	Ionic Liquids: Not Just Solvents Anymore OR Ionic Liquids: Parallel Futures (Sponsored by Green Chemistry and Engineering, Separation Science and Technology and Novel Chemistry with Industrial Applications Sub-Divisions): 
Ionic Liquid Environmental Fate and Toxicity, Cosponsored with INOR, ORGN, ANYL, ENVR, PHYS, and POLY (Oral session #19062: Contains 8 papers: 8 accepted.)

   

Organizer: 

Joan F. Brennecke, Department of Chemical and Biomolecular Engineering, University of Notre Dame, 180 Fitzpatrick Hall, Notre Dame, IN 46556, jfb@nd.edu; Robin D. Rogers, Department of Chemistry and Center for Green Manufacturing, The University of Alabama, Tuscaloosa, AL 35487, rdrogers@bama.ua.edu; Kenneth R. Seddon, QUILL Research Centre, Queen's University Belfast, David Keir Building, Stranmillis Road, Belfast BT9 5AG United Kingdom, k.seddon@qub.ac.uk
   

Organizer, Presiding: 

Gary A. Lamberti, Department of Biological Sciences, University of Notre Dame, Galvin Life Science, University of Notre Dame, Notre Dame, IN 46556-0369, lamberti.1@nd.edu; Randall J. Bernot, Department of Biological Sciences, Murray State University, 334 Blackburn Science, Murray State University, Murray, KY 42071, randall.bernot@murraystate.edu


	Event
	

	· (917048) Assessing the toxicity and biodegradability of ionic liquids. K. M. Docherty, C. Kulpa


	

	· (947512) Evaluating the Greenness of Ionic Liquids via Life Cycle Assessment. Y. ZHANG, B. Bakshi, E. Sahle-Demessie


	

	· (947497) Understanding the mechanism of ionic liquid toxicity to fish and Daphnia. A. Y. O. Matsuo, G. A. Lamberti


	

	· (923825) Ionic Liquids: Environmental, safety and public health issues. B. C. Gbaruko, J. C. Igwe, P. N. Gbaruko, C. Ogbonna


	

	Intermission

	

	· (947456) Silk Regeneration with Ionic Liquids. D. M. Phillips, L. F. Drummy, R. R. Naik, P. C. Trulove, H. C. De Long, R. A. Mantz


	

	· (947819) Environmental and toxicological assessment of imidazolium ionic liquids. P. Stepnowski


	

	· (947473) Preliminary assessment of imidazolium-based ionic liquids for extraction of organic contaminants from soils. A. P. Khodadoust, S. Chandrasekaran, D. Dionysiou


	

	· (946804) Toxicity of ionic liquids on freshwater organisms. R. J. Bernot, G. A. Lamberti
	




Top of Form

IEC 0 [917048]:  Assessing the toxicity and biodegradability of ionic liquids
Kathryn M Docherty and Chales Kulpa, Department of Biological Sciences, University of Notre Dame, 107 Galvin Hall, PO Box 369, Notre Dame, IN 46656, Fax: 574-631-7413, docherty.3@nd.edu 

Abstract
Ionic liquids (ILs) are designer solvents with a wide liquid range that have enormous potential for industrial use as green chemicals. Varying the cationic components can alter the chemical properties, toxicity and biodegradability of ILs. We have tested the toxicity of butyl, hexyl and octyl-substituted imidazolium and pyridinium bromide ILs with varying alkyl side chain lengths to the standard test organism Vibrio fisheri and a suite of other microorganisms. We found that an increase in chain length corresponded to increased toxicity. We tested the biodegradability of 6 ILs using bacterial inoculations from WWTP activated sludge communities. Biodegradability was measured using a DOC Die-Away test and 1H-NMR. Additionally, bacterial communities were characterized using DGGE. Our data suggest that imidazolium ILs resist biodegradation but pyridinium ILs can be fully metabolized. Alkyl chain length had a direct effect upon the rate of biodegradation, rendering the most toxic pyridinium ILs the most readily degradable. 


IEC 0 [923825]:  Ionic Liquids: Environmental, safety and public health issues
Benedict C. Gbaruko, Industrial Chemstry, Abia State University, 27B Federal Low Cost Housing Estate, Okigwe 234, Nigeria, bgbaruko@yahoo.com, Jude C. Igwe, Industrial Chemistry, Abia State University, Uturu, Nigeria, Paschal N. Gbaruko, Analytical Laboratory Department, Riejom Chemical Industries Limited 184 Aba/Owerri Road Aba, and Chika Ogbonna, Microbiology, Abia State University Uturu 

Abstract
Ionic liquids are organic salts with melting points under 100oC, and often lower than room temperature. They are highly solvating, non-coordinating medium in which a variety of organic, inorganic and polymeric solutes are able to dissolve. They are outstanding good solvents and are recently being employed as substitutes for the traditional organic solvents in chemical reactions as a result of their many unique properties ranging from, very good dissolution properties, high thermal stability, no measurable vapor pressure, non flammability, high ionic conductivity and a large electrochemical window. Inspite of all these unique properties and widespread applications, there is public skepticism as to their characterization as preferable solvents for reasons of environmental stewardship, simply because of their low volatility. This paper makes a review of ionic liquids, their properties, applications and the environmental, safety and public health concerns associated with their widespread use. 

IEC 0 [946804]:  Toxicity of ionic liquids on freshwater organisms
Randall J. Bernot, Department of Biological Sciences, Murray State University, 334 Blackburn Science, Murray State University, Murray, KY 42071, Fax: 270-762-2788, and Gary A. Lamberti, Department of Biological Sciences, University of Notre Dame 

Abstract
Room-temperature ionic liquids (ILs) are a new class of chemicals being proposed as environmentally-friendly solvent substitutes for industrial applications. While ILs are relatively benign to the atmosphere because they are non-volatile, their impacts on aquatic organisms and communities are unknown. To assess the potential toxicity of imidazolium- and pyridinium-based ILs, we conducted acute and chronic toxicity bioassays using various aquatic organisms. Imidazolium ILs were relatively less toxic to the freshwater snail Physa acuta (LC50 values ranged from 43 to 882 mg L-1, depending on the anion present) than to Daphnia magna (LC50 ranged from 10.8 to 19 mg L-1). In chronic exposures, P. acuta moved less when exposed to intermediate IL concentrations (6 to 25 mg L-1) than when exposed to high IL concentrations or no IL. Egestion rates of P. acuta, however, declined significantly at all IL concentrations. In general, IL toxicity increased with increasing alkyl chain length. Ongoing research with bacteria (Vibrio fisheri), algae (Scenedesmus quadricauda), aquatic plants (Lemna minor), and larval fish (Pimephales promelas) indicate that IL toxicity varies considerably across organisms and trophic levels. Nonetheless, the potential hazards of IL contamination to freshwater ecosystems appear to be greater than the potential risks to the atmosphere. 

IEC 0 [947456]:  Silk Regeneration with Ionic Liquids
David M. Phillips, Air Force Research Laboratory, Materials and Manufacturing Directorate, AFRL Wright-Patterson Air Force Base, 3005 Hobson Way, Wright-Patterson Air Force Base, Dayton, OH 45433, david.phillips@wpafb.af.mil, Lawrence F. Drummy, Materials and Manufacturing Directorate, Air Force Research Labs, Rajesh R. Naik, Materials and Manufacturing Directorate, Air Force Research Laboratory, Paul C. Trulove, Department of Chemistry, United States Naval Academy, Hugh C. De Long, Directorate of Chemistry and Life Sciences, Air Force Office of Scientific Research, and Robert A. Mantz, AFRL/MLBT, Air Force Research Laboratory, Wright Patterson Air Force Base, Ohio 

Abstract
The properties of silk from the silkworm Bombyx mori are quite remarkable considering that the silkworm processes its silk at ambient conditions in an aqueous solution and the mechanical properties of the silk rival synthetic materials that are processed using organic solvents under harsh conditions.[1] We are exploring alternative processing methodologies for silk that will possibly expand its applications. 

It has been shown previously that dialkyl- and trialkylimidazolium based ionic liquids can directly dissolve silkworm cocoon silk to form stable solutions in contrast to other dissolution methods that require a time-intensive, multi step process.[2] These ionic liquid silk solutions have been used to generate both films [2] and fibers.[3] In this work, we further examine the processing conditions required to produce silk fibers from ionic liquid solutions. 

[1] D.L. Kaplan, S.J. Lombardi, W. Muller, S. Fossey, in Biomaterials from Biological Sources (Ed: D. Byrom), Stockton Press, New York 1991. [2] D.M. Phillips, L.F. Drummy, D.G. Conrady, D.M. Fox, R.R. Naik, M.O. Stone, P.C. Trulove, H.C. De Long, and R.A. Mantz, J. Am. Chem. Soc., 2004, 126(44), 14350-14351. 


IEC 0 [947473]:  Preliminary assessment of imidazolium-based ionic liquids for extraction of organic contaminants from soils
Amid P. Khodadoust1, Srividya Chandrasekaran1, and Dionysios Dionysiou2. (1) Department of Civil and Materials Engineering, University of Illinois at Chicago, 842 West Taylor Street, Chicago, IL 60607-7023, Fax: 312-996-2426, akhodado@uic.edu, (2) Department of Civil and Environmental Engineering, University of Cincinnati 

Abstract
A category of alternative solvents known as room temperature ionic liquids (RTILs) has been considered for the extraction of organic soil contaminants. A hydrophobic RTIL, 1-butyl-3-methyl imidazolium hexafluorophosphate ([bmim]PF6) and a hydrophilic RTIL,1-butyl-3-methyl imidazolium chloride ([bmim]Cl), were selected as representative imidazolium-based RTILs to assess the extraction of several organic contaminants (OCs) from two model soils. The two soils were montmorillonite (with clay minerals, high surface area, and no organic matter) and glacial till (with organic matter). The soils were spiked separately with DDT, dieldrin, hexachlorobenzene and pentachlorophenol. For comparison with RTILs, the OCs were extracted from soils using several organic solvents. With the exception of DDT, extractions of OCs from montmorillonite with [bmim]PF6 (79 to 92 percent) were nearly as effective as extractions with acetone and ethanol (85 to 100 percent). The extractions of OCs from glacial till with RTILs (15 to 61 percent) were less effective than extractions with organic solvents (59 to 100 percent). The [bmim]Cl was as efficient as [bmim]PF6 for extraction of OCs from glacial till, while [bmim]PF6 was more efficient than [bmim]Cl for extraction of OCs from montmorillonite. The two RTILs were most effective for the extraction of dieldrin (the heaviest OC) from both soils, and were least effective for extraction of DDT and HCB from montmorillonite and glacial till soils, respectively. The extraction results for glacial till show dependence of OC extraction on the viscosity and melting point of RTILs. 

IEC 0 [947497]:  Understanding the mechanism of ionic liquid toxicity to fish and Daphnia
Aline Y. O. Matsuo and Gary A. Lamberti, Department of Biological Sciences, University of Notre Dame, 290B Galvin Life Sciences, Notre Dame, IN 46556-0369, Fax: 574-631-7413, amatsuo@nd.edu 

Abstract
The use of ionic liquids (ILs) as an environmentally friendly surrogate for traditional organic solvents in industry is very promising. However, because many ILs are highly soluble in water, aquatic organisms are highly susceptible to effects induced by these chemicals. Studies have shown that ILs are toxic to aquatic organisms ranging from bacteria to fish, and that toxicity is mostly attributed to the organic cation and its alkyl side-chains. Toxicity induced by ILs has been suggested to occur through narcosis, similar to effects reported for surfactants. In an effort to understand the possible modes of action of imidazolium and pyridinium-based ILs, we analyzed physiological responses in a crustacean ( Daphnia magna) and fish (Pimephales promelas and Danio rerio) exposed to ILs, based on ion uptake changes and by assessing disruption in membrane permeability. Water quality was also addressed during the experiments to understand whether the effects of IL toxicity was affected by hardness, dissolved organic matter content, pH, or temperature. The results are discussed and theories for the mechanistic toxicity of ILs are proposed. 


IEC 0 [947512]:  Evaluating the Greenness of Ionic Liquids via Life Cycle Assessment
YI ZHANG, Department of Chemical and Biomolecular Engineering, The Ohio State University, Columbus, OH 43202, zhang.468@osu.edu, Bhavik Bakshi, Department of Chemical and Biomolecular Engineering, Ohio State University, and Endalkachew Sahle-Demessie, Clean Process and Products Branch, US Environmental Protection Agency, National Risk Management Research Laboratory 

Abstract
Ionic Liquids have been suggested as “greener” replacements to traditional solvents. However, the environmental impacts of the life cycle phases have not been studied. Such a “cradle to gate” Life Cycle Assessment (LCA) for comparing the environmental impact of various solvents and processes where ILs are suggested as alternatives is the subject of this paper. The primary focus is on the Ionic Liquid, butylmethylimidazolium tetrafluoroborate ([Bmim][BF4]) and its use for the manufacture of cyclohexane and in a Diels-Alder reaction. These processes are compared with more traditional processes. The results of the LCA indicate that if the use of ILs permits the process to achieve higher yields, then they may be a good replacement for organic solvents. This is shown in the Diels-Alder example. But for the process that can be run without using any solvents, replacing it with a solvent-based process may not reduce the life cycle environmental impact. 

IEC 0 [947819]:  Environmental and toxicological assessment of imidazolium ionic liquids
P. Stepnowski, Faculty of Chemistry, University of Gdansk, Gdansk 80-952, Poland, sox@chem.univ.gda.pl 

Abstract
Interest in ionic liquids for their potential in different chemical processes is constantly increasing, as they are claimed to be environmentally benign – a very good non-volatile solvents for a wide range of applications. Responsible product design however should always take into consideration not only technological demands but also the risks arising out of possible health and environmental hazards. This contribution presents our strategy where we are aiming to understand the fate of these entities through their life cycle. Toxicological studies are presented here including ionic liquids impact on the growth of eukaryotic cells of different origin. Further, lipophilicity and theoretical prediction of possible metabolic pathways is discussed. The data on ionic liquids distribution in soils and sediments is also presented as well as their photodegradation rates. 
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