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Abstract 

Hexagonal arrays of Pd and PdAu clusters are produced by condensation of metal vapors under UHV 

on a nanostructured alumina ultrathin film at 320 K. The alumina presents a hexagonal network of 

point defects that are nucleation centers for Pd. The growth of the Pd clusters is uniform leading to a 

very narrow size distribution in the range of size of few atoms to about 400 atoms. The number 

density of clusters is fixed by the density of nodes of the nanostructure of the alumina film (6.5x10
12

 

cm
-2

). The PdAu bimetallic particles grow in a two-steps process. First Pd is deposited then Au is 

deposited and grows exclusively on the preformed Pd clusters. The size and the composition of the 

clusters are independently controlled by the amounts of the deposited metals. The shape, size, 

density and organization of the clusters are studied in situ by STM. The long range order is studied in 

situ by Grazing Incidence Small Angle X-ray Scattering (GISAXS). The organization of the arrays of 

clusters is stable up to 600 K. These arrays of Pd and PdAu clusters on alumina are well suited model 

catalysts to study the effects of size, shape and composition on their reactivity. 

 

I. Introduction 

To understand the basic mechanisms in heterogeneous catalysis it is necessary to work on supported 

model catalysts because real catalysts are very difficult to characterize at the atomic scale. Supported 

model catalysts are generally obtained by growing under UHV metal nanoparticles on oxide flat 

supports that can be characterized in detail by surface science tools [1-4]. These studies have shown 

that for a given catalytic metal the reactivity depends on the size, of the shape of the nanoparticles 

but also on their spatial distribution and on the nature of the oxide support [5]. Ideally it is necessary 

to control independently all these parameters. In practice, the metal clusters are randomly 

distributed on the support with a size dispersion which in rather broad, in the best case it can be 25% 

of the mean size [2]. This is due to the fact that metal clusters nucleate on the defects of the oxide 

substrate which are randomly distributed [6]. One way to have lower size dispersion is to prepare 

clusters in a free beam to size select them and to deposit them on the substrate. If the kinetic energy 

of the deposited clusters is low (soft-landing) the deposited clusters remain intact [7]. Now it is 

possible to deposit size selected clusters of any kind of metal from single atom to about 5000 atoms 

[8-12], however the distribution of the clusters is random. A way to prepare clusters regularly 

distributed on a substrate with a narrow size distribution is to grow them by deposition of atoms on 

a template which is composed by a regular network of defects. The first templates used to grow 

arrays of clusters were based on a dislocation network generated by the misfit between a thin layer 
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of metal and a metallic substrate [13].  Later on, surface reconstruction of Au vicinal surfaces [14] or 

chemisorbed nitrogen monolayer on a Cu [15] have been used. However for model catalysis an inert 

support is required. Only recently an oxide template to grow regular arrays of metal clusters of Ag 

and Mn has been discovered; it is an ultrathin (0.5 nm thick) alumina film obtained by high 

temperature oxidation of a Ni3Al (111) substrate [16]. This film has a band gap and a phonon 

spectrum close to those of bulk alumina but it is sufficiently thin to perform STM observation [17]. 

Depending of the bias voltage applied during STM observation two hexagonal superstructures appear 

with a lattice parameter of 4.1 nm (‘dot’ structure) or 2.4 nm (‘network’ structure) [16]. These 

superstructures do not correspond to a pure electronic effect because they are also observed by 

non-contact AFM [18, 19]. These AFM observations have shown that the surface of the film is 

composed of a hexagonal lattice of 0.29 nm with a very weak corrugation.  Very high quality atomic 

resolution images of this film have been later obtained by STM [20]. From the comparison between 

STM images and DFT calculation a structural model has been proposed where the nodes of the dot 

structure are atomic holes in the top oxygen layer of the alumina film [20]. This template has been 

used to grow at RT arrays of Cu [21], Ag [16], Au [22, 23], Pd [24, 25, 20, 26], Fe [27, 28], Co [28], Mn 

[16], V [21]. Noble metals (Cu, Ag, Au, Pd) nucleate at the nodes of the dot structure to form an array 

of clusters separated by 4.1 nm. However, only Pd forms a very regular array at high coverage. On 

the contrary transition metals have a tendency to nucleate on the network structure but only 

vanadium forms a highly ordered array with a parameter of 2.4 nm. For Co, Fe and Mn disorder 

appears well before that all the sites of the network structure are occupied. We have shown that by 

depositing Au on an array Pd clusters gold atoms grow only on the previously formed Pd clusters 

resulting in a perfect array of bimetallic PdAu nanoparticles [25]. The clear advantage of this method 

of fabrication of bimetallic clusters is that the size and the chemical composition of the clusters are 

independently controlled by the total amount of atoms deposited and by the ratio of the amounts of 

the two types of atoms, respectively [29]. The use of an array of Pd clusters as seed (few atoms of Pd 

are enough) to grow regular arrays of Fe [20, 28], Co [28] and Ni clusters [30].  The use of pre-

nucleated clusters (Co) as seeds for the deposition of a second metal (Pd) has been previously 

reported in the growth of PdCo clusters on alumina ultrathin films on NiAl (110) [31]. However the 

fact that the Co clusters were randomly distributed (unlike on Ni3Al (111) the alumina film on NiAl 

(110) does not present a regular nanostructure) led to size and composition distributions much larger 

than by using a regular array of clusters [29]. 

The long range order of Pd [26, 28], PdAu [32] arrays has been studied grazing incidence small angle 

X-ray scattering (GISAXS [33]). Both types of clusters are well ordered on the whole sample but at 

high coverages disorder appears due to coalescence of clusters.   

Pd arrays on the nanostructured alumina ultrathin film has been used as model catalysts to study the 

adsorption of CO molecules as a function of the size of the Pd clusters, from 5 atoms to a diameter of 

6 nm [26]. This large range has allowed the observation of the transition between the non-scalable 

regime for which the reactivity depends on the number atoms in the cluster and the scalable regime 

for which the reactivity evolves monotonously with cluster size [26]. However to use regular arrays of 

clusters as model catalysts it is necessary to be sure that they are stable in the condition of the 

reaction (temperature, gas environment…). Recently new templates have been used to grow at RT 

regular arrays of metal clusters (Pt, Ni, Ir, Rh, Co) like graphene layer grown on a metallic substrate 

[34-38] or monolayer of BN on a metal surface [39] but the organization was not stable at a 
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temperature higher than 400 K and CO adsorption induces diffusion and coalescence of Pt clusters on 

graphene/Ir(111) [40]. 

In this paper we present a detailed study by STM and GISAXS of the growth and the organization of 

Pd and PdAu clusters on alumina ultrathin film on Ni3Al (111) as a function the metal coverage and of 

the chemical composition in the case of PdAu . We present also the evolution of the organization of 

the clusters after annealing at a temperature up to 1000 K. 

 

 

2. Sample preparation 

The alumina ultrathin films are prepared following the method developed by C. Becker et al.  [16] 

which consist to oxidize at high temperature a Ni3Al (111) surface in a UHV chamber. The substrate is 

prepared by cycles of 30 minutes argon ion sputtering followed by annealing at 1100K during 15 min. 

The temperature of the sample surface is measured by a thermocouple which has been calibrated by 

an optical pyrometer. The oxidation of the substrate is made by exposition to an oxygen pressure of 

5x10
-8

 mbar at 1000 K during 20 minutes. Then the sample is annealed at 1050 K for 7 min. Figure 1a 

displays a LEED pattern that is characteristic of the well-organized ultrathin oxide film. The 

nanostructuration of the alumina film is verified in situ by STM (OMICRON STM1) at RT. Figure 1b 

shows the dot structure (4.1 nm) and the network structures (2.4 nm) imaged by STM at bias 

voltages of 2.1 V and 3.2 V, respectively. 

        

  

Figure 1: Alumina ultrathin film on Ni3Al (111) substrate. LEED pattern (a) and STM image (b) 

obtained at bias voltages of 2.1 V (top) and 3.2 V (bottom).  

The growth of Pd nanoparticles is made by depositing Pd atoms at 320 K from a Knudsen cell made of 

a graphite crucible heated by electron bombardment. The deposition rate is calibrated in situ by a 

quartz crystal microbalance. The deposition of Au is made by a second calibrated Knudsen cell. The 

condensation coefficient of both metals on the alumina is unity as determined by RBS (Rutherford 
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back-scattering) analysis of some samples.  The arrays of PdAu nanoparticles are obtained by 

sequential depositions of known amounts of Pd (first) and Au (second) atoms at 320K. 

The nanoparticles arrays are characterized in situ by STM (OMICRON STM1) at RT.  The tungsten tips 

are prepared by a classical electrochemical etching procedure. 

3. Growth and stability of regular arrays of Pd nanoparticles 

 

Figure 2a displays an STM image of a 0.15 ML Pd deposit on the nanostructured alumina film. The 

image has been recorded at a voltage of 1.19 V for which the nanostructuration of the film is not 

visible; the hexagonal array of bright dots separated by 4.1 nm corresponds to the Pd clusters. Fig. 2b 

shows the Fourier transform of the image in (a) that shows that the Pd clusters are well organized 

and separated by 4.1 nm.  In order to see where the Pd are sit, fig. 2c displays an STM image of a 

weak Pd deposit obtained at a bias voltage to 3.2 V for which it is possible to image simultaneously 

the Pd clusters (bright dots) and the network structure (dark spots) of the alumina film. We see 

clearly that the Pd clusters occupy exclusively the nodes of the dot structure. 

  

   

 

Figure 2: (a) STM image of  0.15 ML of Pd on the alumina film obtained a 1.19 V. (b) Fourier 

transform of the STM image on (a). (c) Image of a weak Pd deposit obtained at 3.2 V. 

 

Figure 3 shows the nucleation kinetics of Pd clusters on the nanostructured alumina film at 320K. At 

a coverage of 0.025 ML about half of the nodes of the dot structure are occupied but rapidly the 

saturation of all the sites of the dot structure occurs. This behaviour is typical for nucleation of 

defects which here are the nodes of the dot structure [6]. At 1.5 ML the density of clusters decreases. 

At this coverage we do not expect growth-coalescence. 
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Figure 3:   Number density of Pd clusters as a function of coverage at 320 K. The Pd flux is equal to 

5x10
12

 atoms/s. cm
-2

. 

 

Figure 4 displays STM pictures of four Pd deposits (0.025, 0.15, 0.4 and 1.5 ML). For each deposit the 

clusters are well separated but at 1.5 ML the clusters seem to be less organized. This is confirmed by 

figure 5 which shows self-correlation images corresponding to 0.4 and 1.5 ML. At 1.5 Ml the clusters 

are no longer organized in a regular array. This can be explained by the fact that the clusters grow 

non-uniformly from the nucleation site. This hypothesis is supported by the fact that the size 

distribution is definitely broader at 1.5 ML and asymmetric. Growth coalescence is clearly visible at 

10 ML where the density of clusters is reduced by 40% and the particles have very asymmetric 

shapes. Taking a hemispherical shape for the Pd particles static coalescence must occur at a coverage 

of 5 ML. The decrease of the density of clusters at 1.5 ML is probably due to the fact that large 

clusters are less trapped on the nodes of the dots structure and that they can move and coalesce 

with neighbouring clusters. 
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Figure 4: STM images ( It = 19 pA, U= 1.19 V) of Pd deposit on alumina films on Ni3Al (111): (a) 0.025 

ML, (b) 0.15 ML, (c) 0.4 ML, (d) 1.5 ML. The mean sizes of the clusters are 6, 35, 94 and 352 atoms for 

images a, b, c and d, respectively.   

 

Figure 5: Self correlation images of STM pictures of Pd deposits corresponding to 0.4 ML (a) and 1.5 

ML (c). The insets (b) and (d) represent corresponding STM pictures. 

Figure 6 displays the size and the height distributions corresponding to a Pd deposit of 0.15 ML. The 

size measured by STM is larger than the true size of the clusters because of the finite dimension of 
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the STM tip. However the sharpness of the distribution (∆D/D = 0.13) is an indication that the actual 

size distribution is narrow. The height measured by STM is not affected by the tip shape but we know 

that it depends of the bias voltage [24, 28]. However the height distribution is non monotonous and 

shows peaks separated by roughly 0.2 nm that corresponds to successive Pd atomic layers.  

  

Figure 6: Size (a) and height distribution (b) of clusters from a 0.15 ML Pd deposit. 

The thermal stability of the organization of the Pd arrays has been studied by annealing them under 

UHV at temperature step by step up to 1000 K. STM images of an array of Pd clusters with a mean 

size of 35 atoms (0.15 ML) after successive annealings are displayed on figure 7. The self-correlation 

images are represented in the insets. 

 

Figure 7: STM images (It = 19 pA, U = 1.49 V) of 0.15 Pd after annealing under UHV at 470K (a), 590 K 

(b), 670 K and 1000 K. Self-correlation images are displayed in inset for (a), (b) and (c) STM images.  
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Up to 590 K the organization of the Pd clusters is still perfect visually that is confirmed by the self-

correlation images. At 670 K, a loss of order is clearly visible and at 1000K no order at all is visible on 

the image and the density of clusters is strongly reduced. The density of clusters as a function of 

annealing temperature is presented on figure 14.  Up to 600K the density of clusters is constant and 

at higher temperature it decreased continuously. At 1000 K it is reduced by about 90%. What is at 

the origin of the loss of order in assembly of cluster and decrease of the density of clusters at high 

temperature? A first reason could be the migration of clusters followed by coalescence with other 

clusters. This assumption is justified by the fact that the size of the clusters and their height increase. 

But other mechanisms could also play a role like Ostwald ripening, evaporation or diffusion in the 

bulk through the alumina film. Ostwald ripening is not expected because at the origin the clusters are 

situated at equal distance and have a very low size dispersion. Concerning the desorption of Pd, it is 

known by temperature programmed desorption (TPD) that Pd does not desorbs from an oxide film at 

1000K [41]. A recent paper reports that Pd atoms on the defects of the dot structure can diffuse 

through alumina ultrathin films at 570 K [28]. In order to check if some matter has disappeared from 

the surface of the films we have estimated the quantity of matter in the Pd clusters from the STM 

images. After deposition of 0.15 ML of Pd at 320 K the mean number of atoms per clusters is 35. The 

mean height is 0.64 nm from the distribution of height measured by STM (see fig 6b). We know that 

the particle size measured by STM is much larger than the actual value. However we can assume that 

the particles have the shape of a truncated sphere with a contact angle α. We find that α = 92 ° and 

an aspect ratio of 0.53.  Previous STM measurements for Pd nanoparticles grown at RT on alumina 

ultrathin films on NiAl (110) have shown that the aspect ratio decreased from 0.35 to 0.15 when size 

increased (the smallest clusters having a size of about 3 nm) [42]. More recently for the same system 

a contact angle of 99° has been found for clusters of 1.21 nm in height [43]. After annealing at 1000 K 

the mean height is 1.17 nm and if one assumes no loss of matter α = 76° and the aspect ratio is 0.38. 

That would mean that the clusters are flatter. This could results from coalescence without 

restoration of the equilibrium shape. Otherwise one can assume that some of the matter is lost (for 

example by diffusion in the bulk). If we assume that the shape of the cluster is not changed (α = 92°), 

keeping the measured height (1.17 nm) the cluster diameter would be 2.4 nm that corresponds to a 

loss of matter of 33%.  It is difficult to disentangle these two possibilities after annealing at 1000 K: 

flattening without loss of matter by diffusion in the bulk substrate or the shape is kept and some 

matter is lost; without accurate measurement of the actual diameter of the particles.   

 

 4. Growth and stability of regular arrays of PdAu clusters 

We have already shown that the ultrathin alumina film on Ni3Al (111) is not a good template to grow 

a regular array of Au clusters at RT [23]. This is probably due to the fact that at this temperature we 

are outside the window to have a perfect template which has been observed in Monte Carlo 

simulations [44]. This would mean that the sites of the dot structure are not perfect sinks for gold 

atoms at RT contrary to Pd atoms. Then the only way to grow regular arrays of PdAu clusters is to 

deposit successively Pd then Au as we have already shown [25]. Figure 8 shows an STM image of 

Pd50Au50 clusters obtained by condensing 0.15 ML of Pd followed by 0.15 ML of Au at 320K. The self-

correlation image of the STM image shows clearly that the organization is very good (the bimetallic 

clusters are separated by 4.1 nm). 
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Figure 8: Array of PdAu clusters obtained by depositing successively 0.15 ML of Pd and 0.15 ML of Au 

at 320 K on the nanostructured alumina film. The mean size of the PdAu clusters is 70 atoms. On the 

left: STM image (It = 19 pA, U = 1.51 V); on the right: self- correlation image.   

Figure 9 displays three STM images corresponding to an increase of Au content (Pd3Au, PdAu and 

PdAu3). The density of clusters is constant and equal to the density of the nodes of the dot structure. 

Visually the organization is very good that is confirmed by the Fourier transforms (see inset in the 

STM images). 
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Figure 9:   STM images (It = 19 pA, U = 1.51 V) corresponding to increasing amounts of Au deposited 

(a: 0.05 ML, b: 0.15 Ml, c: 0.45ML) on 0.15 ML of Pd. The insets are he Fourier transforms of the STM 

images. The density of clusters as a function of the amount of Au is plotted in (d). The mean size of 

the clusters is 47, 70, and 141 atoms for images (a), (b) and (c), respectively. 

 

Figure 10: STM images (It = 19 pA, U= 1.51 V) corresponding to increasing amounts of Au deposited 

(a: 0.1 ML, b: 0.4 Ml, c: 1ML) on 0.4 ML of Pd. The insets are he Fourier transforms of the STM 

images. The density of clusters as a function of the amount of Au is plotted in (d). The mean size of 

the clusters is 117, 188, and 329 atoms for images (a), (b) and (c), respectively. 

 

Figure 10 presents a series of STM images from increasing amount of Au deposited on 0.4 ML of Pd. 

Contrary to results presented on figure 9 we see that at 0.4 ML of gold disorder is present that 

increases with the amount of deposited Au. The apparition of disorders in the array of PdAu particles 

goes together with a reduction of the density of clusters which is a sign of mobility coalescence. It is 

noticeable that the coalescence occurs at a lower coverage for PdAu than for pure Pd (0.8 ML against 
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1.5 Ml). This could be interpreted by the presence of Au atoms at the interface that decreases the 

bonding of the cluster with the substrate. To clarify this point we have plotted the density of clusters 

as function of the total quantity of matter (figure 11a) and as a function of the percentage of Au 

contained in the clusters (figure 11b) for two series of experiments (0.15 Ml of predeposited Pd and 

0.4 ML of predeposited Pd. 

 

  

Figure 11: Variation of the density of clusters as a function of the total amount of deposited matter 

(a) and as a function of the concentration of Au in the clusters (b). The red and green points 

correspond to predeposition of 0.15 and 0.4 ML of Pd. 

Figure 11 show that mobility coalescence is more related to the total coverage than to the 

concentration of Au in the clusters. Indeed coalescence appears at a total coverage of about 0.8 ML 

while in the case of 0.15 ML of predeposited Pd there is no coalescence even at a gold content of 

80%. Thus the clusters become mobile when they reach a certain size and this critical size is smaller 

for PdAu clusters than for pure Pd clusters. 

The long range order of the bimetallic particles has been characterized by GISAXS as for pure Pd [26]. 

Figure 12 displays three GISAXS patterns corresponding to 0.5 ML of Pd (a), 0.5 ML of Au deposited 

on the same sample (b) and after a total deposition of 1 ML of Au on the pure Pd sample (c). On the 

pure Pd (a) sharp peaks come from the clusters which are on the nodes of the dot structure. Contrary 

to STM the X-ray beam probe the whole sample, then we are sure that the array of Pd clusters is well 

organized on the whole sample. After the first deposition of gold the peaks are present but their 

intensity is increased proving that Au is only deposited on the array of Pd clusters. After the second 

deposition of gold the peaks have increased in width meaning that the size distribution is wider. 

However some intensity is present between the main GISAXS peaks and the central peaks it 

corresponds to clusters which are at larger distances between them. They results from dynamical 

coalescence events that are clearly present at this coverage from STM images (see figure 10).   
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Figure 12:  GISAXS patterns from 0.5 ML of Pd (a), 0.5 ML Pd + 0.5 ML Au (b) and 0.5 ML Pd + 1 ML Au 

(c) 

As for pure Pd the thermal stability of the PdAu arrays has been checked by annealing at increasing 

temperatures. Figure 13 shows the evolution of the organization of the clusters as a function of the 

annealing temperature. Up to 600 K, as in the case of pure Pd, the PdAu clusters stay well ordered. 

From 630 K some disorder is present and at 670 K the density of clusters decreased strongly by 

coalescence. This behavior is similar to that has been observed on pure Pd. Figure 14 displays the 

evolution of the cluster number density of clusters as a function of annealing temperature which is 

similar for the two systems. However a difference between the two systems is visible in the STM 

pictures of PdAu arrays after annealing which already appears at 470 K (see figure 13). Some clusters 

appear brighter and higher than the others, contrary to the case of pure Pd where the cluster 

present about the same contrast and small variation of diameter. At 470 K the array of PdAu is still 

highly ordered, no coalescence has occurred. From the statistical analysis of the cluster height the 

average value has effectively decreased. We cannot interpret this observation by a loss of matter 

specific to PdAu because at this temperature Au cannot desorb from a silica film before 1100K [45] 

and no diffusion of Au atoms in the substrate has been observed at this temperature [46].  What can 

be changed by annealing of the PdAu clusters at 470 K? The PdAu clusters made 0.15 ML of each 

metal contain on the average 70 atoms. At this size more than half of the atoms are on the surface. 

After growth, all gold atoms are on top of the Pd predeposited cluster. Au is completely miscible in 

Pd but diffusion is limited at 320K. Thermodynamically Au as tendency to segregate on the surface 

[47, 48] but recent theoretical calculations have shown that the surface concentration of Au 

decreased with cluster size and also when temperature increases [49]. For a 50/50 composition a 55 

atoms PdAu clusters the surface concentration of Au is 65 % at 300K while it is more than 95 % for 

bulk alloy.  Therefore it is expected that by annealing the PdAu clusters Pd segregates on the surface 

of the clusters which was originally covered by gold. This change of surface composition could lead to 

a change of the height measured by STM. But it is also possible that the shape of the cluster evolves 

towards more stable structures upon annealing [50].  
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Figure 13: Evolution of an array of PdAu clusters made of 0.15 ML of Pd and 0.15 Ml of Au with the 

annealing temperature, (a) 470 K, (b) 590 K, (c) 630 K and (d) 670 K. The STM images are recorded at 

It = 19 pA and U = 1.49V. The insets represent self-correlation of the STM images.  

 

Figure 14: Evolution of the number density of Pd clusters (0.15 ML, red points) and PdAu clusters 

(0.15 ML Pd + 0.15 ML Au, green points) as a function of the annealing temperature. 
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5. Discussion: Use of regular arrays of Pd and PdAu clusters as model catalysts 

Regular arrays of Pd and PdAu clusters have been prepared by growth from vapor under UHV at 320K 

on nanostructured alumina ultrathin films. In the case of pure Pd, hexagonal arrays of clusters with a 

high density (6.5x10
12

 cm
-2

) which is fixed by the nanostructure of the alumina film can be prepared 

in a large range of size from few atoms to about 400 atoms. The size dispersion is very narrow and 

follows a Poisson distribution [26, 44]. The array of clusters is perfectly ordered up to 1ML of Pd 

which corresponds to a size of 235 atoms. For thicker deposits the organization is less regular but the 

size distribution stays narrow. Growth coalescence occurs at 5 ML then the size distribution becomes 

wide and the clusters are no longer organized. The organization of the arrays of Pd clusters is 

preserved at high temperature until 600 K. At higher temperature clusters can escape from the 

nodes of the nanostructures and coalesce. These arrays of Pd are best suited model catalysts 

especially to study pure size effects. We have used such Pd arrays to study by a pulsed molecular 

beam technique the evolution of the adsorption energy of CO on the Pd clusters as a function of their 

size [26].  They could be used easily in important catalytic reaction like CO oxidation, hydrogenation 

unsaturated hydrocarbons. A major advantage of these arrays of clusters, compared to soft landed 

size selected clusters which can achieved atomically precise size selection (at least for clusters 

smaller than about one hundred atoms), is the unique possibility to study accurately the effect of the 

distance between neighboring clusters. The main effect is the reverse spillover which occurs when 

reactants adsorbed on the support diffuse toward the reactive clusters where they become 

adsorbed. The rate of adsorption depends on the size and on the distance between the clusters [51]. 

This phenomenon is important in adsorption kinetics [51, 52] but also in the kinetics of catalytic 

reactions when adsorption of one of the reactants is the rate limiting step [53]. If the clusters are 

regularly distributed in an array, the diffusion and the capture of reactant molecules can be exactly 

calculated [51], then the true effect of cluster size in the adsorption process can be investigated 

[53c].  

Regular arrays of PdAu bimetallic clusters are prepared by depositing at 320 K Pd first then Au which 

grows only on the prenucleated Pd clusters. By this method the size and the composition of the 

bimetallic clusters are independently controlled. The PdAu clusters are well ordered in a hexagonal 

array which follows the dot structure of the nanostructured alumina film. The organization of the 

arrays is almost perfect up to a total coverage of 0.8 ML, corresponding to a cluster size of 188 

atoms, independently of the proportion of gold. For larger clusters the size dispersion, although 

larger, remains narrow until about 5ML when static coalescence occurs. The organization of the PdAu 

clusters is stable upon annealing in UHV up to 600K as for pure Pd. The density of clusters is very high 

that provides a very high sensitivity in the reactivity studies even for few atoms clusters.  By this 

method it is now possible to study the reactivity of bimetallic clusters of a large scale of size and to 

investigate for each size the whole range of composition. It is particularly interesting to study small 

sizes for which ab initio calculations can be undertaken. For pure monometallic free clusters ab initio 

calculations can be performed up to about 200 atoms [54]. But in the case of bimetallic clusters, 

many more configurations have to be considered. For PdAu clusters ab initio calculations have been 

performed up to a size close to 100 atoms [50, 55]. In addition in the case of tiny clusters it could 

become necessary to include in the calculation the ultrathin oxide film and the metal support 

underneath because charge transfer can occur between the metal support and the clusters through 

the thin oxide film [3, 56].  
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