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Interaction between size-controled subnano clusters and ceria and zirconia
substrates and catalytic activity

Yasumatsu, Hisato
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Catalysts, which can convert molecules and energies to preferable forms,
consist of nano particles and supporting substrates. To aim high-performance catalyst utilizing
interaction between clusters (ultrafine particles) and substrates, catalytic activity and durability

in CO oxidation and NO reduction proceeding on Pt clusters consisting of definite number of Pt
atoms bound to Ce02, Zr02 and Si substrates. The reactions on the Pt clusters on Si start at
temperatures lower by several tens degrees with higher activity than Pt plates. The highest
activity was observed for Pt clusters with 30 Pt atoms due to higher probability of 02 adsorption.
The durability of the Pt clusters on the Ce02 and ZrO2 substrates is higher than the Si substrate.
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sub-nanometer supported clusters as highly
efficient and robust oxidation catalysts’, F. R.
Negreiros, C. Yin, A. Halder, A. Singh, G
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Barcaro, L. Sementa, E. C. Tyo, M. J. Pellin,
S. Bartling, K.-H. Meiwes-Broer, S. Seifert,
P. Sen, S. Nigam, C. Majumder, N. Fukui, H.
Yasumatsu, S. Vada and A. Fortunelli,
Angew. Chem. Int. Ed. 57, 1209-1213
(2018); DOI: 10.1002/anie.201709784
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(2017); DOI: 10.1380/jsss.38.406

‘Size dependence of thermal stability of Pt
clusters bound to S substrate surface
prepared by cluster impact deposition’,
Nobuyuki Fukui and Hisato Yasumatsu, Eur.
Phys. J. D 71, 186 (2017); DOI:
10.1140/epjd/e2017-80066-1
‘Steady-State Reaction Kinetics and Size
Dependence of CO Oxidation Catalyzed by
Uni-Sized Pt Clusters Directly Bound to Si
Surface’, Hisato Yasumatsu and Nobuyuki
Fukui, Cat. Sci. Tech. 6, 6910-6915 (2016);
DOI: 10.1039/C6CY 00623J

36
Hot topics talk, ‘Low-temperature
dissociation of NO moleculein catalytic
reduction on size-selected platinum cluster
disk bound to silicon substrate’, Hisato
Yasumatsu and Nobuyuki Fukui, 19th
International Symposium on Small Particles
and Inorganic Clusters, Hangzhou, China,
August 12-17, 2018.
Invited talk, ‘Low-temperature catalysis of
NO reduction and CO oxidation on
size-selected platinum cluster disk bound to
silicon substrate surface’, Hisato Yasumatsu
and Nobuyuki Fukui, The 2018
Cluster-Surface | nteraction Workshop (CSl
2018), Trondheim, Norway, June 18-21,
2018.
‘Low-temperature catalysis in simultaneous
NO reduction and CO oxidation on
size-selected platinum cluster disk bound to
silicon substrate surface’, Hisato Yasumatsu
and Nobuyuki Fukui, Asian Symposium on
Nanoscience and Nanotechnol ogy 2018
"Fundamental s and applications of
Nanoclusters and Nanoparticles',
Bunkyo-ku, Tokyo, Japan, May 12-14,
2018.
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Invited talk, ‘Prominent Low-Temperature
Catalytic Activity in CO Oxidation and NO
Reduction by Uni-Sized Pt Clusters Bound
to Si Surface’, Hisato Yasumatsu




Nanomaterials and Devices by Cluster
Beam Deposition in the 2018 MRS Spring
Meeting, Phoenix, AL, U.S.A., April 2-6,
2018.

(6) ‘Catalytic Properties of Low-Temperature
NO Reduction Driven by Platinum Cluster
Disks Bound to Silicon Substrate Surface’

Hisato Yasumatsu and

Nobuyuki Fukui 98
2018 3 20- 23

(7) Invited talk, ‘Low-temperature catalytic
activity in CO oxidation and NO reduction
by uni-sized Pt clusters bound to Si
substrate having electron accumulation’,
Hisato Yasumatsu and Nobuyuki Fukui, The
Eleventh General Meeting of Asian
Consortium for Computational Materials
Science - Virtual Organization
(ACCMS-VO12), Sendai, Miyagi, Japan,
December 17-19, 2017.

(8) ‘Low-temperature catalytic activity driven
by uni-sized Pt clusters bound to Si surface
in CO oxidation and NO reduction’, Hisato
Yasumatsu and Nobuyuki Fukui, 5th Ito
International Research Center Conference
“Forefront of Molecular Dynamics at
Surfaces and Interfaces: From asingle
molecule to catalytic reaction”, Bunkyo-ku,
Tokyo, Japan, November 20-23, 2017.

(9) ‘Geometry control of size selected Pt cluster
supported on substrate by cluster impact
deposition’, Nobuyuki Fukui and Hisato
Yasumatsu, 5th Ito International Research
Center Conference “Forefront of Molecular
Dynamics at Surfaces and Interfaces; From
a single molecule to catalytic reaction”,
Bunkyo-ku, Tokyo, Japan, November 20-23,
2017.

(10) Invited talk, ‘Low-temperature catalytic
activity of CO oxidation and NO reduction
driven by uni-sized Pt clusters bound to Si
substrate’, Hisato Yasumatsu and Nobuyuki
Fukui, The Eighth International Symposium
"Atomic Cluster Collisions: fission, fusion,
electron, ion and photon impact" (ISACC
2017), Varadero, Cuba, October 2-6, 2017.
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(13) Invited talk, ‘Prominent catalytic activity by
Pt clusters bound to Si substratein CO
oxidation and NO reduction’, Hisato

Yasumatsu and Nobuyuki Fukui, 9" General
Meeting of Asian Consortium for
Computational Materials Science
(ACCMS9), Kuala Lumpur, Malaysia,
August 8-11, 2017.

(14) Invited talk, ‘Geometry Control of
Supported Pty Cluster on Si Substrate by
Cluster Impact Deposition’, Nobuyuki
Fukui and Hisato Yasumatsu, 9" General
Meeting of Asian Consortium for
Computational Materials Science
(ACCMS9), Kuala Lumpur, Malaysia,
August 8-11, 2017.
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(16) Invited talk, ‘Low-temperature and
anti-poisoning catalysis driven by uni-sized
monatomic-layered Pt clusterson Si
surface’, Hisato Yasumatsu, 2017 Annual
Joint Symposium Florida Chapter of the
AV S Science and Technology Society and
the Florida Society for Microscopy (2017
FLAVS/FSM), Oland, Florida, U.S.A.,
March 6, 2017.

(17) Invited talk, ‘Low-temperature and
anti-CO-poisoning characteristicsin
catalytic CO oxidation driven by uni-sized
Pt clusters directly bound to Si substrate,
Ptn/Si’, Hisato Yasumatsu and Nobuyuki
Fukui, The Eleventh General Meeting of
Asian Consortium for Computational
Materials Science - Virtual Organization
(ACCMS-V011), Sendai, Miyagi, Japan,
December 19-21, 2016.
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(19) Invited talk, ‘Cluster-size dependence of
catalytic process driven by uni-sized Pt
clusters directly bound to Si surface through
steady-state and transient measurements’,
Hisato Yasumatsu, Seminar, Dr. Claude
Henry in charge, Former Director, Centre
Interdisciplinaire de Nanoscience de
Marseille (CINaM)-CNRS, Marseille,
France, October 10, 2016.

(20) Invited talk, ‘Size dependence of catalytic
CO-oxidation driven by uni-sized Pt
clusters directly bound to Si surface through
steady-state and transient measurements’,
Hisato Yasumatsu and Nobuyuki Fukui,
International Conference "Dynamics of
Systems on the Nanoscale" (DySoN
Conference 2016), Bad Ems, Germany,
October 3 - 7, 2016.

(21) Invited talk, ‘Cluster-size dependence of
catalytic process driven by uni-sized Pt




clusters directly bound to Si surface through
steady-state and transient measurements’,
Hisato Yasumatsu, Department Seminar,
Prof. Hans-Joachim Freund in charge,
Director, Department of Chemical Physics,
Fritz Haber Institute der Max Planck
Gesellschaft, Berlin, Germany, October 4,
2016.

(22) Invited talk, ‘Bistability switching in
CO-oxidation catalysis driven by uni-sized
Pt clusters directly bound to Si surface and
cluster-size dependence’, Hisato Yasumatsu,
Asian Consortium for Computational
Materials Science - Theme Meeting
(ACCMS-TM2016) on “First Principles
Analysis & Experiment: Role in Energy
Research”, Chennai, India, September 22-24,
2016.
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(25) Invited talk, ‘Molecular Understanding in
Reaction Kinetics of Low-Temperature and
Anti-Poisoning CO Oxidation Catalyzed by
Uni-Sized Pt Clusters Directly Bound to Si
Substrate Surface’, Hisato Yasumatsu and
Nobuyuki Fukui, The 2016 Cluster-Surface
Interaction Workshop (CSI2016), Lemont,
U.S.A., May 31-June 3, 2016.

(26) ‘Geometry control of size-selected Pt cluster
on Si substrate deposited by cluster impact’,
Nobuyuki Fukui and Hisato Yasumatsu, The
2016 Cluster-Surface I nteraction Workshop
(CS12016), Argonne, U.S.A., May 31-June
3, 2016.

(27) Invited talk, * Mass-Spectroscopic Trace of
Transient and Steady-State Reaction
Kinetics of CO Oxidation Catalyzed by
Uni-Sized Pt Clusters Bound to Si Surface’
Hisato Yasumatsu, Deutsche Physikalische
Gesellschaft (DPG) Spring Meeting,
Hannover, Germany, February 29 - March 4,
2016.

(28) Invited talk, ‘Transient and Steady-State
Reaction Kinetics of CO Oxidation
Catalyzed by Uni-Sized Pt Clusters Directly
Bound to Si Surface’, Hisato Yasumatsu,
Seminar, Prof. M. M. Kappes and PD Dr.
Artur Béttcher in charge, Institut fiir
Physikalische Chemie, Karlsruher Institut
fiir Technologie, Karsruhe, Germany,
February 26, 2016.

(29) Invited talk, ‘Transient and Steady-State
Reaction Kinetics of CO Oxidation
Catalyzed by Uni-Sized Pt Clusters Directly
Bound to Si Surface’, Hisato Yasumatsu,
Seminar, Professor Thorsten Bernhardt in
charge, Institiit fiir Oberflachenchemie und
Katalyse, Universitit Ulm, Ulm, Germanry,
February 24, 2016.

(30) Invited talk, * Reaction Kinetics of CO
Oxidation Catalyzed by Uni-Sized Pt
Clusters Directly Bound to Si Surface’
Hisato Yasumatsu and Nobuyuki Fukui, The
Tenth Anniversary General Meeting of
Asian Consortium for Computational
Materials Science - Virtual Organization
(ACCMS-V010), Sendai, Miyagi, Japan,
November 1-3, 2015.
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(33) ‘Low-Temperature and

Anti-Poisoning Catalytic Activity in CO
Oxidation Driven by Electrons Accumulated
at Sub-Nano Interface between Uni-Sized Pt
Cluster Disk and Si Surface’ Hisato
Yasumatsu

2015 6 24

(34) * Low-Temperature and Highly
Anti-Poisoning Catalytic Activity of CO
Oxidation Driven by Charge Polarized
Sub-Nano Pt Cluster Disk Constructed on Si
Substrate Surface’ , Hisato Yasumatsu and
Nobuyuki Fukui, 31th Symposium on
Chemical Kinetics and Dynamics, Sapporo,
Japan, June 3-5, 2015.

(35) Invited talk, ‘Low-Temperature,
Highly-Selective and
Highly-Anti-Poisoning Catalytic Activity
Driven by Electrons Accumulated at
Sub-Nano Interface between Unisized Pt
Cluster Disk and Si(111) Surface’, Hisato
Yasumatsu and Nobuyuki Fukui, 4th Annual
World Congress of Advanced
Materials-2015 (WCAM-2015), Chongging,
China, May 27-29, 2015.

(36) Invited talk, ‘Low-Temperature and
Highly-Anti-Poisoning Catalytic Activity
Driven by Electrons Accumulated at
Sub-Nano Interface between Uni-sized Pt




Cluster Disk and Si(111) Surface’, Hisato
Yasumatsu, Seminar, Prof. Bing Zhang in
charge, Wuhan I nstitute of Physics and
Mathematics, Wuhan, China, May 25, 2015.

2

(1) ‘Low-Temperature CO Oxidation Driven by
Unisized Monatomic-Layered Pt Clusters
Directly Bound to Si Surface’, Hisato
Yasumatsu, Encyclopedia of Interfacial
Chemistry: Surface Science and
Electrochemistry, ed. Klaus Wandelt
(Editor-in-Chief), Elsevier, in press (2018);
Book ISBN: 9780128097397.
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o 1

Subnanometer to nanometer transition
metal CO oxidation catalysts
Stefan Vajda, Alessandro Fortunelli and
Hisato Yasumatsu

United States Patent
62/233,887 (Provisional Application)
15/276,374 (Application)
September 28, 2015(Provisional
Application) September 26, 2016 (Application)

o 1

Subnanometer to nanometer transition
metal CO oxidation catalysts
Stefan Vajda, Alessandro Fortunelli and
Hisato Yasumatsu

United States Patent

US 9,849,445 B2
Dec. 26, 2017

http://www.clusterlab.jp

(1) Prof. Abhishek K. Singh (Indian Institute of
Science), "Development of Catalysts for a
Cleen Energy and a  Sustainable
Environment" (Dec. 12, 2017)

(2) Dr. Jer-Lai Kuo (Institute of Atomic and
Molecular  Sciences), "Computational
Material Design of Two Dimensional
Materials and Their Energy Applications'
(May. 12, 2017)

(3) Prof. Abhishek K. Singh (Indian Institute of

Science), " Transformation of CO2 to High
Value Added CH4 by Trimetalic
Nanoparticles with Ultralow Overpotentials'
(Oct. 13, 2016)

(4) Prof. Dr. Thorsten M. Bernhardt (Universitit
Ulm), "Adsorption of molecules on
graphene-supported iridium clusters’ (Jun.
23, 2016)

(5) Prof. Bing Zhang (Wuhan Institute of
Physics and Mathematics), "Dynamic Stark
Control of Nonadiabatic Photodissociation
of Polyatomic Molecules' (Apr. 15, 2016)

(6) Prof. Abhishek K. Singh (Indian Institute of
Science), "Pt-Poisoning-Free Efficient CO
Oxidation on Supported Pt3Co Catalyst"
(Dec. 15, 2015)

(7) Dr. Claude R. Henry (Centrenational de la
recherche scientifique), "Adsorption Kinetics
on Pd and PdAu Cluster Arrays Studied by

Molecular Beam Techniques' (Jun. 09,
2015)
(8 Prof. Dr. Clemens Wather (Leibniz

Universitdt Hannover), "Radioecology of
long lived radionuclides at contaminated
areas and risk assessment of disposal options
for high level radioactive waste" (May 12,
2015)
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Abhishek K. Singh (Indian Institute of
Science)

Dr. Claude R. Henry (Centre Interdisciplinaire
de Nanoscience de Marseille)

Prof. Dr. Thorsten M. Bernhardt (Universitt
Ulm)



