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Fischer-Tropsch (FT) synthesis has recently regained interest as a technology to convert a wide range of resources to long-chain hydrocarbon fuels. The detailed reaction mechanism, a complex combination of C-C bond formation, C-O scission and hydrogenation steps, remains intensely debated. In this study we compare different CO hydrogenation pathways, and analyze the experimentally observed kinetic role of water [1]. To accurately model the reactions under FT conditions, a realistic surface coverage needs to be taken into account. Two stable CO surface structures with coverages of 1/3 and 7/12 ML, respectively, have been observed on Co(0001) single crystals. Both the stability and the phase transition between the two stable phases are accurately described by DFT-revPBE-vdW-DF calculations [2]. The activation of C-O bonds can follow various reaction pathways. In addition to direct C-O dissociation, CO can be activated by insertion into growing hydrocarbon chains (CO insertion mechanism [3]), or through hydrogenation (hydrogen-assisted CO activation). Direct hydrogenation of the oxygen atom in CO and RCO however has a high barrier, 193 kJ/mol, while hydrogenation of the carbon atom leads to oxygenates. In addition to the direct hydrogenation pathway, a proton shuttling mechanism has been proposed [4]. In this mechanism, a water molecule acts as a proton shuttle and assists by bridging the distance between the surface hydrogen and the oxygen atom. However, the entropy cost to introduce a water molecule in the transition state increases the free energy barrier for this pathway to 162 kJ/mol under FT conditions on Co(0001). In this study we propose an alternative pathway where surface OH groups act as the source of hydrogen. The formation of OH groups from gas phase H2O is slightly favorable under FT conditions with a free energy of -3 kJ/mol. Again, DFT- revPBE-vdW is necessary to describe the stability of surface OR groups in agreement with recent experiments [5]. The surface OH groups are found to be very active hydrogenating species, and the free energy barriers to hydrogenate the oxygen atoms in CO and in RCO are only 119 and 88 kJ/mol, respectively, opening a novel pathway to activate C-O bonds.
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