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Time-resolved chiral X-Ray photoelectron
spectroscopy of fenchone with transiently enhanced
atomic site-selectivity
Content
Chirality plays a fundamental role across the physical and biological sciences. A chiral molecule
lacks both a plane of symmetry and a center of symmetry and thus can occur in two non-superimposable
mirror-image forms called enantiomers. Despite having the same chemical structure, most enantiomers exhibit different properties when interacting with other chiral objects, such as other chiral
reagents or circularly polarized light. While chirality has been a subject of deep investigation in
biology and chemistry, its ultrafast dynamics are mostly unexplored. One of the most promising
time-dependent investigation techniques of chiral dynamics is Time-Resolved Photo-Electron Circular Dichroism (TR-PECD), which provides a sensitive probe of the structural relaxation of the
molecule on the femtosecond time scale [1]. In standard TR-PECD, an ultrashort circular pulse ionizes the molecule from a photo-excited state of the system, and the transient dichroism emerges
from the forward-backward asymmetry of the photoelectron emission along the propagation axis
of the pulse. However, the non-local character of this approach makes the interpretation of TRPECD experiments challenging. In this respect, time-resolved X-ray Photoelectron Spectroscopy
(TR-XPS) from the core level of a molecule would permit accessing the local relaxation dynamics of electronically excited states in a chemical- and site-selective way, through their transient
excited-state chemical shifts (ESCS) [2].
We combined the chemical- and site-specificity of TR-XPS with the enantio-sensitivity of TRPECD, studying the relaxation dynamics of photoexcited fenchone molecule at the carbon K-edge
[3]. With this experiment, we demonstrate that femtosecond chiral dynamics can be probed using
core level spectroscopy with circularly polarized XUV light provided by the FERMI free-electron
laser. In addition, we demonstrate that core-level PECD spectroscopy of transient excited states
allows us to isolate different carbon atoms inside the molecule through their different ESCS. This
permit enhancing the site-specificity of the technique allowing to further separate and identify the
PECD from different sites in the molecule that otherwise would not be accessible.
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