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THERMODYNAMIC AND TRANSPORT PROPERTIESOF THE HEAVY-FERMION FERRIMAGNET UCu5Sn�V.H. Tran, R. Tro¢, A. Czopnik, Z. HenkieA. Je»owski, D. WªosewizW. Trzebiatowski Institute of Low Temperature and Struture ResearhPolish Aademy of SienesPO Box 937, 50-950 Wroªaw, Polandand F. SteglihMax-Plank Institute for Chemial Physis of SolidsNöthnitzer Str. 40, D-01187 Dresden, Germany(Reeived July 10, 2002)We have studied the spei� heat Cp(T ), thermal expansion �(T ), ther-mal ondutivity �, thermoeletri power S and magnetoresistane ��=�of the heavy-fermion ferrimagnet UCu5Sn. The anomalies observed in theCp(T )-, �(T )- and ��=�(T )-dependenies on�rm the existene of long-range magneti order. ��=� is negative in the investigated temperatureand magneti �eld ranges. The �tting of the magneti spei� heat in thetemperature range 10�40 K gives ord = 78 mJ/moleK2, �= 0.5 mJ/moleK4and �=kB = 21 K. The e�etive Grüneisen parameter reahes a value of4.7 at low temperatures, supporting the strongly orrelated eletron na-ture of this material. The thermoeletri power shows a maximum around24 K, whih might be related to either the Kondo e�et or the phonon dragproess. Below 100 K, the phonon ontribution �ph dominates the thermalondutivity. The redued Lorenz number ��=L0T shows a broad peak at�10 K. This behavior might be explained by a dominant phonon satteringproess o� the U magneti moments.PACS numbers: 71.27.+aUCu5Sn rystallizes in the hexagonal CeCu5Sn-type rystal struture[1, 2℄. We have shown previously that this ompound although being ferri-magneti below 53 K [2℄, exhibits an enhaned oe�ient eletroni spei�heat, (0), of 330 mJ/mole K2 [3℄. Thus, UCu5Sn is an interesting 5f -systemfor studying the heavy-fermion properties with ompeting magneti inter-ations. Furthermore, the Th substitution up to about 90% inreases the� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1133)



1134 V.H. Tran et al.(0)-value up to 600 mJ/mole-U K2, exhibiting unusual logarithmi depen-denes of Cp=T [4℄. In this ontribution, we will report on the spei� heatCp, measured with a relaxation method (T = 2�300 K, �0H =0�6 T), thethermal expansion �, measured using a apaitane dilatometer (4�80 K),the thermal ondutivity �, as well as the thermoeletri power S, measuredwith a steady-state method (4�300 K) and the magnetoresistane �%=%,measured with the standard four-probe method (2�100 K, 0�14 T). Themeasurements were made on polyrystalline samples of UCu5Sn whih wereprepared by ar-melting and were haraterized aording to a proedurepreviously desribed [3℄.In Fig.1 we show the temperature dependene of the spei� heat dividedby temperature for UCu5Sn and ThCu5Sn. Cp of UCu5Sn is dominated bya sharp anomaly at TC = 53 K, whih learly orroborates the ferrimagnetitransition reported previously [3℄.
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Fig. 1. Cp=T vs T (on a logarithmi sale) for UCu5Sn and ThCu5Sn. The insetshows C5f=T of Cu5Sn as a funtion of T (on a logarithmi sale). The solid lineis a �t (see the text). Inset shows the magneti entropy as a funtion of T.Cp(T ) of ThCu5Sn may represent the behaviour typial of the lattiespei� heat. We have �tted the experimental data of ThCu5Sn to the for-mula Cp(T ) = Cel + Cph, where Cel = (0)T and Cph = 9R(T=�D)3 R �D=T0[(x4exdx)=(ex � 1)2℄. We got the following values �D = 250 K and  = 9.2mJ/mole-Th K2. Fig. 1 (b) shows the magneti ontribution to the spei�heat of UCu5Sn, obtained by subtrating the lattie ontribution based onCp of ThCu5Sn. As seen, below 10 K C5f=T also manifests a lear linearupturn in log T, at least down to 1.5 K as found previously [4℄. We observethat the oe�ient (0) = C5f=T , reahes 300 mJ/mole-U K2 at 2 K and,moreover, this value is not a�eted by the appliation of magneti �elds upto 6 T. For the temperature range between 10 and 40 K, C5f follows the



Thermodynami and Transport Properties of the. . . 1135equation: C5f = ordT + �T 3 exp(��=kBT ), with ord = 78 mJ/moleK2,� = 0.5 mJ/moleK4 and �=kB = 21 K. The oe�ients ord and � denotethe ontribution of the eletroni spei� heat in the ordered state and themagnon ontribution to the spei� heat, respetively. � is the energy gapin the magnon exitation spetrum. The magneti entropy Sm, whih ex-hibits a knee at TC, at whih temperature the entropy release amounts toabout 0.8Rln2.The magnetoresistane measurements were performed in �elds up to 14 T(not shown here). At this �eld, �%=% reahes a maximum value of �10%at the lowest temperature measured (2 K) as is expeted for a Kondo-likesystem. The Curie temperature TC inferred from the ��=�(T;H)-urvesinreases with inreasing strength of the magneti �eld. For instane, TCreahes 66 K in a �eld of 14 T.
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T2 (K2)Fig. 2. Temperature dependene of thermoeletri power S and the redued Lorenznumber for UCu5Sn. Inset shows �=T vs T 2.The thermoeletri power for UCu5Sn is displayed in Fig. 2 as a fun-tion of temperature. S is negative at room temperature (�8�V/K). Withdereasing temperature its absolute value dereases and hanges the sign atabout 65 K. No anomaly is observed around the ferrimagneti transition at53 K, re�eting that the spin-dependent sattering does not in�uene theS(T). At 24 K, a pronouned maximum of 3 �V=K ours. One an onsiderthis maximum as being due to the phonon-drag e�et, beause this e�etoften leads to a maximum in S(T) at temperatures between (0.1�0.3)�D.For UCu5Sn, �D is estimated to be 250 K from the Cp(T ) measurements,onsistent with the thermoeletri power data. However, one an not ex-lude that this maximum is aused by rystal-�eld splitting or the Kondoe�et. Espeially, in a number of heavy-fermion ompounds the latter e�etoften manifests itself by a maximum in S(T)-urves in the viinity of theKondo temperature.



1136 V.H. Tran et al.In Fig. 2 we show also the redued Lorenz number L=L0 = ��=L0T as afuntion of temperature for UCu5Sn, where L0 = 2:45�10�8 W
K�2 is theLorenz onstant and � is the eletrial resistivity. L=L0 strongly suggeststhat below 100 K the arriers of thermal energy are phonons. Interestingly,below about 10 K ��=L0T slightly dereases down to 4.2 K. Sine the phononthermal ondutivity �ph is related to the lattie heat apaity Cph, soundveloity � and relaxation time �ph by the relation: �ph = Cph�2�ph=3, thederease in ��=L0T below 10 K may be asribed to the sudden derease inthe relaxation time of phonons, e.g., due to an inreasing phonon-impuritysattering.The result of the thermal expansion measurements for UCu5Sn is shownin Fig. 2. �(T ) re�ets a pronouned magneti ontribution around TC.Below 30 K, the thermal expansion follows the equation �(T ) = aT + bT 3with a = 1:464 � 10�8K�2 and b = 6:22 � 10�11K�4. The eletroni partsof the thermal expansion, �el, and the spei� heat, Cel, are related to eahother by an e�etive Grüneissen parameter: �e� = 3V �el(T )KCel(T ) , where V is themolar volume (6:6�10�5 m3/mole) and K is the isothermal ompressibility.The value K= 0:794 Mbar�1 is estimated from the pure elements [5℄. Takingord = 78 mJ/mole K2 we �nd �e� = 4.7, whih is of the same order ofmagnitude as that of heavy-fermion antiferromagnet UPd2Al3 (�e� = 5.5 atTN) [6℄.In onlusion, we have shown that the experimental data obtained fromnumerous thermal and transport measurements provide new support for theheavy-fermion nature of the ferrimagnet UCu5Sn.This work was supported by the Polish State Committee for Sienti�Researh (KBN) within grant no 2P03B 150 17.REFERENCES[1℄ J. St�epie«-Damm, V. Zaremba, V. H. Tran, R. Tro¢, J. Alloys. Compounds,289, 32 (1999).[2℄ V.H. Tran, R. Tro¢, G. André, F. Bourée, M. Kolenda, J. Phys.: Condens.Matter 12, 5879 (2000).[3℄ V.H. Tran, R. Tro¢, P. Pietri, B. Andraka, Phys. Rev. B60, 4696 (1999).[4℄ R. Tro¢, V. H. Tran, B. Andraka, T. Cihorek, J. Magn. Magn. Matter. 226-230, 118 (2001).[5℄ Landolt-Börnstein, Zahlen un Funktionen, II. Band, I. Teil, Springer, Berlin,1971, p. 381.[6℄ R. Modler, K. Gloos, C. Geibel, T. Komatsubara, N. Sato, C. Shank,F. Steglih, Int. J. Mod. Phys. B7, 42 (1993).


