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Attenuated total reflectance (ATR) UV-visible spectroscopic studies of organic semiconductor
thin films (Rikkyo University) Shion Edamura, Nami Ueno, Ichiro Tanabe

P3HT has attracted attention as a p-type semiconductor for organic thin-film solar cells, and we
have been tracking the change in the crystal structure of P3HT due to the film formation method.
In this study, we compare the spectrum with p-type semiconductors with simple structures such as
naphthalene, anthracene, and naphthacene, and prepare mixed films with n-type fullerenes to
examine the photoresponse to visible light irradiation.

Keywords : Solar cell, Organic thin film semiconductor, Electronic state, Surface Analysis
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Stabilization of Inter-Halogen Interfaces in Heterojunction Halide

Perovskites

('Graduate School of Environmental Science, Hokkaido University, *Research Institute for
Electronic Science, Hokkaido University) O Yifei Xia,! Most Farida Khatun,! Takuya
Okamoto,? Vasudevanpillai Biju'-?

Keywords: Lead halide perovskite; Halide exchange; Single crystal; Sulfonic acid ligand;
Surface passivation

Lead halide perovskites are promising for optoelectronic applications due to their unique
optical and electronic properties such as halide-dependent tunable bandgaps and excellent
carrier transport. Perovskite heterojunctions (PHJs) consisting of two or more perovskites with
different halide compositions show efficient charge carrier transport.! However, halide mixing
within the PHJs occurs spontaneously, leading to structural degradation.? The sulfate group is
a candidates to suppress halide mixing by passivating interfacial halide vacancies and.? In this
study, we report the suppression of halide mixing between methylammonium lead bromide
(MAPDBr3) and iodide (MAPbI5) single crystals using sulfonic acid-based ligands.

Monodentate sulfonic acid-sulfonamide ligands and 1,2-ethanedisulfonic acid are used for
surface passivation of perovskite single crystals (Figure 1). The MAPbBr;-MAPbI; PHJ is
formed by contacting surface passivated single crystals. We demonstrate halogen mixing or
exchange suppression using position-dependent PL spectra at the interface of the PHJs. The
PHJ without any ligands showed halide mixing within a day of preparation. In contrast, the
passivated PHJs show stable heterojunction structures for more than 5 days. This indicates the
suppression of interfacial halide mixing in ligand-passivated PHJs using sulfonic acid-based
ligands. We discuss the surface passivation using sulfonic acid-based ligands from the
viewpoints of the stability and optical properties of PHJs.
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Fig. (1) A scheme of bandgap tailoring and surface passivation of MAPbBr;-MAPbI; PHJs.

1) M. D. Shahjahan, T. Okamoto, L. Chouhan, B. M. Sachith, N. Pradhan, H. Misawa, V. Biju, Angew.
Chem. Int. Ed. 2023, 62, €202215947. 2) M. Lai, et al., Proc. Natl. Acad. Sci. USA 2018, 115, 11929—
11934. 3) N. Fiuza-Maneiro, K. Sun, 1. Lopez-Fernandez, S. Gomez-Graia, P. Miiller-Buschbaum, L.
Polavarapu, ACS Energy Lett. 2023, 8, 1152—-1191.
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Modulation of Ionic Conductivity Based on Control of Cavity Properties under Vibrational
Strong Coupling ('Faculty of Science, Hokkaido University, *Graduate School of Chemical
Sciences and Engineering, Hokkaido University, *Department of Chemistry, Faculty of Science,

Hokkaido University, *JST-PRESTO) Kasumi Goto', Hirotaka Motokawa?, Masaki Itatani®,
Tomohiro Fukushima®*, Kei Murakoshi®

Vibrational strong coupling (VSC) with higher-order cavity modes is important for the
application of VSC to chemistry. In this study, conductivity measurements with a Fabry-Perot
cavity with different cavity length (3.0-125 pm) were used to evaluate the coupling strength
with higher-order cavity modes, and explore the critical cavity length for quantum effects in
VSC. Enhancement of molar ionic conductivity decreases with cavity length, which indicates
that coupling to higher-order cavity modes shows lower improvement of ionic conductivity.
Keywords : Vibrational Strong Coupling; lonic Conductivity; Fabry-Perot cavity; Hydration
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Effects of Electric Field Intensity on Vibrational Strong Coupling for
Design of Open Cavity

(*Graduate School of Chemical Sciences and Engineering, Hokkaido University, *Faculty of
Science, Hokkaido University, 3JST-PRESTO) OTianhao Ren,! Masaki Itatani ,> Tomohiro
Fukushima,?? Kei Murakoshi ?

Keywords: Vibrational Strong Coupling; Cavity, Electric field, FDTD

Introduction Vibrational strong coupling (VSC) between the mode of the electromagnetic field
in a cavity and the molecular vibrational mode is regarded as a promising method to modify
physicochemical properties and/or chemical reactions. VSC was also theoretically shown to
accelerate the rate of electron transfer reactions at electrified interfaces.! In this research, we
explored the possibility to fabricate an open cavity, where reaction species can be coupled
outside of the Fabry-Perot (FP) cavity. Tunning reflectivity of metal mirrors by thickness and
metals possibly controls restricted electric field (EF) through leakage of EF from FP inside. We
finally explored the feasibility of open cavity-based electrodes.

Methods The optical properties of metals were investigated by calculating the transmittance
through Transfer Matrix Method. The Effect of intensity of EF on VSC was explored by finite-
difference time-domain (FDTD) simulation modeled by FP cavity composed of metal (Au, Ag,
Ni)—AlLOs (860 nm in thickness)—metal (Au, Ag, Ni: 20 nm) with different upper metal layer
thickness (3—15 nm) (Figure (a)).

Results and Discussion The transmittance of Au is lower than that of Ag and Ni. Figure b, ¢
shows that at the center of the model (EF monitor 1), EF is enhanced up to 17 times higher than
the initial EF, whereas it is weakened on the outer surface of the cavity (EF monitor 2). As
increasing thickness of upper mirror, EF becomes more enhanced at the cavity center (Figure
(b)), while the opposite trend is observed on the outer surface (Figure (c)). These trends are
also influenced by the types of metals. It shows that the intensity of EF depends on the cavity

properties for generating VSC for open cavity-based electrodes.
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Figure. (a) FDTD simulation model in this study. (b,c) Electric field enhancement factor plotted as a function of
upper mirror thickness using Ag (black circle), Au (red triangle) and Ni (blue square) metals.

References: 1) T. Hayashi, T. Fukushima, K. Murakoshi, J Chem Phys. 2024, 161.

© The Chemical Society of Japan - [C]C303-4pm-04 -



[C]C303-4pm-05 BALES B1055FES (2025)

A AT BRI X T B2 R ATR)SE 5435 O A Bt £ FE K
reat:

(SZEREL) Ot A0 - BB AR3E - H3E —RR

Angle dependence of attenuated total reflection (ATR) UV spectroscopy for organic
semiconductor layered films (College of Science, Rikkyo University)OAyuna Hara, Nami
Ueno, Ichiro Tanabe

Organic thin-film solar cells have advantages such as low cost, thinness, and light weight.
However, they face challenges, including low photoelectric conversion efficiency. To
investigate the charge diffusion process at the junction interface during the photoelectric
conversion in p/n junction organic photovoltaic cells, we conducted an electronic structure
study in the wavelength range from 200 to 450 nm using the ATR technique. In this study,
fullerenes were used for the n-layer, while anthracene and other aromatic hydrocarbons were
employed for the p-layer. By analyzing the depth profile of the p/n interface with a depth
resolution of several nanometers using the incident angle dependence of the evanescent wave,
we aim to clarify the dependence of the electronic structure changes near the p/n interface
induced by UV/visible light irradiation. notably, we confirmed the dependence of the
evanescent wave’s penetration depth on the incident angle in the ATR spectra of anthracene
(upper layer)/fullerene (lower layer) bilayers.

Keywords : Organic Thin Film Solar Cells, Spectroscopic analysis
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Luminescence Switching in Hybrid Systems of Spiropyran Derivative and PbS/CdS QDs:
Shell-Thickness Dependence and Novel Mechanism (School of Science, Kwansei Gakuin
University) OSota Morishita, Moe Yamamoto, Daichi Eguchi, Naoto Tamai

In hybrid systems (HSs) composed of colloidal semiconductor quantum dots (QDs) and
photochromic ligands, luminescence switching of QDs is typically achieved by energy or
electron transfer. However, we have recently found that in the hybrid system of PbS QDs and
a spiropyran derivative, luminescence switching occurs despite the absence of either
mechanism. The underlying mechanism remains unclear. In this study, we have analyzed the
shell-thickness-dependence of luminescence switching of HSs to reveal the mechanism by
steady-state and time-resolved spectroscopy.

Keywords : Core/shell Quantum Dots; Photochromic Molecules; Luminescence Switching
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Pressure-dependent Elementary Exciton Processes of Lead Halide Perovskite Nanoplatelets
Superlattices (School of Science, Kwansei Gakuin University) O Takeshi Nishi, Taiki
Yamashita, Daichi Eguchi, Naoto Tamai

Superlattices of lead halide perovskite nanocrystals (LHP NCs) are known to exhibit
collective physicochemical properties arising from interactions between adjacent NCs. The
distance between neighboring NCs is a critical factor in the manifestation of these properties.
Applying pressure is an effective method for modulating this distance. In this study, we
synthesized superlattices of LHP nanoplatelets (NPLs) and applied pressure using a diamond
anvil cell and investigated the relationship between the inter-NPL distance in the superlattice
and elementary exciton processes.

Keywords : Lead Halide Perovskite Nanoplatelet, Superlattice, Diamond Anvil Cell
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1) D. Kim et. al., Nat. Commun. 2020, 11, 5471. 2) B. Nickel et. al., Nat. Commun. 2024, 15, 8952.

3) J. Feldmann et. al., Nano Lett. 2018, 18, 5231.
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Effect of Photochemical Electron Doping on Elementary Exciton Processes of CdSe Nanorods
(School of Science, Kwansei Gakuin University)O Yukina Kawaguchi, Daichi Eguchi, Naoto
Tamai

The efficient utilization of hot electrons generated by photoexcitation of semiconductors has
garnered significant attention due to its potential to enhance photoelectric conversion efficiency.
To achieve this, it is essential to suppress the rapid relaxation of hot electrons to the band edge,
and electron doping to the lowest excitonic state has been reported as an effective strategy. In
this study, we have elucidated the effect of photochemical electron doping in semiconductor
nanorods with large absorption cross-sections on the relaxation dynamics of hot electrons using
femtosecond transient absorption spectroscopy.

Keywords : CdSe Nanorods; Photochemical Doping; Elementary Exciton Process
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B. M. Cossairt et al., Mater. Chem. Front., 2018, 2, 1296.
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