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[bookmark: _GoBack]The need to curb CO2 emissions has prompted significant research effort towards developing alternative sources of energy.  Given the time frames for overhauling energy infrastructure, however, active reduction of the CO2 that has already been emitted will be a critical component of a clean energy strategy.  This requires efficient and selective capture of CO2 from the atmosphere, and the utilization or sequestration of that CO2 to prevent re-emission.  In both cases, significant increases in efficiency are required.  To realize this, we have undertaken fundamental studies of the chemical mechanisms involved in gas capture and in photoelectrochemical CO2 reduction using X-ray spectroscopy.  Using a specially designed gas cell at the ALS, we explored the molecular scale details of gas adsorption mechanisms in metal-organic framework materials using soft X-ray spectroscopy and first-principles calculations.  This identified promising new chemistries for capturing CO2, and we are extending these studies to other gas separation applications, including H2 adsorption for hydrogen storage.  On the utilization side, we used hard X-ray spectroscopy and diffraction to examine the surface of CO2 reduction catalysts during full electrochemical operation, using a fast-flow grazing incidence electrochemical cell design.  We discuss plans to adapt this design for soft X-ray spectroscopy studies to learn the role of the electrolyte in the catalytic mechanism.  Lastly, we present early work on soft X-ray second harmonic generation spectroscopy, which has potential for studies of buried chemical interfaces with an unprecedented degree of interfacial sensitivity.
