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The
art and science

of building stuff
that does stuff

at the nanometer scale
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Nathan Sawaya

Figures are from a traveling exhibit - contact Nathan
Sawaya for further details, at info@brickartist.com
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Engineering novel functional materials at the nanoscale
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Ou, F. S., M. M. Shaijumon and P. M. Ajayan (2008). "Controlled Manipulation of Giant Hybrid Inorganic
Nanowire Assemblies." Nano Lett. DOI:10.1021/nl080407i.



Nanotechnology can... Gererate wealt/

$3 Trillion
Global forecast of products sold
incorporating nanotechnology
$2 Trillion
$1 Trillion
$0 Trillion

B Nano-enabled Products
Nano Intermediates

2004 .
B Nanomaterials

Source: 2004 Lux Research Report: “Sizing nanotechnology’s value chain”



Nanotechnology can... Mae better products

I wish my socks didn't

I wish my sunscreen
smell so much!

wasn’t so unsightly

I wish | could keep
leftovers for longer,
before they go off

I wish my tennis
racquet was lighter and
stronger

I wish spilt red wine
would run off my pants
without staining

I wish | could get more
songs on my iPod

Over 600 listed manufacturer-identified nanotech consumer products:
www.nanotechproject.org/consumerproducts



Nanotechnology can... Irprove owr /ives

Matenaﬂs

L/ght as plastlc stron/g as steel ‘ Clean water any time, any place

-_—

Medi mé R > nerqy
Smart drugs that kill the disease, DowerPlastic™ that

not the person to energy - anywhere”
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Developing sustainable nanotechnologies

The Three R’s:

RISK
RESPONSE
REGULATION




RISK

...of causing harm to humans
and the environment
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Nano-ZnO: One chemistry, many shapes
Courtesy of Prof. Z.L. Wang, Georgia Tech



Relevance of Physical Structure

A thought experiment
The potential significance of structure on nanomaterial impact
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Smallness
Translocation following inhalation - Nose to Brain

Nanoscale particles
end Up in the bran
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(Based on Oberdoérster, G., et al. (2004), Inhal. Toxicol. 16 (6-7), 437-445)



Inflammatory Response (PMN count x106)
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Unconventional behavior - lung installation in rats
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Interfering with biology at the nanoscale
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Linse, S., C. Cabaleiro-Lago, W.-F. Xue, I. Lynch, S. Lindman, E. Thulin, S. E. Radford and K. A. Dawson (2007). "Nucleation of protein fibrillation by
nanoparticles." Proc. Natl. Acad. Sci. U. S. A. 104: 8691-8696.



Source: Craig Poland
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Changing the shape changes the risk profile
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behave //,ée harriful asbestos Flbers

Poland, C. A., R. Duffin, I. Kinloch, A. Maynard, W. A. H. Wallace, A. Seaton, V. Stone, S. Brown, W. MacNee and K. Donaldson (2008). "Carbon nanotubes
introduced into the abdominal cavity of mice show asbestos-like pathogenicity in a pilot study." Nature Nanotechnology doi:10.1038/nnano.2008.111.
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Decoupling
“"Nanotechnology”




Decoupling into
nanotechnologles
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Setting Boundaries
Engineered nanomaterials which potentially present new challenges
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- Nature Vol.
Safe handling of nanotechnology 444/16

The pursuit of responsible nanotechnologies can be tackled through a series of grand challenges, November 2006
ague Andrew D, Maynard and his co-authors
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RESPONSE

...of potential users and
“beneficiaries’
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Topless Humans Organized for Natural Genetics (THONG)



THE NO-PRESCRPTION
BREAKTHROUGH
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Public Opinion Poll: Attitudes Towards Nanotechnology

Not Sure

Benefits will outweigh risks
Benefits and risks will be about equal
Risks will outweigh benefits

- "

Initial impressions Informed impressions

1014 adults polled Hart Research Associated, published September 2007

www.nanotechproject.org/138



Kahan et al. 2007

Initial attitudes derive from an emotional
response

Informed attitudes depend on values

It does not appear that learning more abo
nanotechnology tends to make people mo
favorably disposed to it

www.nanotechproject.org/file_download/164



Shouting

louder and longer

about research
does not lead to

effective science communication!



The Challenge:

Empowering people to make
informed decisions, and

Engaging people to inform
the decision-making process



REGULATION

Avoiding undue risk through
appropriate oversight
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Regulating Nano: What prompts new questions?
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Think Differently
Engage Comprehensively
Act Strategically
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