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IEC 0 [908911]:  13C NMR Relaxation and Viscosity studies of the ionic liquid 1-ethyl-3-methyl-imidazolium butanesulfonate
W. Robert Carper1, Phillip G Wahlbeck1, Norman E. Heimer2, and John S. Wilkes2. (1) Department of Chemistry, Wichita State University, 1845 Fairmount, Wichita, KS 67260-0051, Bob.Carper@wichita.edu, (2) Department of Chemistry, USAF Academy 

Abstract
A new method of obtaining molecular reorientational dynamics from 13C spin-lattice relaxation data of aromatic carbons in viscous solutions is applied to the cation and anion of the ionic liquid, 1-ethyl-3-methylimidazolium butanesulfonate ([EMIM]BSO3). Rotational correlation times are compared with viscosity data and indicate several [EMIM]BSO3 phase changes over the temperature range from 278 to 328 K. Modifications of the Stokes-Einstein-Debye (SED) model are used to determine molecular radii for the 1-ethyl-3-methylimidazolium cation. The Hu-Zwanzig correction yields a cationic radius that compares favorably with a DFT gas phase calculation using B3LYP/(6-311 + G(2d,p)). Chemical shift anisotropy values, are obtained for the ring and immediately adjacent methylene and methyl carbons in the imidazolium cation and for the three carbon atoms nearest to the sulfonate group in the anion. 


IEC 0 [921534]:  Chemical and electrochemical applications of ionic liquid fluorohydrogenates
Rika Hagiwara, Toshiyuki Nohira, Kazuhiko Matsumoto, Takashi Shimada, Takuji Fujinaga, Junya Otsuki, and Ryuichi Ueno, Graduate School of Energy Science, Kyoto University, Sakyo-ku, Kyoto 606-8501, Japan, Fax: +81-75-753-5906, hagiwara@energy.kyoto-u.ac.jp 

Abstract
Some onium fluorohydrogenates, such as 1,3-dialkylimidazolium and N,N-dialkylpyrrolidinium, Cat(FH)nF (n<2.3), exhibits a strong fluorobasicity and excellent stability at ambient condition the dissociation pressure of HF is practically zero. These salts possess high ionic conductivities of 101 to 102 mS cm-1. The cathode limit is determined by the reduction of fluorohydrogenate ions to evolve hydrogen. The anode limit is governed by electrochemical stability of the onium cation. Introduction will be made on chemical application as fluorinating reagents to produce some new ionic liquids with high purities and electrochemical application as electrolytes for a new type of fuel cell. 

IEC 0 [942876]:  Ionic liquids for space propulsion
Yu-Hui Chiu1, Geraldine Gaeta1, Thomas Heine1, Rainer A. Dressler1, and Dale J. Levandier2. (1) Space Vehicles Directorate, Air Force Research Laboratory, 29 Randolph Rd, Hanscom AFB, MA 01731, Fax: 781-377-8202, Yu-Hui.Chiu@Hanscom.af.mil, (2) Institute for Scientific Research, Boston College 

Abstract
Ion field evaporation occurs at the liquid-vacuum interface of conducting liquids at electric field strengths in excess of 1 V/nm. The electrospray of room temperature ionic liquids is currently being tested for space propulsion applications. Ionic liquids are ideally suited for space applications due to their high conductivity and negligible vapor pressure. It has recently been demonstrated that certain ionic liquids can be electrosprayed in a droplet-free, pure ion emission mode. The physics associated with this ion field evaporation process is not yet fully understood. Mass spectrometry of field evaporated ions provides information on the interfacial field evaporation mechanism. An overview of space propulsion needs will be presented as well as measurements of the sprays emitted from the ionic liquids, [Emim][BF4], [Emim][Im], and [Emim][NO3]. 


IEC 0 [946506]:  Research and Development of Energetic Ionic Liquids
Tommy W. Hawkins, Air Force Research Laboratory, US Air Force, 10 Saturn Blvd, Edwards AFB, CA 93524-7680, Fax: 661-275-5435, tommy.hawkins@edwards.af.mil, and Gregory W. Drake, NASA Marshall Space Flight Center 

Abstract
Current research programs are aiming to develop ionic liquids (ILs) as energetic materials for various applications including both propulsion and explosives. Within the propulsion arena a focus is to replace hydrazine (a highly toxic compound) as a bipropellant fuel. One approach to replacing hydrazine is the synthesis and development of ILs with substantially less vapor toxicity and superior energy density. Synthesis, characterization and testing of these high energy density materials (HEDM) is an essential part of the process for identifying ILs that are useful bipropellant fuels. Hazardous characteristics, undesirable physical and chemical properties of such ILs must be identified before further development by a potential user. Recently synthesized IL molecules and their properties will be discussed (including limited safety and sensitivity, and thermophysical properties). Energetic ILs have also recently been synthesized and characterized as explosive ingredients and are a promising material approach to explosives. 


IEC 0 [946986]:  High efficiency dye sensitized solar cells using ionic liquid electrolytes
Daibin Kuang, Seigo Ito, Shaik Mohammed Zakeeruddin, and Michael Graetzel, Department of Chemistry, Swiss Federal Institute of Technology Lausanne, Laboratoire de Photonique et interfaces, Ecublens, Lausanne CH 1015, Switzerland, Fax: 0041 21 6934111, daibin.kuang@epfl.ch, shaik.zakeer@epfl.ch 

Abstract
Nanocrystalline dye sensitized solar cells (DSC) are attracting considerable academic and industrial interest as low-cost, high efficiency alternatives to the conventional solid p-n junction photovoltaic devices. Encapsulation of volatile electrolyte is a critical issue in view of the practical applications. A viable solution to this problem is replacement of organic solvent electrolytes by ionic liquid electrolytes, whose vapor pressure is negligible. Ionic liquids with good chemical, thermal stability and wide electrochemical window have been recently pursued as alternative electrolytes for DSC. Iodide based ionic liquids are more viscous than conventional organic solvents. To reduce the viscosity of these electrolytes to some extent a binary ionic liquid electrolytes prepared by mixing iodide based ionic liquids with low viscosity ionic liquids (having weakly coordinating anion based ionic liquids). Here we report a new family of novel ionic liquids with low viscosity to obtain high efficiency and device stability at elevated temperatures. This lecture will summarize the most recent developments in the use of ionic liquid electrolytes for DSC. 


IEC 0 [947015]:  Bronsted Acid-Base Ionic Liquids as Novel Fuel Cell Electrolytes
Masayoshi Watanabe, Department of Chemistry & Biotechnology, Yokohama National University, 79-5 Tokiwadai, Hodogaya-ku, Yokohama 240-8501, Japan, Fax: +81-45-339-3955, mwatanab@ynu.ac.jp 

Abstract
The need for an efficient, highly proton-conducting electrolyte with high operational temperature for polymer electrolyte fuel cells (PEFC) has resulted in the increased attention to the option of the ionic liquids as fuel cell electrolytes. Ionic liquids have unique physicochemical properties such as, immeasurably low vapor pressure, potential to maintain high ionic conductivity over a wide range of temperature, and greater thermal and electrochemical stability. If task-oriented property, proton conductivity in the present case, is molecularly designed in ionic liquids, the scope for the utility of the ionic liquids will immediately expand to fuel cell applications. We have recently recognized that Bronsted acid-base systems, constituting a very important subgroup of ionic liquids, are proton conducting and serve as fuel cell electrolytes under non-humidifying and elevated temperature conditions. In this talk, I shall therefore, discuss the expedient means of the preparation and characterization of a novel series of protic ionic liquids, and evaluate the proton conduction behavior of the systems, with emphasis on the development of strategies to prepare proton conducting ion-gels containing protic ionic liquids for their potential use as polymer electrolytes under non-humidifying conditions for a new mesothermal fuel cell. 


IEC 0 [947022]:  Lithium ion conducting ionic liquids as electrolytes for lithium rechargeable batteries
Hiroyuki Tokuda, Hyunjoo Lee, Hitoshi Shobukawa, Masato Watanabe, and Masayoshi Watanabe, Department of Chemistry and Biotechnology, Yokohama National University and CREST-JST, 79-5 Tokiwadai, Hodogaya-ku, Yokohama 240-8501, Japan, Fax: +81-45-339-3955, htokuda@ynu.ac.jp 

Abstract
If task-oriented property, lithium-ion conductivity in this case, can be molecularly designed into ionic liquids, the scope and utility of the ionic liquids will expand to lithium rechargeable batteries. However, conventional lithium salts have relatively high melting points, mainly due to the strong electrostatic interaction. We designed and prepared lithium salts of borates having electron-withdrawing groups, to reduce the anionic basicity, as well as lithium-coordinating ether ligands, to dissociate the lithium cations from the anionic center. The obtained lithium salts were clear and colorless liquids at room temperature. The lithium ionic liquids had self-dissociation ability and conducted lithium ion even in the absence of organic solvents. Lithium secondary batteries using a lithium ionic liquid as the electrolyte and LiFePO4 as the cathode showed coulombic efficiency close to 100 %, and furthermore, discharge capacity after 80th cycle was kept at 90 %, compared with that of the first cycle. 


IEC 0 [947070]:  Taylor cones of ionic liquids as ion sources in vacuum: The role of electrical conductivity and surface tension
Juan Fernandez de la Mora1, Segio Castro1, William Martino1, Yukihiro Yoshida2, G. Saito2, and John S. Wilkes3. (1) Department of Mechanical Engineering, Yale University, 9 Hillhouse Avenue, New Haven, CT 06520-8286, Fax: 203-432-7654, juan.delamora@yale.edu, (2) Division of Chemistry, Kyoto University, (3) Department of Chemistry, US Air Force Academy 

Abstract
Taylor cones are fluid features forming when the meniscus of a conducting liquid is subject to a sufficiently intense electric field. The cone apex then emits a beam of charged particles. This beam consists of metal ions (Purely ionic regime of PIR) in the case of liquid metals, and of charged drops (Pure drop Regime or PDR) for moderately conducting organic electrolytes. Ionic liquids (ILs) may exhibit either of these two limiting regimes, as well as an intermediate or Mixed Regime (MR). The use of Taylor cones of ionic liquids as sources of ions for electrical propulsion has gained increased interest following the realization that the ion beam quality may be very high for certain selected ILs capable of PIR operation. However, little is known to date on either the physics of the ion emission phenomenon, or the reasons why only a few ILs are able to operate in the desired PIR. Theoretical reasons suggest that high surface tension G and high electrical conductivity K are key factors favoring the PIR. In order to test this hypothesis we have measured K and G for a number of ILs recently synthesized by the Kyoto group, involving the EMI cation and anions containing either the cyano group or a metal tetrachloride. Several promising ILs, including EMI-GaCl4, are thus identified, and their ability to run in the PIR is confirmed by time of flight mass spectrometry. 

IEC 0 [947464]:  Paramagnetic Ionic Liquids
Rico E. Del Sesto1, T. Mark McCleskey1, Anthony K. Burrell1, Gary A. Baker2, John S. Wilkes3, and Joe D. Thompson4. (1) Chemistry Division, Los Alamos National Laboratory, PO Box 1663, MS J514, Los Alamos National Laboratory, Los Alamos, NM 87545, Fax: 505-667-9905, ricod@lanl.gov, (2) Chemical Science Division, Oak Ridge National Laboratory, (3) Department of Chemistry, US Air Force Academy, (4) Condensed Matter and Thermal Physics, Los Alamos National Laboratory 

Abstract
Incorporation of open-shell metal-centers into the cationic or anionic species of ionic liquids leads to paramagnetic liquids which show a significant response to an applied magnetic field. The response appears to be dependant on the spin density as well as the viscosity of the liquid. These properties as well as the miscibility of the liquids in different matrices can be changed through variation of cation and anion functional groups. As transparent (though colored) materials, optical features can also be utilized to develop magnetooptical switches. 

