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IEC 0 [913867]:  Interplay between cationic head-groups and oxygen-containing side-chains and the effects on the physicochemical properties of ionic liquids
Will Pitner, Anja Amann, Jens Eichhorn, and Ingrid Skupch-Martinez, IOLI R&D Laboratories, LSA, Merck KGaA, Frankfurter Straße 250, Darmstadt D-64271, Germany, Fax: +49 61 51 72 91 81 22, william-robert.pitner@merck.de 

Abstract
The effects of n-butyl, 3-hydroxy-n-propyl, 2-methoxyethyl and ethoxymethyl side-chains and pyridinium, N-methylimidazolium, N-methylpyrrolidinium, N-methylpiperidinium, N-methylmorpholinium and N,N-dimethylethylammonium head-groups on the conductivity, viscosity, density, phase transitions, thermal and electrochemical stability and relative hydrophobicity of ionic liquids containing the bis(trifluoromethylsulfonyl)imide anion have been investigated. Clear trends can be seen moving from different cation head-groups: for example, the N-methylimidazolium head-group leads to lower viscosities and higher conductivities, whereas the N-methylmorpholinium head-group increases viscosities and lowers conductivities. Some trends also become immediately obvious in changes in the side-chains: 3-hydroxy-n-propyl-substituted ionic liquids are denser than ethereal-substituted, which in turn are denser than n-butyl-substituted ionic liquids. However, the effect of the side-chains on viscosity and conductivity is subtler, and, especially for ethereal side-chains, is strongly dependent upon the head-group. The dependence of electrochemical and thermal stability upon the choice of head-group is well established, but side-chains also play a role in determining ionic liquid stability. 


IEC 0 [915797]:  Ionic liquids as vehicles for reactions and separations
Charles L. Liotta1, Charles A. Eckert2, Jason P. Hallett2, Pamela Pollet1, Ejae A. John3, Colin A. Thomas1, Xiaowang Li4, and Philip G. Jessop4. (1) School of Chemistry and Biochemistry and Specialty Separations Center, Georgia Institute of Technology, 311 Ferst Drive, NW, Atlanta, GA 30332-0400, Fax: 4048947035, charles.liotta@carnegie.gatech.edu, (2) School of Chemical and Biomolecular Engineering and Specialty Separations Center, Georgia Institute of Technology, (3) School of Chemistry, Georgia Institute of Technology, (4) Department of Chemistry, Queen's University 

Abstract
Ionic liquids possess interesting properties as reaction and processing solvents, but large-scale implementation is hampered by potential difficulties associated with product recovery. We have explored several applications of ionic liquids with a keen focus on the separations that will accompany the purification of the reaction products. One exciting new possibility involves the reversible formation of ionic liquids using gaseous CO2. This molecular “switch” allows us to turn the polarity of the solvent on and off. We have also developed applications utilizing ionic liquids as phase-transfer catalysts for multiphase organic synthesis and for the separation of products from asymmetric catalytic reactions using supercritical CO2. The effect of high-pressure CO2 on the melting point of ionic salts has also been investigated. The results enable us to increase the liquid range of ionic solvents by as much as 100 °C by depressing the melting point. 


IEC 0 [924985]:  Some technology applications of ionic liquids based on physical properties
John S. Wilkes1, Todd R. Ewy1, Kimberly A. Gardner2, David F. Pickett3, Richard F. Reich1, and Michael J. Wilcox4. (1) Department of Chemistry, US Air Force Academy, 2355 Fairchild Drive, Suite 2N225, USAF Academy, CO 80840-6230, Fax: 719-333-2947, john.wilkes@usafa.af.mil, (2) Department of Chemistry, U. S. Air Force Academy, (3) Electroenergy Mobile Products Inc, (4) Department of Biology, US Air Force Academy 

Abstract
The fact that ionic liquids are fundamentally different than molecular liquids means that their physical properties are also qualitatively and quantitatively different. The flexibility that chemists have to select cations and anions implies that media with interesting sets of physical properties may be prepared. Properties such as electric conductivity, vapor pressure, surface tension, melting temperature, heat capacity, thermal conductivity, and thermal stability form the basis of several interesting technology applications. The applications include thermal energy storage and transfer (vapor pressure, heat capacity, thermal conductivity, thermal stability), a thermal battery (electric conductivity, melting temperature), a monopropellant (vapor pressure, heat of formation), a magnetohydrodynamic pump (electric conductivity, viscosity), and an electrowetting lens (vapor pressure, electric conductivity, viscosity). How ionic liquid physical properties relate to these applications will be presented. 


IEC 0 [940912]:  How to make ionic liquids more liquid
Nikolai V. Ignat'ev, Life Science & Analytics, Merck KGaA, Frankfurterstrasse, 250, Darmstadt 64293, Germany, Fax: +49-203-3792231, nikolai.ignatiev@merck.de, and Helge Willner, Inorganic Chemistry, Bergische University Wuppertal 

Abstract
Ionic liquids exhibit unique properties: they are liquid over a wide temperature range, non-volatile, non-flammable, and possess exceptional thermal, chemical and electrochemical stability. But, they are much more viscous then conventional organic solvents. Recently, we developed a model which helps to understand the influence of coordination ability of the anions on the viscosity of ionic liquids. If the counter-anions are sufficiently nucleophilic (for instance chloride), they can coordinate to the cations to form contact ion-pairs, ion-clusters or solid salts. In this case we should take into account a co-operative diffusion of anion and cation. If the counter-anions are weakly coordinating with distinctly delocalized negative charge and low charge density on the outer sphere, we can consider such anions as independently moving particles. In this case the radius of the sphere is much smaller and consequently the diffusion coefficient (D) and mobility of ions are much higher leading to lower viscosity. 


IEC 0 [941179]:  Flammability properties of ionic liquids
Jeffrey W. Gilman Sr.1, Douglas M. Fox2, Paul C. Trulove2, Hugh C. De Long3, and John D. Stenger-Smith4. (1) Building and Fire Research Laboratory, National Institute of Standards and Technology, 100 Bureau Drive, Mail Stop 8665, Gaithersburg, MD 20899, Fax: 3019754052, jeffrey.gilman@nist.gov, (2) Department of Chemistry, United States Naval Academy, (3) Directorate of Chemistry and Life Sciences, Air Force Office of Scientific Research, (4) NAWCWD China Lake, CA 93555 

Abstract
Using Cone calorimetry the flammability properties of imidazolium based ionic liquids were evaluated. These data were compared to cone data for conventional solvents and other green solvents. Trends were observed due to the level of functionalization with alkyl groups and the type of anion used. 


IEC 0 [942792]:  Ionic liquids – new nersatile media
Anja-Verena Mudring, Institut fuer Anorganische Chemie, Universitaet zu Koeln, Greinstr. 6, D-50939 Koeln, Germany, a.mudring@uni-koeln.de 

Abstract
°ñ Solvation processes Due to the comparative novelty of ionic liquids, the solvation processes even of simple inorganic compounds are only poorly understood. A combination of spectroscopy and crystal structure analysis can elucidate these processes. Furthermore, specific ionic liquids are ideal media for the synthesis of compounds with weakly coordinating anions. °ñ Highly reducing species Ionic liquids can be designed in such a way that they can withstand highly reducing conditions like the presence of divalent lanthanoids. The reduction potentials determined by cyclovoltametry in weakly coordinating ionic liquids with OTf-, Tf2N- are significantly lower than in conventional solvents such as THF ¨C which makes new chemistry accessible. °ñ Optical materials Ionic liquids can be designed in such a way that lanthanide ions are well shielded not only from low frequency oszillators but also from themselves so that unusually high dopant concentrations together with high lifetimes can be achieved. 


IEC 0 [946262]:  Report on IACT/IUPAC project – Thermodynamics of ionic liquids, ionic liquid mixtures, and the development of standardized systems
Kenneth N Marsh, Department of Chemical and Process Engineering, University of Canterbury, Private Bag 4800, Christchurch, New Zealand, Fax: 64-3-364-2063, ken.marsh@canterbury.ac.nz 

Abstract
The aim of this International Association of Chemical Thermodynamics /International Union of Pure and Applied Chemistry project was to initiate systematic studies on the thermodynamic and thermophysical properties of Ionic Liquids (IL) in order to establish reference quality data for IL's and IL + liquid mixtures. There has been much scatter in the literature data for ionic liquids and their mixtures. The techniques developed for measurements on these standard reference systems should serve as a guide for other researchers in establishing reliable operating procedures and handling techniques with these fluids. The project committee members selected 1-hexyl-3-methylimidazolium bistriflate amide as the reference material and a stock was prepared and purified samples of known water content were distributed to the participants. Measurements made on the pure fluid include: heat capacity, viscosity, density, thermal conductivity, electrical conductivity, speed of sound, relative permittivity, TGA (in nitrogen and air), DSC, and melting point. Mixture properties include: gas solubility (low, medium and high solubility gases including supercritical fluids), liquid-liquid equilibria, vapor-liquid equilibria, infinite dilution activity coefficients, enthalpy of dilution, speed of sound, density and excess volumes. A summary of the measurements undertaken and the progress of the project will be presented. 


IEC 0 [946744]:  Crystal packing and the hows and whys of ionic liquids
Wesley A. Henderson1, Stefano Passerini2, Victor G Young Jr.3, Hugh C. De Long4, and Paul C. Trulove1. (1) Department of Chemistry, United States Naval Academy, 572 M Holloway Road (Stop 9B), Annapolis, MD 21402, henderso@usna.edu, (2) ENEA, Casaccia Research Center, (3) Chemistry Department, University of Minnesota, (4) Directorate of Chemistry and Life Sciences, Air Force Office of Scientific Research 

Abstract
It is still not well understood what factors govern the melting point of a salt. To explore this, we have scrutinized the ion crystal packing (via crystal structures) of N-alkyl-N-methylpyrrolidinium (PYR1R+), piperidinium (PIP1R+) and morpholinium (MORP1R+) salts. This permits an examination of the influence of changes to the cation alkyl groups, ring size and the presence of heteroatoms on ion interactions and salt thermal properties. Raman and NMR spectroscopy have provided complementary information regarding the conformations and disorder of the ions with varying temperature. Taken together, these create a comprehensive picture of the hows and whys for solid-solid phase changes and melting of the salts. 


IEC 0 [946809]:  Thermodynamic and transport characteristics of gases and organic solutes in ionic liquids
Ruth E. Baltus and Ying Hou, Department of Chemical Engineering, Clarkson University, Box 5705, Potsdam, NY 13699-5705 

Abstract
We have begun a fundamental investigation of the transport characteristics of gases and organic solutes in room temperature ionic liquids. Our goal is to combine information collected from a number of different experimental measurements in order to develop a fundamental understanding of the interactions governing transport in ionic liquids. 

The solubility and diffusivity of target solutes in a collection of ionic liquids have been determined by measuring the decrease in pressure that results following the introduction of solute gas into a closed vessel containing a thin ionic liquid film. The viscosity of ionic liquids with different levels of dissolved gas has also been measured. Measurements have been performed at temperatures ranging from 10oC to 50oC at low pressures (1-2 atm). 

Results have been examined in terms of relationship between diffusivity and viscosity as well as between the physical properties and the structures of the ionic liquid and the solute gas. 


IEC 0 [947223]:  Low frequency Raman Spectroscopy and liquid structure of imidazolium based ionic liquids
Hajime Okajima, Department of Chemistry, The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Fax: +81-3-3818-4621, okajima@chem.s.u-tokyo.ac.jp, and Hiro-o Hamaguchi, Department of Chemistry, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Fax: 3-3818-4621, hhama@chem.s.u-tokyo.ac.jp 

Abstract
Low frequency Raman spectroscopy in the frequency region below 200cm-1 provides us with valuable information about intermolecular interactions in liquids and solutions. We applied this spectroscopy to butylmethylimidazolium based ionic liquids (bmimX) and some related molecular liquids, in order to reveal the liquid structure of ionic liquids. For bmimX and butylimidazole, we observed characteristic intense low frequency Raman bands around 100cm-1.In chloroform solutions, their intensities showed non-linear dependence on concentration, contrast to high frequency intra-molecular vibrational bands'. We discuss the cation, anion, concentration, and temperature dependence of these bands, in terms of inter-molecular dynamics of ionic liquids. 


IEC 0 [947450]:  New ionic liquids for exploring molecular-scale interactions
Hideaki Shirota1, Edward W. Castner Jr.1, Song H. Chung2, Steven G. Greenbaum3, and James F. Wishart4. (1) Department of Chemistry and Chemical Biology, Rutgers, The State University of New Jersey, 610 Taylor Road, Piscataway, NJ 08854-8087, Fax: 732-445-5312, shirota@rutchem.rutgers.edu, castner@rutchem.rutgers.edu, (2) Department of Chemistry and Physics, William Paterson University of New Jersey, (3) Department of Physics, Hunter College, CUNY, (4) Chemistry Department, Brookhaven National Laboratory 

Abstract
Recent work in our research collaborations has focused on the study of several new ionic liquids, selected for the purpose of understanding the interactions and dynamics on a molecular scale. Many research groups have demonstrated that cation modification and anion substitution of the ionic liquids produce dramatic changes in the macroscopic physical properties of the ionic liquids, such as melting points, shear viscosity, conductivity, and glass transition temperature. Our focus is on the interactions between the molecular ions that collectively determine the macroscopic properties. We characterize the ionic liquid interactions using nonlinear optical studies of intermolecular vibrations and collective diffusive reorientation, and via NMR experiments on both translational and rotational diffusion. Time-resolved fluorescence probe studies allow determination of the effective local solvation polarity, solvation dynamics, and local friction of the ionic liquid. 

Several classes of new ionic liquids will be discussed. These liquids have been designed to profile the intermolecular interactions that control significant physical properties. For example, substitution of alkylsilane, alkylsiloxy, or alkoxy side groups for alkyl chains leads to changes in local charge distributions and bond lengths (and hence molecular volumes). We also explore the effect of the ionic nature by comparing an ionic liquid with the analogous binary liquid that has two neutral components that are isoelectronic and isostructural to either the cation or the anion. 

This work was supported by the National Science Foundation and ACS-Petroleum Research Fund (Rutgers), the Research Corporation (Wm. Paterson Univ. of NJ), and by the U.S. Department of Energy (CUNY, and at BNL under contract number DE-AC02-98-CH10866). 

