
S1 

 

Supporting Information for 

Prediction of the phase transition temperatures of functional 

nanostructured liquid crystals: machine learning method 

based on small data for the design of self-assembled materials 

Shingo Takegawa,ab Haruka Tobita,c Yasuhiko Igarashi,d Yuya Oaki*c and Takashi 

Kato*abe 

a Department of Chemistry and Biotechnology, School of Engineering, The University of Tokyo, Hongo, Bunkyo-ku, 

Tokyo 113-8656, Japan 

b Research Institute for Interdisciplinary Science, Okayama University, Tsushima-naka, Kita-ku, Okayama 700-8530, 

Japan 

c Department of Applied Chemistry, Faculty of Science and Technology, Keio University, Hiyoshi, Kohoku-ku, 

Yokohama, Kanagawa 223-8522, Japan 

d Faculty of Engineering, Information and Systems, University of Tsukuba, Tennodai, Tsukuba, Ibaraki 305-8573, Japan 

e Institute for Aqua Regeneration, Shinshu University, Asahi, Matsumoto, Nagano 390-8621, Japan 

*E-mail: t-tkato@g.ecc.u-tokyo.ac.jp (T. Kato), oakiyuya@applc.keio.ac.jp (Y. Oaki) 

 

 

 

 

 

 

 

 

 

 

Supplementary Information (SI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2025



S2 

Table of contents: 

1. Experimental section----------------------------------------------------------------S4 

2. Training and test dataset-----------------------------------------------------------S5 

Scheme S1 Molecular structures of the cationic moieties of the ionic liquid 

crystals in the training dataset--------------------------------------------------------S5 

Scheme S2 Molecular structures of the cationic moieties of the ionic liquid 

crystals in the test dataset-------------------------------------------------------------S6 

Scheme S3 Molecular structures of the aliphatic moieties of the ionic liquid 

crystals in the dataset------------------------------------------------------------------S7 

Scheme S4 Molecular structures of the terminal moieties of the ionic liquid 

crystals in the dataset------------------------------------------------------------------S7 

Scheme S5 Molecular structures of the anionic moieties of the ionic liquid 

crystals in the dataset------------------------------------------------------------------S7 

Table S1 Ionic liquid crystals in the training dataset------------------------------S8 

Table S2 Ionic liquid crystals in the test dataset---------------------------------S10 

Table S3 SMILES codes of ionic liquid crystals in the training dataset-------S11 

Table S4 SMILES codes of ionic liquid crystals in the test dataset------------S13 

3. Correlation coefficients between explanatory variables--------------------S14 

Fig. S1 Correlations among the explanatory variables of the ionic liquid crystals 

in the training dataset----------------------------------------------------------------S14 

4. Five-fold cross validation---------------------------------------------------------S15 

Table S5 Coefficients of explanatory variables of the five constructed models 

in the five-fold cross validation----------------------------------------------------S15 

Table S6 RMSE values for the training and test data in the five-fold cross 



S3 

validation-----------------------------------------------------------------------------S15 

Fig. S2 Relationship between the measured and predicted isotropization 

temperatures in the five-fold cross validation for the training data and test 

data------------------------------------------------------------------------------------S16 

5. References---------------------------------------------------------------------------S17 

 

  



S4 

1. Experimental section 

Data preparation 

The phase transition temperatures of ILCs were collected from literature.a-w The 

molecular structures of ILCs were manually divided into four parts, namely aliphatic, 

cationic, terminal, and anionic moieties. The explanatory variables of each moiety were 

calculated by Spartan’ 18. The three-dimensional models of molecules were constructed 

in Spartan’ 18 software and the structures were optimized by the Merck molecular force 

field (MMFF) and then DFT (B3LYP/6-31G(d,p)). The values of explanatory variables 

were calculated based on the optimized structures on Spartan’ 18.  

Exhaustive search with linear regression (ES-LiR) analysis 

ES-LiR analysis was implemented by Python 3.7.16. The linear regression models were 

constructed by all combinations of xn (2
15–1). The coefficients of all the constructed 

models were visualized in the weight diagram with sorting in the ascending order of the 

CVE value. Each column represents the model constructed. The color of each explanatory 

variable indicates the magnitude of coefficients in the regression models for all training 

dataset. The explanatory variables that were not used in the regression are shown in white. 
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2. Training and test dataset 

 

 

Scheme S1 Molecular structures of the cationic moieties of the ionic liquid crystals in the training 

dataset. 
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Scheme S2 Molecular structures of the cationic moieties of the ionic liquid crystals in the test dataset. 
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Scheme S3 Molecular structures of the aliphatic moieties of the ionic liquid crystals in the dataset. 

 

 

 

 

Scheme S4 Molecular structures of the terminal moieties of the ionic liquid crystals in the dataset. 

 

 

 

 

 

Scheme S5 Molecular structures of the anionic moieties of the ionic liquid crystals in the dataset. 
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Table S1 Ionic liquid crystals in the training dataset 

No. Aliphatic 

moiety 

Cationic 

moiety 

Anionic 

moiety 

Terminal 

moiety 

TIso 

(°C) 

Type of cationic 

moiety 

Reference 

1 Aliphatic 1(8) Cation 1 BF4
– Alkyl 133 Imidazolium a 

2 Aliphatic 1(12) Cation 1 BF4
– Alkyl 183 Imidazolium a 

3 Aliphtic 2 Cation 2 BF4
– Acrylate 50 Imidazolium b 

4 Aliphtic 2 Cation 1 BF4
– Acrylate 5 Imidazolium b 

5 Aliphatic 1(6) Cation 1 BF4
– Alkyl 32 Imidazolium c 

6 Aliphatic 1(10) Cation 1 BF4
– Alkyl 162 Imidazolium c 

7 Aliphatic 1(14) Cation 1 BF4
– Alkyl 185 Imidazolium c 

8 Aliphatic 1(16) Cation 1 BF4
– Alkyl 177 Imidazolium c 

9 Aliphatic 1(18) Cation 1 BF4
– Alkyl 148 Imidazolium c 

10 Aliphatic 1(8) Cation 1 PF6
– Alkyl 78 Imidazolium d 

11 Aliphatic 1(12) Cation 1 PF6
– Alkyl 151 Imidazolium d 

12 Aliphatic 1(16) Cation 1 PF6
– Alkyl 167 Imidazolium d 

13 Aliphatic 1(18) Cation 1 PF6
– Alkyl 161 Imidazolium d 

14 Aliphatic 1(8) Cation 1 OTf– Alkyl 1 Imidazolium d 

15 Aliphatic 1(12) Cation 1 OTf– Alkyl 63 Imidazolium d 

16 Aliphatic 1(16) Cation 1 OTf– Alkyl 117 Imidazolium d 

17 Aliphatic 1(18) Cation 1 OTf– Alkyl 119 Imidazolium d 

18 Aliphatic 1(8) Cation 1 TFSI– Alkyl 2 Imidazolium d 

19 Aliphatic 1(12) Cation 1 TFSI– Alkyl 37 Imidazolium d 

20 Aliphatic 1(16) Cation 1 TFSI– Alkyl 60 Imidazolium d 

21 Aliphatic 1(18) Cation 1 TFSI– Alkyl 77 Imidazolium d 

22 Aliphatic 1(12) Cation 3 BF4
– Alkyl 174 Imidazolium d 

23 Aliphatic 1(12) Cation 3 PF6
– Alkyl 155 Imidazolium d 

24 Aliphatic 1(12) Cation 3 OTf– Alkyl 85 Imidazolium d 

25 Aliphatic 1(12) Cation 3 TFSI Alkyl 51 Imidazolium d 

26 Aliphatic 1(10) Cation 4 BF4
– Alkyl 82 Ammonium e 

27 Aliphatic 1(12) Cation 4 BF4
– Alkyl 126 Ammonium e 

28 Aliphatic 1(14) Cation 4 BF4
– Alkyl 142 Ammonium e 

29 Aliphatic 3(12) Cation 4 BF4
– Diene 19 Ammonium f 

30 Aliphatic 2 Cation 4 BF4
– Acrylate 2 Ammonium f 

31 Aliphatic 1(10) Cation 5 BF4
– Alkyl 194 Ammonium g 

32 Aliphatic 1(12) Cation 5 BF4
– Alkyl 206 Ammonium g 

33 Aliphatic 1(14) Cation 5 BF4
– Alkyl 202 Ammonium g 

34 Aliphatic 1(10) Cation 6 BF4
– Alkyl 82 Ammonium g 

35 Aliphatic 1(12) Cation 6 BF4
– Alkyl 80 Ammonium g 

36 Aliphatic 1(14) Cation 6 BF4
– Alkyl 91 Ammonium g 

37 Aliphatic 1(10) Cation 7 BF4
– Alkyl 164 Phosphonium g 

38 Aliphatic 1(12) Cation 7 BF4
– Alkyl 181 Phosphonium g 

39 Aliphatic 1(14) Cation 7 BF4
– Alkyl 164 Phosphonium g 

40 Aliphatic 1(10) Cation 8 BF4
– Alkyl 48 Phosphonium g 

41 Aliphatic 1(12) Cation 8 BF4
– Alkyl 102 Phosphonium g 

42 Aliphatic 1(14) Cation 8 BF4
– Alkyl 127 Phosphonium g 

43 Aliphatic 1(10) Cation 9 BF4
– Alkyl 66 Phosphonium g 

44 Aliphatic 1(12) Cation 9 BF4
– Alkyl 88 Phosphonium g 

45 Aliphatic 1(14) Cation 9 BF4
– Alkyl 93 Phosphonium g 

46 Aliphatic 1(10) Cation 4 PF6
– Alkyl 58 Ammonium g 

47 Aliphatic 1(12) Cation 4 PF6
– Alkyl 76 Ammonium g 

48 Aliphatic 1(14) Cation 4 PF6
– Alkyl 114 Ammonium g 

49 Aliphatic 1(10) Cation 4 OTf– Alkyl 45 Ammonium g 

50 Aliphatic 1(12) Cation 4 OTf– Alkyl 64 Ammonium g 

51 Aliphatic 1(14) Cation 4 OTf– Alkyl 65 Ammonium g 

52 Aliphatic 1(12) Cation 10 BF4
– Alkyl 196 Ammonium h 

53 Aliphatic 1(12) Cation 10 PF6
– Alkyl 168 Ammonium h 

54 Aliphatic 3(14) Cation 4 BF4
– Diene 28 Ammonium i 

55 Aliphatic 3(10) Cation 11 BF4
– Diene 55 Ammonium j 

56 Aliphatic 3(12) Cation 11 BF4
– Diene 62 Ammonium j 

57 Aliphatic 1(8) Cation 10 BF4
– Alkyl 161 Ammonium k 

58 Aliphatic 1(9) Cation 10 BF4
– Alkyl 173 Ammonium k 
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No. Aliphatic 

moiety 

Cationic 

moiety 

Anionic 

moiety 

Terminal 

moiety 

TIso 

(°C) 

Type of cationic 

moiety 

Reference 

59 Aliphatic 1(10) Cation 10 BF4
– Alkyl 187 Ammonium k 

60 Aliphatic 1(11) Cation 10 BF4
– Alkyl 192 Ammonium k 

61 Aliphatic 1(13) Cation 10 BF4
– Alkyl 197 Ammonium k 

62 Aliphatic 1(14) Cation 10 BF4
– Alkyl 196 Ammonium k 

63 Aliphatic 1(12) Cation 10 OTf– Alkyl 103 Ammonium k 

64 Aliphatic 1(12) Cation 12 BF4
– Alkyl 147 Ammonium k 

65 Aliphatic 1(12) Cation 12 PF6
– Alkyl 104 Ammonium k 

66 Aliphatic 1(12) Cation 12 OTf Alkyl 76 Ammonium k 

67 Aliphatic 1(12) Cation 13 BF4
– Alkyl 101 Ammonium k 

68 Aliphatic 1(12) Cation 13 PF6
– Alkyl 91 Ammonium k 

69 Aliphatic 1(12) Cation 13 OTf– Alkyl 83 Ammonium k 

70 Aliphatic 1(12) Cation 14(4) Br– Alkyl 124 Imidazolium l 

71 Aliphatic 1(12) Cation 14(8) Br– Alkyl 76 Imidazolium l 

72 Aliphatic 1(12) Cation 14(14) Br– Alkyl 65 Imidazolium l 

73 Aliphatic 1(14) Cation 14(3) Br– Alkyl 178 Imidazolium l 

74 Aliphatic 1(14) Cation 14(4) Br– Alkyl 120 Imidazolium l 

75 Aliphatic 1(14) Cation 14(14) Br– Alkyl 78 Imidazolium l 

76 Aliphatic 1(16) Cation 14(3) Br– Alkyl 202 Imidazolium l 

77 Aliphatic 1(16) Cation 14(4) Br– Alkyl 171 Imidazolium l 

78 Aliphatic 1(16) Cation 14(5) Br– Alkyl 118 Imidazolium l 

79 Aliphatic 1(16) Cation 14(6) Br– Alkyl 99 Imidazolium l 

80 Aliphatic 1(16) Cation 14(8) Br– Alkyl 96 Imidazolium l 

81 Aliphatic 1(12) Cation 15(4) Br– Alkyl 109 Imidazolium m 

82 Aliphatic 1(12) Cation 15(5) Br– Alkyl 98 Imidazolium m 

83 Aliphatic 1(14) Cation 15(2) Br– Alkyl 177 Imidazolium m 

84 Aliphatic 1(14) Cation 15(3) Br– Alkyl 180 Imidazolium m 

85 Aliphatic 1(14) Cation 15(4) Br– Alkyl 133 Imidazolium m 

86 Aliphatic 1(14) Cation 15(5) Br– Alkyl 98 Imidazolium m 

87 Aliphatic 1(14) Cation 15(6) Br– Alkyl 96 Imidazolium m 

88 Aliphatic 1(16) Cation 15(2) Br– Alkyl 217 Imidazolium m 

89 Aliphatic 1(16) Cation 15(3) Br– Alkyl 184 Imidazolium m 

90 Aliphatic 1(16) Cation 15(4) Br– Alkyl 148 Imidazolium m 

91 Aliphatic 1(16) Cation 15(5) Br– Alkyl 97 Imidazolium m 

92 Aliphatic 1(18) Cation 15(3) Br– Alkyl 189 Imidazolium m 

93 Aliphatic 1(18) Cation 15(5) Br– Alkyl 92 Imidazolium m 

94 Aliphatic 1(12) Cation 16(2) Br– Alkyl 183 Imidazolium m 

95 Aliphatic 1(12) Cation 16(3) Br– Alkyl 122 Imidazolium m 

96 Aliphatic 1(14) Cation 16(2) Br– Alkyl 189 Imidazolium m 

97 Aliphatic 1(14) Cation 16(4) Br– Alkyl 127 Imidazolium m 

98 Aliphatic 1(10) Cation 17 OTf– Alkyl 80 Guanidinium n 

99 Aliphatic 1(12) Cation 17 OTf– Alkyl 123 Guanidinium n 

100 Aliphatic 1(14) Cation 17 OTf– Alkyl 146 Guanidinium n 

101 Aliphatic 1(16) Cation 17 OTf– Alkyl 156 Guanidinium n 

102 Aliphatic 1(10) Cation 18 OTf– Alkyl 55 Guanidinium n 

103 Aliphatic 1(12) Cation 18 OTf– Alkyl 94 Guanidinium n 

104 Aliphatic 1(14) Cation 18 OTf– Alkyl 108 Guanidinium n 

105 Aliphatic 1(16) Cation 18 OTf– Alkyl 117 Guanidinium n 

106 Aliphatic 1(6) Cation 19 OTf– Alkyl 67 Guanidinium n 

107 Aliphatic 1(8) Cation 19 OTf– Alkyl 79 Guanidinium n 

108 Aliphatic 1(10) Cation 19 OTf– Alkyl 103 Guanidinium n 

109 Aliphatic 1(12) Cation 19 OTf– Alkyl 144 Guanidinium n 

110 Aliphatic 1(14) Cation 19 OTf– Alkyl 163 Guanidinium n 

111 Aliphatic 1(16) Cation 19 OTf– Alkyl 167 Guanidinium n 

112 Aliphatic 1(8) Cation 20 OTf– Alkyl 17 Guanidinium n 

113 Aliphatic 1(10) Cation 20 OTf– Alkyl 64 Guanidinium n 

114 Aliphatic 1(12) Cation 20 OTf– Alkyl 104 Guanidinium n 

115 Aliphatic 1(14) Cation 20 OTf– Alkyl 121 Guanidinium n 

116 Aliphatic 1(16) Cation 20 OTf– Alkyl 131 Guanidinium n 
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Table S2 Ionic liquid crystals in the test dataset 

No. Aliphatic 

moiety 

Cationic 

moiety 

Anionic 

moiety 

Terminal 

moiety 

TIso 

(°C) 

Type of cationic moiety Reference 

test 1 Aliphatic 1(10) Cation 21 HCCCO2
– Alkyl 93 Guanidinium o 

test 2 Aliphatic 1(10) Cation 21 BF4
– Alkyl 173 Guanidinium o 

test 3 Aliphatic 1(10) Cation 21 NO3
– Alkyl 140 Guanidinium o 

test 4 Aliphatic 1(10) Cation 21 Cl– Alkyl 165 Guanidinium o 

test 5 Aliphatic 1(14) Cation 22 BF4
– Alkyl 172 Ammonium p 

test 6 Aliphatic 1(12) Cation 23 Br– Alkyl 137 Ammonium q 

test 7 Aliphatic 1(12) Cation 24 Br– Alkyl 205 Phosphole r 

test 8 Aliphatic 1(12) Cation 24 BF4
– Alkyl 168 Phosphole r 

test 9 Aliphatic 1(12) Cation 24 BPh4
– Alkyl 108 Phosphole r 

test 10 Aliphatic 1(12) Cation 24 OTf– Alkyl 98 Phosphole r 

test 11 Aliphatic 1(12) Cation 25 Br– Alkyl 173 Phosphole r 

test 12 Aliphatic 1(12) Cation 25 BF4
– Alkyl 123 Phosphole r 

test 13 Aliphatic 1(12) Cation 26 Br– Alkyl 140 Phosphole r 

test 14 Aliphatic 1(12) Cation 26 BF4
– Alkyl 129 Phosphole r 

test 15 Aliphatic 1(12) Cation 27 Br– Alkyl 150 Phosphole r 

test 16 Aliphatic 1(12) Cation 28 Br– Alkyl 108 Pyridinium with alkyl chain s 

test 17 Aliphatic 1(12) Cation 28 NO3
– Alkyl 87 Pyridinium with alkyl chain s 

test 18 Aliphatic 1(12) Cation 28 BF4
– Alkyl 59 Pyridinium with alkyl chain s 

test 19 Aliphatic 1(12) Cation 28 PF6
– Alkyl 80 Pyridinium with alkyl chain s 

test 20 Aliphatic 1(12) Cation 29 BF4
– Alkyl 193 π-conjugated imidazolium t 

test 21 Aliphatic 1(12) Cation 29 OTf– Alkyl 95 π-conjugated imidazolium t 

test 22 Aliphatic 1(12) Cation 29 BF4
– Alkyl 191 π-conjugated imidazolium t 

test 23 Aliphatic 1(8) Cation 29 BF4
– Alkyl 205 π-conjugated imidazolium t 

test 24 Aliphatic 1(12) Cation 29 TFSI– Alkyl 86 π-conjugated imidazolium t 

test 25 Aliphatic 1(14) Cation 30 TFA– Alkyl 63 Ammonium u 

test 26 Aliphatic 1(14) Cation 31 BF4
– Alkyl 169 Cyclopropenium u 

test 27 Aliphatic 1(14) Cation 32 BF4
– Alkyl 121 Cyclopropenium u 

test 28 Aliphatic 1(14) Cation 33 Cl– Alkyl 112 Cyclopropenium u 

test 29 Aliphatic 1(12) Cation 34 I– Alkyl 139 Ammonium u 

test 30 Aliphatic 1(12) Cation 35 BF4
– Alkyl 180 Pyridinium v 

test 31 Aliphatic 1(10) Cation 35 PF6
– Alkyl 153 Pyridinium v 

test 32 Aliphatic 1(12) Cation 35 PF6
– Alkyl 170 Pyridinium v 

test 33 Aliphatic 1(14) Cation 35 PF6
– Alkyl 174 Pyridinium v 

test 34 Aliphatic 1(12) Cation 35 SCN– Alkyl 166 Pyridinium v 

test 35 Aliphatic 1(12) Cation 35 C12H25SO3
– Alkyl 118 Pyridinium v 

test 36 Aliphatic 1(12) Cation 35 OTf– Alkyl 105 Pyridinium v 

test 37 Aliphatic 1(10) Cation 35 TFSI– Alkyl 47 Pyridinium v 

test 38 Aliphatic 1(12) Cation 35 TFSI– Alkyl 64 Pyridinium v 

test 39 Aliphatic 1(14) Cation 35 TFSI– Alkyl 69 Pyridinium v 

test 40 Aliphatic 1(12) Cation 36 Cl– Alkyl 128 Imidazolium with naphthalene w 

test 41 Aliphatic 1(12) Cation 36 Br– Alkyl 120 Imidazolium with naphthalene w 

test 42 Aliphatic 1(12) Cation 36 I– Alkyl 103 Imidazolium with naphthalene w 

test 43 Aliphatic 1(12) Cation 36 BF4
– Alkyl 100 Imidazolium with naphthalene w 

test 44 Aliphatic 1(12) Cation 36 PF6
– Alkyl 80 Imidazolium with naphthalene w 

test 45 Aliphatic 1(12) Cation 36 TFSI– Alkyl 52 Imidazolium with naphthalene w 
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Table S3 SMILES codes of ionic liquid crystals in the training dataset 
No. SMILES code of molecule SMILES code of anion 

1 CCCCCCCCOC1=C(OCCCCCCCC)C(OCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 F[B-](F)(F)F 

2 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 F[B-](F)(F)F 

3 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCOC(C=C)=O)C=C(C(OCC[N+]2=CN(C)C=C2)=O)C=C1OCCCCCCCCCCCOC(C=C)=

O 
F[B-](F)(F)F 

4 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCOC(C=C)=O)C=C(C[N+]2=CN(C)C=C2)C=C1OCCCCCCCCCCCOC(C=C)=O F[B-](F)(F)F 

5 CCCCCCOC1=C(C(OCCCCCC)=CC(C[N+]2=C(N(C=C2)C))=C1)OCCCCCC F[B-](F)(F)F 

6 CCCCCCCCCCOC1=CC(C[N+]2=C(N(C=C2)C))=CC(OCCCCCCCCCC)=C1OCCCCCCCCCC F[B-](F)(F)F 

7 CCCCCCCCCCCCCCOC1=C(C(OCCCCCCCCCCCCCC)=CC(C[N+]2=C(N(C=C2)C))=C1)OCCCCCCCCCCCCCC F[B-](F)(F)F 

8 CCCCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 F[B-](F)(F)F 

9 CCCCCCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 F[B-](F)(F)F 

10 CCCCCCCCOC1=C(OCCCCCCCC)C(OCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 F[P-](F)(F)(F)(F)F 

11 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 F[P-](F)(F)(F)(F)F 

12 CCCCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 F[P-](F)(F)(F)(F)F 

13 CCCCCCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 F[P-](F)(F)(F)(F)F 

14 CCCCCCCCOC1=C(OCCCCCCCC)C(OCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 O=S([O-])(C(F)(F)F)=O 

15 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 O=S([O-])(C(F)(F)F)=O 

16 CCCCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 O=S([O-])(C(F)(F)F)=O 

17 CCCCCCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 O=S([O-])(C(F)(F)F)=O 

18 CCCCCCCCOC1=C(OCCCCCCCC)C(OCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 O=S([N-]S(=O)(C(F)(F)F)=O)(C(F)(F)F)=O 

19 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 O=S([N-]S(=O)(C(F)(F)F)=O)(C(F)(F)F)=O 

20 CCCCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 O=S([N-]S(=O)(C(F)(F)F)=O)(C(F)(F)F)=O 

21 CCCCCCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCCCCCC)=CC(C[N+]2=CN(C)C=C2)=C1 O=S([N-]S(=O)(C(F)(F)F)=O)(C(F)(F)F)=O 

22 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[N+]2=C(C)N(C)C=C2)=C1 F[B-](F)(F)F 

23 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[N+]2=C(C)N(C)C=C2)=C1 F[P-](F)(F)(F)(F)F 

24 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[N+]2=C(C)N(C)C=C2)=C1 O=S([O-])(C(F)(F)F)=O 

25 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[N+]2=C(C)N(C)C=C2)=C1 O=S([N-]S(=O)(C(F)(F)F)=O)(C(F)(F)F)=O 

26 CCCCCCCCCCOC1=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=CC(C[N+](CC)(CC)CC)=C1 F[B-](F)(F)F 

27 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[N+](CC)(CC)CC)=C1 F[B-](F)(F)F 

28 CCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=CC(C[N+](CC)(CC)CC)=C1 F[B-](F)(F)F 

29 CCCCCCCCCCCCOC1=C(OCCCCCCCC/C=C/C=C)C=C(C[N+](CC)(CC)CC)C=C1OCCCCCCCC/C=C/C=C F[B-](F)(F)F 

30 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCOC(C=C)=O)C=C(C[N+](CC)(CC)CC)C=C1OCCCCCCCCCCCOC(C=C)=O F[B-](F)(F)F 

31 CCCCCCCCCCOC1=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=CC(C[N+](C)(C)C)=C1 F[B-](F)(F)F 

32 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[N+](C)(C)C)=C1 F[B-](F)(F)F 

33 CCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=CC(C[N+](C)(C)C)=C1 F[B-](F)(F)F 

34 CCCCCCCCCCOC1=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=CC(C[N+](CCC)(CCC)CCC)=C1 F[B-](F)(F)F 

35 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[N+](CCC)(CCC)CCC)=C1 F[B-](F)(F)F 

36 CCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=CC(C[N+](CCC)(CCC)CCC)=C1 F[B-](F)(F)F 

37 CCCCCCCCCCOC1=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=CC(C[P+](C)(C)C)=C1 F[B-](F)(F)F 

38 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[P+](C)(C)C)=C1 F[B-](F)(F)F 

39 CCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=CC(C[P+](C)(C)C)=C1 F[B-](F)(F)F 

40 CCCCCCCCCCOC1=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=CC(C[P+](CC)(CC)CC)=C1 F[B-](F)(F)F 

41 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[P+](CC)(CC)CC)=C1 F[B-](F)(F)F 

42 CCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=CC(C[P+](CC)(CC)CC)=C1 F[B-](F)(F)F 

43 CCCCCCCCCCOC1=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=CC(C[P+](CCC)(CCC)CCC)=C1 F[B-](F)(F)F 

44 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[P+](CCC)(CCC)CCC)=C1 F[B-](F)(F)F 

45 CCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=CC(C[P+](CCC)(CCC)CCC)=C1 F[B-](F)(F)F 

46 CCCCCCCCCCOC1=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=CC(C[N+](CC)(CC)CC)=C1 F[P-](F)(F)(F)(F)F 

47 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[N+](CC)(CC)CC)=C1 F[P-](F)(F)(F)(F)F 

48 CCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=CC(C[N+](CC)(CC)CC)=C1 F[P-](F)(F)(F)(F)F 

49 CCCCCCCCCCOC1=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=CC(C[N+](CC)(CC)CC)=C1 O=S([O-])(C(F)(F)F)=O 

50 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[N+](CC)(CC)CC)=C1 O=S([O-])(C(F)(F)F)=O 

51 CCCCCCCCCCCCCCOC1=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=CC(C[N+](CC)(CC)CC)=C1 O=S([O-])(C(F)(F)F)=O 

52 C[N+](C)(C)C1=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C1 F[B-](F)(F)F 

53 C[N+](C)(C)C1=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C1 F[P-](F)(F)(F)(F)F 

54 CCCCCCCCCCCCCCOC1=C(OCCCCCCCC/C=C/C=C)C=C(C[N+](CC)(CC)CC)C=C1OCCCCCCCC/C=C/C=C F[B-](F)(F)F 

55 C[N+](CC)(CC)CC1=CC(OCCCCCCCC/C=C/C=C)=C(OCCCCCCCCCC)C(OCCCCCCCC/C=C/C=C)=C1 F[B-](F)(F)F 

56 C[N+](CC)(CC)CC1=CC(OCCCCCCCC/C=C/C=C)=C(OCCCCCCCCCCCC)C(OCCCCCCCC/C=C/C=C)=C1 F[B-](F)(F)F 

57 C[N+](C)(C)C1=CC(OCCCCCCCC)=C(OCCCCCCCC)C(OCCCCCCCC)=C1 F[B-](F)(F)F 

58 C[N+](C)(C)C1=CC(OCCCCCCCCC)=C(OCCCCCCCCC)C(OCCCCCCCCC)=C1 F[B-](F)(F)F 

59 C[N+](C)(C)C1=CC(OCCCCCCCCCC)=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=C1 F[B-](F)(F)F 
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No. SMILES code of molecule SMILES code of anion 

60 C[N+](C)(C)C1=CC(OCCCCCCCCCCC)=C(OCCCCCCCCCCC)C(OCCCCCCCCCCC)=C1 F[B-](F)(F)F 

61 C[N+](C)(C)C1=CC(OCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCC)C(OCCCCCCCCCCCCC)=C1 F[B-](F)(F)F 

62 C[N+](C)(C)C1=CC(OCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=C1 F[B-](F)(F)F 

63 C[N+](C)(C)C1=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C1 O=S([O-])(C(F)(F)F)=O 

64 C[N+](C)(CC)C1=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C1 F[B-](F)(F)F 

65 C[N+](C)(CC)C1=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C1 F[P-](F)(F)(F)(F)F 

66 C[N+](C)(CC)C1=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C1 O=S([O-])(C(F)(F)F)=O 

67 C[N+](CC)(CC)C1=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C1 F[B-](F)(F)F 

68 C[N+](CC)(CC)C1=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C1 F[P-](F)(F)(F)(F)F 

69 C[N+](CC)(CC)C1=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C1 O=S([O-])(C(F)(F)F)=O 

70 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C=C(C(OC2=CC=C([N+]3=CN(CCCC)C=C3)C=C2)=O)C=C1OCCCCCCCCCCCC [Br-] 

71 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C=C(C(OC2=CC=C([N+]3=CN(CCCCCCCC)C=C3)C=C2)=O)C=C1OCCCCCCCC

CCCC 
[Br-] 

72 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C=C(C(OC2=CC=C([N+]3=CN(CCCCCCCCCCCCCC)C=C3)C=C2)=O)C=C1OCC

CCCCCCCCCC 
[Br-] 

73 O=C(OC1=CC=C([N+]2=CN(CCC)C=C2)C=C1)C3=CC(OCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCC

CC)=C3 
[Br-] 

74 O=C(OC1=CC=C([N+]2=CN(CCCC)C=C2)C=C1)C3=CC(OCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCC

CCC)=C3 
[Br-] 

75 O=C(OC1=CC=C([N+]2=CN(CCCCCCCCCCCCCC)C=C2)C=C1)C3=CC(OCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCC)C(OC

CCCCCCCCCCCCC)=C3 
[Br-] 

76 O=C(OC1=CC=C([N+]2=CN(CCC)C=C2)C=C1)C3=CC(OCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCC)C(OCCCCCCCC

CCCCCCCC)=C3 
[Br-] 

77 O=C(OC1=CC=C([N+]2=CN(CCCC)C=C2)C=C1)C3=CC(OCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCC)C(OCCCCCCC

CCCCCCCCC)=C3 
[Br-] 

78 O=C(OC1=CC=C([N+]2=CN(CCCCC)C=C2)C=C1)C3=CC(OCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCC)C(OCCCCCC

CCCCCCCCCC)=C3 
[Br-] 

79 O=C(OC1=CC=C([N+]2=CN(CCCCCC)C=C2)C=C1)C3=CC(OCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCC)C(OCCCCC

CCCCCCCCCCC)=C3 
[Br-] 

80 O=C(OC1=CC=C([N+]2=CN(CCCCCCCC)C=C2)C=C1)C3=CC(OCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCC)C(OCCC

CCCCCCCCCCCCC)=C3 
[Br-] 

81 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C=C(COC2=CC=C([N+]3=CN(CCCC)C=C3)C=C2)C=C1OCCCCCCCCCCCC [Br-] 

82 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C=C(COC2=CC=C([N+]3=CN(CCCCC)C=C3)C=C2)C=C1OCCCCCCCCCCCC [Br-] 

83 CCN(C=C1)C=[N+]1C2=CC=C(C=C2)OCC3=CC(OCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=
C3 

[Br-] 

84 CCCCCCCCCCCCCCOC1=CC(COC2=CC=C([N+]3=CN(CCC)C=C3)C=C2)=CC(OCCCCCCCCCCCCCC)=C1OCCCCCCCCCCCC

CC 
[Br-] 

85 CCCCCCCCCCCCCCOC1=CC(COC2=CC=C([N+]3=CN(CCCC)C=C3)C=C2)=CC(OCCCCCCCCCCCCCC)=C1OCCCCCCCCCCC

CCC 
[Br-] 

86 CCCCCCCCCCCCCCOC1=CC(COC2=CC=C([N+]3=CN(CCCCC)C=C3)C=C2)=CC(OCCCCCCCCCCCCCC)=C1OCCCCCCCCCC

CCCC 
[Br-] 

87 CCCCCCCCCCCCCCOC1=CC(COC2=CC=C([N+]3=CN(CCCCCC)C=C3)C=C2)=CC(OCCCCCCCCCCCCCC)=C1OCCCCCCCCC

CCCCC 
[Br-] 

88 CCN(C=C1)C=[N+]1C2=CC=C(C=C2)OCC3=CC(OCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCC)C(OCCCCCCCCCCC

CCCCC)=C3 
[Br-] 

89 CCCN(C=C1)C=[N+]1C2=CC=C(C=C2)OCC3=CC(OCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCC)C(OCCCCCCCCCC
CCCCCC)=C3 

[Br-] 

90 CCCCN(C=C1)C=[N+]1C2=CC=C(C=C2)OCC3=CC(OCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCC)C(OCCCCCCCCC

CCCCCCC)=C3 
[Br-] 

91 CCCCCCCCCCCCCCCCOC1=CC(COC2=CC=C([N+]3=CN(CCCCC)C=C3)C=C2)=CC(OCCCCCCCCCCCCCCCC)=C1OCCCCCC

CCCCCCCCCC 
[Br-] 

92 CCCN(C=C1)C=[N+]1C2=CC=C(C=C2)OCC3=CC(OCCCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCCCC)C(OCCCCCC

CCCCCCCCCCCC)=C3 
[Br-] 

93 CCCCCN(C=C1)C=[N+]1C2=CC=C(C=C2)OCC3=CC(OCCCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCCCC)C(OCCCC

CCCCCCCCCCCCCC)=C3 
[Br-] 

94 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C=C(C(NC2=CC=C([N+]3=CN(CC)C=C3)C=C2)=O)C=C1OCCCCCCCCCCCC [Br-] 

95 CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C=C(C(NC2=CC=C([N+]3=CN(CCC)C=C3)C=C2)=O)C=C1OCCCCCCCCCCCC [Br-] 

96 CCN(C=C1)C=[N+]1C2=CC=C(C=C2)NC(C3=CC(OCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCC)C(OCCCCCCCCCCC

CCCCC)=C3)=O 
[Br-] 

97 CCCCCCCCCCCCCCCCOC1=CC(C(NC2=CC=C([N+]3=CN(CCCC)C=C3)C=C2)=O)=CC(OCCCCCCCCCCCCCCCC)=C1OCCCC

CCCCCCCCCCCC 
[Br-] 

98 O=C(C1=CC(OCCCCCCCCCC)=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=C1)OC2=CC=C(C=C2)/[N+]([H])=C(N(C)C)/N(C)C FC(F)(F)S(=O)([O-])=O 

99 O=C(C1=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C1)OC2=CC=C(C=C2)/[N+]([H])=C(N(C)C)/N

(C)C 
FC(F)(F)S(=O)([O-])=O 

100 O=C(C1=CC(OCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=C1)OC2=CC=C(C=C2)/[N+]([H])=C(

N(C)C)/N(C)C 
FC(F)(F)S(=O)([O-])=O 

101 O=C(C1=CC(OCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCCCC)=C1)OC2=CC=C(C=C2)/[N+

]([H])=C(N(C)C)/N(C)C 
FC(F)(F)S(=O)([O-])=O 

102 O=C(C1=CC(OCCCCCCCCCC)=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=C1)OC2=CC(/[N+]([H])=C(N(C)C)/N(C)C)=CC=C2 FC(F)(F)S(=O)([O-])=O 

103 O=C(C1=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C1)OC2=CC(/[N+]([H])=C(N(C)C)/N(C)C)=C

C=C2 
FC(F)(F)S(=O)([O-])=O 

104 O=C(C1=CC(OCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=C1)OC2=CC(/[N+]([H])=C(N(C)C)/N

(C)C)=CC=C2 
FC(F)(F)S(=O)([O-])=O 

105 O=C(C1=CC(OCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCCCC)=C1)OC2=CC(/[N+]([H])=C(

N(C)C)/N(C)C)=CC=C2 
FC(F)(F)S(=O)([O-])=O 

106 O=C(C1=CC(OCCCCCC)=C(OCCCCCC)C(OCCCCCC)=C1)OC2=CC=C(C=C2)/[N+]([H])=C3N(CCN/3C)C FC(F)(F)S(=O)([O-])=O 

107 O=C(C1=CC(OCCCCCCCC)=C(OCCCCCCCC)C(OCCCCCCCC)=C1)OC2=CC=C(C=C2)/[N+]([H])=C3N(CCN/3C)C FC(F)(F)S(=O)([O-])=O 

108 O=C(C1=CC(OCCCCCCCCCC)=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=C1)OC2=CC=C(C=C2)/[N+]([H])=C3N(CCN/3C)C FC(F)(F)S(=O)([O-])=O 

109 O=C(C1=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C1)OC2=CC=C(C=C2)/[N+]([H])=C3N(CCN/3

C)C 
FC(F)(F)S(=O)([O-])=O 

110 O=C(C1=CC(OCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=C1)OC2=CC=C(C=C2)/[N+]([H])=C3
N(CCN/3C)C 

FC(F)(F)S(=O)([O-])=O 

111 O=C(C1=CC(OCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCCCC)=C1)OC2=CC=C(C=C2)/[N+

]([H])=C3N(CCN/3C)C 
FC(F)(F)S(=O)([O-])=O 

112 O=C(C1=CC(OCCCCCCCC)=C(OCCCCCCCC)C(OCCCCCCCC)=C1)OC2=CC(/[N+]([H])=C3N(CCN/3C)C)=CC=C2 FC(F)(F)S(=O)([O-])=O 

113 O=C(C1=CC(OCCCCCCCCCC)=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=C1)OC2=CC(/[N+]([H])=C3N(CCN/3C)C)=CC=C2 FC(F)(F)S(=O)([O-])=O 

114 O=C(C1=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C1)OC2=CC(/[N+]([H])=C3N(CCN/3C)C)=CC

=C2 
FC(F)(F)S(=O)([O-])=O 

115 O=C(C1=CC(OCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=C1)OC2=CC(/[N+]([H])=C3N(CCN/3

C)C)=CC=C2 
FC(F)(F)S(=O)([O-])=O 

116 O=C(C1=CC(OCCCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCCCC)=C1)OC2=CC(/[N+]([H])=C3

N(CCN/3C)C)=CC=C2 
FC(F)(F)S(=O)([O-])=O 
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Table S4 SMILES codes of ionic liquid crystals in the test dataset 

No. SMILES code of molecule SMILES code of anion 

test 1 [NH2+]=C(N)NC1=CC(OCCCCCCCCCC)=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=C1 [O-]C(C#C)=O 

test 2 [NH2+]=C(N)NC1=CC(OCCCCCCCCCC)=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=C1 F[B-](F)(F)F 

test 3 [NH2+]=C(N)NC1=CC(OCCCCCCCCCC)=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=C1 O=N([O-])=O 

test 4 [NH2+]=C(N)NC1=CC(OCCCCCCCCCC)=C(OCCCCCCCCCC)C(OCCCCCCCCCC)=C1 [Cl-] 

test 5 
CCCCCCCCCCCCCCOC(C=C1C(N([H])C2=CC=C([N+](C)(C)C)C=C2)=O)=C(C(OCCCCCCCCCCCCCC)=C1)OCCCCCCCCCCCC

CC 
F[B-](F)(F)F 

test 6 CCCCCCCCCCCCOC1=C(C(OCCCCCCCCCCCC)=CC(C[N+](C)(C)CC2=CC=CC=C2)=C1)OCCCCCCCCCCCC [Br-] 

test 7 
CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[P+]2(C3=CC=CC=C3)C(C=CS4)=C4C5=C2C=CS5)

=C1 
[Br-] 

test 8 
CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[P+]2(C3=CC=CC=C3)C(C=CS4)=C4C5=C2C=CS5)

=C1 
F[B-](F)(F)F 

test 9 
CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[P+]2(C3=CC=CC=C3)C(C=CS4)=C4C5=C2C=CS5)

=C1 

C1([B-](C2=CC=CC=C2)(C3=CC=CC=C3)C4=CC=

CC=C4)=CC=CC=C1 

test 10 
CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[P+]2(C3=CC=CC=C3)C(C=CS4)=C4C5=C2C=CS5)

=C1 
O=S([O-])(C(F)(F)F)=O 

test 11 
CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[P+]2(C3=CC=CC=C3)C(C(C=CC=C4)=C4S5)=C5C
6=C2C=CC=C6)=C1 

[Br-] 

test 12 
CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[P+]2(C3=CC=CC=C3)C(C(C=CC=C4)=C4S5)=C5C

6=C2C=CC=C6)=C1 
F[B-](F)(F)F 

test 13 
CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[P+]2(C3=CC=CC=C3)C(C(C=CC=C4)=C4S5)=C5C

6=C2C7=C(C=CC=C7)S6)=C1 
[Br-] 

test 14 
CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[P+]2(C3=CC=CC=C3)C(C(C=CC=C4)=C4S5)=C5C

6=C2C7=C(C=CC=C7)S6)=C1 
F[B-](F)(F)F 

test 15 
CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C[P+]2(C3=CC=CC=C3)C(C=C(C4=CC=CC=C4)S5)=

C5C6=C2C=C(C7=CC=CC=C7)S6)=C1 
[Br-] 

test 16 CCCCCCCCCCCCOC1=CC=[N+](C=C1)CC2=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C2 [Br-] 

test 17 CCCCCCCCCCCCOC1=CC=[N+](C=C1)CC2=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C2 O=N([O-])=O 

test 18 CCCCCCCCCCCCOC1=CC=[N+](C=C1)CC2=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C2 F[B-](F)(F)F 

test 19 CCCCCCCCCCCCOC1=CC=[N+](C=C1)CC2=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C2 F[P-](F)(F)(F)(F)F 

test 20 
CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C2=[N+]3C(C4=C(C3)C=CC=C4)=C5N2CC6=C5C=C

C=C6)=C1 
F[B-](F)(F)F 

test 21 
CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C2=[N+]3C(C4=C(C3)C=CC=C4)=C5N2CC6=C5C=C

C=C6)=C1 
O=S([O-])(C(F)(F)F)=O 

test 22 
CCCCCCCCCCCCCCCCOC1=CC(C2=[N+]3C(C4=C(C3)C=CC=C4)=C5N2CC6=C5C=CC=C6)=CC(OCCCCCCCCCCCCCCCC)=C1

OCCCCCCCCCCCCCCCC 
F[B-](F)(F)F 

test 23 CCCCCCCCOC1=C(OCCCCCCCC)C(OCCCCCCCC)=CC(C2=[N+]3C(C4=C(C3)C=CC=C4)=C5N2CC6=C5C=CC=C6)=C1 F[B-](F)(F)F 

test 24 
CCCCCCCCCCCCOC1=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=CC(C2=[N+]3C(C4=C(C3)C=CC=C4)=C5N2CC6=C5C=C

C=C6)=C1 
O=S([N-]S(=O)(C(F)(F)F)=O)(C(F)(F)F)=O 

test 25 O=C(OC1=CC=C([NH3+])C=C1)C2=CC(OCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=C2 O=C([O-])C(F)(F)F 

test 26 
O=C(OC1=CC=C(/[N+]([H])=C2C(N(C)C)=C/2N(C)C)C=C1)C3=CC(OCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCC)C(OCCCC

CCCCCCCCCC)=C3 
F[B-](F)(F)F 

test 27 
O=C(OC1=CC=C(/[N+]([H])=C2C(N(C(C)C)C(C)C)=C/2N(C(C)C)C(C)C)C=C1)C3=CC(OCCCCCCCCCCCCCC)=C(OCCCCCCCCC

CCCCC)C(OCCCCCCCCCCCCCC)=C3 
F[B-](F)(F)F 

test 28 
O=C(C1=CC(OCCCCCCCCCCCCCC)=C(OCCCCCCCCCCCCCC)C(OCCCCCCCCCCCCCC)=C1)OC2=CC=C(C=C2)/[N+]([H])=C3

C(N(CC4=C(OC)C=C(OC)C=C4)CC5=C(OC)C=C(OC)C=C5)=C/3N(CC6=C(OC)C=C(OC)C=C6)CC7=C(OC)C=C(OC)C=C7 
[Cl-] 

test 29 O=C(C1=CC(OCCCCCCCCCCCC)=C(OCCCCCCCCCCCC)C(OCCCCCCCCCCCC)=C1)OC2=CC=C(C=C2)[N+](C)(C)C [I-] 

test 30 CCCCCCCCCCCCOC1=CC([N+]2=CC=CC=C2)=CC(OCCCCCCCCCCCC)=C1OCCCCCCCCCCCC F[B-](F)(F)F 

test 31 CCCCCCCCCCOC1=CC([N+]2=CC=CC=C2)=CC(OCCCCCCCCCC)=C1OCCCCCCCCCC F[P-](F)(F)(F)(F)F 

test 32 CCCCCCCCCCCCOC1=CC([N+]2=CC=CC=C2)=CC(OCCCCCCCCCCCC)=C1OCCCCCCCCCCCC F[P-](F)(F)(F)(F)F 

test 33 CCCCCCCCCCCCCCOC1=CC([N+]2=CC=CC=C2)=CC(OCCCCCCCCCCCCCC)=C1OCCCCCCCCCCCCCC F[P-](F)(F)(F)(F)F 

test 34 CCCCCCCCCCCCOC1=CC([N+]2=CC=CC=C2)=CC(OCCCCCCCCCCCC)=C1OCCCCCCCCCCCC [S-]C#N 

test 35 CCCCCCCCCCCCOC1=CC([N+]2=CC=CC=C2)=CC(OCCCCCCCCCCCC)=C1OCCCCCCCCCCCC CCCCCCCCCCCCS(=O)([O-])=O 

test 36 CCCCCCCCCCCCOC1=CC([N+]2=CC=CC=C2)=CC(OCCCCCCCCCCCC)=C1OCCCCCCCCCCCC O=S([O-])(C(F)(F)F)=O 

test 37 CCCCCCCCCCOC1=CC([N+]2=CC=CC=C2)=CC(OCCCCCCCCCC)=C1OCCCCCCCCCC O=S([N-]S(=O)(C(F)(F)F)=O)(C(F)(F)F)=O 

test 38 CCCCCCCCCCCCOC1=CC([N+]2=CC=CC=C2)=CC(OCCCCCCCCCCCC)=C1OCCCCCCCCCCCC O=S([N-]S(=O)(C(F)(F)F)=O)(C(F)(F)F)=O 

test 39 CCCCCCCCCCCCCCOC1=CC([N+]2=CC=CC=C2)=CC(OCCCCCCCCCCCCCC)=C1OCCCCCCCCCCCCCC O=S([N-]S(=O)(C(F)(F)F)=O)(C(F)(F)F)=O 

test 40 CCCCCCCCCCCCOC(C=C1C[N+]2=CN(C3=CC(C=CC=C4)=C4C=C3)C=C2)=C(C(OCCCCCCCCCCCC)=C1)OCCCCCCCCCCCC [Cl-] 

test 41 CCCCCCCCCCCCOC(C=C1C[N+]2=CN(C3=CC(C=CC=C4)=C4C=C3)C=C2)=C(C(OCCCCCCCCCCCC)=C1)OCCCCCCCCCCCC [Br-] 

test 42 CCCCCCCCCCCCOC(C=C1C[N+]2=CN(C3=CC(C=CC=C4)=C4C=C3)C=C2)=C(C(OCCCCCCCCCCCC)=C1)OCCCCCCCCCCCC [I-] 

test 43 CCCCCCCCCCCCOC(C=C1C[N+]2=CN(C3=CC(C=CC=C4)=C4C=C3)C=C2)=C(C(OCCCCCCCCCCCC)=C1)OCCCCCCCCCCCC F[B-](F)(F)F 

test 44 CCCCCCCCCCCCOC(C=C1C[N+]2=CN(C3=CC(C=CC=C4)=C4C=C3)C=C2)=C(C(OCCCCCCCCCCCC)=C1)OCCCCCCCCCCCC F[P-](F)(F)(F)(F)F 

test 45 CCCCCCCCCCCCOC(C=C1C[N+]2=CN(C3=CC(C=CC=C4)=C4C=C3)C=C2)=C(C(OCCCCCCCCCCCC)=C1)OCCCCCCCCCCCC O=S([N-]S(=O)(C(F)(F)F)=O)(C(F)(F)F)=O 
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3. Correlation coefficients between explanatory variables 

 

 

 

Fig. S1 Correlations among the explanatory variables of the ionic liquid crystals in the training dataset. 
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4. Five-fold cross validation 

In five-fold cross validation, the dataset was randomly divided into five groups. Five models were 

constructed using four groups as training data. The prediction accuracy of the five models was 

evaluated by remaining one group as test data. The average of the RMSE values for test data was 

regarded as cross-validation error. Table S3, S4, and Figure S2 shows the results of the five-fold cross 

validation when using the selected seven descriptors as follow, aliphatic molecular weight (x1), 

cationic molecular weight (x2), log(cationic conformers) (x9), cationic dipole (x12), anion molecular 

weight (x16), anion dipole (x26), and terminal dipole (x33). 

 

Table S5 Coefficients of explanatory variables of the five constructed models in the five-fold cross 

validation 

Explanatory 

variables 
No.1 No.2 No.3 No.4 No.5 

Aliphatic 

MolecularWeight 
22.7 20.7 17.0 20.2 18.6 

Cationic 

Molecular Weight 
–9.0 –9.0 –14.2 –13.6 –12.9 

log(Cationic 

Conformers) 
–28.8 –32.6 –28.7 –26.4 –27.7 

Cationic Dipole 16.2 18.1 21.1 19.7 19.1 

Anion Molecular 

Weight 
–30.9 –29.2 –29.8 –27.5 –28.6 

Anion Dipole –6.2 –10.0 –9.1 –10.7 –9.1 

Terminal Dipole –28.6 –23.9 –25.4 –28.5 –26.4 

 

 

 

Table S6 RMSE values for the training and test data in the five-fold cross validation 

 No.1 No.2 No.3 No.4 No.5 average 

RMSE for 

training data / °C 
21.4 24.0 22.8 24.0 24.8 23.4 

RMSE for 

test data / °C 
32.9 24.0 28.1 23.6 18.7 25.5 
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Fig. S2 Relationship between the measured and predicted isotropization temperatures (TIsos) in the 

five-fold cross validation for the training data (white circle) and test data (red circle). 
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