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Novel Catalytic Process based on the hydrogen spillover phenomena
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Several catal¥tic reaction systems for dehydrogenative/hydrogenative
reaction accelerated by hydrogen spillover were developed. For example, palladium nanoparticles
immobilized on outer surface of zeolite was prepared, and acted as a highly active catalysts for
direct aromatic alkylation with alkanes through hydrogen transfer between acid site and Pd
nanoparticles. In addition, C02 hydrogenation reaction with active Si-H species on silicon surface
and novel bimetallic nanoparticles formed via hydrogen spillover process were reported.



# X C—19, F—19—1 (|

1. WRFEBRAG S WO 5=

KFEA N A — R =B R IR E RO S TELS A SMONTE Y, LR S ~TE
HALEFEFbEHASND, —F T, AUAF—N—HGOFEEFRINT T v IRy 7 A ThoTz
ZELHY, FHABREIND &L BT, SR TCOMIES T kE7RoTWD, —FH T, @R
fild it + [E B AR B2 31T D DR T - 457 Lo LT ORRE] - BRI O FE DR RIT B
RELWLONRH Y | fEEEISIE T COMEEMNT FIEORE L EIF L LT, G0 G5 2 Hl4E
SIVTo kR & TR [E MR ASBRSE S AV, @RS FAEBBOC D FEBL SN TE T2,

BRI BT D78 0 B IS 1T D, KFBA BN A— =BG OiEHAf & LTix, flxiE, B
HIR 72 L2 B3 28474 PNENIC Pt B2 TR S 7oA MBI CIX, Pt Kl CKED T
(W) 2SBAR L, ZERR LT AKENREL T A4 MEHIZBEL, ZOKERXBU R EDHBK T
BKFBILTEDLZEDRHEIN TS, XRUBUDEIBTAHAZEOTERVNSMALEZ S D
TATA FEHOTHARFERIENEITLTEY . 2oL, B4 74 PNEO Pt R 712 &
S THRR LI-TEMAZENAERE TBH L WA Z LA RL TS (ChemCatChem 2018) .

— 07T, BOGHE DA LI KBRS Ml AR m 2 B8 L, &k L CTOFRA &%
T H & UTHBET 282 LB TWS, ZHid, WRAE LA — =B8R LIIN5, [[—
DOHARMI 71T Tl < Hip B iR 7 ORI T H KRR F-OR 0 | M7 d Z &R biro T
B WHFGET N —TTlX, ZOKFBHA LN A —R—BGNEAA TV —RIZBWTHREHRT S
ZrAEH L (K Motokura et al. JACS Au 2021), Z O EIIAERBMITEOTME L5
DThD, TIWVHEXED C-HIEMLE BRI T, T by - XUB UM LB E M
NT-kF 2B RBMEEA~BE ST CHES S, KEDFERAESEL LN TE S, DT
BTN LRV ORKED v T TG EFEB L, H iR OGS &
RET D,

ZDX DR REZT T, BT ORBERMEGEGEFE L | KFBACNV A== & 2D
Vi, FHAER S 70 ZOBRENLENTND, RO X HIC, AT —"—KENFED
HEGT. ENRR AR « E A RS ICIE T D ATREME R RO TV A, — T, Ak
4y DL E R 22 2R A S0, SR 2 88 2 T AL RO O nE e £ B b6 7 1k &
DFEHNZIE DB S~ & TR SN TWH 2R, 2, KBEBAE VA — =BG LB
7 Uiz DT« 557 LUV TORREH BLO TS AT A8 LTOR% BN din
TWARWZH L EZ B, BRI N ST,

2. WEoOHB

TEZAFZE ClX, W ICHIE - 2258 S T EAR R - B0 1 - @BSE R Z AEE A & LTH
W5hEE BT, MR Y AT AR ERFT D LT KBAENA—N—BROFEREEZ KK
FRE| & Hy U 7= fillde - i SOS R OB% 2 B L35, Bl ZIE, KBV A — =BG A {EH Lz
EIEME K BCARBEDBAZE . WA N A — N—BIREZIGH LT VB KBS « B ERT V%
IACIS D T2 D4 T 7 BTt D BR %S, BARG R Y A T DT E T 5 Bk TR SOt~ It %
WZHL Y HHTe,

3. WHEDTTIE

KFAE N — =BG AL Ul 7 0 2 O R~ T, ERERE AR )
Ll A T B T AR il - AR SOIS 2 BRFE L L AKSEALEUS - KB DSOS~ LA+ 5,
INETOMETH LN RIZIESWT, BAKEMOD » 7V  TRIRZIEANT VT BT )
BTl & [EARRARBL DGR & C02 FEDRFLPIGITIZ T U =2 o Rl TRAET LM Si-
HFEDBEH 25, £, TS DMISIZRIT HKFEOZEE ZBNT 572012, [F UL
TIP3 2 RHRIBE DM EE & JL[R] T u SR JE %2 i d 5,

4. WFIERk R

BEARRAE CH DB AT A FOAKREIC Pd F /R F A EE L7t 2505 L, s & Pd ki
FHOKEZEBEZIERTSHZ & T, ZOMBENRT VD 2 EHER D EEET VFIALRISIC
TG L 70 D 2 E A R LTz, B4 T A4 MAEHITNT U0 DRLTDFET H 2 & % TEMJ|
ET, TV LR DR i A XAFS IEIC L > THER L= (K1), 23T 207 DR I3 U
IR b RT P A (PA0) & LTHE SN TWAR, USRI FR 2R L7 E £ e ffiic
BT ST,



Pd-Pd

— fresh
— recovered

8 Pd-0

FT of Kx(k

8 Pd-0-Pd

R (R

1. JSET () Esth () o PA/H-ZSM-5 filifiioo TEM #ifg & . ISHT# O Pd K-
edge FT-EXAFS A2~7 kv (£)

ZOWMIEDOMRE L LT, 2T E TOWIE TR DB T COKFEAL LA — =L - T

RIS S OIREEAS A 32 Z LR BT o Thiens (K 2), [Rl—ARERL 12 Z D OTE M A
ZENT D 2 & TKFEOBENRREN R S, SOSRRN S HIZE LT 5 2 EBRHLNIIR-

7= (®3),
R
H-G-R ©\ R Hy
H (I:\H
k/< R
H H
H—e-->H /-ﬁﬁd—/ﬁ?

—_—

L
B4

WFRIkFEEE (RIER)
X 2. fitfiok v DO Z KR BBE D ROS OBEE X

$©R

¢~H H,

H-G~R R
s |
H /ZH
\ ’%H - PdF.J K+

C—mm

F—HFPDKEEE
(5EEERE)

3. AWFZETRRZE L -t £ T o 7L XAk &k ERBRE O
T, AR L EANT X U DRISICEWIEEEZ R L, BT L F VREIRER AR B 7

5| PERDE IR &A1 RT O A& B 2 (24 5 R & ik UL —HrLL b v il e
fingx (TON) Z/nRL7= (X4),

©/ U Pd/H-ZSM-5 ﬁﬂbi» \@Cn

150 °C, 16 h

1.2 mmol 6.8 mmol

PIVFIARERE: 95.6%
fi 3% [ $5 3 (TON): 44.6

K4, ML AT HZUMNEDTLFILT L— Gk



IHIZ, BATA M TORTIRKFZEOLRENEE . SEINILFRIZEIZ X D 1 SR HIE T L2
L7z MSIIIHIBEEIZBITS2EYA T4 b (H-ZSM-5, H-mordenite) H AR L7=JF1 1k
BMAKZBOFMOTRMEZRLTEBY, V7 ~vA27af) 107H) O4—%—LI EDoFmzE
DT EMHALNTIR ST, — T, BB SO FAEE LTEIHND 2 AR D
FF L DFMIT b I~ af (1015~1012 ) O —F—ThbHEShbhT5,
ZNODORERIT, BT A FHRICAERT DR FIRAKFEROFHFm D, — A7 b7 s D H
REHE L THoIcEL . ARIOMBLSICHEE L TW D ATREEAE W2 L 2R LT
BHo ZIVE O A EIENFTEE & DGR TS LT ACS Catalysis 6lCf& R L, ZH - 3 X
iz (ACS Catal. 2023, 13, 12281), F7z, ZOMEICEHLTT LAY U —R &5 L
(https://www. ynu. ac. jp/hus/koho/30639/detail. html) ., A REEHI7: E DORIBRK E 725 7 V3%
AR ORI BEFEE LTAR LT,

1.5

H-mordenite —®—
H-ZSM-5 —c—

r, ! (us)

0 100 200 300 400
Temperature (K)

5. BATA FMITAER LB IREUKEOFMO FIRMEZ 52 5 /37 A —Z ORI

M2 T, BT INVT 2 HT VX MMEF & T D HEFHRT VX bi (Catal. Today 2024, 425,
114363) BLON, BEREHER TOAE A —"—KFEIEHT D Ru-Sn /XA A F VAL FITE DA X
WAz 7V 7K (J. Phys. Chem. C 2023, 127, 15185) 2B L CHFmim st - 18
WSz, F7o, BERAECR - OKFEBENZIEH LI2x OB AT A Ml R4 8 il it 2
IEHAT A6 %ZBA% L7~ (Green Carbon, 2024, in press; J. Jpn. Petrol. Inst. 2024, in
press)

[ (AR H FE R 2 WV 2 K BB EIRGRICE L TiE, A R XLy FEEIZBWT MPY Y
DOKRBEISENEBIFICMESND Z L2 /AHLTEY ., Fiox /) UFEROAMICE LT
EIEME A R T IEER OB I L7 (Mol. Catal. 2022, 528, 112419), MNX T, &@~7r 1 35
R CHERT HIGMERKFEF L | 20O B bRFBIZE TSSO LT Fr- e il iR %
B3 L. pRE 2 i scic 3% L7~ (Commun. Chem. 2022, 5, 150; Asian J. Org. Chem. 2022,
11, €202200230),

IHIZ, NUUAT I a—LOESAEFEIIRKESIZIS T D Nafion JROZNRICEET % i
23 Chem. Lett. 8lC#B#E & . Editor’ s Choice IZEIIN 5 & & $1Z Back Cover IZHEIRE
7= (Chem. Lett. 2023, 52, 560), 7. 71 kA WD EBMRSRICBWNTH T /L=
—)VORBKFBESIENNR LS EITTE 2 L2 ML, 333K %2 5N L7- (Sustainable Energy
& Fuels, 2023, 7, 778),

I 2T, bR 7B DK A A — S —BIRIT K 2 M ER ORBRICE L T, Him B bh
THRRINETCOREEZRIEL, VE 2 —fmXO#FEL FEi L7z (Chem. Asian J. 2024,
€202301083) .



16 15 1 4

Motokura Ken

Mg-Al hydrotalcite-based catalysts for one-pot synthesis of quinoline derivatives

2023

Tetrahedron Green Chem

100004 100004

DOl
10.1016/j . tgchem.2023.100004

Wang Ruopeng Nakao Kaiki Manaka Yuichi Motokura Ken 5

CO2 conversion to formamide using a fluoride catalyst and metallic silicon as a reducing agent 2022

Communications Chemistry 150
DOI

10.1038/s42004-022-00767-4

Motokura Ken Sato Risako Ozawa Nao Manaka Yuichi 528

Transition-metal-free reaction sequence on solid base: One-pot synthesis of quinoline 2022

derivatives catalyzed by Mg-Al hydrotalcite

Molecular Catalysis

112419 112419

DOl
10.1016/j .mcat.2022.112419

Motokura Ken Nakao Kaiki Manaka Yuichi 1
Fluoride Catalysts and Organic Additives for Conversion of CO <sub>2</sub> 2022

to Formic Acid and Methanol using Powdered Silicon as Reducing Agent

Asian Journal of Organic Chemistry 202200230

DOl
10.1002/ajoc.202200230




Pramudita Ria Ayu Nakao Kaiki Nakagawa Chihiro Wang Ruopeng Mochizuki Toshimitsu Takato
Hidetaka Manaka Yuichi Motokura Ken

Catalytic reduction and reductive functionalisation of carbon dioxide with waste silicon from 2022

solar panel as the reducing agent

Energy Advances 385 390
DOl

10.1039/D1YA00077B

Kuramochi Nanako Yoshida-Hirahara Miru Ogihara Hitoshi Kurokawa Hideki 7

Proton exchange membrane electrolysis of methanol for simultaneously synthesizing formaldehyde 2023

and hydrogen

Sustainable Energy & Fuels 778 785
DOl

10.1039/D2SE01472F

Abdelnasser Shady Hakamata Takumi Ogihara Hitoshi Kurokawa Hideki 928

Electrochemical oxidation of 1-propanol through proton exchange membrane electrolysis 2023

Journal of Electroanalytical Chemistry

117009 117009

DOl
10.1016/j . jelechem.2022.117009

Takabatake Moe Motokura Ken

Montmorillonite-based heterogeneous catalysts for efficient organic reactions

2022

Nano Express

014004 014004

DOl
10.1088/2632-959X/ac5ac3




Kong Yuanyuan Ding Siming Endo Koichiro Nakajima Kiyotaka Manaka Yuichi Chun Wang-Jae 24

Tomita lkuyoshi Motokura Ken

Mesoporous silica-supported rhodium complexes alongside organic functional groups for 2022

catalysing the 1,4-addition reaction of arylboronic acid in water

Green Chemistry 3269 3276
DOl

10.1039/D1GC04577F

Usui Kei Manaka Yuichi Chun Wang- Jae Motokura Ken 28

Rhodium-lodide Complex on a Catalytically Active SiO2 Surface for One- Pot Hydrosilylation C02 2021

Cycloaddition

Chemistry - A European Journal 202104001
DOl

10.1002/chem.202104001

Motokura Ken Ding Siming Usui Kei Kong Yuanyuan 11

Enhanced Catalysis Based on the Surface Environment of the Silica-Supported Metal Complex 2021

ACS Catalysis

11985 12018

Dol
10.1021/acscatal .1c03426

Misaki Satoshi Ariga-Miwa Hiroko Ito Takashi U. Yoshida Takefumi Hasegawa Shingo Nakamura 13
Yukina Tokutake Shunta Takabatake Moe Shimomura Koichiro Chun Wang-Jae Manaka Yuichi

Motokura Ken

Pd Nanoparticles on the Outer Surface of Microporous Aluminosilicates for the Direct Alkylation 2023

of Benzenes using Alkanes

ACS Catalysis

12281 12287

Dol
10.1021/acscatal .3c02309




Motokura Ken Mizuno Ayaka Hasegawa Shingo Nambo Masayuki Takabatake Moe Suzuki Kenta 127
Manaka Yuichi Uemura Yohei Tsubaki Shuntaro Chun Wang-Jae
In Situ Formation of Ru?Sn Bimetallic Particles for Non-Oxidative Coupling of Methane 2023

The Journal of Physical Chemistry C

15185 15194

DOl
10.1021/acs. jpcc.3c03078

Motokura Ken Nakamura Yukina Takabatake Moe Suzuki Kenta Hasegawa Shingo

425

Direct alkylation of benzene with branched alkanes using solid acids: Unexpected product
selectivity based on the tertiary carbon position

2024

Catalysis Today

114363 114363

DOl
10.1016/j .cattod.2023.114363

Motokura Ken in press

Interparticle Hydrogen Spillover in Enhanced Catalytic Reactions 2024

Chemistry - An Asian Journal 202301083
DOI

10.1002/asia.202301083

Abdelnasser Shady Matsushita Hibiki Kurokawa Hideki Ogihara Hitoshi 52

Effect of Nafion lonomer on Proton Exchange Membrane Electrolysis of Benzyl Alcohol 2023

Chemistry Letters 560 563

DOl
10.1246/cl.230178




25

131

2023

131

2023

130

2022

2022

2022




Moe Takabatake, Satoshi Misaki, Wang-Jae Chun, Yuichi Manaka, Ken Motokura

Direst alkylation of various nucleophiles using catalyst mixture of supported Pd and solid acid

Post Symposium of TOCAT9, 60th Aurora seminar, The 9th International Symposium of Institute for Catalysis

2022

Moe Takabatake, Satoshi Misaki, Wang-Jae Chun, Yuichi Manaka, Ken Motokura

Direct alkylation of aromatics with alkanes using a catalyst mixture of solid acid zeolites and hydrotalcite supported Pd

The 9th Tokyo Conference on Advanced Catalytic Science and Technology

2022

11 JACI/GSC

2022

102

2022




102

2022

Ken Motokura

Development of supported catalyst systems for highly efficient/challenging organic reactions

International Conference on State-of-the Art Catalysis and Surface/Interface Science for Sustainable Society - 11th lwasawa
conference

2022

2022

Moe Takabatake, Ayako Hashimoto, Wang-Jae Chun, Masayuki Nambo, Yuichi Manaka, Ken Motokura

Dehydrogenative coupling of alkane and benzene accelerated by interparticle hydrogen transfer

18th Japan-Korea Symposium on Catalysis

2021




Risako Sato, Nao Ozawa, Yuichi Manaka, Ken Motokura

One-pot Synthesis of Quinoline Derivatives via Hydrogen Transfer and Cyclization Reactions with Solid Base Hydrotalcites

18th Japan-Korea Symposium on Catalysis

2021

Satoshi Misaki, Moe Takabatake, Masayuki Nambo, Yuichi Manaka, Ken Motokura

Direct addition of aromatics to alkanes in the presence of various zeolites and supported Pd catalysts

18th Japan-Korea Symposium on Catalysis

2021

Ken Motokura

Synergistic catalysis of supported metal catalysts for fine chemicals synthesis

Synergistic catalysis of supported metal catalysts for fine chemicals synthesis

2021

Pd

11 CSJ 2021

2021




11 CSJ

2021

2021

Mg-Al

11 CSJ

2021

2021

128

2021

Pt-

128

2021




133

2024

Ken Motokura, Siming Ding, Kei Usui, Yuanyuan Kong

Supported Metal Complex Catalysis for Fine Chemical Synthesis Enhanced by Functionalized Surface Environment

International Symposium on Catalysis and Fine Chemicals 2023

2023

53

2023

132

2023




Ru-Sn

in-situ

132

2023

2023

442

2023

544

2022

342




https://ww.ynu.ac.jp/hus/koho/30639/detail .html

(Ogihara Hitoshi)

(60452009)

(12401)

European XFEL




