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Ionic liquids (ILs) are generally defined as salts composed of discrete cations and anions with 
melting points below 100°C and many are liquid at ambient temperature. ILs are a relatively new 
material class with unique properties including non-volatility and excellent solvation capabilities. 
The extremely large number of possible ion combinations (approximately 109 pairs) makes ILs a 
truly tunable solvent which has led to an intense worldwide academic study. Interest in 
commercial use of ILs in the chemical industry has also skyrocketed, but commercialization is 
hampered by a lack of physical property data, particularly for mixtures of ILs with ordinary 
gases and liquids. My research has focused on accurately measuring vapor-liquid equilibria 
(VLE) and liquid-liquid equilibria (LLE) and using thermodynamic models to understand the 
phase behavior of binary mixtures of fluorocarbons, CO2, NH3, H2, and alcohols in ILs.  

This presentation will focus on our work to measure the gas solubility (VLE) for methane (CH4-
nFn where n = 1-3) and ethane (C2H6-nFn where n = 1 – 5) series hydrofluorocarbons (HFCs) in 
ILs using a gravimetric microbalance. VLE data have been successfully correlated with a 
modified Redlich-Kwong equation of state (EOS), which predicted partial immiscibilities with 
lower critical solution temperatures (LCSTs) in the HFC-rich side solutions. This behavior is 
quite interesting and in contrast with ionic liquid solutions of various alcohols where 
immiscibility gaps have been well studied experimentally and show upper critical solution 
temperatures (UCSTs). In order to verify our EOS predictions, we have conducted experiments 
to show LLE for some selected HFCs (CHF3, CH2F2, CHF2CF3, CH2FCF3, CH3CF3, CHF2CH3, 
and CH2FCH3) + 1-butyl-3-methylimidazolium hexafluorophosphate, [bmim][PF6], mixtures. 
LLE data have been obtained using a “volume-mass-measurement” method and LCSTs have 
been confirmed by cloud-point measurements. For solutions of CH2FCF3 in [bmim][PF6], we 
show for the first time that these binary systems belong to Type V mixture behavior according to 
the classification of van Konynenburg and Scott. In addition to the phase behavior, we will 
discuss unusually large negative excess molar volumes discovered in the present LLE 
experiments.  

Knowledge of the HFC + IL phase behavior has led to several practical applications including 
separation of isomers and diastereomers which will be presented in this talk. Finally, a few new 
examples of future applications with ILs will also be discussed.  

 


