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325

CSTL employees in
Gaithersburg, Maryland,
Boulder, Colorado,
and Charleston,
South Carolina
support the mission
of CSTL.

Facts & Stats
CSTL At-A-Glance

89

patents have resulted
from CSTL research
since 1975,
with an
additional 8 currently
pending.
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1

the first SRM issued by
the National Bureau
of Standards in 1901 is
still produced by CSTL
today as SRM 1d,
Argillaceous
Limestone.

26,500

chemical standards
produced
by CSTL
constitute
the 32,000 NIST
SRM units
sold annually.

19

CSTL postdoctoral fellows
with expertise aligned
with CSTL priorities
have been retained as
full time staff
since 2003.

2,000,000

miles of pipe CSTL
contributes to
in measuring
critical flow

for natural gas.
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What We Do and
Why You Should Care

LETTER
FROM
THE
DIRECTOR

Dear Stakeholders:

Il of us in the NIST Chemical Science and Technology Labora-
tory (CSTL) are proud to share with you our 2007 - 2008 An-
nual Report. The Chemical Science and Technology Labora-
tory is one of ten discipline-based technical operating units at the
U.S. Department of Commerce’s National Institute of Standards and
Technology and serves as the Nation’s primary reference laboratory
for chemical measurements, standards, and data, to promote com-
merce, improve quality of life, and innovation in the areas broadly
encompassed by chemistry, the biosciences, and chemical engineer-

ing.

CSTL core competencies are:

e Providing traceability to SI or other internationally recognized stated
references for:

¢ ldentification and quantification of chemical and biochemical species/
parameters

e Characterization of the spatial and temporal distribution of chemical
and biochemical species

e Fluid quantities, humidity, pressure/vacuum, leak rate, thermometry,
liquid density, volume, air speed, pH, and electrolytic conductivity

e Providing reference chemical, biochemical, thermophysical and kinetic
property data and information for chemical, biochemical, chemical en-
gineering and related technologies.
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CSTL core competencies are underpinned by a world-class research
program in measurement science that enables CSTL to address cur-
rent and future standards and data needs and to underpin the devel-
opment, implementation and/or assessment of new technologies.
We establish and maintain scientifically sound, metrologically-based
competencies and measurement capabilities that are internationally
vetted and recognized. With this infrastructure, we provide calibra-
tion and measurement services that are disseminated to our custom-
ers via various mechanisms such as validated reference methods,
certified reference materials, reference data, measurement ser-
vices for other government agencies, etc. This research basis cou-
pled with extensive “conversations” with our customers and with
other national metrological organizations enables us to continue to
adapt our chemical measurement services portfolio and provide
world class services that are relevant and fit-for-purpose.

CSTL’s research and measurement service programs are fueled by
more than 350 chemists, physicists, engineers, and biologists at our
two primary campuses (Gaithersburg, Maryland and Boulder, Colo-
rado) and at the Center for Advanced Research in Biotechnology in
Rockyville, Maryland and the Hollings Marine Laboratory in Charleston,
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South Carolina. These programs are carried out in six divi-
sions: Analytical Chemistry, Biochemical Science, Chemical and Bio-
chemical Reference Data, Process Measurements, Surface and Micro-
analysis Science, and Thermophysical Properties. Our technical ex-
cellence, broad range of capabilities, and discipline-based organiza-
tional structure provide the flexibility to respond to the ever-
changing needs of the nation.

Our national economic prosperity and security require that we re-
main a world leader in science and technology. Education and train-
ing for American students is the foundation of a secure U.S. technol-
ogy leadership. Over the past two years, CSTL has provided hands-
on research experiences for over 25 high school students. During
that same period, ~120 Undergraduate Students and ~40 Postdoc-
toral Researchers have conducted research in CSTL laboratories.

The research and measurement services that we provide are critical
to virtually all industrial sectors and technology areas. Our customer
base is extensive, ranging from established industrial sectors and
emerging industries to government agencies, standards and trade or-
ganizations, and the academic and scientific communities. The fol-
lowing are a few examples of measurement services provided to our
customers in the recent past:

o At the request of the National Institutes of Health Office of Dietary
Supplements, the Analytical Chemistry Division has developed a Cer-
tified Reference Material (SRM 3280 Multivitamin/Multielement Tab-
lets) to serve as an accuracy benchmark for analytical methods to be
used for acquiring data for a Dietary Supplement Ingredient Data-
base being developed by NIH-ODS and the U.S. Department of Agri-
culture to assess the nutritional intake of the U.S. population. SRM
3280 has concentration values assigned for 24 elements and 17 vita-
mins/carotenoid compounds.
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The Chemical and Biochemical Reference Data Division has been
working with the National Institutes of Health and the National Can-
cer Institute in developing quality control metrics and serving as an
QA/QC advisor for a major inter-laboratory program examining vari-
ability in mass spectrometry-based proteomics experiments (the
“Clinical Proteomic Technology Assessment for Cancer” pro-
gram). More recently, scientists in the Division have been working
in expanding research programs leading to the analysis of complex,
practical reference standards containing thousands of components
observed by LC-MS in biological samples. This will involve studies of
reproducibility, development of data analysis methods, and creation
of reference spectral libraries for use with the reference standards.

The Thermophysical Properties Division has recently completed a
suite of studies on ten fuels, based on needs expressed by stake-
holders at a series of workshops. Experimental property measure-
ments, studies using an advanced distillation curve method, and sta-
bility studies, were followed by the development of models for the
fuels’ behavior over extensive ranges of temperature and pressure.
This program largely dealt with the military’s need for new fuels and
fuel standards for the next generation of re-usable rockets, but
feeds into a broader program on renewable fuels.

Staff from our Surface and Microanalysis Science Division have com-
pleted a seminal study of the trophic transfer of nanoparticles in a
simplified invertebrate food web in response to the research needs
outlined by the U.S. Government’s National Nanotechnology Initia-
tive in its document “Environmental, Health, and Safety Research
Needs for Engineered Nanoscale Materials.” This study addressed
the potential environmental risks of engineered nanomaterials on
aquatic organisms by demonstrating that nanoparticles can be trans-
ferred from one aquatic organism to a higher trophic level organ-
ism. Although limited bioconcentration and lack of biomagnification
may impede the detection of nanomaterials in invertebrate species,
the findings of this study indicate that dietary uptake should be con-
sidered as a potential source of nanomaterials for higher trophic
quatic organisms.

Letter from the Director
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The Biochemical Science Division has a complementary program in
the area of nanotoxicology. This program involves the testing and
validation of existing in vitro toxicological screening assays that are
applied to measure the toxicity of engineered nanomaterials; as well
as the development of new in vitro assays with the goal of under-
standing the mechanism of nanomaterial toxicity. To complement
our work in cell-based mechanistic assays, we are using metabolom-
ics and proteomics to evaluate the impact of engineered nanomate-
rials at the molecular level. Additionally, we study genotoxic ef-
fects of these materials leveraging our well established program in
DNA damage and repair. Collaboration across NIST with nanomateri-
als researchers in CSTL’s Surface and Microanalysis Division and
NIST’s Materials Science and Engineering and Physics Laboratories is
critical to the success of this program. Equally important is working
with our federal partners that include the FDA, EPA and NIH who
have established programs in nanotoxicology as part of their mission.
A broader understanding of the needs of this community is gained
through many external interactions including participation on the
ISO Nanotechnologies Technical Committee.

The Biochemical Science Division’s Human Identity Team has spent
the past several years building a national infrastructure in partner-
ship with the Department of Justice to promote, ensure, and enable
excellence in DNA analysis for human identity. This national infra-
structure includes validated, advanced DNA measurement methods;
SRMs to calibrate instrumentation and validate measurement re-
sults; methods for data evaluation and interpretation; SRDs; teach-
ing tools; and the definitive textbook (2nd Edition) on forensic DNA
analysis. These tools are relied upon to assure accurate assessment
of human identity based on DNA obtained from crime scenes or mass
disasters (e.g., Hurricane Katrina, the WTC disaster), military opera-
tions, and criminal investigations).

The Process Measurements Division has established a calibration ser-
vice for flow meters for natural gas at pipeline conditions. Starting
with NIST’s on-site gas flow standards, the Division achieved a 600-
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fold increase in flow-rate measurement capability at a 10-fold in-
crease in operating pressures, thereby enabling the calibration of
large (up to 30 inch diameter) meters used to accurately measure
the flow of natural gas as it is imported in pipelines. (Imports are
$20B/year.) This calibration service also satisfies the European Un-
ion’s requirement that all natural gas flow meters be calibrated be-
fore entering commercial service. Thus, the service enables US
manufacturers and calibrators of flow meter to compete more effec-
tively internationally.

The World is changing and NIST and CSTL must respond accord-
ingly. NIST’s strategic priority areas are: National Physical Infra-
structure, Renewable Energy, the Environment (including Climate
Change), Health Care, Secure IT Systems and Communications, and
Homeland Security. Initially determined based on discussions at a
2006 CSTL Strategic Planning Retreat and reinforced by alignment
with recently articulated NIST Priorities, CSTL’s areas of strategic
emphasis are measurement science, standards and data to support
national efforts and interests in:

e Bioscience and Health
e Climate Change Assessment
e Renewable Energy

e Nanotechnology

In the area of bioscience and health, we are focusing on standards
for clinical diagnostics and genetic testing, cellular and molecular
imaging, and biopharmaceutical manufacturing. In the area of cli-
mate change, we are focusing our efforts on standards for green-
house gases, investigating effects of aerosols on radiative forcing,
thermophysical properties to support determination of global warm-
ing potentials of atmospheric species, and measurement and stan-
dards to support a market-based national “Carbon Cap and Trade”

11
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program. With respect to renewable energy, we are developing cer-
tified reference materials for bioethanol and biodiesel from various
sources and several projects that will support the equitable trade of
hydrogen fuel. In the area of nanotechnology, new efforts are fo-
cused on investigations of the environmental, health and safety ef-
fects associated with use of engineered nanomaterials and the meas-
urement science to enable spatially-resolved chemical analysis at
the nanoscale.

As you will see in this report, CSTL’s research and measurement ser-
vice programs impact all parts of our society. For example:

e The $700 billion international chemical process industry relies
on quality data in order to efficiently sustain its infrastructure
with flexible feedstocks, changing product demands, and inno-
vative processes. CSTL currently has more than 30 data pro-
jects, striving to provide a variety of industries with reliable in-
formation including robust uncertainty estimates. The portfolio
of CSTL data ranges from an HIV Structural Database for AIDS
Research to Gas Phase lon Thermochemistry. CSTL data prod-
ucts currently are used by more than 70 000 corporate clients,
and are in essentially all mass spectrometers delivered to the
research and laboratory communities. CSTL is a major player in
helping deal with the abundance of information, through stan-
dards work dealing with data exchange and automated systems
for data evaluation.

e CSTL is responsible for over 1000 Standard Reference Materials
(SRMs) that are used worldwide to calibrate chemical measure-
ment instrumentation and/or validate the accuracy of measure-
ments ranging from spectrophotometric filters and calibration
solutions to natural-matrix materials for clinical, food, indus-
trial (cement, fuel), and environmental applications, to foren-
sic DNA materials and materials for surface microanalysis. CSTL
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strives to provide these communities with the tools they need
to fulfill their missions. In FY08, NIST sold more than 27,000
SRM units that originated in CSTL, generating $1.8M in
sales. SRMs originating in CSTL are currently used by more than
3000 unique customers.

e Each year, CSTL calibrates approximately 500 instruments that
measure temperature, fluid flow, pressure, vacuum, humidity,
volume, and liquid density. Most of these calibrations are at
the highest, i.e., "best-in-the-world," level. Calibrations pro-
vide traceability from U.S. national measurement standards to
customers that include instrument manufacturers, military and
private calibration laboratories, and other Federal and State
agencies. Instrument calibrations enable our customers to ver-
ify the reliability of their in-house standards and calibration
procedures. Moreover, many commercial customers require
traceability to NIST to sell their products and calibration ser-
vices in international markets that demand traceability to Na-
tional Metrology Institutes such as NIST.

13
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In this report, we summarize selective elements of these activities
in an effort to illustrate the wide breadth of scientific achievements
attained by CSTL scientists and to call attention to the multiplicity
of measurement services that we provide to our Nation and the
world. CSTL’s measurement science and standards form an integral
part of the foundation upon which innovation is built. This report
represents only a snapshot of our activities; the most complete pic-
ture is available on our web site: www.nist.gov/cstl.

In closing, | want to thank our dedicated staff, who are committed
to ensuring that CSTL continues as a dynamic, flexible, innovative,
and productive entity. As no one person or organization can address
all the Nation’s measurement, standards, and technology needs, it is
important to recognize the contributions of our many collaborators
and partners in industry, government, standards and trade organiza-
tions, as well as the academic and scientific communities. To be
most effective and successful, we need their ongoing input and part-
nerships. We are proud of the work that we have accomplished and
feel that given the broad demand for our services, CSTL has per-
formed admirably in helping to fulfill the NIST mission, but we real-
ize that a lot more will be required for meeting the enormous chal-
lenges of the 21°* Century.

Willie E. May, Ph.D.

Director, Chemical Science and Technology Laboratory
National Institute of Standards and Technology
Gaithersburg, MD 20899 301-975-8300

cstlinfo@nist.gov www.nist.gov/cstl

Letter from the Director
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Structure & Properties
Chemistry Research Activities
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Chemistry Research Activities
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Properties

Working with international standards body has enabled the
dissemination and interchange of data for chemical systems
worldwide.

magine a website with more than sixty thousand page views per day and you

have a sense of the CSTL developed NIST Chemistry WebBook where anyone can
search for data on specific compounds based on a chemical’s properties. Now
imagine integration of databases from multiple sources, including many developed
by NIST, to continuously build up and enhance the utility of WebBook, today such
a resource does not exist. That is why CSTL researchers, working with the Inter-
national Union of Pure and Applied Chemistry have developed the International
Chemical Identifier for the identification of chemical species to overcome hurdles
with the integration of new data into the WebBook. This tool makes it easier for
chemical species (and mixtures and reactions) to be reliably identified and offers
the most accurate and up-to-date information for chemical systems to meet high
priority industrial process and design research needs. The approach also enables
standardized referencing and searching for chemical structures over the Internet
and in proprietary databases.

Contact
Peter J. Linstrom
Dmitrii V. Tchekhovskoi
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VIRTUAL
MEASUREMENTS
INCREASE THE VALUE
OF
PREDICTED

. PROPERTIES

Predictions from quantum @mlstry with meaningful uncer-
tainties will enable drop-in replacements for costly experl-
mental measurements. >

N
i

y itself, a predicted value for a quantity constitutes merely a guess. To be a

proper measurement, the associated uncertainty must be supplied. Most val-
ues reported from ab initio calculations, an abbreviation referring to quantum
chemistry methods, are not accompanied by uncertainties. As a result, the reli-
ability of such data, such as reactive-chemical hazards, is poor. Safety thus re-
quires skepticism, often leading to expensive over-design. CSTL researchers are
quantifying the uncertainties associated with ab initio predictions, thus putting
these virtual measurements on an equal footing with experimental measurements
and increasing their dollar value. Predictions related to applications most rele-
vant to chemical engineering, analytical chemistry, and physical chemistry, are
under investigation in collaboration with the NIST Information Technology Labo-
ratory and are part the NIST Computational Chemistry Comparison and Bench-
mark Database on the Internet. These results allow industries to incorporate
predictions in their R&D processes with a degree of quantitative reliability.

Contact
Russell D. Johnson Il
Karl K. Irikura

17

Chemistry Research Activities



http://www.nist.gov/cstl/chemical_properties/computational/virtual.cfm

18

Chemistry Research Activities

Structure &

Properties

1

Novel high-r;s-olution ;-I:ay spe_ctroscopy identifies
chemical compounds that may be explosive or toxic.

X-ray emission spectra, in combination with the latest computational theo-
retical chemistry, provide insight to the bond structure of chemical sub-
stances. Knowledge of the bond structure is needed to understand the
chemical information in x-ray data. CSTL researchers, with collaborators
from the University of Washington and Lawrence Berkeley Laboratory, are
investigating the basis of x-ray spectra on energetic nitrogen compounds to
further the development of new high-resolution x-ray spectrometers for
chemical analysis. These nitrated compounds, which are commonly used
for explosives in military and industrial applications, are important to study
because they exhibit unusual chemical behavior, incorporate multiple ni-
trogen atoms in inequivalent sites, and have sophisticated chemical struc-
tures. It is possible that x-ray emission spectroscopy will be useful in the
future detection and identification of these compounds.

Contact
Terrence J. Jach

e
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Man)‘lr current chemical problems involve huge numbers of atoms, in fact many
thousands of atoms. Examples include the simulation of pro\ in agueous solu-
tion to stu.dy new drug therapies and prediction of the behavior of 'nanoscale elec-
tronics to advance semiconductor and data- -storage rese'qrch In collaboration
with scientists from Venezuela, CSTL researchers have ‘treated innovative quan-
tum chemical techniques, specifically tight binding ‘methods based on density
functlorUp'équ calculations of propertﬁs and simulations of dynamic
chemical processes for molecules with many thotisands of atoms. This capability
facilitates the study of such compounds in realistic chemical environments. Ulti-
mately, these methods can aid in the design of molecules targeting specific prop-
erties. Moreover, the use of these ods overcomes severe computational lim-
its associated with large-molecular syste xploration on resources,
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SOLVING
NUMEROUS
MYSTERIES
OF
DETONATION

Understanding the fundamentals of explosive detonation
involves serious number crunching.

Detonation, an event that lasts less than a millionth of a second, involves a huge
range of interplay among the chemical and physical properties for each of the
compounds in the device. Very rapid chemical reactions occur with the evolution
of large volumes of heated gases that exert high pressures in the surrounding me-
dium. The challenge for scientists who study explosive detonation, as well as de-
flagration, combustion, and slow ageing, is to identify these reactions over a wide
range of pressures, densities, and temperatures and the way these interact.
Working with the U.S. Army and Air Force research laboratories, CSTL scientists
are using high-level quantum chemistry to verify the most important processes
during detonation of high-energy materials and are including combustion model-
ing as a means to better identify the most important gas-phase reactions. The
findings will benefit new explosives design, new strategies for detecting explo-
sives and the engineering of delivered systems such as military ordnance.

Contact
Karl K. Irikura
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EXPLOITATION OF

FLUID PROPERTIES
GUARANTEES ADVANCING
SMALL-SCALE TECHNOLOGIES

Fluids confined in small spaces are ubiquitous in the natural
and industrial world, and are of great interest for their prac-
tical importance in new technologies

.

rature, volume, and pressure, in
en visible under a microscope a current

‘}‘&SEC technologies. Properties of confined fluids are critical to
design g‘substra es'for technologlcal applications (e.g., membrane separations

in chemical processes and materials synthesis, chromatography, fluid capture,
storage and release, and heterogeneous catalysis). Unfortunately, the properties
of a fluid can change profoundly when placed in a confined environment and cur-
rently there are no theoretical tools for predicting these changes. As a result,
advancing the use of fluids in technologies that operate at very small scales is dif-
ficult at best. In an effort to better enable the development of nanotechnologies
that make use of liquid phenomena, CSTL researchers are conducting compre-
hensive computational studies of simple fluids in nanoscale confinement. Many
the simulations incorporate specialized computer codes designed to answer
ic questions posed by different phenomena. The findings have provided
rocedure for predicting the behavior of fluids in confined s
range of liquid states spanning from a dIIute gas
iquid exists below its freezing poi
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Well & Wise

Bioscience and Health
Research Activities

wv
o
b
>
)
5
<
=
o
—
S
v
(%]
3
-2
=
=
5]
v
T
T
c
S
v
O
c
o
O
w
k)
)



http://www.nist.gov/cstl/bioscience_health.cfm
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Well &
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REACHING TOWARD

A VISION OF
THE FUTURE IN

BIOMANUFACTURING

Better, faster, safer protein drug manufacturing requires
approaches to measure proteins.

0 n-line process tools, improved sensor calibration and analytical and data
analysis methods are among the technological challenges facing the biomanu-
facturing industry over the next 10 years. These challenges ust be addressed in
order to greatly increase manufacturing efficiency for protein
ing safety. Improved measurement standards and technologies a
steps towards the “blue sky vision” for the future of biomanufacturing.” CSTL sci-
entists took a step toward this vision by developing electrospray-differential mo-
bility methods to measure the size and three-dimensional shape of aggregates of
therapeutic proteins, one of the fastest growing pharmaceutical markets. This
new technology provides for safer protein drugs through better strategies to limit
or prevent aggregation, which can be catastrophic. In 1998, an undetected ag-
gregation of a protein drug caused patients to develop an imm e to the
aggregates that destroyed their ability to ma i
these patients will likely require blood tran
These research findings could prevent such deva

rest of their lives.

Contact
Michael J. Tarlov
Michael R. Zachariah
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SHATTERING
PROTEINS

TO REVEAL
CODES OF LIFE

ir function. Such research will lead to better diagnoses of
iated changes in proteins makeup and concentrations in
fluids. CSTL scientists are helping to enable the use tandem

pattern can be used as a fingerprint for identifying a particular protein within a
mixture of other proteins, a requirement for disease diagnostics. However, many
mass-spectral peaks remain unidentified and only partial fingerprints are avail-
ing quantum chemistry to explain known trends in peptide fragmentation
and to predict reaction mechanisms in the tandem mass spectrometry environ-
ment, CSTL r chers are developing fragmentation rules to accurately predict
mass spectra of ments and increase the power of peptide analysis in
proteomics research.

Contact
Karl K. Irikura

25
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DESIGNING STABLE
PROTEINS,
EVEN IN CROWDS, _

FOR SUPERIOR _ A

PHARMA

Knowing if a protein favors "a biolesicatly-active
inactive, denatured form can life or death.

Our knowledge of protein folding, the process by which a polypeptide folds into
its function-essential, three-dimensional structure, comes from experimenissin:
dilute solutions or from theoretical mogaisof isolated proteins. HoweveL. 1 \
biological cells nor solutions in pr Mopment, are c
Rather, they are “crowded” with pge sugars, salts, DNA, and fatty c
Crowds can effect proteln unfo g ation, and precipitation, all of which
1ons Laboratory studies of crowd effects are ex-
pensive and time-chsu fe but computational methods offer relief. In collabo-
ration with scj 1) the Schering-Plough Research Institute, the State Uni-
v Buffalo, and the University of Texas at Austin, CSTL re-
gped models rich enough to capture critical folding prob-

searchers hay
lems, such as

The end result is a framework c ws-one to mdependently vary, and lsolat -
for detailed study, the paramete J-h\ portant fa Y-
therapeutic drugs, even in crowds!

Contact
Vincent K. Shen
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PROMISING
NEW
PARADIGM
FOR
PERSONALIZED
MEDICINE

"l . o | o
> irate measurements of proteins 1 lood is
- e

—

critical foadvancimgsproactive, preventive medicii
7

Serum proteomics, the measurem f. the complete collection of proteins as-
sociated with health and diseaseg/is a key element to meeting the challenges

to diagnose early stages of disease the identification of altered patterns in the
proteome. However, several prEbieims in serum proteome measurement sensitiv-
ity and reproducibility remain ed. Standard Reference Materials (SRM)
elp address issues such as the d assist laboratories in validating measure-
ments of physical or chemical composition. Currently, a material to assess the
quality and comparability of protein measurements in blood is not available.
CSTL researchers are filling this gap by developing an SRM that will consist of hu-
man serum albumin (HSA), the major protein constituent in blood. As obtaining
HSA from human blood supplies is complicated by the possibility of infection with
HIV or other agents, CSTL researchers have developed approaches to obtain HSA
from the bacterium Escherichia coli using genetic engineering. The harvested HSA
will be used for the proteomic SRM, an SRM acutely needed to assess the reliabil-

ity and reproducibility of current tools used to diagnose and treat disease.

T

Contact
Prasad T. Reddy
David M. Bunk
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CANCER
DIAGNOSTICS

WO [t ot e el ] bt oot
SNAPSHOT

MASS SPECTROMETRY

Imaging chemical changes manifested by controlled expres-
sion of selected molecules will lead to improved detection of
cancer.

Mass spectrometry-based imaging methods for site-specific localization of bio-
chemical changes within and around single cells, as well as tissue, is paving
the way to better methods to determine if cells or tissue are cancerous or
healthy. In collaboration with scientists at the Laboratory for Cell Biology within
the National Cancer Institute of the National Institutes of Health, CSTL research-
ers are advancing cluster secondary ion mass spectrometry (SIMS) to image aggre-
gates of Escherichia coli, one of the best-studied simple prokaryotic model organ-
isms in biology research. The simplicity of this cell line has enabled the rugged
testing of proper cell preparation methods needed for SIMS analysis, and for the
verification of the imaging modality to provide biologically relevant chemical sig-
natures. Examination of the chemical signatures of cellular material in cancer
cells by utilizing the surface sensitivity and molecular imaging capabilities in SIMs
is leading to the ability to identify cancerous cells based upon visual differences
from normal cells. This technology is being used to explore site-specific chemical
changes of disease progression, thereby leading to clinical diagnostics via identifi-
cation of disease-specific indicators.

Contact
Christopher Szakal



http://www.nist.gov/cstl/surface/83705-site-specific-bioimaging.cfm
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MIGHTY SMALL
DOTS

PACK A PUNCH
TO BEAT CANCER

Minute dots and tubes are leading preemptive strikes against
cancer.

Breast cancers can have multiple copies of the gene HER2, one of a family of
genes that regulate growth of human cells. It’s important to test breast can-
cer patients.for. tta_'é HER2 amplified gene or its:overexpressed HERZ protein in or-
der f phy51c1ans to make informed treatment decisions. Unfortunately, the ex-
isting ests for these biomarkers 'can yield a significant number of false negatives,
resulting in patients not receivingthe drug (Herceptin) that would cure them, re-
sulting in their death. Very small light-emitting materials called quantum dots,
which are about a single nanometer (a billionth of a meter) in size, are showing
promise for improving this critical diagnostic test. Researchers from CSTL and
the National Cancer Institute are using quantum dots to more reliably detect HER2
biomarkers than ex15t|ng tests that use conventional fluorescent dyes. *E-The im-
proved sé?fSltIVItY' =about 40-50 percent, is in part because! tlie mlghty small dots
generate intense colorful light, and stay bright and detectab{e while conventional
fluorescent dyes fade over time. "Similarly, CSTL scientists have developed tiny
carbon nanotube HER2 complexes to both find and kill breast cancer cells. The
research team is extending these applications to other cancers, such as prostate
and colon, thereby improving clinical decision making for cancer and establishing
the place of .tiny materials at the forefront of better cancer therapy.

Contact
Yan Xiao
Miral Dizdar
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http://www.nist.gov/cstl/biochemical/dna/cancer-biomarker-systems.cfm
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STUDIES IN
CELLS £
SHED LIGHT

ON CELL

GROWTH & REPAIR

An understanding of how cells interact with their environ-
ment enables scientists to understand healthy and diseased
states of the body.

A critical challenge in cell biology is imaging and quantifying the interactions of
cells with their extracellular environment, including the active remodeling by
cells of their extracellular matrix (ECM) or cell spreading. These observations are
necessary to advance cell growth and repair studies pertinent to wound healing,
developmental biology, and metastasis of tumor cells. CSTL researchers are look-
ing closely at cell growth and repair activity in the ECM setting using advanced in-
strumentation such as surface plasmon resonance imaging. This is a sensitive, low
-light optical method. The low-light specificity prevents cell damage and enables
the cells to thrive, thereby offering long periods of time for live observations.
Dynamic changes in cell-substrate interactions such as membrane ruffling have
been observed, providing researchers with the opportunity to study the formation
of motile cell surfaces that contain a meshwork of newly formed filaments that
contribute to healthy cell shape and motion. The technique also permits quantifi-
cation of protein secretion from cells and surface protein density dynamics, ob-
servations pertinent to advancing analytical proteomics.

Contact
Alexander W. Peterson
Anne L. Plant
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THE GENE STORY [ 7/
WITH

REPORTER

CELL LINES

Fluorescent proteins provide the opportumty to probe the
dynamics of gene activity within single cells.

A vibrant light-emitting protein, green fluorescent protein (GFP), has existed
for millions of years in the jellyfish, Aequorea victoria and gives the species
it brilliant light in dark waters. GFP from the jellyfish has long been isolated and
used as a research tool in cell biology to study-ether proteins. | Cells can be ge-
netically engineered to produce the protein of interest and then linked to GFP
which acts as a “reporter”. When produced, the “fusion protein” emits light,
which can then be used to monitor its activity in the'cell under'a. mlcroscope
CSTL researchers are using GFP for reporting, or tracing, protems in.cells; Be-
cause GFP is continuously degraded by the cell once|it’s produced, it is important
to understand the kinetics of these processes to ensure that the obseryed changes
in cellular signals are not due to the normal variability associated with the pro-
duction of GFP. The research team is using protein patterning and microscopy to
measure GFP degradation rates in individual, live cells, often‘an intimidating task
due to the large numbers of cells that must be examined. The team is overcom-
ing this daunting challenge by developing automation microscopy techniques. As
a result, it is now possible to rule out the dependence of the degradation kinetics
on GFP intensity. This has provided valuable evidence that GFP is an accurate re-
porter of gene activity within cells and can be an essential tool for understanding
the aspects of functional protein production in the body.

Contact
Michael Halter
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http://www.nist.gov/cstl/biochemical/cell_systems/live_cell.cfm
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PERFC
FORB
DIAGNOY!

Microarra
which fractic
is active and

a gene chips) iSTus 2termine
e than 30,000 hume ular genes

Quantitative rement 3 dentification o ly RNA'eopies made from
DNA when a ge activ ng microarray ent applica-
tion in clinical medici o prédict, for example hemotherapy
of breast cancer patients or degree of or an re nt patients.
However, variation in pe nce of microarrays compare re-
sults from different mar , or even fro same or dif-
ferent laboratories. d reproducibili ) portant be-
cause of the often s F the many RNAs \ etected. Even
slight uncontrolled vai ation in thé microarrays can ca to miss these
( poor clinical de-
dustry scientists,

materials and ap-

cisions. CSTL reseal S
are devising a way to gater confidence.
proaches are being developedyt can gauge a mi ay's formance during
the course of a test. As a foundihg member an ost of the External RNA Controls
Consortium, the CSTL team ikt _..'J earheadem __'g"r'am-t te and promote
gene expression microarra dards. The pro eci ' enteringion a phase of com-
mercial testing, making. it possible to compare the he orma of different assay
designs. , - \

Contact ' : | N

Marc L. Salit \“‘

r.
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Contact
Margaret C. Kline
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With the continuing de alopment of mini
nologies, the overall-time to type DNA samp
too.

When a crime occurs, » t attempting to solve “who

done it”. Forensic &g A typing is the most accur method for determining
who was present at the scene of the crime. Unfortunately, this type of testing
may take several days f o complete. Development of miniaturization technologies
such as microfluidic and micro-capillary “lab-on-a-chip” devices reduce the over-
all time required to type DNA samples. Once optimized, t se miniature devices
could be used for initial screening at a crime scene, at a 1 der, or at alrports
CSTL scientists have ! ked with the forensic laboratory '
the development of calibration and quality assurance tec

(less than 36 minute) R is of crime scene DNA. CSTL scientist

the scene of a crime. Success obtained by the rapid protocols for forens
typing can also be appl],gd to ‘r tests_that depend upon DNA amplification,

Contact
Peter M. Vallone



http://www.nist.gov/cstl/biochemical/genetics/update_srm2391b.cfm

Chemical Science and 2009
Technology Laboratory Annual Report

cies in the
financial lo

he U.S. agri

and finished
Many of these crof
their production.
lowed and often requ
food or grain shipment
to export and at the poin lantitative real-time po-
lymerase chain reaction is the . detecting and quantifying the
amount of biotech crop material in food, feed or grain. CSTL researchers are ad-
dressing the quality of such measurements and the factors which under lie the
quality to improve measurements and contribute to international harmonization
of testing for biotech crops. The team is also enabling methods to accurately
quantify biotech crop material in crops where the DNA is degraded, such as in
processed food products. By eliminating inconsistencies and inaccuracies in bio-
tech crop testing, the blockage of trade in grain and foods and the associated fi-
nancial loss due to such ineptness will be greatly reduced.

s such as grain
ymmodity crops.
aits beneficial to
es of crops are al-
ese materials in the
conducted both prior

Contact
Marcia J. Holden
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http://www.nist.gov/cstl/biochemical/genetics/biotech_crop_detection.cfm
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RELATING A

DRUG’S STRUC
TO ITS RELEASE
IN THE BODY

A powerful tool obtains spatially resol\r ler{gce and in-
depth molecular information from mat to deliver

drugs. *Q
@ & ®

The pharmaceutical industry focuses heavily on analﬁ E?chmqﬁs neces-

sary to understand interrelationships between drug $truc efand its process-
ing in the body. Modern techniques to deliver drugs to where'they are needed in
the body, called drug delivery systems, have complex designs involving multiple
layers of polymer materials and intricate compositions. These products and their
formulation steps require thorough analyses to determine their functional integ-
rity and reliability and to ensure their effectiveness and safety. CSTL researchers
are working closely with the U.S. Food and Drug Administration and industrial
partners, such as Medtronic Inc., and Surmodics Inc., to study the release of drugs
from various polymer systems using multiple imaging modalities, including laser
scanning confocal microscopy, confocal Raman Microscopy, atomic force micros-
copy and cluster secondary ion mass spectrometry (cluster SIMS). Cluster SIMS
provides the technology to determine the three-dimensional aspects of these de-
vices and allows for a better understanding of drug delivery system structure and
property relationships. These approaches will have long-term impact for product
development in the pharmaceutical and biomedical industries, including the drug
eluting stent manufacturers focused on new treatments for coronary artery dis-
ease.

Contact
Christine M. Mahoney



http://www.nist.gov/cstl/surface/83705-next-generation-metrology-for-drug-delivery-systems.cfm
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BEAM OF LIGHT
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http://www.nist.gov/cstl/biochemical/bioassay/quantitative_cellular_phenotyping.cfm
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HEALTHY'FOOD
CHOICES N
LED BY

ACCURATE
LABELS NIST

National Institute of
Standards and Technology
U.S. Department of Commerce
Measurement and standards related to nutrients in food prod-

ucts support compliance with relevant legislation.

Laboratories in the food testing and nutrition communities look to CSTL for
methods and well-characterized certified reference materials that are food-
based. These are necessary to facilitate industry compliance with labeling laws
and improve the accuracy of information provided on product labels. CSTL re-
searchers are working to provide food-matrix reference materials to facilitate
compliance with nutritional labeling laws, provide traceability for food exports,
improve the accuracy of label information for packaged foods, and contribute to
studies of human nutritional status. Approximately 30 food-matrix materials are
available to support these measurement needs; examples include infant formula,
baby food, meat homogenate, fish tissue, baking chocolate, peanut butter, spin-
ach, and food oils. Efforts are additionally focused on materials that are repre-
sentative of foods with a broad range of fat, protein, and carbohydrate composi-
tions. The SRMs support compliance with a number of federal regulations en-
forced by the U.S. Food and Drug Administration and the U.S. Department of Agri-
culture and contribute to reliable nutrition information on which consumers can
base their dietary choices.

Contact
Lane C. Sander
Katherine E. Sharpless
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QUALITY
SUPPLEMENTS

FOR HEALTH
AND NUTRITION

Congress has recoggzi the lack of publicly available, vali-
dated analytlcal me for dletary supplements.

Many consumers believe that botamcal“tary supplements will improve their
health and that these “natural™ remedieéire both effective and free from
the side effects that may occur with other medications. There are occasional re-
ports of inaccurate labeling, adulteration, contamination (with pesticides, heavy
metals, or toxic botanicals), and drug interactions. In conjunction with the Na-
tional Institutes of Health’s Office of Dietary Supplements and the U.S. Food and
Drug Administration, CSTL researchers are developing Standard Reference Materi-
als (SRMs) for botanical dietary supplements. SRMs with assigned values for con-
centrations of active and/or marker compounds and toxic elements are being pro-
duced to assist in the verification of manufacturers’ label claims and for use in
quality control during the manufacturing process. Suites of materials based on
green tea, black cohosh, blueberries, bilberries, cranberries, soy, kudzu, and red
clover are currently in progress. A mixture of vegetable oils with values assigned
for tocopherols is also being prepared as an SRM, as is a multivitamin/
multielement tablet. This program provides the dietary supplement industry and
measurement communities with the needed tools to improve the quality of die-
tary supplements and reduce public health risks that could be associated with
these products.

Contact

Lane C. Sander
Katherine E. Sharpless
Stephen A. Wise
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http://www.nist.gov/cstl/analytical/botandietsupps.cfm
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Sentinel sp
organisms
fects peopl

insight to how the ot

Due to their long life span, feeding at a high trophic level, and e

stores that can act as a deposit for anthropogenic toxins dolphins have been
proposed as a excellent organism in aquatic and coastal environments to monitor
and understand the impact of infectious diseases, anthropogenic pollutants, and
harmful algal blooms and their toxins. Through collaborative work with the Medi-
cal University of South Carolina, CSTL researchers are investigating the unique
physiological adaptation of the dolphin lungs that could have therapeutic applica-
tion to human related respiratory disease by making use of quantitative imaging
techniques through the examination of how dolphin lung cells respond to low
oxygen conditions and toxins. By developing methods to comprehensively char-
acterize the growth characteristics of dolphin lung cells and compare morphologi-
cal and image-derived data with dolphin lung cell gene expression profiles, the
metrology infrastructure required for cell and tissue-based screening of marine
mammal health is on the rise. This framework will enable linkages between
ocean health and human health to be established.

Contact
John T. Elliott
Anne L. Plant
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F ormal environmental=specimen bank
integral part of long -term env1ronme

%pn'”lly as an

ltonng' e Marine En-
it !J _, ) at the Hollit -Marine

=
Laboratory in Charleston South.,Carolma, &f""i;f}' - ‘-bﬁk@,well docg_mented

of /marine resggﬁﬁ { d mtorlng
programs directed toward understanding and p lctlng w the condltlen of our
Nation’s waters and coastal environments:affe éct human health E§'[’.‘S<—i'c1mens in-
clude marine mammal tissues, mussels and oysters, fish tissues, seabird eggs, and
peregrine falcon eggs and feathers. Many of these specimens are being analyzed
retrospectively to determine time trends in emerging contaminants of concern in
the environment and their potential time-line of exposure to humans. This bank
is an important resource of research materials for documenting geographic and
temporal trends in “new” pollutants, changes in transport and accumulation of
“old” pollutants in the environment that might even be related to climate
change, and for studying temporal changes in marine animal health through ap-
plication of future new analytical and biochemical techniques.

Contact

Paul R. Becker
Rebecca S. Pugh
Stephen A. Wise
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ASSESS THE HEALTH

OF //_JTHEU POPUL T|6N r -

CSTL provides SRMs that are representatlve of the analytical
challenges that may be encountered by analysts in all seg-
fnents of the biomonitorin ommunity.

|

F_/L) e, past 25 T has dm numb[: of oglcal flUlﬂ
andardtﬂef Materi primaril inically i
analytes (e.g., cholesterol, glucose, creatinine, and trace elements) and contami-
nants. These materials support large scale biomonitoring programs such as those
conducted by The Centers for Disease Control and Prevention and the New York
ate Departmen Health alon ith other state a that require-the
E;alysis a Iarge number jof samples obtai fro jects.” CSTL re-|
rs and CDC are oratl g on e elop ent o wide variet
thse include ¢ contamin EJ:an s n milk, an@
man urine, lead in caprine blood, elements in bovine liver and animal serum, ar-
senic species in human urine, and toxic elements in human urine. Methods have
been developed at NIST and at CDC for these measurements, and the results from
the methods are being combined to provide certified concentration values for
contaminants in the different materials. The development of these materials and
methods greatly supports measurements for contaminants in biological fluids and

tissues and expands quality assurance capabilities to important species critical to
assessing the state of human health in the U.S.

sear

Contact

Stephen A. Wise
Gregory C. Turk
Michele M. Schantz
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Fuel & Feed

Advanced Energy Research Activities
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http://www.nist.gov/cstl/energy.cfm
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eed a close

Liquid fuels derive ‘ :
art of our next generatlon energy so-

look as they beco

lutions.
Transportation fue dergo major changes in the coming years, and lig-
uid fuels deriveg logical materials -- biofuels-- have very bright pros-
pects. Understandi e thermophysical properties of biofuels is necessary if
these are to be effici esigned, produced, distributed, and enabled for use.
These properties ing e thermodynamic properties, such as density, heat
capacity, and enthal d the transport properties, such as viscosity and ther-
mal conductivity. “Fhere'is presently no comprehensive, consensus source of reli-
able property daﬂa for use by industry, thus limiting widespread and efficient
adoption of biofuel ' CSTL researchers are closing this gap through the develop-
ment of thermﬂ&sl properties databases for biofuels. A combination of re-
viewing, mo ﬁnaand measurmg activities is underway in parallel for the five
most important fatty 1d methyl esters that comprise biodiesel derived from
vegetable OIISJl .The flndlngs offer better knowledge of fuel properties which will
lead to bg% rd ﬁi; horter development times of everything from produc-
tion facilities to emission 3 ontrol systems for biofuels, fuels for which demand is
expected to grow g obg‘lly 20 percent annually through 2011.

- .:""' . Contact
_ I~ Thomas J. Bruno
‘f‘F‘,‘Q ——gr Marcia L. Huber
S 3= Mark O. McLinden
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BETTER BIOFUEL
MEASUREMENTS
TO ENSURE
QUALITY FUEL
AND FAIR TRADE

Biofuel refe
of the prop
will be crit

GALLONS

PER GALLDON
. .

change to re ents new questions as engines are
modified, and Ihge with environmental conditions.

oping analytical methods for the
ce materials to support biofuel
ials, one prepared from soy and
ol samples, one prepared from
ed ethanol, are currently being
itute of Brazil for a wide range
fur and water content, and vis-

cosity e National Metrology Institute of
the EU Is from products commonly used
within E ficiency testing scheme to ensure
quality ts across the US and Europe.

Contact
Stephen A. Wise
Michael M. Schantz
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https://author.nist.gov/cstl/properties/fluids_properties/biofuels.cfm
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ments to ensure the proper

antity of fuel is dispensed.

)
— -

drogen-f‘uel 'demonstration vehicles are refueled from dispensers in 3 to
minutes using sequential releases from a bank of pressurized cylinders.

is'results in large'gas flow (0 to 10 kg/min), pressure (0 to 70 MPa), and tem-
perature transients at the device metering the total hydrogen dispensed. To en-
sure equity in retail trade, regulators seek < 2 % uncertainty in the total hydro-
gen quantity delivered. However, hydrogen dispenser manufacturers have found
errors of 8 % to 20 % in point-of-sale flow meters. CSTL investigators are examin-
ing the refueling process, using critical flow nozzles as working standard flow me-
ters in a hydrogen flow system that mimics the transient conditions occurring
during vehicle refueling. A thermodynamic model for the cylinder discharge and
system design has been completed and evaluation of sensor time response has
begun. This effort forms the basis for evaluating the performance of dispensing
flow meter technologies and that of prototype field standards used by state in-
spectors to periodically test retail hydrogen dispensers. The needs of the vehicle
fuel of the future will be met, a fuel that will reduce the dependence of the na-
tion's personal transportation system on imported oil and minimize harmful vehi-
cle emissions.

Contact
John D. Wright
John J. Hurly
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Calculated valu s te.hum eded for accu-
rately measuring the water ve drogen fuel.

ter content needed for the efficie of proton exchange membrane
fuel cells, a type of fuel cell being developed for transport applications as well as
for stationary and portable fuel cell applications with low to zero emissions. Ther-
mophysical properties of water-hydrogen mixtures over elevated operating pres-
sure (up to 100 MPa) and temperature ranges have been calculated. Second
virial coefficients, needed to predict departures from ideal behavior, have also
been calculated for water-air and water-hydrogen mixtures. Using these results
absolute humidity, has been determined for this pressure range and for saturation
temperatures over the range -70 °C to 90 °C. These findings will form a basis
for the NIST humidity standard of compressed hydrogen, oxygen and air for cali-
bration of hygrometers used in measuring water vapor content of hydrogen fuel in
the fuel cell industry, an industry that speaks to a global market projected to
reach $2.6 Billion in 2009.
Contact
Peter H. Huang
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http://www.nist.gov/cstl/process/thermometry/moistgasprop.cfm
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ON THE ROAD TO
COMMERCIALLY VIABLE
HYDROGEN-POWERED
FUEL CELLS

ding of the elemental chemistry and im-
hance or diminish hydrogen storage ca-
to accelerate the development of hy-

N o existing hydrogen storage materials satisfy the U.S. Department of Energy’s
goal for achieving a commercial hydrogen storage system for competitive hy-
drogen-powered transportation. Today’s methods of material synthesis generate
only test quantities that require rapid chemical and impurity analysis, preferably
techniques. CSTL researchers are investigating analytical
”ﬁ/ sk. Prompt gamma activation analysis (PGAA) and in-
ion analysis (INAA) are being used to determine the
gen fuel chemistry such as hydrogen, boron, and mag-
elements by any other nondestructive techniques is
In addition, CSTL researchers are developing stan-
dology for compounds that must be measured to en-
sure fa ogen sulfide and ammonia. Compounds such as these
detrimental to the performance of the hydrogen
of the larger federal endeavor to make hydrogen fuel
rnative to carbon-based fuels.

Leonid A. Ben



http://www.nist.gov/cstl/analytical/inorganic/hydrogeninfrastructure.cfm
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SCIENTISTS

LINK

STRUCTURE AND DYNAMICS
TO

SOLAR DEVICE EFFICIENCY

Understanding electronic structure and ultrafast dynamics at

interfaces in pk . aics is necessary to bring these de-
T

vices to markef _"' _( o

materials such as silicon. However org

cies than traditional technologies....CSTL sc1e \tist : aise the effi-
ciency of organic photovoltaic device structures thro gh the mization of in-
terfacial electronic structure and nanoscale morphology in mode Stud-

ies on correlations between key electronic and structural characteristics of or-
ganic donor-acceptor interfaces to elucidate the factors that control the efficacy
of charge separation, a critical factor to raising organic device energy efficiency,
are underway. Development of photoelectron spectroscopies, scanning probe
methods and theoretical models of multiscale processes in molecular materials
for thin organic films and heterojunctions of materials are core to this pursuit.
These findings could substantially increase understanding the processes that will
make solar electricity from photovoltaics cost-competitive with conventional
forms of electricity in the utility grid, a challenge to be met by 2015 under the
Solar America Initiative.

Contact
Steven W. Robey
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http://www.nist.gov/cstl/surface/excited_state_dynamics.cfm
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LAUNCHING
REUSABLE

ROCKET
TECHNOLOGI

A robust properties mc
mental measurements
tion to rocket engine de

Environmental concerns, the pt
for reusable rocket engines
rocket fuels. Accurate knowledge
to the design of efficient and cost-€
fuels. CSTL researchers are taking
proach to elucidate the behavior of k
ture and pressure. Measurements a
rocket propellants RP-1 and RP-2, 2
derived liquid fuel, Jet-A, and JP.
the density, speed of sound, vis
the most accurate and extensiv
surrogate mixture models deve ith these measurements
will be incorporated into the ne reference database dis-
seminated to engineering and research comunities werldwide, REFPROP. This
database provides an easy-to-use thermophysical properties package that enables
efficient and cost-effective engine systemf@lesign and production.

xperimental and modelthg ap-
over wide ranges of tempera-
several fuels, including the
2d aviation fuel S8, a coal-
bmprises measurements of
pnductivity and represents
ure fluid models and the

Contact

Thomas J. Bruno
Marcia L. Huber
Mark O. McLinden
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THE PATH
TO
“ONE FUEL FORWARD”

r defense industry moves towards its single-fuel vision,
uels and engines'are being developed: matching fuel
quires

2sources, environmental responsibility,
collaboration with the Department of
at is substantially contributing to this

0 Focket..propellants, gasoline, jet fuels, diesel fuels

el fuel and biodiesel fuels) and crude oils (including a
ure). The method provides the relationship between
ion of complex-fluid volatility and the composition of
eCess or the ign 3 esting of new fuels. The
ed . ea S Dne Fuel Forward initia-

desi for air t s ixed stationary
in its t to alternative fuels for aircraft,
a B- raft ix of conventional JP-8
and a synthetic called S-8 2 choic ope 3 SPE ations were made in
part on the basis of the CS dvanced illatio rve data. Current and future
fuel design and specification will rely heavily on this effort.

Contact
Thomas J. Bruno
Tara M. Lovestead
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Future engines Will require knowing the complex interac-
tions of the bustion chamber with the chemical and

: 3 engines directly affects the economy, and emis-
sions off ants have significant implications with respect to

climate ch the environment. Accurate combustion-models
are needg@c puter based strategies for the design of more
efficient s, and engines that take advantage of alternate
fuels. At pres€ al and chemical data necessary to develop these com-
bustion models a available. With support from the U.S. Air Force and the

and to derive fun@ass Al structural activity relationships to predict the behav-
ior of componentsjin redl fuel mixtures when combusted. A database has been
established to proyide ajcentralized site for combustion model information and
employs heretoforg g standards for nomenclature, notation, and traceabil-
ity. This work is facilitaing coordinated, collaborative research for the design of
innovative power systems and assures U.S. engine manufacturers a basis for inno-
vation and international[€ompetitiveness.

Contact

Wing Tsang
Jeffrey A. Manion
Donald R. Burgess
W. Sean McGivern
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mOdeling apl; .- s
consistent results.

hermophysical properties of gas mixtures containing water are important in

several contexts, such as humidity standards and the design of advanced
power cycles for electricity generation. In collaboration with researchers at the
University of Nottingham in the United Kingdom, and with support from the U.S.
Department of Energy and the Electric Power Research Institute, CSTL research-
ers are using computational approaches to obtain second virial coefficients (a
measure of gas-molecule-to-gas-molecule interactions that deviate from the ideal
-gas behavior) between water and common gases over wide temperature ranges
(and with lower uncertainty than most existing experimental data). The new re-
sults are being applied to air-water mixtures for humidity standards, to the equi-
librium of synthesis gas (CO and H,;) with water, and to the thermodynamic prop-
erties of a suite of combustion gases. Efforts are underway to confirm model cal-
culations with high-temperature experiments, and to measure the thermal con-
ductivity of moist gas mixtures. This program will help enable a promising tech-
nology being developed for generating electricity from coal with minimal CO,
emissions and speaks to the growing needs of designing turbines and other equip-
ment that make use of gaseous combustion processes.

Contact
Allan H. Harvey
Mark O. McLinden
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http://www.nist.gov/cstl/properties/fluids_properties/moist_gases.cfm
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PLUGGI
T0
CLEANE RGY

To demonstrate ith environmental regulations,
industry will re thods and standards along the full

product lifecycl
for over 85 % of ons

ed by the U.S.

long with the need for more effici

need for the environmental management
products, and pollutant emissions from vehic
cury, and carbon are subject to environmen
ergy production from the proce
mental pollutants from combust
waste products requires accurat
ence materials. Established 40 y«
rent inventory that includes coals
line. CSTL researchers are increasir of these matrix-specific ref-
erence materials to support current a easurement needs of petroleum
industry and the fossil fuel-based electric utility industries, and are developing
new analytical methods to support new or enhanced standards for priority areas
such as high-accuracy carbon fossil fuel standards for assessment of CO, emission
inventories and trading. In addition, CSTL is providing primary standards for the
electric utility industry to comply with regulatory requirements for mercury
emissions monitoring and reduction. These efforts will enable the current fuel
sectors to meet life-cycle assessment challenges in a cost effective manner with
the least disruption in product availability.

on emissions and waste
id fuels. Sulfur, mer-
ns. Management of en-
the release of environ-
with risk assessment of
ents and relevant refer-
2l SRM program with a cur-
3| oils, distillates, and gaso-

Contact
Stephen E. Long
William R. Kelly
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Safe & Secure
Public Safety/Security
Research Activities
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http://www.nist.gov/cstl/public_safety_topic.cfm
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GUIDELINES
TO KILL
BIOLOGICAL
THREATS

Biofilms offer a potenti dangerous organisms
and also serve to om disinfectants,
en quantified.

Biofilms are ities of microorganisms attache faces that pre-
dominate i urface in systems. CSTL
researchers, i d Security Re-
search Center, grow naturally
occurring biofi

these threats
were studied.
he scientists dev

efficiency of d
a unique metho

ensure

Contact
Kenneth D. Cole
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DETECTING
HIGH

EXP
ROM
THEIR GAS

Accurate detection

explosive compou nd at
ports of entry aro i

the globe requires

need to be detected on a variet)

Explosive compoun _. of_sturfaces - c
st to name a few. Every surface willlihterach with the

suitcases, shoes,

large, detection of the sur-

in instru-
mentation for in-t rport security
will require certific acy. However,
the lack of fundame es, those which
are detected by field ion. With sup-
port from the Departme rs are conduct-
ing studies to fill this gap by solid explosives.

These studies are providing measure s
ergetic materials, including the taggents 2-nitrotoliene, 3-nitrotoluene, and 4-
nitrotoluene, used in high explosives. A knowledge base of the temperature de-
pendent composition of the vapor above high explosive materials and of the sur-
face energetics of the interaction of explosive vapors with surface substrates is
being created. This work is providing the required measurement infrastructure to
certify in-the-field detection devices and is leading to the development of next
generation explosive measurement technology.

Contact

Thomas J. Bruno
Jason A. Widegren
Tara M. Lovestead
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http://www.nist.gov/cstl/properties/fluids_properties/high_explosives.cfm
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SMALL PARTICLES
ENSURE SAFE SENSING
OF DEADLY THREATS

Standard test particulate materials are needed to verify the
performance of trace explosives detection portals, technol-
ogy used for rapid screening of people for high explosives.

he preparation of realistic standard test materials for explosive portal sys-

tems, such as those in airports, requires fabrication of particles of known size
and compositions deposited onto an appropriate substrate in well characterized
numbers. One intriguing method for generation of such test standards is the pro-
duction of uniform polymer microspheres containing explosives or explosive
stimulant compounds of interest. Polymer microspheres are attractive for this
application because their size and composition may be specifically tailored to
testing portal system specifications. Another advantage is a potential reduction
in vapor pressure of the analyte compounds encapsulated in the polymer matrix
which extends the useful lifetime of the standards. Prototype polymer micro-
spheres are being constructed by CSTL researchers through the use of a novel
sonicated annular co-flow device that delivers precisely controlled liquid droplets
into water where they undergo an oil/water emulsion process and eventually cure
into hardened microspheres. The research team has successfully incorporated
several high explosives into a bio-friendly polymer matrix to provide a test mate-
rial that is both safe with regard to human exposure and non-contaminating with
regard to actual explosives being detected. These efforts are delivering the tech-
nology needed to produce critical materials for testing the reliability of thousands
of trace explosive detectors deployed at airports by the Transportation Security
Administration.

Contact
Matthew E. Staymates
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MICROSCOPIC PAINTBALLS
KEEP

CONTRABAND DETECTORS
IN-CHECK

Inkjet-based dispensing produces well characterized materi-
als for verifying performance of trace contraband detectors.

I nnovative chemical sensors are continually emerging to detect concealed illegal
materials such as explosives, drugs, and chemical weapons on people, in lug-
gage, and in shipping containers. Reference materials which closely simulate
samples, such as swipes, are needed to critically test the performance of trace
contraband detectors and support the continual improvement of detection tech-
nologies as threat priorities evolve. CSTL researchers are developing methods
for depositing known quantities of contraband (and associated materials) onto
the surfaces of swipes. These well-characterized swipes can effectively test the
performance of trace contraband detectors. Using a commercial inkjet device
that was adapted to enable precise spatial and quantitative deposition of trace
materials in the form of picoliter droplets, a trillionth of a liter, onto a variety of
surfaces, swipes of known composition are being generated. The composition of
the swipes is verified using novel gravimetric and optical methods and quantita-
tive deposition of picogram amounts, one trillionth of a gram, onto the surfaces
of test swipes has been demonstrated. The well-characterized swipes will make
it possible to verify contraband detector performance in the field, a critical step
to enabling the acceptance of emerging technologies by the Transportation Secu-
rity Administration.

Contact
R. Michael Verkouteren
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http://www.nist.gov/cstl/surface/inkjetgravimetry.cfm
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PUTTINGAS
T0

ILLICIT DRUGS
AT THE BORDE

to discriminate
itical to stopping

The reliability of fie le techniqu
legal pharmaceuticals from illicit drugs is
illicit drugs from entering our country.

Law enforcement is continually faced with discrimina armless pharmaceu-
tical products from illicit drugs. This is particularly acute at our borders,
where a wide variety of tablets and powders are encountered. The fastest grow-
ing area of drug abuse in the uss. is represented by illegally diverted pharmaceu-
ticals, specifically hydrocodone (Vicodin), oxycodone (Oxycontin), and alpra-
zolam. Illicit drug samples are also complex, containing multiple drugs and ex-
cipients. The reliability of/lon Mobility Spectrometry (IMS) to correctly identify
illicit materials given such sa igated. A comprehensive
sample suite representing over 80% of drug samples rep d b e and federal
forensic laboratories over ie past 7 years was devel for testing purposes.

The selectivity of IMS for t L AAS

drugs in this sample‘suite v evaluated, and spe-
cific guidelines were developed for optimizing IMS alarm responses. In addition,
. [ vere developed.
Test materials containing cOcaine - produced by picoliter. inkj t printing - have
been analyzed by both CSTE and the Drug Enforceme ’ inistration to assess
the quality and comparability of IM | .:'; provides critical
evaluations, data, and m: erials nee ded by local law enfaorcement, U.S. Customs
and Border Protection, the U.S. Coast Guard, the National
state correctional facilities to further their efforts to accurately detect and iden-
tify illegal narcotics. |

Contact
Jennifer R. Verkouteren



http://www.nist.gov/cstl/surface/trace-narcotics-detection.cfm

Chemical Science and 2009
Technology Laboratory Annual Report

NUCLEAR
FORENSICS

BOLSTERS

NUCLEAR
NON-PROLIFERATION &

Rapid isotopic screening of a collection of particles provides
a means to quickly determine whether/a uranium enrichment
facility is producing products outside jof its declared limits.

P
Enriched uranium describes uranium in which the percent composition of ura-

nium-235 has been increased through the process of isotope separation at
specialized facilities. Enriched uranium is a critical component for both nuclear
power generation and nuclear weapons. The International Atomic Energy Agency,
under the auspices of international treaty, monitors enriched uranium supplies
and processing to ensure nuclear power generation is decoupled from nuclear
weapons production. CSTL supports the IAEA mission in its research to measure
uranium by secondary ion mass spectrometry (SIMS). For uranium enrichment
monitoring, researchers have demonstrated the rapid measurement of uranium
isotope ratios in large numbers of micrometer-sized particles and pinpointed
those that are inconsistent with the natural environment. The SIMS instrument
offers high sensitivity with high mass resolution, and semi-automatically can ex-
amine a large number of uranium-bearing particles that are dispersed on a flat
substrate. The primary ion current is adjusted to yield a measurement precision
of about 1 % on the isotopic ratio for a typical particle., The isotopic measure-
ments can be conducted as fast as 2.5 minutes pgr parti o 100 particles can
be screened in about 4 hours. The screening of materials erturbed isotopic
ratios has potential in a wide range of scientifiic and f sics applications.

Contact
David S. Simons
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DUAL-USE
TECHNOLOGY
FOR

PUBLIC SAFETY
AND HEALTH

Luminescence measurements have become the methods of
choice for chemical detection/and new clinical analyses due
to their high selectivity and sinsitivity.

!

accurately determine what deadly mi agents might be present. CSTL
scientists are helping manufacturers oftthis type of equipment with tools they
can use to calibrate their products and re their accuracy and reproducibility.
The most commonly used field instru s make use chnologies based on
fluorescence. This involves the use o ase‘ that is shone on a fluorescent
molecule to generate a signal of light of another color, the intensity of which cor-
responds to the concentration of the chemical detected. Fluorescence possess
characteristics that make it superb for measuring very low concentrations of
threat agents, but also require very precise calibration of the instruments. CSTL
researchers have developed SRMs and reference procedures to enable calibration
and validation of the way in which the measurements are performed. These in-
clude an atomic light source that mimics the signal generated by the fluorescent
molecule and chemically-doped glass that emits precise wavelengths of color.
The work is critical to national defense efforts and potentially has broad benefit
for clinical diagnostics.

First-responders to an accident or t is?ck require equipment that can

Contact
Paul C. DeRose
Steven J. Choquette
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VERY SMALL COOLERS
FOR SENSITIVE
DETECTORS

As sensors evolve, be

S
rangements, there-exis
ing of the devices.

Cryogenic temperatures are required for many technology areas, including in-
frared and terahertz sensors for surveillance. Such systems could be used
for detection of enemy missile launches (infrared), chemical identification
(infrared and terahertz spectroscopy), or smuggling of nonmetallic weapons un-
derneath clothing through airport security lines (terahertz imaging). The cool en-
vironment increases sensitivity by providing a low-noise environment for detec-
tors. However, current state-of-the-art cryocoolers require at least several watts
of input power and occupy tens of cubic centimeters of volume, limiting their ap-
plicability outside of the laboratory. They are designed for refrigeration powers
of at least 150 mW. As detectors of various wavelengths of radiation improve,
more useful detection can be accomplished with only 3 to10 mW of refrigeration
power at temperatures in the range of 77 to 150 K. Input powers would be less
than 1 W, which can be provided by small batteries. These “microcryocoolers”
can lead to useful hand-held detection systems. CSTL researchers, in collabora-
tion with scientists from EEEL and the University of Colorado, are developing a
mixed refrigerant Joule-Thomson cryocooler for terahertz detector cooling.
Joule-Thomson cryocoolers are attractive for miniaturization, because the cool-
ing is achieved through a simple throttling of the gas used in the refrigeration cy-
cle, typically accomplished with small diameter tubing. Such developments will
enable terahertz technologies for imaging applications critical to public safety
and health.

Contact
Ray Radebaugh
Daniel G. Friend
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MISSION-CRIT|CAL TQOLS

FoR

PUBLIC HEALTH AND SAFET_Y

IL devetops"critkcal ‘chemical measurem method'
qferaJ agenci

eference materlais to support other fe

5 and
es in

therw missions to ensure public health and sIfetY. ‘
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‘STL Has a Ilong history of working with other FeLeral Lgenc

ies ttl prodee re

homeland security. | Recent activities have been subported by the

search measurements, methods, and standards [to subport publt saf?}ty ar}d

tional Institute for Occupational Safety and Health (NIOS

mer[ts of Justice, Homeland Security (DHS), Defense (DoD), and|

H); and Con
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'Energy (DoE); Na-
sum:k Prod-

+
CCU U

epart-

roll
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f abuse in

-uct-Safety Commission(CPSC). -Many-of these-activities are-coordinated

the NIST Office of Law Enforcement|Standards. For|over 20 years C

STL h
cludi

vided SRMs to support forensic| analyses related to s

tive analysis directly affects criminal prosecutions. CSTL

hol.| These SRIjAs provide [critical ca ibratitn of| instrumentation whe

also provide

re qu
es nul

merous

SRMs and| RMs for drugs of abuse in urine and hair. A serum SRM will

be is

sued in

2009 with values assigned for seven drugs, including two (methadone and

azepam) that have not been measured in previous matrices.

nordi-

In recent years CSTL

has been providing support to DHS in the area of standards and measurements for
trace explosives detection. Material matrices include a smokeless powder to as-
sure quality of ‘low explosives’ type measurements. The first SRM for high explo-
sives will be available in 2009. A beryllium oxide SRM has also been developed in
collaboration with DoE and NIOSH to support measurements of potential aero-
space and defense industry worker exposure to beryllium. A new project with
the CPSC this year will develop tools for the validation of test methods for lead in

paint on children’s products.

Contact
Stephen A. Wise
Lane C. Sander
Gregory C. Turk
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ELECTRONS & VOICE

Electronics and Telecom
Research Activities
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http://www.nist.gov/cstl/elec_telecom.cfm
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\J
THE PERFORMANCE-OF),
NEXT GENERATION * )
ELECTRONIC DEVICES
" (.

Organic thin film transistors have the p
the replacement technology f*the S
electronics we use today.

Thin film electronic devices fabricated Mg orga
tors and conductors are expected to greatly impa 2
tronics industry by significantly reducing manufacturing cos
applicability of active thin film electronics eszpite signific
the electrical performance of organic thin film transistors ‘

)

prisingly little is known about the fundamental mechanis
jection and transport in the transistor channel. In collab
from the University of Kentucky and the P'y'lvani
searchers are using Scanning Kelvin probe microscop
structure with device performance for thin film tran
vides a platform to simultaneously probe the EB'bogra
drops within working devices. A correlation betwee
structure and potential drops within the working device
This work illustrates the importance of processing and me
velopment of optimal low cost, organic ele nic devices,
achieve $4.9 billion in revenues by 2015 needed imp
mobilities, switching speeds and environmental stability are
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Contact .

James G. Kushmerick
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TOOL TO STUDY
ALTERNATIVE METALS
FOR

BETTER CHIPS

titative data
ced materials

Nanoscale calorimeters can p
needed to support the developménts
for better semiconductor device performan

Growth in the semiconductor industry is driven by the need to enhance per-
formance by packing more transistors into the same chip area. As the fea-
ture size shrinks, the limits in performance of conventional materials are being
reached, thereby limiting growth for this market. The industry is moving towards
the use of fully silicided metal gates for the metal layer. An important example is
the nickel-silicon intermetallic system, which is made by thermally annealing
separately deposited nickel and silicon. The intermetallic phase or phases that
form depend on the ratio of the two elements and on the annealing process. Fur-
ther, the thermal annealing process must be compatible with other processes
that are used in making the semiconductor devices on a wafer. This favors rapid
and ultrarapid processes. CSTL researchers are using novel nanoscale calo-
rimetry to characterize rapid thermal processes with heating rates inaccessible
to conventional calorimeters. It has been shown that at very rapid annealing
rates, one phase is bypassed during the ramp, and that a metastable liquid is
formed that enhances the mixing of nickel and silicon. This measurement tech-
nique will provide the semiconductor industry with a tool to investigate new ma-
terials essential for better and faster devices and ultimately market growth. The
current global market for semiconductor chips is on the order of $270 billion.

Contact
Richard E. Cavicchi
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NOVEL METHOD TO
MEASURE THE PHYSICAL
PROPERTIES OF VOLATILE

I n 1965 Intel co-fo
integrated circui
pensively on an
mately every twao
expected to do s
semiconductor
metals in comk
mers, plastics,
metal atom to
esses; the phy
sure because it
researchers is |
sors from room
ate at the same
indirect methods
magnetic resonan
graph mass spectror
prove the modeling of
use of bubblers and othe
the semiconductor industi

Contact
Robert F. Berg
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MEASUREMENTS AND MODELS
— TO ADVANCE
. PLASMA PROCESSING

= ~ The semiconductor industry requires impr ents in
“-plasma etching and deposition process to fabricate future
__generations of devices.

lasma processes and equipment face increasingly stringent requirement
to the need to maintain high device yields at decreasing feature sizes, t
;@‘ " introduction of new materials, and the constant pressure to keep production effi-

- ciency high. To meet these challenges, industry requires better, more predictive
. modeling of the impact of plasma equipment on process results. Industry also re-
quires the development of robust sensors and process controllers which are able
to convert large quantities of raw data into information useful for improving
manufacturability and yield. In collaboration with researchers from the Korea
Research Institute of Standards and Science, CSTL researchers are developing a
variety of measurement techniques that provide industry and academia with
methods to characterize the chemical, physical, and electrical properties of plas-
mas. The techniques include improved laboratory diagnostic measurements and
robust, non-perturbing measurements for use in process monitoring and control
in manufacturing. Experimental data are being measured under well-defined
conditions in highly-characterized standard plasma reactors. These data are ap-
plied to th