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Fig.1  The structure and atomic numbering of two bicyclo-HMX conformations
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Table 1 Wiberg bond orders of a-bicyclo-HMX calculated by PM3 method

bond bond order bond bond order bond bond order bond bond order
C(1)—N(2) 0.947 N(4)—C(5) 0.937 N(2)—N(9) 0.809 C(1)—C(5) 0.956
C(1)—N(8) 0.936 C(5)—N(6) 0.948 N(4)—N(12) 0. 845
N(2)—C(3) 0.953 N(6)—C(7) 0.955 N(6)—N(15) 0.810
C(3)—N(4) 0.929 C(7)—N(8) 0.930 N(8)—N(18) 0. 845
K2 ERMIER Ry n —L5E) Wiberg 22
Table 2 Wiberg bond orders of some bonds along the reaction coordinate R, .,
bond R /A
1.53 1.75 1.95 2.16 2.35 2.55 2.85 3.15 3.45 3.57
Cl—N2 0.947 0.949 0.954 0.987 0.993 0.993 0.993 0.993 0.993 0.993
C1—Cs 0.956 0.956 0.961 0.957 0.957 0.955 0.956 0.957 0.957 0.957
Cl—H21 0.947 0.948 0.949 0.943 0.945 0.945 0.945 0.942 0.943 0.942
N2—C3 0.953 0.953 0.955 1.035 1.047 1.048 1.049 1.048 1.049 1.048
N2—N9 0. 809 0.804 0.755 0.063 0.000 0.000 0.000 0.000 0.000 0.000
N9—O010 1.526 1.524 1.539 1.550 1.568 1.574 1.574 1.574 1.574 1.574
N9—O11 1.544 1.551 1.586 1.597 1.577 1.574 1.574 1.574 1.574 1.574
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Table 3 Heat of formation for reactants, transition states

and products and activation energies forthe pyrolysis

initiation reactions of bicyclo-HMX in gas phase

AH/ (K] + mol 1) E,
reaction
R TS P /(kJ - mol ™)
reaction (1) 664.379 733.758 688.901 69.379
reaction(2) 664.379 881.942 728.230 217.563
reaction(3) 664.379 860.419 849. 862 196. 040
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Fig.2  Potential curves of homolysis of C—C,C—N
and N—N bond in a-bicyclo-HMX by UHF-PM3 method
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Table 4 Selected geometrical parameters of reactant,transition state and product of the reaction(1) obtained by UHF-PM3 method

bonds/A R TS P bonds angle/ (°) R TS P
Cl1—N2 1.499 1.471 1.463 Cl1—N2—C3 108.2 111.0 111.7
C1—C5 1.554 1.553 1.552 010—N9—O011 128.7 135.8 137.2
C1—H21 1.121 1.119 1.118 010—N9—N2 116.6 110.4 81.6
N2—N9 1.526 2.155 3.567 N2—N9—010—011 180.0 179.4 88.4
N2—C3 1.491 1.440 1.432 C3—N2—N9—010 53.8 87.3 115.8
N9—O010 1.201 1.186 1.182 N9—N2—C1—C3 143.4 140.2 149.3
%5 }ir‘_(l) EF“B%E?J:’%EEﬁIFI&Fb RNz_N9H,J11‘K
Table 5 The changes of net charges of some atoms over N2—N9 distance in reaction (1)
Ryyno/A
atom
1.53 1.75 1.85 1.95 2.16 2.35 2.55 2.85 3.15 3.45 3.57 3.95
Cl1 0.048 0.048 0.050 0.026 0.007 0.011 0.013 0.013 0.007 0.007 0. 008 0.001
N2 -0.384 -0.416 -0.428 -0.360 -0.188 -0.167 -0.163 -0.154 -0.149 -0.147 -0.145 -0.142
C3 0. 064 0.061 0.061 0.047 0.022 0.019 0.021 0.027 0.031 0.033 0.034 0.030
N9 1.272 1.253 1.241 1.093 0.875 0.850 0.851 0. 848 0. 846 0.845 0.842 0.847
010 -0.553 -0.499 -0.476 —-0.455 -0.449 -0.437 -0.430 -0.431 -0.434 -0.437 -0.428 —-0.445
H21 0.135 0.125 0.119 0.130 0.139 0.138 0.134 0.133 0.134 0.136 0.133 0.144
H22 0.109 0.096 0.090 0.093 0.110 0.110 0.110 0.107 0.104 0.104 0.105 0.103
2] T —=—C1
] X U0 35 BA¥HRSEEEN
081 M S e A Sl TR s Gt 105k, BRI
—¢— 010
o ] —— 121 BECT) O TR] IR BE N RS (R) A A (TS) i<
S 04 — < ) 0 A
g 2 *E*T/EMJJ FRECIE (C0) (D) Rk (HOm) 1) %
S ]
g g4 —1 0
ol EHE et KT Gibbs B RS AGY) 91 6 15
] P i, W9 Gibbs F B AEAEfL (AG”) Jy: AG® = AH" -
0 ; -
B e O TAS® Herfr AH O SR B G AS , vH 7= 10 A 08 s 25 IR
*
: T . T . WA 0
15 20 25 3.0 35 40 %E/‘J}:ﬁ’ 34:?272).]—?'\ MVLIEﬁﬁ @J AS j‘jfir H’Jkﬁ
Ry, /A S SR R 51, e 6 9 AR
B3 R S AR N2—NO AT Eyring 400 2 S SR 15 0 20 R 7 A R
AT A A A () SN R AR A (k) o
Fig.3 Changes of atomic net charges along reaction
coordinate N2—N9 in reaction (1)
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Table 6 Thermodynamic functions and reaction rate constants of the reaction (1)
T R L AG° k
(6 So , o S , )
/K /KJ +mol 7' K /s~
/Y emol KT /T emol PR /7m0l KT /T ol KT /T emol T KT /) e mol K
200.0 220.46 528.69 27.74 226.27 549.17 29.19 21.406 3.717 x10 ~°
298.2 291.33 630.18 52.92 292.97 652.16 54.73 19.045 61. 51
400.0 353.91 724.85 85.89 352.43 746.85 87.70 16.532 1.024 x 10°
600.0 441.11 886.25 166.10 436.17 906.91 167.21 11.662 1.368 x10°
800.0 495.47 1021.18 260. 16 489.00 1040. 18 260. 12 7.080 4.837 x10°
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Theoretical Study on the Pyrolysis Mechanisms of

Tetranitrotetraazabicyclooctane in Gas Phase

QIU Ling, XIAO He-ming, JU Xue-hai, GONG Xue-dong
( Department of Chemistry, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: UHF-SCF-PM3 MO method has been employed to study the pyrolysis initiation reaction of tetranitrotetraazabicyclooctane

in gas phase. All transition states, activation energies and potential curves of three possible reaction paths are obtained. The changes

of the bond orders, geometries and atomic charges over the reaction are revealed. It is found that the homolysis of N—NO, bond into

two radicals is the initial step of titled compound ,which is similar to that of usual nitramine explosives. Finally,the thermodynamic

and Kkinetic parameters have been investigated based on the statistical thermodynamics and transition state theory.

Key words : physical chemistry; tetranitrotetraazabicyclooctane; pyrolysis mechanism; acitivation energy; thermodynamic parame-

ter; kinetic parameter



