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Research focus

Our laboratory's research primarily focuses on carbon-based materials and their related
catalytic chemistry. We investigate chemistry related to sustainability, green energy,
carbon monoxide oxidation, and carbon dioxide reduction. We employ theoretical
computational methods to study the applications of multiscale carbon-based materials
and metal-organic frameworks (MOFs) in gas separation, storage (such as CO2 capture
and H2 storage), and chemical catalysis reactions (e.g., oxygen reduction, CO oxidation,
and CO2 conversion). Through this research, we aim to understand reaction
mechanisms and factors influencing reactivity, with the ultimate goal of designing more
efficient catalysts. We have also discovered that CO» capture/release processes can be
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controlled by introducing external charges or applying an external electric field. This
simple control mechanism involves opening/closing the charge state and electric field
of nitrogen-doped penta-graphene, allowing us to separate CO; from mixtures
containing H>, CHs, and/or N,. These computational research results have been
successfully published in high-quality journals such as the Chemical Engineering
Journal, Carbon, J. Phys. Chem. C, ACS Applied Energy Materials, Phys. Chem. Chem.
Phys., Applied Surface Science, J. Comput. Chem...etc. It's worth mentioning that our
laboratory was the first to study the application of penta-graphene materials in chemical
reactions, specifically CO oxidation. As a result, our two articles published in the high-
impact factor journal Carbon (IF: 10.9) in 2017 and 2018 received 85 and 47 citations,
respectively. Additionally, our 2019 publication in Phys. Chem. Chem. Phys. (Single Pt
atom supported on penta-graphene as an efficient catalyst for CO oxidation) was
selected as one of the 2019 HOT Articles. Building on these experiences and
achievements, we aim to design and develop novel materials for applications in
sustainability, green energy, and the circular economy. This includes CO> capture and
conversion, transforming greenhouse gases (CO:) into economically valuable fuels and
chemical feedstocks, and electrochemically reducing N> to NHs. Furthermore, we
actively collaborate with experimentalists, and some of these collaborations have
resulted in submissions to high-quality international journals such as Small, ACS Appl.
Mater. Interfaces, Journal of Materials Chemistry B, Electrochimica Acta, Microporous
and Mesoporous Materials, Chemistry - A FEuropean Journal, and Chemical
Communications. This collaborative approach, combining theory and experimentation,
is essential in the effective development of high-performance and cost-effective
catalysts, thereby assisting our country in achieving its 2050 net-zero carbon emissions

goal.

Experience sharing

The 2017 Nobel Prize in Chemistry laureate, Richard Henderson, once said [I have
always felt that if you do something interesting and do it well, then at some stage, you
will be rewarded for doing what you love]. I have also adopted this statement as my
motto and shared it with my colleagues in research and teaching. Research is a long
journey, so treating it as an engaging hobby or passion provides me with the motivation
to continue. Furthermore, research is never repetitive; you always discover something
new, which keeps the love for research alive. In addition to research, teaching is another
crucial aspect of academic work. Teaching demands a significant amount of time and
energy, so effective time management is essential. I allocate at least one time slot each
week to discuss the progress of my research students and require them to report on

recent international journal articles related to their research. This not only enhances
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their learning but also ensures continuous progress in research and the generation of
new ideas. Collaboration and communication with scholars from other institutions, both
nationally and internationally, is essential. It not only increases visibility but also
elevates the quality of research. The recognition of our research with this outstanding
award has inspired all members of our laboratory, providing us with the strength and
confidence to continue our efforts. In conclusion, I hold the belief of [work hard and

work smart] to guide myself efficiently along the arduous path of research.



