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Multiferroic Bi;_»YxFeOs (x=0.00,0.05,0.1,0.15,0.2) ceramics were prepared by conventional solid-state-
reaction method. X-ray diffraction measurement was carried out to characterize the crystal structure and
to detect the impurities existing in these ceramics. The substitution of rare earth Y for Bi was found to
decrease the impurity phase in BiFeO3; ceramics. There is strong evidence that both lattice constants a and
c of the unit cell unusually change at Y content of about x=0.10. The effect of introducing Y** is shown
to increase the optical band gap for doped sample Bi;_.YxFeOs. Additionally, the Raman measurement
performed for the lattice dynamics study of Bi;_,YyFeO3 samples reveals a strong band centered at around
1150-1350cm~! which is associated with the resonant enhancement of two-phonon Raman scattering
in the multiferroic Bi;_YxFeOs; samples. The impedance spectroscopy indicates that, the Y dopant has
improved the grain impedance. The enhancement of magnetization was observed in Y-doped samples
compared to pure BiFeOs.
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1. Introduction

Ferroelectromagnetic materials, i.e. multiferroics, exhibit fer-
roelectric properties in combination with the ferromagnetic
properties [1]. Additionally they exhibit the phenomenon called
magnetoelectric coupling, i.e. magnetization induced by an electric
field and electric polarization by a magnetic field. Recently, partial
substitution of Bi3* jons by lanthanides has been shown to improve
ferroelectric properties and magnetization [2-5]. Zhang et al. [3]
and Das et al. [5] suggested that La3* substitution for Bi3* elim-
inates impurity phases and destroys the cycloidal spin structure
resulting in uniform canted antiferromagnetic ordering. Zhang et
al. [3] also reported that the structure changes from rhombohedral
to orthorhombic at 30 mol% La. In the studies on dopant effects
of Sm reported by Nalwa et al. [2] and Yuan [6] and those of Nd
reported by Yuan et al. [7] in BiFeOs, changes in the crystal struc-
ture of the material were observed, which resulted in improved
piezoelectric properties, long-range ferroelectric and canted anti-
ferromagnetic orders. Uniyal and Yadav [8] claimed on the other
hand, that 10 mol% Gd substituted for bismuth in the sample com-
pound did not change the crystal structure but only reduced the
volume fraction of impurity phases, while decreasing the Neel
temperature Ty to ~150°C from 370°C, and enhancing the magne-
tization to the extent of allowing the generation of the ferroelectric
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hysteresis loops [8]. These phenomena also give rise to unusual
dynamical effects, which can be observed in optical experiment
which offers the means for elucidating of the driving mechanism
of the ferroelectric transition and, eventually, its coupling to mag-
netic ordering [9,10]. The origins of the ferroelectric order and its
coupling to magnetic order, are closely related to the lattice dynam-
ics which is in turn directly connected to ferroelectric order. The
Raman spectroscopy is known to be a powerful tool for studying the
vibrational and magnetic excitations [11]. Some studies on Raman
scattering of BiFeO3 have indeed been reported [12], but most of
those studies were focused on pure BiFeOs. Although a number of
Raman and XRD experiments have also been performed to study the
influence of temperature and dopant concentration variations, very
little works have been reported on the Y dopant induced changes
in the structure relating to optical property and to electromagnetic
property of BiFeOs. In this paper, we report the result of a study on
the Y-doping effects in Bi; _xYxFeO3; by means of measurements and
analyses of the XRD pattern as well as the Raman scattering, optical
absorption spectra, impedance spectroscopy and magnetization.

2. Experiment

The Bi;_xY¢FeOs (x=0.00, 0.05, 0.10, 0.15 and 0.20) samples were prepared by
a modified solid-state-reaction method, which adopted a much faster heating and
cooling rates in the sintering process than those employed in conventional method.
The initial powder material for the synthesis was prepared by mixing appropriate
amounts of Bi, 03 (Sigma-Aldrich, >99.0%), Y,03 (Sigma-Aldrich, >99.9%) and Fe; 03
(Sigma-Aldrich, 99.9%), which were ground for 4 h inisopropyl alcohol. The powders
were thereafter pressed into disks of 10 mm diameter and calcined at 600°C for
6 h. The resulted pellets were further treated with a repeated grinding in isopropyl


dx.doi.org/10.1016/j.jallcom.2010.06.093
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:minhsp@gmail.com
mailto:minhnv@hnue.edu.vn
dx.doi.org/10.1016/j.jallcom.2010.06.093

620 N.V. Minh, D.V. Thang / Journal of Alloys and Compounds 505 (2010) 619-622

Fig. 1. (a) XRD patterns of Bi;_xYxFeO; powders and (b) a, c cell parameters vs. Y
content.

alcohol for 4 h. The powders were then pressed into disks of 10 mm in diameter and
5mm in thickness, sintered at 825°C for 10 h with heating rate of 10°C/min and
finally cooled at the rate of 5°C/min.

Structural characterization was performed by means of X-ray diffraction using
a D5005 diffractometer with Cu Ko radiation and with 26 varied in the range of
20-70° at a step size of 0.02°. The photoabsorption of Bi;_xYxFeO3 was measured by
UV-vis diffuse reflectance spectrometry (Jasco 670 UV-vis spectrometer). Raman
measurements were performed in a back scattering geometry using Jobin Yvon T
64000 triple spectrometer equipped with a cryogenic charge-coupled device (CCD)
array detector and operated with 514.5 nm line of Ar ion laser. The magnetization
depending on magnetic field was measured by a vibrating sample magnetometer
(VSM) and impedance spectroscopy was obtained by a Le Croy equipment.

3. Result and discussion

Fig. 1 shows the X-ray diffraction patterns of Bi;_,YxFeO3
(x=0.05,0.10, 0.15, 0.20). The XRD patterns are in excellent accord
with the powder data of JCPDS Card No. 71-2494. Generally, for all
samples, the second phase peaks attributed to Fe or Bi rich phases,
Bi;Fe40g9 and BiysFeOyq (asteriskin Fig. 1a) were routinely observed
as shown in previous results [ 13]. However, the remain peaks in the
XRD traces are related to perovskite-structured phases, while the
second phase peaks apparently disappear in the XRD data of sample
with x=0.10. For Y-doped BiFeOs3, all peaks are indexed according
to the Rs. cell of BiFeOs. The lattice parameters deduced for pure
BiFeO3 hexagonal unit cell were found to have values a=5.5778 A
and c=13.8685 A.In the range of x=0.00 to x=0.10, the cell parame-

ters increase with increasing Y content. Upon this content, the cell
parameter decreases (Fig. 1b) indicating the smaller Y ions have
indeed replaced the larger Bi ions in the unit cell.

The further effect of Y-substitution is described by the Raman
spectra of the Bij_,YxFeO3 ceramics which are plotted in Fig. 2
with respect to variation of Y concentration x at room temperature.
The selection rules for the Raman active modes in rhombohedral
R3.(C3y) symmetry predict only 13 active Raman phonons with
A; and E symmetries, according to the rule of decomposition in
terms of irreducible representations, I ramanir =4A1 +9E. In polar-
ized Raman scattering, the A; modes can be observed by parallel
polarization, while the E modes can be observed by both par-
allel and crossed polarizations. Since all these modes fall in the
frequency range below ~700cm~!, most of the Raman studies
have focused in this region, at the cost of missing the information
contained at higher frequencies. Here, we measured the Raman
spectra in the extended range of 100-1800cm~". In addition to
the well-understood Raman features in the low-frequency region,
the spectra show a very prominent band at ~1000-1350cm™!,
which we associate with two-phonon Raman scattering, strongly
enhanced due to the resonance with the intrinsic absorption edge.

As seen from Fig. 2a, all samples show the same Raman modes
at similar positions. When comparing the low-frequency Raman
modes (100-700 cm~!) with theoretical and experimental results
reported previously [11], a reasonably good agreement is attained.
The only difference is the appearance of a prominent additional
band around ~1150-1350cm~! which has rarely been reported

Fig. 2. The Raman spectra of Bi;_xYxFeO3; samples with x=0.00-0.20.
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before for the doped system. Changing the excitation wavelength
to 488 nm led to no observable spectral shifts in this band, thereby
confirming its true nature of Raman scattering and, excluding
any possible phonon and/or magnon assisted emission in this
region. The origin of this spectral band has been assigned to the
combination of three different two-phonons Raman scattering in
BiFeO3 [14] labeled as 2A4, 2Eg and 2Eg, since their spectral posi-
tions practically correspond to twice the energy values of the
A(LO4)~480cm~1!, E(TOg)~550cm~! and E(TOg)~ 620 cm~! nor-
mal modes of BiFeO3, respectively. The strong contribution of the
two-phonon band to the total Raman spectrum has been attributed
to a resonant enhancement with the intrinsic absorption edge in
BiFeO3 (2.66 eV) [14,15]. In addition, the two-phonon Raman spec-
tra are displayed in Fig. 2b. The slight difference and inconsistent
variation in some of the peaks observed in the investigated sam-
ples can be attributed to the different subtle details in the sample
preparations. It is known that the synthesis condition sensitively
influences the oxygen stoichiometry of the resulted samples. This
is expected to lead to changes in oxygen bonding and disorder that
are reflected in the frequencies of vibration modes involving oxy-
gen. Furthermore, it is reported that these high-frequency modes of
BiFeOs3 are overtones of the first-order phonon modes and assigned
as 2Ay, 2Eg, and 2E9 modes, respectively [16]. Some analysis was
also discussed in this paper.

To elucidate the role of Y doped on the conductivity, we have
measured the impedance of the samples. The impedance spec-
troscopy is usually used to characterize bulk grain, grain boundary
and electrode interface contributions by exhibiting successive
semicircles Cole-Cole plot (often with some distortion) with its
imaginary part plotted against its real part in the complex plane
[17,18]. A high-frequency semicircle originates from the bulk con-
duction and dielectric processes; a low-frequency semicircle is
associated with ion and electron transfers at the contact surface
between the sample and the electrode, while an intermediate-
frequency semicircle provides information on the grain boundary
and/or impurity-phase impedance. All these contributions vary
with temperature, and, for a given frequency range of measure-
ment, they may not all be detected.

For clarity, in Fig. 3 we show the Z’-Z plots of the impedance
of two samples (x=0.00 and 0.20) together with the simulations
results as most impedance investigations on polycrystalline sam-
ples with perovskite structure and other dielectric compounds, a
series of parallel RC elements are used for the numerical simulation.
Fig. 3a shows the plot for sample with x=0.00 together with the
simulated spectrum displaying a good fit. Here, the high-frequency
semicircle seems to disappear. We attribute the semicircle at inter-
mediate frequencies tentatively to grain boundaries.

The sample with a relatively high Y content might lead to high
grain and low grain boundary resistivity (Fig. 3b). We note that in
all cases, the simulated results fit the experimental data quite well.

It can be seen from Fig. 3, that there are two effects pertain-
ing to microstructural inhomogeneity - grain and grain boundary.
Impedance spectroscopy allows the separation of the resistance
related to grains (bulk) and grain boundaries because each of
them has different relaxation times. For sample with x=0.00, the
high-frequency semicircle originates from the bulk conduction
and dielectric processes does not detect. Therefore, the spectrum
reveals a relatively large grain boundary contribution to the total
impedance [17,18]. The reason may be that close to the grain
boundaries, the transport properties of the material are controlled
by imperfections, expected to be present in higher concentra-
tion than in grains, leading to an additional contribution to the
intergrain (grain boundary) impedance. The internal space charge
created at the grain boundaries may lead to a significant increase in
the concentration of mobile effects. Form above result, it was sug-
gested that the Y dopant has improved the boundary impedance.

Fig. 3. Impedance spectroscopy of Bi;_,YxFeO3; samples with x=0.00 (a) and x=0.20
(b).

This is in agreement with the result of the calculated optical band
gap data in previous part.

The magnetization-magnetic field (M-H) curves of Bi;_,YxFeOs3
ceramics were measured with a maximum magnetic field of 10 kOe,
as shown in Fig. 4. In fact, BiFeO3 is known to be antiferromag-
netic having a G-type magnetic structure [19], but has a residual
magnetic moment due to a canted spin structure (weak ferromag-
netic) [20]. However, the Y-doped specimens exhibited a magnetic
hysteresis loop, referring to a ferromagnetic behavior. As shown

Fig. 4. Magnetization vs. magnetic field of Bi;_,YxFeO3; samples with x=0.00-0.20.
The inset is the saturation magnetization (M;) and remanent magnetization (M;) vs.
Y content.
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in Fig. 4, the curves of x> 0.05 are clearly not collinear. The satu-
ration magnetization (M;) are 1.62, 2.40, 5.16 and 7.27 emu/g for
x=0.05, 0.10, 0.15 and 0.20, respectively. The remnant magneti-
zations (M;) are 0.04, 0.08, 1.07 and 1.62 emu/g, respectively. The
Ms and M; values as the function of x are plotted in the inset of
Fig. 4. A relevant research [21] reported that the Y-substitution
could suppress the spin cycloid of BiYFeOs. Further analysis reveal
that the Ms and M; values of Bi;_yYxFeOs; with x=0.15 and 0.20
are significantly bigger than those of others, suggesting that with
x<0.10, the Y-substitution can only suppress but cannot destruct
the spin cycloid, which is responsible for the limited and smooth
increase of the Mg and M; values. However, when x > 0.10, the Y-
substitution result in a structural phase transition wherein the spin
cycloid may be destructed, so that the latent magnetization locked
within the cycloid may be released, and a significant increased M
and M; values is observed. However, when x > 0.10, another phase,
such as Y3Fe501, can be found evidently, which also can contribute
to the increase of magnetization value. Whether Y-substitution can
improve the saturation magnetization so much should be discussed
more and another effective analytical method should be introduced
to assist.

4. Conclusion

In summary, the dopant induced changes in the structural,
optical absorption, Raman scattering and electromagnetic proper-
ties of Bij_xYxFeO3 samples have been investigated. It is shown
that Bi;_xYxFeO3 crystallizes in the rhombohedral crystal struc-
ture at room temperature with the space group Rs.. The optical
band gaps of Bi;_,YxFeO3; samples deduced from the UV-vis spec-
tra indicate that, the optical band gap increases with increasing Y
content. The Raman scattering measurement reveals a prominent
two-phononband around 1150-1350 cm~!.Y dopant hasimproved
the boundary impedance property of Bi;_xYxFeO3; samples. Weak
ferromagnetism was observed in Bi;_xYxFeO3; powders at room
temperature by using a vibrating sample magnetometer. The rema-
nent magnetization and the saturation magnetization increase with

Y-doping concentrations. Further studies will be needed to clarify
the origin of the ferromagnetism in Y-doped BiFeOs.
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