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Nanotechnology ?77?

“The principles of physics, as far
as | can see, do not speak against
the possibility of maneuvering
things atom by atom.

It is not an attempt to violate any
laws; it is something, in principle,
that can be done; but in practice,
it has not been done because we
are too big. ”

“Now, you might say, Who should do
this and why should they do it? Well,

| pointed out a few of the economic
applications, but | know that the

reason that you would do it might be

just for fun.”

Classic talk that Richard Feynman gave on December 29th 1959
at the annual meeting of the American Physical Society at the California Institute of Technology (Caltech)
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Surface area increases while
total volume remains constant

Total surface area
(height x width x
number of sides %
number of boxes)

wlwn aluladiuautd@n wasulyl

Reducing droplet diameter
by hall, increases surface
area by a factor of four

Total volume
(height x width x length 1 125 125
% number of boxes)

(surface area | volume)
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Air purification by photocatalyst .
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Four generations of nanotechnology development
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1st: Passive nanostructures {1¥ generation products)
a. Dispersed and contact nanostructures. Ex: aerosals, colloids
b. Products incorporating nanostructures. Ex: coatings; nanoparticle
reinforced composites; nanostructured metals, polymers, ceramics

a.
b.

~ 2000 ‘:@ 2nd: Active nanostructures

g

Bio-active, health effects. Ex: targeted drugs, biodevices
Physico-chemical active. Ex: 3D transistors, amplifiers,
actuators, adaptive structures

3. Systems of nanosystems
Ex: guided assembling; 3D networking and new
hi ical archil , robotics, e ionary

~ 2010 ‘ 4 Molecular nanosystems

Ex: molecular devices by design’,

atomic design, emerging functions_

~ 2015- -
2020

— Risk Governance Frame 2 ——le— Frame 1 —}

Mihail (Mike) Roco
U.S. National Nanotechnology Initiative
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Sales.
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50
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ials 0 Nanx
Nanotools Nanomaterials Nanointermediates  Nano-enabled products
Cq:ﬂmil emdpmemm Finished goods
e incorparating
visualize, manipulate anch
and model | cheokody
Atomic force Nanaparticles. Coatings, fabrics, memory  Cars, clothing, airplanes,
MEIoscopes. nanotubes. quatum dots, and logic chips, conlrast  computars, consumer
i fulleranes, media, i 3
equipment. nanoporous materials. .  orthopedic materials. phamaceuticals
nanamaniputators suparconducting wire. processed food, plastic

Examples:

containers, appliances.
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Semiconductor
or insulator

A Nanopore could be used to sequence single
starnds of DNA at 1000 bases per second.
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Global country nanotechnology fund ranking 2006-2010
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FDA treats nanomaterial product ingredients no differently than bulk
material ingredients or products. FDA’s current stance is to regulate
(or decline to regulate) based on safety assessment of the same
material in bulk form (e.g., nano- sunscreens)

© Original Artist
Reproduction rights obtainable from
wwewe CartoonStock.com

FDA “believes that the existing battery
of pharmacotoxicity tests is probably
adequate for most nanotechnology
products that we regulate. Particle
size is not the issue.”
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Current Trends . TEC AuguunAlulagirona

Nanotechnologies for Consumer Products

NanoCoatings

Nanotechnologies for Life Sciences and Healthcare
Nanotechnologies for Cleantech

Nanotechnology and Smart Materials

Nanotechnologies for Energy and the Environment
Nanotechnologies for Smart and Responsive Textiles
Nanotechnologies for Household and Personal Care
Nanotechnologies for Food and Beverages

Nanotechnologies for Automotive and Transportation Applications
Nanotechnologies for Wearable and Non-Wearable Textiles
Nanotechnologies for Anti-Microbial and Self-Cleaning Coatings
Nanotechnologies for Packaging & Product Security
Nanotechnologies for Composites, Surface Coatings and Sensors
Nanotechnologies for Car Interiors

Nanotechnologies for Novel Optical Effects

Nanoencapsulation for Perfumes, Scents and Flavours

New Processes and Applications in Nanochemistry
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“The principles of physics,
as far as | can see, do not
speak against the possibility
of maneuvering things atom
by atom.”
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“The principles of physics, as faras| can see, do not
speak against the possibility of maneuvering things

atom by atom.”
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Oxonica

Leaders in Nanotechnology

TINY TAGS Oxonica has developed
silica-encapsulated gold nanoparticles
that are ideal replacements for fluorescent

dyes in medical assays.
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BIOTECHNOLOGIES

Following the completion of several years of safety studies at the Mayo Clinic, Epeius has undertaken an
ambitious program to bring Rexin-G® to cancer patients in the United States. In the summer of 2007,
Epeius opened three Advanced Phase I/Il Clinical trials:
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Field Effect transistor '
Network

density d
controlled by chemical
vapor deposition .

pracess

Single-Use Disposable
Cartridge {5 cm X 8 cm)

Self-Contained
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Biologic Fluids
Electrochemical Sensor
twork density i
controlled by automated
liquid deposition methods
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largest single category (125 products)
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