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Conformational Dynamics of Diflavin Reductase Revealed by Pulse Radiolysis

Kazuo Kobayashi

FUIREERAWE=ISECROEFBE2FIHT S
ZiL DRt

The Institute of Scientific and Industrial Research, Osaka University

Interflavin electron transfer processes from FAD to FMN in the reductase domain of cytochrome P450 reductase

have been investigated by pulse radiolysis. This enzyme contains one FAD and FMN. Radiolytically generate

hydrated electron (e,q’) was found to react predominantly with FMN to form the semiquine of FMN. However,

the reduction efficiency is much lower than that of FMN of the isolated FMN domain. This raises the possibility

that two conformations exist as a mixture of crystal structure and more extended structure. The reducibility of

e,q of flavins of CRP was affected by mutations taking place at an interdomain loop. Deletion of a 4 amino acid
segment (T236-G237-E238-E239) results in increase of the reducibility of e,,. This is consistent with the

proposal that the hinge deletion mutant adopts open conformation.
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Development of Terahertz radiation source based on the far-infrared FEL

Dept.of Accelerator Science

Ryukou Kato", Akinori Irizawa, Keigo Kawase, Naoya Sugimoto, Yoshikazu Terasawa,
Jie Shen, Sho Hirata, Masaki Fujimoto, Shoji Suemine, Goro Isoyama

An absolute optical cavity length of the Terahertz FEL at the Institute of Scientific and Industrial Research,

Osaka University, was measured with a mode-locked Ti:Sapphire laser synchronized with the beam repetition

frequency of the linac. This technique has accuracy of a few microns over the cavity length of 5.5 meters. The

peak power detuning properties of the FEL are in good agreement with the results of an analytical study.
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Evaluation of Wake Field and Bunch Structure using OTR

Dept. of Accelerator Science

Ryukou Kato®, Keigo Kawase, Akinori Irizawa, Naoya Sugimoto, Yoshikazu Terasawa,
Jie Shen, Sho Hirata, Masaki Fujimoto, Shoji Suemine, Goro Isoyama

In order to measure the longitudinal phase-space profile and transverse slice emittances of the electron

beam, we are developing a compact measurement system that consists of a Cherenkov radiator and a streak

camera. New Cherenkov radiator system with the aerogel has been installed on the downstream side of the

quadrupole magnets in the beam transport.
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Figure 1. Schematic layout of the time-resolved
transverse phase-space (slice emittances) measurement
system. New Cherenkov radiator system has been
installed on the downstream of the Q-magnets in the
beam transport line.
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Figure 2: Design of the Cherenkov radiator system.
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Figure 3: Screen folder mounted with two aerogel
Cherenkov radiators. The radiators are tilted at 55.8
degrees.
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Generation of the highly bright electron-beam and measurement of its characteristics

Dept. of Accelerator Science?, Research Center for Electron Photon Science, Tohoku University b

Naoya Sugimoto®”, Ryukou Kato? Keigo Kawase? Akinori Irizawa?,
Shigeru KashiwagiP, Akira Tokuchi@ Shoji Suemine® Goro |soyama@

We are developing an e ectron gun system using a high-repetition-rate grid pulser to generate a multi-bunch beam of an 8
us duration with 0.5 nC charge per bunch and 37 ns intervals between bunches for a free electron laser. A grid
pulser using a high speed and a high voltage FEL satisfying the requirements was fabricated and test experiments

to generate such a multi-bunch beam were conducted to evaluate the performance of the gun system. The multi-bunch beam

with 37 ns bunch interval s was successfully generated.
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Femtosecond Pulse Radiolysis Study of Hydrated Electron

Dept. of Advanced Nanofabrication, ISIR, Osaka Univ.

Kimihiro Norizawa, Tomohiro Toigawa, Koichi Kan, Takafumi Kondoh, Jinfeng Yang,
Takahiro Kozawa, Yoichi Yoshida

Femtosecond pulse radiolysis study was carried out to clarify the primary process of pre-solvated and solvated
electron in water. The diffusion process of pre-solvated and solvated electron was obtained with Monte Carlo
simulation considering the geminate recombination process in electron scavenger solution. The reaction velocity
constant of pre-solvated electron with electron scavenger (~10" M™s™) was quite higher than that of solvated
electron (~10° Ms™). It is considered that the rate-determining step of pre-solvated electron is due to the
diffusion process and that of solvated electron is due to the potential gap of the activation energy.
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Radical Cation of Multilayered Cyclophanes
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In the present study, delocalization of a positive charge in n-stacked multi-benzene rings in multi-layered para-
and meta-cyclophanes, in which benzene rings are connected by propyl chainsto form a chromophore array with
the face-to-face structure, was investigated by means of transient absorption spectroscopy during the pulse
radiolysis using dichloroethane as a solvent. The local excitation and charge resonance (CR) bands were
successfully observed. It was revealed that the CR band shifted to the longer wavel ength side with the number of
the benzenerings. The stabilization energy estimated from the peak position of the CR band showed the efficient
charge delocalization over the cyclophanes. Furthermore, the CR bands showed the dight spectral change
attributabl e to the change in digtribution of the conformers. The substantially long lifetime of the CR band can be
explained on the basis of the smaller charge distribution on the outer layers of the multi-layered cyclophanes.
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The cyclophanes comprised of two 2,1,3-benzothiadiazole (BTD) rings, anti- and syn-[2.2](4,7)benzothiadiazolophanes

(anti-1 and syn-1), were prepared for the first time. The differences of the physical properties in the overlapping mode of the

n-systems are clearly observed, and syn-1 shows much more significant transannular w-electronic interactions than anti-1

especially in the redox properties and the stability of the radical anion species.
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Trapping Sites of Excess Electron in DNA

The Institute of Scientific and Industrial Research, Osaka University

Kazuo Kobayashi

In early early stage of radiation-induced DNA damage, high-energy radiation ionizes nucleic acid bases, generating positive

hole and electrons within DNA strand. Identification of the DNA sites that trap holes and electrons is essential to

understanding the process of DNA damage caused directly by ionizing radiation. The higher reactivity toward oxidation is

attributed to the formation of delocalized hole traps. Similar delocalized electron trap sites has been proposed theoretically. In

the present work, we present spectral intermediates of a systematic series of electron adducts of oligonucleotides.
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Formation of Aromatic Radical Cations in Nafion Membranes by Pulse Radiolysis
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Sachiko Tojo?", Yoshihide Honda?, Yoko AkiyamaP, Shigehiro Nishijimab

We have investigated the one-electron oxidation reactions of aromatic compounds (S) in Nafion membranes using

the pulse radiolysis technique under room temperature. Nafion samples were doped with S in the membrane. The

one-electron oxidation reaction of S was clearly observed in Nafion membranes. Radical cations of S (S**) was

observed with the time resolution of 10 ns and has a long lifetime in Nafion membranes. For hydrophobic

aromatic sulfides, the formation of hydroxyl radical adduct and dimer radical cation of S (S,°"), which is

generated between S** and neutral S were observed. This suggests that hydrophobic S is localized inside of the

water-SO;- ionic clusters in the carbon-fluorinated part of the membranes, mostly.
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Figure 1. UV absorption spectra observed for MTPM
doped Nafion-117. In doped (a) H,O, (b)H,O:CH;CN
(9:1), (c)H,O:CH;CN (9.5:0.5), (d)MeOH, and (e)
MTPM in H,O.
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Figure 2. Transient absorption spectra obtained at 50,
and 20000 ns after an electron pulse MTPM in H,O
doped Nafion-117.
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Figure 3. Transient absorption spectra obtained at 50,
and 20000 ns after an electron pulse MTPM in MeOH
doped Nafion-117.
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Femtosecond photocathode RF gun and femtosecond electron bunch measurement

Dept. of Advanced Nanofabrication

Koichi Kan™, Jinfeng Yang, Takafumi Kondoh, Kimihiro Norizawa, Atsushi Ogata, Yoichi Yoshida

In ISIR, pulse radiolysis with high time resolution has been developed. In order to improve the time resolution
from femtosecond to attosecond, magnetic bunch compression involving a femtosecond electron bunch is
essential. The development of femtosecond photocathode RF gun was carried out and a femtosecond electron
bunch was generated. Monochromatic THz radiation based on Coherent Cherenkov Radiation (CCR) was
studied. In the experiment, picosecond electron bunch produced by a photocathode RF gun linac was used.
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Femtosecond pulse radiolysis

Dept. of Advanced Nanofabrication

J. Yang, T. Kondoh, K. Kan, K. Norizawa, T. Kozawa, A. Ogata, Y. Yoshida

Ultrafast pulse radiolysis with femtosecond time resolution has been successfully developed using a
femtosecond electron beam and a time-synchronized femtosecond laser in Osaka University. This development
initiated the experimental study of pulse radiolysis in the femtosecond time region. In this meeting, we will
report the development of femtosecond pulse radiolysis using the analyzing light from 400 nm to 2um. The
primary processes in radiation chemistry, i.e. formation or reaction Kinetics of solvated electrons in polar liquids
and geminate ion recombination in non-polar liquids, were discussed.
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Fig. 1 Femtosecond pulse radiolysis system using the
analyzing light from 400 nm to 2um.
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Fig. 2 Transient absorption signals in 1-mm-thick

water monitored at 800 nm and rise time of the

absorption signals as a function of the linac phase.
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Femtosecond pulse radiolysis study of geminate ion recombination in biphenyl-dodecane solution

Dept. of Advanced Nanofabrication2

T. Kondoh, J. Yang, K. Norizawa, K. Kan, T. Kozawa, A. Ogata, Y. Yoshida

The kinetics of geminate ion recombination was studied by the femtosecond pulse radiolysis of
n-dodecane with biphenyl solution. The complicated biphenyl concentration-dependence behaviours
of the transient absorptions at 800nm are observed and elucidated with a Monte Carlo simulation of
geminate recombination and charge transfer processes in the dodecane-biphenyl solution. The
experimental data suggested the existence of n-dodecane excited radical cation in the radiolysis. It
plays very important roles especially in the high-concentration solution. The reaction rate constant of
the excited radical cation with biphenyl molecule was 3.5x10™ dm>mol™s™, which is comparable with
the reaction rate constant of the electron with biphenyl molecule. The contributions of the geminate
ion recombination, the charge transfer reaction and the relaxation of the excited radical cation were

obtained as a function of the biphenyl concentration.
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Investigation of polymer electrolyte membrane with positroton annihilation spectroscopy

Research Laboratory for Quantum Beam Science?, Graduate School of Engineering, Div. of Sustainable Energy
and Environmental Engineeringb

Ryoma Uegakib, Yoshihide Honda?™, Sachiko Tojo?, Yoshikazu. Aoyagi®P, Yoko AkiyamaP,
Shigehiro NishijimaP

The degradation of the membrane represented by such as decrease of proton conductivity and scission in
backbone of polymer is thought to be initiated by radical reactions. So far, we have studied degradation process
of Nafion®, which is a representative PEMFC composed of per-fluorinated sulfonic acid, using positron
annihilation spectroscopy, solution analysis and so on. Degradation process of Nafion exposed to different
radicals were investigated intensively by solution analysis in this year. The results showed that the location

dissociation starts depends on the radical species.
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Ultrafast Time-Resolved Electron Diffraction based on Photocathode RF Gun Generating MeV Electron Pluses

Dept. of Excited Solid-State Dynamics?, Dept. of Advanced Nanofabricationb, Dept. of Nanocharacterization
for Nanostructures and Functions®

Nobuyasu Narusea*, Yoshie Murooka?, Jinfeng Yangb, Manabu Ishimaru®, Youichi Yoshidab, Katsumi
Tanimura?

A compact electron diffractometer with a laser-driven photocathode gun generates probe electron pulses with
3 MeV in energy, temporal width less than 100 fs, and more than 1 x 10’ electrons per pulse. Single-shot
transmission electron diffraction from Si single crystal has been detected with high quality and excellent
signal-to-noise ratio. The ultimate characteristics provide a sound basis for future construction of time-resolved

electron microscopes with fs-temporal resolution.
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Reactions of solvated electrons with pinanediol monosulfonate acid amplifiers

2 |_aboratries of Third Project, ISIR; ® JST-CREST, c/o Osaka University; © Tokyo University of Science;
9 Handai Multi-Functional Nanofoundry; ® Department of Advanced Nanofabrication, ISIR

Kazuyuki Enomoto,*" K oji Arimitsu,® Atsutaro Yoshizawa,® Hiroki Yamamoto ab Akihiro Oshima, Takahiro
Kozawa,® and Sefichi Tagawa¢

Rate constants for the reaction of the electrons with triphenylsulfonium triflate (TPS-Tf) and pinanediol
monosulfonates, which consist of tosylate (PiTs), 4-fluorobenzenesulfonate (PilF), or 4-trifluoromethyl-
benzenesulfonate (Pi3F), have been measured using pulseradiolysis in liquid tetrahydrofuran (THF) to evaluate
the kinetic contribution to acid production for extreme ultraviolet (EUV) chemically amplified resists. The rate
constants for the THF-solvated electron reactions with PiTs, PilF, and Pi3F were estimated to be 4.1, 5.1, and

92x 10°M1 st

, respectively. The long-lived Pi3F™ radical anion efficiently undergoes the electron transfer to
TPS-Tf with the rate constant of 6.3 x 10" M* s? to form TPS-Tf",

which subsequently decomposes to

generate TfOH. The novel acid production pathway via the electron transfer from pinanediol monosulfonate

radical anionsto TPS-Tf is presented.
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Scheme 1. Acidalytic pinacol-type rearrangement of the
pinanediol monosulfonates.
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Figure 1. Kinetic decay profiles for the THF-solvated
electron absorbance at 1300 nm obtained from different
concentrations of Pi3F in deaerated THF solutions.
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Figure 2. Trandent absorption spectra obtained in the
pulse radiolysis of 100 mM PiTs (e), 100 mM PilF (A),
and 100 mM Pi3F (=) in deaerated THF solutions at 10 ns

after the pulse. Inset shows the time profiles for the radical
anion absorption at 400 nm and 460 nm.
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Figure 3. Kinetic decay profiles for the radica anion
absorbance obtained from 100 mM Pi3F with different
concentrations of TPS-Tf in deaerated THF solutions.
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Upgrading of THz-FEL beamline using L-band linac at ISIR
Dept. of Accelerator Science

A. Irizawa*, R. Kato, K. Kawase, N. Sugimoto, Y. Terasawa, M. Fujimoto, J. Shen, S. Hirata, and G Isoyama

The beamline of THz-FEL at |SIR operates two research terms through the year that are opened for both on- and
off-institute users. We are now organizing and improving of the end-stations of the beamline for developing end
users such as physicists and chemists of material science using THz light source. There are 2 gations that are
arranged for two types of experiment; oneisfor the spectroscopic measurements with monochromatic pulse light
produced by a grating type spectroscope and the cther is for the Fourier transform type experiments and the
preliminary ones with the plain (non-monochromatic) FEL light as a pulse light source having rather dispersive
wavelength. The fundamental equipment is arranged for both type experiments; the photodetectors (pyroelectric,
Ge:Ga semiconductor, and Si-bolometer types), the collector optics, and the purge gas (without moisture) system.
We also planned for the low temperature experiments using liquid-He flow type cryogenic system designed for
both the transparent and reflective type experiments.
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Development of strong focusing type wiggler
— Gain evaluation by measuring temporal evolution of FEL power —

Dept. of Accelerator Science?, Research Center for Electron Photon Science, Tohoku Universityb,
Institute of Materials Structure Science, KEKC

Masaki Fujimoto?™, Ryukou Kato?, Keigo Kawase?, Akinori Irgawaa Yoshikazu Terasawa®, Naoya Sugimoto?,

Jie Shen?, Sho H1rataa Goro Isoyamaa Shigeru Kashiwagi®,

Kimichika TsuchiyaC, Shlgeru Yamamoto®

We have developed a strong focusing type wiggler based on the edge-focusing (EF) scheme for Terahertz FEL
at the ISIR, Osaka University. The EF wiggler, which produces the strong field gradient for transverse focusing
incorporated with the normal wiggler field. A higher FEL gain can be expected due to the beam focusing in the
wiggler. We conducted the FEL experiment using the EF wiggler and evaluated the FEL gain by changing the
macropulse length of the electron beam. Integrated FEL intensities were obtained as a function of the number of
amplifications. The temporal evolution of the FEL power was evaluated from difference between the intensities.
The overall FEL gain including the cavity loss in this experimental condition was estimated to be 20 percents.
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Calibration of the electron spectrometer by L-band LINAC 11

NIFS? ILED, Dept. of Accelerator Science®

Tetsuo Ozaki &, Mayuko KogaP, Hiroyuki Shiragab, Ryukou KatoC, Shigeru KashiwagiC, Goro Isoyamal™™

The high energetic electron measurement is one of the most important issues to research the ignition
mechanism in the Fast Ignition Realization EXperiment Project. We prepare second Electron SpectroMeters so
as to be installed on different angular potions. The precise energy spectrum mainly in low energy range can be
obtained. The relation between the beam intensity and the detector signal has not been clear. We have performed
the calibration using L-band LINAC in the Ingtitute of Scientific and Industrial Research, Osaka University. The
calibration has been done usng single pulse at 9.0 MeV with 0.1-10 pC. The anayzer has been tested to measure
energetic eectrons from the plain and integrated targets irradiated by two beams of LFEX laser (maximum

energy of 10 kJ) up to 1k J
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Studies on Transient Phenomena in Functional Reaction Fields by using Pulse Radiolysis Technique

@ Japan Atomic Energy Agency, ® ISIR, Osaka University

Ryuji Nagaishi ®- Takafumi Kondoh °+Jingfeng Yang °- Yoichi Yoshida °- Mitsumasa Taguchi ?

Radiolysis behaviors of transient species in mixtures of different ionic liquids containing thiocyanate anion
were studied by using pulse radiolysis technique. Dimer radical ion of thiocyanate in the visible region and
electron in the near-infrared region were observed in the ns-pulse radiolysis to measure their yields and reactions.
The formations of products increased with increasing the thiocyanate concentration, regardless of kinds of
cations in the mixture. The products were also observed in the ps-pulse radiolysis to clarify their formation

pathways.
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1) A. Asano et al.: Radiat. Phys. Chem., 77, 1244; J.
Yang et al.: ibid., 77, 1233 (2008).

2) K. Takahashi et al.: Radiat. Phys. Chem., 77, 1239
(2008).
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Femtosecond pulse radiolysis study of solvated electron in ionic liquid

Dept. of Advanced Nanofabrication?, Japan Atomic Energy Agency Takasaki®, Japan Atomic Enegy Agency

Tokai®,

Kanazawa University?, Advanced Industrial Science and Technology®,

Takafumi Kondoh@™, Jinfeng Yang@, Norizawa Kimihiro, Koichi Kan?, Yoichi Yoshida®, Mitsumasa Taguchi®,
Ryuji Nagaishi®, Kenji Takahashi®, Ryuzi Katoh®

Pre-solvated electron in alkyl ammonium ionic liquid N,N-Diethyl-N-methyl-N-(2-methoxyethyl)
ammonium Bis(trifluoromethanesulfonyl)amide : DEMMA-TFSA) was observed by near-infrared femtosecond
pulse radiolysis. Pre- solvated electron was suggested that the absorption peak is more infrared than that of
the solvated electron. The pre-solvated electron formed very fast within 15 ps. The pre-solvated electron
decayed and converted to the solvated electron with time constant of 26 ps. Both of the pre-solvated
electron and the solvated electron would have two broad optical absorption bands in near infrared

region.
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Fig.1 Transient absorption measured at 1200
nm. Precursor formed within time resolution
and decayed 26 ps,
formed 26ps.

and solvated electron
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Tima (ps)
Fig.2 Transient absorption measured at 1380
nm. Precursor was dominant at the wavelength.
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Stability of Radical Anions of Fluorinated Benzene Derivatives

Dep. of Adv. Nanofab., ISIR Nanotech.? JST-CREST,”,
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Takahiro Kozawa™, Akinori Saeki ¢, K azumasa Okamoto®, Sefichi Tagawa®®, Yoichi Yoshida®

For EUV lithography technology, the fluorination of resist materials is the most promising strategy for
increasing the linear absorption coefficient of EUV resists. However, the details of the radiation chemigry of
fluorinated compounds have not been investigated, in particular, in the presence of acid generators. In this study,
the radiation chemistry of fluoronaphthalene was investigated in order to clarify the electron flow in the
chemically amplified resist based on fluoronaphtha ene in the presence of acid generators using pulseradiolysis.
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Figure 1 Schematic drawing of chemical reactions induced in
fluorinated polymer films in the presence of acid generators upon
exposure to ionizing radiation. PF, PF*, PF", F, AX, AX", X', and
H" denote a fluorinated polymer, its radical cation, itsradical anion,
a fluorine anion, an acid generator, its radical anion, an anion
generated through the dissociation of AX7, and a proton,
respectively.

T. Kozawa, 06-6879-4285, kozawa@sanken.osaka-u.ac.jp

53



ARV EVEERE

STV DOHMR

FEWFF /T F NIRRT 7 )/f—/a/ /5% @ JST CRESTD,
PR S, b RBE L 9 PENF- 55 3/ my =k ®

izl abt pefrmEie oL A Y, I — b, HHE— 2

Study of Radical Anions of Fluorinated Benzene Derivatives

Dep. of Adv. Nanofab., ISIR Nanotech.? JST-CREST,”
Osaka Univ. ¢, Hokkaido Univ.%, Lab. Third Project, ISIR®

Takahiro Kozawa®”", Akinori Saeki®

, Kazumasa Okamoto”, Seiichi Tagawa”

¢, Yoichi Yoshida®

Extreme ultraviolet (EUV) radiation is a promising exposure source for the next generation lithography
technology. The enhancement of resist sendtivity is strongly required for the realization of EUV lithography.
Although the fluorination of resist polymer is an effective method for the sensitivity enhancement by increasing
the EUV absorption, the fluorination of alkyl group has been reported to reduce the acid quantum efficiency by
trapping eectrons. In this study, the reaction of fluorinated benzene derivatives upon exposure to ionizing
radiation was investigated to clarify the stability of the anion radicals of fluorinated benzene derivatives by using

pulseradiolysis.
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Fig. 1 Relationship between rate constant with
THF-solvated electrons and el ectron affinity.
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Electronic states of solids probed by IR-THz spectroscopy using FEL light source from L-band linac at ISIR
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Infrared (IR) - Terahertz (THz) spectroscopy is one of the powerful approaches for direct observation of
electronic gates on solids. The Drude response directly represents the existence of conduction electrons and the
change of dielectric function: e.g., the modification of the phonon peak structure sensitively reflects the
structural change and electrica rearrangement in the solids. We performed optical experiments using THz-FEL
light source for the solids. The obtained optical reflectivity exhibits the dight change at the Fermi level in the

series of solid solution compounds.
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| Ca-ferrite structure |
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In the present study, photoinduced electron transfer (ET) processes of supramolecular donor-acceptor dyads of
Zn 2,3,7,8,11,12,17,18-octaethylhemiporphycene (ZnHPc) and axial ligands were investigated by using various
spectroscopic methods. The formation of 1:1 dyads was confirmed by absorption spectral change during titration
of axial ligand. The association constants were determined from the spectral change. Quenching of the
fluorescence intensity was observed when electron acceptor ability of the axial ligand increased. The absorption
spectrum of the radical cation of ZnHPc was measured by means of the y-ray radiolysis. The transient absorption
spectra during the subpicosecond laser flash photolysis showed the formation of charge separated state, i.e.
radical cation of ZnHPc and radical anion of axial ligand, from the singlet excited ZnHPc. The observed ET rates
were compared with the those of the supramolecular dyads using Zn octaethylporphyrin (ZnOEP) or Zn
octaethylporphycene (ZnPcn) as donor. The ET rates of ZnHPc were located between those observed with
ZnOEP and ZnPcn supramolecular dyads, even when the —AG values were similar to each other. This
observation was explained on the basis of the variation in reorganization energy and electronic coupling (V)
values. Furthermore, distribution of HOMO electron density gave a plausible explanation for the variation in V
values of these dyads.
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Fig. 2. Absorption spectra of ZnHPc in
n-butylchloride at 77 K before (black) and after
(red) jray irradiation. Inset: Difference
spectrum.
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Fig. 3. Transient absorption spectra of
Pl-ZnHPc in toluene during the laser flash
photolysis using 610-nm femtosecond pulse for
excitation. Spectra were obtained from 1 to 61
ps (5 ps step) after the laser excitation. Lower
panel is kinetic trace of AO.D. at 720 nm during
the laser flash photolysis. Red curve is a fitted
curve.
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Table. Driving forces and rates of electron transfer in
the supramolecular dyads

Donor Acceptor  -AGes!  -AGer/ kes /s kcr /s
eV eV

ZnOEP PI 0.83 1.30 1.1 x 101 2.7 x 109

ZnOEP  Cl:Ph 0.24 1.89 5.0 x 107 2.9 x 108

ZnOEP  ClPh 0.12 2.01 1.5 x 10? 7.0 x 108

ZnOEP  MePh -0.02 2.15

ZnHPc PI 0.86 1.15 2.8 x 1010 3.6 x 10?

ZnHPc ClzPh 0.27 1.74 7.6 x 108

ZnHPc ClPh 0.15 1.86 0.7 x 108

ZnHPc  MePh 0.01 2.00

ZnPcn PI 0.69 1.19 6.8 x 109 2.4 x 109

ZnPcn ClzPh 0.10 1.78 2 x 107

ZnPcn ClPh -0.02 1.90

ZnPcn MePh -0.16 2.04
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756 nmiZfiERd S L7z (Fig. 2).
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Radiation chemical yield for loss of carbonate ester bonds in PADC (CR-39)
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Radiation effects on the surface of PADC detectors have been examined through the changes in the contact

angle of water droplets on the surface and XPS analyses. In the case of proton irradiation, the angle has the

maximum value of 89 degree at the fluence of 10™ ions/cm? This result is discussed from the view-points of the

radial size of the proton tracks and their spatial distriburion.
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Fig. 1 A repeat unit of PADC.
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Fig. 2 Water droplets on PADC sheets, as received

(upper) and as exposed to Corona discharge (lower)
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il
Fig. 4 Water droplets on the PADC sheet exposed to
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5.6 MeV proton beams at a fluence of 10**ions/cm?.
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Elucidation of lonization Dynamics of Materials for Ultrafine Fabrication

Kazumasa Okamoto® + Takahiro Kozawa” + Toshiki Hori® + Seiichi Tagawa® + Takashi Sumiyoshi

*Hokkaido University, "Osaka University

In the present study, resist material that was the semiconductor manufacturing material by the lithography was
researched. The radiation chemical reaction of the base polymer used as a resist material of EUV lithography which
is the next generation lithography and the acid generator, especially the dynamics of the radical cation of the
polystyrene derivative was clarified. The radical cation of polymer is a proton source in resist, and the clarification of
the reaction mechanism is important in resist materials with higher performance.
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Development of High Sensitive Resists for Nanoscale Imaging using Water Window X -ray Microscopy:
A Pulse Radiolysis Study

2 Research Ingtitute for Science and Engineering, Waseda University; ® Handai Multi-Functional Nanofoundry;
¢ Beam Application Frontier Laboratry, ISIR

Tomoko (Gowa) Oyama,” Yuji Hosaka,” Ryosuke Betto,” Koichi Ogata,” Kazuyuki Sakaue,” Akihiro Oshima”
Kazuyuki Enomoto,® Seiichi Tagawa, > and Masakazu Washio®

A pulse radiolysis study of the trangient ionic and radicals of ZEP520A in liquid dichloromethane has been
performed to elucidate decomposition mechanism of the partly chlorinated polymer resists with soft X-rays in
the water window region (284-532 eV). Dissociative eectron attachment for ZEP520A occurs to give chloride
anions and the sibling polymer radicals. The chloride anions then form a charge transfer complex with phenyl
rings of ZEP520A. The formation and decay of the complex and the polymer radicals produced by the

dissociation of chloride atoms has been discussed.
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Figure 1. Structures of polystyrene (PSt) and ZEP520A.
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Figure 1. Transent absorption spectra obtained in the
pulseradiolysis of 200 MM PS in CH,CI, solutions.
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Figure 2. Trandgent absorption spectra obtained in the
pulseradiolysis of 200 MM ZEP520A in CH,Cl, solutions.
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Electron Transfer of Reactions of Candidate Tumor Suppresor 101F6 Protein, A Cytochrome bss; Homologue,
with Ascorbate and Monoascorbate Radical

The Institute of Scientific and Industrial Research, Osaka University®, Department of Chemistry Graduate
School of Smence Kobe University”

Kazuo Kobayashi’, Mariam C. Recuencob, Mina Kameib, Suguru Watanabeb, and Motonari Tsubaki®

The candidate human tumor suppressor 101F6 protein is a homologue of adrenal chromaffin granule cytochrome

bse1, which is involved in the electron transfer from cytosolic ascorbate to intravesicular monodehydroascorbate

radical. Since the proposed tumor suppressor activity of 101F6 protein was enhanced in the presence of

ascorbate, it was suggested that 101F6 protein might utilize a similar transmembrane electron transfer reaction of

the cytochrome bsg; protein family. The reaction rates of the electron donation from the ascorbate-reduced 101F6

protein to the pulse generated monodehydroascorbate radical was found to have a second order rate constant of

5.0x 10’ M'ls'l, which was about two-fold faster than the rate of bovine chromaffin granule cytochrome bsg; and

about five times faster than the rate of Zea mays cytochrome bsg;, suggesting that human 101F6 protein is very

effective for scavenging monodehydroascorbate radicals in cells.
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Fig. 1 Proposed topological model and function of the
human tumor suppressor 101F6 protein in cell.
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Fig. 2 Absorbance changes after pulse radiolysis
of the reduced form of 101F6 WT, A83K, and
F67Y mutants measured at 405 and 430 nm in the
presence of AsA” and N,O at pH 7.0

Table 1. Second-order rate constants for oxidation of
the reduced heme and for re-reduction of the heme in
101F6 upon pulse radiolysis in the presence of AsA”

k (x 105 (M 's™) k (x 109 (M 's™)

Wt 50 2.4

F67Y 3.5 1.0

S68R 13 0.94

A83K 14 0.56
F67YS68R 4.7 0.8
F67Y83K 12 1.2
S68RAB3K 13 1.7
F67YS68RA83K 8.1 0.54
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Ligand-swiching Intermediates for Heme-regulated Eukaryotic Initiation Factor 2a Kinase

The Institute of Scientific and Industrial Research, Osaka University®, The Instjtute of Multidisciplinary
Research for Advanced Materials, Tohoku University

Kazuo Kobayashia*, Jyotaro Igarashib, Toru ShimizuP

Heme-regulated eukaryotic initiation factor 2o (elF2a) kinase (HRI) fuctions in response to the heme iron

concentration. The molecular mechanism of heme sensing by HRI remains to be established. The

Fe(I1l)-protoporphyrin IX in HRI shows unique properties for its coordination structure. The Cys409 and

His119/His120 are the axial ligands. The ferrous heme easily dissociates from a thiolate ligand upon the

reduction. In this work, the ligand-swiching process induced by the technique of pulse radiolysis. Hydrated

electron reduced the heme iron in HRI within 1 ps to form the first intermediate with the Soret peak at 440 nm,

suggesting that a six-coordinate ferrous heme with a thiolate axial ligand was formed initially. The first

intermediate was converted into the second intermediate with a first order rate constant of 5.2 x 10*s™. The

second intermediate was converted into the final reduced form. The dissociation of thiolate took place during the

conversion of the second intermediate into the final reduced form.
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Fig. 2 (A) Absorption changes after pulse

radiolysis of HRI (B) Kinetic difference spectra

at 1 ps and 100 ps after pulse radiolysis of HRI
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Trial Measurement of Penetrated Spectra of Frozen Tumor Tissue in the Terahertz Region

Dept. of Tumor Pathol., Faculty of Med., Univ. of Fukui a, Dept. of Acc. Sci, ISIR, Osaka Univ.b
division of Laser Terahertz, Institute of Laser Engineering, Osaka Univ.C

Norio Miyoshi 2, Shinji Ito @, Yutaka Morio P, Ryukou Kato P, Goro Isoyama,
Takeshi Nagashima ¢, Masanori Hangyo ©

Light source in terahertz region using a free electron laser has a great potential for tumor pathology. Several
terahertz spectra for tumor tissues have been demonstrated. However, the clear spectrafor tumor tissues have not
characterized yet. Our previous study indicated that the penetrated spectral peaks for experimental PC-3 tumor
tissue of mouse were negative, especially, a 80 um and 0.264 THz .
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Study of Irradiation Effect of Gamma-ray on
Electrical Insulation Material for Super Conducting Magnet of Nuclear Fusion Reactor

Division of Sustainable Energy and Environmental Engineering, Graduate School of Engineering
Shigehiro Nishijima', Yoko Akiyama ", Yuichi Tomi, Ryoma Uegaki

An édectrical insulation materia for superconducting magnets of a nuclear fusion reactor is the most

radiation-senditive among the magnet materials, and

it is important to avoid the degradation of safety and

durability of the reactor system. In this study, the effect of gammaray which is secondary emitted by
radio-activated materials was investigated as a fundamental study of irradiation effect on the polymer insulation
materials. The results showed that the molecular structure of epoxy resin, synthesized in this study, undergoes
the change in molecular structure which may cause degradation of mechanical properties.
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Fig.1 FT-IR spectra of EPresin with D230.

" S. Nishijima, 06-6879-7896, nishijima@see.eng.osaka-u.ac.jp; ** Y. Akiyama, 06-6879-7897, yoko-ak @see.eng.osaka-u.ac.jp

72



BEAHNEMET SV 7y RSy IM B O BT T 44T
- KR BREERERED v B ERNICBITDINE-

TR, BRE TR TS A R AR AT O, IR AR R T e — A 2R
AKFEEDE AT, R O MY @ PERESOIE A, MURRIA O, AR O, M atT &

Irradiation effects on ceramic materials for liquid cooled fusion blanket system
- Response of hydrogen permeation measurement system in gamma-ray irradiation room -

Dept. of Engineering, Osaka University2, National Institute for Fusion ScienceP | ISIR, Oasaka University®

Masaki Taguchi@”, Teruya TanakaP, Wataru Kada@, Fumingbu Sato?,
Toshiji Ikedad, Takeo MurogaP®, TOSthUkI lida®™

Hydrogen permeation measurements under gamma-ray irradiations are planned for ceramic materials studied in
the development of liquid cooled fusion blanket systems. Responses of the measurement systems have been
examined in the irradiation room of the ®Co facility. For the approximately estimated dose rate of 107-10° Gy/s,
significant influence has not been observed in the vacuum pressure measurement by an ionizing vacuum gauge.
In a quadrupole mass spectrometer (QMS) response, signal amplitude scattered slightly in the measurement of
<~10"Pa. In contrast, a manometer could not be used for a total pressure measurement due to a slow and
significant change in the response.
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Fundamental study on dosimetry of the radiations based on the yield of DNA lesions

Y Radioisotope Research Center, Osaka University
? Research Institute of Nuclear Engineering, University of Fukui

Youichirou Matuo*" 2, Yoshinobu Izumi2, Kikuo Shimizu®**
9 9

The biological dosimeter that measures biological responses to ionizing radiation is useful for radiation

protection. This paper presents the development and characterization of a gamma-ray irradiation dosimetry

system based on Real-time PCR (Polymerase Chain Reaction) methodology. Real-time PCR is used to amplify

and simultaneously quantify a targeted DNA molecule. If there are no limitations due to limiting substrates or

reagents, at each extension step, the amount of DNA target is doubled, leading to exponential (geometric)

amplification of the specific DNA fragment. The essential point of this assay is that DNA lesions caused by

ionizing radiation block DNA synthesis by DNA polymerase, resulting in a decrease in the amplification of a

damaged DNA template compared with that of non-damaged DNA templates.
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Trace analysis of gamma-ray-induced species in clathrate hydrate

Graduate School of Science?, Dept. of Accelerator Scienceb

Atsushi Tani®", Tatsuro Murayama®?, Takuya Higuchi?, Toshiji IkedaP

Clathrate hydrate (gas hydrate) is a crystal compound of water molecules encaging gust molecules. Natural gas

hydrate is found under deep ocean see and in permafrost regions, and expected to be a future natural gas resource.

To establish a direct age determination method of hydrate formation, we have investigated radiolysis of methane

hydrate because chemical reactions via radicals may occur in natural gas hydrate. In methane hydrate, methyl

radicals are induced by gamma-rays (Takeya et al., 2004). However, they are unstable at natural condition of

temperature and pressure, and dimerize to ethane (Ishikawa et al., 2007). In another reaction, methanol is also

formed after gamma-ray irradiation to methane hydrate (Tani et al., 2008). In this study, we have investigated

whether the other chemical products is formed by gamma-irradiation in methane hydrate using GC-MS.
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Development of near field imaging system with terahertz FEL light

Ingtitute of Laser Engineering® and Dept. of Accelerator Science, SANKENP

Takeshi Nagashima 2", Goro Isoyamab, Ryukou Katob, and Akinori Irizawab

Detection of near field using a metal tip irradiated with FEL light in the terahertz frequency region has been
studied. The dependence of the intensity of scattered light on the distance between the metal tip and sample
surface and imaging of a gold film on a semiconductor film show that no near filed component is observed in
this experiment. The probe tip modulation technique with higher frequency and/or near field detection with using
optical Kerr effect should be investigated for the future.
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