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73 il BE 22 F AT
Table1 Dissociation energies of N,—C bonds, energy barriers

of N, cracking and oxygen balance of pentazole compounds

Ep E, OB(CO,)

compounds R X Jigemol” /K-mol /%

1-1 —NO, 1 208.13%  62.81 27.58
1-2 —NO, 2 450.43 80.34 -12.30
1-3 —NO, 3 468.01 100.77 -44.42
1-4 —NO, 4 479.80 102.84 -70.83
2-1 —CF, 1 456.84 74.58 -5.75
2-2 —CF, 2 464.69 94.25 -36.58
2-3 —CF, 3 474.02 101.60 -62.24
2-4 —CF, 4 48298 104.50 -83.92
3-1 —CN 1 518.18 58.20 -33.32
3-2 —CN 2 414.28 90.55 -72.67
3-3 —CN 3 479.43 100.59  —103.14
3-4 —CN 4 483.12 104.07  —127.42
4-1 —CHO 1 450.89 73.53 -56.54
4-2 —CHO 2 437.54 100.44 -91.97
4-3 —CHO 3 475.96 102.29  -119.59
4-4 —CHO 4 486.13 104.68  —141.71
5-1 —COOH 1 463.49 72.95 -6.95
5-2 —COOH 2 450.08 95.40 -43.38
5-3 —COOH 3 487.20 104.99 -72.68
5-4 —COOH 4 487.43 105.15 -96.74
N H —H 1 524.55"  94.68 -11.26
NCeHy —CH, 1 538.37 100.69  -157.76
NsNH, —NH, 1 400.58*  80.18 -18.60
N,CH, —CH, 1 489.35 109.41 -65.85
N,CH,, —CH, 6 491.70 107.12  =190.82

Note: R is the substituents of the compounds; x is the number of CH, in the
substituent plus one; £y is the bond dissociation energy; E_ is the acti-
vation energy of N ring; OB is the oxygen balance of pentazole com-

b
pounds. ¥ The Eyp of N,—N; ' The Eyp of N,.—H.

B9 AR B A 43 9 S 479.80, 482.98, 483.12, 486.13,
487.43kJ-mol™, iz KALAH 2% 7.63 k)-mol™, Ui B x il
KLEDRE NG Z[E B CH, Bk 2, 22 H /N, R 1Y 5% 1
M By B X Fa B TE ~490 k) -mol ™, iX 5 8 5% b 2k B
&0 153 30 85 A 1, B 5 N,CH,, 1 Eyp
£7/3 i

HOHE Eq A E, R B, NG IR I 40 i 8 22 E, 328 /)N 10
N;—C/N—N B Eyp,, 3% 5 At i 7 5 OB d AH 21
1 NGER 5 5 R B A I, NG IR EERAR /N, 21
(N.CF,) % E,(74.58 kJ-mol™) & &, Hik /& 4-1, 5-1,
1-1,3=-1(E/ 3} 73.53,72.95,62.81,58.20 k)-mol™),
S Xt
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Fig. 2 Relationship between the E,, of N,—C or N,—N
bonds and the E, of N, ring cracking and the side chain groups
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Table2 The bond lengths, bond orders, bond critical point electron density and charges on the N, ring of chemical bonds relat-
ed to the E,and E,,

compounds L/ A L,/ A L,/ A W, w, p,/a.u. p,/ a.u. p,y/ a.u. Gus/ e
1-1 1.316 1.359 1.479 1.093 1.087 0.39722 0.37232 0.28171 —-0.048
1-2 1.320 1.351 1.420 1.082 1.116 0.39683 0.37785 0.27632 -0.157
1-3 1.314 1.337 1.453 1.111 1.156 0.40417 0.38969 0.25019 -0.136
1-4 1.312 1.336 1.455 1.106 1.161 0.40446 0.39115 0.24801 -0.171
2-1 1.320 1.351 1.454 1.081 1.101 0.39420 0.37854 0.27990 -0.144
2-2 1.317 1.343 1.442 1.168 0.526 0.39953 0.38470 0.25841 -0.165
2-3 1.313 1.336 1.453 1.122 1.160 0.40518 0.39074 0.24974 -0.218
2-4 1.312 1.336 1.454 1.118 1.164 0.40512 0.39105 0.24852 -0.269
3-1 1.338 1.362 1.351 1.036 1.062 0.37823 0.36818 0.31621 0.045
3-2 1.315 1.342 1.450 1.104 1.145 0.40270 0.38877 0.25644 -0.337
3-3 1.313 1.338 1.451 1.106 1.157 0.40362 0.38948 0.25121 -0.187
3-4 1.312 1.336 1.454 1.123 1.162 0.40522 0.39099 0.24832 -0.215
4-1 1.327 1.361 1.438 1.036 1.077 0.39160 0.37039 0.26530 -0.106
4-2 1.315 1.338 1.446 1.105 1.158 0.40337 0.38943 0.25376 -0.156
4-3 1.312 1.336 1.454 1.123 1.164 0.40443 0.39121 0.24905 -0.254
4-4 1.312 1.335 1.455 1.116 1.165 0.40507 0.39148 0.24756 —-0.251
5-1 1.326 1.361 1.436 1.070 1.066 0.38818 0.37017 0.27444 -0.096
5-2 1.313 1.340 1.439 1.123 1.154 0.40335 0.38742 0.26038 -0.258
5-3 1.312 1.335 1.455 1.114 1.166 0.40573 0.39153 0.24777 —-0.201
5-4 1.311 1.335 1.456 1.123 1.167 0.40571 0.39171 0.24726 -0.303
N H 1.312 1.342 1.010 1.106 1.152 0.40420 0.38611 0.33982 -0.307
N,—CH; 1.316 1.337 1.426 1.106 1.157 0.40111 0.39037 0.26309 -0.153
N,—NH, 1.319 1.345 1.378 1.113 1.138 0.40392 0.38269 0.33894 -0.096
N,—CH, 1.311 1.334 1.451 1.117 1.173 0.40555 0.39231 0.24914 -0.221
N;—CH,, 1.311 1.334 1.457 1.127 1.170 0.40615 0.39281 0.24537 -0.274

Note: L, and L, are the bond lengths,

3

W, and W, are the bond orders, and p, and p, are the bond critical point electron densities of N1—N2 and N3—N4 bonds of

the N, ring; L, and p, are the bond length and bond critical point electron density of the side chain chemical bond connected to the N ring, respectively;

gy is the charges on the N ring.
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Fig.3 Relationships between E, of N, ring cracking and the bond length (L, and L,)
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A Theoretical Study on the Stability of Electron Withdrawing Group Substituted Pentazoles

WANG Jing', GAO Pin’, WANG Gui-xiang', GONG Xue-dong', LU Ming'
(1. School of Chemistry and 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: Pentazoles are currently a research hotspot in the field of energetic materials, however, the stability of existing pen-
tazoles is generally not high. In order to develop new pentazoles with better properties, based on the analyses of the available
structures, 20 substituted derivatives of HN, with the electron-withdrawing groups, i.e., N,(CH,) _,R(R=—NO,,—CF,,—CN,
—CHO, —COOH; x=1, 2, 3, 4), were designed and studied by using the density functional theory method. The bond dissoci-
ation energy (E,,) of the bonds linked with the N, ring and the activation energy (E,) of the cracking of the N, ring were calculat-
ed and compared with that of some pentazoles substituted by the electron—donating groups, and the effects of substituents on £y,
and E, were discussed. Results show that the E, of all molecules is much smaller than E;, indicating that the stability of the N;
ring is the key factor to determine the stability of the pentazoles. When R is directly connected to the N, ring (N,R), the E, of
N;R with R being an electron-withdrawing group is smaller than that of N,R with R being an H or an electron-donating group.
The N, ring is a strong electron-withdrawing group, and bearing too much or too little negative charges is not conducive to the
stability of the N ring.

Key words: pentazole;electron-withdrawing group;stability ;thermal decomposition ;density functional theory
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