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PREFACE 

Dielectric, Magnetic and Multiferroic Characterization of Nanocomposites based on 
Spinel and Perovskite Ferrites and    Barium Titanate 

 

 The thesis is a detailed investigation of multiferroic nanocomposites based on 

spinel and perovskite ferrites with barium titanate. The thesis comprises two main 

components: firstly, the synthesis and characterization of ferrites, followed by the studies 

on nanocomposites formed by integrating these ferrites with barium titanate, each part 

contributing to a comprehensive understanding of their properties and potential 

applications. 

Chapter 1 of the thesis is the introductory chapter and it starts with the 

introduction to multiferroic materials. The chapter proceeds with various types of ferroic 

materials and their properties and concludes with the list of systems under present study 

and its objectives. Chapter 2 detail about the various experimental techniques used for 

synthesis and characterisation of the prepared samples. 

Chapter 3 deals with the investigations on zinc-doped nickel ferrite (NZFO) 

nanoparticles with the general formula Ni1-xZnxFe2O4 (x = 0.0, 0.3, 0.5, 0.7, 1). The focus 

of this Chapter extends to the synthesis process, as well as the examination of structural, 

electrical, and magnetic traits using XRD, SEM, EDAX, LCR meter (dielectric studies)  

and VSM. The structural evaluation is executed through X-ray powder diffraction 

technique. The morphological assessment of the prepared samples employs scanning 

electron microscopy (SEM) and Energy Dispersive X-Ray Analysis (EDAX). 

Additionally, the Chapter provides comprehensive insights into the frequency-dependent 

dielectric constant and ac conductivity. Furthermore, the impact of zinc doping on the 

magnetic characteristics of nickel ferrite is also elucidated within this section. The photo 

degradation studies of zinc doped nickel ferrite and zinc ferrite nanoparticles were 

evaluated for the degradation of methylene blue dyes under visible light irradiation. 



Chapter 4 deals with the synthesis as well as structural, electrical and magnetic 

characterization of zinc doped cobalt ferrite (CZFO) nanoparticles with general formula, 

Co1-xZnxFe2O4 (x=0.0, 0.3, 0.5, 0.7, 1). This Chapter delves into the synthesis 

methodology and conducts a detailed analysis of the structural, electrical, and magnetic 

characteristics utilizing advanced techniques such as XRD, SEM, EDAX, LCR meter 

(dielectric studies)  and VSM. The photocatalytic and cytotoxicity studies using cobalt 

ferrite are also detailed in this Chapter.  

Chapter 5 discuss the structural, electrical and magnetic characterisation of 

strontium substituted multiferroic bismuth ferrite (BSFO) nanoparticles with general 

formula, Bi1-xSrxFeO3 (x=0.0, 0.3, 0.5 and 0.7) synthesized by modified sol-gel auto-

combustion process. The sharp and strong photoluminescence in the IR region is 

observed in the samples similar to ZnO, which is reported for the first time. The photo 

degradation studies of BiFeO3 and Bi0.5Sr0.5FeO3 samples were evaluated for the 

degradation of methylene blue dyes under visible light irradiation. 

Chapter 6 provide the detailed analysis of various multiferroic composites 

prepared using different ferrites in different ratios.  The systems studied include 

composites of nickel ferrite, nickel zinc ferrite, cobalt ferrite, cobalt zinc ferrite, bismuth 

ferrite, and bismuth strontium ferrite with barium titanate.  The components were taken in 

different weight ratios of 1:1, 1:2 and 2:1 and the structural, electrical and ferroelectric 

properties of multiferroic composites are detailed in this Chapter. The structural 

properties were examined using XRD and XPS techniques, while the electrical properties 

were investigated through frequency-dependent dielectric constant and ac conductivity 

analysis. The ferroelectric nature was confirmed through a ferroelectric studies using P-E 

loop tracer. This Chapter provides some aspects about the various properties leading to 

different applications of these multiferroic composites. 

Chapter 7 deals with the magnetic and multiferroic  properties of  composites of 

nickel ferrite and barium titanate (NiFe2O4-BaTiO3) in the ratio 1:1, 1:2,  2:1 as well as 

composites of  nickel zinc ferrite and barium titanate (Ni1-xZnxFe2O4-BaTiO3) in the ratio 

2:1,  multiferroic Co1-xZnxFe2O4- BaTiO3 (x=0,0.3,0.5,0.7,1 ) with  the ratio 2:1 samples 



and  bismuth ferrite and barium titanate in the ratio 2:1 and Bi1-xSrxFeO3 – BaTiO3 

(x=0.3,0.5,0.7) with the ratio 1:2 and 2:1. prepared by solid-state reaction method.  

Chapter 8, which is the last chapter of the thesis gives Summary and Conclusion 

of the present study. It also gives a brief description of recommendations and scope for 

future work.   
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