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The effects of magnetic field and pressure on the unusual spontaneous behavior of La2/3Ca1/3MnO3 have
been thoroughly investigated. Resistivity and volume thermal expansion, both under magnetic field and pres-
sure, ac susceptibility under pressure, magnetostriction, magnetoresistance, and neutron diffraction measure-
ments, have allowed us to determine the relevant underlying mechanisms in this system. AboveTc the neutron
measurements reveal short-range ferromagnetic correlations and the anomalous volume thermal expansion
indicates that local distortions are present. Both experiments support the formation of magnetic polarons above
Tc . At Tc the compound undergoes a paramagnetic-ferromagnetic transition accompanied by an insulator-
metal-like transition with anomalies in the electrical and volume properties. AboveTc the magnetic field and
the pressure favor electrical conduction by enhancing the double-exchange interaction. BelowTc the metallic
state is favored by the magnetic field and the pressure in a different way.@S0163-1829~96!04726-1#

I. INTRODUCTION

Given that La2/3Ca1/3MnO3 ~and related compounds!
could be used as a magnetoresistive material, a careful and
complete study of its magnetic, transport, and structural
properties is warranted. We need to take into account the
behavior under magnetic field and pressure to build a coher-
ent picture of this system. Consequently, we have carried out
measurements of resistivity and volume thermal expansion,
both under magnetic field and pressure, ac susceptibility un-
der pressure, magnetoresistance, magnetostriction, and neu-
tron diffraction measurements. In Sec. II we describe the
experimental techniques we have used, and in Sec. III we
report the obtained results along with the theory which sup-
ports them.

The series La12xCaxMnO3 was first studied by Jonker and
Van Santen in the 1950s.1 For x>0.15 the compounds show
a pseudocubic perovskitelike structure. In this structure, if
we take the La~Ca! ions at the origin of the unit cell, the Mn
ions occupy the corners of the cube and surrounding each
Mn ion there are six O22 ions forming an octahedron. At and
around x51/3, the compounds order ferromagnetically.
Zener2 proposed the double-exchange~DE! interaction as the
mechanism responsible for the alignment of the Mn mag-
netic moments. Substitution of a trivalent ion~La31! by a
divalent ion ~Ca21! causes coexistence of Mn31 and Mn41

ions in the appropriate ratio. The DE interaction consists of
the transfer of the ‘‘extra’’ electron between neighboring Mn
ions through the O22 ions, which results in an effective fer-
romagnetic interaction due to the strong on-site Hund’s cou-

pling. The Mn spin alone accounts for the experimental satu-
ration magnetization of La2/3Ca1/3MnO3.

1,3 The electrical
conductivity of La2/3A1/3MnO3 ~A5Ca,Sr,Ba! compounds
was found to be unusual:4 It behaves semiconductorlike
aboveTc and metalliclike belowTc .

The renewed interest in La2/3Ca1/3MnO3 and related com-
pounds arose after the discovery of giant magnetoresistance
~GMR! at and aroundTc .

5–9 Recently, colossal magnetore-
sistance ratios have been observed in related compounds at
low temperatures.10,11 The challenge is to achieve such co-
lossal magnetoresistance ratios at room temperature. Mean-
while, interest in La2/3Ca1/3MnO3 continues as it shows
GMR ratios near room temperature.

It is widely accepted that the ferromagnetic transition in
La2/3Ca1/3MnO3 ~and related compounds! is simultaneous
with an insulator-metal transition.12,13The mechanism which
drives the transition is still uncertain. The DE interaction
alone cannot account for the resistance curves.14 Some theo-
retical works15–18have tried to explain the GMR ratios using
different approaches. Experimentally, Hwanget al.12 have
shown important lattice effects in doped LaMnO3 and Ibarra
et al.19 have found strong lattice distortions and magneto-
elastic coupling in Y-doped La2/3Ca1/3MnO3, which was sub-
sequently confirmed by spectroscopy experiments.20

It is important to notice that the GMR ratios and theTc
values of La2/3Ca1/3MnO3 ~and related compounds! reported
by different authors can differ remarkably depending on the
author. Thin films and polycrystals usually have differentTc
values and consequently different magnetoresistance
values. Tc varies with oxygen content21 and Ca21
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concentration,1 and the resistance depends on the grain
size.22 Diffusion is also an important factor which depends
on the heat treatment.23 Nevertheless, the overall behavior is
identical for all samples.

II. EXPERIMENTS

Two different polycrystalline samples were used for the
experiments. One of the samples~called sample 1 hereafter!
was used for all the experiments except for the neutron dif-
fraction measurements. Sample 1 was produced at the Si-
emens Laboratory. It was prepared by repeated grinding and
annealing from the metal carbonates and oxides. Then it was
cold pressed and annealed in air at 1450 °C for 30 h~slow
heating and cooling!. The second sample was prepared at the
University of Zaragoza~called sample 2 hereafter! and was
used for the neutron diffraction measurements. This sample
was tested to have similar bulk thermal, electrical, and mag-
netic properties as sample 1. Sample 2 was prepared using a
gel precursor in order to obtain well-mixed reagents. Sto-
chiometric amounts of La2O3, CaCO3, and MnCO3 with
nominal purities higher than 99.9% were dissolved in con-
centrated nitric acid, resulting in a light solution. Afterwards,
citric acid and ethylene glycol were added in a ratio of 4 g
citric acid to 1 ml ethylene glycol and 1 g metal nitrates. The
solution was heated and the excess nitric acid and water were
boiled off, giving a yellow-brown gel. The gel was heated to
give a brown powder. This precursor was calcined at 1173 K
overnight. The remaining black powder was cold pressed to
4 kbar and sintered at 1273 K for 3 days with intermediate
grindings. Finally, the pellet was sintered at 1573 K for 8 h,
resulting in a hard black ceramic material. Energy dispersive
x-ray ~EDAX! analysis was performed over the two samples
by using scanning electron microscopy. The obtained atomic
ratio was La:Ca:Mn[0.72:0.28:1~60.01! for sample 1 and
La:Ca:Mn[0.68:0.32:1~60.01! for sample 2. These results
show a slight deviation from nominal composition for
sample 1. Step-scanned x-ray diffraction patterns were car-
ried out from 18° to 140° in 2Q with a step of 0.02°. Full
profile analysis was performed by using the Fullprof pro-
gram. The La/Ca ratio was refined resulting the values
La:Ca:Mn[0.74:0.26:1 ~60.02! for sample 1 and
La:Ca:Mn[0.66:0.34:1~60.02! for sample 2, in good agree-
ment with EDAX analysis. The room-temperature lattice pa-
rameters were found to bea55.4831~4!, b55.4706~4!, and
c57.7283~6! for sample 1 anda55.4717~2!, b55.4569~2!,
andc57.7112~3! for sample 2. Sample 1 shows a higher unit
cell volume due to the higher La/Ca ratio. The oxygen con-
tent was analyzed by redox titration. The resulting chemical
formulas were La0.72Ca0.28MnO2.9660.02 for sample 1 and
La0.68Ca0.32MnO2.9860.02 for sample 2.

Above room temperature the volume thermal expansion
was measured with a ‘‘push rod’’ and differential-
transformer method. Below room temperature resistance
~magnetoresistance! and volume thermal expansion under
magnetic field were measured in a superconducting coil
which produces steady magnetic fields up to 12 T. The re-
sistance was measured with the four-point technique and the
volume thermal expansion with the strain-gauge technique.
Resistance and volume thermal expansion under pressure
were measured with the same techniques, the pressure being

produced by a CuBe cell which attains hydrostatic pressures
up to 9 kbar. Pressure and temperature were measuredin situ
using a manganin pressure sensor and a Thermocoax thermo-
couple, respectively. The same cell was used for the ac sus-
ceptibility under pressure measurements. In our setup the
sample formed the core of a microtransformer with four
turns in both primary and secondary coils. Magnetostriction
up to 14.2 T was measured in a pulsed-field device using the
strain-gauge technique. The strain parallel~li! and perpen-
dicular ~l'! to the applied field was measured. Volume mag-
netostriction ~v! and anisotropic magnetostriction~lt! are
straightforwardly calculated asv5li12l' and lt5li2l' ,
respectively. The neutron diffraction experiments were per-
formed using the D1B high-intensity powder diffractometer
at the Institut Laue-Langevin~ILL !, Grenoble, using a wave-
length of 2.52 Å. D1B has a 400-element linear multidetec-
tor, covering an angular range of 80°. The powdered sample
was placed in a standard ILL cryofurnace. Diffraction pat-
terns were collected between 2Q52.5° and 82.5° at tempera-
tures ranging from 1.5 to 540 K.

III. RESULTS AND DISCUSSION

A. Spontaneous behavior

In Fig. 1 the spontaneous behavior of resistivity, thermal
expansion, and ac susceptibility of the sample below room
temperature is shown. AtT'215 K a ferromagnetic transi-
tion takes place and the ac susceptibility~see inset of Fig. 1!
displays a sharp increase.Tc'215 K for sample 1 is lower
than other values found in polycrystals of similar composi-
tion ~our sample 2 or those mentioned in Ref. 24!. The dif-
ferent methods of preparation gave different Ca21 concentra-
tions ~as explained in the previous section!, which is at the
origin of this discrepancy. The existence of long-range fer-
romagnetic order in this kind of compound was explained
with the DE interaction.3 In La2/3Ca1/3MnO3 the Mn41 ions
have threed electrons, witht2g symmetry, which are local-
ized at the Mn sites. Along with theset2g electrons, the
Mn31 ions have a fourth electron, aneg electron, which is
not localized and can be transferred between adjacent Mn

FIG. 1. Spontaneous resistivity~r! and volume thermal expan-
sion (DV/V) as a function of temperature. The inset shows the ac
susceptibility~xac! vs T.
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ions through the path Mn-O-Mn. Because of the strong on-
site Hund’s coupling, at a Mn site thet2g andeg electrons
have parallel spins. When theeg electron moves from one
Mn site to another Mn site, it keeps its spin direction and
couples with the correspondingt2g electrons. Then an effec-
tive ferromagnetic interaction between neighboring Mn spins
arises. The DE interaction has to compete with the antiferro-
magnetic superexchange~AS! interaction, and consequently
different magnetic structures or even the absence of long-
range order can take place.3,24,25 In La2/3Ca1/3MnO3 the DE
interaction overcomes the AS interaction and long-range fer-
romagnetic order occurs.

Cooling down from room temperature, the resistivity in-
creases tremendously down toTc ~see Fig. 1!. The mecha-
nism which produces such unusual increase is of great inter-
est. Kusters et al.5 proposed conduction by magnetic
polarons aboveTc as in magnetic semiconductors. This as-
sumption was supported by fits of resistivity curves aboveTc
with exponential laws, which can be a signal of conduction
by thermal hopping.26 This idea was widely accepted, but no
clear evidence of the existence of magnetic polarons was
given.27 A magnetic polaron consists of an electron~or a
wave packet of electrons18! which becomes localized, polar-
izing the spins around it. Then a magnetic cluster forms.
According to Coeyet al.18 it is unlikely that these polarons
can diffuse as a whole. Instead, individual electrons will hop
between neighboring clusters. Ibarraet al.19 have given evi-
dence for charge localization accompanied by lattice distor-
tion aboveTc in Y-doped La2/3Ca1/3MnO3. In Fig. 2 we can
see that the same effect takes place in pure La2/3Ca1/3MnO3.
Cooling down from high temperature, an extra contribution
appears belowTp over the anharmonic phonon contribution
in the volume thermal expansion. This extra contribution
rapidly vanishes atTc . This anomalous effect is thought to
be caused by the gradual charge~the eg electrons! localiza-
tion belowTp , which causes lattice distortions. These seem
to be dynamic Jahn-Teller-like distortions.20 If an electron
which becomes localized polarizes the spin of the neighbor
ions, then a magnetic polaron would form. These magnetic
clusters would give an extra contribution to the small-angle
neutron scattering~SANS!. For instance, magnetic clusters
aroundTc enhance the SANS, which is commonly known as

‘‘critical scattering.’’ 28 The critical scattering ofa-Fe is an
archetypal example of this effect.29 In Figs. 3~a! and 3~b! we
can observe the SANS~2.5°! of La2/3Ca1/3MnO3 in a wide
range of temperatures. The result is intriguing. Unlike the
a-Fe SANS pattern, the La2/3Ca1/3MnO3 SANS scattering is
not roughly symmetric aroundTc and it exists far aboveTc .
This result seems to indicate that magnetic clusters~short-
range magnetic order! exist far aboveTc in the paramagnetic
region. Therefore the volume thermal expansion and the
SANS results support the formation of magnetic polarons
aboveTc . A more detailed analysis of the SANS results in
order to get information about the magnetic correlation
length and, consequently, the cluster size was not successful
because of the experimental limitation of the D1B instru-
ment. A more in-depth study of this magnitude would re-
quire an instrument more appropriate for SANS measure-
ments.

At Tc , when the long-range magnetic order sets in, a
magnetic contribution appears on the nuclear peaks belowTc
@see Fig. 3~a!# and simultaneously a sharp lattice contraction
takes place~'0.1%! ~see Figs. 1 and 2!. Ibarraet al.19 have
interpreted this result as the delocalization of theeg electrons
which had become localized in the paramagnetic regime.
Then the extra contribution over the phonon one to the vol-
ume thermal expansion disappears~see Fig. 2!. BelowTc the
resistivity curve shows metallic behavior. It can be explained

FIG. 2. High-temperature volume thermal expansion (DV/V)
and simulated phonon contribution (DV/V)0. The inset shows in
detail the anomalous contribution over the phonon contribution.

FIG. 3. ~a! Neutron diffraction pattern at temperatures ranging
from 185 to 461 K and at angles between 2Q52.5 and 60°.~b! The
SANS intensity in arbitrary units at 2Q52.5° as a function of the
reduced temperatureT/Tc .
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as follows. The conduction takes place via theeg electrons.
According to de Gennes30 the transfer of aneg electron be-
tween two Mn ions is proportional to cos~Qi j /2!, whereQi j
is the angle between the two ionic spins. AsT is lowered,
Qi j will decrease owing to the ferromagnetic alignment of
the Mn spins and consequentlyr will decrease too.

B. Effect of magnetic field

The effect which triggered the interest of the scientific
community in this kind of compound was the exihibition of
GMR. We can observe in Fig. 4 the curves ofr vs T under
magnetic fields of 0, 1, and 12 T. The magnetic field reduces
the localization process remarkably, and the insulator-metal
transition becomes smoother, almost missing. In order to
check if aboveTc the resistivity can be fit to the Mott’s law
r5exp(T0/T

1/4), which corresponds to a model of variable-
range hopping of electrons in a band of localized states in the
absence of electron-electron interactions, we have plotted lnr
vs T21/4 in the inset of Fig. 4. Under 0 and 1 T the curves
display a linear form, which is in agreement with conduction
by polarons.18 The way the magnetic field affects the transfer
of electrons between neighboring Mn sites~or, equivalently,
the delocalization of theeg electrons! is easily understood if
we take into account that such transfer can be expressed as
teff5t0cos~Q/2!, where t0 depends on geometric structural
parameters~essentially the angle and length of the Mn-O
bond! andQ is the angle between neighboring Mn spins. The
magnetic field will align the spins andQ will decrease,teff
being enhanced. As the electron is delocalized now, the po-
laron will not form.

The mechanism of conduction belowTc is a subject of
interest as well. Schifferet al.24 analyzed the low-
temperature resistivity curves of La0.75Ca0.25MnO3 and found
for T,0.5Tc the empirical expressionr(T)5r01r1T

2.5.
The termr0 is the resistivity due to domain and grain bound-
aries and other temperature-independent scattering mecha-
nisms@presumably defects~mainly chemical, nonstoichiom-
etry, etc.!#, and ther1T

2.5 term is an empirical fit to the data
which represents a combination of electron-electron,
electron-phonon, and electron-magnon scattering, all of

which are expected to be significant in this system.24 We
have tried to fit our low-temperature results with different
exponents for the termr1T

n and n'2.5 was also found to
give the best fit for all the magnetic fields. In Fig. 5 we show
the fits to our experimental data, and in the inset of Fig. 5 we
have plotted the contribution of the two termsr0 andr1T

2.5

as a function of temperature. From there we can extract in-
formation of how the magnetic field affects the mechanism
of conduction. A field of 1 T strongly affects the
temperature-independent termr0, whereas it has less influ-
ence on the temperature-dependent termr1T

2.5. It is likely
that the main mechanism responsible for the magnetoresis-
tance at low temperatures and low fields is the influence of
the magnetic field on the magnetic domains. As low mag-
netic fields increase the size of the magnetic domains, the
scattering of the electrons due to domain boundaries de-
creases and the magnetization becomes larger.22,24 Fields
greater than 1 T seem to affect both mechanisms~the
temperature-dependent and the temperature-independent
scattering! to a similar degree.

The anomalous spontaneous volume thermal expansion
was linked to the local distortion caused by the localization
of theeg electrons. If this localization process is suppressed
by applying a magnetic field, the anomalous volume thermal
expansion should disappear. We can see this effect in Fig. 6.
The curves of volume thermal expansion at 0, 1, 5, and 12 T
are plotted vsT. The anomalous effect is reduced as the field
is greater, and at 12 T the volume thermal expansion curve is
the anharmonic phonon contribution. The inset of Fig. 6
shows the extra contribution over the phonon contribution
[DV/V(H)2DV/V(12T)] at H50, 1, and 5 T.

In Fig. 7 ther vs H isotherms belowTc are shown. The
inset shows the isotherms aboveTc . The shape of the curves
below and aboveTc is completely different. This reflects the
fact that two different mechanisms are responsible for the
magnetoresistance above and belowTc . AboveTc the high
resistivity comes from the electronic localization. AtT.Tc
the effect of the magnetic field is to release the electrons
which had become localized. Ther vs T curves have a cur-
vature which changes from negative to positive at a field
(Hc), which moves upwards with increasing temperatures.

FIG. 4. Resistivity~r! as a function of temperature at magnetic
field values of 0, 1, and 12 T. The inset shows lnr vs T21/4 at
temperatures aboveTc .

FIG. 5. Fits of the low-temperature resistivity to the expression
r(T)5r01r1T

2.5. The inset shows the contributionsr0 andr1T
2.5

to the resistivity as a function of temperature.
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BelowHc the resistivity is rather flat, evolving rapidly above
Hc toward a tendency to saturation. As localization and
strain are correlated in this compound, magnetostriction ef-
fects are expected aboveTc . In Fig. 8~a! the volume magne-
tostriction isotherms are shown. They are extremely similar
to the magnetoresistance isotherms. It seems clear that above
Tc the charge localization and the local distortion which take
place at zero field are released by applying a magnetic field,
causing large magnetoresistance and volume magnetostric-
tion effects. BelowTc the magnetoresistance comes mainly
~as we have shown! from the spin alignment of the Mn spins
by applying a magnetic field. Ther vs H curves have a
positive curvature and a rapid change of resistance takes
place at low fields. Consequently, GMR is more useful be-
low Tc because it takes place at low fields. BelowTc the
volume magnetostriction is expected to be negligible. In Fig.
8~b! we can see the temperature dependence of the volume
magnetostriction and the anisotropic magnetostriction at the
maximum field, 14.2 T. The volume magnetostriction is
large aboveTc due to the correlation between localization
and striction. At Tc , when the localization process is
quenched, the volume magnetostriction rapidly vanishes.

The anisotropic magnetostriction is that typical of a ferro-
magnetic compound: zero aboveTc and small belowTc .

C. Effect of pressure

The effect of pressure on the properties of this compound
is not obvious to predict. In Ref. 9 the authors suggest that
the volume of the unit cell could be the important parameter
to increase the resistivity. Hwanget al.12 proposed a univer-
sal phase diagram, whereTc is diminished and the magne-
toresistance is increased with increasing chemical pressure.
From this phase diagram one could conclude that external
pressure also should shift the insulator-metal transition
toward lowerTc values and higher resistances. Measure-
ments under pressure on La0.6Y0.07Ca0.33MnO3,

31

La12xCaxMnO3,
32 and La12xSrxMnO3 ~Ref. 33! have

shown that external pressure shifts the transition toward
higher temperatures and decreases the resistivity at all tem-
peratures.

In Fig. 9 we can see the resistivity results under pressures
of 0, 5, and 7 kbar. From the maxima of the curves
dTmax/dP52.2 K/kbar. The resistivity decreases with pres-
sure across the whole range of temperatures. In the inset of
Fig. 9 we have plotted lnr vs T21/4 to check if conduction
by magnetic polarons takes place under such pressures. The
curves are linear, which suggests that up to 7.7 kbar the
conduction is via magnetic polarons aboveTc . How can one

FIG. 6. Volume thermal expansion [DV/V(H)] under magnetic
field values of 0, 1, 5, and 12 T. The inset shows the differences
between the 0, 1, and 5 T curves and the 12 T curve.

FIG. 7. Resistivity~r! vs magnetic field at temperatures below
Tc . The inset shows the same curves aboveTc .

FIG. 8. ~a! Volume magnetostriction~v! vs magnetic field at
temperatures aboveTc . ~b! Volume magnetostriction~v! and an-
isotropic magnetostriction~lt! as a function of temperature at
H514.2 T.
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explain this pressure dependence ofTc? If Tc is increased by
applying pressure, it is because the DE interaction, respon-
sible for the ferromagnetism in this compound, is enhanced.
The strength of the DE interaction is measured through the
transfer integral between neighboring Mn sites,
teff5t0cos~Q/2!. As t0 depends on the length and angle of the
Mn-O bond, it is expected to be strongly pressure dependent.
It has recently been demonstrated by neutron crystallography
under pressure34,35 that in the perovskite PrNiO3 the main
effect of external hydrostatic pressure is to reduce the cell
volume, increasing the dense packing of the oxygen ions
around the La/Ca ions. Consequently, the NiO6 octahedra are
less tilted because there is less empty space around the La/Ca
ions to fill. The same effect is expected to take place in
La2/3Ca1/3MnO3. By applying external pressure the Mn-
O-Mn angle should increase toward 180° and the Mn-O bond
length should decrease.36 All this should increaset0 and con-
sequentlyteff . The more effective transfer of theeg electrons
with pressure causes the resistivity to drop andTc increase.

The low-temperature resistivity under pressure has also
been fitted to the expressionr(T)5r01r1T

2.5. We show the
fits in the inset of Fig. 10. In Fig. 10 we have plottedr0 and
r1 vs P obtained from such fits. A linear relationship seems
to exist up to 7.7 kbar. We can observe that the effect of the
pressure differs from the effect of the field even though both
of them diminish the resistivity. The pressure affectsr1 more
than r0, whereas we have previously seen that the field af-
fects r0 mainly. From the dependence ofr0 and r1 with
pressure, we can deduce that the pressure mainly decreases
the temperature-dependent mechanisms of scattering:
electron-electron, electron-magnon, and electron-phonon
scattering. The temperature-independent mechanisms of
scattering are also affected. Two factors are expected to be
important. As we are measuring a polycrystalline sample,
with nonzero porosity, the pressure should affect the connec-
tions between the grains just mechanically. The size of the
magnetic domains can also be increased with pressure.

In Fig. 11 we can see the ac susceptibility and the volume
thermal expansion under pressure. From the ac susceptibility
we obtain the slope of the dependence of the temperature of
the insulator-metal transition with pressure:dTc/dP52.2
K/kbar. The values ofTc obtained in the ac susceptibility

measurements for all the pressures coincide with the maxima
of the resistivity curves. The volume anomaly bound to the
insulator-metal transition is shifted by pressure in the same
way as the electrical and the magnetic anomaly. Moreover,
the volume change atTc is reduced with increasing pressure.
This is a consequence of the incomplete charge localization
aboveTc when pressure is applied. Then there is less charge
to be delocalized atTc and the drop diminishes.

IV. CONCLUSIONS

Microscopic and macroscopic techniques have been used
to probe the anomalous spontaneous behavior of
La2/3Ca1/3MnO3. The experiments have shown that belowTp
and aboveTc there is a gradual charge localization which
brings about local volume distortions and ferromagnetic
clusters ~short-range magnetic order!. This supports the
theory of conduction by magnetic polarons aboveTc . At Tc
an insulator-metal-like transition takes place and a volume
anomaly~'0.1%! appears. AboveTc the effect of the mag-
netic field and pressure is to increase the transfer integral of

FIG. 9. Resistivity~r! as a function of temperature under pres-
sure values of 0, 5, and 7.7 kbar. The inset shows lnr vs T21/4 at
temperatures aboveTc .

FIG. 10. Values ofr0 andr1 obtained from the fits of the low-
temperature resistivity to the expressionr(T)5r01r1T

2.5 as a
function of pressure. The inset shows the fits of the low-temperature
resistivity at 0, 5, and 7.7 kbar to the expressionr(T)5r01r1T

2.5.

FIG. 11. ac susceptibility~xac! and volume thermal expansion
(DV/V) as a function of temperature at pressure values of 0, 5, and
7.7 kbar.
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the eg electrons between adjacent Mn ions, reducing the
charge localization and favoring the metallic state. Conse-
quently, the electrical and volume anomalies atTc are
strongly reduced. BelowTc two mechanisms are responsible
for the resistivity: a temperature-independent scattering of
the electrons~due to domain and grain boundaries, defects,
etc.! and other temperature-dependent mechanisms~electron-
electron, electron-phonon, and electron-magnon scattering!.
Low magnetic fields strongly reduce the scattering due to

domain boundaries giving rise to GMR at low fields. The
pressure reduces more the temperature-dependent mecha-
nisms.
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