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Abstract. Density functional theory and natural bond orbital analysis were used to examine the effects of axial 

methoxo and hydride ligands on cobalt porphyrin complexes. Neutral and anionic methoxo- and hydride-bound 

species were compared with the parent cobalt(II) porphyrin. Methoxo coordination produced a charge-sensitive Co–

O interaction: reduction lengthened the Co–O bond, weakened ligand-to-metal donor–acceptor interactions, and 

localized added electron density near the methoxo oxygen atom. In contrast, the Co–H bond underwent only minor 

structural changes and retained predominantly Co 3dz²–H 1s axial σ-bonding character. Reduction of the hydride 

species mainly caused electronic reorganization and increased spin delocalization over the porphyrin framework. The 

anionic hydride species displayed the smallest calculated HOMO/SOMO–LUMO gap. These findings clarify how 

axial ligands and charge control cobalt porphyrin electronic structure relevant to methanol activation. 
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