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Abstract

Many challenges abound in theoretical analysis on the electronic structure of Lanthanide (Ln)
complexes. This is mainly due to the difficulty of theoretical treatment of the complicated electron
correlation effect, spin-orbit (SO) interaction, and ligand field splitting of the core-like 4f open-shell. This
thesis contains an electronic state analysis of bis(cyclooctatetraene)lanthanide complexes Ln(COT), with
COT (=cyclooctatetraene, eight-membered ring organic molecule) ligands. The anion photoelectron
spectra (PES) of the complexes synthesized in the gas-phase were measured in the Nakajima laboratory at
the chemistry department, Keio Univ, and a significant Ln dependence was found in the PES. In this
thesis, the author assumed that the differences in the electronic structure of the central Ln metal and the
Ln-COT bond length are reflected in the electronic structure of the complexes, and analyzed the Ln
dependence of the initial anion and final neutral states by means of theoretical chemistry.

In chapter 1, the electronic structures of Ln, COT, and the Ln-COT complexes are overviewed. The
fundamental concepts of group theory which are essential to understanding the electronic state of the
complexes are also reviewed.

In chapter 2, the measured anion PES of Ln(COT), are explained along with the theory of the
photoelectron spectroscopy.

In chapter 3, as the theoretical calculation methods of PES, Koopmans’ theorem, the configuration
interaction (CI) method, and the perturbation theory (PT) are reviewed. For more details on the CI method
and PT, the complete active space self-consistent field (CASSCF), the second-order multiconfiguration
quasi-degenerate perturbation (MCQDPT?2), and the SO-MCQDPT methods which are used in the thesis
are explained.

In chapter 4, Koopmans’ theorem is applied to the vertical detachment energies (VDEs) of the anion
PES, and the metal-ligand orbital interaction of the anion Ln(COT),™ is analyzed. Regardless of the strong
ionic bonding character of the complexes, these valence MOs show a significant metal-ligand orbital
interaction, and it is reflected in the Ln dependence of the VDEs. By a second-order perturbation analysis,
it was found that several factors including the strong intra-complex electrostatic interaction, Ln
contraction, interligand orbital interaction affect the Ln dependence of the orbital interaction.

In chapter 5, the splitting of the X peaks, appears only in the middle Ln (Sm-Ho) complexes is
analyzed. From the CASSCF and MCQDPT?2 calculations on the PES, it is shown that the peak splitting
originates from a particular 4f-ligand interaction in the neutral Ln(COT),. Especially, it was revealed that
the presence or absence of the splitting depends on the 4f electron configuration in the initial anion state,
and the effect of the energy and spatial extent of the 4f orbitals on the magnitude of the splitting is
discussed.

In chapter 6, the results of the SO-MCQDPT calculation on the X peaks are shown and the SO effect
on the peak splitting discussed in chapter 5 is analyzed.

In chapter 7, the overall results of the above discussion are summarized as conclusion.







