J Mater Sci: Mater Electron (2013) 24:2112-2115
DOI 10.1007/s10854-013-1066-9

Structural, dielectric and magnetic characterization of large scale
template synthesized Gd doped BiFeO; nanowires

Sanjeev Kumar

Received: 29 October 2012/ Accepted: 9 January 2013 /Published online: 18 January 2013

© Springer Science+Business Media New York 2013

Abstract Pure and 10 % Gd doped BiFeO; nanowires of
100-nm diameter have been synthesized by sol-gel tem-
plate-assisted technique. Phase-dependent structural, dielec-
tric and magnetic properties of pure and Gd doped BiFeOj;
nanowires have been investigated. X-ray diffraction study
reveals that pure BiFeO3; nanowires possess rhombohedral
structure while 10 % Gd doped BiFeO; nanowires are
orthorhombic in nature. Magnetic study confirms that the
value of saturation magnetization, increased with structural
change via doping of Gd in host BiFeO;.

1 Introduction

Nanoscale multiferroic materials possessing smaller size
and effective magneto-electric coupling, unlock exciting
numerous ways for scheming future nano-electronic and
spintronics devices [1, 2]. As per the demand of future
technology, multifunctional oxide nanostructures can play
an important role in fulfilling the future demands. Among
the various kinds of nanostructures, particularly nanowires
having one dimensional characteristics are the potential
candidates for future nano-electronic devices.

Because, ferroelectricity and ferromagnetism (antiferro-
magnetism) tend to be mutually exclusive [3], only a lim-
ited multiferroic materials exist having both ferroelectricity
and ferromagnetism (antiferromagnetism) simultaneously.
BiFeO; is one of the mostly studied materials [4] among the
limited multiferroic materials having ferroelectric curie
temperature (Tc) of 830 °C and an antiferromagnetic

S. Kumar ()

University College of Engineering,
Punjabi University, Patiala 147002, India
e-mail: sanjeevace_phy @yahoo.co.in

@ Springer

(AFM) neel temperature (Ty) of 370 °C. In BiFeOj; the
weak ferromagnetism is caused by residual moment from
the canted Fe*" spin structure while the ferroelectricity is
induced by the stereo-chemically active 6s> lone pair of
Bi®". The lattice distortion of BiFeO; induced the coupling
between magnetic and electric behaviors, when an electric
field or a magnetic field is applied [5-7]. It is reported
that the magnetism and ferroelectricity in BiFeO3 can be
enhanced by replacing Bi site with rare-earth [8-11]
or substituting Fe site with transition-metal and rare-earth
[12-15].

Prasanthi et al. reported surface enhanced strong visible
photoluminescence from sol-gel synthesized one-dimen-
sional multiferroic BiFeO5; nanostructures [16]. Cai et al.
[17] described the ferroelectric and dielectric properties of
Bi; 15sNdygsTisO;, nanotubes synthesized using anodic
aluminum oxide (AAO) template. Liu et al. [18] reported
the spin glass transition below the freezing temperature of
55 K in BiFeOs; nanowires synthesized using improved
hydrothermal method. Joshi et al. [19] reported Microwave
synthesis of single-crystalline perovskite BiFeO; nano-
cubes for photoelectrode and photocatalytic applications.
Gao et al. [20] reported the synthesis of BiFeO3 nanowires
through AAO template. They also reported weak ferro-
magnetism at room temperature and superparamagnetism
at low temperature in BiFeO; nanowires, different from the
antiferromagnetic order in bulk BiFeOj;, reflecting the
important size effects on the magnetic ordering of BiFeOj,
Jing et al. [21] reported the coexistence of ferroelectric
and ferromagnetic ordering at room temperature in the
BiFeO3 nanotubes synthesized using sol-gel AAO tem-
plate method.

The main intention of the present work is to improve
the enhanced magnetic properties in BiFeO3; nanowires.
Appropriate magnetic ion doping may induce inter defect
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coupling [22, 23] for enhanced ferromagnetism. Gd is a
promising dopant [24] for BiFeO; multiferroics system for
realizing improved ferromagnetism. In the present work,
we report the synthesis of Gd doped BiFeO; nanowires
using sol-gel template assisted method and their structural,
dielectric and magnetic properties.

2 Experimental details

Gd doped BiFeO; nanowires were synthesized by the sol—
gel template assisted technique. All the reagents in the
experiments were of analytic grade and used without fur-
ther purification. Fe(NO3);-9H,0, Bi(NO;);-5H,0 and
Gd(NO3),-6H,O were first dissolved in 2-methoxyethanol
for 45 min by means of ultrasonic cleaner. Solution was
then heated at magnetic stirrer heater at 70 °C with con-
stant stirring for 4 h. The sols were aged for 24 h at room
temperature. The commercially available anodic aluminum
oxide (AAO) templates purchased from Whatman, UK,
having average pore diameter, 100 nm, and pore density,
10° cm ™2 have been used. AAO templates were put in the
as prepared sol for 24 h. Then AAO template filled with sol
were calcined at 500 °C for 1.5 h and 750 °C for 30 min.

X-Ray diffraction data was collected using a Panalytical
XPERT-PRO diffractometer with Cu K, radiation at a step
of 0.02° in the range 20 = 20°-80°. Scanning electron
microscopic (SEM) measurements were carried out by
JEOL 6100. Dielectric constant and dielectric loss were
performed using an Agilent precision impedance analyzer
over the frequency range from 20 to 2 MHz. For dielectric
measurements, both surfaces of filled AAO template were
polished with silver paste to make electrodes. Quantum
design vibrating sample magnetometer (VSM) was used
for the magnetic characterization of pure and Gd doped
BiFeO; nanowires.

3 Results and discussion

Figure la depicts the XRD patterns of pure and 10 % Gd
doped BiFeO5; nanowires at room temperature. It is clearly
evident from the XRD patterns that the structure of pure
BiFeOj; samples has rhombohedral symmetry, which is in
agreement with the JCPDS card No. 86-1518. BiFeO;
nanowires with 10 % Gd doping illustrate orthorhombic
structure. Usually pure BiFeO5; (x = 0) is noncentrosym-
metric rhombohedral structure having space group R3c and
parent GdFeO; (x = 1) is centrosymmetric orthorhombic
structure having space group Pnma. Due to metastable
nature of BiFeO3 and its chemical kinetics of formation it
is always coupled with some impurity phases as BiysFeOyq
and Bi,Fe 09 [25]. It is clearly depicted that (104) and

(110) diffraction peaks in the vicinity of 20 = 32.1° are
separated in pure BiFeO3; nanowires, which get merged to a
single broad (020) peak and also has a tendency to shift
toward higher 20 value when 10 % Gd ion concentration is
doped in BiFeO; (Fig. 1b). Diffraction peak of (006)
occurred at 20 = 38.85° has been credited as the indicator
of the rhombohedral structure in pure BiFeOs. This (006)
peak vanishes in 10 % Gd doped BiFeO5; nanowires. Dis-
appearance of (006) peak signifies the structural phase con-
version from rhombohedral to orthorhombic phase [26, 27].
One more peak indexing to (121) in the region of 20 =
38°—40° related to orthorhombic structure is observed along
with disappearance of (006) and (202) peaks is also an
indication of the structural conversion from its original
rhombohedral structure to orthorhombic. The phase tran-
sition from rhombohedral to orthorhombic structure is
ascribed to the structural deformation resulting from the
inclusion of Gd*>* ions into the BiFeO; lattice, for the
reason [28] that the ionic radius of Gd>" is smaller than
that of Bi**. Figure 2 shows SEM image of Gd doped
BiFeO; nanowires. It is clear from Fig. 2 that the nano-
wires are dense and possess diameter 100 nm.

Figure 3a, b, show the frequency dependence of dielec-
tric constant and dielectric loss in pure and 10 % Gd doped
BiFeO; nanowires at room temperature, respectively. Both
dielectric constant and dielectric loss decreases with
increase in frequency which may be attributed due to the
incapability of the electric dipoles to be in pace with the
frequency of applied electric field [29, 30]. It is observed
from Fig. 3a, that the values of dielectric constant were
around 379 and 533 for pure and 10 % Gd doped BiFeO;
nanowires, respectively at 1 kHz. Both samples show
dielectric dispersion. The value of dielectric constant is
high at low frequencies; it decreases quickly up to 10 kHz
and shows a stable value afterwards. The observation of
enhanced dielectric constant for 10 % Gd doped BiFeO3
nanowires may be due to the development of large dipole
moment due to structural deformation from rhombohedral
to orthorhombic.

The two sources of polarization i.e. dipolar and inter-
facial polarization play major role in dielectric measure-
ment, since in the high frequency range, the value of
dielectric constant becomes stable. Dipolar polarization or
orientational polarization contributes to the dielectric
properties in the range 10°-10° Hz (sub infra-red) [31]. The
interfacial polarization takes place when mobile charge
carriers are obstructed by a physical barrier. As a result, the
charges pile up at the barrier creates a localized polariza-
tion. Interfacial polarization occurs in the low frequency
range (10? Hz). As pure and Gd doped BiFeO; nanowires
are prepared by sol-gel template assisted technique, the
complex dielectric behavior may be contributed by dipolar
and interfacial polarization including localized defects. The
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Fig. 1 a X-ray diffraction
patterns of pure and Gd doped °
BiFeO; nanowires. b Magnified B
XRD patterns of pure and
Gd doped BiFeO3; nanowires
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Fig. 2 SEM image of Gd doped BiFeO3; nanowires

dielectric loss for the pure and Gd doped BiFeO; nanowires
as shown in Fig. 3b, exhibit similar behaviour as observed
for dielectric constant (Fig. 3a).

Magnetization versus magnetic field (M—H) loops for
pure and 10 % Gd doped BiFeO; nanowires are shown in
fig. 4. The M-H loops of nanowires were measured at
room temperature, depicting the saturation magnetization
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Fig. 4 M-H hysteresis curves of pure and Gd doped BiFeO3; nanowires
at room temperature

(M) of pure and Gd doped BiFeO; nanowires. Different
reasons may be possible for the high value of saturation
magnetization and ferromagnetic character of 10 % Gd
doped BiFeO; nanowires. BiFeO; exhibits distorted
perovskite structure with space group R3c. Gd doping
(magnetically active ions) having radius smaller than that
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of Bi, leads to the structural distortion resulting in the
destruction of spiral spin cycloid and leads to termination
of the weak ferromagnetism with the release of locked
magnetization [26]. The large effective magnetic moment
of Gd coupled with Fe ions may be another reason for
enhanced magnetization. It may also predict that more
incorporation of Gd (10 %) may induce defects in the
BiFeO5; main matrix, which in turn stimulates defect driven
ferromagnetism in Gd doped BiFeO5; nanowires [32].

4 Conclusions

10 % Gd doping in BiFeO; nanowires, transforms the
original rhombohedral (R3c) structure of BiFeO; into
orthorhombic (Pnma) structure. Magnetic study depicts
that both pure and 10 % Gd doped BiFeO3 nanowires
possess ferromagnetic behaviour, and saturation magneti-
zation increases with Gd-doping. Doping of Gd also sup-
presses the spiral spin structure in BiFeOjs; as a result
saturation magnetization gets enhanced. Pure and 10 % Gd
doped nanowires possess frequency dependent dielectric
constant, which decreases with increase in frequency and
remains almost constant at higher frequencies.
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