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Nanotechnology is the ability to synthesize,
characterize, and manipulate matter at the sub-
100 nm length scale.

e d v ed 1
14 Inm 10nm 100nm  1gm 10um 100 um

Nanomateirals are characterized by structural
features of sub-100 nm sizes
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Nanoscale = High Ratio of Surface Area to Vol.

Why? Nanomaterials have a large surface area. Example: SWCNTSs have a
surface area ~1600 m*/gm which translates to the size of a football field for
only 4 gm.

Large surface area 8 Jarge adsorption rates for
gases and vapors #8 changes some measurable
properties of the nanomaterial 8 basis for
sensing

- Dielectric

- Capacitance

- Conductance

- Deflection of a cantilever
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Nanotechnology is evolving rapidly!
A $2.5 trillion business globally by 2014

An estimated 1 million workers in R&D and
production, or using nanomaterials or
products.

The US leads the world in investing and in
the number of “Nanotech Companies”

The global picture is changing!



3

- Public & Private Investments in 2005

CETTT)

GLOBAL NANOTECH INVESTMENT
IN 2005 (US$ million)

Goverament funding  Corporate R&D spending
(4,610) (4,356)

Venture capital
(497)
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Nanocrystalline materials
Nanoparticles
Nanocapsules
Nanoporous materials
Nanofibers
Nanowires

Fullerenes

Nanotubes
Nanosprings
Nanobelts
Dendrimers

Molecular electronics
Quantum dots

NEMS, Nanofluidics
Nanophotonics, Nano-optics
Nanomagnetics
Nanofabrication
Nanolithography
Nanomanufacturing
Nanomedicine

Nano-bio
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Synthetic Strategies

Nanoparticles are built up atom/molecule at a time
Energy is required for promoting the reactions
Process key — control nucleation and growth
Example — flame synthesis of titanium dioxide
Typically done in gas or liquid phases

Vs. Top — Down approach, usually Bottom — Up products have higher purity, better
particle size/surface chemistry conirol

o & ® e
® 0 m» C#DN‘—P eIy == ‘?i#l s tf%)
G




Synthetic Strategies

Top — Down
Bulk particulate materials are broken down into smaller and smaller particles
Process key - control energy input and contamination
Example - high energy ball milling
Typically performed on solids or dispersed solids

Source: Nanophase Technologies Corp.
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A comparison ol
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Gas Phase Synthesis

Vapor Condensation

Sublimation

Vapor Reaction

Flame synthesis

Source: Nanophase
Technologies Corp.

COZ Laser

Furnace Beam, 10.6 um
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and sintcring

4 Particlc Growth

Monomer Formation

CH4
Gaseous TiCla + Air




Gas Phase Synthesis

apply reactive cooling
heat gas process

mm B O
6 \.

MOLECULAR

SOLID VAPOR CLUSTERS

Physical Vapor Synthesis (PVS)
NanoArc Synthesis (NAS™)

Solid precursor (powder or
metallic rod)

Patented process, equipment, and
materials




Liquid Phase Synthesis

* Precipitation — solvent removed by filtration or centrifuging
Clear solutions
Molecules are combined or reacted to form insoluble molecules
Particles are built by nucleating and growing insoluble molecules
Process key — control agglomeration

Examples:
Hydrolysis (pH)
Co-precipitation
add precipitation agents
Homogeneous precipitation

precipitation agents produced
In-situ

Redox reactions
Decomposition
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: Nanoelectronics Sensors,
2 and Related NEMS

Structural
Applications 1

Nanomaterials Applications



More efficient catalytic converters

Thermal barrier and wear resistant coatings

Battery, fuel cell technology

Improved displays

Wear-resistant tires

High temperature sensors for “‘under the hood’; novel
sensors for “all-electric” vehicles

High strength, light weight composites for increasing fuel
efficiency
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Drug Delivery
and Disease Treatment

Potential to revolutionize
cancer treatment

Nanocrystals: Effective
agents for selective
targeting and destruction
of cancer cells?

— Small particle size

— Surface
functionalization
possible

— Unique properties Source: FeRx, Inc.
(magnetic, optical)
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* Adding certain morganic clays to rubber dramatically improves
the lifetime and wear-characteristics of tires.

Why ?

The nanoscale clay particles bind to the ends of the polymer
molecules - which you can think of as molecular strings - and
prevent them from unraveling.
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