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Table 1 Optimized parameters of nine compounds
parameters bond 1 2 3 4 5 6 7 8 9

bond length/ A N(1)—N(2) 1.372 1.357 1.355 1.341 1.337 1.373 1.327 1.372 1.384
N(2)—C(3) 1.399 1.377 1.329 1.325 1.314 1.323 1.334 1.337 1.328

C(3)—C(4) 1.428 1. 406 1.417 1.411 1.420 1.439 1.411 1.422 1.425

C(4)—C(5) 1.332 1.326 1.394 1.388 1.391 1.381 1.393 1.377 1.378

C(5)—N(1) 1.314 1.325 1.366 1.363 1.375 1.373 1.368 1.352 1.370

bond angle/(°)  N(2)—N(1)—C(5) 112.7 112.7 111.6 111.8 112.6 111.6 112.0 110.8 109.8
N(1)—N(2)—C(3) 107.6 106.9 107.0 106.1 106.3 107.1 106.6 106.9 107.1
N(2)—C(3)—C(4) 101.4 103.3 109.5 1.1 110.8 108.8 110.4 108.8 109.6
C(3)—C(4)—C(5) 113.3 112.4 106. 1 104.6 105.2 107.0 104.7 106.3 106.1
C(4)—C(5)—N(1) 105.0 104.6 105.7 106.4 105.1 105.4 106.2 107.2 109.8

Notes: Atoms on the ring of pyrazole are in the same plane, therefore dihydral angles are not given.
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Table 2 The Wiberg bond indexes in the ring of nine compounds
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Table 3 The partial stabilization interaction

energies E(2) of nine compounds

compounds N(1)—N(2) N(2)—C(3) C(3)—C(4) C(4)—C(5) C(5)—N(1)

1 1.32 1.42 1.21 1.30 1.14
2 1.29 1.46 1.30 1.42 1.20
3 1.21 1.56 1.26 1.30 1.16
4 1.26 1.49 1.22 1.30 1.16
5 1.21 1.53 1.21 1.32 1.12
6 1.11 1.50 1.14 1.35 1.10
7 1.28 1.42 1.22 1.27 1.14
8 1.13 1.46 1.21 1.34 1.17
9 1.11 1.50 1.18 1.33 1.12
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compounds donor NBO acceptor NBO /k,]E~(if))l_l
1 BD C(4)—C(5) BD x N(2)—C(3) 22.64
LP N(1) BD x N(2)—C(3) 46.73
LP N(1) BD = C(4)—C(5) 32.66
2 BD C(4)—C(5) BD * N(2)—C(3) 26.01
LP N(1) BD % N(2)—C(3) 38.14
LP N(1) BD # C(4)—C(5) 41.11
3 BD C(4)—C(5) BD * N(2)—C(3) 26.79
LP N(1) BD # N(2)—C(3) 35.60
LP N(1) BD # C(4)—C(5) 36.87
4 BD C(4)—C(5) BD * N(2)—C(3) 28.35
LP N(1) BD * N(2)—C(3) 40.32
LP N(1) BD # C(4)—C(5) 39.25
5 BD C(4)—C(5) BD x N(2)—C(3) 26.85
6 BD C(4)—C(5) BD * N(2)—C(3) 24.09
LP N(1) BD # N(2)—C(3) 20.07
LP N(1) BD * C(4)—C(5) 21.88
7 BD C(4)—C(5) BD * N(2)—C(3) 27.90
LP N(1) BD * N(2)—C(3) 42.86
LP N(1) BD * C(4)—C(5) 37.94
8 BD C(4)—C(5) BD x N(2)—C(3) 25.31
LP N(1) BD * N(2)—C(3) 20.19
LP N(1) BD *x C(4)—C(5) 26.93
9 BD C(4)—C(5) BD x N(2)—C(3) 27.63
LP N(1) BD x N(2)—C(3) 21.92
LP N(1) BD * C(4)—C(5) 31.96
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Fig.1 Electrostatic potential distributions of nine compounds
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Table 4 The molecular energies and densities of nine compounds

molecular mass total energy AH} p
compounds _1 6 _1 _ -3
/g + mol /10° kJ « mol /k] - mol™' /g cm
1 173.02 -1.81 221.1 1.752
2 202.99 -2.20 327.4 1.866
3 108.04 -0.98 455.9 1.445
480.4 1.794
4 198.01 -2.06 |
(339)11°7 (1.865)
756.0
5 287.98 -3.13 1.942
(500) 1!
6 258.01 -2.74 679.1 1.863
699.7 1.777
7 228.04 -2.34
(477)1'%0 (1.845) 1)
8 198.15 -1.95 629.9 1.612
9 168.16 -1.56 680.7 1.462

Notes: Heats of formation in brackets are cited from reference[ 16 ],

densities in bracket are from reference[2 ].
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Table 5 Velocity and Chapman-Jouguet pressure

of detonation for nine compounds

compounds 1 2 3 4 5 6 7 8 9

Dey/k - ms ™' 8.497 9.106 6.629 8.597 9.297 9.132 8.862 8.019 8.102
pey/GPa 31.89 50.63 13.33 34.45 59.47 47.97 35.56 22.96 20.07
Hy/cm  167.5 68 24

Note: Data of impact sensitivity are cited from reference[ 2] ,which

were measured by type 12 tool.
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Measurement and Calculation for SCB Electro-explosion Energy Conversion Features

ZHANG Wen-chao, YE Jia-hai, QIN Zhi-chun, ZHOU Bin, TIAN Gui-rong, XU Zhen-xiang
( School of Chemical Engineering, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract: The changes of current, voltage and light intensity of semiconductor bridge ( SCB) with discharge time under capacitor
energy supply excitation were conducted. The electro-explosion energy conversion processes and phase changes for SCB were
analyzed based from the electric energy input and enthalpy change theoretical calculation. Results show that melting ratio, vaporizing
ratio and ionizing-ratio of SCB are 61. 1% ,14. 5% and 70. 3% at 2. 18 ps,3. 48 ps, and 17. 60 ps respectively when the
capacitance is 22 pF and the charging voltage is 45 V.
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Theoretical Study on Relationship Between Structures and Properties of Pyrazole Compounds
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Abstract: Structures of pyrazole compounds were constructed and their energetic properties were studied theoretically. For 9
pyrazole compounds,their geometry and electronic structures were analyzed by means of natural bond orbital (NBO) theory; their
reactivity was analyzed by electrostatic potential distributions, heats of formation and Bader density were also calculated. After that,
detonation velocities and Chapman-Jouguet pressures of these compounds were given by means of VLW equation. Results show that
there is some aromaticity in the ring of pyrazole compounds,also there is some linear relationship between total energy, density and
the number of amine groups respectively. Calculated detonation velocities of these compounds are more than 8.0 km - s~ ' which
indicate that these compounds are very good potential energetic materials.
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