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PART 1: Background & Context: NIST Mission & Role in Energy

PART 2: Results of NIST Real Transportation Fuels Workshop

PART 3: NIST Real Fuels Project: Modernizing Combustion Databases
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NIST Mission

» To develop and promote measurement,
standards, and technology to enhance
productivity, facilitate trade, and improve
the quality of life.

» Provide, when requested, measurements,
data, and standards to support the
missions of other agencies.

Physical and Chemical Properties Division
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Energy Production for Transportation - National Impacts

Year 2000 Liquid Fuels
731 Billion Liter
3 o. i ters * Number of Value of
$272 Billion Year 2000 Employees Payroll  shipments
L Motor Vehicle
Mfg. 230,525 14.6 B 2394 B
. Transportation
Gasoline Equipment Mfg. | 1,839,281  86.9B 638.7 B

Monetary Importance:

>

YV V V

Economic Competitiveness
Energy Self-Sufficiency

Green House Gas Trading Credits
Healthcare costs

Quality of Life (Pollution Effects):

>

YV V V

Heart/Lung Disease
Environmental Degradation
Global Warming

Premature death

* «Statistics for Industry Groups and Industries: 2000”, Publication MOO(AS)-1, U.S. Census
Bureau, Economics and Statistics Administration, U.S. Department of Commerce, 2002.
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NIST Sponsored Workshop

Workshop on Combustion Simulation Databases for Real Transportation
Fuels, NIST, Gaithersburg, MD, September 4-5, 2003.

Approximately 60 Scientists

O Ind UStry Workshop on Combustion Simulation
Databases for Real Transportation Fuels

d Academia

O Government Agencies

Purpose:

Help NIST and community assess data
requirements for modeling combustion

of transportation fuels and recommend Stk oo
plans for developing reference databases e Gaithersburg, Maryiand
and chemical kinetic models.

Physical and Chemical Properties Division
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Workshop Findings

Simulations combining CFD and chemical kinetic models are
predictively useful at present and their role in device design will
continue to increase in the future.

Types of Needs Identified (chemistry):

L Existence & Quality of Data on Real Fuels

O Infrastructural — Ability to rapidly find,
share and use information.

| Physical and Chemica| Properties Division
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Vision: The Application of Kinetics Databases to Combustion

Kinetic Data
(Databases)

Thermodynamic
Data (K = k{k,)

Reduced Emissions:
(PM2.5, NO,, CO,, etc)

~
'

Better Efficiency

>

&

Initial Chemical
Kinetic Model

i

Experimental
Observations

$

Device Simulation
$ & Design $

\

Too Large for CFD

N\

> :> Refined Chemical

Kinetic Model

!

Reduced Chemical
Kinetic Model

-+

<: < Physical Properties

Boundary Conditions

Computational Fluid
Dynamics (CFD) Code

Physical and Chemical Properties Division
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Some Current Issues — Combustion Modeling

Multiple Models of Many Systems Exist — But Are Difficult To Compare.

Model 1

1800 Reactions
360 Species

Model 2

2200 Reactions
405 Species

Reaction sets are different

Rate constants are different

Thermodynamic sets are different

Species are identified by different strings (understandable only to creator)
Data often not traceable — no reference or reference is not original source
No common validation experiments

YV V V V VY V

Dilemma: How do you choose?
How do you begin to compare, to improve?
How much TIME will it take?

Physical and Chemical Properties Division
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Some Current Issues — Modeling Real Fuels |

Real Fuels are complex mixtures with varying compositions —
How to Develop Useful Kinetic Models?

10 |—|= == n-paraffins

------- i-paraffins F o

= - naphihencs) v > 100’s of Compounds
LIUNRERRY e > Relatively few classes

(]

Maole Percent

2 4 ] g 10 12

C bt L e Surrogate Fuels
Composition of Gasoline. Adapted from J. Concept
Farrell, Exxon Mobil Corp.

Physical and Chemical Properties Division
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Surrogate Fuels — Workshop Consensus

Chemical Class Model Compound(s)
Normal Paraffins Heptane, Decane, Hexadecane
Iso-paraffins iso-octane
Cycloparaffins Methylcyclohexane
Olefinic Species 1-pentene
Single-Ring Aromatics | Toluene, Xylenes

\ Multi-Ring Aromatics | 1-methylnaphthalene

Working Hypotheses:

» Surrogates for gasoline, diesel and aviation fuels can be composed
of same model compounds (in different proportions).

> Probably several different surrogates needed for each fuel.

Single database useful to all.

Y

Physical and Chemical Properties Division
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NIST Real Fuels Project - Concept

NIST “Real Fuels” Project: A collaborative effort designed to enable the
combustion of liquid transportation fuels (diesel, gasoline, aviation) to
be realistically simulated for device design purposes.

Match Physical & . .
Chemical Properties A Build Commun'ty_
Infrastructure Supportive of
@ Kinetic Model Development
Real Fuels Surrogate Fuels > @
Complex Mixtures Small # compounds
(100°’s compounds representing chemical . -
but few classes) classes Real.lstlc D.eV|ce
J Simulation

Workshop on Combustion Simulation Databases for Real Transportation Fuels, National
Institute of Standards and Technology, Gaithersburg, MD, September 4-5, 2003.

Physical and Chemical Properties Division
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Components of NIST Real Fuels Project

Experimental:

O Surrogate fuels concept
O Experiments to fill knowledge gaps

Infrastructural:

O Design intelligent data structures for combustion information

d Create web-accessible data warehouse for combustion
modeling

O Promote collaborative paradigm for development of chemical
kinetic models of combustion systems

| Physical and Chemica| Properties Division
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Components of NIST Real Fuels Project

Experimental:

O Surrogate fuels concept
O Experiments to fill knowledge gaps

Infrastructural:

O Design intelligent data structures for combustion information

d Create web-accessible data warehouse for combustion
modeling

O Promote collaborative paradigm for development of chemical
kinetic models of combustion systems

Won'’t solve all problems, but can:

O take key steps
O lay the foundation for systematic progress

Physical and Chemical Properties Division
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Partnering: NIST - PriMe — CMCS Collaboration

Collaboratory for Multi-scale Chemical Science (CMCS): DOE funded computer
science project whose goal is to to enhance chemical science research by

developing an adaptive informatics infrastructure. Larry Rahn, Sandia - CMCS.org
N (® W 0, ,0
3 @ =

) . //,,/ CH, Co,
. w U, ;ﬂ

Quantorn Thermo- Kinetics Mechanismns Reacting

Chemistry Chemistry Flow Simulations

1a° 1o m 10" 1 m

Process Informatics Model (PriMe): A community effort to develop predictive reaction
models for combustion. The goal is to convert model building into a science,
automate the methodology, and provide the results to the User in a prompt and
convenient format. (Outgrowth of GRI-Mech) Michael Frenklach - UCB

Sandia Pacific Northwes ler " .
i NI |I| |'|| I.l I wrali Lo tte il Lk
() p, e i g E s Alamas MIT 5257 Berkeley

Physical and Chemical Properties Division
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NIST - PriMe — CMCS Collaboration

Kinetic Data :>

(Databases) Tools

Thermodynamic /7

Data (K = k{k,)

Initial Chemical Refined Chemical
Kinetic Model Tools Kinetic Model
II Tools /7 Tools ﬁ
Experimental Reduced Chemical
Observations Kinetic Model

NIST/PrIMe Data Warehouse:

» All kinetic data on elementary

reactions relevant to combustion

(NIST Gas Kinetics, GRI Mech)
> Relevant thermodynamic data

» Global kinetic data for model
validation.

PriMe Process (Vision):

» Community-based evaluation of Warehouse
Data == > “Best” values with uncertainties.

> Selected set of “Best” validation experiments
for combustion models

» Set of Community Tools for “on-the fly”
generation of “Best Current Kinetic Model”

N—

—

—~—

CMCS: Implementation of Computer Science Infrastructure.

Physical and Chemical Properties Division
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Underlying Principles of NIST/PriMe Warehouse

4 Internet-based
0 Open Membership

O Accessible thru CMCS Portal

| Physical and Chemica| Properties Division
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Organization of NIST/PriMe Data Warehouse

Warehouse

Chemical Species Reactions Experiments
Elements ‘ (k’s) ‘
H (@) o o O (o)) 7)) (@) 7))
o o | o - o -
c| s |§ &|8 |5 |B 5| |8
. © (©
L“ S| | E 8 §_ O g O g
r 2 | & O o
o
g ~
S All data will be traceable
E (data pedigree)

Physical and Chemical Properties Division
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NIST/PriMe Data Warehouse - Ongoing Steps

Integrate Existing Kinetic & Thermodynamic Information:

0 NIST Gas Phase Kinetics Database

GRI Mech 3.0

Leeds Combustion Mechanism (anticipated)
Other?

U 0O O

Develop Electronic Data Entry Forms:

0 Enable contributions as data is produced

0 Forms ensure easy transfer & minimum information standards

Physical and Chemical Properties Division
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NIST Real Fuels Website

Information Specific to Real Fuels (TBD)
Archival Mechanisms

Relational Mechanism Database

% Deposit will be via data entry forms

0  Will merge with or link to NIST/PriMe
Data Warehouse

Physical and Chemical Properties Division
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NIST Real Fuels Website

NIST Real Fuels Project Resources

A collection of data usegful in the study of real liquid fuels

Links Project resources
NIST Standard Feference A few items are currently available from this web site:
Data Program

+ Wotkshop Eeport (PDE)
NIST Chemical Chemical ¢ Heptane combustion mechanism {Chemkin input, documentation)
Einetics Database ¢ Detailed Chemical Kinetic Combustion Model Database

NIST Chemistry Web — ‘\\\(;\
HT Notice ( \\\\Q‘/

NIST Computational V
Chemistry Comparison TSI SS

and Benchmark Database Inder
LOTES AT UL IO

WIST Reference on 'I”I‘

Constants, Units, and
Uncertainty Please note that this web site is under development and that the content may change without notice.

Administrative Links

The National Institute of Standards and Technology (INIST) uses its best efforts to deliver a high quality

NIST home page content and to verify that the data contained therein have been selected on the basis of sound scientific
judgment. NIST, however, makes no watranties to that effect, and NIST shall not be liable for any dama

CS3TL home page that may result from etrors or omissions in the content provided.

Physical and Chemical The usual NIST disclaimer also applies.

Properties Division

L Physical and Chemical Properties Division
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NIST Chemical Kinetic Model Database

NIST DETAILED CHEMICAL KINETIC COMBUSTION

MODEL DATABASE

OVERVIEW

Muodels

Reactions

Species

Bibliography

I I T R

Archival "flat file" listings of detailed chemical kinetic models with brief descriptions and links to papers,
validation experiments, and related models

Dvnamical "relational” listings of detailed chemical kinetic models with links to species molecular
properties. prmary thermochemical data, chemical reaction rate expressions. and bibliozraphic
mformation, and other related information

Search, manipulate. and compare individual reactions or reactions by class for specific detailed kinetic
maodels or among models or build a model based on recommended values

Molecular identifiers such as CASNO, chemical names, etc.
MMolecular structures and chemical information such as structural ‘chemical formulae, SMILES strings,
WICHI identifiers, MDL mol files, chemical classes, etc.

MMolecular properties such as expenimental or calculated structures, vibrational frequencies, etc.
Thermochemical data Dffo, So, Cp(T); WASA format polynomial fits, ete.

Bibliographic information supporting models, reactions, and species

L Physical and Chemical Properties Division
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NIST Real Fuels Website — Model Search

NIST DETAILED CHEMICAL KINETIC

COMBUSTION MODEL DATABASE

EFEACTIONS % BIBLIOGEAPHY

OVERVIEW MODFELS

+ AlkanesC1-C4
o AlkanesCietc

¢ Alkenes-vnes
s Aromatics

¢ Ionition

+ Inhibition

+ RealFuels
+ Smallhiolecules

¢ Ungualified

http://kinetics.nist.gov/RealFuels

Physical and Chemical Properties Division
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NIST Real Fuels Website — Model Search

NIST DETAILED CHEMICAL KINETIC

COMBUSTION MODEL DATABASE

OVERVIEW MODFELS EFEACTIONS % BIBLIOGEAPHY

AlkanesC1-C4 /'\

AlkanesCietc
Alkenes-vhnes

Arpmatics

Iznition
Inhibition

BealFuels
Smallhviolecules

Ungualified

*® & & & =& & = & = = = »

=

[ =
LA
L]

- & = = =
2 |
i

http://kinetics.nist.gov/RealFuels

Physical and Chemical Properties Division
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NIST Real Fuels Website — Model Search

NIST DETAILED CHEMICAL KINETIC

COMBUSTION MODEL DATABASE

OVERVIEW MODFELS EFEACTIONS % BIBLIOGEAPHY

AlkanesC1-C4

V/
AlkanesCietc '
Alkenes-vhnes
Arpmatics

Iznition + Butane
inmbition « C2
Mdisc o C3
Oxvoenates ¢ Nethane
PAH-Soot ¢ Propane

BealFuels
Smallhviolecules

Ungualified

+« 1985 PropaneHP-KoertPitzrrod

¢ 1908 PropaneHP-SunsFtalred
¢ 1008 PropaneMNOx-harinovWesthrook.red

http://kinetics.nist.gov/RealFuels

Physical and Chemical Properties Division
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NIST Real Fuels Website — Reaction Search

NIST DETAILED CHEMICAL KINETIC
COMBUSTION MODEL DATABASE

aet
OVERVIEW @ BREACTIONS BIBLIL \)‘\

ANY FIFLDy C-H+ 0OH e.g.. C-H+0O CH4

FEATURES
¢ Currently only "ANY" search is enabled. Simple :N@inz of "and'ed" words.
¢ Currently only "EECOMMENDED" search is enab: ore is only one setin "database")
¢ Currently only first sort type is enabled

Search Models by Reaction
or Reaction Class

http://kinetics.nist.gov/RealFuels

Physical and Chemical Properties Division
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NIST Real Fuels Website — Reaction Class

1ssNo [Reaction Class Valence Notation Example Reaction Example
)0 UNIMOLECULAR

)0 Radical Elimination

)1 Bond Fission Full R-X C-H C,Hg =

[1 Beta Scission Radical R.S-X C.C-H C,Hs -

21 Beta Fission Ylidene R:S-X C:.C-H CH;CH: -

)0 Molecular Elimination -

)1 1,1-Elimination Full R-XY C-HH C,Hs =

)2 1,2-Elimination Full RS-XY CC-HH CyHg -

)3 1,3-Elimination Full RS-XY(3) CC-CH(@3) 1,3-Butadiene ~ CyHs + GH,
)4 1,4-Elimination Full RS-XY(4) CC-CH#4) Cyclohexene ~ 1,3-Butadiene + C,Hy
[1 1,1-Elimination Radical R.S-XY O.C-HF CHF,O* - CFO + HF
(2 1,2-Elimination Radical RS.-XY OC.-HF *CF,OH ~ CFO + HF

)0 BIMOLECULAR

)0 Metathesis

)1 Abstraction Full + Rad [R-X+Y C-H+C C,Hg¢ + CHz* ~ CyHs* + CHy

[1 Disproportionation Rad + Rad [R.S-X+Y C.C-H+C C,Hs* + CH3* ~ CyHy +CHy

)0 Substitution/Displacement

)1 Displacement Full + Full [R+X:-Y AHO:-C Al(CHz); + H,O ~ AI(OH)(CH3), + CHy4
[1 Substitution Full + Rad |[R+X-Y AHH-C AI(CH3); + H ~ AIH(CH3), + CH3*
)0 Stepwise Bimolecular

[1 Addition//Beta Scission Full+ Rad |R+S//R.S-X C+C//C.C-Cl |CH,=CHCI+ H ~ CH,=CH; + Cl

http://kinetics.nist.gov/RealFuels

Physical and Chemical Properties Division
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NIST Real Fuels Website — Reaction Search

NIST DETAILED CHEMICAL KINETIC

COMBUSTION MODEL DATABASE

T oo R T

ANY FIFLDy C-H+ 0OH

[ b § E |
cl0hTech + oh = c10hfech + hlo CH+0H b 163E+08 142 1454 1006MAR/PIT211-287
c10h8 + oh = c10hT + hla C-H+OH Ch JAIE+08 142 1454 1006MAR/PIT211-287
cbhsch + oh = c6hdch + h2o CH:0H b 163E+08 142 1454 1006MAR/PIT211-287
chicohs + oh = cfhicdh3 + hlo CH:0H  Cb 163E+08 142 1434 1006MAR/PIT211287
FEATURES c6h6 + oh = c6hS3 + h2o CH+OH Cb 163E+08 142 1454 1090BAU/COB411-430
¢ Currently only "ANY" search is enablg ing of phnthm + gh = phathryl-1 + k20 C.H+0H Ch 217E+08 142 1434 1996MARPIT211-287
s Currentlv onlv "EECOMDMENDED" ze
. Curen th o nl‘, first sort type is enabled phnthm + oh = phnthrl.8 + h2o CH:0H b SA3E+07 142 1454 1996MAR/PIT211-287
£3h6 + oh = sc3h3 + hlo C-H+OH  CdH L1IE+06 2 1431 1991TSA221073

1992NEL MWTT621-628

2hd + oh = c2h3 + h2o CH+OH Cdm2 202E+13 0 5936
check)
chlchchch? + oh = chlchchch + h2o CH:OH CdH 200E+07 2 sepo L2P2MELMILGA1-628
{check
chicheeh + oh = hechech + hlo CH+OH CdH2 7506406 2 seo0 MELMILGIL6IS
check)
c3h6 + oh = pe3h3 + 2o CH+OH  Cdm2 J1EHD6 2 2778 199ITSAIDT3
acihd+ oh = hlccch + h2o CH+OH CdH2Ca 100E+07 2 1000 1999MARIS3.220
chichech? + oh = chicech? + hlo CH+OH CdE-Ca LOOE+0T 2 2000
cl0hTc2h3 + oh = cl0hToch + h2o CH+OH CdH.Ch 100E-07 2 2000 1996MAR/PIT211-287
c6h3c2h3 + oh = c6hSech? + hlo CH+OH CdH-Ch LOOE+0T 2 2000 1996MAR/PIT211.287

10008 ILT A0 g2 g20

http://kinetics.nist.gov/RealFuels |-

ch2chcheh? + oh = chichech? + hio

L Physical and Chemical Properties Division
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NIST Real Fuels Website — Reaction Search

NIST DETAILED CHEMICAL KINETIC

COMBUSTION MODEL DATABASE

T oo R T

ANY FIFLDy C-H+ 0OH

(b § E |
cl0hTech + oh = cl0h6ech + hlo CH+H Cb L63EH02 142 1454 1996MAR/PIT211-287
Search cl0h8 + oh = c10hT + Ko CH+H Cb JMEHS 142 1454 1006MAR/PITII1-287
c6hic2h + oh = chicdh + hlo CH+H Cb 163E+02 142 1454 1996MAR/PIT211-287
c6h3c2hi + oh = chhdedh3 + hlo CH+H  Cb 163E+08 142 1454 100MIAR/PITII1-287
FEATURES c6h6 + oh = c6h3 + h2o CH+OH Cb 163E+08 142 1454 1902BATICOBA11-420
- . n rm - . —_—
¢ Currently only “_—‘5_.\._'1 search is En“able le matching of phathim + oh= phnthrvl-1 + b0 C.H+0H Ch 217E+08 142 1434 1996MARPIT211-287
¢ Curently only "RECOMMENDED" se < CH+OH Cb SA3EHT 142 1454 1996MAR/PIT211-287
o Cutrently only first sort type is enabled B = R
C-H+OH  CdH LUEHS 2 1451 1001TSA221.073

OMEL /MIT621-628
eck}
1992MEL TWTL621-628

{check)

C-H+OH CdH2 202E+13

2.00EH0T

[

3000

1902METL/MIT.621-628

I'f =
check

TS0E+06 2 5000

211EHM 2 2778 1991TSA221-273
LOOE+HT 2 1000 199ONIARI183-220

Spec|es & Blbllog raphlc ch3chech? + oh = chicech? + hlo CH+OH CdHCa LO0E+07 2 2000
. - cl0h7c2h3 + oh = cl0hTech? + hlo CH{OH CdHCb LOE+07 2 2000 1996MAR/PIT211-287
I nfO rm atlon L| n kS c6h3cZhi + oh = céhicch? + hlo CH+OH CdECh LOOE+)T 2 2000 1996MAR/PIT211-287

10008 ILT A0 g2 g20

http://kinetics.nist.gov/RealFuels |-

ch2chcheh? + oh = chichech? + hio

Physical and Chemical Properties Division
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NIST Real Fuels Website — Species Form

ao®
DESCRIPTION o
Title (Z)-2-Butene /C,O“eé
Identifiers 590-18-1 CAS-yes % _AMmore
Names/Symbols | but2ene-z (Z2)-2-Butene \‘3/ more
. 1 HsC CHj "
tructura
Representations \:/ mote
Composition 52 C4H8 C/C=C\C more
Chemical Alkylalkenes more
Related 2-Butene (E)-2-Butene n-Butane | 2-Butenyl more
Databases Webbook ; NISTKinetics ; CCCBDB; . More
GRIMech ; RealFuels ; Burcat ; Chemkin
Notes more
DATA
Physical more Thermochemical | more Quantum Calc | more
Mechanistic more Reactions more Kinetics more

http://kinetics.nist.gov/RealFuels

| Physical and Chemica| Properties Division
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NIST Real Fuels Website — Species Info Links

1464 04
1470 10
132.6 00
1423 00
1464 00
154.0 0.0
1404 00
1343 00
146.6 03
146.0 00
1477 25

L Phy5ica| and Chemical Properties Division

EX/'mol
EX/'mol
EX'mol
El'mol
El'mel
klmel
kX/'mol
EX/'mol
EX/'mol
EX'mol
El'mol

1985CHA TIAV]-1856

1983GARTIS
1995BURMCB1

1908 NE DA TG0

1908 CURBAGTTE4- 1776

198N ICHIGOT 403-532

1504BER EIT 2744 2763
1996TSA

198TCUR R AGL0EG3

1998CTUR BAGTT64 7776

190 CUR/CARDDI0-0054

19 CURRAGTIA-T230

1997CUR R AGI0E6]

198TCUR R AGI0E63

1990RTIS/ TIT8625-8633

1902 ATE BAUL123-1368

10INIC/ VANGEN-0805

Beview
Beview

Review

CBS-0)

G3MP2

Review

Review

review

BILYP/6-311+G{5df 2p)
G3

G2(QCT)

Gl

GIMP2(EVE)
BiPWOL/6-311+G{3df 2p)
thermochemical network
Beview

kinetic/ CH3+HEr—=CH4+Br

Beview
Eeview

Beview
Theory/abinitio
Theory/abinitio
Review

Review

Beview
Theory/DET
Theory/abinitio
Theory/abinitio
Theory/abinitio
Theory/abititio
Theory/ DET
Beview

Eeview

Experiment kinetic

http://kinetics.nist.gov/RealFuels
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NIST Real Fuels Website — Species Search

NIST DETAILED CHEMICAL KINETIC
COMBUSTION MODEL DATABASE

OVERVIEW m REACTIONS

SPECIES

Browse

PAH Results

Chemical Classes — Base Class m CASNO Structural Image AHC

Anthracenes/  CL4HI0  Anthracene 120127 PPP
PPP
T a1
earc _ ; ) 1-
Anthracenes OCBEL G otbeacene S10450 @@@ PPR(IC)

; 3 2 4T
b Anthracenes /' CBHDR G danthracene 512 PPP(2C)

Anthracenes/ CI18HI2  Naphthacene 92240 @@@O FFFP
http://kinetics.nist.gov/RealFuels

Anthracenes C22H14  Pentacene 135488 O@@@@ PPPPP

Physical and Chemical Properties Division
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Overall Goals I:

Goal is to organize and integrate the data.

Databases and data structures should
facilitate use of the data

Physical and Chemical Properties Division
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Overall Goals Il

Fundamental < > Applied
Science Science

Feedback and interaction through data exchange
benefits all communities

| Physical and Chemica| Properties Division



Nsreeeeee
Future Directions

Additional Workshops — Potential Topics:

O Development of community-led data evaluation process

O Global experimental kinetic data for model validation
(flame speeds, flame profiles, etc.)

O Specific topical areas (e.g. soot formation, kinetics of
“cool flames” region, surrogate fuels, etc.)

U Development/Incorporation of community science tools
O Abinitio data
0 Other?

| Physical and Chemica| Properties Division



Nsr
NIST Real Fuels Project - People

NIST Staff:

Jeff Manion (Project Leader)
Wing Tsang

Don Burgess

Jeff Hudgens

o000

Tom Allison

NRC Post Doctoral Fellows:

0 Dave Matheu (MIT - Advisor Bill Green)
0 W. Sean McGivern (Texas A&M — Adv. Simon North)
0 Michael Donovan (Univ. of Michigan — Adv. Margaret Wooldridge)

Various Internal Collaborations (BFRL, Comp. Chemistry, Webbook)

Physical and Chemical Properties Division
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Final Comments

O Partners are crucial to infrastructure development.
O Process is under development (input welcome)

O NIST seeks to be inclusive and support (not dictate)
community efforts.

| Physical and Chemica| Properties Division



