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Within the last fifteen years ionic liquids (ILs) have evolved
from lab curiosities to everyday commodities.'! They are not
only established as modern solvents for organic synthesis, but
they also have numerous other applications—in particular as
functionalized “task-specific” ILs.”! These compounds display
many often-praised properties, but the real advantage in using
ionic liquids is the vast number available. If one decides to use
an ionic liquid for a specific purpose, the biggest challenge is
to find the right one. Many people falsely refer to this as
“tunable properties”, although, obviously, we cannot tune the
properties of a specific IL. Instead, we simply choose a
different ionic liquid (with different properties).

To date, the IL market is still dominated by the
imidazolium cation. It seems that imidazolium is the universal
motif used to generate room-temperature ionic liquids
(RTILs). But there are severe limitations in the design of a
liquid imidazolium-based salt: for RTILs we are restricted to
alkyl chains of moderate length (approximately C,—C,,
depending on the anion; cf. Table 1).3 This problem is even

Table 1: Melting points or glass transition temperatures of 1-alkyl-3-
methylimidazolium tetrafluoroborate ILs [C,mim]BF,.B!

nt! M.p. [°C] nt! M.p. [°C] nt M.p. [°C]
1 103.5 8 —78.50 14 424

2 5.80 10 —4.2 16 49.6

4 —71.08 12 26.4 18 66.8

6 —82.40

[a] Length n of the alkyl chain in [C,mim]BF,; [C,mim]=1-alkyl-3-methyl-
imidazolium. [b] Glass transition temperature.

more pronounced when functional groups are needed on the
cation.

A few research groups have focused on the prediction of
melting points for ILs using theoretical methods.! Thus the
key question is: how can we design new ILs with lower
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melting points ? Very recently the group of Strassner” and the
groups of Davis and West!® independently devised very
practical solutions to this problem.

Strassner’s idea is based on observations with ionic liquid
crystals. These have proven to be easily “tunable” with
variably substituted aryl substituents.”!
As students, we all learned that this
“tunability” is nothing more than
(+/—)-1 and (+/-)-M effects, especially
in aromatic substitution reactions and in
linear free energy relations. The logical
extension is to replace one alkyl chain in
the imidazolium cation with an aryl
group. Strassner et al. have termed this
new group of ionic liquids “TAAILs”
(tunable aryl-alkyl ionic liquids;
Scheme 1).

In fact, the combination of inductive, mesomeric, and
steric effects, and presumably m—r interactions as well, can
effectively suppress crystal packing and lead to room-temper-
ature liquid melts. The synthesis is as easy and straightforward
as the synthesis of standard imidazolium ILs. Strassner and
co-workers point out that the melting points of the corre-
sponding ILs strongly depend on the (para-) aryl substituent:
electron-donating groups lead to a lower melting point than
electron-withdrawing groups. Interestingly, DFT calculations
indicate that about 70% of the charge is localized on the
imidazolium ring. For pure alkyl imidazolium salts the
majority of the charge is localized on the alkyl groups.

Davis and West followed a different approach to produce
low-melting imidazolium ILs. Their idea is based on a model
called homeoviscous adaptation (HVA),® which describes
the change in viscosity of membrane lipids in living organisms.
By studying the melting points of natural fatty acids, they
realized that low-melting fats (“oils”) often contain a cis-
configured double bond in the alkyl chain. This “kink”, as
they call it, leads to a lower packing efficiency and thus to an
increased fluidity—most probably simply an entropy-domi-
nated effect.

In this context they synthesized a series of methylimida-
zolium bis(trifluoromethylsulfonyl)imide salts bearing a long
fatty acid side chain (C;,—C,y; Scheme 2). And indeed: the
trend in melting points closely resembles that observed for
fatty acids. A strong effect is found for a cis double bond at
Cy, Cy, and Cyg; the effect is weaker at C,; and C,,. The
viscosities are also lowered, following the same trend as the
melting points.
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Scheme 1. General-

ized structure of

TAAILs prepared by

Strassner et al.F!
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Scheme 2. Example of a room-temperature ionic liquid with a long
alkyl chain.® Tf,N~ = bis (trifluoromethylsulfonyl)imide.

Although ionic liquids can no longer be considered novel
solvents, their development continues to make progress. This
is especially true for designed, task-specific ionic liquids that
serve as more than just a solvent for a certain chemical
transformation. The real advantage in using ILs is that there
are so many different ones available. Based on the develop-
ments described in this Highlight it is apparent that much
more can be expected in the near future.
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