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Nanotechnologies
(from the Greek nanos,
dwarf) are the branch of the applied science and technology about the
control, the design and the realization of devices and materials on a
dimensional scale inferior to the micrometer, normally included
between 1 and 100 nanometres (it has to be remembered that one
nanometre is equal to a millionth of millimetre or to a billionth of
meter). To understand better these dimensions, a reference can be
made to some examples. The relationship between one nanometre and one
meter corresponds about to the bigness relationship that exists
between the diameter of a tennis ball and that of the Earth.


However,
the world of nanotechnologies doesn’t give only the advantages
linked to the reduction of dimensions but it enables to get real
changes of the intrinsic physical, chemical and structural properties
in passing from materials in their natural form to the nanometric one
(and it is a crucial aspect of the nanotech world). By consequence,
the behaviour of the various types of matter at nanometric level can
be extremely different, and not always predictable, from that of the
material in its original dimensions.


For
example, gold has its classic yellow colour in its massive form that
characterizes it, but when it is synthesized in form of aggregates of
nanoparticles in solution, it changes its colour depending on their
form and dimension. To make another example of macroscopic
dimensions, the fusion temperature of the ice doesn’t change: an
iceberg and an ice cube fuse at the same temperature. The situation
is quite different in nano-scopic conditions: nanocrystals of CdSe
(cadmium
selenium)
fuse at 700 Kelvin, while macroscopic crystals at 1678 Kelvin.


The
theory linked to the nanoparticles can help to understand these
phenomena, where a crucial parameter is the relationship between the
area of the surfaces and their volume. The physical and chemical
properties of macroscopic objects (with a low relationship
area/volume) are essentially determined by the structure of the solid
while in the smallest objects (with a high relationship area/volume)
the characteristics of the surface become and affect the chemical and
physical properties.


Therefore,
the relationship between surface and internal particles changes with
the nanotechnologies, and, by consequence, the properties and the
crucial characteristics of the material change. The nanostructured
solid has better properties than the solid with a normal structure
with an equal chemical composition: metals improve their mechanical
properties, the ceramic materials their tenacity, the polymers their
electric properties and so on. The synthesis and the control of the
materials carried out on a nanometric scale enables to improve the
structural and functional properties.


Therefore,
the nanotechnologies lead to a new series of materials and devices
with unsuspected properties at a maximum level that open new
interesting and sensational scenarios substantially in all the
application fields of chemistry, building, medicine, electronics and
so on.


The
most interesting trend in the development of the NTs is maybe their
potential on the manufacturing industry through the introduction of a
new assembly concept according to which products are manufactured
from below, from atoms to molecules, creating objects of any form and
volume. If this is an innovation that belongs to a distant future, it
is also true that there isn’t currently any physical law that
proves its impossibility. In this connection, the biological cellular
processes represent a guiding model.


Today,
the nanotechnologies can be regarded as a reality from different
points of view and science is able to produce nanomaterials in
different ways. The most spread technique is the downsizing
consisting in realizing a nonomaterial according to a “top down”
approach (for example engraving a microchip of silicon). On the
contrary, an example of “bottom up” approach is represented by
the synthesis of carbon nanotubes by means of techniques like the
chemical vapour deposition, used by all the manufacturers of chips.


On
the contrary, an example of “bottom up” approach is represented
by the synthesis of carbon nanotubes by means of techniques like the
chemical vapour deposition (CVD), used by all the chip manufacturers.
The nanoparticles can be singularly manipulated by special
instruments, such as the scanning tunnelling microscope (STM) and the
atomic force microscope (AFM) and their most recent versions. Another
method consists in exploiting the energy of DNA to create a
self-assembling nano-transistor, the base of electronics.


Anyway,
building materials shifting single atoms isn’t suitable for the
mass production, because it requires a low and complex process.
Therefore, some researchers of the field, under Drexler’s guide,
argued for the concept of molecular
nanotechnologies
like real nanotechnologies. In molecular nanotechnologies, small
nanorobots are able to build objects and themselves too, just like
the cellular organisms of the organic world.


The
MNTs could lead to a radical change of the industrial models,
allowing to the human kind to build any high-quality product in any
quantity, in economy and in the respect for the environment. However,
these self-replicating nano-assemblers still have to be invented.
Moreover, scientists like the Nobel price Richard Smalley called
their feasibility into question inspiring to crucial principles of
physics.


Currently,
it seems more plausible a different three-dimensional model of
“convergent assembly” according to which the product can be
produced following a “bottom-up” approach at different levels of
the assembly line. This means that the smallest elements would be
initially assembled in bigger parts and, in turn, they would be
assembled in still bigger ones and so on, to complete the product.
The assembly of the different elements would be carried out by robots
of different dimensions, depending on the level in the assembly line.




Different
countries and companies are heavily investing in the research in
nanotechnologies. Some estimates of the Lux Research, an American
consultancy company in nanotechnologies, indicate the world
expenditure in research and development of nanotechnologies in over
8,6 billions of dollars.


Between
1997 and 2004, the investments of the government in this field, the
National Nanotechnology Initiative (NNI), received funds for about a
billions of dollars, thus becoming the greatest American scientific
program financed with federal funds, overcoming to a good extent even
the project for the human genome. Japan also invested about one
billion dollars, followed by some developing countries such as India,
China, South Africa and Brazil.


If
governmental funds have been higher than the private ones until now,
the Lux’s estimates indicate that the situation is destined to be
inverted in the future. 



Currently,
the application of the NTs is mostly limited to the production of
chip computers and chemical and precision products. Better sunscreens
and cosmetics, more resistant tennis rackets, self-cleaning glasses,
additives for fuels, more sensible optic products and more powerful
computers are some examples of the always more numerous possible
practical applications of the NTs.


Many
scientists are convinced that the recourse to the NTs will notably
grow in the next twenty or thirty years to spread anywhere. According
to the estimates of the British Royal Society and the Royal Academy
of Engineering, nanotechnologies will produce considerable
improvements in other different fields, such as medicine, computer
science and the energetic and military industry. 



If
their supporters regard them able to overcome the most serious
problems of mankind, such as famines, pollution and lethal diseases,
others fear that their illegitimate use or side effects can cause
huge disasters.


Given
the huge potential of nanotechnologies, the effects of the
innovations that could derive from their application should be
carefully analyzed by civil and political society.
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The
“green” nanotechnologies


 



The
climatic changes, the dependence on the fossil sources for the energy
production and the excessive exploitation of natural resources along
the impact of the excessive consumerism practiced by the Western
economies, are the main environmental problems of the 21st
century. There is the serious risk of a global ecological devastation
that will contribute with a knock-on effect to increase constantly
poverty and wars for the exploitation of the increasingly scant
resources.


The
consequences of the climatic changes on the balances of the planet
are already underway above all in the developing countries that
suffer huge damages because of phenomena such as drought,
desertification and floods that occur increasingly and with higher
intensity. Therefore, the more disadvantaged areas of the planet pay
the highest price of the melting of the ice cap and of the
biodiversity loss on a world scale, while contributing to the
devastation of natural resources to a more limited extent and
obtaining a scant economic return from the energy and food production
(like rice and grain).
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    Nanotechnologies
will change society not only drawing the industrial future
revolution, but also providing potentially technological solutions to
many of these problems. According to many supporter industries and
countries of this new innovative frontier, the applications based on
nanometric-scale processes will be able to:
  



  	

	provide
	clean water to billions of people through new and better depuration
	techniques from contaminated waters;

	

  	

	resolve
	the problems of energetic efficiency, giving a fundamental
	contribution to the global diffusion of renewable energies (above
	all from photovoltaic);

	

  	

	reduce
	the pollution and improve the waste management;

	

  	

	realize
	more efficient materials using a less amount of necessary resources
	to produce them, the warranty of better characteristics in terms of
	resistance and weight and a more sustainable production and
	consumption.






In
the past, the technologic innovation has only been introduced with
positive meanings. Some materials (like asbestos) and chemical
substances (like DDT) considered as miraculous turned out to be
highly toxic, bringing about a real environmental disaster with
thousands of victims and injured. Natural environment keeps on
suffering from pollution provoked by the placing of these toxic
substances on the market without the suitable protections for human
health.


Therefore,
the innovations brought by nanotechnologies will have to be compared
with the cultural context of reference and the civil society. It is
necessary to test the sustainability of these technologies during the
planning and experimentation phase, identifying the potential risks
coming from any single phase of the lifecycle of materials and
carrying out a comparison of performance as regards the existing
processes and products. So, the production and the following market
distribution will be really sure for workers’ and consumers’
health and can really contribute to improve the society. It is very
important to verify nanomaterials’ surety and effectiveness, as
well as to face other delicate questions like public’s ethics and
approval, above all for products destined to consumption.


Green
technologies and chemistry are based on the application of a set of
principles for the product’s production and design addressed to a
progressive reduction of the use of toxic ingredients, production
processes with low temperatures and energy saving, as well as
recourse to renewable sources and, finally, the introduction of the
analysis of the product’s lifecycle.


Similarly,
green nanotechnologies try to support these principles aiming to find
the solutions to resolve the environmental problems and to realize
nanomaterials and products that don’t involve further impacts on
human health and environment. Therefore, these principles need to be
correctly implemented so that nanotechnologies can play a key role
within the Green New Deal and lay the foundations for the sustainable
development of society.
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Almost
two billions of people live in zones of the world with strong water
supply problems. Pollution, climatic changes and demographic pressure
contribute to make more difficult the access to drinking water
according to acceptable standards from the sanitary point of view. By
now, the world water crisis is in progress and the dimensions seem to
be devastating, how the following data show:


  	

	two
	fifths of the world population is not able to access to drinking
	water guaranteed by suitable health standards;
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