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Medium-energy ion-scattering analysis of the c(2 X 2) structure induced by K on Au(110)
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The Au(110) surface is reconstructed and shows a (1X2) low-energy electron-diffraction (LEED)
pattern, which is known to correspond to a missing-row reconstruction. At a coverage of half a
monolayer of potassium, a c(2 X 2) LEED pattern is seen, which is not easily rationalized in terms
of the faceted structures observed at lower alkali-metal coverages. Two different models have been
proposed for the atomic arrangements in this structure. We have performed a medium-energy ion-
scattering study, using channeling and blocking, of this surface. We find very good agreement with
a model first proposed by Ho et al. : The top layer of atoms consists of intersecting c(2X2) arrays
of Au and K atoms. The top layer of Au atoms is shifted toward the bulk, and the K atoms are dis-
placed outward relative to this plane. The third layer of Au atoms is also buckled, all in quantita-
tive agreement with the calculation.

I. INTRODUCTION

It is well known that the (110) surface of Au recon-
structs to form a (1X2) unit cell. By a variety of tech-
niques, most notably medium-energy ion scattering'
(MEIS) and low-energy electron dift'raction (LEED), this
reconstruction has been shown to correspond to a
missing-row (MR) model, in which every other close-
packed row of atoms along the [110]direction is missing
from the surface. This reordering is accompanied by a
large inward relaxation of the remaining first-layer
atoms. The (1X1) symmetry is broken also in the third
layer, in that alternate rows of atoms move inward and
outward in a buckling-type distortion. The net e6'ect of
the inward relaxation and the buckling is to smooth out
the ragged surface profile that would otherwise arise.

Theoretical calculations of various degrees of approxi-
mation are in substantial agreement with the structural
model described above. They clearly show that the
(1X1) surface is unstable toward reconstruction and that
higher-order reconstructions [(1X3), (1X4), etc.] have
energies very close to (1X 2). ' ' We were recently able
to induce two such superstructures, namely, a (1 X 5) and
a (1X3) structure, by adsorbing very small amounts
[=0.03 and 0.05 monolayers (ML), respectively] of cesi-
um. In a detailed study, we were able to show that the
structure of the (1 X 3) surface corresponds to a "general-
ized missing-row model, " in which two adjacent rows of
atoms are missing in the first layer and another row of
atoms is missing in the second layer. The resulting sur-
face will therefore have large (111)-like facets, which
presumably are quite stable. Also, here, we find clear evi-

dence for an inward relaxation of the first layer of atoms
and a buckling in the third layer. This structure is in
agreement with theoretical expectations. ' ' It is also
quite similar to a recently proposed model for a (1X3)-
induced reconstruction of Pt(110), although the agent
that causes the reconstruction in that case has not been
identified. ' The (110) surfaces of the 3d fcc metals, for
example Cu and Ni, are unreconstructed [(1X 1) LEED
patterns], as are the 4d fcc (110) surfaces, like Pd and Ag.
However, many of these surfaces can also be induced to
reconstruct to a (1X2) MR structure by adsorption of
submonolayer amounts of alkali metals. " ' It has been
suggested that the role of the alkali metal is mainly that
of a charge donor, which shifts the delicate balance be-
tween d bonding and sp bonding at the surface. There-
fore, one expects the alkali-metal atoms to be predom-
inantly ionic.

At large alkali-metal coverages, the repulsion between
alkali-metal ions will become important, and the alkali-
metal-substrate bond should rather be metallic in charac-
ter. In a recent report, a striking similarity was observed
in a sequence of LEED patterns for increasing amount's
of K adsorbed on Ni(110) and on Au(110). ' An ordered
c (2X2)-overlayer pattern shown by both systems is espe-
cially interesting. For K/Ni(110), the LEED pattern was
assigned to an overlayer formed by 0.5 ML of K atoms
adsorbed in the troughs on a (1X1) Ni(110) substrate,
the symmetry of which does not change during the ad-
sorption. Since K/Au(110) showed the same sequence of
LEED patterns, the same model was also proposed for
the c (2 X 2) pattern on Au(110). In this case, the adlayer
must have induced substantial reordering in the sub-
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strate. The absence of half-order (01)-type spots implies
that a structural change of the Au substrate must occur,
since a (1X2) surface is incompatible with a c (2X2) pat-
tern. We will refer to this model as the ouerlayer mode(
[Fig. 1(a)]. This interpretation was later supported by a
calculation using the effective-medium theory (EMT).
One result of this calculation was that alkali-metal over-
layers, which at low coverages favor a MR structure, sta-
bilize the bulk termination of the fcc(110) surfaces at high
coverages. A different model was later proposed by a
first-principles calculation. ' In this model the top layer
consists of an ordered surface alloy of alternating K and
Au atoms forming close-packed rows along the [110]
direction. Since the c (2 X 2) structure evolves from a
MR model, the new structure can then be thought of as
being formed by breaking up the close-packed Au rows,
displacing every other Au atom to the nearest vacant po-
sition on the "missing rows" and putting K atoms on the
remaining top-layer sites. We will refer to this model as
the substitutional model [Fig. 1(b)].

Symmetry-based arguments like those presented in
favor of the overlayer model are quite attractive, but ex-
perience has shown that it is always useful to perform a
direct structural study, where the positions of the surface
atoms are measured directly. Below we therefore present
our results from an experimental study with medium-
energy ion scattering with channeling and blocking of the
c (2 X 2) K-induced reconstruction of Au(110). The
strength of MEIS is that it is a quantitative structural
technique, in that the ion-solid-interaction law is accu-
rately known in the energy range used, and that often
useful structural information can be obtained by merely
inspecting the data. ' We have analyzed our data, both
in qualitative terms and with the aid of detailed Monte
Carlo simulations of different trial structures, in an at-
tempt to differentiate between the two models. In Sec. II
we describe the experimental setup and sample prepara-
tion. The results, which clearly favor the substitutional
model, are presented in Sec. III. In Sec. IV we give a
brief summary.

II. EXPERIMENT

A schematic picture of the surface of a (1 X 1) fcc (110)
surface is given in Fig. 1. The ion beam is incident on the
target in a low-index crystallographic direction. The in-
tensity and angular dependence of the backscattered ion
Aux is determined as a function of backscattered ion ener-
gy for a fixed incidence energy. The experimental setup'
consists of an ultrahigh-vacuum (UHV) chamber,
equipped with facilities for LEED; Auger spectroscopy, a
K source, a quadrupole mass spectrometer (QMS), etc.
The sample is mounted on a high-precision three-axis
goniometer, which allows the alignment of the crystal
with the desired scattering plane with an accuracy of
0.01'. The ion energies are measured with a rotatable,
commercial, toroidal energy analyzer, which is attached
to a 180-keV ion accelerator via a differentially pumped
beam line. Ion energies as low as 50 keV were used, and
the only ion species utilized was protons.

The Au crystal was mechanically polished and then
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FIG. 1. (a) Top, (i), and side view, (ii) [in the (110)plane], of
the c (2 X 2) structure in the overlayer model. (b) Same as in (a),
but for the substitutional model.

electropolished in a cyanide solution. An x-ray analysis
showed that a (110) axis was within 1 of the surface nor-
mal. The sample was cleaned with standard pro-
cedures. ' The K source (SAES Getters USA) was heat-
ed resistively at a constant current to produce a deposi-
tion rate of approximately 0.2 ML/min. We performed a
preliminary sample-preparation study in a separate UHV
system. There, the alkali-metal-induced work-function
change was measured from the low-energy cutoff of the
electron current from a variable-energy, low-energy elec-
tron gun. Usually, several monolayers were deposited
with the sample at room temperature. A thermal-
desorption-spectroscopy (TDS) spectrum for such a sam-
ple would show a multilayer K desorption peak around
485 K. It was found that a sample that showed a clear
peak in the TDS spectrum subsequently showed a good-
quality c(2X2) LEED pattern. In experiments in the
main experimental chamber the coverage was monitored
using ratios of the K and Au Auger intensities, which
were put on an absolute scale using the ion-
backscattering signal as explained below.

The raw data were normalized by comparing them
with a calibrated standard. They were also corrected for
the (energy-dependent) ion-neutralization probability us-
ing a solid-state detector and a set of electrostatic
deflection plates. After division with the smooth Ruther-
ford cross section, the yield can be compared to Monte
Carlo simulations of the experiment for various trial
structures without the introduction of arbitrary scaling
constants. By comparing simulations and data using an
R-factor analysis, ' the structural parameters of the sur-
face can be determined.

The major uncertainty in the modeling of the ion-solid
interaction arises from the difficulty in modeling the
enhancement of the thermal vibration amplitudes at the
surface. Following earlier work, ' ' we have assumed,
both for the bulk and the surface, that these amplitudes
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are isotropic and follow a Gaussian distribution, charac-
terized by a one-dimensional standard deviation, u,„„
around the equilibrium positions. The bulk one-
dimensional vibrational amplitude of Au is, at 300 K,
0.087 A. To account for correlations in vibrational
motions between adjacent atoms, we have rescaled
the bulk vibrations: u,„, (with correlations)
=u,„,(uncorrelated)+1 —

cNN with a nearest-neighbor
correlation factor (cNN) of 0.30, also taken from bulk
data. '

In principle, we should consider the vibrational ampli-
tude of every atom in the unit cell as an independent vari-
ational parameter in the simulations on the same stand-
ing as the structural parameters. This approach is im-
practical because it will increase the computational time
very substantially. In previous simulations we have
found the inhuence of the vibrational parameters to be
secondary to that of the structural parameters. We there-
fore used only two parameters to describe the vibrations,
namely the vibrational amplitude of the K atoms and an
enhancement amplitude. The latter assigns a common
value to the amplitude in the erst three layers of the sub-
strate (u, ). The amplitude of the thermal vibrations in
fourth and deeper layers was assigned the bulk value.

III. RESULTS

The alkali-metal coverage is determined by measuring
the number of ions backscattered from the adsorbate into
a particular detection angle for a given beam dose and
comparing it to a similar measurement done on a calibra-
tion standard. The ions backscattered from the K atoms
at the surface appear in the spectrum at a lower energy
than the Au surface peak. This is a purely kinematic
effect due to the lower mass of K relative to that of Au.
The K surface peak will therefore sit on top of a back-
ground intensity coming from ions backscattered by Au
atoms in deeper layers of the crystal. To minimize the
effect of the background and get a better estimate of the
coverage, we measured the K peak at a scattering angle
(70.5'+0. 1 ) that corresponds to a bulk blocking direc-
tion (double alignment) in the (110) scattering plane (see
Fig. 2). The results are shown in Fig. 3, where the shaded
area at 62.3 keV corresponds to the signal from the K ad-
sorbate. After proper normalization of the yield and
averaging over 10 angular channels ( =2'), we found the
area under the K peak to be equivalent to 0.53+0.03 ML
(1 ML=8. 5X10' atoms/cm ). Both the substitutional
model and the overlayer model imply a coverage of 0.5
ML [one K atom every two (1 X 1) surface unit cells]. To
differentiate between these models, we should therefore
look at the yield as a function of scattering angle.

En order to understand the data below, it is useful to
remember that the Rutherford scattering cross section is
proportional to the square of the nuclear charge Z. A K
atom (Z = 19) will therefore have a cross section a factor
of 17 smaller than a Au atom (Z =79). This implies that
to a Grst approximation, the ion beam will only see the
Au atoms and not the K adsorbates. Slightly simplified,
for the purposes of ion scattering, the overlayer model
will therefore correspond to a (1X1) Au surface, while
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,/' zone

(001) [110]
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[001]

FIG. 2. Top view of a fcc (110) bulk-terminated surface
[(1X1) surface structure]. The solid lines indicate the different
scattering planes used in this study.

the substitutional model will correspond to a c (2X2) ar-
ray of Au atoms on a Au substrate.

The scattering plane or zone which provides the most
information is the (110) zone. The data (Fig. 4) show
clear blocking dips along the [112] and [114] directions.
The scattering yield stays well below 2.0 atoms/(unit cell)
in the [114] direction and shows no structure (blocking
dips or peaks) for scattering angles smaller than 48. 5',
which corresponds to the [116]blocking direction. This
low-angle behavior is completely different from what has
been observed for the (1X2) surface, where the [118]
blocking dip shows up very clearly in the data. ' There is
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FIG. 3. Energy distribution of the backscattered Aux of
64.3-keV protons from the c(2X2) K-induced reconstruction of
Au(110). The protons were incident along the [112]direction
and detected along the [112]direction (equivalent to a scattering
angle of 70.5'). The dashed area corresponds to the protons
backscattered from the K atoms on the surface, while the peak
at 63.8 keV is the Au surface peak.
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FIG. 4. Experimental yield for 65-keV protons incident in
the (110) zone along the [112] direction as a function of
scattering angle. The data for the c(2X2) surface are shown
with solid circles. Note that the blocking-dip minima are shift-
ed with respect to the bulk [112] and [114] crystallographic
directions. A simulation of the scattering yield for our best
structure (solid line) is also shown.

also a weak blocking dip around 60, an angle which does
not correspond to a Au bulk blocking direction.

Figure 1(a) shows the structure of the overlayer model
in the (110) zone. The positions of the K atoms are as-
sumed to be far from the Au lattice sites (this holds re-
gardless of the structural model) because the K atoms
have much larger radii than the Au atoms. For a (1 X 1)
Au surface, and neglecting thermal vibrations for the mo-
ment, the ion beam will see 2 atoms/(unit cell). As these
two atoms are in different scattering planes in this zone,
blocking will not reduce the scattering yield below this
value at any angle. Nonzero thermal vibrations and/or
distortions of atomic positions away from the bulk posi-
tions can only increase the hitting probability beyond 2
atoms/(unit cell). Experiments on the (1 X 1) structures
of Ag(110) (Ref. 22) and Cu(110) (Ref. 23) indeed show
that the smallest value of the backscattered yield in this
zone is between 2.1 and 2.2 atoms/(unit cell). Our Monte
Carlo calculations for a Au(110) surface with a (1X1)
termination show a slightly larger value for the smallest
yield in this zone [between 2.2 and 2.3 atoms/(unit cell)].
This is due to the fact that Au has a lower Debye temper-
ature than Cu or Ag. Experimentally, the yield from this
zone has, instead, a minimum value of 1.8 atoms/(unit
cell), well below the lower limit for a (1X1) structure.
Even if we were to assume that the K atoms on the sur-
face are located at positions where they can contribute
significantly to the blocking, say in the [114] direction,
0.5 ML of K atoms cannot block efFectively enough to
cause the observed low yield. This observation eliminates
the overlayer as a possible model for the structure of this
surface.

The low values of the yield indicate instead that there
should be vacancies in the top layer, which allow the in-

cident ions to get below the first layer of the crystal.
These ions are scattered from deeper layers and then
blocked on their way out of the crystal by the remaining
Au atoms in the top 1ayer, reducing the yield in the
blocking directions. The substitutional Inodel contains
features to explain this. In the substitutional model [Fig.
1(b)], the incident ions will penetrate unimpeded through
the vacancies beyond the first layer of the crystal. The
backscattered Aux from the third-layer atoms is then
blocked along the [114] direction, causing a deep block-
ing dip. The blocking in the [112] direction is not as
strong as in the [114] direction because the Aux being
blocked comes from atoms that are only partially "seen"
by the incoming beam. The qualitative features of the
substitutional model therefore agree well with the mea-
sured data.

Figure 5 shows data obtained from the (001) scattering
plane with the ion beam incident along the [010] direc-
tion. Figure 6 shows the arrangement of the surface
atoms in the substitutional model in this zone. Topologi-
cally, the arrangement of the atoms is then very similar in
the (001) and (110) zones [Figs. 1(b) and 6]. The [112],
[114], and [116] directions in the (110) zone are
equivalent to the [100], [310], and [210] directions, re-
spectively, in the (001) zone. The interatomic distances
are different, though. The main differences in the scatter-
ing yield between the two zones are observed for lower
scattering angles. Here the (110) zone shows a slightly
lower yield. This diff'erence comes from the (weak) block-
ing by the K adlayer of the fIux backscattered from the
first-layer Au atoms. For the K-Au distance (d~A„)
found from the simulations (as explained below), this
effect becomes significant for scattering angles smaller
than 51' in the (110) zone, compared to 66' in the (001)
zone. Another manifestation of K blocking is the weak,
but distinct, blocking dip around 80 . This angle corre-
sponds to no bulk blocking direction in Au. Our simula-
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FIG. 5. The experimental yield for 65-keV protons incident
in the (001) zone along the [010] direction as a function of
scattering angle. The bulk blocking directions ([100], [310],
and [2TO]) are indicated. The solid line is the simulation for the
best structure.
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FIG. 6. Side view [in the (001) plane] of the substitutional

model. The top layer is formed by alternate Au and K atoms.
The arrows show ions trajectories for the main blocking direc-
tions ([100] and [310]). The interrupted line indicates a trajec-

tory partially blocked in the [010] channeling direction by a
top-layer Au atoms.

tions show that it is associated with Au blocking by the
K atoms.

The [110]blocking dip in the (001) zone and the [112]
blocking dip in the (110) zone are both shifted slightly to
smaller scattering angles. As the location of blocking
dips in this geometry is a measure of the distance between
the first and third layer (d&3), this implies a contraction
of d]3. This is in contrast to what was observed on the
(1X2) surface, ' but similar to wha& we saw on the
(1X3). This effect is not as pronounced in the [114]and
[310]blocking dips because of averaging due to addition-
al surface distortions. We will find below that there is a
very important buckhng distortion of the third layer
(83), which opposes the effects of the contraction of d»
in the data around the [114]and [310]directions.

Data from the (111)zone (Fig. 2) are presented in Figs.
7 and 8. The ions were incident along the [011]direction
and the detector was centered around the [101]direction.
The [101]bulk blocking direction is located at 60. The
solid line in Fig. 7 is a spline fit to data for the same zone
for the (1X2) surface. A feature of the substitutional
model is that there are two distinct atomic planes con-
tributing to the scattering (see Figs. 2 and 9). One of
these planes has exclusively potassium atoms in the top
layer, while the other plane corresponds to a gold-
terminated structure. The most significant aspect of the
data is a shift of the blocking dip to scattering angles
lower than the bulk va1ue. This is clear evidence of a
contraction of an interlayer distance. For the substitu-
tional model the observed shift comes from the contribu-
tions of two interlayer distances in that changes of d &z

and d23 both contribute to the position of the blocking-
dip minimum in this zone. For the overlayer model the
observed shift comes mainly from d, 2. The angular shift
of the blocking dip is larger for the (1X2) surface' than
for the e (2X 2) phase, indicating a smaller contraction in
the e (2 X 2) case than for the clean surface.

We did extensive Monte Carlo simulations and an R-
factor analysis for the scattering yield in the (111),(110),

I I I I I I

40 45 50 55 60 65 70 75 80 85
Scattering Angle ( deg )

FIG. 7. Experimental yield for 65-keV protons incident in
the (111)zone along the [011]direction as a function of scatter-
ing angle. The bulk [101]blocking direction is indicated. The
solid circles are the data for the c (2 X 2) surface structure. The
line is a spline fit to the data for the clean (1 X2) surface. No-
tice the shift of the blocking dip to lower scattering angles in

both cases.

(111) zone
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FIG. 8. Data (solid circles) and simulation (solid line) of the
backscattered yield for the c (2 X 2) structure in the (111)zone.
The [101]bulk blocking direction is indicated.

and (001) zones. For the Au substrate, we varied the
following parameters: di&, d23, d34 83 and u, [Fig.
9(b)]. For the K atoms, we varied the vibrational ampli-
tude and the vertical position of the K relative to the Au
surface. Our results show a contraction of d, 2,
b.diz=( —13+3)%%uo. The second-largest distortion is a
buckling in the third layer, 83 =(8+3)%%uo. The buckling
is such that the third-layer atoms below the top-layer Au
atoms move from the average third-layer position toward
the bulk by 4%o of the bulk interlayer distance, and the
third-layer atoms underneath the K atoms move toward
the surface by the same amount. We also found a (possi-
ble) contraction of the second-interlayer distance d23,
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(a)

FIG. 9. (a) Top view of the substitutional model. The larger
circles represent the K atoms. (b) Side view in the (110) zone.
The vertical arrows in the third Au layer indicate the relative
directions of movement of the atoms.

&dqq =( —4+5)%%uo, and a distance between the third and
fourth layers consistent with the bulk interlayer distance,
b, d34 (0+4). Our data were best fitted with an effective
thermal vibrational amplitude for the Au surface (u, ) of
0. 17+0.02 A.

The K atoms have been included in all the Monte Car-
lo simulations actually performed to search for the best
structural parameters. To understand the extent to
which the presence of K atoms can be neglected, we did
additional simulations without K atoms in the top layer.
As an example, we will consider the results for the (110)
zone. In Fig. 4 we have indicated with arrows the re-
gions where the largest differences induced by the K
atoms occur. One efFect of the K atoms is to increase the
yield by 0.10—0.15 atoms/(unit cell) in this region. This
is anticipated since some of the outgoing ions are blocked
by the K atoms. The depths of the K-induced dips are,
as expected, small, but give us sensitivity to the position
of the K adlayer above the Au substrate. The vertical
distance between the K atoms and the first Au layer [Fig.
9(b)] was found, from the Monte Carlo simulations, to be
dK A„=1.05+0. 15 A. Based on this measurement we
can calculate a radius of the K atom: rK =2.0+0.2 A.
This value should be compared to the K atomic radius
(rK =2.26 A), the ionic radius (rf" =1.33 A), and the
radius shown by K in the only known stable alloy be-
tween Au and K, Au5K (1.85 A). The one-dimensional

TABLE I. Surface distortions of Au(110).

K/c (2 X 2)
Calc. '

K/c(2X2)
MEISb

(1X2)
MEIS'

Ad)2 (%%uO)

&g (%)
Ad 23 (%)

dK-Au (A)

—15.9
+7
+5.3

1.08

—13+3
+8+3
—4+5

1.05+0.15

—18
+14
+4

'Reference 16.
Results of the present study.

'Reference 1.

vibrational amplitude associated with the K atoms ob-
tained from the simulations is 0.21 0.03 A. The large
error bars in the parameters associated with the adatoms
are a consequence of the low sensitivity of the backscat-
tered yield to the K atoms. Our results are summarized
in Table I.

The errors for the structural parameters quoted above
refiect two sources only: (1) the range over which the
structural parameters can be changed without visually
affecting the quality of the fit to the data in a given zone,
and (2) the difFerences in the optimum structural parame-
ters in different scattering zones. The large error bar on
Ad2& is mostly due to the latter effect as we obtain a
significantly larger contraction of dz~ in the (111) zone
than in the (110) and (001) zones. For the substitutional
model, the (111) zone is very sensitive to defects. This
sensitivity comes from atomic planes with a top layer
formed exclusively by K atoms. If we replace some of the
K atoms with Au atoms ( (0.10 ML), we obtain better
agreement between data and simulation. This can be un-
derstood by examining the simulation for the perfect
structure. The solid line in Fig. 8 is the simulation for
the substitutional model in the (111) zone. The simula-
tion single-alignment yield for scattering angles between
68' and 83 is slightly lower than the data. If we substi-
tute Au atoms for K atoms, this will increase the single-
alignment yield because the number of Au atoms in this
plane will be larger than for the perfect substitutional
structure. At the same time the [101j blocking dip will

get deeper.
Chan and Ho' obtained from their self-consistent cal-

culation that the substitutional model had a considerably
lower energy than the overlayer model. Furthermore,
they found a contraction on the first-layer spacing
b,d, z

= —15.9%%uo, and predicted the buckling in the third
layer (Bz) to be 7%. The position of the K atoms was
found to be 1.08 A above the top Au layer. The agree-
ment between the calculation and our measured parame-
ters is therefore extremely good. The calculation also
gave an expansion of the second-layer spacing,
hd2&=+5. 3%%uo, while our data tend to indicate that diaz
is contracted, although the error bar is quite large. The
difference is possibly related to the fact that their calcula-
tion only involved a finite number of layers.

The relaxations measured for the c (2 X 2) structure are
smaller than those measured for the clean Au(110)
(1 X2) surface. ' This agrees with the trend shown by the
relaxations in the fcc (110) surfaces, where larger relaxa-
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tions occur-on more open, reconstructed surfaces. The
main distortions found on the (1X2) surface were a con-
traction of the first-interlayer distance, b,d, 2= —18%,
and a buckling of the third layer, 83=14%.' There is
some model dependence in the values that can be ob-
tained from a Monte Carlo simulation of MEIS data, but
at the same time there are constraints. The position of a
blocking-dip minimum cannot be reproduced unless the
atoms at the surface have a very definite relative position.
This will imply, for example, that the value we measure
for b.d, 2( —13%) cannot vary over a wide range if we
change the structural model. The relaxations of the
bulk-terminated (1 X 1) fcc (110) surfaces, on the other
hand, have values in the range hd&2= —5.0 to —9.0%.
We would expect, then, for a clean Au(110) (1X1)bulk-
terminated structure a similar relaxation. In addition,
adlayers tend to decrease the contraction of d &p. There-
fore, for a (1X1) Au(110) surface with 0.5 ML K ad-
sorbed on top, we certainly expect a value at the lower
end of this range. The fact that the c(2X2) structure
presents a larger relaxation than those shown by the
bulk-terminated structures is then another argument in
favor of the substitutional model.

IV. SUMMARY

We found the absolute value of the K coverage corre-
sponding to the c(2X2) pattern to be 6„,=0.53+0.03
ML. From the MEIS data for this structure, we observed
direct and clear evidence for vacancies in the top layer of

Au atoms, in agreement with the substitutional model
proposed by Ho et al. ' to explain this surface recon-
struction. Direct evidence for a substantial contraction
of the first layer can also be obtained by inspection of the
experimental data. As a result of the Monte Carlo simu-
lations, we find that the two main distortions are a
contraction of the first-Au-interlayer distance, Ad &2

=( —13+3)% and a buckling of the third layer,
83 =(8+3)%. The top layer of atoms is rippled, with the
K nuclei located 1.05+0.15 A above the Au nuclei. The
values of these distortions are in exceptionally good
agreement with the predictions of Ho et al. ' The radius
of the K atom (2.0+0.2 A) is slightly smaller than that
of bulk potassium, but very significantly larger than the
ionic radius.
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