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

1. Project title : THighly Efficient Solar H, Production by Photo-Biocatalytic Water Splitting |
2. Research period : May 2018 ~ March 2022
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Tatsumi Ishihara | Professor Kyushu University, | Preparation of
I’CNER Oxynitride and
applied for
photo-functional
electrode
Co-PI Astushi Takagaki | Associate Kyushu University | Recovery of
Professor I’CNER sacrificial agent
by thermal
process
Co-PI Motonori Associate Kyushu University | Design of
Watanabe Professor I°’CNER sacrificial agent
Collaborator Kosem Nuttavut | Post- Kyushu University | Increased
Doctoral I’CNER activity of
Fellow biocatalyst

Total number of participants throughout the research period: 4

Partner-side

Name Title Affiliation Role in the
research
project
PI Thomas Lippert | Professor Paul Scherrer Preparation of
Institute oxynitride
catalyst
Co-PI Daniele Researcher | Paul Scherrer Preparation of
Pergolesi Institute oxynitride
catalyst film
Collaborator | Zahra Pourmand | PhD Paul Scherrer oxynitride
Tehrani student Institute catalyst film

Total number of participants throughout the research period: 3

4. Summary of the international joint research

Wide use of renewable energy is expecting from environmental issues, however,
renewable energy is not stable and low density. In this international joint study, active water
splitting catalyst consisting of inorganic and bio catalyst was studied for direct conversion of
solar energy to useful chemicals. In this study, new concepts of photo bio catalyst were
developed for highly active water splitting catalyst by using oxynitride which can be used for
excitation in wide wavelength of solar light and biocatalyst which is naturally obtained like
cyanobacteria under coupling with redox mediator of methylviologen. For this purpose,
Swiss teams coordinated with Professor Lippert studied on preparation of various oxynitride
compound and applied for photo functional electrode using pulsed laser ablation method.
Role of Japanese team is to optimize the condition for biocatalyst and find new biocatalyst
for further increase in H, formation rate with high apparent quantum yield (AQY). The
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objective value of this study is 5% AQY at 420 nm wavelength of light. When we can
achieve this objective value, green hydrogen with low price can be produced and
contributes the carbon neutral energy society. The proposed photocatalyst system is
combination of inorganic catalyst with bio system and so this novel concept could open a
new area of active catalyst design.

In this study, we can successfully demonstrate the H, formation on cyanobacteria which
is naturally obtained and combined with TiO, and methylviologen as redox mediator. For
further increase photocatalytic activity under visible light, sensitized effect of organic dye
was further studied on TiO, and it was found Eosin Y mobilized TiO, shows high activity to
MV reduction and under sacrificial agent coexisting, solar hydrogen energy conversion
efficiency (SHE) is achieved 2.5%. On the other hand, by using bias potential, we can
achieve MV reduction and O, formation at 0.3V vs. RHE applied. In summary, this study
demonstrated high efficiency of photo-biocatalyst system to water splitting.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research
In this study, we achieved the following 4 main results; 1) Among oxynitrides examined,
GaN:ZnO shows reasonable activity to MV reduction and H, formation under visible light.
2)By using TiOz photo functional electrode, O formation and MV reduction can be achieved
at 0.3V vs. RHE applied, which means overall water splitting achieved on electrochemical
cell. 3)By sensitized with dye, quantum yield can be much increased and Eosin Y sensitized
TiO2 shows 4.5% AQY at 520 nm light. 4)H» formation was observed on naturally obtained
cyanobacteria contains Fe-Ni hydrogenase. So, the concept of photo-biocatalyst can be
also applied for naturally obtained bacteria.  The following 4 papers were published with
co-author in this joint research.
1) K. Nuttavut, Y. Honda , M. Watanabe , A. Takagaki , Z. P. Tehrani , F. Haydous , T. Lippert and T.
Ishihara, Photobiocatalytic Hz evolution of GaN:ZnO and [FeFe]-hydrogenase recombinant
Escherichia coli, Catal. Sci. Technol., 2020

2) AFluri, H. Kusaba,J. Druce, M. Dobeli, T. Lippert,J. Matsuda, T. Ishihara, Strain effects
on the Co oxidation state and the oxygen dissociation activity in barium lanthanum cobaltite thin
films on Y203 stabilized ZrO, J. Mat. Chem.A. 8 (13) 6283-6290, 2020

3) S.J. Luo, A. Fluri, S. Zhang, X. Liu, M. Dobeli, G.F. Harrington, R. Tu, D. Pergolesi, T.
Ishihara, T. Lippert, Thickness-dependent microstructural properties of heteroepitaxial (00.1)
CuFeO:2 thin films on (00.1) sapphire by pulsed laser deposition, J. Appl. Phys. 127 (6), 065301,
2020

4) F. Haydous, S. Luo, K.T. Wu, C. Lawley, M. Débeli, T. Ishihara and T. Lippert,14. Surface

Analysis of Perovskite Oxynitride Thin Films as Photoelectrodes for Solar Water Splitting, Applied
Materials & Interfaces, 13, 37785-37796, 2021

5-2 Synergistic effects of the joint research

In this joint research, Swiss team mainly synthesis oxynitride power or film and
Japanese teams mainly increases the activity of biocatalyst. So, the covered area is
slightly different but effective for this collaboration projects. For mutual understand, we
held 2 times workshop at PSI in Swiss and 3 times workshop at Kyushu University in Japan.
PhD student was stay in Kyushu University form PSI for 2 months and Postdoctoral fellow
from Kyushu University stayed in PSI for 2 weeks on development of inorganic
photo-biocatalyst.

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

Since use of genetically modified E. coli was limited in the permitted area, photocatalytic
water splitting by using cyanobacterial which is naturally grown and combined with inorganic
photocatalyst and MV as a redox mediator have a significant meaning from spreading of this
new concept of photocatalyst used in real field. In biocatalyst, there are many different
type bacterial for useful reaction like methane monooxygenase, we expect that the concept
of this inorganic-biocatalyst proposed in this study can be widely used in the future. We plan
to continue this joint research in further details in future after this occasion.
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