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The quasi-harmonic approximation (QHA) has been utilized in many forms and is often referred to as the Mie-
Gruneisen Debye equation of state. It has been used to determine the thermophysical properties of a wide range
of metals [1], rare gas solids and diamonds [2]. However, few works have addressed the QHA’s ability to predict
solid-fluid equilibria, with two notable exceptions being the models developed for CO2 [3] and benzene [4]. The
equations of state for solid-phase CO2 and benzene were correlated to a vast amount of experimental data.
However, the equation of states ability to predict solid formation in mixtures was not assessed thoroughly. It is of
key importance to determine the risk of solid formation in the development of new industrial processes and in
the design of novel mixed refrigerants.

In this work, we present a QHA framework. We highlight the importance of the cold curve model, which can
significantly influence the model’s ability to reproduce experimental results. We also propose an alternative form
of the Debye-Einstein approximation. Instead of fixing the contributions to 3/5 in the Debye formulation, we
allow the weighting to change while adhering to the Dulong-Petit limit. This yields an equation of state, which
for the case of neon and argon gives melting lines that deviate from experimental results by less than 1%. The
model also successfully reproduces the heat capacity, thermal expansivity and pressures from experiments. We
also discuss the ability of the framework to represent solid-liquid-gas equilibria in mixtures.
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