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Synthesis and Optical Evaluation of Gallium-Fused Azobenzene Complexes
(Graduate School of Engineering, Kyoto University) O Chiaki Hotta, Masashi Nakamura,
Masayuki Gon, Kazuo Tanaka

Azobenzene is known as a non-emissive molecule due to its highly efficient
photoisomerization, and therefore luminescent materials based on the azobenzene moiety have
been hardly reported. Kawashima ef al. found that the coordination of boron atom to the
azobenzene scaffold suppressed the photoisomerization and permitted the electronic transitions,
resulting in excellent fluorescence. We have developed typical element complexes with the
ring-fused structure based on the tridentate azobenzene ligand. These complexes exhibited
unique electronic states and fluorescent properties originating from heteroatom-specific
structures. Boron-fused azobenzene complexes showed unique solid state luminescence
derived from the four-coordinated tetrahedron structure. In addition, tin-fused complexes
expressed the outstanding narrow energy gap originating from 3c—4e bond and Sn—N
coordination, and exhibited vapochromic luminescence triggered by alteration of the
coordination number from five to six at the tin atom. In this work, we focus on gallium, one of
the high periodic elements of the group 13, and will explain the synthesis and optical property
of the luminescent gallium-fused azobenzene complex.

Keywords : Gallium; Azobenzene; Fluorescence; m-Conjugated system
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1) J. Yoshino, N. Kano and T. Kawashima, Chem. Commun. 2007, 559-561.

2) M. Gon, K. Tanaka, Y. Chujo, Angew. Chem. Int. Ed. 2018, 57, 6546—6551.
3) M. Gon, K. Tanaka, Y. Chujo, Chem. — Eur. J. 2021, 27, 7561-7571.
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Solvent-directed, pressure-controllable chemosensor: A case of helical
anthracene dimer
(‘\Department of Chemistry, Tokyo Institute of Technology) OTomokazu Kinoshita,! Kota

Watanabe,' Eiji Tsurumaki,' Shinji Toyota,' Gaku Fukuhara'
Keywords: Pressure-Responsive Chemosensor; Hydrostatic Pressure Spectroscopy;

Anthracene

The exploration of a o
pressure-responsive chemosensor is of : < S ER Y %\5‘}’}5
particular significance in current gy < 1S O -)‘-’,_
multidisciplinary chemistry from the _\-:_/-: S
viewpoints of mechanoscience. So far, N

we have developed such chemosensors [4]HA [2]HA;
that are susceptible to hydrostatic @ @

pressure in solutions.! Of these, an
anthracene-fused  helicene, [4]HA

12001

3
(Fig. la), shows ratiometric % ‘:
pressure-responsive fluorescence | g
changes upon the  hydrostatic ) ‘
pressurization. The ratiometry in foo™ B
[4]HA is caused by the [4+4] wavetenath fom Frvee
photocyclodimerization of the

Figure 1. Chemical structures of helical

intramolecularly . T stacked anthracenes ((a) [4]JHA and (b) [2]HA2). (¢)
anthracenes.? In this study, we focused  Flyorescence spectra  of [2]JHA, in

on a pseudo-helicene dimer, [2]HA,  dichloromethane (lex 412 nm, 57 pM) at room

(Fig 1b) that is linked with two fused temperature, r_neasured in.a high-pressure cell.
(d) Hydrostatic pressure-induced Al (lo.impa -

anthracene skeletons (J[2]HA) via a
I280MmPa).

single bond, which is believed to

exhibit a solvation-dependent pressure sensitivity. Interestingly, as shown in Fig. 1c, [2]HA»
showed a distinctive pressure-induced fluorescence response. The fluorescence responses in
some solvents are strongly dependent on solvent polarity estimated by Er value; the
response sign (Al) inverted at the border of Et as 40 kcal mol™”, shown in Fig. 1d. The
excited-state dynamics (kr and k) of [2]JHA:» under hydrostatic pressures supports the
origins controlling pressure-induced solvation-driven transition states. It should be therefore
noted that such interesting chemosensory responses are originated from the excited-state
dynamics greatly involving pressure-induced microenvironmental polarities.

1) Mizuno, H.; Fukuhara, G. Acc. Chem. Res. 2022, 55, 1748-1762. 2) Kinoshita, T.;
Fujise, K.; Tsurumaki, E.; Toyota, S.; Fukuhara, G. Chem. Commun. 2022, 58, 3290-3293.
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Development of Squaraine-Based Hole-Collecting Monolayer
Materials for Perovskite Solar Cells

(‘Institute for Chemical Research, Kyoto University) OShota Hira,' Minh Anh Truong,'
Tomoya Nakamura,' Richard Murdey,' Atsushi Wakamiya'

Keywords: Perovskite Solar Cell; Hole-Collecting Material; Monolayer; Squaraine;
Chemisorption

Recently, chemically adsorbed hole-collecting monolayers (HCMs) with their ease of
processing and high performance, have attracted great attention in order to further improve
the performance of perovskite solar cells (PSCs).'*

In this study, we designed and synthesized a series of half-squaraine derivatives
(HS-OEt-CA, HS-OEt-PA, and HS-OH-PA, Figure 1a) as HCM materials. The cyclic
voltammetry measurements in DMF solution revealed that compared to ethoxy-substituted
HS-OEt-CA and HS-OEt-PA, hydroxyl-contained HS-OH-PA shows a lower oxidation
potential, indicating the existence of an anionic form generated from the deprotonation of
the squaric acid moiety. These molecules were found to adsorb on the surface of transparent
conductive metal oxide electrodes to form a monolayer. According to photoelectron yield
spectroscopy, the ionization potentials of HS-OEt-CA, HS-OEt-PA, and HS-OH-PA
adsorbed ITO were estimated to be 5.54, 5.50, and 5.33 eV, respectively, which are
shallower than the valence band (VB) of the perovskite material
(Cso0.05FA0.30MAy.15Pbl2.75Bro2s, VB = 5.56 eV). PSCs using these half-squaraine derivatives
as HCMs were fabricated and evaluated. All devices showed high power conversion
efficiencies of over 21% (Figure 1b). HS-OEt-CA-based devices exhibit suppressed
interfacial non-radiative recombination and higher open-circuit voltage (Voc) than devices
using phosphonic acid-substituted HCMSs. In this presentation, molecular design,
characterization, and device evaluation will be discussed in detail.
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Figure 1. (a) Chemical structures of the half-squaraine derivatives. (b) J—V curves of the
perovskite solar cells using the half-squaraine derivatives.

1) A. Al-Ashouri, S. Albrecht et al., Science 2020, 370, 1300.
2) M. A. Truong, A. Wakamiya et al., J. Am. Chem. Soc. 2023, 145, 7528.
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Development of Organic Triboluminescence Materials Based on Polar Crystals
(Grad. Sch. of Eng., Osaka Metro. Univ.) OTakuya Ogaki, Yasunori Matsui, Hiroshi Tkeda

Triboluminescence (TL) is a luminescent phenomenon induced by mechanical stimuli. TL
materials require both highly-luminescent properties in the solid state and organic polar crystals
with a spontaneous polarization. However, it is difficult to rationally design such organic
materials. To overcome the difficulty, we have developed organic TL polar crystals based on a
host-dopant system.' As an alternative strategy to develop organic TL materials, in this work,
we focused on the crystal symmetry and comprehensively explored organic TL materials
among solid-state luminescent materials. Among various asymmetric diaryl keto-enols 1-R
(Fig. 1b), crystals of 1-n-Pr with n-Pr group exhibit yellow TL upon mechanical stimuli (Fig.
1¢) and belong to polar crystal with a space group of P2; (Fig. 1d). Moreover, TL-active polar
crystals were newly found among other solid-state luminescent materials such as organoboron
complexes. From these findings, it is found out that it is important to focus on both the solid-
state luminescence and the crystal symmetry for developing new organic TL materials.
Keywords:  Triboluminescence;, Mechanoluminescence; Polar  Crystals;  Solid-state
Luminescence,; Organoboron Complexes
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1b) D56, n-PriZHT 2 1-n-Pr OGS IIHEARIIZ L0 356 TL 2~ L (Fig.
lc), P2y DZERIFE%Z b OMMEREICET 5 2 ERbhoTz (Fig. 1d). £72, ZoOfl
(AR O REER L & OO BRI EIOF N D b, BT 22 A1 TL 0B /Lo
Sl THDDOHREND, Hil-a A TL MPEBRRICIE, BEIARTSERE & b O X FR
MOMBGIZEBTDHIEREETHDL Z ENbhoTz.

(a) \ (b) H

| iNeag et

Triboluminescence (TL) 1-R

v Solid-state luminescence R) = H, Me, Et, n-Pr, n-Bu efc.
v Polar crystal

4

P2, space group
{ upon rubbing TL-active polar crystal

Fig. 1. (a) An illustration and fundamental requirements of organic TL materials, (b) molecular structure of 1-R, (c)
photographs of photoluminescence (PL) and TL of 1-n-Pr, and (d) the packing structure of 1-n-Pr.

1) K, B, wHlH, AALFRF 103 FFFL(2023) P4, K603-1pm-05, 2023.
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