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SPECIFIC HEAT OF SELECTED RCu2�J. Vejpravová, P. Svoboda and M. Divi²Department of Ele
troni
 Stru
ture, Charles University12116 Prague 2, The Cze
h Republik(Re
eived July 10, 2002)The temperature dependen
e of spe
i�
 heat of sele
ted RCu2 (R = Smand Tm) was studied in detail in 
omparison with that of the nonmagneti
analogues (YCu2 and LuCu2). The ele
tron and the phonon part of thespe
i�
 heat was determined for all the investigated 
ompounds as wellas the magneti
 entropy for the magneti
ally ordered ones. The densityfun
tional 
al
ulations were performed for YCu2 and LuCu2 
ompoundsto obtain an additional information about the ele
troni
 stru
ture of theRCu2 system.PACS numbers: 71.15.Mb, 75.40.Cx, 75.50.Ee1. Introdu
tionThe isostru
tural series of intermetalli
 
ompounds RCu2 (R = rareearth) 
rystallizes (with the only ex
eption of LaCu2) in the orthorhombi
CeCu2-type stru
ture with the spa
e group Imma [1℄. They be
ome verypopular due to unusual physi
al properties depending on external 
onditions(e.g. giant magnetoelasti
 e�e
t). Almost all of them order antiferromagnet-i
ally (AF) and exhibit a variety of di�erent magneti
 phases in the orderedstate.Here we 
ompare the spe
i�
 heat of SmCu2 and TmCu2 with theirnon-magneti
 analogues YCu2 and LuCu2. The 
al
ulated density of states(DOS) of the non-magneti
 
ompounds allows us to 
al
ulate the theoreti
alSommerfeld 
oe�
ient 
.2. Methodology, results and dis
ussionHigh-quality and well de�ned samples were ne
essary for our detailed ex-perimental study. All the 
ompounds were prepared by ar
 melting from high� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1453)



1454 J. Vejpravová, P. Svoboda, M. Divi²purity 
onstituents under the prote
tive Ar-atmosphere. Poly
rystallinesamples of YCu2 and LuCu2 were synthesized in the mono-ar
 furna
e.Top-
lass single 
rystals of SmCu2 and TmCu2 were grown by Czo
hral-ski te
hnique in the tri-ar
 furna
e from � 10 g of melt with � 10 mm/hpulling speed. To 
ompensate the several orders higher volatility of both Smand Tm, �ve atomi
 per
ents of R were added to the starting 
omposition.Homogeneity and stoi
hiometry of all prepared 
ompounds were 
he
kedby mi
roprobe. Also the powder X-ray di�ra
tion analysis did not revealedany foreign phase and 
on�rmed the CeCu2-type 
rystal stru
ture. Thelatti
e parameters and the atomi
 positions yielded by the Rietweld analysisare in a good agreement with the published values [1℄.The spe
i�
 heat measurements were performed on the PPMS (Physi
alProperties 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 spe
i�
 heat data of nonmagneti
 YCu2 and LuCu2 were analyzedin detail to extra
t the phonon and ele
troni
 parts of spe
i�
 heat. Theanalysis of the phonon part in
ludes both the Debye and the Einstein mod-els using the 
hara
teristi
 temperatures �D (for the a
ousti
 part) and �E(for the opti
al bran
hes), respe
tively, as well as the 
orre
tion on the an-harmoni
 
ontribution � to the phonon spe
trum (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 s
hemeswere then dedu
ed from the �t as well as the S
hottky 
ontribution to thespe
i�
 heat for both SmCu2 and TmCu2 (like in [4℄).The band stru
ture 
al
ulations were performed for YCu2 and LuCu2 us-ing the general potential linearized augmented plane wave method (WIEN97
ode [5℄). To solve the many parti
le problem for the ideal 
rystal the gen-eralized gradient approximation has been 
hosen in our 
al
ulations. Theground state equilibrium 
rystal stru
ture of LuCu2 (zCe, yCu, zCu) wasfound using 
ombined analysis of the X-ray data and minimization of totalenergy and DFT for
es in �rst prin
iple 
al
ulations. The estimation of themass enhan
ement fa
tor � 
an be obtained from both the spe
i�
 heat dataand the state of art of the DFT ele
troni
 stru
ture 
al
ulations using the
exp = 

al
(1 + �) relation.The spe
i�
 heat analysis yields the experimental values of the linear
oe�
ient 
 = 8:2, 5.7, 6.0 and 5.7 mJ/molK2 for YCu2, LuCu2, SmCu2 andTmCu2, respe
tively. The 
 values of magneti
 samples might be in�uen
edby the magneti
 order, but the stability of the �t in the whole temperatureregion does not show su
h in�uen
e.The analysis of the a
ousti
 phonon 
ontribution gives respe
tive 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 dependen
e of the spe
i�
 heat of TmCu2 and SmCu2 in
omparison with non-magneti
 analogues. The insets show the respe
tive CF-levels
hemes, the arrows mark the magneti
 phase transitions.and 1:2� 10�4 K�1. To redu
e the number of adjustable parameters, the 6opti
al bran
hes of the phonon spe
trum were des
ribed 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, respe
tively. From the �t we 
an see that thephonon spe
trum does not substantially di�er (within the � 5% error) from
ompound to 
ompound, as expe
ted for the isostru
tural series.The 
rystal-�eld level s
heme is des
ribed by the energy gaps �i of theex
ited 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 respe
tive theoreti
al 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 
al
ulated onesallowed us to dedu
e the mass enhan
ement fa
tors � = 1:1 and 0.78 forYCu2 and LuCu2, respe
tively. These values suggest that the medium manyparti
le 
orrelations are present in the valen
e ele
tron subsystems of thestudied nonmagneti
 RCu2 
ompounds.This work is a part of the ME CR resear
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