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Distinct Differential Sensitivity to Superoxide-Mediated Signal Transduction of SoxR and Their Physiological
Significance

The Institute of Scientific and Industrial Research, Osaka University

Fujikawa Mayu, Kazuo Kobayashi, Takahiro Kozawa

The [2Fe-2S] transcription factor, SoxR, functions as a sensor of oxidative stress in Escherichia coli. To elucidate the

activation mechanism, we investigated SoxR interaction with O, using pulse radiolysis. Radiolytically generated hydrated

electrons reduced the oxidized form of the [2Fe-2S] cluster of SoxR within 2 ps. A subsequent increase in absorption in the

visible region corresponding to reoxidation of the [2Fe-2S] cluster was observed on a time scale of milliseconds. Addition of

human Cu/Zn superoxide dismutase (SOD) inhibited this oxidation in a concentration-dependent fashion (/5 = 1.0 uM),

indicating that O, oxidized the reduced form of SoxR directly. The second-order rate constant of this process was estimated

to be 5 x 108 M s™!. A similar result was observed after pulse radiolysis of P. aeruginosa SoxR. However, SOD inhibited the

oxidation of reduced SoxR much more effectively in P. aeruginosa, even at a lower concentration (/5o = 80 nM), indicating

that the soxRS response is much more sensitive to O, in E. coli than in P. aeruginosa. These results suggest that SoxR

proteins play a distinct regulatory role I the activation of O,
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Fig. 1. (A) Absorbance changes after pulse radiolysis
of E. coli SoxR under O, saturated conditions in the
absence and presence of SOD. (B) Comparison of
kinetic difference spectra after pulse radiolysis
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Fig. 2 Effect of SOD on Comparison of SOD effect on
the oxidation of E. coli (O) and P. aeruginosa
SoxR.(@). The ratios of the increase in absorbance
change (AA,) to the total absorbance change (AAp) in
(B) were plotted against the concentration of SOD.
Inset: Effect of SOD on the oxidation of P. aeruginosa
SoxR on an expanded scale.

Fig. 3 Crystallographic structure of SoxR. Close-up of
the region of iron-sulfur cluster. The structure was
produced with PyMol using a structure from the Protein
Data Bank (code 2ZHG(3)).
T AR DEREET-(Fig. 2), Z OEWE T
BH7=®IZ, E.coli & Paerugisa & THRAB7 I/
Ma TN ETNRICT 57 IV BRICER LA R
FEERLL, Oy & DRUSHE Z 7 L7, E. coli
SoXR ([ZFF H8kA AV 7 T AL —JHIN DIERIK
K89A, K92A., D129A, R127LS128QD129A % {E

L, O &L DRISHEE Z s Lz,

References

1) E. Hidalgo and B. Demple, EMBO J. 13. 138-146 (1994)

2) M. Fujikawa, K. Kobayashi, and T. Kozawa, J. Biol.
Chem. 287, 35702-35708 (2012)

3) S. Watanabe, A. Kita, K. Kobayashi, and K. Miki, Proc.
Natl. Acad. Sci. USA 105, 4121-4126



PINVARGUFY L REIZ LD F hah PAS0 B ITEER I BRI E T L DT

W K PERF & 7 — A R 5

O /IFR—HE™ | el

Conformational equilibrium of cytochrome P450 reductase as revealed by pulse radiolysis

The Institute of Scientific and Ingustrial Research, Osaka University
Kazuo Kobayashi™, Takahiro Kozawa

NADPH-cytochrome P450 reductase (CPR), diflavin reductase, plays a key role in the P450 mono-oxygenase system. The
enzyme contains one FAD and FMN. The reduction of flavins in CPR by the hydrated electron (e,) was investigated by
pulse radiolysis. The e, was found to react predominantly with FMN to form the red semiquine of FMN. Subsequently
conversion of the red to blue semiquinone was observed with a first-order rate constant of 1.5 x 10° M™ s™. A similar process

was observed after pulse radiolysis of the isolated domain FMN. However, the reduction efficiency is much lower than that
of FMN of the isolated FMN domain. A CPR variant, with 4-amino acid deletion in the hinge connecting the FMN domain,

was reduced by e,q efficiently. From these results, the FMN domain of the enzyme undergoes a structural rearrangement that

separate it from FAD and exposes the FMN.
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Fig. 4 Absorbance changes at 460 nm after pulse
radiolysis of wild type of CRP. ATG, and ATGEE
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Study of FEL generation via 27 MHz operation of L-band linac

Dept. of Accelerator Science?, Res. Lab. For Quantum Beam Science®
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By using the 27 MHz burst pulse electron beam driving with the new grid pulser system, we make the
enhancement of the THz-FEL intensity. The energy of the FEL is achieved to be equal to 26 mJ in the
macropulse, and thus, the micropulse energy is reached to over 200 uJ. In this report, we show the summary of

the present status of the FEL in the 27 MHz operation.
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Study and experimental use of THz-FEL beam generated from L-band linac

Dept. of Accelerator Science
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Improving the fundamental beam profiles of ISIR THz-FEL beam has been in progress for experimental use of
material science. High power, high density, short pulse, and monochromatic THz-FEL has potentials not only as
a probe but also for a pump source for miscellaneous compounds such as magneto- or electro-optic solids,
molecules having relatively large mass, and hydrous anatomies. Analyses these samples are based on energy
resolved (spectroscopy), time resolved (time domain experiment), and space resolved (microscopy) procedures.
As usual, THz light, i.e. far infrared light acts as a low energy probe source for electronic states near the Fermi
level in solids. Intense THz pulse generated from FEL can be a new pump source for a nonlinear response
physics. Monochromatic brilliant THz beam will develop novel excitation phenomena where the energy of initial

state is in far infrared region.
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Characterization of THz-FEL with fast THz detector
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Characteristic of the THz-FEL is studied using fast THz detector at the Institute of Scientific and Industrial
Research (ISIR), Osaka University. This is Schottky diode detector of which time resolution is high enough to
separately measure THz-FEL micropulses at interval of 9.2ns. The response of Schottky diode detector is
measured by correlation between the outputs of one and fast pyroelectric detector. The Schottky diode detector
shows typical V-I characteristics of a diode. It can be used even in the higher power region using a calibration
curve to convert the output voltage to the intensity of the input radiation. The power evolution and time variation
of gain of THz-FEL are measured with the Schottky diode detector.
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Masao Gohdo, Koichi Kan, Takafumi Kondoh, Jinfeng Yang, Hiromi Shibata,
Hitoshi Kobayashi, Atsushi Ogata, Seiichi Tagawa, Yoichi Yoshida

Protective effect of polystyrene under the irradiation of ionizing radiation was studied by pulse radiolysis
technique in solution. Formation time constant of phenyl dimer radical cation of polystyrene and the polystyrene
excimer were found to be >7x10% st and >4x10% s, respectively by fs-pulse radiolysis. Fraction ratio of
phenyl cation radical of polystyrene was estimated from the relative yield of solvated electron in THF, and was
8:2 for the dimerization reaction of the cation and the recombination reaction with electron.
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Table 1 G-values of polymers
Polymer G(x) G(s) T/°C
HD-polyethylene 0.96 0.192 35
LD-polyethylene 1.42 0.48

0.051 -196~65
S 0.038 0.024 50
S p-methyl- 0.061
3 p-bromo- 31
a p-chloro- 0.03
a-methyl- 0.25

. . 0.23 r.t.

Polyvinylchloride 0.93 70

G(x), G(s) and T denote G-value for cross-linking,
chain scission and temperature, respectively. HD
and LD stand for heavy and low density. @
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Intermolecular and Intramolecular Electron Transfer Processes from Excited Naphthalene Diimide Radical
Anions

Dept. of Molecular Excitation Chemistry, Chonbuk National Universityb,
Research Laboratory for Quantum Beam ScienceC,

Mamoru Fujitsuka@, Sung Sik Kim&DP, Chao Lu?, Sachiko TojoC, Tetsuro Majima@

Excited radical ions are interesting reactive intermediates owing to powerful redox reactivities, which are
applicable to various reactions. Although their reactivities have been examined for many years, their dynamics
are not well defined. In this study, we comprehensively examined intermolecular and intramolecular electron
transfer (ET) processes from excited radical anions of naphthalene-1,4,5,8-tetracarboxydiimide (NDI**).
Intermolecular ET processes between NDI** and various electron acceptors were confirmed by transient
absorption measurements during laser flash photolysis of NDI*- generated by pulse radiolysis. Although three
different imide compounds were employed as acceptors for NDI**, the bimolecular ET rate constants were
similar in each acceptor, indicating that ET is not the rate-determining step. Intramolecular ET processes were
examined by applying femtosecond laser flash photolysis to two series of dyad compounds, where NDI was
selectively reduced chemically. The distance and driving force dependence of the ET rate constants were

analyzed by the Marcus theory.
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Fig. 1. (a) Transient absorption spectra of NDI
(1.3 mM) in DMF in the presence of Pl (100 mM)
at 2.5 and 3.1 ps after electron pulse irradiation
during the pulse radiolysis — laser flash photolysis.
The 532 nm laser was irradiated to the sample at
3.0 ps after the pulse irradiation. (b) Kinetic traces
of AO.D. at 470 and 710 nm.
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Fig. 2. () Kinetic traces of AO.D. at 470 nm
during the pulse radiolysis — laser flash photolysis
of NDI (1.3 mM) in DMF in the presence of PI (0
— 100 mM). The 532 nm laser was irradiated to the
sample at 3.0 us after the pulse irradiation. (b) Plot
of Y470 against [P1].
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Fig. 3. Free energy change (AG, i.e. AGgr and
AGger) dependence of ET rate constants (ker, i.e.,
Kinraer  (filled circles) and Kinrager (Opened
circles)). Red curve was calculated using eq. (11)
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Measurement of electron beam using photoconductive antenna

Dept. of Advanced Nanofabrication

K. Kan*, J. Yang, A. Ogata, T. Kondoh, M. Gohdo, 1. Nozawa, T. Toigawa, Y. Yoshida™

Generation of femtosecond electron bunches has been investigated for a light source based on electron bunches

and improvement of time resolution in time-resolved measurements. In this study, electric field emitted from

electron bunches were measured using a photoconductive antenna (PCA) with radial microstructures. Radially

polarized terahertz (THz) pulses from femtosecond electron bunches were generated by coherent transition

radiation (CTR). Photo-induced current depending on THz electric field was measured.
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Study of the fast reaction in model compound for further sensitive EUV/EB resist

Dept. of advanced nanofabrication?, Dept. of sustainable energy and environmental engineeringb

Takafumi Kondoh?™, Satoshi Nishii2, Masao Gohdo?, Koichi Kan@, Jinfeng Yang®, Akihiro OhshimaP,
Seiichi TagawaP, Yoichi Yoshida®™™

Geminate ion recombination and radiation induced decomposition in n-dodecane was studied by a femtosecond
pulse radiolysis. Excited radical cation which had 3 ps life time was suggested to the precursor of the radical
cation. Formation time constant of Alkyl radicals produced by radiolysis was estimated to be 3 ps. Alkyl radicals

were produced directly from the excited radical cation.

ML ST, AR Y 7 T7 14— R T PE 3
SECTETETEELRY, IhbiSAHEIRO3 RO
DI L F R O A E EN T D,
FrlC Rt R ER) Y 757 40— T LOE 2D
WAL DT DI IR Z B RAL L L AN B DA
FALEBIEEZT, LER->T, @y LIV AN
EHD [ 38 BHYIWNT IS D72 23D R L 22 01 3 A5 8
BETHD, REBL2OT VA THHRT 0%
KRB AL BRI 31T DRl A S L THlVWG LT
WHDT, T ADRRMEDTZ O TR B 53 R
WA THIENEECTHD, Eoma T OE
TIALEHEL T, LU AN RY — U AR R ik
FEAELOBRSE 777 NEA LD HT B REME A
EHAIBRL D 7= 8 D LRAE AL R OB DI ML
I & O R R FR A R 9~ 5 Z LIS BT
5,

TERDWFTETIL, BRI LD A A AL TERS
NIETDHANANTFF L EBF DOV IR —MA U
FEAIZ RV AERR U 7o @y bk R BB 23 K R I -2 Al
THZEIZEY, KFBETAXNLTUHN(R) DAERK
L720 (1) RFEHEDEIE 325 (2) LB 2B TET
[1].

RH** — Re+H- (1: KFFFHH)
RH* — Ri-+ R+ (2: [RFEHYINT)

LIALZRR G, LETOE A VAT O A Y ADE
BRCIE, TVR LT NATRER S fERECAN TIE R
(CRBICAERL, VIR — A B A ISRl
7T VR NTG DI O AERFENTBIS o7
[2].

BAFE L2 7 = AN SV AT F D R % F WA
WHRRE D F L OWFZEG | BT #ER T AR
THERTHAIAAFAINNET IV TF A

CEBETEARL () BETZ T I TF A I1E3 ps
DFMTTI NI F I ~LHHIE (4) L, ¥=
F—MA UG TREREE 2D (5) &M
L72[3].

RH ws RH- " + e (3:4421k)
RH-**—RH-* (4. iJihi)
RH-"+e — RH** (5:V=3Ifx—MAUFfS)

AWFFE TR, BB IRFEE T VX LTV 0
N AT D R RO BERA MRS 222 B Ry
kLT,

BB RO Z BT 272D DNV AT
TARIEENE, VA R RS L R
IR E L KO K L ST IE AR O S 2 LB 5

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



HFRETHD, UVT = b NSV AT OF T A
VAT LEFiQUIR LT, 74 MY — RRF&E
FOIMERE & RS SV AERERRIC LD L 7L R @A)
500 fs, T E1 NCHO/ IV AEFMEREEL, KK
HCRUBHC R L7e, 3N, 277 Uit
\Z R 4 > (Aldrich)3s X Ok (Millipore Milli-Q) %
FELANT Y U7 K g LT, abmtix
FHELY T AT 7 = ML —H —Z% Oprical
(XD BRAEHL,

FUERE B 2 0 o TRUB B R & RIS ST
L. XU RRZT7 42—t En,
Si-APDTHEHH S 7,

parametric amplifer (OPA)

Wavelength tunable

fs | rfr aser for analysis light
Nd:YLF APD )
ps laser
’ %ﬂl
—uf O < lay
Laser beam Q
aligner

Sample

Linear accelerator
Photocathode RF gun

Fig.1 UV femtosecond pulse radiolysis system
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Fig.2: Time dependent behaviors of alkyl radical
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The Time-resolved Resonance Raman Spectroscopy of Thioanisole Radical Cations by during Pulse Radiolysis

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

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

Relationship between the molecular structure and dimerization reactivity of 4-substituted thioanisole (ArSCHs)

radical cations (ArSCH3**) in aqueous solution was studied by the nanosecond time-resolved resonance Raman

(ns-TR?®) spectroscopy during the pulse radiolysis. The positive charge of ArSCH3** delocalizes on S atom and

benzene ring with increasing the double bond character of Car-S bond. No C=C stretching vibration was

observed for the semi-quinoidal structure of ArSCHs** but not for ArSCHs. The semi-quinoidal structure with the

conjugation between S atom non-bonding electron and m-electrons of benzene ring is important for the formation

of o- and n-(ArSCHa),**.

W L BT FHICEE R TR THY . &
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DEPNSNVAT DAY ATERTH5MTPM T
CHNHF A (MTPM T E - FRIBE50 nstg iz
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T~ HELERIE L=, 658 (CHs bending of SCHa),
720 (S-CHs stretching and out-plane CH bending),
1001 (CHs bending of SCHs and in-plane C-H
bending), and 1463 cm™ (CH3 bending of SCHz)™ita
T~ v 7T ARBIR ST (Fig. 2A), —T7~
B U BRC=CIRfEREN N H & L7z,

Raman Intensity

o

SCH; SCH;
CH,OH OH
MTPM MTP

Fig. 1. Molecular structures of 4-substituted thioanisole
used in this study.
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Fig. 2. (A) ns-TR3 spectrum observed at 500 ns after a 8-ns
electron pulse during the pulse radiolysis of MTPM (0.5
mM) in N20-saturated aqueous solution containing NaBr
(100 mM) and (B) steady-state (CW) Raman spectrum
observed for MTPM in aqueous solution.
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Scheme 1. Dimerization of MTPM**
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Fig. 3. (A) ns-TR® spectrum observed at 500 ns after a 8-ns
electron pulse during the pulse radiolysis of MTP (5 mM) in
N20-saturated aqueous solution containing NaBr (100 mM)
and (B) steady-state (CW) Raman spectrum observed for
MTP in aqueous solution.

G

MTPM

MTPM-*

Fig. 4. Optimized structures of (A) MTPM and (B) MTPM**
by the DFT calculation at UB3LYP/6-311+G(d,p) level.
Numbers are bond lengths (A). Yellow and red colors show
S and O atoms, respectively.
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Reactivity of 4-substituted thioanisole radical cation
Research Laboratory for Quantum Beam Science?, Dept. of Molecular Excitation Chemistry®

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

Reactivity of 4-substituted thioanisole (ArSCHs3) radical cations (ArSCH3**) in organic solvents was studied by
the nanosecond time-resolved absorption spectroscopy during the pulse radiolysis. At high concentration of
ArSCHgs, ArSCHs** reacts with ArSCH3 to give ArSCHadimer radical cation (- and nt-(ArSCH3),**) in
benzonitrile. The formation of 6- and - (ArSCHa)2** is unfavorable due to the formation of CI- ArSCH,**

complex in 1,2- dichloroethane solution.

B (2 W A PR PR B LSRR I 35 C T oo T ot
B BT Do MBLAY ORALEIEH D ©
Wi & SUSTEZ B 202 2 2 L I3AEB A8 CHOH CH,COOH CH;  H
B W TEHETH D, MTPM  MTPA MTT  MTB
KA Fig. LR T T AT =Y =D T Vv Fig. 1. Molecular structures of 4-substituted thioanisole
used in this study.
71 F A 2 (ArSCHs™) Z JUR R L ERIBRAIC L 0 A2
Jif, S, ArSCHs™* D ArSCHs® & 0 — RAL USSR oy 'LMM
Cre ORIEHEZ A LTz, -2 FNF AT = =1 2 oos
A5 —MTPMYK DSV 25 D% ) & 21 ol e

BWTHAERKTAMIPMS B v h F 4 > Wavelength /nm

Fig. 2. Transient absorption spectra observed at 50 ns

(MTPM*)i3550 nmO BN Z 47 L, 20 mMi&; i B K after an electron pulse during the pulse radiolysis of
VR CIES-S =& T ATl g (= —F DN LT MTPM (2 x 102 M) in Ar-saturated in DCE (black)

and aqueous (red) solutions

7 ((MTPM)2"*) & n-(MTPM)o™* 23 E i 4 5. — 7
1,2-7anx#(DCE) 20 mMIAEI 5\ TI3520
nm&800 NI WM MBI S 4v7= (Fig. 2), DCEIR
HCBLS 115520 nmOWINIECI-23 B8 535 S-Cl

A) &-MTPM," ,
o 2 ~W“”“fﬂ'

AO.D.

AO.D.

A
(O o-MmTT w,,wnw

BB DB NI B B-CIH I R0 T g\_,/“ T
%
NRBINTz, F7-MTPAMTT,MTBIZ 3V CDCE o e - J———
g P e =MTB,"
e Tldo-, m-(ArSCHa)z** 0 A B A3 41 il & 4 S |
. 400 500 600 700 800
ArSCHs** LCI-L DRSS RIB I~ ) =RJL Wavelength / nm
" Fig. 3. Transient absorption spectra observed at 50
T C o, - (ArSCHa)2 DL HERBS NI, ns after an electron pulse during the pulse radiolysis
(Fig. 3), of (A) MTPM, (B) MTPA, (C) MTT and (D) MTB

with 1 mM (black) and 50 mM (red) in benzonitrile.
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Se-Se Bond Cleavage of Diaryl Diselenide Radical Anions

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

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

Diaryl diselenide radical anion (ArSeSeAr*) generated during the y-radiolysis in MTHF at 77 K showed an

absorption band at 440 nm, where an unpaired electron is localized on two Se atoms. Upon increasing

temperature, the absorption band at 440 nm shifted to longer wavelength, suggesting that an unpaired electron is

delocalized over two aryl rings and Se-Se bond. ArSeSeAr*- undergoes the Se-Se bond cleavage, mesolysis, to

form ArSe* and ArSe". The relationship between the Se-Se bond cleavage and delocalization of unpaired electron

in ArSeSeAr* is discussed.

U TEMERNCEHER LR THY, L)
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AT E T H440 nmfF3T I Se-Sel 2 & B 3
JATEAL U 722900386 112 i 3k~ 5 ArSeSeAr D i
WA sz, ELRED EFITEDY
*NpSeSe*Np* C1x440 nmD WL (3540 nmiZ 7 b
L 7= (X2) , “NpSeSe*NpD175 K/ SV AT VA U &
ANZB W TCETHRIBFTS0 nst4 12540 nmO YL A
BUHIS . 2 ORI ITfEN420, 620, and 690 nmiZ
1-F7F kL= K7 VHA(ENpSe ) IfE S
WA S 7= (K3), “NpSeSe“Np* > Se-Se
TG 23540 nmIZ W EF S H A (Int™) 2 8% T — 4
FHIZfiE R (mesolysis) 5 Z E B Bk 7e o T2,

G Pamgy

PhSeSePh
*NpSeSe*Np

PNpSeSePNp

Fig. 1. Molecular structures of diaryldiselenaide
used in this study.
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Fig. 2. Absorption spectral change upon
annealing from 77 to 100 K after the
yradiolysis of *NpSeSe*Np in an MTHF rigid
glass at 77 K.
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Fig. 3. Transient absorption spectra observed at 50 ns,
500 ns, and 5 us after an electron pulse during the
pulse radiolysis of *“NpSeSe“Np in MTHF at 175 K.
Inset shows time traces of the transient absorption at
540 and 690 nm.
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Fig. 4. Transient absorption spectra observed at 50
ns, 500 ns, and 5 us after an electron pulse during the
pulse radiolysis of (a) PNpSeSe’Np and (B)
PhSeSePh in MTHF at 175 K.

Table 1. The Se-Se Bond Length (r), Dihedral Angle Formed by Aryl Plane and Se-Se Bond (@ass.), and Spin Density on Se-Se Bond of ArSeSeAr",

Rate Constant (k), Activation Energy (E

) and Frequency Factor (A) for the Se-Se bond cleavage of ArSeSeAr".

ArSeSeAr ArSeSeAr”
r[A] Dryse [°] @[A]  Duse[]  Spin density on Se-Se bond Kel s E. [keal mol ] Als]
“NpSeSe’Np 2.354 84.2 3.046 65.4 0.84 1.4 x10° 23 1.1x10°
’NpSeSe’Np 2.296 10.4 3.001 18.9 0.95 2.2x10° 28 4.0x10°
PhSeSePh 2.337 87.7 3.019 12.9 0.96 3.3x10° 23 1.3x10°

[a] At 175 K. [b] Indefinable. [c] Not measured at 175 K, while k= 2.8 x 10" s at 295 K. [d] Not measured.
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Study of Femto-second and Atto-second Pulse Radiolysis

Dept. of Advanced Nanofabrication

Masao Gohdo, Koichi Kan, Takafumi Kondoh, Jinfeng Yang, Hiromi Shibata,
Hitoshi Kobayashi, Atsushi Ogata, Seiichi Tagawa, Yoichi Yoshida

Study of femto-second and atto-second pulse radiolysis and the progress of its development was reported. One

of the essential component of this super high time resolution is an ultra-short electron beam, and the generation

of less than 10 fs electron beam was achieved. The pulse radiolysis measurement system upgraded in terms of

affordable wavelength region (240~1900 nm, 0.5~2 THz), measurement programs. Reduction of experimental

noise was also achieved. Update of the time resolution of pulse radiolysis is accomplished, and this study will be

move on to the next stage.
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Generation and measurement of ultrashort electron bunches using S-band photocathode RF gun linnac

Dept. of advanced Nanofabrication

Itta Nozawa, Koichi Kan®, Jinfeng Yang, Atsushi Ogata, Takafumi Kondoh, Masao Gohdo, Yoichi Yoshida™

Ultrashort electron beams with pulse durations of femtoseconds and attoseconds have been investigated to
improve a time resolution of time-resolved measurements such as pulse radiolysis and ultrafast electron

diffraction (UED).

In this study, the ultrashort electron beams were generated using an S-band laser

photocathode RF (Radio Frequency) gun linear accelerator (linac) and a magnetic bunch compressor. The bunch
length measurement was also carried out by analyzing interferograms of coherent transition radiation (CTR)

emitted from the electron bunches.
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Characterization of cray minerals relating to the adsorption ability of Cs using positron

RLQBS of SANKEN®, Graduate School of Engineeringb

Yoshihide Honda®™, Yuki YoshidaP, Yoko Akiyamal, Shigehiro Nishijimab

After the nuclear power plant disaster, the evaluation of radioactive Cs kept in soil, especially in clay minerals
and the elucidation of its movement are urgent subjects to promote decontamination. It is known that the
extractable level of Cs depends on the sort of clay minerals. We tried to find the characteristics of clay minerals
belonging to phillosilicate group using positron annihilation spectroscopy (PAS) and the relationship between
the results of PAS and the amounts of substantially extracted Cs from the clay minerals. The results showed that
each clay mineral was found to be distinguishable from other clay minerals by PAS and the extraction rate of Cs
was different among those clay minerals, however the direct correlation between the results of PAS and the

extraction rates of Cs was not found.
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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 OkamotoP, Naoya NomuraP, 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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Elucidation of Radiation Induced Reactions of Materials for Ultrafine Pattern Fabrication

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

Kazumasa Okamoto?, Takuya Ishida?, Tosglihiko Susa?, Naoya Nolrjnuraa, Kikuo Umegaki?,

Hiroki Yamamoto®,

and Takahiro Kozawa

Chemically amplified resists have been widely used in the mass production line. The acid generation mechanism

induced by ionizing radiation such as extreme ultraviolet (EUV) and electron beam is important for

improvement of the resist performance such as sensitivity, roughness, and resolution below 11 nm. However, the

details of deprotonation kinetics from the ionized resist solid film immediately after the ionization have been still

unclear. In this study, pulse radiolysis of highly concentrated the poly(4-hydroxystylene)(PHS) solutions was

performed. The deprotonation reaction in solid state of PHS is assumed more than ps order.
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Figure 1  Relation between PHS concentration

and viscosity and rate constant of deprotonation in
PHS / cyclohexanone solutions.
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Figure 2 Kinetic traces in PHS/cyclohexanone
solutions (about 50 wt%) with and without
TPS-tf observed at 1150 nm obtained by pulse
radiolysis.
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Study on Sensitivity Improvement of the Soft X-ray Resist with Pulse Radiolysis

Research Institute for Science and Engineering, Waseda University2, Dept. of Nano Ultimate Fabrication?

Chucheng Wang?, Yuji Hosaka?, Masakazu Washio?™ TakafurB| KondohP, Akihiro OshimaP, Seiichi Tagawab
Yoichi Yoshida

ZEP520A is a main-chain scission-type electron beam (EB) resist, and is known for its good spatial resolution
and high sensitivity. In our previous work, the radiation-induced early reactions of ZEP520A were investigated
with pulse radiolysis in ISIR, and the direct ionization of ZEP520A in tetrahydrofuran was confirmed. Following
these results, early reactions in polystyrene and highly concentrated poly (a-allyloxymethyl methyl acrylate)
solution in methylethylketone were investigated with pulse radiolysis in the present study. The transient
absorption band of multimer phenyl radical cation was observed in the solution.
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Study on Radical ions of cycloparaphenylenes by Radiation Chemistry

Dept. of Molecular Excitation Chemistry?, Research Laboratory for Quantum Beam ScienceP,
Institute for Chemical Research, Kyoto University®

Mamoru Fujitsukad, Sachiko TojoP, Takahiro IwamotoC, Eiichi KayaharaC, Shigeru YamagoC, Tetsuro Majima?

Cycloparaphenylenes (CPPs) have attracted wide attention because of their interesting properties owing to
distorted and strained aromatic systems and radially oriented p-orbitals. For application of CPPs, information on
their charged states (radical cation and radical anion) is essential. Here, we measured absorption spectra of the
radical cations and the radical anions of CPPs with various ring sizes, over wide spectral region by means of
radiation chemical methods. The peak position of the near-IR bands for both the radical cation and the radical
anion shifted to lower energies with an increase in the ring size. This trend is contrary to what observed for
transitions between HOMO and LUMO of the neutral CPP. The observed spectra of the CPP radical ions were
reasonably assigned based on time-dependent density functional theory. These results indicate that the next
HOMO and the next LUMO levels are important in the electronic transitions of radical ions.
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Fig. 1. Molecular structures of [n]CPPs (n = 6, 8,
10, and 12).
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Fig. 2. Absorption spectra of [nN]CPPs (n =6 (a), 8
(b), 10 (c), and 12(d)) in BuCl glassy matrix after
y-ray irradiation. Numbers near absorption peaks
indicate peak positions in nm unit. Blue and red
bars indicate oscillator strengths obtained by
TDDFT at UB3LYP/6-31G(d) level assuming C;
and D2 Symmetries, respectively.
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Fig. 3. Absorption spectra of [n]JCPPs (n = 6 (a),
8 (b), 10 (c), and 12(d)) in MTHF glassy matrix
after yray irradiation. Numbers near absorption
peaks indicate peak positions in nm unit. Blue
and red bars indicate oscillator strengths
obtained by TDDFT at UB3LYP/6-31G(d) level
assuming C; and Dn2)¢ Symmetries, respectively.
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Fig. 4. MO levels of neutral [n]CPPs (n =6, 8,
10, and 12) calculated at B3LYP/6-31G(d)
assuming D/2)d Symmetry.
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Configurational Changes of Heme Followed by Cytochrome ¢ Folding Reaction

Dept. of Molecular Excitation Chemistry,” Korea University,” Research Laboratory for Quantum Beam Science ©

Jungkweon Choi,* Dae Won Cho,” Sachiko Tojo,® Mamoru Fujitsuka,” Tetsuro Maj ima®*

The configurational change of heme in the Cyt-c folding process induced by one-clectron reduction has
investigated using a combination of time-resolved resonance Raman spectroscopy and pulse radiolysis. The
results presented herein reveal that reduction of ferric Cyt-C and the ligation of Met80 occur simultaneously
within a timescale of approximately 2 ps, and that the ligand binding and exchange of heme depends on the
initial configuration of the heme. The rapid ligation of Met80 observed in this study may be attributed to the
intramolecular diffusion of Met80 into ferrous Cyt-C with a 5-coordinated high-spin configuration. Conversely,
the ligand exchange of a ferrous Cyt-C with a 6-coordinated low-spin configuration was significantly slower.

Although various time-resolved spectroscopic
techniques have been used to investigate the folding
dynamics of Cyt-C in the presence of a denaturant
such as guanidine hydrochloride (GdHCI), the
dynamics of the heme coordination states
accompanied with the electron transfer-triggered
folding reaction of Cyt-C are not yet clear. To our
knowledge, here, we present the first study on the
configurational changes of heme accompanied with
Cyt-c folding induced by one-electron reduction
using the time-resolved resonance Raman (TR?)
spectroscopy combined with pulse radiolysis.!

In native Cyt-c, the Fe ion of heme
coordinates axially with the His18 and Met80
residues of the Cyt-C protein. However, upon
addition of GdHCI, the bond between Met80 and
the Fe ion is disrupted, resulting in denaturation
of the protein. In denatured ferric Cyt-Cc, the
coordination site of met80 is either occupied by a
histidine (His33 or His26) to form a 6cLS
configuration. Moreover, ferrous Cyt-C is folded
in the presence of ~4 M GdHCI, whereas ferric
Cyt-C is denatured under same conditions.

The denatured ferric Cyt-C exhibited the
characteristic v4 (v(pyrrole half-ring)sys) mode at
1375 cm’!, corresponding to the porphyrin
breathing mode, and the vig (V(CoCn)asys) mode
at 1639 cm’. In addition, the vo (V(CpCp)sys)
mode, a spin-state marker band, was observed at
1565 and 1588 cm’, corresponding to
6-coordinated low-spin (6¢LS) and 5-coordinated
high-spin (5cHS) configurations, respectively.
These data indicate that the heme moiety has a
mixed configuration under denaturing conditions.

In comparison to the Raman spectrum of

* T. Majima, 06-6879-8495, majima@sanken.osaka-u.ac.jp

unfolded ferric Cyt-c, ferrous Cyt-C exhibits
significantly down-shifted v4 and vo vibrational
modes at 1362 and 1621 cm™, respectively,
which is characteristic of the properly folded
ferrous Cyt-c. The v4 mode is considered an
indicator of the oxidation state of heme because
of its sensitivity to the electron density of heme.
Meanwhile, the vio mode is sensitive to structural
changes in a protein. Thus, the down-shifts in
both the v4 and viy modes, observed in the
spectrum of ferrous Cyt-c, can likely be
attributed to changes in both the oxidation states
and in the structures of ferric and ferrous Cyt-C in
the presence of ~4 M GdHCIL It is also
noteworthy that the vz (V(CoCn)sys) mode is more
pronounced in the spectrum of ferrous Cyt-C than
in that of ferric Cyt-C, suggesting that this mode
can also be used as an indicator of the folding
state of Cyt-C.

To investigate the configurational changes of
heme during the reduction-induced folding reaction
of ferric Cyt-c, we measured the TR? spectra after
pulse radiolysis of ferric Cyt-c in 3.5 M GdHCI.
Figure 1 shows the TR? spectra obtained after pulse
radiolysis of unfolded ferric Cyt-c in 3.5 M GdHCI.
The TR? spectrum of the unfolded ferric Cyt-C in 3.5
M GdHCI exhibits va, V3, V2, and vio modes at 1373,
1505, 1587, and 1639 cm’!, respectively. The
observation of the v, mode at ~1585 cm’!, which
consists of two peaks with centre frequencies of 1564
and 1587 cm’!, indicates that the 6¢LS state of heme
coexists with the S5cHS state under denaturing
conditions. The formation of the unfolded ferric
Cyt-c with 6¢LS configuration is mediated by His33
(or His26) and Hisl8, whereas formation of the
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Figure 1. Time-resolved resonance Raman spectra obtained
during pulse radiolysis of ferric Cyt-c in 3.5 M GdHCI. ([Cyt-c]
= 50 puM, Aexcitation = 416 nm)

unfolded ferric Cyt-c with 5cHS configuration is
coordinated by the His18 residue alone.

On the other hand, the TR? spectra measured
after pulse radiolysis of unfolded ferric Cyt-C in
3.5 M GdHCI also exhibited v4 and vz modes at
1362 and 1400 cm’!, respectively, even in the
early time-delay (e.g. at 500 ns). These v4 and v
vibrations are characteristic Raman modes of
ferrous Cyt-c, implying that the unfolded ferric
Cyt-c undergoes rapid reduction via an electron
transfer from the guanidine radical. The
time-dependent signal intensity of the v4 mode at
1362 cm?! could be well fitted by a
tetra-exponential function with relaxation times
of 1.4 ps, 5.4 ps, 296 ps, and >5 ms (constant).
The fast component of 1.4 ps may be due to the
reduction dynamics of ferric Cyt-C because the v,
mode is very sensitive to the oxidation state of
heme. Thus, one interpretation of this observation
is that the reduction of ferric Cyt-C occurs either
more rapidly than or simultaneously with the
ligation of Met80. Chen et al. found that the
reduction of oxidized Cyt-c and the ligation of
Met80 to the heme iron (Fe?") occur
simultaneously within a 5 ps timescale.? Several
other studies have reported that binding of
methionine residues (Met80 or Met65) to the
heme iron (Fe?"), followed by photodissociation
of the CO ligand, takes place within a timescale
of a few microseconds (~2 ps). Furthermore, the
new v; vibrational mode at 1490 c¢cm™ due to

presence of ferrous Cyt-c with the 6¢cLS heme
configuration was observed in the early delay
time (500 ns); however, the intensity of this
mode was weak. Therefore, we propose reduction
of ferric Cyt-C and the ligation of Met80 occur
simultaneously within ~2 ps. Meanwhile, the two
decay components of 5.4 and 296 ps probably
stem from conformational changes triggered by
the reduction of a denatured ferric Cyt-C and the
ligation of Met80. The slow dynamics of >5 ms
(constant) may be due to the rearrangement to the
native conformation.

During the folding of ferric Cyt-c, the ligand
exchange from His18-Fe**-His33 (or
His18-Fe’*-His26; 6¢LS) to Hisl8-Fe’*-Met80
(6¢LS) occurs via a 6-coordinate intermediate linked
to a water molecule as a distal ligand. Consequently
the dynamics of this reaction are very slow. The data
presented herein show that ferric Cyt-c, under
denaturing conditions, exists in both the 6¢LS and
5cHS forms. Oellerich et al suggested that, similar to
the formation of an unfolded ferric Cyt-c, the
formation of an unfolded ferrous Cyt-c with a 6¢cLS
heme might also be mediated by His-18 and His-33.
Given the folding dynamics of ferric Cyt-C, one
would predict that the ligand exchange from
His18-Fe?*-His33  (or  Hisl8-Fe?"-His26) to
His18-Fe?*-Met80 during the protein folding reaction
would be slow. Indeed, the v, mode at 1565 cm™! of
ferrous Cyt-Cc, corresponding to the 6c¢LS
configuration, was measured with a weak intensity
even in the late delay time of 5 ms, as shown in
Figure 1. In contrast, the v, mode of 1586 cm,
corresponding to the 5cHS configuration of ferrous
Cyt-c, was undetectable, suggesting a rapid ligand
binding process. This result indicates that the ligand
binding and exchange of heme depends on the initial
coordination state of the heme molecule even though
the reduction dynamics of ferric Cyt-C occur within a
timescale of a few microseconds. That is, the ligand
binding of ferrous Cyt-c with the ScHS
configuration, generated by pulse radiolysis, is
relatively fast, whereas ferrous Cyt-c with the 6¢cLS
configuration exhibits slow reaction dynamics. The
fast ligation of Met80 can likely be attributed to the
intramolecular diffusion of Met80 to a reduced
ferrous Cyt-c with a ScHS configuration.

In conclusion, the resulte presented herein show
that the ligand binding and exchange of heme
depends on the initial coordination state of the heme
molecule even though the reduction dynamics of
ferric Cyt-C occur within a timescale of a few
microseconds.
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Structural Study of Various Substituted Biphenyls and their Radical Anions Based on Time-resolved Resonance
Raman Spectroscopy Combined with Pulse Radiolysis

Dept. of Molecular Excitation Chemistry,” Korea University,” Research Laboratory for Quantum Beam Science ©

Jungkweon Choi,”

Dae Won Cho,® Sachiko Tojo,* Mamoru Fujitsuka,® Tetsuro Maj ima®*

The structures of various para-substituted biphenyls (Bp-X; X = -OH, -OCH3s, -CH3, -H, -CONHz, -COOH, and
-CN) and their radical anions (Bp-X*) were investigated by time-resolved resonance Raman spectroscopy
combined with pulse radiolysis. The inter-ring C1-C1’ stretching modes (ve) of Bp-X were observed at ~1285
cm'!, whereas the ve modes of Bp-X*" with an electron donating or withdrawing substituent were significantly
up-shifted. The difference (Af) between the vs frequencies of Bp-X and Bp-X* showed significant dependence
on the electron affinity of the substituent and exhibited a correlation with the Hammett substituent constants (op).

Biphenyl (Bp-H), which consists of two benzene
rings with weak electronic interactions, has been
experimentally and theoretically investigated to
understand its structure in gas, liquid, and solid
phases.

ENREF 1 ENREF 1 ENREF 1 ENREF
8 ENREF 9As a result, it is well known that in the
gas and liquid phases, Bp-H has a twisted structure
owing to steric hindrance between the ortho
hydrogen atoms, whereas in the solid state Bp-H has
a planar structure. In contrast to neutral Bp-H, its
radical ions (radical anion Bp-H* and radical cation
Bp-H*") tend to have a quinoidal character, resulting
in a planar structure even in the liquid phase.
However, there are a number of arguments for the
structure of Bp-H* and Bp-H*" in solution. In
addition, most studies have been focused on
halogen-substituted biphenyls, because of the
pollution concerns related to polychlorinated
biphenyls (PCB). Here, we present the comparative
investigation of the structures of Bp-X and Bp-X*
with electron donating or withdrawing substituents at
the para position using TR® spectroscopic
measurements combined with pulse radiolysis.!
Theoretical calculations for the structures of Bp-X
and Bp-X*- are also conducted and compared with the
experimental results.

Figures 1 shows the representative Raman spectra
of Bp-X and Bp-X* in DMF. The TR? spectra of
Bp-X*- were measured with a delay of 50 ns after the
electron pulse irradiation by pulse radiolysis in DMF.
The v¢ modes for Bp-H and Bp-H*", observed at 1286
and 1327 cm’!, respectively. Notably, the v modes
for Bp-Xs are observed at 1286~8 cm’!, which are
close to that of Bp-H. These results imply that the
structures of Bp-Xs are not affected by the

* T. Majima, 06-6879-8495, majima@sanken.osaka-u.ac.jp
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Figure 1. Representative TR3 spectra of Bp-X (top line)
and Bp-X* (bottom line) in DMF; Bp-H (a), Bp-OH (b),
and Bp-CN (c). TR? spectra of Bp-X*" were measured with
a delay of 50 ns after the radiation of electron pulse during
the pulse radiolysis of Bp-H, Bp-OH and Bp-CN in DMF.

substituents attached at the para position (Cs) of the
phenyl ring. Furthermore, the theoretically calculated
D and rcicr values for all Bp-Xs showed little
change. This result supports the hypothesis that the
twisted structure is attributable to the repulsion of the
ortho hydrogens, and not the electronic properties of
the para substituents.

On the other hand, the v¢ mode of Bp-X* is
markedly up-shifted. The up-shift of the vs mode



accompanied by the one-electron reduction has been
interpreted in terms of the structural change from
Bp-X to Bp-X* with a quinoidal character.
Interestingly, the largest difference (Af) between the
ve frequencies of Bp-X and Bp-X*" was observed for
Bp-H. Numerous experimental and theoretical results
indicate that Bp-H* has a shorter rci.cr’ than Bp-H,
and that it has a planar structure due to the quinoidal
character (Dgpp.re- = ~0°). However, the results
presented herein clearly show that the Af values for
other Bp-Xs are smaller than that of Bp-H. This may
be attributed to the weak quinoidal character of
Bp-X* compared to that of Bp-H*, owing to the
presence of electron donating or withdrawing
substituents. The smaller Af values, compared to
Bp-H*, indicate that Bp-X* may have a slightly
twisted structure. Furthermore, the difference (Af)
between the v¢ frequencies of Bp-X and Bp-X*
showed significant dependence on the electron
affinity of the substituent and exhibited a correlation
with the Hammett substituent constants (cp).

The opposite effect of electron donating and
withdrawing substituents on the Af values, shown in
Figure 2, can be interpreted by considering the
different distributions of the unpaired electron and
negative charge densities of the two benzene rings in
Bp-X*. To date, it is well known that the planarity of
Bp-H* is predominantly due to the m-electron
delocalization, which results in an increase in the
quinoidal character of the two benzene rings i.e., the
delocalizations of the unpaired electron and charge
densities of the two benzene rings in Bp-H* are
equal. However, the substitution of the
para-hydrogen atom with an electron donating or
withdrawing group should result in unequal negative
charge densities on the two benzene rings, even in
the ground state. In addition, Mdnig et al. suggested
that the radical cations of PCBs in DCE show a
twisted structure, wherein the unpaired electron and
the positive charge are localized mainly on one
benzene ring.?2 Taking into account the
op-dependence of the Af values of Bp-X, observed in
the present study, and the twisted structure of Bp-X*,
we conclude that, with or without a substituent, the
unpaired electron and negative charge in Bp-X*
substituted with an electron donating or withdrawing
group may be localized on one benzene ring. Indeed,
theoretical calculations show that in the case of
Bp-X*" with an electron donating group, the sum of
the spin and charge density for the unsubstituted
benzene ring is larger than those for the substituted
benzene ring. However, in the case of Bp-X* with an
electron withdrawing group, the sum of the spin and
charge density for the unsubstituted benzene ring is
smaller than that for the substituted benzene ring.
This result indicates that the unpaired electron and
negative charge density in Bp-X*" substituted with an

Af [ cm™?

Figure 2. Plots of the frequency difference (Af) against
Hammett o, constants for Bp-Xs. The frequency difference
(Af = pr-X* f Bp-X--).

electron donating group are located predominantly on
the unsubstituted benzene ring, whereas those in
Bp-X* substituted with an electron withdrawing
group are located predominantly on the substituted
benzene ring. Moreover, this result supports the
hypothesis that the position of the unpaired electron
and negative charge in Bp-X*" significantly depends
on the electron affinity of the substituent. These
experimental and theoretical results suggest that the
twisted structure of Bp-X*" is due to the localization
of the unpaired electron and negative charge on one
benzene ring and that the opposite effect caused by
electron donating and withdrawing groups on the Af
value stems from the unequal distribution of the spin
and charge densities between the two benzene rings
in Bp-X*~.

In conclusion, the structure of Bp-X* is
significantly affected by the electron affinity of the
substituent, while Bp-X has a twisted structure
regardless of the type of substituent. In addition, the
Af values clearly show a linear correlation with the o,
values for both electron donating and withdrawing
groups. From the theoretical and experimental
results, we show that Bp-X* substituted with an
electron donating and withdrawing group at the para
position has a slightly twisted structure, whereas
Bp-H* has a planar geometry. The twisted structure
of Bp-X* is due to the localization of the unpaired
electron and negative charge on one benzene ring.
Moreover, the unpaired electron and negative charge
in Bp-X* substituted with an electron donating group
are located on the unsubstituted benzene ring,
whereas those in Bp-X*" substituted with an electron
withdrawing group are located on the substituted
benzene ring.?
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Electronic states of solids probed by IR-THz spectroscopy using FEL light source from L-band linac at ISIR

Industrial Technology of Wakayama Prefecturea
Dept. of Accelerator Science®

A. Higashiya®*, A. Irizawa®, R. Kato®, K. Kawase® and G. Isoyama®

Infrared spectroscopy is an effective technique for direct observing electronic states of solids. A terahertz
free-electron-laser (THz-FEL) at the Institute of Scientific and Industrial Research (ISIR) in Osaka University is
one of the most intense light source in a far infrared region. It has also possibilities as a pump source because of
its huge peak power with the short pulse length. Meanwhile this also has a linear polarized character originating
in the undulating electrons through the wiggler. A circular polarized THz light can be reconstructed from 90
degree phase shifted linear polarized ones. These characteristic THz-FEL will be the key for developing new

experimental physics of solids in THz region.
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Study of fully automated analyzing system
for the study of low-dose radiation effects on cellular radiobiology

DResearch Institute of Nuclear Engineering, University of Fukui, Japan.
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Health risks from low-dose radiation has a concern for the potential risks from environmental and clinical
radiations, especially after the Fukushima nuclear disaster, even public people has a great interest about the risks
of low-dose radiation. Since experimental signal changes are extremely rare on DNA strand breaks and/or cell
survivals at low-dose region, in the current situation, experimental data in this region with statistical significance
are very difficult to obtain because of the need for large number of samples. We have been developed a fully
automated colony counter system by utilizing the nuclear track detection technologies in order to verify radiation
damage on cellular radiobiology such as the cell survival at low-dose region. As a sample to use in this research,
the colonies were prepared from the cell which irradiated gamma-rays.
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The evaluation of the characteristics of the neutron imaging detector

Institute of Laser Engineering &,
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The neutron imaging detector has been developed for shadowgraph image for large size infra-structures. The
detector consists with a neutron scintillation pixel array made by a fast response liquid scintillator filled in the
aluminum-hanicam plate, an optical relay lens and a time-gated image intensifier CCD camera. L-band linac was
used to generate pulsed x-rays to demonstrate the detectors. Electron beam was injected into a lead plate to
generate pulsed a high energy x-ray. The x-ray shadowgraph image of the 10-cm sized heavy iron construction
was clearly observed, and 10-ns fast gating was also demonstrated.
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Post-growth control of the response times of bulk ZnO single crystals by gamma-ray irradiation

Institute of Laser Engineering

Kohei Yamanoi™, Melvin Empizo, Ren Arita, Keisuke Iwano, Yuki Iwasa, Yasunobu Arikawa,
Nobuhiko Sarukura, Takayoshi Norimatsu

Hydrothermal-grown bulk ZnO single crystals are investigated before and after gamma-ray irradiation. The irradiation
does not alter the optical transparency in the visible region. The gamma-rays only induce modified near-band-edge (UV)
emission with blue-shifted peaks and shortened response times. The response times shorten by 140 to 440 ps from the
initial values before irradiation. We attribute these observations to the creation of shallow defects by gamma-ray
irradiation. Our results present a possible control of the response times with post-growth radiation treatment. Bulk ZnO
single crystals with improved response times as fast as 400 ps are useful for relevant scintillator-based applications.

Zinc oxide (ZnO) is a 11-VI semiconductor compound
which can be used in a variety of optoelectronic
applications. Due to its wide and direct band gap (3.3 eV
or ~ 380 nm) and large exciton binding energy (60 meV),
ZnO can sustain intense and efficient short wavelength
near-band-edge excitonic emission at room and even
higher temperatures. We have previously reported
excellent scintillation properties of hydrothermal-grown
ZnO.! The ZnO crystal has a fast response time of about
1.0 ns irrespective of the optical excitation source. ZnO
response times can be further improved by impurity
doping with the introduction of additional quenching
channels or by the possible use of nanostructures which
maximize the oscillator strength. Exploring other methods
to control response times, effects of radiation
environments are of particular interest. Exposure to high
energy and ionizing radiations results to altered structural,
optical, and electrical properties. Electron and proton
irradiations of bulk ZnO crystals have already been
investigated and provide not only insights on ZnO
applications but also information on defects — their
creation and manifestations.

In this regard, we present our results on the gamma-ray
irradiation of bulk ZnO single crystals. The ZnO samples
grown by the hydrothermal method are irradiated with 10
to 150 kGy radiation doses. The gamma radiation only
induces modified near-band-edge emission of the ZnO

* K. Yamanoi 06-6879-8730, yamanoi-k@ile.osaka-u.ac.jp
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crystals. We offer the creation of shallow defects on the
crystals as an explanation of our observations. These
results provide an alternative method to improve ZnO
response times for scintillator applications with
post-growth radiation treatment.

Bulk ZnO single crystals were sliced from a large boule
grown by the hydrothermal method. Samples with 10 x 10
x 0.5 mm® dimension and (0001) orientation were then
polished on both sides to have a mirror finish. The crystals
were irradiated with gamma-rays carrying 1.17 to 1.33
MeV energies from a %Co source. The %Co source was
calibrated with water and had a dose rate of 71.1 Gy/h at
1.0 m. Absorbed doses of 10, 50, 100, and 150 kGy were
applied on the ZnO crystals at room temperature and
ambient atmosphere. The optical properties of the bulk
Zn0O before and after irradiation were investigated using
optical transmission and photoluminescence (PL)
spectroscopies. All of the measurements before and after
irradiation were conducted at room temperature. The
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Fig. 1 Optical transmittance spectra of the bulk ZnO single crystals
before and after (a) 50 and (b) 100 kGy gamma-ray irradiation



characterizations of the irradiated samples were done
immediately after radiation treatment to prevent any
absorption relaxation and room-temperature annealing
effects.

The typical optical transmission spectra of the bulk ZnO
single crystals before and after gamma-ray irradiation are
shown in Fig. 1 (a) and (b). Similar to the sample color, no
noticeable change in transmission is observed after
irradiation. Both non-irradiated and irradiated crystals
have the same absorption edges (393 nm) and visible
region transparency (~ 100 %). Gamma-ray irradiation
does not affect the optical properties of the bulk ZnO
single crystals in the visible region.
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Fig. 2 Spectral and temporal profiles of the room temperature
near-band-edge emissions of the bulk ZnO single crystals before
and after (a and c) 50 kGy and (b and d) 100 kGy gamma-ray

irradiation. The arrows indicate the change after irradiation

The spectral and temporal profiles of the near-band-edge
emissions of each sample before and after irradiation are
depicted in Fig. 2. The UV emissions around 380 to 390
nm correspond to the near-band-edge emission of ZnO.
The characteristic emissions of the samples change after
irradiation. Electron and proton-irradiated ZnO crystals
also exhibit modified near-band-edge emissions. After
gamma-ray exposure, the emission peaks are blue-shifted
by 6 nm (177 eV), while the spectral linewidths about 17
nm (73 eV) are not significantly affected. Moreover, the
response times of the ZnO crystals before and after
irradiation are determined by double exponential fitting of
the decaying part of the temporal profiles. The fast
component is ascribed to free excitons, while the slow

component is ascribed to free and trapped -carriers.
Gamma-ray exposure has shortened both the fast and slow
components of the response times by 140 to 440 ps. The
shift in the emission peak is almost the same for different
radiation doses.

Bulk ZnO single crystals are expected to have excellent
optical band-to-band transitions. The room temperature
wide scan PL spectra of the samples (not shown here) do
not exhibit any defect-related emissions in the visible
wavelengths. Gamma-ray irradiation of the ZnO crystals
does not cause any detrimental effects such as decreased
optical transmittance or visible absorption bands as
compared to gamma-irradiated undoped and doped ZnO
thin films and ZnO-based scintillation glasses. Without
any observed inherent defects, the band-to-band transitions
are the only ones being altered by the gamma-ray
irradiation. We attribute the modified near-band-edge
emission to the radiation-induced shallow defects. Since
gamma-rays carry substantial energy, they can create
defects on the crystals. These shallow defects can serve as
carrier traps or nonradiative recombination centers leading
to shortened response times. An increased radiation dosage
creates more defects on the crystal. This explains why the
response times are shorter for ZnO crystals irradiated with
a higher dose. Moreover, the blue-shift of the emission
peaks can be ascribed to band-bending and screening
effects due to the built-in electric field created by the
trapped carriers.

We presented the improvement of the response times of
bulk ZnO single crystals by post-growth radiation
treatment. The crystals were irradiated by gamma-rays at
room temperature and ambient atmosphere. Gamma-ray
radiation only induced modified near-band-edge emission
with blue-shifted peaks and shortened response times.
After irradiation, the response times improved by around
140 to 440 ps. The altered optical properties were
attributed to the creation of shallow defects after
irradiation. Realizing scintillator-based applications, these
results nevertheless provide another way to improve ZnO
response times by post-growth radiation treatment rather
than the preparation with intentional doping or the use of
micro/nanostructured crystals.
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Development of dosimetry method of the radiations based on the yield of DNA lesions
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Radioisotope Research Center?, Research Laboratory for Quantum Beam Science®, RINE. University of Fukui®,

Graduate School of Science and Engineering, Kinki University ¢

The biological dosemeter that measures biological responses to ionizing radiation is useful for radiation
protection. We are aiming at developing novel dosimetric system using DNAs based on radiation biology
and molecule biology. Quantitative PCR (Real-time PC) is used to amplify and quantify a radiation
irradiated DNA molecules. The DNA molecules irradiated with ionizing radiation suffer damages such as
strand brakes and oxidation of base, and this Real-time PCR method is based on the fact that such 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. In this
study, the protocol of PCR was refined in order to improve the sensitivity and reproducibility.

In order to know which damage was effective for block of DNA polymerase reaction, we also examined
the amount of 7, 8-dihydro-8-oxoguanine (8-0xoG) which were produced by v ray and carbon ion particle.
The amounts of 8-oxoG produced by v ray and carbon ion particle was about the same. This means that
blocking effect on PCR of high LET radiation such as carbon ion particles results from DNA strand breaks,
not base damages such as 8-0xoG.
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Study of Irradiation Effect on Insulation Material for Superconducting Magnet of Nuclear Fusion Reactor

Graduate School of Engineering?

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

Organic polymeric materials are used for the insulation material in the nuclear reactor. They are the most
sensitive to radiation among the constituent materials of the nuclear reactor, and it is necessary to improve the
radiation resistance. The insulation material is fabricated by impregnating the resin into the layers of polyimide
films and glass cloths. Cyanate ester resin is to be used for the matrix because of its high radiation resistance. In
this study, the composites fabricated with cyanate ester were degraded by gamma-ray irradiation, and
interlaminar shear test was performed at the liquid nitrogen temperature. Based on the results, the fracture

mechanism of the composite material was discussed.
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Structure and Mechanism of Transmembrane Cytochrome bsg;

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

Kazuo Kobayashi®, Takahiro Kozawa?, and Motonari Tsubaki®

The ascorbate(AsH")-dependent oxidoreductase cytochrome bsg;, a family of highly conserved transmembrane
enzymes, plays an important role in the electron transfer from cytosolic AsH™ to intravesicular
monodehydroascorbate radical (MDA). Radiolytically generated MDA oxidized rapidly the reduced form of
cytochrome bsg; to yield the oxidized form. Subsequently the oxidized form of cytochrome bsg; was re-reduced
by AsH" in the medium. Recently, crystal structure of cytochrome bsg; from Arabidopsis thaliana was reported.
Here, the structural data and the effects of mutations allow the proposition of a general electron transfer
mechanism for members of the cytochrome bsg; family.
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JaBEH I B W THID TR A I N2 E B Cytochrome bsg; 5~20 uM, 10 mM AsH % & e
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Study of the material modification and the invention of new functional materials using an accelerator

Daikin Industries Joint Research?, Dept. of Advanced Nanofabrication?

Kenji Adachid, Kazuyuki Sato?, Takafumi Kondoh®™, Yoichi Yoshidad™*

In this study, by using an electron beam from a low energy electron accelerator, high dose radiation was
irradiated to the various polymeric materials (mainly fluorine-based polymer), and modified by cross-linking
(high strength / functions). Also establishes a novel ultra-fine processing technology using an electron beam
nanoimprinting. Samples after irradiation, the evaluation of physical properties in the laboratory.
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Fig.1 Functionalization of various polymer materials

by irradiating of low energy electron beam
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Fig.2 Relocated low energy electron accelerator (250 kV) made by Iwasaki
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