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Bio-Inspired Approaches to Functional Nanocomposites
This project will develop a novel, experimentally straightforward and highly scalable assembly-based strategy for
the generation of functional inorganic nanocomposites. Nanocomposites are an exciting new class of materials,
where the ability to engineer compositions, structures and properties at the nanoscale and mesoscale promises
the possibility of creating new functionalities. Taking inspiration from the remarkable composite materials that are
biominerals,1 we have pioneered a novel “occlusion strategy” to create a new class of materials – single crystals
containing embedded nanoparticles – using polymer-functional nanoparticles as simple crystal growth additives.
Control over the surface functionality of the nanoparticles enables us to programme their encapsulation and
distribution within the host crystal lattice and therefore tune the physical properties of the nanocomposites. To
date we have created composite single crystals comprising calcite (CaCO 3) crystals containing polymer particles 24 and polymer-coated Fe O (magnetic)5 and Au (coloured) nanoparticles. Recent results have shown that it can
3 4
be extended to other host crystals to create ZnO/ Fe3O4 nanocomposites.6
We will now develop our fabrication strategy to identify commercially-available organic additives that can be used
to drive efficient nanoparticle occlusion. These will be used to incorporate a range of nanoparticles, varying from
functional inorganic nanoparticles to emulsion particles, within a variety of host crystals. Particular goals of the
project will be to target nanocomposites with photocatalytic properties and nanocomposites for controlled release.
Photocatalysts will be created by the occlusion of metal nanoparticles within functional single crystals, while
controlled release systems will be generated by encapsulating structures such as gel particles, emulsions and
vesicles. The structures and compositions of the composite crystals will be characterised using techniques such
as electron microscopy and thermogravimetric analysis, and the mechanism of occlusion using liquid cell AFM.
Finally, the physical properties of the composite crystals will be determined, enabling us to link structure with
properties.
This project will give experience in crystal growth techniques, photocatalysis and controlled-release studies, and a
wide range of analytical methods including scanning and transmission electron microscopy, X-ray diffraction,
Raman microscopy, atomic force microscopy and IR spectroscopy.

(a) poly(styrene) particles within calcite, (b) CdSe NPs (dark spots) within Cu 2O and (c) copolymer-coated Fe3O4 NP
within a calcite single crystal showing continuity of the lattice and (d) Ag/copolymer micelle Janus particles
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