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e Just what is the nanoscale?
 What is unique about nanotechnology?

e Some examples of nanotechnology based products
currently available

 What will nanotechnology do in the future?
* Wrap-up
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What is Nanotechnology?

e Control of matter and
processes at the atomic and
molecular level

— Typically 100 nanometers in
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— Single sheet of paper is
about 100,000 nm thick

e Conventional physics often
breaks down at the nano-level
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NNI Vision

A future in which the ability to understand and control
matter at the nanoscale leads to a revolution in
technology and industry that benefits society.
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The National Nanotechnology

» Established in 2000 by President Bill
Clinton
* Intent of the NNI is to provide a
framework for member agencies to
work together to:
- Advance world-class
nanotechnology research
- Foster the transfer of technologies
into products for commercial and
public benefit
- Develop and sustain educational
resources, a skilled workforce and
the supporting infrastructure and
tools to advance nanotechnology
- Support the responsible
development of nanotechnology
 The NNI is a coordinated initiative
not a distinct funding program
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Funding by NNI Agency, 2001-2016

USDA/ARS
DOJ

DOT

e CPSC

DOC/NIST = USDA/ES

= DHS

N = = USDA/NIFA
= DHHS/FDA

® DHHS/NIOSH
DHHS/NIH HEPA

DOD

$ Millions

m NASA

Fiscal Year

T 20009 figures do not include American Recovery and Reinvestment Act funds for DOE ($293 million), NSF ($101
million), NIST ($43 million), and NIH ($73 million).

12015 estimated based on 2015 enacted levels and may shift as operating plans are finalized.

11 2016 Budget.
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NNI EHS PriOritieS EH&S Investments by Agency

10 7 B USDASNIFA

» Federal agencies continue
to target and accelerate
nanoEHS research by

— Prioritizing nanomaterials
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assessment

™ DOE

N DO

2008
2007
2008
200
2010
2011
2012
2013
2014
2015
2016

W DOC/NIST
Year

7.00%

6.00%

500

4.00%

— Partnering to achieve the NNI
EHS research goals, both
domestically and .
internationally e e w0 e

Year

—

U.S. National Nanotechnology Initiative

3.00% 1

2.00%

Percent NNI Total

1.00%




Some Nano-Factoids
Lux Research, February 2014

* Worldwide governments, corporations and VCs
invested $18.5 billion in 2012 (8% increase over
2010)

— The U.S. contributed 36% of this amount —
leads in government and corporate
spending

— Corporations expanded spending by 21%,
governments by 5% and private investors
by 10% (2012 compared to 2010)

* Global value of nano-enabled products, nano-
intermediates and nanomaterials predicted to
reach $4.4 trillion by 2018.

— The revenue from nano-enabled products
grew from $339 billion in 2010 to $731
billion in 2012.
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President Clinton’s Vision

“ Just imagine, materials with 10 times the
strength of steel and only a fraction of the
weight; shrinking all the information at the
Library of Congress into a device the size

ferential DN

of a sugar cube; detecting cancerous tumors Qé’oof) o %@
that are only a few cells in size. Some of these {E- = :} T e
research goals will take 20 or more years to _&%K P J@“’Q’
achieve. But that is why—precisely why there "%@ == é\&"

is such a critical role for the Federal

Government.”

President Clinton, California Institute of
Technology, January 21, 2000

Mo
™ Target mRNA
a

Cy5 Reporter Flare 3-/"§-5'

Recognition Sequence 5-»"wV™-SH-3'
(Antisense DNA)
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Graphene

2010 Nobel Prize in Physics
Andre Geim and Kostya Novoselov
University of Manchester

e Lightweight — one football field of graphene would weigh less than 1 gram
e Over 300 times stronger than steel
e Ballistic electrical conductor
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Carbon Nanotube Based Materials

Carbon Nanotube Space Elevator

Purlfled Slngle Wall
Carbon Nanotubes
' L R A Nanotubes have remarkable properties-
» Specific strength 150X that of conventional
carbon fibers, 100X aluminum
» Elongation 10X that of conventional carbon fibers
 Electrical and thermal conductivities ~10X that of
high conductivity carbon fibers
Because of these properties, carbon nanotubes have
Nanotube Modified peen proposed for disruptive applications such as a
Substrates space elevator cable
. 11
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Carbon Nanotube Yarns in Production
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CNT Reinforced Composites to be Demonstrated in a
Structural Component

30% Reduction in Vehicle Weight! Flight Test 2016
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Replacement of Metallic Conductors with CNTs Can Reduce Data Cable
Weight by 30-70%

Polyimide
Aerogel
Insulation

NORTHROP GRUMMAN
o LOCKHEED nunw @__E”EI”E

nanocomp AN uwwesorwire | [ pucro-coax

Leading the way in transmission line solutions.

e
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NanoFlares Can Detect as Few as 100 Cancer
Cells per mL of Blood
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DNA Encoding Provides a Route to High Density

Data Storage

Decoding self-referential DNA that encodes these notes

1000110111000110100 [barcode/address] @
01100110 [f] 01100101 [¢] 01110010 [r] /L,

OOQ/ 01100101 [e] 01101110 [n] 01110100 [t] O
0 01101001 [i] 01100001 [a] 01101100 [I] O
0((, 00100000 [] 01000100 [D] 01001110 [N] 6\
T TaacGTcTTGeecGGaGaa
A aTGaaTTc aTTcaTaT aTGTcaGa aTTcaTaG
} cGGaTGTa aTGTcTac cGTcTecaT aGGeecaT

aGTcTGece acTacacc aTacaTaa cTecGTTa
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G.M. Church, Y. Gao, S. Kosuri Science 2012, 337, 1628
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Nanotechnology is Nothing New

Damascus Steel

Lycurgus Cup
(British Museum)
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Nanotechnology is Now

Eddie Bauer with NanoTex

-
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http://www.bmc-racing.com/
http://www.smt.sandvik.com/nanoflex

Nanotechnology Has Made it into Space

Polyimide Aerogels
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What’s So Special About Nanotechnology?

* Once things get really small (less than 100 nm):
— conventional physics breaks down
— New physical phenomena arise

* Properties (mechanical, optical, electrical, thermal) of
materials can change at the nanoscale. These changes
are influenced by:

e Surface Area

e Size

* Porosity

e Surface Roughness
e Multifunctionality
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What’s So Special About Nanotechnology?

* Once things get really small (less than 100 nm):
— conventional physics breaks down
— New physical phenomena arise
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materials can change at the nanoscale. These changes
are influenced by:

e Surface Area
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Large Surface Areas Cause Higher Chemical
Reactivity
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What’s So Special About Nanotechnology?

* Once things get really small (less than 100 nm):
— conventional physics breaks down
— New physical phenomena arise

* Properties (mechanical, optical, electrical, thermal) of
materials can change at the nanoscale. These changes
are influenced by:

e Sjze
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Size Can Influence Optical Properties

Quantum Dot Size and Color

=t 14d

Quantum Dots nm 2.50m 3nm &M nm
Size dependent . D: . .
color ? Source: Rice University

3 nm
Electron Microscope Image of Quantum Dots
Shows Individual Atoms
Source: Rosenthal Lab, Vanderbilty
Applications in: University
0

Wavelongth (nm) = e Solid state lighting

e Displays

* Improved efficiency solar cells
* Medical diagnostics

Fluorescence

45

Source: Nanosys, Inc
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Quantum Dots in Solid State Lighting

Source: United Display Corporation

* Global market for Solid State Lighting (LED and OLED)
projected to be $22B by 2020, with a CAGR of 7.3%
(Source: MarketsandMarkets)

* Replacement of all lighting in US with SSL would reduce
power consumption by 70% (4296 out of 7000 trillion
Btu) — Source: US DOE

» Major challenge has been to produce lighting with Surface Treated Quantum
pleasing white tones - using LEDs of multiple colors or Dots Glow Wh'te,
quantum dots (S. Rosenthall, Vanderbilt U.)

-
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QD Vision’s Color 1Q Technology

e QD Vision developed CdSe
guantum dots for use in solid
state lighting and displays
(Color 1Q)

e ColorlQincorporated into

rT . Bravia LED televisions in 2013

g s — “Best of 2013 CES” — Tech

.. R | Radar
— Reduces power consumption
by 20% - less pollution

e QD Vision received U.S. EPA’s
Green Chemistry Challenge
Award in 2014 for reducing use
of hazardous materials in their
manufacturing processes

Emission
Intensity, a.u.
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What’s So Special About Nanotechnology?

* Once things get really small (less than 100 nm):
— conventional physics breaks down
— New physical phenomena arise

* Properties (mechanical, optical, electrical, thermal) of
materials can change at the nanoscale. These changes
are influenced by:

* Porosity
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What are aerogels?

@0 O o
0000
@ P © )
o %o
Sol Aerogel E
Aerogel under a
e Highly porous solids made by drying a wet gel without Scanning Electron
shrinking Microscope

e Pore sizes extremely small (typically 10-40 nm)—makes for
very good insulation

e 2-4times better insulator than fiberglass under ambient
pressure, 10-15 times better in light vacuum

Cosmic dust collector Stardust Insulation on rovers
Program
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Aerogels are an Important

e Global market for advanced §£§'§’$ -
insulation is expected to grow from _F—-L‘:'-j_

$894M in 2015 to $1.9B in 2019
(Source: Lux Research)

* Applications include:

— Commercial and residential
buildings

— Oiland gas
— Refrigerators
— Shipping

— Aerospace

lll
Iy
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Potential applications for durable aerogels in

aeronautics and space exploration

Fan engine containment
(Ballistic protection)

Sandwich
~ structures

UItra—Iightweght, multifunctional
structures for habitats, rovers

Heat shielding Insulation for EVA suits,

habitats and rovers

Inflatable aerodynamic
decelerators

U.S. National Nanotechnology Initiative


http://www.frassanito.com/exploration/hirez/MrsOptMicroscope.1k.jpg
http://www.frassanito.com/exploration/hirez/MrsOptMicroscope.1k.jpg

New Aerogels are Flexible and Durable

Silica aerogel is
easily broken by
light finger press
while Pl aerogel

easily supports

the weight
of a car

Source: M.A. Meador, NASA
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What’s So Special About Nanotechnology?

* Once things get really small (less than 100 nm):
— conventional physics breaks down
— New physical phenomena arise

* Properties (mechanical, optical, electrical, thermal) of
materials can change at the nanoscale. These changes
are influenced by:

e Surface Roughness
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- Controlled Wetting

Mimic biological systems to design surfaces
that are highly water repellant
(superhydrophobic) or oil repellant
(superoleophobic) and self-cleaning

Wetting characteristics follow two models:

v" Wenzel - liquid fills the spaces
between pillars

v’ Cassie — air fills the spaces
between pillars
Can change surface properties by changing
both the material used and the type of
nanotexturing
Potential applications include:
v' Biomedical

v' Coatings for pipes to reduce pumping
energy

v' Antimicrobial surfaces
v' Self-cleaning surfaces

U.S. National Nanotechnology Initiative

Self-cleaning, superhydrophobic character of lotus leaf

due to nanopillared surface

Cassie’s model

Wenzel's model

vapour

liquid droplet

liquid droplet




Nanotextured Coatings Prevent Ice Buildup

* |ce formation is a major problem for
wind turbines and aircraft
v Reduces the efficiency of wind
turbines and can lead to
damage
v 25 million gallons of de-icing
agents are used annually in the
US at commercial airports
* Nanotextured surfaces can prevent
ice buildup and: | e . o
v’ Allow longer term operation of . 20 Time (sec) 80 100 120
Wlnd turbines GE'’s nanocoated surface
v Reduce or eliminate the need
for deicing fluids for aircraft

Existing surface

20

Immediate ice formation

—
o o

Temperature (°C}
S

< 04 Ice formation delayed O

Temperature (°C)
L% .
o o o

- ( 4

0 20 80 100 120
Time (sec)

—
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Nanotextured Surfaces for Antiial
Protection ™

e Nanotextured surfaces can inhibit

adhesion of bacteria onto SEM images of live E coli cells attached to a
surfaces nanoporous alumina surface

 Application of a nanoporous |
alumina surface (anodized o
alumina) onto metals inhibits cell
adhesion and growth of biofilms
v’ Ecoli 0157:H7
v’ Listeria monocytogenes
e Smaller pore sizes (15 and 25 nm)
are the most effective

Nano-smooth 15 nm 25 nm 50 nm 100 nm

Confocal light microscopy images of attachment and biofilm

Source: Feng et al Biofouling 2014, 30, 1253-1268 Tormationby live E col
Joint effort between Cornell and RPI
- o
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What’s So Special About Nanotechnology?

Properties (mechanical, optical, electrical, thermal) of
materials can change at the nanoscale, typically less
than 100 nm. These changes are influenced by:

 Multifunctionality
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What will nanotechnology do in the future?

—
Nano...
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o Nanoteclinology in the Treatment of Cancer

and Infectious Diseases

Nanoemulsion Vaccines for Infectious Diseases Nanoparticle Drugs for Cancer Immunotherapy

D Uptake/maturation of
dendritic cells to
ntigen-presenting cells

./"\

C Permeation of nasal mucosa

gl /}(

Hlymph

F A robust systemic T . { N
and mucesal immune " @ - ) ll"-‘—-—._,_‘sdw E Delivery of antigen
response is activated o | i1 to lymph nodes, Cell
without signs of inflammation L thymus and spleen types
ccccccc Il Naive DC  Activated DC  Naive T cell  Activated T cell
[*]
Dru ‘ L i”;{ -
pay?oa(ls a * \\E«%
. . Danger Oligo-
Source: NanoBio Corporation Gytokine gignal  Antigen  ANt-GD3/CD28 nyclegiides
Nano
,,,,,,,, @ 1 0
Polym Li

M.S. Goldberg Cell 2015, 161, 201
BIND Nanoparticle
Cancer Drug has
Passed Phase |
Human Clinical Trials
in the US

e
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Nanotechnology in Medical Diagnostics and
H ea It h Ca re Epidermal Sensors to Measure Skin Properties

LED  strain gauge

Graphene Electronic Nose Can Detect Cancer
Biomarkers

"ia) hoRs Bulb™

FLITTTIIT IO T TP ePrree s

backside of tatton. —* after transfor =+ after integration onto skin —* after deformation

D.-H. Kim, et al Science 2011, 333, 838 843

d) hORs & Odorants

hOR-GM substrate

O.S. Kwon, et al Nano Letters ASAP Nanosilver Based Sensor for Rapid Detection of Ebola

C.-H.Wan et al Labona
Chip 2015, 7, 1638-41
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Nanotechnology in Food Packaging

e 40% of all food grown TR E—
in US is never eaten qj =

I | j i
. f e | .

 Nanotechnology can e —
reduce/eliminate food |
waste due to spoilage

 Reduce spoilage by

eliminating oxygen and Duncan, J. Colloid Interf. Sci. 363 (2011) 1-24.
pathogens

e Detect spoilage
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Active Packaging

* Active packaging can be made with @&
nanoscale additives to inhibit _
oxygen infiltration and natural .
antimicrobial agents (essential oils)

Sonication

s > \EgE0
¥ &0

. . Organoclay Carvacrol Clay/Carvacrol hybrid
e Example at the right involves an
essential oil model (carvacol)
intercalated clay nanocomposite in Bacterial log reduction levels
H6-8 m4-5 2-3 None
poly(ethylene) _
v" Films containing clay are more sl | E. coli

effective at suppressing bacterial | 0. .. carvacran ]

growth because they starve the -

bacteria for oxygen LDPE/carvacrol |

- Listeria

v’ Essential oils may be more innocua

attractive for packaging since —_

they don’t have potential EH&S 0 100200 300400500
. Time, days
issues

Source: Shemesh et al Polymer Advanced Technologies 2014, 26, 110-116.
D il o
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Smart Packaging

e Sensors incorporated into polymer
packaging can detect:

v' Pathogens

v Spoilage

v" Presence of oxygen or other
gaseous species

v' Tampering
e Example at the right is an optical
sensor to detect presence of oxygen
due to leaks in packaging

v Difficult to quantify the amount
of oxygen in the package

v' Easy way for consumers and
vendors to see that oxygen has
leaked into the product

Blue dot is sensor comprised of titanium dioxide
and Methylene Blue (indicator dye) which will turn
blue in the presence of oxygen. Pictures show two
dots; top one is outside package, bottom is inside:
(a) freshly sealed sample, (b) after activation of
sensor with uv light, (c) after standing for a few
minutes, (d) package is opened

U.S. National Nanotechnology Initiative



Sensors for Detection of Food-borne Pathogens

* Functionalized metal nanoparticles
and nanostructures have been used
in detection of pathogens

 Functional groups designed
to attach to specific
pathogens

e Optical or electrochemical
properties of the
nanoparticles change when
they bind with the pathogen

e Many groups are working on the
development of handheld sensors,
such as the one on the right, for
pathogen detection

U.S. National Nanotechnology Initiative
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[/ oxide particle

=~ X AC Alocoilja, Michigan State
University

Magnatic iron
/nuide particle

.{— Antibody

b “\/\
~Horseradish
A peroxidase
¥ enzyme

0. 0.
A

..I.

J. Inudayaraj, Purdue

D. Luo, Cornell




Engineered Nanowater for Disinfecting Surfaces

* Electrospray process involves building e
up a large electric charge on water drop Cooling

fins B. Electrospray Process

v' Water droplets condense on Peltier -
. . element Taylor
the electrode (Petier cooling Negative i 7~ cone
electrode
element), become charged arouna 12 i
. % ? a.,
v" Charged droplets break up into ® o 5
Water Vapoy, I 3
smaller droplets and accelerate o ® e §
away from the electrospray " N 5
mOdUIe @ C. Structure of the ENWS )\, |
v High charge also breaks down X wasor shon |
. . . | (" D. EWNS Bacteria Interactions
water into reactive species Electrons in the air
(radicals) which attack and > Reactive
. g Oxygen Specles)
damage bacterial cell walls
v Studies reveal little or no L

damage to the product being
decontaminated
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Nanoporous Graphene for Water Desalination

* Single layer of graphene treated with /’ @‘ . B
oxygen plasma copen st ot e
v" Produces nanoscale pores - N
within the graphene - Sm ;
v Pore size can be controlled by
varying reaction time
e Membranes show high water molecule " ° o
selectivity over dissolved ions 3 :0
v’ ~100% salt reject rate N v T

v' Water fluxes as high as high as
109gm=st at 40°C
e Porous graphene water purification
membranes were also developed by

107 . :
00 05 10 15 20 € C2

o/l

1(nA)
ML oo Lo ow

Lockheed-Martin — “Perforenes” — 100 =g -

times better flow through than reverse / /ﬁ;’i‘;‘z

0Smosis systems BRI
Source: Surwade et al Nature Nanotechnology 2015, 10, 459-464

- ) -
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Hierarchical Structures — Mimicking Nature

 Nature is adept at
creating highly ordered
(hierarchical structures)

e Structures are tailored
to provide a specific
function

e Can we use
nanotechnology to
mimic nature?

Great White Shark Skin
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Engineered Hierarchical Structures — Marrying
Nano and Biotechnology and Manufacturing

@ ) NN

N (c) AN IR AN AN
i / ! N7 NN N7
Photuslsl ; s > ¢ KX 27’\\{ y\)\ ¥ X
g V7 W Two-Photon \ ':‘ A ALD <><\<>\>
\ Lithography j p \X AN Llittarir:;:m ;) 9. 9.9.4
— - , S AN A r g
(e) AN AN AR AN (d) ()
KK KX S
D 66 6 ¢ D % % % A
FIB Mill N AN AN FING 0, Plasma i Finished
Edge of NN NN Etching Structure
Structure N ZIN 2N AN
NN\

i
i1

i
i)

Wi

ol
l
E n.s[ Catastrophic Collapse
2 os|
% uvq%
. . B 03
Source: Lawrence Livermore National Laboratory :.2;,
w /] I
Zhu' et al Nature Comm. 2015, DOI:10.1038 0 001 002 003 004 005 006 007 008 009 0.1

Strain

L.R. Meza and J.R. Greer J. Mater. Sci. 2014, 49, 2496
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Environmental, Health and Safety Aspects of
Nanotechnology

e EH&S risks associated with nanomaterials are a function of
two factors
v’ Toxicological effects of nanomaterial
v’ Risk of exposure
e Significant amount of toxicological studies have been done
on a variety of nanomaterials

v’ Study conditions should closely mimic those that would likely
occur during exposure

e Not as much work has been done to understand exposure

v’ Agencies funding work in EHS under the NNI are looking at
assessing the knowledge gaps with respect to exposure

v’ Joint workshop with the NNI and Consumer Product Safety
Commission : Quantifying Exposure to Engineered Nanomaterials
from Manufactured Products, July 7-8, Arlington, VA

- B
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Life Cycle Stages

; \\i ,Recycle

L af

=/
Raw Material Consumer Product Consumer Product End
Production — Manufacturing — Use it S of Life
o Landfills Incinerators
Worker _\ Consumer f ~ P
h Exposure
i i
Industrial Human Population and
Emissions Ecological Exposure
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The NNI EHS Research Strategy

Process
» Assessment of strengths and weaknesses —
e Four public workshops R
* Writing Teams
» Public Comment Period

 Input from NRC and PCAST->
Key Elements Q@
 Informatics and predictive modeling

Review of the Federal Strategy for

» Concepts for targeting and accelerating Nartecholgy et
researc h Health and Safety Research

» Best practices for coordination and ——

Implementation of research
=g -
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Progress on the NNI EHS Research
Strategy

 Progress review published June 2014

« Examples of progress provided for T T—
each of the EHS research needs " NATIONAL NANOTECHNOLOGY INITIATIVE
C ateg O r| eS 2011 ENV IRO:i\’il;‘:’}[;ﬁlljl bH]F};;L[ThHC,;\ND SAFETY
* Not intended to be comprehensive, | _
but rather illustrative O oo Tobaclagy
 Extensive documentation
(references)

* Includes section on implementation
and coordination
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- Key Concepts in the 2011 EHS Research
Strategy

Risk Assessment

Identify
Hazard

Characterize
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Targeting and Accelerating Research

Critical Elements:
e Prioritize nanomaterials for research

« Establish standard measurements, terminology,
nomenclature, and assay methods

« Develop informatics and predictive modeling tools
o Stratify knowledge for risk assessment

o Partner to achieve the NNI EHS research goals,
iIncluding globally
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Informatics and Modeling for NanoEHS
Research

Outcomes:

* Aid development, analysis, organization, archiving, sharing, and
use of data that are acquired in nanoEHS research projects in the
core research.

e Effectively manage reliable, high-quality data to support advanced

modeling and simulation. DF oot wmo o DF1-mini
Components: Sy
o Data acquisition, analysis, sharing = P ed T Cesd

o Structural models Ay
o Predictive models and simulations
o Collaborative informatics infrastructure

New research needs

U.S. National Nanotechnology Initiative



NNI Multilateral Engagement

Organisation for Economic Co-operation and Development (OECD) OEEC/S

— Working Party on Bio-, Nano-, and Converging Technologies (BNCT)
— Working Party on the Safety of Manufactured Nanomaterials (WPMN) Iso
e Standards Organizations 24

— International Organization for Standardization (ISO) — especially Technical C
Committee 229 (Nanotechnologies) IE

— International Electrotechnical Commission (IEC) — especially Technical
Committee 113 (Nanotechnology Standardization for Electrical and AHIM/
Electronics Products and Systems) —Sull”

INTERNATIONAL

Vori

— ASTM International — especially Committee E56 on Nanotechnology

e United Nations Environment Program (UNEP) Strategic Approach to \q&!!—}
International Chemicals Management (SAICM) UNEP

e Safe Implementation of Innovative Nanoscience and Technology (SIINN) joint
call

e U.S.-EU: Bridging NanoEHS Research Efforts

AL

SIINN

bridging nanoEHSrresearch efforts
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. us =eu

bridging nanoEHS research efforts

e Bottom-up collaboration — Communities of Research (CORs)
— groups of people: American and European scientists
— share a significant interest: nanoEHS

— develop a shared repertoire of resources: experiences, tools, ways of addressing
recurring questions and challenges

— regular contact: use wikis, webcasts, conference calls, annual U.S.-EU nanoEHS

meeting.

T

’h :
* Top-down collaboration — Government-to-Government Dialogue

e
— Monthly teleconferences

— Joint Call in 2015: SIINN ERA-NET

— U.S.-EU:Bridging NanoEHS Research Efforts workshop (every 12-18 months)

— Exploring future parallel solicitations

U.S. National Nanotechnology Initiative



Nanotechnology can Inspire Students

P

NNI Booth at the USA
Science and Engineering
Festival

NNI Video Contest Winners Jennifer Gil
and Carlos Acevedo (U of Puerto Rico)

-
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2011

Nanoscience Expo

For General Public

Plaza Las Américas

Interactive Demonstrations
April 8 and 9
9:00 am to 9:00 pm

Ruchi Pandya, student intern at
NASA Ames from Lynbrook High
School, with President Obama at
the 2015 White House Science Fair.
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~ Improving Communications with
Stakeholders

rNanDI,echnology 101 | Nanotechnology & You | About the NNI | Collaboration & Funding | Publications & Resources Education | Newsroom | Events
.

Green Microchips
Created on Cellulose
Nanofibril Paper

A collaboration between UW-Madison and the Dept of
Agriculture's Forest Products Lab leads to a technigue for
making biodegradable semiconductor chips out of wood
that perform as well as their silicon or GaA counterparts.

OSTP Calls for
Nanotechnology
-Inspired Grand

| Challenges

This Request for Information
calls for ambitious but
achievable goals that harmess
nanoscience, nanotechnology, and innovation to solve

important national or global problems and have the
potential to capture the public's imagination.

Creating the
Next Generation
of Nanoscientists
and Engineers

A White House forum unveils

announcements regarding nanoeducation resources
and opportunities to collaborate

CPSC/NNI
Workshop on
Quantifying

Y =
"// Exposure to

I

(

g Engineered

Nanotechnology News
Jun 1/, 20145 - Nanotechnology Now
Toward nanorobots that swim through blood to deliver

drugs (video)
Jun 17, 2015 - Nanotechnology Now

First quantum dot monitor to hit US retail shelves this
summer

Jun 17, 2015 - ExtremeTech

Solar cells and nanotechnology to cutglobal energy use
Jun 17, 2015 - The Institution of Engineering and
Technolog

Zyvex Technologies Acquired

Jun 17, 2015 - SportsCneSource.com

Hot nanostructures cool faster when they are physically
close together

Jun 17, 2015 - Nanowerk

Nanoparticles to kill cancer cells with heat

Jun 17, 2015 - Phys.org

Graphene heat-transfer riddle unraveled

Jun 17, 2015 - Research & Development

NNI Dashboard @
http://nanodashboard.nano.gov

The National
Nanotechnology
Initiative

Leading to a revolution

in technology and industry that
benefits society

Webinars

(11 Tube|

EnvisioNano

Slideshow Archive
SUBSCRIGEON
L f]1¥]in

Learn About Nanotechnology

NNI Sensor Fabrication, Integration,
and Commercialization Workshop

These NNI brochures infroduce basic
concepts in nanotechnolgy. Big Things
from a Tiny World (left) is a general
overview, Powerful Things from a Tiny
World (right) looks at nanotechnology
and energy. These brochures are also
available in Spanish.

FOLLOW ME

EnvisioNano %) ANONEWS

INAl TUgov
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Grand Challenges

e Recommended by PCAST in their 2014 review of the NNI
e Definition derived from Administration's Innovation Policy
e Attributes of Grand Challenges are:

v Require advances in fundamental scientific knowledge, tools, and
infrastructure for successful completion.

v" Drive the need for collaboration between multiple disciplines, some of which
do not normally interact, to come together, collaborate and share resources
and information to solve the challenge .

v’ Span efforts from discovery and fundamental science to engineering
demonstration and commercialization, i.e., catalyze the transition of
technologies from lab to market.

Be too big to be undertaken by one or even a few organizations.

Be exciting enough to motivate decision makers to provide funding and
resources and multiple organizations to collaborate, share resources, and
information to solve the challenge.

v' Have a measurable end-point and clear intermediate milestones that are
measurable and valuable in their own right

* RFlreleased in June to solicit public input on potential Nanotechnology Inspired
Grand Challenges — over 100 responses

e Expect to announce 1 Grand Challenge later this year — more to follow

AN

- B
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A Nanotechnology-Inspired Grand Challenge for Future Computing:

Create a new type of computer that can proactively interpret and learn from data, solve unfamiliar problems using
what it has learned, and operate with the energy efficiency of the human brain.

While it continues to be a national pricrity to advance conventional digital
computing—which has been the enging of the information technology revolution—
current technology falls far short of the human brain in terms of both the brain's
sensing and problem-solving abilities and its low power consumption. Many experts
predict that fundamental physical limitations will prevent transistor technology Trom
ever matching these twin characteristics. This grand challenge will bring together
scientists and engineers from many disciplines to look beyond the decades-old
approach W caomputing based an the Von Neumann architecturg as implementad
With transistor-based processors, and char a new path that will continue the rapid
pace of innovation beyond the next decade. Read more

This challenge will Iook beyond
conventional computing based on the Von
Meumann architecture.

Read more about:
= Slatements of suppaort for this challenge from Federal agencies (DeD, DOE, IARPA, NIST, NSF)

« Statements of support for this challenge from other organizations (CCC, Moore Foundation, IBM, IEEE, Kavli Foundation,
SRC)

» \Workshop repors and white papers relevant to this challenge
« Meetings and workshops relevant to this challenge

« Frequently asked programmatic and technical guestions about this challenge

U.S. National Nanotechnology Initiative



Summary

 Nanotechnology is at a cross-roads

e Significant investments have been and continue to be made in nanotechnology
research, development and commercialization

* Remarkable advances have been made in nanoscale science and engineering

* Nanotechnology is moving from an area of focused attention to an enabling
technology, i.e., an important tool in the toolkit to make better materials,
devices, ...

e What's next?

e Continue to make break-through advances, e.g., convergence of
nanotechnology with biotechnology and other emerging technologies, Grand
Challenges

* Increase emphasis on nanotechnology enabled systems

e Continue to make progress on commercialization
e EH&S is a critical part of this

* Develop global partnerships to tackle the hard problems

- B
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