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Preface









Although several books on nanoscience and nanotechnology are available in the market, most of them deal with the research level areas of some field or other, while a few of them deal with fundamentals or basics of the subject. In fact, most of the books available in the market are not suitable for undergraduate students. In order to fill the gaps, and to serve the needs of undergraduate students sincere efforts have been made by the authors of the book. This book also serves the students who are studying the Nanoscience & Nanotechnology course for the first time at undergraduate or even at post graduate level.


Nanotechnology is a multidisciplinary subject representing the convergence of various subjects. Convergence has been manifested in areas such as Physics, Chemistry, mathematics, materials science, electronics, medicine, informatics, biotechnology, genetic engineering, etc. This convergence, has resulted in the disappearance of boundaries among the subjects leading to the creation of new disciplines. For example, nanobiotechnology is the result of convergence of nanotechnology and biotechnology. This implies that a student of this new area should be in a position to understand the confluence of various subject boundaries. In such a situation, how the pedagogy adopts to the rapidly evolving and smearing boundary disciplines? This is the central issue while teaching NS&NT. Moreover, this course will be useful to the students who wish to pursue their higher studies in nanotechnology. In fact, the study and development of the subject at nanoscale is possible because of the discovery of several instruments allowing them to see, measure and manipulate the nanoparticles.


In fact, for the people who are practicing NS&NT may find it difficult in structuring the curriculum for the subject. A unified curriculum dealing with every aspect of the subject is indeed a difficult task, especially when the subject boundaries are rigid. Although most of our traditional subjects do not allow any serious modifications, every effort is made to cover the subject to a large extent. As Nanoscience & technology is in an infant stage, expectations are very high and it is nearly impossible to cover everything in a book like this. Despite these limitations, the authors hope that the book meets most of the expectations.


Prof. P. Venugopal Reddy


Dr. M. Lakshmi




Summary and Acknowledgements 





The book and it contains nine chapters. Chapter 1 is an introductory chapter and begins with the definitions of nanoscale, nanoscience, nanomaterials, nanotechnology etc., This chapter illustrates the general introduction, historical aspects, origin and general applications of nanotechnology. Nanostructures play a significant role in the advancement of scientific and engineering technologies at the nanoscale. Therefore, all these aspects are included in the introduction chapter.


Chapter 2: An indepth knowledge of various types of nanostructures is essential for understanding the subject. The concepts of subjects are very much difficult to understand and as such every effort is made to explain the basics and later important aspects of the subject. The chapter also deals with variety of biological structures such as DNA, gecko, dazzling colours of butterfly, peacock feathers etc. All the details regarding the influence of nanoscience and technology on various types of living organism are explained in this book.


Chapter 3: Provides detailed information about the classification of nanomaterials. Based on the quantum confinement, nanomaterials may be classified as a) Zero dimensional b) One dimensional c) Two dimensional and d) Three dimensional nanomaterials. Details regarding the surface to volume ratio along with its importance in Nanomaterials is given in this chapter.


Chapter 4: Deals with the synthesis of nanomaterials by various methods. The synthesis of nanomaterials using top-down and bottom-up methods have been presented in this chapter. Top-down methods such as Solid State Reaction process, hydrothermal process, Solvothermal process, Nanolithographic process have been discussed in detail. Similarly, the a detailed discussion on the bottom Up methods including Sol- Gel method, Chemical Vapour Deposition process, Physical Vapour Deposition Process, Pulsed Laser Deposition technique, Sputtering Technique are given in this chapter. Chapter-5 focuses on different characterization techniques which are used in analysing nanoscale materials. They include X- Ray Diffraction (XRD), Fourier Transform Infrared spectroscopy (FTIR), Scanning Electron Microscope (SEM), Transmission Electron Microscope (TEM), Scanning Tunnelling Microscope (STM), Atomic Force Microscope (AFM). A detailed discussion on all these topics is given in this chapter.


Chapter 6: Gives a complete description of different types of properties of several of nanomaterials. They include Physical, Chemical, Optical, Magnetic, Thermal, Mechanical, and Electrical and Electronic properties of nanomaterials. Some of the topics in this chapter include a detailed discussion on Moore’s law and its present status are given. Synthesis and applications of nanofluids have also been included in this chapter.


Chapter 7: Nanoscience & nanotechnology plays a dominant role in number of modern technologies. The unique properties at the nanoscale make nanomaterials to have several applications in various fields. They include electronics, computers, textiles, catalysis, paintings, coatings, personal care products, energy savings, alternative energy supplies, environmental protection, agriculture applications, medical uses etc., All the details are given in this chapter.


Chapter 8: A detailed discussion on nanoscale devices with applications in photovoltaics, medical diagnostics and electronic devices are given in this chapter. In fact, the outstanding performance of nanomaterials made them useful in developing variety of nanoscale devices. The fascinating and often incomparable applications opened up new and sometimes unexpected devices. Today, the widespread applications of these devices range from drugs, bio- and infrared-sensors, spintronic devices, data storage media, magnetic read heads for computer hard disks, single- electron devices, microwave electronic devices and many more.


Chapter 9: Deals with some of the important concerns and challenges of nanotechnology. Potential risks include environmental, health, and safety issues, transitional effects such as displacement of traditional industries as the products of nanotechnology become dominant. These may be particularly important if negative effects of nanotechnology are overlooked.
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Chapter 1


Basics of Nanoscience


1.0 Basic Definitions


1.1 Definition of Nano


Nano comes from the Greek word "nanos," meaning “dwarf”, but nano is infinitely smaller than a dwarf. Nano means 10-9. Nanometer is one billionth of a meter (i.e. 1nm= 10-9 m). Some examples are given in the following figure to understand how small the nano dimension is 1centimeter = 10-2m, 1 millimeter = 10-3m, 1 micrometer = 10-6m and 1 nanometer = 10-9m.
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Fig. 1.1 Sequence of images showing various levels of scale


 


 

1.2 Nanoscale



Nanometer is the scale used to measure objects in the nanoworld. In general, the scale ranges from 1nm to 100nm is known as Nanoscale. It is appropriate and relevant to make a mention of the diameter of an atom. As the size of an atom is less than even 1 nanometer, we discuss the next scale on the lower side and is Angstroms (Å) scale. We are aware that atoms are extremely small and the diameter of the atoms is measured in Angstroms (Å). Thus, 1Angstrom (Å) = 0.1 nm. For example the diameter of a hydrogen atom is 0.1 nm. If one lines up 10 hydrogen-atoms next to each other in a row, the resulting length would be approximately 1 nm.


[image: img8771f0c91f7c]


 

Fig. 1.2 Ten hydrogen atoms in a row make 1 nm


To put this scale in perspective, "Trying to find a nanoparticle on the surface of a soccer ball is just as difficult as finding a soccer ball on the surface of the Earth".


[image: img1653c82431d8]


 

Fig. 1.3 Nanoparticle compared in size with a soccer ball, and soccer ball is compared with Earth (figure by Michael Hochella https://serc.carleton.edu/details/images/180059.html)


1.3 Nanomaterials



The material whose crystallite size lies in the nano range (1nm to 100nm) is called nanomaterial. The properties of the material at the nano scale (Nanomaterial) are totally different from those of the same material at the higher scale (Bulk material). It means that most of elements of the periodic table exhibit totally different behavior when they are in the nanoscale. For example, although the gold is chemically inert in its bulk state, in the nano state, however, exhibits excellent catalytic activity. Similarly, bulk silver is non-toxic, whereas nano-silver is capable of killing viruses. Further, Titanium dioxide, a white pigment used in sun screens, becomes transparent in the nanoscale, while aluminum oxide, commonly used for teeth fillings, becomes explosive in the nanoscale. Finally, one may conclude that Nanomaterials exhibit improved properties such as strength, hardness, ductility (in brittle materials), wear - resistance, corrosion – resistance, erosion resistance, improved chemical activity etc., Moreover, as classical mechanics fails to explain the unusual behavior (movement, energy, etc) of the nanomaterials, quantum mechanics, however, is successful in doing so.


1.4 Nanoscience



The science dealing with all types of nano materials including nanoparticles, nanostructures and their unique properties is defined as Nano science.


Nanoscience is the cutting edge of science and is highly multidisciplinary. It draws from diverse fields such as physics, chemistry, materials science, microelectronics, biochemistry, Engineering and biotechnology etc.


[image: img2bad1803a2d7]


 

Fig. 1.4 Nanoscience is a multidisciplinary subject


1.5 Nanotechnology



The technology involving the manipulation of nano materials to build variety of structures is defined as nano technology. Although Nano technology is still at its infant stages, the nano products are having far reaching applications and are going to change the lives of mankind. Nanotechnology helps in the design, characterization, production and application of structures, devices and systems by controlling size and shape at the nanometer scale (1–100 nm). Nanotechnology is very much useful in creating these novel materials and devices with enhanced properties and potential.


In recent years nanotechnology has become highly popular. This is partly because of the interest in miniaturization of devices. Scientists have also been amazed due to the extraordinary properties of these novel materials. In fact, these materials open a new avenue in the field of material science due to their novel properties and wide range of applications in various fields such as Electronics and communications, Textile industry, Automobiles, Sensors, Cosmetics and Medicine etc.


1.6 General Introduction



Nanomaterials open a new avenue in the field of material science. The nanomaterials have been the focus of intense research recently because of their novel properties at the nanoscale. Nanotechnology is a field of applied science concerned with the control of matter at dimensions of roughly 1 to 100 nanometers (nm). Nanotechnology is a new and expanding technology, its main applications are the development of innovative methods to fabricate new products, to formulate new chemicals, materials and efficient use of raw materials. Nanotechnology is also meant for replacing the recent era of equipment with better performance ones. This will help in the reduction of consumption of energy and material and lowered damage to the environment, as well contributing to the environmental remediation [1]. The widest use of nanomaterials has been as tumor-targeted drug delivery systems, contrast enhancers for magnetic resonance imaging, biosensors and biomedicine, etc.


Nanomaterials are already in commercial use. The range of commercial products available today is very broad, including sunscreens and cosmetics, paints, UV-blocking coatings, self - cleaning windows, fuel cells, batteries, fuel additives, lubricants, catalysts, stain-resistant and wrinkle-free textiles, transistors, lasers and lighting, integrated circuitry, sports equipment, bicycles and automobiles, medical implants, water purifying agents, disinfectants, food additives etc.


In order to design nanomaterials and nanodevices for the next generation, it is requisite to understand their intrinsic features. Several researchers are working throughout the world towards the development of nanomaterials that are intended to perform more complex and efficient tasks. Thus, the development of completely new technologies and nanomaterials with desirable functional properties may lead to a generation of new products that will enhance the quality of the living environment in the near future.
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