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Table S1. Information of the chemical materials used in this study.
	Components
	CAS number
	Purity (wt%)
	Suppliers

	Pyridine
	110-86-1
	99.0
	Shanghai Aladdin Biochemical

	m-Cresol
	108-39-4
	99.0
	Shanghai Merck Biochemical

	Cyclohexane
	110-82-7
	99.0
	Shanghai Merck Biochemical

	Oxalic acid
	144-62-7
	99.0
	Shanghai Merck Biochemical

	Citric acid
	77-92-9
	98.0
	Shanghai Merck Biochemical

	p-Toluenesulfonic acid
	104-15-4
	99.0
	Shanghai Merck Biochemical

	Glycerol
	56-81-5
	99.0
	Shanghai Merck Biochemical

	Carbon disulfide
	75-15-0
	99.0
	Shanghai Aladdin Biochemical



Table S2. The composition of actual coal-based crude phenol.
	No.
	Components
	Content/wt%

	1
	Phenol
	18.3

	2
	Cresol
	46.5

	3
	Xylenol
	22.0

	4
	Dimethylpyridine
	7.7

	5
	Aminopyridine
	1.6

	6
	Others
	3.9



Table S3. Names, abbreviations, and CAS numbers of the HBAs studied in this work.
	No.
	Name
	Abbreviation
	CAS number

	1
	Maltose
	MAL
	69-79-4

	2
	Xylitol
	XYL
	87-99-0

	3
	Mannitol
	MAN
	69-65-8

	4
	Sucrose
	SUC
	57-50-1

	5
	Sorbitol
	SOR
	50-70-4

	6
	Erythritol
	ERY
	149-32-6

	7
	Glycerol
	GLY
	56-81-5

	8
	Propylene glycol
	PG
	57-55-6



Table S4. Names, abbreviations, and CAS numbers of the HBDs studied in this work.
	No.
	Name
	Abbreviation
	CAS number

	1
	p-Toluenesulfonic acid
	TSOH
	104-15-4

	2
	Oxalic acid
	OA
	144-62-7

	3
	Citric acid
	CA
	77-92-9

	4
	Propionic acid
	PA
	79-09-4

	5
	Succinic acid
	SA
	110-15-6

	6
	Acetic acid
	AA
	64-19-7

	7
	Formic acid
	FA
	64-18-6

	8
	Glycolic acid
	GA
	79-14-1



Table S5. MPI and polar/nonpolar surface area fractions of PY and MCR.
	Parameter
	PY
	MCR

	MPI (kcal/mol)
	10.78
	10.15

	Polar surface area fraction (%)
	46.84
	41.41

	Nonpolar surface area fraction (%)
	53.16
	58.59



Table S6. Energy decomposition analysis of the interaction between PY and MCR.
	Energy type
	Energy (kcal/mol)

	Total interaction energy
	−11.04

	Electrostatic
	−17.31

	Exchange-repulsion
	22.47

	Orbital
	−9.62

	Dispersion
	−6.58



Table S7. AIM topology analysis of DES-PY complexes at BCPs.
	Complx
	Atom pairs
	No
	ρBCP
	∇2ρBCP
	HBCP
	VBCP

	OA/GLY-PY
	47(H)...29(O)
	64
	0.0068
	0.0244
	0.0009
	−0.0041

	
	19(H)...37(N)
	91
	0.0544
	0.1049
	−0.0118
	−0.0498

	
	46(H)...20(O)
	104
	0.0107
	0.0340
	0.0010
	−0.0065

	CA/GLY-PY
	4(H)...50(N)
	100
	0.0054
	0.0188
	0.0008
	−0.0031

	
	42(H)...50(N)
	114
	0.0965
	0.0470
	−0.0446
	−0.1010

	
	59(H)...20(O)
	129
	0.0065
	0.0224
	0.0008
	−0.0039

	TSOH/CA-PY
	47(H)...48(N)
	82
	0.0885
	0.0650
	−0.0375
	−0.0913

	
	57(H)...32(O)
	101
	0.0132
	0.0450
	0.0015
	−0.0083




Table S8. AIM topology analysis of DES-MCR complexes at BCPs.
	Complx
	Atom pairs
	No
	ρBCP
	∇2ρBCP
	HBCP
	VBCP

	OA/GLY-MCR
	50(H)...31(O)
	60
	0.0030
	0.0120
	0.0006
	−0.0018

	
	50(H)...30(O)
	69
	0.0064
	0.0225
	0.0009
	−0.0039

	
	51(H)...8(O)
	97
	0.0091
	0.0294
	0.0008
	−0.0056

	
	52(H)...8(O)
	113
	0.0373
	0.1259
	−0.0008
	−0.0332

	
	24(H)...37(O)
	118
	0.0073
	0.0241
	0.0007
	−0.0045

	
	18(H)...37(O)
	122
	0.0204
	0.0706
	0.0015
	−0.0145

	CA/GLY-MCR


	65(H)...33(O)
	89
	0.0266
	0.1039
	0.0023
	−0.0214

	
	12(H)...57(C)
	100
	0.0079
	0.0216
	0.0009
	−0.0036

	
	42(H)...50(O)
	113
	0.0304
	0.1067
	0.0008
	−0.0252

	
	13(H)...53(C)
	137
	0.0068
	0.0184
	0.0007
	−0.3217

	
	60(H)...21(O)
	167
	0.0116
	0.0334
	0.0008
	−0.0067

	TSOH/GLY-MCR
	58(H)...22(O)
	75
	0.0063
	0.0206
	0.0007
	−0.0037

	
	56(H)...8(O)
	101
	0.0062
	0.0196
	0.0007
	−0.0035

	
	28(H)...51(C)
	114
	0.0033
	0.0092
	0.0004
	−0.0016

	
	25(H)...55(C)
	154
	0.0070
	0.0197
	0.0008
	−0.0033

	
	47(H)...48(O)
	156
	0.0694
	0.1485
	−0.0182
	−0.0734

	
	63(H)...21(O)
	165
	0.0363
	0.1185
	−0.0009
	−0.0314
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Fig. S1 Effect of water content on extraction performance.
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Fig. S2 Effect of recycle times on extraction performance.
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Fig. S3 Effect of DES reuse cycles on the MCR recovery rate.
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Fig. S4 GC × GC-MS analysis of (a) crude phenol and (b) purified crude phenol.
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Fig. S5 σ-Potential analysis of (a) MCR and PY, and (b) OA, CA, TSOH, and GLY.
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Fig. S6 Color-filled IGMH isosurfaces with an isosurface value of 0.005 and corresponding scatter plots for the PY-MCR complex.
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Fig. S7 Contributions of different attractive interactions terms to the total attractive energy.
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