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N lonic Liquids (ILs)

Ionic Liquids (ILs) are salts that melt at < 100°C

F

H3C\ /\ /\ - — o
N@N cHz F—B—F 7,=15°C
N QA N_ P
H3CNZ NN 87 8 T,=-3°C
\Y/ CH3 F3cC \\0 O// CF3

‘Non volatile - low vapor pressure
‘Thermal stability

-Soluble in polar organic solvents
‘Wide liquid range
‘Electrochemical stability

‘Non flammable

‘Electrolytic conductivity
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IL Applications

Low vapor pressure
Electrolytic conductivity
Electrochemical stability
Wide liquid range

Good solvent properties

Electrochemistry (batteries,
electroplating)

Separations (extraction, gas
separation)

Replacement for volatile
solvents

IRER

Engineering liquids (lubricants,
heat transfer fluids)

..and many others/
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N Need for a Database

Dramatic increase in number of publications on the subject of ILs
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Need for a Database (Cont’d)
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Many combinations (different ILs) possible...

Perhaps as many as 1018 __
(Rogers, R. D.: Seddon, K. R. Science, 2003, 302, 792)
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IUPAC lonic Liauids Database Proiect

http://www.iupac.orqg/ projects/ 2003/ 2003-020-2-100.html

Current Project

News & Notices Physical and Biophvsical Chemistrv Division (I)

Organizations &
People

Standing Nwgher: 2003-020-2-100
Committees

Title: Tonic liquids database

Divisions
Projects Task Group
..current Chanman: EF. Zeddon
~completed
LW _ Mewhbers: Andrew Burgess, Michael Frenkel, Marcelle
~infarmation Faune-Ezcard, Andreas Heintz, Joseph MMagee, E enneth harsh,
Reports and Eoger Sheldon
Publications ('Dhjecﬁve: )
3 Create an open-access, free, on-line, comprehensive database
BRI for storage and retrieval of metadata and numerical data for 1onic
AMP houds, mcluding thewr syntheses, structure, properties, and uses,
lack of this information 15 impeding progress i a burgeoning field
Links of Interest \of significant current interest. Y.
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1st Task Group Meeting

Delft University of Technology
Delft, Netherlands January 26, 2004

* Present: Andrew Burgess, Marcelle Gaune-Escard, Michael Frenkel,
Joseph Magee, Kenneth Marsh, Kenneth Seddon, Roger Sheldon
(host), Sergey Verevkin (for Andreas Heintz)

A distributed access database would be developed with various types
of data being independently managed

« Coverage would include synthesis, catalysis, structure,
manufacturing, modeling as well as physical and chemical property
data

 New required fields in the primary database were defined including
those for handling polymers and enzymes

 Ensuring complementarity with high-temperature molten salt data and
the QUILL database, avoiding duplication of effort

—————— C hemical Science and Technology Laboratory
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MINUTES OF FIRST 10NIC LIQUIDS DATABASE MEETING
(#2003-020-2-100)
DELFT UNIVERSITY OF TECHNOLOGY, 26™ JANUARY 2004

PRESENT:  Andrew Burgess, Marcelle Gaune-Escard, Michael Frenkel, Joseph W.
¢, Kenneth N. Marsh, Kenneth Richard Seddon, Roger Sheldon,
v P. Verevkin (standing in for Andreas Heintz)

OPENING REMARKS
The Committee expressed their thanks to Prof. Sheldon for hosting the
meeting.

NIST DATABASE PROJECTS

Drs. Magee and Frenkel gave a detailed presentation on the structure and input
methods for extant NIST databases, In particular, the relationship between the
primary NIST thermodynamic database and the new ionic liquid database was
explored; the product should be exportable to Aspen. The importance of the ionic
liguid workshop at the 17" IUPAC Conference on Chemical Thermodynamics in
Rostock, Germany. July to 2* August, 2002 in defining the current project was
noted. The slides are attached as an Appendix to this report.

DISCUSSION

1. New Required Fields

The requirements of jonic materials, as compared with molecular systems,
mean that new fields in the primary database need to be defined. The absolute
minimum basic requirements are:

Stoicheiometry of salt

Name of anion
istry number of anion

sgistry number of cation
Electrical conductivity
Desirable extra fields would be:
Lattice energy (both theoretical and “experimental™)
Dielectric constant (frequency dependent)
Oxygen sensitivity (Boolean)
Water sensitivity (Boolean)
Corrosion data (text file)
Solubility data { Boolean)
Enzyme activation (Boolean)
Irems to be inserted into the QUILL structural and spectroscopic database;
X-ray structural data
Neutron structural data
EXAFS structural data
Spectroscopic data (MS, NMR, IR, Raman, efc.)
Thermal 1 (TGA, DSC)
Toxicity data
Images are most conveniently incorporated as jpeg files.
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2"d Task Group Meeting

Beijing International Convention Center
Beijing, China August 12, 2005

 Present: Marcelle Gaune-Escard, Michael Frenkel, Joseph Magee,
Kenneth Marsh, Kenneth Seddon, Slobodan Gadzuric (observer)

e Structure and information input methods for ILThermo

- Guided Data Capture (GDC) software

- ThermoML IUPAC standard for storage and exchange of data
 Search/ retrieval from ILThermo
* Public release of ILThermo — will follow internal review procedures

 Distributed access system — a desirable long-range goal with various
types of data being independently managed

« Coverage would include synthesis, catalysis, structure,
manufacturing, modeling as well as physical and chemical property
data with their associated uncertainties

* Avoid duplication of effort — populate ILThermo with high-temperature
molten salt data and coordinate efforts with other database developers

Chemical Science and Technology Laboratory
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MINUTES OF SECOND IONIC LIQUIDS DATABASE MEETING
(#2003-020-2-100)

IUPAC GENERAL ASSEMBLY
BELJING INTERNATIONAL CONVENTION CENTER
BELIING, CHINA, 12" AUGUST 2005

PRESENT
Kenneth R. Seddon (Chair), Kenneth N. Marsh, Marcelle Gaune-Escard, Joseph W.
Magee, Michael Frenkel (members) and Slobodan Gadzuric (observer)

OPENING REMARKS

The Chair wel d all in ik pologies were offered from those umable o
attend, Introductions were made. The -|th\ Group expressed their thanks to UPAC-GA
organizers for hosting the meeting and logidical support for the L database task group
meeting.

DATABASE PROJECT UPDATE

Drs, Magee and Frenkel of NIST gave a detailed presentation on the structure and
input methods for the recently developed databmse, called ILThermo. The discussion began
with a review of the background and genesis of the project, as follows. Progress in utilizing
ionic liquids had been hampered by the lack of an open-access, p|||.1[i|. domain, comprehensive
data reme\nl system acoped to cover information pertaining to ionic liquids, Development of
such a d ture enc a number of complex issues related to data
submission, processing, mining, (|ua]||)- control, management, critical evaluation, and
dissemination. It is also obvious that such a sysem should provide coverage for varons types
of daia such as synthesis, catalysis, stmciure, manufactuning. modeling as well as
thermophysical and thermochemical property data. A broad-based imermational effort would
be needed to develop such an information system. Thus the present [UPAC project (2003-
020-2-100) fonric Liguids Database (K. R. Seddon (Task Group Chair), A. Burgess, M.
Frenkel, M. Gmme-Escard, A, Hemtz, J. W. Magee, K. N. Marsh, R. Sheldon (members)) was
formed (o address this need.

On January 26, 2004 the task group met 2t the Technical University of Delft (Delft,
Netherlands) to decide on a common vision for the project and to divide the data collection
effort amongst the participants. A second meeting had been deemed necessary when a
preliminary version of the database was ready for testing.

The discussion then turned to the preliminary version of the ionic liquids database and
exploring future tasks. In paticular, the relationship between the primary NIST molten salt
database and the new ionic liquids daabase was explored. The enormous mumber of
publications concerning ionic liquids in 2004 (approx. 2500 papers) and the foreseeable
growth expected in the future requires proper data collection, storage and retneval from
searchable electromic archives. The new database will be significantly more inclusive than
NIST Standard Reference Database 27: NIST Molten Salts Database that provides molten
state properties (densty, surface tension, viscosity, electrical conductance) for 320 inorganic
salts and 4,000 mixtures.
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IUPAC lonic Liquids Database Development

Thermodynamics Research Center (TRC)

| Physical and Chemical P_'r'b'pérties_avis on

TRC Group

— S

Ir

Supplying physical and chemical properties data, models, standards, and research for industry, public health & safety, and the environment

TRC home

CONTACT
INFORMATION

Group Leader:
Michael Frenkel

NIST, 838.01

325 Broadway

Boulder, CO 80305-3328

Phone: (303) 497-3952
Fax: (303) 497-5044
frenkel@boulder nist gov

DATA ENTRY FACILITY

g

Guided Data Capture

ThermoML

e

ThermoData Engine

ELECTRONIC DATA

PRODUCTS

NIST TRC data products available
through the NIST Standard Reference
Data program: (SRD)

| ThermoData Engine (TDE)

—————————— C hemical Science and Technology Laboratory

TRC Group

OVERVIEW

TRC is one of the oldest data research centers in the United States. For over 60 years, TRC has produced a great number of the periodical
compilations and electronic databases that have become a major saurce of recommended data for scientific research and industrial process
design, for both pure materials and mixtures.

Tasks
Located in Boulder, CO, TRC Group performs several functions related to providing state-of-the-art thermodynamic data:
+ compiles and evaluates experimental data
+ develops tools and standards far archival and dissemination of thermodynamic data, especially critically evaluated data
+ develops electronic database products
+ maintains a web-repasitory of published data in ThermoML — an XML format developed by TRC for the representation of thermodynamic
data

ABouTt TRC

TRC specializes in the collection, evaluation, and correlation of thermophysical, thermochemical, and franspart property data The goals of TRC
are to establish a comprehensive archive of experimental data covering thermodynamic, thermochemical, and transport properties for pure
compounds and mixtures of well-defined compasition, and correspondingly, to provide a comprehensive source of critically evaluated data.

CRITICALLY EVALUATED DATA

An important and useful aspect of our work here at TRC, and of the Physical and Chemical Properties Division of NIST as a whole, is to provide
critically evaluated data. Critical evaluation is a process of analyzing all available experimental data for a given property to arrive at
recommended values together with estimates of uncertainty, providing a highly useful form of thermodynamic data for our customers. The
analysis is based on intercomparisons, interpolation, extrapolation,and correlation of the original experimental data collected at TRC. Data are
evaluated for thermodynamic consistency using fundamental thermodynamic principles, including consistency checks between data and
carrelations for related properties While automated as much as possible, this process is averseen by experts with a great deal of experience in
the field of thermodynamic data. Professional staff are responsible for the evaluation of each set of data that is committed to the archive.

For many years TRC has published 3 series of periodicals containing evaluated data for Pure compounds (TRC Tables - Hydrocarbons and
TRC Tables - Non-Hydrocarbons) and mixtures {International Data Series.)

A critical resource is our extensive in-house collection of published thermodynamic and thermophysical properties, the SOURCE data system.
All of the data catalogued far critical evaluation by TRC are stored in this data system An important aspect of TRC's mission is to continue to
expand this collection to make it as complete a repository as possible for all published thermodynamic and thermophysical property data.

This comprehensive mission is the evolution of the role of TRC as a source of thermodynamic data. For information on TRC's history see:

http://trc.nist.gov/
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NIST-SOURCE System for Data Capture and Storage

Outside
Contributors

)

Guided
data entry

\4

NIST-SOURCE
data archive
system

N—

—
N

_—

In-house Data
Entry Facility

A4

k L

NIST-SOURCE
Depository of Over 150
experimental
thermophysical and
thermochemical properties
reported in the world’s
scientific literature

Includes
v'over 2,500,000 numerical
property values and their
uncertainties
v’ data entry rate is near
400,000 values per year
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NIST-SOURCE for ILs Data Capture and Storage

Outside In-house Data
Contributors Entry Facility

i |l;a

Guided
data entry

P

N—
NIST-SOURCE
data archive
system

N—
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ILThermo
(read-only DB)

IL Data Retrieval System
(Oracle PL/SQL)

... also the means for
regular updates!
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ILThemo - Interface and Web Deployment

ILThermo

JDEVELOPER
Jor development
and deployment

- /
N\ N
TOMCAT for

web search
and retrieval

- )

%/ R
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What’s in ILThermo?

Property data for

pure ionic liquids =+ lons
» Ion structures
» Ionic liquids

+ Compositional relations
»» Property data index

» Property/substance data summary

» Property data

» Measurement methods

 Sample purity and purification method
» Bibliography

Property data for
binary mixtures

Property data for
ternary mixtures

e —————————————————— C hemical Science and Technology Laboratory 7.
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Data Presentation: Master/Detail Relationship

List of cations or <
anions - Master

List of ionic
liquids
- Detail/Master

List of property index
— Detail/Master

List of Data Sets
— Detail/Master

=

All the records of the Detail table
always correspond to the single
current record in the Master table

Measurement and
— purity -Detail

Property data

values and their
metadata—- Detail

- — Detail

Literature

Chemical Science and Technology Laboratory
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ILThermo
Public Release - 31 July 2006

& %

Z n:::l-llHF.'iE?EﬂVEHB
One picture is worth §
{ ten thousand words |

http://ilthermo.boulder.nist.qgov
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http://ilthermo.boulder.nist.gov/
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How Do | Search for Information in ILThermo?
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¥J1UPAC Ionic Liquids Database - Mozilla Firefox iy ] |

File Edit Wiew Go Bookmarks Tools Help

<JZI - EL\) - @ O @ IE htkp:fitresewl cst-b.nist . gow: 80807 IL Thermo_testimainmenu, uix j @ G0 I@,

|| 5un Javaltm) Syskem. .. ‘Welcome to Grail Mail 1 Welcome ko H...

IUPAC lonic Liquids Database- ILThermo ® @ B

Contact us Help

Fure . Elinanr- Ternary .

e |UPAC lonic Liguids

Database Project IUPAC lonic Liguids Database, ILThermo, is a free web research ILTHERMO HELP CENTER
* Thermodynarnics tool that allows users worldwide to access an up-to-date data * ILTherrmo Overview
w collection from the publications on experimental investigations of s Data Presentation
. W”St”;mc thermadynamic, and transport properties of ionic liguids as well as o Al Uneemai:
w binary and ternary mixtures containing icnic liquids. e Search Methods

s CopyfPaste and Others

. - « Statistical Info.
Pure lonic Ligquids Data « NIST Statements

SEARCH BY loens lonic Liquids Property Literature i

Last Database Update:
Binary Mixtures Data Containing lguicl jquids 07106/2006

SEARCH BY lons Compounds Literature Vi

Ternary Mixtures Data Containing lonic Liquids
SEARCH BY lons Compounds Property Literature

Chemical Information ONLY (no path to data)
SEARCH BY  lons lonic Liguids

Main Menu | Fure | Binary | Ternary | Contact us | Help

© 2005 copyright by International Union of Pure and Applied Chemistry.

Pri =] it A ibilit Freed f I ti fo
2DI35 copyright by the US Secretary of Commerce on behalf of the United States ofAmeriu:a.F.Eriiw Nsﬁgz i Sf;eeinsénltl ¥ AEE(FDSTADI fiermEten
Al rights reserved. — -
| Daone
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¥ IUPAC Ionic Liquids Database - Mozilla Firefox

=10] |

=] @ |Gl

Ele Edit  Wew Go

<:ZI - E{) - @ O @ I@ hkkp:fikresrel csk-bonist, gov: 5080 IL Thermo_test/binprp.uix.do

|| Sun Java(tm) System... Welcomne ko Grail Mail :: Welcome ko H. ..

IUPAC lonic Liquids Database- (ILThermo) ® @

Bookmarks  Tools  Help

Contact us  Help

fain Menu ' Fure ) Binary Ternary '

| By Literature

Property Data of Binary Systems Containing lonic Liquids
Search by Property

Presentation Logic

This page has a hierarchical structure: a new selection made in any displayed table results in an update of all content below the table. Upan
selection of a specific physical property from the following table, the browser displays the list of binary systems for which the selected property
is available. Selection of a specific binary system shows the list of available datasets. Finally, selection of a specific dataset presents a
detailed data summary at the bottom of the page.

Available Properties for Binary Systems Containing lonic Liguids:
&) Previous I 1-15 of 30 'l Mext 15 &
s ct|Pr0|1-erty Category |Descri|}tion |
é Activity, Fugacity, and Osmotic Properties Activity Coefficient of Component 1 at Infinite Dilution, Dimensionless
Composition at Phase Equilibrium

]

Liguid-Liguid Equilibrium Composition: Mass Per %olume of Solution, kg/m™3
Composition at Phase Equilibrivm Liguid-Liguid Equilibriurm Cormpasition: ¥Weight Fraction of Component 1, Dimensionless
Composition at Phase Equilibrium Liguid-Liguid Equilibrium Composition: ¥YWeight Fraction of Component 2, Dimensionless
Camposition at Phase Equilibrium Liguid-Liguid Equilibrium Compasition: Male Fraction of Caomponent 1, Dimensionless
Composition at Phase Equilibrium Henry's Law Constant for Mole Fraction of Component 1, kPa

Composition at Phase Equilibrium Henry's Law K (MolaLlity), kPa kg/mol

DO DD DD

Composition at Phase Equilibrivm
Composition at Phase Equilibrium
Composition at Phase Equilibrivm
Composition at Phase Equilibrium
Camposition at Phase Equilibrium
Composition at Phase Equilibrium
Critical Properties

Electrical Conductivity

Solid-Liguid Eguilibrium Composition: YWeight Fraction of Component 2, Dimensionless
“Yapor-Liguid Equilibriurn Composition: MolaLity (moles of solute per kilogram of solvent), molfkg
Yapor-Liguid Equilibriur Composition: Maole Fraction of Camponent 1, Dimensionless
“apor-Liguid Equilibriurm Composition: Mole Fraction of Component 2, Dimensionless

Upper Consolute Camposition: Weight Fraction of Component 2, Dimensionless

Eutectic Composition: Mole Fraction of Cormponent 2, Dimensionless

Upper Consolute Temperature, K

Electrical Conductivity, Sim

& F'reviousl1-15 of 30 VI Mext 15 &=
[

Done

4
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¥J 1UPAC Ionic Liquids Database - Mozilla Firefox i ] 4
File Edit Wiew Go Bookmarks Tools Help
<:I - [_:/\D - @ |:| @ I hktpef fkrcsry 1, csk-b. nisk. gow: 3080/ ILThermo_test binprp, uix.do j @ Go I@,
|| 5un Javalkm) Syskem. .. Welcome to Gmall [] Mail i@ Welcome ta H. ..
Binary Systems having: Activity Coefficient of Component 1 at Infinite Dilution, Dimensionless [
|1-20 of 510 'l Mext 20 =
Selecthompoun(l 1 |Com|1-oun(l 2 | References | Data Points
@ (1,1-dimethylethylibenzene 1-ethyl-3-methylimidazalium 1 4
bigitrifluaramethylisulfanyl]imide
© (1 1-dimethylethybenzens 1-butyl-4-methylpyridinium tetrafluorbarate 1 4
{1, 1-dimethylethylibenzens 1-ethyl-2,3-dimethylimidazolium 1 4
bis[itrifluoromethyl)sulfonyljimide
© (1-methylethenylbenzene  1-butyl-4-methylpyridinium tetrafluorbarate 1 4
© (1-methylethenylbenzene 1-sthyl-3-rnethylimidazaliom 1 4
bis[{trifluorormethyl}sulfonyl]imide
© (1-methylethenylbenzene  1-ethyl-2 3-dimethylimidazalium 1 4
bis[{trifluorormethylisulfonyllimide
€ (RE)-2-butanal 1-hexyl-3-methylimidazalium 1 4
bis[itrifluoromethylisulfonyl]imide
©  (RS)-2-butanal 1-butyl-4-methylpyridinium tetrafluorborate 1 4
€ (RS)-2-butanal 1-ethyl-2 3-dimethylimidazolium 1 4
bis[itrifluoromethyl)sulfonyljimide
© (RS)-2-butanol 1-ethyl-3-methylimidaz olium 1 4
bis[{trifluorormethylisulfonyl]imide
1 A-dimethylethyl methyl  1-sthyl-3-rnethylimidazaliom 1 4 S
ether bis[{trifluorormethylisulfonyl]imide
1 1-dimethylethyl methyl  1-butyl-4-methylpyridinium tetrafluorbarate 1 4
ether
1 1-dimethylethyl methyl  1-ethyl-2 3-dimethylimidazoliom 1 4
ether bis[itrifluoromethylisulfonylimide
© 1 2-dichloroethane 1-ethyl-3-methylimidazalium tetrafluarabarate 1 2
© 1 2-dichloroethane 1-rethyl-3-octylimidazaliumn tetrafluaraborate 1 2
€ 1 2-dichloroethane 1-hexyl-3-methylimidazolium tetrafluoroborate 1 2
© 1 2-dichloroethane 1-butyl-3-methylimidazolium tetrafluoroborate 1 2
© 1 2-dimethylbenzens 1-octyl-3-methylimidazolium 1 4
bis[{trifluorormethyl}sulfonyl]imide
1 2-dimethylbenzens 1-ethyl-2 3-dimethylimidazolium 1 4
bis[{trifluorormethylisulfonyllimide
© 1 2-dimethylbenzens 1-ethyl-3-methylimidazalium 1 4
bigitrifluaramethylisulfanyl]imide
|1-2D of 510 'l Mext 20 =
I
Done v
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¥J1UPAC Ionic Liguids Database - Mozilla Firefox - |EI|£|

File Edit Wiew Go Bookmarks Tools Help

QZI - L:> - @ O @ I btk dfbrese L csk-b, nist, gov: 8030/ ILThermo_test/binprp.uix.do j @ Go I@,

| | 5Sun Javaltm) Syskem. .. welcome to Griail Mail ¢ Welcome to H...

[

References and Data Sets
&) Previous 1-1 aof 1 Next &

Sample |Sample |Data|Year
Select|Reference Title No._1 | No._2 | Set |Pub.|Authors

o Thermodynamic Properties of Mixtures Containing lonic Liguids. 1 1 1 2002 Heintz, A Kulikoy, DY Werevkin, 5. P,
2. Activity Coefficients at Infinite Dilution of Hydrocarbons and
Palar Solutes in 1-Methyl-3-ethylkimidazalium
Bis(trifluoromethyl-sulfonyl) Amide and in
1,2-Dimethyl-3-ethyl-imidazaolium Bis(trifluaramethyl-sulfonyl)
Amide Using Gas-Liguid Chromatography

Data Summary

Froperty. Activity Coefficient of (1,1-dimethylethylibenzene at Infinite Dilution,
Dimensionless
Compound 1: - MName - {1, 1-dimethylethyllbenzens
CASRN - 95-06-6 Formula - C10H14
Compound 20 Name - 1-ethyl-3-methylimidazolium bis[{trifluoromethylisulfonyimide
CASRM- 1748399-82-2  Formula - CBH1T1FEN30452

Sample Mo 1 of Compound 1

Source: Commercial source

Initial Purity: 99.9 (Mot specified) % |, Gas chromatography
Furification: Mone used

Final Purity: Mot stated

Furity Analysis: Mot stated

Sample Mo 1 of Compound 2

Source: Synthesized by someone else =
Initial Purity: Mot stated

Furification: Dried by heating in a vacuum

Final Purity: Mot stated

Purity Analysis: Mot stated

Done v
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¥ 1UPAC Ionic Liquids Database - Mozilla Firefox

File Edit Wiew Go Eoockmarks Tools Help

<Z| - LD) hd @] O @ I htbpe ffercsey cst-b, nist . gov: 8030/ ILThermo_test binprp. uix.do j @ G0 I@,

|| Sun Javaltm) System... Welcome ta Grail Mail :: Welcome ko H...

Measurement Method: Chromatagraphy [

Selected Data Set Mo 1 (PropertyUncertainty - Activity Coefficient of (1, 1-dimethylethyibenzene at Infinite Dilution, Dimensionless )
Under System Condition(s), Fressure: 1 atm

) Previous 1-4 of 4 Mext &
Activity Coefficient of {1,1-dimethylethyljbenzene at Infinite Dilution, Dimensionless Uncertainty Assigned by ILThermo

----------------- Ligquid About Assigned Uncertainty
313 5274 0.36
323 5.208 0.36
333 5.114 0.35
343 5.013 0.34
Selected Reference
| Year Pub. |AutI10|s |Source
2002 Heintz, A Kulikoy, D, %.; Yeravkin,k 5. P. J. Chem. Eng. Data 47 , 894-899

Title:
Thermodynamic Froperties of Mixtures Containing lonic Liguids. 2. Activity Coefficients at Infinite Dilution of
Hydrocarbons and Polar Solutes in 1-Methyl-2-ethyl-imidazalium Bis(trifluoromethyl-sulfonyl) Amide and in

1. 2-Dimethyl-3-ethyl-imidazolium Bisitrifluoromethyl-sulfonyl) Amide Using Gas-Liquid Chromatography
Keyworis:

Abstract:

Activity coefficients at infinite dilution ci yen of alkanes, alkenes, and alkylbenzenes as well as of the linear and
branched C1-CE alcohols, acetone, acetonitrile, ethyl acetate, alkyl ethers, and chloromethanes in the ionic liquids
T-methyl-2-ethyl-imidazolium bisitrifluoromethy-sulfonyl) amide and 1,2-dimethyl-3- ethyl-imidazolium
bis{trifluoromettydl-sulfanyl) amide were determined by gas chromatography using the ionic liquids as the stationary
phase The measurements were carried out at different temperatures between 313 K and 363 K. From the temperature

dependence of the limiting activity coefficients partial molar excess enthalpies at infinite dilution Hi E yen of the solutes
inthe ionic liquids have been derived.

Wlain Menu | Pure | Binary | Ternary | Contact us | Help

o

2 2005 copyright by International Union of Pure and Applied Chemistry.
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NISI
lonic Liquids Database- (ILThermo)

STATISTICAL INFORMATION ON ILTHERMO AS OF

10/05/2006

Total number of ions: 204

Total number of ionic liquids: 320

Total number of properties for pure ionic liquids: 21

Total number of properties for binary systems: 33

Total number of properties for ternary systems: 22

Total number of references: 155

Number of pure ionic liquids with property data: 111
Number of binary systems with property data: 875

Number of ternary systems with property data: 137

Total data points of property data for pure ionic liquids: 6674
Total data points of property data for binary systems: 16009
Total data points of property data for ternary systems: 2828

Total data points for all ionic liquids systems: 25511

—————————— C hemical Science and Technology Laboratory
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Future Directions

- Populate ILThermo with the aim of creating a comprehensive
database for IL properties

 Collect and scan to PDF non-traditional sources of IL property
data

* Collect/ scan sources of molten salt property data

- Create links to other sources of information, when feasible,
including:

* Synthesis information

 Manufacturer information

 Others to be determined

- Examine feasibility of coordinating with other database
developers.

Chemical Science and Technology Laboratory %
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Outline

 Need for open-access, public-domain, comprehensive data retrieval
system

« |UPAC Task Group
 Supporting NIST infrastructure for a distributed access information

system
 Database process flow
e ThermoML

 ILThermo - for thermodynamic, thermochemical, thermophysical and
reaction data

« Web-based search & information retrieval
 Reports of Task Group activity

 Action items

* Future directions
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Research Needs

NATO Advanced Research Workshop
Heraklion, Greece April, 2000

 Toxicity, biodegradation, bio-accumulation, safety, health, and
environment impact data.

« Cost/benefit, economic, and life-cycle analyses.

A verified, web-based database of physical, thermodynamic,
and related data (not process specific)

* Increase the number, but especially the areas of expertise of
ionic liquids researchers.

Chemical Science and Technology Laboratory ,
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1st IUPAC Workshop on lonic Liquids

17t IUPAC Conference on Chemical Themodynamics
Rostock, Germany July 28 to August 2, 2002

 Panel: K. Seddon, J. Brennecke, K. Marsh, J. Magee

« Typical Anions: X-, where X=CI,Br,I ; [BF,]-; [PF¢]"; [CF5SO,] ; [N(OTP),] ;
[RCO,] ; [N(CN),]"; [C¢H;CO,] ; [RPO,] ; [tartrate] ; lactate] ; [RSO,] ; [NO,]-;
[HSO,] ; [AICI,] (unstable)

. Eor fundamental understanding and industrial applications:[N(OTP),]"; [NO,]";
I-

* For fundamental understanding only: [PFg]-; [BF,]" ; [CF;SO,]
» Typical Cations: [Rmim]* ; [Rpy]* ; [NR,]" ; [pyrolidinium]*

A sample must be characterized for purity, esp. H,O and Cl- ion concentrations
before and after measurements

« A Round-Robin measurement project was recommended

* Investigations of the effect of impurities on properties are needed
* Protocols for synthesis and purification are needed

« Standards for purity determination are needed

Chemical Science and Technology Laboratory
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1st IUPAC Workshop (cont.)

* Properties of pure components: Density (T); Viscosity (T); Isobaric heat
capacity (T); Speed of sound (T); Thermal conductivity (T); Refractive index
(T); Electrical conductivity; Surface tension; Vapor pressure (T); X-ray
diffraction; Neutron diffraction; N.M.R. / |.R.; Melting point/phase diagram;
Glass transition temperature; Enthalpies of fusion; Lattice energy; Dielectric
constant

* Properties of mixtures, including ionic liquid + ionic liquid, ionic liquid +
molecular compound (water, alcohols, aliphatic alkanes, aromatic
hydrocarbons, halocarbons; gases) and ternary systems: Solubility; Activity
coefficients at infinite dilution; Enthalpies of mixing; Gas solubilities;
Partitioning coefficients (octanol/water)

 Kinetic studies are recommended

A properties database is recommended; contributors should characterize the
purity of their sample and the uncertainties in their data

———— C hemical Science and Technology Laboratory %%
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1st IUPAC Workshop (cont.)

IUPAC has approved support for a series of three workshops, with the second
to be held at ICCT-2004 (Beijing) and ICCT-2006 (Boulder); Thermodynamics of
lonic Liquids, lonic Liquid Mixtures, and the Development of Standardized
Systems Project Task Group: K. Marsh (Chair), A. Heintz, J. Magee, M. Frenkel,
K. Seddon, J. Brennecke and L. Rebelo

IUPAC has approved support for the development of an ionic liquids database;
lonic Liquids Database Project Task Group: J. Magee, M. Frenkel, K. Marsh, K.
Seddon (Chair), A. Heintz, M. Gaune-Escard, R. Sheldon and A. Burgess

A database will be significantly more inclusive than NIST Standard Reference
Database 27: NIST Molten Salts Database that provides molten state properties
(density, surface tension, viscosity, electrical conductance) for 320 inorganic

salts and 4,000 mixtures

———— C hemical Science and Technology Laboratory %%
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Dramatic Increase in
Research on lonic Liquids

Worldwide Escalation in Number of Ionic
Liquids Publications (web of Science)

900 -
800 - P

700 -
600 - ®

500 -
400 4 ®
300 -
200 -
BT qp==—m e b

®
e oeeeeoe

) ) ) ) ]
1990 1992 1994 1996 1998 2000 2002 2004 2006

Publications

Year

Year Publications
1990 3
1991 15
1992 21
1993 22
1994 20
1995 23
1996 21
1997 29
1998 30
1999 64
2000 112
2001 266
2002 417
2003 592
2004 786
Total 2421

Chemical Science and Technology Laboratory
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nion of Pure and Applied Chemistry hup://www.iupac.org/projects/2003/2003-020-2-100.html

lUPAC

Current Project

% Physical and Biophysical Chemistry Division (I)

Organizations

% Peonle Number: 2003-020-2-100

Standing

Committees Title: lonic liquids database

Divisions Task Group

5 Chairman: K.R. Seddon

Projects

=.current Members: Andrew Burgess, Michael Frenkel Marcelle

..completed e

Chew Gaune-Escard, Andreas Heintz, Joseph Magee, Kenneth

_.information Marsh, and Roger Sheldon

Reports Objective:
Create an open-access, free, on-line, comprehensive database

Publications for storage and retrieval of metadata and numerical data for

L ionic liquids, including their syntheses, structure, properties,

Symposia and uses; lack of this information is impeding progress in a

AMP burgeoning field of significant current interest.

Links of Description:

Interest erest lonic liquids are expanding \ ;
dramatically in popularity (see ;

Search the inset figure), and the first i

Site industrial application (the BASF  +=

Home Boce BASIL pmchs] was announced T T e T e T T e

TR at the end of March 2003,
Crucial to their implementation on a wider scale (and these
are green solvents) is universal access to their physical
properties. As there are potentially over one million simple
ionic liquids (although fewer than one thousand have yet
been reported), the need for a living database, with
continuous updating is paramount. This project brings
together some of the world leaders in ionic liquid technology
with leading thermodynamicists and database technologists.
A task group, that wishes to work under the auspices of
IUPAC, has been formed to address the need for
international scientific cooperation to implement the design
and development of a web-based free-access database for

lof4 6/14/2005 8:21 PM
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1st Task Group Meeting

Delft University of Technology
Delft, Netherlands January 26, 2004

* Present: Andrew Burgess, Marcelle Gaune-Escard, Michael Frenkel,
Joseph Magee, Kenneth Marsh, Kenneth Seddon, Roger Sheldon
(host), Sergey Verevkin (for Andreas Heintz)

A distributed access database would be developed with various types
of data being independently managed

« Coverage would include synthesis, catalysis, structure,
manufacturing, modeling as well as physical and chemical property
data

 New required fields in the primary database were defined including
those for handling polymers and enzymes

 Ensuring complementarity with high-temperature molten salt data and
the QUILL database, avoiding duplication of effort

—————— C hemical Science and Technology Laboratory
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MINUTES OF FIRST 10NIC LIQUIDS DATABASE MEETING
(#2003-020-2-100)
DELFT UNIVERSITY OF TECHNOLOGY, 26™ JANUARY 2004

PRESENT:  Andrew Burgess, Marcelle Gaune-Escard, Michael Frenkel, Joseph W.
¢, Kenneth N. Marsh, Kenneth Richard Seddon, Roger Sheldon,
v P. Verevkin (standing in for Andreas Heintz)

OPENING REMARKS
The Committee expressed their thanks to Prof. Sheldon for hosting the
meeting.

NIST DATABASE PROJECTS

Drs. Magee and Frenkel gave a detailed presentation on the structure and input
methods for extant NIST databases, In particular, the relationship between the
primary NIST thermodynamic database and the new ionic liquid database was
explored; the product should be exportable to Aspen. The importance of the ionic
liguid workshop at the 17" IUPAC Conference on Chemical Thermodynamics in
Rostock, Germany. July to 2* August, 2002 in defining the current project was
noted. The slides are attached as an Appendix to this report.

DISCUSSION

1. New Required Fields

The requirements of jonic materials, as compared with molecular systems,
mean that new fields in the primary database need to be defined. The absolute
minimum basic requirements are:

Stoicheiometry of salt

Name of anion
istry number of anion

sgistry number of cation
Electrical conductivity
Desirable extra fields would be:
Lattice energy (both theoretical and “experimental™)
Dielectric constant (frequency dependent)
Oxygen sensitivity (Boolean)
Water sensitivity (Boolean)
Corrosion data (text file)
Solubility data { Boolean)
Enzyme activation (Boolean)
Irems to be inserted into the QUILL structural and spectroscopic database;
X-ray structural data
Neutron structural data
EXAFS structural data
Spectroscopic data (MS, NMR, IR, Raman, efc.)
Thermal 1 (TGA, DSC)
Toxicity data
Images are most conveniently incorporated as jpeg files.

—————————— C hemical Science and Technology Laboratory
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Vision for the lonic Liquids Database

« Searchable Web-based database residing on a NIST-Thermodynamics
Research Center server

 Experimental and predicted data for thermodynamic, thermochemical
and transport properties with their associated uncertainties

« Recommended benchmark data for selected ionic liquids and mixtures

« Recommended protocols for synthesis, purification, purity
determination and sample handling procedures

» Structure, theoretical studies, solvent properties and reactions,
catalytic properties, reviews, and a bibliography

 Models fitted to the most reliable property data
* Quantitative structure-property models for prediction of properties

 The auspices of IUPAC will promote a broad-based international effort
to collect all relevant information

Chemical Science and Technology Laboratory
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Distributed lonic Liquids
Information Access

MANUFACTURER
INFO SERVER
IL THERMO BENCHMARK
SERVER PROPERTIES AND
MODELS

REACTIONS
CATALYSIS STRUCTURE

INFO SERVER IUPAC INFO SERVER

IONIGEIQUIDS
WEB OUTLET

REVIEWS AND SOLVENT

BIBLIOGRAPHY PROPERTIES
INFO SERVER INFO SERVER

SYNTHESIS
INFO SERVER
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Source Database Tables

CMPID

ALTCMPNM

Pure Compounds

SAMPLES

\

Binary Mixtures@

Ternary Mixtures

AUTHREF

Reactions

-

SINGLEVALUE
FIXEDCONDITION
ONEVARDATA
ONEVAR
TWOVARDATA
TWOVAR

BINSINGLEVALUE
BINONEVAR
BINONEVARDATA
BOINTWOVAR
BINTWOVARDATA
BINTHREEVAR
BINTHREEVARIDATA

D>~

TERNSINGLEVALUE
TERNONEVAR
TERNONEVARDATA
TERNTWOVAR
TERNTWOVARDATA
TERNTHREEVAR

TERNTHREEVARDATA

| ReACT REFRRS

REACTCHANGED
REACTEQUIDATA
REACTEQUIL4DATA
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Database Utilities on the Server

SQL Commands Stored Procedures
(interactive) (batch)

PLSQ
Programming Language

Source Database
Oracle Enterprise
Version 9i

Loader
(Batch)

Conversion
Routines

Keyboard Input Files

Image System
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SOURCE DATA ENTRY
PLANNED PROGRESS

TARGET: 3 MILLION DATA POINTS BY 2006

2002
2001 2003

2004

future years 2005
2006
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TRC Data Entry Facility: Equipment

NIST/Boulder Q
NT Server (

=)

N\

. DEC Server
—— TRC Source Database
(=" Oracle 9i

0 A 0
P \

GDC

Software

Support and

E? maintenance ‘ >
| 1 ..A a - -
Diaital Imaging Svstem TRC Library & Reprints
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Description of GDC
Software
J. Chem. Inf. Comput. Sci. 2003, 43, 15—24 15

Windows-Based Guided Data Capture Software for Mass-Scale Thermophysical and
Thermochemical Property Data Collection”

Vladimir V. Diky, Robert D. Chirico,* Randolph C. Wilhoit, Qian Dong, and Michael Frenkel

Thermodynamics Research Center, National Institute of Standards and Technology (NIST),
Boulder, Colorado 80305-3328

Received May 7, 2002

Guided data capture software (GDC) 1s described for mass-scale abstraction {rom the literature of experimental
thermophysical and thermochemical property data for organic chemical systems mvolving one, two, and
three components, chemical reactions, and chemical equilibria. Property values are captured with a strictly
hierarchical system based upon rigorous application of the thermodynamic constraints of the Gibbs phase
rule with full traceability to source documents. Key features of the program and its adherence to scientific

principles are described with particular emphasis on data-quality 1ssues, both in terms of data accuracy and
database integrity.

—————————— C hemical Science and Technology Laboratory
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Guided Data Capture {GDC) B4

Yersion 3.0
Developed by Mladimir ¥, Diky, Roberk D, Chirico, Randalph . Wilkoit, Qian Dong, and Michael Frenkel

Thermodynamics Research Center (TRC)
Physical and Chemical Properties Division
Zhemical Science and Technology Labaorakory
Mational Instituke of Standards and Technology
Boulder, Colorado 30305

uestion and comments should be addressed to Dr. Robert D, (Rob) Chirico
(email: chirico@boulder, nist, gow)

—— Chemical Science and Technology Laboratory
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gUIDED QATA QAPTURE Software

s Yizcosity as function of Temperature

Toolz Help
2.0

Abouwt GDC
2.3

21
19
17 scope of the Data to be Caphured

Dovwnload GDC: GDC-Tnstall exe

1.5

1.3

200 320 340 ak0 380

....................................

: Uncertairties ; Ho=Nar 2 | #o=Var | Ok |
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Navigation Tree: (“User Interface”)

- Grows as info Is added
- Any line can be accessed for editing
- Compound synonyms are available

im Guided Data Capture - Thermophysical and Thermochemical Data

File  Edit Tgu:u|3| Help

Heferencel Eu:umpu:uundl Samplel Mi:-:turel Fleac:ticunl

F'ru:upert_l,ll Lrata Tal:ulesl

= difluoromethane
= Sample 1 [om,99. 9w, ne:)
_ ™ PIL). St 1. B Methad: EBULLIO dP=2 dT=0.1
= 1.1.1iflucroethane
= Sample 1 [om,99.9m%,nc:)
_ ™ PIL). St 1. B Methad: EBULLIO dP=2 dT=0.1
=1- diffuoramethane + 1,1, 1-ifluoraethane
"2 wle, P [Set 1), B Method EBULLIO dP=2 d+1=0.3% dT=0.1
2 yle, ®1 (G, Set 1], B Methad: CHROM d<1=0.3% dx1=0.3% dT=0.1

.
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Metadata: Phases, Constraints, Variables, Units,
Uncertainties

| Pressure

|7

emperature

|Male fraction of hexane

ess volume as function of Mole fraction of hexane

Diirect walus

Experimental values

] il .

hemane + tert-butyl ethyl - 1 e G ra p h I ca I
L2 WEX [Set 1), B Me - T = |

octane + tert-butyl ethpl e : s L

decane + tert-butyl ethyl g Re p res e n tatl o n

dodecane + tert-butyl ethy# - - .

tetradecane + tert-butyl ethyl ether

hexadecane + tert-butyl ethwl ether

cyclohexane + tert-butyl ethyl ether

plume & terk b bul ethy
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ThermoML: General Structure

Yer=ion

,Citation

(DataReport E:]—(—--—:EI— 0.
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J. Chem. Eng. Data 2003, 45, 2—-13

%]

Reviews ThermoML was developed in
cooperation with DIPPR

ThermoML—An XML-Based Approach for Storage and Exchange of
Experimental and Critically Evaluated Thermophysical and
Thermochemical Property Data. 1. Experimental Data

Michael Frenkel.* Robert D. Chirico, Vladimir V. Diky, and Qian Dong
Thermodynamics Research Center (TRC), Physical and Chemical Properties Division,
Mational Institute of Standards and Technology, 325 Broadway, Boulder, Colorado 80305-3328
Svetlana Frenkel and Paul R. Franchois

[nformation Technology Laboratory, National Institute of Standards and Technology,

325 Broadway, Boulder, Colorado B0305-3337
Dale L. Embry

ConocoPhillips, 8530-16 Street, P.O. Box 1267, Ponca City, Oklahoma T4602-1267
Thomas L. Teague

ePlantData, Inc., 9955 South Post Oak Road, Suite 300, Houston, Texas 77096

Kenneth N. Marsh

Department of Chemical and Process Engineering, University of Canterbury, Private Bag 4800,
Christchurch, New Zealand

Randolph C. Wilhoit

Texas Experimental Engineering Station, Texas A&M University System, College Station, Texas 77843
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Paper 2.
Representation of

Uncertainties
ThermoML—An XML-Based Approach for Storage and Exchange of
Experimental and Critically Evaluated Thermophysical and
Thermochemical Property Data. 2. Uncertainties

1344 J. Chem. Eng. Data 2003, 45 1344-1359

Robert D. Chirico,* Michael Frenkel, and Vladimir V. Diky

Thermodynamics Research Center (TRC), Physical and Chemical Properties Division, National Institute of
Standards and Technology, 325 Broadway, Boulder, Colorado 80305-3328

Kenneth N. Marsh

Department of Chemical and Process Engineering, University of Canterbury, Private Bag 4800,
Christchurch, New Zealand

Randolph C. Wilhoit

Texas Experimental Engineering Station, Texas A&M University System, College Station, Texas 77843

ThermoML is an XML-based approach for storage and exchange of experimental and critically evaluated
thermophysical and thermochemical property data. Extensions to the ThermoML schema for the expression
of uncertainties are described. Basic principles, scope, and description of all new structural elements are
discussed. Representation of upper and lower limits for property values is also addressed. ThermoML
covers essentially all experimentally determined thermodynamic and transport property data (more than
120 properties) for pure compounds, multicomponent mixtures, and chemical reactions {including change-
of-state and equilibrium). Properties of polymers and radicals and some properties of ionic systems are
not represented at present. The present role of ThermoML in global data submission and dissemination
is discussed with particular emphasis on cooperation between major journals in the field and the
Thermodynamics Research Center (TRC) at the National Institute of Standards and Technology. The
text of several data files illustrating the expression of uncertainties in ThermoML format for pure
compounds, mixtures, and chemical reactions are provided as Supporting Information, as well as the
complete updated ThermoML schema text.
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Data Producers (Article Authors)

After peer review

Article Authors €=

Data Capture 1 Problems
A communicated

File
Tracking Completed Files

sent by E-mail

Files are
reviewed

Data Users:

. Process design
Files are .. .
converted to @ and optimization,
ThermoML :
format Data files in ThermoML basic researCh’ etc.
format are posted on
the Web
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ThermoML Files are Posted on the Web

A ThermoML - Microsoft Internet Explorer

J File Edit WYiew Favortes Tools  Help |

J Back * = v () ot | ‘ChSearch [ Favorites 4 History | Eh S 5 =
JAddrESS I@ hittp: 4 A b mist gone /T hemmnobd L kel j o Go |J Links

ThermoML )

W An XML-based approach for storage and exchange of experimental thermophysical and

thermochemical property data

ThermoML Representation of Published Experimental Data

This page contains links to ThermoML files, which represent experimental thermophysical and thermochemical property data reported in the corresponding articles
published by major journals in the field. These files are posted here through cooperation between the Thermodynamics Research Center (TRC) at the MNational Institute of
Standards and Technology (MIST) and the journals. This project is now undersay with data published by the Journal of Chemical and Engineering Data (JCEDY. The

ThermaoMdL files corresponding to articles in JCED are available here with permission of the journal (. Chem. Eng. Data 2003, 48, 7). It is anticipated that this cooperation
will be expanded to include ather journals in the near future.

Thermohdl - an XML-based approach for storage and exchange of experimental thermophysical and thermochemical property data - was described recently (J._ Cher. Eng.
Data 2003, 45, 2-13). Supporting information for this article includes several examples illustrating the use of ThermoML to process experimental data for pure compounds,
mixtures, and chemical reactions as well as the initial ThermoML specification. As ThermoML evalve, this site maintains the current Thermolil specifications.

TRC s committed to providing support to the individual users or organizations interested in converting the ThermoldL files to their particular applications.

The numerical values and all metadata were checked for completeness and accuracy of representation at MIST/TRC, but were not evaluated in any way. At present, the

posted files do not contain any information related to the uncertainty of experimental walues. Extension of the XML formats to include this infarmation will be completed later
in 2003.

Liability Statement:

The data and other information in these computer files have been carefully extracted from the original articles by the authors and were checked for completeness by
MIST/TRC personnel befare posting. Meither the Journal publisher, nor its editors, nor MIST/TRC warrant or represent, expressly or implied, the correctness or accuracy of
the content of information contained in these files, nor its fitness for any use or for any purpose, nor can they, or will they, accept any liability or responsibility whatever
for the consequences of its use or misuse by anyone. In any individual case of application, the respective user must check the correctness by consulting other relevant

Link to ThermoML files

’_ ’_ |Q Internet

Chemical Science and Technology Laboratory




‘A ThermoML Data for JCED - 2003 Vol. 48 Issue 2 - Microsoft Internet Explorer
J File Edit View Favorites Tools Help

| wBack v = - ) 7} | ‘QiSearch [iFaveiites < #Histon | Ehw S5 2 v

| Audddress (@] b/ wn b nist gov/data/iced/2003v45/102/iced200 4802 html

=] @oo || Links

Journal Home
Journal Contents

Journal of
Chemical & s
Engineering Data

RING

=

select Decade Select ¥olume Select Issue Number

[Current 5l [zo03pvol 48 5] [iss.2 pages 2i1-444 5] o]

Iz5 .1, pages 1-210

| 11

2003 JCED:

Issue 1: 3 articles
Issue 2: 21 articles
Issue 3: 30 articles

ThermoML Data for the Fournal of Chemical & Engineering Data, Vol. 42, No. 2 March 2003
Developed in cooperation between the Journal of Chemical & Frginecring Data and the Thermodynanmics
Research Center (TRC)

Liquid-Liquid Equil
MinSu Ko, Sangyo

e Binary Systems of #¥~-Formylmorpholine with Cycloalkanes
2, and Hwayong Kim

ThermoML Data(To Swnload: right-

d Estimation of @enry’'s Law Constants of Chlorinated Ethylenes in Aqueous Surfactant

ck on link and select "Save Link Target As" )

Solutions
Tezutomu Shimotari and William A Arn
pp 253 - 261; (Article)

Link to ThermoML file
for the individual article =

ThermoML DataiTo download: right-click on

Yapor Liquid Equilibria for Ethanol + 2,4,4-Tri
101 kPa
Petri Uusi-Kyvny, Virpi Tarkiainen, Younghun Kim, Rai
pp 280 - 2585; (Article)

ThermoML Data(Te download: right-click on link and select "Save Link Target As" )

Yapor Liquid Equilibrium between {(278.15 and 323.15) K and Excess Functions at 7 = 298.15 K for 1-
Bromobutane with 2-Methyl-1-propanol or 2-Butanol

Santiago Martinez, Rosa Garriga, Pascual Pérez, and Mariano Gracia

PP 294 - 301; (Article)

|@ Done

—————————— C hemical Science and Technology Laboratory
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A ThermoML file available for free download

& America Online - [http://www.trc. nist.gov/data/ jced/2003/48/i01/ je0256028.xml]

L‘j Eile Edit Print Window Sign Off Help == x|
Mail ¥ || People ¥ || Services ¥ | Settings ¥ || Faworites Y|

Chkead B write | L3 STESF chat | [Wshop BB internet | B aoLrelp || PP my Favorites (B8 radio Parental ¥y oo ind Me

[_channels | [ AOLKeyword | | <] o G Ihﬂp:ﬂ\v\fww.trc:.nis‘t.govfdataﬂcedQDDSMB.ﬂmJ]eUQSBDQB.me j | Search

<?xml wersion="1.0" encoding="UTF-8" 7=

<!-- Created by Guided Data Capture (GDC) Software (http://vww.trc.nist.gov) -->
- «<DataReport xmins: zsi="http:/ fveww w3 .0org/2001/XMLSchema-instance" xsi:noMamespaceSchemalocation="ThermoML.xsd">
- «Citationz>
- «TRCReflD>

<y rPub=2003 </ yryrPub=
<shuthorlzouy</sAuthorl>
<shauthor2zhua</sauthor2s
shauthorn=0<//nauthorns

</ TRCRefID=

<eTypexjournal</eTypex

<eSourceTypex=0riginal</eSourceTypex

<sauthor=0uyang, G.[Gangfengl</sauthor>

=shuthor=Huang, Z.[Zhongqil</s4uthor>

<siuthor=0u, J.[Jiaminl</sauthor=

<sauthor=Wu, W.[Wenqian]</sauthors>

<sauthor=Kang, B.[Beishengl</sauthors

<sPubMame=1. Ghem. Eng. Data</sPubMamez

<yrPubYr=2003</yrPubYr=

«hateCit>2003-01-09</dateCit>

=sTitlex=Excess Molar Yolumes and Surface Tensions of Xylene with 2-Propanol or 2-Methyl-2-propanol at 298.15 K</sTitlex>

<shbstract>=Densities for binary mixtures of {2-propanol + o-xylene, + m-xylene, + p-xylene, 2-methyl-2-propanol + o-
xylene, + m-xylene, + p-xylene) have been determined at 298.15 K and excess molar volumes have been derived.
Surface tension of these binary mixtures have been measured at 298.15 K by the pendant drop method and the values of
the surface tension deviation for these mixtures were also calculated.</sabstract>

<skeyword=Density</skKeyword>

<skeyword=Surface tension</skeywords

<skeyword=Xylene</sKeyword:=

<skeyword=2-Propanol«/sKeyword>

=skeyword>2-Methyl-2-propanol</sKeyword>

<shol=48</sVol=

<sPage>195-197</sPage>

</Citation=
- «<Compound:
— =Banhklirm=: j
Done IFJ Blocking Pop-ups | 1
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&3 N2, ThermoML*, JICED', 2003 files', JCED 2003-1

File Edit ‘iew Favorites Tools Help

P Back - = - | @ search [ Folders @l 305 = = | [~

Address Ia WA ThermarL ICEDY, 2003 files) ICED 2003-1

Open
Refresh Thumbnail

je020191g.xml je0256028, xml

Scan For Viruses, .,

Make Available CFfline
op b
5 Add ta Zip
) Add to je0256100.2ip

Encrypt and Sign
Secure Far List
Entrust Advanced

Intermet Explorer

trlo

Microsoft Excel For Windows
WwordPad

Choose Program. ..

Send To

Cuk
Copry

Create Shorbout
Delete
Rename

Properties

|
st AR e BEEE & ”

| Sesimbra...l E]IPACT... | IUPACTh...l @Thermom...”@muher“.

(B Local intranek

miE hEE

1:12 PM
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E4 Microsoft Excel - Otemp.htm

J File Edit Miew Insert Format Tools Data Window Help _|E|5|
IDEE SRAY | {BR - &= 68 M@ 2 -0 - BIUSEEE|S %, W DAL
16 | =
A | B [ ¢ T o [TE T F [ &6 [ H [ T [ 1
Excess Molar Volumes and Surface Tensions of Xylene
| 1 \with 2-Propanol or 2-Methyl-2-propanol at 298.15 K
2
| 3 |G. Ouyang, Z. Huang, J. Ou, W. Wu and B. Kang
4
| 5 |J. Chem. Eng. Data 48 195-197
4]
7 Compounds studied in this report
5} Name Molecular Formula Registry Number
9 |1 2-dimethylbenzene CBH10 95476
10 |1 3-dimethylbenzene CBH10 1058333
11 |1 4-dimethylbenzene CBH10 106423
12 |2-propanol C3H30 57630
13 |2-methyl-2-propanal C4H100 75650
14
15
16| Result Set #1
17|
| 18 |Measurement of:
| 19 | Specific density, kg/m3
| 20 |Method: Yibrating tube method
| 21 |Phasge: Liguid
22
| 23 |For compound:
| 24 |1 2-dimethylbenzene { CBH10 )
25
| 26 | With the constraint:
| 27 |Pressure, kPa = 101325
28
|29 Specific density, kg/m3
30 [Temperature, K Liguid
31 298.15 575.92
[« [» [»i}0temp [4] -
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Current Project

Commitiee on Printed and Electronic Publications

Number: 2002-055-3-024

Title: X3 L-based ITPAC Standard for Ezperimental and
Critically Evaluated Thermodynamic Property Diata Storage and
Capture

Task Group
Chairman: I, Frenkel

Members: E . Marsh, "W A Walkeham, I H Dwimond, = E.
otein, and B Eoemgsherser

Completion Date: 2004

Ohjective:
It 1z mtended to create an 2B L -based dictionary for storage and
exchange of thermophysical and thermochemical data based on




'5 ThermoML - Microsoft Internet Explorer
File Edit View Favorites Tools Help n
4= Back - D[4 & | Qoearch GEFavorites Gmeda (8| By S E

Address ||F_‘_$|http:II',I'www.iupac.org||'namespacesIThermnr\’ILIindex.html j G0 | Links >

ThermoML

ThermoML - An XML-based IUPAC Standard for
Thermodynamic Property Data

"ThermoML" is reserved namespace for the XML-based IUPAC standard for experimental and critically-evaluated thermodynamic property data storage
and capture being developed under the IUPAC project 2002.055-3.024 (M. Frenkel, Task Group Chairman, J. H. Dymond, E. Koenigsherger, K. N. Marsh, 5.
E. Stein, W. A. Wakeham- members).

This project is conducted as one of the activities of the JUPAC Committee on Printed and Electronic Publications {(CPEP], L. Glasser, Chairman; A. N.
Davies, Secretary.

ThermaML covers essentially all experimentally determined thermodynamic and transport property data (mare than 120 properties) for pure compounds, multicompaonent
mixtures, and chemical reactions (including change-of-state and equilibrium). Although the facus of ThermoML is properties determined by direct expetimental
measurement, ThermohL does cover key derived property data such as azeotropic properties, Henry's Law constants, vinal coefficients (for pure compounds and mixtures),
activities and activity coefficients, fugacities and fugacity coefficients, and standard properties derived from high-precision adiabatic heat-capacity calorimestry.

The ThermoML structure represents a balanced combination of hierarchical and relational elements. The ThermoML schema structure explicitly incorporates structural
elements related to basic principles of phenomenalogical thermadynamics: thermochemical and thermophysical (equilibrium and transport) properies, state vanables,

system constraints, phases, and units. Meta- and numerical-data records are grouped into ‘nested blocks' of information comesponding to data sets. The metadata records |
precede numerical data information, providing a robust foundation for generating ‘header' records for any relational database where ThermohL-formatted files could be
incorparated. The structural features of the ThermaML metadata records ensure unambiguous interpretation of numerical data as well a5 data-guality control based an the
Gibbs Phase Rule.

The framewark of the ThermoML has been described in details in the article "ThermobdL - an XML -based Approach for Storage and Exchange of Experimental and Critically
Evaluated Thermophysical and Thermochemical Property Data. 1. Experimental Data" by M. Frenkel, B. D. Chirica, . %. Diky, Q. Dong, 3. Frenkel, P. R. Franchois, D. L.
Embry, T. L. Teague, K. N. Marsh, and R. C. Wilhait, published in the Jowmal of Chemical and Engineering Data (2003, 48, 2-13). The expression of uncertainty requires

clear definition of a variety of quantities and terms. Expansian of the ThermoML framewark for the expression of uncertainties of thermodynamic properties (including

definitions and descriptions of the standard uncertainties, cambined uncertainties, expanded uncertainties, and various measures of the precision) conform to the Guide 1o

the Expression of Uncertainty in Measurement, |50 (International Organization for Standardization), October, 1933 as well as the . 5. Guide to the Expression af

Uncertainty in Measurement. This expansion has been described in details in the article "ThermobL - an ®ML-based Approach for Storage and Exchange of Experimental = |

A& | http: ffpubs. acs. orgfegi-binfabstract, cgifjceasx 2003/48/i01 /abs/je0256450. htrl 0 Internet
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Three-tier Web Database

Process Flow

PUBLIC DOMAIN IN-HOUSE
DISTRIBUTION FIREWALL PROCESS DEVELOPMENT

Web Browser to Results on Web Browser to Results on

Responding Web Page = OFF-LINE Responding Web Page
Retrieval
NISTATL download
Form Client : Form Client = NIST/TRC
Active Active
Second Tier Server Server
Page Page
(ASP) (ASP)
Form Form
Runtime Runtime
WEB SERVER WEB DEVELOPMENT
SERVER
NET NET
First Tier
OFE-LINE

- % -
NIST/ITL ORACLE Data Transfer ORACLE NIST/TRC
Dissemination MS ACCESS ; MS ACCESS In-House
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ILThermo

* A key part of the IUPAC data retrieval system for
ionic liquids

« Web-based relational database

 Addresses thermodynamic, thermochemical,
thermophysical and chemical reaction data for ionic
liquids

« Significant effort is proceeding to fully populate the
database

Chemical Science and Technology Laboratory ©7.
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N Search & Retrieval — Overview

» Ions and ionic liquids
» Compositional relations
- lon structures

Ions and

ionic liquids

Property data for

pure ionic liquids Information displayed.:
» Ions

» Ion structures

Property data for 7 Ionic liquids
binary ionic liquids » Compositional relations
» Property data index
» Property/substance data summary
% Specific property data
Property data for  Specific measurement methods
ternary ionic liquids 7 Specific measurement purpose
= + Specific purity and purification
*» Bibliography

Property data for
reaction

7

Chemical Science and Technology Laboratory ©7.7
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Search & Retrieval - Methods

e Search Methods

— lons
« CASRN
e Formula
* Charge
« Names

— lonic Liquids
« CASRN
e Formula
 Molecular mass
« Names

— Property

— Blbllography
Author’s name
e Journal title
« Article title
* Year of publication
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@--§0® ‘D http://132. 163. 193.215:3989/ILNov27_1-ViewContraller-context-rootfintronew.Lix V‘ @ s ‘@, |

[UPAC lonic Liquids Database J '&9 C)

Home Contactus Help

- (ILThermo)
‘imim Pure I Binary I Ternaw

» [UPAC lonic
Liquids Datahase IUPAC lonic Liquids Database is an open-access, free, on-line,
* Thermadynamics comprehensive database for storage and retrieval of metadata
Research Center and numerical data for ionic liquids, including their syntheses,
structures, properties, and uses.

+ National Institute
of Standards and

Technology

—/ Property Data for lonic Liquids

lons lonic Liquids Property Literature

Property Data for Binary Mixtures Containing
lonic Liquids
lons lonic Liquids Property Literature

Property Data for Ternary Mixtures Containing
lonic Liquids
lons lonic Liquids Property Literature

Search lons or lonic Liquids
lons lonic Liquids

About Search Methods

Main Menu | Pure | Binary | Ternary | Home | Contactus | Help
Copyright MIST 2005 Privacy Statement




NSI Multilevel Master/ Detail Views for Ionic Liquids

List of Cation or
Anion - Master

List of Ionic
Liquids
— Detail/Master

List of Properties
— Detail/Master

List of Data Sets
— Detail/Master

Each record of the Master contains
subordinate information that is
displayed in the subsequent detail
views

~Measurement and
Purity -Detail

- Values - Detail |

Property Data

Literature
— Detail
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IUPAC lonic Liquids Database ® & @
_(ILThermo} Home Confdu: @p_

Main Menu 1 Pure Binary Ternary A

By ions | By Compounds | By Property | By literature

Search property data by lons
To browse ions, select entries in the following tables OR start new search with search criteria [ Search

Available Cations or Anions:

lonic
Charge |lonic Names
-1 Borate(1-). tetrafluoro- : Fluoroborate; Tetrafluoroborate: Tetrafluoroborate (BF41-). Tetrafluoroborate anion: Tetrafluoroborate(1-):

bt -1 Bromide : Bromide (Br-); Bromide anion; Bromide ion; Bromide ion (Bri-). Bromide ion(1-}; Bromide(1-); Bromine ion; Bromine ion(1-); Bromine(1-); Bromine, ion (Bri-);

Hydrobromic acid, ion{1-};
98837980 C2FBN0O452 -1 Bis(perfluoromethylsulfonyl)imide; Bis(trifluoromethylsulfuryl)imide; Methanesulfonamide, 1.1, 1-trifluoro-MN-[(trifluoromethyl}sulfonyl]-, ion{1-) ;
37181398 CF3035 -1 Methanesulfonic acid, trifluoro-, ion(1-) ; Triflate; Triflate anion; Triflate ion ((CF3503)-); Trifluoromethanesulfonate; Trifluoromethanesulfonate ion;

Triflucromethanesulfonate(1-); Triflucromethanesulfonic acid ion(1-); Triflucromethylsulfonate;
16887006 CI -1 chloride ion;
16919189 FGP -1 Hexafluorophosphate; Hexafluorophosphate ion; Hexafluorophosphate(1-); Hexafluorophosphate(1-) ion; Phosphate(1-), hexafluoro- ;

85100829 C10H19M2
178631033/C12H23N2
45428103 C16H3ITNZ
45470324 C5HIMZ2
65039034 CEH11MZ
131097159|CTH13N2
80432082 C8H15M2
157310708/ CBH15N2
45806959 CO9H14M
108203890/ COH1TNZ

1-Hexyl-3-methylimidazolium; 3-Hexyl-1-methylimidazolium: 1H-Imidazolium, 1-hexyl-3-methyl- ;

1H-Imidazolium, 1-methyl-3-octyl-

1H-Imidazolium, 1-dodecyl-3-methyl-;

1,3-Dimethylimidazolium; 1H-Imidazolium, 1,3-dimethyl- ;

1-Ethyl-3-methylimidazolium; 1-Methyl-3-ethylimidazolium; 1H-Imidazolium, 1-ethyl-3-methyl- ; 3-Ethyl-1-methylimidazaolium:
1.2-Dimethyl-3-ethylimidazolium; 1-Ethyl-2.3-dimethylimidazolium: 1H-midazolium, 1-ethyl-2 3-dimethyl- ;
1-Butyl-3-methylimidazolium: 1H-Imidazolium. 1-butyl-3-methyl- ;

1.2-Dimethyl-3-propylimidazolium; 1H-Imidazolium, 1.2-dimethyl-3-propyl- ;

1-Butylpyridinium; Pyridinium, 1-butyl-;

Q|0|0|0|C(0|C|0|0|0|0|0] 0|0

1-Butyl-2, 3-dimethylimidazolium; 1H-Imidazolium, 1-butyl-2 3-dimethyl- ; 3-Butyl-1,2-dimethylimidazolium;

CASRN |  Structure |
=

F—B—F

14874705 F

lonic liquid{s) Containing the lon - 14874705
Selectf CASRN|Chemical Formula|Molec.Weight|lonic Liquid Name |

& 143314163 CEH11BF4N2 197.97 1-ethyl-3-methylimidazolium tetrafluorcborate; 1H-imidazolium, 1-ethyl-3-methyl-, tetrafluorchorate(1-) ; [EMIM][EF4];
O 174501656 CBH15BF4N2 226.03 1-butyl-3-methylimidazolium tetrafluoroborate: 1H-imidazolium, 1-butyl-3-methyl-, tetrafluoroborate(1-) ; [BMIM][BF4]:
O 203389280 CIH14BF4N 22302 MN-butylpyridinium tetrafluoroborate; pyridinium, 1-butyl-. tetrafluoroborate(1-) ;

TP Pl L AP == ] ACA no B T A S T TS S TN - SN T
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lonic liquid{s) Containing the lon - 14874705
Select| CASRN|Chemical Formula/Molec.Weight|lonic Liquid Name |

® 143314163 |/C6H11BF4N2 197.97 1-ethyl-3-methylimidazolium tetrafluoroborate; 1H-imidazolium, 1-ethyl-3-methyl-, tetrafluoroborate(1-) ;. [EMIM][BF4]:
174501656 CBH15BF4N2 226.03 1-butyl-3-methylimidazolium tetrafluoroborate; 1H-imidazolium, 1-butyl-3-methyl-, tetrafluoroborate(1-) ; [BMIM][BF4]:
© 203389280 CI9H14BF4N 223.02 MN-butylpyridinium tetrafluoroborate; pyridinium, 1-butyl-. tetrafluoroborate(1-) ;

244193508 C10H19BF4N2 254 08 1-hexyl-3-methylimidazolium tetrafluoroborate;

O 244193520 C12H23BF4N2 28213 1-methyl-3-octylimidazolium tetrafluoroborate: 1-octyl-3-methylimidazolium tetrafluoroborate;

lons constituting the ionic liquid - 143314163

IF2

| CASRN|FurmuIa|Iunic Charge|lunic Name Structure
=

_F T+3_F_
14874705 BF4 -1 Borate(1-), tetrafluoro- ; Fluoroborate; Tetrafluoroborate; Tetrafluoroborate (BF41-); Tetrafluoroborate anion; Tetrafluoroborate(1-); F

/=

—*HN

\.//N\v/

65039034 CEH11M2 1 1-Ethyl-3-methylimidazolium; 1-Methyl-3-ethylimidazolium: 1H-Imidazolium, 1-ethyl-3-methyl- ; 3-Ethyl-1-methylimidazaolium;

Available Properties for the lonic Liquids - 143314163

Seleg ey |De£criptil}n |References Data Points
<°' Heat capacity at constant pressure, J/{K.mol) 1 14
Fhase whange Enthalpy Enthalpy of transition or fusion, kJ/mal 1 1
@ Thermal Properties Thermal conductivity, VW/(m.K) 1 10
' Transport Properties Viscosity, Pa.s 2 8
' Temperature Mormal freezing point, K 1 1
' Wolumetric Properties  Specific density, kg/m*™3 2 g

Data Summary

Property: Heat capacity at constant pressure, J/{(K.maol)
Compound:  Name - 1-ethyl-3-methylimidazolium tetrafluoroborate; 1H-imidazolium,
1-ethyl-3-methyl-, tetrafluoroborate(1-) ; [EMIM][BF4];
CASRN - 143314163 Formula - CEH11BF4N2
Total References: 1
Total Data Points: 14

References and Data Sets
Select|"|’ear Pub.|Auth|}r5 Data Set|Data Type |Variablel ‘U’ariable2|Phase1|Phase2|Pha533|

® 2005  Van Walkenburg, M. E_; Vaughn, R. L_; Williams, M.; Wilkes, J. S. 1 One Variable Temperature, K Liquid

Purity and Measurement



Copyright Qracle 2004

) &
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References and Data Sets
Select|"|'ear Pub.|Author5 Data Set|Data Type |Variablel ‘U’ariableZlPhase1|Phase2|Pha5&3|
® 2005  Van Walkenburg, M. E_; Vaughn, R. L_: Williams, M.; Wilkes, J. S. 1 One Variable Temperature, K Liquid

Purity and Measurement

Source: Synthesized by the author

Initial Purity: Mot stated

Purification: Mot stated

Final Purity: 99 mol %, .065water mass %.113 halide impurity mass %
Purity Analysis: Spectroscopy, ki Acid-base titration

Measurement Purpose: Direct observation
Measurement Method: Small sample (50 mg) DSC

Selected Data Set (Property/Uncertainty - Heat capacity at constant pressure, J/{K.mal) )

Year Pub.|DataSet| Temperature, K |Pr0perty ‘ul'alue|Uncerlainty|

2005 1 2731 244 492 4.949
2005 1 2831 247 462 4.949
2005 1 2931 250.036 4.949
2005 1 3031 252213 4.949
2005 1 3131 253.995 5147
2005 1 3231 255579 5147
2005 1 333.1 256767 5147
2005 1 343.1 257 558 5.147
2005 1 3531 258152 5147
2005 1 363.1 258.152 5147
2005 1 373.1 257 954 5147
2005 1 3831 257.361 5.147
2005 1 3931 256.569 5147
2005 1 403.1 255183 5147
Selected Reference
| Year Pub. |Au1hor5 Source
2005 Van Walkenburg, M. E.; Vaughn, R. L.; Williams. M.; Wilkes, J. S. Thermochim. Acta 425 . 181-188

Title: Thermochemistry of ionic liquid heat-transfer fluids

Keywords: lonic liquid; Heat capacity; Heat transfer; Thermal conductivity; Thermal stability

Abstract: Large-scale solar energy collectors intended for electric power generation require a heat-transfer fluid with a set of properties not fully met by currently
available commercial materials. lonic liquids have thermophysical and chemical properties that may be suitable for heat transfer and short heat term storage in
power plants using parabaolic trough solar collectors. lonic liquids are salts that are liquid at or near room temperature. Thermal properties important for heat
transfer applications are melting point, boiling point, liquidus range, heat capacity, heat of fusion, vapor pressure, and thermal conductivity. Other properties
needed to evaluate the usefulness of ionic liquids are density, viscosity and chemical compatibility with certain metals. Three ionic liquids were chosen for study
based on their range of solvent properties. The solvent properties correlate with solubility of water in the ionic liquids. The thermal and chemical properties listed
above were measured or compiled from the literature. Contamination of the ionic liquids by impurities such as water, halides, and metal ions often affect physical
properties. The ionic liquids were analyzed for those impurities, and the impact of the contamination was evaluated by standard addition. The conclusion is that
the ianic liquids have some very favorable thermal properties compared to targets established by the Department of Energy for solar collector applications.

Main Menu | Pure | Binary | Temary | Home | Contact us | Help

>
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IUPAC lonic Liquids Database
- (ILThermo)

By ions | By Compounds | By Property | By literature

Search Property Data by Reference

To browse literature, select entries in the following tables OR start new search with search criteria ( Mew Search )

Available Reference(s) Queried:

Selec‘ll‘l’ear_Pub.lAuthors | Source
2002  Gu. Z_; Brennecke, J. F. J. Chem. Eng. Data 47 , 339-345
2002 Krummen, M.; Wasserscheid. P.; Gmehling, J. J. Chem. Eng. Data 47 , 14111417
2003  Domanska, U.; Marciniak, A. J. Chem. Eng. Data 45 , 451-456
2003  Letcher, T. M.; Deenadayalu, M. J. Chem. Thermodyn. 35 (1), 67-76
2003  Letcher. T. M.; Deenadayalu, MN.: Soko, B.; Ramjugernath. D_; Naicker. P. K. J. Chem. Eng. Data 48 , 904-307
2004  Arce, A_; Rodriguez, O_; Soto, A. J. Chem. Eng. Data 49 , 514-517

2004  Domanska, U.; Mazurowska, L.

2004 Kim, K.-S_; Shin, B.-K_; Ziegler, F.
2004  Letcher, T. M.; Reddy, P.

2005  Letcher, T. M.; Reddy, P.

O|C|0|C|0|0|0|®|0|C|0|C|0|0|0|C

2004 Fredlake. C. P.: Crosthwaite, J. M_: Hert, D. G_; Aki, S. N. V. K_; Brennecke, J. F.
2004  Kabo, G. J.; Blokhin, A. V_; Paulechka, ¥. U_; Kabo, A. G_; Shymanovich, M. P_; Magee, J. W.

2004  Zhang, 5.; Li, X_; Chen, H.; Wang, J.; Zhang, J.; Zhang, M.

2005 Kumelan, J.; Kamps, A. P.-5_; Tuma, D.: Maurer, G.

2005  Van Valkenburg, M. E.; Vaughn, R. L.; Williams, M_; Wilkes, J. 5.
2005  de Azevedo. R. G.; Esperanca. J. M. 5. 5.; Szydlowski, J_; Visak, Z. P_; Pires, P. F.; Guedes. H. J. R.; Rebelo, L. P. N_J. Chem. Thermodyn. 37 , 888-899

Fluid Phase Equilib. 221 | 73-82

J. Chem. Eng. Data 49 , 954-964

J. Chem. Eng. Data 49 , 453461

Fluid Phase Equilib. 218 | 215-220
Fluid Phase Equilib. 213, 107-112

J. Chem. Eng. Data 49 , 760-764

Fluid Phase Equilib. 228-229 | 207-211
J. Chem. Thermodyn. 37 | 415-421
Thermochim. Acta 425 | 181-188

Froperties and Compounds Reported in ref - 2004 - Kabo, G. J; Blokhin, A. V_; Paulechka, ¥. U.; Kabo, A. G_; Shymanovich, M. P_; Magee, J. W.

Selectl Property_Category | Description

|Data_Points|CASRN

|ChemicaI_F0rmuIa|Names

' Heat Capacity Heat capacity at

saturation, J/(mol K)

{31 Thermal Properties  (H-HONT. J/(K.mol)

' Phase Change
Enthalpy

Enthalpy of transition
or fusion, kJ/mol

' Thermal Properties  Entropy. J/(K.mal)

O Temperature Triple point, K

' Volumetric Properties Specific density,
kg/m*™*3

364 174501645 CBH15FBN2P

49 174501645 CBH15FBN2P

1 174501645 CBH15FBN2P

49 174501645 CBH15FBN2P

1 174501645 CBH15FBN2P

10 174501645 CBH15FBN2P

1-M-butyl-3-methylimidazolium hexafluorophosphate; 1-butyl-3-methylimidazolium hexaflourophosphate:
1-butyl-3-methylimidazolium hexafluocrophosphate; 1H-imidazolium, 1-butyl-3-methyl-,
hexafluorophosphate(1-) ;

1-M-butyl-3-methylimidazolium hexafluorophosphate; 1-butyl-3-methylimidazolium hexaflourophosphate:
1-butyl-3-methylimidazolium hexafluorophosphate; 1H-imidazolium, 1-butyl-3-methyl-.
hexafluorophosphate(1-) ;

1-M-butyl-3-methylimidazolium hexafluorophosphate; 1-butyl-3-methylimidazolium hexaflourophosphate;
1-butyl-3-methylimidazolium hexafluorophosphate; 1H-imidazolium, 1-butyl-3-methyl-,
hexafluorophosphate(1-) ;

1-M-butyl-3-methylimidazolium hexafluorophosphate; 1-butyl-3-methylimidazolium hexaflourophosphate:
1-butyl-3-methylimidazolium hexafluocrophosphate; 1H-imidazolium, 1-butyl-3-methyl-,
hexafluorophosphate(1-) ;

1-M-butyl-3-methylimidazolium hexafluorophosphate; 1-butyl-3-methylimidazolium hexaflourophosphate:
1-butyl-3-methylimidazolium hexafluorophosphate; 1H-imidazolium, 1-butyl-3-methyl-.
hexafluorophosphate(1-) ;

1-M-butyl-3-methylimidazolium hexafluorophosphate; 1-butyl-3-methylimidazolium hexaflourophosphate;
1-butyl-3-methylimidazolium hexafluorophosphate; 1H-imidazolium, 1-butyl-3-methyl-,
hexafluorophosphate(1-) ;

5 *
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Selected Data Set (Property/Uncertainty - (H-HO)YT, J/(K.mol))
DataSet| Temperature, K |Pruperty Value|Uncertainty|

Copyright Oracle 2005

=l alamlalalamlaala|alama|alaala|alm|alalalalam|lalalalalam|aalaaa|=

5
10
15
20
25
30
3l
40
45
50
60
70
g0
90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
283.51

0.24603
1.92579
5.66128
10.8338

16.737
22 5648
28.0177
34.7628
40.3335
45.6132
55.2996
63.95965
71.9202
79.2452
86.1379
92.7064
98.9422
105.012
110.815
116.515
122.555
128.292
134.029
139.766
145.503

151.24

157.06
162.797
168.451
174.188
179.542
185.579
191.316
193.311

0.0254
0.052
0.1014
0.15
0.191
0.216
0.24%
0.274
0.299
0.333
0.374
0.424
0.457
0.515
0.58
0.58
0.58
0.58
0.67
0.67
0.67
0.75
0.75
0.75
0.75
0.831
0.831
0.831
0.915
0.915
0.915
0.915
0.998
0.998

Main Menu | Pure | Binary | Ternary | Home | Contactus | Help
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IUPAC lonic Liquids Database B & Q
Home Contactus Hel

- (ILThermo) . =

hain Menu Pure Binany Ternary

By ions | By Compounds | By Property | By literature

Search Property Data by Reference

To browse literature, select entries in the following tables OR start new search with search criteria ( Mew Search )

Available Reference(s) Queried:

Selec‘ll‘l’ear_Pub.lAuthors | Source
O 2002  Gu, Z; Brennecke, J. F. J. Chem. Eng. Data 47 , 339-345
O 2002 Krummen, M.; Wasserscheid, P.; Gmehling, J. J. Chem. Eng. Data 47 , 1411-1417
O 2003  Domanska, U.; Marciniak, A. J. Chem. Eng. Data 48 , 451-456
O 2003  Letcher, T. M.; Deenadayalu, M. J. Chem. Thermodyn. 35 (1), 67-76
O 2003  Letcher, T. M.; Deenadayalu, M_; Soko, B.; Ramjugernath, D.; Maicker, P. K. J. Chem. Eng. Data 45 , 904-907
O 2004  Arce, A.; Rodriguez. O_; Soto, A. J. Chem. Eng. Data 49 , 514-517
O 2004  Domanska, U.; Mazurowska, L. Fluid Phase Equilib. 221 | 73-82
O 2004  Fredlake, C. P_; Crosthwaite, J. M_; Hert, D. G_; Aki, 5. N. V. K_; Brennecke, J. F. J. Chem. Eng. Data 49 , 954-964
= 2004  Kabo, G. J.; Blokhin, A. V_; Paulechka, . U.; Kabo, A. G_; Shymanovich, M. P_; Magee, J. W. J. Chem. Eng. Data 49 , 453461
O 2004  Kim, K.-5.; Shin, B.-K_; Ziegler, F. Fluid Phase Equilib. 218 | 215-220
) 2004  Letcher, T. M.; Reddy, P. Fluid Phase Equilib. 219 , 107-112
O 2004  Zhang. S Li, X.: Chen, H.; Wang, J.; Zhang. J.; Zhang, M. J. Chem. Eng. Data 49 , 760-764
O 2005  Kumelan, J.; Kamps, A. P_-S_; Tuma, D.; Maurer, G. Fluid Phase Equilib. 228-229 | 207-211
O 2005  Letcher, T. M.; Reddy, P. J. Chem. Thermodyn. 37 . 415421
O 2005  Wan Valkenburg, M. E_; Vaughn, R. L_; Williams, M_; Wilkes, J. 5. Thermochim. Acta 425 | 181-188
O 2005 de Azevedo, R. G_; Esperanca, J. M. S. S.; Szydlowski, J_; Visak, Z. P.; Pires, P. F_; Guedes. H. J. R.; Rebelo, L. P. M. J. Chem. Thermodyn. 37 , 888-839

Properties and Compounds Reported in ref - 2004 - Kabo, G. J; Blokhin, A V_; Paulechka, Y. U ; Kabo, A. G_; Shymanovich, M. P_; Magee, J W.

Selec‘ll Property_Category | Description | Data_Pl}intsl CASRN

|ChemicaI_Fl}rmuIa|Names

& Heat Capacity Heat capacity at 364 174501645 C8H15F6N2P

saturation, J/{mol.K)

O Thermal Properties  (H-HO)T. J/{K_mol) 49 174501645 CBH15FEN2P

' Phase Change Enthalpy of transition 1 174501645 CEH15FBNZP

Enthalpy or fusion. kd/mol
' Thermal Properties  Entropy, J/(K.mal) 49 174501645 C8H15F6N2P
O Temperature Triple point, K 1 174501645 C8H15F6N2P
' Volumetric Properties Specific density, 10 174501645 C8H15FEN2P
kg/m™*3

1-M-butyl-3-methylimidazolium hexafluorophosphate; 1-butyl-3-methylimidazolium hexaflourophosphate;
1-butyl-3-methylimidazolium hexafluorophosphate; 1H-imidazolium, 1-butyl-3-methyl-,
hexafluorophosphate(1-) ;

1-M-butyl-3-methylimidazolium hexafluorophosphate; 1-butyl-3-methylimidazolium hexaflourophosphate;
1-butyl-3-methylimidazolium hexafluocrophosphate; 1H-imidazolium, 1-butyl-3-methyl-,
hexafluorophosphate(1-) ;

1-M-butyl-3-methylimidazolium hexafluorophosphate; 1-butyl-3-methylimidazolium hexaflourophosphate:
1-butyl-3-methylimidazolium hexafluorophosphate; 1H-imidazolium, 1-butyl-3-methyl-.
hexafluorophosphate(1-) ;

1-M-butyl-3-methylimidazolium hexafluorophosphate; 1-butyl-3-methylimidazolium hexaflourophosphate;
1-butyl-3-methylimidazolium hexafluorophosphate; 1H-imidazolium, 1-butyl-3-methyl-,
hexafluorophosphate(1-) ;

1-M-butyl-3-methylimidazolium hexafluorophosphate; 1-butyl-3-methylimidazolium hexaflourophosphate:
1-butyl-3-methylimidazolium hexafluocrophosphate; 1H-imidazolium, 1-butyl-3-methyl-,
hexafluorophosphate(1-) ;

1-M-butyl-3-methylimidazolium hexafluorophosphate; 1-butyl-3-methylimidazolium hexaflourophosphate:
1-butyl-3-methylimidazolium hexafluorophosphate; 1H-imidazolium, 1-butyl-3-methyl-.
hexafluorophosphate(1-) ;
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lons constituting the ionic liquid - 174501645

|CASRN |ChemicaI_FurmuIalCharge|Names

16919189 F6P

80432082 CaH15N2

Data Summary

-1 Hexafluorophosphate: Hexafluorophosphate ion; Hexafluorophosphate(1-); Hexafluorophosphate(1-) ion; Phosphate(1-).

hexafluoro- ;

1 1-Butyl-3-methylimidazolium; 1H-Imidazalium, 1-butyl-3-methyl- ;

Property: Heat capacity at saturation, J/(mol.K})

Compound:

CASREN -

Total Data Points: 364

References:

174501645

Source - J. Chem. Eng. Data 49 | 453-461

Title - Thermodynamic Properties of 1-Butyl-3-methylimidazolium Hexafluorophosphate in the Condensed State

Year and Authors - - 2004 ; Kabo, G. J.; Blokhin, A. V_; Paulechka, Y. U_; Kabo, A. G Shymanaovich, M. P_; Magee, J. W.

MName - 1-N-butyl-3-methylimidazolium hexafluorophosphate; 1-butyl-3-methylimidazolium hexaflourophosphate; 1-butyl-3-methylimidazolium
hexafluorophosphate; 1H-imidazolium, 1-butyl-3-methyl-, hexafluorophosphate(1-) ;
Formula - C8H15FBN2P

Abstract - Thermodynamic functions for 1-butyl-3-methylimidazolium hexafluorophosphate ([C4mim][PF&]) were reported in a range of
temperatures from (5 to 550) K, based on new measurements by calorimetry. Heat capacities of the crystal, glass and liquid
phases for [C4mim][PF&] were measured with a pair of calorimeters. A vacuum-jacketed adiabatic calorimeter was used at
temperatures between (5 and 310) K and a triple-heat bridge scanning calorimeter was used from (300 to 550) K. With the
adiabatic calorimeter, both the fusion temperature (283.51 K) and enthalpy (19.60 kJ.mol-1) and the glass transition temperature
(190.6 K) were observed. The purity of the [C4mim][PFE] sample was determined to be 99 .56 mal % by a fractional mefting
analysis. Densities of the liquid were measured in a range of temperatures from (298 to 353) K with a pycnometer equipped with a
capillary neck. An unexpected endothermal transition, with a very small enthalpy change of 0.25 J;g-1 (0.071 kJimol-1) was
observed in a range of temperatures from (394 to 412) K. Heat capacity jumps were determined at the glass transition, 81.6

J K-1.mol-1, and fusion, 44 8 J K-1.mol-1, and the observed entropy change at fusion is 69.23 J K-1.mol-1.
Keywords - heat capacity, thermodynamic functions, 1-butyl-3-methylimidazolium hexafluorophosphate

References and Data Sets
Select|Data Type |Data Set|‘d'ariable1

O|0|0|C 0@

Variable2|Phase1|Phase2|Phase3)|

One Variable
One Variable
One Variable
One Variable
One Variable
One Variable

1

2
3
4
5
6

Temperature,
Temperature,
Temperature,
Temperature,
Temperature,
Temperature,

AN A A A

Crystal
Liquid
Glass
Crystal
Liquid
Glass

Gas
Gas
Gas
Gas
Gas
Gas



File Edit View Go Bookmarks Tools Help

o|El

<;E| = I::;’ =" @ |.__.-.| @ ||_| http:/f132, 163, 193, 215:8989/ILTherma July 28-ViewController-context-root /purerefs. uix V| @ Go |G1,

# Getting Started @ Latest Headlines

Purity and Measurement

Source: Commercial source

Initial Purity: Not stated

Purification: Dried by heating in a vacuum

Final Purity: 99.56 mal %

Purity Analysis: Thermal analysis using a calorimeter

Measurement Purpose: Direct observation
Measurement Method: Small (less than 1 g) adiabatic calorimetry

Selected Data Set (Property/Uncertainty - Heat capacity at saturation, J/{maol.K))
© Previous | 125 of 137 [ Next 26 &
DataSei Temperature, K |Prnperty Value| Uncertai n.ty|

1 513 1.06508 0.033
1 541 123054 0.036
1 567 1.405815 0.038
2 597 1.62543 0.042
2 6.29 1.92729 0.048
1 6.6 2.26403 0.051
1 6.91 2.56585 0.055
1 723 239404 0.08
1 7.58 3.43471 0.066
1 1.92 3.84794 0.072
1 8.28 4.39503 0.079
Z 8.66 4.98951 0.0865
2 9.07 5.73943 0.0956
1 9.49 6.476864 0.1039
1 9.92 7.35166 0.1139
1 10.35 8.19474 0.123%
1 10.75 9.00457 0.133
1 1118 10.0439 0141
1 11.74 112911 0158
z 12.32 125715 0.166
i 12.92 14.0847 0.183
1 13.56| 16.7227 0.2
1 14.2 17.2608 0.2186
1 14.85 19.0568 0.233
1 15.51 20.7612 0.241

@ Previous | 1-26 of 137 || Next 26 &
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Statistics for ILThermo August 4, 2005

 Last populated August 4, 2005

« Collection consists of pure ionic liquids, binary systems containing
ionic liquids, and ternary systems containing ionic liquids.

« Statistical data with break out by type of system:
(1) Pure component properties -- 1048 data points

* (2) Binary systems containing ionic liquids -- 2602 data points
 (3) Ternary systems containing ionic liquids -- 1145 data points
* (4) Overall, those data records cover:

. (@) 19 ionic liquids that are composed of 10 ions,

. (b) 137 binary systems

. (c) 50 ternary systems

. (d) 50 properties

. (e) 32 articles (JCED - 20, JCT- 4, Fluid Phase Equilib. - 7, and
Thermochim Act - 1)

. (f) 4795 total data points

Chemical Science and Technology Laboratory
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2"d Task Group Meeting

Beijing International Convention Center
Beijing, China August 12, 2005

 Present: Marcelle Gaune-Escard, Michael Frenkel, Joseph Magee,
Kenneth Marsh, Kenneth Seddon, Slobodan Gadzuric (observer)

e Structure and information input methods for ILThermo
- Guided Data Capture (GDC) software
- ThermoML IUPAC standard for storage and exchange of data
« Search and retrieval from ILThermo
* Public release of ILThermo — will follow internal review procedures

 Distributed access system — a desirable long-range goal with various
types of data being independently managed

« Coverage would include synthesis, catalysis, structure,
manufacturing, modeling as well as physical and chemical property
data with their associated uncertainties

* Avoid duplication of effort — populate ILThermo with high-temperature
molten salt data and coordinate efforts with other database developers

Chemical Science and Technology Laboratory



NsSCF

MINUTES OF SECOND IONIC LIQUIDS DATABASE MEETING
(#2003-020-2-100)

IUPAC GENERAL ASSEMBLY
BELJING INTERNATIONAL CONVENTION CENTER
BELIING, CHINA, 12" AUGUST 2005

PRESENT
Kenneth R. Seddon (Chair), Kenneth N. Marsh, Marcelle Gaune-Escard, Joseph W.
Magee, Michael Frenkel (members) and Slobodan Gadzuric (observer)

OPENING REMARKS

The Chair wel d all in ik pologies were offered from those umable o
attend, Introductions were made. The -|th\ Group expressed their thanks to UPAC-GA
organizers for hosting the meeting and logidical support for the L database task group
meeting.

DATABASE PROJECT UPDATE

Drs, Magee and Frenkel of NIST gave a detailed presentation on the structure and
input methods for the recently developed databmse, called ILThermo. The discussion began
with a review of the background and genesis of the project, as follows. Progress in utilizing
ionic liquids had been hampered by the lack of an open-access, p|||.1[i|. domain, comprehensive
data reme\nl system acoped to cover information pertaining to ionic liquids, Development of
such a d ture enc a number of complex issues related to data
submission, processing, mining, (|ua]||)- control, management, critical evaluation, and
dissemination. It is also obvious that such a sysem should provide coverage for varons types
of daia such as synthesis, catalysis, stmciure, manufactuning. modeling as well as
thermophysical and thermochemical property data. A broad-based imermational effort would
be needed to develop such an information system. Thus the present [UPAC project (2003-
020-2-100) fonric Liguids Database (K. R. Seddon (Task Group Chair), A. Burgess, M.
Frenkel, M. Gmme-Escard, A, Hemtz, J. W. Magee, K. N. Marsh, R. Sheldon (members)) was
formed (o address this need.

On January 26, 2004 the task group met 2t the Technical University of Delft (Delft,
Netherlands) to decide on a common vision for the project and to divide the data collection
effort amongst the participants. A second meeting had been deemed necessary when a
preliminary version of the database was ready for testing.

The discussion then turned to the preliminary version of the ionic liquids database and
exploring future tasks. In paticular, the relationship between the primary NIST molten salt
database and the new ionic liquids daabase was explored. The enormous mumber of
publications concerning ionic liquids in 2004 (approx. 2500 papers) and the foreseeable
growth expected in the future requires proper data collection, storage and retneval from
searchable electromic archives. The new database will be significantly more inclusive than
NIST Standard Reference Database 27: NIST Molten Salts Database that provides molten
state properties (densty, surface tension, viscosity, electrical conductance) for 320 inorganic
salts and 4,000 mixtures.

—————————— C hemical Science and Technology Laboratory
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Letter to Editor of C&EN

lonic liquid database

¥ COLLEAGUES AND I APPRECIATE
S TRENDS ALAR_M EN\”_' M yourvery fine article on organic syn-
- -m‘—I!r~E¥_,;-

thesis with ionic liquids (C&EN,
Now. 8, 2004, page 44). The article cov-
ered the subject with a depth thar is rarely
seen.

I strongly support the statement in the
article that “it is important to develop a
good database of all the information avail-
able on ionic liquids. Unless we have all this
information, the growth will be limited to
afewsectors.”

1 can also offer some information about
efforts that directly address the expressed
need. In 2003, an international effort was
launched through the International Union
of Pure & Applied Chemistry to meet this
important need. The IUPAC project
(Number 2003-020-2-100) is ticled “Ion-
ic Liquids Database.” The task group chair
is Kenneth R. Seddon of Queens Univer-
sity, Belfast, Northern Ireland. Task group
members, representing industry, academia,
and government, are Andrew Burgess,
Michael Frenkel, Marcelle Gaune-Escard,
Andreas Heintz, Joseph Magee, Kenneth
Marsh, and Roger Sheldon.

The project’s objective is to address the
need for an open-access, public-domain da-
ta storage system scoped to cover informa-
tion pertaining to ionic liquids. The vision
for this project is to create a distributed-ac-
cess data retrieval system for ionic liquids
and their mixtures that encompasses chem-
ical structure, solvent properties, ionic lig-
uids use in synthesis, reviews, reactions and
catalysis, manufacturer information, bench-
s L . mark properties and models, and thermo-
R Tk rthalad i = physical and thermochemical data.

fpomminsts 1 e ] i In January of 2004, the task group met

Lo i | ) in Delft, the Netherlands, to develop a
shared vision and to divide the data col-
lection effore among the participants.
More information on this project is avail-
able from IUPAC at http://www.iupac.
org/projects/2003/2003-020-2-100heml.
Josepn Macee
Boulder, Colo.

—————————— C hemical Science and Technology Laboratory
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Update to IUPAC Project Web Site

International Unien of Pure and Applied Chemistry

Fofd

—————————— C hemical Science and Technology Laboratory

of overall rtainties of the data, and will
facilitate reports of recommended values. Software has been
prepared that will automatically extract ionic liquids data
from the SOURCE system. Making this unique tool for
automatic data evaluation available to this project will

line the and pilation of

thermodynamic, th hemical and port prog of
ionic liquids.

When each sut p's data hag been piled into
agreed-upon formats, the parts will be combined into a beta
version of the entire databage, It then will be tested by a
wide range of users, whose comments will be solicited to
improve the product. When the ovements have been
implemented and tested, IUPAC Ionic Liquids Database
verston 1.0 will be released to the public. NIST will provide
web space with a single-entry point for all users of this
databage, and provide the tools to measure usage and
compile a monthly statistical report for the website, As part
of an ongoing it NIST will maintain this
database on a NIST server and update iis holdings on a
regular basis. Our long-range operating plan, built upon
continuous exchange and cooperation with both data
generators and users, will streamline the process of adding
new results and making further improvements better to serve
the needs of the ional chemistry Y.

Progress;
On January 26, 2004 the task group met at the Technical
University of Delft (Delft, Netherlands) to discusz a
common vision for the project and to divide the data

llection effort gst the participants. As an pl
M. Frenkel and J. Magee (leaders of the NIST team) were
assigned responsibility to develop (1) a Web outlet for the
gystem and (2) a storage and retrieval gystem for
thermophysical and thermochemical property data of ionic
Liguicls

Since the first Task Group meeting, there has been

sigm ficant progress o report, To date Moy 20050, the NIST
team has modified the Thermodynamics Research Center's
SOURCE database and the Guided Data Capture application
to facilitate the storage and retrieval of ionic liquids property
data and have created a web-based properties retrieval
system by using an Oracle Java Application Development
Frame. This system has been successfully deployed on an
Apache Jakarta Tomeat 5 Application Server impl ing
selected multi-tier architecture of the Web Oracle
dissemination infrastructure, Presently, search functionality
within the properties datal 1% und 1NE AROTONS
internal testing. An external lannch of the property database,

312005 12 &
873/2005 12:08 PM dofd

Btz e iipane. org project £ 2003/ 2003 -020-2- 100 html International Union of Pure snd Applied Chensistry

Tittpe/ v fupac. org rojects 2003/2003-020-2-100 htm]

named ILTHERMO, is anticipated for December, 2005
Also, other tagk group members are preparing their specfic
data holdings m anticipation that they will be interfaced with
the system Web outlet

Task group members will report their progress on their
individnal assignments and will discuss building the
linkages within the data retrieval system infrastructure at a
meeting scheduled in Begjing to be held in conjunction with
the 40th IUPAC Congress

Last update: 31 May 2005

<project announcement 1o be published in Chem. nt -

L you wani 1o update this information, contact us by
e-m
Do not forget to include the Project Number,
your name and relation with that project

Page last modified 31 May 2004

Copyright ©1997.200% International Unon of Pure and Applied Chemisry.

Cusestions or comments shout IUPAC, please comtact, the Seorstansl
Quastions reyarding the website, please contact wih sasay

8372005 12:08 PM
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Chapter in ACS Symposium Series 901
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Chapter 12

Joseph W, Magee', Gennady J. Kabo', and Michael Freakel’

) { Fluids G 4°Th Research
l:mr. Plydul and Chemical ?rupwtb Division, National Institute
of Standards and Technology, MS 834.07, 325 Broadway,
Boulder, CO B0305-3218

*Chemistry Dep State L 1,
Minsk 220050, Belarus

NIST has initiated & collsborative project to provide key
{pluysical properties of & subset of iomic liquids that represent &
selection of cations, anioes and substituent chemical groups.
NIST is collaborating with IUPAC task groups 1o establish
standardized sysiems and 1o develop & comprehensive dats
retrieval system for donde liguids.

160 U.5. govermment woek. Published 2005 American Chemical Society

—————————— C hemical Science and Technology Laboratory

161

By a judicious choice of its cation, anion, and substisent chemical groups,
it is posaible 1o txilor the physical properties of room-temperature fonic liquids
(RTIL). Varicus resesrch groups have reported physical properties for RTIL
aver ranges of temperature and pressure, including melting points, demities,
wiscosities, solubilities, Hquid-liquid phese equilibria, heat capacitics, ctc. A
beoad review of this subject has recently become available (/). To date, reports
dmpﬁnnﬂmmnﬁhu*ﬁmﬂmﬂmuﬂrmwlem
Benchmark physical properties of high sccuracy are scarcer still. For these
reasons, NIST has initisted a project 1o provide key physical properties of a
subset of RTIL that represent a selection of cations, anions and sshstituent
chemical groups. An IUPAC taik group has been formed to address these

u recognized meed for relevant ired systems.

As identified at & NATO Workshop in Heraklion, Greece, & verified, web-
based, public-sccess databuse of RTIL properties data is an important need of
the ionic liquids community. NIST has begun 1o address this need by
evaluating published measurements on RTIL and capturing the data into a
comprehensive data retrieval system known as SOURCE. SOURCE is an
archival sysiem that presently captures mare than 120 properties and contains
1.3 million data paints an 17,000 different substances and 12,000 mixtures.
The jonic liquids database will be built by wsing & record structure similar to
SOURCE and maintained by the Orache () relational database management
system. Chuided Data (‘lpnn (GDC) software will h:uud o speed collection
of new data directly from A second TUPAC wak
growp has been formed 1o address the neeed for & comprehensive data retrieval
system for RTIL.

Physical Properties

The Physical and Chemical Properties Division of NIST has developed
experimental capabilities for wide-ranging, high-sccuracy fluid physical
properties measarements. Comsidering the properties types and their ranges,
MST:ﬁuhuq|mumﬂcmmm|lﬁkum¢mld. I
bas performed research on the thermod and transpont
properties of industrially important flwids and fluid mixtures covering
temperatures from 5 K to over 800 K at pressures to 70 MPa, over the fll
range of compositions for mixtares. It uses specially designed apparatas 1o
wm,mmdmwummmummmm.
interfacial tension, viscosity, and thermal conductivity. Over a period of more
than 40 years, the Division has used these spparstus to meassre propertics of
Wkwwmdmummmmllwmhh
and aqueous sysiems. prmhnlu.mlmdwm—r.
bilished limits of key physical properties af ionic liquids.
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1st International Congress on lonic Liquids

NIST

Comprehensive Data Retrieval
System for lonic Liquids

Joseph W. Magee and Jason A. Widegren
Experimental Properties of Fluids Group
Michael Frenkel, Qian Dong, Chris Muzny, Robert D.
Chirico and Vladimir V. Diky
Thermodynamics Research Center
Physical and Chemical Properties Division
National Institute of Standards and Technology
Boulder, Colorado USA

15t International Congress on lonic Liquids (COIL)
Salzburg, Austria
June 19-22, 2005

Chemical Science and Technology Laboratory &
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