
Chaire de  
Physique de la Matière Condensée 

Antoine Georges Cycle 2012-2013  

``Enseigner la recherche en train de se faire’’  

THERMOELECTRICITE: 
CONCEPTS, MATERIAUX  

ET ENJEUX ENERGETIQUES 



Cours 3 – 10 avril 2013 
•  Seebeck coefficient in the localized limit : 
•  The Heikes and Shastry-Kelvin formulas 
•  Applicability to transition-metal oxides ? 

These slides are just illustrations of the lecture notes 
also available on the website 

I am most grateful to Jernej Mravlje for his help in preparing  
this lecture (and to S.Hebert/A.Maignan for discussions) 



Excerpt from abstract: 

Séminaire – 10 avril 2013 



The Heikes and Shastry-Kelvin 
approximations to the 
thermoelectric power 



Single-orbital atomic limit 
T >> U: 

T* < T << U: 
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Entropy vs. Density, 1-band Hubbard model, DMFT T/D=1,…,1/10 
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Multiorbital atom (ex: t2g shell) 
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Heikes, multi-orbital: 
Hi-T (T>U): 

T<U, integer filling N 

T<U, mixed valence N<n<N+1 
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Applicability to transition-metal 
oxides 

I will not talk about cobaltates, leaving the  
topic to Sylvie Hebert’s seminar 



Semi-conducting oxides 
for which  

Heikes analysis  
works  



Courtesy: S.Hebert Pr/CaCrO3: d3/d2  





Seebeck is  
~ T – independent 
 
(important cross-check for  
applicability of Heikes 
at fixed doping level) 
 
Q: Has Hall number been  
Measured ? 



La/SrCrO3 

Marsh and Parris 
PRB, 1996 



LaCoO3: Co3+ filled t2g shell, band insulator  



A case where Heikes works 
qualitatively, but not 

quantitatively:  
La/SrVO3 [d2/d1] 





Qualitatively quite similar  
to Hubbard model  
calculations above  
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y=-86.3*ln(3*x/(2*(1-x))) (0.05-0.8,200) (T<J<CF)
y=-86.3*ln((4+x)/(2-x)) (0.05-0.8,200) 
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y=-86.3*ln(5*x/(2*(1-x))) (0.05-0.8,200) (J<T<CF)



Metallic oxides:  
The example of Ruthenates 

Sr/CaRuO3, Sr2RuO4: d4 materials 
Metals with intermediate to large electronic correlations 

Fermi liquid to `less good’ metal crossover as T increases 
Hund’s coupling physics important 

cf. 2011-2012 lectures  



ß Positive Seebeck,  
Maximum around 30µV/K 
At T ~ 300K 
Yoshino et al. JPSJ 2008  

Decreases above 300K,  
Tendancy to become  
negative at hi-T ? à 
Keawprak et al. Mat. Trans (2008) 

Sr2RuO4 à 



Max at 30µV/K rather universally seen in ruthenates.  
Insensitive to doping. Crossover between good and poorer metal 

Klein et al. PRB 2006 & PhD thesis (CRISMAT) 



Naive Heikes taking into account spin and orbital for t2g, T<<JH  
would yield a negative value -k/2e ln(3/2) ~ -17.5 µV/K ! 

LDA+DMFT approach is able to obtain a ~ correct answer,  
and Shastry-Kelvin when used with DMFT works well… 
(Jernej Mravlje, unpublished) 
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Intriguing remark: 
If only spin degrees  
of freedom are active 
then Heikes yields 
k/2e ln(4/2) 
= 29.9 µV/K !!!! 



Conclusions 
•  Heikes estimates in atomic limit are applicable to 

the most insulating oxides 
•  Metallic materials require a different approach 
•  Matching between a low-T degenerate metal, 

intermediate-T poor metal and hi-T Heikes limit 
is a complex problem on which progress can 
now be made with techniques such as DMFT 

•  Relaistic applications to materials start to appear 
– more work needed 

•  Doped insulators + Frustration key to large 
Seebeck values 


