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THERMAL CONDUCTIVITY OF PrSn3�J. Muha, H. Misiorek, K. KletowskiW. Trzebiatowski Institute of Low Temperature and Struture ResearhPolish Aademy of SienesP.O. Box 1410, 50-950 Wroªaw 2, Polandand Y. 	OnukiGraduate Shool of Siene, Osaka UniversityOsaka, Japan(Reeived June 21, 2001)Results of thermal ondutivity measurements of PrSn3 are presented.The measurements were urried out in the temperature range 4�300K ona single rystal sample oriented along the [100℄ diretion. It was found thatthe thermal ondutivity � is dominated by sattering eletrons in the wholetemperature range under examination. The magneti ontribution to thethermal ondutivity �e;m has been separated and its temperature depen-dene �e;m(T ) has been obtained. The thermal ondutivity of PrSn3 wasfound as a linear funtion of temperature at higher temperatures, whereasan anomaly was observed below TN . In ordered state, the �e;m(T ) hangesin the opposite way as the total thermal ondutivity does. The temper-ature dependene of the Lorenz number exhibits a pronouned maximumat about 20K.PACS numbers: 72.15.�v, 72.15.Eb, 72.15.Qm1. IntrodutionThe PrSn3 ompound belongs to the RESn3 family of intermetallis rys-tallising with the AuCu3 type of struture where the RE3+ ions form a simpleubi lattie. Most ompounds of this family order antiferromagnetially be-low 45K. CeSn3 and YbSn3 whih do not exhibit the magneti order werestudied from a view point of Kondo lattie, heavy fermion and superon-dutivity [1�3℄. PrSn3 orders antiferromagnetially at 8.6K. A number of� Presented at the XII Shool of Modern Physis on Phase Transitions and CritialPhenomena, L¡dek Zdrój, Poland, June 21�24, 2001.(3481)



3482 J. Muha et al.anomalous behaviours ourring in this ompound have been interpreted interms of the Kondo e�et [4�6℄. Reently the obtained data on a heavy y-lotron mass [7℄ have on�rmed the possible appearane of the Kondo e�etin this ompound. This motivated us to examine thermal ondutivity ofPrSn3. 2. ExperimentalA single rystal ingot of PrSn3 was grown by the Czohralski pullingmethod in an indution furnae under helium gas atmosphere of 3.6KG/m2.The size of the mono-rystalline sample used was 0:8 � 0:8 � 7:0 m3. Itsresidual resistivity �0 and the Residual Resistivity Ratio (RRR) � �300=�0were 0.14 �
 m and 260, respetively. This indiates the high quality ofthe sample. The thermal ondutivity was measured using the stationaryheat �ux method in the temperature range 4�300K. The experimental set-up and the measurement proedure have been desribed in detail in [5℄. Thetemperature gradient along the sample was in the range 0.1�0.5K. Partiularare was taken to avoid a parasiti heat transfer between the sample and itsenvironment. The measurement error was below 2% and the surplus errorestimated from the satter in the measurement points, did not exeed 0.3%.3. Results and disussionFig. 1 shows the temperature dependene of the thermal ondutivity �of PrSn3 over the whole temperature range investigated. In the paramag-neti state the thermal ondutivity � dereases strongly with dereasingtemperature. Below the Néel temperature an anomaly is visible on the �(T )dependene (see inset in Fig. 1). The origin of this anomaly is unknown yet.The total thermal ondutivity of a solid may be regarded as a sumof eletroni �e, phonon �ph and magneti �m ontributions. Assumingvalidity of the Mattiessen rule, the eletroni ontribution to the thermalondutivity is equal(�e)�1 =We =We;i +We;ph +We;m ; (1)where the partiular terms denote the thermal resistivity due to ollisionsof ondution eletrons with the lattie imperfetions, phonons and mag-neti moments of the 4-f eletrons, respetively. Assuming validity of theWiedemann�Franz law, the magneti ontribution to the eletroni thermalondutivity �e;m=L0T=�m was alulated in the temperature range 5�10K.
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Fig. 1. Temperature dependene of the total thermal ondutivity �. The insetshows �(T ) lose to the Néel temperature TN.Here the Lorenz onstant L0 = 2:45�10�8W
K�1 and �m = f�(PrSn3)��(LaSn3)g is the magneti ontribution to the eletrial resistivity. Valuesfor �m were taken from [6℄. Fig. 2 shows the temperature dependenies ofboth the alulated magneti ontribution to eletroni thermal ondutiv-ity �e;m and the measured total thermal ondutivity �(T ). It is surprisingthat the behaviours of both ontributions are opposite in the ordered state.The �e;m inreases rapidly with dereasing temperature, whereas �(T ) de-reases, exhibing a marked anomaly below TN. Now we an not explainthis phenomenon. Fig. 3 shows the temperature dependene of the Lorenznumber de�ned as L = ��=T : (2)Where � and � are total thermal ondutivity and eletrial resistivity, re-spetively. For materials where the Kondo e�et plays an essential role theLorenz number usually hanges his value with temperature. For the PrSn3ase one observes a hange of L(T ) from 0.8 L0 to 2 L0 in the temperaturerange 4�80K. This on�rms the existene of the Kondo e�et in PrSn3.
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Fig. 2. Temperature dependene of both the magneti ontribution to the eletroni�e;m and the total thermal ondutivity �.
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Fig. 3. Temperature dependene of the Lorenz number for PrSn3. The dashed linerepresents theoretial value of the Lorenz number.



Thermal Condutivity of PrSn3 34854. ConlusionsThe thermal ondutivity of a PrSn3 single rystal was measured in thetemperature range 4�300K along the [100℄ axis. The temperature depen-dene of the Lorenz number on�rms the earlier reports [6, 7℄ on a possibleexistene of the Kondo e�et in PrSn3.This work was supported by the Polish State Committee for Sienti�Researh (KBN) under grant no. 2PO3B 12919.REFERENCES[1℄ I.A. Smirnov, V.S. Oskotski, Thermal Condutivity of Rare Earth Compounds,Handbook Phys. Chem. Rare Earths, 16, Ed. K.A. Gshneidner, (1999).[2℄ P. Lethuiller, P. Haen, Phys. Rev. Lett. 35, 1391 (1975).[3℄ A.J. Abou Aly, S. Bakanowski, N.F. Berk, J.E. Crow, T. Mihalisin, Phys, Rev.Lett. 35, 1387 (1975).[4℄ Y. Onuki, Y. Furukawa, T. Komatsubara, J. Phys. So. Jpn. 53, 2734 (1984).[5℄ A. Je»owski, J. Muha, G. Pompe, J. Phys. D20, 1500 (1987).[6℄ A. Yamaghuhi, S. Araki, K. Miyake, K. Sugiyama, R. Settai, Y. Onuki,Z. Kletowski, Physia B281�B282, 126 (2000).[7℄ A.K. Bhattaharjee, B. Coqblin, Phys. Rev. B38, 398 (1987).


