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Fig. 1. Constructed perfect RDX supercell (2 x 1 x 1) (a)
and RDX supercell with a molecular vacancy (b). Red,
blue, gray and white represent oxygen, nitrogen, carbon,

and hydrogen atom, respectively.
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Fig. 2. System structure of perfect RDX supercell (a) and
RDX supercell with a molecular vacancy (b) at different
time under shock velocity of 11 km/s. The red for oxygen,
the black for carbon, the blue for nitrogen and the green for

hydrogen.
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Fig. 3. Changes of total energy, volume ratio, pressure and temperature vs. time for RDX perfect supercell (a) and RDX supercell

with a molecular vacancy (b) under shock loading.
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Fig. 4. Shock velocity vs. particle velocity for RDX. Here,
the black square data are the experimental data before det-
onation (below 8.6 km/s in shock velocity) and the theoret-

(27.28] "and the red circle

ical calculation data after detonation
and blue triangle data are respectively that of the perfect

crystal and the vacancy crystal in this calculation.
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Fig. 5. Evolution of N—NO, bonds with time (a) and that of C—N bonds with time (b) in RDX perfect cell under shock velocity of
11 km/s. The blue-green represents nitrogen atom, the purple represents oxygen atom, the green represents hydrogen atom and the

tangerine represents carbon atom.
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Fig. 6. Evolution of N—NO, bonds with time (a) and that of C—N bonds with time (b) in RDX cell with a molecular vacancy un-

der shock velocity of 11 km/s. The blue-green represents nitrogen atom, the purple represents oxygen atom, the green represents hy-

drogen atom and the tangerine represents carbon atom.
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Fig. 7. Radial distribution function between atoms N—N (a), C—N bond (b), C—H bond (c), H—O bond (d) in the prefect RDX

crystal at shock velocity of 10, 11 and 13 km/s.
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Table 1.  Area enclosed by a certain peak of inter-atoms radial distribution function in the perfect crystal.
N—N C—N C—H H-O
Shock velocity /(km-s ™)
r=118A r=1554 r=1454 r=104 A r=100A r=245A
10 0.1399 0.6488 1.3807 2.6913 0.0156 0.3824
11 0.3406 0.5048 1.2285 2.4445 0.0364 0.2695
13 0.5710 0.2831 1.1063 2.1975 0.0403 0.2616
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—SEERS (1013 km/s), 276 HH O Z[HJE R4
Fla) A5, JEA R C—H HEWTZYL, HETT H 5652 5
fifi % FJE B HONO.
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Fig. 8. Radial distribution between atoms (N—N (a), C—N (b), C—H (c), H—O (d)) of the vacancy RDX supercell at 10, 11 and

13 km/s.
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Table 2. Area enclosed by a certain peak of inter-atoms radial distribution function in the vacancy crystal.
N—N C—N C—H H—O
Shock velocity/(km-s 1)
r=118 A r=155A r=145A r=1.04 A r=1.00 A r=215A
10 0.1631 0.7238 1.3794 2.5649 0.0342 0.2328
11 0.4722 0.4398 1.3427 2.5349 0.0372 0.2268
13 0.5619 0.3095 1.0985 2.1741 0.0477 0.2316
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Fig. 9. Radial distribution function between atoms (N—N (a), C—N (b), C—H (c) and H—O (d)) of the perfect RDX crystal and

molecular vacancy RDX crystal at shock velocity of 11 km/s.
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Table 3.
the shock velocity of 11 km/s.

Area enclosed by a certain peak of inter-atoms radial distribution function in the perfect and vacancy crystals at

N—N C—N C—H H-O
RDX
r=118 A r=155A r=145A r=1.04 A r=1.00 A r=152 A r=215A
Perfect 0.3406 0.5048 1.2285 2.4445 0.0364 0.2226 0.2695
vacancy 0.4722 0.4398 1.3427 2.5349 0.0372 0.2027 0.2268
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Abstract

At present, the relative safety of energetic materials exposed to extreme environments is concerned widely.
Understanding the initial decomposition mechanism of energetic materials under impact loading is the basis for
exploring new energetic materials with high energy and low sensitivity. In this paper, we study the initial
dynamic response and reaction mechanism of perfect cyclotrimethylenetrinitramine (RDX) crystal and RDX
crystal with a molecular vacancy defect under shock loading by using the multiscale shock technique (MSST)
combined with reactive force field (ReaxFF) molecular dynamics method. The RDX perfect supercell and
supercell containing a molecular vacancy are constructed to simulate the shock process by using the generalized
gradient approximation method in density functional theory and Perdew-Burke-Ernzerhof functional. Before
loading the shock wave, one NVE ensemble and Berendsen thermostat are used to control the RDX equilibrium
process. A multi-scale impact compression is loaded along the crystal A direction. The initial temperature is 300 K
and the initial pressure is set to be an atmospheric pressure. The radial distribution functions between main
atoms are calculated, and the influences of shock velocity and molecular vacancy defect on shock loading
process are analyzed. The evolution of N—NO, bond and C—N bond with time in RDX perfect crystals and
vacancy crystals under shock velocity of 11 km/s are given. As a result, the possible initial decomposition path
of perfect RDX crystal and vacancy RDX crystal are the first fracture of N—NO, bond, followed by the
cleavage of C—N bond at small shock velocity. The initial reaction of the RDX crystal with a molecule vacancy
is earlier than that of the perfect crystal, which indicates that the vacancy crystal is more sensitive to shock and
more prone to decomposition. Furthermore, the fracture of C—H bond is possible after the initial cleavage of
N—NO,; bond and C—N bond, and then the H atom is transferred to oxygen atom in nitro group, forming
HONO. As the shock velocity increases, the number of broken chemical bonds in the two kinds of RDX crystals
increases, and the reaction becomes strong. The presence of molecular vacancy defect enhances the activity of
N—NO, bond and makes it easier to break, thus accelerating the initial reaction of the vacancy crystal. The
shock velocity and the particle velocity of the RDX crystal are consistent with previous experimental results

and theoretical data, which shows the validity of our calculation results.

Keywords: energetic materials, multiscale shock technique, molecular dynamics, vacancy defect, radial

distribution function
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