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Magnetic and transport properties of polycrystalline La1−xCaxMnO3 sx=0.8,0.9d perovskites were investi-
gated in the temperature range 4.2–300 K, magnetic field up to 16 kOe and under hydrostatic pressures up to
12 kbar. The La0.1Ca0.9MnO3 compound exhibits a heterogeneous spin configuration in its ground state
fG-type antiferromagneticsAFMd phase with local ferromagneticsFMd regions andC-type AFMg. The x
=0.8 compound is mostly an orbital orderedC-type AFM. In the case of La0.1Ca0.9MnO3, an applied pressure
slightly increases the magnetic transition temperature and significantly enhances the FM component. Pro-
nounced hysteretic effects observed in La0.1Ca0.9MnO3 may be attributed to the competition between the FM
and AFM fractions in theG-AFM structure. On the other hand, La0.2Ca0.8MnO3 is insensitive to applied
pressure probably due to a robustness of orbital ordered state. Resistivity data point out that AFM ordering in
La0.2Ca0.8MnO3 occurs at temperatures below orbital ordering.
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Perovskite manganites La1−xCaxMnO3 have been exten-
sively investigated after the discovery of colossal magnetore-
sistance effect in optimally dopedx,0.33 composition.1,2 It
is widely accepted that the basic mechanism for electron
transport in these oxides is a double exchangesDEd interac-
tion mediated by hopping of spin-polarizedeg electrons, be-
tween Mn3+ and Mn4+, thereby facilitating metallic electrical
conductivity and ferromagnetism. It is well accepted1 that the
DE is also accounted for by electronic phase separationsPSd
and the formation of ferromagnetic metallicsFMMd clusters
in an antiferromagneticsAFMd matrix. In general, the FMM
phase occurs in hole-doped regime: 0.22,x,0.5. For x
.0.5 the electron-doped manganites are dominated by
charge orderingsCOd and do not show a FM ground state at
all. The complexity of manganites stems from the interplay
between several competing interactions of comparable inten-
sity. Particularly, the electron-phonon coupling, associated
with Jahn-Teller sJTd distortions of the MnO6 octahedra
plays an important role in the insulator to metal transition.
The distortions of the octahedra may give rise to the local-
ization of theeg electrons.

CaMnO3, the end compound ofsLa,CadMnO3 system, is
a G-type antiferromagnet3 sTN,120 Kd in its ground state
possessing a weak FM component.2,4 In the above spin con-
figuration, each Mn magnetic moment is antiparallel to its
nearest Mn neighbors. Based on measurements of the resis-
tivity and magnetization, Neumeier and Cohn5 have distin-
guished four regions in the compositional range 0.8,x,1.
Region I s0.98,x,1.0d contains aG-type AFM and local
ferrimagnetism. Region IIs0.93,x,0.98d contains local
FM regions in aG-type AFM matrix. Region IIIs0.84,x
,0.93d containsG-type AFM, C-type AFM, and local FM
regions. Region IVs0.80,x,0.84d is a C-type AFM. It
should be emphasized that the significant enhancement of the
spontaneous magnetization aroundx<0.9, is a common fea-

ture of Ln1−xCaxMnO3 fLn=Pr,6,7 Nd,8 Gd,8 Y,8 Sm ssee
Refs. 7,9dg manganites. Forx=0.8 sdepending onLnd the CO
dominates and the spontaneous magnetization is close to
zero.5,6,7,9 Refined neutron diffractionsNDd data10–13 of
La1−xCaxMnO3 s0.5,x,1d have shown the evolution of
magnetic and crystallographic phases with doping and tem-
perature.

It should be noted that the effect of pressuresPd on mag-
netic and transport properties of hole-doped La1−xCaxMnO3
sLCMOd samples was the subject of a number of
investigations.14–18 However, investigation of the effect of
pressure on magnetic and transport properties of
Ln1−xCaxMnO3 sLn=rare earthd manganites in low-electron-
doped regimes0.8øxø1d is quite scarce. There are only
studies of charge ordered Sm0.2Ca0.8MnO3 ssee Ref. 19d and
mixed Y1−xCaxMnO3 and Sm1−xCaxMnO3 s0.85øxø0.95d
with competing FM and AFM phases.20 It should be noted
that the phase diagrams ofLn1−xCaxMnO3 exhibit a kind of
asymmetry with regard to magnetic properties around thex
=0.5. For example, in the region of electron dopingsx
.0.5d ferromagnetic ground state was not observed, whereas
in the hole-doping regionsx,0.5d FM state prevails in the
most of this region. This asymmetry may be accounted for
by the strong JT distortions in the hole-doped regime with a
high enough amount of JT active Mn3+ ions, while in the
electron-doped regime with the most JT nonactive Mn4+

ions, the JT effects are not expected to contribute to transport
properties and magnetic ordering in the same way they are
expected for hole doping. Nevertheless, recently, ND data
have revealed static JT distortion in La1−xCaxMnO3 sx
=0.8,0.85d with low content of Mn3+.10 For the study of the
pressure effect on magnetic and transport properties of
electron-doped manganites, we have chosen two compounds
La1−xCaxMnO3 sx=0.8,0.9d that show distinct magnetic and
transport properties at ambient pressure and have been ex-
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tensively studied recently by ND measurements.10–13 Mea-
surements performed under pressure allowed us to find
which interactions play a dominant role in a given system,
i.e., we were able to distinguish if the dominant is competing
AFM-FM or orbital ordering.

Measurements were carried out on polycrystalline
samples, prepared by a standard ceramic route in air at
1450 °C, starting from stoichiometric ratios of CaO, La2O3,
and MnO2, with intermediate crushing and heating. The
x-ray data at room temperature were found to be compatible
with an orthorhombic unit cell ofPnma space group of a
perovskite structure with the lattice parameters:a
=5.3343 Å,b=7.5519 Å,c=5.3288 Å, anda=5.3104 Å,b
=7.4970 Å,c=5.3005 Å forx=0.8 andx=0.9 samples, re-
spectively. Powder x-ray diffraction revealed no secondary
phases. The experimental procedures of the magnetic and
transport measurements under high hydrostatic pressure are
described in detail elsewhere.18,19

Figure 1sad shows the results obtained for zero field
cooled sMZFCd and field cooledsMFCd magnetization of
La0.1Ca0.9MnO3 vs temperature under ambient pressuresP
=0d and P=10.2 kbar in magnetic fieldH=100 Oe. It ap-
pears that the magnetization sharply rises on cooling at about

107 K, a critical temperature that coincides with the Néel
temperature.10–13Note thatMsTd displays a minimum around
T<85 K, at ambient pressure in magnetic field of 15 kOe,
which disappears atP=10.2 kbarfinset to Fig. 1sadg. MsHd
shows some hysteretic effects in this temperature regionfsee
Fig. 1sbdg. The plot of 1/M vs T of FC curves at 15 kOe
finset of Fig. 1sadg is given in Fig. 1scd. It appears that above
the transition temperature the curves obey the relation 1/M
=C/ sT−Qd, where Q changes from −350 K for parent
CaMnO3 ssee Refs. 21,22d to 85 K for La0.1Ca0.9MnO3. This
means that the dominant effective magnetic interactions
change from AFM to FM ones upon doping of Ca by 10% of
La, and they practically do not depend on applied pressure.

Figure 2sad shows the magnetization of La0.1Ca0.9MnO3
vs magnetic fields at 5 K, under various pressures. The weak
spontaneous magnetizationM0 shown in Fig. 2sad is attrib-
uted to the FM phase, whereas the AFM phase gives rise to
the linear MsHd dependence in the high-field region. The
coercive fieldHC is <0 for all of the applied pressures at 5
and 80 Kfsee Figs. 1sbd and 2sadg. Interestingly, the sponta-
neous weak magnetizationsM0=0.13mB/ f.u. at P=0d ob-
tained by a linear extrapolation of the high-field magnetiza-
tion to H=0, is found to be strongly pressure dependent.M0
increases linearly with increasing pressure and approaches a
value ofM0=0.28mB/ f.u. at P,11 kbarfsee Fig. 2sbdg.

Figure 3sad presents the temperature dependence of the
resistivity of La0.1Ca0.9MnO3 at P=0 andP=9.1 kbar. Both
curves exhibit a metallic behaviorsdr /dT.0d at tempera-
tures 225–300 K and the resistivity then increases with de-
creasing temperature. The quasi-metallic behavior of
La0.1Ca0.9MnO3 at T.200 K was observed previously by
Neumeier and Cohn.5 They pointed out that the temperature

FIG. 1. sad Temperature dependence ofMZFC and MFC magne-
tization for La0.1Ca0.9MnO3 at P=0 andP=10.2 kbar in magnetic
field H=100 Oe. Inset showsMZFC and MFC at P=0 and P
=10.2 kbar in magnetic fieldH=15 kOe.sbd Field dependence of
magnetization at 80 K underP=0 and P=11.5 kbar.scd 1/M vs
temperature curves for La0.1Ca0.9MnO3 at P=0 andP=10.2 kbar.
Solid line is a guide to the eye.

FIG. 2. sad Field dependence of magnetization at 5 K under
various pressures.sbd A variation of M0 for La0.1Ca0.9MnO3 at T
=5 K with pressure.
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dependence ofrsTd observed is typical for heavily doped,
n-type semiconductors, and positive temperature coefficient
observed atT.200 K indicates that the chemical potential is
positioned in the conduction band.5 The effect of applied
pressure on the resistivity is definitely seen only belowTN
sthat is also aTCd. The inset in Fig. 3sad displays the varia-
tion of the magnetoresistancesMRd with temperature, show-
ing the following features:sid The resistivity practically does
not depend on magnetic fields in temperature region
130–300 K, while a relatively modest MR is seen in the
vicinity of TN. sii d MR maximizes at temperatures slightly
below TN fFig. 1sadg, namely, the maximum of MR is ob-
served at temperatures of 98 and 95 K forP=0 and P
=9.1 kbar, respectively. Figure 3sbd shows the hysteresis
loop of normalized dynamical resistivity Rd
=dV/dIsHd /dV/dIs0d recorded after zero field cooling to
80 K.

Figure 4 shows magnetization curves vs temperature for
La0.2Ca0.8MnO3. After the sample was cooled in zero mag-
netic field, the magnetization was measured upon heating
and immediately thereafter upon cooling under a magnetic
field H=15 kOe. Peaks around 214 K at cooling and around
220 K at heatingsP=0d occur near the structural phase tran-
sition at temperature of orbital ordering,TOO.10–13A signifi-
cant hysteresis of about 10 K is observed atP=0. It was
found that an applied pressure produces a suppression of
magnetization in the vicinity ofTOO and also atT.TOO.
Under a pressure of 11.2 kbar, the magnetization peaks occur
at 210 and 213 K for cooling and heating, respectivelysFig.
4d, i.e., the hysteresis is also decreased under pressure. Con-

trary to the case of La0.1Ca0.9MnO3, the MsHd curves of
La0.2Ca0.8MnO3 do not display spontaneous magnetization
below TOO ssee inset in Fig. 4d, in agreement with results
previously reported.10

Figure 5 presents the temperature dependence of the re-
sistivity of La0.2Ca0.8MnO3 for P=0 andP=10.2 kbar. It ap-
pears that an applied pressure slightly reduces the resist-
ivity La0.2Ca0.8MnO3 at temperatures 80–300 K. A maximal
decrease in the resistivity, of about 20%, is observed at
T=80 K. The rsTd curves for bothP=0 and P=10.2 kbar
exhibit some anomalies in the range 170–190 K, as can be
seen from the semilogarithmic dependencesFig. 5d. It was
found previously5 that the resistivity of La1−xCaxMnO3 s0.8
øxø1d at temperatures 50 KøTø150 K can be described
by a single activation energyEa, i.e., rsTd=r0 expsEa/kBTd,
for which Ea<85 meV for x=1, Ea<30 meV for

FIG. 3. sad Temperature dependence of resistivity for
La0.1Ca0.9MnO3 at P=0 andP=9.1 kbar. Inset shows the tempera-
ture dependence of magnetoresistance atP=0 and P=9.1 kbar,
whereDr=rs14 kOed−rs0d. sbd Normalized hysteresis loops of dy-
namic resistivity for La0.1Ca0.9MnO3 at T=80 K underP=0.

FIG. 4. Temperature dependence of magnetization after zero
field cooling for La0.2Ca0.8MnO3 at P=0 andP=11.2 kbar in mag-
netic field H=15 kOe. Inset shows hysteresis loops for ambient
pressure atT=5 and 190 K.

FIG. 5. Temperature dependence of resistivity for
La0.2Ca0.8MnO3 at P=0 andP=10.2 kbar. Inset shows the activa-
tion energy determined numerically by calculatingd lnsrd /dskBTd−1

from resistivity data forP=0 andP=10.2 kbar.
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0.9øxø0.995, andEa<85–95 meV for 0.8øxø0.88. Ac-
tivation energyEa, in our case determined numerically by
calculatingd lnsrd /dskBTd−1 from resistivity data and shown
in the inset of Fig. 5, is different than that given in Ref. 5.
Apparently, the change inEa at ,210 K ssee Fig. 5d corre-
sponds to the orbital orderingsOOd. Ea peaks at TN
<185 K, and decreases with decreasing temperature, a char-
acteristic feature of magnetic semiconductors, whereEa de-
pends strongly on the long-range magnetic order.23 A similar
behavior of EasTd was observed recently for
Pr0.65Ca0.35MnO3 by Cui and Tyson.24 They used theEa peak
as a mark for the shift inTCO with pressure, but noted that
the charge ordering occurs at higher temperatures.

Numerous investigations of magnetic and crystallographic
PS in low-electron-dopedLn1−xCaxMnO3 s0.8øxø1d1,2,6,13

have shown that a mixture ofG- and C-type AFM phases
associated withPnmaand P21/m crystalline structures, re-
spectively, is a distinctive feature of these materials. Analo-
gously, for the La1−xCaxMnO3 case, high-resolution ND
data10–13suggest that mesoscopic phases, ofC-AFM regions
swith no FM momentd and regions with coupledG-AFM
+FM moments coexist. The evolution of the monoclinic
phase fraction at 20 K with La substitution has shown that
the above spin and crystallographic structures start to de-
velop in CaMnO3 with 6% La doping, and the ratio
smonoclinic/orthorhombicd reaches about 20% and about
85% for x=0.9 and x=0.8, respectively.12,13 Temperature
variation of lattice parameters for La0.1Ca0.9MnO3 has shown
that magnetic ordering toG- and C-type AFM-magnetic
structures occur concurrently with structural phase transition,
when theb axis decreases, thea axis increases, and thec
axis remains nearly constant.11 According to Granadoet
al.,13 G-type AFM matrix of La1−xCaxMnO3 s0.85,x
,0.95d allows two types of FM contributions:sid relatively
small FM droplets having the average size of,10 Å, the
concentration of which in theG-AFM matrix is proportional
to La doping; andsii d the long-range FM component perpen-
dicularly coupled toG-AFM moments.

As already noted, the temperature and magnetic field de-
pendences of the magnetization and resistivity for
La0.1Ca0.9MnO3 sFigs. 1–3d show remarkable features:sid a
large difference between bothMZFC and MFC curves, en-
hanced by applied pressure; andsii d both rsHd and MsHd
exhibit a hysteretic effect. Generally, the difference between
MFC and MZFC in manganites is induced by a “freezing” of
magnetic moments in directions energetically favored by
their local anisotropy or by external field and due to FM-
cluster glass behavior.1,2 In the case of La0.1Ca0.9MnO3, such
effects may be enhanced by strong competition between dif-
ferent magnetic and crystallographic structures, becausex
=0.9 sample exhibits not only a structural phase transition
followed by two magnetic transitionsTNsC-AFMd and
TNsG-AFMd, but also a clear decrease in theC-AFM order
parameter belowTNsG-AFMd.12 Similar effects were ob-
served recently for Pr0.125Ca0.875MnO3.

6 Fujishiroet al.6 sug-
gested that magnetic-field-induced lattice transformation be-
tween two different crystallographic phases is also a source
of hysteretic effects. Algarabelet al.25 have shown using
high-resolution ND, that the application of magnetic field in

Sm0.15Ca0.85MnO3 affects the ratio betweenC-AFM-P21/m
and G-AFM+FM-Pnmaphases, favoring certainlyG-AFM
+FM-Pnma phase at the expense ofC-AFM-P21/m one.
This effect was found to be relatively small at low tempera-
tures sT!TNd, and increases with increasing temperature
sT,TNd, where competing phases are very close in energy.25

At a temperature of 100 K, an applied magnetic field
changes the ratio of phases fractions from 10/90% forsG
-AFM+FM-Pnmad / sC-AFM-P21/md at H=0, to ,60/40%
under an applied field of 60 kOe. The application of mag-
netic fields at 5 K in the case of La0.09Ca0.91MnO3 have
markedly changed the intensity of bothG-AFM and G-FM
magnetic Bragg peaks even at a magnetic field of 5 kOe,
while for C-AFM phase, the reflections are insensitive to the
field up to 70 kOe.13 One may conclude from the above ob-
servations that at low temperatures, where bothC-AFM
-P21/m and G-AFM+FM-Pnma phases differ in their en-
ergy, the application of a magnetic field results only in a
reorientation of the FM spin componentsassociated withG
-AFM+FM-Pnmaphased along the field direction and does
not affect theC-AFM-P21/m phase.13 Remarkable hysteresis
in bothMsHd andrsHd is observed at 80 KfFig. 1sbdg, but is
absent forMsHd at 5 K fsee Fig. 2sadg in compliance with
the above conclusion.

Applied pressure strongly increasesM0 of
La0.1Ca0.9MnO3 fFigs. 2sad and 2sbdg and decreases resistiv-
ity by about 35%, atT= 80 K. The increasing of magnetore-
sistance under pressure correlates with the enhancement of
the FM volume fractionfsee Fig. 2sbdg. However, the volume
fraction ofC-AFM-P21/m phase in La0.1Ca0.9MnO3 at 20 K
is of about 20%,12 namely, even its full transformation to
G-AFM+FM-Pnma phase is not adequate to explain more
than twofold increase of FM-phase volume under a modest
pressure of about 11 kbar. In principle, two scenarios may be
responsible for the increase inM0 with increasing pressure:
sid An increase of the volume of FM droplets, inside theG
-AFM matrix, andsii d an increase of the canting angle of the
G-AFM moments. Taking into account that the concentration
of magnetic droplets inG-AFM matrix is proportional to 1
−x, and that in La0.09Ca0.91MnO3 ssee Refs. 12,13d with simi-
lar values of La doping and magnetization, the total cluster
contribution to the sample-average magnetization is only of
about 10%, one may suppose that the increase in the canting
angle is responsible for the increase ofM0 under pressure. At
the same time, the pressure-induced enhancement of both
conductivity and magnetoresistance in the magnetically or-
dered statefFig. 3sadg probably implies that the enhancement
of the volume of FM droplets also gives rise toM0 under
pressure.

Let us discuss the magnetic and transport properties of
La0.2Ca0.8MnO3. The peak in magnetization atT,215 K
sFig. 4d is associated with a structural phase transition from
high temperaturePnmastructure toP21/m structure.10–13At
temperatures below the magnetization maximum, the lattice
parameterb undergoes a significant decrease while thea and
c axes parameters slightly increase.10 The structural phase
transition is also associated with the polarization ofd3z2−y2

orbitals along thes101̄d direction, facilitating DE along the
FM chains characteristic ofC-AFM.12 Despite the conclu-
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sion of Pissaset al.10 on the second-order structural phase
transition involving continuous change of cation displace-
ments, a pronounced hysteresis of the magnetization for the
cooling and heating was observed, denoting a first-order
transition. In compliance with previous investigations10,11 no
evidence was found for a FM moment in the monoclinic
phasessee inset in Fig. 4d. This observation agrees with the
conclusion that alleg electrons participating in FM double
exchange along thes101̄d chain directions ofC-AFM struc-
ture rather than forming FM clusters.12 Applied pressure of
11.2 kbarsFig. 4d slightly decreases the magnetization in the
vicinity of the MsTd peak and narrows the thermal hysteresis.
The above observation showing a near insensitivity ofTOO to
an applied pressure indicates the high robustness of the or-
bital ordered state in La0.2Ca0.8MnO3. Recent investigation
of the stability of the CO/OO state in La1−xCaxMnO3 s0.5
,x,0.9d has shown that in contrast tox=0.5,0.55 cases, the
CO/OO temperature forx=0.75 and 0.8 is independent of
high magnetic fields up toH,140 kOe.26 Combined data of
resistivity, magnetization, ultrasound, and crystallography
show that the strong increase of theQ3 cooperative Jahn-
Teller distortion mode occurs at the expense ofQ2, leading to
concomitant suppression of FM and PS tendencies, and it is
responsible for the robustness of charge/orbital ordered state
at x=0.75–0.8.26 Q2 is an orthorhombic distortion, with the
in-plane bonds differentiating into a long and a short one.Q3
is the tetragonal distortion with the in-plane bond lengths
shortening and out-of-plane bonds extending, or vice
versa.27,28

Figure 5 shows that a variation ofEa in a single activation
model is relatively small above 250 K. The temperature de-
pendence ofEa shows that the simple activation formrsTd
=r0expsEa/kBTd may not be appropriate for the whole tem-
perature range. At the same time, such a presentation may be
very useful to follow the changes in the conduction
mechanism.24,29As pointed out earlier, theEa increase upon
cooling from ,240 K is associated with the formation of
OO, while the drop of theEa at T,185 K is probably attrib-
uted to entering of AFM order. It should be noted that in
recent ND studies11,12of La0.2Ca0.8MnO3, it was realized that
the temperatures of AFM orderingTN and orbital ordering
TOO coincide. On the other hand, Pissaset al.10 using ND
data for La0.2Ca0.8MnO3, have revealed that the monoclinic
angle increases from 90° at,205 K to ,91.5° at low tem-
peratures, while the ordered Mn magnetic structure is ob-
served only at a lower temperature of about 180 K. The
study of electron magnetic resonance30 sEMRd of our
La0.2Ca0.8MnO3 has shown the vanishing of EMR signal be-
low 190 K, indicating the establishing of AFM ordering at
TN,TOO. It appears that the broad magnetization peaksat
,210 Kd may be attributed to the hopping of theeg electrons
at T.TOO, which brings about FM correlations through the
DE mechanism. At a decreasing temperature these electrons
freeze and the FM fluctuations are replaced by a
superexchange-driven AFM spin configuration.10 The reduc-
tion of magnetization under pressure atT.TOO implies that
the partial suppression of FM fluctuations may in turn pro-
mote AFM ones and may lead to hysteresis narrowing.

The combined magnetization and ND measurements10–13

for electron-doped LCMO have shown that the sample with
x=0.8 undergoes an orthorhombic-to-monoclinic structural
transition sat T,200 Kd, concurrent with a transition to
AFM state andC-type magnetic structure. At low tempera-
tures, the monoclinic fraction approaches about 80% of the
volume. In addition, the sample withx=0.9 exhibits one
structural and two magnetic transitionsTNsC-AFMd and
TNsG-AFMd, that results in mesoscopic phase separation of
C-AFM regions with no FM component and regions where
the long-range FM component is perpendicularly coupled to
theG-AFM structure.12 The high enough density of FM clus-
ters results in a formation of a FM spin cluster glass,12 mani-
fested by the significant difference between FC and ZFC
curves ssee Fig. 1d. Our magnetic and transport measure-
ments at ambient pressure are essentially consistent with the
ND results. There are some disagreements between our re-
sults and those observed by Linget al.12 In conclusion, mag-
netic measurements and structural data show that the charac-
teristics features observed in our samples are similar to those
of Pissas group.10,11 The difference in the results of Linget
al.12 and our observation may be attributed to the difference
in the sample preparation.

Recent investigations of hole-doped manganites at higher
pressuress.20 kbard24,29,31–34have shown that at relatively
low pressuress,10–15 kbard, dTC/dP.0, but may pro-
gressively decrease at higher pressure.29,31,33 Postorino et
al.31 have pointed out that the AFM interaction increases
sufficiently at higher pressuressP.40 kbard. This may lead
to the compensation of the effect of pressure onTC. The
dominant effect ondTC/dP at relatively low pressures
s,20 kbard stems from a pressure-induced increase of the
hopping integral and weakening of electron-phonon cou-
pling. In this regard, a further study of structural, transport,
and magnetic properties as well as changes in orbital order-
ing temperature of electron-doped LCMO at higher pressures
may provide new information on the mechanism of charge
localization and balance of competing interactions.

In conclusion, we have found that FM component in
the G-AFM fraction of La0.1Ca0.9MnO3 is very sensitive
to modest applied pressure. A pressure of 11 kbar doubles
the spontaneous magnetization. Remarkable hysteretic ef-
fects observed in bothMsHd and rsHd dependences of
La0.1Ca0.9MnO3 below magnetic ordering temperature mani-
fest significant competition of FM and AFM components in
G-type AFM structure. In the case of La0.2Ca0.8MnO3, an
applied pressure slightly narrows the range of thermal hys-
teresis associated with orbital ordering, whereas AFM order-
ing is practically insensitive to pressure. The variation of an
activation energy of La0.2Ca0.8MnO3 with temperature indi-
cates a process of successive transitions to an orbital ordered
state at,210 K, and then to an AFM state with no FM
component at,185 K.
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