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Strategic International Collaborative Research Program (SICORP)
Japan—China Joint Research Program
Executive Summary of Final Report

1. Project title : [Development of Anode Materials of Alkali lon Battery by
Structure Control on the Interface of the Metal -Composite Nanomaterials |
2. Research period : April 2019 ~ March 2022
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl YE Shen Professor | Department of | Project Manage
Chemistry, and SFG
Tohoku Spectral
University Analysis
Co-PI MORITA Professor | Department of | Theoretical
Akihiro Chemistry, Analysis of
Tohoku Interfacial SFG
University Spectra
Collaborator | INOUE Assistant | Department of | SEI
Kenichi Professor | Chemistry, characterization
Tohoku by SFG and
University other methods
Collaborator | WANG Lin Assistant | Department of | Theoretical
Professor | Chemistry, Analysis of
Tohoku Interfacial SFG
University Spectra
Collaborator | GE Aimin Assistant | Department of | SEI
Professor | Chemistry, characterization
Tohoku by SFG and
University other methods

Total number of participants throughout the research period: 5

Partner-side
Name Title Affiliation Role in the
research
project
Pl WANG Limin | Professor | Changchun Project
Institute of Manage and
Applied New
Chemistry Materials
Synthesis
Co-PI LIU Wangiang | Professor | School of New
Materials Materials
Science and Synthesis
Engineering, and
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Changchun Evaluations
University of
Science and
Technology
Co-PI CHANG Professor | School of Battery
Liming Chemistry, Jilin | Assembly
Normal and
University Evaluations
Total number of participants throughout the research period: 3

4. Summary of the international joint research

In this study, research teams in Japan and China aimed to establish the
experimental and theoretical fundamentals of the interface structure of the anode
material of alkali metal ion secondary batteries and to develop new materials
through joint research in different fields such as surface chemistry,
electrochemistry, computational chemistry, and material chemistry. To construct
a solid electrolyte interface (SEI) film on the anode electrode surface, which is
indispensable for the battery operation, the Japanese team (Tohoku University)
aimed to elucidate its interfacial structure and formation mechanism. By using
highly surface-sensitive interfacial spectroscopic measurement, we evaluated the
interfacial structure of the SEI film and the factors that affect the film stability
during battery charging and discharging to improve its structural stability. In
addition, we performed electronic state theory and molecular dynamics
simulation, analyzed the interface spectroscopic measurement results non-
empirically, and accurately extracted the structural information of the interface of
the electrode solution. By fusing experimental chemistry and theoretical chemistry,
we attempted to elucidate the formation mechanism and structural stability of SEI
films at the molecular level. This information is fed back to the material creation
team (Changchun Institute of Applied Chemistry) and applied to improve the
method of new material synthesis to improve the Coulomb efficiency and capacity
attenuation of the new anode material of alkali metal ion secondary batteries.

5. Outcomes of the international joint research

5-1 Scientific outputs and implemented activities of the joint research

In this study, the Japanese team (Tohoku University) aimed to elucidate the
interfacial structure and stability of the SEI film formed on the surface of the anode
electrode of the alkali metal ion secondary battery. For the first time, we observed
the interface structure of the anode electrode of carbon nanomaterials such as
graphene with the charging and discharging of lithium-ion and sodium-ion
secondary batteries by interface-sensitive nonlinear vibrational technique sum-
frequency generation (SFG) spectroscopy. It was clarified that the presence of
trace oxygen in the atmosphere greatly affected the formation mechanism,
structure, and stability of the SEI film for the first time. In addition, the
implementation was expanded to apply the theoretical analysis of SFG
spectroscopy to the electrode-electrolyte interface system of secondary batteries.
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The molecular dynamics simulation calculation scheme was used for the solid-
liquid interface, and the results observed in the experiment were quantified. This
information was fed back to the Chinese side of the joint research, applied to the
design and improvement of the material creation method, and contributed to
developing new anode materials.

5-2 Synergistic effects of the joint research

In this research, we considered that the synergistic effect of the joint research
was significant by combining the research strengths of the Japanese and Chinese
teams. However, due to the unprecedented spread of COVID-19, the planned
face-to-face research meetings, provision of experimental samples, exchanges
of research students, etc., could not be physically realized, and the synergistic
effect of international joint research expected was not fully achieved. Under the
difficult situations, we used new information exchange methods such as online
meetings, exchanged research information, and overcame several serious
problems during the study. Furthermore, the collaboration research of two groups
in Japan (Ye and Morita) kept working well during the project.

5-3 Scientific, industrial or societal impacts/effects of the outputs

In this study, we have investigated the interfacial structure of the SEI film, which
is extremely important for the functional expression of alkali metal ion secondary
batteries, and the factors that affect its stability. For the first time, we observed
the interface structure of the anode electrode of carbon nanomaterials such as
graphene during charge and discharge by interface-sensitive nonlinear vibration
spectroscopy SFG spectroscopy. In particular, it was found that a small amount
of oxygen in the atmosphere greatly affected the composition, structure, and
stability of the formed SEI film. The phenomenon was observed on the anode
electrode surfaces of both Li-ion and Na-ion secondary batteries and has not yet
been found in the literature. We hope this finding will be helpful in the SEI
formation of the commercial alkali ion secondary batteries in industries.
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Why the Photochemical Reaction of Phenol Becomes Ultrafast at the Air-
Water Interface: the Effect of Surface Hydration, Tatsuya Ishiyama, Tahei
Tahara, and Akihiro Morita, J. Am. Chem. Soc., 144(14), 6321-6325 (2022).
(see cover art of Issue 14). DOI: 10.1021/jacs.1¢c13336

Correction to 'Dispersion of Complex Refractive Indices for Intense
Vibrational Bands. | Quantitative Spectra', Ryo Murata, Ken-Ichi Inoue, Lin
Wang, Shen Ye, and Akihiro Morita, J. Phys. Chem. B, 126(10), 2142 (2022).
DOI: 10.1093/pcp/pcac018

Correction to 'Dispersion of Complex Refractive Indices for Intense
Vibrational Bands. Il Implication to Sum Frequency Generation
Spectroscopy', Lin Wang, Ryo Murata, Ken-Ichi Inoue, Shen Ye, and Akihiro
Morita, J.  Phys. Chem. B, 126(10), 2143 (2022). DOIL:
10.1021/acs.jpcb.2c01314

Unraveling the Unstable Nature of Tetraglyme-Based Electrolytes toward
Superoxide and the Inhibitory Effect of Lithium lons by Using In Situ
Vibrational Spectroscopies, Aimin Ge, Ryuuta Nagai, Chengyang Xu, Koki
Kannari, Baoxu Peng, Ken-ichi Inoue, Akihiro Morita, Shen Ye, J. Phys.
Chem. C, 126(6), 2980-2989 (2021). DOI: 10.1021/acs.jpcc.1c10753
Exploration of Gas—Liquid Interfaces for Liquid Water and Methanol Using
Extreme Ultraviolet Laser Photoemission Spectroscopy, Yoichi Yamamoto,
Tatsuya Ishiyama, Akihiro Morita, and Toshinori Suzuki, J. Phys. Chem. B,
125(37), 10514-10526.

Dispersion of Complex Refractive Indices for Intense Vibrational Bands. II.
Implication to Sum Frequency Generation Spectroscopy, Lin Wang, Ryo
Murata, Ken-ichi Inoue, Shen Ye, and Akihiro Morita, J. Phys. Chem. B,
125(34), 9804-9810 (2021). DOI: 10.1021/acs.jpcb.1c06190

Dispersion of Complex Refractive Indices for Intense Vibrational Bands. I.
Quantitative Spectra, Ryo Murata, Ken-ichi Inoue, Lin Wang, Shen Ye, and
Akihiro Morita, J. Phys. Chem. B, 125(34), 9794-9803 (2021). DOI:
10.1021/acs.jpcb.1c06189

Effect of head group on low-level ozone oxidation of unsaturated
phospholipids on the water surface, Ken-ichi Inoue, Kana Fujimoto, Chuniji
Takada, Aimin Ge, Shen Ye, Bull. Chem. Soc. Jpn., 94(2), 486-489 (2021).
DOI: 10.1246/bcsj.20200250
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Reply to 'Comment on ""Bi-layering at ionic liquid surfaces: a sum-frequency
generation vibrational spectroscopy and molecular dynamics simulation-
based study', by M. Deutsch, O. M. Magnussen, J. Haddad, D. Pontoni, B.
M. Murphy and B. M. Ocko, Takashi lwahashi, Tatsuya Ishiyama, Yasunari
Sakai, Akihiro Morita, Doseok Kim, and Yukio Ouchi, Phys. Chem. Chem.
Phys., 23(8), 5028-5030 (2021). DOI: 10.1063/5.0026341

Probing the electrode—solution interfaces in rechargeable batteries by sum-
frequency generation spectroscopy, Aimin Ge, Ken-ichi Inoue, Shen Ye, J.
Chem. Phys., 153(17), 170902-16pages (2020). DOI: 10.1063/5.0026283
Development of Quadrupole Susceptibility Automatic Calculator in Sum
Frequency Generation Spectroscopy and Application to Methyl C-H
Vibrations, Wataru Mori, Lin Wang, Yamato Sato, Akihiro Morita, J. Chem.
Phys., 153, 174705 (14 pages) (2020). DOI: 10.1063/5.002634 1

Comment on "Toward Unraveling the Puzzle of Sum Frequency Generation
Spectra at Interface of Aqueous Methanol Solution: Effects of
Concentration-Dependent Hyperpolarizability', Tatsuya Ishiyama, Shinya
Takagi, Tomonori Hirano, Lin Wang, Akihiro Morita, J. Phys. Chem. C,
124(45), 25160-25162 (2020). DOI: 10.1021/acs.jpcc.0c06234
Quadrupole Contribution of C=0 Vibrational Band in Sum Frequency
Generation Spectra of Organic Carbonates, Lin Wang, Wataru Mori, Akihiro
Morita, Masato Kondoh, Masanari Okuno, and Taka-aki Ishibashi, J. Phys.
Chem. Lett., 11(20), 8527-8531 (2020). DOI: 10.1021/acs.jpclett.0c02453
Structural Design of Oxygen Reduction Redox Mediators (ORRMs) Based
on Anthraquinone (AQ) for the Li—O2 Battery, Xiang-Bin Han, Shen Ye, ACS
Catalysis, 10(17), 9790-9803 (2020). DOI: 10.1021/acscatal.0c01469

Role of Oxygen in Surface Structures of the Solid-Electrolyte Interphase
Investigated by Sum Frequency Generation Vibrational Spectroscopy, Aimin
Ge, Da Zhou, Ken-ichi Inoue, Yanxia Chen, Shen Ye, J. Phys. Chem. C,
124(32), 17538-17547 (2020). DOI:

In Situ Spectroscopic Investigations of Electrochemical Oxygen Reduction
and Evolution Reactions in the Cyclic Carbonate Electrolyte Solutions,
Qiling Peng, Yu Qiao, Koki Kannari, Aimin Ge, Ken-ichi Inoue, and Shen Ye,
J. Phys. Chem. C, 124(29), 15781-15792 (2020). DOI:
10.1021/acs.jpcc.0c03929

In Situ Monitoring of the Unsaturated Phospholipid Monolayer Oxidation in
the Ambient Air by HD-SFG Spectroscopy, Ken-ichi Inoue, Chunji Takada,
Lin Wang, Akihiro Morita, and Shen Ye, J. Phys. Chem. B, 124(25), 5246-
5250 (2020). DOI: 10.1021/acs.jpcb.0c03408

Bi-layering at lonic Liquid Surfaces: A Sum-Frequency Generation
Vibrational Spectroscopy- and Molecular Dynamics Simulation-based Study,
Takashi lwahashi, Tatsuya Ishiyama, Yasunari Sakai, Akihiro Morita, Doseok
Kim, and Yukio Ouchi, Phys. Chem. Chem. Phys., 22(22), 12565-12576
(2020). DOI: 10.1039/D0CP01219J

Refractive Index of Nanoconfined Water Reveals Its Anomalous Physical
Properties, Thu Hac Huong Le, Akihiro Morita, and Takuo Tanaka,
Nanoscale Horiz., 5(6), 1016-1024 (2020). DOI: 10.1039/DONHO00180E
Electron Transfer Mechanism at Oil/Water Interface Revealed by
Multidimensional Free Energy Calculations, Tomonori Hirano and Akihiro
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Morita, J. Phys. Chem. B, 124(18), 3811-3827 (2020). DOI:
10.1021/acs.jpcb.0c01467

21. Large-Scale Parallel Implementation of HF-Exchange Energy on the Real-
Space Grids Using 3D-Parallel FFT, Hideaki Takahashi, Shun Sakuraba,
and Akihiro Morita, J. Chem. Inf. Model., 60(3), 1376-1389 (2020). DOI:
10.1021/acs.jcim.9b01063

22. Revealing Transient Shuttling Mechanism of Catalytic lon Transport through
Liquid-Liquid Interface, Ai Koizumi, Hirofumi Tahara, Tomonori Hirano, and
Akihiro Morita, J. Phys. Chem. Lett., 11(4), 1584-1588 (2020). DOI:
10.1021/acs.jpclett.9b03742

23. Effect of sulfate adlayer on formic acid oxidation on Pd (111) electrode, Jing
Lei, Zhen Wei, Mian-le Xu, Jie Wei, Yan-xi Chen, and Shen Ye, Chin. J.
Chem.  Phys., 32(6), 649-656 (2019). DOl 10.1063/1674-
0068/cjcp1904079

24. Nonlinear Spectroscopy and Interfacial Structure and Dynamics, Alexander
Benderskii and Akihiro Morita, J. Chem. Phys., 151, 150401 (2019). DOI:
10.1063/1.5129103

25. Nuclear Quantum Effect on the x(2) Band Shape of Vibrational Sum
Frequency Generation Spectra of Normal and Deuterated Water Surfaces,
Tatsuya Ishiyama and Akihiro Morita, J. Phys. Chem. Lett., 10, 5070-5075
(2019). DOI: 10.1021/acs.jpclett.9b02069

26. Role of the Photosystem Il as an Environment on the Oxidation Free Energy
of the Mn Cluster from S1 to S2, Hideaki Takahashi, Daiki Suzuoka, Shun
Sakuraba, Akihiro Morita, J. Phys. Chem. B, 123(33), 7081-7091 (2019).
DOI: 10.1021/acs.jpcb.9b03831

27. In Situ Surface-enhanced Raman Spectroscopy (SERS) in Li—-O2 Battery
Research, Xiang-Bin Han, Koki Kannari and Shen Ye, Curr. Opin. Elec., 17(),
174-183 (2019). DOI: 10.1016/j.coelec.2019.07.004

28. Effect of Frequency-Dependent Fresnel Factor on the Vibrational Sum
Frequency Generation Spectra for Liquid/Solid Interfaces, Lin Wang,
Satoshi Nihonyanagi, Ken-ichi Inoue, Kei Nishikawa, Akihiro Morita, Shen
Ye, and Tahei Tahara, J. Phys. Chem. C, 123(25), 15665-15673 (2019).
DOI: 10.1021/acs.jpcc.9b04043

29. Reaction mechanisms of the oxygen reduction and evolution reactions in
aprotic solvents for Li—O2 batteries, Can Liu, Kazuki Sato, Xiang-Bin Han,
and Shen Ye, Curr. Opin. Elec., 14, 151-156 (2019). DOL:
10.1016/j.coelec.2019.02.003
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1. Recent Progress in Simulating Microscopic lon Transport Mechanisms at
Liquid-Liquid Interfaces, Akihiro Morita, Ai Koizumi, Tomonori Hirano, J.
Chem. Phys. (Perspective), 154, 080901 (2021). DOI: 10.1063/5.0039172
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