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Abstract Molecular dynamics simulations have been
performed to investigate the effect of acetone solvent on the
crystal morphology of RDX. The results show that the growth
morphology of RDX crystal in vacuum is dominated by the
(111), (020), (200), (002), and (210) faces using the BFDH
laws, and (111) face is morphologically the most important.
The analysis of surface structures of RDX crystal indicates
that (020) face is non-polar, while (210), (111), (002), and
(200) faces are polar among which (210) face has the strongest
polarity. The interaction between acetone solvent and each
RDX crystal face is different, and the order of binding energy
on these surfaces is (210)>(111)>(002)>(200)>(020). The
analysis of interactions among RDX and acetone molecules
reveal that the system nonbond interactions are primary strong
van der Waals and electrostatic interactions containing 7t-hole
interactions, the weak hydrogen bond interactions are also
existent. The effect of acetone on the growth of RDX crystal
can be evaluated by comparing the binding energies of RDX
crystalline faces. It can be predicted that compared to that in
vacuum, in the process of RDX crystallization from acetone,
the morphological importance of (210) face is increased more
and (111) face is not the most important among RDX polar
surfaces, while the non-polar (020) face probably disappears.
The experimentally obtained RDX morphology grown from
acetone is in agreement with the theoretical prediction.
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Introduction

RDX (cyclotrimethylene trinitramine, C3HgN¢Og), as a high-
performance energetic material, has been widely used in both
civilian and military applications since it was synthesized [1].
RDX crystal primarily exits in o« and {3 polymorphic forms at
ambient conditions [2, 3]. Since «-RDX is quite a stable phase
and (3-RDX is highly unstable, x-RDX (default RDX
hereinafter) is more valuable in practice. The sensitivity
and packing density are crucial factors in affecting the
performances of RDX product, because low sensitivity can
increase stability and high packing density can promote
explosive power [4, 5]. The research works have already shown
that the crystal morphology of RDX plays an important role in
determining packing density and sensitivity [6-9]. For instance,
the spherical crystal shape has a higher packing density and
smoother surfaces compared to other crystal shapes, such as the
needle and plate. The crystal morphology is controlled not only
by the internal structure but also the external factors such as
super-saturation [10, 11], solvents [12, 13], and impurities [14,
15]. Tt is well-known that solvents have a great effect on the RDX
crystal morphology [16-18]. It is, therefore, very important to
understand the influence of solvents on the crystal morphology
for controlling RDX crystallization process in order to achieve
high packing density and low sensitivity.

Recently, molecular modeling has already been an
important and effective tool to study the influence of specific
solvents on the crystal morphology. Myerson et al. [19]
provided a valid method to evaluate an additive effect on
crystal growth with the binding energies as the additive-
surface interaction by the aid of molecular modeling
technique. The work of Ulrich et al. [20] proposed the Layer
docking method to predict the crystal morphology in the
presence of solvents by modeling the solid-liquid interface
in the crystal growth process. Ter Horst et al. [17] considered
the surface induced potential energy in the solid-liquid interface
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as an adequate solvent effect parameter to predict the
morphological importance of a crystal face. Molecular dynamics
simulations were performed to study the effect of y-
butyrolactone solvent on the RDX (210) and (200) surfaces by
the calculated surface induced potential energy. Duan et al. [21]
constructed the HMX surfaces-acetone solvent interfacial model
called a two-layer model. The modification morphology of
HMX crystal in the presence of acetone was predicted by
comparing the solvent-effected attachment energy which was
calculated by employing molecular dynamics simulations.

Acetone is selected as the target solvent, because RDX has
higher solubility in acetone solvent with the appropriate
solubility ratio (d S/d T)/S compared with other common
solvents, such as benzene, chloroform, ethanol, and diethyl
ether. This is very suitable for the growth of high quality single
RDX crystal from acetone [22]. The subject of our work is to
understand the actions of acetone molecules on the RDX
crystal surfaces at the molecular level by means of molecule
modeling, and the purpose of the work is to provide some
theoretical supports for RDX crystal morphology control
technology. In this paper, the morphology of RDX crystal in
vacuum was predicted by the laws of Bravais, Friedel,
Donnay and Harker (BFDH) [23-25], the RDX surface-
acetone solvent interfacial models were constructed and the
molecular dynamics (MD) simulations were performed on
these models, the interactions between RDX surfaces and
acetone were analyzed and compared by the binding energy
of each crystalline face, finally the RDX growth morphology
in the presence of acetone was predicted and compared with
the experimentally obtained RDX morphology.

Methods

Molecular dynamics simulations were run in the discover
module which was implemented in the commercial software

structure (a) and molecule

Fig. 1 The RDX unit cell \
configuration (b)

Accelrys Materials Studio (MS) [26]. All MD simulations were
carried out in NVT ensemble with the COMPASS force
field [27]. The RDX crystal morphology in vacuum was
predicted using the BFDH laws in the polymorph
module. The surface electrostatic potentials of RDX and
acetone molecules on the 0.001 au were computed at the level
of B3PW91 with 6-31G(d,p) basis set using the Gaussian 03
[28] and Surface Analysis Suite programs [29, 30].

The initial structure of RDX unit cell was derived from the
experiment of Choi and Prince [3], which belongs to
orthorhombic space group PBCA with eight molecules in the
unit cell. The RDX unit cell structure and molecular
configuration are shown in Fig. 1. From Fig. 1(a), there are eight
irreducible RDX molecules in the unit cell with lattice parameters
a=13.182 A, b=11.574 A, ¢=10.709 A, a=3=v=90°. As
seen from Fig. 1(b), the RDX molecule consists of three CH,-
N-NO, units arranged in a six-member ring, and the molecule
conformation is the chair-AAE conformation, in which two nitro
groups occupy axial positions (A) and the remaining nitro group
is in the pseudo-equatorial positions (E).

The optimization of RDX crystal was performed in the
COMPASS force field. The BFDH laws are used to predict
crystal morphology in vacuum, which gives a list of the most
probable crystal faces that appear in the external morphology.
The crystal morphology and morphologically important (4 k /)
faces of the optimized RDX crystal in vacuum were
determined by the BFDH laws. Then, the RDX crystal was
cleaved along to the predicted (% k) face with a depth of three
unit cell. The crystal surface layer was constructed as a
periodic superstructure of 3%3 unit cell. The chosen solvent
was acetone with the dielectric constant ¢, of 21 and density
of 0.78 g/cm®. A solvent layer containing 100 random
distributed acetone molecules was constructed by the
Amorphous Cell tool. Geometry optimization, followed by
molecular dynamics simulations (100 ps with time step 1 fs at
303 K, using Andersen thermostat [31]) for the solvent layer
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was done to make acetone molecules uniformly distribute in
the solvent layer. The RDX surface-acetone solvent interfacial
models were built with the build tool in order to study the
interactions between RDX crystalline faces and acetone. One
part of the model was the crystal layer which was constrained
along a, b, and ¢ axis direction and the other was the acetone
solvent layer which was placed on the (% £ /) crystal face along
c axis. A vacuum slab thickness of 50 A was built above the
solvent layer to eliminate the effect of additional free
boundaries on the model. The schematic representation of
RDX surface-acetone solvent interfacial model is shown in
Fig. 2. The periodic boundary conditions were applied in all
dimensions.

The interfacial models were firstly optimized by the
energy minimization consisting of 5000 iteration steps.
After that the MD simulations were carried out at 303 K
which was the RDX crystallization temperature from
acetone by application of Andersen thermostat [31]. Then,
a period of 200 ps with time step 0.1 fs dynamics was run
for equilibration stage. Subsequently, the production stage
was performed with 200 ps during which data were
collected every 200 time steps. For the potential-energy
calculation, the atom based method was used to calculate
van der Waals (vdW) interaction with a cut off distance of
12.5 A and the Ewald summation method was applied to
calculate the Coulomb interaction with the accuracy of

Fig. 2 The schematic
representation of RDX surface-
acetone solvent interfacial model

Vacuum layer

Crystal surface layer

Table 1 The simulation details of MD

Simulation Value Simulation parameter  Value
parameter
Force field COMPASS  Energy minimization ~ Smart minimizer
Ensemble NVT Nonbond vdW, Coulomb
Thermostat Andersen Simulation 303 K
temperature
Equilibration ~ 200 ps Production stage 200 ps
stage
Time step 11s Dielectric constant 21

0.001 kcal-mol' [32]. The simulation details of MD are
shown in Table 1.

Results and discussion
Choice of force field and equilibrium of system

The COMPASS force field is chosen to investigate the
structure and properties of RDX crystal. There are two
reasons, one is that the COMPASS force field is able to make
accurate prediction of structural, conformational, and thermal
physical properties for a broad range of compounds both in
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Table 2 Comparison of the optimized RDX unit cell parameters based on COMPASS force field with the experimental values

Lattice parameters

Force field al/A b/A c/A a/(deg) B/(deg) ~/(deg)
Exp.[3] 13.182 11.574 10.709 90 90 90
Compass 13.439(1.9 %) 1127526 %) 10.217(~1.4 %) 90 90 90

*() represents the deviation of RDX unit cell parameter between the optimized and experiment values

isolation and in condensed phases [33]. The other is that it
has been successfully employed to model structures and
properties of energetic materials, for example the cyclic
nitramine compounds, HMX, TNAD and CL-20 [34-36].
The calculated results were consistent with their experimental
values. RDX, as HMX homologues, also belongs to the cyclic
nitramine explosive, so the COMPASS force field is applicable
to simulate RDX crystal.

The reliability of the COMPASS force field can be checked
by the accuracy of the calculated RDX cell unit and molecule
structure parameters. The comparison of the optimized RDX
unit cell parameters based on COMPASS force field with the
experimental values is listed in Table 2. As can be seen, the
optimized lattice parameters are in reasonable agreement with
the experimental values, because the deviations of RDX
lattice parameters between the optimized and experimental
values are both less than 5 %. The comparison of the
calculated structure parameters of the chair-AAE molecule
conformation of RDX with the experimental values is listed
in Table 3. From Table 3, the calculated structure parameters
are also consistent with the experimental values, for which the

deviations are both less than 5 %. Consequently, it is shown
from the results that the COMPASS force field is really
suitable to theoretical simulations for RDX crystal.

The equilibrium of system can be judged by two criteria
for both the equilibrium of temperature and energy,
simultaneously. When the fluctuation of temperature and
energy are in the rage of 5-10 %, the equilibrium of the system
is ascertained. Figure 3 shows that the fluctuation curves of
temperature and energy of the RDX (210) surface-acetone
solvent interfacial model for equilibration stage of 200 ps in
the MD simulation. It can be observed that the system quickly
equilibrates in less than 50 ps and then continues to fluctuate
around the equilibrium state. The temperature equilibrates at
the setting temperature of 303 K and fluctuates within £15 K,
when it reaches the equilibrium state. The fluctuation range of
potential energy and nonbond energy are very small, and both
energy deviations are less than =1 %. Therefore, the system of
RDX (210) face-acetone solvent interface has reached
equilibrium states both in energy and temperature. Similarly,
all other RDX crystal surface-acetone solvent interfacial
models have been equilibrated according to the two criteria.

Table 3 Comparison of the

calculated structure parameters Structure parameters

of the chair-AAE molecule

conformation of RDX with the Bond (A) Exp.[3] Cal. Angle (deg) Exp.[3] Cal.

experimental values
C(1)-N(1) 1.464 1.454(=0.7 %) N(1)-C(1)-N(2) 107.843 110.594(2.6 %)
C(1)-N(Q2) 1.443 1.453(0.7 %) C(1)-N(2)-C(2) 114.530 113.045(2.6 %)
C(2)-NQ2) 1.467 1.449(-1.2 %) N(2)-C(2)-N(3) 111.744 109.581(-1.9 %)
C(2)-N(3) 1.457 1.452(=0.3 %) C(2)-N(3)-C(3) 114.840 110.632(=3.7 %)
C(3)-N(1) 1.450 1.452(0.1 %) N(@B3)-C(3)-N(1) 108.354 108.787(0.4 %)
C(3)-N(3) 1.440 1.452(0.8 %) C(3)-N(1)-C(1) 115.112 112.887(—1.9 %)
N(1)-N(4) 1.351 1.392(3.0 %) C(1)-N(1)-N(4) 119.723 118.925(-0.7 %)
N(@2)-N(5) 1.392 1.390(=0.1 %) C(3)-N(1)-N(4) 120.892 118.725(—1.8 %)
N(Q3)-N(6) 1.398 1.396(=0.1 %) C(1)-N(2)-N(5) 117.039 121.934(4.2 %)
N(4)-0(1) 1.209 1.212(0.2 %) C(2)-N(2)-N(5) 116.652 121.050(3.8 %)
N(4)-0(2) 1.232 1.211(-1.7 %) C(3)-N(3)-N(6) 115.607 116.654(0.9 %)
N(5)-0(3) 1.203 1.210(0.6 %) C(2)-N(3)-N(6) 117.497 117.994(0.4 %)

*() represents the deviation of N(5)-0(4) 1.207 1.212(0.4 %) N(1)-N4)-0(2) 117.790 117.252(0.4 %)

RDX unit cell parameter between N(6)-0(5) 1.201 1.212(0.9 %) N(2)-N(5)-0(3) 117.170 117.681(0.4 %)

the optimized and experiment N(6)-0(6) 1.205 1.211(0.5 %) N(3)-N(6)-0(6) 117.021 117.282(0.2 %)

values
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(020 Table 4 The predicted
results of RDX crystal in (hkl) dyi(A) Total facet arca (%)
vacuum by using the
A BFDH laws (210) 573 2.6
002) 535 32
020)  5.79 72
(002) (200) 6.59 12.9
(111) 675 74.1

\/

Fig. 3 The predicted growth morphology of RDX crystal in vacuum by
using the BFDH laws

The production stage has been performed to run 200 ps after
finishing the equilibrium task.

RDX crystal morphology and surface structures in vacuum

The growth morphology of RDX crystal in vacuum using the
BFDH laws is shown in Fig. 4. The predicted results of RDX
crystal are presented in Table 4.

From Fig. 4, the RDX crystal shape in vacuum is
dominated by (111), (200) (002), (210), and (020) faces. From
Table 3, (111) face has the largest percentage area which is
almost about 74.1 % and the largest plane spacing (d;;;=
6.75 A). This indicates that (111) face is morphologically the
most important growth face of RDX crystal. Face (200) is the
second largest which has 12.9 % area percentage. The area
percentage of (020) face is approximately 7.2 %. Both (002)
and (210) faces have similar surface area, about 3.2 % and
2.6 %, respectively. The predicted results of RDX crystal in
vacuum by the BFDH laws are also in accordance with the
previous studies [16].

Fig. 4 The molecular
arrangements of (210), (111),
(002), (200), and (020)

faces of RDX crystal

The molecular arrangements of (210), (111), (200), (002),
and (020) faces of RDX crystal are displayed in Fig. 5. It can
be found that (111) face is morphologically relatively smooth
and other growth faces are rough because their molecular
arrangements are uneven at the molecular level. The strong
polar nitro groups (NO,) are observed to be exposed at crystal
surfaces except the (020) face exposes the non-polar
methylene groups (CH,). For (210) face, the exposed nitro
groups are almost perpendicular to crystal surface and the
number of the exposed oxygen atoms (O) is the largest, which
is quite contributive to the formation of hydrogen bonds with
surrounding solvent molecules. With respect to (002), (200),
and (111) faces, the direction of exposed nitro groups are not
perpendicular to crystal face and the quantity of exposed O
atoms gradually becomes less. The polarity of crystal surface
can be determined by the atoms which are exposed normal to
the face [37]. From the view of crystal surface polarity, (210),
(002), (200), and (111) faces are classified as polar due to the
exposed NO, groups among which the polarity of (210) face
is the strongest, whereas (020) face is considered as nonpolar
because of the exposed CH, groups.

Binding energy

The equilibrium configurations of five different RDX surface-
acetone solvent interfaces are displayed in Fig. 6. From this
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Fig. 5 Plot of energy and Energy (kcal/mol)

temperature vs simulation time 9250
for RDX (210) face-acetone
solvent interface at 303 K -9500

97504

-10000+

-10750

Potential energy

-102504 300
\ Nonbond energy
-105004

Temperature (K)
400+

380
3604

3404

320

260

0 40000 80000

Simulation Time (fs)

illustration, it can be seen that acetone molecules have already
been in close contact with each crystalline surfaces and
formed dense layers at surfaces, which implies that there exists
strong interactions between RDX surfaces and acetone. The
interaction energies between RDX surfaces and acetone can
be calculated using the following equation.

Eit = Eor — (Esur + Esol)a

where £, is the average total single point energy of RDX
surface-acetone solvent interfacial model, £, and E ; is the
average single point energy of RDX surface and acetone
solvent layer, respectively.

The binding energy can accurately reflect the ability for
solvents to interact with crystal faces, which is defined as the
negative value of interaction energy, so

Ebinding = —Ejy.

Fig. 6 The snapshot of
equilibrium structures of RDX
surfaces-acetone solvent interface
at 303 K, which correspond to
(210), (111), (200), (002), and
(020) faces, respectively

@ Springer
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The average binding energies of acetone molecules
adsorbed on different RDX surfaces are tabulated in Table 5.
From Table 5, it can be found that (210) face has the largest
binding energy of 100.41 kcal-mol ', while (020) face has the
least binding energy of 40.69 kcal-mol '. The order of
binding energies on different RDX growth faces is as follows:
(210)>(111)>(002)>(200)>(020). It shows that the polar
faces of RDX crystal have larger binding energies compared
with the nonpolar face. This can be explained that the polar
solvents, such as acetone, preferentially interact with the polar
faces, especially the strong polar faces [37, 38]. The larger the
value of binding energy, the stronger the affinity capability of
solvent with crystal face. It indicates that (210) face has the
strongest capability to interact with acetone because it has the
largest binding energy, followed by (111) face, then (002) and
(200) faces whose binding energies are close, while the
affinity capability of (020) face with acetone solvent is the
weakest whose binding energy is the least.
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Table 5 Calculated binding energies (E;q4ine) Of acetone solvent
adsorbed on five dominating surfaces of RDX crystal at 303 K

E (kcal-mol ")

(hkd)

Emt Esur Es()l Eint E‘him]inga
(111) —3155.44  —2555.46 —521.65 —78.33 78.33
(020) —2474.72 —2255.03 —179.01 —40.68 40.69
(002) —2624.24  —2328.17 —240.52 —55.55 55.54
(200) —2534.22 —2243.12 —236.64 —54.46 54.45
(210)  —5316.09  —4473.29  —742.40  —100.40 100.41
aEbinding:_Einl

The molecular interaction analysis

The molecular interactions of acetone with RDX can be
examined by analyzing the electrostatic potentials of RDX
and acetone molecules. The surface electrostatic potentials of
these molecules are shown in Figs. 7 and 8. From Fig. 7, the
central regions of RDX molecule associated with the six ring
are quite positive, while the negative regions are only limited
on the peripheries of the molecule due to the lone pairs of nitro
O atoms. From Fig. 8, the ketone O atom of acetone is quite
negative owing to the lone pairs and 7t electron, the rest of the
regions of the molecule are surrounded by positive potentials.
For typical organic molecules, e.g., acetone, the negative
potentials are stronger than the positive potentials, which
should be attributed to the lone pair electrons on the more
electronegative atom (e.g., O atom), but with respect to
energetic compounds, the situation is overall different, e.g.,
RDX, which has three strong electron-attracting components,
the nitro groups. These nitro groups are competing for the
polarizable electronic charge of RDX molecule, as a result,
each attracts less, whilst these electrons are considerably

Fig. 7 The computed surface electrostatic potentials of RDX molecule
on the 0.001 au. The color range, in kcal- mol !, are: Red greater than 29,
vellow from 29 to 12, green between 12 and 0, blue less than 0

Fig.8 The computed surface electrostatic potentials of acetone molecule
on the 0.001 au. The color range, in kcal'mol ', are: Red greater than 6,
yellow from 6 to 0, green between 0 and —22, blue less than —22

depleted by the strong electron-withdrawing ability of NO,,
so the positive potentials are quite stronger than the negative
potentials, for which the most positive regions are near the nitro
N atoms [39]. When these two molecules approach, through the
negative potential sites interacting in a highly directional
manner with positive sites, the strong electrostatic attracting
interactions occur among RDX and acetone molecules.
Moreover, the nitro N atoms of RDX can be regarded as the
positive 7t-holes which are defined as the regions of low
electronic density which are perpendicular to portions of a
molecular framework [40]. The positive 7t-holes associated
with nitro N atoms of RDX can electrostatically interact with
the negative sites involving the lone pairs of ketone O atom in
acetone. Consequently, the electrostatic interactions among
RDX and acetone molecules include 7t-hole interactions.

The strongly positive potentials of RDX molecule
associated with methylene hydrogen atoms identify possible
hydrogen bond donors, whereas the strongly negative regions
of acetone refer to the ketone O atom, indicating potential
hydrogen bond acceptors. According to Desiraju's
proposition, the weak hydrogen bond of C-H:O is defined
for a maximum H-+O distance of 2.8 A, a maximum distance
between C and O atoms of 4.0 A, and a minimum C-H--O
angle of 110° [41]. In terms of this criterion, it can be found
that the C-H-*O hydrogen bonds form at the RDX (210)
surface-acetone solvent interface, as shown in Fig. 9. The
hydrogen bonding geometry parameters listed in Fig. 8 show
that the C-H""*O interactions belong to the weak H-bonds. The
pair correlation function is also used to investigate the
nonbond interactions between solid and liquid structures,
especially H-bonding interactions. The g(r)o;-p2~7 and
2(r)os-m1~r curves of RDX (210) surface-acetone solvent
interface are displayed in Fig. 10. The O and H atoms in the
RDX molecule are named as O; and H;, whereas O and H
atoms in acetone molecules are named as O, and H,. As seen
from Fig. 9(a), the highest peak exists in the region of 2.1~
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Fig. 9 The top view diagram of
the formation of C-H-"O
hydrogen bonds at the RDX (210)
surface-acetone solvent interface
and these hydrogen bonding

0---H:2.438

geometry parameters are given. It bt thACCSIGGl;]Si
only keeps the first layer of (210) . O---H:2.758A e
face for the intuitionistic display O-H-C:119.6°

of hydrogen bonds. Color codes: O---C:3.4394

Red ones represent the O atoms in
RDX molecules; Orange ones
represent the H atoms in RDX
molecules; Blue ones represent /
the O ones in acetone molecules;

Green ones represent the H atoms

0.- - . 9
0-H-C:155.9

in acetone molecules 0---C:3.656A
0---H:2.7174
0O-H-C:116.8
0---C:3.360A

3.0 A, indicating that the hydrogen bond exists between O,
and H, atoms; it has some high peaks in the region of 3.0~
8.0 A, suggesting that the strong nonbond interactions exist
between this atom pair. From Fig. 9(b), there is a high peak in
the region of 2.1~3.0 A, indicating that between O, and
H, atoms hydrogen bonds form; some higher peaks exist
in the region of 3.0~8.0 A, implying that the strong vdW
and electrostatic interactions exist between this atom
pair.

It can be concluded that, the noncovalent interactions
among RDX and acetone molecules are primarily strong
vdW and electrostatic interactions including 7-holes
interactions, the weak hydrogen bond interactions also
exist in the whole system.

r\m-t

O---H:2.4684
O-H-C:133.2
0---C:3.3204

The solvent effect on RDX morphology

During the process of crystallization from solution, solvents
have an important influence on the crystal growth by the
interactions between solvents and crystal faces. Due to the
solvent-surface interactions, the solute molecules are
hampered in depositing at crystal faces, in other words, the
relative growth rates of corresponding surfaces are slowed and
the growth of crystal faces are inhibited [12, 38], so ultimately
the crystal morphology is affected which results from the
relative growth rates of its faces in different directions [42].
If the solvent-surface interactions are stronger, it means that
the growth of crystal face is slower and the influence of
solvent on crystal growth is larger. Therefore, the effect of

Fig. 10 The pair correlation 8 &)
functions g(r)o1-m2 (a) and 161 01-Hy $1 0yH)
2(r)o2-m1 (b) vs r of RDX (210)
face-acetone solvent interface 124 64

84 44

4 24

0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

r(Angstroms) r(Angstroms)
a b
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Fig. 11 The crystallization morphology of RDX crystal from acetone
solvent [18]. (Copyright (2004) American Chemical Society)

acetone on the growth of RDX crystal can be evaluated by
comparing the binding energy of each crystal face. Obviously,
the growth of (210) face affected by acetone solvent is the
strongest because it has the largest value of binding energy,
while the solvent effect on (020) face is the lowest due to the
weakest interaction. According to the binding energy, the
effect of acetone on the RDX surfaces can be written as the
following order: (210)>(111)>(002)>(200)>(020).
Consequently, affected by acetone solvent, the relative growth
rates of (210), (111), (002), and (200) faces is slow to a
different extent among which (210) face relative growth rate
becomes slow more remarkably, while the relative growth rate
of (020) face becomes fast. Furthermore, the morphological
importance of polar crystal face is increased in the polar
solvent, while it is weakened in the non-polar solvent [35].
That is to say, if in the polar solvent, the morphological
importance of RDX polar surfaces are increased, while the
non-polar face is decreased, even probably disappears. Thus,
based on these two points it can be predicted that, in the process
of RDX crystal growth from acetone, the morphological
importance of (210) face is increased more and (111) face is
not the most important among polar surfaces of RDX crystal,
while the non-polar (020) face probably disappears.

The RDX crystal morphology grown from acetone
obtained from the cooling crystallization experiments is
displayed in Fig. 11 [18]. It can be found that (210), (111),
(002), and (200) faces which are of similar importance are
revealed on the finally RDX crystal morphology, whereas
(020) face disappears. The RDX crystallization experiment
indicates that compared to that in vacuum, the morphological
importance of RDX polar surfaces are increased, e.g., (210),
(002), and (200) faces, except (111) face which is not the most
important, and (020) face as a non-polar surface disappears in
the acetone solvent. The experimental result is in agreement
with the theoretical prediction.

Conclusions
In this work, we construct RDX surface-acetone solvent

interfacial models, study the interactions between RDX
crystal faces and acetone by performing the molecular

dynamics simulations, and finally predict the effect of acetone
solvent on the growth morphology of RDX crystal and
compare it with the experimental results.

The growth morphology of RDX crystal in vacuum is
dominated by the (111), (020), (200), (002), and (210) faces
using the BFDH laws, in which (111) face is morphologically
the most important. Analysis of surface structures of RDX
growth faces show that (210), (002), (200), and (111) faces are
polar among which (210) face has the strongest polarity, while
(020) face is nonpolar. The ordering of binding energies on
RDX crystal faces is: (210)>(111)>(002)>(200)>(020). The
(210) face has the strongest capability to interact with acetone,
followed by (111) face, then (002) and (200) faces whose
binding energies are close, while the affinity capability of
(020) face is the weakest. The analysis of pair correlation
functions and molecular surface electrostatic potentials reveal
that the nonbond interactions among RDX and acetone
molecules are strong vdW and electrostatic interactions
containing 7t-holes interactions, the weak hydrogen bonding
interactions also exist in the whole system. Finally, it is
predicted that in acetone solvent, compared to that in vacuum
the morphological importance of (210) face is increased more
and (111) face is not the most important among polar surfaces
of RDX crystal, while (020) face as a nonpolar surface
probably disappears. The crystallization morphology of
RDX from acetone solvent shows that (210), (111), (002),
and (200) faces were revealed on the finally RDX crystal
morphology, whereas (020) face disappeared. The experimental
results are in agreement with the theoretical predictions.

In a word, molecular dynamics simulation is a powerful
tool to investigate the effect of acetone solvent on the crystal
morphology of RDX. It can provide some theoretical support
for RDX crystal morphology control technology, but it should
be pointed that this theoretical prediction is qualitative and
simple which only considers the solvent factor, because the
temperature, stirring rate and super-saturation have equally
important influence on the final morphology of RDX crystal.
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