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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 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 thloanlsole used in this study.
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Fig. 2. ns-TR3 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).
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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. 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).

Table 1 The Merz-Singh-Kollman charge for ArSCHs** by the DFT
calculation at the UB3LYP/6-311+G(d,p) level.

Atom MTPM*™  MTPA™ MTT** MTB** MTA™
Ci 0.068 0.105 0.123 0.144 0.067
Cz 0.132 0.121 0.105 0.069 0.068
Cs -0.130 -0.069 -0.086 0.050 -0.079
Ca 0.402 0.344 0.455 0.208 0.627
Cs -0.039 -0.001 -0.046 0.037 -0.179
Ce 0.117 0.063 0.070 0.017 0.179
S 0.143 0.163 0.144 0.165 0.115

Table 2 Mulliken atomic spin density for ArSCHz** by the DFT
calculation at the UB3LYP/6-311+G(d,p) level.

Atom MTPM** MTPA®* MTT** MTB** MTA**
Ci 0.177 0.168 0.170 0.135 0.214
Cz 0.020 0.132 0.136 0.075 0.011
Cs -0.093 -0.033 -0.035 -0.104 -0.006
Cs 0.302 0.289 0.311 0.309 0.178
Cs -0.038 -0.097 -0.090 -0.049 0.042
Cs 0.156 0.042 0.0407 0.145 0.050
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Scheme 1 Dimerization of thioanisole radical cations
with semi-quinoidal and quinoidal structures.
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Fig. 4. ns-TR3 spectrum observed at 500 ns after an 8-ns
electron pulse during the pulse radiolysis of MTA (1 mM) in
N20-saturated aqueous solution containing NaBr (100 mM).
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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).

Table 1 The Merz-Singh-Kollman charge for ArSCHs** by the DFT
calculation at the UB3LYP/6-311+G(d,p) level.

Atom MTPM*™  MTPA™ MTT** MTB** MTA™
Ci 0.068 0.105 0.123 0.144 0.067
Cz 0.132 0.121 0.105 0.069 0.068
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S 0.143 0.163 0.144 0.165 0.115
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Scheme 1 Dimerization of thioanisole radical cations
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Study on Sensitivity Improvement of the Soft X-ray Resist with Pulse Radiolysis

Research Institute for Science and Engineering, Waseda University?, Dept. of Nano Ultimate Fabrication?

Yuji Hosaka?, Yutaro Saito?, Masakazu Washioa*, Takafumi Kondohb, Yoichi YoshidaP

The radiation-induced early reactions of ZEP520A has been investigated with pulse radiolysis system in ISIR.

In our previous work, the direct ionization of ZEP520A in tetrahydrofuran was confirmed. Following these

results, early reactions in ZEP520A and highly concentrated poly (a-allyloxymethyl methyl acrylate) solution in

tetrahydrofuran were investigated with pulse radiolysis in the present study. The transient absorption band of

phenyl radical cation derived from direct ionization was observed in the solution.
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Figure 2 Transient absorption spectra in 0.25 M
ZEP520A and 1.0 M AMA solution in THF

—J5 T ZEP DO IR B > T D B E TR
PR Ch L7 2= VLI FRM O CT S5ARITIMHER T
Elpote, 7= VT HINATF AL DA
BEHL, F72, HHRm 1 ZEP Off#EE 71+
WCEVIEFEAT B ARSI TSI, CT RN
ERRENAEMEITES TWDIT T TH D, TD7=,
7= VRS T ARG ChORY AT L
W TRRGIE SRR Z1T 572, Figure 3 122702
HNZ202 M ARVAF LU 2 RS 723 0BHT THF
2k 2 TR EECIINL 7B D 500 nm i IX

RV R T D,
—0.0 M THF
—0.1 M THF
05 : : —0.2 M THF
—0.5M THF
041l —1.0 M THF
- —2.0 M THF
2 03}
=
-]
2 02f
a2 01t _
Q
0 -lllllh-J
_0'1 1 1 1 1
-100 0 100 200 300 400
Time (ns)

Figure 3 Kinetic behavior of transient absorption in
0.2 M polystyrene solutions in dichloromethane
adding THF at 500 nm
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Ultrafast electron attachment and picosecond transient spectra in biphenyl-dodecane solution

Dept. of Advanced Nanofabrication?, Nanotechnology Open Facilities?,

Takafumi Kondoh?™, Takuya Nishida?, Masao Gohdo?, Kimihiro NorizawaP,

Koichi Kan, Jinfeng Yang?, Seiichi Tagawa@, Yoichi Yoshida®

Time profiles and biphenyl concentration dependence of the taransient absorptin of electrons and

biphenyl radicals anion in biphenyl-dodecane solution were measured with the femtosecond pulse

radiolysis. As a result, It was found that the thermalized electrons in dodecane attached to biphenyl very

quickly and produced a biphenyl radical anions. Picosecond time-resolved spectra in biphenyl-dodecane

solution were obtained by measuring the transient absorption around 400nm. As a result, spectral change of

biphenyl radical anion was observed from 10 ps to 20 ps. This suggests that the biphenyl radical anions

generated by ultrafast electron attachment is in another state, such as slightly different structure.
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Fig.1 Picosecond transient absorption of 100mM
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Study of the material modification and the invention of new functional materials using an accelerator

Dept. of Advanced Nanofabricationd , Daikin Industries Joint Research Laboratoryb,

Takafumi Kondoh?™, Akihiro Oshima@P, Yoichi Yoshida®™™, Kazuyuki SatoP , Kenji Adachib

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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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.
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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 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
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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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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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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.
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Fig. 2. Absorbance changes at 625 nm after pulse
radiolysis of QCs in H20 or D20
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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.
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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 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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02" with the Reduced Forms of Wild Type and
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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
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WT 0.4 +£0.03
A87K 21+04
A90K 54+0.6
L125RQ126SA127D 0.4+0.05
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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. 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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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

Dept. of Molecular Excitation Chemistry?, Graduate School of Engineering, Osaka Universityb,
Research Laboratory for Quantum Beam ScienceC

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, ®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

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.
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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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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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Effect of intense THz wave irradiation on enzyme reaction

Dept. of Environmental Science and Technology, Graduate School of Agriculture, Kyoto University@

Yuichi Ogawa?", Keiji Konagaya?, Keiichiro Shiraga2

The effect of intense THz wave irradiation on enzymatic reaction was investigated. We used protease of trypsin
as a fundamental model of biological reaction. During irradiation, peptides concentration was significantly
increased (P< 0.05) as irradiation time increased, but its slope against reciprocal of temperature exhibited the
same tendency with conventional heating by thermal conduction. Therefore THz specific effect was not observed
in this case of the reaction. THz radiation also formed localized temperature distributions both in water and agar
gel and heat conduction model without thermal convection explained its distribution.
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Study on Radiation Chemistry in Material for Ultrafine Fabrication

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

Akihiro Konda, Hiroki Yamamoto, and Takahiro Kozawa

Ionizing radiations such as extreme ultraviolet (EUV) and electron beam (EB) are the most promising exposure
source for next-generation lithographic technology. In the realization of high resolution lithography, it is
necessary for resist materials to improve the trade-off relationship among sensitivity, resolution, and line width
roughness (LWR). In order to overcome them, it is essential to understand basic chemistry of resist matrices in
resist processes. In particular, the dissolution process of resist materials is a key process. In this study, main
chain scission and dissolution behavior of poly(methyl methacrylate) (PMMA) as main chain scission type resist
was investigated using quartz crystal microbalance (QCM) method and gel permeation chromatography (GPC)
in order to understand the relationship between the degree of PMMA degradation and dissolution behavior. The
relationship between the molecular weight after irradiation and the swelling behavior was clarified.
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Figure 1 GPC chromatograms of PMMA
(Mw=120000) before and after y-ray
irradiation.
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Figure 2 Relation between G-value and
absorbed dose (kGy) in three kinds of PMMA.
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Measurement of Solvated Electrons in Tetrahydrofuran and Fluorinated Polymer Using Sub-picosecond Pulse
Radiolysis System

Dept. of Beam Materials Science, The Institute of Scientific and Industrial Research, O%aka University?,
Faculty/ Graduate School/ School of Engineering, Hokkaido University

Hiroki Yamamoto?, Kazumasa Okamotob, Naoya Nomurab, Kikuo Umegakib, Takahiro Kozawa@

Quantum beam nanolithography such as extreme ultraviolet (EUV) and electron beam (EB) lithography is
expected as next generation lithography (NGL) technology. In order to develop resist materials, it is very
important to understand the interaction between quantum beam and materials. We has already reported a
sub-picosecond pulse radiolysis system was improved by introducing a TOPAS Prime automated optical
parametric amplifier (OPA). We succeeded in the observation of solvated electron in tetrahydrofuran and

dissociaative electron attachment in 1300 nm.
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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 installed at ns pulse radiolysis system. By using the system associated with a spur diffusion kinetic

model simulation, important reactions which produce molecular hydrogen were investigated at HTHP condition.
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Fig. 1. Dose dependent time behaviors of e7q in
pure H>O at 250 °C, 25 MPa, probed at 740 nm.
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Fig. 2. Arrhenius plot of K(eaq + €34g). Symbols
and lines represent the evaluated values in this
work and the reported one, respectively.
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Fig. 3. Time dependent G-value of I,” at 310 °C,
25 MPa. Solid and dashed lines represent
experimental and simulation results, respectively.
Note that the simulation results were obtained
with 6 different rate constants of R2 as illustrated
in the figure.
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