
PEG 400 63.03
DES +0%H,0 215.17
DES+10%H,0 107.95
DES+20%H,0 28.45
DES+40%H,0 33.38

aIn DES, molar ratio of PEG and OA was 1:1.
bViscosity measured at room temperature.
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Table S4. Xylose conversion under different reaction conditions

Sample No. of Reaction condition Xylose conversion
biphasic solvent Temperature (°C) Time (min) (mol%)
Ds6S14 150 60 93.75+0.44
D4oS5; 150 60 97.33+0.33
Dy42Sog 150 60 96.76+0.81
D35S35 150 60 98.23+1.10
D7sS4r 150 60 97.54+1.03
D3,1S49 150 60 94.19+0.77
D14Ss6 150 60 88.01+1.10
Dy42Sog 160 60 99.92+0.06
D4ySog 140 60 74.93+£2.36
D4S5s 130 60 50.46+0.01
Dy42Sog 150 20 66.45+3.64
D4»Sog 150 40 92.20+2.62
D4,S5s 150 80 99.93+0.05
Dy42Sog 150 100 100.00+0.01
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Table S5. Structural characteristics of lignin by 2D HSQC NMR

L. Lignin interlinkage abundance (%) * )
Lignin type S/G ratio

p-0-4 B-s B-B

PEG-g-lignin 18.25 0.37 2.44 1.47

* Data expressed as per 100 Ar.
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Table S6. NaCl effect on acidity of DES (PEG:0A)

No. DES (Wt%) 25%NaCl solution (Wt%) H,0 (Wt%) pH mV
1 80 20 - 0.68 368
2 60 40 - 0.45 381
3 40 60 - 0.30 390
4 20 80 - 0.16 397
5 80 - 20 1.48 324
6 60 - 40 1.44 326
7 40 - 60 1.45 325
8 20 - 80 1.60 317
9 100 0 - 1.19 340
10 0 100 - 6.52 43
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Table S7. Comparison of furfural production via biphasic systems”

Feedstock Biphasic system Catalyst Teml()o%.;l ture Dl(l;lzzz;) n ;g{;lzf,zl) Ref.
Xylose SBP/H,0 - 190 180 59 2
Birch hydrolysate liquor SBP/H,0 - 190 180 54 3
Xylose EA/ChCL:H,O:PTSA - 130 15 50 3
Xylose 2-MTHF/NaCl solution =~ MC-SnO/NaCl 180 20 53.9 4
Xylose MIBK/H,O AICI;/HCI 160 12 90 3
Xylose Toluene/H,O H,SO, 190 2.5 70 6
Xylan GVL/LiCl-3H,0 LiCI-3H,0 140 120 77.22 7
Corncob Toluene/H,O CrCl;-6H,O/NaCl 140 60 23.88 8
Corn Stover THF/H,O AICl;3-6H,0/NaCl 160 60 55 9
Switchgrass THF/H,0 AlCl;-6H,0/NaCl 160 60 56 10
Pinewood THF/H,0O AlCl3-6H,0/NaCl 160 60 38 10
Poplar THF/H,0O AlCl;-6H,0/NaCl 160 60 64 10
Corn Stalk GVL/H,0 [BMIM]CV/AICI; 140 240 47.96 10
Eucalyptus 2-MTHF/ChCL:LA Aly(SO4)3/H,SO4 150 30 54.7 1
Bamboo GVL/BDO:ChCl Al,(S04)3/H,SO4 130 90 53.81 12
Corncob MIBK/FeCl; solution FeCl; 180 60 73.49 13
Tung hull MIBK/FeCl; solution FeCl; 180 60 69.38 14
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Tung shell MIBK/FeCl; solution FeCl; 180 60 99.86 14
Miscanthusxgiganteus ~ MIBK/FeCl; solution FeCl; 180 60 73.75 14
Eucalyptus MIBK/FeCl; solution FeCl; 180 60 75.18 14
Corncob Toluene/H,O H,SO, 140 10 65.67 14
Corncob DOP/ChCI:0A AlCl5-6H,O/H,SOy4 120 30 46 15
Wheat straw THF/NaCl solution CrPO, 180 90 67 16
Switchgrass MIBK/PEG:OA NacCl 150 60 76.5 This work

* 2-MTHEF: 2-methyltetrahydrofuran; ChCl: Choline chloride; LA: Lactic acid; MIBK: Methyl isobutyl ketone; GVL: y-valerolactone;
BDO: 1,4-butanediol; DOP: Dioctyl phthalate; SBP: 2-sec-butylphenol; PTSA: p-toluenesulfonic acid; EA: Ethyl acetate; THF:
Tetrahydrofuran toluene.
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Table S8. Assignments of ATR-FTIR bands for pulp and switchgrass

Wavenumber (cm™)

Band assignments

Pulp 3346
1611, 1514
1313
1164

1104
1054

777,721

v(O-H): cellulose, lignin
v(C=C): aromatic skeleton stretching of lignin
6(CH,) of crystalline cellulose: wagging; §(CH,): rocking

V,5(C-0-C): bridge of B—(1-4)-glycosidic in crystalline cellulose; v(C-O) of
glucopyranose; v(C-O-C) of carbohydrate; §(C-H) of carbohydrate

v(C-0): H-OOC- from OA, C-O from PEG

v(C-0): primary alcohol of carbohydrate; C-O- ether of cellulose or CH3-O in lignin;
CH;-O- of ester and p—O—4 linkages in lignin

8oop (O-H) of crystalline cellulose

Switchgrass 3361
1606, 1514
1318
1164

1069

986

v(O-H): cellulose, lignin, hemicellulose
v(C=C): aromatic skeleton stretching of lignin
6(CH,) of crystalline cellulose: wagging; §(CH,): rocking

V,s(C-0-C): bridge of B—(1-4)-glycosidic in crystalline cellulose; v(C-O) of
glucopyranose; v(C-O-C) of carbohydrate; §(C-H) of carbohydrate

v(C-0): primary alcohol of carbohydrate; C-O- ether of cellulose or CH3-O in lignin;
CH;-O- of ester and p—O—4 linkages in lignin

8oop (C-H): Deformation in lignin

* v: stretching vibration; v,,: asymmetric stretching vibration; §: in plane deformation; 8,0, out-of-plane bending vibration
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Figure S1. HPLC chromograms of the DES from D,4,S,g before (a, b) and after (c, d) heating at
150 °C for 60 min.
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Figure S2. DES-based biphasic solvent at heating around 120 °C without (a) and with (b) NaCl
solution. (120°C is the maximum limit of the pressure tube. These pictures are used to show the
mixture state under heating and stirring.)
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Figure S3. FTIR spectra of pulp (from D4,S,5) and switchgrass (assignments of bands in Table
S8).
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