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Molecular quantum dynamics, the primary processes of molecules in motion, provide the foundation of all
chemical processes, covering combustion as an early and still today important use of chemistry by mankind,
the chemistry of planetary atmospheres and of interstellar space, of large scale industrial syntheses, catal-
ysis, and also of the microscopic biomolecular processes in the chemistry of life, notably also biomolecular
homochirality, its persistence and evolution [1-3]. Spectroscopy with either high frequency or with high time
resolution, possibly also with an uncertainty principle limited combination of both, provides the most power-
ful experimental techniques to study such processes and we shall start by summarizing the experimental and
theoretical approaches developed by our group, which allow for studying primary processes over time scales
ranging from yoctoseconds to much more than days [3-4]. We shall then focus on our recent results con-
cerning the quantum dynamics of tunnelling, nuclear spin symmetry and parity violation in chiral molecules
obtained by our approach to derive molecular quantum dynamics from high resolution spectroscopy[4-7]. We
shall discuss the fundamental theoretical understanding of such primary processes within and going beyond
quantum chemical kinetics on multidimensional Born Oppenheimer hypersurfaces[7-9] and even going be-
yond quantum electrodynamics based on the electromagnetic force only[1,6,7]. Indeed, in chiral molecules
the electroweak force is essential in understanding the quantum dynamics of stereochemistry and tunneling.
Symmetry and asymmetry are the unifying theoretical concepts for a fundamental understanding of molec-
ular primary processes [3-7]. Examples include hydrogen fluoride clusters as prototypes for potentials and
dynamics of hydrogen bonds [9], as well as other systems with parity and nuclear spin symmetry conserva-
tion and violation, molecular tunneling and tunneling switching phenomena notably also in chiral molecules
[1-3,10] and isotopically chiral molecules important for astrophysical observation[11] and the chemistry of
the homochirality of life[1,2,12]. We shall also include examples such as quasiadiabatic channel above bar-
rier tunnelling [3,7]. We shall conclude with a brief report on current progress towards the observation of
the theoretically predicted, new process of parity change with time due to parity violation in isolated chiral
molecules [1,12]. For background reading see notably our reviews and books[1-7].
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