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Overview

* Current experimental and data efforts
— What we are doing

e Materials Genome Initiative
— NIST’s role

* SRMDs

— a new paradigm in reference data

e Future Directions



NST

Material Measurement Laboratory : 23 134

Measure Develop

Evaluate
Measurement
Technologies

Recommend

|dentify

Calculate Estimate

NIST Data Activities - \Jf
Fundamental and Reference DATA for Science and Industry

‘\ 7

Standards

Reference
Data

Critical
Data

Calibrations

Standard
Reference
Materials

Standard
Reference Data




NIST

Material Measurement Laboratory » 323 3335 4

NIST as a Primary Source of Reference Data

for science & industry
» Provide critical data/measurement technologies enabling the data efforts

Examples of data distributed by NIST

» Atomic Spectroscopic Data [PML]

* Fundamental Physical Constants [PML]

» The Official U.S. Time (atomic clock) [PML,TS]

 Thermochemical Data [MML]

* Chemical Kinetic Data [MML]

« Equation of State for Water (steam tables) [MML]

* NIST/EPA/NIH Mass Spectral Library [MML]

 Phase Equillibria Diagrams Database [MML]

« Crystallographic Structure Databases [MML]

« Heat Transmission Properties of Insulating and Building Materials Database [EL]
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NIST Data - Online
1,000,000 {Chemistry Webbook
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Q
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Biofuels Materials
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L . Measurement Programa de Datos de Data Libro del Web
5‘«2"¢2"r'al“§ Td I'e:?uf nology Laboratory Referencia Estandar Gateway de Quimica

Gas Phase Spectrum

The NIST Chemistry WebBook """

* Formula: C;H;O Transmittance INFRARED SPECTRUM

* Peso molecular: 72.1057
® JUPAC InChI Estindar:

/ - naj

http://webbook.nist.gov/chemistry

A, (kI/mol) 238.6:40.84 N
 Widely used in industry
. — Comment [reverse x| v fem-1 || [ransmance |+ || e |
d Ove r 3 ) 5 OO u n I q u e u S e rS / d ay :":h: Qclimal) '“”“I’:’: Tbin:;;:-a(ionnmtraﬁoninfnrmaﬁon is not available for this spectrum and, therefore, molar absorptivity values cannot
° ] D L nfiﬁkf.“lﬁ'ff
Ove r 1 , OOO I Ite ra t ure e IOk ALS Different views of the web site including
i i / Mo Spanish language support, spectral display
c Itat 10Nns y r and handheld device support
 Cited in 55 U.S. patents
o Furan, 2,5-dihydro-2,5-dimethoxy-

Highly ranked by Internet
. ¢ Formula: CgHypOs
Seéa rCh engl nes + Molecular weight: 130.14

+ |[UPAC International Chemical Identifer:
¢ InChI=1/C6H1003/cl1-7-5-3-4-6(5-2)9-5/h3-6H, 1-2H3
o Download the identifier in a file.

+ CAS Registry Number: 332-77-4

+ Chemical structure:
o] o]
S

This structure is also available as a 2d Mol file or as a computed 3d Mol file.
+ Other names: 2 5-Dimethowy-2 S-dibydrofuran; 2 5-Dihydro-2 5-dimethoxyfuran;
2 5-Dimethoey-2 S-dihydrofuran, c&t 2 5-Dihydro-2 5-dimethoxyfuran, cét


http://webbook.nist.gov/chemistry
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* I e Capabilities:
National Institute of Material Measurement
Standards and Technology Laboratory

e Searching
1 'Propan01 3 2'methy1' Search for Species Data by Chemical

Formula

Click on the name to see more data

Please follow the steps belowsto condict your search (Help)
¢ Formula: C 4H 100 1. 24-Hexadienoic acid, ethyl ester (CsH1203)

1. Enter the desired chemical formula (e.g., C4H*CI): [C8H12

e Molecular weight: 74.1216 e et {

I™ Exactly match the specified isotopes. (Help) N
™ Allow elem cified in formula. (Het
e IUPAC Standard InChI: e ) o Jﬁn

¥ Exclude ions from the search. (elp)

© InChI=1S/C4H100/cl-4(2)3-5/h4-5H,3H2,1-2E3 InChITRUST T e e b 2 2 Crlpemn e, oy 345 s s 120
o Download the identifier in a file. s Lo vt ot e .
s I Gas phase I IR spectrum
e TUPAC Standard InChIKey: zXEKIIBDNHEJCQ-UEFFFAOYSA-N L e e 3.2 Cydepeten-1-ome, ckony345 ety cis C3H:09)
i . -R3. I Reaction r is spec i
e CAS Regstry Number: 78-83-1 [l L WVewem .
e Chemical structure: I on cluster I~ Vibrational & electronic en|

™ Constants of diatomic molecules
I Henry's Law
5. Press here to search: | Search

OH

This structure is also available as a 2d Mol file or as a computed 3d Mol file. L4 Ta b u | ar D d ta
e Other names: Isobutyl alcohol; Isobutanol; Isopropylcarbinol; 2-Methyl-1-propanol; iso-C4HSO.
ol; 2-Methylpropanol-1; 2-Methylpropy! alcohol; Butanol-iso; Alcool isobutylique; Isobutylalkoh Data compiled as indicated n comments:

2-mcthyl-l-pr0panyl alcohol; i-ButanOl; Melhyl-Z propanol-l; NSC 5708; 2-mcthylpr0panol TRC - Thermodynamics Research Center, NIST Boulder Laboratories, M. Frenkel director

ALS -HY. Afeefy, J F. Lisbman, and S E. Stein

. : : P : : : DH- E.S. Domalski and E.D. Hearing
o Permanent link for this species. Use this link for bookmarking this species for future reference. AL~ 5. Cickos, WE.Actes, i F. Lisbman, Sucents o Chem 202 (mocucton o the Litsature of
o Info tion on thi b Chemisty), University of Missouri - St Louis
pag % Quantity| Value |Units Method Reference Comment
o Notes / Error RCpOlT Tow 446,52 K| AVG |NA Average of 27 values, Individual data poirs
& Quantity| Value |Units Method| _Reference Comment
e Other data available: - Ts 2516 K| NA [Timmermans, 1922 |Uncertainty assigned by TRC = 0.4 K; TRC
o QGas phasc thcrmochcn’usn'y data Ts 25118 K| NA E’a”n’g:ﬂ%”ff”d Uncertainty assigned by TRC = 0.5 K, TRC
o Condensed phase thermochemistry data Quantiy| Value |Units Method|__Reference Comment
Te | 25279 K| NA_|Osting, 1965 Uncertainty assigned by TRC = 0.08 K, TRC
o Phase Changc data Twe | 25286 K| NA |Osting, 1965 Uncertainty assigned by TRC = 0.06 K, TRC
o Rcacﬁon thcmochcmisu-y dam Quantity| Value |Units |Method Reference Comment
¥ - o327 K| wa |PUliam Gude.etal, |Uncertaimy assigned by TRC = 0.2 K. by the
o Henry's Law data R 1964 cosled ampuie method, TRC
G h G tics data Quantity| Value |Units Method| _ Reference Comment
o
as pi aSC'IOIl energeucs dal 0 201| mon| Na - [Tuam. Gude. el nconainy assigned by TRC = 0.02 molt, TRC
o Ion clustcrlng data Quantity] Value | Units |Method Reference Comment
o m Smcuum DvepH® 39.8 4| imol! v Geiseler and Ratzsch, ALs
" 02] 1965
o Mass spectrum (electron ionization)

o Gas Chromatography
e Data at other public NIST sites:
o Computational Chemistry Comparison and Benchmark Database L d S p ectra
o Gas Phase Kinetics Database
« Options:
o Switch to calorie-based units

Data at NIST subscription sites: * Models and Tools



NG&r

NIST-JANAF Tables

* Thermo data on > 1,850 compounds

Material Measurement Laboratory - i

* Content of printed volumes available online

* All data will be present in the NIST Chemistry
WebBook in a few months

ano NIST-JANAF Thermocheical Tables

eno Kinetics.pist gov/janafhtml/C-002 htmi

L2 ll2] 6 nercs.istgov [ (2] 6 wowics.nisegov < (o]
Carbon (C) Cy(mh)
Mt e i et ety
2 Enthalpy Refernce Temperter =T, =298.15K  Sandad S Presars =5* =0. MPa
NIST-JANAF Thermochemical Tables K mot? Kmel!
K s AGHTNT BHT) sl oG VgKy
Sech th duabase, Felp i avalable. o . 0. ININTE 051 0. 0. O
00 167 092 10867 0% 0. 0 o
SR T 1 | - 00 5006 3082 6407 0665 0. 0. o
20 6816 4394 S8 03 0. 0 0
29815 8517 570 5740 o o. o o
eno inetics. st gov/janaf/Search Py
00 BSBI 593 5741 0016 0. 0. 0
L+ 2 2] (6 oercs.nisegov [ o]
. A — =, 30 10240 7242 881 0487 0. 0. 0
arms ot Search Results 00 1817 8713 617 0% o0 o0 o
o Crodis 450 13289 10191 6487 167 0. o 0
Privacy Stateaent CASNumber Formula Name State JANAF Tuble Links 500 14623 11662 6932 235 0. 0 o
lmnxa:xU) 7440440  C Carbon ret o m@

* Rate Our Products and Services 0440 Cabon g view oo 600 16844 14533 7961 3943 0. 0 o Y I
S B Sl 0 1853 17263 9097 sm6 0. o o Rgms Came
sk Shinch e 2imodsc %0 19827 19526 10279 87 o o o

00 084 22 14T 962 0. 0. 0 L4

1000 21610 24457 12662 wmws 0. o o

0 22w 26 13830 B 0 0 o Markgroph e 3
1200 22766 28506 14973 1620 0. o0 0 .

0 2 w6 66 s® 0 0 0 e M Chaa, 1
1400 23578 32080 17.167 289 0. 0. o

1500 23904 NS 18216 22 0. 0 0

1600 24191 35270 19234 565 0. 0. 0

1700 24448 36744 20221 800 0. 0. 0

1600 24681 38149 21178 059 0. 0. o

1900 24895 39489 22107 106 0. 0. O

2000 2509 40771 23008 82 0. 0 0
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NIST Chemlcal Kmetlcs Database

* Collection of rate coefficient data for gas-phase chemical
reactions — branching ratios €0 = 100K

160 -

« Abstracted from literature ot e

* At present, database contains: - b
— 17,500 bibliographic entries el h
— 54,500 rate coefficients 2 z_ge/m/yl

— 12,873 chemical species
! P http://kinetics.nist.gov/
. [ . . Ng Ta
Primary Kinetic Reference Database :
used by A‘l'mospher'ic and Combustion Chemical Kinetics Database on the Web
o o o Standard Reference Database 17, Version 7.0 (Web Version), Release 1.1
Chem'STs and Eval uatlon Comm'ttees A compilation of kinetics data on gas-phase reactions
(e-g- NASA JPL Panel ’ IUPAC Panel ’ Reaction Database Quick Search Form
Bau I Ch Combus.l-ion Kine-‘.ics E::r the raacianl(si aor:‘dfor product{s) ir:ha fields below. Fialijs may be left blank.lwl
Evaulations, etc.) e e e e N
bibliograghic search form
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NIST Chemical Kinetics Model Database

= Collection of Available Electronic Models from Literature

(User upload of CHEMKIN models)
= Chemical identifier translation to NIST standard

= Tools to compare models (rxns, rates, thermodynamics)
= Species linked to NIST Webook & NIST Kinetics Database

= Bibliographicinformation

National Institute of Standards and Technology

=

INSI-CHEMICAL KINETIGS

MODENDATABA

OVERVIEW MODELS REACTIONS SPECIES BIBLIOGRAPHY

Qverview »

General Database Overview

The NIST Detailed Chemical Kinetic Combustion Model Database provides detailed chemical kinetic models,
along with supporting data and information, used in combustion modeling applications. This unified Web site
provides the combustion community with the following databases:

Chemical Kinetic Models used within the community for combustion simulations.
Thermochemical Property Data for fuel components and reaction intermediates.
Elementary Rate Coefficients for chemical reactions relevant to combustion.

More Detfails (powerpoint)

Related Sites

All Resources
¢ Relevant NIST Databases
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Reference Fluid Thermodynamic and Transport
Properties (REFPROP)

uses equations for the thermodynamic and transport properties
to calculate the state points of the fluid or mixture.

5: R125: VA sat. T=180.0 t0 330.0K

Select Fluid Liquid | vepor | Liquid | Vapor | Liquid | Vapor Liquid Wapor Liquid | Vapor
Density | Density | Enthalpy | Enthalpy| Entrapy | Entrapy | Them Gond. | Therm Cond | vissasity| viscosit
EpEa (0 (egim) | (i) | T | GedihrR) | (k)| - (iddimek) | (mWimeK) | (uPes) | (Pa]

ammonia
argon 5156 25103 | 053319 | 16693 | 11140 5F1a5 | 9amas | 77R2
berzene — 25386 | 056163 | 15570 | 10952 50444 | 93a47 | 70815
butane = [a5essr | 15461 | 0712 53724 | 75343 | &emno
butsne (1-hutene] Volume 1735 | 1536 | 1n47e G027 | BanGd | 4177
C4F10 (decafluo Ol ey 5 ) 17943 | T1566 | 29245 | UB4434 | 15784 | 102 70383 | B2 | G634
C4FB0 (octaflucfotetrahydrofuran) 24083 | 121.04 | 29535 | 0.67085 | 1.5212 99.912 73704 56370 | A.8507
C5F12 (dodecafluoropentane) O] 164 0 | 31819 | 126.45 | 208.24 | D.6969Z | 15149 | 97524 77081 | 51583 | 9.0660
carbon dioxide 0059823 | 1644.4 | 41394 | 13193 | 30113 | 0.72269 | 1609 | 95148 0489 | 47344 | deans
E::Esgyﬂmgifzcamm wids suffde) 9] 22000 | 0076052 | 15265 | 53117 | 137.45 | 30400 | 0.74788 | 1.5050 | 92779 53920 | 43581 | 9.4947
cis-butene  {cis-2-butene) 0] eeR00_ | 010043 | 15083 | K7311 | 1430z | 306G | 077eR3 | 15011 | andge G407 | 40206 | 47086
eyclahexane 11| 23000 | 012757 | 14997 | 84331 | 14864 | 30071 | 079745 | 1.4979 | sm07a 90329 | 37167 | 80226
cyclopropane T3] 73n00 | U1B0T4 | 14708 | 10456 | 18432 | 51263 | 082177 | 14950 | R 7A0 94501 | 34418 | 10137
3] 24000 | 01988 | 14515 | 1643 | 1B007 | 31542 | npdaz | 1427 | Badde w13 | 31917 | 10383
_ 4] 74n00 | U24d37 | 14317 | 1ab40 | 16u87 | 51607 | 18ESE1 | 14408 | 81152 0184 | 29634 | 10671
Trese 5] 75000 | U287ha | 14114 | 16898 | 17176 | 3e07m | 089317 | 14493 |  7A8A3 0664 | 2r54n | 10791
lene oxide) I Ui el _orenn | 035909 | 1390 | 22677 | 177.70 0.9765 37 10954 | 25613 | 11.016
6 Baometic Pressure =8 nazmms | 13692 | 27041 | 1833 1357 | eanal | 11247
&) ¢ Elevation DEID7E | 13470 | 3e0EE 22179 | 11484
0266 37.840 206,401 | 11731
y D TOBAE b e o il 11981
82314 2766
- 156371 T2 Rl
y 0852 3 T2 883
//Q/ s . 12608 13.239
//,/;///// / 1439 / ) 3641
//)//’»',)// / 16368 \ \ 14103
0 { 18538 \ . 14648
20022 . \ NN 15313
7363 N NN 16154
TR | : 17782
29541 § ) \ 18,937

1 J 1 1
£ 2
r—
P—
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NIST Computational Chemistry Comparison and

Benchmark Database http://cccbdb.nist.gov

The source for ab initio and experimental ideal-gas
thermochemical properties

Data for 15000 molecules

Data includes: enthalpies, geometries, vibrational frequencies, dipole
moments, quadrupoles, and polarizabilities

Over 200 computational methods per molecule; a wide variety of quantum
chemical methodologies

Used for:

Comparing experimental data

Comparing experiment to theory
Benchmarking new methods

Assigning uncertainties to calculated results

50,000 - 100,000 users per year


http://cccbdb.nist.gov/
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Benchmark Spray Combustion Data

— Spray Combustion Facility with state-of-the-art combustion diagnostics
provided a well-controlled environment for model validation

— Benchmark experimental data of the baseline case
available on the web

Velocity

Vectors Predicted NIST Flow
and Droplet Temperature Visualization
Trajectories

Benchmark Experimental
Database for Multiphase
Combustion Model Input

and Validatlon InIgI —

s o zimee

Benchmark Experimental
Database for Multiphase

Characterization of the Inlet

o Combustion Model Input ' T X
Database with quantltatlve uncertainties is allowing validation of L e e Combustion Air in NIST's
established and proposed models. Simulation courtesy of CFD Case — Reference Spray

Combustlon

Research Corporation. =T

Angle :'"m:”;'-*“—"-
and Reynolds NGTber



,NISI'

(DyirDnist)/Dnist (%)

Binary diffusion coefficients are
important parameters in combustion
simulations.

Accurate reference data over extended
temperature range is needed

Validation Study: Ar/He

8— “Usual” Peak
. % I:‘ -
Broadening -
6 —| Technique -7 O
O - - Lit. Ref. Data
4 P __ with 20
e T | uncertainty
2 .
.~ 0O O il
0 "'“"i"@'“{l""%""%"%"" e ey
P
N This
-2 Work 11

300 400 500 600 700 800
Temperature (K)

FID Aux Gas (sample injection)

or A
TCD

Injection
Valve

Carrier Gas
Sampling
/ Column
Restrictor Valve Diffusion
Column
Flow
Analytical GC Reversal Oven GC

Valve

Developed & validated apparatus for
measurements to 725 K.

Precision and accuracy of ca. (1 to
2)%

5x to 10x improvement

Collaborating with theoreticians to
better understand & extrapolate over
P T.
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Materials Genome Initiative
for Global Competitiveness

Accelerate advanced materials discovery and deployment

Through new integrated computational, experimental, and data
informatics tools.

Tools to:
 Span the entire materials
continuum

 Use an open platform
 Improve predictive capabilities
\9// ~| * Adhere to newly created
Mooosl gl standards for quick integration of
Infrastructure . . . .
| digital information.

Computational
Tools 4
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Materials Genome Initiative

e Address issues with current approach in
materials design
— High barrier to adoption of methods and results
— Extra expense due to duplication of effort

— Lost opportunities to enable discovery & further
science
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New Challenges

The data landscape is changing at an incredible pace

Increased demand for more physical & chemical
properties data & SRMs

— Particularly true in the case of complex advanced materials
and biological mixtures

No single institute/research group can provide all
required measurements/data
— Resources limitations

— Hard to predict what new properties will be relevant to the
scientific community

Data should be reliable, and easily accessible
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Materials Genome In|t|at|ve

NIST effort includes
* experiment

* theory

* data

* infrastructure

puUBLIC DOMAIN RESO UF?CES

, Materials
Cyberinfrastructure

Portal

COMMERCIAL RESOURCES
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WebBook Enhancements

* Provide “one-stop shopping” for a wide range of data
* Data mining

e Software tools

* Build on content management system (CMS)

e Share data broadly

e Simplify access to data

 New data in targeted areas (e.g. materials, GWP, etc)
 Computed structures for all molecules
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Future Directions...

e Crowd-sourced data review
e User contributions

* Interface with publicly available/open source
efforts

* Machine learning
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Extending information management

Document Repository and Metadata Standards
for Documents, Compounds, and Reactions

U Unified Modeling Language (UML) based
» Object Oriented

O Develop a platform for facile collection, indexing, and cataloging
» Enables efficient discovery and rapid dissemination

« Documents: Manuscripts, Tables, Figures, etc.
« Static Documents (files)
* Dynamic Documents (editable collections of documents)

O Provide functionalities to aid in tagging records with metadata
» Data models, Ontologies, Definition of Terms, Indexes, Compound ldentifiers,
Reaction Identifiers, and other Scientific Identifiers

U Provide the ability to generate collections of summary tables with support for
detailed tables with that are discoverable by users and editable by evaluators
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Examples — information management

T e Schematic of cataloging

[ Document Collections ] data Wlthln documents

Document Subcollections |
| ’ @i@ e Standards such as Inchl-ER
[ 4. Dynamic Document (evaluation) ]— e ﬂ a b I e d Eta | IS tO be

[ AUthor, T|t|e, Metadata ]— Electronic
References Document Ca pt u re d
[ Descripion  p—— (file)

‘ Subdo::ument CH3CH3 —> CH3CH2* +H bond fission
(chapter/section or datasheet) C2 H6/Cl-2/h 1_2 H3 /r1_3

CH,CH,; — CH,=CH, + H, 1,2-elimination
C2H6/c1-2/h1-2H3 Ir1,2-3,4

—{ b= ) | CH,CH, + CH; — CH,CH,* + CH, abstraction
—(37 C2H6.CH3/c1-2;/h1-2H3;1H3 /r1-3+1’

2a. Term Definition] _@
CH;CH,CH,* — CH;C*HCH, H-atom transfer
C3H7/c1-3-2/h1,3H2,2H3 Ir2-4+1

]

Metadata

2b. Compound
Identifier

—
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SRM/D Vision

* Foster the creation of scientific
communities/environments behind SRMs and Reference
Data that will enable advances in science and technology

Integration of SRMs with Reference Data

SRM Ref. Data

T~

SRM
+

Reference Data —>M
+

Data Analysis Tools
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Benefits to the Combustlon
Cyberinfrastructure

ouBLIC DOMAIN RESOURCss

,/ Materials
Cyberinfrastructure

Portal

COMMERC|L RESOURCE®
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e

Quanitum Thermo- Kinetics Mechanisms Reacting
Chemistry Chemistry Flow Simulations

< >

lﬂ'mm lo-lm

Data at small scales needed to support models at larger scales.
Few experts across scales/disciplines

Many Data Needs

— Information Exchange Standards
— Data Pedigree

— Data Evaluation

— Identify and Fill Data Gaps

A Cyberinfrastructure would accelerate progress
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Combustlon Cybermfrastructure —
Ways forward

* Integration of combustion related databases with WebBook
development & enhancements

 SRM/D on a high community priority material (e.g. surrogate)
to enhance comparability of community-wide measurements

& data
 Develop new software tools & standards to foster community

data exchange é

Experiment

jj Users R
C

ombustion
Theory Infrasfruc‘rure

CI
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Thank You!



