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Abstract

Mankind is always in a search for new materials with unusual properties. Perovskites with range
of structure and property interplay makes them an excellent research field for researchers. In past
few decades, people have discovered several new double perovskites with interesting properties
which has scope for wide ranging applications. Ferroelectric BaTiOs and dielectric SrTiOs are
examples of perovskite compounds which are widely used in communication Industry.
RE2NiMnOe, Y2FeCrOg are examples of double perovskites where the B-site is ordered between
B, B’ clements. These compounds are known due to their fascinating properties. Interest of
researchers has been focused on novel perovskite based multifunctional materials for the
fabrication of memory device which have distinct features of nonvolatile, fast, robust and less
energy efficiency. Magnetodielectric materials are of great interest due to the combination of
magnetic as well as dielectric behavior in the single component. BiFeO3, BiMnOs, BizNiMnOs
are examples of magnetoelectrics with very high ferroelectric and ferromagnetic transition
temperature while orthorhombic GdFeO3 and RMnO3 (R = Th-Lu and Y) have strong magnetic
and ferroelectric coupling. Ferroelectric materials have the unique property of switchable
polarization when an electric field is applied. We are focusing on the synthesis of dielectric,
ferroelectric and multiferroic materials.

In the present work we are concerned with the synthesis and properties of some
new dielectric materials with double perovskite structure. We have synthesized some lanthanide
based zinc titanates Pr.ZnTiOs and Gd2ZnTiOs and investigated their structure and dielectric

properties. They show high dielectric constant and nearly zero dielectric loss.

We synthesized a series of new dielectric materials ProMTiOs M = Mg, Ca and Sr. The
structure as well as the properties of these materials varies depending upon the cation. The

\



structure of these compounds were investigated through Powder X-ray diffraction method and

Raman spectroscopic study.

New dielectric materials RE2CoTiOs (RE = Pr, Nd) have synthesized by soild state
method. The structure of the compound was investigated through Powder X-ray diffraction

method. The compounds are antiferromagnetic with Tc below 17 K.

Ferroelectric materials RE2NiTiOs (RE = Pr, Nd, Sm) with double perovskite structure
have been synthesized. T of these compounds is well above room temperature. All these

compounds display P-E hysteresis loop at room temperature.

We have successfully synthesized new double perovskites ProMCrOs (M = Mn and Fe).

The compounds show ferromagnetic behavior below room temperature. XPS

Study shows the +3 oxidation state of cations. The magnetic structure of ProFeCrOg was
confirmed by variable temperature Massbauer studies. Resistivity measurement of ProCrMnQOsg
shows the semi-conductor behavior of the compound up to 160 K. Dielectric transition at certain
temperature indicates ferroelectric nature of the compounds. The ferroelectric behavior of

ProFeCrOs was further confirmed by formation of electrical hysteresis loop at room temperature.

All the above materials have been synthesized by solid state method. Invstigated the
structure of the compounds by Powder X-ray method. We have measured their dielectric as well

as magnetic properties.

Vi



E3LRS

IS S EHT S 0 o A1 A5 AR 1 @i il @ 20l % |rer Siaren St 3wt e e
I I YHATAT % TG T Ieepe I & ST @ | Tia § 5 awmehi &, @i o feerares 7ot o |1 &% AT St Tahie it
@IS T & S SAF AT o [T a8 2 | Wigaiags BaTiOs iR srmifagsw SITiO; 8 widawert fafsm R &
3ETe ST =419 &9 § TR 3an 7 39a fhr sd # | RE2NIMNOg, Y2FeCrOg ssier qiaEshd o SeTeldl 8 Sief ot
are & fta smew faan ar @ off, off 'aed & it 3 ST U HOT ST ST 2 ST SIS Serhatet o g ST
TG STUTNG Sgfre amft ot e Hisd fopem mm @ | #Ai feamgw o1 fwior st fof - amorefier, o, wetel 3 s ot

fafere foward & | S qarar Ameifecifgs Teft % TS % U7 SEG B 8 U Uk H YT TN TohdT T SHEER|

BiFeOs, BiMnOs3, Biz2NiMnOg sga 350 Higcifdgsh 3R B S0 & |19 HHufgead o 380 8 | aae
s@fs orthorhombic GdFeOs st RMnO; (R = Tb-Lu and Y) #si@ deefim 2 | 3 Hiscifags Iw
Frgcifages arft § e e e it stfgdter fomar @ | gefteor St ue o & @ fora SiTan 21 &9 gfehar g3 o HsguuT

W &I Higd MR E |

ISR TR A At ST Rl H 80 o & Sw0r SR o & fifad € | Soer wawsh e % we

S BT AT AT T F5 ies i wediva foran € | stmaria PraZnTiOg 3 GdaZnTiOg 3R 3! =T SR gieha

MM T 3@ @@ gem R s @ 3@ efwar g @ R

g 12 gfshar gan wmEft ProMTiOs M = Mg, Ca, Sr & ts sfwer g@=3fia i wtamr ik aer & 51 amiei & 1o
HETT & IR T IAT-ITAT BT &1 T ARl hl GTEHT i ST TSeT Ta-{ faad Tgfd aum o Tagreniius e
T AT R |

7¢ eishar gatt wardt RE2COTiOs ( RE = Pr, Nd) 3t fufer grr wi=3fie foram mam 2 | domde i g qreet

- fqedd % wem @ 9= f T % | 38 wer dfewimis g W fF Te 17 K @ = g R



oIt UaEsht @teAT & g wgafags @it REoNiTiOg (RE = Pr, Nd, Sm) @s3fta foram mom 2 | 57 ifiest

FH A FW F qUAE ¥ S| ' ¥ gft Aiffer wW % quad W P-E feRfeie & oy weRfd ? |

T ThAarEs ¢ gaa wWadem PraMCrOgs (M = Fe, Mn) &t w=3fta foram 21 3 aifires svmt & amome & =

Tc feam 8 waadid AR § udT 9ol 8 & @9 wiead +3 sAtaiess™ e 1 2 | ProFeCrOg #1 Jaehi atan amme

i srerad g e el ® | ProCrMnQOg o Sfrreskar 710 e o 31s heded =aaer § qal =@odr & 6 160 K a%
i@ &7 @ Qi g AU AOHM AR ok HUsclfagd T Bl IR FAT @ | H Hscilag®  SHdeER

PrFeCrOs # =+ % dwd W fooell & RefEw q@ % w1 @ ft @ fenr e

ooft STk gl o Hifele ®e faftr g wo3iva forar mar 21 saftedde user wwe- fafyr gry difirent ot @CeHT g SR

CToRaT gaTT, Terhra Uit o +ff AT ¥ |



TABLE OF CONTENTS

CERTIFICATE
ACKNOWLEDGEMENTS
ABSTRACT

TABLE OF CONTENTS
LIST OF FIGURES

LIST OF TABLES

ABBREVIATIONS AND SYMBOLS

Chapter 1: Introduction

Title
11 Structure of Perovskites
111 Octahedral distortion
1.1.2 Ordering of cations in double perovskites
1.1.3 Application of perovskites
1.2 Materials and synthesis
121 Solid state method
1.2.2 Flux method
1.3 Characterization Technique
131 Powder X-ray Diffraction
1311 Calculation of Bond Valence Sum (BVYS)

1.3.1.2 Calculation of Octahedral distortion in double perovskites

viii

Page No.

14

14



14 S"Fe Masshauer Spectroscopy 15

15 X-ray photoelectron spectroscopic study (XPS) 16
1.6 Raman Spectroscopic study 18
1.7 Electron Diffraction 20
1.8 Dielectric Properties of materials 21
181 1.8.1 Dielectric Constant 21
18.11 Electronic polarization 24
1.8.1.2 lonic polarization 25
1.8.1.3 Dipolar polarization 26
1.8.14 Space charge polarization 27
1.8.2 Dielectric loss 30
1.8.3 Theoretical calculation of dielectric constant of a compound 32
1.9 Magnetic properties 32
1.10 Multiferroics 37
1.10.1 Applications of multiferroics 39
1.11 Motivation of the thesis 40
1.12 References 42

Chapter 2: Monoclinically distorted perovskites, A2ZnTiOs (A = Pr, Gd): Rietveld
refinement, and dielectric studies.

2.1 Introduction 51

2.2 Experimental 52



221 Materials and Synthesis 52

2.2.2 Characterization 52
2.2.3 Dielectric study 53
2.2.4 Selected Area Electron diffraction (SAED) study 53
2.3 Results And Discussion 54
2.3.1 Crystallography/structural aspects 54
2.3.2 Selected Area Electron diffraction (SAED) Study 58
2.3.3 Structure of Perovskite Compound 60
2.34 Microscopic study 64
2.35 Dielectric study 65
2.4 Conclusions 67
2.5 References 68

Chapter 3: Structural distortion, Raman studies and dielectric properties of new double
perovskites Pr.MTiOs, (M = Mg, Ca, Sr).

3.1 Introduction 75
3.2 Experimental procedure 76
3.2.1 Materials and synthesis 76
3.2.2 Powder X-ray diffraction study 76
3.2.3 Raman Spectroscopic study 77
3.2.4 Microscopic study 77
3.25 Dielectric study 77
3.3 Results and discussion 77



3.3.1 Crystallography/structural aspects 77

3.3.2 Structure of Perovskite compound 82
3.3.3 Microscopic study 85
3.34 Raman Spectroscopic study 85
3.4 Dielectric Study 88
3.5 Conclusion 91
3.6 references 92

Chapter 4: Synthesis, characterization and dielectric study of RE2CoTiOs, RE = Pr, Nd.

4.1 Introduction 98
4.2 Experimental procedure 99
4.2.1 Materials and synthesis 99
4.2.2 Powder X-ray diffraction study 99
4.2.3 Dielectric study 99
424 Magnetic study 100
4.3 Results and discussion 100
4.3.1 Crystallography/structural aspects 100
4.3.2 Structure of Perovskite compound 103
4.3.3 Magnetic study 105
4.4 Dielectric Study 108
4.5 Conclusion 109
4.6 References 110

Xi



Chapter 5: Ferroelectric compound RE2NiTiOs (RE = Pr, Nd, Sm) with Double perovskite
structure.

51 Introduction 116
5.2 Experimental procedure 117
521 Materials and synthesis 117
522 Crystallography/structural aspects 117
523 Dielectric study 118
524 Polarization Vs. Electric Field Study 118
5.2.5 Magnetic Measurement 118
53 Results and discussion 118
53.1 Crystallography/structural aspects 118
5.3.2 Structure of Perovskite compound 121
5.3.3 Dielectric Study 122
534 Polarization Vs. Electric field Measurement 123
535 Magnetic Measurement 126
5.4 Conclusion 127
55 references 128

Chapter 6: Structure, magnetic, dielectric study of Pr.CrMnQOs and Pr2CrFeQes.

6.1 Introduction 134

Xii



6.2

6.2.1

6.2.2

6.2.3

6.2.4

6.2.5

6.2.6

6.2.7

6.2.8

6.3

6.3.1

6.3.2

6.3.3

6.3.4

6.3.5

6.3.6

6.3.7

6.4

6.5

Experimental procedure

Materials and synthesis

Powder X-ray diffraction study

X-ray Photoelectron Spectrocscopy (XPS)
Magnetic Measurement

Resistivity Measurement

Massbauer Spectroscopy

Dielectric study

Polarization Vs. Electric Field Study
Results and discussion
Crystallography/structural aspects

Structure of Perovskite compound

Valence states of ions from XPS spectra
Magnetic study

Resistivity measurement/ Magnetoresistance
Massbauer spectroscopic studies

Dielectric Study and Polarization Vs. Electric field Measurement
Conclusion

references

Chapter 7: Conclusions and scope for further research.

7.1

7.1 Conclusions

Xiii

136

136

136

136

137

137

137

138

138

138

138

142

143

146

151

152

157

156

157

163



7.2 Scope of future work 166

Bio data of Author

Xiv



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 caption

Caption

Structure of (a) Simple and (b) double perovskites with A2BB’O¢

structure.

(@) In-phase, (b) out-of-phase and (c) undistorted BOs octahedra in

double perovskites.

(@ layered, (b) Rocksalt, (c) Columnar ordering in double

perovskites.
X-ray diffraction based on the principle of Bragg.

Energy level diagram for 57Fe Massbauer spectra.

Energy level diagram showing stokes, antistokes and Raman spectra.

Parallel plate capacitor of area ‘A’ and separation ‘d’ attached to a
voltage source (a) with vacuum (b) with dielectric material (dielectric

constant, k) between the plates.
Frequency Vs Polarization mechanisms in dielectrics.
Ferroelectric Hysteresis loop.

(a) current-voltage diagram, (b) complex dielectric permittivity

XVi

Page No.

10

16

19

22

26

29

31



Figure 1.11

Figure 1.12

Figure 1.13

Figure 1.14

Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.4

Figure 2.5

Magnetic hysteresis loop of a ferromagnetic substance

Temperature dependent behaviors of (a) paramagnetic (b)

ferromagnetic (c) antiferromagnetic substances

Plot of reciprocal susceptibility Vs temperature for Curie and Curie-

Weiss Law
Phase diagram describing multiferroics.

Rietveld Refinement of PXRD data of PrZnTiOs with space group
P21/n. Observed, calculated, Bragg position are shown by black solid
circle, red solid line and bar respectively. The difference plot is

shown in the middle.

Rietveld Refinement of PXRD data of Gd.ZnTiOes. Observed,
calculated, Bragg positions are shown by black solid circle, red solid

line and bar respectively. The difference plot is shown in the middle

SAED patterns of ProZnTiOe (a), (b) and Gd2ZnTiOs (c), (d), ()

indexed according to pseudo-cubic perovskite unit cell (a= 3.9 A).

schematic representation of reflections, according to the proposed
P21/n structure. Solid and open circles represent allowed reflection
and reflection through double diffraction respectively. (a) [111], (b)

[100], (c) [011].

(a) Crystal Structure of Gd2ZnTiOe, large spheres represents Gd atom

XVii

34

35

37

38

54

57

59

60

61



Figure 2.6

Figure 2.7

Figure 2.8

Figure 3.1

Figure 3.2

Figure 3.3

and Zn and Ti atoms are in the centre of the octahedra. ZnOg and
TiOs are tilted from their normal position; (b) the octahedral layer of

the structure in ac-plane. All the atoms are labeled.

FESEM micrograph of M2ZnTiOg, M = Pr, Gd.

Variation of Dielectric Constant of M2ZnTiOs, M = Pr, Gd. Inset

shows the variation of Dielectric constant with log frequency.

Variation of Dielectric Loss of M2ZnTiOs, M = Pr, Gd. Inset shows

the variation of Dielectric loss with log frequency.

Rietveld Refinement of PXRD data of ProMgTiOs. Observed,
calculated, Bragg positions are shown by black solid circle, red plus
sign and blue bar respectively and the difference plot is shown in the
middle. Insight shows the octahedral layer of ProMgTiOg in ab —

plane.

Rietveld Refinement of PXRD data of Pr.CaTiOe. Observed,
calculated, Bragg positions are shown by black solid circle, red bar
and blue bar respectively and the difference plot is shown in the

middle.

Rietveld Refinement of PXRD data of ProSrTiOs. Observed,
calculated, Bragg positions are shown by black solid circle, red bar

and blue bar respectively and the difference plot is shown in the

XViil

64

66

66

78

80

80



Figure 3.4

Figure 3.5

Figure 3.6

Figure 3.7

Figure 4.1

Figure 4.2

middle.

Crystal Structure of ProMTiOg, large spheres represents A atom and B
and Ti atoms are in the centre of the octahedra. BOgs and TiOs are
tilted in-phase along c axis and out-of-phase respectively in
ProMgTiOs (a); out-of-phase along ¢ axis in ProCaTiOs (b); but the

octahedra are not tilted in ProSrTiOs. All the atoms are labeled.

FESEM images of Pr.MTiOg M = Mg (a), Ca (b), Sr (c).

Room temperature Raman spectra of Pr.MTiOs, M = Mg (b), Ca and
Sr (a) and polarized Raman spectra for sintered ProMgTiOs. (c) The
twelve Bg modes obtained by the cross-polarized Raman spectra are

indicated by numbered bands.

Variation of dielectric constant (a) and dielectric loss (b) of

ProMTiOs M = Mg, Ca, Sr.

Rietveld refinement of PXRD data of Pr,CoTiOs. Black solid circle,
red circle with cross and blue line denotes the observed, calculated
and difference intensities respectively. Bragg positions are denoted

by bars.

Rietveld refinement of PXRD data of Nd>CoTiOs. Black solid circle,

red hollow circle, blue line denotes the observed, calculated and

XiX

83

85

86

89

101

101



Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 5.1

difference intensities respectively. Bragg positions are denoted by

bars.

Proposed crystal structure of Pr.CoTiOg. Large spheres represent A
atom, B and Ti atoms are in the centre and corner of the octahedra
respectively. BOs and TiOg are tilted in-phase along ¢ axis and out-

of-phase along a, b axes respectively.

(a)Temperature dependence of magnetization of polycrystalline
ProCoTiOs measured at 0.1 T field. Inset shows y and reciprocal y
with temperature and fit solid line of the Curie-Weiss law. (b) ZFC
susceptibility data of ProCoTiOg at 0.01 T, 0.5 T and 1 T magnetic

fields.

Temperature dependence of y of polycrystalline Nd2CoTiOg
measured at (a) 0.1 T (b) Inset shows the reciprocal y with

temperature and fit (solid line) to the Curie-Weiss function.

Temperature dependence of (a) dielectric constant and (b) dielectric

loss of RE2CoTiOs RE = Pr, Nd atl MHz frequency.

Rietveld refinement analysis obtained from Powder X-Ray
Diffraction data of Nd2NiTiOe at room temperature. Black solid
circle, red cross and blue line denote the observed, calculated and

difference respectively. Bragg positions are denoted by bars.

XX

103

106

107

108

119



Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

Figure 5.7

Figure 6.1

Figure 6.2

Crystal structure of Nd2NiTiOs obtained using refined
crystallographic data. Corner sharing Ni(Ti)Os octahedra are tilted in

opposite directions.

Temperature dependent dielectric constant of Nd2NiTiOs at different

frequencies.

Room temperature ferroelectric hysteresis loop of Nd2NiTiOe.

Temperature variation remanent polarization plots of Nd2NiTiOs at

0.45 kvVemt electric field.

Temperature dependent dielectric constant (a & b) and Room
temperature ferroelectric hysteresis loop (¢ & d) of PraNiTiOs and

SmyNiTiOs at different frequencies.

Temperature dependent magnetization (ZFC and FC) plot of
Nd2NiTiOe at 0.01 T magnetic field from 2 K to 300 K. Isothermal
magnetization of Nd2NiTiOs at 2 K measured up to 5 T magnetic

field.

Rietveld refinement profile of Pr.CrFeOs obtained from Powder X-
ray diffraction data. Black asterisk, red triangle and blue line denote
the observed, calculated and the difference respectively. Bragg

positions are denoted by green bars.

Experimental (Black asterisk), calculated (red triangle) and

XXI

121

122

123

124

125

126

139

140



Figure 6.3

Figure 6.4

Figure 6.5

Figure 6.6

Figure 6.7

difference (green line) profile of Pr.CrMnOs obtained from Rietveld
refinement of powder X-ray diffraction data. Bragg positions are

denoted by blue bars.

Crystal structure of ProCrFeOg double perovskite. Large spheres
represent Pr atoms, Fe and Cr atoms are at the centre of the

octahedra.

(a) Survey scan, (b) Pr3d, (c) Cr2p, (d) Fe2p and (e) Ols core level
X-ray Photoemission spectra of Pr.CrFeOs studied at room

temperature.

spin orbit splitting of (a) Pr3dsqzz32 doublet and , (b) Cr2pspzuie
doublet, (c) Mn2psp12 doublet and (d) Ol1s core level X-ray

Photoemission spectra of Pr.CrMnQg studied at room temperature.

(@ ZFC and FC magnetization of Pr.CrFeOg as a function of
temperature measured in a magnetic field of 0.1 T. The inset shows
the magnetic susceptibility and inverse susceptibility of Pr.CrFeQe.
(b) Isothermal magnetization of ProCrFeOs measured at three
different temperatures 300 K, 150 K and 50 K in an applied magnetic

fieldof 5 T.

(@) ZFC and FC magnetization curves from 300 K to 5 K of
ProCrMnOes measured in a magnetic field of 0.1 T. The inset shows

the %(T) and y}(T) of Pr.CrMnQe. (b) Isothermal magnetization (M)

XXii

142

144

145

148

149



Figure 6.8

Figure 6.9

Figure 6.10

Figure 6.11

Vs magnetic field (H) curve of polycrystalline ProCrMnOs measured
at three different temperatures 300 K, 150 K and 50 K between -5 T

and 5 T magnetic fields.

Temperature dependent resistivity of polycrystalline ProCrMnQOs at 2

T and 7 T magnetic fields.

(a) °'Fe-Mdossbauer spectra of ProCrFeOs at several temperatures.

The spectrum at 250 K, compared with the spectra at 290 K and 200
K, suggests the presence of magnetic relaxation effects. Detailed
study of these effects would be studied in our further studies. (b)

Average hyperfine field as observed from fits of Massbauer spectra.

(@) Temperature dependent dielectric constant of Pr.CrFeOg
measured at 100 Hz field. (b) Ferroelectric hysteresis loop of
ProCrFeOs at three different temperatures 300 K, 310 K and 320 K

under the field of 12 kV cm™.

Temperature dependent dielectric constant of ProCrMnOs measured

at 100 Hz field.

XXiii

151

152

154

155



Table no.

Table 1.1

Table 1.2

Table 1.3

Table 2.1

Table 2.2

Table 2.3

Table 3.1

Table 3.2

Table 3.3

Table Caption

Application of perovskite compounds.

Approximate dielectric constant of some important materials at

room temperature.

Some common dielectric oxide materials used currently in

industrial applications.

Rietveld refinement data of ProZnTiOs.

Rietveld refinement data of Gd2ZnTiOs.

Selected room temperature inter-atomic distances and selected

bond angles of M2ZnTiOs, (M = Pr, Gd) compounds.

Room temperature crystallographic data and reliability factors
of ProMgTiOe from Rietveld refinement of powder X-ray

diffraction data.

Room temperature crystallographic data and reliability factors
of Pr,CaTiOs from Rietveld refinement of powder X-ray

diffraction data.

Room temperature crystallographic data and reliability factors

of Pr.SrTiOs from Rietveld refinement of powder X-ray

XXV

Page No.

24

27

55

57

63

79

81

82



Table 3.4

Table 3.5

Table 4.1

Table 4.2

Table 5.1

Table 5.2

Table 6.1

Table 6.2

diffraction data.

Selected room temperature inter-atomic distances. Selected
bond angles and octahedral tilting angle of ProMTiOg where M

= Mg, Sr, Ca.

Calculated dielectric constant, total polarizability and measured
dielectric constant of the double perovskites, ProMTiOs, M =

Mg, Ca, Sr.

Positional and displacement parameters, reliability factors and
volume of ProCoTiOs and Nd2CoTiOs refined in monoclinic

space group P2i/n (#14), z = 2 from PXRD data.

Selective inter atomic bond distance (A) and bond angle (°) and
angle of distortion for ProCoTiOs and Nd2CoTiOs from PXRD

data.

Space group, refined lattice and structural parameters,
reliability factors and G.O.F. of Nd2NiTiOs obtained from

Powder X-ray Diffraction data.

Bond length from room temperature crystallographic data.
Some double perovskite oxides with multiferroic properties.
Refined lattice parameters, average bond length and bond angle

of ProFeCrOg and ProCrMnQOe.

XXVi

84

90

102

104

120

120

135

140



Table 6.3 Room temperature structural parameters of Pr.FeCrOg and 141
Pr.CrMnOe obtained after the Rietveld refinement from powder

X-ray diffraction data with Space group Pbnm.

XXVil



ABBREVIATIONS AND SYMBOLS

A Angstrom

°C Centigrade

um Micrometer
Cm centimeter
h Hours

PXRD Powder X-ray diffraction

SAED  Selected Area Electron Diffraction
FSEM  Field Scanning Electron Microscopy
0 Magnetic Moment

H Magnetic Field

uB Bohr—magneton

eV Electron — Volt

K Kelvin

° Degree (angle)
A Wavelength

Q Ohm

T Tesla

G Gauss

Oe Oersted

AM Molar Magnetic susceptibility (dc)

At Inverse Molar Magnetic susceptibility (dc)
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p

ZFC

FC

tané

Hc
Pr

Ec

Resistivity
Sommerfeld coefficient
Weiss constant and Bragg’s diffraction angle
Gega Pascals
Electric field gradient
Isomer shift
Line width
Zero Field Cooled
Field Cooled
Real part of dielectric constant
dielectric loss tangent
lattice spacing
capacitance
frequency
Coercivity
Remanent Polarization

Coercive field

XXX



	Binder2.pdf
	Thesis Nibedita.pdf
	1
	ACKNOWLEDGEMENTS_20th Dec 2016
	Chapter 1_Introduction 20th Dec 2016
	Chapter II_20th Dec 2016
	Chapter III_20th Dec 2016
	Chapter IV_20th Dec 2016
	Chapter V_20th Dec 2016
	Chapter VI_20th Dec2016
	Chapter VII_20th Dec 2016
	BIO-DATA_ND





