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CHINAWAT EKWONGSA : DEVELOPMENT OF in situ TEMPERATURE
DEPENDENT X-RAY ABSORPTION SPECTROSCOPY. THESIS ADVISOR

: ASSOC. PROF. PRAYOON SONGSIRIRITTHIGUL, Ph.D. 129 PP.

DEVELOPMENT/LOCAL STRUCTURE/XANES/EXAFS

This thesis focused on the development in situ X-ray absorption spectroscopy
techniques for determining temperature-dependent oxidation state and local structural

of interested atoms in materials at the SUT-NANOTEC-SLRI beamline (BL5.2) at the
Synchrotron Light Research Institute. An in situ cell for XAS measurements was
successfully designed, constructed and tested. The cell provides environments for XAS
samples to be in required gas species atmosphere and at any temperature ranging from
room temperature to 1000 °C. In commissioning test of this home-developed
temperature-dependent XAS set up, Iron oxide (FeO), lithium cobalt oxide (LiCoO>)
and cobalt ferrite (CoFe20s) were used mainly due to its low cost, commercial
availability, and more importantly, its applications in batteries and hard disks
industries.

Fe K-edge XANES spectra were taken and analyzed. The results showed that
there are gradual changes in feature in the XANES and the shift in absorption edge
towards higher with increasing excitation photon energy, indicating the increase in the
average oxidation state of Fe atoms in the materials. Quantitative analysis of the valence
states of Fe was determined performed using the empirical edge-shift calculations
making with comparisons to known standard samples (FeO and Fe>Oz3). The oxidation
state was found to increase linearly from +2.00 to +2.65 when the temperature increases

from room temperature to 800 °C and remains constant at higher temperatures.



v

X-ray diffraction (XRD) was used, along with X-ray absorption spectroscopy
(XAS), to study the crystal structure of LiCoO,. The XRD results indicate that the
concentration of LiCoO2 crystals increases with sintering temperature. The XANES
spectra at the Co K-edge show a linearly decrease of the absorption edge energy when
increasing temperature. Temperature-dependent on local structure of the LiCoO>
powders was successfully studied in situ by the analyses of the in situ Co K-edges taken
XANES and EXAFS spectra. The XANES spectra at the Co K-edge show a linearly
decrease of edge energy when increasing temperature. This is consistent with a
reduction in the Co oxidation state from higher Co** to Co?*. Additionally, the EXAFS
data provide the clear evidence of the increasing bond lengths with temperature.

In the cobalt ferrite system, the phase information was investigated by XRD and
XAS techniques. It was found that the concentration of CoFe204 crystals increases with
the sintering temperature. The XANES spectra at Co K-edge and Fe K-edge show a
linear decrease of edge energy during increasing temperature. This is consistent with a

reduction in Co and Fe oxidation state.
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