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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®

Keigo Kawase®, Ryukou Kato?, Akinori Irizawa?, Shoji Suemine®, Goro Isoyama®™

High power operation of the THz-FEL is studied by using the grid pulser system which drives the electron gun
with the bunch spacing of 27 MHz. By using the new grid pulser system, we have the bunch charge 4 times
higher than the normal operation on the FEL beamline. As the result of higher charge operation, we have higher
gain operation of the FEL. The achieved energy of the FEL is reached to 10 mJ in the macropulse, and thus, the
micropulse energy is reached to 100 pJ. In this report, we show the summary of the present status of the FEL in

the 27 MHz operation.

INETIZH R -BAR 2D TETE 427
MHz D /)L ZH | TEREN 3 57200 D7)y R /51—
ZRWTY, AHE L ——(FEL) O R AEB IO
SREEALOWIIEA L7,

WERDEHLET—R THLE T HNOETE — L%
DCHJIZHW L, 108 MHzDY 7 N—F =73
F ¥ —(SHB)ZZHIZ LV — LE N F o 75 Fik
IZBWTIE, 3BEDOSHBZEHDO N, HAID1E T/ Y
— % AE12108 MHzZE2{ 14 £216 MHzZE{1
Bz —2Z U F 7L, 1.3 GHZZE D22 [~
E—LE AFLTWD, B L5 EHESNDE
E—AIDCHI THLT=H1HE B DZERITE — A1
EAEFEAERE T AN R —ZH AT D40
BN TeioTz, L UMD, BUEMZEE S hiL T
%27 MHzOE — A5 EHLIZB W T, 1A H D
SHBZEIIZ A SN E B —AX 9 TIZ5 nsFEfE
D7V AMREFFOIZ VAR EA L TEY |
.15 HOSHBZE LB 18— AL <A B AEM
TLH(FT bbb, =20 —T T RREN), ZD
7O ARIEHRE —RIZBWT, 3HHDHT X THSHB

MRS T — 2 G L B —bm—TF g
EIEL DD, B =A% L0 F U7 LT, %D
1.3 GHZR D ZEFIT % U Chciii 70/ N7 A— 2% RO
— AL T, BB AR TEDITHHEET D020

%, AWFZETIZ, 20027 MHZ TOE T — Lz
E—ROFELZIHEL , SHIZFELH 2 BIHIL 72273
BFELE — AT A ~D K7 AR — RO i #& A Tt
THIET, TNETEHELT3ELL EDTHz FEL
SR AR LT, RS T, Bk AL TWY
A — LGS DOE T B — LR L FELD H
PEEZIRRT D,

27 MHz COEREE—RIZBIT5EF £ — 2D F
T EIC, 2R ETD108 MHZIEHRE —RIZB W Tk
%)%;%aa)&;é:cz\/we‘~15 MeVHit: CEML, =
DITRNF—DEAFE —2F AN THIE CEHFEL
O Bl T = TL10 pmFEE T, B EICH AR 2
5HE2.7 THZRRE CTH D, MLUIZ D= R/LF —THiH
LB FE—L2ORFH R LIc~ 70/ OV ZZAANT |
NEZDTRNF —HI~DF AT I AR,

MU BOFE RTINS, Ll W FELE %

BFTWDRFDORIR THD, ZOREDETFEHNHD5]
SHLE—2EIT1.6 ATHY, fiEkD108 MHziE
R E—ROER0.6 AL T2.7 {FIFEH KT
TW5, ZORFIZHELILTZFEL O 58 FE 136 3 K 60

MIZBNT27aL 2% 72010 mIFRE CTh D,
GeGath -0 A A — N 4855 D i e i Hi 45
WL SV AP RNE LTS R, 7 UL AR
35 psFRE LRI CE, Ko T, /LRG0



FSNVATFRVE—1T105 WIEFHE S NG, ZORFICHE
AT HZENTEI-FELOHE EFIFAIX30 um2 5110
UM E Th5, 2T NETOD108 MHZIE ST —
RE bl U TR RAANCHRE TE TV D,

I, 1152 MeV
[ FWHM 2.2%]

g 1 2 % s 6 7 8 9 1" 1 nou
Tine Enerar

®1:27 MHz, 15 MeVTD~ 271/ UL ZE T — ADIFE
INRANT WL EZF DE AT L,

SOICANEIE— R DZARMEZ LT D721, Fip
HEAE— LR F —TOREL L TWD,
ZOFIELTETE —LT R/LF —18 MeV TOFR#K
&L FRUCE S TEBLNDFELI /12 oW T Pl
IFERNELNTCND, ZOREDOE B — AT R
N7,

117.6 MeV
| FWHM 2.%%
k |

e e B wos w v W W @ @
Time: Enesgy (MeV

X1:27 MHz, 18 MeVTO~7 /3L A E T — LD IR
I RANRT L EZ DR AT ML,

BIE—LATRLE =315 MeVE18 MeVoor —
L% AW TCRA CE-FELOWK EfE S~/ LR
TRNX—EFLDT AR EKBITRT, 18
MeV D A7 kLR FE1E15 MeVDh o &l LT,
W BRI A B~ 7 P LTV A Z LT H R Y
THDHIN, BEREBEITLLAK TL WS, B L,
BB —ADTRNX —NEL IR DIEE Fi KFEL#
FEHHRTHIENRHRSNLDOT, BUEDRE RIT
EWVWTZRLF —TOEFE—LFHEICLIbDLS

2O, EHICEWREDFEL A3 AETXAI LN
R CTE5,

—s—Electron beam energy 15 MeV
—s—Electron beam energy 18 MeV

Macropulse energy {mJ)

0 1
20 40 60 80 100

Wavelength (um)
[3: 58 A SR T-FELIRE AT ML,

fEmEL T, 2N ETD108 MHZE ST — R & ik
LC27 MHzZiE#RE A28 (280, v~/ Aamx
E—T3FLL 7/ UL AT R LF — TlE12(
DL ED@EWERE D KA FAETEHIENFFES NI,
ZOEWIEIRE DR D AT =X LORIRE | S5
RRHE A — AT RLX — TOERE—NOYILT
(X, RIFFRICBIT 25 % O RSB FRHE CThH D,

Reference

D IR B, PR R 7 2E R A 2 AT 8 &
T — AF A I i 5% 2012 (H24)ﬂ5§§9§%%
(2013), 25H,



OTR [2&kBx—IiG L\ FHEE D
- FEL ARJMIVERIFERDBIE -

PERF BB — D FEAER AT IR0 BT 2, PENT R T B — LR AP Sk ©

MOBEREAE . IR . AJEUIHL S, AR . KA o
PSP AN SN NI

Evaluation of Wake Field and Bunch Structure using OTR
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Temporal evolution of the FEL spectrum was investigated with the Terahertz FEL at ISIR, Osaka

University. The growth of the FEL optical pulse during the exponential amplification was discontinued by

shortening the macro-pulse length of the electron beam, and the FEL wavelength spectra under the

exponential growth were measured with a plane-reflective grating type spectrometer and a Ge:Ga

photoconductive detector. The time-resolved wavelength spectra of the FEL were obtained from the noise

level to the power saturation level.
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1 : Time-resolved wavelength spectrum measured at
the optical cavity length of maximum gain. The FEL
power reaches saturation rapidly and the peak has stayed
in almost the same wavelength around 105 pum. The
spectrum width has slightly narrowed after the
saturation, and oscillates periodically.
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2 : Temporal evolution of the wavelength
spectrum measured from the noise level to the
power saturation level. Times in figure show
passage times form the reference trigger of the
timing system.
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Study of the FEL micropulse duration with the autocorrelation
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Experimental study of the FEL pulse duration with the autocorrelation technique is performed for the THz-FEL
at the ISIR. By using Michelson interferometer, we measure the autocorrelation patterns of the FEL pulses for
various operating points with 108 MHz and 27 MHz electron beam. From these patterns we estimate the duration
of the FEL pulse to be about 2 ps at minimum for 27 MHz electron beam operation.
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Measurement of Solvated Electrons in Tetrahydrofuran Using Sub-picosecond Pulse Radiolysis System

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

Takahiro Kozawa, Hiroki Yamamoto

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 in a

variety of wavelength because it became easier to change wavelength in a wide range.
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Study on radiation-induced chemical reactions in aqueous solutions
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Yusa Muroya, Takahiro Kozawa, Kazuo Kobayashi, Hiroki Yamamoto, Daisuke Hatomoto

A bimolecular self-reaction of hydrated electrons, regarded as a main reaction path for molecular hydrogen
production in the radiolysis of water, was investigated by a pulse radiolysis experiment and a numerical
simulation based on a spur diffusion kinetic model in which dose rate effect is also taken into consideration.
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Fig. 1. Time dependent yield of the hydrated
electron in picoseconds time scale. Dashed line
represents simulation result based on the spur
diffusion kinetic model.
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Fig. 2. Time dependent yield of the hydrated
electron in microsecond time scale (Dose: 9.7
Gy/shot). Dashed lines represent simulation
results based on the spur diffusion Kkinetic
model.
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Mechanistic Studies on Formation of Dinitrosyl Iron Complex of the [2Fe-2S] Cluster of SoxR Protein
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. SoxR is also activated
by direct modification of the [2Fe-2S] centers by nitric oxide (NO) to form a protein-bound dinitrosyl-iron complex, but little
is known about the kinetics and mechanism of cluster nitrosylation. Here, we investigated the reactions of NO with [2Fe-2S]
clusters of SoxR. Upon pulse radiolysis of a deaerated solution of SoxR in the presence of sodium nitrite, a biphasic change
in absorption, consisting of a faster phase and a slower phase, was observed. The slower phase fraction was absent at less
than ~0.5 equivalents of NO to SoxR and was increased with increases in the [NO]/[SoxR] molar ratio, reaching a plateau at
~2 equivalents of NO. On the basis of these results, we propose that the faster phase corresponds to the reaction of the first
NO molecule with [2Fe-2S] of SoxR, followed by the reaction of the second NO molecule. In the faster phase, radiolytically
generated NO reacted with [2Fe-2S] SoxR with a second-order rate constant of 1.3 x 108 M1 s
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Figure 1. UV-visible absorption spectra of oxidized and
DNICs forms of SoxR (40 uM). The inset is ESR
spectrum of DNIC.
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Figure 2. (A) Absorbance changes after pulse radiolysis of
SoxR under deaerated conditions at 420 nm and 480 nm.
(B) Comparison of kinetic difference spectra at 1 ms (bold
line) and 10 ms (thin line) after pulse radiolysis with the
difference spectrum of reduced minus DNICs forms (dotted
line).
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Figure 3. (A) SoxR-concentration dependence of
absorption changes monitored at 480 nm after pulse
radiolysis. Samples contained 52 uM NO. (B) The
SoxR-concentration dependence of the slow phase
fraction.
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NO 23St L. %6< 2 DLL Lo iife 4 THok&
1312 DNICs 23K STV 5 Z & 3D D B
AT, BUE Z O FR & R ] 0 i SN 7 < o A
7 MVZ XV REMD TN D,
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One-electron transfer in Cytochrome P450 Reductase

The Institute of Scientific and Industrial Research, Osaka University
Kazuo Kobayashi~, Takahiro Kozawa

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

investigated by pulse radiolysis. These enzymes contain one FAD and FMN. Radiolytically generate hydrated electron (e4q)

was found to react predominantly with FMN to form the red semiquine of FMN. However, the reduction efficiency is much

lower than that of FMN of the isolated FMN domain. This raises the possibility that two conformations exist as a mixture of

crystal structure and more extended structure.

1. IC®IC

Cytochrome P450 reductase (CRP)/3. NADPH
(2 L WFAD 23 3% ot S 41, FMN % 41 L C Cytochrome
PASOD N LEE~EF DB EN T L2 OMREEL
TWD, XHEEfRNT 2 OFADEFMNO ##EI3.9 A
LRAESITWAA (Figl) V. 2ol b PSS
HEABEEE(~100 sT) AL RE DT EIC
JOsRD - EM(30-55 s7) DERERRD, D3
(3. CRPASE IR H1 CXGHE il i AT IZ KV B SIS
LTS “closed ™ 1& LA A+ 12 Cytochrome P450(Z7E

Fig. 1. Ribbon diagram showing the structure of CRP.

TR BN AT HEZR “open” HEE IMEAEL . Z LD DB
AN E BB OB LIRBENTND
49 KRFFETIEL, ZOAICHE B LSV AFUAD LR
EIZID AR T D KFNE T (B ) 2B TLAIE L THWY,
ZOREE LRI DIFAEITOWTHRI LT, A4
CRPOFMNR AA % L0, CRPEHIZ L 7=,
2. Er

ABFFETHWZFEHL, 7 #HKCRPOFMN
RAL D (Fig. 2) ORIGEREIRAMEL, Kk
BHEITWERLTZ, SV AZOAVREDL, R
40-150uM, 10 mM Y fighbuffer(pH 7.0), OHZ 7
VAT~ Px—E L Ctert-butyl alcohol 0.1 M& e
KEE R Z T VA BB T CHIE LT,

\ FMN T[]
hinge
222 24

Fig. 2 Diagram of the alignment of CRP

3. EBLOER T R
CRPIZIZFMNR A1 EFADR A1 % £, Fig.
3 (2460 nm (ZFBIFACRP KBILUFMN domain @
€aq (ZRDE LR AR, FMNIZIE R 1223 B<
BWILSNTZ, ZOZ 8T, FMNEL A DX R0 E
REIZHEHL TWDZ LA KB TS, —HCRPT

FAD/NADPH |
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Fig. 4 (A) Absorption changes after pulse radiolysis of
FMN domain of CRP. (B) Kinetic difference spectra at 5
ms and 200 ms after the pulse.

XD FMNEFADO i #5134 737 B # i
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KT DDIET =4 T TihDHred semiquinone
DAL, EDOHH 235G Lizblue semiquinone?s
BT HZEN 0ol ZOE EE Hiblue
semiquinone DA T3 FE I3 R IR B IR TR L7 v —
KIS T, 1.5 x 10° s'do7z, ZOMEEIL, IATH

HEL7-NOSOFMNR A123.7 x 10* st 12k ~_TH4
fHFE REV, —HFCRPCIXZOBITIBRR B S

T ZOBITERENENZER R DT b,

T TITHE S TODX-FAE E AT IZ LV B B2
[ZENT=Y FREDOREE & F > flavodoxind & T2 &
L E A kI L Dblue semiquinoned A i A
7 (Fig. 5), EICIZEb 72> TGlyD A AR =L D

FBIRFLTar OKBREEDPIEREIND IR D,
FRDIBFRIICRP CHLIB I A EN PHINL, ZDHE
EOEEDNEEEROEL > THRISNDEED
VAR

Oxidized Form

Fig. 5. Structural changes of flavodoxin by
one-electron reduction.
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Pulse Radiolysis Resonance Raman Investigation in Aqueous Solution
Research Laboratory for Quantum Beam Science®, Dept. of Molecular Excitation Chemistry®
Sachiko Tojo™*, Mamoru Fujitsuka®, Tetsuro Majima"*
The oxidizing species such as (SCN),* and Br,* in aqueous solutions were studied by time-resolved resonance
Raman (TR?) measurement during the pulse radiolysis. The TR? spectra of (SCN),* and Br," were recorded in

the range of 200 — 1500 cm™! using 532-nm and 355-nm probe lasers, respectively. The vibrational bands at 220
cm! and 340 cm™! were observed to be assigned to the S-S stretching of (SCN),”and Br-Br stretching of Br,*,

respectively.
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Fig. 3 Nanosecond time-resolved Raman spectra
during the pulse radiolysis of NaBr (1.0 x 102 M) in
NyO-saturated Milli-Q measured at delay times of 5,
50, 250, 500, 1500, 2500, and 5000 ns.
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Improvement of Nanosecond Pulse Radiolysis System

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

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

Nanosecond pulse radiolysis system has been improved to investigate the radiation chemical reactions of various

samples including films. The transient absorption spectra of the aromatic monomer radical cation and the dimer

radical cation were observed in the 290 — 1600 nm regions during the pulse radiolysis of the aromatic compound

in a 2-mm Suprasil cell (2 x 10 x 40 mm?).
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Fig. 1. Nanosecond pulse radiolysis system.
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Fig. 2. Transient absorption spectra in the UV-NIR
regions observed at 5, 50, 500, and 5000 ns after
an 8-ns electron pulse during the pulse radiolysis
of MTPM (1.0 x 102 M) in Ar-saturated DCE
using a 2-mm Suprasil cell (2 x 10 x 40 mm?®).
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Dynamics in the Heme Geometry of Myoglo

TEHMES, R =10, R
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bin Induced by the One-electron Reduction

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

Jungkweon Choi,* Sachiko Tojo,” Mamoru Fujitsuka,® Tetsuro Majimaﬁ*

The conformational changes of the heme moiety of
one-electron reduction were investigated using the comb

folded/unfolded metmyoglobin (metMb) induced by
ination of pulse radiolysis and time-resolved resonance

Raman (TR?®) spectroscopy. The results provided herein show that upon reduction, the folded metMb with a
six-coordinated heme geometry is structurally relaxed to deoxymyoglobin (deoxyMb) with a five-coordination
heme geometry, while both unfolded metMb and deoxyMb have a six-coordinated heme geometry linked with

water molecule or histidine as a distal ligand.

Most of proteins carry out their biological
functions through the conformational change induced
by various internal or external stimuli. Therefore, the
determination of protein structure and the
understanding of its conformational change occurring
in physiological condition are of critical importance.
Here, we have investigated the conformational

changes in the heme moiety of

folded/unfolded metMb  induced by -
. . a) 2

one-electron reduction using the L

combination of pulse radiolysis and TR3
spectroscopy.!

The transient absorption spectra
obtained during pulse radiolysis of the
folded/unfolded metMb in the presence of
GdHCI  solutions  show  that  the
folded/unfolded metMb is converted to
deoxyMb within a few microsecond time

revealed that in the solid state, the structural change
from folded metMb to deoxyMb induces the
displacement of the iron atom from the plane of the
porphyrin ring.? Furthermore, the conformational
relaxation followed by the change of oxidation state
of heme induces the dissociation of the iron
atom-linked water. On the other hand, Parak research

500 ps (Fe*)

100 ps (Fe™)

30 ps (Fe™)

Ground State
(Fe™)

scales by the electron transfer from the
guanidine radical. The analysis of the
temporal absorbance changes revealed that

T
1050 1100 1

the folded metMb is converted to the b)

deoxyMb with a relaxation time of 30.3 +

0.4 ps. Unlike a folded metMb, the unfolded ——Gr
—o0— 3

metMb shows two relaxation dynamics
corresponding the reduction process and
conformational change in the heme
geometry accompanied by the reduction of a

L} M L} M L} M L} M |= : L} M L} 'E L} M L} : M L} E L} M 1

150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700
Raman Shift /cm™
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ound State
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protein. 1280

Figure 1 and 2 show the TR® spectra

T T
1300

) v ) v ) v ) v ) v 1
1320 1340 1360 1380 1400 1420

Raman Shift / cm™

Figure 1. a) TR® spectra obtained after pulse radiolysis of metMb in 0.5 M GdHCI
solutions. b) Difference Spectra between Raman signals of deoxyMb formed by
one-electron reduction and ground-state Raman of metMb in the 1280 to 1420
cm® region. ([metMb] = 50 puM, Agx = 435.5 nm).

obtained after pulse radiolysis of a folded
and unfolded metMb in 0.5 and 25 M
GdHCI solutions, respectively. Takano

* T. Majima, 06-6879-8495, majima@sanken.osaka-u.ac.jp
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measured for the unfolded metMb shifts
down to 1376 cm™ and vs; mode of 1590
cm? is disappeared as shown in Figure 2.
However, at the late delay times, the v
mode shifts up to the original frequency
position of 1379 cm™ and v3; mode of 1590
cm?! is again observed, indicating the
change in heme coordination. In addition,
like to the denaturant-induced ferrous Cyt ¢
(Fe™ that has a six-coordinated heme geometry

linked with a water molecule as a distal

Ground State

r~r+~7r 1 +*1r 71 77 T T T T
1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700

Raman Shift / cm™

Figure 5. TR spectra obtained after pulse radiolysis of metMb in 2.5 M GdHCI

solutions. ([metMb] = 75 uM, Ag = 355 nm)

group revealed that upon reduction, the metMb at
low temperature (180 K) is structurally relaxed to
deoxyMb through a metastable intermediate,
aquomyoglobin (Mb-Fe?*-H,0),® and the v, mode for
Mb-Fe?*-H,O was observed at 1362 cm™ at 77K.*
Meanwhile, King et al. revealed that the dissociation
and rebinding of water from Mb-Fe?*-H,0 formed by
the reduction are slow (Kgissociation = 1.0 52 and Krebinding
= 0.5 s?) in solutions containing both metMb and
cyanometMb (Mb-Fe®*-CN).5> In case of a folded
metMb, as shown in Figure 1, the v4 mode (v(pyrrole
half-ring)sys) of 1371 cm? corresponding to the
porphyrin breathing shifts down to 1355 cm™ upon
one-electron reduction. In addition, upon reduction,
new vs (V(CpCi)sys) and via (v(CpCi)sys) modes are
observed at 1115 and 1133 cm, respectively, and vs
(V(CoCi)sys) and vs (v(CuCm)sys) modes observed at
1432 and 1483 cm, respectively, are disappeared.
The difference spectra depicted in Figure 1b show
two vibrational modes, v4 mode of 1355 cm™ and v,
mode of 1380 cm, which are the characteristic
features of a folded deoxyMb with a
five-coordination heme geometry. However, we
could not observe the vibrational band of 1362 cm'!
corresponding to v4 mode of Mb-Fe?*-H,0 formed
during the structural change from metMb to
deoxyMb even in the early delay times (<100 ns).
This result indicates that the change in TR® spectra
induced by one-electron reduction is due to the
structural change from metMb to deoxyMb without
an intermediate, Mb-Fe?*-H0.

In contrast to the folded metMb, the TR
spectrum of an unfolded metMb is similar to those of
the unfolded deoxyMb formed by pulse radiolysis,
but slightly different in v4 mode of 1379 cm?, v
mode (v(CpCi)sym) of 1150 cm? and vs; mode
(V(CoCrm)asym) of 1590 cmt. Comparing with the TR®
spectra measured at 10 ps, the v4 mode 1379 cm?

ligand, we can expect that the water or
histidine molecule dissociated with the
reduction is rebound to iron atom of an
unfolded deoxyMb. Indeed, in the longer
delay times shifts up to the original frequency
position of 1379 cm™ as mentioned above. Moreover,
the va, vas and vsy vibrational bands are attributed to
in-plane heme skeletal stretching modes of Mb. From
these points of view, we suggest that changes in TR3
followed by the reduction are probably due to the
change in the coordination of the heme iron atom,
implying that the unfolded metMb is structurally
relaxed the deoxyMb with a six-coordinated heme
geometry through the deoxyMb (Mb-Fe**) with a
five-coordinated heme geometry. Here, it is worthy
to note the slow dynamics of 443 us observed for the
unfolded metMb in  transient  absorption
measurement. This slow dynamics is probably related
to the ligation of water or amino acid such as
histidine into the iron atom. However, currently it is
not clear whether the slow dynamics of 443 ps is due
to the conformational change of a protein followed
by the ligation or due to the binding of a
distal-ligand.

In conclusion, the results provided herein show
that upon reduction, the folded metMb with a
six-coordinated heme geometry is structurally
relaxed to deoxyMb with a five-coordination heme
geometry, while both unfolded metMb and deoxyMb
have a six-coordinated heme geometry linked with
water molecule or histidine as a distal ligand. We
believe that the results provided herein will certainly
contribute to understand the relation between the
structure and the biological function of myoglobin.
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Femtosecond pulse radiolysis study of poly- « -methyl-styrene as a model compound of polymer resist
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Poly- o -methyl-styrene (PAMS) as a model compound of polymer resist was chosen. There are two reaction
paths for initial process of radiochemical reaction were proposed in the past, but there is no experiential evidence
which reaction processes, we examined this reaction by fs-pulse radiolysis. Time profile of transient absorption
of the dimer radical cation of PAMS was observed at 1200 nm by direct ionization of PAMS. Solvated electron
component was calculated based on scavenging rate of CH2Cl. for solvated electron in THF (1.1x10 Ms?)
which was determined independently. From the observed time profile and its simulation, the formation rate of

dimer cation radical were estimated as 2x10! s or higher.
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Fig.1 Time profile of transient absorption of
phenyl dimer radical cation of PAMS. Monitoring
wavelength was 1200 nm. Sample solution was 1.0
M PAMS in THF with 1.0 M CHCl.. Open circle:
dimer cation radical component derived from
experiment; solid line simulated curve.
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Development of UV femtosecond pulse radiolysis and observation of alkyl radical in dodecane
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Alkyl radical (Re) and hydroxyl radicals (OHe) which have absorption bands in Ultra-violet region are

important active species in Radiation chemistry. In order to reveal the formation process of Re and reaction of

OHe with solutes, femtosecond pulse radiolysis system was extended to ultraviolet. Problems of ultraviolet

femtosecond pulse radiolysis measurement, the time dependent behaviors of R « and OH « are reported.
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Fig.2 Time dependent behaviors of dodecane in cell and empty-cell(left) and time

dependent behavior of alkyl radical by subtraction of empty cell from dodecane in cell.
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Study of primary processes of radiation chemistry of polystyrene by pulse radiolysis

Dept. of Advanced Nanofabricationd, Nanotechnology Open Facilities?
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Tomohiro Toigawa@, Kimihiro NorizawaP, Koichi Kan?, Jinfeng Yang®, Hiromi Shibata?,
Hitoshi Kobayashi@, Atsushi Ogata, Seiichi Tagawa?, Yoichi Yoshida@

Primary processes of radiation chemistry of polystyrene (PS) was studied by means of fs/ns-pulse radiolysis

technique in fluid solution. Direct observation of formation of PS phenyl dimer cation radical was successfully

made in tetrahydrofuran by fs-pulse radiolysis and the formation rate constant was determined as 7x10%° s, PS

excimer formation due to a recombination of PS monomer radical cation was observed within the time resolution

of the measurement. It was concluded that the formation of the dimer cation radical in the single polymer chain

and the recombination of the monomer radical cation with electron were competitively occurred in

tetrahydrofuran solution.
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Figure 1 Time profile of transient absorption of PS in
THF or neat THF observed at 1200 nm. Circle: PS
1.0 M in THF; diamond: neat THF. At 1200 nm,
observed transients were a solvated electron and PS
dimer cation radical formed by dimerization of

monomer cation radical in a single polymer chain.
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Figure 2 Time profile of transient absorption of PS in
THF or neat THF observed at 520 nm. Circle: PS 1.0
M in THF; diamond: neat THF. At 520 nm, observed
transients were a solvated electron and PS excimer
formed by a recombination reaction of PS monomer

cation radical and electron.
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Study of generation of ultrashort electron beams for attosecond pulse radiolysis
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Cobherent transition radiation (CTR) is emitted by pulsed electron bunches on an interface of two different

media and has intense components at wavelength longer than the bunch length. In this study, the beam

diagnostic of <10 fs time resolution was demonstrated by measuring CTR using Michelson interferometer.

Ultrashort electron beam was generated by photocathode RF gun linac.
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Application of double-decker pulse radiolysis
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K. Norizawa®, H. Kobayashi?, Y. Yoshida?

Double-decker pulse radiolysis, which utilizes double-decker electron beams, was investigated to develop pulse
radiolysis with a high time resolution. The double-decker electron beams were generated by injecting two UV
pulses into a photocathode radio-frequency gun. Finally, as its first application, the DDPR was successfully used
for observing solvated electrons in water, with a 10%-90% rise time of ~10 ps. Other applications of this system

were proposed.
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Fig. 1. (a)(Top) Laser injection system and (bottom) pulse radiolysis system in the DDPR. BS denotes a beam
splitter; S, a shutter; OD, an optical delay; BPF, a band-pass filter; and APD, a silicon avalanche photodiode. (b)
Transient absorption due to the solvated electrons using a BPF of 800 nm. Solid line denotes the simulation
result using least-squares fitting.
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Structural Change of Two-Dimensional Oligofluorenes upon Oxidation Proved by Time-Resolved Resonance
Raman Spectroscopy during Pulse Radiolysis

ISIR Osaka Univ.8, National Taiwan Univ.?

Mamoru Fujitsuka?, Dae Won Cho?, Sachiko Tojo?, Jungkewon Choi?, Jye-Shane YangP, Tetsuro Majima?

Oligofluorenes and polyfluorenes attract attentions of wide researchers because of their excellent properties
applicable to opto- and electro-functional materials. In order to understand these properties, information on the
structures in their oxidized state is indispensable. In order to study structural change upon oxidation,
time-resolved resonance Raman spectra of star-shaped oligofluorenes were measured during the pulse radiolysis.
It was revealed that the oxidation of two-dimensional oligomers induced the structural change to enhance a
quinoidal character. The Raman data and theoretical calculation indicated that rigid framework of the star-shaped
oligomer which makes oligomer a planar structure is quite important in extension of the conjugation pathway.
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Fig. 1. Molecular structures of TFn and ITFn.
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Fig. 2. Raman spectra of neutral (3b|ack) and
radical cation ITFn (red) in DCE. TR® spectra of
radical cations were measured at 50 ns after
electron pulse during the pulse radiolysis of ITFn
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Fig. 3. Representatlve atomic displacements of
ITF2 calculated at B3LYP/6-31G(d) level.
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Fig. 4. Structural change upon oxidation of ITF1
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calculated at B3LYP/6-31G(d) level. In (a) and
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oxidized form.
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Radical Cation of Two-Dimensional Condensed Oligofluorenes
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Because of their excellent optical and electric properties, oligofluorenes and polyfluorenes have been

investigated for years. Recently developed star-shaped oligomers bearing a truxene or isotruxene core are

interesting two-dimensional oligomers. Since employment of a condensed ring system will be effective in further

extension of m-conjugation system, we studied absorption spectra of radical cation of CITFn, star-shaped

condensed oligomer with isotruxene core and fluorene unit, by means of the radiation chemical methods.

Absorption spectra of radical cation of CITFn were measured in the wide spectral range, which revealed

extended n-conjugation of CITFn. By using the theoretical calculation, the observed peaks were assigned.
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Fig. 2. Absorption spectra of CITFn radical cations
generated by jyray irradiation to BuCl rigid matrix at
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Elucidation of radiation-induced reaction mechanism of resist by using pulse radiolysis
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Dimensions of semiconductor devices continue to miniaturize with the improvement of performance by the
development of lithography. Further miniaturization has been desired by using next-generation technique,
Extreme Ultraviolet lithography (EUVL). Chemically amplified resist has been used as mainstream for
semiconductor mass production by the lithography. Fluorinated compounds are expected to use in EUV resist
polymer, because F atom has higher absorption cross section than C, O, and H atoms. In this study, pulse

radiolysis of fluorinated polymers were carried out to investigate the reaction mechanism.
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Fig.1 Transient absorption spectra of 5F (100mM
unit concentration) in 1,2-dichloroethane.
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Fig.2 Transient absorption spectra of 6F (100mM
unit concentration) in 1,2-dichloroethane.
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Pulse Radiolysis Study on Dynamics of Ascorbic Acid Free Radical within Liposomal Environmentormation
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To elucidate the dynamics of free radical species in the cellular system, we have measured the formation
and decay of ascorbate free radical within liposome by the use of pulse radiolysis technique. On pulse
radiolysis of N,O saturated aqueous solution containing ascorbate-loaded liposome vesicles, ascorbate
radicals were formed via the reaction of OH radicals with ascorbate exclusively in unilamellar vesicles,
irrespective of the presence of lipids. The radicals were found to decay very rapidly, compared with that of an
aqueous solution. The difference of the reaction kinetics between the radicals within the vesicles and in bulk solution became

distinct, and the kinetic data were analyzed.
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AsH-loaded liposomes containing 10 mM potassium
phosphate (pH 7.0) and 0.15 M NaCl. (A) and free
aqueous solution containing 5 mM AsH™ (B) with N,O
saturated at 360 nm.
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Fig. 3. Absorbance changes after pulse radiolysis
of AsH'-free liposomes containing 0.1 M AsH™10
mM potassium phosphate at pH 7.0 with N,O
saturated at 360 nm.
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Fig. 4. pH-Dependent Absorbance changes after
pulse radiolysis of ree aqueous solution containing
10 mM AsH  containing 10 mM potassium
phosphate buffer (A) and AsH™-loaded liposomes
containing 10 mM potassium phosphate buffers (B)
with N,O saturated at 360 nm.
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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. In this report, we discuss the functional mechanism of cytochrome bsg; protein family.
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Fig.4 Close-up view of cytoplasmic side of
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Terahertz Spectroscopic Measurement of Raw Cancer Model Tissues

Faculty of Medicine, University of Fukui ?, Institute of Laser Engineering, Osaka University °,
Research Reactor Institute, Kyoto University ¢, Institute of Scientific and Industrial Research, Osaka University ¢,
Research Center for Development of Far-Infrared Region, University of Fukui ©

Norio Miyoshi #*, Takeshi Nagashima °, Toshiharu Takahashi ¢, Ryukou Kato ¢, Goro Isoyama ¢,
Toshikazu Fukui ©

A raw tissue of tumor model was thin-sliced in freeze and spectroscopic measured in the sub-terahertz region
mainly at the different technologies, time-domain spectroscopy by femtosecond laser, free electron laser, and
coherent synchrotron radiation. There were a hypothesis of cluster model for the specific water molecules in raw
cancer model tissues.

1. Introduction
The terahertz time-domain spectroscopy by
femtosecond laser (THz-TDS), free electron laser
(FEL), coherent synchrotron radiation (CSR) 4 T T T

techniques had been used as a coherent light source o) _(a) Reference 2010710721 ]
in the millimeter and terahertz wave regions to E 5 ABIZBRA =<9 2
observe the transmittance spectra of a sectioned —g i average of 3 waveforms ]
tissue of raw brain tumor C6 model as a collaborate O PC—3 .
study. The absorption spectra in the terahertz region g 9 ey .YIL X
had been not so clear for the raw tumor tissue = r
although P. C. Ashworth et al. [1] had reported for g i ]
the excised human breast cancer by a terahertz pulsed -2 : L L

0 20 40 60 80

spectroscopy observed at 320 GHz, which was
estimated a longer relaxation time component of the

X Delay time (ps)
T T T

T

induced electricity for water molecules [2-3] in the g (b)
raw tumor tissue. £ 08 7

We also estimated what kind of water molecules é@ 06h 0.548 THz 1
become dominant in the viable and necrotic cancer § g . 1.49 THz
regions by the different measurement method as an 8.8 04} 0.852 THz -
aim of this study. £<

g 0.2

2. Experiments < 0 s

(1) Instrument of near-field in terahertz region: 600 e 22 &
Pre-probe Winston cone; 50-10 mm diameter, =
Length=60 mm; the irradiate diameter=0.775 mm; @ @
the concentrate light probe (diameter=3 mm). The g 400 2
instrument was developed by Dr. T. Takahashi in the = 2 é
research reactor institute of Kyoto university Q o
(KURRI). £ 2% 2

(2) Sample preparation: A cryo-sectioned S
(thickness=100 um) tissue was prepared from the 08 18 g
raw C6 glial tumor model using a cryo-section Maker o o5 1 15 2 25 3
(Leica) and was sealed sandwich-type with Frequency (THz)
saran-wrap film (thickness=10 pm) in Figures 2-3 or Figure 1: (a) The time-dependent waveforms of
with 2 plates of cover glasses (thickness=130-170 THz-TDS measurements. (b) The transmittance
um) in Figure 2, respectively under freezing spectrum of a viable PC-3 prostate cancer model
condition (-20 C) before the measurements. tissue. (¢) The spectrum of the phase-shift in a

viable PC-3 prostate cancer model tissue. There
were 3 major absorption peaks at 264, 882 and
* N. Miyoshi, 0776-61-8670, nmiyoshi@u-fukui.ac.jp 1,490 GHz in the raw tumor tissue, respectively.
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Figure 2: The absorption spectra of necrotic and
viable tumor tissues measured by FEL. The
difference spectrum between the two spectra
shows the peak at 138.3 um (2.17 THz) at the
necrotic area.
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Figure 3: (A) C6 glial tumor model tissue, (B) the
H. & E.-stained image, (C) the transmit spectra
measure by CSR, and (D) the linear mapping

analysis of the different depth areas-I.

3. Results

We got the data by three kinds of technique, (1)
THz-TDS, (2) FEL, and (3) CSR. Two different
penetration materials of saran-wrap film was
mapping measured of spectra of two different areas
(necrotic, normal=red bar and viable=blue bar) in C6
tumor model tissue as shown in Figure 3. The
absorbance level at 7-9 cm-1 (210-270 GHz) in the
necrotic region was higher than the viable one. There
was same data in Figures 1 and 3 about the
absorbance at 264 and 210-270 GHz at higher-grade
cancer tissues (PC-3 and C6 necrotic region which
means a higher grade)

4, Discussion
It was estimated that the absorbance at 264 GHz
would be related with a cluster of free water

molecules between the Debye relaxation models at t1
(15 GHz, slow relaxation time) and 12 (630 GHz, fast
one, 248 fs) [1-3]. The other measurement by FEL as
shown in figure 2 will be resulted to find the same
component of the cluster in the necrotic region of the
PC-3 tumor tissue at 2.17 THz as an intermolecular
vibration modes. This is a hypothesis presented in
this study.

5. Conclusion:

It was observed a raw cancer tissue by the
different measurement techniques at the different
institutes. There are presented advantages and
disadvantages in these techniques, THz-TDS, FEL
and CSR. It was focused the conformation of the
water molecules in a raw tissue of the tumor model,
especially, necrosis region which included lipid
components. We estimate a cluster model of water
molecules in the necrotic region, which are free water
molecules. This cluster model will be presented
between the Debye relaxation models and will be
related with an intermolecular vibration modes as a
hypothesis presented in this study.
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Pulse radiolysis study of radical ion of Naphthalene bis imide derivatives as a hew functional material.

Dept. of Advanced Nanofabricationd, IMCE, Kyushu Universityb,
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Koichi Kan, Jinfeng Yang?, Yoichi Yoshida?

Transient absorption spectrum of 2 mM NDI-THF solution was observed. At the pulse end, the broad absorption

band of solvated electrons of THF was observed in the visible and near-infrared region. Absorption band of

solvated electrons decayed rapidly, and the absorption band of 775 nm was formed and respond to it. Absorption

band at 775 nm is assigned to the absorption band of the NDI radical anion. Absorption band of the NDI radical

anion decayed slowly, and the absorption band of 480 nm and 1600 nm was formed with responding it.

Formation behavior at 480 nm and 1600 nm is dependent on the concentration of NDI, these absorption bands

are considered as dimer radical anion of NDI (NDI2*).
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The Effect of Radicals on the Performance of Polymer Electrolyte Fuel Cell
Using Fluorine-based Electrolyte Membrane

Graduate School of Engineering®, Research Laboratory for Quantum Beam Science, 1.S.1.RP

Shigehiro Nishijima®™, Yoko Akiyama?, Yukito Ida?, Gaku Watanabe?, Yoshikazu Aoyagid, Yoshihide Hondab

It is important to improve stability of polymer electrolyte fuel cell (PEFC) in order to generalize. It is
considered that radicals affect degradation of polymer electrolyte membrane which has influence on the
performance of PEFC. In this study, we examined the effect of the radicals on the performance of PEFC and
aimed to clarify the mechanism of the decrease in PEFC performance by each radical (OH-, H-). The
electrolyte membrane were degraded with radicals which are selectively generated by 7 -ray irradiation under
controlled atmosphere and was used to make membrane electrode assembly (MEA) in order to examine the
effect on the performance of PEFC. In addition, we studied the effect of the each radical on the membrane
performance (proton conductivity and water uptake) and membrane surface to investigate the detailed causes of

decrease in PEFC performance.
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Precise spin control using home-built Ku-band arbitrary waveform pulse electron spin resonance spectrometer

Dept. of Engineering Science, Osaka university?
Dept. of Physics, Universiti Teknologl Malaysia®
Research Center for Advanced Science and Technology, The university of Tokyo®

Akinori Kagawa®", Yap Yung Szen®, Tatsunori Kato?, Yuuki Hashimoto?, Yutaka Tabuchi¢

. Makoto Negoro?, and

Masahiro Kitagawa?

We have developed a Ku-band ESR (Electron Spin Resonance) spectrometer with arbitrary waveform generator,
which serves amplitude and phase modulated pulses. One of the key elements to build a fault tolerant, scalable
guantum computer is precise spin control. To demonstrate precise spin control using our spectrometer, we have
implemented broadband Type 1 (BB1) composite pulses, which are able to compensate for pulse length errors.
Using BB1 composite pulses with a loop gap resonator, we succeeded to suppress the errors.
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Nanosecond Pulse Radiolysis Study on Clathrate Hydrates at Low Temperature

Department of Earth and Space Science, Graduate School of Science, Osaka Univ.?,
Department of Advanced Nanofabrication, ISIR, Osaka Univ.",
Division of Chemical Engineering, Graduate School of Engineering Science, Osaka Univ.*

Satoshi Koyamaa*, Atsushi Tani®, Kimihiro Norizawa®, Takafumi Kondo®, Takeshi Sugahara®, Koichi Kanb,
Jinfeng Yangb, Kazunari Ohgaki®, Yoichi Yoshida®

To elucidate the model of trapped electron in clathrate hydrates, trapped electron in tetrahydrofuran (THF)

clathrate hydrate has been investigate by L-band electron pulse radiolysis. Transparent clathrate hydrate samples

were prepared with THF as well as tBA (tert-butylamine) for comparison. The absorption spectra at -10°C show

broad signals with a peak at 650 nm for THF hydrate and 675 nm for tBA hydrate. They are caused by trapped

electron in H,O matrices because the spectra are good agreement with that of the trapped electron in crystalline

ice. Since both hydrates show the intense absorption around 650 nm, the electrons should be trapped in H,O

vacancies rather than in OH™ vacancies. In addition, the optical density of the absorption spectra in the hydrates

is ~10 times higher than that in ice. It indicates that more precursors, i.e. H,O vacancies, are presumably induced

in the hydrates during crystal growth.
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Atomic hydrogen observed in gamma-irradiated clathrate hydrates

Graduate School of Engineering Science®, Graduate School of Science®

Takashi Kitajima®, Atsushi Tani®, Takeshi Sugahara®

Atomic hydrogen induced in clathrate hydrates by gamma-ray irradiation has been investigated by electron spin

resonance (ESR). Main peaks split into two by hyperfine with satellite peaks are observed. The satellite peaks

correspond to spin-flip lines due to protons mainly in host water molecules because they are apart from the main

peak by 0.46 mT which is good agreement with Zeeman split of proton and signal intensity of the satellite is

much weaker in heavy water (D,0) clathrate hydrates. Since small cage (one of the clathrate cages) is not fully

occupied, signal intensity ratio of the satellite to the main signals reveals that atomic hydrogen will be trapped in

empty small cage.
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Synthesis of Nanoparticle Materials using Radiation Induced Reaction Field

Management of Industry and Technology, Graduate School of Engineering

Satoshi Seino, Takashi Nakagawa, Takao A. Yamamoto

Nanoparticle materials consisting of noble metal particles and support materials were synthesized by
radiochemical process using ®°Co gamma-ray. Aqueous solutions containing noble metal ions and support
materials were irradiated. Noble metal nanoparticles synthesized by the radiochemical process were firmly

immobilized on the fiber materials.
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