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

N NCH3
CH3+ B

F

F

FF -

N NCH3
CH3+

N
SS

O

O O

O

F3C CF3

-

Tm = 15° C 

Tm = -3° C 

•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 ApplicationsIL Applications

Electrochemistry (batteries, 
electroplating)

Separations (extraction, gas 
separation)

Replacement for volatile 
solvents

Engineering liquids (lubricants, 
heat transfer fluids)

Low vapor pressure

Electrolytic conductivity

Electrochemical stability

Wide liquid range

Good solvent properties

…and many others!
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Need for a DatabaseNeed for a Database
Dramatic increase in number of publications on the subject of ILs
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Need for a Database (Cont’d)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 Ionic Liquids Database ProjectIUPAC Ionic Liquids Database Project
http://www.iupac.org/projects/2003/2003-020-2-100.html
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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
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2nd 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)

• 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
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IUPAC Ionic Liquids Database Development: IUPAC Ionic Liquids Database Development: 
Thermodynamics Research Center (TRC)Thermodynamics Research Center (TRC)

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

Guided 
data entry
Guided 

data entry

In-house Data 
Entry Facility

NIST-SOURCE 
data archive 

system

NIST-SOURCE 
data archive 

system

Outside 
Contributors

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

IncludesIncludes
over 2,500,000 numerical 

property values and their 
uncertainties

data entry rate is near 
400,000 values per year
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NISTNIST--SOURCE for ILs Data Capture and StorageSOURCE for ILs Data Capture and Storage

Guided 
data entry
Guided 

data entry

In-house Data 
Entry Facility

NIST-SOURCE 
data archive 

system

NIST-SOURCE 
data archive 

system

Outside 
Contributors

ILThermo
(read-only DB)

IL Data Retrieval System
(Oracle PL/SQL) 

IL Data Retrieval System
(Oracle PL/SQL) 

… also the means for 
regular updates!
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ILThemoILThemo –– Interface and Web DeploymentInterface and Web Deployment

ILThermo

JDEVELOPERJDEVELOPER
for development for development 
and deploymentand deployment

TOMCATTOMCAT for for 
web search web search 
and retrievaland retrieval
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What’s in What’s in ILThermoILThermo??

Property data for 
pure ionic liquids

Property data for Property data for 
pure ionic liquidspure ionic liquids

Property data for 
ternary mixtures

Property data for Property data for 
ternary mixturesternary mixtures

Property data for 
binary mixtures

Property data for Property data for 
binary mixturesbinary mixtures

IonsIons
Ion structuresIon structures
Ionic liquidsIonic liquids
Compositional relationsCompositional relations
Property data indexProperty data index
Property/substance data summaryProperty/substance data summary
Property data Property data 
Measurement methodsMeasurement methods
Sample purity and purification methodSample purity and purification method
BibliographyBibliography
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Data Presentation: Master/Detail RelationshipData Presentation: Master/Detail Relationship

…………
…………
…………
…………

List of cations or 
anions - Master

List of ionic 
liquids 
– Detail/Master

List of property index
– Detail/Master

…………
…………
…………
…………

Literature 
– Detail

Property data 
values and their 
metadata– Detail

…………
…………
…………
…………

Measurement and 
purity -Detail

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

List of Data Sets 
– Detail/Master
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ILThermoILThermo
Public Release Public Release –– 31 July 200631 July 2006

http://ilthermo.boulder.nist.gov

http://ilthermo.boulder.nist.gov/


Chemical Science and Technology Laboratory

How Do I Search for Information in ILThermo?
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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.
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Back Up Slides
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Outline
• Need for open-access, public-domain, comprehensive data retrieval 

system
• IUPAC Task Group
• Supporting NIST infrastructure for a distributed access information 

system
• Database process flow
• 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.
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1st IUPAC Workshop on Ionic Liquids
17th 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=Cl,Br,I ; [BF4]- ; [PF6]- ; [CF3SO3]- ; [N(OTP)2]- ; 

[RCO2]- ; [N(CN)2]- ; [C6H5CO2]- ; [RPO2]- ; [tartrate]- ; lactate]- ; [RSO3]- ; [NO3]- ; 
[HSO4]- ; [AlCl4]- (unstable)

• For fundamental understanding and industrial applications:[N(OTP)2]- ; [NO3]- ; 
Cl-

• For fundamental understanding only: [PF6]- ; [BF4]- ; [CF3SO3]-

• Typical Cations: [Rmim]+ ; [Rpy]+ ; [NR4]+ ; [pyrolidinium]+

• A sample must be characterized for purity, esp. H2O 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
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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. / I.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
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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 
Ionic Liquids, Ionic 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; 
Ionic 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
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Dramatic Increase in 
Research on Ionic Liquids

Year Publications

1990 3

1991 15

1992 21

1993 22

1994 20

1995 23

1996 21

1997 29

1998 30

1999 64

20002000 112112

20012001 266266

20022002 417417

20032003 592592

20042004 786786

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



Chemical Science and Technology Laboratory



Chemical Science and Technology Laboratory

Vision for the Ionic 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 
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IUPAC
IONIC LIQUIDS
WEB OUTLET

IUPAC
IONIC LIQUIDS
WEB OUTLET

SYNTHESIS
INFO SERVER

IL THERMO
 SERVER

MANUFACTURER
 INFO SERVER

REACTIONS 
CATALYSIS

 INFO SERVER

REVIEWS AND
BIBLIOGRAPHY
 INFO SERVER

BENCHMARK
PROPERTIES AND

MODELS

STRUCTURE
INFO SERVER

SOLVENT 
PROPERTIES
INFO SERVER

?

Distributed Ionic Liquids
Information Access
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CMPID
ALTCMPNM

SYSREF

REFINFO

AUTHREF

AUTHOR

SAMPLES

BINREF

TERNREF

REACT REF
REACTCHANGED
REACTEQUIDATA
REACTEQUIL4DATA

SINGLEVALUE
FIXEDCONDITION
ONEVARDATA
ONEVAR
TWOVARDATA
TWOVAR

BINSINGLEVALUE
BINONEVAR
BINONEVARDATA
BOINTWOVAR
BINTWOVARDATA
BINTHREEVAR
BINTHREEVARIDATA

TERNSINGLEVALUE
TERNONEVAR
TERNONEVARDATA
TERNTWOVAR
TERNTWOVARDATA
TERNTHREEVAR
TERNTHREEVARDATA

Ternary Mixtures

Reactions

Pure Compounds

Binary Mixtures

Source Database Tables
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Database Utilities on the Server
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SOURCE DATA ENTRY 
PLANNED PROGRESS

TARGET:  3 MILLION DATA POINTS BY 2006

2001
2002

2003

2004

2005
2006

future years
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TRC Data Entry Facility: Equipment

DEC Server
TRC Source Database

Oracle 9i

TRC Domain
(Login Accounts)

NIST/Boulder
NT Server

Digital Imaging System TRC Library & Reprints
Facility

Management

GDC 
Software 
Support and 
maintenance
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Description of GDC 
Software
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GUIDED DATA CAPTURE Software
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Navigation Tree: (“User Interface”)
- Grows as info is added
- Any line can be accessed for editing
- Compound synonyms are available
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Metadata: Phases, Constraints, Variables, Units, 
Uncertainties

Numerical 
Data

Graphical 
Representation

The Navigation Tree is in the back and is not shown.
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ThermoML: General Structure
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ThermoML was developed in 
cooperation with DIPPR
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Paper 2. 
Representation of 

Uncertainties



Chemical Science and Technology Laboratory

Data Producers (Article Authors)

TRC Data Entry Facility

TRC Web

Article submission

Article Authors

Major Journals

After peer review

GDC

Data Capture

Completed Files 
sent by E-mail

Files are 
reviewed

Problems 
communicated

Files are 
converted to 
ThermoML 

format Data files in ThermoML 
format are posted on 

the Web

TransThermo

TRC

File 
Tracking

ThermoML

GDC

Data Users:
Process design 

and optimization, 
basic research, etc.
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ThermoML Files are Posted on the Web

Link to ThermoML files
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2003 JCED:
Issue 1: 3 articles
Issue 2: 21 articles
Issue 3: 30 articles

Link to ThermoML file 
for the individual article
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A ThermoML file available for free download
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Global Data Communication Process

Measurements

J. Chem. Eng. Data
(ACS)

J. Chem. Thermodyn.
(Elsevier)

Fluid Phase Equilibria
(Elsevier)

Int. J. Thermophys.
(Kluwer)

Thermochimica Acta
(Elsevier) Industry: DIPPR

IUPAC

International Association of 
Chemical Thermodynamics (IACT)Committee on Printed & 

Electronic Publication (CPEP)

NIST/TRC
WEB

Applications

AspenTech
(USA)

Virtual Materials Grp.
(Canada)

Nat’l Engineering 
Lab (UK)

Thermodynamicists

Guided Data
Capture (GDC)

“Reader”
Software

Industrial Engineers

Fiz Chemie
(Germany)
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Data Producers (Article Authors)

TRC Data Entry Facility

Article submission

Article Authors

Major Journals

GDC

After peer review

Data Capture

Completed Files 
sent by E-mail

Files are 
reviewed

Problems 
communicated

TRC

File 
Tracking

GDC

TRC In-House
Data Capture

GDC

NIST/TRC SOURCE
Data System

IL THERMO 
Database
ORACLE
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Three-tier Web Database
Process Flow
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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
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Search & Retrieval Search & Retrieval –– OverviewOverview

Ions and 
ionic liquids
Ions and Ions and 

ionic liquidsionic liquids

Ions and ionic liquids
Compositional relations
Ion structures

Ions and ionic liquidsIons and ionic liquids
Compositional relationsCompositional relations
Ion structuresIon structures

Property data for 
pure ionic liquids

Property data for Property data for 
pure ionic liquidspure ionic liquids

Property data for 
ternary ionic liquids
Property data for Property data for 

ternary ionic liquidsternary ionic liquids

Property data for 
reaction

Property data for Property data for 
reactionreaction

Property data for 
binary ionic liquids
Property data for Property data for 

binary ionic liquidsbinary ionic liquids

Information displayed:Information displayed:
IonsIons
Ion structuresIon structures
Ionic liquidsIonic liquids
Compositional relationsCompositional relations
Property data indexProperty data index
Property/substance data summaryProperty/substance data summary
Specific property data Specific property data 
Specific measurement methodsSpecific measurement methods
Specific measurement purposeSpecific measurement purpose
Specific purity and purificationSpecific purity and purification
BibliographyBibliography
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Search & Retrieval - Methods
•• Search MethodsSearch Methods

–– IonsIons
•• CASRNCASRN
•• FormulaFormula
•• ChargeCharge
•• NamesNames

–– Ionic LiquidsIonic Liquids
•• CASRNCASRN
•• FormulaFormula
•• Molecular massMolecular mass
•• NamesNames

–– PropertyProperty

–– BibliographyBibliography
•• Author’s nameAuthor’s name
•• Journal titleJournal title
•• Article titleArticle title
•• Year of publicationYear of publication
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ILThermo Home Page
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Multilevel Master/Detail Views for Ionic LiquidsMultilevel Master/Detail Views for Ionic Liquids

…………
…………
…………
…………

List of Cation or 
Anion - Master

…………
…………
…………
…………

Literature 
– Detail

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

List of Ionic 
Liquids 
– Detail/Master

Property Data 
Values – Detail

…………
…………
…………
…………

Measurement and 
Purity -Detail

List of Properties 
– Detail/Master

List of Data Sets 
– Detail/Master
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Search by Ion
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Search by Reference
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Search by Reference
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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:
• (a) 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
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2nd 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)

• 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
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Letter to Editor of C&EN
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Update to IUPAC Project Web Site
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Chapter in ACS Symposium Series 901
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1st International Congress on Ionic Liquids
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