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The construction of complexes between molecules and inorganic materials is attracting attention
worldwide. In this account, investigation of emissive materials using layered clay minerals as a
reaction field will be descripted. Emission is a fundamental physicochemical phenomenon that
sensitively reflects molecular states. Organic molecules adsorbed on the surface of saponite, a
type of layered inorganic materials, show interesting changes in emission behavior due to
changes in intramolecular motion and the optimal structure. Two main works are presented here.
One is a detailed study of the mechanism of emission enhancement, and the other is a synthesis
of novel luminescent molecules by using saponite surface as a unique reaction field.
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Figure 1. (a, b) Unit layered structure of saponite
and the

nanosheet aqueous dispersion. Transmission

stacking structure. (c) Saponite

spectra of Saponite nanosheet aqueous
dispersion. (e) AFM image of saponite particles.
Reprinted with permission from Ref. 1 Copyright

© 2013, American Chemical Society.
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Figure 2. (a) Photograph of aqueous solution
containing BID (A) without SN and (B) with SN. (b)
Emission spectra of BID with and without SN.
Reprinted with permission from Ref. 2 Copyright
© 2024, Springer Nature.
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Figure 3. Calculated optimized structures of
AnPP* in the ground state and the first excited
state. Geometry optimization and molecular
orbital calculations were performed using the
density functional theory (DFT) method using the
cam-B3LYP function and 6-31 + G (d, p) basis
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set in a polar environment with water as the
solvent. Reprinted with permission from Ref. 11.

Copyright © 2024, American Chemical Society.

Ground state

First excited state

LUMO

HOMO

Figure 4. HOMO, LUMO, and LUMO+1 of AnPP*
at the optimized conformation in the ground state
and the first excited state.
Copyright © 2024,

Reprinted with
permission from Ref. 11.

American Chemical Society
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Figure 5. (a, b) Absorption and emission spectra
of AnPP* in various solvents. Reprinted with
permission from Ref. 11. Copyright © 2024,

American Chemical Society.

Table 1. @ and 7 of AnPP*

conditions. Reprinted with permission from Ref.

under various

10. Copyright © 2024, American Chemical Society

800

P, 1.(ns)
Acetone 0.0021 0.63
Acetonitrile 0.0015 0.62
Ethanol 0.0019 0.73
Methanol 0.0012 0.56
Clay nanosheet 0.026 4.2,0.79

(0.1 % vs CEC)
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Figure 6. Transient spectra of AnPP* after
photoexcitation at 400 nm (a) in water and (b) in
methanol. (c, d) In([AAbs]o/[AAbs]:) vs time plot at
580 nm in water and in methanol. Reprinted with
permission from Ref. 11. Copyright © 2024,

American Chemical Society
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Figure 7. Simplified potential energy surface
(sPES) for emission behavior of AnPP* (a) in
organic solvents (b) in water. Reprinted with
permission from Ref. 11. Copyright © 2024,

American Chemical Society
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Figure 8. (a) Corrected absorption spectra of

AnPP* (blue) in water and (orange) aqueous clay
nanosheet dispersion at 10% vs. CEC. The
concentrations of AnPP* were identical. (b)
Plausible adsorption structure. Reprinted with
permission from Ref. 11. Copyright © 2024,

American Chemical Society.
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Figure 9. The emission spectrum of AnPP* on the
clay nanosheets at 0.1% vs. CEC and the
emission quantum yield. [SN] = 5.0x10* eq. L,
[AnPP*] = 5.0x107 mol L'. Reprinted with
permission from Ref. 11. Copyright © 2024,

American Chemical Society.

ZNENDOLRMNTIZHITH AnPP Dk, Lk,
% Table 2 |ZFLH7-, SN IZWAETHZETHE
KD S-FIE O ERRRIZ, kyyp METFL T
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¥ X — A EXI L7 (Figure 10), 5
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Table 2. k: and knr of AnNPP* in various solvents
and on the clay surface at 0.1% vs. CEC.
Copyright © 2024, American Chemical Society.

k. (106s) kK, (10°s™)
Acetone 3.4 1.6
Acetonitrile 24 1.6
Ethanol 2.6 1.4
Methanol 2.2 1.8
Clay nanosheet 12 0.23

(0.1 % vs CEC)
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On clay nanosheet |
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Figure 10. Simplified potential energy surface
(sPES) for emission behavior of AnPP* on the clay
nanosheet. The solid lines represent sPES on the
nanosheet and the dotted lines represent sPES in
solvent for comparison. Reprinted with permission
from Ref. 11. Copyright © 2024, American

Chemical Society.
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Figure 11. (a) Schematic of AHXY
photocyclization. (b) Optimized molecular

structures of the reactant (AHBrMe), intermediate
(ABPH2BrMe), and product (ABPBrMe) from DFT
calculation (B3LYP/6-31+g(d,p)) (side-view). The
value indicates the distance between the center of
the Br atom and that of the CHs group. Reprinted
with permission from Ref. 12. Copyright © 2024,

American Chemical Society.
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Figure 12. Products that are synthesized into

saponite layers.
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Figure 13. Absorption and luminescence spectra
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of AL (left) and AHBrMe (right) in methanol excited
at 450 nm and 430 nm, respectively. Amax of these
peaks and emission quantum yield. Reprinted with
permission from Ref. 11. Copyright © 2024,

American Chemical Society.
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