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“The holy grail of this particular problem is to say, I've written down this chemical formula for a
material, and then just from the formula be able to predict its structure—a goal since the dawn of
chemistry,” said Garnet K. L. Chan, the A. Barton Hepburn Professor of Theoretical Chemistry at
Princeton University. One major bottleneck towards achieving this goal has been to compute the
lattice energy—the energy associated with a structure—to sufficient accuracy to distinguish
between several competing polymorphs.

Chan’s group has now accomplished this task, publishing their results in the journal Science on
August 8. The research team demonstrated that new techniques could be used to calculate the
lattice energy of benzene, a simple yet important molecule in pharmaceutical and energy
research, to sub-kilojoule per mole accuracy—a level of certainty that allows polymorphism to be
resolved.
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Chan credited this success to the combined application of advances in the field of quantum
mechanics over the last 15 years. “Some of these advances allow you to resolve the behavior of
electrons more finely, do computations on more atoms more quickly, and allow you to consider
more electrons at the same time,” Chan said. “It’s a triumph of the modern field of quantum
chemistry that we can now determine the behavior of Nature to this level of precision.”

The group’s next goal is to shorten the time it takes to run the desired calculations. These initial
calculations consumed several months of computer time, Chan said, but with some practical
modifications, future predictions should take only a few hours.

Chan’s colleagues on the work included first author Jun Yang, an electronic structure theory
specialist and lecturer in chemistry, and graduate student Weifeng Hu at Princeton University.
Additional collaborators were Denis Usvyat and Martin Schutz of the University of Regensburg
and Devin Matthews of the University of Texas at Austin.

The work was supported by the U.S. Department of Energy under grant no. DE-SC0008624, with
secondary support from grant no. DE-SC0010530. Additional funding was received from the
National Science Foundation under grant no. OCI-1265278 and CHE-1265277. D.M. was
supported by the U.S. Department of Energy through a Computational Science Graduate
Fellowship, funded by grant no. DE-FG02-97ER25308.

Read the abstract.
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