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I. Introduction : In nanoscience, one deals with small structures or small-sized materials. The study on fundamental relationships between the physical properties and different types of phenomena of production as well as determination of material’s dimensions in the nanometer scale are also referred to as nanoscience. The nanoscience has a typical dimension span, which lies between subnanometer to several hundred nanometers. A nanometer is one billionth of a meter (i.e. l0-9 m). The micrometer scaled materials mostly possess physical properties same as that of bulk form, however, nanometer scaled materials may possess physical properties distinctively different from that of bulk. Thus materials in this size range exhibit their unique physical properties. A transition from atoms or molecules to bulk form also takes place in this size range. When the materials are shrunk to the nanometer scale, they may lose their physical properties (like ferroelectricity or ferromagnetism, etc). For example, a bulk semiconductor becomes an insulator when its size is reduced to nanometer scale. Although bulk gold does not exhibit catalytic property but nanosized gold becomes an excellent low temperature catalyst. 
Generally, Nanotechnology is the designing, fabrication and applications of the nanostructures and nanomaterials. It also includes the fundamental understanding of the physical properties and phenomena of production of nanomaterials and nanostructures. The ability to manipulate and production of materials at the nanoscale with excellent reproducibility is vital for the advancement of manufacturing industry. 
Nanotechnology is new, but research on nanometer scale is not new at all. “There’s plenty of room at the bottom, I would like to describe a field, in which little has been done, but in which an enormous amount can be done in principle. What I want to talk about is the problem of manipulating and controlling things on a small scale. . . ”: this famous statement of legendary Richard Feynman [1] made in 1959 at the annual meeting of the American Physical Society (APS) with immense foresight has been realized in less than half a century by consistent efforts and significant contributions from the scientific community across the globe. The study of biological systems and the engineering of many materials such as colloidal dispersions, metallic quantum dots and catalysts have been in the nanometer regime for centuries. Nowadays, research on nanostructures is not only among the most active field in nanotechnology but it is also being gradually introduced into our daily life. 

II. Nanomaterials and nanostructures:  Nanostructures constitute a bridge between molecules and bulk systems. In general, nanostructures are considered to be a number of atoms or molecules bonded together within a radius less than hundred nanometer. Nanostructures can be modulated over nanometer length scales in zero to two dimensions. Thus, nanostructured materials are those with at least one dimension falling in nanometer scale. They can be divided into zero dimensional (Nanoclusters), one-dimensional (Nanowires and nanotubes) and two-dimensional (Thin films) based on their shapes. 
A nanocluster is a non-periodic three dimensional structure and is an intermediate state of matter between molecule and bulk, whose electronic and other properties may be exotic. The small nanocluster is analogous to a molecule and it has discrete energy levels. However, about the small sized nanoclusters the two fundamental facts are attributable instead of that their physical properties are very different from those of the bulk material. The first fact is that the excitons are confined in a dimension to the order of the nanocluster size resulting in a compression of the bulk exciton and a corresponding blue shift in the first excited state with decreasing size. This property is known as the quantum confinement effect [2]. According to the technological point of view, the quantum confinement effect has created a great interest due to the unique ability to tune the optical properties by changing particle size. The second important fact of these quantum-confined nanoclusters is that the surface to volume ratio is much greater than that of the bulk and thus the nature of the surface influences more on the physical properties of these nanoclusters. 

In 1985, R. Buckminister Fuller has discovered a soccer ball like molecule containing sixty carbon atoms (C60). It has twelve pentagonal and twenty hexagonal faces symmetrically arranged to form a molecular ball. The C60 molecule has been named fullerene after the architecture and inventor of it. Originally, the molecule was called buckminsterfullerene, but this name is a bit unwieldy, so it has been shortened to fullerene. In fact, a soccer ball has the same geometric configuration as fullerene. Because C60 is soluble in benzene, single crystal of it can be grown by slow evaporation from benzene solution.

 Some nanoclusters with a particular number of valence electrons exhibit exceptional stability against dissociation, relative to other nanoclusters. These nanoclusters are referred to as magic number nanoclusters, whose exceptional stability may be conferred by either electronic or structural considerations. The spherical jellium model predicts that nanoclusters with 2, 8, 20, 40, --- valence electrons have higher stability because of the closure of electronic shells, which are known as electronic magic number. The sequence 1, 13, 55, 147, 309, 561,…. also represents a number of atoms in a nanostructure having higher stability, which are known as structural magic number. 

The procedures of the production of nanostructures underlying nanoscience and nanotechnology have two different approaches: one is the bottom-up approach, in other words, the miniaturization of the bulk material as articulated by Feynman and the other is the approach of the self-assembly of atomic or molecular components to produce nanostructures. There are many other ways for fabrication and processing techniques such as top-down and bottom-up approaches, spontaneous and forced processes. Top-down is in general an extension of lithography. The concept and practice of a bottom-up approach in material science and chemistry are not new. Synthesis of large polymer molecules is a typical bottom-up approach, in which individual building blocks (monomers) are assembled to a large molecule or polymerized into bulk material. Crystal growth is another bottom-up approach, where growth species either atoms or ions or molecules orderly assemble into desired crystal structure on the growth surface by self-assembly. Thus, the nanoclusters can be built by assembling individual atoms or subdividing bulk material.
Nanoclusters have been attracting a great deal of research interest due to their unique properties, characteristics of neither the molecular nor bulk and thus have potential to revolutionize the broad area of nanotechnology. The physical and chemical properties of nanoclusters can differ significantly from those of the bulk materials of the same composition. The uniqueness of the structural, characteristics, energetics and chemistry of nanostructures constitutes the basis of nanoscience. A nanocluster of a suitable properties and structure can be used in the fabrication of Nano-electromechanical systems (NEMS) and Micro-electromechanical systems (MEMS). The present day research activity involves the study of the physical properties like the structural, electronic, optical, vibrational, magnetic and thermodynamical ones of the nanostructures like nanoclusters, nanotubes, nanowires, thin films and their nanocomposites of the different types of materials like metals, semiconductors, and insulators. This field also covers diversity of interests in various disciplines like physics, chemistry and material science.

 III. II-VI Semiconducting Compounds: Among II-VI semiconducting compounds, zinc sulfide (ZnS), zinc selenide (ZnSe) and Zinc oxide (ZnO) are well-known direct band gap semiconductors and promising multi-functional materials for fabricating photonic, optical and electronic devices. These semiconductors have nearly similar fundamental physical properties. Due to their wide band gaps of  3.65 eV for ZnS, 2.80 eV for ZnSe and 3.37 eV for ZnO at room temperature, these materials and their compound or composite structures are unique candidates for ultraviolet (UV) light lasers and detectors working in the 320- to 400-nm wavelength range.
 
In nature, ZnS is a white and yellow colored powder or crystal. Both zinc blende and zinc wurtzite structures of ZnS are covalently bonded solids. ZnS is one of the most important material in the electronic industry with a wide range of significant potential applications. Ernest Rutherford and others have used ZnS material in the early years of nuclear physics as a scintillation detector due to its unique property of emitting light upon excitation by X-rays or electron beams. At the same time, bulk ZnS with addition of a few parts per million (ppm) of suitable activator has been used as phosphor material for cathode ray tubes using X-ray screens in dark conditions. Metal ion doped ZnS is one of the hottest research topics e.g., manganese (Mn) doping yields an orange-red color at 590 nm and copper (Cu) doped zinc sulfide is used in electroluminescent (EL) panels. ZnS:Mn is one of the best candidates for an alternating current thin-film electroluminescent (ACTFEL) device, which is a thin-film stack, typically consisting of a phosphor layer doped with a luminescent impurity. Some new applications including nonlinear optical devices, light-emitting diodes (LEDs, when doped), flat panel displays, infrared windows, field emitters, sensors, and lasers have subsequently been discovered [3-5]. Also, the research on one dimensional ZnS nanostructures has recently become of growing interest due to their potential applications for understanding fundamental physical concepts and for nanoscale optoelectronic devices. 
ZnSe is another semiconductor that has been extensively studied. Among II-VI semiconductors, zinc selenide based materials have a special importance and have been intensively studied since the 1970s. ZnSe material is particularly appealing due to their ability of emitting light from the blue to the UV spectral range. The ZnSe based photonic devices such as the saturable-absorber Q switch, blue-ultraviolet photodetector, blue-green laser diode and modulated waveguide [6-8] have been realized recently. The ZnSe QDs and ZnSe-based nanostructures such as ZnSe/ZnS core/shell semiconductor QDs have been the subject of intense investigation in recent years. There are a number of experimental studies reporting the synthesis and properties of the core/shell structure.

Similar to ZnS and ZnSe, ZnO material also represents an interesting focus of study. It has a large exciton binding energy of 60 meV and is suitable for short wavelength optoelectronic applications. The high exciton binding energy in a ZnO crystal can ensure efficient excitonic emission at room temperature and such room temperature UV luminescence has indeed been reported in disordered nanoparticles and thin films. Additionally, ZnO is transparent to visible light and can be made highly conductive by doping. Besides, the non-central symmetry in wurtzite and the polarity developed along the c axis make this material inherently piezoelectric, which, in combination with its large electromechanical coupling, results in strong piezoelectric and pyroelectric properties useful in actuators, piezoelectric sensors, and nanogenerators. On the other hand, ZnO is also a biocompatible material with a high isoelectric point (IEP) of 9.5, which makes it suitable for adsorption of proteins with low IEPs, because the protein immobilization is primarily driven by electrostatic interactions. Moreover, ZnO nanostructures have unique advantages including high specific surface area, low toxicity, chemical stability, electrochemical activity and high conductivity. Hence, they are a remising material for biosensor applications and can be directly used for biomedical applications without coating [9-11]. Since the year 1960s, synthesis of ZnO thin films has been an active field because of their applications as sensors, transducers and catalysts. Over the last decades, the synthesis of ZnO nanomaterials has been of growing interest due to their promising applications in nanoscale devices. ZnO exhibits the most splendid and abundant configurations of nanostructures such that one material can form its electrical and optical properties which depend sensitively on both the morphology and its size. ZnO grows best on GaN substrates because of the good lattice match but can also be grown on Si for more general usages. Numerous nanostructures like nanoarrays, nanorods, nanowires, nanobelts or nanoribbons, nanotubes, nanorings, nanohelices, nanobows, nanotips, nanoflowers, nanobullets, nanosheets, nanonails or nanopencils, nanosprings, nanoplatelets, nanoporous structures, nanowalls, nanobridges, hierarchical nanostructures, etc. of ZnO have been synthesized via a variety of techniques. 
The research on one dimensonal ZnO  nostructures has rapidly expanded in previous some years. The one dimensional ZnO nanostructures has been emerging one of the dominant nanomaterial in nanotechnology together with carbon nanotubes and silicon nanowires. The number of publications and the cross-referenced areas based on ZnO nanostructures are as large as those for quantum computing, carbon nanotubes, semiconductor thin films, and darkmatters. 
IV. Theoretical Work: It is quite obvious that a rapid development of nanoscience and nanotechnology will not be possible unless it is not supported by a strong background of theoretical study in the same area. We may have a promising class of new but unknown materials. As an example, the nanocomposites may have entirely new properties different from the properties of the individual compounds. These efforts have been intensified by the recent success in understanding the physics and the applications of the quantum confined two dimensional electron gas structures.

Theoretical investigation of nanostructures is of crucial importance since it allows one to both investigate fundamental physics and to optimize nanostructured devices. The advantage of theoretical studies is that the system is well defined and that properties beyond those that are experimentally available can also be examined. Thus, rather than replacing experiment, theory offers a useful complementary approach to explore the properties of nanoparticles. 

Theoretical attempts have been made to understand the various exotic properties of the nanostructures and nanocomposites seen in the experiments. In order to have a clear physical understanding of the nanostructures, first - principle study (i.e. ab initio study) for the stability and the various physical properties (like electronic, optical, vibrational and magnetic) of these nanostructures are very much awaited. Obviously, one needs to develop parameter free first-principle methods to obtain reliable and quantitative outputs of all the features observed in experiments.

At present, the experimental research on the semiconductor quantum dots   is concentrated either on the preparation of mono - dispersed size nanostructures or fabricating embedded quantum dots in hetero-structures. The sever restriction imposed by the non-availability of mono - dispersed size nanocrystals has kept the practical applications of quantum dots many years away. Instead of modulating the excitonic properties of the host electrons or holes by quantum -confinement, a new approach has been adopted, where the host - exciton is replaced by a localized impurity in the quantum dot. Several unique devices and novel applications of this approach are in offing. 

The present day research makes the focus on the various types of nanostructures such as quantum dots, nanowires, nanotubes and thin films of metals, semiconductors and insulators. An example is of porous silicon, which is the quantum wires of nanosizes of 20 - 30 Å and has been seen to yield visible light from red to violet and even ultraviolet. The quantum dots and nanowires so far have not been successfully used in photonics because of the occurrence of the dominating surface related non-radiative recombination in the strongly confinement limit.
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