
Preface 
 
Editorial on the Special issue on “Latest Trends in Condensed Matter Physics: 
Experimental and Theoretical Aspects” 
 

Condensed Matter physics (CMP) is the science of solid and liquid states of matter in which the 
constituent atoms interact strongly with many neighbors. It also deals with states intermediate between 
solid and liquid (e.g., liquid crystals, glasses, and gels), dense gases, plasmas and special quantum states 
that exist only at low temperatures. At the fundamental level, research in CMP is driven by the desire to 
understand both the manner in which the building blocks of condensed matter—electrons and nuclei, 
atoms and molecules—combine coherently to form the world that is visible to naked eyes, and much of 
the world that is not, and the properties of the systems thus formed. The CMP has a long history of 
being responsive to societal needs. Meeting worldwide energy and environmental needs in a sustainable 
way falls into this category and can be considered as providing an opportunity for development of new 
materials, new processes, and new science to address these needs. 

CMP is important for two reasons. The first is that it provides the quantum-mechanical 
foundation of the classical sciences of mechanics, hydrodynamics, thermodynamics, electronics, optics, 
metallurgy, and solid-state chemistry. The second is the massive contributions that it provides to utmost 
technology. It has been the source of extraordinary technological innovations like the superconducting 
magnets, solid-state lasers and highly sensitive detectors. It thereby directly affects the technologies by 
which people communicate and compute. Familiar devices e.g. the transistor, which has led to 
miniaturization of a variety of electronic appliances; the semiconductor chip, which has made possible 
all the myriad aspects of the computer; magnetic tapes used in recording of all kinds; catalytic 
converters to reduce automobile emissions; and NMR tomography are a few of the practical 
consequences of research in CMP. From combined researches in CMP, optics, and the chemistry of 
optical fibers a whole new technology, optical communications, is being developed. 

Although a great deal has been discovered during past years, many large issues remain open. 
The discovery of new materials and phenomena continues to keep CMP vibrant and the research 
community is looking to the next discoveries. The nanoscale is a natural area of focus, because this is 
the natural size of clusters that differentiate the solid state from other phases of matter. At the 
nanoscale, materials exhibit fascinating properties that they do not have in bulk form.  

In recent times, the emphasis in CMP has shifted toward materials with novel or special 
properties; to imperfect systems; to problems relating to technologically or biologically important 
materials and structures; to bounded systems and ones with surfaces and interfaces; to those with 
remarkable states of electronic order; to strongly perturbed rather than equilibrium systems; and to 
disorder rather than order. As a consequence, with the aid of new instrumentation, new materials 
fabrication procedures, and the imaginative use of the computer, the CMP is beginning to provide the 
basis for understanding the fundamental properties of systems that are still more interesting than the 
classical ones from a scientific and technological point of view. 

The CMP is unique among the various subfields of physics in the frequency with which it feeds 
its fundamental ideas into other areas of science. Thus, advances in such subareas of CMP as many-
body problems, critical phenomena, broken symmetry, and defects have had a major impact on nuclear 
physics, elementary-particle physics, astrophysics, molecular physics, and chemistry. These advances 
continue and offer the promise of equally fundamental discoveries in near future. The last decade has 
seen the creation of new organic and polymeric materials with striking physical properties. Although a 
theoretical explanation of some of the properties of these materials is beginning to emerge, much 
remains to be understood, and opportunities for good theoretical work in this field will continue to exist 
into the foreseeable future. The underlying physics of exotic new crystalline materials, such as Heavy 
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Fermion systems, charge-density wave materials, and high TC and HC superconductors such as the 
Chevrel phases, is expected to be elucidated in the coming decade. 

 
The special Issue of “Solid State Phenomena” documents novel experimental and theoretical 

approaches on fascinating materials. Motivated by increasing need to synthesize and understand the 
properties of technologically important materials, this issue is a step forward in improving our 
understanding of how the modern materials are useful for technologies and industries. The Issue 
contains nine original review/papers concerned with experimental approaches and theoretical modeling.  

There has been a rapidly increasing interest in synthesis and characterization of Si- 
nanostructures embedded in a dielectric matrix, as it can lead to energy-efficient and cost-effective 
metal-oxide-semiconductor-compatible Si-based light sources for optoelectronic integration. The paper 
by Singh and Srivastava demonstrates that the least amount of hydrogen in the as-deposited a-SiNx:H 
films not only allows in-situ formation of Si-nanostructures but also stabilizes silicon nitride (Si3N4) 
phase. The recent advances made in controlling the shape and size of Si-nanostructures embedded in a-
SiNx:H matrix by swift heavy ion (SHI) irradiation are discussed in this Chapter. 

ZnO doped with a few per cent of magnetic ions exhibits room temperature ferromagnetism, 
transforming it into promising candidate for future spintronic applications. Singhal R.K. has 
investigated ZnO system doped with Ni and Cr. The findings suggest oxygen vacancies as the intrinsic 
origin for the ferromagnetism. The important finding in this work is that the ferromagnetism and the 
consequent electronic changes obtained in the ZnO by annealing in H2/ vacuum are retraceable when 
the samples are re-heated in air, showing a “switching behavior” of ferromagnetic ordering.  

Organic light emitting diodes (OLED) are receiving much attention due to tremendous 
application potential. However, the problems of efficiency, stability and shelf life are major challenges 
for making them an attractive alternative. Recently, various buffer layers like Hole Injection Layer 
(HIL), Hole transport Layer, Electron Injection Layer etc. are being widely used as integral parts of the 
OLED architecture to enhance the performance parameters. The paper by Predeep et al. discusses a 
basic structure of OLEDs in perspective with HIL material, and presents the effect of annealing on the 
characteristics of the device at different temperatures. Equivalent circuits of the devices are deduced 
using impedance spectroscopy. Surface morphology of the HIL layers using atomic force microscopy 
provides reasons for the variation of the device properties with the annealing of HIL. 

The paper by Sharma, S. K. highlights the research on corrosion and oxidation behavior of 
amorphous and nanocrystalline Ti-based alloys with presentations of work carried out on Ti60Ni40. 
Amorphous alloys, in general, exhibit superior mechanical and chemical properties as compared to their 
crystalline counterparts, which is attributed to their chemical homogeneity and to the absence of crystal-
like structural defects. Based on the investigations carried out on different structural states of Ti60Ni40, it 
was found that nanocrystalline state exhibits the maximum corrosion/oxidation resistance in comparison 
to amorphous and crystalline states. The better corrosion/oxidation resistance of nanocrystalline state 
has been explained in terms of the nature of the nanocrystalline phase/phases and the size of the 
crystallites. A short review on comparison of corrosion/oxidation behaviour of amorphous and 
nanocrystalline Ti-based alloys is also presented. 

The paper by Rathod et al. presents a theoretical study of structural, electronic and vibrational 
properties of niobium carbide using the density functional theory implemented in ABINIT code. The 
electronic band structure and density of states are discussed in light of bonding nature in NbC. The 
calculated phonon dispersion curves show that the NbC has all positive phonons throughout the 
Brillouin zone. The thermo-dynamical properties are also presented in this paper.  

Particle size has significant effect on the magnetic properties of fine particles. In the paper by 
Dolia, S.N., cubic spinel Cu0.2Ni0.8Fe2O4 nano-particles of different sizes have been investigated. The 
samples are superparamagnetic above the blocking temperatures and the blocking temperature is found 
to  increase with the particle size. The saturation magnetization reduces in the case of nanoparticles as 



compared to their bulk counterparts, explained on the basis that the magnetic moments in the surface 
layers of a nanoparticle are in state of frozen disorder. However, the saturation magnetization increases 
with particle size, which is a characteristic property of the single domain superparamagnetic particles. 

The paper by Kumar et al. provides an overview on the effect of Co doping for Fe in Fe2P on the 
lattice parameters, magnetic transition point, saturation magnetic moment, paramagnetic Curie point 
and paramagnetic moment. Both Ni and Co substitution for Fe in Fe2P are known to strengthen the 
ferromagnetic ordering, however, the effect of Co substitution has stronger influence on the structural 
parameters and magnetic properties than the Ni.  The findings give a clear evidence of presence of large 
magnetic correlations far above TC   and itinerant magnetism in these compounds. 

The paper by Dhurandhar et al. presents the crystallization kinetics of metallic glass 
Ti50Cu20Ni30. The Differential Scanning Calorimetry thermograms were analyzed using the model-free 
isoconversional methods and model dependent isokinetic methods. The activation energy (E) for the 
crystallization process was determined utilizing; (i) various linear integral isoconversional methods, 
namely, Ozawa-Flynn-Wall, Kissinger-Akahira-Sunose, Li Tang method (ii) linear differential 
isoconversional method and (iii) different isokinetic methods. 

Knowledge of glass forming ability (GFA) of amorphous metallic alloys is very important from 
theoretical and practical point of view. Thermodynamically, the Gibbs free energy difference, ΔG 
between the undercooled liquid and the corresponding crystalline state is driving force for 
crystallization. As a consequence, it is a good indicator for GFA of metallic glasses. In the paper by 
Patel et al. a novel expression for ΔG has been used to estimate the GFA of recently developed Ca-
based bulk metallic glasses. Different GFA criteria are evaluated and effect of addition of variation in 
composition of Ca-Mg-Cu system is also investigated. It is suggested that among different GFA criteria, 
ΔG is the best criterion for the prediction of GFA for Ca-based bulk metallic glasses. 

I hope that the present selection of contributions would be very useful to the researchers 
working in different areas of CMP and will contribute significantly to the knowledge of rapidly 
developing materials with regard to their synthesis, characterization and properties.  

My sincere thanks are due to all the contributors for submitting their valuable work and the 
Referees for spending their valuable time. Special thanks are due to the Editorial Board of “Solid State 
Phenomena” for their support in bringing out this topical volume and all the members of the TRANS 
TECH PUBLICATIONS for their support throughout the publication. 
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