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TechAndComputer (Nov. 16, 2012) � "You look at the material world and see objects and how
you can use them. I look at the material world and see a fascinating hidden life which is within
our control, if we can only understand how it works," says Jane Lipson, the Albert W. Smith
Professor of Chemistry at Dartmouth. Lipson looks at things from the point of view of both a
chemist and a physicist. "What I do lies between the two sciences, and there is some
engineering thrown in there, too," she says.

          

Lipson is a polymer chemist who, by definition, deals with long chain molecules composed of
repeating structural units. She constructs mathematical models that can explain and predict the
behavior of these molecules. "The math is a shortcut to the physical behavior. You look at it and
it is a bunch of equations, but there is actual physical behavior in there," she says.

While many think of polymers only as plastics, these ubiquitous materials appear in many
guises with which we interact daily. From our Styrofoam coffee cups to the clothes we wear, to
the furniture on which we sit, and the cars in which we ride, our use of polymers is extensive.

In the industrial sector, there is a great deal of interest in optimizing the properties of existing
materials for specific applications and in designing new polymers for particular uses. The
applications range from drug delivery systems, to films that will purify or protect, to construction
materials, to new airplane or auto components. In the search for the best, the strongest, the
lightest, the most enduring polymers, Lipson and her colleagues have become polymer problem
solvers who are particularly focused on outreach to experimentalists.

A polymer may be a compound, created by joining molecules together in a process not unlike
gene splicing, building a pure molecular compound comprising one very large molecule. Lipson
explains that creating a new polymer from scratch is hugely expensive and unpredictable. The
monomers -- the small molecules that link up together to make a polymer -- may not even want
to react to make that chain.

"The preferred alternative is to take an existing polymer that has one set of desirable properties
but not everything you are looking for, and select another polymer with the properties that you
also want. You try and mix the two together to make what is called a composite that exhibits
additive or novel properties," says Lipson.
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Both approaches, synthesizing compounds or mixing composites, can be a guessing game,
opening a door for consulting chemists to impart some clarity and direction. Enter Lipson and
company.

Lipson's research involves developing theories that will make predictions about what will mix
and what won't mix; and if it does mix, under what conditions that will occur. Lipson says you
cannot necessarily predict what the mixture's properties will be, even if you know the properties
of the constituents. "You can't just add the properties together," she says. "You can't say, for
instance, that this polymer melts at 100 degrees and the other polymer melts at 50 degrees, so I
am just going to mix two equal amounts and they'll melt at 75 degrees. It doesn't work like that."

These are complex molecules that Lipson tries to understand and then, based on her
conclusions, develop rules that can be applied to make predictions. "Part of what we do is test
our predictions, then make new predictions, and apply these to more complicated systems," she
says. "We try and understand molecules large and small, why they behave the way they do,
and then use that to our advantage."
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