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Strontium titanate as a TE platform

How the defect types can be controlled?

Example: SrTi1-xTaxO3±δ and Sr1-x/2Ti1-xTaxO3±δ series
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(more oxygen-rich planar defects)

(more A-site and oxygen vacancies)
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SrTiO3 – effects of oxygen deficiency
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SrTiO3 – effects of cation deficiency
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A.V. Kovalevsky, A. A. Yaremchenko, S. Populoh, A. Weidenkaff and

J. R. Frade, J. Phys.Chem. C 2014, vol. 118, pp. 4596-4606.
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Glass-like thermal conductivity?

Formation of A–O–□ linkages could lead to 

softening A–O bonds and the emergence of a 

rattling mode and phonon-glass state.



SryTi0.90Nb0.10O3±δ
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Designing strontium titanate-based thermoelectrics: insight into defect

chemistry mechanisms, J. Mater. Chem. A, 2017, vol. 5, pp. 3909.
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SrTiO3 – effects of cation deficiency
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Ferreira, S.M. Mikhalev, D. P. Fagg, A. Weidenkaff and J. R. Frade,

J. Mater. Chem. A, 2017, vol. 5, pp. 3909-3922.

SryTi0.90Nb0.10O3±δ

more oxygen and
cation vacancies

introducing A-site deficiency is

favorable for enhancing the mobility

of the charge carries

SrTiO3 – effects of cation deficiency
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SrTiO3 – redox-promoted composites
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SrTiO3 – redox-promoted composites
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SrTiO3 – redox-promoted composites
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Improvement of the power factor due

to enhancement of the Seebeck 

coefficient (carrier filtering effects?).

Phonon scattering at redox-promoted

interfaces.
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Thermoelectric properties of non-stoichiometric CaMnO3-δ composites

formed by redox-activated exsolution, J. Europ. Ceram. Soc. 40 (2020) 1344.
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Ca3Co4O3 – redox-promoted composites

Ca3Co4O9

natural superlattice with promising 

TE properties

A. C. Masset, C. Michel, A. Maignan, M. Hervieu, O. Toulemonde, F. Studer, 

B. Raveau and J. Hejtmanek, Phys. Rev. B, 2000, 62, 166; Y. Miyazaki, M. 

Onoda, T. Oku, M. Kikuchi, Y. Ishii, Y. Ono, Y. Morii and T. Kajitani, J. Phys.

Soc. Jpn., 2002, 71, 491–497.
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G. Constantinescu, A.R. Sarabando, Sh. Rasekh, D. Lopes, S. Sergiienko, P. Amirkhizi, J.R. Frade, A.V.
Kovalevsky, Redox-promoted tailoring of the high-temperature electrical performance in Ca3Co4O9

materials by metallic cobalt addition, Materials, 2020, 13, p. 1060.
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Ca3Co4O3 – redox-promoted composites
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Ca3Co4O3 – redox-promoted composites
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ZnO – self-organization in composites

Problems limiting the applications:

Efficiency ZT (thermal conductivity, …)

Degradation of electrical conductivity
at high temperatures

Nanocomposite formed by an addition of external nanoparticles
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ZnO – self-organization in composites

Zn(Al)O + ZrO2 nanoparticles

K.V. Zakharchuk, M. Widenmeyer, D.O. Alikin, W. Xie, S. Populoh, S.M. Mikhalev, A. Tselev, J.R. Frade,
A. Weidenkaff, A.V. Kovalevsky, A self-forming nanocomposite concept for ZnO-based thermoelectrics,
J. Mater. Chem. A, 2018, vol. 6, pp.13386-13396.
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Self-forming composite….
Zn(Al)O+ZrO2
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Populoh, S.M. Mikhalev, A. Tselev, J.R. Frade, A. Weidenkaff,
A.V. Kovalevsky, A self-forming nanocomposite concept for
ZnO-based thermoelectrics, J. Mater. Chem. A, 2018, vol. 6,
pp.13386-13396.

ZnO – self-organization in composites
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ZnO – self-organization in composites

Zn(Al)O + CeO2 nanoparticles

Mixing and high-temperature sintering
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ZnO – self-organization in composites

Zn(Fe)O + CeO2 nanoparticles

Mixing and high-temperature sintering
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Conclusions

Unique redox properties

Complex behavior on 

substitution and self-

organization
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