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b. conformation of a-RDX molecular structure
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Fig.1 Unit-cell of RDX crystal and conformation of a-RDX

molecular structure
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Comparison of the optimized values of RDX unit cell parameter with the experiment ones

3

force field  a /A b/A c/A al/(°) B/(°) v /(%) p/g-cm”
exp. 13.182 11.574 10.709 90 90 90 1.806
compass 13.439(1.9%) 11.275(2.6%) 10.217(1.4%) 90 90 90 1.906(5.5%)
pcff 11.978(9.1%) 14.681(26.8%) 9.914 (1.6%) 90 90 90 1.693(6.2%)
cvff 12.987(1.5%) 13.531(16.9%) 9.732(1.4%) 90 90 90 1.725(4.5%)

Note: The data in the brackets represents the deviation of RDX unit cell parameter between the optimized and experiment values.
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Table 2 Comparison of the optimized values of bond length and dihedral angle of RDX molecule with the experiment ones
bond length/A . dihedral angle/(°)
bond length 2] dihedral angle 2]
exp. compass pcff cvff exp. compass  pcff cvff
C(1)—N(1)  1.464  1.454( —=0.7%) 1.469(0.3%)  1.493(2.0%) N(H)—N(1)—C(1)—N(2) 145.6  161.3  —171.0 =-178.7
C(1)—N(2) 1.443  1.453(0.7%) 1.477(2.4%)  1.493(3.5%) N(4)—N(1)—C(3)—N(3) -146.1 -156.8 145.6  —169.4
C(2)—N(2)  1.467  1.449( =1.2%) 1.466( =0.1%) 1.490(1.6%) N(6)—N(3)—C(3)—N(1) 89.9 78.4 -97.2  132.8
C(2)—N(3)  1.457  1.452( -0.3%) 1.457(0) 1.488(2.1%) N(6)—N(3)—C(2)—N(2) ~-91.9 -78.4 108.7 -116.8
C(3)—N(1)  1.450  1.452(0.1%)  1.457(0.5%)  1.494(3.0%) N(5)—N(2)—C(1)—N(1) -89.8 —106.1 175.4  —-167.5
C(3)—N(3)  1.440  1.452(0.8%)  1.454(1.0%)  1.492(3.6%) N(5)—N(2)—C(2)—N(3)  92.6  102.6  -160.4  140.1
N(1)—N(4)  1.351  1.392(3.0%)  1.367(1.2%)  1.370(1.4%)
N(2)—N(5)  1.392  1.390( =0.1%) 1.367( =1.8%) 1.375( =1.2%)
N(3)—N(6) 1.398  1.396( =0.1%) 1.362( =2.6%) 1.374( =1.7%)

Note: The data in the brackets represents the deviation of bond length and dihedral angle of RDX molecule between the optimized and experiment values, respectively.
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Fig.2 Optimized conformations of RDX molecule with pcff,

cvff and compass forcefields, respectively
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Table 3 Crystal morphology of RDX predicted by BFDH
model

(h k1) dyya /A total facet area /%

(210) 5.73 2.6

(002) 5.35 3.2

(020) 5.79 7.2

(200) 6.59 12.9

(111) 6.75 74.1
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Fig.4 Crystal morphologies of RDX predicted by AE model
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Table 4 The results of crystal morphology of RDX predicted

by AE model

(hk D) E.u Eovaw E.t-Blectrostatic total facet area
/k) + mol 7! /k) - mol ™' /k) + mol 7! /%

(210) -557.03 -325.62 -231.41 2.4

(200) -549.54 —-271.45 -278.10 6.4

(002) -455.20 -303.30 -151.90 8.5
(020) -451.86 -268.15 -183.71 10.7
(111) -431.88 -222.17 -209.71 72.0
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Fig.5 Crystal surface structures of RDX
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Fig. 6 Crystal morphology of RDX from recrystallization in

acetone solvent
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Molecular Modeling and Prediction of RDX Crystal Morphology

CHEN Gang, WANG Feng-yun

(Institute of Industrial Chemistry, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract. The crystal morphology of a-RDX was predicted by using Bravais-Friedel-Donnary-Harker( BFDH) and attachment energy
(AE) models. Results show that the crystal important growth surfaces are morphologically (111), (020), (002), (200) and
(210), in which, (111) is the most important growth surface. The analyses of the crystal growth surface structures of RDX show
that (002), (200) and (111) are polar, while (020) is a non-polar surface. (210) has the strongest polarity among five growth
surfaces. It can be predicted that in the polar solvent, (210) will be morphologically important growth surface and the importance
of (111) is reduced, while (020) is come to be disappeared. The recrystallization experiment in acetone solvent of RDX indicates
that (210), (111), (002) and (200) are revealed on the finally RDX crystal morphology, whereas (020) is disappeared.

Key words: physical chemistry; 1,3, 5-trinitro-1,3,5-triazacyclohexane (RDX) ; crystal morphology; BFDH model; AE model;
surface structure
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