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ABSTRACT

BiFeO3; and the Sr doped BiFeO3; samples were prepared by sol -gel auto-combustion
technique wusing glycine as fuel. The powder was investigated with different
characterization techniques to explore the properties of Sr doped BiFeOs. X-ray diffraction
(XRD) results confirmed the formation of pure BiFeO; peroskite type rhombohedral
structure was found. XRD analysis also showed the presence of secondary phase of
bismuth iron oxide (Bi,Fe4sOg)in all Sr-doped samples. The grain size was calculated from
XRD results by using Scherrer formula and it was 11.062 nm. No considerable change in
grain size was observed with varying amount of Sr doping. Frequency dependent dielectric
measurements were performed at room temperature for all the samples
Bi1xSrxFeOs (x = 0.00, 0.05, 0.10, 0.20, 0.30) from 100 Hz to 1 MHz. Magnetic properties
were measured using vibrating sample magnetometer (VSM) which showed an
enhancement in magnetization with increasing the concentrations of Sr. No remnant
magnetization is present in pure BiFeO3; material.

1. INTRODUCTION

Multifunctional materials have been vigorously investigated due to their application
relevance and exciting fundamental physical properties. Concerning their technological
applications, spintronic devices are nowadays most prominently used as hard disk drive
read heads (Baibich 1988, Binasch 1989). Conventionally, magnetization is controlled by
external magnetic fields. However, the implementation of magnetic fields of sufficient
strength to switch the magnetization is technologically difficult on sufficiently small length
scales. Hence, other approaches to control the magnetization are needed. From a
technological point of view, electric fields are easy to implement on even very small length
scales, power efficient and fully switchable. The ability to reversibly switch the
magnetization orientation by an electric field is thus considered a milestone on the way to
new functional spintronic devices. In this context, multiferroic materials are an important
topic of current research, as multiferroic devices may be employed in future random
access memories that combine the advantages of magnetic and ferroelectric random
access memories (Scott 2007, Gajek 2007). Mostly multiferroic materials are divided in
two major categories, type-l and type-ll multiferroics (Khomskii 2009). In type-l
multiferroics, the origin of magnetism and ferroelectricity are in different material and
unfortunately the coupling of magnetic and ferroelectric subsystems in perovskites is
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rather weak. In type-ll multiferroics, electromagnetic coupling is very strong and
ferroelectricity is induced due to certain ordering of magnetic moments only in magnetic
state. In type-I multiferroics, most of the materials have perovskite structure ABOs_In these
materials ferroelectricity is generated due to transition metal “A” with d° configuration
whereas magnetism is produced by transition metal “B” with d" (n is the odd number of
electrons) configuration. BiFeOs is a type-l multiferroic material having rhombohedral
perovskite structure. It has G-type antiferromagnetic structure in which each Fe** magnetic
moment is surrounded by six Fe>* nearest neighbours with antiparallel moments (Naik
2009). G-type structure is a spiral arrangement of the magnetic moments of Fe** ions, and
the canted spins arising from Dzyloshinsii-Moriya (DM) interaction cause slight deviation
from ideal antiferromagnetic behavior giving rise to weak ferromagnetism in BiFeOs. Net
magnetization of pure BiFeOs; material is almost zero at room temperature (Ravindran
2006, Liu 2006, Neaton 2005). In this work, a sol-gel auto-combustion method was
employed to synthesize Sr doped bismuth ferrite with composition of Bi1«SrFeO3 (x = 0.0,
0.05, 0.10, 0.20, 0.30). The structural, electric and magnetic properties of all the samples
were investigated (Kim 2005, Bhushan 2010).

2. EXPERIMENTAL PROCEDURES

Sr-doped bismuth ferrite (Bi1xSrxFeOs, x=0.0, 0.05, 0.10, 0.20, and 0.30) samples were
prepared by sol-gel auto-combustion method by using glycine as a fuel agent. Bismuth
nitrate penatahydrate [Bi(NO3)3.5H,0O, 99%, Sigma Aldrich], iron nitrate nanohydrate
[Fe(NO3)3.9H,0, 99.9%, Merck], strontium nitrate [Sr(NOs)2, 99.9%, Merck] and nitric acid
(HNO3) were used without further purification. Bi(NO3)3.5H,0 is insoluble in distilled water,
therefore, it is dissolved in 50 ml HNO3 having Morality 3M. The salts of iron and strontium
are dissolved in 50 ml distilled water (Singh 2010, Moure 2011). Both the solutions were
mixed and appropriate quantity of glycine is added into solution. The mixture is placed on
hot plate at 80 °C and continuously stirred using a magnetic capsule till it becomes a dark
viscous resin. When the gel is formed, the temperature is increased up to 400 °C and
continuous heating leads to auto-ignition of dried resin with the evolution of large quantity
of gases. The brownish color ash obtained after combustion was analyzed for perovskite
type BiFeOs Phase (Farhadi 2009). The fine powder was calcinated at 600 °C temperature
in furnace and pellets were formed in a steel dye of 16 mm diameter using the Apex
hydraulic press. These pellets were sintered in air at 300 °C for 2h in a muffle furnace. The
prepared samples of BiyxSrFeO3 (x = 0.0, 0.05, 0.10, 0.20, 0.30) were characterized by
using a Rigaku D/MAX-II A diffractometer with CuK, radiations for phase and structural
analysis. Dielectric properties were determined by using 1920 LCR meter to check storage
ability of materials. A 7407-Lakeshore vibrating sample magnetometer (VSM) was used to
obtain the hysteresis loops for the magnetic studies of samples.

3. RESULTS AND DISCUSSION

The X-ray diffraction patterns of all the samples, BixSriFeOsfor x =0, 0.05, 0.10, 0.20
and 0.30 are shown in Fig. 1. All these patterns were obtained by varying 26 from 0° to 80°
having a step width of 0.02. The formation of pure BiFeOs is evident from the patterns with
some impurity peaks of Bi;O3 and one unknown peak. The impurity peak of BiyOs is
marked with () and unknown peak is marked with (e). As the concentration of Sr ions are
increased, some peaks of secondary phase of Bi,FesOg appear and the intensity height of
these peaks increases as the concentration of Srions is increased and it is also observed
that the intensity peaks of impurity BiO3; and unknown impurity decrease as the
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concentration of Sr ions is increased. The peaks of the secondary phase of bismuth iron
oxide (BizFe30Og) is marked with ( ©) as shown in Fig. 1(Wang 2009).

The crystallite size of the samples has been obtained by considering the most intense
diffraction peaks of all the samples by using the Sherrer’s formula (Khomchenko 2009).
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Fig. 1 XRD pattern of all the samples Bi1«SrFeO3 (x=0.0, 0.0.5, 0.10, 0.20, 0.30). The
peak of BioO3 was marked by (x) and unknown impurity peak was marked by (s). The
peaks of secondary phase of bismuth iron oxide (Bi,Fe4QOg) were marked by ( ).

The overall width of the most intense peaks of all samples remains the same. So the
crystallite size of all samples Bi1«SrxFeO3; remains almost same as shown in Fig. 2. The
lattice parameters of unit cell were found out by using “CELL” software by putting the 26
values of all diffraction peaks and then volume of each unit cell of all samples was found
evaluated, as listed in Table 1. These values are in good agreement with values that has
already been reported (Khomchenko 2009, Bhushan 2010).
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Fig. 2 Crystallite size vs. Sr concentration of in BiyxSrFeO3 (x = 0.0, 0.05, 0.10, 0.20,
0.30).

Table 1 shows that a very small doping of Sr ion in BixSrFeOs; (x = 0.05) decreases
the unit cell volume, which is expected due to the appearance of oxygen vacancies and/or
Fe*" ions in the lattice. As the concentration of Sr ion increases from x = 0.05, both the
lattice parameters “a” and “c” increase gradually. The increment in unit cell volume for all
samples (x = 0.10, 0.20, 0.30,) is due to the large ionic radii of Sr*? (1.18 A) as compared
to Bi*® (1.03 A) (Bhushan 2010, Palewicz 2010, Shannigrahi 2007).

Table 1 Calculated parameters and volume of all samples Bi1xSrxFeO3

Stoichiometry a (A) c (A) V(A®)
BiFeO3 5.683272 13.86846 374.400519
Bip.9Sro.05sFe03 5.583959 13.77611 371.998917
Bio.g0Sro.10FeO3 5.585641 13.78502 372.463801
Bip.goSro.20Fe03 5.590091 13.80143 373.501607
Bio 7050 30F €03 5595896 13.80447 374.360172

Dielectric constant (¢) and dielectric loss factor (¢€) measurements of samples Bis.
xorkFeOs (x = 0, 0.05, 0.10, 0.20 and 0.30) were taken at room temperature (25 °C) and
samples were used in disk form with approximate diameter of 16 mm and thickness of all
the samples in range of 1.2 to 1.5 mm. The dielectric constant and dielectric loss factor
measurements of samples were evaluated by using the following equation [Shukla 2009].

,_ tXCp_ txGp
AXE n{%)%(s

(1)

Here, t is the thickness of pellet, C, is the equivalent parallel capacitance obtained
experimentally, < is the permittivity of free space and d is the diameter of the electrodes.
The dielectric loss is obtained from the measured vale of dissipation factor. Here
dissipation factor and equivalent parallel capacitance is obtained directly from the
measurements (Shukla 2009).

The dielectric constant of all samples has been measured in the frequency range 100
Hz to 1M Hz at room temperature. It is observed that dielectric constant is decreased
rapidly by increasing frequency and dielectric constant becomes independent at high
frequencies. The decrement in dielectric constant is considered due to the dielectric
relaxation. The dielectric dispersion can be explained by Koop’s theory. According to this
theory the dielectric structure was imagined to be consisting on double layer, one layer is
conducting and other layer is insulating. According to structural point of view, dielectric
relaxation is directly related to orientational polarization (Liu, Kim 2005, Bhushan 2010,
Shukla 2009, Moure 2011). When we apply external electric field then atoms of the
dielectric material takes some time to align them in the direction of electric field and that
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time is called relaxation time which is mostly equal to 10 s (Unruan 2012, Song 2012). It
is observed that the decrement in dielectric constant with increasing frequency is assigned
to the fact that atoms in the dielectric material need a finite time to align up their axis in the
applied electric field direction (Unruan 2012). As the frequency of the electric field
increases, a point is reached when charge carriers of dielectric do not align with applied
electric field so polarization cannot reach at its saturation point and do not follow the
alteration of electric field so the dielectric constant is decreased. when frequency of the
field continuous to increase, at last, the polarization will hardly have started to move before
the field reverses and makes no contribution to polarization and so dielectric constant
becomes independent at very high frequencies. Another very important point of the
decrement in dielectric constant is also related with the hopping of electrons from Fe?* to
Fe® ions and these electrons require large amount of energy (Song 2012). At low
frequency, electric field does not provide enough energy to electron for hopping but as we
increase the frequency of electric field then it provides more energy and at last a point is
reached when hopping of electrons is started from Fe? to Fe’". Resultantly, the
conductivity of the dielectric increases as frequency is increased and decrement is
occurred in dielectric constant. The frequency-dielectric constant relationship of all the
samples, Bi1xSrkFeOs (x = 0.0, 0.05, 0.10, 0.20, 0.30) is shown in Fig. 3.
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Fig. 3 Dependence of dielectric constant on frequency of all samples
Bi1xSrkFeOs (x = 0.0, 0.05, 0.10, 0.20, 0.30).

As can be seen in the figure, the concentration of Sr ions increases in BiFeOs3,
dielectric constant decreases to a very large extent because with Sr doping the
conductivity of compound BiFeOs; is increased (Jun 2005) and decrement occurs in
dielectric constant. When the relaxation time of dielectric material and the frequency of the
applied field become similar, a phase lag occurs. The energy absorbed in the dielectric
material is called dielectric loss, which can be calculated by a relation:
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where, €' is the dielectric constant and €" is the dielectric loss of the material. The
behavior of dielectric loss is similar to the dielectric constant. The dielectric loss of all
compositions BiSrFeO3; (x = 0.0, 0.05, 0.10, 0.20, 0.30) decrease with increasing
frequency. The dielectric loss means loss of energy in dielectric material (Moure 2011,
Shukla 2009). The dielectric loss of all the samples is shown in Fig. 4.
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Fig. 4 Dependence of dielectric loss (¢') on frequency of all the samples
Bit1xSrkFeOs (x = 0.0, 0.05, 0.10, 0.20, 0.30)

Fig. 5 shows the magnetic hysteresis (M-H) loops of the samples. The M-H loops show
that the saturation magnetization (Ms) of all the samples is achieved below 1000 Oe. It is
clear from the loop of pure BiFeOs3, that the magnetization increases linearly with applied
magnetic field and no spontaneous magnetization is observed. In addition, the value of
remnant magnetization (M;) was observed to be zero, depicting anti-ferromagnetic nature
of BiFeOs (Ravindran 2006, Liu 2006). By doping of divalent Sr** ions in place of trivalent
Bi** sites there is also a possibility of the presence of some oxygen vacancies in order to
compensate the charge of Bi;xSryFeO3; material. It has been reported that the Mossbauer
spectroscopy of Sr doped BiFeOs; material shows no formation of Fe** or Fe?* ions in Bis.
xSrkFeO3; material. Therefore it is indicated that oxygen vacancies must have been created
in material to compensate the charge imbalance which is created by doping of Sr** ions in
place of Bi** ions. In pure BiFeOs, Fe**-O-Fe* chains show antiferromagnetic behavior
(Bhushan 2011). By Sr** doping, oxygen vacancies are generated in material. Due to
these vacancies the bond angle of Fe**-O-Fe* increases and the spin of Fe* ions are
canted and net magnetization is induced. The value of magnetization increases with
increasing doping concentration of Sr** ions because by doping Sr?*, more oxygen
vacancies are created and the bond angle of Fe**-O-Fe* continues to increase. Hence,
more spins are canted and an enhancement occurs in magnetization [Wang 2009].
Oxygen vacancies are not the only factor to enhance the net magnetization of Biy«SrFeO3;
(x = 0.0, 0.05, 0.10, 0.20, 0.30). lonic radii of the doped element also play an important
role to enhance the magnetization of BiFeOs (Yang 2010, Jun 2005). The ionic radii of
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doped element must be greater than that of Bi**. Owing to the greater ionic radii of the
doped element, spiral spin structure is suppressed and the inversion symmetry is broken.
This results in a change of structure into cycloidal type structure and net magnetization is
induced in doped BiFeO3; material. It is evident in Fig. 5 that the magnetization increases
linearly by applying magnetic field and no M; is present in pure BiFeO3; material (Kim 2012,
Xuelian 2009). After doping Sr**ions in BiFeOs, its magnetization increases and maximum
magnetization and coercivity (Hc) is achieved when the concentration of Sr** is x = 0.30.
The values of Ms, M, and H. for this composition have been evaluated as, 0.867 emu/g,
0.175 emu/g and 366.64 Oe, respectively.
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Fig. 5 M-H loops of Bi1xSrxFeO3 (x = 0.00, 0.05, 0.10, 0.20, 0.30) samples

4. CONCLUSIONS

Pure phase BiFeO; was successfully synthesized by sol-gel auto-combustion
technique. A dilute impurity phase of Bi,Fe4sOg was detected in all Sr doped samples.
Lattice parameters were changed with the substitution of Sr at the Bi sites. For x = 0 the
estimated crystallite size was 11.062 nm and very small increment was observed in
crystallite size with Sr doping. The dielectric constant of pure BiFeO3 was found as 52 at
100 Hz frequency. It decreases with increasing frequency and becomes constant at high
frequency. The dielectric constant also decreases with increasing Sr concentration and is
found as 52 at 100 Hz for x = 0 composition. It decreases to 17.4 at 100 Hz for x = 0.30
composition. Magnetization of all the samples was enhanced with the increase in Sr
content. From the M-H loop of pure BiFeOs, it is observed that no remnant magnetization
is present and a very small value of coercivity is noted. As the concentration of Sr doping
increases in BiFeOs;, both the saturation magnetization and coercive field increase and
become Ms= 0.867 emu/g and H; = 336.64 G, respectively, for x = 0.30.
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