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Tuning of colossal magnetoresistance via grain size change
in La 0.67Ca0.33MnO3
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In this article, we show how colossal magnetoresistance effect~CMR! can be tuned in
polycrystalline mixed valence manganite La0.67Ca0.33MnO3 via changing grain size by means of a
sol-gel method. Below a critical diameter~150 nm!, CMR disappears, but large intergrain MR
remains even well aboveTc (1.2Tc for '95 nm particles!. Possible explanation for this effect
involves single magnetic domain behavior in samples annealed at low temperature. ©1999
American Institute of Physics.@S0021-8979~99!05819-3#
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I. INTRODUCTION

The rediscovery of colossal magnetoresistance~CMR! in
mixed valence manganites of the type A12xBxMnO3

(A5La, Nd, Pr, etc., a trivalent rare earth and B5Ca, Sr, Ba,
etc., a divalent element!1,2 has led to great experimental an
theoretical efforts in this area.3 Early studies of single crys
tals showed that a great change in resistivity under the ef
of a magnetic field was only present at or near the magn
phase transition temperature (Tc).

4–6 This effect was ex-
plained as a consequence of a strong spin-phonon coupl7

and more recently in an experimental way, via the prese
of magnetic polarons.8,9 In polycrystalline samples, inter
grain magnetoresistance is also present superimposed o
CMR effect.6,10–13 Spin-polarized tunneling or spin
dependent scattering between neighboring grains seems
responsible for this kind of magnetoresistance.6,14 Although
CMR is an intrinsic property of mixed valence manganit
extrinsic influences~such as grain size in polycrystallin
samples! dramatically modify this response. This could le
to a complex behavior in which both effects~intrinsic CMR
and extrinsic intergrain MR! are present at the same time.

In this article, we show how CMR response can be tun
changing grain size in polycrystalline La0.67Ca0.33MnO3. Be-
low a certain critical diameter, CMR is no longer present b
an important low-field intergrain magnetoresistance appe
even at temperatures well overTc .

II. EXPERIMENT

In order to obtain a polycrystalline reference pattern,
ramic samples of La0.67Ca0.33MnO3 were prepared from high
purity oxides ~CaO, La2O3, MnO, and MnO2! by conven-
tional solid state reaction, with a final sintering treatment
100 h at 1300 °C in a static air atmosphere. Nanometric p
ticles were prepared by the sol-gel technique. We have
ployed an aqueous solution of La~NO3!3•6H2O, Mn~NO3!2

•6H2O, Ca~NO3!2•4H2O of stoichiometric proportions an

a!Corresponding author; electronic mail: farivas@usc.es
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urea as a gelificant agent in a fixed concentrat
(@urea#/@La31#1@Ca21#1@Mn21#510). The geling agent
and the molar relationship@urea#/@salts# was optimized to
obtain homogeneous samples at lower temperatures,
was described in detail by Va´zquez–Va´zquezet al.15 That
solution is slowly evaporated at temperatures ranging fr
75 to 137 °C~melting point of urea!. When cooling, a gel is
formed, and later, it is decomposed heating it at 250 °C fo
h, yielding the precursor to prepare the final samples. T
precursor is annealed at different temperatures up to 110
for 6 h. Complete crystallization was observed at 600 °C~3
h!. Particle sizes (D) were measured by means of scanni
electron microscopy~SEM! ~see Fig. 1 and Table I!. A de-
viation from the mean diameter<15% was observed for al
the samples. Moreover, transition electron microsco
~TEM! analysis revealed elongated rather than spherical
ticles. Oxygen content was found to be close to the stoich
metric value by yodometric analysis, in the range 36d
53.01(2) for all the samples. Through x-ray diffraction w
detected a high crystallinity and absence of spurious pha
for samples annealed atT.700 °C.

Magnetization hysteresis loops were measured usin
vibrating sample magnetometer from 77 to 300 K in fields
to 10 kOe. Resistivity measurements were made by the s
dard four probe method at a constant current. Magnetore
tance is defined as %MR51003@r(H50)2r(H
55 kOe)/r(H50)#.

III. RESULTS AND DISCUSSION

In Table I, we show the change in particle size as
function of the annealing temperature~see also Fig. 1!. We
have varied the grain size from 95 nm~sol-gel sample,
800 °C! to around 20mm in the ceramic sample. This pro
vides us a very wide range to explore the whole range of M
behavior. Instead of deviation around mean size, we can
sure that no size distribution effects are present in our s
tems, since the diameters of different sets of particles
different enough to prevent this effect.
1 © 1999 American Institute of Physics
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In Fig. 2, we plot coercive field (Hc) and squarenes
~SQ!, defined as remanence (MR) over saturation magneti
zation (MS), (SQ5MR /MS), at T5100 K versus sintering
temperature for samples with different grain size. The t
dency ofHC and SQ to decrease seems to indicate a gra
change from single domain to multidomain magnetic beh
ior as grain size increases.16,17On the other hand,TC remains
constant for all the samples~see Fig. 3!. The decrease in low
temperature magnetization in small grain size samples is
tributable to the presence of a nonmagnetic surface la
created by noncrystalline material that is more important
the particle size decreases.18 The change in magnetizatio
near phase transition indicates good magnetic homogen
in all the cases, independent of grain size distribution. T
lost of long range ferromagnetic order in smaller grain s
samples causes the more gradual decrease in magnetiz
curve, as shown in Fig. 3.

FIG. 1. SEM photograph of La0.67Ca0.33MnO3 particles with very different
size.~a! Sample sintered at 800 °C with grain size around 95 nm.~b! Sample
sintered at 1100 °C with grain size around 500 nm.

TABLE I. Particle size dependence of the annealing temperature. As we
see, a wide range of particle sizes was studied.

Method Sintering treatment Particle size

Sol-gel 800 °C~6 h! 95614 nm
Sol-gel 900 °C~6 h! 150621 nm
Sol-gel 1000 °C~6 h! 250638 nm
Sol-gel 1100 °C~6 h! 0.560.1mm
Ceramic 1300 °C~more than 100 h! '20 mm
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The key point of this article is presented in Fig. 4, whe
magnetoresistance versus reduced temperature is plotte
the series of samples studied. The characteristic CMR p
observed around metal–insulator transitionTM2I decreases
continuously as grain size does, and for sol-gel samples
tered at 900 °C (D'150 nm), intrinsic colossal magnetore
sistance completely disappears. Below the transition te
perature, an increasing intergrain magnetoresistance resp
appears in every case, but it is largest for smaller grain s
samples. Intergrain MR remains measurable until 1.2TC for
the smallest grain sample. This significantly increases
interval of MR response of the material, which could have
evident role in the development of MR sensors, since p
vides a measurable response in a wide range of tempera

Magnetoresistance behavior versus reduced tempera
allows us to distinguish two separate groups of samp
samples treated at temperatures lower than 1000 °C show

an

FIG. 2. Grain size dependence of coercive field (HC) and squareness (SQ
5MR /MS). We can observe how both values decrease as grain size
creases. Lines are guides to the eye.

FIG. 3. Grain size dependence of magnetization. It is clear from the fig
that TC is nearly the same for all the samples studied, independent of g
size.
IP license or copyright, see http://ojps.aip.org/japo/japcr.jsp
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same steep slope in the evolution of MR versusT, that leads
to a high magnetoresistance value at low temperature.
contrast, high temperature treated samples present the in
sic CMR associated with metal–insulator transition and
small intergrain MR, with a less pronounced slope in the M
versus temperature curve~Fig. 4!. Strong differences in low
field magnetoresistance at 77 K are shown in Fig. 5. We
observe how intergrain effect produces a magnetoresist
loop in the case of small particles. This consequen
strongly related to magnetization hysteresis loop,13 is negli-
gible in the biggest particle size process.

It is clear from these results that a reduction in sinter
temperature leads to the progressive destruction of intri
colossal magnetoresistance. This effect could be related

FIG. 4. Magnetoresistance percentage at a constant field of 5 kOe~%MR!
vs reduced temperature (T/TM2I) for several particle size samples. Th
appearance of CMR peak aroundTC'TM2I is clearly observed.

FIG. 5. Low field magnetoresistance at 77 K for two samples with v
different grain size; 95 nm~sol-gel 800 °C! and'20 mm ~ceramic 1300 °C!.
The presence of hysteresis in MR is successfully explained in a tunne
model for conduction between grains.
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a transition from single domain to multidomain regim
which promotes the presence of domain walls in the big
particles. These walls could act themselves as scattering
ters altered by the presence of a magnetic field or, in a m
suitable way, as a significant circumstance in the appeara
of the intrinsic mechanism that produces CMR. The d
presented here can be related to the theory developed
Zhanget al.19 This author relates the CMR peak in mang
nese perovskites to the presence of thermally activated m
netic domains. Although this kind of domains are differe
from static ones, the absence of domain walls could be
lated with the progressive destroy of the intrinsic mechan
that cause CMR.

On the other hand, the increase in the influence
boundaries reducing grain size promotes a rise in tunne
magnetoresistance~see Fig. 4!, that inhibits the intrinsic re-
sponse of the material, that is, the CMR peak around
phase transition. Extrinsic magnetoresistance becomes so
portant that intrinsic counterpart influence is negligible.

Even taking into account these explanations, we sho
not forget the intrinsic chemical inhomogeneity reported
similar compounds sintered at low firing temperature.20–22

These inhomogeneities presented in other samples, coul
related to the absence of a colossal magnetoresistance
The mixture of several different magnetic phases may
responsible for the destruction of intrinsic CMR behavior
similar situations. In any case, this subject should hav
complete theoretical study just to clarify the additional r
sults presented here.

IV. CONCLUSIONS

In summary, we have shown how colossal magnetore
tance can be tuned in La0.67Ca0.33MnO3 by changing grain
size. Below a certain particle size CMR response disappe
but intergrain magnetoresistance remains measurable
1.2TC . This result could be important from the academic a
technological point of view. High temperature MR observ
at low fields could be useful in the development of practi
magnetoresistive devices.
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