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What is Nanotechnology?
Function: noun

Date: 1974 

: the art of manipulating materials on an atomic or 

molecular scale especially to build microscopic devices

There's Plenty of Room at the Bottom, December 29th 1959

Richard Feynman 

I would like to describe a field, in which little has been done, but in which an enormous 

amount can be done in principle… Furthermore, a point that is most important is that it would 

have an enormous number of technical applications. 

What I want to talk about is the problem of manipulating and controlling things on a small 

scale.



What is Nanotechnology?
Function: noun

Date: 1974 

: the art of manipulating materials on an atomic or 

molecular scale especially to build microscopic devices

There's Plenty of Room at the Bottom, December 29th 1959

Richard Feynman 

…And it turns out that all of the information that man has carefully accumulated in all the 

books in the world can be written in this form in a cube of material one two-hundredth of an 

inch wide--- which is the barest piece of dust that can be made out by the human eye. 

So there is plenty of room at the bottom!



How big is a Nanometer?

1 Meter = 1000 millimeters

Human Hand

Mark C. Hersam Northwestern University



How big is a Nanometer?

1 mm = 1000 micrometers

White blood cell Chromosome



How big is a Nanometer?

1 μm = 1000 Nanometers

DNA Atoms

Nanoscale Phenomena reveals itself at 100 → 1 nm length



How big is a Nanometer?



How big is a Nanometer?
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How small can we make something?



Materials transform Culture

Stone tools
2,000,000 BCE

Copper and Bronze tools and jewelry
3,000 – 2,000 BCE

Oldowan tools



Materials transform Culture

Iron tools and weapons
~1,500 BCE

Iron and Carbon make Steel
1,300 BCE – industrial revolution

Damascus Steel
is very strong and 

resilient



Materials transform Culture
The steel of Damascus blades, which were first encountered by the Crusaders 

when fighting against Muslims, had features not found in European steels — a 

characteristic wavy banding pattern known as damask, extraordinary

mechanical properties, and an exceptionally sharp cutting edge.

M. Reibold*†, et al. NATURE|Vol 444|16 November 2006

Single walled carbon nanotubes were found in Damascus Steel



Materials transform Culture
Single walled carbon nanotubes were first characterized by Iijima in 1991

 Strongest material Young's moduli= ~1TPa  (stainless steel = 0.2 TPa)

 Highest thermal conductivity
1000X better than metals

 Highest electrical conductivity
10X better than Cu //



Nanostructured Carbon 
Graphite  to graphene SWNT C60

Graphene –Nobel Prize 2010 
Geim and Novoselov

C60 –Nobel Prize 1996
Curl, Kroto, and Smalley

1991
Iijima



Technology from Nano- Carbon 
Pulling Carbon nanotubes into yarns and sheets

Ken R. Atkinson et al. Physica B 394 (2007) 339–343 Dr. David S. Lashmore, Nanocomp Technologies 



Nanotechnology depends on processing
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Nanotechnology depends on processing
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Nanotechnology depends on processing



Novel Actuator – Force transducer
Vertically aligned SWNT arrays grown on micro-cantilevers

Mike Forney Ph.D. Nanoscale Science
mforney1@gmail.com

03/30/2010
(J.C. Poler Advisor)

COMSOL modeling of 
electrostatically driven actuation



New processes for old materials

When the size of a material is reduced to the nanoscale, its optical, 

electronic, magnetic, chemical, catalytic and mechanical properties can 

be affected by the particle’s size and or shape.

Au

Ag

Bulk Colloidal particles applications



Nanotechnology is NOT new!

Chad Mirkin Northwestern University

The optical properties of gold 

or silver particles are affected 

by their size and shape.

Lycurgus Cup ~300 CE



Coagulant Valence Charge CCC (M)

CaCl2 + 2 3.4 (± 0.2) x 10-4

Monomer + 2 1.2 (± 0.2) x 10-7

Dimer + 4 3.2 (± 0.2) x 10-8

Nanotechnology depends on processing



Technology from Nano- Gold 
Functionalized Au-NPs can be used for sensing!

Wolfgang J. Parak et al. Chem. Soc. Rev., 2008, 37, 1896–1908

Pregnancy test

Pregnancy hormone 

hGC detected: 

Sensitive and 
reproducible!



Technology from Nano- Gold 
Functionalized Au-NPs can be used for detect cancer!

Chad A. Mirkin et al.  PNAS  November 3, 2009  vol. 106  no. 44  18437–18442
Very sensitive 

PSA detection



Economics of miniaturization is driving 

Nanotechnology.

If you make it smaller, you can make more of it

If you make it smaller you can make it less expensive

If you make it smaller you use fewer natural resources

If you make it smaller you can make it more functional

If you make it small enough, you can make something 

completely NEW



Economics of miniaturization is driving 

Nanotechnology.



Computing performance has increased 

exponentially as device dimensions reach 

nanoscale.
1st Transistor

Bell Laboratories, 1947

John Bardeen

Walter Brattain

William Shockley

>50 million transistors running 

at ~3 million calculations per 

second

Ray Kurzweil, 2000

http://images.google.com/imgres?imgurl=http://www.pcgatecomputer.com/images/Pentium4.jpg&imgrefurl=http://oferta.dereto.com.mx/id=19572555_26ghz-socket-478-pentium-iv-550-procesador&h=480&w=640&sz=119&hl=en&start=6&um=1&tbnid=b8x_kJ985VpreM:&tbnh=103&tbnw=137&prev=/images?q=pentium+IV&um=1&hl=en&sa=N


Computing performance has increased 

exponentially as device dimensions reach 

nanoscale.

IBM claims smallest working silicon transistor



Can Nanotechnology lead to 

new energy production?

Current worldwide annual energy consumption  = ~4 TeraWatts (4 million 

Megawatts!)

Assuming no new interventions and current energy growth the total worldwide 

annual energy consumption in 2050 will be ~ 10 TeraWatts

How do we generate all this needed energy without destroying the environment?

100 W 100,000 W 1,000,000,000 W



Currently available Photovoltaic 

technology can do the job.

Hoffert et al., Advanced 

Technology Paths to Global 

Climate Stability: Energy for a 

Greenhouse Planet. 2002, 

298, 981-987.



Currently available Photovoltaic 

technology is very expensive.

Boxes showing land area requirements to produce 3 TW or 20 TW 

of  photovoltaic energy at 10% efficiency.



Currently available Photovoltaic 

technology is very expensive.

L. Kazmerski, Solar-Electric Power: A 2001 Device Overview, National Center for Photovoltaics, National Renewable

Energy Laboratory, Golden, CO (2001).

Nanoscale Materials are far more efficient

And can be produced less expensively.

Bulk Materials like single crystal Silicon 

are costly and not very efficient
~$3.00 / Watt

~$0.20 / Watt

http://images.google.com/imgres?imgurl=http://www.worldchanging.com/Sphelar-main1.jpg&imgrefurl=http://www.worldchanging.com/archives/006018.html&h=317&w=475&sz=193&hl=en&start=252&um=1&tbnid=u1qMcvd20g8TUM:&tbnh=86&tbnw=129&prev=/images?q=solar+cell+efficiency&start=240&ndsp=20&um=1&hl=en&sa=N
http://images.google.com/imgres?imgurl=http://laliquidators.net/pics/solar_panel_big_1.jpg&imgrefurl=http://www.laliquidators.net/4980BN.htm&h=486&w=468&sz=128&hl=en&start=110&um=1&tbnid=nkA-6S-QCiOEGM:&tbnh=129&tbnw=124&prev=/images?q=solar+cell+&start=100&ndsp=20&um=1&hl=en&sa=N


Nanostructured Materials have advantages 

over Bulk solids
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the surface

Nanostructured Materials

have a very high surface 

area and can be tuned to 

absorb many colors of 

light 



Can Nanotechnology help the 

Environment?

Nanoscale Iron effectively reduces chemical contamination from ground water

Fe(nano) + Bad molecule  →  Fe2+ +  2e- → Not so bad molecule



Cr(VI)Reduction

COPR Samples from an industrial site in NJ

Aqueous Cr(VI) - 43.38 mg/L, Soil CrT - 7,725 mg/kg, pH = 11

Wei-xian Zhang, Leheigh University

Chlorinated Methanes

Chlorinated Ethenes

Chlorinated Ethanes

Chlorinated Benzenes

PCBs

Lindane (HCHs)

Cr(VI)

Pb(II)

Ni(II)

Cd(II)

Perchlorate

Arsenic

Can Nanotechnology help the 

Environment?



Nanoscale Science; what do we know and 

where do we go from here?
Materials exhibit novel properties at the nanoscale because:

1. When particles get very small, they have very few defects!

Bulk Graphite Single Walled Carbon Nanotube

http://images.google.com/imgres?imgurl=http://www.dkimages.com/discover/previews/1244/90006258.JPG&imgrefurl=http://www.dkimages.com/discover/Home/Science/Earth-Sciences/Geology/Minerals-and-Crystals/Classification/Native-Elements/Graphite/Graphite-1.html&h=512&w=584&sz=46&hl=en&start=4&um=1&tbnid=Nt2CeVWXqI9IrM:&tbnh=118&tbnw=135&prev=/images?q=graphite&um=1&hl=en&sa=N


Nanoscale Science; what do we know and 

where do we go from here?
Materials exhibit novel properties at the nanoscale because:

2. When particles get very small, they have very high surface areas!

N = 4096

n = 3584

N = 4096

n = 1352

N = 4096

n = 2368

N = # of atoms total

N = # of surface atoms

Surface atoms have more energy!



Nanoscale Science; what do we know and 

where do we go from here?
Materials exhibit novel properties at the nanoscale because:

3. When particles get very small, they are described by Quantum Mechanics and 

Quantum size confinement

Electrons confined 

to 2D
Electrons confined to 0D

Electrons confined 

to 1D

http://images.google.com/imgres?imgurl=http://www.omicron.de/results/two_dimensional_imaging_of_electronic_wavefunctions_in_carbon_nanotubes/pic/two_dimensional_imaging_of_electronic_wavefunctions_in_carbon_nanotubes_1_300.jpg&imgrefurl=http://www.omicron.de/results/two_dimensional_imaging_of_electronic_wavefunctions_in_carbon_nanotubes/index.html&h=300&w=300&sz=16&hl=en&start=30&um=1&tbnid=wjVbNahJ4_LTuM:&tbnh=116&tbnw=116&prev=/images?q=carbon+nanotube&start=20&ndsp=20&um=1&hl=en&sa=N


Development of New Disciplines is Natural

Algorithm theory

Mathematical logic
New Computing Technology Computer Science

Biology

Chemistry

Physics

Engineering

New Nanoscale experimental 

Methods
Nanoscale S&E

Metallurgy

Ceramics

Polymers

New Processing and 

Characterization Methods
Materials S&E

Geneticists

Physicists

Chemists 

New discovery and 

manipulation of DNA
Molecular Biology



Development of New Disciplines is Natural

ACSNano Vol. 1 issue 1. p. 4 (September 2007)

PSW: You made a comment in your

talk at the Summit about the

disappearance of disciplines with

scale. Can you capture that thought

for our readers?

Heine Rohrer: The nanoscale is the

bifurcation point where the disciplines

develop. That’s where materials have

their properties and a cluster of 10 atoms

does not yet have the same properties

as 100 atoms. That is also where

the disciplines emerge, and that’s why

nano has to be completely interdisciplinary.
Inter-discipline AND/OR New Discipline?



Fundamental Concepts

Educate Students

Incentivize Investment 

Develop Novel Nanotechnology

Lower costs and create new 

markets

Transform Cultures
(for the better, we hope!)



Thank You for your attention!

Questions?
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