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What is nanotechnology? y. Introduction Despite unprecedented government funding and
public interest in nanotechnology, few can accurately define the scope, range or potential
applications of this technology. One of the most pressing issues facing nanoscientists and
technologists today is that of communicating with the non-scientific community. As a
result of decades of speculation, a number of myths have grown up around the field,
making it difficult for the general public, or indeed the business and financial communities,
to understand what is a fundamental shift in the way we look at our interactions with the
natural world. This article attempts to address some of these misconceptions, and explain
why scientists, businesses and governments are spending large amounts of time and
money on nanoscale research and development. y. What is nanotechnology? Take a
random selection of scientists, engineers, investors and the general public and ask them
what nanotechnology is and you will receive a range of replies as broad as
nanotechnology itself. For many scientists, it is nothing startlingly new after all we have
been working at the nanoscale for decades, through electron microscopy, scanning probe
microscopies or simply growing and analysing thin films. For most other groups, however,
nanotechnology means something far more ambitious, miniature submarines in the
bloodstream, little cogs and gears made out of atoms, space elevators made of
nanotubes, and the colonization of space. It is no wonder people often muddle up
nanotechnology with science fiction. v. What is the nanoscale? Although a metre is
defined by the International Standards Organization as " the length of the path travelled
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by light in vacuum during a time interval of y/va4 vay roa of a second' and a nanometre is by
definition 1.- 4 of @ metre, this does not help scientists to communicate the nanoscale to
non-scientists. It is in human nature to relate sizes by reference to everyday objects, and
the commonest definition of nanotechnology is in relation to the width of a human hair.
Unfortunately, human hairs are highly variable, ranging from tens to hundreds of microns
in diameter (1.-# of a metre), depending on the colour, type and the part of the body from
which they are taken, so what is needed is a standard to which we can relate the
nanoscale. Rather than asking anyone to imagine a millionth or a billionth of something,
which few sane people can accomplish with ease, relating nanotechnology to atoms often
makes the nanometre easier to imagine. While few non-scientists have a clear idea of
how large an atom is, defining a nanometre as the size of 1. hydrogen, or s silicon atoms
in a line is within the power of the human mind to grasp. The exact size of the atoms is
less important than communicating the fact that nanotechnology is dealing with the
smallest parts of matter that we can manipulate. r. Science fiction While there is a
commonly held belief that nanotechnology is a futuristic science with applications vs years
in the future and beyond, nanotechnology is anything but science fiction. In the last v
years over a dozen Nobel prizes have been awarded in nanotechnology, from the
development of the scanning probe microscope (SPM), to the discovery of fullerenes.
According to CMP Cientifica, over ¢.. companies are currently active in nanotechnology,
from small venture capital backed start-ups to some of the world's largest corporations
such as IBM and Samsung. Governments and corporations worldwide have ploughed
over $¥ billion into nanotechnology in the last year alone. Almost every university in the
world has a nanotechnology department, or will have at least applied for the funding for
one. Even more significantly, there are companies applying nanotechnology to a variety
of products we can already buy, such as automobile parts, clothing and ski wax.
Nanotechnology is already all around us if you know where to look. The confusion arises
in part because many people in the business world do not know where to look. Over the
last decade, technology has become synonymous with computers, software and
communications, whether the internet or mobile telephones. Many of the initial
applications of nanotechnology are materials related, such as additives for plastics,
nanocarbon particles for improved steels, coatings and improved catalysts for the
petrochemical industry. All of these are technology based industries, maybe not new
ones, but industries with multi-billion dollar markets. . The nanotechnology industry It is
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increasingly common to hear people referring to " the nanotechnology industry', just like
the software or mobile phone industries, but will such a thing ever exist? Many of the
companies working with nanotechnology are simply applying our knowledge of the
nanoscale to existing industries, whether it is improved drug delivery mechanisms for the
pharmaceutical industry, or producing nanoclay particles for the plastics industry. In fact
nanotechnology is an enabling technology rather than an industry in its own right. No one
would ever describe Microsoft or Oracle as being part of the electricity industry, even
though without electricity the software industry could not exist. Rather, nanotechnology
is a fundamental understanding of how nature works at the atomic scale. New industries
will be generated as a result of this understanding, just as the understanding of how
electrons can be moved in a conductor by applying a potential difference led to electric
lighting, the telephone, computing, the internet and many other industries, all of which
would not have been possible without it. While it is possible to buy a packet of
nanotechnology, a gram of nanotubes for example, it would have zero intrinsic value. The
real value of the nanotubes would be in their application, whether within existing industry,
or to enable the creation of a whole new one. s. Fantastic voyage Shrinking machines
down to the size where they can be inserted into the human body in order to detect and
repair diseased cells is a popular idea of the benefits of nanotechnology, and one that
even comes close to reality. Many companies are already in clinical trials for drug delivery
mechanisms based on nanotechnology, but unfortunately none of them involve miniature
submarines. It turns out that there are a whole range of more efficient ways that
nanotechnology can enable better drug delivery without resorting to the use of
nanomachines. Just the concept of navigating ones way around the body at will does not
bear serious scrutiny. Imagine attempting to go against the flow in an artery—it would be
like swimming upstream in a fast flowing river, while boulders the size of houses, red and
white blood cells, rained down on you. Current medical applications of nanotechnology
are far more likely to involve improved delivery methods, such as pulmonary or epidermal
methods to avoid having to pass through the stomach, encapsulation for both delivery
and delayed release, and eventually the integration of detection with delivery, in order for
drugs to be delivered exactly where they are needed, thus minimizing side effects on
healthy tissue and cells. As far as navigation goes, delivery will be by exactly the same
method that the human body uses, going with the flow and " dropping anchor' when the
drug encounters its target. v. Shrinking stuff Another common misconception is that
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nanotechnology is primarily concerned with making things smaller. This has been
exacerbated by images of tiny bulls, and miniature guitars that can be strummed with the
tip of an AFM, that while newsworthy, merely demonstrate our new found control of
matter at the sub-micron scale. While almost the whole focus of micro-technologies has
been on taking macro-scale devices such as transistors and mechanical systems and
making them smaller, nanotechnology is more concerned with our ability to create from
the bottom up. In electronics, there is a growing realization that with the end of the CMOS
roadmap in sight at around \+ nm, combined with the uncertainly principal's limit of Von
Neuman electronics at ¥ nm, that merely making things smaller will not help us. Replacing
CMOS transistors on a one for one basis with some type of nano device would have the
effect of drastically increasing fabrication costs, while offering only a marginal
improvement over current technologies. However, nanotechnology offers us a way out of
this technological and financial cul-de-sac by building devices from the bottom up.
Techniques such as self assembly, perhaps assisted by templates created by nano
imprint lithography, a notable European success, combined with our understanding of the
workings of polymers and molecules such as Rotoxane at the nanoscale open up a whole
new host of possibilities. Whether it is avoiding Moore's second law by switching to plastic
electronics, or using molecular electronics, our understanding of the behaviour of
materials on the scale of small molecules allows a variety of alternative approaches, to
produce smarter, cheaper devices. The new understandings will also allow us to design
new architectures, with the end result that functionality will become a more valid
measure of performance than transistor density or operations per second. A.
Nanotechnology is new It often comes as a surprise to learn that the Romans and
Chinese were using nanoparticles thousands of years ago. Similarly, every time you light
a match, fullerenes are produced. Degusssa have been producing carbon black, the
substance that makes car tyres black and improves the wear resistance of the rubber,
since the vav.s. Of course they were not aware that they were using nanotechnology, and
as they had no control over particle size, or even any knowledge of the nanoscale they
were not using nanotechnology as currently defined. What is new about nanotechnology
is our ability to not only see, and manipulate matter on the nanoscale, but our
understanding of atomic scale interactions. a. Building atom by atom One of the defining
moments in nanotechnology came in vaAa when Don Eigler used a SPM to spell out the
letters IBM in xenon atoms. For the first time we could put atoms exactly where we
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wanted them, even if keeping them there at much above absolute zero proved to be a
problem. While useful in aiding our understanding of the nanoworld, arranging atoms
together one by one is unlikely to be of much use in industrial processes. Given that a
Pentium ¥ processor contains fy million transistors, even simplifying the transistors to a
cube of y.. atoms on each side would require fy X \.y operations, and that is before we
start to consider the other material and devices needed in a functioning processor. Of
course we already have the ability to build things atom by atom, and on a very large scale
it is called physical chemistry, and has been in industrial use for over a century producing
everything from nitrates to salt. To do this, we do not need any kind of tabletop
assembler as in Star Trek, usually a few barrels of readily available precursor chemicals
and maybe a catalyst are all that is required. Compare this with the difficulty of producing
anything organic atom by atom, a sausage for example. Everyone is familiar with the
macroscale ingredients of a sausage, some meat, maybe some fat, cartilage or other
kinds of tissue, even some bone, all encased in animal gut. Never mind, argue the
proponents of assemblers, things are simpler at smaller scales. Zooming down to the
microscale we still have far more complexity than we would like to attempt to replicate,
with cells, cytoplasm, mitochondria, chromosomes, ribosomes and many other highly
complex items of natural engineering. Moving closer to the nanoscale, we still have to
deal with nucleic acids, nucleotides, peptides and proteins, none of which we fully
understand, or expect to even have the computing power to understand in the near
future. In terms of return on our investment, a farmyard containing a few pigs is a far
more effective sausage machine than we could ever design, and has several other by-
products such as hams and a highly effective waste disposal system. This serves to
illustrate just how far we are away from being able to replicate nature. .. Attack of the
killer nanobots In terms of capturing the public imagination, unleashing hordes of self-
replicating devices that escape from the lab and attack anything in their path is always
going to be popular. Unfortunately nature has already beaten us to it, by several hundred
million years. Naturally occurring nanomachines, that can not only replicate and mutate
as they do so in order to avoid our best attempts at eradication, but can also escape their
hosts and travel with alarming ease through the atmosphere. No wonder that viruses are
the most successful living organisms on the planet, with most of their “machinery' being
well into the nano realm. However, there are finite limits to the spread of such
“nanobots', usually determined by their ability, or lack thereof, of converting a sufficiently
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wide range of material needed for future expansion. Indeed, the immune systems of
many species, while unable to completely neutralize viruses without side effects such as
runny noses, are so effective in dealing with this type of threat as a result of the wide
range of different technologies available to a large complex organism when confronted
with a single purpose nano-sized one. For any threat from the nano world to become a
danger, it would have to include far more intelligence and flexibility than we could possibly
design into it. Our understanding of genomics and proteomics is primitive compared with
that of nature, and is likely to remain that way for the foreseeable future. For anyone
determined to worry about nanoscale threats to humanity should consider mutations in
viruses such as HIV that would allow transmission via mosquitoes, or deadlier versions of
the influenza virus, which deserve far more concern than anything nanotechnology may
produce. vy. Conclusions Nanotechnology, like any other branch of science, is primarily
concerned with understanding how nature works. We have discussed how our efforts to
produce devices and manipulate matter are still at a very primitive stage compared to
nature. Nature has the ability to design highly energy efficient systems that operate
precisely and without waste, fix only that which needs fixing, do only that which needs
doing, and no more. We do not, although one day our understanding of nanoscale
phenomena may allow us to replicate at least part of what nature accomplishes with
ease. While many branches of what now falls under the umbrella term nanotechnology
are not new, it is the combination of existing technologies with our new found ability to
observe and manipulate at the atomic scale that makes nanotechnology so compelling
from scientific, business and political viewpoints. For the scientist, advancing the sum
total of human knowledge has long been the driving force behind discovery, from the
gentleman scientists of the \vth and 1ath centuries to our current academic infrastructure.
Nanotechnology is at a very early stage in our attempts to understand the world around
us, and will provide inspiration and drive for many generations of scientists. For business,
nanotechnology is no different from any other technology: it will be judged on its ability to
make money. This may be in the lowering of production costs by, for example, the use of
more efficient or more selective catalysts in the chemicals industry, by developing new
products such as novel drug delivery mechanisms or stain resistant clothing, or the
creation of entirely new markets, as the understanding of polymers did for the multi-
billion euro plastics industry. Politically, it can be argued that fear is the primary
motivation. The US has opened up a commanding lead in terms of economic growth,


http://www.ghaemiyeh.com

WA BV asdw www.Ghaemiyeh.com plgswl asldd (s\ally OExEa3 15y 0 (5)0068 Cupse

despite recent setbacks, as a result if the growth and adoption of information technology.
Of equal significance is the lead in military technology as demonstrated by the use of
unmanned drones for both surveillance and assault in recent conflicts. Nanotechnology
promises far more significant economic, military and cultural changes than those created
by the internet, and with technology advancing so fast, and development and adoption
cycles becoming shorter, playing catch-up will not be an option for governments who are
not already taking action. Maybe the greatest short term benefit of nanotechnology is in
bringing together the disparate sciences, physical and biological, who due to the nature of
education often have had no contact since high school. Rather than nanosubmarines or
killer nanobots, the greatest legacy of nanotechnology may well prove to be the
unification of scientific disciplines and the resultant ability of scientists, when faced with a
problem, to call on the resources of the whole of science, not just of one discipline. Tim
Harper About the author Tim Harper is the Founder and President of CMP Cientifica, and
the co-author of the Nanotechnology Opportunity ReportTM, described by NASA as " the
defining report in the field of nanotechnology'. Tim is also the Founder and Executive
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Nanotechnology 1. Introduction Despite unprecedented" {. st 5 SIS 1) Ll o528 &y 50 4
government funding and public interest in nanotechnology, few can accurately define the
scope, range or potential applications of this technology. One of the most pressing issues
facing nanoscientists and technologists today is that of communicating with the non-
scientific community. As a result of decades of speculation, a number of myths have
grown up around the field, making it difficult for the general public, or indeed the business
and financial communities, to understand what is a fundamental shift in the way we look
at our interactions with the natural world. This article attempts to address some of these
misconceptions, and explain why scientists, businesses and governments are spending
large amounts of time and money on nanoscale research and development. y. What is
nanotechnology? Take a random selection of scientists, engineers, investors and the
general public and ask them what nanotechnology is and you will receive a range of
replies as broad as nanotechnology itself. For many scientists, it is nothing startlingly new
after all we have been working at the nanoscale for decades, through electron
microscopy, scanning probe microscopies or simply growing and analysing thin films. For
most other groups, however, nanotechnology means something far more ambitious,
miniature submarines in the bloodstream, little cogs and gears made out of atoms, space
elevators made of nanotubes, and the colonization of space. It is no wonder people often
muddle up nanotechnology with science fiction. . What is the nanoscale? Although a
metre is defined by the International Standards Organization as "the length of the path
travelled by light in vacuum during a time interval of 1/va4 vay for of @ second' and a
nanometre is by definition 1.- 4 of a metre, this does not help scientists to communicate
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the nanoscale to non-scientists. It is in human nature to relate sizes by reference to
everyday objects, and the commonest definition of nanotechnology is in relation to the
width of a human hair. Unfortunately, human hairs are highly variable, ranging from tens
to hundreds of microns in diameter (1.-# of a metre), depending on the colour, type and
the part of the body from which they are taken, so what is needed is a standard to which
we can relate the nanoscale. Rather than asking anyone to imagine a millionth or a
billionth of something, which few sane people can accomplish with ease, relating
nanotechnology to atoms often makes the nanometre easier to imagine. While few non-
scientists have a clear idea of how large an atom is, defining a nanometre as the size of 1.
hydrogen, or » silicon atoms in a line is within the power of the human mind to grasp. The
exact size of the atoms is less important than communicating the fact that
nanotechnology is dealing with the smallest parts of matter that we can manipulate. r.
Science fiction While there is a commonly held belief that nanotechnology is a futuristic
science with applications ys years in the future and beyond, nanotechnology is anything
but science fiction. In the last 1o years over a dozen Nobel prizes have been awarded in
nanotechnology, from the development of the scanning probe microscope (SPM), to the
discovery of fullerenes. According to CMP Cientifica, over .. companies are currently
active in nanotechnology, from small venture capital backed start-ups to some of the
world's largest corporations such as IBM and Samsung. Governments and corporations
worldwide have ploughed over $¥f billion into nanotechnology in the last year alone.
Almost every university in the world has a nanotechnology department, or will have at
least applied for the funding for one. Even more significantly, there are companies
applying nanotechnology to a variety of products we can already buy, such as automobile
parts, clothing and ski wax. Nanotechnology is already all around us if you know where to
look. The confusion arises in part because many people in the business world do not know
where to look. Over the last decade, technology has become synonymous with
computers, software and communications, whether the internet or mobile telephones.
Many of the initial applications of nanotechnology are materials related, such as additives
for plastics, nanocarbon particles for improved steels, coatings and improved catalysts
for the petrochemical industry. All of these are technology based industries, maybe not
new ones, but industries with multi-billion dollar markets. ». The nanotechnology industry
It is increasingly common to hear people referring to " the nanotechnology industry', just
like the software or mobile phone industries, but will such a thing ever exist? Many of the


http://www.ghaemiyeh.com

WA ) EA andw www.Ghaemiyeh.com plgswl asldd (s\ally OExEa3 15y 0 (5)0068 Cupse

companies working with nanotechnology are simply applying our knowledge of the
nanoscale to existing industries, whether it is improved drug delivery mechanisms for the
pharmaceutical industry, or producing nanoclay particles for the plastics industry. In fact
nanotechnology is an enabling technology rather than an industry in its own right. No one
would ever describe Microsoft or Oracle as being part of the electricity industry, even
though without electricity the software industry could not exist. Rather, nanotechnology
is a fundamental understanding of how nature works at the atomic scale. New industries
will be generated as a result of this understanding, just as the understanding of how
electrons can be moved in a conductor by applying a potential difference led to electric
lighting, the telephone, computing, the internet and many other industries, all of which
would not have been possible without it. While it is possible to buy a packet of
nanotechnology, a gram of nanotubes for example, it would have zero intrinsic value. The
real value of the nanotubes would be in their application, whether within existing industry,
or to enable the creation of a whole new one. s. Fantastic voyage Shrinking machines
down to the size where they can be inserted into the human body in order to detect and
repair diseased cells is a popular idea of the benefits of nanotechnology, and one that
even comes close to reality. Many companies are already in clinical trials for drug delivery
mechanisms based on nanotechnology, but unfortunately none of them involve miniature
submarines. It turns out that there are a whole range of more efficient ways that
nanotechnology can enable better drug delivery without resorting to the use of
nanomachines. Just the concept of navigating ones way around the body at will does not
bear serious scrutiny. Imagine attempting to go against the flow in an artery—it would be
like swimming upstream in a fast flowing river, while boulders the size of houses, red and
white blood cells, rained down on you. Current medical applications of nanotechnology
are far more likely to involve improved delivery methods, such as pulmonary or epidermal
methods to avoid having to pass through the stomach, encapsulation for both delivery
and delayed release, and eventually the integration of detection with delivery, in order for
drugs to be delivered exactly where they are needed, thus minimizing side effects on
healthy tissue and cells. As far as navigation goes, delivery will be by exactly the same
method that the human body uses, going with the flow and " dropping anchor' when the
drug encounters its target. v. Shrinking stuff Another common misconception is that
nanotechnology is primarily concerned with making things smaller. This has been
exacerbated by images of tiny bulls, and miniature guitars that can be strummed with the
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tip of an AFM, that while newsworthy, merely demonstrate our new found control of
matter at the sub-micron scale. While almost the whole focus of micro-technologies has
been on taking macro-scale devices such as transistors and mechanical systems and
making them smaller, nanotechnology is more concerned with our ability to create from
the bottom up. In electronics, there is a growing realization that with the end of the CMOS
roadmap in sight at around \+ nm, combined with the uncertainly principal's limit of Von
Neuman electronics at ¥ nm, that merely making things smaller will not help us. Replacing
CMOS transistors on a one for one basis with some type of nano device would have the
effect of drastically increasing fabrication costs, while offering only a marginal
improvement over current technologies. However, nanotechnology offers us a way out of
this technological and financial cul-de-sac by building devices from the bottom up.
Techniques such as self assembly, perhaps assisted by templates created by nano
imprint lithography, a notable European success, combined with our understanding of the
workings of polymers and molecules such as Rotoxane at the nanoscale open up a whole
new host of possibilities. Whether it is avoiding Moore's second law by switching to plastic
electronics, or using molecular electronics, our understanding of the behaviour of
materials on the scale of small molecules allows a variety of alternative approaches, to
produce smarter, cheaper devices. The new understandings will also allow us to design
new architectures, with the end result that functionality will become a more valid
measure of performance than transistor density or operations per second. A.
Nanotechnology is new It often comes as a surprise to learn that the Romans and
Chinese were using nanoparticles thousands of years ago. Similarly, every time you light
a match, fullerenes are produced. Degusssa have been producing carbon black, the
substance that makes car tyres black and improves the wear resistance of the rubber,
since the yav.s. Of course they were not aware that they were using nanotechnology, and
as they had no control over particle size, or even any knowledge of the nanoscale they
were not using nanotechnology as currently defined. What is new about nanotechnology
is our ability to not only see, and manipulate matter on the nanoscale, but our
understanding of atomic scale interactions. a. Building atom by atom One of the defining
moments in nanotechnology came in vaaa when Don Eigler used a SPM to spell out the
letters IBM in xenon atoms. For the first time we could put atoms exactly where we
wanted them, even if keeping them there at much above absolute zero proved to be a
problem. While useful in aiding our understanding of the nanoworld, arranging atoms
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together one by one is unlikely to be of much use in industrial processes. Given that a
Pentium ¥ processor contains fy million transistors, even simplifying the transistors to a
cube of y.. atoms on each side would require ¥y x 1.y operations, and that is before we
start to consider the other material and devices needed in a functioning processor. Of
course we already have the ability to build things atom by atom, and on a very large scale
it is called physical chemistry, and has been in industrial use for over a century producing
everything from nitrates to salt. To do this, we do not need any kind of tabletop
assembler as in Star Trek, usually a few barrels of readily available precursor chemicals
and maybe a catalyst are all that is required. Compare this with the difficulty of producing
anything organic atom by atom, a sausage for example. Everyone is familiar with the
macroscale ingredients of a sausage, some meat, maybe some fat, cartilage or other
kinds of tissue, even some bone, all encased in animal gut. Never mind, argue the
proponents of assemblers, things are simpler at smaller scales. Zooming down to the
microscale we still have far more complexity than we would like to attempt to replicate,
with cells, cytoplasm, mitochondria, chromosomes, ribosomes and many other highly
complex items of natural engineering. Moving closer to the nanoscale, we still have to
deal with nucleic acids, nucleotides, peptides and proteins, none of which we fully
understand, or expect to even have the computing power to understand in the near
future. In terms of return on our investment, a farmyard containing a few pigs is a far
more effective sausage machine than we could ever design, and has several other by-
products such as hams and a highly effective waste disposal system. This serves to
illustrate just how far we are away from being able to replicate nature. .. Attack of the
killer nanobots In terms of capturing the public imagination, unleashing hordes of self-
replicating devices that escape from the lab and attack anything in their path is always
going to be popular. Unfortunately nature has already beaten us to it, by several hundred
million years. Naturally occurring nanomachines, that can not only replicate and mutate
as they do so in order to avoid our best attempts at eradication, but can also escape their
hosts and travel with alarming ease through the atmosphere. No wonder that viruses are
the most successful living organisms on the planet, with most of their “machinery' being
well into the nano realm. However, there are finite limits to the spread of such
“nanobots', usually determined by their ability, or lack thereof, of converting a sufficiently
wide range of material needed for future expansion. Indeed, the immune systems of
many species, while unable to completely neutralize viruses without side effects such as
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runny noses, are so effective in dealing with this type of threat as a result of the wide
range of different technologies available to a large complex organism when confronted
with a single purpose nano-sized one. For any threat from the nano world to become a
danger, it would have to include far more intelligence and flexibility than we could possibly
design into it. Our understanding of genomics and proteomics is primitive compared with
that of nature, and is likely to remain that way for the foreseeable future. For anyone
determined to worry about nanoscale threats to humanity should consider mutations in
viruses such as HIV that would allow transmission via mosquitoes, or deadlier versions of
the influenza virus, which deserve far more concern than anything nanotechnology may
produce. 1. Conclusions Nanotechnology, like any other branch of science, is primarily
concerned with understanding how nature works. We have discussed how our efforts to
produce devices and manipulate matter are still at a very primitive stage compared to
nature. Nature has the ability to design highly energy efficient systems that operate
precisely and without waste, fix only that which needs fixing, do only that which needs
doing, and no more. We do not, although one day our understanding of nanoscale
phenomena may allow us to replicate at least part of what nature accomplishes with
ease. While many branches of what now falls under the umbrella term nanotechnology
are not new, it is the combination of existing technologies with our new found ability to
observe and manipulate at the atomic scale that makes nanotechnology so compelling
from scientific, business and political viewpoints. For the scientist, advancing the sum
total of human knowledge has long been the driving force behind discovery, from the
gentleman scientists of the \vth and 1ath centuries to our current academic infrastructure.
Nanotechnology is at a very early stage in our attempts to understand the world around
us, and will provide inspiration and drive for many generations of scientists. For business,
nanotechnology is no different from any other technology: it will be judged on its ability to
make money. This may be in the lowering of production costs by, for example, the use of
more efficient or more selective catalysts in the chemicals industry, by developing new
products such as novel drug delivery mechanisms or stain resistant clothing, or the
creation of entirely new markets, as the understanding of polymers did for the multi-
billion euro plastics industry. Politically, it can be argued that fear is the primary
motivation. The US has opened up a commanding lead in terms of economic growth,
despite recent setbacks, as a result if the growth and adoption of information technology.
Of equal significance is the lead in military technology as demonstrated by the use of
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unmanned drones for both surveillance and assault in recent conflicts. Nanotechnology
promises far more significant economic, military and cultural changes than those created
by the internet, and with technology advancing so fast, and development and adoption
cycles becoming shorter, playing catch-up will not be an option for governments who are
not already taking action. Maybe the greatest short term benefit of nanotechnology is in
bringing together the disparate sciences, physical and biological, who due to the nature of
education often have had no contact since high school. Rather than nanosubmarines or
killer nanobots, the greatest legacy of nanotechnology may well prove to be the
unification of scientific disciplines and the resultant ability of scientists, when faced with a
problem, to call on the resources of the whole of science, not just of one
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Nanotech Risk Management LeadershipRobert” {._st 5 SIS 1) Lol o 5iS &y
Blaunstein, Ph.D. President Dr. Blaunstein has over v. years of scientific, insurance, and
risk management experience related to environmental, health and safety exposures. He
has lectured and been a consultant to government and industry leaders throughout the
world. He has published numerous articles for research journals, government
publications and association newsletters on scientific matters and has written articles on
nanotechnology and the environment, given lectures on the subject to insurance
associations, and is currently writing a chapter entitled, “Nanotechnology and Insurance”,
for a book to be published by an international nanotechnology association. Dr.
Blaunstein’s career includes a professorship in the Department of Physics, University of
Tennessee, and consultant to The Oak Ridge National Laboratory, where he conducted
and published his research findings in atomic and molecular physics. This experience has
provided the foundation for his technical knowledge about nanotechnology processes
and products. Dr. Blaunstein was Vice President, Risk Assessment for AIG Consultants,
American International Group, where he created AIG’s world-wide environmental
consulting practice for environmental risk management and regulatory issues. He was
Managing Director of Seneca Insurance Company’s environmental liability profit center,
as well as technical director of environmental risk management and claims services. He
has helped major investment banks and private equity firms specializing in real estate
securitizations, loans, purchases and leases to understand environmental issues and take
actions to limit potential exposures that could compromise their investments. William
(Sandy) Hauserman, JD, MSLSenior CounselMr. Hauserman is Senior Counsel to Nanotech
Risk Management. He has over ys years of experience in the Property and Casualty
insurance and reinsurance industry including negotiating insurance contracts, account
management, underwriting, and providing internal legal advice. His experience also
includes drafting insurance contracts, writing business plans for start up operations,
overseeing accounting and claims activity, and monitoring regulatory matters. He is an
ARIAS, USS. Certified Arbitrator His focus is emerging issues of digital «cyber) risk, climate
change, nanotechnology, e-waste and alternative energy. He has written numerous
articles and given lectures on these topics, both for the insurance and reinsurance
market.He is a principal of Stone River Consulting (SRC), which offers arbitration and
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expert witness services for reinsurance disputes. Prior to SRC, Mr. Hauserman was a
Senior Vice President and Specialty Practice Leader at Marsh and McLennan Companies.
{ {endslide
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Nanotechnology in Japan Starting in yaay (the year Nanosystems was published), Japan
spent a decade developing the foundations for bottom-up nanotech. According to this
article, they worked on four things: 1) "identification and manipulation of atoms and
molecules" -- Obviously of great importance for bottom-up nanofabrication. v) "formation
and control of nanostructures on the surface and at the interface of materials" —-
Likewise, very important. v) "spin electronics" —- I'm not sure why this was in there
possibly to provide a short-term profitable spinoff (no pun intended). ¥) "theoretical
analysis of the dynamic processes of atoms and molecules" -- This sounds like research
into bonding, and quite possibly relevant to mechanochemistry. The leader, Kazunobu
Tanaka, designed a highly interdisciplinary and collaborative working environment. He
called for strong university participation. He put together a laboratory with y.. scientists
sharing facilities, including cafeteria and relaxation room. He also recommends active use
of sabbatical leaves and flexible university curriculums. According to the article, "Dr.
Tanaka says nanotechnology in Japan will not make any progress unless project leaders
and researchers with a wide outlook are brought up. He adds that the master plan for
developing nanotechnology in Japan should be discussed from the mid- and long-term
viewpoint by young researchers with strong physical and intellectual ability." This sounds
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to me like a very effective process for developing advanced technology. And this is not
just theory it's been put into practice in a decade-long foundational project that finished
two years ago. Japan has now put hundreds if not thousands of research-years into
bottom-up fabrication. (It's also worth noting that as of April va44, v+ private enterprise
companies were connected to the "Angstrom Technology Partnership" see the first
image in the sidebar.) And they've had plenty of time to think about the implications and
applications. I'm encouraged that they appear to be socially conscious. The reason for the
sabbaticals is to allow the researchers to "reconfirm the positioning of their own studies
in society." And the purpose of the flexible university curriculums is "to respond quickly to
changing times and to meet current social needs." But planning with respect to a single
society won't be enough to address the planet-scale issues that molecular manufacturing

{will create. Chris Phoenix {endslide
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Working Party on Nanotehnology [¥]
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Work on Nanotechnology This page is directly accessible at the following address:
www oecd.orgsstiinano Nanotechnology is the set of technologies that enables the
manipulation, study or exploitation of very small typically less than y.. nanometres)
structures and systems. Nanotechnology contributes to novel materials, devices and
products that have qualitatively different properties. Like information technology,
nanotechnology advances have the potential to affect virtually every area of economic
activity and aspect of daily life. The number of products and the diversity of
nanomaterials and nanosystems are predicted to increase rapidly in the coming decade
as a result of continuous innovation in many sectors. Nanotechnologies pose new
opportunities and challenges to governments. Nanotechnologies are likely to offer a wide
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range of benefits, including in helping address a range of societal and environmental
challenges, e g. in providing renewable energy and clean water, and in improving health
and longevity, as well as the environment. However, unlocking this potential will require a
responsible and co-coordinated approach to ensure that potential challenges are being
addressed at the same time as the technology is developing. OECD is playing its part in
this process and developing a large body of work. Under the Committee on Scientific and
Technological Policy (CSTP) a Working Party on Nanotechnology was established in March
v..v. The objective of this Working Party is to promote international co-operation that
facilitates research, development, and responsible commercialisation of nanotechnology
in member countries and in non-member economies. Click here for slides describing the
objective, structure and activities of the Working Party. The Working Party has initiated
six projects to achieve its objectives: Indicators and statistics, aiming at providing an
overview of nanotechnology trends based on available comparable indicators and
statistics, while identifying policy makers needs for further indicators, and establishing a
framework for the development and collection of new indicators and statistics. Impacts
on companies and business environments, which complements the statistical work with a
large set of company case studies across different application areas and countries. It
analyses the impacts and business environment of nanotechnology to identify possible
new challenges for the business community. International research collaboration,
designed to facilitate research collaboration in the field by mapping available research
infrastructures and S&T agreements globally. Outreach and public engagement, aiming
at promoting the exchange of experience in outreach and public engagement through
questionnaires, possible country case studies and a set of workshops. A conference and
WPN workshop on this topic will be held back-to-back on ¥. and ¥\ October .. in Delft,
Netherlands (click here to download the programme, updated yv October). An optional
visit to the Faculty of Applied Sciences of Delft University will be arranged on the

.@fternoon of 4 October (click here for the schedule
For further information about these events and registration to attend, please contact
Jacqueline Mout-Leurs at the Dutch Ministry of Education, Culture and Science. Policy
dialogue, aiming at facilitating a policy dialogue and help develop an overall synthesis of
the WPN work. It relies on a questionnaire and other material to highlight policy
responses and challenges across countries, combining this with workshops dedicated to
specific policy themes. Global challenges: water, which focuses on the contribution of
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nanotechnology to the purification of water and the barriers that will need to be
addressed. The purification of water is a key global challenge, especially for developing
countries

Click here for an update on the Working Party’s ynd meeting held in November . .v. Click
here for an update on the Working Party’s vrd meeting held in April ¥..A. The work of the
Working Party on Nanotechnology complements other activities underway in OECD. The
OECD Working Party on Manufactured Nanomaterials was established in September . .5
and is looking at international co-operation in health and environmental safety related
aspects of manufactured nanomaterials. In essence, by working together, member
countries will better understand the potential challenges and opportunities related to
nanotechnology so that they can support the responsible development of this technology.
{Last updated: \v October ¥. .A {endslide
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caution Truly revolutionary nanotechnology products, materials and applications, such as
nanorobotics, are years in the future (some say only a few years some say many years).
What qualifies as "nanotechnology" today is basic research and development that is
happening in laboratories all over the world. "Nanotechnology" products that are on the
market today are mostly gradually improved products (sing evolutionary
nanotechnology) where some form of nanotechnology enabled material (such as carbon
nanotubes, nanocomposite structures or nanoparticles of a particular substance) or
nanotechnology process (e.g. nanopatterning or quantum dots for medical imaging) is
used in the manufacturing process. In their ongoing quest to improve existing products by
creating smaller components and better performance materials, all at a lower cost, the
number of companies that will manufacture "nanoproducts” (by this definition) will grow
very fast and soon make up the majority of all companies across many industries.
Evolutionary nanotechnology should therefore be viewed as a process that gradually will
affect most companies and industries. What is nanotechnology? Nanotechnology is the
science of the extremely tiny. It involves the study and use of materials on an
unimaginably small scale. Nano refers to a nanometre (nm). One nanometre is a millionth
of a milimetre or about one eighty thousandth the width of a human hair.
Nanotechnology describes many diverse technologies and tools, which dont always
appear to have much in common! Therefore it is better to talk about nanotechnologies, in
the plural. One thing that all nanotechnologies share is the tiny dimensions that they
operate on. They exploit the fact that, at this scale, materials can behave very differently
from when they are in larger form. Nanomaterials can be stronger or lighter, or conduct
heat or electricity in a different way. They can even change colour particles of gold can
appear red, blue or gold, depending on their size. These special attributes are already
being used in a number of ways, such as in making computer chips, CDs and mobile
phones. But researchers are progressively finding out more about the nanoscale world
and aim to use nanotechnologies to create new devices that are faster, lighter, stronger
or more efficient. Nanotechnologies are widely seen as having huge potential in areas as
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diverse as healthcare, IT and energy storage. Governments and businesses across the
world have started to invest substantially in their development. However, alongside this
excitement some people have started to ask how these technologies will contribute to

{shaping the world we live in.{endslide
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Nanotechnology Edit By: Mahdi Yarahmadi Korasani Nanotechnology — the technology of
‘smal’ — has made the leap from buzzword to bottom line impact. The long-term
potential of nanotechnology, however, is still in the process of discovery and
development. One important factor for success will be linking near-term product
development to far-term applications that will exploit the emerging capabilities of
nanotechnology and other advancing sciences. Today, organizations and companies
need leaders who understand both the science of nanotechnology and the business of
capitalizing on emerging capabilities to create innovative products with viable commercial
potential. EMTM offers managers, engineers and technologists the opportunity to expand
their knowledge of new technologies in the context of managing innovation. EMTM's
Nanotechnology area is led by Dr. Dawn Bonnell, Professor of Materials Science and
Director of the University of Pennsylvania's newly formed Nano/Bio Interface Center.
Established in v-.¥ with $11.¢ million in funding from the National Science Foundation, the
center brings together researchers from across Penn to study the intersection of
technology and biology at the nanoscale level. Dr. Bonnell, a former Fulbright scholar,
worked at the IBM Thomas Watson Research Center before joining the faculty of the
University. She is an authority on atomistic processes at oxide surfaces, nanometer scale
phenomena in materials and the assembly of complex nanostructures. First introduced to
EMTM as a topic in the program's "Emerging Technologies Seminar," Nanotechnology is
now a full course and provides the principal focus for EMTM's technology elective
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emphasis in Nanotechnology and Materials Science. Other courses include Advanced
Materials, Microelectronics and Photonics. EMTM prepares leaders who can bridge the
gap between business strategy and the potential of emerging innovations in

{Nanotechnology and other fields. {endslide
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