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Initial process of vitamin D formation observed by picosecond time-resolved Raman
spectroscopy (Faculty of Science, Gakushuin University) Risa Suzuki, Tsukasa Tokita, O
Koichi Iwata

Vitamin D, and D; are biosynthesized from their starting materials, ergosterol and 7-
dehydrocholesterol (DHC), respectively. The reactions are initiated by the UV photoirradiation
that induces a series of reactions including the ring opening and rearrangement reactions of
conjugated C=C bonds. We examine the initial process of the biochemical reactions for the
formation of vitamins D, and D; with picosecond time-resolved Raman spectroscopy and
femtosecond time-resolved visible absorption spectroscopy. The results suggest the presence
of areaction intermediate formed after the ring-opening in several picoseconds. The free energy
difference between the intermediates is estimated from the Raman results.

Keywords : Vitamin D; Photochemical Reaction; Time-resolved Raman spectroscopy
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1) T. Tokita, T. Takaya, K. Iwata, J. Raman Spectrosc. 2021, 52, 2051.
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Ultrafast excited state dynamics of canthaxanthin binding protein HCPs (Faculty of Science
Gakushuin University) OSakurako Nakashima, Shunrou Tokonami, Koichi Iwata

Helical carotenoid proteins (HCP) are a family of carotenoid-
binding proteins newly identified in photosynthetic bacteria.
Despite their high structural similarity (Fig. 1), these proteins have
been shown to regulate a diverse range of physiological functions,
including intracellular carotenoid transport, the removal of singlet
oxygen, and the dissipation of excess light energy. The regulatory
mechanisms involved are of particular interest. In this study, the
excited-state dynamics of canthaxanthin-bound HCP1 and HCP4
and canthaxanthin in methanol were investigated by ultrafast
spectroscopy. The time-resolved near-infrared absorption spectra
of HCP1 are shown in Fig. 2. Excited state absorption bands attributed to the S state around
1050 nm and the S; state around 1400 nm were observed at a subpicosecond time scale. In the
presentation, we discuss the similarities and differences in the photochemistry of HCPs along
with results for HCP4 and canthaxanthin in methanol.

Keywords : Carotenoid protein; Canthaxanthin, Ultrafast spectroscopy, Transient absorption;
Energy dissipation
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Photo-induced bimolecular reactions of p-terphenyl derivatives in carbon tetrachloride studied
by time-resolved spectroscopies (! Faculty of Science, Gakushuin University) OMao Tanaka,'
Shunrou Tokonami, ! Koichi Iwata'

A large number of chemical reactions are bimolecular reactions in solutions. It is therefore
an important problem to elucidate their reaction mechanism. We have been studying the
mechanism of bimolecular reactions through the time-resolved observation of ultrafast
bimolecular reactions, in which the chloride radical is transferred to aromatic molecules via the
photoexcitation of the aromatic molecules in carbon tetrachloride [1]. In this study, we measure
the fluorescence lifetime of p-terphenyl derivatives in carbon tetrachloride by using picosecond
time-resolved fluorescence spectroscopy and evaluate the influence of the substituent position
and substituents on the bimolecular reaction. We used p-terphenyl with bromine added to the
ortho-, meta- or para-position and p-terphenyl with an amino or nitro group added to the para-
position for our measurements. In all the derivatives, the recorded fluorescence lifetime was
shorter in carbon tetrachloride than in ordinary solvents.

Keywords : bimolecular reaction; carbon tetrachloride; terphenyl; time-resolved fluorescence
spectroscopy, photochemistry
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1) K. Iwata, J. Raman Spctrosc. 2008, 39, 1512-1517.
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Femtosecond transient absorption spectroscopy of benzene-centered toroidal carbazole
hexamer (' Graduate School of Science and Engineering, Ehime University, *ADRES, Ehime
Univerfily) OYukihide Ishibashi,' Yuga Kimura,' Ryuta Saito,' Shigeki Mori,> Masayoshi
Takase

In this study, we synthesized a benzene-centered carbazole hexamer with a toroidal n-stacking
molecular arrangement (Bz-6Cz) and investigated the excited-state dynamics using ultrafast
time-resolved spectroscopy. The presentation will compare the results of benzene-centered
carbazole oligomers having different numbers of carbazole (Bz-nCz (n=1~5)) and of
naphthalene-centered carbazole octamer and discuss the excitation energy migration between
carbazole units.

Keywords :  Excited-state dynamics; Toroidal molecular arrangement; Charge Transfer,
Femtosecond Transient Absorption Spectroscopy
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Figure 1. (a) Molecular structure of Bz-6Cz. (b) Transient absorption spectra of Bz-6Cz in dichloromethane at

0.3 ps at two excitation intensities of 1.3 pJ and 0.3 pJ. Excitation wavelength was 310 nm. (c) Excitation
intensity dependence of the transient absorbance time profiles at 650 nm.
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Single-molecule detection of DNA hybridization under optical
condensation

(‘Graduate School of Engineering Science, Osaka University, *Research Institute for Light-
induced Acceleration System (RILACS), Osaka Metropolitan University, *Graduate School of
Engineering, Osaka Metropolitan University, *Graduate School of Science, Osaka
Metropolitan University) O Bhagya Lakshmi Sankaramangalam Balachandran,! Shuichi
Toyouchi,? Syoji Ito,'? Shiho Tokonami,** Takuya lida**

Keywords: DNA hybridization; Single-molecule fluorescence microscopy; Optical
condensation; Photothermal effects; Kinetics

DNA hybridization studies are utilized in understanding biological processes, developing
tools for early-stage medical diagnosis, DNA sequencing etc. The hybridization process and
underlying kinetics are studied using single-molecule (SM) fluorescence microscopy, opto-
plasmonic sensing etc. A majority of these studies involve the diffusion of target DNA towards
probe DNA immobilized on solid substrates followed by complementary base pairing leading
to transient or permanent hybridization. Here we utilize optical condensation (OC), a process
that gathers and traps small molecules under the photothermal effect induced by near-infrared
(NIR) laser excitation,! to increase the efficiency of hybridization and drastically reduce the
time for detection. The authenticity of DNA hybridization under OC is confirmed by SM
fluorescence microscopy.

The sample was prepared by sandwiching DNA aqueous solution with two cover glasses
using a cellophane spacer; one of the cover glasses was sputtered with gold thin film followed
by immobilization of the probe DNA using Au-S linkage chemistry. A complementary stranded
target DNA tagged with Alexa 532 dye was introduced into the sample solution and the
hybridization was observed using SM fluorescence microscope under 532 nm CW laser
excitation. A simultaneous NIR (1064nm) excitation initiated the OC of the DNA molecules at
the focal point, accelerating the hybridization of the target and the probe DNA. As shown in
the figure, this OC process was successfully tracked at the single molecule sensitivity.

Figure: SM fluorescence images under 532 nm excitation showing OC of target DNA molecules tagged
with Alexa 532 onto the substrate with probe-DNA immobilized on it. a) Before NIR laser excitation, b)
just after NIR laser ON, c) under NIR excitation, and d) just after NIR laser OFF. The events from (a-d)
show accelerated diffusion of the target DNA allowing their hybridization with probe DNA even after
the removal of NIR excitation.

1) T.Iida et al. Sci. Rep. 2016, 6, 37768.
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pH-dependence of the interaction between 3’,4°,5,7-tetrahydroxyflavone and lysozyme
(Kitasato Univesity) O Tetsuya Aso, Ryuto Hara, Taeko Inada

3,4’ 5,7-Tetrahydroxyflavone (HF) is a natural product found in plants and is known
for its antioxidant, acidichromism, and ion recognition properties. In this study, hen
egg white lysozyme (HEWL, EC. 3.2.1.17) was selected as a model protein and the pH
dependence of the interaction between HF and HEWL was investigated by fluorescence
quenching experiments and docking simulations. The result of fluorescence quenching
analysis in buffer solutions (pH=6~9) containing 3vol%DMSO shows that the static
quenching constant decreases as the pH increases, and the binding constant of HEWL-
HF complex is on the order of 10* M~! regardless of pH. The docking simulation results
show that HF is located near the enzyme-substrate binding site and interactes with Trp 63
(H-acceptor interaction), Trpl08(H-7 interaction) in a solution with pH of 7. In contrast,
the ionic interaction between O~ at 4’-position of HF and Arg 61 in HEWL is suggested
in alkaline solution.

Keywords . 3°,4°,5,7-Tetrahydrozyflavone; Flourescence Quenching; Lysozyme; Docking
Simulation
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Phase transition of vanadyl phthalocyanine colloidal particles by organic solvents (Graduate
School of Engineering and Science, Univ. of the Ryukyus) ONagisa Taira, Yoshiaki Tamaki

When vanadyl phthalocyanine (VOPc) crystals in a poor solvent are irradiated with laser light,
VOPc colloidal particles are formed. The crystal structure of VOPc colloidal particles changes
depending on the type of poor solvents. When an organic solvent was added to a VOPc colloidal
aqueous solution at room temperature, the colloidal particles in the solution got a transition
from phase I to phase II. The phase transitions depend on concentrations of organic solvents in
the mixed solution. I examined the differences in crystal structure of VOPc colloidal particles
after addition of organic solvents to the aqueous colloidal solutions. A mechanism of the phase
transition is proposed from the results of fitting the time evolutions of the conversions of phase
transitions with a theoretical formula.

Keywords : Vanadyl Phthalocyanine; Colloidal Particles; Phase Transition, Laser Ablation,
Organic Solvents
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Microparticulation of Molecular Crystals to Enhance Oxygen Sensing Capability Based on
Long-Lived Phosphorescence Lifetime ('Department of Engineering Science, The Univ. of
Electro-Commun.) ORiku Shimura,' Kikuya Hayashi,' Shuzo Hirata'

Long-lived room-temperature phosphorescence (RTP) has the potential to be applied to fast
two-dimensional oxygen mapping in living biological samples. Although the quantification of
oxygen using phosphorescence intensity has been reported, the method still has a problem
regarding accuracy of the quantification. Here we prepared water dispersed fine particles with
bright long-lived RTP characteristics and measured the RTP lifetime emitted from particles
with microscope under different oxygen concentrations. The discernible changes of the long-
lived RTP lifetime in the range of 0 - 160 mmHg oxygen suggest the possibility of high-
resolution oxygen detection within a few seconds.

Keywords : Phosphorescence, Oxygen Sensor; Nanoparticle; Oxygen Diffusion; Colloid

FHMEIRY AT oo CH MM ATRE o 10° Bulk (Vacuum)
e, FEEFR~ v B I ~OISAREE STy g i Bulk (Air)

Do VAJCHEIZ XD MR RENEITEREDORES & 101k Particle (Air)
ST LD W BEZT DD, VAkAEMEHNE Tk
fm—i@%%iﬁ%f%éobﬂb\ﬁiéhf E :

WADMEFCIX, ZRooHR g CEE TR R IR L E1W;

WAMEIMRNE WS DR B D Y, ) i

xﬁ%fi EHMERY ke TRRome 2 T N

TS X BMBISERORREZ WET S, g 9 2 4 6
B =2 1 @ /vjiﬁ%’i’ﬂ”?‘ﬂ‘x ]\E/TX I 43 - dl & VERK Time (s)

L7, ZOREED ISV IITEZET ERKATTEBIZ o 1 (ks - fozis [t
073 S FRIED i ORI ) AR L ), o P TS R SRR

— T, WK 5L 0 ANFMITIRKTFT 027 s
Ki?@<ﬁofwé:&ﬁ%wéMMj1% & 100
K DR FRISE TR RN S DOfEFER A

HtEEZEND, LL, ﬁf”ﬁ%%oﬁﬁ%
@@A%@ﬂﬁé%i@&& I HAER I, 2
LR 2 EENICTHMET 2 ECTORMBER & 72
Do H—F 2RI DY AT 4 7 A OFRFEIR KL
PEEFHI L& 2 A, EFM Y ASEITIE TR
BEIZEE U, BRREIS U TEL 2o 72(K 2), \
ZDREEMNG | ok - ORLEE S5 AR A OIS HIE S 05 10 15
=M E e FHOIUE, BV ASCEMmEEE 2 VT, : ' '

o e Time (s)
bES B 27 U
LI 8 R ERIEL TS =S by g e ook

—F IRAFDOY AT 4 A
1) Y. Zhou, W. Qin, C. Du, H. Gao, F. Zhu, G. Liang, Angew. Chem. Int. Ed. 2019, 131, 12230.

Norm. RTP intensity

-
<
o

© The Chemical Society of Japan - [C]C401-4pm-08 -



[C]C401-4pm-09 BAILES B1055FES (2025)

CsPbls RO TR N A b+ / f&RICHEIT HFHLEBDY 1 XikFHE

(BEPEABE RPEEL T ! - PV ABE RAEMBREL2) O==2F7 2 77 hn #4?2

- W H5L?

Size-Dependent Photoluminescence Behavior of Cesium Lead lodide Perovskite Nanocrystals
(1 Grad. Sch. of Sci. and Technol., 2Sch. of Bio. and Environ. Sci., Kwansei Gakuin Univ.)
ONicholas Huang !, Tetsuo Yamaguchi?, Sadahiro Masuo?

Several nm sized-perovskite nanocrystals (PNCs) have been known to exhibit single-
photon emission by Auger recombination.” We recently elucidated the relationship
between single-photon emission and its size up to 25 nm for CsPbBr; PNC.? In this work,
we investigated the relationship of the emission photon statistics and blinking behavior
against the size of CsPbl; PNC, which have a larger Bohr diameter than that of CsPbBrs.

Correlation between size and g¥(0) of PNC (Fig. 1) exhibited that the g?(0) increases with
size. Single PNCs with size under the Bohr diameter (12 nm) showed single-photon emission
due to efficient Auger recombination. As PNC size increases, single PNCs gradually exhibits
multiphoton emission due to its quantum size effect weakening. This coincides with our
previous reported correlation of CsPbBrs3. In addition, correlation between size and blinking
behavior is shown in Fig. 1. The red and black dots show BC blinking and Auger blinking,
respectively, and we observed a change in the blinking behavior as size of PNC increases. We
will discuss the emission behavior depending on the size in detail.
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Elucidation of the Energy Transfer Mechanism in Perovskite Nanocrystal-TIPS
Pentacene Systems
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We have investigated energy transfer (ET) from perovskite nanocrystals (PNC) to organic
dyes for the development of photosensitizer systems. However, the mechanism of ET from
PNCs to organic dyes is not yet fully understood. In particular, little research has been
conducted on the relationship between the size of PNC larger than Bohr diameter and ET
efficiency. Therefore, in this work, we investigate the ET from small- and large-sized PNCs to
two types of TIPS-pentacene (Pcshort, PCiong). Based on emission spectrum and emission lifetime
measurement, no size dependence on ET efficiency was observed. Furthermore, we found that
the ET mechanism differs between Pcghor and Pciong.
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Fig.1 Chemical structures of Pcshort (2) and Pciong
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