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Metals are critical for many aspects of energy production and utilization. Thus, an important area of contemporary 
chemistry is focused on understanding and controlling the properties of metal-containing molecules and materials that 
are related to energy systems. In the Blakemore Group, we study the chemistry of clean energy systems, and are 
working on a number of projects spanning heavy element chemistry, molecular catalysis, and artificial photosynthesis.   
 
In one project, the Blakemore Group is exploring how bringing actinide elements into close proximity results in 
changes in their redox properties.1  The redox chemistry of the actinide elements, particularly the early actinides 
thorium (232Th) and uranium (238U) determines how used nuclear fuels and materials can be recycled and separated, 
meaning that studies in this area could afford insights to improve the sustainability and diminish the environmental 
impact of producing electricity with nuclear fission. However, designing systems that afford control over actinide redox 
chemistry remains difficult due to poor understanding of the influences of ligands and multi-metallic species. The goal 
of this project for REU students is to prepare new multi-metallic uranium coordination complexes based upon robust 
ligands that feature phenoxide donor groups and map the influences of secondary metal ions on these redox properties 
of these compounds.2 The uranyl ion (UO2

2+) will be paired with tailored ligands and secondary metal ions, affording a 
family of tunable complexes. Reactivity studies and study of reduced forms will also be carried out. 

	
This figure shows the structure of a model bimetallic uranium complex (left) and a scheme showing the reduction 
pathway accessible to the complex (right). The presence of two uranyl ions results in a positive shift in the first 

reduction potential of the complex, implicating a role for uranyl as a Lewis acidic redox modulator.3 
 
Students working on this project will gain skills in inorganic and organometallic synthesis, handling of air- and 
moisture-sensitive compounds, molecular electrochemistry (voltammetry, electrolysis), NMR spectroscopy (1H, 19F, 
31P, multidimensional techniques), and single-crystal X-ray diffraction analysis. The work is enabled by use of Schlenk 
lines, inert-atmosphere gloveboxes, and a variety of custom-made glassware. Students will also gain an understanding 
of the important role of chemistry in energy science through interactive discussions and group meetings.  
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