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Side-chain engineering for efficient photon upconversion

(\Grad. Sch. Eng., Kyushu Univ., *CMS, Kyushu Univ., *K-NET5, Kyushu Univ., *JST ACT-X)
O Nutnicha Boonmong,! Hayato Shoyama,' Naoyuki Harada,! Kiichi Mizukami,' Yuya
Watanabe,! Yusei Sawada,' Keita Kuge,' Yoichi Sasaki,** Nobuo Kimizuka'*3

Keywords: Photon Upconversion; Triplet-triplet Annihilation; Molecular Interaction
Engineering; Intermolecular Interaction

Photon upconversion is a methodology to transform low-energy photons into higher-
energy ones. This process is particularly relevant in applications such as solar energy harvesting,
where the efficient conversion of sunlight into usable energy forms is paramount. Triplet-triplet
annihilation photon upconversion (TTA-UC) involves a triplet sensitizer (donor) and an emitter
(acceptor). Excited triplet sensitizers transfer energy to acceptors via Dexter-type triplet energy
transfer (TET). Subsequently, two excited acceptors then undergo triplet-triplet annihilation
(TTA), forming one ground state and one emissive excited singlet state (Figure 1(a)).

Recent efforts to design triplet acceptors have demonstrated the role of bulky substituents
in suppressing triplet excimer formation, which induces nonradiative decay.! However, steric
hindrance reduces the wavefunction overlap between acceptors and slows down intermolecular
processes such as TET and TTA, which increases the threshold excitation intensity (I).” In this
study, we systematically modulated net zm-interplanar distances through novel side-chain
modifications and assessed their impact on UC efficiency and /4 in solution (Figure 1b).
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Figure 1. (a) Energy diagram of TTA-UC and (b) side-chain engineering of triplet acceptor
molecules for controlling the dynamics of triplets and their lifetimes.

1) A. Olesund, S. Ghasemi, K. Moth-Poulsen, B. Albinsson. J. Am. Chem. Soc. 2023, 145, 22168—
22175.
2) L. Naimovicius, S. K. Zhang, A. B. Pun. J. Mater. Chem. C 2024, 12, 18374—-18380.
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Molecular design for efficient solid-state photon upconversion
(‘Grad. Sch. Eng., Kyushu Univ., *CMS, Kyushu Univ., *K-NET, Kyushu Univ., *JST ACT-X)
O Hayato Shoyama,! Nutnicha Boonmong,! Naoyuki Harada,! Kiichi Mizukami,' Yuya
Watanabe,! Yusei Sawada,' Keita Kuge,' Yoichi Sasaki," > * Nobuo Kimizuka® % ?

Triplet-triplet annihilation-based photon upconversion (TTA-UC) has attracted much
interest as a methodology for efficient use of sunlight. Solid-state TTA-UC materials are
desirable from the viewpoint of practical use. To achieve efficient TTA-UC in the solid-state,
it is essential to control intermolecular interaction to simultaneously suppress the singlet and
triplet quenching process and achieve fast triplet energy migration. In this study, we developed
a novel exclusion volume engineering methodology and optimized electronic interactions
among acceptor molecules in the crystalline state. As a result, a donor-acceptor pair with high
UC efficiency under weak excitation intensity was discovered. In the presentation, we will
discuss the molecular structures, their design strategies, and detailed optical properties.
Keywords: Photon Upconversion, Triplet-triplet Annihilation; Intermolecular interaction;

Molecular organization engineering; Crystal engineering
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Highly Efficient Photon Upconversion in Molecular Volume-engineered Anthracene
Derivatives ('Sch. Eng., Kyushu Univ,, 2Grad. Sch. Eng., Kyushu Univ., 3CMS, Kyushu Univ.,
*K-NETs, Kyushu Univ., >JST ACT-X) OMasaki Miyata!, Kiichi Mizukami?, Yoichi Sasaki?*?,
Nobuo Kimizuka?**

Triplet-triplet annihilation-based photon upconversion (TTA-UC) can convert lower energy
photons into higher energy photons under weak excitation intensity, such as sunlight. This TTA-
UC scheme utilizes a triplet sensitizer (donor) and acceptor, which generates a higher energy
singlet via TTA. Here, the optimization of intermolecular interaction, as well as their energy
levels, is essential. Recently, introducing bulky substituents into acceptor molecules has been
reported to suppress excimer formation and improve UC efficiency. ¥ However, the design
guidelines for optimizing intermolecular electronic interactions remain unclear. In this study,
we systematically synthesized anthracene derivatives with bulky substituents and investigated
the relationship between excluded volume and UC performances.

Keywords : Photon Upconversion, Triplet-triplet Annihilation; Molecular Volume-engineering;
Excimer Formation
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1) A.Olesund, et al., J. Am. Chem. Soc. 2023, 145, 40, 22168-22175.
2) C.Yeetal, J Am. Chem. Soc., 2019, 141, 9578-9584.
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Triplet sensitization of a near-infrared emissive Molybdenum
complex via singlet fission

(!Fac. Eng., Kyushu Univ., °’Grad. Sch. Eng., Kyushu Univ., ’Grad. Sch. Sci., Kyushu Univ.,
*CMS, Kyushu Univ., ’JGU, ’K-NET, "JST-ACT-X) OPercy Gonzalo Sifuentes Samanamud'
Adrian Sauer® + Ilias Papadopoulos® * Ami Takada® + Aki Masaoka® * Yuta Sawada’ * Yuya
Watanabe? - Kiichi Mizukami? - Kiyoshi Miyata® - Ken Onda® - Katja Heinze’ » Yoichi Sasaki®*” -
Nobuo Kimizuka®*®

Keywords: Singlet Fission, Molybdenum complex; Triplet exciton harvesting, Tetracene
derivatives

Singlet fission (SF) is a multiple exciton generation process that multiplies one singlet
exciton into two triplet excitons in specific organic molecules. This mechanism has attracted
significant interest for its potential to enhance the efficiency of photovoltaic devices and light-
emitting diodes.! = However, practical applications beyond these applications remain
undeveloped due to the scarcity of chromophores satisfying the energy alignments (E(S:) >
2E(T))) and no practical means to demonstrate photon multiplication based on the SF process.

In this study, we developed a new methodology of SF-based photon multiplication that
employs a near-infrared emissive molybdenum complex, mer-MoCly(ddpd),> whose energy
levels can be precisely tuned via ligand design. As part of our approach, TIPS-tetracene dimers
were synthesized as SF hosts capable of undergoing intramolecular SF, followed by efficient
triplet energy transfer. Unlike precedent efforts, the proposed system demonstrates successful
SF and subsequent triplet energy harvesting by the emissive chromophore in the solution state.

This presentation will explore the unique properties of this molybdenum complex and its
role in optimizing SF-based sensitization efficiency in solution-phase systems, providing
insights into its potential for advancing energy conversion technologies.

Sy Ay i

TIPS-Tetracene dimer mer-MoCl,(ddpd) TIPS-Tetracene dimer mer-MoCl;(ddpd)
Fig. 1 (a) Chemical structure of TIPS-Tetracene dimers and mer-MoCls(ddpd) and
(b) schematic diagram of triplet sensitization via SF.

1) M. B. Smith et al., Chem. Rev., 2010, 11, 6891-6936.
2) W.R. Kitzmann et al., Inorg. Chem., 2023, 62, 15797-15808.
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Electric-field circularly polarized luminescence (ECPL) properties of perylene diimide liquid
crystal materials ('Graduate School of Science and Engineering, Kindai University,
’Department of Applied Chemistry College of Life Sciences, Ritumeikan University, *Osaka
Research institute of Industrial Science and Technology)ODaiya Suzuki,' Kosuke Kaneko?,
Tomonori Hanasaki’, Motohiro Shizuma?®, Yoshitane Imai'

Perylenediimide luminophores BPP and CPDI were prepared and dissolved in 6CB liquid
crystal to prepare liquid crystal devices.

The circularly polarised luminescence (CPL) switching characteristics were evaluated under
electric field. At 0 V, the BPP/6CB and CPDI/6CB liquid crystal devices emitted CPL with an
anisotropy factor (Jgcpr)) of 0.2 and 0.4 at the maximum CPL wavelength (AcpL) 550 nm and
544 nm, respectively. When a voltage of 30 V was subsequently applied, a CPL intensity was
significantly decreaced, indicating successful CPL ON-OFF switching by an external electric
field.

Keywords : chiral; circularly polarized luminescence, electric field; liquid crystal; perylene
diimide
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1)  Rsc Advances, 2019, 9, 1976-1981. Tetrahedron, 2019, 75, 2944-2948.
2)  ChemPhotoChem, 2024, 8, €¢202300224.
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Forced expression mechanism of circularly polarized luminescence property in an o-
cyclodextrin with multiple triphenylene units (Graduate School of Engineering, Osaka
University,) OXentaro Takaji, Hajime Shigemitsu, Shintaro Yamada, Tomohiro Sakatani,
Tadashi Mori, Toshiyuki Kida

Circularly polarized luminescence (CPL) holds potential for various applications such as 3D
displays and biosensing. Bright CPL-active organic molecules with high anisotropy have been
intensely required. In this context, studies on the CPL properties of various chiral molecules
have been performed. Our group has successfully developed cyclodextrin (CyD) derivatives
featuring multiple pyrenyl groups, exhibiting robust CPL properties (e.g., gum: 1.2x102, &=
0.39). However, the chromophore was limited to pyrene. In this study, we synthesized
triphenylene modified a-cyclodextrin (TP-CyD) and evaluated its CPL properties (gum:
3.6x107, @= 0.06). In this presentation, we will report the mechanism of CPL expression in
TP-CyD.

Keywords : Circularly Polarized Luminescence; Chirality; Chiroptical Properties;
Cyclodextrin; Polycyclic Aromatic Compounds
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1) H. Shigemitsu, K. Kawakami, Y. Nagata, R. Kajiwara, S. Yamada, T. Mori, T. Kida, Angew. Chem.
Int. Ed. 2022, 61, €202114700.
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Vibronic Coupling in Radiative and Nonradiative Transitions of Triazine-Cored Carbazole
Dendrimers (' Fukui Institute for Fundamental Chemistry, Kyoto Univ., *Facalty of Engineering,
Kyoto Univ., *Graduate School of Engineering, Kyoto Univ., *Interdisciplinary Graduate
School of Engineering Sciences, Kyushu Univ., °Institute for Materials Chemistry and
Engineering, Kyushu Univ.)) OMio Wakabayashi,'? Wataru Ota,'* Kosuke Anraku,’ Ken
Albrecht,’ Tohru Sato'*

Triazine-cored carbazole dendrimers, which show thermally activated delayed fluorescence,
are used as luminescent materials for light-emitting electrochemical cell. A theoretical
understanding of photophysical processes for luminescent materials is important in molecular
design because quantum efficiency depends on the radiative and nonradiative transition rate
constants. In this study, we used triazine-cored carbazole dendrimers to theoretically
investigate vibronic structures that contribute to the photophysical processes. The density
functional theory calculations were performed at the M06-2X/3-21G level of theory, using
Gaussian 16 Revision C.01. The calculated fluorescence spectrum well reproduced the
lineshape of the experimental spectrum.

Keywords : Light-Emitting Electrochemical Cell; Vibronic Coupling,; Nonradiative Transition,
Intersystem Crossing; Dendrimer
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1) L.M. Cavinato et al., Adv. Funct. Mater. 2023, 33, 2302483.
2) K. Albrecht et al., Angew. Chem. Int. Ed. 2015, 54, 5677.
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Higher excited-state dynamics of perylene monoimide coordinated to the surface of inorganic
nanocrystal surfaces (' College of Life Sciences, Ritsumeikan Univ., *PRESTO JST) OMizuki
Sato,! Daisuke Yoshioka,' Yuki Nagai,' Yoichi Kobayashi'-?

Higher excited states of organic molecules typically deactivate rapidly; however, if ultrafast
electron transfer can be induced, these high-energy states can be exploited. Recently, we
achieved efficient electron transfer from higher-excited states in perylene bisimide coordinated
to semiconductor nanocrystals (NCs)". Here, we synthesized a composite nanomaterial by
coordinating perylene monoimide to insulating hafnium oxide (HfO,) NCs and investigated its
higher excited state dynamics using transient absorption spectroscopy (Fig. 1a).

Keywords : electron transfer, hafnium oxide, higher excited state, insulators, femtosecond
transient absorption spectroscopy
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1) D. Yoshioka, D. Fukuda, Y. Kobayashi, Nanoscale. 2024, 13, 1823.

© The Chemical Society of Japan - [F12302-3pm-08 -



[F]12302-3pm-09 BA{L24 B10555E2 (2025)

Bh (T 1,3-diene SFERDIRIBE & BEFERLHEDIERE
BHER D) O/ R - #52% B8 - /N Z !

Relationship between ring structure and aggregation-induced luminescence properties of
bridged 1,3-diene derivatives ('Institute of Science Tokyo) OKensei Konishi,' Eiji Tsurumaki,'
Gen-ichi Konishi,'

Aggregation-induced emission (AIE) luminogens have been applied to solid-state
luminescent materials, imaging dyes, and chemical sensors. In this study, we have synthesized
bridged 1,3-diene derivatives (BDPBs) by introducing two bridged ring structures? into (E, E)-
1,4-diphenyl-1,3-butadiene (DPB). We have investigated the correlation between the ring
structures and AIE properties. BDPB[6,7] and BDPB[7,7] exhibited AIE, because the seven-
membered ring structure promoted non-radiative deactivation by twisting around the C=C bond.
Notably, BDPB[7,7] underwent inactivation even in poly(methyl methacrylate) dispersion film.
Keywords : Non-planar w-Conjugated Molecules; Fluorescence; Solid State Luminescence;

Aggregation-induced Emission; Cis-trans Photoisomerization

TR TG L, BEAERIRAE TR 2 R T AIR B I1E, T ORI AL v F
TUREVED T2 D EIR A BROA A =D 7, bFEE o —~tH STV 5
41X, (EE)-1,4-Diphenyl-1,3-butadiene (DPB)(Z 2 DDEMN T ERfEE A EA LT-EA
72 R 2 AT 60T 1,3-diene #5E54R(BDPBs) & &k L, BRI & BHEERSE T
PO E T, ZOREE, BDPB[6,6]ITIAE T E L OLAks: THRE 2R L,
—J7.7 BEROETHEED C=C Ji 0 IZ K& < 72 Uil o MR RG22 L2729,
BDPBI[6,7]# & " BDPB[7,7]i% AIE %7~ L7z, %#Z BDPB[7,7)lZAR U A F LA KX 7
L— R 7 A VBB EINTRETHIRE IR S 2o Tz,

BDPB[6,6] (m=1, n=1)

BDPB[6,7] (m =1, n = 2)

BDPB[7,7] (m =2, n = 2)
m

1) R. Iwai, et al. Angew. Chem. Int. Ed. 2020, 59, 10566.
2) Y. Shimomura, et al. Chem. Eur. J. 2022, 28, €202201884.
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Magnetic field effects on the luminescence properties of radical species generated by
mechanical stimuli. (!Sch. of Eng. Sci., Osaka Univ., *Grad. Sch. of Eng. Sci., Osaka Univ.,
'IMR, Tohoku Univ., *JST-FOREST, *OTRI-Spin, Osaka Univ.) O Shun Yoshida,' Ryota
Matsuoka,” Shojiro Kimura,? Tetsuro Kusamoto® * 3

Luminescent organic radicals exhibit unique properties derived from their open-shell
electronic structures, such as magnetoluminescence (ML), a change in the emission spectrum
of molecules by magnetic fields.! Recently, there have been many reports on the luminescent
radicals generated by mechanical stimuli.> External stimuli can cause bond cleavage or electron
transfer in closed-shell molecules, which typically produce two radical species (a radical pair).
However, the spin-correlated properties based on their interaction remain unexplored. In this
study, we synthesized a tetraarylsuccinonitrile derivative 1 and observed ML from the ground
solid of 1, in which diarylacetonitrile radicals 2 were generated in situ.

Keywords : Magnetoluminescence; Mechanoluminescence; Spin-correlated optical functions

RENMAERE T 2B TE DBREFIRREICHE L, BT L 232~ MLk
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Figure. (a) Equilibrium of 1 and 2. (b) Emission spectra of the ground solid of 1 under a
magnetic field at 4.2 K (Aex = 375 nm).

1) S. Kimura, T. Kusamoto, S. Kimura, K. Kato, Y. Teki, H. Nishihara, Angew. Chem. Int. Ed. 2018,
57,12711-12715.
2) T. Yamamoto, A. Takahashi, H. Otsuka, Bull. Chem. Soc. Jpn. 2024, 97, uoad004.
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Magnetic field-induced circularly polarised light emission (CPL) switching using quantum dots.
( 'Kindai University, 2JASCO Corporation ) O Yoshihiko Yanagibashi,' Kota Hukuchi,!

Ryo Amasaki,' Satoko Suzuki,? Yoshitane Imai'

When an external magnetic field was applied to six optically inactive perovskite quantum dot
luminophores with different compositions CHsN,PbBr; (PVQD-1), CsPbBr; (PVQD-2),
CsPb(Br.7Clo3)s (PVQD-3), CsPb(BrosClos)s (PVQD-4), CsPbCls (PVQD-5), and CsPbls
(PVQD-6), the magnetic CPL (MCPL) was successfully extracted in solution. Furthermore,
when the magnetic field direction was switched, the sign of the MCPL spectrum was reversibly
reversed.

Keywords : circularly polarized luminescence (CPL), magnetic field, perovskite, quantum dot ,
switching
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Tuning the Optical Properties of Luminescent Dinuclear Triple-Stranded Helicates Utilizing
Inter-Ligand Charge Transfer Characteristics (! Graduate school of Engineering, Kyushu
University, > Center for Molecular Systems (CMS), Kyushu University) OYuto Konishi,! Yu
Hoshino,! Toshikazu Ono," 2

The development of functional dyes that exhibit changes in optical properties in response to
external stimuli have great promise for applications in optical sensing and imaging materials.
Recently, we have reported aluminum-based dinuclear triple-stranded helicates (ALPHY)
consisted by Schiff base ligands and aluminum ions'®. The ALPHYs exhibit luminescence
color changes by electronic states of the three ligands, and we have clarified that intramolecular
charge transfer (ICT), and inter-ligand charge transfer (ILCT) significantly affected their
optical properties. In this study, we synthesized complexes that exhibit significant changes in
emission color and intensity by altering the electronic states of the ligands through external
stimuli. We will discuss optical properties and luminescence mechanism in detail.

Keywords : sensing, inter-ligand charge transfer, excited-state dynamics, multinuclear helicate,
aluminum complexes
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Development of magnetic-field-induced third-generation circularly polarized organic light-
emitting diodes ('Kindai University, 2Osaka Metroporitan University) OJungo Ono,!
Keima Yoneda,? Shigeyuki Yagi,” Yoshitane Imai.!

In this study, we have investigated the MCPL and MCPEL properties of two different achiral
TADF molecules, 4CzIPN-Ph and 4CzBN, by applying an external magnetic field. First, MCD
spectra of 4CzBN in chloroform (CHCIs) solution were measured and the Cotton effect was
successfully observed. Furthermore, MCPL spectra of 4CzBN were also measured in CHCl3
solution, and MCPL was successfully observed at a maximum MCPL wavelength of 456 nm
and with a magnetic anisotropy factor (g-value) of 4.0x10* (T'). MCPEL were also
successfully obtained from OLEDs containing these TADF molecules by applying an external
magnetic field.

Keywords: chiral; circularly polarized organic light-emitting diodes (CP-OLED);
magnetic circularly polarized luminescence (MCPL); magnetic circularly polarized
electroluminescence (MCPEL), thermally activated delayed fluorescence (TADF)
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1) Front. Chem., 2023. 11, 1281168.
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Excimer Formation and Chiroptical Properties of Symmetric Chiral Pyrene Derivatives (Osaka
University) OHareta Nakane, Hajime Shigemitsu, Toshiyuki Kida, Tadashi Mori

Recently, circularly polarized luminescence (CPL) has attracted much attention. In this study,
we focus on the excimer luminescence of chiral symmetric pyrene derivatives by condensation
of pyrene with small organic molecules. At low concentrations, the pyrene showed circularly
polarized  monomer emission with dissymmetry factor (gum) of an order of 10~. At higher
concentrations, broad luminescence from excimer and CPL with a sign corresponding to
assumed molecular orientation in the long wavelength region (510 nm) were observed. In the
excimer emission, a relatively stronger CPL with gium value of an order of 10 was observed.
We also report temperature dependance on these optical and chiroptical properties.

Keywords : Circularly Polarized Luminescence, Excimer Emission, Dissymmetry Factor
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Synthesis and photophysical properties of pentacene triangular
macrocycle

(Faculty of Science and Technology, Keio University) OTu T. Do,' Hayato Sakai,! Taku
Hasobe,'

Keywords: Triangular macrocycle, Singlet Fission, Supramolecular assembly, Pentacene

Triangular-shaped molecules are a class of macrocycles that has been widely studied.!
Rigid triangular macrocycles composed of organic chromophores substituted with aliphatic
chains can form controllable supramolecular networks. These networks can introduce novel
functionalities for applications in optoelectronics and energy conversion. Singlet fission
(SF) is a multi-exciton generation process that generates two individual triplet excitons (T}
+ T1) from a correlated triplet exciton pair (TT) in two nearby molecules after one-photon
absorption (S; + So). The long-lived triplet excitons can enable us to demonstrate efficient
intermolecular exciton diffusion by molecular assembly in thin film.? Pentacene is one of
the typical candidates that satisfies the energy matching conditions for the occurrence of
SF.? In this work, pentacene units were newly introduced into a triangular macrocycle
system with suitable aliphatic chains for supramolecular assemblies (Fig. 1).

Two pentacene moieties are successfully introduced through a series of reactions in
combination with dialkoxy benzene linkers. These long alkyl chains were also introduced in
the linkers and can easily be modified in the synthetic of the starting material.* The
supramolecular formations can be controlled for intermolecular exciton transport by
carefully designing the chain lengths. Moreover, the triangular pentacene dimer Tri(Pc),
synthesis can be a prospective synthetic route for the synthesis of other shape-persistent
pentacene derivatives that would potentially have inquisitively singlet fission properties.’

Tri(Pc),

°c12H25

Figure 1. Synthetic strategy of triangular pentacene dimer

(1) Wang, Y.; Wu, H. et al. Acc Chem Res 2021, 54, 2027-2039.

(2) He, G.; Yablon, L. M. et al. J. Am. Chem. Soc. 2022, 144, 3269-3278.

(3) Hayasaka, R.; Sakai, H.; Hasobe, T. et al. Angew. Chem. Int. Ed. 2024, 63, €202315747.
(4) Tahara, K.; Furukawa, S. et al. J. Am. Chem. Soc. 2006, 128, 16613—-16625.

(5) Chen, S.; Yan, Q. et al. Org. Lett. 2010, 12, 4784-4787.
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Investigation on Emission Enhancement Phenomena by Adsorption of Tetracationic Pyrene
Derivatives on Clay Nanosheets (! Fac. of Urb. Env. Sci., Tokyo Metropolitan Univ., >Grad. Sch.
of Urb. Env. Sci., Tokyo Metropolitan Univ., *Eng., Kitami Inst. Tech., ‘ReHES, Tokyo

Metropolitan Univ.) OHonoka Hirose,' Makiko Yamashina,? Yoshinori Tahara,? Yuta Ohtani,*
Ishida Tamao,>* Shinsuke Takagi®*

We have studied nanosheet-dye composites, in which cationic dye molecules are adsorbed on
anionic clay nanosheets and have reported surface-fixation-induced emission (S-FIE)
phenomena caused by the adsorption of dyes on nanosheets. In this presentation, the
photochemical properties of clay nanosheet-Py*'(1,3,6,8-tetrakis(N-methylpyridinium-3-
yl)pyrene tetrachloride) composite will be reported. The synthesized Py** (Fig. 1) was added to
water and clay nanosheet (synthetic clay mineral, Sumecton SA[Kunimine Industries])
dispersion, and the absorption and fluorescence spectra were measured (Fig. 2). Compared to
Py*" in water, the SSA-Py*" complex showed a redshift of the maximum absorption wavelength
and an increase in luminescence intensity (S-FIE). The luminescence enhancement mechanism
of SSA-Py*" complexes is discussed and the possibility of transition-type inversion is found.

Keywords : Pyrene; Clay Mineral; Clay Nanosheet; Photochemistry; Emission Enhancement
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