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Synthesis of TiO; nanoparticles encapsulated in a hollow silica sphere and its functionalization
by electrode immobilization (Graduate School of Engineering Science, Osaka University)
(OTakashi Harada, Kazuhide Kamiya, Shuji Nakanishi

It has been reported that capsule-like structures encapsulating TiO, particles in a hollow
sphere exhibit various properties by using the pore structure and internal space of the hollow
sphere.!® In general, many of them require multiple steps for synthesis. Therefore, it is
necessary to develop a simple synthesis method and to precisely control shell pores and internal
space for efficient reactions. In this study, we synthesized capsule-like structures encapsulating
TiO; nanoparticles in a hollow silica sphere (TiO@Si0:) by using Ti-containing metal organic
frameworks (MIL-125) as templates. The MIL-125 particles were coated with silica and
calcined to remove the organic ligands to obtain TiO,@SiO, (Figure 1). Without the silica
coating, the TiO, nanoparticles were agglomerates of 40 nm in diameter, but with the silica
coating, agglomeration was suppressed and TiO, particles of about 10 nm in diameter were
highly dispersed in a hollow silica space. TiO»@SiO, with controlled shell thickness were
immobilized on electrodes and its photoelectrochemical reactions were investigated.
Keywords : capsule-like structure; Titanium dioxide; hollow silica sphere
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1) S.Ikeda, H. Kobayashi, T. Sugita, Y. Ikoma, T. Harada, M.
Matsumura, App!l. Catal. 4, 2009, 363, 216.

2) R. Purbia, S. Paria, Nanoscale 2015, 7, 19789.

3) Y. Kuwahara, Y. Sumida, K. Fujiwara, H. Yamashita,
ChemcatChem, 2016, 8, 2781.
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Development of stimuli-responsive guanidine catalyst switching stereoselectivity
(Graduate School of Engineering, Tokyo University of science) OTatsuya Furuichi,
Masayoshi Jinde, Tatsushi Imahori

Stimuli-responsive catalysts that switch the catalytic functions by external stimuli have been
increasingly developed in recent years. However, stimuli-responsive catalysts switching
selectivity or reaction type have not been developed well. In this study, we designed and
developed an azobenzene-based stimuli-responsive guanidine catalyst that switches the
stereoselectivity of the catalysis. We envisioned that the shielding environment of the catalytic
active center, guanidine, would be inversed by the photo-responsive structural changes of the
azobenzene core to switch the stereoselectivity of the catalysis. In the trans-azobenzene state,
a phenyl group of the chiral acetal would shield front side of the guanidine as shown in Figure
1. On the other hands, in the cis-azobenzene state, the benzene ring of azobenzene would shield
the back side of the guanidine, we assumed. The synthesized catalyst was utilized in 1,4-
addition reaction of 1,3-diesters to nitrostyrene and Friedel-Crafts reaction of indole and
pyruvate to evaluate their switchable functions.

Keywords : Stimuli-responsive catalyst, asymmetric synthesis, guanidine, azobenzene
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1) T. Imahori, R. Yamaguchi, S. Kurihara Chem. Eur. J. 2012, 18, 10802-10807.

2) B. L. Feringa, J. Wang Science. 2011, 331, 1429-1432.
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Evaluation of Hydrothermal Reactivity of Various Lignocellulosic Biomass in Hydrothermal
Saccharification Using Solid Acid Catalyst (Tokyo University of Agriculture and Technology)
(OMasaya Sudo, She Shaohua, Kenji Kamiya, Eika W. Qian

Hydrothermal saccharification of lignocellulosic biomass using solid acid catalysts has
attracted much attention. However, existing solid acid catalysts still have a problem of low
monosaccharide yield. In addition, biomass is diverse and reactivity varies. In this study,
hydrothermal saccharification of various herbaceous biomass was performed using commercial
and synthetic solid acid catalysts, and their reactivity was evaluated.

The results of hydrothermal saccharification of several types of biomasses using Amberlyst-
35d are shown in Fig. 1. During the reaction, a 60 cc pressure-resistant metal tube was used as
a reactor, and the temperature was increased to 150 “C in an incubator with a vibration
function and oscillated at 120 Hz to investigate the effect of reaction time on the
monosaccharide yield. Regardless of the reaction time, Rice strawl had the lowest
monosaccharide yield and liquefaction rate. For the other biomasses, the increase in
monosaccharide yield was significantly attenuated after 45 min. It can be considered that the
reaction of Rice straw1 is slow due to the high percentage of cellulose in the biomass, and the
fact that almost all of the hemicellulose in the other biomass was converted to monosaccharides
at the 45 min reaction time.

Keywords : Solid Acid Catalyst; Lignocellulosic Biomass,; Hydrothermal Reaction; Rice Straw
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Hydrothermal saccharification of Lignocellulosic Biomass by Using Sulfated TiO»/SiO,
(Tokyo University of Agriculture and Technology) (OHikaru Watanabe, Shaohua She, Kenji

Kamiya, Eika W. Qian

Substitution of petroleum resources with biomass-derived resources will solve the resource
depletion problem and environmental problem. Cellulose and hemicellulose, which are
components of lignocellulosic biomass such as corn stems, can be hydrolyzed into
monosaccharides such as C5 sugars and C6 sugars in the presence of acid catalysts. Attaching
oxo acid such as sulfuric acid to the surface of metallic oxide, extremely strong acidity develops.
In this study, we performed a saccharification reaction on corn stems utilizing sulfated
TiO,/Si0; and assessed its hydrothermal reactivity.

Feed, catalyst, and water were placed in a tube reactor and heated and vibrated in a constant
temperature bath. After the reaction, the solution was measured by HPLC. At a reaction
temperature 160 °C, the monosaccharide concentration was highest when TiO»/SiO, = 0.3.
Although the reaction temperature was varied, 160 ‘C was the optimal temperature.
Keywords : Lignocellulosic Biomass, Saccharification; Catalyst; Solid Acid Catalyst; Sulfated
Titania
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Table 1 Liquefaction rate and concentration of products from hydrolysis trials using sulfated TiO,/SiO,.

Temperature TiO,/SiO, Time K ig Concentration [wt%]
[°C] ratio [-] [min] [%] Sog Cs o S mono HF
0.1 120 38.5 0.91 0.10 0.07 0.18 0.06
160 0.2 120 42.0 0.93 0.13 0.09 0.22 0.07
0.3 120 44.2 0.97 0.16 0.12 0.28 0.07
140 0.3 180 34.4 0.97 0.09 0.14 0.23 0.02
180 0.3 60 47.7 0.76 0.19 0.07 0.26 0.13

K jq liquefaction rate; = S o4: oligosaccharide; ~ S mono: monosaccharide; ~ HF : HMF and furfural
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Effect of A-site doping on the acid—base properties of SrTiO; nanoparticles
(OTakeshi Aihara, Wataru Aoki, Keigo Kamata (MLS, Tokyo Tech)

Metal doping into perovskite oxides leads to the formation of oxygen vacancies and high-
valence metals, which increases catalytic performance of perovskite oxides. However, there
are few papers about doping effect on acid-base properties of perovskite oxides. Recently, we
reported highly active SrTiO3 nanoparticles for base-catalyzed reactions. In this study, the
effect of A-site doping on acid-base properties of SrTiO; catalyst were investigated. The
catalytic performance for the cyanosilylation of acetophenone with TMSCN was strongly
affected by the types of doing metal and 10% Rb-doped SrTiOs (Sro9Rbo.1TiOs-5) showed the
highest activity compared to the other metal-doped or pristine SrTiOs. No significant
difference in the XRD patterns between the fresh and used SrooRbo1TiOs_s was observed,
suggesting that the catalyst is stable during the reaction. The recovered catalyst was reused
without a substantial loss of performance.

Keywords : Perovskite oxides, SrTiOs, Acid-base catalyst, Doping
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Scheme. Cyanosilylation of acetophenone with TMSCN over SrTiO3; and Sro9Rbo.1TiO3-s.

1) S.Royer, D. Duprez, F. Can, X. Courtois, C. Batiot-Dupeyrat, S. Laassiri, H. Alamdari, Chem. Rev.
2014, 714, 10292.

2) T. Aihara, W. Aoki, S. Kiyohara, Y. Kumagai, K. Kamata, M. Hara, ACS Appl. Mater. Interfaces
2023, 15, 17957.

3) T. Aihara, W. Aoki, M. Hara, K. Kamata, Catal. Today 2024, 428, 114448.
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Development of catalysts using Cu(I)-based mixed metal oxides as a support material (' Faculty
of Science, Tokyo Metropolitan University) O Shoma Takahashi,' Soichi Kikkawa,' Seiji
Yamazoe'

Metal nanoparticles (MNPs) are widely used as catalysts and are supported on materials such
as metal oxides to increase their catalytic surface area with high dispersion. Cu(I)-based mixed
metal oxides (Cu(I)MMOs) are expected as support materials to have geometric and electronic
interaction with the supported MNPs due to their unique coordination environment and
characteristic band structure with shallow potential energy of the valence band consisted of
monovalent Cu species. In this study, MNPs were supported on various Cu()MMO by an
impregnation method, and the catalytic properties were evaluated by using gas phase CO»
hydrogenation reactions. Cu(I)MMOs were prepared by a solid-solution reaction method. As
for CuAlO,, Cu0O and Al,O; were mixed and pelletized, and the pellet was calcined at 1050°C
under N flow?. MNP catalysts were fabricated by an impregnation of metal salt precursors
onto the obtained Cu(I)MMO, followed by calcination and reduction. In the presentation, the
structure of the resulting supported MNPs and the CO, hydrogenation activity will be discussed.
Keywords : Copper-based composite metal oxide; Supported metal nanoparticles catalyst;
metal-support interaction
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1) K. Rajeshwar et al., J. Electrochem. Soc. 2018, 165, H3192
2) A.N. Banerjee et al.-, Thin Solid Films. 2003, 440, 5
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Hydrogenation of carbon dioxide to methanol over metal-doped supported gold catalyst
(1Tokyo Metropolitan University, *Research Center for Hydrogen Energy-based Society, Tokyo
Metropolitan University) O Katsutoshi Nomoto,! Takumi Nakagawa,! Hiroki Miura,'?
Tetsuya Shishido, '

Hydrogenation of carbon dioxide to methanol is an important reaction to achieve carbon
neutrality. Zirconium oxide-supported gold catalyst (Au/ZrO,) exhibited higher turnover
frequency than copper catalysts in methanol synthesis?. Kinetic study suggested that
hydrogenation of the intermediate is the rate-determining step. Therefore, rhodium with high
hydrogenation activity was doped on Auw/ZrO, (xAulRh/ZrO,: x=Aw/Rh molar ratio).
10AulRh/ZrO; showed lower CO, conversion and methanol selectivity (Fig. 1). lAulRh/ZrO»
exhibited higher methanol selectivity (34.8%) than bare Au/ZrO; (18.7%) and lower methane
selectivity (7.3%) than Rh/ZrO, (19.0%) at the same Rh loading as 1 AulRh/ZrO,. These results
indicate that doping Au/ZrO, with appropriate amount of Rh improves the methanol selectivity.
Keywords : Hydrogenation of carbon dioxide; Methanol; Supported gold catalyst
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H>-D, exchange reaction over supported gold catalysts ('Tokyo Metropolitan university,
2Research center for Hydrogen Energy-based society) O Yuichiro Okuzumi!, Takumi
Nakagawa', Hiroki Miura'*, Tetsuya Shishido'-?

The catalytic conversion of CO, with green hydrogen to value-added products such as
methanol and formic acid is an important technology to achieve a carbon-neutral society.
Supported gold catalysts exhibit higher TOF values for methanol production by CO;
hydrogenation at lower temperatures than conventional copper-based catalysts. Based on the
kinetic analysis, we proposed that the rate-determining step in methanol synthesis is the
hydrogenation of intermediates (HCOO- to CH30O-). In this study, the H»-D> exchange reaction
was performed to evaluate the hydrogen activation ability of supported gold catalysts with
different gold particle sizes, and the correlation between the hydrogen activation ability and the
activity for the methanol synthesis was discussed.

The order of activities for the H,-D, exchange by supported gold catalysts with different gold
particle sizes on the same support was consistent with that for methanol synthesis. Moreover,
these activities were correlated with the length of the perimeter between gold and support. This
result strongly suggests that the perimeter interface between the gold and the support is the
main active site for both the H»-D, exchange and methanol synthesis.

Keywords : Hydrogenation of carbon dioxide; H»-D exchange reaction ; Methanol, Supported
gold catalyst
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TARL % 2L ST ER AR X 2 K FEOTEMEALEEZ FFM L. KEDIEME(LAE
& CH;OH A SGDOIEME & OFIRE 2 %52 LT,

[F]— DR TR0 B 70 D HEF &AL X 5 Ho-D, ZZHASE . CH3OH &5 AlX
S DIEVEIZ R T DIEEDO T —E L TEB Y . WTFNOKNZ DWW T H e LK E D
BEAEREOREITHBE L T\, ZoRIT, &K EDES RIS NTIOKIGIC
DONWTHEREERTHDLZ 2R LTV 5D,

1)H. Sakurai at al., Appl. Catal. A 1993, 102, 125 — 136.

)FI, =3, SR, 130 IR S 1G22.
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TI/RYT—%25RE Lz PdAg 7/ KIFAEHRZED ) At
DERE CO2 ML DFEEHRIGADIEFA

(BRBET) OBIE #7 « i &b - (0T 50E

Synthesis of aminopolymer-templated hollow silica catalysts encapsulating PdAg
nanoparticles and their application to formic acid synthesis from CO, (Graduate School of
Engineering, Osaka University) OMikihiro Sakurai, Yasutaka Kuwahara, Hiromi Yamashita

We have previously reported that a hollow silica catalyst encapsulating PdAg alloy
nanoparticles and aminopolymer (poly(ethyleneimine):PEI) improved CO, hydrogenation to
formate under basic conditions". Formate synthesis under basic conditions requires post-
treatment to obtain formic acid. Therefore, formic acid synthesis under neutral conditions is
desired. In this study, we synthesized a hollow silica catalyst encapsulating PdAg alloy
nanoparticles and PEI and applied it to formic acid synthesis in pure water. The hollow silica
catalyst (PdAg+PEI@HSS) was synthesized by using PEI as a template and by forming a silica
shell around the conjugate of PEI and PdAg nanoparticles?. The synthesized catalyst showed
about three times higher activity than that without alloying with Ag due to the improvement of
HCOs  hydrogenation activity by alloying Pd with Ag. The catalytic activity was also
dramatically enhanced by encapsulating PEI inside the shell. The hollow silica also prevented
elution of PEI, making it possible to use it repeatedly.

Keywords : CO, Hydrogenation; Formic Acid; Hollow Structure Catalyst; Aminopolymer;
PdAg Alloy Nanoparticles

AT ETIZ PdAg 4T/ Ki v & 7 X 7 7R U < —(poly(ethyleneimine):PEI) %
Hhze s ) HIZNE LES ﬂﬁ“é <‘:“C RS P8 W TEZIZRIZ CO, & R
WAERTE D L2 WELTWD D, RS T Cliifhs XRa155 71&50)?7&
RLBEINLEEZ T2 D728, Hit éxﬁﬁ?f@;ﬁfpé’mﬂe AN EEND, AT
PdAg &4/ Rif & PEI ZWNal L7 h2emgisfiit 2 5k L | f@kﬁlﬂf@ﬂeﬁz@ Ejz)i
L~EIEHT A E L BIZ, PdAg 48T R B L ORY ~— DR TEHEENZONT
T L7z, ettt (PdAg+PEI@HSS)iE PdAg 7/ Ki¥-& PEI b7 585K %
T —hEL, HICVY D o VB SEDS FIETEKR LY, A L7
ZeREIERREIX Ag & B 4L Lrt,ab\ BATEEATR 3 OIS NEZ R LT, 23X Ag
EDEAALIZ XL Y HCOIC ?“67k ML m EL7eH &EEx oD, £, F4EzE
-~ PEI ®NEIZ LY ﬁ%ﬁi/ﬁ PESTREERYIZ A B L7z, & 512, 42 U I OLRHER)
AT X 0 B3 0 =K LRI AIBECTH - 72,

Table. Production of formic acid from CO» and H»"

Entry Catalyst TON
1 Pd+PEI@HSS 30
2 PdAg+PEI@HSS 86
3 PdAg@HSS 3
4 PdAg@HSS+PEI 21

*catalyst (50 mg), solvent (H,0, 10 mL),

H2 (2.0 MPa), CO2 (2.0 MPa), 40 °C, 6 h ) i
2( 2 2 ( 2 Fig. TEM image of PdAg+PEI@HSS.

1) Y. Kuwabhara, Y. Fujie, T. Mihogi, H. Yamashita, 4CS Catal., 10, 6356 (2020).
2) Y. Kuwahara, H. Kango, H. Yamashita, ACS Catal., 9, 1993 (2019).
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1

1 AuPd EEMEZFA L TR RFKFRIEIC L 5 E R B

B

CROFCERSE R 1+ OB R KSR = 0L — s St pT JE 1 o 7 —2) OfilEf
EIR T e KA 12 e R i 12

Continuous production of formic acid by hydrogenation of carbon dioxide over supported
AuPd alloy catalysts (! Tokyo Metropolitan University, * Research Center for Hydrogen
Energy-based Society, Tokyo Metropolitan University) ORyota Kirino,! Hiroki Miura,! 2
Tetsuya Shishido, 2

G

Highly efficient synthesis of hydrogen carriers is one of the key technologies to achieve a
hydrogen society. Formic acid (HCOOH) is one of the promising hydrogen carrier candidates
to meet the U.S. Department of Energy (DOE) 2025 target (1.3 kWhL!). Selective formic acid
synthesis by carbon dioxide hydrogenation using various catalysts has been studied mostly in
batch reactors. On the other hand, there have been few studies on the continuous synthesis of
formic acid using a flow reactor. In this study, we investigated the continuous synthesis of
formic acid in a flow reactor using supported AuPd alloy catalysts.

Formic acid was selectively and continuously formed using a supported AuPd alloy catalyst
(Au:Pd ratio = 1:1) at 20 °C under CO»/H, mixed gas and NaOH aqueous solution. The
formation rate of formic acid reached about 3 times per catalyst weight and 10 times per Pd
weight compared to the supported Pd catalyst.

Keywords : Hydrogenation of carbon dioxide; Formic acid, Flow reaction; Supported metal
catalysts

BN IRKRFEX ¥ VT OARIT, KFBOBEERFIERICBW TEERFEFO—>
Thsb, XL, K=xLX—4 (DOE) ® 2025 ‘FHFE (1.3 kWhL') Zi/=dH
PRKEF Y VT DBFEMO—>TH D, T E Thx itz vz B bR FEK
FIC L DB HRARIZZDIF L A ERRNy FREHRIC L > TR S, ¥
e DA B BT D RREH BN A 720, ARAFZECIE, HEF AuPd A&l 2 T >
2 — gl K DR RS I DWW TRET 21T o 72,

FHEF AuPd &4 (AuPd tb=1:1) Z T CO/H{EA H A E L OV NaOH /KIAR
i N, 20C TR Z T 72 2 A, ¥ (HCCOH) 23ERAYD-DHEREAIIZ A RL L
7o NFRARGHEE L, FHFFE P il & bl U CREEEH 720 TR 3%, PAEEH-
TR0 fFICE LT,

Pd/C
Au-Pd/C

co,+H, —»]  }—» HCOOH

H,0/NaOH, 2 MPa, 20°C
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Co Rt Z ALV T3 Xl IZ &k % CO2 KFRILRIE

(RILKRT) Ok ZE - s EIL - 8 e
Plasma catalytic CO» hydrogenation using Co-based catalysts (7okyo University of Agriculture
and Technology) OXotone Inoue, Kenji Kamiya, Eika W. Qian

CCU that synthesize Cy+hydrocarbons and alcohols from CO- are important to reduce the
CO; content in the atmosphere. Previous studies have reported that Co catalysts are superior
for C-H bond formation in plasma catalytic CO, hydrogenation, but there are few reported
cases of Co-based binary catalysts.! Since we consider that Fe could enhance formation of C-
C bond and alcohol, Ru could improve hydrogenation, and Mn could make carbon chain to
grow, in this study, these were added on to Co catalyst.>> When the Mn-Co catalyst was used,
the maximum H; and CO; conversions were 60% and 45%, respectively, and the CH4
selectivity was 87%, indicating that improved conversion and CH4 selectivity were possible.
The formation of C,+hydrocarbons and alcohols were also observed, indicating the usefulness
of the metal support.

Keywords : Cobalt catalyst; CCU; hydrogenation, Plasma

Cod RALKRFRT /L 3 — LT AL DRI 720 5 2 A bW Tod %,
KEFD CO, EABDOHIED =D, CO, D InbDIbEmE AT 5 CCU NEHE
Th b, CCU HiD—>Th 577 A~ i ix, BEEAOs & g U CiRFn7s
SHETIT) 2N TE, BHTORENARETH D720, FAEMRET R LX— LA
BoEDZ LI LTV D, BEfEMFFE TIE Co il C-H S &I TH D Z &
MIE I TNDH, Co R ol DM EFITFE 72 D, ARBFZETIEL, Co fillfific
&R AL, BIERNERMICE 2 DB ZHRAE LTz, Fe ITRBHRE LTV
a— LAY RulIARFELRES) . Mn 137 v a— VAR RET AL EZ . b %28
fifit & L C Co B ICHEEE L, 2 b D Co R A VT 77 X~ COKFEL
AT o712 29, MRS CIE Hoy COE{EZRIT 6%, 14%., CH4IiEPURIL 1%FEE T
bolz, L)L Mn-Co filllit 2 L7c 556, &K T Hay COB5{EHRIT 60%, 45%.
CH4 BRI 87% & 72 0 | #a bR [, CHy B WED M BRI ThH o7z, Fz, Cor
RALKFERLT Va2 — LV OARBER SN TR Y, &g AL RSN,

Table 1 Conversion and product selectivity in plasma catalytic CO, hydrogenation.

Experiment Conversion [%] Selectivity [%]

H. CO: CcO CH. C:Hs
No catalyst 5.86 14.2 74.9 0.86 0.00
Al.Os 6.32 20.8 83.1 1.41 0.00
Co/Al.Os 54.4 43.8 18.7 82.0 2.64
Fe-Co/Al.Os 7.48 8.11 26.9 60.7 2.08
Ru-Co/Al.Os 42.6 35.3 23.0 78.7 1.35
Mn-Co/Al.Os 60.3 445 12.3 87.7 2.42

1) J. Wang et al., Green Chem. 2021, 23, 1642—-1647. 2) Y. Ma et al., J. Am. Chem. Soc. 2023, 145,
20792-20800. 3) S. Meng et al., AIChE J. 2023, 69, ¢18154. 4) B. Ashford et al., J. CO2 Util. 2022, 57,
101882. 5) J. Huang et al., Ind. Eng. Chem. Res. 2022, 61, 7266—7274.
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