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Fig. S1. External standard curve of carbazole, Q, and BQ.
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Fig. S2. 'H NMR spectra of EP1, EP2, and EPs.
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Fig. S3. *C NMR spectra of EP1, EP2, and EPs.
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Table S1. Melting Temperature of the Selected DESs

component 2 mole ratio®  melting temperature (°C) Ref component 2 mole ratio? melting temperature (°C)  Ref
urea 1:2 12 1 citric acid 1:1 69 2
acetamide 1.2 51 1 oxalic acid 1:1 34 2
ethanediol 1:2 -66 1 malonic acid 1:1 10 2
propanetriol 1:2 -40 1 succinic acid 1.1 71 2
benzoic acid 1.1 95 2 p-hydroxybenzoic acid 2:1 47 3
phenylacetic acid 1.1 25 2
a: CC/component 2
Table S2. Physical Properties of DESs at 25 °C
symbol component 2 mole ratio®  viscosity (cP)  conductivity (mS cm™) density (g cm™) surface tension (MN m™)  Ref
DES: urea 1:2 632 0.75 1.24 52.15 1
DES: ethanediol 1:2 36 7.61 1.12 49.23 1
DESs propanetriol 1:2 376 1.05 1.18 55.81 1
DES4 malonic acid 1:1 721 0.55 1.25 65.68 2
DESs phenylacetic acid 1:1 1380 0.296 — 41.86 2

a: CC/component 2

id=1:2

Fig. S4. Physical state of CC/phenylacetic acid with different molar ratio of CC/phenylacetic acid at room temperature.
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Table S3. ABs Detected in LP

peak AB RC peak AB RC
2 toluene 0.60 4 ethylbenzene 0.01
Table S4. Xylenes Detected in LP
peak DAB RC peak DAB RC
6 m-xylene 0.72 12 0-xylene 0.21
Table S5. ETs Detected in LP
peak ET RC peak ET RC
15 1-ethyl-2-toluene 0.01 16 1-ethyl-3-toluene 0.01
Table S6. TABs Detected in LP
peak TAB RC peak TAB RC
18 mesitylene 0.13 43 durene 0.02
25 hemimellitene 0.07 48 1-ethyl-2,4-xylene 0.01
42 isodurene 0.02
Table S7. NSABs Detected in LP
peak NSAB RC peak NSAB RC
11 styrene 0.45 26 prop-1-enylbenzene 0.01
20 prop-1-en-2-ylbenzene 0.03 44 2-vinyl-1,4-benzene 0.02
22 allylbenzene 0.42
Table S8. MSABs Detected in LP
peak MSAB RC peak MSAB RC
34 4-(prop-1-en-2-yl)-1-cresol 0.01 36 1-vinyl-3,5-xylene 0.02
Table S9. NSSMCNCAs Detected in LP and E2
peak NSSMCNCA RCin LP peak NSSMCNCA p RC E
29 indene 5.45 109 fluorene 4.68 2.02
Table S10. ABSMs Detected in LP and E2
. RC
peak ABSB RCin LP peak ABSB L p Es
8 ethynylbenzene 0.01 77 1-ethynyl-3-toluene 0.02
51  but-1-ynylbenzene 0.06 165 1,4-diphenylbuta-1,3-diyne 0.82 0.17
Table S11. Mls Detected in LP
peak Ml RC peak MI RC peak Ml RC
41 3-MlI 0.01 47 2-MlI 0.16 50 1-Ml 0.13
Table S12. MFs Detected in LP and Ez
eak MF RC eak MF RC eak MF RCin LP
P P E P P E2 P
118 2-MF 0.04 005 121 3-MF 0.12 124  4-MF 0.05
120 1-MF  0.25 122 9-MF 0.18 0.03
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Table S13. BAs Detected in LP and E2

RC .
peak BA P E peak BA RCinLP
73 biphenyl 1.11 0.22 153 2-phenylnaphthalene 0.43
Table S14. MBPs Detected in LP and E2
peak MBP RC peak MBP RC peak MBP RCinLP

LP E> LP E>

95 3-MBP  0.30 0.07 96 2-MBP 0.30 0.06 97 4-MBP 0.06

Table S15. DPMs Detected in LP and E2

peak compound p RC E peak compound RCinLP
111 diphenylmethane 0.26 125 2-(4-methylbenzyl)toluene 0.03
119 1-benzyl-3,5-xylene 0.04
Table S16. NSCAs Detected in LP and E2
RC RC
peak NSCA p E peak NSCA P E
55 naphthalene 175 19.82 192 chrysene 0.59
92 biphenylene 480 3.70 194 benz(a)anthracene 1.98
129 phenanthrene 10.57 8.33 196 triphenylene 1.33 0.26
130 anthracene 1.61 202 benzo(k)fluoranthene 0.85
163 fluoranthene 6.98 3.33 203 benzo(j)fluoranthene 1.21
168 pyrene 5,81 251 204 benzo(e)pyrene 0.43
187  benzo(c)phenanthrene 0.27 0.05 205 Perylene 0.66

189 benzo(ghi)fluoranthene  0.29 0.05 206 benz(e)acephenanthrylene 0.91

Table S17. ANs Detected in LP and E2

RC .
peak AN Lp E peak AN RCin LP
60 1-methylnaphthalene 431 131 78 1-ethylnaphthalene 0.02
63 2-methylnaphthalene 198 0.49
Table S18. DMNs Detected in LP and E2
RC RC .
peak DMN P peak DMN P peak DMN RCinLP
80 2,6-DMN 060 0.14 86 16-DMN 0.27 0.03 90 1,3-DMN 0.07
84 2,7-DMN  0.45 87 1,4-DMN 0.04 93 1,7-DMN 0.16
85 1,5-DMN 0.31 89 23-DMN 0.18

Table S19. TMNs Detected in LP

peak TMN RC peak TMN RC peak TMN RC peak TMN RC

101 236-TMN 0.08 103 16,7-TMN 0.06 105 14,6-TMN 0.06 106 1,45-TMN 0.06

Table S20. MPs! Detected in LP and E2

. RC
| |
peak MP RC in E2 peak MP P E
139 1-MP! 0.08 141 2-MP! 0.55 0.07
Table S21. DMPs Detected in LP
peak DMP RC peak DMP RC peak DMP RC
157 1,7-DMP 0.07 158 3,6-DMP  0.05 160 2,5-DMP 0.17
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Table S22. ASAs Detected in LP and E2

peak ASA p RC 5 peak ASA RCin LP
143 2-methylanthracene 0.58 159 2-ethylanthracene 0.14
144 9-methylanthracene 0.27 0.07 162 9,10-dimethylanthracene 0.09

147 9-methylanthracene 0.30

Table S23. MPs!! Detected in LP and E2

peak MP! P RC E, peak MP! RCinLP  peak MP! RCinLP
183 2-MP" 0.22 0.10 184 4-MP" 0.15 185 1-MP! 0.15
Table S24. OMCAs Detected in LP and E2
peak OMCA Lp RC E peak OMCA RCinLP
179 2-methylfluoranthene 0.08 0.11 199 7-methyltetraphene 0.26
198 2-methyltriphenylene 0.11 200 1-methylchrysene 0.12
Table S25. ACAs Detected in LP
peak ACA RC peak ACA RC
74 2-vinylnaphthalene 0.02 175 9-vinylanthracene 0.04
104 2-(prop-1-en-2-yl)naphthalene 0.05
Table S26. SMCCAs Detected in LP and E>
RC RC
peak SMCCA P E peak SMCCA P E
108 1H-phenalene 0.17 181  11H-benzo(a)fluorene  0.48 0.06
146 4H-cyclopenta(def)phenanthrene 1.62 0.48 182 7H-benzo(de)anthracene 0.23
177 7H-benzo(c)fluorene 0.11 201 9H-cyclopenta(a)pyrene 0.22
180 11H-benzo(b)fluorene 0.75 0.15

Table S27. HAs Detected in LP

peak HA RC peak HA RC peak HA RC

27 indane  0.05 33 2-methylindane 0.01 81 acenaphthene 0.06

Table S28. NSAs Detected in LP and E2

RC .
peak NSA Lp E, peak NSA RCin E2
19 phenol 0.26 6.84 155 2-hydroxyfluorene 0.04

Table S29. APs Detected in LP and E2
RC .
peak AP p Es peak AP RC in E2
28 p-cresol 1.54 32 o-cresol 0.41
30 m-cresol 0.18 3.38 49 2-propylphenol 0.04
Table S30. Xylenols Detected in LP and E2
eak xylenol RC eak xylenol RC
P y LP E: P y LP E:
37 2,6-xylenol 0.07 52 2,3-xylenol 0.03 0.18
46 2,4-xylenol 0.07 0.22 54 3,5-xylenol 0.28
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Table S31. HMCASs Detected in LP and E2

peak HMCA RCinLP peak HMCA L p RC E,
110 (fluoren-9-yl)methanol 0.08 115 fluoren-9-ol 0.72 0.12
39 3-phenyl-2-propyn-1-ol 0.24
Table S32. AFs Detected in LP
peak AFs RC  peak AFs RC
24 benzofuran 0.40 40 2-methylbenzofuran 0.06
38 7-methylbenzofuran 0.08 123 1,2-dimethylnaphtho(2,1-b)furan 0.08
Table S33. DBFs Detected in LP and E2
eak compound RC eak compound RC
P P P E P P LP E
100 DBF 291 1.32 113 4-methyldibenzofuran 0.58 0.12
Table S34. NBFs Detected in LP and E2
RC RC
peak NBF p E peak NBF p E

169 naphtho(2,3-b)benzofuran  0.13 0.05 172 naphtho(1,2-b)benzofuran  0.21 0.07

Table S35. OOCAs Detected in LP and E2

peak OOCA ﬁ peak OOCA RCin LP
112  benzo(d)(1,3)dioxole-5-carboxylic acid 0.08 126 4-styrylphenol 0.13
117 biphenyl-4-carboxaldehyde 0.13 174 benzo(kl)xanthene 0.07
Table S36. PTNSAs Detected in LP, E2, EP2, and EPs
RC
peak PTNSA LP Ez EP; EPs
1 pyridine 0.03 0.09

57 quinoline 0.54 25.53 90.39

58 isoquinoline 0.10 1.94

116 2-azafluorene 0.24 1.97

131 benzo(h)quinoline 0.05 1.80 92.03 0.65

134 benzo(f)quinoline 0.05 0.77 5.71

135 5H-indeno(1,2-b)pyridine 0.24

137 benzo(h)isoquinoline 0.39

145 acridine 0.45

164 indeno(1,2,3-ij)isoquinoline 0.11

166 acenaphtho(1,2-b)pyridine 0.19

170 4-azapyrene 0.12

171 naphtho(2,1,8-def)quinoline 0.23

188 benzo(a)acridine 0.05 1.48

190 benzo(c)acridine 0.12 0.11

195 naphtho(2,3-h)quinoline 0.30

197 naphtho(2,1-f)quinoline 0.48
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Table S37. MSPs Detected in LP and E2

RC RC .
peak MSP P 5 peak MSP P E peak MSP RCin E2
3 picoline 0.03 0.11 10 2,6-lutidine 0.01 0.05 17 2,5-lutidine 0.05
5  3-picoline 0.01 0.07 13 3,5-lutidine 0.04 23 2,4,6-collidine 0.09

7  4-picoline 0.14 14 3,4-lutidine 0.21
Table S38. PSPTASs Detected in E2 and EP2
. RC
peak PTSA RCin E2 peak PTSA E EP,
91 3-phenylpyridine 0.05 99 4-phenyl-3-picoline 0.10
94 4-phenylpyridine 0.02 156 2-phenylquinoline 3.02
Table S39. AQs Detected in LP, E2, and EPs3
RC RC
peak AQ P E, Pe AQ LP E2  EPs
62 2-methylquinoline  0.06 0.98 67 3-methylquinoline 0.12 1.08
64 6-methylquinoline  0.02 0.29 68 7-methylquinoline  0.03 0.69
69 8-methylquinoline 0.04 0.12 72 4-methylquinoline 0.03
70 5-methylquinoline 0.05 83 4-ethylquinoline 0.01
Table S40. MI1Qs Detected in E2
peak MIQ RC peak MIQ RC peak MIQ RC
65 1-M1Q 0.10 66 3-MIQ 0.04 76 7-M1Q 0.01
Table S41. DMQs Detected in E2 and EP3
peak DMQ ﬁ peak DMQ RCinE2 peak DMQ RCin E2

71  2,8-DMQ 0.22 0.20 82 2,6-DMQ 0.17 88 2,7-DMQ 0.06

Table S42. MSBQs Detected in E2 and EP2
RC .
peak MSBQ E. EP, peak MSBQ RCin E2

136 3-methylbenzo(f)quinoline 0.28 2.24 154 2 4-dimethylbenzo(h)quinoline 0.02

Table S43. MAs Detected in E>

peak MA RC peak MA RC

140 9-methylacridine 0.02 150 2-methylacridine 0.07
Table S44. Indoles Detected in LP and E2

peak compound P RC E peak compound RCin E2

59 indole 0.29 1.58 75 2-methylindole 0.02
Table S45. CTNSAs Detected in LP, E2, and EP1

RC .

peak CTNSA P E EP; peak CTNSA RC in E2
133 carbazole 1.55 93.33 193 11H-benzo(a)carbazole 0.17

178 6H-benzo(def)carbazole 0.14
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Table S46. MCs Detected in E2 and EP1

peak MC E RC EP, peak MC RCin EP1  peak MC RC in EP1

142 1-MC 011 299 149 4-MC 0.50 152 9-MC 1.14

148 3-MC 0.03 0.65 151 2-MC 0.33
Table S47. ANs'! Detected in LP and Ez

RC .
1 1

peak ANs Lp E, peak ANs RCin Ez2

21 benzonitrile 0.17 0.07 167 phenanthrene-9-carbonitrile 0.06

98 2-naphthonitrile 0.13 0.04 176 anthracene-9-carbonitrile 0.06
Table S48. MBNs Detected in LP

peak MBN RC peak MBN RC
31 4-MBN 0.04 35 2-MBN 0.01
Table S49. ANs'! Detected in LP and E2
RC .
11 - = 11

peak AN Lp E, peak AN RCin E2
45 benzylnitrile 0.01 173  fluorene-9-carbonitrile 0.11
161 2-(naphth-1-yl)acetonitrile 0.14
Table S50. AAs Detected in E>

peak AA RCin E2 peak AA RCin E2

102 7-Quinolinamine 0.05 107 Biphenyl-2-amine 0.08
Table S51. ONCAs Detected in LP, E2, and EP1
peak ONCA ﬁ peak ONCA RC in EP1
53 isonicotinaldehyde 0.03 138 (carbazol-9-yl)methanol 1.06

114  (diazomethylene)dibenzene  0.43

Table S52. NSATPs Detected in LP and E2

RC .
peak NSATP p E peak NSATP RCin LP

56 benzo(b)thiophene 1.32 0.61 132 naphtho(2,3-b)thiophene 0.10
128  naphtho(2,1-b)thiophene  0.03

Table S53. DATPs Detected in LP and E2

RC RC
peak DATP Lp E, peak DATP Lp E,

127 dibenzothiophene 0.86 0.28 186  benzo(b)naphtha(2,3-d)thiophene  0.27 0.06
191  benzo(b)naphtha(2,1-d)thiophene  0.18

Table S54. ASTPs Detected in LP

peak ASTP RC  peak ASTP RC
9 2,5-dimethylthiophene 0.01 79 5-ethylbenzo(b)thiophene 0.02
61 2-methylbenzo(b)thiophene 0.11
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Table S55. Classification of the Compounds Detected in LP, E2, and EP1-EP3

group component

from Table
full name nomenclature
arenes

alkylbenzenes ABs S3
xylenes S4
1-ethyltoluene ETs S5
trialkylbenzenes TABs S6
non-substituted alkenylbenzenes NSABs S7
methyl-substituted alkenylbenzenes MSABs S8
non-substituted single methylene-containing non-condensed arenes ~ NSSMCNCAs S9
alkynyl or butynylene-substituted benzenes ABSBs S10
methylindenes Mls S11
methylfluorenes MFs S12
biaryls BAs S13
methylbiphenyls MBPs S14
dipenylmethanes DPMs S15
non-substituted condensed arenes NSCAs S16
alkylnaphthalenes ANs! S17
dimethylnaphthalenes DMNs S18
trimethylnaphthalenes TMNs S19
methylphenanthrenes MPs! S20
dimethylphenanthrenes DMPs S21
alkyl-substituted anthracenes ASAs S22
methylpyrenes MPs'! S23
other methyl condensed arenes OMCAs S24
alkenyl condensed arenes ACAs S25
single methylene-containing condensed arenes SMCCAs S26
hydroarenes HAs S27
oxygen-containing aromatics OCAs

non-substituted arenols NSAs S28
alkylphenols APs S29
xylenols S30
hydroxymethylene-containing arenes HMCAs S31
arenofurans AFs S32
dibenzofurans DBFs S33
naphthobenzofurans NBFs S34
other oxygen-containing aromatics OOCAs S35
nitrogen-containing aromatics NCAs

pyridine-type non-substituted aromatics PTNSAs S36
methyl-substituted pyridines MSPs S37
phenyl-substituted pyridine-type aromatics MBFs S38
alkylquinolines AQs S39
methylisoquinolines MIQs S40
dimethylisoquinolines DMQs S41
methyl-substituted benzoquinolines MSBQs S42
methylacridines MAs S43
indoles S44
carbazole-type non-substituted aromatics CTNSAs S45
methylcarbazoles MCs S46
arenonitriles ANs" S47
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Table S55. Classification of the Compounds Detected in LP, E2, and EP1-EP3 (Continued)

group component

from Table

full name nomenclature
nitrogen-containing aromatics NCAs
methylbenzonitriles MBNs S48
arenzylnitriles ANs!"! S49
arylamines AAs S50
other nitrogen-containing aromatics ONCAs S51
sulfur-containing aromatics SCAs

non-substituted arenothiphene NSATPs S52
diarenothiphenes DATPs S53
alkyl-substituted thiphenes ASTPs S54
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Table S56. The Number of Molecules in Systems 1-7 during MDSs

number of molecules

system urea ethanediol propanetriol malonic acid  phenylacetic acid  naphthalene quinoline

1 200 15 2

2 200 15 2

3 200 15 2

4 100 15 2

5 100 15 2

6

7 100

The number of CC molecules is 100.

L system 6+~ system 7

0

-7
S
£

214
w
o
Z

-21,

-28,
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Fig. S11. NBIE of systems 6 and 7 before and after adding MA.
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Fig. S12. Radial distribution function plots of the different molecules and/or ions in system 7.
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