
Vol. 34 (2003) ACTA PHYSICA POLONICA B No 2
LARGE NEGATIVE THERMOPOWER INELECTRON-DOPED MANGANITES�R. Frésard, L. Pi, S. Hébert, C. Martin, A. Maignanand B. RaveauLaboratoire Crismat, UMR 6508 du CNRS et de l'ISMRa,6, Bld. du Maré
hal Juin, 14050 Caen Cedex, Fran
e(Re
eived July 10, 2002)New perovskites 
ontaining low 
on
entration of Mn3+ (e1g) Jahn�Teller
ations in a Mn4+ (e0g) 
ation matrix are synthesized. Theses manganitesare metalli
 at room temperature (� � 10�2

m) for small 
on
entrationof dopants (y � 8%). Remarkably the samples exhibit large negative ther-mopower values at room temperature (�S > 100�V �K�1), whi
h in
reaseswith in
reasing temperature. Therefore these materials are good 
andi-dates for n-leg parts of thermoele
tri
 devi
es for the 
onversion of heat toele
tri
ity. In order to explain this interesting behavior, a new theoreti
alframework taking 
orrelation e�e
ts and realisti
 ele
troni
 
on�gurationsinto a

ount, is introdu
ed. It allows for determining the temperatureand 
harge-
arrier density dependen
es of the thermopower. The resultsare 
ompared to the observed experimental values of CaMn1�xMxO3, withM=Ru, Mo, whi
h exhibit two di�erent ba
kground states.PACS numbers: 71.30+h, 74.62.Dh1. Introdu
tionMetal transition oxides exhibit various kinds of spe
ta
ular physi
alproperties su
h as high T
 super
ondu
tivity in 
uprates and 
olossal magne-to-resistan
e in manganites. More re
ently, Terasaki et al. [1℄ have shownthat the NaCo2O4 
obaltite exhibits a high �gure of merit Z and sin
ethen the resear
h for new metalli
 oxides with large S values to be usedfor appli
ations to 
onvert heat to energy has be
ome an important topi
.For instan
e good 
hara
teristi
s (large S and low �) have been obtained forSr1�xLaxTiO3 titanates [2℄ and the fabri
ation of an all-oxide thermoele
tri
power generator based on a �mis�t 
obaltite� and a perovskite manganite� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(835)



836 R. Frésard et al.has been very re
ently reported [3℄. The latter 
onsists of A site dopedoxides Ca1�xLnxMnO3 whi
h have large absolute value of S at room tem-perature [4℄. Sin
e their S value is in
reasingly negative with in
reasingtemperature, these oxides are interesting as n-leg for a thermoele
tri
 de-vi
e in air at high temperature. In this paper, we 
ompare the resistivityand the thermopower results between lightly doped CaMn1�xRuxO3 andCaMn1�xMoxO3, where the substitution on the B site of Mn4+ by highervalen
y 
ations is expe
ted to turn the insulating parent 
ompound into
ondu
ting ones, and we dis
uss the origin of the di�eren
es between bothseries. We then turn to a simple des
ription of the temperature dependen
eof S whi
h is in
orporating the details of a mi
ros
opi
 Hamiltonian.2. ResultsHere we report about the ele
tri
al and thermal transport 
oe�
ients oftwo series of 
ompounds, derived from the insulating perovskite CaMnO3,namely CaMn1�xMxO3 with M=Ru, Mo, for small x. These 
erami
 sam-ples were synthesized in the form of bars at 1400ÆC in air a

ording to thepro
edure detailed in Ref. [5℄.
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Fig. 1. (a) Resistivity (diamonds, left axis) and small polaron �t (full 
urve, leftaxis), thermopower (
ir
les, right axis) and thermal 
ondu
tivity (squares, rightaxis) as a fun
tion of temperature for CaMn0:94Ru0:06O3. The latter two arenormalized to their room temperature value (S(300K)= �140� V/K, �(300K)=5:2W/m/K). (b) Resistivity (diamonds, left axis), thermopower (
ir
les, right axis)and thermal 
ondu
tivity (squares, right axis) as a fun
tion of temperature forCaMn0:96Mo0:04O3. The latter two are normalized to their room temperaturevalue (S(300K)= �104�V/K, �(300K)= 3:6W/m/K).Taking as an example CaMn0:94Ru0:06O3, its resistivity (�), thermopower(S) and thermal 
ondu
tivity (�) are shown on Fig. 1 (a). At �high� tem-perature (T > 130K), � is following a small polaron behavior (�(T ) 'AT exp (T0=T ) [6℄) with T0 ' 460K and A ' 2 � 10�5

m/K. At lowertemperature a magneti
 transition o

urs, and the data deviate from thisbehavior before the system turns insulating at low temperature. Still, �(T )is a smooth 
urve, and the magneti
 transition only appears as a deviation
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tron-Doped Manganites 837to the small polaron behavior. Its in�uen
e on � is more pronoun
ed. In-deed it is noti
eably suppressed around T = 130K, as 
ompared to its valueat both room temperature and T = 40K, where it shows a marked peak.This peak is more pronoun
ed in the thermopower. The latter is quite largeat room temperature (S(300K)' �140�V/K), and is enhan
ed by over afa
tor two at 40K. Here we note that S is getting only weakly T -dependentabove 200K, while � de
reases. This results into a �gure of merit whi
hin
reases with temperature, making these systems interesting for high T ap-pli
ations. The behavior of the Mo substituted samples is rather di�erent,even though a magneti
 transition o

urs at T ' 100K. First of all it doesnot display an insulating behavior at low temperature, as shown in Fig. 1 (b)for CaMn0:96Mo0:04O3. Se
ond, the magneti
 transition is re�e
ted in theresistivity 
urve as a shoulder around T = 100K. Third the high tempera-ture resistivity is not as well des
ribed by the small polaron model as the Rusubstituted samples are. Fourth the ratio S=� is only weakly T -dependent,ex
ept for the domain around the magneti
 transition. All these di�eren
esmay appear rather amazing sin
e both systems are made �metalli
� by small
ationi
 substitution on the B site of the same perovskite. Some of thesedi�eren
es may be a

ounted for by noti
ing that the non-magneti
 Mo6+ions only a
ts as donors to the eg bands, while the Ru ions parti
ipate to theformation of broader eg bands on top of 
oupling magneti
ally to the Mnions. Moreover the T -dependen
e of S 
an be understood in a uni�ed pi
-ture following from the dispersion relations parti
ular to eg bands. FollowingMahan [7℄, we write S(T ) = kBjej �(T )�E0kBT : (1)We determine the 
hemi
al potential � from a mi
ros
opi
 Hamiltonianwhi
h in
ludes the two Mn eg, and O 2p, energy levels lo
ated at "d and "p,and the 
orresponding overlap integrals. Here we use "d � "p = 2 eV, whi
his typi
al for these oxides. In Eq. (1) E0 is understood as a parametera

ounting for the ratio of the energy 
urrent parti
le 
urrent 
orrelationfun
tion to the parti
le 
urrent auto-
orrelation fun
tion. It is determinedby demanding that the 
al
ulated S reprodu
es the measured one at 300K.The result of 
arrying out this program is shown in Fig. 2. The experimentaldata are reprodu
ed by Eq. (1) over the entire temperature range above themagneti
 transition, and even partly below. As we 
an use a T -independentE0 in this range, we 
on
lude that the magneti
 transitions have little in-�uen
e on S in these 
ompounds. Its origin is therefore non-magneti
, andmight be attributed to strong 
orrelation e�e
ts, as in the high temperatureanalysis of Oudovenko and Kotliar [8℄. We also note that the band width Wis smaller for the Mo 
ase, as for the Ru 
ase, in agreement with the abovedis
ussion.
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 = -27 meV Fig. 2. Temperature dependen
e of the thermopower for CaMn0:96Mo0:04O3 (dia-monds), CaMn0:94Ru0:06O3 (
ir
les), and numeri
al results.3. SummaryIn summary, we synthesized two sets of samples, CaMn1�xRuxO3 andCaMn1�xMoxO3. With large thermopower, low thermal 
ondu
tivity andsmall resistivity, these materials are good 
andidates for appli
ations as n-leg of thermopower generators to be used at high temperatures (T � 300K).We also worked out a model for the temperature dependen
e of the Seebe
k
oe�
ient whi
h a

ounts for the experimental data.REFERENCES[1℄ I. Terasaki et al., Phys. Rev. B56, R12 685 (1997).[2℄ T. Okuda et al., Phys. Rev. B63, 113104 (2001).[3℄ I. Matsubara et al., Appl. Phys. Lett. 78, 3627 (2001).[4℄ A. Maignan et al., Phys. Rev. B58, 2758 (1998).[5℄ L. Pi et al., to be published; B. Raveau et al., J. Solid State Chem. 149, 203(2000).[6℄ T. Holstein, Ann. Phys. 8, 343 (1959).[7℄ G.D. Mahan, Sol. State Phys. 51, 81 (1998).[8℄ V.S. Oudovenko, G. Kotliar, Phys. Rev. B65, 075102 (2002).


