
MAGNETIC AND FERROELECTRIC PROPERTIES 

OF SOME ADVANCED FUNCTIONAL OXIDES 

AND RELATED PHENOMENA 

By 

 SUDIPTA MAHANA 

(PHYS07201204005) 

INSTITUTE OF PHYSICS, BHUBANESWAR 

A thesis submitted to the 

Board of studies in Physical Sciences 

In partial fulfillment of the requirements 

For the Degree of 

 

DOCTOR OF PHILOSOPHY 

of 

HOMI BHABHA NATIONAL INSTITUTE 
 
 

 
 

July, 2018               





                                                                  i 

Statement by author 
 
This dissertation has been submitted in partial fulfillment of requirements for an advanced 

degree at Homi Bhabha National Institute (HBNI) and is deposited in the Library to be made 

available to borrowers under rules of the HBNI.  

 

Brief quotations from this dissertation are allowable without special permission, provided that 

accurate acknowledgement of source is made. Requests for permission for extended quotation 

from or reproduction of this manuscript in whole or in part may be granted by the Competent 

Authority of HBNI when in his or her judgment the proposed use of the material is in the 

interests of scholarship. In all other instances, however, permission must be obtained from the 

author. 

 

 

 

                                                              

                                                                                        

                                                         
                                                     Sudipta Mahana 

 
 

 

 

 

 

 

 
 



                                                                  ii 
 

 
Declaration 
 
I, Sudipta Mahana, hereby declare that the investigation presented in the thesis has been carried 

out by me. The work is original and has not been submitted earlier as a whole or in part for a 

degree / diploma at this or any other University / Institution. 

 

 

 

                                                                   

 
                                                           Sudipta Mahana 

 

 

 

 

 

 

 

 

 

 

 
 
 
 



                                                                  iii 
 

List of Publications: 
1. Giant magnetocaloric effect in Gd2NiMnO6 and Gd2CoMnO6 , J K Murthy, K D 

Chandrasekhar, Sudipta Mahana, D Topwal and A Venimadhav, J. Phys. D.: Appl. 

Phys., 2015,  48, 355001-1-6. 

2. Resonance Raman spectroscopic study for radial vibrational modes in ultra-thin walled 

TiO2 nanotubes , R. P. Antony, A. Dasgupta, Sudipta Mahana, D. Topwal, Tom 

Mathews and Sandip Dhara., J. Raman Spec., 2015, 46, 231-235. 

3. , Sudipta Mahana, Pitambar 

Sapkota, Saptarshi Ghosh, U. Manju and D. Topwal, arxiv, 2016, 1606:08137, 1-6.  

4. * Giant  magnetocaloric  effect  in  GdAlO3 and a comparative study with GdMnO3 , 

Sudipta Mahana, U Manju and D Topwal, J. Phys. D: Appl. Phys., 2017, 50, 035002-1-

8. 

5. * Complex spin glass behavior in Ga2-xFexO3 Sudipta Mahana and D Topwal, Appl. 

Phys. Lett., 2017, 110, 102907-1-5. 

6. * Local inversion symmetry breaking and spin-phonon coupling in perovskite 

GdCrO3 , Sudipta Mahana, Bipul Rakshit, Raktima Basu, Sandip Dhara, Boby Joseph, 

U. Manju, Subhendra D. Mahanti and D. Topwal, Phys. Rev. B, 2017, 96, 104106-1-9. 

7. * Defect induced polarization and dielectric relaxation in Ga2-xFexO3 , Sudipta 

Mahana, C. Dhanasekhar, A. Venimadhav and D. Topwal, Appl. Phys. Lett., 2017, 111, 

132902-1-4. 

8. Synthesis and characterization of layered metal sulfates containing MII
3 3-OH/F)2(M = 

Mg, Co) diamond chains, Subba R. Marri,  Sudipta Mahana,  Dinesh Topwal  and  J. N. 

Behera, Dalton Trans., 2017,46, 1105-1111. 

9. * Role of local structural distortion in driving ferroelectricity in GdCrO3 Sudipta 

Mahana, U. Manju, Pronoy Nandi, Edmund Welter, K. R. Priolkar and D. Topwal, 

Phys. Rev. B, 2018, 97, 224107-1-6. 

10. * 3: a p Sudipta 

Mahana, U. Manju, and D. Topwal, J. Phys. D.: Appl. Phys., 2018,  51, 305002-1-6. 



                                                                  iv 
 

Conference Proceedings: 

1. * Complex magnetic behavior in GdCrO3 , Sudipta Mahana, U. Manju, and D.  

Topwal, AIP Conference Proceedings, 2017, 1832, 130046-1-3. 

2. Thermoelectric properties of ternary half-heuslar LuPdBi , A. Mukhopadhyay,  

Sudipta Mahana, S. Chowki, D. Topwal and N. Mohapatra, AIP Conference 

Proceedings, 2017, 1832, 110024-1-3. 

3. Optical and low temperature magnetic properties study on sol-gel derived misfit 

calcium cobaltite, A. Mishra, Sudipta Mahana, Dinesh Topwal, U Manju, Sarama 

Bhattacharjee, AIP Conference Proceedings, 2017, 1832, 030019-1-3.  

 

Communicated manuscripts: 

1. * -doped GdMnO3 : effects on structural, electronic and magnetic 

Dhara, U. Manju, Subhendra D. Mahanti and D. Topwal. 

  

 

Conference Presentations: 

1. * Indo-Japan Workshop on Magnetism at Nanoscale (IJWMN) during 9th - 12th January, 2015, 

at NISER, Bhubaneswar, India (Poster presentation: Magnetic behavior in GdMO3 , M = Mn, 

Cr and Al). 

2. * Frontiers in Advanced Materials (FAM) during 15th  - 18th  June, 2015 at IISC, Bangalore, 

India (Poster presentation: Complex spin glass behavior in Ga2-xFexO3). 

3. * Emerging Trends in Advanced Functional Materials (ETAFM) during 18th  - 21st  January, 

2016  at   IOP,  Bhubaneswar,  India  ( Poster  presentation: Complex  spin  glass behavior  in  

Ga2-xFexO3) 

4. * 61st  DAE Solid State Physics Symposium (DAE SSPS) during 26th - 30th December 2016, 

KIIT University, Bhubaneswar, India (Poster presentation: Complex magnetic behavior in 

GdCrO3 ) 



                                                                  v 
 

 5. * 9th  International Conference on Materials for Advanced Technologies (ICMAT) during 18th 

 23rd  June 2017 at Suntec, Singapore (Oral presentation: Giant magnetocaloric effect in GdAlO3 

and a comparative study with GdMnO3 and Poster presentation: Complex  spin  glass behavior  in 

Ga2-xFexO3 ) 

 

 

* Indicates the papers on which this thesis is based. 

                                                                    

                                                       

 

 

 

 

                                                   

                                                                          

                                                                        
                                                                       Sudipta Mahana 

 
 
 
 
 
 
 
 
 



                                                                  vi 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
DEDICATED TO MY PARENTS & GRANDPARENTS 

 

 
 
 
 
 
 
 
 
 
 



                                                                  vii 
 

 
Acknowledgments 
 
     The journey at IOP Bhubaneswar during my doctoral research period has been fantastic. It 

has been a period of intense learning for me, not only in the scientific arena, but also on a 

personal level. I would like to express my sincere gratitude towards them who have support me 

and led to fruition of this thesis. 

     Firstly, I thank my supervisor Dr. Dinesh Topwal for his guidance, advice, support and 

constant encouragement throughout my Ph.D. research period. His guidance helped me in all the 

time of research and writing this thesis. He has given me full freedom to carry out research 

works in my own interest, which I have enjoyed a lot and I must extend my great depth of 

gratitude and indebtedness to him for that. I also thank him for standing beside me with constant 

support through thick and thin. I do hope more supports in the future. 

     I am honestly obliged to Prof. S. D. Mahanti (Michigan State University, USA) for his 

useful suggestions, discussions and concealed help during the course of theoretical 

calculations. I thank Dr. Bipul Rakshit (UNIST, South Korea) for doing all the theoretical 

calculations. I would like to thank Prof. P. V. Satyam (IOP, Bhubaneswar) for providing 

computational facilities. I am gratified to Dr. Manju Unnikrishnan (IMMT, Bhubaneswar) for 

providing me samples during the early days of my research as well as for her kind cooperation 

in my research work. I would like to acknowledge Prof. A. Venimadhav (IIT, Kharagpur) and 

his student C. Dhanasekhar for carrying out several dielectric and pyroelectric measurements 

for me. I thank Dr. S. Dhara (IGCAR, Kalpakkam) and his student Raktima Basu for doing 

Raman experiments. My good wishes to C. Dhanasekhar and R. Basu for their research works. 

I thank Prof. K. Priolkar (Goa University) for helping me to learn EXAFS data analysis.  

     I got the opportunity to perform experiments at circular polarization (CIPO) beamline at 

ELLETRA synchrotron centre, Italy and P65 beam line at Petra III, DESY, Germany. I 

gratefully acknowledge the people of these beamlines for their support during the beam times. 

I thank Department of Science and Technology, Govt. of India for the financial support 

provided for participating in beam time. 



                                                                  viii 
 

I take this opportunity to thank my review commite members; Prof. Arun M Jayanavar, 

Prof. Biju Raja Sekhar and Dr. Saptarshi Mandal for their encouraging words and attention.   

My earnest appreciation to all the Directors at IOP for their support and kindness over 

these years. I thank the administrative and support staff of IOP for their direct or indirect 

help in many cases. I would to like to acknowledge the excellent library and computer 

facilities provided by the IOP and all the members of IOP. 

I convey my gratefulness to all my former and present labmates; P. Nandi, Dr. R. 

Bommali, Dr. C. Giri, Dr. A. Ghosh, Dr. R. Das for their immense help and support. They 

have provided a friendly, concerted and an excellent research environment. A very special 

appreciation goes to Pronoy, for his company during the beam times and other visits. I 

cannot thank enough to him for his care when I feel sick during journey and for being a 

listening ear and bearing my idiosyncrasy during my bad days. I wish him the best of luck 

for his research journey.  

Thanks to my friends, batch mates, seniors, juniors and others for making enjoyable and 

memorable experience during my whole stay here. A special thanks to Pramita di and 

Rubina for their friendly and caring attitude which made my stay homely at IOP.  

I would be amiss if I do not mention my best friend Shubhajyoti Mohapatra from IIT 

Kanpur for his support during the time of Ph.D. interview and being with me during this 

tough journey. My best wishes for his research endeavors and success.  

Last but not the least, I would like to express my deepest gratitude to my family members, 

especially my Maa and Baba, for always being there for me and without their support this 

thesis would not have been possible. 

Thank you very much, everyone !!! 

 

 

 

 

 



                                                                  ix 
 

 

 

Contents                                                    
Statement by author                                                                                                    i 

Declaration                                                                                                                    ii 

List of Publications                                                                                                     iii 

Dedications                                                                                                                     vi 

Acknowledgments                                                                                                     vii 

Synopsis                                                                                                                     xii 

List of Figures                                                                                                          xxi 

List of Tables                                                                                                          xxxi 

 

Chapter 1: Introduction                                                                                              1 

 1.1   General background                                                                                      1 
 1.2   Scope of thesis                                                                                                2 

    1.2.1 Galium ferrite                                                                                       2 
    1.2.2 Perovskite oxides (ABO3)                                                                    4 

 1.3   Magnetism                                                                                                    8 
    1.3.1  Superexchange interaction                                                                  9 

                1.3.2  RKKY interaction                                                                             10 
    1.3.3  Dzyaloshinskii-Moriya interaction                                                   11 

 1.4    Spin glass                                                                                                   11   
 1.5    Magnetocaloric effect (MCE)                                                                    13 
         1.5.1  Working principle                                                                             14 

    1.5.2  Fundamental aspects                                                                         16 
        1.6   Multiferroics  and mechanisms of ferroelectricity                                      17                                                   

    1.6.1  Lone pair driven ferroelectricity                                                         18 
    1.6.2 Geometric ferroelectricity                                                                  19 
    1.6.3 Charge ordering induced ferroelectricity                                           19 
    1.6.4 Magnetically driven ferroelectricity                                                  20 
    1.6.5 Other ferroelectrics                                                                            22 

 1.7   TSDC effect and dielectric relaxation                                                        23 
 1.8   Organization of thesis                                                                                 24 

 
Chapter 2: Experimental and theoretical techniques                                           29 

2.1   Sample synthesis                                                                                        30 
 2.2   X-ray diffraction and Rietveld refinement                                                 31 

        2.3   Physical property measurement system  PPMS Evercool  II                 35 



                                                                  x 
 

    2.3.1  Heat capacity                                                                               36 
2.3.2  Ac magnetic susceptibility  ACMS                                           38 

 2.4    Dc magnetic measurement system  SQUID VSM                              40 
2.5    Dielectric measurement                                                                         41 
2.6    Pyroelectric measurement                                                                     43                                                  
2.7    Raman spectroscopy                                                                             43 
2.8    X-ray Absorption Spectroscopy (XAS) and Extended                        

X-ray Absorption Fine Structure (EXAFS)                                          46 
2.9    Theoretical approach                                                                             50 

Chapter 3: Investigating complex spin glass and probable 

ferroelectric nature of Ga2-xFexO3                                                                               55 

  3.1  Ferrimagnetism and complex spin glass behavior                                  56 
  3.1.1  Introduction                                                                                  56 
  3.1.2  Experimental details                                                                     57 
  3.1.3  Results and discussion                                                                  57 
             3.1.3.1  Structural studies                                                            57 
             3.1.3.2  Magnetic studies                                                             58 
   3.1.4  Conclusion                                                                                   71 

3.2   Defect induced polarization and dielectric relaxation                           72 
3.2.1  Introduction                                                                                  72 

   3.2.2  Experimental details                                                                    73 
   3.2.3  Results and discussion                                                                 73         
             3.2.3.1 Dielectric studies                                                             73 
             3.2.3.1 Pyroelectric studies                                                          77 
   3.2.4  Conclusion                                                                                   81 

 
Chapter 4: Investigating magnetism and origin of ferroelectricity  

in GdCrO3                                                                                                                                     83 

4.1   Understanding the origin of ferroelectricity                                       84 
        4.1.1  Introduction                                                                              84 

   4.1.2  Experimental and theoretical details                                         85 
   4.1.3  Results and discussion                                                              87 
             4.1.3.1 Structural studies: Global                                             87 
             4.1.3.2 Phonon instability studies                                             89 
             4.1.3.3 Structural studies: Local                                               95 
   4.1.4  Conclusion                                                                              106 

4.2   Complex magnetic behavior and spin-phonon coupling studies      106 
        4.2.1  Introduction                                                                            106                                         

   4.2.2  Experimental details                                                               107 
   4.2.3  Results and discussion                                                            107 
             4.2.3.1 Magnetic studies                                                         107 



                                                                  xi 
 

               4.2.3.2 Raman and spin-phonon coupling studies                      116 
       4.2.4  Conclusion                                                                                   123 
 

Chapter 5: Site dilution in GdMnO3 : effects on structural, electronic 

                    and magnetic properties                                                                                  125 

5.1   Introduction                                                                                             126 
       5.2   Experimental and theoretical details                                                        127       
       5.3   Results and discussion                                                                             128 

        5.1.1  Structural studies                                                                           128 
        5.1.2  Raman studies                                                                                135 
        5.1.3  Electronic structure studies                                                            137 
        5.1.4  Magnetic studies                                                                            140 

               5.1.5  DFT calculations and Spin Hamiltonian for GdMn0.5Cr0.5O3            144 

            5.4  Conclusion                                                                                               149 
 
Chapter 6: Magnetocaloric studies in GdMO3 (M = Al, Mn and Cr)                 151 

        6.1   Introduction                                                                                              152 
        6.2   Experimental details                                                                                 153 
        6.3   Results and discussion                                                                                154 

         6.3.1  Structural studies                                                                             154 
         6.3.2  Magnetic studies                                                                              154 
         6.3.3  Magnetocaloric studies                                                                    161 
                   6.3.3.1  Magnetocaloric effect in GdAlO3 and a comparative  
                               study with GdMnO3                                                                                           162 
                   6.3.3.2  GdCrO3: Potential  candidate  for  low  temperature  
                               magnetic refrigeration                                                          168 
6.4  Conclusion                                                                                                   171 

 
Chapter 7: Summary and outlook                                                                          173 
 
References                                                                                                                177 
 
 
 
 
 
 
 

 
 
 



                                                                  xii 
 

 
 

Synopsis 

          Strongly correlated electron systems are very active research area of condensed matter 

physics owing to their underlying rich fundamental physics and possibilities of amazing 

technological applications. Electronic correlations can cause striking many-body effects that 

cannot be described in the independent particle picture. The subtle coupling and competition 

between electron, lattice, spin, charge and orbital degrees of freedom are the essence of these 

systems, which leads to the emergence of exciting novel properties such as magnetism [1], 

ferroelectricity [2], multiferroicity [3], piezoelectricity [4], charge ordering [5], metal-insulator 

transition [6], colossal magnetoresistance [7], spin-state transitions [8], superconductivity [9] 

and many more. The interplay of the internal degrees of freedom also make them extremely 

sensitive to small external perturbations such as temperature, pressure or substitution [10]. 

Strong correlation effects are observed in transition metal compounds, mainly oxides [11], rare 

earth-based materials [12], organic metals [13] etc. Among these materials, oxides have always 

been a topic of intense discussion among the researchers as these are the basis of smart and 

functional materials. Some of these functional oxides are investigated in this thesis, both in 

terms of their fundamental understanding as well as from the application point of view.  

          GaFeO3 is a unique system, where the properties are heavily influenced by disorder at 

the atomic level [14] and hence can be tuned. It adopts non-centrosymmetric crystal structure 

with space group Pc21n and remain in a highly disorder state i.e. Fe is often found in the Ga 

site and vice versa due to similar ionic radii of Ga and Fe. The significant inherent cationic 

disorder and  noncentrosymmetric crystal  structure  leads to ferrimagnetism,  piezoelectricity,  
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ferroelectricity and pronounced magnetoelectric effects in the system, making it one of the few 

chemical systems to possess multiferroic ordering near room temperature [14-16]. Eventhough 

ferroelectricity with unusually high coercive field and remnant polarization was obtained in 

thin film [16], the presence of ferroelectricity in bulk GaFeO3 is rather inconclusive due to 

leaky behavior of the sample [17]. Furthermore, there are contradictory claims about the 

existence of spin-glass-like behavior in GaFeO3 [8]. Therefore, we have systematically studied 

magnetic and ferroelectric properties in bulk GaFeO3 and its various compositions with varying 

proportions of Ga and Fe i.e. Ga2-xFexO3. 

         Functional perovskite oxide (ABO3) is an expanding interdisciplinary paradigm which 

encompasses diverse fields of science and engineering. A particular aspect of perovskites is 

their ability to incorporate most of the element of the periodic table into their structure due to 

their capacity to accommodate various structural distortions [19]. The external parameters like 

temperature, pressure and chemical compositions, can also drive such distortions, which leads 

to an extraordinary richness of physical properties within the family of perovskites. Structural 

distortions in perovskites is mainly associated with three main features with respect to their 

ideal cubic structure [19,20]: (i) rotation (tilt) of BO6 octahedra, (ii) polar cation displacements, 

which often lead to ferroelectricity, and (iii) distortions of the octahedra, such as the Jahn-

Teller (JT) distortion. A particular resurgence of intense activity in investigating the properties 

of these systems followed by colossal magnetoresistence in the manganites [7], simultaneous 

ferroelectric and complex magnetic ordering in the manganites [3], multiferroicity and metal-

insulator transition in nickelates [21] and considerable high temperature ferroelectric ordering 

in chromites [22]. The rare-earth manganites (RMnO3) possess JT character of  Mn3+ ions 

( ) and exhibit orbital ordering along with highly anisotropic Mn-O bond lengths. Such a 

complex interplay among the spin, orbit and lattice degrees of freedom have led to a plenty of 

intriguing   physical properties in  RMnO3. On  the other hand, Cr3+  is  JT  inactive due  to  its  
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completely empty eg orbitals, hence octahedra are more regular. Inspite of this, the most of 

RCrO3 systems are high temperature ferroelectrics [22]. Additionally, they exhibit complex 

magnetic properties such as spin-reorientation (SR), spin-flipping (SF) and temperature induced 

magnetization reversal (TMR) etc [23]. Eventhough immense research activities have been 

pursued in these areas, the underlying phenomena is not fully understood yet. Therefore, we have 

carried out a detailed study of the structural, magnetic and electronic properties of GdMnO3 and 

GdCrO3 and their evolutions with substitutions, viz. GdMn1-xCrxO3. Furthermore, existence 

and/or origin of ferroelectricity in GdCrO3 system is still debated [24]. In order to obtain detailed 

understanding of origin of ferroelectricity in GdCrO3, we have performed temperature-dependent 

synchrotron powder x-ray diffraction studies along with first-principles density-functional-

theory-based calculations. 

Detailed investigations on some of the Gd-based oxides, GdMO3 (M = Al, Mn and Cr) have 

been done for possible usage in magnetic refrigeration (MR) applications, as they exhibit field-

induced metamagnetic transition from antiferromagnetic (AFM) to to ferromagnetic (FM) state 

near the Gd-ordering temperature. MR technology has attended great attention in recent years 

due to its high energy efficiency and eco-friendly characteristics over conventional gas 

compression/expansion cooling technology [25]. The working principle of MR is based on 

SM Tad) caused 

by change in the magnetic field, which is, in a way, similar to the process that occurs in a gas 

in response to the change in pressure [25]. During the isothermal magnetization process, 

magnetic entropy is decreased significantly near the magnetic transition temperature (FM to 

paramagnetic (PM) transition and field-induced AFM to FM state) due to a reduction of 

disorder in the spin system. Hence, such materials are suitable candidates for magnetic 

refrigeration in the vicinity of the transition temperature. Materials having a room temperature  
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cooling capacity can be used for domestic and industrial refrigeration purposes, whereas 

materials with low working temperatures are useful for helium liquefaction (4 K) and 

hydrogen liquefaction (20 K). 

The thesis organized in to seven chapters. Chapter 1 is a brief introduction and motivation 

to various concepts discussed in this thesis followed by the experimental and the theoretical 

techniques used in the present study in Chapter 2. This includes sample synthesis technique: 

solid state reaction, characterization tools: powder x-ray diffraction (XRD), dc and ac 

magnetization, dielectric, pyroelectric, heat capacity, Raman spectroscopy, x-ray absorption 

spectroscopy (XAS) and  extended x-ray absorption fine structure (EXAFS) studies and density 

functional theory (DFT) calculations to study the structural, electronic and magnetic properties 

and density functional perturbation theory (DFPT) approach for phonon calculations. 

         Chapter 3 is divided into two parts. In the first part, we discuss the detailed magnetic 

properties of solid solutions of Ga2-xFexO3 (x = 0.75, 1.0, and 1.25). Magnetic behaviour in this 

series of compounds could broadly be explained by the molecular-field-approximation of a 

three-sublattice ferrimagnetic model considering three inequivalent octahedral sites. x = 0.75 

composition exhibits a transition from the cluster-glass-like phase to the spin-glass-like phase 

with decreasing temperature. Mentioned glassy behaviour is found to gradually evolve with the 

composition (x) from the Ising type character to Heisenberg type behaviour to unconventional 

glassy behaviour for the x = 1.25 composition. The complex spin glass behaviour in these 

systems is due to the inherent site disorder driven magnetic inhomogeneity, competing FM and 

AFM interactions along with spin frustration and their modifications with compositions (x). In 

the second part, we discuss detailed dielectric and pyroelectric studies in Ga2-xFexO3. These 

systems exhibit multiple dielectric relaxations associated with high frequency Debye type 

relaxation in grains and low frequency Maxwell-wagner type relaxation at grain boundaries. 

Further, pyroelectric study confirmed that the emergence of polarization in these systems can  
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be understood in terms of thermally stimulated depolarization current (TSDC) effect caused by 

the freezing of defect dipoles possibly associated with charged oxygen vacancies rather than 

the intrinsic ferroelectric behaviour. 

         Chapter 4 also consists of two parts. In first part we discuss detailed studies on the 

possible  non-centrosymmetric  structure  of   GdCrO3  using  XRD  measurements  and  first 

principle calculations. We also discuss the possible polar phonon mode instability in its cubic 

structure to understand the origin of ferroelectricity at considerable high temperature. The 

actual lattice symmetry is found to be noncentrosymmetric orthorhombic Pna21 structure, 

supporting the polar nature of the system. Polar distortion is associated with the Gd 

displacements with respect to the oxygen cage. An intimate analogy between GdCrO3 and 

YCrO3 systems is revealed, even though a distinctive difference exists that Gd is less displacive 

compared to Y, which results in an orthorhombic Pna21 structure in GdCrO3 in contrast to 

monoclinic structure in YCrO3 and consequently, decreases its polar property. It is found that 

magnetic coupling between Gd-4f and Cr-3d plays an important role in ferroelectric distortion. 

Temperature dependent EXAFS study also infers Gd-O bond polarization might play 

significant role for the emergence of ferroelectricity. Detailed magnetic properties and spin-

phonon coupling studies in GdCrO3 are discussed in the second part. Magnetic interactions in 

this system is quite complex and hence exhibit various exotic magnetic phenomena like 

temperature induced magnetization reversal, spin flipping and spin reorientation etc. These 

behaviors can be successfully explained by symmetric (Si.Sj) and antisymmetric (Si×Sj) 

exchange interactions within and between Cr and Gd-sublattices. Detailed temperature 

dependent Raman study reveals a strong magneto-electric coupling in the system, which 

provides a complementary tool for the ferroelectric modulation. 

         Evolution of structural, electronic and magnetic properties of Cr-doped GdMnO3 for Cr 

doping  levels  0  x  1  is  discussed in  Chapter 5. In the solid  solutions, the  JT-distortion  
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associated with Mn3+ ions gives rise to major changes in the bc-plane sub-lattice and also the 

effective orbital ordering in the ab-plane, which persist up to the compositions x  0.35. These 

distinct features in the lattice and orbital degrees of freedom are also correlated with the bc-

plane anisotropy in the local Gd environment. A gradual evolution of electronic states with 

compositions is also clearly seen in O K-edge x-ray absorption spectra. Evidence of  

magnetization reversal in field-cooled-cooling mode for x  0.35 compositions coinciding with 

JT-crossover, suggests a close correlation between magnetic interactions and structural 

distortions. These observations indicate a strong entanglement between lattice, spin, electronic 

and orbital degrees of freedom. The nonmonotonic variation of remnant magnetization can be 

explained by doping induced modification of magnetic interactions. Density functional theory 

calculations are consistent with a layer-by-layer type doping with ferromagnetic 

(antiferomagnetic) coupling between Mn (Cr) ions for intermediate compound (x = 0.5), which 

is distinct from that observed for the end members GMnO3 (A-type) and GdCrO3 (G-type). 

           Magnetocaloric effect (MCE) of polycrystalline GdMO3 (M = Al, Mn and Cr) near the 

Gd-ordering temperature are discussed in Chapter 6. A giant magnetic entropy change ( Sm) 

occurs under moderate magnetic field change in GdAlO3, where as GdMnO3 exhibits 

comparably less Sm at same magnetic field changes, due to the Gd-Mn negative exchange 

interaction. Even though GdMnO3 has quite less Sm compared to GdAlO3, both the 

compounds have comparable cooling power. However, absence of magnetic and thermal 

hysteresis in GdAlO3 make it a more efficient and reversible magnetic refrigerant than 

GdMnO3. GdCrO3 exhibits exceptionally large Sm, adiabatic temperature change ( Tad) and 

relative cooling power (RCP) at moderate magnetic field change. Such exceptionally large 

MCE possibly arises from the suppression of the spin entropy associated with the suppression 

of  spin  reorientation   transition, in  addition  to  the Gd-ordering, which  makes it  the  best  
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candidate for magnetic refrigeration among all the potential low temperature magnetic 

refrigerants known so far. 

           Summary and outlook of the present thesis work are given in Chapter 7.  
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moments, cal

eff( B) and theoretical effective moments 

ef f ( B). 
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3.3 Various physical parameters obtained from the fitting 
of frequency dependence of peak temperature of (T) 
and D(T) with the Arrhenius law for Ga2 xFexO3 ( x = 
1.0 and 1.25). 
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4.1 The XX component of Born effective charge tensor 
for cubic GdCrO3 compared with YCrO3 [148]. 
Formal charges are given in brackets. 

        93 

5.1 Calculated relative energies (E, in meV/unit cell) of 
various magnetic structures of GdMn0.5Cr0.5O3. The 
unit cell contains two Mn and two Cr spins. The 
energies of the FM phase with layer-by-layer 
arrangements is used as the reference energy. 
Subscripts m and c represent Mn and Cr ions, 
respectively.. 
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6.1 

 

- SM
max Tad

max and RCPmax of various potential 
magnetic refrigerant materials having operating 
temperature below 20 K along with GdCrO3.  
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