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The electrochemical CO; reduction reaction properties of ternary fluoride ('Department of
Chemistry, School of Science, Kyushu University, *Research Center for Negative Emissions
Technologies, Kyushu University, *Institute for Materials Chemistry and Engineering, Kyushu
University, ‘Advanced Institute for Materials Research, Tohoku University, °International
Institute for Carbon-Neutral Energy Research, Kyushu University)

(OKazuma Maehata,' Hirokazu Kobayashi,? Miho Yamauchi **°

Fluorine has the highest electronegativity of all elements and then metal fluorides are expected
to exhibit unique catalytic properties due to strong interactions with substrate molecules, driven
by significant electric polarization within their structure. In this study, we focus on Cu-
containing ternary fluorides as a novel catalyst for electrochemical carbon dioxide reduction
(eCO2R). Cu-containing ternary fluorides were synthesized via hydrothermal synthesis from
BaF: and CuF-. The obtained sample was identified as Ba,CuFs by Rietveld refinement of XRD
pattern and SEM-EDX. In the results of eCO2R, BaCuFs showed high selectivity for CHa, in
contrast to Cu powder, which mainly produces ethylene.

Keywords : Electrochemical CO; reduction; Fluoride
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Influence of interlayer cations on electrochemical CO; reduction properties of the delafossite-
type Cu oxides ('Department of Chemistry, Graduate School of Science, Kyushu University,
2Institute for Materials Chemistry and Engineering, Kyushu University, *Research Center for
Negative Emissions Technologies, Kyushu University, *Advanced Institute for Materials
Research, Tohoku University, *International Institute for Carbon-Neutral Energy Research,
Kyushu University)

O Takahiro Matsuu,' Akihiko Anzai,> Masaki Donoshita,'* Hirokazu Kobayashi,* Miho
Yamauchi '>43

Cu-based catalysts are known to produce valuable organic compounds in electrochemical
carbon dioxide reduction (¢CO2R). D In this study, we focus on delafossite-type Cu oxides
(CuMO,, e.g., M=Al, Fe, Ga), which have two-dimensional layers consisting of Cu’, because
the substitution of the cations in the M-site is expected to influence the eCO,R properties
through the modification of the electronic structures and the Cu—Cu distances. Thus, we have
prepared CuAl;.Fe.O, (x =0, 0.01, 0.2, and 0.5) and CuGaO and investigated their structural
and catalytic properties to elucidate their relevance.

The catalysts were synthesized using the Pechini’s method and characterized by synchrotron
powder X-ray diffraction (XRD) measurements. The XRD peaks of CuAl,-Fe.O; shifted to
the lower angles with increasing x content (Fig.1). The Rietveld refinement showed that the
lattice constant @ of CuAlg sFeosO2 and CuGaO, were 2.95 and 2.98 A, respectively, indicating
that Cu—Cu distances in both samples are nearly identical. The catalytic performance was
evaluated using a flow-type cell. ? The eCO,R activities and product selectivities of the
prepared delafossites were found to depend on the compositions of elements in the M-site.

Keywords: Electrochemical CO;reduction; Delafossite K= 057000 A Expermental
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Electrochemical CO2 Reduction Properties of Hetero-Layered Cu—Ag Catalysts
(! I2CNER MCI-CNRC, Kyushu University, 2IMCE, Kyushu University, *K-NETs, Kyushu
University, *AIMR, Tohoku University)O Yojiro Kimura,! Miho Yamauchi,!234

Heterojunctions not only produce novel electronic and geometric structures of interfaces not observed
in individual components, but also provide tunable electronic states of the components through charge
transfer.! The optimized electronic structures of the interface of Cu and Ag nanoparticles are known to
enhance the selectivity for C2 products in the electrochemical CO; reduction reaction (¢CO2RR).? In this
study, we focused on hetero-layered Cu—Ag catalysts with controllable thickness and aimed to
investigate the effects of Cu and Ag layer thickness on the electronic structures and eCO2R properties
systematically.

We prepared hetero-layered Cu—Ag catalysts on PTFE membrane filters by vacuum deposition.
Scanning Electron Microscopy analysis of the catalyst cross-section revealed its hetero-layered structure
on the filter. We also observed that crystallite size of Cu increased while that of Ag decreased as the
Cu/Ag ratio increased. The hetero-layered Cu—Ag catalysts exhibited synergistic effects with relatively
high selectivity for CHs, even though both Cu and Ag individually showed low selectivity for CHs. The
Cu/Ag ratio-dependence of selectivity and the observed synergistic effects will be discussed.

Keywords : Electrochemical CO2 reduction; Nanoparticle; Hetero-layer
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Effect of Ligand Structure of Cu Complex Catalyst on Product Selectivity in CO,
Electroreduction (Department of Chemistry and Life Science, Yokohama National University)
OYuzuki Kiba, Mao Tashiro, Shingo Hasegawa, Naoki Shida, Kazuhide Ueno, Ken Motokura

The electrochemical conversion of CO, into value-added chemicals is an essential technology
for carbon-neutral society and has been intensively studied. We have previously reported that
Cu complex with 1,2-bis(diphenylphosphino)benzene (dppbz) ligand selectively catalyzed the
CO; electroreduction to CO and that the addition of quinone mediator switched the selectivity
to formic acid. In this study, with the aim to improve the Faraday efficiency (FE) of formic
acid, we examined the effect of ligand structure and found that the introduction of electron
withdrawing substituents increased the FE of formic acid. Bulk electrolysis was performed in
acetonitrile solvent under CO, atmosphere using H-type cell at-1.8 V (vs Ag/Ag"). Formic acid
was obtained with a FE of 21.6% in the presence of 1 mM of Cu(dppbz) and 5 mM of
benzoquinone (Table 1). FE of formic acid was increased up to 37.3% by the introduction of
electron-withdrawing substituents such as -F and -CF3 groups.

Keywords : Electrochemical CO; reduction; Copper, Diphosphine
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Study on Electrolytic Reduction of CO, Using Phosphoric Acid Treated Brass Electrodes

(Graduate School of Advanced Science and Engineering, Waseda University) O Mai
Yamauchi, Yukio Furukawa,

In carbon recycling the development of high performance catalytic electrode materials will
promote the electrolytic reduction of CO, to CH4 using renewable energy. In this study, we
investigated the performance of electrolytic conversion of CO, to CHy4 with an electropolished
brass plate as the working electrode. Electrolytic reduction of CO, was performed in a one-
compartment cell containing a 0.1 M KHCOj; aqueous solution saturated with CO; using the
electropolished brass plate (Cu:Zn weight ratio, 60:40, 65:35, or 70:30) as the working
electrode, a Pt plate as the counter electrode, at the voltage V.= —1.9, 2.1, —2.3,and 2.5V
vs the Ag/AgCl electrode. Products CHa, CoHas, and CO were quantitatively analyzed by IR, H»
by GC-TCD, CH3;0H and C,HsOH by GC-MS. Firstly, an electrode of brass with Cu:Zn =
60:40 (abbreviated as Cu60Zn40) was electropolished in 85% phosphoric acid with a Pt counter
electrode at V. = 1.2 V vs Ag for 15, 60, 120, and 240 s; then the CO; electrolytic reduction
was performed with the electrode. The largest amount of CH4 was obtained for 60 s. Thus,
electrolytic reduction of CO, at various conditions was performed with the electrode
electropolished for 60 s. As a result, the electrolytic reduction with the Cu60Zn40 at V.= —2.5
V vs Ag/AgCl gave the Faraday efficiency (FFE) of 57 % for CH4 and the FE of 26 % for Ha.
Since CH4 and H» can be separated, this H> can be used as green hydrogen.

Keywords: CO; Electrolytic Reduction, Copper-Zinc Alloy, Electrolytic Polishing; Methane
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Preparation of Cu nanocube electrocatalysts functionalized by N-heterocyclic carbene ligands
(*Graduate School of Science, Nagoya University, *Research Center for Materials Science,
Nagoya University) OShunsuke Taniai,' Satoshi Muratsugu,' Mizuki Tada':?

We prepared copper (Cu)-nanocube catalysts functionalized with N-heterocyclic carbene (NHC)
for Cs-selective electrochemical CO, reduction. The synthesized Cu nanocubes were characterized by
XRD, SEM, and TEM. The prepared Cu nanocubes were functionalized with N-heterocyclic carbene
(NHC) (1,3-dicyclohexylimidazol-2-ylidene (ICy)), and the attachment of ICy on the Cu nanocubes
was characterized by TGA and FT-IR. The electrochemical CO, reduction reaction performances of
the prepared catalysts were also investigated.

Keywords * Copper, Nanocube, N-Heterocyclic carbene, Electrochemical CO; reduction reaction
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CO; electrolysis with non-Cu metal catalysts for the production of C;+ organic compounds
(Osaka University) ORyotaro Yoshida', Sora Nakasone', Asato Inoue', Takashi Harada',

Shuji Nakanishi!, Kazuhide Kamiya'

Electrochemical CO, reduction reaction (CO,RR) using electricity derived from renewable
energy sources has attracted a lot of attention. Cu-based catalysts have been extensively studied
for their remarkable selectivity toward C, compounds, such as C,Hsand C,HsOH. In recent
years, however, it has been increasingly revealed that metal catalysts other than Cu, such as Ni
and Co (non-Cu catalysts), can produce Cs+ organic compounds, albeit with low current
efficiency. The Cs+ formation reaction is believed to proceed through a pathway different from
the conventional C, formation, and elucidating this pathway is expected to open up new
possibilities for this technology. We systematically evaluated the Cs: production abilities of
nanoparticles composed of first-row transition metals as electrocatalysts for CO- reduction and
analyzed their underlying reaction mechanisms.

Keywords : CO; electrolysis, Non-Cu electrocatalysts, Cs+ organic compounds
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Exploration of Durable CO, Reduction Electrocatalysts based on Metalloporphyrins
(‘Department of Chemistry Graduate School of Science, Tohoku University, *Institute of
Multidisciplinary Research for Advanced Materials, Tohoku University) OHaruko Moteki,!
Yuki Sano,! Ryojun Toyoda,' Kazuyuki Iwase,> Shinya Takaishi,' Ryota Sakamoto!

This study aims at developing CO» reduction reaction (CO2RR) electrocatalysts with both
durability and reaction selectivity. We focused on metal complexes of 5,10,15,20-tetrakis(4-
ethynylphenyl)porphyrin (MTEPP) and successfully synthesized NiTEPP, ZnTEPP, PATEPP,
and CuTEPP. It is remarkable that a sample where NiTEPP was calcined at 600°C on a carbon
support demonstrated high CO selectivity in even at a high current density of 100 mA/cm?.

Keywords : Coodination Chemistry,; Electrocatalyst; Metalloporphyrin, Carbon dioxide
reduction reaction; Thermal Polymerization

UTAE, MIBRIERR L 72 K OBRBERMEO — K TH 5 “WbLRFEE FiRETE CHARMLE

YN 25T D gk FEE TG (CORR) aﬁ*’ﬁﬁaﬁ%zﬁxﬁﬁ EhTWb, ZOHFTYH
EBARNT 4V DX D 7y PRI SOSEIMER & < L 0 PR OETIZ X - T
JISTEDOHIEI A FRETH D 1, Lo L, fﬂ?‘%&%éhfﬁé/fiﬁd&w74 Vo Rl
IRSBIE TCEMN IR RN THE 10 mA/cm? & W D (KE T FECHIE éﬂ“(ivo e s
FUED T2 D DEFRE FE & 13, ARBFIE Tl i & LTz ﬁ@
FHLD T2 OBEA TN 2+ 5 LTz 5,10,15,20-Tetrakis(4-ethyny1pheny1)p0rphyrin D4
JEEER (MTEPP) (25 H L (K1) | MAME & SOSIEIRME O 5 % RO fililt o £
RKEEWE LT,

AWFFETIL 4 0O MTEPP (M = Ni, Cu, Zn, Pd) Z& Rk L. B .o E<e
FHEFARI & U C R FE A BGLEE 5 15 O S0t 2 L CORR filBERE 2 3741 L 7= (X
2). NiTEPP % 72 2 [RFFMITHEF L (O, @) MhREZ ik L7z & 2 A SRR
WZZAERNAE T, @% 600 CTHK L=V 7L (@) TiE 10 mA/cm2 2B\ T
CORR AT 5 CO NBIREJITAERK L, 512 100 mA/cm? (2B W\ T HHERE & #E
FET 5 Z ERHLNTRY (@), @i AMES S DR & focoto

RESEG —

W 100
7 2 I
on 'fr o0 :gg O@® : 10 mA/cm?
(EIER) N @ : 100 mA/cm?
R ~ 20 CO, Jitil ¢
. 0 EBIT 30 4yfHmE
¢ ompggn M ® 06 a0
X 1. MTEPP D4y & 1E. X 2. NiTEPP EMfD CO,RR £ L#.

[1] R.B. Ambre et al., Chem. Commun. 2016, 52, 14478.
[2] Gu, Shengshen, et al., Chemical Engineering Journal. 2023, 470, 144249.
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Electrochemical reductive CO, fixation reaction into N-containing compounds over metal
nanoparticle electrodes (‘Faculity of Science, Tokyo Metropolitan University, 2JST-PRESTO)
OEisei Yokota!, Soichi Kikkawa', Hideyuki Kawasoko'?, Seiji Yamazoe!

The N-methylamines are useful compounds as precursors and intermediates for pharmaceuticals
and agrochemicals, however, excess amount of methylation reagents is required in the current
commercial synthesis. The utilization of formaldehyde derived from electrochemical CO; reduction
as a carbon source for N-methylation reaction is favorable on the viewpoints of green chemistry
and energy utilization. Although it is reported that Co-complex-loaded carbon electrode
promotes electrochemical synthesis of N-methylpiperidine from CO2-derived formaldehyde
and piperidine, there are few reports on such electrochemical N-methylation using CO> as a carbon
source (Scheme 1)V, In this study, we applied various carbon-supported metal nanoparticle catalysts
as working electrodes in three-electrode H-type cell to the electrochemical synthesis of N-
methylated products using CO> as a carbon source. N-methylated products were produced from
formaldehyde and secondary amines over Pt nanoparticle electrodes under the electrochemical
reduction condition.

Keywords : Electrochemical reduction; N-containing compounds,; CO: fixation reaction;
metal nanoparticles

N-AF T I BRITER ORI EORIBMASCH IR E L THHRMEEm TH 573,
BATOARIETITREED A F AL ZMLELE T 5. CO, EffHKOFLVLT VT R
Z N-AFIULDORERE LCRHHATEIUE, 7V =07 I A U =R )L F—FHD
BLULTHE LV, BEHR ST, 2290 MEREZER LT RFEME AV, CO,HRD RV
ATILTE REERY DN EN N-AFAERY DU BRAEKRTE 52 ERHESR
TWA2Y (Schemel), HEWIIEEHITHD. KL TIL, FHxOL—AR  HELSET
Rl A ERRR S L2 =B HH L2 AW T CO,  IRFERE T 5 N-AF LT
L UHHOEMERERG L2, Pt ki EM A AR AW EAR TSR Tk
T, WIVATILTE RE2MT I UM N-AFILT X VDO A HER LTz,

~

Scheme 1. Electrochemical reductive N-methylation using CO; as carbon source.
1) C.L.Rooney etal.,J Am. Chem. Soc., 2021, 143, 19983-19991.
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Studies on the synthesis of biodegradable plastic precursor from low concentration of carbon
dioxide using biocatalysts (‘Osaka City University. *Osaka Metropolitan University)

OAtsuya Horikawa', Yutaka Amao'=

In recent years, technology that directly utilizes low concentrations of CO, contained in exhaust
gas from thermal power plants has been attracting attention. Furthermore, fumarate is a useful
unsaturated dicarboxylic acid that can be used as a precursor for biodegradable plastics. We have
been reported that the development of fumarate synthesis from CO. gas with bio/photocatalytic
system using visible lightY. In this study, we also attempted to develop a fumarate synthesis
from low concentration of CO and pyruvate that regenerates NADH consisting of zinc tetrakis
(4-N,N,N,-trimethlaminophenyl)  porphyrin ~ (ZNnTMAP),  pentamethylcyclopentadienyl
rhodium(111) complex [Cp*Rh(bpy)H20]?* and triethanolamine (TEOA), in conjunction with an
enzyme reaction of pyruvate carboxylase (PC), malate dehydrogenase (rMDH), and fumarase
(FUM).

Keywords: Biocatalysts; Carbon dioxide fixation, Unsaturated dicarboxylic acid

HERIEIAL D ERIFRME CTH 5 CO, 2 ARFIHT 20510 —>L LT, k1 E
FTEOHET AT EEND 1IBBIRED CO, %, IRAMaEFE 2 # IZEER A 9 5 5l 23 iE
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ThHENLE VNG AT ) & L CTEGMIET T AF v 7 EETh D 7~ v
AR EMEEL TND Y, LLRRE, ZORTIE, KIRE CO W AZFEE T2
ZENTERVDREND D, £ T, AWFFETIE, ARRE CO it E LTHWS Z &
ZHBE L, ELE VR LRE YT —E(PC). U v Tl /kFEREZIMDH) L N7 ~ F
—EB(FUM)Z W BEROL EHigh T R 7% A ANNN-RUAF LTI 7 x=)L)
RV 7 4 ) @ZNTMAP), R Z A F v raXr2yz=ruavy s () §EE
[Cp*Rh(bpy)H. 0] e X kY =% ) — /LT 2 (TEOA) > B 72 % Al GEREN R NADH /&
R b Al ST < VA BCR(X DRSS A AT,

o oH []
ZnTMAP?  [CP'Rh(bpy)H,OF*  NADH mk/‘\g“"z@tmkﬁrw
b
RN X

L-UraBk TILEE

15 %CO,
ADP ATP o

HO\/\ /-VOH OH H -+
\ Z0TMAPT  TCpRpyHl NADF Xy ke
M TEOA #FHOEFE Mg*  ENEUER
Cp* R B AP TR BT O, bpy: 22 L
ZnTMAP : T8 5 5 % RENNN- b U A F L7327 2 2@l 7 + 1 o

1 CO; & B U eE A 3 2 Al EBRENR 7 < L lE & plR
1) M. Takeuchi, Y. Amao, Dalton Transactions, 2024, 53, 418
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CO; activation by molybdenum-platinum alloy sub-nanoparticles (Lab Chem Life Sci., Tokyo

Tech) Takatoshi Sumihisa, Augie Atqa, Tatsuya Moriai, Takane Imaoka, Kimihisa Yamamoto

The development of catalysts capable of reducing carbon dioxide under low temperature and
low pressure conditions to selectively produce valuable compounds is highly sought after.
Metal and alloy sub-nanoparticles with diameters of approximately 1 nm often exhibit
exceptional catalytic properties that are absent in larger nanoparticles or bulk materials. Sub-
nanoparticles, which allow for a virtually limitless range of alloy compositions, hold the
potential to create unprecedentedly active and selective CO» reduction catalysts. This study
aims to evaluate the catalytic properties of ruthenium (Ru) sub-nanoparticles for CO2
reduction and to explore catalysts capable of synthesizing methanol and hydrocarbons,
which are highly valuable as energy carriers. Recently, we reported that sub-nanoparticles
of molybdenum-platinum (Mo-Pt) alloys with a particle size of approximately 1 nm can
promote the reverse water-gas shift (RWGS) reaction at room temperature and atmospheric
pressure. The RWGS reaction, an endothermic reaction that typically requires high
temperatures to proceed, serves as the starting point for all CO2 conversion processes.
Therefore, enhancing the activity and selectivity by significantly lowering the activation
energy of this reaction is a key objective. In this presentation, we will report the synthesis of
Ru sub-nanoparticles and their performance as catalysts in the CO2 hydrogenation reaction,
focusing on their conversion efficiency and selectivity.

TR R AR CTEIT LA A LAY 2B RS o L 2 il iR s T v 5,
FrfE2Y Inm BEOEB/LEET 77/ KTid. 7/ K125 717 B 7 il iRy
HERT LB, HOWILHESMEBEONE I TF /KT Tl Tt wihtk
CERMED CO @Bl T & 2 [EEEDH 5,

KWFENIN T =7 L3 7 F 7 KO AU 3 2 iR % A, = o v ¥ —1H
Re L CoMMMED A & 7 — AV RRALKFEDO AR % Al HEIC 3 5 il o PRER %2 BN &
LTWw3, will, WARNZE L om BEOEY 77 v EHEOAEY 7 F 7 K15 RWGS
K6 % ERpORGET CHET S22 2 L 2EL Twb, RWGS KISIEIREKIGTH Y |
FERSF T TR EUGHETTLICK WA, TXTD CO Bt DI 2 IGTH b |
FIGDFERL T AN F =% KIBITET X4 2 2 &I X 2iEEeEREO M LSS T
Wb, ARKRCTERuVZ7F/RTFOERKL., chrkife L7z COKEKIGICE T
B BRI O W TIRE T 3,
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Reverse water-gas shift reaction using Sr-Mn-based perovskite oxide catalysts ('Graduate
School of Engineering, Kyoto University, *Fukui Institute for Fundamental Chemistry, Kyoto
University) O Atsuki Kaneda,' Shimpei Naniwa,' Shoji Iguchi,! Kentaro Teramura'~

B

The reverse water—gas shift ("WGS) reaction, which is one of the hydrogenation of CO,, is
deemed as a promising technology for recycling atmospheric CO,." Conventional supported
catalysts suffer from low rWGS selectivity due to successive hydrogenation of CO into CHa.
In a previous study, we have reported that SrTi;.Mn,Os, in which a part of Ti atoms in SrTiOs
is substituted for Mn, promotes the WGS through the Mars-van Krevelen mechanism.? In this
mechanism, lattice oxygens were reduced by H, to form oxygen vacancies, and the vacancies
split CO; into CO. In the present study, we found that SrZr;.Mn,Os showed higher ¥WGS
activity than SrTi;-.Mn.Os;. When the reaction was caried out at 873 K, the yield of CO was
32% over SrTiooMny.1Os. In contrast, the yield was improved to 52% over SrZrooMng 1Os.

Keywords: CO; hydrogenation, reverse water-gas shift reaction, perovskite oxide, Mars-van

Krevelen mechanism

H I2 &2 T COr % CO ~EfBEANIE T 2 WKET 227 b (PWGS) S,
KEAHD CO, ZEPWULL 5 HHMTH S V. rWGS IZH W B D % < OHFF4E il
TIE, AR LTZ CO BBRANTKFIL S, CHs bAERKT D2 ENMETH D, Fx
IZZNETOMIET, ~n T 2AUA MNE{EHTH 2 StTiOs D Ti O—f% Mn TEHR
L7z SrTi-.Mn,O; 7%, Mars—van Krevelen #2550 X 8&RMYIC rWGS ZEtES 5 2
LEWMELTWND D, ZOBETIE, M TBENSHICLoTETSh, Ak LcgE
ZEFLA COr & CO IZBET 5. ARWFFETIL, B¥ A M Zr ZH7 5 SrZri.Mn,0; 73,
SrTi;.MnO; £V & EWEEETrWGS et 452 L2 R L7z, 873K IZEi1F 5 CO
W%li, SI‘Tio,gMno,103 %ﬁﬁb\fli}%é\GCﬂi 32%?3?)0 71:’_@&:;@ L/, SrZro,gMno,103 TIZ
52%zm L7,

F—U— R : COyKFE b, WikKMET AL 7 M, a7 A hA Mig{b¥. Mars-van
Krevelen #1#%

1) W Wang, S. Wang, X. Ma, J. Gong, Chem. Soc. Rev. 2011,40, 3703.

2)  H.Matsuo, M. Kobayashi, S. Naniwa, S. Iguchi, S. Kikkawa, H. Asakura, S. Hosokawa, T. Tanaka,
K. Teramura, J. Phys. Chem. C 2023, 127, 8946.

© The Chemical Society of Japan - [C]C404-2am-12 -



