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Principal Research Interests

Research in my group is focused on the synthesis
and investigation of materials with nanoscale
dimensions as well as with systems arranged into
hierarchical structures. A central physical method

for characterising our systems is single crystal X-

ray diffraction. For the magnetic materials we

produce we use SQUID susceptometry and

Mossbauer spectroscopy for further

characterisation. Our activities can be divided into

four main areas:

e Synthesis of high nuclearity oxygen bridged
metal aggregates. Metal oxide/hydroxide
fragments are trapped within ligand shells and
show properties deriving from their nanoscopic
dimensions including “Single = Molecule
Magnetism” and highly active oxide rich
cavities in mesoporous systems. We are also
interested in  organising the individual
aggregates into arrays.

e Hydrothermal synthesis of inorganic network
structures. This synthetic method can enable us
to isolate metastable phases which have
interesting magnetic properties and can be super
dense or have very open structures with up to
70% free space for storage of guest molecules
or catalysis.

e Hybrid inorganic/organic systems. Here we
synthesise ligand systems designed to divide
space into certain motifs through
supramolecular interactions and complex these
with various metal ion “synthons” leading to
hybrid materials with unusual structural and
physical features.

e Biomineralisation processes. We investigate the
effects of templating and structure-directing
species on the formation of iron oxide and
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calcium carbonate minerals which occur in
nature as “biominerals” such as shells and teeth.
The iron oxides are of importance from many
aspects including health, where iron is a vital
element and must be safely stored in the form of
ferritin through to novel magnetic sensors used
by birds and bees to navigate. Calcium
carbonate mineralisation processes are of
importance industrially in understanding and
controlling limescale deposition, for materials
research through the different properties of the
three polymorphs and from the health aspect
e.g. in the balance organss in the middle ear. In
the environment, the sequestering of carbon
dioxide to produce calcium carbonate by
coccolithophores is an important process in
regulating levels of this greenhouse gas.

Biomimetic assembly of nanoscale bundles of calcite forming
“microtrumpets” reminiscent of the cocclithophore discosphaera
tubifera (centre of picture).
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