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Problem Description

 Most common question posed by users of
the NIST Chemistry WebBook:

Why don’t you have property X for
species Y?

e Second most common guestion:
Where can | find this data?
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Problem Description

e (Generic answer:

Look in the chemical literature (library,
SciFinder, Internet sites, etc....)

e Drawbacks:

— Potentially high cost (time and difficulty of
access).

— Does not leverage experience of archivists in
commercial and public enterprises.
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Problem Description

 From the data vendors perspective, the
problem is reversed.:

How can our organization let potential
customers know we have the data they
need?

« Advertising, business directories, and
search engines address general, not
specific needs.
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What Can Be Indexed

e Data of defined guantities for well-defined
chemical species

e Need reliable, consistent identification
chemical species.

— Names, registry numbers, structure based IDs
 Need agreed upon definition of physical

property

— IUPAC definitions
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What Can Be Indexed

e Data in various media types with cooperation
and assistance of owner.

ieale Type Perrl\r|1(iasesciion? Assli\ﬁsgce?
Public online sites maybe
Private on-line systems yes yes
Private data products yes yes
Hardcopy publications maybe probably
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Previous and Current Efforts

* Internet search engines — Google,
Chemindustry, etc.

— Text based only — can’t identify chemical
species and properties.

— Can’t index data in searchable databases

o Self contained systems — only support
affiliated sources
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Previous and Current Efforts

Data Explorer
 Henry V. Kehiaian

e [UCOSPED/ICSU
Fiz-Karlshrue

* Physical property
database with limited
meta-data

« Gateway to literature
« Site currently closed

FACHINFORMATIONSZENTRUM
KARLSRUHE

Gesellschaft fir wissenschaftlich-technische Information mbH

IUCODIX

DataExplorer

CataExplorer is conceived as a model of portal to data publishers prowdlng data in
the Standard ELectronic File (SELF) format designed by

The most convenient way to implement DataExplorer has been to establish a
www-based search engine available for users all over the world, Search queries to
SELF-database suppliers are transmitted via Internet. DataBExplorer is not
concelved as a numerical data bank, At present numerical data are displayed
rmerely for demo purposes. The search criteria are: the File Name, the Property, the
Chemical Systemn, the Criginal Data Source, 1. e, DataExplorer offers bibliographic
information. Hyperlinks will connect DataExplorer to associated publishers (journal
publishers, data centers, data banks), from where one may obtain the numerical
information in the publisher-specific format, in addition to the SELF format. Access
to this information will reguire the permission of the publisher. & connection to one
of the DataExplorer associated publishers is already operational. Hyperlinks to
other web-based information retrieval services may be established in the future,
Besides SELF, which is a formatted ASCIT text, different other output formats e. g.
XKML (SELF-ML), will be available, ready for spreadsheet import,

In the first stage, sample data files from selected data publishers have been
formatted according to SELF and made available to DataExplorer. additional data
are currently collected, Details of suppliers and the kind of available data are
shown in the following table.

Data Providers PUBLICATIONS: DATABASES /PRIMARY JOURNALS
DPC - Department of Physical PLACID (Prague Limiting Activity Coefficient Inquiry Database) Extract:
Chemistry Data Center, Limiting activity coefficients measured by five leading Laboratories during
Institute of Chemical 1980-1999.
Technology, Prague, Czech
Republic CBASE (Prague Databhase of PYT Data for Pure Organic Liquids) Extract: PWT
data of pure liquid aromatic hydrocarbons.
- Deutsche DECHEMA Chemistry Data Series (CDS)

Gesellschaft fuer Chemisches & Data Compilation Series of Chemistry and Chemical Engineering. The
Apparatenwesen, Chemische DECHEMA Chemistry Data Series is widely known as a reliable source of
Technik und Biotechnologie physical and thermodynamic property data. Heat capacity, enthalpy and
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Previous and Current Efforts

. . Data Providers PUBLICATIONS: DATABASES/PRIMARY JOURMNALS
e Contributions from
DPC - Department of Physical PLACID (Frague Limiting Activity Coefficient Inquiry Database) Extract:
Chemistry Data Center, Limiting activity coefficients measured by five leading Laboratories during
Institute of Chemical 1980-1999,

= = Technology, Prague, Czech L
—_— I n Stltute Of ‘ h e m ICaI Republic CBASE (Prague Database of PVT Data for Pure Organic Liquids) Extract: PWT
data of pure liguid aromatic hydrocarbons.
- Deutsche DECHEMA Chemistry Data Series (CDS)

Gesellschaft fuer Chemisches 2 Data Compilation Series of Chemistry and Chemical Engingering. The
eC n O Ogy rag u e Apparatenwesen, Chemische DECHEMA Chemistry Data Series is widely known as a reliable source of
)

Technik und Biotechnologie physical and thermodynamic property data. Heat capacity, enthalpy and

e.¥. (German Society for entropy, phase equlibria, PYT, interfacial tension and transport property data
Chemical Apparatus, Chemical have been emphasized. Traditionally the series treats systems of relatively
D E C H E M A Engineering, and small, commercially important organic molecules in the fluid phase. The main
- Biotechnology) purpose of the CDS is to provide chemists and engineers with those data

needed for process design and optimization. Today the series exceads fifty
volumes with twentyfive thousand pages and several thousand compounds.,
The data compiled in CDS is part of the DETHERM database, Sample parts of

—_ G I u S h ko Th e rm Oce nter the following selected volumes will he made available for the Data Explorer.

Critical Data of Pure Substances (Yolume II). Extract: The critical data for

R Q S 20 selected compounds,
Yapor-Liquid Equilibria for Mixtures of Low Boiling Substances (Yolume

¥1). wapor-liquid equilibrium data for mixtures consisting of two or more
low-boiling components. Extract: Selected data sets for 20 selected

_ TRC (N I ST) compounds or mixtures.

Electrolyte Data Collection {¥olume XII). This is a collection of properties of
electrolyte solutions. Included are values of solvent properties and distance
. parameters, conductivity's of dilute and concentrated solutions, transference
h | I d t P nurmbers, limiting ionic conduckivities, dielectric properties and viscosities, The
- C e I I I ICa n u S ry reSS studies published are in conformity with the recommendations of the ILPAC.
Extract: Selected data sets for 20 selected compounds ar mixtures.
LG GTCRAS - The Glushko THERMEL Thermodynaric Properties of Chemical Elements and Simple
B e I I n Thermocenter of the Russian Mono-, Di-, and Palyatomic Substances in Solid, Liquid, and Gaseous States
Academy of Sciences {including gaseous ions) up to 20000 K., Extract: Heat capacities, Gibbs
energies, entropies, enthalpy changes, and heats of formation, sublimation,
and phase transistion for 20 selected elements.

— E L DA I A J O u rn al HTEDATA {HTEQUIDATA) Primary Experimental Data on High Temperature

Equilibrium Constants for Chemical Reactions {invalving mainly inorganic
substances), Extract: Experimental data on equilibrium constants of 100
chemical reactions for iron compounds.

- I nte rpe ri Od i Ca P u bl iS h i n g UODB Thermodynamic data for 23 U and U-O solid, liquid, and gaseous

{neutral or ionic) species. Extract: Heat capacities, Gibbs energies, entropies,
enthalpy changes, and equilibrium constants up to 12.000 K for 10 selected
compounds.,

DTCS Database on Thermal Constants of Substances. Critically selected
enthalpies and Gibbs energies of formation, enthalpy increments, entropies
and heat capacities at 298,15 K, enthalpies of formation and dissociation
energies at 0 K, temperatures and enthalpies of phase transition,
crystallographic and critical parameters, ionization potentials and electron
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Previous and Current Efforts

DADML
 E.L. Willighagen

e “Definition of how to
Access a Database”
Markup Language

e Tool for WWW
molecule data access

e Dutch Dictionary on
Organic Chemistry

Ho
Dutch
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waceton (67-54-7) L Q%D
synoniemen: dimethylieton, dimethyformaldehyde o}
IUPAC naam: Z-propanon H /U\
H=C C’H
engelse vertaling: acetone, 2-propanone, dimethyl | I
ketone, dimethyl formaldehyde H HH

duitse vertaling: Aceton
Groepen: oplosmiddelen | alkanonen

CAS Nummer: 57-64-1
NSC Hummer: 135802
UN Hummer: 1050

Triviale naam voor 2-propanon, Oplosmiddel dat zeer
goed mengt met water.

Samenhang:

aceton kan door oxidatie gemaakt warden uit fsopropanol
aceton is de homoloog met een koolstof minder van Butanon
aceton behoort tot de groep alkanonen

aceton behoort tot de groep oplosmiddelen

Databases

NB: Hieronder staan links naar andere databases. Een link betekent NIET dat de
andere database ook echt infarmatie heeft.

Dictionary on Organic Chemistry

Fysische Eigenschappen

POE 30 Structuur

MOL 30 Structuur

GIF 20 Plaatje

HYZ 30 Structuur
NIST Chemistry WebBook

Massaspectrum

LNAis spectrum

IR spectrum (gasfase)
Vermont SIRI MSDS
ChemFinder.Com

Lijst met veel webpagina's
ChemExper.com

YWeiligheid, IR spectrum, Fysische Eigenschappen
Proton HMR Database

Proton MR
NCI Database
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Previous and Current Efforts

Chemfinder

e http://chemfinder.cam
bridgesoft.com/

« Cambridgesoft
Corporation

* Links to various sites
and some physical
property data

ChemFinder.Com

Database & Internet Searching

Enter a Chemical Mame, CAS Murmber, Malecular Farmula or Weight,
Use * for partial names (e.g. ben*).
Search here for free, For professional searching, use ChernINDEX,

| Search

Acetone [67-64-1]
Synonyms: Z-Propanone; Acetone; aAcetone ; Dimethyl formaldehyde; dimethylketal; Dimethyl

ketone; beta-ketopropane; chevron acetone; ketone propane; Methyl ketone; Propanone;
pyroacetic acid; pyroacetic ether;

Tools OpenChem
@RI
CERTIETD
.
)1\
CAS RN Lookup
[ THE MERCK INDEX
| NCIDATABASE ]
Farmula C3HgO Malecular Weight 58,0798
CAS RN 67-64-1 Melting Point (*C) . -94.3
ACH Number ®¥1001253-6 Baoiling Paoint (*C) 6.2
Density 0,7857 Wapor Density 2
Refractive Index 1,359 Vapor Pressure 181
Evaporation Rate 10 water Solubility miscible.
Flash Point {2C) -20 EPA Code KoB&, UJooz2
DOT Mumber UN 1090 Flammable RTECS ALZ150000
liguid
Comments Colorless liquid with a

fragrant, mint-like odor
detectable at 33 to
700 ppm. Hardening
and dehardening
tissues,
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Previous and Current Efforts

More information about the chemical is available in these categories:

- L] . . . . .
Biochemistry Chemical Online Order Health Misc
. re e an S l | S' rI p I O I I MSDS Pesticides/Herhicides Physical Properties Regulations

Structures Usage

L
rVI Biochemistry (2)
Biocatalysis/Biodegradation Database
Information about this particular compound
Ligand Chemical Database for Enzyme Reactions
Q t V ri Information about this particular compound
Chemical Online Order (1)
Available Chemicals Exchange
Information about this particular compound
L] L
(subscription model)

8{e) TRIAGE Chemical Studies Database

ATSDR Internet HazDat Site Contaminant Query
Information about this particular compound
ATSDR ToxFAQs
Information about this particular compound
Australian Atmospheric Exposure Standards
Information about this particular compound
CHEMICALS STUDIED through NIEHS's Reproductive Toxicology Group

Drugs and Toxic Chemicals in Breast Milk

Hazardous Chemicals Database at the University of skron
Information about this particular compound
Idaho Toxic and Hazardous Substances

International Chemical Safety Cards

Information about this particular compound
International Toxicity Estimates for Risk

Information about this particular compound
Lab Chem Safety Sumrmaries

Information about this particular compound
Minimal Risk Levels for Hazardous Substances

Morth American Emergency Response Guidebook 1998 {MAERGIA)

ler 226th ACS National Meeting September 8, 2003



Previous and Current Efforts

DTHERM

o hittp://i-
systems.dechema.de/
detherm/

« DECHEMA

e Index and access to
data from a number of
sources
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Previous and Current Efforts

DETHERM

D ata fro m Thermophysical properties of pure substances & mixtures

Ten

— D D BST G m b H ', m 'ui'. Search results: 63 hits page 15

¥ pr W
P . Lines | USD | property description [substance/mixture |year|temperature pressure
. . D r| 8| ssz '(‘gg)ar Geatlcaianty 2-propanone  |1998| 296 k- 333 K]
— La
U n Ive rSIty Of - | 5] 29.16 |heat capacity 2propanone 1996|372 K- 515 K| 101325 Fa
Detherm | 1| 14.00 |heat capacity 2-propanone 1995 815 K 101300 Fa
R e e n S b u r » content [T [150 |139.95 |heat capacity 2-propanone 1995 13 K- 178 K
4 7| 51 |139.96 |heat capacity 2-propanone 1995[ 179 K- 300 K
b register Palynamial coefients
. [T 1| 14.00 |far the heat capacity. 2-propanone 1995
— FIZ Chemie
[7] 11| 68.32 |heat capacity 2-propanone 1995] 213 K- 413 K
| 50 |139.95 [Molar heat capacity 2propanone  |1995] 181 K- 300 K
. . (P
— I n Stltut fo r ‘ h e m I Cal | 1| 14.00 |heat capacity 2-propanone 1993 288 K
| 1| 1400 '(“’C‘";‘)a’ Leatlaanty 2propanone 1993 298 K .
.
I e C h n IC compressibility,cubic
| 50 |139.95 |*Ranson Z-propanone 1991|278 K- 323 K| 1 bar- 3750 bar
coefficient heat
capacity
D | 1] 14.00 |density heat capacity 2-propanone 1991 268 K
OW | 1| 1400 '(‘gg)ar Geatlcaianty 2propanone 1991|298 K
| 5| 2916 '(‘gg)ar Geatlcaianty 2propanone 1991|278 - 323 K| 100000 Fa
D ECI I M/ \ | 45 [139.96 '(‘gg)ar hEE GEEE J-propanone 1991 278 K- 323 K| 200 bar- 3750 bar

Gotopage: 12345

< Back | Add selection Remove selection Mext =

Select data sets and press Add/Remove selection on each result page to define your selection.
Then press Next to add all selected items to your data cart
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Previous and Current Efforts

World-Wide Molecular
Matrix

e http://wwmm.ch.cam.

ac.uk/

 Peter Murray-Rust,
Robert C. Glen,
Jurgen Harter, Yong
Zhang

World Wide Molecular Matrix(WWMM)

Molecular repository for chemical molecules in XML/CML

WA The World Wide Molecular Iatriz is a molecular repository and contains and manages chemical
information and molecules entively in 3L and CML (chemical markup language) / CCML (computational
chemical markup language)."

Ths 15 the academic and public home page of the World Wide IMolecular Matrzx CRPW D, Here at this entry
point you can find information about the wotld wide molecular matrix, its architecture, technology, content and its

collaborators. You can also obtain mformation on how to contribute to or publich inte the matriz"

RESEARCH AREAS — CHEMISTRY & INTERNET / XML

® turming the Web into a Chemical Enowledge Base

m getting robots to do routine tasks

® Chemical Markup Language (ChL)

® Automating Computational Chermistry (CCML)

n Chetnistry Software Toolkit Development & Research

m Chetrical Databaszes (Design & Iinplementation)

® DPeer-to-Peer ("MNapster™) chemistry

m GEID and e3cience Technologies (in Molecular Sciences)

DOCUMENTATION

® World Wide MMolecular Matriz Project Description

m FACQ for WWI - a global molecular repository

m FAQ for CCWL - Computational Chemical IMarkup Language
® The Architecture of the WWIMDL

® The Specifications of the WA version V0.1
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Previous and Current Efforts

o U n |Ve rsrty Of The World Wide Molecular Matrix - a

peer-to-peer XML repository for molecules and

Cam brldge properties

Prof. Peter Murray-Rust (pm286igcam.ac.uk), Prof. Robert C. Glen {rcg28igcam.ac.uk), Dr. Yong Zhang
(yz237@icam.ac.ukj and Dr. Jiirgen Harter (jhh23@cam.ac.uk)

. P e e r to e e r S Ste I I | Unilever Centre for Molecular Infarmatics, Chemistry Departrment, University of Cambridge,
Lensfield Road, Cambridge CB2 1EW, LK
World Wide Molecular Matrix (WWHMM)- a global molecular repository (XML/CML based) - Developer Home
Page

e Uses CML and

Abstract

The World Wide Molecular Matrix (AAWWMM) is a peer-to-peer system used as a repository for molecules and
their properties. Scientists and researchers can directly publish and upload their data into the matrix, in CML
and XML. All entries have extensi tadata. Each molecule has a unigue identifier based on the
tion table {chemical structure diagram) which provides rapid exact matching. Searches are also
-
» Repository for
molecules and their ireduton

possible on molecular properties, since there is a controlled ontology with unique identifiers. Xindice and
other OpenSource (java) tools are used to prototype an XML repository.
The wision of a Semantic Webh or GRID in molecular sciences requires agreed commaon
- representations of data and metadata. At present, however, maost chemical data is not published in

machine processable form, but through conventional peer-reviewed journals which are distributed on

p ro p e r I e S . paper or e-paper (FOF). This is well suited for human readers but totally unsuitable for a semantic
infrastructure. In practice large secondary publishers (g g Chemical Abstracts Service) employ large
numiers of humans to re-key this into maore organised secondary publications. Although these might
in principle serve as part of a semantic Web, they are currently only available under commercial
license and often restricted to online searches.
In contrast, Biosciences publish much data directly into data repositories as part of the primary
process. Genes, sequences and protein strucures are universally and comprehensively available and
are being developed semantically e.g. with GeneOntology [1]). Because these and other sciences
require rapid access to maolecular information we have developed a radically new approach to
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What Is Needed

 Agreement that a centralized index
benefits both users and distributors.

e Central resource shared by many

— Lists both public and private sector resources
— Provides results in a non-biased manner

* Protocols for identifying chemical species
and data types
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Obstacles to Creating an Index

e Database structures are not consistent

— Different ways of expressing the identity of a
chemical species
 Different naming conventions
* Registry numbers not available or inconsistent

— Different conventions for recording data types.

 Inconsistent state information — e.g., boiling point
as a function of P vs. normal boiling point

o Granularity issues — records of individual
properties may not be available
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Obstacles to Creating an Index

e Some database structures are difficult to
Index
— Hardcopy publications

— Databases / documents which are not
organized by chemical species or property

type.
o It is difficult to maintain an updated index

— In the on-line era resources can rapidly
change content
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Possible (Technical) Solutions

Centralized solution

* Develop agreed upon protocols for
providing index data and updates to a
central site

* Provide open access to index on the site

e Central site maintains chemical
identification database (a composite of all
the chemical identification data provided)
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Possible (Technical) Solutions

Distributed solution

* Develop agreed upon protocols for
guerying resources for data

* Publishers / distributors implement
protocols on their servers

« Multiple indices can be constructed
through meta-searches (one site queries
several other sites)
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Possible (Technical) Solutions

e Chemical Identification

— Need a database linking nhames, structures,
registry numbers

— Will organizations release this information If it
provides them with a competitive advantage?

* Property Identification
— IUPAC Gold book
— IUPAC project on data definitions in XML
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Future Actions

 NIST Is interested in working with others to
create an index of physical property data

— Our “customers” have been asking for this
iInformation.

— We are restricted in our interactions with
commercial ventures — we can’t favor any
specific organization.

— If you or your organization is interested,
please contact us.

peter.linstrom@nist.gov
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