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= (e); B (d) 114 (1), (2), (3) ARDX 4 FH =/ N-NOo BH 145
Fig. 1. (color online) RDX molecule (a), RDX unit cell (b), perfect RDX crystal (c), defective RDX crystal

(d), and the diagram on molecular position in the defective crystal (e); the (1), (2), (3) are the numbers for

the three N-NO2 groups in RDX molecule.

F 1 RDX i B9 LA 0 S 8 0 & 10 45 44 2 B0
bk

Table 1. Comparison of the calculated structural pa-
rameters of RDX unit cell with the data from experi-

mental measurements.

a/A b/A c/A a=p=v/(°)
SEEy 13.182 11.574  10.709 90
W4 14136 11.905  11.751 90
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SKIEF 5L 5 BT o TR E A EER 0L AT
I3 M o3 1SR B T L 1 T LART S5 44 B s, 3RATT
53 9 0T 56 S i A2 R R B o A T R B BT 0 4 1 1,
2,3,4,5,8,9, 10 B =/ MK T T, 45

RBEIFE2. A, 5T 1,2, 3, 4,5, 8,9, 105
TR E g5 (2), (3), (1), (1), (1), (3), (3) A1
(1) [ N—N £ 4 1 1 1.419, 1.419, 1.371, 1.371,
1.371, 1.419, 1.426 #11.371 A K5 1.425, 1.431,
1.376, 1.389, 1.376, 1.421, 1.436 #11.393 A. ix £ 5}
RDX & 4 o 437 25 A i B A FL B i o 7 45 W AR 45
Fa .

3.2 T

3.2.1 RDX A HBIGKR b 454
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S8 AR AR B N 3.51 eV, H 56 3.4 eV A $92.97 eV, BIRET BRI/ T 0.54 V. fe B i ik
i B AL, A R AR AR S S S B INFB T B LR I RDX A& £ 8 5E M), H
SR 2 8 R R R A0y B 9F BB IR BE 1552 B A S B Ok N R 5 R A
g 10 B K T A2 5, 1 RDX AEAT BR M 3.51 eV 4 /) SR

R2 BT ST EA N-NOo 3B 5 56 58 dh i oA BB 1 LAt
Table 2. Comparison of the bond lengths of the three N-NOg groups near the defect with that in the perfect crystal.

N-NOQ it K /A N-NOQ @ Bk /A
[ FERMEFR  BIER 2 SHIKR  BUEIER
(1) N—N 1.371 1.374 (1) N—N 1.371 1.375
N—O 1.236 1.234 N—O 1.236 1.234
N—O 1.241 1.241 N—O 1.241 1.240
(2) N—N 1.419 1.425 (2) N—N 1.426 1.430
A1 N—O 1.228 1.227 52 N—O 1.227 1.226
N—O 1.232 1.231 N—O 1.229 1.228
(3) N—N 1.426 1.423 (3) N—N 1.419 1.431
N—O 1.227 1.226 N—O 1.228 1.225
N—O 1.229 1.232 N—O 1.232 1.231
1) N—N 1.371 1.376 (1) N—N 1.371 1.389
N—O 1.236 1.238 N—O 1.236 1.232
N—O 1.241 1.238 N—O 1.241 1.238
(2) N—N 1.419 1.426 (2) N—N 1.426 1.416
5T3 N—O 1.228 1.229 ¥4 N—O 1.227 1.228
N—O 1.232 1.231 N—O 1.229 1.233
(3) N—N 1.426 1.426 (3) N—N 1.419 1.431
N—O 1.227 1.229 N—O 1.228 1.226
N—O 1.229 1.230 N—O 1.232 1.228
1) N—N 1.371 1.375 (1) N—N 1.371 1.370
N—O 1.236 1.241 N—O 1.236 1.236
N—O 1.241 1.239 N—O 1.241 1.242
(2) N—N 1.419 1.414 (2) N—N 1.426 1.421
5¥5 N—O 1.228 1.227 5¥8 N—O 1.227 1.226
N—O 1.232 1.234 N—O 1.229 1.234
(3) N—N 1.426 1.436 (3) N—N 1.419 1.421
N—O 1.227 1.222 N—O 1.228 1.228
N—O 1.229 1.232 N—O 1.232 1.231
1) N—N 1.371 1.366 (1) N—N 1.371 1.393
N—O 1.236 1.237 N—O 1.236 1.228
N—O 1.241 1.242 N—O 1.241 1.235
(2) N—N 1.419 1.418 (2) N—N 1.426 1.421
5T9 N—O 1.228 1.228 43F 10 N—O 1.227 1.228
N—O 1.232 1.233 N—O 1.229 1.231
(3) N—N 1.426 1.436 (3) N—N 1.419 1.415
N—O 1.227 1.222 N—O 1.228 1.229
N—O 1.229 1.230 N—O 1.232 1.233

243102-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 24 (2015) 243102

0.14 -

0.10

0.08

Energy/Ha

0.06
0.04 -

0.02

G F Q Z G

0.12 E

0.10 | (b)

Energy/Ha
=
=
=3

0.02

0

G F Q z G

K2 (MTI#M) RDX 5ERAM (a) ISR (b) RIRE 4514
(

L
Fig. 2. (color online) Energy band structures of perfect (a) and defective (b) RDX crystals.
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Table 3. The total energies, energy values of HOMO, LUMO and gap for perfect and defective RDX crystals.

(:33 fEE/a.u. HOMO/a.u. LUMO/a.u. GAP/eV AGAP/eV
5EK Mk —14373.21336 —0.25736 —0.12779 3.51 —
[TRUETTEAN —13474.84715 —0.24561 —0.13547 2.97 0.54
3.2.3 AT& 4T EEIRNE, TR AR,
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F TR EBEPESMMEN 71 5 RE
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Fig. 3. (color online) Total electron density of states (a) and partial density of states (b)—(h) of perfect
(black solid) and vacancy-defective (red dotted) RDX crystals.
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Fig. 4. Total electron density of states near Fermi sur-

face of pefect and vacancy-defective RDX crystals.
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Fig. 5. (color online) The distributions of electron
cloud in HOMO, LUMO orbitals for the perfect and
defective RDX crystals: (a) Perfect RDX crystals,
HOMO; (b) perfect RDX crystals, LUMO; (c) defec-
tive RDX crystals, HOMO; (d) defective RDX crys-
tals, LUMO.
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Fig. 6. Calculated IR vibration spectrum of perfect and
vacancy-defective RDX systems obtained by cluster model
at the level of BSLYP/6-31g.

7 (MTRE) RDX SERMA AR (a) M ABEEA R (b)
I HITEBARIR BN 14.98 1 14.55 cm ™ A5 TR E)
i

Fig. 7. (color online) Molecular vibration characteris-

tics of the perfect RDX system (a) and the vacancy-
defective system (b) at the low vibration frequency
14.98 and 14.55 cm ™!, respectively.
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Abstract

Micro-defects in an energetic material is an important factor for the formation of “hot spots” and successive explosive
detonation. However, an understanding of the micro-mechanism of forming “hot spots” is limited and the development
and application of energetic materials are hindered due to the less knowledge of micro-defects inside the materials. In
order to understand the characteristics of micro-defects and explore the basic mechanism of forming “hot spots” caused
by defects, the effects of molecular vacancy defect on the geometrical structure, electronic structure and vibration char-
acteristics of Hexogeon (RDX) energetic materials are studied using the first-principle method, and the basic formation
mechanism of initial “hot spot” is discussed. The effects of molecular vacancy defect on the RDX geometrical structure,
electronic band structure, electronic density of states and frontier molecular orbitals are analyzed using the periodic
model, while the influences of molecular vacancy defect on the vibration characteristics of RDX systems are calculated
using the cluster model. Infrared vibration spectra and vibration characteristics of the internal molecules at the same
vibration frequency for the perfect and defective RDX systems are obtained. It is found that vacancy defect makes the
N—N bond near the defect long, and the molecular structure loose; some degenerate energy levels in the conduction
band present separation and the electronic density of states decreases; the bottom of the conduction band and the top of
the valence band contributed by N-2p and O-2p orbitals shift to the Fermi surface, which reduces the energy band gap
and increases the activity of system. At the same time, the calculations of the frontier molecular orbitals and the infrared
vibration spectra show that the molecular defect makes the charge distributions of highest occupied moleculer orbital
concentrated mainly in the molecule near the defect, and the C—H and N—N bond energies decrease. For the defective
system, some molecules around vacancy have large vibration amplitude towards the vacancy direction. This will be
likely to cause hole to collapse and realize the conversion of energy. These characteristics indicate that the presence of
molecular vacancy defect causes the energy band gap to decrease, the structures of the molecules near the defect become
loose, the charge distribution increases and the reaction activity augments. When the defective system is loaded by
external energy, the molecules near the defect are expected to be unstable. The C—H or N—N bonds in those molecules
are more prone to rupture to cause chemical reaction and release of energy, which is expected to be responsible for the
forming of “hot spot”. These results provide some basic micro-information about revealing the formation mechanism of

“hot spots” caused by molecular vacancy defects
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