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Abstract
The structural, morphological, magnetic and dielectric properties of Samarium (Sm3+) and Manganese (Mn2+)
doped Bismuth ferrite (BSFMO, Sm=5% and Mn=0%, 5%, 10%, 20%, 25%) nanoparticles are presented which were
characterized by X-ray diffraction (XRD), scanning electron microscope (SEM), superconducting quantum interference
device (SQUID) and LCR meter, respectively. The XRD and SEM measurement show that the nanoparticles were
successfully synthesized by an improved sol-gel technique. The nanoparticles size decreases with increase in the
Mn2+ concentration. The dielectric measurement revealed that the dielectric constant and dielectric loss decreases
at higher frequency. The saturation magnetization and the magnetic coercivity of Mn-doped BSFO decrease by
increasing Mn concentration which is attributed to the increase in Bi2Mn4O9 antiferromagnetic impurity phase and
the increase in antiferromagnetic spin wavelength. Our results suggest that the resulting nano-composite is a soft
ferromagnetic material and is a suitable candidate for magnetic sensors operable at room-temperature.
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impurity

Introduction
BiFeO3 (BFO) is one of the multiferroics with coexistence of
antiferromagnetic and ferroelectric order parameters simultaneously
in perovskite structure [1,2]. BFO is an antiferromagnetic material
with Neel temperature of about 370°C and ferroelectric material with
the Curie temperature of 830°C [3,4]. The multiferroic materials are
explored widely due to potential applications such as in microwave
devices, satellite communication, memory devices, audio–video devices,
digital recording, sensors and spintronic devices [5,6]. Therefore,
BiFeO3 is considered to be as a primary contestant for magnetoelectric
applications at room temperature. It belongs to R3c space group and
has a rhombohedral distorted structure [7]. The magnetic behavior of
BiFeO3 owed to partially filled 3d orbital electrons of Fe3+ ions that lead
to G-type anti ferromagnetism and the ferroelectric property which
originates from Bi-O hybridization due to stereo chemical activity of
Bi6s2 lone pair [8].
As, BFO has a small band-gap (2.2 eV) so, it has got more attraction
for the reason that it is possible to be employed as an efficient visiblelight photo catalyst. Therefore, BFO-based photo catalysts are very
reactive to visible-light and exhibit higher photo catalytic efficiency in
visible range compared to the TiO2-based photo catalysts. To further
improve the photo catalytic Performance, efforts have been made for
band-gap engineering by different elemental doping onto the BFO
lattice sites [9]. In order to prepare BFO nanoparticles of small sizes
(<60 nm), several alternative chemical synthesis routes were adopted
such as ferrioxalate precursor method [10], micro-emulsion technique
[11], citrate-gel method [12], sol–gel method [8,13], co-precipitation
method, soft chemical route, etc. Recently, many elements like Gd3+,
La3+, Mn2+, Co2+, co-doped La3+ and Co2+, La3+ and Mn2+ have been
doped onto BFO in order to improve its morphology, electrical and
magnetic properties [14-23].
In the present work, Bi3+ and Fe3+cations of BiFeO3 were replaced
by Sm3+ and Mn2+ respectively in order to study the dielectric and
magnetic properties of the resulting nanoparticle compound. The
Sm3+ and Mn2+ ions were introduced in A-site and B-site onto BFO,
respectively. In this research, an effort is made to study the behavior
J Powder Metall Min, an open access journal
ISSN: 2168-9806

of BSFMO (Sm=5% and Mn=0%, 5%, 10%, 20%, 25%) nanoparticle
system including, physical, structural, magnetic and dielectric
parameters at room temperature.

Experimental Section
Pure and co-doped BFO were prepared by an improved sol-gel
method. The Bi1-xSmxFe1-yMnyO3 (BSFMO, x=0, 0.05; y=0, 0.05, 0.1, 0.15,
0.2, 0.25) nanoparticles abbreviated as BSFO, BSFMO-5, BSFMO-10,
BSFMO-20, and BSFMO-25, respectively. The samarium nitrate hex
hydrate and bismuth nitrate pent hydrate dissolved in acetic acid
were added to ethylene glycol and stirred for 2 h at room temperature.
Manganous nitrate solution and iron nitrate nonahydrate powder were
dissolved in acetic acid and constantly stirred for 1 h. Hereafter, both
solutions were mixed and stirred for 2 h. A homogeneous, reddish
brown solution was produced and was dried at 80°C to obtain a dry gel
and then calcined at 600°C for 3 h. In the experimental process, acetic
acid was used as the catalyst in the sol system and the hydrolysis speed
controls the concentration during synthesis process; ethylene glycol
used as solvent during hydrolysis can keep the different electronegativity
of bismuth (Bi3+) and iron (Fe3+) and a stable solution is formed by its
linearly structured molecule [24]. The structural analysis of the BSFMO
samples was carried out by X-ray Diffractometer (XRD) in the range of
20~80 with Cu-Ka radiation working at 40 kV and 26 mA. Scanning
electron microscope (SEM) and energy dispersive spectrometer (EDS)
were used for morphological analysis and to examine the chemical
composition of the BSFMO samples, respectively. The LCR meter was
used to study the dielectric properties of pure and Sm3+ and Mn2+ co*Corresponding author: Ali SI, State Key Laboratory for New Ceramics & Fine
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doped BFO nanoparticles. The Superconducting quantum interference
device (SQUID) was used to study the ferromagnetic properties of the
samples.

Results and Discussion
Structural and morphological characterizations of BFO and
BSFMO nanoparticles
Figure 1 shows XRD patterns of the Sm3+ and Mn2+ co-doped BFO
nanoparticles calcined in air at 600°C. The XRD pattern of pure BFO
corresponds to the distorted rhombohedral structure with an R3c space
group (JCPDS card no. 20-0169). By further increasing Mn2+ doping
concentration onto BFO sites, an additional peak of an impurity phase
of Bi2Fe4O9 is nearly removed, as is reported in previous report [25].
The SEM images of the BSFMO samples calcined at 600°C are shown in
Figure 2. The particle size of BSFMO reduces (57-19 nm) by increasing
concentration of Mn2+ doping. Hence, the variation in the grain
morphology of BSFMO nanoparticles is attributed to the addition
of Mn2+ at the Fe3+ sites, as the Mn2+ concentration further increases

to 25 mol% in BSFO, the particles were agglomerated and undergo a
phase transition from rhombohedral to orthorhombic phase [26,27].
The reduction in grain size may be attributed to the difference in the
ionic radius of Bi3+ and Sm3+ as well as the difference in bond strength
which is almost 1.8 times greater for Sm–O bond (619 ± 13 kJ/mol)
than the Bi–O bond (343 ± 6 kJ/mol). The Kirkendall effect may be the
another cause for decrease of grain size due to doping which arise due
to diffusion rates of constituting elements of the compounds [28].
Dielectric properties: Figure 3a shows the variation of dielectric
constant vs. frequency obtained for pure BFO and BSFMO samples,
measured at room temperature, with different Mn2+ doping
concentration under the frequency range of 20 MHz -120 MHz (Figure
3a and 3b). From Figure 3, it can be seen that the dielectric constant
decreases with increase in the frequency. The observed behavior of
BSFMO nanoparticles can be attributed to the space charge relaxation
effect on the basis of polarization and hopping conduction processes
in nanoparticles [29]. As, both dielectric constant ‘ε’ (real part) and
dielectric loss ‘ε’ account for charge storage capacity/polarization
ability and energy dissipation; it is observed that the dielectric constant
is decreased rapidly by increasing frequency and become independent
at high frequency range. The decrement of real part is ascribed to
the dielectric relaxation. Koop’s theory describes the phenomena of
dielectric dispersion. According to this theory, the decrement in real
part with increasing frequency is attributed to the fact that atoms in
the dielectric material required a ﬁnite time to align up along their
axis in the direction of applied ﬁeld. The frequency of the applied
electric ﬁeld increases and a point is reached when dipoles do not
follow the frequency of the applied electric ﬁeld and value of the real
part is decreased. With further increase in the frequency of the applied
ﬁeld, the polarization would hardly move before the ﬁeld reverses its

Figure 1: The XRD patterns of pure BFO and Sm and Mn co-doped BFO
nanoparticles (a) BFO (b) BSFO (c) BSFMO-5Mn (d) BSFMO-10Mn (e)
BSFMO-20Mn (f) BSFMO-25Mn.

Figure 2: The SEM images of pure BFO and various Sm and Mn co-doped
BFO nanoparticles (a) BFO (b) BSFO (c) BSFMO-5 (d) BSFMO-10 (e)
BSFMO-15 (f) BSFMO-20 (g) BSFMO-25.
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Figure 3: Variation of (a) dielectric constant and (b) dielectric loss, as a
function of frequency for BSFMO samples with different Mn concentration.
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direction and makes no role in polarization thus, becomes independent
at high frequency range. The decrement in dielectric constant is
associated with the hopping of the electrons from Fe2+ to Fe3+ ions.
Moreover, at low frequency, electric ﬁeld does not provide sufficient
energy to electron for hopping but as we increase the frequency of
electric ﬁeld, it provides sufficient energy and a specific point is reached
when hopping of electron is started from Fe2+ to Fe3+ ions. Therefore,
the conductivity of the dielectric increases with frequency [30]. The
dielectric constant of co-doped BFO nanoparticles is larger than that
of un-doped BFO nanoparticles. This dielectric behavior of doped BFO
can be explained in terms of oxygen vacancies and displacement of Fe3+
ions as there are always some oxygen vacancies in undoped BFO which
results in relatively high conductivity and less dielectric constant.
The dielectric loss data shows that the dielectric loss follows the same
trend as for the dielectric constant. In the low-frequency region, there
is a greater dielectric loss due to increased resistivity owing to the
accumulation of charges. It is expected that more oxygen vacancies
would be introduced by the substitution of Mn2+ ions in BSFO which
will increase the hopping conduction mechanism resulting in higher
dielectric loss. This kind of behavior was previously reported in the Sr2þ
and the Pb2þ doped BFO. Figure 4 shows that the ac conductivity of the
BSFMO samples measured at room temperature. The Ac conductivity
was calculated by the capacitance (Cp) and dissipation factor (D) as a
function of frequency of the applied voltage. The overall conductivity
at a specific temperature over a wide frequency range follows the
universal dielectric response
Magnetic properties: Figure 5a shows the magnetization vs.
magnetic field (M–H) curves of the Sm3+ and Mn2+ co-doped BFO
nanoparticles measured under the magnetic field loop of ±10,000 Oe
at room temperature. The BSFO shows a good magnetic hysteresis
behavior due to the distorted anti-ferromagnetic spin cycloid of
pure BFO and due to magnetically active Sm3+ characteristics. It is
found that the perfect magnetic hysteresis loops were observed for
each composition and that the saturation magnetization decreases
with increasing Mn2+ concentration. It is due to the fact that the
antiferromagnetic Bi2Fe4O9 impurity phase continuously increases
with increase in Mn concentration as is shown in the X-ray diffraction
pattern in Figure 5a.
Figure 5b shows a significant decrease in magnetic coercivity by
increasing the concentration of Mn2+. BFO has largest coercivity of 222
Oe which decreases to 142 Oe in Sm3+ doped BFO nanoparticles. The
coercivity then decreases continuously and attains the minimum value

Figure 4: Frequency dependence of ac conductivity of BSFMO samples at
different Mn concentration.
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Figure 5: (a) The M–H curve and (b) magnetic coercivity variation as a
function of Mn concentration for BSFMO samples.

of 25Oe at 25% Mn2+; the coercivity and magnetization both decrease
by increasing Mn2+ concentration. The saturation magnetization of the
BSFMO-25 nanoparticles is smaller than all other BSFMO samples
with smaller Mn concentration which is due the antiferromagnetic
impurity phase of Bi2Fe4O9 as the magnetization of Bi2Fe4O9 is almost
zero at room temperature. Therefore, It is evidently observed that
the magnetic properties of the samples are strongly dependent on
doping concentration making the magnetic nanoparticles controllable
externally.

Conclusion
In summary, pure BFO and BFSMO nanoparticles (Sm: 5% and
Mn: 0%, 5%, 10%, 20%, 25%) were prepared successfully via improved
sol-gel technique by using double solvent method and calcined at
600°C. A single phase perovskite structure of pure bismuth ferrite
nanoparticles is achieved. Structural and morphological analyses
revealed that there is phase transition from rhombohedral to
orthorhombic by increasing Mn2+ concentration. Study of dielectric
properties shows that the dielectric constant and dielectric loss of all
samples has the same trend; it is decreased by increasing frequency
towards the stable value. The magnetization of BSFMO particles has
the largest value when concentration on Mn2+ is zero and by increasing
Mn2+ magnetization, coercivity and squareness decrease. The increase
in magnetization is attributed to the distorted anti-ferromagnetic spin
cycloid of pure BiFeO3 on external doping. The magnetic nanoparticle
system presented here shows their potential for the application of soft
magnetic materials.
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