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Previously, high-resolution transmission electron microscopy (HREM) has been commonly used for
the purpose of understanding the 3D structures of Au nanoparticles [1,2]. However, the phase
contrast images may only be interpretable with the help of simulations, with accurate structural
models required for the first instance. This can be a real challenge in detecting low-coordination Au
atoms in the nanoparticles, which has been reported to be the most important factor determining the
catalytic activities [3]. In comparison, high-resolution aberration-corrected scanning transmission
electron microscopy (AC-STEM) imaging has been applied successfully in the characterisation of
metallic nanoparticles on various substrates [4,5]. The high-angle annular dark-field (HAADF)
images taken under STEM mode exhibit an advantage of allowing us to see single atoms directly and
analyzing the contrast quantitatively [4-6].

In this context, Au nanoparticles deposited on MgO smoke crystals at room temperature via thermal
evaporation were characterised using a 200kV spherical aberration corrected JEM 2100f STEM
equipped with a JEOL HAADF detector. Fig.1a is a low-magnification micrograph of the sample
and Fig. 1b is an atomic-resolution image showing one of the Au nanoclusters supported on one side
surface of a MgO. This cluster roughly adopted a half truncated octahedron shape with the electron
beam aligned with the [001] zone axis of the MgO. To obtain quantitative information about atomic
arrangement of the cluster, high-frequency noises were first filtered using fast Fourier transform
(FFT). The maximum intensities were then used to locate the positions of the atomic columns. The
MgO substrate recorded in the same image was used to achieve an absolute scale. Both the in-layer
(parallel to the interface) spacings and layer-to-layer spacings (vertical to the interface) were
measured, with the average values plotted in Fig. 2. Here the atomic layers parallel to the Au/MgO
interface were numbered from the Au/MgO interface. It can be seen that, away from the interface,
the average lateral spacing firstly adopted dgp, of MgO (layers 1,2). It then went down (layers 3-8)
towards the dgo, value of bulk Au, and finally showed a strong relaxation (layers 9-11). Interestingly,
the vertical spacing displayed an overall contraction as the layer moving away from the interface.
This is the first direct evidence that the relaxation for the atoms in the top two layers (lateral) was
strongly coupled with a vertical contraction for Au nanoparticles on MgO(100) surface. It is noted
that out-of-plane contractions for surface atoms in Au nanoparticles of 3-5 nm in diameter on carbon
support had been suggested by coherent diffraction [7]. The contraction estimated here is 0.17 A,
being comparable with that reported in reference [7] for the {001} surface atoms, at 0.13A. The
present study demonstrated that the latest advancement in AC-STEM could provide vast
unprecedented opportunities to access direct atomic information at surfaces and interfaces.
Combined with time evolving measurements, one should be able to study the dynamic behaviors of
nanoparticles on a variety of supports in atomic details.
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FIG. 2. (a) Overview of the Au nanoparticles on MgO crystals. (b) HAADF-STEM image of a Au
nanoparticle supported on MgO. The atomic layers parallel to the Au/MgO interface were numbered
from the Au/MgO interface.
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FIG. 3. The average lateral and vertical lattice spacings vs. layer number. The occurrence of lateral
relaxation for the atoms in the top two layers coupled with a strong vertical contraction is indicated
by the arrows. The half units in the x-axis for the vertical values are used to demonstrate their
relative positions with the lateral values.
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