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LaMnO3 Nanoparticles systems were prepared by the sol-gel auto-combustion method, in order to analyze the structure and magnetic
behavior presented by the compound prepared following a new alternative route of synthesis. Structural characterization, morphology and
crystallite size was performed by X-ray diffraction (XRD), infrared spectroscopy (IR) and electron microscopy (TEM). The XRD study
together with a Rietveld analysis showed that the LaMnO3 compound crystallized in a perovskite hexagonal structure. The IR spectra
showed that the compound has tensile energy bands in the Mn-O-Mn bonds related with the octahedron MnO6 ; which are attributed to a
characteristic vibration of the ABO3 perovskite. An estimated size and morphological analysis was carried out by applying the Scherrer’s
formula and using Transmission Electron Microscopy (TEM), revealing non-spherical shape and particle sizes between 13 nm and 18 nm.
The magnetic measurements M (T ) were performed by using zero-field-cooled (ZFC) and field-cooled (FC) protocols which revealed a
positive Weiss temperature indicating the presence of ferromagnetic interactions with a Curie temperature, TC = 150 K.
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1. Introduction
Manganites are mixed oxides of manganese which crystalizes
in perovskite structure, and whose broad stoichiometric formula is ABO(3±δ) ; where A is a lanthanide element and B is
manganese, which also includes the ability to generate an exact or not oxygen stoichiometry. One of the highlight characteristics of manganites perovskites compared with other families of oxides is the wide variety of substitutions that may
accept its crystal structure. The lanthanides are among the
examples of about 25 elements which can occupy the position; on the other hand, apart from the manganese almost 50
different elements are able to occupy the B site [1,2]. Usually
the manganite compounds crystallize in structure ABO3 perovskites; in which it is possible to have an ideal cubic structure of Pm3m space group, orthorhombic Pbnm space group or
rhombohedral R3CH space group. The stoichiometry with the
corresponding valence states to Manganite is A+3 B+3 O−2
3 ,
assigning a cubic unit cell body centered, bcc, in whose center stands the A+3 cation that is usually the largest one; B+3
cations occupy the eight apex of the cell and O−2 anions
occupy the midpoints between cations, in the middle of the
edges of the bcc cell, as illustrated in Fig. 1 [3-5].

2. Synthesis
LaMnO3 nanoparticles were synthesized by the sol-gel autocombustion method, this is an attractive synthetic route and
has been used to prepare a variety of nanoferrites compounds [6-8]. The precursors used were Manganese(II) nitrate, Mn(NO3 )2 ·4H2 O and lanthanum oxide, La2 O3 . Stoichiometric amounts of manganese nitrate were dissolved in
distilled water, stirring for 10 minutes at room temperature.

F IGURE 1. Ideal cubic perovskite LaMnO3 .

As the source of lanthanum was its oxide, it was necessary
to dissolve it in nitric acid, HNO3 and distilled water in an
stoichiometric amount needed to get 2gr of LaMnO3 ; maintaining the whole mixture under stirring for 20 minutes at
temperature 65◦ C; thus lanthanum nitrate, La(NO3 )3 , was
achieve. On the other hand, citric acid, C6 H8 O7 -H2 O was
used as organic fuel with a combustion heat of HC =18.3 KJ,
which is easily dissolved in distilled water stirring at room
temperature for 10 minutes. All the solutions were prepared
separately until getting a completely clear solution; then they
were mixed and kept under stirring in a beaker on a hotplate at
85◦ C for 4 hours until the final product had a viscous and yellow appearance. After this, the sol-gel obtained was placed
in a shuttle glass and inserted in the center of a tubular furnace preheated to 500◦ C, which is slightly inclined to get an
slight convection allowing air circulation at the time when the
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F IGURE 2. Tubular furnace.

F IGURE 4. Unit cell diagram for LaMnO3 .

F IGURE 3. Rietveld refinement plot for LaMnO3 .

combustion occurred, the tubular furnace is shown in Fig. 2.
After a few seconds of entering the sol-gel in the oven a violent appearance of flames shows that the process of selfcombustion occurred, releasing large amounts of gases. Just
after about 3 minutes the material stops emitting gases, the
oven was turned off and allowed to cool down to room temperature. It is noted that the obtained material is spongy and
grayish. The material was removed from shuttle glass (when
the combustion occurred part of the material leaved the shuttle glass; but it was discarded, only the material which remain
inside the shuttle glass after combustion was used in the characterizations) and ground it gently in a agate stone, thus the
LaMnO3 nanoparticles were obtained.

3.

Results and Discussion

The LaMnO3 nanoparticles were characterized by X-ray
diffraction at room temperature without further treatment.
The crystal structure and unit cell parameters have been evaluated by Rietveld refinement using Fullprof suite program.
This procedure allowed us to determine that the compound
crystallized as a hexagonal perovskite structure with space

F IGURE 5. FT-IR spectra for LaMnO3 .

TABLE I. Rietveld refinement results for LaMnO3 .
Atom

Ox

site

x

y

z

foc

La

+3

6a

0

0

0.25

1

Mn

+3

6b

0

0

0

1

O

-2

18e

0.459(5)

0

0.25

1

group R−3C and unit cell parameters a = 5, 5176(4) Å and
c = 1, 425(3) Å.
Figure 3 shows the Rietveld fit to the XRD data taken for
LaMnO3 . Table I shows the Rietveld refinement results in the
hexagonal space R−3C group. The crystallites sizes were calculated by using Scherrerś formula for the plane (110) [21],
the obtained values lies in the range 5-27 nm for nanoparticles with average value of 15 nm. From the information provided by Rietveld adjustment and crystallographic tabs, mentioned above, make to suspect that the LaMnO3 compound
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F IGURE 8. Temperature dependence of the magnetization on
nanoparticles of LaMnO3 ; M vs T .
F IGURE 6. TEM micrographs of LaMnO3 nanoparticles.

F IGURE 9. LaMnO3 1/χ vs T; θw = 190 K.
F IGURE 7. Size distribution for the LaMnO3 sample.

crystallized in a structure that presumably do not keep inexact stoichiometry in oxygen, LaMnO(3±δ) . When the compound retains an exact stoichiometry in oxygen, this usually
crystallizes in orthorhombic perovskite structure [8,9]. The
structure found here is a hexagonal perovskite which corresponds to a structure with characteristics between cubic and
orthorhombic.
Figure 5 shows the FI-IR spectrum for LaMnO3 nanoparticles. This shows that the most significant absorption bands
are located around 600, 820, 1100, 1380, 1450 1650 and
3400 cm−1 . The absorption band at 600 cm−1 corresponds
to the stretching mode, linked to the internal movement of
a length change of the bounds Mn-O-Mn associated with
the octahedron MnO6 attributed to a vibration characteristic of the perovskite type ABO3 [10,11]. This result is in
good agreement with the analysis of X-ray diffraction. The
bands in the region around 3400 cm−1 correspond to O-H and
La(OH) bonds. The water present in the samples may result
to the hygroscopic condition of the compounds. The bands
around 1650 cm−1 are assumed to correspond at bending
vibrations of the N-H bonds (secondary amines); the bands
around 1380 and 1450 cm−1 are produced by bending vibrations in the bonds N-O (nitrates). In 1100 and 820 cm−1

are C-O vibrations bonds (Carbon) which may correspond to
residues due to the sol-gel auto-combustion method [12-14].
Figure 6 shows an image of LaMnO3 nanoparticles taken
with a transmission electron microscope with 20 nm full
scale. In this micrograph it can be observed that the nanoparticles have an undefined shape and there is a size distribution
(In spite of micrograph quality we did take the necessary information). This result is related to the synthesis method,
since the self-combustion is not performed in the total thermal equilibrium of the temperature in different parts of the
sample, Therefore the flame appears at different time, so this
effect may cause a distribution of grain sizes of the obtained
nanomaterial.
Figure 7 shows the graph of particle diameter versus frequencyobtained from the LaMnO3 micrograph of which was
fitted with a Gaussian bell-type displays. This allowed us to
estimate an average particle size of D = 13 nm. In order to
obtain this size distribution was necessary to measure on the
micrograph the diameter of about 120 particles. The statistical data were taken by hand using a scale ruler which brings
the IMAQ-Vision Builder program that comes with the micrographs own. As the particles shape are not spherical, several measurement on each particle (diameters between 4 and
5) were made to have a simple average for each particle diameter.
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In Fig. 8 is shown the temperature dependence of the DC
magnetization measured at magnetic field of 100 Oe between
5 K and 380 K which follow the FC and ZFC protocols for
nanoparticles of LaMnO3 . The curve MF C (T ) presents a
typical paramagnetic to ferromagnetic transition. In order to
get the transition temperature we draw dMF C (T )/dT vs T ,
presented in the insert of Fig. 8. The obtained Curie temperature was TC = 150 K from the minimum of the drawing. It
is noted that the ZFC curve presents a maximum located at
TM as−ZF C = 98 K, the sharp decrease of the magnetization
ZFC below the peak indicates the likelihood of the presence
of antiferromagnetic interactions in the compound [22].
Figure 9 shows the graph 1/χ make with the data
MF C vs T in the paramagnetic region from 270 K to 380
K. The extrapolation of the linear fit to the T horizontal axis,
according to the Curie-Weiss law, yield the value of the Weiss
temperature, θw = 190 K. The positive sign of this temperature suggests that the predominant interactions between the
magnetic atoms are ferromagnetic which was established by
the Curie temperature obtained above.

4.
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cancies in oxygen and/or manganese does not support the
super-exchange magnetic interaction which is what would
happen if the stoichiometry is exact. This is associated with
an antiferromagnetic magnetic interaction. Consequently, the
presence of oxygen vacancies and/or manganese due to nonstoichiometry in the ferromagnetic compound support ferromagnetic interactions and not the antiferromagnetic one that
is reported in some literature [10]. However, it is probable, that in this case the samples obtained have the compo+4
+2 −2
sition La+3 Mn+3
(1±α±β) Mn(α) Mn(β) O(3±δ) [15] whose predominance of the double exchange magnetic interaction as
it will link the type Mn+4 −O−2 −Mn+3 and Mn+3 -O−2 Mn+2 . All of the above comments would be factors affecting
the value of the effective magnetic moment of the sample under study. It is assumed that in this case, no accuracy in the
oxygen stoichiometry is due to inherently synthesis process
since in the combustion stage there was not enough proportion of oxygen necessary for the combustion process producing a shift of the stoichiometry in oxygen. However there
are reports of a non-stoichiometric for lanthanum manganite
because they are highly oxidizable [19-21].

Conclusions

From the results, it is suggested that LaMnO3 nanoparticles
synthesized by sol-gel auto-combustion method exhibit a ferromagnetic behavior; which has been reported in some previous studies [15-18]. These result suggest that there is no
exact stoichiometry in oxygen; that is, a compound of type
LaMnO(3±δ) . If that is the case, the Mn+3 -O−2 -Mn+3 in
the MnO6 octahedron do not occur correctly because the va-
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