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We have used photoelectron spectroscopy techniques [UPS (ultraviolet) and XPS (x ray)] to study

the electronic structure of Au and Ag overlayers deposited on Pt(100), Pt(111), and Pt(997). Be-
tween 0 and 1 monolayer, the valence bands of Au and Ag show changes in the form of shifts of the
most tightly bound peaks and the appearance of new structures around a coverage 6=1 monolayer.
The Au Sd3/2 peak shifts 0.6 eV towards higher binding energies when 6 varies from 0.1 to 1 mono-

layer and 0.5 eV more when 6 varies from 1 to 6 monolayers. In the case of Au on Pt(100) a shal-

low minimum in the work function around e= 1 mouolayer is observed. The 4f core levels of Au

on Pt(100) shift also to higher binding energy as 6 increases. From 6=0 to 1 monolayer the shift
is 0.6 eV and from 6=1 to 4 monolayers additional 0.4-eV shift is observed. These shifts are ex-

plained as due to the changing contributions of the Au atoms in island edges for surface (6( 1) and

bulk (6 & 1) coordination positions.

I. INTRODUCTION

The production of well-controlled atomic thin layers of
metals deposited on a single-crystal substrate offers
unique possibilities to study the electronic and chemical
properties of small metal clusters using surface-science
techniques such as Auger, low-energy electron-diffraction
(LEED), and photoelectron spectroscopies. The electronic
structure of these clusters will be affected both by the re-
duced average coordination number' ' and by the in-
teraction with the support. For example, it has been es-
tablished on the basis of photoemission experiments, that
the electron binding energies of surface atoms in a solid
material can be different from the ones corresponding to
atoms located in the bulk. ' Surface-bulk binding-
energy shifts have already been observed for core and
valence-band levels of gold. ' We will show here how the
deposition of monolayer and submonolayer amounts of
gold and silver on various Pt crystal surfaces can be used
to observe the infiuence of the reduced coordination of the
gold atoms in going from bulk to surface and step-edge
atomic positions. These observations can be used in deter-
mining the degree of dispersion of gold in the submono-
layer regime.

The case of Au overlayers is particularly interesting
also, in view of the surface reconstructions observed in
both substrate and adsorbate that depend on the coverage
of Au. Sachtler et al. have shown that the LEED pat-
tern of the reconstructed Pt(100), i.e., the "I )& 5" structure
changes upon Au deposition to 1&1 at a coverage of
e=0.5 and remains so up to 6=2. (The coverage will
henceforth be given in units of monolayers. ) Above this
coverage a 1&7 pattern due to the gold layer is observed;
it remains unmodified up to coverages as high as 30
monolayers.

The chemical properties of both substrate and over-
layers can be also strongly modified in connection with

the atomic thickness of the overlayer as compared to the
surfaces of the corresponding bulk materials. This has
been seen in some instances as in the systems Pd/Nb(110)
(Ref. 7) and Pd/W(110), and also the Ag/Pt(100),
Ag/Pt(111), Ag/Pt(553), Au/Pt(100), Au/Pt(111), and
Au/Pt(553) surfaces towards the chemisorption of simple
molecules such as CO, 02, and H2. The reactivity of the
Au/Pt(100) system for the dehydrogenation of cyclohex-
ene to benzene was also studied in this laboratory as a
function of Au coverage. ' lt was found that the reactivi-
ty increases upon Au deposition and reaches a maximum
at the monolayer coverage to decrease thereafter to zero as
the Au coverage increases beyond two monolayers.

II. EXPERIMENTAL SETUP

The experiments were performed in a UHV chamber
with a base pressure of 1)&10 ' Torr. It was equipped
with LEED, x-ray photoelectron spectroscopy (XPS) with
double-pass cylindrical-mirror-analyzer (CMA) and
Auger-electron spectroscopy. The same electron energy
analyzer was used also for ultraviolet photoelectron spec-
troscopy (UPS). A He resonance lamp provided a grazing
beam of photons of 21.2 eV. The chamber was also
equipped with a UTI quadrupole mass spectrometer for
residual gas analysis. The Pt single crystals were spark-
cut from a single-crystal bar and oriented within +1' of
the desired orientation by means of x-ray Laue diffraction.
The samples were of approximately 1 cm in area and 0.5
mm thick. Inside the vacuum chamber three Pt single
crystals of (100), (111),and (997) orientations were mount-
ed in a carousel-type manipulator. Cleaning of the crys-
tals was achieved by a combination of argon-ion sputter-
ing and heating in 02 partial pressures in the 10 -Torr
range. After these treatments the crystal was heated to
high temperature of the order of 1300 K to remove oxy-
gen and to anneal the surface.
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FIG. 3. Work function of Pt(100) covered with Au as a func-

tion of coverage as measured from the onset of the electron cas-
cade in the curves of Fig. l. Intensity of peak a of Fig. 1 is also
shown as broken line. On top are indicated the LEED struc-
tures formed.

in the figure is larger than the depth of the minimum
(0.07 eV), whereas the relative error is of the order of 0.05
eV. The behavior of the intensity of peak a, at 1 eV below
the Fermi level, is also shown in Fig. 3. The LEED pat-
terns observed by Sachtler et al. in the same coverage
ranges are also indicated in the figure.

Au COVERAGE 8
FIG. 5. Work-function variation of Pt(111) and Pt{997) as a

function of Au coverage.

Finally, the intensity of the emission at the Fermi edge
was also measured as a function of Au coverage It wa. s
found that it decreased monotonically with Au coverage
from 6=0 to 6. This observation has some implications
as to the structure of the Pt and Au surfaces as will be
shown in the discussion section.

B. Photoelectron spectra of Au layers on Pt(111)
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The spectra corresponding to clean and Au-covered
Pt(111) are shown in Fig. 4. The clean surface is charac-
terized by a sharp increase of emission upon crossing the
Fermi-level line. It differs from that of Pt(100}by a sharp
peak 0.4 eV below the Fermi level. The work function
was measured to be 6.08+0.15 eV.

The photoemission spectra due to Au overlayers are
shown in the same figure in difference form. At low Au
coverages the spectra consists of peaks at binding energies
of 5.5 eV (peak d), 3 eV, and two smaller peaks at 1.9 and
0.8 eV (a and a'). The behavior of these peaks as the gold
coverage increases is the following: The peak at 5.5 eV
shifts to higher binding energies to reach a final mul-
tilayer value of 6 eV; the peak at 3 eV is accompanied at
Au coverages between 0.6 and 1 by new structures that
grow in intensity until the final form consisting of the two
peaks marked c and b is obtained at multilayer coverage.

The two small peaks a and a' are visible only up to ap-
proximately one Au monolayer. At Au coverages around
two monolayers they are already negligible. The work
function decreased upon gold deposition from its initial
value of 6.08 eV down to 5.8 eV. That value was reached
at the monolayer and remained constant thereafter, as
shown in Fig. 5.

16 14 12 10 8 6 4 2 0

Binding Energy feV)
FIG. 4. Photoemission spectra of Au overlayers on Pt(111).

Coverage 0 is indicated on the right-hand side. Thick line curve
for 6=0 and the top curve for B-10 are shown in integral
form. For intermediate coverages only the difference spectra are
shown.

C. Au/Pt(997)

A very similar behavior was observed in the case of the
stepped Pt(997) surface. In Fig. 6, we show the photo-
emission curves corresponding to clean and gold-covered
Pt(997). The clean-surface spectrum is characterized by
an intense peak at 0.4 eV below Ez. The intensity of this
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centered at approximately 4.9 eV below EF for both sub-
strate orientations. In the case of Pt(997) this peak can be
seen as composed by two neighboring peaks with maxima
at 4.70 (peak b) and 5.4 (peak d). As the Ag coverage in-
creases the two peaks evolve in a fashion which is similar
to the behavior of the Au/Pt system. Thus, whereas the
peak at 4.70 eV varies in position only slightly, the peak at
5.46 eV shifts rapidly to higher binding energies (close to
6.1 eV above 6=1). Most of the shift occurs in the first
monolayer. Above 6=1 also, the peak at 4.7 eV becomes
wider and assymetric as a result of its decomposing into
two peaks centered at approximately 5.15 (peak c) and
4.70 eV (peak b). This behavior is similar to that found
for peaks b and c of Au on Pt. The results for Ag are
shown in Fig. 9(a). The work function of clean Pt(100)
was found to decrease rapidly from 5.82 to 4.76 eV at
6=1.0 as shown in Fig. 9(b). After that it rapidly
reaches its multilayer value of 4.71 eV.

No minimum in 4 is observed. The intensity of the
photoemission curve at EF decreased monotonically with
coverage. In the case of the Pt(997) substrate the behavior
was very similar. The work function decreased continu-
ously from its clean-surface value of 5.78 to 4.82 eV at
6= 1.3 [see Fig. 9(b)]. No further deposition of Ag was
performed in that case. Here also the intensity at the Fer-
mi level decreased monotonically with Ag coverage.
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E. XPS results for Au/Pt(100)

The Au/Pt(100) system was also studied with XPS.
Both the 4f7/5 and 4f5&2 photoelectron lines of Pt and Au
were monitored as a function of gold coverage.

In order to eliminate errors in the absolute values of the
binding energies the position of the Au 4f lines were mea-
sured relative to the nearby lines of the Pt substrate. A
continuous shift towards higher binding energies was
found as the Au coverage increased from 0.1 to 4 mono-
layers, as shown in Fig. 10. The total shift observed is
0.70+0.15 eV, with 0.43 eV occurring from 0=0.1 to 1

and the remaining 0.25 eV from 1 to 4 monolayers.
It is important to note here that the Mg Ka x-ray line

used in these experiments is rather wide in energy. Our 4f
photoelectron peaks for Au and Pt have a full width at
half maximum (FWHM) of 1.25 eV. This, of course,
prevents the observation of individual peaks with energy
separation of less that approximately 1 eV.

AU COVERAGE 8
FICJ. 10. Binding-energy shifts, b, sE, of the 4f core levels of

Au relative to the monolayer of gold as a function of coverage.
Continuous curve is the result of a calculation where the pho-
toelectron peak is assumed to be composed of three peaks due to
Au atoms in island edge (for 8 & 1) surface and bulk coordina-
tion (for 0 ~ 1) positions.

IV. DISCUSSION

A. Photoemission results from Au overlayers

5.Q

Ag COVERAGE
FICx. 9. (a) Binding energy of the various peaks due to Ag in

the photoemission curves of Figs. 7 and 8 as a function of cover-
age. Only the peak labeled d shows a noticeable shift in the
range 0 &(9 & 1. (b) Work-function variation of Pt(100) and
I t(997) as a function of Ag coverage.

The first observation common to all three Pt substrate
orientations is the appearance, at coverages below one Au
monolayer (6=1), of three main features that evolve in a
different way with increasing Au coverage. These are the
peaks around 5—6 eV, 3—4 eV, and below 2 eV. The
highest-binding-energy peak, initially at 5 eV, is part of
the Au 5d3&2—derived subband and shows a continuous
shift of 1.1+0.1 eV in going from 6=0.1 to 6=6. Since
this peak is at the highest-binding-energy end of the ob-
served spectra, its shift implies a continuous narrowing of
the density of states when the average coordination nurn-
ber of the Au atoms decreases. The shift of 0.5+0.1 eV
observed for all three Pt substrates between 0=1 and 6 is
in excellent agreement with the findings of Citrin et al. '
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who were able to obtain the first-layer contribution to the
photoemission curves of Au (in an evaporated film). By
substracting two conveniently weighted curves corre-
sponding to normal and grazing emergences they could
measure a narrowing in the density of states when going
from bulk to one atomic layer of Au of 0.5 eV. The
polycrystalline nature of their film does not invalidate the
comparison as the 0.5-eV shift was measured (from 6= 1

to multilayers) for the three substrate orientations. In
fact, their deduced curve for the first gold layer compares
very well with our 6=1.1 curve in Fig. 1, as already
shown in our previous paper. It is very interesting to ob-
serve that the prediction of band narrowing with decreas-
ing size of the gold cluster, i.e., below one monolayer, is
indeed fulfilled. This is the first instance to our
knowledge where the effect of the decreasing size of two-
dimensional gold islands (for 6&1) is observed to pro-
duce an additional narrowing of the density of states. The
second feature of interest in the photoemission curves due
to Au is the region around 3—4 eV in the three Pt sub-
strates (Figs. 1, 4, and 6). This region contains only one
peak for the lowest Au coverages in the three cases. For
the Pt(100) substrate, this peak shows only a small shift
between 0=0.1 and 1 (see Fig. 2). Near this last coverage
and above, however, there is a clear shift to higher binding
energies which is due to the growth of new peaks in this
region of the spectrum. At coverages above 2, the shape
of the spectrum is already very similar to the multilayer
one that contains two main peaks marked c and b in Figs.
1, 4, and 6. Whereas in the Pt(100) and Pt(997) substrates
the appearance of the new peaks occurs very close to
B=1, in the (111) substrate they are already visible at
B=0.6. This may be due to either imperfect layer-by-
layer growth or to unaccounted errors in the Au-coverage
measurement. Clearly, the appearance of new peaks in
this region upon crossing the monolayer coverage must re-
flect the formation of Au —Au bonds between layers,
whereas the original peak at around 3 eV must be ori-
ginating from the bands formed by the Au-Au bonds
within the layer.

The region of the photoemission curves due to Au be-
tween the Fermi level and 2 eV is also interesting. In the
Pt(100) substrate, one peak (marked a in Fig. 1) is ob-
served that grows with increasing Au coverage up to
6=1. Since this peak lies well above the d-band region it
could be due to a surface state derived from sp-type orbi-
tals. Peaks due to surface states were observed for both
normal and reconstructed Au(100) by Heimann et al. at
around 1.7 eV (Ref 12) using angle-resolved photoemis-
sion. However, as is visible in Fig. 1, peak a is located in
a region of negative values of the difference spectrum, and
therefore it does not actually correspond to a gold-induced
emission but rather to a selective depletion of substrate
electrons by deposited Au. As a consequence the identifi-
cation of peak a as a surface state seems unappropriate.
This remark is not valid for the two other substrate orien-
tations which also show small peaks in that region of the
spectrum (a and a in Figs. 4 and 6) whose intensities fol-
low a similar trend to that of peak a in the Pt(100) sub-
strate. In the other cases, however, both a and a' peaks
correspond to weak positiUe emissions.

B. Substrate Pt(100) reconstruction

There is another interesting conclusion that can be
drawn from the observations regarding the observed
LEED structures and the density of states at the Fermi
level. The sequence of surface structores observed by
Sachtler et al. is indicated in Fig. 3 as a function of gold
coverage. One question that arises from this observation
is whether or not the observed 1 X 1 patterns correspond to
the formation of 1 X I unreconstructed domains of Pt(100)
in the surface patches not covered with Au, in addition to
the Pt areas beneath the Au islands. This question is re-
lated obviously to the local versus long-range character of
the reconstruction of metal surfaces. Bonzel et al. '
showed that the unreconstructed 1 X 1 Pt(100) surface
gives rise to an intense photoemission peak very close to
the Fermi edge that is not present on the reconstructed
1&(5 surface. The intensity of this peak is high enough to
be unambiguously observable in our spectra, in the range
0& 6 & 1, should the uncovered Pt areas have the 1& 1

structure. The fact that the intensity of emission at the
Fermi edge was observed to decrease monotonically as 6
increased, proves that the uncovered Pt areas retain the
1 X 5 reconstruction. The disappearance of the fractional
spots in the LEED pattern in the range 0.5 & 6 & 1 can be
explained by the reduced number of unit cells that can be
accommodated in the uncovered patches of the Pt sub-
strate. This is particularly so because of the large dimen-
sions of the "1& 5" unit cell.

C. Work-function results

Inspection of the variation of the work function 4& with
Au coverage (Figs. 3 and 5) shows that its decrease is
larger than the linear interpolation between the values at
6=0 and 1. This observation, together with the layer-
by-layer growth of Au, indicates that the observed devia-
tion from linearity must be due to the large number of
step edges of Au islands present in the submonolayer
range. Besocke et al. ' and also Gardiner et al. ' have
shown that for Au, Pt, and W stepped surfaces, the contri-
bution of the dipole moment associated with the steps to
the decrease in N is linear with increasing step density on
a fairly large range. This result will be used below to ob-
tain an estimate of the total island perimeter.

In the case of the Pt(100) substrate, the clean surface
value of 4, 5.82+0.15 eV, compares very well with the
value of 5.84 eV reported by Nieuwenhuys et al. ' The fi-
nal multilayer value (above 6=2) of @=5.42+0. 15 eV is
similar to that reported by Potter et al. ' for Au(100),
namely 5.47 eV. Interestingly though, a shallow
minimum 0.07 eV below the multilayer value is observed
around 6=1. One possible explanation is that this lower
value of 4& reflects the more open nature of the 1X1
structure that is observed with LEED in this coverage
range. Above 6=2, a reconstructed 1&(7 structure is ob-
served that is interpreted as a quasihexagonal overlayer of
Au on the square substrate, similar to the familiar "1& 5"
structure.

The initial, clean substrate value of @ for the Pt(111)
surface, 6.08+0.15 eV, compares only fairly with that re-
ported by Ertl' of 6.40 eV. Its smaller value might re-
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fiect a less perfect surface with a larger number of residu-
al steps. Other values found in the literature, such as that
of Nieuwenhuys et al. ' of 5.93 eV, are smaller than our
measured value. The multilayer value found for that sub-
strate orientation of 5.80+0.15 eV is clearly larger than
the 5.31-eV value reported by Potter et al. ' for bulk
Au(111).

The stepped platinum (997) surface gave a value of
@=5.78+0.15 eV for the clean surface. This value is
smaller than that found for the flat (111) surface and is
consistent with the general trend towards lower work
functions that is found in the surfaces with steps and irre-
gularities. ' In fact, the decrease in 4& from the (111) to
the (997) surface, with a step density of 5&&10 cm ', is
-0.30 eV, a value very similar to the decrease in @ mea-
sured by Besocke et al. ' The multilayer Au deposit
(6-4) on this stepped surface gave a value of
%=5.52+0. 15 eV which is smaller by 0.27 eV than that
corresponding to the flat substrate. Although no LEED
check was performed as to the possibility of steps in this
Au multilayer, the decrease in 4& with respect to the (111)
multilayer can be compared to that measured by Besocke'"
of 6@=0.17 for the Au(111) stepped surface of the same
step density relative to the flat (111)surface.

As mentioned above, the deviation from linearity in the
decrease of + between 0=0 and 1 can be used to estimate
the total perimeter of the gold islands. To do that several
simplifying assumptions were made. Firstly, it was as-
sumed that, as in the case of the stepped Pt, Au, and W
surfaces, the deviation is proportional to the step density,
i.e., to the total perimeter length in our case. Secondly, a
constant average value of the dipole moment per unit step
length was used, neglecting its dependence on island size
and orientation. The value used was 9.5&10 Dcm
which corresponds to the dipole moment per unit step
length of (100) steps of Au in a (111)Au surface. ' By in-
serting this value into the Helmholtz equation and using
the data for the deviation of @ deduced from the results
of Fig. 3 we obtained an order of magnitude for the island
perimeter, or, equivalently, of the density of islands of
10'2—10' per cm

D. XPS results for the Au/Pt(100)

The shifts observed in the binding energy of the 4f
peaks of Au with increasing gold coverage (see Fig. 10)
must reflect the changing average coordination number of
the Au atoms. Several papers have already appeared in
the literature where the photoelectron peaks due to surface
and bulk atoms could be separated in energy. ' The use
of synchrotron radiation is the most suitable technique to
observe these coordination effects due to the tunable ener-
gy and high resolution that can be achieved. Our low
resolution (1.25 eV FWHM) is a serious drawback for
these kinds of studies in semi-infinite crystals. However,
in the case of atomic thickness overlayers, the photoelec-
tron peaks of the adsorbate contain a very large propor-
tion of low-coordination atoms, in such a way that its
presence can be detected by measurable shifts of the com-
pound unresolved photoelectron peak. The shifts shown

in Fig. 10 can then be explained in a simple way. Below
0= 1 we have essentially two types of Au atoms: Those
with surface-type coordination, i.e., 4 for a (100) substrate,
and the atoms located at the edges of the islands. Other
types of low-coordination atoms also probably exist in
small amounts, such as adatoms, vacancies, etc., but will
not be considered in our crude model. In this model we
assume that a certain number of islands per unit area ex-
pand two dimensionally as the gold coverage increases.
The number of atoms located at the edges and at the
center of these islands can then be easily calculated as a
function of gold coverage B. For simplicity we have as-
sumed square islands that increase until they coalesce. A
compound XPS peak of gold was generated by superposi-
tion of three peaks centered at the binding energies corre-
sponding to edge, surface, and bulk coordination (the last
one only for 0 ~ 1). Three parameters are thus left to fit
the predicted relative shift to the experimental one. These
parameters are number of nucleation centers or islands per
cm, binding-energy difference for bulk and surface
atoms, and binding-energy difference for edge and surface
atoms. The best fit produced the continuous curve shown
in Fig. 10 and corresponds to the following values of the
parameters: island density 8+3 && 10' cm, edge-to-
surface 4f binding-energy shift 0.6+0.2 eV, and surface-
to-bulk binding-energy shift 0.4+0.1 eV. The bulk com-
ponent to the XPS peak of Au appears, as mentioned for
B& 1. Its contribution, however, has to be reduced on ac-
count of the attenuation of the photoelectrons by the Au
overlayers. In the computation we used the experimental
attenuation of the nearby Pt 4f peaks following the depo-
sition of gold. As can be seen in the figure the fit is very
good considering the crudeness of the model. It is worth
noting that the figure obtained for the island density
agrees with our previous estimate based on the work-
function deviation from linearity.

Our data for the 4f core-level shift of Au in going from
bulk-to-surface coordination agrees very well with the
value of 0.40+0.01 eV determined by Citrin et al. ' and of
0.38+0.01 eV determined by Heiman et al. The overall
shift of 1.0+ 0.2 eV from edge-to-bulk coordination is
similar to the 0.75 eV determined by Van der Veen et al.
for the step atoms relative to bulk atoms in Ir(332). These
results show that it is possible to study the morphology of
small clusters of metals by separating the contribution to
the photoelectron spectra of the various types of atoms.

E. Ag deposited on Pt(100) and Pt(997)

As in the case of Au overlayers, Ag also displays
changes in the intensity, energy position, and number of
peaks in the photoemission curves. These changes reveal
that here also the increasing size of the Ag islands first,
and the formation of multilayers later, modifies the band
structure due to the formation of new bonds. The region
where the peaks are observed, from 4.5 to 6.5 eV corre-
sponds to the energy position of the peaks originating
from d-band transitions as observed by Roloff et al. '

Unlike the case of Au, however, no features above the d-
band region were observed in that case. The work func-
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tion of the clean metals decreased monotonically to reach
final values of 4.71+0.15 eV for the (100) substrate (at
6-3) and 4.82+0.15 eV for the (997) substrate (at
0=1.3). Values reported in the literature are 4.64+0.02
eV for Ag(100) (Ref. 20) and 4.74 eV for Ag(111). The
value for the (100) substrate of 4.71 eV is comparable with
the reported one ' within the experimental error, whereas
for the (997) substrate a somewhat high value was ob-
tained, particularly as the more inhomogeneous Ag layer
that is formed in that case seems to imply a still lower
value of the work function. Since LEED studies were not
carried out in that case, however, it is premature at this
point to draw any definite conclusion.

The similarity with the case of Au is visible very clearly
in the shift of the most tightly bound peak in the valence
band (peak d in Fig. 9). This peak shows a shift of 0.6 eV
in going from 0.1 to the monolayer, with most of the shift
occurring in the monolayer range.

The small relative intensity of peak d, however, indi-
cates that the center-of-gravity shift for the whole valence
band of silver is much smaller than the observed 0.6 eV.
In any case, the modification in the case of Ag appears to
be restricted to the 0&(9& 1 region with no shift occur-
ring above 0=1. This result is consistent with the negli-
gible surface-bulk core-level binding-energy shift of Ag
that was measured by Citrin et al. '

V. CONCLUSIONS

The photoelectron spectroscopy study of Au and Ag
overlayers on Pt(100), Pt(111), and Pt(997) surfaces reveals

that both the valence-band -and the core-level electron
spectra are sensitive to the state of aggregation of the
overlayer. The valence-band spectrum shows in all cases a
narrowing for decreasing average coordination number.
In the case of Au on Pt(100) this narrowing is reflected in
the 0.6-eV shift of the Au 5d3/2 peak when 0 varies from
0 to 1. From 0=1 to multilayer coverages an additional
shift of 0.5 eV is observed for Au on the three substrate
orientations. Other changes in the density of states occur
when 0 grows above 1, reflecting the formation of inter-
layer bonds.

The 4f core levels of Au deposited on Pt(100) show a
shift of 0.6 eV towards higher binding energies when 0
varies from 0 to 1 and of 0.4 eV from 1 to 4. These shifts
are the result of the changing contributions to the pho-
toelectron peak of the Au atoms in various coordination
environments. These are essentially bulk (for 6 & 1) coor-
dination, surface coordination, and island-edge coordina-
tion. The last two contributions are highly enhanced in
the very thin overlayers studied here. The observed shifts
and the deviation from linearity of the work-function data
are all consistent with an island nucleation density of the
order of 10' —10' cm when 0 & 1.
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