Ultrafast excited state dynamics of ortho-nitrophenol by photoemission spectroscopy
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The  present study focuses on the ultrafast dynamics of the excited states of 2-nitrophenol (2-NP) belonging to a class of nitroaromatic compounds which play a significant role as atmospheric pollutants of environmental concern.1 Nitrophenols have attracted much attention in recent years since they are involved in relevant tropospheric photochemistry.2 In comparison with other nitrophenols, the 2-nitrophenol isomer, is endowed to some extent with different physico-chemical properties, due to the presence of an intramolecular hydrogen bond.
The initial relaxation dynamics of 2-NP was investigated by ultrafast time-resolved photoelectron spectroscopy (TRPES). This methodology, besides several advantages,3 is particularly suited for the study of ultrafast non-adiabatic processes and spin–orbit coupling in isolated polyatomic molecules. 

Measurements were performed with the CITIUS ultrafast VUV source4, a state-of-the-art fs-laser facility for time resolved photoemission and pump-probe spectroscopies based on laser high-order harmonic generation in gas, which was recently assembled and commissioned thanks to the support of the “Italian-Slovenian Cross-border Cooperation Program 2007-2013”. In particular, we employed an ultrafast uv laser pulse to prepare the 2-NP molecule in an electronically excited state and we followed the dynamics of the molecule by time delayed photoionization with a high-order harmonic (HHG) pulse at 23.2 eV. 

The results are interpreted in the light of quantum chemical calculations. We could detect the occurrence of an ultrafast intersystem crossing leading to an intermediate state which decays on a sub-picosecond timescale with a branched mechanisms, whose decay pathways are experimentally observed. 
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