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Magnetic transition and large low-field magnetoresistance near Curie
temperature in polycrystalline La 2Õ3A1Õ3MnO3 „AÄCa,Sr…

Run-Wei Li,a) Ji-Rong Sun, Qing-An Li, Tao Zhu, Shao-Ying Zhang, and Bao-Gen Shen
State Key Laboratory of Magnetism, Institute of Physics & Center for Condensed Matter Physics,
Chinese Academy of Sciences, P.O. Box 603, Beijing 100080, China

~Presented on 14 November 2002!

By means of electron spin resonance, magnetization, and resistivity measurements, phase separation
and a large low-field magnetoresistance~MR! accompanied by a first-order metamagnetic transition
in the vicinity of Curie temperature (TC) were observed in polycrystalline La2/3Ca1/3MnO3, but
were not observed in polycrystalline La2/3Sr1/3MnO3. It is obvious that the phase separation and
large low-field MR near theTC are not universal features of the colossal MR materials. By
combining the magnetic field dependence of magnetization and resistance, it was suggested that the
first-order metamagnetic transition from the paramagnetic to ferromagnetic state induced by a
magnetic field should be responsible for the large low-field MR observed in polycrystalline
La2/3Ca1/3MnO3. Undoubtedly, this observation is very important for exploring large low-field MR
in high temperature, which is necessary for practical application of the colossal magnetoresistance
effect. © 2003 American Institute of Physics.@DOI: 10.1063/1.1556940#
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Recently, double exchange perovskite mangan
Ln12xAxMnO3 (Ln5rare earth, A5alkaline earth! have
been the subject of extensive studies because of their co
sal magnetoresistance~MR!.1–4 In most cases, a large MR
can be achieved only under a strong field in the Tesla ran
which severely limits its application. Until now, there h
been progress in reducing the field scale by exploring
extrinsic MR properties of polycrystalline samples in t
form of thin films, bulk ceramics, and ultrafine powders.5–14

However, these large MR values are limited to low tempe
ture and decrease rapidly with increasing temperature. Th
fore, in order to realize the application of the colossal m
netoresistance effect, reducing the field scale and increa
the operating temperature are still the goal of a numbe
research groups worldwide.

On the other hand, the phase separation in perovs
manganites has invoked considerable interest recently.
Teresaet al.15 and Goodenough and Zhou16 found that, when
the temperature is slightly above Curie temperat
(TC), there are ferromagnetic~FM! metallic clusters imbed-
ding in the paramagnetic~PM! insulating matrix in
La0.67Ca0.33MnO3, and the size of FM clusters changes w
increasing temperature and magnetic field. Miraet al.17

found that, in polycrystalline La2/3Ca1/3MnO3, when the
temperature is slightly above theTC , a first-order magnetic
transition from the PM to FM phase can be induced by
magnetic field; this has been called the ‘‘metamagnetic tr
sition.’’ However, the metamagnetic transition does not oc
in polycrystalline La2/3Sr1/3MnO3. In La0.7Ca0.3MnO3 film,
Hundley et al.18 found that a large low-field MR appear
nearTC and the resistivityr(H,T) can be well described a
a function of the magnetizationM (H,T) by the empirical
relation r(H,T)5rm exp@2M(H,T)/M0#, which reflects the
important interplay between transport and magnetism in
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system. However, whether phase separation and large
field MR nearTC are universal features of colossal MR m
terials remains unclear. In this article, we investigate s
temically magnetic and transport behaviors of polycrystall
La2/3Ca1/3MnO3 and La2/3Sr1/3MnO3, especially in the vicin-
ity of TC . It was found that phase separation and a la
low-field MR accompanied by a first-order metamagne
transition appear nearTC in La2/3Ca1/3MnO3, but not in
La2/3Sr1/3MnO3. Undoubtedly, these observations are ve
important for exploring large low-field MR at high temper
ture and shedding light on the nature of phase separatio
perovskite manganites.

The preparation and structural analysis of the polycr
talline La2/3Ca1/3MnO3 have been described in deta
elsewhere.19 For the sake of comparison, polycrystallin
La2/3Sr1/3MnO3 was also prepared following the same proc
dure. The magnetization measurements were performed
commercial superconducting quantum interference dev
~SQUID! magnetometer. The micromagnetic properties w
investigated by electron spin resonance~ESR! measurements
using a BRUKER-200D spectrometer carried out at 9
GHz. The resistivity was measured by the standard fo
probe method.

Figure 1 shows the temperature dependence of mag
zation measured in the warm process under a magnetic
of 0.01 T. The sample La2/3A1/3MnO3 shows a transition
from FM to PM state in the temperature range from 240
270 K for A5Ca, and from 355 to 385 K forA5Sr. The
inset of Fig. 1 shows the inverse magnetic susceptibility
La2/3Ca1/3MnO3, 1/x, as a function of temperature. When th
temperature approachesTC , the temperature dependence
1/x deviates from the Curie–Weiss law, which suggests t
there probably exist FM clusters due to the short-range
coupling in the PM phase. By using the SQUID magnetom
ter, we cannot measure the deviation in La2/3Sr1/3MnO3 due
to its high TC . In fact, Tomioka et al.20 found that, in
La0.7(Sr12xCax)0.3MnO3, the deviation in inverse suscept
il:
2 © 2003 American Institute of Physics
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bility from the Curie–Weiss law weakens when substituti
Sr for Ca, and almost disappears whenx50.7. Therefore,
one can suppose that this deviation may disappear
La2/3Sr1/3MnO3.

In order to shed further light on the micromagnetic pro
erties of the sample nearTC , the ESR spectra were measur
in a field-sweeping mode~0–7000 G! from 180 to 280 K for
A5Ca, and from 300 to 400 K forA5Sr. As shown in Fig.
2~a!, when the temperature is above 265 K, the ESR sign
of La2/3Ca1/3MnO3 consist of a single peak with Lande fact
g52.0 nearly independent of the temperature. This signa
due primarily to PM Mn ions.21 Below 265 K, an extra FM
resonance peak appears and shifts to low fields with decr
ing temperature. Obviously, consistent with the susceptib
study above, the ESR results indicate the coexistence o
FM and PM phases nearTC in La2/3Ca1/3MnO3. In contrast,
the ESR results@as shown in Fig. 2~b!# indicate that, with

FIG. 1. The temperature dependence of magnetization measured in
process under a magnetic field of 0.01 T. The inset of Fig. 1 shows
inverse magnetic susceptibility of La2/3Ca1/3MnO3 , 1/x, as a function of
temperature. The straight line is a fit to the Curie–Weiss law.

FIG. 2. The ESR spectra measured in a field-sweeping mode~0–7000 G! at
various temperatures for La2/3Ca1/3MnO3 ~a! and La2/3Sr1/3MnO3 ~b!.
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increasing temperature, La2/3Sr1/3MnO3 transforms from the
FM to PM state smoothly, and no feature of phase separa
is observed nearTC .

Figure 3 shows the magnetization and resistance~nor-
malized to the zero-field value! as a function of magnetic
field in the vicinity ofTC for La2/3Ca1/3MnO3. Similar to the
results reported by Miraet al.,17 the applied field induces a
metamagnetic transition from the PM to FM state, and
critical field increases with temperature. It is notewort
that, along with the metamagnetic transition, a sharp drop
the resistance appears, followed by a smooth decrease
increasing field. At 250 K, a MR of 10% (MR5@R(0)
2R(H)#/R(0)3100%, whereR(0) andR(H) are the resis-
tance in the absence and presence of the magnetic field! can
be obtained under a field of 0.5 T. By further increasi
temperature, the sharp drop in resistance appears when
applied field is above a critical field, which increases w
temperature. In the FM regime, Hwanget al.22 investigated
systemically the MR of single crystalline and polycrystallin
La2/3Sr1/3MnO3, and found that a large low-field MR appea
in the polycrystalline sample at low temperature due to sp
polarized electron tunneling between grains. This does
occur in the single crystalline sample, and the magnetic
main boundaries do not dominate the scattering process.
ure 4 shows the magnetic field dependence of normali
resistance of the polycrystalline La2/3Ca1/3MnO3 at a tem-
perature well belowTC . When the temperature is below 15
K, a sharp drop of resistance at low field due to the sp
polarized electron tunneling between grains can be obse
@see Fig. 4~a!#. The low-field MR decreases with increasin
temperature, and can hardly be observed when the temp

rm
e

FIG. 3. The magnetic field dependence of the magnetization~upper! and the
resistance normalized to the 0 T value~lower! nearTC for La2/3Ca1/3MnO3 .
IP license or copyright, see http://ojps.aip.org/japo/japcr.jsp
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ture is between 160 and 200 K. There is an increasing ne
tive MR varying smoothly through the magnetic field ran
studied@see Fig. 4~b!#. Consistent with the results reporte
by Hwang et al.,22 the electron scattering at magnetic d
main boundaries seems not to dominate the transport
cess. The suppression of spin fluctuation should be the or
of the negative MR in this temperature range. Therefore,
large low-field MR of the polycrystalline La2/3Ca1/3MnO3 in
the vicinity of TC is of a different origin than that at low
temperature due to spin-polarized tunneling between gra

FIG. 4. The magnetic field dependence of the resistance normalized t
0 T value well belowTC for La2/3Ca1/3MnO3 .

FIG. 5. The magnetic field dependence of the resistance normalized t
0 T value for La2/3Sr1/3MnO3 . The inset enlarges the low-field case.
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Figure 5 shows the magnetic field dependence of n
malized resistance of the polycrystalline La2/3Sr1/3MnO3

from 5 to 380 K. It is noteworthy that no obvious larg
low-field MR can be observed in the vicinity ofTC ~see the
inset!. Moreover, in single crystal Pr0.7Pb0.3MnO3, a large
low-field MR also does not appear nearTC .23 Therefore,
phase separation and large low-field MR nearTC are not
universal features of the colossal MR materials. What
should emphasize is that La2/3Sr1/3MnO3 and Pr0.7Pb0.3MnO3

are of second-order magnetic transition nearTC according to
the criterion given by Banerjee,24 while La2/3Ca1/3MnO3 is of
first order. As a result, one can suppose that the large l
field MR in the vicinity of TC may be related closely to th
first-order metamagnetic transition from the PM to FM sta
under a field.
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