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ABSTRACT:

     Nanotechnology is a field of applied science and technology covering a broad range of topics. The main unifying theme is the control of matter on a scale smaller than one micrometre, as well as the fabrication of devices on this same length scale. It is a highly multidisciplinary field, drawing from fields such as colloidal science, device physics, and supramolecular chemistry. Much speculation exists as to what new science and technology might result from these lines of research. Some view nanotechnology as a marketing term that describes pre-existing lines of research.

             Nanotechnology is predicted to become the basis for remarkably powerful and inexpensive computers, fundamentally new medical technologies that could save millions of lives, sensors important in military application as well as environmental protection, and new zero-pollution manufacturing methods that could create greater material abundance. According to key policy makers, the development of nanotechnology as the latest mega trend in science and engineering will bring a wave of radical innovation and perhaps, because of its potentially broad impact, spark a new industrial revolution.

              Nanotechnology is also an umbrella description of emerging technological developments associated with sub-microscopic dimensions. Despite the great promise of numerous nanotechnologies such as quantum dots and nanotubes, real applications that have moved out of the lab and into the marketplace have mainly utilized the advantages of colloidal nanoparticles in bulk form, such as suntan lotion, cosmetics, protective coatings, and stain resistant clothing. Nanotechnology cuts across many disciplines, including colloidal science, chemistry, applied physics, biology. It could variously be seen as an extension of existing sciences into the nanoscale, or as a recasting of existing sciences using a newer, more modern term.

INTRODUCTION:
Nanotechnology is the engineering of functional systems at the molecular scale. This covers both current work and concepts that are more advanced. In its original sense, 'nanotechnology' refers to the projected ability to construct items from the bottom up, using techniques and tools being developed today to make complete, high performance products.

 Nanotechnology is a catch-all phrase for materials and devices that operate at the nanoscale. In the metric system of measurement, “Nano” equals a billionth and therefore a nanometer is one-billionth of a meter. References to nano materials, nanoelectronics, nano devices and nanopowders simply mean the material or activity can be measured in nanometers. To appreciate the size, a human red blood cell is over 2,000 nanometers long, virtually outside the nanoscale range!
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         When K. Eric Drexler  popularized the word 'nanotechnology' in the 1980's, he was talking about building machines on the scale of molecules, a few nanometers wide motors, robot arms, and even whole computers, far smaller than a cell. Drexler spent the next ten years describing and analyzing these incredible devices and responding to accusations of science fiction.
Conflicting Definitions :
Unfortunately, conflicting definitions of nanotechnology and blurry distinctions between significantly different fields have complicated the effort to understand the differences and develop sensible, effective policy.  

The risks of today's nanoscale technologies cannot be treated the same as the risks of longer-term molecular manufacturing. It is a mistake to put them together in one basket for policy consideration—each is important to address, but they offer different problems and will require different solutions. Essentially, anything sufficiently small and interesting can be called nanotechnology. 

Four Generations :
Mihail Roco of the U.S. National Nanotechnology Initiative has described four generations of nanotechnology development. The current era, as Roco depicts it, is that of passive nanostructures, materials designed to perform one task. The second phase, which we are just entering, introduces active nanostructures for multitasking; for example, actuators, drug delivery devices, and sensors. The third generation is expected to begin emerging around 2010 and will feature nanosystems with thousands of interacting components. A few years after that, the first integrated nanosystems, functioning much like a mammalian cell with hierarchical systems within systems, are expected to be developed.
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How are nanotechnologies used today?   

           Despite views that nanotechnology is a far-fetched idea with no near-term applications, nanoparticles, nanopowders and nanotubes already play a significant role in industry, environmental remediation, medicine, science and even in the household. The majority of nanotechnologies commercially used today are based on such nano-sized particles. 

Rare earth nanoparticles and rare earth oxide nanopowders are finding application in uses as varied as enhanced fiber optic amplification (EDFA) to the removal of phosphate in the blood of patients with Hyperphosphatemia. Iron Nanoparticles, Iron Oxide Nanopowder, Cobalt Nanoparticles, and several other elemental nanoparticles and alloys form a group of “Magnetic Nanoparticles” with promising application in medical treatment of cancer, magnetic storage and magnetic resonance imaging (MRI). 
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Benefits of Nanotechnology :

      
 Nanotechnology can solve many of the world's current problems. Some of the benefits of nanotechnology are stated below:

· Advanced nanotech can solve many human problems.

Technology is not a panacea. However, it can be extremely useful in solving many kinds of problems. Improved housing and plumbing will increase health. More efficient agriculture and industry save water, land, materials, and labor, and reduce pollution. Access to information, education, and communication provides many opportunities for self improvement, economic efficiency, and participatory government. Cheap, reliable power is vital for the use of other technologies and provides many conveniences. Today, technology relies on distributed manufacturing, which requires many specialized materials and machines and highly trained labor. 
 Many diverse problems are related to water.

A few basic problems create vast amounts of suffering and tragedy. Much industry can be directly replaced by nanotechnology. Agriculture can be moved into greenhouses. Residential water can be treated and recycled. Water-related diseases kill thousands, perhaps tens of thousands, of children each day. This is entirely preventable with basic technology, cheap to manufacture—if the factories are cheap and portable.

· Nano Lasers in Communication

                    The complex interaction between light and nanometer structures, like wires, has possibilities as new technology for devices and sensors. NAS researchers are studying light emission from a semiconductor nanowire-typically 10-100 nanometers wide and a few micrometers long-which functions as a laser. Lasers made from arrays of these wires have many potential applications in communications and sensing for NASA.
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· Cheap greenhouses can save water, land, and food.

             Moving agriculture into greenhouses can recover most of the water used, by dehumidifying the exhaust air and treating and re-using runoff. Additionally, greenhouse agriculture requires less labor and far less land area than open-field agriculture, and provides greater independence from weather conditions including seasonal variations and droughts. Greenhouses, with or without thermal insulation, would be extremely cheap to build with nanotechnology. A large-scale move to greenhouse agriculture would reduce water use, land use, and weather-related food shortages.
· Nanotech makes solar energy feasible.
Solar energy would be feasible in most areas of the globe if manufacturing and land were sufficiently cheap and energy storage was sufficiently effective. Solar electricity generation depends on either photovoltaic conversion, or concentrating direct sunlight. The former works, although with reduced efficiency, on cloudy days; the latter can be accomplished without semiconductors. In either case, not much material is required, and mechanical designs can be made simple and fairly easy to maintain. 
· Computers will be cheap enough for everyone.
 Nanotechnology can create computer logic gates a few nanometers on a side, and efficient enough to be stacked in 3D. An entire supercomputer can fit into a cubic millimeter, and cost a small fraction of a cent. Thus computation, communication, and display are all feasible with pure diamondoid technology. Computers, PDAs, and cell phones can be cheap enough for even the poorest people on earth to own one, and contain more than enough processing capability for a voice interface for illiterate people. Distributed networking hardware can likewise be very cheap, and distributed networking software, though not trivial, is already being developed. The whole world could get "wired" within a year.

· Nanotech can help the environment.

Environmental degradation is a serious problem with many sources and causes. One of the biggest causes is farming. Greenhouses can greatly reduce water use, land use, runoff, and topsoil loss. Mining is another serious problem. When most structure and function can be built out of carbon and hydrogen, there will be far less use for minerals, and mining operations can be mostly shut down. Storable solar energy will reduce ash, soot, hydrocarbon, NOx, and CO2 emissions, as well as oil spills. In most cases, there will be strong economic incentives to adopt newer, more efficient technologies as rapidly as possible.

· Improved medicine can be widely available

Nanotechnology will impact the practice of medicine in many ways. Research and diagnosis will be far more efficient, allowing rapid response to new diseases, including engineered diseases. Small, cheap, numerous sensors, computers, and other implantable devices may allow continuous health monitoring and semi-automated treatment. As the practice of medicine becomes cheaper and less uncertain, it can become available to more people. 

· Nanopore Sensor

             Applied voltage draws a DNA strand and surrounding ionic solution through a pore of nanometer dimensions. The various DNA units in the strand block ion flow by differing amounts. In turn, by measuring these differences in ion current, scientists can detect the sequence of DNA units. Atomistic scale simulations performed on the NASA Columbia supercomputer (SGI Altix-3000) allow detailed study of DNA translocation to enhance the abilities of these sequencers. Solid-state nanopores offer a better temporal control of the translocation of DNA, and a more robust template for nano-engineering than biological ion channels. 
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       The chemistry of solid-state nanopores can be more easily tuned to increase the signal resolution. These advantages will results in real-time genome sequencing. Potential applications for NASA missions including astronaut health, life detection and decoding of various genomes.
Risks of Nanotechnogy :

Nanotechnogy will be a significant breakthrough, comparable perhaps to the Industrial Revolution—but compressed into a few years.

· The power of the technology may cause two competing nations to enter disruptive and unstable arms race. Weapons and surveillance devices could be made small, cheap, powerful, and very numerous. 

· Cheap manufacturing and duplication of designs could lead to economic upheaval.

· Overuse of inexpensive products could cause widespread environmental damage.

· Attempts to control these and other risks may lead to abusive restrictions, or create demand for a black market.

What is the future of Nanotechnology?    

Nanotechnology is expected to have an impact on nearly every industry. The U.S. National Science Foundation has predicted that the global market for nanotechnologies will reach $1 trillion or more within 20 years. The research community is actively pursuing hundreds of applications in nanomaterials, nanoelectronics, and bionanotechnology. Most near term (1-5 years) applications of nanotechnology are in the form of nanomaterials. These include materials such as lighter and stronger nanocomposites, antibacterial nanoparticles, and nanostructured crystals.

Current research on Nanotechnology :

· Nano car 

                        The nanocar is a molecule designed in 2005 at Rice University in the group of Professor James Tour. Despite the catchy name, the original nanocar does not contain a molecular motor, hence, it is not really a car. Rather, it was designed to solve the question of how fullerenes move about on metal surfaces; specifically, whether they roll or slide.The molecule consists of a H-shaped 'chassis' with fullerene groups attached at the four corners to act as wheels.When dispersed on a gold surface, the molecules attach themselves to the surface via their fullerene groups and are detected via scanning tunneling microscopy. One can deduce their orientation as the frame is a little shorter than its width.

                                        


                       Space-filling model of the nanocar on a surface

                               Upon heating the surface to 200 °C the molecules move forward and back as they roll on their fullerene "wheels". The nanocar is able to roll about due to the fact that the fullerene wheel is fit to the alkyne "axle" through a carbon-carbon single bond. The hydrogen on the neighboring carbon is no great obstacle to free rotation. When the temperature is high enough, the four carbon-carbon bonds rotate and the car rolls about. Occasionally the direction of movement changes as the molecule pivots. The rolling action was confirmed by Professor Kevin Kelly, also at Rice, by pulling the molecule with the tip of the STM microscope.

· Energy transfer device

                        A wireless nanodevice that functions like a fluorescent light , but potentially far more efficiently — has been developed in a joint project between the National Nuclear Security Administration’s Los Alamos and Sandia national laboratories.The experimental success, reported in the June 10 issue of Nature, efficiently causes nanocrystals to emit light when placed on top of a nearby energy source, eliminating the need to put wires directly on the nanocrystals.The energy source is a so-called quantum well that emits energy at wavelengths most easily absorbable by the nanocrystals.

                                           


       This device transfers energy from nano-thin layers of quantum wells to      nanocrystals above them, causing the nanocrystals to emit visible light.                           

The efficiency of the energy transfer from the quantum well to the nanocrystals was approximately 55 percent — although in theory nearly 100 percent transfer of the energy is possible and might be achieved with further tweaking.The work is another step in creating more efficient white-light-emitting diodes , semiconductor-based structures more efficient and hardier than the common tungsten light bulb.The current work shows that the nanocrystals can be pumped very efficiently by a peculiar kind of energy transfer that does not require radiation in the usual sense. The process is so efficient, reports Los Alamos National Laboratory (LANL) researcher Marc Achermann, because unlike the fluorescent bulb, which must radiate its ultraviolet energy to the phosphor, the quantum well delivers its ultraviolet energy to the nanocrystal very rapidly before radiation occurs.

                          Because the emissions of nanocrystals can be varied merely by controlling the size of the dot rather than by the standard, cumbersome process of varying the mix of materials, no known theoretical or practical barriers exist to pumping different-sized quantum dots that could individually emit blue, green, or red light, or be combined to generate white light.The quantum well, about three nanometers thick, is composed of a dozen atomic layers. It coats a wafer two inches in diameter and is composed of indium gallium nitride. The film is not fabricated but rather grown as crystal, with an energy gap between its different layers that emits energy in the ultraviolet range at approximately 400 nm.

                    In this proof-of-principle work, the energy in the quantum well was delivered with a laser. Although the difficulties of inserting energy into the quantum well using an electrical connection rather than laser light are significant, it is considered to be feasible.LANL researchers Achermann, Melissa Petruska, Simon Kos, Darryl Smith, and Victor Klimov attached the semiconductor nanocrystals, made the measurements, and created the theory .                    
 Conclusion:

        While nanotech on the one hand is a very new area, claims have been made that it has already impacted markets and even that it has been around for thirty or more years. More importantly, new discoveries such as carbon nanotubes and quantum dots are fuelling excitement about future nanotech markets. A review of the growth of patents, company activities, and interviews with company representatives and discussions with nanotechnology scientists and engineers confirm that this excitement is grounded in reality. The reviews and discussions further suggest that nanotech’s first impact will be in the areas of coatings, films, and sensors and thus rightfully ranking the materials sub sector as having the largest market followed by the devices and then the nanobiosectors. Most agree that the impact will be significant and could be revolutionized.

                                  ******      ******




With 15,342 atoms, this parallel-shaft speed reducer gear is one of the largest nanomechanical devices ever modeled in atomic detail.� INCLUDEPICTURE "http://www.crnano.org/srg-iii-pov-animation2.gif" \* MERGEFORMATINET ���
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Typical � HYPERLINK "http://en.wikipedia.org/wiki/Atomic_force_microscope" \o "Atomic force microscope" �AFM� setup. A � HYPERLINK "http://en.wikipedia.org/wiki/Microfabrication" \o "Microfabrication" �microfabricated� � HYPERLINK "http://en.wikipedia.org/wiki/Cantilever" \o "Cantilever" �cantilever� with a sharp tip is deflected by features on a sample surface, much like in a � HYPERLINK "http://en.wikipedia.org/wiki/Phonograph" \o "Phonograph" �phonograph� but on a much smaller scale. A � HYPERLINK "http://en.wikipedia.org/wiki/Laser" \o "Laser" �laser� beam reflects off the backside of the cantilever into a set of � HYPERLINK "http://en.wikipedia.org/wiki/Photodetector" \o "Photodetector" �photodetectors�, allowing the deflection to be measured and assembled into an image of the surface.
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