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Fig. 1 Schematic energy level diagram of molecular orbitals (MOs)
for acetic acid. MO calculation was performed using the
GAMESS? program and visualization of MOs was carried
out using the MOLEKEL software® .
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Fig. 2 Schematic diagram illustrating the principles of X-ray ab-
sorption spectroscopy and X-ray emission spectroscopy.
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Fig. 3 Schematic drawing of a liquid flow cell named FLiX (Flow
Liquid cell for X-ray spectroscopy) mounted on a vacuum
flange.
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Fig. 4 Schematic drawing of experimental configuration of HEPA2.5 (High Efficiency Photon energy Analyzer
Ver.2.5) spectrometer and post focusing optics of E2a end station at SPring-8 BL17SU.
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Fig. 5 X-ray emission spectra of aqueous FeCl; (1 mol/L). We can
obtain information of valence electronic states of water and
Fe3* cation separately through emission of oxygen (520-530
eV) and iron (710-720¢V).
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Fig. 6 Ols X-ray absorption spectra of liquids, acetone, DMF
(N,N-dimethylformamide), acetic acid and water, showing
features due to C=0 and OH structure. Molecular struc-

tures of each molecule are depicted on right side of the
figure.
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Fig. 7 Chemical site selective X-ray emission spectra of liquid acetic
acid. Upper panel shows the O¢- g site spectrum and lower
panel shows the Ogy site selective spectrum. For the Oc-go
selective spectrum, excitation energy was tuned to the top of
the first peak (532.3 €V) in the XAS spectrum (Fig. 6). For
the Opy selective spectrum, excitation energy was tuned to
534.2eV.
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Fig. 8 O 1s X-ray emission spectra of water in gas, liquid and solid
phase (ice formed at —190°C). The excitation energy is 550
eV, well above the ionization threshold. Peak components
are labeled based on the molecular orbitals for a water
molecule. The XES spectra of crystalline ice from Gilberg et
al.? are included for comparison.
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Fig. 9 Upper right panel: Ols X-ray absorption spectra of liquid a-
cetic acid, aqueous acetic acid (2 mol/L) and liquid water.
Lower panel: Selectively observed Oc-o 1s x-ray emission
spectra of acetic acid molecule in aqueous solution.
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Fig. 11 Anisotropy in O¢c_¢ 1s XES spectra of acetic acid dissolved
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comparison. Orange horizontal solid lines represent theoret-
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corresponding to each peak structure are depicted on the up-
per panel.
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Developments in X-ray emission spectroscopy:
studies on the electronic structure of liquids and

solutions

Takashi TOKUSHIMA", Yuka HORIKAWA?, Yoshihisa HARADA'2, Shik SHIN'-3
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Abstract The electronic structure of material is important for many fields of science, because valence elec-
trons play important roles in properties of many systems including molecules in liquids and solutions.
However, studies on electronic structure of liquids and solutions have been limited due to experimental
difficulties. At SPring-8 BL17SU beamline, we have developed a high efficiency emission spectrometer and a

liquid flow cell as an end station for x-ray emission of liquids and solutions under atmospheric pressure. In this
paper, we will introduce recent progress on experimental studies of electronic states of liquids and solutions
using x-ray emission spectroscopy.
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