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Physical characterizations on the ternary compound Y5Ir4Si10 by using electrical resistivitysrd, Hall coef-
ficient sRHd, magnetic susceptibilitysxd, specific heatsCPd, thermal conductivityskd, and thermoelectric power
are reported. For all measured transport and thermodynamic properties, successive anomalies due to charge-
density-wave(CDW) formation were observed. In contrast to the strong-coupled nature of the phase transitions
found in the isostructural compoundsR5Ir4Si10 sR=Dy-Lud, Y5Ir4Si10 could be described as a weak-coupled
CDW system. Most interestingly, the complex temperature-dependent thermoelectric power and sign reversal
of Hall coefficient in this material indicate a drastic modification of Fermi surface and a sudden change of the
band structure, associated with the electron-hole asymmetry at the transitions.
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I. INTRODUCTION

Observations on the coexistence of superconductivity and
charge-density-wave(CDW) ground state are well docu-
mented for many low-dimensional systems.1 However, this
phenomenon is rarely seen in three-dimensional(3D) mate-
rials. Recently, ternary rare-earth transition-metal silicides
R5T4Si10 (R=rare-earth elements;T=Co, Ir, Rh, and Os),
crystallize in the 3D tetragonal Sc5Co4Si10-type structure,
have attracted a considerable attention due to the indication
of the coexistence of superconductivity and CDW formation.
In addition, the interplay between superconductivity and
long-range magnetic ordering at low temperatures(below
10 K) in these materials has been studied in detail.2–14 For
instances, superconducting transitions atTC=8.2, 3.8, and
2.5 K were found inR5Ir4Si10 for R=Sc, Lu, and Y; and
antiferromagnetic transitions atTN=5.0, 2.0, 3.0, and 1.9 K
for R=Dy, Ho, Er, and Tm, respectively.

High-temperature phase transitions attributed to the CDW
formation were also found in these ternary silicides. The di-
rect evidence of CDW formation in this class of materials
was given by Beckeret al.,15 Galli et al.,16,17 and van
Smaalen.18 Here the CDW superlattices in single crystal
x-ray diffraction were discovered in Lu5Ir4Si10 and
Er5Ir4Si10. The results of the x-ray diffraction confirmed the
existence of both incommensurate and commensurate CDW
states in these compounds. For example, Er5Ir4Si10 exhibits
an incommensurate CDW state atTCDW=155 K, which locks
into a pure commensurate state belowTlock-in=55 K.16 In ad-
dition, both Lu5Ir4Si10 and Er5Ir4Si10 were considered as
strong-coupled CDW materials, as evidenced by the huge
spike-shaped specific heat jumps at theirTCDW’s.15,16Recent
studies of thermal properties and single crystal x-ray diffrac-
tion onR5Ir4Si10 sR=Dy-Lud suggested that both incommen-
surate CDW transition(at TCDW) and lock-in(at Tlock-in) tran-
sition are expected to exist in these materials.18,19 It was
generally found that the transition temperatures decrease

quasilinearly with decreasing lattice constant of rare-earth
ions from Dy to Lu. Such a result indicates that the effect of
ionic size play an important role to the CDW transitions in
this class of materials.19

The ionic radius of yttrium is close to dysprosium, and
slightly larger than holmium and lutetium. On the other
hand, Y3+ is nonmagnetic with empty 4d electronic state,
while Dy3+ to Yb3+ are magnetic with 4f electronic state. It
would be extremely informative to examine the effects of
ionic size, magnetism, as well as electronic state to the
anomalous features at the CDW transitions by comparing the
physical properties between Y5Ir4Si10 and other isostructural
compounds. In this paper, we report a detailed investigation
on Y5Ir4Si10 near its CDW transitions by means of electrical
transport(r andRH), thermodynamic(x andCP) and thermal
transport(k and TEP) measurements. In these measurements,
successive phase transitions due to CDW formation were
identified at TCDW1,225 K, TCDW2,200 K and Tlock-in
,145 K, respectively, and pronounced anomalous responses
were observed. In particular, the very complex temperature-
dependent thermoelectric power and sign reversal of the Hall
coefficient in Y5Ir4Si10 indicate a drastic modification of the
band structure near its Fermi surface, associated with the
electron-hole asymmetry at these transitions. However, the
observed anomalous responses are considerably weaker than
those found in theR5Ir4Si10 (R=Dy, Ho, Er, Tm, and Lu)
compounds. Such a result suggests that Y5Ir4Si10 could be
described as a weak-coupled CDW material.

II. EXPERIMENTAL DETAILS

The preparation and characterization of polycrystalline
Y5Ir4Si10 have been described elsewhere.2,3 Briefly, samples
were prepared by arc-melting stoichiometric mixtures of
high-purity elements in a Zr-gettered argon atmosphere. The
resulting ingots were turned and remelted at least five times
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to promote homogeneity. Samples were then sealed in quartz
ampoules with about 160 Torr of argon and annealed at
1250°C for one day followed by three days at 1050°C. An
x-ray analysis taken with CuK radiation on powder speci-
mens was consistent with the expected Sc5Co4Si10-type
structure, with no other phases present in the diffraction
spectrum.

The electrical transport measurements were carried out by
a six-probe technique, with a typical dimension of 2 mm in
length, 1 mm in width, and 100mm in thickness, which en-
ables us to measure simultaneously the longitudinal resistiv-
ity and Hall voltage. The Hall voltages were measured by
reversing the field direction at a fixed temperature to elimi-
nate the offset voltage due to the unbalanced Hall terminals.
The Hall coefficient measurement was taken in a magnetic
field of 7 T, and a typical dc current density of 50 A/cm2

was applied to the sample. The temperature dependence of
magnetic susceptibility was obtained with a commercial su-
perconducting quantum interference device magnetometer
(Quantum Design MPMSR2) in a field of 1000 Oe. Note that
the magnetic coupling to the static CDW structure in this
class of materials is considered to be weak, as the measured
physical properties near the CDW transition in Lu5Rh4Si10
are magnetic field independent up to 8 T.20

Relative specific heats were performed with a high-
resolution ac calorimeter, using chopped light as a heat
source. Thermal conductivity and thermoelectric power mea-
surements were carried out simultaneously in a close-cycle
refrigerator from 8 to 300 K, using a direct heat-pulse tech-
nique. The details of our experimental techniques on thermal
measurements can be found in Ref. 21.

III. RESULTS AND DISCUSSIONS

A. Resistivity

The temperature-dependent resistivity(r versusT) be-
tween 2 to 300 K of Y5Ir4Si10 is shown in Fig. 1. By de-
creasing temperature, three noticeable kinks can be resolved
at about 227, 200, and 146 K, respectively. The anomalous
features are much more apparent in adr /dT versus.T plot,
as illustrated in the inset of Fig. 1. Since the observations of
CDW superlattices from the x-ray diffraction in Ho5Ir4Si10,
Er5Ir4Si10, Tm5Ir4Si10, and Lu5Ir4Si10 have been provided as
the direct evidence of CDW formations belowTCDW’s,15–18

the nature of these phase transitions found in Y5Ir4Si10 is
presumably associated with the formation of CDW. We note
that the resistive anomalies observed in this study are much
more pronounced than that previously reported.7,12 In par-
ticular, the phase transitions at 227 and 146 K are unambigu-
ously identified. In the normal states230 K,T,300 Kd,
rsTd decreases with lowering temperature and exhibits a me-
tallic character. The residual resistivity ratio
rs300 Kd /rs4.2 Kd is estimated to be about 2.2, relatively
small for a metal. At 227 and 200 K, two different CDW
transitions affecting different parts of the Fermi surface oc-
cur, resulting in successive anomalous resistivity increases at
these temperatures. At 146 K, a sharp decrease inr accom-
panied with a clear thermal hysteresis between 80 and 150 K
was observed, as shown in Fig. 2. These features were also

found in Er5Ir4Si10 and Tm5Ir4Si10 at 55 and 110 K, respec-
tively, and the corresponding transitions have been identified
to be a lock-in transition by single crystal x-ray diffraction
experiments.16,18Notice that no detectable hysteresis was re-
solved for the upper two transitions. Such an observation
suggests that the CDW transitions at 228 and 200 K are most
likely second-order, while the transition at 146 K is most
probably a lock-in with a first-order character. We will argue
that the lock-in transition in Y5Ir4Si10 leads to a partly res-
toration of the Fermi surface, as evidenced by the abrupt

FIG. 1. Electrical resistivity as a function of temperature be-
tween 2 and 300 K for Y5Ir4Si10. Three anomalies due to CDW
formations are indicated by arrows in thedr /dT versusT plot.

FIG. 2. The hysteresis loop between warming and cooling pro-
cesses is clearly seen inr for Y5Ir4Si10 below the lock-in transition.
Inset: the sample undergoes superconducting transition at around
2.5 K.
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decrease in resistivity belowTlock-in. Upon further cooling,
the resistivity of Y5Ir4Si10 continuously decreases, then de-
velops into a plateau below 20 K, and finally goes supercon-
ducting at about 2.5 K, as shown in the inset of Fig. 2. It is
noted that the transition temperatures in Y5Ir4Si10 are com-
parable to those in Dy5Ir4Si10 (TCDW=211 K and Tlock-in
=165 K),19 as Y and Dy have nearly the same ionic size.
Nevertheless, the physical properties of the CDW transitions
in these two materials are rather different, as Y and Dy have
different electronic states(4d versus 4f). Such a result sug-
gests that the ionic-size effect is not only the important pa-
rameter for these phase transitions, but the electronic-
configuration difference also significantly affects the
physical properties in this class of materials.

B. Hall coefficient

The temperature-dependent Hall coefficientsRHd for
Y5Ir4Si10 is displayed in Fig. 3. In the normal state, theRH
value is about 1.5310−4scm3/Cd, comparable to other CDW
materials.22,23 The positiveRH value at high temperatures
signifies that hole-type carriers dominate its electrical trans-
port. As shown in Fig. 3, an increase of the Hall coefficient is
observed nearTCDW1,230 K, corresponding to a decrease
of carrier concentration due to CDW formation(see the inset
of Fig. 3). Note that here we simply apply the one-band
model for the estimation of carrier concentration, where
Y5Ir4Si10 is expected to be two-band as the material stays
conducting. Consequently, the measured Hall coefficient is
an average of the hole pockets and electron pockets weighted
by their mobilities. For example, a two-band model dis-
cussed by Ong on the well-studied CDW system NbSe3 gave
a satisfactory description of its transport properties.24 How-
ever, the lack of the resistance anisotropy and magneto-

transport measurements on single crystal of Y5Ir4Si10 makes
such an analysis unfeasible at this moment.

Upon further cooling, a kink inRH at TCDW2,200 K fol-
lowed with a rapid decrease belowTlock-in,140 K, and then
a sign reversal at low temperatures were observed. Notice
that the anomalous feature inRH is considerably weaker for
the second CDW transition around 200 K than the first CDW
transition around 230 K. Such a result indicates that the
pieces of Fermi surface responsible for the electrical trans-
port are more influenced by the first CDW formation at
TCDW1,230 K than the second CDW transition atTCDW2
,200 K. BelowTlock-in,140 K, a sharp reduction inRH is
observed. Such an abrupt change inRH is attributed to the
sudden change of the band structure, associated with the
electron-hole asymmetry at the transition. In other words, the
occurrence of the lock-in transition reduces the hole pockets
but enlarges the electron pockets, leading to the compensa-
tion of charge carriers in this material. Around 50 K, the
sample is fully compensated and theRH approaches zero.
Below 50 K, the Hall coefficient changes sign from positive
values to negative values. The remarkable sign change of
Hall coefficient was also discovered in the well-known CDW
material NbSe2, which is attributed to the drastic change in
the electronic mean-free path or mobility induced by the
transitions.23 Notice that an upturn inRH below 20 K was
observed. The origin of this feature is not clear at this mo-
ment and deserves more investigations. The Hall coefficient
data will be compared with the thermoelectric power result
in later section for more discussion.

C. Magnetic susceptibility

Magnetic susceptibilitysxd as a function of temperature
for Y5Ir4Si10 is plotted in Fig. 4. The measuredx is roughly
constant in the normal state with a value of 2.5
310−5 emu/mol. With lowering temperature, a successive

FIG. 3. Hall coefficient as a function of temperature between 2
and 300 K for Y5Ir4Si10. Inset shows the decrease of carrier con-
centration atTCDW1=200 K, assuming one-band model.

FIG. 4. The temperatures2–300 Kd dependence of magnetic
susceptibility for Y5Ir4Si10.
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reduction in x near TCDW1s,230 Kd and TCDW2s,200 Kd
was observed. These transition temperatures found in thex
measurement coincide well with the increases inr, which are
attributed to a partial opening of energy gaps and thus a loss
of electronic density of states at the Fermi surface due to
CDW formation. It is noted that the reduction rate in mag-
netic susceptibility is different atTCDW1 (larger slope) and
TCDW2 (smaller slope), as indicated by straight lines in Fig. 4.
With further decreasing temperature, a kink accompanied
with a broad peak was found atTlock-in,145 K. Such an
increase inx corresponds well to the decrease inr at the
lock-in transition, in accordance with the aforementioned
partly restoration of the Fermi surface atTlock-in. The low-T
Curie-like tail is presumably due to the presence of a small
amount of paramagnetic impurities in the sample. Besides,
an obvious thermal hysteresis loop between heating and
cooling cycles was seen inx below Tlock-in, consistent with
the resistivity result.

For the metallic Y5Ir4Si10 sample, the measured magnetic
susceptibility x can be written as three temperature-
independent terms

x = xcore+ xPauli+ xLandau, s1d

wherexcore is the core diamagnetism term,xPauli is the Pauli
paramagnetism due to the spin of conduction electrons, and
xLandauis the diamagnetic orbital contribution due to conduc-
tion electrons. The core diamagnetism can be obtained by
using the tabulated value of xcoresIr3+d=−2.35
310−4 semu/mold.25 The sum of Pauli paramagnetism and
Landau diamagnetism can be expressed as

xPauli+ xLandau= m0mB
2F1 −

1

3
S m

mpD2GNseFd. s2d

In the expression of Eq.(2), m0=4310−7sJ/A2 md is the
permeability,mB=9.2741310−24sA m2d is the Bohr magne-
ton, m is the bare electron mass,mp is the effective mass of
conduction electron, andNseFd is the density of states at the
Fermi level in the unit of state/J mol. By converting the SI
unit sm3/mold of molar magnetic susceptibility to the Gauss-
ian unit semu/mold, the molar magnetic susceptibility for
Y5Ir4Si10 can be written as follows

x = − 2.353 10−4 + 9.233 10−4

3F1 −
1

3
S m

mpD2GNseFdsemu/mold, s3d

whereNseFd is in the unit of state/eV atom. In the normal
state, a value ofNseFd=0.422sstate/eV atomd is estimated by
using Eq.(3), which is reasonable for the metallic nature of
Y5Ir4Si10. Here we simply assume that the effective mass of
conduction electron is equal to the bare electron mass. Note
that the estimatedNseFd value represents an upper limit be-
causemp is usually larger thanm. The occurrence of succes-
sive CDW transitions atTCDW1 andTCDW2 leads to a reduc-
tion of Pauli susceptibility by a value of 3
310−6semu/mold, corresponding to a change of density of
statesDNseFd,0.005sstate/eV atomd. Therefore, the CDW
formation for the upper two transitions is responsible for a

1.2% of reduction inNseFd, i.e., the occurrence of these elec-
tronic phase transitions in Y5Ir4Si10 results in an opening of
energy gap over about 1.2% of the Fermi surface. It is worth
mentioning that this value is independent ofm/mp, since the
prefactorf1− 1

3sm/mpd2g cancels out by taking the ratio of
DNseFd andNseFd. Such an analysis suggests that the degree
of Fermi surface nesting in Y5Ir4Si10 is considerably weaker
than that of its isostructural compound Lu5Ir4Si10 (36%
Fermi surface nesting),3 and the phase transitions observed in
Y5Ir4Si10 could be described as a weak-coupled CDW sys-
tem.

D. Heat capacity

The temperature-dependent specific heatsCPd for
Y5Ir4Si10 is illustrated in Fig. 5. Two pronounced peaks as-
sociated with the CDW formation are observed inCP at
TCDW1=225 K andTCDW2=200 K, respectively. The transi-
tion temperatures are determined from the temperature of the
peak position. It is noted that the transition temperatures de-
termined fromCP measurements are also consistent with the
temperature-dependent resistivity result. No thermal hyster-
esis near the upper two transitions is found within the reso-
lution limit of our apparatus. This is in contrast to that of its
isostructural compound Lu5Rh4Si10, in which pronounced
thermal hysteresis loops between heating and cooling cycles
have been observed in the vicinity of its CDW transition
temperatureTCDW,147 K.20,26

Previously we have successfully applied a least-squares
fitting procedure to a model of critical fluctuations in addi-
tion to BCS mean-field contributions to the reported specific

FIG. 5. The temperatures10–300 Kd dependence of specific
heat for Y5Ir4Si10. The inset shows the plots ofDCp/T versus T and
entropy changeDS associated with the transitions.

Y. K. KUO, Y. Y. CHEN, L. M. WANG, AND H. D. YANG PHYSICAL REVIEW B 69, 235114(2004)

235114-4



heat data in theR5Ir4Si10 compounds.19,21 However, such an
analysis seems to be inappropriate for the present case of
Y5Ir4Si10, because the two transitions overlap and it is diffi-
cult to deconvolute them without the exact model for their
shapes. Nevertheless, the sharpness of the transition
DTCDW/TCDW, the excess specific heatDCP/CP, and the en-
tropy changeDS near the transitions can be extracted from
our measured data. The transition widthDTCDW was defined
by the temperature width of half peak height. The specific
heat jumpsDCP and entropy changeDS near the transitions
in Y5Ir4Si10 can be estimated by subtracting a smooth lattice
background fitted far away from the transition, drawn as a
solid curve in Fig. 5. It is estimated that the sharpness of the
transitionDTCDW/TCDW is about 5% for both transitions at
225 and 200 K, and the excess specific heatDCP/CP is 1.2%
at 225 K and 3.4% at 200 K for Y5Ir4Si10. It is worth men-
tioning that the observed spike-shapedCP anomalies in the
R5Ir4Si10 sR=Dy-Lud series suggest that these compounds
could be classified as the strong-coupled CDW systems, due
to their short coherence length deduced from the Ginzburg
criteria.19,21 Accordingly, there are a large number of soft
phonon modes in the transition region which provide a sub-
stantial heat capacity arising from their occupation. In con-
trast, the specific heat peaks for Y5Ir4Si10 are relatively
weaker than that of those observed inR5Ir4Si10 sR
=Dy to Lud, indicative of a weak-coupled CDW system for
Y5Ir4Si10. Besides, the entropy changeDS=0.21 R near the
transitions is calculated by integrating the area under the
CP/T versusT curve, as shown in the inset of Fig. 5. We
notice that the estimated total entropy change in Y5Ir4Si10 is
compatible to that obtained for otherR5Ir4Si10
compounds,19,21 even though the observed transitions in
Y5Ir4Si10 appear to be weaker. This is mainly because the
influence of phase transitions affects a rather wide tempera-
ture ranges,50 Kd, which in turn gives rise to an enhance-
ment on the areasDSd underCP/T versusT curve.

In addition to the well-defined peaks found near the upper
two CDW transition temperatures, a weaker secondaryCP
anomaly(slope change) was also detected in Y5Ir4Si10 with
our high-resolution calorimeter atTlock-in=140 K, as demon-
strated by the arrow in Fig. 4. A similar slope change inCP
was also observed in Er5Ir4Si10 at 60 K.19 Since the lock-in
transition does not involve gap opening processes, conse-
quently there is only very little amount of entropy change
during the transition.

E. Thermal conductivity

The temperature-dependent thermal conductivityskd for
Y5Ir4Si10 is illustrated in Fig. 6. The value of room-
temperaturek for Y5Ir4Si10 is about 110 mW/cm K, reason-
able for its metallic character. At low temperatures,k in-
creases with temperature, and then develops into a broad
maximum at around 30 K. This is a typical feature for the
reduction of thermal scattering at lower temperatures for sol-
ids. Anomalies were also found ink at Tlock-in=140 K and
TCDW2=200 K. However, there is no noticeable anomaly ink
at TCDW1=220 K. Due to the metallic nature of the sample,
the total thermal conductivitykT can be expressed as a sum

of lattice skLd, electronicsked, and anomalous termssDkd:
kT=kL+ke+ Dk. The lattice partkL is expected to follow
1/T behavior, while the electronic contributionke can be
determined by means of the Wiedmann-Franz law:ker /T
=Lo. Here r is the dc electrical resistivity and the Lorentz
numberLo=2.45310−8 W V K−2. As suggested previously,
the anomalous features in are essentially of electronic origin
in R5Ir4Si10 sR=Dy-Lud series.19,21This scenario is also per-
fectly applicable for the present Y5Ir4Si10 case, where a re-
duction in k at 200 K and an increase at 140 K correspond
well to the increase and reduction respectively inr at these
phase transitions. Compared to the appearance of giantDk
generally observed atTCDW8s for other members ofR5Ir4Si10,
Y5Ir4Si10 exhibits rather weak response ink at phase transi-
tions. Since anomalous peaks ink were also observed in the
strong-coupled K0.3MoO3 and sTaSe4d2I at their CDW
transitions,27 the absence of the thermal conductivity peak
for Y5Ir4Si10 indicates that the titled material is a weak-
coupled CDW system.

Another peculiar feature of the thermal conductivity in
Y5Ir4Si10 is the high-temperature variation. In the normal
state sT.TCDW1d, the k data increase monotonically with
temperature. Such behavior has also been found in other
CDW materials such as K0.3MoO3 andsTaSe4d2I, and it was
attributed to the quasiparticle scattering due to fluctuations.27

As a result, a large number of soft Kohn-Peierls phonons
would contribute to the high-T thermal conductivity, which
in turn gives a linear increase ink at higher temperatures. In
fact, the lack of this feature in the isostructural compound
Sc5Ir4Si10 (with no CDW transition) further supports that the
linear increase ink at higher temperatures for Y5Ir4Si10 is
related to CDW formation, arising from the quasiparticle
excitations.28

F. Seebeck coefficient

The temperature-dependent thermoelectric powersTEPd
of Y5Ir4Si10 is shown in Fig. 7. As one can see that the

FIG. 6. Thermal conductivity versus temperature for Y5Ir4Si10.
Inset: a close-up plot near the phase transition atTCDW2=200 K.
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T-dependent TEP of Y5Ir4Si10 exhibits the most anomalous
features among all measured physical quantities. Such an
observation indicates a very complicated heat transport pro-
cess in Y5Ir4Si10 during the CDW transitions. The values of
TEP are positive for the whole temperature range we inves-
tigated, signifying that hole-type carriers dominate the ther-
moelectric transport in this material, consistent with the Hall
measurement. Since TEP varies rather linearly with tempera-
ture in the normal state(above 220 K), one can try to extract
the value of eF through the classical formulaS
=p2kB

2T/2eeF, assuming a one-band model with an energy-
independent relaxation time. A value ofeF=6.1 eV was ob-
tained from this simple model, in agreement with the metal-
lic character of the sample. Three pronounced anomalies in
TEP were discovered atTCDW1 5 220 K,TCDW2=200 K, and
Tlock-in=140 K, respectively, due to CDW formation. Upon
further cooling, TEP exhibits a broad maximum at around 30
K, presumably due to the phonon-drag effect.

Since the TEP measurement is a sensitive probe of the
density of states close to the Fermi surface, the rapid changes
of TEP in Y5Ir4Si10 are attributed to the sudden change of the
band structure, associated with the electron-hole asymmetry
at the transitions. Thus it would be instructive to compare the
Hall coefficient data with the thermoelectric power data in
this compound. BelowTlock-in,140 K, the Hall coefficient
of Y5Ir4Si10 decreases sharply and then changes sign to nega-

tive at low temperature, while its thermoelectric powers re-
main positive at all temperatures. The difference in sign of
dominant carriers at low temperatures as obtained from the
Hall coefficient and thermoelectric power data suggests that
Y5Ir4Si10 has the comparable size of electron-pockets and
hole-pockets in its energy band. For simplicity, we assume
that the electron concentrationn is equal to the hole concen-
tration p, and the Y5Ir4Si10 compound is fully compensated.
Thus the thermoelectric power and Hall coefficient
can be simply written as:RH=s1/nedsmh−med / smh+med,
S=smhSh−meSed / smh+med, wheremh andme are the mobili-
ties of the holes and electrons, respectively. From this simple
model, a drastic change in the electronic mobility below
Tlock-in would account for the sign difference in the low-
temperature thermoelectric power and Hall coefficient data
of Y5Ir4Si10.

IV. CONCLUSIONS

In conclusion, we have presented the results of electrical
resistivity srd, Hall coefficientsRHd, specific heatsCPd, mag-
netic susceptibilitysxd, thermal conductivity(k), as well as
thermoelectric powersTEPd on the rare-earth-transition-
metal compound Y5Ir4Si10 as a function of temperature. For
all measured physical properties, successive anomalies due
to charge-density-wave(CDW) formation were observed. In
contrast to its isostructural compoundsR5Ir4Si10 (R
=Dy,Ho,Er,Tm, and Lu) found to be strong-coupled CDW
materials, Y5Ir4Si10 exhibits relatively weak anomalous re-
sponses for all measured physical quantities. Such an obser-
vation suggests that Y5Ir4Si10 could be classified as a weak-
coupled CDW system, and the electronic-configuration
difference also significantly affects the physical properties in
this class of materials. Most intriguingly, the complex
temperature-dependent thermoelectric power and sign rever-
sal of the Hall coefficient in this compound indicate a drastic
modification of the band structure near its Fermi surface or a
drastic change in the electronic mobility at these transitions.
Apparently, the transition features in Y5Ir4Si10 are unique
and deserve further studies. Especially, single crystal x-ray
diffraction or neutron scattering measurements are needed to
understand the microscopic nature of these phase transitions.
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