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Electron microscopy provides a highly versatile platform for the characterization of supported metal
nanoparticles for heterogeneous catalysis. With high spatial resolution as well as spectroscopic
capabilities, the EM platform can characterize materials in detail. With the addition of environmental
capabilities, the microscope can even probe samples under reactive environments. Recent developments
include high solid angle EDX detectors, which can rapidly acquire high-resolution elemental maps, and
micro electro-mechanical systems (MEMS) based heating holders that can heat samples at very high rates
with only little spatial drift.
As an example, we will utilize the versatility of the environmental TEM to study the morphology of
ruthenium nanoparticles under a reactive environment. Ruthenium have been found to effectively
catalyze the methanation of carbon monoxide to methane1. In order to further investigate the effect of
annealing on particle morphology, size selected ruthenium nanoparticles were prepared using sputtering
and aggregation technique and time of flight mass selection2. The samples were studied in an
environmental transmission electron microscope (FEI Titan 80-300 ETEM3) under both hydrogen and a
reactive mixture of CO and H2.
For ETEM experiments, the size-selected ruthenium nanoparticles were collected on an Echip
(Protochips Inc.) coated with a silicon nitride membrane within the cluster source. The sample was first
imaged in vacuum at room temperature where the NPs appeared both as multi-domain as well as single
crystalline nanoparticles with a jagged surface structure (Fig. 1 left). The sample was then heated to
reaction temperature (427°C) where the jagged surface structure to some extent was lost (Fig. 1 middle).
After reaching the reaction temperature, the sample was exposed to a 1:10 mixture of CO and H 2 at 230
Pa and the sample was again imaged. At this stage, most NPs appeared as almost single-crystalline
nanoparticles (Fig. 1 right) and the surface has lost the jagged structure compared to the initial state.
This study shows the dynamic nature of catalyst nanoparticles and that, in order to investigate the active
state of catalyst samples, they must be imaged under relevant conditions.

Figure 1 Left: Room temperature, vacuum; middle: 427°C, vacuum; right: 427°C 230 Pa 1:10
CO/H2.
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