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Table 1 Thermodynamic properties of liquid phase nitromethane at 300 K

from classical empirical potentials MD simulations

Pressure Cell32 Cell108 Cell256

/(GPa) E,./(J/mol)  D/(g/cm®) E,./(J/mol) D/(g/cm*) E,./(J/moD)  D/(g/cm*)
1071 —27.09£0.08 1.031+0.012 —27.84+0.04 1.10140.006 —28.22+0.04 1.14740.002
1.0 —27.88+0.08 1.31240.006 —28.63F0.04 1.343+0.004 —28.7240.04 1.3497+0.003
5.0 —26.50+0.08 1.606+0.003 —27.46+0.04 1.61540.002 —27.55+0.04 1.613=+0.001
7.5 —25.33£0.08 1.687+0.003 —26.25+0.04 1.697+0.001 —26.33+0.04 1.698=+0.001
10. 0 —23.9540.08 1.75240.002 —24.91+0.04 1.764+0.001 —24.2440.04 1.764=+0.001
14.0 —21.53+0.08 1.833+0.002 —21.48+0.04 1.846+0.001 —22.32740.04 1.845+0.001
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(Solid and dotted lines represent the results of CPMD with density of 1. 833 and 1. 139 g/cm?®, respectively.
Short and long dashed lines represent the results of classical empirical potentials MD

with density of 1. 848 and 1. 139 g/cm?, respectively)
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Abstract; The thermodynamic properties of liquid nitromethane under high-pressure have been deter-
mined using molecular dynamic (MD) simulations based on classical empirical potentials and first-
principles Car-Parrinello method (CPMD). Classical MD simulations were carried out to study the
structural and thermodynamics properties of nitromethane under high pressure, and the theoretical
Hugoniot was obtained up to 14. 2 GPa. For some thermodynamic functions, such as total energy, par-
ticle velocity.the classical MD simulations agree well with experimental results. However,it predicts a
higher Hugoniot pressure at given density. The CPMD simulations were performed at several selected
densities. The radial pair correlation functions, velocity auto-correlation functions, vibration spectra,
and other thermodynamic properties have been obtained and compared with the results of classical
MD. The careful analysis of the pair correlation functions reveals that the short-range part of the clas-
sical potential may be too stiff. There are substantial differences for pair correlation functions between
CPMD and classical simulations, while such difference can be attributed as quantum effects. The vibra-
tion spectra of liquid nitromethane were obtained from CPMD simulations at ambient conditions and at
high pressure. The pressure-induced shifts of vibrations to high frequency predicted by CPMD are con-
sistent with the experimental observation.

Key words: high pressure;energetic materials;nitromethane; molecular dynamics simulations; Car-Par-

rinello method;thermodynamic properties



