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Toward an accurate ab initio estimation of compressibility and thermal expansion of
diamond in the [0, 3000 K] temperature and [0, 30 GPa] pressures ranges, at the hybrid
HF/DFT theoretical level
Mauro PrenciPe1,*, Marco Bruno1, FaBrizio nestola2, Marco De la Pierre3,4 anD Paolo niMis2
1

Dipartimento di Scienze della Terra, University of Torino, Via Valperga Caluso 35, 10125 Torino, Italy
2
Dipartimento di Geoscienze, University of Padova, Via Giotto 1, 35121 Padova, Italy
3
Dipartimento di Chimica IFM, University of Torino, Via Giuria 1, 10125 Torino, Italy
4
Nanostructured Interfaces and Surfaces, Centre of Excellence, Via Giuria 7, 10125 Torino, Italy

aBstract
The isothermal bulk modulus, together with its temperature dependence, and the thermal expan3000 K
(QHA). The hybrid HF/DFT functional employed (WC1LYP) proved to be particularly effective in
providing a very close agreement between the calculated and the available experimental data. In particular, the bulk modulus at 300 K was estimated to be 444.6 GPa (K
10 6 K 1. To the authors’ knowledge, among the
theoretical papers devoted to the subject, the present one provides the most accurate thermo-elastic
of the pressure of formation using the “elastic method” for minerals found as inclusions in diamonds
(recently applied on different minerals included in diamonds), thus shedding light upon the genesis of
diamonds in the Earth’s upper mantle.
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introDuction
This work is part of a wider project devoted to the study
of diamond formation in the upper mantle and its growth
relationships with those minerals that are commonly found as
inclusions in diamonds. In particular, subcratonic diamonds
can contain inclusions of other minerals like olivine, garnet,
al. 2013). Diamonds and their inclusions are among the deepest materials originating from the Earth’s interior and reaching
the planet surface. Their study plays a key role in understanding and interpreting the geodynamics, geophysics, petrology,
geochemistry, and mineralogy of the Earth’s mantle (Stachel
and Harris 2008, and references therein). By the study of such
inclusions, in situ, by means of diffrattometric or spectroscopic

expansion existed. In particular, from the experimental side,
the elastic constant measurements from Brillouin scattering,
at room or higher temperatures, allowed the estimation of the
bulk modulus and its temperature dependence (Grimsditch and
sion data (from low to high temperature up to 3000 K) at room
pressure are available from Stoupin and Shvyd’ko (2011) and
the experimental determinations of accurate bulk moduli and
thermal expansion at simultaneous high pressure and temperature, a number of theoretical works were devoted to the subject,

corresponding depth in the Earth’s mantle) at which the incluusing the so-called “elastic method” (see Shirey et al. 2013 for
a review). However, to this end, very accurate data concerning
and the bulk modulus temperature dependence of both diamond
and its inclusions are absolutely crucial to obtain low error in
the pressure of formation.
As concerns diamond, previous experimental and theoretical determinations of the elastic parameters and thermal

Gao et al. 2006). Strongly depending upon the specific method
employed, the calculated bulk moduli could be overestimated
or underestimated by more than 10 GPa with respect to the
experimental datum at 300 K, so that a more reliable ab initio

conditions of P and T

so far developed. In particular, an hybrid Hartree-Fock/density
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