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This study combined the photo-responsive molecular magnetic materials and polar molecular crystals
realizing the conversion of light energy to electrical energy. It paves the way to develop i
opto-electric multifunctional materials, next generation memories and energy saving and conversion
materials.

To realize photo-induced macroscopic polarization change with current output

during the relaxation process from excited state to the ground state. We focused on the spin
crossover complexes with Light-Induced Excited Spin-State Trapping effect (LIESST) and Prussian blue
analogues with photo-induced electron-transfer-coupled spin transition (ETCST) process. We have
obtained a polar Fe(ll) spin crossover complex exhibited LIESST effect, in which 28% of Fe(ll)
changes from the low spin state of the ground state to the high spin state of the excited state
after photoexcitation. When the excited state returned to the ground state, the current was
detected. Then, we developed a trinuclear [Fe2Co] Prussian blue analogue with 100% conversion from
ground state to excited state in response to the light irradiation. During this process, the output
current was observed. This study will benefit the development of multifunctional optoelectronic
materials and energy conversion materials.
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Polarization switching can be generated in response to an electric field, mechanical stress, and temperature,
which is known as ferroelectricity, piezoelectricity, and pyroelectricity, respectively. Those materials are
widely used in energy harvesting, data storage media, capacitors, and sensors. Light is also an effective
way to induce polarization switching indirectly or directly. For example, light can indirectly induce the
ferroelectric phase via the photoflexoelectric effect, and more commonly, polarization via the pyroelectric
effect; however, both approaches make full use of the thermal effect of light to modulate the temperature
of the lattice modes. Meanwhile, a photoinduced polarization change from the ground to the excited state
by direct excitation with laser pulse was confirmed with the help of femtosecond technology in charge-
transfer organic crystals and valence tautomeric cobalt complexes. Compared with the indirect way, directly
photoinduced polarization switching is faster and more effective. Unfortunately, the short lifetime of the
excited state hinders the analysis of its structure and physical properties, the realization of photoinduced
polarization change in the macroscale with pyroelectric current output. In addition, it is not conducive to

the application of photoinduced polarization change in data storage and energy storage and conversion.
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The aim of the proposed research is to develop crystals of spin crossover complexes with LIESST effect
that exhibit photoinduced polarization change from ground states to excited states with long-lived
metastable states. Moreover, to elucidate the mechanism of this process, we expect to identify the

differences in the chemical and electronic structures between ground states and excited states.

3. WDk

To realize the photoinduced macroscopic polarization change with long-lived excited states, in this
project, we will focus on molecular crystals with LIESST, which offers a reversible way of photo-
switching the electronic configuration of spin crossover (SCO) systems having long-lived excited
states. The SCO phenomenon is a change of the electronic configuration of a metal ion in response to
external stimuli such as temperature and light. This transition usually is associated with drastic
modifications not only in the magnetic but also in the structural properties as a result of the change in
the population of the antibonding eg orbitals. The abrupt shrinkage or expansion of the metal—ligand
bonds can cause great changes in the crystal packing and symmetry of the corresponding crystal
structure. In addition, [FeCo] Prussian blue compounds capable of electron transfer coupled spin
transition (ETCST) are also ideal candidates. In the ETCST process, the electronic structure of the
molecules involved change as the electrons are transferred between them, and this results in significant

changes of the molecular dipole moment, thereby switching the polarization of the crystal.

In this project, an Fe(Il) spin crossover crystal (Figure 1A), [Fe(L)2(ClO4):] (L=propyl-2,6-
di(1Hpyrazol-1-yl)isonicotinate), that exhibits photoinduced macroscopic polarization change upon
excitation by green light. When the excited crystal relaxes to the ground state, the corresponding
pyroelectric current was directly detected (Figure 1B). An analysis of the structures, magnetic
properties and the Mdssbauer and infrared spectra of the complex, supported by calculations, revealed
that the polarization change is dictated by the directional relative movement of ions during the spin

transition process, which shows that the light-induced ion movement in a polar crystal is also realized.



This study indicates that the combination of the LIESST effect and macroscopic polarization is a
feasible way to realize photoinduced persistent polarization change by harnessing the photoexcitation
effect rather than the thermal effect of light. It demonstrates the enormous potential of polar spin
crossover systems in the field of optoelectronic materials (Angew. Chem. Int. Ed. 2022, 61,
€202208771).
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Fig. 1. Photoinduced spin transformation (A) accompanied by changes in macroscopic

polarization (B, single crystal pyroelectric current).

In addition, a cyanidebridged compound [Fe(Tp)(CN)3]2(Co(dpa)2) 2H20 IPA ([Fe2Co]) (Tp =
trispyrazolylborate, dpa = 2,2” -dipyridylamine, and IPA = isopropanol) exhibited light-induced
polarization switching behavior was developed (Figure 2). A ferroelectric-type phase transition, was
confirmed by single-crystal X-ray diffraction, characterized by a directional electron transfer and the
reorientation of the solvent molecules. This process yielded a polar phase at low temperatures.
Interestingly, the directional electron transfer process and polarization of the crystal can be controlled
by irradiating the compound with 785 nm light without needing an electric field. The electric current
signal, corresponding to the polarization switching from the excited state to ground state, can be
detected clearly after irradiation using a conventional pyroelectric measurement system. This
achievement realizes the direct electric detection of a light-controlled ferroelectric phase transition in

the molecular Prussian blue analogues (J. Am. Chem. Soc. 2024, 146, 201-209).
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Fig. 2. Photoinduced charge transfer accompanied by changes in macroscopic polarization.



Sadhukhan Pritam Wu Shu-Qi Kanegawa Shinji Su Sheng-Qun Zhang Xiaopeng Nakanishi Takumi 14

Long Jeremy lan Gao Kaige Shimada Rintaro Okajima Hajime Sakamoto Akira Chiappella Joy

G. Huzan Myron S. Kroll Thomas Sokaras Dimosthenis Baker Michael L. Sato Osamu

Energy conversion and storage via photoinduced polarization change in non-ferroelectric 2023

molecular [CoGa] crystals

Nature Communications 3394
DOl

10.1038/s41467-023-39127-8

Huang Yu-Bo Li Jun-Qiu Xu Wen-Huang Zheng Wenwei Zhang Xiaopeng Gao Kai-Ge Ji Tianchi 146

Ikeda Taisuke Nakanishi Takumi Kanegawa Shinji Wu Shu-Qi Su Sheng-Qun Sato Osamu

Electrically Detectable Photoinduced Polarization Switching in a Molecular Prussian Blue 2023

Analogue

Journal of the American Chemical Society 201 209
DOl

10.1021/jacs.3c07545

Su Sheng-Qun Wu Shu-Qi Kanegawa Shinji Yamamoto Kaoru Sato Osamu 14

Control of electronic polarization <i>via</i> charge ordering and electron transfer: electronic 2023

ferroelectrics and electronic pyroelectrics

Chemical Science

10631 10643

DOl
10.1039/D3SC03432A

Zhang Xiaopeng Xu Wen-Huang Zheng Wenwei Su Sheng-Qun Huang Yu-Bo Shui Qirui Ji Tianchi 145
Uematsu Mikoto Chen Qian Tokunaga Masashi Gao Kaige Okazawa Atsushi Kanegawa Shinji Wu

Shu-Qi Sato Osamu

Magnetoelectricity Enhanced by Electron Redistribution in a Spin Crossover [FeCo] Complex 2023

Journal of the American Chemical Society

15647 15651

DOl
10.1021/jacs.3c02977




Xu Wen-Huang Huang Yu-Bo Zheng Wen-Wei Su Sheng-Qun Kanegawa Shinji Wu Shu-Qi Sato Osamu 53

Photo-induced valence tautomerism and polarization switching in mononuclear cobalt complexes 2024

with an enantiopure chiral ligand

Dalton Transactions 2512 2516
DOl

10.1039/D3DT03915C

Su Sheng- Qun Wu Shu- Qi Huang Yu- Bo Xu Wen- Huang Gao Kai- Ge Okazawa Atsushi Okajima 61

Hajime Sakamoto Akira Kanegawa Shinji Sato Osamu

Photoinduced Persistent Polarization Change in a Spin Transition Crystal 2022

Angewandte Chemie International Edition 202208771
DOl

10.1002/anie.202208771

Cheng Feng Wu Shugi Zheng Wenwei Su Shengqun Nakanishi Takumi Xu Wenhuang Sadhukhan 28

Pritam Sejima Hibiki Ikenaga Shimon Yamamoto Kaoru Gao Kaige Kanegawa Shinji Sato Osamu

Macroscopic Polarization Change of Mononuclear Valence Tautomeric Cobalt Complexes Through the 2022

Use of Enantiopure Ligand

Chemistry ? A European Journal 2022021

DOl
10.1002/chem. 202202161

Su Sheng-Qun, Sato Osamu

Photoinduced Persistent Polarization Change in a Spin Transition Crystal

JSCC 72nd Annual Meeting

2022







