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SPECIFIC HEAT OF SELECTED RCu2�J. Vejpravová, P. Svoboda and M. Divi²Department of Eletroni Struture, Charles University12116 Prague 2, The Czeh Republik(Reeived July 10, 2002)The temperature dependene of spei� heat of seleted RCu2 (R = Smand Tm) was studied in detail in omparison with that of the nonmagnetianalogues (YCu2 and LuCu2). The eletron and the phonon part of thespei� heat was determined for all the investigated ompounds as wellas the magneti entropy for the magnetially ordered ones. The densityfuntional alulations were performed for YCu2 and LuCu2 ompoundsto obtain an additional information about the eletroni struture of theRCu2 system.PACS numbers: 71.15.Mb, 75.40.Cx, 75.50.Ee1. IntrodutionThe isostrutural series of intermetalli ompounds RCu2 (R = rareearth) rystallizes (with the only exeption of LaCu2) in the orthorhombiCeCu2-type struture with the spae group Imma [1℄. They beome verypopular due to unusual physial properties depending on external onditions(e.g. giant magnetoelasti e�et). Almost all of them order antiferromagnet-ially (AF) and exhibit a variety of di�erent magneti phases in the orderedstate.Here we ompare the spei� heat of SmCu2 and TmCu2 with theirnon-magneti analogues YCu2 and LuCu2. The alulated density of states(DOS) of the non-magneti ompounds allows us to alulate the theoretialSommerfeld oe�ient .2. Methodology, results and disussionHigh-quality and well de�ned samples were neessary for our detailed ex-perimental study. All the ompounds were prepared by ar melting from high� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1453)



1454 J. Vejpravová, P. Svoboda, M. Divi²purity onstituents under the protetive Ar-atmosphere. Polyrystallinesamples of YCu2 and LuCu2 were synthesized in the mono-ar furnae.Top-lass single rystals of SmCu2 and TmCu2 were grown by Czohral-ski tehnique in the tri-ar furnae from � 10 g of melt with � 10 mm/hpulling speed. To ompensate the several orders higher volatility of both Smand Tm, �ve atomi perents of R were added to the starting omposition.Homogeneity and stoihiometry of all prepared ompounds were hekedby miroprobe. Also the powder X-ray di�ration analysis did not revealedany foreign phase and on�rmed the CeCu2-type rystal struture. Thelattie parameters and the atomi positions yielded by the Rietweld analysisare in a good agreement with the published values [1℄.The spei� heat measurements were performed on the PPMS (PhysialProperties Measurement System) using the relaxation method [2℄ in thetemperature range T = 1:5�300 K. The data were analyzed as a sum ofindividual ontributions.The spei� heat data of nonmagneti YCu2 and LuCu2 were analyzedin detail to extrat the phonon and eletroni parts of spei� heat. Theanalysis of the phonon part inludes both the Debye and the Einstein mod-els using the harateristi temperatures �D (for the aousti part) and �E(for the optial branhes), respetively, as well as the orretion on the an-harmoni ontribution � to the phonon spetrum (for details see [3℄). Theinferred values were used as starting parameters in the multi-parameter �t ofmagneti samples in the paramagneti region. The rystal �eld level shemeswere then dedued from the �t as well as the Shottky ontribution to thespei� heat for both SmCu2 and TmCu2 (like in [4℄).The band struture alulations were performed for YCu2 and LuCu2 us-ing the general potential linearized augmented plane wave method (WIEN97ode [5℄). To solve the many partile problem for the ideal rystal the gen-eralized gradient approximation has been hosen in our alulations. Theground state equilibrium rystal struture of LuCu2 (zCe, yCu, zCu) wasfound using ombined analysis of the X-ray data and minimization of totalenergy and DFT fores in �rst priniple alulations. The estimation of themass enhanement fator � an be obtained from both the spei� heat dataand the state of art of the DFT eletroni struture alulations using theexp = al(1 + �) relation.The spei� heat analysis yields the experimental values of the linearoe�ient  = 8:2, 5.7, 6.0 and 5.7 mJ/molK2 for YCu2, LuCu2, SmCu2 andTmCu2, respetively. The  values of magneti samples might be in�uenedby the magneti order, but the stability of the �t in the whole temperatureregion does not show suh in�uene.The analysis of the aousti phonon ontribution gives respetive valuesof �D = 156, 145, 148 and 151 K and �D = 2:9�10�4, 0:8�10�4, 2:2�10�4
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Fig. 1. The temperature dependene of the spei� heat of TmCu2 and SmCu2 inomparison with non-magneti analogues. The insets show the respetive CF-levelshemes, the arrows mark the magneti phase transitions.and 1:2� 10�4 K�1. To redue the number of adjustable parameters, the 6optial branhes of the phonon spetrum were desribed by a superpositionof n-times degenerated Einstein modes, denoted by �Ei. The orrespondingvalues are then: �E1 = 166 (2), 137 (2), 136 (2) and 132 (2) K with �E1 =2:0�10�4, 2:0�10�4, 2:1�10�4 and 1:6�10�4 K�1, �E2 = 250 (2), 251 (2),188 (2) and 230 (3) K with �E2 = 1:5 � 10�4, 2:0 � 10�4, 3:0 � 10�4 and2:1 � 10�4 K�1 and �E3 = 271 (2), 274 (2), 265 (2) and 295 (1) K with�E3 = 1:8 � 10�4, 2:9 � 10�4, 2:9 � 10�4 and 13 � 10�4 K�1 for YCu2,LuCu2, SmCu2 and TmCu2, respetively. From the �t we an see that thephonon spetrum does not substantially di�er (within the � 5% error) fromompound to ompound, as expeted for the isostrutural series.The rystal-�eld level sheme is desribed by the energy gaps �i of theexited levels from the ground state. For the Sm3+ ion (3 Kramer's doublets)the �t yields �1 = 100 K and �2 = 120 K. In the ase of Tm3+ ion (13non-Kramer's singlets) we found �i = 5:6, 69, 89, 102, 108, 115, 121, 127,135, 141, 148 and 152 K. The saturated values of magneti entropy omparewell to the respetive theoretial values R ln 6 and R ln 13. In omparison



1456 J. Vejpravová, P. Svoboda, M. Divi²with [4℄ we have to say, that while the low levels remain roughly the same,the �t to the new data in the wide temperature range from the high-qualitysingle rystal had signi�antly improved the positions of the higher exitedlevels.The omparison of the experimental  values with the alulated onesallowed us to dedue the mass enhanement fators � = 1:1 and 0.78 forYCu2 and LuCu2, respetively. These values suggest that the medium manypartile orrelations are present in the valene eletron subsystems of thestudied nonmagneti RCu2 ompounds.This work is a part of the ME CR researh program MSM113200002.Part of it was also supported by the GACR 106/02/0940 and GAUK 145/2000grants. REFERENCES[1℄ A.R. Storm, K.E. Benson, Ata Crystallogr. 16, 701 (1963).[2℄ PPMS � Physial Property Measurement System, Quantum Design, San Diego1999.[3℄ P. Svoboda et al., Phys. Rev. B63, 212408 (2001).[4℄ V. �íma et al., J. Phys.: Condens. Matter 1, 10153 (1989).[5℄ P. Blaha, K. Shwarz, J. Luitz, WIEN97, Vienna University of Tehnology,Vienna 1997.[6℄ K. Hense et al., submitted to Phys. Rev. B.[7℄ M. Rotter et al., Phys. Rev. B64, 134405 (2001).


