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Why might you care about metal-oxo clusters? My goals of this seminar are to 1) introduce you to metal-oxo 
cluster chemistry, 2) introduce you to X-ray scattering as a powerful technique for studying all forms of soluble 
materials, 3) describe several studies in which metal-oxo clusters are applied in energy and advanced materials 
applications.  
The first project[1] I will describe is exploitation of uranium-oxo clusters for separations in the nuclear cycle. 
Nuclear energy is a viable carbon-free alternative to fossil fuels. A closed nuclear fuel cycle is optimal for safety 
and stewardship of the environment and societal acceptance of nuclear energy. Mining, reprocessing fuel, and 
waste disposal all require numerous chemical separation steps. We are developing a solvent extraction 
technique for recovery of uranium from spent fuel, where the uranium is extracted in a cluster form. Since 
each cluster contains 20-60 uranium atoms, the extraction process is ‘atom efficient’, meaning fewer 
extraction molecules are required per uranium atom extracted. X-ray scattering and corroborative techniques 
provide atomic level details of the phase transfer process.  
Nanolithography is used in the microelectronics industry to create very small microcircuits. As higher density 
memory devices demand smaller features, ‘engineering’ these features becomes less feasible without control 
of the atomic level chemistry. Researchers at OSU have developed the highest resolution lithography process 
that takes advantage of small metal-oxo clusters as the building blocks for the deposited and patterned 
material. The contribution of my research group to cluster-based lithography is studying the cluster evolution 
throughout all steps of the process including precursor solution preparation, film deposition, thermal 
annealing and patterning, and dissolution (developing) of film material to ultimately create patterns. I will 
describe the solution chemistry of three metal oxide deposition chemistries that all feature clusters: 1) Hf-
sulfate (HfSOx),[2] 2) Ta and Nb oxide,[3] and 3) tin oxide. Electrospray ionization mass spectrometry, X-ray 
scattering and other techniques show the evolution of the clusters throughout film deposition and pattering. 
The influence of clusters on film quality and lithographic features will be presented. 
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