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Abstract

Molecule-based magnetic materials are composed of molecules carrying unpaired electrons.
Their solid-state magnetic properties are closely correlated to the arrangement of the open-shell
molecules. Therefore, it is important to design a supramolecular synthon for propagating the
intermolecular magnetic interactions in order to construct molecule-based magnetic materials.
The intermolecular magnetic interaction observed in complexes with single metal species is
usually weak and antiferromagnetic. In the present thesis, the electronic structure of
five-coordinated square pyramidal complexes containing an oxovanadium(lV) or
nitridochromium(V) unit with multiple bonds between the transition metal ion and oxygen or
nitrogen atom is described in order to elucidate the intermolecular magnetic interaction of the
axially coordinated self-assemblies.

In Chapter 2, the magnetic properties of the oxovanadium(lV) complexes with tetradentate
Schiff base ligands are described using a computational method. A large negative spin density
was found on the axial oxygen atom. The overlap between the 2p orbitals of the axial oxygen
atom and the 3d orbitals of the adjacent vanadium ion is effective for the intermolecular
ferromagnetic coupling.

In Chapter 3, the crystallographic and magnetic studies of two polymorphs of the
oxovanadium(lVV) complexes with various bidentate Schiff base ligands are described. The
ferromagnetic interaction is observed for the axialy coordinated self-assembly, while no
appreciable magnetic coupling is detected for the polymorph without axial coordination. The
intermolecular ferromagnetic interaction of the oxovanadium(lV) complexes is significantly
affected by the spin polarization on the axial oxygen atom.

In Chapter 4, the electronic structure of the nitridochromium(V) complex is described and
reveals a stronger magnetic interaction than that of the corresponding oxovanadium(lV) system.
The detailed mechanism is rationally explained by the significantly large spin polarization on the
axial nitrogen.

In Chapter 5, the magnetic interaction in the copper(ll) complexes with axially coordinated
nitronyl nitroxide radicals is described. The delocalization of the unpaired electron from the
nitrony! nitroxide group to the copper(l1) ion isimportant for the ferromagnetic coupling.

In summary, the mechanism of the ferromagnetic interactions in axially coordinated
self-assemblies is revealed by experimentally and computationally analyzing their electronic
structures.






