FAT=Y—ILFEKRSD

HIVHFFo DEEERIGTE

—INWASVUFIO RARR SRR IV LB AT HE—
PEMF -1 — LRI SRR - PERFIRNES 53 TP 9850 BFP
RS- RIE ST0. ELNEHT P b

Structures of Thioanisole Radical Cations by during Pulse Radiolysis and Theoretical Calculations

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

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

The structures of ArSCH3 radical cation (ArSCH3*") in aqueous solution were studied by ns-TR? spectroscopy

during pulse radiolysis and DFT calculations. The upshift of C-S stretching mode upon oxidation was observed

with aromatic sulfides. Positive charge of ArSCH3""

delocalizes on S atom and benzene ring with increasing the

double bond character of Cen-S bond. Semi-quinoidal structure of ArSCH3*" with conjugation between S atom

non-bonding electron and m-electrons of benzene ring is found to be important for formation of ¢- and n-dimer
radical cation of ArSCHs ((ArSCH3)2*"). On the other hand, quinoidal structure of ArSCH3*" is not suitable for

formation of o- and n-(ArSCH3).*".
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Fig. 1. Molecular structures of thioanisole used in this study.
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Fig. 2. ns-TR? spectrum observed at 500 ns after an 8-ns
electron pulse during the pulse radiolysis of MTPM (0.5
mM) in N2O-saturated aqueous solution containing NaBr
(100 mM). Probe: 532 nm.

(@ 9 (b) 9
3 @
#798 J1720 >
1,39931 398 419 1m1.428
?° J ° D42,
1.391 a1392 1.376 1.372
91 307 @1 3999 4 ;:{ ‘{ggﬂ'
1516 1497
0 e
5 4
MTPM MTPM-*

Fig. 3. Optimized structures of representative
conformers of (a) MTPM and (b) MTPM** by the DFT
calculation at the UB3LYP/6-311+G(d,p) level. Numbers
are bond lengths (A).
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Fig. 4. ns-TR? spectrum observed at 500 ns after an
8-ns electron pulse during the pulse radiolysis of MTA
(1 mM) in N2O-saturated aqueous solution containing
NaBr (100 mM). Probe: 532 nm.
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Fig. 5. Optimized structures of representative
conformers of (a) MTA and (b) MTA*" by the DFT
calculation at the UB3LYP/6-311+G(d,p) level.
Numbers are bond lengths (A).
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Development of the electron pulse radiolysis for thin samples

Dept. of Advanced Nanofabrication®, Graduate. School of Engineeringb,

Takafumi Kondoh?™, Masao Gohdo?, Akihiro OshimaP, Koichi Kan@, Jinfeng Yang@, Yoichi Yoshidad

Since many industrial applications are based on radiation chemistry occurring at the surface and

interfaces of thin films and materials, it is desired to directly observe the radiation induced reactions of thin

samples by pulse radiolysis. In this study, we report several attempts and studies on pulse radiolysis using

thin film.
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Ultrafast electron microscopy using relativistic-energy femtosecond electron pulses

Dept. of Advanced Nanofabrication,
Jinfeng Yang*, Koichi Kan, Takafumi Kondoh, Masao Gohdo, Yoichi Yoshida

Ultrafast observation technique with femtosecond and nanometer temporal-spatial resolutions would be
very significant in material science and applications. We have designed and developed an ultrafast electron
diffraction/microscopy using a femtosecond-pulse and relativistic-energy electron beam. The
femtosecond-pulse electron beam with the energy of 3.1 MeV and the pulse length of 100 fs have been
generated using a photocathode radio-frequency (RF) electron gun. We have constructed the first prototype
of RF gun based electron microscopy at Osaka University. We succeeded to observe TEM images of gold
and polystyrene nanoparticles using the MeV-energy femtosecond electron pulses. In the electron
diffraction measurement, the single-shot observations are available, and the dynamics of the laser-induced

phase transient in the single crystal gold was observed.

XTI
o 2 N =2 PN -
RN SO &S AR AT, TRty 07 b PR AN

BRI TR 15, WHOMEDUMC, i Do

DA R L S 2 A F 3 7 AR LT D, TICERME L7 RF S 7802 VO 7o FE 7 SRR
Bl 2. SeHERER T, 7T MRS —LDE FE O T E A RT, Rk 28 FEIZ, Hizlc= v
FRIEN T = b F Y - ARy — L DR RE) TUVR LV AEREL B —LAE 7 n—XF
ERIFRI L, MEAMERAERSA TS, T SRR LA OREOR EERAT.
 OE 5 R OR - PRI L. £ ET REETROORELLETE— L, B
R & 2D ZE R % — L COREE A o ge e PR BB, 2) IR R S 7o E AR 0.3mm O
& EBRIICEE LR 5 - L ppE R kT 007 Y TROERED VAR LER, 207
%, WHEMGHIMEOMIE LT - 5y 70 X CEMCARCRRLE, Tic, 2l
L~UL GRS = LR et e, BB (TEM) RO TIE, R L v X,
B8, OB I IR R g T L XERIP L X BT, TEM A A
T A MED - o ED R A MY 2 (L o L COBENE, Tl Z F—E 2Lk Csl o F L
R AR S. fox . R A< 2% EMCCD A ZI kAT, Thic
—F—T 4 BV — FEEWE (RF) &1 A0 XU, TEM o2 F 7 A FRUESL, &R
TIRT I v X2 R - ABRERI T R L —D T = A PR Tidze < HREIRHLERIA 2 & ORI E O
MO O AR R L, R TE O T PTOY T s EORER, I 400
BOMRET . WEICHT 5 BRECitefT5 000N BT IRIFORY AT L AR O

WA SO R R BT B BF s e L < BB T IBEIROBRICRI LT,
N3 2 12, 2,000 /<L AFEE CHLR L 72 B

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



1.1um & 500nm DR Y AT L ki D TEM
% (BAHE) 277, EFE—L20T 3 LF—
31MMeV ThH vV . Hiib= v ¥ » A%
0.14mm-mrad, /L A%7- 0 OEREIL 1pC T
bolz, B IVANEIL 100fs THY ., TEM
B OYEREZIT 1,600 5 TH -T2,

RROBER L LTI Mim =k L ¥ — D&
TNV AL DEREAUMUTORY AF L
R OBRANCEKSI L2 ThDH, Dk H %k
BOILRN OB SN DML T8l T 5 2
EEL FREHIRG 7R & D AR E AR ST - BRRERE
HHA~DIGHERNATRETH D Z L 2RBT 5,45
%, B — ATREE DR, JERMEEOM EE21TH Z
LIZRY T2 A N ET ) A—F—DRFZER
fiRtBE 2 FHELT X Bk x eI BT D mE T
AT T DS O LUS F MR B3 2 5
MENPHFTE D B2 5,

HEE

ARIE, XHBHFEHNEMREHDE (B8R
IR (A) 22246127, H22~24, EBHHE (A)
26246026, H26~28) L EE (KEMEBHFHERE
16K13687, H28~29) IZ &k > THEITAIAEE B o 1=,

Reference

1) J. Yang, Microscopy, 60, No. 3, 157-159
(2015).

2) J. Yang, Y. Yoshida, H. Shidata, Electronics
and Communication in Jpn, 98, No. 11,
50-57(2015).

Fig. 1: The prototype of RF gun based
relativistic-energy electron microscopy which
was constructed at Osaka University in 2012

and improved i

.

n 2014.
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Fig. 2: Relativistic-energy electron microscopy
image of polystyrene latex particles.
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Generation and diagnosis of femtosecond electron beams

Dept. of Advanced Nanofabrication

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

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. The bunch lengths of the electron bunches were
diagnosed by an interferometric technique on basis of a Michelson interferometer.
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Figure 1: The schematic diagram of bunch length
measurement system. M: Mirror, BS: Beam splitter,
CTR: Coherent transition radiation, MCT: Mercury
cadmium telluride detector, OAP: Off-axis parabolic
mirror.
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Figure 2: An averaged interferogram of the CTR
measured using the MCT detector. Plots and a line
denote experimental data and fitting curve based on
the sensitivity model[4], respectively.
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Electron pulse/X-ray excited luminescent materials using LINAC at ISIR: development of new radiotherapy
Dept. of Molecular Excitation Chemistry, Research Laboratory for Quantum Beam Science

Yasuko Osakada®”™, Mamoru Fujitsuka?, Sachiko Tojo®, Tetsuro Majima®™™

Radiotherapy using high energy X-rays (<100 keV) and electron pulse (~MeV) from LINAC has been widely
practiced. The combination of radiotherapy and photodynamic therapy has a great potential to improve treatment
effectiveness. In the principle of this combined methodology, photoluminescence from nano-materials works as
an excitation source for photosensitizers. Previously, we investigated X-ray (<50 keV) excited
photoluminescence using bio-compatible nano-materials such as iridium metal complex-doped polymer dots and
gold clusters/BSA complexes. However, little is known about photoluminescence from these bio-compatible
materials during X-ray/electron pulse excitation from LINAC. Here, we have preliminary studied X-ray/electron
pulse excited luminescent from a scintillator ZnS:Cu solid using LINAC at ISIR.
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Multistep Electron Transfer through Cyclophane Spacer

Dept. of Molecular Excitation Chemistry?, Research Laboratory for Quantum Beam Science b
IMCE, Kyushu University ©

Mamoru Fujitsukad, Sachiko TojoP, Takaaki MiyazakiC, Teruo ShinmyozuC, Tetsuro Majima@

Paracyclophanes (PCPs), which exhibit interesting properties due to their transannular interactions, have been
employed as a spacer in various electron transfer (ET) systems. In the present work, we investigated ET
processes in dyads and triads containing [2.2]PCP or [3.3]PCP as donors, to study their properties in multistep
ET processes. The dyad molecules of PCP and 1,8-naphthalimide (NI) as a photosensitizing electron acceptor
exhibited charge separation (CS) upon excitation of NI. In addition, triads of NI, PCP, and carbazole (Cz)
showed charge shift after an initial CS, thus confirming multistep ET. In this study, we demonstrated that use of
[3.3]PCP in place of [2.2]PCP enhanced the initial CS rate. Lower oxidation potentials and a smaller
reorganization energy for [3.3]PCP are shown to be key factors for this enhanced CS rate. Both of these
properties are closely related to the strained structure of PCP; hence the present results demonstrate the

importance of strain in ET chemistry.
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Fig. 1. Molecular structures of triads, dyads, and
reference compounds.
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Fig. 2. Schematic energy diagrams for ET
processes in (A) dyads and (B) triads. In the
diagram, numbers under the bars indicate energies
of the corresponding states relative to the ground
state (unit: eV).
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Fig. 3. Transient absorption spectrum of (black)
Br-Cs-[2.2]PCP-Cs-Br and (red)
Br-Cs-[3.3]PCP-Cs-Br at 50 ns after electron
pulse irradiation during pulse radiolysis in DCE.
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Fig. 4. Transient absorption spectra at various
times after 345-nm laser pulse excitation during
laser flash photolysis of NI-Cs-[2.2]PCP-C3-Br in
AN.
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theory
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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. 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). Kinetic solvent isotope effects on the deprotonation were
examined in H20 and D20. The rate constant was 2.5-fold smaller than in D20 (1.1 x 10° s') than H20. In order to identify
the protonation site in QCs, benchmark ESR spectra from 1-methyl dG and dG were employed to analyze the spectral data
obtained in one-electron oxidized QCas. The ESR identification of G radical in QG4 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.

W7 e AL OB E EE2.8 x 10° s X ~EHH
ODN & b L T/h & < [AERODfEIE Choi 12 &
DERHLENTVD 7,

B XD RN AR ZH BT DWW TR L 72, QCy 1T
B DRNLIARSN R% Fig. 2 (2~ T, 625nm (23175
i7" m b DT DO FHTELSAR-TEY (1.1 x
10° s) COBLT b AL EEIZI T DIRIALIAZN A
[32.5 THY, —HEHH DNA LAEROEZ T,

0.08
0.06
<0.04

0.02

Fig. 2. Absorbance changes at 625 nm after pulse
radiolysis of QCs in H20 or D20

SO 7T e N EDEHNTEBELDNE
DD HT-91Z, Sevilla D F ik +INZ XY ESR (2
X 0N DT=, Fig3 12 QC,BL NI il 7 1
FAL L2 dG B LU N2 iR~ e oAb Lic
1-MedG ® 7 71 )v® ESR %#7~5¥, 1-MedG Tl

o
_CHy

N N
a
<u N)\I:IH
1-Me-G(N2-H)"

dG (N1-H)y: j{L
N N-
]
(L,
[ 1 1

320 322 324 326 328 330

fmT\
Fig. 3 ESR spectra obtained at 77 K for one
electron oxidized form of dG, 1-Me-dG, and QC4in
7.5 M LiCl glasses in the presence of the electron
scavenger K2S20s.

QC,

Il Il 1

N2 (LEROLIZ T P ANBEKRT HE N ITLD
hyperfine 23BLHI S DIZxF LT, IS0 QC4
1L dG LRILH AT THY, NI L THT = ko
fELTHAHTE, Wu boHEDL IR S,

References

1) K. Kobayashi and S. Tagawa, J. Am. Chem. Soc. 125,
10213 (2003)

2) K. Kobayashi, R. Yamagami, and S. Tagawa, J. Phys.
Chem. B 112, 10752 (2008)

3) C. Chatgilialoglu, C. Caminal, A. Altieri, G. C.
Vougioukalakis, Q. G. Mulazzani, T. Gimisis, and M.
Guerra, J. Am. Chem. Soc. 128, 13796 (2006)

4) A. Adhikary, A. Kumar, D. Becker, and M. D. Sevilla, J.
Phys. Chem. B 110, 24171 (2006)

5) A. Adhikary, A. Kumar, S. A. Munafo, D. Khanduri, and
M. D. Sevilla, Phys. Chem. Chem. Phys. 12, 5353 (2010)

6) J. Choi, J. Park, A. Tanaka, M. J. Park, Y. J. Jang,, M.
Fujitsuka, S. K. Kim, and T. Majima, Angew. Chem. 52,
1134 (2013)

7) L, Wu, K. Liu, J. Jie, D. Song, and H. Su, J. Am. Chem.

Soc. 137,259 (2015)



TR PE R —BRL RO RBER ORICHEICRI T2 BF9E BRSBTS MRS O A A
PR FERF 7 & — AR
IR T O/, H1B#3L

Reaction Mechanisms of Deinococcus radiodurans Nitric Oxide Synthase:
Oxygen Activation Process

The Institute of Scientific and Industrial Research, Osaka University

Yuko Tsutsui, Kazuo Kobayashi, Takahiro Kozawa

Nitric Oxide Synthase (NOS), heme enzyme, catalyzes oxidation of L-arginine (Arg) to L-citrulline and NO. Recently a
number of species of bacteria have been identified with NOS enzyme in the genome. Deinococcus radiodurans, which is
remarkable for its extreme radiation resistance, contains NOS. To investigate reaction mechanisms of D. radiodurans NOS
(DrNOS), the reactions were followed spectrophotometrically after pulse radiolysis of DrNOS. The ferrous heme reacted

with oxygen to oxygenated form with a second-order rate constant of 6.2 x 108 M! 57!, followed intramolecular electron

transfer from pterin to oxygenated form with a first-order rate constant of 2.2 x 10° s”! .
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Scheme 2. Reaction mechanisms of DrNOS after pulse radiolysis
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Regulation of Superoxide Sensitivity in SoxR and their Physiological Significance
The Institute of Scientific and Industrial Research, Osaka University

Kazuo Kobayashi, Mayu Fujikawa, Takahiro Tanaka, Takahiro Kozawa

The [2Fe-2S] transcriptional factor, SoxR, functions as a bacterial sensor of oxidative stress in Escherichia coli. 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 Oz. In order to investigate the mechanism underlying SoxR’s different sensitivities to Oz, 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 s, which was 10 times smaller than that of wild
type. Reversely, the change in A90K P. aeruginosa increased the rate. In addition, the Lys mutation in E. coli SoxR
(K89AK92A) showed a defect in vivo transcriptional activity by measuring p-galactosidase expression in response to

paraquat. Our findings clearly support Lys is critical to response to Oz.” and further transcriptional activity of SoxR.
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Table 1: Second-Order Rate Constants in Reactions

02" with the Reduced Forms of Wild Type and
Mutant SoxR Proteins
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E. coli
WT
pH 6.0 12+3
pH 7.0 50+0.7
pH 8.3 45+0.6
R127LS128QD129A 48+0.4
D129A 50+0.4
K89A 3.8+0.3
K92A 22+0.2
K89AK92A 0.33+0.06
K89RK92R 4.7+05
K89EK92E 0.31+£0.05
P. aeruginosa
WT 0.4 +£0.03
A87K 21+04
A90K 54+0.6
L125RQ126SA127D 0.4+0.05

HEH L7z, E. coli IZfFET 5 89 B K192 3 H
DU YA Paeruginosa TiX7 7 =212, £7=
E.coli ICfFfET HN—7 12T TV ¥ =2 128 &
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R127LS128QD129A ZAFH L, L/-[AERIC L T
P. aeruginosa Txfisd 5 A MM A /ERL L (A8TK,
A90K, L125RQ126SA129D), Oy & D ik fE %
Et L7z,

Table 1 (Z E.coli SoxR I X ¥ Paeruginosa
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FEMRE L HI L, Paeruginosa (23Tl 7
TRV UICEZD EHERENT S L
MH, VPN Oy DRISIZR W CHEM# X %
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A E T D7 I BEREDOFENERETH
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e &N U YT X B hydroperoxo H1 AN 22 i E
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Multistep Electron Transfer through Cyclophane Spacer
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Paracyclophanes (PCPs), which exhibit interesting properties due to their transannular interactions, have been
employed as a spacer in various electron transfer (ET) systems. In the present work, we investigated ET
processes in dyads and triads containing [2.2]PCP or [3.3]PCP as donors, to study their properties in multistep
ET processes. The dyad molecules of PCP and 1,8-naphthalimide (NI) as a photosensitizing electron acceptor
exhibited charge separation (CS) upon excitation of NI. In addition, triads of NI, PCP, and carbazole (Cz)
showed charge shift after an initial CS, thus confirming multistep ET. In this study, we demonstrated that use of
[3.3]PCP in place of [2.2]PCP enhanced the initial CS rate. Lower oxidation potentials and a smaller
reorganization energy for [3.3]PCP are shown to be key factors for this enhanced CS rate. Both of these
properties are closely related to the strained structure of PCP; hence the present results demonstrate the

importance of strain in ET chemistry.
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n = 2: Br-C4-[2.2]PCP-C3-Br
n = 3: Br-C3-[3.3]PCP-C3-Br

Fig. 1. Molecular structures of triads, dyads, and
reference compounds.
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(A)
INI*-Ci-[n.n]PCP-C,,-Br
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n= 32?1\247—

kess

NI-Cp-[n.n)PCP-C-Cz

Fig. 2. Schematic energy diagrams for ET
processes in (A) dyads and (B) triads. In the
diagram, numbers under the bars indicate energies
of the corresponding states relative to the ground
state (unit: eV).
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Fig. 3. Transient absorption spectrum of (black)
Br-Cs-[2.2]PCP-Cs-Br and (red)
Br-Cs-[3.3]PCP-Cs-Br at 50 ns after electron
pulse irradiation during pulse radiolysis in DCE.
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Fig. 4. Transient absorption spectra at various
times after 345-nm laser pulse excitation during
laser flash photolysis of NI-Cs-[2.2]PCP-C3-Br in
AN.
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Fig. 5. Driving force (AGer: AGcs etc.)
dependence of ET rate (ker: ks etc.) for (black)
NI-Cs-[2.2]PCP-Cs-Br and (red)
NI-C;3-[3.3]PCP-C3-Br based on the Marcus
theory
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Photochemical Characterizations of a dyad of BODIPY and anthrylphenylene
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Photochemical properties of a dyad of boron-dipyrromethene (BODIPY) and anthrylphenylene (AP) group

have been investigated. Although BODIPY is highly fluorescent dye (fluorescence quantum yield, ®n = 0.67),

once it is connected to the AP group, ®a decreases by approximately 670 times in methanol. In addition,

red-emission was observed in less polar solvent (dichloromethane and 1,4-dioxane). In order to elucidate the

phenomena, we carried out femtosecond laser flash photolysis and pulse radiolysis.

Once monomeric building blocks gather together,
various new aspects become facilitated, such as
optical, mechanical, electrochemical, and functional
properties. Recently, we have reported that
substituting an electron-rich anthrylphenylene (AP)
group can induce a slipped-stacked alignment of
rhodamine  derivatives,  widely-used  cationic
fluorophore, resulting in a formation of J-aggregate.!
In this study, BODIPY are chosen as a fluorophore
part of the AP dyad since it is zwitterionic fluorophore
in the aqueous solution with high fluorescence
quantum yield (®n) (Fig. 1).

On the other hand, fluorescence quantum yield (D)
of BODIPY-AP is approximately 670 times smaller
than that of BODIPY-Me (Fig. 1). This result
indicates that fluorescence quenching process is
facilitated by substituting the AP group. Thus, we
considered a dyad composed of BODIPY and the AP
group is a good candidate to construct a functional
supramolecular assembly that enables photochemical
reaction occurring inside of self-assembly. As a
indeed observed excimer

preliminary test, we

BODIPY-Me
(Pr=0.67)

BODIPY-AP
(®n = 0.001)

Fig. 1 Chemical structures and ®5 of BODIPY dye
(BODIPY-Me) and a dyad of BODIPY and the AP
group (BODIPY-AP).

formation is facilitated in the aqueous solution.

First of all, we focused on investigating
photochemical properties of monomeric BODIPY-AP
in various solvents with different dielectric constants
(¢). As more nonpolar solvent was used, ®a of
BODIPY-AP increased (0.001, 0.002, and 0.01 at ¢ =
33.6, 5.4, and 2.2, respectively), which is in
accordance with the general phenomena of electron
transfer. In addition, the density functional theory
(DFT) calculation of BODIPY-AP revealed that the

highest occupied molecular orbital (HOMO) level of

*s. Kim, 06-6879-8496, kimsooyeon45@sanken.osaka-u.ac.jp; **T. Majima, 06-6789-8495, majima@sanken.osaka-u.ac.jp
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Fig. 2 Transient absorption spectra of radical anion
of BODIPY-Me in 50v% water and DMF solution
(a) and BODIPY-AP in methanol (b) observed
during pulse radiolysis and femtosecond laser flash
photolysis, respectively. The spectrum of BD™ was
taken at 2.5 ps after an electron pulse, while
transient species of BODIPY-AP were taken at 0.01,
2.5, 5.0, 10.0, 20.0, 30.6, and 50.1 ps after a laser

flash (red to violet).

BODIPY is lower than that of anthracene moiety (-0.6
and -5.4 eV, respectively), implying photoinduced
electron transfer (PET) would occur by selective
excitation of BODIPY moiety of BODIPY-AP. To
elucidate the formation and decay of the charge
separated state of BODIPY-AP, we carried out
femtosecond laser flash photolysis and pulse
radiolysis.

As shown in the upper of Fig. 2a, the radical anion
of BODIPY (BD™), formed by one-electron reduction

of BODIPY-Me in the 50v% water:DMF solution,

was monitored. The maximum absorption peak of
BD™ was observed at approximately 540 nm to be
consistent with the previous reports. For radical cation
of anthracene (An™),? it is known to exhibit broad
absorption at around 650 nm. As shown in the lower
of Fig. 2b, both transient absorption spectra of BD"
and An"" are monitored to prove that fluorescence of
BODIPY-AP is quenched via PET. Furthermore, we
found much slower relaxation of charge-separated
of BODIPY-AP in Further

states 1,4-dioxane.

characterization and analysis are required to
understand complete photochemical behavior of
monomeric BODIPY-AP and its assembly.

In conclusion, we have prepared two BODIPY
derivatives (BODIPY-Me and BODIPY-AP) and
studied their monomeric photochemical properties.
Provided the optimized molecular design, a dyad of
fluorophore and the AP group would be a powerful
tool to enhance various phorochemical reactions, such

as energy and electron transfer.
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Mesolysis Mechanisms of Aromatic Thioether Radical Anions Studied by Pulse Radiolysis and DFT
Calculations
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Research Laboratory for Quantum Beam Science
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Mesolysis of radical anions of diphenyldisulfides having cyano- and methoxy groups at the para-positions of the
different phenyl groups (XSSX) is studied with transient absorption measurement during pulse radiolysis in MTHF
and DMF. The S-S bond cleavage of XSSX radical anions occurred to form phenylthiyl radical (XSe) and
phenylthiolate anion (XS). Mesolysis of radical cations of XSSX is also studied during pulse radiolysis in dichloroethane.
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Chart 1. Diphenyl disulfides (XSSX)
having cyano- and methoxy groups at para-
substituents.
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Figure 1. Transient absorption spectra observed
at 500 ns after 8-ns electron pulse during pulse
radiolysis of XSSX in MTHF at 295 K.
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Scheme 1. Mesolysis of OMeSSCN*-.
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Figure 2. Transient absorption spectra observed
at 500 ns after 8-ns electron pulse during pulse
radiolysis of XSSX in DCE at 295 K.
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Scheme 2. Mesolysis of OMeSSCN* ™.
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Fundamental Property of Organic Electronic Materials Studied by Advanced Microwave Spectroscopy
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Organic-inorganic hybrid perovskites provide not only an exceptionally rich area of research, but also

remarkable power conversion efficiency relevant to commercial use. However, developing efficient organic hole

transport layers remains challenging, due partly to the subtle electronic behavior of perovskite and complications

introduced by the use of reactive dopants. Here we show, through time-resolved microwave conductivity, the

quantification of hole transfer process from methylammonium lead triiodide perovskite to eight kinds of

conjugated polymers with and without a Li dopant. The time evolution of hole transfer yield is characterized by

kinetic parameters, which are further examined in conjunction with solar cell performance, energetics, and

temporal profiles triggered by exposure to air at the minute scale. Using statistics and LASSO (least absolute

shrinkage and selection operator) analysis, we identify an accurate descriptor that correlates with device output.

This work explores the design of organic hole transport materials, and the presented evaluation technique may be

employed as a facile screening method.
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Molecular analysis of ionizing radiation induced mutations in the budding yeast
Kikuo Shimizu2, Sachiko TojoP, Youichirou Matuo¢

Radioisotope Research Center 2, Research Laboratory for Quantum Beam Scienceb,

and Graduate School of Engineering, 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 gamma

and ions beams with various LET. Ton beam was generated from synchrotron in HIMAC and

TTIARA. 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.
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Study of Irradiation Effect on Insulating Materials for Superconducting Magnet in Nuclear Fusion Reactor

Graduate School of Engineering? / Engineering Departmentb

Shigehiro Nishijima?”, Yoko Akiyama?, Koji Kobayashi?, Shunsuke Kito2

Since the increase of energy demands and the exhaustion of energy resources are expected, nuclear fusion
energy is being studied as one of new resources. In ITER, the plasma of deuterium and tritium are controlled by
superconducting magnets to cause a nuclear fusion reaction. However, superconducting magnets in ITER are
exposed to neutron rays generated by nuclear fusion reaction and secondary radiation such as gamma rays. In the
insulation materials of superconducting magnet, polymer material having high radiation sensitivity is used, so it

may be deteriorated by irradiation.

In this study, glass fiber reinforced plastic (GFRP) made of epoxy resin and glass fiber and Hybrid composite
made of GFRP and polyimide film were prepared. They are irradiated with gamma ray, and breakdown voltages
of them were measured. After irradiation, the breakdown voltage per 1 mm of GFRP increased and the voltage

of Hybrid composite decreased.
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Study of ASIC operation under gamma irradiation for the readout of semiconductor particle detector used in the
ATLAS experiment at LHC

Dept. of Physics &,

Toshihiro Imasaka@ , Kazunori Hanagaki@, Hajime Nanjo@

The ATLAS experiment is studying the Higgs boson and is searching for new physics in the particle physics by
using proton-proton collision at LHC in CERN. A new semiconductor particle detector was installed in the area
closest to the proton interaction point, where radiation environment is severe. For the detector, an ASIC was
developed for the signal readout, and is used in the ATLAS experiment. The operation in 2015 and 2016 was
unstable in the current consumption and the threshold corresponding to the input charge. We studied the
operation of ASIC under the gamma irradiation at Sanken. The similar tendency was observed in the current
consumption and the threshold. We monitored the pulse hight corresponding to the amount of input charge used
in the calibration, and concluded that it doesn’t contribute to the instability in the operation at ATLAS.
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