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Main Research Interests

The core theme of our research laboratory is developing
advanced catalytic materials for a CO, free energy economy. To be
more specific, we currently focus on electrode catalyst materials
for polymer electrolyte membrane fuel cells (PEMFC), PEM water
electrolysers, gas phase electrochemical conversion reactions
such as CO, reduction, and “in-situ” “operando” studies of these
catalytic materials.

= Fuel Cell Electrode Catalyst

PEM fuel cell shows great potential to serve as the energy
source for next generation moving vehicles. This carbon-free
clean energy however, relies heavily on precious platinum (Pt)
metal as its electrode catalyst, especially for the cathode oxygen
reduction reaction (ORR). Our lab focus on developing low Pt
loading electrodes (cathode: <0.1 mg/cm’; anode: <0.025
mg/cm?) that meet and exceed US-DOE targets. The developed
catalysts and electrodes should be both very active, i.e.,
possessing very high power density under the heat rejection
limit potential, and durable after extended periods of operation.
Hopefully, through our research, we can expedite the schedule
of putting such technologies on the market, making it
economically competitive. In addition, we plan to use the system
to develop catalyst materials for water electrolysers specifically
on oxygen evolution reaction (OER). We will focus on stable
conducting oxide materials and hopefully, unravel the key
“descriptors” for high activity and durability.

= Gas Phase Electrochemical Reactions and its Catalyst

The aforementioned platform is also very ideal for studying other
gas phase electrochemical reactions, including electrochemical
driven CO, reduction, ammonia synthesis from nitrogen and
hydrogen, C-C coupling and dehydrogenation of methane, etc.
We aim to apply this platform to study catalyst materials for
these reactions targeting high energy efficiency and selectivity.

= In-Situ Operando Study of Energy Materials

Stability of materials plays a crucial role in batteries, catalysis,
solar cells, and other industrially important energy conversion
applications. /n-Situ Operando platforms are critical in
performing detail investigations, with high temporal and spatial
resolution, to unravel the degradation process of materials under
working conditions. In the near future, we plan to utilize high
resolution transmission electron microscopy (HRTEM) with
dedicated in-situ holders as well as synchrotron based X-ray
photoelectron spectroscopy (XPS) to carry out durability studies
on important energy materials.

¢ Y-T. Pan, L. Yan, Y-T. Shao, J-M. Zuo, H. Yang, Regioselective atomic rearrangement of Ag-Pt octahedral catalysts
by chemical vapor-assisted treatment, Nano Lett., 2016, 16, 7988-7992

e Y-T. Pan, Y. Yan, Y-T. Shao, J-M. Zuo, H. Yang, Ag-Pt compositional intermetallics made from alloy nanoparticles,

Nano Lett., 2016, 16, 6599-6603.

¢ Y-T. Pan, J. B. Wu, H. Yang, In situ ETEM study of composition redistribution in Pt-Ni octahedral catalysts for
electrochemical reduction of oxygen (invited), AIChE J, 2016, 62, 399-407. (part of the first installment of Advances

Series in AIChE J).

e Y.-T. Pan, H. Yang, Rhodium-on-palladium nanocatalysts for selective methanation of carbon dioxide,

ChemNanoMat, 2017, 3, 639-645.

¢ Y.-T. Pan, H. Yang, Design of bimetallic catalysts and electrocatalysts through the control of reactive environments,

Nano Today, 2020, 100832



