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Effect of Size Reduction on
Charge Ordering in La0�5Ca0�5MnO3
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In this paper we report size-induced collapse of charge ordering in nanoparticles of La0�5Ca0�5MnO3

(LCMO). This happens when the particle size ≈100 nm or below. The investigation shows that a
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1. INTRODUCTION

The doped perovskite oxide manganites are fascinating
because they can readily be tuned between radically dif-
ferent phase states. Broadly speaking, we can have either a
ferromagnetic metal, a charge-ordered insulator1 or a para-
magnetic polaron liquid. The La0�5Ca0�5MnO3 (LCMO)
phase diagram shows that below temperatures in the range
100–260 K, compounds with 0�2 < x < 0�5 are ferromag-
netic (FM) and metallic,2 whereas those with 0�5 < x <
0�9 are antiferromagnetic and charge-ordered. The specific
case of La0�5Ca0�5MnO3 has a paramagnetic–ferromagnetic
phase transition around 225 K and a ferromagnetic–
antiferromagnetic phase transition at 135 K.3 Accompany-
ing the ferromagnetic–antiferromagnetic phase transition
there is also a charge disordered to a charge ordered
(CO) phase transition.3 The manganites contain inter-
actions of different types that are often of comparable
strengths. As a result the ground state of the manganites
can be of different type depending on which of the interac-
tions win over. The tuning of the interactions by size offers
an interesting possibility to change the resulting ground
state by changing the size. It has been demonstrated that
the FM transition in LCMO can be enhanced by size
reduction presumably due to more cubic nature of the
nanoparticles.4 There have also been reports of greater fer-
romagnetic interaction in other charge ordered systems like
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Nd0�5Ca0�5MnO3 and Nd0�5Sr0�5MnO3 when the grain size
is reduced.5 In this work, we have investigated what hap-
pens to the charge ordering transitions of La0�5Ca0�5MnO3

when we bring down our sizes from bulk to nanosizes.
The unusual magnetic properties of La0�5Ca0�5MnO3

have been associated with structural and magnetic order-
ing phenomena, resulting from the close interplay between
charge, orbital and magnetic ordering.6 However, there
have also been evidences of phase separation and phase
co-existence in La0�5Ca0�5MnO3. Thus, a strong inter-
play between lattice, magnetism, and transport brings out
diverse types of magnetic orderings and magnetotransport
properties. It has been demonstrated that this system is bet-
ter described as magnetically (and electronically) phase-
segregated over a wide range of temperatures.7 At low
temperatures, ferromagnetic metallic regions are trapped
in a charge ordered-antiferromagnetic matrix. Some stud-
ies have also revealed the probable existence of a charge-
ordered ferromagnetic state in La0�5Ca0�5MnO3�

8

2. EXPERIMENTAL DETAILS

We have adopted the sol–gel based polymeric precursor
route to synthesize La0�5Ca0�5MnO3 (LCMO) nanoparticles
with sizes down to 15 nm. This method allows synthesis
at a significantly lower sintering temperature compared to
the conventional solid state procedure. In this technique
the polymer (ethylene glycol in our case) helps in forming
a close network of cations from the precursor solution and

tuning of size can tune the nature of ground state in manganites. The particles were synthesized by
sol–gel route (polyol based) and were characterized by X-ray-diffraction (XRD) and Transmission
Electron Microscope (TEM). The collapse of charge ordering stabilizes the ferromagnetic phase with
metallic character. The resulting phase appears to be electronically phase segregated. We base our
conclusions on detailed magnetization and resistivity measurements as well as the evolution of the
structure on size reduction. The observed data have been explained as arising due to a combined
effect of both phases. Size reduction reduces the orthorhombic distortion and enhances the Double
exchange that stabilizes the ferromagnetic phase and increases the band width. It is likely that this
enhanced band-width leads to weakening of the charge-ordering and its eventual collapse.
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assists the reaction, enabling phase formation at relatively
low temperatures.9 A major challenge encountered in the
synthesis of nanocrystalline multicomponent oxides is the
poor control of stoichiometry at the nano level. However,
our synthesis route ensures homogeneity, phase purity,
and a good control over stoichiometry, as brought out
by the X-Ray Diffraction (XRD) and Inductively Coupled
Plasma Atomic Emission Spectroscopy (ICPAES) data,
respectively.

In a typical synthesis process, high purity
(>99%) (CH3COO)3La · xH2O, Ca(CH3CO2�2H2O, and
(CH3COO)2Mn · 4H2O (procured from Sigma-Aldrich)
were dissolved in the desired stoichiometric proportions
in acetic acid and H2O. To this solution an appropri-
ate amount of ethylene glycol was added and heated
till the sol was formed. The gel was dried overnight at
∼150 �C. Pyrolysis was done at 350 �C and 450 �C
followed by a sintering at ∼650 �C in order to obtain the
desired chemical phase. The water–ethylene glycol ratio,
heat-treatment employed during gelling, pyrolization, and
calcination were found to influence the particle size of
the final product. We optimized these process parameters
to obtain phase pure LCMO particles with a particle size
of ∼15 nm (as established from XRD and Transmission
Electron Microscopy (TEM) results).

The nanopowder thus formed was subjected to pel-
letization (required for transport measurements). The pel-
lets were sintered at different temperatures varying from
370 �C to 1100 �C and for varying time periods (5 h–30 h)
in an effort to prepare a batch of LCMO samples of vary-
ing particle sizes. All the synthesized samples were char-
acterized using powder X-Ray Diffraction (XRD) using
CuK� radiation at room temperature and microstructural
characterization was done using Transmission Electron
Microscopy (TEM).

The stoichiometry of the nanopowder was checked
using Inductively Coupled Plasma Atomic Emission Spec-
troscopy (ICPAES). The pellets were also checked for oxy-
gen stoichiometry using iodometric titration. The magnetic
characterizations have been carried out by ac susceptibility
measurements in the temperature range 300 K–77 K using
a mutual inductance bridge. The resistivity measurements
were done using standard dc four-probe technique in the
temperature range 300 K–23 K.

3. RESULTS

Figure 1 shows the XRD pattern for LCMO nanopowder.
Similar XRD patterns were taken for all the LCMO pellets.
The XRD data was used to estimate the average particle
size (using the Williamson Hall plot). The average particle
size as calculated from XRD data (∼15 nm) agreed with
that obtained from the TEM data (∼16 nm). The TEM
data showed a distribution in particle size from ∼10 nm to
∼30 nm. The average size obtained from the distribution
is ∼16 nm.

Fig. 1. XRD pattern of LCMO nanopowder.

The diffraction data of the pellets were also analyzed
using the Reitveld powder diffraction profile fitting tech-
nique to obtain the crystal structure parameters. The data
was fit to the orthorhombic space group Pnma. For the
smallest particles, the cell volume is 219.6 Å3. This is

(a)

(b)

Fig. 2. (a) Variation of cell volume of La0�5Ca0�5MnO3 with size.
(b) Variation of the asymmetry parameter of La0�5Ca0�5MnO3 with size.
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smaller by 2.8% than the cell volume of 225.9 Å3 esti-
mated for the bulk sample. (By bulk sample we imply par-
ticles with size in excess of 1 �m.) The size reduction also
decreases the orthorhombic distortion which is measured
by the parameter �= 	

√
2c/	a2 +b2�1/2�−1. For a cubic

structure �= 0. The variations of cell volume and � with
the size are shown in Figures 2(a) and (b), respectively.
� almost saturates for larger particle sizes but decreases
sharply as the size goes below a critical value (∼150 nm).

In Figure 3 we show a typical TEM image of the
as-prepared nanocrystals of LCMO (before pelletizing).
Figure 4 shows the high resolution TEM (HRTEM)
images. The value of d as obtained from the HRTEM
images is ∼0.308 nm.

3.1. Stoichiometric Checks

As is known from the phase diagram of La1−xCaxMnO3

(Ref. [2]) the charge ordering phenomenon observed is
very much sensitive to the doping concentration. It occurs
at a very narrow region centred around x = 0.5. Thus,
it becomes imperative in our case to check the stoi-
chiometry of the prepared nanoparticles. We checked it
using Inductively Coupled Plasma Atomic Emission Spec-
troscopy (ICPAES), which yielded a La:Ca:Mn ratio of
0.507:0.495:1. Thus, our synthesis method maintains a
good stoichiometry and it can be conclusively said that any
property change arises only because of a reduction in size.
We also checked the oxygen stoichiometry of the pel-
lets by iodometric titration. All the pellets were oxygen
deficient (La0�5Ca0�5MnO3−�) with � positive and varying
between 0.021 for the pellet with the smallest particle size
to 0.090 for the bulk sample.

3.2. Magnetization Measurements

Figure 5 shows the temperature dependence of magneti-
zation of LCMO bulk sample (pellet sintered at 1100 �C)
in Zero Field Cooled (ZFC) mode and Field Cooled mode

Fig. 3. TEM data of LCMO nanopowder.

Fig. 4. HRTEM data of LCMO nanopowder.

(H = 5 T). When the sample is field cooled in H = 5 T, the
sample undergoes a paramagnetic to ferromagnetic transi-
tion at around room temperature. In the ZFC mode, there
is a transition from the ferromagnetic state to an antifer-
romagnetic state at ∼160 K, characterized by the onset of
a rapid drop in magnetization. An irreversibility between
the ZFC and FC magnetizations occurs below 210 K. The
value of saturation magnetization as obtained from this
data was ∼2�B/f.u. This is substantially less than what
one would expect from the full saturation moment. This
lack of full observable moment might arise from the spin
canting in the boundary layer on the particles.

The ac susceptibility data for the pellets of bulk (pel-
let sintered at 1100 �C) and nano size (pellet sintered
at 370 �C) are shown in Figure 6. We see a paramag-
netic to ferromagnetic transition in both the pellets at
∼265 K. The transition temperature is somewhat larger
in the nanoparticles than that seen in the larger parti-
cles. However, when we go down to ∼150 K, the pellets



R
E
S
E
A
R
C
H
A
R
T
IC
L
E

Sarkar et al. Effect of Size Reduction on Charge Ordering in La0�5Ca0�5MnO3

Fig. 5. Magnetization versus temperature for bulk LCMO under a mag-
netizing field of 5 T.

separate out in behaviour. In the sample with particle size
>150 nm (called “bulk”), there is a distinct signature of
charge ordering with a sudden drop in � (transition to anti-
ferromagnetic state below 150 K ). However, in the sample
with particle size ∼30 nm), the transition from the FM to
the AFM is totally absent and the ferromagnetic state per-
sists down to the lowest measured temperatures. We take
the AFM transition as a signature of the charge ordering
transition in absence of other structural studies.

3.3. Electrical Transport

In Figure 7 we show the behaviour of the resistances
of the pellets (bulk-pellet sintered at 1100 �C and nano-
pellet sintered 370 �C) as function of temperature from
23 K–300 K. The resistance data are shown normal-
ized with respect to resistance at room temperature, R300.
The bulk sample shows an insulating behaviour throughout

Fig. 6. AC susceptibility versus temperature for LCMO (x = 0.5) for
particles with two different sizes.

Fig. 7. Resistance versus temperature for LCMO (x= 0.5) for particles
with two different sizes.

the temperature range. It shows a change in slope (indicat-
ing cross-over to higher activation energy) at T ≈ 150 K
corresponding to charge ordering as seen in the suscep-
tibility measurements. There is another change occurring
below 50 K. The origin of this is not clear. The observed
data is consistent with the expectation from a charge
ordered system. However, in the nanoparticle there is an
insulator-metal transition (denoted by a change in sign of
d�/dT from negative to positive) as the temperature is
decreased. This insulator-metal transition in samples with
particle size <150 nm occurs at a temperature which is
much less than the ferromagnetic transition temperature.
This is because of percolative nature of the electrical trans-
port in these materials. This happens predominantly due
to two causes—(a) presence of a large number of grain
boundaries and (b) existence of electronic phase separa-
tion in each of the grains. However, from the variation of
the MI transition with the grain size it appears that the
temperature is largely determined by contributions from
non-magnetic and insulating grain boundaries.

4. DISCUSSIONS

The collapse of the charge ordering in the nanoparticles
is associated with a clear reduction in the orthorhombic
distortion. Reduction of such a distortion leads to enhance-
ment of the Mn–O–Mn bond angle closer to 180� and the
reduction in cell size will lead to compaction of the Mn–O
bond lengths. These two factors will make the band width
increase which will lead to stabilization of the ferromag-
netic interaction. The enhancement of the ferromagnetic
interaction (and the resulting K.E gained by the electron)
will make any insulating state unstable and this would lead
to destabilization and collapse of the charge ordering.

We explain the reduced orthorhombic distortion
observed in the LCMO nanoparticles as arising due to an
increased surface pressure in the nanoparticles. Assuming
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the particles to be spherical in shape, it is known that
the surface pressure P ∝ 1/r where r is the radius of the
particle. This higher pressure has a direct consequence of
reducing the cell volume (from 225.9 Å3 to 219.6 Å3 in
our case) and the asymmetry parameter (from 0.41600 to
0.40876).

5. CONCLUSIONS

In summary, we have studied the effect of size reduc-
tion on La0�5Ca0�5MnO3 particles which were successfully
synthesized using the polymeric precursor route. All the
samples were single phase (chemically) and of the desired
stoichiometry. Using our particular synthesis process, we
could obtain the perovskite phase formation at a much
lower temperature (∼650 �C) compared to the standard
solid state synthesis route. It was observed that the lat-
tice parameter, cell volume and the asymmetry parameter
decreased in a systematic way with a decrease in the par-
ticle size from ∼few �m to ∼30 nm. Both the ac suscep-
tibility as well as the resistivity data show a systematic
change as a function of size. It has been established that
the size reduction destabilizes the charge-ordered state and
establishes a ferromagnetic ground state which is metallic.
There is a strong indication of phase coexistence in these
samples and a tuning of size can tune the phase separation
in these manganites.
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