














Fig. 8 HR-TEM image of gold and palladium clusters deposited on
amorphous carbon film. The clusters were prepared by evaporation of
0.5 A Pd on 100 ML ASW followed by evaporation of 0.5 A Auon
100 ML ASW. Between the cycles the sample was annealed to 300 K.
Inset: magnification of Au and Pd clusters, the lattice structure can be
clearly resolved (a). STEM image of the same sample is shown in
(b). EDS of the red circled and grey circled clusters are shown in
(c) and (d), respectively.

are equivalent to those of the corresponding single BLAG
cycle with identical parameters. We may conclude, therefore,
that in the bi-modal BLAG sample, the clusters prepared
in the first cycle do not modify the subsequent deposition
cycles. This is true as long as the density is far enough from
saturation.

3.4 Bimetallic BLAG

The multiple BLAG procedure enables us yet another unique
advantage: different metal elements can be grown on the same
substrate at different sizes and densities. As an example, gold
and palladium clusters were prepared this way by having a first
BLAG cycle composed of 0.5 A Pd on 100 ML ASW, followed
by a second cycle in which 0.5 A Au were deposited on
identical buffer thickness.

Due to the difference in the atomic number of Pd and Au
(46 and 79, respectively), one can clearly distinguish between
the bright palladium and the darker gold clusters obtained in
the HR-TEM image (Fig. 8a). The different metal clusters can
be distinguished also by their lattice constant once imaged on
the carbon substrate as a mono-crystallite. In the inset of
Fig. 8 the lattice structure of gold and palladium crystallites is
viewed. The atom resolved data enables the measurement of
inter-planes distance of gold and palladium nano-crystals that
are 2.37 A and 2.23 A, respectively. This is obtained via
standard fast Fourier transform (FFT) analysis of the data.
The FFT results verify that these clusters are oriented
predominantly along the (111) crystallographic orientation.
Scanning TEM (STEM) image of the same sample is sohwn in
Fig. 8b. In this scan mode the gold clusters are much brighter
than the palladium clusters. Energy dispersion spectra of the

X-ray emitted from palladium (dark spot, red circled) and gold
(bright spot, grey circled) clusters are shown in Fig. 8c and d,
respectively. These measurements verify that each of the
clusters is monometallic.

4. Conclusions

Amorphous solid water layers were utilized to assist the
growth (BLAG) of gold nano-clusters. Their morphology
was examined as a function of gold dosage. Increasing the
gold dosage above 2 A has led to clusters density decrease
followed by a change in clusters morphology. Above this point
the typically hemispherical BLAG clusters become elongated,
constructed from a few clusters that have not been fully fused
together. Any attempt to increase the BLAG clusters density
by increasing the gold dosage would lead to changes in the
clusters morphology. The density of BLAG and directly
deposited (DD) clusters is coupled to their size and one cannot
simply separate these two parameters. In order to overcome
this obstacle and be able to decouple the BLAG clusters
density and size (within a limited density range), we have
introduced the multiple-BLAG procedure. This procedure
enables one to increase the BLAG clusters density up to five
fold with only minor changes in clusters size. This is however
limited to buffer layers thinner than 50 ML and relatively
small dosage of the deposited metal, below 0.5 ATt is
demonstrated that thicker buffer layers tend to limit the
maximum possible density. Due to effective aggregation
during the (longer) buffer evaporation time, their density
would reach saturation at smaller number of BLAG cycles.
A correlation was found between the clusters size and satura-
tion density with minimum inter-clusters distances of 20 nm at
saturation coverage of clusters larger than 4 nm in diameter.

In addition to bi-modal clusters size distribution, metal
clusters from different elements were grown using the multiple-
BLAG method. We have shown that one can prepare a sample
containing Pd and Au clusters at specific sizes and densities
on the same substrate by two consecutive BLAG cycles.
Catalytically active metal clusters can thus be prepared on
the same substrate with optimum size for a specific reaction.
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