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Abstract

The photo-absorption and emission intensities of intra-4f" transitions (f-f transitions) in lanthanide systems have been
extensively studied with the semi-empirical Judd-Ofelt theory. The oscillator strengths of most f-f transitions are
insensitive to a change of surrounding environment because 4f electrons are shielded by the closed-shell 5s and 5p
electrons from outside. However, there are some exceptional transitions, the so called hypersensitive transitions, whose
intensities are very sensitive to a change of surrounding environment and the reason of hypersensitivity has not been
clarified. Lanthanide trihalide systems (LnX;) have been known to have notably large oscillator strengths of
hypersensitive transitions. In this thesis, oscillator strengths of LnX; are studied with the multi-reference spin-orbit
configuration interaction (MRSOCI) method and the origin of the f-f intensities and hypersensitivity are examined.

In chapter 1, fundamental terms and the backgrounds of f-f transitions and hypersensitive transitions are reviewed.

In chapter 2, the previous semi-empirical theories and several models for f-f transition intensities are explained.
Additionally, a brief survey about the graphical unitary group approach, which is a key element to reduce the
computational efforts for MRSOCI calculations, is presented and the applications to intensity calculations are discussed.
In chapter 3, the oscillator strengths of PrX; and TmX; (X = Br, I) are calculated with the above program.  Furthermore,
the origin of f-f transition intensities is examined focusing on the effect of molecular vibrations, f-d mixing, and other
configuration mixings and it is clarified that the matrix elements between the 4f' and intra-ligand excitation
configurations have dominant contributions to the f-f intensities, supporting the previously proposed dynamic-coupling
model.

In chapter 4, the origin of f-f transition intensities is discussed by comparing the two Judd-Ofelt intensity parameters z
evaluated with the dynamic-coupling model and those with the MRSOCI calculations for LnBr; (Ln = Pr through Tm
except for Gd). These two kinds of intensity parameters are in the same order of magnitude, implying that the
dynamic-coupling model has a dominant contribution to the intensities. The difference between the two parameters is
discussed focusing on the polarization shielding effect and the ligand to metal charge transfer (LMCT).

In chapter 5, a comprehensive mechanistic explanation is given for the origin of f-f intensities by comparing LnCl; and
Lnl; as well. To have a different perspective on the origin of f-f intensities, the spatial distributions of the transition dipole
moments and the relation between the parameters 2 and the averaged amount of LMCT are considered. It is clarified
that the mixing of LMCT and intra-Ln excitation configurations also affect the intensities and they must be considered

simultaneously.




