CHAPTER V

Structural, D.C Conductivity and Dielectric Studies of
Barium Substituted Bi,V,04; Solid Solution

You cannot understand the glories of the univerghowt believing there is some
Supreme Power behind it.

Stephen Hawking
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5.1. Introduction

From our earlier study, it has been noticed thétsstution of monovalent (Li) and

divalent (Ca) cation at Bi-site of Bi»,O,; is favourable for enhancement of ionic
conductivity. It was already mentioned that a widmge of cations have been
substituted for V-site of the parent compound\VBO;;, a few cations have been
reported to substitute for Bi{2] and limited efforts have been devoted on strattur
and electrical characterization of Bi-site subsituUBIMEVOX system. Moreover, no

reports have been found for Ba substituted BIMEV@Xeither V or Bi site. Our

present work in this chapter is concerned with twnpositional variation of

structural and electrical properties of Ba dopeel, BiyxBa\V20:15 (0 < x < 0.4)

solid solutions.
5.2 Experimental

The series of compoundsBBa\V,0115 (0 < x < 0.4) solid solutions were prepared
by reacting stoichiometric mixtures of B3, V>,0Os and BaCQ. The details of the
experimental technique for the preparation of gn@es were discusseddhapter -

.

5.3. Results and discussion
5.3.1 X-ray diffraction

Fig 5.1 depicts the XRD patterns for the samples of thepminds Bji..Ba\V:0115
(x=10, 0.1, 0.2, and 0.3). As described in the odapl and 1V, the first two doped
samples clearly exhibit orthorhomhiepolymorph distinguished by the characteristic
doublets at 2 ~ 32°, 48°, 54° and a weak reflection & 2 24° [3-5]. The weak
reflection indicates the superstructurexgshase of the parent compound\BiOs; [1,

5]. Except this weak super lattice reflection, alher reflections could be indexed
with orthorhombic BiV,0s; [1]. Moreover, the striking feature of the monoclinic
pattern is the presence of a characteristic dowtlé@ ~ 45.5 and 46.8 which is a
singlet in the orthorhombic patter, p-8]. As shown inFig. 5.1, there is singlet ati2

~ 45.5 and 46.8 which confirms that phase is orthorhombic. Ondtieer hand, the

110



Chapter -V Struct., Cond. & Dielectric Studie§Ba Substituted BjV,0;

sample with composition x = 0.3, the splitting 4t=232° and 54° began to converge
which indicates the partial suppressionefp phase transition. Moreover, weak

splitting of peak at ~ $Xignifies small contribution ¢i-phase.

113

] o
i 80
4 o N © ®
- o o —
1 — © N g‘\‘ nm =2
_ < PN P —
] a 8 =] N - —
] — a AN ®
h x=0.3
T
5]
(© -
—~1 -
] —
.*::.'
N1, .
(
+= ]
C

119

113
119

ladalodolololsluly
111

N
(@)
w
o

40 50 60
2 theta (°)

Fig.5.1: X-ray diffraction pattern of Bi\Ba\V2:0115.

The composition dependence of unit cell parametethie series compound has been
shown inTable 5.1. The value of the unit cell parameter for the yretb compound
as explain in the chapter Ill and IV agrees wellnwthe values reported earlier by
other researcher. It has been observed that, tlue wh the cell parametex and c
increases where &decreases with the increase in dopant. This tréctlange in the
dimension of cell parameter is reported earlietthes sign of change from to 3
polymorph P]. The gradual increase of cell volume observeditcreasing x is
consistent with the substitution of smallefBby the larger B cations (1.03A and

1.35A respectively). On the other hand, it has bebserved that Bi is more
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electronegative (1.9) than both V (1.6) and Ba )(O:Bherefore, in respect of
electronegativity it may be mentioned that therpadssibility of Ba to substitute for V
which will be further discussed in FTIR studies. eThkrystallite sizes of the
compositions are found to be 47 nm, 23 nm, 25 nth 261nm respectively for the
compositions x =0, x = 0.1, x = 0.2 and x = 0.§pexctively

Table-5.1: Unit cell parameters of BiBacV,0115series of compound.

composition| a(A) b(A) c(A) Volume (&%)
x=0 5521(20) 5.598(18) 15.243(20) 471.108
x=0.1 5.543(18) 5.584(16) 15.246(14) 471.895
x=0.2 5.564(15) 5.578(20)| 15.252(13) 473.361
x=03 5575(17) 5.572(18) 15.258(16) 473.972

5.3.2. FTIR studies

The FTIR spectra of the pure (x =0) and doped caitipos x = 0.1 and x = 0.4 are
shown inFig.5.2. Similar to the observed spectra for Li and Caedbpompounds

(chapter 1l and 1V), the position of the Bi-O bofa Ba doped compounds also
remain same for all the compositions. This impéiebstitution of Ba for V rather than
Bi and hence further supports the explanation coreg the electronegativity of the
elements Bi, V, and Ba. On the other hand, thepg&sum of the doped compound
shows a decrease of fine structure in the vanaata regions. The Intensity of the
IR peaks corresponding to the modes of vibratig{V-O) in the region (~955 — 712
cm™) decreases with increase in Ba concentration fifleestructure corresponding to
the asymmetric modes of vibrations (O-V-O) in the regions (~670 — 500 &n

decreases for x = 0.1 and finally almost disappéarsx =0.4. Moreover, the IR

spectrum of the doped compound shows a broadeninipeo sharp bands. The
disappearance of fine structures and broadeninigeosharp bands particularly in the
vanadate anion region reveals crystallographic gbsnn local structures of the

perovskite vanadate layer which give rise to thigdastabilization of3-polymorph.
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Fig.5.2: FT-IR patterns of BixBa\V20115 (x 0, 0.1, 0.4) series of compounds.

5.3.3. Microstructure analysis

The micro structural study on fractured surfacethefsamples was carried out under
scanning electron microscopy (SEM) and the micnolgsaare shown irig.5.3.
Samples with x = 0 exhibits fairly developed lagyains with good grain to grain
connectivity. However, some smaller grains are &dsod to be developed along with
larger grains (~6 pm). SEM micrograph for x = 0l$oashows larger grains in
comparison to other doped specimens. For the spesim = 0.3 and x = 0.4, small
grain size were detected. Except the undoped samapléhe doped compositions
exhibit the porosities which increase with the ddpeoncentration. The decrease in
grain size and the existence porosities might beelzied with the lowering of

sintering temperatures of the doped specimenstivitlsubstitution of barium. The
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Fig. 5.3 (a): SEM micrograph of x= 0 composition of the seriesampound Bj.
xBaV20115.
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Fig. 5.3 (b): SEM micrograph of x = 0.1 composition of the sewécompound Bi
xBaV20115.
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Fig. 5.3 (¢): SEM micrograp of x = 0.3 compositionf the series of compou Biy-
xBaV20115.

Fig. 5.3 (d): SEM micrograp of x = 0.4 compositionf the series of compou Big-
xBaV20115.
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variation in microstructural features for the gpesns reflects the variation in
conductivity between low and high conducting conifpmss. This may be attributed
to clear grain formation of size (+Bn) for high conducting composition x = 0.1 as
compared to sample of low conducting samples (x3=add x = 0.4) with grain size
of 2-3um. The grains of smaller size offer larger low cactthg grain boundary area

which is responsible for low conductivity.

5.3.4. Energy dispersive X-ray spectroscopy (EDS)

Energy-dispersive X-ray spectroscopy (EDS or EDethhique is used to determine
the elemental composition of the specimens. The Ep&tra of x-ray counts vs.
energy (in keV) for the high and low conducting@peens x = 0.1, and x = 0.4 are
shown inFig. 5.4. To check the homogeneity of the sintered bodg,dhllets were

broken into several pieces and EDS spectra werectedl for each piece of the

samples.
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Fig. 5.4(a-c): EDS spectrum of (a) x = 0, (k)= 0.1 and (c) x = 0.4 specimeabthe series

of compound BjxBa\V,0115.
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The elemental compositions were found to be sameefmh sample at different
inspected fields. The values of different elemenitsained from the EDS studies

along with the theoretically calculated valuestafmilated inTable 5.2.

Table 5.2(a-c): Elemental content of different compositions of tkeries of
compound Bj,BaV:0115.

(a) Elemental Content of x = 0 composition.

Element| Weight% (experimental) Weight % (theoretical)
O 15.96 15.84
Vv 8.98 9.17
Bi 75.06 74.98
Totals 100.00

(b) Elemental Content of x = 0.1 composition.

Element| Weight % (experimental) Weight % (Theoretical
O 15.47 15.64
Ba 2.56 2.45
Vv 9.24 9.1
Bi 72.73 72.79
Totals 100.00

(c) Elemental Content of x = 0.4 composition.

Element| Weight % (experimental) Weight % (Theoretical
O 15.55 15.97
Ba 5.16 5.07
Vv 9.64 9.42
Bi 69.65 69.54
Totals 100.00

It has been observed that the experimental valfiedbeoelemental content (atomic
weight percent) of different compositions are foudbe almost same with the
theoretical values of the respective compounds hvhguggest that proper

stoichiometry is maintained in the compositions.
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5.3.5 DSC studies

Thermal analysis of BikBa\V20115; 0 < x < 0.4solid solutions for both heating and
cooling cycles were carried out by differential mti@ag calorimetry (DSC) and

representative plots are showrFig. 5.5 (a-€).
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Fig. 5.5 (a): DSC plots for x = 0 composition of BiBa,V2011.5.
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Fig. 5.5 (b): DSC plots for x = 0.1 composition of BBacV:0115.
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Fig. 5.5(c): DSC plots for x = 0.2 composition of BBaV20115.

DSC (mw)

3.0 1

: (d)x=0.3
2.5
2.0
154
1.0 4
0.5 on heating
00—\‘*
-0.5

] on coolng

-1.0
-1.5 T T T T T T T T T

200 250 300 350 400 450 500 550

T (°C)

Fig. 5.5(d): DSC plots for x = 0.3 composition of BBaV20115.
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Fig. 5.5(e): DSC plots for x = 0.4 composition of BBaV20115.

Like other BIMEVOX compounds, both the doped anel thdoped compounds show
hysteresis behavioul(-12]. The DSC plot representing the parent compouadrby
indicates two endothermic peaks at 449 and %5@vith. However, second peak is
broader than first peak which means the secondgitiam is sluggish with respect to
the first transition. These transitions are duexte» p andp — y phase change.
Similar transitions were observed by other researalso. On cooling the exothermic

peak corresponding to— B phase transition is observed at 368

It has been observed fromig. 5.5 that phase transition temperature goes on
decreasing with the increase of dopant concentrator the doped specimens the
peaks representing — [ phase transitions are observed around 444, 448 aAd
418 °C respectively for x = 0.1, 0.2, 0.3, and 8.4 compositions indicating partial
suppression of: — £ phase transition. Upon cooling, the peaks reptesen — £
phase transition shifted to 347 °C and 299 °C mtspdy for the specimensg =
0.1andx = 0.2. No exothermic peaks in the cooling cycle evebserved for the
compositions x> 0.3 indicating suppression ef — S phase transitions for the
compositions in cooling cycle. The values of thensition temperature, enthalpy and
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transition width for different compositions of tle®mpound BjBa\V,0:15 were

calculated from thBSC analysis and are tabulatedliable 5.3.

Table5.3: DSC peak analysis of BiBa\V,0115compound (Heating)

Composition| T, (°C) T (onset) T (offset) Toft-Ton enthalpy
(x) (C) (°C) (C) (J/gm)
0 446.36 439.91 449.04 9.13 8.35
0.1 444.09 459.38 449.54 9.84 6.98
0.2 440 428.88 444.14 15.26 3.51
0.3 428.98 428.27 443.91 15.64 1.47
0.4 418 417.71 441.79 24.08 1.20

5.3.6 AC impedance analysis

Electrical conductivity was measured from the cawpmpedance spectra of the,Bi
xBaV20115 (X = 0.1 to 0.4) samples. These impedance speotra wbtained by
plotting imaginary part Z (ohm.cm) against the real part @hm.cm) measured at
different frequencies as shown by representatiapltg inFig. 5.6 (a-d) at 300 °C
and 500 °C.

As depicted irFig. 5.6(a, ¢), the overall impedance spectra at low temperghe®w

~ 450 °C) consist of two semicircular arcs along with aolined spike. The high
frequency arc of the semicircles attributed to tbgistance within the grain of the
materials and the semicircle in the low frequendg $s due to the partial or complete
blocking of charge carriers at the grain boundardshigher temperatures (above ~
500 °C), the impedance spectra comprise of a singlecsemiar arc by which the
contribution of bulk and grain boundary could netdfferentiated. However, the low
frequency spike becomes more prominent at high éeatpres. The inclined spike at
low frequency is associated with the electrode nmafion and suggests that the
compound is an ionic conductd, 5-6, 10]. From the figure, it is observed that the
intersection of the semicircles with the real asifts towards the origin with the

increase in temperature.
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Fig.5.6 (a-b): Impedance spectra of BBa\V20115 (X = 0 and 0.13eries of
compound at temperatures 300 °C and 500 °C.
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Fig.5.6 (c-d): Impedance spectra of BBa\V.0:15 (x = 0.2, 0.3 and 0.4kries of
compound at temperatures 300 °C and 500 °C.
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5.3.7 Electrical conductivity analysis

The bulk conductivity of the pelletized samplesadculated with the help of the bulk
resistance obtained from the analyzed impedan@ealdhe various temperatures and
pellet dimensions of the samplésg.5.7 shows the log vs. 1000/T plots for all the
dopant compositions ranging from x = 0 to x = (Qt4dhas been observed that, the
temperature dependence of conductivity obeyed thieefius relation. The activation
energy (Eg) is obtained from the slopes of thedirfé of the conductivity plot logT

vs. 1000/T.

The Arrhenius plot of conductivity for undoped,8)O;; and the doped compound
with x = 0.1 compositionKig. 5.7) shows three transition regions which can be
correlated with the three principal polymorph$ andy of Bi,V,0:1. Making a close
similarity with the DSC results, the conductivitiofs also reveals the suppression of
phase transitiong — B corresponding to the compositions x = 0.1, 0.3, @nd x =
0.4. The temperature dependent conductivity belawd the Bi.BaV.0115 series

of compound (& x < 0.4) can usually divided into three regions - l@mperature
(below 440 °C), (2) intermediate temperature (44820 °C) and high temperature
region ( above 520 °C). In the low temperature aeghe conductivity of x = 0.1
composition is significantly higher than the pareompound. The conductivity of the
compounds with x > 0.1 gradually decreases with therease of dopant
concentration. In this temperature range, the coidty of all the doped samples
except for x = 0.4 is observed to be higher tham plarent compound. In the
intermediate range of temperature the conductvitthe composition x = 0.1 is still
higher than the parent compound whereas the condgonith compositions x = 0.2,
0.3 and x = 0.4 exhibit lower conductivity than tnedoped compound and gradually

decreases with barium (Ba) concentration.
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Fig.5.7: 1000/T vs. log @y plot for Ba doped series of compound.

In the high temperature region, the conductivitytlvé doped specimens increases
significantly with the increase of temperature. Hoer, in this temperature range the
conductivity of the specimens except x = 0.1 iseobsd to be lower than the parent
compound. The highest ionic conductivity (1.37%1%cm’) which is more than four
times higher than the undoped compound is obseforexl = 0.1 composition in the
intermediate temperature domain at 460 Higher ionic conductivity obtained for the
doped compositions {fOx< 0.3) in the low as well as intermediate tempegssus
attributed to the excess oxygen ion vacancies edelay aliovalent substitution. The
highest ionic conductivity accounted for x = 0.Imgwsition can be correlated with
the optimization of oxygen vacancies and the payswaetween themlB]. On the
other hand, the decrease of ionic conductivity Xor 0.2 compositions could be

explained as a result of defect pair formatibf] [

For the linear region below 40%C, and above 500C, the values of activation

energies (Eg) calculated from the linear fit of 0 vs 1000/T plot along with ionic
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conductivities obtained from the d.c. conductivipjot for doped and undoped

samples are summarizedTiable 5.4.

Table5.4: Conductivity Oq4c) and activation energy gEfor the Bi..BaV 0115
series otompound.

Compound Oue (Scm) Eg(eV)
BisxBayV20115
400°C 500°C >400°C > 500°C
x=0 1.06 x1d 1.4 x10° 0.63 1.09
x=0.1 2.76 x1¢ 3.25 x10° 0.50 0.85
x=0.2 1.65 x1d 9.48 x1¢* 0.59 1.15
x=0.3 1.44 x1d 7.12 x1¢* 0.67 1.18
x=0.4 1.22 x16 4.62 x10' 0.75 1.22

A representative plot of logT vs 1000/T for the compounds of the serieg. Bi

«BaV20115 below 400°C is shown in thé&ig. 5.8.
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Fig. 5.8: 1000/T Vs logoT plots (below 400C) for BisxBaV.0115series of

compound.
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The variation of ionic conductivity is found to lbe accordance with the activation
energy calculated from the lagl' vs 1000/T plots for all the compositions in the

temperature range below 480, and above 50fC.

The substitution of B& on bismuth site may likely to compensate the obangthe
Bi»O; layers leading to additional oxide vacancies fer& 1. The lower conductivity
values of the samples with compositions 8.2 may be correlated with the formation
of defect pairs or X 0.1 may be the true solid solution limit.

5.3.8. Dielectric per mittivity studies:
5.3.8.1. Frequency dependence of the dielectric constants €'and €"':

From the measured impedance ddtand Z", the real and imaginary part of the
complex dielectric permittivitye{ande’) were calculated according to the equations
2.21 and 2.22 as explained in chaptér Fig. 5.9 (a-f) shows the frequency
dependence of the real and imaginary part okedigt permittivity for the dopant
compositions of x =0.0, x = 0.1 and x = 0.4 (parémghest and lowest conducting
samples). From thEig. 5.9, it is observed thaboth €'ande’’ show strong dispersion
at low frequencies. With increase in frequerntayth £'ande’”” decreases and attains a
constant value at high frequencies. The strongedsspns at low frequencies

exhibited by both the components of the compleledtac constant, comes out to be
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Fig. 5.9: The frequency dependencesofa) ande” (d) of Bis.xBaV 20115
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Fig. 5.9: The frequency dependenceso(b, c) ande” (e, f) of BixBaV 0115
compounds for x = 0.1 and x = 0.4 compositions.

a common characteristic in ferroelectrics assodiat&h good ionic conductivity
which is referred to as low frequency dielectrispdirsion (LFDD) §-8, 15]. Due to
the high periodic reversal of the a.c field at higkquencies, no charge have been
accumulated at the interface and hebeth £'ande” remains constant, which che
explained in terms of the ion diffusion mechanisBn the other hand, at low
frequencies, the charges get accumulated at tedanial region that give rise to a net
polarization of the ionic medium which result iretformation of space charge region
at electrode-electrolyte interface and hence irsggdhe dielectric constarit6f17].

It has been observed that the dispersion at loguéecies in the imaginary part of the
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dielectric constant £'') is stronger than that in the real pagt)( This indicates the
predominance of the dc conduction&in this frequency regiofi5].
5.3.8.2. Temperatur e dependence of the dielectric constant:

The temperature dependence of dielectric perntigtiof the system BiBa\V20:115
for the compositions x = 0.0, 0.1, and x = 0.4 ifeckent frequencies represented by

the plots log; vs. T is shown inFig. 5.10 (a-c). It has been observed that the dielectric
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Fig. 5.10 (a-c): The temperature dependence of épof Bis«Ba\V 0115 cOmpounds
for x = 0.0, 0.1 and x = 0.4 compositions at defarfrequencies.
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permittivity generally increases with increasingnperature, reaches a maximum
corresponding to the phase change and then desrelisis also found that the
broadening of dielectric peaks for compositionshwiartially suppressed — 3
increases with increasing value of Xhis is the characteristic of the increased
diffusion of oxygen ion vacancies associated wittoeder disorder transitiord$-20].

It has been observed that a strong dielectric dsspe begins from 200 °C and
increases with increase in temperature. The digpers stronger near (450 °C).
The increase o€, above T at all frequencies under study, is as a conseguehc
another phase transition, which is reported totexisund 560 °C for some of the
BIMEVOXes [15,21-22]. The appearance of anomaly near the transitiopégature
for all the samples under study reveals a couplegween space charge and
ferroelectricity [L5].

5.4 Conclusion:

1. The series of compounds,BBaV,0115 (0< x <0.4) have been synthesized by

standard solid-state reaction technique.

2. Room temperature X-ray diffraction studies révyeatial suppression of phase

transition for the doped sample.

3. SEM micrographs of the doped specimens expinibsities and small grain size
which increases with the amount of Ba concentrafldrese facts might be correlated
with the lowering of sintering temperatures of tdeped specimens with the
substitution of barium (Ba).

4. In good agreement with the XRD result, the D3@spfor the compounds exhibit

partial suppression ef—f phase transition.

5. The highest ionic conductivity (1.37x10S/cm®) with respect to the parent
compound is obtained for x = 0.1 composition inititermediate temperature domain
at 460°C

6. The higher activation energy for the doped cositmms with x > 0.1 makes
oxygen ion migration more difficult and thereby deasing the value of ionic

conductivity.
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7. The strong low frequency dispersion at low fieaeies exhibited by the dielectric

constantsi{foth €'ande’’) suggests ferroelectricity in the material.

8. The appearance of anomaly in the temperaturev§Tl)Log € plot near the

transition temperature reveals a coupling betwgees charge and ferroelectricity.
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