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Cooperative Dual Redox Sites in a Dinuclear Cobalt Complex
Decrease the Overpotential of CO2 Electroreduction

(IMCE, Kyushu Univ.,, *Grad. Sch. of Sci., Kyushu Univ., *WPI-PFCNER, Kyushu Univ. *K-
NETs, Kyushu Univ., SWPI-AIMR, Tohoku Univ.) OMasaki Donoshita,"> Yunyi Pan,” Yohei
Kametani,' Yoshihito Shiota,! Shu-Qi Wu,! Osamu Sato,' Miho Yamauchi'?343

Keywords: CO; electroreduction; dinuclear metal complex; redox; DFT calculation

Electrochemical CO; reduction (eCO2R), which provides valuable chemicals from CO»
using electric power, has attracted growing attentions as a solution to the environmental and
energy problems.! As eCO:R catalysts, metal complexes have been widely studied because of
their high designability?, although the overpotential for eCO:R is still not satisfiable. In this
study, we focused on dinuclear complexes, whose multiple redox sites would be advantageous
for eCO;R involving multiple electron reductions. Inspired by the cobalt tetraphenylporphyrin
(Coy, Fig. 1 left), which is a well-studied catalyst owing to its high selectivity for CO (Faradaic
efficiency; >90%),* we targeted a dinuclear complex, [Co"x(bpypz).]*" (Hbypz = 3,5-bis(2-
pyridyl)pyrazole), which is referred to as Co; (Fig. 1 right). Previously, we revealed that Co,
exhibits 250 mV more positive onset potential in N,N-dimethylformamide (DMF) solution
compared to that of Coy.* In this study, Co, Co,
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Fig. 1. Molecular structures of Co1 (left) and Coz (right).

Coa.

Chronoamperometry using a microelectrode revealed that Co; exhibits the one-step two-
electron reduction, i.e., (Co", Co'")—(Co!, Co'), which is absent in Coy. This behavior affords
the difference in the sequence of the electron-transfer steps and CO--binding step in the
catalytic cycles of Coy and Coz, which was supported by the density functional theory (DFT)
calculations. We found that the simultaneous two-electron reduction before the CO,-binding
on Co; circumvents the electron transfer after the CO»-binding which prevents the catalytic
cycle of Coi. Furthermore, DFT calculations suggested the
cooperation of the two Co ions in catalytic cycle of Coa, i.e.,
the metal-to-metal electron transfer and the intermediate with
the COOH moiety bridging over the two Co sites (Fig. 2). We
then concluded that the cooperative functions on the dinuclear

Fig. 2. DFT-optimized structure of

complex are the key to the lower overpotential. an intermediate for €CO2R on Coa.

1) R. G. Grim et al., Energy Environ. Sci. 2020, 13, 472. 2) E. Boutin et al., Chem. Soc. Rev. 2020, 49,
5772.3) X. Hu et al., Angew. Chem. Int. Ed. 2017, 56, 6468. 4) Y. Pan et al., The 104" CSJ Annual
Meeting 2024, F1232-1pm-04.
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Electrocatalytic Behavior of Co-NHC Complexes over a Glassy
Carbon Electrode in Hydrogen Evolution from Neutral Water

(*Kyushu Univ.) OMasanori Kan,' Kosei Yamauchi,! Ken Sakai'
Keywords: Cobalt complex; Hydrogen evolution reaction (HER); Electrochemistry;
Homogeneous electrocatalysis; Tafel analysis

It was previously demonstrated that Co-NHC1 (Figure 1la; NHC = N-heterocyclic
carbene)! achieves the ultrafast electrocatalytic hydrogen evolution from water with a
remarkable turnover frequency (TOF) of 34000000 s'. In addition, we found that the dip-
coated effect of Co-NHC1 in the presence of some inorganic chloride salts result can be
negligible enough to estimate the TOF of Co-NHC1 under the homogeneous electrocatalysis
condition. In this study, the effects of the charge for cobalt-NHC catalysts are investigated by
employing Co-NHC1 and a new bis(NHC)cobalt complex, Co-NHC-COOH, which should
become anionic at neutral pH. In addition, we 7\
also conducted a Tafel analysis for the Q
heterogenized Co-NHC1 for the hydrogen \0’
evolution reaction (HER) to discuss the rate- ﬁ——
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1) K. Yamauchi, K. Kawano, K. Yatsuzuka, K. Kawamura, M. Kan, and K. Sakai, J. Am.
Chem. Soc., 2025, DOI: 10.1021/jacs.4¢c10246.

2) P. Chen and R. L. McCreery, Anal. Chem., 1996, 68, 3958.
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Construction of Porphyrin-Based Framework Catalysts for Small
Molecule Conversions

(!School of Science, Institute of Science Tokyo, *Graduate School of Engineering, Osaka
University) OXianjun Li,' Kento Kosugi,' Shigeyuki Masaoka,”> Mio Kondo!

Keywords: Small Molecule Conversions, Framework Catalysts, Metal Porphyrins,
Heterogeneous Catalysts

Nowadays, our society faces an energy shortage and a global warming problem. Artificial
photosynthesis is attractive as it can mimic natural photosynthesis and produce green energy
to replace traditional fossil fuels with renewable energy. Artificial photosynthetic reactions
consist of two kinds of small molecule reactions (half reactions). To achieve sustainable solar
energy conversion system, cooperations of two half reactions are essential. However, in most
of the reported works, the catalysts for each half-reaction have been developed separately, and
the integration of two distinct catalytic sites and efficient charge transfer without charge
recombination is still quite challenging.

Herein, we aimed to construct a molecule-based system in which catalytic oxidation sites
and reduction sites are integrated. Our initial study demonstrated that coexisting
carboxylate/carboxyl environments for bridging the MOF is a promising strategy to get
efficient small molecule conversions due to the following three reasons; i) porosity for the
accumulation of substances'! ii) H-bonding for the capture of substrate!?! and iii) enhancing
conductivity®!. Especially, we successfully synthesized a metal porphyrin-based framework
(Figure 1, left) with such coexisting constructions and achieved the photochemical CO,
reduction with the highest activity among the relevant systems. We also succeeded in the
development of a novel MOF in which oxidation and reduction sites are integrated into the
framework (Figure 1, right). In the presentation, we will show the structures of framework
catalysts and discuss about their catalytic activities.

[Fe(H,P)], framework Channel structure CoP-Ni framework Channel structure
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Figure 1. Structure features of [Fe(H2P)a] and CoP-Ni.

H-bonding

1) Z. Chen et al., ACC. Chen. Res. 2022, 55, 579-591
2) C. Wang. et al., Fuel 2021, 287, 119556.
3) X. X. Xie et al., Coord. Chem. Rev. 2020, 404, 213100.
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Photoelectrochemical CO2 Reduction in Water with a
Co Porphyrin Catalyst Modified TiO> Cathode and a Polypyridyl Ru
Photosensitizer Modified TiO2, Photoanode

(!Kyushu Univ.) OYuki Goya', Ken Sakai', Hironobu Ozawa!
Keywords: CO: Reduction; TiO»; Porphyrin, pyridyl anchor, Photoelectrochemical Cell

Artificial photosynthesis is an ideal reaction for achieving a low-carbon and carbon-
recycling society. We have recently reported that the mesoporous TiO; cathode modified with
a Co porphyrin molecular catalyst having a pyridyl anchor (FTO/TiO./CoP-py, Figure) can
promote electrocatalytic CO»-to-CO conversion with a relatively higher Faradaic efficiency
and selectivity even in aqueous media.l'! In this study, to achieve highly efficient
photoelectrocatalytic CO»-to-CO conversion, the mesoporous TiO: electrode modified with a
polypyridyl ruthenium photosensitizer (FTO/TiO./Ru-qpy)”’ has been utilized as a
photoanode for the two-electrode configuration molecular-based photoelectrochemical cell
(PEC, Figure), and the performance of photoelectrocatalytic CO,-to-CO conversion has been
evaluated in CO,-saturated NaHCOs in the presence of an electron donor. This study revealed
for the first time that EDTA is the most suitable electron donor for this molecular-based PEC
among four kinds of electron donors (TEA, TEOA, EDTA, or hydroquinone) mainly due to the
presence of pre-equilibrium between not only EDTA and Ru-qpy but also EDTA and TiO;
surfaces. The total Faradaic efficiency (FEww) and CO selectivity (Selco) gradually increase
with increasing the applied potential, and seem to almost saturate at around 75% and 70%,
respectively, when the applied potential exceeds 0.8 V vs. cathode (Figure). On the other hand,
the total external quantum yield (EQY) for CO and H» production almost linearly increases
even the applied potential exceeds 0.8 V, and reaches to 5.1% at the applied potential of 1.2 V.
Although our PEC still utilizes a sacrificial electron donor EDTA, the obtained total EQY is
significantly higher than those of molecular-based PECs reported thus far.
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Figure. Schematic representation of a molecular-based photoelectrochemical cell for solar-
driven CO; reduction (left) and plots of EQY, total FE, and CO selectivity as a function of
the applied potential (right).

[1] H. Ozawa, R. Kikunaga, H. Suzuki, R. Abe, K. Sakai, Sustain. Energy Fuels, 2023, 7, 1627.
[2] K. Morita, K. Sakai, H. Ozawa, ACS Appl. Energy Mater., 2019, 2, 987.
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Synthesis and perchlorate removal properties of cobalt
coordination polymers

(‘Graduate School of Environmental Science, Hokkaido University, *Faculty of Environmental
Earth Science, Hokkaido University) OUmme Fariha Tasnim,' Aditya Irfan Witono,' Xin
Zheng,"? Shin-ichiro Noro'~

Keywords: Perchlorate anion; Coordination polymer; Water purification

Recently, water contamination due to toxic perchlorate anion is a critical environmental
concern that demands immediate mitigation. Therefore, developing new materials with
adsorption or ion exchange properties is necessary to selectively remove perchlorate from water.
Coordination polymers constructed from metal ions and organic bridging ligands can be
applied to treat wastewater because of their high structural tunability and diversity. Our study
aims to find anion-exchangeable coordination polymers that efficiently remove perchlorate
anion from water by anion exchange.

The reaction of CoCl,-6H,O with hydrophobic bis-benzimidazole-type ligands, 1,3-
bis(1H-benzo[d]imidazol-1-yl)propane (bbip) and 1,4-bis(1H-benzo[d]imidazol-1-yl)butane
(bbib), afforded three Co coordination polymers, one-dimensional [CoClx(bbip)] (1), two-
dimensional [CoCly(bbip)] (2), and three-dimensional [CoClx(bbib),]-4H,0-2MeOH (3). The
perchlorate removal capacity of 2 was found to be higher than those of 1 and 3 (Figure 1). 2
showed higher capacity than those of porous [ZrsO4(OH)s(bdc)s] (UiO-66, bdc = 1,4-
benzenedicarboxylate) with some CI including defect units' and the anion exchange resin
purolite A532E and had similar removal capacity with reported [CuszClax(p-bbiteb)s]-4Cl (Cu-
CP, p-bbiteb = 1,4-bis(benzimidazol-1-yl)-2,3,5,6-tetramethylbenzene)? and the resin purolite
AS30E (Figure 1). The removal of perchlorate anion in these new cobalt coordination polymers

likely occurs through an anion-exchange reaction with chloride anion.

1.8
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@
L

Perchlorate removal amount / mmol g~

Figure 1. Perchlorate removal performance of Co coordination polymers at 30 °C.

1) A. I. Witono, X. Zheng, Y. Saito, S. Noro, Chem. Lett. 2024, 53, upac050. 2) E. Sone, M. Sato, K.
Yamanishi, C. Kamio, H. Takemoto, M. Kondo, Dalton Trans. 2016, 45, 894.
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Synthesis and physical properties of asymmetric cobalt(I) complexes with N4O, coordination
geometry (Graduate School of Science, Josai University) OHayato Kikuchi, Manabu Nakaya

Molecular metal complexes with asymmetric coordination geometry or structures have been
extensively studied from the aspects of pharmacological activity and reaction catalysis. On the
other hand, there are still many unexplored subjects such as functionalities attributed to the
electronic and spin based on the asymmetric coordination geometry and mechanical properties
derived from the asymmetric structure. We have found that cobalt(Il) complexes with an
asymmetric N4O> coordination geometry exhibit unique magnetic properties and mechanical
response of the crystal. In this study, we systematically investigated the magnetic and
mechanical properties of the novel cobalt(Il) complexes with various substituents. All the
complexes showed SCO phenomena, but the mechanical response was different due to the
variety of the molecular assembly.

Keywords : Cobalt(Il) complex, Spin Crossover, Magnetic Properties, Soft crystal
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1) M. Shionoya et.al., Nat. Commun., 2020, 11, 6263.
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All-optical Control of Polarization Change in Electronic
Ferroelectrics

(‘Graduate School of Science, Kyushu University) OYubo Huang,' Shengqun Su,' Shugi
Wu,! Osamu Sato'
Keywords: Electron Transfer; Spin Transition; Ferroelectrics; Photo Switchable

Ferroelectric memory devices are distinguished by their capacity to retain data without
continuous power supply, providing significant energy-saving advantages. However, the
electrode physically contacts the ferroelectric unit during a typical operation cycle of a
FeRAM device, leading to difficulties during device fabrication. In this context, we propose
a new approach involving the electron transfer coupled spin transition (ETCST) process in
cyanide-bridged [FeCo] bimetallic complexes, which distinguishes from traditional
materials by enabling polarization switching in response to light.

Herein, our complex, [Fe(Tp)(CN)s]2(Co(dpa)2)-2H,O-IPA, exhibits a thermo- and
light-induced ETCST associated with a ferroelectric-type phase transition between a
nonpolar space group (C2/c) and a polar one (Cc), allowing for the direct observation of
polarization switching by conventional pyroelectric measurements." Most impressively,
irradiation with a 532 nm laser can convert the nonpolar phase generated by irradiating with
a 785 nm laser into the polar phase, producing a clear electric current signal without
requiring any external electric field.”> Such optical cycles provide an optical mimic of the
typical operational cycles of FERAM devices without any electric field.

The successful implementation of thermo- and light-induced polarization switching in a
molecular crystal confirm the feasibility of realizing ferroelectricity through the electron
transfer mechanism. This finding further validates the feasibility of directional ETCST at the
single-crystal level, providing valuable insights to guide the design and synthesis of
ferroelectrics via electron transfer.
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1) Y. B. Huang, et al., J. Am. Chem. Soc. 2024, 146 (1), 201-209. 2) Y. B. Huang, et al., Angew.

Chem. Int. Ed. 2024, 63 (38), €202409948.
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A Solvent Free Neutral Cobalt Complex Exhibiting Macroscopic
Polarization Switching Induced by Directional Charge Transfer

(Mnstitute for Materials Chemistry and Engineering & IRCCS, Kyushu University,) OZi-Qi
Zhou,' Shu-Qi Wu,' Shinji Kanegawa,' Sheng-Qun Su,' and Osamu Sato'
Keywords: Polarization Switching; Solvent Free; Neutral; Charge Transfer; Cobalt Complex

Materials with polarization switching induced by directional charge transfer under the
external stimuli are of great interest due to their fast swicthing rate and potential applications.
Nonetheless, most of these crystals contain solvents or counter ions, and their effects during
measurement or calculations are far from trivial. Therefore, synthesizing a solvent-free and
neutral complex exhibiting polarization switching is highly desirable. Herein, we successfully
observe directional charge transfer-induced electronic pyroelectricity in a solvent-free neutral
cobalt complex, namely Co(teeda)(3,6-dbq). (teeda = N,N,N’,N’-tetracthylethane-1,2-diamine
and 3,6-dbq = 3,6-di-tert-butylcatecholate or 3,6-di-tert-butylsemiquinonate). The charge
transfer property is confirmed by magnetometry, infrared and UV-vis-NIR spectroscopy, and
single-crystal X-ray diffraction (SCXRD) measurements. Furthermore, pyroelectric current is
observed during the valence tautomerism (VT) process. Theoretical calculations demonstrate
that the origin of polarization switching is mainly ascribed to the charge transfer. These results
indicate that Co(teeda)(3,6-dbq). is a promising candidate for exploring new VT compounds
that exhibit polarization switching.

Neutral
No P No
Solvents Coigr:]ter
Charge
Transfer Polar
N , z N
+ - @8
LS: S=1/2 HS: S=5/2 LS: p, HS: p,

1) O. Sato, Nat. Chem., 2016, 8, 644-656. 2) S.-Q. Su, S.-Q. Wu, S. Kanegawa, K. Yamamoto and O.
Sato, Chem. Sci. 2023, 14, 10631-10643. 3) O. Sato, S. Hayami, Z. Z. Gu, K. Takahashi, R. Nakajima
and A. Fujishima, Phase Trans. 2002, 75, 779-785. 4) Z.-Q. Zhou, S.-Q. Wu, Q.-R. Shui, W.-W. Zheng,
A. Maeda, X.-P. Zhang, J. Chu, S. Kanegawa, S.-Q. Su and O. Sato, Inorg. Chem. Front. 2024, 11, 8377.
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