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Computational modeling has undoubtedly become an integral part of chemical research. For
instance, providing an understanding of the nature of a chemical bond and how it relates to
the chemical reactivity of a molecule is of central interest in chemistry. To rationalize such
properties at a molecular level requires a tailor-made quantum chemical framework that pro-
vides the means to accurately describe the central piece of information relevant to chemistry,
viz., the electronic structure. Its determination relies on the solution of the quantum me-
chanical equations for the electronic many-body problem. Whereas solving the electronic
Schrödinger equation (often) yields sufficiently accurate results for light elements, i.e., those
of the upper part of the periodic table, this is generally not the case for heavy elements. For
the latter, an explicit consideration of the theory of special relativity is required.
In this talk, the development and application of multiconfigurational wave-function based
quantum chemical methods [1-5] to the calculation of electronic and magnetic properties
of atoms and molecular complexes — ranging from f - to superheavy elements — in their
ground- and electronically excited states is presented that are designed to accommodate the
needs to account for the correlated motion of the electrons as well as for relativistic effects
in a rigorous manner.
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