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Electrochemical conversion of carbon dioxide into fuel and chemicals offers a promising way to
turn carbon-containing compounds responsible for global climate change into valuable products such
as methane, ethylene, and ethanol.! For this conversion, flow reactors such as membrane electrode
assembly (MEA)-type electrolyzers provide advantages in selectivity and production rates over traditi
onal liquid phase reactors.”> As an electrocatalyst, copper nanoparticles have been widely used with their
structural controls since local electronic structure dramatically influences CO; reduction reaction
(CO2RR) activity and product selectivity.> For example, Cu (100) facet favors ethylene formation
whereas the formation of methane or ethanol will be more dominant on the Cu (111) facets,
respectively.*> Although the morphology change of the Cu (100) facet has been revealed by in-situ
atomic force microscopy (AFM) during the CO,RR, there is little study about what degradation we can
see and how this degradation can be affected by contaminants in Cu (111) and (110) surfaces via in-
situ AFM. In addition, it has not yet been investigated simultaneously to understand how this
degradation affected by contaminants alters product selectivity in the MEA CO; electrolyzer.

Here, we will present the concept and preliminary results of our recently started project on the
fundamental understanding of degradation mechanism using various in-situ approaches including AFM.
We have measured the morphology of Cu (111) and (110) substrates and each substrate showed
different surface properties; for example, the Cu (111) is relatively flat with ~0.67 nm of roughness
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Figure 1. (a) Topographlc images of Cu (111) and (110) surfaces
before experiment. (b) Illustration of electrochemical AFM
approach for dynamic morphology measurement by contaminants

whereas the Cu (110) has ~2.7 nm of roughness. The aim of this study is to understand how the structure
of the electrocatalysts evolves under various conditions such as a function of the nature and
concentration of the contaminants (eg., NO and SO, from 2-200 ppm) and pH of electrolyte (pH: 8 -
13). Dynamic changes in the . A A
(a) Topographic images before supplying contaminant CO, gas  (b) Electrochemical AFM for dynamic morphology
morphology of each Cu (111) T 10 change measurement by contaminants
and (110) (e.g., roughened 08 os. , Contaminants
surface, formation of pores, etch 06 | oo || z - e e
pits, and defects) will be o o4 y
monitored via electrochemical be! T 2
AFM Then’ we Wlll analyze 00 02 04'"“06 08 10 0oo 02 04 06 08 10 ru(ﬂ‘)m(no)el«aamnp
how each crystalline structure
and the morphological change
affected by the contaminants
influence activity and product .
selectivity with the MEA co, during CO:RR.

electrolyzer. Lastly, in-situ Raman spectroscopy and X-ray photoelectron spectroscopy will be
employed to investigate how the morphological change influences the chemical state of the substrates
and intermediate. Based on these in-situ measurements, we will gain insight into how the dynamic
evolution of copper progresses during CO,RR and how this dynamic change can influence product
selectivity.
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