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(a) Conventional Z-scheme artificial photosynthesis system, and (b) proposed artificial photosynthesis with vectorial

electron transfer by using stacked nanosheets. (¢c) XRD patterns, (d) TEM image and (e) EDX spectrum of Ru interca-

lated Tig9104/Pt(terpy)-W,07 and the precursors. (f) Amount of produced dihydrogen gas from Ru intercalated

Tio0102/Pt (terpy) -W,0; dispersed in water under visible light irradiation (2>>420 nm). (g) Fluorescence decay profiles

of Ru(bpy)§+ in various layered structure. (h) Molecular dynamics calculation of Ru(bpy)? at the interlayer space of

alternate stacked structure for 50 ps.
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Fig. 2. (a) Photoinduced energy and electron transfer in
alternately stacked Eu’" : LaNb,O7 and W,03~
nanosheets. (b) XRD patterns of alternately
stacked Eu’ ™ : LaNb,0O7 and W,0% . (¢) Plots of d
value as a function of the number of carbons be-
tween neighboring nanosheets. (d) TEM image of
alternately stacked Eu’” : LaNb,O7 and W03, (e)
Plots of rate constant against the stacking distance.
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(a) Wide band gap photocatalyst driven by the upconverted high energy photon. (b) Photon upconversion system con-

sisting of Ru(dmb)3 " and DPA molecules introduced into the hydrophobized interlayer space of montmorillonite.

(c) Excitation—emission spectra of UCP. (d) Relationship between the intensity of excitation light and the emission

light, and (e) emission decay of the Ru(dmb)3 " and DPA intercalated Kunipia F by 466 nm pulse laser excitation.
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Fig. 5. (a) Introduction way of arene via in-situ deamination of aminoarene. (b) CHN Elemental Analysis of Saponite React-

ed with 2-anthrylammoniums. (c¢) X-ray diffraction (XRD) patterns and (d) X-band electron spin resonance (ESR)
spectra of the products. Number of remaining radical species after (e) thermal and photostability tests and (f) the reac-
tions in liquid phase.
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Fig. 6. (a) Aryl-terminated polymer reported in elsewhere.
(b) Polystyrene with directly and regioselectively
bonded aryl-terminal groups reported in this study.
A=440 nm emission decay curves of 1AA PS
(green) and 2AA_PS (blue) excited with a sub-
nanosecond (¢) =405 nm and (d) 2=280 nm
flash light.
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Fig. 7. (a), (b) Emission spectra (dotted line) and ab-
sorption spectra (solid line) of anthracene intro-
duced in H-MOR. (c) Emission spectra of anthra-
cene introduced in H-FAU and (d) corresponding
CIE diagram.
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Development of Photofunctional Materials
Using Inorganic Nanospace

Fuminao Kishimoto
Graduate School of Engineering, The University of Tokyo

The storage and active use of solar energy is a core issue for the construction of a carbon-neutral society. On
the other hand, materials with unique optical functions will realize new devices and sensors that support Society
5.0. In other words, “manipulating light” is a hot topic in energy and materials chemistry. In this paper, we
describe examples of the development of photofunctional materials that enable flexible conversion of light energy
by filling precisely designed layered nanospaces with luminescent organic molecules. (1) Photocatalysis by
nanosheet stacked vector electron transfer system: By introducing Ru (bpy) 3" between the layers of the alternat-
ing stacked structure of titanic acid and tungstic acid nanosheets created by thiol enrichment reaction, the tungstic
acid is converted to tungstic acid via Ru(bpy)§+ by visible light irradiation to titanate via Ru (bpy) 3" and photo-
catalytic hydrogen production. (2) Photocatalyst driven by interlayer upconversion: By filling organic molecules
between clay layers, we developed a photon-upconversion material that can convert short wavelengths from
green light to blue light in the presence of water and oxygen, which was previously difficult. Using this material,
we succeeded in driving a photocatalyst that works only under short wavelength light by using long wavelength
light, which is the main component in sunlight. (3) Design of photofunctional materials by filling nanospace with
unsubstituted arenes using “catalytic deamination method”: We developed a method for filling nanospace with
unsubstituted arenes by deamination reaction of ammonium arenes introduced into the clay interlayer and zeolite
pores. The unsubstituted arene exists as a stable radical between the clay layers and functions as an initiator of
styrene polymerization, and we succeeded in obtaining photo-functional polystyrene with aryl groups directly at-
tached to the polymer ends. The luminescence color of the unsubstituted arenes in the zeolite pores changed due
to the confinement effect of the zeolite, and the optimal luminescence color for OLED materials was obtained by

designing the zeolite host.

Key words: host-guest, layered materials, photocatalyst, photon upconversion, radical polymerization, organic
emitter
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