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Precision synthesis of nickel sub-nanoparticles and investigation of their methane activation
behavior ('Lab. Chem. Life Sci., Institute of Science Tokyo, *Graduate School of Science, The
University of Tokyo, >Institute of Industrial Science, The University of Tokyo, *Faculty of
Engineering, The University of Tokyo) OYuma Kikuchi,' Tatsuya Moriai,! Masataka Yoshida,'

Atqga Augie,? Takamasa Tsukamoto,** Takane Imaoka,' Kimihisa Yamamoto,'

Sub-nanoparticles (SNPs) with a diameter of about 1 nm have unique geometric structures
and reactivity depending on the atomicity. In this work, we succeeded in the precise synthesis
of Ni SNPs with various atomicity by the template method using the original dendrimer”. We
subsequently applied the Ni SNPs as the catalysts in the non-oxidation coupling reaction of
methane (NOCM), resulting that they demonstrated high catalytic performance compared to
that of Ni bulk and nanoparticles. In addition, XANES and EXAFS spectral changes during the
NOCM using Ni SNPs were observed through in-situ measurements (Fig. 1). It suggests that
the reaction behavior of Ni SNPs depended on the atomicity.

Keywords : Sub-nanoparticle; Nickel; Methane; Non-Oxidative Coupling; XAFS
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Fig. 1. (a) Ni K-edge normalized XANES spectra in NOCM at 300°C and (b) the transition of
adsorption on white line of Nii2, Nixg and Nigo during NOCM reaction.

1) T. Moriai et al., Angew. Chem. Int. Ed. 2020, 59, 23051-23055.
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I\‘IO reduction reaction by hydrogen catalyzed by group 10 metallic sub-nanoparticles

(‘Lab. for Chemistry and Life Science, Science Tokyo) OXairu Fujieda,' Tatsuya Moriai,'
Masataka Yoshida,! Takane Imaoka,' Kimihisa Yamamoto'

Sub-nanoparticles (SNPs) with a diameter of about 1 nm have shown unique properties not
found in nano or larger materials. However, it has been difficult to obtain SNPs with controlled
atomicity in high yield using conventional methods. In this work, we succeeded in synthesizing
Ni SNPs by using the original dendrimer? developed in our laboratory as a template. They
demonstrated high catalytic performance compared to nano and bulk Ni through the hydrogen
reduction of nitric monoxide. Furthermore, the activity of the Ni SNPs depended on the
atomicity, resulting that Ni»s showed the highest performance.

Keywords : Dendrimer, Sub-nanoparticle, Catalyst, NO reduction, Group 10 metal
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Fig.1 (a) STEM images of Niy on titanium oxide (Nizs/TiO7). (b) The transition of the mass
intensity of NO, NH3, H,O, N, and N,O during temperature-programed NO hydrogenation for
Niys/TiO;. Reaction condition: NO:H:Ar=1:10:9, 20 mL/min, +5.0 °C/min, from 100 °C to 700 °C,
1 atm, 50 mg of catalysts (1.2wt% of Ni to TiO3).
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1) T. Moriai et al, Angew. Chem. Int. Ed. 2020, 59, 23051-23055
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Electrocatalysis of sub-nanoparticles in multi-electron reduction of small molecules
(Laboratory for Chemistry and Life Science, Institute of Science Tokyo) O Masahiko
Takanobu,' Tadatoshi litsuka,! Takane Imaoka,' Kimihisa Yamamoto'

Electrochemical multi-electron reduction of small molecules like CO: is gaining attention
for converting industrial emissions into valuable chemicals. The carbon dioxide reduction
reaction (CO:2RR) can produce useful hydrocarbons and CO, but its efficiency is limited by the
competitive hydrogen evolution reaction (HER), which reduces CO selectivity.

Sub-nanoparticles, around 1 nm in size, offer unique electronic properties, high surface areas,
and diverse active sites, making them promising catalysts for multi-electron transfer reactions.
This study synthesized palladium Pd sub-nanoparticles(SNP) using phenylazomethine
dendrimer (DPA-G4) as a template under mild liquid-phase conditions. The Pd SNP were
evaluated for their catalytic performance in CO:RR, demonstrating potential to improve CO
selectivity and suppress HER.

Keywords : Cluster; Dendrimer, Electrochemistry, Catalysts; Small molecules;
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Fig. (a) Synthesis scheme of
Pd SNP using the dendrimer template. (b) HAADF-STEM image of Pd SNP on Carbon Black. (c) The
histogram of a diameter of Pd SNP on Carbon Black.
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Effect of the Interaction Between Rhombohedral Boron Monosulfide and Carbon Supports on
Oxygen Evolution Reaction ('University of Tsukuba, >National Institute for Materials Science)
OKarin Oiwa,' Rinpei Ueno,' Jinyu Li,' Linghui Li,! Ryuki Tsuji,' Osamu Oki,' Susmita Roy,'
Masashi Miyakawa,” Takashi Taniguchi,’ Takahiro Kondo'

A key challenge is the development of environmentally friendly catalysts to improve the
efficiency of the oxygen evolution reaction (OER). In this study, rhombohedral boron monosulfide
(r-BS) was used as a catalyst, and its interaction with conductive carbon supports (graphene,
graphite, carbon black, and multi-walled carbon nanotubes, MWCNTS) was investigated to
understand its effect on OER performance. The catalytic activity was evaluated using linear sweep
voltammetry, and data variability was analyzed with violin plots, revealing the impact of carbon
support properties on catalyst activity and durability. This presentation will discuss the mechanisms
behind activity enhancement and durability improvements based on the characteristics of each
carbon support.

Keywords : Water Electrolysis, Metal Free; Carbon Materials
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1) Boron monosulfide as an electrocatalyst for the oxygen evolution reaction has been reported. L. Li,
etal.,J Eng. Chem.2023,471,144489.
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Tetradentate Phosphine-Protected Au Nanoparticles Supported on
Cs2C03 as Robust Oxidation Catalyst

(‘Graduate School of Science, The Univ. of Tokyo) OYiwei Wu,' Shinya Masuda,' Kosuke
Sakamoto,' Haru Hirai,' Tatsuya Tsukuda'
Keywords: Au nanoparticle; Heterogenous catalyst; Multidentate phosphine ligand

An essential issue in the development of metal nanoparticle (NP) catalysts is the
stabilization of the NPs against aggregation while leaving the surface exposed. To overcome
this problem, we have used linear polymers such as PVP to stabilize Au NPs, which are active
in the aerobic oxidation of alcohols.! However, the PVP-stabilized Au NPs are not robust
enough for catalysis under harsh conditions. In this work, we used bulky multidentate
phosphine ligands to improve the stability of AuNPs with the expectation that part of the
surface will be exposed due to steric hinderance between the bulky ligands (Figure 1a).

Au NPs protected by monodentate triphenylphosphine (TPP), bidentate 1,2-
bis(diphenylphosphino)ethane (DPPE), and tetradentate tris(2-
(diphenylphosphino)ethyl)phosphine (TDEP) were synthesized by reducing the Au-phosphine
and AuSMeCl complexes in dichloromethane (Figure 1b). Transmission electron microscopy
revealed that average particle sizes of Au:TPP, Au:DPPE and Au:TDEP were 2.8 = 0.5 nm, 2.2
+ 0.5 nm, and 2.2 £ 0.6 nm, respectively, which were consistent with the crystalline sizes
estimated from powder X-ray diffraction patterns. The catalytic activity of these phosphine-
protected Au NPs was compared using the aerobic oxidation of benzyl alcohol (BnOH) as a
model reaction. During the catalytic reaction, the Au NPs were deposited on the powder of
Cs,COs, which acts as a base for the deprotonation of BnOH. Au:TDEP/Cs,COs catalysts
showed good activity and stability in benzyl alcohol (BnOH) oxidation.

a) Hypothesis
0’/\ Close-packed : , Larger exposed
arrangement J_ area for catalysis
X Almost no /" Multidencity
exposed area 1
7~ /" Stability
Monodentate Multidentate
b) This work .
PPhs = i PPh, = PhoP™ PP =

Ph,P

L ~oH

Comparison of catalytic activity and stability

Figure 1. a) The hypothesis of using multidentate ligand. b). The main content of this work.
1) S. Hasegawa, S. Masuda, S. Takano, K. Harano, T. Tsukuda, ACS. Catal. 2022, 12, 6550.
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Cross sectional observation of Cu nanoparticle catalysts supported on zeolite by transmission

electron microscopy (‘EM Application Department, JEOL Ltd., *Graduate School of Science

and Engineering, Chuo University, *Graduate School of Science and Engineering, Ibaraki

University) OWakaba Yamamoto,' Akira Yasuhara,! Masateru Shibata,! Harunobu Iwatsuki,’

Shunya Sakane,’ Hideki Tanaka?

Metal nanoparticles (NPs) have been widely studied due to their high catalytic reactivity.
NPs synthesized within the zeolite pores have a characteristic size that depends on their pore
diameter. Fine Cu NP within the micro pores of zeolite synthesized by photoreduction has been
reported to exhibit higher catalytic activity than the oversized particles on the zeolite surface.
In this study, we prepared the cross-sectional lamella of Cu NP supported on zeolite (Cu NP —
zeolite) using the FIB method and observed it by transmission electron microscopy (TEM),
JEM-ARM200F. Fig.1 shows the scanning transmission electron microscopy (STEM) image
and energy dispersive X-ray spectroscopy (EDS) mapping results of Cu NP — zeolite.
Enrichment of Al was observed around the mesopore of the zeolite and Cu NPs were found to
form preferentially in the Al-rich area.

Keywords : copper nanoparticle, zeolite; catalysis, transmission electron microscopy
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1) S. Sakane. et al., ACS Omega. 2024, 9, 970. (FIB)IC & U 7 BORH )
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Exploration and reactivity analysis of alloy catalyst using universal machine learning
interatomic potentials ('Shinshu University, , > Kyoto University) OXKaoru Hisama', Yuto
Maruta®, Susan Menez Aspera', Gerardo Valadez Huerta', Yusuke Nanba', Kohei Kusada?,
Hiroshi Kitagawa?, Michihisa Koyama'

Applying materials informatics to catalysis often faces difficulty in revealing mechanisms
behind catalytic reactions. First-principles calculations, on the other hand, is restricted by high
computational cost. In this study, we employed a universal neural network potential to
accelerate data-curation, with the aim of searching for multi-element alloy catalysts though
data-driven approach and simultaneously clarify theoretical origin of reactivity. We explored
the RuRhPdIrPt alloys and in combination with Au, Ag, Sn, Ni, and Cu to find catalysts for
hydrogen evolution reaction. The adsorption energy distributions calculated for the
nanoparticle models that matches the experimental compositions are presented as histograms
(Fig. la), converted into a two-dimensional feature using t-SNE, and predicted the activity
using Gaussian process regression (Fig. 1b). As a result, it showed good accuracy as a two-
variable model, and we were able to narrow down the active adsorption sites.

Keywords : Hydrogen Evolution Reaction; Neural Network Potential; High-entropy alloy
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Fig. 1 (a) Example of the histogram of H adsorption energy of RuzsRhisPdilrisPtiss alloy. (b) Map of the
catalytic reactivity by turn over frequency (TOF) as a function of t-SNE features
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DFT study on the catalyst design for sugar conversion reactions ('AISIN CORPORATION,
?Hokkaido University) OMuneyuki Tsuda', Kentaro Toda', Takuya Kuze', Kazufumi Kono',
Ray Miyazaki’, Jun-ya Hasegawa®

Polylactic acid (PLA), a type of bioplastic, has higher production costs compared to
conventional petroleum-based plastics. To reduce the costs, it is essential to develop catalysts
that enhance the yield of lactic acid. This study focuses on the reaction that converts glucose,
a monosaccharide, into lactic acid. The conversion reaction can be primarily divided into three
steps: (1) the isomerization of glucose, (2) the retro-aldol reaction of fructose, and (3) the
isomerization of C3 intermediates. Since steps (1) and (3) are assumed to proceed via similar
mechanisms, this study focuses on steps (1) and (2). Quantitative evaluation of lactic acid yield
is generally challenging. Therefore, in this study, density functional theory (DFT) calculations
of lactic acid and the energetic span model" were used to predict trends in yield. As the catalyst,
a cluster model of beta-type zeolite supported with metals was adopted. The metals considered
were Sn, In, and Pd, which were pre-screened and supposed to be incorporated into the zeolite
framework (referred to as Sn-BEA, In-BEA, and Pd-BEA, respectively). The energetic span of
Sn-BEA was estimated to be 24.1 kcal/mol for step (1) (involving intramolecular and molecule-
catalyst hydrogen transfer) and 33.5 kcal/mol for step (2) (involving C-C bond cleavage and
molecule-catalyst hydrogen transfer). The results for In-BEA and Pd-BEA will be discussed
during the presentation.

Keywords : Ab initio calculations, Density functional theory, Energetic span model, Biomass,
Catalyst

NAFTFZAF w7 ThHRYHABIX EROAMBRT T AT v 7 |2 CiliE
A MREV, 2D 3 A NEHIET D7 021E, FER DU % & b 2 il o BRI A3 4
B Chh 5 ARFZE Tl B CHh D 7L a— A B ILBIC BT B RS E S 24 T,
COEMII)STIEIZ I ODORAT v AT ond O v a—ZA0RMENIG, @7
N7 h—=Z2D L ka7 v K=V &G, @C3 FHEERDEBMEALKIGETH S, OLOILF
FRDORA T = XL THEITT D L EZOND 20, AFETIIO L DI > THETZ1T 9,
LR DO % E'EIICFHIT 5 Z L 13X —BICREECH 5, & 2T, RUFE CITALEE
® DFT §tHE L =X =270 Ve FWT, IEROMEW Z TRl LTz, fillg s
LCiE, @RaHELERX—FBELET A NOI TAZ—FT NVERH LT, T
HAaRE LT, FANCAZ Y —=27317 Sn, In, Pd ZBE L, ZhbH0O&R
DT TA NOFICHAAEND Z L ZHELTWD (£1Z41 Sn-BEA, In-BEA,
Pd-BEA & Z#;). Sn-BEA Ok /L¥— 2303, QDT 24.1 keal/mol (5 1+
B X O - DK FEBE)) . @D G T 33.5 keal/mol (C-C A D YIS X OV
S oK ERE) & RFES bAv7-, In-BEA B KO Pd-BEA OfEFIZ W T,
VHEWmT D TETHD,

1) S. Kozuchand S. Shaik, Acc. Chem. Res. 2011, 44, 101-110.
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Reduction of carbon monoxide in autothermal reforming of model bio-methanol by tandem
catalyst ('Tokyo Metropolitan University) (OHaruka Onodera,' Taketo Kuriyama,' Katsutoshi
Nomoto,' Hiroki Miura', Tetsuya Shishido!

Autothermal reforming (ATR) of methanol is one of the key reactions for on-site hydrogen
supply to fuel cells. Recently, biomass-derived methanol (bio-methanol) has been attracting
attention. The bio-methanol contains a trace of impurities such as ethanol", and impurities
reduce the catalytic activity and durability for ATR by Cu/ZnO/Al,O; (CZA)?. Rh-doped CZA
(Rh-CZA) showed high durability, while the concentration of carbon monoxide (CO) was
higher than CZA. The tandem catalyst of Rh-CZA and CZA showed high durability. Moreover,
the tandem catalyst reduced CO concentration compared to Rh-CZA. These results indicate
that the tandem catalyst promotes 1) the dissociation of C—C bond in ethanol, 2) ATR, and 3)
the water gas-shift reaction.

Keywords: Bio-methanol, Autothermal reforming, Tandem catalyst

A A ) — L ORI E RSATR)IE . SREFE~D 231 b DK S I F
SNABERRIETH D, —H. I—Rr=a— kI ALOBEND, A A~ ZHE
DAK ) — WS A A S ) —)NER ST W5, BH, SAHAS ) — gz

J =N EDWRO RIS E Eh CHIONCDHITEOMIO2

TNB D, = ) — LT E DT, Q;ggm
Cuw/ZnO/ALOs (CZA)Z &% ATR OFF 554 \o
PELMAMEZ IR T S 2 9, Rh 2300 - OH. 60 min _ ®H. 300 min

L7z CZA (Rh-CZA)FMHA A 1y E 30 [LoS28mn Scaimr o |25,
HHOD, CZA &g LT MfhkE E?° . {20 &
(COMIIEN B < 72572 (Fig. 1)o Rh- 820 | - g
CZA L CZA % B L7 v 7 Ml ¢ 15 | g
L O AEE MERF L7275 Rh- S0 | 0g
CZA LHHILT COMEME T L7z, o5 | 05 O
chbomRE, 2oF sy £ O8] , o
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ATR, KPET A7 b S %[RRI A Fig. 1 H, production rate and CO
HETEXDHZLERLTVD, concentration in ATR of model bio-methanol.
1) P. Gautam et al., Fuel 2020, 273, 117783.

2% K. Nomoto et al., Appl. Catal. B *1wt%Rh-CZA+CZA, **0.5wt%Rh-CZA.
Environ. 2023, 325, 122374. Conditions: CH;OH/C,HsOH/H,0/N,/O,=

1.23/0.01/1.48/1.23/0.41 mmol min™'. 200 °C.
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Application of Bi-based topological insulators as catalysts for the synthesis of urea derivatives
(Mnstitute of Science Tokyo) OSekai Narita,' Jiang Li,! Masayoshi Miyazaki,' Hideo Hosono,!

Masaaki Kitano!

Topological insulators (TIs) are insulators in the bulk interior, but exhibit unique high
electronic conductivity at their surfaces. This surface state is known as topological surface
states (TSSs), and it is theoretically extremely robust and attractive as a catalyst.

In this study, we applied Bi-based TIs as catalysts for synthesizing urea derivatives from CO,
0., and amines. When using n-butylamine as a substrate, the corresponding urea derivative was
synthesized even at room temperature, and 99% yield was achieved in 4 h at 40°C. The
recycling test revealed that only Bi,Ses with topologically insulating ground state showed
stable activity over at least twenty times (Fig. 1) and no catalyst leaching into the reaction
solution. This stable catalytic activity is considered to be realized by TSSs of TIs.

Comparing the electronic state of Bi,Se; before and after the catalytic reaction, oxygen
species bonded with surface Se is estimated to be an intermediate of the reaction. The reaction
mechanism analysis using DFT calculations revealed that O, is activated to the singlet state by

the strong spin-orbit coupling of Bi.

Keywords: Synthesis of Urea Derivatives; Topological Insulators; Spin-Orbit Coupling

MR T IR (Tls) 1d, 7SV 7 NERIEHMERRIR CTH 5 — 17 T, FFRAICEVVE
FARE M2 R TR E R RmIRAE (TSSs) #H LT\ 5,

AWFFETIZ, T & CO & Oy W REF LIRS OMEL LT, Bi & TIs
A Lz, WEICn-7FAT I UEAND ERETH RGN EIT L, 40°C TiX 4h
TULHR 99% & R L2, HFIHEROMER, Tls ThH D BiSes TIID72< &% 20 [H
IZOlz o TLRELIIEEEZ R L (Fig. 1), BiBEI U Se DIEHbEZ s TR &
DR I NT=, W2, ZOMEEDZEMILTIs D TSSsIZLDbDEEZHID,

RIS IR O BixSes DS RHEDN & flEFR 1 D Se & fEG L7 MRFRFH UL
A7 EHER S 7=, DFT #HE A2 W CRONEEZ T L7 & Z A, Bi OFRNAE
VLGB EERIC X o T Oy B —EIREE~IEMEL S D 2 &3 L 7= (Fig. 2).
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Fig. 1 Recycle measurement of
Bi»Ses, Se/Al,O3 and BiSe
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Ammonia Synthesis activity of Iron-based Catalysts Prepared by Complex Polymerization
Method ('National Inst. Technol. Numazu College) OChinatsu Takahata', Inazu Koji'

Demand for ammonia is expected to increase due to the growing world population and the
potential use as a CO:-free fuel. Catalysts for ammonia synthesis are important for improving
the energy efficiency and reducing CO, emissions in the production. Iron-cobalt catalysts
prepared with mixed metal oxide precursors are highly active precious metal-free catalysts for
ammonia synthesis. The activity of the catalysts is enhanced by complex polymerization with
organic acids rather than by physical mixing or co-precipitation of the corresponding metal
oxides. In this study, the effects of the type of organic acid on the precursor oxides and catalysts
and their activity are examined. The catalysts prepared with succinic or citric acid exhibit the
highest activity among the investigated ones despite their low specific surface area and small
iron crystallites in these catalysts are likely to be responsible for the high activity (Fig.1).
Keywords : Ammonia Synthesis, Iron-based Catalyst, Sol-gel Metood, Organic Acids
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LCOMFICL D —BOFEENFIAEND. 7T o= T Aafix, &k = x5 —
ZhEm L& COr B EARIHICE T 2 HERHEMERTH DS, ML IXINETIZ, BES
B 2 BIBEIR & T 2 8k-2 0 RS W T U =T AR AR T EER T Y
— i CH D Z LB LTS, Z OMBEDIEMHIE, AIBREROIRA &R % WEtiE
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Ammonia synthesis properties of perovskite oxide-supported Ru catalysts

(!School of Science, Kyushu University, *Institute for Materials Chemistry and Engineering,
Kyushu  University,’Advanced Institute for Materials Research, Tohoku University
*International Institute for Carbon-Neutral Energy Research, Kyushu University)

oNao Tanaka,! Mahiru Umeno,' Tomohiro Noguchi,?Miho Yamauchi'-***

The catalytic activity for ammonia synthesis on Ru nanoparticles is modified through
electronic interactions with the supports.? The electronic states of perovskite oxides (ABOs)
can be controlled by their crystal structures and oxygen vacancies. In this study, we prepared
perovskite oxide-supported Ru catalysts (Ru/ABQOs3), where the A site was La or Y and the B
site was Fe or Cr, to promote catalytic performance of Ru nanoparticles.

ABOs was synthesized using nitrates of La or Y as a A and Fe or Cr for a B metal ion by
complex polymerization method, then Ru nanoparticles were loaded by impregnation on ABO;
according to previous reports>). XRD measurement confirmed that the samples were
perovskite oxides. SEM-EDS and TEM measurements confirmed that Ru nanoparticles with
diameter 10+7 nm are homogeneously distributed on ABO; grains (Fig. 1) and their loading
amount of Ru was approximately 4wt%. The ammonia synthesis activities were measured by
temperature programmed reaction method (250-600 °C). The results of ammonia synthesis
activities of each Ru/ABOs will be discussed on the presentation.

Keywords : Perovskite; Ammonia synthesis
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CEBEEEDOHEEZHARD LB ET S,

BESR 29 25E12, La £7203 Y BYERIE . Fe £721% Cr MYERIE 2 W TSR A TEIC
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1) Y. V. Larichev etal., J. Phys. Chem. C, 2007, 111, 9427.

2) H. Zheng et al., Small, 2023, 19, 2205625.

3) K.K.Ghuman et al., Phys. Chem. Chem. Phys., 2019, 21, 5117.

1 Rw/YCrO; @ TEM 4
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Effect of reaction pressure and hydrogen partial pressure for high methane aromatization
reactivity over Mo/H-MFI catalysts (Saitama Institute of Technology) Yuya Mita, Airi Kosuge,
Yuya Sonobe, Kenta Kuramochi, OHirofumi Aritrani

Catalytic methane aromatization over Mo/H-MFI (Si/Al,=23-80) catalyst at 750°C showed
high activity at high pressures under reaction pressures below 0.2 MPa, and also showed a
suppression effect on deactivation with increasing a partial pressure of H, co-feed (0-5%). The
profiles temperature-programmed oxidation over each catalyst after the reaction showed a
relation between the initial reaction activity and the amount of deposited carbon, regardless of
the reaction pressure. It is proposed that the suppression effect of carbon deposition due to
increasing coexisting hydrogen partial pressure.

Keywords : Methane dehydroaromatization;, Mo/H-MFI catalyst; Temperature-programmed
oxidation,; Hydrogen co-feed
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