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Table 1
values (173 K) of FOX-7 including zero-point energy and

Comparison of lattice parameters and experiment

temperature corrections

Expt. /(173 K) OK+vdW OK+vdW+ZPE vdW+ZPE+T

V/A* 515.89 497.67(-3.53) 507.39(-1.65) 513.90(-0.39)
a/A  6.941 6.918(-0.33) 6.946(0.08) 6.965(0.34)
b/A  6.569 6.392(-2.70) 6.465(-1.58) 6.514(-0.83)
/A 11.315 11.254(-0.54) 11.299(-0.14) 11.328(0.11)

Note: Vis volume. a, b, and c are lattice parameters. vdW is van der Waals

interactions. ZPE is zero-point energy. T is temperature.
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FOX-7 at the given temperature

Calculated values of Griineisen parameter (y) of

T/K 0 100 200 300 400 500
b4 3.51 1.72 1.19 0.92 0.85 0.69

Note: vy is Griineisen parameter.
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Calculation of Thermodynamic Properties of Energetic 1,1-Diamino-2, 2-dinitroethene (FOX-7) at the

Finite Temperature

FAN Jun-yu'?, SU Yan’, ZHAO lJi-jun’

(1. Department of Physics, Taiyuan Normal University, Jinzhong 030619, China; 2. Institute of Computational and Applied Physics ; Tatyuan Normal University ,
Jinzhong 030619, China; 3. Key Laboratory of Materials Modification by Laser, lon and Electron Beams (Dalian University of Technology) , Ministry of
Education, Dalian 116024, China)

Abstract: To study the fundamental physical properties and intermolecular interaction of energetic materials under the loading
temperature, the first-principle calculation was performed combined with zero-point energy and temperature effect corrections.
The accuracy of lattice parameters at experiment temperature (173 K) can be significantly improved, and the deviations be-
tween the calculated lattice parameters and available experimental data are within 1%. The unit cell volume change with temper-
ature is relatively reasonable compared with the experimental value at 0-500 K, and their deviation is mainly from the lack of in-
teractions between phonons. Furthermore, the basic thermodynamic properties such as heat capacity, entropy and bulk modulus
were predicted, and the results indicate that the lattice parameters and thermal expansion coefficient of FOX-7 have strong an-
isotropy in 0—-500 K. Especially, the thermal expansion coefficient of interlayer direction is higher than that of inner layer direc-
tion, which is closely related to the molecular configuration and stacking. Importantly, when the temperature reaches 200 K, the
shrinkage of thermal expansion coefficient of FOX-7 is related to the rotation of NO, group. The NO, group would regulate the in-
termolecular interaction by changing the dihedral angle with the molecular plane, thereby triggering potential phase transforma-
tion of FOX-7. In addition, the bulk modulus under the adiabatic conditions is consistent with the experimental values reason-
ably, and the evolution of adiabatic bulk modulus with temperature reflects the softening behavior of FOX-7 at the finite tempera-
ture. With the increase of temperature, the calculated heat capacity and entropy increase gradually, showing obvious numerical
differences under the constant volume and pressure due to the anharmonic effect.

Key words: FOX-7;thermodynamic properties;quasi-harmonic approximation;first-principles calculations
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