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Predication on Impact Sensitivity of Polynitroaromatic Compounds using

Principal Componeént Regression

DU Jun-liang', SHU Yuan-jie*; ZHOU Yang®y LUO Ya-jun!,\HU Xiao-li'; BIAN Qing-quan'
(1. Department of Chemistry jand Chemical Engieeringy Mianyang Normal University, Mianyang

Sichuan 621000,China; 2. Institute’of Chemijcdh Materials, CAEP, Mianyang Sichuan 621900,China)

Abstract: A method was introduced {or predicting the impact sensitivity of thirty-six polynitroaromatic compounds
(PNACs) by principal component, regression (PCR). Geometry optimizations and frequency calculations were
carried out for 36 PNACs molecules by means of density functional theory (DFT) at the DFT-6-311+G (d,p)
level. Combining with the topological parameters and the quantum-chemical parameters, six molecular descriptors
close related to lgH 50, including the numbers of nitro group and amido group. aromaticity index NICS (1), the
longest C-NO, bondlength, HOMO (Highest Occupied Molecular Orbital), indicator of —CH ina(0 or 1) were
selected. The PCR with these descriptors was established to predict the impact sensitivity of PNACs. The
predicted data of the PCR were compared with experimental results and those of traditional models established by
the oxygen balace index (OB100). Results show that the coefficient of determination (R?) and Cross Validation of
PCR are 0. 97 and 0. 89,respectively, which of the traditional models is 0. 91 and 0. 33. The PCR is an efficient
tool for predicting impact sensitivity of PNACs.
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Table 1 Molecular descriptors of PNACs selected
NICS(1) £ C—NO, HOMO A IR -C—H
o Lo o %@ PR A
1 2-%3-3,4,5,6- IR H R —8.4021 1.49575 —0.292 4 1 1 1.556 30
2 3.5-THIIE-2.4.6- = ETEH —9.1305 1. 48570 —0.291 3 0 1 1. 88649
3 4, 6- RN R ) —7.9156 1.45132 —0. 298 2 0 0 2.54407
4 2.3, 4-=RYEEH —10.1254 1. 48862 —0.317 3 0 1 1.74819
5 2.4,6-=REFEH R —7.6798 1. 47580 —0.307 3 0 0 1. 63347
6 1.3,5-=FF-2,4,6- =LK —6.1905 1.45157 —0.313 3 0 0 1.43136
7 2,4,6-ZREEEENE —7.6990 1.47173 —0.293 3 1 0 2.24797
8 3.4.5-ZRHFEHE —10.0550 1.48892 —0.313 3 0 1 2.02938
9 2,3,4,5-TUREHEH K —10.1482 1. 48926 —0.329 4 0 1 1.11394
10 2,3,4,6-PUfig K —10.5495 1.49205 —0. 344 4 0 0 1.51851
11 2,3.4,6-TUREHH R —8.0974 1.49679 —0.305 4 1 0 1.61278
12 2,3,4,6-P0fig S H R —10.2602 1.49012 —0.333 4 0 1 1. 27875
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13 2,3,5,6-PUfif 3R e —10.2328 1. 48805 —0.336 4 0 1 1.39794
14  HMX —3.5750 1. 40085 —0.321 4 0 0 1.41497
15 H=mEEIR —10.7244 1.48813 —0.345 3 0 0 2

16 2.4.6- =R EIE B —10. 2080 1. 48043 —0.318 3 0 0 2.27875
17 2,4,6-=f 25K H1 ik —10.2578 1. 48081 —0. 321 3 0 0 2.2833
18 1,3,5-=&HE-2,4,6-=ff 3% —4.0127 1.44023 —0. 281 3 3 0 2.6902
19 FUREEEHR —9.9302 1. 49067 —0. 344 5 0 1 1. 25527
20 WEREEEE —10. 3429 1.48533 —0.324 3 0 1 2.20412
21 RIER —10.0400 1.49429 —0. 362 6 0 0 1.07918
22 2,4,6-=HHEER LR —10. 2244 1. 49099 —0. 310 3 0 1 1.83251
23 2,4,6- =R E P —10.4068 1. 49060 —0. 329 3 0 1 1. 64345
24 2,4,6- =R HEAE —10.1374 1. 48540 —0.329 3 0 0 1.89763
25 2,4,6-=fl LIS —10.5131 1. 48801 —0. 345 3 0 0 2.14613
26 3-IH-2.4,6-=HFENER —8.1747 1.47768 —0. 303 3 1 0 2.14613
27 2.4,6- =R 2 BA —10. 4685 1. 48766 —0. 303 3 0 0 1.89763
28 2,4,6- = HH KRR H R —10.6298 1. 48789 —0.323 3 0 0 1.954 24
29 3,5-T&IE-2,4,6-Z IR —4.7969 1. 46407 —0.279 3 2 0 2.04922
30 2,4,6- RN AR —10.5982 1.48828 —0.330 3 0 0 2.03743
31 2, 4-RHEEIROR —7.5448 1. 45584 —10)286 2 0 0 2.47129
32 FHERER(PA) —9.1195 1. 480,79 —0)316 3 0 0 1.93952
33 TR AR —8.1731 1, 4981 —0.315 5 1 0 1.17609
34 2,4,6-=fHEE R —9.647¢ 1148530 ~0.323 3 0 1 1.716
35 3-EHE-2.4.6-ZREHEIRE —6.9203 1. 46873 +0.292 3 1 0 2.13988
36 1,3-&FE-2,4,6-ZffFK —5.7051 1845923 —0. 280 3 2 0 2.50515
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X, X 1 X;s it A Variables 2, ¥£ Extraction X} if
HE , ¥ £ Number of factors £, F:7EIZFE i A5 H

1E Linear Regression X} 3HHE , {0 A8 & Y AL A
Dependent #%, 4 %5 H 728 & it A Independent £%,7E
Method FHisg B, g Backward 3%, i G 41t
FE X (p<<0. 05) 9 H AL R, 7E Statistics X IHHE . 1%
# Descriptives, Covariance matrix £ Collinearity
Diagnostic , A o 5 G¢ BRI A

iz 47 Linear Regression i3 f2)5 ., HIE T 5Y %
PIAOGH A A8 8 - X0 X0 X X F X, iy 722 4t
A2 55 Y 33 50 B 22 KO 1. 827040, 41048,
—9.050942.03137.1.4796+0. 02022,3. 3667+
0.76489.0.300040.70221.,0. 366 7+0. 49013, H
25 R W3 2 M3k 3.,

2.2
X, XWX X, #HITERD DI
1 Factor Analysis X iEHE, 8 B 28 &8 X,. X,
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Table 2 Linear regression coefficients and their statistics
. , JRPAIT R
BEAL i 1) 2R R t P VIF
B 20. 604 3.490 0.002
X, —0.208 —3.933 0.001 0.098 10. 251
X, —13.257 —3.063 0.005 0.147 6.792
X, —0.336 —7.127 0.000 0.867 1.153
X5 0. 460 5.336 0.000 0.308 3. 244
X —0.145 —1.921 0.067 0.825 1.212
F3 HEMISEIER
Table 3 Collinearity diagnostic criteria
0
B FRIEH SRR WX, iﬁ/f{\ X, X,
1 4.525 1. 000 0 0 0 0 0 1
2 0. 954 2.178 0 0 0 0 22 10
3 0.468 3.108 0 0 0 0 8 78
4 0.039 10.830 0 3 0 77 2 0
5 0.013 18.390 0 17 0 13 24 5
6 1.43E-05 561.715 1 80 1 10 11 5

2 Factor Analysis (I BRIz B 545 R ILFK 4,
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Table 4 Eigenvalue of each principal component, the variance and coefficient

EWA AEE R/ i1/ Y LUAEESS
X, X, X, X5 X
1 2.489 49. 786 49. 786 —0.936 0. 854 0.276 —0.695 0.569
2 1. 022 20. 442 70. 228 0. 247 0.019 0. 862 0.315 0. 344
3 0. 764 15. 282 85.510 0. 088 0. 094 —0.424 0. 368 0. 658
4 0.670 13.407 98.917 —0.159 0.494 —0.016 0.525 —0. 353
5 0. 054 1. 083 100. 00 0.171 0.134 —0.019 —0. 081 —0. 009

2.3 {#EHSPSS Compute Variable d N TEY
MBTEX, XXX X mEFHRERSC .
C,.C,.C, f1C; B91&

£ Compute Variables X} 3E#HE, 4 betay #iy A
Tar-get £21E M #5 4k W 28 8 4. £ Numeric Exp
ression £ A (Y-1. 8270)/0. 41048, Frfb A28 X,
if, 75 Target 240 A bRk B 28 & 44 53 5] A beta X,
betaX,.betaX,.betaX; il betaX, fE£ Numeric Exp-
ression £y A 2E 28 0 oh (X, +9. 0509)/
2.03137.(X,—1.4796)/0. 02022, (X,—3.3667)/
0.76489,(X;—0.3000)/0.70221,(Xs—0.3667)/
0.49013, 2 FE I C: B, 7F Target £2%H7 A F K
DAERE LA A CLCy Cy Cy Fil Cy» 7E Numeérid
Expression £ %y A 2% % & X 40 5 -05036
betaX, + 0. 854betaX, + 0. 276 beta X, —/0. 695beta
X:+ 0. 569betaX;. 0. 247betaX; + 0. 019betaXy +
0. 862beta X, + 0. 315betaX; + 0..344betaX,. 0. 088
betaX; 4+ 0. 094betaX, — 0. 424betaX, + 0. 368beta
X:+0. 658betaX;,—0. 159betaX,+0. 494betaX,—
0. 016betaX,+ 0. 525betaX; — 0. 353betaX;.0.171
betaX,; 4+ 0. 134betaX, — 0. 019betaX, — 0. 081beta
X-:—0. 009betaX;, ANWriz 47 Compute , Variables 53
P T8 CAE RS 2 28 BUbR Ak 1 722 & L 45 bRk B 722 2 A
TR AL
2.4 {# F SPSS Linear Regression & 2 i# 1T £ X
4> EY3 53 #7 . Compute Variable i1 72 f i+ & 7% £ #0
& 3 E

MR T T5 26 K T85 Y6 T A4 1 32 18043 T Il vr
FRuEAl 32 5oy A 7 RE . AFe4 il LA B 8 ik
P& F LA 3 I B T 4 @A, 7E Linear Regression
XTHEHE . ZEFEbetay jit ADependent £, #E#:C,.C,.
C; 7t Alndependent £, [F] 3, 48L& 1 A B A U2
1EIndependent #2JA BY =5 B 4028 w5 T8 N . gy &
IEll:ﬁi/\Cl ﬂ] Cz\Cs *HC47}§%AIE C1 *ﬂ 62\63\64 ﬂ]

Cso EINHERSEHEFE:y= —0.411C, —
0.619C, + 0. 289C;; y = — 0. 411C, — 0. 619C, +
0.289C; + 0.325C,; y = — 0. 410C, — 0. 620C, +

0. 289C;+0. 325C,—0. 314C5. 3 A~ P B9 kR AL 1

ol )9 2 EL W P ¥ <<0. 05,

Compute Variable X ifHE, 4 E, %i A Target
FEAE Sl ¥k 22 4% &, 7F Numeric Expression £=%j A
betay-(—0. 411C, —0. 619C,+0. 289C,) . [, H
2 15 3 betay-(— 0. 411C, — 0. 619C, 4+ 0. 289C, +
0. 325C ) Fll betay-(—0. 410C, — 0. 620C, 4 0. 289C,
+0.325C, —0. 314C) Al = A 3k 2 B B, T E5 .

£ Compute Variable X} i f£. {8 AE, i A
Target £21E 058 25 4 XH{E AL &, 7EFunct ion T3¢
B, ## ABS (Numeric Expression), 8E A
Numeric Expression ¥, S N AE, . [F ¥,
o] Pk = 4 X E AR B AE, f1 AE, ., TE Descriptives
XF U HE , JWIRIE A R AR B AR, AE, Ml AE, A
Variables £, 3K i £ 54k 32 043 81 V3 07 7% 1) 5% 22
YNBSS BN FR E 22 LR 5.

x5 WMUERSEAFRE FRELITEHBMIREE
Table 5 Standardized principal component
regression equation, residuals mean and

standard deviation of the absolute value

AL F D I Nk G2
y'==0.411C, —0. 619C, +0. 289C; 0.5889+0. 62101

¥ ==0.411C,—0. 619C,+0. 289C;+0. 325C, 0.591340. 53694

y'=—0.410C,—0. 620C,+0. 289C;+
0.325C,—0. 314C;

2.5 & F SPSS Bivariate Tt & L,, 1 L.

1& Bivariate Correclations % #5HE . WEHEN 2 &
Y fE A X, X, X, X f X it A Variables £%,
1EOptions % 3EHE , 1 Crossproduct deviation and
covariance, 38 1T Bivariate i # f2 4 L,, = 4. 886,
L =119.667,L;=0. 012, Ly =16. 967 s Lisxs =
14. 3004 Lysxs=6. 967, L Ly Y [ 853 227 J7
ﬂsﬂ 714XiXii\j Xi E@%‘i’g%i{iﬁ*u o
2.6 WARLERSERGTRERARLEERAT
FREAGBERA—BEEDNAFE

FR AL/ Y A 0 ke 2 TR Bt Iy 26 A 43 L iy
W) B e AR AR AL = B3 RN H 7 R Ry y = — 0. 410C,
—0. 620C,4+0. 289C,+0. 325C,—0. 314C;, M 3.3
n 4. C, = — 0. 936betaX, + 0. 854betaX, + 0. 276

0.585540. 53104
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betaX, — 0. 695betaX; + 0. 569betaX,.C, = 0.
betaX; + 0. 019betaX, + 0. 862betaX, + 0.
betaX; + 0. 344betaX;,C; = 0. 088betaX, + 0.
betaX, — 0. 424betaX, + 0. 368betaX; + 0.
betaX,.C,= —0. 159betaX; 4 0. 494betaX,—0. 016
betaX, + 0. 525betaX; — 0. 353betaX,.C; = 0. 171
betaX; + 0. 134betaX, — 0. 019betaX, — 0. 081beta
X5 —0. 009beta Xy, I AUA S b AL 3 43 18119 J7
B IS AR LR LA 7 Y = 0. 151X, —
0.216X,—0. 769X ,+0. 392X;—0. 368X;.
FAFRAEAR 23 R EL b, = 0. 151.6,=—0. 216.b,
—0.769.6,=0. 392 Fl b, = —0. 368 & (1 XI5
b s 4 (2) 35 b0, b, =0. 0305 .6, = —4. 359.b, =

247
315
094
658

—0.413.6,=0.229.b,=—0. 308 Flb,=9. 985 .15 —
e 2R P [l 5 5 FE .Y =9. 985+ 0. 0305X, — 4. 359X,
—0.413X,+0.229X,—0. 308X,

! Lyy
b N T

by =Y — Dbz, (2)
A 0p Dy — M [T UE D5 R A 25 A 1 U R K
by IR AL 1R J5 R A A A A [ UE R 80,
— B [T U5 5 R Y
2.7 RA—MREMEEFFEBN 6 FhIEZ
FLA B A5 20 B — e 2 P [0 09 77 R F50I0 6 bk 25
(38 7 S O 5 SR LU R L3R 6

b (D

F6 MXAHEYETRENIRESHNENEER
Table 6 Comparison of impact sensitivity between experimentation and prediction for test set compounds
N lgHv” lgHsu lgHsu
TR A OB Ry — ; ; T o =
iy & ' CERMED  TRMEE RE MAHRE SURBNED RE MR
31 2, 4- R FE IR 2R —2.000 2.471 2.583 0.112  0.0453 2.334 —0.137 —0.0554
32 FRER (PA) —0. 440 1. 940 2.013 0.073 0.0376 1. 850 —0.090 —0.0464
33 EIRE TN 1. 880 1.176 1. 369 0193 0.1641 0. 789 —0.387 —0.3291
34 2,4, 6- =Tl HIK L E —2.060 1.716 1. 669 50.047 —0.0273 1. 856 0. 140 0.0816
35 3-FH-2,4.6- =W FIRE  —0.810 2. 140 2362 0.222 % 0.1037 1. 965 —0.175 —0.0818
36 1.3-"&H-2,4.6-=MHFIK —1.950 2. 505 2.669 05164 = 0.0655 2.319 —0.186 —0.0743
B2
0. 044 0.109
TP i 1
2.8 EH&REEIMLE 2.8
26}
1976 4%, Kamlet %5 A5 55 B 6 4 25 10 5 1k 7% 24t
N e S sz 3 N S 4 P — ~ pol +
lgH 50 %5 OB oo 2 18] B2 AH OC , BRI IT 38 8% B -2 %D 18t
P ® 1]
XFAE a-H B35 & A& W LA O Y "30 12 14 16 18 20 22 24 26
FEOE 3% B T F O R e )
[OEN 2 aEVEL )
1g(H50):1. 71470. 31081()0 (3) 2.6 [
24+ .
XF T E a-H B I5 B EACS W o I8 B AR R A v 3 22} o 2033 .
o L
AT RL. ﬁﬂ_ ¢
lg(H ) =1.372—0. 2350B, ) S 1o )
§ = 14t
X N=NO, &9 . 454 T Dl
lg(H ;) =1.369—0. 16808, (5) M6 08 10 12 14 1618 20 22 24
P T S IgH (B i)
S T G OB, AR s
00 —ny— 2nC—2n¢
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M
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Fig. 2 Relationship between predicited

values and real ones
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K C—NO, B —0. 413 X A KA +-0. 229 X
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