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Visualization of single atoms of heavy elements supported on light-element substrates was achieved in the
early days of scanning transmission electron microscopy (STEM) [1]. Applications of the high-angle
annular dark-field (HAADF) technique to imaging single atoms and small clusters either dispersed on
catalyst supports or doped into semiconductor materials have been reported [2-3]. In certain cases,
spectroscopic identification and imaging of individual atoms in bulk materials or in encapsulated state
have been realized [4-5]. The use of low accelerating voltages mitigates the effects of electron beam
irradiation, and individual atoms of even light elements have been identified and imaged [6-7]. For
many practical applications, especially for imaging and identification of surface adsorbed atoms
(adatoms) or ad layers in practical heterogeneous catalysts, the electron beam- induced effects in
aberration-corrected electron microscopes still pose a formidable challenge.

Under the intense electron beam irradiation in aberration-corrected STEM, single atom s usually move
around and do not maintain their spatial relationship with the substrate. The most typical example is Au
atoms or clusters on an amorphous carbon film [8]. Figures 1a and 1b show two images of Au
nanoparticles supported on amorphous carbon; the two images were recorded consecutively. Individual
Au atom s moved around on the substrate, and the small Au particle also rapidly changed its shape under
electron beam irradiation. Some single Au atoms were emitted from the Au nanoparticles while other Au
atoms joined the Au nanoparticles. This behavior precludes the ability to obtain unambiguous
information on the intact state of the Au/carbon sample.

When the adatoms form a strong bond with the substrate, however, the adatoms or adlayers can be stable
for a reasonable amount of time to allow extraction of useful information about their relationship with the
support materials. This usually occurs when the substrate is a crystalline material and when the adatoms
or adlayers form a specific structural relationship with the substrate surface. Figure 2a shows an example
of such a relationship; individual Pt atoms were adsorbed onto a SiC crystal and in some regions formed
an ordered two-dimensional adlayer. Figure 2b shows individual Pd atom s adsorbed onto ZnO
nanowires, providing information on the structural relationship between the Pd atom s and the Z nO
surface sites; the presence of s ingle Pd atoms significantly modified the performance of the Pd/ZnO
nanocatalyst for the methanol steam reforming reaction. Figure 3 shows another example of the power
of HAADF imaging of surface adsorbed atoms on relatively thick, but practical supports. In this case,
the individual Pd atoms were stable during the observation, and they appeared to be embedded onto the
(11-20) surface of the thick ZnO nanobelt (D FT calculations confirmed the possibility of this
configuration). Imaging strategies to visualize surface adatoms and adlayers in practical nanocatalysts
will be discussed [9].
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