Ultrafast Dynamics in Acetone Probed by Time-Resolved Photoelectron Spectroscopy Using Few-Femtosecond Pulses
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Few-femtosecond ultraviolet (UV) light pulses are required for the real-time monitoring of electron dynamics in electronically excited neutral molecules1. UV light plays a crucial role in driving a wide range of photochemical and photobiological processes. With the development of our extremely short UV pulses, we are now able to capture these ultrafast dynamics with unprecedented precision. In this study, we present a time-resolved photoelectron spectroscopy (TRPES) investigation of acetone, utilising UV pump pulses with a transform-limited duration of 2.1 fs and near-infrared (NIR) probe pulses. This combination achieves an overall time resolution of 5.6 fs. Acetone, the simplest ketone and a commonly used solvent, exhibits complex Rydberg–valence interactions that strongly influence its excited-state dynamics. Although previous time-resolved experiments have been conducted, they were limited by their temporal resolution, which hindered the study of ultrafast dynamics occurring on the few–tens-of-femtoseconds timescale2,3. Our results reveal pronounced electronic and vibrational coherences, as well as clear signatures of ultrafast relaxation to the ππ∗ state. A slow 24 ± 1 fs oscillation is observed for approximately 100 fs in the photoelectron spectrum, and an additional fast beating at 3.2 ± 0.2 fs, corresponding to an energy of 1.3 eV, is also detected. The latter may indicate the presence of an electronic coherence. These findings provide new insight into the ultrafast dynamics of acetone.                                              
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