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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 Cpn-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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ﬂ B \TEET dJ?) ZD MTPM MTPA MTB MTT MTA
7 = AU Fig. WoRTF47 = L Fig. 1. Molecular structures of thioanisole used in this study.
— 5N . — /N —

KZ B HFF o (ArSCH DM % 7L A 5 . 5 R -
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mM) in N2O-saturated aqueous solution containing NaBr
F-HEREF %532 nm L — Y — (LB ORIER I (100 mM). Probe: 532 nm.
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GO _EEEES AR S e, MTPM™ O 5 Fig. 3. Optimized structures of representative

ot
B D . ConSCHs D i . Cen-S3H N conformers of (a) MTPM and (b) MTPM** by the DFT
fEhiE 2 5 r 2O I eS8 L O calculation at the UB3LYP/6-311+G(d,p) level. Numbers

Cas)-C36) DG & BB DWW 3R S e (Fig. 3). 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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Scheme 1 Dimerization of thioanisole radical cations
with semi-quinoidal and quinoidal structures.
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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 wusing 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.
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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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ZnS:C lid (c).
AT B TR B, AR LLRT R L %Tnbf u;(;zlm(f)%m%%@mwuw i
L7z, 20K VBN 773 B
AV LR G /AR~ —Ryh (PVK-P-dots,

<100 nm)C¥ XV EBSAN W &R I T AKX — /f*ﬁ&:@%ﬁbf:\‘/;ﬁuv%&:%%\ﬂiﬁiﬁ (:::7%
(Auzs-BSA) D50 ke o>l X5 2 56 (< B - BF %Zizﬁiﬁif;;f:fff(ﬁFi:‘cﬁjé;':;é;;;A;
e @J:%E%E‘;ﬁ*:f*il'@:N,’-;C73>;l0)5'-éi;ﬁl'?<;ﬁjxxl;¥%\§¢
KT (EMeV)~DIEE AL D% HiE " f
L7, 2R AT AT DWTRRETT 2,

References
kY ’)::'gp <y o
AR, EBTLINACE TR FHR VA0 )\ g et al. ACS Nano 10 (2016) 3918,

AT 72 T 2R A T 572, BlK 2) Y. Osakada et al.: Chem. Commun. 49 (2013)
SN 4319.
AR N =y °
REHLINACOL/ S (24 MeVIRLOTT /S 3) Y. Osakada et al.: Chem. Commun. 50 (2014)
JVA (8 ns)&x, F—7 M ROT VIR (5 cm)IZH 3549,

"y, Osakada, 06-6879-8496, yosakada@sanken.osaka-u.ac.jp; **T. Majima, 06-6879-8495, majima@sanken.osaka-u.ac.jp

20



DOOTFPIEAR—Y—ELES FREBREEFREIORH

PERFRNEL Sy 7112
REGSF @ R T- b,

Z2RFFR Y BE A BERF R - — MR e R D,

FURSEERT €

EIRRETS C, B4 TR TS C HIRETE @

Multistep Electron Transfer through Cyclophane Spacer

Dept. of Molecular Excitation Chemistry?, Research Laboratory for Quantum Beam Science b
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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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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) (QG4). The G** in QG4, produced by oxidation with SOge,
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.
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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 Oz with KB9AK92A 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 B-galactosidase expression in response to
paraquat. Our findings clearly support Lys is critical to response to Oz." and further transcriptional activity of SoxR.

XLz K2 2T Flix DEEKE W IR 21T -
N7 T YT, IRE, pH, Y. B{EA L X 7o

SEBRBEIOINE LIS T VBRBEAIISE T D FHR

T — L FRITEE L CHIET BB RN E. coli, P. aeruginosa SoxR IR 7 A I F %

FIET 5, ZOHTREGHE E. coli @ SoxR I3, BAAT T TAE—ERANB L EEFLT T A

(LA N L RIZINET AEER T CThd, Dk I K& LT E. coli C4L(DE3)H CREFHBL ATV,

VY —URALIC[2Fe-2S] 7 T A X —HFEL, T D P-tim—2AhT AL AailhT ML 0k

AW RGREIC ko TIEERIE S NG, —F  MLT

T SoxR [Zflix DAY T ) TITHFAEST BN, £ D ISV AT VA AIRLKCL (05 M), TEAE

AEFAEEIIEIC Lo TRE S RS Y, iz T PY UL (0mM), OH Z¥hAAd sy

IR B (Paeruginosa) 12 35V T, B BT s Y —&E LTEXMT FU 7 A01 MEFT Y VR

VST IREEZ ORI b S L E S TR (10 mM, pH 7.0) Z M7z, BRFEfEfio

TW5, WEET I/ BEESI 62% identity & FEMEHRIZ SoxR (70 uM)EINZ., ¥ 7L %R

LS BESNTOE R ERNTOREIZZ 0L LT

IICKRELS B D, Foxld, AT UFYvx RERBIUESR

1% FIV T E. coli SoxR 35 J: TF P. aeruginosa SoxR E. coli SoxR Z FTeRlEHI L AU 2 &

D Oy & DUSHEIZ 10 LA BRI D Z 25 h UTORITRT L D2, 7/ BEEETO SoxR D

5722, KTl ZORIEHEDENE R D 2 e C L DR L, I UM THIENS O
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ko mmiABREIBH I D D,
Cy Tt [2Fe-2S)*F ——  [2Fe-2S]
0, + [2Fe28]" + 2H' —— H0, + [2Fe-2S]**

ZDRIT O fiflEE T2 SOD ZiRINT % &
RADBE TR I LIZ R 6T, B bomez
PIHKT D, 2O SOD OIWINFEIZL Y, OF
& SoXR DIREERZIRET HZ LN TEDH, K
MR TIEX, kA A0 7 TR Z—JHBIT FEL.
E. coli & P. aeruginosa O%72 257 2 7 BAELHIIC
Table 1. Second-Order Rate Constants in Reactions

O, with the Reduced Forms of Wild Type and
Mutant SoxR Proteins

kx 108 (M1s?h)

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

EH L7, E. coli
DY YA Paeruginosa TIET 7 =1Z

ZAFET 5 89 B L1 92 K H
= el
\ET HN—T 121 TV X =2 128 &
U 129 7 A X7 X B2 P aeruginosa Tl H
A ITNEIV, TIT=UIhsT0D, K
WF 32 Tix E. coli K89A ., K92A ., DI129A .
R127LS128QD129A ZAFHRIL . E7z[EkiZ L T
P. aeruginosa Txfid 5 A MR A /ERL L (ABTK,
A90K, L125RQ126SA129D), Oy & D ik fE %
Et L7z,
Table 1 (Z

E. coli

E.coli SoxR ¥ X T% Paeruginosa
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SoxR B L ONENENEFARKOE EE A ~T,
E.coli TR Y%7 o5=1C Tﬁ@‘%’)& H

FEMRE L HI L, Paeruginosa (23Tl 7
T EVUICEZD EHERENT S L

NH, UV Oy DRI BWTCEE M %
R ZERHALNCEINTZ, ZOBERY DD

EFERIZ & D b OPHEDD D oI BB O T
JLF = (K8IRKI2R) b, L < IXEFEM D 7 /L4
VR (K89EKO2E) (T & i L 7= 48 B AR & F VTR
7o TORERTNAX = TIIHEENED LT, 7
VH I UBETIEEA LTs, ZORERIZ Oy 0 AE
MiaEBlE T D7 I BEREDFENERETH
B ENDholz, 51T DO HCRALAZNS
BllsnhT  A—"—FFH% N X7 ¥ —E Tt
e &7 U T & B hydroperoxo 1A N 22 7 E
b3 5 NIHETE D,

SOV AT VA Y R HEEHD
R L vivo TOERGIGMEZ LERGF LT-, ZD
fif SR O & @ W E A 10 54 Rk
K89AK92A TlIL.B-H77 7 v #—BIZ X HHrE
TEPEIZ 120 AR & 720 Oy & SoxR D23 B HE
Th2DZ DI DBILT Y,
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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.

ZODNBUBRPEROT VI I o TR
TE SN -5 445 9 Heyclophaneldn- whl A7E I IC
BT D BIRIR N E 2 A T 5720 . < OWF5EE
MBI A 72 TV D, Cyclophane?s <4~ B #if72
BAUHGHETZO—FITHY, B ZHEEE B
A Z T T 52 L0 B mEM B ~DIZHS
Et&hCua, Cyclophaned & ik G4 T~
VEREEEAT AT VFNMEOESICE TR
DHIEMFHITNDN, LB E TN RITLT
VRV R OGS B T Ry, RAFZE TR
[2.2]paracyclopahene ([2.2]PCP) % 7= % [3.3]para-
cyclophane ([3.3]PCP)IZ Yt /& T BKTHD
1,8-naphthalimide (NI)& % 1-fit 5K Cd SHcarbazole
(Co)bxAEE L2417 (Fig. 1)% A\, cyclophane®
oy FREIEDNZ B PSR T RN (2L D IO B
BAETDEASNVNATGOA VAR NI — =75
a7 MU A W TRES L, B2 m a5/
DTHES D, !

5y FHLE R 72BN IR L BN LY | dyadds
S Utriad sy - O BHEENIDLOE B EhE R I Fig. 2
DI TSI, PCPERLIRAE AL/ 2 BB
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m(H2C)—N m(H2C)-Br
0 o n(HzCO;\(CHz)n 0 o] n(HZCfO\;\(CHZ)n
N(CHZ)m N(CHg)m
e} o

(n,m)

(2,2):NI-C,-[2.2]PCP-C,-Cz
(2,3):NI-C4-[2.2]PCP-C5-Cz
(3,3):NI-C4-[3.3]PCP-C5-Cz

O
e als

NI-C4-Cz

(n,m)

(2,2):NI-C,-[2.2]PCP-C,-Br
(2,3):NI-C4-[2.2]PCP-C4-Br
(3,3):NI-C4-[3.3]PCP-C4-Br

Br

Br

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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FAW T B E WL M C1T > 72, £7=, PCP radical
cation D EWL UL AT’ L DT L )V $H BAR T

IZFig. 30 IHITsRd BT,



(A)
INI*-Ci-[n.n]PCP-C,,-Br
3554 kes
NI"“-Cpy[n.n]PCP *-C_-Br
n=2:282
n=327

ker

NI-Cpy[n.n]PCP-C,-Br

8)
INI*-Cpyn.n]PCP-C,,-Cz
3554 CS
NI™-Cpr[n.n]PCP*-C,-Cz

n=2 282 NI""-Cp-[n.n]PCP-C-Cz"*
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.

500

600 700 800

Wavelength / nm

900 1000

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: kcs etc.) for (black)
NI-Cs-[2.2]PCP-Cs5-Br and (red)
NI-C;3-[3.3]PCP-C3-Br based on the Marcus
theory

Acetonitrile (AN)# @ NI-C;-[2.2]PCP-C3-Br %
345 nm L —H—"ThhL 9% & INI* (475 nm)DJi
& & HIT NIT (800 nm) D AR A3 eRE S FU(Fig. 4).
Fig. 2 (A)DE T BENEE (ker= kcs) 73 6.0x10%° s
ThHIENRENTZ, £, NI-Cg-[S.S]PCP-Cg-Br
W Tldkes = 2.4x101 st LX<, [2.2]PCP LV
[3.3]PCP DOFE TGN FENT &%}iﬂﬂ%bf_fh%ﬁ>
Bohi=, — 7. NI-Cs-[2.2]PCP-C5-Cz (28T
INF o ®OE O X 82x10° st b
NI-C3-[2.2]PCP-C3-Br ™ kcs =6.0x101° s L V) ik
ThdI ey, —BEEEFBIHICLD
NI*-C3-[2.2]PCP-C3-Cz** £ il A3 kcss = 2.2x1010 s1 ¢
Lo TNHIEN RSN, RO —BEREE
BHEhE NI-C5-[3.3]PCP-Cs-Cz TH fkRE 41, £ B
BEEE R E AR & — B R S AR T
HDHZENRENT,

[3.3]PCP &[2.2]PCP D E#ZIZIW\ T, [3.3]PCP
DRI BN S @i e BT BE OB O —>
ThoDHIEEBITR LN, o THuEFFES X
[3.3]PCP @ L[] = 3L F—[F [2.2]PCP LY
0.08 eV i < EHEILICARITH 2 Z & 3 HEsd S,

53 THEE OE W E TN E O SRR 72 K 7
T b Z & DR S HLTZ(Fig. 5).
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Photochemical Characterizations of a dyad of BODIPY and anthrylphenylene

Dept. of Molecular Excitation Chemistry3, Graduate School of Engineering, Osaka Universityb,
Research Laboratory for Quantum Beam Science®

Sooyeon Kima*, Yang Zhou?, Norimitsu Tohnai®, Sachikg, Tojo,® Mamoru Fujitsuka®,
Mikiji Miyata?, Tetsuro Majima@

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, ®n 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 (®n)
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
we indeed observed excimer

preliminary test,

BODIPY-Me
(Pn=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, ®n 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,

32

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 1,4-dioxane. Further

states in

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

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

Minoru Yamaji @, Sachiko TojoP, Mamoru Fujitsuka,C Tetsuro MajimaC™™

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.

TIUANAFTUNGIRLUT, TN EAF
VR D K% mesolysis EE 9, TUh
A F D o FEE DEBEZ W TX 02—
BrRLINMELEEN oo QDDE
THEEE TR T 5 & A RB BT 5729
ZD o FECTRBENEL Z 5, mesolysis O i
BIXT O HNT = OFEMIEKET S, T
HINT =T Ze il D B PEROIREERERE & L Z 2
NT =A BT D2 &7 Rk D%
MRS (T O NT =4 OFMMBPE) DU
ThnThd, BiEIL COMEEaTHHE
BALEW T, %FIL CSEAEHTILEE
LA TIE SN TWA[2], £ iL S-
SHEELOVFTTIFAI AT 4 KX, —FE
TIBITICE D BB T 7T AT ANT Oh
NEFTFALFF L — T =Rt 5
ZEEHRELEBL LrhLEoforz LT
A RO—E A7 fRBEC XV BT 2 F A L
TUMINBLIOFFL— T =F DA
BRIZOWTOFE LWRE TV, AFZETIE S
SHAEEHESOT T 2= LY AT 4 F(XSSX)
D7 == VEORIAICEBRIEZET D
XSSX D Z 2 H )T =7 2 (XSSX*) D mesolysis
WZOWTHIEZ T > T2 W2 ForE &
WFR% Chart 1 127~

s e

X4=X5,=CN (CNSSCN)
Xi= X5 = OMe (OMeSSOMe)

X1 = OMe, X2 = CN
(OMeSSCN)

Chart 1. Diphenyl disulfides (XSSX)
having cyano- and methoxy groups at para-
substituents.

Figure 1 1% 295 K, XSSX ¢ MTHF ¥& i 7 /<
VAT A AT B W TEI S 7z E
I A~Z kLT 5, CNSSCN Tl 450-550 nm
\ZE—7 %" 9 CNS OIS BIH < iz,
DMF #¥FIEE L THWZHATH CNST O
I AL & A7z, kI, OMeSSOMe Tl OMeS®
DWRILAS 520 nm (LI S 4172, DMF % ¥t &
LTHWESA TS OMeS ORI ANBLE & 4
720 —7. OMeSSCN D4, OMeS DI A
B SN2 £, OMeSSCN*IE S-S fiEA
RS D mesolysis 222 L, OMeS* &
p-> 7 ) 7 == )VF AL — FT =4 (CNS)
NERLIZEEZ D, DF D OMeSSCN 21+
& LB S-S MO REE & RN EF%SI
PECN A2 H T2 7 == /VEMD S ITHFEL,
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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.

CNS 234 5% 3 % (Scheme 1),

+ e

MeO—@—S—S—@—CN >

Scheme 1. Mesolysis of OMeSSCN*-.

Z ik, XSSX* > mesolysis (2B T, BEK
SIMED CN ENEHR L7z 7 = = VAl S (2
BN ETHZEEZRLTND,
WIZXSSX DT P H )V H F A2 (XSSX*)
\ZF T 5 mesolysis #, 1,2-v 7>z H
(DCE)F DV AT VF Y AL 0B L
7= (Figure 2), NCSSCN 35 X 0' OMeSSOMe T
13, FAFEI CNS'E L O OMeS* DU A~
MBIl E T, L7223 T, NCSSCN*" ™
mesolysis Tl S-S A BAZ L, CNS & p-
77 2= )vF A L— M F A (CNS) D,
OMeSSOMe** @ mesolysis Tix OMeS* & p- A
F¥v 7 2= LFF L— kB F 4 (MeOS")
WAERRT D Z & D, —77, OMeSSCN**
@ mesolysis Ti&. OMeS* DWUL AT kL3
B s, L7=2-> 7T, 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.

mesolysis Tix OMeSSCN (23 L 7= A —/uid
S-S GG REE & RIRFIZE s 1 CN k2 A7
%7 = =)V O S ITAFAE L, CNSTAMERT
% (Scheme 2),

Scheme 2. Mesolysis of OMeSSCN* ™.
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OMeSSCN" D mesolysisiZ 33\ Tl 22 72 CNSH
AT HDIZKRL, OMeSSOMe* " ™ mesolysis T
IIRLEIRCNS DAL T D,
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Fundamental Property of Organic Electronic Materials Studied by Advanced Microwave Spectroscopy

Graduate School of Engineering, Osaka Unlver51ty
Institute of Chemical Research, Kyoto University®, JST-PRESTO®

Naoki Ishida?, Atsushi Wakamiya®<, Akinori Saeki®*"

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 Fukuic

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 Nishijima2”, 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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13:30~13:40 Opening: Yusa Muroya (ISIR, Osaka Univ.)
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T.Hosokai (Graduate School of Eng. & Photon Pioneers Center, Osaka Univ.)
14:00 ~ 14:20 Laser driven electron-pulse accelerator and its applications
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Chair: Kazuo Kobayashi (ISIR, Osaka Univ.)

15:50 ~ 16:10 Recent progress in time resolved resonance Raman spectroscopy during pulse radiolysis
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Dept. of Molecular Excitation Chemistry
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Jeimtft7eE T 2 KA RAM L (BRKBEE) | £/, 2V AT P4 U A= TR3 OWFZEAEIT> TV D
Jungkweon Choi f# -+ (#[E IBS). Dae Won Cho f#i+ (FEEEBELR) &, FEMO/IILAT VY A~ TR3
RNV AT DAYV ADRIGEE N K D8N B R DHER &, 2017 45 2 A 17 BIZPENREEIC IV TR
L7z,

WFFRSITENG T (EWT) OB OBREITIE V| 3FOBARRED : Ke RA #dz (KB - 1b)

[ RALIE T <= U IED BB ZIEN LT H VX E X A F X 7 A5 ] . Prof. Jungkweon Choi

(IBS, Korea) ” Proton Transfer of Guanine Radical Cation Formed upon One-Electron Oxidation

Studied by Time-resolved Resonance Raman Spectroscopy Combined with Pulse Radiolysis” . Prof.

Dae Won Cho (Korea University, Korea) ” Detection of structural changes upon one—electron
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oxidation and reduction of stilbene derivatives by time-resolved resonance Raman spectroscopy
during pulse radiolysis and theoretical calculations” & . FEWFDND D 4 fEOFEE - B <7 131
AT VFH N AW T < CEIC X 8 LuMEE ) o MR T TDNA DA A Akic & 6725 7 e b
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NDTIHNITFA L OE] | EEFEL (725 NSV RATOFY R EREFREREIT 2T,
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1. Nanoplasmonic Photoluminescence Spectroscopy at Single-Particle Level: Sensing for
Ethanol Oxidation, Z. Zheng and T. Majima, Angew. Chem. Int. Ed. 2016, 55
(8), 2879-2883.

2. Sequence-Dependent  Photocurrent  Generation through  Long-Distance
Excess-Electron Transfer in DNA, S.-H. Lin, M. Fuyjitsuka, and T. Majima, Angew.
Chem. Int. Ed. 2016, 55 (30), 8715-8717.

3. Pt-Au Triangular Nanoprisms with Strong Dipole Plasmon Resonance for Hydrogen
Generation Studied by Single-particle Spectroscopy, Z. Lou, M. Fujitsuka, and T.
Majima, ACS Nano 2016, 10 (6), 6299-6305.

4. Atomic Layer Deposition-Confined Nonstoichiometric TiO2 Nanocrystal with
Tunneling Effect for Solar Driven Hydrogen Evolution, P. Zhang, T. Tachikawa, M.
Fujitsuka, and T. Majima, J. Phys. Chem. Lett. 2016, 7 (7), 1173-1179.

5. Multistep Electron Transfer Systems Including [2.2]- or [3.3]Paracyclophane, M.
Fujitsuka, T. Miyazaki, T. Shinmyozu, and T. Majima, J. Phys. Chem. A 2016, 120 (8),
1184-1189.

6. Excess-Electron Transfer in DNA via Fluctuation-Assisted Hopping, Mechanism,
S.-H. Lin, M. Fujitsuka, and T. Majima, J. Phys. Chem. B 2016, 120 (4), 660-666.

7. Unprecedented Intramolecular Electron Transfer from Excited Perylenediimide
Radical Anion, C. Lu, M. Fujitsuka, S. Ano, A. Sugimoto, and T. Majima, J. Phys. Chem.
C 2016, 120 (23), 12734-12741.

8. 3D-array of Au-TiO:z Yolk-shell as Plasmonic Photocatalyst Boosting Multi-Scattering
with Enhanced Hydrogen Evolution, X. Shi, Z. Lou, P. Zhang, M. Fujitsuka, and T.
Majima, ACS Appl. Mater. Interfaces 2016, 8 (46), 31738-31745.

9. Covalently-attached-ferrocene dyads: synthesis, redox-switched emission, and

observation of the charge-separated state, M. Abe, H. Yamada, T. Okawara, M.
Fujitsuka, T. Majima, and Y. Hisaeda, Inorg. Chem., 2016, 55 (1), 7-9.
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10. Structures of 4-Substituted Thioanisole Radical Cations Studied by Time-resolved
Resonance Raman Spectroscopy during Pulse Radiolysis and Theoretical Calculations,
S. Tojo, M. Fujitsuka, and T. Majima, RSC Adv. 2016, 6, 109334-109339

11. In Situ Topotactic n-Type F-Doping into TiO2 Mesocrystal Superstructures for
Efficient Visible-Light Driven Hydrogen Generation, P. Zhang, T. Tachikawa, M.
Fujitsuka, and T. Majima, ChemSusChem 2016, 9 (6), 617-623.

12. TiOz mesocrystal with nitrogen and fluorine codoping during topochemical
transformation: efficient visible light induced photocatalyst with the effect of codopants,
P. Zhang, M. Fujitsuka, and T. Majima, Appl. Catal. B Environ. 2016, 185, 181-188.

12. Facile preparation of nitrogen and fluorine codoped TiO2 mesocrystal with visible
light photocatalytic activity, O. Elbanna, P. Zhang, M. Fujitsuka, and T. Majima, Appl.
Catal. B Environ. 2016, 192, 80-87.

13. Singlet-Singlet and Singlet-Triplet Annihilations in Structure-Regulated Porphyrin
Polymers, M. Fujitsuka, K. Satyanarayana, T.-Y. Luh, and T. Majima, J. Photochem.
Photobiol. A Chem. 2016, 331, 56-59.

14. Mesolytic processes with benzylic carbon-oxygen bond cleavage in radical anions of
aryl benzyl ethers studied by eletron pulse radiolysis in DMF, M. Yamaji, S. Tojo, M.
Fujitsuka, A. Sugimoto, and T. Majima, Bull. Chem. Soc. Jpn. 2016, 89, 798-803.

15. Black phosphorous sensitized Au/LasTi207 nanostructures for plasmon enhanced
photocatalytic hydrogen production with visible and near-infrared light, M. Zhu, X. Cai,
M. Fujitsuka, J. Zhang, and T. Majima, Angew. Chem. Int. Ed. 2017, 56, 2064.

16. In-situ Observation of Single Au Triangular Nanoprism Etching to Various Shapes
for Plasmonic Photocatalytic Hydrogen Generation, Z. Lou, S. Kim, P. Zhang, X. Shi, M.
Fujitsuka, and T. Majima, ACS Nano 2017, 11 (1), 968-974.

17. Two-Dimensional Au-Nanoprism/rGO/Pt-Nanoframe as Plasmonic Photocatalysts
with Multi-Plasmon-Modes Boosting Hot Electron Transfer and Hydrogen Generation,
Z. Lou, M. Fujitsuka, and T. Majima, J. Phys. Chem. Lett. on the web.
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18. Photo-accelerated Hole Transfer in Oligothiophene Assemblies, C. Lu, M. Fujitsuka,
and T. Majima, J. Phys. Chem. C 2017, 121(1), 649-655.

19. Dual Character of Excited Radical Anions in Aromatic Diimide Bis(Radical Anion)s:
Donor or Acceptor?, C. Lu, M. Fujitsuka, Akira Sugimoto, and T. Majima, J. Phys. Chem.
C on the web.

20. Hot electron driven hydrogen evolution using anisotropic gold nanostructures
assembled monolayer MoSz, P. Zhang, M. Fujitsuka, and T. Majima, Nanoscale 2017, 9,
1520-1526.

21. Graphitic-CsN4 hybridized N-doped LazTi2O7 two-dimensional layered composites
for efficient visible-light-driven photocatalyst, X. Cai, J. Zhang, M. Fujitsuka, and T.
Majima, Appl. Catal. B Environ. 2017, 202, 191-198.

22. One-Step Synthesis of Nonstoichiometric TiO2 with Desired (101) Facets for
Enhancing Photocatalytic Hz2 Evolution, W.-K. Wang, M. Gao, X. Zhang, M. Fujitsuka, T.
Majima, and H.-Q. Yu, Appl. Appl. Catal. B Environ. 2017, on the web.

23. Porous Bimetallic PANi Catalyst with High Electrocatalytic Activity for Ethanol
Electrooxidation, Y. Feng, D. Bin, B. Yan, Y. Du, T. Majima, and W. Zhou, J. Colloid
Interface Sci. 2017, 493, 190-197.
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1. Photoinduced Electron Transfer of Porphyrin Isomers: Impact of Molecular
Structures on Electron Transfer Dynamics, M. Fujitsuka and T. Majima, Chem. Asian J.

(Review, invited) 2015, 10, 2320-2326.

2. Development of tailored TiOsz mesocrystals for solar driven photocatalysis, Peng
Zhang, Mamoru Fujitsuka, and Tetsuro Majima, J. Energy Chem. (Review, invited)
2016, 25, 917-926.

3. Charge Transfer Dynamics in DNA Revealed by Time-Resolved Spectroscopy, M.
Fujitsuka and T. Majima, Chem. Sci. (Perspective, invited) 2016, DOI:

10.1039/C6SC03428D.

4. SR FRIETRAETH—EHEBE DO RTALDOT-ODE 7 1—7 Si-DMA OBi%, 4K
. BRZESE, BB N—Yr=a2—2Z 2016, 159, 1-7.
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1. Dual Electron Transfer Pathways From the Excited Ceo Radical Anion: Enhanced
Reactivities Due To Photoexcitation of Reaction Intermediates (Invited), M. Fujitsuka
and T. Majima, 12th Korea-Japan Symposium on Frontier Photoscience —2016, April 4-8,
Osaka, Japan (2016).

2. Single-Molecule and Single-Particle Imaging of TiO2 Photocatalytic Reactions
(Invited), T. Majima, International Symposium on Nanostructured Photocatalysts and

Catalysts, April 9-10, Osaka, Japan (2016).

3. Single-Molecule, Single-Particle Chemistry of Nanocatalysis for Light Energy
Conversion (Plenary), T. Majima, Satellite symposium of 16th ICC “International
Symposium on Activation and Selective Conversion of Energy-Related Molecules”, July

10-12, Xiamen, China (2016).

4. Photoinduced charge transfer in nanomaterials (Invited), T. Majima, Electron Donor
Acceptor Interactions, Gordon Research Conference on Electron Donor and Acceptor

Interaction, August 7-12, Newport, Rhode Island, USA (2016).

5. Single-Molecule, Single-Particle Chemistry of Nanocatalysis for Light Energy
Conversion (Plenary), T. Majima, The 70th anniversary of KCS and the 40th
anniversary of KRICT, October 12, Busan, Korea (2016).

6. TiO2 Mesocrystals for Efficient Photocatalyst (Invited), T. Majima, Materials
Challenges in Alternative and Renewable Energy- MCARE-2017, February 20-24, Jeju,
Korea (2017).
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2. Studied on Photochemical Processes of Complex Molecular Systems by Fast Laser

spectroscopy (32 B iif) . BREESF. 55 19 [A] 2016 A6 b P atime.9 A 17 B, B (2016)
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Theoretical study of fabrication of line-and-space patterns with 7 nm quarter-pitch using electron

beam lithography with chemically amplified resist process: IV. Validation of simulation model

Takahiro Kozawa,
Japanese Journal of Applied Physics, Vol. 55, 056503, 2016

Analysis of stochastic effects in chemically amplified poly(4-hydroxystyrene-co-t-butyl
methacrylate) resist

Takahiro Kozawa, Julius Joseph Santillan, Toshiro Itani

Japanese Journal of Applied Physics, Vol. 55, 076501, 2016

Analysis of line-and-space resist patterns with sub-20 nm half-pitch fabricated using high NA
exposure tool of extreme ultraviolet lithography

Takahiro Kozawa, Julius Joseph Santillan, Toshiro Itani

Japanese Journal of Applied Physics, Vol. 55, 096501, 2016

Theoretical study of fabrication of line-and-space patterns with 7 nm quarter-pitch using electron
beam lithography with chemically amplified resist process: V. Optimum beam size

Takahiro Kozawa

Japanese Journal of Applied Physics, Vol. 55, 106502, 2016

Theoretical study of relationships among resolution, line width roughness, and sensitivity of
chemically amplified extreme ultraviolet resists with photodecomposable quenchers

Takahiro Kozawa, Julius Joseph Santillan, Toshiro Itani

Japanese Journal of Applied Physics, Vol. 55, 116501, 2016

Relationship between sensitizer concentration and resist performance of chemically amplified
extreme ultraviolet resists in sub-10 nm half-pitch resolution region

Takahiro Kozawa, Julius Joseph Santillan, Toshiro Itani
Japanese Journal of Applied Physics, Vol. 56, 016501, 2016

Theoretical study on effects of photodecomposable quenchers in line-and-space pattern fabrication
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with 7 nm quarter-pitch using chemically amplified electron beam resist process
Takahiro Kozawa
Japanese Journal of Applied Physics, Vol. 56, RP160597, 2017

Requirement for Suppression of Line Width Roughness in Fabrication of Line-and-Space Patterns
with 7 nm Quarter-Pitch Using Electron Beam Lithography with Chemically Amplified Resist
Process,

Takahiro Kozawa

Journal of photopolymer science and technology, Vol. 29, 6, 809-816, 2016

Chemically Amplified Molecular Resists based on Noria Derivatives Containing Adamantyl Ester
Groups for Electron Beam Lithography
H. Yamamoto, S. Tagawa, H. Kudo, K. Okamoto, and T. Kozawa

J. Vac. Sci. Technol. B 34 (2016) 041606/1-041606/5.

Controlled Array of Gold Nanoparticles by Combination of Nano Imprint and Self-assembly
H. Yamamoto, A. Ohnuma, B. Ohtani, and T. Kozawa,
J. Photopolym. Sci. Technol. 29 (2016) 765

Synthesis of Metal Nanoparticles and Patterning in Polymeric Films Induced by Electron
Nanobeam
H. Yamamoto, T. Kozawa, S. Tagawa, M. Naito, J.-L. Marignier, M. Mostafavi,
and J. Belloni
J. Phys. Chem. C (2017) in press

Structural Control of Hybrid Colloidal Particle Surface by Plasma-etching Treatment
A. Ohnuma, H. Yamamoto, T. Kozawa, and B. Ohtani
Chem. Lett. 45 (2016) 45, 979-981

Oblique pattern etching with a CIF3—Ar neutral cluster beam
T. Seki, H. Yamamoto, T. Kozawa, T. Shojo, K. Koike, T. Aoki, and J. Matsuo,
J. J. Appl. Phys. (2017) in press.

Synthesis and Resist Properties of Calixarene Polymers with Pendant Haloalkyl Groups

H. Kudo, H. Ogawa, H. Yamamoto, and T. Kozawa
J. Photopolym. Sci. Technol. 29 (2016) 495-500.
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Dynamics of radical cations of PHS in the presence and absence of triphenylsulfonium triflate as
determined by pulse radiolysis of its highly concentrated solution
K. Okamoto, T. Ishida, H. Yamamoto, T. Kozawa, R. Fujiyoshi, and K. Umegaki
Chem. Phys. Lett. (2016), 657, 44-48.

Sensitivity enhancement of chemically amplified EUV resist by adding acid generation promoters
S. Fujii, K. Okamoto, H. Yamamoto, T. Kozawa?, and T. Itani
J. J. Appl. Phys. (2017) in press.

Formation of Au nanoparticle arrays on hydrogel 2-D patterns based on poly(vinylpyrrolidone)
S. Tsukuda, K. Okamoto, H. Yamamoto, T. Kozawa, and T. Omata
J. J. Appl. Phys. (2017) in press.

Optical trapping of nanoparticles on a silicon subwavelength grating and their detectin by an
ellipsometric technique.
N. Taki, Y. Mizutani, T. lwata, T. Kojima, H. Yamamoto, T. Kozawa| International Journal of
Optomechatronics 10 (2016) 24-31.

Ab initio spur size calculation in liquid water at room temperature
Yusa Muroya, Asokendu Mozumder
Chemical Physics Letters, 657, 102-106, 2016

"Local density augmentation of supercritical water probed by 4,40-bpyH

radical: A pulse radiolysis study"
Zhe Liu, Zhong Fang, Yusa Muroya, Haiying Fu, Yu Yan, Yosuke Katsumura, Mingzhang
Lin
Chemical Physics Letters, 657, 78-82, 2016

Redox-Dependent Dynamics in Heme-Bound Bacterial Iron Response Regulator (Irr) Protein
Kazuo Kobayashi, Megumi Nakagaki, Haruto Ishikawa, Kazuhiro Iwai, Mark R. O’Brian,
and Koichiro Ishimori
Biochemistry, 55, 29, 4047-4054, 2016

Rational Tuning of Superoxide Sensitivity in SoxR, the [2Fe-2S] Transcription Factor: Implications

of Species-Specific Lysine Residues
Mayu Fujikawa, Kazuo Kobayashi, Yuko Tsutsui, Takahiro Tanaka, Takahiro Kozawa
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Biochemistry, 56, 2, 403-410, 2017
OVERVIEW OF THE PHYSIOLOGICAL REACTIONS OF THE
MONODEHYDROASCORBATE RADICAL.
Kazuo Kobayashi
Ascorbic Acid: Properties, Synthesis and Applications Editors: Emma Parsons, Nova Science
Publishers 1-28
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Femtosecond Pulse Radiolysis, T. Kondoh, J. Yang, K. Kan, M. Gohdo, H. Shibata, Y. Yoshida, Electron.
Comm. Jpn. 99, No. 7, 25-31 (2016).

Generation of Terahertz Waves Using Ultrashort Electron Beams from a Photocathode Radio-Frequency Gun
Linac, K. Kan, J. Yang, A. Ogata, T. Kondoh, M. Gohdo, H. Shibata, Y. Yoshida, Electron. Comm. Jpn. 99, No.
1,22-31 (2016).

Radiolytic yields of solvated electrons in ionic liquid and its solvation dynamics at low temperature, R. M.
Musat, T. Kondoh, M. Gohdo, Y. Yoshida, K. Takahashi, Radiat. Phys. Chem. 124, 14-18 (2016).
Examination of the formation process of pre-solvated and solvated electron in n-alcohol using femtosecond
pulse radiolysis, T. Toigawa, M. Gohdo, K. Norizawa, T. Kondoh, K. Kan, J. Yang, Y. Yoshida, Radiat. Phys.
Chem. 123, 73-78 (2016).
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M. Wakasa, T. Yago, A. Hamasaki, M. Gohdo, “Reactions in the magnetics field” in Encyclopedia of physical
organic chemistry, April 2017, ISBN: 978-1-118-47045-9, Wiley.
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1.

Study of Primary Process of Radiation Chemistry by Femtosecond Pulse Radiolysis, Y. Yoshida, Asia Pacific
Symposium on Radiation Chemistry (APSRC-2016) & Trombay Symposium on Radiation &
Photochemistry (TSRP-2016), Jan. 5-9 Mumbai, India (2016). Invited talk.

Ultrafast Electron Attachment with Biphenyl in n-Dodecane Studied by Femtosecond Pulse Radiolysis (IT-
46), T. Kondoh, S. Nishii, M. Gohdo, K. Kan, J. Yang, S. Tagawa, Y. Yoshida, Asia Pacific Symposium on
Radiation Chemistry (APSRC-2016) & Trombay Symposium on Radiation & Photochemistry (TSRP-2016),
Jan. 5-9 Mumbai, India (2016). Invited talk.

Time-domain Measurement of Electric Field Emitted from Electron Beam Using Photoconductive Antenna,
K. Kan, J. Yang, T. Kondoh, M. Gohdo, I. Nozawa, Y. Yoshida, EMN Meeting on Terahertz 2016, May 14-
18, San Sebastian, Spain (2016). Invited talk.

A Relativistic-energy Femtosecond-pulse Electron Microscopy, Jinfeng Yang, Yoichi Yoshida, Katsumi
Tnimura, 11% Asia-Pascific Microscopy Conference, Phuket, Thailand, May 23-27, (2017) , Invited talk.
Single-shot electron diffraction using relativistic-energy electron pulse, Ryo Asakawa, Jinfeng Yang, 111
Asia-Pascific Microscopy Conference, Phuket, Thailand, May 23-27, (2017)

Beam Parameter Measurement after Relocation of S-Band Linear Accelerator, I. Nozawa, M. Gohdo, K.
Kan, T. Kondoh, J. Yang, Y. Yoshida, 7th International Particle Accelerator Conference (IPAC2016), Busan,
Korea, May8-13, (2016)

Frequency and Time Domain Measurement of Coherent Transition Radiation, K. Kan, M. Gohdo, T. Kondoh,
I. Nozawa, J. Yang, Y. Yoshida, 7th International Particle Accelerator Conference (IPAC2016), Busan, Korea,
May8-13, (2016)

Ultrafast Electron Microscopy using 100 Femtosecond Relativistic-Energy Electron Beam, Jinfeng Yang, 7%
International Particle Accelerator Conference, Busan, Korea, May8-13, (2016)

Bunch Length Measurement Based on Interferometric Technique by Observing Coherent Transition
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13.
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15.
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18.

19.

20.
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22.

23.

24,

25.

Radiation, Itta Nozawa, M. Gohdo, K. Kan, T. Kondoh, J. Yang, Y. Yoshida, International Beam
Instrumentation Conference (IBIC2016), , Barcelona, Spain, Sep.11-15,(2016)

Measurement of Femtosecond Electron Beam Based on Frequency and Time Domain Schemes, K. Kan, M.
Gohdo, T. Kondoh, I. Nozawa, J. Yang, Y. Yoshida, International Beam Instrumentation Conference
(IBIC2016), Barcelona, Spain, Sep.11-15,(2016)

Characterization of THz Pulse Emitted from Femtosecond Electron Bunch Using Photoconductive Antenna
and Interferometer, K. Kan, J. Yang, M. Gohdo, T. Kondoh, I. Nozawa, Y. Yoshida, IRMMW-THz 2016,
Copenhagen, Denmark, Sep. 25-30 (2016)

Measurement of Coherent Transition Radiation Using Interferometer and Photoconductive Antenna, K. Kan,
J. Yang, M. Gohdo, T. Kondoh, I. Nozawa, Y. Yoshida, NAPAC2016, Chicago, Oct. 9-14 (2016)

Pulse radiolysis study of polystyrene dimer phenyl cation radical in THF, Masao Gohdo, Takafumi Kondoh,
Koichi Kan, Jinfeng Yang, Seiichi Tagawa, Yoichi Yoshida, International Conference on Ilonizing
Processes(ICIP2016), Oct.10-14, Brookhaven National Laboratory, Upton, New York(2016)

Geminated ion recombination and charge transfer reaction in alkanes studied by femtosecond pulse
radiolysis, Takafumi Kondoh, Takuya Nishida, Masao Gohdo, Koichi Kan, Jinfeng Yang, Seiichi Tagawa,
Yoichi Yoshida, International Conference on Ionizing Processes(ICIP2016), Oct.10-14, Brookhaven
National Laboratory, Upton, New York(2016)

Femtosecond pulse radiolysis of polar liquids, Tomohiro Toigawa, Masao Gohdo, Takafumi Kondoh, Yoichi
Yoshida, International Conference on Ionizing Processes(ICIP2016), Oct.10-14, Brookhaven National
Laboratory, Upton, New York(2016)

Radiolytic Yield of Solvated Electron in Ionic Liquid and its Solvation Dynamics at Low Temperature,
Raluca Musat, Takafumi Kondoh, Masao Gohdo, Yoichi Yoshida, Kenji Takahashi, International Conference
on Ionizing Processes(ICIP2016), Oct.10-14, Brookhaven National Laboratory, Upton, New York(2016)
Femtosecond Pulse Radiolysis Study on Decomposition Processes of Alkanes, Y. Yoshida, S. Nishii, T.
Kondoh, M. Gohdo, K. Kan, J. Yang, RadTech Asia2016, Oct. 24-27,Tokyo,(2016)

Pulse Radiolysis Study of Reaction Kinetics on Radiation Induced Reaction of Polystyrene, M. Gohdo, T.
Kondoh, K. Kan, J. Yang, S. Tgawa, Y. Yoshida, RadTech Asia2016, Oct. 24-27,Tokyo,(2016)

Radiation Induced Chemical Reactions in a Model Compound of Polymer-Resist, T. Kondoh, M. Gohdo, K.
Kan, J. Yang, Y. Yoshida, RadTech Asia2016, Oct. 24-27,Tokyo,(2016)

Photocathode RF gun based ultrafast electron diffraction and imaging, Jinfeng Yang, The 8" Asian Forum
for Accelerator and Detectors(AFAD2017), Lanzhou, Gansu, China, Jan.16-18, (2017), Invited talk.
Ultrafast Electron Microscopy using a relativistic-energy femtosecond electron beam, Jinfeng Yang, Optics
& Photonics International Congress 2016, Pacifico Yokohama, Japan, May 17-20, (2016) , Invited talk.
Ultrafast dynamics of electron solvation in radiation chemistry, Yoichi Yoshida, 18" International Meeting
on Radiation Processing (IMRP2016), Vancouver, Canada, Nov.7-11, (2016).

Fabrication and Application of Photoconductive Antenna for Electron Beam Measurement, K. Kan, J. Yang,
T. Kondoh, M. Gohdo, I. Nozawa, Y. Yoshida,The 20" SANKEN International Symposium, Osaka, Dec.12-
13, (2016)

Ultra-Fast Electron Attachment and Picosecond Absorption Spectra of Biphenyl-Dodecane Solution,
Takafumi Kondoh, Takuya Nishida, Masao Gohdo, Kimihiro Norizawa, Koichi Kan, Jinfeng Yang, Seiichi
Tagawa, Yoichi Yoshida,The 20" SANKEN International Symposium, Osaka, Dec.12-13, (2016)
Generation of Ultra-short Electron Beam and its Future Application, I. Nozawa, K. Kan, J. Yang, T. Kondoh,
M. Gohdo, Y. Yoshida, The 20" SANKEN International Symposium, Osaka, Dec.12-13, (2016)
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[ZE%. FieFHE]
1. WEHRE, B hPa7=n—H, BREFHFEEOFS, FILKT (iH. 3 H 28 H(2016)
2. B — K. Poster Award for Young Scientist, The 20th SANKEN International Symposium, Osaka,
Dec.12-13, (2016)
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