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Migration phenomena of oxygen and hydrogen ions on the surface of
solid oxides are called surface ionics, and they provide new functions in
electrochemistry, sensors, and catalysts. While there are already many
evaluation methods for ionic conduction in bulk solid oxides, research and
development of evaluation methods for surface ionics (especially protonics)
at relatively low temperatures is expected. We have developed an analytical
method for surface protonics associated with water or hydrogen adsorption on
oxide surfaces using the AC impedance method, which is an electrochemical
technique. This has led us to the world’s first discovery of an Anti-Arrhenius-
type phenomenon (surface protonics accelerates at lower temperatures of
373 K-473 K), which we have applied to applications that take advantage of
surface protonics. We have also studied the effects of oxide surface structure
and physical properties on adsorption and ionic conduction using various
techniques including X-ray spectroscopy, and are developing next-generation
low-temperature working surface ionics materials.

BRG] H L UEE /Representative publications

Taku Matsuda, Ryo Ishibashi, Yoshiki Koshizuka, Hideaki Tsuneki, Yasushi
Sekine, “Quantitative investigation of CeO, surface proton conduction in H,
atmosphere”, Chem. Commun., 58, 10789-10792, 2022.

Jun-Ichiro Makiura, Sota Kakihara, Takuma Higo, Naoki Ito, Yuichiro Hirano,
Yasushi Sekine, “Efficient CO, conversion to CO using chemical looping over
Co-In oxide”, Chem. Commun., 58, 4837-4840, 2022.

Maki Torimoto, Yasushi Sekine, “Effects of alloying for steam or dry reforming
of methane: a review of recent studies”, Catal. Sci. Technol., 12, 3387-3411,
2022.

Yudai Hisai, Quanbao Ma, Thomas Qureishy, Takeshi Watanabe, Takuma Higo,
Truls Norby, Yasushi Sekine, “Enhanced activity of catalysts on substrates
with surface protonic current in an electrical field”, Chem. Commun., 57,
5737-5749, 2021.

Yukiko Hosono, Hikaru Saito, Takuma Higo, Kosuke Watanabe, Kazuharu Ito,
Hideaki Tsuneki, Shun Maeda, Kunihide Hashimoto, Yasushi Sekine, “Co-Ce0,
Interaction Induces the Mars-van Krevelen Mechanism in Dehydrogenation of
Ethane”, J. Phys. Chem. C, 125, 21, 11411-11418, 2021.

Kota Murakami, Yuta Mizutani, Hiroshi Sampei, Atsushi Ishikawa and Yasushi
Sekine, “Manipulation of CO adsorption over Me,/Ce0Q, by heterocation
doping: Key roles of singleatom adsorption energy”, J. Chem. Phys., 154,
164705, 2021.

Kota Murakami, Yuta Mizutani, Hiroshi Sampei, Atsushi Ishikawa, Yuta Tanaka,
Sasuga Hayashi, Sae Doi, Takuma Higo, Hideaki Tsuneki, Hiromi Nakai and
Yasushi Sekine, “Theoretical prediction by DFT and experimental observation
of heterocation-doping effects on hydrogen adsorption and migration over CeO,
(111) surface”, Phys. Chem. Chem. Phys., 23, 4509-4516, 2021.

Jun-Ichiro Makiura, Takuma Higo, Yutaro Kurosawa, Kota Murakami, Shuhei
0go, Hideaki Tsuneki, Yasushi Hashimoto, Yasushi Sato, Yasushi Sekine, “Fast
oxygen ion migration in Cu-In-oxide bulk and its utilization for effective CO,
conversion at lower temperature”, Chem. Sci., 12, 2108-2113, 2021.

Kota Murakami, and Yasushi Sekine, “Recent Progress in Use and Observation
of Surface Hydrogen Migration over Metal Oxides”, Phys. Chem. Chem. Phys.,
22, 22852-22863, 2020.

Kota Murakami, Yuta Tanaka, Ryuya Sakai, Yudai Hisai, Sasuga Hayashi, Yuta
Mizutani, Takuma Higo, Shuhei Ogo, Jeong Gil Seo, Hideaki Tsuneki, Yasushi
Sekine, “Key factor for the anti-Arrhenius low-temperature heterogeneous
catalysis induced by H" migration: H" coverage over support”, Chem.
Commun., 56, 3365-3368, 2020.

Yudai Hisai, Kota Murakami, Yukiko Kamite, Quanbao Ma, Einar Vgllestad,
Ryo Manabe, Taku Matsuda, Shuhei Ogo, Truls Norby, Yasushi Sekine, “First

/s / |
Surface proton conduction CH

Adsorptive migration on the surface

observation of surface protonics on SrZrO, perovskite under H, atmosphere”,
Chem. Commun., 56, 2699-2702, 2020.
' J v
,r

e

adsorption

H diffusion &
charge separation

C83+

®—® ®
o* -

e e

Lo

0*
Ce3+

Pt electrode Pt electrode

o H H,0

B T

CeO,

|

E REITOMNZIRERRA > E—& 2 XA &) EF.

B REATA M7 RAMERTEEL AR ICRFRIRE

Left: Surface protonics evaluated by AC impedance method;

Right: Surface protonics can be deployed in various applications at low temperatures
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