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    The field of nanotechnology has emerged just a decade ago, scientists and pundits were questioning if nanotechnology would ever lead to the development of “real” products with “real” value to consumers. Was nanotechnology just another scientist’s dream that would not provide any practical value to society?




    Today, not only one can buy tennis rackets, bicycles, clothes, and band-aids that incorporate nanomaterials, but it is clear that such products provide greater value to the general public than their respective conventional products. Nanotechnology is no longer just a marketing ploy or a fancy advertisement scheme used by Apple. Gone also are the days of naysayers wondering how nanotechnology is different than the fundamental sciences of chemistry, physics, and biology. What continues to separate nanotechnology from the study of fundamental atomic and molecular interactions that a traditional researcher in those fields may accomplish is an emphasis on new properties of materials gained when controlling structures at the nanoscale - the atomic and molecular level. It is this continual emphasis on the control of structures at the nanometer level that has led to significantly changed properties and products that are advancing numerous fields. This is what separates nanotechnology from other traditional science fields (such as chemistry, physics, and biology).




    What also continues to provide a bright future for nanotechnology is the selection of difficult contemporary problems that only nanotechnology (it appears) is providing solutions for. This book will highlight some of these persistent contemporary problems in which nanotechnology is finding solutions, such as building novel sensors, alternative energy sources, and improved semiconductors. This book eloquently defines current problems we have with limited sources of carbon-based energy and provides nanotechnology solutions to develop novel solar cells, among other solutions. It also provides solutions unimaginable without nanomaterials to build more precise sensors to detect levels of contaminants previously not possible. New routes of nanoparticle synthesis are also covered in this book to ensure the safe fabrication of high purity, inexpensive nanomaterials – issues critical for the continued commercial success of nanotechnology. Issues of toxicity are also discussed providing valuable insights into how we should choose nanoparticles with low toxicity for particular energy, sensor, or semi-conductor applications.




    In closing, though, as we advance into the next generation of nanotechnology research we should not forget the past. It has been our emphasis of nanoscale events which has led us to where we are today. For example, the theory of atomic matter was suggested as early as 370 BC by the Greek philosopher Democratis; this could certainly be our first indication of the desire to understand nanoscale events to create materials with tailorable properties. Since then many scientists have followed this train of thought, and, of course, in 1959 Richard Feynman predicted the possibility of maneuvering matter atom by atom.




    It has been our continual emphasis on creating materials with unique properties and the selection of the world’s most pressing problems that has allowed nanotechnology to continue to grow. We must not forget this and continue to address our most significant scientific problems. We must look at our materials and determine ways to improve their properties by understanding and controlling nanoscale assembly. The book reminds us all of the problems that we have today in energy, sensors, semi-conductors and many other applications and how nanotechnology is one of the few fields providing any type of answers. Enjoy reading this book and let the discoveries continue……




    

      Thomas J. Webster


      Chair and Professor of Chemical Engineering


      606 Scaife Hall, 3550 Terrace Street,


      Northeastern University, Boston, MA 02115, USA
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    Nano represent very small thing which has diverse applications and high potency that guiding to




    industrial and technological development.




    

      Materials of nano size show remarkable physical and chemical properties due to several factors including the rise in surface area compared to volume which takes place as particles get smaller.




      Nanotechnology finds its applications in many areas such as novel foodstuffs, medical equipments, chemical coatings, human health testing kits, security system’s sensor, water purification items for manned space craft, displays for hand-held computer games, and cinema screens. Nanotechnology is likely to impart an impact on almost every industry. Recently nanotechnology has become known as the science of every tiny thing, more particularly, 'nano'. Nanotechnology is a catch-all expression for resources and tools that function at the nanoscale.




      Nanotechnology is a diverse science that has spread its applications in fields such as colloidal science, device physics and supra molecular chemistry. Being a subject of key interest, it was thought out to present recent development in nanotechnology in the form of a book to the scientific community.




      There are six chapters in this book. In the first chapter, the recent development of nanotechnology in many applications such as energy/power, medicine/healthcare, water purification, biotechnology, electronics, sporting goods, environmental issues, defense/security, and textile/fabrics is summarized. Chapter two reviews the latest developments in the area of nanocomposites with reference to nanoclays, nanofibers and nanotubes. The classification, characterization and applications of various types of nanocomposites have been discussed in aerospace industry. It also highlighted the applications of nanocomposites in relaunch vehicles, space ladders, ablatives, internal motor casing and nano modified carbon/carbon composites. In third chapter, use and potential applications of nano materials, organic semiconductor complexes and composites sensors, organic field effect transistors, thin-film field effect transistors, temperature sensitive field-effect transistor, solar cells, and light-emitting diodes have been summarized. Fourth chapter describe nanotechnology, nanomaterials, nanocomposites, their importance, synthesis and characterization of nanocomposites. Fifth chapter describe synthesis of nanoparticles of various compositions, their exciting properties and size, and morphologies for a wide range of applications. Chapter six deals with DFT study of nanoparticles using run type of Frequencies in ADFMolecule interface.




      We deem that this book will convey the savor of the nanotechnology properly and illustrate that study on nanomaterials is emerging to be of key interest. We intently anticipate that this book will be beneficial for students, teachers and practitioners.




      



    


  




  




  




  

    

      Wonders of Nanotechnology


    


  




  

    

      1. Introduction




      As from elucidate of Professor Richard Feynman, in 1959, gave the first illuminating talk on nano technology, which was entitles as:




      There is relative quantity of space at the bottom. Normally, Materials Sciences and Materials Technology is referring by ceramics or crystalline materials, glasses or non-crystalline materials, polymers or harsh chain molecular materials and metals or cohesively-bonded materials. All these materials are widely applied in a changed trend towards improvement of human life. Materials world is boom developed with the latest modern technologies, and, so as to be visible having its progressive outputs. Nanotechnology is one of those fresh and delicate technologies which have been fashion waves in this modern vintage [1 - 3].




      However, Nanotechnology composed of the logical study of Material Physics and Material Chemistry. Nanotechnology is highly alert a fresh study and field into prominence, so consequently, it is an interesting but early field of study under constant development, tender to precise extend liberty of research progress [3].




      

        1.1. What is Nanotechnology?




        Nanotechnology is the study of small atoms having sizes from 1-100 nanometers as in shown in Fig. (1). As from the scientists, dangers of nanotechnology possibly exist in how these small atoms may interact with the surrounding, and more specifically, with the human physical body. Big quantity is being stressed to integrated nanoparticles into obtained that are already being developed in the public eye. When this asset is compared with the proportional deficient research into nanotech health problems, various scientists uneasily become sorrowful [4].
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          Fig. (1))




          Length scales of nanotechnology.


        




        Professor George Robillard, Director (BIOMADE), University of Groningen, Netherlands, expressed Nanotechnology in a better way ‘The basic of nanotechnology depend of systems in the size range of nanometers. For instance, a drug-delivery system is nanotechnology. The Molecular assembly in big functional complexes is of high affair. A complex that can produce a protein to a specific area in the body is one of its example [1, 4].




        According to the field experts, the elements changing upon at the nanoscale, and exists very differently than their larger complement.




        For example the graphite, as its properties are well known and it holds specific position in toxicology guidepost.




        Nobel laureate, Richard Smalley, Rice University, has acquired about carbon nanotubes (CNT) and fullerenes (buckyballs) — nanoparticles of carbon — that are lawfully treated as graphite, even, they behave in means dissimilar graphite thus fashioning the arrangement a potentially harmful one [2, 5, 6].




        The Worldwide research progress is making nano products with the aim to increasing health care and advancement in other research areas, some of these Nano-Products have registered in the market, more are towards market, and, others are still under progress than to become a fact. These inventions possess noted potential, chart as shown in Fig. (2). Although, miner quarries are arise about their long term status and the dangerous–benefit characteristics of their utilization.
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          Fig. (2))




          The evaluation of nanotechnology.


        




        In the meantime, in 2000, when US President Bill Clinton publicized the establishment of the United State National Nanotechnology Initiative (NNI), Europe, Japan, & other Asian countries likely to be China, Korea, Iran, India, Taiwan and Nuclear power Pakistan have wonder with efficient funding in national nanotechnology programs.




        European Commission, funding about 24% of the publicly financed research in the European Union, and the Euro-Union’s fifteen (15) member countries will spend about $180 million (200 million euros) on nano science nanotechnology in 2002 [5].




        Nanotechnology covers a diverse range of subject matter and industry areas as shown in Fig. (3). It has illimitable present applications and many other applications that are still to be known [3].
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          Fig. (3))




          Subjects that cover nanotechnology.


        




        Nanotechnology can be expressed as an enabling technology that grows many of our present technologies. Nanotechnology positively mixed current industries by improving their outputs and the quality of their processes in addition to the strength and other in progress features of materials which are applicable in current products [3].


      




      

        1.2. World Investment in Nanotechnology




        Fig. (4) shows, world Investment nanotechnology is so important that all countries, including the neighboring countries are rapidly and heavily investing billions of dollars in the R&D and on the applications of nanotechnology, detail chart of some countries is shown in Fig. (5).
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          Fig. (4))




          Nanotechnology investment.
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          Fig. (5))




          Countries investing chart.


        




        To mention briefly, the USA has invested 8.3 billion dollars from 2001-2008 with $1.5 billion allocation for 2009 for nanotechnology. Russia invested $7.5 billion to develop nanotechnology for 5 years period since 2007 of which $5 billion have already been released.China and EU are also investing billions of dollars annually in Nanotechnology in competition with USA. Even Taiwan industry has invested on a Nano- park since 2005 about 700 million dollars with the aim of about 20 billion dollars marketing of Nanotech products, detail chart is shown in Fig. (6).
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          Fig. (6))




          Nanotechnology products chart.


        


      




      

        1.3. World Nanotechnology and Neighboring Countries




        Among the neighboring countries, India has invested 250 million dollars to establish three Nanotech Institutes in Bangalore and invested 300 million dollars for a Nano-city in Chandrigarh with promise of billion dollar investment in the next few years. This investment is by a business man who initiated the famous Hot Mail e-mail system. Already in India (Sept 2008) there are 50 Institutes working in R&D of nanotechnology and about 30 industries are involved for making consumer products based on Nanotechnology. Iran is following Nanotechnology with so much seriousness that the President of Iran has already appointed a scientist as “Advisor on Nanotechnology” in the President’s office who coordinates nanotechnology programs of Ministries of health, industries, oil and gas etc on National - level. Already Iran has signed contracts for commercial plants of Clean–drinking water production, commercial plant for Oil and Gas cleaning and commercial scale production of high tech electronics products for use in defense and consumer industry.




        Nanotechnology is so highly commercial and business oriented that over 2500 companies are involved in business in the world over, with about 700 in USA alone. This makes it obvious the commercial importance of the nanotechnology, as shown in Fig. (7); as a company will not venture investment unless there is profit insight. The business community estimates that by 2015 there will be a business of about $ 1- 2 trillion in nanotechnologies. In terms of Business it is a huge market.




        
[image: ]





        

          Fig. (7))




          Nanotechnology market in 2007.


        


      




      

        1.4. World Wide Nanotechnology: Universities and Companies




        Recently various industrial companies and academic institutes have focused their interest and investment in nanotechnology. The following charts in Fig. (8), representing the country wise summery of nanotechnology usage. Biggest part of nano market is the segment of ball sports equipment having 23.7% of the total market value. Japan, France, UK, Germany and USA are the major markets for sporting tolls where USA itself commands 40.6% share of the arcade.
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          Fig. (8))




          Nanotechnology global companies.


        


      




      

        1.5. Support of Political Leaders for Nanotechnology




        The political leadership of these countries is so supportive that special funds and public resources are allocated to pursue nanotechnology. The US presidents have been allocating billions of dollars for nanotechnology initiatives through the Act of Parliament in order to give nanotechnology the importance which is due to it. Even the Presidents of the neighboring developing countries of India and Iran have laid special emphasis on the development on Nanotech for their countries. There are about 300 laboratories on nanotech in US universities and centers alone. This again shows the extent of seriousness of the US nanotech. Not only the US political leadership including President Obama is keen on nanotechnology even the president of the developing countries of India and Iran have been making open statements on the need of Nanotechnology for development of their countries. The former President of India, Dr. Abul Kalam made the statement that “nanotech is one of the two technologies which will take India by 2015 to the level of advanced countries. European countries are striving hard to compete with US and Japan in Efforts to support Nanotechnology.


      




      

        1.6. Why Nano will Change the Properties of Materials?




        When materials are decreased to Nano-Scale Magnitudes, their major properties often get changed vividly. Getting started approximately at 100 nanometers and below, materials become capable to overcome the size barrier at which quantization of energy is quite significant for the electrons. At Nano-scale level materials properties are different compared macro-Scale. Let us try to explain through an example i.e., opaque substances convert to transparent ones (copper); inert materials act as catalysts (platinum); stable materials shot as ignitable (aluminum); solids turn into liquids at room temperature (gold); and insulators become conductors (silicon). Afresh of concepts evolved with Fresh Tools. It has been driven out that the mechanical rules which administrate and manage the Nano-World, are pretty different from our routine, Macro-World Know-How. Embodying the extreme small forces, which act at Nano-Scale, has also steered to further development and progression of instruments.




        A shown in Fig. (9), one more vital trait of Nano-Materials is to discuss their surface area. When they’re matched with the exact value of material in substantial form, materials at nano scale level comparatively expose high surface area compared to macro-scale. This lead to high chemical reactivity of material materials in comparison to bulk at which they are inert, become reactive as soon as they are produced in their Nano-Scale Form), and shake their strength or electrical properties.
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          Fig. (9))




          Smaller size large surface area relation.


        


      


    




    

      2. Applications in various fields




      Talking of uses in various fields, the study of Nanotechnology should speed up us to made synthetic product advance, light in weight, with more strength, safe and sound as shown in Fig. (7).




      Mentioned below are some zones in which nanotechnology can have remarkable magnitudes:




      

        	Energy




        	Medicine




        	Water purification




        	Biotechnology




        	Electronics




        	Sports




        	Environmental Issues




        	Defense




        	Textile/Fabrics


      




      

        2.1. Nanotechnology in Energy




        Nanotechnology is the skill of using materials and structures that expose one supercritical dimension less then 100 nm that leads to advance applications [7, 8]. At nano level the various properties of materials such as conductivity, mechanical properties optical and magnetic properties are quite different from macro-scale.




        Therefore, nanotechnology offers unlimited possibilities to explore latest methods in a resourceful manner to conserve energy and so address energy shortage problems.




        Nanotechnology presents tremendous applications in various energy field like, supercapacitor, Lithium-Ion batteries, solar cells, energy saving light bulbs, ductile electronic (mobile phone, tablets), green and safe fuel cells to authorize the advancement of high power car [9].




        At present, gauss oil reserves are approximately one thousand (1000) billion barrels [10] which is enough to meet the energy requirements for at least only three (03) years. Majorly saying, there exist two solutions to this problem. The first change is to overcome the rate of energy expenditure by increasing the energy efficiency. By doing so, we can decline the equal of sixty four (64) million barrels of oil per day [11].




        The second solution may be to find renewable energy resources and techniques, to make the base balance with the existing sources.




        Nanotechnology greatly affects the energy from various aspects like production, conservation, transmission and usage etc. From Fig. (10), we easily summarized, that at present, the best energy sources are natural gas petroleum, and coal tar. It is shown in the above list that the current oil resources are not enough to fulfill the increasing energy demands, it is noticeable to express that coal is available in huge amount but, it is badly linked with CO2 emissions thus making even this energy source altogether unattractive. Biomass Energy Systems have great struggle with food reservoirs [8]. Increase in Living Values and Population Escalation have led to Increase in Consumption of Global Energy. The Usage of Energy on Worldwide Basis is estimated to increase about 40% in the next 20 years, Fig. (11), and double of this much by 2050 [12].
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          Fig. (10))




          Shows EIA World Energy Sources, 2006 [9].
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          Fig. (11))




          Total Energy use up on worldwide basis in quadrillion BTUs (1990-2050) (according to U. S Energy Information center) [13].


        




        Nanoparticles and nano manufacturing activity can have many impacts on energy transmission and conduction system development. These techniques may be in use for the next upcoming legion years.




        In a flash speaking, Nanotechnologies may have more and more capable use of transportation fuels.




        This, maybe, shall slow down the increase in demand for long distance dispatch of liquid fuels.




        Nanotechnology also made construction materials, due to nano materials they are may be stronger and are of lesser volume by comparison with materials of construction being used in past, that will decrease the footsteps required for the maintenance of sewage and electrical communication lines [14]. In this part, there’s are detail of some methods in that nanotechnology will quicken the progress of safer, most high power energy sources and usage, that will lessen the need for long-distance transmission of electricity, petroleum distillate fuel, and natural gas [15]. Shortly talking, the possible solution to fulfill the energy needs comfortably is to enhance the efficiency of existing sources and the rate of their consumption. One of the most promising technologies is the Solar Photo-Voltaic Cells in order to fulfill the need of quick deployment at cheap price per watt [8]. Nanotechnology can be helpful to get high power solar cell using multiple practices, like to use, quantum dots that can decrease the gap between conduction and valance band and lead high efficiency. Using non-metallic or crystalline photonic nano-layer systems that have anti-reflective affect can also give high efficiency. By controlling the structure of all types of solar cell using plasma aided method can also lead to high productivity and efficiency [8].


      




      

        2.2. Sources of Energy Generation




        

          2.2.1. Photovoltaic Cells




          Photovoltaic Cells (PV) cells transform the visible light (sunshine) into electrical energy surface two useful outputs, low power and high power. Disorganization & low efficiency of conventional Photovoltaic cells cause a loss of 70% of radiant energy to the cell because the entering photons have energy equal to the band gap energy of silicon element. So, nanotechnology can be applied to prepare solar cells with reasonable price and high efficiency same as that of current advance technology. For e.g, organic inorganic semiconductor nanorods surrounded within polymer matrix to form elastic and economical solar cells. Narrow superimposed solar cells potentially are cost-effective and economical for their Low materials, low processing temperature and integrated cell detachment. Dye sensitized solar (DSC) cells are generally synthesized by doping titanium dioxide (TiO2) nanoparticles with dye molecules. That can be as a good upset towards reducing manufacturing costs and can create energy as from low beam light. Spain and UAE made ‘GAMA SOLAR POWER PLANT’ that are working 24 hours day/night since 2013, and generate 20 MW electricity per day, that energy is enough for 25000 homes for domestic purpose. The European Union has invested in nanotechnology research in a bid to dramatically ramp up the efficiency of solar cells, as shown in Fig. (12) below.
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            Fig. (12))




            Global venture Capital and Private equity investments by Solae Technology during 2000-2007.


          


        




        

          2.2.2. Fuel Cells




          A fuel cell can be defined as transformation device that transforms electrical energy present in the fuel to chemical energy in the existence of an electrolyte. The important challenge for a fuel cell is storing hydrogen and sluggish oxygen reduction reaction that are catalyzed by Pt based catalyst that are quite expensive, unstable and possess poor methanol crossover affect [8]. Another challenge for the fuel cell is the measurement of the temperature difference inside a fuel cell in an efficient and economical manner. Thus, nanotechnology also play a significant role here e.g, complex hydrides such as LiBH4 and nonporous metal-organic composites are suitable for hydrogen storage in solid state fuel tanks [8]. With the help of nanoscience we can use non precious metal/metal oxide (M/MOx) base electrocatalyst water degradation. The temperature of fuel cell membranes can be control via the synthesis of polymer functionalization of organic- inorganic nanocomposites [8]. Nanotechnology can solve the problem of hydrogen feeding in the fuel cell by replacing the hydrocarbon with nanocatalysts. So using this type of technology it is possible to have high power density micro-fuel cell instead of currently existing heavy batteries [8].


        




        

          2.2.3. Wind Energy




          This type of energy is less than 0.9 % of energy requirements throughout the globe. The need of wind energy is increasing in comparison to the other sources of energy. But this root has chief problems like low efficiency and trustworthiness of the turbines and hurdles in generation of high power at low cost. So nanosciences also have tremendous influence here on the efficiency of turbines through synthesis of carbon derived nanocomposites. Which are utile to make light-weight and better mechanical strength rotor blades. Nanoscale Varnishes for bearings may be helpful towards repair the effectiveness of wind turbines.


        




        

          2.2.4. Fossil Fuel




          At present usage of fossil fuel have exceeded than 85% of the total energy needs worldwide. With passage of time as existing oil resources are getting reduced, some new ways to explore increase oil capture from already available resources and innovative reservoirs of oil for instance shale has been introduced [8]. So, Nanotechnology is tremendously influencing the fossil fuel industry for increase proficiency and production rate. For instance: silicate nanoparticle mixture is using nowadays to control the viscosity of oil during production. Nonporous materials are used for state of impurities in oil deposits and to increase the production rate too. Furthermore nanotechnology has been practiced to use nano-lubricants in order to decline fuel wearing of drill probes which are used in expedition [8].


        




        

          2.2.5. Others




          Other types of technologies using nanoscience also exhibits a significant effect on energy production using alternate reservoirs like geo thermal and coal firepower plants [8]. Like




          

            	For the separation of carbon dioxide in coal power plants nanostructured membranes are applied.




            	In gas turbines plasma coated membranes are used as thermal barrier layers.




            	Nano particulate varnishing materials are utilized as non-sticking ceramic coating in heat exchangers of coal power plants to decrease coagulation and caking [8].


          


        


      




      

        2.3. Sources of Energy Storage




        

          2.3.1. Li-Ion Batteries




          LIBs which are the focus of research for high energy production nowadays possess somewhat high power densities but main problem with LIBs is their extreme low/high operating temperature that affect their rate capabilities. Presently, there’s no any available electrode material and electrolyte which can deliver best efficiency of high stability, excellent capacity, high operating voltage and better cycle life. Various nanocomposites like lithium titanate have been discovered recently as anode material for LIBs. On the same way, electrolytes that are composed of nanoparticles has been introduced to increase the power capacity of the LIBs. These nanomaterials are capable to operate at safer voltage range, high temperature and high stress whenever need to apply [8].




          Nanophosphate lithium ions batteries, as shown in Fig. (13). (Nanophosphate which has been used in the recovery of kinetic energy (KERS). Derived fromA123 System’s, USA).
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            Fig. (13))




            A123 System Nano phosphate Batteries.


          


        




        

          2.3.2. Supercapacitors




          A supercapacitor has two electrodes enclosed within an electrolyte which is isolated by a separating membrane. The main purpose of the supercapacitor is charge transferring between two electrodes. The exposed surface area of the electrode is directly proportional to the amount of energy produced. Henceforward, the usage of Nanomaterials like 3D carbon derived aerogel, graphene carbon from biomass and carbon nanotubes (CNTs) can favorably increase the enactment of a Supercapacitor [8], as shown in Fig. (14).
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            Fig. (14))




            Super capacitor set up.


          


        




        

          2.3.3. Hydrogen Storage




          Hydrogen energy is one of the most powerful sources of energy. The main problem is the transportation of the hydrogen energy which consumes one quarter of the global energy production [16], but still it is the focus of researcher to make it suitable for practical application as it is the green source of energy. One of the ultimate solution for the safe and better transportation of hydrogen storage is to use nanomaterials as hydrogen storage materials, because the tank use for the transportation are dangerous due to high pressure, presence of liquid hydrogen safety issues and high cost. Alternate solution are the morphology control synthesis of nanomaterials exposing active surface area, hybridization of the organic/inorganic composites and exchange of cation/anions as better hydrogen storage materials. Nano scaling has been proof to be very promising to overcome the problem of mass diffusion [17].


        


      




      

        2.4. Energy Distribution




        Present observations show that the energy prices are continuously getting step up. So energy and power section is searching for the alternate solution for minimizing transportation expenses to make the ease of availability at low cost. Nanomaterials like conducting aluminum based or carbon derived composites possess 6-10 times high capacity than aluminum or conductor steel wire which, at present is in common use in daily life [8].




        Magneto-Resistive nanosensors made on magnetic nanolayers and electronic tools possess a great importance towards self-calibration and self-diagnosis assisting to analyze the infrastructure. That will be useful in decreasing the augmenting availability and flexibility [8].


      




      

        2.5. Energy Utilization




        Utilization of nanotechnology has a great influence to increase the proficiency of energy dissipation in various sections of industry [8].




        

          2.5.1. Transportation/Carriage/Cartage Industry




          Nano-catalysts also bring very tremendous revolution in nanotechnology for influence on energy utilization in transport industry. Presently, nanolubricants minimize friction, high power LIBs and low weight nanomaterials do not intermediate on strength.




          In 2006, in field trials by Oxonica, nanoparticles manufactured by using oxide of cerium that initiate ignition between diesel (fuel) and air have been proven to economically augment fuel efficiency to 10%.




          Boric acid based nanolubricants are capable to decline frictional losses up to 80% to increase the durability of the components [8]. Nanostructured Metal Matrix (MMC) and Polymer Composites are very helpful to decline the overall weight of vehicles in transportation sector. Apart from miniaturization/shrinking of tolls via use of nanosensors will further decrease the total weight of the electric vehicles.


        




        

          2.5.2. Building Industry




          The upkeep of nanotechnology to the construct industry is through empowering the production and practice of energy saving LEDs centered and based on organic/inorganic semiconductor nanomaterials. Quantum Dots are useful towards increasing the yield and energy efficiency of the LEDs by reducing the smattering & seeped. Various LED especially organic once are the focus of nanotechnology nowadays by optimization of the layer thickness, applying doped materials and field carrier materials [8]. Reinforced polymers/CNTs nanocomposites that ultralight in weigh and highly stable can boost construction materials. Large amount of energy is consumed in overall thermal system of buildings throughout the globe [8].




          Silicon Oxide-based micro/mesoporous Aerogels, and, nanoporous polymer foams are nanoporous materials possessing microspore size less than 5 nm and have a significant potential towards reducing these costs.


        




        

          2.5.3. Manufacturing Sector/Industry




          Towards energy efficiency of industrial processes nanotechnology have vast applications by using better materials of insulation as discussed above.




          High surface area of nanostructured catalysts can boost the production rate. These catalysts can enable us to synthesize, manufacture and blend materials in new vigorously promising ways. Nanoscale powders have the capability to decrease annealing temperatures in high temperature synthesis processes for example, ceramics because of high expose surface area and ability to amalgamate. Nanotechnology can also be widely used to make micro reactors which have remarkable potential to increase Energy Efficiency in the Manufacturing Sector, where heat and mass can be organized in a more enhanced manner [8]. 3. Nanotechnology in Medical Sciences and Health-Care Nanotechnology has great and huge potential when discussing its applications in the sector of medical and biological sciences. Nanotechnologies have saved so many lives by discovering advance technologies to cure so many diseases [18].


        


      


    




    

      3. Nanotechnology in Medical Sciences and Health-Care




      Nanotechnology has great and huge potential when discussing its applications in the sector of medical and biological sciences. Nanotechnologies have saved so many lives by discovering advance technologies to cure so many diseases [18].




      

        3.1. Use of Nanotechnology in Drug Delivery Systems




        

          3.1.1. Nanobots




          Nanobots are robots (mechanical devices) that are few nanometer in size and make some specific function. These nanobots can efficiently deliver drug. As we know that drugs can affect the whole body before it can reach to the targeted site. Nanotechnology has made it possible to target the drug to an exact location that is disease-suffer area. Nanotechnology will deliver the drug to effective site and will abruptly decrease the possibility of side-effects. Fig. (15), show the devise that use Nanobots to measure the blood sugar level [19, 20].
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            Fig. (15))




            Nanobots to monitor Blood Contents. (Remarkable Nano-Bots).


          


        




        

          3.1.2. Use of Nano-Technology in Drug Delivery Procedure




          Drug carriers possess 5 to 10 atoms thick outer and 50- 100 nm wide the inner side drug-filled cell. The drug carriers release a beat sense when they receive the signs of the disease, the inner wall, melts to release the drug at the respective site. Pharmaceuticals expert Bio Sante Aston Vicki, expresses: “When drugs are put into Nanostructures, their solubility quite gets enhanced” [20, 21].


        




        

          3.1.3. Advantages of Using Nanobots for Drug Delivery




          The most prominent advantages of use of nanobots is quantity and timings of releasing drug that can be controlled by the electrical pulse [21]. Elan Pharma, a big Firm, is the latest technology of nanobots for drug release stated by Merck’s Emend and Wyeth’s Rapamune [22].


        


      




      

        3.2. Disease Diagnosis and Prevention




        

          3.2.1. Diagnosis and Imaging




          Nanobiotech researcher and experts have introduced a microchips coated with human being molecules. It structure has been control to accurately emit and release instinct signal when the chip intellect symbols of a disease. Specific sensitive nanobots can be insert inside the blood to check the contents of the blood and symptom of the diseases, as shown in Fig. (16). Their additional use includes checking the blood sugar level. The principal importance of using these types’ nanobots includes their cheap production rates and easy movability [20, 21].
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            Fig. (16))




            A light in dark places: Spectral imaging of quantum dots within the live mouse. Orange fluorescence signals are indication of the tumor growth [19].


          


        




        

          3.2.2. Quantum Dots




          Quantum Dots (QDs) are stated to be as the nanomaterials that spark very brilliantly when irradiated with ultraviolet (UV) light. QDs can attach exactly to the surface of the molecules they want with helping of coating special nanomaterial on their surface. QDs make bright tumors area by attaching to the proteins which are unique to cancer cells [23].




          Multifunctional Fe5C2 nanoparticles: A targeted Theranostic Platform for Magnetic Resonance Imaging and Photoacoustic Tomography-Guided Photo thermal Therapy [24], as shown in Fig. (17).
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            Fig. (17))




            Magnetic Resonance Imaging and Photoacoustic Tomography-Guided Photo thermal Therapy [24].


          


        




        

          3.2.3. Preventing Diseases




          

            3.2.3.1. Prevention of Heart-Attack




            Nanobots are useful in preventing heart-attacks. Fat-Deposits in the Blood vessels are the cause of Heart-Attacks. Nano-Bots can be crafted for removal of these fat deposits [20, 21]. Fig. (18), shows nanobots preventing Heart-attacks (Heart View). The figure shows nanobots eliminating fat sums on the inner side of blood vessels.
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              Fig. (18))




              Nanobots preventing heart-attacks (Heart view).


            


          




          

            3.2.3.2. Applications of Nano-Technology in Frying Tumors




            Another important application of the nanomaterials is cancer treatment. The treatment is named as “Frying tumors” rule. Nanoparticles such as iron are swallowed as oral pills and they get attached to the tumor. The application of magnetic field causes the heating of the nanoparticles to finally burn the whole tumors [20, 22].


          


        


      




      

        3.3. Tissue Reconstruction




        Nanoparticles also have great significance in the field tissue engineering. It can design nanomaterials with a structure same to the human body part for example bone structure, as shown in Fig. (19). Ultrasound of the required bone shape is taken and same nanoparticles are shaped [25]. The shape nanoparticles in the form of thick paste are entrenched inside the body [22]. Where they gathered in well order form at the site of the fracture and become the part of the bone [20, 22].
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          Fig. (19))




          Nanoparticle bone structure.


        




        Other key applications of nanoparticles include nerves treatment. Samuel Stupp and John Kessler at Northwestern University in Chicago introduced amphiphiles (tiny nanofibers). They are amino acids doped nanofiber that boost the neutron growth and resist mutilated tissue formation. Scientific research have proved that various animal like rat and mice having spinal injuries has been recovered with these nanofiber [23].


      




      

        3.4. Medical Tools




        Nano devices are stated to be as Nanoparticles that are made with the purpose to react with the cells and tissues and achieve very sophisticated tasks [25]. Imaging tool is the most familiar example of nano devices. Oral pills take a small cameras along with itself inside the body. These cameras have high resolution and can take the picture of the small body part even up to 01µ in width (for instance red blood cell whose size is 7 µ) [19].




        Fig. (20), showed Nano cameras along with other nanoparticles inside the body at the site of disease [20].




        
[image: ]





        

          Fig. (20))




          Miniature cameras inside blood vessels (Blender battles).


        




        Measuring device ‘accelerometer’ is kind of very small device that can be fit in the bone joint areas (like hip and knees ect) to measure the movement and level of strain at these joints. To avoid infection silver nanoparticles can be coated. It kills bacteria and decrease chances of infection [22].


      




      

        3.5. Nanomedicines




        The use of materials at nanoscale greatly enhances the production, quality and the performance of the industrial products. The health sector is no exception and nanomedicine has been one of the most influenced sectors of nanotechnology applications in recent years. It is continuing to expand for the treatment of serious diseases like cancer and aids at the cell level, ensuring a complete cure of these diseases as well as greatly improving the efficacy of existing diagnostic systems and the efficacy of existing drugs. Nanotechnology based applications include preparation of drugs against number of viral diseases like H5 NI bird Flu, seasonal influenza, tuberculosis (efficient and delayed release of medicines)., HIV, Hepatitis B & C, rabies and dengue fever which are most common in South East Asia. Nanomaterials are made for viral therapy. Nanoparticles and nanocrystalline materials are already commercialized as antibacterial & antifungal agents. Nanovaccines are prepared to treat hepatitis B & C without requiring the need of refrigerating conditions in the developing countries. Some application of nanotechnology in medicine are discussed by Kim et al. [26] reported the effect of silver nanoparticles against yeast, Escherichia coli, and Staphylococcus aureus. Sadiq et al. [27] reported the antimicrobial activity of alumina nanoparticles with a mean diameter of 179 nm, against E. coli. They reported that alumina nanoparticles showed a miner growth-constraining consequence, which was at very high attentions, that may be due to surface charge interactions between bacterial cells and the nanoparticles [27]. Gold nanoparticles are of different shapes like rods, shells, cages and spheres which are used to treat cancer nano-medicines for drug delivery and cancer treatment [28, 29]. Dengue is stated to be caused by one of the type of dengue bugs. There is quite similarity of symptoms of Dengue with those of influenza: For example, abscessed patents mostly cause severe headaches, inflammation and pain in muscles and joints.




        Zhang and coworkers at the Institute of Microelectronics invented biosensor consist of a silicon nanowire which can find and sense the ‘polymerase chain reaction involving reverse transcription’ in short time of just 30 min [30]. This silicon nanowires biosensor attached with peptide nucleic acid (PNA) to detect paired DNA fragments of dengue type 2 [31, 32].


      


    




    

      4. Nanotechnology in water purification




      Fig. (21), represent that without water life in the world is impossible. Water is extremely essential for the existence of life. Uncountable uses of water include field of agricultural, industry, daily common use, recreational, leisure and worldwide activities. It is authoritative to keep in mind that only 2.5% of water on earth is fresh water, and almost 2/3 is ice-covered form found in glaciers and polar ice caps. The big difference is raised in many parts of the globe between demand and supply of water, and lot of area on the earth is expected to have imbalance in the future. A temperature variation is significantly impacting water resources throughout the world due to close connection between the climate and hydrologic cycle. Expansion of human population has resulted in competition of water, and this competition has led to depletion of the World’s chief geological formation. The massive need of neat and clear water, with increasing population, environment cruelty and lower water system, is periodically leading dangerous source of problems among the various countries in the globe [33].
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        Fig. (21))




        Pure drinking water.


      




      Furthermore, the melting glaciers due to global increase in temperature have changed the shape of the sphere, and, in this case, we have a surely going towards disaster. The chase to ensure that everyone have right of entry to clean drinking water is unspoiled in the UN’s millennium development goals, purpose to divide the big part of people without sustainable availability to safe drinking water by 2015 [18, 34]. One approach in the direction of achieving this goal is through the application of nanotechnology for providing clean and cheap drinking water. We list some of the nano techniques that are either under development or are already in use for providing clean and affordable drinking water to some of the very poor inhabitants of the third world.




      

        4.1. Nano-Filtration Membranes




        Nano-filtration membranes are using extensively to take away dissolved salts and micro-pollutants, soften water and treat waste water. The membranes with nano size pores used in the capacity of a physical barrier and prevent particles and microorganisms which are larger than the pores to go over and done with & by denying such substances selectively [18]. Research works are being carried out to remove salt from water and bring down the huge and prohibitively high cost of desalination [35]. North-West University of South Africa has been worked on treatment plant which integrates ultra- filtration membranes to neat saline groundwater in a rural area. This plant has the capacity to take away impurities such as chloride, nitrate, phosphate and sulphate to obtain safe and pure drinking water for domestic and community use. In another development, the water filter is source of clean and safe water supply for the residents of Sri Lanka, in particular the survivors of tsunami of 2004. The filter contains pot reinforced with clay paddy case at the base and coated with nano silver to solution out almost all harmful bacteria and parasites [36]. Its capacity is about 08 liters having a tap at its base. Due to filter availability there will be no need to boil water for making it safe and so fuel cost will be reduced. Cases of suffering from diseases such as diarrhea have considerably been reduced. The USA Red Cross, inaugurated making of clay filter in Sri Lanka in start of 2007 and has circulated more than 12,000 units up till now, aiding more than 55,000 Sri Lankans [36, 37]. Nano-facilitated expertise for water treatment is already available in the market with nano filtration which, at present, appears to be the most mature [38]. It is believed that the future generation water treatment apparatus will take advantage of new properties of Nano-Scale materials and may attest to be of interest in equally developing and developed countries [38].


      




      

        4.2. Nano-Porous Materials




        Researchers are developing new modules of Nano-Porous Materials that would be more effective than conventional filters. For example, let’s talk of Nano-Filtration Membranes which can produce safe drinking water from salty ground water. An Indian and US group of scientists have established carbon nanotube (CNTs) filters which can get free of viruses and bacteria more effectively than traditional filters [18, 39]. Zeolites and natural attapulgite Clays are also used in Nano-Filters. They are easily available in all local markets throughout the world and have exists in natural nanometer size pores [18, 40]. Zeolites have the ability of separating detrimental organics from water and eliminating heavy metal ions like arsenic that is dangerous and harmful for health. At cheap price condensed water purifier are available that has been inaugurated in Asia like India, Pakistan etc., last year, was proved to save millions of lives from water-borne diseases. In India, its name is Tata Swach — swach which mean clean in Hindi language and it is only two feet tall. This project was promoted by Tata group of industry for making water pure and clean. No motional water is need for the filter, and no electricity or boiling whatsoever are needed. Rice husk ash, which is biochar derived from the rice husk is use as matrix for silver nanoparticles and it have the ability to kill the bacteria is mounted in such a filter system [36]. Developing countries of India and Pakistan who produce millions of tons of rice husk can make benefits from nanotechnology to meet the needs of drinking water to millions of people affordable costs. Tata Company a chemical was firstly given a yield of one million filters a year. And after that, the purpose is to incline the production up to 3 million filters per year within the next 5 years with additional exports of filters to other countries [41].


      




      

        4.3. Nano-Catalysts, Magnets and Detectors




        Magnetic nanoparticles retain large surface areas compare to their volume and can easily bind up with chemicals. Magnetic nanoparticles of iron oxide (Fe2O3) when suspended in water, bind arsenic, which is afterwards obtained from the magnet [18, 42]. It is projected that 200-500 milligrams of Nano-Rust perhaps will give a liter of water. In Pakistan, India, Bangladesh and many other developing countries, arsenic poisoning linked to poisoned wells, is a major health problem.


      




      

        4.4. Nano-Sensors




        Nanotechnology can also detect marine contents. New sensor technologies are being developed through mixture of micro and nanofabrication to obtain small, moveable and highly perfect sensors. These sensors have the potential to identify and sense single cells of chemical and biochemical substances in water [18, 43, 44]. Preserved Nano-Wires could aid as very sensitive toxin or pathogen gauges. Scientists at Penn State University have discover a companion using electric field in which single nanowires is place on a silicon chip. They deposited an array of nanowires on the top of the electrode. This is a big breakthrough towards sensing devices that could sense hundreds of pathogens and toxic chemicals is seconds. Manufacturing nanowire detectors covers their coating with molecules which slog to specific mark molecules, like viruses. When a target molecule come across to the coating, the nanowire conductivity gets changed. The detection of this electrical indication clues to sensing device that are small in size, cost effective, and very sensitive compare to the currently using diagnostic chips that use large microscope to detect fluorescent molecules attached to the target molecule [45, 46].


      


    




    

      5. Biomedical Nanotechnology




      Biomedical nanotechnology is principally suitable to biomedicine in drugs, prostheses, diagnostic methods and grafts. Interest is bring upsets in biomedical applications for use in body externally, like as diagnostic sensors and “labon-a-chip” skills, that is applicable for detecting blood samples, used as analytical tools in drugs for the purpose of research and development. Manufactured to be used within the body, some companies are promoting anticancer drugs, entrenched insulin pumps, and gene therapy. Nanotechnology also focus towards the prostheses and artificial implants [30, 47]. The nanotechnology field is currently one of the most energetic and promising fields of technology. While there’s been exchange of nanotech applied to everything from wearing clothing to sports golf balls, the main area of R & D funding and investment is obviously centered in materials research pragmatic to semiconductor technology. One of the prime challenges for nanotechnology today is fabrication technique. The price to build a new semiconductor fabrication reaches easily into billions of dollars ($). This has directed many within the nanotechnology industry to find what is possible with already existing semiconductor technology. On the other hand, cutting-edge semiconductor handling is already going on well below 100nm, the dawn for nanotechnology. Additionally, consumer products are becoming richer in respect of their topographies, with customer reluctant to pay noticeably more for these properties. The hurdle that the designers of device is facing, is to put more attractive features into the same or smaller devices without meaningfully increasing costs and weight. With the trying of getting more functionality, it is needed that the devices must shrink even more. Nanotechnology developments guaranteed to help our present industry break out of the basic physics barriers we are facing with diminishment, along with addressing the heat glitches associated with device shrinkage [48, 49]. International nano biotechnology market is round about to $4.94 Billion by 2015, listed in accordance with recent survey of researcher [50]. Nano biotechnology is gathering pharmaceutical and biotechnology industries. This technology can sense the drugs growth levels, right from -inventions for optimum drug delivery to diagnostic diseases in various clinical trials. The emergence upset towards the nanomedicine, advanced analysis and nano medicines drug delivery gadgets will be done to realism having more advertised and idealized expansion small tools like nanobots that are accomplished of functioning minimally violent process. This area of nanotechnology optimally composed to enhance the prompt elderly globe and the paralleling growing requirement for better health care problems. The light of nano biotechnology blows into drug invasions and its delivery, tissue regeneration, analysis, grafting tools, magnetic resonance imaging, and environmental problems, medicals products will majorly be seen to the top in the incoming years. The nano biotechnology advances laboratory level research to more practical application ambitious pharmaceutical and biotechnological industries that have previously shown uncertain unwillingness toward this highly expensive, unknown and uncharted direction, that are now viewing more interest in appointing into this space. Nano biotechnology is now applied as a developing tool for profitable answers for all over the globe ranging from decorative medicine, health care to variable market, and environmental remedies. Furthermore, the present economic state of the globe has directed the view of big investors, who invest in industries with the biggest potential, and nano biotechnology is hope to arise into valuable profit of this trend. Worldwide nano biotechnology has made research directions to invest in the time casing of 3 to 6 years, will be the minimum influence with the most corrected wedged being middle- term investments within the time duration of 1-2 years. In umbrella of government ventures are hope to go on undeterred, while the private project are still has no chance to continue. The nanomaterials that is most wide market of advance nanotechnology group in recent area, is important factor causal towards the income influx for the nano biotechnology. The USA is the biggest center for nano biotechnology globally, while other markets are consider to be growing fast. Growth in other nanotechnology market mostly arises from the Asian region, especially people Republic of China, South Korea and Taiwan. Aduro BioTech, Arrowhead Research Corporation, Calando Pharmaceuticals, Inc., Unidym, Inc., Agilent Technologies Inc, Asklepios Bio Pharmaceutical Inc, Biosante Phosphate Pharmaceuticals, Inc., Elan Pharmaceuticals, Flamel Technologies, Inc., Life Technologies Corporation, Bio Trove, Inc., Invitrogen Corporation, Nano Bio Corporation, Nanogen, Inc., Nanophase Technologies Corporation, Sivida Ltd, Sigma Aldrich Company, Starpharma Holdings Ltd., Air D-Fence™ & Nanolok™ by InMat (tennis), nano- CFC® by Holmenkol (skiing), N-FUSED™ by Easton (archery), NSi™ from St. Croix (fly-fishing), Nanopreme™ by Yonex (golf), Double Core™ & BLX™ by Wilson (tennis),Dendritic Nanotechnologies, Inc., and Zyvex Instruments LLC are the key players in the worldwide markets [51, 52].
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