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Design of Integrated Heterogeneous Catalysts by Utilization of Porous Siliceous Mate
rials with Higher-order Nanostructure
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Design of integrated heterogeneous catalysts was carried out by utilization of por
ous siliceous materials with higher-order nanostructure, i.e., hierarchical macroporous networks with meso
porous frameworks. Spherical polymer particles and organic surfactant was used as a hard template for cons
truction of nanostructures. Efficient catalysts for transformation of relatively large molecules were succ
essfully developed by incorporation of transition metal oxide species within their frameworks and loading
of Pt nanoparticles on their surface. The comparative studies also revealed that the roles and unique prop
erties of higher-order nanostructure.



( 05 - 2 nm)
( 2-10nm )

(PCPIMOF)
Pt Pd
( 50
1000 nm )
D Al T Cr Fe
@) (
)
(©) Pt
4
D

(PMMA)

Cr Fe

@

©)

(4)

(Al

@

@

Al Ti

NMR

Cr Fe

Ti

Al Ti

CO

Cr Fe



(3) Al
4 Ti Cr Fe
©) Pt
Pt
19

1. H. Cheng, T. Kamegawa, K. Mori, H.
Yamashita, “Surfactant-Free Nonaqueous
Synthesis of Plasmonic Molybdenum Oxide
Nanosheets with Enhanced Catalytic Activity for
Hydrogen Generation from Ammonia Borane
under Visible Light”, Angewandte Chemie
International Edition, 2014, 53, 2910-2914, DOI:
10.1002/anie.201309759,

2. S. Ikurumi, S. Okada, K. Nakatsuka, T.
Kamegawa, K. Mori, H. Yamashita, “Enhanced
Activity and Selectivity in the One-Pot
Hydroxylation of Phenol by Pd/SiO,@
Fe-Containing Mesoporous Silica Core-Shell
Catalyst”, Journal of Physical Chemistry C, 2014,
118, 575-581, DOI: 10.1021/jp411153p,

3. T. Kamegawa, S. Tanaka, H. Seto, D. Zhou, H.
Yamashita, “Preparation of Aluminum-containing
Mesoporous Silica with Hierarchical
Macroporous Architecture and its Enhanced
Catalytic  Activities”, Physical  Chemistry

Chemical Physics,, 2013, 15, 13323-13328, DOL:
10.1039/c3cp51022k,

4. K. Fuku, R. Hayashi, S. Takakura, T.
Kamegawa, K. Mori, H. Yamashita, “Synthesis of
Size- and Color-controlled Ag Nanoparticles
Using Microwave Heating and a Mesoporous
Support and Enhancement of Their Catalytic
Activity Using Localized Surface Plasmon
Resonance”, Angewandte Chemie International
Edition, 2013, 52, 7446-7450, DOI:
10.1002/anie.201301652,

5. Y. Kuwahara, T. Yamanishi, T. Kamegawa, K.
Mori, H. Yamashita, “Activity, Recyclability, and
Stability of Lipases Immobilized on Oil-filled
Spherical Silica Nanoparticles with Different
Silica Shell Structures”, ChemCatChem, 2013, 5,
2527-2536, DOI: 10.1002/cctc.201300072,

6. A. Nozaki, T. Kamegawa, T. Ohmichi, H.
Yamashita, “Active Skeletal Ni Catalyst Prepared
from Amorphous Ni-Zr Alloy in
Pre-crystallization State”, ChemPhysChem, 2013,
14, 2534-2538, DOI: 10.1002/cphc. 201300260,

7. X. F. Qian, T. Kamegawa, K. Mori, H. X. Li, H.
Yamashita, “Calcium Phosphate  Coatings
Incorporated in Mesoporous TiO,/SBA-15 by a
Facile Inner-pore Sol-gel Process toward
Enhanced Adsorption-photocatalysis
Performances”, Journal of Physical Chemistry C,

2013, 117, 19544-19551, DOI:  10.1021/
ip4071373,
8. - (13

”, , 2013, 52, 229-232,
DOI: 10.2320/material.52.229,

2

, 2013, 2(6), 229-303, DOL:

10. T. Kamegawa, S. Matsuura, H. Seto, H.
Yamashita, “A Visible-Light-Harvesting
Assembly with a Sulfocalixarene Linker between
Dyes and a Pt-TiO, Photocatalyst”, Angewandte
Chemie International Edition, 2013, 52, 916-919,
DOI: 10.1002/anie.201206839,

11. T. Kamegawa, D. Yamahana, H. Seto, H.
Yamashita, “Preparation  of  Single-site
Ti-containing Mesoporous  Silica with a
Nanotube Architecture and its Enhanced
Catalytic Activities”, Journal of Materials
Chemistry A, 2013, 1, 891-897, 10.1039/



c2ta00331g,

12. T. Kamegawa, R. Kido, D. Yamahana, H.
Yamashita, “Design of TiO,-zeolite Composites
with Enhanced Photocatalytic Performances
under Irradiation of UV and Visible Light”,
Microporous and Mesoporous Materials, 2013,
165, 142-147, DOI: 10.1016/j.micromeso.
2012.08.013,

13. , , ,
”, Electrochemistry (

), 2013, 81,
10.5796/electrochemistry.81.98,

98-102, DOI:

14. T. Kamegawa, H. Seto, S. Matsuura, H.
Yamashita, “Preparation of Hydroxynaphthalene-
Modified TiO, via Formation of Surface
Complexes and their Applications in the
Photocatalytic Reduction of Nitrobenzene under
Visible-Light  Irradiation”, = ACS  Applied
Materials & Interfaces, 2012, 4, 6635-6639,
DOI: 10.1021/am3017762,

15. T. Kamegawa, Y. Shimizu, H. Yamashita,
“Superhydrophobic Surfaces with Photocatalytic
Self-Cleaning Properties by Nanocomposite
Coating of TiO, and Polytetrafluoroethylene”,
Advanced Materials, 2012, 24, 3697-3700, DOL:
10.1002/adma.201201037,

15. K. Fuku, T. Kamegawa, K. Mori, H.
Yamashita, “Highly Dispersed Pt Nanoparticles
on TiO, Prepared Using the Microwave
(Mw)-Assisted Deposition Method: An Efficient
Photocatalyst for the Formations of H, and N,
from Aqueous NH;”, Chemistry - An Asian
Journal, 2012, 7, 1366-1371,  DOI:
10.1002/asia.201100984,

16. S. Okada, S. Ikurumi, T. Kamegawa, K. Mori,
H. Yamashita, “Structural Design of Pd/SiO,@
Ti-Containing Mesoporous Silica Core-Shell
Catalyst for Efficient One-Pot Oxidation Using in
Situ Produced H,0,”, Journal of Physical
Chemistry, 2012, 116, 14360-14367, DOI:
10.1021/jp3025073,

17. Y. Kuwahara, T. Yamanishi, T. Kamegawa, K.
Mori, M. Che, H. Yamashita, “Lipase-embedded
Silica Nanoparticles with Oil-filled Core-shell
Structure: Stable and Recyclable Platforms for
Biocatalysts”, Chemical Communications, 2012,
48, 2882-2884, DOI: 10.1039/c2cc17896f,

18. K. Fuku, T. Sakano, T. Kamegawa, K. Mori,
H. Yamashita, “Enhanced Hydrogenation
Activity of Nano-sized Pd-Ni Bimetal Particles

on Ti-containing Mesoporous Silica Prepared by
a Photo-assisted Deposition Method”, Journal of
Materials Chemistry, 2012, 22, 16243-16247,
DOI: 10.1039/c2jm31584j,

(13
19. , ,
2

,2012, 57(9), 44-48, DOL:

18

(2014.3.30).

2. T. Kamegawa, “Design and application of
TiO,-based photofunctional materials”,

, 94
(2014.3.29).
3. , : , ,
”’ 32
(2013.12.11).
4' P— b b “
Ni
> 43

(2013.11.14).

5. T. Kamegawa. K. Irikawa, Y. Shimizu, H.
Yamashita, “Design of TiO, and
Polytetrafluoroethylene Nanocomposite Thin
Films for Superhydrophobic Surface Coating
with  Self-cleaning Properties”, The 6th
Asia-Pacific Congress on Catalysis (APCAT-6),
Taipei International Convention Center (Taipei,
Taiwan) (2013.10.14).

6. , , , ,
Pt-TiO,
" 112 ,
(2013.9.18).

7. T. Kamegawa, S. Matsuura, H. Seto, H.
Yamashita, “Design of Visible-Light-Harvesting
Assembly by Utilization of a Sulfocalixarene
Linker between Dyes and a Pt-TiO,”, 1lth
European Congress on Catalysis (EuropaCat-XI),
Lyon Convention Center (Lyon, France)
(2013.09.05).

8. T. Kamegawa, H. Yamashita, “Design of
Nanostructured Thin Film Photocatalysts with



Enhanced Photofunctional Properties”,

, Photocatalysis and Solar Energy Conversion:
Development of Materials and Nanomaterials
(PASEC-2), Kyoto University (Kyoto, Japan)
(2013.7.10).

9. T. Kamegawa, H. Setol, S. Matsuura, H.
Yamashita, “Design of Single-site Ti-containing
Macro- and Meso- Porous Silica Catalyst and
Photocatalyst”, The 14th Japan-Korea
Symposium on Catalysis, Winc Aichi (Aichi,
Japan) (2013.7.3).

10. T. Kamegawa, Y. Masuda, N. Suzuki, H.
Yamashita, “Design of single-site Ti-containing
macro/mesoporous silica thin films and their
unique surface properties”, 8th International
Mesostructured Materials Symposium
(IMMS2013), Awaji Yumebutai International
Conference Center (Hyogo, Japan) (2013.5.23).

I1. , 5 )
PTFE-TiO,

” 2013 (
152 ) ,
(2013.3.28).
12. , , ,
“PTFE-TiO,
93 ,
(2013.3.22).

13. T. Kamegawa, H. Seto, D. Yamahana, H.
Yamashita, “Design of graphene coated TiO,
nanoparticles supported on mesoporous silica and
investigations on their photocatalytic
performances”, 7th  Asian Photochemistry
Conference 2012 (APC2012), Osaka University
(Osaka, Japan) (2012.11.13).

4. , ,
“PTFE-TiO,
> 110
, (2012.9.24).
15 , ,
” 2012
151 ) ,
(2012.9.18).

16. T. Kamegawa, Y. Shimizu, H. Yamashita,
“Design of Superhydrophobic Surfaces with
Photocatalytic ~ Self-cleaning Properties by
Nanocomposite ~ Coating of TiO, and
Polytetrafluoroethylene”, 2012  OPU-KIST-
ECUST Joint Symposium on Advanced Materials
and their Applications (JSAMA2012), Osaka
Prefecture University (Osaka, Japan) (2012.9.11).

17. T. Kamegawa, S. Matsuura, H. Seto, H.
Yamashita, “Design of visible light sensitive
TiO,-based materials via formation of surface
complexes and investigations on their
photocatalytic activities”, International
Conference on Photochemical Conversion and
Storage of Solar Energy (IPS-19), California
Institute of Technology (California, USA)
(2012.8.2).

18. T. Kamegawa, N. Suzuki, H. Yamashita,
“Design of Single-site Ti-containing Hierarchical
Porous Silica and Their Applications in the
Epoxidation Reactions”, 15th International
Congress on Catalysis (ICC2012) International
Congress Center Munich (Munich, Germany)
(2012.7.2).

), ,2013, 363 (90-95).

2. T. Kamegawa, H. Yamashita, “New and Future
Developments in Catalysis, Solar Photocatalysis
(Editor: S. Suib), Chapter 4: Solar Energy
Conversion Using Single-site Photocatalysts”,
Elsevier, 2013, 492 (103-119).

http://www.mat.eng.osaka-u.ac.jp/mspl/MSP1-H
omel.htm

()
KAMEGAWA TAKASHI
50525136
@
€)



