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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 Maréhal Juin, 14050 Caen Cedex, Frane(Reeived July 10, 2002)New perovskites ontaining low onentration of Mn3+ (e1g) Jahn�Tellerations in a Mn4+ (e0g) ation matrix are synthesized. Theses manganitesare metalli at room temperature (� � 10�2
m) for small onentrationof dopants (y � 8%). Remarkably the samples exhibit large negative ther-mopower values at room temperature (�S > 100�V �K�1), whih inreaseswith inreasing temperature. Therefore these materials are good andi-dates for n-leg parts of thermoeletri devies for the onversion of heat toeletriity. In order to explain this interesting behavior, a new theoretialframework taking orrelation e�ets and realisti eletroni on�gurationsinto aount, is introdued. It allows for determining the temperatureand harge-arrier density dependenes of the thermopower. The resultsare ompared to the observed experimental values of CaMn1�xMxO3, withM=Ru, Mo, whih exhibit two di�erent bakground states.PACS numbers: 71.30+h, 74.62.Dh1. IntrodutionMetal transition oxides exhibit various kinds of spetaular physialproperties suh as high T superondutivity in uprates and olossal magne-to-resistane in manganites. More reently, Terasaki et al. [1℄ have shownthat the NaCo2O4 obaltite exhibits a high �gure of merit Z and sinethen the researh for new metalli oxides with large S values to be usedfor appliations to onvert heat to energy has beome an important topi.For instane good harateristis (large S and low �) have been obtained forSr1�xLaxTiO3 titanates [2℄ and the fabriation of an all-oxide thermoeletripower generator based on a �mis�t obaltite� and a perovskite manganite� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(835)



836 R. Frésard et al.has been very reently reported [3℄. The latter onsists of A site dopedoxides Ca1�xLnxMnO3 whih have large absolute value of S at room tem-perature [4℄. Sine their S value is inreasingly negative with inreasingtemperature, these oxides are interesting as n-leg for a thermoeletri de-vie 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 highervaleny ations is expeted to turn the insulating parent ompound intoonduting ones, and we disuss the origin of the di�erenes between bothseries. We then turn to a simple desription of the temperature dependeneof S whih is inorporating the details of a mirosopi Hamiltonian.2. ResultsHere we report about the eletrial 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 aording to theproedure detailed in Ref. [5℄.
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Fig. 1. (a) Resistivity (diamonds, left axis) and small polaron �t (full urve, leftaxis), thermopower (irles, right axis) and thermal ondutivity (squares, rightaxis) as a funtion 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 (irles, right axis)and thermal ondutivity (squares, right axis) as a funtion 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 ondutivity (�) 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 ours, 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



Large Negative Thermopower in Eletron-Doped Manganites 837to the small polaron behavior. Its in�uene on � is more pronouned. In-deed it is notieably 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 pronouned in the thermopower. The latter is quite largeat room temperature (S(300K)' �140�V/K), and is enhaned by over afator two at 40K. Here we note that S is getting only weakly T -dependentabove 200K, while � dereases. This results into a �gure of merit whihinreases with temperature, making these systems interesting for high T ap-pliations. The behavior of the Mo substituted samples is rather di�erent,even though a magneti transition ours 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. Seond, the magneti transition is re�eted in theresistivity urve as a shoulder around T = 100K. Third the high tempera-ture resistivity is not as well desribed by the small polaron model as the Rusubstituted samples are. Fourth the ratio S=� is only weakly T -dependent,exept for the domain around the magneti transition. All these di�erenesmay appear rather amazing sine both systems are made �metalli� by smallationi substitution on the B site of the same perovskite. Some of thesedi�erenes may be aounted for by notiing that the non-magneti Mo6+ions only ats as donors to the eg bands, while the Ru ions partiipate to theformation of broader eg bands on top of oupling magnetially to the Mnions. Moreover the T -dependene of S an be understood in a uni�ed pi-ture following from the dispersion relations partiular to eg bands. FollowingMahan [7℄, we write S(T ) = kBjej �(T )�E0kBT : (1)We determine the hemial potential � from a mirosopi Hamiltonianwhih inludes the two Mn eg, and O 2p, energy levels loated at "d and "p,and the orresponding overlap integrals. Here we use "d � "p = 2 eV, whihis typial for these oxides. In Eq. (1) E0 is understood as a parameteraounting for the ratio of the energy urrent partile urrent orrelationfuntion to the partile urrent auto-orrelation funtion. It is determinedby demanding that the alulated S reprodues the measured one at 300K.The result of arrying out this program is shown in Fig. 2. The experimentaldata are reprodued 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 onlude that the magneti transitions have little in-�uene on S in these ompounds. Its origin is therefore non-magneti, andmight be attributed to strong orrelation e�ets, 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 abovedisussion.
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 = -27 meV Fig. 2. Temperature dependene of the thermopower for CaMn0:96Mo0:04O3 (dia-monds), CaMn0:94Ru0:06O3 (irles), and numerial results.3. SummaryIn summary, we synthesized two sets of samples, CaMn1�xRuxO3 andCaMn1�xMoxO3. With large thermopower, low thermal ondutivity andsmall resistivity, these materials are good andidates for appliations as n-leg of thermopower generators to be used at high temperatures (T � 300K).We also worked out a model for the temperature dependene of the Seebekoe�ient whih aounts 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).


