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The Hydrogen bonds, which bind water molecules and form the structure of proteins or DNA, is one of the
interesting and important interaction. However, information on the electronic state of hydrogen bonded molecules in
liquids and solutions is still limited. In this project, we have applied x-ray emission and absorption spectroscopy to
observe the electronic state around the oxygen atom of water molecules in organic solvents and electrolyte solutions.
Experiments were performed at BL17SU beamline in SPring-8, a large scale synchrotron radiation facility in Japan,
using originally developed liquid flow through cell and x-ray emission spectrometer.

A highly diluted solution was chosen as a sample solution. This type of solution involves water molecules being
dissolved separately in a highly diluted solution without water—water interactions. In addition, solvents without any
oxygen atoms in their molecular structures were chosen to apply the element selectivity of x-ray absorption and
X-ray emission. In such a condition, one can selectively observe the electronic state around the oxygen atom in water
molecules. The obtained results show an evident difference in spectra between hydrogen bonding and dipole -dipole
interaction. While a dipole-dipole interaction is considered as electrostatic interaction, there is debate whether
hydrogen bonding can be considered a covalent interaction. In our results, hydrogen bonding largely changed the
electronic state of unoccupied molecular orbital, compared to dipole-dipole interaction which maintained a similar
spectrum to when it was a gas phase water molecule. An investigation of electrolyte solutions was also performed
using X-ray emission spectroscopy. The concentration dependence of an aqueous solution containing LiCl, NaCl, or
KCI was observed clearly. The results show differences depending on the concentration of ions, which might be
related to the ion radius of cations. Further investigation will be continued from various angles based on the
measurements of reference samples.




