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Molecular dynamics strategies to determine the
melting curve of CaO
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The thermodynamic properties of multicomponent liquids at high pressure and temperature (HP-HT) are
of paramount importance to elucidate the melting and crystallization phase relations in geological systems.
High-pressure melting experiments suffer from uncertainties of hundreds of K and rarely predict the ultimate
nature of melting [1]. Ab initio molecular dynamics (AIMD) gave useful insights on the structure-energy
properties of solid and liquid phases up to very HP-HT conditions, but the calculated melting temperature
(Tm) depends critically on the simulation protocol and the computational cost increases proportionally with
the number of atoms to process.
In this work we focus on the melting curve of CaO, not only because is a key phase in material and geological
sciences, but also because the thermodynamic properties of the liquid phase are still controversial due to the
very high melting point of the crystal [1,4]. The simplicity of its phase diagram makes it a good candidate for
AIMD simulations. However, AIMD simulations are expensive, while classic MD with empirical potentials
allows to employ different strategies at a reasonably low computational cost.
We simulate the melting process of CaO with classic molecular dynamics, by the means of the LAMMPS code
[5]. We tested three different methods, which gave insights both on the melting temperature of the crystal
and on the enthalpy of fusion (ΔHf).
The two-phase solid-liquid cohexistance method consists of running a solid-liquid interface at constant en-
thalpy [3,6]. The melting temperature is determined as the average equilibrium temperature.
The void-nucleated method exploits holes in the crystal structure to initiate the melting process, thus de-
creasing the unrealistic high melting point resulting from homogeneous heating simulations by introducing
a defect [2].
Finally, to calculate the enthalpy of fusion, the temperature of the crystal is increased up until the solid melts,
and then the temperature is lowered again until the liquid phase recrystallizes. The difference in energy be-
tween the liquid and the solid curves at the melting point represents the enthalpy of fusion, ΔHf [2].
The values of Tm and ΔHf obtained with these methods by the means of classic MD on CaO are found to be
consistent with experimental data available in literature [7,8].

[1] Belmonte, D., Ottonello, G., Vetuschi Zuccolini, M., & Attene, M. Chemical Geology, 2017, 461, 54-64.
[2] Alvares, C. M., Deffrennes, G., Pisch, A., & Jakse, N. The Journal of chemical physics, 2020, 152(8), 084503.
[3] Broughton, J. Q., and Gilmer, G. H. The Journal of chemical physics, 1986, 84.10, 5759-5768.
[4] Sun, X. W., Song, T., Chu, Y. D., Liu, Z. J., Zhang, Z. R., & Chen, Q. F. Solid state communications, 2010,
150(37-38), 1785-1788.
[5] Thompson, Aidan P., et al. Computer Physics Communications, 2022, 271, 108171.
[6] Zykova-Timan, T., Ceresoli, D., Tartaglino, U., & Tosatti, E. The Journal of chemical physics, 2005, 123(16),
164701.
[7] Deffrennes, G., et al. Calphad, 2020, 69, 101764.
[8] Chase, W., Jr., NIST-JANAF Thermochemical Tables. J. Phys. Chem. Ref. Data Monogr. 9, American
Chemical Society, American Institute of Physics and National Institute of Standards and Technology, 1951 pp.

Primary author: Dr MENESCARDI, Francesca (University of Genova)



Co-authors: Dr CERESOLI, Davide (CNR - Istituto di Scienze e Tecnologie Chimiche); Prof. BELMONTE,
Donato (Università degli Studi di Genova)

Presenter: Dr MENESCARDI, Francesca (University of Genova)

Session Classification: MS

Track Classification: Frontiers in Mineralogy and Inorganic Geochemistry


