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Complementary approaches to the first
principles calculation of phase transitions
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/Q\t)EStI’Ei(ZtZ: Phase transitions are ubiquitous in nature, from the freezing and evaporation of water

on the Earth's surface, to the solid-liquid equilibrium of iron alloys in the Earth's core, or solid-solid
transitions in the Earth's mantle. For the latter, they provide a proxy to establish the pressure-
temperature conditions at various depths of our planet. In the case of iron in the core, for example, we
know from seismology that the solid-liquid transition is at a pressure of 329 GPa (~ 5200 km depth), and
therefore knowledge of the temperature of this transition provides information on the temperature of the
Earth's core, something which is otherwise impossible to measure. Phase stability is thermodynamically
determined by the free energy of the system, the knowledge of which therefore provides a natural approach to
the study of phase transitions. In this presentation I will discuss the method of thermodynamic integration
to compute the free energies of solids and liquids. I will show how a hierarchy of methods of progressively
higher accuracy can be used to obtain free energies with almost full quantum mechanical accuracy. I will
show applications to several systems, including iron in the Earth's core and several other systems, which
show that first principles calculations of phase transitions have now reached a degree of accuracy which
competes with experiments. I will also describe other complementary approaches to the calculation of phase
transitions, namely the coexistence approach and, if time permits, the recently proposed Z method. I will
then conclude by discussing the main advantages and disadvantages of each of the methods.
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