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SW4-1 | Efficient Generation of RuO, Monolayers using
a Two-Stage Intercalation Method
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Tetrabutylammonium ions (TBA+), a common choice
for RuO; exfoliation into monolayers using ion exchange
reactions, encounter a challenge in achieving high
production yield due to the substantial size of their
molecules. This limitation hampers the broader
integration of RuO; monolayers into optoelectronic
applications. To address this, we present an expedited
and effective two-step exfoliation technique. This
procedure initiates with the integration of small organic
molecules (tetramethylammonium ions) into RuOs,
succeeded by the subsequent introduction of TBA+ as
a secondary intercalant, resulting in the successful
creation of RuO, monolayers. This dual-step intercalation
method remarkably elevates the yield of RuO, monolayer
exfoliation from a modest 9.9% to an impressive 60%
within a span of 14 days. Through density functional
theory calculations, it becomes evident that the
activation energy required for the dual-step intercalation
process is substantially lower compared to the energy
needed for the direct intercalation of TBA+ ions into
the RuO; structure. The confluence of experimental
outcomes and theoretical insights underscores the facile
and all-encompassing nature of the dual-step intercalation
strategy, potentially expanding the application of metal
oxide monolayers.
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Thermoelectrics, which can generate electricity from
a temperature difference, or vice versa, is a key
technology for solid-state cooling and energy harvesting;
however, its applications are constrained owing to low
efficiency. Since the conversion efficiency of thermoelectric
devices is directly obtained via a figure of merit of
materials, zT, which is related to the electronic and
thermal transport characteristics, the aim here is to
elucidate physical parameters that should be considered
to understand transport phenomena in semiconducting
materials. It is found that the weighted mobility ratio
of the majority and minority carrier bands is an important
parameter that determines zT. For nanograined Bi—Sb—

Te alloy, the unremarked role of this parameter on
temperature-dependent electronic transport properties
is demonstrated. This analysis shows that the control
of the weighted mobility ratio is a promising way to
enhance zT of narrow bandgap thermoelectric materials.
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Dankook University's Nano Digital Twin Lab is
researching microscopic tomography of nanomaterials
and programming to create virtual 3D nano volumes
to invent new materials for energy storage and
conversion. Additionally, we run various simulations
based on the generated virtual 3D nano volume and
design optimal nano structures based on the results.
Until now, nano-level structures have been defined
through TEM or X-ray analysis. However, two-dimensional
analysis through TEM cannot reflect the z-axis
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difference, and X-ray analysis has limitations in
resolution. This laboratory accurately analyzes areas
ranging from angstroms to several nanometers through
measurements using electrons and neutrons and 3D
visualization and analysis of nanostructures through
programming. These results are analyzed quantitatively/
statistically to determine the variables that specific
nanostructures have on the performance of application
systems. In addition, we are conducting research to find
optimal chemical structures, materials, and processes
in future energy and environmental applications by
repeatedly implementing the most advantageous
nanostructure for each application system.
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