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The equation of state (EoS) of pure Fe and Fe-
light elements alloy liquids were calculated by means 
of ab initio molecular dynamics (AIMD) simulations 
at the outer core P-T conditions. In the outer core, 
many light elements, such as carbon, nitrogen, 
oxygen, hydrogen, sulfur, and silicon, have been 
proposed as possible constituents. The concentrations 
of these elements have been strongly debated for 
years. 

The density and the adiabatic bulk and shear 
modulus of iron and iron-light element alloys are 
essential to interpreting seismological observations 
and to constructing a mineralogical model of the core. 
On this subject, AIMD simulations have successfully 
clarified density and bulk sound velocity at the outer 
core conditions for various Fe-light elements systems 
[e.g. 1, 2].  However, the data points are limited at 
several P, T conditions. Meanwhile, several studies 
have been performed throughout the whole outer core 
P-T conditions for pure Fe [3, 4], Fe-S [5], and Fe-H 
[6]. In these studies, Grüneisen parameter, whose 
value is required for the calculation of bulk sound 
velocity, is obtained as a consequence of the 
evaluation of the equation of state. However, 
different formulations of Grüneisen parameter are 
employed in all the studies.  

In this study, we investigated energy (E)-pressure 
(P)-volume (V)-temperature (T) relationships of 
liquid Fe-light elements systems in the Earth’s core 
condition by AIMD simulations and proposed a new 
P-V-T EoS under the whole outer core conditions. We 
also confined plausible outer core compositions, 
which reproduce seismological values reasonably 
throughout the whole outer core conditions. 
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