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Tutorials: Everything you wanted to know . . . 

IEC 0 [550763]:  Getting started with Ionic Liquids: An experience-based tutorial on 
synthesis and handling 
John D Holbrey, W. Matthew Reichert, Scott K. Spear, Richard P. Swatloski, Megan B. Turner, 
Ann E. Visser, and Robin D. Rogers, Department of Chemistry and Center for Green Manufacturing, The 
University of Alabama, Tuscaloosa, AL 35487, Fax: 205-348-0823  

Abstract 
Synthesis of a wide range of ILs is relatively straightforward. However, with a range of synthetic methods 
available, an appreciation of some of the potential pit- falls and traps that can inadvertently lead to 
problems and the introduction of undesirable contaminants is necessary. Students and staff from the UA 
will be on hand to give case studies from their experience with ionic liquids, with particular attention to 
potential problems that can be encountered during synthesis, handling, and clean up. Issues including 
potential toxicity concerns and performance expectations will be highlighted. 

 
IEC 0 [550797]:  Everything you ever wanted to know about ionic liquids and were 
afraid to ask 
Kenneth R. Seddon, Martyn J. Earle, William R. Pitner, Ute Fröhlich, Maggel Deetlefs, and M. 
Cristina Lagunas, QUILL Research Centre, The Queen's University of Belfast, David Keir Building, 
Stranmillis Road, Belfast BT9 5AG, United Kingdom, Fax: +44 28 90665297, k.seddon@qub.ac.uk, 
m.earle@qub.ac.uk, w.pitner@qub.ac.uk, u.froehlich@qub.ac.uk, m.deetlefs@qub.ac.uk, 
c.lagunas@qub.ac.uk  

Abstract 
Building on, and interacting with, the tutorial from Alabama, some of the staff and students of QUILL 
will be making short presentations on the synthesis and characterisation of ionic liquids, and their design 
and use for green synthesis and electrochemical studies. This is planned as an introductory session for 
novices, and question and answer periods will be central. Topics such as selection of the best ionic liquid 
for a specific task, and reaction optimisation will be discussed.  

 
0 [557891]:  Panel Discussion 

 
 



Ionic Liquids Manufacture and Synthesis  
 
IEC 0 [534944]:  Challenges to the commercial production of ionic liquids 
Philip E. Rakita, Ozark Fluorine Specialties, 1901 South 54th Street, Philadelphia, PA 19143, Fax: 215-
729-6138, prakita@ozarkfluorine.com  

Abstract 
This presentation addresses issues relevant to the commercial (i.e. large quantity) production of ionic 
liquids, with particular emphasis on the imidazolium hexaflurorphosphates and tetrafluoroborates. These 
room temperature ionic liquids have been widely studied as substitutes for aromatic solvents in a broad 
range of chemical reactions and separation processes. However, no commercial use has developed to date. 
Among the topics to be presented are: proper handling of the raw materials, waste disposal issues, safety, 
regulatory and environmental concerns, product quality and purity, and cost.  

 
IEC 0 [536470]:  A versatile process for the manufacture of hydrophilic ionic liquids 
Roger D. Moulton, Sachem USA, Inc, 821 E. Woodward, Austin, TX 78704, Fax: 512-440-7324, 
rmoulton@sachemusa.com  

Abstract 
A new and versatile process for the manufacure of hydrophilic (i.e., water-soluble) ionic liquids will be 
presented. In contrast to hydrophobic ionic liquids, a good, general and waste-free technique for the 
manufacture of hydrophilic ionic liquids has previously been lacking. And since most ionic liquids are 
water soluble, this has limited the study of the properties and applications of this important class of 
materials. In this paper a new and general process will be introduced in which water soluble cations and 
anions are combined to form new ionic liquid compositions that have previously been challenging to 
manufacure. Examples of several new ionic liquids made by the process will also be presented.  

 
IEC 0 [543653]:  Ionic liquids and Merck KGaA 
Urs Welz-Biermann1, Julian Vaughan-Spickers2, Carsten Janeck1, and Michael Weiden1. (1) NB-C, 
Merck KGaA, Frankfurter Strasse 250, 64293 Darmstadt, Germany, urs.welz-biermann@merck.de, (2) 
NB-SC, Merck Ltd  

Abstract 
Merck KGaA ia a Germany based pharmaceutical and chemical company with a 333 year history, and we 
have a broad experience in the supply of high quality solvents through VWR, a 100% owned subsiduary 
of the Merck company. Building on our experience concerning the manufacture of aluminium chloride 
based ionic liquids, and the production of high quality battery materials, we have progressed into the 
innovative area of developing and manufacturing a range of new ionic liquid solvents. This lecture will 
detail some of the new materials which are available from us and describe how we can interact with our 
customers to tailor solutions to their individual needs.  

 



IEC 0 [549077]:  Industrial preparation of phosphonium ionic liquids 
Christine J. Bradaric, Andrew Downard, Christine Kennedy, Alan J. Robertson, and Yuehui Zhou, 
Phosphine Technical Centre, Cytec Canada Inc, P. O. Box 240, Niagara Falls, ON L2E 6T4, Canada, Fax: 
905-374-5819, christine_bradaric@we.cytec.com, andrew_downard@we.cytec.com  

Abstract 
The field and phenomenon of room temperature ionic liquids are now well past infancy, but much work 
remains to be done to fulfill the true potential of these neoteric solvents. While ionic liquids containing 
quaternary nitrogen-based cations have undergone extensive investigation in a myriad of applications over 
the last several years, studies involving quaternary phosphonium systems are much rarer. As the global 
leader in the production of phosphine and phosphine derivatives, Cytec Industries has a great deal of 
experience in the manufacture of quaternary phosphonium salts that translates naturally to the 
manufacture of ionic liquids. For instance, we routinely produce tetraalkylphosphonium halides in ton 
quantities, one example of which is depicted below. Over the past several years we have developed a 
diverse range of phosphonium ionic liquids with anions such as halides, tetrafluoroborate, 
hexafluorophosphate, bis(trifluoromethanesufonyl)amide, carboxylates, phosphinates, and tosylates, 
among others. This presentation will introduce our selection of commercially available ionic liquids and 
compare these to nitrogen-based systems with respect to cost, physical characteristics, stability, etc.  

 
 

IEC 0 [550370]:  Synthesis, Purification and Analysis of Ionic Liquids for ACROS 
Organics 
Jennifer Hamill, Quill Institute, Department of Chemistry, Queen's University Belfast, David Keir 
Building, Stranmillis Road, Be lfast BT9 5AG, United Kingdom, Fax: +44 (0) 28 9066 5297, 
j.hamill@qub.ac.uk  

Abstract 
In light of the ever- increasing number of studies carried out in ionic liquids, synthetic methods that lead to 
pure products are essential. The synthesis and purification of a range of ionic liquids are described. 
Emphasis is given to water-soluble ionic liquids, which are particularly difficult to purify since they often 
contain residual chloride. Various analytical techniques, for example NMR, IR, UV-Vis, HPLC, DSC, 
Karl-Fischer and chloride ion determination, and their applicability to the analysis of ionic liquids are 
discussed.  

 



IEC 0 [551261]:  Commercial Ionic Liquid Production 
Claus Hilgers , Solvent Innovation, Alarichstrasse 14-16, 50679 Köln, Germany, Fax: +49-221-8884607, 
Claus.Hilgers@solvent-innovation.com  

Abstract 
The unique properties of ionic liquids open up a wide range for various applications. Possible applications 
as thermo fluids or engineering fluids posses a rather high demand in volume. Large amounts imply the 
scale up from a research chemical to a industrial chemical, where different aspects must be taken in 
account. Mostly quality and costs will determine the future of ionic liquid and their properties. Regarding 
a fluid material having no vapour pressure, purifying methods such as distillation will have a great impact 
on cost. Besides the industrial ionic liquids where the cost will be crucial, task specific ionic liquids 
(TSIL) will find their way into specific applications where cost is almost negligible. An overview over the 
relevant aspects for commercial production of ionic liquids will be discussed.  

 
 



Characterization and Engineering 
 
IEC 0 [536836]:  Simulation studies of solvation in imidazolium ionic liquids 
Ruth M. Lynden-Bell, and Christof Hanke, Atomistic Simulation Group, School of Mathematics and 
Physics, Queen's University Belfast, Belfast BT7 1NN, United Kingdom, Fax: +44-2890-683274, 
R.Lynden-Bell@qub.ac.uk  

Abstract 
Understanding the solvation properties of room temperature ionic liquids is essential for their use as green 
solvents. These properties can be investigated using atomistic simulation methods. We have developed 
potential models for dimethylimidazolium chloride and PF6 and have performed simulations of dilute 
solutions of a number of small molecules containing different chemical motifs. We have determined the 
chemical potentials and the local environment of water, methanol, dimethyl ether, acetone and propane. 
The average local environment of the solute is used to interpret the changes in energetics. The strongest 
interactions are hydrogen bonding between water or methanol and the anion. We have also investigated 
the structure and dynamics of water-IL mixtures.  

 
IEC 0 [539634]:  Thermodynamic Properties of Liquid Mixtures 
Andreas Heintz, Department of Physical Chemistry, University of Rostock, Hermannstr. 14, Rostock D-
18051, Germany, Fax: 0049-381-4986502, andreas.heintz@chemie.uni-rostock.de  

Abstract 
Ionic liquids (IL) have gained large interest during the last years. They have no detectable vapor pressure 
and therefore exhibit an ideal system of solvents for new homogeneous catalytic reaction and other 
chemical production processes with respect to a »green chemistry«.  

The increasing number of successful chemical applications requires a more systematic study of 
thermodynamic and thermophysical properties of ILs and mixtures of ILs with other liquids.  

In the first place thermodynamic activity coefficients are needed since they determine solubilities in ILs, 
vapor pressures and liquid- liquid equilibria of mixtures containing ILs. Also densities and transport 
properties such as viscosity and electric conductivity are of interest.  

In this contribution activity coefficients of 38 substances in infinite dilution of the ionic liquids [C4py]+ 
BF4

- , [C2min]+ (CF3SO2)2N-, and [C2dmim]+ (CF3SO2)2N- are presented covering a range of temperature 
from 293 to 323 K. The data have been obtained using the non-volatile IL as stationary phase in a 
gaschromatographic process. The experimental technique and the results will be discussed.  

Data of two-phase liquid-liquid equilibria compositions of [C2mim]+ (CF3SO2)2N- + alcohol mixtures are 
presented as function of temperature obtained by the so-called synthetic method where the temperature of 
demixing is determined by light scattering at given mixtures composition.  

Also an example ([C4mpy]+ BF4
- + methanol) for the dependence of density and viscosity on the mixture 

composition will be shown. The data have been obtained using a vibrating tube densimeter and an 
Ubbelhode viscometer and are presented as molar excess volumes and excess viscosity demonstrating the 
typical behavior of mixtures containing ionic liquids.  

 



IEC 0 [543631]:  Ion-Ion and Ion-solute interactions in imidazolium based ionic liquids 
C. Hardacre 1, M Deetlefs2, SEJ McMath1, M. Nieuwenhuyzen3, and O Sheppard1. (1) School of 
Chemistry, The Queen's University of Belfast, David Keir Building, Stranmillis Road, BT9 5AG Belfast, 
United Kingdom, Fax: 44 28 90 382117, c.hardacre@qub.ac.uk, (2) QUILL Centre, The Queen's 
University of Belfast, (3) School of Chemistry, Queen's University Belfast  

Abstract 
Although considerable research has been performed on the structure of molten salts, little is known about 
the liquid structure of ionic liquids. A knowledge of the ionic packing in the liquid phase is important if 
an understanding is to be obtained with regard to their solvent and reactive properties, which have been 
studied extensively. Neutron and X-ray diffraction techniques have been used to study the interactions 
between the ions in the liquid state and also the effect of solutes on the structure. Single crystal X-ray 
diffraction data on salts co-crystallised with solvents will be discussed in relation to the findings from the 
liquid diffraction data. The results will also be correlated with findings from molecular dynamic 
simulations and physical property data.  

 
IEC 0 [546172]:  Spectroscopic investigations within multicomponent solvent mixtures 
containing room-temperature ionic liquids 
Siddharth Pandey, Kristin A. Fletcher, and Rebecca A. Redden, Department of Chemistry, New Mexico 
Institute of Mining and Technology, Socorro, NM 87801, Fax: 505-835-5364, pandey@nmt.edu  

Abstract 
Room-temperature ionic liquids (RTILs) have shown tremendous promise as organic solvent 
replacements in a variety of industrially important chemical processes. In order to expand the utility of 
RTILs and better tune their physicochemical properties, we have started to focus on the RTIL-based 
mixed solvent systems. A major part of our effort has been in the area where interesting RTILs are 
combined with other "green" solvents to tailor the physicochemical properties of the RTIL of interest in a 
favorable fashion. Here, we present the behavior of a variety of solvatochromic probes when dissolved in 
binary RTIL + water, RTIL + ethanol, and ternary RTIL + water + ethanol solutions. While the solubility 
of water and ethanol are somewhat limited in a popular RTIL BMIMPF6, a recent study suggests a 
surprisingly complete miscibility of BMIMPF6 with aqueous ethanol between 0.5 and 0.9 mole fraction 
ethanol. Our results clearly indicate anomalous solvatochromic behavior for the majority of the 
investigated probes.  

 



IEC 0 [550524]:  Aspects of dynamic and bio-solvation within room temperature ionic 
liquids: An emerging view 
Gary A. Baker, Bioscience Division, Michelson Resource, Los Alamos National Laboratory, Los 
Alamos, NM 87545, Fax: 505-667-0851, gabaker@lanl.gov, and Sheila N. Baker, Chemistry Division, 
Los Alamos National Laboratory  

Abstract 
With a near-exponential rise in the number of reports in the area, room temperature ionic liquids (RTILs) 
certainly appear to be an ace in the sleeve of Green Chemistry. Interest in RTILs as candidates in different 
chemical processes is increasing because they offer the promise of being simultaneously environmentally 
benign while hosting an array of materials for unique chemistry. From a commercial standpoint, however, 
the replacement of current organic solvents is a protracted and uncertain one. In addition, while heralded 
as clean solvents, their environmental impact and toxicology (i.e., “Greenness”) are not yet well 
understood. The key to designing efficient RTIL applications and revealing their limitations lies in 
understanding their solvency. While several studies on static solvent properties have been reported 
recently, relatively little information exists about the nature of intermolecular interactions or the solvation 
of biomolecules within RTILs. This paper will discuss these areas and outline key research that remains to 
be addressed. In addition, we report the first studies on the nanosecond solvation dynamics within RTILs.  

 
IEC 0 [550602]:  Electrochemical separation and concentration of carbon dioxide from 
nitrogen 
Paul Scovazzo1, Joe Poshusta1, Dan Finan1, Daniel L. DuBois2, Carl Koval3, and Richard D. Noble1. (1) 
Department of Chemical Engineering, University of Colorado, Boulder, Engineering Center, ECCH 111, 
USB 424, Boulder, CO 80309-0424, Fax: 303-492-4341, scovazzo@colorado.edu, (2) Basic Science 
Center, National Renewable Energy Laboratory, (3) Department of Chemistry and Biochemistry, 
University of Colorado  

Abstract 
Some researchers have proposed the separation of carbon dioxide from the atmosphere (@350 ppm) and 
its concentration. The proposals look at using the concentrated carbon dioxide as a carbon source for 
liquid energy storage (i.e. methanol) or for sequestration. The separation of carbon dioxide from the 
atmosphere at a sequestration point would save on transmission cost from the generation point and the use 
of atmospheric carbon dioxide to produce liquid fluids is a net zero green house gas load cycle for 
transportation fluids. Central to the success of these proposals is the need to separate and concentrated 
carbon dioxide with low energy cost. Current CO2 separations either do not work efficiently at 
atmospheric concentrations of carbon dioxide (amines or pressure membrane systems) or are energy 
intensive. Electrochemical pumping, however, can separate and concentration carbon dioxide from the 
atmosphere with energy cost approaching the thermodynamic minimum. This paper discusses the 
principles of electrochemical pumping for carbon dioxide separations and the successes to date in both 
organic solvent and ionic liquid working fluid systems. Due to the projected large quantities of the 
atmosphere at ppm concentrations requiring processing during carbon dioxide separation/concentration, 
the ionic liquid negligible vapor pressures are a significant advantage combined with their 
electrochemical modulation capabilities. The use of ionic liquids in electrochemical separations requires 
the modeling, determination, and tuning of the following IL physical properties; CO2 physical solubility, 
CO2 complexing agent solubility, and the electrochemistry of the complexing agents. The model 
presented in the paper links these three physical properties.  

 



IEC 0 [550888]:  Processes using Ionic Liquids and Permanent Gases 
Jennifer L. Anthony, Aaron M. Scurto, Jacob M Crosthwaite, Sudhir N.V.K. Aki, Edward J. Maginn, and 
Joan F. Brennecke, Department of Chemical Engineering, University of Notre Dame, 180 Fitzpatrick 
Hall, Notre Dame, IN 46556, Fax: 219-631-8366, janthony@nd.edu, jfb@nd.edu  

Abstract 
Ionic liquids (ILs) are gaining importance as green solvents. Since the phase behavior of ILs with gases 
will affect the attractiveness of using ILs in reactions and separations, understanding this phase behavior 
is of utmost importance. In this presentation, the solubility of several permanent and reactive gases in 
various ILs will be presented. Based on this solubility data, two specific applications were developed 
using ILs and gases. The separation of several gas mixtures (e.g. carbon dioxide from methane and 
nitrogen) us ing ILs in a supported- liquid membrane system will be presented. We will also show that ILs 
can be recovered from organic or aqueous solutions using carbon dioxide as an anti-solvent. Solutions of 
ILs with organic and water can be induced to form three phases in the presence of carbon dioxide, leading 
to the recovery of ILs. The effect of temperature and initial liquid phase composition will be discussed.  

 
IEC 0 [551183]:  Molecular modeling of ionic liquid / gas mixtures 
Edward J Maginn, Jindal K. Shah, and Timothy I. Morrow, Department of Chemical Engineering, 
University of Notre Dame, 182 Fitzpatrick Hall, Notre Dame, IN 46556, Fax: 574-631-8366, ed@nd.edu  

Abstract 
We report results of molecular modeling studies directed at understanding the thermodynamic properties 
of imidazolium-based ionic liquids and their mixtures with gases. Using ab initio and classical modeling 
techniques, an intermolecular potential model is developed that captures the pure component properties of 
the ionic liquids as a function of temperature and pressure. Densities, isothermal compressibilities, 
volume expansivities, diffusivities and local liquid order are computed for different cation and anion 
pairs. Results are compared against available experimental data. Henry's Law cons tants are also computed 
to assess the solubility of various gases in the ionic liquid.  

 
 



Novel Applications 
 
IEC 0 [543957]:  Ionic Liquids for Advanced Material Syntheses 
Sheng Dai, Chemical Science Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, Fax: 
865-576-5235, dais@ornl.gov  

Abstract 
Ionic systems consisting of salts that are liquid at ambient temperatures can act as solvents for a broad 
spectrum of chemical species. These ionic liquids are attracting increased attention worldwide because 
they promise significant environmental benefits. The unique solvation properties of the ionic liquids 
provide new reaction media for synthesis of advanced materials (porous materials and nanoparticles). 
Challenges and opportunities in this research area will be discussed.  

Acknowledgments: This work was conducted at the Oak Ridge National Laboratory and supported by the 
Division of Chemical Sciences, Office of Basic Energy Sciences, U.S. Department of Energy, under 
contract No. DE-AC05-00OR22725 with UT-Battelle, LLC.  

 
IEC 0 [544545]:  Plasticizing effects of imidazolium salts in PMMA: high and low 
temperature stable flexible engineering materials 
Christopher S Brazel, Mark P Scott, Michael G Benton, and Mustafizur Rahman, Department of 
Chemical Engineering, The University of Alabama, Box 870203, A127 Bevill Research Center, 
Tuscaloosa, AL 35487-0203, Fax: 205-348-7558, CBrazel@bama.ua.edu  

Abstract 
The unique, environmentally-sound applications of ionic liquids (ILs) are well-known, and include use as 
green solvents for a variety of chemical processes. Because ILs are stable liquids over a wide temperature 
range, they offer technological advantages over some chemicals used in their liquid phase, such as 
plasticizers, where polymer flexibility can be enhanced. Common problems with plasticizers include 
evaporation and leakage from the surface, instability at high temperatures, lack of lubrication at low 
temperatures, migration within the polymer, and toxicity. We have addressed the first three of these issues 
using poly(methyl methacrylate), PMMA. Systems studied include bulk PMMA, and PMMA plasticized 
with butyl methylimidazolium hexafluorophosphate (bmim PF6), hexyl methyl imidazolium 
hexafluorophosphate (hmim PF6), and a traditional plasticizer, dioctyl phthalate (DOP). Experiments 
indicate that high temperature stability is improved significantly by replacing DOP with an IL. The effect 
of IL on glass transition temperature and elastic modulus were also determined. Ionic liquids as 
plasticizers may revolutionize the usage of flexible polymers at both high and low temperatures, without 
brittleness or loss of mechanical strength.  

 



IEC 0 [550428]:  Contaminant effects on thermal properties of ionic liquids 
Michael E. Van Valkenburg, Robert L. Vaughn, Margaret Williams, and John S. Wilkes, Department of 
Chemistry, United States Air Force Academy, 2355 Fairchild Drive, Suite 2N225, USAF Academy, CO 
80840-6230, Fax: (719) 333-2947, mike.vanvalkenburg@usafa.af.mil  

Abstract 
The generation of solar electricity using large arrays of parabolic trough collectors is a practical and 
potentially inexpensive means of replacing the large-scale electrical generating plants that use gas, coal or 
nuclear energy as the heat source. Parabolic trough power plants need a fluid to transfer heat and store 
heat for short periods. Ionic liquids may have thermal and chemical properties that qualify them as 
thermal fluids for solar energy or other heat transfer and storage applications. The ionic liquids studied 
were 1-ethyl-3-methylimidazolium tetrafluoroborate, [emim][BF4], and 1-butyl-3-methylimidazolium 
tetrafluoroborate, [bmim][BF4]. These are just two examples of the hundreds of ionic liquids now 
described in the literature, and millions of possible ionic liquids. The examples chosen have the 
advantages of being stable towards air, are relatively well described in the literature, and are now 
commercially available. Properties of these ionic liquids that will be discussed include: composition, 
freezing point, moisture content, density, heat of fusion, heat capacity, boiling point (decomposition 
temperature), and thermal conductivity. The effect of impurities on the properties of ionic liquids has been 
commented upon by several workers in the field, but is not widely appreciated. Impurities that have a 
greater or lesser effect on the thermal properties are water, chloride, and inorganic cations (usually Ag+ or 
Na+). In the properties reported here, we provide analyses of these contaminants and we show the effect 
of purposefully elevated amounts of them.  

 
IEC 0 [550806]:  Specific heat capacities of common ionic liquids: an examination of the 
potential for using ionic liquids as thermal fluids 
John D. Holbrey1, W. Matthew Reichert1, Ramana G. Reddy2, and Robin D. Rogers1. (1) Department of 
Chemistry and Center for Green Manufacturing, The University of Alabama, Box 870336, Tuscaloosa, 
AL 35487-0336, jholbrey@bama.ua.edu, (2) Department of Metallurgical and Materials Engineering, The 
University of Alabama  

Abstract 
Ionic liquids (ILs) are potentially excellent fluids for use in a wide range of engineering and materials 
applications. Many combine negligible vapor pressure with liquid stability over a wide temperature range. 
However, the absence of heat capacity data in the literature is a significant hurdle to the assessment and 
design of IL chemical reactors and heat transfer systems. Data has been collected for a range of 1-alkyl-3-
methylimidazolium ILs, and the effect of differing structural group-contributions to the values have been 
investigated. Heat capacities between 1.0-2.1 J/gK at 298 K were obtained, comparable with common 
organic thermal fluids, and indicate that ILs could be considered as candidates for use in heat transfer 
applications.  

 



IEC 0 [551129]:  Ionic Liquid Electrolytes for Electrochemical Actuators 
Douglas R. MacFarlane 1, Stewart Forsyth1, Gordon Wallace2, Geoffery Spinks2, and Maria Forsyth3. (1) 
School of Chemistry, Monash University, Clayton, Australia, Fax: +613 9905 4597, 
d.macfarlane@sci.monash.edu.au, (2) Intelligent Polymer Research Institute, University of Wollongong, 
(3) School of Physics and Materials Engineering, Monash University  

Abstract 
Electrochemical actuators based on conjugated conducting polymers are a family of devices which alter 
their physical shape and/or dimensions during electrochemical cycling. Ionic liquids such as 
butylmethylimidazolium hexafluorophosphate are superb electrolytes for such devices. We describe the 
preparation and properties of actuators constructed using ionic liquids. It was found that the electrolyte 
has a strong influence on the cycle life of these devices, greatly enhanced cycle life being observed with 
the ionic liquid electrolytes as compared to traditional electrochemical solvent electrolytes. Polymer- in-
ionic liquid electrolyte based devices are also described.  

 
IEC 0 [551469]:  Ionic Liquids: new solvents for non-derivitized cellulose dissolution 
Richard P. Swatloski, Scott K. Spear, John D. Holbrey, and Robin D. Rogers, Department of Chemistry 
and Center for Green Manufacturing, The University of Alabama, Tuscaloosa, AL 35487, Fax: 205-348-
0823  

Abstract 
There are only a limited number of solvents that can effectively dissolve cellulose without derivitization; 
all have environmental downsides, and in some cases are even poor systems for the dissolution. Though it 
was first suggested in 1934 by Graenacher that molten N-ethylpyridinium chloride could be used to 
dissolve cellulose, at the time this seemed very impractical and of little value since the molten salt was, at 
the time, esoteric and a relatively high melting point of 118 °C. Here we examine the history of cellulose 
solvents, the solubility of cellulose in ionic liquids without activation or pretreatment, and the 
regeneration of cellulose from simple, nonvolatile ILs.  

 
IEC 0 [554498]:  Transition-metal nanoparticles in imidazolium ionic liquids: Recyclable 
catalysts for biphasic hydrogenation reactions 
Jairton Dupont, Laboratory of Molecular Catalysis, Instituto de Qu í mica - UFRGS, Av. Bento Gon ç 
alves, 9500, Porto Alegre RS 91501-970, Brazil, Fax: 55 51 33167304, dupont@iq.ufrgs.br  

Abstract 
It is well known that nanoparticles (near monodispersed particles that posses usually less the 100 Å in 
diameter) are solely kinetically stable and they should be stabilized against aggregation into larger 
particles and bulk material. The stabilization of nanoparticles in solution involves electrostatic and/or 
steric protection by the use of polymers, quaternary ammonium salts, surfactants or polyoxoanions. We 
report our preliminarily results on the use of room temperature 1-n-butyl-3-methyl imidazolium ionic 
liquids for the formation and stabilization of iridium, ruthenium and rhodium nanoparticles that are 
recyclable catalysts for the biphasic hydrogenation reactions. Thus, Ir(0), Ru(0) and Rh(0) nanoparticles 
with a mean diameter of 2-3 nm have been prepared by reduction of Ir(I), Ru(III) and Rh(III) compounds 
in BMI.PF6 with H2. These “solutions” can be reused several times for the biphasic hydrogenation of 
olefins under mild reaction conditions. These nanoparticles can be “redissolved” in the ionic liquid 
showing the same catalytic performance than those freshly prepared.  



Separations 

 
IEC 0 [548632]:  In situ destruction of chlorinated aromatics in hydrophobic room 
temperature ionic liquids using advanced oxidation technologies 
Qiaolin Yang1, Dionysios D. Dionysiou1, Ru-Ying Qian2, and Gregory D. Botsaris2. (1) Department of 
Civil and Environmental Engineering, University of Cincinnati, 765 Baldwin Hall, B.O. Box 0071, 
Cincinnati, OH 45221-0071, Fax: 513-556-2599, yangql@email.uc.edu, dionysios.d.dionysiou@uc.edu, 
(2) Department of Chemical Engineering, Tufts University  

Abstract 
This study concerns the application of hydrophobic room temperature ionic liquids (HRTILs) to remove 
chlorinated aromatic contaminants from water followed by in-situ destruction of contaminants with 
simultaneous regeneration of the extractant phase using advanced oxidation technologies. Two water 
immiscible room temperature ionic liquids, 1-butyl-3-methylimidazolium hexafluorophosphate 
{[bmim]PF6} and (1-ethyl-3-methylimidazolium bis(perfluorethylsulfonyl) imide {[emim]Beti}, have 
been used to extract monochlorophenols, dichlorophenols, trichlorophenols, tetrachlorophenols, and 
pentachlorophenol from aqueous solution followed by in-situ destruction of the chlorophenols in the 
HRTIL phase using UV radiation and other advanced oxidation technologies. For example, when using 
254 nm UV radiation, the rates of 2-chlorophenol degradation in [bmim]PF6 followed first order reaction 
kinetics with contaminant concentration in the ionic liquid.  

 
IEC 0 [549275]:  Recent advances in the design and application of "task-specific" ionic 
liquids 
James H. Davis, Department of Chemistry, University of South Alabama, University of South Alabama, 
Mobile, AL 36688, Fax: 251-460-7359, jdavis@jaguar1.usouthal.edu  

Abstract 
The synthesis of new ionic liquids with properties tuned to specific applications, so-called "task-specific" 
ionic liquids, continues to be our principal research focus. In this paper, we will report on the synthesis of 
a number of new ionic liquids in which the ions incorporate functional groups. We will be placing a 
particular emphasis on discussing new IL with appended amine and sulfonic acid groups, and chemical 
applications of these species.  

 



IEC 0 [550800]:  Effect of CO2 on the solvent properties of room-temperature ionic 
liquids 
Jie Lu1, Charles L. Liotta2, and Charles A. Eckert1. (1) School of Chemical Engineering, Georgia Institute 
of Technology, 778 Atlantic Drive, Atlanta, GA 30332-0100, Fax: 404-894-9085, jie.lu@che.gatech.edu, 
(2) School of Chemistry and Biochemistry, Georgia Institute of Technology  

Abstract 
Room-temperature ionic liquids (RTILs) are potentially important green solvents due to their non-
volatility, affinity with both organic and ionic species, and unusual catalytic nature. However, traditional 
separation methods (distillation or liquid/liquid extraction) may be difficult or have undesirable 
environmental consequences. Supercritical carbon dioxide is a benign extraction medium for organic 
products from an ionic liquid phase with no loss of solvent. Phase behavior data suggest that ionic liquids 
can uptake significant amounts of CO2 in contrast to the negligible solubility of ionic liquids in a CO2 
phase. We therefore have investigated the effects of dissolved CO2 on some of the solvent properties of 
ionic liquids. We measured a Kamlet-Taft dipolarity/polarizability parameter (π*) of ILs with the addition 
of CO2 based on the technique of solvatochromism. π* is an indication of the effect of CO2 on solvent 
polarity, and it also provides insight into the local environment. To interpret properly the 
solvatochromism observations, we also determined bulk composition and density of ILs/CO2 using in-situ 
FTIR spectroscopy. Further, we used a fluorescence probe to estimate the effect of CO2 on the free 
volume change of ionic liquids, related to the microviscosity around the probe and of potential importance 
for diffusion-sensitive processes.  

 
IEC 0 [551265]:  An investigation of actinide and fission product extraction in room 
temperature ionic liquids: liquid/liquid separations and in-situ solution analysis 
Ann E. Visser1, Mark P. Jensen2, Kenneth L. Nash2, and Robin D. Rogers1. (1) Department of Chemistry 
and Center for Green Manufacturing, The University of Alabama, Tuscaloosa, AL 35487, (2) Chemistry 
Division, Argonne National Laboratory  

Abstract 
In liquid/liquid separations systems incorporating [1-alkyl-3-methylimidazolium][PF6] IL with crown 
ethers or octyl(phenyl)-N,N-diisobutylcarbamoylmethyl phosphine oxide (CMPO) in the IL phase, we 
have successfully demonstrated an increase in distribution ratios for actinides, Sr2+, and Cs+ from acid 
solutions. Early results indicate that the extractability of Sr2+, Cs+, and actinides in their most 
representative oxidation states is different from that observed in conventional diluents with these 
extractants. EXAFS experiments have been used to gain insight into the coordination environment for 
UO2

2+, Y3+, and Th4+ extracted with CMPO in liquid/liquid systems with IL/aqueous and, for comparison, 
dodecane/aqueous systems. This presentation will highlight successful partitioning of actinides and 
fission products and present data to elucidate the coordination environment for the selected metal ions in 
IL.  

 



IEC 0 [551303]:  Conventional aspects of unconventional solvents: Room-temperature 
ionic liquids as ion exchangers and ionic surfactants 
Mark L. Dietz1, Julie A. Dzielawa1, Paul G. Rickert1, Mark P. Jensen1, and Millicent A. Firestone2. (1) 
Chemistry Division, Argonne National Laboratory, 9700 S. Cass Ave., Argonne, IL 60439, Fax: 630-252-
7501, mdietz@anl.gov, (2) Materials Science Division, Argonne National Laboratory  

Abstract 
Room-temperature ionic liquids (RTILs) have recently attracted considerable attention as media for 
organic synthesis, electrochemistry, catalysis, and chemical separations. Typically, these applications 
exploit the unique or “unconventional” aspects of these solvents (e.g., their fully ionized nature). Our 
work has focused on the more conventional aspects of RTILs, in particular their behavior as liquid ion 
exchangers and ionic surfactants. In this presentation the application of these properties in separations and 
in the design of novel materials will be described.  

 
IEC 0 [551429]:  Insight into the solvent properties of ionic liquids: a comparative study 
of solute partitioning in organic/ionic liquid biphasic systems 
W. Matthew Reichert, John D. Holbrey, and Robin D. Rogers, Department of Chemistry and Center for 
Green Manufacturing, The University of Alabama, Tuscaloosa, AL 35487  

Abstract 
Separation of reaction products, starting materials, or even contaminants from ionic liquid (IL) solvents is 
currently complicated by a lack of data on the partitioning of solutes between an IL and an immiscible 
second liquid phase. In this presentation, the partitioning of organic solutes between an organic phase 
(e.g., hexane, TBK, and toluene) and several different ILs (hydrophobic and hydrophilic imidazolium and 
pyridinium salts) will be discussed. The organic/IL systems will be compared to both currently used 
aqueous/organic systems and previously studied aqueous/IL systems.  

 
IEC 0 [551628]:  Liquid-Liquid Extraction from Ionic Liquids Using Renewable Plant-
Based Soybean Oil Methyl Ester as Alternatives to Organic Solvents 
Scott K. Spear1, W. Matthew Reichert2, and Robin D. Rogers2. (1) Center for Green Manufacturing, The 
University of Alabama, Tuscaloosa, AL 35487, Fax: 205-348-0823, sspear@bama.ua.edu, (2) Department 
of Chemistry and Center for Green Manufacturing, The University of Alabama  

Abstract 
Several liquid-phase extraction technologies employing environmentally benign solvents have the 
potential to replace volatile organic compounds (VOCs) in classical solvent extraction technologies. One 
such class of solvents emerging as novel solvent replacement for VOCs are ionic liquids. Another class of 
solvents made from renewable resources under investigation are transesterifed vegetable oils. Solvents 
made from transesterified soybean oil are suitable for the separation of small organic molecules in 
industrial and environmental applications. We report on the partitioning of several organic species 
between ionic liquids and vegetable oil methyl esters. The partitioning behavior of several biomolecules 
and substituted benzenes were studied. pH dependent partitioning in these solvents is also reported.  

 



Biotechnology in Ionic Liquids 
 
IEC 0 [528468]:  Efficient Lipase-catalyzed Enantioselective Acylation under Reduced 
Pressure Conditions in an Ionic Liquid Solvent System 
Toshiyuki Itoh1, Yoshihito Nishimura2, Masaya Kashiwagi3, and Makoto Onaka3. (1) Department of 
Materials Science, Tottori University, Koyama Minami 4-101, Tottori 680-8552, Japan, Fax: +81-857-31-
5259, titoh@chem.tottori-u.ac.jp, (2) Graduate School of Education, Okayama University, (3) Graduate 
School of Arts and Sciences, The University of Tokyo  

Abstract 
We recently reported the lipase-catalyzed enantioselective transesterification of an allylic alcohol in the 
ionic liquid solvent system.1) One of the most important characteristics of ionic liquids is their wide 
temperature range for liquid phase, and ionic liquids have no vapor pressure; we therefore investigated the 
lipase-catalyzed reaction under reduced pressure conditions in [bmim]PF6. The transesterification of 
alcohols took place smoothly under reduced pressure when methyl phenylthioacetate was used as acyl 
donor in [bmim]PF6, and we succeeded in obtaining the corresponding acylated compound in optically 
pure form; this makes it possible to use lipase repeatedly because there was no drop in the reaction rate 
despite three repetitions of the process. It was also possible to reduce the amount of the acyl donor to 0.6 
equiv. towards the substrate alcohol when these esters were used in the reaction; this is least recorded 
amount of acyl donor used in this type of lipase-catalyzed transesterification.2)  

1) Itoh, T. ; Akasaki, E.; Kudo, K.; Shirakami, S. Chem. Lett. 2001, 262. 2) Itoh, T.; Akasaki, E.; 
Nishimura, Y. Chem. Lett. 2002, 154.  

 
IEC 0 [528554]:  Enzymatic catalysis in ionic liquids and supercritical carbon dioxide 
Pedro Lozano1, Teresa De Diego1, Daniel Carrié2, Michel Vaultier2, and José L. Iborra1. (1) 
Departamento de Bioquímica y Biología Molecular "B" e Inmunología, Universidad de Murcia, Facultad 
de Química, Campus de Espinardo, 30.100 M urcia, Spain, Fax: 34-968-364148, plozanor@um.es, (2) 
UMR 6510, CNRS/Université de Rennes 1  

Abstract 
The technological utility of enzymes can be greatly enhanced by using them in non-conventional media. 
However, volatile organic solvent have an important detrimental impact on the environment and human 
health, being necessary to develop green and clean reaction media. Both supercritical fluids and ionic 
liquids can be used as non-conventional reaction media for enzymatic catalysis at optimised conditions. 
These solvents exhibit many different physical and chemical properties, but having two cross-point: they 
are not-miscible and can be easily separated from substrates and products and to be reused. As 
supercritical carbon dioxide (scCO2) can dissolve in the ionic liquid (IL) phase (up 0.7 mole fraction), a 
new concept of continuous biphasic biocatalysis was developed: enzyme molecules “immobilized” into 
the IL phase, and substrates transported by the scCO2 phase. Two different reactions (butyl butyrate 
synthesis and kinetic resolution of rac-1-phenylethanol) catalysed by free Candida antarctica lipase B 
have been used as models to analyse the efficiency of these media. Ionic liquids showed excellent 
properties as reaction media (better than classical organic solvent), providing an over-protective effect 
against enzyme deactivation (up 2,300-times). In continuous operation, the synthetic activity of the 
enzyme-IL system was dependent with the supercritical conditions, showing high catalytic efficiency 
even at extreme conditions (i.e. 150 b, 120ºC). Acknowledgements. This work partially supported by the 
CICYT grant BIO99-0492-C02-01.  



IEC 0 [532503]:  Peroxidase activity in ionic liquids 
Joseph A. Laszlo, and David L. Compton, National Center for Agricultural Utilization Research, USDA-
ARS, 1815 N. University St., Peoria, IL 61604, Fax: 309-681-6686, laszloja@ncaur.usda.gov  

Abstract 
Only a few enzymes have been examined in ionic liquids (ILs) to date. Initial results suggest that at least 
some enzymes tolerate ILs at least as well as conventional molecular solvents. Our work further explores 
the possibility that ILs provide a suitable (i.e., non-denaturing, non- inhibitory) environment for 
nonaqueous bioelectrocatalysis. We examine the spectral properties and peroxidase activity of the model 
oxidoreductase cytochrome c, as well as its active site analogs microperoxidase-11 and 
Fe(III)protoporphyrin(IX) chloride (hemin) solubilized in several types of hydrophobic, imidazolium-
based ILs. Microperoxidase-11 is a mini-enzyme derived from cytochrome c containing a histidyl-
coordinated heme c prosthetic group covalently attached through thioether bonds to an eleven-amino-acid 
peptide. In addition, a comparison is made of the peroxidase activity of these model enzymes in ILs with 
that observed in conventional molecular solvents.  

 
IEC 0 [548856]:  Biocatalysis in ionic liquids: Enhancing the selectivity and stability of 
enzyme 
Mahn-Joo Kim, and Jae Kwan Lee, Department of Chemistry, Division of Molecular and Life Sciences, 
Pohang University of Science and Technology, San-31 Hyojadong, Pohang 790-784, South Korea, Fax: 
(82)-54-279-3399, mjkim@postech.ac.kr  

Abstract 
Room-temperature ionic liquids are attracting growing interest as alternative reaction media for chemical 
transformations. They are particularly promising as solvents for catalysis. Their use can enhance activity, 
selectivity, and stability of catalysts. As a part of our 'green chemistry' research program, we became 
interested in ionic liquids as alternative solvents for biotransformations using cell- free enzymes. We have 
examined the selectivity of lipase in both ionic liquids and organic solvents. It was observed that the 
selectivity of lipase in transesterification reactions was significantly higher in ionic liquids than in 
conventional organic solvents. In transesterification for the kinetic resolution of secondary alcohols, lipase 
was up to 25 times more enantioselective in ionic liquids. Furthermore, the enzymes in ionic liquids were 
fully active even after several cycles of reuse. In the meeting, we will present the results from these 
studies with some of the preliminary results from related studies.  

 



IEC 0 [548906]:  Biocatalysis and enzyme stability in ionic liquids 
Anita M. Jesionowski1, Markus Erbeldinger1, Joel L. Kaar1, and Alan J. Russell2. (1) Chemical 
Engineering, University of Pittsburgh, Pittsburgh, PA 15219, axmst9@pitt.edu, (2) McGowan Institute 
for Regenerative Medicine, University of Pittsburgh  

Abstract 
The use of ionic liquids as potential replacements for organic solvents holds tremendous promise. 
Because ionic liquids possess no measurable vapor pressure, they are considered to be environmentally 
friendly and have therefore garnered much attention. The ionic liquid, 1-butyl-3-methylimidazolium 
hexafluorophosphate, was used as a reaction medium for the thermolysin-catalyzed synthesis of Z-
aspartame from carbobenzoxy-L-aspartate and L-phenylalanine methyl ester hydrochloride. A rate 
competitive to that in organic solvents was observed. It was also found that the enzyme was highly stable 
and recyclable. The lipases, Novozym 435 and porcine pancreatic lipase, were also found to be extremely 
stable in this medium, even in the presence of monomers of interest. Polymerizations were carried out in 
the ionic liquid with polyester molecular weights reaching 2887 Da. Currently, several new ionic liquids, 
most of which are hydrophilic in nature, are being examined for their ability to support enzyme activity 
and stability.  

 
IEC 0 [551252]:  Ionic Liquids as Novel Solvents for Enzyme Catalysis 
Nicole Kaftzik, Marrit Eckstein, Jan Kröckel, and Udo Kragl, Department of Chemistry, Rostock 
University, Albert-Einstein-Strasse 3a, Rostock 18055, Germany, Fax: 49-381-498-6452, 
nicole.kaftzik@chemie.uni-rostock.de  

Abstract 
During the past decade ionic liquids have gained increasing attention for performing all types of reactions 
with sometimes remarkable results. Due to their special properties ionic liquids may be an ideal solvent 
for biocatalytic reactions as well in order to solve some of the problems like low substrate solubility, yield 
or selectivity. We investigated the influence of ionic liquids on the enzyme activity, stability and 
selectivity. Ionic liquids were used as pure solvents and as cosolvents in aqueous systems. For a 
galactosidase catalysed synthesis of a disaccharide the secondary hydrolysis of the product can be 
suppressed in the presence of 1,3-dimethylimidazolium- methylsulfate doubling the yield. The 
enantioselectivity of a lipase catalysed kinetic resolution can be increased at higher temperatures using 1-
butyl-3-methylimidazolium- bis((trifluoromethyl)sulfonyl)amide as reaction medium. Therefore some 
investigations were made using a lipase-mandelat racemase two-enzyme system for dynamic resolution of 
rac-mandelic acid in ionic liquids. Nanofiltration was used to separate ionic liquids and non volatile 
reaction products.  

 



IEC 0 [551340]:  Dramatically more efficient lipase-catalyzed acylations of polar 
substrates in ionic liquids 
Romas Kazlauskas1, Seongsoon Park1, Fredrik Viklund2, and Karl Hult2. (1) Department of Chemistry, 
McGill University, 801 Sherbrooke St. West, Montréal, QC H3A 2K6, Canada, (2) Department of 
Biotechnology, Royal Institute of Technology (KTH)  

Abstract 
The polarity of room temperature ionic liquids, such as 1-alkyl-3-methyl imidazolium or 1-alkylpyridium 
tetrafluoborate or hexafluorophosphate salts, is similar to that for methanol, 2-chloroethanol or N-methyl 
formamide. Although lipases usually denature in such polar organic solvents, lipases do not denature in 
ionic liquids and maintain good catalytic activity and selectivity. Thus, ionic liquids permit researchers to 
run lipase-catalyzed reactions in more polar nonaqueous media than was previously possible. The ability 
dramatically improves lipase-catalyzed acylations of polar substrates such as sugars. For example, the 
regioselectivity of the Candida antarctica lipase B (CAL-B)-catalyzed acetylation of glucose increased 
from ~3:1 (6-O-acetyl glucose to 3,6-O-diacetyl glucose) to >50:1 in ionic liquids because of the 
increased solubility of glucose. In another example, we will describe the acylation of ascorbic acid.  

 
IEC 0 [554270]:  An overview of biocatalysis in ionic liquids 
Roger A. Sheldon, Fred van Rantwijk, and Rute Madeira Lau, Kluyver Laboratory for Biotechnology, 
Delft University of Technology, Julianalaan 136, Delft 2628 BL, Netherlands, Fax: 31 15 2781415, 
r.a.sheldon@tnw.tudelft.nl  

Abstract 
Biocatalysis in ionic liquids is currently the focus of considerable attention. This talk will review the 
status quo of biocatalysis in ionic liquids with emphasis on the scope with regard to type of enzyme, 
transformation and substrate.The effect of the structure of the ionic liquid on the activity, selectivity and 
stability of enzymes will also be delineated.  

 



Catalytic Chemistry 
 
IEC 0 [532283]:  N-Heterocyclic carbenes in homogeneous catalysis 
Steven P. Nolan, Gabriela A. Grasa, Mihai S. Viciu, and Rebecca M. Kissling, Department of Chemistry, 
University of New Orleans, New Orleans, LA 70148, Fax: 504-280-6860, snolan@uno.edu  

Abstract 
The use of N-heterocyclic carbenes (NHC) as ligands in metal-mediated transformations has attracted 
significant interest in the last few years. The use of such complexes in olefin metathesis and palladium 
mediated cross coupling reactions will be presented. Recent developments dealing with the synthesis of 
novel metal complexes, their role as catalyst precursors and the use of NHC themselves as catalysts in 
organic transformations will be discussed.  

 
IEC 0 [542516]:  Application of new, halogen-free ionic liquids in catalysis 
Peter Wasserscheid, Roy van Hal, and Andreas BÃ¶smann, Institut fÃ¼r Technische Chemie und 
Makromolekulare Chemie, RWTH Aachen, Worringerweg 1, Aachen 52072, Germany, Fax: 49 0241 
8026492, wasserscheidp@itmc.rwth-aachen.de, vanHal@itmc.rwth-aachen.de  

Abstract 
Ionic liquids are generally considered as green solvents mainly due to their lack of vapor pressure. In fact, 
environmental and safety problems arising through the volatility of organic solvents can be avoided by the 
use of these innovative liquids. However, typical ionic liquids consist of halogen containing anions (such 
as [AlCl4]-, [PF6]-, [BF4]-, [CF3SO3]- or [(CF3SO2)2N]-) which restrict in some regard their 'greenness'. 
The presence of halogen atoms may cause serious concerns if the hydrolysis stability of the anion is poor 
(e. g. for [AlCl4]- and [PF6]-) or if a thermal treatment of spent ionic liquids is desired. In both cases 
additional effort is needed to avoid the liberation of toxic and highly corrosive HF or HCl into the 
environment. In this context, we present here synthesis, characterization and catalytic application of 
several new halogen-free and hydrolysis stable ionic liquids  

 
IEC 0 [542517]:  Multiphase catalytic oxidation in an ionic liquid 
Colin A. Thomas1, E. Kent Barefield1, Tony Belcher1, Charles L. Liotta2, and Charles A. Eckert3. (1) 
Department of Chemistry and Biochemistry, Georgia Institute of Technology, 770 State St., Atlanta, GA 
30332-0400, Fax: 404-894-7452, colin.thomas@chemistry.gatech.edu, (2) School of Chemistry and 
Biochemistry and the Polymer Education and Research Center, Georgia Institute of Technology, (3) 
School of Chemical Engineering, Georgia Institute of Technology  

Abstract 
A multi-phase system involving hydrogen peroxide as a primary oxidant and an ionic liquid is used with 
methyltrioxorhenium (MTO) to produce oxidation products. In particular, alkenes are oxidized to 
epoxides with formation of ring-opened products minimized. Combining inexpensive and benign H2O2 
with ability of the ionic liquid to recycle catalysts makes a highly desirable reaction system for the 
synthesis of valuable epoxides.  

 



IEC 0 [542527]:  The activation, tuning and immobilisation of homogeneous catalysts in 
an ionic liquid/compressed CO2 continuous flow system 
Walter Leitner1, Maurizio Solinas1, Edo Janssen1, Edo Janssen1, Giancarlo Francio1, Peter Wasserscheid2, 
Peter Wasserscheid2, and Andreas BÃ¶smann2. (1) Institut fÃ¼r Kohlenforschung, MPI MÃ¼lheim, 
Kaiser-Wilhelm-Platz 1, MÃ¼lheim 45470, Germany, leitner@mpi-muelheim.mpg.de, (2) Institut fÃ¼r 
Technische Chemie und Makromolekulare Chemie, RWTH Aachen, Worringerweg 1, Aachen 52072, 
Germany, Andreas@boesmann.com  

Abstract 
A new immobilisation concept for homogeneous catalysis based on the combination of ionic liquids and 
compressed CO2 is described. While the ionic liquid dissolves and activates the catalyst in a tuneable 
manner, the presence of compressed CO2 greatly facilitates mass transfer and gives easy access to 
continuous processes. The concept has been demonstrated for the enantioselective Ni-catalysed 
hydrovinylation of styrene where the well-known Wilke-catalyst showed stable conversion and 
asymmetric induction over more than 60 h under continuous flow condition  

 
IEC 0 [547925]:  Metal-catalyzed olefin polymerization in polar, non-coordinating ionic 
liquids 
Kevin H. Shaughnessy1, Marc A. Klingshirn1, S. Justin P'Pool1, John D. Holbrey2, and Robin D. 
Rogers2. (1) Department of Chemistry, The University of Alabama, Box 870336, Tuscaloosa, AL 35487-
0336, Fax: 205-348-9104, kshaughn@bama.ua.edu, (2) Department of Chemistry and Center for Green 
Manufacturing, The University of Alabama  

Abstract 
Ionic liquids (ILs), which are potential green alternatives to volatile organic solvents, are unique in that 
they are highly polar, yet are weakly coordinating solvents. This unique set of solvent properties should 
be well suited for reactions catalyzed by electrophilic metal catalysts. Pyridinium based ionic liquids give 
improved productivity and molecular weight in the copolymerization of styrene and CO catalyzed by 
cationic palladium complexes compared with methanol or methylene chloride solvents. The IL appears to 
promote reactions at the palladium center. For example, ligand substitution of acetonitrile for chloride in 
(bipy)Pd(Me)Cl is greatly accelerated in IL solvents compared with acetonitrile alone. The resulting 
cationic species [(bipy)Pd(Me)(NCMe)]+ is an active catalyst for the copolymerization of styrene and 
CO.  

 
 



IEC 0 [550774]:  Catalytic epoxidations and comparative kinetics in room-temperature 
ionic liquids 
Mahdi M. Abu-Omar, Gregory S. Owens, and Armando Durazo, Department of Chemistry, UCLA, 405 
Hilgard Ave, Los Angeles, CA 90095, Fax: 310-206-9130  

Abstract 
The kinetics of oxygen atom transfer from the peroxo complexes of methyltrioxorhenium (MTO) to 
alkenes in ionic liquids (ILs) have been investigated. Noncatalytic conversions of alkenes to epoxide were 
monitored by UV-vis at 360 nm, where the monoperoxorhenium (mpRe) and diperoxorhenium (dpRe) 
complexes absorb. Water- and peroxide-free dpRe was prepared in situ by the reaction of MTO and urea 
hydrogen peroxide (UHP) in dry THF. The observed biexponential time profiles in conjunction with 
kinetic modeling allowed the assignment of the fast step to the reaction of olefin with dpRe (k4) and the 
slow step to the analogous reaction with mpRe (k3). 2H NMR experiments conducted with deutero-dpRe 
under non-steady-state conditions confirm the speciation of the catalytic system in ILs and assert the 
validity of the UV-vis kinetics. Deuteriated alkenes were used to study the catalytic epoxidation and 
dihydroxylation of alkenes by 2H NMR. The values of k4 for styrenes in several ILs exceed what is 
observed in acetonitrile by an order of magnitude.  

 
IEC 0 [554257]:  A new palladium catalyst for C-C coupling reactions in ionic liquids 
T. Welton, and P. J.. Smith, Department of Chemistry, Imperial College, London SW7 2AY, United 
Kingdom, t.welton@ic.ac.uk  

Abstract 
Palladium catalysed C-C coupling and cross-coupling reactions are among the most thoroughly 
investigated processes in ionic liquids. We have previously demonstrated that the palladium-carbene 
complex [(bmimy)(PPh3)2Pd]+ is formed spontaneously in [bmim][BF4] when a source of palladium and a 
source of phosphine is added. Further to this, we have shown that salts of this complex lead to 
catalytically active solutions. However, this catalyst has been limited in its usefulness by a lack of 
solubility in a wide range of ionic liquids and contains phosphine, which we are trying to avoid. Hence, 
we have sought alternative catalysts for use in the ionic liquids. Highly active, stable catalyst solutions 
can be obtained by combining a source of palladium with N-donor ligands in the ionic liquids. The most 
highly reactive combinations give catalyst decomposition, whereas the most stable are unreactive. 
However careful selection of the ionic liquid/ligand combination yields reactive solutions that are stable 
and can be recycled.  

 



IEC 0 [554468]:  The importance of H-bonding to catalysis in ionic liquids 
Jianliang Xiao, Leverhulme Centre for Innovative Catalysis, Department of Chemistry, University of 
Liverpool, Oxford, Liverpool L69 7ZD, United Kingdom, Fax: 44 151 7943589, j.xiao@liv.ac.uk, and 
James Ross, Leverhulme Centre for Innovative Catalysis, University of Liverpool  

Abstract 
We have shown, along with others, that the palladium-catalyzed Heck and allylic alkylation and 
amination reactions can effectively be carried out in imidazolium-based ionic liquids. In particular, the 
Heck arylation of electron-rich olefins, a reaction difficult to run in conventional solvents, proceeds with 
remarkable regioselectivity in the ionic liquids, and the allylic alkylation reaction proceeds much faster in 
such media than in conventional solvents such as THF. However, significant inhibiting effects have also 
been observed with similar reactions. In this presentation, we demonstrate that hydrogen bonding can play 
a critical role in catalysis in the imidazolium ionic liquids and how this novel property of ionic liquids 
could be exploited to benefit reaction chemistry.  

 



Non-catalytic Chemistry 
 
IEC 0 [528831]:  Ionic Liquid-Phase Organic Synthesis 
Rex X. Ren, Jeff X. Wu, Larisa D. Zueva, Wei Ou, Yunting Luo, Walter Woodland, and Nick Blondin, 
Max Tishler Laboratory of Organic Chemistry, Department of Chemistry, Wesleyan University, Lawn 
Avenue, Middletown, CT 06459, Fax: 860-685-2211, rren@wesleyan.edu  

Abstract 
Our research is aimed at development of synthetic organic methodologies in ionic liquid phase. These 
activities may provide more information on the understanding of mechanisms of organic reactions using 
ionic liquids as reaction media, which have been traditionally conducted in molecular solvents. It may 
also provide improved methodologies for product separations, particularly in industrial and 
pharmaceutical chemistry.  

Ionic liquids, particularly 1,3-dialkylimidazolium chloride or bromide or iodide and their derivatives, 
have been used as both reaction media and reagents in organic synthesis in our lab. Synthetic technologies 
based on ionic liquid-phase organic synthesis have been developed, which show great potential for 
chemical and pharmaceutical chemistry.  

 
IEC 0 [533322]:  Theoretical assessment on how ionic liquids influence chemical 
reactivity and stereoselectivity of organic reactions 
Jeffrey D. Evanseck, Department of Chemistry and Biochemistry, Duquesne University, 600 Forbes 
Ave, Pittsburgh, PA 15282, Fax: 412-396-5683, evanseck@duq.edu, and Orlando Acevedo, Center of 
Computational Sciences, Duquesne University  

Abstract 
Room temperature ionic liquids are a novel class of solvents that influence the chemical reactivity and 
stereoselectivity of a vast range of organic reactions. The Diels-Alder reaction highlights the advantages 
provided by ionic liquids, with reaction rates 200 times faster and endo selectivity 10 times greater as 
compared to commonly used solvents and conditions, at room temperature and pressure. Using density 
functional theory, we have investigated the formation of key ionic cage-like complexes that sequester and 
selectively stabilize transition structures. The ionic complexes studied involve the experimentally 
determined chloroaluminates Al2Cl7- and Al3Cl10

- in acidic melts of ionic liquids. The organic cationic 
counterpart is 1-ethyl-3-methyl- imidazolium chloride (EMIC). The density functional theory calculations 
are used to test short-range intermolecular interactions between the ionic cage complexes and transition 
structures in order to explain the observed rate and stereoselective enhancements.  

 



IEC 0 [537025]:  Hydroformylation of long chain olefins in ionic liquids 
Virginie Kruger-Tissot1, Frédéric Favre2, and Hélène Olivier-Bourbigou1. (1) Kinetics and Catalysis 
Department, Institut Français du Pétrole, 1-4 avenue de Bois-Préau, 92500 Rueil-Malmaison, France, Fax: 
33 1 47 52 60 55, virginie.tissot@ifp.fr, (2) Development Department, Institut Français du Pétrole  

Abstract 
Olefin hydroformylation is one of the most important industrial application of homogeneous catalysis. 
Catalyst recycling and recovery is an important economic challenge, especially for those based upon 
rhodium. Ruhr-Chemie and Rhône-Poulenc have developed an aqueous biphasic process: the catalyst is 
maintained in the aqueous phase whereas the non hydrosoluble products are separated by decantation. 
Unfortunately this process is not economically viable for long chain olefins. We are currently 
investigating the scope of non aqueous ionic liquids as solvents for hydroformylation. We focussed our 
study mainly on imidazolium based ionic liquids, in which long chain olefins show increased solubility, 
as compared to water. In this communication we will present our results for hydroformylation of 1-hexene 
in a large range of solvents. We will more particularly point out that appropriate couples ligand - solvent 
allow to maintain the catalyst in the ionic phase and to maximize aldehyde yield.  

 
IEC 0 [544443]:  Polarity variation of room-temperature ionic liquids and its influence 
on a Diels-Alder reaction 
Richard A. Bartsch, and Sergei V. Dzyuba, Department of Chemistry and Biochemistry, Texas Tech 
University, MS 1061, Lubbock, TX 79409-1061, Fax: 806-742-1289, richard.bartsch@ttu.edu  

Abstract 
Room-temperature ionic liquids (RTILs) have become convenient, reusable, and versatile media for a 
variety of organic reactions. An attractive feature of RTILs is that various physical properties, including 
phase transition temperatures, viscosities, and densities can be fine-tuned by structural variation within 
the cationic or anionic components. Polarities of ionic liquids have received only limited attention. Alkyl 
chain elongation of 1-alkyl-3-methylimidazolium cations is reported to have only a very small influence 
on the polarity of the RTIL. Changing the anion has a somewhat greater effect. We have found that 
introduction of functional groups into the X substituent of 1-X-3-methylimidazolium 
bis(trifluoromethylsulfonyl)imides produces substantial variations in polarity. As measured with 
Reichardt's dye, Et(30) values spanning a range of 51-61 kcal/mol have been obtained. To assess the 
influence of such polarity variation on an organic reaction, endo/exo selectivity was determined for the 
Diels-Alder reaction of cyclopentadiene and methyl acrylate in the series of RTILs. Correlation between 
the RTIL polarity and the endo/exo selectivity was observed.  

 



IEC 0 [550312]:  Clean Synthesis in Ionic Liquids 
Martyn Earle, The School of Chemistry, The QUILL Centre, Stranmillis Road, Belfast BT9 5AG, 
United Kingdom, Fax: +44 2890665297, m.earle@qub.ac.uk  

Abstract 
When carrying out reactions in ionic liquids, the methods and chemistry employed should have some 
clear advantage over reactions in conventional solvents.  Some of the desirable characteristics of such 
reactions are as follows: 

1. Better yields / selectivity 
2. Produce less noxious by-products 
3. Allow catalyst recycling 
4. Simplify a separation process 
5. Allow reactions on poorly soluble compounds 
6. The ionic liquid should not be lost in the synthesis 

Ionic liquids can be used for clean synthesis in a variety of reactions. Here, we present a number of 
reaction classes in ionic liquids that meet many of the above criteria. These include synthesis in ionic 
liquids,1 cracking reactions,2 Diels-Alder reactions,3 Heck reaction,4 sulfonation reactions,5 nitration 
reactions,6 halogenation reactions,7 and oxidation reactions.8 

1 Earle, M. J.; McCormac, P. B.; Seddon, K. R. Green Chem. 2000, 2, 261-262. 
2 Adams C. J.; Earle M. J.; Seddon K. R. Green Chem. 2000, 21-24. 
3 Earle, M. J.; McCormac, P. B.; Seddon, K. R. Green Chem. 1999, 23-25. 
4 Carmichael, A. J.; Earle, M. J.; Holbrey, J. D.; McCormac, P. B.; Seddon,K. R. Org. Lett. 1999, 

1, 997-1000. 
5 PCT (British Patent)  0024747.8 
6 PCT (British Patent)  0024744.5 
7 PCT (British Patent)  0024752.8 
8 PCT (British Patent)  0024745.2 

 



IEC 0 [550559]:  Unprecedented synthesis of 1,3-dialkylimidazolium-2-carboxylate: a 
carbon dioxide transfer agent to active C-H bonds 
Immacolata Tommasi, Department of Chemistry, University of Bari, Campus Universitario, Bari 70126, 
Italy, Fax: +39 080 5442083, tommasi@chimica.uniba.it, Michele Aresta, METEA Research Center, 
University of Bari, and Igor Tkatchenko, Laboratoire de Synthèse et Electrosynthèse Organométallique, 
University of Burgundy  

Abstract 
The utilization of ionic liquids as reaction media has found large implementation in catalysis. The most 
established synthetic procedures for the synthesis of ionic liquids are based on the use of alkyl halides as 
alkylating agents. As a drawback, the presence of halogens in traces may limit substantially the use of 
halogen sensitive catalysts in ionic liquids. 

Recently, we have developed a synthesis of 1,3-dialkylimidazo lium-2 carboxylates (1) by using an 
halogen free alkylation route.  

Compound (1) can be converted into halogen free (Cl-, Br-, I-) [1,3-dialkylimidazolium]BF4 ionic liquids 
by reaction of 1,3-dialkylimidazolium-2-carboxylates with H[OEt2]BF4. 

Further investigations on the reactivity of 1,3-dialkylimidazolium-2-carboxylates have shown that they 
can act as carboxylating agents of C-H bonds characterized by high pKa (up to ≈ 20). 

  

The synthesis of (1) and its potential utilization in carboxylation reactions (Eq. 1) will be discussed. 

 
IEC 0 [551163]:  Lewis Base Ionic Liquids 
Douglas R MacFarlane , Stewart Forsyth, and Jake Golding, School of Chemistry, Monash University, 
Clayton, Australia, d.macfarlane@sci.monash.edu.au  

Abstract 
New families of ionic liquids based on the dicyanamide anion and its analogues, the methanesulphonate 
anion and the toluenesulphonate anion are described. These offer a range of interesting properties 
including very low viscosities in the case of some of the dicyanamide liquids to lower cost in the case of 
some of the methanesulphonates. All of the anions mentioned here bear a mild basicity in common. This 
is in contrast to the very weak basicity of traditional ionic liquid anions such as hexafluorophosphate. 
That low melting points are exhibited despite the stronger interactions that this basicity reflects indicates 
that weak basicity is not an absolute requirement. The basicity of these ionic liquids lends them powerful 
donor solvent properties which are critical in enabling their use in a number of important synthetic 
reactions such as the acetylation of alcohols.  



IEC 0 [554245]:  Connecting physical properties with reactivity in ionic liquids: 
Miscibility with water and acid reactivity 
Tom Welton, S. Kazarian, L. Crowhurst, J. M. Perez-Arlandis, and P. Salter, Department of Chemistry, 
Imperial College, London SW7 2AY, United Kingdom, t.welton@ic.ac.uk  

Abstract 
The variable miscibility of ionic liquids is one of their most interesting physical behaviours. We have 
demonstrated that the primary interaction between the ionic liquids and dissolved water is via a hydrogen 
bond between the water and the anion of the ionic liquid. We have also demonstrated that a, very much 
secondary, hydrogen-bonding interaction can be seen between the cation and the water. These interactions 
can be correlated with the solvent parameters α, β  and π*. Further to this the miscibility with water is a 
good guide to the chemical behaviour of acids dissolved in the ionic liquids. 

 



Electrochemistry 
 
IEC 0 [532789]:  Nanoscale Electrodeposition of metals and semiconductors from ionic 
liquids 
Frank Endres, Institute for Physical Chemistry, University of Karlsruhe, Kaiserstrasse 12, D-76128 
Karlsruhe, Germany, Fax: +49 177 99 306 3721, frank.endres@chemie.uni-karlsruhe.de  

Abstract 
Ionic liquids are molten salts with a melting point below 100 deg. C. They are based on different organic 
and/or inorganic cations and anions and have specific ionic conductivities between approximately 0.001 
and 0.1 S/cm. 1-Butyl-3-methylimidazoliumhexafluorophosphate has on Au(111) an electrochemical 
window of a little more than 4 Volt. In comparison to the widely employed aqueous solutions the 
electrochemical windows of this system is already wider by a factor of 3. In the mentioned liquid the 
initial stages of the electrodeposition of germanium on Au(111) were investigated with in situ STM. With 
GeX4 (X=Cl, Br, I) in a wider sense both underpotential (UPD) and overpotential deposition (OPD) is 
observed. In the “UPD” regime 2D islands grow that close to an approximately 300 pm high monolayer 
with clearly metallic behaviour. In the OPD regime both nanoclusters and Ge(111) bilayers can be 
obtained. In situ I/U tunneling spectroscopy shows that a Ge- layer with a thickness of several hundreds of 
nanometers as well as 10 nm high nanoclusters have a symmetric band gap of 0.7 ± 0.1 eV. Apart from 
germanium electrodeposition such ionic liquids are also very interesting for the investigation of Ti- and Si 
electrodeposition as well as for the electrodeposition of compound semiconductors like GaP, GaAs and 
ZnTe  

 
IEC 0 [536901]:  Solvent-solute interactions in ionic liquid media: Electrochemical 
studies of the ferrocene/ferrocenium couple 
M. Cristina Lagunas1, William R. Pitner2, and Kenneth R. Seddon2. (1) School of Chemistry, Queen's 
University Belfast, David Keir Building, Stranmillis Road, Belfast BT9 5AG, United Kingdom, Fax: +44 
(0) 2890 665297, c.lagunas@qub.ac.uk, (2) QUILL Research Centre, Queen's University Belfast  

Abstract 
The increasing use of ionic liquids as clean reaction media for synthesis and catalysis (including many 
metal-catalysed reactions) has opened up fundamental questions about the nature of the solvent-solute 
interactions that may take place in these unconventional solvents. In order to learn about solvent effects in 
ionic liquids, especially towards metal-organic species, we have performed electrochemical studies of the 
model ferrocene/ferrocenium (Fc/Fc+) redox couple in several neutral ionic liquids containing the 1-butyl-
3-methylimidazolium cation, [C4mim]+. The Fc/Fc+ couple shows reversibility in all cases, and oxidation 
of Fc to the monocation can be performed (reversibly) by controlled potential electrolysis. The diffusion 
coefficients of both the oxidized and the reduced species have been determined using cyclic voltammetry, 
chronoamperometry and rotating disk electrode techniques with both platinum and glassy carbon working 
electrodes. A dependency of the diffusion coefficient with the nucleophilicity of the anion has been 
observed.  

 



IEC 0 [542590]:  Metal deposition from novel room temperature ionic liquids 
Andrew P. Abbott, David L. Davies, and Raymond K. Rasheed, Department of Chemistry, Unive rsity of 
Leicester, University Road, Leicester LE1 7RH, England, Fax: 116 252 3789, apa1@le.ac.uk  

Abstract 
While room temperature ionic liquids have been of interest for over 20 years, their widespread application 
to large-scale processes has been precluded by the high cost. We have recently shown that ambient 
temperature ionic liquids can be formed by reacting substituted quaternary ammonium salts such as 
choline chloride with various metal salts. These ionic liquids are air and moisture insensitive, easy to 
prepare, conducting, have negligible vapour pressure and relatively inexpensive. They could represent the 
first economically viable alternative to aqueous plating baths. It has also been demonstrated that metal 
salts are soluble in the ionic liquids, which makes the deposition of alloys possible. This paper discusses 
the ionic species present, the nucleation mechanism, and solution properties of these liquids. The effect of 
the deposition parameters upon the material characteristics is also discussed. We also demonstrate that 
pure chromium can be deposited from similar ionic liquids with high current efficiencies.  

 
IEC 0 [548357]:  Electrochemically generated superoxide ion in ionic liquids: 
Applications to green chemistry 
Michael, A. Matthews , John W. Weidner, and Inas M AlNashef, Department of Chemical Engineering, 
University of South Carolina, Departmnet of Chemical Engineering, 301 Main, Swearingen Engineering 
center, Columbia, SC 29208, matthews@engr.sc.edu  

Abstract 
The superoxide ion, which can be electrochemically generated from oxygen in dry RTILs, is a safe and 
mild oxidizing agent that has several potential applications. We have shown that the superoxide ion in 
RTIL can be used to destroy polyhalogenated aromatic hydrocarbons, which represent a major 
environmental problem. The electrochemically generated superoxide ion was used to oxidize primary and 
secondary alcohols to carboxylic acids and ketones, respectively. It can also activate carbon dioxide to 
give a carboxylating reagent. Selected results from a variety of organic syntheses involving superoxide 
ion will be presented.  

 



IEC 0 [548719]:  Development and implementation of inexpensive room temperature 
ionic liquids in the electrodeposition of metals 
Pavla Meakin, A. J. Hill, and Terry Turney, CSIRO Manufacturing Science and Technology, Private Bag 
33, Clayton South MDC 3169, Australia, Fax: +61 3 9545 2777, pavla.meakin@csiro.au  

Abstract 
Early in January 2000 the concept of developing and implementing novel ionic liquid electrolyte systems 
for the electrodeposition of metals at room temperature was initiated. Funding for this project was 
received from the Australian Government in 2001. The application of room temperature ionic liquids is 
the enabling component in this chemistry and a radical shift from conventional commercial high 
temperature electrolyte practice. This project will significantly impact on several of Australia’s important 
commercial metal extraction and corrosion industries. The outcome will be the development of a 
scientific basis for the efficient electrodeposition of metals through the: § Identification of key metal ion 
chemistry; § Examination and optimisation of electrodeposition processes § Identification and solving of 
potential issues for process scale-up. The primary objective, which is to design and prepare ionic liquid 
electrolytes systems that are inexpensive, easily manufactured, highly conductive, atmospherically stable, 
with a suitable electrochemical window; is currently under investigation.  

 
IEC 0 [550303]:  Organic electrochemistry in ionic liquids 
Andrew P. Doherty, and Claudine A. Brooks, School of Chemistry, The Queen's University of Belfast, 
David Keir Building, Stranmillis Road, Belfast BT9 5AG, United Kingdom, Fax: 00 44 2890 382117, 
a.p.doherty@qub.ac.uk  

Abstract 
With a few notable exceptions, organic electrochemistry has not competed commercially with alternative 
thermal approaches to synthetic methodology. Although as a reagent the electron is uniquely "clean", the 
frequent use of solvents such as THF and DMSO, and the requirement for extraneous electrolytes, limit 
the commercial viability and attractiveness of electrosynthesis. Because ionic liquids act as both solvent 
and electrolyte, are electrochemically robust, and are "clean" (recyclable, negligible vapour pressure etc.), 
the opportunity to perform electrosynthesis in such media is highly attractive and may lead to a more 
commercial paradigm for electrosynthesis. The electrochemistry of benzaldehyde and anthraquinone will 
be presented and discussed in relation to the requirements to develop viable electrosynthetic 
methodologies at scale.  

 



IEC 0 [551146]:  Acids, Bases and Weak Electrolyte Behaviour in Ionic Liquids 
Douglas R MacFarlane , and Stewart Forsyth, School of Chemistry, Monash University, Clayton, 
Australia, d.macfarlane@sci.monash.edu.au  

Abstract 
Ionic liquids are fascinating and in some respects "ideal" solvents for acids, bases and electrolytes 
generally. The extent of dissociation can have a profound effect on the action of acid catalysts and it is 
important to understand the situation prevailing in the ionic liquid before mechanisms can be elucidated. 
The behaviour of acids dissolved in an ionic liquid is expected to depend on the nature of the anion 
present in the ionic liquid. We have investigated this phenomenon using NMR and uv/vis spectroscopic 
probes to estimate the degree of dissociation in a range of cases and find that the liquids studied span a 
wide range from "inert" to "strong acceptor". Weak electrolytes dissolved in ionic liquids also show a 
dependence on the nature of the ionic liquid; in some cases the ionic liquid can turn a weak electrolyte in 
water into a strong electrolyte in the ionic medium.  

 
IEC 0 [554320]:  Ionic liquid electro-processing of reactive metals 
David Dreisinger, and Jianming Lu, Department of Metals & Materials Engineering, University of 
British Columbia, 309 6350 Stores Road, Vancouver, BC V6T 1Z4, Canada, Fax: 604-822-3619, 
drei@interchange.ubc.ca  

Abstract 
The conventional processes for the production of Al, Mg and Ti are highly energy consumptive and not 
environmental friendly. In this study, the room temperature molten salt electrolysis was studied as an 
alternative means to recover and refine Al, Mg and Ti. The conductivities of 1-butyl-3-
methylimidozalium chloride (BMIC), and its mixtures with aluminum, magnesium and titanium chlorides 
were measured at different temperatures and different mole ratios. The cathodic and anodic behaviour of 
aluminum in BMIC-AlCl3system was studied in the temperature range 30 - 120 °C with reference to the 
molar ratio of AlCl3 to BMIC (1.2 - 2.5) using cyclic voltammetry and chronoamperometry. With 
increasing molar ratio of AlCl3 to BMIC, the deposition current of aluminum increased and the anodic 
dissolution current of aluminum decreased. The reduction of Al2Cl7- ions was quasi-reversible and 
involved a nucleation and growth mechanism. The deposition of aluminum was instantaneous three-
dimensional nucleation with hemispherical diffusion-controlled growth. The reduction of 1-butyl-3-
methylimidozalium ions began at about -2.2, -2.1, -2.0 and -1.9 V vs. Al(III)/Al at 30, 60, 80 and 100 °C 
respectively. Cl2 began to evolve around 1.9 V vs. Al(III)/Al. In acidic AlCl3 + BMIC melt, there are two 
stages for the dissolution of aluminum. In the first stage, aluminum was dissolved and reacted with AlCl4- 
to form Al2Cl7-. In the second stage, Al3Cl10

-, Al4Cl13
- and Al2Cl6 or AlCl3 were formed successively and 

finally solid Al2Cl6 or AlCl3 was precipitated on the electrode resulting in passivation of the electrode. 
Electrorefining and electrowinning of aluminum were conducted to evaluate the feasibility of using the 
room temperature molten salts to recover Al.  

 



Photochemistry 
 
IEC 0 [528058]:  Pulse radiolysis studies of reaction kinetics in ionic liquids 
Pedatsur Neta, David Behar, and Jan Grodkowski, National Institute of Standards and Technology, 
Gaithersburg, MD 20899-8381, Fax: 301-975-3672, pedatsur.neta@nist.gov  

Abstract 
Reaction rate constants were determined by pulse radiolysis in several ionic liquids. Radiolysis of the 
ionic liquid methyltributylammonium bis(trifluoromethylsulfonyl)imide produces solvated electrons, 
which react with benzophenone to form the ketyl radical. Electron transfer from this radical to 
duroquinone is much slower than that in water. Radiolysis of N-butylpyridinium tetrafluoroborate 
produces the pyridinyl radical, which transfers an electron to various acceptors with rate constants that are 
lower than those measured in water and in 2-PrOH but higher than the diffusion-controlled limit, 
suggesting an electron hopping mechanism. Electron transfer between methyl viologen and quinones 
takes place 3 to 4 orders of magnitude more slowly in this ionic liquid than in water or 2-PrOH and the 
direction of the electron transfer is solvent dependent. On the other hand, addition and abstraction 
reactions of the trifluoromethyl radicals in the ionic liquid methyltributylammonium 
bis(trifluoromethylsulfonyl)imide are only slightly slower than those in water and acetonitrile.  

 
IEC 0 [532863]:  An overview of photochemistry in ionic liquids 
Richard M. Pagni, Department of Chemistry, University of Tennessee, Knoxville, TN 37996-1600, Fax: 
865-974-3454, rpagni@utk.edu  

Abstract 
Synthetic chemistry in ionic liquids is a topic of considerable current interest. Photochemistry in ionic 
liquids, on the other hand, has been much less studied, but the results to date are nonetheless very 
interesting and often surprising. The talk will review what has been carried out to date, focusing primarily 
on the author's own work. The talk will describe what ionic liquids have already brought to 
photochemistry and how ionic liquids might benefit photochemistry in the future.  

 
IEC 0 [532997]:  Photoinduced electron transfer in ionic liquids: mechanisms and 
synthesis 
Paul B. Jones, Department of Chemistry, Wake Forest University, 115-A Salem Hall, Winston-Salem, 
NC 27109, jonespb@wfu.edu  

Abstract 
Ionic Liquids have been shown to be excellent solvents for the generation of radical ions. Based on this 
observation, we have been exploring organic functional group transformations initiated by a 
photochemically induced electron transfer (PET). Examples include amine mediated ketone 
photoreduction, sensitized addition of nucleophiles to alkenes, and photochemical nucleophilic aromatic 
substitution. We have found that, in some cases, the products obtained in ionic liquids are significantly 
different than those obtained in conventional solvents. For example, we discovered that amine mediated 
photoreduction of benzophenones produce good yields of the corresponding benzhydrols rather than 
benzpinacols. Based on this, and separate observations by ourselves and others, we propose that radical 
pair/ion pair equilibria is shifted toward the ion pair in ionic liquids. We are exploring this chemistry and 
how the phenomena might be applied to broaden the spectrum of useful photochemical transformations.  



IEC 0 [545765]:  Steady-state and time-resolved spectroscopy in ionic liquids 
Frank V. Bright, Department of Chemistry, University at Buffalo, The State University of New York, 
Buffalo, NY 14260-3000, Fax: 716-645-6963  

Abstract 
Room temperature ionic liquids (RTILs) have been the target of increased investigation. As an integral 
part of the Green Chemistry movement, RTILs have found application in catalysis, industrial cleaning, 
liquid/liquid extraction, polymerizations, separations, and synthesis. While some groundwork has been 
laid, the utilization of these solvents proceeds with an incomplete understanding of their dynamic and 
static solvent properties, particularly at the molecular level. In this presentation we describe our steady-
state and time-resolved spectroscopic measurements on the small organic probe molecules dissolved in 1-
butyl-3-methylimidazolium hexafluorophosphate under a variety of conditions.  

 
IEC 0 [546877]:  Pulsed laser excitation studies of photochemical reactions in room 
temperature ionic liquids 
Andrew J. McLean1, Mark J. Muldoon2, Charles M. Gordon2, Ian R. Dunkin2, Konrad Swiderski1, D. 
Huw Vaughan1, and Jorge N. Chacon1. (1) Department of Chemistry and Chemical Engineering, 
University of Paisley, Paisley Campus, Paisley PA1 2BE, United Kingdom, Fax: +44 141 848 3204, 
Mcle-ch0@wpmail.paisley.ac.uk, (2) Department of Pure & Applied Chemistry, University of Strathclyde  

Abstract 
We have examined the temperature dependence of bimolecular rate constants for the reaction of several 
unstable reaction intermediates including triplet excited states, free radicals, singlet molecular oxygen and 
organometallic species in room temperature ionic liquids. This has allowed a detailed analysis of the 
temperature dependence of diffusion controlled rate constants in such liquids. We find that bimolecular 
rate constants for diffusion are an order of magnitude larger than those calculated by other workers. 
Having established the value of bimolecular rate constants for diffusion control, reaction rate constants for 
Diels Alder and ligand displacement reactions in room temperature ionic liquids will then be compared to 
those in conventional solvents.  

 
IEC 0 [549877]:  Picosecond radiolysis of ionic liquids 
James F. Wishart1, Pedatsur Neta2, Jan Grodkowski2, Sharon I. Lall3, and Robert Engel3. (1) Chemistry 
Department, Brookhaven National Laboratory, Upton, NY 11973, Fax: 631-344-5815, wishart@bnl.gov, 
(2) National Institute of Standards and Technology, (3) Department of Chemistry and Biochemistry, 
Queens College and the Graduate Center of CUNY  

Abstract 
An understanding of the radiation chemistry of ionic liquids is important for development of their 
applications in radioactive material processing and for the application of pulse radiolysis techniques to the 
general study of chemical reactivity in ionic liquids. Kinetic studies with a picosecond electron 
accelerator, such as the BNL Laser-Electron Accelerator Facility (LEAF), allow one to observe primary 
radiation products and their reactions on short time scales. For example, the solvated electron lifetime in 
neat methyltributylammonium bis(trifluoromethylsulfonyl)imide is 170 ns and its absorption maximum is 
~1400 nm. A survey of primary radiolytic species and their reactivities will be given for several families 
of ionic liquids. Supported in part by the U.S. Department of Energy, Division of Chemical Sciences, 
Office of Basic Energy Sciences, under contract DE-AC02-98-CH1088.  



IEC 0 [551320]:  Photochemistry in ionic liquids: reactive intermediates and applications 
Charles M. Gordon1, Mark J. Muldoon1, Andrew J. McLean2, and Ian R. Dunkin1. (1) Department of 
Pure & Applied Chemistry, University of Strathclyde, 295 Cathedral Street, Glasgow G1 1XL, United 
Kingdom, Fax: 44 141 548 4822, c.m.gordon@strath.ac.uk, (2) Department of Chemistry and Chemical 
Engineering, University of Paisley  

Abstract 
In this paper we report the results of investigations into photochemically initiated reactions in room 
temperature ionic liquids (RTILs). Our studies using laser flash photolysis have allowed the 
characterisation of reactive intermediates in these media, and investigation of their reaction kinetics. 
Systems studied include electron transfer between photoexcited [Ru(bpy)3]2+ and methylviologen 
dication, as well as organometallic intermediates involved in catalytic processes. In the former case, the 
ability of the RTILs to shield charges will be discussed. We have also carried out investigations of radical 
and radical ion intermediates formed by pulse radiolysis in RTILs, and the behaviour of these species will 
also be discussed. An understanding of the behaviour of reactive intermediates of this type is vitally 
important in the development of ionic liquids as usable reaction solvents. We will also report on potential 
applications of photochemical reactions in RTILs, including the influence of these solvents on 
photoinitiated polymerisation 

 



Poster Session 
 
IEC 0 [529341]:  Ionic Liquid-Phase Transfer Synthesis for Green Chemistry 
Rex X. Ren, Jeff X. Wu, Larisa D. Zueva, Wei Ou, Yunting Luo, Walter Woodland, and Nick Blondin, 
Max Tishler Laboratory of Organic Chemistry, Department of Chemistry, Wesleyan University, Lawn 
Avenue, Middletown, CT 06459, Fax: 860-685-2211, rren@wesleyan.edu  

Abstract 
Our research is aimed at development of green synthetic organic methodologies in ionic liquid phase. 
These activities may provide more information on the understanding of mechanisms of organic reactions 
using ionic liquids as reaction media, which have been traditionally conducted in molecular solvents. It 
may also provide improved methodologies for product separations, particularly in industrial and 
pharmaceutical chemistry.  

Ionic liquids, particularly 1,3-dialkylimidazolium chloride or bromide or iodide and their derivatives, 
have been used as both reaction media and reagents in organic synthesis in our lab. Synthetic techno logies 
based on ionic liquid-phase transfer catalysis/synthesis have been developed.  

 
IEC 0 [540092]:  NMR relaxation measurements on ionic liquid solvent systems 
Markus M. Hoffmann, and Jason D. Tubbs , Department of Chemistry, State University of New York 
College at Brockport, 350 New Campus Drive, Brockport, NY 14420, Fax: 585-395-5805, 
mhoffman@brockport.edu, jt41781@hotmail.com  

Abstract 
Since ionic liquids are considered as promising and novel environmental solvents, much of the current 
research endeavors involving ionic liquids are devoted to identifying chemical processes and reactions 
that may be carried out advantageously in ionic liquids. We are interested in developing a better 
understanding of ionic liquids on a molecular level as such understanding is expected to aid further design 
and exploration of environmentally benign process involving ionic liquids. We have initiated NMR 
relaxation studies to identify the molecular motions and interactions present in ionic liquids that 
contribute to the nuclear spin relaxation mechanism. Diluting ionic liquids in deoxygenated water 
increases the relaxation time likewise for all proton-bearing functional groups in a non- linear, stepwise 
manner, indicating a stepwise change in the motional behavior of the entire emim cation during the 
solvation process of water in [emim][BF4].  

 



IEC 0 [544269]:  Transition structures and ionic cages in ionic liquids 
Orlando Acevedo, Center for Computational Sciences, Duquesne University, Department of Chemistry 
and Biochemistry, 600 Forbes Avenue, Pittsburgh, PA 15226, Fax: 412-396-5683, acevedo323@duq.edu, 
and Jeffrey D. Evanseck, Department of Chemistry and Biochemistry, Duquesne University  

Abstract 
Room temperature ionic liquids are a novel class of solvents that influence the chemical reactivity and 
stereoselectivity of a vast range of organic reactions. The Diels-Alder reaction highlights the advantages 
provided by ionic liquids, with reaction rates 200 times faster and endo selectivity 10 times greater as 
compared to commonly used solvents and conditions, at room temperature and pressure. Using density 
functional theory, we have investigated the formation of key ionic cage-like complexes that sequester and 
selectively stabilize transition structures. The ionic complexes studied involve the experimentally 
determined chloroaluminates Al2Cl7– and Al3Cl10

– in acidic melts and AlCl4– in basic melts of ionic 
liquids. The organic cationic counterpart is 1-ethyl-3-methyl- imidazolium+ (EMI+). The density functional 
theory calcula tions are used to test short-range intermolecular interactions between the ionic cage 
complexes and transition structures in order to explain the observed rate and stereoselective 
enhancements.  

 
IEC 0 [548985]:  Solvent Extraction of Cesium Nitrate by Room Temperature Ionic 
Liquids Containing Crown Ethers 
Huimin Luo1, Sheng Dai2, Peter V. Bonnesen3, and A. C. Buchanan III3. (1) Oak Ridge National 
Laboratory, Oak Ridge, TN TN 37831, 7hl@ornl.gov, (2) Chemical Science Division, Oak Ridge 
National Laboratory, (3) Chemical Sciences Division, Oak Ridge National Laboratory  

Abstract 
The discovery of crown ethers has led to a new class of ligands for liquid-liquid extraction of alkaline and 
alkaline earth metal cations. Crown ethers and related macrocycles have found wide application in the 
design of novel solvent extraction systems that are selective for fission products, such as Cs+ and Sr2+, 
based on the sizes of the crown-ether rings. The distribution ratios for the extraction process depend on 
two major factors: (a) the thermodynamic driving force for cation complexation by a crown ether and (b) 
the solvation of the cation and counteranion by the organic solvent. The former factor is usually 
thermodynamically favored. Difficulties in increasing the solvent extraction efficiency of conventional 
solvent extraction systems using crown ethers as extractants lie in the unfavorable transport of the cation 
and counteranions from aqueous phases to organic phases. These key deficiencies associated with current 
extraction processes based on crown ethers prompted us to develop ionic- liquid extraction media that 
could convert the solvation of ionic species into a more favorable thermodynamic process. Ionic systems 
consisting of salts that are liquid at ambient temperatures can act as solvents for a broad spectrum of 
chemical species. Very unique intrinsic properties of these melts are that they consist only of ions and that 
they can be made hydrophobic! The novel dual properties of these new ionic liquids make them efficient 
solvents for the extraction of ionic species from aqueous solutions. In this presentation, we will discuss 
our recent results on the solvent extraction of Cs+ based on ionic liquids containing crown ethers, such as, 
calix[4] arene-bis (tert-octylbenzo-crown-6), "BoBCalix C6" and dicyclohexyl-18-crown-6.  

 



IEC 0 [551103]:  Indium- and tin-mediated allylation reactions in ionic liquids 
Charles M. Gordon1, Craig Ritchie1, McCluskey Adam2, and Andrew Stark1. (1) Department of Pure & 
Applied Chemistry, University of Strathclyde, 295 Cathedral Street, Glasgow G1 1XL, United Kingdom, 
Fax: 44 141 548 4822, c.m.gordon@strath.ac.uk, (2) School of Environmental and Life Sciences, 
University of Newcastle  

Abstract 
Ionic liquids have been employed as solvents for an ever- increasing range of organic and biphasic 
catalysis reactions. Here we report the results of continued studies into the application of ionic liquids as 
solvents for the allylation of carbonyl compounds. Two systems have been employed. The first of these 
employs indium metal in combination with a range of allyl bromide derivatives. We have developed a 
system that is catalytic in indium, with aluminium metal acting as sacrificial reductant. The methodology 
for reuse of both indium and the ionic liquid will be reported in detail. Tin-mediated reactions have been 
carried out mainly using tetraallyl tin and its derivatives. We have demonstrated that both yields and 
selectivities obtained in these reactions are greatly enhanced by the presence of a Lewis acid such as 
scandium triflate, and that high yields of very pure product may be obtained via a straightforward workup 
procedure. Furthermore, the ionic liquid and Lewis acid catalyst may be easily recycled without loss of 
activity.  

 
IEC 0 [551235]:  Hydrophobic n-alkyl-isoquinolinium ionic liquids: characterization, 
solvent properties, and use in separations 
Ann E. Visser, Jonathan G. Huddleston, John D. Holbrey, and Robin D. Rogers, Department of 
Chemistry and Center for Green Manufacturing, The University of Alabama, Tuscaloosa, AL 35487, Fax: 
205-348-0823  

Abstract 
The broad appeal and interest in Ionic Liquids (IL) stems from the unique properties exhibited by the 
liquids and the ease in which many of their properties can be modified. Here, we have synthesized a series 
of IL comprised of n-alkyl- isoquinolinium cations and PF6

-, N(SO2CF3)2
-, and N(SO2CF2CF3)2- anions 

resulting in hydrophobic IL that have been used in liquid/liquid separations of organic solutes. In addition 
to the liquid/liquid separation results, the physical and chemical properties of these new IL will be 
discussed. A linear solvent energy relationship (LSER) and ∆Gtransfer will be presented to illuminate the 
molecular interactions underlying partitioning in selected n-alkyl- isoquinolinium/water systems.  

 



IEC 0 [551397]:  Comparative solid state analyses of polymorphic 1-butyl-3-
methylimidazolium halide ionic liquids 
W. Matthew Reichert, John D. Holbrey, and Robin D. Rogers, Department of Chemistry and Center for 
Green Manufacturing, The University of Alabama, Tuscaloosa, AL 35487  

Abstract 
1-alkyl-3-methylimidazolium halide salts are the prototypical components of ionic liquids, as the basis for 
tetrahalometallates, as starting materials for metathesis products, and as highly coordinating ionic liquids 
in their own right. Crystals of 1-butyl-3-methylimidazolium halides (Cl- and Br-) have been isolated in 
two different polymorphic forms and their crystal structures were determined. Here we present an analysis 
and comparison of the inter- ion interactions. It is anticipated that such studies will lead to valuable 
insights into the low temperature formation of ionic liquids and to a greater understanding of the liquid 
structure of the molten state.  

 
IEC 0 [551597]:  Cellulase activity in an ionic liquid 
Megan B. Turner, Scott K. Spear, Jonathan G. Huddleston, and Robin D. Rogers, Department of 
Chemistry and Center for Green Manufacturing, The University of Alabama, Tuscaloosa, AL 35487  

Abstract 
The ionic liquid, 1-butyl-3-methylimidazolium chloride will dissolve cellulose and we have begun to 
investigate the possibility of performing enzyme catalyzed reactions on the cellulose in this solvent. 
Experiments with both varied cellulase and [C4mim][Cl] concentrations have indicated that [C4mim][Cl] 
inactivates cellulase under numerous experimental conditions. Our results investigating the effects of 
alkali metal chloride salts and other agents to determine the nature of the observed inactivation will be 
presented.  

 
IEC 0 [556434]:  Ionic liquids and related compounds in synthetic chemistry 
Josh Howarth, and Paraic James, School of Chemical Sciences, Dublin City University, Glasnevin, 
Dublin 9, Ireland, joshua.howarth@dcu.ie  

Abstract 
A sample of reactions in the moisture stable ionic liquid [bmim]PF6 will be discussed. These reactions 
will include the sodium borohydride reduction of aldehydes and ketones, the coupling of aryl halides, the 
Heck reaction, oxidation of aromatic halides, and the use of baker’s yeast for the reduction of ketones. 
The ability of azolium ionic liquids to act as Lewis acids and catalyze the Diels-Alder reaction, and the 
selectivity of a homochiral tripodal receptor based on an azolium system, with apparent selectivity for 
sodium (R)-2-aminopropionate over the (S)-enantiomer, will also be discussed. Alongside this a brief 
review will be conducted of the serendipitous discovery that several azolium compounds investigated as 
both potential ionic liquids and anion receptors have indications of possible important biological activity.  

 


