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The ESRF is looking back at 10 years of exciting and productive research on surfaces and 
interfaces. 

In September 1994 the very first users, who came to the ESRF, took data at the surface 
diffraction beamline ID03. While this upcoming 10th anniversary provides an opportunity to 
reflect upon the past, it is also a reminder to look to the future. In doing so, the ESRF 
management is planning to refurbish its facilities and reorganize its resources dedicated to 
surface and interface (S/I) research, which is now carried out at ID03 and ID32, in order to 
further provide unique, world-class facilities for the years to come. 



In order to find out how to cater best for the future demands in S/I research while exploiting 
optimally the high brilliance of the ESRF and our available resources, we are seeking input 
from our present and future user community and from other experts in S/I research. For this 
purpose we are organizing a 1½ day workshop. 

The main aim of the workshop is to reflect on the future of surface and interface research at 
the high brilliance synchrotron radiation source ESRF taking into account experimental 
facilities which are becoming available at new national synchrotron radiation facilities in 
Europe. The workshop programme will consist of invited and contributed talks, a poster 
session, a workshop dinner, and topical discussions in several groups. 

Topics to be addressed during the meeting will cover areas such as the atomic and electronic 
structure of surfaces, magnetism of surfaces and thin films, catalysis, electrochemical 
interfaces, solid/UHV as well as solid/gas and solid/liquid interfaces, thin films and 
nanostructures; experimental techniques discussed will be in the field of diffraction, 
scattering, and spectroscopy. Furthermore, beamline optics and instrumentation will be an 
important issue. 
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14:45 Applications of the NanoESCA in surface science Stefan Schmidt 
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17:45 Ordered two-dimensional surface alloy formed by Pb 
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12:45 Lunch at the ESRF Restaurant 

13:45 Coffee at the Posters 

Session 5 
New Directions in Surface and Interface Research 

Chair: Yves Petroff 

14:45 Instrumental issues concerning surface diffraction that 
exploits coherence

Ian K. Robinson 
Urbana, USA 

15:30 Spontaneous atomic ordering in self-assembled 
Ge:Si(001) islands observed by X-ray scattering

Tobias Schülli 
Grenoble, France 

15:45 X-ray surface diffraction on nanostructural metal 
surfaces

Corrado Boragno 
Genova, Italy 

16:00 Imaging the atomic structure of epitaxial films Yizhak Yacoby 
Jerusalem, Israel 

16:15 

Session 6 
Plenary discussion (with coffee served) 

Surface and Interface Science at the ESRF in View of ID32/ID03 
Chair: Friso van der Veen 

  Topics: 

  a) Surface X-ray diffraction and crystallography 
Discussion leader: 
Salvador Ferrer (Barcelona, 
Spain) 

  b) X-ray standing waves: Present status and where are 
we heading

Discussion leader: 
Michael J. Bedzyk (Evanston, 
USA) 

  c) Photoelectron spectroscopy Discussion leader: 
Shigemasa Suga (Osaka, Japan) 

  d) Open discussion on S/I research at ID32/ID03 (led by Chair) 

18:20 Presentation of best poster award 

18:30 Workshop conclusions 

19:00 Dinner Buffet 

20:00 End of the workshop 
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Surface and interface research at national synchrotron 
radiation facilities in Europe 

 
Norris Colin 

Diamond Light Source Ltd, Chilton, OX11 0QX , UK, can47@rl.ac.uk 
 
 
In recent years several national advanced sources of synchrotron radiation have become 
operational, or are under construction. The higher  brightness and improved time resolution 
of these sources compared with that of earlier, second generation machines will enable 
researchers to take major steps forward in terms of the range and complexity of materials 
that can be studied. As medium energy sources,  they will complement well the high 
energy machines such as the ESRF. Insertion devices will extend the available photon 
energy range into the VUV, and the greater access will benefit experiments that require 
complex and demanding environments.  A short review is given of the available and 
planned SR facilities in Europe and how they are likely to impact on the field of surfaces 
and interfaces. 
 



Nano-Oxidation 
 

Stierle, A.1, Kasper, N.1, Dosch, H.1 

1Max-Planck-Instiut für Metallforschung, Heisenbergstr. 3, D-70569 Stuttgart, Germany 
 
 
Ambient pressure oxidation determines the stability, functionality and long term performance 
of nanomaterials in their working environment. It is therefore important to clarify, how 
nanomaterials behave and function under environmental oxygen conditions. One key issue is 
to understand the influence of the size and shape of nanoparticles on ambient pressure 
oxidation. This will be systematically investigated within the European project NANO2, 
oxidation of nano-materials, discussed in this talk. The project brings together scientists from 
European large scale facilities and national research centres. In the NANO2 approach, surface 
sensitive in-situ techniques for ambient oxygen pressures and high temperatures are combined 
in a new way with ab-initio thermodynamic calculations. Surface sensitive x-ray techniques 
employing highly brilliant synchrotron radiation available at the ESRF play here a key role as 
in-situ characterization tools. In the talk it will be described, how to overcome the key barriers 
to control ambient pressure oxidation of nanomaterials, which are: 
 
1. Lack of quantitative understanding of influence of particle size and shape upon the 

oxidation process 
2. Unexplored role of dissolved oxygen in subsurface regions of the nanomaterial 
3. Unknown electronic structure and thermodynamic behaviour of nanosized particles 

and adsorbates 
4. Unexplored nanoparticle / support interactions, spill-over effects 
 
This will only be possible by a combination of experimental and theoretical techniques, like 
surface x-ray diffraction, core level spectro-microscopy, high pressure scanning probe 
microscopy, and ab-initio thermodynamics combined with Monte-Carlo or molecular 
dynamics simulations on the other side. 
Within NanO2 nano-sized Pd, Rh, Ru, and Cu particles will be grown as model systems with 
defined size and shape on selected oxide substrates, such as Al2O3, MgO, TiO2 and ZnO.  
The control of oxidation under operational conditions is of utmost importance e.g. for the 
enhanced performance of catalysts involved in applications ranging from fuel cells and 
chemical production to electronic sensors for automotive and environmental monitoring 
applications. On a more general scheme, the atomistic knowledge, how nanomaterials behave 
and eventually deteriorate under environmental conditions, is important to be able to predict 
and control the stability and reliability of nano-technological systems and structures. The 
acquired knowledge may lay the basis for further studies expanded to a whole range of 
nanomaterials and corrosive environments. 

 
Figure 1: Simulated diffraction pattern from pyramidal Pd nano-particles 



Applications of the NanoESCA in surface science 
 

Schmidt S., Hüfner S. 
Universität des Saarlandes, 7.2 Experimentalphysik, Postfach 151150, D-66041 Saarbrücken, 

Germany 
E-Mail: sw.schmidt@mx.uni-saarland.de 

 
 

In a cooperation between two universities and two companies a new instrument for 
imaging spectroscopy – the NanoESCA – has been developed and tested. In our 
contribution we present the results from synchrotron experiments demonstrating the 
imaging spectroscopy capabilities of the instrument at it's current state using elemental, 
chemical and magnetic contrast [1] with a typical spatial (edge-) resolution of about 120 
nm (80 nm structures are distinguishable at low kinetic energies) [2] and a best energy 
resolution of ∆E=110 meV [3]. 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Images from an energy scan around the binding energy of the Bi-4f7/2 XPS core-level show the Bi-
decorated grain boundaries in a Cu0.98Bi0.02 poly crystal. The width (FWHM) of the peak is 450 meV [1,2]. 
The spectra represent the integrated intensities of the corresponding rectangles indicated in the image at 
EB=156.6 eV. 
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[3] - M. Escher et. al, J. Electron Spectrosc. Relat. Phenom., (2004), accepted. 



State of the art and future prospects of surface X-ray 
diffraction 

 
Moritz W. 

Department of Earth and Environmental Sciences, University of Munich, Theresienstr. 41, 80333 Munich, 
Germany 

 
 
The most important technique to determine the structure of single crystal surfaces is surface 
x-ray diffraction which has a number of advantages compared to other methods. Surface X-
ray diffraction is the technique which allows to solve surface structures with large unit cells, it 
is not bound to UHV-conditions and allows to determine magnetic ordering on surfaces as 
well. Buried interfaces can be studied due to its large penetration depth. SXRD has a high 
resolution for the positional parameters parallel to the surface and a somewhat less resolution 
normal to the surface due to the smaller momentum transfer in this direction. The latter effect 
is partially compensated by the interference between the surface and the bulk contribution in 
the truncation rods which enhances the resolution normal to the surface. The capabilities of 
the method are illustrated by recent examples of structure analyses on oxide surfaces. 
 
Though the technique offers a number of advantages over alternative methods it is not that 
widely used as it could be. One of the experimental disadvantages is the long measuring time. 
To solve the 3-D surface structure a large data set is required. Depending on the complexity of 
the structure the measuring time amounts to several days on one structure. The surface has to 
be stable during this time which is not always possible. Another experimental problem is the 
determination of correction factors and the precise alignment. The latter is not easy to 
overcome with crystals with large grains. A second reason why SXRD is not always 
successful lies in the data analysis. The integration of the scans and the structure refinement 
programs have not reached the standard which is common use in 3-D crystallography. The 
methods could be made easier applicable and available to a broader user community. Also 
direct methods are very promising to be widely used in SXRD. The application of direct 
methods, implications for the measurement and possible improvements are discussed.  
 
Future developments on the experimental side would be the development of area detectors, 
which would reduce the measuring times substantially. The problems occurring in using an 
area detector are discussed. Further progress could be reached by an increase of the accuracy 
of the measurement. From the crystallographic point of view it seems very promising to 
determine electron densities at surfaces from diffraction data. In 3-D structure analysis 
deformation densities and bonding electrons can be well observed with careful measurements. 
It requires an r-factor level of few percent, which at present is rarely reached with SXRD. 
Nevertheless, there seems to be no principle obstacle in SXRD to reach this accuracy.    
 



Some new directions in surface and interface science with 
soft and hard X-rays 

 
Fadley Charles S. 

Department of Physics, University of California Davis, Davis CA 95616 USA 
and 

Materials Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720 USA 
 
 

In this talk, several new directions in surface and interface science with both soft x-rays and hard 
x-rays will be discussed. Among the topics to be discussed will be: 
 

•  The use of standing waves created by reflection from multilayer structures or crystal 
planes to selectively probe buried interfaces [1,2,3]. 

 
•  Photoemission from surfaces in contact with gas-phase reactants at pressures up to ca. 10 

torr [4]. 
 

•  Time-resolved surface reaction and magnetism studies using high-speed detection 
[5,6,7,8]. 

 
•  Hard x-ray photoemission in the 3-10 keV range: combining bulk and surface 

information [9,10]. 
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Interplay between electronic and geometric structure 
 

Rossi Giogio 
Dipartimento di Fisica dell’Università di Modena e Reggio Emilia, via Campi 213/a, 41100 Modena, Italy 

and 
Laboratorio Nazionale TASC (Advanced Technology and nanoscience) – INFM, Area Science Park-

Basovizza, 34012 Trieste, Italy  
 
 
The understanding of surfaces and interfaces relies upon the accurate measurement of the 
relevant atomic arrangements and local electronic structure and dynamics.   Synchrotron 
radiation experiments can help pushing the frontiers of surface science towards the 
understanding of functional surfaces and interfaces.   
 



Magnetism of surfaces and interfaces 
 

Dürr Hermann A. 
BESSY, Berlin, Germany 

 
 

Magnetic properties of low-dimensional systems are expected to be distinctly different from 
those of bulk materials. The surfaces/interfaces of thin films are good examples. Spin-orbit 
coupling at interfaces for instance often determines the orientation of magnetic moments of 
the whole film. For nanostructures finite size effects should play an even larger role. It was, 
for instance, predicted early that in one or two dimensions long-range magnetic order is 
forbidden, i.e. it should become unstable against thermally induced spin fluctuations. During 
the past decade x-ray magnetic dichroism spectroscopy has developed into a particularly 
powerful technique to probe spin and orbital magnetism as well as the influence of spin-orbit 
interactions for magnetic materials. An overview will be given how the now available 
techniques such as x-ray absorption, resonant x-ray scattering, resonant photoemission, x-ray 
microscopy probe different aspects of magnetic properties and how they might be 
complemented in the future by the use of x-ray coherence and time resolution. 
 
 



Nuclear resonant scattering of synchrotron radiation for 
the study of low-dimensional structures 

 
Röhlsberger Ralf 

HASYLAB @ DESY, Notkestr. 85, 22607 Hamburg, Germany, ralf.roehlsberger@desy.de 
 
 
Due to the outstanding brilliance of modern synchrotron radiation sources, nuclear 
resonant scattering of synchrotron radiation is frequently applied for the study of thin films 
and nanostructures as well as for the investigation of surfaces and interfaces. This applies 
for the determination of dynamical properties like lattice dynamics and diffusion as well 
as for electronic properties like magnetism and magnetic ordering. It is the virtue of this 
technique that experiments in both fields can be performed in basically the same 
experimental setup. 
Due to the isotopic sensitivity of the scattering process, the measured signal is free from 
contributions of the surrounding materials. Mössbauer isotopes placed in selected regions 
of the sample are used as local probes to study local dynamical and electronic properties 
without affecting the chemical integrity of the sample. For example, ultrathin films 
deposited in layered systems can be employed  to obtain depth-resolved information with 
sub-nm spatial resolution. This enables one to establish an in-depth microscopy for 
magnetic and dynamical properties. This approach is particularly effective if combined 
with  microfocusing techniques to illuminate selected areas of the sample. 
In this contribution selected experiments will be discussed. Examples are the determination 
of the spin structure in exchange-coupled magnetic films and the measurement of the 
vibrational properties at interfaces and of nanoparticles  on surfaces. 
 



Ordered two-dimensional surface alloy formed by Pb 
deposition onto Ag(111) 

 
Dalmas Julie1, Oughaddou Hamid1, Léandri Christel1, Gay Jean-Marc1, Tréglia Guy1, Le Lay Guy1, 

Aufray Bernard1, O. Bunk2 and R.L. Johnson2 
1Centre de recherche sur la Matière Condensée et les Nanosciences (CRMCN-CNRS), Campus de Luminy, Case 913, 

F-13288 Marseille cedex 9, France 
2Institut für Experimentalphysik, Universität Hamburg, Luruper Chaussee 149, D-22761 Hamburg, Germany 

 
By depositing lead under ultra-high vacuum onto a silver single crystal (111) surface we have 
grown an ordered Ag2Pb surface alloy in a two-dimensional √3x√3R(30°) superstructure. This is 
particularly interesting because totally unexpected since the bulk materials tend to phase separate. 
Furthermore the larger Pb atoms are inserted into the top Ag layer as revealed in atomically 
resolved Scanning Tunneling Microscopy images (fig. 1) and further confirmed by Grazing 
Incidence X-Ray Diffraction Experiments. Indeed this surprising alloy may have peculiar electronic 
properties, and even, possibly, exhibit superconductivity.  
Further growth leads to the formation of a dense, slightly rotated, Pb monolayer displaying Moiré 
patterns in STM.  
We have followed by Auger Electron Spectroscopy the kinetics of dissolution of such a monolayer. 
The dissolution process follows a peculiar kinetic path, blocking on a plateau corresponding to the 
ordered surface alloy, which indicates its surprising stability. 
 

 
 

Figure 1: STM topograph of the Ag2Pb surface alloy 



Surface structure of active catalysts during high-
pressure chemical reactions 

 
Frenken J.W.M. 

Kamerlingh Onnes Laboratory, Leiden University, P.O. Box 9504, 2300 RA Leiden, The Netherlands, 
Frenken@Physics.LeidenUniv.NL 

 
 
One of the great advantages of Surface X-ray diffraction is that the technique can be 
applied not only to surfaces in ultrahigh vacuum but also to burried interfaces. A very 
relevant “burried” interface is that between a chemically active solid and a reactive gas or 
gas mixture, the configuration characteristic of heterogeneous catalysis. 
After a long tradition of detailed investigations of the interaction of model catalyst surfaces 
with low-pressure gasses, a small number of experimental techniques is presently being 
adapted for application under the harsher, more realistic conditions of high pressures of 
reactive gas mixtures and high temperatures [1]. Hand in hand with this rapid instrumental 
and experimental progress is the recent development of new computational strategies in the 
theory of catalysis, involving state-of-the-art DFT and kinetic Monte Carlo calculations 
[2]. The most important conclusion that can be drawn from both experiment and theory is 
that “life is different” at high pressures, and that it cannot be “immitated” at lower 
pressures and lower temperatures. In order to make contact with “real” catalysis, much of 
surface science simply needs to be “re-done” under more realistic conditions. 
A prominent role in this development is played by the High-Pressure Surface X-Ray 
Diffraction setup at Beamline ID03 at the ESRF. In this contribution, the first SXRD 
measurements will be presented that have been performed during actual high-pressure 
catalysis, namely the oxidation of CO on Pt single-crystal model catalyst surfaces [3]. By 
combining the surface structure information, obtained directly from the SXRD intensities, 
with the chemical reactivity measurements, performed simultaneously with Mass 
Spectrometry, we see a detailed picture emerge of this important model reaction, under 
realistic conditions. One of the surprises is that under these conditions, the reaction is 
mediated by an ultrathin oxide, which is only stable under reaction conditions, i.e. when 
the temperature is high and both reactant gasses, O2 and CO, are present. 
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X-ray scattering studies of the electrochemical interface 
 

Lucas C.A. 
Department of Physics, University of Liverpool, Oliver Lodge Laboratory, Oxford Street, Liverpool, L69 

7ZE, United Kingdom 
 
 
In this talk I will discuss the application of surface x-ray scattering to the in-situ study of 
metal electrode surfaces. By combining in-situ surface x-ray diffraction measurements 
with more traditional electrochemical techniques, it is possible to probe the influence of 
surface structure on the electrochemical reactivity. This functionality is generally termed 
“structure sensitivity”. In the last decade, the in-situ surface x-ray diffraction technique has 
been a critical tool for determining the potential stability of specific surface structures in 
electrolyte under reaction conditions. On the other hand, the rotating ring disk electrode 
(RRDE) has been routinely used for determining the kinetics of electrochemical reactions 
on single crystal surfaces and evaluating the potential-dependent surface coverage by an 
adsorbed species. In combination with other techniques (e.g. FTIR, STM), the x-ray 
diffraction and RRDE methods have provided remarkable insight into the surface 
electrochemistry and the “structure sensitivity” of many important electrochemical 
processes [1]. 
In this talk I will highlight results obtained from single-crystal and bimetallic transition 
metal electrodes on which a variety of electrochemical reactions and structural phenomena 
have been studied. These include surface relaxation effects, surface reconstruction, metal 
deposition, oxide formation and the adsorption and oxidation of carbon monoxide. 
Recently, control of the sample/solution temperature has been incorporated into the x-ray 
electrochemical cell design. Some new results and possible future directions will be 
presented. 
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Nanostructure growth and self assembly 
 

Bauer G., Zhong Z., Springholz G., Lechner R., Stangl J., Schülli T.1, Metzger T.H.1  and 
Holý2 V. 

Institut für Halbleiter-und Festkörperphysik, Universität Linz, A-4040 Linz, Austria 
Guenther.Bauer@jku.at 

1 European Synchrotron Radiation Facility, BP 220, F-38043 Grenoble Cedex, France 
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A spontaneous growth instability which occurs in heteroepitaxy of strained systems is the 
Stranski-Krastanow (SK) growth mode, which has been thoroughly investigated in the past 
15 years. This mode, leading to the formation of nanoscale islands on top of a two-
dimensional wetting layer occurs for almost any semiconductor heterostructure with a 
certain lattice mismatch between the constituent materials [1]. The strain distribution in a 
growing sample is the main driving force for the formation of nanostructures and also 
influencing the peculiarities of their growth and their mutual arrangement. 
InAs on (001) GaAs is the model system for SK growth and island formation: due to the 
large mismatch between InAs and GaAs of 7 % islanding sets in below a coverage of 2 
monolayers (ML). For Ge on (001) Si  which exhibit a mismatch of 4 %, islanding starts at 
about 4 ML’s. Depending on the particular growth conditions islands with different shapes 
and sizes are formed. 
Although the islanding is a statistical process, due to the elastic anisotropy of both the 
islands as well as the substrate lateral short range ordering is observed. In island 
multilayers the strain field of buried islands influence the nucleation of islands on the 
growing surface. This phenomenon can be exploited for a vertical ordering, i.e. stacking of 
islands in subsequent layers. For this behaviour two limiting examples will be shown: Ge 
island multilayers embedded in Si and PbSe islands in PbEuTe [2]. In the first case the 
elastic anisotropy is rather small, whereas is the latter case it is so large that through self-
assembly three-dimensionally ordered island superlattices are created. True long range 
two-dimensional ordering is achieved also for Ge on Si, if the islands are grown on 
lithographically defined and etched, i.e. prepatterned Si substrates [3]. 
Various investigations of such islands using synchrotron radiation will be shown. Grazing 
incidence small angle scattering (GISAXS) can be used to determine the shape, the size 
and the correlation properties of islands, not only of uncapped ones but also of buried 
islands. Coplanar and grazing incidence diffraction are used to obtain information on the 
chemical composition and the strain state. If combined with anomalous diffraction, i.e. 
recording diffracted intensities in the vicinity of an absorption edge of one of the 
constituent elements, the influence of chemical composition and of strain on the diffraction 
pattern can be separated without elaborate numerical analysis [4]. 
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The basic idea of using X-ray standing waves (XSW) to obtain structural information is 
now 40 years old, but significant use of the method awaited widespread availability of 
synchrotron radiation some twenty years later. Even then, most studies were confined to 
highly perfect semiconductor materials (especially Si) due to the narrow rocking curve 
width found with hard X-ray energies at relative grazing incidence to the scatterer planes. 
More recently, the realisation that the problem of finite crystalline mosaicity can largely be 
overcome near normal incidence to the scatterer planes (hence NIXSW) has greatly 
increased the range of materials to which the method may be applied. the near-normal 
incidence condition, however, implies softer X-ray energies. 
 
Most applications of XSW have been to surface and interface science. In the case of buried 
interfaces, including solid-liquid interfaces, XSW detection is commonly by X-ray 
fluorescence and somewhat harder incident X-rays are favoured to ensure the emitted 
fluorescence escapes from the interface. For solid/vacuum interfaces, the X-ray absorption 
is generally measured by detecting emitted Auger electrons or photoelectrons. For these 
electron detection methods the lower X-ray energies of NIXSW also carry the advantage of 
lower electron kinetic energies and thus easier detection. Photoemission detection offers 
two important further advantages: (i) one can exploit the chemical shifts in core level 
photoelectron binding energies to achieve chemical state specific, as well as element 
specific, NIXSW structural information; (ii) for low atomic number elements (C, N, O) 
which comprise many interesting molecular adsorbates, the low binding energies preclude 
the use of Auger electron detection due to secondary ionisation effects. For these reasons, 
photoemission detection is the preferred mode of operation for most studies of molecular 
layers, even if these are prepared from solution or at high ambient pressures. To exploit 
this approach fully one requires intense, highly-collimated and well-monochromated X-
radiation in the photon energy range from about 2.5 – 5 keV, requirements ideally-matched 
by an undulator source on a 6 GeV storage ring such as the ESRF.  
 
A few selected examples of the application of this approach to both UHV-deposited atoms 
and small molecules, and layers of larger molecules, will be used to illustrate how this 
unique potential of the ESRF is being exploited. Some of the future challenges in terms of 
applications and instrumentation will be highlighted. The potential to build on very recent 
work on ‘XSW imaging’ for direct surface structure determination by Bedzyk coworkers 
will be discussed. 
 



State of the art of X-ray photoemission spectroscopy in 
the hard X-ray range 

 
Dallera C. 

INFM - Dipartimento di Fisica, Politecnico di Milano, piazza Leonardo da Vinci 32, 20133 Milano, Italy, 
claudia.dallera@fisi.polimi.it 

 
 
Hard X-Ray Photoemission Spectroscopy (HaXPES) extends the bulk sensitivity of 
photoemission by measuring photoelectrons with several keV of kinetic energy. The very 
high photon fluxes at modern synchrotrons and the strong interest in bulk sensitive 
spectroscopies are boosting in recent years the development of HaXPES developing the 
idea first proposed by Lindau et al. [1].  
The key issues recently explored in HaXPES experiments at synchrotrons around the world 
are: (i) the different electronic structure and hybridization effects between the outermost 
surface layers and the internal bulk layers [2, 3], and (ii) the possibility of non-destructive 
in-depth characterization of inhomogeneous samples, interfaces and buried layers by 
HaXPES measurements at varying values of the photoelectron kinetic energy [4].  
Both problems are approached by making use of the strong energy dependence of the depth 
sampled by photoelectrons. In this talk we will especially address the second issue. By 
presenting recent experimental results we will show that HaXPES can reach a bulk 
sensitivity of several tens of atomic layers, and that the energy dependence of the core line 
intensity offers detailed information about the in depth distribution of different chemical 
species. Open problems and potentialities of HaXPES as a non-destructive depth profiling 
tool will be discussed. 
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Three beamlines, ID01, ID03, and ID32 belong to the surface and interface (S/I) group at the 
ESRF, but experiments in the area of S/I science are carried out at several other beamlines at 
the ESRF and I will present a brief overview. Furthermore, I will review the experimental 
facilities and the user program of the S/I group. In particular ID32 is still in the middle of an 
extensive refurbishment program and I will describe its aim and goal. ID03 on the other hand, 
which is now in operation since 10 years, did not undergo any major refurbishment and it is 
one important motivation of the workshop to help to devise a strategy in this respect.  
However, because S/I research is carried out at other beamlines as well, any decision about a 
refurbishment program at ID03 and any reorientation of the scientific direction of ID03 will 
have some effect on the user program at other beamlines, notably ID32, the activities of which 
had been always close, but mostly complementary to the work carried out at ID03. For 
example, both beamlines are well equipped for surface X-ray diffraction studies in UHV, but 
whereas ID03 utilizes a large, stationary ultra high vacuum (UHV) system and has 
concentrated recently mostly on growth studies or other in-situ surface modifications (see e.g. 
the talk of C. Boragno), ID32 is well equipped for surface X-ray surface crystallography on 
off-line, in UHV prepared and characterized samples using small, portable UHV “baby-
chambers”. At ID03, diffraction studies of solid/gas interfaces in view of catalysis are carried 
out (e.g. talk of J. Frenken), whereas ID32 has specialized on electrochemistry and structural 
studies of solid/liquid interfaces. ID32 is unique at the ESRF in offering the possibility to 
performing X-ray interferometric structural investigations utilizing X-ray standing waves 
(XSW), notably in combination with X-ray photoelectron, but also X-ray fluorescence 
spectroscopy (see talk of D.P. Woodruff). ID03 on the other hand has engaged on 
investigating the relationship between surface structure and magnetism by resonant surface X-
ray diffraction. 
I will outline in my talk the ideas of the ESRF management about the reorientation of the 
research and user program at ID03 and the assessment what might be the likely influence on 
the operations of ID32 and other beamlines. Until plans for new scientific directions and a 
new user program for ID03 are finalized and a major refurbishment may commence,  the 
beamline is foreseen to operate at reduced capacity while some of the instrumentation and 
optical components will be moderately overhauled in order to just allowing stable and reliable 
experimental conditions in this transition period. 
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Surface X-ray diffraction has been practiced for over 20 years.  As vacuum technology as well as 
the facilities have evolved, from rotating anodes to 3rd generation SR sources, the technique has 
evolved in two directions: "dedicated chambers" tending to support a small, integrated community 
and "baby chambers" that allow independence over a wider community of users.  I will attempt, in 
this talk, to compare the limitations of each method, since this is a discussion point that is central to 
the future of surface science at ESRF. 
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A considerable interdiffusion of Si into Ge islands has been observed using different 
techniques as transmission electron microscopy (TEM), selective chemical etching and 
anomalous x-ray scattering [1, 2]. Although the composition profiles obtained by these 
experiments indicate a possible mechanism for Si incorporation, the distinction between the 
kinetic and thermal mixing components lies only in mesoscopic evidences (i.e. aspect ratio, 
facets and trenches). 
In the last few years some studies have proved that spontaneous ordering is observed in 
semiconductor alloys. In the Si1-xGex particular case ordering can be found mainly along 
the [111] direction (RS3-model), with a secondary structure at the [100] which is similar to 
CuAu-I [3]. The mechanism of ordering is associated to step-flow growth kinetics when the 
surface reconstruction is 2×1. In such a process, selective sites are generated and induce 
long-range ordering of atomic species even when arrangements of this type cannot be 
predicted by thermodynamic arguments.  
In this work, the (200) basis forbidden surface reflection was measured in grazing incidence 
geometry on Ge:Si(001) islands to unambiguously determine the existence of an ordered 
alloy phase inside these nanostructures and at the wetting layer (WL). Mapping out the 
vicinity of this reflection in reciprocal space one can observe the x-ray signature of anti-
phase boundaries separating the ordered domains inside the Ge nanostructures. This is the 
first experiment that shows atomic ordering inside self-assembled islands, evidencing the 
important role of surface kinetics to the island final composition. 
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Metal surfaces can be easily nanostructured by using ion sputtering [1]. The effect is due to 
the competition between surface erosion caused by the impinging energetic ions and 
diffusion processes of the created defects (adatoms, vacancies, clusters). Such 
nanostructured surfaces are interesting as not only morphology, but also physical 
properties can be tailored in a fast and inexpensive way [2,3]. 
X-ray diffraction can provide real-time unique information on their morphology evolution. 
In recent years, our group has carried out experiments at the ID3 beam line to study with 
X-ray surface diffraction this phenomenon [4-7]. In this contribution, we review the results 
obtained on Ag(110), Cu(110), Rh(110) and Pt(110), and also on the Co/Cu(110) system. 
We demonstrate that X-ray surface diffraction is a powerful tool in the study of 
nonequilibrium surface phenomena and growth instabilities allowing for the critical 
exponent determination of both the periodicity and facets angles. 
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We present a new general method for the determination of the electron density and atomic 
structure of epitaxial systems. The method is based on the measurement of the x-ray 
diffraction intensities along the system Bragg rods, the calculation of the diffraction phase 
along the Bragg rods and the subsequent Fourier transformation of the resulting complex 
scattering factors into real space. The method provides the structural image of epitaxial 
films and their interface with the substrate with sub-Ångstrom resolution. We shall present 
recent results on the structure of ultra-thin ferroelectric films (PbTiO3) grown on [100] 
faces of a paraelectric substrate (SrTiO3). The results reveal the atomic displacements in 
the film and in the interface region providing a detailed picture of the variation of the 
polarization in the substrate, the interface and the film regions. 
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One can think of X-ray standing waves (XSW) as a method that combines the structure 
determining capabilities of X-ray scattering with the elemental, chemical, or magnetic 
selectivity inherent to various x-ray spectroscopies. The XSW advantage is that the phase (as 
well as the amplitude) of the Fourier transform of the spectroscopy-selected distribution is 
directly measured. This allows one to produce a direct-space atomic distribution map from a 
summation of XSW measured hkl Fourier components. The restrictions on using XSW lie in 
being able to generate a well-defined XSW and in being able to observe a spectroscopy signal 
of interest. 
Taking advantage of the major improvements in x-ray sources over the past two decades, X-
ray standing wave technology has experienced significant growth in 1) the types of scientific 
problems studied, 2) the methods for generating an XSW, 3) the types secondary emissions 
observed and utilized, 4) pre-optics, and 5) the methods for analyzing and interpreting XSW 
data. It seems that the rate-limiting factor lies in the realm of X-ray fluorescence (XRF) 
detector technology. We need to collect XRF over larger solid angles, at higher count rates, 
and with better resolution.  
The areas of XSW scientific expansion occur in areas where x-rays compete best over 
electron diffraction, microscopy and SPM methods. These include buried interfaces, such as 
the liquid/ solid interface.  While the original application for XSW was in semiconductor 
doping and adlayers, there is now a much wider range of applications that include: 
vacuum/solid and liquid/solid adsorption on metals and oxides, organometallic monolayers 
and multilayers, biomolecular adsorption at functionalized surfaces, ferroelectric capacitor 
structures, magnetic multilayers, and more. 
The advances in XSW applications in electro-magnetic device technology, biochemistry, 
electrochemistry, geo- and environmental-chemistry, and other areas have been made possible 
by going beyond the original restrictions of using “perfect” single crystal Bragg diffraction to 
generate the XSW. The use of “real” single crystals by back reflection XSW (ala Woodruff) 
or by using an undulator beam with a small slit to elluminate a single grain has proven to be 
very effective for studying surface chemistry on metals and oxides alike. Even going further 
one does not require a thick single crystal, but can generate the XSW by thin-film single 
crystal Bragg diffraction. Here again, it is typically necessary to have a very high intensity 
incident beam because the XSW induced XRF modulation for this weak Bragg reflection will 
typically be 2% instead of 200% as with the bulk single crystal case. 
These single crystal methods generate an XSW with a period D=λ/2sinθ of 0.5 to 10 Å 
depending on the d-spacing. One generally needs a much longer length-scale to describe the 
atomic (or ionic) distribution profile within a diffuse-double layer that forms at the electrified 
liquid-solid interface or within an organometallic multilayer structure.  Access to this length-
scale of 20 to 2000 Å is possible with long-period XSWs generated by reflection from a plane 
x-ray mirror and/or periodic multilayer x-ray mirror. 
Element specific XRF remains the most widely used emission signal with the XSW 
technique. However, one can gain chemical sensitivity by XPS and magnetic sensitivity by 
performing magnetic x-ray circular dichroism (MXCD) measurements using the XSW as the 
primary excitation field. XSW induced photo-ion desorption has also been observed. One 
strategy for discovering new x-ray physics areas is to take an existing x-ray spectroscopy 



 

 

technique from the one-beam case and transform it to the two-coherent beam case. By doing 
so you add in spatial resolution and create a site-specific spectroscopy; for example, site-
specific valence photoelectron spectroscopy, or site-specific XAFS. 
For surface, thin film and interface XSW studies one can gain depth-selectivity on a 
nanometer length scale by varying the emission take-off angle. For example one can use the 
evanescent-wave emission of XRF to differentiate between the lattice location of near-surface 
atoms and bulk atoms. Obviously the short mean-free path of AES or XPS electron emission 
could be used in very interesting ways to gain surface sensitivity at the vacuum/ solid 
interface. 
One advance in preoptics for XSW measurements has been in using multiple-choice pairs of 
Si channel cuts that match the d-spacing of the bulk single crystal reflection for efficiently 
enhancing the fringe visibility of the XSW.  Another XSW optics advance is in using 
microbeam focusing optics to isolate in on device structures. And recently a phase retarder 
has been used for XSW-MXCD measurements. 
Lastly, progress in XSW analysis includes work in developing the theory for distorted 
crystals, adding multipole expansion to the two-beam photoelectric effect, and in Fourier 
synthesis of atomic images.  
This is just a quick stab at outlining the present status of XSW applications. I am sure there 
are many points missing from this discussion, but hopefully this will get things started. I 
would be most interested in hearing about advances in XSW microscopy and real-time 
studies. I am also interested in learning about the progress made in developing a XRF system 
based on a large multi-element array of silicon drift-diodes. Such a detector could 
substantially improve XSW and XAFS capabilities. 
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Surface science has a rich history at synchrotron radiation sources worldwide. It all 
started with photoemission spectroscopy using XUV-radiation. Then a variety of 
diffraction techniques, exploiting the hard X-ray part of the spectrum, came into 
existence. The ESRF has earned itself an excellent reputation, particularly in the latter 
area. It has served the ‘needs’ of surface scientists from all over Europe and outside. 
In addition, strong in-house research programmes have been carried through. The 
presentations at this workshop are illustrating these points. 
 
What has been achieved?  
In the eighties and early nineties many of us just wanted to know ‘where the atoms 
are’. It was discovered that surface reconstructions and accompanying lattice 
distortions at single-crystal surfaces could be measured by the measurement of CTRs 
and fractional diffraction orders. The experiments confirmed or falsified theoretical 
predictions of geometric surface structures. Soon thereafter these crystallographic 
studies were extended to buried interfaces. Simultaneously, X-ray standing wave 
techniques were employed and further developed for the determination of the location 
of e.g. foreign atoms in a host crystal. Mainly at medium-energy synchrotron sources, 
angle-resolved photoemission spectroscopy (ARPES) was refined to a very 
sophisticated level: wide photon energy tunability, meV energy resolution, variable 
photon polarisation, fully rotatable analyzer, low sample temperature, spin-resolved 
electron detection. Some stations combine almost all of these features in one. In 
parallel, photoelectron diffraction studies enabled the ‘holography’ of surfaces. 
 
Where are we going? 
I notice the following trends: 
(1) Surface and interface science is becoming more of an applied science. Copper 

and nickel crystal surfaces or other model systems are now less studied. Instead, 
surface studies are made of technologically relevant oxides, alloys, magnetic 
systems, etc. In addition, new model systems have emerged, such as ordered 
fullerene layers, step-decorated surfaces, etc.  

(2) The determination of surface or interface structures is only interesting, when the 
structure can be related to the function of the surface or film. Just ‘knowing 
where the atoms are’ is no longer sufficient. 

(3) In the past decade, a trend has set in to prepare and analyse surfaces or 
interfaces in situ. For example, pulsed laser deposition can be used to epitaxially 
grow single-crystal oxide films on substrates. During growth, the films are 
analysed by X-ray diffraction. I believe, this trend will continue. 

(4) Clearly there is a shift away from studying samples in a UHV environment. This 
is logical, because clean-surface model systems are on their retreat. Surfaces are 
now exposed to a variety of ‘realistic’ conditions, e.g., to a gas mixture at high 
pressure or to a liquid solution. Such environments mimic conditions present in 
an industrial catalytic reaction, a fuel cell, etc. 

(5) Whereas surfaces were generally loved in the past, they are now hated by some 
of us. ARPES is the premier technique for studies of correlated electron 



systems. The escape depth of the electrons is so small that surface effects may 
distort or even dominate the spectra. Photoemission at high kinetic energies may 
be the solution, but this technique is difficult and the momentum resolution goes 
down or even disappears. Can surface scientists make the effect of the surface 
disappear? 

(6) Studies of soft condensed matter (SCM) and complex fluids are gaining 
importance. Surface and interfaces of SCM play an important role in everyday 
life, and small-angle X-ray scattering is increasingly being used for their 
structural characterisation. Mesoscopic length scales (1-100 nm) are of 
relevance here, and surfaces and interfaces influence phenomena at these length 
scales. One may e.g. study the effect of confinement on the ordering of colloids 
or micellar solutions or the self-assembly of organic molecules or polymers on 
(functionalized) surfaces. Surfaces and interfaces can be functionalized for 
specific biological performances. Synchrotron diffraction will help us to 
understand ordering phenomena in a quantitative way. Of course, radiation 
damage is a major issue. 

(7) Coherent X-ray scattering has a bright future. This technique can be used for the 
structural characterisation (‘lensless imaging’) of small objects, deposited 
clusters etc. X-ray photon correlation spectroscopy (XPCS) will enable us to 
study, e.g., diffusion processes at surfaces. 

(8) As the synchrotron sources become more brilliant, surface studies in the time 
domain become possible at ever faster time scales. With the advent of free 
electron lasers this area is expected to go through a revolutionary development. 
Fast surface phase changes (e.g. order-disorder phenomena) can be studied 
using ps or fs X-ray pulses . In addition, XUV or X-ray pulses can be directed 
onto atomic clusters in flight, with the purpose to study their electronic and 
geometric structure. 

 



Post-Workshop Report 
last modified 25-09-2006 10:12  

Held at the ESRF on 30 September/1st October the workshop was in particular aimed at 
assessing the strength and interest of the surface and interface user community, and the trends 
and developments in this field of research.  

A strong participation at the workshop (more than 80 participants from 15 different nations) 
demonstrated that surface and interface science is fruitful, lively and still enjoying a dynamic 
development.  

From the presentations, several trends and important developments in surface and interface 
research could be identified.  

• Surface crystallography employing surface X-ray diffraction (SXRD) has reached a 
state of maturity. Some problems and requirements compare to protein 
crystallography: large unit cells are analysed and solved, the measurements are 
routine, but speed and reliable sample preparation and quick exchange are important 
issues.  

• “Real” surfaces are coming more and more into the focus of interest.  
• With the advent of 3rd generation synchrotron sources the X-ray standing wave 

(XSW) technique has experienced a tremendous increase in analytical power and in its 
range of applications.  

The scientific programme of the meeting ended with a lively discussion session, centred on 
the three scientific issues (1) SXRD, (2) XSW and (3) Hard X-ray photoelectron spectroscopy 
(HAXPES).  

The discussion on item one was lead by Salvador Ferrer (LLS Barcelona). It was pointed out 
that several surface X-ray diffraction stations will be available at national synchrotron 
sources. However, many of these stations will not be available for several years, increasing in 
the meantime the need for such facilities at the ESRF.  

The discussion on item two was lead by Michael Bedzyk (Northwestern University). It was 
largely acknowledged that the XSW is seeing a very dynamic development and has expanded 
in many highly-interesting areas. The technique needs a dedicated station with some special 
requirements (such as a secondary monochromator), because it combines diffraction and 
spectroscopy. This station can conveniently be shared with other techniques (naturally with 
diffraction or spectroscopic techniques).  

The discussion on HAXPES was lead by Shigemasa Suga (University Osaka). The 
importance of HAXPES for obtaining bulk valence band information with high resolution ( 10 
meV) or investigating buried interfaces (> 10 nm) with core level spectroscopy was 
underlined. It was remarked that HAXPES is also important in combination with XSW, 
further widening the range of applications of this technique. A general discussion, led by 
Friso van der Veen (SLS Villigen) followed and focused on the future of Surface and 
Interface science at the two beamlines ID03 and ID32. The conclusion of the discussion and 
thus the workshop was that ID03 shall remain a beamline catering for the SXRD community 



since the number of available SXRD stations has decreased (Lure and Daresbury have 
stopped their activities). There was general agreement that the catalysis research on 
solid/highpressure-gas interfaces at ID03 is of major importance and an outstanding activity at 
the ESRF.  

Several concrete improvements were suggested for the necessary refurbishment of the 
beamline. It was furthermore concluded that ID32 should continue to concentrate on XSW 
experiments, using techniques such as photoelectron and fluorescence spectroscopy, and on 
SXRD experiments with emphasis on electrochemistry and surface studies using UHV baby 
chambers. It was acknowledged that the refurbishment of ID32, carried out along the lines of 
recommendations of the beamline review committee from 2002, has dramatically increased 
the attractiveness of the beamline and should be continued until completed.  

The meeting finished on Friday evening with the presentation of the best-poster-award by Ian 
Robinson, which went to Ioana Popa, postdoc at ID03, for her poster “Perpendicular magnetic 
anisotropy in Ni films on Pt(001)”, and with a final buffet on the mezzanine. 
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