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The discovery of new functional materials for various applications in energy and environmental
fields requires exploration of a wide range of chemical reaction conditions and also an
understanding of crystallisation pathways to allow some prediction in synthesis. We have been
exploring solvothermal chemistry for the preparation of a wide variety of materials, from
porous framework solids to ceramic oxides. We use in situ X-ray synchrotron methods at the
UK’s Diamond Light Source to follow crystallisation and understand materials’ reactivity. I
will describe some recent examples of our work, including (1) new metal organic frameworks,
including some rare-earth materials whose crystallisation we have followed in laboratory-scale
reactors using high energy X-rays to allow fine detail of the kinetics and structural evolution,
(2) the solvothermal formation of nanocrystalline spinel photocatalysts based on gallium oxide
where in situ XRD shows the unexpected formation of transient layered hydroxides, and (3)
the crystallisation of iridium oxide pyrochlores that have use as acid-resilient electrocatalysts
for water splitting and where in situ XAFS allows us to examine the mechanism of catalysis
by following changes in metal oxidation state under realistic conditions on applied potential in
a electrochemical cell.
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