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b. Model I (OA=2.21T nm ,OB=3.48 nm ,OC=2.38 nm)

c. Modelll (OA=2.2Tnm ,0B=3.48 nm ,0C=3.46 nm)
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Fig.1 Initial structure models of I,Il and Il for HMX crystal
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Fig.2 Curves of temperature vs. simulation time

Fig.3 Curves of energy vs. simulation time

Fig.4 Equilibrium configuration of model [
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Fig.5 N—N trigger bond length distribution in model I , Il and I of HMX crystals
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Table 1 Lattice parameters simulated by MD compared with experimental values of g-HMX
method a/nm b/nm c/nm a(w) B(m) y(m) p/g.cm™? V/nm?
Experimental’'’] 0.654 1.105 0.87 0.5 0.691 0.5 1.89 0.519
Model 1 0.658 1.066 0.914 0.5 0.688 0.5 1.85 0.532
Model T’ 0.657 1.066 0.914 0.5 0.688 0.5 1.85 0.532
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Table 2

Lo ~Laeand L of trigger N—N bond in STX models of HMX crystals nm

(AN model [ model [ model I model [’ model I’ model 1M’
meb 0.1398 0.1393 0.1396 0.1392 0.1396 0.1393
Lave 0.1398 0.1398 0.1398 0.1398 0.1398 0.1398
Linax 0.1568 0.1563 0.1606 0.1582 0.1576 0.1593

F 3 HMAID N—N FHEAEH6E M KA G RE =

Table 3 Energy E,_, and correlation energy in six models for HMX crystals k) - mol ™!
energy Model 1 Model I Model I Model T’ Model T’ model 1’
En_n 103.29 103.71 112.25 120.54 120.45 135.32
Internal 1.17 1.13 1.17 1.17 1.17 1.17
Nonbond 102.12 102.58 111.08 119.37 119.28 134.15
Electrostatic 104.25 104.75 113.25 121.50 121.46 136.32
vdW -2.14 -2.18 -2.18 -2.18 -2.18 -2.18
Repulsive 7.45 7.49 7.49 7.49 7.49 7.49
Dispersive -9.59 -9.63 -9.67 -9.67 -9.67 -9.67
Note: Ey_\ is Interation energy and Nonbond energy; Nonbond energy is van der Waals’ forces ( Repulsive + Dispersive) and electrostatic force

®4 HMXZERIT R )= g

Table 4 Mechanical properties in every each of HMX crystals GPa
parameter model [ model I model I model I’ model I’ model '  Reft'®! Refl3?]
C, 12.4 12.0 13.0 12.1 12.9 13.0 18.4 20.8
C,, 12.8 15.7 14.7 13.1 15.2 14.9 14.4 26.9
Cy, 13.0 12.9 11.5 13.0 12.4 12.0 12.4 18.5
Cyy 5.7 3.8 3.8 5.2 3.8 3.9 4.8 4.2
Css 4.7 4.4 4.6 4.6 4.1 4.3 4.8 6.1
Ceo 6.0 7.8 7.6 5.5 7.3 7.2 4.5 2.5
C, 4.2 8.0 8.4 4.3 8.5 8.4 6.4 4.8
Ci, 5.3 2.1 2.5 5.6 2.2 2.6 10.5 12.5
C,,y 6.2 4.9 5.0 7.0 4.9 4.7 6.4 5.8
Cis -0.9 -0.3 -0.2 -0.8 -0.2 0.0 -1.1 -0.5
Cys -2.7 0.0 0.0 -2.7 0.0 0.0 0.8 -1.9
Cys -0.4 -0.2 0.2 -0.8 0.3 -0.1 1.1 1.9
Cue 1.7 0.1 ~0.1 1.1 0.0 ~0.1 2.8 2.9
tensile modulus E 10.5 10.7 10.4 10.0 10.4 10.5
poisson’ s ratio v 0.3 0.3 0.3 0.3 0.3 0.3
bulk modulus K 7.2 752 7.3 7.4 7.4 7.4 9.6 12.5
shear modulus G 4.2 4.3 4.1 4.0 4.1 4.1 3.1 1.3
cauchy pressure C;,-C,, -1.5 4.2 4.6 -0.9 4.7 4.5 1.6 0.6
K/G L% 1.7 1.8 1.9 1.8 1.8
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MD Simulation on the Structure and Properties of Different Models for HMX Crystal

LIU Dong-mei' , XIAO Ji-jun' , CHEN Jun®, JI Guang-fu’, ZHU Wei’*, ZHAO Feng’, WU Qiang’, XIAO He-ming'

(1. Molecule and Material Computation Institute, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Institute of Fluid Physics, China
Academy of Engineering Physics, Mianyang 621900, China; 3. College of Biological, Chemical Sciences and Engineering, Jiaxing University, Jiaxing
314001, China)

Abstract: Molecular dynamics (MD) simulation was applied to investigate cyclotetramethylene ( HMX) crystal at 295K using
COMPASS force field with the isothermal-isobaric ( NPT) ensemble. Six models were considered, which were (4 x2 x4) and
(4 x4 x4) unit cells and the other models obtained by cutting along their (1 0 0) crystalline surface with different depths. The
trigger bond length, the interaction energy between two atoms of trigger bond and the mechanical properties of the HMX crystal
were analyzed. Results show that the trigger bond length distribution is approximately symmetrical Gaussian distribution and the
average bond length (L

ave

) is in good agreement with the experimental. The interaction energy ( E,_, ) between two N atoms of
the N—N trigger bond increases monotonously with the increasing of atom numbers in the models, and the mechanical properties
are independent of models except for Cauchy pressure.
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