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ABSTRACT

Platinum was deposited by means of thermal evaporation in UHV con-
ditions on a (0001) oriented zirconium single crystal surface. Before
deposition, the zirconium substrate was superficially oxidized by ex-
posure to oxygen at room temperature. The AES growth curves recorded
at room temperature indicate that the platinum growth mechanism is
Volmer-Weber type (3D clusters). Upon annealing, we ob;erved by AES a
reduction of the oxygen content of the surface and the concomitant in-
terdiffusion of Pt and Zr. The angular dependence of the Pt/Zr AES
ratio and the shape of the CO thermal desorption peak suggest that

annealing causes the formation of a Pt/Zr binary surface compound.



1. INTRODUCTION

The present paper'is'fhe second part of a two part work on the

properties of the ternary platinum/zirconium/oxygen surface. In part

.1, such a surface was prepared by vapor deposition and subsequent oxi-

dation of a thin layer of zirconium on the surface of a platinum sam-

ple. In the present work we report the results of the complementary

~approach, i.e. the study'of a surface obtained by depositing platinum

on preoxidized zirconium. As the substrate for this study‘we used a

(0001) oriented Zr hcp single crystal, which was superficially oxi-

.dized by exposure to oxygen before Pt deposition.

In the’p]étinum/zirconihm system, the enthalpy'of formationvof

1,2 The formation of a binary

binary alloys fs highly negative.
alloy from decomposition of zircénium oxide is therefore expected in
reducing conditions. Alloying of platinum with the metal of the oxide
support was considered as a possible exp]anatfon for the SMSI effect
in some reduced Pt catalyst systems.3 A binary alloy surface was

also consideréd as the possible active surface of the graphite sup-

ported Pt,Zr catalyst in the electrolytic reduction of oxygen in

3
H3P04 fuel ceHs.4 However, in studies of a surface obtained deposit-
ing ZIr 6n Pt (part 1 and Ref._5), the results were interpretable in
terms of a two phase model where oxidiied zirconium’forms an overlayer
on the surface, which does not affect the adsorptive properties of the
exposed p]atinumréubstrate. However, we will show in the present

paper that the properties of a system formed of platinum deposited on



preoxidized zirconium appear to be substantially different in this

respect and the results are indicative of the formation of a surface
alloy upon annealing. The different behavior of this surface can be
explained consiaefing that in the present case alloying is thermody-
namically favored because of the presence of metallic Zr in the bulk

which can eliminate oxygen from the surface.

2. EXPERIMENTAL

We used a stainless steel UHV chamber with base pressure in the

10710

torr range. The chamber was equipped with a 4-grid LEED optics,
also used for AES spectroscopy in RFA mode with a glancing incidence
electron gun. AES spectra were recorded in derivative mode using a
primary beam energy of 2000 eV with a modulation of 5 Vp-p for the
Pt(64 eV) and 10 Vp_p for the Zr(93 eV) and 0(504 eV) peaks. The
chamber was equipped with an ion gun for argon ion bombardment and
quadrupole-mass spectrometer. The sample was a disc shaped, hcp zfr—
conium single crystal, approximately 5 mm diameter. vOne of the faces
was orientea along the (0001) surface and mechanically polisned before
introduction in the vacuum chamber. The sample was held on a manipu-
lator by Ta wires spotweided on the edges and it could be annealed by
resistive heating. Teﬁperatures were measured by means of a thermo-
couple spotwelded on the éample édge. CO was introduced in the vacuum.

Chamber by means of a leak valve. TDS spectra were recorded by the

mass spectrometer, annealing the sample in vacuum at a linear rate of



50 deg/sec after exposure to CO. Platinum was evaporated by means of
an electron-beam evaporator located in a separately pumped chamber.
Only the polished face of the zirconium sample was exposed to the Pt

flux. We found that the back face gave no contribution to the CO TDS

" spectrum observable in the presence of deposited platinum.

3. RESULTS
3.1. Substrate Preparation

AES data showed that ion bombardment at room temperature could
remove most of the cohtamination present on the Zr(0001) surface.
Oxygen, nowever, could not be completely removed in this way. »After
ion bombardment, a further reduction of the oxygen signal could be
obtained by annealing the sample at temperatures over approximately
500 K, presumably as the effect of oxygen diffusion into the zircon—
ium bulk. Oxygen could be completely eliminated from the surface by
annealing at temperatures over 1000 K, but this treatment caused the
segregation of sulphur to the surface. If the annealing téhperature

was kept under 900 K, oxygen elimination was not complete, but no

'sd]phur segregation was detectable. Cdmp]ete oxygen removal was not

necessary, since the sample was to be oXidized before platinum dep-
osition. = Therefore, a treatment conSisting of ion bombardment at
room temperature followed by annealing at 900 K was chosen as the

standard substrate cleaning procedure. After such a treatment, the



0(508 .eV)/Zr(93 eV) dN/dE peak ratio was as low as 0.05 and LEED
showed the hexagonal pattern typical of the Zr(0001) surface.6
Prior to all Pt deposition tests, the Zr surface, prepared as de-
scribed before, was oxidized by exposure to 15 L of oxygen at 3x10'7 "
torr at room temperature.. This exposure gave rise to a dN/dE O/Zr AES
ratio equal to 0.65 = 0.1. For room temperature exposures higher than
15 L, the Of/Zr AES ratio could be increased only slightly, indicating
that such an expo;ure was sufficient to saturate the uppermost 1-2
surface layers in oxygen. This result is in agreement with the data

7,8

reported by others. which indicate that oxidation can be carried

to the Zr bulk only by much larger exposures.
3.2. Pt Deposition

In order to determine the growth mechanism of the Pt layer, the
substrate was dosed with successive depositions of small amounts of
Pt. After each deposition, the intensity of the AES peaks Pt(64 eV),
Zr (93 eV) and 0(504 eV) was recorded. Several deposition tests were
performed, using different deposition rates. Typical results are
shown in Fig. 1" The shape of the growth curves obtained in this way
is indicative of the Volmer-Weber (VW) growth mecham‘sm,9 that is of n
the immediate formation of multilayer crystallites ("clusters") of the
deposited metal. No LEED pattern could-be observed from the deposited

overlayer.



We attempted to fit the experimental data calculating the AES in-
tensities by means of structural models of the surface. If the over-
layer grows with the VW mechanism, the AES intensity as a function of
coverage can be calculated if the "thickness distribution" is known,
e.g. the fraction of surface which is covered with "n" layers of ad-
sorbate as a function of the equivaient coverage eeq' In general,
assuming an exponential decay of the AES electrons moving through the

samp]e,10 the relative deposit AES signal for a retarding electron

ana]yser11 can be expressed as:
Ipi(e,.)/1 (oo)=§ (i) (1-exp (F%1—))
Pt*Yeq’’ "Pt 0.74
n=0

Here 0(i) is the distribution function, n is the number of adsorbate
layers, d is the thickness of one adsorbate layer and A is the mean
free path of the AES electrons. To perform this calculation, we postu-
lated the distribution function using two different structural models
of the surface: (a) Poisson type distribution of the overlayer thick-

12 If a

ness and (b) spherical crystallites growing on the surface.
Poisson type distribution is used, the only adjustable parameter for
the calculation of the equivalent Pt coverage (ng) is x». The lat-
ter can be reasonably estimated from the "universal" curve (13) of the
electron mean free path as a function of electron energy or from the

ai.-l2 In model 2 (spherical crystal-

data reported by Sachtler et.
lites) the estimation of an additional parameter, the concentration of
nucleating sites on the surface, is necessary. The calculations were

performed for both models using values for A between 4 and 7 A. In



both cases thévshabe of the growth curves obtained was similar. How-
ever, regardless of the choice of the parameters, it was not possible
to obtain a complete fit of the experimental data with either model.

As shown in Fig. 1 for model 1 a good fit could be obtained only for
the initial part of the curve. Curves for model 2 were not an im-
provement regardless of the choice of parameter values. For values

of the coverage higher than about one monolayer equivalent the calcu-
lation always predicts a faster decline of the substrate signal and a
faster rise of the overlayer signal than what was observed experimen-
tally. A qualitatively similar poor fit of theory to experiment was
reported for other Volmer-Weber type systems.11 Our results can be
explained by assuming the partial diffusion of the substrate (Zr) atoms
into or onto the overlayer particles (Pt) during deposition. This dif-
fusion would increase the relative Zr AES signal and therefore account

for the relatively poor fit of theory to experiment.
3.2. Annealing Tests

No LEED pattern due to the Pt deposit could be detected upon an-
nealing. The AES intensities of substrate and deposit observed upon
annealing after Pt deposition are reported in Fig. 2. The reduction
of the Pt signal and the increase of the Zr signal indicate interdif-
fusion of Pt and Zr. By protracted_annea]ing at high temperature, the
complete disappearance of Pt from the surface could be obtained. The

data of Fig. 2 indicate also a reduction of the oxygen content of the



surface. However platinum did not appear to play a significant role
in this process, since oxygen elimination upon annealing took place
even in the absence of Pt.

From the data of Fig 2 it was not possible to determine if during
the Pt/Zr interdiffusion process the structure of the Pt overlayer re-
mained substantially unchanged, i.e. with atoms on the interface simply
diffusing into the Zr bulk, or if more complex phenomena, such as the

formation of a surface alloy or the migration of Zr moieties on the

surface of Pt crystallites took place. To obtain information on this

point, we examined the dependency of the ratio of the Zr and Pt AES
signals as a function of the incidence angle of the primary electron
peam. This was accomplished by rotating the sample and keeping the
electron gun and the RFA analyzer assembly fixed.

Qualitatively, one would expect the deposit/substrate AES ratio to
increase for more grazing angles of incidence if the deposit forms an
overlayer.14 On the contrary, the same ratio should remain constant
if the two metals form a compound of a few layer thicknesé. The angu-
lar dependence of the AES ratio for the Pt/Zr system is reported in
Fig. 3. A layer of Pt deposited at room temperature shows a strong
dependency on the electron incidence angle, but this dependence is
lost after annealing. A qua]itatiye 1ntefphefétion of this observa-
tion is that Pt forms an overlayer when deposited at room temperature,
but that interdiffusion in the surface (e.g. the formation of a sur-

face compound) takes place upon annealing.



The angular dependence can also be analyzed quantitatively. Assum-
ing an exponential decay of the primary electron beam which depends on
the mean free path of the 2 kV electrons, an expréssion which gives the
AES iniensity from the substrate and adsorbate can be derived by modi-

1 to take into account the

fying the general expression used by Seah
incidence angle (o) of the e~ beam with the normal to the surface.

For the AES signal coming from a substrate section of thickness "dz",
when the substrate is covered with an overlayer of "n" atomic layers

of thickness "d", we can write:

- Q0

I, = CONST [ exp(-z 1 + 1
ro Y COSa 0.74
S 2000 : 93
X exp (—nd( 1 + 1 ))dz
0.74 g3

Here X000 is the mean free path of the primary electrong rg3 is the
m.f.p. of Zr(93 eV) AES electrons, z is the coordiﬁate perpendicular
to the surface normal and 0.74 is a factor that takes into account the .
solid angle of collection of the RFA ana]yser.11

The ratio of the overlayer/substrate AES signal intensity can be

obtained from the above expression, and for a similar one which holds

for the overlayer, integrating in dz. Taking into account that the

overlayer thickness is described by a distribution function "0(n)", as

described in sec. 3.4, we obtain:



o(n) (1-exp [-n.d ( 1 P ))
:E: n exp (" 0.78 xgg

(=0 | ‘o000 €0Se
3 o) (exp( nac (x A
n‘=o 2000 cosa ) 93

K is equal to 1 if a is assumed to be identical for the Zr(93 eVv) and

Pt(60 eV) electrons, a reasonable approximation since the energies
differ by only about 30 eV. The IPt(w)/IZr(O) factor is the ratio of
the intensity of the Pt(60ev) and Zr(93eV) AES transitions for the pure
elements and can be determined experimentally. We performed the cal-
culation using different models for ©(n) (Uniform layer, Poisson dis-
fribution and spherical crystallites, as described in section (3.1).

We found that the calculatea AES ratio did not depend étrong]y on the
model used, as long as the deposit was assumed to form an overlayer on
the surface. The curves calculated assuming a Poisson type thickness
distribution and using Ay = Agq = 5A and 22000 = 20A are shown |
in Fig. 3. For Pt deposited at room temperature (upper curve) the fit
between theory and experiment can be considered acceptable. The dis-
Crepancy detectable at 1ow:and large values of a is due to approxima-
tions in the calculation, i.e. the model neglects the effects of back-
scattering of the primary electrons and the “"shadowing" effect of the
Pt crystallites. For a highly grazing incidence of the primary beam
both effects cause the overlayer signaTlto incredse more than predicted
by the calculation. The formula neg]ect§ also the vériation of the

angle formed by the RFA assembly and the surface normé]. In our
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experimental conditions for small values of o (beam close to the sur-
face normal) the position of the RFA assembly enhances the detection
of Auger electrons emitted at grazing angle, e.g., from the overlayer.
The fit of tneory and‘experjment for the upper curve of Fig. 3 confirms
that Pt deposited on the Zr surface at room temperature forms an over-
layer. This result does not rule out the possibility of a limited ex-
tent of iIr migracion tnrough-the Pt deposit, as suggested by the fit-
ting of the growtn curves (3. 1) However most of the outer.éurface
layers must be composeu ent1re1y of p]atlnum

Cons1oer1ng now the curve in Fig. 3, for the annealed surface
(6=0.7), it is obvious that the model of a Pt overlayer gives a poor
agreement w1tn the exper1menta] agata. Conversely, ca]cu1at1ons per-
formed usang a model of the surface structure of a homogeneou§ compound
gave (as obvioué) a constant value of the Pt/Zr AES ratio as a function
Of‘a. The model of fhe surface as a homogeneous alloy gives therefore
an acceptable fit witn the experimental data for the annealed surface
(0=0.7). Obviously, the Pc equivalent coverage in the data of Fig. 2
(0.7 of a mono}ayer) is too-small to form several layers of a binary
a]]oy covering the surface. Rather, the results could be interpreted
as 1nd1cat1ng the format1on of "patcnes" of a]]oy, distributed over
| the surface. The data po1nts at h1gh grazing angle, 0= 0.7 in Fig. 2,
showed an increase of the relative Zr AES 1ntens1ty, suggesting that,
after annealing, part of the zirconium mayqbe located on top of plat-
inum (this 1ncrease in the re]at1ve Ir s1gna1 at grazing primary beam

angles became even more pronounced annea11ng the surface for a longer
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time). The structure of the surface could therefore consist of oxi-
dized Ir moieties "decorating" a platinum (or platinum-zirconium alloy)
substrate. Such a structure is similar to the model suggested by
others for some SMSI type systems.ls'18

Another possible explanation for the same results should be men-
tionéd. If annealing in the presence of platinum causes "roughening"
or "facetting" of the surface at microscopic level, then the surface
would be composed of many facets, each with a different vélue of a, SO
that, overall, no angular dependency of the AES ratio on the primary
beam incidence would be observed even if the two phases (Pt and Zr) do
not mix together. This possibility cannot be ruled out from the avail-
able data. However it does not appear probable since the substrate is
oriented along the (0001) plane which is the most stable surface term-
ination ana is therefore not expected to facet.

3.3. CO Adsorption

We found that a CO TDS peak could be detected from the Zr(0001)
surface only in the presence of deposited Pt. Since carbon monoxide
is selectively adsorbed on platinum, it can be used to probe the pres-
ence of exposed platinum in the outermost surface layer. The TDS spec-
trum relative to CO desorption resulting from a mu]ti]ayér Pt film (pre-
annealed at 373 K before CO adsorption) is shown in Fig. 4 (curve 1).
The double-peak TDS spectrum observed following CO saturation is simi-

lar to that reported by various authorsN’18 for polycrystalline Pt.
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In Fig. 4 we show also the CO TDS spectra for surfaces containing smal-
ler amounts of platinum and which were annealed at temperatures where
partial Pt diffusion into the bulk occurs. Here the shape of the curve
was changed and only the CO peak at low temperature was detected. The -
temperature of the maximum in the peak was shifted towards lower tem-
peraturés indicating a lower adsorption energy. The shape of this peak
remained basically unchanged for prbgressive]y Tower amounts of plati-
num.on the surface, obtained by successive annealings. We remark also
that.when the Pt/Zr surface was exposed to varying amounts of CO, the
maximum of the TDS peak shifted towards higher temperatures for lower
exposures. This peak shift with dosage is the‘same as that reported
for pure Ptlg’20 and for Pt alloys such as Pt3T1’.21’22 Thus, the char-
acteristic changes in the TDS curves in Fig, 4 did not occur just with
dosing to saturation, but. are characteristic of benavior at lower cov-
erages as well. |

The amount of desorbed CO, measured from the area of the TDS peak,
is plotted in Fig. 5 as a function of Pt equivalent coverage (estimated
from AES data). The results of Fig. 5 indicate that at low coverage
(6. under about 0.4) part of the Pt detected by AES is inactive to-

€q
wards CO adsorption.
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4. DISCUSSION

In general, the growth mechanism of an adsorbate metal on a sur-
face is affected primarily by the relative strength of the metal-metal
and metal-substrate bond. For the Pt-ZIr couple, the intermetallic

1,2

bond is strong, so that one would expect the deposit to form a

flat monolayer if zirconium is not oxidized, as indeed it was observed

5 However, if the Zr substrate is

when Zr was déposited on clean Pt.
oxidized (as in the present study), oxygen atoms are likely to'satu-
rate the available Zr bonds, preventing the formation of a direct in-
termetallic bond. Therefore, one would expect the formétion of clus-
ters of Pt deposit in the present case, as indeed indicated by the AES
data (Fig. 1). However, the unsatisfactory fit of theory to experi-
ment for the growth curves calculated for a cluster model suggests that
the actual mechanism is more complex and may involve Zr diffusion into
or onto the deposit particles even at room temperature. The slow decay
of the oxygen signal as a function of Pt deposition (Fig. 1) suggests
also the possibility that zirconium diffuses as an oxidized species.
Since solid state diffusion in metals is usually an activated process,
the thermal energy necessary to induce Zr mobility at room temperature
is probably the energy transferred to the surface during the deposition
of "hot" Pt atoms from the vapor phase. The limited amount of energy
that can be transferred to thebsurface in this way may explain why the
diffusion or alloying process occurs only to a limited extent during
deposition, so that the overall growth process may still be described

in terms of a Volmer-Weber mechanism.
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Annealing, however, can increase the rate of the diffusion/alloying
prbcess and the complete disappearance of platinum from the surface
evidently indicates platinum diffusion into the ZIr bulk, e.g. the for-
mation of a dilute Pt/Zr alloy. This process occurred more easily
(e.g. at lower temperature) in the conditions of the present study (Pt
deposited on oxidized Zr) than in the conditions of our previous study
(oxidized Zr deposited on Pt). Thermodynamic data1 indicate that
the direct reaction of platinum with zirconium oxide to fbrm a Pt/ir
binary alloy is an unfavorable process. Even in presence of a reduc-
ing agent, such as hydrogen, the process is still relatively unfavor-
able -in comparison to other Pt/metal-oxide systems, and Tauster and

3 reportea that no SMSI state coula be induced for a Pt catalyst

Fung
supported- on ZrO2 pbecause treatment in hydrogen at 773K was not suf-
ficient to reduce the support. Therefore alloy formation at relatively
low temperature in the ZrOx/Pt system in the conditions of the present
work may be considered a consequence of oxygen elimination from the
surface; by diffusion into the Zr bulk, i.e. metallic Zr below the sur-
face layer is the reducing agent.

Information about the initia] stages of the Pt/Zr alloying process
was derived from the experimental data for the angular dependence of
the AES intensities, (Fig. 3).. As discussed in 3.2, these results
basically rule out a model where Pt forms a surface overlayer after
annealing, but they do not proviae an uneqdiyocal structural model,

i.e. the results may be interpreted in terms of the formation of a

surface alloy, or of decoration of the Pt crystallites by a Zr over-
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layer or by both processes taking place at the same time. However, we
suggest that the alloy moael produces the most consistent interpreta-
tion of the CO thermal desorption results.

The CO thermal desorption from the surface afterbroom temperature
Pt deposition and moderate pre-annealing can be interpreted as due
simply to aesorption from a pure Pt surface. However, after annealing
at a temperature over 800 K; (e.g. at temperatures where AES indicates
ir [Pt interdiffusion), the disappearance of the high temperature peak

and the shift of the remaining peak towards lower temperatures (Fig. 4)

"is a typical behavior of at least two homogeneous Pt/M alloys, with M =

23 21,22

In the present case it is possible, in analogy
24

Au or M = Ti.

with the observation reported by Nevitt et. al.” for the Pd/Zir sys-

tem, that the most stable Pt/Zr compound is formed, e.q. Pt32r. In-

deed the CO TDS spectrum after annealing is very similar to that of

21,22

the isostructural Pt3T1 compound. A single CO TDS peak is typical

25,26 but the model of a (111) oriented Pt

of the Pt(111) surface,
overlayer on the Zr surface appears to be ruled out by the angular
dependence Qf the Pt/Zr AES ratio. HWe also remark that a Pt-CO bond
with unusual characteristics was reported by Ocal and Ferrer28 for
the platinum-oxicgized titanium system. This system appears to have
properties similar to those of the platinum-oxidized zirconium system

studied in the present work and evidence for the formation of a Pt-Ti

surface alloy upon annealing was reported.ze‘
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As discussed at length jn our related work on Pt/Ti alloy sur-
faces,23 the disappearance of the high temperature CO TDS peak upon
alloy formation can be explained in terms of structural effects, e.g.
disappearance of multiple order adsorption sites and/or elimination of
surface defects. Ligand effects due to the Pt-Zr bond may play a role
in causing the shift toward lower binding energy of the single CO TDS

127

peak. Mehandru et. a have calculated the adsorption energy of CO

adsorbed on the Pt,Ti surface and found it to be significantly lower

3
than on a puré Pt surface.

In addition to alloy formation, it is also pessible that a part of
the surface platinum or of the platinum-zirconium alloy surface is
covered by islands of oxidized zirconium. Since such islands do not
adsorb CO, as reported in part I, they cannot produce features in the
CO TDS spectrum, but they can block part of the Pt atoms to CO adsorp-
tion. Indeed the.results shown in Fig. 5 indicate that some blocking

effect exists for an equivalent coverage of Pt under about 0.4 mono-

layers.
5. CONCLUSION

At room temperature, the mechanism of growth of Pt on preoxidized
IZr can be described as Volmer-Weber type, e.g. involving the formation
of Pt crystallites on the surface. This mechanism is the expected one
for a metal growing on an oxide substrate. Under high temperature an-

nealing in UHV conditions, interdiffusion of the two metals on the sur-
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face is evident and most probably interpreted as indicating the forma-
tion of a Pt/Zr surface compound. The CO thermal desorption results
can be interpreted in terms of ligand and structural effects on CO

binding arising as a consequence of the formation of a surface alloy.

‘Partial decoration of the surface Pt particles with oxidized

ZrOX moieties appears to take place as well, either as a precursor
state or concomitant with alloy formation.

The properties of the Pt/Zr surface reported in the present study

- suggest that the suppression of the high temperature peak in the CO

thermal desorption spectrum is a general property of Pt/M alloys, when

M is either an inert metal (such as Au23) or can be rendered inert

by oxidation (such as when M is Zr (present work) or T'ZZ);
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FIGURE CAPTIONS

AES grbwth curves for Pt deposition at room temperature
on preoxidized Zr(0001). Modulation: Zr and O peaks:

10 V. ; Pt peak: 5V_ _. Continuous lines indicate the

p-p’ p-p

best fit obtained for a Volmer-Weber model of growth, as de-
scribed in text (3.2). The values of the coverage in mono-
layer equivalents reported in the figure have been derived

from the parameters used in the fitting.

AES intensities from the overlayer and substrate as a func-

tion of increasing annealing temperatures. Initial Pt cover-

" age: approximately 0.7 monolayer equivalents.

dN/dE ratio of the Pt(64eV) and Zr(93eV) AES intensities as a
function of the primary beam angle of incidence from the nor-
mal to the surface. Upper curve: surface not annealed after
Pt deposition at room T. Lower curve: Same surface after

annealing at 473 K x 2 minutes. Continuous lines indicate

the fit obtained using a model of the deposit structure where
Pt forms 3D clusters on the surface, as described in the text

(3.3).



Fig. 4.

Fig. 5.
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CO TDS spectra éfter saturation of the surface with 15 L

of CO at room temperature. Annealing rate: 50 deg/sec.
Curve 1: surface annealed at 373 K after Pt déposition,
Pt(64eV)/Zr(93eV) ratio = 75. Curves 2-6: surfaces with
different Pt coverages obtained by successive annealings
over 500 K andvconsequent bulk diffusion. Pt(64eV)/Zr(93eV)

ratios (R) are: Curve 2: R=31, curve 3: R=ll, curve 4:

R=5.8, curve 5: R=4.0, curve 6: R=0.

Intensity of the CO TDS peak as a function of the Pt coverage
in monolayers equivalent. The values of the coverage have
been obtained from the fitting of the AES growth curves

(Fig. 1) by a Volmer-Weber growth model as described in the
text (3.2). Variation of the Pt coverage has been obtained
by successive annealing at a temperature where Pt bulk dif-

fusion took place.
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