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The focus of Cronin’s work is understanding and controlling self-assembly and self-organisation in Chemistry to develop functional molecular and nano-molecular chemical systems; linking architectural design with function and recently engineering system-level functions (e.g. coupled catalytic self-assembly, emergence of inorganic materials and fabrication of inorganic cells that allow complex cooperative behaviours). Much of this work is converging on exploring the assembly and engineering of emergent chemical systems. One target is the development of ‘inorganic biology’ i.e. a biological system beyond the naturally occurring ‘organic biology’ found on planet earth. Not only does this have ramifications for the origin of life on earth, elsewhere in the universe, the realisation of a living system assembled from the bottom up would also lead to a range of new technologies. Cronin is also developing several new ‘reaction-formats’ for chemical reactions as well as applications in catalysis, energy, and coatings. These include flow reactors for evolvable chemistry, 3D-printing ‘wetfab’ for the democratisation of chemistry e.g. synthesis of drugs important for the developing world (e.g. anti-malaria) as well as counterfeit drug sensors.
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Abstract:

1) Design of inorganic materials based upon molecular metal oxides

Inorganic oxides are important materials with applications in semiconductor electronics, ion exchange, catalysis, coatings, gas sensors and separation materials. Although their synthesis is well understood, designing new materials is limited due to the stability limits imposed by high temperature processing, and the top down nature of the synthetic protocols. Polyoxometalate (POM) clusters can be assembled to all-inorganic frameworks via a molecular control, due to the molecular nature of their building blocks. Now several new classes of metal-oxide framework materials that retain the features of the molecular POM precursors are available (e.g. high stability, catalytic activity, photochemical and electrochemical activity), and can be designed from the bottom up using molecular principles. These aspects bridge the design gap between zeolites and metal-organic frameworks (MOFs) identifying polyoxometalate-frameworks as a new class of all inorganic framework that can be designed using topological and reactivity principles similar to MOFs.

