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The mixed-valence manganese oxide perovskites also known as manganites are still 

considered as the modern materials and receive tremendous attention not only from the field of 

basic science but also from the current cutting-edge technology. Out of many interesting 

properties of manganites, the most fascinating property is the Colossal Magnetoresistance 

(CMR) which is currently being explored by a sizable fraction of the condensed matter 

community and its popularity is reaching almost the same level that of the one-time popular high 

temperature superconducting cuprates. The CMR is an intrinsic property of manganese based 

perovskite oxides that displays changes in resistance with significant orders of magnitude under 

the influence of an external magnetic field. The perovskite manganites possessing CMR property 

are strongly correlated electron systems with strong interplays among the charge, spin, orbital, 

and lattice degrees of freedom that leads to complex structural, electronic, phonon and magnetic 

properties. The physics involved in manganites include double exchange (DE) mechanism, Jahn-

Teller distortion, size variance and fascinating metallic behavior making them one of the 

prominent topics in the field of condensed matter physics. The advent of excellent and upto date 

technology, various prototypes are manufactured using various synthesis processes. The 

manganites also have potential applications in the solid electrolytes, catalysts, sensors, solid state 

memories and magnetic microwave devices. Some of the other important applications of 

manganites are magnetic refrigeration, advanced hard disk read heads, recording devices, bottom 

electrode in the fabrication of ferroelectric memories. The CMR effect further influences the 

metal-to-insulator (MIT) transition, the nature of electronic transport, charge-ordering, 

magnetism etc. The MIT coincides with the ferromagnetic to paramagnetic transition. In mixed 

valent manganites, the Zener Double Exchange (ZDE) and Jahn-Teller effect is very important to 

study the CMR behavior and conduction process between two Mn ions. This mechanism gives 
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the concept of simultaneous transfer of an electron from the Mn3+ to the oxygen and from the 

oxygen to the neighbouring Mn4+. Figure shows the temperature and magnetic field variations of 

resistivity for a La0.75Ca0.25MnO3 and magnetoresistance percentage (MR%) as a function of 

applied magnetic field.  

 

Fig. 1: Magnetic-field dependent resistivity in (La,Ca)MnO3 (a) Resistivity versus temperature 

for x = 0.25 at different applied magnetic field (b) Magnetoresistance as a function of applied 

magnetic field for x = 0.33. 

The present work is a blend of investigations of various physical properties aimed both at 

the understanding of the physics involved and the analysis of an important class of compounds 

called as manganites revived great deal of attention from application point of view. During the 

present work, we have synthesized the trivalent earth element Fe3+ doped manganites using the 

two important methods namely the planetary ball milling and sol-gel routes for wide range of 

temperature and doping concentration. The present work is mainly aimed towards understanding 

and detecting the best synthesis route for fabricating the nanoscale polycrystalline manganite 

systems out of the selected two methods; the ball milling and sol-gel routes in terms of time 

duration, low reaction time, annealing temperature and cost-effectiveness with the help of state-

of-the density functional theory (DFT) based first principles calculations. The manganite system 
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investigated during the present work is La0.67Sr0.33Mn1-xFexO3 (x=0.15, 0.25 and 0.35). The Fe 

doped La0.67Sr0.33MnO3 (LSMO) manganite systems have revealed several interesting results on 

the structural, electronic, magnetic and vibrational properties. Looking to the importance of 

structure – property relation a systematic study and analysis of the bond length and bond angle 

dependent structural, magnetic and vibrational properties using XRD is performed. In addition, 

the effect of grain size and grain morphology on various properties of nanostructured 

La0.67Sr0.33Mn1-xFexO3 (x=0.15, 0.25 and 0.35) manganites synthesized using both routes have 

been carried out. Furthermore, interesting part of the thesis work is to the understand the 

manganite properties with the clear insight into the responsible mechanism achieved by 

performing the atomistic high-throughput calculations under the framework of the state-of-the-

art density functional theory. The good agreement between the experimentally synthesized and 

characterized manganite systems with the first-principles based DFT results once again prove the 

reliability of DFT based ab initio calculations and also significantly contributes to the theoretical 

database by adding up the missing details on the considered manganites. The DFT calculations 

clearly able to bring out the possibility of formation of the manganite through formation energy 

calculation. The calculated structural, electronic and vibrational properties help in understanding 

the reason of preferred methods of synthesis for manganites. The specific motivation of the 

present work is as follows: 

1. Synthesis of manganite samples using two synthesis routes: Ball milling and Sol-gel. 

2. Effect of doping of Fe at Mn site on properties of manganites. 

3. Using DFT studies identify the best route out of two above mentioned synthesis routes of 

manganites. For this structure property relation together with the formation energy 

analysis analyzed using their own experimental parameter.  
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The present thesis comprises of the research findings and briefly explained in the 

following chapters. 

In chapter 1, a brief introduction of the manganite materials and colossal magnetoresisatnce 

(CMR) material includes the basic concepts, important applications and various factors affecting 

CMR materials. It gives a brief introduction to its classification of magnetoresistance. Moreover, 

a brief explanation of the manganite systems chosen for this study is also provided. 

Chapter 2 deals with the various experimental tools and methods to discuss the synthesis and 

characterization techniques to determine the properties of the Fe doped LSMO such as structural, 

elemental, magnetic, vibrational etc. This chapter also discusses the details about the 

methodology for preparing the polycrystalline doped manganite compounds using sol-gel and 

ball milling methods. Various characterization methods to understand the structural relation with 

the properties of LSMO manganites have been discussed. The working and operation of the X-

ray diffraction for structural analysis, PPMS Quantum Design magnetometer to study the 

magnetic properties, Field emission electron microscope (FE-SEM) to study the surface 

morphology and Raman spectroscopy for vibrational properties are also presented.  

Chapter 3 presents the brief description of the density functional theory starting with the history 

and need for its development. Original construction of Hohenberg and Kohn is discussed. The 

chapter also introduces a methodology to treat the calculation of ground state properties of the 

system based on Kohn-Sham formulation of DFT, which is based on the approximations for the 

exchange energy term. A brief layout of Vienna Ab-initio Simulation Package (VASP) utilized 

for computing the proposed properties of the systems is also presented. 

Fourth chapter deals with the real research problem and efforts to resolve some issues in the 

related field. The structural, surface morphological, vibrational and magnetic properties of 
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La0.67Sr0.33Mn1-xFexO3 (x=0.15, 0.25, 0.35) synthesized using ball milling method are presented. 

The comparison of the results with the available outcome of the material is analyzed on the basis 

of different concentrations and temperature employed on the samples.  The density functional 

theory calculations for the formation energy, electronic and vibrational properties are discussed 

and correlated with the experimental results.  

In chapter 5, the structural, surface morphological, vibrational and magnetic properties of 

La0.67Sr0.33Mn1-xFexO3 (x=0.15, 0.25, 0.35) synthesized using sol-gel method is discussed. The 

comparison of results with different composition as well as temperature employed to the samples 

is thoroughly discussed. Thus, here we present the results of experimental study to understand 

the relationship of small amount of Fe doping with the various properties. We make the attempt 

to compare the results of samples obtained from planetary ball milling and sol- gel route together 

with the DFT calculations to find the simple, easiest way to synthesize the polycrystalline CMR 

materials.  

Chapter 6 presents the conclusion based on the comparative study of manganite samples 

La0.67Sr0.33Mn1-xFexO3 (LSMFO) prepared using two experimental techniques ball milling and 

sol-gel for different concentrations of iron and calcination temperatures. We have used density 

functional theory based high throughput calculations to draw a significant conclusion to 

understand the formation of LSMFO prepared using two different methods. We have considered 

same concentration of iron doping and calcination temperatures for understanding the technique 

dependent synthesis and relevant properties. The structure property relation obtained through 

different characterization techniques has been analyzed and understood at atomic level. The 

electronic band structures and phonon modes obtained using density functional theory have been 

used to interpret the valence band spectra, magnetization and Raman spectra obtained from 
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various corresponding experimental techniques. An analysis in the conclusion chapter is put 

forward to justify the differences in the properties of manganite samples prepared using 

mentioned techniques. 

The specific conclusions based on the present study are listed below: 

1) The Fe doped LSMO samples are prepared using two methods ball milling and sol-gel by 

varying Fe concentration and calcination temperature. 

2) Samples are characterized using XRD, FE-SEM, EDAX, VSM and Raman spectroscopy. 

3) The spin-polarized density functional theory is performed to corroborate the experimental 

findings and to understand the formation of these samples at atomistic level. 

4) The XRD pattern shows that the LSMFO samples synthesized using ball-milling and sol-

gel methods exhibit the rhombohedral (R-3c) structure. 

5) The Fe concentration modifies the frequencies of A1g and Eg Raman modes. However, the 

changes are more significant in the case of sol-gel prepared samples. 

6) The reduction in the intensity of the peaks and increase in broadening with increase in Fe 

concentration and calcination temperature is observed which arises from the change in 

bond angle and bond length of Mn-O-Mn causing the MnO6 octahedron distortion. 

7) Eg and A1g modes which soften with the concentration hardens with calcination 

temperature. 

8) The spin-polarized calculations show metallic behavior without any intimation of 

antiferromagnetism for these systems. 

9) The formation energy calculations indicate that the combination of lower concentration 

of Fe and higher calcination temperature may be suitable condition for the formation of 

Fe doped LSMO samples. Based on formation energy, the ball mill method shows better 
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thermodynamic stability of the samples. This may be due to the fact that the ball milling 

method involves atomic level mixing while forming a solid compound in which metals of 

the final product are present in proper stoichiometry.     
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