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Although surfaces or, more precisely, surface atoms determine the way how materials interact with their environment, the influence of surface phenomena on bulk material properties is generally considered to be small. However, in the case of porous high surface area bulk materials, the influence of surface properties can no longer be neglected. In this contribution, I will focus on monolithic graphene based carbon foams with hierarchical three dimensional (3D) architectures and high mass-specific surface areas as electrode materials for electrical energy storage with an emphasis on the fundamental relationships between the charge storage behavior and electronic structure. The electrochemical polarization of the carbon/electrolyte interface triggers macroscopic phenomena such as pronounced conductivity changes of graphene electrodes (up to 300%) and strain effects (up to 2 %). The underlying atomic scale phenomena are explored using a combination of atomistic modeling (DFT and MD) and various in-situ characterization techniques, including synchrotron-based in-situ x-ray spectroscopy. The results provide guidance for the development of next generation carbon-based storage materials, and open the door to new applications of monolithic nanocarbon foams including all-carbon bulk actuator and transistor technologies.
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