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Nanomaterials and the USMS Assessment: Observations

High demand for new
advanced measurement
Instrumentation for accurate,
high resolution
characterization of physical,
chemical and biological
properties of materials at
nanometer dimensions

Absence of regulations
IS having a serious
Impact on innovation

Principal measurement
barrier to innovation is the
absence of measurement

Instruments, techniques and
methods capable of
accurately characterizing the
behavior of complex
materials systems and
structures

Timely delivery of materials
measurement solutions Is
Increasingly challenging

Key factor driving the need for
Innovation Is anticipation of the
production/marketplace needs
for the evaluation of Materials
Performance, Manufacturability,
and Reliability
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The nanotechnology value chain

Nanomaterials Nanointermediates

Nanoscale
structures in
unprocessed

form

Nanoparticles,
nanotubes, @

orporating
nanotechnology

Cars, clothing, airplanes,

, contrast computers, consumer

optical components, electronics devices,

sthopedic materials, pharmaceuticals, processed

superconducting wire... food, plastic containers,
appliances...

Nanotools
Capital equipment and software used
to visualize, manipulate, and model

matter at the nanoscale

Atomic force microscopes, nanoimprint
lithography equipment, nanomanipulators...
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What are the Components of an Authenticated MN
(How)?
& MN Template
Technological innovation at stake
Economic significance of the innovation
Technical barrier to the innovation
Stage of innovation at which technical barrier appears
Measurement-problem part of the technical barrier

Potential solutions to the measurement problem

m Potential providers of these solutions
& Tags / Indicators

2 MN Characteristics that may be used to compare MNs
& Authentication

m Evidence that MN represents a significant portion of
Measurement Solution Users



31 Measurement Needs (MNs) submitted by Scientists & Engineers —
examples include:

o

0]

0]

Nano-scale drug delivery
Toxicology of nanoparticles in biological systems

Real time measurements for pharmaceuticals and biologics
manufacturing

Advanced drug delivery systems, including implantable devices that
automatically administer drugs and sense drug levels

Sensors for airborne chemicals or other toxins

Nanocrystal biophotonic sensors

Nanomagnetic MRI contrast agents

Inhalation insulin delivery/diabetes management

Small particle monitoring for advanced semiconductor manufacturing
Health care/nanotechnology - cancer diagnosis and treatment
Quality control in cytometry for improved clinical diagnostics

C60 carbon nanomaterials for nanobiotechnology NIST



104 Roadmap Measurement Needs (RMNSs) identifed from roadmaps,

workshop reports, and white papers — sources include:

Roadmap, White Paper or Workshop Report Year Source

Strategy for Nanotechnology-Related Environmental, Health, and Safety Research 2008 hittp: Hwvne. nano. govf

Toxicology steps up to nanotechnology safety 2008 hitp: Ao rdmag. comd

Strategic Plan for NIOSH Manotechnology Research and Guidance 2005 htm:ﬂvmw.I:I:h:.uI:ﬁn'ninshft:np:luicsfnanutechfstrat plan. b
Manotechnology - A report of the LS FDA Manotechnology Task Force (FDA) 2007 It Sy fl3, vananutechl'::nnllu Aaskforce/report N7
Prioritization of EHS Research Meeds for Engineered Manoscale Materials - An interim 2007 http:ﬂmﬂmﬁr.nann.qnva'rinr-itizatiDn EHS_Fesearch_hlee

document for public comment (MEHI YWarking Group)

ds Engineered Manoscale baterials. pdf

Manomaterials in the waorkplace - Policy and slanning workshon on Occupational Safety

— |7 <l

(NNI)

hitte: Sty rand. orodoubs/conf oroceedings2006/RAND

EHS Research Needs for Engineered Nanoscale Materials

Tne Maionsal Nanolecnnoiogy INEIVE - STrEegIc =ian £UU¢ MLLEL. £y, NAND. QO NLTIK 300 UL SITELEQICPIEN. N
Manotechnology environmental health & safety standards 2007 hitp. A iso. orgfisodiso-focus-index
EHS Resgearch Needs for Engineered MNanoscale Materials 2006 http: ey nano. gowMhl EHS research needs. pdf

Tt

+ Prioritization of EHS Research Needs for Engineered

Nanoscale Materials (NEHI)

Assessment Study on sensors and Automation in the Industries of the Future 204 T T
n/pdfsidoe_report. pdf

International Technology Roadmap for Semiconductors 2004 httn:ffwm.ltrs.nEUCnmmnr;nQDDdUpdatE;“ZDD&Undate.ht

Chemical Industry R&D Roadmap for Manomaterials By Design 2003 htm:ﬂwww.chemlcalwsmnﬁ.nrufpdfsfnann raadmap.

Manoscale Science and Engineering for Agriculture and Food Systems 2003 http:Aveneee nseafs. cornell. edufweb roadmap. pdf

Manobiotechnology 2003 hitp: A nano. gow'nni_nanobiotechnology rpt. pdf
bttp: S technology. gowreports/TechPolicw/Manotech

Manotechnalogy 2003 030573 ndf

Manotechnalogy and the Environment: Applications and Implications STAR Progress 2002 http:/fes. epa.gow'ncer’publicationsfwaorkshop/nano_proc

Review Workshop eed. pdf

Manotechnalogy Innovation for Chemical, Biological, Radiological, and Explasive Detection 002 http: e wiec. arginanaoreparts/chre/CBRE Detection

and Protection 11 1 02 hires. pdf

I e e e e e 2000 http: Mfwwew. eere. energy. gowfindustry/chemicals/pdfs/mat

erials tech roadmap. pof
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Preliminary Inferential Analysis of nano-EHS Measurement
Needs (MNs) & Roadmap Measurement Needs (RMNSs)

Data analyzed from 31 MNs and 104 RMNs
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Preliminary Inferential Analysis of Nano EHS
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f Nano EHS
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Inferential Analys
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Preliminary Inferential Analysis of Nano EHS

Measurement Barriers
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Preliminary Inferential Analysis of Nano EHS

Number of MNs

Technology Innovation as a Measurement Innovation?
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Preliminary Inferential Analysis of Nano EHS

Aggregated Measurement Solution Barriers
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f Nano EHS
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Preliminary Inferential Analysis of Nano EHS

Measurement Solution Barriers
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Preliminary Inferential Analysis of Nano EHS

Measurement Solution Barriers
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Preliminary Inferential Analysis of Nano EHS

Stage of Technological Innovation
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Preliminary Inferential Analysis of Nano EHS
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.
CONCLUSIONS

o Measurement Needs and Roadmap Measurement Needs
are being assessed within the Nano-EHS sector

o Preliminary indications are that Nano-EHS is ear/y-stage
In I1ts development of measurement solutions

o Nano-EHS measurement needs will push the envelope of
metrology equipment in the near future

o A concerted effort across multiple disciplines is needed
to solve many of the Nano-EHS measurement needs

o ltis critical to engage experts in this activity for their
opinions on techniques, priorities and strategic directions



B
PURPOSE OF WORKSHOP

o Engage experts in the field in the development of
Measurement Needs to make an accurate assessment
of the state-of-the-art Nano-EHS USMS

o Initiate a dialogue about the best means for obtaining
measurement sol/utions to addressing measurement
needs

o Create a new opportunity for networking among
experts in the Nano-EHS research and business
sector

Technalogy Administration



