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Air and Water Stable 1-Ethyl-3-methylimidazolium Based Ionic Liquids
John S. Wilkes and Michael J. Zaworotko*t
The Frank J. Seiler Research Laboratory, United States Air Force Academy, Colorado 80840, USA

A series of novel air and water stable low melting salts based upon the 1-ethyl-3-methylimidazolium cation (EtMeim + )

have been prepared and characterized; two salts, [EtMeim]BF4 and [EtMeim]MeC0 2, are liquids under ambient
conditions.

Alkylpyridinium (Rpy + ) chloroaluminate based ambient tern- desirably with Lewis acids such as Friedel-Crafts substrates. 4

perature ionic liquids have been known since the 1950s,l In contrast, there are a plethora of higher melting salts,
however, it was the discovery of EtMeim based chloroalumi- typically based upon halides. halometallates and more inert
nate ionic liquids in 19822 that afforded the impetus for a anions such as nitrate, sulfate and carbonate, that have been
dramatic increase in activity in the area. The latter class of utilized as electrolytes. 5 It occurred to us that were the
compounds exhibits a wider liquidus range and an electro- inertness and facile handling capability of some of the higher
chemical window of >3.0 V and has therefore become of great melting salts to become feasible under ambient conditions,
interest from both an electrochemical3 and a synthetic then the possibilities for applications of ionic liquid media
perspective. 4 A considerable drawback of ambient ionic would become greatly enhanced. In this communication we
liquids concerns the need to protect rigorously the ionic liquids report the preliminary results of a study that has focused upon
from moisture and other oxide impurities and the tendency of extending the range of known EtMeim + salts so as to inciude
many substrates to react with halometallates. Use of ambient
temperature ionic liquids has therefore thus far been limited to
a narrow range of organic substrates, yyricIly ,aose :hat rcact
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t Permanent address: Department of Chemistry. Saint Mary's
University. Halifax, Nova Scotia B3H 3C3. Canada. FlY+ EtMeim+
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Fig. I View of the ac plane in EltMeim]NO. Layers eclipse each other Fig. 3 Cell-packing diagram for [EtMeim]2 SO.H.O illustrating the
to form an ababab structure with an interplane separation of ca. 3.4 A. stacked [EtMeiml cations. The closest interionic contacts are
Closest interionic contact is a C-..O distance ut 1.234(5) A between 3.202(6) and 3.214(7) A between position 2 of each im ring and sulfate
position 2 of the im ring and 0(2). oxygen atoms. The water molecule of solvation bridges sulfate anions,

thereby forming an anionic stack parallel to the cationic stack.

at least -20 °C whereas Id freezes to a glass at -45 'C
although it beomes extremely viscous below -20 'C.

The nature of the EtMeim + cation and how it interacts with
various anions has previously been explored in both solution7

an.d solid 8 phases and via theoretical studies. 9 It is apparent
a that hydrogen bonding via the hydrogen atom at po-.tion 2 of

the im ring is a common feature of basic ionic liquids (i.e. mole
fraction of AIC13 < 1.0) but what influence this has upon the
structure and physical properties of melts and solids remains
unclear. In order to evaluate how EtMeim4 interacts with the
anions chosen for this study the X-ray crystal structures of la,

C 0 b  lb and le were determined.§ Analysis of the interionic
contacts reveals the presence of C-H .. 0 hydrogen bonding in
all three compounds, with the hydrogen atom at position 2
exhibiting the strongest interactions. Indeed, the C-H- .-
distances are at the short end of the range expected for a
C-H ..0 hydrogen bondt" being comparable to those ex-
hibited for strong CI3CH'"O hydrogen bonds."I Cell packing
diagrams illustrate that lb (Fig. 1) exhibits hexagonal close-
packing whereas la and le (Figs. 2 and 3, respectively) pack so

Fig. 2 View of the ac plane in [EtMeim]N03. which illustrates the that the EtMeim cations are vertically stacked. A similar
stacking of cations and anions. The interplane separation of the plane stacking of cations was observed in the solid state for
of the ions corresponds to the a axis and is therefore ca. 4.5 A. The [EtMeim]Cl.1- It is interesting to note that we have not yet
closest interionic contact is a C ...0 distance of 3.078(6) A between e c Intere sting to neate have ot yet
position 2 of the im ring and 0(2). There are several other contacts encountered similar stacking in related pyridinium or 1,3-
within 3.3 A.

§ Crystaldata for ia: M = 173.2, monoclinic. P2,/n. a = 4.540(3). b=

anions which would permit more widespread usage of ionic 14.810(9), c = 13.445(9) A, t0 = 95.74(6) °. U = 899.5(10) A , Z = 4.

liquids as both electrolytes and reaction media. D, = 1.279 Mg M-
3
, 11 = 1.0 cm - 1. crystal dimensions 0.25 x 0.40 x

0.60 mm. 864 Reflections with I > 3o(/) converged at R = 0.083 andThe following salts : were prepared quantitatively on the R' = 0.104.
benchtop via metathesis of [EtMeimll and the appropriate For lb: C6HIN.O12. M = 157.2, monoclinic. space group P21. a =
silver salt in MeOH or MeOH-H 20: [EtMeimINO 3, Ia. m.p. 7.870(5), b = 6.752(3). C = 8.517(6) A, p = 114.21(5)-. U = 412.8(4)
38 °C: [EtMeimINO 2, lb, m.p. 55 °C; [EtMeim]BF4 , IC, m.p. A -, Z = 2, D, = 1.265 Mggm- 3 , p = 0.9 cm- '.crystal dimensions0.30
15 °C; (EtMeim]MeCO 2 , Id, m.p. ca. -45 *C; [EtMeim] 2 - x 0.50 x 0.90 mm. 548 Reflections with I > 3n(I) converged at R =

SO 4-H20. le, m.p. 70 C. With the exception of le all salts are 0.059 and R' = 0.065.
hygroscopic but no special precautions are required during For lic: C12H2 4N40 5 S, M = 336.4. orthorhombic, space group
synthesis as they may be dried conveniently in a vacuum oven Pc21n (non standard setting for Pna2t, No. 33). a = 7.474(2), b =

at 80 C. This is in contrast to higher melting metal based salts 13.023(5), c = 16.894(6) A. U = 1644.4(10) A .z = 4. D, = 1.359Mgmn--'. 4 = 2.1 cm-1, crystal dimensions 0.40 x 0.50 x 0.60 ram. 1024
which can form thermodynamically stable hydrates that are in.=21cm'crsadmeios04x050x.6 m.04Reflections with I > 2.5o([) converged at R = 0.038 and R' = 0.046.
much more difficult to dehvdrate. 6 Crystals of lb and le were All the data were measured on a Siemens P3/PC diffractometer at
obtained via cooling a saturated MeCN-Et 20 solution of the 20 °C. All computations were conducted using NRCVAX software
salt whereas la was crystallized through slow cooling of the (E. J. Gabe. Y. Le Page, J.-P. Charland. F. L. Lee and P. S. White.
molten salt to room temperature. Compound Ic supercools to J. Appl. Crystallogr.. 1989. 22. 384). Atomic coordinates, bond

lengths and angles. and thermal parameters have been deposited at
the Cambridge Crystallographic Data Centre. See Notice to Authors.

t Satisfactory microanalysis and NMR spectra wert; obtained for la--e. Issue No. I.



967 . (III N. So( ill NI . (O MLIN.. 19)2

dimethvlimidazolium salts. 1 The C-H.. 0 hydrogen bonding 2 J. S. Wilkes. J. A. Lcisk, R. A. Wilson and C. L. Hussey. Inorg.
in the plane of the ions results in a cross-linked 2D network for Chem.. 1982, 21, 1263.

la, an ion pair in the case of lb and a 3D network for le, which 3 G. Mamantov. C. I. Hussev and R. Marassi, in Techniques for

has O-H ... 0 hydrogen bonding perpendicular to the plane of Characterization of Electrodes and Electrochemical Processes, ed.

the ions. The C-H 0 hydrogen bonding therefore appears R. Sharma and J. R. Selman. Wiley. New York. 1991.
tron. enouh toprecludenal ioncd king t ot srg pp. 471-513: C. L. Hussey. Pure Appl. Chem., 1988, 60. 1763.
strong enough to preclude normal ionic packing but not strong 4 J. S. Wilkes. in Molten Salt Chemistry, ed. G. Mamantov and R.
enough to increase significantly the melting points. Marassi. NATO ASI series. Series C. Mathematical and Physical

It is clear from this study that EtMeim + is an ideal candidate Sciences. vol. 202, D. Reidel, Dordrecht. 1987. pp. 405-416.
for general use in ionic liquids. It is of moderate size (thereby 5 Molten Salt Chemistry and Technology, ed. M. Chemla and D.
lowering lattice energies). its shape appears to promote cation Devilliers. Materials Science Forum. Trans Tech Publications.
stacking, it is facile and inexpensive to prepare, chemically Switzerland, 1991, vols. 73-75.

and electrochemically robust, and can only engage in the 6 S. H. White, in Ionic Liquids, ed. D. Inman and D. G. Lovering.

C-H . X hydrogen bonding. We are Plenum, New York, 1981, pp. 185-248.
thermodynamically weak - hyron bodin We e 7 S. Tait and R. A. Osteryoung, Inorg. Chem.. 1984, 23, 4352: J. S.
presently continuingour investigation of Ia--e in the context of Wilkes. in Molten Salt Chemistry, ed. G. Mamantov and R.
media for electrochemistry and synthesis. Marassi, NATO ASI series. Series C. Mathematical and Physical
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