From Gas-phase to Liquid Phase: Probing the Electronic Structure of Amino Acids with X-ray Spectroscopy.
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ABSTRACT
The isolation of biomolecules in the gas phase eliminates all interactions with the solvent, allowing for stepwise control of these interactions by progressively increasing the number of bound water molecules, thereby bridging the gap between isolated molecules and aqueous conditions. A single water molecule can already induce significant structural changes in the molecule, such as the location of the protonation site or geometry1,2.
 Over the past thirty years, efforts have been made to develop experimental techniques for studying hydrated species in the gas phase. Comparing the gas-phase structure with the singly hydrated gas-phase structure provides insight into the influence of molecular water on its properties. In contrast, performing a liquid-phase study allows us to gain insights into the influence of water as a solvent and approach the conditions relevant to biology. Moreover, the addition of a solvent allows charge redistribution between the molecule and the solvent, thereby altering the local charge distribution and 3D structure.
Soft X-ray radiation provides a local probe into the atomic environment based on the electronic excitations of core electrons to unoccupied molecular orbitals, thereby capturing both the electronic and geometric structures of the system under investigation. In this study, we first combined X-ray absorption spectroscopy with tandem mass spectrometry to obtain information about the electronic structure of singly hydrated, protonated phosphotyrosine. We further explore the influence of the solvent on phosphotyrosine and address ultrafast charge-transfer dynamics using Auger–Meitner spectroscopy (AMS) in aqueous solution in the soft X-ray range and extend it to the tender X-ray domain. 
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