
NEW VOICES IN CHEMISTRY

T
he role of theory, mathe-

matical analysis, and numerical
simulation—what I loosely call
“modeling”—in industrial
research continues to evolve. In

the 21st century, many emerging capabili-
ties and challenges promise to make mod-
eling more important in the processes of
discovery, invention, and the development
of new products and businesses. In this essay,
I describe how we are using modeling at
Dow in the development of new materials,
products, and businesses.

Many physical and chemical phenomena
are well understood and have been reduced
to a detailed mathematical description, or a
model. However, two fundamental problems
still are commonly found at the frontier of
all of the physical sciences: nonlinearity and
high dimensionality. Acting together, they
cause the emergence of properties produced
by coupling between phenomena that occur
on vastly different length and time scales.
This characteristic of the natural world is
both a problem for the development of
understanding (or a model) and an opportu-
nity for the design of new materials. 

Indeed, much of the action in materials
and polymer science today involves creating
nano- or microscale structures to enhance
properties at the macroscale.
Increasingly, it is the microstruc-
ture—or more precisely, the prop-
erties created by the microstruc-
ture—that we sell, rather than a
molecule. Moreover, whether the
product is a microemulsion, a
foam, a semicrystalline polymer,
a block copolymer, a nanocom-
posite, or a cell, the material is het-
erogeneous. The inventor takes
advantage of the nonlinear inter-
action between different phases,
and the effect of domain size and
shape on the magnitude of these
interactions—that is, new degrees
of freedom offered by hetero-
geneity—to create enhanced
properties and functions.

Modeling can help us develop
intuition about nonlinear and

high-dimensional problems. For example,
Joey Storer, a colleague at Dow, recently
computed equilibrium morphologies for
more than 30,000 block copolymers. This
ambitious study was enabled by several
things coming together at once: new com-
putational methods developed by M. W.
Matsen and coworkers in 1994 and by G.
H. Fredrickson and coworkers in 1999; the
deployment of inexpensive Linux-based
parallel computers; and software developed
at Dow for automatically calculating, ana-
lyzing, and visualizing the results. This is
but one example of a new modeling para-
digm that is emerging: combinatorial (high-
throughput) modeling. Other efforts are
under way to explore design space for the
discovery of catalysts, biological activity,
raw materials, reaction pathways and opti-
mization of reactor designs. The goal is not
to replace experimentation with modeling
but to find interesting regions of a multi-
dimensional and nonlinear design space in
which to look experimentally. 

Automated simulation is not the only
way that modeling will be used in the
future. The combinatorial modeling
approach works best when an easy-to-cal-
culate primary screen can be used to effi-
ciently identify good candidates or at least

screen out bad ones. Combinatorial mod-
eling has limitations compared with com-
binatorial experiments. For example,
whereas catalyst activity is impossible to
calculate ab initio, it can be measured
experimentally. Consequently, one needs
to identify some molecular property that
is related to activity. Sometimes finding
such a computational primary screen
requires significant insight into the prob-
lem that can be obtained only by tradi-
tional methods.

Sometimes, we can take advantage of
the nature of the problem to ask questions
that are especially well matched to the com-
binatorial modeling approach—as with the
block copolymer example. In such a case,
the number of outcomes is so large and the
problem so hopeless to elucidate experi-
mentally that any insight gained from mod-
eling, no matter if imprecise, is useful. Mod-
eling is most useful when little is known or
the problem is hopelessly complex.

Future progress in modeling will come
from not only faster computers but also
basic research that yields new theories.
Some problems that once required the
numerical solution of partial differential
equations now can be reduced to ordinary
differential or algebraic equations, as was
published last year by V. Balakotaiah and
coworkers, and by A. D. Harvey III and
coworkers. Simplifications of this magni-
tude will enable us to understand complex
phenomena that are beyond the reach of
brute-force simulation today.

Our imaginations work best when we
have well-developed intuition. Unfortu-
nately, our intuition breaks down when we
fail to understand the nonlinear interactions

between design parameters. The
more degrees of freedom, the
worse it gets—and the less effec-
tive experimentation is, by itself,
in developing this understand-
ing. By combining combinatorial
calculations, experiments, new
theories, and traditional model-
ing approaches, we hope to vastly
increase the rate of discovery and
development of understanding
in almost everything that we do.
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