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In the fourth age of quantum chemistry [1] there are several areas of first-principles nuclear
motion theory which require significant development and these efforts can be helped greatly by
various mathematical tools. A couple of related attempts, characterizing our group’s research
efforts, will be reviewed during the talk.

While analytic derivation of Kinetic energy operators expressed in internal coordinates is
certainly feasible, especially using techniques of geometric algebra, it seems more practical to
rely on numerical handling of the kinetic energy operators [2,3] during the solution of the time-
independent nuclear Schrodinger equation. The ensuing fully numerical handling of both the
Kinetic and potential energy operator parts of the Hamiltonian allows (a) the treatment of both
full- and reduced-dimensional models of molecular systems within the same code for arbitrary
systems, (b) the inclusion of the Eckart embedding in arbitrary nuclear motion computations, and
(c) the efficient consideration of non-adiabatic effects, considerably improving the accuracy of
the computation of rovibrational energy levels.

Iterative determination of a large number of eigenstates of huge Hamiltonian matrix
representations is a special requirement during the solution of the time-independent nuclear
Schrddinger equation. Certain results from our own experience are summarized, related to the
iterative Lanczos technique and FEAST.

It is still true that quantum theory is usually unable to match the accuracy of high-resolution
spectroscopic experiments. Thus, experimental determination of a large number of rovibrational
energy levels is important, especially in view of the many applications which need such data.
The theory of spectroscopic networks (SN) has been introduced [4] and developed in our group,
providing an interesting chemical application of graph theory. Based on the concept of SN,
experimental-quality rovibrational energy levels can be derived via the Measured Active
Rotational-Vibrational Energy Levels (MARVEL) approach [5].
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