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Supplementary Methods

1. Determination of KT parameters'

Kamlet-Taft parameters (a, B, and n*) were determined using Nile Red and 4-
nitroaniline as probe molecules. Specifically, the methanol solution of Nile Red and 4-
nitroaniline at a concentration of 1 x 10-3 mol/L was prepared. Then, the appropriate
amount of the solution was placed in a centrifuge tube and heated to remove the
methanol. Subsequently, SIL was added to the centrifuge tube and mixed fully with the
dye. Finally, the solution was poured into a cuvette and the absorption spectrum of the
solution in the range of 350-700 nm was measured using a UV-Vis spectrophotometer.

Using Nile Red as the molecular probe, the values of n* and a were determined

by the following equation.
0= 1.6078

o= 29912

Using 4-nitroaniline as the molecular probe, the value of f was determined by the
following equation.

3580
B=11.134 - AANH2)max _ 1,125 X z*

2. Determination of degree of polymerization (DP) of cellulose?

The DP of the cellulose was measured by using a viscometer in CUEN (copper
(I1) ethylenediamine). Firstly, the 0.5 mol L' CUEN solution was prepared and the
cellulose sample was added to the solution, ensuring that the concentration of the
cellulose/CUEN solution was 0.2 g/100 ml. After the dissolution of the cellulose, the
efflux time was determined by the viscometer. The DP was calculated as follows:

t

t
n="0

., relative viscosity; t, cellulose solution efflux time (s); to,0.5 mol L-'CUEN solution

efflux time (s).
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[n] %

m'= ¢

[n]’, intrinsic viscosity; C’, actual concentration of CUEN solution, [n] X C, determined

corresponding to the value of ..

DP = 190X [n] *

3. Porosity determination?

The prepared cellulose gel was freeze-dried to obtain aerogel. The average
porosity of the aerogel was determined using the ethanol displacement method. Firstly,
pre-weighed aerogel was immersed in anhydrous ethanol at room temperature and
placed in a vacuum oven under reduced pressure (0.1 mPa) for 5 min to ensure that the
ethanol completely penetrated the pores in the aerogel. The weight of the saturated
aerogel was recorded immediately after it was removed from the oven. Finally, the

porosity of the aerogel was calculated according to the following equation.
We - WO
Porosity (%) =— x 100%
pe X VS
Wy (g) and W, (g) are the weights of the aerogel before and after immersion in ethanol,

respectively. p. is the density of ethanol (0.789 g/cm?®) and V; is the volume of the

aerogel (cm?).

4. Electrochemical formula*

Ionic conductivity test of cellulose electrolyte was carried out in the frequency
range of 0.1 HZ to 100 KHz and voltage of 5 mV. Two stainless steel meshes were
placed in parallel with cellulose hydrogel sandwiched between them. The formula for
calculating ionic conductivity was as follows:

L
o =
SXR,

where L is the distance between the two electrodes, S is the contact area between
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the electrolyte and the electrodes, and Rb is the resistance determined by the first
intersection with the real axis.
The capacitance (C), energy density (E), and power density (P) based on the GCD

curves were calculated using the equations.

I %t
C =
VXM

1 2

E x 3600
P=———

tp
where I is the discharge current, V is the potential window during the discharge

after the IR drop, and tp, is the discharge time.
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Table

Table S1. Solubility of cellulose by different SILs

. - Mola'r ra.tl.o Abbreviation | Status | Temp | Type of Cellu@o.se
Cationic Anionic (Cationic: (SIL) (RT) °C) Il solubility
Anionic) ceruiose (wt%)
pBN | Pihanedioic 21 DBN-Ea | Solid | 100 | McC 4.0
DBN Malonic acid 2:1 DBN-Ma Liquid 100 MCC 13.1
DBN Succinic acid 2:1 DBN-Sa Solid 100 MCC 1.5
ppy | Oxalicacid 2:1 DBN-Oad | Solid | 100 | MCC 0.7
dihydrate
DBU Ethﬁg‘o‘c 211 DBU-Ea | Solid | 100 | McCC 42
DBU Malonic acid 2:1 DBU-Ma Liquid 100 MCC 15.2
DBU Succinic acid 2:1 DBU-Sa Solid 100 MCC 2.6
ppy | Oxalicacid 2:1 DBU-Oad | Solid | 100 | MCC 1.4
dihydrate
DBU | Malonic acid 2:1 DBU-Ma | Liquid | 100 CV‘V)S(;’]“ 9.3

Table S2. The Kamlet-Taft parameters of DBU-Ma and DBN-Ma.

Abbreviation *
(SIL) p p-am
DBU-Ma 0.9412 1.3910 0.4498 0.7049
DBN-Ma  0.9154 1.3243 0.4089 0.6838
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Table S3. Dissolving time is required for different MCC concentrations.




MCC concentration 2 wt%

4 wt%

6 wt%

8 wt%

Dissolving time

0.75h

1.5h

3.0h

4.5h

Table S4. Comparison of the present work with mono-acidic IL systems.

Types of Degree of | Temperature | Solubility
Solvents cellulose | polymerization (°C) (Wt%) References
NaOH/H,O MCC 170 6 7.6 5
NaOH/Urea/H,0 f.‘)tto“ 410 0 5 6
inters
ChCl/ZnCl, MCC ; 110 <02 7
Acetamide/urea thton- 517 50 1.03 8
ramie pulp
ChCl/oxalic acid Cotton 575 110 I )
linters
ChCl/imidazole Cotton 575 110 25 10
linters
ChCl/urea ?0“"“ 575 110 1.5 10
inters
ChCl/lactic acid Fibrous i 60 3 X
cellulose
[C4mim]Cl Dissolving 1000 100 10 12
pulp
[Comim]Cl Dissolving 1000 100 5 12
pulp
[Amim][CI] Dissolving i 80 145 13
pulp
[Emim][Ac] Dissolving 500 90 16.3 14
pulp
[Bmim][CI] Dissolving 500 90 9.5 14
pulp
[A2im][CH3COO] MCC 275 30 17.0 E
[A2im][CH3COO] MCC 275 50 19.5 E
[A2im][CH3CH20CH2COO] | MCC 275 30 3.5 E
[A2im][CH3CH20CH2CO0] | MCC 275 50 19.3 E
[A2im][HOCH2COO] MCC 275 30 0.3 E
[A2im][HOCH2COO] MCC 275 50 1.2 E
[N(C4C1)Py][CH30CH2COO] | MCC 275 40 12 E
[N(C4C1)Py][CH30CH2COO] | MCC 275 50 15.2 E
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[DBUH][CH;COCH,

CHC00] MCC 280 100 16 1
[DBUH][CH3;COCH, bamboo
CH2COO0] cellulose 860 100 7 ]
[DBUH][H,NCH,COO] MCC 156 90 1.02 16
[DBUH]
CH.CHONCOO] MCC 156 90 4.94 16
[DBUH][CH,=
CCICO0] MCC 156 90 5.92 16
[DBUH][HSCH,COO] MCC 156 90 7.96 is
[DBUH][CH,CH,COO] MCC 156 90 12.64 i6
[DBUH][CH5COO] MCC 156 90 14.80 i6
[DBUH][CH,=CHCOO] MCC 156 90 15.37 is
[DBUH][HCOO] MCC 156 90 18.92 16
[DBNH][CH,CH,COO] MCC 156 90 12.34 is
[DBNH][CHCOO] MCC 156 90 14.70 16
[DBNH][CH,=CHCOO] MCC 156 90 14.88 i
[DBNH][HCOO] MCC 156 90 17.06 16
DBU-Ma MCC 260 100 15.2 This work
DBN-Ma MCC 260 100 13.1 | This work
DBU-Ma Cotton 685 100 93 | This work
wool
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Scheme S1. The scheme for SILs recycling.
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Figure
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Figure S1. Photographs of eight SILs.
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Figure S2. *C NMR of DBN-Ma and DBU.
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Figure S3. Microscopic photographs of MCC and cotton wool.
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Figure S4. '"H NMR of DBU-Ma of 10 wt% cellobiose and DBU-Ma.
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Figure S5. The mechanism of cellulose dissolution by SILs.
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Figure S6. Photographs and '"H NMR of DBU-Ma and recovered DBU-Ma.
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Figure S7. Solubility of recovered DBU-Ma for cellulose.
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Figure S8. Photographs of adhesion of cellulose solution to bamboo panels (a), the
stress-displacement curves of cellulose solutions to wood (b) and bamboo (c) panels.
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Figure S9. The tensile strengths of the wood panel soaked in water for 3 minutes and

the wood panel without soaking in water.
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Figure S10. The adhesion mechanism of cellulose solutions to different substrates.
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Figure S11. Photographs of regenerated cellulose with different concentrations (a), DP
of regenerated cellulose with different concentrations (b), weight retention rate and
heating time of regenerated cellulose with different concentrations (c), photographs of
DBU-Ma with different heating times (d).
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Figure S12. The stress-strain curves of cellulose films with different cellulose

concentrations.
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Figure S13. The DTG curves of cellulose films with different cellulose concentrations.
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Figure S14. The physical photograph of ZHSC.
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Figure S15. Photographs of 4 wt% and 6 wt% cellulose gels.
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Figure S16. Capacitance of ZHSC-4 and ZHSC-6 at different current densities.
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Figure S17. SEM photographs of 4 wt% and 6 wt% cellulose gels.
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