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Abstract

This thesis presents quantum chemical calculations, applications of the
response function formalism recently implemented within the framework of
density functional theory (DFT) by our research group. The purpose of the
calculations is to assess the performance of this perturbative approach to
determining heavy atom effects on magnetic resonance parameters. Relativistic
corrections can be generated by spin-orbit interactions or by scalar relativistic
effects due to high velocity electrons in the atomic core region of heavy atoms.
In this work, the evaluation of nuclear magnetic resonance (NMR) parameters
is considered, the nuclear shielding tensor and the indirect nuclear spin-
spin coupling tensor. For series of homologous compounds, it is found that
both types of corrections to these parameters are increasing in size upon
substitution of a constituent atom by a heavier element, but that their relative
importance is system dependent. The obtained results are compatible with
the ones provided by electron correlated ab initio methods, and a qualitative
agreement with experimentally determined parameters is overall achieved. The
methodology presented in this thesis aims to be a practical approach which can
be applied in the study of molecular properties of large systems.

This thesis also addresses the calculation of hyperfine coupling constants,
and evaluates a novel approach to the treatment of spin-polarization in spin
restricted calculations without the spin contamination associated with spin
unrestricted calculations.
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