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TRANSPORT AND SPECIFIC HEAT STUDIES OFRFe4Sb12 (WITH R = Ce, La)�R. Viennois, F. Terki, A. Errebbahi, S. Charar, M. AverousGES, Universite Montpellier II, Pla
e Eugene Bataillon34095 Montpellier, Fran
eD. Ravot, J.C. Tedena
LPMC, Universite Montpellier II, Pla
e Eugene Bataillon34095 Montpellier, Fran
eP. HaenCRTBT, CNRS, BP 166, 38042 Grenoble 
edex 9, Fran
eand C. SekineDepartement of Ele
tri
al and Ele
troni
 EngineeringMuroran Institut of Te
hnology27-1 Mizumoto-
ho, Muroran 050-8585, Japan(Re
eived July 10, 2002)The T -dependen
e of the resistivity � of a start-of-the-art poly
rys-talline sample of CeFe4Sb12 was measured between 5 and 300 K. The 
erium
ontribution to the resistivity, �(Ce) was obtained by substra
ting the re-sistivity of LaFe4Sb12. As a fun
tion of T , �(Ce) exhibits a maximum near150 K. This maximum is attributed to a 
ombination of a Crystal Ele
tri
Field (CEF) and the Kondo e�e
t. This interpretation is 
onsistent withHall data in the same temperature range. Our heat 
apa
ity data 
on�rmthat the ele
troni
 spe
i�
 heat 
oe�
ient 
 for LaFe4Sb12 is larger thanthat for CeFe4Sb12. The Debye temperatures of both materials are near250 K.PACS numbers: 71.27.+a, 71.70.Ch, 72.15.Qm� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1221)
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tionCompounds with ��lled� skutterudite stru
ture were dis
overed in 1977[1℄. The Bravais latti
e of these ternary 
ompounds is b

, and the spa
egroup is Im3 (Th5). The unit-
ell 
ontains two unit-formula RM4X12 (whereR = a
tinid, rare earth or alkaline earth; M = Fe, Ru or Os; X = P, Asor Sb). Among the �lled skutterudites whi
h show various very interest-ing properties, CeFe4Sb12 has attra
ted 
onsiderable attention be
ause bothitinerant and lo
alized magnetism 
oexist in this 
ompound [2℄, and be-
ause its thermoele
tri
 properties are very promising [3�5℄. Some studieshave shown that CeFe4Sb12 has a moderate heavy fermion behaviour [6℄,and that the 
erium is trivalent [2℄. A drop of the resistivity �(T ) near150 K has been previously attributed either to the onset of 
oherent s
at-tering in the 
erium sublatti
e [6, 7℄ or to a (CEF) e�e
t 
ombined witha de
rease of s
attering by phonons [2, 7℄. Two earlier data for the tem-perature variations of the Hall 
onstant RH(T ) in CeFe4Sb12 di�ered fromea
h other [3, 4℄. For these reasons, we performed new resistivity and Hallmeasurements on CeFe4Sb12. To interpret the data we also performed �(T )measurements on LaFe4Sb12. The ele
troni
 spe
i�
 heat 
oe�
ient 
 waspreviously measured in CeFe4Sb12 [6℄, and in LaFe4Sb12 [8℄. The result thatthe La 
ompound has the higher 
 was surprising, whi
h is why we alsorepeated the spe
i�
 heat mesurements.2. ExperimentalThe synthesis and 
hara
terization of CeFe4Sb12 and LaFe4Sb12 sampleswere very similar as for an earlier sample [9℄. The poly
rystalline samplesstudied were almost single phase (more than 95 per
ents), similar to otherstate-of-the-art poly
rystalline samples [5, 6℄. Hall and resistivity measure-ments were performed between 5 and 300 K using the Van Der Pauw method.The Hall data were taken with an a
 ele
tri
 
urrent. The Hall voltage waslinear with magneti
 �eld, up to 8 T. Heat 
apa
ity measurements between3.5 and 20 K were performed with the relaxation method using a 
ommer
ialmi
ro
alorimeter from Oxford Instruments.3. ResultsFigure 1 shows �(T ) of both CeFe4Sb12 and LaFe4Sb12. The results arein good agreement with previous works [6�8℄. The 
erium 
ontribution to theresistivity of CeFe4Sb12, �(Ce) = �(CeFe4Sb12)��(LaFe4Sb12) is shown in thesame �gure as a solid 
urve. The maximum in the latter 
urve, near 150 K, ismu
h more pronoun
ed than in Ref. [5℄. A similar maximum, but near 75 K,has been reported for a single-
rystal of CeRu4Sb12 [10℄. Above 150 K, �(Ce)in Fig. 1 follows a negative logarithmi
 temperature dependen
e, whi
h weattribute to the Kondo e�e
t. The maximum of �(Ce) may be attributed
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i�
 Heat Studies of RFe4Sb12. . . 1223either to the CEF e�e
t, or to the 
oherent s
attering. In the latter 
ase,a maximum in RH(T ) around the same temperature is expe
ted. But theinset of the Fig. 1 indi
ates that this is not the 
ase. On 
ooling, RH showsa large in
rease below 100 K, and then seems to saturate around 10 K, inthe same manner as for a single-
rystal of CeRu4Sb12 [10℄. This gives us
on�den
e that our results better represent the intrinsi
 behaviour of RH inCeFe4Sb12 than those previously reported [3, 4℄. The T -dependen
e of RHmay be due to a 
hange in the hole 
on
entration, to the anomalous Halle�e
t, or to a 
ombination of both. It seems likely that the anomalous Halle�e
t due to the Kondo e�e
t plays a signi�
ant role.In our opinion, thepeak for �(Ce) in both CeFe4Sb12 and CeRu4Sb12 is due to the CEF e�e
t
ombined with the Kondo e�e
t.
10
 100


0,0


0,1


0,2


0,3


0,4


0,5


0,6


0,7


0,8


0
 50
 100
 150
 200
 250
 300

0


20


40


60


80


100


120


140


CeFe

4

Sb


12


 


 


R

 H


 (
10


4
 cm

3
 /C

)


T (K)


 


 


re
si

st
iv

it
y 

(m
O

h
m

.c
m

)


T (K)
Fig. 1. T -dependen
e of the ele
tri
al resistivity � of CeFe4Sb12 (
losed square)andLaFe4Sb12 (open triangle). The di�eren
e (solid 
urve) is the 
erium 
ontribution,�(Ce), to the resistivity of CeFe4Sb12. The insert shows the T -dependen
e of theHall 
onstant RH of CeFe4Sb12.In Fig. 2, the spe
i�
 heat of CeFe4Sb12 and LaFe4Sb12 is plotted asCP =T versus T 2. Surprisingly, below 9 K CP =T for LaFe4Sb12 is higher.Thus, the ele
troni
 spe
i�
 heat 
 (from extrapolation of the data in Fig. 2to 0 K) is larger for LaFe4Sb12 than for CeFe4Sb12. This should be due to avariation of the Fermi level (FL) between these two 
ompounds. Indeed, themain 
ontribution to the Density of States at the FL seems to be due to theiron related states. The value for CeFe4Sb12 (about 60 mJ/mole*K2) agreeswith the previous value [6℄ while the one for LaFe4Sb12 is smaller than inRef. [8℄. The Debye temperatures �D found for CeFe4Sb12 and LaFe4Sb12are 249 and 260 K, respe
tively. The value for CeFe4Sb12 agrees with theprevious value [6℄, but our �D for LaFe4Sb12 is well below the value 348 Kfound in Ref. [8℄.
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Fig. 2. Spe
i�
 heat of CeFe4Sb12 and LaFe4Sb12, plotted as CP /T versus T2.In summary, based on our resistivity and Hall data, we attribute themaximum of �(Ce) in CeFe4Sb12, near 150 K, to a 
ombination of the CEFand the Kondo e�e
t. The total resistivity of CeFe4Sb12 also 
ontains asigni�
ant 
ontribution from phonon s
attering. We also propose the sameinterpretation for the maximum in �(Ce) in CeRu4Sb12 observed previouslyby Abe et al [10℄. Additional studies are needing for a better understand-ing of the transport properties. Our heat 
apa
ity data 
on�rm that theele
troni
 spe
i�
 heat 
oe�
ient 
 for LaFe4Sb12 is higher than that forCeFe4Sb12. The Debye temperatures �D of both materials are near 250 K.REFERENCES[1℄ W. Jeits
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