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Table 1 Bond length,bond angle and dihedral angle of HNIW

J - JhT R /A ST M) J BT - R ZHA/(C)
C2 - N1 1.485 Cl -N2-C3 105.34 C3 -N2-Cl -N4 -40.3
C6 - Cl 1.616 N2 - C1 - N4 102. 54 C5 -N4 -C1 -N2 44.6
N13 - N2 1.422 N2 -Cl1 -C6 109.37 C3-N2-Cl-C6 81.5
N22 - N8 1.402 N8 - C9 - N11 116.13 N7 -C6 - C1 —=N2 -116.3
N29 - N11 1.418 Cl - N2 - N13 117. 66 N8 —C6 - C1 —N2 -1.9
C3-C2 1.569 N2 -NI13 - 014 117.11 N11 -C9 - N8 - C6 90.2
N11 -C9 1.467 N2 - N13 - 015 117.33 C10 - N7 - C6 - N8 -34.9
014 - N13 1.196 N2 - C1 - H25 113.17 N22 - N8 — C6 — N7 -180.6
C25 - H1 1.134 N2 - C3 - H26 111.99 NI3 -N2 -Cl1 -N4 93.9
Cl - C6 - H28 107.11 014 - N13 - N2 - Cl1 31.3
C9 - N11 - N29 119.79 015 -N13 -N2 -C1 -152.4
NI1 -N29 - 030 117.11 N16 - N4 - C1 - N2 -180.6
N11 - N29 - 031 116.67 017 - N16 - N4 - C1 25.7
018 - N16 - N4 - C1 -158.0
020 - N19 - N7 - C6 31.3
N19 - N7 - C6 — N8 93.9
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Table 2 Overlap populations
c-C C-N N-0 C-H N-N
Cl - C6 0.29 Cl-N4 0.25 N13 - 014 0.31 Cl - H25 0.35 N7 - N19 0.17
C9 - C10 0.30 CI -N16 -0.01 N13 - 015 0.31 C6 — H28 0.35 N4 - N16 0.20
C3-C5 0.31 C5 - N16 -0.01 N16 - 017 0.31 C3 - H26 0.35 N2 - N13 0.17
Cl -C5 -0.038 C3 -NI11 -0.012 N16 -018 0.31 C5 - H27 0.36 N8 — N22 0.20
Cl -C3 -0.031 C6 -N7 0.26 N19 - 020 0.31 C9 - H36 0.35 N11 - N29 0.18
C6-Cl10 -0.031 C6-N8 0.26 N19 - 021 0.31 C10 - H35 0.35 N12 - N32 0.18
C6 - C9 -0.038 (€9 -N8 0.25 N22 - 023 0.31 C9 - H35 -0.026 N2 -NI11 -0.012
C3 -C9 -0.031 C10 -N7 0.24 N22 - 024 0.31 C10 - H36 -0.028 N8 -NI11 -0.017
C5-C10 -0.028 C3-N29 -0.012  N29 - 030 0.31 C5 - H26 -0.027 N4 -N12 -0.010
C9 - N29 -0.01 N29 - 031 0.31 C3 - H27 -0.029 N7 -NI12 -0.009
C5 - N32 -0.01 N32 - 033 0.31 C6 — H25 -0.033 N4 -N7 -0.0004
C10 = N32 -0.01 N32 - 034 0.31 Cl - H28 -0.033
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Table 3 Results of natural bond orbital analysis

HiER mPuE ES 4 2tk
1.99 BD(1)N2 - N130.6900 N2S(22.63% )P3.42(77.37% )
0.7238 NI13(30.57% )P2.27(69.43% )
1.97 BD(1)N13 - 0140. 6537 NI1S(25.88% ) P2.86(74.12% )
0.7568 018(7.72% )P11.96(92.28% )
1.97 BD(2)N13 — 0140. 6855 NIS(12.74% )P6.46(87.26% )
0.7280 018(13.41% )P6.46(86.59% )
1.96 BD(1)NI13 - 0150. 6649 NI1S(30.67% )P2.26(69.33% )
0.7280 015(10.05% )P8.95(89.95% )
T 2k
S(78.96% )P 0.27(21.04% )
S(0.01% )P 99.99(99.99% )
S(79.24% )P 0.26(20.76% )
S(10.75% )P 8.30(89.25% )
S(0.05% )P 99.99(99.95% )

o ¥ 5k
1.99 LP(1)014
1.90 LP(2)014
1.99 LP(1)015
1
1

.23 LP(3)015
.90 LP(2)015

1.85 LP(1)N2 S(11.88% )P 7.42(88.12% )
TR IS T
Hi& (NBO) Z M (NBO) E" /K] + mol ™!
BD(1)N2 - N13 LP(3)015 21.5
LP(2)014 LP(3)015 35.74
LP(2)014 BD* (1)N2 - N13 120.2
LP(3)015 BD" (1)N13 - N14 600.76
LP(3)015 BD* (2)N13 - N14 73.84
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Table 4 Vibration analysis of HNIW

44 (SR S/ em ! 71 % $/mDyne + A~ IR 3 J& /km + mol ™' P37 K
-NO, 660.9 3.8341 232.1624 k)
- NO, 689.7 4.0867 187.7406 il
-NoO, 704.2 3.4930 127. 6953 T 5145 i
-NO, 810.8 3.2138 406. 4913 ROk
- NO, 999.2 2.1247 144.5335 T 7125 il
STV 1006. 4 5.7508 123. 6475 W 45
C-H 1033.5 1.5601 233.9961 X B4R
75 JC IR I JBE 1090.9 1.9648 234.3869 .3
-N-N< 1186.7 6.4262 104. 5707 g
- NO, 1240. 8 3.1540 241. 8850 W 45
S IW 1255.7 3.3768 293.7588 W 4
-N-NoO, 1267.8 3.1142 238.5708 X A g
(:‘ﬁ_ﬁ(;ﬁ_jgf;%) 1280.5 4.7812 279.7119 T S 30
i;ﬁcc__CH_%g 1520.0 24.8868 131.9116 TEY 1A X 47 42
-C-N 1521.3 25.4452 407.9028 &
-N-C 1533.2 25.7277 682.6221 Wi 45
-N-C 1535.3 25.7484 1246. 3755 ik
A4 - NO, 1880.6 36.9902 150.2139 - T B 4
A4 - NO, 1886. 1 37.5234 1226.9967 A Kk i 4
RICHEJE - NO, 1894. 8 37.7445 786. 6368 T P B2
C-H 2646.5 5.4935 221.3260 I 5
C-H 2654.5 5.5195 170. 3867 iy
x5 EBR
Table 5 Bond order
c-cC C-H C-N N-0 N-N
Cl -C6 0.8943 Cl-H25  0.9115 Cl - N4 0.9099  NI3 -014 1.4756 N2 - N13 0.8234
C9-C10  0.9080 ~ C5-H27  0.9140 Cl -N2 0.9464  N29 -030  1.4708 N8 - N22 0.8520

C3-GC5 0.9088 C9 - H36 0.9140 C3 -N2 0.8967 N32 - 033 1.4706 NI1 - N29 0.8137
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A Theoretical Study on the Molecular Structure

of Hexanitrohexaazaisowurtzitane

WEN Zhong', TIAN Shuang-he’, ZHAO Peng-ji', XU Zhi-lei', TIAN An-min’
(1. China Academy of Engineering Physics, Mianyang 621900, China;
2. College of Chemistry ,Sichuan University, Chengdu 610064, China)

Abstract; The semi-empirical AM1 method is used to optimize the geometry of hexanitrohexaazaisowurtzi-

tane ( HNIW ) ,compute and analyze the vibration frequency. Furthermore a discussion of the strong ab-

sorption characteristic peaks of — NO, is presented as well as its comparison with the experimental IR

spectra. According to the population and analysis the molecular structural stability is discussed. The

bond-shaping characteristics of N —NO, are analyzed by the NBO and BO methods.

Key words: AMI ; energetic material ; hexanitrohexaazaisowurtzitane ( HNIW ) ; IR spectra



