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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 ®

Mamoru Fujitsuka 2, Dae Won Cho 2, Sachiko Tojo ®, Jungkewon Choi 2, Tetsuro Majima ?

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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34DMOSt (7) 3,4-(CH30),CeHs  CeHs
35DMOSt (8)  3,5-(CH30);CeHs CeH
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4-0}-5|300(5H4
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

The Institute of Scientific and Industrial Research, Osaka University

Fujikawa Mayu, Kazuo Kobayashi, Takahiro Kozawa

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

Kazuo Kobayashi, Takahiro Kozawa

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.

IZC®IZ

DNA ${HICER LT T =G TF A7
T 717(G*) X hole carrier & LC, &7 Mz
BEORERBELPEAOOE DL LTEZLNT
W5, KIEIET Gt 132D pK, 2339 TH Y |
EHIZ Nl ffo7a honiilE, G 7Y
(G(-HN)MERT % D, ZHIZx LT, DNA #H
HUZAER LT, & v (C) & KRERE LT
L7280, WERIZAERT D G*e-C I3 Scheme 11
R LTI TD I ERTHRINT
BY, TOKIZEE D hole BEILELAEIZK

NI A5 25LEZ205N5, BAIZ/7IVAT

H

K/{hkzﬁ“ <:f|&%3

NH-—O. N N0

CH") G(-HY

Scheme 1

CHVIRBIZLY, FT =D NS D

=0 NN o< R ITAON S )i =3 N0 V)| R fab Y 8
~OMBERERZ B 5N Lz 12, —J7 ESRIER
PRERAIRIZRIC X 0 77 =0 D 2 M b DT a b
VR FEE LT D ),

R REAEREKEICIE T e 2T B S
(5°-GGGTTA-3") L FEIX N B4k 0 I LELAI % FF -
TWb, KfFE T CHELNREEEEN D, 7
T = 4 BAKPFEAE R - - HE (Hoogsteen G +
G pairing) ZHi2, AWFETIX, 71 A 7RSI

BT 7 =0k
BEZHAXDZ L% H e \21?
UV ¥ A 3E W KD Mm

& LT, 7SV ARTTF
d(TAGGGTTAGGT) it 51 fjfgf/j%%

QG OB ET~-,
QC4 TIE G @ N1 OHEBfL QG4

DHILAR= LI L kFHE
FEALTRBY., TOX%E)T DNA —HHFO G
CERELSBRDZLENTREIND,

*K. Kobayashi, 06-6879-8502, kobayasi@sanken.osaka-u.ac.jp



FEBR

5 TAGGGTTAGGT3 EeH DAY X 7 L A F
R% 50 mM KCI f7E F 7 =—/v L1z, 7OLRAT
DAY T AEIL 10 mM OFETEK & E e, K2S:0s
100 mM, QGyl-5mM, OH T ¥ IV AH RV
— & L T tert-butyl alcohol 0.1 M & e pH 7.0 KIK
R, 7V EEER T TRIE LTz,

ESR (% Sevilla & D51k NZGEVMT T2, T 72
5 QG, 1 mM, 7.5 M LiCl, 0.2 M KC1 & {e/KIRHR
Z 77 K ST S Wy RS (5 kGy) L7z, FRES
#% 155 K 545 L 20-30 min f%{& L 7=, Z Oi#FE T,
yRRIBEHZ X 0 AR Cley 12X Y DNA %ZiiE
&, 5% DNA OER{E# O ESR % 77 K
WZCHIE LT,

ERBLOBE

Fig. 1 |2/ AT 625 nm OWLINZEAL %, Fig. 2
SNV ABBIR SN DIBPEA XY MV ERT, £
DAY MVEE S GO 7 v ki ABIZ LY

5’-AAAAAAGAAAAAA-3"

5-CGCGCGCGCGS 3-TTTTTTCTTTTTT-5

3'-GCGCGCGCGCG-5

5’-AAAAAGGGAAAAAR’

3'-TTTTTCCCTTTTT-p’ 2.8x105s1

625 nm | < L2

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
radical and G radical in oligonucleotide and QGa
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Fig. 3 ESR spectra obtained at 77 K for one electron
oxidized form of dG, 1-Me-dG, and QCsin 7.5 M LiCl
glasses in the presence of the electron scavenger K2S20s.
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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.
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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

1200 nm THE LB FORMEFHOL 7 = =
JVIBEAEME A Figdl £k LTz, R 415 nm
THELEE 7 2= VI3 AT =4 O
&W®E71:W%WWTﬁ%leﬁM:fL
7o, BAIE, BEEEORINE &bz, WIHINE
OO NP ST, —H T BT 2= TTH
NT =F A%, EFICEBICER SN, ZDFE
X, B LT D E T (eobs) (ZHIBEIRDTEAE L,
TV 2 IR — M A VHBAELTDHLENVIE
FOWRBELEERE L, €7 = = L ~DEMBE)
WEDOREIKFEEZBR LT-L 25 IGEEE
A 2x102MIst L RFES 5 2 LN TET, 20D
ARSI, 5 A HE 5O S B8 L THiid
DIEMHE & B2 B D, Bl L TODIEMERED E
T2V BIINDET =4 ThDHEEHERT D
72, BT = =)L RF 0 RO 415 nm iy
DI PER IR 2B 2 I E Lo, £ OFERG b
7o & R iR AR 7 b V% Fig.2 IR T, 10
ps DR ANRT MVZE 7 2=V T v
T=FrERLTWS, T R OEEIE

2X10PMIST DERETE 7 = =V iffE L E T
T NVTUHINT =AU BERT DN
ol ZOFRFIEFICHBICHE T HE T KT

.00
Bp'(T) | Bp * IVBp \%

Absorbance
o

wavelength/nm

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.

[ZLC&HIZ

WERSE OB E RIS AR T 57-DI121X, B
AP e R A BT DR TR D
EENOBIENRAIK TH D, TDDI, JLTD
PE % OIRE) & A U EE O RE[E 0 fifGe. ~
100fsTHEZ D Z EOTE HMEHMNER I
TWo, 22T, FxlL, MR F—0D
7 = 5 NREFHR LR & T TR
[T EEE & JEH OB A D T & 7o, ARWFSE
(R R = R L X — B2 WD RKD A
Uy NI, 2OV ABENN100fs, 7SV AY720 OFE
FHD310E (1pC) DFL/ L A DO KR D
E—AREBRRETH D, ZNITED, o
vay OB TREFTHENAIREE 720 5 F T
) 7E R C & 2 A mT e ISR RS B 5 0 R
WREOBNFEBLTX 5,

Fx ofxtml 2L X —E R VA EH
U7 T R BT 1 BE 8 A3 2007 4R 7 & A
2 — |k L7z, WROFATHICIT AR TEIEEN D
KB — N THoT=M, 100fs DS REE L 2 v
TNy ay NOPEEFI L, HEE L L TER

EEMREAE LT, 20144FENS ., KEKO W %15

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

T, IkHzOFE(RERFE OG- fE, Bz
HIJXEI v F U RABEBFE—LDOREEZHE LT
A Y — RO EAZ— ML, 26HOHMH
XA = RV X — R L R A O T
B AREIPTEEE 2 2016 IC/IE L 7=, BLTIZ, 2
DHFT LN E R P T2 A AR D, PR
DOEEFIZONTIE, CHRIT3ICB B LTVt &
7=uN,

XM I L FREFHRNIIWLRTHANVEE
EMEREE

B 112, Bz 7o fEREmay =k L —E L
A e N T v R P T 2 A T, AR
W, BT 4 b — FRFEBEBTH, BFE—24
ANFPESFR, o TRV E — B RRETR E
VAT DN DARR ST, B RF E TR,
IN=T BN TNV iris O E RKE L
L. iris OEZ%Z#< LT, MHERD & E—
R & 0 F— FOILREEIBDAEZIERD RF 77
® 3.5MHz 75 15. 2MHz & CTIAF 72, iris OFIR
IAEATEREZEFE L, RF IEVHHIC LD =3I v
Z U ADEAD DI 720 | iris THIZBITD



B DOIERIER D WS Lz, Tz, kD
RF B FHEICLERT, iris OFRmERZ 13%2{K
T2 Z LATHTh U i EIR R D58 & v IR

DOWEZITV, fFRAIC 1kHz O FE#OE UElS
(3MW, 1lus, 1kHz) Z H#54, RF &\ FHNHHE

A LTCEFE— A%, RF EFROERITITT
LY LA RiEgEAZERNTE L, 207
V=L X EiE L CREHCESE S D, 2 v T
Y=L XORNZER 0.5mm DFRY ZHLY £+
J. E—hal A — g o E2ITo, BFRRIEET
DRENIE, Fex B OLIEEIBAFEAE) L T2/
NABTZ DEOEFHTHRIERRER T1 &2 R
—7 L7z CsI ORI bR T LR 7 + b=
7 2%-80 Fiber Optic Plate ZE:H L7,

BEHREER

X 1 D4 FIZ, 0. 1pC D MeV B+ — L% U
T-HEAFR Mica BEfE D > v 7L 2 10 731
A, 100 7SV ADRIERS R E R, i
> M OFEMTHIEF MR BT S Z — A
TETE, 100 730 2 DORE TR 2B TR
DELND Z ENDND, ZOREFT/NZ—2 D
PRSI, RF B8 HAELEETFE—200%
BT LY X2 E o lEREDOMRRIZL - T
RE L, FARREBETFREIFENIHZEONATND Z L
D TEMEDEFE— ANRAETE HEES 1ZL<
ELTENTERER T LI TH D,

Fl.vr I nvay CHIERREE ol
E1E A E CBIIARFTRE T - 7= Rl e ikt
T HHEEOFEMEEEL A T I 7 AW
ZARBICT D E WO MO TRERERLH D,

fam

fiame LT, Fax N7+ hB Y — K RFETH
ZHWTEZI vy X A7 = b NRPEFRR UL
A&FEAE L, 7 = b MO EEE AR RS E O
B & EIC AR LTz, RO JeATHIZE & 0 B4E
BNDOALZ— N T3, il L L TORRSY
fREESC, BT "% — OIS (22 fREe) |
TN gy FOREFIZOW T, R
REZELT,

HiEs
AIF21%. BIFE 22246127, 262460261210 8)
BRENEL-,

Reference

1) N. Naruse, et al., J. Particle Accelerator
Society of Japan, 7, 261-270 (2011).

2) Y. Murooka, et al., Appl. Phys. Lett. 98,
251903 (2011).

3) Y. Giret, et al., Appl. Phys. Lett., 103,

184101

253107 (2013); Phys. Rev. B, 88,
(2013).

Probe 3w: Pumgp 2w:

JBbinm S0 A00nm,90f
sample
h - —
3MeV 10H:

—m===== I
dn‘frarrr:nl

- MeV e- dillrsclions [rom 100mm-thick Mica crystal -

T s e pruelee apcrturc

@0Smm

1: RFETH % Vol s s e iR P e

10 pulomx 100

L {EIJ/E L/ﬁ_f‘%'l/%fﬁg Mica ﬁr nEIEI@ %Ei‘ﬁ.ﬂ:/



HOAELZLYDSTAILAA D EFIREDEE

PEMFIRNES 73 FAL S ZE 50 B o, PEAT B 7B — LB 2T SE R O SR AT ©
BRI ST o R SET O AT o IR — O i G BRI
Radical lons of Cyclopyrenylene: Comparison of Spectral Properties with Cycloparaphenylene

Dept. of Molecular Excitation Chemistry 2, Research Laboratory for Quantum Beam Science °,
Institute for Chemical Research, Kyoto University ©

Mamoru Fujitsuka 2, Sachiko Tojo °, Takahiro Iwamoto ¢, Eiichi Kayahara ¢, Shigeru Yamago ¢, Tetsuro Majima 2

Hoop-shaped r-conjugated molecules have attracted much attention. In this study, the radical ions of
[4]cyclo-2,7-pyrenylene ([4]CPY), a cyclic tetramer of pyrene, and [4]cyclo-4,5,9,10-tetrahydro-2,7-pyrenylene
([41CHPY) were investigated using radiation chemical methods, namely, j~ray radiolysis and pulse radiolysis.
The absorption spectra of the radical ions of [4]CPY and [4]CHPY showed clear peaks in the near-IR and
UV-visible regions similar to those of [8]cycloparaphenylene ([8]CPP). Theoretical calculations using
time-dependent density functional theory provided reasonable assignments of the observed absorption bands. It
was indicated that the C4-C5 and C9-C10 ethylene bonds of [4]CHPY do not contribute to the electronic
transitions, resulting in absorption spectra similar to those of [8]CPP. On the other hand, it was confirmed that
the allowed electronic transitions of the radical ions of [4]CPY are different from those of the radical ions of
[4]CHPY and [8]CPP.
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Fig. 2. Absorption spectra of the radical cations of
(a) [4]CPY, (b) [4]CHPY, and (c) [8]CPP. Spectra
obtained by jray irradiation are indicated by
black, while transient absorption spectra during
pulse radiolysis are indicated by blue. Numbers
near absorption peaks indicate peak positions in
nm unit. Bars indicate oscillator strengths of
radical cations by TDDFT.
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Fig. 3. Energy levels and MO patterns of radical
cation of [4]JCHPY and [8]CPP calculated at
UB3LYP/6-31G(d) level assuming C; and Dug
symmetries, respectively. Numbers indicate
energy levels in eV unit. MO levels for o and 3
electrons are indicated by black and gray,
respectively. Main transitions, which provide the
near-IR and UV bands are indicated by red and
blue arrows, respectively.

—J7 . [4ICPY** D3It ARSI D W LIS A IR L 72
HOMO-5-HOMO-67>5HOMO~DER THY |, Dy

TIE7a< DalR BB A RUT KIS D &3 FERR S VT2,
—J7 . AR O W I 1 HOMO-4 7> 5 LUMO+2 &
LUMO+3~DERE ThHHZ LN fERINT, UL LD

NBRBIZH G THMOIZ RO, ZHHD
MO/ 3% — 1 X[BICPPDH D LHALL T HZ LA e
SNz, RREIZT VN T =4 BN TH, /37—
VR LT=MO O ERE D3 JR A2 B ONT AT sk
OWILHHZH 5L TWDIE ARSI,

Reference

1) M. Fujitsuka, D. W. Cho, T. Iwamoto, S.
Yamago, T. Majima: Phys. Chem. Chem. Phys.
14 (2012) 14585.

2) M. Fujitsuka, S. Tojo, T. lwamoto, E. Kayahara,
S. Yamago, T. Majima: J. Phys. Chem. Lett. 5
(2014) 2302.

3) M. Fujitsuka, S. Tojo, T. Iwamoto, E. Kayahara,
S. Yamago, T. Majima: J. Phys. Chem. A. 119
(2015) 4136.



KT AIORDRICEIEIZFHIL IO AR HOERDIEH R

TEERFFER IS E S E
REBF IR KB, feffiiEie ™

Fundamental Property of Organic Electronic Materials Studied by Advanced Microwave Spectroscopy

Department of Applied Chemistry, Graduate School of Engineering

Masataka Kumano, Hikaru Oga, Akinori Saeki”

The intriguing photoactive features of organic-inorganic hybrid perovskites have enabled the preparation of a
new class of highly efficient solar cells. However, the fundamental properties, upon which the performance of
these devices is based, are currently under-explored, making their elucidation a vital issue. Herein, we have
investigated the local mobility, recombination, and energetic landscape of charge carriers in a prototype
CH3NH3Pbl; perovskite (PVK) using a time-resolved microwave conductivity (TRMC) technique. Modulating
the microwave frequency from 9 GHz toward 23 GHz allowed us to determine the intrinsic mobilities of each
PVK sample (60-75 cm?V*s™), which were mostly independent of the mesoporous scaffold. Our study provides
a basis for understanding perovskite solar cell operation, while highlighting the importance of the mesoporous

layer and the perovskite fabrication process.
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The effects of physical weathering on OSL properties in quartz (IT)

Department Earth and Space Science, Graduate School of Osaka University
Akira Osada and Chihiro Yamanaka

Optically stimulated luminescence (OSL) using radiation-induced centers in solids has been used for the dating

of buried age in the Quaternary period. Quartz is a typical sample for OSL dating and buried time of the sample

after zero set of luminescence centers by sunlight is considered the start of clock for dating. However, the

properties of OSL is different in each quartz particle, which is dependent on the source and history of samples.

Assuming weathering of minerals causes such difference in OSL properties, we have performed irradiation of

ion beams to quartz samples and studied the OSL properties.

OSL FARHIETIZ, BRBUIRBRIEIRIZ K>
B LB LOBRKSZBML T D, Ak
IERA LIS OSL AERTE IV b Dk T
HLHN, EHRCBEIZELY, HDW0ITR 2 &I
OSL DFEEDENRBH D, ZDT-8, SAR (single
aliquot regenerative-dose) 472 & 23 RBRAGIZ AT
LATEY  EPHNHFEILED S & TERFHIZH
HT D, WD Fast oy S B L 7B URE
RBEICHE LTV D & ST, EBE [\ UK
SRR B 6 9 5 OSL &t & & [AIARIC Fast ik
S DEIEBREHI Lo TR > TRV 724V
I LEEHER) 72 OSL HIE 21T 9 Z & 12 &k b OSL gk
ERETDHZ L bImbTNDY,

ABFFETIE, WEHIEAFAT % OSL FtRFR K
O Fast KAy OEIGICER L, ZhE Rz
VAR 70 K & OB O & B E Lz, &
TIBREDR 2 5 AT AW 2 HEf L, A A4 W
FHZ X0 EE R MR L ORI R 2 IEA LT,
A A UFEIZHet, O, Li", Eu" o 4 FHE A&
L. il B 7 AR TR AT RS & ONKBR R 22 B2 A 7

BT 7 7 IERREER A T NS 400KV,

1.8MV. 3.0MV TN EFIHRH (100nA-1

HA, 0.2 — 200s) 217V, R ZN 2 ORE
(2 500°C 1 FEE OINERIEZ 1T > 72,

A & RS O F AT o -3 BT OSL %ot &
WCEGIZR D72 o 7203, Z D% 500°C 1 R
DIMEAEAT o 73BTk, A A 2 H - B =L
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U7z, F 7270 % Fast 5oy OB S L2 o 7o
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D Al Rl R E LT 2R B GO

FERE LT A A VBRI L 0 Rk S 3k
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Study of Irradiation Effect on Insulation Material for Superconducting Magnet of Nuclear Fusion Reactor
Graduate School of Engineering?

Shigehiro Nishijima2”, Yoko Akiyama®, Fumihito Mishima?, Tomohiro Takahashi?, Koji Kobayashi?,

The insulating materials to be used for the superconducting magnets in the nuclear fusion reactor are needed to
have the high mechanical strength at cryogenic temperature under neutron and gamma ray. We have previously
investigated the irradiation effect of the glass fiber reinforced plastic (GFRP) by means of gamma ray at the
room temperature (RT). Interlaminar shear stress (ILSS) of GFRP, whose matrix consists of cyanate ester and
bisphenol A epoxy resin, in liquid nitrogen temperature (77K) was measured. ILSS increased slightly by gamma
ray, whereas the molecular chain scission was observed in its matrix. However, the actual irradiation
environment of insulating materials is cryogenic temperature. Thus we should evaluate whether the similar
phenomena above are also observed under the radiation environment at cryogenic temperature. In this study, we
examined the irradiation effect of GFRP at 77 K. Based on the results, the difference of irradiation effect
between at RT and at 77 K was discussed.
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s, Nishijima, 06-6879-7896, nishijima@see.eng.osaka-u.ac.jp
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IRA B2~ N > 7 AL LT T T AfME L 77 A
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Molecular analysis of ionizing radiation induced mutations in the budding yeast
Kikuo Shimizu?, Sachiko Tojo®, Youichirou Matuo®

Radioisotope Research Center?, Research Laboratory for Quantum Beam Science®, RINE. University of Fukui®,

Our research group has been studying ionizing radiation induced mutation of the budding
yeast, S288c (RAD *) as model of eukaryote cell. The yeast cells were irradiated with carbon
ions (12C5+ 290 MeV). Carbon ion beam was generated from synchrotron in HIMAC. When
we analyzed the survival rate with different radiations, the survival rate was reduced along
with the LET. While the mutation frequencies were enhanced along with the LET. The
mutation frequency increased consistently with LET. This result indicates the high LET ion
beam is more mutagenic than low LET ion beam. Moreover, we examined the new method to
evaluate DNA lesions caused by low or high LET radiation using a polymerase chain reaction.
We obtained the result that the efficiency of DNA synthesis decreased with increasing LET.
It means that DNA lesions, in particularly double-strand breaks, affect the rate of DNA
synthesizing reaction. This result shows the possibility that this method will be used to

evaluate simultaneously the biological effects caused by various radiations with low or high
LET.

(RO E NNy 7 7T T K]

BE, DABEZIZLD E LT, K- fRoOES
I RS B IR O BASE ~ DR 28 B I A 2
ST D, B ILEBMEBRIRETIC X D EE RO
WFFE. FEI MR S o ONGRIRZE B AR R B - % Al
(72 A T = X DOIRADT= 012, MR %2 T v
& LT, BIRERR =7 AfRITIZ L D
R R AN MV EFIRT, FTo, RFHRIC R
)7¢ DNA G AT 270 OFELZFFT 57
WIZ, RNY AT —BHE UG Z 72 DNA S48
BEOEN ITEIC O THRE 21T - 72,

[T TIBLR TV ERER]

1) EEEMERIC LD URAS Z228REF 2~ |k
IVOIRNT 3 RIF-HRR PRI T & 2 929828 AR Rl i %

* K. Shimizu, shimizu@rirc.osaka-u.ac.jp, 06-6850-6103

fig T3 2 7o DI ZFRERE D S288c R FH U,
LET:13 ~107 keV/ium D R#ER % BE L2854
DIEBEH - ZERE B LTI LTz, ZOFRERN S,
AR P NIRRT LET ITKFT5 2 &0
IRSNT, Flo, =T U ARNTORERD G, R
FRBL O o~ TR E RN Z D8, %
TR TIIH v~ e 1T 0 &2 BENL S I X
7 LAY —aEED Y v —DNA fEIERICRTE L
THEULDZ Enmrsiu,

2) AU AT —ERIEEFIH L7 DNA #1505
i ; BB & BT L7 DNA OB 6 & % 5T
T 572012 B L7- DNA Z PCRO#RI & LT,
U7 WA L PCRIEZEHGEHE L7z, PCRIED
JRERDN B . 5 L 72 5 DNA IS RRREHC X 5



BENHIT, RY AT —BEEHISEZLET S
EEZOND, Thbb, AU AT —BEHFKG
TO DNA GEHEN D, $8E LU THERET 5K
5D DNA B2 CE 5 &2 bbb,
[wFzefER]

BHE IR £ D URAS Z2RE R AR
RV OFENT 5 i LET K-SR IEF D Z2IRIE i %
el 52 2 HIE L, LET 13, 25, 107
keV/ipm DOYE TOER AT FV ARG LTz,
FERER 1 IRT, REBERLFHREEOT o~
WCHET AR E LT, FICEREAR G-
CoTARNTUANR—=Y g UPIRI DI EIR
SNz, £7-. 13, 25 keVium D 735 BERL 17
OB TIZ, A+ T>T-A T A= g
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A XPNEIR D Z ERNRBEI T,
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fili 5 IRFBRRZL O >~ #i % G L7z DNA 0481
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S288c » URAS#E5(804 bp)% PCR EIC k- T
R LRSS L 72 s A DNA 7 v & L,
DNA # > 7/t U, SRR E R A TSR T
HIMAC T3k 1 (290 MeV, LET: 50 keV/um)
WS L7z, W EIE 0.05Gy—.1 Gy Th 5,
PR L 7= > 7"V DNA Z 858 & L MiniOpticon
T A7 A®Bio-Rad) & Hvy, KL OHT DNA
DOEAZFHME LTz, 2T, firkige 7% URA3
FoFl, Fx DI L0 ZRERDE > b
ARy DR S AT IR 200bp) TH D,
DI Y T E A L PCRIETOMEHE DEIETIE 1
O T 7 A ~—(HIE R DR DNA) % A
THPE DOl D DNA HIZ G RT 525, AL
TIH1EEO T 74 ~—% v ML ONZ 3FFED
7oA ~—t v & HWTHENT 2550 LT,

=K1 VT URBRICELIEFEBTOEEIRY ML
RFR RFEH RFH Howig
LET:107keV/um LET:25keV/um LET:13keVium LET:0.2ke\/um
JAEA-TIARA NIRS-HIMAC MNIRS-HIMAC P e Y
[G:CtoT:A 21 41.2% 2 200% 11 22.0% 13 43.3%
I G:C to C:G 12 235% 0 0.0% 6 12.0% 3 10.0%
b A=l
AT to C:G 1 20% 1 10.0% 0 0.0% 4  133%
[A:T to T:A 1 20% 2 200% 12 240% 0 0.0%
N GCto AT 7 137% 171005 9 180% B  200%
| WP P
AT to GiC 0 0.0% 0 00% 0 0.0%
R 8 15.7% 1 10.0% 9 18.0% 2 6.7%
‘A 3 300% 3 60% 2 8T7%
Total 51 100.0% 10 100.0% 50 100.0% 30 100.0%
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Study of the material modification and the invention of new functional materials using an accelerator

Dept. of Advanced Nanofabricationa? , Daikin Industries Joint Researchb,

Takafumi Kondoh@™

, Yoichi Yoshida®™™

, Kenji Adachib, Kazuyuki SatoP

For modification of various polymeric materials (mainly fluorine-based polymer), high dose radiation by using
a low energy electron beam accelerator was used at ISIR, Osaka University. And also establishes a novel
ultra-fine processing technology using an electron beam nanoimprinting. Samples after irradiation, the

evaluation of physical properties in the laboratory.
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Fig.1 Functionalization of various polymer materials

by irradiating of low energy electron beam

T Kondoh, 06-6879-4285, t-kondo@sanken.osaka-u.ac.jp; **V. Yoshida, 06-6879-4284, yoshida@sanken.osaka-u.ac.jp



Fig.2 Development of chemical laboratory
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Fig.3 Curtain-like sensor for finger pinch
prevention at the sample entrance of

accelerator
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Fig.4 Exhaust booth around the electron
beam accelerator for oxygen deficiency

prevention
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ESR measurements on gamma-irradiated basalt fiber

Dept. of Earth and Space Science, Osaka Univeristy®,
Japan Atomic Energy Agency®

Atsushi Tani**, Masafumi Sakanoue?, Hiroshi Fukazawa®

We investigated gamma-irradiated basalt fiber by electron spin resonance (ESR) at room temperature. ESR
spectrum of unirradiated basalt fiber shows two broad ESR signals at 160 mT (g = 4.3) and 340 mT (g = 2.0).

They are typical ESR signals due to ferric iron ion (Fe**). ESR spectra did not change obviously after gamma

irradiation even at high dose about 46 kGy. Although we expected to detect radiation-induced point defects, they

may be thermally unstable and release trapped electron and/or hole at room temperature.
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YA Tani, 06-6850-5540, atani@ess.sci.osaka-u.ac.jp
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Fig.1. Estimated Gxe value for the solvated
electron in P14NTf2 as a function of the
temperature.
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Fig.2 Time evolution of the measured
absorption spectra in P14NTf2 sample, at
-45degC (a), -50degC (b), -52degC (c).
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