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I. INTRODUCTION

A number of different compounds, such as those derived
from LaMnO3, have attracted a great research interest,1–6

enormous imagination, and close scrutiny during the last de-
cade due to their colossal magnetoresistive �CMR� response
to applied magnetic fields. This CMR effect and the corre-
lated degrees of freedom of magnetic structure, crystallo-
graphic structure, and electrical resistivity in CMR materials,
in addition to being of fundamental scientific interest, may
provide some scope for engineering more sensitive magne-
toresistive response. But in the case of single crystals,7,8 thin
film,9–11 and ceramic CMR materials,12,13 magnetic fields of
several teslas are typically required to obtain such a large
magnetoresistive effect near ferromagnetic Curie tempera-
ture �TC�, thus limiting the potentials for applications. Fur-
ther, there is a question about the technological relevance of
the manganites due to that the large magnetoresistance �MR�
associated with TC is restricted to a narrow temperature
range, and the large resistivity near TC would give rise to
high levels of electrical noise. All these collectively make

these materials unworthy for real field sensing device appli-
cations. However, in the case of polycrystalline CMR mate-
rials a key feature observed is a large negative MR at very
low fields �LFMR� followed by a slower varying negative
MR at comparatively high fields �HFMR�, at temperatures
far below the ferromagnetic Curie temperature TC.14,15 Al-
though this LFMR seems to have potential for sensor appli-
cations, all previously reported experimental results show
that the effect is very much pronounced only at low tempera-
tures and drops sharply with increasing temperature. Near
room temperature, this effect almost vanishes since the high
degree of spin polarization �caused by the half metallic na-
ture of these materials�, which is so crucial for the observa-
tion of the LFMR, remains only in the low-temperature fer-
romagnetic regime. Manganites thus remain unable to refute
the early criticisms about their wide technological relevance.

In order to make them technologically relevant an appre-
ciable magnitude of LFMR should be obtained at consider-
ably higher temperature ��300 K�. Since it is well known
that in the nanoregime there occours drastic changes in elec-
trical, magnetic, optical, and other physical properties, we
have investigated whether nanometric modulation of grain
size of polycrystalline manganites has any effect on the mag-
netotransport properties. A number of such investigations of
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�LSMO� samples having grain sizes in the nanometric regime �14, 22, and 26 nm�,
all synthesized through chemical route “pyrophoric reaction process.” The motivation behind the
present investigation is to study the effects of nanometric grain size on magnetoresistance �MR�,
specially its temperature and magnetic-field dependences. Magnetoresistance measurements show
that in all samples there is a large negative MR at very low fields �LFMR�, followed by a slower
varying negative MR at comparatively high fields �HFMR�, in the ferromagnetic regime.
Surprisingly, we observed that at both low- and high-field regimes, the magnitude of MR remains
constant up to sufficiently high temperature and then drops sharply with temperature. This
temperature-dependent MR behavior gets enhanced with the decrease in particle size. Most
interestingly, we found a considerable low-field MR �14%� persisting even at 200 K, which is an
appreciable improvement on the results of previous workers. In order to explore the basic physics
behind this unusual temperature dependence of MR, we analyzed our data in the light of a
phenomenological model �P. Raychaudhuri et al., J. Appl. Phys. 84, 2048 �1998��, based on
spin-polarized transport of conduction electrons at the grain boundaries, with major attention being
paid to the gradual slippage of domain walls across the grain-boundary pinning centers in an applied
magnetic field. Finally, we have attributed this feature of LFMR to the surface magnetization of our
nanosize granular LSMO samples, which is crucial for nanodimensional systems.
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the grain size �in the nanometric regime� effect on magne-
totransport properties of perovskites La1−xAxMnO3 have
been recently published.16–21 But to the best of our knowl-
edge there has been no detailed investigations on the
temperature-dependent behavior of low-field MR. This, how-
ever, is essential not only from the technological perspective
but also for a real understanding of the intricate physics be-
hind LFMR.

In this paper, we have addressed this issue through a
detailed study of the effect of nanometric grain size on MR,
specially its temperature and magnetic-field dependences.
Nanocrystalline La0.67Sr0.33MnO3 �LSMO� of three different
grain sizes of 14, 22, and 26 nm has been prepared through a
chemical route “pyrophoric process,”22 producing composi-
tionally homogeneous powders. The MR measurements of
these samples at both low as well as high fields show that the
magnitude of MR remains nearly constant up to a tempera-
ture of �200 K. This temperature-dependent flat plateau re-
gion increases with the decrease in particle size. The basic
physics behind this temperature dependence of MR has been
analyzed using a phenomenological model15 based on the
spin-polarized transport of conduction electrons at the grain
boundaries. We have attributed this feature of spin-polarized
tunneling MR �MRSPT� to the surface magnetization of the
system, which plays a crucial role for nanodimensional
systems.

II. EXPERIMENTAL DETAILS

Nanometric particles of LSMO were prepared from
high-purity La2O3, Mn�CH3COO�2, and Sr�NO3�2 by “pyro-
phoric reaction process.” We have employed an aqueous so-
lution of the requistie amount of compounds in stoichio-
metric proportions. Then triethanolamine �TEA� is added
with these solutions in such a way that the metal ions to TEA
ratio in the starting solutions are maintained at 1:1:4 �La, Sr:
Mn:TEA=1:1:4�, to make a viscous solution. The clear so-
lutions of TEA-complexed metal nitrates are evaporated on a
hot plate at 180 °C with constant stirring. The continuous
heating of these solutions causes foaming and puffing. Dur-
ing evaporation, the nitrate ions provide an in situ oxidizing
environment for TEA, which partially converts the hydroxyl
groups of TEA to carboxylic acids. When complete dehydra-
tion occurs, the nitrate themselves are decomposed with the
evolution of brown fumes of NO2 leaving behind volumi-
nous, organic-based, black, fluffy powders, i.e., precursor
powders. The dried carbonaceous mass is then ground to fine
powder and have been calcined at various temperatures to
get a series of LSMO nanocrystalline powders. The heat
treatments of the precursor materials �in air 5 h� have been
carried out from 650 to 900 °C in steps of 50 °C.

Structural characterization of the nanocrystalline LSMO
powders was carried out using x-ray powder diffraction
�XRD� �Models PW 1710 and PW 1810, Philips� with mono-
chromatic Cu K� radiation and by transmission electron mi-
croscopy �TEM� employing a JEOL 2010F UHR version
electron microscope at an accelerating voltage of 200 kV.
The dc resistivity was measured using four-probe method by
Hewlett Packard Multimeter Model 34401A in auto mode. A

calibrated Pt-100 temperature sensor attached with Keithley
182 Nanovoltmeter was used for the temperature measure-
ment of the sample. Measurements were carried out in the
temperature range of 80–335 K using a liquid-nitrogen
variable-temperature cryostat. The entire setup was computer
controlled through general purpose interface bus �GPIB� and
the data acquisition was made by a personal computer �PC�
�Pentium-4�. For the resistivity measurements, powders are
pressed and sintered at the corresponding calcinations tem-
perature for 30 min to weld the grains and form a pellet. The
effect of this sintering treatment is not expected to further
increase the grain size since we have sintered the respective
sample at its corresponding calcinations temperature. Ac
magnetic-susceptibility measurements were carried out in a
standard double-coil mutual inductance bridge arrangement.
Measuring frequency and magnetic field were 33.33 Hz and
100 Oe, respectively. Temperature measurements were car-
ried out in the temperature range of 80–450 K in a liquid-
nitrogen variable-temperature cryostat by a calibrated plati-
num resistance thermometer �Pt-100�. Magnetoresistance
measurements were carried out with the standard Van der
Pauw technique at a constant 10 mA sample current in the
temperature range of 80–300 K, in the transverse geometry
�magnetic field perpendicular to the current J�H� of mag-
netic field up to 10 kOe.

III. RESULTS AND DISCUSSION

A. Structural characterization of the samples

The as-prepared precursor powders were x-ray amor-
phous. Heat treatment of the precursors at 650 °C for 5 h
resulted in single-phase LSMO powders �Fig. 1�a��. How-
ever, the XRD lines of these powders were very broad �Fig.
1�b�� with large full width at half maximum �FWHM� �inset
in Fig. 1�b��, indicating the formation of fine LSMO pow-
ders. The broad peaks observed in the XRD pattern of the
nanocrystals arise from the finite number of diffracting
planes within the finite size of the particle; the average grain
size �D� in these cases is given by the Scherrer formula:23

D=k� /�eff cos �, where k is particle shape factor �generally
taken as 0.9�, � is the wavelength of Cu K� radiation �1.54
Å�, � is the diffraction angle of the most intense peak �110�,
and �eff is defined as �eff

2 =�m
2 −�s

2, where �m and �s are the
experimental FWHM of the present sample and the FWHM
of a standard silicon sample, respectively. An increase in the
calcinations temperature from 650 to 900 °C results in the
sharpening of the diffraction lines with an increase in inten-
sity �Fig. 1�. The values of the thus obtained D are within
14–28 nm �inset in Fig. 1�a�� for LSMO grains calcined at
different temperatures. The smallest average grain size �14
nm� of the LSMO sample achieved in pyrophoric reaction
process is small enough for the required rotation of the
grains �overcoming its inertia�, stimulated by the desired heat
treatment-calcinations process, so as to align the crystallo-
graphic axes of two or more grains and consequently in-
crease the size of the grains. As we can observed in the inset
of Fig. 1�a� that the initial increase in the average grain size
in increasing calcinations temperature from 650 to 700 °C
��T=50 °C� is 14–20 nm whereas with the rise in calcina-



tions temperature from 700 to 750 °C the grain size increases
only from 20 to 22 nm. However, this procedure of deter-
mining the grain size is an indirect way to estimate the grain
size.

Structural characterization through TEM is a direct way
to estimate the grain size. Figure 2 shows a typical TEM
image of nanocrystals of LSMO calcined at 650 °C. The
transmission electron microscopy was done on the powders
dispersed in a solvent and mounted on a carbon grid. Figure
2�a� shows bright-field images of nanocrystalline LSMO
sample. The images show an abundance of nearly spherical
particles whose size distribution is given by the histogram
shown in Fig. 2�c�, the histogram being obtained by analyz-
ing several frames of similar bright-field images. We find
that the particles have an average size of 12 nm, which is in
close agreement with the results obtained from x-ray diffrac-
tion studies ��14 nm�. The high-resolution image of a single
particle is shown in Fig. 2�b�. The lattice-resolved image
exhibits a typical lattice spacing of 3.018 Å corresponding to
the �110� plane of the crystal.

B. Electrical transport and ac magnetic-susceptibility
studies

The basic electrical and magnetic characterizations of
the samples have been done by resistivity measurement and
ac susceptibility measurements down to liquid-N2 tempera-
ture. Figure 3 shows the normalized resistivity as a function

of temperature for the series of LSMO nanocrystalline
samples. It is evident from the inset of Fig. 3 that with the
decrease in the average grain size, metal-insulator transition
temperature �TMI� shifts towards lower temperature. For the
largest grain sample �28 nm� TMI appears at 280 K, while for
the smallest grain sample �14 nm� it appears at 265 K, asso-
ciated with a pronounced increase in resistivity. Figure 4
shows the ac susceptibility as a function of temperature for
LSMO �22 nm� sample. It shows a Curie temperature
��339 K�, defined as the peak in the derivative of the ac-��
curve �inset �a� of Fig. 4�. The variation of TC with grain size
is shown in the inset �b� of Fig. 4. The electrical transport
and ac-�� measurement on the series of LSMO nanocrystal-
line samples revealed that TC does not follow the shift of TMI

with decreasing grain size creating vast zones of
ferromagnetic-insulator �FM-I� behavior which is in agree-
ment with the previous workers.16,24,25

FIG. 1. �a� XRD pattern of the La0.7Sr0.3MnO3 nanoparticles prepared at
calcination temperatures of 650, 700, 750, 800, and 900 °C. The inset shows
the variation of grain size with calcination temperature. �b� Gaussian fit of
the most intense peak �110� for the series of LSMO samples. The inset
shows the variation of FWHM with calcinations temperature.

FIG. 2. �a� Transmission electron micrograph of LSMO sample calcined at
650 °C. �b� High-resolution transmission electron microscopy �HRTEM� im-
ages of a single particle of LSMO nanocrystals, showing the single-phase
lattice-resolved planes. �c� Histogram showing the grain-size distribution of
our nanocrystalline LSMO sample calcined at 650 °C. �d� Selected area
diffraction �SAD� pattern of LSMO nanocrystals.

FIG. 3. Normalized reduced resistivity vs temperature for a series of nano-
crystalline LSMO samples having average grain sizes of 14, 20, 22, and 26
nm. The inset shows the variation of TMI with grain size �D�.



C. Magnetotransport study

Magnetoresistance �MR� measurements were carried out
on nanocrystalline LSMO samples having average particle
sizes of 14, 22, and 26 nm. In Fig. 5�a� we plot the field
dependence of the MR,

MR =
��

�0
=

��H,T� − ��0,T�
��0,T�

,

at temperature of 80 K, for those three samples. These curves
exhibit the usual behavior of polycrystalline samples with a large negative MR at very low-field regime �LFMR, H

�5 kOe� followed by a slower varying MR at comparatively
high-field regime �HFMR, H	5 kOe�, where MR is almost
linear on H and ��H� decreases continuously without any
sign of saturation up to the highest measuring field. It is
observed that the low-field MR �LFMR� is about 14% �at
H=3 kOe� at T=80 K for all three samples. Figure 5�b�
shows the typical magnetic-field- and temperature-dependent
behaviors of MR of LSMO nanocrystals having an average
diameter of 26 nm. We believe that the observed negative
MR of our nanocrystalline LSMO sample originates from
two magnetic-field-dependent resistivity contributions to the
system, �a� a part coming from the reduction of spin fluctua-
tion RINT�H�, and �b� a part coming from spin-polarized tun-
neling RSPT�H� of the conduction electrons between two ad-
jacent grains. According to Hwang et al.14 the LFMR in
polycrystalline materials is governed by the spin-polarized
transport across the grain boundaries. They attribute the low-
field sharp drop in the MR-H curve due to progressive align-
ment of the magnetic domains associated with the grains by
the movement of domain walls across the grain boundaries.
The importance of spin-polarized tunneling model in the
case of manganites lies on the fact that a relatively narrow
majority-carrier conduction band is completely separated
from the minority band by a large Hund’s energy �EH� and an
exchange energy �Jex�, implying a nearly complete spin po-
larization of the charge carriers26 �P�100%�. Figures 6�a�
and 6�b� show the temperature dependence of MR at 3 and
10 kOe, i.e., at low-field �H�5 kOe� and high-field �H
	5 kOe� regimes respectively, for all three samples. At both
regimes we observed that the magnitude of the MR remains

FIG. 4. Magnetic ac susceptibility of LSMO nanocrystalline samples having
an average grain size of 22 nm, measured in the temperature range of 80–
425 K. Inset �a� shows the derivative plot of the same graph, the lowest
point of which corresponds to TC. Inset �b� shows the variation of TC with
grain size �D�.

FIG. 5. �a� Magnetoresistance vs magnetic field �−10 kOe-0- +10 kOe� at a
constant temperature of 80 K for nanocrystalline LSMO samples having
average grain sizes of 14, 22, and 26 nm. The inset shows the high-field MR
slope as a function of grain size. �b� Magnetoresistance as a function of
magnetic field �−10 kOe-0- +10 kOe� at different temperatures �80–300 K�
for LSMO samples having an average grain size of 26 nm.

FIG. 6. Magnetoresistance as a function of temperature, ranging between 80
and 300 K, for LSMO samples having average grain sizes of 14, 22, and 26
nm, at �a� 3 and �b� 10 kOe, respectively.



constant up to a high temperature and then drops sharply
with temperature. This effect gets enhanced with the de-
crease in particle size that can be clearly seen from Fig. 6. In
order to explore the basic physics behind this temperature
dependence of MR in our nanocrystalline LSMO sample our
primary approach is to separate the part of the MR originat-
ing from the spin-polarized tunneling �MRSPT�, from the part
of the MR identified by the suppression of spin fluctuation
�MRINT�, and mainly to inspect their respective temperature
dependencies. For this purpose we have used the model as
proposed by Raychaudhuri et al.,15 based on spin-polarized
transport of conduction electrons at the grain boundaries
with attention paid to the magnetic domain-wall motion at
the grain boundaries under the application of magnetic field.
Extending the idea of spin-polarized tunneling as proposed
by Helman and Abeles,27 this model describes the magnetic-
field dependence of MR taking into account the gradual slip-
page of domain walls across the grain-boundary pinning cen-
ters in an applied magnetic field. According to this model we
get the expression for magnetoresistance as

MR = − A��
0

H

f�k�dk − JH − KH3. �1�

Within the approximation of the model, in zero field the do-
main boundaries are pinned at the grain-boundary pinning
centers having pinning strengths k. The grain boundaries
have a distribution of pinning strengths �defined as the mini-
mum field needed to overcome a particular pinning barrier�
given by f�k� expressed as

f�k� = A exp�− Bk2� + Ck2 exp�− Dk2� . �2�

All the adjustable fitting parameters, A, B, C, D, J, and K
with A� absorbed in A and C, are required to know from a
nonlinear least-square fitting to calculate MRSPT which is
defined as

MRSPT = − �
0

H

f�k�dk . �3�

To fit Eq. �1� to the MR curves for those three samples hav-
ing different particle sizes we have followed the same
scheme as used by Raychaudhuri et al.15 Differentiating Eq.
�1� with respect to H and putting Eq. �2� we get

d�MR�
dH

= A exp�− BH2� + CH2 exp�− DH2� − J − 3kH2.

�4�

The experimental �MR-H� curves were differentiated and fit-
ted to Eq. �4� to find the best-fit parameters at several tem-
peratures. Figure 7 shows the differentiated curve and the
best-fit function at T=80 K for all those three LSMO
samples. Using the best-fit parameters we have fitted Eq. �1�
to our experimental MR vs H curves. Figures 8�a� and 8�b�
show an excellent fit for the experimental curves to Eq. �1�
for the samples having particle sizes of 14 and 26 nm at
several temperatures below TC.

Figure 9 shows the temperature variation of the total
experimental MR, MRSPT�H�, and MRINT�H� at H=10 kOe,

for those three nanocrystalline LSMO samples having aver-
age grain sizes of 14, 22, and 26 nm, respectively. It is evi-
dent from Fig. 9 that the magnitude of the calculated mag-
netoresistance due to spin-polarized tunneling, i.e., MRSPT

�H� remains constant up to a high temperature and then
drops sharply with temperature. This effect gets enhanced
with the decrease in particle size. For the smallest grain
sample of 14 nm, this flat plateau region in MR vs T curves
even extends up to T�200 K. This result for nanodimen-
sional manganites is in sharp contrast to the results reported
by Hwang et al.14 for La0.67Sr0.33MnO3 polycrystalline
sample prepared through conventional solid-state reaction
process in air and thus have a large grain size
��
m�. According to them the part of the MR most clearly
identified with spin-polarized tunneling shows a gradual de-
crease with an increase in temperature. Our result also shows
striking differences from the result obtained by Ray-
chaudhuri et al.15 for La0.55Ho0.15Sr0.33MnO3 polycrystalline
sample prepared through conventional solid-state reaction
technique �grain size �
m�. According to them calculated
MRSPT �H� at 14 kOe magnetic field decreases rapidly with
an increase in temperature. Most interestingly, our results
also show significant departure of temperature-dependent
LFMR behavior from those reported17,18 for nanosize man-
ganites. So, the temperature dependence of MRSPT �H�, de-
scribed by an empirical expression of type �a+b� / �c+T�,14

FIG. 7. Derivative of the experimental �MR-H� curve ��� and the fitted
curve ��� using Eq. �4�, at 80 K in the magnetic-field range of �1–10 kOe�
for LSMO samples having grain sizes of �a� 14, �b� 22, and �c� 26 nm,
respectively.



fails to explain the MRSPT �T� behavior of our nanocrystal-
line LSMO sample. Moreover the empirical expression does
not have any theoretical basis. Thus it requires modification
for the nanosize manganites system.

Direct spin-polarized tunneling of conduction electrons
cannot explain this temperature dependence of MRSPT. In
order to elucidate the basic physics behind this strange tem-
perature dependence of MRSPT, we have to stress the inter-
mediate state of tunneling involving the grain-boundary in-
terface, which makes it sensitive to the magnetization of the
surface.28 We also have to take into consideration the nano-
metric grain size of LSMO samples for which the surface-

to-volume ratio of each individual grains is large, therefore,
surface-related physical properties are supposed to be very
much pronounced than its bulk counterpart. Following this
we may judiciously assert that the effect of surface or bound-
ary spin of the nanosized LSMO particles is much more
dominant over that of the core spin in generating MR effect.
That is the relevant magnetization controlling the spin-
polarized tunneling was that of the surface �MS� and not the
bulk. Therefore, we can say that the strange temperature de-
pendence of MR in our nanodimensional manganites system
�Fig. 9� is decided predominantly by the temperature sensi-
tivity of surface magnetization �MS� and not the core mag-
netization �M� of each nanosize magnetic particles. To ex-
plore the underlying physics we should know how the
surface magnetization �MS� of individual grain responds with
temperature. However, so far the microscopic nature of the
surface region is not well understood. Moreover, there is
inconsistency between several reports on the behavior of sur-
face magnetization of manganites grains. For example, ac-
cording to Park et al.29 the grain surface magnetization is
suppressed compared to the bulk magnetization, whereas

FIG. 10. Normalized conductivity as a function of magnetic field �0–10
kOe� at several temperatures �80–300 K� for LSMO samples having average
grain sizes of �a� 14, �b� 22, and �c� 26 nm, respectively.

FIG. 8. Experimental MR-H curves �dots� and the fitted curves �lines� using
Eq. �1�, at various temperatures for LSMO samples having average grain
sizes of �a� 14 and �b� 26 nm, respectively.

FIG. 9. Temperature dependence of the total MR ���, calculated MR due to
spin-polarized tunneling MRSPT ���, and intrinsic contribution MRINT �∆� at
10 kOe, for LSMO samples having average grain sizes of 14 nm �filled
symbols�, 22 nm �half filled symbols�, and 26 nm �unfilled symbols�,
respectively.



Soh et al.30 reported that the Curie temperature near the grain
boundary gets enhanced, up to 20 K higher than the grain
interior.

Here, however, in order to address this phenomena we
have adopted the theoretical perspective as was reported by
Lee et al.28 According to them the expression for conductiv-
ity ��� in polycrystalline perovskite manganites in the pres-
ence of magnetic field H is given by

�

�0
 1 + 2M̄ · �Ŝb� + ��M̄ · Ŝb�2� , �5�

where �0 is the zero-field conductivity, Sb be the spin orien-
tation at the grain boundary, and M is the normalized mag-
netization of the bulk spin. At high fields, Eq. �5� reduces to

�

�0
	 1 +

1

3
M2 + 2�bHM̄ . �6�

Here the third term yields M2 /3, since the third term can be
written as M2�cos2 ��, where � is the angle between Sb and
M. The thermal average of the boundary spin is proportional
to �bH, where �b is the spin susceptibility of the boundary
spins. Hence to analyze our data using this model, we have
presented in Fig. 10 a detailed study of magnetoconductivity
�MC�, calculated as MC= ���H�−�0� /�0, as a function of
temperature and magnetic field, for those three samples.
Considering the model, the slope �S� of the MC vs H curve at
high-field regime �H	5 kOe� can be taken to be the mea-
sure of the boundary spin susceptibility �b.28 Figure 11
shows the high-field �H=10 kOe� MC slope �S�, i.e., surface
spin susceptibility ��b�, as a function of temperature. Inter-
estingly, we found that the high-field slope �S� of our nano-
crystalline LSMO samples follows the very nature of the
temperature dependence of MRSPT —a temperature-
insensitive flat plateau region followed by a substantial drop.
This leads to attribute the unusual temperature-dependent be-
havior of MRSPT in our nanodimensional LSMO system to
the still not clearly understood surface magnetization of the
system. We propose that this temperature-insensitive behav-
ior of surface magnetization up to considerably high tem-
perature is due to the antiferromagnetic ordering of the
boundary spins31 or by their freezing into a disordered state

due to random exchange interactions or random anisotropies
at the surface. However, spin-polarized photoemission study,
to elucidate the temperature dependence of MS in our nano-
sized LSMO system, is needed for a better understanding of
the behavior of the surface spins.

IV. CONCLUSIONS

In conclusion, we have presented detailed studies of the
MR specially its temperature and magnetic-field depen-
dences in our nanosize LSMO powders having average sizes
of 14, 22, and 26 nm. We have analyzed our experimental
MR data following a phenomenological model to separate
out the MR arising from spin-polarized transport, from the
intrinsic contribution in our nanosize granular LSMO
samples. We have observed that the magnitude of MRSPT

remains constant up to sufficiently high temperature and then
drops rapidly with temperature. This effect gets enhanced
with the decrease in particle size. For our smallest grain
sample of 14 nm, a considerable low-field MR �14%� exists
even at 200 K temperature. This is an appreciable improve-
ment over previous work. Though our results may be far
from optimal, they seem to suggest that nanosize modulation
of LSMO grain may lead to technologically important ad-
vances through tuning of low-field MR behavior.
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