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a b s t r a c t

The system manganese substituted lanthanum ferrite viz. LaMnxFe1−xO3 (1.0 ≤ x ≥ 0) was prepared by
sol–gel autocombusion method. The structural characterization of the samples was carried out by X-ray
diffraction technique and it is found that, the phase transfer from cubic to orthorhombic perovskite struc-
ture. The lattice parameter and crystallite size decrease with increasing Mn content. The phase formation
of perovskite was revealed by thermal analysis technique. The surface morphology and elemental anal-
eywords:
erovskite
-ray diffraction
hermal analysis

ysis of all the samples were carried out by scanning electron microscopy and energy dispersive X-ray
spectroscopic technique, respectively. Electrical properties of the compounds show that, they exhibit
semiconducting behavior. The substitution of manganese ions plays an important role in changing their
structural, electrical and magnetic properties of lanthanum ferrite.

© 2009 Elsevier B.V. All rights reserved.
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. Introduction

The perovskites have very important structural, electrical and
agnetic properties which are dependent on several factors such

s, method of preparation, sintering temperature and time, chemi-
al composition and substitution of various cations. The perovskite
tructure whose chemical composition is given by the general for-
ula ABO3 (A, rare earth metals and B, transition metals) has prim-

tive cubic type of lattice [1,2]. Perovskites exhibit a variety of appli-
ations in electronics and magnetic materials [3]. At present, sev-
ral chemical methods including ceramic, co-precipitation, sol–gel,
nd citrate precursor have been used to prepare perovskites [4–7].

In the present investigation, we focused on the synthesis of
anganese substituted lanthanum ferrites powder was prepared

y sol–gel autocombustion method. The aim of present work is to
tudy the effect of manganese substitution of LaFeO3 on structural,
lectrical properties of perovskites.

. Experimental details

.1. Synthesis technique
Crystalline powders of LaMnxFe1−xO3 (where x = 0.0, 0.2, 0.4, 0.6 and 1.0) were
repared by sol–gel autocombustion method [8]. A.R. Grade anhydrous citric acid
C8H8O7), manganese nitrate [Mn (NO3)2·4H2O] and ferric nitrate ((FeNO3)3·9H2O)
ere used as starting materials. The above nitrates were taken in appropriate pro-

∗ Corresponding author. Tel.: +91 231 2609381.
E-mail address: p hankarep@rediffmail.com (P.P. Hankare).

925-8388/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2009.09.059
portions. An aqueous solution of citric acid was mixed with metal nitrate solutions
and the few drops of concentrated HNO3 were added to adjust the pH at 2. The mixed
solution was kept on hot plate with continuous stirring at 70 ◦C. During the evap-
oration the solution becomes viscous and finally forms gel. The so formed gel was
heated at 110 ◦C, when all remaining water was released from the mixture, the gel
automatically burnt with glowing flints. The autocombustion was completed within
a minute yielding the brown pulpy powders. The above powders were heated sep-
arately at 900 ◦C for 8 h to get final product. The granulated powders were pressed
into pellets of 1.04 cm diameter under a pressure of 10 tonnes/cm2 and thickness
was adjusted to about 0.25 cm.

2.2. Characterizations

A computerised X-ray powder diffractometer (Philips PW-1710) with CuK�
radiation (� = 1.54056 Å) was used to identify the crystalline nature of the samples
and to calculate lattice parameter and crystallite size. The lattice parameters were
calculated for the cubic and tetragonal phase using following relations:

(a) For cubic phase
1
d2

= h2 + k2 + l2

a2
(1)

(b) For orthorombic phase
1
d2

= h2

a2
+ k2

b2
+ l2

c2
(2)

where a, b and c are lattice parameters, (hkl) is the Miller indices and d is the
interplanar distance.

From the X-ray diffraction peaks, crystallite size was estimated using Debye
Scherrer’s formula [9]:

t = 0.9�

ˇ cos �
(3)
where symbols have their usual meaning.
The formation temperature of samples was checked by taking TGA/DTA curves

on the SDT-2980 Ta instrument by heating the powders after autocombustion at a
rate of 10 ◦C/min. from room temperature to 1000 ◦C in an air atmosphere. Scan-
ning electron microscope (SEM) was used to study the morphology of the powders.

http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
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Table 1
Lattice constant and crystallite size of the system LaMnxFe1−xO3.

Composition (x) Lattice constant (Å) Crystallite size (nm)

0.0 3.9260 27.95
0.2 3.9114 22.92
0.4 3.8856 16.97
0.6 3.9050 21.17

grains. The average grain size of perovskite samples increases
with manganese content. The average grain size was calculated
by Cottrell’s method [14]. The average grain size lies in the range
0.228–0.996 �m. From the micrograph, it is observed that the
Fig. 1. XRD patterns of the system LaMnxFe1−xO3.

he grain size of all the samples was calculated by Cottrell’s method. An energy
ispersive X-ray spectroscopy analyzer equipped with SEM was used for the compo-
itional analysis. The electrical resistivity measurements in the temperature range
0–500 ◦C were made by two probe method. The electrical contacts were estab-

ished by applying silver paste on both surfaces of the pellet. The graphs of the log �
s. 1000/T were plotted for all the samples under investigation and their energy of
ctivation values (E) were calculated by using the equation:

= 1.983 × 10−4

[
log �

1/T

]
eV. (4)

. Results and discussion

.1. X-ray diffraction study

The X-ray diffraction patterns of LaMnxFe1−xO3 (where x = 0.0,
.2, 0.4, 0.6 and 1.0) perovskite systems were shown in Fig. 1. XRD
atterns of x = 0.0 to 0.6 compounds show formation of a single
ubic phase perovskite structure, while x = 1.0 shows orthorhom-
ic structure. The dhkl and 2� values were compared with the values
eported in the literature (cubic, LaFeO3, JCPDS File no. 75-0521)
nd (orthorhombic, LaMnO3, JCPDS File no. 33-0713). Since the
hkl values of the intermediate compositions are not reported in
he literature, the values are compared with end compositions. In
aFeO3, Fe3+ has high spin state t2g

3 eg2 configuration, therefore,
istortion is not observed as all orbitals are filled bringing stability
nd therefore it was cubic. In LaMnO3, Mn3+ in high spin state has
2g

3 eg1 electronic configuration and therefore it has no electron
n dX2−Y2 orbital and therefore lacks the spherical symmetry and
rings distortion in lattice and therefore LaMnO3 is orthorhombic.
n perovskites Fe exists in two (2+ and 3+) oxidation states. To adjust
his valency Mn acquires Mn4+ and Mn3+ oxidation states. At the
ctahedral site the average ionic radii of Mn ions is 0.595 Å [Mn3+

0.65 Å) and Mn4+ (0.54 Å)] while that of the Fe ions is 0.715 Å [Fe3+

0.65 Å) and Fe2+ (0.78 Å)] [10], thus lattice parameter decreases in
1.0 a = 5.4516 13.83
b = 5.8068
c = 7.7538

the above system up to x = 0.4. Lattice parameter again increases
in x = 0.6, it might be due to the phase transition from cubic to
orthorhombic.

The sizes of the crystallites of the cubic and orthorhombic sam-
ples were evaluated by measuring FWHM and � of the most intense
peaks (1 1 0) and (1 1 2), respectively. The results are shown in
Table 1. It is seen from the data that, the crystallite size decreases
with increasing Mn content (except x = 0.6) [11].

3.2. Thermal analysis

Phase formation of perovskite oxide was investigated by the
thermal analysis of powders after autocombustion was carried out
from room temperature to 1000 ◦C in air atmosphere at the heating
rate of 10 ◦C/min. The TGA–DTA curve for the sample is shown in
Fig. 2. The TG curve shows that, the initial sample losses are about
46% weight of its original weight.

Initially, the 20% loss in weight was observed by removal
of absorbed water and water of crystallization up to 200 ◦C. An
exothermic peak at about 200 ◦C was observed due to evolution
of heat by removal of absorbed water and water of crystallization.
The decomposition of citrate complex was started at 250 ◦C and it
was completed at 520 ◦C. During this decomposition, sample lost
28% weight [12,13]. The DTA curve shows exothermic peak at about
403 ◦C due to the formation of perovskite oxides.

3.3. Morphology and compositional analysis

The SEM micrographs of the system LaMnxFe1−xO3 are shown
in Fig. 3(a)–(e). This study reveals that, all the samples show fine
Fig. 2. TGA and DTA curves for LaMnO3.



P.P. Hankare et al. / Journal of Alloys and Compounds 489 (2010) 233–236 235

3. (a) x = 0.0, (b) x = 0.2, (c) x = 0.4, (d) x = 0.6 and (e) x = 1.0.
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Fig. 3. SEM photographs of the system LaMnxFe1−xO

orosity decreases with increasing grain size due to the grain size
educes the grain boundary area.

The composition of the product has been determined by the
DAX spectra for the elemental analysis of LaMnO3 sample is shown
n Fig. 4. The spectra show the presence of La, Mn and O in the
ample and did not contain any elemental impurities. This result
ndicates that, the cation impurities did not take part in the reaction.
t is found that the atomic ratio of Mn:La of LaMnO3 compound is
:1.008 [15–17].

.4. D.C. resistivity measurements

Fig. 5 shows the D.C. electrical resistivity of the samples with
emperature. It is observed that, all samples show the semicon-

ucting nature i.e. electrical resistivity decreases with increasing
emperature. The D.C. resistivity of samples varies between 102 and
07 � cm. It also shows that the resistivity decreases from x = 0.0 to
= 0.4, increases for x = 0.6 and again decreases for x = 1.0, probably
ecause both Mn and Fe have variable oxidation states. In tran- Fig. 4. EDAX pattern for the sample LaMnO3.
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Fig. 5. Plots of log � vs. 1000/T of the system LaMnxFe1−xO3.

ition metal oxides, it is observed that the electrical resistivity is
ow if the compound contains the cation of the same element sit-

ated at the similar site but with their valency differing by unity
18]. The activation energy varies in the range 0.174–0.642 eV and
hows decreasing behavior with increasing Mn content [19]. The
ctivation energy of LaMnO3 is 0.174 eV, which is near about the
eported value of Subba Rao et al. [20].

[
[

[

[

Compounds 489 (2010) 233–236

4. Conclusion

The pH controlled LaMnxFe1−xO3 samples were synthesized by
sol–gel autocombustion method. The crystal structures of x = 0.0 to
x = 0.6 compounds were cubic perovskite, while x = 1.0 compound
was orthorhombic. Experimental results revealed that, the lattice
constant and crystallite size decrease with the increasing of Mn
content (except x = 0.6). Thermal analysis shows the perovskites are
formed at about 520 ◦C. Morphology and elemental analysis shows
that, the average grain size lies in the range of 0.228–0.996 �m and
metals in the samples are in their stoichiometric proportions as
expected. Electrical resistivity plot shows that all the samples are
semiconducting in nature.
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