vy HAR{LFES E104F5EFES (2024)

| 7h7Sv o 70056 DRRE—] | 08. il : R &2 — |

B 2024438208 (7K) 1545~ 17:15 W R X2 —2881 BT IR—YAR—)L 1] 71U —F)
[P1-3vn] 08. feill

® BxEE
[P1-3vn-01]
BMERERIGICE T ZEILT =T LMEDO SRS

O#e —&'. B N XB 25! (1. REEHILAR)

A J=FE

[P1-3vn-02]

TRESHRERATEAIC &K B BIEEMREANDPI T/ K FAREE (LR ITICH 1T BIETRILF —FEFR
D&

OfFH 2F. BF ¢ HEBEAL AR XE AXAR #I'. B &' (1. KIRAZ)

L J=Fie

[P1-3vn-03]

BEZYTINI SR — it LIOREMRN AZBRS

O#FEG EH2 ;A K234 HE 520, #F fe12 5@ =812 Wk 2F2 (1. "Ik - k&
B, 2.)JST-ERATO. 3. K « £, 4.)ST-SENF. 5. EEREKX - BEREHEME L)

® %8
[P1-3vn-04]
VIREBEILM Y 2 X2 —DH 1 AMEEMIBIERICS X 27E

OR>Z77o 28431 N B0 WK HA (1. BERHFBILATF)

® XEE
[P1-3vn-05]
Precise separation of mixed metal oxide clusters by HPLC

ONattamon Panichakul®, Tomoki Matsuyama, Soichi Kikkawa', Koichi Kikuchi?, Seiji Yamazoe'

(1. Tokyo Metropolitan University)

L J=Po e

[P1-3vn-06]

A4 DGaN:ZNOMFR DI BT F I £ HAEEIE DB DRSS

OBzZx KR\, ZAF L. M5 EAR. Stk &M, AE BP34 2% —F3 (1. EMAERSIE

TEEHARERL 2. GMAEREGEIZMER. 3. EMNAALHBRMS AR LHMRAER. 4.)ST
TEHD)

© BAE

[P1-3vn-07]

HERERPDOEXKEZIZIE L 7=GaN:ZnOE R AN & &M &E1L

O=A%F LI\ Bk B2 AT BE3A 2% —m3 (1. EMNAEAERRGEBISHAER. 2. 5M
RERFRMBEEETEMAR. 3. EMNAKREHEHRSHREABMEIRZEH. 4.)ST ETEHT)

A J=FE

[P1-3vn-08]

HERHA T OKRBERFICE T B MEAEDREINKELERNREICS X ZTE

OFHEE. REBEA B AN FIB B2 88 L2127 (1. MK, 2. BNAFEHH
FHER)

© 2024 NBEMAAEABERLELESR



vy HAR{LFES E104F5EFES (2024)

® 0x3E
[P1-3vn-09]
IKERERAHEMARREND ) VEREREEIE R I —DEH

OWft BB LA #E £ AN FIB BRS. B% —m2 88 L83 (1. BMAFE. 2.8
RRZFE. 3. BINKZ BRI

® B4
[P1-3vn-10]
BR2DEMEICEK DFAR L I-RUME K — E > U SITiOyEiRiR = F LV o AT #R K o g

OftE b A st 2B =E". WO k"2 IEBE 2. JREAE. 2. REAKRHFH—
RN a—)

A J=Fes

[P1-3vn-11]

MOFHIBR{AZ #EH L 7o CAS/ZnSEE/AE Z AL TCBHERY O EIC K 3KEREK
O# ', XxE &R (1. RRERAT)

A J=Fes
[P1-3vn-12]
RFBFRAZILT ) =R %E AWK DRI K BIKERERK

OFER AT, KxHA ERE! (1. ERERKS)

© %5
[P1-3vn-13]
Pelletized photoelectrodes for photoelectrochemical water splitting

OSurya Pratap Singh', Kosuke Beppu!, Fumiaki Amano’ (1. Tokyo Metropolitan University,
Faculty & Graduate School of Urban Environmental Sciences)

® 0A:E
[P1-3vn-14]
JIA— 2 =REENCERT 3 RNICE R B DR R

O#mE EH;'. B A FE 7' (1. RREBIAT)

® BAGE
[P1-3vn-15]
AN/ BRENREHKIRT 575 I MEFRCAE DO S/ & 5

ORMK ®F2 BE+E &' B&E 9H 02 R EEA LF &2 BPBE2(1. FEIZAZR. 2
ERRMHRE S HHITFR)

® HAE
[P1-3vn-16]
BARIRABIFE L 2 > U AT U HIRIC K DK & ZERH 5 DIEEEE R

O=/l M. Ar EE. FH# B2 (1. KRAF)

® 0x3E

[P1-3vn-17]

A7 URARBIIEEE L VLY J — L EAEIREIC & Bt R AR L KR ER
OFEL R AR BE. FH B2 (1. KIRAFEAFR)

® HAGE
[P1-3vn-18]

© 2024 RNEHEEABERCES



vy HAR{LFES E104F5EFES (2024)

BERLKEEREEEE T 2EB1 T V2 RFLICEARE LI-FRARLSEERLEESUBHEER
(COR)YtimtiE DA%

OKXKWL BT (1. AMIEAZ)

® 5A5E
[P1-3vn-19]
71/ —ILOREEDE VG- CGN,DFE

O &7 A @' FE 7' (1. RREBIAY)

® 0x3E
[P1-3vn-20]
T2 7 74 FRZREAPON)Z BV CRIEHIGE MR RINIC & B X2V ERK

O£ 2!, B% B (1. ANMITELXRS)

A J=Fes
[P1-3vn-21]
BRyFREMRE (N ICK BFEARKRER & BEIRMICOETT

Ok 22, HFR X' (1. BERZBAT)

® A&
[P1-3vn-22]
Fe-ZrO, it % A L 7=CO, /IR TT D R LS D IR R AV ARRT

ORT (x5 RESH'. A3 ME. ZA»rsb| R E#' (1. TEXD)

A J=Fes
[P1-3vn-23]
BROEBESEFIERILICL 2R DREDER

OB TR [ 8. RE FAZ FH ' (1. RREBIAR. 2. BHERAT)

L J=F =

[P1-3vn-24]
MIBEEKARPICAR L)L O0—XDBEEB{LZ &R L 7-PYCEMRANE DR F
OmTHE 81, 28 #N'. FiIs Ban'. 888 L2 (1. EMNAZ)

® BKE
[P1-3vn-25]
CsBBEERVL 7 Z2BRE LIS EAD FHRIEDRSE

ORME £, I x0H2 A FEHRE TR FES DEKX B BEMXS B8 & (1. $F0K
TFARF. 2. HEIXRSFEMIFER. 3. RREIKS)

® gAE
[P1-3vn-26]
BT S REMERA TOBMBIEEMLICL 2BRERDPBOXNZX I

O HN. TH AT $#HABAS 88 52 BE M (1. QU FmiA. 2. bAmgH. 3.
JERBETI)

® BxEE
[P1-3vn-27]
REIT R ILF¥ —ZFA LI FRAE R SR ORE

Ottt =10 ZN B IWHR A (1. RREPILATF)

® BAGE

© 2024 RNEHEEABERCES



vy HAR{LFES E104F5EFES (2024)

[P1-3vn-28]
CoAl(N=10-13)hF A VI FREA—IC& BT VEZT DRIKRERIGDIEET

ONE A Tk M. 2 A (1. TEIEARS)

L J=Pi

[P1-3vn-29]

BEREREICE ZMBERSE EDAANZILDOER

OKXE ®I FF AE'. TN B—". WHKHD (1. RRBPILKZKRER)

® 0x3E

[P1-3vn-30]
HEFTILIFZAVEDTOEXROKERRICE T RIGEEDE
OAx A&, 21 7' (1. BRIXSSEMFIER)

A J=Fes
[P1-3vn-31]
YRR AED FAREICK 52 TRF Y FAFRRRINICRIEFTIEE T U D LORE

OFMM %", Mk Ex2 B 1E TR &FEL 2T @6 (1. BT 7 —< 7 I hlLkkat. 2
ELRIKRT)

® BKE
[P1-3vn-32]
BETREREMOBEETICL ST /RIFEMK

Om %A FN B0 WHRHI (1. RRMPILAZF)

© 2024 RNEHEEABERCES



P1-3vn-01

BARFESR B104EFEFE 2 (2024)

MRFLERGIZE T HEILILT =0 LMED L LiE
(RECHST KB IERBER Y ) OMsd: — '« BIRF 22401 - KiF shig!

Degradation Mechanism of Ruthenium Oxide Electrocatalysts during Oxygen Evolution
Reaction (' Graduate School of Urban Environmental Sciences, Tokyo Metropolitan University)
OKazuki Obigane,' Kosuke Beppu,' Fumiaki Amano'

The electrocatalysts for oxygen evolution reaction (OER) at high current density are exposed
to harsh conditions including high anodic potential and acidity. Ruthenium oxide (RuQO,)
catalysts exhibit high OER activity, but the stability under acidic conditions is lower than that
of expensive iridium oxides. The degradation mechanism and strategy to enhance stability
remain unclear for RuO, electrocatalysts. This study investigates the dissolution of Ru species
from the RuO, particles with different crystallinity, aiming to understand the degradation
mechanism of RuO; during acidic OER. Among the tested catalysts, RuO; calcined at 350 °C
showed the highest stability in the durability test. Figure 1 summarizes the amount of Ru
species that remained on the electrode surface and dissolved in the electrolyte solutions after
the deactivation. The residues were determined by SEM-EDS analysis, while the dissolved
amounts were quantified using ICP-OES. The samples prepared at calcination at 280 and
300 °C had significant missing in the Ru species detection, attributed to the detachment of
RuO; aggregates during the stability test.

Keywords: Oxygen Evolution Anode; Ruthenium Dioxide; Deactivation, Water Splitting
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Utilization of low-energy electron beam for the immobilization of Pd nanoparticle catalyst on
polymer substrate by radiation irradiation method (Graduate School of Engineering, Osaka
University) ORyohei Iwano, Satoshi Seino, Naoto Uegaki, Fumiyasu Ishiguro, Yuji Ohkubo,
Takashi Nakagawa

Palladium (Pd) nanoparticle catalysts can be immobilized on polymer substrates by
irradiating that substrate immersed in Pd ion aqueous solution. Previous investigations have
predominantly focused on employing high-energy electron beams or gamma-rays as radiation
sources. The utilization of low-energy electron beams stands as a preferable option, particularly
in industrial applications and for materials exhibiting low radiation resistance. In this study, we
investigated the applicability of low-energy electron beams in a radiation-based method of
immobilizing Pd nanoparticles on polymer substrates. Synthesis conditions and the chemical
state of the Pd nanoparticles and the polymer substrates are discussed.

Keywords : Low-energy electron beam, Polymer substrate, Nanoparticles, Palladium, Catalyst
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1) N. Uegaki et al., Nanomaterials, 12(9), 1463.
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Greenhouse gas conversion reaction catalyzed by precise nickel clusters (Lab. for Chemistry
and Life Science, Tokyo Tech, *JST-ERATO, *Inst. of Industrial Science, The Univ. of Tokyo,
4JST-PRESTO, °Ctr. for Integrated Sciences and Humanities, Fukushima Medical Univ.) O
Tatsuya Moriai,'> Takamasa Tsukamoto,>** Makoto Tanabe,> Tetsuya Kambe,!> Takane
Imaoka,'? Kimihisa Yamamoto'-

Metal clusters have attracted much attention due to their unique structure and reactivity not
found even in nanoparticles (NPs). We have successfully synthesized various clusters by using
the original phenyl azomethine dendrimer as a template molecule?. In this work, we prepared
Ni clusters with a fine-controlled atomicity and evaluated their catalytic performance through
dry reforming of methane (DRM). These clusters were identified by STEM/EDS observation
and XAFS analysis while their properties were evaluated through XPS measurements and
temperature-programmed reduction. Furthermore, they were applied to DRM as catalysts,
revealing a size and atomicity-dependent catalytic performance. Among them, the 28-atom
cluster exhibited outstanding performance and low activation energy due to its unique structure.
Keywords : Cluster;, Dendrimer, Nickel; Greenhouse gas; Catalyst
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1) T. Moriai et al., Angew. Chem. Int. Ed. 2020, 59, 23051-23055.
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Size effect of V group metal oxide clusters on base catalytic property

(' Tokyo Metropolitan University) oSupisara Hongpuek,' Hiroki Nagakari,' Soichi Kikkawa,' Seiji
Yamazoe'
Keywords: Polyoxometalate; group V metal oxide cluster; base catalysis

Acid and base catalysts are essential for industrial processes in petroleum chemistry and
biomass conversion. Group V transition metal oxide clusters, such as [TasO19]*," [NbsO19]*"," and
[Nb10O25]%",? have been reported as base catalyst to show the Bronsted and Lewis base catalysis for
Knoevenagel condensation reaction and CO, fixation reaction, respectively. The base property came
from highly negative natural bonding charge of the surface O atoms, as calculated by DFT
calculations. However, the origin of the strong basicity of V group metal oxide clusters is not fully
understood yet. In this study, we synthesized group V transition metal oxide clusters composed of
different number of metal oxo units by microwave-assisted hydrothermal method and the following
bottom-up condensation synthesis, and investigated their base catalytic property to understand size-
dependent reactivity trends and the origin of their basicities (Figure 1).

Tetra-n-butylammonium (TBA) salt of [TacO19]*" (TBA-Ta6) was synthesized by a
microwave-assisted hydrothermal method as reported.” TBA-Ta6 was synthesized by acidification
of Ks[TasO19]-nH,O to obtain Ta,Os-nH>O, which then reacted with 10% tetrabutylammonium
hydroxide (TBAOH) aqueous solution using microwave-assisted hydrothermal method. TBA salt of
[Tai005]® (TBA-Tal0) was obtained by heating TBA-Ta6 in toluene for 30 hours and keeping it to
stand at —20°C for a couple days, as reported. The obtained samples were characterized by Fourier-
transform infrared spectroscopy, electrospray ionization-mass spectroscopy, and other techniques and
plied to Knoevenagel condensation reaction to evaluate their base catalytic property.

Figure 1. The structure of [TasO19]® and [Ta1002s]°".

1) S. Hayashi et al., J. Phys. Chem. C, 2018 ,122, 29398. 2) S. Hayashi et al., Chem. Asian J 2017, 12,
1635. 3) M. A. Rambaran et al., Eur. J. Inorg. Chem., 2019, 3913 (2019). 4) M. Matsumoto et al., Inorg.
Chem. 2013, 52, 7825.
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Synthesis, separation, and purification of V group metal oxide
clusters

(Graduate School of Science, Tokyo Metropolitan University) ONattamon Panichakul, Tomoki
Matsuyama, Soichi Kikkawa, Koichi Kikuchi, Seiji Yamazoe

Keywords: Anionic cluster; Polyoxometalate, Base catalysis; HPLC techniques; Microwave-
assisted synthesis

Metal oxide clusters (polyoxometalates, POMs) have been known as acid catalysts,
photocatalysts, and redox catalysts. Recently, the findings and application of metal oxide
clusters as base catalysts have been reported, such as Lindqvist-type V-group metal oxide
clusters [MsO19]® (M = Nb, Ta) for Knoevenagel condensation and CO fixation reactions due
to the highly negative natural bonding charge of the surface O atoms.! We have reported that
the Lindqvist-type Ta-Nb mixed hexametalates with tetrabutyl ammonium cation,
TBAeH[ TaxNbs.<O19] (Will be called as TBA-TaNbs-<O19), exhibited activity for CO, fixation
reaction to styrene oxide (SO) and the product selectivity toward the CO; fixation reaction to
form styrene carbonate (SC) could be tuned by the composition of the clusters.? Precisely, a
single TaOg unit doped TBA-Ta;NbsO19 exhibited selective formation of SC with suppression
of an undesired byproduct formation came from SO polymerization (Figure 1). We considered
that the terminal oxygen site coordinated to a single Ta atom act as a CO, activation site and
the activated CO; attacked SO to form SC. By obtaining the TBA-Ta;:Nb4O19 with two TaOs
units surrounded by NbOs units, the catalytic activity shall be improved. Thus, composition
and geometric isomer control of [Ta,Nbs,O19]* ions should have great influences upon the
catalytic trends. In this study, we synthesized TBA-TaNbe-O19 and applied HPLC techniques
to gain further insights on purification of [Ta,NbsO19]*" ions.

Accordingly, TBA-Ta,NbsO19 were prepared by modified microwave-assisted
hydrothermal method. The mixture of KsTasO19:nH20 and KsNbsO19'nH2O in a certain molar
ratio was treated by HCI aq. Then, the mixture was dispersed in TBAOH aq. and irradiated by
the microwave in a glass tube to obtain the TBA-TaNbs.<O19. Characterization of obtained
samples were done via ESI-MS and FT-IR prior to the CO; fixation reaction to SO to confirm
the product selectivity reproduced as reported. In addition, the results on cluster separation and
purification of [Ta,Nbes-,O19]*” ions by HPLC techniques will be reported in the presentation.

O
& Byproducts

sc ) TBA-Ta,Nb

Figure 1. CO> fixation mechanism into SO to form SC over TBA-Ta;NbsOo.”

1) S. Hayashi, N. Sasaki, S. Yamazoe, T. Tsukuda, J. Phys. Chem. C, 2018, 122, 29398. 2) V.
Chudatemiya, M. Tsukada, H. Nagakari, S. Kikkawa, J. Hirayama, N. Nakatani, T. Yamamoto, S.
Yamazoe, Catalysts, 2023, 13,442.
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Study on the correlation between photoelectrochemical properties and photocatalytic activities
of various GaN:ZnO powders ('Graduate School of Science and Technology, Shinshu
University, *Graduate School of Medicine, Science and Technology, Shinshu University,
3Research Initiative for Supra-Materials, Interdisciplinary Cluster for Cutting Edge Research,
Shinshu University, *PRESTO, JST) oShuji Sekimori,! Hiroka Sandaiji,! Shintaro Abe,!
Natsutogi Iwasa,? Takashi Hisatomi,** Kazunari Domen?

GaN:ZnO photocatalyst powders with different compositions were synthesized in sealed
evacuated tubes by varying the synthesis and post-treatment conditions. The powders were then
processed into photoelectrodes by the particle transfer method and their photoelectrochemical
properties were investigated. The samples with improved water splitting activity tended to
exhibit photocurrent onset potential at more negative potentials, suggesting a correlation
between photoelectrochemical properties and photocatalytic water splitting activity.
Keywords: Oxynitride, particle transfer, visible light, composition, band gap
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1) Liuet al. ACS Catal. 2022, 12, 14637.
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Optimization of the synthesis conditions for GaN:ZnO solid solution depending on water
content of starting materials (' Graduate School of Science and Technology, Shinshu University,
2Research Initiative for Supra-Materials, Shinshu University, *PRESTO, JST) O Hiroka
Sandaiji,' Natsutogi Iwasa,' Takashi Hisatomi,>* Kazunari Domen?

ZnO-rich GaN:ZnO solid solutions with high oxygen evolution activity can be synthesized
by heating a mixture of ZnsN», poorly crystalline Ga,Os, Zn, and zinc halide in sealed evacuated
tubes. In this study, in order to improve the reproducibility of the GaN:ZnO synthesis and the
controllability of its composition, the relationship between the water content in Ga,Os and the
amount of Zn added was investigated. The addition of Zn was found to suppress the formation
of oxide impurities resulting from the water content in the poorly crystalline Ga,Os.
Keywords : Water content, Oxygen source, Sealed evacuated tube, Visible light, Water splitting
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Effects of Temperature near the Photocatalyst under Light Illumination in Aqueous Suspension
on Hydrogen Evolution Rate (‘Faculty of Engineering, Shinshu University, *Research Initiative
for Supra-Materials, Shinshu University) O Mika Hirata,’ Hiroto Inuzuka,’ Yosuke
Kageshima,'? Katsuya Teshima,'? Hiromasa Nishikiori'?

We have previously reported that the local heat induced by visible and infrared light
absorption by electronic defects and cocatalysts on TiO; particles accelerates the photocatalytic
hydrogen production rete. In this study, we tried to increase the number of defects introduced
into TiO; particles and to further promote the hydrogen production reaction by using NaBHa,
which has stronger reducing power, as a reducing agent during preparation of the reduced TiO,.
The effect of temperature near the photocatalytic particles in an aqueous suspension under light
irradiation on the photocatalytic reaction rate was also evaluated.

Fig. 1 shows the dependence of hydrogen evolution activity of the NaBHy-reduced TiO, on
NaBH4 mass ratio. During the photocatalysis, Pt nanoparticles were loaded on the reduced TiO-
as a cocatalyst. Although the photocatalytic activities showed the volcano-type trend according
to the amount of NaBHa, all the reduced TiO, specimens unfortunately suffered from the
deteriorated activity compared with the pristine TiO,. Thus, improvement of reduction method
might be necessary. In the presentation, the effect of temperature of the reaction solution under
light irradiation on the hydrogen production rate will also be discussed.

Keywords : Photocatalysts, Black Titania; Oxide,; Photothermal Effects; Reaction Temperature
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1) Y. Kageshima, et al., J. Phys. Chem. C 2023, 127, 37, 18327-18339.
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Modification of Polymer Layer Containing Phosphate Functional Groups to Surface of
Hydrogen-Evolving Photocatalytic Particles (Faculty of Engineering, Shinshu University,
2Research Initiative for Supra-Materials, Shinshu University, 3The University of Tokyo) O
Kiyoharu Yamamura,! Masataka Yamamoto,' Yosuke Kageshima,'? Katsuya Teshima,'?
Kazunari Domen,??® Hiromasa Nishikiori'?

EER)T—0E
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We have reported that modification of visible-light responsive photocatalyst surface using
silane-coupling reagents containing phosphonate groups enhances the photocatalytic hydrogen
evolution activity. In this study, the surface of Rh-doped SrTiO; (Rh:STO) was modified with
polymer layer containing phosphate functional groups, intended for increasing of concentration
of buffering groups at the vicinity of photocatalyst surface and the resultant further
improvement of the hydrogen evolution activity. Figure 1 shows the XPS spectra of Rh:STO
without the surface modification, specimen modified with the conventional silane coupling
reagent containing one phosphonate group per molecule, and specimen modified with
phosphate-polymer layer. The Si and P signals observed from the polymer-modified specimen
were significantly larger than the case of the conventional phosphonate-modified one, implying
the increased concentration of buffering groups at the surface. In the presentation, more detailed
characterizations and hydrogen evolution activity obtained by the polymer-modified Rh:STO
will also be discussed.

Keywords : Photocatalysts, Hydrogen Evolution, Phosphate Groups, Silane-Coupling

Treatment, Polymerization
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1) Y. Kageshima, et al., Angew. Chem. int. Ed. 2021,
60,7, 3654-3660.
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Fig. 1 XPS spectra of Rh:STO with
and without surface modification.
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Water Splitting under Visible Light Irradiation over a Tiny Amount of Ru-Doped SrTiO;
Photocatalyst Prepared by Various Synthesis Methods ('Faculty of Science, Tokyo University
of Science, *Carbon Value Research Center, Research Institute for Science and Technology,

Tokyo University of Science) OChisato Hanafusa', Yoshiya Ueki', Motonori Ando’, Yuichi
Yamaguchi'?, Akihiko Kudo'*

We have reported that the photocatalytic water splitting activity under visible light over
SrTiO;:Ru,Sb,Al extensively enhanced by doping a small amount of Ru, the SrCl,-flux
treatment, and loading CrO/Rh and CoOOH cocatalysts'? by the photodeposition method.?
However, the activity is low at the present stage. In the present study, we investigated the
photocatalytic water splitting under visible light over fine SrTiO;:Ru,Al particles prepared by
various synthesis methods.

SEM images showed that fine SrTiOs:Ru,Al particles were obtained by the polymerized
complex method following the SrCl,-flux treatment compared with the samples prepared by a
solid-state reaction following the SrCl,-flux treatment. Additionally, the sample showed the
efficient water splitting activity under visible light irradiation.

This presentation is based on results obtained from a project commissioned by the New
Energy and Industrial Technology Development Organization (NEDO).

Keywords : water splitting; metal oxide, doping Ru, visible light,; green hydrogen production

UIFRE TIIME R— o2, 79 v 7 20, B3I OWESEIC LS CrOJ/Rh B
XY CoOOH Bhfifit D HFHEF 1212 1 - T, SrTiOs:Ru,Sb,Al Sl A 7= AT 4Rk
IO ETEACIZARZI L TV D D L, REEEIZENE WO RENH D, Koy
FRTENE 2o 1) | &8 5 72 O IR - DU IMEN EE TH 5. & 2 TR T
PERE AL & OFE 2 DA AEZ VT SITiOs:Ru,Al #oki & Fifl-4 2% = & Tali
HeoR D ETEEL &2 B g L7z,

PEAEAEEAWCTHRBL LI21R, 77 v 7 A L7258 SEM B A8l L
7ol T A, TEROEFERZRIZT T v 7 AR ZfE U723 0E K 0 &/ NRIRR O RL 1 35
O EBbhoTz. £ LT, ANABLII R IRE TI2I 1T 2 KDV THE
FKDOHLDO XY HEWIEEE R LT,

ORI, ENCFEBIRIE AR = RV X — - EEERITRABIRMEE (NEDO)
DEFEEBEOBRELNTZ D THD.

1) T. Takata, K. Domen et al., Nature. 2020, 581, 411.

2) K. Maeda, K. Domen et al., Nature. 2006, 440, 295.
3) A, hm, T 55132 R RS, 2C10 (2023).
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Hydrogen production by photoreforming of organic waste using CdS/ZnS composite
photocatalyst via MOF precursor('Faculty of Engineering, Tokyo University of Science)
OYusei Kumai,' Morio Nagata,'

The use of photocatalysts to decompose household waste and hydrogen production can solve
both waste and energy problems. We are aiming to improve the activity of hydrogen production
by photoreforming of organic waste using sulfide photocatalysts. The sulfide photocatalyst via
MOF precursor reported so far is a stand-alone photocatalyst. Therefore, we aimed to further
improve the hydrogen production activity by combining cadmium sulfide (CdS) and zinc
sulfide (ZnS).

In this study, the composite of CdS and ZnS was prepared via cadmium (Cd) and zinc (Zn)
MOF precursors. Hydrogen production was significantly enhanced in the CdS and ZnS
composite photocatalyst compared to the single photocatalyst.

Keywords : photocatalyst, photoreforming, Hydrogen production, Metal Organic Frameworks
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1) H. Nagakawa, M. Nagata, Adv. Mater. Interface, 2022, 9, 2101581.
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Hydrogen production by water splitting using carbon-based metal-free photocatalyst (\Faculty
of Engineering, Tokyo University of Science) OEitaro Nishimura,! Morio Nagata'

Photocatalytic hydrogen production is attracting attention because it does not emit carbon
dioxide. The use of metal co-catalysts such as Pt on photocatalysts has been considered as
highly efficient method, but high cost is one of the problems. Reduced Graphene Oxide (rGO)
has been gathering attention as an alternative material to metal co-catalysts. Although
photocatalytic studies using rGO have been widely researched, many of them require
complicated processes and extreme conditions". In this study, we aimed to prepare graphitic
carbon nitride(g-CsN4)/rGO metal-free composite photocatalysts by a simple method and to
improve the hydrogen production.

Using one-pot hydrothermal synthesis, we successfully reduced GO to rGO and loaded rGO
on g-C3N4 simultaneously, resulting in improved hydrogen production. When we loaded 12.5
wt% rGO on g-C;3N4, hydrogen production rate was four times higher than that of pure g-CsNa.
Keywords : Photocatalyst; Hydrogen Production; Metal-free; Carbon Materials;, Reduced
Graphene Oxide
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1) Quanjun Xiang, Jiaguo Yu, and Mietek Jaroniec, J. Phys. Chem. C 2011, 115, 15, 7355-7363
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Pelletized Photoelectrodes for Photoelectrochemical Water
Splitting

(*Faculty and Graduate School of Urban Environmental Sciences, Tokyo Metropolitan
University) OSurya Pratap Singh,' Kosuke Beppu,' Fumiaki Amano'

Keywords: Bismuth Vanadate; Titanium Dioxide; Pelletized Photoelectrode; PEC; Water
Splitting

Photoelectrochemical (PEC) water splitting to produce molecular oxygen and hydrogen
is a promising method to address the energy problems in modern times.! Usually, metal oxide
semiconductors supported on two-dimensional (2D) substrates such as fluorine-doped tin oxide
(FTO) or indium tin oxide (ITO), and three-dimensional (3D) substrates such as titanium felt
(Ti-felt) are used as the electrodes in the PEC water splitting cells.? In the present study, we
developed the pelletized electrodes of metal oxide semiconductors such as titanium dioxide
(TiO,) and bismuth vanadate (BiVO4) and used them as photoanodes for the PEC water
splitting in a neutral aqueous media.

BiVO, was prepared by ball milling followed by calcination at 923 K. XRD patterns
showed the formation of monoclinic fergusonite BiVO4. Commercial TiO2 (99.99 % rutile) was
used. The pelletized sample was prepared by mixing the powder with a 5% polyvinyl alcohol
(PVA) binder and then pressing it into a pellet of 0.5 mm thickness. The pellet was calcined at
773 K and then sintered at 1073 K. The TiO; pellet was further reduced in a hydrogen flow at
973 K to increase the conductivity. Ohmic contacts were made by sputtering gold (Au) layer
(sputtering time 1 min, thickness ~70 nm) on the front and rear side of the pelletized samples
(Fig. a). The Au front- and back-contacted pelletized samples were fit into the front- (Fig. b)
and back-contact (Fig. c¢) current collecting holders (EC Frontier). The PEC cell consisted of
the pelletized photoelectrodes as working electrodes (irradiation area 0.5 cm?), Ag/AgCl as a
reference electrode, Pt wire as a counter electrode, and 0.2 M Na,SO4 (pH 6.8) as the electrolyte
in a conventional three-electrode system. Upon UV-light irradiation (365 nm LED, intensity 40
mW cm?), a photocurrent developed with reduced TiO, (r-TiO») pelletized photoanodes and
Au-back contacted photoanode showed enhanced photocurrent (0.2 mA cm 2 at 1.23 V vs RHE)
(Fig. d) possibly due to low diffusion length. BiVO4 pelletized photoanode also showed a small
photocurrent upon visible light irradiation.

At 1.23V vs RHE
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1) T. Hisatomi, J. Kubota, K. Domen Chem. Soc. Rev. 2014, 43, 7520. 2) C.X.M. Ta, Y. Furusho, F.
Amano Appl. Surf. Sci. 2021, 548, 149251.
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Development of Visible-Light Photocatalyst for Conversion of Glucose to Fungicide (7okyo
University of Agriculture and Technology) (OMana Akita, Sho Usuki, Kazuya Nakata

Bacteria that cause food poisoning and infectious diseases and deteriorate the sanitary
environment are a constant problem. Especially for bacteria that are difficult to sterilize,
disinfectants with a broad antimicrobial spectrum are needed. Peracetic acid is one of the
organic peroxides and has been used as a disinfectant with a broad antimicrobial spectrum.
However, it is manufactured by adding hydrogen peroxide and sulfuric acid to acetic anhydride
and distilling it, which is problematic because of its high environmental impact. Previously,
our laboratory has successfully converted EtOH to peracetic acid and inactivated highly durable
spores by using a visible light-responsive WO; photocatalyst. Based on this result, in this study,
we used glucose, a biomass-derived compound, as a raw material and PdOy-loaded WO;
(PdO/WO3) photocatalyst. The formation of organic peroxides with strong bactericidal activity
was examined under mild conditions of visible light and ambient temperature and pressure. As
a result, the formation of organic peroxides was confirmed by dispersing PdOx/WOs3 in a
glucose solution and irradiating it with visible light (Fig. 1). When antimicrobial tests were
conducted using this organic peroxide solution, the survival rate of E. coli was reduced by 5.3
log in 15 min.

Keywords : Photocatalyst; Organic peroxides, Fungicide; Glucose; Biomass
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1) Y. Yamaguchi, K. Nakata et al., Sci. Rep., 2016, 6, Fig. | WO, % 7= 1% PdO/WO; % iV 7=
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Synthesis of aragonite immobilized photocatalysts exhibiting mechano-bactericidal effects and
its evaluation of bactericidal performance (‘Graduate School of Engineering, Chiba Institute of
Technology, *National Institute of Advanced Industrial Science and Technology) O Ayako
Gomi,"? Kaoru Igarashi,' Yukari Miyazaki,” Nobuaki Negishi,” Ryo Yamano,"* Satoshi Toba'+

The lack of access to safe and controlled drinking water services is particularly prevalent in
developing countries, thus necessitating the development of low-cost and simple bacterial
purification systems in drinking water for such areas. As a solution, attention was paid to
inexpensive photocatalysis and the mechano-bactericidal effect, in which bacteria pierce the
needle-like shape and cause a physical bactericidal effect.

In a previous study, aragonite with a needle-like crystal, was successfully deposited on a
photocatalyst by using Contrex, and aragonite was observed to sting bacteria".

Therefore, we prepared an artificial mineral water that simulate the composition of Contrex, and
the research aimed at synthesizing nanoneedles from it, evaluating their bactericidal effect, and
creating a path toward industrial production. It was found that nanoneedles could be stably
deposited on photocatalysts by using a photocatalytic reaction. We also found conditions for the
selective synthesis of aragonite nanoneedles.

keywords: photocatalyst; Mechano-bacterial effect; Drinking water purification; Aragonite
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1) N. Negishi. et. al , Aqueous mechano-bactericidal action of acicular aragonite crystal, Scientific reports, 11, 19218 (2021).
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Photocatalytic nitrate generation from water and air on tungsten oxide loaded with noble metal
(Graduate School of Engineering Science, Osaka University) OXKazuki Miyata, Yasuhiro
Shiraishi, Takayuki Hirai

NOs™ is a versatile chemical for the synthesis of fertilizers, polymers, and dyes. Currently,
nitrate is manufactured by the Ostwald process under high temperature conditions. In addition,
the process needs NH3 produced by the Haber-Bosch process with H, and N, under high
temperature and high pressure conditions. Therefore, photocatalytic NOs~ production from
water and air under ambient condition is desirable. Here, we report that tungsten oxide (WOs3)
photocatalyst loaded with noble metal cocatalysts such as Pt and Pd successfully generates
NOs™. Noble metals were loaded by means of microwave heating of ethylene glycol solutions
containing metal precursors and WOs particles. The noble metal cocatalysts trap the
photoexcited electrons and enhance the charge separation, resulting in an enhancement of N
oxidation.

Keywords : Photocatalyst,; tungsten oxide; noble metal; nitrate
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Figure 1. Amount of HNO; formed by photoreaction in
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Photocatalytic hydrogen peroxide generation on ion-exchange resin-incorporated
resorcinol-formaldehyde semiconducting resins (Graduate School of Engineering Science,
Osaka University) OYoshihiro Nishiyama, Yasuhiro Shiraishi, Takayuki Hirai

We prepared ion-exchange resin (Amberlite)-incorporated resorcinol-formaldehyde (RF)
semiconducting resin. The pristine RF resin is spherical particles with ~3 um diameter owing
to its slow polymerization. In contrast, the Amberlite-incorporated resin is smaller particles
with ~200 nm diameters owing to rapid polymerization with ion-exchange resin as a
crystallization nuclei. The incorporated resins have enlarged specific surface area and
exhibited ~1.3 times higher photocatalytic activity than pristine RF resin for H.O> generation
owing to the enhanced water oxidation and oxygen reduction reactions. However, the
incorporation of excess amount of Amberlite decreased the photocatalytic activity because the
large amount of insulator incorporated decreased the electronic conductivity of the resin.
Keywords . Photocatalysis, Hydrogen peroxide, RF resin, lon exchange resin, Particle size

LYy ) — =RV AT VT e R O(RF) FEMRBIIEIX, KBEERE T, KL
FHD HOp AT S 2l UCTHERET 5 Y, AW TIE. 5725 EiEtE
bz HIE Uiz, BENFLERIC K 0 Byl L 7= SRERPERS A A o 2 kst iR (Amberlite) O1F
fEFTCTRFMIIEZGKR L, A A ZEBIEHES RF (RF(x) ZFR# L7 XLy
3/ —/L 800 mg (2% L CH#A L7= Amberlite & (mg) Z7~%) . RF BHEERICEIT S
FEAEA IR < ORI 3 um FRE D ERIK F K95, —J7. BAEIE TIiX. Amberlite
DRIV AF L B EMSREZE LTEEHREEPEITT 5 2 & b NTRImA LR g
HEOFBIIEIC L DEEOMENC LV, kit 200 nm BE O/ N8 ERRT 5, Zh
5 DS Z2 YR I W= & 24 (Figure 1) . EABHEIXE DR E AR tb R EHE
W2 X0 RISDMEE S V72, FFIC, RRE(BO)fREE CIX, RF #IED 1.3 f5FEE D H0, ARk,
EMEZ R LTc, —J, @EIZ Amberlite

A LT RF(200) 1%, & I e mfd RF
PN 2 HODOIEHETK F L, 2 ig

ITHER I T H S Amberlite 2 Z FI2 RFG | gp

GTHILicky, EEMEMEFLE M7 80

EHEEZLND, LR T, #HY oo

7¢ B D Amberlite Z 5tz & L THWS . 20 0 o
& Z&n N J:I:?E@?ﬁ@j(?f fzﬁ_l%/ﬁ@ H202 generated / pmol

I;F fﬁﬁgﬁﬂ%%%ﬁ%fg GRS R Figure 1. Amount of H.O, generated on the

o T,

respective RF and RF(x) resins during visible

L)Y. Shiraishi, T. Takii, T. Hagi, S. Mori, Y. ;gnt jrradiation [conditions: water (30 mL),
Kofuji, Y. Kitagawa, S. Tanka, S. Ichikawa, catalyst (50 mg), Oz (1 atm), Xe lamp (A
T. Hirai, Nat. Mater. 18, 985 (2019) >420 nm), 298 K, 6 h.]
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Infrared-responsive covalent organic framework (COF) photocatalysts with metal ions
atomically immobilized with hydrogen peroxide generation ability (‘Kyushu Institute
Technology)OKei Oyama, ! Teruhisa Ohno!

Infrared light, which accounts for about 51% of sunlight, has low energy, making it difficult
for conventional photocatalysts to synthesize H202 in infrared light. The covalent organic
framework (COF) has an ultra-high porosity and a huge internal surface area exceeding
6.000m2g-1. The band gap (Eg) can be controlled in the range of 1.29~2.34 eV by selecting
the precursor, and the synthesis of H202 can be extended from visible light to infrared light.
In this study, we attempted to control the band gap and improve the hydrogen peroxide
production ability by loading a metallic element on a covalent organic framework (COF). In
fact, when 5 wt% of tin was mixed with unsupported COF, the desired amount of hydrogen
peroxide production was about 2.3 times higher than that of unsupported COF. Furthermore,
when 5 wt% of sodium cobalt phosphate was added there, the hydrogen peroxide production
was significantly improved.

Keywords : Photocatalyst; Water splitting;, Covalent organic frameworks,; Hydrogen peroxide
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Development of g-CsN4 with high degradation activity for phenol (Tokyo University of
Agriculture and Technology) (ONaoko Taki, Sho Usuki, Kazuya Nakata

Endocrine disrupting chemicals (EDCs) affects living organisms even in trace amounts, and
their effects on living organisms have been reported mostly in aquatic environments. As a
means to safely remove EDCs from water, photocatalyst which can decompose organic
chemicals under light irradiation is expected. Photocatalysts have the advantage that reactions
can be controlled by turning light irradiation on and off, and have a low environmental impact
because they do not produce the byproducts that are produced when oxidants or reducing agents
are used. Especially, g-C3N; is a metal-free photocatalyst consisting only of carbon and
nitrogen atoms, and is expected to have a low impact on the human body. However, g-CsN4 has
a low specific surface area due to its layered structure, and its degradation activity for phenol,
a typical model chemical for organic pollutants, is low. In this study, we examined the
characterization and evaluation of phenol-degrading activity using g-CsN4 by preparing thin
layered structure. As a result, it was found that the phenol degradation activity of g-C3;N4 was
improved by preparing thin layered structure.

Keywords : Water purification, Photocatalyst; Graphitic carbon nitride,; Phenol

PR < AL FE(EDCs) 13 B T O AT L 5 2 2L FWE & LTH
LITEY  ZDED~DFETZL < DRI THRE SN TV D, 242K H D EDCs
ERRETLFBE LT, RN T CTHBY & M T REZOEABEN TR ShTn b,
PRI IOE IR O ON/OFF (2 & » TRUS Z il T & | 2 S IRAbAIRE T Al 2 FIH L7 B
(ZAERRT D KO ZRBIAERD D 72 S BREEAM VNS ORI Z © O, FFIC g-CNg (3R
BLOERDOHLNOHEIND A Z NV T U —HMIETH D Z &b NME~DZE
INSWZ ERBIFFEN S, L, BEED

o CNy LRI b O RERAN | R
X< HHRBREOREN T E O w
BTHDHT = ) — VO REERNME D, S 0.6 —_—
AIFZETIE, 7 = ) — IS IRIEHEDE g- 004 P

CNs DBAZZ B L, g-C3Ny D JEg k& % 0.2

HWElL L, MR LT = ) — VO S iRTE 0.0 |
PEZFRAE LTz, 2R, HElicky g -10 390 790 1190
CNy D7 = ) — )V iEMEEIm EL=2 Irradiation time / min
EMHLME RS (1), 1. #E L7 g-CNylZ L D

7 = ) =V R DR ZEAE

1) An optimized and general synthetic strategy for fabrication of polymeric carbon nitride
nanoarchitectures. J. Zhang, F. Guo, X. wang. Adv. Funct. Mater. 2013, 23, 3008-3014.
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777 7 A MUEAGIRFE (PON) Z AW 7o TGS B AR SO K D
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(Kyushu Institute Of Technology graduate school!) Kanazawa tatuki', Ohno Teruhisa!

The photocolbe reaction, in which methane is produced from acetic acid by exposing
a photocatalyst to ultraviolet light in an aqueous acetic acid solution, has been reported.
In order to develop a methane production system with less environmental impact by
using sunlight, a renewable energy source, we focused on PCN, a visible light responsive
photocatalyst. However, PCN has the disadvantage of low charge separation efficiency.
To solve this problem, we aimed to improve the methanogenic performance of PCN by
supporting Pt as an auxiliary catalyst and doping heteroatoms in the CN heterocyclic
ring structure.

Pt-loaded PCN showed maximum activity at 0.5 wt% to 1.0 wt% Pt. PCNBA, in
which the band structure was controlled by modifying the PCN structure, showed higher
activity at lower BA concentrations.

PP /K P 07 T T I S8R 2 2 T % -

LRI D A B VSRR BRI A, -
RS SNTWG, ZORSERETETY WA, Ahy v
NE—ThHIABAEMMNT 2 ZETRE  mdmine ~ AN
ARODIRNA B VAR AT AORKEE O] B
B HE S 72 0D\ BT IE 2 M D S i C o 2 a

PON IZVEH L7-. L7 LB EEs == a ik Tubular furnaceiN)N,\N)”\ P
EWVWIOIREDBDY | ZHEMRT H720DIT Pt 550 °C 4h
HIRRBEDOFRFFC, N EREIEEN~DO~T 1 b

FoF K77 EORERT PN DAY L ) e
ERRAEREOI B R iR LT, a1 a7
FI4EEE PON 13 0. 5wthar 5 1 owtl PtT N7 NN TS

>,

. ‘ N
B RIEME R LTz, E7- PONFEE R BRI LT Re N N7 N N W7 N4kR;
N RS A 4 L7~ PCNBA 3. BA JE BE MK
WIEEEWVEMEERZ R LT,

<
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methane production/ppm ©
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/
g, %,

BAO BA0.01 BA0.05 BA0.1 BAO0.2 0% Pt 0.1% Pt 0.5% Pt 1.0% Pt 3.0% Pt

Figure 1. a) Synthesis and structure of PCN, b) Structure of PCNBA, ¢) Methane
production of Pt-loaded PCN, d) Methane production of PCNBA (0.5 wt% Pt-loaded)
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Photocatalytic hydrogen production and selective CO, reduction using nitrogen-rich carbon
nitride (C3Ns) (' Graduate School of Science Engineering, Keio University,) OKosei Ito,' Kei
Noda,'

Carbon nitride (g-C3N4) is attracting attention as an inexpensive, semi-permanently
synthesizable, visible light responsive, metal-free photocatalyst. On the other hand, the low
reaction efficiency and the tendency of catalyst degradation have been major impediments to
its practical application.

The nitrogen-rich carbon nitride (C3Ns) synthesized in this study showed improved reduction
efficiency of nitro blue tetrazolium chloride solution, H, production from Triethanolamine
solution (10%), and oversaturated CO; solution compared to g-C3N4. In addition, multiple cycle
experiments showed that CsNs did not exhibit catalytic degradation. Investigation of the surface
structure, internal structure, and energy bands of C3N;s indicates that the increase in n-electrons
due to the nitrogen enrichment induced a negative shift of valence band and a narrowing of
band gap, and that this effect probably contributed most to the enhancement and stability of the
photocatalytic properties.

Keywords : photocatalyst; nitrogen-rich carbon nitride; H> production; CO; reduction;
electron

ZAbRFE (g-CNy) XM DD K AN AR ATRE /R ARG E 2 /T 2 4E 7 Y
—eitiE S L CHER 2O TV D, —J, RISHERMELS | il b2 Z 0 9
ZEMNFERAA~ADORERENE Lo TV,

AR TER LTEERY v FRE(MMKRFE (CNs) 1L, g-CGNylZxf L CT= hr 71—
TRV VUL Y REROBELHE, N X 7 —LT I UEIR(10%)2°5 O Hy
AR hER . AN COIRIR DIE LR N L LT, S BICEEEI OV A 7 L FEbk
DOFER., A2 R S 7o T2, CNs DR EFERE, NG, =3 LXF—N2 R
TE LR, BHRY v FICR o122 L TO o EFOEIMNEEFHOA T ~D Y
T RENRV XY v T ORENEFHE R L TR, ZORED AR O | & LEIC
BRbHEGLIZEEZTHD Y,

g2-C3Ny Cs3Ns

1) Highly efficient hydrogen production and selective CO; reduction by C3Ns photocatalyst using only
visible light. K. Ito, K. Noda, Phys. Chem. Chem. Phys. 2024,26,153-160.
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Theoretical Study of CO, Photoreduction Reaction Using Fe-ZrO, (!Graduate School of
Science and Engineering, Chiba University) O Ayana Omata,! Tomoki Oyumi,! Keisuke
Hara,' Kaori Niki,! Yasuo Izumi'

The catalytic reduction of carbon dioxide (CO,) by zirconium oxide (ZrO;), which has
oxygen vacancy with the emission of carbon dioxide (CO.) to convert it into fuel, has attracted
attention. In previous studies, detailed calculations of activation energy revealed the
photocatalytic cycle when using Co—ZrO, photocatalyst. ! In this study, a process for the
conversion of CO to CHy4 using inexpensive iron is proposed. The site-dependent adsorption
energy of CO; was calculated to be —0.71 eV on Fe nanoparticles and —2.48 eV on the ZrO,,
suggesting the contribution of Vo™ sites. In this presentation, the optimization of catalyst design
and the pathway from CO; to CH4 using Fe—ZrO, are discussed.

Keywords :  Zirconium Oxides;, Iron supported Zirconium Oxide; Photoreduction;
Methanation,; Carbon dioxide reduction

Bl S 7z ZRMEER(COn) % UL L TN S 5 BRSRKHA(Vo™) & R DR
VA=Y N(ZON KD CO, DIEMIEAE T ER STV D, BLRTOMZE TIETE
AL R —Z G ISR AT 5 2 & T Co—ZrO, Yefilift FHRFIC Vo 23B8 5- L 726
RRRERC IS 1 27 VAR LTz, ™ ABFRECIRZEAM 22852 651 L 72 CO2 0 CHy ~DZE
B 2 IR R T D, CO WA=/ F—d, k7 /K1 RIZiZ-0.71eV, ZrO, RIZiX
—248eV TET D Z ENFH S, RIEY Vo DBIEI R Sz, FE3E Tt
O L L Fe-ZrOy 73 COy & CHy ICEMAT 5 7 bt R 2R R T 2,

(a) CO, adsorption on Fe nanoparticle (b) CO, adsorption on ZrO, Vo

ol el s el

1) H. Zhang, Y. Izumi, et al., J. Am. Chem. Soc., 2019, 141, 6292.
2) H. Zhang, Y. Izumi et al., Angew. Chem. Int. Ed., 2021, 60, 9045.
3) K. Hara, Y. Izumi et al., J. Phys. Chem. C, 2023, 127, 1776.
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Production of Rare Sugars by Electrochemical Oxidation of Monosaccharide ('Tokyo
University of Agriculture and Technology, *Keio University) OKio Kawakatsu,! Sho Usuki,!
Yasuaki Einaga,” Kazuya Nakata'

“Rare sugars” is defined by the International Society of Rare Sugars as "monosaccharides
and their derivatives being rare in nature." Currently, rare sugars are expected to be utilized in
various fields such as pharmaceuticals, pesticides, and food additives, and there is a demand
for the development of new methods to produce rare sugars. The typical synthetic methods for
rare sugars are broadly classified into biological methods using enzymes and chemical methods
using oxidizing agents. In the former, challenges include the high cost of enzymes and
constraints related to reaction conditions derived from factors such as the optimal temperature
and pH for enzymes. In the latter, challenges include the need for hazardous reagents in the
reaction, complex reaction pathways, and difficulties in isolating the target chemicals. In our
research laboratory, we confirmed the generation of the rare sugar erythrose from the natural
monosaccharide glucose using a photocatalyst. Electrocatalysis, similar to photocatalysis,
allows reactions to proceed under mild conditions at room temperature and atmospheric
pressure, with the additional advantage of being able to control the reaction through factors
such as the applied potential etc. However, there are few reports of rare sugar production from
monosaccharides using electrocatalysis. In this study, we examined the oxidation of the
monosaccharide glucose to generate the rare sugars erythrose and glycolaldehyde using
electrochemical decomposition with a boron doped diamond electrode.

Keywords : Rare sugar; Boron doped diamond electrode,; Electrochemical oxidation
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EFRINTND, BUE, A/DFEITEIMLCRIK, MR & 287578 COFIH
DR SN TR, Bk EET DHT- I HIEORENRRD N TS, FHbpED
REFEBRERFTIEL, BERE O T2AMFEN 5k L | B ER7e &% Wi b1 7
TFRIZ KBS NS, BB T, B RERNEMTH D 2 L0, BER O TR LT
pH 72 EIZHIRT B RUSSHEOHIFIEOMER H 5, %FEH TIL, KIGIZfERR 7RI
WA SOSRRIE DNEHEC H O E O HEENEE L W EOBBEN S 5, BIFEETIE,
il % FINC L KRB Chh 5 VL a— AL AV TH AT Y ho—A N ARk &
D& ERER LT, BRI & RIS EIRE RO 24 T CRIGE
HDHDHZEMTE, ILWITEM I > TN ERIICE RS2/ T 5, L
L. EEARR AL 22 N7 BABE S & O A D BED A OB FITIT & A LI, ARBFZE T,
Aoy R—7%AYE, NEMEHWTZERGRICEID B CTHL 7V a— R 5
fbLTHEAPECTCH L) b —RABLOZ VAT AT E REEKRTLHZEEZHL
MMz LTz,

© The Chemical Society of Japan - P1-3vn-23 -



P1-3vn-24 AAEa B1045S52 (2024)

s E KR ERICABR LI O—RDOEERI{tEER LT PH/C
EAB AR D B R

(4%’)‘!‘[?(%‘ AFINKIEGAEHIE 2 ORiTH Bk - 2B I 2 - TG PSR 2 - Sk
NI

Development of Pt/C-Based Electrocatalysts Intended for Direct Oxidation of Cellulose

Dissolved in a Strong Alkaline Aqueous Solution (! Faculty of Engineering, Shinshu University,

’Research Initiative for Supra-Materials, Shinshu University) O Kenta Maeda,' Yosuke

Kageshima,'? Katsuya Teshima,'? Hiromasa Nishikiori'*

We have reported that cellulose dissolved in a strong alkaline aqueous solution could be
directly oxidized in an electrochemical manner by using various metal electrodes. However,
previous study mainly focused on a fundamental investigation employing disk electrodes.
Intended for future application to fuel cell devices, improvement in current through designing
of electrocatalyst materials should be necessary. In this study, we developed Pt-based
electrocatalysts loaded on carbon black supports to improve the electrocatalytic activity for
direct oxidation of cellulose in liquid.

The current-potential curves of Pt rotating disk electrode (RDE) and Pt catalyst loaded on
carbon black (Pt/C) in aqueous cellulose solution are compiled in Fig. 1. The Pt/C exhibited
higher cellulose oxidation current than the planar electrode possibly due to the increased
electrochemically active surface area (ECSA). In the presentation, more detailed
characterizations for Pt/C catalysts, such as ECSA, double layer capacitance, and oxygen
evolution/reduction reaction activities, will also be discussed.

Keywords : Cellulose, Oxidation, Fuel Cell, Biomass, Electrocatalysts
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Development of Helical Organocatalyst Based on (cis, cis)-Diphenylurea (' Graduated School
of Science, Ochanomizu University, 2National Institute of Technology, Gunma College,
3Graduated School of Engineering, Tokyo University of Agriculture and Technology) OFumi
Takeda, Mayumi Kudo, Mamika Ogura, Yayoi Orihara, Minami Odagi, Kazuo Nagasawa, Aya
Tanatani

Asymmetric organocatalysts generally have rigid chiral backbones, while those with
flexible backbones are expected to respond to external stimuli, such as solvents, pressure, and
temperature in an entropy-driven manner. We have studied the development of asymmetric
organocatalysts by using the dynamic helical structure of (cis, cis)-diphenylurea as a backbone,
and one of the derivatives with preferential one-handed helical conformation was shown to act
as an organocatalyst in the asymmetric aza-Henry reaction. In this work, we designed and
synthesized (cis, cis)-diphenylurea derivative 2 bearing squaramides. The organocatalyst 2 was
also effective for the asymmetric aza-Henry reaction, and it showed the entropy-driven
behavior in the enantioselection process.

Keywords : Asymmetric Organocatalyst; (cis, cis)-Diphenylurea;, Dynamic Helical Structure
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1) Kudo, M. et al. J. Org. Chem. 2009, 74, 8154—8163.
2) Kudo, M. et al. Proceedings of the Symposium on Molecular Chirality 2018, P.136.
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Mechanism of organic dye decomposition using persulfate activated by carbon catalysts with
varied surface oxidation states (!Chitose Institute of Science and Technology, *Institute for
Catalysis, Hokkaido University, *Faculty of engineering, Hokkaido University) O Ryusuke
Urushidate', Shuhei Shimoda?, Keita Suzuki?®, Atsushi Fukuoka?, Tomoya Takada'

We studied the influence of surface oxidation state of carbon catalyst surface on oxidative
Rhodamine B (RhB) decomposition through persulfate activation. The mechanism of the RhB
decomposition was also discussed. The RhB decomposition was enhanced by using the highly
reduced carbon catalysts. Rhodamine 110 (Rh110) was also formed as a product of the RhB
decomposition; the carbon catalysts with oxidized surface preferentially provided Rh110. The
main active species produced were OH* and 'O,. The catalysts with oxidized surface
contributed to the generation of 'O,. Consequently, !0, converted RhB into Rhodamine 110
(Rh110), while OHe directly decomposed RhB into final decomposition products. Generation
of both 'O, and OHe was suppressed under existence of positive charge scavenger. Formation
of positive charge is thus essential for the generation of the active species.

Keywords : carbon catalyst, persulfate, oxidation state, oxidative decomposition
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RAA - LRI O Fig. 1 Proposed RhB decomposition pathway.

Be& L CHEM ST,

© The Chemical Society of Japan - P1-3vn-26 -



P1-3vn-27

BARFES B104EFEFE 2 (2024)

EHITALNX—2FBAL-HRMERERDER

(BRSZREEY) O FE—1'- HI1 B—1- iR k]!
Development of vibro-catalytic reaction system utilizing vibration energy ('Tokyo Metropolitan
University) ORyuichi Fujikake,' Soichi Kikkawa,! Seiji Yamazoe'

Piezo-catalysts, which drive redox reactions by utilizing mechanical energy input to
piezoelectric elements, are attracting attention from the viewpoint of energy harvesting in
recent years. For example, it is reported that BiTiOs can promote mechanochemical organic
synthesis by mixing in ball milling" and that BiFeOs nanosheet is active for water splitting and
dye degradation by irradiation of ultrasonic?. We focused on a low frequency vibration that
generated in our daily lives and reported that reaction system that a piezoelectric element made
of Pb(Zr,Ti)O; coated with Ag acted as the vibro-catalyst that promoted H, oxidation by
applying vibration at 200 Hz (Figure 1)¥. We proposed that the electronic state of Ag could be
tuned accompanied by the potential change of the surface of piezo-electric material under
vibration to promote the reaction. In this research, we attempted to develop a new vibro-
catalytic reaction using other substrates.

Keywords : vibro-catalyst, piezoelectric material, hydrogen production

JEFBFR b > T A = 3L X — & W T EE ST SO & 2 3, JEE AR
TANX—N—T 2 AT T OBEPLIFEER ZED TNV D, B2, JEBME
Th 5 BaTiOs R — /LI NV THRLET DA /7 I WVEKAERKRS Y, BiFeO; D7/
— MIBHRIRE Z FINT 2 K ECBF SR 2D ME ST D, Fald, AR
BRETTR CRAT HIREAHIEENCE R L, Ag #7854 L7- Pb(Zr,Ti)Os (PZT) EBHZE 1N
200 Hz FEEE ORENEIINC £ 0V Hy B LSS 2 BREN - D IEEh bt & L CTile -5 2 & %
WE L (K1) D RENHE S TEEMEIZRE OB Ag FEOE TIRRENZ
I USOSMEIT LT &3 2 TV D ARWFIE CIIIRE ki s & B e 5 B~ L JRBH L,
ZORERIZOVWTHET 5.

Al vessel

i

gas Ag
P PZT
PZT element PZT element

on vibrator
1. PZTHEERA %2 MW T IRE AR SO R
1) K. Kubota et al., Science. 2019, 366, 6472. 2) H. You et al., Angew. Chem. Int. Ed. 2019, 131, 11905.
3) Fy, RS, 5128 [EIfIETER S AL, 1F10 (2021)
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Dehydrogenation of Ammonia on the CoAl,(n=10-13) Cation Clusters (Graduate School of
Engineering, Chiba Institute of Technology O Kazuki Kodaira, Shoji Kudo, Hidenori
Matsuzawa

The dehydrogenation of ammonia (NH3) on the CoAl," (n=10-13) clusters were examined
theoretically. Three intermediates (INT) and three transition states (TS) are appeared in the
reaction. The reaction pathway of dehydrogenation is classified according to the adsorption
site of NHs.  One is the adsorption of NH; on the Al atom (Pathl), and another is that on the
Co atom (Path2). The activation energies of the reaction of Pathl are lower than those of Path2
exceptn=13. From the energetic analyses of the difference in the total energy of TS1 between
Pathl and Path2, it is found that the difference in the adsorption energy of the NH, on the
cluster surface affects the stability of TS1. Furthermore, electron transfer from the cluster to
NH is related to the adsorption energy.

Keywords : Dehydrogenation, Metal Cluster
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73, Pathl T 0.49eC, Fig. 1 Reaction pathway of NH3 dehydrogenation reaction on Al
Path2 C 0.23eC LV )i adsorption and Co adsorption of NH3 in CoAli*
RETTELIR,

1) L. Geng, C. Cui, Y. Jia, H. Wu, H. Zhang, B. Yin, Z. Sun, Z. Luo, J. Phys. Chem. A, 2020,
124, 5879.
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Catalytic reaction and the mechanism over vibro-catalyst using low-frequency vibration (7okyo
Metropolitan University) OYuto Oba, Taiki Uno, Soichi Kikkawa, Seiji Yamazoe

Low-frequency vibration of 1~200 Hz that is emitted by ambient vibrations such as
automobile engines and factory operations is one of unutilized energy. Catalytic systems
utilizing mechanical energies represented by vibration as electronic energy that was converted
by piezoelectric materials have been studied. However, while catalytic reactions by irradiation
of ultrasound to piezoelectric materials are numerously reported, there are only a few reports
on catalytic reactions using <1000 Hz unutilized vibrations, such as ambient vibrations. We
have reported the vibro-catalytic system that promotes H, oxidation reactions by applying 150
Hz resonance vibration to a piezoelectric thick film device consisting of Pb(Zr,Ti)O3; (PZT)
thick film having a perovskite structure fixed on a stainless steel plate with Ag electrode
deposited on PZT surface. In this study, we studied on the mechanism of the vibro-catalytic
reactions and fabrication of the PZT thick film device to design the catalytic active sites on the
catalyst surface.

Keywords : Vibrocatalyst; Piezoelectric material; Ambient vibration;

HENEOT VR0 O & OREIRENZMEOPEE S5 1~200 Hz F2EE D
EEBEIESIRFH AL —O—FTH 5. EENAFR SN DT L — %
BB O TER T R X =~ ZH LR AT 2 27 AR BET STV S
L)L, 2 E CIOEBEMEHCEE ﬁ%%%#é%ﬁﬁﬁi%<%%éﬂf“é*ﬁ
f,hﬁ%@@;oﬁ1%MﬁuT@$ﬂm%@%ﬂ%Lk%ﬁﬁm%ui<bfﬂ
ThonHY. Fxlx, a7 204 MIOKEZFD Pb(Zr,Ti)0; (PZT) DEREEEZ X7
VU AR U Ag B A AN L2 EEEREE 12 150 Hz OIRIESh 2 Fin4 5
Z & T Hy BRLSOG D HET T3 DR S A7 A A L C& 72 2. ABFETIE, =
D & D RBREIBELGR D A 1 = X BT OWTEREFTR D L &b, iR oiEE

SR OB O BRSO VERL A /RET L7z,

Vibrocatalyst

Gas Inlet

Fig. Reaction vessel
1) M. B. Starr, J. Shi, X. Wang, Angew. Chem. Int. Ed., 2012, 51, 5962.
2) FE, LUEES, 5130 [MIAEEEERS P12 (2022).
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Effect of reaction temperature on gas phase decomposition of dibromomethane using iron-
supported alumina  ('National Institute of Technology, Ariake College) O
FUJIMOTO, Daisuke,! LIU, Dan'

The iron-supported catalyst was prepared by passing iron-rich spring water through activated
alumina. Decomposition experiment using this catalist was carried out. dibromomethane at a
concentration of approximately 1000 ppm was passed through the reaction tube at 300 °C that
this catalist set. The removal rate was always showed around 50% for 6 hours from the start of
the decomposition experiment. At that time, it was found that the removal rate changed
significantly by changing the amount of water vapor contained in the gas and the temperature
of the reaction tube.

Keywords : Iron supported catalysts; dibromomethane
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Effect of sodium chloride on the asymmetric ring-opening reaction of epoxides by Plant-based
Organic Molecular Catalyst (' Biotechnol. Res. Cent., Toyama Pref. Univ., * Kyowa Pharma
Chemical Co., Ltd.) OXoichi Wada,? Yasuo Kato,' Makoto Hibi,' Yuki Takeuchi,? Tatsuhiro
Asano ?

Keywords : organocatalyst, epoxide, asymmetric ring opening, sodium chloride, aminoalcohol
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EMTE T, 2B, ARBER CORNZTBNT, Bkl ) v 3E T R vae
[FAR DO BB R A 7R LTz 3 | AR BOS TIRafE b U O N 2 T35 DR
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Plant-based Organic OH
Molecular Catalyst
()o + H,N—<] > U
Toluene / sat.NaCl aq. ”N—q
H

1) Catalytic asymmetric amination of meso-epoxide using soy polysaccharide. (Soyafibe S-DN) Y.
Takeuchi, T. Asano, K. Tsuzaki, K. Wada, Bull. Chem. Soc. Jpn. 2018, 91, 678.
2) Asymmetric amination of meso-epoxide with vegetable powder as a low-toxicity catalyst. Y. Takeuchi,

T. Asano, K. Tsuzaki, K. Wada, H. Kurata, Molecules 2020, 25, 3197
3) [EERFFFFAR W0/2023/191088

We have reported a catalytic asymmetric amination of epoxides catalyzed by plant powder
and the activity was attributed to polysaccharides but not proteins'~*), which resulted to name
the catalyst as “Plant-based Organic Molecular Catalyst” (POMC). For the expression of the
stereoselectivity, the reaction was carried out in an organic solvent system supplemented with
sodium chloride (NaCl) and small amount of water. In this study, we found that POMC
showed enough stereoselectivity in an aqueous solution over 80% saturation of NaCl. We also
succeeded a repeated (21 times, nearly 1000 h) batchwise reaction by using two-phase
(toluene/sat. NaCl aq.) reaction system. The selectivity was drastically decreased in two-
phase system when saturated potassium chloride was used as an additive although it was
comparable when the reaction was carried out in organic solvent.
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Fabrication of metal nanoparticles by electrolytic reduction of composite metal oxides
(Department of Chemistry, Tokyo metropolitan University) OToshiaki Oka, Soichi Kikkawa,
Seiji Yamazoe

Alloy nanoparticles (NPs) consist of more than two elements have attracted attention
because their geometric and electronic interaction lead to their superior catalytic property
compared to single-element metal NPs catalysts. To increase the effective surface area for
catalytic reaction, alloy NPs are often dispersed on a support material. The supported alloy NPs
is synthesized by thermal decomposition of metal salt precursor, however, the active surface
area is limited due to aggregation by high temperature treatment. We focused on alloy NPs
synthesis method by electrochemical reduction in liquid phase, which can avoid the heat
treatment. We have found that intermetallic compound NPs can be obtained by electrochemical
reduction of Cu-In mixed metal oxide over carbon powder. In this study, we synthesized Ag-In
mixed metal oxide, AgInO,, and evaluated the structure of metal NPs formed by
electrochemical reduction of AgInO,. In addition, we evaluated the electrocatalytic property of
obtained metal NPs for electrochemical reduction of CO», confirming the production of H,, CO
and HCOOH.

Keywords : Electrochemical reduction, Metal nanoparticles, Electrocatalyst
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1) Y. Nakaya, S. Furukawa, Chem. Rev. 2023, 123, 5859.
2) =R, FH)L LA, 590 Bl BRI RS, 3MO04.
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