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Fig. 1 The flow chart of the QSPR research steps
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Table 1 Impact sensitivity values of part of polynitro compounds (IgH,,)

) GA-MLR GA-ANN
No. compound experiment redicted L redicted .
value p deviation P deviation
value value

1 1-methoxy-3,5-dichloro-2,4,6-trinitrobenzene 1.875 1.873 0.002 1.896 -0.021

2 1,3,5-triamino-2,4,6-trinitrobenzene 2.690 2.498 0.192 2.587 0.103

3 2,4,6-trinitrophloroglucinol 1.431 2.100 -0.669 1.473 -0.042

4 3,3'-dihydroxy-2,2',4,4’ 6 ,6'-hexanitrobiphenyl 1.602 1.774 -0.172 1.619 -0.017

5 2,4 ,6-Trinitrobenzyl chloride 1.643 1.899 -0.256 1.682 -0.039

6 2,4,6-Trinitrobenzyl alcohol 1.716 2.149 -0.433 1.797 -0.081

7 1-hydroxyethyl-2 ,4 /6-trinitrobenzene 1.833 2.291 -0.458 1.835 -0.002

8 2,4 ,6-Trinitrobenzoic acid 2.037 1.911 0.126 2.037 0.000

9 1-ethoxy-2,4,6-trinitrobenzene 2.279 2.367 -0.088 2.213 0.066
10 hexanitro benzene 1.079 0.822 0.257 1.078 0.001
11 2',2',2'-trinitroethyl-2 ,4 ,6-trinitrobenzoate 1.380 1.410 -0.030 1.321 0.059
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Table 2 Descriptors obtained by genetic algorithm
descriptor type definition
IC1 topological descriptors information content index( neighborhood symmetry of 1order)
ATSle 2D autocorrelations Broto-Moreau autocorrelation of a topological structure-lag 1/weighted by atomic Sander-
son electronegativities
MATST e 2D autocorrelations Moreau autocorrelation- lag 1/weighted by atomic Sanderson electronegativities
RDFO50v RDF descriptors radial distribution function-5.0/weighted by atomic van der Waals volumes
RTu GETAWAY descriptors R total index / unweighted
R6m, GETAWAY descriptors R maximal autocorrelation of lag 6 / weighted by atomic masses

3.2 GA-MLR #RIfiE T
HoE, iz MLR BF5E GA i i H i 15 38 45 #0129

Tl 22 i B Ak G 4 o AR B 2 ) AT REAE AE I 2R G &R
T TN ZRAR T dl 7 (48 o SR EE 2 e P Tl AT AN
lgH,, =16.268-0.285xIC1-10.656xATS1 e~

1.578xMATS1e+0.031xRDF050 v—

0.037%xRTu+0.326xR6m,

n=129,R* =0.854,Q},, =0.808 ,RMSE=0.195

S,=0.200, F=110.514, P<0.001 (1)
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Table 3 Test results of the coefficients of GA-MLR model

descriptor regreﬁion standard standAarAdized tvalue
coefficient  error coefficient

constant 16.268 0.700 - 23.252
IC1 -0.285 0.080 -0.157 -3.567
ATSle -10.656 0.477 -0.933 -22.355
MATS1 e -1.578 0.191 -0.402 -8.252
RDFO50v 0.031 0.006 -0.251 5.554
RTu -0.037 0.005 -0.366 -7.785
R6m, 0.326 0.139 -0.095 2.349
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Table 4 Main performance parameters of GA-MLR model
and GA-ANN model

model
parameter
GA-MLR GA-ANN

R? 0.854 0.974
RMSE 0.195 0.071
MAE 0.157 0.051
R%,; 0.790 0.740
RMSE 0.215 0.248
MAEgy 0.183 0.197
MAPE/% 11.12 7.98
Qoo 0.808 0.975
Q4 0.796 0.746
Qi 0.791 0.740
Qi 0.731 0.666
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Table 5 Outliers of GA-MLR model determined according to the
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residual

experimental value predicted value residual error

compound standardized residual
2,4 ,6-trinitrophloroglucinol -3.168
2',2'-dinitropropyl-2 ,4 ,6-trinitrobenzoate 3.166

1.431 2.100 -0.669
2.330 1.833 0.497

®6 R\EEFEMN GA-ANN EEHHW R EE

Table 6 Outliers of GA-ANN model determined according to the residual

compound standardized residual experimental value predicted value residual error
2',2'-dinitropropyl-2 ,4 ,6-trinitrobenzoate 4.611 2.330 1.718 0.612
trinitroethyl-bis-( trinitroethoxy ) -acetate -3.619 0.778 1.237 -0.459
N-(2-propyl) -trinitroacetamide -3.149 2.049 2.447 -0.398
bis-(2,2,2-trinitroethyl ) -succinate 3.711 1.477 0.982 0.495
bis-(2,2-dinitropropyl) -carbonate 4.039 2.477 1.940 0.537

X7 REBEEBHEAETHEFREMMNRBETHREE

Table 7 Outliers of predicted model of impact sensitivity determined according to the arm ratio

compound h* h

experimental value

predicted value residual error

hexanitro benzene 0.175 0.232 1.079

1.078 0.001
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Table 8 Comparison between the established models with the existing models

author model data set R? Qioo RMSE¢y+
. GA-MLR 149 0.854 0.808 0.215
this paper GA-ANN(6-8-1) 149 0.974 0.975 0.248
Nefatit?''(1995) ANN(13-2-1) 204 0.794 0.795 0.257
MLR 156 0.771 0.593 0.251

Wang Rui'**/(2008) ANN(16-12-1) 156 0.816 - 0.247

Guillaume Fayet!?*!(2012) MLR 161 0.816 0.793 0.230
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Prediction of Impact Sensitivity of Polynitro Compounds by Artificial Neural Network Based on the Genetic
Algorithm

QIAN Bo-wen, CHEN Li-ping, CHEN Wang-hua
( School of Chemical Engineering, Nanjing University of Science and Technology,Nanjing 210094, China)

Abstract: To obtain the prediction model with higher precision and larger suitable scope for predicting impact sensitivity of polyni-
tro compounds, based on the quantitative structure-property relationship ( QSPR) principle, genetic algorithm ( GA) was adopted
in variable selection and GA-multiple linear regression (MLR) model and GA-artificial neural networks(ANN) model were estab-
lished and employed in research for figuring out the relationship between impact sensitivity and molecular structure of 149 kinds of
polynitro compounds. Two model’s correlation coefficient is 0.854 and 0.974, respectively, the root-mean-square error is 0. 195
and 0.071, respectively and the mean-absolute-error is 0. 157 and 0. 051, respectively. By comparing the models, the results
show that the prediction precision of two models are higher than the existing QSPR model, and GA-ANN model is obviously supe-
rior to GA-MLR model.

Key words: polynitro compounds; impact sensitivity ; predict; genetic algorithm( GA) ; artificial neural network( ANN) ; quantita-
tive structure-property relationship ( QSPR)
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