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Nanotechnology DevelopmentNanotechnology Development
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What Is Nanotechnology?What Is Nanotechnology?

Research and technology development 
aimed to understand and control matter 
at dimensions of  approximately 1 - 100 
nanometer – the nanoscale

Ability to understand, create, and use 
structures, devices and systems that 
have fundamentally new properties and 
functions because of their nanoscale 
structure

Ability to image, measure, model, and 
manipulate matter on the nanoscale to 
exploit those properties and functions

Ability to integrate those properties and 
functions into systems spanning from 
nano- to macro-scopic scales

Nanoarea Electron Diffraction 
of DW Carbon Nanotube –

Zuo, et.al

Corral of Fe Atoms – D. Eigler
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Nanotechnology is ‘Now’Nanotechnology is ‘Now’
Selected consumer productsSelected consumer products

Nanoclay 
Composite

Carbon Nanotube 
Composite

Nano fibers

Nanosilica Composite
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What is the NNI?What is the NNI?

The National Nanotechnology Initiative coordinates The National Nanotechnology Initiative coordinates 
research and development activities in nanoscale science, research and development activities in nanoscale science, 
engineering, and technology engineering, and technology —— or nanotechnology or nanotechnology ——across across 
the Federal Government. the Federal Government. 

When the NNI was established in 2001, six agencies were When the NNI was established in 2001, six agencies were 
investing in nanotechnology Rinvesting in nanotechnology R&&D. The total Federal D. The total Federal 
investment was $464 million. investment was $464 million. 

For FY 2005, estimated RFor FY 2005, estimated R&&D funding totals over               D funding totals over               
$1 billion across 11 agencies; 12 additional participating $1 billion across 11 agencies; 12 additional participating 
agenciesagencies

The organization and strategy laid out in FY 2001 has The organization and strategy laid out in FY 2001 has 
effectively shaped and guided the initiative over its first effectively shaped and guided the initiative over its first 
four years. A new strategic plan has just been released four years. A new strategic plan has just been released 
which will guide the agencies through the next five to ten which will guide the agencies through the next five to ten 
years.years.
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How is the Government Investing $1B NNI Funding?How is the Government Investing $1B NNI Funding?

$1,082 Million is FY2005 Estimated NNI Funding

Academia

~65 %

Government 
Intramural

~25%

Industry ~10%

Single and Multiple 
Investigators

Centers and User 
Facilities

NRL, AFRL, ARL NIH, 
NASA, NIST, EPA, FDA, 
DOE Nat Labs

SBIR, STTR, ATP, 
DOD Contracts

NSF - 338

DOD - 257

DOE - 210

HHS - 146

NIST - 75

NASA - 45

EPA   - 5

USDA - 3

DOJ  - 2

DHS  - 1
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Organization & Management of the NNIOrganization & Management of the NNI

The National Science and Technology Council (NSTC) is a cabinet-
level council which coordinates science, space, and technology policies 
across the Federal Government on behalf of the President. 

Planning, coordination, and implementation of the National 
Nanotechnology Initiative is the responsibility of the          
Nanoscale Science, Engineering, and Technology Subcommittee 
(NSET) of the NSTC’s Committee on Technology.

The National Nanotechnology Coordination Office (NNCO)  supports 
the interagency coordination activities of the NSET. The NNCO provides 
technical and administrative support to the NSET Subcommittee. The 
NNCO is also chartered to serve as the point of contact on Federal 
nanotechnology activities, conduct public outreach, and promote 
transfer of the results of Federal nanotechnology R&D for commercial 
use and public benefit.
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Growth of NSET SubcommitteeGrowth of NSET Subcommittee

2001 Six 
Agencies

NSF

DOE

DOD

NASA

NIST

NIH

OMB

OSTP

DOT

DOTr

DOJ

USDA

DOS

DOC
TA

DHS

NRC
USPTO

NIOSH
FDA

DOC
BIS

IC

ITC

CPSC

EPA

USDA
FS

2005 Six New 
Agencies

2002 Seven 
New Agencies

2003-4 Four 
New Agencies

• Six agencies developed 2001 NNI proposal

• Now have 23 NSET Subcommittee member 
agencies + two additional agencies in NEHI WG
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NNI OrganizationNNI Organization
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The NNI Vision: A Revolution in The NNI Vision: A Revolution in 
Technology & IndustryTechnology & Industry

The vision of the National Nanotechnology Initiative is a future in 
which the ability to understand and control matter on the 
nanoscale leads to a revolution in technology and industry. 

Toward this vision, the NNI will expedite the discovery, 
development, and deployment of nanotechnology in order: 
to achieve responsible and sustainable economic benefit,    
to enhance the quality of life, and 
to promote national security. 

In the process, the NNI:
will support the missions of the participating agencies,        
will ensure continuing leadership by the United States in 

nanoscale science, engineering, and technology, and             
will contribute to the nation’s economic competitiveness
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Four Goals of the NNIFour Goals of the NNI

Maintain a worldMaintain a world--class class 
research and development research and development 
program aimed at realizing program aimed at realizing 

the full potential of the full potential of 
nanotechnologynanotechnology

Facilitate transfer of Facilitate transfer of 
new technologies new technologies 
into products for into products for 

economic growth, economic growth, 
jobs, and other jobs, and other 
public benefitpublic benefit

Develop educational Develop educational 
resources, a skilled resources, a skilled 
workforce, and the workforce, and the 

supporting infrastructure and supporting infrastructure and 
tools to advance tools to advance 
nanotechnologynanotechnology

Support Support 
responsible responsible 

development of development of 
nanotechnologynanotechnology
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NNI Program Component AreasNNI Program Component Areas

The 21The 21stst Century Nanotechnology Research and Development Act, passed by Century Nanotechnology Research and Development Act, passed by 
Congress and signed by the President in December 2003, requires Congress and signed by the President in December 2003, requires that the that the 
participating NNI agencies report their nanotechnology activitieparticipating NNI agencies report their nanotechnology activities by major s by major 
subject areas. The December 2004 NNI Strategic Plan defines sevesubject areas. The December 2004 NNI Strategic Plan defines seven Program n Program 
Component Areas, each an area where federal investment is essentComponent Areas, each an area where federal investment is essential to ial to 
achieving the goals of the NNIachieving the goals of the NNI

1)1) Fundamental Nanoscale Phenomena and ProcessesFundamental Nanoscale Phenomena and Processes

3)3) Nanoscale Devices and SystemsNanoscale Devices and Systems

4)4) Instrumentation Research, Metrology, and Standards Instrumentation Research, Metrology, and Standards 
for Nanotechnologyfor Nanotechnology

5)5) NanomanufacturingNanomanufacturing

6)6) Major Research Facilities and Instrumentation AcquisitionMajor Research Facilities and Instrumentation Acquisition

7)7) Societal DimensionsSocietal Dimensions

2)2) NanomaterialsNanomaterials
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Fundamental Nanoscale Phenomena & ProcessesFundamental Nanoscale Phenomena & Processes

Electron transport, magnetism, optical properties, Electron transport, magnetism, optical properties, 
thermal properties, ….                   thermal properties, ….                   

Theory, modeling, and simulationTheory, modeling, and simulation

SelfSelf--assembly assembly 

Organic/Inorganic interface (wet/dry)Organic/Inorganic interface (wet/dry)

BiosystemsBiosystems

Electron flow in Electron flow in 
nanowirenanowire

Simulation of biological Simulation of biological 
ionion--channel porechannel pore

Macromolecule on 
gold substrate for 
molecular recognition
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NanomaterialsNanomaterials

Small sizeSmall size high ratio of surface area to high ratio of surface area to 
volume. volume. 

For example, 5 For example, 5 ccsccs of material divided into of material divided into 
1 nanometer cubes and spread in a single 1 nanometer cubes and spread in a single 
layer can cover a football fieldlayer can cover a football field
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Nanoscale Devices and SystemsNanoscale Devices and Systems

Artist’s rendition of “smart 
therapeutic biomedical 
device” – Tecto-dendrimer

UMich Center for Biologic 
Nanotechnology

Produce high efficiency, 
inexpensive solar cells. Layers of 
cells with nanorods tuned to absorb 
different colors of solar spectrum

1 mm

a)

1 mm1 mm

a)

µm
100 nm100 nm

b) c)

0 0.5 1.0 1.5 2.0

1 mm

a)

1 mm1 mm

a)

µm
100 nm100 nm

b) c)

0 0.5 1.0 1.5 2.0

0 0.5 1.0 1.5 2.0

Atomic force 
micrograph 
revealing a single 
64 bit circuit 
(7×109 bits/cm2) 
used for 
simultaneous logic 
and memory 
operations 

Optical micrograph 
of an array of 64-bit 
molecular electronic 
circuits                
(courtesy J. Heath, 
Caltech; partner HP) 

Electron 
micrograph of a 
100 bit circuit at 
5×1011 bits/cm2.  
The highlighted 64 
bits of this ultra-
dense circuit fits 
inside a single bit 
of the circuit 
shown left
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Instrumentation, Metrology, and StandardsInstrumentation, Metrology, and Standards
Nanotechnology Standards Panel of 
the American National Standards 
Institute (ANSI-NSP) Releases 
Priority Recommendations Related 
to Nanotechnology Standardization 
Needs
General terminology and 
nomenclature - definition of the term 
“nano,” to particle size and shape, 
Metrology and characterization 
Environment, health, and safety

The ANSI-NSP serves as the cross-
sector coordinating body for 
standards in the area of 
nanotechnology and provides the 
forum within which stakeholders can 
work cooperatively to promote, 
accelerate, and coordinate the timely 
development of useful voluntary 
consensus standards.

Nanomanipulator – Courtesy of 
Zyvex Corporation

UV diffraction grating – courtesy 
of M. Schattenburg, MIT
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NanomanufacturingNanomanufacturingNanomanufacturing

Attach oligomeric, 
polymeric, or 
biomolecular tethers

Form 
nanospheres, 
nanorods, …

Directed self-
assembly of 
building blocks

Increasing scale 
of self-
assembly of 
building blocks 
directed by:

• Electric fields
• Structured light
• Patterned 

substrates
• Free-energy 

minimization

Scaffolds and 
structures for:
Catalysis
Hydrogen 
storage 
Fuel cells
Tissue 
engineering
Drug delivery
Electronics

H.O. Jacobs, A. R. Tao, 
A.Schwartz, D. H. 
Gracias, G. M.Whitesides

From S. From S. GlotzerGlotzer group group 
at U. of Michiganat U. of Michigan

A possible route to selfA possible route to self--
assembly based manufacturingassembly based manufacturing
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Major Research Facilities & InstrumentationMajor Research Facilities & Instrumentation

More coming soon!

NSF has 2005 solicitations for centers in 
nanomanufacturing, nano and society, informal nano 
education

NIH has 2005 solicitations for nanomedicine development 
centers  at NHLBI, and centers for cancer nanotechnology 
excellence at NCI

NIOSH is establishing a center of excellence for 
nanotechnology research

NIST bringing into operation National Nanomanufacturing 
and Nanofabrication Facility
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Societal DimensionsSocietal Dimensions
Education, K to GrayEducation, K to Gray Environmental, Health, Environmental, Health, 

and Safety Implicationsand Safety Implications

Economic Economic 
ImpactsImpacts

Ethical, Legal, and Ethical, Legal, and 
Social IssuesSocial Issues

U.S. Dept. of Energy estimated in 2002 U.S. Dept. of Energy estimated in 2002 
that nanotechnologythat nanotechnology--based solidbased solid--state state 
lighting could cut the electricity used for lighting could cut the electricity used for 
illumination up to 50 percentillumination up to 50 percent
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Unique Properties of Nanoscale MaterialsUnique Properties of Nanoscale Materials

Chemical reactivity of nanoscale materials greatly Chemical reactivity of nanoscale materials greatly 
different from more macroscopic form, e.g., golddifferent from more macroscopic form, e.g., gold

Vastly increased surface area per unit mass, e.g., Vastly increased surface area per unit mass, e.g., 
upwards of 100 mupwards of 100 m22 per gramper gram

Quantum size effects result in unique mechanical, Quantum size effects result in unique mechanical, 
electronic, photonic, and magnetic properties of electronic, photonic, and magnetic properties of 
nanoscale materialsnanoscale materials

New chemical forms of common chemical elements, New chemical forms of common chemical elements, 
e.g., fullerenes, nanotubes of carbon, titanium e.g., fullerenes, nanotubes of carbon, titanium 
oxide, zinc oxide, other layered compoundsoxide, zinc oxide, other layered compounds
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Administration RAdministration R&&D Budget PrioritiesD Budget Priorities

““In order to ensure that In order to ensure that nanotechnology research leads to the nanotechnology research leads to the 
responsible developmentresponsible development of beneficial applications, agencies of beneficial applications, agencies 
should support research on the various societal implications of should support research on the various societal implications of the the 
nascent technology.nascent technology.

In particular, agencies should In particular, agencies should place a high priority on research on place a high priority on research on 
human health and environmental issues related to human health and environmental issues related to 
nanotechnologynanotechnology and develop, where applicable, crossand develop, where applicable, cross--agency agency 
approaches to the funding and execution of this research.”approaches to the funding and execution of this research.”

John Marburger III, Dir. OSTP John Marburger III, Dir. OSTP 
Joshua Joshua BoltenBolten, Dir. OMB, Dir. OMB

Memorandum for Heads of Executive Departments and AgenciesMemorandum for Heads of Executive Departments and Agencies
August 12, 2004August 12, 2004
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NNI Strategic PlanNNI Strategic Plan

Goal 4:  Support responsible 
development of 
nanotechnology: 

• Environmental, health and safety 
implications

• Ethical, legal and other societal 
issues

Program Component Area 7: 
Societal Dimensions

• Environmental, health and safety 
research

• Education

• Broad societal implications

www.nano.gov
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Nanotechnology, Environment, Health and Nanotechnology, Environment, Health and 
SafetySafety: : The ChallengeThe Challenge

Nanostructured materials and devices demonstrate 
new and unique properties and behavior

The Environmental, Health and Safety challenge:The Environmental, Health and Safety challenge:
Do these properties lead to new and unique health risks …?Do these properties lead to new and unique health risks …?
Are current procedures, guidelines and regulations sufficiently Are current procedures, guidelines and regulations sufficiently 
robust to protect human health robust to protect human health && the environment?the environment?

Consequences of inaction:Consequences of inaction:
Potential acute and chronic health and environmental impactPotential acute and chronic health and environmental impact
Loss of public confidenceLoss of public confidence
Societal and economic benefits not realizedSocietal and economic benefits not realized
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Remarks: EHS Implications of NanomaterialsRemarks: EHS Implications of Nanomaterials
The NNI has recognized the importance of and invested in EHS The NNI has recognized the importance of and invested in EHS 
R&D since its inceptionR&D since its inception

By its nature nanotechnology EHS R&D will lag the discovery of By its nature nanotechnology EHS R&D will lag the discovery of 
new material propertiesnew material properties

NNI investment in nanotechnology EHS R&D has grown along with NNI investment in nanotechnology EHS R&D has grown along with 
the investments to advance  the technology the investments to advance  the technology 

Existing Federal regulatory mechanisms are in place for assessinExisting Federal regulatory mechanisms are in place for assessing g 
and regulating workplace, environmental, and health risks of newand regulating workplace, environmental, and health risks of new
technology materialstechnology materials

Active efforts are underway to ensure that these regulatory Active efforts are underway to ensure that these regulatory 
mechanisms or appropriately amended ones provide proper mechanisms or appropriately amended ones provide proper 
coverage of nanotechnologycoverage of nanotechnology--based materialsbased materials

Research in Federal laboratories, private industry, and academiaResearch in Federal laboratories, private industry, and academia
is now in progress to determine how the nanotechnologyis now in progress to determine how the nanotechnology--based based 
materials may differ from conventional ones in their implicationmaterials may differ from conventional ones in their implications s 
for public health and the environmentfor public health and the environment
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Group Organized to Coordinate Nano ESHGroup Organized to Coordinate Nano ESH

NSET Working Group on Nanotechnology Environment NSET Working Group on Nanotechnology Environment 
and Health Implications (NEHI WG)and Health Implications (NEHI WG)
Membership from all relevant regulatory and research Membership from all relevant regulatory and research 
agencies, OSTP, and OMBagencies, OSTP, and OMB
Goals of Working Group: Goals of Working Group: 

Provide for exchange of information among agencies that Provide for exchange of information among agencies that 
support nanotechnology research and those responsible for support nanotechnology research and those responsible for 
regulation related to nanoscale materials and nanotechnologyregulation related to nanoscale materials and nanotechnology--
based productsbased products
Identify/prioritize research needed to support regulatory Identify/prioritize research needed to support regulatory 
decisiondecision--making and communicate those needs to the making and communicate those needs to the 
research agenciesresearch agencies

Convened in August 2003 by NNCO in coordination with Convened in August 2003 by NNCO in coordination with 
OSTP; meeting monthly since February 2004OSTP; meeting monthly since February 2004
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Topics Being Addressed by NEHI WGTopics Being Addressed by NEHI WG

Nomenclature for identifying and delineating nanomaterialsNomenclature for identifying and delineating nanomaterials
ANSIANSI--Nanotechnology Standards Panel formedNanotechnology Standards Panel formed
Supporting establishment of ISO Technical Committee
EHS standards for nanotechnology a priority

Documentation of “recommended practices” for working with Documentation of “recommended practices” for working with 
the nanomaterialsthe nanomaterials

Documentation being developed by NIOSH Documentation being developed by NIOSH && OSHAOSHA
QQ&&As and “Current Intelligence Bulletin” to be forthcomingAs and “Current Intelligence Bulletin” to be forthcoming

Data on potential toxicity of nanomaterials Data on potential toxicity of nanomaterials 

National Toxicology Program under DHHS began study of Ti0National Toxicology Program under DHHS began study of Ti022, , 
nanotubes, and nanotubes, and quatumquatum dots in October 2003dots in October 2003

Strategic plan for guiding research Strategic plan for guiding research ––

Under development with input from regulatory and research Under development with input from regulatory and research 
agenciesagencies
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Status of NTP Project for NanomaterialsStatus of NTP Project for Nanomaterials

NIH / NIEHS NIH / NIEHS –– support of the new National Toxicology support of the new National Toxicology 
Program, multiProgram, multi--year project initiated in October 2003year project initiated in October 2003
Funding for these studies to be ramped up to $5M/yr Funding for these studies to be ramped up to $5M/yr 
by FY08by FY08

Evalute physical and toxicological properties of major classes of 
nanomaterials representing a cross section of size, surface 
coatings and physicochemical properties and use these as model 
systems to study how nanomaterials interact with biological 
systems 
Determine appropriate methods of detection, characterization 
and quantification of nanoscale materials in tissues and study 
how materials are absorbed, distributed, taken up and 
eliminated by cells and organelles
Studies to evaluate immunotoxicity of fullerenes and quantum 
dots 
Studies of inhalation toxicology of fullerenes in laboratory 
animals
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Environmental, Health, and Safety:Environmental, Health, and Safety:
Recent Research by NSET Subcommittee member agenciesRecent Research by NSET Subcommittee member agencies

New NSF CentersNew NSF Centers
Center on Molecular Function at the Nano/Bio Interface          
U Pennsylvania –

Basic complex biological and physiological processes
Center for High Rate Nanomanufacturing Northeastern U,         
U Mass Lowell; U of NH; and Michigan State U

Assess the environmental impact of nanomanufacturing during 
process development.

EPA EPA –– Impacts of manufactured nanomaterials on human      Impacts of manufactured nanomaterials on human      
health and the environmenthealth and the environment

Toxicology of manufactured nanomaterials
Fate, transport, and transformation of manufactured 
nanomaterials
Human exposure and bioavailability

DOD DOD –– MURI: models for toxicity of generic classes nanomaterialsMURI: models for toxicity of generic classes nanomaterials
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Recent Recent && Planned EHS Related Actions Planned EHS Related Actions 
by Regulatory Agenciesby Regulatory Agencies

FDA has developed a new nanotechnology website: FDA has developed a new nanotechnology website: 
www.fda.gov/nanotechnologywww.fda.gov/nanotechnology -- position statementposition statement

Expects existing Expects existing pharmotoxicitypharmotoxicity tests to be adequate for tests to be adequate for 
most nanotechnology productsmost nanotechnology products

As new toxicological risks are identified, new tests will be As new toxicological risks are identified, new tests will be 
requiredrequired

EPA plans to initiate the process for instituting a EPA plans to initiate the process for instituting a 
voluntary reporting program under TSCA for voluntary reporting program under TSCA for 
nanoengineerednanoengineered materialsmaterials

NIOSH, EPA, and OSHA are developing statements NIOSH, EPA, and OSHA are developing statements 
by relevant offices of their agencies on positions by relevant offices of their agencies on positions 
wrtwrt their regulatory authorities for nanotechnology their regulatory authorities for nanotechnology 
productsproducts

http://www.fda.gov/nanotechnology
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How Not to Handle NanotubesHow Not to Handle Nanotubes

Unprocessed single walled nanotube material
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Recommendations for Working With Recommendations for Working With 
NanomaterialsNanomaterials

Current data are insufficient to provide definitive Current data are insufficient to provide definitive 
strategies for working safely with engineered strategies for working safely with engineered 
nanomaterials, they do point toward the need to nanomaterials, they do point toward the need to 
approach these materials with caution.approach these materials with caution.

Methods to control airborne nanostructured particle Methods to control airborne nanostructured particle 
exposure have not been well characterized at small exposure have not been well characterized at small 
particle diameters particle diameters 

Theory and limited experimental data indicate that Theory and limited experimental data indicate that 
conventional ventilation, engineering control and conventional ventilation, engineering control and 
filtration approaches should be applicable to particles filtration approaches should be applicable to particles 
a few nanometers in diameter and larger in many a few nanometers in diameter and larger in many 
cases.cases. A.D. Maynard & E.D. Kuempel –

submitted for publication
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Markets for Nanotechnology: MedicineMarkets for Nanotechnology: Medicine

Study by German Federal Ministry of Education and Research 
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…… if you want to know more about the NNI if you want to know more about the NNI 

Point your Point your 
browser to:browser to:

www.nano.govwww.nano.gov

http://www.nano.gov/NNI_http://www.nano.gov/NNI_
Strategic_Plan_2004.pdfStrategic_Plan_2004.pdf

http://www.nano.gov/
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