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The Power-to-Liquids process utilising the Fischer-Tropsch (FT) synthesis is a sustainable
method to produce alternative fuels, which can efficiently reduce CO; emissions and aiding the
shift towards a net zero economy [1,2]. Cobalt-based catalysts are favoured in the commercial
FT-process as they exhibit high selectivity for long-chain hydrocarbons, minimal water-gas shift
activity, and resistance to oxidation in the presence of water [3,4]. The design of Co-based FT
catalysts has been extensively studied and steered towards producing desired products, with a
high Cs, selectivity and low selectivity of by-products such as methane and CO,. The addition of
small amounts of manganese to the catalyst formulation results in a higher activity, and a shift in
the product selectivity towards the formation of the desirable long chain hydrocarbon products
[5]. However, the mechanism inherent to the understanding of this promotional effect is unclear

[6].

In recent years, density functional theory (DFT) has been applied to gain theoretical
understanding of the promotional effect of manganese oxides on the cobalt surface [7-12]. These
DFT studies have explored the influence of various manganese structures such as metallic
manganese (Mn) [7], MnO [8-11], and O-Mn-O [12] on different cobalt surfaces. There is an
apparent gap between theoretical data to experimental is apparent. For instance, surface science
indicates that divalent manganese is present in the catalyst under reaction conditions, but DFT
calculates only partial charges. [13]. Resolving the relationship between these charge definitions
is crucial for aligning DFT studies with experimental methods like X-ray Photoelectron
Spectroscopy (XPS) for oxidation state determination. In this study, the relationship between
manganese oxides with known formal oxidation states were modelled and DFT calculations were
performed to obtain the Bader charge.

Manganese oxides in both their gaseous and bulk crystalline structures were evaluated. The
calculated Bader charge for bulk crystalline structures were higher than that of the gaseous
structures of the same formal oxidation state e.g. MnO; had a charge that was + 0.463 higher than
of the MnO,(s). The relationship between formal oxidation state and Bader charge for all the
manganese structures fall on a single curve when correcting the formal charge with the
experienced charge using the Madelungs constant. The obtained relationship is however not
linear but is fitted with than a hyperbolic function. These results illustrate the importance of
establishing relationship between the rationalization for charge between DFT and experimental
studies for manganese as this will contribute to effectively determining the role of manganese as a
promotor.
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