Speakers and topics

Jan. 8 Bruce Lennox Self-Assembly part 1 (CSACS McGill)

Jan. 15 Bruce Lennox Self-Assembly part 2 (CSACS McGill)

Jan. 22 Adi Eisenberg  Diblock copolymers (CSACS McGill)

Jan. 29 Pat Kambhampati Quantum Dots part 1 (Chem McGill)
Feb. 5 Pat Kambhampati Quantum Dots part 2 (Chem McGill)

Feb. 12 Chris Barrett Wet measurements (CSACS McGill)

Feb. 19 Chris Barrett Soft Lithography (CSACS McGill)

Feb. 26 Study break

March 5 Federico Rosei Scanning Probe Microscopy (CSACS INRS)
March 12 Andreas Ruediger Oxide nanomaterials (INRS)

March 19 Dima Perepichka Organic Photovoltaics (CSACS McGill)
March 26 Amy Blum Molecular Electronics (CSACS McGill)

April 2 Good Friday

April 9 Proposal defense-634 students

50% tests (2)
50 assignments (2): Paper refereeing- 20%, review paper (534)/proposal (634) i 30%



NANOCHEMISTRY

A challenge is to wuse chemical approaches that
reproducibly provide a precise control of composition,
size, and shape of the nano-objects forme.

A

A nanomaterials exhibit new electronic, optical, and other
physical properties that depend on their composition,
size, and shape

A nanoscale chemistry provides an opportunity to design
and fabricate hierarchically built multilayer
nanostructures to incorporate multifunctionality at
nanoscale



Nanoscience/materials

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

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

-Ability to control or manipulate on the atomic scale.



Nanochemi stry o

A Preparation of nanoparticles of a wide range of
metals, semiconductors, glasses, and polymers

A Preparation of multilayer, core-shell-type
nanoparticles

A Nanopatterning of surfaces, surface
functionalization, and self-assembling of
structures on this patterned template

A Organization of nanoparticles into periodic or
aperiodic functional structures

A In situ fabrication of nanoscale probes, sensors,
and devices



Nanoscale Materials

Bulk Carbon Nanoscale Carbon

Cqo (Buckeyball)
o %ﬁ% Smalley, Curl, Kroto

1996 Nobel Prize

Graphite Diamond

lijima - 1991



Imaging

\AQuant um
Corral o

\ 48 Fe atoms
positioned by
the STM used to
Image them




Organic LEDs

Structure-Function Correlations (emission wavelengths)
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Andersson er al, Macramolecides 1995, 28, 7525



Quantum Effects

A Band gap depends on particle size

JUEREEER

IO 58 .r'v'v l q nm

Fluorescence of CdSe nanoparticles



The Periodic Table
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Nano Industry

A Instrumentation

A Advanced materials
A Electronics

A Biotechnology

A Healthcare

A Energy

A Defense/security

A Environment



The Nano Industry  x giechnoiogy

I Platypus
I Bioforce Nanoscience
A Equipment suppliers T Ace Ethanol
T Imat?o Instruments 1 Atom
probe microscope
I Hysitron Inc A I_.:.eal\l/fggﬁgﬁic
i Thermo (DI, Park) y L
i Asylum | Boston Scientific

A Energy
I Nanodynamics i Fuel cells

A Advanced materials i Konarkai Flexible solar

I 3M panels
i Cima Nanotech i Cymbet
A Electronics A Defense and security
I Intel i Detecting explosives and
I HP bio agents
i Motorola I MI'T Al nstitute
|

IBM Nanotechnologieso

12



The Nano Industry

A NNI http://www.nano.qgov/

A NNIN http://www.nnin.org/

A MRSEC http://www.mrsec.wisc.edu/Edetc/
A NanoHUB http://www.nanohub.org/

A Nano in the News



http://www.nano.gov/
http://www.nnin.org/
http://www.mrsec.wisc.edu/Edetc/
http://www.nanohub.org/

nanoo consuimn

-

Exampl es of

First Response® Home Pregnancy Test by Carter-Wallace®
Nano Cosmetics by SongSing Nano Technology Co., Ltd.

Zelens® Fullerene C-60 Eye Cream by Zelens®

Eagle One Nanowax® by Eagle One

Antibacterial Kitchenware by Nano Care Technology, Ltd.

Antibacterial Pet Products by Nano Care Technology, Ltd.

Eddie Bauer® Water Shorts by Eddie Bauer®

AccuFlex® Evolution Golf Shaft by Accuflex®

Stealth CNT® Baseball Bat by Easton® Sports, Inc
Wilson® nCode® Tennis Rackets by Wilson®

Atomic Snow® lzor Skis by Atomic Snow®



http://www.nanocaretech.com/En_ArticleShow.asp?ArticleID=13
http://www.nanocaretech.com/En_ArticleShow.asp?ArticleID=26
http://www.nanotechproject.org/index.php?id=44&action=view&product_id=1111
http://www.nanotechproject.org/index.php?id=44&action=view&product_id=1022
http://www.wilson.com/wilson/racq/flash.jsp?inSp=tn&bmLocale=en
http://www.nanotechproject.org/index.php?id=44&action=view&product_id=1136
http://www.csmonitor.com/2003/0324/p17s03-wmcn.html?s=rel
http://www.ssnano.net/ehtml/detail1.php?productid=78
http://www.eddiebauer.com/eb/product.asp?product_id=29068&nv=&oessoa=6045421&referringurl=http%3A//www.eddiebaueroutlet.com/jump/eb_product_jump.asp%3Fproduct_id%3D29068%26nv%3D
http://www.nanotechproject.org/index.php?id=44&action=view&product_id=1149
http://www.nanotechproject.org/index.php?id=44&action=view&product_id=1149
http://www.zelens.co.uk/
http://www.zelens.co.uk/
http://www.zelens.co.uk/

Assessing the environmental impact of
emerging nanotechnologies

W
Nanotechnology and
Life Cycle Assessment

Life cycle assessment (LCA) the cradle-to-grave
look at the health and environmental impact of a
material or chemical

Nanotechnology-enabled products is $30 billion in

2005 and will be $2.6 trillion 20146 Ai numer ou s
uncertainties exist regarding possible impacts on the
environment and human heal



Little is currently known about the toxicity of nanomaterials
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Nanotechnologies and the Workplace

COC

Approaches to Safe

Progress Toward Safe
Nanotechnology in the Nanotechnology:
Workplace (% Infermation Exchange with NIOSI

A Report from the NIOSH
Nanotechnology Research Center
o G

DB‘ARTMENT Of HEALTH AND HUMAN SERVICES
Yor i artoel sed Primeniion
Nro’ul" utrrvw upazoral Satety ana Heakn




Assessing Hazards in the Workplace

4 ™
Issues in Medical Surveillance for Workers

in Nanotechnology
Meeds assessment
ls there a hazard?
s there exposure?

What is the risk?

Decisions on medical surveillance

N\

Madical scraening Syslemalic data Exposura Hazard
collection surveillance

. J




Establishing a Nanotechnology Safety System

r N

Critical Areas for Occupational Safety and Health
in Nanotechnology

Hazard identification

!

Toxicology Exposure assessment
Epidemiology ] Y Communications
Metrology ‘
Control research Risk assessment

N

\

Engineenng AdmlmstratrA
conirols centrols Medical
PPE surveillance




A Few Relevant Recent References

Prow, TW, Salazar, JH, Rose, WA, Smith, JN, Reece, LM, Fontenot, AA, Wang, N, Lloyd, RS, Leary, JF:
"Nanomedicine T nanoparticles, molecular biosensors and targeted gene/drug delivery for combined
single-cell diagnostics and therapeutics” Proc. SPIE 5318: 1-11, 2004.

TW, Kotov, NA, Lvov, YM, Rijnbrand, R, Lear
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Prow, TW, Rose, WA, Wang, N, Reece, LM, Lvov, Y, Leary, JF: "Biosensor-Controlled Gene
Therapy/Drug Delivery with Nanoparticles for Nanomedicine" Proc. of SPIE 5692: 1991 208, 2005.

Prow, TW, Grebe, R, Merges, C, Smith, JN, McLeod, DS, Leary, JF, Lutty, GA: "Novel therapeutic gene
regulation by genetic biosensor tethered to magnetic nanoparticles for the detection and treatment of
retinopathy of prematurity” Molecular Vision 12: 616-625, 2006

Prow, TW, Smith, JN, Grebe, R, Salazar, JH, Wang, N, Kotov, N, Lutty, G, Leary, JF: "Construction, Gene
Delivery, and Expression of DNA Tethered Nanoparticles" Molecular Vision 12: 606-615, 2006

Seale, M., Haglund, E., Cooper, C.L., Reece, L.M., Leary, J.F. "Design of programmable
multilayered nanoparticles with in situ manufacture of therapeutic genes for nanomedicine”
Proc. SPIE 6430: 643003-1-7, 2007.

Seale, M., Zemlyanov, D., Cooper, C.L., Haglund, E., Prow, T.W., Reece, L.M., Leary,
J.F. AMultifunctional nanoparticles for drug/ gene
64470E-1-9, 2007.

Leary, J.F. and Prow, T.W. Multilayered Nanomedicine Delivery System and Method
PCT/US05/06692 on 3/4/2005.



Nanotoxicity References

Chana, W-H, Nion-Shiao, N-H, Pin-Zhen Lu, P-Z. CdSe quantum dots induce apoptosis in human
neuroblastoma cells via mitochondrial-dependent pathways and inhibition of survival signals. Toxicol.
Lett. (2006)

Darzynkiewicz Z, Juan G, Li X, Gorczyca W, Murakami T, Traganos F. Cytometry in cell necrobiology:
analysis of apoptosis and accidental cell death (necrosis). Cytometry. 1997 Jan 1;27(1):1-20.

Kirchner,C. Liedl, T., Kudera, S., Pellegrino,T., Munoz Javier, A., Hermann E. Gaub,H.E., Stolzle,S., N.
Fertig, Parak, W.P., Cytotoxicity of Colloidal CdSe and CdSe/ZnS Nanoparticles. Nano Lett., Vol. 5, No.
2, 331-338, 2005.

Oberdorster,G., Oberdorster, E. Oberdorster, J. Nanotoxicology: An Emerging Discipline Evolving from
Studies of Ultrafine Particles. Environmental Health Perspectives 113(7): 2005

Ryman-Rasmussen, J.P., Riviere, J.E.,Monteiro-Riviere, N.A. Surface Coatings Determine Cytotoxicity
and Irritation Potential of Quantum Dot Nanopatrticles in Epidermal Keratinocytes. Journal of Investigative
Dermatology. 10 August 2006; doi:10.1038/sj.jid.5700508

Shiohara, A., Hoshino, A., Hanaki, K., Suzuki, K., Yamamoto, K. On the cytotoxicity caused by quantum
dots. Microbiol. Immunol. 48(9): 669-675, 2004.



Some References on Nanotechnology & Society

Mihail C. Roco, William Sims Bainbridge, Societal Implications of Nanoscience and
Nanotechnology By, National Science and Technology Council (U.S.). Subcommittee on
Nanoscale Science, Engineering, and Technology

Davi d M. Berube, AThe Rhetoric of Nanotechna
(eds.), Discovering the Nanoscale, Amsterdam: IOS Press, 2004.
ISBN: 1-58603-467-7

David M. Berube, NANO-HYPE, (foreword by Mihail C. Roco)
Prometheus Books, Amherst, NY 2005 ISBN 1-59102-351-3

Wade L. RobiEns®owesofnNanoD. Baird, A. Nor dman
Discovering the Nanoscale, Amsterdam: 10S Press, 2004.

James Moor and John Weckert, ANanoet hi ¢cs: As
of Viewo | n: D. Baird, A. Dscoveringahe Nandscale, Sc hu
Amsterdam: 10S Press, 2004.



Chemical Bonding

Fundamental interactions leading to structures

lonic

Metallic

Covalent

H-bonding

Metal-ligand

Van der Waals

- stacking
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lonic Interactions

Aid Mol ecul ar beaker epita

A Layer-by-Layer (LbL) growth of
polyelectrolytes




lonic / Electrostatic Effects

§ wﬂ %;@ & % A amolecular

s hiaWa O, 9 elevator

T A A switches with
Sa® H acid/base

A Fraser Stoddart,
UCLA/Chicago

[17-Hal[PFgle 7UPF:la



lonic / Electrostatic Effects

A Conformational Molecular Rectifiers, A. Troisi and M. A. Ratner,
Nano Lett., 4(4), 591-595 (2004).



