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Nanotechnology is....

* the control of matter on the atomic level
* the ability to build using atoms as building blocks
 the manufacture of novel materials with novel properties

What is a nanometer?
e 1 nm=10°m = 0.000000001 m = one billionth of a meter

What is a nanostructure?
e Structure with at least one dimension < 100 nm
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The Scale of Things - Nanometers and More
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Why Study Nanoscience and Nanotechnology?

Nanoscience:

The study of fundamental principles of nanostructures between
bulk and atomic properties.

Nanotechnology:

The application of nano-structures into useful devices.
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500 - 1400 - Stained Glass
800 - 1600 - Nanoparticles in pottery
1200 - 1700 - Damascus Steel swords

~1910 - Particle sizes described in
“nanometers”

1959 - Feynman’s speech:

“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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1970 - “Nanotechnology” coined (Taniguchi)
1981 - First atoms seen (Binnig and Rohrer, STM)

1986 - Engines of Creation, the Coming Age of
Nanotechnology by Richard Drexler

“Nanotechnology is the principle of atom manipulation atom by
atom, through control of the structure of matter at the molecular
level. It entails the ability to build molecular systems with atom-by-
atom precision, yielding a variety of nanomachines”
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Particles are small
* High surface-to-volume ratio

React differently

Act differently (new properties)

* Interact with light differently

* Are on the scale of small biological structures

Quantum Mechanics meet Classical Mechanics
Interesting “new” structures
Interesting materials with nanoparticles embedded
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Surface Area and Energy

Surface energy increases with surface area

Large surface energy = instability

Driven to grow to reduce surface energy
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Physical Structure - Physical Property

What are the structural differences on the nanoscale?
* High percentage surface atoms
e Spatial confinement
 Reduced imperfections

What properties are affected?

What properties can we tune?
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Melting Points

Lower melting point for nanostructures <100 nm
Surface energy increases as size decreases
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Electrical Properties

Band gap increases as particle size decreases

Metal Insulator Semi-conductor NP Semi-conductor
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Particles & Light

Particles interact differently with light
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Militaries Study Animals for Cutting-Edge Camouflage. James Owen in England for National Geographic News March 12, 2003, Proc.
R. Soc. Lond. B (1999) 266, 1403-1411

Structures are smaller than wavelength of visible light
* Photonic Crystals

e Surface Plasmon Resonance
e Quantum Dot Fluorescence
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Optical Properties

Surface Plasmon Resonance

* |Interaction of light with metallic nanoparticle surfaces
Coupling of free electrons and incident light
Localized coherent oscillation of electrons

* Tunable optical properties of nanostructures; depends on size,
shape, composition, and environment

Nanoshells
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Optical Properties: Quantum Dots

Band gap increases as particle size decreases
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Bigger is redder Changing the size of a quantum dot core changes
the color it emits. The larger the dot diameter, the redder the light.

4.7 nm 2.9nm 2.5nm 2.3nm 2.1nm




Size: Biological Structures

2 nm diameter ~5 nm thick ~10 nm dié}neté"r |
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Influenza
Virus
Anatomy

© —Neuraminidase
(Sialidase)

O\l Hemagglutinin

5000 nm diameter

~50 - 100 nm diameter

[
% Seattle’s Hub for Industry-Driven Nanotechnology Education 16



Carbon Nanotubes
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Buckyballs

Zeolites
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