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Renewable energy-powered electrocatalytic conversion of simple, environmentally-abundant molecules,

such as H20 and COg, into useful fuels and chemicals is an important strategy for moving our society’s
towards sustainable development [1], [2]. However, many of these approaches are not economically viable
yet because of the limitations of current electrocatalysts. Nanoparticles are attractive candidates for
electrocatalytic applications owing to their high surface area to volume ratios and unique structure-derived
properties. However, obtaining catalysts that are optimized in terms of activity, selectivity and stability is
also challenging due to our incomplete understanding of the structure of catalysts that exists under reaction
conditions [3]. Although there have been significant advances in operando techniques that allow us to
investigate the transformations that take place during reaction [4], most of these techniques are ensemble-
averaging and thus, provide little insight into the local heterogeneities that can be found in nanoparticle
catalysts.

Electrochemical liquid cell transmission electron microscopy (EC-TEM) has seen rapid growth in recent
years [5] and is a promising approach for studying the dynamic behavior of nanoparticle electrocatalysts.
Nevertheless, to rationalize the structure-property relationships in these materials, it is necessary that we
extend the in situ observations across the length scales and develop methods that can measure the
performance of the catalysts within the microfabricated electrochemical cells used for EC-TEM. In this
presentation, | will describe the correlated electron microscopy approaches that we are exploring at the
Fritz Haber Institute to address these challenges.

To obtain detailed insight into the behavior of electrocatalysts across different length scales, we use a
combination of in situ transmission electron microscopy (TEM) and scanning electron microscopy (SEM)
setups with similar electrochemical configurations (Figure 1). TEM provides the high-resolution image
sequences that describe the behavior of catalysts under applied potential, whereas SEM provides
comparable image sequences at lower spatial resolution but encompass a larger field-of-view with many
catalyst nanoparticles. These holders also incorporate inlets for regular reference and counter electrodes
to enable an accurate comparison with the results from benchtop electrochemical experiments. An
additional ex situ TEM holder further allows us to perform detailed identical location characterization of
the samples on the electrochemistry chips before and after reaction (Figure 1).

The potential of such an approach for illuminating the dynamics that are present under reaction conditions
is illustrated with experiments looking at the behavior of model electrocatalysts for carbon dioxide
reduction and oxygen evolution. Opportunities for using the larger chamber of the SEM for adding
complementary characterization capabilities will also be discussed.
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Figure 1. Figure 1. Schematic describing the concept of using correlated electron microscopies to
investigate the transformations of electrocatalysts under reaction conditions. The images depict STEM
images and EDX maps of cubic Cu20 model catalysts for the electrochemical reduction of carbon dioxide.
(b) and (c) are modified from [6] and [7] respectively.
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