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Atomistic calculations at LITEN

Pioneer in ab initio calculations of (bulk) lattice 
thermal conductivity (ShengBTE)

Specific thermal properties are notably desirable 
for:
• Thermoelectrics (low thermal conductivity)
• Electronics (high thermal conductivity)

Extensions to multi-scale, defects, interfaces:
almaBTE (Stars of Europe prize)

Other interests: anharmonicity beyond quasi-
harmonic approximation (QSCAILD), high-
throughput screening, machine learning

Recently moved to the battery field (2020)
-> projects in kinetics of degradation, calculation 
of forces and photoemission in correlated oxides, 
ionic transport in solids and liquids

Comp. Phys. Comm. 2017

Comp. Phys. Comm. 2014

QSCAILD
Comp. Phys. Comm. 2021
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Outline

Stability at finite temperature

Thermal conductivity

Dielectric properties
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High-throughput screening
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Predicting vibrational entropies and free energies

Legrain et al., Chemistry of Materials 29, 6220 (2017)

Towards screening of chemical reactions at finite temperature
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The case of polymorphs

Legrain et al., Journal of Chemical Information and Modeling 58, 2460 (2018)
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Finding new compounds from experimental data

Legrain et al., The Journal of Physical Chemistry B 122, 625 (2018)

Chemical intuition with random forests
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Reproducibility and consistency

Legrain et al., The Journal of Physical Chemistry B 122, 625 (2018)
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Defects and thermal conductivity

Fava et al., Phys. Rev. B 103, 174112 (2021)
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Distortions in perovskites: the example of BaTiO3

D. Fu and M Itoh, Ferroelectrics Materials – Synthesis and Characterization (2015)
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Distortions in perovskites: the example of SrTiO3
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Finite-temperature phonon calculations: QSCAILD 

Small displacements

2nd and 3rd order
force constants

Thermal conductivity

Quantum statistics, finite T
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SrTiO3 at finite temperature

van Roekeghem, Carrete and Mingo, Comp. Phys. Comm. 263, 107945 (2021)
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High-throughput screeningHigh-throughput screening

ABX3 with X=O or F

8000 possible combinations
400 non-magnetic semi-conductors
90 found mechanically stable at 1000 K

35 already synthesized perovskites
17 mentioned only as non-perovskites
38 potentially new compounds
2 with negative thermal expansion at 300 K van Roekeghem et al., Phys. Rev. X 6, 041061 (2016)
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Dimensionality reduction

79 candidates out of about 400 compounds
68 positives vs 92 for the brute force 
calculation

van Roekeghem et al., Physical Review X 6, 041061 (2016)
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Simple ai on ab initio data

van Roekeghem et al., Physical Review X 6, 041061 (2016)
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Thermal conductivities and dielectric constants

Mean

van Roekeghem, Carrete, Oses, Curtarolo and Mingo
Phys. Rev. X 6, 041061 (2016)

van Roekeghem, Carrete, Curtarolo and Mingo
Phys. Rev. Materials 4, 113804 (2020)
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High-throughput screening

van Roekeghem, Carrete, Curtarolo and Mingol, arXiv:1805.09199, submitted to PRM (2018)
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Quantum paraelectricity in KTaO3

KTaO3 crystallizes in the perovskite structure

Quantum paraelectric: 

existence of a ferroelectric instability

No ferroelectric phase, because quantum 
fluctuations stabilize unstable phonon branch 
even at 0 K

Very soft polar branch -> large bandgap but 
huge dielectric constant

Gattinoni et al, arXiv:2108.10207
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• Acquiring forces requires many 
DFT calculations -> slow and 
expensive

• We have to sample many similar 
configurations -> ideal to combine 
with machine learning

• We interface QSCAILD with 
active learning of Moment Tensor 
Potentials

Bottleneck! -> DFT + active learning

Speeding up QSCAILD using ML potentials
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Machine learning force fields/potentials

atomic positions

Energy, forces, stress
(ML) FF

Reference data: energy, forces, stress from Density Functional Theory

Atomic positions are used to build descriptors of the local environments

Machine learning methods can be for instance:
• Neural Networks
• Gaussian processes
• Linear methods
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Moment Tensor Potentials (A. Shapeev)

Active learning

Podryabinkin et al., Phys. Rev. B 99, 064114 (2019)
Gubaev et al., Comput. Mater. Sci 156, 148 (2019)

Cutoff: typically of the order of 5-10 Angstroms
Loss function: energies, forces, stress…
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Bottleneck! -> DFT + active learning

Speeding up QSCAILD using ML potentials
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Results: Temperature dependent phonon spectrum of KTaO3

Temperature 
dependence mostly 
concentrated on the 
ferroelectric soft mode

Meier, Mingo and van Roekeghem, arXiv:2206.08296 (2022)
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Phonon frequencies of the soft mode and dielectric constant

Excellent agreement of temperature dependent 
phonon frequencies with experiment

Small difference in temperature of saturation

G. Shirane, R. Nathans, and V. J. Minkiewicz
Phys. Rev. 157, 396 (1967)

Temperature dependent dielectric 
constant compared to experiment, 
excellent agreement up to 25K
and observation of Barrett law

J. Barrett, Phys. Rev. 86, 118 (1952)

Meier, Mingo and van Roekeghem, arXiv:2206.08296 (2022)
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Temperature-dependent electrostrictive properties

Meier, Mingo and van Roekeghem, arXiv:2206.08296 (2022)
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Conclusions

Predicting vibrational properties and thermal conductivities in a high 
throughput fashion is nowadays accessible, with satisfying agreement with 
experiment.

The interplay between theoretical predictions and synthesis of actual 
compounds is still a major issue.

ML interatomic potentials with DFT accuracy open new possibilities.
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