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Ferromagnetism and metallicity in Sm0.2Ca0.8Mn1ÀxRuxO3 „xÄ0– 0.08…:
Interplay between Ru doping and hydrostatic pressure
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Magnetic properties of Sm0.2Ca0.8Mn12xRuxO3 ~x50, 0.04, and 0.08! are investigated in the temperature
range 4.2–240 K, external magnetic fields up to 15 kOe and hydrostatic pressure up to 12 kbar. Transport
properties of Sm0.2Ca0.8Mn0.92Ru0.08O3 are also investigated in the temperature range 77–280 K and under
pressure up to 10 kbar. It is found that for a pristine phase (x50), hydrostatic pressure increases the ferro-
magnetic domains embedded in an antiferromagnetic matrix, and slightly decreases the Ne´el temperature. The
effect of pressure on the magnetic interactions depends upon Ru doping. For Sm0.2Ca0.8Mn0.96Ru0.04O3 an
applied pressure decreases both Curie and Ne´el temperatures, but enhances the ferromagnetic fraction. In the
case of Sm0.2Ca0.8Mn0.92Ru0.08O3 an applied pressure suppresses the ferromagnetic interactions and surpris-
ingly increases the resistivity. To the best of our knowledge this is the first time that such an effect was
observed in perovskites. All of the above observations are discussed in the context of phase separation.
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I. INTRODUCTION

Numerous investigations were recently devoted to m
netic and transport properties of hole-doped Mn-based m
ganites with common formulasR12xAxMnO3 ~R is a triva-
lent rare-earth ion such as La31, Pr31, Sm31, or Nd31, and
A is a divalent ion such as Sr21, Ca21, Ba21, or Pb21!.
They were found to exhibit intriguing magnetic and condu
tive properties and characteristic colossal magnetoresist
~CMR!.1 Studies of these materials in the last five years h
revealed a plethora of magnetic and charge-ordering st
tures @for example, charge/orbital ordering~CO/OO!,
insulating/ferromagnetic phase, charge ordered stripes e#.
It has been established in the past that the double-exch
~DE! interaction accounts for the ferromagnetic and meta
properties of doped manganites. On the other hand, supe
change interactions cause ferromagnetic or antiferromagn
spin ordering which may consist of insulating phases and
charge ordering. The Jahn-Teller coupling may also play
important role in the conductivity of doped manganites.2,3

It should be noted, that in contrast to the hole-doped m
ganites (x,0.5) the electron-doped (x.0.5) ones have no
been studied intensively. At low temperatures ferromagn
~FM! ordering is inherent in hole-doped manganites, wher
antiferromagnetic~AFM! and insulating phases appear
electron-doped ones. The AFM ordering in electron-dop
manganites attends often with charge ordering or orbital
dering.

Colossal magnetoresistance has been observed in
hole-doped and electron-doped manganiteR12xCaxMnO3
compounds. For the latter, CMR occurs only at a very n
row composition range. For example, in Sm12xCaxMnO3,
the CMR effect is obtained aroundx50.15, and disappear
at x50.20 and 0.10.4,5 The magnetic, transport, and stru
0163-1829/2002/65~22!/224415~7!/$20.00 65 2244
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tural properties of this system were widely investigated.4–6

The compound Sm0.2Ca0.8MnO3 ~SCMO! is aC-type antifer-
romagnet with a Ne´el temperatureTN'150 K and ap-type
conductivity at low temperatures.5 It is important to note that
the magnetic transition in SCMO is accompanied by a str
tural phase transition, from aP21 /m structure with strong
monoclinic distortion to a pure orthorhombic structure. Th
low-temperature magnetic structure results from a coop
tive Jahn-Teller distortion of MnO6 octahedra.7 A sharp in-
crease of the conductivity occurs just aboveTN . Doping of
Mn sites with Ru exhibits a simultaneous development
ferromagnetic orthorhombic domains and AFM domains
low temperatures.6–8 In the case Sm0.2Ca0.8Mn12xRuxO3,
low Ru doping (x;0.1) induces a FM metallic state at low
temperatures and a metal-to-metal transition replacing
metal to insulator one in the pristine phase.7,8 Earlier marked
effects of Ru doping on the charge ordering were also fou
in Nd0.5Sr0.5MnO3, where the ferromagnetic Curie temper
ture TC , increases with Ru content and charge ordering
destroyed.9

In a previous publication10 we reported on the effec
of pressure on the transport properties
Sm0.2Ca0.8Mn12xRuxO3 ~x50 and 0.04!. Contrary to the
case of pristine phase SCMO, Sm0.2Ca0.8Mn0.96Ru0.04O3
~SCMR4O! shows a CMR effect in the vicinity of the tran
sition to AFM phase atT'130 K, a low time relaxation of
the resistivity~r!, and memory effects at low temperatures10

The above effects are enhanced in a nonlinear way by ex
nal hydrostatic pressure.10

In this paper we report on our investigations of the effe
of hydrostatic pressure~P! and magnetic field~H! on the
magnetic properties of electron-doped SCMO, SCMR4
and Sm0.2Ca0.8Mn0.92Ru0.08O3 ~SCMR8O! and also on the
transport properties of SCMR8O. This study is motivated
©2002 The American Physical Society15-1
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V. MARKOVICH et al. PHYSICAL REVIEW B 65 224415
the appearance of a magnetically phase-separated~PS!
ground state of inhomogeneous OO and FM ordering,6–8 de-
veloped as a result of Ru doping. Magnetic and transp
measurements under pressure may shed light on the e
tion and competition of different magnetic interactions in
Sm0.2Ca0.8Mn12xRuxO3 system with progressive Ru doping

II. EXPERIMENTAL RESULTS

The results presented in this paper were obtained on p
crystalline samples Sm0.2Ca0.8Mn12xRuxO3 ~x50, 0.4, and
0.8! prepared by a standard ceramic route. The procedure
sintering and characterization of the samples is describe
Refs. 7 and 8. It involved x-ray diffraction, energy dispersi
spectroscopy, and scanning electron microscopy.

Magnetic measurements under pressure were perfor
using a PAR Model 4500 vibrating sample magnetomete
temperature range 4.2–240 K and at magnetic fields up to
kOe. In this method a miniature container of CuBe,11 with an
inside diameter of 1.42 mm, was used as a pressure cell.
pressure at low temperatures was determined accordin
the known pressure dependence the superconducting tr
tion temperature of pure tin manometer, placed near the
vestigated sample.

Measurements of resistivityr and magnetoresistanc
~MR! under pressure up toP510 kbar and at temperature
77,T,300 K were carried out in another CuBe pressu
cell with an inside diameter of 6 mm. The temperature in t
case was measured by a Copper-Constantan thermoco
attached to the CuBe cell, and the pressure was monitore
a manganin gauge.12 The decrease in pressure due to t
difference in the thermal expansion of the pressure trans
ting medium and the pressure cell was taken into acco
Evaporated silver strips with a separation of about 1 m
between the voltage (V) contacts were used for the custom
ary four-point resistance measurements. In both of the ab
noted pressure cells, a mixture of mineral oil and keros
was used as a pressure-transmitting medium. The MR,
fined as@r(T,H)2r(T,0)#/r(T,H), was measured at ap
plied magnetic fields up to 15 kOe, oriented perpendicula
the direction of the current flow. Herer(T,H) and r(T,0)
are the values of resistivity under nonzero and zero magn
fields respectively.

Figures 1~a!–1~c! show magnetization curves for tem
perature and magnetic field of SCMO. The sample w
cooled at zero magnetic field and the magnetization w
measured upon heating and immediately thereafter u
cooling under magnetic fieldH514.5 kOe; see Fig. 1~a!.
The undoped manganite SCMO, upon cooling, exhibit
peak around 150 K consistent with the transition from se
metallic paramagnetic~PM! phase to an AFMC-type insu-
lating state atTN5150 K.4,7,8 A significant hysteresis o
about 10 K is seen in Fig. 1~a!. A similar hysteretic behavior
was previously found in the measurements of resistivity
SCMO.8 A slight decrease ofTN as a result of applied pres
sure @dTN /dP'2(0.4– 0.5) K/kbar# is also observed in
Fig. 1~a!. This result fairly agrees with previous results
resistivity measurements under pressure.10 Figure 1~b! shows
magnetization curves vs. temperature for SCMO measure
22441
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a magnetic field ofH5100 Oe. A wide maximum observe
at T'150 K coincides with the PM-AFM transition, ob
served previously.4,7,8 This maximum slightly shifts unde
pressure toward low temperatures. The increase ofM (T)
upon lowering the temperature may be associated with a
romagnetic ordering atTC'115 K (P50) andTC'118 K
under a pressure ofP59 kbar; see Fig. 1~b!. Below 115 K
the magnetization curves upon cooling and heating exhib
significant difference. It has already been noted that this
ference is caused by the ‘‘freezing’’ of magnetic moments
directions energetically favored by local anisotropy and
external field, upon cooling.13 Additional information on the
effect of pressure on the magnetic interactions in SCMO w
obtained from the field dependences of the magnetizatio
increasing magnetic field atT54.2 K; see Fig. 1~c!. The
magnetizationM (H) at low magnetic fields is mainly attrib
uted to the FM phase, whereas the AFM phase give ris
the linear high-field region. A linear extrapolation ofM (H)
to H50 allows us to determine the change in volume of t
FM phase in respect to Ru doping and applied pressure
appears that an applied pressure enhances the FM pha
SCMO, atT54.2 K, e.g. the FM phase of SCMO increas
by about 40% in volume under pressure of 9 kbar; see F
1~c!.

Figure 2~a! shows magnetization curves for SCMR4O u
der ambient pressure andP510.7 kbar, in a magnetic field
H514.5 kOe. Here again, the peak of the curves coinci

FIG. 1. Temperature dependence of the magnetizationM for
SCMO at ambient pressure and under pressure in magnetic fiel~a!
H514.5 kOe; in magnetic field~b! H5100 Oe. Field dependenc
of the magnetizationM in increasing magnetic field under ambie
pressure and under pressure atT54.2 K ~c!.
5-2
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FERROMAGNETISM AND METALLICITY IN . . . PHYSICAL REVIEW B 65 224415
with a transition to the AFM phase, atTN'125 K (P50).
The values of the Curie temperatureTC were determined by
the inflection point of the magnetization curves. It should
noted that the transition temperaturesTC andTN at ambient
pressure are in close agreement with the peak positions o
ac susceptibility.8 Thus, starting from paramagnetic state, t
Ru-doped compound becomes FM belowTC and then a co-
existence of FM and AFM phases is observed belowTN .7

The hysteretic behavior of SCMR4O at ambient pressur
consistent with previous results.8 The effect of external pres
sure on the magnetization of SCMR4O is rather surprisi
From Fig. 2~a!, it would seem that the Curie temperatureTC
decreases slightly under pressure, whereas the Ne´el tempera-
ture TN increases under pressure, both with practically
same rate of~0.4–0.5! K/kbar. On the other hand, the mag
netization at low temperatures under pressure increases
nificantly due to an increase of the volume of FM domai
at the expense of the AFM matrix. It is importance to no
that, according to previous resistivity measurements, the
fect of pressure onTN is opposite in sign and the valu
observed isdTN /dP'21.2 K/kbar.10 For SCMO with ro-
bust AFM phase, one may associateTN with the maximum
of low field magnetization. For the SCMR4O sample, a h
enough magnetic field precludes a clear determination of
transition temperature (TN) to the AFM phase and the pres
sure dependence ofTN of this compound. Measurements
M (T) of SCMR4O were also carried out at a low magne

FIG. 2. Temperature dependence of the magnetizationM for
SCMR4O at ambient pressure and under pressure in magnetic
~a! H514.5 kOe; in magnetic field~b! H5100 Oe. Field depen-
dence of the magnetizationM in increasing magnetic field unde
ambient pressure and under pressure atT54.2 K ~c!.
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field H5100 Oe upon heating at various pressures; see
2~b!. The change ofM (T) under pressure is quite unex
pected. A shift downward under pressure of the positions
the inflection point (TC) and maximum of magnetization
(TN) is observed. This implies that both FM and AFM inte
actions are reduced by external pressure. On the other h
the increase in the magnetization at low temperatures imp
an expansion of FM domains in the PS state, under press
Due to the proximity of FM and AFM transitions in this cas
it is difficult to determine their pressure coefficients ofTC
andTN . A rough estimation shows that the pressure coe
cient of Curie temperature does not exceeddTC /dP'
2(0.5– 0.6) K/kbar. One should note that the maximum
M (T) shifts and widens in a nonlinear manner with pressu
The shift atP512 kbar does not exceed 6 K. Measureme
of M (H) of SCMR4O@see Fig. 2~c!# show that applied pres
sure increases the volume of the FM phase, atT54.2 K. It
was found that the FM phase increases by about 90%
pressure of 10.7 kbar.

As to SCMR8O the magnetization curves vs temperat
were measured at magnetic field ofH514.5 kOe under am-
bient pressure andP510.8 kbar@Fig. 3~a!#. The inflection
point of M (T) under ambient pressure practically coincid
with the position of the maximum of ac susceptibility atTC
5190 K.8 Applied pressure leads to two remarkable effec
~i! a downward shift in the inflection point ofM (T) ~as-
signedTC! with pressure bydTC /dP'20.9 K/kbar, thus

eld
FIG. 3. Temperature dependence of the magnetizationM for

SCMR8O at ambient pressure and under pressure in magnetic
~a! H514.5 kOe; in magnetic field~b! H5100 Oe. Field depen-
dence of the magnetizationM in increasing magnetic field unde
ambient pressure and under pressure atT54.2 K ~c!.
5-3
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V. MARKOVICH et al. PHYSICAL REVIEW B 65 224415
indicating a weakening of FM interactions under pressu
~ii ! a reduction of the magnetization at low temperatur
namely, a reduction in the volume of the FM phase w
pressure. It should be noted that, for SCMR8O, the transi
to the AFM phase at ambient pressure8 is not detectable from
the M (T) curve atH514 kOe because of the predomina
FM phase. The magnetization curve of SCMR8O atH
5100 Oe @see Fig. 3~b!# exhibits a PM-FM transition, as
signed by the inflection point atTC'190 K. In addition to
this the magnetization cusp about corresponds to the pea
the ac susceptibility atTN'115 K found8 for ambient pres-
sure. Under an applied pressure ofP512 kbar the Curie
temperature is found to beTC'184 K, andTN'125 K. This
suggests that for SCMR8O the FM interactions are lowe
by external pressure whereas the AFM ones strengthen
pressure practically with the same rate. Figure 3~c! shows
curves ofM (H) for SCMR8O at ambient pressure and va
ous pressures. For SCMR8O the pressure effect is sur
ingly opposite in respect to SCMO and SCMR4O. It i
volves a decrease ofTC under pressure@see Figs. 2~a!, 2~b!,
3~a!, and 3~b!# is of profound interest. To the best of ou
knowledge a positive pressure coefficientdTC /dP was ob-
served in all other manganite systems. The absolute valu
the pressure coefficient increases with the decrease o
effective bandwidthW ~Refs. 14 and 15! of the conducting
electrons or, equivalently,TC . At ambient pressure the va
ues of the extrapolated magnetizationM0 are 0.52, 4.57, and
55.3 emu/g for SCMO, SCMR4O, and SCMR8O, resp
tively. It turns out that the volume of the FM phase increa
by about an order of magnitude with each 4% of Ru dopi
in qualitative agreement with results published in Refs
and 16.

In our previous publication10 the transport properties o
Sm0.2Ca0.8Mn12xRuxO3 ~x50 and 0.04! under hydrostatic
pressure have been reported. Figure 4~a! shows the tempera
ture dependence of the zero-field resistivity of SCMR8O
ambient pressure and atP59.6 kbar. The measuremen
were performed upon heating. The highest-temperature
dient of the resistivity was observed in the vicinity of th
Curie temperature forP50 and 9.6 kbar. The resistivity in
creases under pressure in a wide temperature range belo
Curie temperature, and this effect depends on tempera
The curve of resistivity vs temperature@Fig. 4~a!# shows
high reproducibility at all pressures. The ratio
r(T,0)/r(T,P59.6 kbar) exhibits a broad minimum in th
vicinity of the magnetic transitions—see Fig. 4~b!. The effect
of pressure on the resistivity of ceramic samples occurs u
ally via the following ways:~a! An increase of the contac
radius R between granules with pressure, according toRP
5R0 (11aP)1/3,17 whereR0 is the contact radius at amb
ent pressure anda is a constant. This effect leads to th
resistivity lessening under pressure.~b! An intrinsic pressure
dependence of the resistivity of the sample. Contrary to
merous measurements of the resistivity of perovskite syst
~including manganites!1,14,18under pressure, the resistivity o
SCMR8O increases under external pressure. One can
see from Fig. 5 that an applied pressure shifts the MR m
mum in the vicinity ofTC toward lower temperatures. Thi
fact may be a circumstantial confirmation that Curie te
22441
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perature of SCMR8O decreases under pressure. The i
ence of hydrostatic pressure on the MR in SCMR8O
shown in the inset of Fig. 5, which presents MR vsH at
ambient pressure andP59.6 kbar. As opposed to
SCMR4O,10 an applied pressure practically does not affe
the shape of MR of SCMR8O~see the inset of Fig. 5!.

III. DISCUSSION AND CONCLUDING REMARKS

The effect of pressure on the magnetic and structu
phases for Sm0.2Ca0.8Mn12xRuxO3 ~x50, 0.04, and 0.08!
will be discussed in conjunction with the effect of Ru do
ing. It was already pointed out7,8 that whatever is the natur

FIG. 4. Temperature dependence of the resistivity of SCMR
at ambient pressure andP59.6 kbar~a!. Temperature dependenc
of the effect of pressure on the resistivity of SCMR8O~b!.

FIG. 5. Magnetoresistance of SCMR8O atH515 kOe as a
function of temperature, under ambient pressure andP59.6 kbar.
The inset shows the magnetoresistance loops of SCMR8O at a
ent pressure and underP59.6 kbar, atT577 K.
5-4
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FERROMAGNETISM AND METALLICITY IN . . . PHYSICAL REVIEW B 65 224415
of the initial antiferromagnetic state of undoped perovskit
ferromagnetism and metallicity can be induced by Ru dop
in a manner leading to CMR properties.16 In the manganese
sites of the perovskites, ruthenium may exhibit two oxidat
states Ru41 and Ru51. It acts to increase the Mn31 content
in compliance with the equation 2Mn415Ru511Mn31.
Therefore, Ru51 substitution enhances FM interactions b
tween Mn411Mn31 ions via DE. Moreover, the Mn31 can
interact with both Ru51 and Ru41-ions through a ferromag
netic superexchange interaction involving an overlap of
less than half-filledeg orbitals of Mn31 and emptyeg orbit-
als of Ru41 and Ru51.7,8,15In addition, inherent to a pristine
AFM matrix, antiferromagnetic superexchange betwe
Mn41 also operates in phase-separated Ru-doped samp

In the case of SCMO the following transitions occurs
TN5150 K: ~i! an abrupt change of resistivity from sem
metal to insulatorlike;~ii ! a monoclinic distortion from a
Pnmastructure and the formation of crystallographic twi
ning; ~iii ! a magnetic transition from the high-temperatu
PM phase to aC-type AFM state with 1D orbital ordering
OO.7,16 The AFM state of SCMO is extremely robust, and
strong magnetic field of more than 250 kOe is required to
over the antiparallel spins atT,100 K ~Ref. 6! and to form
a FM state. Even more surprising is the revealing of a
tectable FM magnetization at 4.2 K. A low value of the ma
netization observed at low temperatures implies that a sm
enough FM phase exists in the antiferromagnetic matrix
turns out that a PS state may exist even in the robust or
ordered SCMO. The FM phase was also observed by m
surements of electron magnetic resonance.19 It was shown
that applied pressure increases the volume of these FM
mains at the expense of the AFM matrix@see 1~b! and 1~c!#;
however on the other hand the slope ofM (H) @Fig. 1~c!#
depends only slightly on pressure for magnetic fields ofH
.4 kOe. This fact reflects the weak dependence of AF
interactions on external pressure in SCMO. In a very rou
manner one may suppose that the Ne´el temperature is pro
portional to the antiferromagnetic superexchange interac
(JAF), namely,TN}zSJAF , wherez is the number of neares
neighbors andS is the atomic spin. Moreover, the intensity
superexchange interactions depends in a crucial way on
length and angle of the Mn-O-Mn bond. As a result, an
plied pressure constitutes two somewhat independent
cesses, enlarging the volume of the ferromagnetic dom
and slightly weakening the AFM interactions.

Doping of Mn sites with Ru leads to further developme
of PS, as can be seen from resistivity measurements
SCMR4O.10 The doping with Ru results in a redistribution o
the coexisting AFM~OO! and FM domains, atT,TN . The
notable thermal hysteresis of the magnetization in SCM
and SCMR4O@Figs. 1~a! and 2~a!# is consistent with a first
order of the structural transition atTN for SCMO and
SCMR4O. A negligible thermal hysteresis atTC for
SCMR4O indicates that this transition is of second order
behavior similar to that described above for SCMR4O w
also observed20 in La12xCaxMnO3 ~x50.49 and 0.495!. A
sharp drop ofM (T) in SCMR4O @see Fig. 2~a!# at TN is
associated with a change in the magnetic interaction fr
double-exchange FM to superexchange AFM interact
22441
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when charge carriers order. A clear downward shift in te
perature under pressure is observed for both transition t
peratures~TC and TN!, implying that the external pressur
weakens both FM and AFM interactions in SCMR4O. It
worth noting that the resistivity does not show any re
change in the vicinity PM-FM transition. In a paradoxic
way the weakening of the FM interaction under pressure
accompanied by an increase of the volume of FM domain
see Fig. 2~c!. The latter noted observations are consist
with the decrease of the resistivity obtained under app
pressure, at temperatures belowTN .10

As mentioned earlier, the magnetic and transport prop
ties of SCMR8O exhibit some noticeable features. An a
plied pressure increasesTN and simultaneously decrease
TC , see Figs. 3~a! and 3~b!. The temperature shift of the
transition temperatures~TC andTN! under pressure probabl
results from the enhancement of the AFM interactions a
the weakening of the FM interactions. These effects are
companied by a diminution of the volume of the ferroma
netic domains, and are consistent with the evolution of re
tivity and magnetoresistance under applied pressure~Figs. 4
and 5!.

Figure 6 presents aT2x magnetic phase diagram fo
Sm0.2Ca0.8Mn12xRuxO3 (0,x,0.08) at ambient pressure
based on the observed magnetization data. The transit
temperaturesTC and TN coincide nearx'0.02. The low-
temperature ground state in this figure represents the ph
separated (FM1AFM) state. Similar form of aT2x mag-
netic phase for ambient pressure, obtained from elec
magnetic resonance data, was presented recently.19 The ef-
fect of hydrostatic pressure onTC and the ferromagnetic mo
mentM0 (T54.2 K) for various Ru dopings is given in Fig
7. Both dTC /dP and dM0 /dP change in a nonlinear way
with Ru doping, reflecting the competition between vario
magnetic interactions.

To the best of our knowledge there is a sing
publication21 devoted to the study of pressure effect on t

FIG. 6. T-x phase diagram of Sm0.2Ca0.8Mn12xRuxO3 for 0
,x<0.08 at ambient pressure andP510 kbar. PM, FM, and AFM
denote the paramagnetic, ferromagnetic, and antiferromagn
phases, respectively. HereTC is the Curie temperature andTN is the
Néel temperature. Solid lines correspond to ambient pressure,
the dotted lines represent values forP510 kbar. All lines are
guides to the eye.
5-5



o
th
e
in

s
e

th

a
a

a
u

to
wo

tu

ac
g
e
p
f

R

f
es-
FM

e of
ag-
a

in
the
l

al-
rex-
s to

es-
s of

ns
ed

ag-
rro-

e
The
s of

the
t is
der
ved
re

un-
and

t
to

V. MARKOVICH et al. PHYSICAL REVIEW B 65 224415
resistivity andTC of electron-doped Ca12xYxMnO3. Simi-
larly to the case of hole-doped compounds, the results
tained in this case are attributed to a widening of
conduction-electron bandwidth under pressure, thereby
hancing double-exchange FM interactions. The nonlinear
crease ofTC for Ca12xYxMnO3 (x,0.2) under pressure wa
previously discussed in the framework of competition b
tween double exchange and AFM superexchange.21

As already stated earlier, the effect of pressure on
transport and magnetic properties of Sm0.2Ca0.8Mn12xRuxO3
system is strongly related to the content of Ru ions and ph
separation. The results obtained for the magnetization
resistivity show that even the pristine Sm0.2Ca0.8MnO3 in-
volves phase separation and an applied pressure may ch
the ratio between FM and AFM phases. Doping with R
leads to progressive evolution of FM and AFM phases
ward ferromagnetism and metallicity, corroborated by t
maxima in the ac susceptibility atTC and TN .7,8,16 It was
found also that the Ru doping increases low tempera
ground-state magnetization in Sm0.2Ca0.8Mn12xRuxO3 up to
x50.1.7,8,16 It appears that three sorts of magnetic inter
tions prevail in Ru-doped samples: DE, FM superexchan
and AFM superexchange. The mutual relation between th
dictates the magnetic and transport properties of Ru-do
samples. The effect of pressure depends also on specific
tures of the PS state. That is, in the range 0,x,0.08, the
magnetization at low temperatures increases rapidly with

FIG. 7. Pressure coefficients ofTC and ferromagnetic momen
M0 at T54.2 K for various Ru dopings. The solid line is a guide
the eye.
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doping ~Figs. 1 and 2! reflecting the increase in volume o
the FM phase. For SCMO and SCMR4O, hydrostatic pr
sure acts in the usual way and enhances the volume of
domains at the expense of the AFM phase. In the cas
SCMR8O the value obtained for the low-temperature m
netization is close to the saturation value for
Sm0.2Ca0.8Mn12xRuxO3 system.8 For 0.08,x,0.2 the low-
temperature magnetization changes only slightly,8 though it
remains far enough from the spin-only moment, especially
comparison with hole-doped manganites. For example,
magnetization of La0.86Sr0.14MnO3 approaches the theoretica
spin-only value 3.86mB /Mn ~Ref. 22! in H510 kOe,
whereas in SCMR8O it approaches the value 1.6mB /Mn
only in H514 kOe.8 Most likely, the development of the FM
phase and metallicity with Ru doping depends upon a b
ance of the magnetic interactions, namely, DE and supe
change. In the case of SCMR8O an applied pressure tend
decrease the volume of the FM phase.

In summary, we have studied the magnetic field and pr
sure dependence of the magnetic and transport propertie
Sm0.2Ca0.8Mn12xRuxO3 ~x50, 0.4, and 0.08!. It was found
that the effect of pressure on the FM and AFM interactio
strongly depends on the Ru doping. For electron-dop
Sm0.2Ca0.8MnO3 an applied pressure increases the ferrom
netic clusters embedded in robust orbital-ordered antife
magnetic matrix, and slightly decreases the Ne´el tempera-
ture. For Sm0.2Ca0.8Mn0.96Ru0.04O3 an applied pressure
decreases both Curie and Ne´el temperatures, but at the sam
time enhances the volume of the ferromagnetic phase.
effect of pressure on the magnetic and transport propertie
Sm0.2Ca0.8Mn0.92Ru0.08O3 is strikingly different. In this case
hydrostatic pressure decreases the FM interactions and
volume of the ferromagnetic phase as well. The last effec
accompanied by a prominent increase of the resistivity un
pressure, which to the best of our knowledge was obser
for the first time in manganites. All of above observations a
discussed in the context of phase separation.
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