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Supplementary material: Unraveling the role of chemical composi-
tion in the lattice thermal conductivity of oxychalcogenides as ther-
moelectric materials assisted by machine learning.†
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Márquez,a and Javier Fdez. Sanza

Oxychalcogenides represent a large chemical space with potential application as thermoelectric
materials due to their low thermal conductivity. However, the nature of this behaviour is still under
debate. Understanding the origin of the anharmonicity of these materials is key to developing models
that improves the efficiency of thermoelectric materials. In this work, we combine machine learning
with first principles calculations to explore oxychalcogenides materials. Machine learning not only
accelerates the prediction of the lattice thermal conductivity for large chemical spaces with high
accuracy, but also catalyzes the development of design principles to discover new thermoelectric
materials. Using this approach, lattice thermal conductivity has been directly connected to the effect
of each species in the material, using atomic projections of the scattering rates. The role of the the
monovalent atom and the lone pair electron for the trivalent cation are discussed in detail. Based on
this knowledge, it is possible to connect complex properties such as lattice thermal conductivity with
a more manageable synthetic variable such as chemical composition. Using this strategy, we propose
promising new oxychalcogenides such as BioAgSe, which subsequently has been confirmed as having
ultra-low lattice thermal conductivity.

Author Contributions
The authors confirm contribution to the paper as follows: Con-
ceptualization: J.J.P. and A.M.M.; Data curation: E.J.B and J.S.;
Investigation: E.J.B, J.S. and F.L.P.; Visualisation: E.J.B.; Writing –
original draft: J.J.P.R., A.M.M. and J.F.S. All authors reviewed the
results and approved the final version of the manuscript.

Conflicts of interest
There are no conflicts to declare.

Acknowledgements
This work was funded by the Ministerio de Ciencia e Innovación
(PID2019-106871GB-I00). E.J.B., J.J.P., J.S., A.M.M., and J.F.S.
thankfully acknowledge the computer resources at Lusitania and
the technical support provided by Cénits COMPUTAEX and Red

Española de Supercomputación, RES (QS-2021-1-0027). The
authors thank Fredrik Eriksson, Petter Rosander and Erik Fransson
for discussions on hiPhive self-consistent phonons routines.

a Departamento de Química Física, Universidad de Sevilla, Seville, Spain; E-mail:
jplata@us.es
b Research, Technological Innovation and Supercomputing Center of Extremadura (Cen-
itS), Cáceres, Spain
† Electronic Supplementary Information (ESI) available: [details of any supplemen-
tary information available should be included here]. See DOI: 00.0000/00000000.

Notes and references
1 S. Kumar and U. Schwingenschlögl, Phys. Chem. Chem. Phys.,

2016, 18, 19158–19164.

Journal Name, [year], [vol.],1–4 | 1

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2022



2 4 6 8 10 12

# supercells

0:0

0:2

0:4

0:6

0:8

1:0

1:2

1:4
»
l

` W
K
−1

m
−1
´

Full DFT

a)

8 10 12 14 16

N×N×N

0:4

0:6

0:8

1:0

1:2

1:4

1:6

»
l

` W
K
−1

m
−1
´

Full DFT

b)

0:03

0:04

0:05

0:06

0:07

0:08

0:09

0:10

R
M

S
E
` eV

/Å
´

Fig. 1 (a) Convergence of κl and the root-mean-square error, RMSE, of the fitted forces with the number of distorted structures used to obtain force
constants in comparison with the value reported using a full-DFT approach.1 The shaded area represents deviations of ±5%. (b) Convergence of κl
with the q-points grid size used in the BTE.
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Fig. 2 (a) Phonon dispersion curves for BiOCuS. (b) Phonon group velocities for BiOCuSe and BiOCuS
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a) T=0 K
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b) T=100 K
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c) T=200 K
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d) T=300 K

Fig. 3 Phonon dispersion curves for BiOAg0.5Cu0.5Se at 0, 100, 200, and 300 K.
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