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We study the effect of the introduction of a controlled amount of oxygen vacancies on the magnetic
and transport properties of the phase separated mangapgg€apsSr, sMnO;_ 5, for =0 and

0.01. This compound presents a paramagnetic to ferromagféfictransition belowT -~ 240 K,

and then to a charge-orderédO) and antiferromagnetiCAFM) phase aff .o~ 175 K. However,
below T an appreciable FM component@0%) still survives, related to a FM volume immersed
within the CO/AFM matrix. At low temperatures, in the mainly CO phase, the introduction of
oxygen vacancies enhances the FM ordering, with the consequent decrease of resistivity and
magnetoresistancé€MR). On the contrary, in the FM phasgn the rangeT o<T<Tc) the
magnetization is reduced and the resistivity and MR increase. These results are discussed in the
frame of percolative transport in metal-insulator mixtures, and frustrated double exchange
interaction due to the interruption of somenMO—Mn chains. ©2003 American Institute of
Physics. [DOI: 10.1063/1.1540182

I. INTRODUCTION preparation and characterization was described elsewihere.

The study of magnetic and transport properties of phaseFor the oxygen control, the equilibrium oxygen partial pres-

separated manganites of the tyAéfo)’(2+MnO3 has be- sure[p(0,)] data as a function o were obtained afl

) : 3 =1000°C through thermogravimetric measureméhfEhe
come, in the recent past, a very important topic in the area of

transition metal oxide%:'° The most attractive properties of as-.made silmple was found to be st0|ch|ometrci:.— 0),

. .~ while the 5=0.01 sample was prepared by annealing &he
the phase separatidi?S phenomenon are the percolative- —0 one atT=1000°C andb(0,)=1.03x10"5 atm durin
type insulator-to-metallM) transitions and the high “colos- 2 ' 9

sal magnetoresistance” generated by the growth of the ferro24 h, and later quenching at liquid nitrogen temperature.

magnetic (FM) clusters when a magnetic fieldH) is
applied®* These FM domains have been found to coexist”l' RESULTS AND DISCUSSION
either with paramagnetiPM) or charge-ordered antiferro- In the inset of Fig. 1 we show vs H curves of the two
magnetic(CO/AFM) phases, depending on the doping levelsamples studied at two selected temperatures. From the back
x and the temperatur@) range> Although several theoreti- extrapolation of these curves to zero magnetic field we ob-
cal attempts have been made to understand the origin of thained the spontaneous magnetizatMyg as a function of
PS16-8there are no conclusive experiments about this pointtemperature, as shown in the main panel of the same figure.
In this sense, there are some claims that the oxygen stoichin phase separated manganités, is directly proportional to
ometry could play an important rofel® In low-doped the FM phase fractioiiX),® thus it allows a direct quantita-
La; ,CaMnOgs, an increase of the oxygen content producedive comparison of the two samples studied. As observed in
an IM transition due to the percolation of the FM metallic the My(T) data, atT-~240 K there is a PM to FM transi-
phase’ On the other hand, in l@aCa, sMnOj;, the introduc-  tion, and loweringT below Tco~175 K there is a FM to
tion of oxygen vacancies just induces a decrease of the r&€O/AFM transition. However, even dt=10 K the magne-
sistivity at low T.1° tization loops in the inset of Fig. 1 continue showing a FM-

In the present work we study the influence of a smalllike behavior, with a reducet ;=0.78ug and 0.8y for
amount of oxygen vacancies on the electric and magnetié=0 and 0.01, respectively. This behavior has been inter-

properties of RysCa ,Srp aMnO5_ 5, for =0 and 0.01. preted as the signature of the coexistence of the FM and
CO/AFM phase§.When compared to the saturation magne-
Il. EXPERIMENT tization M ~3.5ug, the values oM, indicate that the FM

phase fraction at lowl is increased fromX~22% for &
Magnetization(M) data were recorded in a commercial =0 to ~25% for §=0.01.

superconducting quantum interference device magnetometer For temperatures around 200 K, it has been shown that
in the 5-300 K temperature range with applied magnetiche §=0 compound is almost totally F¥.The Mq(T)
fields up to 50 kOe. Four-probe resistivity)(was measured curves of Fig. 1 show that, in the FM phase, the introduction
between 5 and 300 K foH=0 and 90 kOe. The sample of oxygen vacancies causes a reduction of the magnetization,
as opposed to the low temperature behavior. This result is
Author to whom correspondence should be addressed; electronic maiftlly compatible with the resistivity data, which are shown as
niebied@cab.cnea.gov.ar a function ofT in Fig. 2. As can be observed, for> T the
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H [kOe] metallic phase, with the consequent reduction of the resistiv-
20910 20 30 2‘(‘)‘(’) 30 ity. The enlargement of the FM volume indicates that when
] woo—gﬁ;ﬁéf = oxygen vacancies are introduced in the AFM host of the
9,3223'3“"/ 162 half-doped compound, these destabilize the AFM phase pro-
1.5 10K “’tg ducing a FM polarization. A simple estimation can be made
_{;&”B! o 50 083 about the volume polarized by each oxygen vacancy. If we
p assume a homogeneous distribution of the oxygen vacancies

throughout the sample, a fractiofof them will lie within
the FM volume, while the remaining fraction {1X) should
be placed within the initially AFM volume. Then, when an

05 amountd of oxygen vacancies is introduced, the induced
—0— §=0 change ofM, is given by
—e—35=0.01 AMo=8(1—X)myao+ XMy, (1)
0.0 T T T d T d T Y T d Y—O0— . . .
) 50 100 150 200 250 300 wherem, 5 (or m,g) is the magnetic moment induced by
T [K] each oxygen vacancy located in the initially AFdr FM)

volume. As mentioned before, the vacancies located in a FM
FIG. 1. Spontaneous magnetizatidd {) as a function of temperature for host reduce the magnetization, thus the second term of Eq.
the PgsCa St MnO;_ s compound (Inse) Magnetization vs field curves (1) gives a negative contribution tAMg (m,z<0). At T
at two selected temperatures. v
=200 K, where X~1, we have AMy(200 K)
~—0.125p5, Iimplying that m,e~AMy(200 K)/é
p for 5=0.01 is higher than the of the stoichiometric = —12-¢s. If we assume than, is not strongly tempera-
sample. The reduction of the ability for the charge transporfUr® dependent, we can use E2).to obtain the value afi, s
can be interpreted as a partial suppression of the double el T=10 K as
change(DE) interaction*? Due to the absence of some oxy- AM, X
gen ions, some k—O-Mn paths for the conducting elec- m,p~ S1-X)  (1-X) my,e. (2
trons are interrupted. The interruption of these chains
induces an increase of resistivity, and at the same time the In fact, since at lowT we have thatX<<(1—X), the
effective FM(DE) interaction between neighboring Mn sites precise value ofm,g is not very important for an estimation
is frustrated, thus reducing the magnetization. of m, 5. By evaluating Eq(2), we find that each vacancy in
Below T¢q, the strong insulating state exhibited by the the AFM host induces a polarization, ,~17.6ug . ASsum-
p(T) curves in Fig. 2 is related to the transition to the mainlying that the effect of these vacancies is a full polarization of
CO/AFM phase at lowl. However, the saturating resistivity the surrounding Mn sites (3. for each ong this m,,
below T~75 K in the =0 sample has been shown to be would correspond to a FM polarization ef5 neighboring
induced by the remaining FM fractiok~22% 2 Notably, =~ Mn cations. Of course this is a rough estimation of the effect
below the CO temperature, where the oxygen vacancies pr@f the oxygen vacancies. However, this result clearly indi-
duce a magnetization increase, fhéor §=0.01 is reduced cates that, at low, the oxygen vacancies have a tendency to
with respect to that for6=0, as opposed to the cage produce a local FM ordering in their vicinity. This local or-
>Tco. The increase of the FM phase fraction at [dwo  dering implies the formation of small FM polarons, with a
X~25% in thes=0.01 sample favors the percolation of the correlation length of-1 nm, similar to those observed in the
slightly doped La_,CaMn0O;.12
In Fig. 3 we present the ratip(H=90 kOe)p(H
=0), i.e., the magnetoresistance-bt 90 kOe, as a function
of temperature. What can be observed is that in the FM phase
(Tco<T<T¢) the MR is improved when the oxygen vacan-
cies are introduced, i.e. the ratfg90 kOe)p(0) is low-
ered, while the opposite response is observed in the mainly
CO/AFM phase. Once again, the crossover between the two
regimes occurs al g, like in the My(T) andp(T) curves.
This different behavior at both sides of the CO temperature is
related to the different MR mechanisms of the FM and PS
states. In the high-FM phase, the=0 sample exhibits the
usual MR of polycrystalline FM manganité$in addition,
due to the partially frustrated DE interaction, in the oxygen
104 ' ' ' deficient sample there are some Mn sites with reduced mag-
0 ](')0 2(')0 3(')0 netization acting like scattering centers. When a magnetic
T [K] field is applied, these Mn sites are polarized and this scatter-
ing disappears, thus the relative reduction of resistivity is
FIG. 2. Resistivity vs temperature curves for the two samples studied. more important than in thé=0 sample.
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1 IV. SUMMARY

In summary, we studied the electric and magnetic
properties of the phase separated manganite
Pry sCa ,SIh sMNnO;_ 5, for 6=0 and 0.01. We show that the
oxygen vacancies behave in a different way, depending on
the predominant magnetic phase. In the mainly CO/AFM
phase at low, these vacancies exhibit a tendency to produce
a local FM ordering in their vicinity, with the consequent
reduction of the resistivity. On the contrary, in the FM phase
aboveTg they act as scattering centers, where the double
exchange interaction is locally suppressed due to the inter-
ruption of a Mn—O—Mnchain.
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