BEEETL —LDRE LT

— EO/BOXaY)L—avIZ&d FEL S/O/NLAEREE

PERH R T-E — D RV 2

Rl —

SYBF 5, BERHRLTE — DR i ©

DV, & NI 2 RRACHEME 2, &) 1R o0 ABRASE T P, B ILIE B =

Study of temporal structure of the FEL micropulse via EO cross-correlation

Dept. of Accelerator Science?, Res. Lab. For Quantum Beam Science®

Keigo Kawase®", Akinori Irizawa?, Masaki Fujimoto?, Kazuya Furukawa®, Kumiko Kubo®, Goro Isoyama®™

A temporal structure of the FEL micropulse is studied using a cross-correlation technique with a Ti:Sapphire
laser pulse using an electro-optic (EO) effect. As a preliminary result, we have a complex temporal structure of
the micropulse for the high-intense operation of the FEL. The results show clear running traces of the optical
pulses due to the cavity shortening for the detuning property of the FEL and also the evidence of the zero

detuning operation of the FEL.
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Detection of Structural Changes upon One Electron Oxidation and Reduction of Stilbene Derivatives by
Time-Resolved Resonance Raman Spectroscopy during Pulse Radiolysis and Theoretical Calculations

Dept. of Molecular Excitation Chemistry 2, Research Laboratory for Quantum Beam Science ®
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Stilbene (St) derivatives have been investigated for many years because of their interesting photochemical
reactions such as cis-trans isomerization in the excited states and charged states and their relation to
poly(p-phenylenevinylene)s. To clarify their charged state properties, structural information is indispensable. In
the present study, radical cations and radical anions of St derivatives were investigated by radiation chemical
methods. Absorption spectra of radical ion states were obtained by transient absorption measurements during
pulse radiolysis; theoretical calculations that included the solvent effect afforded reasonable assignments. The
variation in the peak position was explained by using HOMO and LUMO energy levels. Structural changes upon
one electron oxidation and reduction were detected by time-resolved resonance Raman measurements during
pulse radiolysis. Significant downshifts were observed with the CC stretching mode of the ethylenic groups,
indicative of the decrease in the bonding order. It was confirmed that the downshifts observed with reduction
were larger than those with oxidation. On the other hand, the downshift caused by oxidation depends
significantly on the electron-donating or electron-withdrawing nature of the substituents.
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Fig. 1. Molecular structures of StD in this study.

Numbers in the parentheses are used in Fig. 4 to
identify the compounds.
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Fig. 2. Transient absorption spectra of the radical
cations of StD measured during pulse radiolysis of
St derivatives in DCE. Numbers near absorption
peaks indicate peak positions in nm unit.
Oscillator strengths calculated by TDDFT were
indicated by bars.
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Tuning of the Sensitivity to Superoxide in SoxR Protein, the [2Fe-2S] Transcription Factor; Importance of
Species-Specific Residues of Lysines
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The [2Fe-2S] transcriptional factor, SoxR, functions as a bacterial sensor of oxidative stress in Escherichia coli. SoxR is
regulated by the reversible oxidation and reduction of [2Fe-2S] clusters. We previously proposed that superoxide has a direct
role as a signal for E. coli SoxR, and that the sensitivity of E. coli SoxR response to Oz is 10-fold higher than that P.
aeruginosa. The difference between the two species reflects a distinct regulatory role in the activation of O2". In order to
investigate the mechanism underlying SoxR’s different sensitivities to O2, we mutated several amino acids which are not
conserved in homologues in the enteric bacteria. The mutation of lysine residues 89 and 92 of E. coli SoxR into alanine,
located close to [2Fe-2S] clusters, dramatically affected its reaction with Oz". The second-order rate constant of O2" with
K89AK92A mutant was 3.3 x 107 M 5’1, which was 10 times smaller than that of wild type. Reversely, the change in A90K
P. aeruginosa increased the rate. In contrast, introductions of mutations (LQA— RSD) in E. coli SoxR and the
corresponding mutation (RSD— LQA) in P. aeruginosa were not affected. Our findings clearly support a role of lysine is

critical for the sensitivity of Oz".
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Fig. 1 Crystallographic structure of SoxR. Close-up of
the region of iron-sulfur cluster. The structure was
produced with PyMol using a structure from the Protein
Data Bank (code 2ZHG(4)).
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Fig. 3 Comparison of
SOD effect on the
oxidation of SoxR after
pulse radiolysis of wild
P. eruginosa SoxR and
their mutants.

Fig. 2 Comparison of SOD
effect on the oxidation of
SoxR after pulse radiolysis
of wild E. coli SoxR and
their mutants.
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Fig. 3 Effect of SOD on the oxidation of E. coli
SoxR and their mutants. The ratios of the increase in
absorbance change (AA:) to the total absorbance
change (AAo) were plotted against the concentration
of SOD.
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Deprotonation of Guanine Cation Radical in G-Quadruplex DNA

The Institute of Scientific and Industrial Research, Osaka University
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Prototropic equilibria in ionized DNA play an important role in charge transport and radiation damage of DNA. In this report,

attempts were made to identify the favored site of deprotonation of the guanine cation radical (G**) in telomeric DNA by

pulse radiolysis and ESR studies. We examined one-electron oxidation of K*-containing quadruplex formed from
12-nucleotide repeat sequence of d(TAGGGTTAGGGT) (QGs). The G*s in QGs, produced by oxidation with SOqe,

deprotonates to form the neutral G radical. Interestingly, the rate constant of deprotonation (2.8 x 10° s') is much slower than

those of G-containing double-stranded oligonucleotide (~1 x 107

s™)). In addition, in order to identify the protonation site in

QCi4, benchmark ESR spectra from 1-methyl dG and dG were employed to analyze the spectral data obtained in one-electron

oxidized QCs. The ESR identification of G radical in QGs4 is supported by characteristic for G(N1-H) ¢ in model compounds.
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Fig. 1 Kinetics of absorbance changes at 625 nm
after pulse radiolysis of various oligonucleotides
and QGu.
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Fig. 2 Comparison of transient spectra of Gcation
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The Time-resolved Resonance Raman Spectroscopy of 4-Substituted Thioanisole Radical Cations by during
Pulse Radiolysis

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

Sachiko Tojo**, Mamoru Fujitsuka®, Tetsuro Majima®*

The structures of 4-substituted thioanisole radical cations in aqueous solution were studied by the nanosecond

time-resolved resonance Raman spectroscopy (TR?) combined with pulse radiolysis. The disappearance of C=C

stretching vibration of benzene ring was observed for the TR® spectrum of 4-(methylthio)toluene radical cation

(MTT*), suggesting difference in the structures between MTT™* and neutral 4-(methylthio)toluene. On the other

hand, 4-(methylthio)anisole radical cation (MTA™) showed the disappearance of Cpp-O stretching vibration at

1300 cm! and the presence of the C=C stretching vibration, suggesting a different structure of MTT** from

MTA™.
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Fig. 1. Molecular structures of 4-substituted thioanisole
(ArSCHBs) used in this study.
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Fig. 2. TA spectra observed at 500 (black) and 5000 (red) ns
after an electron pulse during the pulse radiolysis of MTA 1
mM with in N2O-saturated aqueous solution (pH 7)
containing NaBr (100 mM).
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Scheme 1. Dimerization of ArSCH3**
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Fig. 3. Comparison of (a) TR® spectrum observed at 500 ns
after an 8-ns electron pulse during the pulse radiolysis of MTT
(1 mM) in N2O-saturated aqueous solution containing NaBr
(100 mM) excited at 532 nm with (b) the calculated Raman
peaks of MTT** and (c) steady-state Raman spectrum observed

for MTT in DCE excited at 355 nm.

@ E
—
‘ — N~ <
| 2, 3
< I ~ S0 o
o m T oS © I < T
38 388 35 )i 83 3
rol J /
Pt i g . et N PNV
1 n n 1 n n n

Raman Intensity

400 600 800 1000 1200 1400 1600

Raman shift / cm™

Fig. 4. Comparison of (a) TR® spectrum observed at 500 ns
excited at 532 nm after an 8-ns electron pulse during the pulse
radiolysis of MTA (1 mM) in N20-saturated aqueous solution
containing NaBr (100 mM) with (b) the calculated Raman peaks
of MTA** and (c) steady-state Raman spectrum observed for

MTA excited at 355 nm in 1,2-dichloroethane (DCE).
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Evaluation of the space in cray minerals using positron annihilation spectroscopy

RLQBS, SANKEN

Yoshihide Honda

Information of the annihilation site of positron/positronium in cray minerals is very important to evaluate the
trapping sites of cations there by using positron annihilation spectroscopy (PAS). Several montmorillonites
which are well-characterized by authorities, are investigated by X-ray diffraction (XRD) and PAS. The distance
between cyclic sheet-units in cray minerals was evaluated by XRD. The results of lifetime measurements of
positron and coincidence Doppler broadening measurements suggested that the dominant annihilation would be
the free annihilation in octahedral sheets without forming positronium, and the remaining annihilation after
forming ortho-positronium would occur in the space relating to hexagonal spaces in the sheets.
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Radiation-induced synthesis of metal nanoparticles in THF solvent

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

Hiroki Yamamoto, Takahiro Kozawa

Silver nanoparticles have been produced in THF in one step by using the gamma-irradiation of Ag“solution and

stabilization with the polymer PMMA. The silver nanoparticles have been characterized by their plasmon

absorption band, high resolution transmission electron microscopy and energy dispersive spectrometry.
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Development of UV femtosecond pulse radiolysis and observation of alkyl radical in dodecane

Dept. of Advanced Nanofabrication®, Nanotechnology Open Facilitiesb,

Takafumi Kondoh?™, Satoshi Nishii&, Masao Gohdo?, Kimihiro NorizawaP,

Koichi Kand, Jinfeng Yang?, Seiichi Tagawa?, Yoichi Yoshida®

In order to understand the relationship between the initial process of radiation induced chemical

reactions and radiolysis in n-dodecane which is a typical non-polar liquids, neat dodecane and

biphenyl-dodecane solution were examined by the femtosecond electron pulse radiolysis. It was found that

the initial-yields of observable electron are reduced and biphenyl radical anion were generated very fast

with the reaction rate constant of 2x10*? M-1s'1, These phenomena means ultrafast mobile electron attach to

the biphenyl in n-dodecane. And it was found that alkyl radicals produced by radiolysis are formed very

quickly from the excited radical cation.
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Fig.1 Ultrafast electron transfer to
biphenyl: kinetic trace of electron (left)
and biphenyl radical anion (right) with
increasing concentration of biphenyl
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Fig.2 Picosecond transient absorption spectrum of
100mM biphenyl dodecane solution
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Measurement of coherent transition radiation from femtosecond electron beam

Dept. of Advanced Nanofabrication

K. Kan™, J. Yang, T. Kondoh, M. Gohdo, I. Nozawa, Y. Yoshida™*

Ultrashort electron beams with pulse durations of femtoseconds and picoseconds have been investigated to
improve a time resolution of time-resolved measurements. In this study, ultrashort electron beams were
generated using an S-band laser photocathode RF (Radio Frequency) gun linear accelerator (linac) and a
magnetic bunch compressor. The bunch length measurement was also carried out by analyzing interferograms of
coherent transition radiation (CTR) emitted from the electron bunches.
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Smith-Purcell radiation using metallic grating

Dept. of Advanced Nanofabrication?, Graduate School of Engineering, Mie University®

K. Kan™2, T. Matsui, J. Yang?, T. Kondoh?, M. Gohdo?, Y. Yoshida™* 2

Ultrashort, e.g., picosecond or femtosecond, electron beams are useful for electro-magnetic radiation
production in terahertz (THz) range. THz radiation of the order on 0.1 THz based on Smith-Purcell radiation
(SPR) using a metallic grating was measured. Electron beams generated by a photocathode radio-frequency (RF)

gun linac were used for the SPR measurement.
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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, Hiroki Yamamoto, Tetsuro Yoshida, Wataru Kanamori

In order to study radiation chemistry at high temperature / high pressure condition (HTHP), a flow-type HTHP
system was newly manufactured and installed in pulse radiolysis at L-band linac. By using the system, ns pulse
radiolysis of pure water and cystamine containing aqueous solution were performed at elevated temperatures.
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Fig. 1. Flow-type HTHP system for
radiolysis and gamma radiolysis experiment.
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Development of UV femtosecond pulse radiolysis and observation of alkyl radical in dodecane

Dept. of Advanced Nanofabrication

Masao Gohdo*, Takafumi Kondoh, Satoshi Nishii,

Koichi Kan, Jinfeng Yang, Seiichi Tagawa, Yoichi Yoshida

The new measurement technique, electron-light double excitation pulse radiolysis or pulse-pump-probe method
of fs-pulse radiolysis was developed and demonstrated. This measurement technique enables to understand the
primary process of ionizing radiation induced reactions, reactivity and reaction pathway from the excited state of
neutral, anion or cation radicals, and higher excited states. Using 800 nm laser light pulse from Ti:Sapphire fs
laser for both of the pump and probe light, the pulse-pump-probe fs radiolysis measurement were demonstrated

on n-dodecane.
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Fig. 1 Femtosecond laser system with delay lines for

pump and probe light
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Development of femtosecond time-resolved electron microscopy

Dept. of Advanced Nanofabrication,

Jinfeng Yang*, Koichi Kan, Takafumi Kondoh, Masao Gohdo, Yoichi Yoshida

Since 2012, the first prototype of radio-frequency (RF) gun based relativistic-energy

ultrafast electron microscopy (UEM) has being developed in Research Laboratory for

Quantum Beam Science at ISIR. In 2015, we succeeded to observe excellent-quality electron

diffraction patterns from single-crystal gold sample. The single-shot diffraction measurement

1s also available in the observations.

In transmission electron microscopy (TEM)

demonstrations, we succeeded to observe a relativistic-energy TEM imaging from polystyrene

micro-particles with diameter of 1 um was observed under the magnification of 3,400. The

single-shot TEM imaging measurement was succeeded under the magnification of 1,000.
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Fig. 1. The prototype of RF gun based
relativistic-energy electron microscopy which
was constructed at Osaka University in 2012
and improved in 2014.

“ 7 Single shot

Fig. 2: Relativistic-energy electron microscopy
imaging observed from a single-crystal gold

film with (left) single-pulse and (right)
100-pulse averaging measurements.
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Ultrafast electron diffraction using relativistic-energy femtosecond electron pulses

Dept. of Advanced Nanofabrication,

Jinfeng Yang*, Koichi Kan, Takafumi Kondoh, Masao Gohdo, Yoichi Yoshida

A radio-frequency (RF) gun based relativistic-energy ultrafast electron diffraction (UED)

has be successfully developed in Research Laboratory for Quantum Beam Science at ISIR.

We succeeded to observe excellent-quality MeV electron diffraction patterns from
single-crystal Mica (K(Fe,Mg)3(AlSiz010)(OH,F)2) sample using a 3.1-MeV electron beam with

the pulse length of 100 fs. The single-shot diffraction measurement is also available in the

observations. In the next step, we will propose the UED study of primary processes and

ultrafast reactions in radiation chemistry, i.e. direct visualization of kinetics and reactions of

structural molecules produced in short-lived, excited electronic states.
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