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Over the decades, there have been many studies that 

have clearly demonstrated how we can study the plan-

ets using thermodynamics and the available astrophysi-

cal data [1-3]. Such studies have been successful in 

estimating the chemical compositions and density of 

planetary interiors which are in conformity with seis-

mic data.  An example can be reproduced below which 

shows that condensation of solar nebular gas yields 

species which after self- compression mimic the interi-

or structure of the earth very well [4 ]. 

 
Fig.1, Solid phase proportions along the high adia-

bat[4]. Element proportions of the condensed phases 

along the high adiabat, the side bar shows the ele-

mental composition of Earth according to Allegre et al. 

[5], c. Density of condensed solids along the high adia-

bat. 

 

. 

 
Fig.2 shows the binary system Fe-S at 360 GPa. The 

light element in the core is taken to be S.[4] 

 

The databases which if robust could give us invaluable 

information on the nature of the celestial body and plan 

our missions at lower risks and costs. There are, how-

ever, large uncertainties associated with the thermo-

chemical data. Some data on important species that are 

known to form in meteorites are missing or not robustly 

known. Other significant problems with our databases 

are: 

a). The existing formulations of Equation of state are 

either theory based such as the Mie-Gruneisen or the 

hybrid models such as the high temperature Birch-

Murnghan (or Vinet). The latter can be quite robust if 

only pressure and volume are to be considered at 300 

K but run into problem if the temperature effect needs 

to be considered. Current alternatives proposed are by 

Brosh (6) and by Jacobs and Fei (Dorogokupets, 7).  

b). Another critical issue is the problem of modeling 

the excess Gibbs energy of multicomponent solid solu-

tions. Most minerals contain many-cations mixing on 

nonequivalent crystallographic sites and require com-

plicated formulations with fictive end members. Data-

bases which seem to be internally consistent are not 

consistent with each other and there is an urgent need 

to adopt a database format which could bring all the 

databases in a form such that they can be used inter-

changeably for testing against experimental data. The 

format should permit inclusion of data on the mechani-

cal properties of materials for geophysical modeling.  
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Critical Issues 

 

Availability of databases:There are numerous thermo-

chemical database compilations available (such as 

NIST, JANAF etc)) but those that can be used specifi-

cally by planetary scientists are few. 

 

Development of a self-consistent set of thermodynam-

ic properties of stoichiometriccompounds: complete 

integration of the data on thermochemistry and physi-

cal data in a single database for use by the planetary 

science community,. 

Software for Phase equilibrium calculations 

Software for calculation of phase equilibria has to 

support various chosen models and it must be possible 

to use it as a subroutine.  

Storage of experimental databases 

We need to provide basic tools and techniques for 

search, retrieval and analysis of the data. The tools will 

be motivated by the fundamental questions raised by 

the research community. 

Solution Models  

The sub-lattice model (commonly used in ceramics and 

metallurgy) requires many parameters and fictive com-

ponents. A major difficulty, we anticipate is that the 

properties of many solids (end-member components) in 

the currently assessed databases depend on the solution 

model used. Any change in the solution model would 

require a reassessment of the associated end-member 

data.. 

Equation of State  

There is a need to reevaluate the basic approach to 

incorporating the PVT data in calculation of Gibbs free 

energy.. For semi-empirical models such as the Birch-

Murnaghan or the Vinet, we need to use large number 

of experimental data to ensure compliance with the 

polynomials chosen for extrapolation. The EOS for 

liquids may need a separate consideration. 

C-H-O-S-…. fluids 

Belonoshko discussed the PVT fluid model with 

13 species in the C-H-O-N-S system as proposed by 

Belonoshko and Saxena (22) and its use in considering 

the solid-fluid equilibrium in earth’s mantle. This mod-

el needs experimental support. 

Melts 

The melt model of Ghiorso (Ghiorso and Sack, 6) 

on modeling magmas has been widely used by petrolo-

gists and geophysicists. There has been considerable 

amount of work on modeling binary and ternary sys-

tems in ceramics and the use of such data and building 

of a multicomponent model for the geologically rele-

vant compositions is quite desirable. 

Computations 

Since the accuracy of the ab-initio calculations of 

the physical properties of solids (volume, compressibil-

ity) is now widely accepted, we must plan calculations 

of critical data missing from our data bases. Further-

more a combination of ab-initio and molecular dynam-

ics calculations can be used to obtain P-V-T data for 

solids. Such computed data will save us time and ef-

forts and let us complete the high pressure database 

much faster. 

Geophysical data 

We need to combine the phase equilibrium calcu-

lations of the planetary systems with geophysical data 

for modeling the mantle dynamics. It is required that 

we include in the thermochemical database all physical 

properties of the solids.  

Planned work for the next decade 

Once the necessary improvements have been made in 

out databases and software, we need to explore the 

planet formation systematically. The multielement mul-

tiphase system should contain all major and possibly 

minor and trace elements for modeling the chemical 

composition of the planetesimals, asteroids, exoplanets 

and planets and all physical and mechanical properties 

of the materials for dyamic modeling. 
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