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Electrochromic properties of aryl-bridged fast-photochromic

radical complexes
oKatsuya Yamamoto!, Hajime Okajima?, Akira Sakamoto!, Katsuya Mutoh?, Jiro Abe!
! Department of Chemistry, Aoyama Gakuin University, Japan

[Abstract] The aryl-bridged fast-photochromic radical complexes have been developed
based on the idea to restrict the diffusion of photogenerated radicals by an aryl linker. The
bond-breaking of these photochromic molecules can be triggered by the one-electron
reduction not only by the photoexcitation. The electrochemically generated radical anion
species spontaneously breaks the C-N bond and generates the dianion species by the
subsequent reduction. The reduction process of imidazole dimers has been investigated by
several papers, but the oxidation process has not been investigated because of the instability
of the radical cation species. Herein, we found that the radical cation species is effectively
stabilized by the introduction of an aryl-linker. Moreover, we determined the structure of the
radical cation species with in situ resonance Raman spectroelectrochemistry.
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Scheme 1. Photochromic reaction schemes of (a) pentaarylbiimidazole; PABI and (b) phenoxyl-imidazolyl
radical complex; PIC.
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Figure 1. (a) Cyclic voltammograms of 1 mM PABI and PIC in degassed CH3;CN containing 0.1 M TBAPFs

as an electrolyte. (b) UV—-vis—NIR absorption spectra of PABI and PIC radical cation under the constant

potential at 1.2 V versus Fc/Fc*.
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Figure 2. Resonance Raman spectra and DFT calculation results (UB3LYP/6-31G**) of electrogenerated (a)
PABI and (b) PIC radical cation in degassed CH3sCN containing 0.1 M TBAPFs as an electrolyte excited with
633 nm visible laser under the constant potential at 1.2 V versus Fc/Fc*.
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Reversible valence photoisomerization of photogenerated biradical

oAyako Tokunaga, Mutoh Katsuya, Jiro Abe
Department of Chemistry, School of Science and Engineering, Aoyama Gakuin University

[Abstract] The electronic structure of a molecule with singlet biradical character depends on
the planarity in the molecular structure. In the case of a singlet biradical with a flexible structure,
it may exist as a thermal equilibrium between an open-shell biradical form and a closed-shell
quinoidal form. It is significant to investigate the dynamics of the valence isomerization process
starting from one state to the equilibrium state, where the bond formation and dissociation
processes can be observed in real time. Previously, we reported a photochromic molecule, Py-
RPIC, which exhibits a valence isomerization from the photogenerated biradical species to the
quinoidal species [1]. Py-RPIC is a good candidate for the direct observation of a valence
isomerization because it can generate the biradical repeatedly. Here, we report a kinetic study
on the thermal equilibrium process between the biradical and the quinoidal forms and an
unprecedented photoisomerization of the equilibrium revealed by using a double pulse
nanosecond laser flash photolysis measurement.
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Fig. 1. Photochromic scheme of Py-RPIC.
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Fig. 2 Transient absorption spectra of

Py-RPIC in toluene (5.7 x 1075 M) at

298 K on the microsecond time scale

excited with a 355 nm nanosecond laser

pulse (5.5 mJ/pulse).
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Fig. 3 (a) Temporal changes of the transient absorbance at 520 nm of Py-RPIC after the double laser pulse
excitation at 243 K (in toluene, 4.2 x 107 M; Aex1 = 355 nm, pulse width = 5 ns, pulse energy = 3.5 mJ; Aex2
= 430 nm, pulse width = 5 ns, pulse energy = 6.6 mJ, delay time = 500 ns—40 ps). (b) Black solid line: rise
profile of the fraction of Quinoid obtained by global analysis of the transient absorption spectra measured by
single laser pulse excitation at 243 K. Green circles: 44Absorbance at 520 nm as a function of the delay time.
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Time-resolved EPR study of dynamics
of the singlet-fission-born triplet exciton pair.

oHiroki Nagashima', Shuhei Kawaoka 2, Seiji Akimoto®, Takashi Tachikawa'”,
Yasunori Matsui**, Hiroshi Ikeda®*, Yasuhiro Kobori'"

! Molecular Photoscience Research Center, Kobe University, Japan
? Graduate School of Engineering, Osaka Prefecture University, Japan
7 Graduate School of Science, Kobe University, Japan
"The Research Institute for Molecular Electronic Devices (RIMED), Osaka Prefecture
University, Japan

[ Abstract] Singlet fission (SF) generates two triplet excitons from one photon, promised to
improve the solar cell efficiency [1,2]. Recently, the SF-born-quintet state (the triplet pair)
was observed using time-resolved electron
paramagnetic resonance (TREPR) [3,4]. Since  (A)
the reverse process of the SF, triplet-triplet
annihilation is restricted from the quintet state,
the mechanism for the spin conversion to the
quintet state is important for the solar cell
application. In this study, we investigated the
intermolecular SF in pentacene and tetracene
derivatives with weak chromophore
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spin-state dynamics and its related energetics

were clarified by a combination of TREPR and |s|| (PR, s. Pr)g

fluorescence measurements. Sublevel-selective TIPS-Pn TIPS-Ph-Te
populations of the quintet state were detected,  Fig.1. (A) Schematic mechanism for SF.
indicating that triplet exciton diffusion is  (B) Structures of TIPS-Pn and TIPS-Ph-Tc.
important for the spin conversion.
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Partially ordered state of ionic liquid (Csamim)PFs
observed by heat capacity measurement

oTakushi Koike!, Teruya Idegomorit, Keisuke Watanabe®, Keishi Negita®
! Department of Chemistry, Fukuoka University, Japan

[ Abstract] lonic liquids (ILs) are composed of bulky cation and anion, and have characteristic
properties such as low melting point and low vapor pressure. Scientifically, it has been suggested that
there is a crystal-like order even in the liquid state. In the present study, heat capacities of ionic liquid
1-butyl-3-methylimidazolium hexafluorophosphate (Csmim)PFs have been measured as a function of
temperature. When cooled rapidly and then C, was measured on heating, a normal glass transition (T, =
194 K) was observed. While cooled slowly, an exothermic heat due to crystallization was observed. In
this case, on heating, C, showed a broad glass transition around Ty, indicating that not only a crystal but
also a partial glass is formed. Based on these results, we will discuss the partially ordered state of this
ionic liquid.
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Valence Electronic Structure and Madelung Energy of lonic Liquids
- Effect of lonic Radius -
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! Department of Materials Science and Engineering, Tokyo Institute of Technology, Japan
2 Department of Physics, Faculty of Science and Technology,
Tokyo University of Science, Japan

[Abstract] The Madelung constant or potential is used in determining a sum of electrostatic
potentials of cations and anions in ionic crystals. It is assumed for the calculation of
Madelung constant that cations and anions are described by point charge. Though ionic liquid
is a part of ionic materials, the inclusion of higher order moments of the charge density may
be necessary in the elucidation of Madelung constant, due to its highly asymmetric molecular
structure. In this report, we have conducted a series of UPS experiments on ionic liquids to
estimate Madelung potentials. It has been shown that a nearest neighbor distance can be a

good parameter on the estimation of Madelung potentials of ionic liquids.
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From Ionic Liquid to Solvate Ionic Liquid:
Unique Transport Properties and Electrochemical Reactions

Masayoshi Watanabe
Graduate School of Engineering Science, Yokohama National University, Japan

[Abstract] Certain molten solvates of Li salts can be regarded as solvate ionic liquids. A
typical example is equimolar mixtures of glymes (G3: triglyme and G4: tetraglyme) and
Li[TFSA]([TFSA]=[NTf2]) ([Li(glyme)][TFSA]). The amount of free glyme estimated by
Raman spectroscopy, emf measurements of concentration cell, and MD simulation was less
than a few percent in [Li(glyme)][TFSA], and thereby could be regarded as solvate ionic
liquids. Unlike conventional electrolytes, the solvation of Li" by the glyme forms stable and
discrete solvate ions ([Li(glyme)]") in the solvate ionic liquids. This anomalous Li" solvation
had a great impact on the electrolyte properties and electrode reactions. In this presentation,
unique transport properties and electrochemical reactions in the solvate ionic liquids will be
highlighted.
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Fig. 1. (a): Amount of free glyme determined by
Raman spectroscopy for one-to-one mixtures
between glymes (G3 and G4) and different
lithium salts. (b): The amount of free glyme
approaches zero when diffusivity ratios (Dg/Dvri)
between the glyme molecules and Li* approach

unity.
.4 :
2 J G3=triglyme HOMO Level
2 ‘f”{ G3 -11.45eV
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o
4 2 9
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Fig. 2. The most probable structure of

[Li(G3):][TFSA] ([TFSA] = [N(SO:CF3);]) and the
highest occupied molecular orbital (HOMO) energy
level lowering of G3 in the probable structure,
estimated by ab initio molecular orbital calculations,
and schematic representation of ligand exchange
conduction mode typically seen when electrochemical
reactions occur at the electrode-electrolvte interfaces.

& ZNEFIM LTz Li-S BMEME~DRER, 777 7 7 A4 OIS OFEE SR L7720,
(&5 CiEk] [1] M. Watanabe et al., Chem. Rev., 117, 7190-7239 (2017) and references therein.
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