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Fig.1 Optimized geometries of 21 nitrogen-rich energetic ionic salts at the M06-2X/6-311++G(3df,3pd) level
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Table 2 Quantum chemical descriptors and OB of 21 nitrogen-rich energetic salts at the M06-2X/6-311++G(3df,3pd) level

2
compounds / Debye /Ez(z/Mo fLeU\A/AO 0B Aniesr Anicsiorz /A/}\/;OIOW 7Ekcal-mo|" )? jveV ;\;V 7Bohr3
1 6.25 -9.16 -2.77 -29.6 -7.23 -12.02 53.04 124.75 9.94 1.92 116.30
2 13.62 -9.16 -1.88 -67.9 -7.02 -12.06 75.94 150.67 9.80 1.26 179.84
3 20.37 -8.49 -1.46 -66.6 -7.18 -11.69 82.04 217.74 9.12 0.82 201.92
4 18.36 -7.38 -1.61 -65.4 -9.67 -11.27 92.30 155.98 8.03 0.78 228.61
5 6.81 -8.37 —2.46 —44.4 -6.84 —-12.44 65.55 129.02 9.08 2.70 158.41
6 11.49 -8.05 -2.39 -44.8 -6.66 -11.80 69.40 260.26 8.77 1.70 167.70
7 16.61 -8.17 -1.46 —45.1 =7.06 -11.83 72.86 163.62 8.86 0.70 168.05
8 10.74 -8.35 -1.64 -48.5 -7.29 -11.08 72.48 180.30 9.05 0.85 172.70
9 9.25 -9.37 -2.07 -68.7 -7.02 -11.97 71.61 119.12 10.02 1.44 168.94
10 18.89 -8.47 -1.83 -68.7 -7.05 -11.19 70.24 197.34 9.12 0.96 171.40
11 17.48 -8.26 -1.72 -67.9 -7.15 -12.15 72.97 197.52 8.91 0.95 176.84
12 11.49 -9.25 -2.13 -54.6 -7.15 -12.00 77.50 118.73 9.97 1.52 185.74
13 10.74 -9.43 -2.21 -54.7 -7.15 -11.90 73.53 112.30 10.10 1.59 175.38
14 10.05 -8.33 -2.10 -56.7 -9.85 -11.53 69.78 100.57 9.01 1.24 163.81
15 10.26 -8.33 -2.10 -56.5 -9.83 -11.43 73.95 97.71 9.01 1.24 172.84
16 13.26 -7.62 -1.77 —-54.7 -9.68 -10.74 84.30 176.98 8.28 1.56 207.73
17 8.35 -8.43 -2.17 -48.3 -9.82 -11.28 72.25 85.72 9.11 1.31 167.87
18 7.69 -8.32 —2.47 -43.9 -6.81 -12.58 62.58 144.80 9.04 1.69 149.79
19 10.41 -8.41 -1.74 -48.3 -7.20 -11.93 70.14 155.38 9.16 0.99 167.02
20 9.26 -8.41 -2.16 -63.2 -9.75 -11.45 85.32 92.00 9.06 2.44 206.10
21 7.67 -7.80 -2.13 -62.8 -9.62 -11.62 86.80 103.77 8.45 2.91 213.89

Note: u: dipole moment; E, energy of the highest occupied molecular orbital; E

Lumo: energy of the lowest unoccupied molecular orbital; OB: oxygen bal-

HOMO *
ance; A

AV,

(0.003) *

index of aromaticity calculated at 1.0 A out of the furazan (furoxan); A index of aromaticity calculated at central of the tetrazole;

NICS(1)F* NICS(0)Z*

available free space per molecule in the unit cell; o_*

: negative electrostatic potential variance; I : vertical ionization potential; A : vertical elec-

tron affinity; a: polarizability.
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23 QSPRIERBIMBENMIEZITAB FENES of the impact sensitivity system

1% BE 5L components  eigenvalue  proportion / % accumulation / %
2.3.1 QSPRIEHBIFE T 1 2366.10 77.15 77.15
W21 S Re s FER o Mg (F e s 1 2 622.66 20.30 97.45
1~17) AR (S RE S FER 18-21) P4, L IS H 3 70.69 2.30 99.75
FRAE , LA OB\ Eomo -~ Eiomo st~ W NICS AV o T FII AfE 4 5.45 0.18 99.93
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Table 4 Molecular structures for six new designed nitrogen-rich energetic salts

structure structure
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Table 5 Quantum chemical descriptors and OB of six new designed nitrogen-rich energetic salts at the M06-2X/6-311++G(3df,

3pd) level
compounds u / Debye Eomo /ev E umo /ev OB Anies(rr ANICS(O)Z Av(o.oosj /A o */ (keal-mol™)? 1, /ev A, / eV «/Bohr’
1 11.56 -8.15 -2.01 -67.1 -9.79 -11.10 83.31 98.52 8.83 1.16 195.79
2 19.24 —7.44 -1.63 -63.2 -9.67 -11.96 89.87 167.74 8.10 0.86 219.66
3 7.85 -8.29 -2.11 -54.8 -9.83 -12.41 84.34 81.40 8.96 1.26 201.10
4 12.83 -8.67 -1.59 -64.9 -7.19 -11.54 70.54 189.33 9.33 0.96 173.11
5 13.41 -8.55 -1.46 -64.3 -7.10 -11.53 74.35 186.21 9.19 0.84 181.80
6 11.77 -8.63 -1.47 -63.8 -6.96 -11.17 74.35 142.13 9.25 0.85 185.43
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Application of Support Vector Machine in Quantitative Structure-Property Relationship Study of Impact
Sensitivity for Nitrogen-Rich Energetic lonic Salts

ZHANG Yun-ling'?, BAl Yang®
(1. International Education College, Beijing Vocational college of Agriculture , Beijing 100012, China; 2. Key Laboratory of Cluster Science , Ministry of

Education of China, School of Chemistry and Chemical Engineering ; Beijing Institute of Technology , Beijing 100081, China)

Abstract: In order to study the relationship between impact sensitivity (1S) and molecular structure of nitrogen-rich energetic ion-
ic salts,the configuration optimization and quantum chemical parameter calculation of 21 kinds of energetic ionic salts were car-
ried out at the M06-2X/6-311++G (3df, 3pd) level, in which the energy of the highest occupied molecular orbital (E,,,.) » the
energy of the lowest unoccupied molecular orbital (E,,,,), the total dipole moment (w), the polarizability (a), the oxygen bal-
ance (OB), the Nuclear Independent Chemical Shift (NICS) , the available free space (AV), the variance of electrostatic poten-
tial value on the van der Waals molecular surface (o?), the ionization potential (1) and the electron affinity (A) were used as de-
scriptors. The quantitative structure-property relationship study (QSPR) between these descriptors and IS, with the correlation co-
efficient and root-mean-square error were 0.98 and 0.11, respectively, was built by principal component analysis (PCA) com-
bined with support vector machine (SVM). The QSPR was used to predict the IS of six newly designed nitrogen-rich energetic
that the (17-35 J)) designed based on
bis-heterocycle-substituted 1,2, 3-triazole (HTANFT) is higher than that of the traditional explosive TNT (15 J), which indicates
that the three energetic ion salts designed based on HTANFT are potential ideal insensitive energetic materials.

jon salts. It is found impact sensitivity of the three energetic ion salts

Key words: nitrogen-rich energetic ionic salts; impact sensitivity (1S) ; quantitative structure-property relationship (QSPR) ; support
vector machine (SVM) ;principal component analysis (PCA)
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