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Preparation of Photosensitizer-Semiconductor Nanosheet Hetero-Stacked Type
Photon-Energy Conversion System

SASAL, Ryoi
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To develop the novel photon-energy conversion system with high conversion
efficiency from solar energy to chemical energy, Hybridization of porphyrin, which is one of
photosensitizer, with semiconductor nanosheet and those photoconversion Broperty was investigated in this
study. As results, we could succeeded in preparing the hetero-stacked hybrid film between porphyrins and
semicondutor such as cobaltate nanosheet and Rh-doped titanate nanosheet by layer-by-layer method. When
porphyrin molecules in these hybrid films were photo-excited by visible light (450 nm), the photo-induced
electron transfer reaction from porphyrin through the nanosheet could occur. Moreover, we could observed
hydrogen generation under visible light irradition in the case of Rh-doped titanate/porphyrin hybrids.




(2]

S
pn
CNS
Rh
TNS:Rhx
p
CNS
Kim
Chem. Eur. J. 2009,
15, 10752-1076  TNS:Rhx
Rh Rh,04 TiO,
Na,CO; 1173 K 48
Naz(Ti, R_h)307
Miyamoto
TNS:Rhx
J. Phys. Chem. B 2004, 108,
4268-4274.
Layer-by-Layer LbL

Polyethyleneimine

20

20

a,B,y,0-tetrakis(1-methylpyridinium-4-yl)po

rphyrin (TMPyP) 20
TMPyP
TMPyP
CNS
TMPyP Methylviologen
MV
CNS TMPyP
CNS/TMPyP

Br 2]

I(a)

7 kPa

TMPyP 450
nm
254 nm



41 XRD
RIGAKU MiniFlex

SPM

controller

Chopper ‘{ Lock in Amp
P

T e
\%

P —

Potentiostat

AD

Quartz converter
glass

— FTO

Electrolyte
(NaOH/H,0)
TEOA

Xelamp Chopper CE (Pt) RE (Ag/AgCl)

2

ICP
CHN

[1] CNS 3 2]
CNS/TMPyP CNS/MV
CNS/TMPyP/CNS/MV

LbL

LbL
TMPyP  Soret

TMPyP
CNS

4 CN/TMPyP/CNS/MV
450 nm

TMPyP  Sore
390 650

nm

0.04

‘ ‘ (a)
ENS| - rnipyp g
436 tm

0.03

0.01

Absorbance
=
(=]
W

0 300 400 500 600 700 800
Wavelength (nm)

| (b

l — (©)

o
(el
[

Absorbance

I I

o o

E _X
S : -
N /((/%%

0.02

Wavelength (nm)
3.LbL
(a)CNS/TMPyP
(b)CNS/MV
(c)CNS/TMPyP/CNS/MV
o MV*
MV+
<
?
é 05}
TMPyPox
) 300 200 500 500

‘Wavelength, A (nm)

4. CNS/TMPyP/CNS/MV 450 nm

MV*

CNS/TMPyP/CNS/MV



TMPyP

TMPyP
CNS MV
5
Energy vs SCE
A
Ry B CB(Codd)
—— g
t
—1.06 ==-f--mnmmmmemeeemene e ES
N ¢ Ty QU N ——— Reduction
Potential
-0.68 -t
VB (02
—0.03 -} (2
CNS
TMPyP MV
5.
TMPyP MV
CB
CNS 3 Co 4 Co
Motohashi
Phys. Rev. B 2011, 83, 195128.
CNS/TMPyP/CNS/MV
CNS
5
TMPyP MV

CNS

0.001- s

A Abs
=

— REs21ER

L | . | L | L I_ #'BEETOSI‘,I&_

200 300 400 500 600 700 800
Wavelength (nm)

6.
CNS/TMPyP/CNS/MV

CNS

CNS

CNS

CNS

[2] TNSRhx [1]
Ti;0;, T Rh
TNS
Na,Ti;0;

Rh
[Ti;07]*
[Tiz.9985Rh0 0012071

[Tiz.971Rhg 02007]*
TNS:Rhx

7
Rh

Rh Ti 3 4

Rh
TNS:Rhx

8 TNS:Rhx



Rabs(438m, )

0.5
0.4- .
—x =0.00

20,30 x=0.0012 |
§°°7 —=x=10.029
-~
S
£0.2- ]
<

0.1- E

|
0 3 4
Energy (eV)
7. TNS:Rhx
TMPyP LbL
254 nm
TMPyP  Soret
Abs(A.1)
R, (A1) =
(L0 Abs(4,0)
= T.\IS:II{h\ttTI\/leP‘ﬂ%
. =000
=0.0012

081 = - . x=0.029 =

o.4| Light off

20 40 60 80 100

r (min)
8. TMPyP  Soret
Rh
TMPyP  Soret
TNS:Rhx
TMPyP
TNS:Rhx Rh
TNS:Rhx
Rh VB
Rh
TNS:Rhx CB  TMPyP
LUMO
TMPyP
TNS:Rhx CB TNS:Rhx

TNS:Rhx

[5]

[7]

TMPyP MeOH
Rh
TNS:Rhx 450 nm
2
TMPyP

Soontornchaiyakul Wasusate
Photochemical Reaction of
Multilayer Thin Solid Films Consisting of
Both Rh-Doped Titanate Nanosheet and
Cationic Porphyrin 95

2015/3/28
Soontornchaiyakul Wasusate
Photochemical Properties of Hybrid
Multilayer Film between Rh-Doped Titanate
Nanosheet and Porphyrin

21
in
2014/11/15
21
n
2014/11/15
27
2014/9/9

Soontornchaiyakul Wasusate
Photochemical Study of Porphyrin and
Methyl Viorogen in Stacked Films of
Rh-Doped Titanate
3
2014/9/2

TMPyP

2014/9/2
Soontornchaiyakul Wasusate and Ryo Sasai
Photochemical Behavior of Porphyrin
Incorporated in Layered Rh-Doped Titanate
Compound  The 15" [UMRS-International
Conference in Asia 2014/8/26



94
2014/3/29
[9] Soontornchaiyakul Wasusate
Photochemical Behavior of Metal-Doped
Titanate Nanosheet/Porphyrin Alternative
Stacked Films 94
2014/3/28
[10] Soontornchaiyakul Wasusate and Ryo Sasai
Preparation of  Layer-by-Layer
Assembled Multilayer Films of Rh-Doped
Titanate Nanosheet and Cationic Porphyrin
and Investigation of Photochemical
Behavior of Porphyrin under Light
Irradiation  Japan-Taiwan Joint Workshop
on Nanospace Materials
2014/3/12
[11] Layer-by-Layer

20 in
2013/12/21
[12] Soontornchaiyakul Wasusate
Preparation and Characterization of
Layer-by-Layer  Assembled  Multilayer
Films of Rh-Doped Titanate Nanosheet

20
in
2013/12/21
[13] -
Layer-by-Layer
2
in
2013/9/9
o
o
1. 1 Ryo’s Laboratory Open
Seminar 2013
2013/10/3
2.
2 Ryo’s
Laboratory Open Seminar 2014  Peter
Bohac Slovak Academy of Science
2014/4/18
3. 5 Ryo’s Laboratory Open

Seminar 2014
2014/10/2

1. Layer-by-Layer

2

2. Photochemical
Study of Porphyrin and Methyl
Viorogen in Stacked Films of
Rh-Doped Titanate Soontornchaiyakul

Wasusate
3
HP
http://www.phys.shimane-u.ac.jp/ryo_lab/in
dex.html
M
SASAIRYO
60314051



