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Energy Science

Research Summary

Mechanistic, Synthetic and Structural Chemistry

H2 is an ideal storable form of energy. Splitting water produces H2 and burning it, or even better
using it in fuel cells, regenerates water and releases the chemical energy stored in H2. Thus H2
can serve as a recyclable alternative energy source which avoids CO2, a major contributor to
global warming. Electrolysis of water to produce H2 and H2 fuel cells require catalysis by Pt, a rare
and expensive metal. However, [Fe Fe]-hydrogenase, whose active site is shown below,
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is an exceptionally efficient enzyme (high turnovers rates at low overpotentials) for producing H2
and uses cheap and readily available iron. Inspired by Nature we have synthesized organometallic
catalysts with Fe2S2 cores that mimic the enzyme active site to convert transient electricity and
solar energy into the storable chemical energy inherent in H2 in collaboration with Professors
Lichtenberger and Evans (Purdue). Understanding the mechanism for catalysis through




experimental and computational methods, is enabling us to design more effective synthetic
catalysts.

Electron transfer is of fundamental importance in such areas as biological redox reactions,
organometals, superconductors, and photoconductors. We are interested in the factors that
control electron transfer. Since sulfur is cheap, implicated in biological redox chemistry and sulfur
compounds are useful in organometals, superconductors and photoconductors, it is a featured
atom in our research. We have found that juxtapositioning thioethers and electron rich groups
close to each other in space with the correct geometry may result in exceptional redox chemistry.
To accomplish these juxtapositions conformationally constrained systems must be synthesized.
Three such molecularly constrained systems, which show unusually facile oxidation are listed

below.
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Selenium is an essential mineral and is required in small amounts in the diet of humans. However,
larger amounts are toxic. A number of mammalian and bacterial proteins containing selenium,
have been found and typically the selenium occurs as selenocysteine and, if the protein is an
enzyme, the selenocysteine is at the active site. Selenocysteine has been found to be the 21st
amino acid incorporated contranslationally. We have shown that the biosynthesis of
selenocysteine involves the intermediacy of the novel monoselenophospate which is the biological
selenium donor formed from ingested selenite. Identification of biological Se-containing species by
Se-77 NMR spectroscopy is a powerful methodology which we are developing.
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