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1MM \wWhat is Nano-

100 pm
o 9“Dwarf” in Greek (nanos)
10ums ¢ |n International System of
Units (SI), nano = 10-°
1pum @ 1 nanometer (nm) = one
billionth (10°) of a meter
100 nm
@
3
10nmZz @ Nanoscale = approximately
1-100 nm
1 nm

O . 1 nm Wang.Amy@epa.gov
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@ Engineered Nanomaterials
1. Are intentionally produced

2. Have one or more dimension
In nanoscale (~ 1-100 nm)

3. Have unique properties due
to their small size (compared
to bulk materials of the same
chemical composition)

@ Include

o aggregates and agglomerates
(clumps) that are >100 nm

o® 3%6 ge

o composites containing
nanomaterials
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SEPA Like pasta, nanomaterials come
In all shapes
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SEPA
#of dimensions
In nanoscale

(1-100 nm)

1 Nanosheet
Nanofilm

Examples

Nznosnszt (polyzuninss znd F20., NP)

2 Nanotube

Nanorod L0 | 1 - SN =\
. G i i éraﬁyo}hed COMpoSiic:
Nan owire Singlewall carbo fuc MR | na“norg‘tds (BiyTes
nanotube = [me 31,9,
3 Nanoparticle PoSs nanocrysizls
- USRS ™ -;' oy bl
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== Nanotechnology

“Nanotechnology is the understanding and
control of matter at dimensions of roughly
1-100 nm, where unique physical
properties make novel applications
pOSSib'G” (National Nanotechnology Initiative)

o Enabling technology
o Novel properties and functions due to size

Wang.Amy@epa.gov
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serA  Enabling technology — one
property, many uses

Lotus effect
from
nanomaterials

Normal masonary paint Nano-coated paint

With normal masonary paint, water  With Water Shield, water droplets
droplets slide down the surface, roll down the surface and particles
re-arranging the particles of dirt of dirt stick to the droplet

Wang.Amy@epa.gov
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http://aobblog.com/2010/09/nanotechnology-and-self-cleaning-from-plant-leaf-surfaces/lotusleafsurface/
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1.

2.

ttttttt _Unique properties of
nanomaterial (1 of 3)
_ 1300| oo
Physical |
C 1000f
Lower melting point with : |
smaller size (gold) codl
Stable materials become 3008 —
. . Diameter (nm)
combustible (aluminum) Melting temperature of gold
nanoparticles vs. size (osch, 2001)
Chemical
Higher reactivity due to — T
large surface area to G
volume/mass ratio
Inert materials Cube size:
b Iviti Total surface SClL Lmm L nm
ecome catalytic ac 60  60.000000
(platinum, gold) area (Cm-).
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3 components

SEP __ Unique properties of
nanomaterials (2 of 3)

3. Electrical

o Insulators become conductors
(silicon, carbon)

Nanotechnology-enabled

o rechargeable batteries rechargeable batteries

§ eseessiei Y s |
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4. Magnetic E £ 7d

o Highly magnetic (cobalt) e U

o Small motors, ultra-sensitive PR
analytical instruments Cobalt nanoparticles in

magnetic filed

5. Mechanical

o Multiwall carbon nanotubes showed
extremely high tensile strength

o Sports equipment, automobile

CNT in the blcycleframe ﬁ
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“ERA __ Unique properties of
nanomaterials (3 of 3)

6. Optical
o Opaque substances become transparent

o Size-dependent or shape-dependent color for the same
chemical component

Colors of silver nanoplates with various thickness and size
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SEPA Determine protein folding/unfolding by

United States

s nano-gold with DNA

pH 10

Protein
(Cytochrome c¢):  fold - unfold

N Id d g v y:
ano-gold coate
with c;/Jtochorme C: ,Qgg g @8

http://news-service.stanford.edu/news/2005/march30/gold-033005.html
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¢EPA  Nanomaterials may have unique
behaviors and effects

@ Novel properties may lead to new implications

Ex: Small — new biodistribution; Highly catalytic — high
oxidative stress

@ Nanomaterials change

o Depending on the material and environment

Aggregate and agglomerate (clump) bigger in water with
organic matter than in pure water

o With time

Some nano-silver lose its activity quickly due to oxidation
o Effects change
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SEPA Four generations of nanomaterials

1st; Passive nanostructures
a.Dispersed and contact nanostructures . Ex. Aerosols, colloids
b. Products incorporating nanostructures. Ex. Coating,
nanoparticle reinforced composites; nanostructured metals,
polymers, ceramics

~ 2000 2nd: Active nanostructures
a.Bio-active, health effects. Ex: targeted drugs,
biodevices.

b.Physico-chemical active. Ex: 3D transistors, amplifiers,
actuators, adaptive structures

3'd: Systems of nanosystems
Ex: guided assembling; 3D networking and new
hierarchical architectures, robotics,
evolutionary

4t Molecular nanosystems
Ex: molecular devices “by design”,
atomic design, emerging functions
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United States
Environmental Protection

- Nanomaterials are on the market

@ Over 2,600 types of nanomaterials (nanowerk

Nanomaterial Database, accessed Feb 7 2011)

@Numerous nanotechnology-enabled
consumer products are on the market

Wang.Amy@epa.gov
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“ First generation nanoproducts
Pencil Leads FDA-approvec

Iron nanoparticles

Nanotechnology + Aromatherapy! _ _
for iron supplementatlon

QLTI

Fe(lll)(OH); core +

Z . }\ .
Y “ sucrose coatlng
Ferrum-Hausmant

Dinkable ampoutes  For oral a0
knpolas bebibles Stio para s

——

A4y Vifor (inemaiord
Femum St Galen/Se
http://thegloss.com/odds-and-ends/pencil-leads-of-the-future-nanotechnology-aromatherapy/ —
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SEPA _ Virus sized probe for cardiac
intracellular potential

AAAAAA

Outside
the cell

Entering
the cell

Inside
the cell

B Tian et al. Science 2010;329:830-834
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SEP  Economic potential of

nanotechnology (estimated, global)
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http://www.nano.fraunhofer.de/english/nanotech_market.html BMBF - 2006
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Summary

@ Engineered nanomaterials are intentionally-
made materials at ~1-100 nm

@ Nanomaterials may have unique properties,
behaviors, and effects

o Enable novel applications
o Possible new implications

@ Nanotechnology is an enabling technology, and
IS used in many fields
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Thank youl!
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