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The full scope of the “ hﬁdrogen spillover®” phenomenon, which has been
known for a long time in the field of catalysts, has not yet been elucidated, and its use is
extremely limited. In this research, we aim to establish a theory (surface hydrogen engineering) for
making full use of high-density and highly active spillover hydrogen that moves at high speed on
solid surfaces, and to develop innovative application fields, elucidation of controlling factors and
application to synthesis of special alloy nanoparticles was investigated for the first time. In
addition, by experimentally verifying the contribution of “ quantum tunneling®™ , in which chemical
reactions proceed through potential barriers without following classical thermodynamics, we will
identify the factors that cause it and demonstrate the possibility of reaction control.
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Fig. 1 (@ EDX line anaysis (top) and
proposed structure (bottom) of a nanoparticle
on RuNi/air-GO. (b) Activity enhancement of
each catalyst by the addition of Ni.
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ZIAI-NMR spectra, and (c) EDX line analysis of
RWAI-MgO (X=5).




H.-TPR CeO,-NR CeO-
NP CeO,-NC
456°C 510°C 537°C
XPS
Ce* (Ce**/(Ce®*
+Ce*)) CeO,-NC < CeO,-NP
<CeO,-NR DFT
(110) <(00) <@i1) 3 : :
CeO~NR  (110) |... il
B el Wbl e
Fig. 4. (8)-(c) HR-TEM images of CeO, nanorods
H/D (NRs), nanoparticles (NPs), and nanocubes (NCs).
CeO, (d,e) XPS spectra at Ce 3d and O 1s of each CeO,
¢ 8 specimen. (f) Mass spectra obtained during HD
2Ha+ O D - HD  evolution via hydrogen spillover using Pd/CeO;
(@) + O H (Haa: H samples with different morphologies. Each mass
Ot CeO, ) spectrum was normalized relative to the Sger for the
Pd/CeO,-NR material.
HD Pd/CeO,-NP Pd/CeO,-NC 2.6 4.4
H/D Ce**+e < Ce®
(110) CeO:-NR
CeO, 5 (Co?*, Ni?*, Cu?*, Zn?*,
Pd2+) HEA
CoNiCuzZnPd/CeO,-NR EDX Co:Ni:Cu:Zn:Pd = 20:19:16:10:35
Cs SEM 1nm
EXAFS 55 CoNiCuznPd
0.89 nm CoNiCuznPd/CeO,-NR  Pd
K-edge XANES Pd 1s-5p 1s- 4f
24,390 eV 24,415eV
XANES Pd HEA
Pd13 13
HEA CoNiCuzZnPd/CeO,-NR
(110) CeO2-NR
1nm HEA CeO,-
NP 10 nm HEA
CoNiCuznPd/CeO,-NC 5nm CoNi 20 nm
CuZznPkd HEA
HEA CeO,



18 18 0 3

Mori Kohsuke Hata Hiroto VYamashita Hiromi

320

Interplay of Pd ensemble sites induced by Ga0 modification in boosting CO2 hydrogenation to
formic acid

2023

Applied Catalysis B: Environmental

122022 122022

DOl
10.1016/j .apcatb.2022.122022

Mori Kohsuke Fujita Tatsuya Yamashita Hiromi

Boosting the activity of PdAg alloy nanoparticles during H2 production from formic acid induced 2023
by CrOx as an inorganic interface modifier
EES Catalysis 84 93
DOl
10.1039/d2ey00049k
Hinuma Yoyo Mori Kohsuke 3
CO2 adsorption on the (111) surface of fcc-structure high entropy alloys 2023
Science and Technology of Advanced Materials: Methods -
DOl
10.1080/27660400.2022.2161807
Shun Kazuki Mori Kohsuke Masuda Shinya Hashimoto Naoki Hinuma Yoyo Kobayashi Hisayoshi 13
Yamashita Hiromi
Revealing hydrogen spillover pathways in reducible metal oxides 2022
Chemical Science 8137 8147

DOl
10.1039/d2sc00871h




Hinuma Yoyo Mori Kohsuke 63

Geometrical Determination of Surface Atom Diffusion Paths 2022

MATERIALS TRANSACTIONS 720 725
DOl

10.2320/matertrans .MT-M2021225

Shun Kazuki Mori Kohsuke Masuda Shinya Hashimoto Naoki Hinuma Yoyo Kobayashi Hisayoshi 13

Yamashita Hiromi

Revealing hydrogen spillover pathways in reducible metal oxides 2022

Chemical Science 8137 8147
DOl

10.1039/d2sc00871h

Mori Kohsuke Matsuo Jumpei Kondo Yoshifumi Hata Hiroto Yamashita Hiromi 4

Photoreduction of Carbon Dioxide to Formic Acid with Fe-Based MOFs: The Promotional Effects of 2021

Heteroatom Doping and Alloy Nanoparticle Confinement

ACS Applied Energy Materials

11634 11642

Dol
10.1021/acsaem.1c02369

Yamazaki Yukari Mori Kohsuke Kuwahara Yasutaka Kobayashi Hisayoshi Yamashita Hiromi

13

Defect Engineering of Pt/Ti02-x Photocatalysts via Reduction Treatment Assisted by Hydrogen
Spillover

2021

ACS Applied Materials and Interfaces

48669 48678

Dol
10.1021/acsami -1c13756




Yamazaki Yukari Toyonaga Tetsuya Doshita Naoto Mori Kohsuke Kuwahara Yasutaka Yamazaki 14

Suzuko Yamashita Hiromi

Crystal Facet Engineering and Hydrogen Spillover-Assisted Synthesis of Defective Pt/Ti02-x 2021

Nanorods with Enhanced Visible Light-Driven Photocatalytic Activity

ACS Applied Materials and Interfaces 2291 2300
DOl

10.1021/acsami .1c20148

Shun Kazuki Matsukawa Satoshi Mori Kohsuke Yamashita Hiromi -

Specific Hydrogen Spillover Pathways Generated on Graphene Oxide Enabling the Formation of Non 2023

- Equilibrium Alloy Nanoparticles

Small 2306765
DOl

10.1002/sml1.202306765

Hashimoto Naoki Mori Kohsuke Yamashita Hiromi 127

In Situ Investigation on the Formation Mechanism of High-Entropy Alloy Nanoparticles Induced by 2023

Hydrogen Spillover

The Journal of Physical Chemistry C

20786 20793

DOl
10.1021/acs. jpcc.3c05375

Hashimoto Naoki Mori Kohsuke Matsuzaki Shuichiro Iwama Kazuki Kitaura Ryota Kamiuchi 3

Naoto Yoshida Hideto Yamashita Hiromi

Sub-nanometric High-Entropy Alloy Cluster: Hydrogen Spillover Driven Synthesis on Ce02 and 2023

Structural Reversibility

JACS Au 2131 2143
DOl

10.1021/jacsau-3c00210




Yamazaki Yukari Doshita Naoto Mori Kohsuke Kuwahara Yasutaka Kobayashi Hisayoshi Yamashita 14

Hiromi

Effect of oxygen vacancies and crystal phases in defective Pt/Zr02 on its photocatalytic 2024

activity toward hydrogen production

Catalysis Science and Technology 397 404
DOl

10.1039/d3cy01470c

Kim Hyo- Jin Mori Kohsuke Nakano Takayoshi Yamashita Hiromi 16

Advances in Metal 3D Printing Technology for Tailored Self- Catalytic Reactor Design 2024

ChemCatChem €202301380
DOl

10.1002/cctc.202301380

Mori Kohsuke Masuda Shinya Yamashita Hiromi 2

The role of surface-grafted amine groups on carbon-based supports for formic acid/CO2-mediated 2023

chemical hydrogen storage and supply

Carbon Reports 206 213
DOl

10.7209/carbon.020404

Mori Kohsuke Fujita Tatsuya Hata Hiroto Kim Hyo-Jin Nakano Takayoshi Yamashita Hiromi 15

Surface Chemical Engineering of a Metal 3D-Printed Flow Reactor Using a Metal Organic Framework 2023

for Liquid-Phase Catalytic H2 Production from Hydrogen Storage Materials

ACS Applied Materials and Interfaces

51079 51088

Dol
10.1021/acsami -3c10945




Mori Kohsuke Shimoji Yuki Yamashita Hiromi

16

Improved Low- Temperature Hydrogen Production from Aqueous Methanol Based on Synergism between 2023

Cationic Pt and Interfacial Basic LaOx

ChemSusChem €202300283
DOl

10.1002/cssc.202300283

Kim Hyo- Jin Mori Kohsuke Nakano Takayoshi Yamashita Hiromi 33

Robust Self- Catalytic Reactor for CO2 Methanation Fabricated by Metal 3D Printing and 2023

Selective Electrochemical Dissolution

Advanced Functional Materials 202303994

DOl
10.1002/adfm. 202303994

12 12 4

(HESS)170

2023

2022




2022

Kohsuke Mori

Nanocatalyst Engineering for C02 Hydrogenation to Formic Acid as a Promising Hydrogen Storage Material

1CEC2022,

2022

Kohsuke Mori

Controlled Release of Hydrogen Isotope Compounds in the Heterogeneously-catalyzed Formic Acid Dehydrogenation

Taipei International Conference on Catalysis (TICC-2022)

2022

Kohsuke Mori

Nanocatalyst Engineering for Formic acid/CO2-mediated Chemical Hydrogen Delivery/Storage

1st Japan-China Symposium on Catalysis (1stJCSC)

2021




Kohsuke Mori

Nanocatalyst Engineering for C02 Hydrogenation to Formic Acid as a Promising Hydrogen Storage Material

17th Japan-Taiwan Joint Symposium on Catalysis

2021

12 JACI/GSC

2023

13

2023

29

2023




2023

74

(HAB )

2023

http://www.mat.eng.osaka-u.ac.jp/surface-hydrogen-engineering/achievements.html

http://www.mat.eng.osaka-u.ac.jp/surface-hydrogen-engineering/achievements.html

(Yoshida Hideto)

(00452425)

(14401)







