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X-ray absorption fine structure (XAFS) spectroscopy is one of the most widely used synchrotron radiation based methods to study
local structures and electronic states of elements. Chemical reactions have been observed by in situ XAFS methods. However, XAFS
is fundamentally bulk sensitive, and is difficult to apply to study surface phenomena or reactions.

We have developed a surface sensitive x-ray spectroscopy, which is named Total REflection X-ray Spectroscopy (TREXS), to study
surfaces in nanometer scale. Reflection spectra are recorded in total reflection conditions, and the surface sensitivity of about 2-3 nm
is realized. In brief, TREXS enables us to obtain two kinds of information, which essentially correspond to usual XANES and
EXAFS. Near edge regions of total reflection spectra are analyzed to discuss electronic structures and chemical states, and surface
reactions can be monitored by tracking the changes. In addition, total reflection spectra are transformed to XAFS spectra through
Kramers-Kronig relations, and regular EXAFS analysis methods can be applied.

A reduction reaction of surface NiO layer to Ni metal was observed with the high surface sensitivity of ~2-3 nm as shown in Figure 1
[1,2]. A surface oxidized Ni film was placed in a home-made in situ TREXS cell. The grazing incident angle of x-ray was adjusted to
be ~2.5mrad, which is well below the critical angle of total reflection. The surface reduction reaction was observed under the
condition of mixture gas of H» 30 sccm and N, 90 sccm at 540 K. In addition, a reduction reaction of surface Co oxide layer to Co
metal was reported [3].

In this contribution, we will present surface chemical reactions studied by in situ TREXS, development of multi-modal surface
research equipment by combining TREXS with IRRAS (Infrared Reflection Absorption Spectroscopy), and an ongoing plan to
involve also scattering techniques in the TREXS experimental equipment. This will lead to develop an experimental setup to study
surfaces in nanometer scale by spectroscopy (TREXS) and scattering including diffraction at the same time under reaction conditions.
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Figure 1. Spectra recorded during in situ TREXS measurement of a reduction reaction of NiO to Ni metal.
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