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Charge Separated State of Supramolecular Donor-Acceptor Dyads
Dept. of Mal. Exc. Chem.2 Res. Lab. Quantum Beam Sci.P
Mamoru Fujitsuka® Sachiko TojoP, Tetsuro Majima’ @

The eectron transfer processes of Zn octagthylporphycene (ZnPcn), a dructural isomer of Zn
octaethylporphyrin, have been investigated mainly using transient absorption spectroscopy. In order to form a
supramolecular donor-acceptor dyad, imide compounds bearing a pyridine group at the N position of the imides
have been used as an acceptor. The N atom of the pyridine ring can coordinate to the central Zn ion of ZnPcn.
Formation of a supramolecular donor-acceptor dyad, i.e., pentacoordinated ZnPcn, was confirmed by steady
state absorption spectroscopy using toluene as a solvent. Charge separation upon excitation of ZnPcn was
indicated by efficient fluorescence quenching, especially when pyromellitic diimide was used as the acceptor.
Electron transfer processes were confirmed by sub-picosecond transient absorption spectroscopy, in which
generation of a radical anion of the acceptor and aradica cation of ZnPcn, which was identified by means of
y-ray radiolysis, was confirmed. It became clear that the charge separation rate was smaller than that of
corresponding supramolecular dyads of Zn tetraphenyl porphyrin and Zn octaethylporphyrin in spite of a similar
driving force. This observation indicates a larger internal reorganization energy and a smaller coupling element
of the ZnPen dyad.
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Fig. 2. (Upper pand) Absorption spectra of ZnPcn
in n-butylchloride at 77 K before (black) and after
y-ray irradiation (red). (Lower panel) Difference
spectrum.
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Fig. 3. Absorption spectra of PI-ZnPcn in toluene
during the laser flash photolysis usng 650 nm
femtosecond pulse for excitation. Spectra were
obtained from10 to 250 ps (10 ps step) after the
laser excitation. Lower panel is kinetic trace of
AO.D. a 720 nm during the laser flash photolysis.
Red curveisfitted curve.
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A region on the human chromosome 3p21.3 has been identified as a critical region for mutations that may
result in tumors and cancers. This region includes the candidate tumor suppressor gene 101f6 coding for a
protein predicted to be a member of the cytochrome bss; family. In this study, pulse radiolysis technique was
employed to study the reaction of the 101F6 protein with monodehydroascorbate (MDA) radical. Radiolytically
generated MDA radical oxidized the reduced form of the 101F6 protein to the oxidized form with a second-order
rate constant of 5.0 x 10’ M’s™. Subsequently, the oxidized the 101F6 protein was re-reduced by ascorbate. The
results strongly suggest that MDA radical and ascorbate are physiological electron donor and acceptor for 101F6

coding protein.
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Fig. 1 The adrenal cytochrome bsg; model.
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Cyclic-di-GMP is a second messenger important for numerous physiological functions in bacteria. The heme-bound globin

—coupled diguanylate cyclase, YddV, displays diguanylate cyclase (DGC) activity towards GTP to generate cyclic-di-GMP.

Binding of O, molecules to the reduced heme of YddV enhances DGC activity. Here we investigate the ligand binding of O,,

following reduction of heme in YddV by pulse radiolysis. The O, association and dissociation rate constants of YddV were
1.4 x 10° M st and 13 s, Y43A and Y43L mutations at the heme distal side markedly decreased oxygen affinity. Our data

suggest that YddV is a novel heme-based oxygen sensor DGC enzyme critical for biofilm formation.
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Fig. 4 Absorption changes at 425 nm after
pulse radiolysis of YddV Y43A mutant in
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Table 1. O, association and dissociation constants of
the wild-type

~Ddistalfif

Koo (MS)  Ko(s) K (M)
Yddv WT 1.4 22 16
Y43A n.d. n.d. n.d
Y43L n.d. n.d. n.d.
Y43F 4.6 53 12
Y43W 4.6 >150 >33
Q60A 35 39 11
Q60E 1.7 >80 >47
Q60L 1.1 4.0 3.6
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Interflavin electron transfer processes from FAD to FMN in the reductase domain of inducible nitric oxide synthase (iNOS) .

has been investigated by pulse radiolysis. This enzyme contains one FAD and FMN, and calmoduline (CaM) binding

domains. Radiolytically generate hydrated electron (e,q) was found to react predominantly with FMN to form the red

semiquine of FMN, and subsequently conversion to the blue semiquinone. 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.

1. FLoIC

— PR ZE R (NOY TR RIZE T DL 7 T IV nE

JEFRE, S ’Eé%%ﬁéiﬁﬁ%ﬁﬁ%%ahf“é
SNy T HY, NOIT— B b 4 3 A BRI %
(NOS)IZEDT N F =TV B S ID, EDEAARE
1XCa®* I Y 2 (CaM)IZ LDl S Tus, Ca?t
{RAF D% ZNOS(NNOS) . L PN 2 FINOS(eNOS) &
Ca®* FEKAFEDFHERINOS(INOS) IZ /P FEN TV D, W
FThb~Lheme) 3G LA X7 —EBRA L
FADEFMNZ$->reductase domain >SS TUy
%, NOS @ Reductase domain (¥, NADPH-cytochrome
P450 (CRP) &V vRERD—4H DT ENPIHNICSH
T\ %, NADPHIZLWFAD M E T &4, FMNZ /LT
LGB EEI9 5, nNOSDreductase domaingd

HIED

(B)

Fig. 1 (A) Ribbon diagram showing the structure of
CRP (B) Stereoview showing residues in the vicinity
of the FAD and FMN cofactors.
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Reaction Behaviors of Radiolysis Products in Mixed lonic Liquids containing Thiocyanate lon
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Reaction behaviors of radiolysis products in mixtures of different ionic liquids containing thiocyanate anion
were studied by measuring the transient absorptions under irradiation of electron pulses. Dimer radical ion of
thiocyanate in the visible range and electron in the near-infrared range 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

radiolysisto clarify their formation pathways.
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FTUFVAERIL, FIBHINEIE IO E TR
TAF I TlTo T, REHI T VI TATRIAE .,
HF2-10 MmO A HE U ANV TR L=,

FA LT RO TIEIRFHZ > TR
IZ(SCN)y | T ARIMBU VA BEFN TR e DRI AT/
BcElEng Y, 72720, AIX VU BRBA A
L DIRIETIE, BRI Ve 13 BIIS N2,

7 v =0 L[ demma] SCN & [demma] [t ] DR A
AR T Ty DWIL () 1%, % D AN & 730.08
umol/JTHHUSHE HM TO A 2L0h K&,
(SCN), LIRIEEIZ, IR DOSCN P E L LB I
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Fig.1 Absorption spectra of ey, in ammonium salts.
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Deprotonation of the adenine (A) base in both mononucleotide and oligonucleotide (ODN) was measured by nanosecond
pulse radiolysis. The cation radical (A*s) of deoxyadenosine (dA), produced by oxidation with SOy4’s, rapidly deprotonated to

form the neutral A radical (A(-H)*) with a rate constant of 2.0 x 107 s

and a pK, value of 4.2. A similar process was
observed in experiments performed on a variety of double-stranded ODNs containing adeninesthymine (AeT) base pairs. The
transient spectrum of Asin an ODN composed of alternating AsT pairs was essentially identical to that of free dA, and
differed from the spectra of ODNs containing AA and AAA. In contrast, the spectra of A(-H)e were not affected by the
sequence. These results suggest that the positive charge on A*e in ODNs is delocalized as the dimer stabilized by m-orbital
stacking between adjacent As. The rate constants for deprotonation of A*s in ODNs containing AA and AAA (0.9~1.1 x 107
s™) were a factor of two smaller than the rate constants for deprotonation of A*s in ODNs containing alternating AT and dA
2.0x 10 s'l). This suggests that the formation of a charge resonance stabilized dimer AA*e in DNA produced a significant

barrier to deprotonation.

1. LI FOHE & D A-T T DI73672% A8 ODN H1{Z
DNA $H EIZAERL7zA— Vit b B LB D AR LTz AT OB A BB 72,

W7 T = (GIZBEIL, G AR— VBB DX v 2. EER

U7 —L LTI ZEREHNTWD, ZIUIKLTT ODN [ Sigma Genosis f:&ViE AL, HPLC f##4

T=U(ANE G IDVBEMEEM S mWITH DD A AV, ARZEBRCIE Table 1 1ZRTELAIOD

TLnolc A ATDVERT DL, BEEICEFLARY ODN 2V,

BERUWR—/V carrier LU TEIKCEDNRESILT Table 1: Oligonucleotide Sequences

WD B LIRS, ZRET AT-OBIRZEENIC Name Sequence (32— 3’)
A £ oy N - N = .
DWTOMEBNI D72, EZAN, Kl Sevilla © AT S ATATATATATAT.3'
DY N—7" IF ESR JIE B L OFHREAE RIS, 3"-TATATATATATA-S"
AT, 5°-TTAATTAATT-3"
n-stack L7z AZA~—HF A7 00 AATI3E 3'-AATTAATTAA-5
e . R AsTs 5'-TTTAAATTTAAA-3’
i3I JRITEALL . AT D7 T b D pK, A -37135 7 3’-AAATTTAAATTT-5’
. s AsoT 5°-AAAAAAAAAAAA-3°
(22 TR BB MEL TS, Fex AT R T T TTTIT T T, 5
FVT ALY, KFIET& S0, EDRISICED 4 ssAq, AAAAAAAAAAAA

9% SO, - kAL L CHVY, DNA SFI2 4Rk PNNVAZ AV AT 10 mM VR buffer(pH
T5 GO ar ARRET A ZOESNELT 7.0). 0.1 M NaCl, (NH4),S,05 20 mM, ODN 1-2.5
L7=EBOENEHLNI L 9, RABFFE T, 2 mM, OH TV /AR Py —L LT tert-butyl
DOFEZH A, A DHNGRL—A8 ODN, B alcohol 0.1 M & T e/K¥E AT V= L EHHS T T

*
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Figure 1. Absorbance changes at 330, 450, and 600
nm after pulse radiolysis of dA (5 mM) in the
presence of ammonium persulfate (20 mM) and
tert-butyl alcohol at pH 2.0 (10 mM acetate buffer)
(A) and pH 7.2 (10 mM phosphate buffer) (B)

ZDHIIENTRINDZEALB R b7z, ZOE WK
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WA ZEA LS FLs e o Tz, ZOWIN LI 7 =
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SO + A —»SO7% + A'e (D)

A'e H )
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x107 s

—> ACHr

LRk s 1.
BT
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pKa CEL/ ot : ..... o |uu":::'.:.
‘(4.2 0) ° 300 35‘0 40(‘) 45‘0 5:]0 5‘50 6:)0 6;0 700
WAVELENGTH (nm)

N =]
fiE 23 4% Figure 2. Kinetic difference spectra of
5 pulse radiolysis of dA at 50 (e) and 500 ns

N (@) after pulse radiolysis at pH 7.2.
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BHiD AT DRI NUEZEDORFNC I LTz,
A PNERELTZBLSI(ASTS) (AgTIZIBUNT 400—500
nm (I ERFODIZxL T(Fig.3B), A & T 232 A.
OEFNATIE dA EREDARI NV E 5272, 2D

TLiFAE A ; oo
A T N b fﬁw
320 nm| 450 nm 600 nm
FEODNAH o
L: j‘zj vy "C . 04 |
n-stack 75  §%f '.'.
ZEICkDE B
FAIERAE T T
o L L L L L (hevetde,
feL7z AA™ WAVELENGTH (nm)
NEr ==k
ML FENAF Figure /7. (A) Absorbance changes
- at 320, 450 and 600 nm after pulse
ETHIL%E radiolysis of ODN A3T;. (B)
— Kinetic difference spectra of ODN
ALTND, AsT, monitored at 50 (e) and 500
R N ns (e) and ODN A,T; at 50 (e) and
B abe o 500 ns (e).
W E B
C
IZBW\WT 1.1 ‘I_A’AZO-Z J\“W_’W }aa=00s
20005 330 1 200ms A:;::;s 200ms 600 nm|
x 100 s' T B
D
AT(2 x 10" s o
ALYINSE i <[
D I FEAL R I T
O E I T R
WAVELENGTH (nm)
78K Z A .
Halhxsll Figure 3. (C) Absorbance changes at
SN 330, 450 and 600 nm after pulse
A3 o7 radiolysis of ODN AT. Samples
contained  ODN 2.0 mM),
ammonium persulfate (20 mM), NaCl
(0.1 M), tert-butylalcohol (0.1 M),
and phosphate buffer (20 mM, pH
7.0). (D) Kinetic difference spectra of
ODN AT monitored at 50 () and 500
ns (e).
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Development of Terahertz radiation source based on the far-infrared FEL

Dept.of Accelerator Science

Kenichiro Furuhashi”, Ryukou Kato, Shigeru Kashiwagi, Yutaka Morio, Yoshikazu Terasawa,

Naoya Sugimoto, Shoji Suemine, Goro Isoyama

We have been developing a Terahertz FEL based on the 40 MeV, L-band electron linac at the Institute of

Scientific and Industrial Research (ISIR), Osaka University. The longitudinal shape and width of the FEL optical

pulse are measured by autocorrelation using a Michelson interferometer. Depending on the cavity length,

autocorrelation profiles are drastically changed. Experimental results indicate that the profiles are influenced by

water vapor. The absorption of water vapor was excluded by substituting air surrounding in the optical path with

the dry nitrogen gas. Since three peaks had been still confirmed in the autocorrelation profiles, it is possible that

the FEL optical pulse consists of two sub-pulses at the cavity length slightly shorter than synchronous condition.

Fox OWFFERTIX, LAV REF T4y 72 N
7o ARAMEIK OFELOMF 5252 1T> CWvd, ZHET
(2, s OB T A 2 O T SR IE R 15 - LR E
BROWE ., BTt a Wzl R A~ K
NORERE | SESFRPEDMTHOITE[1],
MEFASoeHR B4R 2R I IFELD ~ 7 12 L ZAD ]
07 7 A VINHRHECE S8, Figure 1 (R T 8912,
FNERERR T HI7 T OV R0 B R fEI B A
TENTISE R D33 7o Mg BN 2d | N7
D TH-oTz, LOWLFELY AT IV ADWFEIZIBN T,
FELZEIEREOIZ7a L ZAO RN 7 a7 7 A /L2811
THIETEETHLHEEBZLND,

ZZTHE, Fex OWFFEEEL IO TG
AL, FELR 717V ZAD R [E RIS 2 BE 3~ 2 I &
LIRNTRAT 0Tz, Beax ER LI TFEHE~ A vy
VHRITC AL — Y — A — A AT Yy X —T
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Fig.1 Time structure of the FEL pulses.
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Fig.3 Observed autocorrelation profiles for four

different cavity length.
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Evaluation of Wake Field and Bunch Structure using OTR
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In order to measure the longitudinal phase-space profile of the electron beam, we are developing the

measurement system consisted of a Cherenkov radiator, a bending magnet and a streak camera. The

Cherenkov radiator with an aerogel was installed in the beam transport line, and a longitudinal phase-space

image has obtained.

FxlImAEMA T 7 7 A VE=H— A
U — 27 T AT &G D T HEST AR 22 ]
DARRE S AT L&A LT\ D, FEFEE, Jt&E
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A ITE T E— A3 ¥ —10 MeV Bl LTI
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FELY AT LTV 5 B — AR BICERE S
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Figure 1: Schematic layout of the ISIR L-band Linac.
The Cherenkov radiator was ingaled in the beam

transport line from the linac to the FEL system
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Figure 2: Beam energy spectrum measured with the
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Figure 3: Longitudinal phase-space profile of
the single bunch electron beam. The profile
image has energy information as the horizontal
and temporal one as the vertical axis (150 ps /
full scale). The upper side indicates the head in
the electron bunch and the right side the higher
energy side.
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Phase and amplitude compensation of the RF pul se of an electron linac for high quality electron beam

Dept. of Accelerator science

YutakaMorio”, Shigeru Kashiwagi, Ryukou Kato, Yoshikazu Terasawa,
Kenichirou Furuhashi, Naoya Sugimoto, Shoji Suemine, Goro Isoyama

We are conducting to develop free electron laser (FEL) in the terahertz region using the L-band eectron linac a
ISIR, Osaka University. In order to generate a micro-bunched e ectron beam with uniform energy, the phase and
amplitude of RF were repeatedly controlled using an 1-Q modul ator for low level RF pul se. We achieved that the
undulations of flat-top of the input RF pulse for the accelerating structure were reduced to 1 deg  (p-p) and
0.6% (p-p) in the phase and amplitude within 8.0 us pulse duration, respectively. The transient beam loading
compensation has been tested by modulating a leading part of RF pulse, which is fed to accelerating structure.
We will report the rf modulation system and the measurement results.
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Fig.1: Block diagram of feed-forward control system using
1Q modul ator.
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IR-excitation-assisted migration of impuritiesin semiconductors

Dept. of Computational Nanomaterials Design®, Dept. of Accelerator Science®
K. Shirai®, S. Kashiwagi® R. KatoP, G 1soyamal™*

We report a firg-time attempt of diffuson control of impurities by IR excitation, by using an intensive
free-electron laser facility of ISIR.  Although the result is discouraging, the plan, experimental setup, irradiation
experiment, and the result on the impurity diffusion, are described in detail, in hoping improvement of
experiment in the future by using EFL facility. The theoretical sudy on the lifetime of phonons, on which the
present application is designed, has been devel oped.
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Conformational relaxation of 6-conjugated polymer radical anion on picosecond scale

PRESTO-JST?, Special Sci. Researcher, Osaka Univ.b, GSE Osaka Univ.©
CREST-JSTY, Lab. Third Project, ISIR®

Akinori Saeki®P*, Shu Seki®2, Seiichi Tagawad-¢

We report the conformational relaxation of poly[bis(p-n-butylphenyl)silane] (PBPS) radical anion measured

by near-ultraviolet-enhanced picosecond pulse radiolysis in tetrahydrofuran solutions. The peak shift and

increase of optical density of the transient photoabsorption spectra were investigated by kinetic analysis

including reactions of PBPS with solvated/pre-solvated electrons, peak extraction protocol, and diffusion theory,

demonstrating the correspondence in the rate constants (5 + 1 x10% ps) between the peak shift and increase of

oscillator strength. The results were examined by density functional theory and molecular dynamics simulations,

where the modeled oligosilane radical anion shows more planner conformation relative to its neutral state and a

relaxation time of 8 ps. The difference of the time scale is discussed from the viewpoints of actual experimental

factors. To the best of our knowledge, this is the first report on the direct observation of the conformational

dynamics of rod-like 6-conjugated polymer: PBPS radical anion.
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Femtosecond Pulse Radiolysis Study of n-Dodecane using the Photocathode RF gun LINAC

Dept. of Advanced Nanofabrication?, Medical Sciences Research Groupb

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

Femtosecond electron beam pulse radiolysis was developed, and Radiochemical initial process of n-Dodecane

was studied. Kinetics of radical cation of n-Dodecane was measured at 800nm as a function of carbon

tetrachloride concentration. When the concentration of carbon tetrachloride was increased, the yield of the

radical cation increased from the pulse end. Initial process simulation was carried out to explain this behavior.

As a result, the existence of the excited state of the radical cation, and generation of the radical cation by

relaxation were suggested. Estimated life time of excited state radical cation was 7ps.
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Pulse Radiolysis Study of Hydrated Electron in MgSO, Aqueous Sol ution
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The trangent optical absorption spectrum of the hydrated electron in MgSO, agueous solution was observed
with pulse radiolysis study. The peak found in MgSO, solution seems to shifts to shorter wavelength as the
concentration increasing. The shifts were successfully explained by the mixture of the two spectra. The peak
intensity around 720nm decreases at high concentration solution and this peak is due to the hydrated electron in
pure water. On the other hand, the peak intensity around 620nm increases at high concentration solution and this
peak may be due to the hydrated e ectron related to Mg ion.
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Radiation Induced Nano Particle Formation in Mixture of Ionic Liquids and Water Solution

Dept. of Advanced Nanofabrication?, Medical Sciences Research Groupb, Japan Atomic Energy Agency Tokai®,
Japan Atomic Enegy Agency Takasaki® , Kanazawa University®, Advanced Industrial Science and Technology',

Takafumi Kondoh@, Jinfeng Yang® Norizawa Kimihiro® Koichi KanP, Yoichi Yoshida®:0, Ryuji Nagaishi,
Mitsumasa Taguchi’, Kenji Takahashi®, Ryuzi Katoh'

Radiation-induced metal-particle formation in ionic liquids(ILs) was studied. The solvated electrons
which were induced by electron beam were reduce metal ionsin DEMMA-TFSA and DEMMA-BF,. Metal
ions were transfered from original aqueous solutions to ionic liquids. The kind of metal ions and ionic
liquids was changed. HAUCI saq and EuClzaq were used as an anionic metal ion and a cationic metal ionin
solution respectively. DEMMA-TESA and DEMMA-BF, were used as a hydrophaobic IL and a hydrophilic
IL respectively. The time dependent behaviour of the solvated electrons was obsarved by the nanosecond
pulse radiolysis. Spectrum of the solvated electrons in IL was changed by increasing of water content.
Metal ionsin solution was reduced by the solvated e ectrons, and metal particles was formed in ILs.
Keywords: Ionic Liquid, Metal Particles, Solvated Electron, Pulse Radiolysis,
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Site-selective bimodal reactions of distonic radical cation by pulse radiolysis

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

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

An acyclic 1,4-distonic dimer radical cation (DAE,"") was generated from the dimerization of 1,1-bis-

(4-methoxy- phenyl)ethylene radical cation (DAE"") with the neutral molecule (DAE) in solution by pulse

radiolysis. DAE,"" in the ground state has the spin and positive charge localized on 1- and 4-positions,

respectively. In order to elucidate the site selective bimodal reactivities of DAE,", the pulse radiolysis of

DAE was performed in the presence of O, or methanol (MeOH). The interaction between radical and cation

sites of DAE,™ in the ground state is discussed based on the steady-state spectroscopic, transient absorption

measurements and theoretical calculations.
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Figure 1. Transient absorption spectra observed at
50, 100, and 500 ns after an electron pulse during
the pulse radiolysis of DAE in BN.
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Figure 2. Optimized structure of (a) DAE,” and (b)
1,6-peroxyl radical cation of DAE,"* obtained by the
density functional theory at UB3LYP/6-31G* level.
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Figure 3. The select spin and charge densities (o and
g, respectively) of 1,6-distonic peroxyl radical cation
of DAE,"" obtained by the density functional theory
at UB3LYP/6-31G* level.
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Research on nonlinear optical effect in terahertz frequency region

Ingtitute of Laser Engineering® and Dept. of Accelerator Science?

Takeshi Nagashima @, Goro Isoyamab, Ryukou Katob, Shigeru Kashiwagi b and Yutaka MorioP

Nonlinear optical effects in the terahertz frequency region are investigated by using intense FEL light. Spectra
of FEL light in the terahertz frequency region transmitted through GaAs wafers with various crystal orientations
are measured by using a wavel ength dispersive spectrometer with a Ge:Ga photoconductive detector. Thereisno
indication of generation of second harmonics for all samples. However, intriguing signals with a wavelength by
22 um shorter than that of the fundamental light are observed in highly doped samples.
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Origin of Frequency-Dependent LER of Resist Pattern: Monte Carlo and Fast Fourier Transfer Study

PRESTO-JST?, Special Sci. Researcher, Osaka Univ.D, Dep. of Adv. Nanofab., ISIR Nanotech.C
CREST-JSTY, Lab. Third Project, ISIRE

Akinori Saeki®P™ Takahiro KozawaC®d, Seiichi Tagawad:€

The low-frequency line edge roughness (LER) of a chemically amplified resist (CAR) has a marked effect on
the quality of electrical circuits, especially those produced by sub-30-nm-scale fabrication by extreme ultraviolet
(EUV) lithography. We examined the origin of frequency-dependent LER by Monte Carlo and dissolution
simulations of a positive-tone CAR subjected to electron beam lithography. The correlation between frequency
components and LER is highlighted to clarify which component is dominant. We found that the resist process
parameters, such as the exposure dose, the base quencher, and the development, cause low-frequency LER even

in the absence of mesoscale resist roughness.
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Investigation of polymer e ectrolyte membrane with positroton annihilation spectroscopy

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

Yoshihide Honde®", Sachiko Tojo? Ryoma UegakiP, H.S. SodayeP, Yuich TomiP, Yoko Akiyama®,
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. The results showed significant correlation between proton conductivity and
S-parameter and it was different for the series of samples experienced different degradation process, suggesting
that the degradation was caused by different kinds of radicals. To investigate the interaction between radicals and
Nafion, S-parameter and proton conductivity were measured for the Nafions exposed to selectively produced

radicals.
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Generation of electron beam and X-ray with high spatial resolution for medical application

Materials Science & Technology Research Center for Industrial Creation?, Dept. of Advanced NanofabricationP

Koichi Kan &, Ji nfeng Yangb, Takafumi KondohP, Kimihiro Norizawal, Takahiro Kozawab, Yoichi Yoshidal

Pulse radiolysis and ultrafast eectron diffraction (UED), stroboscopic methods with an ultrashort electron
bunch and an ultrashort light, are essential for the observation of ultrafast reactions in materials. The time
resol utions of those depend on the el ectron bunch length. In order to improve the time resolution, a femtosecond
electron source based on a photocathode RF gun and a femtosecond laser was investigated experimentally.
Femtosecond ultraviolet (UV) light was injected into the photocathode RF gun with third-harmonic generation
(THG) of the femtosecond laser. The beam emittance was measured with a quadrupole-scan technique. The
bunch length was measured with the dependence of the correlated energy spread given in a linac and the

accel erating phase.
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Femtosecond pulse radiolysis study: Observations of formation and geminate recombination processes of
hydrated electron in water

Dept. of Advanced Nanofabrication, ISIR, Osaka Univ.

Jinfeng Yang, Takafumi Kondoh, Koichi Kan, Kimihiro Norizawa, Yoichi Yoshida

An ultrafast pulse radiolysis with time resolution of 240 fs has been performed and opened for the first time
the experimental study of radiation chemistry in the femtosecond time region. The formation and geminate
recombination of hydrated electron in water radiolysis has been observed. It was found that the hydrated electron
in water radiolysis is formed with a time constant of 550450 fs as well asin the photoionization. The 10% of the
hydrated €l ectrons undergo the geminate recombination in the time region of <20 ps.
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Generation of electron beam and X-ray with high spatial resolution for medical application

Materials Science & Technology Research Center for Industrial Creation?, Dept. of Advanced Nanofabrication?

Koichi Kan &, Takafumi Kondohb, J nfeng Yangb, Kimihiro NorizawaP, Takahiro K ozawaP, Yoichi YoshidaP

Recently, Intensity Modulated Radiation Therapy (IMRT), which can decrease radiation dose to normal tissue
in cancer treatment, has been developed. In order to reduce the quality of IMRT, IMRT based on photocathode
RF gun linac was proposed in ISIR. The spatial resolution of electron beam and X-ray generated by the linac was

measured.
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Development of an Ultrafast Electron Diffractometer with MeV Electron Pulses Generated by RF
Photocathode

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

Nobuyasu Naruse®”, Yoshie Murookad, Jinfeng YangP, Manabu Ishimaru, Youichi YoshidaP, Katsumi
Tanimura?

We have developed an ultrafast electron diffraction system using MeV eectron pluses generated by rf
photocathode. The diffraction patterns obtained from Al thin film clearly show Debye-Scherrer rings of high
scattering vector up to 1.4A™ that is sufficient to know structural changes in dynamical phenomena, eg.
photo-induced structural phase transitions. The photocathode was stable for several hours, and the current from
the photocathode was in the range of 0.1~2pA. The experimental achievements promise to determine
photo-induced transient structures with ~100 femtosecond time resolution in the near future.

Phase tranditions induced by femtosecond (fs)
laser pulses have been of great interest for basic
researches, and for applications as a new approach to
process materials. The fs laser pulses can excite
specific electronic states of matters at first without
moving the lattice structure. Therefore, we are able to
decompose between ultrafast carrier dynamics and
lattice dynamics subsequent to the dectronic
excitations. This contrasts with thermodynamical
phase tranditions that a lot of dynamical phenomena
cause Smultaneously. Most studies of the
photo-induced phase trangtions, however, have been
based on spectroscopic approaches; those approaches
provide indirect structural information through the
changes in the optical properties.

For directly determining transient structures in
such a photo-induced dynamical phenomena further
and for developing electron microscope with fs
tempora resolution, we have constructed an ultrafast

electron diffraction system of a transmission mode. A

S-band radio-frequency (rf) photocathode, with an
extremely small energy spread (A E/E <10%) and
emittance (<0.1mm mrad) was specially designed to
make the entire diffraction system a laboratory-sized
[1]. Photodectrons from  the
rf-photocathode were generated by the third

equipment

RF Generator /hme Ti:Sapphire
2B56MHz 'Svncnromzal!oc_)' | 2856/36=79.33MHz, 800nm
¢ RF Amp Vo
- Regenerative Amp
RF Klystron l TkHz

¥
1MW@ALs [ THG Light
/' 4 | 266nm, 110fsec (FWHM) ]
1-5MW@dps ¥ ’\

High sensitive CCD

'-'- Efff =i o=t — - I
Diffraction
RF electron gun pattern

e :1-5MeV

Figure 1: A schematic illustration of ultrafast
electron diffraction system (UED) using MeV
electron pluses generated by rf photocathode.

* Nobuyasu Naruse, 06-6879-8491, naruse@sanken.osaka-u.ac.jp



harmonics of Ti: Sapphire laser, and accelerated by rf
with a repetition rate of 10Hz. For a pulse with 10°
electrons generated by ~70 fs laser pulse and
accelerated to 1-5 MeV, the temporal width is
estimated to be as short as~80 fs.

The system is designed to be especially rich in
the electron beam configuration equipped with a
condenser lens, an objective lens, and a projector lens,
similar to a conventional transmission electron
microscope as illustrated in Fig. 1. Therefore, both
electron diffraction and imaging are possible. The
illuminations with parallel/focused e ectron beam are
easily switched, and the camera length is aso
adjustable.

ultra-high-vacuum

The sample chamber is a an
(~10°  Pa)

manipulation capabilities. Diffraction patterns can be

with  severd
recorded in two ways. one is real-time imaging with
a sengitive CCD camera combined with an efficient
scintillator for pump-probe experiments of reversible
phenomena, and the other is for single shot
experiments of nonreversible phenomena with

extremely sensitive emulsion films used for
hi gh-energy physics experiments.

The photocathode was stable over hours, and
the current density could be tuned precisely for
various types of experiments. The current is in the
range of 0.1~2pA, corresponding to 10°~10’
electron/pulse that is sufficient for single shot
experiments. Using the CCD based detection, high
quality diffraction patterns were recorded from athin
film (~70nm) of polycrystalline auminium (Fig.
2(a)). Debye-Scherrer rings were clearly resolved up
to 1.4A™ that is sufficient for further processing to
obtain, for example, the radial distribution function.
Diffraction patterns were recorded also from single
crystal mica without obvious degradation in the
pattern due to possible charge buildup. Those

experimental achievements show the capability of
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determining photo-induced transent structures with

~100 femtosecond time resolution in the near future.

12F

—— UED (2MeV)
TEM (300keV)

o o o =
= (2] 2] (=]
T T T T

Diffracted Intensity [arb. unit]

o
[N
T

(b)

b 1 i 1 i 1
0.4 08 1.2
Scattering Vector q [A"]

o
=)

Figure 2: (a) Electron diffraction obtained from
Al
diffracted intensities obtained by using ultrafast
electron diffraction system (UED) and by a

thin film. (b) A comparison between

conventional transmission electron microscope
(TEM). Both datain (b) were measured from the

same sample.
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Development of focusing wiggler

Dept. of Accelerator Science?, Ingtitute of Materials Structure Science, KEKD

S. Kashiwagi & R Kato? Y. Morio? Y. Terasawa?, K. Furuhashi? N. Sugimoto?, G Isoyama?,
K. Tsuchiyal, S. YamamotoP

We have developed a new type of wiggler based on the edge-focusing (EF) wiggler for FEL and SASE in the
infrared region at the ISIR, Osaka University. The EF wiggler, which produces the strong field gradient for
transverse focusing incorporated with the normal wiggler field. We are conducting FEL experiment with an
optical cavity using the strong focusing type of the EF wiggler in the wavelength region between 25 and 147 um.
The wavelength of FEL is varied changing the wiggler gap or electron beam energy. Thefield gradient decreases
with increasing magnet gap more dowly than the peak magnetic field does, which is favourable in view of the
beam focusing in the wiggler. The magnetic field gradient of the EF wiggler was derived as a function of the

magnetic gap.
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Calibration of the electron spectrometer by L-band LINAC 11
NIFS2 ILEP, Dept. of Accelerator Science®
Tetsuo Ozaki &, Mayuko KogaP, Hiroyuki Shiragab, Ryukou KatoS, 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 have been devel oping the compact Electron
SpectroMeters so as to be ingalled on different angular potions. The imaging plate is used as the eectron
detector. However 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 Ingitute of Scientific and Industrial Research, Osaka
University. The calibration has been done using single pulse at two different energies of 9.5 MeV and 27.1 MeV
with 0.1-10 pC. The anayzer has been tested to measure energetic e ectrons from the plain and integrated targets
irradiated by LFEX laser (maximum energy of 10 kJ) up to 800 J.
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Gammarray and pulsed electron radiolysis studies on the reaction of solvated el ectrons
in room temperatureionic liquids.

Japan Atomic Energy Agency (JAEA)& The Ingtitute of
University

%uentlflc and Industrial Research(ISIR), Osaka

Atsushi Kimura®”, Mitsumasa Taguchi@ , Takafumi Kondohb, Jinfeng YangP, Yoichi YoshidaP, Koichi Hirota

Halophenoals, as electron scavengers, in room temperature ionic liquids (RTILs) of alkylammonium salts were decomposed
by gammaray and pulsed electron irradiations to investigate the reactivity of the solvated electrons. G-values of
ortho-chlorophenol (CP) in RTILs were estimated by the gamma ray irradiation, and were almost the same as the formation
yield of the solvated eectrons estimated by the pulsed electron irradiation. The subdgitution site of chlorine on CP and
dichlorophenaol (DCP) does not affect their decomposition rate and formation rate of the irradiation products in RTILs. The
decomposition yields of ortho-fluorophenol, CP, ortho-bromophenol, and ortho-iodophenol in DEMMA-TFSI were similar

to each other, but only the G-values of phenol formation for the decomposition of ortho-fluorophenol were lower than that of

the other halophenols.
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Radiation chemical yield for loss of carbonate ester bondsin PADCS (CR-39)

Graduate School of Maritime Sciences, Kobe University & Nanoscience and Nanotechnology Center b

Tomoya Yamauchi &, Yutaka Mori & Sachiko Tojo P, Yoshihide Honda P, Keiji Oda @

Radiation chemical yield, G value, for loss of ether bondsin PADC films, exposed to gamma ray from intense

Co-60 source, has been determined by means of FT-IR spectrometry. The obtained value of 18 (scissions/100

eV) isfairly higher than that from heavy ion irradiations. It was also found the value was less than10 for samples

irradiated under vacuum conditions.
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Stability of Radical Anions of Fluorinated Benzene Derivatives
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K azumasa 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 sudy, 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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Figure 1. Kinetics traces of Ar bubbled
(a) hexafluorobenzene and (b)
1,2-difluorobenzene solution in THFE,
monitored at 1300 nm.
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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 chemistry 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 early processes in the
radiation chemistry of fluoronaphthalene in the presence of acid generators usng pulseradiolysis.
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Figure 3. Kinetic traces of radicd anions of (a) 100 mM 8FN and (b) 100
mM 1FN in THF solution with and without 1.5 mM acid generator
monitored at 725 and 700 nm respectively.
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Mesolytic processes of radical anions during y-ray and electron pulse radiolyses

Graduate School of Engineering, Dept. of Chemistry and Chemical Biology, Gunma University &,
Dept. of Mol. Exc. Chem., SANKEND

Minoru Yamaji & Takumi Kimura b, Mamoru Fujitsuka b Tetsuro Majima b*

Mesolytic mechanisms of carbon-sulfur bond dissociation of radical anions possessing biphenyl moieties
generated upon y-ray and electron pulse radiolyses in condensed phase were investigated by monitoring the
transient absorption spectra. Upon radiolysis of biphenylyl benzyl sulfide (BPSCH,Ph) in MTHF at 150 - 250 K,
formation of the biphenylyl thiyl radical (BTR) via the radical anion was observed. In contrast, radiolysis of
p-phenylbenzyl phenyl sulfide (BPCH,SPh) in MTHF at 77 K and 295 K gave arise of p-phenylbenzyl radical
without detecting the radical anion. The difference in the mechanism of C-S bond dissociation is discussed based

on the computations of the state energies of the species.
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Radical lons of Carbazole-Substituted Carboranes
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Takumi Kimura, Mamoru Fujitsuka, Kyung-RyanWee, Dae Won Cho, Sang Ook Kang, Tetsuro Majima*

Radical cations and anions of carbazole-substituted carboranes were investigated by the pulse radiolysis in
solutions at room temperature and y-ray irradiation in rigid matrices at 77 K.

HIVIRT o (Co)lF B FR I -2 25 o — 4+ I 147
TR T AL — i C26(H DO E T DIERTEIC
FLEL TD, FI2ChiT2 oD R FHEIF 1D E
ALEIZED, o, my, p-D3FED RMEENFAET D, fi
U AR AL 0 9y B~ D CoD i A 28
HEhTWaYS, —%, Chic BT 28 B ik
FOWFEFNT D7, ZOE B SRR T E
RS TR, ABFFETIE, o, m, p-Cb (R=
H.BLXOH LY — )L (C)EHCb (0-, m,
p-Cz-Cb, R=H, Cz), Cz_&#.Cb (o-, m, p-Cz,-Cb,
R= Cz, Co)DyftE7IXE T VL ARG LY, £
NOEDTZHN T A (CoON)RTVHINT =4
(CoYEAERSE, TOWEERFILZ (Fig. 1),

Cbh¥ L UCzE#aCbdN-7 F /L7115 A K (n-BuCl)
R DTIK~ R > 7 2Dy EHZ KD . Co DR IY
AT VOB ETTI2>T2, 0-, mr, p-CbTiZ, 535
nm{FITIZCh T O INE — 7 RIS 7z, £T-0-,
m-, p-Cz-CbE X Uo-, m-, p-Cz-CbTIL725-730F% &
U810-820 nmfHiT I INE — 7MLl STz, i
1XCZzF P IN T FH(CZ YD E — T 5, Bk
RO Z T, 0-Cz-Ch ™2V TD A, 880 nmiZh Hr
7o e — 7 BLRIE e (Fig. 2, Table 1),

R Z2- AF LT R IR e 7 I (MTHR)Z VW5
ZEIZEY, Co BN E T Ieo T, EDFESR, o,
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p-Cz-Cbi3J1. (Fo-, m-, p-Cz-Cb Tl 340-400 nmf}
IR — 7 BB S LTz, ZAULCzZ 3 T
=F(CZ)DWINE—ET 5 (Table 1), LA L72As



5. 0-Cz-Cb$ L (R0-Cz,-Cb Tl 4905 L U567 nm
(2, m, p-Cz-Cb L U'm-, p-Cz-Cb T, 730-1030
NMIZHT72 72— 273 B LT, ZhUE, ChlicksiTsd
AEROIERIELICE R L, CzECbi D HI4H
HAEMAERT,

LI EOFEFDS, Ch™1E535 nmfsh T (2N A A4
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CZ " OWIRE — 7 BEIS L, IEE RT3 CzH~RTE
fELCNWDZEERT, —J7 . CoroRIUIBEIHIE
723, CZ-Ch ™ B L TUCz-Ch Iz B W\ TIECz D W
N —7 0 Rl RTINS BURIS 172D T, AR
i 23 Cz-COIZIEJRIEALL TWDZEE R T,

Table 1 77K =~y 2720 Ch LR Ch”
DY,

A / MM

n-BuCl (Cb*) MTHF (Cb")
o-Cb 534 nd
m-Cb 535 nd
p-Cb 534 nd
0-Cz-Cb 726, 815 390, 490
m-Cz-Cb 731, 810 356, 390, 735
p-Cz-Cb 730, 805 365, 390, 881
0-Cz,-Cb 730, 821, 880 415, 567
m-Cz,-Cb 727, 810 343, 1010
p-Cz,-Cb 730, 810 343, 1028

WIZ, Colb B DO n-BuCHATK OB 1-Ht VAT
DAV RIZEY | Ch T O PE R AR T M VRIE &
17732572, TIK= ) 7 2Dy RS EBR L RIAE L
B UV AR 10 nstk12530 nm s e —2 A3
BHISHL, FE7HR IR 100 nsLANIZIE R L2,

Cz-Cbi L UMCz-Cb T, i/ SV AHH 14 10
NSIZY N T530 N D Ch * DI E— 7 1 X EIETH
JL, CzZ MK 41172660, 720% L 18800 nmdtE"—2
NEUAISIZ (Fig. 3), 728, o, m, p-BMEIR T
IEBLIES N2 o T2, LT - T, Cz-Ch D IEE fif
XCz~RELL TWNATZ b T,

WAZ NIN-AF LRIV LT IRIRIR D BT v
ATV AV T AL ST @ ERIREZIT R >72,
TIK~ Ny 7 2D 854 L REFRIZCh T IEaRY i %
P BRE T, 72, Cz-Ch B LU Cz-Ch T
WTIECZ O & —£0 3% 340-390 nmDY—7
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Pulse Radiolysis studies of 5-flurodeoxyuridine prodrug possessing indol equinone structure
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I ndolequinone-substituted 5-flurodeoxyuridine (1Q-FdUrd) is known to be a potentially prototype compound for
new class of radiation-activated antitumor prodrugs that are useful for radiation treatment of tumors. Under
hypoxic conditions, radiolytic reduction of 1Q-FdUrd occurred exclusively to release antitumor agent, 5-FdUrd,
and therefore resulted in the cytotoxicity against hypoxic tumor cells. Pulse radiolysis of 1Q-FdUrd clearly
demonstrated that semiquinone anion radical intermediates were generated efficiently, indicating that 1Q-FdUrd
is activated to release 5-FdUrd viareduction by hydrated el ectrons generated by radiolysis of water.

HRENL A A R — L% ) B CEHL =57
N BT F R TV FEER(1Q-FAUrd)id, U R
WU T CENERBT L7 e Ty 7 ELTHERET 5
(Figure 1), ¥ IQ-FdUrdz b, D iFiE LA L FMEA R
S (KBRS E T OXMRIBE 23217 5 L 75
fbEHu(Figure 2), HL23 AU (5-FdUrd)Z DY — AL, $it
B 6 M2 7R 7, RAFZE TiX. 1Q-FdUrd2» 6 D
5-FdUrd i Bt S 22 L AT U A ) S AT ED
M LT,

|Q-FAUrd D /K IR \Z 7 V= %@ iR L R 35
KT LTt NSV AT AN AEAT IR o128 5,
BIX )T =F TV TR R S DR A 7
IS A3 A I 4 365nm, 430 nmiZ &L S 7= (Figure
20), DET | TSI IE R R & SR LT
(Figure 2B), ZALHDZEE NG | 1Q-FdUrdiZ K D A
SR IRIZED AT DB Lo T B8
TESH, BIF /T =TV N EER LT,
5-FdUrd% gL 7= & SRR S -,
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Figure 1. Radiolytic reduction of 1Q-FdUrd to release
5-FdUrd under hypoxic conditions.
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Figure 2. (A) Transient absorption spectra of
semiquinone anion radical generated by pulse radiolytis
of Ar-saturated aqueous solution of 1Q-FdUrd. Spectra
were obtained at 2 ps, 10 ps, and 200 us during the
pulse radiolysis. (B) Time-courses of transient
absorptions for decay of semiquinone anion radica at
365 nm generated from 1Q-FdUrd (100, 200 and 400

uM).
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Study on radiation effects for silica nanoparticles and their radiochromic properties

RIRC, the U. of Tokushima® Dept. of cobalt management, Sanken, Osaka Univ.b
Hirokazu Miyoshi™, Toshiji IkedaP

Formation of silver nanoparticle (NP) in the presence of silica NP was investigated using 60-Co gamma ray.

The content of the silver NP was increased with that of the silica NP.
NP did not form, and the presence of the stabilizer led to decrease of the content of the silver NP.
because silver (1) ion could not adsorb on the surface of the silica NP.

NP played an important role to form the silver NP.
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Mesolytic processes of radical anions during y-ray and electron pulse radiolyses

Graduate School of Engineering, Dept. of Chemistry and Chemical Biology, Gunma University &,
Dept. of Mol. Exc. Chem., SANKEND

Minoru Yamaji & Takumi Kimura b, Mamoru Fujitsuka b Tetsuro Majima b*

Mesolytic mechanisms of carbon-sulfur bond dissociation of radical anions possessing biphenyl moieties
generated upon y-ray and electron pulse radiolyses in condensed phase were investigated by monitoring the
transient absorption spectra. Upon radiolysis of biphenylyl benzyl sulfide (BPSCH,Ph) in MTHF at 150 - 250 K,
formation of the biphenylyl thiyl radical (BTR) via the radical anion was observed. In contrast, radiolysis of
p-phenylbenzyl phenyl sulfide (BPCH,SPh) in MTHF at 77 K and 295 K gave arise of p-phenylbenzyl radical
without detecting the radical anion. The difference in the mechanism of C-S bond dissociation is discussed based

on the computations of the state energies of the species.
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Irradiation effects on ceramic materialsfor liquid cooled fusion blanket system
- Response of hydrogen permeation measurement system in gamma-ray irradiation room -

Dept. of Engineering, Osaka University?, National Institute for Fusion Science? , ISIR, Oasaka University®

Masaki Tagudwl"’1 Teruya Tanakal, Wataru K adad Fuminobu Sato?,
Toshiji Ikeda? Takeo Murogal, Toshiyuki |idad"

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 theirradiation 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, sgnal amplitude scattered dightly in the measurement of
<~107Pa. In contrast, a manometer could not be used for a total pressure measurement due to a sow and
significant change in the response.
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Study of radical-induced degradation of polymer electrolyte membrane

Division of Sustainable Energy and Environmental Engineering

Shigehiro Nishijima”, Yoko Akiyama™~, Sodaye Hemant Shivram,
Ryoma Uegaki, Kazuya Yokoyama

The polymer electrolyte degradation mechanism with hydroxyl radical, which was generated by gamma-ray,
was investigated. Positron annihilation lifetime spectroscopy was used for the evaluation of microstructural

changes.
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Effect of Gamma-ray Irradiation on Aqueous Solution System Dispersing Nanopar ticles

Dept. of Management of Industry and Technology®, ISIR?

OSatoshi Seino', Takashi Nakagawa'', Toshiji Ikeda? and Takao A. Yamamoto'

Composite nanoparticles consisting of noble metal particles and support particles were synthesized in aqueous
solution systems by radiochemical process. Composite nanoparticles of gold and magnetic iron oxides were
synthesized for nano-bio applications. Noble metal catalyst nanoparticles synthesized by the radiochemical
process showed high catalytic activity. Silver nanoparticles were firmly immobilized on the fiber materials.
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A Effect of the ionizing radiation of mutation in Saccharomyces.cerevisiae.

Y Radi oi sotope Research Center, Osaka University
2 Research Ingtitute of Nuclear Engineering, University of Fukui
% Nanoscience and Nanotechnology Center, ISIR, Osaka University

Youichirou Matuo**?, Tosiji Ikeda®, Kikuo Shimizu***

This gudy is intended to eucidate the molecular mechanism of the mutagenesis caused by Low-LET

gamma-ray, proton bean and High-LET ion beam.

The mutation frequency increased consistently with LET. This result indicates the high LET ion beam is more
mutagenic than low LET ion beam. The remarkable feature of yeast mutations induced by carbon ions was that
the mutation sites were localized near the linker regions of nucleosomes, whereas mutations induced by
gammea-ray irradiation were located uniformly throughout the gene.
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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.

ITAL—RINARL—NZ, K CTEIFILT
ANy TN EENDLHEEELTERY, S bEmo—
DTHD. AR LRTH LN T2 RALIKFE ST F DA,
TEMLIRSE, BH, B UREBT ANy LB
Wb, HANARL —REbIEIND. T TH, AF %
FRYETDRIIH ANAR L — N, GRURIEOHERE
WK AR LI BN FAET HIENMBITEY, IR
RO RIRTAGPEL THEHINTND.

Bex O FEOREIRB O —21%, RIKTANA
RL—RRNDTETZDNEMDIEThHD. RIRITA
INAR L — R A A D K o0 S0 S 7T 5 2
EROISTETEY, KEOAZ SR I
EALL TS, NARL— DO ERAENREHFDLZEN
TEIUE, HEREREICB T DIRFBMEERICB N TH A
NARL—MIRBENIEE T DR Z TG LM
TED.

RIRITANARL — O AR E L, TV4T
AV =T D1 TR D HAE ST Dle.g.
1]. ZOJEX, TANARL— AT 5 EXI20
LA LIz K OPABEREHEET52L T, TA
NARL —bOERE R D DLW 72 TIE T,

* A. Tani, 06-6850-5540, atani@ess.sci.osaka-u.ac.jp

80

HFREWEOH HWERD DL, BEMEDOH L
RAEHTZEITHL.

T & 1IH ANARL — b2 Db O EEA AR
ERODIENTERONEE Z, ZNETH AT
STE AZUNARL —NMIHEREY & LB ITHFTEL
TRY, HFEWHLIZTKLT T RS, MY LR
RENLD BRSNS TS, 202l
B, RIKHANARL — R ClE AR BRI Z0 T 5
MOFISHEEZY, EDRISERY D EITHEMNLLED
[ZEIN A2 N PSS,

y BRE RIS LT AZ L AR —NIFIAT VTV H
VAR T B[2]08, RIKDAX L NARL — DR E
JEN A TIIARRET, THLRBIER DT
WB[3]. ZDIED, AX ) — IV DERLHERL TS
[4].

AT TIL, v BB LIZAX L NARL—MZAE
T B EAL W EGC-MSIZED /3 HTL, NEETE
ZHRIGREHLNCTHIE, BLXUOHERAEEICH
IALBE O TR 522 BRIELTE.

B LT AZ U NARL — N @ E R a ISR FFL
ToEFE, CCoEMRET D y BUZLVKIkGy S L=,



HUHREEIZ0C Th o7z, B, A¥ AR —k
B E BRI ONER T RL, s fiRte D KA
B - EAL, sHARRELE LT, SHIEEHC & b
W OERERED %~y A —REITLY
GC-MSIZTEHIIL=.

KRB DI/~ T LEMIRT. TXTDY
B~ T LIZRBUT, PREFIRFHEI3.7-3.80 DAL EIZE
—IINBHENT-. BREARIMLED RO R, =
NHEOE =733 X TAZ ) — /WIZEFLTWHIE
WNbhotz. EBRITHE AL KERBE DAL A
RL—btnbb A% ) — L BSR I ENT=Z &0, BREE
HHIZHAY ) — VN E FINTNDI N ND. B
BEHRDARNARL =R T, A¥ ) — Lk o —
IMRELI2oTNDLIENDND. REFNLOH
IMAFIAZ U ANARL =My SR S22 Ll
KTHHDENZ, A NARL —RNERTAY ) —
IVBERT HZEND THLN R ST,

B LZIFAZ )=V LIS, PRFFIERE4.0-4.5120
—IWHLITE. ZHDERMEL T, =&/ — LY
AF APV AF U RIRE RSB R TWED, FEMILS
B O FRITLOH LI TOETZL.

Flo, AZUNARL—NMIERT HAZ ) — VD E
B ZAT o7 LA, FEAKICBIT DAL ) — LD
REITR03ppmw THLZ LR DI -T2, ZOTEM
D, AZUNARL = L TODAZ AT DA
2 )=V DE VIR 2ppmmol TdHh5H Z &3 070>
7.

IIRKIZEENTVDR TH oL AR ED SN
RN BIIIAZ ) — N THDZEN DT 4
[E]10D y #iHRE B3 100007 4R [ D B SR AU &I
WMFHIEMD, A NARL —hOFEREREEL T
< BT, KPP OMBEEAY ) — VO E B a Al 23 &
BWLiphZeNbhote. 5%, MHEEZSHIZ B
F57EDTRET, RKEBOFHRAZIT> T
{TETHS.

81

5 10° : . |

— NAEL— Rk
4105;\./\ KBHONAEL—F R
310° |

B58E + Offset

2 10° i
B&LENAFL—Fa K

a

f

110° F E
FILO—LEZEHE R

45 5
RIFEFR [min]

X 1. GC-MSTRIllEN =7~ k7T A (m/z=31) .
REHZ EBIEIS, AX AR —MERIZHE L
TeK, RIS DAZ L NARL — Ny K, B3 7
DAZNARL =3 fRK, 7 a— RS He L &
7o TG,

5.5

Reference

1) U. Fehn, G. Snyder, P.K. Egeberg: Science 289
(2000) 2332.

K. Takeya, A. Tani, T. Yada, M. Ikeya, K.
Ohgaki: Jpn. J. Appl. Phys. 43 (2004) 353.

K. Ishikawa, A. Tani, T. Otsuka, S.
Nakashima: Jpn. J. Appl. Phys. 46 (2007) 455.
A. Tani, T. Murayama, T. Otsuka, K. Ishikawa,
S. Nakashima: Proc. Int. Conf. Gas Hydrates
(2008) #5708.

2)
3)

4)



ZrAFVASTHN LR ERRGEZAV-ERLFYO ARG DEZIE
(el 3l 3t 5

RBRR AR B R FE R R i “E R S SR BN 7250 B [ A B T e

R ™, SRR K ST AR, R0 M BT, A FORER, A RERAFAC, 1L —

Studies on the visualization of in vivo redox reactions using nitroxyl radicals and magnetic resonance imaging

Department of Medical Physics and Engineering, Division of Medical Technology and Science,
Course of Health Science, Graduate School of Medicine, Osaka University

Kenya Murase*, Daichi Koutou, Mamoru Nagata, Masami Kurakawa, Hitomi Fujii, Sakie Okada,
Taro Matsushita, Yoshinori Kusakabe, You chi Yamazaki

This study was undertaken to investigate the feasibility of magnetic resonance imaging (MRI) with nitroxyl
radicas for visualizing in vivo redox reactions. The micro tubes filled with 4-hydroxyl-2,2,6,6-tetramethyl-
piperidine-N-oxyl (TEMPOL) and glutathione were irradiated by Cobalt-60 gamma-ray and then imaged using a
1.5-tesla MRI system. There was a linear relationship between the reduction of signal intensity and radiation
dose. This study suggested that MRI with nitroxyl radialsis promising for visualizing in vivo redox reactions.

Introduction

Reduction of tissue redox status is important to
maintain normal physiological conditionsin the living
body. Disruption of redox homeostasis may lead to
oxidative stress and can include many pathological
conditions such as cancer, neurological disorders, and
aging. Therefore, imaging of tissue redox status could
have clinical applications.? For the past several years,
radicals have been exclusively used in

electron paramagnetic resonance imaging; however,

nitroxyl

the results of recent studies expand their application as

functional redox-sensitive contrast agents for
magnetic resonance imaging (MRI).*? The purpose of
this study was to investigate the feasibility of MRI
with hydroxyl radicals for visualizing in vivo redox
reactions.
Materialsand Methods

First, we prepared micro tubes (2 mL) 10 mm in
diameter and 30 mm in height filled with 2 mM of
4-hydroxyl-2, 2, 6, 6-tetramethyl-piperidine-N-oxyl
(TEMPOL) dissolved in phosphate buffered saline

(PBS). To investigate the effect of glutathione (GSH),

* K. Murase, 06-6879-2571, murase@sahs.med.osaka-u.ac.jp

82

2mM or 4 mM GSH was added to the micro tubes.

Second, the micro tubes were irradiated by
Cobalt-60 gamma-ray to generate reactive oxygen
radical. The

gammearray irradiation was performed at a Cobalt

species (ROS) such as hydroxyl

gammeacray irradiation facility (Research Laboratory
for Quantum Beam Science, Osaka University, Osaka,
Japan). The distance between the gammaray source
and the samples was taken as 10 cm, in which the
dose rate of gammaray was 5.75 Gy/min. The
irradiation was performed for 15 min, 30 min, and 60
min, which correspond to radiation doses of 86.25,
172.5, and 345 Gy, respectively.

Finaly, the micro tubes were imaged using a
15-teda MRI system for
(MRmini, DS Pharma Biomedical Co., Ltd., Osaka,
Japan). We used the three-dimensional fast low-angle
shot (3D-FLASH) sequence with the following

animal  experiments

parameters repetition time (TR) 50 ms, echo time
(TE) 4.15 ms, flip angle 36 degrees, matrix size 256 x
128, field of view 40 mm x 40 mm, 32 dices with a

thickness of 5 mm, and number of excitations 1. The



signal intensities of solutions were measured by
drawing regions of interest (ROIs) on the MR images.
Results

Figure 1 shows the MR images of micro tubes
containing only 2 mM TEMPOL in PBS solution. The
left micro tube was not irradiated, while the right
micro tube was irradiated by Cobalt-60 gamma-ray
(345 Gy). No reduction of signa intensity due to
gamma-ray irradiation was observed.

Figure 2 shows the MR images of micro tubes
containing 4 mM GSH and 2 mM TEMPOL in PBS
solution. The left micro tube was not irradiated, while
the right micro tube was irradiated by Cobalt-60
gammaray (345 Gy). The reduction of signa
intensity due to gamma-ray irradiation was observed
in theright image.

Figure 3 shows the rdationship between the
reduction of signa intensity and radiation dose of
Cobalt-60 gamma-ray for solutions containing PBS+
TEMPOL (2mM), PBS+TEMPOL (2mM)+GSH(2mM)
and PBS+TEMPOL (2mM)+GSH(4mM). As shown in
Fig. 3, the signd intensity decreased with increasing
radiation dose when GSH was added in the solution,
while it did not largely change when GSH was not
added. There were good linear relationships between
the reduction of signa intensity and radiation dose
when GSH was added.

Discussion

When gamma-ray was irradiated to a solution
including a nitroxyl radica and GSH, the signal
intensity of the nitroxyl radical decreased depending
on the radiation dose (Fig. 3). Niroxyl radicals are
oxidized to the corresponding oxoammonium cation
by ROS such as hydroxyl radical, which are generated
by ionizing radiation. The oxoammonium cation can
be reduced to the corresponding hydroxylamine by
obtaining a hydrogen atom from a hydrogen donor
such as GSH. Therefore, this reduction of niroxyl
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radicals in the sample containing a hydrogen donor
during irradiation with ionizing radiation can be
estimated as free radical generation in the sample. >

radials is

In concluson, MRI using nitroxyl

promising for visualizing in vivo redox reactions.

Fig. 1

Fig. 2
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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 &, Dept. of Acc. Sci, ISIR, Osaka Univ.b
division of Laser Terahertz, Ingtitute of Laser Engineering, Osaka Univ.©

Norio Miyoshi & Shinji Ito@ Yutaka Morio B, Ryukou Kato b’ Goro Isoyama,
Takeshi Nagashima C, 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 spectra peaks for experimental DU145 tumor
tissue of mouse were positive while those for normal tissue were negative. In this study we measured the
spectrum for human liver tumor tissue.
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Measurement for Light Emission Spectra of Inorganic Scintillators

Dept. of Physics

Izumi Ogawa, Saori Umehara, Go Ito, Kensuke Yasuda

We have developed new scintillation crystals for researches on double beta decay and dark matter search. In
order to check an aptitude of candidate crystals (ZrO, and NdF3) for these researches, we measured the wave
length and the scintillation yields by using Cobalt 60 y source. We also measured CaF,(Eu) crystal, of which
performances are well known as scintillation crystal, in order to check the measurement system. The result of
CaF,(Eu) measurement reproduced the known wave length spectrum of the scintillation lights, athough ZrO,

and NdF; emit a small amount of scintillation lights.
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