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When experimental methods yield only partial results it is the role of theory to complete the story. The central aim of our
research group is to exploit the synergistic relationship that now exists between computation and experiment.

Much of our research evolves around protons in molecular structures: this could involve
accurately locating their positions in high temperature and pressure X-ray diffraction
studies, or studying their motion using molecular dynamics simulations. Our interests here
include fitting anharmonic probability distributions to better describe vibrations of
molecules in the solid state (see Figure left), as well as deriving mechanisms for proton
migration and proton transport reactions.

We have recently reported ab inito MD simulations on a water wire embedded in an
alpha-helical pore. This is a greatly simplified model for membrane-bound proteins,
which are responsible for transporting protons into and out of cells, thereby controlling
cell pH and energy production.

Our simulations focused on the mechanism by which an excess proton is able to
travel along a chain of water molecules supported by the alpha-helical scaffold. Our
results showed that, whilst the mechanism of proton transport shares many similarities
with simulations performed on bulk water, there are important differences.

Other research interests in the group include modelling metal organic framework
materials, which find application in hydrogen storage.
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