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Ordering and interactions between Cl adatoms on Cu(111) and their influence
on the local electronic properties as measured by STM and STS
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We present a scanning tunneling microscopy/spectroscopy study of compressed Cl adlayers on Cu(111) under
ultrahigh-vacuum conditions. We describe a rational scheme to assign Cl adatoms to different surface sites.
The dominant electronic state visible in scanning tunneling spectroscopy (STS) corresponds to an antibonding
interaction between the Cl adlayer and the copper surface. This state was observed to be 200 meV higher in
energy at hep sites compared to fcc sites, and it is attributed to the greater charge transfer to ClI adatoms at hcp
sites. Although there was no STS signature associated with bridging sites, the presence of bridging Cl adatoms
along the periphery of fcc domains caused a shift in the energy of the interface state in the latter. These results
shed important light on the ordering and interaction between Cl adatoms on Cu(111) and their influence of the

local electronic structure of the surface.
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I. INTRODUCTION

The interplay between adsorbate-substrate and adsorbate-
adsorbate interactions is one of the most extensively studies
aspects of surface science. Much of the early work investigated
the dependence of the adsorption energy on coverage, and typ-
ically showed a decrease in binding energy at higher coverage,
ostensibly due to steric repulsions between adsorbates. The
simplest systems to study are monatomic adsorbates such as
hydrogen or halogens where repulsions are not complicated
by the internal structure and the relaxation dynamics of the
molecule. In this work, we investigate the packing and the
evolution of the electronic structure of Cu(111) under different
ClI atom coverage conditions.

The structure of chlorine adsorbed on Cu(111) has already
been studied extensively. The initial studies used low-energy
electron diffraction (LEED) [1], but more recently these
have been followed by photoelectron diffraction [2], surface-
extended x-ray absorption fine structure (SEXAFS) [3],
and x-ray standing-wave techniques [4,5]. The introduction
of scanning tunneling microscopy (STM) [6] has allowed
investigation of local features, with atomic resolution, which
are averaged out by other techniques. Most of the published
research has been focused on the structure and desorption
behavior of the chlorine adlayer [7], with the electronic prop-
erties of the CI-Cu(111) surface being less well studied. Some
first-principles calculations have been performed, including
a detailed paper by Peljhan and Kokalj, which describes the
electronic properties of the surface at various Cl coverages [8].
Almost all existing studies focus on surfaces that are formed
via dissociation of molecular chlorine in vacuum. Jones and
Clifford reported that chloroform adsorbs dissociatively on
Cu(111), saturating at the (\/gx «/§)R30° structure [9]. Here
we find that the surface coverage does not saturate at 1/3 ML
when electrospray deposition is used.

Figure 1 shows the various adsorption sites on a fcc(111)
surface. In this figure and throughout the paper, adatoms in fcc,
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hcp, and bridge sites are colored black, pink, and green, respec-
tively. As Cl atoms are added to the Cu(111) surface they form
chains, where the adjacent atoms alternate between adsorption
in fcc and hep sites, or small (\/5 X \/§)R30° islands with the
Cl atoms in fcc sites [10]. As the coverage increases, a porous
structure is formed with voids enclosed by the aforementioned
Cl chains or (v/3x+/3)R30° ribbons. The voids close as more
Cl atoms are added to the surface until the coverage reaches
1/3 ML, where a uniform (\/§ X \/§)R30O adlayer is formed
[1]. Above 1/3 ML, CI atoms form crowdion interstitials where
some of the Cl atoms surrounding the interstitial are displaced
from fcc sites to hcp or bridge sites [11]. These crowdion
interstitials condense into domain walls as the number density
increases [12]. A section of a domain wall is shown in Fig. 1,
where the Cl atoms transition from a (v/3x+/3)R30° domain
in which the CI atoms occupy fcc sites to one in which they oc-
cupy hep sites by passing through a line of atoms in bridge sites.
The size of these domains shrinks with increasing Cl coverage
until at 0.4 ML the fcc and hcp domains are each one atomic
row wide [11]. Between 0.4 and 5/12 ML, the mesh is further
compressed such that some of the Cl atomic rows are in sites
intermediate between bridge and hollow. Above 5/12 ML, fur-
ther uniaxial compression of the surface mesh is unfavorable
because it would result in CI-Cl nearest-neighbor distances
smaller than the Van der Waals diameter of chlorine [13].
The tradeoff between steric and electronic energy in
minimizing the free energy gives rise to this variety of
complex structures. This makes the CI-Cu(111) system ideal
for studying the chemical potential by analyzing the surface
structure and electronic properties as a function of coverage.
Here, the electronic properties of uniaxially compressed
CI-Cu(111) are studied using resolution scanning tunneling
microscopy (STM) and spectroscopy (STS). We begin by an-
alyzing the topography of uniaxially compressed Cl-Cu(111)
surfaces, and we deduce the adsorption site of the atoms in
the structure. We then use these observations to derive a more
general relationship between the coverage and the observed
structure in the uniaxial compression regime. STS of the
CI-Cu(111) surface is presented and found to depend on the
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FIG. 1. The different adsorption sites on an fcc(111) surface. The
vertices of the triangular grid represent surface atoms, with the shaded
triangles representing fcc sites and the empty triangles representing
hep sites. The black, pink, and green circles represent adatoms in
fce, hep, and bridge sites, respectively. This color scheme is used
throughout this paper.

registry of the domain on which it is measured, i.e., whether
the constituent atoms occupy fcc or hep sites. The electronic
structure was also found to depend on the size of the domain,
and an explanation of this dependence is proposed.

II. EXPERIMENT

All experiments were performed at 77 K using a CreaTec
cryogenic STM. The ultrahigh-vacuum (UHV) system in-
cludes analysis, preparation, and load-lock chambers with base
pressures <1x107'!, 2x107!"", and 6x10~'! mbar, respec-
tively. The Cu(111) sample was prepared by multiple cycles
of Art bombardment followed by annealing up to 800 K. The
chlorine adlayer was formed by electrospraying HPLC grade
chloroform onto the Cu(111) surface in vacuum, whereon
it is known to dissociate [9]. The electrospray apparatus is
commercially available (MolecularSpray) and produces an
electrospray jet in ambient that then enters the vacuum system
through differentially pumped stages. During deposition, the
pressure in the load-lock rises to 1x 10~% mbar. However, this
is measured far from the sample, and, as a result, the pressure
at the sample is expected to be at least an order of magnitude
higher. The pressure recovers to 1x 1078 mbar seconds after
the electrospray gate is closed, and returns to base pressure
within 1 h. Tungsten probes were annealed in situ and inked
on Pt(111) as described previously [14] in order to ensure there
were no features in the tip local density of states (LDOS) in
the bias range of interest.

III. RESULTS AND DISCUSSION

Electrospray deposition of chloroform onto Cu(111) results
in a Cl adlayer with coverage between 3/8 and 7/19 ML. The
reaction of chloroform with Cu(111) was previously reported
to self-terminate at the (v/3x+/3)R30° structure (1 /3 ML)
[9]. We attribute the higher coverage obtained here to the
action of the electrospray. During exposure of the sample to
the well-collimated electrosprayed molecular beam, there is
high pressure at the sample and the adsorbed Cl atoms may
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FIG. 2. Topographic images of uniaxially compressed Cl adlayers
on Cu(111). The compression direction is indicated with gray arrows.
Part (a) shows the atomic resolution of the Cl adlayer, imaged at
+1.0 V. The striped pattern allows us to differentiate between Cl
atoms adsorbed in hollow sites and those in bridge sites. The C1 — Cl
row spacing is shorter between adjacent hollow and bridge rows
(indicated by yellow arrows) than between adjacent hollow rows
(indicated by cyan arrows), leading to reduced contrast between the
atomic rows. Part (b) shows the enlarged area indicated by the red
square in (a). Here, atoms in bridge sites can be distinguished by
following the atomic rows along the compressed axes. A small offset
is present at bridge sites. The black lines help to track this offset. The
black, pink, and green circles represent Cl atoms occupying fcc, hep,
and bridge sites, respectively. These were assigned by analyzing the
image in panel (c), where high current was applied to desorb some of
the Cl atoms, forming a large (v/3x~/3)R30° domain. Since in the
uncompressed (+/3x~/3)R30° structure the Cl atoms all occupy fec
sites, we assign the Cl atoms in the largest domain to fcc sites.

be temporarily displaced, allowing an excess of chloroform
to react with the surface. It is well established that, at
room temperature, chloroform initially physisorbs on Cu(111)
before the C—Cl bonds break sequentially, leaving three Cl
atoms and a C—H radical adsorbed on the surface. The C—H
radical diffuses on the surface until it meets another, and it
reacts to form ethyne, which then desorbs [9].

Figures 2(a) and 2(b) show the (19x+/3) structure, corre-
sponding to a coverage of 7/19 ML. Here domains alternate
between two and three atomic rows wide and are separated
by rows of Cl atoms adsorbed in bridge sites. The atoms in
bridge sites can be distinguished from those in hollow sites
by analyzing the topography. Since the inter-row distance is
shorter between a row of Cl atoms in hollow sites and a row
of CI atoms in bridge sites than between two rows of atoms
in hollow sites, the contrast between the atoms is reduced.
Therefore, where there is greater contrast between two atomic
rows, indicated by the cyan arrow in Fig. 2(a), atoms in these
rows can be assigned to hollow sites. Where there is reduced
contrast between an atomic row and the row on either side of
it, indicated by yellow arrows, the atoms in this row can be
assigned to bridge sites. Alternatively, the bridge sites can be
identified by noticing that atomic rows in adjacent domains
do not align exactly. The atomic row (along the uncompressed
direction) where there is an offset between adjacent rows in
both of the other two (compressed) directions, as indicated by
the black lines in Fig. 2(b), can be identified as the bridge site.

However, due to the symmetry of the structure, the fcc
domains cannot be differentiated from the hcp domains by
analysis of the topography alone. To identify the adsorption
site, this adlayer was modified by locally applying a large cur-

245411-2



ORDERING AND INTERACTIONS BETWEEN C1 ADATOMS ...

(a) 0.424 ref. 12, 13

0.41 ™~

0.40 « —— (5xV3) - (ref. 11)
__0.391
S 0.384
@ 0371

0.36

0.35-

0.34

0.334

PHYSICAL REVIEW B 96, 245411 (2017)

FIG. 3. Coverage vs structure relationship in the uniaxial compression regime. Ry and Ry, represent the number of atomic rows in the
fcc and hep domains, respectively. Black, pink, and green spheres represent Cl atoms occupying fcc, hep, and bridge sites, respectively. Part
(a) shows the coverage decaying exponentially to 1/3 ML (indicated by the lower dashed line), corresponding to the (v/3x+/3)R30° structure
[presented in (b)], as the domain widths increase. The upper dashed line in (a) corresponds to the maximum coverage structure in the uniaxial
compression regime. Part (c) shows the (8 x+/3) structure where domains, two atomic rows wide, of Cl atoms occupying fcc sites are separated
from hcp domains by a row of Cl atoms in bridge sites. Part (d) shows a model of the (19x /3) structure, shown in Fig. 2(a), where the fcc and

hcp domains are both three and two atomic rows wide, respectively.

rent and desorbing some of the Cl atoms to form large domains
[see the left side of Fig. 2(c)]. Since it was previously estab-
lished that CI atoms occupy fcc sites in the (v/3x+/3)R30°
adlayer [3], due to the slightly larger adsorption energy relative
to the hcp sites [15], the large domain is assumed to consist of
Cl atoms occupying fcc sites.

The relationship between Cl coverage and structure in the
uniaxial compression regime is described in Fig. 3. At 1/3 ML
the chlorine atoms occupy the Cu(111) fcc sites in the isotropic
(«/5 X \/§)R30° structure [1,16], which is marked by the lower
dashed line in Fig. 3(a) and shown schematically in Fig. 3(b).
As the coverage increases, crowdion interstitials appear on
the surface, which then condense into domain walls resulting
in a nonuniform uniaxial compression of the (ﬁ X \/§)R30°
structure [11]. The domains get progressively smaller as
the coverage increases. The (8x V/3) structure shown in
Fig. 2(a) is indicated in Fig. 3(a), and shown schematically
in Fig. 3(c). The (19x«/§) structure, shown schematically in
Fig. 3(d), was also observed after electrospraying chloroform
onclean Cu(111). The (5x+/3) structure, indicated in Fig.3(a),
corresponding to alternating fcc and hcp domains one atomic
row in width, has been previously reported for Cl on Ag(111)
[11]. Between 3/8 and 9/17 ML, where Cl atoms occupy fcc,
hcp, and bridge sites only, the relationship between coverage
in monolayers ®, the number of chlorine atoms per unit cell
N4, and the length of the unit cell L are given by

Ny
2L’ M
where N, is related to the number of atomic rows in the fcc
domain Ry and the number of atomic rows in the hcp domain
Rnep according to the following equation:

Ny = (b + D(Rgee + Rhcp +2), (2)
and the unit-cell length is

b+1
L= T(?’Rfcc + 3Rhcp +4), 3

where b = (Rgec + Ruep)%02.

The most compressed structure possible under the uniaxial
compression regime is the (12x+/3) structure [12,13], corre-
sponding to a coverage of 5/12 ML [indicated by the upper
dashed line in Fig. 3(a)]. At coverages between 0.4 and 5/12
ML, single-row fcc and hcp domains are separated by domain
walls several rows wide, where the chlorine atoms occupy
adsorption sites that are less symmetric than bridge sites.

Scanning tunneling spectroscopy (STS) data are presented
in Fig. 4. The differential conductance, measured between
41.0 and £3.0 V using constant-current spectroscopy [also
known as Z(V') spectroscopy], is plotted in Fig. 4(a). Constant-
current spectroscopy involves measuring the d1/dV signal as
the tip-sample separation increases in response to increasing
sample bias voltage. This approach is useful for measuring
a wide bias range where loss of signal would be expected
for constant height spectra. However, constant-current spec-
troscopy is not suitable for measurements close to the Fermi
level, since at low biases this leads to very small tip-sample
distances, and therefore extreme tip-sample forces, which can
modify the tip and/or sample. Variable-height spectroscopy
was used to access the low bias range between £1.0 V.
Here the bias is swept and the tip-sample distance varies
in a predetermined way that maximizes the signal-to-noise
ratio of the measured current and dI/dV signals. These
data were used to extract the combined tip-sample LDOS
ps.:(V). Variable-height spectroscopy, and the approach used
to extract the LDOS from the resulting data, were described
by Naydenov et al. [17].

We observe a peak at +1.8 V in the empty states. This peak
is blueshifted by approximately 200 mV when measured on
a hcp domain compared to a fcc domain. Since the Cl py
and py orbitals are doubly occupied, and therefore below
the Fermi energy, we assign the observed STS peak to an
interface state between the Cu d orbitals and the Cl 3 p,
state. While there are no significant antibonding features in
the partial density of states (PDOS) spectrum calculated by
Peljhan and Kokalj [8], the calculated spectrum only extends
2 eV into the empty states. Considering that calculated energy
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FIG. 4. STS of the (8x+/3) Cl overlayer. Part (a) shows the STS of fcc (black) and hep (pink) Cl domains. From 1.0 to +3.0 V, the
differential conductance was measured using Z(V') spectroscopy. Between —1.0 and 1.0 V, the LDOS, extracted from variable-height spectra,
is shown. The peak at +1.8 V is attributed to the interaction of the CI 3 p, state with the Cu d states. This state is blueshifted by approximately
200 mV on the hcp site relative to the fcc site. A topographic STM image at +2.0 V, where the fcc domains appear as ridges and the hcp
domains appear as valleys, is shown in (b). The energetic shift in the observed state between the fcc and hep domains is shown more clearly in
the LDOS contour map in (c). Variable-height spectra were measured along the blue dotted line in (b), and from each the LDOS was extracted
[17]. The maxima can be seen to follow the domain type. Approximate positions of the Cl bridging rows are indicated by the yellow arrows in

(b) and the dashed lines in (c).

scales often need adjusting to match experimental results, and
that the antibonding Cu d—Cl 3 p, interaction is expected to
be strong, this state may simply lie outside the calculated
range. Since the Cu s,d—-Cl 3 p, bonding interaction, the
Cu s5,d—Cl1 3 py, bonding interaction, and the Cu d-Cl 3 py
antibonding interaction are accounted for in the calculated
PDOS, we anticipate the antibonding interaction between the
Cud and Cl1 3 p, states to be the next state available in the wider
energy range for tunneling in these measurements. There are
no other features in the tunneling window between +4-3.5 and
—3.5 V. It is unclear why no corresponding state is observed
for the CI atoms occupying bridge sites, despite the difference
in Cl adsorption energy between hollow and bridge sites being
only ~80-90 meV [10].

The shift of the observed state is shown in more detail
in Fig. 4(c), where the combined tip-sample LDOS has
been extracted, as described above, from variable-height
spectra measured across several domains [blue dashed line in
Fig. 4(b)]. There was a small lateral drift during the acquisition
of the spectra, which appears as an offset in the angle of the
line across which the spectra were measured, so that these data
were not precisely recorded perpendicular to the long axis of
the domains. The topography of the (8 x+/3) structure [shown
schematically in Fig. 3(c)] at +2.0 V is presented in Fig. 4(b).
At this bias, we lose atomic resolution and the fcc domains
appear as ridges in the topography. Similar features have been
observed in the topography of Cl adlayers on Ag(111), where
the dark features they observe in the topography at +1.98 V
were attributed to areas of increased chlorine density, i.e.,
centered around the bridging rows [11]. The approximate
positions of the bridging rows are indicated by the yellow
arrows in Fig. 4(b) [and the dashed lines in the topographic
profile in Fig. 4(c)]. If the topographic feature were due to
the increased density of Cl atoms around the domain walls, it
should be centered on, and have the same periodicity as, the
yellow arrows. Since this is not the case, we instead attribute

the bright features to fcc domains and the dark features to
hep sites. (See Fig. S1 in the Supplemental Material for
more details [18].) The maxima in the LDOS contour map
in Fig. 4(c) can be seen to shift from approximately +1.9 V on
the fcc domains to approximately +2.1 V on the hcp domains.

To investigate the origin of this shift, two Gaussians were
fitted to each spectrum. The widths of the Gaussians were set
to be equal within each fit. The average width across all the
spectra was obtained and the peaks were refit with the widths
fixed at the average value of 0.4 V, and the centers free to vary.
The average value of the two peak centers was 1.91(7) and
2.14(6) V, respectively. Each spectrum was refit with the peak
centers fixed at these values. Samples of the fits are shown in
Fig. 5(a). The amplitudes of the two peaks for the spectra in
Fig. 4(c) are shown in Fig. 5(b). The peak heights are antiphase
to each other, and follow the topography, with the peak at
+1.91 V being strongest on the fcc domains and the peak at
+2.14 V being strongest on the hcp sites. The observed shift
is therefore due to the variation in the amplitude of the relative
local contribution from the fcc-Cl and hep-Cl peaks, rather
than a shift in the energy of either of these peaks. Since the
amplitude of the fcc peak is nonzero in the hcp domains, and
vice versa, it is clear that these states are not strongly localized.
We postulate that the energy difference between the fcc state
and the hcp state is due to the change in magnitude of the dipole
between the two sites. No difference in the measured apparent
barrier height could be resolved between the two domains,
possibly due to the fact that the expected difference is similar
to the margin of error of the measurement. However, DFT
calculations show that the charge on a CI atom occupying a
hep site is higher than on one in a fcc site [8] due to the
increased number of immediate Cu neighbors, and that the
work function is expected to be 0.04 eV higher for a hcp
domain than for a fcc domain [19]. Indeed, calculations of
uniform Cl adlayers on Ag(111), which is closely analogous
to Cu(111), show that the excess charge on the hcp Cl atom
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FIG. 5. Deconvolution of the LDOS measurements from Fig. 4(c) into components from the fcc and hcp sites. A linear background was
subtracted from each LDOS spectrum, and two Gaussians with equal widths were fitted to each. Representative fits for spectra on the fcc,
bridge, and hcp sites are shown in (a). Residuals from these fits are shown at the bottom of the panel. The variation of the peak height is shown
in (b). The two peaks are antiphase and correlate with the topography. The peak at +1.91 V corresponds to the interface state between fcc Cl
atoms and the Cu(111), and the peak at +2.14 V is attributed to the corresponding state for Cl atoms adsorbed in hcp sites.

resides, at least partially, in the p, orbital [20]. The additional Domains of various sizes were produced by applying high
charge at Cl atoms adsorbed at the hcp site is likely responsible current as in Fig. 2. The larger domains were assumed to
for the observed shift in the hcp unoccupied p, state to higher ~ have fcc registry, while the domains that remained largely un-
energies. changed were assigned as hcp. This area is shown in Fig. 6(a).
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FIG. 6. STS on domains of varying size. Part (a) shows a topographic map of an area that has been modified with the tip to form domains
of varying sizes. The LDOS along the blue dotted line in (a) is shown in (b). It can be seen that the energy of the state on the fcc domains
shifts closer to the Fermi level as the domain gets larger. The hcp domains are the same size, and the peak position is constant at +2.1 V. To
investigate the effect of the domain size, the position of the peak maximum in the largest domain was plotted as a function of the distance to
the domain edge. The peak maximum was found to approach 4+1.6 V, which corresponds to the peak position for a uniform (+/3 x+/3)R30°
Cl adlayer, asymptotically as the distance from the domain edge increased. The effect of smaller domain sizes was modeled in (d) by placing

the curve extracted in (c) at the locations of the bridging rows in (b). The red curves are the sums of the asymptotic curves, and the blue circles
represent the measured peak positions.
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The LDOS was extracted from spectra measured across these
domains, along the blue dotted line in Fig. 6(a), as previously
described for Fig. 4. The resulting contour map is shown in
Fig. 6(b). Analysis of this plot leads to two observations:

(1) The energy of the interface state shifts closer to the Fermi
level as the domain size increases.

(i1) The energy of the interface state is greater at the edge of
a domain, near the bridge sites constituting the domain wall,
and decays toward the center of the domain.

We now explore the latter in more detail by examining the
peak behavior across the largest domain in Fig. 6(a) [between
~150 and 210 A in Fig. 6(b)]. A plot of the interface state
energy (approximated by the bias voltage corresponding to
the maximum LDOS value) with increasing distance from
the bridging row is shown in Fig. 6(c). It can be seen that,
going from the domain edge toward the center, the bias
value corresponding to the energy of the interface state tends
asymptotically toward 4+1.6 V. We note that the interface state
appears at +1.6 V in the STS of a uniform (+/3x+/3)R30°
Cl adlayer, where every Cl atom is adsorbed in a fcc site (see
Fig. S2 in the Supplemental Material). This suggests that the
presence of the domain walls perturbs the interface state and
shifts it to higher energies. However, it is unclear whether this
is due to the increased ClI density in the vicinity of the bridge
rows, or because of a specific interaction of the fcc CI-Cu(111)
interface state with the corresponding bridge CI state (which
was not detected in the available tunneling window).

The effect of domain size on the energy of the Cl-Cu(111)
interface state was modeled using the relationship derived in
the previous section. The approximate positions of the bridge
rows, estimated from Fig. 6(b), are represented by dashed
vertical lines in Fig. 6(d). The observed peak-voltage—distance
relationship, fitted in Fig. 6(c), was then inserted at each of
these positions. Next, the domain walls on either side were
assumed to contribute additively, and the resulting predicted
peak energy at every point across each fcc domain was
calculated [indicated by the red curves in Fig. 6(d)]. Finally,
this was compared to the measured energy of the interface
state at various locations on each fcc domain, indicated by
the blue circles, and it is clear that for larger domains very
good agreement between the predicted and measured values is
obtained. For the smallest domain, however, this simple model
significantly underestimates the effect of the domain size on
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the energy of the interface state, and therefore the interaction
between the domain walls and the CI-Cu(111) interface state
for the smallest domains is not well described by adding the
contributions from two noninteracting domain walls.

IV. CONCLUSIONS

We report STS data for uniaxially compressed Cl adlayers
on Cu(111) formed by exploiting the dissociative interaction
of electrosprayed chloroform with the copper surface. We
observe a single peak in the empty states, which we attribute
to the antibonding interaction between the Cl 3 p, orbital and
the Cu d states. The energy of this peak was found to be higher
on the hcp domains than on the fcc domains. Decomposition
of the peak into contributions from each of the adsorption sites
reveals that the hep CI-Cu(111) interaction is approximately
230 mV more antibonding than the equivalent fcc interaction,
and that the states are not well localized but leak into adjacent
domains. We suggest that this energy shift is due to more
charge transfer from Cu to Cl adatoms at hcp sites.

The energy of the interface state in large fcc domains
was found to depend on the distance from the domain edge.
The peak position was found to approach that for a pristine
(v/3x+/3)R30°-Cl adlayer, where all the adatoms are in fcc
sites, as the distance from the domain edge increases. The
peak position was modeled for domains of different sizes
based on this asymptotic-energy—distance relationship, and
the predicted peak position was found to match closely the
measured value, except for small domains where the peak
position is underestimated. We postulate that the observed
asymptotic relationship originates in the interaction between
the electronic states due to CI atoms adsorbed in bridge sites
and those in fcc sites. There was no peak due to the bridging site
observed in the available tunneling window. We believe these
results shed important light on the ordering and interaction
between Cl adatoms on Cu(111) and their influence of the
local electronic structure of the surface.
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