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ragtogenic methods sueh gy gierde maect echmnigue
1SIT) and F stardily lechingue has been Grected for
ervirarmentaly sale ogesthon of mosedilo vector
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Stmuarty armong mcredinl conbrol agents. Soclue
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sale dred effective stematives thal & maw widely
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efficacy ard geod tnucoopea pebie

MATERIALS AND METHODS
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This work reports multiferroic behaviour of bulk BizFe4Oq exhibiting both weak ferromagnetic and ferroelectric
behaviour at room temperature. Importantly the ferroelectric parameters and dielectric constant are observed to
be sensitively dependent upon the magnetic field indicating the occurrence of spin charge coupling. Based on the
dielectric measurements under the application of magnetic field, the magneto dielectric coupling (MD %) is

found to vary from 0% to about —20% with increasing magnetic field. The observed variation in MD% is
attributed to the weak magnetoelectric coupling in such systems.

1. Introduction

Recently there has been a surge of research activities on magneto-
electric materials with respect to realization of memory devices [1-3].
Very few such materials exist due to mutual exclusiveness of magnetic
and ferroelectric ordering [4]. The variation of dielectric constant with
magnetic field is a property exclusive to some materials and these are
called magneto dielectric (MD) materials whose origin is attributed to
strong spin lattice coupling [5]. Observation of magnetic field depen-
dent dielectric constant is an indirect way of verifying multiferroic
nature of materials. This in addition would help significantly in fabri-
cation of devices based on tunable ferroelectric and magnetic properties
such as magnetic sensors and spin charge transducers [6,7]. Magnetism
is associated with spin degrees of freedom whereas dielectric property
by charge degree of freedom. The free energy in terms of polarization P
and magnetization M can be expanded as follows [5]

F= (1/2g,)P? ~ PE — aPM + BPM? 4 yP2M?

Where a, B, v are coupling constants and e, is dielectric suscept-
ibility. As P and M are polar and axial vectors respectively, terms linear
in both P and M will not yield any MD coupling. Also the term pPM? is
forbidden due to symmetry contributions and is crucial for a class of
magnetoelectric multiferroics. Hence only the last term in the above
equation is solely due td the MD effect and is a scalar irrespective of the
lattice or magnetic structure,

Bi;Fe4Op has been reported to be multiferroic with anti-
ferromagnetic ordering Néel temperature (Ty) around 250K and fer-
roeleciric Curie temperature (To) of 260K exhibiting MD property as
reported by Singh et al. [8]. The system is not only interesting being
multiferroic but also has attracted numerous attentions due to its
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application in semiconductor and nuclear industry [9,10], In multi-
ferroic systems where Néel temperature lags behind ferroelectric Curie
temperature, MD effect is observed as finite polarization prevails in
magnetic ordering region. But the MD coupling in such systems are very
weak [11]. However the properties can be enhanced by means of sui-
table doping at A or B sites or by means of modulating its structure with
external magnetic field.

In this work we report magnetic and dielectric properties of bulk
BiyFe;Oq exhibiting clear anomaly in temperature dependence of di-
electric constant. Further this work reports direct evidence of MD
coupling in bulk BiyFe 04 in terms of the variation of PE loop with
applied magnetic field.

2. Experimental details

Bi;Fe,0q was prepared by means of solid state route by taking
stoichiometric ratio of starting oxides. The starting oxides BiyOz and
Fe;03 mixed thoroughly in agate mortar and pressed into 10 mm dises
of thickness 2 mm approximately. The pellets are sintered at 973 K with
intermittent grindings for 144 h. This is taken as starting sample. The as
prepared powder was sintered at 923K for one day and was taken for
electrical measurements. XRD measurement was taken on the as pre-
pared sample for phase confirmation in Inel 2000 X-ray diffractometer,
16 T Vibrating sample magnetometer and PE loop tracer were used for
magnetization and ferroelectric measurements respectively. Dielectric
measurements in presence of magnetic field were carried out using
broadband dielectric spectrometer in parallel geometry with silver
electrodes. *’Fe based Mossbauer spectroscopic studies have been car-
ried out in transmission geometry to study the local structure and
magnetic properties of bulk BizFe,Og.
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ABSTRACT

BiFeQ; nanoparticles prepared through sol-gel route using citric acid are studied for their structural, magnetic
and magneto-electric coupling effects and are compared with that of calcined BiFeO; particles prepared with
tartaric acid as the fuel. Nanoparticles of BiFeQ, prepared with the use of citric acid were observed to be more
strongly ferromagnetic and weakly ferroelectric, as compared to that of the bismuth ferrite nanoparticles pre-
pared using tartaric acid as the fuel.Magneto-electric coupling effects were studied in BiFeQ, prepared by these
methods using Raman spectroscopy. These results were further confirmed based on the direct experimental evi-
dence in terms of the variation of polarization with respect to electric field (P-E loop) studies carried out in the
nanoparticles of BiFeO; under the application of magnetic field. This study brought out new insights on the im-
portant role of defects for the observed variations in magnetic and hence magneto-electric coupling effects in

Magnetoelectric coupling effect
Multiferroic materials

BiFeOj nano particles prepared using different fuels, as elucidated based on the Massbauer studies.

© 2021

1. Introduction

BiFeO; continues to be one of the most interesting and technologically
important functional materials with respect to realizing its application
in magnetic data storage, logical switching and memory devices [1-4].
Functional iron oxide materials like hexaferrites have been shown to
exhibit interesting magnetic and dielectric properties [5-8] at room
temperature, while ferrite based composites are found to be technologi-
cally important displaying several applications including enhanced
magnetoelectric properties [9-15]. Focussed research needs to be done
towards obtaining appreciable magneto electric effect in terms of con-
trolling ferroelectric (magnetic) properties by applied magnetic (elec-
tric) field in order to significantly improve the multiferroic properties
and hence device applications of BiFeQs.

Bulk BiFeQ; exhibits antiferromagnetic (AFM) ordering and ferro-
electric properties.The magneto-electric coupling effect is rather little
or almost absent in the case of bulk BiFeOs [16]. On the other hand,
thin films of BiFeO; are reported to show excellent ferroelectric and fer-
romagnetic properties due to strain effects induced due to substrates
[17,18]. Similarly, the BiFeO; nanoparticles are reported to exhibit
weak ferromagnetic ordering [19-21] associated with the significantly
reduced ferroelectric properties.In certain cases, nanostructures of
BiFeOj are reported to result in unique ferroelectric and ferromagnetic
properties [22-24]. Magneto-electric coupling effects are however
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mostly established in these systems indirectly for example based on the
results of Raman spectroscopy.

Invoking weak ferromagnetism in BiFeO; remains to be the main
requisite for obtaining magneto-electric coupling and hence for paving
ways for wide applications of BiFeOs as a potential multiferroic mater-
ial. Though a number of research work have been carried out on the
weak ferromagnetic ordering of nanoBiFeQs,, the complete understand-
ing of the occurrence of weak ferromagnetism in the case of
nanoBiFeOy is yet to emerge [25-27]. It is important to understand the
possible role of defects [28,29] leading to the observed weak ferromag-
netic ordering in the case of nanoparticles of BiFeQa. Various efficient
methods of preparation of nanoparticles of oxide materials based on
green technology method and milling followed by heating in a con-
troller manner have been reported [30-23]. As far as the preparation of
nanoparticles of BiFeQj; is concerned, sol-gel method remains as one of
the outstanding methods for the easy synthesis and the purity of the
phase. In order to address the dependence of defects and size of the
nanoparticles on the weak ferromagnetic properties plausibly leading
to magnetoelectric coupling effects, these investigations are carried out
on the nanoparticles of BiFeO; prepared using sol-gel route with differ-
ent fuels. The size and shape of the particles are highly controlled by
the rate of combustion which is regulated by the use of fuel.

In order to form pure phase of BiFeQs, carboxyl groups are required
for complexing the metal jions and hydroxyl groups are required for the



