
NEW VOICES IN CHEMISTRY

I
am interested in how computers

can fundamentally change the way we
address two of the biggest challenges
in chemistry: the construction of sci-
entific explanations for complex

chemical systems (such as those of biol-
ogy and nanotechnology) and improving
chemical education to better convey the
excitement of chemistry. The combina-
tion of advances in computer science and
the push to understand complex chemical
systems will, I believe, promote a shift
away from reductionism, toward a new
semi-empiricism that is more akin to arti-
ficial intelligence than to the semi-empiri-
cism of the past.

Much of current chemical modeling is
reductionist in that it starts with
the fundamental laws of physics
and introduces approximations
that make applications to rele-
vant chemical systems compu-
tationally feasible. Although
practitioners distinguish them-
selves by the elegance of their
approximations, the approxi-
mations themselves are often
viewed as necessary evils that
increasingly can be purged from
our models as computers be-
come more powerful. Such
models are typically rooted in
paper-and-pencil theories, using
the computer only to scale up
the system by solving more cou-
pled equations than would be
possible by hand. However, the
complex systems of biology and nano-
technology seem unlikely to yield to reduc-
tionist hypotheses that postulate under-
lying physical laws.

For the future, I envision a shift to inte-
grative hypotheses that draw connections
between data and reveal complexity
patterns. Such hypotheses posit relation-
ships between data and may be used to
make predictions only when coupled with
a set of representative data. This coupling
may be done by using the hypothesis to
impart learning abilities to a computer sys-
tem, which is then trained on a set of data.

The validity of the hypothesis would be
tested by using the resulting computer sys-
tem to make predictions for situations out-
side the training set. Such artificially intel-
ligent systems are the most natural
embodiments of integrative hypotheses,
and the construction and growth of these
systems will be the basic science of com-
plex chemical systems. Although such
knowledge storehouses will be fundamen-
tally different from the differential equa-
tions that represent our reductionist
knowledge of the world, we should expect
the science of complexity to lead to out-
comes fundamentally different from a sci-
ence of reduction.

An integrative hypothesis may someday

allow us to make predictions for the elec-
tronic structure of large systems by taking
advantage of similarities between different
molecules. Surely, the electronic structure
of glycine is sufficiently similar in different
proteins that we should not take separated
electrons and nuclei as our starting point,
essentially starting from ground zero every
time we do a calculation. Rather than start
from the Schrödinger equation, as in reduc-
tionist theories, an integrative hypothesis
could take as its starting point a large set of
data derived from accurate calculations on
amino acids in various environments.

The hypothesis—for example, a tech-
nique to merge electron distributions—
would be used to formulate a computer
system that could learn from this data and
make predictions for arbitrary proteins. In
the learning process, embedded parame-
ters would be fit to observations. So, on
some level, it is similar to classic semi-
empirical electronic structure theory,
which fit a few internal parameters to
experimental observations. But on another
level, the parameters of this new semi-
empiricism appear only as part of a machin-
ery that allows learning rather than as
parameters such as effective mass or dielec-
tric constant, which are outgrowths of
reductionist approximations.

Computing also may allow us to narrow
the too-wide gap between the activities
that inspire us as scientists and the activi-
ties our students perform in high-school
and college chemistry courses. Like other
inquiry-based activities, computer learn-
ing environments can shift the emphasis of
these courses from routine problem solv-
ing to scientific exploration and the manip-
ulation of chemical systems in pursuit of

motivating goals. Computer
games illustrate the potential of
virtual environments to engage
people’s interest, and as science
educators, we have a great story
to tell with these tools.

The upcoming challenge is in
creating meaningful activities
that allow students to use the
information and skills they learn
in their courses to solve prob-
lems they care about, discover
issues they are interested in, and
express their creativity in new
ways. Developing these activi-
ties may be enabled by using the
Internet as a collaboration space
that invites broad and diverse
contributions. Because science
education is the way we com-

municate with the public and invite new
members into the scientific community, it
is important that we fully utilize this new
opportunity to better convey those aspects
of science that we find most appealing.
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