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Introduction !_1

e Purpose: Explore and develop applicable modes of data flow
between applications and/or participants at various chemical scales.

e Members: Theresa Windus, Branko Ruscic, Elena Mendoza,
Reinhardt Pinzon, Eric Stephan, Karen Schuchardt, John Hewson,
Sandra Bittner, Gregor van Laszevski

e Background info: The essence of multi-scale science is the
transfer of needed information from one scale to the other. For
example, species-specific molecular (spectroscopic) data and
species-interconnecting data (e.g. kinetic equilibria, bond dissociation
energies, etc) feeds directly into the Active Tables (as well as
others), which in turn produces thermochemical data that will be used
by other applications (e.g. by programs that fit this data and supply
polynomials to modeling suites). Therefore, the Active Tables
represent both a consumer and producer of data. This
consumer/producer model continues up all the chemical scales, up to
the numerical simulation stage (for the current scope of this project).
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Systematization !_1

e Some examples of systematization: P-P|P-A
Generator & recipient of data AP | AL A
[both can be a person (P) or an application (A)]
In some case this can be simplified by selecting =) M M =)
a common exchange medium (M) (e.g. DAV) — —
Manual vs. automatic (both are needed in CMCS) A_MIMSA

Synchronous vs. asynchronous
(async. is applicable to P - and - P xfers, as well as some A - A xfers,
while other A - A xfers will be synchronous)

Solicited vs. unsolicited
(e.g. solicited may require search capabilities, unsolicited will require
subscription to notification)

Exchange medium
(through DAV, through portal, through local file system, direct)

Index of indirection
(depth of tree, when one xfer causes other dependent data xfers, etc.)

e |Initial focus (after discussion with Applications Workgroup):
development of API calls used by A - xfers to DAV,
putting data used by Active Tables into xml format for use by others,
posting output data, notifying & launching dependent applications
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Active Thermochemical Tables i

e Active Tables ( “intelligent” databases centered around
data dependencies and statistical self-consistency )
e Active Thermochemical Tables (ATcT) are the first example of the
Active Tables category and are a new paradigm to thermochemistry

ATcT addresses and solves some important problems associated with the traditional
sequential approach to evolving thermochemical values, such as:

cumulative errors (lack of feedback to values obtained in previous steps)

uncertainties that do not properly reflect the globality of data available

hidden dependencies that prevent proper updates of “static” tables because

Some advantages of Active Thermochemical Tables:

output of the ATcT is superior to conventional tables because its values are globally consistent
with all input data and error bars properly reflect all relationships presented as input

allows painless propagation of new data and its consequences

opens a new venue of rapid sharing of latest information (including tentative information)
allows “what if” tests of new data for consistency with existing knowledge

allows educational explorations, including Gedanken experiments

can suggest new high-impact experiments/calculations

pedigree documents are easily incorporated for examination

(see separate PowerPoint presentation for more information on Active Tables)
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Development L!

L — | S—
A ATcT\MainLi 1o x|
1 . = o= il Edit Wi F ik Tool Hel
e Active Tables development: datastores = = = -'-E""| I@EE: Q;IDEJ
_— , ddress 2| =+ = - = >
[ ]
Bluep.rlntlng.ATcT mput.datagtores | addvess [y CiaTeT <] @ |Lnks
¢ Hierarchical organization of information =] AkomicLe :
. t L.b . . Bibliograp |_Mame I SIZEI Tvpe
INto Libraries. =] Diatomict | (] Ruscichates File: Folder
¢ UserNotes Elements | ™| jceriates File Folder
®* PublicNotes E:EZ:E: [ JPublichates File Falder
. . = 3 MainLibrary File Falder
® Malnlerary [ JarchiveLibrary File Folder
® ArchiveLibrary [:IBasementLiI:urary File: Folder
. EQengine.exe 1,093 KE  Applicakion
¢ BasementLibrary B Defsult Command... 2VE  Shortcut
® Hierarchical organization of information —— Cchemknrt exe 677KE  Appiication
within a Library: T e | |
) General information: |9 objectis) |1.?2 ME |@I My Computer o

® SpeciesDictionary, SpeciesCookbook, ElementsCookbook, ...
¢ Bibliography

¢ Thermochemical data:
¢ ReactionDictionary, NetworkEncyclopedia, ...

¢ AtomicLexicon, DiatomicCompositeLexicon,
DiatomicCountLexicon, DiatomicHerzbergLexicon,
DiatomicRRHOLexicon, PolyatomicCompositeLexicon,
PolyatomicCountLexicon, PolyatomicHerzbergLexicon,
PolyatomicRRHOLexicon, ...
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Development

e Active Tables development: datastore sharing
¢ Collaborative sharing of datastores used by ATcT as input
¢ Export of data in xml format

example: SpeciesDictionary.txt = SpeciesDictionary.xml (DAV)
= ExtendedSpeciesDictionary.xml (DAV)

ocuments and Settings'Ruscic.CHM_CSGYMy Documents', Projects’FTN projecks®, i | . i ;Iglil

Eile Edit Yew Faworites Tools Help ﬁ

o DR A DD B - SHEE®

Address |@ CiiDocuments and SettingsiRuscic. CHM_CSGiMy DocumnentsiProjectsy=TH projectsiaTcTiQengine | DebugiMainLibraryt ExtendedSpeciesDictionary. xml LI @G0 | Links
- =speciess ;l
[ _ — <identifiers=
SpeciesDictionary.txt ;Iglil <UniquelDl type="CAS"=7732-18-5=/Uniquell=
File Edit Format Help «<ChemicalFormula type="AlphaSortedGross">H20</ChemicalFormula=
= = = N =y oo —— <ChemicalFormula type="ZSortedGross">H20</ChemicalFormula=
10035-10-6 SpeciesDictionary. txt <ChemicalFormula type="Principallsotopomer" reference="ATcT_1.0_Alpha:Internal:3">1H2 160</ChemicalFormula=
HEr - 2names=>
H}"dFD en hromide =Mame type="Preferred"=Water</Mame=>
H}.r.jr agbhromic acid =Mame 'Alternate">=HOH</Mame>
Br‘DmDhydl""IC acid =Marme 'Alternate"=Dihydrogen oxide</MNamex> i
Bromuhydrugen =Marme 'Alternate"=Dihydrogen monoxide</MName:=
=Mame type="Alternate">Hydrogen oxide</Namex>
- =/names>
ﬁgogd_ss_z <fidentifiers=

R R — <compositions
Hydrogen fodide ey : <Charge=0</Charge>
Hydr‘wd'l c acid <TotalMumberofatoms=3</TotalMumberofatomsz>

Hydroiodic acid - <element=

IDdDh}"dr".IC acid =Symbol type="Chemical"=H</Symbol=

I Dduhydr‘ agen =ElementMame type="Chemical">Hydrogen</ElermentMame=
=Mame type="Isotopic">Hydrogen-natural</Namex>

: “atomicHumbers 1</ /atomichumbers

Fr32-18-5 =MassHumber=NaturalIsotopicMixture</MassNumber=

H20 =MumberOfatomss2</MumberOfatoms=

water =/element=

HOH - <elements

55 hydr‘ OgEen oxide <Symbal type="Chemical">0</Symbal=

o1 hydl‘“ ogen monoxide =ElementMame type="Chemical">0xygen</ElementMName:

H}l’df‘ ogen oxide =Mame type="Isotopic">0xygen-natural=/Name>

j =atomicHumber=8</atomicHumber=
- =MassHumber=~NaturallsotopicMixture</MassNumber:=

=Mumberofatomss L</Numberofatomss
</elements=
</composition=
<Moleculartass uncertainty="0.00033" reference="ATcT_1.0_Alpha:Internal:3">18.01528</MolecularfMass>
=/species=

- <spECies» =l
£

|§1 Done ’_ l_ l_ |g‘ My Computer




Development !_1

e Active Tables development: ATcT Kernel

ATcT Kernel has a number of Engines

(Q engine, Search engine, Network engine, Output engine, etc)

~ 15 000 lines of Fortran 95 code so far

(~12 500 lines of permanent code & ~ 2 500 lines of testing code)

Q engine is currently nearing the end of phase |
(the goal of phase | is to implement all strategies to calculating
Q function used in JANAF and Gurvich et al.)

® Implemented various functions needed to perform:
® direct (exact) count for gas phase atoms
®* RRHO for all types of species
®* NRRAO corrections for diatomics

® recovery of thermochemistry from empirical expressions for
condensed and gas phases (Gurvich, NASA7)

® Currently implementing:
¢ direct (exact) count for gas phase diatomics and polyatomics
¢ computed direct count for diatomics
®* NRRAO corrections for polyatomics

® recovery of thermochemistry from empirical expressions for
condensed and gas phases (Burcat, Chemkin)
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Development —

e Active Tables development: ATcT Kernel (cont.)
Search engine v 1.0 is in place

Strategy of “increasing despair” (hierarchical/non-hierarchical &
desperate/non-desperate approach) searches along the sequence:

* CAS#

® existing name or “chemist choice” formula (restrictive, “as is”)
® existing name or “chemist choice” formula (case insensitive)
¢ formula (“as is”, specific isotopes, non-isotopic, relaxed)

® case insensitive substring search

= pefault Command Prompk - gengine
Search string?¥

3 hits

hit # 1
3443—44—3

Carbon atom

hit # 2

TR2-42-5
C

Graphite

hit # 3
3?82—45—3

Diamond

Must narrow search
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Development

e Active Tables development: ATcT Kernel (cont.)
Output engine
® user-determined or convenient fixed temperature schedules

(JANAF/Gurvich/big Gurvich/ATcT/big ATcT)

® user choice of various units (J/cal/R)
® general format, or application specific format

(e.g. ready for Chemkin Il FitDat application)

and xml-annotated format

¢ | pefault Command Prompt - gengine

& input.dat - Notepad

File Edit Formak Help

fler
AR 1
M

1000
¥
0

100,
200,
250,
208,
300,
350,
400,
450,
500.
600,
F00,
8OO,

. 000
. 000
. 000
oo
Q000
oo
150
oo
oo
000
oo
oo
oo
oo
000

T N U A R R A A N N S R

. 000
. 96E
. 968
. 968
. BaE
. 968
. 96E
. 568
. 968
. 968
. 963
. 968
. 5aE

. 000
31.
35.
36,
37.
37.
37.
38.
9.
30.
40.
41.
41.

582
025
154
009
040
B0g
465
054
578
483
249
o1z

-G,
-5,
-5,
-4,
-4
-4,
-4
-4
-3.
-3.
-3.
-2.
-2.

197
Fol
204
G55
Fléa
FO7
455
210
G962
F13
217
F20
223

a.8a
188.88
280.88
258.88
298.15
jaa.aa8
350.88
488. 88
450.688
588.88
680.688
788.88
880.688
780.88
1980.8A
1180.488
1280.88

® will implement flexible format (user choice of quantities)

ARGONNE NATIONAL LABORATORY *

s
J/mo 1<K

a.
132.
146.
151.
154.
154.
158.
168.
163.

H{T >—H{ref>
kdsmol

=
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Development

e Active Tables development: Network

® Test network: assembled principal data needed to define the
thermochemical network that includes GRI-Mech species (Excel file)

¢ Assembled small network pertinent to refinement of AH®(OH) (Excel)
(combined MICS and Chemical Sciences effort)

® For testing purposes developed Excel add-in that implements a simplified
network solution strategy (applied to AH®(OH) refinement problem)

Ed Microsoft Excel - H202_vanillaplay3.xls =13l x|
Ed Microsoft Excel - species1.xls Fle Edt Yiew Insert Format Tools Data  fum  Window Help  Acrobat Type & question for fielp =2 & X%

File Edit View Insert Formab  Tools Data  dcum  window Help  Acrobat . .

; : NERAE|SRR- BT - @ a -2 Wer -BDd 2, ¢ |52 K 0, v 20
beEg Sa¥| i a2B-ES H) e @ QA28 B 100% = l. S0 2 e

o 2! li-] -3 8RB 24 > © Sl | i {2 2 %3 4 T M| ) B ¢ | wereply with Changes... EndReview... . &b | A B = . B .

3 #a %3 A T ¥a | ) B8 2| PeReply with Changes. . EndReview... . - & | fig B = @, @

o avial S0 . I g 00 VA . PG Eme s oo | o »
e — T 7 D s o T Se o v B % ) | 7 Condtional Formatting ET =T R B A » G [t tm | E 2| 2| DT 7
Gaos - s Qz0 - fx =18.115+06/G3
=
A 5 T - B E] F R | T Tx[ T WM N[ o [Fla 5 a B o [ o [e[ F [T e [H[ 1 [ a4 k[ [ m [n] [ [P @ J[r[ s [ 1 T u ‘V‘W;I
3 | Species | cAsz Name | R E A © I i 0 N 2| CoratE
4 X eVzem  8065.545
5 0 17778802 Oxygen, atomic 102 > 20 14 [Pelefhus Sk
6 0z 7782447 Oxygen | 5| cal2) 4134
7 03 10028-156 one 1.5 02 > 103 1 & | 22.5 em-1
] H 12385136 Hydrogen atom 1H2 B 20 17| _
9| H2 1333740 Hydrogen - AT
|10f OH  3352.576 Hydro 1/0H > 10 + 1H o] 1 02 i@ 0) 5| 20 g0 DO{O2) e 15 o A0
[l HO2 3170830 Hydroperc 11102 = 210 +| 1H 11| 2 W2 g0 S50 20 e DO(HZ) 31183+ 1 om-1 AH_ 0
|12| H20 7732185 Water 1H202 = 1/H20 (12| 7 1202 |(9.298)+ H2  (0.298) | > H20 (L 298) A 29B(H2+0.502 = H20) 28543 £ 0040 KJimol  AH 208
13 EEN ] 1202 |(9.298)+ H2  |(0.298) | > H20 (I 298) AHr208(H2+0.502 -= H20) 285795+ 0.040  klmel  AH 293
14 H20 7732185 Water 1 H20 > 1 H20 (14| 9 1202 (g, 298) + H2 (9,298) > H20 (1, 298) AHr298(H2+0.502 -= H20) -285.85 0.33 kJimol AH 298
15| H204 7732-185 Water 1H2 + 0502 B 1 H20¢ 15| s H20 {1, 298) = | H20 (g, 298) AHvap298(H20) 41008 = 0002 kJmeol  AH 208
5 16| s H20 (1, 298) > | H0 g, 298) AHvap238(H20) MO016 + 0010 klimel  AH 208
7| |17 | 00 H20 (g, 9) > | H0  [(g,298) AHI236(H20)- AHI0H2D) 22903+ 0.001 kJmol _ AH  x
el (18] 3 OH {9, ) - o 9.0 + H (9, 0) DOrCH) E 15 cm-1 AH [
i H20,¢ 7732185 Water 1 H2 + 0.5 02 > 1 H20. l1a| 4 oH  |{g,0) 5 9.0 |+ H (a2, 0) DOfOH) ¥ 100 ] AH o
19| Hz0. 7732-185 Water 1H2 + 0502 B 1 H20¢ 20| 16 H20  (9.0) > @0 |+ H g0 AEO(OHHH2D) el 0008 eV U
20| H202 7722841 Hydrogen peroxide 1H202,¢ > 1| H202 |21 11 H20 (g, ) > (9.0 [+ H |30 AEO{OHHH20) 9+ 0.0035 &V AH 0
21 (22| 18 H20 (9. 0) =3 (9.9) + H {g. 0) AEN{OH+H20) 1811929 + 0.002 eV AH o
(23] 19 H20 (9. 0) > (9.0) + H {g. 0) AEN{OH+H20) 1811779 + 0.005 eV AH o
2_ H202 7722841 Hydrogen perox 1H202,¢ > 1 H202 24| 20 OH (g0 5 (9,0) Eror) 104989 + 2 om AH 0
23| H202 77228441 Hydrogen pero; 1H202,2 > 1 H202 25| 2 OH |(g,0) 5 (g, 0) IECOH) 13.01  + 0.01 oV AH Y
24| H202 7722844 Hydrogen pero 1H202,¢ > 1 H202 2| 22 OH  (9.0) > (9. 9) IE{OH] 130+ 04 eV A 0
A gen | |51
25| H202,¢ 7722841 Hydrogen perox 1 H2 + 1002 > 1) H202¢ |27 | 15 H20  [(9,0) > @0 [+ H g0 DO(H-OH) 151+ 5 cm-1 AH 0
155 | - |2a| 23 1202 (9.0) |+ 12H2 (9.0) |—> (9. 0) AFr296(0 SHI+ 502 - OF) 37082+ 067 Klmel A0 0
[+ T N ﬁ 13 H202 {1, 298) > {1, 298) + 1202 |(g,298) AHF298(H202 = H2O + 0.502) -98.05 + 0.07 kJimol AH 298
% ;‘2 ;g;gsgﬂ """‘l‘.;’?": atom 11N2 - 2N 50| 10 Hz02 (1, 296) > (9, 295) A 296(H20Z) 2nd Law o5 x4 kimel  AH 293
== = _THroger . . |31 | 10a H202 {1, 298) > (g, 208) AryapZaa(HZ0Z) 3rd Law 5,92 & 015 KJimol  AH 298
129| NO 10102439 Hitrogen 1[N0 E 1|N + 10 la2| 1 H202 {1, 298) > (g, 208) Arfyap288(H20Z) 2l Law s 31 kimol  AH 293
37[' (33| 11a H202 _ |{I, 298) =l {9, 298) AHwap2A8(H202) 3rd Law 51.75 + 016 kJimol AH 298
3 NO 10102439 Nitrogen oxide 1/CO + 1/NO > 1/Co2 +| 0.5 N2 [34 | 12 H202  |{I, 298) - d (g, 298) AHwap298(H202) 2nd Lavw 52.2 t 10 kJimol AH 298
32 [35| 12a H202 ({1, 298) > (g, 298) AHwap298(H202) 3rd Law 51.925 ¢+ 0.073 kJmol AH 298
33 NO2 10102440 Nitrogen ¢ e 1|NO2 5 1/NO +| 0502 [36| 0 H202  |{g.0) =4 {9, 298) AH{298(H202)- AHOH202) -5.99 k- 0.001 kJimol AH X
34| NOZ 10102440 Nitrogen dioxide 1NO2 E 1[N0 +| 0.5]02 |97 | 14 H202_ ig. 0) > (9, 9) DO{HO-GH) 170518+ 34 sm-1 AH 0
=T -
4 4 » WP\Sheet! [Shestz J Sheets /- 141 4 4 > dlinet iK1 | ﬂj_‘




Development —r
e Active Tables development: GUlI & ATcT Portal (early stages)
¢ JAVA Application (can be modified into JetSpeed portlet or HTML)
¢ creates a portal environment to ATcT
¢ launches ATcT, passes input, displays output
® launches dependent applications (e.g. Chemkin Il FitDat)
¢ graphically displays data (network, fit results)
Efjactive Table [1oIX]
Client Deskiop Service Launcher . ® Yes ) No Hierarchical Search |
) Yes @ No Desperate Search
® Yes ) No HTML Mode
Spectes:_ |
Client Client T —

CAS String: 7440-37-1
Formula: Ar
Preferred Name: Argon

b
@ @ Found in MainLibrary

Thermochemistry follows

Web Servi

Molecular weight = 39.9480000

Atomic case

Ar test
T Cp S |HmM-HO)

- K |JmolK |JmolK | kJmol
0.00| 0000 0000) @ 0.000

WebDAV - ;
100.00 [ 20786 | 132.138 | 2.079

0000 AN TeA L 1AA )IﬁE A 157 : .




Development

e Active Tables development: Network Visualization (early stages)

® Graphical network visualization is an important component of the ATcT user
interface that can be used during network analysis
¢ the graph visualization component is developed uses Graph Viz Engine
® nodes/edges clickable for more information
¢ launched through the JAVA GUI/Portal
® has the potential to display huge networks
¢ will work in a collaborative environment between remote researches
[EiActive Table Reaction Viewer [_ o] =]
fE3CcMCSs Demo [} |
oa 10 58 \10 /ns -~ {; :{;}“\LD Active Table Reaction Parser Polynomial Fit
éf N
,,/" lo f1o v @ EReaction Parser P E3
\ o “Yavalemeslsrciavalo@malasinewgraphin,  nputFile || Generato Graph |
20 |20 |H204,298) <=> H20(g,298) |-285.850 0330 |
Mzthaar[:’:?n liquid to gas state
o 0 /
- 'h/ Regenerate Graph
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