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Geometry Optimization of a Mixed-Valence Dinuclear Iron Aqua Complex by Density

Functional Theory

WAKE Yoshiaki*!, MATSUI Takumi®', OOKAWA Masashi*!

Abstract: Vivianite, Fe;2*(PO,), 8H,0, is a mixed-valence compound containing both Fe?* and
Fe?®* ions, exhibiting blue coloration due to intervalence charge transfer IVCT) transitions. In
this study, we performed structural optimization of mixed-valence dinuclear iron aqua complexes
using density functional theory (DFT) calculations. The O*-bridged complex
[(H,0),Fe**0,Fe**(OH,),]** did not maintain octahedral geometry, converging to tetrahedral
structures. In contrast, the OH -bridged complex [(H,0),Fe?*(OH),Fe?*(OH,),]** maintained
stable octahedral structure. Two locally stable structures were obtained: a symmetric structure
(a) with equal Fe-O distances (200 pm) and an asymmetric structure (b) with distinct Fe?*-O (216
pm) and Fe**-O (206 pm) distances. Natural Population Analysis revealed that structure (a)
exhibits delocalized electron density, while structure (b) shows localized electrons (Fe?*: +1.45,
Fe®*: +1.62), consistent with vivianite belonging to Robin-Day Class II mixed-valence compounds.
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