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The T -dependen e of the resistivity  of a start-of-the-art poly rystalline sample of CeFe4 Sb12 was measured between 5 and 300 K. The erium
ontribution to the resistivity, (Ce) was obtained by substra ting the resistivity of LaFe4 Sb12 . As a fun tion of T , (Ce) exhibits a maximum near
150 K. This maximum is attributed to a ombination of a Crystal Ele tri
Field (CEF) and the Kondo ee t. This interpretation is onsistent with
Hall data in the same temperature range. Our heat apa ity data onrm
that the ele troni spe i heat oe ient for LaFe4 Sb12 is larger than
that for CeFe4 Sb12 . The Debye temperatures of both materials are near
250 K.
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1. Introdu tion

Compounds with lled skutterudite stru ture were dis overed in 1977
[1℄. The Bravais latti e of these ternary
group is

Im3 (Th 5 ).

The unit- ell

ompounds is b

, and the spa e

ontains two unit-formula RM4 X12 (where

R = a tinid, rare earth or alkaline earth; M = Fe, Ru or Os; X = P, As
or Sb).

Among the lled skutterudites whi h show various very interest-

ing properties, CeFe4 Sb12 has attra ted
itinerant and lo alized magnetism
ause its thermoele tri

onsiderable attention be ause both

oexist in this

ompound [2℄, and be-

properties are very promising [35℄. Some studies

have shown that CeFe4 Sb12 has a moderate heavy fermion behaviour [6℄,
and that the

erium is trivalent [2℄.

A drop of the resistivity

150 K has been previously attributed either to the onset of
tering in the

erium sublatti e [6, 7℄ or to a (CEF) ee t

a de rease of s attering by phonons [2, 7℄.
perature variations of the Hall

(T )

near

oherent s atombined with

Two earlier data for the tem-

onstant RH (T ) in CeFe4 Sb12 diered from

ea h other [3, 4℄. For these reasons, we performed new resistivity and Hall
measurements on CeFe4 Sb12 . To interpret the data we also performed
measurements on LaFe4 Sb12 . The ele troni

spe i

heat

oe ient

(T )

was

previously measured in CeFe4 Sb12 [6℄, and in LaFe4 Sb12 [8℄. The result that
the La

ompound has the higher

repeated the spe i

was surprising, whi h is why we also

heat mesurements.
2. Experimental

The synthesis and

hara terization of CeFe4 Sb12 and LaFe4 Sb12 samples

were very similar as for an earlier sample [9℄. The poly rystalline samples
studied were almost single phase (more than 95 per ents), similar to other
state-of-the-art poly rystalline samples [5, 6℄. Hall and resistivity measurements were performed between 5 and 300 K using the Van Der Pauw method.
The Hall data were taken with an a
linear with magneti

ele tri

eld, up to 8 T. Heat

urrent. The Hall voltage was
apa ity measurements between

3.5 and 20 K were performed with the relaxation method using a

ommer ial

mi ro alorimeter from Oxford Instruments.
3. Results

Figure 1 shows

(T )

of both CeFe4 Sb12 and LaFe4 Sb12 . The results are

in good agreement with previous works [68℄. The
resistivity of CeFe4 Sb12 ,
same gure as a solid

erium

ontribution to the

(Ce) = (CeFe4 Sb12 )(LaFe4 Sb12 ) is shown in the

urve. The maximum in the latter

urve, near 150 K, is

mu h more pronoun ed than in Ref. [5℄. A similar maximum, but near 75 K,
has been reported for a single- rystal of CeRu4 Sb12 [10℄. Above 150 K,
in Fig. 1 follows a negative logarithmi
attribute to the Kondo ee t.

(Ce)

temperature dependen e, whi h we

The maximum of

(Ce)

may be attributed
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either to the CEF ee t, or to the

oherent s attering. In the latter

ase,

a maximum in RH (T ) around the same temperature is expe ted. But the

inset of the Fig. 1 indi ates that this is not the

ase. On

ooling, RH shows

a large in rease below 100 K, and then seems to saturate around 10 K, in
the same manner as for a single- rystal of CeRu4 Sb12 [10℄.
onden e that our results better represent the intrinsi
CeFe4 Sb12 than those previously reported [3, 4℄. The
may be due to a
ee t, or to a

hange in the hole

This gives us

behaviour of RH in

T -dependen

e of RH

on entration, to the anomalous Hall

ombination of both. It seems likely that the anomalous Hall

ee t due to the Kondo ee t plays a signi ant role.In our opinion, the
peak for

(Ce)

in both CeFe4 Sb12 and CeRu4 Sb12 is due to the CEF ee t
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Fig. 1. T -dependen e of the ele tri al resistivity  of CeFe4 Sb12 ( losed square)and
LaFe4 Sb12 (open triangle). The dieren e (solid urve) is the erium ontribution,
(Ce), to the resistivity of CeFe4 Sb12 . The insert shows the T -dependen e of the
Hall onstant RH of CeFe4 Sb12 .
In Fig. 2, the spe i

CP =T versus T 2 .

Thus, the ele troni

heat of CeFe4 Sb12 and LaFe4 Sb12 is plotted as

Surprisingly, below 9 K
spe i

heat

CP =T

for LaFe4 Sb12 is higher.

(from extrapolation of the data in Fig. 2

to 0 K) is larger for LaFe4 Sb12 than for CeFe4 Sb12 . This should be due to a
variation of the Fermi level (FL) between these two
main

ompounds. Indeed, the

ontribution to the Density of States at the FL seems to be due to the

2

iron related states. The value for CeFe4 Sb12 (about 60 mJ/mole*K ) agrees
with the previous value [6℄ while the one for LaFe4 Sb12 is smaller than in
Ref. [8℄. The Debye temperatures

D

found for CeFe4 Sb12 and LaFe4 Sb12

are 249 and 260 K, respe tively. The value for CeFe4 Sb12 agrees with the
previous value [6℄, but our
found in Ref. [8℄.

D

for LaFe4 Sb12 is well below the value 348 K
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Fig. 2. Spe i heat of CeFe4 Sb12 and LaFe4 Sb12 , plotted as CP /T versus T2 .
In summary, based on our resistivity and Hall data, we attribute the
maximum of

(Ce)

in CeFe4 Sb12 , near 150 K, to a

and the Kondo ee t.
signi ant

ombination of the CEF

The total resistivity of CeFe4 Sb12 also

ontains a

ontribution from phonon s attering. We also propose the same

interpretation for the maximum in

(Ce) in

CeRu4 Sb12 observed previously

by Abe et al [10℄. Additional studies are needing for a better understanding of the transport properties.
ele troni

spe i

heat

Our heat

oe ient

CeFe4 Sb12 . The Debye temperatures

apa ity data

onrm that the

for LaFe4 Sb12 is higher than that for

D

of both materials are near 250 K.
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