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QSAR/QSPR for Predicting the Toxicity of Imidazolium Ionic Liquids

ZHAO Ji-hong', ZHAO Yong-sheng', ZHANG Hong-zhong' ,ZHANG Xiang-ping’

(1. Department of Material and Chemical Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China; 2. Institute
of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: lonic liquids have received lots of attention due to their physical and chemical characteristics. They are honoured the
sustainable “Green Solvent”. In this paper, the QSPR/QSAR ( quantitative structure-property/activity relationships) method was used
to study the quantitative relationship between the toxicity and structure of 43 kinds of imidazolium ionic liquids, 10 kinds of substances
were used to carry out the external test. The model contains six structural descriptors selected from Heuristic Method, and R*, R, , F

and S” of the model were 0.921, 0.894, 70. 35, 0. 098 respectively. Test set was used to conduct external validation, and the R* was
0.952. The result showed that this model had good reliability, and can be used to predict the toxicity of imidazolium ionic liquids.

Key words :ionic liquids; toxicity; QSPR/QSAR; heuristic method ; model
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Fig. 1 Scheme of chemical structures of several

representative ionic liquids
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Table I ~ Comparison between calculated values and

experiment data of training set for imidazolium ionic liquids

5 LA TR CAS & WE S Ak
1 IMi6 Cl 171058-17-6  2.71 2.82 -0.11
2 IMI2C 65039-09-0  4.05 3.86  0.19
3 IMI1-16C 61546-01-8 —0.07 -0.24  0.17
4 IMI5C 171058-22-3  3.24 3.16  0.08
5 IMI9CI 171058-20-1  1.64 1.40  0.24
6 1IMI4 Br 85100-77-2  3.59 3.43  0.16
7 IM26 Br 547719-00-6  2.39  2.00  0.39
8 IMI41 65039-05-6  3.41 3.48 -0.07
9 IM26 BF, 393550-29-3  2.13  2.26 -0.13
10 IM17 BF, 244193-51-9  2.08 2.58 -0.50
11 IMIS BF, 244193-49-5  2.79  3.09 -0.30
12 IMI2 BF, 143314-16-3  3.43  3.44 -0.01
13 IM14 BF, 174501-65-6 ~ 3.12  3.11 0.0l
14 IMIG BF, 244193-50-8  2.46 2.98 -0.52
15 IMI8 BF, 244193-52-0  1.78 1.59  0.19
16 IMI3 BF, 244193-48-4  3.37  3.45 -0.08
17 IM24 BF, 581101-91-9  2.62  3.26 -0.64
18 IMISOH Br 952429-65-1 1.88 2.36  -0.48
19 IM2-10 Br 581101-93-1 1.14 0.53  0.61
20 IM16-2Me BF, 384347-21-1  2.31  1.90  0.41
21 IMI-1Ph BF, 500996-04-3  2.88 2.97 -0.09
22 IMI102 Cl 945996-02-1  4.08 3.60  0.48
23 IM1202 Br 1012793-99-5 3.99  4.14 -0.15
24 IMI20H BF, 374564-83-7  3.65 3.48  0.17
25 IMl14 SCN 344790-87-0  3.67 3.41  0.26
26 IMI12 1C00 143314-17-4  4.13  4.23  -0.10
27 IM14 10,0,080, 595565-54-1  3.45 3.15  0.30
28 IMI6 (CF;S0,),N  382150-50-7 2.46 2.24  0.22
29 IMI2 CF;S0, 145022-44-2  4.10 4.09 0.0l
30 IMI4 (CF;),N 710336-91-7  2.30 2.18  0.12
31 IMI4 (CF,80,),N  174899-83-3 2.85 2.68  0.17
32 IMI8 (CF;80,),N  178631-04-4 1.89 1.64  0.25
33 IM14 4MePhSO, 410522-18-8  3.31 3.19  0.12
34 IMI2 1080, 516474-01-4  4.24  4.20  0.04
35 IMI2 4MePhSO, 328090-25-1 3.59 3.81 -0.22
36 IMI8 80S0; 817575-02-3 1.23  1.53 -0.30
37 IMI2 SCN 331717-63-6  4.15  4.23  -0.08
38 IMI12 8080, 790663-79-5  2.51 3.22 -0.71
39 IMI2 HSO, 412009-61-1  3.92  3.99 -0.07
40 IMLICN (CF;80,),N 937720-90-6  3.71 3.90 -0.19
41 IMI2 180, 145022-45-3  4.04 3.97  0.07

42 IM1301 Cl 1012794-06-7 4.39 4.49 -0.10
43 IM1301 (CF;S0,),N 1015254-36-0 3.53 3.34 0.19

2 HR5ITR
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1884 2N 5%

BEo 34 %

R2 MREBFRESENLEIRES TNELR
Table 2 Comparison between calculated values and experiment data

of test set for imidazolium ionic liquids

W5 AW R CAS 5 BOMAE Sl sk
1 IMI-10 Cl 171058-18-7 1.33 1.3 -0.01
2 IMI8 Cl 64697-40- 1 2.00 2.00 -0.00
3 IM14 Cl 79917-90-1 3.59 3.55 0.04
4 IMI-18 ClI 171058-19-8  -0.41 0.01 —0.42
5 IMI7 Cl 581101-92-0 239 2.53 -0.14
6 IMI9 BF, 244193-55-3 1.44  1.65 -0.21
7 IM1-(1Ph-4Me)Cl 637348-60-8 2.92  2.64 0.28
8 IMI14 CF;S0, 174899-66-2 3.74  3.00 0.74
9 IMl4 10S0, 401788-98-5 3.87 3.21  0.66
10 IMI2 CF,CO0 174899-65-1 393 4.00 -0.07
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Fig. 2 Influences of the number of the descriptors

on the correlation coefficient
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N =43, R* =0.921, R}, = 0.89%,
F =70.35, §* =0.098
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HDCA-2/TMSA > NT, .

R3 SHANRHGHESY

Table 3 Statistic parameters of molecular descriptors

HiARFF RE bR iR 22 t{8

WA -3.3972¢+00  8.8665e —01 -3.8314
2BIC 9.4193e+00  7.7303e -01 12.1849
NA,0 2.0735e-01  4.908 6e —02 4.2243
'siC ~7.7390e =02 2.2499e - 02 -3.4397
Coin. 1t 3.5276e+01  1.803 5¢ +01 1.956 0
HDCA-2/TMSA  -4.4373e+02  1.5367e +02 -2.8876
NT,r 1.5097e +01  6.088 7e +00 2.4795
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AL, BIC 5 i KETHH (n) 20 F SR T
KO (n) , BYBCCR) , B TR AR () 4

"BIC ="1C/log ¢ (2)
k
e = - N Mo, M
IC = 1:21 nlog2 " (3)
*SIC ="1C/log,n (4)
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i R, =0.894 (R* =0.921,5> =0.098) f] %,
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LM ZE R (R 2) X RER =0.952, F =
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Table 4  Correlation matrix of five descriptors
2BIC HDCA-2/TMSA Toin, 1 NA,O IsIc NT,r
2BIC 1
HDCA-2/TMSA 0.398 6 1
Grmin 1 0.3922 0.293 6 1
NA,O 0.1112 0.3037 0.2016 1
sic -0.3429 0.0517 -0.0758 0.7186 1
NT,r 0.2229 0.506 6 0.1733 -0.048 6 -0.0385 1
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