
NEW VOICES IN CHEMISTRY

I
t is an exciting time to be a re-

searcher in my field, theoretical chem-
istry.  There are many reasons, not the
least of which is the vast array of
opportunities that await us in

both core chemistry and interdis-
ciplinary research. In a broader
sense, the field has benefited from
more than half a century of
growth—in people, their creative
new ideas, and funding for those
ideas. Most chemistry departments
these days have at least three the-
oretical or computational chemists
on their faculty. Indeed, their num-
bers are growing to be more in line
with those of physics departments
as our experimental colleagues
increasingly appreciate the impor-
tance of both theoretical under-
standing and computational mod-
eling in their research. It is my
personal hope that the theoretical
and computational chemistry communi-
ties will become even closer in the future
and not grow apart.

To no small degree, our field has enjoyed
the benefits of computer technology, more
generally referred to these days as “infor-
mation technology.” Technological
advances, which improve the tools of our
trade, include increasingly more powerful

and lower-cost microprocessors, memory,
and disk drives as well as massively paral-
lel computers and affordable computa-
tional clusters with advanced visualization
hardware. Our students and postdocs are
gaining substantial expertise in advanced
computer technology, making their job
skills highly marketable in the scientific
world and beyond.

During the past few decades, remark-
able research accomplishments have been
made in theoretical chemistry. But signif-
icant challenges lie ahead. Take, for exam-
ple, quantum chemistry. During much of

the 20th century, a primary concern of
many theoretical chemists was solving the
time-independent Schrödinger equation
for the electrons in atoms and molecules.

Although much has been learned, a major
challenge still exists: how to treat very large
systems with sufficiently accurate ab initio
methods. The difficulty is a problem some-
times known as the “Order N” problem,
where N is the number of electrons in the
system. As the system increases, if the
growth in the computational effort is not
directly proportional to N (for example, a

power of N), the accurate ab initio study of
large systems such as proteins becomes
rapidly out of reach for even the most pow-
erful computers. Important progress has
been made on the Order N problem, but
more headway is needed.

Another challenge for the field is
chemical accuracy. If one is to make truly
“first principle” theoretical predictions,
the theoretical methods (whether ab ini-
tio, empirical, or semiempirical) used to
represent molecular-scale interactions
must be accurate to within 0.5 kcal/mol,
in part because thermal energy at room

temperature is 0.6 kcal/mol. As a result,
one could make an error of a factor of 2
or greater in a chemical rate constant if
the reaction barrier height was not
known to within this range of accuracy.

A third challenge for theoretical
chemists lies in quantum dynamics and
the time-dependent Schrödinger equa-
tion. One only need explore the rapidly
expanding experimental literature in
areas such as charge migration (for exam-

ple, electron and proton transfer),
vibrational dynamics and energy
relaxation, nonadiabatic transi-
tions, chemical reaction dynam-
ics, and surface and bulk diffusion
to validate this point. The diffi-
culty in making progress in quan-
tum dynamics is due to the many
diverse contexts in which it
occurs. Furthermore, as the num-
ber of particles in the system
increases, the computations
become “exponentially complex,”
so a direct attempt to solve the
problem numerically on a com-
puter rapidly runs into complica-
tions. Therefore, the need for
insightful, accurate, and efficient
approximation schemes becomes

very great, perhaps even more pressing
than other problems in theoretical and
computational chemistry.

Finally, there is the challenge of multi-
scale modeling and simulation in space
and time. Many natural phenomena occur
over lengths ranging from atomic to
macroscopic, in time frames ranging from
femtoseconds to hours. When the system
of interest is not homogeneous and uni-
form, or when it responds nonlinearly to
external perturbations, the problem
becomes enormously complex. Only now
are we beginning to develop the ideas and
methods to deal with such scenarios.

In light of past progress and the con-
tinuing advances in the technology that
underlies our field, these and other scien-
tific challenges suggest that the future is
indeed very bright for theoretical and
computational chemistry.
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Our experimental colleagues increasingly
appreciate the importance of both theoretical
understanding and computational modeling 
in their research.
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