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Outline
• Brief Introduction on Nanotechnology
• Educational Resources on nanotechnology

– www.nano.gov

• RPI Nanoscale Science and Engineering Center: High 
school outreach program
– Bringing nanotechnology to the classroom (Program coordinator: 

Chang Y. Ryu (ryuc@rpi.edu)
• Hands on module: Carbon nanotube synthesizer
• Multimedia module: Virtual Scanning Electron Microscopy (SEM)
• Lecture module: Atomic Force Microscopy (AFM)
• Class supplementary information using nanoscale microscopy tools



nano-meter
• 1 mm = 1,000 μm = 1,000,000 nm
• nm = 10-9 m

– Thickness of human hair = 100 μm
– Typical size of cells = 30 – 1 μm
– Wave length of visible lights ~ 0.5 μm
– Nanoparticles, nanotubes, nanowires, …
– Length of C-C bond: 0.15 nm (1.5 Å)

Xe on NickelIron on Copper

NIST magnetic nanoparticles Carbon nanotubes



Technological advances 
• In 1900,

– Most people did not have cars, electricity, or indoor plumbing
• By 1950

– Most people have cars, electricity, or indoor plumbing
– Development of antibiotics, radio, TV, plastics, nuclear weapons

and power, and the computer
• By 2000

– Jet airliners are common
– TV, computers, cell phones, global communications network, 

internet, biotechnology
• Future? 

– Nanotechnology, biotechnology, information technology, energy 
technology, ???



Transistor & Information Technology
http://nobelprize.org/physics/educational/transistor/history/index.html

Computer
(late 1940’s)

Vacuum tube
(“Triodes”, Thomson 
– Nobel,1906)

Solid state
(Bardeen and Brattain
-Nobel, 1956)

Integrated Circuit
(Jack Kilby
- Nobel, 2000)

Portable radio from 
Motorola (1959)

time



Nanotechnology: Definition
(National Science Foundation ) 

http://www.nsf.gov/crssprgm/nano/reports/omb_nifty50.jsp

• Research and technology development at the atomic, molecular or 
macromolecular levels, in the length scale of approximately 1 - 100 
nanometer range, to provide a fundamental understanding of 
phenomena and materials at the nanoscale and to create and use 
structures, devices and systems that have novel properties and 
functions because of their small and/or intermediate size. The novel 
and differentiating properties and functions are developed at a critical 
length scale of matter typically under 100 nm. 

• Nanotechnology research and development includes manipulation 
under control of the nanoscale structures and their integration into 
larger material components, systems and architectures. Within these 
larger scale assemblies, the control and construction of their 
structures and components remains at the nanometer scale. In some 
particular cases, the critical length scale for novel properties and 
phenomena may be under 1 nm (e.g., manipulation of atoms at ~0.1
nm) or be larger than 100 nm (e.g., nanoparticle reinforced polymers 
have the unique feature at ~ 200-300 nm as a function of the local 
bridges or bonds between the nano particles and the polymer).



Nanotechnology is the creation of USEFUL/FUNCTIONAL
materials, devices and systems through control of matter on the 
nanometer length scale and exploitation of novel phenomena and 
properties (physical, chemical, biological) at that length scale

“If I were asked for an area of science 
and engineering that will most likely 
produce the breakthroughs of 
tomorrow, I would point to nanoscale 
science and engineering.”

-Neal Lane
Former Assistant to the President for Science
And Technology

Source: http://www.ipt.arc.nasa.gov/



Current Nanotechnology examples
- Size matters! -

• Nanoparticles & “quantum dots”
• Carbon nanotubes
• Micro- and nano-lithography
• Nano- and molecular-electronics
• Nano-materials
• Nano-batteries



Quantum dot – Biological tags
(www.qdots.com)



Carbon nanotubes



e.g. Nanotube chemical sensors
Kim and Nuckolls et al. (Columbia Univ.), Science (Jan, 2006) 311, 356 

“connection” after cutting



• Computing and Data Storage

• Materials and Manufacturing

• Health and Medicine

• Energy and Environment

• Transportation

• National Security

• Space exploration
•

Nanotechnology is an
enabling technology

Source: http://www.ipt.arc.nasa.gov/
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Melting point - 1064° C

Source: K.J. Klabunde, 2001Source: http://www.ipt.arc.nasa.gov/



www.nano.gov



NNI
• The National Nanotechnology Initiative (NNI) is a federal 

R&D program established to coordinate the multiagency
efforts in nanoscale science, engineering, and 
technology. 

• The goals of the NNI are to:
– Maintain a world-class research and development program 

aimed at realizing the full potential of nanotechnology; 
– Facilitate transfer of new technologies into products for 

economic growth, jobs, and other public benefit; 
– Develop educational resources, a skilled workforce, and the 

supporting infrastructure and tools to advance nanotechnology; 
and, 

– Support responsible development of nanotechnology 



NNI – Educational Resources



http://www.nclt.us/



NSF
NISE network

(2005)

Informal Education
on

Nanotechnology



For Students K-12 
@ www.nano.gov



Nano IQ from NIST
http://www.nist.gov/public_affairs/nanotechquiz.htm



Nanotech Gallery from NASA
http://www.ipt.arc.nasa.gov/gallery.html



NASA - continued



Nano screen saver from NSF
http://www.nsf.gov/news/overviews/nano/screensaver.jsp#pc
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RPI NSEC High School Outreach

Summer, 2005
(will continue in the summer of 2006)

2003 2004



Hands on Module: 
Carbon nanotube synthesizer

Tom Pittman, BHBL High School, “Metal-Tech” Teacher



Actual module – CNT synthesizer



Virtual Scanning Electron Microscopy (SEM) Laboratory
- Developed by UIUC (Our RPI NSEC partner) –

http://virtual.itg.uiuc.edu/downloads/

Go to www.java.com
And download java program first.

Also download images from
http://virtual.itg.uiuc.edu/data/



Actual module on Virtual SEM
- Paul Fedoroff, BHBL Physics teacher -



Actual module on Virtual SEM
- Paul Fedoroff, BHBL Physics teacher -



Atomic Force Microscopy (AFM) & Data Storage
Paul Fedoroff & Dr. Hoichang Yang (NSEC staff)



Optical Storage media – Tapping AFM

2μm

Topography TM AFM

CD-R (optical media) DVD-RW (optical media)

10μm10μm



CD vs. DVD

CD DVD

Specification CD                   DVD
Track Pitch                1600 nm            740 nm
Min. Pitch Length        860 nm            400 nm

The schematic diagrams above 
were obtained from http://www.howstuffworks.com/



Magnetic media - AFM
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Magnetic Force AFM



Summary
• Nanotechnology

– K-12 educational resources are abundant 
– Many nano-research centers have HS outreach 

programs. 
– www.nano.gov is a good place to start.

• RPI Nanoscale Science & Engineering Center
– “Bringing Nanotechnology to the Classroom”

• Carbon nanotube synthesizer (Hands on activities)
• Virtual SEM (Computer-based JAVA software)
• AFM and other class supplementary materials using state-of-

the-art nanoscale imaging tools at RPI
– Contact me at RPI (Prof. Chang Y. Ryu (ryu@rpi.edu))

NSEC: 
www.nano.rpi.edu

My research homepage
http://block.chem.rpi.edu
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