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Self-assembled, Nature-
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Many 10s of nm

Quantum corral of 48 iron atoms on copper
surface positioned one at a time with an STM tip.
Corral diameter 14 nm

Things Manmade

The Challenge

Fabricate and
combine nanoscale
building blocks to
make useful devices,
e.g., a photosynthetic
reaction center with
integral
semiconductor

storage.

Carbon buckyball
~1 nm diameter

Carbon nanotube
~1.3 nm diameter
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Why Does Size Matter?

What is “Nanotechnology”?

» Nanotechnology is the understanding and control of matter at
dimensions of roughly 1-100 nanometers, where unique
phenomena enable novel applications

* Nanotechnology involves imaging, measuring, modeling, and
manipulating matter at this length scale

sFundamental differences in physical, chemical, and biological
behavior at this level compared to bulk materials or individual

atoms/molecules
*Quantum phenomena
=Dominance of surfaces

«Self-assembly
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Key Points

= Nanoscale science and technology open up new realms of possibility for
materials behavior and design, with conseguences that relate directly to
DOE missions

» DOE has critical interests in this area, and a major role in the corresponding
federal research and development initiative

= “ .. all of the elementary steps of energy conversion (e.g., charge transfer,
molecular rearrangement, chemical reactions, etc.) take place on the nanoscale.”

» DOE-supported research activities span a very broad range:
nanotechnology is not a single “industry”, but an enabling set of
capabilities

» DOE user facilities provide state-of the-art resources to the entire science
and technology community via peer-reviewed allocation of instrument time,
staff support, and collaboration
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DOE Role in National Nanotechnology Initiative

NATIONAL

NANOTECHNOLOGY THE NATIONAL
~INITIATIVE NANOTECHNOLOGY INITIATIVE

STRATEGIC PLAN

* The National Nanotechnology Initiative (NNI) is an
interagency program that coordinates Federal
nanoscale research and development portfolio among
25 participating organizations

= Planned FYOQ7 federal NNI expenditures: >$1.2 Billion

ARSI 0 igneeries, » DOE is one of original NNI participants,

L providing major funding for nanoscale science,
" engineering, and technology

= FYO7 budget request includes over $250 Million
for DOE nanoscience, supporting both
fundamental research and facilities
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215t Century Nanotechnology R&D Act, December 3, 2003

On December 3, 2003, President Bush
signed the 21st Century Nanotechnology
Research and Development Act, which
authorizes funding for nanotechnology
research and development over four
years, starting in FY 2005.

Secretary of Energy Spencer Abraham,
who was present at the White House Oval
Office ceremony, applauded the signing
of the act. “As one of the lead agencies
for nanotechnology research and
development, the Department of Energy
(DOE) iS dellghted that the President President Bush is joined by, from left, Stephen Empedocles SVP of NanoSys, F. Mark

Modezlewski, Exec. Director NanoBusiness Alliance, Rep. Sherwood Boehlert, R-NY. , Spencer

Signed |egis|ation today tha’[ brings us Abraham , Dr. Richard Smalley, Nobel laureate from Rice University, Alliance Board Member

Steve Jurvetson of Draper Fisher Jurvetson, Sen. George Allen , R-Va., Floyd Kvamme of the

closer to that future," ... “This new President's Council of Advisors on Science and Technology, Alliance Board Member James Von
: : Ehr, founder and president of Zyvex, and Alliance Board Member Josh Wolfe of Lux Capital and
SClence Of Very Sma” thlngs can Nanotech Report, Joe Piche, CEO of Eikos.

revolutionize the way we produce, use,
and deliver energy ....”
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NNI Activities & Documents Inform Federal Activity,

Provide Resources to Community & Report Qutcomes

MHanoTicHsoLeCY Iamanv

The National
Nanotechnology
Initiative

Environmental, Health,
and Safety Research Needs
for Engineered
Nanoscale Materials
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NNI on http://nano.gov

; Mational Hanotechnology Initiative - Microsoft Internet Explorer provided by The Office of Science ;|g|5|
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EPA Awards 12 Grants on NSET Releases Strategic Plan
Environmental Impacts

: ¥ The LIS, Environmental Protection The Manoscale Science,
' Agency's Mational Center for Engineering, and Technology (NSET)

About the NN Ervironmental BEesearch (MCER)Y has Subcormrmittes of the Mational

Manotech Facts recently made grants to tiwelve Science and Technology Council's

Government Dept/Agencies universities worth a total of §4-millionto Committee an Technology has
investigate potential health and released its 2004 Strategic Plan for

Research i ) .

) . environmental impacts of the Federal R&D program in
Funding Opportunities nanomaterials. Six ofthe NCER grants nanotechnalogy. This repart, which
Nanotechnology Centers will investinate health effects ar was developed with the support of

— =
‘&] Done |_|_|_|§ Internet v

QFFICE OF

Basic Energy Sciences

IENCE

LIS DEPARTMENT of ENERGY




Office of the Secretary
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Energy Conversion Happens at the Nanoscale

* From the Executive Summary:

Nanoscience Research for Energy Needs

“At the root of the opportunities
P Grand Cralenge Workanog. provided by nanoscience to enhance
e our energy security is the fact that all of
the elementary steps of energy
conversion (e.g., charge transfer,

. ey
T L . Y
S SN
« S/ % N
"‘" e h’ _"-"

= =¥ molecular rearrangement, chemical
reactions, etc.) take place on the
nanoscale.”

Nanoscience Research for
Energy Needs (2004)
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Nanotechnology Impact Areas in Energy & Environment

= Energy *Environment
= hydrogen storage "Sensors
» solid-state lighting sremediation
= low-power displays "emissions reduction
= fuel cells *membranes and
= battery materials separations
= solar power "coatings
= catalysis =green processing
= weight reduction sradioactive waste

containment

propellants and explosives
nanoscale energy (ATP motors, etc.)

CE OF
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Mission of Office of Basic Energy Sciences

« Foster and support fundamental
research to provide the basis for
new, improved, environmentally
conscientious energy
technologies

 Plan, construct, and operate
major scientific user facilities for = S
“materials sciences and related d“l' ‘"\ -\,/ .
disciplines” to serve :
researchers from academia,
federal laboratories, and

Industry o NS a‘:{f".';f“

== Target

Support
i Buildmg

Buildinng

Joint Institute for
Neutron Sciences

Basic Energy Sciences
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DOE Nanoscience Programs

= Office of Science Core Research Programs (http://www.science.doe.gov/grants)
= Annual Office of Science notices: continuing solicitations listing broad science areas and objectives
= Primary criterion is quality of fundamental science; rigorous external peer review

= Targeted Solicitations (nhttp://www.science.doe.gov/grants)
= e.g.: FY 2001, FY 2002 Nanoscale Science, Engineering, and Technology Notices
= awarded ~$45M (>120 grants and 24 laboratory awards)
= e.g.: FY 2003 solicitation on “Theory, Modeling and Simulation in Nanoscience”:
= awarded ~$4.3M for 4 projects involving 13 universities and 4 national laboratories

= SBIR/STTR (http://sbir.er.doe.gov/sbir)
= Past solicitations have contained numerous relevant technical topics, including e.g.:
= Nanotechnology for Coatings in Coal-Fired Environments
= Nanotechnology Applications in Industrial Chemistry

= Major Research Facilities (http://www.sc.doe.gov/bes/BESfacilities.htm)
= BES Nanoscale Science Research Centers - the DOE “flagship” NNI activity
= BES supports synchrotron, neutron, and electron scattering (and other) user facilities

Basic Energy Sciences
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First Synthetic Nanomotor

Au rotor

MWNT shaft

A. Zettl et al., LBNL

Scanning electron microscopy (SEM) image of the LBNL synthetic
nanomotor. A 300 nm Au plate rotor is attached to a multi-walled carbon
nanotube (MWNT) which acts as a support shaft and is the source of
rotational freedom. Rotor can rotate through a full 360 degrees for
thousands of cycles without apparent degradation or wear.

QFFICE OF
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http://www.rdmag.com/

DOE-BES User Facilities, including the NSRCs ( [3k)

Advanced Light
Source

National Center for
Electron
Microscopy

Molecular
Foundry

Stanford
Synchrotron
Radiation Lab

Linac Coherent
Light Source

Combustion
Research Facility

Materials Electron Microscopy Center Advanced
Preparation for Materials Research Photon
Center Source
N center for Intense Pulsed /

Nanoscale
. Neutron Source
Materials =
Center for
Functional

Nanomaterials

National
Synchrotron
Light Source

‘\\‘

Los Alamos
Neutron Science
Center

/

vV 4

7
Center for

Integrated
Nanotechnologies
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Spallation Neutron
Source

Center for

1&;

Nanophase
Materials Sciences

Shared Research
Equipment Program

i

Isotope Reactor

High-Flux

Pulse Radiolysis
Facility
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The Five DOE Nanoscale Science Research Centers (NSRCs)

Argonne
National Laboratory
Center for Brookhaven
Nanoscale National Laboratory
Materials
Lawrence Berkeley |:Cuer?532320;|
National Laboratory (i
Molecular
Foundry
Center for
Nanophase
Materials
Sciences
Oak Ridge
Sandia National National
Laboratories & Los Alamos Laboratory
National Laboratory
Center for
Integrated

Nanotechnologies
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Nanoscale Science Research Centers: Basic Information

» Research facilities for synthesis, processing, and fabrication of nanoscale
materials

» Provide specialized equipment, unique tools, and support staff that are
difficult for individual institutions to build and maintain

» Operated as user facilities; available to all researchers; access determined
by peer review of proposals; cost recovery for proprietary work

» Co-located at DOE National Laboratories with existing major user facilities
(e.g., synchrotron radiation light sources, neutron scattering facilities) to
provide characterization and analysis capabilities

=y

orrice o @9 Basic Energy Sciences
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Construction is Complete and Initial Operations are

Underwax at Four of the Five NSRCs

Molecular Foundry
(Lawrence Berkeley
National Laboratory)

Center for Functional Nanomaterials
(Brookhaven National Laboratory)
- under construction

Center for Nanoscale Materials
(Argonne National Laboratory)

Center for Nanophase Materials Sciences Center for Integrated Nanotechnologies
(Oak Ridge National Laboratory) (Sandia & Los Alamos National Labs)

@ SCIENCE
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Further Information

DOE/Office of Basic Energy Sciences

Maling address
Office of Baskc Energy Sclences
SC-10/Germantown Bullding

U.5. Department of Energy
1000 Independence Avenue SW

Nanoscale Science, Engineering, e
h I On the Web: www.sc doe govibes
. a“d Tec “o osv Patrica M. Dehmer, Director, Basic Energy Scdences
in the Department of Energy ActintDoeios Doion of M Sl e Eiee

patricla.dehmer@science.doe.gov

‘Walter Stevens, Director, Division of Chemical Sclences, Geosclences, and Blosclences

Research Directions and Gl v ciow. 1

Nanoscale Science Research Centers Kitstin Bennett, Program Manager, Nanoscale Science Research Centers

kristin.bennett@science.doe . gov

Altaf H. Carim, Program Manager, Nanoscale Sclence Research Centers
altaf.carim @sclence.doe.gov

Office of/BasicEnergy Sciences
OfﬁCEY@ iel‘ICP.' - Other BES staff contacts: www.sc.doe. govbes/oesstaff himl
v
DOE/Office of Science
On the Web: www .sc.doe.gov

DOE’s Nanoscale Science Research Centers

Center for Functional Nanomaterials, Brookhaven Mational Laboratory = www.cfnbnlgoy

Center for Integrated Nanotechnology, Sandla National Laboratories and Los Alamos
National Laboratory * cntsandla.gov » dntlanl.gov

Center for Nanophase Materials Scences, Oak Ridge National Laboratory = www.cnms.oml.gov
Center for Manoscale Materials, Argonne Mational Laboratory * nano.anlgoy

Molecular Foundry, Lawrence Berkeley National Laboratory * www.foundry.lblgov

NMational Nanotechnology Initiative

Extensive information on DOE Office of Science programs in nanoscience,
including this summary brochure, is available at: http://nano.energy.gov
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ES & H Nanotechnology Research

e Unfortunately Very Limited
— <3% of Nanotechnology Funding

* |Insufficient Funding Critiques
— United Kingdom
— Pew Foundation

@& Basic Energy Sciences

20



Nanotechnology Standards Activity

e NIST
— Measurement and Standards

e ASTM
— E56 (2005)

e ANSI

— US Technical Advisory Group to TC 229 of ISO
(2005)

@ Basic Energy Sciences
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Nanotechnology Health Studies

 Fish Study (2004)

@ Basic Energy Sciences
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Nanotechnology Ecological Studies

e Bacteria
e Soll

Basic Energy Sciences
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Congressional Actions on Nanotechnology

e« 2006 Congressional Hearings

e Call for GAOto Look into Limited ES&H
Research Funding

e Joint Economic Committee Report

@& Basic Energy Sciences
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DOE Nanotechnology Activity

|G Reports
 Development of Nanotechnology Policy
 Development of Draft Nanotechnology Notice

e Nanoscale Science Research Center
— Guidance
— Teleconferences

@& Basic Energy Sciences
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Nanotechnology Advocates

o Center for Responsible Nanotechnology

European Nanotechnology Gateway

Institute of Nanotechnology

Consultative Board for Advancing
Nanotechnology (CBAN)

@& Basic Energy Sciences
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http://www.crnano.org/about_us.htm
http://www.nanoforum.org/index.php?code=2836be05e71a8f34902a6e6b37350134&userid=5675443
http://www.nanoforum.org/index.php?code=2836be05e71a8f34902a6e6b37350134&userid=5675443
http://www.nano.org.uk/index.htm
http://www.chemicalvision2020.org/nanotechnology.html
http://www.chemicalvision2020.org/nanotechnology.html

Nanotechnology Advocates (continued)

ICON

« European Union

http://cordis.europa.eu/nanotechnology/home.html

get) Basic Energy Sciences
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http://icon.rice.edu/about.cfm?doc_id=4381

Nanotechnology Workshops and Meetings

« NIOSH-Sponsored
* International
— Minneapolis (2005)
— Cincinnati (2006)
— Taiwan (2007)

e US Universities
e Other

@& Basic Energy Sciences
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Web-Based Nanotechnology Resources

— NIOSH

— NNI

— ORC

---DOE

EEEEEENSAVIVAV VAV IV EE S S —CC /o oo oo —
~ e
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http://www.cdc.gov/niosh/topics/nanotech/default.html
http://www.cdc.gov/niosh/topics/nanotech/default.html
http://www.nano.gov/html/research/home_research.html
http://www.nano.gov/html/research/home_research.html
http://www.orc-dc.com/Nano.Guidelines.Matrix.htm
http://www.orc-dc.com/Nano.Guidelines.Matrix.htm
http://www.orau.gov/ihos/

Web-Based Nanotechnology Resources (continued)

- EPA

-- FDA

-- AIHA

-- United Kingdom

-- Nanotechnology Risk Resources

@& Basic Energy Sciences
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http://es.epa.gov/ncer/nano/
http://www.fda.gov/nanotechnology/
http://www.aiha.org/Content/Topics/nano/
http://www.hse.gov.uk/research/rrhtm/rr274.htm
http://www.nsec.wisc.edu/NanoRisks/NS--NanoRisks.php
http://www.nsec.wisc.edu/NanoRisks/NS--NanoRisks.php
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