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Abstract:
This thesis reports laser spectroscopic studies of stoichiometric EuVO4 and isomorphous compounds.
Electronic and hyperfine stmctures have been used to study the electron-phonon coupling and the
nature of the lattice defects.

Conventional absorption, fluorescence, and Raman scattering spectroscopy was used to study the Eu3+
energy levels of EuVO4, EuAsO4, Eu3+:YVO4, Eu3+:LuV04, Eu3+:YP04, and Eu3+TuPO4. Crystal
field calculations were also carried out for these compounds. The Eu3+ 7F1 singlet levels in EuVO4
and EuAsO4 were found to exhibit Davydov splittings, a result of the ion-ion interaction in the
stoichiometric compounds. The Eu3+ 7Fj 2 doublet levels all have anomalously small Lande g factor
for the vanadates and EuAsO4, a result of the dynamic Jahn-Teller effect due to electron-phonon
coupling.

EuVO4 had been found previously to have over 50 satellite lines in the 7F0 - 5Dq region, each line
corresponding to a distinct defect site. Defect line maps were measured for two additional growths of
EuVO4. Time-resolved fluorescence has been used to study the pathways of the energy migration
among these sites. For example, the site at 515868 GHz was found to transfer its energy to other sites
in 50 fls. Systematics of the rare earth spectra were considered, and a simple relationship between the
energy levels and the lattice cell size of the host material has been suggested.

Spectral holebuming and optically-detected nuclear-magnetic-resonance (ODNMR) measurements
have been used to study the hyperfine structure of the defect sites; each was found to possess a distinct
hyperfine interaction. Ground state quadrupole interaction parameters (P, T|) are given for over 30
defect sites. A new holebuming mechanism -energy-transfer enhanced holebuming was proposed. The
full angle-dependent ODNMR study of some of the defect sites yielded information about the ground
state nuclear magnetic shielding parameters and the principal axes of the ground state quadrupole
interaction. The site with 7Fq - 3D0 transition at 515868 GHz was found to have a quadrupole
coordinate system tilted 10.7° and a very anisotropic nuclear magnetic moment, only 5% of the bare
nucleus value in the defect x direction. This is the first time this kind of information is obtained for a
defect site with no predetermined structural information. It should provide the basis for further
theoretical calculations and the final determination of the lattice defect local structure. 
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