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Analysis of the Non-Radiative Deactivation Process of Carbon-Bridged Phenylenevinylene
Using UV-Visible Transient Absorption Spectroscopy (Kanagawa University) O Sena
Hashimoto, Hayato Tsuji, Izumi Iwakura

Rigid planar hydrocarbon molecules, carbon-bridged oligo(phenylenevinylene) (COPV),
with 100% photoluminescence quantum yield in solution at room temperature, are expected to
be optically pumped organic solid-state lasers. However, when excited by high-intensity light
in the solid state, it degrades gradually. In this study, dynamics in the excited state under high-
intensity excitation were measured by transient absorption spectroscopy with UV-visible
femtosecond laser pulses and analyzed the non-radiative deactivation process.

Keywords : Laser;, Pump-probe measurement, carbon-bridged oligo(phenylenevinylene); COPV

HFhE R AR E A L — Y — DB E L COISHN G SN TV D RBEEL Y =2
Zx=Lr =L (COPV) 1%, MIEFHERKIAKEDTFTHY ., FIREEF ORI
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EEFEDRBE RN L=, sk & LT, COPV2 (Fig.1) @ THF A% 2X 104, B k&
' 2X10°mol/L THBL L, ZHNENDOEEHRIT Ar 2 IR ZARIEA 7R 2 HERR U 72 ViR
(COPV2y) & BRF 2R ZIALAFIERIRE 2 ) LS (COPV2,,) D 4 FEfH
W2, ETORKIZBW TRIL ALY S LOTRITE L < 400 nm AU (29I
ek Z R L7272, FLKE 400 nm D 100-fs 7~/V ATl L., K15 450~950 nm
DOIRHHIEIZ L0 bk 10 ns £ TOWEPERIL
AT MVERIE L, EOWRERE L
LEIC b, 550nm LV FE RN IZAL A D
55, BREMIIZIEDE BB (Fig. 2),
F 7, COPV2a, TIIIAHRIR LK & 35 5 TR
N NFEMmERLE 2.1 ns THEHELZZD,

AA

R B AT — EIER DRI & OB E R I, 10 Ty
EWRAIEH R IRIE LT, — 5 COPV20, & [ o
TIHELLDOREICBNTHESOERSEM £ 518
A Lans LRV, BERFEF T -EEDE 3 oas
e EFMET D = L ARSI, 8, &
500 600 700 800 o
1) X. Zhu et al., J. Am. Chem. Soc. 2012, 134, 19254. Wavelength (nm)
2) M. Morales-Vidal et al., Nat. Commun. 2015,  Fig. 2. 2D-view of transient absorption spectra
6, 8458. of COPV24: (2 X 10* mol/L).
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Controlling trans—cis isomerization of cyanine dyes for sensing local biological environments

utilizing fluorescence blinking ('Department of Life Science and Technology, Institute of

Science Tokyo, *SANKEN (The Institute of Scientific and Industrial Research), Osaka

University) O Maho Fujimoto,' Yohei Kondo,' Atsushi Maruyama,' Yasuko Osakada,’

Mamoru Fujitsuka,” Kiyohiko Kawai'

Cyanine dyes are fluorescent molecules that are widely used in chemical biology research
due to their excellent photophysical properties, such as high molar extinction coefficient.
Cyanine dyes are known to undergo photoisomerization from the trans isomer, which emits
fluorescence, to the cis isomer, which is known to be non-fluorescent, and then undergo thermal
back isomerization to the trans isomer, causing fluorescence blinking at the single molecule
levelV. It is also known that the #rans—cis isomerization rate of cyanine dyes is affected by the
local environment?, and this characteristic is expected to be applied to the sensing of local
biological environments using fluorescence blinking

In this presentation, we report the design, synthesis, and evaluation of cyanine dyes for
sensing local biological environments using fluorescence blinking caused by trans—cis
isomerization. To get insights into the control of the frans—cis isomerization rate, we
synthesized various cyanine dye derivatives and evaluated the isomerization rate using
transient absorption measurements.

Keywords : Fluorescent molecule, Fluorescence Blinking, Single Molecule, FCS, Transient
Absorption Measurement
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1) M. Levitus, S. Ranjit, Q. Rev. Biophys. 2011, 44, 123—-151.

2) J. Widengren, P. Schwille, J. Phys. Chem. A 2000, 104, 6416-6428.
3) K. Kawai, A. Maruyama, Chem. Commun. 2015, 51, 4861—4864.
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Photoisomerization dynamics of E-pyrrolehemiindigo with an intramolecular hydrogen bond

(Ritsumeikan University) oKeitatsu Okazaki, Reona Yoshida, Takayuki Murai, Sora Ishikawa,
Yu Matsunaka, Mei Komaki, Yutaka Nagasawa

Indigo, a natural pigment with a symmetric molecular structure with two pairs of
intramolecular hydrogen bonds (IHBs) (Fig. 1a) does not exhibit £-Z photoisomerization. This
is interpreted as being due to the photoexcited intramolecular proton transfer (ESIPT) along
the IHBs induces rapid nonradiative deactivation. However, pyrrolehemithioindigo (PHT),
which is recently attracting attention as a photoswitch, exhibits reversible and stable E-Z
photoisomerization by visible light, despite having one pair of IHBs in the E-isomer (Fig. 1b),"
which suggests that £-Z photoisomerization is preferred over nonradiative decay induced by
ESIPT. To confirm this suggestion, femtosecond transient absorption (fsTA) spectra of PHT
were measured and its excited state dynamics were examined. As a result, it was found that the
excited state absorption band was drastically oscillating by a coherent wavepacket motion. In
addition, various spectroscopic measurements were performed to compare the compound with
other structurally similar hemiindigo derivatives, providing further insight into the contribution
of IHBs to the E-Z photoisomerization.

Keywords : E-Z photoisomerization, intramolecular hydrogen bond; hemiindigo

DK FERES (IHB) % 2 %A L. MR EE L RO RRAF L LTHMbLND
A= (Fig. la) X, E-Z B LZRS2, ZOHEBE LT, HBIZH-72k
e sy N7 e ko E) (ESIPT) 2 EEOMEIES JIEZHER L TWH e Thd &
RSN TS, LL, 74 AL v T OFEME L CEFFEEZED TWNHEE—
NI FAA 3 (PHT) (F, ERIZ IO HB 2#HF T 5126 00b b7, Al
W2 XV AR CRE LTz E-Z B ML ZRT (Fig. 1b), " 2o Z &6, PHT Tl
ESIPT |Z & 2 MHEGH TG K 0 E-Z SCRMEERNEET 2 £ B8 2 0D, Z OIGHROMKREE
D=, PHT O 7 = L FFOIBIERIL (TA) A7 "V ZHEIE L, ZOFhiEiREE & 1
F R AERREE LTn, ZOREER., FIEREEOWRIE N o b — L v MR AOEE) I L
DIBELIRENTHZ ERHBA LT, o, FRESEREICL Y, EOEE LZ0
D~ A T T E DB BTV, E-Z R MAGIZK 5 [HB OFEIZONWTE B
72 DR AT,

Figure 1. (a) Molecular structure of indigo and (b) Photochromism of PHT
1) J. E. Zweig and T. R. Newhouse, J. Am. Chem. Soc. 139, 10956—10959 (2017).
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Excitation wavelength dependence of the photoinduced ring-opening reaction of C,-symmetric
and asymmetric spiropyran derivatives

(Ritsumeikan University) OKento Takase, Yu Matsunaka, Yugo Isawa, Takayuki Murai, Sora
Ishikawa, Yuki Shimizu, Reona Yoshida, Yuka Higeno, Yutaka Nagasawa

3,3'-spirobi[3H-naphtho[2,1-b]pyran] (B-SNP, Fig. 1a) is a spiropyran derivative with a C,-
symmetric structure. It exhibits photochromism by cleavage of one of the two equivalent spiro
C-O bonds upon UV irradiation. In the case of an asymmetric spiro[2H-1-benzopyran-2,3'-
[3H]naphtho[2,1-b]pyran] (SBP-B-NP, Fig. 1b), in which one side is substituted by a benzene
group, different colored species are generated depending on the excitation wavelength. In this
study, we performed experiments on these spiropyrans, as well as on the C,-symmetric 2,2'-
spirobi[2H-1-benzopyran] (SBP), in which both naphthalenes are replaced by benzenes, and
compared the photochromism of the three compounds. As expected, the C,-symmetric B-SNP
and SBP do not exhibit excitation wavelength dependence. We confirmed that the asymmetric
SBP-B-NP is cleaved at the benzene side by short-wavelength excitation and at the naphthalene
side by long-wavelength excitation.

Keywords: photochromism, spiropyran derivative, Photoinduced ring-opening reaction

3,3’-spirobi[3H-naphtho[2,1-b]pyran] (8-SNP, Fig. la)iZ. Co &Fr720y THEE &2 FFHO A E°
BETUHBEERTH Y RIMRIBHIC LY Zo0%ile A E C-O MiADLEH B
ML, BBTH74+ b7 v IXL%ERT, f-SNP DA, EH 5D C-O A 23 H
HLUTHLAEBZIFE L TH D, AN E B E 725 T2 IERTFRZR spiro[2H-1-
benzopyran-2,3’-[3H]naphtho[2,1-b]pyran] (SBP-4-NP, Fig. 1b) Ti%, Bhtti &2/ U TH
RHECGFENAENRT D, AMFETIE, ZNHOAE R YT VIFHERICMA, Mo
TH VB TERE LT CoxFRR 2,2°-spirobi[2H-1-benzopyran] (SBP) 2DV T
HEBREZITV, TNH3FOT7 4 b7 a I XADWKEI T2, BIROZ LN 5,
Co kI FR72 B-SNP & SBP [Ifibi i RAKFME A2 /R S 7220, FERIFRZR SBP-A-NP (3L &

ke CTIER B M, B RRE TIET 7 2 LIRS 5 2 & AR Lz,
(a)

o] SBP-4-NP o

Figure 1. Photochromism of (a) f-SNP, and (b) SBP-f -NP
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Investigation of the inhibitory effect of 2-CsH-F addition to the disproportionation reaction of
HFO-1123.

('Tokyo Gakugei University, *Panasonic Corporation) OHiroyuki Aoyama', Rie Takeuchi',
Karin Domoto?, Hikaru Murakami?, Takahiko Hashimoto?, Yukio Nakano!

Some laws in Japan restricts the use of some F-gases (fluorinated greenhouse gases) currently
used. HFO-1123 (CF,CFH) is one of the promising new refrigerant candidates because of its
low GWP. However, the explosive decomposition with rapid and large increase of temperature
and pressure which is commonly called disproportionation is triggered by the external factors
such as electric discharge acting on HFO-1123 under conditions of high temperature and
pressure. Therefore, it is necessary to understand and suppress this reaction for the practical
use. We succeeded at reproducing the disproportionation reaction experimentally and estimated
that the disproportionation reaction proceeds by the polymerization reaction and the radical
chain reaction using various instrumental analyses and chemical kinetics simulation. We found
that the disproportionation reaction can be suppressed by adding the small amount of iodine
compounds or CsHg (inhibitors) to HFO-1123. We investigate the inhibitory effect of 2-
fluoropropane (2-C;H7F, GWP = 1.0) as a new inhibitor candidate for the HFO-1123
disproportionation reaction and compare its inhibitory effect with that of C3Hs. As a result, it
is found that 2-C3;H5F also has inhibitory effect for the HFO-1123 disproportionation reaction.
Additionally, 2-C3H7F can suppress the HFO-1123 disproportionation reaction with a lower
concentration than C;Hsg at 298 K.

Keywords : Refrigerant, Disproportionation, Inhibitor, HFO-1123

ZeI R E I S D I, 7 v CPEHIHNEIC K o TRE~OA#E R D n
HONEBITIILTU S, HFO-1123 (CF,CFH) X GWP 2IEF IR\ =, Fiflm
BEOH N IR TH DM, @R - SRS TICB W THEZ EOMMNBR I LY, |
FE « JEJIMM 2 ER B REHLIE & M D3R 72 A RS 2 i 29, 1t
- C HFO-1123 it & U CHEMAT DI121E. ZOIGEEE L, Jfl4 20BN H
%o MR N—TTIXINE T, ZORBYLRE &2 EREHETHIT 5 2 & 10k
L., Fix OO E v I a2l —ya a2 flnd 2 & T RBEULEIET ¥ L iE
RN EANK I L > THITL TWA Z L2 & L=, $£7-. HFO-1123 |2 CFHI
ZICHLT25avERMEAWEIL CGHy ZERINT 5 Z &2 X o TREMLES
I TTE 52 LS L V2, ARBFE CIEHET2 e RS O IHIFIEAE T H 5
2-C;H7F (GWP = 1.0) Oofifilieadid L. BECHHIEE I 68T > T\d CHs &
OIHIREZ th#g U7z, CsHs & [FIERIZ 2-C3HF & HFO-1123 AELEUS T3 5 #iil 5
BEFOZ LNy inoTn, F£72. 298 K IZEBWTIE 2-C:HAF D528 C3Hg £ 0 7 idsin
B OIS ZHIT 2 Z E b b MNT o7,

1) BAFEEIE), HALFESE 103 [IFEY4ES, 2023, K205-4am-01
2) EARIEEI)N, 17 E R R RS, 2023, 4A02
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Electronic-state dependence of photoinduced hydrogen abstraction of 2-nitrobenzyl type
compound (Kanagawa University) O Izumi Iwakura, Sena Hashimoto, Uchida Koki,
Chikaraish Noriko, Yamaguchi Kazuo

4,5-dimethoxy-2-nitrobenzyl derivatives have the mar-m#no2 absorption bands around 345
and 300 nm, and the 7a,- m*a, absorption band around 245 nm (Fig. 1). In this study, we
selectively excited each absorption band using ns-pulse laser (245, 300, 345 nm) and compared
the reaction quantum yields. The quantum yield was found to decrease under excitation at 245
nm. To elucidate the electronic dynamics, energy curve of each electronic state was calculated
using TD-DFT method (TD-B3LYP/6-31+G*). In S*(n-n*no02) and S*(7ar-*No2), transition
state structure for hydrogen abstraction was calculated. On the other hand, in S*(ma-n*n02) and
S*(mar-1"*Ar), the transition state structure could not be obtained. In addition, to analyze the
relaxation process, femtosecond pump-probe measurement was performed.

Keywords : Hydrogen Abstraction, Laser Spectroscopy; TD-DFT

4,5-A M¥2-= ha R DVBERERIY FERO t il (na) H= bk
D w*¥BE  (mkno2) ~DBEREITEE O WIS 345 nm, KOV 300 nm T2, FHEFERD
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Fig. 1 Stationary absorption spectrum (gray line) and calculated absorption spectrum (black).
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Methods of synthesis and photoisomerisation of monothioindigo.

('Ritsumeikan University) OMei Komaki, Takayuki Murai, Reona Katayama, Sora Ishikawa,
Yu Matsunaka, Yuki Shimizu, Yugo Isawa, Keitatsu Okazaki, Yutaka Nagasawa

Indigo (In, Fig. 1a) has a C2n symmetric molecular structure with two pairs of C=0 and NH
groups connected by a central C=C bond, and thioindigo (TIn) is a molecule in which the NH
group of indigo is replaced by an sulfur atom. TIn exhibits trans-cis photoisomerization
reaction, although indigo does not. It is considered that, in the case of indigo, photoexcited
proton transfer occurs through the intramolecular hydrogen bond (IHB) between the adjacent
C=0 group and the NH group, which inhibits the trans-cis photoisomerization. In this study,
we synthesized monothioindigo (mTIn, Fig. 1b) by connecting the half structure of In and that
of TIn and examined whether photoexcited proton transfer or photoisomerization reaction is
preferred. As a result, it was found that mTIn does not exhibit trans-cis photoisomerization. In
the future, we plan to further elucidate the photoexcitation dynamics using various
spectroscopic methods including transient absorption spectroscopy.

Keywords : Photoisomerization ; Indigo ; Thioindigo ; Transient Absorption

A= (In,Fig.1a) %2 %t C=0 J& NH H % J1.0 C=C fifA Tht A 72 Con XIFR
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Fig. 1. Excited state intramolecular proton transfer of (a) indigo and (b) monothioindigo.
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Excited state dynamics of Z-pyridinehemiindigo with an intramolecular hydrogen bond

(‘Ritsumeikan University) oReona Yoshida, Takayuki Murai, Yuki Shimizu, Yu Matsunaka,
Sora Ishikawa, Yugo Isawa, Yutaka Nagasawa

The reversible visible-light induced photoisomerization of hemiindigo has attracted many
attention in recent years as an attractive candidate for photoswitch. However, 2-(2-
pyridylmethylidene)indolin-3-one (2PMI) forms an intramolecular hydrogen bond (IHB) in the
Z configuration and does not exhibit photoisomerization."” Indigo that forms two IHBs also
does not show E-Z photoisomerization, which is interpreted as due to the photoexcited
intramolecular proton transfer (ESIPT) along the IHB which induces fast nonradiative decay.
However, the enol form of indigo, which is the product of ESIPT, has actually been observed
only for the case of "solvent-mediated ESIPT" in an aqueous solution of indigo carmine. To
investigate the possibility that ESIPT also occurs in 2PMI, the excited state dynamics was
monitored by femtosecond transient absorption (TA) spectroscopy. As a result, in methanol
(MeOH) solution, the peak of the excited state TA spectrum shifted from 510 nm to 530 nm
with time (Fig. 1b), suggesting the existence of an intermediate state. Similar experiments were
also performed on a derivative with a structure similar to 2PMI although without IHB.
Keywords : Photochromism; Transient Absorption spectroscopy; Hemiindigo
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1) M. Tkegami & T. Arai, Bull. Chem. Soc. Jpn. 2003, 76, 1783.
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Studies of the control of proton-coupled electron transfer using electronic inductive and
resonance effects of substituents (' Gifu Pharmaceutical University, *Gifu University of Medical
Science) OTatsushi Nakayama,' Bunji Uno?

Proton-coupled electron transfer (PCET) embody highly efficient energy transfer via the
concerted pathway of protons (PT) and electrons transfer (ET). The electronic inductive (/) and
resonance (R) effects of substituents on the PCET are unpredictable because they have opposite
effects on ET and PT. For example, +/ effect of electron-donating groups such as methyl groups
inhibits PT and promotes ET, whereas —/ effect of electron-withdrawing groups such as halogen
groups promotes PT and suppresses ET. Thus, the I effect has opposing effects on PT and ET,
so its effect on concerted PCET is offset. Conversely, R effect is an effect on electrons in the
orbital, and therefore has no direct effect on PT in the o orbital. This study aims to clarify the
I and R effects of substituents on the PCET reaction of hydroquinones using electrochemical
and density functional theory calculations, with the aim of controlling the PCET reaction.
Keywords : proton-coupled electron transfer, superoxide radical anion, electrochemistry,
computational chemistry, hydroquinone derivatives

7'a hEA B E) (proton-coupled electron transfer: PCET) (%, 7'v b &1
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Proton-Coupled Electron Transfer ?

1) Electronic inductive and resonance effects of substituents on concerted two-proton-coupled electron
transfer between electrogenerated superoxide and hydroquinone derivatives in N,N-dimethylformamide,
T. Nakayama, B. Uno, Chem. Eng. J., 2024, 491, 152201
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Effect of molecular motion on electron spin polarization in the photo-excited chromophore-
radical systems of molecular spin-qubit candidates ('Kobe University, *University of Bonn) O
Yuya Kokado,! Kevin Lars Kopp,? Olav Schiemann,? Yasuhiro Kobori!

Photoexcited organic chromophore-radical systems have attracted much attention as
candidates for spin qubits with potential applications in quantum information technology.
However, a deeper understanding of the excited state dynamics is needed to control the spin
quantum coherence and to realize practical applications as functional molecular devices. In this
study, the magnetic properties of these systems, in which perylene diimide (PDI) dyes and
tetrathiaryl trityl are radicals, are investigated using time-resolved electron paramagnetic
resonance (TREPR) techniques.

As a result, the photoexcited quartet state generated in the chromophore-radical system was
directly observed, and the detailed mechanism of electron spin polarization, including the
decoherence effects associated with the activation of anisotropic motion induced by steric
effects, was elucidated.

Keywords : Three-spin qubits, Quantum Sensing, Electron spin polarization; Quantum
information
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1) Structure of chromophore radical systems with different phenylene linkers used in this study.
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Photoisomerization dynamics of N,N’-diacylindigo derivatives

(Ritsumeikan Univ. Life Science ) OYuto Nomura*Takayuki Murai*Yuki Shimizu*Yu Matsunaka*

Yugo Isawa*Reona Yoshida* Yutaka Nagsawa

A natural blue dye, indigo, itself does not exhibit cis-trans photoisomerization, although, its amino
substituted derivatives shows photochromism by the isomerization. Among these indigo derivatives,
we have focused on N,N'-diacylindigo derivatives and have been studying them by femtosecond
transient absorption (fsTA) spectroscopy and other techniques. In particular, two rotational isomers
(head-head and tail-tail) have been reported for the cis-form of N,N'-diacetylindigo (DAI), depending
on the orientation of the acetyl group (Fig. 1). We therefore synthesized indigo derivatives (DBI and
2-DNI) in which the methyl moiety of the acetyl group was replaced by benzene or naphthalene, and
investigated the nr interactions between the substituents. As a result of fSTA, we found that the excited
state lifetime of the cis-form is shorter than that of the #rans-form, and that the Coulomb repulsion
between the C=0 groups is more significant than the interaction between the acyl groups.

Keywords: Indigo, trans-cis photoisomerization, transient absorption spectroscopy

A VALITEAORRAFZD 1 DTHY A PIAKIIT A - T ZJCEM A
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AL, 7= FI@BERI (TA) SHIEFICLDMEZIT-> TV D, FFIZ NN-
diacetylindigo (DAI) D AKRIZIX, TEFNALEDOMZITLD 2 DDBEHEEZEMER (head-
head & tail-tail) 2AHE I TW5 (Fig. 1), £ CTT BT NNIEKD A F AN 2B
RF 7L TEB LA Y 28R (DBL & 2-DND #AAk L., EHIEHRO &« 8
AAEMZET Lz, STA OFFR, S ARORhEIREHMIZ N7 2KkDZN L0 b &
ST INVEBMOHAEER LD b4 P TEKD C=0 LD 7 —o U OO ED K

SN LT,
R R R 0
00y Oy \fo R DY R
N R =CHj: DAl
O — 0 ﬂ_ O N _ N O N N Benzene: DBI
N Aor 430 nm A T Naphthalene: 2-DNI
R/\to o o o o d (B-position)
head-head tail-tail
trans-form cis-form

Figure 1. Molecular structures of N,N’-diacylindigos and their photoisomerization.
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Photocyclization reaction of unsymmetrical spiropyran SBP-B-AP showing excitation
wavelength dependence (Ritsumeikan Univ. Life Sciences) OYugo Isawa, Yu Matsunaka,
Kento Takase, Takayuki Murai, Reona Yoshida, Yutaka Nagasawa

2,2’°-spirobi[2H-1-benzopyran] (SBP) is a photochromic spiropyran with a C,-symmetric
molecular structure with two equivalent C-O spiro bonds, one of which could be cleaved by
UV irradiation.[1] In the case of asymmetric SBP derivatives, SBP-3-NP and SBP-B3-AP, with
one of the phenyl groups of SBP replaced with a naphthalene or an anthracene, the cleavage
probabilities of the C-O spiro bonds are no longer equivalent. We have studied the excitation
wavelength dependence of the photo-induced ring-opening reaction of these SBP derivatives.
It was found that ring-opened forms of SBP-B-NP had significantly different absorption spectra
while those of SBP-B-AP were insignificant.
Keywords : Photochromism,; photo-cleavage reaction; Spiropyran derivatives
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Figure 1. Photochromism of SBP, SBP- 3 -NP and SBP- 3 -AP

1) M. Vladimir I. Chem. Rev. 2004, 104, 2751-2776.
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BB 2, SFME 1EF5 ! Cluster formation of blue light sensor protein TePixD and its reaction
dynamics (1. Kyoto Univ., 2. Gakushuin Univ.) O Chihiro Aramoto', Yusuke Nakasone',
Yusuke Masuda', Shunrou Tokonami?, Masahide Terazima'

The light sensor protein TePixD, derived from the thermophilic cyanobacterium
Thermosynechococcus elongatus BP-1, contains a BLUF domain that binds a flavin molecule
as its chromophore. In the dark state, TePixD forms a ring-shaped decamer. Previous studies
have shown that TePixD dissociates into two pentamers upon weak blue light irradiation. More
recently, it has been revealed that TePixD assembles into giant clusters in response to intense
blue light. This clustering is a reversible process, as the clusters disassemble when blue light
irradiation is stopped. Furthermore, these clusters may be related with physiological roles,
including the potential incorporation of T110076, an ATPase encoded in the same operon as
TePixD. Despite these findings, the detailed mechanism underlying cluster formation remains
unclear. In this study, we performed a time-resolved investigation of cluster formation using
the transient grating (TG) method to elucidate the light intensity-dependent clustering
mechanism. Upon strong excitation light irradiation, a reaction different from the dissociation
reaction was clearly observed, and its reaction kinetics were determined in detail.

Keywords : photoreaction, molecular assembly; cluster
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1) K. Kuroi, et al., Photochem Photobiol Sci 12, 1180-1186 (2013).
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Development of microscopic transient grating method for studies on biomolecular reactions in
microenvironments

(’Kyoto University, *Toyohashi University of Technology) O Akito Nishino,! Yusuke
Nakasone,' Kosuke Nishitani,' Moeto Nagai,> Masahide Terazima'

Most biomolecular reactions occur within cells, which are highly confined spaces (pL to fL).
In these microenvironments, various confinement effects, such as the promotion of protein
phase separation and the reduction of diffusion coefficients, have been observed'. While several
methods exist for analyzing localization and steady-state diffusion in such environments, there
is no established technique for observing molecular reaction dynamics in confined spaces. The
transient grating (TG) method offers ability to measure intra- and intermolecular reactions of
biomolecules with high temporal resolution. To apply this method to reactions in
microenvironments, we utilized high-focus lenses, achieving a spatial resolution of
approximately 10 um, and successfully detected the thermal grating signal within confined
spaces. In this study, we aimed to further enhance the spatial resolution by improving the
focusing of the probe light and minimizing light-induced damage by reducing the focal
intensity of the excitation pulse light. We will present practical applications of this improved
method, including measurements of reactions of light sensor proteins.

Keywords: TG Method; Biomolecular Reactions,; Confinement Effect; Microscope
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1) Chiho Watanabe et al, J. Phys. Chem. B 2020, 124, 1090-1098.
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Formation of transient chelate complexed by spiropyran derivatives with metal ions.
(Ritsumeikan University) OYuka Higeno, Yugo Isawa, Yu Matsunaka, Haruka Mimura, Sora
Ishikawa, Takayuki Murai, Yuki Shimizu, Reona Yoshida, Kento Takase, Yutaka Nagasawa

2,2'-spirobi[2H-1-benzopyran] (SBP) is a spiropyran derivative with a C, symmetric
molecular structure, and exhibits photochromism in which one of two equivalent C-O spiro
bonds is cleaved by UV irradiation. 8mSBP (Fig. 1), which has only one methoxy group at the
8-position, is an asymmetric SBP derivative, and is expected to form a chelate complex with
metal ions as depicted in Fig. 1, only when the side with the phenyl group with methoxy group
is cleaved. The colored species of SBP has a relatively short lifetime, which is only observable
at low temperatures. Since the formation of a chelate complex is expected to inhibit the ring-
closing back reaction and extend the lifetime of the colored species, Ni** or Zn** ions were
added to the solution prior to the UV irradiation. As the result of the photo-cleavage with metal
ions, two types of long-lived colored species were observed, presumably, one of which is a
chelate complex, and the other is a colored species coordinated only by the O group.
Keywords : spiropyran derivative; SBP derivatives; photoisomerization, chelate complex
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Fig. 1. Photochromism of 8mSBP
[1] Photochromism, G. H. Brown Edt. Tech. Chem., Vol. 111, Whiley-Interscience, 1971.
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Elucidation of photoexcitation dynamics and photoreactivity of peri-naphthoindigo
(Ritsumeikan University) OHiroto Tkegami, Takayuki Murai, Sora Ishikawa, Yu Matsunaka, Yuki
Shimizu, Yugo Isawa, Reona Yoshida, Yutaka Nagasawa

Indigo, a blue dye, possesses two intramolecular hydrogen bonds and a keto-type molecular structure,
and is considered to exhibit intramolecular proton transfer (ESIPT) upon photoexcitation. In contrast,
peri-naphthoindigo (Fig. 1a, p-NI), which has naphthalene rings at both ends, has been reported to be an
enol structure’. However, p-NI possesses an absorption band in the visible region, even though the
central carbon-carbon bond is a single bond for the enol structure. Therefore, it is considered that the
enol type p-NI could be in equilibrium with the keto-type due to intramolecular proton transfer. In
support of this, when the absorption spectrum was measured at low temperatures, the single peak, which
was broad at room temperature, was split into two peaks at 610 nm and 665 nm. Furthermore, to confirm
whether ESIPT occurs in p-NI, femtosecond transient absorption (fsTA) spectra were measured, and it
was observed that the excited-state absorption peak shifted from 770 nm to 725 nm over the period from
100 femtoseconds to 50 picoseconds (Fig. 1b).

Keywords: Transient Absorption spectroscopy, Indigo, ESIPT
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1) RashmiJ. Das and Kingsuk Mahata, Org. Lett. 2018, 20, 5027-5031
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Single-particle fluorescence analysis of enzymatic PET degradation
(‘Grad. Sch. of Sci., Kobe Univ.; ’Mol. Photosci. Res. Center, Kobe Univ.; *Fac. of Sci., Kobe
Univ.) OAsuka Mouri,' Tetsunari Kimura,' Yuto Nakagawa,® Suguru Murakami,' Yoshitaka
Kumabe,?> Ryosuke Matsubara,' Takashi Tachikawa'~

Polyethylene terephthalate (PET) is widely used due to its convenience, but most of it is
incinerated because it is not easily decomposed in natural environments. In recent years,
enzymes that can degrade PET have gained significant attention!. These enzymes are known
to degrade the amorphous regions of PET, but key aspects such as the adsorption/desorption
dynamics on PET and the degradation rate remain unclear. In this study, PET particles
incorporating fluorescence dyes were prepared, and enzymatic degradation reactions were
observed at the single-particle level by using fluorescence microscopy. As shown in Figure 1,
the fluorescence intensity of the PET particles decreased more significantly over time at 40 °C
compared to 23 °C. This can be attributed to the release of dye molecules from within the
particles into the solution. The higher temperature likely enhanced enzyme activity and
increased the chain flexibility of the amorphous regions of PET, accelerating the degradation
reaction at 40 °C.

Keywords : Polyethylene terephthalate; enzyme, fluorescence microscopy, single-particle
spectroscopy
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1) E. Erickson et al., Nat. Commun. 2022, 13, 7850.
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Energy Transfer in CdZnS Quantum Dot — Acene Molecule Systems

(Sch. of Bio. and Environ. Sci., Kwansei Gakuin Univ.) OKotone Takahashi, Seiju Koyama,
Tetsuo Yamaguchi, Sadahiro Masuo

We aim to fabricate photosensitizer system by using quantum dots (QDs) as excellent light
harvesting antenna and transferring energy (ET) to organic dyes on the QD surface. For QDs
larger than the Bohr diameter, the QD size dependence on ET is not well understood, which is
important for understanding ET of QD-organic dye systems. In the case of perovskite
nanocrystals, the ET mechanism has been shown to change depending on the size. In this work,
to investigate the size dependence of ET in chalcogenide QDs, two types of QDs with different
sizes were synthesized as donors (D), and two types of organic dyes, pentacene and tetracene,
were adsorbed onto the QD surface as acceptors (A). From the emission spectrum and emission
lifetime measurements, we evaluated the correlation between the ET efficiency and the D-A
distance. Our results demonstrate that the ET efficiency depends on the D-A distance, and this
distance dependence can be interpreted as fluorescence resonance ET.

Keywords: Quantum Dot; Energy Transfer, Pentacene; Tetracene; Nanocrystal
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Fig.1 Chemical structures of pentacene (a) and tetracene (b)
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Optical properties of gelated inclusion compounds of 9,9'-bianthryl

(Ritsumeikan Univ. Life Sciences) OKotaro Seki, Yuki Shimizu, Takayuki Sanada, Yutaka
Nagasawa

9,9'-bianthryl (BA) is a molecular with a symmetric structure constructed from two
anthracenes connected together at the 9-position. In polar solvents, BA undergoes a charge
separation (CS), which shifts the fluorescence to longer wavelengths. Therefore, various
spectroscopic studies have been conducted. It has also been reported that BA forms gel in
chlorocycloheptane (ClcHp) solution and consecutively crystallizes as an inclusion compound
incorporating the solvent [ 1]. However, its optical properties have not yet been fully elucidated.
In this study, thin film was formed by compressing the BA/ClcHp gel between two glass slides,
and the absorption/fluorescence spectra were measured (Fig. 1). In addition, we investigated
how the optical properties of the gel change when BA was mixed with molecules with similar
structures such as 9-(1-naphthyl)anthracene or 4-(9-anthryl)-N-N'-dimethylaniline (ADMA).
Since ADMA has an absorption band at longer wavelengths compared to BA, it is expected
that excitation energy will be funneled to ADMA due to energy transfer within the gel.
Keywords : Electrified separation, Gelation; 9,9'-bianthryl
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[1] Shinji Toyota. et al., Bull. Chem. Soc. Jpn., Vol. 82, No. 2, 182-186, 2009.
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Ultrafast dynamics of solvent-assisted photoexcited proton transfer in indigocarmine
('Ritsumeikan University, *National Institute for Basic Biology) ORiku Tomoyuki', Sora
Ishikawa!, Yu Matsunaka', Takayuki Murai', Yugo Izawa!, Yuki Shimizu!, Reona Yoshida!,
Yutaka Nagasawa!, Risa Kojima?

Time-resolved IR absorption spectroscopy has revealed that the water-soluble dye, indigo
carmine (InC), undergoes solvent-assisted photoinduced intramolecular proton transfer
(ESIPT) via ways of hydrogen-bonded water molecules”. This ESIPT occurs only in aqueous
solution but not in DMSO. Therefore, femtosecond transient absorption (fsTA) spectroscopy
with a time resolution of 20 fs was performed to reveal the ESIPT dynamics, and the aqueous
and DMSO solutions were compared. The fsTA spectrum of the InC aqueous solution differs
from that of the DMSO solution from the very early stage as can be seen in Fig. 1, suggesting
that the ESIPT occurs at an ultrafast rate. Furthermore, we added trehalose to the InC aqueous
solution and observed its effects, the results of which will be presented at at the conference.
Trehalose, a disaccharide, has been known to be related to the desiccation resistance of
organisms to survive critical conditions, hence we investigated its effect on ESIPT.

Keywords : ESIPT; Transient Absorption spectroscopy, Indigo Carmine
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Fig. 1. (a) fsTA spectra (a) in DMSO and (b) in Water.

1) P. P. Roy, et al., J. Phys. Chem. Lett. 2020, 11, 4156—4162
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Energy Transfer in a CdZnS/ZnS Quantum Dot—Perylene Bisimide System
—Investigation of Energy Transfer from Multiple Excitons— (‘Grad. Sch. of Sci. and Technol.,

Sch. of Bio. and Environ. Sci., Kwansei Gakuin Univ.) OAmi Goto!, Tetsuo Yamaguchi?,
Sadahiro Masuo®

To realize the efficient use of generated excitons in quantum dots (QDs), we have
investigated the energy transfer (ET) from multiple excitons in QDs to dye molecules adsorbed
on the QDs. Recently, we reported ET from a single exciton to a single perylene bisimide (PBI)
molecules adsorbed onto CdSe/ZnS QDs V. Thus, in this work, we investigated the ET from a
large-sized CdZnS/ZnS QD to perylene bisimide derivatives adsorbed on the QD at the single
QD level. By exciting PBIs, multiphoton emission from PBI was observed, indicating that
multiple PBIs were adsorbed on the QDs. Next, we found that ET can be observed at a single
level by selectively exciting the QDs and measuring the emission intensity. Furthermore, we
evaluated the ET from multiple excitons to multiple PBIs by photon correlation measurements
of PBI emission by exciting the QD.

Keywords : Perylene Bisimide; Nanocrystal; Quantum Dot,; Energy Transfer,; Single Molecule
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1) M. Yoshioka, M. Yamauchi, N. Tamai, and S. Masuo, Nano Lett. 2023, 23, 11548-11554.
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Exciton Dynamics in Indole-fused zinc porphyrin-Cso Fullerene System Studied by Time-
Resolved Electron Paramagnetic Resonance (' Faculty of Science, Kobe University, *Graduate
School of Science and Molecular Photoscience Research Center, Kobe University, *Department
of Chemistry, University of North Texas) OHidetoshi Tanaka,' Yasuhiro Kobori,” Francis
D’Souza,’ Hong Wang®

Derivatives of porphyrins and fullerenes are widely used as electron donors and acceptors in
charge transfer reactions, respectively. Revealing the detailed mechanism of electron transfer
can lead to the improvement of molecular functions, including application to the quantum
sensing by using extended charge-separation lifetime. We observed the time-resolved electron
paramagnetic resonance spectra of zinc porphyrine-Cg fullerene complex system and fullerene
derivative in o-dichlorobenzene and toluene at room temperature. Microwave absorption signal,
composed of two different lifetimes was observed in the excited triplet state of fullerene. The
slower signal from the complex in o-dichlorobenzene has almost six times as long a lifetime as
that from fullerene. Considering the transient absorption spectra of this complex", these results
suggest that the charge-separated state having microsecond-scale lifetime is generated from
excited triplet fullerene in the complex.

Keywords : Time-Resolved Electron Paramagnetic Resonance; Triplet State; Charge
Separation
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1) A. Moss, Y. Jang, V. N. Nesterov, F. D’Souza, H. Wang, Chem. Sci. 2022, 13, 9880-9890.
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Elucidation of the Reaction Mechanism of Photocatalytic Decarboxylation Using Time-
Resolved EPR Method (! Graduate School of Science, Kobe University, >Graduate School of
Pharmaceutical Science, The University of Tokyo, *Kobe University MPRC) ODaiki
Tomiya', Takeshi Inoue 2, Masaaki Fuki ! 3, Tsubasa Okamoto "3, Harunobu Mitsunuma?,
Motomu Kanai 2, Yasuhiro Kobori >3

Kanai group in the University of Tokyo, is now developing a novel photocatalyst for
decarboxylation employing 1-azanthraquinone derivatives, which has been confirmed to
catalyze decarboxylation reactions with high selectivity and reactivity to benzoic acid,
trifluoroacetic acid, and aspartic acid (Asp) residues of peptides. In this study, we performed
time-resolved EPR measurements of the catalytic decarboxylation reaction to elucidate the
structure of the reaction intermediates and the reaction mechanism. The analysis of the EPR
spectrum suggests that the proton-coupled electron transfer (PCET) reaction proceeds between
a catalyst and a substrate, resulting in radical intermediates with a decarboxylated alkyl radical.
Keywords : photocatalyst; spin chemistry, time-resolved EPR; decarboxylation; proton-
coupled electron transfer;
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Kinetic Analysis of Component Formation in the Reduction Reaction of Natural Vitamin B,
by Antioxidants Using Singular Value Decomposition (Tokyo Univ. of Sci.) O Masahiro
Ishiguro, Kenshiro Kobayashi, Yumika Suzuki, Tomohiro Tsuchida, Satoru Goto

Understanding the interactions between drug-metabolizing enzymes and drugs is critical to
appropriately managing the duration of drug action and maximizing their efficacy and safety.
Cytochrome P450, a representative example of drug-metabolizing enzymes, is a metal complex,
and the primary reactions involve redox reactions. These reactions are considered to proceed
through pathways involving multiple intermediates. However, the reaction pathways, the
existence of intermediates, and their specific properties remain largely unexplored. This study
aims to address these gaps and construct a model for Cytochrome P450 reactions.
Hydroxocobalamin (OHCDbl), a trivalent cobalt complex and a natural form of Vitamin B,,, was
used as a model for drug-metabolizing enzymes, while antioxidants were used as a model for
drugs. Monitoring the reaction between OHCbl and ascorbic acid, one of the antioxidants, using
ultraviolet-visible spectroscopy revealed a time-dependent decrease in the absorption peaks,
which were attributed to neat OHCbl. Singular value decomposition of these spectral data
identified four distinct components. Kinetic analysis of the singular vectors corresponding to
these components enabled the proposal of a novel four-component reaction pathway involving
two intermediates. To analyze the reaction products, nuclear magnetic resonance spectroscopy
confirmed the formation of dehydroascorbic acid, supporting the hypothesis that the reaction
proceeds through a redox mechanism. Cyclic voltammetry measurements further validated the
proposed reaction pathway, providing robust evidence for its accuracy.

Keywords : Metal complex; Antioxidant; Singular value decomposition; Kinetic analysis;
Spectroscopy
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Kinetic comparison of singlet oxygen quenching activity of carotenoids and crocin using the
SOAC method (Tokyo Univ. of Sci.) OReo Tanada, Miwa Takatsuka, Tomohiro Tsuchida,
Satoru Goto

Oxidative stress refers to a state in which the high production of Reactive Oxygen Species
(ROS) leads to decline of biological function. There are few studies on 'O, 'O, was particularly
quenched by carotenoids (CARs). This mechanism is divided into physical or chemical
quenching. Recently, the SOAC assay has gained attention as an evaluation assay for 'O,. In
the SOAC assay, only physical quenching is discussed. In this study, we compared CRO, water-
soluble CARs, against astaxanthin (ASX) and B-carotene (BCAR) to study their comprehensive
reactions with '0,. The competitive reaction of 1,3-diphenylisobenzofran (DPBF) as a probe
and CARs with 'O, were measured using UV-vis spectra. DPBF has a maximal absorption at
413 nm and its peak was decreased by the 'O,. Since the spectra of CARs and DPBF were
overlap, singular value decomposition was performed to extract the DPBF changes. From this,
the 'O, quenching rate constants (kq) of CARs were calculated. Comparing the results of this
study with kq of previous reports, 1.12, 2.08, 1.89-fold for ASX, BCAR, CRO respectively.
Based on previous reports that the correlation between the number of allylic hydrogens in
CARs and their reactivity with ROS, it is suggested that the inclusion of chemical quenching
contributed to the increase kq in this study. Meanwhile, it is suggested that CRO may has
different chemical quenching mechanism against BCAR since CRO has no allylic hydrogens.
Keywords : Singlet Oxygen, Carotenoid, Singular Value Analysis, Antioxidants, SOAC method
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Analysis of Intramolecular Singlet Fission Mechanism by Time-Resolved EPR ('Graduate
School of Science, Kobe University, Molecular Photoscience Research Center. Kobe
University, *Department of Chemistry, Faculty of Science and Technology, Keio University) O
Masahiro Tanaka,' Masaaki Fuki,"? Shunta Nakamura,® Hayato Sakai,’ Taku Hasobe,® Yasuhiro
Kobori'?

Singlet fission (SF) is a phenomenon in which one singlet exciton interacts with a ground-
state molecule to produce two triplet excitons. The multiple excitons produced in this process
are expected to be applied to quantum sensing and computing by using four electron spins as
qubits. In this study, we analyzed the dissociation mechanism of multiple excitons by time-
resolved electron paramagnetic resonance (TREPR) for tetracene oligomer TcF3-(Tc)s-TcF3,
which has been reported as an example of intramolecular SF'.

As a result of TREPR measurements, quintet correlated multiexcitons >(TT) appear in the
early time domain, and dissociated triplet exciton T+T appear in the late time domain. These
signal patterns have been analyzed, and the reaction mechanism of SF has been discussed.
Keywords : Singlet Fission; Time-Resolved EPR; Quintet State
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Fig. 1 Chemical structure of TcF3-(Tc)s-TcFs.
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