
NEW VOICES IN CHEMISTRY

W
hen the american

Chemical Society cele-
brates its 150th anniver-
sary, many of today’s most
common solvents may be

unavailable. Not only will the remaining
solvents need to be used in new ways, but
entirely new systems—ionic
liquids, supercritical fluids,
and the fluorous phase will
have been introduced. With
a bit of thought, it is possi-
ble to not only replace obso-
lete solvents but also im-
prove the efficiencies of our
reactions.

The chemical equation is
central to our understanding
of synthetic chemistry. It
focuses our attention on
reacting molecules or ions
and the products they make.
It leads us to ask questions
such as, “Can this molecule
act as an acid or base, or an
oxidant or reductant?” How-
ever, our work on ionic liq-
uid solvents is showing us
that the factors that control
chemical reactions go much
farther.

Chemical reactions do not occur in iso-
lation. The local environment in which
reacting species find themselves can have
a dramatic effect on the outcome of a reac-
tion. It can change the yield of a reaction,
the rate of a reaction, or both.

Condensed phases are extremely
crowded; this is just as true for liquids as
solids. It is easy to fall into the trap of imag-
ining a liquid to be half-way between the
close-packed environment of the solid and
the isolated molecules of the gas phase. Yet
volume changes on fusion are usually small;
don’t forget that water is at its most dense
as a liquid.

To visualize molecules in a liquid, imag-
ine Times Square on New Year’s Eve: thou-
sands of people crowded together, some
leaping about energetically, others just shiv-
ering, but all constantly bumping into those

around them. As anyone who has tried to
find a friend in that kind of crowd knows,
it is impossible to do so without interact-
ing with other people along the way. If you
view these revelers as molecules of solvent,
it is easy to understand why solvent effects
on a reaction can be so profound.

Solvent effects are immensely compli-
cated, often with several different effects
occurring simultaneously. Attempts to
rationalize their behaviors have led to sol-
vents being described by their polarity, a
vague and poorly understood term. Given
the myriad possible interactions between
solvents and solutes, it is hardly surprising
that a single measure fails to describe them
adequately.

This characteristic has been highlighted
by our work on ionic liquids, where the
same liquid will act as a polar phase some-
times and as a nonpolar phase at others.
However, the advances that have been
made in solid-state supramolecular chem-
istry during the past couple of decades have
brought us to where we can apply the
understanding that has been achieved to
these more complicated systems. I believe
that through this dynamic supramolecu-

lar chemistry, we can understand how a sol-
vent can change a reaction.

As in solids, species in solution can inter-
act through Coulombic forces, dipole-
dipole and dipole-induced dipole interac-
tions, dispersion forces, and, of course,
hydrogen bonds. These forces can act on
any of the species involved in the reaction
process. Indeed, it is probably wrong to
view the reaction as a process in which the
reagent molecules transform themselves
and the local solvent cage responds. Rather,
it is better to view it as an integrated system
of solutes with their microenvironments
together defining the possibilities available
and the path of the reaction coordinate.

Focusing on the real interactions that
occur in such reactions
requires many experiments
to be repeated with subtle
variations. It is hard to con-
vince a graduate student that
such day-to-day monotony is
worth the effort. Fortunately,
we no longer have to work
this way. Large numbers of
reactions with tightly con-
trolled conditions now can
be automated by robotic
reactors. This advance, cou-
pled with statistical tech-
niques that have emerged
from process optimization
laboratories that can disen-
tangle many influences, pro-
vides a powerful tool.

In short, we have a
pressing need, we have laid
the foundations of under-
standing to move forward,

and we have the appropriate tool for the
job. Fertile ground indeed. So far, we
haven’t traveled far down the road toward
this way of looking at reactions. 

In one project in my laboratories, we
have begun to demonstrate the importance
of hydrogen bonding in controlling the
rates and selectivities of Diels-Alder reac-
tions in ionic liquids. We and many groups
around the world are working with other
reactions. Watch this space.
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