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Micropores in a light curing resin studied using ESR spin probe technique (!Fac. of Arts and
Sci. at FY, Showa Univ., *Col. of Humanities and Sci., Nihon Univ. , *Rigaku Corp., *Sch. of
Pharm., Showa Univ., *Center for Electron Microsc., Showa Univ., °Sch. of Dent., Showa Univ.)
O Hirokazu Kobayashi,! Fumiyasu Iwahori,> Hidehiko Honda,! Masato Yamamoto',
Yoshinobu Hosoi?, Yuki Odanaka,* Takashi Takaki,’ Reina Tanaka,® Yo Shibata®

Recently, light curing composite resin (CR) has been used as a material for dental
restorations of teeth structure. Micropores in CR affect hardness of CR and the interaction
between CR and fillings for increase of its hardness. In this study, TEGDMA, one of the most
famous monomers used in light curing CRs, including a tiny amount of a few kinds of probe
radical, such as TEMPO, was cured with visible blue light. Temperature-dependent electron
spin resonance (ESR) measurements and spectral reproductions were conducted for TEGDMA
polymers including TEMPO, indicating that probe TEMPO radicals underwent uniaxial
rotational diffusion in their axial symmetric nanospaces.

Keywords : ESR spin probe technique, light curing composite resin, porous material, molecular
motion, stable free radical Experimental
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1) ESR studies on radical polymerization has been reported. M.Kamachi, Adv. Polym. Sci. 1987, 82, 207.
2) Investigation of Various Organic Radicals Dispersed in Polymethylmethacrylate Matrices Using the

Electron Spin Resonance Spectroscopy Technique has been reported. H. Kobayashi, et al., ACS Omega
2021, 6, 20855.
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Micron-Sized Ceria-Based Metal Oxides for Low-Temperature
Redox Properties: Synthesis and Characterization

(‘Research Center for Materials Science, Nagoya University, *Graduate School of Science,
Nagoya University)

OWenjun Li,"* Hirosuke Matsui, > Chaoqi Chen,* Satoshi Muratsugu,? Mizuki Tada'~
Keywords: Mixed Metal Oxide, Ceria, Redox property, Transition Metal, X-ray Imaging

Ceria (Ce02) is widely recognized as a vital material in heterogeneous catalysis due to its
unique redox properties. Pure ceria typically activates at temperatures above 673 K and the
redox property at low temperature is quite limited. Increasing oxygen vacancies, often achieved
by doping with transition metals, lowers its redox activation temperature by modifying its

catalytic performance of Cro 19Rhg.0sCeO..
This catalyst exhibits reversible redox
activity at temperatures as low as 373 K,
facilitating unique catalytic reactions.!
In this study, we report the synthesis
and characterization of microrod-shaped

ceria catalysts incorporating transmition Figure 1. SEM image of microrod Rho.osCro.11CeOx; (a)
metal for the visualization of the redox overview, (b) single particle of the microrod.

behavior on ceria domian by X-ray 40

349 K Rho.,05Crp41Ce0,

spectroimaging. This microrod-shaped ceria- S 35 |
s 2 Rhy4,Ce0,
based catalyst exhibited remarkable, 5, 30l Cry.,Ce0,
reversible redox properties at temperatures %5 2 | CeO,
below 373 K. Its micrometer-scale size is ;\.5 20 | 505 K
. . ' e =)
sultabl‘e for X—I‘fiy s'pectr01mag1ng,. facﬂltatlr%g % E 15 |
a detailed elucidation of the spatial catalytic g =5 10
. . . D
mechanisms on ceria. SEM images revealed % 5
the formation of microrods in the size range of % 0
length 5-20 pm with diameters of 1~5 um (Fig. 300 400 500
1(a, b)). Temperature-programmed reduction Temperature /K

. Figure 2. First differential plots of H2 consumption in
(TPR) with H, suggested that Rho.osCro.11CeOx TPR on Rho.osCro.11CeOx (red), Rho.02CeOx (orange),

exhibited the lowest redox temperature Cro.11CeOy (black) and CeO (blue).
compared to Rhgo2CeOyx, Cro11CeO,, and CeO, similarly prepared (Fig. 2). The detail
characterization and X-ray imaging of the Rho0sCro.11CeO, microrods will be presented.

1) S. Ikemoto, M. Tada, et al. ACS. Catal., 2022, 12, 431. 2) S. Ikemoto, M. Tada, et al., J.Am.Chem.Soc. 2023, 145,

1497. 3) S. Ikemoto, M. Tada, et al., Phys. Chem. Chem. Phys. 2019, 21, 20868. 4) H. Matsui, M. Tada, et al., ACS
Appl. Mater. Interfaces, 2022, 14, 6762.
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Study of solvent extraction interfaces using vibrational sum
frequency generation spectroscopy: Formation and structure of
interfacial complexes between diglycolamide extractants and
lanthanide ions

('Nuclear Science and Engineering Center, Japan Atomic Energy Agency (JAEA),
’Graduate School of Advanced Science and Engineering, Hiroshima University)

OXKosuke Okudera'?, Shu-hei Urashima', Yuji Sasaki', Masayuki Watanabe', Satoru
Muramatsu?, Yoshiya Inokuchi?, Ryoji Kusaka!

Keywords: Sum Frequency Generation Spectroscopy; Interface; Lanthanide;
Diglycolamide; Solvent Extraction

High-level radioactive waste generated from the reprocessing of spent nuclear fuel
contains highly radiotoxic elements, such as americium (Am). Solvent extraction using
diglycolamide (DGA) extractants (Fig. 1), which act as chelating o o
agents to transfer lanthanide and actinide ions from the aqueous Ry J\/O\)LN _R
phase to the organic phase, is a promising method for separating é '|?
radioactive elements and reducing radioactive waste. In this  pig 1. Structure of
study, vibrational sum frequency generation (VSEG)  diglycolamide (DGA)
spectroscopy was employed to investigate the chemical states of DGA extractants at the
solvent extraction interface, aiming to gain insights into the transport mechanism of
lanthanide ions between the two liquid phases.

Figure 2 shows the VSFG spectra in the C=O stretching vibrational region, obtained at
the air/tetrabutyl DGA (TBDGA)/aqueous model solvent , —
extraction interface. Under conditions where [Gd*']

concentrations range from 0 to 0.001 M, the C=0O \/\‘ ’
stretching band of TBDGA is observed at approximately 3 0.00001

1660 cm™. A low wavenumber shift of approximately 20 0.0001

[Gd¥]

cm’! is observed for [Gd*"] concentrations exceeding 0.001

0.001 M. This low wavenumber shift in the C=0O }
I

stretching vibration suggests that TBDGA forms a m 0.1
M

complex with Gd** at the interface through its C=0 — ;
1 | | |

1550 1600 1650 1700 1750 1800
IR wavenumber (cm)

Fig 2. VSFG spectra of the

TBDGA in interfacial complexes adopting a  ai/TBDGA/aqueous interfaces.
. . The concentrations of Gd** in the
higher-symmetry environment compared t0  aqueous phase are expressed in

mol/L.

SFG Intensity (a. u.)

0.01

groups. The decrease in SFG intensity with increasing
[Gd*'] concentrations is likely due to the C=O groups of

uncomplexed TBDGA. The molecular structure of the
interfacial complexes will be discussed in the presentation, based on data obtained with
DGAs featuring different alkyl chain lengths.
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Image Processing of Scanning Probe Microscopy Data
for Analyzing the Interactions of Oxygen Vacancies on
the Surfaces of Titanium Dioxide

-Optimization of Local Structure Recognition-

Sota Tsubokura!?, Shoya Kawano®, Yumiko Imai*, Tadashi Ueda*, Kei-ichi Nakamoto*, Haruo
Noma?, Hirohisa Hioki!, OTaketoshi Minato*
(1. Kyoto Univ., 2. Ritsumeikan Univ., 3. Kyushu Inst. Tech., 4. IMS,)

Scanning Probe Microscopy (SPM) is an excellent measurements for analyzing structural,
electrical, electronic, and magnetic properties at the nanoscale and atomic scale, providing
high-resolution data. Conventional SPM image analysis widely employs methods such as
Fourier transforms and autocorrelation analysis. However, these methods struggle to analyze
local interactions in data with non-periodic or complex structures.

In this presentation, we introduce a newly developed method [1] that uses a portion of an
SPM image as a template to locally analyze differences with data images. This approach
enables the identification of specific local structures and elucidates local interactions. First, we
demonstrate the effectiveness of this new analysis method by analyzing SPM images of
nanostructures fabricated via lithography. Additionally, we report the first successful
elucidation of local interactions in energy materials worldwide through the analysis of SPM
images [2, 3] of the rutile-type TiO: (110) surface.

Keywords : Scanning Probe Microscopy, Local Interaction, TiO. Energy Materials,
Nanostructures
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