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Oxygen Binding Properties of Hemoglobin from Radiotorelance Ramaazzottius varieoratus

The institute of Scientific and Industrial Research, Osaka University,2 Graduate School of Engineering, Osaka
University,® Gratduate School of Pharmaceutical Science, Osaka University¢,

Kazuo Kobayashia*, Kim JeeEun®, Yota Fukuda®, Takahiro Kozawa?, Tsuyoshi Inoue®

Tardigrades, known as water bears, exhibit extraordinary tolerance to various physical extremes such as ionizing
radiation. Recently, we reported crystal structure of a globin protein (Kumaglobin: Kgb) found in an
anhydrobiotic targigrade. Here, we analyzed binding of molecular oxygen ligand following reduction of heme in
Kgb using pulse radiolysis technique. Spectrum of the purified Kgb shows that Kgb contains hexacoordinated
His-Fe-His form, similar to neurogobin and cytoglobin. Radiolytically generated hydrated electrons (eaq)
reduced the heme iron of Kgb within 2 ps. Subsequently, ferrous heme reacted with O2 to form a
ferrous-dioxygen intermediate with a second-order rate constant of 2.3 x10® M? s The intermediate
autooxidized to ferric form with a first-order rate constant of 2.0 x10% s®. The biochemical and Kinetic
characteristics are discussed in view of the possible functions of Kgb.
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and Mb
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Re-investigation of radiation induced reaction of carbon tetrachloride

ISIR, Osaka University

Masao GOHDO*, Takafumi KONDOH, Kazuki ARAKI,
Koichi KAN, Jinfeng YANG, Yoichi YOSHIDA

lonizing radiation induced reaction in/of CCls has been investigated by means of ns- and fs-pulse radiolysis
technique. To establish reaction mechanism of CCls radiolysis, updated assignment of transient absorption and
new knowledge reported in 2013 were taken into account. Transient absorption in UV region observed by
ns-pulse radiolysis was characterized and found to be *Cl related transient. Direct observation of formation
process of iso-CCls-Cl has been achieved by fs-pulse radiolysis at 480 and 340 nm and found that the transient
species observed in ns time region were not the same with the transient observed early stage of the reaction.
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Formation and Structures of Thioanisole Hydroxyl Radical Adduct by during Pulse Radiolysis

Research Laboratory for Quantum Beam Science®, Dept. of Molecular Excitation Chemistry”

Sachiko Tojo™*, Yoshihide Honda®, Mamoru Fujitsuka®

We have developed the nanosecond time-resolved resonance Raman spectroscopy (ns-TR3) during pulse

radiolysis. The oxidation of N-acetyl-methionine (Met) with hydroxyl radical (OH¢) in aqueous solution lead to

the formation of intermolecular o-dimer radical cation (Met)2™" with two-center three-electron bond between two
sulfur atoms (2¢-3e S.".S). The ns-TR3 spectrum of Met2™ shows a peak at 267 cm-1 (2¢-3e S.".S stretching).
This is the first report on the ns-TR3 direct measurement of 2c-3e S.".S of dimer radical cation in amino acid

systems.
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Figure. 1. Molecular structures of Met used in this study.
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Figure 2. Transient absorption spectra obtained after
the pulse radiolysis for Met 20 mM in pH7 MilliQ
(N,O atmosphere).
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8-ns electron pulse during the pulse radiolysis of Met (20
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Studies on Triplet Excited Cycloparaphenylenes by Pulse Radiolysis

Dept. of Molecular Excitation Chemistry2, Kyoto Universityb

Mamoru Fujitsuka@™, Lu Chao®, Zhuang Bo?, Tetsuro Majimad, Eiichi KayaharaP, Shigeru YamagoP

[n]Cycloparaphenylenes ([n]CPPs. n: number of phenyl rings) have gained considerable attention because they
exhibit interesting properties owing to their highly strained structure and radially oriented p-orbitals. Recently,
[N]CPPs with n > 5 have been synthesized, but the ring-size dependence of the deactivation processes of the excited
states has not been explained particularly for smaller [N]CPPs (n < 7). In the present study, we characterized the
deactivation processes of [nN]JCPPs (5 < n < 12) using transient absorption spectroscopy at subpico-, subnano-,
nanosecond, and microsecond timescales. Although fluorescence quantum yield increased with the ring-size, the
longest Si-state lifetime was observed with [8]CPP, and both decrease and increase of the ring-size resulted in the
decrease of the lifetime. Characterization of the intersystem crossing and internal conversion processes using pulse
radiolysis explained unique ring-size dependence of the deactivation processes of [n]JCPPs, i.e., the enhanced
radiation rate of the larger CPP and the fast internal conversion rate of smaller CPP dominate their Si-state lifetimes.
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Fig. 1. Molecular structures of [n]CPPs (n = 5-
12).
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Fig. 2. Picosecond-nanosecond transient absorption spectra of [n]CPPs (n = 5-12) in Ar-saturated THF during
laser flash photolysis using a 355 nm picosecond laser pulse.
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Influence of Charge Distribution on Structural Changes of Aromatic Imide Derivatives upon One-Electron
Reduction Revealed by Time-Resolved Resonance Raman Spectroscopy during Pulse Radiolysis

Dept. of Molecular Excitation Chemistry?, Research Laboratory for Quantum Beam Science b
Bo Zhuang®, Mamoru Fujitsuka@™, Sachiko TojoP

Structural changes of aromatic imides upon one-electron reduction are investigated by time-resolved resonance
Raman spectroscopy during pulse radiolysis. Significant downshifts are observed for both the aromatic ring
stretching and carbonyl stretching modes, which are related to a reduction of the bond order and increase of the
charge density on these moieties. For three aromatic imides, i.e., 1,8-naphthalene imide (1,8-Nl), 2,3-naphthalene
imide (2,3-NI) and naphthalene diimide (NDI), the extent of structural changes is found to follow the order: 2,3-
NI > 1,8-NI > NDI, reflecting the influence of charge distribution on molecular structure. To further investigate
this phenomenon, a series of homologous NDI derivatives with a substituted phenyl group at the imide position
are studied. The Raman peaks between 1550 and 1600 cm™ are assigned to aromatic stretching vibrations of the
NDI moieties that are found to be sensitive to the charge distribution: stronger electron-withdrawing substituents
result in these peaks shifting to slightly higher wavenumbers. As supported by a spin density analysis, despite the
fact that the added charge is mostly localized on the NDI moiety, in the presence of an electron-withdrawing group,
the subtle charge is likely to delocalize on the phenyl fragment, alleviating the effect of one-electron reduction on
the molecular structure.
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Fig. 2. Raman spectra of NDI (a) 1,8-NI (b), and 2,3-NI (c) in DMF in their neutral (top) and radical anion

(bottom) states.
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Fig. 3. (a) Raman peaks of NDIphX radical anions
at ~1575 cm?® (CC stretching vibration of the
naphthalene ring). (b) Relation between Raman
peak positions and Hammett’s opara. (€) Contour
plots of the spin density distribution of the radical
anions of NDIphNMe,, NDIphH, and NDIphNO;
in corresponding molecular planes (NDI and

phenyl).
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Structural Changes of Aromatic Imide Dimers upon One-Electron Reduction

Dept. of Molecular Excitation Chemistry?, Research Laboratory for Quantum Beam Science b

Bo Zhuang®, Mamoru Fujitsuka@™, Sachiko TojoP

Aromatic imide compounds are important electron acceptors in electronic devices. In this study, to clarify
molecular structures of naphthalimide (NI) dimer with a negative charge, pulse radiolysis-time resolved resonance
Raman measurements were performed. The Raman spectra revealed importance of interaction between
chromophores in structural changes upon one electron reduction.
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Mesolysis Mechanisms of Aromatic Thioether Radical Anions Studied by Pulse Radiolysis and DFT
Calculations

Graduate School of Science and Engineering, Gunma Ungversitya,
Research Laboratory for Quantum Beam Science
Dept. of Molecular Excitation Chemistry®

Minoru Yamaji ", Sachiko Tojob, Tetsuro Majima,® Mamoru Fujitsuka® **

Mesolysis of diphenyldisulfide radical cations possesing cyano- and methoxy groups at the para-positions

(XSSX) was studied by transient absorption measurements during pulse radiolysis in MTHF at various

temperatures. The S-S bond cleavage of XSSX radical anions occurred to form phenylthiyl radical (XS*) and

phenylthiolate anion (XS-) via step-wise mechanism.
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Chart 1. Diphenyl disulfides (XSSX)

having cyano- and methoxy groups at the
para-positions.
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Scheme 1. Mesolysis process upon one-
electron oxidation of MeOSSCN.
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Figure 1. Transient absorption spectra
obtained during electron pulsing in DCE
solution of XSSX at 295 K.
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Study on radiation-induced chemical reactions in aqueous solutions

Dept. of Beam Materials Science, The Institute of Scientific and Industrial Research, Osaka University

Yusa Muroya, Takahiro Kozawa, Kazuo Kobayashi, Kazumasa Okamoto, Ayako Nakajima, Miou Kariya, Teppei
Yamada

Radiation-induced nanoparticle formation process of suspension of hexahydroxy platinic acid in water was
investigated by using nanosecond pulse radiolysis and gamma radiolysis methods. It was found that both
hydrated electron and OH radical were highly reactive with the Pt suspension in basic condition, and they
subsequently form a long-lived radical pair which will be the key specie for the nanoparticle formation.
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Fig. 1. The pH dependence of rate constants for
the reactions of eaq and OH with Ho[Pt(OH)g].
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Ultrafast electron microscopy using relativistic-energy femtosecond electron pulses

Dept. of Advanced Nanofabrication, ISIR, Osaka University

Jinfeng Yang™, Yoichi Yoshida

Since a first prototype relativistic ultrafast electron microscopy (UEM) using photocathode rf gun was
constructed in 2012, we made new challenges to increase the beam brightness, including the development of
1.4-cell rf gun, new relativistic-energy lens system and high sensitivity detection. We have succeeded to observe
the TEM images of polystyrene and gold nanoparticles using the 100-fs electron pulses with energy of 3 MeV in
the demonstrations. The effect of the number of pulses on the images was investigated. The results demonstrate
that relativistic UEM using the relativistic electron pulses can be applied to the study of ultrafast structural

dynamics in femtosecond time regimes.
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Figure 1: New 1.4-cell photocathode RF gun for ultrafast electron microscopy
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Ultrafast electron diffraction using relativistic-energy femtosecond electron pulses

Dept. of Advanced Nanofabrication, ISIR, Osaka University

Jinfeng Yang™, Yoichi Yoshida

Ultrafast electron diffraction (UED) technique with a femtosecond temporal resolution is very promising for
the study of structural dynamics of crystalline materials. We report on an UED with relativistic femtosecond
electron pulses generated by a radio-frequency acceleration-based photoemission gun. The femtosecond electron
pulses exhibit excellent characteristics, including a low-emittance of 0.12 mm-mrad and a pulse duration of
approximately 100 fs with (6.3 + 0.6) x 10° electrons per pulse at 3.1 MeV energy. These pulses have been used
successfully to observe high-quality diffraction images of mica single crystals with a single shot and pulse
integration. The demonstration indicates that our UED is applied to study the ultrafast dynamics in the
femtosecond time region, i.e., phase transitions and molecular dynamics in chemistry and biology.

IZ LI

WA, b— =30 X B D5 L AL H B
NI HER i, FhE LT R (~fs)
TOJRA OB EOHEEELT A FI 7 AD
BN RBIR EMRANER SN TWD, £ T,
Fxix7+ Y —FEEE (RF) &1z H
WCHIRERRA 7 = 5 MRPE TR VA B R A L
7 = 5 N ROIREE 0 R TR T RR BT S 1 [1-6] & BH %8
L. ENEHWTAHEEBED Y T —I2hE D4
EEACE OILRBIGS0, &R T OB IE » Blg0
BIE ALFROCICHB T Dy THEEELED X A T
R AR REEL TV D,

7 = b NRPIRE ] Sy iR A SRR R

X 112 AHFZECTR%E L7z 7 = & SRR i
P IEE A R T, AREE T, 7= L NOE
SRV A EFEET D 1.6 BV RFELE. B
Elr L X%, B ARl dfitas & . &
RSN AR EHBER O 7 = 5 NP L—3
—MOER SN TS, RFETERIC, FERIGE
PERENT S Y — REHEH L, 7= NP UV
L —H— (266 nm) & B35 Z &1 X 0 RfEiE
73100 fs, T R/LF—73 3MeV, FERED 1pC D
B UL ADOFRABNCHKD) Lz, #ikb= 3

) Yang, 06-6879-4285, yang@sanken.osaka-u.ac.jp

v X 2 A1E 0.12 mm-mrad, 23V A #RE Ui 10 Hz
Tholz, ZOE—LN RF EFHRERZICRES
Nz L K2 L0 P b s, REHZ AR T 5,
RE S AT SN BT ARE O TIICERE S
nlEHrL o XL X e W T E g %
TR U, P AEA 7 4+ b =27 A3 o & ki
Cslv > FL—% L EMCCD /1 A 7T &V itdk s
B, BEtOREE E LT, o7 ias
CCT7 b ML —P—DFAM (800 nm), 2
T (400 nm) FE7oiE 35K (266 nm) &
ARETH D,

Figure 1: Ultrafast electron diffraction with

relativistic-energy ~ femtosecond  electron

pulses generated by RF gun.
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Figure 2: Relativistic diffraction images of (100)-orientated single-crystalline Mica measured with
(a) single-pulse (single-shot), (b) 10- and (c) 100-pulse integrations. The energy of the
femtosecond electron pulses was 3.1 MeV, and the number of electrons in each pulse was (6.3
0.6) x 106.
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Formation of dimer radical cation of sulfonated pyrene by pulse radiolysis

Dept. of Molecular Excitation Chemistry, Institute of Scientific and Industrial Research 2,
Research Laboratory for Quantum Beam Science, Institute of Scientific and Industrial Research b

Jie Xu?, Shunichi Miyamoto?, Sachiko TojoP, Kiyohiko Kawaid™

Water soluble pyrene derivative (sulphonated pyrene: sPy) was synthesized and the formation rates of the sPy dimer radical

cation (sPy2*") were measured upon one-electron oxidation during pulse radiolysis. The formation of sPy>** with an optical

absorption with a peak at around 1500 nm (charge resonance band) was observed after an electron pulse during the pulse

radiolysis of a sPy solution in the presence of K2S20s.
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Study of Excited States of Solids Using THz-FEL with L-Band Electron Linac

Dept. of Accelerator Science

A. Irizawa*, S. Shigemasa, A. Higashiya, T. Nagashima, H. Fujiwara

Far-infrared-terahertz spectroscopy can directly observe bulk-electronic states of materials rather than
photoelectron spectroscopy, and is an important spectroscopy technique to reflect near the Fermi level of solids.
In particular, high-intensity THz-FEL is attracting attention worldwide because they can be used not only as
probe-light source but also as pump-light source for electronic excitation of a solid. In this research,
high-precision, high-resolution observation in the terahertz region is performed on solid excitation phenomena
including nonlinear region using a circular polarization system installed downstream of the FEL beam line and a
measurement optical system including an imaging scan system. We aim to pioneer in the world a new field with
a view to physical property control and practical application that has not been possible in the past, making the

best use of the high strength THz-FEL characteristics.
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Study of electric-field and/or magnetic-field induced metal-insulator transition mechanism in VO3 and Cr,03
using polarized THz-FEL

Dept. of Accelerator Science

S. Shigemasa*, A. Irizawa, H. Tanaka, T. Kanki, H. FUjiwara, T. Kimura, A. Higashiya

A metal-insulator transition occurs at 340 K in VVOz. In addition, insulator-metal transition is said to be possible
to control by applying an electric field, and clarification of this mechanism is awaited for the device construction.
On the other hand, room temperature antiferromagnet Cr203 with Neel temperature of 307 K is said to exhibit
ferromagnetism by application of an electric field at room temperature, and elucidation of the mechanism of this
magnetic phase transition is also an important issue for spintronics device development. The purpose of this
study is to use THz-FEL in the range of 30 meV~10 meV to perform modulated excitation and polarization
selective excitation with the large oscillating electric field. Soft X-ray resonant inelastic scattering experiments
of these materials are underway at SPring-8 by us, and interpreting both experimental results together opens up
the prospect for mechanism elucidation and application.
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Characteristic measurement of THz-FEL using high-speed pyroelectric detector and performance evaluation of
the pyroelectric detector

Dept. of Accelerator Science

A. Irizawa*, H. Zen, M. Fujimoto

Utilization of electromagnetic waves in a frequency band between radio waves and light, i.e. THz waves has
been developed in recent years. In the THz wave region, a bolometer cooled to liquid helium temperature has
been used until now, but the disadvantages of its operational complexity and cost have impeded the development
of user experiments. Moreover, the conventional bolometer has a slow response speed and is not suitable for
measuring the time structure of pulsed light. On the other hand, in parallel with the improvement of light source
performance in THz region, even a pyroelectric detector operating at room temperature has become sufficiently

detectable and indispensable in THz spectroscopy.
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Study on irradiation effect of amyloid fibril by terahertz free electron laser
Dept. of Accelerator Science

A. lrizawa*, T. Kawasaki

The purpose of this study is exploring the medical applications of terahertz free electron lasers. Although
microwaves and far infrared rays are used as a method for warming the inside of a living body, the oscillation
wavelength is not variable in many commercially available devices, and therefore the wavelength selectivity to
the target substance is low. Therefore, with regard to the conformational change resulting from
wavelength-specific light absorption for a specific protein, many unsolved parts remain in the mechanism.
Furthermore, analysis of the structural effects of high-intensity irradiation within a short pulse time of free
electron lasers on biological materials is an important research subject that will be an important role for applying
laser light to medical technology. So, in this study, we aim to clarify the structural change of protein under
various irradiation conditions by THz-FEL, using the amyloid fibril as a model sample that causes the
amyloidosis disease.
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Research on 2D spectral evaluation technique of chemical bonding state using free electron laser

Dept. of Accelerator Science

A. lrizawa*, K. Nishihara

The purpose of this research is to establish an evaluation technology for nondestructive analysis of the change in
the state and the distribution of chemical bonding in the vicinity of the interface between an organic material and
a metal as the corrosion progresses, targeting metals coated with organic materials such as resins or metals
embedded in ceramic materials such as concrete. In this study, we will investigate the qualitative / quantitative
analysis ability (by transmission method) for metal compounds with different chemical bonding states using a
FIR / THz free electron laser with high transmission ability to organic materials and ceramic materials.
Additionally, the two-dimensional analysis capability (by reflection method) is also investigated for a model
material in which a metal compound is supported on metal and the surface is coated with a resin tape.
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Characterization of the high-intense terahertz free electron laser (FEL) and study for FEL dynamics

QST4, Hiroshima Synchrotron Radiation Center, Hiroshima Univ. b, Graduate school of Science, Hiroshima
Univ. €, Research Lab. for Quantum Beam Science, ISIR d

Keigo Kawasea*, Shunya Matsubab, Shohei Notsu€, Yoshihide Hondad, Goro Isoyamad

The resonator loss is evaluated for the THz FEL. The loss is measured for the wavelength range from 40 to 110

um using a fast pyroelectric detector by changing the undulator gap. Numerical evaluation for the loss from the

geometry is also calculated. The preliminary results are shown in this report.
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Generation of ultrashort electron beam using photocathode RF gun linac and THz measurement

Dept. of Advanced Nanofabrication, ISIR, Osaka Univ.?, Graduate School of Engineering, Mie Univ.?

K. Kan**, M. Gohdo?, J. Yang?, T. Kondoh?, Y. Yoshida?, and T. Matsui®

Ultra-short electron bunches with pulse durations of femtoseconds are applied to many scientific applications

such as free electron lasers, terahertz light sources and pulse radiolysis. In this study, ultra-short electron

bunches were generated using laser-photocathode RF gun linac. In this paper, THz generation based on the

electron beam from the linac will be reported.
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Material modification using low energy electron beam

Dept. of Advanced Nanofabrication?, Daikin Industries Joint Research Laboratoryb,

Takafumi Kondoh?™, Koichi Kan&, Akihiro Oshima@®, Yoichi Yoshida®™™, Kazuyuki SatoP, Kenji AdachiP

For modification of various polymer materials, high dose radiation by using a low energy electron beam
accelerator was used for the grafting of the fluorine-based groups at ISIR, Osaka University. Samples was
prepared and then irradiated by electron beam, and then some properties evaluated in the laboratory.
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Electron spin resonance study on radical species in chibaite

Faculty of Human Development, Kobe University?, Research Institute of Natural Sciences, Okayama University
of Scienceb, Graduate School of Human Development and Environment, Kobe University®

Kenta Kusukia*, Hirotsugu Nishidob, Atsushi Tani®

Chibaite, one of silica clathrates, has a framework structure with cage-like voids occupied by guest species and
were measured by electron spin resonance (ESR) after y-ray irradiation at 77 K and room temperature. The methyl
and tert-butyl radicals were mainly observed. The signals of isopropyl and isobutyl radicals were also observed at
110 K, though they were not at room temperature. It means that the isopropyl and isobutyl radicals may pick a
hydrogen atom from a molecule in adjacent cages during the irradiation at room temperature. In addition, the
methyl radicals were observed even in the unirradiated sample, which indicates the methyl radicals do not pick a
hydrogen atom at room temperature. These results imply that the potential barrier of hydrogen transfer reaction

through the hexagonal face shared with the adjacent large cage is smaller than that through the pentagonal face

shared with the adjacent small cage.
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Exploring High-Energy Science with the THz Power Laser

Engineering®, Engineering Scienceb Sanken®

N. Ozaki@™, M. Nagail¢

We observed the phase transformation induced by the THz-FEL pulse in a partially stabilized zirconia plate,

which is beyond the thermal effects.
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Gamma ray induced damage of window materials for nuclear fusion

Institute of Laser Engineering@

Kohei Yamanoi@™, Takuya Ishimoto?, Youwei Lai@

The final lens of HIPER must keep high transparency at laser light wavelength of 350 nm under severe
radiation condition. Currently, the silica glass as a candidate material for the final lens. It has been found that the
silica glass relaxes radiation effects by thermal annealing effect in high temperature state. However, this result is
based only on the effect of radiation-induced defects. The transmittance measurement under irradiation is
required to reveal the effects on the laser fusion optics. In this work, | research the in-situ effects of high dose
rate gamma-ray irradiation and the effect of nuclide transformation by fast neutron irradiation.
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Study on photonuclear neutron generation by using L band LINAC

Institute of Laser Engineering, Osaka University, The Institute of Scientific and Industrial Research, Osaka
University,

Yasunobu Arikawa@™, Yuki Abe?, Ryosuke Mizutani@ Jo Nishibata? Yoshihide Hondab

Neutrons science, such as neutron diffraction, neutron medical application and radiography, has huge number of
applications. MeV-energy neutron radiography has been expected as a promising method of non-distractive
inspection of large infrastructures such as concrete wall, or concrete highway. Beam spread angle of the any
conventional neutron production methods has been very large or almost isotropic thus only a small fraction of the
neutrons among total neutrons generated was able to be detected. The production of highly collimated neutron
beam has been a great challenge in this field. Neutron generated via photonuclear reaction from a polarized
deuterium has been predicted to have an ultra-narrow beam spread angle. In this study we have been trying to
demonstrate to generate ultra-collimated neutron beam from spin-polarized deuterium and x-ray. The detector to
measure the neutron beam angular spread is also essential for this study. In 2018’s research we progressed in two
type of neutron imaging devices. They were tested using L-band LINAC in ISIR, Osaka. A scintillator panel
neutron imaging devise was upgraded by newly developed avalanche photon multiplier panel. Neutron bubble
dome was developed. Both devices showed preliminary but very promising results.
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Irradiation Effect of Insulating Materials for Fusion Superconducting Magnet
—Change in Electric Insulation Performance —

Division of Sustainable Energy and Environmental Engineering, Graduate School of Engineering?
Yoko Akiyama &, Shunsuke Kitod, Nobuto Akazawa?

The insulation materials of the superconducting magnet in ITER, the polymer material having high radiation
sensitivity is used, hence the dielectric and mechanical strength might be deteriorated by irradiation. In this
study, we fabricated glass fiber reinforced plastic (GFRP) which is a composite material of epoxy resin and glass
cloth and a hybrid composite material composed of polyimide film with GFRP, and conducted dielectric
breakdown test under shear stress on the materials irradiated with gamma ray. The test was carried out in liquid
nitrogen and in the atmosphere. As a result, insulation performance remarkably increased in liquid nitrogen.
However, in the atmosphere, irradiation of 10 MGy caused degradation of the insulation performance even under

low shear stress.
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