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Recent advances in aberration corrected electron microscopy (ACEM) are providing new tools
and opportunities for studying chemical processes at gas-solid interfaces at atomic resolutions.
In the area of heterogeneous catalysis, STEM-based high-angle annular dark-field imaging (HA-
ADF) has provided the potential for direct observation of single heavy atoms and atom clusters.
[1]. This approach has been used to study catalytic properties by directly probing structure
development as a result of metal particle-substrate interactions, and used to explore the combined
effects of temperature, promoters, and organic ligands on the evolution of catalyst structure [2-
3]. Associated with this new tool is the potential for artifacts, such as electron beam-induced
polymerization of organic components [4], and the influence of the electron beam on heavy atom
diffusion and nanostructuring [5]. Experiments were conducted in order to develop sample
preparation techniques and imaging protocols that are suitable for achieving sub-Angstrom
resolutions at ambient temperatures. In-situ heating studies were also conduct using Aduro™
heater devices manufactured using MEMS technology by Protochips Inc. (Raleigh, NC) [6].

Atomic-scale imaging of small molecule-metal cluster interactions in Situ under catalytic
temperatures was recently initiated [7], using the aberration-corrected JEOL 2200FS
STEM/TEM instrument, equipped with a CEOS GmbH corrector on the probe-forming lenses,
housed in ORNL’s Advanced Microscopy Laboratory. After exploring sample preparation
protocols suitable for atom-level imaging at ambient temperatures, experiments were conducted
to identify and minimize the inadvertent sources of organic contaminants introduced with the
sample during preparation. Sigma-Aldrich, 5% Ru on carbon was the source of catalyst materials
used in this study. Catalysts were deposited from an alcohol suspension onto holey carbon films
supported on either Cu grids or Protochips Aduro™ devices. Beam irradiation effects were
studied by repeated scanning of suitable areas using the normal high-resolution mode. A partial
sequence of images is shown in Fig. 1. Single Ru atoms (arrows) and amorphous atom clusters
(rafts) are clearly evident and undergo extensive ordering and crystallization after repeated
scanning that is reminiscent of Ostwald ripening. The plot in Fig.1 shows a linear dependence of
the mean particle diameter with increasing electron scanning time. A similar linear dependence
of crystal growth for short thermal heating times (<30 min.) was also reported in studies on
sintering behavior of Pd nanoparticles [8]. In-situ heating experiments (Fig. 2) conducted in the
microscope column using Protochips Aduro™ devices provided evidence for a temperature-
induced migration, coalescence and ordering at 200°C, that is independent of electron-beam
induced effects.[9]
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Fig. 1. Electron irradiation effects on diffusion of single atoms (arrows). Amorphous atom
clusters (rafts) grow in size and develop crystalline domalns after extensive scanning. Plot
show mean particle diameters as highly correlated (R*= 0.90) with electron scanning times.

Fig. 2. In-situ heating of Ru/C catalyst preparations, in vacuum, provided evidence for a
temperature-induced migration, coalescence and ordering at 200°C, that is independent of
electron-beam effects.
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