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Strategic International Collaborative Research Program (SICORP)
Japan—V4 Joint Research Program
Executive Summary of Final Report

1. Project title : [Black metals decorated with surface receptors as high-potentiality materials

for gas sensing|

2. Research period : November 2021 ~ October 2024
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Midori Kawamura | Prof Kitami Institute of Management, BM film
Technology preparation
Co-PI Mikito Ueda Prof Hokkaido University BM film
preparation
Collaborator Yoshio Abe Prof Kitami Institute of BM film
Technology preparation
Collaborator Takayuki Kiba Dr Kitami Institute of BM film

Technology

characterization

Total number of participants throughout the research period: 14

Czech Republic -side

More-Chevalier

Name Title Affiliation Role in the

research project

Pl Premysl Fitl Dr. UCT Prague Management, Sensor
properties

Co-PlI Michal Novotny Dr. same as above BM film preparation

Co-PI Martin Vriata Prof. same as above BM film preparation

Collaborator Jan Lancéok Dr. same as above BM film preparation

Collaborator Joris Dr. same as above BM film preparation

Total number of participants throughout the research period: 9

Slovakia-side

Name Title Affiliation Role in the
research project
PI Matej Micusik, PhD Polymer Institute of Slovak | coordination,
Academy of Sciences XPS
Collaborator Maria Omastova, | D.Sc. same as above characterization
of nanomaterials
Collaborator Peter Machata PhD. same as above preparation of 2D

nanoparticles

Total number of participants throughout the research period: 7

Poland-side
Name Title Affiliation Role in the
research project
Pl Gabriela Dyrda dr hab., University of Opole Synthesis of
prof.UO phthalocyanine
complexes,
coordination
Co-PI Rudolf Stota Dr hab. University of Opole Synthesis of
inz., prof. phthalocyanine
uo complexes

Total number of participants throughout the research period: 2
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Hungary-side

Name Title Affiliation Role in the
research project
Pl Tamas Fodor Dr. research | Laboratory of Materials project coordination,
associate Science, Institute for XPS
Nuclear Research
Collaborator Attila Csik Dr. senior same as above XRD, SNMS
research
associate
Collaborator Sandor Molnar Dr. research | same as above SPM/AFM, sample
associate preparation
Collaborator Zsuzsa Czibulya Dr. research | same as above XPS measurements,
associate

Total number of participants throughout the research period: 6

4. Summary of the international joint research

Black metal (BM) films with a characteristic nanoporous structure had already been produced
in the Czech Republic, but the Japanese side participated in the project and developed a new
BM film production process. The films obtained were evaluated using various devices in each
country. In addition to chemical composition, electrical, optical properties, and crystal structure,
surface physical properties were also evaluated. New findings were obtained regarding the BM
film production process using vacuum deposition, which differed from the previous explanation.

The deposition of gold BM on a quartz crystal microbalance (QCM) sensor showed a four- to
tenfold improvement in sensitivity to ethanol. We also developed an algorithm for analyzing the
impedance spectrum and made it publicly available. Using this, we found that the change in
quality (peak width) of the resonance peak was strongly affected by the gas around the BM film,
as well as the frequency change corresponding to the mass change. This is an important finding
that shows the possibility of detecting gas species using QCM gas sensors. It can also be said
that the execution of this project led to the development of young researchers of each country.

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

In order to utilize QCM devices to contribute to the use of highly sensitive gas sensors, the
Japanese side took the lead in developing various fabrication processes for the base BM films.
The evaluation of the films was carried out by Slovakia and Hungary, while the synthesis of the
receptors was carried out by the Polish and Slovak sides; the Czech side was responsible for the
laser processing of the BM films, the sensor properties and the effect of the surface receptors. As
an outcome, various BM processes were established, including low-temperature deposition by
sputtering. The improved sensitivity of the gas sensor due to BM was also confirmed. New
knowledge was also obtained on the interaction of the BM film with the surrounding gas in the
sensor.

5-2 Synergistic effects of the joint research

The project has achieved results in terms of the development of young research talent. Two
Czech doctoral students stayed in Japan for three months, and the results of their research have
become part of their doctoral theses. In addition, two Japanese students have presented the
results of this project at international conferences and national meetings in Japan, and have
received awards.

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

The production of various BM films is ongoing, and it is planned that the evaluation of the gas
sensor characteristics will be carried out in the Czech Republic. In addition, the Czech side has
recently obtained a QCM device with a higher resonance frequency and a thinner structure, and
has started to deposit BM films on it, so the Japanese side will also deposit films on the same
device and work to improve the sensor characteristics. Furthermore, in addition to this issue, we
also plan to cooperate with the deposition of films on another type sensor.
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