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Role of codoping (20% La in Bi-site and 10% Mn in Fe-site) on mutiferroic properties in insulating BiFeO3

ceramic have been investigated. The X-ray diffraction (XRD) with Rietveld refinement shows that the
structure of Bi0.8La0.2FeO3 is orthorhombic (Pnma). Furthermore, it shows that on substitution of 10% Mn-
ions in Fe-site, no structural change occurs which has been supported by micro-Raman study. DTA study

with the Mn-doping. Measurement on magnetization vs. applied magnetic field (M–H) shows increase of
magnetization due to codoping of La and Mn in BiFeO3. This may be due to partly destruction or
suppression of the spin cycloid structure in it and/ or the introduction of the mixed valance state. P–E
measurement shows high leakage in Bi0.8La0.2Fe0.9Mn0.1O3.
1. Introduction

Multiferroics [1–10] are multifunctional materials with coupled
electric, magnetic, and structural order parameters that yield simul-
taneous effects of (anti)ferroelectricity, (anti)ferromagnetism, and
ferroelasticity in the same material have got tremendous attention
in recent years for its basic science as well as technological
importance. Such materials with a strong magnetoelectric (ME) effect
(appearance of an electric polarization P upon applying a magnetic
field H and/or the appearance of a magnetization M upon applying
an electric field E) at room temperature could enable spintronics,
data storage and many other devices applications. More promising
applications could be found in recording very small magnetic field as
electrical signal, e.g. for measuring brain activity etc. But multiferroic
materials are rare and almost all of them are antiferromagnet (AFM)
or weak ferromagnets (FM) with low transition temperatures [2–4].

This apparent incompatibility can be overcome in BiFeO3 (BFO)
which is still the only established multiferroic having ferroelectric
transition temperature (TC ∼1103 K) and antiferromagnetic transition
(TN∼643 K) above the room temperature, a key prerequisite for most
of the applications. The crystal structure of the polar phase of BFO is
described within the rhombohedral space group R3c [11], which
gmail.com (A.K. Ghosh).
allows antiphase octahedral tilting and ionic displacements from the
centrosymmetric positions along the [1 1 1]C direction of the parent
cubic Perovskite cell (and along the [0 0 1]H axis in the hexagonal
setting). Ferroelectricity and magnetism are involved with off-center
structural distortions (ferroelectric order originates from the stereo-
chemical activity of the Bi lone electron pair) and with the local spins,
respectively. The dipole ordering in BFO is due to the relative
displacements of Bi3+, Fe3+, and O2− ions along the [0 0 1] hexagonal
axis, while the Fe ions order antiferromagnetically (AFM). Although,
the R3c symmetry permits the existence of weak ferromagnetic
moment [12], originating from the Dzyaloshinsky–Moryia interaction
[13,14] but a cycloid-type spatial spin modulation (with the periodi-
city of ∼620 Å and incommensurate with the crystallographic lattice
parameters superimposed onto G-type canted antiferromagnetic spin
ordering) [15,16] prevents the observation of any net magnetization
and the linear magnetoelectric (ME) effect. Thus, this AFM structure
of BFO limits its potential for applications. However, according to
Landau–Ginzburg theory when this cycloidal modulation is sup-
pressed or destroyed, for instance by applying high magnetic field,
chemical substitutions or epitaxial strain etc., a linear magneto-
electric (ME) effect occurs [17,18]. Recently, considerable efforts
have been made to get both strong ferroelectric (FE)-, ferromagnetic
(FM) properties and/or large ME effect at room temperature through
A-site and/or B-site doping in BFO [19–26]. Investigations show that
low-level substitutions of A-site in BiFeO3 by rare-earth ions [La, Dy,
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Sm etc.] can increase the magnetocrystalline anisotropy [27] to an
extent so that the presence of the spatially modulated spin structure
could be energetically unfavorable. Then the cycloidal modulation
can be destroyed by a magnetic field lower than in pure BiFeO3.
Direct evidence of cycloid suppression in La-substituted samples was
given via nuclear magnetic resonance measurements [19] which
showed that the modulated structure disappears at x∼0.2. This
destruction of cycloidal modulation was correlated with the struc-
tural transition from the rhombohedral (R3c) [11] to an orthorhombic
structure of C222 space group [24,28] Cheng, Le Bras and of Pnma
space group [29–31]. This structural phase transition destructs the
spin cycloid, releases the locked magnetization and enhances the ME
interaction resulting in significantly improved magnetic properties.
In spite of the numerous investigations performed for Bi1−xLaxFeO3

multiferroic compounds in recent years, a clear understanding of
what is going on with the crystal structure, ferroelectric and
magnetic properties of BFO upon A-site substitution is not yet
achieved because the existing data are very much contradictory to
each other [21–33]. Moreover, a number of papers clearly confirm the
fact that increasing the concentration of the substituting element
tends to weaken the stereo-chemical activity of the Bi3+ lone pair
electron, leading to a ferroelectric–paraelectric transition [22] at
x∼0.25 (in case of La substitution). Hence, taking into account the
conclusions related to the concentrational range in which sponta-
neous ferroelectricity coexists with weak ferromagnetism might be
very narrow. Again, manganese is particularly interesting element for
substitution, because it readily adopts the mixed-valence oxidation
states of Mn3+ and Mn4+ in perovskites and for the reports of
enhanced multiferroic properties in BiFe1−xMnxO3 for x≤0.3 [34–38].
Moreover, it does not alter the crystallographic structure. Thus, the
multiferroic properties may be tailored by the manganese content
x≤0.3 in the ambient condition.

Therefore, with the motivation to enhance the ferromagnetic
properties (due to the destruction of the spin cycloid structure and
the introduction of the mixed valance state) and ferroelectric
property at the ambient temperature, Bi0.8La0.2Fe1−xMnxO3 (x¼0,
0.1), system has been studied.
2. Experimental

Bi0.8La0.2Fe1−xMnxO3 (x¼0, 0.1) samples were prepared by solid
state reaction. Stoichiometric amounts of Bi2O3, Fe2O3, La2O3, and
MnO2 were mixed with a mortar pestle for about 1 h and were
calcined in a programmable furnace at 860 1C for 2 h. Sintering of
the pellets (∼1 mm thick) was done at 860 1C for 2 h. X-ray powder
diffraction (XRD) measurements have been carried out with Cu Kα
radiation using a Rigaku (MiniFlex II DEXTOP) powder diffract-
ometer for phase identification. Rietveld refinement has done with
the XRD data. Raman spectra have been taken with a Reinshaw
micro-Raman spectroscope in the range 200 cm−1 to 800 cm−1

using 514.5 nm Ar+ laser as excitation source. The powder samples
are taken as pelleted form for the Raman study. Differential
thermal analysis (DTA) was carried out with Matller DTA-meter
to determine ferroelectric transition temperature (TC). Magnetic
measurement (M–H) at room temperature has been carried out
using MPMS SQUID magnetometer (Quantum Design, USA). Mea-
surements for the variation of polarization (P) with applied electric
field (E) have been carried out with Ferroelectric loop tracer
(Radiant Technology Inc, USA).
3. Results and discussion

It is well known that BiFeO3 crystallizes in a rhombohedrally
distorted perovskite structure at room temperature with many
impurity phases in most of the cases [39–41]. X-ray diffraction
study with Rietveld refinement shows that in Bi0.8La0.2FeO3 (Fig. 1
(a)), impurity peaks have been removed. Moreover, the refinement
study shows that Bi0.8La0.2FeO3 under goes a change from rhom-
bohedrally distorted Perovskite structure with the space group R3c
of BiFeO3 [11] to orthorhombic symmetry (Pnma). This observation
agrees with those already published [29–31]. It should be pointed
out that there are contradictory reports giving the structure of
Bi0.8La0.2FeO3 as Pnma space group [29–31] and C222 space group
[22,24,29]. To remove this confusion we have refined the XRD data
of Bi0.8La0.2FeO3 both with Pnma (upper curve of Fig. 1(a)) and with
C222 (lower curve of Fig. 1(a)). The dots represent the observed
data, whereas the solid line through dots is the calculated profile,
and vertical tics below curves represent allowed Bragg reflections.
The difference pattern is given below the vertical tics in each
curve. Fig. 1(a) shows that the XRD data of Bi0.8La0.2FeO3 are well
fit considering the Pnma space group. Therefore, we conclude that
Bi0.8La0.2FeO3 has the Pnma space group not the C222. Further-
more, from the refinement data (Fig. 1(b)) it has been observed
that Mn-substitution (10%) at Fe-site of Bi0.8La0.2FeO3 (viz.
Bi0.8La0.2Fe0.9Mn0.1O3) does not undergo any further structural
transformation and remains the crystalline structure of that of
Bi0.8La0.2FeO3 (orthorhombic symmetry with space group Pnma).

Raman spectroscopic study is considered to be the most powerful
nondestructive technique to study the crystalline quality, structural
disorder and defects in the host lattice. In particular, micro-Raman
spectroscopy has proven to be a very sensitive and important
technique to detect local structural changes due to incorporation of
dopant into the host lattice. Since spontaneous polarization is closely
related to atomic displacements and Raman spectroscopy is an
effective technique to explore the crystal structure, the relationships
between the Raman normal modes with the ferroelectric order and
the corresponding chemical bonds can be used to explain the origin
of the FE-PE transition. Raman spectroscopy has been employed to
study the crystalline quality and the ferroelectric properties of our
samples. For Bi0.8La0.2FeO3 ceramics 10 normal modes viz. E-1, A1-1,
A1-2, A1-3, E-2, E-3, A1-4, E-5, E-6 and E-7 at 123.2, 137.2, 165.7, 223.3,
272.8, 300.6, 390.8, 474.4, 521.8 and 620.9 cm−1, respectively, were
reported by Yuan et al. [22]. In our set-up, modes below 200 cm−1

cannot be detected. The dependence of the mode position on Mn
concentration has been given in Table 1 for our Bi0.8La0.2Fe1−xMnxO3

samples. In Fig. 2, modes A1-3, E-2, E-3, A1-4, E-5, E-6 and E-7
have been observed at around 213, 260, 298, 403, 465, 522, and
605 cm−1 (see Table 1). Although modes E-3, A1-4 at 298, 403 cm−1

are very weak, all modes are quite similar to those observed by Yuan
et al. [22] for Bi0.8La0.2FeO3. From Fig. 2, for Bi0.8La0.2FeO3 and
Bi0.8La0.2Fe0.9Mn0.1O3 no appreciable shift has been observed. Hence,
from the Raman study also we may say that 10% Mn substitution at
Fe-site of Bi0.8La0.2FeO3 does not affect the crystalline structure.
Moreover, the A1-3 and E-2 modes, which are governed by the Bi–O
covalent bonds [42], experience very slow shifts in mode frequency as
observed in our study (Table 1) gives rise not much effect on structural
change. Hence, there is no further structural phase change due to Mn-
substitution. This result supports that of XRD study.

To study the effect of codoping on the ferroelectric transition
temperature (TC), we employ DTA measurements for BiFeO3,
Bi0.8La0.2FeO3 and Bi0.8La0.2Fe0.9Mn0.1O3 samples (Fig. 3). TC
decreases rapidly from 8271 C of BiFeO3 to 7441 C for Bi0.8La0.2FeO3

due to La doping. This result supports the observation of Das et al.
[43]. Again, TC decreases a little further from 7441 C that of
Bi0.8La0.2FeO3 to 7251 C for Bi0.8La0.2Fe0.9Mn0.1O3 (see Fig. 3).

It is known that the spatially modulated spin cycloidal struc-
ture of pure BiFeO3 prevents the observation of any net magne-
tization resulting to anti-ferromagnetism (AFM) [15]. The room
temperature magnetization-magnetic field (M–H) measurement of
the Bi0.8La0.2Fe0.9Mn0.1O3 ceramic has been carried out with a



Fig. 1. Rietveld refinement profiles of X-ray diffraction data of (a) Bi0.8La0.2FeO3 and (b) Bi0.8La0.2Fe0.9Mn0.1O3. The dots represent the observed data, whereas the solid line
through dots is the calculated profile, and vertical tics below curves represent allowed Bragg reflections for the C222 space group (lower curve) and for Pnma space group
(upper curve). The difference pattern is given below the vertical tics in each curve.
maximum magnetic field of 5 T, as shown in Fig. 4. It is clearly
evident that the hysteresis curve is not linear indicating the
presence of weak ferromagnetism at room temperature. It has
been observed for the present sample that the magnetic moment
is greatly improved i.e. ∼0.048 emu/g for 100 Oe. at room tem-
perature in comparison to that of BiFeO3 measured at 2000 Oe is
0.01 emu/g and ∼0.042 emu/g for Bi0.8La0.2FeO3 [23]. Net
magnetization in Bi1−xLnxFeO3 (Ln is a lanthanide) is related to
an antisymmetric exchange mechanism [13,14], and appearance of
magnetization should be due to the substitution-induced suppres-
sion of the cycloidal spin modulation [44]. Thus, increase of
magnetization in Bi0.8La0.2Fe0.9Mn0.1O3 can be attributed to the
fact that in one hand La doping destroys (or suppresses) the
cycloid spin structure (the structure which hinders the



Fig. 4. Variation of magnetization (M) with applied magnetic field (H) showing
weak ferromagnetism in Bi0.8La0.2Fe0.9Mn0.1O3.

Fig. 5. Variation of electric polarization (P) with applied electric field (E) at
different. frequencies for Bi0.8La0.2Fe0.9Mn0.1O3.

Table 1
Frequency of Raman active modes associated in Fig. 2 for Bi0.8La0.2FeO3 and Bi0.8La0.2Fe0.9Mn0.1O3.

Materials
Assigned frequencies (cm−1) of modes

E-1 A1-1 A1-2 A1-3 E-2 E-3 E-4 A1-4 E-5 E-6 E-7

Bi0.8La0.2FeO3 Ref. [21] 123.2 137.2 165.7 223.3 272.8 300.6 – 390.8 474.4 521.8 620.9
Bi0.8La0.2FeO3 – – – 211 258 298 (weak) – 403 (weak) 463 521 605
Bi0.8La0.2Fe0.9Mn0.1O3 – – – 215 262 300 (weak) – 405 (weak) 465 523 608

Raman active modes of Bi0.8La0.2FeO3 have been taken from [21] for comparison.

Fig. 2. Micro-Raman spectra of Bi0.8La0.2FeO3 and Bi0.8La0.2Fe0.9Mn0.1O3.

Fig. 3. Differential thermal analysis (DTA) showing ferroelectric transition tem-
perature (TC) for BiFeO3, Bi0.8La0.2FeO3 and Bi0.8La0.2Fe0.9Mn0.1O3.
observation of any linear magneto-electric effect in pure BiFeO3) to
release the latent magnetization locked within this structure and
enhances the magnetic moment. On the other hand Mn-doping
may introduce mixed valence states (Mn3+ and Mn4+) in the
system. To conclude the reason of the enhancement of the
magnetization further study has to be carried out.

Fig. 5 shows the variation of polarization (P) of Bi0.8La0.2-
Fe0.9Mn0.1O3 with the variation of applied electric field (E) for
different frequencies at room temperature. The polarization does
not show any saturation. Such relatively low-quality hysteresis
might be due to high leakage and weak ferroelectricity. This kind
of P–E behavior of La doped BiFeO3 has already been reported
[24,32,43]. From the frequency dependent P–E measurements (at
2 kHz, 1 kHz and 0.66 kHz), it has been observed that the width of
the P–E loops decreases with increasing frequency. This might also
be due to weak ferroelectricity observed by Dwivedi et al. [45] for
Mn-doped CoFe2O4 system. This weak ferroelectricity in Bi0.8La0.2-
Fe0.9Mn0.1O3 samples may comes from the stereochemical activity
of the Bi lone electron pair [46,47]. As the A-site Bi3+ ion of BiFeO3

shows a valence electron configuration of 6s26p0, the lone 6s2

electrons of Bi3+ ion hybridize with both the empty 6p0 orbits of
Bi3+ ion and the 2p6 electrons of O2− ion to form Bi–O covalent



bonds giving rise to the ferroelectric order [47,48]. This is known
as the second-order Jahn–Teller effect and, in this case, is referred
as the stereochemical activity of the Bi lone electron pair. Since in
most of the available reports the measurements are done at low
frequency (∼100 Hz), our results which are measured in higher
frequencies (∼kHz) cant not be compared because polarization
increases appreciably with decrease in frequency (see Fig. 5).
4. Conclusions

Role of codoping on the multiferroic properties at room tempera-
ture of BiFeO3 have been investigated. From the X-ray diffraction
study with Rietveld refinement it is observed that Bi0.8La0.2FeO3

under goes a change to orthorhombic symmetry (Pnma space group)
and Bi0.8La0.2Fe0.9Mn0.1O3 remains in the space group of Pnma. Raman
study supports this result that there is no further structural phase
change due to Mn-substitution of Bi0.8La0.2FeO3. It has been found
from the DTA study that doping of lanthanum in Bi-site decreases the
ferroelectric transition temperature (TC) rapidly and further Mn-
substitution in Fe-site decrease TC rather slowly. Moreover, the
substitutions resulted in appearance of weak ferromagnetism at room
temperature and the result has been discussed in the context of
destruction of the cycloid spin structure as well as introduction of
mixed valence state (Mn3+ and Mn4+). P−E measurement shows high
leakage in Bi0.8La0.2Fe0.9Mn0.1O3.
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