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We have performed a detailed characterization of both magnetic and transport properties of
La0.7−xYxCa0.3MnO3 sx=0, 0.05, 0.10, and 0.15d compounds. These measurements provide clear evidence for
three temperature intervals in which the magnetic and transport properties are altered. The most notable is an
intermediate regime called the clustered state,TC,T,T* , of phase coexistence involving the presence of both
ferromagneticsFMd and antiferromagneticsAFd clusters and remnants of the high-temperature paramagnetic
sPMd phase. The results further indicate a strong connection between spin cluster formation and the colossal
magnetoresistivity effect. This magnetically clustered regime was observed to be altered by both magnetic field
and disorder. The metal-insulator transition temperatureTMI and the width of the peak ofrsTd were found to
change linearly with increasing disordersY contentd and application of magnetic field with negative and
positive derivatives, respectively. This indicates that disorder and application of magnetic fieldssHd would
cause the same effect but in an opposite way. We argue that correlated disorder effects influence both the shape
and the magnitude ofr versusT curves, as predicted theoretically. We have also inferred, from the computed
excess of conductivitysor resistivity decreased Dr under decreasingT and application ofH, that the electronic
conduction process in the clustered state is described by a hopping mechanism. This result suggests two
contributions to the electrical conductivity in the clustered state:s1d a semiconductinglike contribution ands2d
hopping of carriers between FM metallic clusters.
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I. INTRODUCTION

The R1−xAxMnO3 perovskite manganitesswhere R is a
rare-earth atom andA is divalent metald exhibit interesting
physical properties because of the strong interplay between
lattice, charge, and spin degrees of freedom bringing about
the colossal magnetoresistance effectsCMRd.1–3 Recent
experimental4,5 and theoretical6,7 developments suggest a
unified picture that confers a prominent role to the intrinsic
inhomogeneities. These studies have indicated that the prop-
erties of these materials are related to intrinsic inhomogene-
ities due to disorder caused by the chemical-doping process
widely used to control the hole density and the average hop-
ping amplitude. Such an intrinsic disorder would induce spa-
tially separated phases with different electronic and magnetic
properties appearing far above the ferromagneticsFMd tran-
sition temperatureTC.7 Within this scenario, the large differ-
ences observed in the ground state of manganites are related
to the existence of two different mechanisms leading to the
phase separation. The level of disorder is the key variable
defining the length scale of each phase and the metal-
insulator transition is treated in a percolative framework
where the conduction through metallic or insulating phases
alternatively dominates the transport properties below and
above the metal-insulating transition temperature,TMI, re-
spectively. Magnetoresistive properties in these systems are
also explained as the result of altering the initial equilibrium
between phases, the applied magnetic field favoring and en-
larging the FM and metallic domains at the expense of the
insulating ones.7

The understanding of both the electrical transport and the
enhanced CMR effect in the paramagnetic state PM is still

incomplete. Based on the transport data of these manganites,
several attempts have been made in order to gain further
information about the nature of the electronic conduction at
high temperatures. The strong distortion of the MnO6 octa-
hedron contributes to the idea that the carrier transport at
high temperatures is caused by the motion of the small-size
lattice polarons.8 De Teresaet al.9 have shown, through
small-angle scattering experiments, the occurrence of FM
clusters within a PM matrix which grow in size but decrease
in number with the application of magnetic fields. Thus, the
CMR effect was believed to be due to the confinement of the
charge carriers into finite FM clusters in the temperature in-
tervalTC,T,1.8TC.9 Indeed, studies have indicated the ex-
istence of three regimes as a function of the temperature:s1d
a high-T regime, where the system is PM andrsTd has semi-
conductinglike behavior;s2d an intermediate regimeTC,T
,T* with preformed clusters but with uncorrelated order pa-
rameters giving a globally PM state;s3d a FM regime, for
T,TC, in which clusters froms2d coalesce and percolate
upon cooling to form a FM phase with metallic behavior.10,11

A better understanding of the mechanism governing both
the magnetization and electrical resistivity and their evolu-
tion with doping should give better insight into the phase
separation picture and be essential to the understanding of
the microscopic origin of the CMR effect. Based on these
arguments, we have studied a series of samples with compo-
sition La0.7−xYxCa0.3MnO3 s0øxø0.15d by using electrical
resistivity, magnetization, and magnetoresistivity MR mea-
surements. The results obtained in this work clearly indicate
the presence of an intermediate regime in which magnetic
clustersfFM and antiferromagnetic AFg develop and coexist
with PM regions. The results further reveal a strong connec-
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tion between spin cluster formation and dramatic magnetic
field effects. Particularly, the preformation of the clusters,
defining the clustered state, and its observation via macro-
scopic measurements, was found to play an important role in
the semiconductinglike regime of these materials.

II. EXPERIMENTAL DETAILS

Polycrystalline samples of La0.7−xYxCa0.3MnO3 sx=0.0,
0.05, 0.10, and 0.15d were prepared through a sol-gel
method.12 Powders prepared through this chemical route
have better chemical homogeneity and smaller particle size
than when using the standard solid-state reaction method.
The powders were heat treated at 1000 °C and 1100 °C in air
for 30 h, subsequently pressed into pellets, and subjected to a
final heat treatment at 1200 °C in air for 30 h. The crystal
structure was refined by the Rietveld method using theFull-

prof program.13 All the patterns were found to be similar in-
dicating single-phase materials space groupPnma.14 The
oxygen contents of the samples were found to be constant
through the series, in agreement with previous results.15

MagnetizationMsT,Hd measurements were performed in a
commercial superconducting quantum interference device
SQUID magnetometer. Four-probe electrical resistivity
rsT,Hd measurements in applied magnetic fields up to 5 T
were performed with a Linear Research LF-400 ac resistance
bridge operating at 16 Hz.

III. RESULTS AND DISCUSSION

A. Magnetic properties

It is known that in mixed-phase manganites, metallic por-
tions of the samples originate from the FM arrangement of
spins that improves the electron conduction. Therefore, it is
expected that the fraction of FM-metallic clusters increases
asT decreases. The temperature dependence of the dc mag-
netization on a logarithmic scale for these samples is dis-
played in Fig. 1. The FM transition broadens with increasing
Y content andTC is shifted to lowerT suggesting a weaken-
ing of the double exchange interaction between the Mn mag-

netic moments. The occurrence of broad magnetic transitions
is believed to be associated with a large distribution ofTC.

A careful inspection of theMsTd data in the low-
temperature regime also indicates that increasing Y results in
a gradual reduction of the saturation magnetization. This
suggests either an incomplete ferromagnetic Mn moment
alignment or the existence of an extra magnetic phase with a
smaller saturation moment. On the other hand, it is plausible
that such a decrease may be related to the development of
nonferromagnetic clusters which may be paramagnetic or
even antiferromagneticsAFd in nature due to the disorder
introduced by the partial substitution of La by Y. There are
several experimental observations indicating the presence of
distinct magnetic phases belowTC in these compounds. We
have observed a paramagnetic component down to 20 K in
57Fe-substituted La0.6Y0.1Ca0.3MnO3 through Mossbauer
spectroscopy.16 In addition to these findings, and important
for further discussion, is the development of appreciable
magnetic moments in samples withx.0 at T* ,260 K, as
inferred from the data shown in Fig. 1. This temperatureT*

is close toTC,260 K of the La0.7Ca0.3MnO3 sample, sug-
gesting the development of ferromagnetism, even with short-
range order, at high temperatures in these specimens. Infor-
mation on the development of short-range FM order can be
obtained through the Curie-Weiss law when it deviates from
the expected linear behavior. However,x−1 as a function of
temperature was found to be nonlinear over the entire studied
PM temperature rangesfrom TC to 380 Kd. Indeed, devia-
tions from the Curie-Weiss behavior occur at temperatures
much higher than measured heres600 K for the pristine
sample, for exampled.17

In order to further investigate the development of short-
range FM order, we have performed hysteresis loops in the
sample withx=0.15 under small magnetic fieldss±500 Oed
in the so-called paramagnetic regime. At 300 K, the curves
exhibit features of a PM state as inferred from the linearM
versusH dependence and the coincidence betweenM versus
H curves taken upon increasing and decreasingH. However,
below 250 K the curves display a small remnant magnetiza-
tion and an intrinsic coercivity. Figure 2 shows the tempera-
ture dependence of the coercive fieldHC and the inset dis-
plays an expanded view of the hysteresis loops taken at 120

FIG. 1. Temperature dependence of the dc magnetization taken
under 0.5 kOe.TC=260, 230, 165, and 90 K forx=0, 0.05, 0.10,
and 0.15, respectively.TC is defined as the maximum inflection of
M vs T. Lines are drawn as guides to the eye.

FIG. 2. Temperature dependence of the coercive field obtained
from MsHd measurements for the sample withx=0.15. The inset
shows an expanded view of hysteresis loops taken at 120 K. Lines
are guides to the eyes.
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K. In the multilayers of spin valve and permalloy materials,18

wherein the FM layers are coupled to AF layers, the hyster-
esis loops reflect the extent of the exchange coupling be-
tween the FM and AF layers. The coercivity of the FM layer
increases due to the coupling with an adjacent AF layer.
Since the phase-separated compositions of the manganites
contain both FM and AF regions, they would be expected to
show similar behavior.19 Indeed, results obtained by Garcia-
Hernandezet al.20 in La2/3Ca1/3MnO3 evidence FM and AF
domains within a paramagnetic matrix correlated to the an-
isotropic lattice distortions above the FM transition. More-
over, it was proposed that the reported lattice distortions
were attached to the presence of AF correlations, a result of
a weakened double-exchange interaction operating along the
locally distorted Mn-O-Mn paths. We suggest that these two
ordered components FM and AF are the precursors of those
clearly observed in the low-temperature region.16,21 The
width of hysteresis loops shown in Fig. 2 increases with
decreasing temperature reflecting the effect of phase separa-
tion. The small differences in the coercive fieldssHC

+ and
HC

−d may be due to the pinning of a small fraction of AF
interfacial spins to the FM domains. These results provide
macroscopic experimental evidence of the phase separation
above the FM transition, and are in agreement with neutron
powder diffraction experiments.20 Furthermore, they indicate
the existence of an intermediate regime theoretically pre-
dicted by Burgyet al.10 Another indication of the existence
of correlated FM regions is the large temperature-dependent
magnetoresistivity effect that is observed in theT region dis-
cussed here, as shown below.

B. Electrical resistivity and magnetoresistivity

We now focus our attention on the temperature depen-
dence of the electrical resistivityrsTd of this series, as shown
in Fig. 3. All the rsTd curves have similar behavior and ex-
hibit a typical MI transition at different temperatures, in
agreement with previous results.22 The shape and width of
the MI transition,DTMI, are systematically altered with in-
creasing Y content. As is clearly shown,TMI coincides well
with TC in samples with low Y content. On the other hand,
for the sample withx=0.15,TC,90 K is significantly lower

than TMI ,110 K, suggesting that the coupling strength be-
tween electrical and magnetic properties has been changed.
Increasing Y content results in large magnitudes ofrsTd
close toTMI notably for thex=0.15 sample in whichrsTd is
close to four orders of magnitude higher when compared
with rsT=350 Kd. In the low-temperature regimeT,50 K,
the magnitude ofrsTd increases with increasingx. We sug-
gest that this result is closely related to the observed decrease
in the saturation magnetization with increasing Y discussed
above and shown in Fig. 1.

ThersTd data, taken under both increasing and decreasing
temperatures for the sample withx=0.15 and displayed in
the inset of Fig. 3, exhibit large thermal hysteresis, a feature
hardly detected in thersTd curve belonging to the sample
with x=0. The thermal hysteresis is a general signature of the
first-order phase transition. The existence of a magnetic first-
order transition usually gives an indication of the coupling of
the spin system with the inhomogeneous electron-density
distribution.6 It suggests that the electronic structure of this
sample is determined by the combination of the regions with
locally higher charge density with FM spin correlations and
by the remaining charge-depleted part, rather than simply by
the average charge density. It is probable that charge arrange-
ments in the charge-inhomogeneous state are expected to
fluctuate in shape, especially at high temperatures where the
clustering is dynamic. Moreoet al.6 have considered differ-
ent geometries for the FM region which can be classified as
either stripes or clusters/droplets.

In addition to these findings, one can observe that the
width of the MI transition,DTMI, becomes narrower with
increasingx, and consequently the electrical resistivity drop
at TMI is sharper forx=0.15 than forx=0 ssee Fig. 4d. Re-
garding the shape of thersTd curves, Moreoet al.6 have
proposed that disorder plays an important role in altering the
character of the FM clusters and their dependence with tem-
perature. To infer about effects caused by disorder, we have
compared the width of both the MI transitionDTMI and the
FM transitionDTC. As depicted in Fig. 1, the FM transition
is sharper for the sample withx=0 and broadens significantly
with increasingx. This observation suggests an increase of
the random distribution of the FM coupling between Mn
ions. However,DTMI decreases with increasingx ssee Fig. 5d
which is the opposite of what occurs forDTC. Thus, we have
determined the width of the MI transition as a function of
TMI. DTMI has been defined as being the full width at half
maximum of the MI transition belonging to thersTd curve
taken in zero applied magnetic field.23 From the results of
Fig. 5, one can observe thatDTMI decreases linearly with
decreasingTMI, or more appropriately, with increasing disor-
der.

Because of the relative variation of phases and the perco-
lative character of the MI transition in manganites,TMI is
expected to increase with increasing applied magnetic field, a
feature clearly observed in our magnetoresistivity data. The
inset of Fig. 5 shows theDTMI as a function ofTMI, which
was now varied by the application ofH for the sample with
x=0.15. These results indicate that the shapeswidthd of the
resistive MI transition changes linearly with increasing dis-
order andH and with both negative and positive derivatives,

FIG. 3. Temperature dependence of the electrical resistivity for
La0.7−xYxCa0.3MnO3. TMI =265, 240, 175, and 110 K forx=0, 0.05,
0.10, and 0.15, respectively. All curves were taken during increas-
ing temperature. The inset showsr vs T for x=0.15 taken during
increasing and decreasingT.
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respectively. Namely, whereasDTMI and TMI are decreased
by increasing disorder, the magnetic field increases the mag-
nitude of both. These observed results suggest that effects
arising from both disorder and application ofH in these
samples are essentially the same, but they behave in an op-
posite manner. Thus, we infer that changes in both magni-
tude and shape ofrsTd curves close toTMI reflect a compli-
cated combination of size, shape, and resistivity changing of
FM regions along with disorder effects as a result of Y sub-
stitution. In fact, both the shape and the magnitude of the
peak atTMI in r versusT curves have been related to the
disorder strength in these manganites.24 In addition, ther
versusT curves shown in Figs. 4sad and 4scd are certainly
well reproduced by Monte Carlo simulations when correla-
tions in the quenched disorder are taken into account.24 It has
been suggested that the disorder can be propagated due to its
cooperative nature through MnO6 octahedra. Also, elastic in-
teractions may be responsible for the appearance of super-
structures in temperatures aboveTC, as stripes, in the clus-
tered state of these manganites.24 From our results, it seems
that the disorder strength, altered here by the partial substi-
tution of La by Y, may vary the correlation of the quenched
disordered state.

We have also observed that thersTd data forT.TMI dis-
play a thermally activated form for all samples. Such behav-
ior has been tentatively described by using three different
models: the simple Arrhenius law,25 the VRH model,26 and
the polaron model.8 As an approach to determine the mecha-
nism responsible for the transport properties of these manga-
nites, we have excluded the Arrhenius activated model of our
analysis. This was done because it may be considered a very
crude approximation in these materials due to the strong in-

terplay between lattice distortion/vibration and transport
properties. In addition, since the conduction band is rela-
tively narrow, with a bandwidth of about 0.1 eV, the local-
ization phenomenon in manganites is important. On the other
hand, optical measurements have indicated the opening of a
real gap in the paramagnetic range of parent compounds,27 so
the VRH mechanism cannot be applied. Therefore, the po-
laron model has been applied for the whole insulating regime
of each sample. The electrical resistivity as a result of hop-
ping of adiabatic small polarons is given by

rsTd = ATexpS WP

kBT
D , s1d

where WP is the activation energy andkB is Boltzmann’s
constant. We have found that this model fits thersTd data of
the sample withx=0 very well, as shown in the inset of Fig.
6. On the other hand, samples withx=0.10 and 0.15 were
found to exhibit two different regimes in thersTd curves
aboveTMI. For example, from Fig. 6 one observes that the
rsTd curve of the sample withx=0.15 deviates from linearity
of the model atT* ,260 K. Such a deviation indicates a
crossover from activated carriers to another transport mecha-
nism. This constitutes clear evidence of changes in the trans-
port mechanism occurring near the temperature where the

FIG. 5. DTMI vs TMI of each samplesincreasing disorderd. The
inset showsDTMI for the sample withx=0.15 as a function ofTMI

which was now varied by increasingH.

FIG. 6. Polaron model fitting for the sample withx=0.15. The
inset indicates that the polaron model fits very well the electrical
resistivity data of the sample withx=0. The lines are guides to the
eye.

FIG. 4. Temperature dependence of the electrical resistivity un-
der applied magnetic fields forx=0 sad, 0.10sbd, and 0.15scd. The
inset shows the MR=frsT,H=0d−rsT,H=3 Tdg /rsT,H=0d vs T
for the sample withx=0.15.
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pristine samplesx=0d undergoes the MI transition. Another
important result that corroborates the results described above
is extracted from the MR measurements shown in the inset
of Fig. 4scd. This figure displays the MR data, defined as
MR=frsT,H=0d−rsT,H=3Tdg /rsT,H=0d, for the sample
with x=0.15 in the insulating regime, or more appropriately
above TMI. The results show thatrsTd is magnetic-field-
independent in the temperature interval ranging from 350 K
down to,260 K, as indicated by small changes in the mag-
nitude of MR. On the other hand, the MR effect is clearly
observed below,260 K. The relevant point here is that the
MR effect is H-dependent belowT* ,260 K for samples
with x=0.10 and 0.15. Moreover, it seems that both the
change in the slope ofrsTd curves shown in Fig. 6 and the
appearance of the MR effect are related to the occurrence of
metallic clusters. The occurrence of these clusters, originated
from short-range FM order, is in excellent agreement with
MsT,Hd data shown above. These results indicate that the
transport mechanisms at high temperatures in samples with
high Y content can be separated at least into two temperature
ranges:s1d from ,350 K down toT* ,260 K, T.T* ; and
s2d from T* down to TMI, TMI ,T,T* . Hereafter, we con-
centrate on the transport data of the sample withx=0.15,
where these effects are more pronounced, as discussed be-
low.

1. Electrical resistivity for T.T*

The presence of small polarons implies the existence of
local lattice distortions that localize charge carriers. In our
samples, the partial substitution of La with Y certainly causes
local lattice distortions due to the large difference of ionic
radii. Moreover, not only the Y substitution effect but also
the Jahn-Teller distortion about the Mn3+ ion is expected
from its d4 configuration in an octahedral environment. Con-
sidering only theT range fromT* to 350 K, the polaron
model resulted in the best fit of thersTd data. It is important
to point out that, in this temperature range, thersTd curves
are essentially magnetic-field-independentfsee Fig. 4scdg.

The WP values obtained from the fitting were 140, 145,
170, and 190 meV for samples withx=0, 0.05, 0.10, and
0.15, respectively, and are in good agreement with previous
reported values.28 The prefactorA in Eq. s1d is expressed as
A=kB/npe

2vopap
2, wheree denotes the electronic charge,ap

is the hopping distance of the polaron,np is the polaron
concentration, andvop is the optical phonon frequency. If
one assumesvop,1014 s−1,8 and the polaron concentration
to be equal to the concentration of carriersnp=1.2
31028 m−3, then the polaron hopping distance can be esti-
mated from the fitting parameterA=7310−7 V cm/K at
room temperature to beap,6.5 Å. This estimated value is
comparable to the lattice parameters of these manganites and
supports the conduction mechanism via polaron. Indeed,
x-ray and neutron-scattering measurements directly demon-
strate the existence of polarons in the PM regime of
La0.7Ca0.3MnO3.

29

2. Electrical resistivity between TMI and T*

The discussion involving thersTd behavior betweenTMI

and T* requires consideration about the magnetoresistivity

data shown in Fig. 4. ThersTd data are magnetic-field-
independent in the high-temperature rangeT.T* . On the
other hand,rsTd starts to change appreciably from the zero-
field rsTd curve by application ofH at T* , from which we
define the intermediate temperature range, as shown in Fig.
7. This result indicates a strong connection between spin
cluster formation and dramatic magnetic field effects. In
other words, the development and presence of spin clusters
strongly amplify the effect of magnetic field on the electronic
properties of these systems. Indeed, this clustered state is
argued to exhibit the colossal MR effect. Moreover, it was
suggested that the combination of phase competition and the
effect of correlations in quenched disorder creates the CMR
effect in manganites.24

The MR results along with the deviation from the linear-
ity in the polaron model atT* , and the formation of magneti-
cally ordered clusters atT* , strongly suggest that a change in
the transport process takes place at temperatures belowT*

,260 K. ThersTd in this insulating region increases drasti-
cally ssee Fig. 7d and there is no obvious easy channel for the
flow of charge between clusters. The reduction of the elec-
trical resistivity under applied magnetic field may reflect a
rapid enhancement in the effective field experienced by lo-
calized charges when the magnetic clusters become mutually
aligned by a magnetic field. In any event, the transport prop-
erties in such a clustered region are certainly complex. How-
ever, in order to gain further insight into the transport prop-
erties of these manganites, we have studied both qualitatively
and quantitatively the behavior of thersT,Hd curves be-
tweenTMI and T* . Therefore, we analyzed the behavior of
the conductivity excesssor the electrical resistivity decreased
sDrd in the clustered state. First, we mention that two well
established features of these manganites are relevant: the vol-
ume fraction of the FM metallic clusters or cluster size can
be altered by either decreasing temperature or by applying
magnetic fields. Within this context, we defineDr as the
difference between the extrapolated values of the electrical
resistivity expected from the polaron behavior at low tem-
peraturesrextsTd and the measuredrsT,Hd curvesssee Figs.
6 and 7d. Following the definition,DrsT,H=0d is due to the
formation and increasing volume fraction of FM metallic

FIG. 7. r vs T for the sample withx=0.15 in the insulating
regime at several applied magnetic fields. TherextsTd curve corre-
sponds to the extrapolated low-T contribution of the polaron model
fitted from 350 K down to 260 K. The excess of conductivity,
defined asDrsT,Hd=rextsTd−rsT,Hd, is also indicated.
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clusters when the temperature is lowered, termed thermore-
sistivity. On the other hand,DrsT=const,Hd is related to the
increasing volume fraction of FM metallic clusters induced
by application of magnetic fields, termed magnetoresistivity.
It is worth mentioning that when the temperature is varied
and H is maintained constant,DrsT,Hd includes these two
contributions.

Considering the behavior ofDrsT,Hd as a function ofT,
we have found that it is essentially zero in the temperature
range above,260 K and increases appreciably with de-
creasingT down toTMI. From the temperature evolution of
the Dr, one obtains a remarkable result:Dr follows a ther-
mally activated behavior. Further evidence of such a mecha-
nism comes from the fact thatDr is finite and appears simul-
taneously with the occurrence of magnetic clusters. To better
clarify this point, we have attempted the following plots for
the temperature dependence ofDr : lnsDrd versusT−a with
a=1,1/4, and 1/2,which represent the semiconductor con-
ductance in crystalline semiconductors, the variable range
hopping conductance in amorphous semiconductors, and tun-
neling conductance in insulating granular systems,
respectively.30 From the results shown in Fig. 8, which dis-
plays the lnsDrd versusT−1/2 data, a linear trend is observed.
The fitting procedure witha=1/2 wasfirst derived by Sheng
et al.31 when a tunneling process for the electrical conduc-
tance in insulating granular systems is considered. In that
case, the main point related to this mechanism is that the
conduction electrons can flow by tunneling between metallic
granules. The morphology of either single crystals or poly-
crystalline manganite samples is actually granular. It can be
considered as comprised of FM metallic clusters embedded
in an AF/PMsinsulatingd matrix, as experimentally observed
through Lorentz electron microscopy.35 By taking into con-
sideration the granular nature of manganites, a tunneling pro-
cess between FM metallic regions is expected to occur at
temperatures belowTC.32,33 Based on the results described
above, we suggest that a similar mechanism occurs in the
clustered state. The tunneling process is also magnetic-field-
dependent due to high spin polarization of these half-metallic
materials. Thus, with increasing applied magnetic field, the
magnitude of the tunneling process is enhanced due to its
spin dependence nature.34

Based on the above discussion, we argue that changes in
the behavior ofrsTd at T* ,260 K are due to the develop-
ment of FM metallic clusters within an insulating matrix. At
this temperature, there is a smooth decrease in the electrical
resistivity as a fraction of the material becomes metallic.
This result is in qualitative agreement with neutron-
scattering measurements11 which suggest thatT* represents a
phase transition from a polaronic liquid to a polaronic glass
and atTC the polaronic glass dissolves forming a long-range
FM ordering and this behavior should track the electrical
resistivity. Theoretical studies10,36 have also revealed a tem-
peratureT* much higher thanTC where uncorrelated clusters
are formed and they claim that it is an expected feature in
intermediate and low bandwidth manganites. Therefore, as
the volume fraction of the metallic phase increases with both
decreasingT and increasingH, these clusters begin to inter-
act with one another via hopping of carriers. At sufficiently
low temperatures, the volume fraction of the metallic phase
attains the percolation threshold, and the sample undergoes
a metal-insulator transition atTMI. Such a picture is also
in agreement with theoretical predictions in which
intermediate-T clusters have much better electrical conduc-
tance than the insulating matrix.10

IV. CONCLUSION

The effects of disorder through the substitution of La by Y
in polycrystalline samples of La0.7−xYxCa0.3MnO3 sx=0,
0.05, 0.10, and 0.15d have been studied. The change in the
conduction process, magnetic susceptibility, and the develop-
ment of magnetoresistivity were found to be related to the
formation and interaction between FM metallic clusters. The
results clearly indicate an intermediate stateTC,T,T* ,
termed a clustered state, that is more pronounced in samples
with a higher content of Y, indicating that disorder plays an
important role in the general physical properties of mangan-
ites. In this state, clusters with different magnetic properties
sFM and AFd coexist within a PM insulating matrix ampli-
fying strongly the effect of magnetic field on the transport
properties. It can occur by generating huge effective fields
seen by the carriers and through local coalescence of the
clusters, which manifest themselves in the electrical resistiv-
ity of the system. The width of the metal-insulator transition
changes linearly with increasing disorder and magnetic field
with negative and positive derivatives, respectively. This in-
dicates that disorder andH have the opposite influence onr.
Furthermore, we have observed that the conductivity excess
Dr, in the rangeTMI &T&2.3 TMI, under decreasingT and
application of magnetic fieldsH, is described by a hopping
mechanism in the clustered state. This result suggests that
there are two contributions to the electrical resistivity:s1d
one associated with semiconducting properties, ands2d one
related to hopping of carriers between metallic clusters.
Moreover, we have shown that the occurrence of these fea-
tures can be inferred from an accurate analysis of macro-
scopic data such as magnetization and magnetoresistivity.

FIG. 8. Temperature dependence of theDr plotted by lnsDrd vs
T−1/2 in the intermediate range of temperature forH=0, 1.5, 3.0,
and 5.0 T.
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