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Table 1
the bridged C—N bond, E,,, E, and rate constant k of break-
age of the bridged C—N bond according to mode 2

Bond length, electron density at the bond critical of

E,

BD

Liceny  Pocr E, -1

compounds

/A jau.  emol™ kjemol /S
PhN, 1.428 0.2700 453.84 361.13  1.9448x107°
PyN, 1.423  0.2737 446.10 351.54  1.0625%x107"'
IA 1.419  0.2781 439.76  357.08  1.4302x107°'
IB 1.418 0.2778 440.04 350.80  6.0388%x107°'
IC 1.420 0.2765 444.19 357.57  3.5235%x107"2
ID 1.421  0.2740 454.23  362.92  1.8023x107"
IE 1.421  0.2735 455.93  365.19  6.7484x107"*
IF 1.419 0.2733 464.52 371.04 2.6467x107°°
IA 1.419  0.2777 435.13  337.26  1.8959x107*
B 1.419 0.2773 436.33 34238  1.9004x107*
Ic 1.420 0.2764 438.99 339.44  7.0944x107%
ID 1.423  0.2739 444.49 34232  8.2759x107*°
ME 1.424  0.2732 445.42  341.62  8.0545x107°
IF 1.426  0.2710 450.84 334.43  5.7141x107%
A 1.416  0.2812 431.42 - -
mB 1.416  0.2807 432.37 340.54  1.0079x107*®
mc 1.417  0.2794 435.34 341.89  6.0147x107%
mo 1.420 0.2742 453.43  343.02  1.6066x107*
mE 1.422  0.2733 453.47  339.61  1.5425x107%
mr 1.421  0.2724 457.82  347.75  3.9500x107"'
Note: L, is the bond length of the bridged C—N bond; p,, is electron
density at the bond critical point; Ey is the bond dissociation energy;
E, is the activation energy of the bridged C—N bond; k is the rate
constant.
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Table 2 Bond length of the pentazolate ring, E,,and k of the cracking of the pentazolate ring

compounds Livi—n2) /A Lini—na) /A Lins—nay /A Lino—ns) /A Lina—ns) /A E, / kj-mol™ ks
PhN; 1.333 1.333 1.298 1.298 1.351 70.70 1.62x107"
PyN, 1.334 1.334 1.297 1.297 1.352 66.25 8.14x107"
1A 1.336 1.336 1.294 1.294 1.357 59.92 2.83%107"
1B 1.335 1.336 1.295 1.295 1.356 61.09 3.41%107"
IC 1.335 1.334 1.296 1.296 1.353 63.86 4.01

1D 1.333 1.333 1.300 1.300 1.349 68.71 1.86x107"
1E 1.333 1.333 1.300 1.300 1.349 70.17 1.15x107"
IF 1.332 1.333 1.303 1.303 1.345 71.23 5.55X1072
1IA 1.335 1.335 1.295 1.295 1.355 61.62 1.24x107"
11B 1.335 1.335 1.295 1.295 1.355 62.19 1.05x107"
1IC 1.334 1.335 1.296 1.296 1.354 64.64 2.63

11D 1.334 1.334 1.297 1.297 1.353 65.95 1.37

11E 1.334 1.334 1.297 1.297 1.353 66.48 1.02

1IF 1.333 1.333 1.298 1.298 1.351 68.76 3.07x107"
IITA 1.336 1.336 1.293 1.293 1.358 58.10 4.80%x107"
111B 1.337 1.337 1.293 1.293 1.358 57.58 8.55%107"
I11C 1.336 1.336 1.294 1.294 1.357 59.31 3.95x107"
111D 1.332 1.333 1.300 1.300 1.348 69.36 2.13x107"
II1E 1.333 1.333 1.300 1.300 1.348 69.71 1.29%x107"
IIIF 1.333 1.333 1.302 1.301 1.346 71.27 9.19x1072
Note: L, _,, is the bond length of N\ —N,, L, ., is the bond length of N, —N,, L, ., is the bond length of N,—N_, L, ., is the bond length of N,—N_,
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,is the bond length of N,—N_, E_, is the activation energy of N, ring, k is the rate constant.
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A Theoretical Study on 3-Pentazolylpyridine and its Derivatives as the Precursors of N,™ ion

YUAN Wan-li, JIANG Bi-tao, ZHANG Chong, SUN Cheng-guo, GAO Chao, HU Bing-cheng, DU Yang
(School of Chemistry and Chemical Engineering , Nanjing University of Science and Technology , Nanjing 210094, China)

Abstract: The preparations of high-energy pentazolate salts is a research hotspot in the field of energetic materials. The prepara-
tion of pentazolate anion is a key step in the preparations of high-energy pentazolate salts. However, as the important precursors
for pentazolate anion, the stability of existing arylpentazoles is generally not high. In order to develop new precursors of pentazo-
late anion with better properties, 18 substituted derivatives of PyN, with the electron-withdrawing and electron-donating groups,
i.e., R-PyN, (R=—NO,, —CN, —NF,, —OH, —OMe, —N(Me),), were designed and studied by using the density functional
theory method. The bond dissociation energy(E,,), and the activation energy(E,,) of the bridged C—N bond and the activation
energy(E,,) of the cracking of the N, ring were calculated, and the stability of the bridged C—N bond and pentazolate ring were
discussed. E,, of all molecules is smaller than E,,, indicating that the breakage of the bridged C—N bond is more likely to follow
the path 2 rather than path 1. E,, of all molecules is smaller than E,,, indicating that the stability of the N ring is the key factor to
determine the stability of the arylpentazoles. Compared with PhN,, —N (Me), meta-substituted and bis-substituted compounds
higher E,, and lower AE (E,,—
most potential precursors of N, ion for replacing PhN..

have lower E

al?

E,,). Therefore,—N(Me), meta-substituted and bis-substituted compounds are the

Key words: precursors of N,~ ion;density functional theory;stability
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