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Molecular structures and the numberings of some atoms

for five polymorphs of HNIW
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Table 1 The variation ranges of Wiberg bond order of molecules in the five polymorphs of HNIW (PM3 results)

c—C C—H

C—N

N—O N—N

0.8940 ~0.9201 0.9112 ~0.9178

0.8964 ~0.9564

1.4701 ~1.4762 0.8131 ~0.8486

5 T BN A R R SR T EF O A
o LA N—NO, & Hr iy A~ N i3~ [ 355 g SN A
F5,0. 01 nm Jy ] B, $7 {1 4% i 7L 53 7 B 55 19 N—N
SR A5 5 9 DG A L AT R AR BR85S Rz A A
A JE0E LR A A H L RE 2R o 7 BE £k b R B
SE I EERS  1EAS NLLSQ Jrik it , I i Hes-
sian JJ 5 ROH M U — > SUA AL (BT B IE, 315
P W BSOS B2 X IO 1 A (L, 4 i R AR A & ) 2
586 AL b 58 o

3 SRR

NFILMEENET
24 W B A A AR SRR RN
(R) G (TS) F= Y (P) W EZILM S, M1
B 1 R] UL #E R R R N4 (N3 O1 il 02 jf T[] i, N3
UERLEC sp* 2= Ak, B f OIN302 £ 130°,01—N3 4 K
Y545 0.119 nm, ffiZE N3—N4 g hik 76 0.21 ~0.
22 nm BPAR R AL T2 P2 B/ OIN302 3 K F| 136°
LA A F RS CONACS B A7 1 K, O1—N3 K
A5 /NR0. 118 nm SR AL B (N3—N4 [R] ) 4k 22 1 K
% 0.34 ~0.37 nm B, {RAL13 2729 19 LA K4 B, B2 £
OIN302 4 % 137°, O1—N3 4 K 25 1b 18 /N, 78 J I

3.1

(1) (2)F(3) , Z 1 ffi NAN30102 %3 180° ([
LA A A ) 43 5 el 102.3° .91, 8°F1 68.9° (7
Yr) X U] = AN OB AR o A SR A R A TR H
XFF RN (4) , ZTH i NAN3O102 7£ [ i ) ik 75 i
PR AR 179,30 —174.8°H1 - 173.8° , Wi %
S HEAT i KL - NO, 4 B AR b EL 5
3.2 FEFLAEBEHNET

poRC e IINIE D US: iR S e VAL A Rl e L i BB
FUHE, DL B SR BN L B S (2) i, ¢ 3 3 Y 5 B s
¥ b v A B S B AR B (N3—N4 ] B 19 42 4k, & 2
XY AE Al 2. i B RTE 24 RO AR BR A 0.
156 nm 28 % 0. 190 nm B}, N3 Jit 1 _F 1F B faf {2 38 /> 0.
013e,N4 Jgi ¥ b 5 HL A {34 i 0. 088 {H 24 Sz 1 A6
MO.190 nm7E{L % 0.216 nm B ,N3 Fl N4 J§ 1 b4
FithH 1.297e 1 —0.492e 5545 J7 0. 887e 1 — 0. 125€,
BI 43 517254k T 0. 410e F1 0. 367 e, T 520 3o 8 25 1E Ak T
XA 2z IS Bl RN #E 4T N3 ORI N4 i [
TSN ot TP 28, 3 277 W40 ks 8 1E
0.833e Fll = 0.077e, J i ¥ ¥ 5 A vp 25 5t 1 19 1
H g 2 Y O, R B B O B 2 AR T S A B
5 N3 Fil N4 JEFAH b, iS58 1 O JE 7 LA S A 98 36
IS R A Y CO T B R i e g A



5 43

S A1 25 8 SO AR 5| A2 52 N Y S T 50

151

I e R ] A2 P P /D 5 T B % SR A 11
AT TR IR R LR B A A
KL, SO FP SR b T v R e AR R

ERT

7

?ﬁ

#z 2 UHF -PM3 %k5H HNIW Af BB SHERBESIZRN B Z MY (R) 3

5 1 R A WA O I o A AR R D
R a g LB . 55 =AY Rt A B
PERLAE

FES(TS) =9 (P)MEELMSH

Table 2 Selected geometrical parameters of reactants,transition states and products

for the pyrolysis initiation reactions of five polymophs of HNIW obtained by the UHF — PM3 method in gas phase
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R TS P R TS P R TS P R TS P
O1—N3/1 1.194 1.180 1.181 1.196 1.184 1.181 1.191 1.180 1.180 1.198 1.180 1.181
N3—N4/1 1.567 2.192 3.607 1.564 2.156 3.636 1.583 2.186 3.720 1.550 2.173 3.473
N4—C9/H 1.494 1.465 1.459 1.483 1.463 1.459 1.488 1.463 1.457 1.495 1.479 1.461
Cl0—C11/m 1.577 1.580 1.579 1.576 1.576 1.578 1.580 1.581 1.582 1.580 1.583 1.581
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c9 0.063 0.063 0.065 0.001 -0.002 0.000 0.001 -0.001 -0.001 -0.001 -0.001
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Table 4 Heat of formation for reactants,transition states

and products and activation energy for the pyrolysis initiation

reactions of HNIW in gas phase k] * mol !
R iiﬁsﬁt S WwALaE"
S (1) 457.24 567.97 531.01 100. 04
I (2) 453.24 560. 56 520.38 97.77
W (3) 462.60 572.88 534.20 99.91
S (4) 466.72 569.24 532.73 92.91

e 1) WA % MR IE

590
= 540 |
g
=
i
=X 490 |
H

440 b o o

14 18 22 26 3 34 38
N— NO, BE85 /10" 'nm
3 UHF - PM3 3312048 8 9 HNIW T3 5 5

AR 5| K S AL g il 22
Fig.3 The potential curves for the pyrolysis initiation reaction
of five polymorphs of HNIW calculated
by the UHF — PM3 method in gas phase
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Table 5 The impact sensitivity ( H., )"

21,25

and the activation energy>'**! for pyrolysis initiation reactions

in gas phase of the five polymorphs of HNIW and three explosives

a4 TR E Hyy/m TEALBE /KT - mol !
a 0.21 100. 04
B 0.24 97.717
y 0.25 100. 04
£ 0.27 99.91
g — 92.91
TATB >3.20 157.21
DATB 3.20 140. 40
TNT 1.6 114.50
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Theoretical Study on Pyrolysis Initiation Reactions
of Hexanitrohexaazaisowurtzitane in Gas Phase

ZHANG Ji, XIAO He-ming, GONG Xue-dong, LI Jin-shan
( Department of Chemistry, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract; The quantum-chemical UHF — SCF — PM3 MO method has been employed to calculate the py-
rolysis initiation reactions of a 8.y .& and & polymorphs of hexanitrohexaazaisowurtzitane in gas phase.
Their transition states, activation energies, and potential energy curves have been obtained. The changes
of the geometries, energies and atomic charges over these reactions are revealed. It is found that the
mechanism of pyrolysis initiation reaction of titled compound is similar to that of usual non-caged nitra-
mine explosives. In addition,the relationship between the activation energy and the impact sensitivity is
also discussed.

Key words: hexanitrohexaazaisowurtzitane ( HNIW ) ; pyrolysis; PM3 method; activation energy; impact

sensitivity
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