Nanotechnology:
What’s All the Buzz About

Nanotechnology is the science and technology of small things — in particular things that are less
than 100nm in size. One nanometer is 10™° or one billionth of a meter. Scientists have discovered that
materials at small dimensions-small particles, thin films, etc., can have significantly different properties
than the same materials at larger scale. There are endless possibilities for improved devices, struc-
tures, and materials if we can understand these differences, and learn how to control materials and
structures at the nanoscale. There are different views of what is included in nanotechnology but most
agree that three things are important: 1) Small size — 1 to 100 nanometers or less, 2) Unique properties
because of the small size, and 3) Ability to control the structure and composition in order to control
these properties.

Examples of How Properties Change at the Nanoscale

Optical Properties: Bulk gold appears yellow in color-
Nanosized gold appears as different colors depending on
particle size. Many other materials behave similarly. The
ability to change the optical properties of materials is a
powerful tool in the development of nanotechnology prod-
ucts

Allotropes of Carbon
Graphite — atomic planes slide easily over each
other making it a natural lubricant.
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http://www.webexhibits.org/causesofcolor/3.html. Diamond — hardest natu-
rally occur- ring sub-
Forces: gravitational forces become negligible and elec- stance

tromagnetic forces dominate.
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Surface Area to Volume Ratio: For smaller particles, a

greater proportion of material is exposed on the surface.
This becomes even more important in the nanoscale,
where a large fraction of the atoms become “surface
atoms” where they are more accessible to chemical
reactions
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More Nanotechnology Resources
www.nnin.org/education-training
Learn more about Nanotechnology

www.nanooze.org
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Reference ¢ PHYSICAL SCIENCE ¢ Information

final veloci initial veloci X ai d 10“ Prefix | Symbol Decimal
. ty—initl t ~ t
Acce]eratlon — 1nal velocr y 1nitial velocity (a — Vf Vl) Speed — lS. ance( — _) >
time t time t 10 yotta-  |Y 1,000 000 000 000 000 000 000 000
21
Density = v:)nlz:e (D= %) Force = mass x acceleration (F = ma) 107" |zetta- |z 1000 000 000 000 000 000 000
10"® |exe- |E 1,000 000 000 000 000 000
Power = work (p= w) Work = force x distance (W = Fd) 15
time t 10 peta- |P 1,000 000 000 000 000
. 12
. ffort dist d - kout w, b
Mechanical advantage = M( = —e) Efficiency = ==l (e = —°) 10 L T 000,000 000 000
resistance distance d, work in w; 9
10 giga- |G 1000 000 000
T — O i — O — 1 p—
Kelvin = °Celsius + 273 (K = °C + 273) Voltage = current x resistance (V = IR) 10° meca M 1000 000
Weight = mass x acceleration of gravity (w = mg) Acceleration of gravity = g = 10 % 10° |ho |k 1000
1 02 hecto- |h 100
. . . km;m,
Volume of a rectangular solid = length x width x height (V = lwh) Foravity = @ 10" ldeca |da 10
1 00 (none) |(none) 1
Microwaves Ultraviolet light Gamma rays 10_1 eci- |d 0.1
1072 lcent- |c 0.01
Radio, TV waves Infrared light X-rays 1 0_3 illi- m 0.001
104 106 108 10'C 1072 1014 108 1018 6
+ + t + + b + f 10 micro- |p 0.000 001
Frequency in Hz / \ 1 0—9 nano- In 0.000 000 001
Visible light 1072 [pico-  |p 0.000 000 000 001
Orange Yetlow Green
1 0_15 femto- |f 0.000 000 000 000 001
700 €00 550 500 400 1 0'18 atto-  |a 0.000 000 000 000 000 001
(4.3 x 1074 Hz) Wavelength in nm (7.5 x 10'% Hz) 1
107°" |zepto- |z 0.000 000 000 000 000 000 001
http://web.princeton.edu/sites/ehs/laserguide/spectrum.jpg 1 0_24 yocto- |y 0.000 000 000 000 000 000 000 001
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For elements with no stable isotopes, the mass number of the isotope with the longest half-life is in parentheses.
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Visit www.nnci.net/learn for more free nanotechnology resources
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