
NEW VOICES IN CHEMISTRY

T
he field of quantum chem-

istry has matured significantly
during the past 20 years. Today’s
quantum chemists have power-
ful algorithms and unprece-

dented computer power at their disposal.
State-of-the-art methodologies are read-
ily available in commercial and public-
domain computer programs that allow sci-
entists to study a large variety of chemical
problems, such as reaction mechanisms;
electronic, optical, and magnetic proper-
ties of molecules; and catalyst design. This
is particularly true in the case of relatively
small systems (fewer than 30 nonhydro-
gen atoms) that contain atoms in the first
and second rows of the periodic table,
where researchers can apply very accurate
methods to compute gas-phase structural
and thermochemical properties with accu-
racy comparable to (and sometimes bet-
ter than) experimental values.

Quantum chemistry has transcended
the boundaries of the academic world.
Today, many industrial researchers rely on
quantum chemistry to complement or
guide their experimental studies.

It has been demonstrated that quantum
mechanics adequately describes the
physics governing chemical problems.
However, the size of the system and its
complexity constitute significant hurdles
that the quantum chemist must overcome
in the future. These challenges were per-

haps best summarized by Henry Eyring,
John E. Walter, and George E. Kimball in
“Quantum Chemistry” in 1948: “In so far
as quantum mechanics is correct, chemi-
cal questions are problems in applied math-
ematics. In spite of this, chemistry, because
of its complexity, will not cease to be in
large measure an experimental science ...”

One important challenge to the quan-
tum chemist is to be able to efficiently treat
large molecules in the gas phase. Another
is to improve the accuracy and efficiency
of current methods in the study of con-
densed-phase chemistry. For instance, the
correct treatment of solvent effects in
many chemical problems requires statisti-
cal averages over solvent configurations
that involve many particles. These com-
putations can be prohibitively expensive,
even for small systems. The situation is no
better in the area of solid-state chemistry,
where, in addition to the size of the sys-
tem, the complexity of the problem can
increase due to the presence of metals. The
quantum chemical treatment of metals
usually is significantly more expensive than
the treatment of nonmetals. The costs and
complexity are even higher in cases where
relativistic effects become important.

Improved computer performance will
be instrumental in advancing quantum
chemistry. Faster single processors will
reduce the computational cost of quantum
chemical calculations, making the quan-

tum treatment of larger problems tractable.
Parallel architectures with many of these
processors will further increase this ability.
However, relying on only the efficiency of
computers will not be enough. More robust
and efficient algorithms that exploit the full
potential of these powerful architectures
(single-processor-based and parallel com-
puters) will be needed to solve the chemical
problems of the new millennium. At the
same time, accuracy will have to improve.

Clearly, such advances will allow scien-
tists to apply quantum chemical method-
ologies in diverse areas such as nanotech-
nology, where theory can play an important
role in the rational design of electronics
devices at the nanoscale. The use of quan-
tum chemistry calculations on large syst-
ems also will make possible the design of
materials with desirable properties. Sci-
entists will use these calculations to screen
potential candidates, thus narrowing down
the experimental work to the most prom-
ising materials. The day is not far off when
scientists will use quantum chemistry to
help unravel the intricacies of complicated
mechanisms that govern important enzy-
matic processes in the human body. This
knowledge will be used to devise efficient
strategies to treat illnesses that are diffi-
cult to cure today. Improved accuracy and
efficiency of methods dealing with metals
will lead to reliable predictions of the ener-
getics, mechanisms, and kinetics of com-
plex physical and chemical processes typ-
ical of heterogeneous catalysis, thereby
leading to cost-effective ways of generat-
ing highly efficient catalysts. 

These few examples illustrate the
impact that future advances in quantum
chemistry will have on science and tech-
nology. Some of the challenges described
here seem overwhelming now. But look-
ing at the evolution of quantum chemistry
over the past four decades, I am confident
that some of these problems will be solved
in the near future.
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