Electrochemical CO2 capture using conductive metal-organic frameworks: constant-potential simulations, in situ verification, and materials databases
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[image: Graphical abstract: Demonstrating electrochemical CO2 capture on redox-active metal–organic frameworks]Electrochemical CO2 capture is an emerging route carbon capture and utilization, yet its practical development requires materials that operate under specific electrochemical conditions and methods that can describe the interface under applied potential. Conductive metal-organic frameworks (MOFs) are promising candidates for this purpose because they combine porosity, modular chemical structure, and electronic conductivity within one electrochemical architecture. 
We study CO2 electrosorption in conductive MOFs as part of the broader problem of electrochemical interfaces, materials, and architectures. We modify a constant potential method for simulations of porous electrode materials and apply them to MOFs with variable metal centers: Cu, Ni, and Co. The calculations indicate that CO2 electrosorption is strongly metal-dependent, with Cu-based MOFs showing adsorption while analogous Ni- and Co-based systems do not show comparable behavior. To quantify these computational predictions, we combine the simulations with electrochemical experiments and preliminary in situ electrochemical mass spectrometry measurements.1 This approach allows us to connect calculated adsorption trends with experimentally observed CO2 uptake and to test whether constant-potential models can describe electrosorption in porous conductive frameworks.
[image: ]Beyond the individual materials, we also present a database of conductive MOFs for CO2 electrosorption studies,2 and a broader literature-derived database of CO2 sorbents.3 These datasets include material properties along with operating conditions, process parameters, and reported performance metrics, allowing data-driven selection of various CO2 sorbents for proper application contexts. Together, our works interlink molecular simulation, in situ electrochemical characterization, and data-driven materials selection.
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