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Fig.1 Variable temperature XRD(VTXRD) patterns of a-DNAN
crystal (melting point is 367-368 K)
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Fig.2 Roman spectra of a-DNAN crystal under several pressure
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Fig.3 Crystal structure of a-DNAN viewed along xy-plane

a. xy-plane

and xz-plane
(The white sticks represent the H atoms, the red represent
the O atoms, the blue are the N atoms, and the grey are the

C atoms.)
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Table 1
cell volume (V) of a-DNAN obtained by calculation and the

Comparison of the values of lattice parameters, and

experimental ones

method a/A b/A c/A B/ (°) v/A3
PBE(this work) 8.667 12.663 15.513  82.303 1687.17
Exp.l10) 8.772 12,645 15.429 81.89 1694.3

2 AFETIZMET B-DNAN fh R S5 9725 4k

Table 2 Changes of crystal structure of B-DNAN under dif-
ferent pressure conditions
p/ GPa  method alA b/A c/A B/(°)
Exp..17) 3.970  13.726  15.437  91.06
0.0001 DFT 3.979 13.759 15.445 90.89
MD 17.387 32.266 31.627 92.761
Exp. 117 3.882 13.717 15.402 94.32
0.16 DFT 3.703 14.331 15.467 95.15
MD 18.388 27.218 31.973 94.91

Note: MD calculation was based on the optimized 4 X 2 X 2 supercell of

B-DNAN.
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Fig.4 Change of relative values of a-DNAN cell parameter
(R) with pressure (p) by DFT
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Fig.5 Change of densities of a-DNAN with pressure by MD

modeling
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Table 3  Structure and density of a-DNAN at 0.2 GPa under
different temperature by MD modeling

T/K alA b/ A c/A p./grcm™
298 37.159 22.663 33.735 1.270

308 35.224 22.768 33.648 1.283

313 36.970 22916 32.943 1.268

323 37.328 22.484 33.394 1.277

333 35.383 23177 33.706 1.279

Note: p_is the density by MD calculating.
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St J3E 5 b LR BE R 9 55 L B 313K OB R IR YR
53 F 18] AH BAE 5 B A 559 . Liu™Y SR REE T M=
Coo-p>0 S My=(C,;-p) ( Cys-p)-Cs >0 1E Jy LA} i 2R 1)
SRR E PE I bR E . B 4 9] 1, 7E 0.2 GPa,
298~333 K, a-DNAN ) M, Fl M, 35K F 0, vd B
Ef B A6 . XWULW T 0.2 GPa £ F
a-DNAN SR A %A A0 4504 19 A8 Ak, S B e i) B 75
of AR A T R 24 R R 3 S
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Table 4 Elastic constants C; of a-DNAN crystal at 0.2 GPa under different temperature predicted from DFT GPa
T /K C, Gy Gy, C, Css Cos Cis M, M,

298 8.65 10.804 13.75 6.591 3.731 4.477 -1.226 4.277 2.334

308 7.564 12.03 15.607 6.551 3.465 5.327 —-0.808 5.127 4.066

313 7.597 9.283 9.658 6.151 2.167 4.833 -2.187 4.633 0.025

323 9.694 11.773 12.097 5.966 3.585 5.174 -0.483 4.974 3.281

333 8.479 9.402 16.301 6.865 3.558 4.590 -0.967 4.39 3.859

Note: 1)C,,, C,, and C,, are three diagonal elements of the elastic constant matrix. 2) M,=C,,;—p,M,=(C,,—p)(C,;—p)—C;.%.
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Table 5 Densities and mechanical properties of a-DNAN under different temperature at 0.2 GPa

T/K p,/ g-cm™  compressing strength / MPa compressing modulus / GPa Young modulus / GPa  bulk modulus / GPa
298 1.506 34.09 7.87 3.10 2.45
308 1.509 39.48 8.15 10.80 2.73
313 1.505 36.52 7.40 8.75 0.83
323 1.513 41.13 7.93 10.33 2.55
333 1.520 42.71 6.97 11.22 0.78

Note: 1)p, is the density of a-DNAN with size @20 mmX20 mm by compacting in reality. 2) Compressing intension and compressing modulus were from the com-

pressing experiment. 3) Young modulus and bulk modulus were obtained by MD modeling.
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B2 R

Crystal Structure and Mechanical Properties of a-DNAN Under Temperature-Pressure Coupling

LI Hua-rong, YANG Yong-lin, ZONG He-hou, YU Hai-jiang
(Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: The change in crystal structure of a-2, 4-dinitroanisole (a-DNAN) under the different conditions of temperatures and
pressures was studied by the method of combining theory and experiment, and its application potential in the low velocity layer
of plane wave lens was discussed. The results of comprehensive experiments (variable temperature X-ray diffraction, high pres-
sure Raman spectra) and theoretical calculations (density functional theory, molecular dynamics) show that the a-DNAN crys-
tals can exist stably in the range of the studied temperatures(298-358 K) and pressures(0.0001-1.5 GPa), and the phase transi-
tion phenomenon does not occur. Under temperature-pressure coupling, the a-axis direction of the a-DNAN crystal is most easi-
ly expanded or compressed due to the large amount of w-m action. The b-axis direction is most difficult to be compressed due to
its strong steric hindrance. At lower pressures (0.0001, 0.6 GPa), the density of a-DNAN crystals decreases with temperature in-
creasing. Under the condition of 0.2 GPa, the density of a-DNAN crystals at 313 K is lower than that of at 308 K and 323 K, and
the mechanical properties are also correspondingly worse, which indicates that the change of crystal structure is the result of the
synergistic effect of pressure and temperature.
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