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Electronic properties of Fe clusters on a Au(111) surface
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The electronic states of self-organized Fe nanoislands on a Au(111) surface have been investigated
using low-temperature scanning tunneling microscopy and spectroscopy. We show that the local density of
states is dominated by Shockley surface states confined in the nanostructures. Comparing the experimental
dispersion diagram with a free-electron model we derive the effective mass m∗ = 0.39 me and the band onset
E0 = −420 meV of these states. Ab initio calculations show the existence of the Shockley surface states in the
Fe layer, in agreement with the experiment, and reveal that they are fully spin polarized.
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I. INTRODUCTION

The physics of low-dimensional systems has attracted wide
interest in recent years because of the fascinating new physical
properties arising with the size reduction of materials. In
particular, nanostructures grown at the surface of metallic
substrates are a rich playground for the investigation of new
magnetic, electronic, or catalytic properties. The constant
demand for increased data storage density and the recent
development of spin electronics has motivated a number of
research efforts in magnetic systems with reduced dimensions.
In this context, magnetic nanoislands grown on nanopatterned
surfaces are promising model systems due to their ability
to produce arrays of magnetic nanostructures self-organized
over a very large scale. The Au(111) surface is particularly
interesting because its so-called herringbone reconstruction
provides a natural template on which as-grown metallic mate-
rial can lead to the formation of self-organized nanostructures.
Self-organization has been demonstrated on that substrate with
several materials such as Fe,1–3 Co,4 Ni,5 and Cr.6 The case
of Fe/Au(111) is particularly interesting since its magnetism
depends on its atomic structure which changes drastically
with the amount of deposition from nanoislands to one-
dimensional (1D) nanowires and finally a two-dimensional
(2D) film. X-ray magnetic circular dichroism studies have
demonstrated that during the growth process unexpected mag-
netic behavior occurs with an in-plane anisotropy observed in
nanoislands.7 For a complete understanding of the physics
of the Fe/Au(111) system it is necessary to get detailed
knowledge of its electronic structure. The electronic properties
of Fe nanostructures on a gold substrate have been investigated
using angle-resolved photoemission spectroscopy on Fe wires
grown at the step edges of a vicinal Au substrate.8 However
there are currently no data available on the electronic prop-
erties of Fe nanostructures on Au(111). Scanning tunneling
microscopy (STM) and spectroscopy (STS) are techniques
particularly adapted to the investigation of the local electronic
structure of nanometer-size objects because they allow one to
combine lateral atomic resolution with local spectroscopy.
Here we intend to shed more light on the electronic properties
of Fe nanostructures on Au(111) by performing STM/STS
measurements. We provide experimental evidence of a Shock-

ley surface state at the surface of the Fe islands. Local spectra
show a series of peaks which are attributed to confined
states. Conductance images provide a visualization of the
corresponding spatial distribution of the electron density.
Comparing the experimental data with a free-electron model
we show that the observed wave patterns correspond to
confined states in the islands. The comparison of calculated
and experimental energies of those states allows us to esti-
mate the effective mass m∗ = 0.39 me and the band onset
E0 = −420 meV. Ab initio calculations reveal the existence
of two surface states on the Fe layer, one that has a d-like
character and is not accessible to the STM tip due to a small
extension in the vacuum, and the other that is the Shockley
surface state. In good agreement with experiment, the latter
is found to have a band onset shifted to higher energy and a
larger effective mass compared to the bare Au(111) surface
while the d-like state has a band onset shifted to lower
energy as compared to clean Au(111). As a consequence the
dispersive state measured in the experiment can be identified
as the Shockley surface state. The calculations also reveal
that the Shockley surface state in Fe is fully spin polarized.
The spin polarization of such states has been previously
evidenced experimentally and theoretically on the Co/Cu(111)
system.9–11 We then compare the free-electron model with
a tight-binding description of the Fe islands that can also
reproduce the experimental data. The latter approach allows
us to discuss edge effects on nanoislands measured by STM.
In particular the appearance of bright edges in topography and
their influence in the conductance maps are discussed and can
be attributed to confined Shockley surface states without a
specific edge state.

II. EXPERIMENTAL SETUP

Experiments have been performed with an Omicron Nan-
otechnology LT-STM. The STM chamber (tip and sample)
was cooled by liquid He down to 5 K, and under ultrahigh
vacuum (P ≈ 10−10 mbar). The Au(111) sample was cleaned
by repeated cycles of Ar+ sputtering and 750 K annealing. Iron
was evaporated at room temperature under ultrahigh vacuum
by sublimation of a Fe rod. The measurements were performed
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at 5 K with an electrochemically etched tungsten tip. Local
dI/dV spectra were obtained with the lock-in technique.
The conductance maps were recorded in the current imaging
tunneling spectroscopy (CITS) mode. Spectra were taken at
every pixel of the topographic image, consequently enabling
one to recreate conductivity dI/dV maps of the local density
of states (LDOS) at a given energy. One has to note that in
these methods the sample LDOS is measured along the tip
trajectory.

III. RESULTS AND DISCUSSION

Figure 1 shows the surface after a deposition of 0.13 ML
of Fe on Au(111) at room temperature. The kinks of the
Au(111) reconstruction act as nucleation centers that, upon Fe
deposition, lead to the formation of self-organized Fe clusters
with a monolayer height for a coverage below 0.3 ML.1 Above
this coverage, the clusters coalesce along the 〈112〉 direction
and nanowires appear. The atomic structure of self-organized
clusters has been studied and it was shown that they grow
in a pseudomorphic way.2,12 The shapes of the clusters
are polygonal, most of them being triangles or truncated
triangles. Their orientation follows that of the underlying
reconstruction.

We investigated the local electronic structure of the Fe
clusters by performing STS on several islands. A typical
example is presented in Fig. 2. The dI/dV spectrum displayed
in Fig. 2(a) was measured close to the center of the island
shown in the inset. Four peaks clearly appear at −0.10,
0.08, 0.45, and 1.20 eV. The respective intensity of these
peaks strongly depends on the location where the spectrum
is measured, indicating that the corresponding electronic
states have strong spatial inhomogeneity. In order to identify
the origin of these peaks we measured dI/dV maps at

FIG. 1. (Color online) Fe/Au(111) topographic 300 × 300 nm2

STM image measured at 5 K, with a 1 V bias and a 0.13 ML coverage
of Fe deposited at room temperature. Two out of the three different
herringbone reconstruction directions can be seen, as well as their
impact on the clusters’ orientation.
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FIG. 2. (Color online) (a) dI/dV spectrum measured close to the
center of a Fe/Au(111) cluster. The inset shows a 10 × 10 nm2 STM
image of the Fe cluster measured at a bias of 1 V; the cross indicates
the location where the spectrum was measured. (b)–(e) dI/dV maps
measured in the CITS mode at energies corresponding to the peaks
in the spectroscopy, respectively −0.09, 0.07, 0.55, and 1.18 eV.

energies corresponding to these states. The resulting images
are displayed in Figs. 2(b)–2(e). The best contrast in the
images is not always found exactly at the energy of the peak
determined in the spectrum, and as a consequence the images
displayed are obtained at energies slightly different from those
shown in the spectrum. While the first state at −0.10 eV is
almost featureless with an electron density concentrated at the
center, the next three states exhibit one, three, and six nodes,
respectively. These features are close to that of the first four
states of a free electron wave confined in a triangular box (see
more details below). These results indicate that Shockley-like
surface states are present at the surface of the Fe nanoclusters.
In order to confirm this interpretation we performed STS on
several islands with similar shapes but different sizes. In Fig. 3
we plot the measured energy position of the peaks as a function
of the size of the clusters. Clearly the position of the peaks
depends on the cluster size and shifts to lower energy when the
area increases as expected for confined states. We compared
this experimental dispersion diagram with the one given by a
free-electron model.

A. Spectral analysis

We used a particle-in-a-box model with Dirichlet boundary
conditions.13 We verified that the computational method we
used gives the same energies as the analytical solutions in a
pure triangle. The main asset of this model is that any convex
geometry is computable. We have chosen a truncated triangular
shape14 of surface area S with a long to short edge ratio of 2.73
which is very close to the mean experimental shape of clusters
studied in Fig. 3.

This model gives a set of eigenenergies En = E0 + λn

m∗S
where En are the energies for different modes, E0 is the band
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FIG. 3. (Color online) Energy positions of the spectroscopy peaks
as a function of the surface area of the Fe clusters. Markers indicate
experimental data measured on different islands with truncated
triangular shape. Black open circles correspond to the lower energy
state. Green squares, red closed circles, and blue triangles correspond
to the first, second, and third excited states, respectively. The lines
correspond to the calculated energies of the first six states (from
bottom to top) of free-electron confined states in a truncated triangular
box.

onset of the 2D electron gas, and m∗ is the effective mass.
λn are calculated eigenvalues in atomic units: λ1 = 10.87,
λ2 = 26.14, λ3 = 47.56, λ4 = 50.11, λ5 = 76.17, and
λ6 = 77.80, where the second, fourth, and sixth states are
doubly degenerate.

The values of λ3 and λ4 are very close (as can be seen
in Fig. 3 they lead to two dispersion curves very close
together). Due to the energy broadening, it is expected that the
corresponding states could not be resolved in the experiment
and should appear in the experimental spectrum as one single
peak. The same observation can be done for λ5 and λ6.
Therefore, we used the respective mean value of these two
pairs of states to compare with the experimental energies that
we denoted E3−4 and E5−6. To find the effective mass and band
onset, we have fitted the experimental data with the calculated
eigenenergies, and we have chosen not to take into account
the state at E1. Indeed, it is actually very difficult to single
out the ground state of the confined Shockley surface state
for two reasons: first, it is almost featureless in the spatial
mapping (maximum at the center) and therefore difficult to
identify in the dI/dV maps [see Fig. 2(b)]. Second, it is almost
dispersionless in our experimental size range and can therefore
be mixed up with a d-band state. Using this procedure, we find
m∗/me = 0.39 ± 0.1, where me is the electronic mass, and
E0 = −420 ± 50 meV. These values are close to the Shockley
surface state of Au(111) (where m∗/me = 0.26 ± 0.01 and
E0 = −520 ± 10 meV15), but they indicate that on the Fe
island the band onset is shifted by 100 meV above the onset
of the bare Au(111) surface and the effective mass is larger. In
Fig. 3, a discrepancy can be observed between the calculated
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FIG. 4. (Color online) Calculated band dispersion of the Shockley
surface state of the clean Au(111) (black circles), Fe/Au(111)
majority spin (red squares), and Fe/Au(111) minority spin (blue
triangles) along with the fits (dashed line) used to calculate the
effective mass for the surface state electrons.

curves and experimental points that we attribute mainly to the
inhomogeneity in the shapes of the islands.

In order to get a better understanding of the electronic
structure of the Fe islands on the Au(111) surface, we have
performed spin-polarized density functional theory calcula-
tions. We have used the Quantum-ESPRESSO package16 with
a plane-wave basis set and ultrasoft pseudopotentials.17 The
energy and charge density cutoffs were chosen to be 20 and
160 Ry, respectively, after convergence tests. The local density
approximation of the Perdew-Zunger form18 was used for the
exchange-correlation functional. A (15×15×1) Monkhorst-
Pack mesh19 was used for the Brillouin zone integrations along
with Methfessel-Paxton smearing technique;20 the smearing
width was kept equal to 0.01 Ry. To model the surface,
we have used a supercell geometry. The supercell consists
of a 39-atomic-layer-thick Au(111) slab with (or without)
a pseudomorphic single Fe layer on both sides occupying
face-centered sites, separated by 18.7 Å of vacuum.

We first calculated the electronic band structure of clean
Au(111) surface and found the Shockley surface state with
a band onset and an effective mass close to previous
experimental15 and theoretical results21 as reported in Table I.
To study the effect of the Fe deposition on the surface state of
Au(111), we have calculated the spin-polarized band structure
of a Fe monolayer on Au(111). Upon deposition of Fe, we get
two different surface states for majority and minority spin
electrons. We have calculated various stacking orders and
found that Fe on a fcc site is the most stable configuration.
The band onset and effective mass of the Shockley state for
an Fe layer on fcc sites with a topmost Au layer occupying
either fcc or hcp sites are summarized in Table I. The stacking
of the top Au layer has only a minor effect on the dispersion
of the Shockley surface state. Therefore the effect of substrate
stacking at the kink of herringbone reconstruction where the Fe
islands are grown can be neglected in our study. The dispersion
of the surface states for the most stable configuration (Fe layer
and top Au layer on a fcc site) is shown in Fig. 4, in the vicinity
of �, along the �K and �M directions.

035416-3



ALEXANDRE DELGA et al. PHYSICAL REVIEW B 84, 035416 (2011)

TABLE I. Band onset E0 and effective mass of Au(111) and
Fe/Au(111) surface states. For the calculations from this work, the
stacking of the topmost Au layer is indicated.

Reference E0(meV) m∗/me

Clean Au(111)
Experiment from Ref. 15 −520 0.26
Calculation from Ref. 21 −510 0.20
Calculation from this work (fcc) −471 0.20
Calculation from this work (hcp) −461 0.20

Fe on Au(111)
Experiment from this work −420 0.39
Calculation from this work
Majority spin (fcc) −346 0.26
Minority spin (fcc) −606 0.55
Majority spin (hcp) −356 0.26
Minority spin (hcp) −614 0.54

However, in the STM experiment we only observe one
surface state on the Fe islands. In order to understand this, we
calculated the charge density of electrons in the surface state.
We found that the majority spin state has an s-like character and
extends far into the vacuum, while the minority spin state has
a d-like character and is localized on the atoms with a small
extension into the vacuum. In the STM experiment, we are
sensitive to the LDOS of the sample at the tip location which
is several angstroms from the surface, and therefore only the
states with a significant charge density at this location can be
observed. As a consequence, only the majority spin state that
extends into the vacuum could be measured in the experiment.
From the calculation, this state should be shifted to a higher
energy by about 100 meV as compared with the Shockley
surface state of Au(111) while the minority spin state should
be shifted to a lower energy than the clean Au(111). Since the
band onset deduced from the experiment for Fe/Au(111) is
higher than the experimental band onset of Au(111), we can
unambiguously identify the measured confined states with the
Shockley surface states. Moreover, it is worth noting that both
calculation and experiment show that the effective mass of
the surface state of Fe/Au(111) is larger than that of a clean
Au(111) surface.

B. Spatial analysis

The Shockley states are a model system for a 2D electron
gas because they are confined at the surface and act like free
electrons in the surface plane. As a consequence, when they
are confined in a nanoisland, standing wave patterns develop
at the surface of the nanostructure. Figure 5(a) shows the STM
image measured at 1 V of an Fe island with an estimated
surface area of 10.4 nm2. Figures 5(b)–5(e) display the
measured dI/dV maps of the first four confined surface states
of the island. In addition to the confined states, one can see
that the edges of the island appear first dark [Figs. 5(b)–5(d)]
and then bright [Fig. 5(e)]. Specific edge features have been
observed on Co/Au(111)14,22 and Co/Cu(111)10. In the case
of Co/Cu(111) islands, rim states have been clearly identified
as spin polarized d states occurring in a narrow range around
the Fermi level.10 In the case of Co/Au(111) edge signatures

FIG. 5. (Color online) (a) STM topography image of a Fe island
on Au(111) (1 V, 500 pA). (b)–(e) Conductance maps of a Fe island
on Au(111) at −151 mV, 30 mV, 492 mV, and 955 mV, respectively.
(f)–(i) Calculated wave functions at −151 mV, 30 mV, 492 mV, and
1070 mV using a free-electron model in a truncated triangle with a
surface of 10.4 nm2. (j)–(m) LDOS calculated at the same energies as
the experimental images in a horizontal plane using a tight-binding
model for an island containing 118 atoms. (n) Simulated topography
image at 1 V using a tight-binding model. (o)–(r) LDOS calculated
along the simulated topography of the island by the tight-binding
model at the same energies as the experimental images.

have been attributed either to spin polarized edge d states22

or to the concentration of excited confined states at the edges
of nanoclusters.14 We will show below that in our case, the
dark and bright edge features observed can be explained by
the confinement of Shockley surface states. To understand the
experimental images, we compared them with calculated wave
functions in a truncated triangle. In the following we provide
three different descriptions using either a free-electron model
or a tight-binding model with image calculation in a plane
or along the topography. This provides a direct comparison
of the free-electron and tight-binding approximations applied
to wave-function calculations in the geometry of our system.
The two tight-binding descriptions allow us to reveal the effect
of the tip trajectory on the measured conductance maps that
has to be taken into account for a proper interpretation of the
experimental data.

1. Free-electron model

We have calculated the wave functions of a free particle
confined in a truncated triangle with a long to short ratio of
2.73, which corresponds to the shape of the Fe islands inves-
tigated. We have adopted the variational method developed
by Lijnen et al.13 and considered a truncated triangle of the
same area and at the same energies as in the experimental data
[Figs. 5(f)–5(h)]. We have used a Gaussian energy broadening
for each electronic state with a standard deviation of 100 meV
which mimics the experimental broadening observed in the
spectra. Up to the second excited state, the calculated wave
functions are very similar to the experimental ones. For the
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higher state in Fig. 5(i) the calculation had to be performed at
a slightly higher energy (1070 meV) than the experimental
data (955 meV) in order to reproduce the features of the
experimental dI/dV map. This may be due to the fact that
the dispersion of the Shockley state at high energy deviates
from a perfect parabola. We will discuss this point in greater
detail below.

2. Tight-binding model in a plane

The free-electron model is usually used to describe the
Shockley surface states since they correspond to electrons
confined at the surface and free to move in the surface plane.
However, a tight-binding description can also be instructive
for the study of such states,23 and as we will show it allows
a study of the topographical effects on the conductance maps.
The dispersion relation for a 2D hexagonal lattice in a first
nearest neighbor tight-binding scheme is given by

E(k) = α − 2γ [cos(kxa) + 2 cos(kxa/2) cos(kya
√

3/2)],

where E is the energy of the surface state, k is the norm of the
wave vector of the surface state, α and γ are respectively the
Coulomb and overlap integrals, and kx and ky are the in-plane
components of the wave vector with the x axis pointing
along the close-packed direction. For the interatomic distance
a we have taken the Au-Au distance (2.88 Å) assuming a
pseudomorphic growth of the Fe layer on gold. The effective
mass and band onset take the form m∗ = h̄2me/3γ a2 and
E0 = α − 6γ , respectively. From the experimental values
of m∗ and E0 we can therefore deduce α = 4.29 eV and
γ = 0.785 eV. In order to simulate an STM image, we
calculated the LDOS around the island in a tight-binding
approximation using the following relation:

ρ(�r) =
∑

n

ρn
Fe(E)|�n(�r)|2 + ρ0

Fe|�Fe(�r)|2 + ρ0
Au|�Au(�r)|2,

where �r is the location where the LDOS ρ(�r) is calculated.
The first term on the right-hand side is the LDOS coming
from the eigenstates of the 2D surface states of the Fe
island. ρn

Fe(E) = ρ2D
Fe e−(E−En)/2σ 2

is the density of states of
the nth eigenstate. En is the eigenenergy of state n and
σ = 100 meV is the spread in energy of each state evaluated
from experimental spectra. �n(�r) is the nth eigenvector
calculated with s-like orbitals for each Fe atom, which gives
�n(�r) = ∑

i C
n
i e−‖�r−�ri‖/δ . The index i denotes the atoms, Cn

i

is the component of the nth eigenstate on the ith atomic orbital,
�ri is the position of atom i, and δ is the exponential decrease of
the s-like atomic orbitals. The second term is an effective term
used to represent the electron density coming from Fe states
other than the Shockley state with an energy-independent
density of states ρ0

Fe. The corresponding wave function is
�Fe(�r) = ∑

i Ce−‖�r−�ri‖/δFe where C is a constant, and δFe

is the exponential decrease of the atomic wave function.
The third term corresponds to the Au(111) substrate, and it
only depends on the tip to gold surface distance z, where
ρ0

Au is energy independent and �Au(�r) = e−z/δAu , where δAu

is the exponential decrease for this state. The parameters
were obtained from ab initio calculations as described below.
The value of ρ2D

Fe was calculated from the density of states
of a 2D electron gas ρ2D

Fe = m∗Sat/πh̄2 = 0.078/(eV-atom)

where Sat = 7.08 Å2 is the surface area of the unit cell of
the Fe layer. We also obtained ρ0

Fe = 1.98/(eV-atom) and
ρAu = 0.483/(eV-atom). The decay lengths of the wave
functions were found to be δ = 1.02 Å, δFe = 0.64 Å, and
δAu = 0.90 Å.

Using the expression described above, we calculated the
LDOS maps in a horizontal plane (constant height mode)
above a truncated triangle island containing 118 atoms with a
long to short edge ratio of 2.5 that gives the best agreement
with the eigenenergies and shape of the island used in the
free-electron model. This ratio is different from that used
in the free-electron model due to the atomistic description
of the island in the tight-binding approximation that allows
only certain values for this ratio. The surface area of this
island can be estimated to be STB = nat × � = 8.47 nm2

where nat = 118 is the number of atoms in the island and
� = a2

√
3/2 = 7.18 Å2 is the surface area of an unit cell. STB

is smaller than the surface area of the corresponding island
in a free-electron model (10.4 nm2). We attribute this to the
fact that the Dirichlet condition implies a stronger cutoff of
the wave functions at the island edges than the tight-binding
model. This means that a larger island has to be used to
get a wave function of a given wavelength. The calculated
images in Figs. 5(j)–5(m) reproduce well the main features
of the experimental conductance maps of Figs. 5(b)–5(e),
i.e., a fundamental state followed by excited states similar
to the states of a free particle in a box. However, the dark and
bright edge effect observed in the experimental dI/dV maps
is not reproduced by the calculations. In order to reproduce
this effect we have to consider the experimental conditions of
the measurements. The conductance maps are not measured
in a horizontal plane but are actually measured while the tip
follows the profiles of the topographic image. We therefore
calculated an image that represents the STM topographic
image.

3. Tight-binding model along the tip trajectory

We calculated a map of constant energy integrated LDOS.
The resulting image calculated at 1 V is shown in Fig. 5(n)
and exhibits edges that appear brighter than the center of the
island. This feature results from the addition of the Shockley
states at the edges which are integrated in the image. Bright
edges are also observed in the experimental images [Fig. 2(a)
and Fig. 5(a)] and also could be the result of the addition
of Shockley surface states at the edges. We calculated the
LDOS at the energies of the experimental dI/dV maps, along
the simulated trajectory that reproduces the STM topography.
The results reported in Figs. 5(o)–5(r) still display patterns
similar to the confined states in the island, but also reproduce
an edge effect where the island edge appears dark at low
energies and becomes bright when the energy increases. It
is consistent with the conductance being measured along the
STM topography and not in a plane. This analysis allows
us to conclude that the edge effect measured on our system
is due to the electron confinement effect. One can, however,
notice some discrepancy in the detailed features of calculated
and experimental images. The edge appears brighter in the
calculation at a lower energy than in the experiment. The
edge also appears larger in the calculation at high energy
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[Fig. 5(r)] than in the experiment [Fig. 5(e)]. We attribute the
discrepancy in these detailed features to the approximation
in the shape of the wave functions used in the model, as
well as possible difference in the atomic structure of the Fe
island in the experiment and in the calculation. However, the
trend observed experimentally that edges evolve from dark to
bright when increasing the energy is well reproduced by the
calculation when the topographic effect is taken into account.
Finally, this analysis shows that edge effects observed in the
STM images of nanoislands (bright edges in the topography
and dark-bright contours in the conductance maps) can be
reproduced by a model that only includes the Shockley surface
state. Therefore, it can be concluded that such features are not
necessarily the signature of specific edge states and can result
from confined 2D states in the islands. It is worth noting that
the spin polarization of the confined Shockley states should
also lead to a spatial modulation of the spin polarization11 of
the Fe islands since the spatial variation of the LDOS that we
measured comes essentially from the majority spin channel.
Turning back to the free-electron calculation at high energy,
in Fig. 5(i), as discussed above, we had to use a higher energy
than the experimental data. It is interesting to compare this with
the tight-binding calculation in Fig. 5(m) that was obtained
at the same energy as the experimental data (955 meV). This
energy in the tight-binding model corresponds to a wave vector
of 0.39 Å−1. In the free-electron model, this wave vector
leads to an energy of 1068 meV, close to what is displayed
in Fig. 5(i). This illustrates the fact that the difference between
the dispersion curves of the free-electron and the tight-binding
models becomes significant at these energies.

IV. CONCLUSION

In conclusion, we have provided experimental data of
the electronic structure of Fe nanoislands on Au(111). We
have demonstrated the existence of Shockley surface states
and determined their effective mass and band onset which
is shifted to higher energies as compared with the bare
Au(111) substrate. Using a variational approach we have
calculated the confined states of a free electron trapped in
a truncated island and compared the calculated energies and
wave functions with the experimental data. From the calculated
wave functions we show that the measured states have the
shape of free electronic states confined in the islands. We
have shown that these confined states can also be described
by a tight-binding approach that also can reproduce the main
features of the experimental dI/dV maps. This description
of the Fe islands allows us to calculate an STM topography
image and to discuss the topography effect on the measured
conductance maps, where the edge specific signature can be
explained by the confinement of the Shockley states. Ab initio
calculations demonstrate that the observed Shockley states
are spin polarized. These results provide new insight into the
electronic and magnetic structure of Fe clusters on Au(111).
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