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Conversion of methane to methanol using photocatalytic reaction
and metal-cluster cocatalyst

oMarika Aoki, Seiichiro Watanabe, Wataru Kurashige, Yuichi Negishi
Graduate School of Science, Tokyo University of Science, Japan

[Abstract] Recently, conversion of methane, which exists abundantly in the suburbs of
Japan, to methanol has attracted much attention since methanol is expected as one of the
substitute for petroleum. In this work, we have aimed to make this reaction proceed by
photocatalytic reaction and the use of ultrafine metal-cluster cocatalyst. As a result, we have
succeeded in loading metal-cluster cocatalyt onto mesoporous WO3 (m-WO3) and mesoporous
TiO2 (M-TiO2) which are expected as catalysts to progress this reaction. Photocatalytic
activity test revealed that the loading of cobalt-cluster cocatalyst onto m-WO3 and nickel or
silver-cluster cocatalyst onto m-TiO; are effective methods to promote this reaction. In this
manner, we revealed that appropriate cocatalysts are different depending on the photocatalyst.
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Optical Control of CdSe Nanoparticles by Electrochemical Reaction
OHirofumi Yoshikawa, Jin Isobe
School of Science and Technology, Kwansei Gakuin University, Japan

[Abstract] CdSe quantum dots (QDs), which are semi-conductive nanoparticles, have
attracted much attention due to their application to optical imaging, luminescent displays, and
so on, since they exhibit multi-color photoluminescence dependent on their size. However, it
has not yet been reported that external-stimulus control their luminescent property. Herein, we
tried to change optical properties of CdSe QDs by solid-state electrochemistry, which is a
method that can control various physical properties of an electrode active material and can
develop new physical properties, based on electron transfer and electrolyte ion diffusion in/at
the electrode materials. As a result, it was found that their luminescence was recovered by
continuous UV irradiation although the luminescence of CdSe QDs was quenched during the
electrochemical reaction process. We also investigated the photo-etching phenomenon of
CdSe QDs under various media.
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Figure 1. TEM image of CdSe
nanoparticles
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Exciton Dynamics and Luminescence Control of the Hybrid System of
Semiconductor Nanorods with Diarylethene Derivatives

oDaiki Shibayama?!, Kenta Uemoto?, Ken Kinoshita!, Yuta Usuil, Tetsuro Katayama?,
Masakazu Morimoto?, Masahiro Irie?, Naoto Tamai'
1 Department of Chemistry, Kwansei Gakuin University, Japan
2 Department of Chemistry and Research Center for Smart Molecules,
Rikkyo University, Japan

[Abstract] Semiconductor nanorods (NRs) have large absorption cross section as compared
with quantum dots (QDs), which is suitable to increase the efficiency of light absorption. On
the other hand, diarylethene derivatives (DAE) exhibit photochromic reactions having various
applications such as super-resolution microscopy. In the previous study, a hybrid nanostructure
(HN) of CdSe/CdS/ZnS core/shell/shell QDs and DAE was constructed and luminescence
switching of the system has been studied. However, semiconductor NRs have not been utilized
for HNs until now. In the present study, we synthesized CdSe NRs by a colloidal synthetic
method. Moreover, we constructed HNs of CdSe NRs - DAE with hydroxy group. It was found
that luminescence of CdSe NRs was efficiently quenched by the closed isomer (DAEC) but not
by the open isomer (DAEO). Exciton dynamics of these HNs and the mechanism of
luminescence switching were examined by picosecond luminescence spectroscopy and
femtosecond transient absorption spectrascopy.
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Theoretical Study on the mechanism of hydrogen storagein
lithium-graphene systems

oT Tetsuji lyama, Hiroto Tachikawa
1 Division of Applied Chemistry, Graduate School of Engineering, Hokkaido University,
Japan

[Abstract] The density functional theory (DFT) method was @apto the binding of K
molecules to the lithium ion and atom adsorbedhengraphene (GR) surface. One to twelve
hydrogen molecules were examined, GR-Ly(Hn=0-12), where n means number of H2
molecule. The k molecules bind to the lithium ion (or atom) withet side-on form. The
binding energy of K (per one K molecule) decreased with increasing n and it vedisrated
to the limiting value (ca.1.0 kcal/mol). It was falithat the binding energy of2Ho the Li
atom is close to that of lithium ion. The reasontlbé close binding energies can be
understood from the NPA changes of Li atom anddorGR. The atomic charge of lithium
atom was close to that of lithium ion on GR. Thec#onic states and binding nature of H
were discussed on the basis of theoretical results.
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Figure 1. Optimized structures of GR-Li-@hh (n=1-3) calculated at the CAM-B3LYP/6-311G(d,p) level
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Aggregation/Dispersion property of gold nanoparticles conjugated with
copolymers with different amine groups
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I Graduated School of Science, Chiba University, Japan
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[Abstract] Gold nanoparticle have unique properties unlike bulk materials, such as specific
light absorption, characteristic reactivity and surface plasmon resonance. Using these properties,
we observed processes of aggregation/dispersion of gold nanoparticles. We choose water-
soluble copolymers [poly(N-n-isopropylacrylamide-co-acryloyldiethyletriamine)] in order to
aggregate gold nanoparticles. This is why the copolymers have amine groups which interact
with gold nanoparticles. We also choose copolymer having different amine group, [poly(N-n-
isopropylacrylamide-co-acryloyltriethyletetramine)], for the comparison. We analyzed
dispersion property of gold nanocomposites conjugated with their copolymers using UV-vis
spectroscopy, distribution of aggregated/dispersive gold nanoparticles obtained by small angle
X-ray scattering and transmission electron microscopy. Furthermore abundance ratio of
molecules that are distributed in gold nanoparticle surface was investigated by Raman
spectroscopy.
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Figure 3. Raman spectra of (a) p(NIP-DETA), Au
nanocomposites including p(NIP-DETA) and those
with glutathione at Oh, 5h, 11h and (b) p(NIP-
TETA), gold nanocomposites including p(NIP-
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[1] N. Uehara, K. Ookubo, T. Shimizu Langmuir 26, 6818-6825 (2010).

[2] N. Uehara BUNSEKI KAGAKU 61, 535-545 (2010).

[3] T. Morita, N. Uehara, K. Kuwahata, H. Imamura, T. Shimada, K. Ookubo, M. Fujita, T. Sumi J. Phys. Chem.

C 120, 25564-25571 (2016).
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High-resolution separation of hydrophilic gold and alloy clusters
using LC/MS

oKota Hamada, Kana Yoshida, Ayano Ebina, Yoshiki Niihori, Wataru Kurashige,
Yuichi Negishi
Graduate school of Science, Tokyo University of Science, Japan

[Abstract]In this work, we attempted to separate gold and alloy clusters protected by
hydrophilic thiolate (SG: glutathionate) by introducing LC/MS that directly connects the
chromatograph and the mass spectrometer. As a result, we have succeeded in separation of
Aun(SG)m, Aun-xMx(SG)m (M=Ag, Pd), and detection of some of these clusters which have not
been reported. Furthermore, the evaluation of chemical composition of these clusters revealed
that the numbers of metal atoms and ligands in Aun-xAgx(SG)m maintain those in Aun(SG)m.
On the other hand, the situation was different in the case of Aun-xPdx(SG)m. Although Ag and
Au atoms belong to same group (group 11) in periodic table, Pd atom belongs to different
group (group 10). It can be considered that these differences among constituent metal atoms
affect the chemical compositions of the products.

[FF1F 47— M QIR T AZ — 1T 7 @R LIT IR0 | A RIKAF LT By 7k
BAFRBT D, ZOPTH, BUKMENL T RSN 47T AS — 12 AEIRE S A
. MR SOARRE DA A= TRPEHE L COIS IS IR ST D, LinL, BUKMETF AT
—MrERITAZ =T, ®FITAZ— DAL E 5 L THE R 72T
—AF AL (ES) B BTN T, BUhLFOME b ZfiA 4 LU TS o2 L8
20, SHICH I TAY—OHA T, BRAT OILFMRITL TN R ET D0 | fi§
iz LR EEL 725, ZH U REE fRIR T D7D IS A e TR E T @ikl n~hrZ
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ZINZHZETERE LT, 2B T AZ —D 5 B QbSO WN Tl Ek MR A
Bz a~h7774— (HILIC) 17 Ak ESIE BT & [E 2 EHaEAE SE 72 LCIMS 128>
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=,
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[1] Y. Niihori, K. Hamada, Y. Negishi, et al., Nanoscale 10, 2018, 1641-1649. (Selected as
Back Cover) [2] Y. Negishi, T. Tsukuda, et al., J. Am. Chem. Soc. 127, 2005, 5261-5270.
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Effect of Electron Donation of Protecting Polymers
on Oxidation Catalytic Activity of Au Clusters

oAtsushi Matsuo!, Shinjiro Takano', Tatsuya Tsukuda'-
! Department of Chemistry, the University of Tokyo, Japan
2 Elements Strategy Initiative for Catalysts and Batteries, Kyoto University, Japan

[Abstract] Au clusters protected by polyvinylpyrrolidone (Au:PVP) with diameter smaller
than 2 nm are known to have a high catalytic activity toward aerobic alcohol oxidation. It has
been demonstrated experimentally and theoretically that such a high activity is derived not only
from the electronic structure of Au clusters but also from the effect of electron donation from
PVP to clusters. In this work, we investigated the effect of pyridine-containing polymers
(poly(2-vinylpyridine) (P2VP) and poly(4-vinylpyridine) (P4VP)) on the electronic structures
and catalysis of Au clusters. X-ray photoelectron spectroscopy (XPS) revealed that electronic
charge donated to Au clusters decreased in the order of P2VP > PVP > P4VP. Au clusters (~1.9
nm) stabilized by P2VP showed a high oxidation catalysis and localized surface plasmon
resonance which are explained by significant electron donation to Au clusters.

[FF] KZfE 2 nm LLR, MEREF-J 100 UL T O&JE 7 7 AL —IL, £ ORFERR AT
Bz LM 2 S LT, KO REDOKE WRIBT R LR D H AR
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) (P2VP) ERY (4-E =1t U ) (P4VP) n n
PR B T AL — AR, DK S
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Table 1. Catalytic results of Au clusters and TOF normalized by the number of surface atoms for
oxidation of benzyl alcohol.

Catalyst | Diameter | Substrate | Product | Conversion | Normalized TOF
(nm) (%) (mol/(h- Au))
Auw:P2VP | 1.9(6) 0 44 1.83
AuP4VP | 1.9(6) [:j/A“” [:]/lm 1 0.37
Au:PVP 1.3(5) 52 1.87

[Z2Z 3R]
[1] T. Tsukuda Bull. Chem. Soc. Jpn. 85, 151 (2012).

[2] H. Tsunoyama et al. J. Am. Chem. Soc. 131, 7086 (2009).
[3] M. Okumura et al. Chem. Phys. Lett. 459, 133 (2008).
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Measurement of photoemission spectra for analysis of
cluster-growth region in the magnetron-sputtering source

oSatoshi Kono, Shuhei Fujimoto, Masashi Arakawa, Akira Terasaki
Department of Chemistry, Kyushu University, Japan

[ Abstract ] Cluster-growth condition in a magnetron-sputtering cluster source is
investigated via photoemission spectra in the UV to near IR region, which are measured by
adjusting He and Ar flow rates as well as a power of discharge. The emission spectrum
consists of atomic lines of a target metal, which is Co in the present study, in addition to those
of buffer He and sputter Ar gasses. The spectral lines are assigned by referring to the
Atomic Spectra Database (NIST), which, in turn, enables us to simulate relative intensities of
the emission lines and thus a profile of the spectrum. We will present a correlation between
the amount of Co atoms sputtered and the cluster size produced as a function of Ar flow rate
along with temperature estimation of the Co atoms.
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Fig. 2. An emission spectrum from the
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[1] NIST. Atomic Spectra Database. https://www.nist.gov/pml/atomic-spectra-database (accessed July. 18, 2018)



1P069

EBREREREFEARMLI-EY SR —IEA A > AgM* (M =Sc-Ni) &
—BILEEDFEORIE: BMTRICEIREHE - ERYDOEL
PN
OYRMTELS, PE)IEAs, FIVEA, B4, PElH 6, 20 H, % =

Reaction of transition-metal-doped silver cluster ions, AgyM* (M = Sc—Ni),
with NO molecules:
Effect of the dopant element on reactivity and reaction products

oMasataka Horioka, Kyosuke Nishikawa, Kento Minamikawa, Tomoki Kawano,
Jun Nishiura, Masashi Arakawa, Akira Terasaki
Department of Chemistry, Kyushu University, Japan

[ Abstract] Chemical properties of transition-metal-doped silver cluster ions, Ag\M" (M =
Sc—Ni) have been investigated through reaction with NO molecules. In addition to the problem of
s—d interaction as a function of size V, which has been addressed already by reaction with O», here
we focus on reaction products observed for NO. At small sizes with the dopant atom on the
cluster surface, diatomic O adducts were produced by successive reaction with two NO molecules
for M = Sc and Ti, whereas simple NO adducts were produced for M = V-Ni; the former suggests
decomposition of NO. On the other hand, at larger sizes, where the dopant atom is encapsulated
by the Ag host, NO> molecules were generated as is observed for bare Agy™ as well. The rich
variety of reaction pathways will be discussed in the context of reaction sites depending on the
cluster size and the dopant element.
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Plasmon mode dependence on fluorescence enhancements
near single gold nanoplates

oSeiju Hasegawa!, Keisuke Imaeda', Kohei Imura!
I School of advanced Science and Engineering, Waseda Univ., Japan

[Abstract] Plasmon induced fluorescence enhancement has been widely studied because of
potential applications such as biosensing and nanooptical devices. Higher-order plasmon
resonances induced in gold nanoplates are promising for tightly confining optical fields
compared to the dipolar mode. Fluorescence enhancement due to high-order plasmons has
been little studied, however. We found recently that multiple plasmon resonances are excited
in gold nanoplate. In this study, we examined plasmon enhanced fluorescence near single gold
nanoplates using a time-resolved fluorescence microscopy. We found from this study that
fluorescence enhancement is strongly dependents on the plasmon mode excited in the gold
nanoplate.
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Fig. 1. Square moduli of eigenfunctions in a
triangular potential well. m is the mode index of the
eigen mode. E is the eigen energy with respect to
the lowest level eigen energy denoted by Eo.
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Fig. 2. Scattering spectra of single gold nanoplates A
and B. Solid lines: observations. Dashed lines:
simulations.
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Spectroscopic studies of dimetallofullerene anion encapsulating Nd (II)
oShinya Nishimoto, Koichi Kikuchi, Yohji Achiba, Takeshi Kodama
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[ Abstract]

Er-metallofullerenes and Tm-metallofullerenes have long been the only metallofullerenes,
which exhibit the emission from the encapsulated metal ion. In 2006, we reported the
emission around 1 pum from the encapsulated Nd ion for Nd-metallofullerenes, but it was very
weak. In the last annual meeting, we reported the synthesis, isolation, and emission of
(Nd2@C78(D3n))” and (Nd2@Cso(In))’, which are stable only as an anion form. Moreover,
(MM’ @C7s(D3p)) and MM’ @Cso(In)) (M, M’=La, Nd) were also reported.

In this work, we report the synthesis and separation of (Nd,Y)-hetero-dimetallofullerenes
MM’ @C,) (M, M’=Nd, Y; n=78, 80) and PL spectra of them. We will discuss the influence
of mixed metal La or Y.
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Fig. 1 UV-vis-NIR absorption spectra of Fig. 2 UV-vis-NIR absorption spectra of
(Nd@C75(D3n))’, (MM’Cyg)” (M, M’=La, Nd), and (Nd@Cso(1n)), (MM’ Cso)” (M, M’=Y, Nd), and
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Fig. 3 Emission spectra of (Nd,@Crs(11)), Fig. 4 Emission spectra of (Nd,@Cso(I1)),
(MM’ @C75(Dsp)) (M, M’=Y, Nd), and (MM’ @Cso(1h))” (M, M’=La, Nd), and
(MM’ @C73(Dsn)) (M, M’=Y, Nd) at r.t. (MM’ @Cso(Ih)) M, M’=Y, Nd) at r.t.
[2% XXk

[1] X. Ding, et al., Chem. Phys. Lett. 269, 72 (1997).

[2] Z. Wang, et al., ACS Nano 10, 4282 (2016).

[3] N. Murata et al., The 30" Commemorative Fullerenes-Nanotubes General Symposium, 2P-10 (2006).
[4] F &7 2% fh, F10[E5 TR 7R, 3P078 (2016).

[5] =&#n i, Z10[E451-FHEames, 3P077 (2016).

[6] PUAEM fill, HE11815F-F2E7 RS, 2P066 (2017).



1P072

Tm,@C,(n=78,80) 7 =4 > DEB L F+r S5/ 8UE— 3>
EEKBEEET, HR KA RIRR Y, AR AR, S KB
O/NKRRII, )12, IBRSEAC, A5HRE—, FTonieviyc, !

Isolation and characterization of Tm,@C,(n=78, 80) anion

oKazuhiro Kobayashi ', Ko Furukawa®, Tatsuhisa Kato® *, Koichi Kikuchi ', Yohji Achiba ',
Takeshi Kodama'
! Department of Chemistry, Tokyo Metropolitan University, Japan
? Center for Coordination of Research Facilities, Niigata University, Japan
3 Graduate School of Human and Environmental Studies, Kyoto University, Japan
* Institute for Liberal Arts and Sciences, Kyoto University, Japan

[ Abstract] Recently we succeeded in the isolation, and characterization of “hidden”
metallofullerenes: Y,@Cszo(In) and Gd,@Csgo(I1), as an anion form. Then it was suggested that
there are possibilities of production of M,@Csgo(I1) that contains other rare-earth metals. In the
previous meeting, we reported the trial of synthesis and extraction for Yb,@Cso(In) and
MYb@Cso(In) (M=Y, Sc, Hf) as an anion form, but could not obtain them. The reason for not
being able to produce them was thought to be for rather large ionization potential (IP) of Yb.
In this work, we selected Tm as an encapsulating metal. Tm is an element on the left side of
Yb in the periodic table and has slightly smaller IP than Yb. As a result, we could obtain
Tmy@C73(D3n), Tma@Cso(Dsh), and Tma@Cso(In) as an anion form. Moreover we measured
ESR spectrum of Tmy@C73(Dsn) anion.
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Fig. 1. UV-vis-NIR absorption spectra of [Tm,Crg]” and
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Fig. 2. UV-vis-NIR absorption spectra of [Tm,Cgo]
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Fig. 3. UV-vis-NIR absorption spectra of [Tm,Cgo]
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Ultrafast vibrational spectroscopy
employing plasmonically-enhanced near-fields
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[ Abstract]

We have recently demonstrated surface-enhanced nonlinear vibrational spectroscopy using
infrared-resonant nanoantenna arrays, where plasmonic near-fields brought about local signal
enhancements of 10°-107 times. In this contribution, we study surface-enhanced light-matter
interactions at higher excitation regime, demonstrating efficient vibrational ladder climbing and
chemical reaction control. We excite the Tiu, CO stretching mode of W(CO)s/n-hexane solution
using the plasmonic near-fields and observe population distribution up to v = 6 level by transient
pump-probe reflection spectroscopy. Furthermore, we observe the emergence of new
vibrational signals after illumination at the excitation fluence of 1 mJ/cm? level, which suggests
the possibility of molecular dissociation induced by plasmonic near-fields of infrared pulses.

[F)] oIt A2 & S8 ET ) T o T TN T = b "LV A Z BT 5 &,
HHE OB R EMIEE (FBEEm Y7 XT2) B &, 77 FiEEicix
B M SN RN AT D, 7o T I 2 o ER 20 L CEREED S T
ERSHHAEERL, RMEE S TOMBEERZRO 2@ X 2R 7. BMAIXINETI
E 2 DT 7 F BTN Z, 77 FEEOEMN I %*#%%t¢7v4%L%L
AT 252 L2k 0, RANFERESIEEHINCE W TT 7 75T 100-107 {58 OfF &
HERAEOND 2 & ER LIZ[1,2].

BIETR 2 1L, 2D X970/ 77 Xe = v 7 8583512 X B0 OSHIE A~ T 72 He
DR ZAT> T D (Fig. la). Z O#IRYG TlE, BWIRANES WD 2 IZE RN DOE—
RIBIRA 72 L B PEAIREIRIEE N I RE CTH D, S HITIE, &FmE WV ) BEY 2 I2h 1
DO - BRBLOBFBIINE Y ) 5720, ZF IF MBI DIEHE D R FE
PERWIFTE 5.

[528R] AR D& RESIRDT W(CO)s & XH5RIZ, RANEIGT /) 7 27 I rIC Ak
IND 7 = 5 MNROETRGIC X D ROGHIE 2R 7. WESREHE, ERY VT 74
— U7 " A7 7 uvRZLY, CaF R EIZ&TF ) T T F T LA (F S 1300 nm,
fi§ 200 nm, &4 100 nm, JEH 2.0 um X 2.8 um) Z/EHE, W(CO)s/n-~ 4 L ffniR
R AR X 130 pm D AX—H— L CaF, B TH UIAD 7= H D& 7=,

[#ER - B8] IERL 23RN U T FTLIR WIE 24T o 72, T DG ALY
ML % Fig. 1b 19 (). 77 XE U HIBICER T 57 02— R AX7 fLoH
IZ, W(CO)s D T1u CO fHfEE— RDFHE (1983 cm™) N7 7 /B L DT 1 v 7L
L CEll sz (Fig. 1b BRHI).



WAz, HLEEEL 1945 cm!, FREE 180 cm!, 7L A 0.5 ml/em? DJFHEL G & U
TREART « Tu—T 5 MEEZITo72. T T— FOT7 V) —F 7B L OHEK
HICHEK 2 EDO R RE(N (0es1=1983 cm™!) &, FEHEIREEWRIICER T 5 A DK
R IEAL (wi5,=1966 cm™, w,,3=1950 cm’!, w3,,=1929 cm!, w,,s=1907 cm’,
w5 =1882 cm™!, we,,=1858 cm™!) MBIM 417 (Fig. Ic). W EIZ W(CO)s/n-~F 4>
WIRIZR LT, 7 A 50 ml/em? OEhEGEIZ LV v=5 AL E Tomphtd L 7251238
HEENTWDMN[3], RBFFETIE, TOBEZ 10050 1 OFESE 7 vz 0 A2 H B
59, TR ARATSZ L Ty=6 WEAL~DOMEHE & EH L.

B, SHIZEWTZLT A (1.9 mi/em?) Ok 1 BREIBE Uit 721, et
ETREE, 7= R 0.5 ml/em? DFEYEE W TSR 7« 7 a—7 06 0E 21T
ST, THE, HRITAON N2 10— RRIEOKERZE(H 1925 ecm™ 12
Bl =7 (Fig 1d #8RH). FT-IRIZE D KA b Zzflo72L 25 (Fig. 1b &
), BERNCIIAFIE LR o T fiTe a7 4 » 7 BR001E0 1925 em T IC BTV 5
ZERbhoTz (Fig 1b 8RN . O JEREE & BRIEAS Fig. 1d IZRL O N ED K
FREMOZENE —FELTND Z 06, F5ORBITEREIC L > TEFERIG
B SNTRERECTERD TH D LT, SRIXZDORIEA T =X LD %
HOMNMZT 5 EE B, APEOEAFMAZES.
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Fig. 1. (a) A schematic of chemical reaction control with plasmonically-enhanced near-fields. (b) The reflectance
spectra for the nanoantenna arrays with W(CO)s/n-hexane solution before (red line) and after (blue line) intense
illumination (1.9 mJ/cm?). (¢,d) The transient reflectance change at 2 ps for T1u mode interacting with the
nanoantennas before (c) and after (d) intense illumination (1.9 mJ/cm?).
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Optical properties of metal nanohybrid structures fabricated

by electron beam lithography with self-organization

oHinako Murai, Yoshio Kamura, and Kohei Imura
Graduate School of Advanced Science and Engineering, Waseda University, Japan

[ Abstract] Plasmon resonances are induced when light is incident on the metal nanostructures.
Plasmons enhance the optical fields in the vicinity of the structure. Optical field enhancement
is promising for applications to biosensing, photochemical reactions, and so forth. In this study,
we develop the method for fabrication of gold nanohybrid structures and characterize optical
properties of them using the extinction and two-photon induced luminescence spectroscopy. A
gold nanohybrid structure was prepared by combining a gold lattice structure by electron beam
lithography with self assembly of block copolymers. Size and shape of the fabricated structure
were evaluated using atomic force microscopy.

[FF] &) iR E2 A4 5L, BRBFOEMEECTH L 7T XT3
DRSS H, AEEIRITEE O B TR T 5, B TRRIL, IR IR
VTG DSYF-DNIE - ALFRFE AR5 Z LD, BHT N AR, F P —
S HITIIHACFHESIE~DIERAN AT EN D, SEIERIGCHICT T T 2300
FHTD7021%, &F T/ HEEEROIIK « 1 XS & Filb T2 01 H D,
@ G ROIERICIE, by T E T ARL R AT v TERD D, BIE TR
OEEGE L2 TR REETH D0, KEfELNES Tlidew, —F, %FITV A X
TERHIEN R ER TH 528, B OIS L0 KEBEARETH D, KR TIE,
RNENLT v L Ny T E T B G DY THEEET A 7 v Nl %
RKERBICER L, B B ORI X 5 BRI IEFICEDERZ AL L
7=,

[F8: (8- #ie)] &R E U COUHERRE TS (SEM) %, F 7=
ALY A RELTPMMA ZHWT, BIEOEBETHRMEY 7 b4 7 HEEZBR LT,
G ATy FIEEIL, BEFEEEEY 7 M ATIEIC X0 T T 2 HR BicgeT kK
THEE A ERL L 728212, 7 v v 7 S E A 1K Polystyrene-b-Polyvinylpyridine (PS-b-P2VP)
ZH O ST IR — U B ERL LU T2, Rt 1 X ETIRIE, SEM &
R BEMEE (AFM) ICEVRME L=, £72, TONFRMEEZMERARY MLEB X
DT FHERE T I VFHME L2, X FRAEMETIE, E—FRey s FH
YT AT L—Y— (PR 790~820nm) AR E L TRV,

[FER - ZBLE] BRI L& /(7 Vv KOSEM#B L AFM B2 ZNZK 1 (a)
ER1 (b) (R, K1 (@) 25, & /T ORRMEN 400 nm, F&FEFE2S 10 um
Thd I ENbnd, IEpE L ABoamIcfERInTWs, M1 (b) 1%, K1
(@) DIERIETH D, ZOH 5, HRbE 10nm, FRERE 10 nm OFEECHRREE 28 Fobi 4
HICERIEN TS Z bbb, R LT A 7Y v RREE OIS YERIE 21T -
T-FE8, NA 7Yy FREGEIRIRE 550 nm [ZEE Y — 27 238l S, F 723 F 600 nm



Figure 1. (a) SEM and (b) AFM images of the gold nanohybrid structure. Image size: (a) 10 um X 10 pm, (b)
1umXx1pum.

MHREEEEIZ 7 a— RARWEEDOND B0 BN ST, BiE LT /7 R+ I2 8
W72 FETH Y, BB ITEERICB O TR SN IHEERETH D, ZDZEMD,
AT Uy REEETIE, JHVEY Ry X T kLR AT v TIEOM T DR % 52
BTEAHZEBHLMNERST,

X2 (ZERL Lo 7V v RO “ e hiEB zrd , KD, B aoicisn
TREDFFTES B SN D Z EX¥bD, £, EHUEES KEEIER-R I LT
BT EREENS SRENBI SN D Z RO E otz &5, BXHEED
NFHRSCARTFEDRIEN S, AFHRIEIZIR T2 T A Y0 T BT D52 E G
WETrodlz, VB LT= A 7Y v REEOIERIEM 25T 2 72012, &7/ ¥ 171E
5, BT S, N Ty FHEEEND O T RIERE DR AT T2, £ D
FER, NA Ty &L, TRUANOREE L LR TIEFICRE 72 (8 50 %) FERR
MR RT ZEDRHALMNE ST, ZORRIE, VA PHEEOREIZMMNDH D
WA, MR R T D Z L AR d, SOICIERELEEZ R IE 57201, &7
G REEOERISAE 2T L, VA PHEED = » D0 12 Z2 [ R 2 295k 2 1E
THHEEZRE L, B LA 7Yy RiEED b aX 2 (b) [2R7,
e, PREBY v VI W TRICEEIREDN R T 5 Z EBHL N E o7,
FEOREEICOWT, BTV I 2L — a3y (BIRESRREE) 21T- -k
B, VA YHEEDT v VE Sy CEGRRNERCIEE ISR A7 Y, TR 2 BRI
BETHZEDRHLNE ST,

BAFHEE S DI ESE D72, SRR E O v DRI 2 RIE L,
FNFREIL, VA YOMRIEN 300 nm D & TR ERD, TOBBIEDIRNRY & &
BITFECNCIHADT 5 Z LR LN E o T, MERL L 2RSSO — e ROLM RS A2 5k
il Z A, 108 GM & 72D, ZHIFFERWIERIER 2R 4T ) 7 L— b oW
DI ETHY, 1ERLT=E&T ) A7V v FEE D TR I Rt 2r~d 2
LY oYIRVAR

Figure 2. (a,b) Two-photon induced photoluminescence excitation image of the fabricated gold nanohybrid
structure. Image size: (a) 35 um X35 um, (b) 24 um X 24 um. Excitation wavelength: 820 nm.
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Theoretical study for absorption spectrum of coumarin-caged luciferin

oJunko Usukura!, Miyabi Hiyama?, Maki Kurata!, Yuji Hazama'-®, Xingping Qiu?,
Francoise M. Winnik>*#, Nobuaki Koga®, Hidefumi Akiyama'-
I Institute for Solid State Physics, University of Tokyo, Japan
2 Graduate School of Science and Technology, Gunma University, Japan
3 AIST-UTokyo Advanced Operando-Measurement Technology
Open Innovation Laboratory (OPERANDO-OIL), Japan
4 Universite de Montreal, Departement de Chimie, Canada
3 Department of Chemistry, University of Helsinki, Finland
% Graduate School of Informatics, Nagoya University, Japan

[ Abstract] We investigated theoretically equilibrium structures and optical properties of
coumarin-caged luciferin, which is a new photolyze caged luciferin designed and synthesized
aiming at fast and selective dissociation by light trigger. We determined structures of 40
coumarin-caged luciferin conformers present in neutral aqueous solution by calculating
potential energy surface with respect to rotations around single bonds. The conformers were
classified based on structures of methyleneoxy linker group, diethylamino group and
carboxylate group. Despite difference of structures, the conformers exhibited similar properties
for the first three excitations; the first excited state is attributed to electric excitation on the
caged group and second and third excitations on the luciferin moiety. The absorption spectrum
for coumarin-caged luciferin was obtained from average of oscillator strengths of the 40
conformers weighted according to their molar
concentrations.

H,C
H,C ?

L
[F] RS TLy TV v EART 57— )

VR T 2 U R 2V DAEMIE O SR coumarin-caged
WRMEAOEOICHEATHD EHEIND. luciferin
TERLIZ I~ = Ry 72 v p~Ecoo
(Fig. 1 BM) #33F, ARL, WILA~<s | T~

VT ELNEEIIE EIT » 7= (1], AT L7=8 oV lish R w
BIFRICBNT, T TR R B j 5 v
BEHR 7 1 75 A (GRRW) [2] &2 AV T 9 D% Wwh
ERE 2 RE L2 [3]. ARMFFE T, 512/

FRAO\CBRAREN L 24TV, KW C A7 AE T A />—</j‘“’°
RETOI< V=Y Ky 72 O
JERMAROREE ZRE L, £ ORE) {73

ENHEE I AWIN AT LA ®RET 5. Fig.1 Photolysis process of coumarin-caged
luciferin, or DEACM-caged D-luciferin.
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[BEFE] Fig. | OREATRLULEFSHEESZEIIELRORT Vv v LRV
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FEVIRFEIT R LT 1% O TR & 7 D B R B R TR L7

T IRIEFHAIZIX Gaussian09 Z MV, BRI GEEARE T /L (PO (2 XK 0 B
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Joh—RKeoozTFLry I )k
DSARECEE 2 & D4 O MO 2R
L7223, BIOBEETH - TH MO HOMO
ITFEELTH D Z E RNy oTs.

TD-DFT §HEE LV, T _TOEE
FLMEIR D 5 — b R RE 1T HOMO 2>
5 LUMO+1 ~D e, 25 btk
RE|E HOMO-1 /> LUMO ~?D b,
55 = IR RE X HOMO-2 7> & LUMO
DL & TRksy & T 5 IRRET
DNl Bt

LY
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RAED s — 2 NI B '
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BRIV 7 = L) IS EBIT D

ELR TH D, (Fig. 2 BMR) Fig. 2 MOs for conformers in different classification of

carboxylate group, named as carboxylate-A and carboxylate-B.
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Fast acquisition of super resolution image with the high speed
structured illumination microscopy for in vivo observation

oTomu Suzuki, Shinji Kajimoto, Takakazu Nakabayashi
Graduate school of Pharmaceutical Sciences, Tohoku University, Japan

[Abstract] We are aiming at fast acquisition of super resolution images using a high speed
structured illumination microscope (SIM). We have previously shown that the phase of
structured illumination pattern can be shifted with high-speed operation using a Pockels cell,
and the one-axis resolution became higher using the constructed SIM system [1]. In this study,
we measured the point spread function (PSF) of the constructed SIM with fast-phase
modulation to confirm that the lateral resolution is improved by the SIM with two (X- and
Y-axis) Pockels cells. The PSF width of the SIM images were smaller than that of the images
obtained with wide-field illumination (WF), indicating that the present SIM has better lateral
resolution than the conventional WF. Moreover, it was confirmed that the lateral resolution of
the SIM images exceeds the diffraction limit. We therefore conclude that super resolution
image can be acquired sequentially by the constructed SIM system. Continuous acquisition of
super resolution images of living cells is in progress using our high speed SIM.

(7] e mEMEE 13y TAEM 70 E ORI B W CHEF IR NI 2B TETH Y, K
TR PSR AR IR 7 AN OB 2 A RRICT D, L, F0%E
W fREEI, PIHTTRAUC L VR THHEOESEREICHIBES N TR Y, FFRAE
8 % D 2R oy iR AE & RO B ARG TEIREE OB S < IS, BIEKAIZITHOIL TV,
FBFR BRI O — DI E(L BRI EE (SIM) 3% 5. SIM CTI3EM e iEiE %
oMY LB 0T Ui a R+ 5 2 & T, iEROZEMIRERED 2 fi5 £ TZ2M
ISFREEN BRI 5. fhOBMGTEIEE & T, (BN FEHAND 2 ENTE
LHREEREO. L, SIMBIETIE, —HKoEiGgimi %15 25 72 IR oS
DONFRRTT ) & 28 Z 72 DS D AEER O Witg & S92 LN B 5. Z O IO HE 2
RE 4> R RE DR ELRE & 72 0, 63k D SIM ORI EEEIZ 310 S UPMRBRE THhH-T-.
AWFZETIE, FIRPNES OB L & BN ZER O FREE « FFI 0 MREE CRIZR T2 2 & &
HEOE LT, Ry VAt % SIM ORFRIEAN LT, B X2 —2 OAAZAL
RO EBRICHIET D Z LT Xk o C, BRI O BN E S A BET LT
L. WEFEEIL SIM IZ X o> T—iirmomafEefbiclis Lc 2 & 28iE Liz[1]. 4
Al FETIE, AREFIEMEEEE (WF) & SIM @i T80 m % (PSF) DM
e ATV, B LR TO XY EHEDOSRAED [ RIS\ TS 4.
[5¥E (8 - #3)] 532nm ©F / f 0 2 L—H%— (100 kHz, 20 ns, Ekspla)
ZEPrEic@ml, AC2RPHDOSH 3 KextL X (100x, NA=1.49, oil
immersion, Nikon) (ZE AT 25 Z & T, EANE CHE(LIRIAYE L 72 D8k o T4
WA a7, 2 RORBIFTHOIEKICE v VA /L% AN, BIEENTD L CFHE
DOAFEZHERE, ISTICB b STz, S EEBIEAR v 7 v A& 0 & R L7z G 7 A
Z (1 kHz, Photoron) %W TCHrE L7=. MY OMEDOFTEMIZIL, ~_VU LU FHER



O ST AR ) <~ — A VY, PSF OFFIIZIE 50 nm D EE B — X & Uz
THE O X fil 7 oNEZ 6, Y i imoNiEE & & L, 0 & @ ZFNFNMATic
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X0 XghGm e Y 5 m OB I 2R, S OICEEROEELIEITYED
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Ultrafast Photo-Isomerization Probed via High Harmonic Spectroscopy
oYuki Ninota, Keisuke Kaneshima, Taro Sekikawa
Division of Applied Physics, Hokkaido University, Japan

[ Abstract] We report, to the best of our knowledge, the first time-resolved high-harmonic
spectroscopy (TR-HHS) study of a chemical bond rearrangement. We investigate the transient
change of the high-harmonic signal from 1,3-cyclohexadiene (CHD), which undergoes
ring-opening and isomerizes to 1,3,5-hexatriene (HT) upon photoexcitation. By associating
the variation in the harmonic yield to the changes in the molecular vibrational modes due to
isomerization, we find that the electronic excited state of CHD created via two-photon
absorption of 3.1 eV photons relaxes almost completely within 100 fs to the electronic ground
state of CHD with vibrational excitation. Subsequently, the molecule isomerizes to HT, i.e.,
ring-opening occurs, around 400 fs after the excitation. The present results demonstrate that
TR-HHS is a powerful tool for studying ultrafast photochemical reactions.

[F] &SEFAEREE (HHG) 1%, &ME L —F— LR LE & OIEEEGm 72
FAEAMERIZ LY, NGOG ORI E RO NN AET DI L FBL TH 5.
HHG O34T, N —P—BHICI DT - 01D Atk e, B
AF L EDOFEBAICL>THHENS., 2O O\EERIL, 1« S FOEFREICE
KTHAHT=H, HHG B U TEDORAER THDLIR T « T OREEZREL Z LTS
L. ZOX ) RFETEREESE (HHS) EFEENTWAIL]. £/, &K O
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1%, REONMBESCWBE —ER O TIRENZ A T 7 AR E W72, Hik
TR H /Ny FITBRE S T2[3,4]. ©F W HHS 1%, LM #EEE2EE>D T
KONZEDHACFERONZHR L CREA A 2@ AT STy, ik, Ao 1o X
I IREIR TS H B0 T OERKENE DO T, EBREFEEREIEDL-ODO+5
RABHBENMEONR WO TH D, 2 THAX, Bt HHS OBLRZF T4~
<, WIRTHKIED AR F Th DT m i HlE D # Ly 1,3-cyclohexadiene (CHD)
DN EMAV RS O FEE 43 % HHS (TR-HHS) 12 X 2 HIEA#1T-7=. CHD I%, JeH&EHC
Ko THBRKIGZ L Z L, 1,3,5-hexatriene (HT) ~& B35 Z ENF BTV D
(Fig 1, inset) [5,6]. AZEERTIX, 3.1eV ONXTFIZX 5 CHD @ 2 e+l 2 Fv THIE
BAT-o7o. REHETIE, TORRICOVWTHRETS.

[328%] TR-HHS HIEICHW =5 R % Figure 1 IZ/~:7. 38 CTH 2 CHD (% He &

XX VT HAELETHENANTY 7LD, KL LTREETHE 100 um D H AL = v b
MHEA LT, ZOEE, He 76O HHG ITBIHI SN2 & 2R L7z, Bhil e &
LCTFH T T7AT =P =D fFHK 3.1eV,10u)) ML, BIEE AT 725K
B (1.55eV, 730 pwl, 30 fs) IZX > THERmAAKZHEESED 2 & T, miRIROR
M2 bz HE L.



Probe Pump —_— — Photo-Induced Ring-Opening
(A=800nm) (A=400nm) He by
SEEDIIE - S & B ¥
CHD €Ze-HT ZtHT
. - } SpecErL(J)\ri"ueter CCh
Gas jet Al filter
730 pJ 10 pJ 100 pm orifice
Fig. 1. Experimental setup and photo-induced ring opening of 1,3-cyclohexadiene (CHD) (inset).
[#ER - B£E]  Figure 2 IZHIEL T
72 CHD ® HHG A7 RV &R 1.0 H15
Figure 3 1%, 19 WEFHIEIGEE (H19) =3 i
ORZLERLTEY, FOFER g °
I, A ISR T U R S oo
ETHD. Eﬁ&ﬂ$®$ﬂ®wm B o4 HI3
%, B XsaToEFREDS 2 Hip
wm%TULTW5m%_Tﬁb x, "7 H21
BHEIC R DN EIRMIE B OLH 00 e L—-J, Doroter sty
JEW R L, CHD KON O BAPER D5y 18 20 22 24 26 28 30 32 34

TIREIE— N EZBEfT D Z &I
£V, CHD OfFEMALF A F I 7 A
@%%%ﬁﬁt ZDfER, CHD @
B IR AE I $£ 77 CHD O ALk
e~ R L7, Jabkci% 400 fs £2
1; R LT D, cZe-HT (2 HMEALT
}Z) ZEMH BN E TR o T2 (Fig. 3). &

512, FhiE# 1000 fs FLERIET 5 &,
SO D3R cZt-HT I[Z 825 =

EHHLMMERoTE. RERTED
NI A r— ik, Fex D7 —
TN K DR RGBTt &
T HATHRFE DR R [T E R< —& L
TW5.

[2%5 3R]
[1]7J. Itatani et al., Nature 432, 867 (2004).

[2] N. L. Wagner et al., PNAS 103, 13279 (2006)
[3] H.J.Worner et al., Nature 466, 604 (2010).

[4] W, Li. et al. Science 322, 1207 (2008).
(3]
[6]
[7]

HH yield [arb. u.]

Photon Energy [eV]

Fig. 2. High harmonic spectrum of CHD.
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Fig. 3. Time-dependent yield of the 19th harmonic.
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Excited state dynamics of molecular aggregate in ionic nanosheres

oYuki Uchimura®, Hiroki Furukawa?, Toru Nishimoto?, Mayuka Taomoto®, Akitaka Ito®,
oDaisuke Kosumi*
! Faculty of Science, Kumamoto University, Japan
2 Graduate School of Science and Technology, Kumamoto University, Japan
3 Graduate School of Engineering, Kochi University of Technology, Japan
4 Institute of Pulsed Power Science, Kumamoto University, Japan

[Abstract] By accumulating molecules at a high density in a nano-space, it is expected to
develop physical properties different from low density dispersion systems such as solutions.
In this study, we loaded biomolecules pheophorbide in ionic nanospheres to accumulate
molecules at high density in a nano-space. Their ultrafast excited state dynamics were
investigated by picosecond time resolved fluorescence spectroscopy based on a
time-correlated single photon counting.

[FF] 7T 2EHBEICERMT LI LT, WIRIREEOIREE /5 BOR & IXR 72 200
ZRBLT 5, BlAIXEEEICEEINT-ARES TO%E., BFE 7 T HICER IR 118
E%mwﬁw;@<_k<\n®wwm®ﬁQmiiw% BN HT 7= 723 RE K
THIMHZEERERD, nFOEEBEERE U TE, 0 I sn & OV &5
KOHBHWLNDFETH D, —FH. G TFARROF SIS 2 WITEUE O Z iM% i
2 2 LN, RFET AL READISHIZE > TUIEE LV, F 2T, I
ke LT, RAEKE, Bre—2 Fmigtal, -/ rERHnoin Ttz
AAFGETIL AW EHEE S T Th DKM Na-7 = 4 7 4+ —234 K a (Phde; Fig.1(A))
AT UMBNERIR (/A A UDICHEFSES Z & TERES T OERLE
TV, ZONENIRIES A T X 7 R % & a FIRe ] 43 R 653 6 TR L 72,

[525%] Phde D 2 %/ — VISR & IR R L LTz, ElomB ERiE 2 EEL S
72538 E LT, 10 nmol/ mg X OF 100 nmol/ mg D& EE D Phde £/ A 4> F ¥ V
7 T,

ARBFO R EREE X A F I 7 A2 BLW S D720 K HHBE B — Ot F 5 E0E

(Time-Correlated Single Photon Counting : TCSPC)%:H%I/\tH#F'aﬂ’\ﬁqa%E‘J‘n{E'JE%ﬁo 7o
JIRIIXTF 2 7 7 A4 T BAME ®) | ‘ ‘
%+ (Spitfire Pro, Spectra-Physics) ™ Hi /)
7'5%57‘5/\7% NV N
(TOPAS-C, Spectra-Physics)iZ L ¥ &
AL, #0 IR UJEEE 1 kHz, Fos
W 660 nm. /3L AMF 100 fs O 8 AL
VAR BT BB D DOFRIAE BT, 80 560Wave|§r?;h o 700 800
DA LD BIZY TV T Fig.1: (A) Achemical structure of pheophorbide. (B)

N> 7 X5 > = X A 4 — | Steady-state absorption spectra of Na-pheophorbide in

(PD-050-CTD, MPD) C#& i L. TCSPC methanol and nanospheres.

-“ — methanol
\ ----10 nmol/mg

\ —-—100 nmol/mg

o
3]




£ = —/b (SPC-130EM, Becker&Hickle)(ZH D iAATZ,

[FE& L B552] Fig (B ANFZE TIER L 723l EBt O EH WL AT ML ERT, A X

J — V@ Phde ClZ, 410 nm & 660 nm | ﬁw&ﬂmﬁﬁMéhi@20®%mm
T, Soret#i & QHTH Y, Phde DT F 7 ¥ —/LBRICBIT 2K b T R/LF—
PRV BIZ K D 4 DO FHUEDRIER A TR S5, 10 nmol/mg IEEEDF-
J A A F v U 7 HEF Phde DAL, Soret Hr LN Q7 m— R=u 7 &I L
TWDHOD, WINKEIX, A% ) —LHOBEA ER%TH -7, —J5. 100 nmol/mg
REOFEFCIE, Q DR R/ X — AN H 72 fi&ﬂlﬂaﬁ%ﬁiﬁﬂ i, Z @&Hﬂﬂa’
FHEETPhde 2 /A A Fx U TICHEESEZ L2 XY, Phde 391
ARER LTI THDHEBAL XD, AW TIL, ﬁ‘é%#ﬁiﬁﬁiﬁﬁbt iiﬁﬂ(
HETdH D Q 4 660 nm DY 3L AT L7,

Fig.2 |2/ T E N 72 5 Phde O IR HIRR 2 7~ Jﬁt/ﬁ% £ 660 nm, F
F11 680 nm & L CHIEZEIT 72, DN cmEORERKFEICRT LT, E5DNH
B30 TR RTINS, T AR RE LT ER e a AR ) 2 —
gy LEEBBERMWC T 4T 4 T & T2, A% /7 —/LHd Phde Tid, 0.21 ns
DALY E3Y & 5.6 ns OEMSVBIHI SN, T /A4 0Fx ) TICHFFSN
Phde Tix., A% /—/LH® Phde & i % LB O NTEIEENHEL 7> TWNWDH 2
EWNbND, o, /AL XX 7?‘3?3? Phde (23T, m#&EE D 100 nmol/mg
DJ505 10 nmol/mg HFEFFE L 0 EWVENEEE R Lz, 2F D, o FEEICHEIL
TR L OB RKPNBIH S, £z, TR NS, /A4 Fx U T ICH
FFSH7c Phde Tl 2 DORER S DBl S vz, —DiF 2 DDOFEHT kwfﬁﬁ®
5.6 ns DIFEHAFL, A X /) — /LR ToOwHNFmE —BHT5, b —DOD
10 nmol/mg O FEJETiE 2.4 ns, 100 nmol/mg DR TiX 1.65ns Tho7=, T b 0)@
ODNTERERERIIRT 220 F /A4 F %V 7’ (R ST RB A T 5 &
BB OB BN TWD, $ 1l T
“C@.ﬁﬂ’(%ﬁ/ﬁﬂ 77 5.6 ns DSy A3, Phde

BIF5 Q hiRREEDAKDEMTH D L
%zék T /AT UFYTICHES N
7= Phde CBLH X723V B 1, THE
J 5 Phde 3 7 COZR A X —BE#zE2E£L
TWhHEBZLND, ZORENG, &1
BEEZGSTHILICEY, /44 0%F ol ‘ 1
¥ U7 L To Phde 7 rEBEEE S ERE L, 45 0 Dle(ia T (nS)ZO 30
FROZFE—BEPE Z Y LT < 2o Fig.2: Fluorescence degay kinetics of

TWbHZ EDNRSNT, Na-pheophorbide in methanol and nanospheres
probed at 680 nm after excitation at 660 nm.
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Molecular Design of 1onization-Induced Proton Switching Element Based
on Fluorinated DNA Base Pair

oHiroshi Kawabaty Hiroto Tachikawa
Division of Applied Chemistry, Graduate School of Engineering, Hokkaido University, Japan

[Abstract] To design theoretically the high-performance pratwaitching element based on
DNA base pair, the effects of fluorine substitutiom the rate of proton transfer (PT) in the
DNA model base pair have been investigated by mebkdsect ab initio molecular dynamics
(AIMD) method. The 2-aminopyridine dimer, (APWwas used as the model of the DNA base
pair. One of the hydrogen atoms of the AP moletutbée dimer was substituted by a fluorine
(F) atom, and the structures of the dimer, expresseF-(AP), were fully optimized at the
MP2/6-311++G(d,p) level. The direct AIMD calculai® showed that the proton is
transferred within the base pair after the vertioalzation. The rates of PT in F-(AP)were
calculated and compared with that of (&P)yithout an F atom. It was found that PT rate is
accelerated by the F-substitution. Also, the dioecof PT between F-AP and AP molecules
can be clearly controlled by the position of F-gitbson (AP in the dimer.

[F] "A A I AT ¢ 7 2%, EROEN
T-HERE & TR 2l L 7=l T H 0 | IT4E,
b, T, E%, BLOMEHMEZEO 755
WZIK < IS & T %, DNA K55 (A-B)
1T, 2 ODEIEDKFHREBIT LV EITI T
WAL AZ—MNB72)  ZOXA~— %
it L. #EFE LCRIATEIE, FEMmoN
AFIAT 47 AE720 25, DNA Hilk
$HE. BhEIRAE (F 72134 A4 T ik
RE) IZBWT, KFRF (F2i3 7w hy)
0, WEBCRD BT S, TOBEIK
1. 100~200fs Td ¥ FEH 12 E TRl =
LZEMEBILTWS, D7D, DNA
EESHIE 72 b ON-OFF 2 A v F o
THFELTHHATEZ DML H D,

(AP)2 1

AW TIE, XAV I N T 7 A=A
2SF-E 5% (direct AIMD) 312 X Y . DNA Figure 1. (A) Chemical structure of 2-amino-
WHHKI A R— 2 LiEmd T e Bl pyridine dimer (AP) and (B) optimized structure

IN Srusl 2o . N of (AP), calculated at the MP2/6-311++G(d,p)
(PT) g3 ¥ ORGHEM AT, 22773/ level. Bond lengths are in A.



E) 2 “HR{K(AP): % DNA Mo = 5
52‘/1/§“/]’ —;7»——(F|g 1)}: ]J"C)EHI/\\ (AP)ZO) Ortho Fo 2 .

S A AR BT 5 PT OIS o Ty
Bov S BROHRICER L=, [1] 5 o 1 4 S
[3EHE] ~nrr e LTTvEER  F |

W, AFAP DALY A% T B 5~ :
LUBMOARES &7 v RERMLLY e

A~v—EETNVHRE LT, Zhb DR , . | g
Edl{ L, BEA A ALERDBRIES A T~

J3 7 A% direct AIMD {£[1-5]i2 X V1B L 2sf _oporoaen |
E’%L\ 7OD ]\ V@%ﬁﬁ)ﬁ%i}?&bto é % é 2.0 " B =P strucutal relaxation
I, PTHE~OYIE DR BEER~D & N T Y,
7o HHE(AP) 2 IR 10K T 1psdE 6t 18- A
0L, ¥iEEEEY 7Y S LT, lctmmat® Y
BONMIEL Y, BEA A ALEOK T w h
Jn A7 A%BR L, Wkt Time 't

Figure 2. Time evolution of potential energy and
bond distances of ortho-F-(AP)btained by direct
AIMD calculatior.

¥, MP2/6-311++G(d,p} /L C. direct
AIMD Ef & X . CAM-B3LYP/6-311++
G(d,p)L L TIT o 7=,

[f5 5 - #&22] Fig. 2 |2, ortho-F-(AP)
DA F M DRT T ¥ /LT RILF
— (A), BLO, KT [EiEEE (B)Z 7,
A A b, F-APB X OVAP X, #hx 1T
BTl =R L X =K T L7z, 73fs T,
PT zfsj@% N IZ‘\/I/?F@*@/J\%UZ))i A: CAM-B3LYP/6-311G(d,p) i \
Too F D% FEGERFN LR E T L, s0f- 8 camBaLYPecvoz  § /! |

HE L7 e N BEIRE % Fig. 312 ¢ CABILYPIOA1GE
LD, Mt 7T A%, T v RiEH T e BT e [
LTWAH AP (ZZ T, F-AP LT %) asob , , , .
75) E) N AP /\0)%@ ;g_)i_\‘ l/\ _?/]} ‘j‘x &i\ (AP)2 ortho meta para  5-position
WO PT #EWT 5, 7 vREHL F-(AP)
T2 (AP DA A A k%, 115fs _ _

TPTHNKRT L, AN IiDT v EE Figure 3. Time of PT in (AB) and F-(AP)" after
WL 7= A ~—DO4E, 90fs T~ v FE{E  the ionization.

L7 F-APM S, AP~BEILTZ, Zh

Wkt L, AZNLD FALDBE . AP NS F-AP ~DOHi PTAE Z 72, ZDOZ &1k,
07y DOEBBMEICL > T, PTOHFREZGHEITESZ L 2RERL TV 5,
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Observation of second harmonic in Euglena gracilis
oYusuke Chiba®, Masaki Yoshida?, Makoto M Watanabe?, Hideaki Kano*
! Faculty of Pure and Applied Sciences, University of Tsukuba, Japan
2Faculty of Life and Environmental Sciences, University of Tsukuba , Japan

[Abstract] One of the worldwide tasks in recent years is energy problem. Algae biomass is
attracting much attention as an alternative energy source to fossil fuels. Among them, Euglena
has been recognized as providing alternative biofuel such as paramylon [1], which is
Euglena-derived carbohydrate similar to starch, in a sustainable manner. Although paramylon
stored in Euglena can be recognized as white round structures inside cells, the quality of each
structure has not been investigated in detail. In the present study, we performed nonlinear
optical imaging using coherent anti-Stokes Raman scattering (CARS) and second harmonic
generation (SHG) to clarify optimal growth conditions and paramylon storage. In the course
of the study, we unexpectedly observed several second harmonic (SH) spots inside cells.

[FF]

AR B T 2 AR REO — DI p VX —ENZE T b5 . & 2 Teaketo
KRB VX —LE L THEEZED TV DONEENA AT~ ATH D, BN L~ A
ZIEBH COEFENAIRETH Y, FEEERLEWI &0, EEMM IV & EahE
THABNARETHSH. ZhETIcFHLlE, A—F0F4F M) vabWIHitERES
MIINHEIENIZ A 7 T L E W) JRALKBRA A N EZERETHZ EICIEB LT, A2 7T
L U ERBIRFREICOWTOIFIEZ1T - T 72[2]. AWFZETIX, KFEEMIRELEY T
b ok EEE (22— L)) ~EHEE LR 2 T2 THET 5.

[Fis (8 - #=Him)l

FERTIE, MHEETLD BT 72 CARS 5306 A A= Z R iz, KRIZIT~ A 7
7 F v 7 Nd;YAG L —%— (FL.0JEE 1064 nm) & 7z, SEIEOM Y & LR
33 kHz, #ULAMEIZHI 800 ps TH 5. 1064 nm D/ )V A% —HOONITHT, —FH%x
o6, M%7+ b=y 7R T 7 A N—IZE AL, AR A—"—a T =2 —
2 (supercontinuum; SC)Y w2 & L THW =, oD v A DRl 2 Ui L,
[l CEAMEBE I8 A S D A b L7z,

Yo TN, TERSEE TE#E L= — 2 L7 (Euglena gracilis) Z AV 7=, s
WIRAZ SO L IE R DT TRATA RA T ARKROAN—=T T ZATEHATE b D ERE L
L, ZTNZHMERE Oy AT —DICEE, YoV a2 Axxy 352 & THIEA
A=V G L. HEEZROH T 01 28 170mW, o2 23 80mW TH 7=, —[[ld A%
¥ ACET HRMITB L E 8 Tho T,

[FER - BE]

SRIOFEBRTIE, MRNONT I o GREZIRNIITOE L7, Jrva—2 %k
WML itz Lic2—27 L 2=, Fig. 1(a) 2 O (b)iZ CARS(CH fififid
O C-O-C fiifig) A A — T &7, (&b ERN Ao TRkY,



HIX— 7 L RHINICERE Lo 7 In 2 EBE 2 bhb. 6Tz Bk
W2 &I, MBI R D SH R L BT (Fig. 1(c)) . Fig. 1) REN TS K
I, SH BRI NI Iny EIREEZRI RN &0 D, RAOHIEBAAERS T &
ZOT =X T 7 F ¥y BB b ENT= L Ex B 5. Fig. 1()DRAITTR LT
SH IS ONMEIZB T D Im[®]A~7 kv % Fig. 1(d)iZ7~9. 899 cm*iZk1F 5 C-0-C
DN RBFFNEN GBI SN b, N7 Ir L3852k T 5
AREMENZ 2 B,

o

0 20 » L] ) 3500 3000 2500 2000 1300 1000 300
Raman shift [cm-11

Fig. 1(a) CARS image at CH stretching vibrational mode; (b) CARS image at C-O-C
stretching vibrational mode; (c) merged image of CARS(b) and SHG; (d) Im[x(3)] spectrum at
the SHG spot indicated by the arrow.
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