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Application of Modulation Excitation Spectroscopy (IR, Raman, XAFS, WAXS/SAXS) in
Catalysis Research ('Kyushu University, *Hokkaido University) O Nobutaka Maeda,!
Abdullah Al Abdulghani,' Ken-ichi Shimizu?

We herein report on the status of the implementation of modulation excitation spectroscopy
(MES) at the International Institute for Carbon-Neutral Energy Research, Kyushu University.
Utilising experience gained in Switzerland, the goal is to establish a base for operando MES in
Japan. Currently, MES has been applied to infrared spectroscopy, Raman spectroscopy, X-ray
absorption spectroscopy (XAFS), and wide-angle/small-angle X-ray scattering spectroscopy
(WAXS/SAXS). MES not only significantly improves the S/N ratio of various spectroscopic
methods but also enables kinetic analysis of each component through phase-sensitive detection
(PSD). In collaboration with the Shimizu Laboratory at Hokkaido University, operando MES
is being utilised to elucidate various catalytic reaction mechanisms.

Keywords : Operando Spectroscopy; Modulation Excitation Spectroscopy
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Synthesis of Ag nanoparticles/porous TiO, catalysts utilizing wet-thermal decomposition of
Ag-alkylamine complexes and their catalytic activity for 4-nitrophenol reduction ('Zechnical
Support Center, National Institute of Technology, Tsuruoka College) OTomohiro Yahagi'

Ag nanoparticles-supported catalysts have attracted attention for environmental purification
and chemical synthesis. To improve the activity of Ag catalysts, controlling the size and
concentration of Ag particles is necessary. Notably, Ag has a lower melting point than those of
other precious metals; therefore, Ag particles easily diffuse into each other and grow, especially
when the particles are present at high concentrations. In this study, we synthesized porous TiO,
as a support material and attempted to limit the growth of Ag particles through the pores of the
TiO, support. To deposit Ag nanoparticles on porous TiO,, a thermal decomposition of aqueous
Ag-alkylamine complexes was performed at 70 °C for 3 h. This method is a relatively low-
temperature process that can directly produce Ag nanoparticles on TiO, support. Transmission
electron microscopy analysis of the prepared Ag catalyst revealed the presence of Ag particles,
with a diameter of approximately 10 nm, on TiO> particles and without agglomeration (Fig.1).
The performance of the synthesized catalyst was evaluated in the reduction of 4-nitrophenol
using sodium borohydride. The apparent reaction rate constant was determined to be on the
order of 10 5!, indicating good catalytic activity of the synthesized catalyst.

Keywords : Ag Catalysts; Ag nanoparticles
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Production of methane by photocatalytic degradation of glucose ('Tokyo University of
Agriculture and Technology) O Yuma Uesaka,' Kio Kawakatsu,' Sho Usuki,' Kazuya Nakata'

Methane is an industrially crucial compound used as fuel and chemical feedstock such as
synthesis gas. However, current methane production relies primarily on natural gas purification,
and concerns about its sustainability are growing as fossil resources continue to deplete. In this
study, we examined methane production from glucose using photocatalysts with the aim of
establishing a sustainable methane generation process. Photocatalysts offer the advantage of
utilizing renewable light energy to promote chemical reactions under mild conditions.
Additionally, glucose, which serves as the starting material, is derived from biomass and is
gaining attention as a renewable resource. While previous studies have reported methane
production through glucose decomposition using TiO, and Pd-loaded TiO,!, methane
generation using other photocatalysts has not been investigated. Therefore, in this study, we
prepared TiO photocatalysts loaded with Pt, Pd, and Cu, and evaluated the effects of these
transition metal species on methane generation activity. Furthermore, through quantitative
analysis of by-products, we examined the reaction mechanism of methane generation from
glucose using photocatalysts.

Keywords : Methane production; Photocatalysis;, Glucose; Biomass-derived compound;
Ambient conditions
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1. V. Vaiano ef al., “Simultaneous production of CH4 and H, from photocatalytic reforming of
glucose aqueous solution on sulfated Pd-TiO; catalysts,” Qil & Gas Science and Technology—
Revue d’IFP Energies nouvelles, vol. 70, no. 5, pp. 891-902, 2015.
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Phosphonate modification of Rh-doped SrTiOs particles and pH dependence of the
photocatalytic hydrogen evolution activity (' Faculty of Engineering, Shinshu Univ., *Research
Initiative for Supra-Materials, Shinshu Univ., *Institute for Aqua Regeneration, Shinshu Univ.,
“The Univ. of Tokyo) O Masato Morimoto,' Kiyoharu Yamamura,' Masataka Yamamoto,'
Yosuke Kageshima'?, Katsuya Teshima'*~, Kazunari Domen®**, Hiromasa Nishikiori'*

We have previously reported that the photocatalytic hydrogen evolution activity could be
enhanced by modification of the surface of visible-light-responsive photocatalytic particles
with silane coupling agent containing phosphonate groups.' In this study, the pH dependence
of the hydrogen evolution activity obtained by the phosphonate-modified photocatalysts was
elucidated, intended for revealing the mechanism related to accelerated proton supply via the
phosphonate groups. Figure 1 shows the time courses of hydrogen evolution half-reaction using
Rh-doped SrTiO; (Rh:STO) photocatalysts under neutral pH conditions. During these trials, Pt
was modified as a hydrogen-evolving cocatalyst. It was confirmed that the hydrogen
production activity of Rh:STO in steady state was enhanced by the phosphonate modification
under the neutral pH condition. In the presentation, the detailed characterizations of the
materials, pH dependence of hydrogen production activity, and the application of phosphonate
modification to the other visible-light-responsive materials will also be discussed.

Keywords : Photocatalysts;, Hydrogen Evolution; Phosphate Groups; Silane-Coupling
Treatment, pH Dependence
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Surface modification of Rh-doped SrTiO; particles with polymer layer containing phosphate-
based functional groups intended for improved photocatalytic hydrogen evolution activity
('Graduate School of Science and Technology, Shinshu Univ., >Faculty of Engineering, Shinshu
Univ., *Research Initiative for Supra-Materials (RISM), Shinshu Univ., *ARG, Shinshu Univ.,
SThe Univ. of Tokyo) OKiyoharu Yamamura!, Masataka Yamamoto!, Masato Morimoto?,
Yosuke Kageshima'?3, Katsuya Teshima'>*#, Kazunari Domen*3, Hiromasa Nishikiori'->?

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 concentration of buffering groups at the vicinity of
photocatalyst surface was further increased intended for the improved hydrogen evolution
activity by modifying the surface of Rh-doped SrTiO3 (Rh:STO) with polymer layer containing
phosphate functional groups. Figure 1 shows the time courses of hydrogen evolution half-
reactions under neutral pH conditions using Rh:STO particles with and without the phosphate-
polymer modification. Pt nanoparticles were modified as hydrogen-evolving cocatalysts. The
amount of hydrogen evolved using the polymer-modified specimen was improved compared
to the case of unmodified one, suggesting the enhanced hydrogen evolution activity by the
contribution of buffering groups at the surface. In the presentation, the detailed characterization
results obtained by the polymer-modified photocatalytic particles will also be discussed.
Keywords : Photocatalysts; Hydrogen FEvolution; Phosphate Groups; Silane-Coupling
Treatment, Polymerization
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Promotion mechanism by adsorbent in photocatalytic decomposition of dissolved organic
matters (!Shizuoka University) OMiu Imai,! Hiyori Takeuchi,! Yoshiumi Kohno,' Keigo
Tashiro, ' Ryo Watanabe,! Choji Fukuhara'

Titanium dioxide (TiO,) is expected to be utilized for water purification because of its high
photocatalytic activity. However, reaction rate is usually not sufficient under low concentration
of dissolved organic matters. We have already found that the addition of mesoporous silica
(MPS) as an adsorbent increases the reaction rate. In this study, we tried to clarify the
mechanism of the reaction rate enhancement by the addition of MPS from the dependency of
reaction activity on temperature.

TiO, was mixed with MPS (1:4 w:w) and calcined at 500°C for 2 h. The obtained mixture
was added to the aqueous methylene blue (MB) solution, stored in the dark to reach adsorption
equilibrium, and then irradiated with UV light for 4 hours. The photocatalytic activity was
evaluated from the rate of decrease in the absorbance of MB.

Fig. 1 shows the change in the MB concentration during irradiation to the MPS-TiO». The
reaction rate increased along with the increase in the reaction temperature. Temperature
increase will cause the increase in the local concentration of MB because the
absorption/desorption rate of MB between MPS and solution increases. Therefore, the reaction
rate increased due to the increase in the contact probability between TiO, and MB.

Keywords : Photocatalyst, Titanium Dioxide, Adsorbent, Mesoporous Silica, Water Purification
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Influence of the oxidants addition to the reaction mechanism of degradation of dissolved
organic matters by iron oxide photocatalyst ('Shizuoka University) O Naoki Hiratsuka',
Yoshiumi Kohno', Keigo Tashiro', Ryo Watanabe', Choji Fukuhara'

Iron oxide is expected as a visible light-driven photocatalyst for water purification, due to
the improvement of the photocatalytic activity by high dispersion. We have further improved
the activity by the addition of various oxidants such as hydrogen peroxide or peroxodisulfate.
However, details about the change in the reaction mechanism with/without oxidants is still
unclear. In this study, we obtained the activation energy by controlling the reaction temperature
to identify the rate-limiting step in this reaction.

Silica was added to Fe(NOs)saq. After evaporation, the mixture was calcined at 773 K to
obtain the catalyst (Fe,Os/S). The amount of Fe,Os was 2 wt% toward S. Fe,O3/S and oxidants
were added to an aqueous solution of Sunset Yellow (SY) and irradiated with visible light from
100 W halogen lamp. The activation energy was obtained from the reaction rate constant, under
the approximation as a first-order reaction of SY decomposition, using the Arrhenius equation.

The activation energy for SY decomposition by Fe>O3/S with hydrogen peroxide was 33
kJ/mol. Since the value was close to the energy when hydrogen peroxide dissociates into
hydroxyl radicals (- OH) on metal oxides, we expected a similar transition state. The proposed
reaction mechanism of SY decomposition is shown in Fig. 1. It was concluded that the
dissociation of the oxidant on Fe,Os is the rate-limiting step.

Keywords: photocatalyst, iron oxide, hydrogen peroxide; peroxodisulfate; water purification
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EMAL =R VX —13 33 kl/mol ThoTo, ZDfE
%, 0, &Rt ETe Frxo 7oL
(-OH)~ L fRHET DR DO = F— L <, [Alkk
DEBIREZRETND EB X T, Fig 11T, HEH
L7e SY SR ORGHERE % 79, LRI &0 Fig. 1 Reaction mechanism of SY
H,0, 2B O -OH JEAEDME S 4, HHA ik 31 de%-ornposition with Fe,Os/S and
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The effects of loading cocatalysts on O, storage for water splitting using NaTaOj;:Sr
photocatalyst (Faculty of Science, Tokyo University of Science, *Carbon Value Research
Center, Research Institute for Science and Technology, Tokyo University of Science)

OKyoko Adachi!, Kengo Nagatsuka!, Yuichi Yamaguchi':2, Akihiko Kudo' 2

We have reported a specific phenomenon of O, storage during water splitting over a
NaTaOs:Sr photocatalyst loaded with Rh-Ru and Pd-Ru of noble metal dual cocatalysts. The
phenomenon means that lack of O, during photocatalytic water splitting evolved immediately
after turning off the UV light.""> However, the detail mechanism has not been clarified yet. In
this study, we investigated the effect of various cocatalysts on the O, storage phenomenon.

Water splitting under UV light irradiation was carried out over a NaTaOs:Sr photocatalyst
loaded with Pd-Ru dual cocatalysts by a photodeposition method. Pd-Ru-loaded NaTaOs:Sr
(Pd-Ru/NaTaOs:Sr) showed O, storage as previously reported.? In contrast, Pd-Ru/NaTaOs:Sr
subsequentially loaded with a CrOx cocatalyst which is well known to prevent penetration of
0, ¥ did not show O, storage whereas the activity for water splitting remarkably enhanced.
Additionally, decreased concentration of O, was observed on the sample without loading CrOx
just after turning on the light under Ar-O,-flow, whereas it was not observed on the CrOx-loaded
sample. In conclusion, it was suggested that O, storage occurred by photoreduction and
photoadsorption of O, on Pd-Ru of noble metal dual cocatalysts.

Keywords : Water splitting; Metal oxide; Noble metal cocatalyst; O, storage; O photo
adsorption

Y WF7EEE TlE, Rh-Ru ¥ X O Pd-Ru 6 &4 @ Bl 4 #5F L 72 NaTaOs:Sr ot fil it
ZHWTKGIREAT S T2BE, FrRAOBRBFEITEARNE L Z L2 WME L TE2 .
ARE G K P IC ERRIE D B AR e L CWBEBEN ORI SN D
WHRTHD. L, TOFEMRHEIC OV T LI > TRV, £ 2 TAF
72TV, Flix OB EN B AL Z L IC K KB R OB A RSS2 L 2
& L.

Pd-Ru # & BhRIE & 685 451512 &2 0 #0EF L 72 NaTaO;:Sr Yt 2 TR R 24T
ST T A, EREBYMBITRIARVPHR I . —F, BEEZEH LW L
THIDILD CrOx Bhfitifft 9% e FIC BRI EAEETHELTZE 25, CrocR
EfR LD HKRDIIEMIZRE <\ E LD, BEIFBRHARIIAON o T2, £,
Me-T NV ANRE T AR THERE Lz L 25, CrO, RIEMIATIZ GRS E %I
FIRE DR N LT, CrOxEfR TIXZE DRERD SR ootz kD
Z D, IR ELSIX Pd-Ru HE S4B AL EToO/REEOSLE TR LU
WCEKLTWD Z &R EINT-.

1) W. Soontornchaiyakul, A. Kudo, et al., J. Am. Chem. Soc. 2023, 145, 20485.

2) JURKE, &8, 1in, TR AAREFRE 102 FFEFEL, B304-4-pm-07 (2022).
3) JBNE, WIE, TR, 43 [EDEA b D LS AR Y T A P02 (2024)
4) K. Maeda, K. Domen, et al., J. Phys. Chem. C, 2007, 111, 7554.
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Loading Effect of Various Cocatalysts on Z-Schematic Water Splitting using a Long
Wavelength Visible Light-Responsive Cug sGag4lng.4Zno4S; Photocatalyst (' Facultly of Science,
Tokyo University of Science, *Carbon Value Research Center, Research Institute for Science
and Technology, Tokyo University of Science) ORiku Nakao,' Kengo Nagatsuka,' Yuichi
Yamaguchi,'? Akihiko Kudo'?

We have reported Z-schematic water splitting under visible light irradiation using long
wavelength visible light-responsive CuosGagalngsZnosS,; (CGIZS) as a Hs-evolving
photocatalyst.” To enhance the Z-schematic water splitting activity, it is important to load the
appropriate cocatalysts. In the present study, we investigated the loading effects of various
cocatalysts on Z-schematic water splitting employing a CGIZS photocatalyst under visible light
irradiation.

Z-schematic water splitting under visible light was carried out using a suspension system
combined with various metal cocatalysts-loaded CGIZS of H-evolving photocatalysts and
RGO-Co0Oy/BiVO, of an Oz-evolving photocatalyst. The activity increased by loading of Cr,0O;
which suppressed a backward reaction of water splitting  on Rh-loaded CGIZS in comparison
with the Rh-loaded sample without loading of Cr,Os; and non-cocatalyst-loaded one. In
conclusion, we successfully developed efficient Z-schematic water splitting systems under
visible light by loading of Cr,O3 on Rh-loaded CGIZS.

Keywords : Z-Schematic Water Splitting;, Metal Sulfide;, Cocatalyst; Visible Light; Long
Wavelength

UWFEE TIE, 660 nm £ TO RN ZFIH TE 2 CuosGaoalngaZngsS: (CGIZS) % 7K
2 A2 PRk k L THWE Z 2% — DRUAIDOR iR A A LT D D AR iR
DOEFEMHEACIZIE, BEERBMIEAHET 5 2 ENEETH D, £ I TR TIE, K
i)ﬁﬁ;mﬁ%ﬁ’l’:ﬁ?ﬁﬁi%ﬁﬁ W Z AT — DRUATRDE K S R 38 1T % FE 2 D Bl il A 5 %)
Rz f~7z.

CGIZS (24 L OEEAIEIC L W flix OBt 2R L7z, £ LT, Zh bk
ARt S KUY RGO-CoOW/BiVOs BESE AL RO 2/ & DTz Z A% — LRI
KD ARNIK IR ZAT > Tz RIFFOGEITH TR BBl 2 HE4 25 Z & Tk
FRTEPEIZIRE L7z, LarL, Rh BUfRE2$E: L7 o 7 nicxt LT, AR ROIK
I % S 5 CrO? & ERfiT 5 & Cr0; RIEHF L OBBERERF O b D L0 HK
SIFEETEDN A B L2, 2o X 51T, Rh BUflE A 405 L7 RILRISE MBI L
LR LT CnOs EfiliZ i 9™ Z & T, 18R KV & @it v LK R Z 2 % —

LRDBFEITKY LT,

1) R, fil, K&, 0, TEE, BAEFRE 104 BFFES, Al458-4am-09 (2024).
2) K. Maeda, K. Teramura, D. Lu, N. Saito, Y. Inoue, K. Domen, Angew. Chem. Int. Ed. 2006, 45, 7806.
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Photocatalytic nitrate-to-ammonia reduction on iron-doped bismuth vanadate

(Graduate School of Engineering Science, Osaka University), O Wataru Hiramatsu, Yasuhiro
Shiraishi, Takayuki Hirai

Previously, we reported that Cu-doped TiO, with surface oxygen vacancies promote NO3 -to-
NH; reduction with water as an electron donor under UV light irradiation." In the present work,
Fe-doped BiVO, loaded with CoOx cocatalyst (CoO,/Fe-BiVO,) promoted the NOs™-to-NHj3
reduction with water under visible light irradiation. The Fe-BiVO4 was synthesized by the
preparation of the gels consisting of Bi(Ill), V(V), and Fe(Ill) precursors followed by
calcination under air flow. CoO, were loaded by a photodeposition method. BiVO,4 and Fe-
BiVO, exhibited almost no activity, whereas CoO,/Fe-BiVO, successfully produced NHj3.
XRD and XPS measurements suggested that Bi was substituted with Fe and spontaneously
created surface oxygen vacancies. The surface oxygen vacancies may behave as the active
reduction sites and the CoO, behave as the cocatalyst for water oxidation, thus promoting the
NO;™-to-NH3; reduction with water.

Keywords : Bismuth vanadate; Nitrate; Ammonia; Photocatalysis

B2l LINET, i1 A2 R—7 kT ¥ o RIS V=R imiE R KMEs, K
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OTWD, AR TIE, $iA A% R—T LI F U UrBe A~ X Elza v Mgl
W% Byt & U CHLEF L7 CoO./Fe-BiVO, S S A St % PR LU T CHEfT S
H5HZ L&A LT, Fe-BiVOsiZ. Bi(Ill). V(V)I L X Fe(IIDE & 7 /L Ziifl L7
%, ZEXPRE F O T 22 SICK VA LTE, Ziub %, Co'"(NOs) KIEHKH Tx
HS L C CoO, ZfHEF L7, Figure 112, BiVOs, BilZxfL T2%®D Fe & K—7 L7z
Fe-BiVOs, CoO./Fe-BiVO, % Hli/KIZ8 i S Crlfit % 24 K IRET L7254 @ NH;
Rk E A "7, BiVOs 3 KW Fe-BiVOys [ZIFE A Y 6 -

IEMEA R S 72028, CoOy/Fe-BiVO, ITTEMEARBL 8

52 LA 5, XRD BIEATT) &, Fe F— 347

IRV EHROBHY T NAHBENZ L §

By A AEROKERBI YA M Fe st k=7 8%

ENDHLEBEZBND, Fio, XPSHEELTH &, % ) [ e L9

Fe F—=7\2 &0 VAV)FED R S 41, Kbk K o, Ty, %o,
AT SIS = & ARSI, LIAsoTC, 2 ey
FEMEFE KRN ETY A & LT, CoO N/KDEE  Figure 1. Amounts of NH;s generatf;d
ItV A FELTHEET A EEZ DD, during photoirradiation (A > 420 nm).

1) W. Hiramatsu, et al., J. Am. Chem. Soc., DOI: 10.1021/jacs.4c14804
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Synthesis of highly crystalline W;3QO49 tungsten oxides by Ti doping and their photocatalytic
activity (Graduate School of Engineering Science, Osaka University), O Takuma Jimbo,
Wataru Hiramatsu, Yasuhiro Shiraishi, Takayuki Hirai

A non-stoichiometric tungsten oxide (WsOus9) has unique crystalline structure consisting of
W(VI) and W(V) species and has attracted attention as a photocatalyst. However, it is thermally
unstable and readily transformed to stoichiometric WOs structure; therefore, its application to
photocatalysis has been difficult. In the present work, we synthesized Ti-doped WigOao
powders. We found that these powders maintain their structures even upon heating at 773 K;
therefore, we can obtain highly crystalline WsO49 powders. The Ti-doped Wi3O049 powders
were synthesized via a hydrothermal treatment of W(VI) and Ti(IV) precursors, followed by
calcination at 773 K under air flow. XRD patterns revealed that the undoped powder (Ti 0%)
was readily transformed to WOs upon calcination. In contrast, the powders doped with more
than 10% Ti maintained the W3O structure with enhanced crystallinity. Partial substitution
of W(V) with a thermally stable Ti(IV) may strengthen the W;3Ou9 structure, thus suppressing
the phase transition and the oxidation of W(V) to W(VI).

Keywords : photocatalyst, non-stoichiometric tungsten oxide, titanium, calcination
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£V WO IZHERE L=, —J7. N 10% 5%
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THDEZEZLND, Figure 1. The powder XRD patterns of Ti-WgOss.
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Photocatalytic hydrogen peroxide generation from water and oxygen on N-containing covalent
organic frameworks (Graduate School of Engineering Science, Osaka University), OKazuki
Terashima, Koki Yoshida, Yasuhiro Shiraishi, Takayuki Hirai

Covalent Organic Frameworks (COFs) are promising photocatalysts for H.O, generation
from water and O, (2H,O + O, — 2H,0,). However, key structural factors for high activity are
still unclear. In this study, we synthesized COFs with the donor molecules with different
numbers of heterocyclic N atoms and terminal -NH: groups and the acceptor molecule (2,4,6-
triformylphloroglucinol). Their photocatalytic activities were evaluated by the photocatalytic
H,0O; generation in water with O to identify key factors determining the activity. The COF
containing a triamine with a pyrimidine heterocycle (TAP) exhibited the highest activity. EIS
measurements indicated that the TAP-containing COF has the lowest charge-transfer resistance.
In addition, DFT calculations revealed that the photogenerated holes are localized on the
pyrimidine heterocycle. The high activity of the TAP-containing COF originates from its multi-
branched structure that enhances the conductivity and its pyrimidine framework that facilitates
efficient hole capturing.

Keywords : Covalent organic frameworks; Hydrogen peroxide; Photocatalysis; Conductivity

FEAMEA SR (COF) 1Z, KE 0,5 H,0: 2H,0+ 0, —2H,0,) % ARk
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MW, AWFFE Tl BREERRE K7 2/ MO R % R F—437 (Figure 1)
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7 B — DB~ T, Figure 1 121, &ff N —20 17226705 COF & MiKICEE S
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BN — UIHEREIC S & Figure 1. The amount of H>O2 formed by 6 h of photoirradiation on the
. respective COFs. Reaction conditions; water (30 mL), catalyst (50 mg),
Abivd, 7> 420 nm (Xe lamp), 298 K.
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Development of New Visible-Light-Driven Metal Sulfide Photocatalysts using Machine
Learning in an Unexplored Region (' Faculty of Science, Tokyo University of Science, *NAIST,
Material Science, *NAIST, DSC, *Carbon Value Research Center, Research Institute for Science
and Technology, Tokyo University of Science) OFuga Kakami,' Wataru Takahara,” Yosuke
Harashima,” > Tomoaki Takayama,”* Yuichi Yamaguchi,"* Mikiya Fujii,”*> Akihiko Kudo'*

We have reported various visible-light-driven metal sulfide photocatalysts such as (CuGa);-
«Zn2S; and CuzVS4.'> However, further development of novel photocatalyst materials is
important. We have developed various photocatalysts by experimental approaches so far. In
recent years, the development of materials using machine learning has been paid much
attention.” In the present study, we developed new visible-light-driven metal sulfide
photocatalysts from unknown materials suggested by machine learning using the data of metal
sulfide photocatalysts developed in our group.

AgrCoGeSs suggested by machine learning as a new photocatalyst was successfully
synthesized in an almost single phase and possessed 1.9 eV of the band gap. The photocatalyst
showed the sacrificial H, evolution activity under visible light irradiation. In conclusion, we
successfully developed a new visible-light-driven metal sulfide photocatalyst from unknown

materials using machine learning.
Keywords : machine learning, extrapolative search, metal sulfide, new material, visible light
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1) T. Kato, Y. Hakari, S. Ikeda, Q. Jia, A. Iwase, and A. Kudo, J. Phys. Chem. Lett. 2015, 6, 1042.

2) S. TIkeda, N. Aono, A. Iwase, H. Kobayashi, and A. Kudo, ChemSusChem. 2019, 12, 1977.

3) T. Takayama, I. Tsuji, N. Aono, M. Harada, T. Okuda, A. Iwase, H. Kato, A. Kudo, Chem. Lett. 2017,
46, 616.

4) M. Fujii, JSAP Review. 2022, 2022, 220416.
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Z-schematic water splitting under visible light irradiation utilizing various cocatalysts-loaded
BaTa,O¢:Ir,La (' Faculty of Science, Tokyo University of Science, *Carbon Value Research Center,
Research Institute for Science and Technology, Tokyo University of Science, *Toyota Central
R&D Labs., Inc.)OHana Ito,' Kengo Nagatsuka,' Yuichi Yamaguchi,'* Tomiko M. Suzuki,’
Takeshi Morikawa,® Akihiko Kudo'?

We have reported the Z-schematic water splitting under visible light irradiation using Ir and
La-codoped BaTa,Os (BaTa,Os:Ir,La) as a H>-evolving photocatalyst, BiVO4 as an Oz-evolving
photocatalyst and Co-complexes as an ionic electron mediators.? The system is expected to
be more active through the investigate of Hz-evolving cocatalysts and its reaction conditions
such as electron mediators and pH. In this study, we investigated effects of loading of H»-
evolving cocatalysts and reaction conditions on Z-schematic water splitting under visible light
irradiation, aiming at improvement in the activity.

BaTa,O¢:Ir,La was prepared by a B-flux method", and H-evolving cocatalysts were loaded
on the photocatalyst particles by a precipitation or an impregnation method. BiVOs; was
prepared by a hydrothermal method. Z-schematic water splitting was carried out under visible
light irradiation using the photocatalyst powders suspended in aqueous solution including a
[Co(dmbpy);]**** mediator. ?

Z-schematic water splitting proceeded using a Pd cocatalyst-loaded BaTa,Og¢:Ir,La in
addition to using a conventional Pt cocatalyst-loaded one in an Ar-flow system. The activity in
the case using a Pd-loaded sample improved in a CO,-flow system compared to that of Pt-
loaded sample. In conclusion, we successfully improved the Z-schematic water splitting
activity using a (M/BaTa»Og:Ir,La)-(BiVO4)-([Co(dmbpy);]*"'*") system by optimizations of
the cocatalysts and reaction conditions.

Keywords : Z-schematic water splitting, metal oxide, cocatalyst, transition metal-doping,
visible light
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1) A.lIwase, A. Kudo, Chem. Commun. 2017, 53, 6156.

2) FH, FE, L0, K, ), T, 5 130 IR S, 3F02 (2022).

© The Chemical Society of Japan - [PA]-2vn-14 -



[PA]-2vn-15 BALEA H105EFES (2025)

MoS,/TiO, B & Stk E AL ok h DB/ M D 53 fF
CRECERRRT ) OISR '+ kMRS

Decomposition of organic matter in water using MoS,/TiO, composite photocatalysts
(‘Faculty of Engineering, Tokyo University of Science) oYuta Katayama,' Morio Nagata'

In developing countries, water contaminated with bacteria is causing health problems. To
solve this, sterilization using TiO- as photocatalyst has been attempted, but it has a large band
gap, so it requires irradiation with ultraviolet light. Here, it has been reported that the
photocatalytic activity of TiO, can be increased by combining MoS,, which has visible light-
responsivity and low toxicity. In this study, we aim to achieve a green and efficient
sterilization process by applying a new visible light-responsive photocatalyst to the
decomposition of organic matter and bacteria.

MoS,/TiO, was prepared by hydrothermal synthesis using molybdenum precursor and TiO,.
The performance of MoS,/TiO, were evaluated by irradiating pseudo-sunlight with
methylene blue as a decomposition target. As a result, the prepared MoS,/TiO, showed better
visible light responsivity than TiO», and showed higher degradation performance against
methylene blue. We will investigate catalyst fabrication methods to further improve the

degradation performance.
Keywords : Photocatalyst, MoS», TiO; Methylene Blue
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1) Reem A. El-Gendy, Haitham M. El-Bery et al, scientific reports. 2023, 13, 7994
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Photodegradation of pesticides using C3N4/TiO2 composite photocatalyst (' Faculty
of Engineering, Tokyo University of Science) OKosei Minowa, ' Morio Nagata '

Dinotefuran is a type of pesticide currently in use and is a substance of concern for its
ecological impact. It is known to affect the immune system by decreasing the number of white
blood cells in mice administered dinotefuran. In this study, we succeeded in the degradation of
dinotefuran using a composite photocatalyst.

Titanium dioxide (TiO») has a wide band gap, so that is less active in visible light. Therefore,
we focused on graphitic carbon nitride (C3N4), which can be easily synthesized using organic
materials such as urea as a precursor. CsN4 has a narrower band gap than titanium dioxide and
can excite electrons in visible light. The photocatalyst was synthesized by compositing TiO»
with C3Ns. A sample of TiO» with 10wt% C3N4 composite successfully degraded about 75% of
100 ppm dinotefuran.

Keywords * Photocatalyst; Carbon nitride; Titanium dioxide; Dinotefuran
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1) Yukie Tada, Toyohito Tanaka, et al, Ann. Rep. Tokyo Metr. Inst. Pub. Health, 2017, 68, 267-275
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Investigation of Sacrificial Reagents in Pt Loading on SrTiOs; Photocatalyst ('Faculty of
Engineering, Tokyo University of Science) OMaoto Sawada,' Morio Nagata'

In photocatalytic hydrogen production, sacrificial reagents for both hydrogen production and
loading co-catalysts are important. However, sacrificial reagents for loading co-catalysts have
not been sufficiently investigated. The purpose of this study is to investigate sacrificial reagents
for Pt load on SrTiO; by photodeposition, We compared the amount of hydrogen production
and characterized catalysts prepared under the conditions of Pt loaded on SrTiO; using various
alcohol sacrificial reagents. As a result, the highest hydrogen production activity was observed
in the case of Ethylene Glycol.

The discussion of sacrificial reagents in previous study focused on chemical properties”,
though based on the results of Figure 1, this study focused on the dispersibility of Pt by adding
viscous agents in alcohols to change its viscosity, which is a physical property.

Keywords : Photocatalyst, Hydrogen Production; Strontium Titanate, Sacrificial Reagent,; Co-
catalyst
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1) Influence of Sacrificial Reagents on the Photodeposition Reaction of Catalysts. Ayako Inaguma,
Haruki Nagakawa, Sora Kamata, Morio Nagata, Adv. Energy. Sustainability. Res. 2024, 5, 2300295.
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SiC/BiVOa4 Photocatalyst for Carbon Dioxide Reduction and Measurement of Product
Materials (\Faculty of Engineering, Tokyo University of Science) ORyosuke Fukuda,! Morio
Nagata'

EERYIDRIE

Carbon dioxide is a substance for which the Japanese Government has set a target of equal
emissions and absorption by 2050. It is also useful in C1 chemistry, where it is used as a raw
material for organic compounds. Carbon dioxide is chemically stable and requires a large
amount of energy to separate bonds. For this reason, the use of photocatalysts, which can catch
redox reactions with light, focuses on reducing carbon dioxide at room temperature and
pressure. In this study, a composite of two photocatalysts, bismuth vanadate (BiVOa.) and
silicon carbide (SiC), was reacted with an aqueous ammonium bicarbonate solution under
xenon lamp irradiation to improve carbon dioxide reduction, and the organic compounds
obtained were analyzed.

The amount and rate of formaldehyde production were enhanced when the a-SiC paste was
combined with BiVOs precursor solution at a volume ratio of 3:2. Furthermore, it was observed
that formic acid to methanol was synthesized over time.

Keywords : Carbon Dioxide Reduction; C1 Chemistry, Silicon Carbide; Bismuth Vanadate
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Mutations enhancing the nylon-hydrolyzing activity of the end-type NylC enzyme
(" Grad. Sch. Sci. Eng., Kagoshima Univ., ° Grad. Sch. Eng., Univ. Hyogo)
OHiroki Anraku', Dai-ichiro Kato', Yoko Furuno!, Seiji Negoro?

Nylon is a polyamide known for its heat resistance, durability, and chemical resistance, but
it does not decompose in nature and lacks a clear recycling method. Since the 1970s, our
research group has been exploring microorganisms that degrade nylon oligomers and studying
nylon-hydrolyzing enzymes (Nyl series). Recently, by combining chemical pretreatment with
enzymatic hydrolysis using the Nyl series, we developed a highly efficient chemical recycling
method that converts high molecular weight nylon back to monomer with near 100% efficiency
and applied it to market products.'

The Nyl series includes three types of enzymes, NylA, NylB, and NylC, with different
cleavage modes (Figure). In chemical recycling, the endo-type NylC, which randomly cleaves
amide bonds inside nylon polymers, plays a particularly important role. In this presentation,
we will introduce our study to improve the degradation activity against various nylons by
further amino acid substitutions in a quadruple mutant of NylC (p2-GYAQ).

Keywords : Nylon;, Chemical Recycling; NylC; Amide Bonds, p2-GYAQ
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Evaluation of catalytic activity of polystyrene-supported Ru nanoparticles in water (Faculty of
Engineering, Osaka Institute of Technology) Kaito Kobayashi, OJun Tan, Kenichiro Saito,
Yoshimasa Matsumura, Osamu Shimomura, Atsushi Ohtaka

Ruthenium nanoparticles (Ru NPs) demonstrate catalytic activity in various reactions,
including oxidation and Suzuki coupling.? However, the majority of these reactions are conducted
in organic solvents, with the catalytic cycle reported to resemble that of homogeneous catalysts.
In contrast, we identified a mechanism distinct to metal nanoparticles in certain reactions.? In this
study, polystyrene-stabilized Ru NPs was prepared and their catalytic activity in oxidation and
Suzuki coupling reactions was investigated. Additionally, valuable insights into the underlying
mechanism were obtained.

Keywords .. Ruthenium nanoparticles, water, Oxidation ,; Suzuki coupling.

BEEROP TH BRI ZM LT =0 L) 2R3 2B I TEY . BbR&
RART v TV RIS EfE A DR IZOWTIEEZ R T Z LRI TS Y,
LU 1ZE A EPEREEEFR TORIETH U . BUSHEEIZ DT — R Al
D& LRETH D LM OT O TND, —FH, YFRETIIZNETIZ, KFTo
2 DS BNTRRT /R RAOREN— FBFET 52 L2 MEL TS 2,
ABFZETIE, R AF VLT =T A ki F 2R L, K TOBRL)GE L O
AR > 7Y T ROSIZ B THMEETEM: 36 KL OIS REIZ B L CRE~ Mgt 217 - 72,

polymer-Ru("')NPs
NH, (2.5mol% of Ru) _ CN
/ijA Ha0, 50 °C, 24 h, /ij
O, (1 atm)

0.5 mmol PS-RuONPs: 24%
Ps-Ru™NPs: 74%

PS-RUNPs
| BOH)2 (2.5 mol% of Ru) O
+ KOH, TBAB, H,0, O

90 °C, 24 h

0.50 mmol 0.75 mmol )
PS-Ru*“’NPs: 98%

PS-Ru'™NPs: 2%

1) (a) Mizuno, N. et al. Angew. Chem. Int. Ed. 2003, 42, 1480. (b) Arisawa, M. et al. Green Chem.
2017, 19, 3357.

2) (a) Ohtaka, A. et al. Organometallics 2017, 36, 1618. (b) Ohtaka, A. et al. ACS Omega 2019, 4,
15764.
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Effect of Catalyst Preparation Conditions on Nitrate Reduction Using Formic Acid as a
Reducing Agent over Pd-Ag Catalysts (Graduate School of Science, Tokai University) Tetsuya
Takeda, Olkko Mikami

Nitrate is detrimental to human health and contributes to eutrophication; therefore,
wastewater standards have been established to regulate its levels. Our research has focused on
the catalytic treatment of nitrate in wastewater, and we have previously found that using formic
acid as a reducing agent with a Pd-Ag catalyst enables rapid nitrate reduction. Aiming to
convert nitrate into ammonia for resource recovery, this study investigated the effects of Pd-
Ag catalyst composition and preparation conditions on nitrate reduction characteristics.

The catalyst prepared by sequentially loading Ag and Pd onto alumina (Pd-Ag/Al:Os)
exhibited higher ammonia selectivity compared to the catalyst prepared in the reverse order
(Ag-Pd/Al:Os). Even at higher nitrate concentrations, the catalyst selectively produced
ammonium ions. These observations suggest that exposing more Pd sites on the catalyst surface
enhances formic acid decomposition, increasing the proportion of hydrogen species on the
catalyst. The proportion of decomposed formic acid utilized for nitrate reduction was higher
with the Pd-Ag/Al-O:s catalyst.

Keywords : Nitrate; Ammonium ion; Formic acid; Catalyst; Water treatment
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Reaction mechanism analysis for reverse water gas shift reaction over K-Al-Fe-Ni-O catalyst
(Faculty of Engineering, Sanyo-Onoda City University) Shota Fukuda, OKeita Ikeue

We have found that K-Al-Fe based oxide was effective catalyst for reverses water gas shift
reaction and its catalytic activity was improved by the introduction of Ni. From the FT-IR
results under catalytic reaction conditions, which were performed to investigate the factors
responsible for the high activity of K-Al-Fe-Ni-O, we observed formate species as a reaction
intermediate. The decomposition of formate species was enhanced by the introduction of Ni,
suggesting that CO formation proceeded efficiently.

Keywords : CO;, catalyst, CO formation, reaction mechanism
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Effect of catalyst particle size on the gas-phase decomposition of dibromomethane using iron-
loaded alumina (National Institute of Technology, Ariake College) ODaisuke Fujimoto', Liu
Dan'

Iron-supported catalysts were created by passing spring water containing iron through
activated alumina with different particle sizes. These catalysts were placed in a reaction tube
set at 300 °C, and decomposition experiments were conducted by passing 600-1000 ppm
dibromomethane through it. The catalysts consistently showed a removal rate of 50%-70% for
up to six hours, and were found to function as a catalyst. It was found that the removal rate
changed significantly by changing the particle size of the catalyst and the reaction temperature.
Keywords : Iron-supported almina, dibromomethane, gas-phase decomposition
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