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There are a 1000 million dollars in a billion, and there are 1000 
thousand dollar bills in a million dollars. 

Thus a nanometer is 1000X1000X1000 times smaller than a 
meter, just as a dollar is 1000X1000X1000 smaller than a 

billion dollars.

Nanotechnology deals with objects having at least one 
dimension in the range of nanometers, typically from 1 to 

100 nm.

The Relationship Between the Meter 
and the Nanometer can be Understood 

Better in Monetary Terms
A dollar bill is to a billion dollars,

as a nanometer is to a meter.

A nanometer is to an inch as an inch is to 400 miles.
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Nanostructuring is Key
to Novel / Enhanced Functionality

Layered-Structures

• Electronics/ photonics

• Novel magnets

• Tailored hardness

Nanocrystals

• Novel catalysts

• Tailorable light emission

• Supercapacitors

Manufacturability will lead to revolutionary 
advances in technology.

Manufacturability will lead to revolutionary 
advances in technology.



Nanotechnology



STM image (2.0 V, 2.0 nA) of Au 
clusters on the TiO 2(110)-(1∞1) 
surface. Quasi-2D Au clusters 
(lengths of 1-2 nm and heights of 1-2 
atomic layers) and 3D Au  clusters 
(lengths of 2-3 nm and heights ε 3 
atomic layers) are observed for 0.1 
ML Au coverage.

D. Wayne Goodman (Texas A&M)

Nanoclusters Increase Efficiency 
of Catalytic Processes

Low temperature catalytic combustion, oxidation of 
hydrocarbons, reduction of nitrogen oxides.

Two atomic layer thick clusters show maximum efficiency.



Cleaning up our Water and Creating an 
Inexhaustible, Nonpolluting Fuel – Two 

Potential Ways to Apply Nanotechnology 
Toward Real-World Problems

• In the search for cleaner air, nanoclustered 
catalysts could help destroy pollutants 
using the energy from sunlight.  

• Controlling the size of the nanoclusters 
determines the ability of the catalyst to 
decompose pollutants. Quantum effects 
that come into play at ultra small sizes 
greatly increase their effectiveness. 

• Also, these same catalysts have the 
potential to produce fuels like hydrogen by 
the decomposition of water and hydrogen 
sulfide, using sunlight.



Semiconductor Nanocrystals 
Breakdown Organic Pollutants

• Environmental remediation
• Solar photocatalysis/fuel production
• Environmental remediation
• Solar photocatalysis/fuel production
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Nanochemistry



Nanoscale Layered Materials Enable 
Light Sources of all “Colors”
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HD-DVD  Lasers

UV/Blue/Green LEDs

Hall Sensors
Ultra-High-Speed Electronics

Fiber Optic Telecom Transceivers

High-Speed Electronics

Yellow LEDs

Red LEDs

DVD Lasers

Fiber Optic Datacom Transceivers 
Solar Cells

CD Lasers

High Power Lasers

• Fiber Communications (IR Lasers/Detectors)
• Optical Storage (IR, Red, UV Lasers)
• Solid-State Lighting (Red, Green, Blue LEDs/Lasers)



Energy Efficiency: Solid-state lighting is potentially 10X and 2X 
more efficient than incandescent and fluorescent lamps, respectively.

Conventional Lighting is Relatively 
Inefficient
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Specialty Applications are Currently 
Driving Advances

Red LEDs 10X more efficient than red-filtered incandescents



Significant Energy Savings are Possible!
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Living Systems use Nanotechnology
to Achieve Micro- and Macro- Function 

Molecules and Chemical Pathways

Sub-cellular mechanical structure

Cells

Organs and 
Tissues

Integrated structures 
combine multiple 
length scales and 
functions.

Integrated structures 
combine multiple 
length scales and 
functions.



Self-Assembled Monolayers Mimic 
Natures Processes

• Simple methods organize molecules 
and molecular clusters into precise, 
pre-determined structures. 

• Nature provides many examples of 
intricately organized architectures 
such as sea shells -- whose self-
assembly is choreographed by 
molecular interactions. 

• Researchers are applying similar 
strategies to spontaneously organize 
new nanocomposite and mesoporous 
materials. In fact, these nanomaterials 
are already helping to attain 
scientists’ vision for new 
technologies. 



µChemLab Benefits from Materials
that are Tailored on Scale of Molecules

SAW
Array

Preconcentrator GC Column

25 nm25 nm (100100)

Highly parallel analysis channels

Micro-scale heater

Nanoporous film 
selectively 
concentrates 
target analytes.



Discovery

Theory 
and

Experiment

Nanotechnology is Moving from 
Discovery to Application

Exploring the path from scientific discovery to the integration of
nanostructures into the micro/macro world

Exploration Discovery Design

Synthesis 
and

Processing Performance

Integration


