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A b s t r a c t .  The adsorption of Xe on P t ( l l l )  has been in- 
vestigated from the arrival of the very first atoms up to 
completion of the monolayer using a variable-temperature 
Scanning Tunneling Microscope (STM). Surprisingly, in the 
initial stages of the adsorption Xe preferentially binds to a 
low coordination site, the upper edge of the platinum steps. 
The strong binding to these sites leads to a local repulsive 
interaction with further Xe atoms. Therefore, the Xe atoms 
located at the upper edge of the steps do not serve as nu- 
clei for 2D Xe islands, which, instead, form on the terraces 
and at the lower edges of the platinum steps. Only during 
completion of the monolayer do these islands make contact 
with the atoms adsorbed at the beginning in the upper-edge 
positions. The full monolayer exhibits the Hexagonal Incom- 
mensurate Rotated (HIR) phase already known from earlier 
helium-diffraction experiments. 

P A C S :  68.55; 61.16; 34.00 

The rare gases have a long tradition of serving as model sys- 
tems in condensed-matter physics in three Dimensions (3D). 
This model character is based on the spherical symmetry and 
the simple electronic structure of the rare-gas atoms. This 
allows for a simple analytical description of the relatively 
weak interaction between the neutral rare-gas atoms. The 
description usually consists of an attractive part due to the 
van der Waals interaction of the atoms and a repulsive part 
due to the Pauli repulsion. The simplest potential combining 
these two is the Lennard-Jones (6-12) potential, whose pa- 
rameters, in the case of the rare gases, can easily be obtained 
from properties of the low-density gas phases. This allows 
straightforward ab initio calculations for the rare-gas sys- 
tems. Predictions for properties of the rare-gas crystals (e.g., 
the equilibrium density) based on the so found potential are 
in good agreement with the measured values. 

Similar ~ to the case of 3D physics, rare-gas films 
physisorbed on single-crystal surfaces provide a model sys- 
tem of quasi-2D systems. Due to the competing adsorbate- 
adsorbate and adsorbate-substrate interactions, they exhibit 
a large number of interesting phenomena. Among the ques- 
tions studied using these systems are 

- the kinetics of adsorption and desorption, 
- 2D structures, 
- 2D phase transitions, and 
- growth and wetting phenomena. 

In the interpretation of these experiments, the adsorbate- 
adsorbate interaction, as well as the adsorbate-substrate in- 
teraction, are normally treated in a first approximation as a 
sum of central-symmetric pair potentials analogous to those 
used to describe the 3D gas phase. 

In this paper, we will concentrate on the system Xe/Pt(111). 
Most of the structural aspects of this system have been de- 
termined using reciprocal-space methods, such as Thermal- 
Energy He diffraction (TEAS). As a result, the phase dia- 
gram of Xe on Pt(111) is now well established [1]. 

Assuming the validity of the potentials mentioned above 
leads to two predictions for the adsorption of Xe on platinum 
(the classical adsorption scheme): 

- Xe should adsorb initially at highest coordination sites, 
i.e., at the lower side of step edges and with increasing 
coverage preferentially on the threefold hollow sites of 
the Pt(111) surface. 

- The lateral interaction between the Xe atoms should be 
attractive and lead to the formation of compact 2D struc- 
tures, the nuclei of which are formed by those atoms 
which at the beginning adsorb at step edges. 

There are, however, both theoretical and experimental hints 
that the interaction of Xe is more complicated than expected, 
for instance: 

In a self-consistent LDA calculation, Lang [2] obtained 
electron-density contours of the Xe/jellium system, which 
at the equilibrium distance exhibit similarities to those 
for a covalent bond. 
Unguris et al. [3] have performed model calculations of 
the adsorption energies of Xe on Ag(l l  1). Comparison 
with the experimental values led them to the conclusion 
that substrate-mediated interactions, surface-dipol inter- 
actions, and many body terms can make a significant 
contribution to the effective lateral Xe-Xe interaction 
on Ag(111). 
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- In a recent ab initio calculation, Mtiller [4] used a more 
realistic Pt25 cluster to model the surface. He found that 
the binding between adsorbate and substrate is strongest 
at the on-top adsorption site. This strong Xe-Pt binding 
at the on-top site appeared to lead to a weakening of the 
lateral interaction with neighbouring Xe atoms. Extrap- 
olation of his calculations to surfaces more reactive than 
platinum or locations of larger adsorption energy led him 
to the assumption that the local Xe-Xe interaction might 
even become repulsive. 

- Barker and Rettner [5] constructed an empirical Xe-Pt 
potential which could best be fitted to the large body 
of experimental data available for the Xe/Pt(111) system 
when assuming a Xe on-top position. 

- STM images obtained by Eigler et al. [6] with a low- 
temperature STM on a Ni(110) surface suggest that sin- 
gle Xe atoms could be bound preferentially to low coor- 
dination sites. 

- On paladium, which is more reactive than platinum, Xe 
appears to form a stable dilute lattice gas phase even 
at low temperatures, indicating a repulsive interaction 
between Xe atoms adsorbed on paladium [7--9]. 

Taking all these findings into account, one may expect the 
adsorption behaviour of Xe to deviate from the classical 
adsorption scheme mentioned above. The aim of this paper 
is to report on an STM investigation of the adsorption of Xe 
on Pt(111) from the initial stages up to completion of the 
first monolayer. This investigation indeed provides direct 
experimental evidence for the following two deviations: 

- Xe preferentially binds at the low coordination upper 
step edge. 

- This strong binding leads to a local repulsive interaction 
with neighbouring Xe atoms, i.e., the Xe atoms first ad- 
sorbed at the upper step edge do not serve as nuclei for 
the formation of 2D Xe areas. 

1 E x p e r i m e n t a l  

Many of the questions raised in the past, in particular those 
concerning the location of a minority of the adsorbates, 
could not be solved because the methods mainly used were 
scattering, i.e., averaging, methods. The advent of the low- 
temperature STM, which is able to image the Xe atoms in 
real space on an atomic scale, allows to give the answers 
aimed for. There already exist some experimental data for 
Xe on P t ( l l l )  and Ni(l l0)  obtained with an STM at low, 
but fixed temperature (4 K) by Eigler and co-workers [10- 
12]. These investigations, however, being focussed on the 
very low coverage regime and unable to study temperature 
effects, could not give convincing information on the ener- 
getically preferred Xe adatom locations and on the Xe-Xe 
interactions. 

In this paper, we report on an STM investigation of the 
adsorption of Xe on P t ( l l l )  carried out using a variable- 
temperature STM that allows images to be taken in the en- 
tire range of sample temperatures between 10 and 400 K. A 
detailed description of the experimental setup is published 

elsewhere [13]. The features pertinent to the present exper- 
iment are only briefly summarized here. 

We use a modified version of the "beetle" STM [14] lo- 
cated in an ultrahigh-vacuum chamber (base pressure 
< 10 - l~ mbar). The sample is mounted on a specially de- 
signed manipulator which comprises a liquid-helium continous- 
flow cryostat. In the present studies, the STM is operated at 
sample temperatures between 10 and 90K either by tuning 
the He flow or by computer-controlled regulation of the sam- 
ple heating. Temperature reading is performed via a Ni-CrNi 
thermocouple spot-welded directly to the crystal. Each wire 
contacts the crystal separately. The temperature reading is 
calibrated in situ by measuring the Xe multilayer Thermal 
Desorption Spectroscopy (TDS) signal [15]. 

Sample preparation is performed under ultrahigh-vacuum 
conditions and consists of repeated cycles of ion sputter- 
ing (1 keV Ar+), heating to 750 K in a 1 x 10 -6 mbar oxy- 
gen atmosphere for 10min, and annealing at ~ 1200K. 
Afterwards, the P t ( l l l )  crystal typically exhibits terraces 

1000/~ wide separated by single atomic steps. At a few 
places pinning centers can be found, which are due to the 
small residual contamination of the surface. As the STM 
is much more sensitive than Low-Energy Electron Diffrac- 
tion (LEED) or Auger Electron Spectroscopy (AES) even to 
minute impurity concentrations, the STM itself was used to 
control the preparation procedure. 

Xe is adsorbed onto the cold sample from a partial pres- 
sure of the rare gas regulated using a leak valve. After the 
desired exposure is reached, the valve is closed and the 3D 
Xe gas is pumped off. The exposure to Xe can be performed 
in two different ways: 

1) With the STM temporarily removed from the sample. 
The advantage in this case is that the incident Xe atoms are 
undisturbed by the STM and the sample exposure results 
directly from exposure time and 3D Xe pressure. However, 
while the STM is removed from the cold sample, its tem- 
perature rises. Hence, after the Xe is pumped off and the 
STM is placed onto the sample, it has to accommodate to 
the low temperature again. It may take a few minutes before 
the drift is sufficiently low to record high-quality images. 
Furthermore, it is almost impossible to retrieve the same 
surface area, which was imaged before the exposure. 

2) With the STM being placed on the sample and only 
the tip temporarily retracted by a few hundreds of/~. This al- 
lows the STM to maintain its steady-state temperature, thus 
avoiding any thermal drift. Hence, when the STM tip is low- 
ered again onto the surface, the same position on the surface 
can be retrieved. The retraction of the tip was considered 
necessary in order to exclude any possible disturbances on 
the adsorption process itself (e.g., by electric fields). The 
presence of the STM on the sample and the retracted tip it- 
self, however, lead to partial shadowing of the sample. This 
does not allow the exposure to be calculated from exposure 
time and partial pressure. Instead, the actual coverage has to 
be inferred from the images themselves. 

2 R e s u l t s  a n d  d i s c u s s i o n  

We will start with the presentation of the results for the initial 
stage of adsorption and end with the structure of the corn- 
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Fig. 2. Structure of about 0.5 ML of Xe adsorbed at 30 K and then quenched 
to 17 K. Large islands have formed at the lower edges of the platinum steps, 
whose position can only be detected by the atomic chain of Xe atoms bound 
at the upper edge. The image has been high-pass filtered to enhance the 
vertical contrast, i.e., to better visualize the transition from Xe to platinum 
in those sections where there are no atoms in the Xe chain (for instance in 
the two sections marked by arrows) .  Scan width: 3000 ~; tip bias: -0.4V; 
current: 1 nA 

Fig. la-f. Series of STM gray-scale micrographs showing the evolution 
with increasing Xe coverage of the Xe adatom layer structure (adsorption 
temperature 13 K) in the vicinity of four vacancy islands of the underlying 
platinum substrate. All images are recorded on the same surface area and 
at the same temperature of 13 K. Before each image was taken, a limited 
amount of Xe was adsorbed onto the surface. Tunneling parameters are: 
Scan width: 720 x 720A2; tip bias: -0.4V; current: 2nA. The arrows  in 
(b) and (c) mark additional atoms incorporated into the Xe chain. In (e), 
the arrow points to a Xe area which has started to grow from the lower 
step edge towards the center of the vacancy island 

pleted MonoLayer  (ML). Fol lowing the adsorption from one 
stage to the next, we will present the arguments that sup- 
port the two deviations from the classical adsorption scheme 
formulated above. 

Let us look first at Fig. 1, which shows six STM micro- 
graphs illustrating the initial stages of adsorption of Xe on 
Pt(111) at low temperature (13 K). For this purpose a special 
surface morphology of  the Pt(111)-surface with an enhanced 
density of  atomic steps was prepared by sputtering at 735 K 
with 1 keV Ar  ions such that only a fraction of  a platinum 
monolayer  was removed.  At  this temperature this leads to 
the creation of  hexagonally shaped vacancy islands on the 
Pt surface which are a single monolayer  deep and a few 
hundred A in diameter.  The step edges which form the rims 
of  the vacancy islands are known to be oriented parallel to 
the c lose-packed (110)-directions [16]. 

The idea in the experiment shown in Fig. 1 was to in- 
crease the Xe coverage in discrete steps between two con- 
secutive images and to study the changes of the distribution 
of the Xe adatoms on the platinum surface with increasing 
coverage. In order to retrieve the same place on the sur- 
face after each adsorption step, only the tip was temporarily 
retracted from the surface during Xe exposure (see above). 

The experiment was performed directly after flashing 
the sample to 650K, which effectively removes all low- 
temperature contaminations (e.g., CO). During this flash, the 
STM had to be lifted up from the sample to avoid damage of 
the instrument. Once the sample had reached 13 K, the STM 
was posed again onto the sample. After adsorption of  the 
first Xe amount (about 0.005 ML), which takes a few sec- 
onds, imaging was started immediately.  As a consequence, 
the first image (Fig. la)  still shows a considerable distortion 
due to thermal drift of  the STM, which usually needs a few 
minutes to accommodate to the low temperature again. 

As can be seen from Fig. la,  the very first Xe atoms 
adsorb at step edges, leading to a one-dimensional "pearl 
chain" of  Xe atoms decorating the step edge. Some Xe clus- 
ters can be seen on the terrace, but with a much smaller 
density compared to the one of  the Xe atoms in the pearl 
chain. During the following adsorption steps (Fig. lb ,c)  ad- 
ditional atoms are incorporated into the chains (for instance 
those marked by arrows in Figs. lb,c).  The chains, however, 
stay monoatomically thin and do not serve as nuclei for the 
growth of 2D-Xe islands. This function is provided by the 
small Xe clusters on the terrace. With increasing coverage, 
the resulting Xe islands grow larger in size and, eventually, 
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Fig. 3. a Gray-scale image recorded under conditions similar to that in 
Fig. 2. b-d Line scans of this image. The position of line scan (c) is indi- 
cated in (a) by a dark line marked with an arrow, the line scans (b) and 
(d) are located a few /~ above and below this line, respectively. The line 
scans are represented after subtraction of a background slope, while the 
gray-scale image itself has not been corrected 

Xe areas start growing from the lower side of the step edges 
towards the center of the vacancy islands (as indicated by 
the arrow in Fig. le), but not from the Xe chains onto the 
upper terrace. Only at higher coverages, and after coales- 
cence of the Xe islands on the terrace has set in, some of 
the Xe islands which have nucleated on the upper terrace 
make contact with the Xe chain (Fig. If). 

Up to this point, there is no obvious surprise [except for 
the fact that island nucleation starts on terraces much earlier 
(Fig. la,b) than at the lower step edges (Fig. le)] as one ex- 
pects the adsorption to start in the high-coordination sites at 
the lower step edge. We will now demonstrate, however, that 
the Xe atomic chain is located at the upper step edge, i.e., 
that the adsorption starts at a low coordination site, which is, 
indeed, a surprise. The simplest way of showing this would 
be to interpret the apparent height information in the micro- 
graphs. The Xe chain, which appears to be between 1 and 
1.5/~ higher than the upper platinum terrace, should then be 
located on top of it. In fact, this height compares well to that 
of a single Xe atom adsorbed on a bare nickel (110) terrace 
[10]. 

This simple "topological" interpretation of an STM im- 
age, however, can be misleading since electronic effects 
could change the apparent height at which the atoms are im- 
aged, in particular if different atom species are present. This 
is, indeed, the case here, as can be seen from another aspect 
obvious in Fig. le,f as well as in more detail in Fig. 3. Al- 
though the 2D-Xe islands consist of atoms which are known 
to be larger in size than platinum atoms, the height of the 
Xe areas on the lower platinum terraces is virtually identical 
to the height of the clean upper platinum terrace. Hence, we 
need a stronger argument. 

This can be found in Fig. 2, which shows the structure of 
about 0.5 ML of Xe adsorbed at 30 K, a temperature, where 
Xe on Pt(111) already exhibits a high thermal mobility [17]. 
In order to avoid problems during imaging, the sample (vas 
cooled to 17 K right after adsorption. The STM was then 
posed onto the sample and - after accommodation to this 
temperature - the STM micrograph was recorded. 

Due to the high thermal mobility at 30 K, large Xe is- 
lands have nucleated on the terraces and at the lower step 
edges whose position can - due to the apparent equal height 
of Xe and platinum - only be detected because of the chain 
of Xe atoms decorating it. The border of the Xe islands 
on the platinum terraces can be identified by their irregular 
shape as opposed to the straight steps of the Pt(111) terraces. 

The Xe chains indicate the borderline between a plat- 
inum terrace (to the right) and the adjacent Xe areas (to the 
left). As the heights of Xe and platinum are equal to within 
a few percent, the transition between these Xe areas and the 
platinum terrace is smooth over the segments where the Xe 
chains are discontinous (see, for instance, the two sites indi- 
cated by arrows). The discontinuity of the Xe chains (over 
distances larger than 20/~) is evident in many places even 
though the adjacent Xe areas completely wet the lower plat- 
inum step edge. This is an essential point for our argument. 
From this, we can deduce that the atoms of the Xe chain 
are not part of the Xe area located on the lower platinum 
terrace. 

Supposing that the atoms of the Xe chain were part of the 
Xe area nucleated at the lower step edge, the chain should 
be close-packed as is the Xe area. Since this is not the case, 
the atoms must be located at the upper step edge, where, of 
course, they do not need to form a continuous line. 

Alternatively, one could argue that the discontinuities in 
the Xe chains were caused by the presence of impurities 
adsorbed at the lower step edge. However, since the step 
density of the platinum surface was intentionally increased 
by creating the many vacancy islands and considering the 
fact that the sample had been flashed to 650 K just before 
adsorption it is hard to imagine such a high concentration of 
impurities at the steps after this short time. 

The situation is shown in greater detail in Fig. 3 using a 
gray-scale image (Fig. 3a) obtained in an experiment similar 
to that of Fig. 2. Three line scans (Fig. 3b-d) were extracted 
from this image and are presented in the lower part of Fig. 3. 
The position of the line scan of Fig. 3c is indicated in the 
gray-scale image of Fig. 3a by a dark line marked by an 
arrow, the line scans of Fig. 3b and d are located a few/~  
above and below this line, respectively. The line scan of 
Fig. 3c was chosen such that on the central terrace it crosses 
the Xe chain at a location where no Xe atom is present, while 
the scans of Fig. 3b and d cross the nearest atom above and 
below, respectively. Hence, in the line scan of Fig. 3c the 
transition from the Xe area to the platinum terrace is virtu- 
ally invisible. Although the line scans of Fig. 3b and d were 
chosen such that the crossed atom of the Xe chain is scanned 
at its maximum height, this height is substantially smaller 
than that of the compact Xe area. This can be explained as 
an electronic effect: the electron density spreads out over a 
large area in the case of an isolated Xe atom but partially 
overlaps in a compact 2D-Xe island. On the right-hand ter- 
race, the atoms of the Xe chain are imaged as found, i.e., 



151 

Fig, 4a-d. Annealing induced changes of 
about 0,5 ML of Xe adsorbed at 13K The 
initial distribution of Xe islands is shown in 
(a). The temperature was raised to 23, 32, and 
40K, respectively, before recording (b-d). 
All images were taken at 13 K, i.e., with the 
Xe structure frozen in. Scan width: 2300,~; 
tip bias: -0.4 V; current: 0.8 nA 

Fig, 5a,b. Enlarged view of the same area of 
Figs. 4c,d demonstrating the completion (b) of 
the Xe chain (a) of a platinum vacancy island 
already filled with Xe 

not necessarily across their center. The line scan of Fig. 3d 
touches the upmost atoms of  the Xe island visible in Fig. 3a 
in the bottom right-hand corner. They are also imaged at a 
smaller height, which may be due to the fact, that the tip 
does not scan these atoms at their center. Alternatively, the 
.reduced charge density at the periphery of  this island might 
also lead to this reduction in apparent height [12]. 

Having seen in Figs. 1-3 that Xe first adsorbs at the up- 
per step edge, even at elevated temperature, we conclude 
that this low coordination site is, indeed, the energetically 

most favorable binding site. Furthermore, we have seen that 
these "on-edge" atoms do not serve as nuclei in the follow- 
ing Xe adlayer growth but rather remain single-atom wide 
chains, even at coverages of  0.5 ML obtained after adsorp- 
tion at 30 K, when the Xe structures are thermally equili- 
brated (Figs. 2 and 3). From this, we may infer that the inter- 
action between the Xe chain and the Xe atoms approaching 
it from the upper platinum terrace is actually repulsive. 

This behaviour is in good agreement with the calcu- 
lations of  Miitler [4] which predict a stronger binding of  
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Fig. 6a,b. Atomically resolved images of a full monolayer of Xe recorded 
at 13K at two different locations in the vicinity of the step edges of a 
platinum vacancy island. Due to the representation (apparent illumination 
from the left), these step edges appear as dark or bright stripes. The step 
edges run along the close-packed (110)-directions thus allowing the rotation 
of the Xe structure to be determined (a) The hexagonal Xe phase is rotated 
by about 30 ~ with respect to the platinum substrate. The "black holes" in 
the structure are probably due to vacancies (missing Xe atoms) in the Xe 
film. Scan width: 160 • 160,~2; tip bias: -0.4V; current: 2nA. (b) Larger- 
scale image showing a periodic height modulation of the Xe adlayer with 
a periodicity of about 24 ,~. Due to the enhanced contrast with respect to 
(a), the long-range modulation is emphasized. Scan width: 220 • 220,~2; 
tip bias: -0.4 V; current: 2 nA 

Xe at exposed sites, and, hence, an effective repulsive in- 
teraction with other Xe adatoms. This might also explain 
why the separation between Xe atoms along the Xe chains 
are much larger than expected, although they obviously are 
most strongly bound to the platinum substrate at these sites: 
the average separation between the Xe atoms in the closer- 
packed parts of  the chain is still about 10/~. Note that single 
Xe atoms are imaged as relatively broad spots due to elec- 
tronic effects, thus giving the visual impression of a continu- 
ous chain even for these large Xe-Xe distances. An enlarged 

separation between Xe atoms in the chain, was also observed 
previously by Weiss and Eigler [12]. 

The strong binding of the Xe chains to the upper step 
edges is also evident from Fig. 4, which shows the kinetics 
of  Xe on Pt(111) with increasing temperature. Once again, 
a surface morphology with an enhanced density of  steps 
was created by sputtering. Many of the resulting vacancy is- 
lands can be seen on the three terraces of the Pt(111)-surface 
shown. About 0.5 ML of Xe was then adsorbed at 13 K. The 
Xe adsorbed at this low temperature forms numerous small 
2D islands dispersed all over the platinum surface, as can 
be seen in Fig. 4a, recorded directly after Xe adsorption. 

Between each of the following images (Fig. 4b--d) the 
sample temperature was shortly raised to the temperatures 
indicated and then quenched again to 13 K to ensure identical 
imaging conditions. All images could be taken at the same 
location on the surface, as can be checked, for instance, by 
looking at the bright pinning center slightly above the center 
of the images. 

Raising the temperature to 23 K (Fig. 4b) induces no ob- 
vious changes in the structure of  the Xe layer, because this 
temperature is still well below the onset of  island coars- 
ening at 27 K [17]. After annealing at 32K, however, the 
morphology has changed significantly (Fig. 4c): 

Most of the Xe islands located on the platinum terraces 
have dissolved and the resulting Xe adatoms have jumped 
into the platinum vacancy islands or moved to the nearest 
lower platinum step edges, leaving only a few Xe islands 
and the Xe chains on the upper terraces. After heating to 
40 K (Fig. 4d), most of these remaining islands have also 
dissolved and the resulting Xe adatoms have followed the 
other atoms into the holes, while the Xe chains remain at 
the upper edge of  the platinum terrace, which is indicative 
for the strong binding at this site. 

Figure 5 presents an enlarged view of  the same area of  
Fig. 4c,d and offers another proof for the location of  the Xe 
chain at the upper platinum step edge. The arrow in Fig. 5a 
points to a vacancy island at which the Xe chain is missing 
over a relatively large length (about 100/~) next to a region 
already filled with Xe (which has jumped into it during the 
flash to 32 K). This means that the Xe atoms themselves 
almost completely wet the lower step edge. 

After annealing at 40 K the Xe island to the left of  the 
arrow has vanished and the Xe chain is now partially closed 
with only small discontinuities. As in both cases the adjacent 
area of  the vacancy island is already filled with Xe, i.e., 
the corresponding lower step-edge sites are all occupied by 
Xe atoms, the only possible explanation is that the arriving 
Xe atoms have populated the sites at the upper edge, thus 
forming the missing link of  the Xe chain. 

If  the coverage is increased above about 0.5 ML, the 
Xe islands on the upper terrace finally make contact with 
the Xe chain and eventually a closed ML forms. The result 
can be seen in Fig. 6a, showing a full ML of Xe atomically 
resolved at 13 K in the vicinity of  the step edges of a plat- 
inum vacancy island. Due to the representation of  the image 
(apparent illumination from the left), the step edges of  these 
islands appear as dark or bright stripes. The step edges are 
known to run parallel to the close-packed (110)-directions of 
the Pt(111)-surface [16]. The atomic rows of the Xe structure 
make an angle of approximately 30 ~ with the platinum step 
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edges, as expected from earlier TEAS measurements [18], 
which reported a HIR phase with two domaines rotated by 
33 ~ and 27 ~ , respectively, with respect to the underlying 
platinum substrate. 

Figure 6b gives a larger-scale image of this layer show- 
ing a long-range height modulation (buckling) with a peri- 
odicity of about 24/~, again in agreement with the TEAS 
results [1, 18]. 

3 Conclusion 

We have followed in the above section the adsorption of Xe 
from the arrival of the very first atoms up to the completion 
of the monolayer. The possibility of direct imaging of the 
Xe atoms with the STM has enabled us to examine the in- 
dividual stages of adsorption by imaging the Xe structures 
thus formed. 

In this way, we have seen that the very first atoms pref- 
erentially bind to the upper step edge, a low coordination 
site. The strong binding to this site leads to a local repulsive 
interaction with Xe atoms approaching the Xe chain from 
the upper terrace. The Xe chain, therefore, does not serve 
as a nucleus for the growth of 2D Xe areas on the upper 
terrace. 

Instead, Xe nucleates on the fiat terrace and at the lower 
step edges. Only at higher coverages these 2D islands touch 
the Xe chains, thus forming a closed monolayer. The full Xe 
monolayer exhibits the well-known 30 + 3 ~ structure with a 
long-range (24 ]~) periodic height modulation. 
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