TABLE OF CONTENTS

Chapter 1: Introduction and Literature Review 1-57
1.1 Motivation and General Introduction 1
1.2 Fundamentals of Dielectrics 4
1.2.1 Introduction to Dielectrics 4
1.2.1.1 Mathematical Description of Polarization 4
1.2.2 Polarization Mechanisms 5
1.3 Basics of Piezoelectricity 7
1.4 Overview of Ferroelectrics 10
1.5 Overview of Relaxor Ferroelectrics 11
1.5.1 Difference between Normal Ferroelectrics and 12

Relaxor Ferroelectrics

1.6 Perovskites 16
1.6.1 Crystal Structure and Wyckoff Positions 17
1.6.2 Coordination and Site Preferences 18
1.6.3 Properties of Perovskite Oxides 19
1.6.3.1 Electronic Properties 20

1.6.3.2 Optical Properties 21



Chapter 2:

1.6.3.3 lonic Conductivity

1.7 Transition to Lead-Free Piezoelectric Materials:
Enhancing Sustainability and Mitigating Health Risks

1.8 Foundational Perspective on Phase Boundaries

1.8.1 Morphotropic Phase Diagram (MPB)

1.8.2 Phase Boundaries in Lead-Based and Lead-Free
Piezoelectric Perovskite Materials

1.9 Recent Development in Bi-based Lead-free Bulk
Piezoceramics

1.9.1 BiFeO3 (BFO) Based Piezoceramics

1.9.1.1 Evolution and Recent Development of BiFeOs-
BaTiOs (BF-BT) System

1.9.2 Biy2Na12TiOs (BNT) Based Ceramics

1.9.3 BisTizO12 (BIT) Based Piezoceramics

1.10 Objective of Present Work

Experimentation and Characterization Techniques

2.1 Introduction

2.2 Methodology for Synthesis of Samples

2.2.1 Solid State Reaction Methodology

2.2.2 Chemicals and Compositions

22

23

25

25

27

30

33

35

48

49

55

58-83
58

59

59

61



Chapter 3:

2.3 Characterization Technique and Instrumentation

2.3.1 X-ray Diffraction (XRD) Technique

2.3.1.1 Basic Principle of Bragg’s Law

2.3.1.2 Crystal Structure Determination Using Rietveld

Refinement

2.3.2 Fourier Transform Infrared Spectroscopy

2.3.3 Scanning Electron Microscopy (SEM)

2.3.4 X-ray Photoelectron Spectroscopy (XPS)

2.3.5 Dielectric Spectroscopy

2.3.6 Diffuse Reflectance Ultraviolet-Visible (UV-Vis)
Spectroscopy

2.3.7 Ferroelectric Characterization

2.3.8 Piezoelectric Charge Coefficient Measurement

2.3.9 Photoluminescence Spectroscopy

2.4 Conclusions

Quenching-Driven Advancements in Functional
Properties of High-Temperature Lead-Free Sc, Ga
Modified 0.67BiFeO3-0.33BaTiO3 Relaxor Ceramics

3.1. Introduction

3.2. Experimental Procedure

3.2.1. Sample preparation

61

61

64

65

66

68

70

72

74

75

78

81

82

84-115

84

86

86



3.2.2. Characterizations 89

3.3. Results and Discussions 90
3.3.1. Structural Analysis 90
3.3.1.1. Crystal Structure Analysis 90
3.3.1.2. FTIR Studies 95
3.3.1.3. XPS Studies 98
3.3.2. Microstructural Analysis 103
3.3.3 Electrical Characterizations 105
3.3.3.1. Dielectric Properties 105
3.3.3.2. Ferroelectric and Piezoelectric Properties 109
3.4. Conclusion 114
Chapter 4: Enhanced Functionalities of Isovalently Substituted 116-142

0.67(Bi1-xLaxFeo.97Ga0.0303)-0.33(BaTiO3) Relaxor
Piezoceramics Synthesized via Air Quenching

4.1. Introduction 116
4.2. Experimental Details and Characterization 118
4.3. Results and Discussion 119

4.3.1 Structural Studies 119



4.3.1.1 Crystal Structure Analysis 119

4.3.1.2 FTIR Analysis 124
4.3.1.3 X-ray Photoelectron Spectroscopy Analysis 125
4.3.2 Microstructural Studies 131
4.3.3 Dielectric and Ferroelectric Studies 132
4.4 Conclusions 142
Chapter 5:  Site engineering: A Tool to Enhance Functional 143-163

Properties in High-Temperature Lead-Free Relaxors
Prepared via Air Quenching

5.1 Introduction 143
5.2 Experimental Details 145
5.3 Results and Discussion 146
5.3.1 Crystal Structural Analysis 146
5.3.2 Study of Optical Properties 147
5.3.3 Dielectric Studies 153
5.3.4 Ferroelectric Studies 159
5.4. Conclusions 163
Chapter 6:  Effect of Sintering Temperature on the Structural, 164-203

Dielectric, Ferroelectric, Piezoelectric and Optical
Properties of Sm/Ta Co-Doped BisTizO12 Aurivillius
Piezoceramics



Chapter 7:

References

6.1 Introduction

6.2 Experimental Details

6.2.1 Sample Preparation

6.2.2 Characterizations

6.3 Results and Discussion

6.3.1 Structural Analysis

6.3.1.1 Crystal Structural Analysis

6.3.1.2 FTIR Analysis

6.3.1.3 X-ray Photoelectron Spectroscopy Analysis

6.3.2 Microstructural Studies

6.3.3 Ferroelectric Studies

6.3.4 Dielectric and Piezoelectric Studies

6.3.5 Optical Properties Studies

6.4 Conclusion

Conclusion and Future Scope

7.1. Summary of the Thesis

7.2. Future Scope

164

167

167

168

169

169

169

172

174

177

181

192

198

202

204-209

204

207

210-233



List of Publications 234

List of Conferences/Workshops/Seminars/Symposiums 235



Figure No.

Figure 1.1

Figure 1.2

Figure 1.3

Figure 1.4

Figure 1.5

Figure 1.6
Figure 1.7

Figure 1.8

Figure 1.9

Figure 1.10

Figure 1.11

Figure 1.12

Figure 1.13

List of Figures
Captions
Piezoelectric materials market share by 2032 (in USD

Billion).

Different polarization mechanisms with
frequency in dielectrics.

respect to

Different polarization mechanisms in both presence and
absence of applied electric field @)
Dipolar/Orientational/Molecular, (b) Electronic, (c)
Interfacial/Space charge and (d) lonic/ Atomic.

Categorization of dielectric materials.

Comprehensive comparison of normal ferroelectrics with
relaxor ferroelectrics.

Schematic diagram for ideal cubic perovskite structure.
Key properties and applications of perovskites.

(a) Phase diagram and (b) Composition dependent planar
coupling coefficient and piezoelectric coefficients of (1-
X)PbZrOz-xPbTiOz solid solution.

A cross-sectional analysis of the Gibbs free energy for
Pb(Zr1xTix)Osz compositions with 90/10 and 60/40 ratios
along the [Mg] path.

Differentiation of elements based on toxicity and cost.

A broad classification of High Temperature lead-free Bi-
based piezoelectric materials.

(@) das vs Tc/Tm comparison for piezoelectric ceramics
with max ds3 obtained for Sn doped BT (BTSx, x=0.11) (b)
Temperature dependent dielectric permittivity for BTSx
with respect to Sn content.

Revised phase diagram of BF-BT solid solution by (a)
Leontsev et al. after Kumar et al. and (b) Kim et al. after
carrying out synchrotron XRD and temperature dependent
dielectric properties measurement.

Page No.

14

17
20

28

30

32

33

37

38



Figure 1.14

Figure 1.15

Figure 1.16

Figure 1.17

Figure 1.18

Figure 1.19

Figure 1.20

Figure 1.21

Figure 1.22

Figure 2.1

Figure 2.2

Figure 2.3

(a) Phase diagram of BF-BT solid solution and (b)
Rhombohedral distortions (90°-ar) and phase volume
fractions of furnace-cooled BF33BT FC, water-quenched
BF33BT WQ, BF33BT-3BZT, and BF33BT-3BG
ceramics.

(@) ds3 and das= values of 0.67BFO—-0.33BTO (BF33BT),
0.7(BF33BT)—0.3Ba(ZrosTios5)Os (BF33BT-3BZT) and
0.7(BF33BT)—0.3BiGaOs BF-BT-3BG as function of BT
content (b) temperature dependent dielectric constant of
BF-BT ceramics (c) P-E loops of BF-BT ceramics and (d)
bipolar S-E hysteresis loops of BF-BT ceramics.

(a-f) P-E hysteresis loops for (1-x)BF—xBT, 0.2 < x <
0.45), (g) variation of P, with respect to applied electric
field, and (i) dss and electromechanical coupling constant
kp with respect to BT content.

(a) Room temperature P-E hysteresis loops measured at 0.1
Hz and (b) Bipolar Strain-Electric field (S-E) loops for BF-
BT for BF-BT ceramics with respect to BT concentration.

Bright field TEM images for BF25BT samples (a) air
quenched (AQ) at 800 °C and (b) furnace cooled (FC).

Summary of major issues and scientific point in BF based
piezoceramics.

Ball stick diagram of different BLSFS.

(A) SEM micrographs at different sintering temperature,
(B) variation of dass as a function of sintering temperature
measured at RT, and (C) dss as a function of annealing
temperature.

ds3 vs Tc variation of different BSLFs.

Pictorial representation of solid-state route adopted for
preparation of samples.

(@) Image of the benchtop XRD and (b) the schematic

diagram showing the basic principle of Bragg’s law.

(a) Basic principle governing FTIR spectroscopy and (b) a
typical FTIR instrument setup.

39

40

42

43

47

47

51

54

55

60

63

68



Figure 2.4

Figure 2.5

Figure 2.6

Figure 2.7

Figure 2.8

Figure 2.9

Figure 2.10

Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 3.5

Figure 3.6:

Figure 3.7

(a) Schematic image of different components of SEM
instrument and (b) Image of a high resolution SEM.

(a) Basic principle of XPS and (b) working XPS instrument
(Thermo Fisher Scientific (K-alpha)).

Experimental setup to measure temperature dependent
dielectric properties using Keysight impedance analyzer.

(a) Basic principle and schematic picture of operation of
UV-vis spectrophotometer and (b) Shimadzu UV-2600
spectrophotometer.

(@) A typical P-E Hysteresis loop, (b) Schematic Sawyer
Tower Circuit and (c) Ferroelectric property measurement
setup by the Radiant Technologies (Precision Premier I1).

A typical dz3 meter by PIEZOTEST.

Fluorescence spectrophotometer (F-4600, Hitachi) for
photoluminescence measurement.

The schematic diagram for methodology adopted to
prepare 0.67{Bi(Feo.97Gao.03)1-xScx03}-0.33(BaTiO3)
ceramics, where x=0.01 to 0.07.

XRD patterns  of  0.67{Bi(Feo.97Ga003)1-xScxO3}-
0.33(BaTiO3) samples prepared using (a) CS and (b) AQ
methods.

Rietveld refinement fits for (a) Sc1 CS, (b) Sc1 AQ, (c) Sc3
CS, (d) Sc3 AQ, (e) Sc4 CS, (f) Sc4 AQ, (g) Sc5 CS, (h)
Sc5 AQ, (i) Sc6 CS and (j) Sc6 AQ samples.

FTIR spectra for  0.67{Bi(Feo.97Gapn03)1-xSCxO3}-
0.33(BaTiOz) ceramics at room temperature in KBr mode
prepared using (a) CS and (b) AQ sintering methods.

Ball and Stick model plotted using VESTA with obtained
CIF file of Sc2 CS Rietveld refinement results representing
the Ti/FeOs octahedron and Ti/Fe-O bonds.

XPS spectra of (a) complete spectrum, (b) Bi 4f spectra of
Scl CS, (c-h) O 1s for Scl, Sc3 and Sc7 composition
samples prepared using AQ and CS method.

XPS spectra of Fe 2ps2 for Scl, Sc3, Scb5, and Sc7 samples,
prepared using AQ and CS methods.

70

72

74

75

78

80

82

87

91

92-93

96

98

100

102



Figure 3.8

Figure 3.9

Figure 3.10

Figure 3.11

Figure 3.12

Figure 3.13

Figure 4.1

Figure 4.2

SEM micrographs of 0.67{Bi(Fe0.97Ga0.03)1-xScxO3}-
0.33(BaTiOz ceramics, both air quenched (AQ) and closed
sintered (CS) samples sintered at 960°C for 2 hours (a-d)
x=0.01, (b-e) x=0.02, (c-f) x=0.03, (g-j) x=0.04, (h-k)
x=0.05, (i-I) x=0.06 and (m-n) x=0.07, along with the
corresponding grain size distribution is shown in the insets;
(o) average grain size variation with respect to the
composition for CS and AQ samples.

Comparison  of  temperature-dependent  dielectric
permittivity (er) and loss (tan 8) at various frequencies for
0.67{Bi(Fe0.97Ga0.03)1-xScx03}-0.33(BaTiOz) samples
prepared using AQ and CS methods.

Room temperature ferroelectric polarization (P)-electric
field (E) hysteresis loops at 10 Hz for (a) closed sintered
(CS) samples and (b) air quenched (AQ) samples, as a
function of composition.

Ferroelectric polarization (P-E) hysteresis loop along with
corresponding current response at 10 Hz for (a) Sc2 (b) Sc3
(c) Sc4 samples prepared by AQ method, and (d) remnant
polarization (Pr) and coercive field (Ec) as a function of
composition for CS and AQ samples.

Current response curves for (a) Sc2 CS and Sc2 AQ, (b)
Sc3 CS and Sc3 AQ, (c) Sc4 CS and Sc4 AQ.

(a) Current density J (A/cm?) and (b) Resistivity (ohm.cm)
plots with respect to composition for both AQ and CS
specimens at 1 kV/cm of applied electric field. (c)
comparison of piezoelectric charge coefficient, dss for AQ
and CS samples for different compositions.

XRD  patterns  of  0.67(BiixLaxFeos7Gao.0303)-
0.33(BaTiO3) where x=0.01 (Lal), 0.03 (La3), 0.05 (La5),
and 0.07 (La7) (a) calcined at 850 °C and (b) sintered at
980 °C for 2 hours and annealed at 550 °C for 12 hours.

The Rietveld refined XRD patterns fit using cubic Pm3m
space group for 0.67(BiixLaxFeo.97Gao.0303)-0.33(BaTiOz)
where x=0.01(Lal), x=0.03(La3), x=0.05(La5), and
x=0.07(La7) sintered at 980 °C for 2 hours and annealed at
550 °C for 12 hours.

104

106

110

111

112

114

121

122



Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Schematic ball and stick diagram of (a) perovskite unit cell
(b) Fe/Ti-Og octahedra in 0.67(Bio.golao.01Fe0.97Gao.0303)-
0.33(BaTiOz3) piezoceramics.

FTIR spectra of 0.67(Bi1-xLaxFeo.97Gap 0303)-
0.33(BaTiO3) where  x=0.01(Lal), x=0.03(La3),
x=0.05(La5), and x=0.07(La7).

Complete XPS spectra of (a) x=0.01(Lal), and (b)
x=0.03(La3) for 0.67(Bi1.05-xLaxFe0.97Gao.0303)-
0.33(BaTiO3) ceramics.

XPS spectra of O1s state for 0.67(Bi1xLaxFeo97Gao.0303)-
0.33(BaTiOz3) ceramics (a) x=0.01(Lal), (b) x=0.03(La3),
(c) x=0.05(La5), and (d) x=0.07(La7).

XPS spectra of Fe2p state for 0.67(Bi1-xLaxFeo.907Gao.0303)-
0.33(BaTiOz3) ceramics (a) x=0.01(Lal), (b) x=0.03(La3),
(c) x=0.05(La5), and (d) x=0.07(La7).

XPS spectra of Bi4f state for 0.67(Bi1-xLaxFeo0.97Gao.0303)-
0.33(BaTiOz3) ceramics (a) x=0.01(Lal), (b) x=0.03(La3),
(c) x=0.05(La5), and (d) x=0.07(La7).

SEM images and grain size distribution for (a, e)
x=0.01(Lal), (b, f) x=0.03(La3), (c, g) x=0.05(La5), (d, h)
x=0.07(La7) and for 0.67(Bii-xLaxFeo.97Gao.0303)-
0.33(BaTiOs) samples.

Temperature dependent dielectric permittivity and
dielectric loss plots as a function of frequency in the range
1.26 kHz to 160 kHz for x=0.01(Lal), (b) x=0.03(La3), (c)
x=0.05(La5), (d) x=0.07(La7) () comparison of dielectric
constant at 10 kHz and (f) frequency dependent dielectric
constant for all compositions.

Modified Curie-Weiss law plots for characterization of
diffuseness parameter y at 10 kHz for 0.67(Bis-
xLaxFeg97Gap.0303)-0.33(BaTiOs) where x=0.01(Lal),
x=0.03(La3), x=0.05(La5), and x=0.07(La7).

Vogel  Fulcher  curve  fitting for  0.67(Bis-
xLaxFeo.97Gan.0303)-0.33(BaTiOs) with compositions (a)
x=0.01(Lal), (b) x=0.03(La3), (c) x=0.05(La5), and (d)
x=0.07(La7).

123

125

127

128

129

130

132

135

136

138



Figure 4.13

Figure 4.14

Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4:

Figure 5.5

Figure 5.6

Figure 5.7

Figure 5.8

Figure 5.9

Figure 5.10

Polarization vs Electric field and Current response
hysteresis  loops  for  0.67(Bii-xLaxFeo.97Gao.0303)-
0.33(BaTiO3) where (a) x=0.01(Lal), (b) x=0.03(La3), (c)
x=0.05(La5), (d) x=0.07(La7).

Leakage current plot for all compositions performed at an
applied field of 30 kVV/cm (b)PUND polarization profile for
0.67(Bi1xLaxFeo.97Gag.0303)-0.33(BaTiOs) samples.

The XRD patterns of various compositions for (a) BFSBT-
x and (b) BLFBT-y ceramics.

(@ UV-Vis diffuse reflectance spectroscopy (UV-Vis
DRS) spectra of (a) BFSBT-x and (b) BLFBT-y where X,
y <0.07.

Kubelka Munk Tauc plot for BFSBT-x with (a) x=0.01
(Scl), (b) x=0.03 (Sc3), (c) x=0.05 (Sc5), and (d) x=0.07
(Sc7).

Kubelka Munk Tauc plot for BLFBT with (a) y=0.01
(Lal), (b) y=0.03 (La3), (c) y=0.05 (La5), and (d) y=0.07
(La7).

Temperature dependent (a, ) dielectric constant plot for X,
y=0.03, 0.07 and (b, d) dielectric loss plot for x, y=0.03,
respectively.

Temperature dependent dielectric constant as a function of
frequency for (a) x=0.07 (Sc7) and (b) y=0.07 (La7).

Modified Curie-Weiss law linear fitting plot of In(1/gr —
1/em) vs In(T — Tm) for (a) x=007 (Sc7) and (b) y=0.07
(La7) at 10 kHz.

Vogel Fulcher model fitting for (a) x =0.07 (Sc7) in BSFT
and (b) y=0.07 (La7) in BLFT.

Ferroelectric hysteresis loops for (a) x, y=0.01 (b) X,
y=0.03 (c) X, y=0.05 and (d) x, y=0.07 in BFSBT-x and
BLFBT-y.

(a) P-E hysteresis loop depicting energy storage density
calculation, and (b) Comparison of Wrota, Wrec and n for
different compositions of BFSBT-x and BLFBT-y.

139

141

147

149

151

152

155

155

158

158

160

161



Figure 6.1

Figure 6.2

Figure 6.3

Figure 6.4
Figure 6.5
Figure 6.6
Figure 6.7

Figure 6.8

Figure 6.9

Figure 6.10

Figure 6.11

Figure 6.12

Figure 6.13

Figure 6.14

Figure 6.15

Figure 6.16

Powder XRD patterns at room temperature of pure BIT and
Sm/Ta co-doped BIT at various sintering temperatures.

Rietveld Refined patterns for (a) Pure BIT, (b) BITST
S950, (c) BITST S1050 (d) BITST S1150 and (e)
orthorhombic distortion and tetragonal strain variation
with composition.

FTIR spectra for Pure BIT, BITST S950, BITST 1050 and
BITST S1150 measured in KBr mode.

Full XPS spectrum of Pure BIT and BITST S1150.

XPS spectra of O 1s for Pure BIT and BITST S1150.
XPS spectra of Bi 4f for Pure BIT and BITST S1150.
XPS spectra of Ti 2p for Pure BIT and BITST S1150.

SEM micrographs of fractured surface for (a) Pure BIT, (b)
BITST S950, (¢) BITST S1050 and (d) BITST S1150.

Average thickness of the platelet like microstructure of (a)
Pure BIT, (b) BITST S950, (c) BITST S1050 and (d)
BITST S1150.

Elemental mapping and EDAX of (a,c)Pure BIT and (b,d)
BITST S950.

Polarization vs Electric field hysteresis loops for (a)Pure
BIT, (b) BIT S950, (c) BIT S1050 and (d) BITST S1150.

Comparison of PE loops at 10 Hz and 50 Hz for (a) Pure
BIT, (b) BITST S950, (c) BITST S1050 and (d) BITST
S1150.

Current response loops for (a)Pure BIT, (b) BIT S950, (c)
BIT S1050 and (d) BITST S1150 measured at 50Hz.

Leakage current measurement for (a)Pure BIT, (b) BIT
S950, (c) BIT S1050 and (d) BITST S1150 measured at
50kV/cm at 50Hz.

PUND voltage profile and resulting output curve
corresponding to pulse width and pulse delay of 10 ms for
(a, ¢) pure BIT, (b, d) BITST S1150, respectively.

PUND remnant polarization in four cycles for (a) Pure BIT
and, (b) BITST S1150.

170

171

173

176
176
177
177

179

179

180

182

183

186

188

189

191



Figure 6.17

Figure 6.18

Figure 6.19

Figure 6.20

Figure 6.21

Figure 6.22

Temperature dependent (a) dielectric constant and (b)
dielectric loss (tan 6) for BIT, BITST S950, BITST S1050,
BITST S1150 measured at 10 kHz.

Frequency dependent dielectric constant curves for BIT,
BITST S950, BITST S1050, and BITST S1150 at 100 °C.

Piezoelectic charge coefficient (d33) for BIT, BITST S950,
BITST S1050, and BITST S1150.

Band gap calculation using Kubelka-Munk function Vs.
Photon Energy plot for Pure BIT, BITST S950, BITST
S1050 and BITST S1150 obtained from UV-vis diffuse
reflection spectroscopy.

(a) Excitation spectra and (b) Emission PL spectra for all
the compositions.

CIE color chromaticity diagram showing the wavelength
and corresponding colour of emission wavelength (a) Pure
BIT, (b) BITST S950, (c) BITST S1050, (d) BITST S1150
and (e) comparison showing effect of Sm, Ta incorporation
in BIT.

193

194

196

199

200

201



Table No.

Table 1.1

Table 1.2

Table 1.3

Table 1.4

Table 1.5

Table 2.1

Table 3.1

Table 3.2

Table 4.1

Table 6.1

Table 6.2

List of Tables

Captions

Classification of crystallographic point groups using short
Hermann-Mauguin Notation based on symmetry.

Summarizes the electrical properties of differently
modified BF-BT systems.

Energy storage properties of some BF-BT and other lead
free piezoceramics

Electrical characteristics of BNT-BT ceramics.

Electrical characteristics of BNKT ceramics after ion
substitution
Precursors used for the synthesis of specific compositions.

Lattice parameters, space group, and refinement factors for
all CS and AQ samples compositions.

Wavenumber, effective mass, frequency of vibration,
force constant, and bond length of Fe-O bond for
investigated Sc, Ga substituted BF-BT samples prepared
by closed sintering (CS) and air quenching (AQ) methods.

Lattice parameters and refinement factors of 0.67(Bii-
xLaxFeo97Gan 0303)-0.33(BaTiOs  where  x=0.01(Lal),
x=0.03(La3), x=0.05(La5), and x=0.07(La7) sintered at
980 °C for 2 hours and annealed at 550 °C for 12 hours.

Table for lattice parameters and refined parameters
obtained from Rietveld refinement for Pure BIT and
BITST sintered at 950 °C, 1050 °C and 1150 °C.

Table 6.2 Piezoelectric charge constant and Tc values of
different BIT based compounds.

Page

No.

44

45

49

49

61

94-95

97

123

172

197



List of Symbols and Abbreviations

o Absorption coefficient

A Wavelength

Tc Curie temperature

tand Loss tangent (Dielectric loss)

g Real part of the permittivity

g Imaginary part of the permittivity
ds3 Piezoelectric charge coefficient

measured along poling direction

E Electric field

Ea Activation energy

Ec Coercive field

Eq Optical band gap

Y Diffusivity constant

Q Resistance

0 Theta (degrees)

x2 Chi square (Goodness of Fit)
ks Boltzmann constant

T Temperature

Tm Transition Temperature at the maxima

of temperature dependent dielectric
constant plot

Tvr Vogel Fulcher temperature




Relaxation time

VFT Vogel Fulcher Tammann

XRD X-ray Diffraction

FTIR Fourier Transform Infrared

Vis Visible light

uv Ultraviolet radiation

DRS Diffuse Reflectance Spectroscopy

SEM Scanning Electron Microscope

EDS Energy Dispersive X-ray Spectroscopy

XPS X-ray Photoemission Spectroscopy

PUND Positive Up Negative Down

PL Photo Luminescence

MPB Morphotropic Phase Boundary

FE Ferroelectric

DC Direct Current

PZT Lead Zirconate, PbZryTi1-xO3

BFO Bismuth Ferrite, BiFeOs

BT Barium Titanate, BaTiO3

BF-BT Bismuth Ferrite-Barium Titanate,
BiFeO3-BaTiOs

KNN Potassium Sodium Niobate,
Ko.sNag.sNbO3

BNT Bismuth Sodium Titanate,
BiosNaosTiO3

BIT Bismuth Titanate, BisTizO12

PNR Polar Nano Region

€ Permittivity




Ps

Saturated Polarization

Pr

Remnant Polarization

Ec

Coercive Electric Field




