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Tablel Comparative values of calculation and experiment for

crystal parameters and density of 8-HMX

crystal MD relative error
parameters  experimental value' ! calculation value /%
a/A 6.540 6.560 (0.038) 0.32
b/A 11.050 10.625 (0.065) 3.84
c/A 8.700 9.113 (0.057) 4.76
a/° 90.00 90.00 (0.38) 0.00
B/° 124.30 123.71 (0.42) 0.48
y /° 90.00 90.02 (0.44) 0.02
p/g - cm? 1.89 1.86 (0.01) 1.72

Note: Standard deviation in parentheses.
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Table2 MD calculation values of crystal parameters, volumes

and densities of HMX as functions of temperature

205K 235K 265K 295K 325K 355K 385K
LS4 6525 6538 658  6.560 6575 650  6.608
YR (20.028)( —0.030)( —0.033)( ~0.038)( —0.038)( —0.043)( —0.045)
i 10515 10.550 10585 10.625  10.670 10.720 10.770
( =0.050)( =0.055)( =0.060)( —0.065)( =0.070)( —0.080) ( —0.080)
Ji 9073 0.083 9100 9.113  9.127  9.137  9.Is3
R 20.043)( =0.047)( ~0.050)( —0.057) ( ~0.060)( —0.063)( —~0.067)
Lo 8999 89.99  90.01  90.00  89.99  90.02  90.03
Y 0.30)  (0.33)  (0.34)  (0.38)  (0.40) (0.42)  (0.46)
o 12360 12365 123.69 12371 12377 123.82  123.87
B (0.32)  (0.34)  (0.38) (0.42) (0.42) (0.48) (0.49)
Jo 9.0 90.01  90.01  90.02 9.0  8.97  89.98
Y (0.35)  (0.37)  (0.40)  (0.44)  (0.46)  (0.47)  (0.50)
py40 12432.48 12514.60 1259185 12683.86 12774.78 12870.27 12976.10
(65.44) (66.95) (72.49) (82.09) (86.31) (92.47) (102.64)
p 1.90 1.89 1.87 1.86 1.85 1.83 1.82
/g em™3(0.01)  (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Note: Standard deviation in parentheses.
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Table3 A and B values resulting from curve-fitting ( equation(3) )

a b c 14
A 6.43 10.22 8.98 11805.19
B 0.000452 0.00142 0.000446 3.00611
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Table 4 Thermal expansion coefficients (10 °K ') of HMX as functions of temperature
parameters 205 K 235 K 265 K 295 K 295 K" 300 K* 295 K3 325 K 355 K 385 K
o, 6.94 6.92 6.91 6.90 -0.29 2.45 2.07 6.88 6.88 6.87
a, 13.5 13.4 13.4 13.3 11.6 4.08 7.2 13.3 13.3 13.2
o, 4.98 4.88 4.87 4.86 2.30 1.78 2.56 4.86 4.86 4.85
B 24.2 24.0 23.9 23.7 13.1 8.24 11.60 23.7 23.5 23.4

Note: 1) Experimental values from Ref. 8. 2) Predicted values from Ref. 9.

3) Predicted values from Ref. 10.
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A MD Simulation Study of the Coefficients of Thermal Expansion for g-HMX Crystal

XIAO Ji-jun', HUANG Hui*, LI Jin-shan®, ZHANG Hang', Ma Xiu-fang', XIAO He-ming'

(1. Molecule and Material Computation Institution, School of Chemical Engineering ,

Nanjing University of Science and Technology, Nanjing 210094 , China;

2. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: In this paper molecular dynamics (MD) simulation was applied to validate COMPASS force field for HMX. The crystal

parameters of B-HMX crystal under atmospheric pressure and at seven different temperatures from 205 to 385 K were then calculated

with MD simulation using NPT ensemble for B-HMX (4 x2 x3) primary simulation cell. Both linear coefficients of thermal expan-

sion (CTEs) in the crystal a,b and ¢ directions and volume CTEs were obtained using linear correlation method. These theoretical

calculation results are in agreement with the previous experimental and theoretical data.

Key words: physical chemistry; molecular dynamics (MD) ; 1,3,5,7-tetranitro-1,3,5,7-tetrazocine ( HMX) ; force field; coeffi-

cients of thermal expansion (CTEs)



