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                                 NANOTECHNOLOGY

                              Too small to see ---- Too large to ignore

                                                          NANOTECHNOLOGY

ABSTRACT: 

This paper focusses on the research, developments, advantages and disadvantages of Nanotechnology. Nanotechnology is perceived as one of the key technologies of the 21st century with a potential to flourish in the near future.The aim of nanotechnology is to build the future, atom by atom.The very thought,“There is plenty of room at the bottom” took the trend towards this miniaturization.When we get to the very, very small world of atoms,we have a lot of new things that would happen that represent completely new opportunities for design. Atoms on a small scale satisfy the laws of quantum mechanics. So, as we go down and fiddle around with the atoms down there, we are working with different laws, and we can expect to do different things. We can manufacture in different ways.  Another thing we will notice is that, if we go down far enough, all of our devices can be mass produced so that they are absolutely perfect copies of one another. We cannot build two large machines so that the dimensions are exactly the same.  At this atomic level, we have new kinds of forces and new kinds of possibilities, new kinds of effects. The problems of manufacture and reproduction of materials will be quite different. In a few decades, this emerging technology will let us inexpensively arrange atoms and molecules in most of the ways permitted. It will let us make supercomputers that fit on the head of a pin and fleets of medical nanorobots smaller than a human cell able to eliminate cancer, infections, clogged arteries, and even old age. Hence nanotechnology is a development that cannot be avoided. We are just at the beginning of the road, and a few commercial products are using one-dimensional nano-structures (nanoparticles, nanotubes, nanolayers, and superlattices). New concepts and economical manufacturing of two- and three-dimensional nanostructures are challenging issues for the future. Since all objects establish their foundation at the nanoscale, and their properties could be tailored at that scale for given purposes, nanotechnology may revolutionize production of almost all manmade objects. People will look back on this era with the same feelings we have toward medieval times--when technology was primitive and almost everyone lived in poverty and died young. Described as 'a new industrial revolution', nanotechnologies have the potential to produce sweeping changes to all aspects of human society inspite of the minor flaws.
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PRESENT SCENARIO: 

Though the technology has developed rapidly over the years there are still some challenges which are to be met. Some of them are

Conventional manufacturing is expensive as it uses large amounts of material and energy and its cost of capital, land and labour are high. In addition to this it creates more pollution.And nonrenewable resources are exploitated by man to such an extent that they will be exhausted in the near future. Also surgical instruments of high precision – that could operate on even cells and molecules are to be invented.Living systems should be explored and analysed more clearly than even before.Moore proposed in 1965 that computer processing power would double every 18 months which means the transistors must be scaled down to at least   9 nanometers by around 2016.Storage devices should also have the capacity of storing lump some data in a relatively less space. Pollution check using eco friendly techniques has become a great challenge in 21st century and it should be met. Ozone layer ,greatly damaged due to human activity needs an immediate check.Micro structural study of several metals reveals many interesting facts about their properties. Hence we should probe into micro structural level. 

All these challenges could be efficiently met only by scaling down the existing technologies to the next level of precision & miniaturiasation which can be achieved by a newly emerging weapon-------





                NANO TECHNOLOGY

NANOTECHNOLOGY--BRIEF:

Nanotechnology is a creation of functional materials, devices and systems through control of matter on nanometer scale .It is often termed as “MOLECULAR MANUFACTURING”. When solids, liquids, and gases are confined to regions smaller than 100 nm, for instance, their behavior can be modified by the confinement. Properties such as thermal conductivity, electrical conductivity, optical absorption and emission spectra, mechanical strength, and viscosity are size dependent. Hence nanotechnology works at nanometer scale which is very small. The tip of probe of scanning tunneling microscope, used to record surface topography has a diameter of 10 nanometers----that’s 0.01 micrometer or 10000 across on tip of a pin! Nanotechnology includes integration of nanoscale structures into larger architectures that could be used in industry, medicine, and environmental protection. Nanotechnology is the amalgamation of knowledge from chemistry, physics, biology, materials science, and various engineering fields.What has nanotechnology got to do with mechanical engineering? In fact, quite a bit of nanoscale science and engineering is already performed by mechanical engineers. For example, mechanical engineers have been essential in developing instruments such as nanoindentors and atomic force microscopes, which are used for mechanical testing, nanoscale imaging, and metrology.Mechanical engineering issues extend to instruments for nanoparticle and aerosol detection and characterization, as well as to various forms of nanoscale imaging. Magnetic data storage technology already has many features that fall well into the nanometer size range, and requires mechanical engineering knowledge and expertise to further its development. Mechanical engineering concepts also come into play in designing magnetic data storage, which currently requires heads to fly over a disk with spacing of about 10 nm. Maintaining such flying heights without crashing calls for exquisite design and manufacturing of disks and heads, and fundamental understanding of dynamics, non-continuum fluid mechanics, and surface forces. This has always been part of mechanicalengineering and is expected to [image: image1.png]DNA PROTEIN




remain so even as the scales involved shrink. Another field where nanotechnology may need mechanical engineers is information processing and storage. When transistors reach the scales of 20 to 30 nano-meters (a scale that will be necessary to keep up with Moore's law) quantum effects such as electron tunneling will lead to electron leakage, and this will cost power. Higher speeds will also require electromagnetic isolation, which will necessitate the use of materials that have extremely low thermal conductivities. In addition, novel cooling technologies that directly interface with electronic and optoelectronic chips must be developed. To create chip designs that solve these thermal problems, technologists will need a basic understanding of how heat flows in nanostructures and across interfaces. One of the biggest challenges in magnetic recording is the so-called super paramagnetic limit, which occurswhen the volume of a magnetic domain is sufficiently small that thermal fluctuations randomize its polarization. This can be overcome by patterning the magnetic medium. How does one manufacture highly regular magnetic bits with sizes in the range of 20 to 100 nm over a disk surface with diameter of about 3 to 10 cm? The ultimate solution to this problem will be derived from mechanical engineering. 

 There are many concepts in mechanical engineering that are critical in the development of nanotechnology. Hence it is incumbent upon mechanical engineers to provide depth in these areas.

APPLICATIONS:   

The new technology has the potential to significantly change a large cross-section of the economy in the coming decades in industrialized countries. Here are several examples of the promise of nanotechnology based on research in progress or envisioned by the private sector: 
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MANUFACTURING:  Molecular manufacturing will be inexpensive as it uses small amounts of material and energy and molecular manufacturing systems can be quickly used to build additional molecular systems.Also it can be energy efficient as it’s basic productive mechanism, which is to guide the motion of molecules using mechanical systems, imposes no great energy cost. It is used to manufacture metals, ceramics,  polymers etc., at exact shape without machining.It is also used to manufacture lighter , stronger , programmable materials with low failure rates and reduced life cycle costs.

ENERGY SOURCES:  Our dependence on non-renewable sources diminishes with Nanotechnology. Nanotechnology is expected to reduce the need for scarce material resources and diminish pollution for a cleaner environment. In 10 to 15 years, nanotechnology based lighting advances have the potential to reduce worldwide consumption of energy by more than 10 percent, reflecting a reduction of 200 million tons of carbon emissions. 

METALLURGY: The properties of several materials at microstructural level are promising. For example the yield strength of aluminium increases as film thickness decreases. The strength reaches a peak value of 750 MPa for 100 nanometers thin film but decreases with further decrease of thickness.In this way the micro structural mechanisms can be studied using nanotechnology.Also materials with high performance, and unique properties and functions will be produced that traditional chemistry could not create.

MEDICINE:  Since disease is the result of physical disorder--of misarranged molecules and cells--medicine at this level should be able to cure most diseases.Hence nanotechnology has wide scope in medicine. Nanostructures such as particles and polymeric dendrimers could be designed as drug delivery [image: image6.png]



systems.Assembler-based manufacturing will provide new tools for medicine, making possible molecular-scale surgery to repair and rearrange cells. Mutations in DNA could be repaired, and cancer cells, toxic chemicals, and viruses could be destroyed through use of medical nanomachines, including cell repair machines. Nanotechnology will improve health care, help extend the life span, improve its quality, and extend human physical capabilities.Medicinal  fluids containing nano robots programmed to attack and reconstruct the molecular structure of cancer cells & viruses to make them harmless.Nano robots could also be programmed to perform delicate surgeries .

ENVIRONMENT:  Nanotechnology has the potential to benefit the environment through pollution treatment and remediation as any waste atoms could be recycled, since they could be kept under control. This would include improved detection and sensing, removal of the finest contaminants from air, water and soil, and creation of new industrial processes that reduce waste products and are ecofriendly. Airborne nanorobots could be programmed to rebuild the thinning ozone layer. Contaminants could be automatically removed from water sources and oil spills could be cleaned up instantly. Immense tonnage of excess carbon dioxide in the atmosphere could be economically removed

CLEAN WATER:  One of the biggest environmental challenges that humanity faces today is clean water. Nanostructured filters used for ion exchange hold promise for removing contaminants. Their manufacture however, must be inexpensive, and the science of nanofluidics must be understood to make these filters effective for cleaning water. 
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COMPUTING:  Assembler-based manufacturing will enable the construction of extremely small computers. The equivalent of a modern mainframe computer could fit into a cubic micron. Once such nanocomputers have been designed and the technology is in hand, building them will be inexpensive, enabling us to use many of them at once. 

.
NANO POSITIONERS: NanoPositioners are superior to traditional positioners (with crossed roller bearings, etc.) in terms of response, speed, resolution, accuracy, straightness and flatness. NanoPositioners can easily achieve resolution and repeatability and flatness in the nanometer realm and below.

AGRICULTURE: Nanotechnology will improve agricultural yields for an increased population, provide more economical water filtration and desalination, and improve renewable energy sources, such as solar energy conversion. A recently tested flow-through capacitator with aligned carbon nanotube electrodes can desalt sea water with 10 times less energy than state-of-the-art reverse osmosis
RESEARCH & DEVELOPMENTS:

Active researchers in the field of nano technology are enthusiastic about its potential applications in such fields as energy, materials ,electronics ,computing and medicine.
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CARBON NANOTUBES:  Carbon nanotubes have extraordinary mechanical properties, and there is much research interest in carbon nanotube composites for structural materials. The result would be light but extremely strong materials of great interest to industries such as aerospace. Furthermore, the electrical and mechanical properties of carbon nanotubes are coupled, and so-called "smart" materials can be contemplated that don't just bear forces, but can also transduce and react to these forces in an engineered manner. The macroscopic properties of materials can be enhanced through the engineering of nanoscale composites. For example, single-wall carbon nanotubes have exceptional mechanical strength. Many groups are now working to make very strong polymer/carbon nano-tube composites. 
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NANO COMPUTER:  It is a computer whose fundamental components measure only a few nanometers ,thereby offering tremendous speed and density. Research is going on in this project.The nano computer dream team(NCDT) is currently developing a software to create a massive parallel supercomputer based on personal computers linked via internet. 

SENSORS AND ACTUATORS:  Research is going on to develop mechanical sensors or actuators that depend upon the enhanced properties of nanoscale components for their functionality. Just as work at the interface between microscale technology and mechanical engineering created useful MEMS devices in the last decade, work at the interface between nanoscale technology and mechanical engineering will produce NEMS devices in the future.

FLAT LENS:  Researchers developed a flat lens crystal capable of producing a real image and fabricated a photonic crystal out of aluminium rods.Though optically opaque the rod transmits microwaves and the researchers were able to use a flat slab made of aluminium rods to focus a microwave beam.

. 

REVOLUTIONIZING THE FUTURE:

The broader perspective of the qualitative changes nano-technology will bring to society cannot be underestimated; some changes are unpredictable. There has been an explosion of discoveries in the last few years, and development is expected to accelerate in the next decade. Much scientific advancement exceed the projections made just one year ago, in areas such as molecular electronics, guided self-assembly, medicine, and DNA processing. 

Nanoscale science and engineering promise to restructure almost all industries toward the next industrial revolution, and to assure the quality of life in an increasingly crowded planet with shrinking energy and materials resources and less environmental endurance. The blossom of two flag technologies, information and bio, would be severely hampered without the concepts, tools, materials, systems, and synergism provided by future nanotechnology growth. In the last several years, multibillion-dollar markets based on nanotechnology have been developed. 

LIMITATIONS:

Nano technology can be disadvantageous as all things are. Researchers have demonstrated that small systems behave dramatically , differently from large breaking the second law of thermodynamics and posing a major challenge for those developing nanotechnology. The second law of thermodynamics states that closed systems remain the same or have an increase in entropy over time. A hot cup of coffee, for example, won't get hotter without intervention.

But while this has proven true at the macro level, chemical physicists have shown it doesn't hold at the micro level, suggesting nanotechnology will be difficult to develop as anything modelled on large systems could sometimes run backwards .Also with nanotechnology destructive objects  such as atomic bomb grenades,nuclear weapons, robotic killers designed to kill humans etc.,can be made which can dump humanity in danger.. 

CONCLUSION:

The emerging fields of nanoscience and nanoengineering are leading to unprecented understanding and control over the fundamental building blocks of all physical things. Mechanical devices allowed us to reach beyond our physical strength and advance into technical civilization. Nanoscience and nanoscale manufacturing will allow us to reach beyond our natural size limitation, and work directly at the building blocks of matter where properties are defined and can be changed. Combining the present technology with the staggering potential of nanotechnology to forge devices from the smallest building blocks we are certainly on the verge of a revolution in the way we sense and control the physical world around us. This is likely to change the way almost everything –from vaccines to computers to automobiles tyres to objects not yet imagined –is designed and made.
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