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Monitoring the formation of interface-confined mixture by photoelectron spectroscopy
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We have investigated valence-band properties of Pt(111) surface covered by an Ag layer. Aside from showing

significant changes in the d bands and the sp-like Shockley-type surface resonance depending on the thickness

of the Ag layer, our spectroscopic data suggest the formation of an Ag-Pt mixture that progressively develops

at the interface upon increasing the annealing temperature of the sample. On a 2-ML system, the Shockley

resonance band is partially occupied and exhibits a large Rashba spin-orbit splitting that can be described by a

first-principles band-structure calculation based on multiple-scattering theory. For the interface alloy, we have

used the coherent potential approximation, which is one of the best models among the so-called single-site (local)

theory. We observe a shift of the Shockley resonance due to the alloying process at the interface that probably

favors the formation of the well-known triangular reconstruction.
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I. INTRODUCTION

Many physical properties such as those of transport and

superconductivity rely strongly on the distribution of electrons

close to the Fermi level (EF ).1 For a given deposit/substrate

system, this distribution is highly sensitive to the chemical

composition at the surface and interface, the temperature,

and the geometric structure. In particular, the formation of

surface alloys, which is an important subject in material

science, has a prominent role in surface chemical processes

such as a heterogeneous catalysis.2 It is also revealed to

be promising for development of a new class of spintronic

devices in the near future. The formation of ordered surface

alloys upon adsorption of heavy metals on noble metal or

on semiconductor surfaces greatly enhances the Rashba-type

spin-orbit (RSO) coupling, due to hybridization between

electronic valence states.3–7 Similarly, the RSO splitting is

modified when a nonordered alloy (i.e., random intermixing

between the growing layer and the substrate) develops at the

surface.8,9 In general, two primary mechanisms can play a

predominant role in the modification of electronic, chemical,

and magnetic properties of ultrathin films covering conducting

surfaces. First, due to the crystalline mismatch inducing an

elastic strain, the average bond lengths between the atoms in

the supported monolayer are typically different from those in

the parent materials in their bulk states. Second, the strength

of the bonding interaction, named the ligand effect, between

the adsorbate atoms and the substrate can lead to significant

changes in the surface electronic properties.10,11 In the case of

strong bonding and miscible elements, the surface can show

the formation of an alloy, notably to release the elastic strain.

Such effects are commonly analyzed by photoemission, either

by probing core-level states or by measuring the evolution

of the valence band, including the behavior of the surface

state.12 The latter is strongly sensitive to different types of

adsorbates13–16 and can even track the formation of, e.g.,

faulted stacking at the interface, which results in general from

a relaxation of strains in the system through a creation of

dislocation loops.17 In this contest, we have recently found

a partially occupied Shockley-type surface resonance on a

Ag/Pt(111) system with a binding energy and a RSO splitting

amplitude, both depending on the thickness of the Ag layer.18

In continuation of this work, we present here a quantitative

description of modifications in the Pt(111) valence band

induced through segregation processes caused by deposition

of an Ag layer followed by an annealing of the sample.

The evolution of the surface resonance as a function of the

annealing temperature has been investigated by angle-resolved

photoemission spectroscopy (ARPES) and directly compared

to theoretical one-step photoemission calculations. A pro-

nounced effect on the energetics of the surface resonance due

to temperature-induced segregation of Pt atoms at the Pt/Ag

interface structure is clearly observed in our measurements.

In detail, we discuss the migration of Pt atoms into the

adjacent Ag-interface monolayer that occurs depending on the

annealing temperature. In contrast to homogeneous surface

potentials on pure metals, a random surface potential induced

by segregated Pt atoms is expected to influence the electronic

structure of the surface significantly. From the theoretical point

of view, a relatively simple intermetallic binary alloy serves as

an ideal candidate to challenge and demonstrate the capability

of modern calculational concepts to perform quantitative

photoemission analysis on disordered systems based on fully

relativistic electronic-structure calculations for a semi-infinite

half-space configuration. The challenge lies in the demand to

successfully combine electronic-structure calculational tech-

niques that allow treating in a fully relativistic mode the aspects

of chemical disorder, segregation, and surface effects and to

incorporate this in a one-step photoemission model. The paper

is organized as follows: In Sec. II, we present the experimental

details. In Sec. III, we briefly introduce the fully relativistic

photoemission theory for disordered alloys and we discuss the

corresponding computational details. Section IV is devoted to

our experimental and theoretical results. A summary is given

in Sec. V.
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II. EXPERIMENTAL DETAILS

The valence-band spectra have been taken with a high-

resolution photoelectron analyzer SES200 in combination with

a VUV lamp (SPECS) for the photoexcitation. For the surface

resonance band, and to improve the signal-to-background

ratio, we have used a synchrotron radiation facility, which

offers the possibility of changing the photon energy and

light polarization. Hence, a part of the experiments has been

performed at the X09LA-SIS beamline of the Swiss Light

Source at Paul Scherrer Institut and was completed at TEMPO

beamline of synchrotron SOLEIL. The entire ARPES spectra

were collected at 50 K, and the appropriate orientation was

fixed with the aid of low-energy electron diffraction (LEED).

The Pt(111) substrate was cleaned by repeated cycles of Ar+

ion sputtering, annealing under 1 × 10−8 mbar of oxygen

at 800 K and then flashing at 1200 K in ultrahigh vacuum.

This procedure was proven to lead to a clean surface with

very high crystalline quality. The Ag films were deposited

on a clean Pt(111) substrate kept at room temperature (RT)

during evaporation. Then, successive annealings of the sample

at different temperatures have been made according to the

requirement of our experiment. The Ag deposition has been

realized by using a Knudsen cell evaporator, and the flux has

been calibrated by LEED and also after looking at the shape

of the valence bands.

III. THEORETICAL AND COMPUTATIONAL DETAILS

A. Theoretical model

To achieve a reliable and detailed interpretation of the

experimental spectra, it is inevitable to deal quantitatively

with the wave vector and energy dependence of the transition-

matrix elements. Also, a realistic description of the surface

barrier is essential for a quantitative description of surface

states and resonances of simple metals as well as of more

complex structures such as thin films and multilayers. The most

successful theoretical approach to deal with photoemission is

the so-called one-step model as originally worked out in detail

by Pendry and co-workers.19 Therefore, we briefly discuss

here the main features of the one-step model with a special

emphasis on alloy systems.

The photocurrent in the so-called one-step model descrip-

tion is defined by Pendry’s formula19

I PES ∝ Im〈ǫf ,k‖|G+
2 �G+

1 �†G−
2 |ǫf ,k||〉 . (1)

The expression can be derived from Fermi’s golden rule for the

transition probability per unit time20 and therefore denotes the

elastic part of the photocurrent. Inelastic energy losses and

corresponding quantum mechanical interference terms19–21

are excluded. Furthermore, the sudden approximation for the

outgoing photoelectron is applied. The photoelectron state

at the detector is written as |ǫf ,k‖〉, where k‖ denotes the

component of the wave vector parallel to the surface, and ǫf is

the kinetic energy of the photoelectron. In the fully relativistic

formulation, |ǫf ,k‖〉 is understood as a four-component Dirac

spinor. Via the advanced Green’s matrix G−
2 in Eq. (1),

all multiple-scattering events at ǫf are considered and the

final state can be written as |�f 〉 = G−
2 |ǫf ,k‖〉. Using the

standard layer Korringa-Kohn-Rostoker (KKR) method22,23

generalized for the relativistic case,24 the final state can be

obtained as a time-reversed spin-polarized LEED (SPLEED)

state. Lifetime effects are included phenomenologically in

the SPLEED calculation by use of a parametrized, weakly

energy-dependent, and complex inner potential V0(E2) =
V0r(E2) + iV0i(E2) as used conventionally.20,25 The real part

of V0(E2) serves as a reference energy inside the solid with

respect to the vacuum level.26 The imaginary part V0i(E2)

corresponds to an inelastic attenuation length of the scattered

photoelectrons.

Following Durham,27,28 we obtain the averaged photocur-

rent for an alloy as follows:29

〈I PES(ǫf ,k‖)〉 = 〈I a(ǫf ,k‖)〉 + 〈Im(ǫf ,k‖)〉
+ 〈I s(ǫf ,k‖)〉 + 〈I inc(ǫf ,k‖)〉. (2)

For the atomic contribution, the averaging procedure is

trivial since 〈I a(ǫf ,k‖)〉 is a single-site quantity. The atomic

contribution is built up by a product between the matrix Za
jnαn

and the coherent multiple-scattering coefficients Ac
jn� of the

final state.24 Herein, n denotes the nth cell of the j th layer and

� denotes again the combined relativistic index (κ,μ). For the

photocurrent, one gets this way

〈I a(ǫf ,k‖)〉 ∝ Im
∑

jnαn

��′

cjnαn
Ac

jn�Z
a
jnαn

��′

Ac∗
jn�′ , (3)

where αn denotes the different atomic species located at a given

atomic site n of the j th layer. The corresponding concentration

is given by cjnαn
.

For an explicit calculation, Za must be separated into

angular matrix elements and radial double matrix elements.

A detailed description of the matrix Za and of the multiple-

scattering coefficients Ac
jn� for the different atomic species is

given in Ref. 24.

The intra(inter)layer contributions 〈Im(ǫf ,k‖)〉 to the pho-

tocurrent describe the multiple-scattering corrections of the

initial state G+
1 between and within the layers of the single

crystal. They can be written in a similar form29

〈Im(ǫf ,k‖)〉 ∝ Im
∑

jn

��′

Ac
jn� Z

c(2)

jn

��′

C
B,G
jn�′ . (4)

In analogy to the atomic contribution, the coherent matrixZc(2)

can be separated into angular and radial parts. The difference

to the atomic contribution is that the radial part of the matrix

Zc(2) consists of radial single matrix elements instead of radial

double integrals. For details concerning the matrix elements

and corresponding coefficients, the reader is referred to

Ref. 29.

The contribution 〈I s(ǫf ,k‖)〉 accounts for the surface of

the semi-infinite crystal. According to Durham,27 the surface

contribution remains unchanged compared to the ordered case:

〈I s(ǫf ,k‖)〉= I s(ǫf ,k‖). The last contribution to the alloy

photocurrent is the so-called incoherent part 〈I inc(ǫf ,k‖)〉
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defined as

〈I inc(ǫf ,k‖)〉 ∝
∑

jnαn

��′�′′

cjnαn
Ac

jn�Z
(1)

jnαn

��′

×
(

τ 00
jnαn

− tjnαn

)

�′�′′ Z
(2)

jnαn

�′′�′′′

Ac∗
jn�′′′

+
∑

jn

��′

Ac
jn�Z

c(1)

jn

��′

τ 00
cjn

�′�′′

Z
c(2)

jn

�′′�′′′

Ac∗
jn�′′′ ,

(5)

where τ 00
jnαn

denotes the one-site restricted average coherent

potential approximation (CPA) matrix for species αn at atomic

site n for layer j . τ 00
cjn represents the corresponding matrix

for the coherent medium. The incoherent part 〈I inc(ǫf ,k‖)〉
completes the CPA-averaged photocurrent within the fully

relativistic one-step model.

B. Computational details

The electronic structure is described within the framework

of the fully relativistic Korringa-Kohn-Rostoker multiple-

scattering theory30 (SPRKKR) using the coherent potential

approximation alloy theory. An appealing feature of the

multiple-scattering formalism is the possibility to deal with

substitutionally disordered materials within the CPA. The

CPA is considered to be the best theory among the so-called

single-site (local) alloy theories that assume complete random

disorder and ignore short-range order. As Pt and Ag are

immiscible in principle, the nonlocal version of the CPA

(Ref. 31) should be used to account for short-range order,

but the application of this method for the two-dimensional

case is very tricky and extremely time consuming. In addition,

one has to stress that the technical details of the combination

of the nonlocal CPA and the one-step model of photoemission

have not yet worked out. On the other hand, one would expect

at least moderate changes in the bulk-electronic structure and

only small changes concerning the energetic position of the

sp-like surface state.

For the photoemission calculations, we used the new

version of the fully relativistic one-step model,29 which is an

appropriate generalization of the original work on disordered

alloys of Durham and Ginatempo.27,28 Lifetime effects in the

initial states have been included via a small constant imaginary

value of iVi = 0.05 eV to represent scattering events by

structural disorder and other incoherent processes. For the

final states, a constant imaginary part iVf = 2.0 eV has been

chosen again in a phenomenological way, independent on the

concentration x. A realistic description of the surface potential

is given through a spin-dependent Rundgren-Malmström

barrier,32 which connects the asymptotic regime z < zA to

the bulk muffin-tin zero Vor by a third-order polynomial in

z, spanning the range zA < z < zE . The values of the three

parameters zI , zA, and zE , which are in accordance with the

experimental spectra, are the following: zI = −1.70 a.u., zA =
−3.2 a.u., and zE = 0.0 a.u..

IV. RESULTS AND DISCUSSION

Among the various possible transition-metal surface layer

systems, Ag/Pt(111) is one of the most striking exceptions

with a very limited solubility and a broad miscibility gap

in the bulk.33,34 It is characterized by a sharp interface at

room temperature, as predicted from the phase diagram.35

In the following, we present a description of its valence-

band electronic structure. Figure 1 shows angle-integrated

photoelectron spectra recorded near normal emission on clean

and Ag-covered Pt(111) surfaces. It shows in particular

the spectral changes in the valence band as a function

of the Ag thickness and the annealing temperature. Concerning

the Pt(111) spectrum, two main features associated with the 5d

bands of Pt are seen in the energy range between 6 and 0.8 eV,

followed by a continuum of sp states in the region close to

EF .36 As soon as Ag is deposited, the shape of the Pt 5d bands

changes and their intensity progressively diminishes with

increasing the thickness of the Ag coverage. Simultaneously,

new structures corresponding to the Ag 4d bands occur and

dominate at higher coverage. In fact, in the photoemission

spectra of clean Ag(111), electron emission from the Ag 4d

levels appear between 3 and 7 eV and therefore overlap with

the main features of the Pt 5d bands. However, based on studies

on similar systems, e.g., Ag/Cu(111),37 we expect the presence

of a double-peak structure in the submonolayer regime which

is associated to Ag 4d5/2 states that gradually grows up with

the Ag-layer thickness (see Fig. 3 of Ref. 37). At elevated

coverage [�1 monolayer (ML)], weak shoulders appear at

∼6 eV, which arise from the Ag 4d3/2 states and reflect the

transition from atomic-to-solid state of Ag. The cross section
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FIG. 1. (Color online) Valence-band spectra measured with HeI

excitation energy on Pt(111) surface covered by Ag layers. The left

panel shows the evolution of the d bands with the film thickness, and

the right panel illustrates the changes in the valence band of 2-ML

Ag/Pt(111) upon annealing of the sample.
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of the Ag 4d states in photoemission is larger than that of Pt

5d states and, consequently, an apparent shift of the d-band

center is observed as indicated by arrows in Fig. 1.

The evolution of the valence band of 2-ML Ag/Pt(111)

as a function of the annealing temperature is shown in the

right panel of Fig. 1. Only a slight modification is seen for an

annealing up to 670 K. Above this temperature, one observes

a steep increase in the Pt 5d signal at the expense of the Ag

4d bands. On the one hand, the intensity of the Pt feature

at 1.8 eV continuously increases, and on the other hand, the

shoulders associated with pure 2-ML islands are progressively

weaken. We believe that these spectroscopical changes in the

d bands are due to the formation of a two-dimensional alloy,

as it has been demonstrated in the case of the submonolayer

regime, where the surface exhibits a pseudormophic structure

at room temperature38,39 and develops into an alloy upon

annealing to temperatures above 620 K.40–43 Depending on

the Ag coverage, a formation of either a droplet or stripe

domain patterns has been observed.40–43 A similar behavior

was also seen when the Ag submonolayer is deposited on

Pt(100) substrate.44,45 However, previous investigations on

an annealed 2-ML Ag/Pt(111) system have shown that the

surface top monolayer consists of Ag atoms only.46,47 This

means that, in this case, the alloy is strictly confined at the

interface. It can consist of Ag atoms or nanoclusters dissolved

in the uppermost plane of the Pt substrate and of Pt atoms or

nanoclusters segregated in the neighbor Ag monolayer.

For the annealing temperature T ∼ 800 K, the resulting

spectrum resembles the one measured for 1 ML prepared at

RT. As proved by temperature programed desorption studies,48

the annealing at a high temperature provokes a desorption of

the second top ML, while the first ML stays sticking to the

substrate.

In this part, we examine the sensitivity of the surface

resonance to the annealing of the sample. First, to remind

briefly, the Pt(111) surface has an empty Shockley state around

the center Ŵ̄ of the surface Brillouin zone (SBZ) with a larger

RSO splitting18 when compared to Au(111).49,50 Deposition

of 2-ML Ag on Pt(111) induces a shift down in energy for the

Shockley state and leads to an increased RSO splitting as well

as to a variation of the effective mass (Fig. 2). For higher Ag

coverages, a reversed shift of the surface resonance to lower

binding energies is observed.18 Supported by the experimental

results, our theoretical analysis shows that the influence of

the spin-orbit coupling is transferred via multiple scatterings

between the semi-infinite bulk and the surface potential. Also,

a pronounced variation of the effective mass as a function of the

Ag film thickness has been observed.18 As illustrated in Fig. 2,

a straight X-shaped structure is seen in the ARPES data. One

can observe a clear difference in the band curvature between

the experiment and the theory, which suggests a significant

modification of the in-plane surface potential. In fact, the

present system exhibits a variety of surface reconstructions

depending on the coverage of the Ag layer and the annealing

temperature. For example, on 2 ML, the stripes or the domain

walls characterizing the surface have been identified as regions

with low electron density.51 Moreover, a significant variation

of the local work function has been measured between the

fcc and hcp stackings.52 Our simulations do not take into the

account the surface structure effect. This is partly the origin of
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FIG. 2. (Color online) Surface resonance bands obtained by

ARPES measurements (left panel) and by first-principles calculations

(right panel) for 2 ML of Ag on Pt(111) surface. The ARPES data

have been recorded at normal emission along the Ŵ̄-K̄ direction and

at T = 50 K with a photon energy hν = 20 eV. The photoemission

calculations include a surface potential correction (more detail see

text).

the observed discrepancy in the effective mass. In addition, a

systematic error is introduced when using the local spin density

approximation (LSDA) that affects significantly the complete

energetic of the Shockley surface resonance. In other words,

the shape of the barrier potential near the surface and connected

with this the theoretical description of the charge distribution

within the first few vacuum layers are only semiquantitatively

correct when the LSDA approach is used and can not be

compensated by the use of a model barrier with the correct

long-range behavior. The same argument should be applied

to other bulk-induced surface states or surface resonances

because of the general shortcomings of the LSDA.

Figure 3 presents the normal emission spectra measured by

ARPES on a 2-ML film deposited on Pt(111), before and after

annealing, together with the calculated spectrum for Pt(111).

On the film deposited at RT, the surface resonance is found

at a binding energy of ∼0.107 eV. It is associated with a

surface characterized by ordered metastable superstructure

patterns consisting of alternating domains with fcc and hcp

stacking separated by partial misfit dislocation lines seen

as dark stripes in the STM images,53 as in the case of the

Au(111) surface. The stripes represent domain walls in which

the strain is relieved and are characterized by locally low

electron density.51 The periodicity of this reconstruction has

been estimated to correspond to a (
√

3 × p) unit cell with

p = (14±1).53

Even after a slight annealing at 600 K, a clear change of the

surface resonance energy is observed (Fig. 3). It shifts contin-

uously upon increasing the annealing temperature. According

to the d-band spectra, the shift is attributed to a structural

modification of the system that induces a modification of the

surface potential. As discussed above, we have demonstrated

that the annealing of the sample leads to a migration of Pt

atoms into the Ag interface monolayer and to an incorporation

of Ag atoms into the uppermost plane of the Pt(111) substrate.

In addition, we observe an increase in the peak linewidth

with the annealing temperature, which reflects the presence

of defects produced by the alloy formation. Indeed, we believe

that the Ag-Pt mixture at the interface underneath the Ag
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FIG. 3. (Color online) Normal emission spectra measured at

50 K on 2 ML of Ag/Pt(111) annealed at different temperatures,

together with the spectrum of bare Pt(111) (shaded area) obtained by

first-principles band-structure calculations that would show up in an

inverse photoemission experiment.

topmost monolayer causes a pronounced roughness of the

surface. At annealing temperature T ∼ 780 K, the surface

resonance is exactly positioned at EF . At this temperature, a

formation of a triangularlike surface superstructure is observed

with a periodicity estimated to be close to a (24 × 24) Ag

unit cell.46 The superstructure was described as due to partial

dislocations in the Ag layer.46,53 Here, our investigations on

2-ML Ag/Pt(111) suggest that the strong misfit stress in the

system, which is due to both the lattice mismatch (∼4.3%) and

the charge transfer from Ag to Pt, is released by the creation

of an Ag-Pt intermixing strictly confined at the interface and

partial misfit dislocations that develop in the upper planes of

the Pt(111) substrate. In other words, one can expect a two-

phase coexistence of an Ag-Pt alloying phase in the interface

region and a misfit dislocations phase from underneath.

The misfit dislocations give rise to the depletion regions

observed in the STM images46,54 as dark lines surrounding

triangle patterns where the stacking faults are located. The

phenomenon of the two-phase coexistence has also been

observed for Ag submonolayer on Pt(100) and was discussed in

terms of two competing mechanisms. The competition results

in a reduced surface stress.44 Both processes, alloying and

dislocation, affect significantly the surface electronic structure

and induce modifications of binding energies, effective masses,

peak linewidths, and RSO splittings, as revealed for other

systems.3,8,9,17
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FIG. 4. (Color online) Spectral functions for semi-infinite half-

space configurations obtained by first-principles calculations on 2-

ML Ag/Pt(111) system with different compositions at the interface.

From left to right: 100% Ag in the first deposited Ag ML, 80% Ag

with 20% Pt in the first deposited Ag ML, and fully 100% Pt replacing

Ag in the first ML [corresponding to the 1-ML Ag/Pt(111) system].

On the other hand, the fact that the surface resonance

develops exactly at EF can help to explore further physical

properties based on electronic excitations such as many-body

effects.55 Moreover, this surface showing long-range triangular

patterns has served as a template for self-organization process

of metallic and organic nanostructures.46,56 Then, one can

expect that the high electron population at EF plays an

essential role in this process. At T � 800 K, the ARPES

spectrum shows no features near EF , implying that the surface

resonance becomes unoccupied and is presumably located

close to the energetic position corresponding to the 1-ML

system. This is in good agreement with the d-band behavior

(shown in Fig. 1), suggesting a desorption of the second

topmost Ag monolayer.

In Fig. 4, we report band-structure calculations performed

with different concentrations of Pt atoms segregated into the

first Ag monolayer, while the topmost Ag monolayer contains

100% Ag in all cases. The details of the calculational procedure

are given elsewhere.18 Shown are spectral functions obtained

self-consistently for semi-infinite half-space configurations

with corresponding Pt concentrations in the first Ag mono-

layer. For 100% Ag concentration in the first monolayer,

the surface resonance appears at a binding energy of about

0.25 eV. It shifts progressively to lower binding energies upon

increasing the Pt concentration and appears at a minimum

binding energy for 100% concentration of Pt atoms replacing

Ag in the first monolayer (bearing in mind that the top

monolayer is 100% Ag), which corresponds to the case of

1-ML Ag/Pt(111) system. Although the experimental trend is

reproduced in a qualitative sense, a closer inspection of the

energetic position reveals that no full quantitative agreement

has been achieved between experiment and theory. The reason

is found in the insufficient description of the vacuum half-space

when using the local density approximation. This point has

been discussed in detail, for example, in Ref. 18. From the

bare spectral function calculations, we found for all concen-

trations of Pt atoms in the first Ag monolayer a systematic

overestimation of the binding energy of about 0.14 eV. This

is clearly observable from Fig. 4 when moving from left to

right. To obtain quantitative agreement with the experimental

binding energies as a function of the Pt concentration, we had

to use a model barrier with the correct long-range behavior. In
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FIG. 5. (Color online) Normal emission spectra obtained by first-

principles calculations on 2-ML Ag/Pt(111) system with different

compositions at the interface: (dark) 100% Ag in the first deposited

Ag ML; (blue) 95% Ag and 5% Pt in the first deposited Ag ML; (red)

90% Ag with 10% Pt in the first deposited Ag ML; and (green) 80%

Ag with 20% Pt in the first deposited Ag ML.

our case, the corresponding spectroscopical calculations are

based on a Rundgren-Malmström–type surface barrier.18 For

all three surface-alloy systems, we fixed the barrier parameters

for the image-plane values and for the polynomial region

exactly to the values we used for the previous layer-dependent

photoemission study on the pure double-layer system.18 In

addition, we used for all three alloy systems the same work

function value. Its value (4.75 eV) is identical to that of the

pure double-layer system because we do not expect a change

in this value due to a small amount of Pt atoms segregated in

the first Ag monolayer. The spectroscopical data for normal

emission at 20 eV photon energy are presented in Fig. 5.

Compared to the bare spectral function calculations, we

observe a progressive shift of the surface resonance towards

EF , which reflects more or less perfectly the experimental

results. This shift in the binding energy is due to the heuristic

correction of the surface electronic structure defined in terms

of the model barrier. For the pure 2-ML system, we found

from our former investigation a binding energy of 107 meV in

quantitative agreement to the experiment.18 Here, the surface

resonance moves from about 107 to 86 meV for 5%, to 77 meV

for 10%, and to 52 meV for 20% Pt, keeping all barrier

parameters fixed. We also found from the calculations that the

SO splitting appears only slightly affected by the structural

change in the system, which is presumably due to the fact that

the mixing is only confined to the interface.

V. CONCLUSIONS

In summary, we have presented a detailed photoemission

study on the modifications of the d band and the Rashba-

split surface resonance of a 2-ML Ag/Pt(111) system as a

function of the annealing temperature of the sample. The

results, which are supported by first-principles calculations,

suggest the existence of a thermally activated intermixing

process confined at the Ag-Pt interface, which consists of

a migration of Ag atoms into the Pt(111) surface and a

segregation of the Pt atoms into the Ag first monolayer, and

consequently leads to the formation of an alloy. This process,

together with the presence of partial misfit dislocations

in the upper planes of the Pt(111) substrate, allows the

interface to be relieved of the misfit stress. The existence

of the two mechanisms probably favors the formation of the

well-known triangular reconstruction on the surface of the

2-ML system. This finding appears in good agreement with

the results of recent investigations showing that the disloca-

tions are buried into the Pt(111) substrate.54,57 On the other

hand, the calculational results show again the strong need on

a quantitative description of the vacuum half-space within a

self-consistent electronic-structure method which respects the

correct long-range behavior of the surface potential.
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51H. Röder, K. Bromann, H. Brune, and K. Kern, Surf. Sci 376, 13

(1997).
52P. Ruffieux, K. Aı̈t-Mansour, A. Bendounan, R. Fasel, L. Patthey,
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