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Fig.2 Schematic diagram of cleavage process of C—N and C—C bonds in the side chain of compound 6
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Table 1 E;, of the chemical bonds in the side chains

compounds chemical bonds H(A—B) / a.u. H(A-) /a.u. H(B-) /a.u. Eyp/ kJ-mol™

a1
( N—N(1) —329.535856 =55.860008 —273.548153 335.26

:—. 250 N—NI(2) —-602.533443 —-328.898031 —-273.548153 229.10
.’ N—NI(3) —328.898031 —=55.214900 —-273.548153 354.38
Q4

C—N(4) —-313.523255 —-39.813122 —273.548153 425.28

3 9 ';‘

:. 596 C—N(5) ~586.557006 -312.87308 -273.548153 356.47
4 ‘fJ C—N(6) -312.873080 -39.136117 -273.548153 495.72

N

m C—N(7) —-352.815108 —=79.105783 —273.548153 423.16
5 ) C—C(8) -352.815108 —-39.809079 -312.867480 363.76
2 C—N(9) -625.826007 —-352.153247 —-273.548153 405.97
b@%‘l% C—N(10) —-352.153247 —352.096519 149.88"
g L 9@
c—C(11) -625.826007 -312.873069 -312.873069 288.51
9 ;
Lo 29
@ . ) C—N(12) -351.597845 -77.869670 —273.548153 472.65
" (13)‘/;(1%/.. C—NI(13) -624.617605 —-350.918366 —273.548153 463.81
:9°9 o0 ] ] !
d C—NI(14) 350.918366 350.850364 178.54
M O—N(15) —-349.382608 —75.720053 —273.548153 300.36
. \ :

@

16

:} O—NI(16) -622.348273 —348.755597 —273.548153 116.90
10

Note: 1) Obtained from the enthalpies of the transition state and reactant.
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Table 2 Decomposition energy barrier of the N, ring in com-

pounds 1-10

EV

H(R .u. N
(R)/au /k)-mol™!

compounds H(TS) / a.u.

—329.535856 —-329.512683 60.84

—602.533443 -602.516854 43.55

-602.595081 -602.575614 51.11

—313.523255 -=313.490343 86.41

2
3 9

*. ,\, -586.557006 —586.531406 67.21
4 ‘m -586.611516 —586.582648 75.79

—352.815108 =352.782169 86.48

) 49 —-625.856025 -625.826007 78.81
&9
6 et —-625.903535 -625.872001 82.79

—351.597845 -=351.568651 76.65

—624.643174 -624.617605 67.13

—624.699532 -624.670315 76.71

—349.382608 -349.360350 58.44

"t

:O”{: —622.348273 —622.333344 39.20

9
10

Note: 1)The decomposition of the N, ring goes through the transition state,
so the maximum energy required for the decomposition is the decom-

position barrier E, of the N, ring.
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Fig. 4 Molecular structure of compounds 11-18 with longer alkyl chains
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Table 3 E;, of bonds in the side chain of compounds 11-18

compounds chemical bonds H(A—B) / a.u. H(A+) /a.u. H(B-+) /a.u. Eyp / kJ-mol™
? C—N(17) -392.103557 -118.392539 —273.548153 427.60
% %J C—C(18) -392.103557 —79.100866 -312.867480 355.00
1 29 9 C—C(19) -392.103557 —39.809079 —-352.145676 390.68
" “ C—N(20) -665.147657 —391.444203 —-273.548153 407.74
OM % C—N(21) —391.444203 -117.731589 —-273.548153 419.77
12 ‘ ) 99 C—C(22) -665.147657 -312.873070 —352.153262 318.54
C—N(23) -431.391485 -157.680760 —-273.548153 426.83
"". 29 o5 P Cc—C(24) -431.391485 -118.38658 -312.867480 360.81
13 . 9 2 9 9 9 C—C(25) -431.391485 -79.100866 —-352.145676 380.55
C—C(26) -431.391485 —39.809079 —391.435306 386.21
C—N(27) -704.439373 -430.732192 —-273.548153 417.53
30)J ‘I C—N(28) -430.732192 -157.021496 —-273.548153 422.14
14 Iy_f H C—C(29) -704.439373 —-312.873083 —391.444210 320.52
C—C(30) -704.439373 —352.153284 —352.153284 348.68
C—NI(31) -470.679611 -196.968664 —-273.548153 427.42
C—C(32) -470.679611 -157.673587 -312.867480 363.75
: ‘31 ﬂﬁg') C—C(33) -470.679611 -118.38658 -352.145676 386.88
99 29 9 C—C(34) -470.679611 -79.100866 -391.435306 376.60
C—C(35) -470.679611 —39.809079 -430.721849 390.37
C—NI(36) -743.728433 =470.020552 —273.548153 419.37
:. Wﬂ'% m C—N(37) -470.020552 —469.882548 362.34*
16 “3J g DI I C—C(38) —-743.728433 -312.873083 -430.732186 323.37
C—C(39) =743.728433 -352.153287 —391.444208 343.78
C—N(40) -509.967676 —236.256665 —273.548153 427.58
C—C(41) -509.967676 -196.960200 -312.867480 367.56
..‘4()%(42) 43’044% S C—C(42) -509.967676 -157.673587 -352.145676 389.66
17 .. DI QI 9 9 C—C(43) -509.967676 -118.38658 —391.435306 382.77
C—C(44) -509.967676 -79.100866 -430.721849 380.60
C—C(45) -509.967676 —39.809079 -470.008835 393.20
C—N(46) -783.017858 -509.308628 —-273.548153 422.91
. C—N(47) -509.308628 -509.167807 369.73"
: &6%&% “7b : C—C(48) -783.017858 —-312.873084 -470.020543 326.17
29 99 @ C—C(49) ~783.017858 -352.153285 ~430.732196 347.56
C—C(50) -783.017858 —391.444208 —391.444208 339.85
Note: 1) Obtained from the enthalpies of the transition state and reactant.
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490 —=— monocyclic molecules
—e—the first ring of bicyclic molecules
——the second ring of bicyclic molecules
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Fig.5 Relationship between the E;, of C—N bond and the

number of carbon atoms of alkyl chains
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Fig.6 Structure of CJ1 formed from the rupture of the C—N

bond of compound 4
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Table 4 Decomposition energy barrier of the N ring of com-
pounds 11-18

E
H(TS) /au.  °
(T8 /ot ol

9 )
9 -392.103557 —392.070449 86.93

11 FI ]
:_. i,“:: -665.147657 —665.116324 82.26
12 .,’ 99 -665.192992 —665.160697 84.79
% 33 33,

29 99

compounds H(R) /a.u.

. -431.391485 -431.358379 86.92
13 ‘

:‘ 29 9 ‘: —-704.439373 -704.407236 84.38
14 ) 99 99 " ~704.483001 —704.450459 85.44
15 :Q’ 9 JJ J
16 : 29 9 Jé{:

333344

17 .. 935 99 93

-470.679611 -470.646463 87.03

—743.728433 -743.696104 84.88

-743.771780 -783.027525 85.96

-509.967676 —-509.934478 87.16
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Theoretical Investigations on the Stability and Pyrolysis Mechanism of Covalent Pentazoles with a Linear
Substituent

WANG lJing', GAO Pin’, WANG Gui-xiang', GONG Xue-dong'

(1. School of Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China; 2. National Quality Supervision and Inspection
Center for Industrial Explosive Materials , Nanjing 210094, China)

Abstract: The study of polynitrogen pentazolate salts, which are usually achieved from the precursors of N, covalent com-
pounds, is the hotspot of research in the field of new energetic materials. In most cases, the stability of N, covalent compounds
will significantly affect the possibility of successful preparations of pentazolate salts. Herein, the calculations of dissociation ener-
gy (Eyp) of the bonds in the straight side chain and activation energy (E,) of the N, ring were carried out for the selected eighteen
non-aryl substituted N compounds (R—N; or N;—R—N,) by using the B3LYP/6—31G** method of density functional theory,
and meanwhile the influence of the side chain on their stabilities and pyrolysis mechanism were investigated. When R is the hy-
droxyl or amino group, the side chain and the N, ring are more prone to break, making it difficult to obtain the N, ring. When R
is alkyl, the E, of the N, ring cleavage is relatively larger, making it more likely to produce the N ring, and the stability of the
side chain’s C—N bond as well as the N; ring will be little affected by the length of the alkyl chain. The sequential cleavage of
two N rings occurs in the bicyclic molecular structures and the energy barrier of the second ring is higher than that of the first
one, resulting in the formation of N, and azide. The C—C bond on the side chain of the molecule will be broken before the
break of C—N bond, which may significantly reduce the E;, of the C—N bond but have little effect on the E, of the N; ring.
Therefore, for the preparations of pentazolate salts from covalent pentazoles, cutting off the C—C bond first may be more condu-
cive to obtaining N~ ring.
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