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Abstract

We report a comparative study of rare-earth ions substituted BiggSro4FeOz (BSFO) crystal for;
BSFO, Bio,57SI’o,4Y0.03F603, Bio_57Sf0_4Ndo_03FEO3, Bio_57Sfo,4C€o,03FEO3, and Bio,57SI’o,4Lao,o3F603,
respectively. The samples were successfully synthesized using flash autocombustion reaction. X-
ray diffraction analysis reveals that the crystal structure is rhombohedral and a clear hexagonal
grain growth habit is seen by FESEM microstructure. The doping of BSFO improved the
magnetic properties specially Y**, Nd** ions. While Ce** improved the electrical conductivity.
We argue that the addition of RE is likely to suppress the spiral spin modulation and at the same
time increase the canting angle which favors the enhanced ferromagnetism.

Keywords: Rare earth ions, Multiferroics, Bismuth ferrite, flash autocombustion; Magnetic
properties, Electrical properties.

1. Introduction

Multiferroic materials are single phase materials exhibiting two or more ferroic features such as
ferromagnetism, ferroelectricity, or ferroelasticity effects. Recent resurgence of research interest for
multiferroic (Jiang et al., 2009, Hunpratub et al., 2009, Zhang et al., 2009, Lahmar et al.,
2009) materials revived the possibility of strong coupling between the magnetic and ferroelectric
order parameters of some promising materials and are likely to be used around room temperature
(RT) for possible device design and applications specially in frontier field of spintronic (Wang
et al., 2003) devices, sensor, multiple state memory elements (Wang et al., 2006), electric field
controlled ferromagnetic resonance devices, and transducers with magnetically modulated
piezoelectricity (Hill, 2000). BiFeO3; (BFO) is one of the very few known magnetoelectric
system that exhibits antiferromagnetic ordering (T ~380°C) and ferroelectric behavior with high
ferroelectric Curie temperature (T¢ ~830°C) (Eerenstein et al., 2006).
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It is well documented (Smolenskii et al., 1982) that due to canting of Fe sub-lattice moment;
BFO shows the presence of weak magnetism. It is the primary goal of the researchers over the
globe to improve the desired magnetic properties, without altering the ferroelectric properties of
the original BFO materials system. To address the issue of enhancing desired magnetic property
specially aiming towards ferromagnetic property, a suitable doping in BFO might be the right
approach (Bai et al., 2005, Ederer et al., 2005,Lee et al., 2005) to tailor this material in which
the linear magneto-electric coupling would exist (Singh et al., 2008). It has also been suggested
that the spiral spin structure can be changed with the application of a higher magnetic field
(Sosnowska et al., 1982), epitaxial constraint (Cheong et al., 2007) and doping (Bai et al.,
2005). As far as doping in BFO is concerned, one way of doping is by doping of BFO with rare
earth elements (Ederer et al., Lee et al., 2005) which are promising to enhance multiferroics
properties.

For the past few decades, ferroelectric materials have received a great amount of interests
because of their various uses in many applications such as nonvolatile ferroelectric random
access memories (NVFRAM), dynamic random access memories, sensors and micro actuators
(Uchino, 2000). A crystal is said to be ferroelectric when it possesses at least two equilibrium
orientations of the spontaneous polarization vector in the absence of an external electric field,
and the spontaneous polarization can be switched between those orientations by an electric field.
The polar character of the orientation states should represent an absolutely stable configuration
in a null field (Lines et al., 1977).

Among the thirty-two crystal classes, eleven of them are characterized by the existence of a
center of symmetry. The remaining twenty-one crystal classes do not have a center of symmetry.
Thus, it is possible for the 21 groups to (i) have one or more polar axes, and (ii) possess odd-rank
tensor properties. The only exception is the group 432, which lacks a center of symmetry, but has
other symmetry operations that destroy polarity. All non-centrosymmetric point groups exhibit
piezoelectric effect that is defined by a change in electric polarity under applied stress, and vice
versa. Out of the twenty piezoelectric classes, ten possess a unique polar axis, the spontaneous
polarization of which depends on temperature. This is called the pyroelectric effect. Ferroelectric
crystals belong to the pyroelectric family, which in addition has a spontaneous polarization can
be reversed by external electric field, i.e. more than one equivalent direction for Ps (Mukherjee
et al., 2014).

Among all ferroelectric materials, the most extensively studied and widely used are the
perovskite. A perfect perovskite structure has a general formula of ABO3, where A represents a
divalent or trivalent cation, and B is typically a tetravalent or trivalent cation.

Rare earth (RE) elements possess large magnetic moments, large magnetocrystalline anisotropy
and very large magnetostriction at low temperatures due to the localized nature of 4f electrons.
Rare earth-iron based compounds (RFe;) are known to exhibit very large magnetostriction and
these compounds are employed as active elements in several magnetostrictive transducers.
However, the large conductivity of these compounds limits the usage of the transducers to low
frequencies (few kHz).

Several authors tried to improve the magnetic properties of BFO by suitably doping with rare
earth elements like La**,Nd**,Gd**,Sm* Pr** (Gruverman et al., 2006, Ahn et al., 2004,
Slimani Tlemcani et al., 2015) where the dopants produce magnetization by sup- pressing the
spiral spin structure of BFO. (Li et al., 2007) found that LaFeO3; materials exhibited higher
photocatalytic activity. Following this, BiFeOs; materials were shown to exhibit visible light
photocatalytic properties (Gao et al., 2007).



In this paper, we report the structural, morphological and multiferroic properties of BSFO and
RE-modified BSFO nanomultiferroics synthesized by flash autocombustion method to opens a
new era of applications.

2. Experimental techniques

2. a. Samples preparation

Bi1xySrkRyFeOs; x=0.4 and y=0.03 multiferroic powders were synthesized by using flash
autocombustion reaction (Ahmed et al., 2008). The main advantage of combustion synthesis
among many wet methods is that it offers a unique route via a highly exothermic redox reaction
between metal nitrates and an organic fuel to produce metal oxides with stoichiometric ratio very
near to that chemically mentioned. This method produces a homogenous product in a short time
without the use of expensive high temperature furnaces. Analytical grade Bismuth Nitrate;[
Bi(NO3)s. 5H,0], Strontium Nitrate; Sr(NOs),, Iron Nitrate; Fe(NO3)3.9H,0, different rare
earth metal ions ( R) as Lanthanum nitrate; La(NO3)s, Yttrium nitrate ;Y (NOg)z, Cerium nitrate;
Ce(NO3)3, Neodynium nitrate; Nd(NO3)s, and Urea; CO (NH), that acts as a fuel (Ahmed et
al., 2010) all were used as raw materials for the synthesis of these multiferroics. The nitrates and
urea were mixed in desired stoichiometric proportions and dissolved separately in minimum
amount of triply distilled water and adding gradually with the mixed solution. The mixture was
slowly heated and stirred using a hot plate magnetic stirrer till a self-propagating combustion
manner to obtain fluffy powder. The obtained nanopowders were heated at 500°C for 4 hrs using
a heating/cooling rate of 4°C/min.

2. b. Characterization:

A rich variety of information can be extracted from X-ray Diffraction (XRD) measurements
using diffractometer model Proker Dg with CuK,, radiation (A = 1.5418°A) in a wide range of
Bragg’s angle (20-80°) at room temperature. From the position and shape of the lines, one can
obtain the unit cell parameters and micro-structural parameters (crystallite size, micro-strain,
etc.) respectively. The relation between the average crystallite size (L-in A) and the full width at
half maximum (FWHM-in rad) is given by the Scherrer's formula:

ki
pcosf

Where, A is X-ray wavelength = 1.54056A, [ is the corrected full width of half maximum
(FWHM), and k is the shape factor constant = 0.89. X-ray diffraction of these samples was
carried out using Philips Pu 1390 channel control Co-ka target and filter Fe of wavelength
(L=1.791A) for all samples to assure the formation of the samples. Also from the figure it can be
seen that, from Miller indices (hkl) values of the diffraction peaks were referred to hexagonal
axes rather than rhombohedral axes where the lattice parameters a and ¢ are calculated using the
equation (Xu et al., 2009).

1 _ﬂ{(h2+hk+k2)}+ﬁ
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Scanning electron microscope (SEM) FEI company- Quanta FEG 250- Holland was used to
reveal the surface morphology and microstructure of the prepared samples. The dc magnetic
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susceptibility measurements were carried out using Faraday’s method from room temperature up
to 700K at three different magnetic field intensities (1340, 1660, 1990 QOe). In this method, a
small amount of the powdered sample was inserted in a cylindrical Pyrex glass tube at the point
of maximum gradient. The temperature of the samples was measured using T-type thermo-
couple with junction near the sample to avoid the temperature gradient. In addition,
magnetization measurement of the nanoparticles were performed using a vibrating sample
magnetometer (VSM; 9600 — 1LDJ; USA) at room temperature.

3. Results and discussion

3. 1. Structural properties

3.1a. XRD analysis

Figure (1a) illustrates the XRD patterns for the samples Bi;x.,Sr«RE,FeOs; (BRSFO) at y = 0.03
and x = 0.4 nanomultiferroic system. The XRD patterns are in excellent accord with the powder
data BiFeO3 (ICDD card number 86-1518). It is reveal that, the effect of Bi substitution by Y**,
Nd**, Ce**, and La*" ions on the structure of BSRFO indicated that generally for all the samples,
the second phase of the undoped sample attributed to Fe or Bi rich phases, Bi,Fe;O9 and
BiosFeOyo (asterisk in Fig. 1a) were routinely observed as shown in previous results (Kumar et
al., 2006). However, the main peaks in the XRD are related to perovskite-structured phases,
while the second phase peaks apparently disappear in the XRD data of the doped samples.
Besides, RE-doped BiFeOs, all peaks are indexed according to the R3c cell of BiFeOs. The
lattice parameters deduced for pure BiFeO3; hexagonal unit cell were found to have values a =
5.5795 A and ¢ = 13.8359 A.

The presence of rare earth in bismuth strontium ferrites indicates that, the incorporation of RE**
ions into BSFO lattice crystal structure cause the merging of the two intense diffraction peaks at
31.75° and 32.06° which corresponds to the lattice plane (104) and (110) merges and thus the
peak shift appears at 32° as in Fig. (1b). This peak shift occurs due to the structural distortion
when doping of smaller ionic radius of RE** (Y** = 0.96, Nd**= 0.98, Ce** =1.07, and La** =
1.16 A) instead of higher ionic radius Bi** (1.17 A ) ions which were also reported by several
authors (Yang et al., 2011, Rojas-George et al., 2014). Rare earth substitution did not affect the
crystal orientation of the BSFO ferrites although the peaks have shifted towards higher angle.
This suggests that the addition of rare-earth can either eliminate oxygen vacancies or avoid
compositional fluctuations of Fe**—Fe?* oxidation state influencing the appearance of secondary
phases. These results agree well with Bellakki et al (Bellakki et al., 2010, Mukherjee et al.,
2012, Gautam et al., 2012). Moreover, the crystallite sizes were calculated using Scherrer's
formula (L =0.9A/Bcos6) for the given XRD patterns and average crystallite sizes were found to
be about 22.43,13.27,14.12, and 21.66 nm for samples Big57Sro.4Y0.03Fe03, Bigs57Sro4Ndo.03FeOs3,
Big57Sr0.4Cep.03Fe03, and Big s57Sro 4Lag 03FeO3, respectively.

Table (1): XRD structure parameters of Bigs7Sro4REo03FeO3 ; RE=None, Y,
Nd, Ce, and La nanomultiferroics system.

Sample r (nm) | a=b (nm) c(nm) |[c/a(nm)| V (nm) [L (nm)
BigsSrosFeO; 0 5.5795 13.8359 | 2.4798 | 373.0061 | 25.95
Big57Sro4Y0,03Fe03 0.96 5.5552 13.8675 | 2.4963 | 370.6086 | 22.43
Big57Sry4Ndg gsFeO; 0.98 5.6343 13.8014 | 2.4495 | 379.4207 | 13.27
Big57Sry4Ceg03Fe0; 1.07 5.5782 14,1598 | 2.5384 | 381.5603 | 14.12
Big57Srg4Lag osFe03 1.16 5.5836 13.7915 2.47 372.33 | 21.66




The lattice parameters were computed on the basis of hexagonal unit cell and reported in Table
(2). It is clear that, a clear change in the lattice parameters with ionic radii of the rare earth
elements. From the Table, it is indicated that Y*" ions exhibit the smallest volume.
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Fig. (1a): XRD patterns of the Bigs7Sro4REq03FeO3; nanomultiferroics at different
rare earth ions; RE= None, Y**, Nd**, Ce®*, and La®** ions.
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Fig. (1 b): The magnified XRD patterns of Big¢Sro4FeO3 and in the range of
Bi0_57S|’0,4RE0,03F603 30° -34°.



3.1b. Microstructural analysis

The gain understanding of microstructural features of BSFO3; multiferroic rare earth doped
samples are shown in Figure (2). SEM of Bigs;Sro4Yo03FeOs, Bigs7Sro4NdoosFeOs; and
Bio57Sr0.4Ceg03FeO3 samples were recorded at room temperature. The microstructures were
overall dense with small grains, well-interlinked and randomly arranged through out the sample
surfaces besides some of the particles are agglomerated with a high interconnection of grains. In
other words, SEM microstructure exhibits clear hexagonal grain growth habit. Doping of RE
causes structural distortion as well as suppresses spiral spin structure in BSFO; as a result both
ferroelectric and ferromagnetic properties get enhanced. It is quite noted that the grain size shape
and/or distribution is affected strongly by the ionic radius of the A cation.
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Fig. (2): Typical SEM images of Bigs57Srp4REq03Fe03
nanomultiferroic system; RE = Y**, Nd**, and Ce**
ions.



3.2. Magnetic Properties:

3.2. a. Magnetic Susceptibility:

The dependence of the dc molar magnetic susceptibility (%m) on the absolute temperature as a
function of the magnetic field intensity is illustrated in Figure (3) for the undoped and doped
multiferroic samples Bigs7Sro4REo0sFeOs; RE= Y3*, Nd**, Ce**, and La** ions. In multiferroic,
there are two magnetic sublattices: one for the iron ions and the other for the rare earth. In our
case, RE* ions have a paramagnetic character. Therefore, the contribution of the magnetic
properties is controlled by the iron sublattice represented by <FeOg> octahedron at temperature
above room. While the contribution of the rare earth element in the magnetic properties
originated from the 4f electrons of the lanthanide. This would be clarified and emphasized at low
temperature. The data shows that all investigated samples were G-type antiferromagnetic with a
slight canting resulting in a weak ferromagnetic moment. Besides, the magnetic susceptibility
decreases with increasing magnetic field for all samples. This is because the magnetic
susceptibility is inversely proportional to the magnetic field according to ym=M/H. The
contribution to the Néel temperature (Ty) was due to the superexchange interaction between
antiferromagnetically coupled Fe®* ions (Fe**~0%—Fe®") through the oxygen anions. Different
values of yv and Ty were obtained for the different samples and reported in Table (2). For all
samples, yv decreases slowly with increasing temperature until reaching Ty. Moreover, from the
Table it is clear that, the values of yy changed with the ionic radius of the doping ion at room
temperature where Bigs7Sro4Yo003FeOs has the highest magnetization (0.26 emu/g) while
Bio57Sro.4Lag03FeO3 has the smallest magnetization (0.08 emu/g). As the ionic radii change, the
values of pes, Tn, and ym, are changed and the optimum rare earth has the most enhanced
physical properties is Bigs7Sro.4Y0.03FeO3 and Bigs57Sro4NdoosFeOs. Finally we can conclude that
the, Yttrium and Neodynium doped BSFO possesses improved multiferroic properties which
makes it suitable for electromagnetic device applications.

The variation of magnetic parameters such as Néel temperature (Ty), magnetic susceptibility
(xm), and effective magnetic moment (uer) as a function of different doped rare earth
Bios7Sr04REq03FeO3 nanomultiferroics; RE= Y**, Nd**, Ce®*, and La® ions , is shown in Fig.(4:
a-c). The antiferromagnetic transition temperature (Ty) was identified and shown and listed in
Table (2). It is clear that, the highest value of (Tn) at Bigs7Sro4Yoo0sFeOs (710 K) and the
smallest Ty at Bigs7Sro.4Ceo03Fe03 (530 K). This variation is due to the different ionic radius of
the dopant elements. The change in the Néel temperature with ionic radii of the doping different
ions is directly correlated with the change of Fe-O-Fe angle (0). This angle controls the
superexchange interaction between antiferromagnetically coupled Fe cations through oxygen
anions.
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Fig. (3): The variation of magnetic susceptibility (yw) at different ionic radius of RE for
Bio.67Sr0.4RE0.03Fe03 nanomultiferroics; RE= None, Y3*, Nd**, Ce®*, and La®" ions.

Table (2): Effect of ionic radius of RE®" ions on the magnetic parameters of
Bio.57Sr04REq0sFeO3 nanomultiferroic system; RE= None, Y**, Nd**, Ce**, and La*" ions.

H eff (BM)
Sample r (nm) | 13400e 16600e 19900e| Ty (K) |M(RT)
BigcSro4FeO; 0 || 11.6 9.51 8.69 604 0.162
Big57Srg4Y0.03Fe03 0.96 24.09 20.8 17.8 710 0.26
Big 5751 4Ndg o3FeO;3 0.98 22.37 19.64 16.3 610 0.167
Big 5,Srp4Ceg03FeO5 1.07 22.88 20.37 18.72 530 0.135
Big 57Sr4Lag g3FeO; 1.16 11.73 11.11 10.09 620 0.08
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temperature (Ty),b) Variation of the effective magnetic moment ()
. and c) Dependence of maanetization (M).

3.2 b. Hystersis Loops and magnetization:

The magnetization versus applied magnetic field (M-H) loops for all investigated samples
measured at 300 K for pure and doped Bigs7Sry4REq03FeO3 nanomultiferroics; RE= Y3 Nd*,
Ce*, and La** ions are shown in Fig. (5). It is clear that, all the loops confirm weak
ferromagnetic behavior, which is greatly enhanced for doped samples (Table 3). Saturation level
of loops is also improved. BiFeO3 having G-type antiferromagnetic spin ordering, shows weak
magnetism due to spin canting from perfect antiparallel direction by symmetry. The
improvement in magnetic behavior can be explained as follows: the spin cycloid structure of
BSFO may be disturbed due to change in Fe—O—Fe angle on incorporation RE** ion in BSFO
lattice and/ or RE-O—Fe like spin coupling between rare earth-transition metal ions (Li et al.,
2007). Further, increment in magnetization on RE®*" ijon doping may be attributed to
ferrimagnetic like super-exchange interaction between RE** and Fe** ions due to the difference
in their magnetic moments (Minh et al., 2010, Safi et al., 2012).
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Fig. (5): Hystersis loop for Bigs7Sro4REq.03FeO3 nanomultiferroics at different ionic
radius of RE= None, Y**, Nd**, Ce**, and La>" ions.

In other words, it is observed that, the hysteresis curves plots at all the samples unsaturated M-H
behavior of the solid solutions suggest their antiferromagnetic nature with weak ferromagnetism.
The values of saturation magnetization (Ms), the remanent magnetization (M,), and coercive field
(Hc) of the investigated samples are summarized in Table (3) indicated that, the values of these
parameters change with different RE ions where, Bigs7Sro4NdoosFeO3 has higher saturation
magnetization (3.31 emu/g) than the undoped sample (0.24 emu/g) and has highest magnetic
moment ng (0.163) while undoped sample has ng (0.012). This indicated that, Bismuth ferrite is
antiferromagnetic, but although each Fe®*" ion is surrounded by six other Fe** ions with opposite
angular magnetic spin directions, their spins do not annul completely, so there are some resulting
magnetic moments. These moments have cycloidal ordering with period of around 64 nm, which
means that particles smaller than 64 nm are weakly ferromagnetic (Catalan et al., 2009,
Lebeugle et al.,, 2007). Besides, the hysteresis loop shows a small but nonzero remnant
magnetization (Mr). The spontaneous magnetization should result from the spiral magnetic
ordering partially destroyed in the BSFO ferrite (Anthonyraj et al., 2013, Haiyang et al., 2012).
The magnetization curve of BigeSro4FeOs (RE = 0.0) multiferroic showing antiferromagnetic
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behavior has been reported earlier. Whereas Bios;Sro4REo0sFeOs (RE= Y, Nd**, Ce**, and
La®* ions) exhibit a weak ferromagnetism, with remnant magnetization (M,) values of 0.43, 0.39,
0.38, and 0.046 emu/g respectively. These values are higher than that of undoped BSFO (0.037
emu/ g) sample. The values of M, increase with Y** ions because RE** ions substitution can
suppress or destroy the space, modulated cycloidal spin structure of RE : BSFO multiferroic. The
other factor, which could be responsible for increase in M, with substitution, is size effect (Lee et
al., 2006). The considerable increase in the remnant magnetization could result from improved
crystallinity and a lack of secondary phases in these multiferroics. Several reasons contributing
to the weak ferromagnetism in RE : BSFO multiferroics have been reported: (1) The enhanced
magnetization with doping RE** ions is mainly attributed to the gradual collapse of the space
modulated spin structure (Park et al., 2007) together with the increased degree of canting and
magnetic interactions between magnetic ions giving rise to long range canted antiferromagnetic
order. (2) The higher remnant magnetization in the Y: BSFO may also be attributed to the spin
interaction between Y** and Fe®**or Fe?* ions (Park et al., 2007). (3) The particle size (or)
crystallite size also plays a role in enhancing magnetization. The reduced particle size modified
the long range spiral order (Xu et al., 2013). Furthermore from the Table it is clear that, all the
samples have coercivity (Hc) higher than undoped sample except Bigs7Sr4lagosFeOs while
Bio57Sr0.4Y0.03F€03 multiferroic has the highest coercive field (H) of 635.9 Oe which higher five
times on the undoped sample (163.44 Oe). According to the above results, the high coercivity is
related to different contribution of the total anisotropy as well as the spin- orbit coupling in
different rare earth elements.The low symmetry of crystal will lead to strong magnetocrystalline
anisotropy, which is a plausible explanation reason for dopes samples to have high coercivity
relative to the undoped sample.

In other words, there are other factors that affect the magnetization of BSRFO3 nanoparticles

such that:

(i) The canted spin structure of LaFeOs3 gives rise to a weak ferromagnetism.

(ii) Oxygen nonstoichiometry could change the valence state of some of Fe** ions which alter the
magnetization. The formation of Fe?* was reported to play a role in improving the
magnetization of nanoscale BiFeOs.

(iii) Structural defects, broken exchange bonds and a small number of atomic neighbors induce a

Table (3): Magnetization parameters for the nanomultiferroics Bios7Sro4 REgos FeOs; at
different ionic radius of RE= None. Y**. Nd**, Ce**. and La*" ions.

Sample r (nm) | Mg (emu/g)| M, (emu/g) | Hc (Oe) | R= M/M; | M\WT Ns

Biy 6Sr.4Fe0; 0 0.24 0.037 16344 | 0154 |276.42| 0.012
Biy 5750 4Y05F€05 0.96 2.87 0.43 635.9 | 0.152 |[272.81 0.140
Big5;Sr 4Ndg o5FeO0; 0.98 3.31 0.35 403.06 0.105 |274.48| 0.163
Biys;Srp4CegosFeO; | 1.07 0.56 2.20E-02 | 282.35 | 8.39E-02 |274.35| 0.028
Biys;SrpsLaggsFeO; | 1.16 0.11 0.046 2595 | 0418 |27432| 0.005

The Nd** doped sample reveals largest coercivity, i.e. 2.4 times which of the undoped one which
is may be due 4f-3d coupling.So, the changes of these parameters are due to the increase in the
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anisotropy and the change in the particle shape and size as clarified in the XRD discussed before.
Overall, the increase in both remanence (M;) and saturation magnetization (Ms) is associated
with the variation of the A-site cation radius by (RE*") and is interpreted as due to structural
distortions in the < FeOg > octahedron. It is clear that, almost systematic variation of these
parameters with the ratio c/a means that the lattice distortion has played an important role in the
control of the magnetization of new multiferroics.

4. Conclusion
Substitution of small amount of La**, Ce®**, Nd**, and Y** ions for BiSrFeO3 nanomultiferroics is
seen to improve both the magnetization and the dielectric constant as following:

- Secondary phases observed in pure BFO are significantly suppressed in the substituted samples
and no structural transition is observed with co-substitution and the rare earth doping improves
the particle morphology.

- Rare earth doping on BSFO was successful achieved.From the above mentioned results, it is
concluded that, RE doping with tiny content alters structural and magnetic properties.

- Magnetization improvement was achieved at different levels including strenthing the saturation
magnetization and suppression of the AF caracter on the expense of the ferromagnetic one.

- The coercivity was increased depending strongly on the RE ion used, in view of the 4f electron
and ionic radius based on our finidings, this nanomultiferrois samples are recommended to be
used in spintronic applications.

- The enhancement of saturation magnetization for the Nd** ion doping may be attributed to its
great amount of Fe®* and suppressed periodic self-spinning structure. These changes in the
magnetic properties could be more useful in terms of the use of RE doped BSFO
nanomultiferroics for magneto optic applications and in addition these results suggest that the
improved magnetic property in the BSFO systems could push the rare earths dopant toward
multiferroic applications.

- The structural distortion causes increase in canting angle and variation of Fe?* ion can also lead
to increased magnetization. Meaning that the, yttrium doped BSFO possesses enhanced
photocatalytic activity along with multiferroic properties which makes it suitable for device
applications.

- To make BSREFO implement able in device fabrication, yttrium doping is a very effective
strategy. The lattice distortion caused by doping is one of the principal causes behind the
enhancement in multiferroic properties.
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