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ABSTRACT
BiFe1-xMnxO3 (x = 0.0–7.5%) nanoparticles were successfully synthesized by tartaric acid assisted sol-gel
method followed by rapid cooling process. XRD patterns indicate secondary phases in pure BiFeO3 (BFO)
which get suppressed with Mn concentration up to 5%. The observation of absorption peaks at 559 cm-1 and 432
cm-1 in FTIR spectra confirms the formation perovskite structure. The Mn substitution at B-site of BFO
improves the particles surface morphology and reduces the average particles size to around 65nm. Dielectric
constant increases from 19 for pure BFO to 46 for 5% composition while their loss tangent decreases from 0.2
to 0.016, respectively. A small dielectric relaxation peak is observed for 2.5% composition which disappears for
5% due to reduction of charged defects such as oxygen ion vacancies. The ferroelectric behavior improves with
Mn-doping and maximum remnant polarization value of 1.8μC/cm2 at a maximum applied field of 80kV/cm is
observed for 5% composition. Enhanced magnetic property is observed for different Mn contents with maximum
value of saturation magnetization of 0.20emu/g at room temperature.
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I.

INTRODUCTION

Multiferroic materials possess potential applications in the field of materials science and are in active
research owing to the presence of strong coupling of electric, magnetic and structural order
parameters, which give rise to simultaneous occurrence of ferroelectricity, ferromagnetism and
ferroelasticity [[1-4]. These materials show strong magnetoelectric coupling and hence can find
application in information storage, spintronics, sensors and microelectronics devices. Among the
well-studied multiferroic materials (YMnO3, BiMnO3, BiFeO3 etc), bismuth ferrite (BiFeO3) with
rhombohedral distorted perovskite (ABO3) structure has taken considerable attention on account of
being a multiferroic materials at room temperature. It shows ferroelectricity with a high Curie
temperature (TC =8300C) and G-type antiferromagnetism up to Neel temperature TN=3700C [5].
Currently, bulk BFO is not suitable for application because of its high conductivity which arises
mainly from charge fluctuation of Fe and antiferromagnetic behavior at room temperature which
prohibits linear magnetoelectric effect [6, 7]. Therefore, many attempts have been made to the
realization of enhanced multiferroic properties in nanostructure BFO where significant size effect on
the improvement of magnetic properties was evidenced [8-12]. The substitution of various metal ions
in BFO has already been carried out by many research groups and their relentless efforts have brought
new height in the research area of BFO [13-20]. Among the transition metal ions, the doping of Mn at
Fe site reduces leakage current density and improves magnetic behavior which is essential for real
multiferroic materials.
Recently, an enhanced magnetic properties of Mn doped BFO nanoparticles prepared by hydrothermal
method has been reported, but there is no report on detail investigation of Mn substituted BFO
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nanoparticles prepared by rapid sintered sol-gel method [21]. In the present paper, we report a detail
study of effect of Mn on structural, dielectric, magnetic and ferroelectric properties of Mn doped
BiFeO3 nanoparticles synthesized by rapid sintered sol-gel method. Interesting results are observed
for particular composition (5%) of Mn which can be useful for application in many practical devices.

II.

EXPERIMENTAL DETAILS

A sol-gel method was employed for synthesizing pure and Mn doped BFO nanoparticles. The
appropriate amount of Bi(NO3)3·5H2O, Mn(NO3)3.6H2O, and Fe(NO3)3·9H2O (compositions
0%,2.5%,5%,7.5% of Mn) were first dissolved in 2-methoxyethanol.Tartaric acid in 1:1 molar ratio
with respect to metal nitrates was added to the precursor solution. The gel of mixed solution was dried
at 800C.The resulting dry gel was grinded into powder followed by calcinations at 550 0C for two
hours. After that, the powders were sintered for 450 s in air at 820 °C, and then subsequently cooled
rapidly to room temperature. After mixing PVA solution as binder with the well grinded powder,
pallets of different samples were made by applying hydraulic pressure of about 10 tons. Well dense
pallets were obtained after rapid sintering at 8200C for half an hour. For electrical characterization,
both sides of the pallets were polished with silver paste to form two electrodes for conduction
mechanism. The crystal structure of the samples was carried out by a Philips XPERT-PRO X-ray
diffractometer using Cu Kα radiation. Scanning electron microscopic (SEM) and Tunneling electronic
microscopy analysis were performed to study the homogeneity and to determine the particle size.
Dielectric measurements were carried out with Wayne Kerr, 65000B Precision Impedance Analyzer.
Magnetic and ferroelectric measurements were performed with Vibratory Sample Magnetometer
(VSM) and P-E Loop Tracer respectively. The variation of resistivity with Mn contents was measured
with Keithley 2611 source meter.

III.

RESULT AND DISCUSSION

The XRD patterns of pure and Mn-doped BFO nanoparticles are shown in figure 1. Observed X-ray
diffraction peaks pattern of sintered powder could be indexed to distorted rhombohedral structure of
BiFeO3 with space group R3c [22]. It can be also noted from XRD pattern that the crystallites of
samples increase with increasing Mn contents and also suppress the formation of impurity phases up
to 5% composition.

Fig.1. X-ray diffraction (XRD) patterns for BiFe1− xMnxO3 (0.0≤x≤0.075) nanoparticles

The impurity phases as observed in pure and 7.5% sample may be attributed to Bi2Fe4O9 and
Bi46Fe2O72 which has also been reported by other author (23-24). The lattice parameters (equivalent
hexagonal for x≤0.075) of BiFe1-xMnxO3 are: for x=0.0, a=5.5748, c= 13.894, x=0.05, a=5.5439,
c=13.921, x=0.075, a=5.5345, c=13.796. The calculated value of lattice parameters indicates that
there is a continual change in lattice constant when Mn2+ ion is substituted for Fe3+ ion. The average
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crystallite size as calculated from XRD pattern by applying Scherer equation are 98, 84, 72 and 65nm
for 0%, 2.5, 5% and 7.5% composition of Mn, which indicates the nanostructure characteristics of
these samples. The decrease in crystallite sizes and lattice parameters with increasing Mn contents is
attributed to the smaller ionic radii of Mn2+(0.46 Å) ion than that of Fe3+ (0.645 Å) ion which might
inhibit the crystal growth.
The room temperature FTIR spectra for 5% doped sample is shown in figure 2. The strong absorption
peaks near 558 cm−1 and another near 432 cm−1 are assigned to Fe–O stretching and bending vibration,
respectively, being characteristics of the octahedral FeO6 group in the perovskite compounds [25, 26].

Fig.2. FTIR spectra of 5% Mn doped BFO nanoparticles

The formation of perovskite structure in our sample can be confirmed from the presence of metal
oxide band at 400-600 cm-1 [27]. To further confirm the substitution of Mn at Fe-site, EDAX spectra
of 5% Mn doped BFO was measured and shown in Figure 3(d). The EDAX image taken from the
selected area of different grains confirms the presence of Bi, Fe and Mn elements. No extra impurities
peaks arise from XRD graphs with Mn contents, which further support the fact that Mn has been
successfully substituted in Fe site.
The surface morphologies of pure and Mn doped BFO nanoparticles have been studied from scanning
electron microscopy (SEM). The SEM images of pure and 5% compositions are shown in figures 3(a)
and (b).

Fig.3. SEM images of (a) pure BFO (b) 5% Mn doped BFO (c) TEM image of 5% Mn doped BFO and (d)
EDAX spectra of 5% Mn doped BFO.
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It can be noted from SEM images that 5% Mn doped BFO sample has improved surface morphology
in contrary to pure BFO which exhibits porous network. Furthermore, there is a significant reduction
of particles size with Mn doping. Figure 3(c) shows the tunneling electron microscopy (TEM) image
of 5% Mn doped sample. The average particle size from TEM image for 5% sample is around 66nm
which is in consistent with that calculated from XRD result.
Dielectric constant and dielectric loss as a function of frequency are shown in Figures 4(a) and 4(b).
All samples show similar behavior with increasing frequency. At low frequency, dielectric constant
and dielectric loss decrease as the frequency increases up to 200 k Hz and thereafter shows a
frequency independent behavior. This behavior at low frequency has been explained on the basis of
dielectric relaxation phenomena where different dipoles at low frequency are able to follow the
frequency of the applied field.

Fig.4 (a) Variation of dielectric constant (ε) and (b) dielectric loss (tanδ) with frequency for BiFe 1− xMnxO3
nanoparticles at room temperature.

Dielectric constant increases significantly from 19 for BFO to 66 for 7.5% composition while the
dielectric loss remains below 0.016 for all samples beyond 200 kHz. The enhancement in dielectric
constant with increasing Mn contents may be attributed to the increased interfacial polarization which
arises due to large volume fraction of grain boundary as a consequence of decrease in grain sizes [16,
28].
Figures 5(a) and 5(b) show the variation of dielectric constant and dielectric loss as a function of
temperature. A temperature variation of permittivity and dielectric loss further indicates the improved
dielectric characteristics for 5% Mn doped sample. A small dielectric anomaly is observed for 2.5%
sample at 2100C which almost disappear for 5% sample and shows a stable behavior up to a
temperature of 5000C. The dielectric loss increases monotonically with varying temperature up to
3000C and thereafter shows a sharp rise due to increased thermal conductivity which is consistent with
the earlier reported result [29].
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Fig.5 (a) Temperature dependence of dielectric constant (ε) and (b) dielectric loss (tanδ) for BiFe 1− xMnxO3
nanoparticles at 100 kHz.

The polarization-electric field (P-E) hysteresis loop measured at frequency of 50 Hz at room
temperature has been used to study the effect of Mn doping on the ferroelectric properties of BFO
nanoparticles. As shown in figure 6, a well saturated hysteresis loop is not possible to observe in any
samples due to the presence of high leakage current; however there is an enhancement in the remnant
polarization with maximum value of 1.8 µC/cm2 at an applied field of 80kV/cm for 5% Mn- doped
BFO sample. The sample with 7.5% composition shows loosy hysteresis loop even at low applied
field due to its highly conductive nature.

Fig.6. Polarisation-Electric field (P-E) hysteresis loops of BiFe1− xMnxO3 nanoparticles at room temperature.
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The maximum value of polarization as observed in our samples is small compared with Mn doped
BFO thin film and ceramic [30, 31].
The magnetic properties of Mn doped BFO nanoparticles have been studied from M-H hysteresis
loops with maximum applied field of 20 kOe. Figure 7 shows the M-H curves for pure and Mn doped
BFO samples measured at room temperature. The pure BFO nanoparticles show a small spontaneous
magnetization in contrary to antiferromagnetic bulk BFO. This result is in consistent with other report
and may be attributed to the fact that the spiral spin structure is partially destroyed in BFO
nanoparticles [ 32-34].

Fig.7. Magnetization vs field (M-H) curves for BiFe1− xMnxO3 nanoparticles measured at room temperature.

Saturation magnetization increases slightly with Mn doping and reaches a maximum value of 0.02
emu/g for 5% composition. An enhanced magnetic properties in Mn doped samples (up to 5%) might
be either due to effective suppression of spiral spin structure with Mn doping as a consequence of
decrease in grain size or breakdown of balance between the antiparallel sublattice magnetization of
Fe3+ due to metal ions substitution with different valence [35-37].
Further experiments like XPS, Mossbauer spectra, Raman spectra and capacitance-voltage (C-V)
measurements can help in identifying the oxidation state of Fe, and ferroelectric behavior which are
matter of further investigation.

IV.

CONCLUSIONS

BiFe1-xMnxO3 (x = 0.0–7.5%) nanoparticles were successfully synthesized by tartaric acid assisted solgel method followed by rapid cooling process. XRD patterns indicate secondary phases in pure
BiFeO3 (BFO) which get suppressed with Mn concentration up to 5%. The observation of absorption
peaks at 559 cm-1 and 432 cm-1 in FTIR spectra confirms the formation perovskite structure. The Mn
substitution at B-site of BFO improves the particles surface morphology and reduces the average
particles size to around 65nm. Dielectric constant increases from 19 for pure BFO to 46 for 5%
composition while their loss tangent decreases from 0.2 to 0.016, respectively. A small dielectric
relaxation peak is observed for 2.5% composition which disappears for 5% due to reduction of
charged defects such as oxygen ion vacancies. The ferroelectric behavior improves with Mn-doping
with a maximum remnant polarization value of 1.8μC/cm2 at a maximum applied field of 80kV/cm.
Enhanced magnetic property is observed for 5% composition having maximum value of saturation
magnetization of 0.20emu/gm. Although this value of magnetization obtained is very small, but it can
be quite beneficial for some specific applications at room temperature such as spintronic and spin
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valve. This study reveals that the Mn doping up to 5% improves the characteristic properties of BFO
nanoparticles prepared by rapid cooling process.
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