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Low-temperature anomalies in magnetic, transport, and thermal properties
of single-crystal CeRhSn with valence fluctuations
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Magnetic, transport, thermal, and crystallographic properties are reported for single crystals of CeRhSn
crystallizing in the hexagonal ZrNiAl-type structure. We found high anisotropy in both electrical resistivity
(ra'5rc at 70 K! and magnetic susceptibility (xc'10xa at 0.4 K!, which is atypical for a valence-fluctuating
Ce compound. At low temperatures,r(T) and x(T) show power-law behaviors;ra(T)}T1.5 and rc(T)}T,
andxa}T20.35 andxc}T21.1 down to 0.4 K. These behaviors and the rather large residual resistivity were not
affected by long-term annealing. On cooling from 7 K to 0.5 K, thespecific heat divided by temperatureC/T
increased as2 ln T and saturated to a rather large value of 0.2 J/mol K2. These experimental results are
discussed in relation to the possible atomic disorder.
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I. INTRODUCTION

Cerium-based equiatomic compounds CeTX, whereT is a
transition metal andX is ap-electron element, have receive
much attention in recent years because they exhibit ano
lous physical properties such as heavy-fermion behavior,
lence fluctuations, and hybridization gap behavior.1 Most of
CeTX systems withT5Rh exhibit valence fluctuations fo
various X elements Al, P, As, In, and Sb,2–6 suggesting
strong hybridization of the Ce 4f state with the Rh 4d band.
CeRhSn was also classified into the valence-fluctuating
tem, because the temperature dependence of the mag
susceptibility is much weaker than the Curie-Weiss beha
expected for trivalent Ce ions7 and the unit-cell volume is
significantly smaller than that expected for trivalent-ion co
pounds on the basis of lanthanide contraction.8–11 Recently,
more direct evidence for valence fluctuations has been g
by x-ray photoelectron spectroscopy measurements by´ le-
barskiet al.12 Thereby, the Ce valence in CeRhSn has be
estimated to be 3.07 at room temperature.

CeRhSn crystallizes in the hexagonal ZrNiAl-typ
structure.11 Layers composed of Ce and Rh atoms altern
along thec axis with layers composed of Rh and Sn atom
For polycrystalline samples, unusual magnetic proper
have been reported.12 Both the specific heat and magnet
susceptibility of an arc-melted sample showed distinct jum
at 6.2 K, in which the magnitude decreased by annealin
800 °C for eight days but still remained after the heat tre
0163-1829/2003/68~5!/054416~7!/$20.00 68 0544
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ment for four weeks. Since no impurity phase was detec
by powder x-ray and neutron-diffraction analyses, the ph
transition at 6.2 K was attributed to a magnetic transition
a sort of magnetic phase produced by atomic disorder.
temperatures below 4 K, the specific-heat-divided tempe
ture C/T followed the logarithmic temperature dependen
C/T}2 ln T. Furthermore, the electrical resistivity and ma
netic susceptibility showed power-law temperature dep
dencies,r(T)}T0.75 and x(T)}T20.5. These non-Fermi-
liquid behaviors were interpreted as the proximity of t
ground state of this compound to a quantum critical poin12

The proximity seems to originate from the Griffiths sing
larities as a consequence of the interplay between an intra
Kondo effect and intersite Ruderman-Kittel-Kasuya-Yosi
interaction in the presence of disorder and magne
anisotropy.13

For better understanding of the origin of the magne
ordering and non-Fermi-liquid behavior in CeRhSn, it is im
portant to study the magnetic and transport properties
single-crystalline samples because highly anisotropic beh
iors are expected from the hexagonal ZrNiAl-type structu
For the isostructural compound CePdAl, e.g., thea-axis re-
sistivity is approximately twice thec-axis resistivity over the
temperature range 0.1–300 K,14 and thec-axis susceptibility
is one order-of-magnitude larger than thea-axis susceptibil-
ity at the Nee´l temperatureTN52.7 K.15 Furthermore, the
geometrical frustration of the Ce moments in thec-plane
quasi-kagome´ lattice allows one third of Ce ions to remai
©2003 The American Physical Society16-1
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paramagnetic even belowTN .16 Here, we report the therma
transport, magnetic, and structural properties of sing
crystal CeRhSn. Preliminary results have been reported
conference paper.17

II. EXPERIMENT

Single crystals of CeRhSn and its reference compo
LaRhSn were grown with the Czochralsky method from
melt of stoichiometric amounts of the constituent element
an rf induction furnace. We obtained crystals that were 5 m
in diameter and 40 mm in length. From the top to the end
the crystal rod of CeRhSn, no deviation of the composit
from the stoichiometric one was detected by electron-pr
microanalysis. However, the presence of a spurious phas
CeRh3 of less than 1% was detected at the end of the rod
examine the effect of annealing on the physical propert
half of the crystal rod was wrapped with tantalum foi
sealed in an evacuated quartz tube, and annealed at 90
for three weeks.

The x-ray single-crystal data were collected using
Rigaku R-AXIS imaging plate area detector with graph
monochromated MoKa radiation operating at 50 kV and 4
mA. A total of 55 oscillation images were collected usingv
scans~width 5° and exposure time of 750 s per frame! and
the raw intensity data were corrected for Lorentz and po
ization effects, and for absorption by a Gaussian numer
integration using the measured dimensions of the crysta

The electrical resistivity along thea andc axes was mea
sured from 0.4 K to 300 K by a conventional four-prob
method. The magnetic-field dependence of resistivity w
measured up to 18 T for both transverse and longitud
configurations. The Hall coefficient measurement was c
ried out by a dc technique in a field of 1 T on samples of
mm in thickness. The magnetic susceptibility for 2 K,T
,300 K was measured using a commercial superconduc
quantum interference device magnetometer~MPMS, Quan-
tum Design!. The measurement of magnetization was p
formed down to 0.4 K with a Faraday force magnetomete
the Institute for Solid State Physics, University of Tokyo18

The specific heat was measured by an adiabatic method
a relaxation method for 0.8 K,T,70 K and 0.5 K,T
,5 K, respectively.

III. RESULTS AND DISCUSSION

The crystal structure of CeRhSn was refined by a fu
matrix least-squares program using atomic scattering fac
provided by the program packageSHELXL-97.19 The analysis
confirmed that CeRhSn crystallizes in the ZrNiAl-type stru
ture ~space groupP6̄2m), and Ce, Rh1, Rh2, and Sn atom
occupy the 3f , 1a, 2d, and 3g sites, respectively~see Fig.
1!. To obtain the crystallographic parameters, it was assu
that there was no disorder between Rh and Sn atoms.
closeness of the atomic numbers for Rh and Sn prevente
from determining the possible atomic disorder betwe
them. Atomic coordinates and thermal parameters are li
in Table I. The atomic positions are in good agreement w
previous ones determined by neutron powder diffraction.12 It
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should be noted that the displacement parameterU3351.37
31022 Å 2 for Rh2 is twice or triple that ofU11 for Rh2 and
U33 for other atoms. Such an anisotropic displacement of
2d site atom in the ZrNiAl-type structure was reported f
YbPtSn.20 It was interpreted as a result of the instability f
the 2d site to split into two sites by forming a superstructur
However, our analysis of CeRhSn assuming a split posit
yielded no improvement of the reliability factor.

In order to consider the hybridization in CeRhSn from t
viewpoint of the interatomic distances, we compare in Fig
the lattice parameters for ZrNiAl-type rare-earth compoun
RNiIn, RRhIn, andRRhSn, of which the Ce compound
show valence fluctuations.2,8–12The hexagonala parameters
of the RRhSn series forR5La, Ce, Pr, and Nd are signifi
cantly smaller than those ofRNiIn and RRhIn. Since the
atomic radii of In and Sn are almost the same, this feat
suggests the occurrence of strong hybridization in the b
plane of Rh2 and Sn atoms. In the series ofRNiIn and
RRhIn compounds, thea parameter forR5Ce deviates
downward due to the valence fluctuations in the Ce co
pound. In theRRhSn series, however, thec parameter of
CeRhSn contracts significantly. As a result of this contract
along thec axis, the distance between Ce and Rh2 (dCe-Rh2
53.032 Å) out of plane becomes smaller thandCe-Rh1~3.084
Å! in the basal plane~see Fig. 1!. Furthermore, four Rh2
atoms are located at that distance, whereas only one
atom is nearby. This may lead to strong hybridization of t
Ce 4f state with the 4d band derived from the Rh2 atoms
and thus the valence-fluctuating state would be stabilize
CeRhSn. This conjecture is consistent with the ba
structure calculation,12 in which the 4d-electron density of
states just above the Fermi level is larger for Rh2 atoms t
for Rh1 atoms.

Figure 3~a! shows the temperature dependence of m
netic susceptibilityx on the as-grown single crystal forB//a
and B//c in B50.1 T. It is noteworthy that the anneale
single crystal showed essentially the same results ofx(T) for
T.2 K. With decreasing temperature,xc increases steadily
without showing any anomaly or maximum, whilexa stays
almost constant down to 50 K and then increase. The r

FIG. 1. Schematic representation of the unit cell of CeRh
crystallizing in the hexagonal ZrNiAl-type structure. Lattice co
stants area57.443(2) andc54.089(2), andinteratomic distances
are dCe-Ce53.8819(11),dCe-Rh153.0838(10),dCe-Rh253.0316(8),
dSn-Rh152.7622(9), anddSn-Rh252.8424(9) Å.
6-2
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TABLE I. Crystallographic data for CeRhSn at 293 K@space groupP6̄2m ~No. 189!, Z53, a57.443(2) Å, c54.089(2) Å, V
5195.89 Å3, r59.199 g/cm3]. Ueq stands for the isotropic thermal parameter defined as one-third of the trace of the orthogonalizUi j

tensor. Number of reflections: 5166 measured, 648 unique, and 635 withI obs.2s (I obs); 17 parameters refined;m532.47 mm21,
2Qmax590.05°, and range inhkl: 614, 614, and68; residual values:R150.0398 andwR250.0907; goodness of fit51.106 and
BASF50.1732(2).

Positional and displacement parametersUi j ~in 10-2 Å 2) for CeRhSn
Atom Site x y z U11 U22 U33 U12 U13 U23 Ueq

Ce 3f 0.58567~8! 0 0 0.434~17! 0.602~23! 0.598~19! 1/2U22 0 0 0.526~14!

Rh1 1a 0 0 0 0.622~28! U11 0.469~36! 1/2U11 0 0 0.571~20!

Rh2 2d 1/3 2/3 1/2 0.678~20! U11 1.371~36! 0.339~11! 0 0 0.909~18!

Sn 3g 0.24999~9! 0 1/2 0.465~23! 0.380~18! 0.619~22! 0.232~11! 0 0 0.479~14!
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xc /xa increases to 10 at 2 K. The high anisotropy and
absence of a maximum are atypical for valence-fluctua
Ce compounds. However, the largely negative values of
paramagnetic Curie temperatures,u //a52390 K andu //c5
257 K, are characteristic of a valence-fluctuation syste
These values were obtained by fitting the data above 16
with the formulax(T)5x01C/(T2u). The fits yielded the
effective magnetic moments of 1.85mB and 1.23mB for B//a
and B//c, respectively, which are much reduced from t
2.54mB expected for a free Ce31 ion. In order to detect the
possible magnetic anomaly at about 6.2 K reported by S´ le-
barskiet al.,12,21 we measuredx(T) of the as-grown crysta
in a field of 5 mT after zero-field cooling and field coolin
As is shown in the inset, both sets of data are identical
exhibit no anomaly near 6.2 K, and thus no magnetic tra
tion occurs in our single crystals even in the as-grown st

In Fig. 3~b!, the x(T) data are plotted on a double log

FIG. 2. Lattice constantsa and c of the seriesRNiIn, RRhIn,
and RRhSn (R5La, Ce, Pr, and Nd! with the hexagonal ZrNiAl-
type structure. The data forRNiIn are from Ref. 8; forRRhIn from
Refs. 2, 9, and 10; and forRRhSn from Ref. 11.
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rithmic scale. At temperatures below 2 K, the values ofxc
are depressed with increasing field from 0.05 T to 0.2
while xa is independent of the strength ofB. The broken
lines are the fits to the data of the equationx(T)}T2n with
n50.35 and 1.1 forB//a and B//c, respectively. An inter-
mediate valuen50.5 was reported for thex(T) of a poly-

FIG. 3. ~a! Temperature dependence of magnetic susceptibilitx
and its inverse 1/x on as-grown crystal CeRhSn forB//a andB//c
at B50.1 T. The solid lines represent fits to the data ofx(T)5x0

1C/(T2u) for 160 K,T,300 K. The inset of~a! shows a double
logarithmic plot of x vs T measured after zero-field cooling an
field cooling in a field of 5 mT.~b! Double logarithmic plot ofx vs
T at 0.4 K,T,300 K in B50.05, 0.1, and 0.2 T. The broken line
represent the power-law behaviorx(T)}T2n with n50.35 and 1.1
for B//a and B//c, respectively. The magnetization curve
M (B//c) at 0.5, 4.2, and 10 K are displayed in the inset.
6-3
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crystalline sample in the temperature range from 2 to 30 K12

As a possible origin of the power-law behavior, non-Ferm
liquid nature due to atomic disorder was proposed,13 as men-
tioned in the Introduction. The Curie-like form observed f
xc(T)50.06/T1.1 tempts us to estimate the effective numb
of unquenched Ce31 ions. If the Ce31 ions were in the
crystal-field ground state ofJz563/2 in the hexagona
structure, then they would give rise to a Curie constant
0.621 emu K/mol. The observed Curie constant of 0
emu K/mol corresponds to a concentration of 10% for su
Ce31 ions. On the other hand, theM (B) curve in the inset
changes from a linear dependence at 10 K to a nonlin
dependence at 0.5 K. The intercept of the linear extrapola
of the M (B) curve at 0.5 K toB50 gives a value of
0.05mB /f.u., which is much smaller than the 0.13mB /f.u.
expected for the saturation moment for 10% Ce31 ions in the
Jz563/2 state. Therefore, such an assumption of the p
ence of free Ce31 ions is oversimplified, and it is conjecture
that the magnetic moments induced from atomic disorder
partially quenched by the Kondo effect.

Figure 4 shows the temperature dependence of resist
r(T) for as-grown single crystals of CeRhSn and LaRh
along thea andc axes. For LaRhSn, a sharp drop inr(T) at
2 K is a superconducting transition that was repor
previously.22 Two remarkable features for CeRhSn are t
large maximum inra(T) at 70 K and the high anisotropy
ra(T)5225 rc(T), over the whole temperature range. Bo
are more significant than those found in a valence-fluctua
system CeNiIn with the same type of crystal structure.23 The
large maximum inra(T) can be attributed to the Kond
scattering of conduction electrons by 4f electronic states, in
view of the very weak anisotropy for LaRhSn. In fact, t

FIG. 4. Temperature dependence of the electrical resistivity
as-grown crystals of CeRhSn and LaRhSn along thea andc axes.
The inset shows the magnetic contribution to the resistivityrma and
rmc on a logarithmicT scale.
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magnetic contribution to the resistivity,rma5ra(CeRhSn)
2ra(LaRhSn), is proportional to2 ln T at high tempera-
tures, as is shown in the inset of Fig. 4. The characteri
Kondo temperatureTK is the order of 100–200 K.

r

FIG. 5. Temperature dependence of the electrical resistivitr
for single crystals of CeRhSn; as grown~open circles! and annealed
at 900 °C for three weeks~filled circles!. The inset shows the fits o
the low-temperature data byr(T)5r01ATn.

FIG. 6. Temperature dependence of the electrical resistivityr of
the annealed singlecrystal of CeRhSn for~a! I //c and~b! I //a under
various constant magnetic fields up to 18 T in longitudinal a
transverse geometries.
6-4



en
f.

ys
fa

s
x-

b
g.

w

c
ld
t

in
n

e

ea
er

ti

a-

rin
ac

H

n
m
be

r

a-
or

s as
-

-
m-
red

spe-
-
ith

i-

n-
ave
sly
he

no
he
r-

of
-

u of

-

by

aR-

LOW-TEMPERATURE ANOMALIES IN MAGNETIC . . . PHYSICAL REVIEW B 68, 054416 ~2003!
It is interesting to note that the overall temperature dep
dence ofra(T) for CeRhSn is similar to that reported in Re
12 for a polycrystalline sample, whilerc(T) is similar to that
reported in Ref. 24. This may reflect the texture of polycr
talline samples prepared by arc melting. However, the
that the values of residual resistivity,ra5134mV cm and
rc544.8mVcm, are larger than those reported for polycry
talline samples12,24 cannot be explained by the effect of te
ture. We observed no decrease in the residual resistivity
annealing at 900 °C for three weeks, as is presented in Fi
In addition, the upward deviation inrc(T) for T,7 K re-
mains after the long-term anneal. The inset of Fig. 5 sho
the fit of the low-temperature data with the equationr(T)
5r01ATn. The values forn are 1.5 and 1.0 forra andrc ,
respectively, which are larger than then50.75 reported for a
polycrystal.12

If the residual resistivity arises from coherent spin flu
tuations, then application of sufficiently high magnetic fie
would suppress the spin fluctuations, and thus depress
resistivity significantly, as was observed in CePdAl.25 Keep-
ing this in mind, we measured the resistivity of CeRhSn
fields up to 18 T for both transverse and longitudinal co
figurations. The data ofr(T) in various constant fields ar
shown in Figs. 6~a! and 6~b! for I //c and I //a, respectively.
For all configurations, a positive shift is seen. We also m
sured the field dependence of resistivity at constant temp
tures. At 2 K, the magnetoresistance as a function ofB//c is
roughly proportional toB2 for both I //a andI //c. The effect
for B//c is much larger than that forB//a, which is under-
stood by considering the high anisotropy of the magne
susceptibilityxc@xa . In zero field,rc(T) deviates upward
from the linear behavior on cooling below 10 K. This devi
tion is suppressed upon increasingB above 15 T forB//c,
while it remains forB//a. This field quench of the upward
deviation suggests that there is an additional scatte
mechanism originating from electronic spins with a char
teristic temperature of 10 K.

Figure 7 shows the temperature dependence of the

FIG. 7. Temperature dependence of the Hall coefficientRH of
the annealed single crystal of CeRhSn forB//a (I //c) and B//c
(I //a). The inset shows a plot ofRH vs rmx whererm is the mag-
netic contribution to the resistivity andx is the magnetic suscepti
bility. The line represents a fit to the data ofRH5R01armx for
B//c (I //a) at 160 K,T,300 K.
05441
-

-
ct

-

y
5.

s

-

he

-

-
a-

c

g
-

all

coefficientRH for B//a (I //c) andB//c (I //a). In contrast
to the monotonic increase ofRH(B//a) with decreasing tem-
perature,RH(B//c) exhibits a strong temperature variatio
with a positive maximum at 150 K and a negative minimu
at 20 K. The high-temperature data above 160 K can
reproduced by the expression,RH5R01armx, whereR0 is
the ordinary Hall constant andrm is the magnetic contribu-
tion to the resistivity.26 As is shown in the inset, the linea
extrapolation of theRH(B//c) vs rmx plot to rmx50 yields
R0521.031023 cm3/C, which corresponds to a concentr
tion of electron carriers of 0.37/f.u. For Ce-based Kondo
valence-fluctuating compounds,RH(T) at high temperatures
is governed by skew scattering which gradually decrease
the coherence sets in.27 This picture explains the gradual de
crease inRH(B//c) for T,100 K. However, the sharp up
turn below 20 K is unusual for a valence-fluctuating co
pound, but resembles the behavior reported for a disorde
Kondo alloy CeCu52xGax at T,20 K, which was attributed
to the anomalous velocity contribution.28

Figure 8 shows the temperature dependence of the
cific heat divided by temperatureC/T for the annealed crys
tal of CeRhSn and the as-grown crystal of LaRhSn. W
decreasing temperature,C/T for CeRhSn exhibits a mini-
mum at 7 K, which is followed by the so-called non-Ferm
liquid behavior,C/T}2 ln T. Below 0.7 K, however,C/T is
saturated to a rather large value of 0.2 J/mol K2. This satu-
rated behavior is dissimilar to the divergent behavior in no
Fermi-liquid systems. It should be noted that the data h
no anomaly at about 6.2 K, inconsistent with the previou
reported one with a distinct jump, which remained after t
anneal for eight days.12 We confirmed that a polycrystalline
sample annealed at 950 °C for seven days showed
anomaly in the specific heat at 6.2 K either. In Fig. 8, t
jump in C/T at 2 K for LaRhSn is associated with the supe
conducting transition. The magnetic entropy due to 4f elec-
trons in CeRhSn was calculated by subtracting the data
C/T for LaRhSn from that of CeRhSn. With increasing tem
perature, the magnetic entropy passes through a platea

FIG. 8. Temperature dependence of the specific heat divided
temperatureC/T plotted on a logarithmicT scale for the annealed
single crystal of CeRhSn and the as-grown single crystal of L
hSn. TheC/T data for CeRhSn are replotted againstT2 in the inset.
The broken lines are fits to the data of the formulaC/T5g1bT2

for 8 K,T,15 K.
6-5



d
ur
y
st

t

m
ce

y
x

e
ar
e

f
o

.4

o
e

v-
-

f
t

un
pe

th
e
a
ti

on
e

n
l-
e
-

sa
om

ac-
re-
tals
e 4

ture
-
re-
er-
ort
e-
,
m

-
at

s to

ni-
ce-
ntly

the
d at
ys-
y
ree
up
rva-
hSn
me
pe
o-
in

n-
e of

ant
O,

gy

ria
ou

a
.

S.
,

n,

B

ala-

M. S. KIM et al. PHYSICAL REVIEW B 68, 054416 ~2003!
0.3R ln 2 at around 30 K, whereR is the gas constant, an
reaches 0.85R ln 2 at 70 K, the highest temperature of o
measurements. This magnitude of the magnetic entrop
consistent with the Kondo temperature of 100–200 K e
mated from theln T dependence ofrm(T).

In the inset of Fig. 8, theC/T data are replotted agains
T2. Fitting to the data for 8 K,T,15 K with the formula
C/T5g1bT2 gives g50.061 J/mol K2 and b55.83
31024 J/mol K4. The relation g50.18p2 R/TK for a
Kondo impurity withJ55/2 ~Ref. 29! yields the value ofTK
to be 240 K. ThisTK is considered as a characteristic te
perature of the dominant portion of Ce ions in the valen
fluctuating state. On the other hand, the strong upturn inC/T
on cooling below 7 K indicates the presence of low-energ
excitations with a characteristic temperature of appro
mately 7 K. This temperature is close to the temperatur
which thec-axis resistivity deviates upward from the line
dependence~see Fig. 6!. It is recalled that at about 7 K th
power forxc(T)}T2n changes fromn50.45 ton51.1 ~see
Fig. 3!. The subtraction of the hypotheticalT2 dependence o
C/T as drawn by the broken line from the observed data
C/T gives an estimation of the excess entropy to be 0
J/molK, which is equal to 0.08R ln 2. If this is attributed to
Ce ions with a magnetic doublet ground state, then its c
centration becomes 8% of the total Ce ions. This is in agr
ment with the fraction of 10% of Ce31 ions estimated from
the analysis ofxc as was described above.

One possible origin for the non-Fermi-liquid-like beha
ior observed below 7 K is the atomic disorder, as was pro
posed by S´ lebarski et al.12 Although direct evidence o
atomic disorder in CeRhSn has not yet been obtained,
presence of atomic disorder in an isostructural compo
URhSn was suggested by the broad distribution of the hy
fine field at the Sn nucleus measured by119Sn Mössbauer
spectroscopy.30 Whereas the degree of such disorder in
Rh-Sn plane in CeRhSn might depend on the heat treatm
no effect of the annealing at 900 °C for three weeks w
observed in either the electrical resistivity or the magne
susceptibility of single crystals. The present x-ray-diffracti
analysis led to a very large value of the atomic displacem
parameter only along thec axis for Rh atoms in the Rh-S
plane, which may be related to the instability of the ZrNiA
type structure. On the other hand, an anomalous increas
the c/a ratio on cooling below 120 K was found from neu
tron powder-diffraction experiments.12 Further refinement of
the crystal structure at low temperatures would be neces
to understand the anomalous physical properties of this c
pound.

*Present address: National Research Laboratory for Mate
Science, Korea Basic Science Institute, Daejeon 305-333, S
Korea.

1T. Takabatake, F. Iga, T. Yoshino, Y. Echizen, K. Katoh, K. Kob
yashi, M. Higa, N. Shimizu, Y. Bando, G. Nakamoto, H. Fuji, K
Izawa, T. Suzuki, T. Fujita, M. Sera, M. Hiroi, K. Maezawa,
Mock, H. v. Löhneysen, A. Bru¨ckl, K. Neumaier, and K. Andres
J. Magn. Magn. Mater.177–181, 277 ~1998!.
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IV. SUMMARY

We have reported a set of measurements of x-ray diffr
tion, magnetic susceptibility, electrical resistivity, magneto
sistance, Hall coefficient, and specific heat on single crys
of CeRhSn. The structural analysis suggested that the Cf
state is strongly hybridized with the 4d band derived from
the Rh2 atoms, consistent with the previous band-struc
calculation.12 This out-of-plane hybridization in the hexago
nal structure may be responsible for both the anisotropic
sistivity and valence-fluctuating behavior with the charact
istic temperature of 200 K. On cooling below 7 K, some s
of low-energy excitation manifests itself in the following b
haviors. The resistivities along thea andc axes, respectively
deviate downward and upward from the extrapolation fro
high temperatures. Thec-axis susceptibility exhibits a Curie
like behavior down to 0.4 K. Furthermore, the specific he
divided by temperature turns up below 7 K, and saturate
a rather large value of 0.2 J/mol K2 at 0.5 K. Therefore,
CeRhSn is a rare example of low-energy excitations ma
festing themselves at low temperatures in the valen
fluctuating state. Such a phenomenon has been rece
found in a Ce-filled skutterudite CeRu4Sb12,31,32 but its ori-
gin is not yet been understood. In all measurements of
single-crystal CeRhSn, no distinct anomaly was observe
about 6.2 K, in contrast to the previous report on a polycr
talline sample.12,21 The large value of the residual resistivit
was not decreased by the annealing at 900 °C for th
weeks. On the other hand, application of magnetic fields
to 18 T yielded a positive magnetoresistance. These obse
tions suggest that the low-temperature anomalies in CeR
originate not from coherent spin fluctuations but from so
sort of disorder in this compound. In order to study the ty
of disorder and its role in the low-energy excitations, micr
scopic studies using NMR and muon-spin relaxation are
progress.
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