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Scheme 1. Activation of [2Fe-2S] cluster by O2•- in E. coli SoxR.  

Pyocyanin 

SoxR
 

 
RSpecificity in Mechanism of Transcriptional Factor SoxR  

Studied by Pulse Radiolysis Method 
 

The Institute of Scientific and Industrial Research, Osaka University 
 

 Kazuo Kobayashi, Takahiro Tanaka, Takahiro Kozawa 
 

The transcription factor SoxR in bacteria containing a [2Fe-2S] cluster is regulated by redox changes in the [2Fe 2S] cluster. 

E. coli SoxR has transcriptional activity in response to oxidative stress. In contrast, P. aeruginosa SoxR, which responds to 

pyocyanin, controls expression of antibiotic resistance. The two types of SoxR have different mechanisms of the response, 

despite the homology with 62% amino acid sequence identity. To investigate the specificity of the mechanism of the 

transcriptional activity, the reactions of SoxR with O2•- or pyocyanin were examined by pulse radiolysis method.   
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Figure 2. Absorbance change at 420 nm in the 

reaction of P. aeruginosa SoxR with 

pyocyanin. 

Figure 1. X-ray structure of E. coli SoxR near 

the [2Fe-2S] cluster.3) 

 

O2
•-  (0.1 M) 

 (20 mM, pH 7.0) 

SoxR (70 M) 

tert-  (0.1 M)  

(20 mM, pH 7.0) SOD (3.5 μM)

SoxR (60 - 150 M)  

O2
•-  

[2Fe-2S] E. coli 

SoxR  (Figure 

1)  (K89A, K92A) 

E. coli 

SoxR (K89A, K92A) O2
•- 

3.3 × 107 M-1s-1 P. aeruginosa SoxR  

 (4 ×107 M-1s-1) 

E. coli SoxR O2
•-  

[2Fe-2S] 

 (89K, 92K) 
4)  

 

420 nm P. aeruginosa SoxR 

 (Figure 2)

 [FeS]ox 

 [FeS]red 

P. aeruginosa SoxR  [FeS]red 

 (6.8 × 108 M-1s-1) E. coli SoxR 

(7.1 × 108 M-1s-1) 

O2
•- P. 

aeruginosa SoxR 

 

 

1) L. E. P. Dietrich, T. K. Teal, A. Price-Whelan, D. 

K. Newman, Science, 2008, 321, 1203.  

2) M. Fujikawa, K. Kobayashi, T. Kozawa, J. Biol. 

Chem., 2012, 287, 35702.  

3) S. Watanabe, A. Kita, K. Kobayashi, K. Miki, 

Proc. Natl. Acad. Sci. U. S. A., 2008, 105, 4121. 

4) M. Fujikawa, K. Kobayashi, Y. Tsutsui, T. 

Tanaka, T. Kozawa, Biochemistry, 2017, 56, 403.  

1 ms 

420 nm 

89K 

Abs. = 0.002 

92K 

12



 

 

 
Reaction Intermediates of Nitric Oxide Synthase from Deinococcus radiodurans as Revealed by Pulse 

Radiolysis; Evidence for Intramolecular Electron Transfer from Biopterin to FeII-O2 Complex 
 

The Institute of Scientific and Industrial Research, Osaka University 
 

Yuko Tsutsui, Kazuo Kobayashi, Takahiro Kozawa 
 

Nitric oxide synthase (NOS) is a cytochrome P450-type mono-oxygenase that catalyzes the oxidation of L-arginine (Arg) to 

nitric oxide (NO) through a reaction intermediate N-hydroxy-L-arginine (NHA). The mechanism underlying the reaction 

catalyzed by NOS from Deinococcus radiodurans was investigated using pulse radiolysis. Radiolytically-generated hydrated 

electrons reduced the heme iron of NOS within 2 s. Subsequently, ferrous heme reacted with O2 to form a ferrous-dioxygen 

intermediated.  In the tetrahydrofolate (H4F)-bound enzyme, the ferrous-dioxygen intermediate was found to decay an 

another intermediate with a first-order rate constant of 2.2  103  s-1. The spectrum of the intermediate featured an 

absorption maximum at 440 nm and an absorption minimum at 390 nm. The intermediate further converted to the original 

ferric form with a first-order rate constant of 4 s-1. In addition, we investigated the solvent isotope effects on the kinetics of 

the intermediate after pulse radiolysis. Our experiments revealed dramatic kinetic solvent isotope effects on the conversion of 

the intermediate to the ferric form, from 10.5 and 2.5 for Arg and NHA, respectively, whereas the faster phases were not 

affected. These data suggest that the proton transfer in DrNOS is the rate-limiting reaction of the intermediate with the 

substrates.  
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P450 (Fig. 1) NOS
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1)

 (Deinococcus radiodurans) NOS 
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*K. Kobayashi, 06-6879-8501, kobayasi@sanken.osaka-u.ac.jp 

Fig. 1. Reaction schemes describing the function of the 
DrNOS enzyme toward Arg hydroxylation.  
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Fig. 3. Solvent kinetic isotope effects of absorbance 
changes in H2O (red line) and D2O (blue line) after pulse 
radiolysis of DrNOS in the presence of 500 M Arg (A), 
(B) and NHA (C), (D). The reaction mixtures contained 8 

M DrNOS,  mM H4F, 10 mM potassium phosphate 
buffer (pD 7.4), and 0.1 M tert-butyl alcohol. 
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Fig. 2 Absorption changes at 450 nm after pulse 
radiolysis of DrNOS in the presence or absence of 
50 mM H4F. Inset is absorption change in longer 
time scale. 
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Ultrafast electron attachment and picosecond transient spectra in biphenyl-dodecane solution 

Dept. of Advanced Nanofabricationa, Nanotechnology Open Facilitiesb,

Takafumi Kondoha*, Masao Gohdoa, Kimihiro Norizawab, Koichi Kana,

Jinfeng Yanga, Seiichi Tagawaa, Yoichi Yoshidaa

Dynamics of excess electrons ionized in n-alkanes were studied by the femtosecond pulse radiolysis 

using biphenyl as a probe molecule. In addition to the diffusion-limited biphenyl radical anion generation 

calculated from the reported mobility, the ultrafast generation was observed about ten times faster than that. 

These behaviors were also observed in n-hexane and n-octane. For isooctane of branched alkane, only 

ultrafast production was observed. It is considered that there are two types of electron transport mechanism 

or charge carrier structures. 

                                                  
* T. Kondoh, 06-6879-4285, t-kondo@sanken.osaka-u.ac.jp
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Reference 
[1] T. Kondoh, et.al., Radiat. Phys. Chem., 880, 
286, (2011). 
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30, (2013). 

Fig.2 New model of the excess electron dynamics after 
ionization in n-dodecane. 

 
Fig.1 Formation behaviors of the biphenyl 

radical anion in normal alkanes (upper 
graph) and an isooctane (lower graph). 
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Formation and Structures of Thioanisole Hydroxyl Radical Adduct by during Pulse Radiolysis  
 

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

Sachiko Tojo *, Mamoru Fujitsuka , Tetsuro Majima  
  

The main pathway of thioanisole hydroxyl radical ( OH)-induced reaction involves the formation of thioanisole 
radical cation (ArSCH3 +) and thioanisole hydroxyl radical adduct (ArSCH3-OH) . The structures of 
ArSCH3-OH  in aqueous solution were studied by nano-second (ns) transient absorption and ns transient 
resonance Raman during pulse radiolysis. The OH addition leaded to formation of hydroxycyclohexadienyl 
radical (ArSCH3 (Ar )-OH, addition to the aromatic ring).  
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Figure 1. Transient absorption spectra obtained 
at 50, 500ns, and 5 s after the pulse radiolysis 
for MTT 0.5 mM in N2O-saturated aqueous 
solution (pH7). 

* S. Tojo, 06-6879-8511, tojo@sanken.osaka-u.ac.jp  
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Figure. 2. ns-TR3 spectrum observed at 500 ns 
after an 8-ns electron pulse during the pulse 
radiolysis of MTT 0.5 mM) in N2O-saturated 
aqueous solution (pH7).  

Figure 3. (A) ns-TR3 spectrum observed at 500 ns after 
an 8 ns electron pulse during the pulse radiolysis of 
MTT (0.5 mM) in N2O-saturated aqueous solution 
containing NaBr (100 mM). Probe: 532 nm. (B) Raman 
spectrum of MTT in 1,2-dichroethane. Probe: 355 nm. 

Scheme 1 Reactions and structures of MTT with 
hydroxyl radical.

Table 1. Bond lengths (Å) of MTT, MTT + and 
MTT(Ar )-OH by the DFT calculation at the 
UB3LYP/6-311+G(d,p) level.
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Ultrafast electron microscopy using relativistic-energy femtosecond electron pulses 

Dept. of Advanced Nanofabricationa, Research Center for Ultra-High Voltage Electron Microscopyb

Jinfeng Yanga*, Hidehiro Yasudaa, Yoichi Yoshidaa

In this year, we updated the relativistic-energy ultrafast electron microscopy for the studies of ultrafast 

phenomena and structural dynamics in materials according to the experiences and demonstration results 

from the prototype of RF gun based electron microscopy. A lens system used successfully in an ultra-high 

voltage microscopy at UHVEM, Osaka University, was reused in the new type microscopy. It will be 

expected to be used for the improvements of magnification and spatial resolution in the observation of 

TEM images. 

                                                  
* J. Yang, 06-6879-4285, yang@sanken.osaka-u.ac.jp
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Reference 

1) J. Yang, Microscopy, 60, No. 3, 157-159 
(2015).

2) J. Yang, Y. Yoshida, H. Shidata, Electronics 
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50-57(2015).

 

Figure 1: Ultrafast electron microscopy using relativistic-energy femtosecond electron pulses. 
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Study on radiation-induced chemical reactions in aqueous solutions 

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

 
Yusa Muroya, Takahiro Kozawa, Kazuo Kobayashi, Hiroki Yamamoto, Miou Kariya, Teppei Yamada 

 
 It was investigated the reaction between H-atom and water molecule in subcritical condition which will give an 
undesirable effect on hydrogen water chemistry in nuclear power plant. By using a HTHP pulse radiolysis and a 
spur diffusion model calculation, the temperature dependence of the rate constant was evaluated. As the result, 
the reactivity was turned out to be significantly higher than the reported values, suggesting that the hydrogen 
injection effect is expected to be lower than we imagined before. 

 

                                                  
* Y. Muroya, 06-6879-8502, muroya@sanken.osaka-u.ac.jp 
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Mesolysis Mechanisms of Aromatic Thioether Radical Anions Studied by Pulse Radiolysis and DFT 
Calculations  

 
Graduate School of Science and Engineering, Gunma Universitya,  

Research Laboratory for Quantum Beam Scienceb  
Dept. of Molecular Excitation Chemistryc 

 
Minoru Yamaji a*, Sachiko Tojob, Mamoru Fujitsuka,c Tetsuro Majimac** 

 
Mesolysis of diphenyldisulfides having cyano- and methoxy groups at the para-positions of two phenyl groups 
(XSSX) was studied by transient absorption measurements during pulse radiolysis in MTHF at various 
temperatures. The S-S bond cleavage of XSSX radical anions occurred to form phenylthiyl radical (XS ) and 
phenylthiolate anion (XS-) via step-wise mechanism. The Arrhenius parameters were obtained. 
 

mesolysis

(2)  *(1)

mesolysis

C O
[1] C S

[2] S-S

                                                  
* M. Yamaji, 0277-30-1212, yamaji@sgunma-u.ac.jp; **T. Majima, 06-6879-8495, majima@sanken.osaka-u.ac.jp 

[3]

S S
(XSSX) 2

XSSX
(XSSX -) mesolysis 295 K MTHF

XSSX
Chart 1 CNSSCN
CNS MeOSSOMe MeOS

MeOSSCN MeOS
MeOSSCN -

mesolysis  S S MeOS
CNS- MeOSSCN

S S

 
Chart 1. Diphenyl disulfides (XSSX)
having cyano- and methoxy groups at the 
para-positions. Scheme 1. Mesolysis of MeOSSCN -. 
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CN S
CNS- (Scheme 1)

XSSX - mesolysis
MeO CN

mesolysis

Figure 1 160 K MeOSSCN MTHF

50 

MeOSSCN - 1.6 106 s-1 kd

MeOS

MeOSSOMe MeOSSCN

XSSX - mesolysis

 

XSSX MTHF 150 - 240 K

XSSX - (kd)

Arrhenius Figure 2

E A (Table 1) XSSX -

S-S XSSX

mesolysis

A MeOSSCN

XSSX MeOSSCN mesolysis

push-pull S-S

 

 

Table 1. Obtained Arrhenius parameters.
Compound E / kcal mol-1 A / s-1 

MeOSSOMe 2.6 1.1 108 

NCSSCN 1.1 3.4 107 

MeOSSCN 4.8 5.5 1012 

References 

1) M. Yamaji, S. Tojo, M. Fujitsuka, A. Sugimoto 

and T. Majima, Bull. Chem. Soc. Jpn., 2016, 89, 

798-803. 

2) M. Yamaji, S. Tojo, M. Fujitsuka, A. Sugimoto 

and T. Majima, J. Org. Chem., 2015, 80, 7890-7895. 

3) Yamaji, M.; Tojo, S.; Takehira, K.; Tobita, S.; 

Fujitsuka, M.; Majima, T. J. Phys. Chem. A, 2006, 

110, 13487-13491.  

Figure 1. Transient absorption spectra observed 

after 8-ns electron pulse during pulse radiolysis 

of MeOSSCN in MTHF at 160 K. 
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Figure 2. Arrhenius plots for mesolysis of 

XSSX in MTHF. 
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Singlet Oxygen Generation Induced by a Formation of Fluorophore Self-Assembly 

 
Dept. of Molecular Excitation Chemistrya, Graduate School of Engineering, Osaka Universityb, 

Research Laboratory for Quantum Beam Sciencec  
 

Sooyeon Kima*, Yang Zhoua, Norimitsu Tohnaib, Sachiko Tojoc, Mamoru Fujitsukaa, 
Mikiji Miyataa, Tetsuro Majimaa** 

 
 The assembly of monomeric building blocks can manifest the display of new properties, including optical, 
mechanical, and electrochemical functionalities. In this study, a functional fluorophore self-assembly is 
developed, which can generate singlet oxygen only when aggregated. Based on X-ray crystallographic analysis 
and time-resolved spectroscopic measurements, we confirmed that an intermolecular charge-transfer complex 
between the electron-rich anthracene and electron-deficient BODIPY moieties favors an intersystem crossing 
process, resulting in a formation of singlet oxygen. 

  
Various photophysical properties induced by 

fluorophore aggregation are highly intriguing when 

one designs fluorescence probes and functional 

organic materials. In addition to well-aligned 

molecular assemblies such as those of chlorophyll, 

irregularly aggregated fluorophores can exhibit useful 

behaviors, as exemplified by aggregation-induced 

enhanced emission. 

Recently, we have developed a molecular template, 

an anthrylphenylene (AP) group, which induces 

various types of fluorophore self-assembly without 

any external template.1 Depending on the extent of 

inter-moiety interaction between fluorophore and 

anthracene, AP group can facilitate either J- and 

H-aggregates of fluorophores in the aqueous solution. 

In this study, we prepared two kinds of a dyad 

composed of boron-dipyrromethene (BODIPY) and 

AP group (Figure 1) and revealed its distinct 

self-assembly formation and singlet oxygen (1O2) 

generation.2 

As shown in Figure 1, BODIPY-AP exhibits a 

two-color emission at 521 and 663 nm upon excitation 

at 470 nm. The green emission at 521 nm is assigned 

to the local excited (LE) state, the lowest singlet  

excited state of BODIPY, while the red-shifted 

structureless emission indicates the formation of 

intermolecular charge transfer (CT) states. This red 

emission is closely correlated to the extent of 

Figure 1. (top) Chemical structures of AP group, 

BODIPY-AP and BODIPY-MeAP. (bottom) 

Normalized fluorescence spectra of BODIPY-AP 

(black) and BODIPY-MeAP (red) in aqueous 

solution ( ex = 470 nm).  
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aggregation of BODIPY and AP dyads. 

Based on the low emission quantum yield of 

BODIPY and AP dyad aggregates (0.3-0.4%), we 

presumed that the intermolecular CT state of BODIPY 

and AP aggregates would be deactivated through 

intersystem crossing. To prove our hypothesis, 1O2 

generation by aggregates of BODIPY and AP dyads 

was tested. Upon selective irradiation of CT 

absorption band, self-oxidation of the anthracene 

moiety was observed (Figure 2a and black arrows in 

2b), while this reaction was halted in deaerated 

aqueous solution. Furthermore, 1O2 was also 

generated by BODIPY and AP dyad monomers in less 

polar solvent (i.e., 1,4-dioxane) where intramolecular 

CT state is stabilized.  

Taken together, the formation of triplet excited state 

and 1O2 generation are closely related to the CT state 

of BODIPY and anthracene moieties either in 

intermolecular and intramolecular manners. Indeed, 

we confirmed the instantaneous formation of 

BODIPY in the triplet excited state (3BD*) upon 

aggregation using femtosecond-laser flash photolysis, 

as compared to the spectra of 3BD* obtained by pulse 

radiolysis (Figure 2c). Concerning the X-ray 

crystallographic analysis and previous studies on 

perpendicular BODIPY derivatives, the lattice-like 

molecular assembly with a dihedral angle 

(35.5°–59.2°) and spatially separated BODIPY and 

anthracene may evolve spin-flipping during the decay 

of the intermolecular CT state. In addition, the 

low-lying triplet energy level of the BODIPY is 

another factor enabling AISG among the other AP 

series we previously prepared. We named this 

phenomenon as 'aggregation-induced singlet oxygen 

generation'.2 

Our studies clearly suggest the AP group is a 

potential molecular template upon which to construct 

various functional assemblies of fluorophores and 

promote the hidden functionality activated by 

aggregation. 

Reference 

1) S. Kim, et al.: Chem. Commun. 51 (2015) 11580. 

2) S. Kim, et al.: Chem.-Eur. J.. 51 (2018) 24, 636. 
 
 

Figure 2. (a) Endoperoxide reaction of 

BODIPY-MeAP with 1O2. (b) Changes in 

absorption spectra of BODIPY-MeAP in aqueous 

solution under continuous irradiation (shaded in 

green, 32 mW cm 2). (c) Transient absorption 

spectra of BODIPY-MeAP in toluene observed 

during pulse radiolysis. The obtained spectra 

represents BODIPY in the triplet excited state 

(3BD*). 

(a) 

(b) 

(c) 
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Electronic Transitions of Radical Ions of Sumanene 

Dept. of Mol. Ex. Chem. a, Res. Lab. Quantum Beam Sci. b, Grad. Sch. Eng. Osaka Univ.c

Mamoru Fujitsukaa*, Sachiko Tojob, ToruAmayac, Toshikazu Hiraoc, Tetsuro Majimaa**

 Strained polyaromatic carbon molecules exhibit interesting properties; sumanene (SUM) is one of these 
bowl-shaped -conjugated molecules ( -bowls). In the present study, the radical cation and radical anion of 
SUM were characterized by pulse radiolysis and -ray radiolysis. Absorption spectra of the SUM radical cation 
and radical anion in a wide spectral region were compared with those of corresponding species of triphenylene 
(TP). Theoretical calculations revealed that the strains in the molecular geometries affect the electronic 
transitions of radical ions. 

sp2 p

1,2

(SUM, Fig. 1)

C60

2003
3 SUM

4

Fig. 2a SUM DCE

SUM +

~1500, 667, 604, 424 nm

SUM DMF

SUM -

583 434 nm (Fig. 2b)

 

Fig. 1. Molecular structures of SUM and TP. 

Fig. 2. Transient absorption spectra during pulse 
radiolysis of SUM in (a) DCE and (b) DMF. 

 
*M. Fujitsuka, 06-6879-8496, fuji@sanken.osaka-u.ac.jp; **T. Majima. 06-6879-8495, majima@sanken.osaka-u.ac.jp 
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(Fig. 3, 4) SUM

(TP, Fig. 1)

SUM + TP + SUM - TP -

((U)B3LYP/6-31+G(d,p))

Fig. 3 4 SUM +

HOMO-n( )(n = 2 - 5)

HOMO(=SOMO)( ) TP

MO

(Fig. 5)

HOMO(=SOMO)( ) LUMO+n( )

SUM - TP -

LUMO+n( )

MO

sp2 p

2p

SUM TP

Reference 
1) K. Tahara, Y. Tobe: Chem. Rev. 106 (2006) 5274. 
2) M. Fujitsuka, D. W. Cho, T. Iwamoto, S. Yamago, 

T. Majima: Phys. Chem. Chem. Phys. 14 (2012)
14585. 

3) H. Sakurai, T. Daiko, T. Hirao: Science 301 
(2003) 1878. 

4) M. Fujitsuka, S. Tojo, T. Amaya, T.  Hirao, T. 
Majima: J. Phys. Chem. A 121 (2017) 4902. 

Fig. 3. Absorption spectra (a) SUM + and (b) TP +

generated by -radiolysis. Bars are theoretically 
calculated oscillator strength. 

Fig. 4. Absorption spectra (a) SUM - and (b) TP -

generated by -radiolysis. Bars are theoretically 
calculated oscillator strength. 
 

Fig. 5.  MOs of SUM + and TP +. Numbers close 
to the bars indicate the energy levels in eV unit. 
Arrows indicate the transitions responsible to 
absorption bands in the near IR and visible regions.
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Study on Sensitivity Improvement of the Soft X-ray Resist with Pulse Radiolysis 

 
Waseda Research Institute for Science and Engineering, Waseda Universitya,  

Quantum Beam Science Research Directorate, National Institutes for Quantum and Radiological Science and 
Technologyb, Dept. of Nano Ultimate Fabricationc  

 
Masakazu Washioa*, Yutaro Saitoa, Yuji Hosakab, Takafumi Kondohc, Yoichi Yoshidac 

 
 -allyloxymethyl acrylic polymer (AMA) is a radical-curable resin that contains tetrahydrofuran (THF) rings in 
the main chain. In the study, radiation-induced fundamental reactions of AMA were studied by using pulse 
radiolysis, for a resist material application. Electron scavenging of AMA was confirmed and rate constant of the 
reaction is comparable to that of poly(methyl methacrylate). Also, the transient absorption band of 
dichloromethane was decreased by adding both AMA and THF, therefore, the result suggests that cation radicals 
of dichloromethane were scavenged by THF rings of AMA and THF.  
 

                                                  
* M. Washio, 03-5286-3893,washiom@waseda.jp 
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Fig. 1 Chemical structure of AMA polymer 
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bubbling.  
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Reference 
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* **

Generation and diagnosis of femtosecond electron beams 

Dept. of Advanced Nanofabrication 

I. Nozawa*, K. Kan**, J. Yang, T. Kondoh, M. Gohdo and Y. Yoshida***

Ultra-short electron bunches with pulse durations of femtoseconds are applied to many scientific applications 
such as free electron lasers, terahertz light sources and pulse radiolysis. In this study, ultra-short electron 
bunches were generated using laser-photocathode RF gun linac. Shorter electron bunches lead to generation of 
broader electromagnetic pulses based on the Fourier transform. In this study, feasibility of bunch length monitor 
using infrared detectors will be discussed. 

                                                  
*K. Kan, 06-6879-4285, koichi81@sanken.osaka-u.ac.jp; ***Y. Yoshida, 06-6879-4284, yoshida@sanken.osaka-u.ac.jp
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Figure 1: Bolometer output as functions of magnetic 
fields of quadrupole magnets (Q5-Q8) in bunch 
compression. Red, green, and blue rectangles denote 
configuration of the magnets as FDDF, FFFF, and 
DFFD, respectively, where F and D are focusing and 
defocusing conditions for electron beam in horizontal 
direction. 

Reference 
[1] J. Yang et al., Nucl. Instrum. Meth. A 637, S24 (2011). 
[2] I. Nozawaet al., Phys. Rev. ST Accel. Beams 17, 

072803 (2014). 
[3] T. Takahashi et al., Phys. Rev. E 50, 4041 (1994). 
[4] C. Kondo et al., Proc. 8th Annual Meeting of Particle 

Accelerator Society of Japan, 494 (2011). 
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Material modification using low energy electron beam 

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

Takafumi Kondoha*, Akihiro Oshimaab, Yoichi Yoshidaa**, Kazuyuki Satob, Kenji Adachib

For modification of various polymer materials, high dose radiation by using a low energy electron beam 
accelerator was used for the grafting of the fluorine-based groups at ISIR, Osaka University. Samples was 
prepared and then irradiated by electron beam, and then some properties evaluated in the laboratory. 

                                                  
* T. Kondoh, 06-6879-4285, t-kondo@sanken.osaka-u.ac.jp; **Y. Yoshida, 06-6879-4284, yoshida@sanken.osaka-u.ac.jp
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Fig.1 Functionalization of polymer materials 
by low energy and high dose electron beam 
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a b

a, a*, a, b

Luminescence of ZnO under single picosecond terahertz pulse excitation  

Graduate School of Engineering Sciencea, ISIRb

Xingyu Sun a, Masaya Nagaia* , Masaaki Ashidaa ,and Goro Isoyamab

 We investigated the excitation frequency dependence of the THz-induced luminescence from different ZnO 
samples using the tunable THz-free electron laser (THz-FEL). Since complex profile of the THz-FEL 
macropulse prevents from our simple analysis of the experimental results, we extracted only one picosencond 
micropulse using a novel THz pulse picker. The obtained excitation frequency dependence was characteristic of 
the impact ionization and zener tunneling in ZnO.  

                                                  
* M. Nagai, 06-6850-6507, mnagai@mp.es.osaka-u.ac.jp 
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Ablation and Surface Periodic Structure in Phase Change Materials Induced by Intense Terahertz Pulse 
Excitation 

NeRI, AISTa, ILE, Osaka Univ.b, ISIR, Osaka Univ.c

Kotaro Makinoa*, Kosaku Katob, Keisuke Takanob, Yuta Saitoa, Junji Tominagaa, Takashi Nakanoa,
Goro Isoyamac & Makoto Nakajimab** 

  Among the various kinds of pulsed terahertz (THz) sources, the free electron laser (FEL) is promising for a ast
control of matter and a test bench for extreme operating conditions in high-speed electrical devices by exploiting 
intense THz field. In this study, we irradiated Ge-Sb-Te (GST) phase change memory materials with intense THz 
pulse trains from an FEL. It was found that THz-induced surface changes due to damage as a precursor to ablation 
and the formation of the surface undulations (laser-induced periodic surface structure, LIPSS). Since neither 
RESET nor SET phase change was observed, the observed THz-induced change is thought to be a different 
phenomenon from the conventional phase change process. 

THz

THz

THz

Ag-In-Sb-Te THz

(1)
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GST THz

GST THz

FEL FEL

THz
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* K. Makino, 029-861-2311, k-makino@aist.go.jp, ** M. Nakajima, 06-6879-4225, nakajima-m@ile.osaka-u.ac.jp
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Study of Irradiation Effect on Insulating Materials for Superconducting Magnet in Nuclear Fusion Reactor 

Division of Sustainable Energy and Environmental Engineering, Graduate School of Engineeringa

Yoko Akiyamaa*, Shunsuke Kitoa

In the fusion reactor, hybrid composite material composed of glass fiber reinforced plastic (GFRP) and 
polyimide film is used for insulation material of superconducting magnets. The material is exposed to severe 
environment; fast neutron irradiation (1022 n/m2, E > 0.1 MeV), cryogenic temperature (4.2 K), interlaminar 
shear stress (up to 43 MPa) and cut-off voltage (up to 10 kV). Therefore insulation material is required to 
maintain its insulation performance in such environment. 

Although the criterion of the mechanical strength of insulation material for ITER is defined by the fracture 
stress, the insulation performance can be degraded by microscopic cracks even if it is not fractured. In order to 
investigate the effect of mechanical deterioration such as cracks on the insulation performance, a dielectric 
breakdown test under shear stress was conducted in the direction parallel to the layer on hybrid composite of 
GFRP and polyimide film. 

                                                  
* Y. Akiyama, 06-6879-7897, yoko-ak@see.eng.osaka-u.ac.jp
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Gamma ray induced damage of window materials for nuclear fusion 

Institute of Laser Engineeringa

Kohei Yamanoia*, Takuya Ishimotoa, Yuki Iwasa a, Takayoshi Norimatsu a

 In nuclear reactors, space, and other scientific activities involving high-energy radiation such as gamma-ray, 
long-term exposure can produce serious radiation effects leading to the rapid deterioration of optical components. 
In optical glasses, high radiation doses create discoloration. Therefore, monitoring the optical performance of 
glass can help mitigate potential damage. In this study, we investigate the effects of gamma-ray irradiation on the 
transmission and refractive index of several glass materials. We also report a new method based on two right 
angle prism configuration and imaging spectrometer to measure the changes of refractive index before and after 
irradiation of a sample material.  

                                                  
* T. Sanken, 06-6879-8380, taro@sanken.osaka-u.ac.jp; **O. Sanken, 06-6879-8508, oyabunn@sanken.osaka-u.ac.jp
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“Photochemistry and the role of light during the submerged photosynthesis of zinc oxide nanorods”*, L.

Zhang, M. Jeem, K. Okamoto, S. Watanabe, Sci. Rep. 177 (2018)8.
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Sensitivity enhancement of chemically amplified EUV resists by adding acid-generating promoters”*, S. Fujii, 
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“Formation of CuO nano-flowered surfaces via submerged photo-synthesis of crystallites and their 
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