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“There’s Plenty of Room at the Bottom
By Richard P. Feynman (¥ ¢4 28 % 2 4. % & )

The annual meeting of the American Physical Society at the
California Institute of Technology on December 29, 1959

The speech was first published in the February 1960 issue of
Caltech’s Engineering and Science




What i1s Nanotechnology?

While many definitions for nanotechnology exist, the NNI cal
It "nanotechnology" only if it involves all of the following:

1. Research and technology development at the atomic,
molecular or macromolecular levels, in the length scale of
approximately 1 - 100 nanometer range.

2. Creating and using structures, devices and systems that have
novel properties and functions because of their small and/or
Intermediate size.

3Abi lity to control or manipulate on the atomic scale.

National Nanotechnology Initiative
http://nano.gov/html/facts/whatl SNano.html



Definitions of Nanoscience and Nanotechnologies

Nanoscience is the study of phenomena and
manipulation of materials at atomic, molecular and
macromolecular scales, where properties differ
significantly from those at a larger scale.

Nanotechnologies are the design, characterisation,
production and application of structures, devices and
systems by controlling shape and size at nanometre
scale.

The Royal Society & The Royal Academy of
Engineering

Nanoscience and nanotechnologies: opportunities and
uncertainties| July 2004|p.5
http://www.nanotec.org.uk/report/chapter2.pdf
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Size Comparisons . —,

Size matters - ¢his illustration shows size comparisons, from picometers and nanometers to decimeters and meters.



Prefixesthat Describe the Sizes of Things

Prefix Symbol Power Name
Exa E 10'8 quintrillion
Peta P 101> quartrillion
Tera T 1012 trillion
Giga G | 07 billion
Mega M Q¢ million
Kilo k 103 thousand
Unity 100 one
Centi c 102 hundredth
Milli m 103 thousandth
Micro m 106 millionth

n 109 billionth
Pico P 1012 trillionth
Fento f 1015 quartrillionth
Atto a 1018 quintrillionth




The Nanotechnology Revolution

Growth Innovations

Textiles  Railroad Automobile Computer Nanotech?

. R
|
Industrial Revolution Second Info Revolution

Sources: Norman Poire, Merrill Lynch

angtechnology is predicted to rival the development of the
bile and the introduction of the personal computer

http://www.mrsec.wisc.edu/Edetc/SlideShow/index.htm






H L3597 (Lotus Effect )

Zyga, Lisa February 17, 2006
PhysOrg.com Cheng et al., 2006
&y Accessed on Dec. 7, 2006 Nanotechnology 17:1359-1362.
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An Integrated and Responsible Approach

* Nanotechnology requires action on several fronts

Societal
l=s1ES
Infrastructure
_ Health, safety,
International Eﬂﬁnﬁth emvironmental
Covperation 2 and consumsr
Déevelopment : protaction
Industrial
Innovation Human
Resouwices

A

Communication from the Commission COM (2004) 338
http:/ /www.cordis.lu/nanotechnology
ftp://ftp.cordis.|u/pub/nanotechnol ogy/docs/communication_presentation. pdf




Nano-Manufacturing

MACRO |

mim Top-down approach
|+ precision engineering
* microelectronics

micro |  "lithography
" deposition

Lm
T Bottom-up approach
* designer molecules
H‘:‘#ID — * chemical synthesis

* SPM manipulation
» self-assembly

Communication from the Commission COM (2004) 338
http:/ /www.cordis.lu/nanotechnology
ftp://ftp.cordis.|u/pub/nanotechnol ogy/docs/communication_presentation. pdf
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Coagulation Half-life

Particle diameter Half hife ]
111 l gm ] mg m* I pgm* 1 ngm~

1 228 2.20 ms 22 36.07 nun
2 12 ps [200ms 125 3.34 hrs

5 0.12 ms 0.12s 2 min 33 34 hrs
10 (.7 ms 0.7z 11.67 min 8.1 davs
20 3.8 ms 38z 03.34 min 43 98 days

Aitken, Creely, Tran 2004
Institute of Occupational Medicine report 274
Nanoparticles: An occupational hygiene review p.19

(Preining 1998)




Particles Stability
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The Natural Nano-Particles
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http://www.foodsci.uoguel ph.ca/dei con/globul e.html




Effect of pH on Cheese Texture

Size of Casein
=uUb-micelle
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(Lawrence et a 1987)
J. Dairy Sci 70:1748




Small Particles have Already Existed
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Non-spherical _
Micelle Bilayer

Some examples of surfactant association colloids (self-assembly structure) formed

when a surfactant is dissolved in water

(Martin et a. 2003)
Specia Publication Royal Society of Chemistry, vol. 284, 3-13



O\ e Atomic Force Microscope

l

Cantilever Feedback &
Sample scan control
for x,y,z
X, Y, Z scanner
A
Force ,
i repulsive force
distance ﬁ Contact mode: the repulsive forces are measured as
the sample cantilever pushes into the sample.
Non-Contact mode: the attractive van der Waals
forces are measured by oscillating the cantilever with
asmall amplitude some 5 to 10 nm from the surface
distance
contact (tip-to-sample separation) Of the sarnpl €.
B
non-contact
U (Wilson et al. 2002)
attractive force

Nanotechnology p. 37



AFM Photo of Cotton Cellulose after Milling

cellulose particle with length, width smaller than 100 nm, height lower than 50 nm



Particle Size Distribution of Nano-Starch

Size distribution(s)

% in class

10 ¢

5 10 50 100 500 1000
Diameter (nm)

1 wt.% of starch, determined by Laser Light Scattering
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Strong Increase in Nanofood Marketsin 2005 Wor [dwi§

The nanofood market has been soaring from $410 million in 200
to be worth $5.8 billion by 2012.

Nano-featured food packaging market will grow from US$ 1.1 bn.
2005 to US$ 3.7 bn up to 2010.

More than 400 Companies around the world are today activein
research and development and production.. USA isthe leader
followed by Japan and China.

By 2010 Asia, with more than 50 percent of the world population,
will become the biggest market for the Nanofood, with Chinain the
|eading position.

Svidinenko (Svidinenko) 2005.10.30

http://www.nanonewsnet.com/index.php?modul e=Pagesetter& func=viewpub&tid=2& pid=12
Accessed Oct. 30, 2005
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Trend of Development

2005-#

¥ 3R £ (www.europa.eu.int/comm/reach):

R TR S A BAASEE R

i%m?ﬁﬁ’%m CREFE 2 S
e B ATend A P o R )

T E S D AT R Y R R

%%ﬁ#{%%%%%%ﬁ%%




Trend of Development
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Nanotechnology Market Evolution 2006-12

— Aorn+Defence
— Automotive
Chemicals

Conglomerate
= FOOd
— TN 4 HeaEhCare

Malise FISS Millissn)

-

Q_M

2006 2007 2008 2005 20:¢ 2011 2022
Y ear .

Cientifica
http://www.ci entifica.eu/index.php?option=com_virtuemart& | temid=80& vmcchk=
Accessed March 5, 2007
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http://www.forbes.com/investmentnewsl etters/2005/08/09/nanotechnol ogy-kraft-hershey-cz_jw_0810soapbox_inl.html2partner=rss Safer And Guilt-Free Nano Foods
Josh Wolfe, Forbes/'Wolfe Nanotech Report, 08.10.05
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( The Nottingham Nanotechnology and Nanoscience
Centre ) (NNNC) (€4.7 million) at the University of Nottingham
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George Reynolds 6/18/2007
http://www.foodnavigator-usa.com/news/ng.asp?n=77439-nanotechnol ogy-nanopackaging-shel f-lif

Accessed on \June 24, 2007




Major Fields of Projects for Food Industr

Using nanomaterials to improve food packaging or to
detect and, in some cases, neutr alize substances that
are the freguent cause of potentially fatal bouts of food
P01 SoNiNg.

Using nanomaterials to enhance the biological activity
of dietary supplements or “nutraceuticals.”

In fact, arecent inventory of nanotechnol ogy-based
products already on the market contains a dozen
dietary supplements.

Kuzma & VerHage 4 September, 2006
NANOTECHNOLOGY IN AGRICULTURE

AND FOOD PRODUCTION:ANTICIPATED APPLICATION
http://www.nanotechproject.org/50 accessed March 17, 2007




Techniques Used in Agrifood Nanotechnology Projec

100

W MNumber of projects

40

Kuzma & VerHage 4 September, 2006
NANOTECHNOLOGY IN AGRICULTURE

AND FOOD PRODUCTION:ANTICIPATED APPLICATION
http://www.nanotechproject.org/50 accessed March 17, 2007




Topics Addressed in Agrifood Nanotechnology Pr o)

10T

B Number of projects

Kuzma & VerHage 4 September, 2006
NANOTECHNOLOGY IN AGRICULTURE

AND FOOD PRODUCTION:ANTICIPATED APPLICATION
http://www.nanotechproject.org/50 accessed March 17, 2007




National Competitivenessin Nanotechnology

Category 1 2 3

Public and private group invested 12.4 billions in 2006.
Companies sold more than 50 billions worth of nano enabled products.
Government US (US$1.78 Japan (975 Germany (563
spending billions) millions) millions)

When lower costs of goods and services are considered, Chinais closing
the lead, with 906 millions in 2006 (19% rise over 2005)

Corporation US (1.93 billions)| Japan (1.7
spending billions)
When researchers considered price partly, China’s corporate nanotech
funding reached 165 millions (68% rise over 2005)

Publication nano | US (43,000 China (25,000)
science & eng. | since 1995)

US (6,081) Germany (773) | Total of 10,105
In 14 countries

K.C. Jones (Lux Research) InformationWeek 9 2007
http://www.informati onweek.com/news/showArticle.jhtml ?articlel D=197801614
Accessed on March 17, 2007




What We Should Know?

With millions of dollars being spent globally by both
government and industry to apply nanotechnologiesin
areas such as food processing, food safety and
packaging, and agricultural production, it isthe right
time to start asking a number of related questions:

What nano-engineered food products will appear on
the market over the next year or two?

What are the potential benefits and risks?

Who will be affected?

How can consumer s become engaged early on?"

8 September 2006
http://nanotechweb.org/arti cles/news/5/9/7/1

access on March 16, 2007
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Basic Concepts of Single Pump Microfluidizer
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[rwin J. Gruverman, 2004, Jan 26-28
Ultraturbulent Reactuib Technology, Drug Delivery Partnerships, vol. 3,p.101
http://drugdeliverytech.com/cgi-bin/articles.cgi 7idArticle=113



Media Milling

Dispersion
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Media Milled Ganoderma taugae
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Effects of Hot Water Extract and Milled Product fro

Ganoderma on Viability of Hep 3B hepatoma cells
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Appearance of Media-Milled Cellulose
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From Nano to Wellness

food & beverage

fartified foods
functiona! foods

“diet-mediated
personal care”

beauty [ "Wellness"

(health & safety)

cosmetics —

Birschbach, Fish, Hender son, and Willrett 2004
FOOD TECHNOLOGY 58( 4) p.26
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