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The Crystal Structure, Refinement and Dielectric Properties
of Ba and Mn Substituted Bismuth Ferrite
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. Abstract.The effect of Ba and Mnsubstitution on the

crystal structure and djelectric properties of BiFeO; has been
.studied using X-ray diffraction at room te

mperature, Rietveld refinement and dielectric properties measurements
technique. Single phase BijgBay,Fe;.\Mn,0; (x=0.01, 0.05)multiferroics have been synthesized by two stage solid state
reaction method. Rietveld refinement of both the samples revealed thatthe synthesized ceramics exhibit rhombohedral
structure with space group R3c as of parent BiFcO;.The dielectric response of both samples was analyzed in the
frequency range 100 Hz—2 MHz at different temperatures revealing dispersion in dielectric constant (¢) and in dielectric
loss (tan3) at lower frequenctes. Both £’ and tan & increase with increase of Mn content. ¢

INTRODUCTION '

Now a day, there has been revival of interest in multiferroics materials in which magnetism and ferroelectricity
exists in single phase. Such materials are relatively rare and interesting due to the physics behind them [1, 2].
Among all miltiferroic materfals, Bismuth Ferrite has gain so much attention as it is thé only known material which
has ferroelectric and antiferromagnetic orders (ferroelecfric Curie temperature Tc ~ 1100K and high
antiferromagnetic Neel temperature Ty ~ 640K) well above room temperature. This behavior makes it suitable for
various practical applications like sensors, actuators, memory devices etc.B-;]fng (BFO) has a'rhombohedral!y
distorted perovskite structure with space group R3c in which polar cation (Bi’") is present at A-site and magnetic
cation (Fe*") at B-site with G-type antiferromagnetic order [3-4]. Apart from the positives BFQ has some prob_lems
as well which are (i) it has spiral spin structure which inhibits the macroscopic magnetization (i1) synthesgs of single
phase BFO (iii) high leakage current and low electrical resistivity [3-:5].Many sgluthns have been Fned up e}nd
among them ionic substitution is found to be suitable to minimigt? these issues. _So in this present work; substitution
of diamagnetic divalent ion i.e., Ba is done at Bi site and transition metal ion i.e., Mn at Fe site is done and there
structural and dielectric properties has been studied.

EXPERIMENTAL DETAILS

i i i thesize the BigsBaoaFe:.
Conventional two stage solid state reaction method has been employed to syn
Mn,O3(x=0.01, 0.05).The appropriate materials Bi,O;, BaCO3, Fe;O3, and Mn,0;, (2.99% pure) reagents. were
:aken in stoichiometric ratio, mixed properly and grounded in an agate mortar to obtain a homogenous mixture.
These mixtures were calcined at673 K for 4h at the rate of 5 K /minand grinding was again done for lhour to get

L]
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more homogencous minture. Final sintering was carriad out at 1123 K for 4 hours for and cooled ot room
temperature to obtain a single phase perovskite. Structural Characterization was done by Xeray diffraction at room
temperature, XRD patterns were collectad by using RigakuMimflex-11 diffractometer with CuK, mdiation (A =
1.54A) 1 the 20 range from 20° 10 807 wath the scanming rate of 2% min ' at room temperature. Rictveld Refinement
of XRD data has been carried out using FullProf program. The impedance measurement was performed using an
impedance pain phase analyzer (Newton's 4th Ltd). Diclectric data was recorded in the frequency range of 100 Hz
1o 1 Milz and temperature range 313 Ko 623 K.

S .

RESULT AND DISCUSSION

NRD pattern of polyerystalline Big sBag2Fey MOy (x=0.01, and 0.05 and henceforth designated as Mn 01 and
Mn 085 respectively) multiferroies (Figure 1) exhibit single phase perovskite structure with traces of impurity phases
(Bi:Fe,0u. BixFeOyw). Absence of any ‘extra peak in both the sample indicates that no complete structural®
transformation takes place.

——— Mn 01'

. Mn 05
3
s
z
-
€
*
E

. .
A T 1 1 1 AJ
4 10 20 30 40 50 60 + 70 80

26 (degree)

FIGURE 1.XRD pattems of Biy «Bag2Fe,..\MnO;(x = 0.01, and 0.05) multiferroic samples at room temperature.

In order to analyse the structural properties, the observed XRD patterns of both the samples have been refined
using the Rietveld refinement method by FullProf program. Structure of BipsBag2FeOs has been ascribed to
rhombohedral with space group R3c as'reported earlier [4]. The ground state space group does not change with Mn
substitution which is also reported by Yin et al [6]. Therefore Rietveld refinement of Mn01, Mn 05 samples was
performed using same space group ie. R3¢ and the structural model allow us to reproduce all the observed peaks.
The observed, simulated and difference XRD pattern resulting from refinement are shown in Figure 2.

040027-2
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Figure Z.Obsel_'ved, calculated and difference of Rietveld refined XRD patterns of
BiosBag,Fe;. . Mn,0; (a) x=0.01, (b) x=0.05 samples.

The refined parameters are listed in table 1. With increase in the content of Mn, lattice parameters ‘a’, ‘c” and
volume decreased.But ionic radii of Mn®! are same as that of Fe3* i.e. 0.645 A, which normally suggests that there
shou.ld be‘ no cha{\ge in the lattice parameters with increase in the manganese content. But Fe and Mn are versatile
species with multiple oxidation state,which points towards that Mn exists in Mn*"state as also reported earher [7].

TABLE 1. Refined structural parameters of Biy sBao-Fe;xMn0; samples only.

»

Mp=0.05

Concentration Mn=0.01
Crystal Structure Rhombhohedral : Rhombhohedral
Lattice paramters a=5.6359A a=5.6314A
¢=13.6926A c¢=13.6905A
V =376.661A3 VvV =376457A°
Atomic Positions Bi/Ba(0, 0,0.2361) BV/Ba(0,0,02391)
Fe/Mn (0, 0, 0) Fe/Mn (0, 0, 0)
0 (0.8018, 0.6270, 0.4288) 0 (0.7912,0.6053, 0.4304)
R-factors R,=4.14 R,=4.81
R.p, =538 Rup= 643
' =349 =491 *

*
ncy dependence response of dielectric constant (¢) and dielectric loss (tan 8) for
all the ceramics at different temperature. The dielectric constant for all the samples shows dispersion behaviour at
low frequencies, and becomes constant at higher frequencies. Large values of €’ at low frequencies may be ascribed
to the interfacial dislocations, oxygen vacancies, grain boundary effect etc,, while as frequency is increased the
charge carriers are not able to follow the applied external applied field and so there is a decrease i dielectic
constant. This type of behaviour may be explained on the basis of Maxwell Wagner type interfacial polarization [8-
9]. According to M-W model, the dielectric material is made up of well conducting layer of grains that are separated
by grain boundaries which are highly resistive. At low frequency, grain boundaries have more impact than the grains
and due to this charge accumulate near the boundary causes high dielectric constant. Howsoever at high frequency
grains comes into play which in turn reduced the probability of hoping conduction mechanism, results i the
decrement in dielectric constant in that region and become constant at high frequency regime [10). Similar behavior
was observed in dielectric loss. At low frequency.grain boundary offered high resistance leads to large energy
dissipation and high value of dielectric loss. On the contrary, at high frequency low resistance is offered by grains,

causes small value of dielectric loss[8-10].

L]
. [}

L]
Figure 3 represents the freque!
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FIGURE 3.Frequency dependence of real part of dielectric constant (¢") and diclectric loss (tan ) at inset of BiysBag,Fe;.
xMn,0; for (a) x = 0.01, (b) x = 0.05.

As Phe temperature increases, dielectric constant also increases due to the thermal conduction hopping
mechanism. With increase in concentration of Mn dielectric constant increase appreciably which is the desirable
r&eult..lmprovement in dielectric properties may be attributed to the suppression of oxygen vacancies created by the
stlxlbstm'l{tic())n {)lf]divalent ion (Ba™) in place of volatile trivalent ion (Bi**) by high valance of Mn ion to neutralise the
charge{10, 11].

.
.

; CONCLUSIONS

3

Biy sBag oFe;.,Mn,05(x=0.01, 0.05) multiferroics were synthesized by solid state reaction method. XRD pattern
and Rietveld refinement shows thit all the samples are phase pure and crystallized in rhombohedral structire with
space group R3c. Dispersive behavior of dielectric constant (¢') anddielectric loss (tan &) is observed at low
frequertcy. Improved dielectric properties are attributed to the suppression of oxygen vacancies by Mn ion.
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Abstract,  Biggollqu 0cn xaTi0.:00 mmultiferroicswas synthesized by mcthod of mixed-oxigle route. The
XRD.diclectrie properties and magnetic measurements of the compound were carried out The X-ray structural
analysis - shows mixed phase.Rictveld refinement of the XRD patterns deduce that the found it fit by the mixed
phase setting of thombohedral R3¢ and triclinic P space group. The change in crystal structure is attributed to the
distortion of FeOyq octahedra due to  replacing a part of B- site Fe ions by Ti ions. Magnetic evaluation were
performed at room temperature up to an external magnetic field of 16kOclt was observed that the Ti co-
dopingshows a significant role for the improving multiferroics propertics.

INTRODUCTION

The materials in which at least two of ferroclectric, ferromagnetic and ferro-clastic ordering exhibit in the
same phasesimultaneously have been under concentrated study recently [1-2]. These materials have greatuse in
the large magneto clectric effect and have potential application which include information storage, spintronic
devices, sensors cte. BiFcO; (BFO) belongs to this class [3] at room temperature. It is only single phase
fascinating multiferroic material because of its high ferroclectric Ctirie temperature, (T.=1143 *K) and
antiferromagnetic (AFM) Neel temperature (Ty =643K) [3-4]. The simultancous doping of titanium and
lanthanide can enhance together electrical and magnetic properties of BiFeQO;.Some other exciting results also
have been reported in literature for BiFeO, when codoped with La and Ti;Dy and Ti[5].In this study, we have

fabricated BiFeO; ccramics with codoping of Ho and Ti and found enhancement in clectrical and magnetic
propertics.

. » . . o i
Various attempts have been made by many rescarchers to enhance the multiferroicscharacteristics of BFO by
co-doping at the sites A and B simultancously. As Ho possesses high magnetic moment, so Bi has been

substituted with it in the present work and therefore, co-doped BiFeO;ceramic samples in which doping is done
by Ho at A-site and Ti at B-site.

EXPERIMENTAL DETAILS

L] L

High quality oxide powders of Bi;0j3, Ho,0; ,Ti,0; and Fe,0; procured from Sigma Aldrich, their particular
amount in stochiometric ratio was grounded thoroughly with the help of mortar and pestle for 2 hours and then
calcinated for 3 hours at 400°C. The calcinated compound then grounded for 1 hour and sintered for 1 hour at
820°C in an alumina crucible. Structural analysis were performed using X-ray diffraction (XRD) using Rigaku-
Miniflex II Desktop X-Ray diflractometer, scanning electron microscopy. The quality XRD pattern was further
analyzed using a Rietveld refinement and Edper program in FullProf suite software. Micrographs evaluation
were carried out using JEOL scanning electron microscope (SEM), respectively. Magnetization measurements
were performed at room temperature using vibrating sample magnetometer (VSM) (model Lakeshore,7304).

1
) '
¢ '
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AIP Conf. Proc. 2142, 040028-1-040028-3; hitps://doi.org/10.1063/1.5122365
‘ Published by AIP Publishing. 978-0-7354-1885-1/§30.00 '
+

040028-1 ’



Sample Rl;‘lodcl Cell (A) Atom x y 7 R-factor
(6(c42“/ a= 5.5693 Bi/llo  0.0000  0.0000 __ 0.02485
5.42%) b—-lsl.s(qz)az Fe/Ti 0.0000  0,0000 0.25115
c=13.6 0 -0.1984  1.6068 0.7148 R;=4.90
BioasHona | v=43;,;62704(1\’) ’
Feo xoTi0.200; o  0=4 Bi/tlo  0.16159  7.85772  0.37914 , R.,=6.27
(33.58%) b= 4.0994 FoTi 0.63868° 846743 091230
c=38903 Ol 1.5028  1.8327  0.1741 7% =4.88
V=682819(A%) 02 | 2.8796 0.7321  -1.0982
03 -1.2690 1.1918  5.6569
1 B L7 e ] e
ol (@ < Yds J %ﬁlf $al(b) -
- dflaars : A T S
- | Bapprsic o :i‘ A
) 4000+
< 300
= ;
2 200
[}
£ 100
04 1 | I T | oo
1] L I I 1T H0 O O S RPN 1))
1000
-m—-ww
m T T T T T T
0 2 D 40 ®H O W & ,
v Adpe) £ X

Fig 1.The Rietveld refined XRD patterns and 1(b) SEM micrographs 0of Big.g0H0o.20F e g0 Ti0 2003 ceramic.

Fig. 1 shows the Rietveld refined XRD spectrums of Big soH0o.20F€0.80Ti0.2003 The Rietveld refinement of XRD
pattern was best fitted by the mixed phase assumption including rhombohedral {{30 (=66.42%) and triclinic P1
(=33.58%).

The parameters obtained from refinement are summarized in Table I.

.

’ L] 3
Table 1. Rietveld refined structural parameters of Bi0.80H00.20Fe0.80Ti0.2003 of XRD.

Fig. 1(b) explain scanning electron micrographs (SEM) of Big.g0H0p 20F€0 80 Ti0.2003. The micrographs represent
the dense and uniform morphology of the sample. It signifies that Ti doping suppressesthe growth of
grainsresulting in small grain sizes of highly doped sample reflects in the SEM micrographs. Another possible -
reason of decrease in grain sizesis the dissimilarity in the ionic radius of Bi** and Ti**. Earlier studies suggested
that the reduction in the grain size is ascribed to the suppression of oxygen vacancies with the Ti-doping. Since
the motion of oxygen vacancies during the sintering mechanismare responsible forgrowth of grains.Structural
symmetry for (Ni, Co, Cd, Nd, Ho with Ti)«o-doped BFO is summerized in Table 2. .

TABLE 2.Structural symmetry for (Ni,Co,Cd,Nd,Ho with Ti) co-doped BFO is summerized.

S. No. Compounds Name XRD Structure Ave::age . Reference
Crystallite Size
1. Bi(Ni;TisFe2)0; Orthorhombic Symmetry 28 nm 2]
2 Bi(Nig.45Tio.45F€010)0s Tetragonal Symmetry 30 nm (4]
3; Bi(Nio_wTio_‘oFeogo)O; Ol'thOI’hOI'hbiC Symmetry 36 nm [1]
* 4, Bi(Co,/sTi sFein)0s Orthorhombic Symmetry 30 nm 3]
5. Bip 9oNdy. |oFeo 93Ti0,0703 Triclinic Symmetry = [5]
6. Big goH0p 20F €0 80 Ti02003 Tnchm; ﬁ:gs:;\omblc 26 nm Present work
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MAGNETIC ANALYSIS
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l‘r_cstmc .BF() exhibiting a spatially modulated spin configuration along with G-type antiferromagnetic
ordcrn)g \vhlt}\ does not permitthe resulting net magnctization [2].0n the basis of various reports it is concluded
that Tico-doping at B-site of BFO is very cffective in order to enhance the magnetic propertics of BFO.Fig. 2
shows AM-H hysteresis curves of the synthesised sample with a maximum field of +10kOc at room

*lemperature. The magnetic parameters calculated from M-I loop andscomparison with published report

listed in Table3

TABLE 3. Comparison between magnetic parametiers for co-doping (Ti) BFO.

are

S.No. [ Compounds Name Magnetic Parameters Reference
— Mg(emu/g) 11(O¢)
1. Bi(Ni;uTiysFe;2)0, 0.131 298.98 [2]
2, Bi(Nio a0Tio s0F 0 20)0; 0.363 389 [1]
3. Bl(COuJTiu.]FClQ)Oj r 2.66 653.75 [3] g
4. Bio saH0o.20F €0 80 Tip 5005 0.144 67.77 Present work
0.15
» 5 "
0.10 g
0.05- 5
] AT
B 6.0 v
é 0.0 :’ .
o 24
' =_0.054 wode
. -0.104 ..::::.'-‘ 3
&
4 o
DA )
-6 -11 -I2 0 é :1 6
Magnetic field (kOe)
Fig 2 M-H hysteresis loop recorded at room temperature of Big goHog 20F€0.80Ti0.2003
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Catalysis by functionalized nanomaterials is the contemporary discipline of
nanoscience which is expanding exceptionally to meet the upcoming global demands ;
of mankind. Nanocatalysts, being lying at the frontier of homogeneous and

heterogeneous catalysts, offer multiple benefits of atom economy, remarkable

stability,

enhanced activity, better selectivity, recoverability, reusability, and energy

efficiency, thereby allowing optimum feedstock utilization and minimal chemical
waste. However, with ti

Oxygen Reduction and Oxygen
Evolution Reactions

me, it was diagnosed that some of these very active
nanocatalysts suffer with the limitation of stability causing them to agglomerate
during catalysis, which was later resolved to a great extent by modifying their surface
composition via functionalization. The functionalization of these nanocatalysts with
various biocompatible and acfive species serving as weak ligands not only enhances
their stability and selectivity but also facilitates their easy separation along with

preventing their undue coagulation during catalysis. Besides these, the ,
functionalization of nanomaterials also has considerable effect reflected in their

structure, morphology, optical, electrical, magnetic, and other properties owing to the
novel theory of quantum effects, enabling a control of their catalytic activity.
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Abstract %
Catalysis by functionalized nanomaterials is the ébntcn'fporary discipline of nano-
science which is expanding exceptionally tc\>'»§neet the upcoming global demands
of mankind. Nanocatalysts, being lying at the frontier of homogeneous and het-
erogeneous catalysts, offer'multiple benefits’of atom economy, remarkable sta-
bility, enhanced activity, better selectivity, recoverability, reusability, and energy
efficiency, thereby allowing optimum féedstock utilization and minimal chemical
waste. However, with time, it was diagnosed that some of these very active nano-
catalysts sufferswith the limitation of stability causing them to agglomerate during
catalysis, which was later resolved to a great extent by modifying their surface
composition via functionalization. The functionalization of these nanocatalysts
with various biccompatible and active species serving as weak ligands not only
enhances their stability and selectivity but also facilitates their casy separation
along with preventing their undue coagulation during catalysis. Besides th.ese, th.e
functionalization of nanomaterials also has considerable effect reflected in their
structure, morphology, optical, electrical, magnetic, and other. properti'es ow_ir3g to
the novel theory of quantum effects, enabling a control .of their cat_alytlc activity.
This Chapter will cover nanocatalysis, factors affecting cataly‘u’c per.formance,
different functionalization strategies and application of these functionalized nano-

catalysts in various fields.
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