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Water is a crucial impurity in many different applications using ionic liquids (ILs), because most processes do not
take place in dry conditions and ILs are notoriously hygroscopic. In addition, different IL physical properties, such as
viscosity, density, conductivity, surface tension, and polarity, can be affected by the presence of water even in
hydrophobic ionic liquids (i.e., ILs that are not completely miscible with water)' 2. Moreover, the presence of water
can also modify reaction rates, equilibrium constants, selectivity, and reaction mechanisms for applications ranging
from separation processes? to electrochemical applications* and CO2 capture®. Therefore, it is important to develop
a deeper understanding of the liquid phase behavior between water and ILs and probe the effect of the cation size
and anion nature on ionic liquids hydrophobicity. The hydrophobic-hydrophilic character of aprotic heterocyclic
anion (AHA) ionic liquids, which we have developed for post-combustion CO2 capture, was studied by Karl Fischer
titration to measure the water content in the IL-rich phase in equilibrium with a water-rich phase at room
temperature. The effect of the tetra-alkyl-phosphonium cation on hydrophobicity was investigated by increasing the
alkyl chain length to increase hydrophobicity. The effect of the anion on hydrophobicity was studied by pairing the
tetra-alkyl-phosphonium cation with different AHAs and by adding different substituents on the anion. The anion
nature, basicity, and electron withdrawing effect of different substituents proved to have a significant impact on the
ILs hydrophobicity. Changes in the alkyl chain length of the cation and the nature of the anion produce changes in
the solubility of water in the ILs of up to an order of magnitude.

References:

[1]. Seddon K.R.; Stark A.; Torres M.J. Influence of Chloride, Water and Organic Solvents on the Physical Properties
of lonic Liquids. Pure Appl, Chem. 2000, 72, 2275-2287.

[2]. Freire M.G.; Carvalho P.J.; Fernandes A.M.; Marrucho I.M.; Queimada A.J.; Coutinho J.A.P. Surface Tensions of
Imidazolium Based lonic Liquids: Anion, Cation, Temperature and Water Effect. Journal of Colloid and Interface
Science 2007, 314, 621-630.

[3]. Liu, H.; Sale, K.L.; Simmons, B. A.; Singh, S. Molecular Dynamics Study of Polysaccharides in Binary Solvent
Mixtures of an lonic Liquid and Water; J. Phys. Chem. B; 2011, 115: 10251-10258.

[4]. O’'Mahony, A. M.; Silvester, D.S.; Aldous, L.; Hardacre, C.; Compton R.G. Effect of Water on the Electrochemical
Window and Potential Limits of Room-Temperature lonic Liquids; J. Chem. Eng. Data; 2008, 53: 2884-2891.

[5]. McDonald, J.L.; Sykora, R.E.; Hixon, P.; Mirjafari, A.; Davis, J.H. Impact of water on CO2 capture by amino acid
ionic liquids. Environ. Chem. Lett. 2014; 12:201-208.



