
SMP42-05 Room:102A Time:May 26 15:15-15:30

Application of free volume theory to the model of thermal pressure for NaCl

SUMITA, Tatsuya1∗

1Geological Survey of Japan, National Institute of Advanced Industrial Science and Technology (AIST)

Mie-Gruneisen type equation is frequently used for the Temperature-Pressure-Volume equation of state (EoS) for pressure
standard materials and minerals in the Earth’s interior. Mie-Gruneisen type equation consists of the isothermal compression
term and the thermal pressure term. In the thermal pressure term, Gruneisen parameter (γ) is very important thermodynamic
parameter. It is known thatγ relates to the property of isothermal compression as Slater’s equation [1]. From the studies of
molecular dynamics and potential theory, Barton and Stacey [2] advanced the free volume theory [3], and then derived the
equation (called as ”modified free volume formula” or ”Barton-Stacey formula”), which can calculate practicalγ values from
the parameters of an isothermal compression curve. It is important that this formula gives theoretically support for volume
dependence ofγ, and moreover reduces the parameters of total EoS in number.

In this study, we apply Barton-Stacey formula to NaCl-B1 phase. We use the CT-EoS data as experimental reference, and the
thermal pressure model, which include effect of intrinsic anharmonicity, as base model [4]. The power lawγ at zero temperature
in the base model is replaced by Barton-Stacey formula with the parameters of the isothermal EoS at zero temperature [5,6]. The
value off , which is the parameter relating to the randomness of thermal motion of atoms in Barton-Stacey formula, is estimated
from using the free volumeγ [3]. The present model reproduce successfully values ofγ and specific heats without sacrificing
accuracy, in spite of reducing one parameter of the EoS.

References
[1] J.C. Slater: Introduction to Chemical Physics, McGraw-Hill, New York (1939)
[2] M.A. Barton, F.D. Stacey: Phys. Earth Planet. Int., 39, 167 (1985)
[3] V.Ya. Vashchenko, V.N. Zubarev: Sov. Phys. Solid State, 5, 653 (1963)
[4] T. Sumita, A. Yoneda: Phys. Chem. Minerals, 41, 91 (2014)
[5] T. Sumita: Special Issue of Rev. High Pressure Sci. Tech., 24, 143 (2014) in Japanese
[6] A. Keane: Australian J. Phys., 7, 323 (1954)

Keywords: equation of state, thermal pressure, free volume theory, Gruneisen parameter, thermodynamics, NaCl-B1 phase

1/1


