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INTRODUCTION

   A widely used method of incorporating the temperature
contribution to the equation of state (EoS) is to add at each
temperature the thermal pressure PTHa term that accounts for
the isochoric temperature effect on pressure (Jackson and
Rigden 1996; Anderson 1997, 1999). The total pressure in the
EoS can then be written as

P V T P V P V T( , ) ( , ) ( , )= +0 ΤΗ
(1)

where P(V,0) is the pressure on the zero temperature isotherm
and PTH(V,T) is the thermal pressure which keeps volume con-
stant as temperature is increased. The isothermal compression
at 0 K (or at 300 K for practical purpose) corresponding to
P(V,0) is usually modeled by the finite strain equations, e.g.,
third-order Birch-Murnaghan EoS (Birch 1952). Such equa-
tions can also be used to describe compression at high tem-
peratures but unlike room temperature equations they are not
well tested experimentally. The thermal pressure can be ob-
tained from lattice dynamics with PTH = –(∂Fvib/∂V)T, where
Fvib is the vibrational energy, or from thermodynamics with
PTH = ∫(αKT)VdT, where α is the coefficient of thermal expan-
sion and KT is the isothermal bulk modulus (see Wallace 1972;
Jackson and Rigden 1996).

    A precise knowledge of the thermal pressure as a func-
tion of volume and temperature that is required to describe the
finite temperature EoS of many solids is still lacking because
of the limited spectroscopic and/or compression data at simul-
taneous pressure-temperature conditions. Whether PTH can be
independent of volume under specific conditions is of particu-

lar interest: If (∂PTH/∂V)T is zero, then the EoS involves two
independent functions:

P(V,T) = P(V,0) + PTH(V0,T)   (2)

where P(V,0) is a function only of V whereas PTH (V,T) is a
function only of T. This is a great simplification because our
knowledge about the temperature variation of PTH for the un-
stressed lattice (volume = V0) can be applied to constrain the
behavior of the thermal pressure under large compressions that
are expected to occur in the deep Earth’s interior.

   Anderson (1997, 1999) analyzed the conditions under
which PTH is volume independent for several solids including
important Earth’s minerals. He suggested that (∂PTH/∂V)T should
vanish for MgO and MgSiO3 perovskite at typical lower mantle
temperatures but PTH should be volume dependent at ambient
conditions. Due to the lack of sufficient data on PTH over wide
pressure-temperature ranges, previous analyses regarding its
volume dependence are primarily based on the behavior of the
related parameters. These include the thermodynamic criteria
such as δT → KT', where δT is the Anderson Gruneisen param-
eter and KT' is the pressure derivative of isothermal bulk modu-
lus (Anderson 1997, 1999), (∂KT/∂T)v = 0 (Swenson 1968;
Anderson and Swenson 1975), and γth/V = constant, where γth

is the thermal Gruneisen parameter (Jackson and Rigden 1996),
for PTH function to be independent of volume. It is, of course,
desirable to determine PTH itself as a function of volume at
different temperatures experimentally or theoretically to pre-
cisely examine the conditions under which (∂PTH/∂V)T vanishes.

   The first-principles calculations for the thermal pressure
in two phases considered to be major components of Earth’s
lower mantle, namely MgO and perovskite, are reported here
over the volume and temperature ranges that characterize the
deep interior. The calculated volume variations of PTH are found
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ABSTRACT

 The behavior of the thermal pressure, PTH, in MgO and MgSiO3 perovskite is investigated at
lower mantle conditions using first-principles lattice dynamical calculations based on density func-
tional perturbation theory. In both cases, PTH is a slowly varying function of volume: it decreases
linearly with compression at low temperatures but shows a slight non monotonical trend at high
temperatures. Because PTH strongly increases with increasing temperature, its volume-induced varia-
tions at high temperatures (above 1000 K) can be neglected to a good approximation. It is possible to
estimate the thermal equations of state of these minerals at typical lower mantle temperatures only
with the knowledge of the measured PTH vs. temperature data at ambient pressure and isothermal
compression data at ambient temperature. The coefficient of thermal expansion for MgO at high
pressures and temperatures obtained in this manner agrees well with the first-principles predictions
and available experimental data.
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