TABLE OF CONTENTS

CERTIFICATE ..ottt ettt ettt ettt et sb et s taesteesaesaenseesaenseensenseensas il
DECLARATION BY THE CANDIDATE ....c.oooviiieieeieieeereeie e iii
COPYRIGHT TRANSFER CERTIFICATE.......ccoiiiiiiieieeeeeeeeeeeeee e v
ACKNOWLEDGEMENTS .....ooiiiiitieeee ettt st v
TABLE OF CONTENTS ...ttt sttt be e X
LIST OF FIGURES ..ottt st sttt et besnaeneeens Xii
LIST OF TABLES ...ttt xviii
PREFACE ...ttt ettt e a et s e b e enaesteeneeeneenseenean XixX
Chapter 1 TNtrodUCHION .......oovuieiiiiiiecic ettt ettt sa e e e e ssaeesbeenseeeese e saeessens 24
1.1 A brief Introduction t0 MagNEetiSIM: ........cccuveriereireiriecieecieerie e e seeeeeesee e eseeens 25
1.1.1 Diamagnetic Materials: ........cccovverreriinirienieieeeee e 26
1.1.2 Paramagnetic Materials:.........ceeoierieiiiiiiieeiiere ettt 26
1.1.3 Ferromagnetic MaterialS: ..........cccveivriiiriieiiiieeiec et e e e eeve e e 27
1.1.4 Antiferromagnetic MaterialS: ........cccoeevieiiiiiiieiiieiee et eee e 28
1.1.5 Ferrimagnetic MaterialS: .........cooeeveriiriirieniiienieeie ettt 29

1.2 Rules define the different types of magnetic ordering: ...........ccceoveveveeveerceeecieenenenns 29
1.2.1 CUurie — WeISS LaAW: ...ccuiiiiiiiiieiieiieee ettt ettt e aeeeeeseeeseseennaans 29
1.2.2 Landau's theory of ferromagnetism (mean field theory): ........cccceeeveviiecniennnens 30
1.2.3 Heisenberg MOdel: .........ooiiiiiiieeieeee e 31
1.2.4 TSING MOAEL:.....iiiiieiiiiiieteee ettt ettt ettt teeesbeestaeesbeensaa e 32
1.2.5 Landau's theory of phase transition: ...........cceeeeerieeiieesiesie e 32

1.3 SPIN FrUSITAtION: ..e.eveeieeiieeieetieeie ettt ettt ettt e et eesseeenteenteesneeeseesseesnseennenns 33
1.3.1 Disorder-driven Spin Frustration:..........ccccueeevieeeiieeiiiieccrie e e eivee e 33
1.3.1.1 Double Perovskite Materials:...........c.cceerieririiinieiienieie e 34

1.3.2 SPIN CRAIN: c..eviiiiiiieciiie ettt et e et e e e taeestteesabeeesesaaessseeensseesssseesnsseens 36
1.3.2.1 Quasi 1D screw-chain compound: ...........ccceeeereieeeienieesieeie e 38

1.4 Fundamental Aspects and Physical Phenomena related to research:............c...c...... 40
1.4.1 Exchange INteractions: ........ceeecuierieeieeiiesie et eeiee ettt ee et e ste e eeeeeeeneens 40
1.4.1.1 Superexchange INteraction:........cccccveeervieeririeeieeerieeerreresteeesreeesreeesneeeenns 41
1.4.1.2 Double Exchange INteraction:.........c.cocveveueeeeeriiecreeieeeieecee et 42

1.4.2. SPin-glass PRase: ........ccccciiviiieiieiiecie ettt ere et re v s aeesseeseneseneessae e 43
1.4.3. Griffith PRaSe:......coiuiiiiee ettt 46
1.4.4 Exchange Bias Phenomena:...........cccevivieriiieniieniecieeeeene e 49



1.4.5 Correlation between electronic structure and magnetism: ..........c.cceceeeereennene 52

1.4.6 Correlation between Raman study and magnetism (Spin-Phonon Coupling):..54

1.5 Motivation of the thesis:........cccuviiiiiiiiiiiiiiii e 57
Chapter 2 Experimental detailS.............ccoeviiiiiiiiiiiieiiesieeicesiee et seeesve e sene e 62
2.1 Sample synthesis teChNIGUE: . ........cceiriirierieie et 63
2.2 Characterizing instruments and their brief working principle ...........cccceeeverenneens 64
2.2.1 X-ray diffraCtOmeter: . ...ioieieieieeieeee ettt 64
2.2.1.1 Basic principles of X-ray powder diffraction method: ................ccceeiee 65
2.2.1.2 The experimental SEIUP: .......cccveerierireiierieesieeeteesereereesreesereesreesseeenseenenennns 65
2.2.2 Neutron diffraCtion: .........cceiieriiriirieieeiere ettt 66
2.2.2.1 Basic WOrking principle: .......cceeceerereiieriiesieecreerre e ereesre e eseeesve e e 66
2.2.3 Magnetic Property Measurement System (MPMS): SQUID-VSM .................. 68
2.2.3.1 PrINCIPLES: c.ueviieiiieeeiie ettt ettt ettt et v e et e e tr e e tv e e esabe e sabbeesabaeessraeanes 69
2.2.4.1 Working prinCiple: ........ccuereeruerierieeieriieieeieie et et sneenesenens 72
2.2.5 RaAMAN SPECIIOSCOPY: wvvrerurrerrrrerirreenreeeareeesreeesseeasseeeessseesasseesssseesssneesnseessssees 73
2.2.5.1 BaSiC PIINCIPIE: ..ccuviiiiieiieiiecieeieee ettt ettt ae e e 74
2.2.6 X-ray abSOrption SPECLIOSCOPY: ..verrererrerrreeireerreearrerereseeesseessresseesseeassesssessssenns 75
2.2.7 X-ray magnetic circular dichroiSm: ..........cccoeveiieiinieneeeseeeceee e 77
Chapter 3 Existence of Griffiths phase and unusual spin dynamics in double perovskite
TBH2COMINOG -ttt sttt 79
3.1 INtrOQUCHION: ..coiiiiiiiicicet ettt s 80
3.2 Experimental and Characterizations Details: ..........cccceveereiieniniiniinenieieeieie 82
3.3 Result and DiSCUSSIONS: ......cc.eiuiruiriiriiiniiiieiet ettt e &3
3.3.1 X-ray powder diffraction: ...........ccceeeeiieiiiiieie e 83
3.3.2 Neutron diffraction StUAY: ......ccccvviiviieeiiiieieecie ettt e e e aee e 84
3.3.2 X-ray Photoemission Spectroscopy StUdY: ......ccccevvvvvevieriiiiieiiiee e cieeeans 88
3.3.3. Magnetization StUAY: .....cc.oocveriiiiriiieniecee e 91
3.4, CONCIUSION: ...ttt ettt e s 98
Chapter 4 Emergence of Metamagnetic transition, Re-entrant cluster glass and Spin
Phonon Coupling in ThaCOMNOG ........ccuieiieruiieiieiieciiecieesee ettt snaeese s seseennes 100
Y2 (0T L Lo 103 3 OSSR 101
4.2. Experimental Details:........ccooviiiiiiiiiiieeee et 102
4.3. Result and diSCUSSION: ....ceeuiereieeiieiie ettt sttt 103
4.3.1. TheoretiCal STUAY: .....cccvierrieiireiierieeteeree et ete et e e sreesrbeereestaessseesaessseesseennnas 103
4.3.2. X-ray absorption and X-ray magnetic circular dichroism study: ................... 104
4.3.3. MagnetiC STUAY: ...cccvieiieiieiie ettt ettt et et e s ereesneas 106
4.3.4. Temperature-dependent Raman study: ........cccoeceevvercieniniienienienieecieseeneee 114



Chapter 5 Giant Exchange Bias in Antiferromagnetic ProCoFeo.sMnosOs: A Structural

and Magnetic properties StUAY ........ccccuieiieeiieieie et 121
5.1 INITOAUCTION: ...ttt ettt et e s 122
5.2. Experimental DetailS: ........cccooveiiieviiirieiieciee ettt et 124
5.3. Results and diSCUSSIONS: ....c..evuieiirierieeierieeiesieeie ettt sttt st sieebe e saeeneas 125

5.3.1. X-ray Photoemission SPectrOSCOPY:....cciieruerrrierierreenriesreereeseesreeseeesveennens 125
5.3.2. Magnetization STUAY: ......c.cecieeiierierie ettt ettt et eneas 129
5.3.3. Neutron diffraction StUAY: .....ccceeevieririiieiierir et 137
5.3.4. Ab initio calculations (DFT) of the electronic band structure:....................... 142
5.3.5. Temperature-dependent Raman Study: .........c.ccoovevevieiieiiiicieiieceecee e, 144
R 003 1 1ol L 13 ()3 RSP SRSRPRSRTRR 149

Chapter 6 Magnetic properties and coupled spin-phonon behavior in quasi one-

dimensional screw-chain compound BaMnoVaOsg......ccccveciiiiiiiiiiniiiiiniiceee, 151
6.1, INtrOAUCTION: ..ottt ettt eaees 152
6.2. Experimental and computational methods: ..........cccocceeiiiiiiiiiieiie e, 154
6.3. Results and diSCUSSIONS: .......eiuieiirierieeierie ettt a e see s 155

6.3.1. X-ray diffraction StUAY: .....ccceeevievieiiieieecee ettt e 155
6.3.2. Neutron diffraction StUdy: .......coceeviriiniiiiininieceeecesee e 156
6.3.3 X-ray Absorption Spectra StUAY: ......coceevueriiriirieneiienieeee e 164
6.3.4 Magnetization StUAY: .......cccecieeiieiierie et 165
6.4 Temperature-dependent Raman Study: ........ccccccveeriiiieeciieniiiiiceecee e 168
6.5 Electronic density of states (DOS) analysis by density functional theory: ............ 177
6.6 Theoretical estimation of various magnetic exchange interactions: ...................... 179
(TR 0] 4 Tod 1313 ) SRS 181

Chapter 7 Summary and fUtire SCOPE ......cccveevrerierieeiierie et ree et ste e e e 183

LSS 1 (S5 1 Lo SRS 189

List Of PUDLIICAtIONS: ...ccuviiieiiiiiitieteeit ettt ettt e sae e 209

Xi



