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Abstract

The chemisorption of CO on Ni—Sn alloys formed on a Ni(111) surface has been studied with reflection—absorption
infrared spectroscopy (RAIRS) and temperature programmed desorption (TPD). Formation of the (v3 X v3)R30°
Sn /Ni(111) surface alloy strongly suppresses CO adsorption. Only 0.04 ML CO can be chemisorbed on this surface at 110
K, exclusively at atop sites. The binding energy of this adsorbed CO is reduced to only about 15 kcal /mol. Additionally, no
significant effect of subsurface Sn on CO chemisorption on this alloy was observed. These results are in sharp contrast to our
previous results for CO chemisorption on the (V3 X v3)R30°-Sn/Pt(111) surface alloy, where the chemisorbed CO
saturation coverage, adsorption site distribution and desorption temperature were quite similar to those properties of the
Pt(111) surface. We ascribe the influence of alloyed Sn atoms on the CO chemisorption properties of this Sn/Ni(111)
surface alloy to be due to repulsive Sn—CO interactions at the Ni-CO distance required for chemisorption. The differences
in the chemisorption properties of these Pt—Sn and Ni—Sn alloys are rationalized by considering the different sizes of the
surface unit cells and the location of Sn with respect to the surface plane (the Sn buckling distance). These results have
important implications for the discussion and determination of ensemble sizes at bimetallic surfaces since the surface
chemistry depends strongly on the vertical position of the modifier.

Keywords: Alloys; Carbon monoxide; Chemisorption; Infrared absorption spectroscopy; Low index single crystal surfaces; Nickel; Thermal
desorption spectroscopy; Tin

1. Introduction istry of the other metal component in two primary
ways: (i) electronic effects, whereby the electronic
structure at an adjacent site is modified, or (ii)
geometric effects, whereby the modifier acts simply
as a site-blocker to directly reduce the size and
number of reactive sites (ensembles) on the surface.
Distinguishing experimentally between electronic and
geometric effects remains a very difficult but impor-
tant task. Ordered surface alloys are especially useful
systems to study in this regard due to their known
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The chemistry and catalysis of bimetallic surfaces
are strongly modified from that of their single-com-
ponent constituents [1]. This fact has motivated in-
tensive studies in the past to search for new catalysts
and to provide a fundamental explanation for these
altered properties [2,3]. The presence of a second
component at a bimetallic surface can alter the chem-
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Ni, Pd, Pt, Rh, Ru and Cu, and subsequent annealing
can produce well-ordered surface alloys [3-9]. These
surface alloys are often very stable and comprised of
a single layer of the alloy on top of the substrate. In
several cases it has been found that Sn atoms are
almost coplanar with the substrate surface atoms,
with some outward buckling of Sn atoms. The mag-
nitude of the buckling has been correlated to the
lattice mismatch of Sn with the substrate [5]. The
buckling for Sn /Pt(111) is about 0.022 nm [4], while
the buckling for Sn/Ni(111) is about 0.046 nm [5,6].
Previously, we have systematically studied the ad-
sorption behavior of Sn/Pt(111) surface alloys [10-
16]. It is interesting to now compare the chemisorp-
tion properties of Sn/Ni(111) and Sn/Pt(111) sur-
face alloys and to address the influence of the magni-
tude of Sn buckling on the chemistry of these
bimetallic surfaces.

Herein we report on CO adsorption studies de-
signed to probe the surface chemistry. The adsorp-
tion of CO on Ni(111) has been intensively studied
in the past with many surface science techniques
[17-23]. However, some new information is still
forthcoming regarding this system. For instance, CO
adsorption was originally assigned to the bridge-site
at 0.5 ML using high resolution electron energy loss
spectroscopy (HREELS), which shows a single v,
vibrational peak at 1905 cm ' [17,20,21]. But, a
recent surface-extended X-ray-absorption fine-struc-
ture (SEXAFS) study [24] shows that CO occupies
threefold hollow sites at 0.5 ML CO coverage. The
formation of the (¥3 X ¥3)R30°Sn/Ni(111) sur-
face alloy completely removes the threefold-Ni hol-
low site. Therefore, our experiments also allow us to
determine whether CO still adsorbs in this site, even
though one of the Ni atoms is replaced by Sn.
Briefly, we find that CO chemisorption is strongly
suppressed because of the removal of the threefold-Ni
hollow site. Furthermore, even the twofold-Ni bridge
sties are blocked and CO chemisorbs only on Ni atop
sites on the (3 X v3)R30°-Sn/Ni(111) surface al-
loy.

2. Experimental section

The experiments were carried out in a two-stage
ultrahigh vacuum chamber equipped with a

quadrupole mass spectrometer (QMS) and optics for
low energy electron diffraction (LEED), Auger elec-
tron spectroscopy (AES), and reflection-absorption
infrared spectroscopy (RAIRS). The top stage is used
for RAIRS studies and has a volume of 0.3 L and
two CaF, windows to transmit infrared light. This
stage also has a sputter ion gun and ion gauge and
can be separated from the main chamber with a gate
valve for performing high pressure studies. The main
chamber is pumped with an ion pump and a turbo-
pump with a base pressure of 1 X 107! Torr.

The RAIRS spectra were taken by using a Matt-
son Galaxy 6020 Fourier-transform infrared (FTIR)
spectrometer with a MCT detector. A typical spec-
trum was obtained by signal averaging 1000 scans in
a 4 min period with a resolution of 4 cm ™.

The (V3 X V3)R30°Sn/Ni(111) surface alloys
were prepared by evaporating Sn onto a Ni(111)
surface and subsequently annealing the sample to
1000 K. It has been shown previously that this
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annealing has no effect on the Sn AES intensity for
an initial Sn coverage less than 0.33 ML, while
annealing a surface precovered with 0.33-1.0 ML Sn
always reduces the Sn AES intensity to the same
value corresponding to 0.33 ML [6]. This break point
has been used to calibrate the Sn coverage. Two
different Sn/Ni(111) surface alloys have been pre-
pared for use in our experiments. The first one was
prepared by evaporating about 0.8 ML Sn onto the
Ni(111) surface and subsequently annealing at 1000
K for 1 min. The second one was produced by
evaporating 0.3 ML Sn onto the surface and anneal-
ing to 1000 K for 1 min. After annealing, the Sn
coverage on this latter surface corresponded to
= (.29 ML in AES. The second surface, therefore,
has a Sn deficiency of = 0.04 ML compared to the
first one. Both surfaces show a very good and visu-
ally identical (V3 X v3)R30° LEED pattern. For
brevity, the first surface will be referred to as the V3
surface alloy, as derived from the alkali ion scatter-
ing spectroscopy (ALISS) studies of Ku and Over-
bury [6], and the second one as the ‘“defective” V3
surface alloy. A schematic drawing of the V3 sur-
face alloy is provided in Fig. la. In Fig. 1b, a
possible structure for the defective V3 surface alloy
is also provided. On this surface we distinguish
between three different threefold hollow ensembles
in Ni-rich patches: site 1 comprised of both Sn and
Ni atoms, site 2 which contains only Ni atoms but
has Sn atoms as nearest-neighbors, and site 3 which
contains no Sn atom nor has Sn atoms as nearest-
neighbors.

3. Results

3.1. CO chemisorption on (V3 X V3)R30°-Sn/
Ni(111) surface alloys

A series of TPD spectra for increasing CO expo-
sures are shown in Fig. 2. A single desorption peak
was observed at 253 K independent of CO coverage.
At high CO exposures, a high temperature tail near
280 K begins to develop, but this is probably due to
desorption from the sample holder or crystal edges
and back (see below). AES spectra taken after TPD
experiments show a clean surface without any trace

COTPD
¥3-Sn/Ni(111)

+ subsurface Sn

[

!

T T T T
200 250 300 350
Temperature (K)
Fig. 2. CO TPD on the /3 Sn/Ni(111) surface alloy.

of carbon or oxygen, indicating completely re-
versible adsorption of CO on the V3 surface alloy.
Using the well-known CO coverage of 0.5 ML on
clean Ni(111) at 300 K [21] and the TPD areas, we
can determine that the saturation coverage of CO on
the V3 surface alloy is 0.04 ML, only 9% of the
saturation coverage of CO on clean Ni(111). The
ability of Ni(111) to chemisorb CO is strongly re-
duced by the presence of 0.33 ML Sn alloyed in the
surface layer. Another influence of Sn is indicated
by the strong reduction of the CO desorption temper-
ature. On Ni(111), CO desorbs principally in a peak
at 430 K. Using Redhead analysis [25], the change in
the CO desorption temperature corresponds to a
binding energy decrease of 11.4 kcal /mol. These
results can be contrasted to those obtained on the
(3 X v3)R30°-Sn/Pt(111) surface alloy. Both the
saturation coverage and binding energy of CO is
only slightly reduced on the v3 Sn/Pt(111) surface
alloy compared to Pt(111) [10].

As mentioned above, the V3 surface alloy pro-
duced using the procedure described in the experi-
mental section is a true surface alloy and comprises
only a single Sn-containing layer [5,6]. No subsur-
face Sn was detected using ALISS [5,6]. However, if
one evaporates more than 1 ML Sn onto the surface
and anneals to 1000 K, substantial subsurface Sn can
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RAIRS of €Oy, on y3-Sn/Ni(111)
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Fig. 3. RAIRS of CO on the ¥3 Sn/Ni(111) surface alloy.

be detected using ALISS [5,6]. The first layer struc-
ture remains the same in both cases [6]. Therefore, it
is interesting to address the influence of subsurface
Sn on the adsorption behavior of CO. To produce the
V3 surface alloy with subsurface Sn, we evaporated
3 layers of Sn on Ni(111) and then annealed the
surface to 1000 K. LEED shows a sharp (V3
X ¥3)R30° pattern and AES measurements show an
increased Sn AES signal compared to 0.33 ML. TPD
spectra taken after saturation CO exposures on this
surface show desorption traces very similar to the V3
surface alloy, but with a temperature shift to lower
desorption temperature by about 10 K. This indicates
only a small influence of subsurface Sn on CO
adsorption. Since the influence of subsurface Sn can
only be electronic in nature, this result is consistent
with a small electronic effect of Sn on CO adsorp-
tion on Ni(111).

CO adsorption on the V3 surface alloy has also
been studied with RAIRS. Fig. 3 shows a series of
RAIRS spectra for different conditions. The spectra
for curves (a)—(c) were taken after increasing CO

exposure at 120 K. Only vibrational modes above
2000 cm ™! were observed on this V3 surface alloy.
Thus, no CO was adsorbed on twofold bridge or
threefold hollow sites. CO only adsorbs on the V3
surface alloy at atop sites. However, we did observe
two peaks at 2046 and 2066 cm™~'. Both peaks are
very sharp (FWHM = 12 cm ™ !) and their position is
independent of the CO coverage. An annealing series
is also shown in Fig. 3, as curves (c)—(f). Annealing
to 150 K does not cause a significant change in the
RAIRS spectra. Annealing to 200 K causes a small
drop in the intensity of the high frequency peak and
a slight increase in the size of the low frequency
peak. Increasing the annealing temperature further to
255 K completely desorbs CO from the surface. This
is in good agreement with the TPD results showing
that CO desorbs in a single peak at 253 K. Two
RAIRS peaks were always observed independent of
the initial Sn coverage (varying from 0.4 to 3 ML).
However, the relative intensity of the two peaks
varies with the preparation conditions (initial Sn
coverage and annealing time at 1000 K).

3.2. CO chemisorption on a defective V3 -Sn /
Ni(111) alloy

Since the adsorption of CO on the V3 surface
alloy is so strongly suppressed, we also studied the
adsorption of CO on defective surface alloys which
had a surface Sn concentration of only about 0.29
ML. Nonetheless, a sharp (3 X v3)R30° LEED
pattern was also observed for these defective surface
alloys. TPD spectra after increasing CO exposures
on the defective surface alloy are shown in Fig. 4. A
small CO background curve (taken with the surface
covered with five layers of Sn) is subtracted from all
of the spectra. At small CO coverages, we first see a
desorption peak at 423 K. With increasing CO expo-
sures, two peaks at 251 and 310 K also form.
Assuming first-order desorption kinetics and a preex-
ponential factor of 1 X 107!, Redhead analysis can
be used to convert these two desorption temperatures
to binding energies of 15 and 19 kcal /mol, respec-
tively.

In Fig. 5, we directly compare the CO TPD
spectra for saturated coverages of CO on a defective
surface alloy with that from the V3 surface alloy and
Ni(111). CO TPD spectra from Ni(111) surfaces is
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Fig. 4. CO TPD on a defective surface alloy.
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Fig. 5. Comparison of CO TPD on Ni(111), V3 surface alloy and
a defective surface alloy.

dominated by a large peak at 428 K. A broad
shoulder at lower desorption temperatures is also
seen, which arises from repulsive CO-CO interac-
tions in the so-called ‘‘compressed CO layer’” at
high CO coverages. Comparing the curve for Ni(111)
to that from the defective surface alloy, the desorp-
tion temperature of the dominant peak at 428 K only
shifts slightly to 423 K. The intensity of this peak,
however, is reduced by a factor of three with the
presence of 0.29 ML Sn in the surface layer. At the
expense of intensity in this peak, two clearly identifi-
able peaks at lower desorption temperature appear.
The peak at 423 K can be correlated to Ni(111)-like
sites. By comparison to the curve from the V3
surface alloy the peak at 251 K is attributed to the
desorption of CO on the regular sites of the V3
surface alloy. The peak at 310 K is therefore related
to sites characteristic of the defective surface alloy.
Since both the V3 surface alloy sites and Ni(111)-like
sites show almost identical desorption temperatures
as their respective, defect-free surfaces, the defects
exert only a very local influence on the surface
chemistry. From the coverage calculated from the
TPD areas and the amount of Ni-rich patches esti-
mated from AES, we believe that the desorption
peak at 310 K is due to CO adsorbed on site 1
ensembles and the peak at 423 K is due to ensembles
like sites 2 and 3 (these sites are shown in Fig. 1).
This assignment is also consistent with the CO des-
orption temperature change that occurs in comparing
clean Ni(111) to the defective V3 surface alloy and
from the defective V3 surface alloy to the V3 sur-
face alloy. The same effect which caused a strong
decrease in the CO desorption temperature on the V3
surface alloy also produces the desorption peak at
310 K on the defective surface alloy. From these
results we can conclude that the strong influence of
Sn on CO adsorption on Ni(111) is mostly due to a
short-range interaction between Sn and CO rather
than a long-range electronic effect.

Fig. 6 shows the CO uptake curve that is obtained
by plotting the CO TPD areas versus the CO expo-
sures on Ni(111) and the defective V3 surface alloy.
The saturation coverage of CO on the defective V3
surface alloy is reduced to about 0.23 ML. By
contrast, the initial sticking coefficient given by the
initial slope of the uptake curves is decreased only
slightly in comparison to the Ni(111) surface. This
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Fig. 6. CO uptake on a defective surface alloy.

result is due to the important presence of the so-called
“modifier precursor’ CO state on top of Sn atoms
which prevents a linear decrease of the initial stick-
ing coefficient with increasing Sn concentration in
the surface layer [26].

The adsorption of CO on the defective V3 surface
alloy has also been studied with RAIRS. In Fig. 7 we
compare the RAIRS spectra obtained after saturation
CO exposures on Ni(111), the V3 surface alloy, and
a defective y3 surface alloy. The RAIRS spectrum
of CO on a defective V3 surface alloy is character-
ized by the presence of two broad peaks at 1880 and
2070 cm ™. The peak at 2070 cm ' can be assigned
to CO adsorbed at atop sites, while the peak at 1880
cm™! can be assigned either to twofold bridge or
threefold-hollow sites. These two peaks show a very
different temperature dependence, which is shown in
Fig. 8. The spectra in Fig. 8A were taken after
dosing 0.2 L CO onto the surface at 120 K and
subsequently heating to the indicated temperature. At
this low CO coverage (~ 0.05 ML), two peaks are
seen at higher frequencies (2048 and 2068 cm™')
and the peak at lower frequency appears near 1810

1925cm’”’

RAIRS of CO,,

2060cm ™'

0.002

Ni(111)

1 2076em”’

B 1880cm

Absorbance

Alloy + defects

2046cm™ 2066cm

¥3 Alloy

T T T

T
1800 1900 2000 2100 2200
Wavenumber (cm )

T

Fig. 7. Comparison of RAIRS of CO on Ni(111), y3 surface alloy
and a defective surface alloy.

cm”~!. While some changes occur within each of
these features with increasing temperatures, we focus
here on a comparison of the two regions. At lower
temperatures, both regions have similar intensities.
Increasing the surface temperature causes a conver-
sion of the intensity of the high frequency peaks to
the lower frequency peak. At 300 K, the peaks above

v' (A) 0.2LCO
0.002 -
1810cm’” 2048cm’”’
.
\\Tjaffk\, 2068em” |
T-250 K

{ A
M~
\M T=120-200 K

T T T T T T T T T T
1800 1900 2000 2100 2200 1800, 1900 2000 2100 2200
Wavenumber (cm ')

(B) 5L CO

Absorbance
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¥
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Fig. 8. Temperature effects on RAIRS of CO on a defective
surface alloy.
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2000 cm ™! disappear completely. This conversion is
irreversible. Lowering the surface temperature does
not repopulate the high frequency peaks. The conclu-
sion that CO adsorbed on atop sites is converted to
CO adsorbed on bridge or threefold hollow sites that
is indicated by these results is also supported by the
TPD results which shows no CO desorption below
300 K at a CO exposure of 0.2 L. Fig. 8B shows that
a saturation exposure of CO at 300 K can not
populate states with CO modes above 2000 cm ™'
either. This demonstrates that CO bonded on atop
sites has a much smaller binding energy compared to
CO bonded on twofold bridge or threefold hollow
sites. The adsorption of CO at atop sites at lower
temperature and lower coverage is due to a kinetic
effect which prevents the diffusion of CO from atop
sites on the alloy phase regions to bridge sites at
defects which have low Sn concentrations. These
results can be contrasted with those for CO adsorp-
tion on the clean Ni(111) surface where the conver-
sion between CO adsorbed on atop and bridge sites
is completely reversible, the population ratio of the
two sites is only determined by the temperature, and
the binding energy of CO on these two sites is very
similar [20].

4. Discussion

The most surprising result that emerged from
these experiments was the strong suppression of CO
chemisorption on the V3 surface alloy. Both the CO
desorption temperature and saturation coverage are
dramatically changed. This is surprising based on our
previous studies of CO adsorption on Sn/Pt(111)
surface alloys in which we found that the CO satura-
tion coverage and desorption temperature of CO on
the (V3 X V3)R30°Sn/Pi(111) surface alloy are
very similar to the Pt(111) surface [10]. Both Pt(111)
and Ni(111) form a well-ordered (V3 X y3)R30°
surface alloy with 0.33 ML Sn based on ALISS
measurements [4,6]. In both cases, Sn is incorporated
into the substrate surface layer; however, Sn pro-
trudes only 0.022 nm above the surface for
Sn/Pt(111) but 0.046 nm for Sn/Ni(111) [4,6]. How
can we understand the dramatic difference between
the Ni—Sn and Pt—Sn alloys?

Table 1
Properties of Sn, Pt, and Ni relevant to bonding in Pt—Sn and
Ni-Sn alloys

Work Electronegativity, y Alloy heat of
function Pauling  Allred- fomzanon
¢ (V) Rochow  AHr (kcal/moD)
Sn 442°? 1.8 1.72
Pt 57° 22 1.44 —-124
Ni  535°¢ 19 1.75 -56°¢

® Sn(poly) 128]; ° Pr(111) [28]; © Ni(111) [28]; ¢ Pt,Sn [29];
¢ Ni,Sn [30].

A key question to be answered certainly concerns
whether the change in CO adsorption on Ni(111)
from alloying is due to an electronic or geometric
effect. Both our intuition and experimental results
indicate that it is a primarily a geometric or site-
blocking effect due to repulsive interactions between
Sn and CO. In Table 1 we list the electronegativities
of Sn, Ni, and Pt according to Pauling and Allred-
Rochow. The work function of Sn(poly), Ni(111)
and Pt(111) and heats of formation of Sn—Ni and
Sn—Pt alloys are also given. The electronegativity
and work function of Sn are much closer to Ni(111)
than to Pt(111). One would expect, therefore, a
smaller electronic modification of the Ni(111) sur-
face by alloyed Sn than of the Pt(111) surface. From
previous investigations we know that alloyed Sn has
a very small electronic effect on CO adsorption on
Pt(111) [10], and therefore, we would also expect a
negligible electronic effect of alloyed Sn on CO
adsorption on Ni(111).

Some experimental results also support this pre-
diction. First, the presence of subsurface Sn, which
can affect CO adsorption only through an indirect
electronic effect, has little effect on CO adsorption.
Secondly, the results on a defective surface alloy
show clearly that only CO adsorbed directly on a
defect site (site 1) is influenced by the presence of
defect sites. By contrast, CO adsorbed on the regular
V3 surface alloy sites and on the ‘‘clean Ni’’ sites
(sites 2 and 3) are not influenced by the presence of
defect sites. Thus, there is only a short range interac-
tion between CO and Sn which causes the strong
decrease in the CO desorption temperature.

Within the context of a site-blocking model for
explaining the influence of alloyed Sn atoms on CO
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adsorption on Ni(111), we present below three possi-
ble explanations for the origin of the effect.

4.1. Elimination of adsorption sites

While the adsorption of CO has been extensively
studied using various surface science techniques,
there are still some new developments regarding the
adsorption sites. Previously, the adsorption site at
small coverage was assigned based on two HREELS
peaks at 1816 and 1831 cm ™! to the threefold and
twofold bridging sites, respectively [17,21]. At higher
coverages, the HREELS spectra are dominated by
two peaks at about 2050 and 1900 cm ™' which were
correlated to CO adsorbed at atop and twofold bridge
sites, respectively. A single peak at 1905 cm™!
appears at a CO coverage of 0.5 ML which gives a
sharp ¢(4 X 2) LEED pattern [21]. This CO species
was also assigned to the twofold bridge site. How-
ever, a recent SEXAFS and LEED study reassigned
this species to CO adsorbed in the three-fold hollow
site [24]. On the v3 Ni-Sn surface alloy, there are
no threefold hollow sites containing only Ni atoms.
Therefore, CO adsorption on three-fold Ni hollow
sites is eliminated. Now, the adsorption of CO on
twofold bridge sites must be very energetically unfa-
vorable since there are plenty of the twofold Ni
bridge sites present on the V3 surface alloy but CO
only adsorbs at atop sites. This explanation is not
completely satisfactory since it implies that the ad-
sorption of CO is very site-specific, and a question
also remains as to why the binding energy of CO
adsorbed at atop sites is reduced by more than 11
kcal /mol if no large electronic modification of the
Ni surface exists.

4.2. Repulsive interaction between Sn and CO

Supplementary to the explanation just presented
above, if there are additional direct Sn—-CO interac-
tions we can explain our results in a very satisfactory
manner. Since CO does not adsorb onto Sn surfaces
at temperatures exceeding 90 K, the interaction be-
tween Sn and CO is comprised mainly of weak Van
der Waals forces. If the distance between Sn and CO
is smaller than the sum of their Van der Waals radii,
some repulsive interactions will be present. Since Sn

has a larger outward buckling on Sn/Ni(111) (0.046
nm) than on Sn/Pt(111)0.022 nm) and Ni(111) has
a smaller distance between adjacent Ni(111) atoms
(0.249 nm) than Pt(111) does (0.277), the distance
between the carbon atom of chemisorbed CO (bound
to either Ni or Pt) and the Sn surface atom will be
smaller on the Sn/Ni(111) surface alloy than on the
Sn/Pt(111) surface alloy. This smaller distance can
cause a substantial repulsive interaction between CO
and Sn. Since the distance between a CO molecule
adsorbed at a twofold Ni bridge site and a Sn atom is
smaller than that between CO at an atop site and Sn,
adsorption of CO on twofold Ni bridge sites could be
eliminated. Adsorption of CO on atop sites is still
possible, but with a much smaller binding energy
because of the repulsive interactions of adsorbed CO
with three adjacent Sn atoms. This argument illus-
trates that the influence of a modifier on the surface
chemistry depends strongly on the vertical position
of the modifier. Efforts to determine ensemble sizes
based on the influence of site-blockers should con-
sider this effect.

Another question remains concerning why the
coverage of atop-site CO on the V3 surface alloy is
so small, i.e., only 0.04 ML (9% of saturation cover-
age on Ni(111)). One possible explanation is that
three adjacent Sn atoms are displaced laterally due to
the repulsive interaction of CO and Sn (or possibly
due to CO-induced changes in the Ni electronic
structure), causing the atop sites adjacent to these Sn
atoms to not be available for CO adsorption. This
would strongly reduce the CO saturation coverage.
This explanation is supported by the much smaller
vibrational linewidth of CO adsorbed on the V3
surface alloy compared to that on Ni(111). CO
molecules adsorbed on the V3 surface alloy are
obviously well-separated and the broadening due to
short range CO-CO (repulsive) interactions is there-
fore limited.

4.3. Surface structure

Another possible explanation, which we deem to
not be very likely, is that the structural determination
of the Sn/Ni(111) surface alloy was incorrect. This
would mean that the (3 X v3)R30°-Sn/Ni(111)
surface alloy has a totally different structure than the
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(3 X V3)R30°Sn/Pt(111) surface alloy. For in-
stance, the Sn coverage on the (V3 X v3)R30°
Sn/Ni(111) could be 0.67 ML instead of 0.33 ML,
as it is for the Sn/Ru(001) surface alloy [9]. Both
surface nets give the same LEED patterns. It is also
possible that the Sn atoms are present as an over-
layer on Ni(111). This would certainly block CO
adsorption more effectively. However, considering
that the same annealing temperature (1000 K) was
used to produce the Sn/Ni(111) and Sn/Pt(111)
structures, this is not very likely either. In any case,
a reexamination and verification of the structure of
the (3 X V3 )R30°-Sn/Ni(111) surface alloy using
other independent techniques would be helpful. For
instance, the structure determined by ALISS for the
Sn/Pt(111) surface alloy has been reexamined and
verified using dynamic LEED measurements [27].
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