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Calculation method
The initial configurations were made by packing the solvent species into a rectangular box of size 32 x 40 x 72 Å3 using the PACKMOL package (Martínez et al., 2009). By following the experimental conditions employed for the solvation of cellulose (Cai et al., 2006; Cai and Zhang, 2005; Cai et al., 2007; Cai et al., 2008), the concentrations of MOH and urea were all assigned to be 2 M. Hence, 3080 water molecules, 111 alkali hydroxide molecules (MOH), and 111 urea molecules were initially assigned in the simulation box. The MD simulations were first performed in a canonical (constant NVT) ensemble for 10 ns, and then the production runs were performed in an isothermal-isobaric (constant NPT) ensemble for 5 ns to calculate the appropriate volume. The scale factor was calculated as follows:
		     (S1)
Then, the number of solvent species in the 32 x 40 x 72 Å3 box was changed by multiplying the scale factor by its initial number. The numbers of solvent species in each solvent are shown in Table S3.
 (cavity volume) and  (interaction volume) along with their components,  and , were calculated in 3D-RISM:
									     (S2)
									     (S3)


Table S1. Initial densities and pressures of the solvents used for the 3D-RISM-KH calculations
	solvent
	Density (g/ml)
	Pressure (MPa)

	WO
	1.0143
	532.2

	LO
	1.0740
	536.6

	NO
	1.1102
	612.8

	KO
	1.1409
	722.7

	UO
	1.0500
	646.3

	LU
	1.1057
	433.7

	NU
	1.1399
	806.2

	KU
	1.1637
	925.1




Table S2. Radii of bare ion and ion hydrate (Volkov et al., 1997)
	ion
	Radius of bare ion (Å)
	Radius of ion hydrate (Å)

	Li+
	0.94
	3.82

	Na+
	1.17
	3.58

	K+
	1.49
	3.31



Table S3. Number of solvent species in the simulation boxa recalculated with the scale factor
	solvent
	water
	MOHb
	urea

	WO
	3080.3
	
	

	LO
	3080.3
	111.0
	

	NO
	3080.3
	111.0
	

	KO
	3080.3
	111.0
	

	UO
	2895.4
	
	104.3

	LU
	2926.2
	105.5
	105.5

	NU
	2926.2
	105.5
	105.5

	KU
	2926.2
	105.5
	105.5


a The simulation box has a size of 32 x 40 x 72 Å3 with one molecule of cellulose inside.
b MOH denotes the alkali metal hydroxide including LiOH, NaOH, and KOH.
[bookmark: _Hlk57845415]
Table S4. Excess number of solvent species  () in various solvents.
	solvent
	Water
	LiOH/NaOH/KOH

	WO
	2.3
	

	LO
	1.9
	0.0

	NO
	3.0
	–1.0

	KO
	4.8
	–2.1




Table S5. Cavity volume (), interaction volume (), ideal fluctuation volume (), and partial molar volume () of cellulose in solvents LO, NO, and KO a
	solvent
	
	
	
	
	 b

	LO
	1335.4
	–58.1
	1.7
	1277.4
	162.1

	NO
	1336.7
	–60.7
	1.6
	1276.0
	163.3

	KO
	1339.4
	–58.0
	1.5
	1281.4
	166.1

	WO c
	1330.5
	–67.9
	2.0
	1262.6
	157.2


a . The unit is Å3 per cellulose molecule.
b  is the thermal volume and is calculated from , where =1173.3 Å3.
c Data in solvent WO are given for comparison.


Table S6. Components of  and  in Table S3 a
	solvent
	
	
	
	

	LO
	1321.4
	14.0
	–54.5
	–3.5

	NO
	1290.4
	46.0
	–56.5
	–4.2

	KO
	1260.3
	79.2
	–53.2
	–4.8

	WO b
	1330.5
	–
	–67.9
	–


a The unit is Å3 per cellulose molecule. Values of  and  are shown in Table S2.
b Data in solvent WO are given for comparison.


Table S7. Solvation energy and solvation entropy of cellulose in solvents LO, NO, and KO at 261 K a
	solvent
	
	
	 (
	
	

	LO
	–208.6
	–368.3
(–333.9) [–34.4]
	142.6
(130.4) [12.1]
	–271.6
	–414.1
(–393.0) [–21.1]

	NO
	–203.0

	–366.0
(–341.2) [–24.8]
	162.9
(151.5) [11.4]
	–279.8
	–442.7
(–421.2) [–21.5]

	KO
	–190.3

	–364.8
(–346.1) [–18.7]
	174.6
(162.1) [12.5]
	–289.1
	–463.6
(–438.6) [–25.0]

	WO b
	–214.7
	–361.1
(–361.1)
	146.4
(146.4)
	–253.3
	–399.7
(–399.7)


a  and . The superscripts uv and R denote solute-solvent interaction and solvent reorganization (solvent-solvent interaction), respectively. Numbers in round and square brackets indicate the contributions of water and MOHs, respectively. The unit of energy is kcal per mole of cellulose.
b Data in solvent WO are given for comparison.



Table S8. Chemical potentials of cellulose solvation without () and with () the advanced pressure correction (PC+) in solvents LO, NO, and KO at 261 K a
	solvent
	
	

	LO
	62.9
	139.8

	NO
	76.8
	138.6

	KO
	98.8
	138.1

	WOb
	38.6
	137.5


a The unit of energy is kcal per mole of cellulose.
b Data in solvent WO are given for comparison.
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