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The efficient storage and release of energy in chemical bonds is a fundamental goal of molecular energy 

research.  It is here that Nature provides an ideal paradigm in that earth abundant metals are utilized to 

enable bond formation and cleavage. Recent research in our laboratory has focused on understanding the 

fundamental chemistry of dintritrogen reduction and hydrogen production by the nitrogenase and 

hydrogenase families of enzymes, respectively. The development and application of advanced X-ray 

spectroscopic methods to detect the presence of single ligated atoms (e.g. carbide or hydride) will be 

highlighted. The ability to use valence-to-core X-ray emission spectroscopy as a measure of small 
molecule activation, as well as two-dimensional X-ray spectroscopic approaches for enhanced selectivity, 

will be discussed.1,2 Recent advances in our understanding of the electronic structure of the nitrogenase 

and hydrogenase actives sites will be emphasized.2-9  
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