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We have shown, using high resolution x-ray diffraction studies of nanoparticles, that size reduction
can lead to an arrest of the high temperature phase in perovskite materials, which prevents growth
of the low temperature phase that needs a specific crystal structure for its stabilization. This has
been shown in the context of �15 nm diameter nanocrystals of La0.5Ca0.5MnO3

Engineering the physical properties of bulk solids by re-
ducing their size to a few nanometers is an area of intense
topical interest. The possibility that new properties arise
when the size can be tuned to a suitable range allows one to
synthesize materials with different properties by keeping the
chemistry the same. The size tuning of physical properties is
expected to be most effective in materials that have compet-
ing interactions. In this context, the perovskite oxides present
a particularly interesting class of materials. In such oxides,
the ground state is often determined by a specific crystallo-
graphic structure. In this letter, we explore the possibility
whether the crystallographic structure can be arrested by size
reduction so that it does not evolve when the temperature is
varied and the ground state specific to the bulk does not
stabilize at low temperature. Instead, the high temperature
phase is stabilized. Our investigation has been carried out on
the hole doped perovskite oxide manganites �with ABO3
structure�, which have interactions of different types that are
often of comparable strengths.1 This makes them quite fas-
cinating because the ground state can have distinct phases �a
ferromagnetic metal, a charge ordered �CO� insulator, or a
paramagnetic polaronic insulator� which are energetically
close.2 The different phases stabilize as ground state at dif-
ferent ranges of the hole concentration. When we reduce the
particle size of these manganites to the order of 15–20 nm
�henceforth referred to as nanomanganites�, various finite
size effects come into play, making the study of these sys-
tems even more interesting. It has been recently shown that
in such nanomanganites, when the size is reduced below
100 nm, the charge and orbitally ordered �CO-OO� ground
state with antiferromagnetic spin order becomes unstable and
this gives rise to a ferromagnetic ground state.3,4 This has
been achieved by size reduction without altering the hole
concentration �or the stoichiometry�. However, the cause of
such destabilization is still an open issue in the absence of a
systematic investigation on the effect of size reduction on the
structure of such systems. In this context, a precision tem-
perature dependent structural investigation is important be-
cause the stability of the CO-OO phase depends on the struc-
ture. This letter addresses this specific issue and shows that

in such nanomanganites �with size down to �15 nm�, the
room temperature structure gets arrested and does not de-
velop on cooling. Finite size effect does not allow supercell
modulation �needed for such ordering� to develop and has
been suggested as one of the mechanisms that can prevent
growth of the CO-OO phase.

We have chosen for our study the half-doped manganite
La0.5Ca0.5MnO3 �LCMO�, which has a paramagnetic-
ferromagnetic phase transition at around 225 K �TC� fol-
lowed by the charge ordering transition at TCO=155 K.5 An
antiferromagnetic spin order accompanies the CO-OO,
phase, which is stabilized by distinct structural transition,5 as
will be discussed below. The nanoparticles were prepared by
a polyol precursor based route.6,7 For comparison to the stan-
dard data, we prepared a bulk sample �particle size �3 �m�
by sintering the same particles at higher temperatures. The
high resolution powder diffraction data were obtained at the
European Synchrotron Radiation Facility, Grenoble, France
by using the BM-01B beamline and a wavelength of
0.375 Å, over the temperature range of 5–300 K. Nearly
5000–6000 points/scan using six detectors were taken. To
our knowledge, this is the first study of the structural evolu-
tion of nanoparticles of manganites by using high resolution
diffraction techniques. The magnetic measurements have
been carried out by using a Quantum Design superconduct-
ing quantum interference device magnetometer8 and also a
homemade low field ac susceptibility bridge working at
33.33 Hz. Microstructural characterization was done by us-
ing field emission gun scanning electron microscopy �SEM�
and transmission electron microscopy �TEM�. The TEM data
show that the nanoparticles are good single crystals with a
size of �15�3 nm. This matches well with the size deter-
mined from the x-ray data obtained by using a Williamson–
Hall plot.9 The size of the larger “bulk” particles �diameter
�3 �m� were determined by SEM. In Fig. 1, we show the
temperature evolution of the lattice parameters for the bulk
as well as for the nanoparticle samples. The lattice param-
eters have been obtained by using the Rietveld powder dif-
fraction profile fitting technique. We have used the ortho-
rhombic space group Pnma by following Radaelli et al.5 The
lattice parameters of bulk LCMO display large changes in
the region TCO�T�TC. At 300 K, the three axes have simi-a�Electronic mail: tapatis@bose.res.in
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, in which the
orthorhombic distortion at room temperature freezes in and, as a consequence, the charge order
cannot set in and the ferromagnetic state that sets in at higher temperature is stabilized at low
temperature.
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lar size. On cooling, the b axis drastically decreases and the
a and c axes correspondingly increase. The changes become
more pronounced below 200 K, and they become nearly
temperature independent for T�TCO. However, for the nano-
particle sample, the lattice parameters virtually remain un-
changed throughout the temperature range studied. The small
changes in the lattice parameters of the nanoparticles on
cooling do not follow any systematic trend, unlike that in the
bulk sample. In the nanoparticle, the a axis at room tempera-
ture is smaller by �1%, the b axis is smaller by �2%, while
the c axis expands by �1%.

The cell volume and the orthorhombic strains �OS�
and

OS�
� in the two samples are shown in Fig. 2. The cell volume

decreases by about 1.6% in the nanoparticle sample. The
orthorhombic strain OS�

gives the strain in the ac plane and is
defined as OS�

=2�c−a� / �c+a�, while OS�
gives the strain

along the b axis with respect to the ac plane and is defined as
OS�

=2�a+c−b�2� / �a+c+b�2�. In the bulk sample, the
largest change occurs in OS�

, which increases as the sample

is cooled and reaches a saturating value of 0.026 below the
charge ordering temperature TCO. On the other hand, OS�

shows a modest value over the whole temperature range. It
shows a small enhancement in the temperature range TCO
�T�TC and decreases to nearly 0 for T�TCO. On the other
hand, in the nanoparticle sample, the orthorhombic strains
are isotropic �OS�

�OS�
�, and they remain more or less tem-

perature independent. No clear changes can be detected near
any of the transitions. The room temperature structure is thus
arrested in the nanocrystals.

From the temperature evolution of the various structural
parameters, it is quite clear that although the high tempera-
ture structure of the nanoparticles has greater orthorhombic
strains than that of the bulk sample, since the room tempera-
ture structure is arrested, this distortion gets frozen and does
not increase any further on cooling. The low temperature
structure that supports the long range CO-OO in the bulk
sample cannot evolve in the nanocrystals. The low tempera-
ture CO phase is monoclinic,5 which happens due to a large
OS�

and a very small OS�
. The near equality of OS�

and OS�

in the nanoparticle sample prevents formation of the proper
structure. The development of CO phase needs creation of a
modulated structure and a supercell, as has been seen in bulk
samples of LCMO.5 The propagation vector of the CO
modulated structure is �1 /2+� ,0 ,0�, where ��0.01. This
implies that the periodicity of the supercell is �200a
�106 nm. Thus, if the particle size is less than �100 nm,
the supercell modulation needed for the CO phase cannot
develop. In our case, the size of the nanocrystals is more than
seven times less than this value.

One of the reasons which cause the structure to freeze
might be an increased surface pressure acting on the nano-
particle sample. Assuming the particles to be spherical in
shape, there is a surface pressure P=2S /d, where d is the
diameter of the particle and S is the surface tension. The
exact value of S for manganites is not known, but for perov-
skite oxide titanates, S�50 N /m.10 For larger particle size
��100 nm�, the pressure is not substantial and is of not
much consequence. However, for a particle size of �15 nm,
we get an estimated P�6 GPa. This surface pressure in
manganites can be substantial and can have the same effect
as hydrostatic pressure. This hypothesis is strongly supported
when we compare our data for the nanoparticle sample to
that recently reported by Kozlenko et al.,11 in which they
have studied the evolution of the structure of bulk LCMO
under hydrostatic pressures. Our data for the nanoparticle
sample �which we consider to be under an effective pressure
of �6 GPa� matches very well with their data for bulk
sample under the same pressure. Thus, high surface pressure
combined with any strain effects present in the nanoparticle
sample might occur in tandem to arrest the structure of the
nanoparticle sample so that it cannot form the CO phase on
cooling. We note that in manganites, the bulk modulus is
rather large ��190 GPa�. As a result, even a 2% volume
change of the unit cell will need an energy of �0.08 eV,
which is larger than the thermal energy, which, as a result,
cannot destabilize the arrest of the room temperature struc-
ture in the nanocrystals.

The size induced arrest of the structure in nano-LCMO
is reflected in its physical properties, which shows that the
CO transition is destabilized and the ferromagnetic state is
stable at low temperature. As an example, in Fig. 3, we show

FIG. 1. �Color online� Variation of lattice parameters for bulk and nano-
LCMO. Error bars, where not visible, are smaller than the symbols.

FIG. 2. �Color online� Variation of the cell volume and orthorhombic strains
for bulk and nano-LCMO. Error bars, where not visible, are smaller than the
symbols.



the field cooled magnetization versus temperature data for
both samples under two magnetizing fields, 0.01 T �inset �a�
of Fig. 3� and 5 T. Inset �b� of Fig. 3 shows the ac suscep-
tibility data. The bulk sample, as expected, shows the ferro-
magnetic transition and a sudden drop in the magnetization
at �155 K, indicating the presence of the antiferromagnetic
transition which accompanies the charge ordering transition.
The hysteresis in the ac susceptibility seen in the bulk
sample near TCO is a signature of the transition. In the nano-
particle sample, we see no such signature of any antiferro-
magnetic transition. In contrast, in the nanocrystals, the fer-
romagnetic behavior that sets in at TC�255 K remains
stable until the lowest measured temperature of 10 K with a
total ferromagnetic moment of �3.18�B / f.u., which is 91%
of the expected moment when we have full ferromagnetic
alignment of spins. This sample also shows a clear hysteresis

loop in the M-H curve with a coercive field of �400 Oe at
T=5 K, which is the same as seen in ferromagnetic compo-
sitions, such as LCMO.

To conclude, we have shown that size reduction can lead
to an arrest of the high temperature phase in perovskite ma-
terials, such as manganites, which will prevent the structures
to evolve on cooling and, thus, destabilize the ground state
�at low temperatures�, such as the CO state that depends on
specific crystallographic structures.
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FIG. 3. �Color online� Field cooled magnetization vs temperature for bulk
and nano-LCMO under magnetizing fields of 0.01 T �inset �a�� and 5 T.
Inset �b� shows the ac susceptibility data for the two samples.
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