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The structure of physisorbed rare-gas layers depends on. the interplay between the mutual
interaction of the rare-gas atoms and the periodic corrugation of the substrate holding potential.
A fascinating variety of structural phases and of mutual phase transformations of these layers
adsorbed on graphlte and on Pt(111) has been observed. This variety is due to the delicate balance
between these interactions. This balance is also the cause for radical changes of salient layer
features induced by minute amounts of impurities and defects. High-resolution thermal He
scattering appears to be particularly appropriate for an exhaustive investigation of the properties
of these layers: simple diffraction patterns (no substrate scattering contribution) including
sensitivity for shallow periodic buckling as well as high-resolution ( <0.4 meV) energy-loss
spectra are the main capabilities which allow for a complete analysis of the structure and
dynamics of these layers. The extreme sensitivity for surface defects and impurities, and the
absence of any disturbance induced by the He beam are further advantages.

I. INTRODUCTION

The static and dynamic properties of solid surfaces on an
atomic length scale are conveniently derived from a scatter-
ing experiment. The probe particles can be thermal neu-
trons, x-ray photons, low-energy electrons, or thermal He
atoms. The first two probe particles have the advantage and
disadvantage of a weak scattering interaction, allowing the
application of the kinematical approximation to extract
structural information but making these probe particles ba-
sically surface insensitive. In these cases surface sensitivity
can be obtained either by using grazing angles of incidence
(x rays) or by using substrates with large surface-to-volume
ratio like powdered samples (neutrons). On the other hand,
electrons and He atoms have stronger scattering interactions
which may complicate the structural analysis, but which
also ensures an information depth which is confined to a few
layers (electrons) or to the outermost surface layer only (He
atoms).

It is this exclusive surface sensitivity of thermal atom scat-
tering which makes this method to an outstanding surface
probe. This has been recognized more than 60 years ago by
Johnson': “These experiments are of interest not only be-
cause of their confirmation of the predictions of quantum
mechanics, but also because they introduce the possibility of
applying atom diffraction to investigations of the atomic
constitution of surfaces. A beam of atomic hydrogen, for
example, with ordinary thermal velocities, has a ‘range of
wavelengths of the right magnitude for this purpose, center-
ing around 1 A, and the complete absence of penetration of
these waves will insure that the effects observed arise entirely

from the outermost atomic layer.” In spite of this early rec- -

ognition of the potential provided by thermal atoms to study

surfaces, the lack of an appropriate He beam source was the

main hurdle in the development of this now very powerful

analytical tool. For a long time the Knudsen (effusion) cell

has been the only means for producing molecular beams.

The Maxwellian effusive beams have low intensity (/,~ 10
5
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particles s~ 'sr~ 1y and low monochromaticity (Av/
v=AA/4 =0.95). Monochromaticity. improvement by
means of mechanical velocity selectors reduces the already
low intensity to a level which in view of the inefficient He
detection is unacceptable for a decent analysis. The major
breakthrough has been the development of high-pressure
nozzle sources. The effect achieved by the invention of these
sources is only comparable to that of the laser technology:
simultaneous increase of intensity and monochromaticity by
several orders of magnitude. Indeed, intensities of 10"° parti-
cless™!'sr~! and monochromaticities of Av/v=AA/
A =~0.01 are obtained routinely today. Here, we want to dis-
cuss the basic features of He-atom scattering with particular
emphasis to the study of labile quasi-two-dimensional physi-
sorbed overlayers.

The major characteristics of the He beam as surface analy-
tical tool are connected with the nature of the He-surface
interaction potential. At distances not too far from the sur-
face, the He atom is weakly attracted due to dispersion
forces. At a closer approach, the electronic densities of the
He atom and of the surface atoms overlap, giving rise to a
strong repulsion. The classical turning point for thermal He
is a few angstroms in front of the outermost surface layer. It
is this interaction mechanism which makes the He atom sen-
sitive exclusively to the outeriost layer. The low energy of
the He atoms and their inert nature ensures that He scatter-
ing is a completely nondestructive surface probe. This is par-
ticularly important when delicate phases, like physisorbed
layers, are investigated. The de Broglie wavelength of ther-
mal He atoms is comparablé with the interatomic distances
in adsorbed overlayers. Thus from measurements of the an-
gular positions of the diffraction peaks the size and orienta-
tion of the two-dimensional (2D) unit cell, i.e., the structure
of the outermost layer can be straightforwardly determined.
Analysis of the peak intensities yield the potential corruga-
tion, which usually reflects the geometrical arrangement of
the atoms within the 2D unit cell.”

The energy of thermal He atoms is comparable with the

1
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energies of collective excitations (phonons) in overlayers.
Thus, in a scattering experiment the He atom may exchange
an appreciable part of its energy with the surface. This ener-
gy can be measured in time-of-flight experiments with a reso-
lution ~0.3 meV; the resolution can be brought even to
~0.1 meV (when using very low beam energies, ~8 meV).
Thus, surface phonon dispersion curves of rare-gas layers
can be mapped out by measuring energy-loss spectra at var-
jous momentum transfers in different crystallographic direc-
tions. This is a definite advantage of inelastic He scattering
over inelastic neutron scattering. (In view of the random
orientation of powdered samples, which have to be used in
neutron scattering, only average phonon density of states,
but not dispersion curves can be obtained.) The range of
energy transfer that can be covered by thermal He atoms is
limited at the low end by the present maximum resolution of
~0.1meV and at the high end by the nature of the scattering
mechanism. The thermal He-beam—surface interaction time
being finite, the upper limit for the observable phonon modes
is ~40 meV. So far only modes with a component perpen-
dicular to the surface have been clearly detected; this seems
to be less a fundamental, but rather a technical problem.

Besides the inelastic component, always a certain amount
of elastically scattered He atoms is found also in between the
coherent diffraction peaks. We will refer to this scattering as
diffuse elastic scattering. This diffuse intensity is attributed
to scattering from defects and impurities. Accordingly, this
diffuse elastic scattering provides valuable information on
the degree and nature of surface disorder. It can be used, for
example, to study the growth of thin films® or to deduce
information on the size, nature, and orientation of surface
defects.* Very recently the peak width analysis of the diffuse
elastic component has also been used to study the diffusive
motion of surface atoms.’ ‘

Another remarkable way to use He scattering for the
study of adsorbed layers is based on the large total cross
section 3 for diffuse He scattering of isolated adsorbates
(e.g., in the case of adsorbed Xe, Z3i=110 A? for
Ey. = 18 meV). This large cross section is attributed to the
long-range attractive interaction between adatom and the

flux impinging on the target is ~2X 10'° Heatoms s~ " st~

incident He atom, which causes He atoms to be scattered out
of the coherent beams. The remarkable size of the cross sec-
tion allows the extraction of important information concern-
ing the lateral distribution of adsorbates, mutual interac-
tions between adsorbates, dilute-condensed phase
transitions in 2D, adatom mobilities, etc.,® simply by moni-
toring the attenuation of one of the coherently scattered
beams, in particular of the specular beam. This technique
also allows the detection of impurities (including hydro-
gen!) in the per mill range, a level hardly attainable with
almost all other methods. ‘

Il. EXPERIMENTAL

In Fig. 1 we show a schematic sketch of the high-resolu-
tion He-scattering spectrometer used in the authors’ labora-
tory.” The scattering geometry is fixed with &, + &, = 90",
where &, and ¥, are incident and outgoing angles, respec-
tively. The vacuum system consists of four main units: the
three-chamber nozzle beam generator, the scattering
chamber (with sample holder, low-energy electron diffrac-
tion, cylindrical mirror analyzer-Auger, and ion gun facili-
ties), the pseudorandom chopper chamber, and the three-
chamber detector unit. The scattering chamber has a base
pressure in the low 10! mbar range which rises to ~ 10~°
mbar (He partial pressure) during He-beam operation. The
extensive differential pumping [turbomolecular pumps
(TMP’s) ] serves to reduce the He partial base pressure in
the detector chamber to 10~ 1-10~ ' mbar. As detector we
use a commerical Extranuclear mass spectrometer with elec-
tron bombardment ionizer; the residual He pressure in the
detector chamber results in a count rate of ~40 counts/s at
5-mA emission current. This figure has to be compared with
10° counts/s, representing the signal of the first-order He
diffraction ‘beam (Ey, = 18 meV) from a Kr monolayer
adsorbed on Pt(111) at 25 K.

In most experiments a 18-meV He beam, produced by
cooling the nozzle with liquid nitrogen, is used. The particle
1

with a velocity spread Av/v = 0.007 (He stagnation pres-
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FiG. 1. Schematic view of the high-resolu-
tion He surface scattering spectrometer.
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sure: 150 bar). The beam divergence as well as the accep-
tance angle of the detector are 0.2°. Accordingly, the overall
momentum resolution (FWHM) of the apparatus is ~0.01
A1, corresponding to a transfer width for the higher-order
peaks around 200-300 A. Information on correlation
lengths up to 1000 A can be inferred by instrumental re-
sponse function deconvolution of diffraction peaks moni-
tored with appropriate statistics.

The energy distribution of the scattered He atoms is ob-
tained by a cross correlation analysis of the time-of-flight
(TOF) spectra of the He atoms upon passing a pseudoran-
dom chopper.” At a flight path of 790 mm the overall resolu-
tion of the spectrometer for a 18-meV beam with Av/
v =0.007 is 0.4 meV. .

All experiments reported here are performed with a
Pt(111) crystal surface as substrate. The crystal is mounted
on a manipulator which allows independent polar and azi-
muthal rotation as well as tilting. The temperature can be
regulated between 25 and 1800 K by means of liquid-He
cooling and/or electron bombardment heating.

The temperature of the crystal is controlled by a Chro-
mel-Alumel thermocouple calibrated in situ by Xe vapor-
pressure isotherms monitored with surface phonon spectros-
copy.”® The Pt crystal is cleaned by repeated cycles of argon
and xenon ion bombardment and annealing to 1200 K. The
defect density of the clean Pt surface is < 10> (average
terrace width 20003000 A ) as probed with elastic He scat-
tering.

11l. ISLANDING AND THE LATERAL ADATOM
INTERACTION

Structural phase transitions in adsorbed layers are gov-
erned by the delicate balance between the lateral adatom
interaction and the corrugation of the adatom-substrate
holding potential. Due to the presence of the substrate, the
lateral interaction potential is a complicated composition of
direct and indirect, substrate mediated terms. Thus, it is
worthwhile to extract lateral adatom energies from simple
experiments.

It has been shown recently by Poelsema et al.” that the 2D
gas<2D solid + 2D gas-phase transition, i.e., 2D islanding,
can be studied in an elegant way by means of specular He
scattering. The specular He peak height scattered from a
crystal surface in the presence of a 2D lattice gas of adparti-

0.96F FIG. 2. Specularly reflected
He-beam intensity from a
Pt(111) surface at T, =54
K upon exposure of Kr

(Px, = 2.1X107° mbar).
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TABLE 1. Total scattering cross section for He scattering (18.3 meV) from
adsorbed rare gases on Pt(111).

Xe Kr Ar

3(A?) 110 70 52

cles is an unequivocal, extremely sensitive function of the
adparticle coverage, according to

I/I,=(1—6)"%, (1)

with @ the coverage, 2 the scattering cross section for diffuse
scattering per adatom, and n the density of adsorption sites.
However, when islanding starts, i.e., at the 2D gas — 2D solid

+ 2D gas transition, the subsequent attenuation of the
specular intensity versus coverage is determined by the
much smaller geometrical cross section 4 of the adatoms in
the 2D condensed phase:

I/I.~1—A4n,(6-6,), (2)

with I, being the specular intensity at the critical coverage
6., where condensation sets in. In Fig. 2 we show the specu-
lar intensity reflected from a Pt(111) surface at 54 K as a
function of Kr exposure.

From the initial slope of the curve, which is governed by
Eq. (1), the value of the scattering cross section S}: is di-
rectly obtained provided the sticking probability of Kr is
known. In Table I the inferred scattering cross sections for
diffuse scattering of 18-meV He atoms from Xe, Kr, and Ar
on Pt(111) are presented. ‘

The sudden slope change in Fig. 2 obviously marks the
onset of islanding. The corresponding coverage 6, corre-
sponds to the 2D vapor pressure of Kr on Pt(111). From
measurements of @, at different temperatures, the 2D latent
heat of vaporization is obtained under the assumption that
the 2D gas is nearly perfect.® '

In Table II the 2D latent heats of vaporization obtained in
this way for Xe, Kr, and Ar on Pt(111) are listed. They
represent actually the lateral interaction energy between the
adlayer atoms.

IV. ROTATIONAL EPITAXY OF MONOLAYERS

The lateral interaction energy of XeonPt(111) is43 meV.
This number has to be compared with the lateral corrugation
of the holding potential, the average value of which has been
measured in a recent investigation'® to be ~30meV. Itis the
competition between these two nearly equal interaction
strengths which gives rise to a large variety of structural
phases and phase transitions. Indeed, as a function of tem-
perature and coverage, Xe monolayers on Pt(111) exhibit a
wealth of structures ranging from a commensurate
(v3X+3)R 30° hexagonal phase, over striped and hexagonal

TABLE II. Lateral interaction energies for rare gases adsorbed on Pt(111).

Xe Kr . Ar

€,(meV) 43 26 17
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R 30° incommensurate ones, and reaching finally-at mono-
layer saturation a hexagonal R 30° 4 3.3° rotated phase.!-13

For small misfits, the incommensurate phases have the
same orientation as the commensurate structure, 30° rotated
with respect to the substrate. In this range of incommensura-
bilities, the misfit strain of the incommensurate layer is mini-
mized by the formation of misfit dislocations, i.e., so-called
domain walls. By the formation of domain walls, only longi-
tudinal strains in the monolayer are affected. In two-dimen-
sional incommensurate overlayers, however, longitudinal as
well as transverse strains are present. Since transverse
strains have lower energy than longitudinal strains in a 2D
layer (transverse phonons are softer than  longitudinal
ones), the interconversion of these strains may minimize the
total energy of the overlayer by rotating the adlayer out of
the symmetry axes of the substrate. Indeed, Novaco and
McTague'* have shown that for monolayets far from com-
mensurability these rotations are energetically favorable.
Novaco and McTague also showed that this rotational epi-
taxy involves mass density waves (MDW) [also known as
static distortion waves (SDW)], i.e,, there exists a penodlc
deviation of the position of monolayer atoms from their reg-
ular lattice sites. Indeed, it is the combination of rotation and
small displacive distortions of the adatom net which allows
the adlayer to minimize its total energy in the potent1a1 relief
of the substrate. In a diffraction experiment, these mass den-
sity waves should give rise to satellite peaks.

Fuselier et al.' have introduced an alternative concept to
explain the adlayer rotation: the “coincident site lattice.”
They pointed out that energetically more favorable orienta-
tions are obtained for rotated high-order . commensurate
structures. The larger the. fraction of adatoms located in
high-symmetry, energetically favorable s1tes, the larger the
energy gain and the more effective the rotated layer is
locked. It turns out that the predlctlons of the coincident site
lattice concept for the rotation angle versus mlsﬁt agrees
well with the Novaco-McTague predictions.

The Novaco-McTague rotatlonal epitaxy has been ob-
served in numerous adsorbate systems including Ar, Ne, and
Kr on graphite, Na/Ru(100), K/Cu(100), and K/Pt(111)
(for references see Ref. 13). It has also been observed for Xe
monolayers on Pt( 111) at large incommensurabilities.
When increasing the misfit above 7.2% the hexagonal in-
commensurate (HI) phase transforms by a continuous tran-
sition mto a hexagonal mcommensurate rotated (HIR)
phase.'®

Figure 3is a plot of the rotation angle g asa functlon of the
average misfit during the HI-HIR transitions; the black dots
are the measured data. The dashed line is the Novaco—
McTague linear fesponse theory for a Cauchy solid. Shiba'®
noted that with increasing misfit a crossover from the do-
main wall regime (small incommensurabilities) to the mod-
ulation regime (large incommensurabilities) should occur,
and that there should be a finite misfit for the onset of rota-
tion. His curve for a Cauchy solid is also drawn in Fig. 3
(dashed—dotted) for the value of his parameter / which
causes the HI-HIR transition to occur at the experimental
critical misfit of 7.2% (here I~10). Shiba’s theory gives a
qualitative account of the overall variation of rotation angle
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Fi1G. 3. Rotation angle ¢ of Xe
monolayers on Pt(111) vs mis-
4 fit (see text).

075 6§ 7 8 9 10
misfit (%)

versus misfit but no quantitative acount. Actually, the data
are fitted well by a power law of the form @~ (m — mg)*/?

~ with m, = 0.072, which is shown as a solid line in Fig. 3. A

similar power law behavior has been observed for the rota-
tion angle of Kr layers on graphlte and in Cs intercalated
graphite.'* :

It is worthwhile to address here the question concerning
the physics behind the rotational epitaxy; mass density
waves'* or high-order commensurability?'* In a He diffrac-
tion study of rotated Xe monolayers on Pt(111) we have,
indeed, observed satellite peaks and assigned them to a high-
er-order commensurate superstructure.®> However, Gor-
don'® pointed out that these:satéllites could be due to the
MDW. Here, we will show that both MDW as well as com-
mensurate buckling satellites are present in the rotated Xe
monolayers on Pt(111). The distinction between the two
types of satellites is straightforward. As pointed out by Gor-
don, the MDW satellites should be subject to the followmg
relation:

0= (87/d %) (mAB) (1 +m/8), 3)

where Qs the wavevector of the satellites, m the misfit, and

R, the lattice constant of the rotated Xe layer. For not too
large misﬁts, this MDW satellite should appear in the same
direction as the principal reciprocal lattice vector of the Xe
layer, i.e., in the T'M,, direction. On the other hand, the
commensurate buckling, according to its peculiar structure
(Fig. 3, Ref. 3) should have its maximum amplitude in the
I‘Kxg direetlon Moreover, these commensurate buckling
satell'ites should only be present at the particular coverage
wheré the high-order commensurabllxty becomes favorable,
in the’ present case at monolayer completlon (m=9.6%)
(see also Ref. 20), whereas the MDW satellites should be
present in the entire misfit range where the Xe layer is rotat-
ed (7.2%-9.6%).

In Fig. 4(a) we show polar He diffraction scans in the
vicinity of the specular beam, with the scattering plane ori-
ented along the T My, direction, for rotated Xe layers of
misfit 8.3% and 9.5%, respectively. In both scans satellite

- peaks are present. The dispersion of these peaks is shown in
Fig: 4(b), and compared with Gordon’s prediction for the
_ MDW given above. The data follow qualitatively the pre-

dlcted dependency; the agreement becomes quantitative at
misfits 2 8%. The reason for the better agreement at large
misfits is due to the fact that Gordons analysis of the MDW
(similar to Novaco-MacTague’s model calculations) have
been performed in the linear response approximation of the .
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F1G. 4. (a) Polar_ I-_Ie diffraction scans of rotated Xe monolayers on Pt(111)
taken along the "'My, azimuth at misfits 8.3% and 9.5%. (b) Dispersion of

the mass density wave satellites with misfit 7. The solid line is Gordon’s
relation.

adsorbate-substrate interaction. As discussed in connection

with Fig. 3 above, this approximation is only justified at larg-
er misfits. The measured intensities of the MDW satellites
vary between 1072 and 10~" of the strongest Xe layer dif-
fraction peak at small and at large misfits, respectively.
These intensities can be correlated with the amplitudes of the
MDW. By means of Egs. (6)—(8) in Ref. 19 and by using
realistic values for the Xe/Pt(111) potential MDW ampli-
tudes of the order 0.1 A are obtained.

In Fig. 5( a) we show scans like in Fig. 4(a) but now mea-
sured in the TKy, direction for rotated Xe layers of misfits
8% and 9.6%. At variance with the scans in the T My, direc-
tion [Fig. 4(a)], a satellite peak is observed only for the
complete Xe monolayer (m = 9.6%). The location of this
satellite peak at Q =0.28 A~! corresporids to a buckling
period of 23 A and can be ascribed to a high-order commen-
surate structure shown in Fig. 5(b) and described in detail in
Ref. 3. Being present only at a particular misfit this peak

J. Vac. Sci. Technol. A, Vol. 6, No. 3, May/Jun 1988

intensity {10°c/s]

0 01 02 03 04
(a) QA"

FIG. 5. (a) Polar He diffraction scans of rotated Xe monolayers on Pt(111)
taken along the T'Ky, azimuth as misfits 8% and 9.6%. (b) Upper and side
view of a 3.3° rotated domain at the m = 9.6% misfit.

does not originate from a MDW. Thus, only at monolayer
completion (m = 9.6%) the rotated Xe layer locks in the
substrate; i.e., is a high-order commensurate phase.

Thus, the present answer to the question just addressed
seems to be that both mass density waves and high-order
commensurability may be involved in rotational epitaxy.

V. DEFECTS AND IMPURITIES

Almost all theoretical studies of 2D adsorbed layers deal
with perfect substrates, i.e., strictly periodic arrangements of
surface atoms extending over infinite distances. In experi-
ment, however, this situation is hardly met. Indeed, un-
avoidable slight misorientations of the substrate plane with
respect to the low-index planes durmg crystal surface prep-
aration result in a finite step density. Today’s best prepared
low-index metal surfaces have step densities of ~0.1%, cor-
responding to average domain sizes of perfect coherence of
~2000~3000 A. In addltlon, even under the most careful
experimental ultrahigh vacuum conditions (base pressure in
the low 10~ ! mbar range), small amounts of adsorbing im-
purities (H,, CO, etc.) cannot be completely avoided.

Recently, several authors®!?? have explored theoretically
the extent to which traces of i 1mpur1t1es may influence two-
dimensional phase transxtlons, in partlcular the comrnensur-
ate-incommensurate transition. Marked deviations in the
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critical behavior induced by the impurities have been pre-
dicted. .

We readdress here the part played by steps in the conden-
sation of 2D rare-gas films, in particular concerning the ori-
entation of the hexagonal incommensurate adlayers with re-
spect to the substrate.

We have shown recently®® that depending on the presence
or absence of minute amounts ( ~0.1% ) of preadsorbed gas-
es a Kr adlayer may be aligned (R 0°) or rotated by 30°
(R 30°) with respect to the Pt(111) substrate, respectively.
We have been able to demonstrate in a direct experiment that
when the Kr atoms are allowed to nucleate at the residual
~0.1% step sites (the binding energy at step sites is ~25%
larger than at terrace sites®*) the R 30° orientation is ob-
tained; on the contrary, when the step sites are blocked by
preadsorbed CO or H the growing Kr layer is aligned (R 0°)
with the substrate.

In this context the following comments are in order. The
very high-purity conditions sought in 2D rare-gas layer ex-
periments impose that the adlayer grows in the presence of
relatively low 3D rare-gas pressure (usually well below 10~°
mbar), i.e., at surface temperatures 7, substantially lower
than the 2D critical temperature 72°. In order to get an
ordered layer, T, is chosen high enough to ensure a sufficient
mobility of the adatoms; however, 7, being still far below
T?P, the nucleated islands once formed may impose their
original orientation to the subsequent growing process, even
if the latter were to prefer (energetically) another orienta-
tion: it is indeed, improbable that, at T, € T',, the orientation
of an already established nucleated island can be radically
changed by the “energetical needs” of the subsequently ad-
sorbing atoms. Accordingly, the variety of true equilibrium
structures and orientations, due to the balance between in-
tralayer and adlayer—substrate forces, is further increased by
phases in which at least the orientation is determined by
kinetic (nucleation and growth) processes.

At variance with Kr/Pt(111), the orientation of the Xe
islands on the same surface is always R 30° regardless of the
initial step-site condition, free or blocked. The reason might
be that accidentally the orientation of Xe islands is the same
whether the nucleation takes place at step sites or not; i.e.,
the orientation of Xe is always ‘““a true equilibrium orienta-
tion.”

The case of Ar/Pt(111) presented here s in principle sim-
ilar to Kr/Pt(111); R 30° and R 0° orientations of the hexag-
onal incommensurate Ar layer are observed depending on
the step-site condition. However, the actual orientation of
the Ar layer appears to be exactly opposite to the Kr case:
free and blocked step sites result in the R 0°and R 30°orienta-
tions of the Ar layer, respectively.

In Fig. 6(a) a polar He diffraction scan from a 0.3-mono-
layer (ML) Ar film deposited on the clean Pt(111) sub-
strate taken along the T'Mp, azimuth of the Pt(111) sub-
- strate is shown. The (1,1), as well as the (1,1),, and
(2,2) , diffraction peaks are obvious, indicating that the
incommensurate hexagonal Ar layer is aligned (R 0°) with

the Pt(111). In Fig. 6(b) we again show a polar plotofa0.3-

ML Ar film but deposited on a Pt (111) surface with a preco-
verage of 0.2% CO taken along the I'Kp, azimuth. The
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FIG. 6. Polar He diffraction scans monitored in the indicated azimuths from
0.3-ML Ar layers on Pt(111), (a) adsorbed on the clean surface, no preco-
verage and (b) adsorbed on a surface with a CO precoverage of ~0.2%
concentrated on step sites.

(1,1),, and (2,2) ,, diffraction peaks are now in the T'Kp,
azimuth indicative for the R 30° orientation of the Ar layer.
[In the TMp, azimuth only the much smaller (1,2) ,, peakis
present beside the (1,1)p, one.] The CO has been deposited
at a surface temperature of 200 K where it is fully mobile.?®
As shown by Poelsema et al.*® at this temperature the CO
molecules migrate and are eventually bound at step sites,
where they remain upon cooling. Since the step density for
the crystal used here is ~0.1%, the step sites are completely
filled by CO before adsorbing Ar. The CO molecules block
the step sites and the argon nucleates on the terraces result-
ing in the R 30°-rotated orientation.

This interpretation is supported by depositing the same
0.2% CO precoverage but at surface temperatures below 150
K. At these low temperatures, the adsorbed CO is immobile,

' i.e., the molecules stay randomly distributed over terrace

and step sites with densities roughly equal to the overall cov-
erage. When adsorbing Ar on a CO-precovered surface pre-
pared in this way, the (1,1) 5, and (2,2) ,, diffraction spots
still appear in the I'M,, azimuth, as in Fig. 6(a), i.e., ran-
domly-distributed CO has no influence on the Ar-layer ori-
entation, which is still R 0°.

These results demonstrate the decisive role steps can have
in condensation of rare-gas layers on surfaces. For the puz-

~ zling difference in the behavior of Kr and Ar on the same

Pt(111) surface we have no explanation so far.

V1. CONCLUSION

We have given here a few examples of how the advantages
inherent to thermal He atoms as a surface probe can be used
to study physisorbed rare-gas layers. Of course, the applica-
tion of the method is neither restricted to rare gases nor to
physisorption. Chemisorbed layers and clean surfaces are a
matter of current experimental studies as well. In particular,
by using high-resolution He scattering in various modes—
diffraction, coherent inelastic (see for instance Refs. 26 and
27), and diffuse elastic scattering—this probe allows a non-
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destructive, nearly exhaustive characterization of the ther-

modynamics, structure, and dynamics of adsorbate covered

as well as of clean, arbitrary monocrystalline surfaces.
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