Vol. 34 (2003)

ACTA PHYSICA POLONICA B

No 2

ANOMALOUS ORDERED STATE
OF FILLED SKUTTERUDITE CeOs4Sb12
T. Namiki, Y. Aoki, H. Sugawara and H. Sato

Department of Physi s, Tokyo Metropolitan University, Tokyo 192-0397, Japan
(Re eived July 10, 2002)

Preliminary results of spe i heat measurement in applied magneti
elds on the lled skutterudite CeOs4 Sb12 are presented. Clear anomaly
in the spe i heat data suggests the existen e of an intrinsi phase transition at 0.9 K, a ompanied by a gap opening in moderately mass-enhan ed
quasiparti le bands. Unusual magneti eld ee t on the transition temperature, whi h shifts toward higher temperatures with in reasing eld, is
revealed.
PACS numbers: 75.40.Cx, 71.27.+a, 75.30.Kz, 75.30.Mb
1. Introdu tion

The lled skutterudites, a series of ternary ompounds with the hemi al
formula RT4 X12 (R = rare earth; T = Fe, Ru, or Os; X = P , As, or Sb)
rystallizing in a BCC stru ture, were rst reported by Jeits hko and Braun
[1℄. Sin e R atoms are surrounded by the 12 X atoms in the rystal stru ture,
it is theoreti ally expe ted that 4f -ele trons ould be strongly hybridized
with p-type ondu tion ele trons [2℄.
A tually, CeFe4 X12 with X=P was reported to have a hybridization gap
of  = 0:11 eV with lear semi ondu ting behaviors [3℄. When the latti e
onstant is in reased from X=P to As,  be omes smaller (0.01 eV [4℄), and
nally for X=Sb, the gap is losed exhibiting semi-metalli behaviors [5℄.
Bauer et al. [6℄ reported CeOs4 Sb12 to be a narrow-gap semi ondu tor
with   9  10 4 eV, whi h was estimated from the temperature dependen e of the ele tri al resistivity (T ) in 25 < T < 50 K. They observed
a -type anomaly at 1.1 K in zero-eld spe i heat C (T ) data and attributed it to an impurity ontribution. In this paper, we report that our
preliminary results of spe i heat measurements on CeOs4 Sb12 in applied
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magneti elds disagrees with those interpretations. Fermi-liquid like behavior observed in C (T ) along with the non-metalli transport property ree ts
an anomalous ele troni state in this ompound.
2. Experimental

Single rystals of CeOs4 Sb12 were grown by Sb-self-ux method. The
raw materials were 3N5 (99.95% pure)-Ce, 3N-Os, and 6N-Sb. X-ray powder dira tion pattern shows that the sample is almost a single phase of
CeOs4 Sb12 rystallizing in the BCC lled skutterudite stru ture [7℄. Although weak tra es of an in luded Os-metal phase are visible, the maximum
peak intensity is only 1.7 % of that of the CeOs4 Sb12 phase. Spe i heat
was measured using a olle tion of the small single rystals by a quasiadiabati heat pulse method des ribed in Ref. [8℄ using a dilution refrigerator
equipped with a super ondu ting magnet.
3. Results and dis ussions

Figure 1 shows the temperature dependen e of spe i heat divided by
temperature in magneti elds. For estimation of the phonon ontribution
(Cph ), we use data for LaOs4 Sb12 [9℄. Cph (T ), whi h is shown in Fig. 1,
an be des ribed as 9:80  10 4 T 3 +7:19  10 5 T 5 3:89  10 7 T 7 J/Kmol
for T  8 K. Negligibly small ontribution of Cph =T at low temperatures
suggest that the anomaly appearing below 3 K is of ele troni origin. An
upturn below 0.3 K developing with magneti eld is due to nu lear S hottky
ontribution (CN ).
In zero eld, the data exhibit a prominent sharp peak at Tx = 0:88 K.
This anomaly was already reported in Ref. [6℄ with a similar overall temperature dependen e [11℄ and was attributed to an impurity ontribution.
With in reasing eld, the anomaly appears to shift to higher temperatures.
The position of the anomaly is plotted in a 0 H vs T plane (the inset of
Fig. 1).
Considering only the C=T vs T data in zero eld, the urve ould be
interpreted as the sum of an ele troni part of  0:18 J/K2 mol [10℄ and
a ontribution from an impurity that has a phase transition at 0.88 K as in
Ref. [6℄. In this ase, the data above 3 K in Fig. 1 show that the value of
is almost eld independent. On the other hand, Ce =T below Tx is strongly
suppressed by magneti elds and it rea hes less than half of the zero-eld
value in 4 T. This fa t learly shows that the aforementioned interpretation
is in orre t, indi ating that the spe i heat anomaly should be attributed
to an intrinsi phase transition in CeOs4 Sb12 .
In zero eld, the high-T tail of the anomaly above Tx up to  3Tx
indi ates the existen e of short-range orrelations. While this tail remains
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Fig. 1. Spe i heat divided by temperature (C=T ) vs T for a olle tion of small
single rystals of CeOs4 Sb12 . The broken urve represents the phonon ontribution
(Cph =T ) determined from C=T of LaOs4 Sb12 [9℄. The inset shows the 0 H T phase
diagram determined from the spe i heat data. The broken line is guide to the
eye.

in applied elds, a jump at the phase transition be omes visible in 2 T.
Broader transition in 4 T might indi ate that ea h single rystalline grain has
a dierent transition temperature depending on the applied eld dire tion
respe tive to the rystallographi dire tion. The nature of dTx =dH > 0 itself
is reminis ent of the antiferro-quadrupole transition observed in CeB6 [12℄
and TmTe [13℄. However, the ele troni part of the entropy released below
Tx is too small (0:05Rln2 and 0:06 Rln2 for 0 and 4 T, respe tively) to
be attributed to su h lo alized f -ele tron s enario. Taking into a ount
the almost T -independent Ce =T above  3Tx and the depression below Tx ,
we suggest that the ordering is more likely to be a harge density wave
(CDW) or a spin density wave (SDW) of the moderately mass-enhan ed
quasiparti le band. Probably a gap opening on part of the Fermi surfa e
leads to the suppression of Ce =T and an in rease of  below Tx [14℄. In this
s enario, however, the un onventional nature of both the quasiparti le band
and the phase transition in CeOs4 Sb12 is ree ted in the observed d=dT < 0
behavior below  50 K [6℄ and the dTx =dH > 0, whi h is anomalous for a
CDW or SDW transition.
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4. Summary

Spe i heat measurements performed in magneti elds on CeOs4 Sb12
have laried the eld ee t on the lear peak anomaly, whi h appears at
0.88 K in zero eld. Analysis of the data suggests the existen e of an intrinsi phase transition, a ompanied by a gap opening in moderately massenhan ed quasiparti le bands. The transition temperature appears to shift
toward higher temperatures when magneti eld is in reased. The Fermiliquid-like behavior in the spe i heat along with the non-metalli transport
properties both observed in the non-ordered state suggest the un onventional
nature of the ele tron state in CeOs4 Sb12 .
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