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

000 @

Douma, M., curator. (2008). Gold. In Cause of Color. Retrieved 1/30/2012,
http://www.webexhibits.org/causesofcolor/3.html.

Forces: gravitational forces become negligible and elec-
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

National Nanotechnology
Coordinated Infrastructure
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Allotropes of Carbon
Graphite — atomic planes slide easily over each
other making it a natural lubricant.
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PHYSICS ¢ Information
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= _dp U, =mgh dU e 1079 |nano- |n 0.000 000 001
et Y =—— E=rxp, L=1é =
ot 7o | € [P B dx Tep, L=io 102 pico-  p 0.000 000 000 001
= - 2 2 =
ring = femto- 0.000 000 000 000 001
Si =N g I, =MR 1077 :
mr - =
=u N . z . f e = = MR? atto- a I
fi=n - .o X N L 2 MR 107" 0.000 000 000 000 000 001
A T=27\ ar RS Jam , 2 e 107?"|zepto- |z 0.000 000 000 000 000 000 001
a, = =wr sphere = 2 =
" 5 10™%|yocto- |y 0.000 000 000 000 000 000 000 001
UNIVERSAL GRAVITATION THERMODYNAMICS WAVES
Fa G, AL = L, AT W o= [ pdV v= A
o -
e, O = meaT a5 - (42 » = AsinGis —aon) Force Diagrams
CGM ! Q=L
£ = l—i ko= 27
o =G, pV = nRT = NKT ,, A M
= ” g
dE = dQ —dW A0 _ T =Te
MAGNETISM P a o ’z
—= _ W o L
<I)B=J‘B d A €= Ye _cop
in Il . ek,
L I=F
F=gUu=xB ELECTROSTATICS P ’
F—ilxB ol AV = ~[E-d5 =%
dme, 17 £ = (10 dB)log,, -
= My, IdFxF . B A
dB =320 — BE_F @, = [E-dd Mg Mg
q Q CURRENTS
=_ B C ==
T=pxB o 4 v i dq F
MECHANICS OF FLUIDS 4ﬁ0 - dr
o = K€ normal
P=p,+pgh U =gV T4 J=n|q|—ud
pvA = constant 1 = icti
- L P P E=pJ friction
P+ %pwz + pgh = constant ° 2 R= PE
A
MODERN PHYSICS PHYSICAL (WAVE) OPTICS V =IR
_¥ E =hf dsin@=mA m=0, =1, =2,...
B=- ' P=vI
v W —® 2dsin@ =mA.m=0, =1, =2,... .
1 < = - . el
? sin@ = 1.22% i=le
i
TQ =odeT? AMPERE'S LAW, FARADAY'S LAW,
AL = yhr, ’ AND MAXWELL'S EQUATIONS
_ N 77 Cene _ g4
7o Lo AT =2.898%107 m-K fE-dd= . &, ==L
Y
2 [ 1, -
I E"=(—|3.6BV)Z: §B'd.4=0 U#;LI'
= " =+ dP
1= Eeds=-S0 -
c? Ax Ap = % § * /i L= por A€
h » —_ . . _IR
A=1 -dF = i, i= l—ge *
» N=Nger § fa [ )
1
GEOMETRICAL (RAY) OPTICS
S 4 Te= oI
F=1I,cos’@ ”’=_dj 5
1, 5in @, = n,sind, ’ Z = R“-:—(wL——)
1 1 1 1 1 1 C
e o e = e = (7 = 1)
g, =tan (ﬁ) d, d, f £ R R,
n\

Visit www.nnci.net/learn for more free nanotechnology resources
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