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We have observed images of the [111] projection of Au nanoparticles (15 ~ 30 A) which show
strong fringe spacings corresponding to “forbidden” reflections. Cherns first utilized the so-called
"forbidden reflections’ from evaporated (111) gold films to study atomic steps.[1l] Computer
modeling of high-resolution transmission electron microscope (HREM) image of the (001) Au film
surface has been reported by Krakow.[2] The forbidden reflections are visible only when the
thickness of the crystal (which has ..ABCABC.. stacking in the [111] direction) includes a non-
integral number of unit cells. In order to understand the effect of these reflections on the high-
resolution image of small particles, image simulations on both particle and thin film models of Au
have been undertaken.

Au samples with particle sizes about 60A to 100A were evaporated directly on to carbon grids.
HREM images were recorded using a JEM 4000EX electron microscope operating at 400 kV with
resolution about 1.7A. Figure 1 shows two examples of atomic resolution images of [111] Au
particles with their diffractograms. The diffractograms showed 6 strong reflections with the
corresponding fringe spacing as large as 2.5A (d 111:~2.36A) and the relative angles are 60°. The first
allowed bulk reflection from [111] Au is the (220) corresponding to a lattice spacing of 1.44 A and
is beyond the transfer limit of the microscope. The observed reflections can be indexed as 1/3{ 422}
in the reciprocal space and correspond to the forbidden reflections described by Cherns.

Au thin film models were built with CERIUS Molecular Modeling Program and the HREM images
simulation performed with the multi-slice method. Figure 2(a) and 2(b) show the simulated images
and the corresponding diffraction patterns for sasmples of 1, 2 and 3 atomic layers thick. For one and
two atomic layers there are very strong forbidden reflection and the corresponding HREM images
show high contrast for this spatial frequency. One interesting result is the contrast reversal that
occurs upon going from one to two layers of atoms. This difference can also be seen in experimental
results by comparing Figure 1 (a) and (b). The black dots correspond to the surface atom positions if
one extra layer is on the surface. Similar results are obtained if the extra layer is located in the bulk
of the crystal (i.e. a stacking fault). Our studies show that models with equal number of layers of A,
B and C atomic sites have a very weak contrast in their images because the objective lens filters out
al the bulk reflections (which are below 1.7 A for this projection). Models with a non-equal number
of layers of A, B or C atomic sites showed strong fringe contrast. The images are similar to the
images of hexagonal crystals along [0001] projection and can easily be mistaken.

Nanoparticle models were built with Rhodius program.[3] Figure 3(a) shows the top view of a 3-D
projection of a cuboctahedron Au particle (~30 A and 13 atomic layers) with the [111] direction
running along the ¢ direction of the super cell. The image simulated at -320A defocus and its
diffractogram are shown in Figure 3(b) and 3(c). The periodicities are similar to that of the thin film
case. The different appearance of the images along [111] projection can be used to identify particles
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with one, two extra atomic layers or with complete ABC stacking sequence if there are no stacking
faultsinvolved.
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FIG. 1. (a),(b)Two experimental imagesof [111] Au particles and their diffractograms.

FIG. 2. The simulated (@) images and (b) diffraction patterns for a Au thin film model.

FIG. 3. (a) Thetop view of a3-D projection of a cuboctahedron Au particle; (b) The simulated
image at -320A and (c) its diffractogram .
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