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Overview of Invited Talks and Sessions
(lecture rooms HSZ 02, SCH A01, SCH A118, SCH A215, SCH A216, SCH A315, and SCH 251; Poster P2)

Invited Talks

O 2.1 Mon 10:15–11:00 HSZ 02 Surface Science from Hours to Attoseconds: Mind the Gap —
•Michael Horn-von Hoegen

O 9.1 Mon 14:00–14:45 HSZ 02 Surface-confined coordination chemistry with porphyrins and phthalo-
cyanines — •J. Michael Gottfried

O 16.1 Tue 9:30–10:15 HSZ 02 Electron Transport through Single Atoms and Molecules: an STM’s
View — •Jörg Kröger

O 23.1 Tue 14:00–14:45 HSZ 02 Surfaces and Atomic Nanostructures - Model Systems for Spec-
troscopy of Confined Interacting Electrons — •Jörg Schäfer

O 28.1 Wed 9:30–10:15 HSZ 02 Catalytic Autothermal Reforming of Renewable Fuels at Millisecond
Times — •Lanny Schmidt

O 35.1 Wed 14:00–14:45 HSZ 02 Engineering surfaces, interfaces and structural phases to tailor mag-
netic properties — •Jürgen Fassbender

O 43.1 Thu 9:30–10:15 HSZ 02 Measuring spin polarization vectors with ARPES — •Jürg Oster-
walder, Hugo Dil, Fabian Meier, Jorge Lobo-Checa, Luc Patthey,
Vladimir N. Petrov

O 50.1 Thu 14:00–14:45 HSZ 02 Si-based spintronics from first principles — •Mahbube Hortamani
O 61.1 Fri 10:15–11:00 HSZ 02 First-principles approaches towards organic film growth — •Claudia

Ambrosch-Draxl, Peter Puschnig, Dmitrii Nabok
O 68.1 Fri 13:30–14:15 HSZ 02 Surface Structure Analysis – Present Status and Future — •Klaus

Heinz
O 69.1 Fri 14:15–15:00 HSZ 02 Transient Electronic Structure and Insulator-to-Metal Transitions

Probed by Time-resolved Photoemission Spectroscopy — •Martin
Wolf

Invited talks of the joint symposium SYAI
See SYAI for the full program of the Symposium.

SYAI 1.1 Thu 15:00–15:30 SCH 251 Insights and Progress in Density Functional Theory — Paula Paula
Mori-Sanchez, Aron Cohen, •Weitao Yang

SYAI 1.2 Thu 15:30–16:00 SCH 251 Quasiparticle energy calculations in a new light: from defects in
semiconductors to the f -electron challenge — •Patrick Rinke

SYAI 1.3 Thu 16:00–16:30 SCH 251 LDA+DMFT approach to excitations spectrum in Half-Metallic
Ferromagnets — •Alexander Lichtenstein

SYAI 1.4 Thu 17:00–17:30 SCH 251 Insight and prediction of material properties from ab initio calcu-
lations of electronic excitations — •Lucia Reining, Matteo Gatti,
Ralf Hambach, Christine Giorgetti

SYAI 1.5 Thu 17:30–18:00 SCH 251 Local excitations in strongly interacting charge-transfer insulators:
Frenkel excitons within TD-LDA+U and strong coupling theory —
•Wei Ku

SYAI 1.6 Thu 18:00–18:30 SCH 251 Electron tunneling and transport at molecular junctions —
•Roberto Car
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Sessions

O 1.1–1.3 Sun 16:00–18:30 HSZ 04 Tutorial (Walter Pfeiffer, Christoph Lienau, Michael Bauer)
O 2.1–2.1 Mon 10:15–11:00 HSZ 02 Invited Talk (Michael Horn-von Hoegen)
O 3.1–3.7 Mon 11:15–13:00 SCH A01 Oxides and insulators I
O 4.1–4.7 Mon 11:15–13:00 SCH A118 Metal substrates: Adsorption of organic / bio molecules I
O 5.1–5.7 Mon 11:15–13:00 SCH A215 Nanostructures at surfaces: Wires, tubes
O 6.1–6.7 Mon 11:15–13:00 SCH A216 Electronic structure I
O 7.1–7.7 Mon 11:15–13:00 SCH A315 Semiconductor substrates
O 8.1–8.5 Mon 11:15–12:45 SCH 251 Focused Session: Epitaxial Graphene I
O 9.1–9.1 Mon 14:00–14:45 HSZ 02 Invited Talk (J.Michael Gottfried)
O 10.1–10.7 Mon 15:00–16:45 SCH A01 Oxides and insulators II
O 11.1–11.7 Mon 15:00–16:45 SCH A118 Metal substrates: Adsorption of organic / bio molecules II
O 12.1–12.6 Mon 15:00–16:30 SCH A215 Nanostructures at surfaces: Dots, particles, clusters I (mag-

netic)
O 13.1–13.7 Mon 15:00–16:45 SCH A216 Electronic structure II
O 14.1–14.7 Mon 15:00–16:45 SCH A316 Organic, polymeric, biomolecular films – also with absorbates

I
O 15.1–15.5 Mon 15:00–16:30 SCH 251 Focused Session: Epitaxial Graphene II
O 16.1–16.1 Tue 9:30–10:15 HSZ 02 Invited Talk (Jörg Kröger)
O 17.1–17.10 Tue 10:30–13:00 SCH A01 Oxides and insulators III
O 18.1–18.9 Tue 10:30–12:45 SCH A118 Metal substrates: Adsorption of organic / bio molecules III
O 19.1–19.9 Tue 10:30–12:45 SCH A215 Nanostructures at surfaces: Arrays
O 20.1–20.10 Tue 10:30–13:00 SCH A216 Nano-optics of metallic and semiconducting nanostructures

(time resolved)
O 21.1–21.6 Tue 10:30–12:00 SCH A316 Methods: Electronic structure theory I
O 22.1–22.8 Tue 10:30–13:00 SCH 251 Focused Session: Epitaxial Graphene III
O 23.1–23.1 Tue 14:00–14:45 HSZ 02 Invited Talk (Jörg Schäfer)
O 24.1–24.5 Tue 15:00–16:15 SCH A01 Methods: Molecular simulations and statistical mechanics
O 25.1–25.5 Tue 15:00–16:15 SCH A118 Surfaces and films: forces, structure and manipulation
O 26.1–26.7 Tue 15:00–16:45 SCH A215 Nanostructures at surfaces: Dots, particles, clusters II

(SPM)
O 27.1–27.122 Tue 18:30–21:00 P2 Poster Session I (Methods: Scanning probe techniques;

Methods: Atomic and electronic structure; Methods: Molec-
ular simulations and statistical mechanics; Oxides and Insu-
lators: Clean surfaces; Oxides and Insulators: Adsorption;
Oxides and Insulators: Epitaxy and growth; Semiconduc-
tor substrates: Clean surfaces; Semiconductor substrates:
Epitaxy and growth; Semiconductor substrates: Adsorption;
Nano- optics of metallic and semiconducting nanostructures;
Electronic structure; Methods: Electronic structure theory;
Methods: other (experimental); Methods: other (theory);
Solutions on surfaces; Epitaxial Graphene; Surface oder in-
terface magnetism; Phase transitions; Time-resolved spec-
troscopies)

O 28.1–28.1 Wed 9:30–10:15 HSZ 02 Invited Talk (Lanny Schmidt)
O 29.1–29.9 Wed 10:30–12:45 SCH A01 Nanostructures at surfaces: preparation
O 30.1–30.10 Wed 10:30–13:00 SCH A118 Metal substrates: Adsorption of organic / bio molecules IV
O 31.1–31.8 Wed 10:30–12:30 SCH A216 Nano-optics of metallic and semiconducting nanostructures

(theory)
O 32.1–32.8 Wed 10:30–12:30 SCH A315 Surface or interface magnetism
O 33.1–33.6 Wed 10:30–12:00 SCH A316 Methods: Electronic structure theory II
O 34.1–34.8 Wed 10:30–13:00 SCH 251 Focused Session: Epitaxial Graphene IV
O 35.1–35.1 Wed 14:00–14:45 HSZ 02 Invited Talk (Gaede Prize) (Jürgen Fassbender)
O 36.1–36.7 Wed 15:00–16:45 SCH A01 Particles and clusters
O 37.1–37.10 Wed 15:00–17:30 SCH A118 Metal substrates: Adsorption of organic / bio molecules V
O 38.1–38.10 Wed 15:00–17:30 SCH A216 Nano-optics of metallic and semiconducting nanostructures

(experiments I)
O 39.1–39.10 Wed 15:00–17:30 SCH A315 Metal substrates: Solid-liquid interfaces
O 40.1–40.10 Wed 15:00–17:30 SCH A316 Methods: Scanning probe techniques I
O 41.1–41.10 Wed 15:00–17:30 SCH 251 Ab-initio approaches to excitations in condensed matter I
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O 42.1–42.126 Wed 17:45–20:30 P2 Poster Session II (Nanostructures at surfaces: arrays; Nanos-
tructures at surfaces: Dots, particles, clusters; Nanostruc-
tures at surfaces: Other; Nanostructures at surfaces: Wires,
tubes; Metal substrates: Adsorption of O and/or H; Metal
substrates: Clean surfaces; Metal substrates: Adsorption of
organic/bio moledules; Metal substrates: Solid-liquid inter-
faces; Metal substrates: Adsorption of inorganic molecules;
Metal substrates: Epitaxy and growth; Heterogeneous catal-
ysis; Surface chemical reactions; Ab-initio approaches to ex-
citations in condensed matter; Organic, polymeric, biomolec-
ular films– also with adsorbates; Particles and clusters)

O 43.1–43.1 Thu 9:30–10:15 HSZ 02 Invited Talk (Jürg Osterwalder)
O 44.1–44.10 Thu 10:30–13:00 SCH A118 Metal substrates: Adsorption of organic / bio molecules VI
O 45.1–45.10 Thu 10:30–13:00 SCH A215 Heterogeneous catalysis
O 46.1–46.10 Thu 10:30–13:00 SCH A315 Time-resolved spectroscopies I
O 47.1–47.8 Thu 10:30–12:30 SCH A316 Methods: Scanning probe techniques II
O 48.1–48.7 Thu 10:30–13:00 HSZ 02 Focused Session: Spin-Orbit Interaction at Surfafces: From

the Rashba Effect to Topological States of Matter I
O 49.1–49.12 Thu 10:30–13:30 SCH 251 Ab-initio approaches to excitations in condensed matter II
O 50.1–50.1 Thu 14:00–14:45 HSZ 02 Invited Talk (Mahbube Hortamani)
O 51.1–51.12 Thu 16:15–19:15 SCH A01 Surface chemical reactions I
O 52.1–52.17 Thu 15:00–19:15 SCH A118 Metal substrates: Adsorption of organic / bio molecules VII
O 53.1–53.14 Thu 15:00–18:30 SCH A215 Nanostructures at surfaces: Dots, particles, clusters III
O 54.1–54.14 Thu 15:00–18:30 SCH A216 Nano-optics of metallic and semiconducting nanostructures

(experiments II)
O 55.1–55.5 Thu 15:00–16:15 SCH A315 Time-resolved spectroscopies II
O 56.1–56.17 Thu 15:00–19:15 SCH A316 Metal substrates: Epitaxy, growth and adsorbates
O 57.1–57.12 Thu 15:00–19:00 HSZ 02 Focused Session: Spin-Orbit Interaction at Surfafces: From

the Rashba Effect to Topological States of Matter II
O 58 Thu 15:00–18:30 SCH 251 SYAI: Ab-initio approaches to excitations in condensed mat-

ter
O 59 Thu 19:30–20:00 HSZ 02 General Meeting of the Surface Science Division
O 60.1–60.4 Thu 20:00–21:00 HSZ 02 Post Deadline Session followed by Surface Science ”get-

together”
O 61.1–61.1 Fri 10:15–11:00 HSZ 02 Invited Talk (Claudia Ambrosch-Draxl)
O 62.1–62.7 Fri 11:15–13:00 SCH A01 Surface chemical reactions II
O 63.1–63.7 Fri 11:15–13:00 SCH A118 Semiconductor substrates: Adsorption
O 64.1–64.6 Fri 11:15–12:45 SCH A215 Metal substrates: Adsorption of inorganic molecules
O 65.1–65.7 Fri 11:15–13:00 SCH A315 Time-resolved spectroscopies III
O 66.1–66.6 Fri 11:15–12:45 SCH A316 Organic, polymeric, biomolecular films – also with absorbates

II
O 67.1–67.6 Fri 11:15–12:45 SCH 251 Ab-initio approaches to excitations in condensed matter III
O 68.1–68.1 Fri 13:30–14:15 HSZ 02 Invited Talk (Klaus Heinz)
O 69.1–69.1 Fri 14:15–15:00 HSZ 02 Invited Talk (Martin Wolf)

Annual General Meeting Surface Science Division

Thursday 19:30–20:00 HSZ 02

• Report of the Chairman of the DPG Surface Science Division

• Miscellaneous

Notes

Poster Sessions O27 (Tuesday, 18:30-21:00) , O42 (Wednesday, 17:45-20:30) in room P2.
Post Deadline Session O60 on Thursday 20:00-21:00, in HSZ 02, followed by the Surface Science ”get-together”.
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O 1: Tutorial (Walter Pfeiffer, Christoph Lienau, Michael Bauer)

Time: Sunday 16:00–18:30 Location: HSZ 04

Tutorial O 1.1 Sun 16:00 HSZ 04
Ultrafast Nanooptics: Bringing Ultimate Time Resolution to
the Nanoscale — •Walter Pfeiffer — Fakultät für Physik, Uni-
versität Bielefeld, 33615 Bielefeld, Germany

The coherent broadband optical excitation of nanostructures forms the
basis of the emerging field of ”ultrafast nanooptics”. In metallic nanos-
tructures and hybrid nanostructures, electromagnetic excitations tend
to be highly localized and strongly enhanced. The coherent excita-
tion of such nanostructures by ultrafast light pulses adds the temporal
degree of freedom and allows for controlling the spatiotemporal prop-
erties of these nanolocalized fields. The spatio-temporal evolution of
such optical near-field distributions could play a key role in a variety of
important applications across the disciplines, including the realization
of novel laser structures, the exploitation of optical nonlinearities for
ultrasensitive chemical and biological probing, and the development of
enhanced single-photon sources for quantum communication.

Starting from the fundamentals of nanooptics and ultrafast optics
this introductory lecture will provide an overview of recent progress in
the field of ”ultrafast nanooptics”.

15 min. break.

Tutorial O 1.2 Sun 16:55 HSZ 04
Ultrafast Nano-Optics: Applications in Nano-Science —
•Christoph Lienau — Institut für Physik, Carl von Ossietzky Uni-
versität Oldenburg, 26129 Oldenburg, Germany

Ultrafast nano-optics is a comparatively young and rapidly growing
field of research aiming at probing, manipulating and controlling ul-
trafast optical excitations on nanometer length scales. The ability to
control light on nanometer length and femtosecond time scales opens
up exciting possibilities for probing dynamic processes in nanostruc-
tures in real time and space. This tutorial gives a brief introduction
into the experimental tools of this emerging field and discusses recent
progress in in ultrafast nano-optics.

We specifically discuss how ultrafast nano-optical techniques can be
used to (i) visualize light propagation in novel photon waveguides, (ii)
probe and manipulate coherent optical excitations in individual and

dipole-coupled pairs of quantum dots, (iii) probe the dynamics of sur-
face plasmon polariton excitations in metallic nanostructures, (iv) gen-
erate novel nanometer-sized ultrafast light and electron sources and (v)
to reveal the optical interaction between excitons and surface plasmon
polaritons in hybrid metal-semiconductor nanostructures. The results
will indicate that combining light localization on nanometer-length
and femtosecond time scales carries significant potential for realizing
novel optoelectronic devices such as ultrafast nano-optical switches or
surface plasmon polariton amplifiers and lasers.

15 min. break.

Tutorial O 1.3 Sun 17:50 HSZ 04
Near-field Dynamics Probed with Time-Resolved PEEM —
•Michael Bauer — IEAP, Christian-Albrechts-Universität zu Kiel,
Kiel, Germany

Photoemission Electron Microscopy (PEEM) in combination with non-
linear photoemission has recently attracted considerable attention due
to its high sensitivity to light-induced collective (plasmonic) electron
excitations in nanoscale objects at a lateral resolution in the 10 nm
regime. A highly promising aspect in this context is the potential of
two-photon PEEM to be performed in a time-resolved stroboscopic
mode enabling real-time experiments at a temporal resolution in the
femtosecond-regime. This allows one to monitor for instance the
spatio-temporal dynamics of the local near-field associated with the
plasmon mode.

This paper gives an overview of some recent results to exemplify the
potential of the PEEM technique in this field. The focus is set on the
investigation of periodic and random assemblies of silver nanoparticles
in interaction with femtosecond light fields. Aspects, such as the imag-
ing of local near fields [1] and the local field enhancement [2], plasmon
dynamics [3], and the manipulation of local near-fields using coherent
control schemes [4] will be addressed.

[1] L.I. Chelaru et al., Phys. Rev. B 73, 115416 (2006), L. Douillard
al., Nanoletters 8, (2008) 935 [2] M. Chinchetti et al., Phys. Rev. Lett.
95 (2005) 257403 [3] A. Kubo et al., Nanoletters 5 (2005) 1123 [4] M.
Aeschlimann et al., Nature 446 (2007) 301

O 2: Invited Talk (Michael Horn-von Hoegen)

Time: Monday 10:15–11:00 Location: HSZ 02

Invited Talk O 2.1 Mon 10:15 HSZ 02
Surface Science from Hours to Attoseconds: Mind the Gap —
•Michael Horn-von Hoegen — Experimentelle Physik, Universität
Duisburg-Essen, 47048 Duisburg

Energy dissipation plays a major role for many processes in nature.
Energy transfer on a femto- to nano-second time scale is important
for chemical reactions, laser ablation, nanoscale heattransport, plas-
monics or strongly driven phase transitions. In my group such dy-
namic processes are studied within the collaborative research center
SFB 616 ”Energy Dissipation at Surfaces”. I will present examples for
the ultrafast electron dynamics in nano structures or layers of organic

semiconductors upon fs-laser excitation by means of fs-time resolved
photo electron emission microscopy (PEEM). The excitation, propaga-
tion, interference and dissipation of surface plasmon polariton waves
in selforganised Ag-nanostructures is lively imaged with sub-fs tem-
poral resolution in the PEEM. The dynamics of structural changes
at surfaces upon excitation with a fs-laser pulse is studied on the ps-
time scale by time resolved electron diffraction in reflection geometry
(RHEED). With this technique strongly driven phase transitions in
adsorbate systems on Si surfaces could be studied far away from equi-
librium. Utilizing the Debye Waller effect the cooling of vibrational ex-
citations in adsorbate systems or the nanoscale heat transport through
a heterofilm interface is observed on the ps-time scale.

O 3: Oxides and insulators I

Time: Monday 11:15–13:00 Location: SCH A01

O 3.1 Mon 11:15 SCH A01
(
√

3×
√

3)R30◦ Superstructure in CoO(111) Surfaces —
•Wolfgang Meyer, Kerstin Biedermann, Matthias Gubo, Lutz
Hammer, and Klaus Heinz — Lehrstuhl für Festkörperphysik, Uni-
versität Erlangen-Nürnberg, Staudtstr. 7, 91058 Erlangen

CoO(111) films of thicknesses 10-150 Å were prepared by using a
Ir(100)-(1×1) surface as a support. At all thicknesses they exhibit
a (
√

3×
√

3)R30◦ superstructure with respect to the hexagonal unit

cell of CoO(111). The latter is slightly distorted below the thickness
of about 15 Å (due to the films’ accommodation to the quadratic unit
cell of the Ir substrate) but relaxes to ideal hexagonal symmetry at
larger thickness. Thereby, however, the in-plane lattice parameter only
gradually approaches that of bulk CoO (3.012 Å) – at a thickness of
about 150 Å it is still (but only) 0.6% above that.

Though the (
√

3×
√

3)R30◦ structure reversibly transforms to a
(1×1) phase with temperature increasing beyond 50◦C it must be con-
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sidered as the CoO films’ ground state structure. As the thick films ex-
hibit a lattice parameter rather close to that of bulk CoO(111) one can
assume that the (

√
3×
√

3)R30◦ termination is intrinsic to CoO(111).
This makes the crystallography of the surface even more interesting
and, in the light of that, we have investigated it by quantitative LEED
and atomically resolved STM. It turns out that the CoO(111) surface
is metallic and terminated by a wurtzite-type stacking of layers (as
retrieved earlier [1]), whereby the atoms within the unit cell undergo
a layer dependent buckling or trimerization.

[1] W. Meyer et al., Phys. Rev. Lett. 101 (2008) 016103

O 3.2 Mon 11:30 SCH A01
First–Principles Study of the Growth Kinetics of 1D Pd Is-
lands on SnO2 — •Alexander Urban and Bernd Meyer — Inter-
disziplinäres Centrum für Molekulare Materialien (ICMM), Friedrich–
Alexander–Universität Erlangen–Nürnberg

The vapor deposition of Pd on a reduced SnO2(101) surface leads to
the formation of one–dimensional (1D) nanowires. Scanning tunneling
microscopy reveals the growth of islands with a monoatomic height
and a width of 5 Å and a length of up to 350 Å [1]. Nanowires and
1D conductors are potential building blocks of nanoscale devices. For
the design of nanowires with specific properties it is essential to fully
understand the atomistic processes that lead to this for metal oxide
substrates unusual overlayer growth. In order to gain insight into the
energetics and the kinetics of the growth of Pd islands on SnO2(101)
surfaces, the system has been studied by first–principles DFT slab cal-
culations [1] as well as by kinetic Monte–Carlo (kMC) simulations. It
is found that a pronounced 1D diffusion, combined with a strong inter-
action of Pd with the surface Sn atoms and the lack of stable binding
sites at the sides of the nanowires are responsible for the formation of
the 1D islands.
[1] K. Katsiev, M. Batzill, U. Diebold, A. Urban, and B. Meyer,
Growth of One-Dimensional Pd Nanowires on the Terraces of a Re-
duced SnO2(101) Surface Phys. Rev. Lett. 98 (2007) 186102

O 3.3 Mon 11:45 SCH A01
Interface formation and thin film growth of single crystalline
Bi(111) on the NaCl(100) surface — •Thomas Payer, Frank
Meyer zu Heringdorf, and Michael Horn-von Hoegen — Univer-
sität Duisburg-Essen, Duisburg, Germany

Starting from the clean and atomically flat NaCl(100) surface [1] we
studied the interface formation and the thin film growth of Bi at room
temperature using LEED, AFM and TED. The initial few layers of
Bi grow layer by layer showing a diffraction pattern identical to the
one observed from the clean NaCl surface indicating that the first
nanameter of Bi grows in the NaCl lattice. Subsequently an epitaxial,
(111)-oriented film grows on top of this wetting layers. Due to the
nearly perfect 7:10 epitaxial ratio of lattice constants the film grows
in domains up to micrometer size with a very low defect density and
a roughness that can be reduced below 1nm rms by a short anneal
at 100◦C. Subsequent to film growth the free standing Bi membranes
could be obtained by dissolving the NaCl substrate in water. Such
membranes are mechanically stable down to 20 nm thickness.

[1] Appl. Phys. Lett. 93, 093102 (2008)

O 3.4 Mon 12:00 SCH A01
Ultrathin titanium oxide films grown on Pt3Ti(111): Elec-
tronic and structural characterization — •Séverine Le Moal,
Marco Moors, Conrad Becker, and Klaus Wandelt — Institute
of Physical and Theoretical Chemistry, University of Bonn, Wegelerstr.
12, D-53115 Bonn, Germany

As TiO2-supported platinum is a well-known catalyst, e.g. for CO hy-
drogenation, the formation of titanium oxides on Ti-Pt alloy surfaces
raises much interest. In this work the electronic and structural proper-
ties of ultrathin titanium oxide films grown on a Pt3Ti(111) single crys-
tal have been investigated by ultraviolet photoelectron spectroscopy
(UPS) and low energy electron diffraction (LEED) as a function of
oxygen pressure (10−8 to 10−5 mbar), oxygen exposure (up to 9000
L) and oxidation temperature (300 to 1000 K). For low oxygen expo-
sures (below ∼ 200 L) and above 800 K, a quasi-hexagonal structure (a
= 3.35 Å, b = 3.25 Å, α = 124◦) with two domains rotated by 8◦ with
respect to each other prevails. Upon oxidation at higher exposures and
above 900 K a hexagonal structure (a = 3.20 Å) with two domains ro-
tated by 8◦ with respect to each other is predominantly observed. In
this case the p(2×2) structure attributed to the Pt3Ti(111) substrate
is no longer present, indicating a possible segregation of titanium to
the subsurface. Despite the variety of ordered structures, which have

been found for different oxidation conditions, no significant differences
in the shape of the valence band spectra have been observed.

O 3.5 Mon 12:15 SCH A01
Investigation of ultra-thin Chromium layers on Titanium
Dioxide by resonant photoemission — •Sebastian Müller and
Dieter Schmeißer — Brandenburgische Technische Universität Cot-
tbus, Konrad-Wachsmann-Allee 17, 03046 Cottbus

Oxide supported metal films and clusters offer interesting properties
with a wide range of possible applications. In this context, Titanium
Dioxide is chosen as a model substrate due to its simple electronic
structure with a d0 configuration. We study the interaction of ultrathin
Chromium films deposited on TiO2 film with focus on the modifica-
tions of the valence band and band gap region. Normal photoemission
in bulk and surface sensitive modes as well as resonant photoemission
at the Cr 2p and Ti 2p edges are used to distinguish the different Cr
3d and Ti 3d contributions to the valence band. In the initial step we
find to gap states of distinct character with a sharp resonance of the
Cr 3d related state at the Cr 2p edge. With increasing layer thick-
ness we observe that this resonance extends to about 20 eV below the
Fermi-Energy. Datasets of valence band spectra measured around the
Cr 2p edge show 2 resonant mechanisms in this case i.e. a participator
channel for the 3d state accompanied by a spectator channel at fixed
kinetic energy.

O 3.6 Mon 12:30 SCH A01
Thin iron oxides on corundum - Raman and XRD investi-
gations — •Alexander M. Gigler1,2, Maike Lübbe1, Robert W.
Stark1,2, and Wolfgang Moritz1 — 1Sect. Crystallography, LMU-
München, D-80333 München — 2Center for Nanoscience (CeNS),
LMU-München, D-80799 München

Iron oxides are a material of great interest as oxidation catalyst [1], for
styrene synthesis [2], for corrosion processes [3], as gas sensing material
[4]. For its initial growth, a complicated behavior has been supposed
including faceting [5], interface expansion [6], or formation of differ-
ent iron oxide phases such as an additional metastable FeO like iron
oxide phase by LEED measurements [7]. We report on the formation
of magnetite (Fe3O4) and hematite (Fe2O3) on corundum (Al2O3) as
observed by XRD and Raman spectroscopy. Magnetite appears in-
dependently from the substrate temperature during evaporation and
cannot be removed by post-annealing in an oxygen atmosphere. The
temperature range for formation of hematite was 400◦C to 500◦C. For
300◦C, only magnetite can be observed, since growth of hematite is
inhibited by the slow activation kinetics at the surface causing a lack
of oxygen. For 600◦C, the partial pressure of oxygen is too low for
hematite growth and the phase-diagram is in favor of magnetite.

[1] G. Samsonov, The Oxide Handbook (1973). [2] M. Muhler, J. of
Catalysis 138, 413 (1992). [3] S.J. Oh, Hyperfine Int. 112, 59 (1998).
[4] M. Ivanovskaya, Sens. and Act. B 93, 422 (2003). [5] S.I. Yi, Surf.
Sci. 443, 212 (1999). [6] T. Fujii, Surf. Sci. 366, 579 (1996). [7] S.
Gota, PRB 60, 14387 (1999).

O 3.7 Mon 12:45 SCH A01
Oxygen-deficient cobalt oxide monolayer on Ir(100)-(1x1)
— •Christina Ebensperger, Matthias Gubo, Wolfgang Meyer,
Lutz Hammer, and Klaus Heinz — Lehrstuhl für Festkörperphysik,
Universität Erlangen-Nürnberg, Staudtstr. 7, 91058 Erlangen

When cobalt of slightly less than a mononolayer deposited on Ir(100)-
(1×1) is oxidized under oxygen-deficient conditions a new ultrathin
cobalt-oxide is formed. It exhibits a (3×3) superstructure on the sub-
strate which can be transformed reversibly into an oxygen-rich c(10×2)
structure as described in ref. [1].

The crystallographic structure of the new oxide was determined by
quantitative LEED using an exceptionally large data base of more than
12.000 eV. Excellent agreement between experimental and model inten-
sities was achieved (Pendry R-factor: 0.16). The analysis reveals an
extremely oxygen-deficient oxide consisting of eight cobalt and only
five oxygen ions per (3×3) unit cell with the oxygen located on top
of iridium atoms. Four oxygen ions 3-fold coordinated to cobalt are
grouped symmetrically around one oxygen ion which in turn is 4-fold
coordinated to cobalt. The cobalt ions are closer to the substrate than
the oxygen ions, yet not as much as expected from thin cobalt films
on iridium. The iridium atoms with oxygen ions on top are displaced
by 0.1 Å into the top Ir layer.

The findings of the LEED analysis are corroborated by STM inves-
tigations. Depending on the tunnelling conditions either oxygen or the
underlying substrate is imaged.
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[1] C.Giovanardi et al., Phys.Rev.B 74 (2006) 125429

O 4: Metal substrates: Adsorption of organic / bio molecules I

Time: Monday 11:15–13:00 Location: SCH A118

O 4.1 Mon 11:15 SCH A118
Molecule-substrate interactions of a strong charge-transfer
molecule — •Daniel Wegner1, Stephane Bedwani2, Alain
Rochefort2, and Michael F. Crommie1 — 1University of Califor-
nia at Berkeley and Lawrence Berkeley National Laboratory, Berkeley,
USA — 2Ecole Polytechnique de Montreal, Canada

Molecules containing multiple cyano groups such as tetracyanoethy-
lene (TCNE) or tetracyanoquinodimethane (TCNQ) represent the
archetype of strong electron acceptors. These molecules play a vi-
tal role in charge-transfer complexes and metal-organic coordination
networks. Potential applications range from nanoscopic templating to
molecular electronics and molecule-based magnetism. However, there
is still a general lack of information on the properties of these molecules
in contact with a conducting surface (e.g., the metallic leads of a single-
molecule junction). We have performed scanning tunneling microscopy
experiments and first-principles density functional theory calculations
of the adsorption of TCNE on the Cu(100) surface. By comparing the
experimental results with two different adsorption models, we show
that the molecular self-assembly is caused by a strong structural mod-
ification of the Cu(100) surface rather than the formation of a coor-
dination network via diffusing Cu adatoms. Surface atoms become
highly buckled, and the chemisorption of TCNE is accompanied by a
partial charge transfer due to a bonding-backbonding process.

O 4.2 Mon 11:30 SCH A118
Perpendicular Interaction between Donor and Accepter
Molecules — Gayani Perera1, Ryota Mishima1,2, and •Saw-
Wai Hla1 — 1Ohio University, Physics and Astronomy Department,
Athens, Ohio 45701, USA. — 2Division of Material Physics, Graduate
School of Engineering Science, Osaka University, Japan.

The capability to modify the electronic properties of materials by the
interaction between donor and acceptor molecules plays a significant
role in molecular electronics. Formation of molecular charge trans-
fer complexes have been observed for different donor acceptor system
in a lateral configuration [1]. Here, we present the structural and
electronic properties of decamethylmanganocene (Mn(C5Me5)2) and
7,7,8,8-tetracyanoquinodimethane (TCNQ ) molecules on a Au(111)
surface at 4.6K using low temperature scanning tunneling microscopy
to investigate the perpendicular interaction between the molecules.
The molecular complexes are formed by depositing Mn(C5Me5)2 on
predeposited TCNQ on Au(111) surface. TCNQ formed well ordered
self assembled domains of molecules. Perpendicular interaction be-
tween the Mn(C5Me5)2 and TCNQ were determined by means of con-
ductance tunneling spectroscopy. This work is supported by the Ohio
University BNNT, National Science Foundation NSF-DMR 0304314,
NSF-PIRE: OISE 0730257, and the United States Department of En-
ergy, DE-FG02-02ER46012 grants. [1] F. Jackel, U.G.E. Perera, V.
Iancu, K.-F. Braun, N. Koch, J.P. Rabe and S.-W. Hla, Phys. Rev.
Lett. 100 (2008) 126102.

O 4.3 Mon 11:45 SCH A118
Layer growth and desorption kinetics of organic acceptor
molecules on Au(111) — Paul Frank1, Norbert Koch2, Ralph
Riegler3, Klaus Müllen3, and •Adolf Winkler1 — 1Institute of
Solid State Physics, Graz University of Technology, Graz, Austria —
2Institute of Physics, Humboldt University Berlin, Germany — 3Max
Planck Institute of Polymer Research, Mainz, Germany

The layer growth and desorption kinetics of the organic accep-
tor molecules hexaazatriphenylene-hexacarbonitrile (HAT-CN) on
Au(111) surfaces has been studied by TDS, XPS and AFM. Ultra-thin
films of HAT-CN show a quite unexpected thermal stability. The first
two layers are wetting the surface. They desorb at 460 K (2nd layer)
and 610 K (1st layer), respectively. For higher initial coverage a layer
like film forms at and below room temperature, which transforms into
a Stranski-Krastanov film upon heating at ca. 400 K. Interestingly,
during this transformation also the 2nd wetting layer is incorporated
into the nascent islands which then desorb at a higher temperature of
ca. 490 K. At even higher initial coverage eventually the 1st mono-

layer becomes incorporated into the islands during heating and all the
molecules desorb already at ca. 500 K. This shows that the two wet-
ting layers are meta-stable and depend on the initial coverage and the
temperature. The reason for this unusual behavior can be identified by
the evaluation of the desorption spectra for the individual desorption
peaks. It turns out that the desorption energies for all layers are rather
similar, but that the pre-exponential factors (in particular for the 1st
layer) differ by many orders of magnitude.

O 4.4 Mon 12:00 SCH A118
Electronic Structure of the Hexaketo- and Hexamethoxy-
Substituted Coronene Nanographenes on Au — •Medjanik
K.1, Naghavi S.2, Rieger R.3, Kutnyakhov D.1, Nepijko S.A.1,
Schönhense G.1, Alijani V.2, Felser C.2, Baumgarten M.3, and
Muellen K.3 — 1Institut für Physik, Universität Mainz — 2Institute
for Analytic and Anorganic Chemistry Univ. Mainz — 3Max-Planck-
Institute for Polymer Research, Mainz

The electronic structure of the donor hexamethoxycoronene and the
acceptor coronene-hexaone adsorbed on gold surfaces has been stud-
ied by UPS. There substituted nanographenes are synthesized by a
novel route described in [1]. A special evaporation system has been
developed that is suitable for milligram amounts of evaporant materi-
als. The electronic structure of the keto- and methoxy-species is sub-
stantially different because the ligands strongly influence the aromatic
system. The keto-species exhibits a significant energetic level shift in
the first monolayer with the HOMO being shifted by 1.5 eV towards
lower binding energies. The transition from monolayer to multilayer
is accompanied by a characteristic variation of the work function that
exhibits a sharp minimum. The methoxy species, in contrast, shows
constant peak positions throughout the coverage range (along with a
continuous drop of the work function) but already for thin layers strong
charging sets in. An ab-initio calculation (Gaussian03) has been per-
formed that shows good agreement.

Funded by DFG through Transregio SFB TRR 49
[1] R. Rieger et al., Chem. Eur. J. 14 (2008) 6322

O 4.5 Mon 12:15 SCH A118
Electronic structure of FeTPC on Cu(111) vs Cu(100) inves-
tigated with STM and STS — •Stefan Kuck, Leonid Lichten-
stein, Germar Hoffmann, and Roland Wiesendanger — Institute
of Applied Physics, University of Hamburg, Hamburg, Germany

The investigation of organic molecular systems on metallic surfaces is
of great interest due to the manifold applications derived from this
combination. However, complications arise from the hybridization of
molecule and substrate states at the molecule-substrate interface. Here
we locally address the interface of corrole molecules and copper sur-
faces. In a recent STM study we could show the influence of the
substrate on the geometry of iron triphenylcorrole (FeTPC) molecules
inducing a bending into a saddle conformation [1]. Molecules are com-
pletely asymmetric on the copper substrate which results in a very
peculiar electronic structure. We present the influence of the different
facets of the copper substrate on the appearance of molecular orbitals
spatially resolved in maps of differential conductance.

[1] S. Kuck et al., J. Am. Chem. Soc. 2008, 130, 14072

O 4.6 Mon 12:30 SCH A118
Ring opening reaction of spiropyran on a Au(111) surface
— •Marten Piantek, Cristina Navio, Alex Krüger, Matthias
Bernien, Jorge Miguel, and Wolfgang Kuch — Institut für Ex-
perimentalphysik, Freie Universität Berlin

Molecules that exhibit a photon-induced reversible transition between
two isomeric states entail an enormous potential for applications
in electronics, photonics, and computing. 1’,3’,3’-trimethyl-6-nitro-
spiro[chromene-2,2’-indole](BIPS) undergoes such a photochromic pro-
cess involving a heterolytic cleavage of the C–O bond in the pyran
ring which goes along with a drastic change of the molecular electronic
properties. In the gas phase, in solution, and in the crystalline form,
this ring opening/closing mechanism is well understood.
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Here we present a temperature-dependent adsorption study of one
monolayer of BIPS on a Au(111) single crystal surface. By means of
angle-dependent near edge X-ray absorption fine structure (NEXAFS)
and X-ray photoemission spectroscopy (XPS) we obtained information
about the adsorption geometry and the electronic properties. The sim-
ulation of NEXAFS by means of DFT calculations was used for the in-
terpretation of the experimental data. We find that the BIPS molecules
deposited at 150 K are in the closed-ring configuration. While the illu-
mination with UV-light had no effect on the monolayer, during heating
the sample up to 330 K the molecules transform to the ring opened
configuration. Since we did not find a back transformation by cooling
back to 150 K, the opened-ring geometry is the preferred conformation
on the the surface, in contrast to gas phase and solution.

O 4.7 Mon 12:45 SCH A118
Electron induced conformational changes of an imine-based
molecular switch on a Au(111) surface — •Christian Lotze1,
Nils Henningsen1, Katharina Franke1, Gunnar Schulze1, Ying
Luo2, Rainer Haag2, and Jose Ignacio Pascual1 — 1Inst. f. Ex-
perimentalphysik, Freie Universität Berlin, Germany — 2Inst. f. or-
ganische Chemie, Freie Universität Berlin, Germany

Azobenzene-based molecules exhibit a cis-trans configurational pho-
toisomerisation in solution. Recently, the adsorption properties of
azobenzene derivatives have been investigated on different metal sur-
faces in order to explore the possible changes in the film properties
induced by external stimuli. In azobenzene, the diazo-bridge is a
key group for the isomerization process. Its interaction with a metal
surface is dominated through the N lone-pair electrons [1], which re-
duces the efficiency of the conformational change. In order to reduce
the molecule-surface interaction, we explore an alternative molecu-
lar architecture by substituting the diazo-bridge (-N=N-) of azoben-
zene by an imine-group (-N=CH-). We have investigated the imine-
based compound para-carboxyl-di-benzene-imine (PCI) adsorbed on
a Au(111) surface. The carboxylic terminations mediates the forma-
tion of strongly bonded molecular dimers, which align in ordered rows
preferentially following the fcc regions of the Au(111) herringbone re-
construction. Low temperature scanning tunneling microscopy was
used to induce conformational changes between trans and cis state of
individual molecules in a molecular monolayer. [1] N. Henningsen, R.
Rurali, K. J. Franke, I. Fernández-Torrente, and J. I. Pascual, Appl.
Phys. A 93, 241 (2008)

O 5: Nanostructures at surfaces: Wires, tubes

Time: Monday 11:15–13:00 Location: SCH A215

O 5.1 Mon 11:15 SCH A215
Playing pinball with atoms — •Amirmehdi Saedi, Arie van
Houslet, Raoul van Gastel, Bene Poelsema, and Harold Zand-
vliet — University of Twente, Enschede Netherlands

The feasibility of controlling an atomic scale mechanical device by an
external electrical signal has been demonstrated [1]. On a Pt modi-
fied Ge(001) surface, a switching motion of pairs of dimers is induced
by electrons that are directly injected into the atoms with a scanning
tunneling microscope tip. By precisely controlling the tip current and
distance we make two atom pairs behave like the flippers of an atomic-
sized pinball machine. This atomic scale mechanical device can reside
in six different configurations which enables the system to exhibit up
to five distinct flipping modes.

[1]. A. Saedi, A. van Houselt, R. van Gastel, B. Poelsema and H.J.W.
Zandvliet, accepted for publication in Nano Lett.

O 5.2 Mon 11:30 SCH A215
High temperature growth of Ag-nanowires on bare Si(001) —
•Simon Sindermann, Dirk Wall, Michael Horn-von Hoegen, and
Frank-Joachim Meyer zu Heringdorf — Department of Physics
and Center for Nanointegration Duisburg-Essen

Self-organized Ag-islands on bare Si(001) grow in various shapes.
Amongst others, quasi 1-dimensional nanowires can be observed with a
fixed width of a few hundred nanometers while their length can expand
up to tens of micrometers. To specify the conditions and processes
leading to nanowire-formation, the growth was examined at elevated
temperatures (800K - 1000K) by Photo-Emission Electron Microscopy
(PEEM). From the experimental data we determined the ratio of the
number of nanowires over the number of all other islands and observed
that this ratio increases exponentially with an activation energy of
about 1.4eV [1]. Another important parameter to nanowire-growth
is the vicinality of the surface. On 4◦ vicinal samples all nanowires
are aligned along the step edges in

ˆ
110

˜
direction, whereas we find

nanowire in two directions ([110] and
ˆ
110

˜
) on flat Si(001). Due to

previous experimental results, this observation can be explained by
the anisotropy of diffusion which increases quickly from 0◦ to reach
the maximum at 4◦ [2].

[1] D. Wall, S. Sindermann, M. Horn-von Hoegen, and F.-J. Meyer
zu Heringdorf; J. P.:Cond. Matt. (submitted)

[2] D. Wall, K. R. Roos, M. Horn-von Hoegen, and F.-J. Meyer zu
Heringdorf; Mater. Res. Soc. Symp. Proc. 1088E; 1088-W05-04
(2008)

O 5.3 Mon 11:45 SCH A215
Self-Organized Atomic Gold Nanowires on Ge(001) Revealed
by Scanning Tunneling Microscopy — •Christian Blumenstein,
Sebastian Meyer, Jörg Schäfer, and Ralph Claessen — Physikal.
Institut, Universität Würzburg, 97074 Würzburg

Atomic nanowires have become objects of intense research, as they host
a wealth of physical phenomena not encountered in three-dimensional
solids. They are synthesized by self-organization of metal adatoms on
suitable semiconducting substrates that guide chain formation. Thus
far, examples for quasi one-dimensional (1D) systems have been found
where the Fermi surface hosts a charge density wave (CDW). This can
be observed below room temperature in systems on Si(111) or high-
index variants thereof. However, the ease of CDW condensation points
at still significant coupling to the second dimension. In the search
for better defined 1D systems, we have identified self-organized Au-
induced chains on Ge(001) which grow in a long-range c(8× 2) phase
and exhibit metallic behavior. In using scanning tunneling microscopy,
we find that the wires are spaced by several Ge lattice constants, while
their electron density is strictly confined laterally [1]. In turn, the
metallic charge cloud is spread out very evenly in chain direction, as
seen for a large range of bias values. Such exceptional degree of con-
finement may open a pathway to study non-Fermi liquid physics. The
talk will review the various structural ingredients of this exceptional
1D electron system.

[1] J. Schäfer et al., Phys. Rev. Lett. 101, in press (Dec. 2008).

O 5.4 Mon 12:00 SCH A215
Magnetism versus formation of transition-metal chains in
break junctions — •Alexander Thiess1,2, Yuriy Mokrousov1,2,
Stefan Heinze2, and Stefan Blügel1 — 1Institut für Festkörperfor-
schung and Institute for Advanced Simulation, Forschungszentrum
Jülich, 52545 Jülich, Germany — 2Institute of Applied Physics, Uni-
versity of Hamburg, 20355 Hamburg, Germany

One of the pressing issues in break junction (BJ) experiments is the ex-
perimental search for evidence of magnetism in suspended monoatomic
transition-metal (TM) chains [1]. Our strategy to tackle this question
is a theoretical analysis of the most fundamental and transparent
quantity of these systems: the probability for successful chain creation
itself. On the basis of ab initio calculations both including and ex-
cluding spin-polarization of 3d, 4d and 5d TM chains we developed a
model describing chain formation in BJs [2]. Contrasting the different
probabilities of forming non-magnetic or magnetic chains, we find
that emerging magnetism suppresses the tendency to chain formation.
Comparing our results to existing experiments may serve as a proof
that even 5d chains in BJs are magnetic.

[1] C. Untiedt, D.M.T Dekker, D. Djukic, J.M. van Ruitenbeek,
Phys. Rev. B 69, 081401 (2004)

[2] A. Thiess, Y. Mokrousov, S. Blügel, S. Heinze, Nano Letters 8,
2144 (2008)

O 5.5 Mon 12:15 SCH A215
Dysprosium silicide nanowires on Si(557) — •Martin Franz1,
Martina Wanke1, Matthias Vetterlein1, Gerd Pruskil1,
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Christopher Prohl1, Britta Höpfner1, Florian Genz1, Petar
Stojanov2, Eric Huwald2, John Riley2, and Mario Dähne1 —
1Institut für Festkörperphysik, Technische Universität Berlin, D-10623
Berlin, Deutschland — 2School of Physics, La Trobe University, Bun-
doora, VIC 3086, Australia

The structural and electronic properties of self-assembled nanowires
on the Si(557) surface have been studied using scanning tunnel-
ing microscopy (STM) and angle-resolved photoemission spectroscopy
(ARPES) using a toroidal electron analyser. The Si(557) surface is a
vicinal Si(111) surface with a miscut angle of 9.5◦ that facets into (111)
and (112) terraces. Different types of nanowires are grown depending
on the Dy coverage. At submonolayer coverages, thin semimetallic
nanowires with one-dimensional band structure are grown. In contrast,
the nanostructures forming at monolayer and multilayer dysprosium
coverages exhibit a very different behavior. At these preparation con-
ditions broad nanowires are grown on the Si(111) facets of the Si(557)
surface, consisting of DySi2 in the monolayer case and Dy3Si5 in the
multilayer case. A two-dimensional metallic band structure is observed
which is similar to the corresponding ones of the dysprosium silicides
on Si(111). This project was supported by the DFG, project number
Da 408/11.

O 5.6 Mon 12:30 SCH A215
Silicon overgrowth of rare earth silicide nanowires on Si(001)
— •Matthias Vetterlein, Martina Wanke, Martin Franz, and
Mario Dähne — Institut für Festkörperphysik, Technische Univer-
sität Berlin, D-10623 Berlin, Deutschland

The overgrowth of rare earth silicide nanowires on the Si(001) sur-
face by silicon has been investigated by STM. Free standing broad sili-
cide nanowires present interesting properties such as a one-dimensional
metallicity along the wires. Due to this metallicity the self assembled

nanowires may be used e.g. as nano-interconnects in advanced chipde-
signs. To prevent oxidation and destruction of the nanowires under
ambient conditions a suitable capping is required. For this purpose,
silicon is an ideal capping material because of its perfect lattice match
with the substrate. To the best of our knowledge we present for the
first time silicon capping experiment of rare earth silicide nanowires.
Our STM results show that capping with small amounts of silicon does
not destroy the wires. After further annealing the wires are still present
under the silicon cap layer. This indicates the feasibility of nanowire
capping by silicon. This project was supported by the DFG, project
number Da 408/11.

O 5.7 Mon 12:45 SCH A215
Periodic LDOS modulations in self-organized bi-atomic
chains — •Matthias Menzel, Kirsten von Bergmann, André
Kubetzka, and Roland Wiesendanger — Institut für Angewandte
Physik, Universität Hamburg, Jungiusstr. 11, 20355 Hamburg

The (5×1)-reconstructed Ir(001) surface is an ideal template for the
self-organized formation of one-dimensional nanostructures [1]. In this
reconstruction, which exists in two rotational domains, the topmost
layer forms trenches along the 〈110〉-directions of the surface. We used
this property of the surface to grow bi-atomic Fe chains at room tem-
perature which we investigated by means of low temperature scanning
tunneling microscopy (STM) and spectroscopy (STS).

In maps of the differential conductance (dI/dU), which is propor-
tional to the local density of states (LDOS), the Fe chains exhibit
various different periodic modulations of the LDOS along the chain
axis. Those oscillations are commensurate with respect to the atomic
distance in the Fe chains and we observe modulations of two, three
and four times the atomic distance. The modulations are found to be
non-dispersive in energy and they do not depend on the chain length.
[1] L. Hammer et al., Phys. Rev. B, 67, 125422 (2003)

O 6: Electronic structure I

Time: Monday 11:15–13:00 Location: SCH A216

O 6.1 Mon 11:15 SCH A216
Electron Dynamics of Quantum-Well States in Pb Nanocrys-
tals — •I-Po Hong, Christophe Brun, François Patthey, and
Wolf-Dieter Schneider — École Polytechnique Fédérale de Lau-
sanne, Institut de Physique des Nanostructures, CH-1015 Lausanne,
Switzerland

Electrons confined in a thin metal film occupy discrete electronic eigen-
states known as quantum well states (QWS). As a function of film
thickness, the electronic density of states is modulated in an oscilla-
tory manner when a QWS passes through the Fermi level, affecting
many of the physical and chemical properties of a thin film. Here we
use low-temperature scanning tunneling microscopy and scanning tun-
neling spectroscopy to study the quasiparticle linewidth of the QWS
in Pb nanocrystals on Si(111)-7×7 and on Pb-

√
3 ×
√

3/Si(111). An
analysis of the QWS linewidth within a model which accounts for the
tunneling process and electron reflection at the Pb-Si and Pb-vacuum
interfaces, allows us to determine quantitatively the QWS quasiparti-
cle lifetime, including defect and interface scattering, electron-phonon
interaction, and electron-electron interaction.

We acknowledge financial support of the Swiss National Science
Foundation.

O 6.2 Mon 11:30 SCH A216
The Two-Dimensional Electron System Au/Ge(111) Stud-
ied by Angle-Resolved Photoemission — •Philipp Höpfner1,
Maik Heßmann1, Jörg Schäfer1, Carsten Enderlein2, Thomas
Braun2, Christian Blumenstein1, Sebastian Meyer1, Karsten
Horn2, and Ralph Claessen1 — 1Physikal. Institut, Universität
Würzburg, 97074 Würzburg — 2Fritz-Haber-Institut, 14195 Berlin

Two-dimensional electron systems (2DES) at surfaces offer high poten-
tial for studying correlation effects. Adsorbed metals on (111) semicon-
ductor substrates provide intriguing realizations of a 2DES by forming
(
√

3×
√

3) reconstructions with metal coverage (Sn, Pb, Au etc.) not
exceeding one monolayer. Electron-electron interaction is assumed to
play an important role. Examples include Sn/Ge(111) as a rather
highly correlated system which even exhibits a Mott-Hubbard tran-
sition. In particular, the choice of metal species and substrate will

affect orbital character and overlap. By this means, it should be pos-
sible to tailor the correlation strength, and to thus understand the
mechanisms behind it. Here we explore the little studied noble metal
adsorbates by addressing the Au/Ge(111)-(

√
3×
√

3) system. Angle-
resolved photoelectron spectroscopy (ARPES) reveals a metallic char-
acter, and for the first time provides an account of the Fermi surface
topology. In addition, ARPES determination of the band dispersion
reveals electron- and hole-like bands. Their behavior and the effec-
tive masses are suggestive of a less correlated electron system, thereby
reflecting the tunability of the electronic interactions in a monolayer
2DES.

O 6.3 Mon 11:45 SCH A216
Valence level bands and Fermi surface of decagonal Al-Cu-Co
— Wolfgang Theis1, Jan Hugo Dil2, Ajay Shukla3, JeongWon
Kim3, Hoon Koh4, Eli Rotenberg4, Peter Gille5, and •Karsten
Horn2 — 1Fachbereich Physik, FU Berlin, D — 2Fritz Haber Institute
of the MPG, Berlin, D — 3UGC-DAE-CSR, Indore, India — 4ALS,
Lawrence Berkeley Lab, USA — 5Dpt. Geosciences, LMU Munich, D

Valence electronic states in quasicrystals seem to defy the concept of
Bloch states because of the absence of translational periodicity. How-
ever, this may not necessarily preclude the existence of delocalized
electronic states in quasicrystals, since critical electronic states which
fall off with a power law may exist, and evidence for delocalized states
has been found in quasicrystals in the region of the deeper valence
bands. For an analysis of the transport properties of quasicrystals an
investigation of the region near the Fermi level is important, however,
Here we examine the s-p-derived electronic structure of decagonal Al-
Cu-Co in this region using angle-resolved photoemission. These states
are accessible in Al-Cu-Co because, unlike in Al-Ni-Co, the d bands are
well removed and do not interfere. We find that the electronic struc-
ture can be well represented by parabolic dispersing bands in a region
of about 1 eV below the Fermi level. The data are analyzed within
a model that uses a subset of specific reciprocal lattice vectors, and
that provides a consistent description of the photoemission intensity
distribution and the dispersion of the observed state signatures.

O 6.4 Mon 12:00 SCH A216
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Interplay between electronic states and structure during
Au faceting — •Frederik Schiller1, Martina Corso2, Javier
Cordón3, Javier Garćıa de Abajo4, and Enrique Ortega1,2,3 —
1Unidad de F́ısica de Materiales CSIC/UPV, Manuel Lardizábal 3, E-
20018 San Sebastián, Spain — 2DIPC, Manuel Lardizábal 4, E-20018
San Sebastián, Spain — 3Dpto. F́ısica Aplicada I, Universidad del Páıs
Vasco, Plaza Oñate 2, E-20018 San Sebastián, Spain — 4Instituto de
Óptica-CSIC, Serrano 121, E-28006 Madrid, Spain

Au(111) vicinal surfaces are characteristic examples of two-phase seg-
regation or faceting. Between ∼ 4◦ and 9.5◦ miscut, the surface ex-
hibits hill-and-valley structures formed by bunches of relatively wide
(dw ∼ 36-41 Å) and narrow (dn ∼ 14 Å) terraces. The evolution of
surface electronic states in such a faceted system is followed using a
curved crystal. Beyond 4◦ the surface state splits into distinct dw and
dn bands. Our analysis suggests the crucial role of surface states in
defining the characteristic dw and dn sizes during Au faceting.

O 6.5 Mon 12:15 SCH A216
The influence of reconstruction on the surface state of
Au(110) — •Andreas Nuber1, Mitsuharu Higashiguchi2, Frank
Forster1, Peter Blaha3, Kenya Shimada4, and Friedrich
Reinert1,5 — 1Experimentelle Physik II, Universität Würzburg, Am
Hubland, D-97074 Würzburg, Germany — 2Graduate School of Sci-
ence, Hiroshima University, Higashi-Hiroshima 739-8526, Japan —
3Institute of Materials Chemistry, Vienna University of Technology,
Getreidemarkt 9/165, A-1060 Vienna, Austria — 4Hiroshima Syn-
chrotron Radiation Center, Hiroshima University, Higashi-Hiroshima
739-0046, Japan — 5Forschungszentrum Karlsruhe, Gemeinschaftsla-
bor für Nanoanalytik, D-76021 Karlsruhe, Germany

We present high-resolution angle-resolved photoelectron spectroscopy
on Au(110). The unreconstructed surface shows a Shockley-type sur-
face state at E0 = 590 meV whereas on the (2 × 1) missing-row re-
constructed surface no such surface state below EF can be detected
[1]. We performed relativistic LDA calculations which agree well with
our experimental data. Adsorption of 1 ML Ag on the (2 × 1) re-
constructed surface results in a destruction to a (1× 1) surface struc-
ture and a Shockley state appears at E0 = 475 meV. Shifting down
the surface state from just above to below EF by Na adsorption al-
lowed to extrapolate a binding energy on the reconstructed surface of
E0 =−120 meV above the Fermi level.

[1] A. Nuber et al. Phys. Rev B 78, 195412 (2008).

O 6.6 Mon 12:30 SCH A216

PE and IPE study of the surface electronic structure of
Y(0001) — •Sebastian D. Stolwijk1, Michael Budke1, Kristian
M. Döbrich2, and Markus Donath1 — 1Physikalisches Institut,
Westfälische Wilhelms-Universität Münster — 2Fachbereich Physik,
Freie Universität Berlin

Yttrium and gadolinium are isoelectronic elements with respect to
their valence bands but differ in their magnetic properties due to the
additional 4f electrons in Gd. Therefore, Y may be viewed as para-
magnetic model for ferromagnetic Gd. A comparative study of the
electronic structure of Y and Gd promises to reveal electronic proper-
ties that are directly linked to ferromagnetism.

For more than 20 years, differences in the photoemission spectra of
Y(0001) obtained from single-crystalline bulk samples and thin films
grown on W(110) have remained an unsolved puzzle. Our recent study
on the (0001) surface of a single-crystalline yttrium bulk sample shows
that most of the spectral features arise due to impurities such as car-
bon, chlorine, oxygen and hydrogen [1]. In order to develop a consistent
picture of the surface electronic structure of Y(0001), we compare di-
rect and inverse-photoemission results from single-crystalline yttrium
bulk samples and ultrathin films, particularly with regard to the sur-
face state close to the Fermi level. These results are discussed in view
of data obtained for Gd.

[1] M. Budke, J. S. Correa, and M. Donath, Phys. Rev. B 77,
161401(R) (2008)

O 6.7 Mon 12:45 SCH A216
Y(0001) bulk crystal - An adequate substrate for the growth
of Gd(0001) films? — Michael Budke, Tobias Allmers,
•Karen Zumbrägel, and Markus Donath — Physikalisches Insti-
tut, Westfälische Wilhelms-Universität Münster

With a negligible lattice mismatch and identical crystal structure, Y
commends itself as the ideal substrate for Gd thin film growth. We
report on the growth, magnetism and electronic structure of Gd(0001)
films grown on a Y(0001) bulk crystal in comparison with films grown
on W(110). By combining scanning tunneling microscopy, low-energy
electron diffraction, magneto-optical Kerr-effect measurements, as well
as direct and inverse photoemission in one ultra-high vacuum system,
we are able to provide a detailed characterization of the obtained films.
As one of the main criteria we discuss the appearance of the surface
state near the Fermi energy. Our results show that although bulk Y
crystals suffer from naturally occurring impurities, they are neverthe-
less a good alternative to W(110) substrates for the growth of Gd.

O 7: Semiconductor substrates

Time: Monday 11:15–13:00 Location: SCH A315

O 7.1 Mon 11:15 SCH A315
Electronic structure of the cleaved non-polar GaN(11̄00)
surface — •P. Löptien1, M. Bertelli1, M. Wenderoth1, R.G.
Ulbrich1, A. Rizzi1, J. Malindretos1, M.C. Righi2, A. Catellani3,
A. Ferretti2, and L.C. Samos2 — 1IV. Phys. Inst., Univ. Göttingen,
Germany — 2Dip. Fisica, Modena, Italy — 3CNR, Parma, Italy

The non-polar GaN(11̄00) surface (m-plane) has recently gained im-
portance due to the demonstration of high-efficiency LEDs and LDs.
A thorough microscopic understanding of this surface is therefore of
great interest. Up to now the existence of surface states within the
bandgap at the Γ point of the Brillouin zone is an open question.
We performed cross-sectional scanning tunneling microscopy and spec-
troscopy (XSTM/XSTS) and ab initio DFT-LDA simulations of this
surface. Our calculations suggest an unreconstructed surface and no
surface state bands inside the gap at Γ. The Ga derived empty surface
state band is found to be degenerate with the CB minimum. In ex-
periment, the unintentionally n-doped GaN(0001) samples grown by
HVPE were thinned to ∼100 µm. They were cleaved in UHV along the
m-plane and measured in-situ at room temperature. The experiments
confirmed clearly the unreconstructed surface. The current measured
by STS at different voltages can be explained with tip-induced band
bending (TIBB). Conduction band states are addressed both at pos-
itive and negative bias voltages. This is confirmed by a simulation
with a one-dimensional Poisson equation solver. We conclude that the
Fermi-level is not pinned on clean cleaved surfaces. It follows that the
bandgap has no intrinsic surface states at the Γ point of the BZ.

O 7.2 Mon 11:30 SCH A315
Impurity induced charge density oscillations in the π-bonded
chains of the Si(111)-2×1 surface — •Karolin Löser1, Mar-
tin Wenderoth1, Thomas K. A. Spaeth1, Jens K. Garleff2, and
Rainer G. Ulbrich1 — 1IV. Phys. Inst., Georg-August Univ. Göttin-
gen, Germany — 2PSN, Eindhoven University of Technology, the
Netherlands

The π-bonded chain in the Si(111)-2×1 reconstructed surface behaves
in many respects like a quasi 1-d electronic system. Investigating such
chains in P-doped Si with a low-temperature STM (6-8 K) we found
extended 1-d electronic contrast induced by the substitutional Phos-
phorus atom. The presence of the point defect modifies the electronic
properties of the chains and causes localization of electron density.
The contrast feature occurs at a bias voltage of about -0.5 V and has
a length of 10 nm. Depending on the lattice site of the P-atom, it is
confined to either one or two neighbouring π-bonded chains.

STS data on the π-bonded chains show a Coulomb Gap in the
differential tunneling conductance at EF . The Coulomb Gap has a
width of up to 150 meV, depending linearly on the reciprocal length of
undisturbed chain. The Coulomb Gap vanishes for undisturbed chain
lengths of several hundred nm. We recently succeeded in preparing
large surface areas (> 600 nm)2 without steps or domain boundaries
cutting the chains. Scanning these areas we discovered that the P-
atoms induce long range spatial oscillations of the LDOS along the
π-bonded chains in addition to the well-known LDOS-feature. These
oscillations have a wavelength of about 15 nm at a bias voltage of -0.5
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V.

O 7.3 Mon 11:45 SCH A315
Epitaxial growth of micrometer-sized Cu-pyramides on Sili-
con — •Susanne Seyffarth and Hans-Ulrich Krebs — Institut für
Materialphysik, Universität Göttingen, Friedrich-Hund-Platz 1, 37077
Göttingen

Studying the morphology of thin metallic films is very important re-
garding the properties of these films. Therefore thin Cu films on
Si(111) and Si(100) substrates were prepared using pulsed laser deposi-
tion (PLD) in ultra high vacuum. At elevated substrate temperatures
above 200 ◦C epitaxial growth of three dimensional pyramides with
edge lengths of about five micrometers and heights up to 500 nanome-
ters is observed using scanning electron microscopy (SEM) and atomic
force microscopy (AFM). The base area of these islands is a trian-
gle for Si(111) and a square for Si(100) depending on the orientation
of the substrate. Epitaxial relationships with the Si substrates were
studied using x-ray diffraction analysis (XRD). Furthermore periodic
alignments of the pyramidal islands was achieved. The shape of the
pyramidal islands was influenced by alloying Ni during deposition pro-
cess. Additionally the decomposition of the Cu-islands was examined.

O 7.4 Mon 12:00 SCH A315
MOVPE preparation of Si(100) surfaces for III-V hetero
epitaxy — •Henning Döscher, Peter Kleinschmidt, Sebastian
Brückner, Anja Dobrich, Christian Höhn, and Thomas Han-
nappel — Helmholtz-Zentrum Berlin für Materialien und Energie,
Glienicker Str. 100, 14109 Berlin

The epitaxial growth of III-V semiconductors on silicon substrates is
a major challenge for the integration of opto- and micro-electronic de-
vices. But still, there is little experience in the preparation of the cru-
cial Si(100) surface with metal-organic vapor phase epitaxy (MOVPE)
and the respective interfaces to III-V materials.

In many ways the applied process environment common for the opto-
electronic industry differs from the ultra high vaccuum (UHV) condi-
tions typical in surface science - e.g. by the distinct presence of hydro-
gen as precursor residue and as process gas. For the desired growth of
polar materials on non-polar substrates, the hetero-interface represents
a source of highly corruptive anti-phase disorder. Ideally, this effect
may be surpressed by the preparation of a completely double-stepped
substrate surface with only one reconstruction domain.

Here, the preparation of clean Si(100) surfaces by MOVPE growth
is investigated with regard to the requirements of hetero-epitaxial GaP
growth. A contamination free transfer mechanism to UHV enabled X-
ray photoelectron spectroscopy (XPS), low energy electron diffraction
(LEED), scanning tunnelling microscopy (STM) and Fourier-transform
infrared spectroscopy (FTIR) charaterization of the prepared surfaces,
while reflectance anisotropy spectroscopy (RAS) was applied in-situ.

O 7.5 Mon 12:15 SCH A315
Ge nanoisland growth on the In/Si(112)-”(3.5× 1)”surface —
•Moritz Speckmann, Thomas Schmidt, Jan Ingo Flege, Torsten
Wilkens, and Jens Falta — Institute of Solid State Physics, Univer-
sity of Bremen, 28359 Bremen

In this work we investigated the adsorption of In on Si(112) and the
subsequent growth of Ge islands using a variety of different surface
sensitive techniques. The unstable Si(112) surface consists of (111)-
and (337)-like facets in [11̄0] direction (Baski et al., PRL, 74 (1995)
956). The surface is smoothened due to the adsorption of metals, such
as Ga or In (Snijders et al., PRB, 72 (2005) 125343).

In LEED images we find an incommensurate ”(3.5 ×
1)”reconstruction for the In/Si(112) surface. We determine the num-
ber and the positions of the In atoms inside one unit cell using XPS

and X-Ray Standing Waves (XSW). With these results it is, for the
first time, possible to propose a structural model based on direct
structural data.

By means of Low Energy Electron Microscopy (LEEM) and Photo-
emission Electron Microscopy (PEEM) we monitored the growth of Ge
on the In/Si(112) surface. First a smooth wetting layer is formed and
after a few MLs islands start to grow. The observed islands are trian-
gularly shaped with a longer edge along the [11̄0] direction. The island
density is higher compared to the growth on bare Si(112). Moreover
no arrangement or preferential direction is visible for Ge islands on
the bare Si(112) surface. The corresponding LEED patterns reveal a
(4× 1) reconstruction with additional facet spots which are attributed
to the Ge islands.

O 7.6 Mon 12:30 SCH A315
Structural properties of sub-monolayer InAs-coverages on
GaAs(001) — •Christopher Prohl, Britta Höpfner, Jan
Grabowski, Holger Eisele, and Mario Dähne — Institute of Solid
State Physics, Technical University Berlin, Germany

Even if InAs/GaAs is the model system for III-V-semiconductor quan-
tum dots, the growth and dot formation is still not understood in
detail. In this work, we investigated low InAs coverages in the sub-
monolayer range to understand the growth of InAs on GaAs and to
receive a databasis, also for further investigation of quantum dots and
their capping. Molecular beam epitaxy (MBE) was used to prepare
different samples with increasing sub-monolayer InAs-coverages on a
GaAs(001) wafer. The growth was performed on both As-rich recon-
structions, the c(4x4) and the β2(2x4). Using in-situ scanning tun-
neling microscopy (STM) with atomic resolution, the formation of an
InAs/GaAs- layer was investigated step by step, from the clean GaAs
surface up to about one monolayer coverage of InAs. It was found
that InAs first grows directly on boundaries of different c(4x4) do-
mains. Further on, it then sticks to the hollow sites of perfectly c(4x4)
reconstructed areas of GaAs(001). Continuing growth leads to a com-
plete monolayer but with a new reconstruction for both the c(4x4)
and the β2(2x4) reconstructed surface. The authors thank K. Jacobi
and the MPG for providing the experimental set-up. This work was
supported by project Da 408/12 of the DFG.

O 7.7 Mon 12:45 SCH A315
Structural properties of the InAs/GaAs system before and
after quantum dot formation. — •Britta Höpfner, Christo-
pher Prohl, Jan Grabowski, Holger Eisele, and Mario Dähne
— Institute of Solid State Physics, Technical University Berlin, Ger-
many

The structure of the wetting layer prior to quantum dot formation
and the shape of just formed quantum dots are of high interest for
the understanding of the quantum dot growth mechanisms. To un-
derstand growth and properties of InAs layers on GaAs step by step
a molecular-beam epitaxy-system (MBE) including reflection high en-
ergy electron diffraction (RHEED) and attached scanning-tunneling
microscope (STM) was used. In this work, GaAs(001) surfaces covered
with increasing InAs coverages beginning with about one monolayer
up to the formation of quantum dots were prepared. In order to study
the influence of the surface reconstruction on the growth, both As-
rich GaAs(001) c(4x4) and β2(2x4) reconstructed surfaces were used.
Atomically resolved STM images of different coverages and an analysis
of the growth behavior will be presented. Structural changes during
closing of the first monolayer will be shown.

The authors thank K. Jacobi and the MPG for providing the exper-
imental set-up. The work was supported by project Da 408/12 of the
DFG.

O 8: Focused Session: Epitaxial Graphene I

Time: Monday 11:15–12:45 Location: SCH 251

Topical Talk O 8.1 Mon 11:15 SCH 251
Atmospheric pressure graphitization of SiC: a route towards
wafer-size graphene films — K.V. Emtsev1, A. Bostwick2, K.
Horn3, J. Jobst1, G.L. Kellog4, L. Ley1, J.L. McChesney2,
T. Ohta4, S.A. Reshanov1, J. Röhrl1, E. Rotenberg2, A.K.
Schmid5, D. Waldmann1, H.B. Weber1, and •Th. Seyller1 —

1FAU Erlangen-Nürnberg — 2Advanced Light Source, USA — 3FHI
Berlin — 4Sandia National Laboratories, UAS — 5National Center for
Electron Microscopy, USA

Graphene, a single monolayer of sp2-bonded carbon, is a very unique 2-
dimensional electron gas system with electronic properties fundamen-
tally different to other 2DEG systems [1]. A manifold of applications
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has already been suggested, which requires a uniform, ordered growth
of graphene on an insulating substrate. The growth of graphene on
insulating silicon carbide (SiC) surfaces by high-temperature anneal-
ing in vacuum [2] was proposed for the development of graphene-based
electronics [3]. However, vacuum decomposition of SiC yields graphene
layers with small grains. We have investigated the growth of graphene
on SiC(0001) in an argon atmosphere [4] which produces monolayer
graphene films with significantly improved morphology and carrier mo-
bility. The new growth process establishes a method for the synthesis
of graphene films on a technologically viable basis. [1] A.H. Castro
Neto, et al., arXiv:0709.1163v2. [2] A. Charrier, et al., J. Appl. Phys.
92 (2002) 2479. [3] C. Berger et al., J. Phys. Chem. B 108 (2004)
19912; C. Berger, et al., Science 312 (2006) 1191. [4] K.V. Emtsev, et
al., arXiv:0808.1222v1.

O 8.2 Mon 11:45 SCH 251
Atomic Hole Doping of Graphene — •Isabella Gierz1, Chris-
tian Riedl1, Ulrich Starke1, Christian Ast1, and Klaus Kern1,2

— 1Max-Planck-Institute for Solid State Research, D-70569 Stuttgart,
Germany — 2Institut de Physique des Nanostructures, Ecole Polytech-
nique Federale de Lausanne, CH-1015 Lausanne, Switzerland

Graphene is an excellent candidate for the next generation of electronic
materials due to the strict two-dimensionality of its electronic struc-
ture as well as the extremely high carrier mobility. A prerequisite for
the development of graphene based electronics is the reliable control
of the type and density of the charge carriers. While gating has been
successfully demonstrated, the development of reliable chemical dop-
ing methods turns out to be a real challenge. In particular hole doping
is an unsolved issue. Here we show by angle-resolved photoemission
spectroscopy (ARPES) that atomic doping of an epitaxial graphene
layer on a silicon carbide substrate with bismuth, antimony or gold
presents effective means of p-type doping. Bismuth and antimony are
only able to reduce the substrate induced n-type doping of epitaxial
graphene. Gold adatoms, however, shift the Dirac point into the un-
occupied states. In combination with the intrinsic n-type character
of epitaxial graphene on SiC, the charge carriers can be tuned from
electrons to holes, without affecting the conical band structure.

O 8.3 Mon 12:00 SCH 251
Molecular Hole Doping and Band Structure Engineering of
Epitaxial Graphene on SiC — •Camilla Coletti, Christian
Riedl, Dong Su Lee, Klaus von Klitzing, Jurgen H. Smet, and Ul-
rich Starke — Max-Planck-Institut für Festkörperforschung, Heisen-
bergstr. 1, 70569 Stuttgart

In view of its intriguing two-dimensional electron gas properties,
graphene is a promising host material for next-generation electron-
ics. In particular, graphene epitaxially grown on silicon carbide (SiC),
offers realistic prospects for electronic device implementation. How-
ever, the intrinsic n-type doping and the consequent metallic nature
of these epitaxial layers badly accommodate in conventional electron-
ics. We show, via angle resolved ultraviolet photoelectron spectroscopy
(ARUPS) and Raman analysis, how monolayer and few layer epitax-
ial graphene can be rendered truly semiconducting by functionalizing
the graphene surface with the strong electron acceptor tetrafluorote-
tracyanoquinodimethane (F4-TCNQ). We also report how, in the case
of bilayer graphene, the molecular layer influences the details of the
band structure thus suggesting the possibility for band gap engineer-
ing. We provide via X-ray photoelectron spectroscopy (XPS) and va-

lence band investigations a complete characterization of this charge
transfer complex. Furthermore, by demonstrating air stability and
the feasibility of implementation via wet chemistry we show that the
F4-TCNQ/graphene heterostructure is extremely appealing for future,
carbon based electronic applications.

O 8.4 Mon 12:15 SCH 251
Electronic excitations in epitaxial graphene layers grown on
SiC(0001) — •Thomas Langer1,2, Herbert Pfnür1, Christoph
Tegenkamp1, Hans Werner Schumacher2, and Uwe Siegner2 —
1Institut für Festkörperphysik, Leibniz Universität Hannover, Appel-
strasse 2, D-30167 Hannover, Germany — 2Physikalisch-Technische
Bundesanstalt, Bundesallee 100, D-38116 Braunschweig, Germany

Transport measurements on epitaxial graphene require flat and large-
scale graphene layers to apply electrical contacts. For this purpose
growth of graphene on SiC(0001) has been studied with spot pro-
file analysis low energy electron diffraction (SPA-LEED) and has
been controlled and correlated in addition with X-ray photoelectron
spectroscopy (XPS). The lateral (H(S)-analysis) and vertical (G(S)-
analysis) roughness of different prepared SiC samples has been inves-
tigated as a function of graphene layers. Only the buffer and the
first graphene layer show almost no additional roughening within the
transfer width (200 nm) after graphitization process. The influence of
interfaces on the loss function of epitaxial graphene layers has been
studied further by means of electron energy loss spectroscopy (EELS).
Electronic transitions and plasmon losses are sensitive to the interface.
The collective in-plane excitations show a characteristic blueshift after
graphitization, while single electron transitions with dipole moments
along the surface normal are suppressed for the buffer layer. These
characteristics can be used to distinguish between the buffer layer and
intact graphene layers on top.

O 8.5 Mon 12:30 SCH 251
Raman Spectra of Epitaxial Graphene on SiC and of Epitax-
ial Graphene Transferred to SiO2 — Dong Su Lee, •Christian
Riedl, Benjamin Krauss, Klaus von Klitzing, Ulrich Starke,
and Jurgen H. Smet — Max-Planck-Institut für Festkörperforschung,
Heisenbergstr. 1, 70569 Stuttgart

Raman spectra were measured for epitaxial graphene grown on SiC
and compared to those obtained for epitaxial graphene successfully
transferred from SiC to SiO2 [1]. The number of layers for graphene on
SiC(0001) was preassigned by angle-resolved ultraviolet photoemission
spectroscopy (ARUPS) [2]. The Raman spectra of epitaxial graphene
show significant differences as compared to micromechanically cleaved
graphene obtained from highly oriented pyrolytic graphite crystals.
The G peak is found to be blue-shifted, presumably due to charge
doping from the substrate. The 2D peak does not exhibit any obvi-
ous shoulder structures, but it is much broader and almost resembles
a single-peak even for multilayers. However, the linewidth of the 2D
peak is found to be an unambiguous fingerprint to identify the number
of layers for graphene on SiC(0001). A comparison of the Raman data
obtained for graphene on SiC(0001) with data for epitaxial graphene
transferred to SiO2 reveals that both the G peak blue-shift and the
2D peak lineshape of a single-peak are clearly due to the SiC sub-
strate. The increased linewidth of the 2D peak however stems from
the graphene structure itself and not from the substrate.

[1] D. S. Lee et al., Nano Letters, DOI: 10.1021/nl802156w.
[2] C. Riedl et al., Appl. Phys. Lett. 93, 033106 (2008).

O 9: Invited Talk (J.Michael Gottfried)

Time: Monday 14:00–14:45 Location: HSZ 02

Invited Talk O 9.1 Mon 14:00 HSZ 02
Surface-confined coordination chemistry with porphyrins and
phthalocyanines — •J. Michael Gottfried — Lehrstuhl für
Physikalische Chemie II, Universität Erlangen-Nürnberg, Germany

Surface-confined coordination chemistry focuses on structure and reac-
tivity of adsorbed metal complexes, which are promising candidates for
novel heterogeneous catalysts and sensors with well-defined, uniform
active sites. If the complexes possess vacant coordination sites, the
substrate surface can directly interact with the metal center and influ-
ence its electronic structure. In this context, porphyrins, phthalocya-

nines, and other tetrapyrroles with their planar, four-fold coordination
environment are especially versatile ligands and their transition metal
complexes are well suited for the chemical functionalization of surfaces.
This lecture gives an overview of recent advances in the field of sur-
face chemistry and physics of metallotetrapyrroles. In particular, the
following aspects will be addressed: (1) Self-assembly and intramolecu-
lar conformation, (2) Surface-confined synthesis by direct metalation,
(3) Electronic interaction between metal center and substrate, and
(4) Electronic and structural effects of the axial coordination of small
molecules to the metal centers.
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O 10: Oxides and insulators II

Time: Monday 15:00–16:45 Location: SCH A01

O 10.1 Mon 15:00 SCH A01
Ultrathin cobaltoxide - cobalt interface films — •Matthias
Gubo, Christina Ebensperger, Wolfgang Meyer, Lutz Ham-
mer, and Klaus Heinz — Lehrstuhl für Festkörperphysik, Universität
Erlangen-Nürnberg, Staudtstr. 7, 91058 Erlangen

The deposition of 1.75 monolayers of cobalt on the unreconstructed
Ir(100)-(1×1) surface at liquid nitrogen temperature and under
oxygen-poor conditions leads – after annealing at about 670K – to
a well ordered c(4×2) superstructure.

The crystallographic structure of this phase was determined by
quantitative low-energy electron diffraction (LEED) whereby an excel-
lent agreement between experimental and calculated I(E)-curves was
achieved (Pendry R-factor: 0.17). The resulting model reveals that
the film is made up by two atomic layers whereby the layer above the
substrate consists exclusively of cobalt, i.e. is a metallic layer which
however is strained due to epitaxial misfit. All oxygen atoms reside in
the second, outermost layer. It is similar to a (compressed) rocksalt-
type CoO(100) plane, however with cobalt vacancies in a c(4×2) pe-
riodic arrangement equivalent to a Co:O stoichiometry of 3:4. This is
consistent with atomically resolved STM images, whereby cobalt ions
of the oxide layer are imaged. The same two-dimensional c(4×2) oxide
can also be grown on thicker cobalt films on Ir(100) by post-oxidation
at 320 K. The interface between the ultrathin cobalt oxide and metallic
cobalt is possibly relevant for magnetoelectronic devices.

O 10.2 Mon 15:15 SCH A01
Growth and atomic structure of epitaxial ultrathin BaTiO3

films on Pt(100) — •Stefan Förster, Michael Huth, Anke
Höfer, Karl-Michael Schindler, and Wolf Widdra — Martin-
Luther-Universität Halle-Wittenberg, Halle, Germany

Ultrathin BaTiO3(100) films were grown by radio frequency-assisted
magnetron sputtering on Pt(100) at room temperature using a Ar/O2

gas mixture at a pressure of 2.5×10−3 mbar. The growth exhibits high
reproducibility with respect to film thickness and composition. The
Ba/Ti stoichiometry as determined by XPS can be controlled via the
gas pressure and the Ar/O2 ratio during deposition. The long-range
order of films with perfect BaTiO3 stoichiometry can be improved by
post annealing in 1×10−4 mbar O2 at 1000 K. These films show sharp
BaTiO3(100)-(1×1) diffraction spots in LEED which allow a LEED-IV
analysis in the range of 20 - 400 eV. STM measurements for a 5 ML
film reveal a smooth topography with small islands in the top layer.
By annealing in oxygen at temperatures above 1050 K a stoichiometric
BaTiO3(100)-(4×4) structure is formed.

O 10.3 Mon 15:30 SCH A01
Long-range ordered manganese oxide bilayer on Pt(111): An
in-vivo STM, STS and LEED study at elevated tempera-
tures — •Benjamin Bochmann, Steffen Sachert, Christian Ha-
gendorf, and Wolf Widdra — Martin-Luther-Universität Halle-
Wittenberg, Halle, Germany

Growth as well as atomic structure of ultrathin epitaxial manganese
oxide films on Pt(111) have been studied using STM, STS and LEED.
The films have been prepared by reactive Mn deposition in an oxygen
atmosphere of 10−8 to 10−6 mbar. STM measurements performed
during growth (in-vivo) at elevated temperatures (400-600 K) reveal
three different well-ordered monolayer structures depending on prepa-
ration conditions with MnO, Mn3O4 and MnO2 stoichiometry. Only
the MnO monolayer is thermally stable up to 1100 K and long time
stable. The others will be reduced slowly by gaseous carbon monoxide.
For manganese oxides bilayers, again three different long-range ordered
structures are observed depending on the oxygen content similar as in
the monolayer. The MnO(001)-like bilayer is less stable than the MnO
monolayer. Heating to 780 K in UHV leads to a reorganization of
the MnO(001)-like bilayer and the formation of two new uniaxially re-
constructed structures with different corrugation heights. All bilayer
structures and films up to six layers thickness exhibit characteristic
STS spectra in the 1 - 6 eV range.

O 10.4 Mon 15:45 SCH A01
Preparation and investigation of NdGaO3(110) surfaces
— •Rasuole Dirsyte1, Jutta Schwarzkopf1, Jens Lienemann2,
Marco Busch2, Helmut Winter2, and Roberto Fornari1,2 —

1Leibniz Institute for Crystal Growth, Max Born Straße 2, D - 12489
Berlin, Germany — 2Department of Physics, Humboldt University,
Newtonstraße 15, D - 12489 Berlin, Germany

Atomically smooth, single terminated surfaces are required for the
controlled and epitaxial growth of oxide films. NdGaO3 is one of
the promising substrates for the epitaxial growth of superconduct-
ing, ferroelectric, dielectric, and magneto-resistive materials, due to
its chemical and structural compatibility. The preparation conditions
of NdGaO3 wafers were optimised by changing the annealing temper-
ature and time in order to obtain surfaces with an atomically smooth
step-and-terrace structure. After preparation of a regularly stepped
surface the substrates were exposed to different oxygen-argon atmo-
spheres at fixed substrate temperature of 730◦C in order to simulate
the thermal conditions met before starting the MO-CVD growth pro-
cess. The annealing in pure argon atmosphere leads to total degra-
dation of the step-and-terrace structure, while the surface structure
could be preserved in argon/oxygen mixture with low oxygen content
(2 %). The surface roughness as well as the width of the terraces and
the height of the steps was measured by AFM in contact mode. The
termination of NdGaO3(110) surface was determined by the means of
proton- and electron-induced AES.

O 10.5 Mon 16:00 SCH A01
C-AFM characterization of high-k dielectric films grown by
molecular beam deposition — •Peter Dudek, Jarek Dabrowski,
Grzegorz Kozlowski, Grzegorz Lupina, Gunther Lippert, and
Hans-Joachim Müssig — IHP, Im Technologiepark 25, 15236 Frank-
furt (Oder) / Germany

Very thin high-k dielectric films (thickness below 10 nm, dielectric con-
stant k around 100) deposited on metallic electrodes are of particular
interest for dynamic random access memories (DRAM). High capaci-
tance density of storage capacitors must be accompanied by extremely
low leakage currents: leakage should not exceed about 10−8 A/cm2

at bias around 0.5 V. This study uses conductive atomic force mi-
croscopy (C-AFM) to investigate microscopic aspects of electron trans-
port across group-II hafnate and zirconate films deposited by MBE.
Typically, most leakage is confined to nano-sized ,,hot spots”. Analysis
of hot spot IV characteristics, including their statistical distribution,
provides insight into leakage mechanisms. This analysis is guided by
quantum-mechanical simulations for trap-assisted tunnelling and ab
initio calculations for the formation energies and electronic structures
of point defects. Among the effects discussed in this work is local
resistivity switching. We also present the first data obtained for di-
electric perovskite films with intentional admixture of TiO, whereby
the influence of substrate electrode (TiN, Ru, or Pt) is considered.

O 10.6 Mon 16:15 SCH A01
Wavefunction-based ab-initio results for the adsorption of
N2O on CeO2 surfaces — Carsten Müller1, •Beate Paulus2,
and Kersti Hermansson1 — 1Department of Materials Chemistry,
The Angstrom Laboratory, Uppsala University, Lägerhyddsvägen 1,
75121 Uppsala, Sweden — 2Institut für Chemie und Biochemie, Freie
Universität Berlin, Takustr. 3, 14195 Berlin

For the ab-initio description of the adsorption process on surfaces it
is necessary to model all interactions on the same theoretical foot-
ing. The standard density functional methods have their difficulties
with describing dispersion forces. But especially for the physisorption,
where no covalent bonds are formed between the adsorbant and the sur-
face these interactions are essential. They can only well described with
wavefunction based correlation methods like coupled-cluster methods.
With the method of increments [1] it is possible to apply these wave-
function based correlation methods to extended systems and absorp-
tion processes on surfaces [2]. Here we apply the method to the ad-
sorption of N2O on the CeO2 111 surface in different adsorption stuc-
tures. Due to the partitioning of the correlation part of the adsorption
energy according to localized orbital groups, it is possible to discuss
the individual contributions to the binding. Therefore, the method of
increments yields not only highly accurate results for the adsorption
energy, but also gain information about the chemical binding on sur-
faces.
[1] B. Paulus, Phys. Rep. 428, 1 (2006).
[2] C. Müller, B. Herschend, K. Hermansson and B.Paulus, J. Chem.
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Phys. 128, 214701 (2008).

O 10.7 Mon 16:30 SCH A01
Adsorption of CO on TiO2(110): A first principles study —
•Matthias Mehring and Thorsten Klüner — Theoretical Chem-
istry, Carl von Ossietzky University of Oldenburg, 26111 Oldenburg,
Germany

Titania plays an important role in materials science. It serves as
heterogenous catalyst, photocatalyst, or corrosion protective coating
[1].The wide field of photochemistry, and photodesorption, sparked the
interest of theoretical and experimental research. Photodesorption can
be described as a prototype of a huge group of non-adiabatic surface
reactions [2] like simple rotational and vibrational excitations of small
molecules or photodiffusion. These reactions could be a basis for pho-

ton driven molecular switches or molecular rotors [2].
The present study provides an insight into adsorption process of CO

from a rutile surface, which is modeled by a finite cluster approach em-
bedded in a field of point charges. The smallest cluster model which
describes the system with sufficient accuracy is a Ti9O18 cluster [3], in
our case we use a cluster model of the type Ti15O30. The adsorption
of CO on the relaxed rutile surface serves as first step to study the
desorption mechanism. Therefore it is necessary to compute poten-
tial energy surfaces of the electronic ground state and excited states
involved in the desorption process.

In this work, we present first results on CO interacting with
TiO2(110). The calculated potential energy surfaces will pave the way
for a detailed microscopic unterstanding of surface photochemistry of
this important adsorbate-substrate system.

O 11: Metal substrates: Adsorption of organic / bio molecules II

Time: Monday 15:00–16:45 Location: SCH A118

O 11.1 Mon 15:00 SCH A118
Molecular chemistry at surfaces: Ring opening reaction of
Spiropyrane molecules on a metal surface — •Gunnar Schulze,
Marten Piantek, Cristina Nav́ıo, Jorge Miguel, Matthias Koch,
Felix Leyssner, Katharina J. Franke, Petra Tegeder, Wolf-
gang Kuch, and Jose Ignacio Pascual — Inst. für Experimental-
physik, Freie Universität Berlin, Arnimalle 14, 14195 Berlin

The ring-opening reaction of spiropyran (SP)to the merocyanine (MC)
form is a reversible photochromic process in solution. The interest in
this basic reaction stems from the different properties of each isomer,
regarding to structure (SP is chiral), electrical dipole moment (MC has
a large dipole) and electronic structure (MC is coloured). In solution
SP is the thermally stable isomer. Here, we report that on a metal
surface, MC turns out to be more stable. We investigate the ther-
mally induced ring-opening transition from the organic photo switch
6-nitro-spriropyran to its merocyanine isomer on a Au(111) surface
by means of low temperature scanning tunnelling microscopy (STM),
scanning tunnelling spectroscopy (STS) and force-field simulations. In
submonolayer coverages, each isomer presents a very distinct behaviour
in terms of electronic properties and structure of the self-assembled
molecular domains. Once that the merocyanine domains are created
by thermal activation, they remain stable, suggesting that the inter-
action of the conjugated planar backbone with the metal surface helps
to stabilize this isomer. The ring opening reaction can be also induced
by local electric currents conducted through the molecule by the STM
tip.

O 11.2 Mon 15:15 SCH A118
Manipulation of conjugated molecular chains on Au(111) —
•Leif Lafferentz1, Francisco Ample2, Hao Yu3, Stefan Hecht3,
Christian Joachim2, and Leonhard Grill1 — 1Institut für Exper-
imentalphysik, Freie Universität Berlin, Arnimallee 14, 14195 Berlin
— 2Nanosciences Group, CEMES-CNRS, 31055 Toulouse, France —
3Institut für Chemie, Humboldt-Universität zu Berlin, Brook-Taylor-
Str. 2, 12489 Berlin

The goal of molecular electronics is to utilize individual molecules as
components in electronic devices. These units have to be linked by
conducting connections. To achieve this, two conditions have to be
met: First, the connections have to be robust while allowing efficient
charge transfer. Furthermore, it is necessary to gain a basic under-
standing of the charge transport, which requires the ability to measure
the current through single molecule junctions.

Solidly connected molecular structures of predetermined architec-
ture could be produced with our method of on-surface synthesis [1].
In this way, conjugated chains with lengths of up to over 100 nm were
formed from dibromoterfluorene (DBTF) molecules on a Au(111) sur-
face. The chains are characterized and manipulated by means of low-
temperature scanning tunneling microscopy (STM). It will be shown
that it is possible to lift part of individual chains off the surface employ-
ing vertical manipulation with the STM tip, which opens the exciting
possibility to measure currents through this molecular junction.

[1] L. Grill, M. Dyer, L. Lafferentz, M. Persson, M. V. Peters, and
S. Hecht, Nature Nanotech. 2, 687 (2007)

O 11.3 Mon 15:30 SCH A118

STM investigation of imine-based molecular switches on
Au(111) — •Johannes Mielke1, Ying Luo2, Rainer Haag2, and
Leonhard Grill1 — 1Institut für Experimentalphysik, Freie Univer-
sität Berlin, Arnimallee 14, 14195 Berlin — 2Institut für Chemie und
Biochemie - Organische Chemie, Freie Universität Berlin, Takustr. 3,
14195 Berlin

In the field of molecular electronics, molecular switches are highly rel-
evant because they can control the conductance. Switches based on
azobenzene molecules have attracted large interest in the last years.
A very similar molecular switch can be created by replacing the func-
tional azo group by an imine group, which does not considerably alter
the electronic structure of the molecule and conserves the capability
of undergoing a reversible trans-cis isomerisation. Such processes have
already been studied in solution and the gas phase but not on surfaces.

In this work, imine molecules with four tert-butyl groups were ad-
sorbed on Au(111) and their adsorption and switching behaviour were
studied using a low temperature STM. The molecules were found to
form two types of ordered islands and an interesting irreversible switch-
ing behaviour was observed when looking at their temperature depen-
dence, because the number of trans isomers was reduced upon heating
of the sample.

O 11.4 Mon 15:45 SCH A118
Reversible breaking and forming of a metal-ligand bond by
STM: PVBA and Cu adatoms on Cu(111) — •Robin Ohmann,
Lucia Vitali, and Klaus Kern — Max-Planck-Institute for Solid
State Research, Stuttgart, Germany

Controlling functional properties at the atomic scale is interesting for
fundamental research and is a key for creating smaller operational
units for computational devices. Recently, strong attention is focused
on surface-adsorbed atoms and molecules, which undergo reversible
positional or conformational changes. Here, we used 4-[trans-2-(pyrid-
4-yl-vinyl)] benzoic acid (PVBA) molecules, which were deposited in
ultra high vacuum (UHV) via molecular beam epitaxy on a Cu(111)
surface and measured with a scanning tunneling microscope operating
at low temperature (6 K). Single PVBA molecules and self-assembled
dimers, which are bond together by a Cu atom in the center, are pre-
dominantly observed. Although the single molecules show a stable
configuration, for the dimers we found that the tunneling current os-
cillates between two values above a threshold voltage. This random
telegraph noise has been investigated as a function of tip-sample dis-
tance, applied voltage and lateral position of the tip. By measuring
the topography at well defined conditions, we were able to image both
states of the dimer and ascribe their origin to a ligand in contact with
and detached from the central metal atom.

O 11.5 Mon 16:00 SCH A118
Stilbene - a molecular switch on surfaces — •Thorsten Ulrich
Kampen1,3, Philipp Martin Schmidt-Weber1, Ralph Püttner2,
Christine Kolczewski1, Klaus Hermann1, and Karsten Horn1 —
1Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany
— 2Freie Universität Berlin, Institut für Experimentalphysik, Berlin,
Germany — 3SPECS GmbH, Berlin, Germany

We have investigated the potential of Stilbene as a molecular switch on
surfaces. In this study, Si(100) and Cu(110) serve as exemplary semi-
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conductor and metal substrates. Using the StoBe software package
and performing NEXAFS measurements on the cis and trans isomers
in the gas phase, both isomers are clearly identified by the lineshape
of the resonances. NEXAFS investigations, aided by the results from
photoelectron spectroscopy, showed that the interaction of the orbitals
at the C=C bridge of stilbene with the substrate atoms has a direct
influence on the isomerisation process. The isomerisation requires an
excitation into the unoccupied bridge orbitals. On Si(100), the bonding
of the molecules to the surface takes place via this C=C bridge thereby
inhibiting the isomerisation. On Cu(110) adsorbate-substrate bonding
does not envolve the C=C bridge, and therefore does not inhibit the
isomerisation. For different coverages cis-to-trans isomerisation with
an overall conversion of about 25% is possible.

O 11.6 Mon 16:15 SCH A118
Structure microscopy attributed to hydrogen — •Christian
Weiss, Ruslan Temirov, Olga Neucheva, Sergey Soubatch, and
Frank Stefan Tautz — Institut für Bio und Nanosysteme (IBN-3)
and JARA-Fundamentals of Future Information Technology

Condensation of H2 (D2) leads to ultra-high geometrical resolution in
low temperature scanning tunneling microscopy. This has been shown
for different molecular adsorbates on different metallic surfaces [1].
Geometrical resolution in this context means that ring-structures in
which carbon atoms in many organic molecules are arranged can be
clearly identified. Strong non-linear behavior in conductance spectra

appears simultaneously with high resolution images, when hydrogen
is condensed to the tunnelling junction. In this contribution we ana-
lyze the relation between spectroscopic features and imaging contrast
to elucidate the specific feature that is responsible for the improved
resolution. References: [1] R Temirov, S Soubatch, O Neucheva, A
Lassise, and F S Tautz 2008 New. J. Phys 10 053012

O 11.7 Mon 16:30 SCH A118
Inelastic electron tunneling spectroscopy in single C60 junc-
tions: the role of energy level alignment — •Katharina J.
Franke, Gunnar Schulze, and Jose Ignacio Pascual — Freie Uni-
versität Berlin, Berlin, Germany

Inelastic scattering of electrons has important implications in trans-
port through single molecule junctions as it leads to heating effects
[1]. Here, we measure the inelastic tunneling spectra (IETS) of C60

molecules adsorbed on different metal surfaces in order to identify the
molecular vibrations playing a role in transport close to the Fermi
level. We find that the alignment of the lowest unoccupied molecular
orbital (LUMO) has an important effect on the detection of molecular
vibrations. When the LUMO exhibits a small tail crossing the metal’s
Fermi level, we are able to observe all eight Hg modes, exhibiting a
strong coupling to the LUMO. The inelastic signal is further analyzed
along the transition from the tunneling to the contact regime.

[1] G. Schulze, et al., Phys. Rev. Lett. 100, 136801 (2008)

O 12: Nanostructures at surfaces: Dots, particles, clusters I (magnetic)

Time: Monday 15:00–16:30 Location: SCH A215

O 12.1 Mon 15:00 SCH A215
Correlation of shape and magnetic anisotropy of mass-filtered
Fe and FeCo alloy nanoparticles supported by W(110) —
Armin Kleibert1, •Furkan Bulut2, Kerstin Gebhardt3, Wolf-
gang Rosellen3, Daniela Sudfeld4, Johannes Passig1, Joachim
Bansmann2, Karl-Heinz Meiwes-Broer1, and Mathias Getzlaff3

— 1Institut für Physik, Universität Rostock, Germany — 2Institut
für Oberflächenchemie und Katalyse, Universität Ulm, Germany —
3Institut für Angewandte Physik, Universität Düsseldorf, Germany —
4Institut für Experimentalphysik, Universität Duisburg-Essen, Ger-
many

Magnetic clusters and nanoparticles are promising candidates for many
future applications. Understanding and controlling their magnetic
anisotropy energy (MAE) is important, particularly when attempting,
e.g., to overcome the so-called superparamagnetic limit in high den-
sity storage devices. In the present work we study shape and interface
related contributions to the MAE of supported nanoparticles. For this
purpose mass-filtered Fe and FeCo nanoparticles have been deposited
onto a bare W(110) surface. The structure and shape of the nanopar-
ticles were determined by ex situ high resolution transmission electron
microscopy. In situ scanning tunneling microscopy yields evidence for
a partial flattening of the supported particles. Magnetization curves
reveal a magnetic hard axis perpendicular to the surface. The ob-
served MAE is compared to model calculations on shape and interface
anisotropy contributions of flattened nanoparticles.[1]

[1] A. Kleibert et al., J. Phys.: Condens. Matter 20, 445005 (2008).

O 12.2 Mon 15:15 SCH A215
Ultra-high dense array of magnetic quantum dots on a self-
assembled nanostructured template — •Laura Fernández1,
Martina Corso2, Maxim Ilyn3, Frederik Schiller4, and José En-
rique Ortega1,2,4 — 1Departamento de F́ısica Aplicada I, Universi-
dad del Páıs Vasco, San Sebastián, Spain — 2DIPC, San Sebastián,
Spain — 3F́ısica de Materiales, Universidad del Páıs Vasco, San Se-
bastián, Spain — 4Unidad de F́ısica de Materiales, Centro Mixto
CSIC-UPV/EHU, San Sebastián, Spain

The growth of magnetic nanoparticles on surfaces by auto-organization
processes represents a flexible and powerful alternative to obtain high-
density, patterned magnetic storage media. Here, we report on the
growth of a dense array of Co quantum dots on a previously de-
signed template formed by a Moiré surface structure, which allows
the achievement of dot areal densities that overcome the boundary of
1 Teradots/inch2. The structural properties of the template and the
tunability of the quantum dot array have been thoroughly explored by

Scanning Tunnelling Microscopy at several deposition temperatures
and different Co coverage. The magnetic response of the Co quantum
dots has been investigated by vibrating sample magnetometry, show-
ing an uniaxial out-of-plane anisotropy and soft magnetic behaviour
at 300 K.

O 12.3 Mon 15:30 SCH A215
Ferromagnetism of magnetic nanodot ensembles promoted by
substrate-mediated interaction — •Pavel A. Ignatiev1, Niko-
lay N. Negulyaev2, Alexey S. Smirnov3, Larissa Niebergal1,
Alexander M. Saletsky3, and Valeri S. Stepanyuk1 — 1Max-
Planck-Institut für Mikrostrukturphysik, Weinberg 2, D-06120 Halle,
Germany — 2Physics Department, Martin-Luther-University Halle-
Wittenberg, 06099 Halle, Germany — 3Faculty of Physics, Moscow
State University, 119899 Moscow, Russia

Recent experimental studies evidenced collective ferromagnetic behav-
ior with high Curie temperatures in Fe nanodots assemblies created
on Cu(111) surfaces by means of buffer layer assisted growth [1,2]. It
was suggested that a substrate-mediated indirect RKKY-like exchange
interaction between Fe dots was responsible for the magnetic order [2].

Here we present combined ab initio and kinetic Monte Carlo (kMC)
investigations of the magnetic ordering in ensembles of Fe nanodots
embedded in noble metal (Cu, Ag, Au) substrates. Exchange interac-
tions in considered systems are calculated fully ab initio by means of
the Korringa-Kohn-Rostoker Green’s function method. kMC simula-
tions based on this ab initio input revealed the ferromagnetic ordering
in the ensemble of Fe nanodots.

[1] J. P. Pierce et al., Phys. Rev. Lett. 92, 237201 (2004).
[2] M. A. Torija et al., Phys. Rev. Lett. 95, 257203 (2005).

O 12.4 Mon 15:45 SCH A215
Structural and Magnetic Properties of Fe and Co Clusters
on Alumina/Ni3Al(111) — •Andreas Buchsbaum1, Maurizio De
Santis3, Helio Tolentino3, Georg Kresse2, Michael Schmid1,
and Peter Varga1 — 1Inst. f. Allg. Physik, TU Wien, Austria —
2Faculty of Physics, CMS, University of Vienna, Austria — 3Institute
Neel, CNRS Grenoble, France

The structure of the ≈ 5 Å thick aluminum oxide on Ni3Al(111),
which has been solved recently, exhibits holes at the corner of the
(
√

67 ×
√

67)R12.2◦ unit cell, reaching down to the metal substrate
[1]. Therefore, the ultrathin oxide film, forming a nanomesh with a 4.1
nm lattice, is a perfect template for growing highly regular arranged
metal clusters. Pd atoms trapped in the corner holes, create metallic
nucleation sites, where Fe as well as Co clusters can nucleate and form
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a well-ordered hexagonal arrangement on the oxide nanomesh [1]. We
have studied the morphology of the Fe and Co clusters and applied
different methods to determine the orientation of the clusters. For
Fe we found cluster growth in either bcc[110] or bcc[100] direction,
depending on the deposition temperature and for Co we found close-
packed planes on top of the clusters and random stacking of fcc and hcp
planes. As the cluster size is limited to < 4 nm, pure Fe and Co clus-
ters are superparamagnetic at temperatures where the Ni3Al substrate
is paramagnetic, i.e., the blocking temperature TB of the clusters is
below the Curie temperature of the substrate TC . For ferromagnetic
clusters, materials with higher anisotropy are required.

[1] M. Schmid et. al., Phys. Rev. Lett. 99, 196104 (2007).

O 12.5 Mon 16:00 SCH A215
Probing the Magnetism of Nanostructures buried in Metallic
Surfaces: an Ab-Initio Study — •Oleg O. Brovko and Valeri
S. Stepanyuk — Max-Planck-Institut für Mikrostrukturphysik, Wein-
berg 2, D-06120 Halle, Germany

For a long time it has been known, that the apparent transparency
of metallic surfaces for electronic states can be utilized to detect and
study buried nanostructures. We show that it is as well possible to

study the magnetic properties of nanostructures buried up to 20Å deep
in metallic surfaces. Our ab-initio calculations reveal the possibility of
detecting magnetic properties of 3d atoms and small clusters embed-
ded into a metallic surface and even determining the magnetic coupling
between them.

O 12.6 Mon 16:15 SCH A215
Utilizing the Quantum Confinement on Islands for Exchange
Interaction Tailoring: an Ab-Initio Study — •Oleg O. Brovko
and Valeri S. Stepanyuk — Max-Planck-Institut für Mikrostruktur-
physik, Weinberg 2, D-06120 Halle, Germany

Vacuum barriers at island borders inevitably confine the surface elec-
trons to the island’s geometry. Electron density redistribution which
arises from such a confinement can have a substantial effect on the mag-
netic interaction of impurities adsorbed on top of the island. Our ab-
initio calculations for 3d adatoms adsorbed on islands clearly demon-
strate that by varying the island’s size it is possible to tailor the surface-
state-mediated exchange interactions of adatoms at separations rang-
ing from several angstroms to several nanometers. By deliberate choice
of the islands size the exchange coupling can be enhanced, weakened
or even reversed.

O 13: Electronic structure II

Time: Monday 15:00–16:45 Location: SCH A216

O 13.1 Mon 15:00 SCH A216
Self-assembled arrays of molecular quantum resonators —
•Florian Klappenberger1, Dirk Kühne1, Wolfgang Krenner1,
Iñaki Silanes2, Andres Arnau2, Javier Garćıa de Abajo3, Svet-
lana Klyatskaya4, Mario Ruben4, and Johannes Barth1 —
1Physik Department E20, TU München, Germany — 2Departamento
de Fisica de Materiales and Unidad de Fisica de Materiales, E-20018
San Sebastian, Spain — 3Instituto de Óptica CSIC, Serrano 121, 28006
Madrid, Spain — 4Institute of Nanotechnology, Forschungszentrum
Karlsruhe, Karlsruhe, Germany

Confinement of Ag(111) surface state electrons by self-assembled, pe-
riodic, two-dimensional, nanoporous networks is studied by means
of low-temperature scanning tunneling microscopy/spectroscopy and
electronic structure calculation. We compare the case of a
purely organic, hydrogen bonded Kagomé network constructed from
dicarbonitrile-sexiphenylene molecules with the case of a Co-directed
assembly of a metal-organic honeycomb network of the same molecule
featuring a pore size of 24 nm2. Both network types induce resonance
states within the cavities with varying lateral electronic density dis-
tribution. The spectroscopic features of the resonances together with
our analysis employing a boundary element method based on Greens
functions indicate finite reflection at the boundaries of the cavities,
thus transmission through the pore boundaries allows interaction of
electrons in neighboring resonators. By the choice of the network we
can steer the pore shape and size and hence engineer the electronic
properties of the functionalized surface.

O 13.2 Mon 15:15 SCH A216
Temperature dependent quasiparticle renormalization in
nickel metal — •Ruslan Ovsyannikov, Jaime Sánchez-Barriga,
Jörg Fink, and Hermann A. Dürr — Helmholtz Zentrum Berlin,
BESSY II, Albert-Einstein-Strasse 15, D-12489 Berlin, Germany

One of the fundamental consequences of electron correlation effects
is that the bare particles in solids become ’dressed’, i.e. they ac-
quire an increased effective mass and a lifetime. We studied the spin
dependent quasiparticle band structure of Ni (111) with high reso-
lution angle resolved photoemission spectroscopy. At low tempera-
tures (50 K) a renormalization of quasiparticle energy and lifetime
indicative of electron-phonon coupling is observed in agreement with
literature [1]. With increasing temperature we observe a decreasing
quasiparticle lifetime at the Fermi level for all probed minority spin
bands as expected from electron phonon coupling. Surprisingly the
majority spin states behave differently. We actually observe a slightly
increased lifetime at room temperature. The corresponding increase
in Fermi velocity points to a temperature dependent reduction of the
majority spin quasiparticle renormalization.

[1] M. Higashiguchi et al., Phys. Rev. B 72, 214438 (2005)

O 13.3 Mon 15:30 SCH A216
Modulated spin polarization in nanostructures — •Sebastian
Wedekind, Hirofumi Oka, Guillemin Rodary, Dirk Sander, and
Jürgen Kirschner — Max-Planck-Institut für Mikrostrukturphysik,
Weinberg 2, D-06120 Halle(Saale)

Deposition of 0.7 ML Co onto the clean Cu(111) surface at room tem-
perature leads to the formation of triangular two atomic layers high
Co islands. We study the electronic properties of these nano islands
by scanning tunneling microscopy (STM) and spectroscopy (STS) at
7 K. We observe pronounced spatial modulation patterns in the local
density of states (LDOS) within the islands due to electron confine-
ment. We explore the magnetic properties of the very same islands
by spin-polarized STM and STS in a magnetic field of up to 4 T. Our
spin-polarized measurements in field clearly identify the parallel and
anti-parallel spin orientation states of tip and sample [1]. This enables
us to measure the spatial distribution of the spin polarization within
single Co islands. We find that the spin polarization is spatially modu-
lated. Our results are discussed in view of recent theoretical predictions
[2].
[1] G. Rodary, S. Wedekind, D. Sander, and J. Kirschner, JJAP (in
press)
[2] L. Niebergall, V. S. Stepanyuk, J. Berakdar, and P. Bruno, PRL
96, 127204 (2006)

O 13.4 Mon 15:45 SCH A216
Surface reconstruction and energy gap of superconduct-
ing V3Si(001) — •Nadine Hauptmann, Michael Becker, Jörg
Kröger, and Richard Berndt — Institut für Experimentelle und
Angewandte Physik, Christian-Albrechts-Universität zu Kiel, D-24098
Kiel, Germany

Scanning tunneling microscopy of the superconductor V3Si(001) re-
veals a yet unknown surface reconstruction which is most likely induced
by carbon. We suggest a structural model for the reconstructed sur-
face, which is consistent with experimental data obtained by scanning
tunneling microscopy and Auger electron spectroscopy. Superconduc-
tivity of the reconstructed sample persists as monitored by scanning
tunneling spectroscopy of the superconducting energy gap. Financial
support by the DFG is gratefully acknowledged.

O 13.5 Mon 16:00 SCH A216
Engeneering the band line up of Si(111) and organic
semiconductors by -CH3, -H and -GaSe termination —
•Thomas Mayer1, Ralf Hunger2, Andreas Klein1, and Wolfram
Jaegermann1 — 1TU-Darmstadt Fachbereich Materialwissenschaften
— 2now Solibro GmbH Thalheim

We report on the variation of the Si(111) ionization energy induced by
surface dipoles of -CH3, -H, and -GaSe terminations. Photoelectron
spectroscopy is used to determine the experimental dipoles which are
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compared to model calculations applying simple geometric and elec-
tronegativity arguments. The position of the vacuum level within bulk
Si is derived to be 5.12 eV above the valence band maximum. In addi-
tion the variation of the band line up of Si(111) towards PTCDA and
ZnPc is measured. While for -CH3 and -H terminations the Anderson
model applies, for GaSe termination an additional interface dipole is
induced. We relate this dipole to a varied molecule orientation.

O 13.6 Mon 16:15 SCH A216
Symmetry Analysis of Tunnel Current Eigenchannels —
•Martyna Polok1, Dmitry Fedorov1, Steven Walczak1,2, Peter
Zahn1, and Ingrid Mertig1,2 — 1Martin-Luther-Universität Halle,
Institut für Physik, D-06099 Halle, Germany — 2Max-Planck-Institut
für Mikrostrukturphysik, Weinberg 2, D-06120 Halle, Germany

Thanks to advances in Scanning Tunneling Microscopy (STM) it is
now possible to probe both the electronic and magnetic properties of
surfaces. We present an ab initio study of a tip approaching a Cu(001)
surface decorated with a single Cu or Co adatom.

Electronic transport is calculated using the Kubo linear response
theory in the Baranger and Stone formalism. This description is equiv-
alent to the Landauer language, where conductance is understood as
a sum over all transmission eigenchannels.

For a magnetic system additional channels created by the 3d elec-
trons can cause an increase in the tunnel current. The transmission
amplitude of the eigenchannels depends on the overlap between those
valence orbitals available at the Fermi energy εF . A detailed study of
the local density of states shows that in the case of magnetic adatoms
this is a spin dependent effect. For the investigated systems the major-

ity spin current is dominated by electrons with spherically symmetric
orbitals in the plane perpendicular to the transport direction (z), these
are the s, pz , and dz2 orbitals. For the minority spin channel electrons
with asymmetric orbitals, px, py , dxz , and dyz , dominate at the Fermi
energy and therefore determine the current distribution.

O 13.7 Mon 16:30 SCH A216
Electron and Phonon Density of States of HOPG by Scanning
Tunnelling Spectroscopy — •Norbert Maurer, Carsten Tröpp-
ner, and M. Alexander Schneider — Lehrstuhl für Festkörper-
physik, Universität Erlangen-Nürnberg, Staudtstr. 7, 91058 Erlangen

Motivated by the current interest in few-layer graphene and the
widespread use of graphite as substrate we investigated the elec-
tronic structure of highly ordered pyrolytic graphite (HOPG) by low-
temperature Scanning Tunnelling Spectroscopy in liquid Helium at
4.2K.

We find that the main features of the differential conductance
(dI/dV ) signal can perfectly be explained by a total density of states
calculation as e.g. obtained from a TB-fit to the graphite band struc-
ture [1]. However, some of these features induce a structure in the sec-
ond derivative (d2I/dV 2) signal. Hence both, first and second deriva-
tive signals have to be evaluated carefully to extract signatures of in-
elastic excitations [2]. We discuss the spatial dependence of electronic
and inelastic contributions to the tunnelling conductance at step edges
and within the HOPG unit cell.

[1] A. Grüneis, et al., arXiv:0808.1467v2 [cond-mat.mtrl-sci] [2] L.
Vitali, et al., Phys. Rev. B 69, 121414 (2004)

O 14: Organic, polymeric, biomolecular films – also with absorbates I

Time: Monday 15:00–16:45 Location: SCH A316

O 14.1 Mon 15:00 SCH A316
Reactive Adsorption effects on ordered Bis-terpyridine
networks — •Thomas Waldmann1, Daniela Künzel2, Achim
Breitruck1, Harry E. Hoster1, Axel Groß2, and R. Jürgen
Behm1 — 1Institute of Surface Chemistry and Catalysis, Ulm Univer-
sity, D-89069 Ulm, Germany — 2Institute of Theoretical Chemistry,
Ulm University, D-89069 Ulm, Germany

We tested the influence of H2, O2 and CO interaction with ordered
networks of a Bis-terpyridine derivative (2,4’-BTP)[1,2] on Au(100),
Ag(111) and Graphite (HOPG) surfaces using Video-STM (1 frame/s).
Under UHV conditions[3,4] as well as in solution[1,2], the molecules
form ordered networks on the single crystalline surfaces. Upon interac-
tion with reactive gases, new structures are formed. The STM images
are compared with DFT and MP2 calculations of the molecules in the
gas phase.
[1] U.Ziener et al., Chem.Eur.J. 8, 951, 2002
[2] C. Meier et al., J.Phys.Chem.B 109, 21015, 2005
[3] H.E. Hoster et al., Langmuir 23, 11570, 2007
[4] M.Roos et al., Phys. Chem. Chem. Phys. 9, 5672, 2007

O 14.2 Mon 15:15 SCH A316
Stranski-Krastanov growth of Sexithiophene and para-
sexiphenyl on Cu(110)-(2x1)O — •Lidong Sun1, Günther
Weidlinger1, Mariella Denk1, Richard Denk1, Michael
Hohage1, Peter Zeppenfeld1, Stephen Berkebile2, Georg
Koller2, Falko.P. Netzer2, and Michael.G. Ramsey2 — 1Institute
of Experimental Physics, Johannes Kepler University Linz, Austria —
2Institute of Physics, Karl-Franzens University Graz, Austria

The initial stage of Sexithiophene (6T) and para-sexiphenyl (p-6P)
growth on Cu(110)-(2x1)O has been investigated by in-situ reflectance
difference spectroscopy (RDS) and scanning tunneling microscopy
(STM). For both organic molecules, the optical response of the thin
films shows a strong anisotropy indicates that the molecules are lying
down on the surface with their long axis parallel to the [001] direction
of the Cu(110) surface. Furthermore, the RD spectra of the growing
films reveal systematic changes with increasing of film thickness reflect-
ing a clear evolution of the absorption spectrum from a single molecule
like to molecular crystal exciton. The observed evolution of the optical
anisotropy also clearly shows that both 6T and p-6P thin films follow
a Stranski-Krastanov growth mode with two ML thick wetting layers.
Corresponding STM investigation on the morphology of 6T and p-6P

thin films of up to two monolayers confirms the conclusion deduced
from RDS results.

O 14.3 Mon 15:30 SCH A316
Experimental and theoretical NEXAFS investigations of met-
alloporphyrin films — •Norman Schmidt1, Christian Hub1,
Wolfgang Hieringer2, Thomas Strunskus3, and Rainer Fink1

— 1Univ. Erlangen, Physikalische Chemie II, Erlangen, Germany —
2Univ. Erlangen, Theoretische Chemie, Erlangen, Germany — 3C.-
A.-Univ. Kiel, Lehrstuhl für Materialverbunde, Kiel, Germany

Metallo-porphyrins are well-known as electron donors in photoinduced
electron transfer processes and for their semiconducting properties.
They are used as, e.g., dyes, sensitizers, catalysts and in various
organo-electronic devices. For improved device design and perfor-
mance, more detailed knowledge about film morphology and related
electronic structure is necessary. In the present study, the electronic
structure of thick films of (H2, Mn, Fe, Co, Zn, Sn)-tetraphenyl-
porphyrins on Au-plated Si-wafers was investigated using NEXAFS
spectroscopy. The obtained N 1s spectra reflect modifications in the
electronic structure of the central metal ion interacting with the ni-
trogen donor functions of the porphyrin ring. Furthermore, the orien-
tation of ultrathin and thick films of ZnTPP and SnTTBPP(OH)2
(TTBPP=tetra(p-tert.butylphenyl)porphyrin) on an Ag(100) single
crystal was studied by angle-dependent NEXAFS spectroscopy. In
thin films, the porphyrin frame is lying almost flat on the surface,
while the phenyl ligands are twisted by about 60 degrees with respect
to the surface plane. Corroborating high-level TD-DFT calculations
were used to allow more detailed interpretation of the experimental
data (this project is funded by the DFG within SFB 583, TP C9).

O 14.4 Mon 15:45 SCH A316
Controlled formation of axially bonded Co-phthalocyanine
dimers — Xin Ge1, Carlos Manzano1, •Richard Berndt1,
Lennart T. Anger2, Felix Köhler2, and Rainer Herges2 —
1Institut für Experimentelle und Angewandte Physik, Christian-
Albrechts-Universität, D-24098 Kiel — 2Otto Diels-Institut für Or-
ganische Chemie, Christian-Albrechts-Universität, D-24098 Kiel

STM is used to laterally move single Co-Phthalocyanine (CoPc)
molecules on an ordered CoPc layer and to investigate the electronic
states of the resulting structures. DFT calculations show that an ax-
ial Co–Co bond is formed from the dz2 orbitals when molecules are
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positioned almost vertically on top of each other. This leads to a sub-
stantial increase of the conductance of the molecular center at negative
bias. The results demonstrate the critical importance of precisely con-
trolling the molecular environment when investigating conductances.
Moreover, the results show that axial bonding may be used to achieve
three-dimensional molecular architectures on a surface and that STM
can be used as a powerful tool to elucidate the nature of unusual
chemical bonding modes. Financial support via SFB 677 is gratefully
acknowledged.

O 14.5 Mon 16:00 SCH A316
The Effect of Different Substituents on the Surface Composi-
tion of Ionic Liquids - An ARXPS study (interchanged with
O 14.6) — •Claudia Kolbeck1, Kevin Robert John Lovelock1,
Till Cremer1, Natalia Paape2, Peter Wasserscheid2,3, and Hans-
Peter Steinrück1,3 — 1Lehrstuhl für Physikalische Chemie II,
Egerlandstr. 3, 91058 Erlangen — 2Lehrstuhl für Chemische Reak-
tionstechnik, Egerlandstr. 3, 91058 Erlangen — 3Erlangen Catalysis
Resource Center (ECRC)

A molecular understanding of ionic liquid (IL) surfaces is essential
in order to explain related macroscopic properties such as surface
tension. Due to their low vapour pressure ILs, i.e., molten salts
with melting points below 100 ◦C, can be studied employing sur-
face science techniques under ultra-high vacuum conditions. Angle
resolved X-ray photoelectron spectroscopy (ARXPS) was used to in-
vestigate the change in surface composition of imidazolium based
ionic liquids (ILs) by systematic variation of non-functionalised and
functionalised groups attached to the molecules. For [CnMIm][Tf2N]
(n = 2-16) with saturated carbon chains of different length as sub-
stituents of the imidazolium cation, a surface enrichment of the chains
was clearly observed for n ≥ 4. Enrichment of the aliphatic carbon
also occurs for alkyl groups attached to the anion as observed for
[C2MIm][C8OSO3].[1] Poly(ethyleneglycol)ether functionalities intro-
duced in the cation chain, however, lead to a stoichiometric surface
composition, and, thus, to no enrichment of the chains.[2]

[1] K. R. J. Lovelock et al., submitted to J. Phys. Chem. B.
[2] C. Kolbeck et al., Langmuir 2008, 24, 9500.

O 14.6 Mon 16:15 SCH A316
Surface Composition and Electronic Structure of Ionic Liq-
uids - Influence of the anion (interchanged with O 14.5)
— •Till Cremer1, Claudia Kolbeck1, Kevin Robert John
Lovelock1, Florian Maier1, Natalia Paape2, Peter Steffen
Schulz2, Peter Wasserscheid2, and Hans-Peter Steinrück1 —
1Lehrstuhl für Physikalische Chemie II, Egerlandstr. 3, 91058 Erlan-
gen — 2Lehrstuhl für Chemische Reaktionstechnik, Egerlandstr. 3,

91058 Erlangen

Ionic Liquids (ILs) are a new class of solvents exhibiting unique
physico-chemical properties. They are promising candidates for many
applications in electrochemistry, synthesis, separation and lubrication
technologies, and catalysis. For many of these processes knowledge of
the interface, e.g. the IL-vacuum interface is of fundamental value.
Due to their extremely low vapour pressure IL surfaces can be investi-
gated under ultra high vacuum conditions such as X-ray photoelectron
spectroscopy (XPS). In an extended angle resolved XPS (ARXPS)
study, the near surface region of a wide range of 1-octyl-3-methyl-
imidazolium based Ionic Liquids (ILs) was investigated. While for all
IL surfaces enhancement of the alkyl chain was observed by ARXPS,
the level of alkyl enhancement was found to be significantly dependent
on the nature of the anion. Moreover, careful analysis of the fine stru-
cure of the C 1s region resulted in observation of an anion-dependent
difference in relative binding energy positions for chemically different
carbon species present in the imidazolium cation. These shifts were
compared and correlated to 1H- and 13C-NMR measurements. This
work was supported by the DFG through SPP 1191 ”Ionic Liquids”.

O 14.7 Mon 16:30 SCH A316
In-situ EC-STM studies on the influence of halide anions
on structure and reactivity of Dibenzylviologen on Cu(1 0 0)
— •Knud Gentz1, Peter Broekmann2, and Klaus Wandelt1 —
1Institute of Physical and Theoretical Chemistry, Bonn University —
2University of Bern

Copper has become a focus of research activities over the last two
decades due to its use as interconnect material in microchip design.
Nitrogen-containing cationic organic molecules have been studied as
additives for the so-called copper damascene process. In the present in-
vestigation the structures and reactivity of a Dibenzylviologen (DBV)
layer adsorbed on a bromide-modified Cu(1 0 0) surface have been stud-
ied by in-situ electrochemical STM and will be compared to the results
on the chloride-modified substrate and the related Diphenylviologen
(DPV). N,N’-dibenzyl-4,4’-bipyridinium molecules (Dibenzylviologen,
DBV) spontaneously adsorb on a halide-modified Cu(1 0 0)-surface,
forming distinctive patterns, which have been characterized by in-situ
Scanning Tunneling Microscopy. Depending on the adsorption poten-
tial a striped phase, a cavitand phase and an amorphous phase have
been identified. Cyclic Voltammetry indicates that even more pro-
cesses take place on the surface, because if the potential is decreased
beyond a range of fully reversible processes, an irreversible surface
phase formation is observed at -450 mV vs. RHE . This surface phase
passivates the surface against adsorption of the dicationic phase, so
the charge reversal of the interface in the outer Helmholtz layer seems
to be reduced.

O 15: Focused Session: Epitaxial Graphene II

Time: Monday 15:00–16:30 Location: SCH 251

Topical Talk O 15.1 Mon 15:00 SCH 251
Structure and Growth of Epitaxial Graphene on SiC: a New
Platform for Carbon Electronics — •Edward Conrad — The
Georgia Institute of Technology, Atlanta, Georgia 30332-0430, USA

The use of epitaxial graphene as a platform for carbon electronics
hinges on a number of properties of graphene: growth, structure and
transport. While graphene grown on both the Si-face and C-face of
SiC are possible alternatives for device materials, I will show in this
talk that C-face graphene currently offers the most immediate advan-
tages to graphene device growth and fabrication. I will show how
transport properties of C-face graphene make growth problems such
as controlling thickness or uniformity much less relevant than on Si-
face graphene. LEEM, PEEM, x-ray diffraction and transport mea-
surements will be presented to elucidate the unique structure of C-face
graphene films. I will also review new work on how to passivate charge
transport between the SiC and the graphene.

O 15.2 Mon 15:30 SCH 251
Effects of periodic potentials in graphene — •Ervand Kande-
laki, Sam Shallcross, and Oleg Pankratov — Lehrstuhl für The-
oretische Festkörperphysik, Staudtstr. 7-B2, 91058 Erlangen

For epitaxial graphene grown on the Si-face of SiC one expects a cova-
lent bonding[1] and hence a significant impact of the substrate on the

properties of graphene. Density-functional ab initio calculations[2] as
well as experimental data[3] reveal the emergence of the long-periodic
6
√

3×6
√

3 superstructure in the first carbon layer which plays the role
of a buffer layer and does not possess graphene’s characteristic spec-
trum. This superstructure generates a long-periodic perturbation then
transmitted to a second “genuine graphene” layer. The large scale and
complexity of the system invites the use of a continuum approxima-
tion to model the low energy excitation spectrum. The appropriate
effective Hamiltonian is thus the Dirac-Weyl Hamiltonian with an ad-
ditional periodic potential. We investigate the electronic spectrum of
this effective Hamiltonian via the Korringa-Kohn-Rostocker method
which is widely used for Schrödinger particles in a periodic potential.
The main benefit of this method is the separation of the geometrical
part, given by periodicity of the external potential, from the single-site
scattering problem. The latter can be solved for any cylindrically sym-
metric potential. The impact upon the spectrum of various parameters
such as potential periodicity, perturbation amplitude, and single-site
scatterer type are discussed. [1] A. Mattausch and O. Pankratov, Phys.
Rev. Lett. 99, 076802 (2007). [2] S. Kim et al., Phys. Rev. Lett. 100,
176802 (2008). [3] C. Riedl et al., Phys. Rev. B 76, 245406 (2007).

O 15.3 Mon 15:45 SCH 251
An ab initio study of graphene buffer layers on SiC —
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•Stephan Hensel, Michel Bockstedte, and Oleg Pankratov —
Lst. Theoretische Festkörperphysik, Universität Erlangen-Nürnberg,
Staudststr 7B2, 91058 Erlangen

Silicon Carbide enables the growth of few layer graphene by thermal
sublimation of silicon. Graphene layers with disparate properties are
formed on (0001) and (0001̄) surfaces.1−4 On (0001)-SiC a 6

√
3×6

√
3

buffer layer forms, which serves as a template for subsequent alined
layers.1,2 On (0001̄)-SiC, in contrast, carbon layers are mutually ro-
tated being practically decoupled from each other and hence possessing
individual Dirac spectra.3 The distinction manifests itself in the pres-
ence (Si-termination) or absence (C-termination) of covalent graphene-
SiC bonding in XPS.4 With ab initio methods we analyzed the bonding
of graphene on SiC (0001) and (0001̄) surfaces. We consider a tractable
5 × 5 model that allows for low strain and the turbostratic registry
of graphene. The calculations demonstrate clearly the distinct bond-
ing features on the two surfaces. While covalent graphene-substrate
bonds are present for almost all atoms on the Si-terminated surface,
such bonding is absent for as much as 50% of the carbon atoms on the
C-terminated face.
[1] T. Ohta et al, Science 313, 951 (2006)
[2] C. Riedl et al. Phys. Rev. B 76, 245406 (2007).
[3] J. Hass et al, Phys. Rev. Lett. 100,125504 (2008).
[4] K.V. Emtsev et al, Phys. Rev. B 77, 155303 (2008).

O 15.4 Mon 16:00 SCH 251
Dynamical properties of cubic and hexagonal silicon carbide
from Si-rich to C-rich reconstructions up to graphene for-
mation — •Juergen A. Schaefer and Roland J. Koch — Institut
für Physik and Institut für Mikro- und Nanotechnologien, Technische
Universität Ilmenau, P. O. Box 100565, 98684 Ilmenau, Germany

Using high resolution electron energy loss spectroscopy (HREELS) in
conjunction with low energy electron diffraction (LEED) and X-ray

induced photoelectron spectroscopy (XPS), we have studied the vibra-
tional properties of cubic SiC (001) and hexagonal SiC (0001) surface
reconstructions from Si-rich to C-rich SiC surfaces, and up to graphene
formation in the hexagonal case. Upon subsequential annealing from
30 K up to 1500 K, the coupling between the longitudinal optical
phonons, the so called Fuchs-Kliewer phonons, and the carrier plas-
mons that originate from the presence of bulk dopants and / or from
the layered semimetallic character of graphene and few layer graphene
(FLG), drastically influence the HREELS-spectra. It seems that the
latter graphitic layer is essentially unperturbed by the substrate un-
derneath. The measured phonon dispersion strongly resembles that of
graphite.

O 15.5 Mon 16:15 SCH 251
Graphene nanomembranes excited by ac voltages of an STM
— •Torge Mashoff1, Viktor Geringer1, Tim Echtermeyer2,
Max Lemme2, Marcus Liebmann1, Marco Pratzer1, and Markus
Morgenstern1 — 1II. Institute of Physics, RWTH-Aachen University
and JARA-FIT, 52074 Aachen — 2Advanced Microelectronic Center
Aachen (AMICA), AMO GmbH, 52074 Aachen

We investigate graphene monolayers deposited on a SiO2 surface us-
ing scanning tunneling microscopy (STM) at ultra-high vacuum and
temperatures of 5K. Depending on the tunneling-voltage it is possible
to lift nanometer-sized areas of the partly freely suspended flake by a
few 100 pm while still achieving stable STM-measurements. From I(U)
and I(z)-spectroscopy data we determine mechanical properties of the
nanomembrane such as pretension and Young’s modulus using a model
of a parallel-plate capacitor and a clamped circular membrane. These
data are in good agreement with previous measurements using atomic
force microscopy. Application of an ac voltage leads to oscillations of
the nanomembrane which are detected by strongly nonlinear in-phase
current oscillations.

O 16: Invited Talk (Jörg Kröger)

Time: Tuesday 9:30–10:15 Location: HSZ 02

Invited Talk O 16.1 Tue 9:30 HSZ 02
Electron Transport through Single Atoms and Molecules: an
STM’s View — •Jörg Kröger — Christian-Albrechts-Universität
zu Kiel, D-24098 Kiel, Germany

Two electron transport regimes will be considered. One regime is char-
acterised by electrons tunnelling through a vacuum barrier with cur-
rents of the order of 1 nA. Engineering of a molecular switch on sur-
faces and vibrational spectroscopy of a single atom serve as examples
for state-of-the-art experiments performed in the tunnelling regime.

In the other transport regime currents in the microampère range are
used. At these elevated currents a single-atom or single-molecule con-
tact is formed with the tip of the microscope and electrons are trans-
ported ballistically through the junction. Contact spectroscopy of sin-
gle atoms, the quantized conductance of magnetic atoms, and the de-
pendence of single-molecule conductance on the molecule orientation
between the contacting electrodes are highlights of this rather uncon-
ventional use of a scanning tunnelling microscope. Financial support
by the DFG through SFB 668 and SFB 677 is acknowledged.

O 17: Oxides and insulators III

Time: Tuesday 10:30–13:00 Location: SCH A01

O 17.1 Tue 10:30 SCH A01
Oxygen adatoms at SrTiO3(001): A density-functional the-
ory study — •Hannes Guhl1, Wolfram Miller1, and Karsten
Reuter2 — 1Institut für Kristallzüchtung, Max-Born-Str. 2, D-
12489 Berlin, Germany — 2Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany

Apart from its use in photo-catalytic and sensing applications, the
SrTiO3(001) surface is also receiving increasing attention as a suitable
substrate material for thin film growth. For the latter context the
numerous reported surface reconstructions, partly in sensitive depen-
dence of the applied annealing temperature, indicate a complex surface
kinetics, which needs to be understood and controlled when aiming at
growth experiments tailored to the atomic-scale. As a first step in this
direction we carry out density-functional theory calculations address-
ing the energetics and electronic properties of adsorbed oxygen atoms
at both regular terminations of SrTiO3(001). With the bonding at the
SrO-termination in general stronger than at the TiO2-termination, we
find in both cases that the most stable adsorption site does not cor-
respond to the one expected from a continuation of the perovskite
lattice. Instead, the ad-atom forms a strong bond to a surface oxygen

atom that is reminiscent of the oxygen-oxygen bond in SrO2. Map-
ping the potential energy surface for lateral adatom motion away from
the stable site, the obtained diffusion barriers are about 0.8 eV in the
isolated ad-atom limit. This suggests that, at least at the studied ideal
terminations, oxygen mobility is not a major bottleneck under typical
growth conditions.

O 17.2 Tue 10:45 SCH A01
Adsorption of benzoic acids on NaCl surface — •Wei Chen1,
Christoph Tegenkamp1, Herbert Pfnür1, and Thomas Bredow2

— 1Institut fuer Festkörperphysik, Leibniz Universität Hannover,
Hannover, Germany — 2Institut für Physikalische und Theoretische
Chemie, Universität Bonn, Bonn, Germany

The adsorptions of benzoic acid (BA) and its OH-substituted deriva-
tives, salicylic acid (SA) and para-salicylic acid (p-SA) on NaCl sur-
faces have been investigated by periodic DFT. On NaCl(100) these
molecules bond to the surface weakly with binding energies of around
0.4 eV (in the absence of van der Waals interaction), through the elec-
trostatic interaction between oxygen and surface sodium. The band
gap is reduced to the HOMO-LUMO separation of the adsorbate (4.86
eV for SA). In existence of surface anion vacancy, the unpaired electron
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localized in the vacancy transfers to the molecules after adsorption.
As a result the LUMO of the adsorbate is partially occupied. Larger
increase of adsorption energies have been found due to stronger bond-
ing between oxygen and sodium, as well as the interaction between
the transferred unpaired electron over the benzene ring and surface
sodium. On (001)-like step site, it shows a stronger binding than on
NaCl (100) surface, with adsorption energies of around 0.8 eV, whereas
the electronic structure remains similar. On (011)-like step site the ad-
sorption energy further increases to about 1.0 eV. Interestingly, due to
the 1.5 eV upward shift of 2p state from step edge Cl atoms, the band
gap is effectively reduced (2.97 eV for SA). Implication of these results
to the contact charging effect will be discussed.

O 17.3 Tue 11:00 SCH A01
Correlation between bonding geometry and band gap states
at organic-inorganic interfaces: catechol on rutile TiO2(110)
— •Annabella Selloni1, Jian-guo Wang1, Shao-Chun Li2, Pe-
ter Jacobson2, Xue-qing Gong1, and Ulrike Diebold2 —
1Department of Chemistry, Princeton University, Princeton NJ 08544
— 2Department of Physics, Tulane University, New Orleans, LA 70118
(USA)

Adsorbate-induced band gap states in semiconductors are of particular
interest due to the potential of increased light absorption and photore-
activity. A combined theoretical and experimental (STM, photoemis-
sion) study of the molecular-scale factors involved in the formation of
gap states in TiO2 is presented. Using the organic catechol on rutile
TiO2(110) as a model system it is found that the bonding geometry
strongly affects the molecular electronic structure. At saturation cat-
echol forms an ordered 4 x 1 overlayer. This structure is attributed
to catechol adsorbed on rows of surface Ti atoms with the molecular
plane tilted from the surface normal in an alternating fashion. In the
computed lowest-energy structure one of the two terminal OH groups
at each catechol dissociates and the O binds to a surface Ti atom in a
monodentate configuration, while the other OH group forms a H-bond
to the next catechol neighbor. Through proton exchange with the sur-
face this structure can easily transform into one where both OH groups
dissociate and the catechol is bound to two surface Ti in a bidentate
configuration. Only bidendate catechol introduces states in the band
gap of TiO2.

O 17.4 Tue 11:15 SCH A01
Understanding the Accuracy of Density-Functional Theory
Exchange-Correlation Functionals for Adsorption at Ionic
Substrates: Water on salt and some other examples — •Bo
Li1, Angelos Michaelides1,2, and Matthias Scheffler1 — 1Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6 Berlin,
Gemany — 2London Centre for Nanotechnology and Department of
Chemistry, University College London, London UK

The interaction of water with salt (NaCl) is of widespread importance.
Although numerous theoretical studies have been reported (see Ref.
[1] and references therein), none has provided a reliable estimate of
the strength of the bond between water and NaCl(001). Moreover,
the adsorption energies predicted by density-functional theory (DFT)
range from 0.2 to 0.7 eV/H2O depending on exchange-correlation (xc)
functional. Here, we address this through a set of second order Møller-
Plesset perturbation theory and coupled cluster calculations on a series
of NaxClx (x= 5 to 25) clusters to arrive at a reliable estimate of the
H2O adsorption energy on NaCl(001). This is then used to under-
stand the performance of a range of xc functionals in treating this and
related adsorption systems. Further, through symmetry-adapted per-
turbation theory the relative importance of electrostatics, covalency,
and van der Waals forces in water adsorption on ionic substrates in
unraveled.

[1] A. Verdaguer, G. M. Sacha, H. Bluhm, and M. Salmeron, Chem.
Rev. 106, 1478 (2006).

O 17.5 Tue 11:30 SCH A01
Theoretical evidence for mixed adsorption of water
on Fe3O4(001) — •Narasimham Mulakaluri1,2, Rossitza
Pentcheva1, Maria Wieland1, Wolfgang Moritz1, and Matthias
Scheffler2 — 1Section Crystallography, Dept. for Earth and Envi-
ronmental Sciences, University of Munich — 2Fritz-Haber-Institut der
MPG, Berlin

The interaction of water with a mineral surface is a fundamental pro-
cess towards understanding surface reactivity. Based on density func-
tional theory (DFT) calculations we investigate the adsorption of wa-

ter and its influence on the electronic properties and surface recon-
struction of Fe3O4(001). Starting from a single water molecule per
(
√

2 ×
√

2)R45◦ unit cell, we vary the concentration and configura-
tion of water and hydroxyl groups. The surface phase diagram com-
piled within the framework of ab-initio thermodynamics indicates that
a clean wave-like distorted bulk termination (modified B-layer) [1] is
favorable over a substantial range of O2 and H2O partial pressures,
but competes with a B-layer with oxygen vacancies in the oxygen
poor limit. Such vacancies can promote dissociation of isolated wa-
ter molecules. With increasing pressure in the gas phase there is a
crossover to a mixed molecular and dissociative adsorption mode. A
quantitative low energy electron diffraction (LEED) analysis confirms
two distinct Fe-O-distances. DFT and LEED results indicate a sup-
pression of the (

√
2×
√

2)R45◦-reconstruction.
[1] R. Pentcheva et al., Phys. Rev. Lett. 94,126101 (2005).

O 17.6 Tue 11:45 SCH A01
Tailoring the adsorption properties of SiO2 thin films — •Jan-
Frederik Jerratsch, Niklas Nilius, and Hans-Joachim Freund —
Fritz-Haber-Institut der MPG, D14195 Berlin, Germany

An ultra-thin silica film grown on Mo(112) can be chemically modified
by inserting Li atoms into the nano-pores of the oxide material. The Li
becomes cationic upon incorporation and considerably reduces the sil-
ica/Mo work function by creating a positive surface dipole. The smaller
work function facilitates charge transfer processes from the Mo sup-
port into adsorbates on the surface. The hence negatively charged ad-
species have a much larger binding energy due to Coulomb interactions
with the support. This principle is demonstrated for gold deposited
onto Li/silica/Mo(112) using a low temperature STM. Whereas single
Au atoms and small clusters are anchored on the Li-modified surface,
they are unable to bind to the pristine oxide film.

O 17.7 Tue 12:00 SCH A01
Structure of CO2 adsorbed on the KCl(100) single crystal
surface — •Jochen Vogt, Milica Hadnadiev, and Helmut Weiss
— Chemisches Institut der Otto-von-Guericke-Universität Magdeburg,
Universitätsplatz 2, 39106 Magdeburg, Germany

Self-organization phenomena in two dimensions are a hallmark of sys-
tems with weak molecule-surface interaction in gas adsorption. On
insulator single crystal surfaces, such systems can be ideally studied
experimentally, e. g. by means of polarization infrared spectroscopy
(PIRS) and low-energy electron diffraction (LEED). On the KCl(100)
surface at a temperature of 80 K, the first layer of carbon dioxide
grows in three different phases: firstly a lattice-gas, secondly a dis-
ordered phase at submonolayer coverage, which thirdly undergoes a
phase-transition to a highly ordered (6

√
2×
√

2)R45◦ structure, if the
CO2 partial pressure exceeds a critical temperature-dependent value.
So far, not much was known about the structure of the 237 Å2 unit cell
of the high-order phase which in absolute terms offers place for up to 14
inequivalent CO2 molecules. Total energy minimizations and Monte
Carlo Simulations based on pair-potentials favor a structure contain-
ing 12 inequivalent molecules. Using a vibrational exciton approach,
simulated infrared spectra based on this structure are in very satisfac-
tory agreement with experimental IR spectra. According to theory, 10
molecules are stabilized on the surface due to a predominant molecule-
molecule interaction, while only two molecules are ”pinned”onto the
surface at sites with favorable molecule-surface interaction. This might
explain the rapid aging of the structure observed in the experiments.

O 17.8 Tue 12:15 SCH A01
An Azobenzene Derivate on NaCl/Ag(111): Surface Struc-
ture, Molecule Adsorption, and Electron-Induced Switching
— •Ali Safiei, Jörg Henzl, and Karina Morgenstern — Leibniz
University of Hannover, Institute of Solid State Physics, Appelstraße
2, 30167 Hannover

Thin NaCl films on metallic substrates offer the possibility of inves-
tigating the conformational, mechanical and electronic structure and
thus functionalities of molecules with low coupling to the substrate.
We first studied the growth of NaCl islands by scanning tunnelling
microscopy and spectroscopy on the clean Ag(111) surface. On this
surface the islands grow epitaxially in double layers, are atomically flat
and nearly defect-free. Spectroscopic dI/dV measurements show that
the surface state of Ag on NaCl double layer is shifted to higher energies
than on the pure Ag(111) surface. Amino-nitro-azobenzene molecules
(ANA) are adsorbed on the NaCl islands at very low temperatures.
We found the trans-configuration of ANA on the ultra-thin insulting
layers and realized a reversible switching process by electron-induced
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manipulation. In contrast to the switching processes on Au(111) [1],
these conformational changes resemble the trans-cis isomerisation of
the ANA molecule in the gas phase. The reason is that the molecules
on NaCl islands are less coupled to the substrate. The shift of the sur-
face state of Ag on NaCl, the switching process and the energy barrier
of the reversible switching will be discussed in this talk.

[1] Jörg Henzl, Michael Mehlhorn, Heiko Gawronski, Karl-Heinz
Rieder, Karina Morgenstern, Angew. Chem. Int. 45 (2006) 603-606.

O 17.9 Tue 12:30 SCH A01
The resonant x-ray absorption coefficient by diffraction
peak widths — •Victor Soltwisch, Yevgen Goldshteyn, En-
rico Schierle, Detlef Schmitz, and Eugen Weschke — Helmholtz-
Zentrum Berlin für Materialien und Energie

The (010) structural reflection of multiferroic DyMnO3 was measured
for photon energies across the M5 absorption edge of Dysprosium by
resonant soft x-ray diffraction. It is found that the width of this diffrac-
tion peak exactly tracks the x-ray absorption spectrum obtained from
the same sample by measurement of the total electron yield (TEY).
While such a connection has been anticipated, we provide a direct
experimental proof. The method is more bulk sensitive than TEY
and avoids the problem of self absorption present in fluorescence-yield
data. Furthermore, it provides an excellent tool for measurements of

the absorption coefficient in insulators at low temperatures or in strong
magnetic fields.

O 17.10 Tue 12:45 SCH A01
Ferroelectric domain structures on BaTiO3(100) observed by
Laser-excited PEEM — •Anke Höfer, Klaus Duncker, Stefan
Förster, and Wolf Widdra — Martin-Luther-Universität Halle-
Wittenberg, Halle, Germany

The ferroelectric domain structure at a single crystal BaTiO3(100) sur-
face is imaged by photoelectron emission microscopy (PEEM) using a
fully tunable femtosecond laser source. For a BaTiO3(100) surface
which is prepared under UHV conditions by sputtering and annealing
in an oxygen atmosphere, at room temperature a stripe like domain
pattern is observed with high contrast aligned in the high symmetry
[100] direction of the substrate. The PEEM pattern is explained by
sequences of 90◦-a-c domains.

Wavelength-dependent images with UV excitation in the range of
290 - 330 nm show a varying domain contrast and allow the determi-
nation of the local photoemission threshold for one ferroelectric do-
main. For higher laser pulse energies and for wavelengths below the
onset of one-photon photoemission, two-photon PEEM images show
the ferroelectric domain structure as well.

O 18: Metal substrates: Adsorption of organic / bio molecules III

Time: Tuesday 10:30–12:45 Location: SCH A118

O 18.1 Tue 10:30 SCH A118
Probing Orientation and Conformation of α-Helix and β-
Sheet Model Peptides on Self-Assembled Monolayers with
SFG and NEXAFS Spectroscopy — •Tobias Weidner, Julia
Apte, Lara J. Gamble, and David G. Castner — National ESCA
and Surface Analysis Center for Biomedical Problems, University of
Washington, Seattle, USA

Understanding the interaction of proteins and peptides with engineered
surfaces from first principles is essential for the design of biomateri-
als applications. In this study we characterized amphiphilic α-helix
and β-strand model peptides on self-assembled monolayers (SAMs) on
Au in situ using sum frequency generation (SFG) spectroscopy and
ex situ using near edge X-ray absorption fine structure (NEXAFS)
spectroscopy. The α-helix peptide is a 14-mer and the β-strand is a
15-mer composed of hydrophilic lysine (K) and hydrophobic leucine
(L) residues. SAMs having either carboxylic acid or methyl terminal
groups were used as charged and hydrophobic model surfaces, respec-
tively. SFG peptide spectra on methyl SAMs exhibited peaks near
2965 cm−1 and 2875 cm−1 related to ordered leucine side chains. A
relative phase of 0 rad for both peptides showed, that the leucines
were oriented towards the interface. Features near 3200 cm−1 and
3400 cm−1 related to bound water were also observed. The spectra
on carboxylic acid SAMs were dominated by a peak near 3300 cm−1,
indicating substantial lysine-surface interactions. The linear dichroism
of the amide π* orbital near 400.1 eV observed in the NEXAFS spec-
tra proves the peptides are oriented parallel to the interface on both
SAMs.

O 18.2 Tue 10:45 SCH A118
Irradiation-promoted exchange reaction as a tool for Chem-
ical Lithography — Nirmalya Ballav1, Andreas Terfort2, and
•Michael Zharnikov1 — 1Angewandte Physikalische Chemie, Uni-
versität Heidelberg, D-69120 Heidelberg, Germany — 2Institut für
Anorganische und Analytische Chemie, Goethe-Universität Frankfurt,
60438 Frankfurt, Germany

The development of novel approaches for the fabrication of nanos-
tructures and, in particular, chemical and biological patterns is an
important technological and scientific challenge. One of the perspec-
tive methods applies a modification of chemisorbed monomolecular
films - self-assembled monolayers (SAMs), which are well-ordered 2D-
assembles of long-chain molecules attached to a suitable substrate. A
flexible molecular architecture of the SAM constituents allows one to
use a wide range of substrates, whereas the molecular size of these con-
stituents makes SAMs an ideal platform for the fabrication of micro-
and nanostructures. We present here a new approach for the fabri-
cation of chemical patterns with aliphatic SAMs as templates. The

approach relies upon electron beam or X-ray lithography, but requires
much lower patterning dose as compared to already available methods.
The technique is based on so-called irradiation-promoted exchange
reaction (IPER) between the primary SAM template and potential
molecular substituent and can utilize a broad variety of commercially
available molecules. The preparation of chemical patterns occurs simi-
lar to photography: in the first step the pattern is written by electrons,
and in the second step it is developed in the solution of the substituent.

O 18.3 Tue 11:00 SCH A118
Embedded dipoles in monomolecular films: physical and elec-
tronic structure effects — •Michael Zharnikov1, Orlando M.
Cabarcos2, Tobias Weidner1, Sundararajan Uppili2, Linda S.
Dake3, and David L. Allara2 — 1Angewandte Physikalische Chemie,
Universtät Heidelberg, Im Neuenheimer Feld 253, D-69120 Heidelberg,
Germany — 2Department of Chemistry and the Materials Research
Institute, Pennsylvania State University, University Park, PA 16802,
USA — 3Department of Physics, Utica College, Utica, NY 13502, USA

Ester moiety was imbedded into the molecular chain of alkanethiolate
self-assembled monolayers (SAMs) on Au(111), with the length of the
segments below and above the ester moiety being varied. The bottom
segments of the alkyl chain were found to be better ordered than the
upper ones. The presence of the ester moiety leads to the formation
of a strong electric dipole layer with a component of 1.05 Debye nor-
mal to the surface. This dipole layer exhibits a strong electrostatic
effect on the XPS spectra in which the C 1s photoelectron kinetic en-
ergies are consistently shifted by 0.85 eV between the top and bottom
alkyl chain segments, regardless of relative lengths. This shift corre-
lates, within error, with the value of 0.81 eV predicted via classical
electrostatics due to the presence of the ester dipole layer. Overall,
these data show that SAMs assembled from molecules with appropri-
ately selected internal groups can be used to prepare internally layered
structures with highly controlled electrical characteristics and further
demonstrate that simple XPS shifts in core level energies can be used
to derived accurate molecular dipole values in structured thin films.

O 18.4 Tue 11:15 SCH A118
Differences in Self Assembly of Linear Dicarboxylic Acids
— •Christoph Heininger1, Lorenz Kampschulte1,2, Markus
Lackinger1, and Wolfgang Heckl1,2 — 1Ludwig-Maximilians-
University and Center for NanoScience, Theresienstrasse 41, 80333
München — 2Deutsches Museum, Museumsinsel 1, 80538 München

Self-assembly at the liquid solid interface into two-dimensionally
ordered supramolecular structures of three aromatic dicar-
boxylic acids;2,6- naphthalenedicarboxylic acid (NDA), 4,4*-
biphenyldicarboxylic acid (BPDA), and 4,4*-stilbenedicarboxylic acid



Surface Science Division (O) Tuesday

(SDA)is studied by scanning tunneling microscopy. The structure of
the compunds is very similar and consists of two interconnected aro-
matic moieties and functionalization through two carboxylic groups
in linear configuration. For all molecules, ordered monolayers were
observed on a graphite substrate, and the resulting structures can be
described as a dense packing of one-dimensionally hydrogen-bonded
rows. Concerning the stability of the adsorbate layers, the average
domain size, and the degree of order, distinct differences were noticed.
Supported by density functional theory (DFT) calculations, these dif-
ferences are analyzed and explained as a consequence of molecular
structure, adsorption geometry, and adsorption energy.

O 18.5 Tue 11:30 SCH A118
N,N’-di(n-butyl)quinacridone monolayer on Ag(110): a DFT
study with semiempirical dispersion corrections — •Jörn-
Holger Franke1, Vasile Caciuc2, Lifeng Chi1, and Harald
Fuchs1 — 1Physikalisches Institut, WWU Münster, Germany —
2Forschungszentrum Jülich, Germany

We studied the adsorption of N,N’-di(n-butyl)quinacridone (DBQA)
on Ag(110) by DFT including semiempirical dispersion corrections. 4
different adsorption geometries are studied, the most stable one show-
ing a binding of molecular oxygen to first layer Ag atoms and butyl
chains folded away from the substrate. The charge redistribution upon
adsorption is governed by charge donation to the molecular LUMO and
the push-back effect, yielding a lowering of calculated work functions
by up to 0.85 eV. The semi-empirical dispersion corrections introduce
a large non-site specific binding energy gain for all configurations and
induce an approach of the molecule to the substrate for weakly bound
ones.

[1] J.-H. Franke, V. Caciuc, L.F. Chi, and H. Fuchs, PRB, 78, 165432

O 18.6 Tue 11:45 SCH A118
Chemical versus van der Waals Interaction: The Role of the
Heteroatom — •Nicolae Atodiresei, Vasile Caciuc, Predrag
Lazić, and Stefan Blügel — Institut für Festkörperforschung (IFF),
Forschungszentrum Jülich, 52425 Jülich, Germany

We performed first-principles calculations aimed to investigate the role
of an heteroatom like N in the chemical and the long-range van der
Waals (vdW) interactions for a flat adsorption of several π−conjugated
molecules on the Cu(110) surface. To evaluate the dispersion effects we
used an ab initio as well as a semiempirical method. A key result of our
study is that a state of the art investigation of the bonding mechanism
leading to a flat molecule−substrate adsorption geometry requires the
use of both methods to correctly describe the geometry, the electronic
structure and the correlation effects of the molecule−surface interface.
Our study reveals that the molecule-surface vdW interactions involve
not only π-like orbitals which are perpendicular to the molecular plane
but also σ-like orbitals delocalized in the molecular plane.

Ref.
1. N. Atodiresei, V. Caciuc, H.-J. Franke and S. Blügel,

Phys. Rev. B 78, 045411 (2008).
2. N. Atodiresei, V. Caciuc, P. Laźic, and S. Blügel,

arXiv:0811.3082.

O 18.7 Tue 12:00 SCH A118
Theoretical Investigation of Bis(terpyridine)-based Surface
Structures — •Daniela Künzel and Axel Groß — Institute for
Theoretical Chemistry, Ulm University, D-89069 Ulm, Germany

Ordered organic layers of bis(terpyridine)-derived molecules (BTPs)
adsorbed on graphite show a number of interesting properties that can
easily be varied by slight modifications of the system such as the cover-
age [1]. In order to understand this dependence, structures of 3,3’-BTP
and 2,4’-BTP on graphite were investigated using density functional
theory (DFT) and several force field methods such as COMPASS, UFF,
CVFF and Dreiding.

These calculations confirm that the formation of weak C-H· · ·N hy-

drogen bonds controls the self-assembled adsorption of BTP molecules
into ordered surface structures. Modifications with different surface
coverages and surface structures can be obtained, depending on BTP
isomer and adsorption conditions. In addition, chemical modifications
of the adsorbate molecules and their consequences on structure forma-
tion have been addressed.

Due to its large cavities, the hexagonal structure of 3,3’-BTP is of
special interest. These cavities can be used as a template for the ad-
sorption of guest molecules such as phthalocyanine derivatives. At
room temperature, the guest molecules can rotate within the cavities,
as both STM experiments and force field calculations of the rotational
barriers demonstrate [1]. Furthermore, the dependence of the rota-
tional barriers on the size of the guest molecules will be discussed.

[1] C. Meier et al., Angew. Chem. Int. Ed. 47, 3821 (2008).

O 18.8 Tue 12:15 SCH A118
First-principles and semi-empirical van der Waals stud-
ies of pyridine and thymine on the Cu(110) surface —
•V. Caciuc1, N. Atodiresei1, P. Lazić1, J.-H. Franke2, Y.
Morikawa3, and S. Blügel1 — 1Institut für Festkörperforschung,
Theorie I, Forschungszentrum Jülich, D-52425 Jülich, Germany —
2Physikalisches Institut, Westfälische Wilhelms Universität Münster,
Wilhelm-Klemm-Str. 10, D-48149 Münster, Germany — 3The Insti-
tute of Scientific and Industrial Research, Osaka University, 8-1 Mi-
hogaoka, Ibaraki Osaka, 567-0047 Japan

We performed density functional calculations aimed to investigate
the adsorption geometry and bonding mechanism of a single pyridine
(C5H5N) and thymine (C5H6N2O2) molecule on the Cu(110) surface.
In the ground state, the pyridine molecule adsorbs with its molec-
ular plane perpendicular to the substrate and is oriented along the
[001]-direction while the thymine is aligned along the [11̄0]-direction.
For this adsorption configuration, the bonding mechanism of these
molecules involves a strong hybridization between the highest occupied
molecular orbitals (HOMOs) and the d-states of the substrate. How-
ever, when the molecular plane is parallel to surface, the long-range van
der Waals interactions play an important role on both the molecule-
surface geometry and the adsorption energy. Their specific role was
analyzed by means of a semi-empirical and the seamless methods. In
particular, for a planar configuration, the inclusion of the dispersion
effects can dramatically change the character of the adsorption process
from physisorption to chemisorption.

O 18.9 Tue 12:30 SCH A118
Molecular Switches at Surfaces: The Role of Van Der Waals
Interactions — •Erik McNellis, Joerg Meyer, and Karsten
Reuter — Fritz-Haber-Institut, Faradayweg 4-6, 14195 Berlin

Molecules that by external stimuli may be reversibly switched between
different defined states are envisioned as a key component of a fu-
ture molecular nanotechnology. For the latter, it is particularly the
molecular function when the switch is stabilized at a solid surface
that is of key interest. Using density-functional theory (DFT) with
a gradient-corrected (GGA) functional we carry out a detailed char-
acterization of the metastable structures of the prototypical molecular
switch azobenzene at close-packed coinage metal surfaces. We obtain a
range of switch-surface interactions that goes from weak physisorption
at Au(111) to a reversal in the stability of the gas-phase cis and trans
molecular conformations at Cu(111). In view of the known inadequa-
cies of present-day GGA functionals in the description of long-range
van der Waals interactions, we check on these findings considering cor-
rections from semi-empirical pair potential schemes. While corrections
to the gradient are small enough to leave adsorbate geometries essen-
tially unchanged, the obtained adsorption energy corrections are sub-
stantial, in certain cases significantly altering the pure DFT picture.
We discuss this, and the discomforting differences obtained between
the employed semi-empirical schemes in the greater context of molec-
ular adsorption at metal surfaces.
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O 19: Nanostructures at surfaces: Arrays

Time: Tuesday 10:30–12:45 Location: SCH A215

O 19.1 Tue 10:30 SCH A215
Fabrication of periodic templates on Si: from nanometer
to micrometer scale — •Christian Pfahler1, Fabian Enderle1,
Achim Manzke1, Stefan Wiedemann1, Alfred Plettl1, Paul
Ziemann1, Eyk Schreiber2, Ulrich Ziener2, and Katharina
Landfester2 — 1Institut für Festkörperphysik, Universität Ulm, D-
89069 Ulm — 2Institut für Organische Chemie III, Universität Ulm,
D-89069 Ulm

Colloidal polystyrene (PS) particles either pure or loaded with a metal
precursor are used to generate nanomasks on Si and SiO2. The latter
ones where prepared by emulsion techniques [1,2]. Dip-coating a pre-
treated substrate permits the deposition of monolayers over areas up
to ten square millimeters.
Isotropic etching in oxygen plasmas reduces the diameter of the pure
particles continuously down to 50 nm and the emulsion colloids to
hybrid particles with 20-50 nm, respectively. Typical starting values
in both cases are 300 nm. Additional annealing further reduces the Pt
particles to diameters between 6-14 nm.
Using this set of particles as a mask for anisotropic reactive ion etching
(RIE), arrays of pillars and pores can be fabricated with variable dis-
tance and size from 10 nm up to the classical colloidal lithography scale.

[1] A. Manzke et al., Adv. Mater. 19, 1337 (2007).
[2] E. Schreiber et al., Chem. Mater. submitted (2008).

O 19.2 Tue 10:45 SCH A215
UTAM-synthesized large-scale regular arrays of surface pat-
terns of 0-d and 1-d nanostructures — •yong lei, stefan osten-
dorp, and gerhard wilde — Institut für Materialphysik, Westfälis-
che Wilhelms-Universität Münster, Wilhelm-Klemm-Str. 10, 48149
Münster, Germany

Here we report an UTAM surface nano-patterning fabrication system
in synthesizing large-scale regular arrays of 0-D (dots) and 1-D (wires
and tubes) surface nanostructures. Different metallic and semiconduc-
tor nanodots were fabricated on silicon and sapphire substrates using
an ultra-thin alumina membrane (UTAM) as the evaporation mask.
The diameter, spacing, shape, and even the crystalline structures of
the synthesized surface nano-patterns are adjustable and hence result-
ing in tunable physical properties of these nano-patterns. A nano-
porous silicon oxide surface structure with embedded metallic oxide
nano-dots can be realized by oxidizing the metallic nanodots. Us-
ing the UTAM-prepared Au nanodots as the catalysts, regular ZnO
nanowire arrays were prepared using the CVD process. A unique type
of rectangular cross-section ZnO nanowires with a layered structure
was also obtained. These layered ZnO nanowires exhibit strong yellow
photoluminescence, which is unusual compared to the green photolu-
minescence of the conventional CVD-prepared ZnO nanowires. The
mechanism of this yellow photoluminescence is closely related to the
layered structures of the nanowires. These yellow luminescent ZnO
nanowires could be used as an excellent component of some optical
devices such as flat displays.

O 19.3 Tue 11:00 SCH A215
Ion beam pattern formation on Si(001) with and with-
out codeposition — •Sven Macko and Thomas Michely —
II. Physikalisches Institut, Universität zu Köln, Germany

Si(001) is sputtered with ion fluences > 1022 ions/m2 and at angles
ϑ = 0◦ − 83◦ with respect to the surface normal. Sputtering was per-
formed under UHV conditions with a differentially pumped and scan-
ning fine focus ion source. The chamber pressure rose to ≈ 9 × 10−8

mbar during erosion and great care was exercised to sputter the Si sam-
ple only. At room temperature for ϑ = 0◦ − 45◦ no pattern formation
was observed. To the contrary, rough starting surfaces smoothened.
For flat starting surfaces the roughness remained below 3 Å. The ob-
served absence of roughness partly agrees and partly disagrees with
observations in the literature. We tested the effect of codeposition,
either through physical vapor phase depsoition or sputter deposition.
At room temperature, with ion fluences > 5×1021 ions/m2, Mo sput-
ter codeposition leads to regular, concentration dependend patterns
of dots and ripples. At elevated temperatures also other codeposited
materials give rise to large surface roughness.

O 19.4 Tue 11:15 SCH A215
Substrate effect on supramolecular self-assembly: from
semiconductors to metals — •Takayuki Suzuki1, Theresa
Lutz1, Dietmar Payer1, Nian Lin1,2, Steven Tait1,3, Giovanni
Costantini1,4, and Klaus Lern1,5 — 1MPI for Solid State Res.,
Heisenbergstr. 1, 70569 Stutgart — 2Dept. of Phys., The Hong Kong
Univ. of Sci. Technol., Clear Water Bay, Kowloon, HK — 3Dept. of
Chem., Indiana Univ., Bloomington, 47405 IN — 4Dept. of Chem.,
Univ. of warwick, Coventry, CV4 7AL — 5IPN, EPFL, 1015 Lausanne

Terephthalic acid (TPA) deposited on Si(111)-7×7, Si(111)-
p

3 ×
p

3-
Ag and Ag(111) has been studied as a model system to understand
how much passivated semiconductor surfaces differ from semiconduc-
tor and metal surfaces in respect to supramolecular self-assembly. By
scanning tunneling microscopy it is found that TPA molecules do not
form any ordered supramolecular structure on the pristine semicon-
ductor surface, due to a strong molecule-substrate interaction. On
the contrary, TPA has a weaker interaction with Si(111)-

p
3×

p
3-Ag,

leading to the formation of an ordered supramolecular layer stabilized
by carboxyl hydrogen bonds. These structures are very similar to
the supramolecular layer of TPA formed on Ag(111), indicating that
the two substrates behave similarly in respect to the adsorption of
functional organic molecules. However, the deposition of Fe on the
TPA layers on Si(111)-

p
3 ×

p
3-Ag does not induce the formation of

metal-organic frameworks which, on the contrary, readily develop on
Ag(111). The origins of this difference are probably the particular
electronic properties and reactivity of the two substrates.

O 19.5 Tue 11:30 SCH A215
Sub-wavelength patterning of organic monolayers via non-
linear processing with single femtosecond laser pulses —
•Nils Hartmann1, Steffen Franzka1, Jürgen Koch2, Andreas
Ostendorf2, and Boris N. Chichkov2 — 1Fachbereich Chemie and
Center for Nanointegration Duisburg-Essen (CeNIDE), Universität
Duisburg-Essen (UDE), Universitätsstraße 5, 45117 Essen — 2Laser
Zentrum Hannover e. V., Hollerithallee 8, 30419 Hannover

Femtosecond laser patterning of octadecylsiloxane monolayers on
quartz glass at a wavelength of 800 nm, pulse lengths < 30 fs and
ambient conditions has been investigated. Due to its optical band gap
of 8.5 eV, quartz glass represents an ideal platform for femtosecond
laser processing of silane-based monolayers via nonlinear absorption
processes. Selective decomposition of the coating with single laser
pulses at sub-wavelength resolution can be achieved over a wide range
of fluences from 4.2 down to 3.1 J/cm2. In particular, at a 1/e laser
spot diameter of 1.8 microns, structures with a width of 250 nm and
below were fabricated. This opens up a facile route towards laser fab-
rication of transparent templates with chemical structures down into
the sub-100 nm regime [1]. Such templates represent promising plat-
forms for biotechnological applications, e. g. biosensor arrays and
microfluidic chips.

1. N. Hartmann, S. Franzka, J. Koch, B. N. Chichkov, A. Ostendorf,
Appl. Phys. Lett. 92 (2008) 223111.

O 19.6 Tue 11:45 SCH A215
Electrocatalysis on Nanostructured Surfaces: Electrochemi-
cal Behviour of Ir(210) — •Khaled Soliman, Felice Simeone,
Ludwig Kibler, and Timo Jacob — Institut für Elektrochemie, Uni-
versität Ulm, 89069 Ulm

Recently it was found that Ir(210) transforms to a nanostructured
surface morphology with three-sided nanopyramids after oxygen ad-
sorption and annealing in ultra high vacuum (UHV) [1]. Motivated
by this work we envisaged to prepare such nanofaceted surfaces out-
side a UHV system. We could show that faceted Ir(210) can indeed
be prepared by inductive heating in presence of an inert atmosphere,
which contains traces of oxygen [2]. Such surfaces are of interest for
electrocatalysis. In order to characterize Ir(210) cyclic voltammetry
(CV) and STM measurements were carried out. In our CV-curves of
faceted Ir(210) in sulfuric acid a characteristic needle-like peak ap-
peared, which serves as indicator for the presence and quality of the
nanofacets. The STM images showed a typical structure of faceted
Ir(210) surface, which could be explained by theoretical calculations
employing density functional theory and thermodynamic considera-
tions [3]. Finally, we performed first studies on the electrocatalytic
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behaviour of planar and nanofaceted Ir(210).
[1] I. Ermanoski, C. Kim, S. P. Kelty, T. E. Madey, Surf. Sci., 596,

89 (2005). [2] K. A. Soliman, F. C. Simeone and L. A. Kibler, Elec-
trochem. Comm., 11, 31 (2008). [3] P. Kaghazchi, F. C. Simeone, K.
A. Soliman, L. A. Kibler, T. Jacob, Faraday Discuss., 140, 69 (2008).

O 19.7 Tue 12:00 SCH A215
Photoluminescence quenching of PS and its use as template
to confine R6G — •Pushpendra Kumar1, Manash Ghosh1, Peter
Lemmens1, Frank Ludwig2, and Meinhard Schilling2 — 1IPKM,
TU Braunschweig, Germany — 2EMG, TU Braunschweig, Germany

The different chemical treatment including Ag nanoparticle deposition
was carried out on the electrochemically formed mesoporous silicon
(PS) to investigate the PL quenching of PS and its further use as a
porous template to confine the rhodamine 6G (R6G). For all states of
preparation of PS sample, PL and UV/VIS transmission spectroscopy
was measured. In the final state the complete quenching of PL was
observed. From our transmission measurements we concluded that
the quenching of PL is attributed to a fundamental disruption of the
luminescence mechanism. R6G is then confined to PL quenched PS
sample. The blue shift in the R6G PL peak is observed compare to
bulk R6G. The shift in R6G peak is attributed to a confining effect.

O 19.8 Tue 12:15 SCH A215
Towards covalently bonded supramolecular networks - sub-
strate induced polymerisation in 2D — •Hermann Walch,
Rico Gutzler, Georg Eder, Wolfgang M. Heckl, and Markus
Lackinger — Center for NanoScience (CeNS) und Sekt. Kristallo-
graphie, LMU München, Theresienstr. 41, 80333 München

Hydrogen-bonds as stabilizing intermolecular links for supramolecu-
lar self-assembly and the influence of the substrate have extensively
been investigated. Compared to hydrogen bonded structures, metal-
coordination networks were found to be more stable due to increased
interaction strength. However, in terms of network stability it is de-
sired to introduce covalent intermolecular bonds. The main challenge is
to still maintain ordered growth despite the irreversibility of the bonds.
While 3D covalent organic frameworks (COFs) are widely investigated,
little is known about surface supported 2D COFs. So far, the prepara-

tion of covalently bonded molecular aggregates on surfaces is limited
to a few molecules and close-packed structures. Here, we report on the
formation of 2D COFs from a halogen substituted polyaromatic com-
pound on Ag(110) and Cu(111) surfaces. Interestingly, on HOPG(001)
the same compound forms non-covalently bonded networks which are
stabilized by halogen-hydrogen bonds, whereas on metal surfaces the
formation of covalent networks is observed. This illustrates that for
this compound the substrate is not only an epitaxial template but can
also act as a catalyst for the formation of covalent bonds. Experi-
ments were carried out with a Scanning Tunnelling Microscope (STM)
at room temperature under ultrahigh vacuum conditions.

O 19.9 Tue 12:30 SCH A215
Temperature-induced phase transition in self-assembled
supramolecular monolayers — •Rico Gutzler1, Thomas Sirtl1,
Michael Schmittel2, Wolfgang M. Heckl1,3, and Markus
Lackinger1 — 1Center for NanoScience (CeNS) and Ludwig-
Maximilians-University — 2University Siegen — 3Deutsches Museum

We present self-assembled molecular monolayers at the liquid-solid in-
terface, whose morphology can be switched reversibly between two
crystallographically different structures by heating above a temper-
ature threshold. At room temperature, STM experiments reveal a
non-densely packed six-fold honeycomb pattern at the interface be-
tween solution and graphite. The solute molecule with C3 symmetry
and carboxyl-terminated lobes adsorbs in a planar manner when dis-
solved in nonanoic acid. In this adsorption geometry, all of the three
carboxylic groups are involved in two-fold intermolecular hydrogen
bonds. Raising the temperature of the sample induces a phase tran-
sition which is accompanied by a substantial change in the monolayer
morphology. The rearrangement results in a row structure comprised
of densely packed, nearly upright standing molecules. The reversibil-
ity is demonstrated by subsequent cooling to room temperature which
yields the original hexagonal monolayer. This unambiguously proves
that the room temperature structure is not only a kinetically trapped
metastable state which is just converted to the thermodynamically
equilibrium structure by supplying thermal energy. Since in the row
structure one carboxylic group per molecule points off the surface, the
phase transition is accompanied by a change in surface affinity.

O 20: Nano-optics of metallic and semiconducting nanostructures (time resolved)

Time: Tuesday 10:30–13:00 Location: SCH A216

O 20.1 Tue 10:30 SCH A216
Analytic solution to optimal control of plasmon propaga-
tion in nanostructures — •Philip Tuchscherer1, Christian
Rewitz1, Dmitri V. Voronine1, F. Javier Garćıa de Abajo2, Wal-
ter Pfeiffer3, and Tobias Brixner1 — 1Institut für Physikalische
Chemie, Universität Würzburg, Am Hubland, 97074 Würzburg, Ger-
many — 2Instituto de Optica, CSIC, Serrano 121, 28006 Madrid, Spain
— 3Fakultät für Physik, Universität Bielefeld, Universitätsstr. 25,
33516 Bielefeld, Germany

Localization and adaptive control of optical near-fields using
polarization-shaped laser pulses have previously been demonstrated
theoretically and experimentally. Spatial localization and ultrafast
switching of near-fields has a wide range of potential applications such
as space-time resolved ’nano-femto’ spectroscopy, quantum informa-
tion processing, and nanoplasmonic devices.

We have now found an analytic solution to the problem of optimal
control of plasmon propagation direction. The contrast between energy
deposition at two particular locations within a nanostructure array can
be manipulated with amplitude and polarization-shaped laser pulses.

Optimal fields from this deterministic approach are found to agree
well with those from evolutionary optimization. Apart from the con-
trast of local energy deposition, nonlinear signals are also controlled
by compressing the near fields at the desired site.

The analytic approach gives insight into the mechanisms involved
and presents a way to simplify and improve experiments.

O 20.2 Tue 10:45 SCH A216
Dephasing of Optical Magnetism in Magnetic Photonic
Crystals — •Michael Geiselmann1,2, Tobias Utikal1,2, Markus
Lippitz1,2, and Harald Giessen1 — 14. Physikalisches Institut, Uni-
versität Stuttgart, Germany — 2Max Planck Institut für Festkörper-

forschung, Stuttgart, Germany

We investigate the time dynamics of optical magnetism in a magnetic
photonic crystal. The structure consists of gold cut-wire pairs with a
magnesium fluoride spacer on top of a HfO2 slab waveguide. In the
cut-wire pair structure, a symmetric and an antisymmetric plasmonic
mode can be optically excited. The antisymmetric mode is regarded as
a magnetic resonance. With the correct grating period the magnetic
resonance in the wires can be coupled to the photonic mode, which is
excited in the slab waveguide. In the strong coupling regime, a polari-
tonic system is formed, termed a magnetic plasmon polariton. In the
experiment we study its femtosecond time dynamics using a nonlin-
ear third-harmonic autocorrelation technique. We find that due to the
coupling to the waveguide mode the dephasing of the system can be
drastically prolonged up to 60 fs. To the best of our knowledge, this is
the first experimental demonstration of temporally resolved magnetism
in a magnetic photonic crystal.

O 20.3 Tue 11:00 SCH A216
Ultrafast dephasing of the surface plasmon polaritons in
metallic nanoparticles: Influence of the chemical environ-
ment — •Martin Wortmann, Nils Borg, Frank Hubenthal, and
Frank Träger — Institut für Physik and Center for Interdisciplinary
Nanostructure Science and Technology – CINSaT, Universität Kassel,
Heinrich-Plett-Straße 40, D-34132 Kassel

It is well known that intrinsic size effects for metal nanoparticles have
a significant influence on the electron dynamics and lead to a reduction
of the dephasing time of the surface plasmon resonance. To take this
effect into account, the parameter A has been introduced, which quan-
tifies the influence of all independent damping contributions Ai, with
A =

P
Ai (Matthiessen law). Although theoretically well understood,

an exact knowledge of A as well as a microscopic understanding of the



Surface Science Division (O) Tuesday

involved processes, in particular of the chemical surrounding, are still
lacking.

In this contribution we present first results on the influence of an
inhomogeneous chemical environment on the A-parameter. We have
investigated silver nanoparticles supported on sapphire and quartz sub-
strates. The obtained A-parameters amount to Asap = 0, 20 nm/fs and
to Aqua = 0, 54 nm/fs, respectively. The latter value is higher, because
quartz induces chemical damping. A subsequent coverage of the sam-
ples with SO2 opens a second damping channel and the A-parameters
increase. Interestingly, for both SO2 covered samples the A-parameter
is the same and amounts to A = 1, 76 nm/fs. This leads to the con-
clusion, that the two different damping channels are not independent.

O 20.4 Tue 11:15 SCH A216
Enhancing optical near-fields in nanoantennas via shaped
ultrashort laser pulses — •Christian Rewitz1, Philip
Tuchscherer1, Dmitri V. Voronine1, Andreas Reiserer1, Jer-
Shing Huang2, Bert Hecht2, and Tobias Brixner1 — 1Institut
für Physikalische Chemie, Universität Würzburg, Am Hubland, 97074
Würzburg, Germany — 2Nano-Optics and Biophotonics Group, De-
partment of Experimental Physics 5, University of Würzburg, Am
Hubland, 97074 Würzburg, Germany

Femtosecond laser pulse shaping has been developed into an efficient
tool for the manipulation of interference phenomena on the nanoscale.
We show that this technique can be applied to tailor the ultrafast tem-
poral response of the strongly confined and enhanced optical near-fields
in the feed gap of resonant optical antennas.

Using finite-difference time-domain (FDTD) simulations followed by
Fourier transformation, we obtain the impulse response of a nanos-
tructure in the frequency domain, which allows obtaining its temporal
response to any arbitrary pulse shape.

Additionally to this deterministic approach, an adaptive scheme in-
volving an evolutionary algorithm can be used to obtain the optimal
spectral phase that pre-compensates for the dispersion induced by the
antennas. Comparing deterministic and adaptive results allows for a
better understanding of plasmonic resonances in nanostructures. The
presented control mechanisms will be of importance for experiments
involving light-induced processes in nanometer-scale volumes.

O 20.5 Tue 11:30 SCH A216
Ultrafast Coherent Control of Third-Harmonic Generation
in Plasmonic Nanostructures — •Tobias Utikal1,3, Mark I.
Stockman1,2, Albert P. Heberle1, Markus Lippitz3, and Har-
ald Giessen1 — 14. Physikalisches Institut, Universität Stuttgart
— 2Department of Physics and Astronomy, Georgia State University,
USA — 3MPI für Festkörperforschung, Stuttgart

We present a new technique to coherently control ultrafast nonlin-
ear plasmonic effects on a nanometer scale. By using a nonlinear
four-photon process (third-harmonic generation) our detection is not
limited to the local optical intensity in the system, but additionally
supports phase information. The nanostructure under investigation
consists of a 1-D gold wire grating on top of a dielectric slab waveg-
uide. The coupling of particle plasmons, optically excited in the wires,
to photonic waveguide modes leads to plasmon-polaritonic eigenstates,
characterized by long dephasing times, whose dynamics can be coher-
ently controlled on a femtosecond timescale. In the experiment one
polaritonic eigenstate is excited by a first sub-8 fs laser pulse (start
pulse). A subsequent second pulse (control pulse) follows the start
pulse after a few tens of femtoseconds. Dependent on the exact phase
delay, the control pulse either stops the polariton oscillation or re-
excites it again. A third pulse (probe pulse), which is aligned at a
small angle to the start and control pulse, is continuously shifted in
time. Photons of the probe pulse together with photons of the start
and control pulse create a nonlinear third-harmonic signal depending
on the coherently controlled polarization of the polariton.

O 20.6 Tue 11:45 SCH A216
Subwavelength spatio-temporal control of the local ex-
citation of metal nanostructures — Martin Aeschlimann1,
Michael Bauer5, •Daniela Bayer1, Tobias Brixner3, Stefan
Cunovic2, Frank Dimler3, Alexander Fischer1, Javier Garćıa
de Abajo4, Viktor Myroshnychenko4, Walter Pfeiffer2, Mar-
tin Rohmer1, Christian Schneider1, Felix Steeb1, Christian
Strüber2, and Dmitri V. Voronine3 — 1University of Kaiser-
slautern, Germany — 2University of Bielefeld, Germany — 3Ludwigs-
Maximilian-Universität, Würzburg, Germany — 4CSIC, Madrid,
Spain — 5University of Kiel, Germany

Using time-resolved two-photon photoemission electron microscopy we
demonstrate simultaneous spatial and temporal control of nanooptical
fields. Based on the recent demonstration of ultrafast adaptive near
field optics, we now investigate directly the temporal evolution of the
local excitation by spatially resolved cross correlation measurements.
Planar silver nanostructures manufactured by e-beam lithography are
excited by polarization shaped pump pulses and the corresponding lo-
cal excitation is probed by a time-correlated probe excitation using
circularly polarized laser pulses. The time-resolved cross correlation
traces for different regions of the nanostructure show a clear variation
of their relative intensities. This confirms that the polarization-shaped
incident laser pulse does indeed switch between two different excitation
patterns within a time scale that can be controlled almost freely and
is limited only by the spectral bandwidth of the used coherent light
source. First spatio-temporal control experiments will be shown.

O 20.7 Tue 12:00 SCH A216
Femtosecond Surface Plasmon Characterisation on Nano-
structured Surfaces — •Jose Francisco Lopez-Barbera, Brian
Ashall, Fergal O’Reilly, and Dominic Zerulla — University Col-
lege Dublin, School of Physics, Dublin 4, Ireland.

Latest developments in ultrafast pulses have presented new opportu-
nities for the investigation of surface plasmon polaritons (SPPs) on
the sub 20 fs time scale. We have extended the characterization of the
resonant photon-SPP coupling processes on smooth surfaces as pre-
sented in [1], emphasising the excitation, propagation, and temporal
and spectral responses of the SPPs.
Broadening these studies, we have characterized the same processes
using SPP excitation on metallically coated nanostructures of specific
surface symmetry and tuneability. As expected, the nanostructured
samples show different temporal characteristics which are attributed
to their more complex propagation mechanisms. Furthermore, using
our tuneable plasmonic structures [2] we present the influences of the
tuneability of such systems on the temporal characteristics of the SPPs.

[1] S. E. Yalcin et al., Appl. Phys. Lett. 93, 101103 (2008).
[2] Stephanie Rehwald, Michael Berndt, Frank Katzenberg, Stephan
Schwieger, Erich Runge, Klaus Schierbaum, and Dominic Zerulla,
Phys. Rev. B 76, 085420 (2007).

O 20.8 Tue 12:15 SCH A216
Surface plasmon polariton - exciton interaction in
semiconductor-metal hybrids and dye-metal systems —
•Stephan Schwieger1, Parinda Vasa2, Christoph Lienau2, and
Erich Runge1 — 1Technische Universität Ilmenau, 98693 Ilmenau,
Germany — 2Carl von Ossietzky Universität Oldenburg, 26129 Old-
enburg, Germany

Surface plasmons polaritons (SPPs) are optical excitations that are
confined to a metal surface and coupled to far-field radiation, e.g.,
by a periodic nanowire array. The interaction of SPPs and excitons
in semiconductor quantum wells (QW) [P. Vasa et. al., PRL, 101,
116801 (2008)] or in a dye layer is investigated. The coupling strength
is estimated for different systems and band structures of the coupled
modes are calculated. A band gap at the exciton resonance energy is
found for the dye system, which indicates strong coupling energies. In
the semiconductor system, we predict an efficient energy transfer from
excitons to SPPs and a clear enhancement of the SPP life time and
propagation length for optimized parameters.

O 20.9 Tue 12:30 SCH A216
Ultrafast optical nonlinearities in hybrid metal-J-aggregate
nanostructures — •Parinda Vasa1, Robert Pomraenke1,
Stephan Schwieger2, Erich Runge2, and Christoph Lienau1 —
1Carl von Ossietzky Universitaet, Institut fuer Physik, 26111 Old-
enburg, Germany — 2Technische Universitaet Ilmenau, Institut fuer
Physik, 98684 Ilmenau, Germany.

We report the first measurement of an ultrafast optical nonlinearity
resulting from the strong interaction between Surface Plasmon Polari-
tons (SPPs) excited on a gold grating and excitons in a J-aggregated
cyanine dye. The hybrid metal-J-aggregate nanostructure is fabricated
by spin coating the dye solution on a gold grating fabricated using a fo-
cused ion beam. The hybrid structures are characterized using far-field
linear reflectivity as well as photoluminescence measurements and ex-
hibit enhanced SPP-exciton coupling in the linear optical regime. The
nonlinearity is investigated by low-temperature, angle-resolved, ultra-
fast pump-probe spectroscopy with 20-fs-time resolution. The strong
coupling results in a significant shift in the response wavelength and
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changes in the response time of the third order nonlinearity of the dye
exciton are observed. Specifically, we observe, under certain resonance
conditions, extremely strong, more than tenfold changes of the radia-
tive lifetime of the dye exciton due to its coupling to SPP. Such a strong
ultrafast nonlinear interaction between metal and excitons will be of
key importance to amplify SPP excitations in such hybrid structures.

O 20.10 Tue 12:45 SCH A216
Coherent exciton-surface plasmon polariton coupling in hy-
brid metal-J-aggregate — •Robert Pomraenke1, Parinda Vasa1,
Stephan Schwieger2, Erich Runge2, and Christoph Lienau1 —
1Carl von Ossietzky Universitaet, Institut fuer Physik, 26111 Old-
enburg, Germany — 2Technische Universitaet Ilmenau, Institut fuer
Physik, 98684 Ilmenau, Germany.

Understanding and manipulating the interactions between quantum
emitters and Surface Plasmon Polaritons (SPPs) is the key to design-

ing and implementing novel nano-optical devices such as nano-lasers
or ultrafast optical switches. Here, we report the observation of a
greatly enhanced coherent coupling between Surface Plasmon Polari-
tons (SPPs) excited on a metal grating and excitons in a J-aggregated
cyanine dye. The hybrid metal-semiconductor nanostructure is fab-
ricated by spin coating the dye solution on a gold grating fabricated
using a focused ion beam. The structure is designed to maximize the
radiative interaction between the two excitations which is probed by
low-temperature, angle-resolved, far-field reflectivity and photolumi-
nescence measurements. As a result of the strong interaction between
the two resonances, coupled SPP-exciton polariton modes following
hybrid dispersion relations are formed. The experimental results are
explained within a phenomenological, coupled oscillator model. Such a
strong interaction can be used to significantly alter the optical response
of an organic semiconductor or to design novel hybrid devices.

O 21: Methods: Electronic structure theory I

Time: Tuesday 10:30–12:00 Location: SCH A316

O 21.1 Tue 10:30 SCH A316
Embedding based order-N implementation of the FLAPW
method — •Frank Freimuth1,2, Daniel Wortmann1,2, and Ste-
fan Blügel1,2 — 1Institut für Festkörperforschung, Forschungszen-
trum Jülich, 52425 Jülich, Germany — 2Institute for Advanced Simu-
lation, Forschungszentrum Jülich, 52425 Jülich, Germany

The Full-potential Linearized Augmented Plane Wave (FLAPW)
method is known to set the standard for precision among the ab initio
density functional theory codes. On the other hand, the computa-
tional effort of the FLAPW method is high and increases cubically
with system size, making the applicability to large systems difficult.

In this talk we will discuss a Green-function (GF) based implementa-
tion of the FLAPW method suitable for the calculation of thick layered
systems. Using the embedding method the layers may be calculated
individually and joined together subsequently. The overall computa-
tional cost increases linearly with the number of layers. Our order-N
GF implementation of the FLAPW method is able to fully replace
the standard Bloch-function based implementation of the FLAPW
method. Furthermore, the embedding concept allows to extend the
applicability of the FLAPW framework to non-periodic infinite sys-
tems, e.g. surfaces and interfaces. Due to the high flexibility of the
GF method general boundary conditions are easily imposed, e.g. the
non-equilibrium situation arising in tunnel junctions under finite bias.

Besides the theoretical description of the method we give prove of
evidence by presenting a set of applications for film, surface and trans-
port calculations.

O 21.2 Tue 10:45 SCH A316
Scalar relativistic schemes for all-electron DFT with atom-
centered basis functions — Paula Havu, •Volker Blum,
and Matthias Scheffler — Fritz-Haber-Institut der Max-Planck-
Gesellschaft, D-14195 Berlin, Germany

Numeric atom-centered orbitals are an efficient, accurate basis choice
for all-electron electronic structure theory [1]. For seamless effi-
ciency and accuracy, a one-component (two with spin) Schrödinger-like
equation is computationally most convenient, but for most elements
(Z &30), relativistic effects arising near the nucleus cannot be ignored.
Dirac’s equation can simply be rewritten in a “scalar-relativistic” (one-
component) form, but with a separate Hamiltonian for each eigen-
state. For some paradigm test systems [e.g., the Au dimer; CO ad-
sorption on Pt(111)], we here benchmark the accuracy of a hierarchy
of scalar-relativistic schemes that circumvent the state dependence: (i)
the unsatisfactory “zero-order regular approximation” (ZORA), which
simply neglects the state dependence; (ii) a restriction of ZORA to
only the atomic center of each basis function (“atomic ZORA”) and
(iii) a perturbative rescaling of all ZORA eigenvalues (“scaled ZORA”
[2]), which both recover geometries and binding energies within a few
10 meV of benchmark full-potential linearized augmented plane wave
[FP-(L)APW] calculations; and (iv) a separate, exact treatment of all
non-overlapping core states, which then necessitates only small fur-
ther (scaled) ZORA-like approximations to the extended semicore and
valence states. [1] V. Blum et al., Comp. Phys. Comm., accepted
(2008). [2] E. van Lenthe et al., J. Chem. Phys. 101, 9783 (1994).

O 21.3 Tue 11:00 SCH A316
RPA atomization energies of extended systems — •Judith
Harl and Georg Kresse — Universiät Wien, Austria

Density functional theory (DFT) applying the local density or general-
ized gradient approximation (LDA, GGA) leads to bond length errors
of the order of 1 % and atomization energies are not reproduced with
chemical accuracy. Furthermore, the (semi-)local LDA and GGA do
not properly account for long-range van der Waals interactions.

Therefore, the adiabatic connection fluctuation dissipation theorem
(ACFDT), which provides in principle an exact expression for the cor-
relation energy, has received increased interest in the recent years (e.g.,
[1]-[3]). In the present work, we evaluate lattice constants and atom-
ization energies of molecules and extended systems within the ACFDT
framework applying the random phase approximation (RPA).

The RPA energy includes the exact exchange energy and a compati-
ble correlation energy that also accounts for long-range van der Waals
interactions. We found that the rare-gas solids Ne, Ar, and Kr are well
described within the RPA and the correct long-range 1/V2 volume de-
pendence is reproduced. For insulators and metals, covalent and ionic
bonded systems, RPA lattice constants are found to deviate on average
by only 0.25 % from experiment. Atomization energies, however, are
throughout too small (≈ 0.2 eV/atom) and the mean error remains
close to the results obtained with DFT-PBE.

[1] F. Furche, Phys. Rev. B 64, 195120 (2001). [2] A. Marini, P.
Garćıa-González, A. Rubio, Phys. Rev. Lett. 96, 136404 (2006) [3] J.
Harl, G. Kresse, Phys. Rev. B 77, 045136 (2008)

O 21.4 Tue 11:15 SCH A316
Real-Space DFT for Molecules on Surfaces — •Paul
Baumeister1, Tomoya Ono2, Daniel Wortmann1, and Stefan
Blügel1 — 1Institut für Festkörperforschung, Forschungszentrum
Jülich, 52425 Jülich, Germany — 2Department of Precision Science
and Technology, Osaka University, Suita, Osaka 565-0871, Japan

We present a real-space code for density functional calculations that
has been newly developed in Osaka and Jülich. Exploiting that most
operations needed for electronic structure calculation are intrinsically
local, the tasks on a real-space grid can be very efficiently parallelized
by a domain decomposition scheme. In combination with iterative
solvers, this enfavours the performance and scaling behaviour for large
system sizes on massively parallel maschines. So far our calculations
have been based on the pseudopotential approach. Recently, the norm-
conserving pseudopotentials have been replaced by the projector aug-
mented wave (PAW) method proposed by Blöchl[1]. In order to save
computational costs and to increase the accuracy, the double grid tech-
nique[2] is implemented to enable reasonably coarse grids.

The grid-based method is unrestricted with respect to boundary
conditions, i.e. any combination of periodic and isolated boundary
conditions can be selected which is well suited for calculating single
molecules, wire structures and surface (film) setups without the usage
of a super cell. We present the equilibrium structure of therephtalic
acid adsorbed to a Cu(111) surface.
[1] P. E. Blöchl, PRB 50, 17953 (1994)
[2] T. Ono, and K. Hirose, PRL 82, 5016 (1999)
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O 21.5 Tue 11:30 SCH A316
Adsorption of Super-heavy Elements on a Au(111) — •Josef
Anton and Timo Jacob — Institut für Elektrochemie, Uni Ulm, 89081
Ulm

Understanding the physical properties and the catalytic behavior of
super-heavy elements is certainly an interesting but also challenging
topic [1]. The major problems are connected with the rather short life
time of these elements (≤ 1 s), resulting in very limited experiment
times (before the nucleus decays) on only one atom at a time. While
most standard techniques of ’traditional’ chemistry are not applicable,
gas-phase thermo-chromatography is one of the few remaining [1]. In
this method the adsorption site of the super-heavy element is mea-
sured on a gold-covered detector whose endings are kept at different
temperatures.

In order to achieve an accurate theoretical description of the super-
heavy elements and their adsorption on the detector surface, the elec-
trons of the systems have to be treated fully-relativistically. We used
our four-component DFT code [2,3] to determine the adsorption ener-
gies of the elements 112 and 114 and their homologues, mercury and
lead respectively, on Au(111) at various surface sites. Besides dis-
cussing these results, more general trends as well as a comparison to
available experimental data will be given.

[1] The Chemistry of Superheavy Elements, Ed. M. Schädel, Kluwer
Academic Publishers, Dordrech (2003).

[2] J. Anton, B. Fricke, E. Engel, Phys. Rev. A, 69, 012505 (2004).
[3] V. Pershina, J. Anton, T. Jacob, Phys. Rev. A, 78, 032518

(2008).

O 21.6 Tue 11:45 SCH A316
Massive parallelization of the KKR Green-function method
for large scale ab-initio calculations — •Alexander Thiess,
Rudolf Zeller, and Stefan Blügel — Institut für Festkörper-
forschung and Institute for Advanced Simulation, Forschungszentrum
Jülich, 52545 Jülich, Germany

Recent experimental progress in the analysis of oxide interfaces reveals
the importance of complex defects arising from local disorder or oxy-
gen vacancies on transport and magnetic properties of the system [1].
For a theoretical treatment by density-functional calculations large
unit cells containing thousands of atoms are unavoidable. As existing
density-functional methods are usually restricted to a few hundreds of
atoms in the unit cell, we have developed an algorithm based on the
KKR Green-function method capable of treating geometries consisting
of several thousands of inequivalent atoms. We combine the advan-
tages of the screened KKR formalism and an iterative solution of the
Dyson equation [2] with the new generation of massively parallelized
computers to obtain a parallelization over the number of atoms in
the unit cell. Calculations of test systems with up to 4096 atoms in
the unit cell show that our algorithm scales efficiently on the Jülich
BlueGene computer JUGENE [3] for several thousands of processores.

[1] A. Ohtomo, H. Y. Hwang, Nature 427, 423 (2004)
[2] R. Zeller, J. Phys.: Condens. Matter 20, 294215 (2008)
[3] http://www.fz-juelich.de/jsc/jugene

O 22: Focused Session: Epitaxial Graphene III

Time: Tuesday 10:30–13:00 Location: SCH 251

Topical Talk O 22.1 Tue 10:30 SCH 251
Structural and electronic properties of graphene on
Ru(0001) — •Sebastian Günther — Department Chemie, Ludwig-
Maximilians-Universität München, Butenandtstr. 11, 81377 München,
Germany

STM on clean and Au covered graphene on Ru(0001) revealed a sur-
prisingly large apparent height corrugation of 0.8-1.2 Å within the unit
cell of the imaged moiré structure with a size of ˜ (11x11) Ru lattice
spacings. Up to then graphene was thought to be a rather flat 2-dim
network, weakly interacting with metal substrates. In order to un-
derstand whether graphene can form a strongly corrugated layer on a
transition metal substrate and what type of interaction between car-
bon and substrate is formed, we performed ARPES measurements,
SXRD and a LEED I(V) analysis. In ARPES strong electronic inter-
action between C and Ru could be evidenced by the observation of
a large gap of the graphene pi-band at the K-point of the brillouin
zone. Further details of the electronic structure were found and will
be discussed. The geometric configuration of the g-Ru(0001) was ad-
dressed by SXRD and LEED I(V) measurements. SXRD proved that
in fact the periodic moiré consists of a much larger unit cell of (25x25)
g on (23x23) Ru size with a superimposed (2x2) symmetry. Crystal
truncation rod data indicated pronounced buckling of the underlying
Ru atoms evidencing strong interaction of C and Ru atoms. Finally,
a LEED I(V) analysis proved both the large height modulation of the
graphene layer of ˜ 1.5 Å as well as strong vertical and lateral atom
displacements in the underlying Ru layers.

Topical Talk O 22.2 Tue 11:00 SCH 251
Unraveling the strong interaction between graphene mono-
layer and Ru(0001) : a DFT-based STM and STS study —
•Marie-Laure Bocquet and Bin Wang — Laboratoire de Chimie,
Ecole Normale Supérieure de Lyon, Lyon, France

In this talk, I will refer to recently published experimental Scanning
Tunneling Microscopy experiments resolving the (12x12)C / (11x11)
Ru Moiré superstructure and will propose a detailed comparison with
large-scale ab initio periodic calculations.

I will show that, in contrast to expectations, the measured electronic
corrugation of the Moiré pattern mainly originates from a geometric
buckling of the graphene sheet of 1.5 Å, induced by alternating weak
and strong chemical interactions with Ru. This finding holds when
considering smaller ((10x10) Ru) and larger ((12x12) Ru) coincidence
structures in the calculations. The chemical bonding in the strong

contact regions, leads to three recently measured properties nicely re-
produced by the calculations :

- the STM transparence of carbon atoms directly above surface Ru
atoms;

- the asymmetry between low- and high- lying carbon electronic
states probed by STS spectroscopy ;

- the considerable band gap opening in the graphene states.
Finally I will review similar studies of graphene monolayer on vari-

ous metal surfaces which allow us to classify the metals in two separate
classes, one in which graphene is chemisorbed and one in which it is
physisorbed.

O 22.3 Tue 11:30 SCH 251
Adsorption of organic molecules on C/Ru(0001) - a combined
STM and TPD study — •Michael Roos, Harry E. Hoster, and
R. Jürgen Behm — Institute of Surface Chemistry and Catalysis, Ulm
University, D-89069 Ulm, Germany

Bis(terpyridine)derivatives (BTP) form highly ordered hydrogen
bonded 2D networks on graphite (HOPG) at both the solid/liquid
[1,2] and the solid/gas [3,4] interface. These structures depend on the
positions of the N-Atoms, which can be varied in the synthesis [1,2].
As recently found by temperature programmed desorption (TPD), the
high translational and rotational mobility of BTP molecules on HOPG
gives rise to a distinct entropic stabilization of the first monolayer. In
this talk, we will show that this mobility is reduced when the HOPG
substrate is replaced by a graphene monolayer on Ru(0001) with its
Moiré-like corrugation [5]. As will be shown for two different BTP iso-
mers, this lower mobility becomes apparent both in the 2D structures
and in the desorption rates of the resulting adlayers.
[1] C. Meier et al., J. Phys. Chem. B 109, 21015 (2005).
[2] C. Meier et al., Angew. Chem. Int. Ed. 47, 3821 (2008).
[3] H. E. Hoster et al., Langmuir 23, 11570 (2007).
[4] A. Breitruck et al., Surf. Sci. 601, 4200 (2007).
[5] S. Marchini et al., Phys. Rev. B 76, 075429 (2007).

O 22.4 Tue 11:45 SCH 251
Novel 1 nm thin carbon nanosheets — •Andrey Turchanin1,
Andre Beyer1, Christoph T. Nottbohm1, Xianghui Zhang1,
Rainer Stosch2, Alla Soligubenko3, Joachim Mayer3, Pe-
ter Hinze2, Thomas Weimann2, and Armin Gölzhäuser1 —
1Fakultät für Physik, Universität Bielefeld, 33615 Bielefeld —
2Physikalisch-Technische Bundesanstalt, 38116 Braunschweig —
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3Gemeinschaftslabor für Elektronenmikroskopie, RWTH Aachen,
52074 Aachen

We present a route for the fabrication of novel ultrathin (∼1 nm)
carbon films and membranes, whose electrical behavior can be tuned
from insulating to conducting. Self-assembled monolayers of biphenyls
are cross-linked by electrons, detached from the surfaces and subse-
quently pyrolized. This transformation was characterized by a variety
of complementary spectroscopic and microscopic techniques. Above
1000K, the cross-linked aromatic monolayer forms a mechanically sta-
ble graphitic phase consisting of nanosize patches of graphene. The
transition is accompanied by a drop of the sheet resistivity from ∼108

to 102 kΩ/sq and a mechanical stiffening of the nanomembranes from
∼10 to 50 GPa. The technical applicability of the nanosheets is dis-
cussed.

[1] W. Geyer et al, Appl. Phys. Lett. 75, 2401 (1999)
[2] W. Eck et al, Adv. Mater., 17, 2583 (2005)
[3] A. Turchanin et al, Appl. Phys. Lett., 90, 053102 (2007)
[4] C. T. Nottbohm et al, Ultramicroscopy, 108, 88 (2008)

O 22.5 Tue 12:00 SCH 251
In-situ Raman spectroscopy and In-situ optical microscopy of
graphene growth on polycrystalline nickel — •Stefan Thiele1,
Mario Hofmann1, Kyeong-Jae Lee1, Hootan Fahrhat1, Alfonso
Reina1, Juergen A. Schaefer2, and Jing Kong1 — 1Department
of Materials Science and Engineering, Department of Electrical Engi-
neering and Computer Sciences, Massachusetts Institute of Technol-
ogy, Cambridge, Massachusetts 02139, USA — 2Institut für Physik
and Institut für Mikro- und Nanotechnologien, Technische Universität
Ilmenau, P. O. Box 100565, 98684 Ilmenau, Germany

Due to our experience in nanotube growth, two modes of graphene
growth on polycr. Ni should be possible [1]. It is possible that graphene
growth is starting immediately after hydrocarbon gas injection [2] sim-
ilar to the carbon nanotube growth or carbon atoms could dissolve into
nickel and graphene is only growing when the carbon is precipitating
out of the nickel during the cool down [3].We used In-situ Raman spec-
troscopy and In-situ optical microscopy to investigate the large area
graphene growth on polycrystalline nickel substrates [1] to proof one of
the above theories. For the period of our growth process at high tem-
peratures no Raman signal of graphene was detected. During the cool
down process we observed an increasing film growth in the temperature
range of 800- 900◦C and subsequently a rising Raman signal, which is
not changed significantly at lower temperatures. Further details will
be discussed at the conference. [1] A. Reina et al., Nanoletters, in
press,[2] Qingkai Yu et al., APL 93, 113103 (2008), [3] S. Moshkalyov
et al., Mat. Sci. Eng. B 112, 147 (2004)

O 22.6 Tue 12:15 SCH 251
Ambient pressure CVD grown and transferred graphene:
STM and UPS study — •Roland J. Koch1,2, Alfonso Reina1,
Juergen A. Schaefer2, and Jing Kong1 — 1Department of Mate-
rials Science and Engineering, Department of Electrical Engineering
and Computer Sciences, Massachusetts Institute of Technology, Cam-
bridge, Massachusetts 02139, USA — 2Institut für Physik and Institut
für Mikro- und Nanotechnologien, Technische Universität Ilmenau, P.
O. Box 100565, 98684 Ilmenau, Germany

We used polycrystalline nickel as a substrate to synthesize few layer
graphene(FLG) via Chemical Vapor Deposition (CVD). These sam-

ples have been analyzed using scanning tunneling microscopy(STM)
and ultra violet photoelectron spectroscopy(UPS). In addition, the
FLG transferred to other Ni and Si/SiO2 samples were characterized.
Large Moiré patterns have been observed by STM on both, the trans-
ferred and the not transferred samples, indicating a stacking disorder
between first and second graphene layer. This is in line with results
of FLG grown on SiC by Si sublimation[Varchon et al., Phys. Rev. B
77, 165415 2008]. The UPS measurements show a strong correlation of
the quality and structure of the graphene films and a final state effect
above vacuum level.

O 22.7 Tue 12:30 SCH 251
Synthesis and characterization of graphite monolayers on Ni
(111)- and polycrystalline Ni-surfaces — Katharina Kloeck-
ner, Roland J. Koch, Syed-Imad U. Ahmed, and •Juergen A.
Schaefer — Institut für Physik and Institut für Mikro- und Nanotech-
nologien, Technische Universität Ilmenau, P. O. Box 100565, 98684
Ilmenau, Germany

To understand the fundamental surface science related properties of
two different substrate surfaces, Ni (111) and polycrystalline Ni, ad-
sorption experiments of CO and propene (C3H6) are investigated.
Since the adsorption of CO on metal surfaces has been studied very
intensively in the past, a very thorough characterization of the differ-
ent surfaces studied in this contribution is possible. Simultaneously,
CO adsorption is a good reference for residual gas adsorption, which is
dominated by CO. Propene has been chosen to study the catalytic de-
hydrogenation on nickel as well as graphene formation. Different stages
of interaction were controlled via High Resolution Electron Energy
Loss Spectroscopy (HREELS) and X-ray Photoelectron Spectroscopy
(XPS).

O 22.8 Tue 12:45 SCH 251
Electronic structure of the graphene twist bilayer — •Sam
Shallcross1, Sangeeta Sharma2, and Oleg Pankratov1 —
1Lehrstuhl für Theoretische Festkörperphysik, Staudtstr. 7-B2, 91058
Erlangen — 2Institut für Theoretische Physik, Freie Universität Berlin,
Arnimallee 14, D-14195 Berlin, Germany

While the Bernal stacked AB graphene bilayer has recieved great at-
tention, this represents only one degree of freedom between graphene
layers, i.e., the translational degree of freedom. It has recently been
realised that the rotational degree of freedom between such layers is in
many instances of great importance, e.g. in explaining the single layer
graphene type behaviour for graphene layers grown on the C-face of
SiC [1,2]. We shall explore this degree of freedom between graphene
layers via the simple prototype of the ”graphene twist bilayer”. This
analysis, based on a simple application of Diophantine algebra, leads
to the conclusion that such systems may either (i) become completely
electronically decoupled for some θ < θ0, or, (ii) decouple only in
specific regions of the Brillouin zone. Using a standard tight-binding
technique, we thoroughly explore the graphene twist bilayer, and es-
tablish that this system belongs to class (ii), and decouples only in the
vicinity of the Dirac point, but that this decoupling occurs for all ro-
tation angles. We consider the small angle limit and show that in this
limit the Dirac spectrum has a considerably damped Fermi velocity,
and exists only in a much reduced energy window.

[1] J. Hass et al., Phys. Rev. Lett., 100:125504, 2008. [2] S. Shall-
cross, S. Sharma, and O. A. Pankratov, Phys. Rev. Lett., 101:056803,
2008.

O 23: Invited Talk (Jörg Schäfer)

Time: Tuesday 14:00–14:45 Location: HSZ 02

Invited Talk O 23.1 Tue 14:00 HSZ 02
Surfaces and Atomic Nanostructures - Model Systems for
Spectroscopy of Confined Interacting Electrons — •Jörg
Schäfer — Physikal. Institut, Universität Würzburg, Germany

Low-dimensional systems defined on surfaces and by self-organized
nanostructures provide a new gateway to study electronic interactions.
This intimately pertains to quasiparticles intertwined with elemen-
tary excitations, the role of confined electron systems and touches the
regime of non-Fermi liquid physics. Quasiparticle dynamics can be de-
tected directly in photoemission spectra. In the last years, this method
has been extended beyond phonons to include coupling to spin exci-

tations. Regarding dimensional confinement, one-dimensional (1D)
systems may be susceptible to charge density waves with energy gaps.
Yet less known effects such as fluctuations and unusual many-body
states can also be unveiled.

Very recently, self-organized atomic nanowires have been identified
where the 1D confinement reaches its ultimate limit [1, 2]. We will
review the unique properties of such chains grown on semiconductor
templates. In novel Au-induced chains, tunneling data reveal that
metallic charge is delocalized in 1D direction. Yet laterally it is con-
fined to atomic dimensions, thereby establishing a 1D electron liq-
uid as not reported before [2]. The talk presents an overview of the
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state-of-the-art of spectroscopy on surface electron systems, including
a perspective for exotic physics.

[1] A. A. Stekolnikov et al., PRL 100, 196101 (2008).
[2] J. Schäfer et al., PRL 101, in press (2008), Editors’ Suggestion.

O 24: Methods: Molecular simulations and statistical mechanics

Time: Tuesday 15:00–16:15 Location: SCH A01

O 24.1 Tue 15:00 SCH A01
Optimal Control of Dissipative Wave Packet Dynamics —
•Erik Asplund and Thorsten Klüner — Institut für Reine und
Angewandte Chemie, Carl von Ossietzky Universität Oldenburg, Ger-
many

Light interacting with atoms and molecules is not only a source of
information about the atoms and molecules studied, it can also initi-
ate charge and energy transfer processes, i.e. chemical reactions. If
excitation, excited state dynamics and relaxation all happen on the
same time scale, a theoretical approach is required, which allows for a
faithful description not relying on a separation of time scales. This can
be done within the framework of the Surrogate Hamiltonian approach
[1]. In this approach, a quantum system is separated into a primary
system and a bath. The primary system is then explicitly immersed in
the bath which acts as a dissipative environment. A theoretical tool
for the design of laser pulses to transfer an initial state to a final state
is optimal control theory (OCT) [2]. Besides the traditional final-time
control algorithms, there exist methods to also handle time-dependent
control targets [3,4]. To gain control of a dissipative system, time-
dependent OCT is combined with the Surrogate Hamiltonian method.
It is shown that an effective control of a dissipative system is possible.

References: [1] Roi Baer, and Ronnie Kosloff, J. Chem. Phys. 106,
8862 (1997). [2] Wusheng Zhu, Jair Botina, and Herschel Rabitz,
J. Chem. Phys. 108, 1953 (1997). [3] Yukiyoshi Ohtsuki, Gabriel
Turinici, and Herschel Rabitz, J. Chem. Phys. 120, 5509 (2004). [4] I.
Serban, J. Werschnik, and E. K. U. Gross, Phys. Rev. A 71, 053810
(2005).

O 24.2 Tue 15:15 SCH A01
First-principles study of the vibrational relaxation of the H
stretching on Ge(100): Isotope effects — •Sung Sakong and
Peter Kratzer — Fachbereich Physik, Universität Duisburg-Essen,
Duisburg, Germany

The vibrational energy of covalently bonded adsorbates is dissipated
to several smaller energy quanta (adsorbate vibrations and phonons)
on semiconductor surfaces, when the vibrational energy is smaller than
the gap. Then, electronic dissipation is precluded and the relaxation
proceeds through slower channels of the coupling between vibrations
and vibration-phonon interaction. Within the weak vibration-phonon
coupling regime, this slow relaxation process can be described by the
first-order perturbation theory using a potential energy surface ob-
tained from first-principles calculations (J. Chem. Phys. 129, 174702
(2008)). Using this framework, we analyze the vibrational relaxation
of the H-Ge stretching on Ge(100) surface. Because of the small en-
ergy of Ge phonons, the downward transitions from the H stretch mode
require at least two phonons to satisfy energy conservation. Most in-
terestingly, the relaxation of the H stretching becomes up to five times
faster at a heterogeneously saturated dimer using H and D, as observed
in SFG experiments. The weak interaction between H and D within
a dimer opens relaxation channels that require only one phonon for
the transition instead of two phonons. Transitions mediated by fewer
phonons corresponds to lower order expansion terms of the vibrational
potential, thus these channels systematically make a larger contribu-
tions to the relaxation process and lead to a faster vibrational lifetime.

O 24.3 Tue 15:30 SCH A01
Correlation energy of two-dimensional systems: toward
non-empirical and universal modeling — •S. Pittalis1,3, E.
Rasanen2,3, C. Proetto1,3, and E.K.U. Gross1,3 — 1Institut fuer
Theoretische Physik, Freie Universitaet Berlin, Arnimallee 14, D-14195
Berlin, Germany — 2Nanoscience Center, Department of Physics, Uni-

versity of Jyvaskyla, FIN-40014 Jyvaskyla, Finland — 3European The-
oretical Spectroscopy Facility (ETSF)

The capability of density-functional theory to deal with the ground-
state of correlated systems depends on the accuracy of functionals
developed for the exchange and correlation energies. Most of the ap-
proximations developed so far have focused on three-dimensional sys-
tems. Such efforts for two-dimensional (2D) systems have been rela-
tively scarce despite the rapidly increasing experimental and theoret-
ical interest in 2D structures such as semiconductor heterostructures,
quantum-Hall systems, graphene, and various types of quantum dots.
Here we derive a correlation-energy functional for 2D systems by mod-
eling the correlation-hole functions in such a way that they satisfy a set
of exact properties. We find very encouraging results for a wide range
of correlation energies covering several few-electron quantum dots with
and without external magnetic field, having different spin-polarizations
and current densities.

O 24.4 Tue 15:45 SCH A01
Cluster expansion formalism for adsorbate-induced surface
segregation — •Tobias Kerscher and Stefan Müller — Univer-
sität Erlangen-Nürnberg, Lehrstuhl für Theoretische Physik 2, Staudt-
str. 7, D-91058 Erlangen

The segregation profile of alloy surfaces can strongly depend on the
presence of adsorbates. We present the development of a model clus-
ter expansion in the framework of the computer code UNCLE [1] to
address adsorption on binary alloy surfaces. In principle, we realize
this by the combination of two binary cluster expansions: both occu-
pied and unoccupied adsorbate sites as well as the individual chemical
species of the alloy are considered. Density functional calculations
provide the energetics for the construction of the position-dependent
interactions. Supported by Deutsche Forschungsgemeinschaft
[1] D. Lerch et al, to be submitted to Mod. Simul. Mater. Sci. Eng.
[2] S. Müller et al, Appl. Phys. A. 82, 415 (2006).

O 24.5 Tue 16:00 SCH A01
Liquid drop plus shell corrections model for deformed atomic
cluster on the surface — •Veronika Dick1, Dorin Poenaru1,2,
Radu Gherghescu1,2, Ileana Plonski1,2, Andrey Lyalin1, Andrey
Solov’yov1, and Walter Greiner1 — 1Frankfurt Institute for Ad-
vanced Studies (FIAS), J.W. Goethe Universit*at, Ruth-Moufang-Str.
1, 60438 Frankfurt am Main, Germany — 2Horia Hulubei National In-
stitute of Physics and Nuclear Engineering (IFIN-HH), PO Box MG-6,
077125 Bucharest-Magurele, Romania

In the present work we adapt a simple liquid drop model (LDM) for
description of stability and shape deformation of atomic clusters de-
posited on a surface. We investigate the role of cluster-surface inter-
action in the plastic deformation of the clusters deposited on a sur-
face. We present the atomic cluster on the substrate like an oblate
spheroidal cap. Analytical relationships for the deformation-dependent
liquid drop model energies of oblate, prolate semi-spheroidal atomic
clusters and oblate spheroidal cap have been obtained.

A superdeformed prolate hemispheroid is the most stable hemi-
spheroidal shape within LDM. It is also the shape with maximum
degeneracy of quantum states of the hemispheroidal harmonic oscilla-
tor used to compute the shell and pairing corrections. The microscopic
corrections as well as total deformation energy show parabolic valley
and ridges of the potential energy surfaces in the plane (deformation,
number of atoms). The ground state and isomeric state deformation of
clusters of various sizes depends on the interplay between the minima
of LDM and shell correction energies.
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O 25: Surfaces and films: forces, structure and manipulation

Time: Tuesday 15:00–16:15 Location: SCH A118

O 25.1 Tue 15:00 SCH A118
Understanding surface energies of transition metals with
density-functional theory — •Aloysius Soon, Martin Fuchs, and
Matthias Scheffler — Fritz-Haber-Institut der MPG, Berlin, Ger-
many

Determining index-specific surface energies of metals is, to date, still
a non-trivial task, both experimentally and theoretically. Density-
functional theory (DFT) calculations within the local-density approx-
imation (LDA) for exchange-correlation (XC) have provided under-
standing of qualitative trends. Yet, absolute surface energies, in par-
ticular of d-metals still exhibit significant uncertainties related to the
description of XC: gradient corrected functionals (GGA) which im-
prove over the LDA for other properties often predict less accurate
surface energies. This calls for a careful (re-)analysis of XC effects on
surface energies, including non-local exchange and/or correlation.

Here we analyze the surface energies of 4d-metals with modern GGA
functionals (PBEsol, AM05, developed to better describe bulk solids
and (jellium) surfaces than the LDA and previous GGAs), using the all-
electron FHI-aims code.1 Relating the bulk cohesive energy and surface
energy via a bond-cutting model we find that the modern GGAs can
indeed correct the poorer results of the usual PBE-GGA but worsen
the bulk cohesive energies of 4d-metals. In addition, we consider hybrid
XC functionals (B3LYP, PBE0, and HSE03), using a cluster correc-
tion scheme,2 and discuss the effects of including exact exchange on the
calculated surface energies. 1. http://www.fhi-berlin.mpg.de/aims/ ; 2.
Q.-M. Hu et al., Phys. Rev. Lett. 98, 176103 (2007); 99, 169903(E).

O 25.2 Tue 15:15 SCH A118
Energetics, electronic structure, and packing density of the
Ir, Pt, and Au(100) surface reconstructions by all-electron
DFT — •Paula Havu1, Ville Havu1, Patrick Rinke1,2, Volker
Blum1, and Matthias Scheffler1,2 — 1Fritz-Haber-Institut der
Max-Planck-Gesellschaft, D-14195 Berlin, Germany — 2University of
California at Santa Barbara, CA 93106, USA

Among fcc metals, only the late-5d transition metals Ir, Pt, and Au re-
arrange by quasihexagonal reconstructions on the nominally quadratic
(100) surface structure. However, Ir reconstructs in one direction only
[(5×1)], while Au(100) and Pt(100) rearrange in both lateral direc-
tions with large unit cells, often characterized as (5×N) (N ≥20 in
the experimental literature). Elucidating the exact packing density
and energetics have been the focus of many experiments, but theory
has so far been relegated to either (5×1) approximants, or simplified
empirical potentials. Using N = 1, 10, 15, 20, 25, 30 supercell mod-
els (up to 786 atoms/cell) and the FHI-aims code [1], we here show
how all-electron density-functional theory (DFT) captures the ener-
getics, electronic structure, and lateral packing densities of all three
surfaces for different local-density and generalized gradient approxima-
tions. Remarkably, the effect of the 2D reconstruction [(5×N) instead
of (5×1)] on the surface energy is nearly an order of magnitude big-
ger for Au than for Pt. DFT captures quantitatively the energetically
rather subtle difference in packing densities, which is slightly higher
for Au than Pt, consistent with experiment [2]. [1] V. Blum et al.,
Comp. Phys. Comm., accepted (2008). [2] V. Jahns et al, Surf. Sci.
430, 55 (1999).

O 25.3 Tue 15:30 SCH A118
Melting of two-dimensional adatom superlattices stabilized
by long-range electronic interactions — •N. N. Negulyaev1,
V. S. Stepanyuk2, L. Niebergall2, P. Bruno2,3, M. Pivetta4, M.
Ternes4,5, F. Patthey4, and W.-D. Schneider4 — 1Fachbereich
Physik, Martin-Luther-Universität, D06099 Halle, Germany — 2Max-
Planck-Institut für Mikrostrukturphysik, D06120 Halle, Germany —
3European Synchrotron Radiation Facility, F38043 Grenoble, France
— 4Ecole Polytechnique Federale de Lausanne, CH1015 Lausanne,
Switzerland — 5IBM Research Division, Almaden Research Center,
San Jose, CA 95120, USA

According to the KTHNY theory [1], a true 2D solid melts to liquid

via intermediate phase, named hexatic.
Here we report on a combined experimental and theoretical study

of the solid to liquid phase transition of 2D Ce adatom superlattices
on Cu(111) and Ag(111) noble metal surfaces. Variable temperature
STM measurements and DFT calculations elucidate the formation of
the Ce superlattice, while kinetic Monte Carlo simulations describe
the temperature dependent Ce adatom coordination within this 2D
system [2]. Although the Ce superlattice is stabilized by long-range
interactions mediated by surface-state electrons, the substrate atomic
potential hinders the existence of the hexatic phase [2]. These results
are in agreement with the melting behavior of a 2D lattice in the pres-
ence of a ’fine mesh’ substrate potential [1].

[1] D.R. Nelson and B.I. Halperin, Phys. Rev. B 19, 2457 (1979).
[2] N.N. Negulyaev et al., Phys. Rev. Lett., submitted.

O 25.4 Tue 15:45 SCH A118
Second order phase transition and critical fluctuations in
a quasi-1D system: Br/Pt(110) — •Michael Cordin1, Bar-
bara Lechner1, Alexander Menzel1, Erminald Bertel1, Cesare
Franchini2, Rainaldo Zucca2, and Joseph Redinger2 — 1Institute
for Physical Chemistry, University of Innsbruck, Austria — 2Center
for Computational Materials Science, Vienna University of Technology,
Austria

Deposition of 0.5 monolayers (ML) of Bromine on Pt(110) results in
a c(2x2)-Br/Pt(110) structure with almost perfect long-range order
at 300 K. Upon cooling this structure to 50 K a reversible, apparent
”inverse” order-disorder transition is observed. On a nearly defect-
free surface the c(2x2) structure decays into striped c(2x2) and (2x1)
domains. The resulting stripe pattern exhibits typical hallmarks of
critical behaviour, i.e. a scale-free domains-in-domains structure. We
therefore conclude that there is a continuous phase transition between
the (2x1) and the c(2x2) structure and the disorder at 50 K is due to
the proximity of the critical temperature. The conclusion is supported
by DFT calculations, which place the (2x1) as the stable groundstate
17 meV below the c(2x2) structure (at 0 K). Even very small defect
concentrations lead to the appearance of a third structural element
at 50 K, namely a local (3x2) unit mesh[1]. Possible origins of the
continuous phase transition will be discussed.

[1] E. Dona et al., Phys. Rev. Lett. 98, 186101 (2007).

O 25.5 Tue 16:00 SCH A118
Surface reconstruction of clean bcc-Fe{110}: a quasi-
hexagonal top-layer with periodic height modulation —
•Toyo Kazu Yamada1,2, Hidetoshi Tamura2, Motoyuki Shishido2,
Toshikazu Irisawa2, Lukas Gerhard1, Wulf Wulfhekel1, and
Tadashi Mizoguchi2 — 1Physikalisches Institut, Universität Karl-
sruhe, Wolfgang-Gaede-Straße 1, 76131 Karlsruhe, Germany —
2Faculty of Science, Gakushuin University, 1-5-1 Mejiro, Toshima 171-
8588, Tokyo, Japan

In general every surface has stress due to a symmetry break. When the
stress overcomes the elastic limit, the surface reconstructs. There have
been found surface reconstructions on only several metal surfaces. So
far, no surface reconstruction was reported on the Fe surface. Iron is
an important popular ferromagnetic metal which has been widely used
since the ancient age in practical applications owing to its strength and
abundance. We use Fe single crystals made by a chemical vapor de-
position technique, which include no impurities in bulk and give us an
extremely clean surface.

We found a new surface reconstruction on the {110} plane of bcc
Fe-whisker single crystals. Atomically-resolved STM images showed
a quasi-hexagonal atomic array with mesoscopic-range periodic height
modulation of about 1/3 of an atomic step. This height modulation
was found to be a result of an interference between the quasi-hexagonal
top-layer and the sub-surface bcc-Fe{110} layer. Details of the atomic
structure as well as local density of states of this new reconstruction
are presented.
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O 26: Nanostructures at surfaces: Dots, particles, clusters II (SPM)

Time: Tuesday 15:00–16:45 Location: SCH A215

O 26.1 Tue 15:00 SCH A215
Quantum well states in two-dimensional gold clusters —
Xiao Lin1, •Niklas Nilius1, Hans-Joachim Freund1, Michael
Walter2, Pentti Frondelius2, Karolina Honkala2, and Hannu
Häkkinen2 — 1Fritz-Haber Institut der MPG, D14195 Berlin, Ger-
many — 2Department of Physics, University of Jyväskylä, FI-40014
Finland

The electronic structure of ultra-small Au clusters on thin
MgO/Ag(001) films is analyzed by scanning tunneling spectroscopy
and density functional theory. The clusters exhibit two-dimensional
quantum well states, whose shapes resemble the eigenstates of a 2D
electron gas confined in a parabolic potential. From the HOMO and
LUMO symmetries, the electron filling and charge state of particu-
lar clusters are determined. In accordance to a DFT charge-analysis,
the aggregates accumulate a number of excess electrons due to charge
transfer from the support. Monitoring the HOMO-LUMO gap as a
function of cluster size, the transition from non-metallic to metallic
Au behavior is deduced for clusters containing 70-100 atoms.

O 26.2 Tue 15:15 SCH A215
Fluorescence Enhancement by Increase of Spontaneous Emis-
sion Rate between Two Metal Nanoparticles — •Phillip Olk1,
Thomas Härtling1, Marc Tobias Wenzel1, Petra Mela2, Martin
Möller2, and Lukas M. Eng1 — 1Institut für angewandte Photo-
physik, TU Dresden, 01062 Dresden — 2DWI an der RWTH Aachen
e.V., 52056 Aachen

Small metal nanoparticles are known to be suitable for nano-optical
experiments due to the enhanced electric fields in their very vicinity.
We show here that coupling of very small gold particles of 12 nm in
diameter to a 80 nm particle attached to a scanning fibre probe affects
the fluorescence signal of a surrounding fluorescent immersion medium
dramatically.

By comparison of our experimental result to calculations based on
the multiple multipole method we exclude multiple causes for the in-
creased fluorescence signal: locally enhanced fields of the excitation
light, re-orientation of the fluorescent dipoles, enhanced scattering ef-
ficiencies, or an increase of the metal’s auto-fluorescence can be ruled
out. Instead, we ascribe the increased fluorescence signal to an influ-
ence of the nanoparticles on the emission behaviour of the dye.

O 26.3 Tue 15:30 SCH A215
Finite size effects in isolated superconducting clusters of Pb-
An STM study — Ivan Brihuega1, •Sangita Bose1, Miguel
Moreno Ugeda1,2, Christian H. Michaelis1, and Klaus Kern1,3

— 1Max-Planck-Institut für Festkörperforschung, Heisenbergstrasse 1,
D-70569 Stuttgart,Germany — 2Univ. Autonoma Madrid, Dept. Fis.
Mat. Condensada, E-28049 Madrid, Spain. — 3Institut de Physique
des Nanostructures, Ecole Polytechnique Fédérale de Lausanne, CH-
1015 Lausanne, Switzerland.

We report on the evolution of superconductivity in isolated Pb nano-
particles grown in situ probed by Scanning tunneling spectroscopy
(STS). We observe a gradual decrease of the superconducting energy
gap (D) with reduction in particle size which is accompanied by a
simultaneous increase in the quasiparticle lifetime broadening (G). Su-
perconductivity gets completely destroyed at small particle sizes which
are consistent with the Anderson criterion. Our results also show that
for these small particles the evolution of Tc is mainly governed by the
quantum size effects (QSE).

O 26.4 Tue 15:45 SCH A215
Interaction of the STM tip with adatoms on metal surfaces:

ab initio study — •Kun Tao1, Valeri S Stepanyuk1, and Patrick
Bruno2 — 1Max-Planck Institute of Microstructure Physics, Wein-
berg 2, 06120 Halle, Germany — 2European Synchrotron Radiation
Facility BP 220, F-38043 Grenoble Cedex, France

Using first-principles calculations based on the density functional the-
ory, we investigate interaction of the STM tip with magnetic adatoms
on metal surfaces. We perform calculations in the fully relaxed geome-
tries for the tip and the substrate. Both interactions with nonmagnetic
and magnetic tips are studied. We concentrate on 3d transition metal
adatoms supported on Cu(001) and Cu(111) surfaces. The exchange
interaction of the magnetic tip with 3d transition metal adatoms sup-
ported on Cu(001) surface is discussed. Our results indicate that the
spin direction of the magnetic adatoms can be manipulated by ap-
proaching the tip to the substrate. The interplay between the structure
relaxations and the electronic properties of the junction is revealed.

O 26.5 Tue 16:00 SCH A215
Two level conductance fluctuations investigated with LT-
STM — •Alexander Sperl, Jörg Kröger, and Richard Berndt
— Christian-Albrechts-Universität zu Kiel, D-24098 Kiel, Germany

Single silver atoms adsorbed on a Ag(111) surface were contacted with
the tip of a cryogenic scanning tunneling microscope. At small tip-
atom distances we observe fluctuations of the junction conductance
between two levels. These two-level fluctuations depend on the ap-
plied voltage between tip and sample. An analysis of this behavior
will be presented. Funding by the Deutsche Forschungsgemeinschaft
through SPP 1153 is acknowledged.

O 26.6 Tue 16:15 SCH A215
Linewidth of a Cesium Adatom Resonance on Ag(111) —
•Martin Ziegler1, Jörg Kröger1, Richard Berndt1, Andrei
Borisov2,3, and Jean-Pierre Gauyacq2,3 — 1Christian-Albrechts-
Universität zu Kiel, D-24098 Kiel, Germany — 2CNRS, Laboratoire
des Collisions Atomiques et Moléculaires, UMR 8625 , Bâtiment 351,
91405 Orsay Cedex, France — 3Université Paris-Sud, Laboratoire des
Collisions Atomiques et Moléculaires, UMR 8625, Bâtiment 351, 91405
Orsay Cedex, France

Single Cs atoms adsorbed on Ag(111) induce a resonance appearing
just below the threshold of the quasi-two-dimensional Shockley-type
surface state continuum. Spectroscopic analysis using a cryogenic
scanning tunneling microscope and theoretical modeling are used to
identify the importance of the various contributions to the linewidth
and to the decay of the resonance: resonant charge transfer, inelas-
tic transitions, and adsorbate vibrations perpendicular to the surface.
Financial support by the Deutsche Forschungsgemeinschaft through
SFB668 is acknowledged.

O 26.7 Tue 16:30 SCH A215
Local electronic properties of individual nanostructures on
the boron nitride nanomesh — •Christian H. Michaelis, San-
gita Bose, Ivan Brihuega, and Klaus Kern — Max-Planck-Institut
für Festkörperforschung, Heisenbergstraße 1, 70569 Stuttgart

We present the final development of a home-built sub-Kelvin STM
which operates in ultra high vacuum conditions, is equipped with a 14
Tesla magnet and has a base temperature of 0.9 K. We have used this
low temperature STM for the spectroscopic study of isolated nanos-
tructures and molecules on top of a boron nitride ultrathin insulating
spacer on Rh(111). This combination offers the unique possibility of
investigating the local electronic properties of atomic-scale structures
with ultimate energy resolution. As examples we will discuss magnetic
and superconducting metal clusters and functional organic molecules.
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O 27: Poster Session I (Methods: Scanning probe techniques; Methods: Atomic and electronic
structure; Methods: Molecular simulations and statistical mechanics; Oxides and Insulators:

Clean surfaces; Oxides and Insulators: Adsorption; Oxides and Insulators: Epitaxy and growth;
Semiconductor substrates: Clean surfaces; Semiconductor substrates: Epitaxy and growth;

Semiconductor substrates: Adsorption; Nano- optics of metallic and semiconducting
nanostructures; Electronic structure; Methods: Electronic structure theory; Methods: other
(experimental); Methods: other (theory); Solutions on surfaces; Epitaxial Graphene; Surface

oder interface magnetism; Phase transitions; Time-resolved spectroscopies)

Time: Tuesday 18:30–21:00 Location: P2

O 27.1 Tue 18:30 P2
Design of an XSTM head for low temperature high magnetic
field studies of III-V heterostructures — •Bruno Chilian, Jens
Wiebe, and Roland Wiesendanger — Institute of Applied Physics,
University of Hamburg, Germany

With the ultimate goal of future spintronic applications, dilute mag-
netic semiconductors like Mn doped GaAs have been heavily studied
because of the possibility to tune their magnetic properties and thereby
control the charge carrier’s spin degree of freedom. However, a detailed
understanding of how the local moments of magnetic impurities couple
has yet to be achieved.

One technique which combines the power of atomic scale characteri-
zation with the ability to probe deeply buried impurities in MBE grown
samples is cross sectional scanning tunneling microscopy (XSTM).
However, few instruments have demonstrated the ability to provide
atomic scale spectroscopic capability of such systems with high energy
resolution. Here, we describe a homebuilt STM head which can be
utilized in UHV conditions in a 300mK 14T environment.

To be able to locate the MBE grown layer of interest on the cleaved
wafer surface, our STM head is capable of coarse XY sample move-
ment. Its small diameter fits into the narrow bore of the 14 T super-
conducting magnet in our 300 mK facility. While constituting one of
the main design challenges, the compact build simultaneously ensures
mechanical stability, thereby promoting low noise levels.

O 27.2 Tue 18:30 P2
A STM with a scan width from 500 microns down to sub-
nanometers — •Fatih Kalkan and Karina Morgenstern — Insti-
tut für Festkörperphysik, Gottfried Wilhelm Leibniz Universität Han-
nover, Appelstr. 2, D-30167 Hannover, Germany

The scanning tunnelling microscope (STM) is a very powerful tool
for exploring the atomic-scale realm of surfaces, and for investigating
adsorbate-surface interactions. However, for imaging, e.g. of prestruc-
tured surfaces, it would be desirable to bridge the gap between optical
spectroscopy and the usual STM scan width. We have constructed
a room temperature STM, which has the special ability of scanning
with two different scan widths from the optical region down to atomic
resolution. We have realised it with two different stages: The first one
is a commercial Piezo stage which gives us the possibility of scanning
an area up to 500x500 µm2. The second one is a custom-built beetle
type STM which scans from several microns down to atomic resolu-
tion. This newly designed STM with its wide scan width will allow us
to connect the results from atomic-sized structures to the large-scale
environment for prestructured surfaces.

O 27.3 Tue 18:30 P2
Characterization of Epitaxial Layers of Organic Molecules by
Three-Dimensional Force- and Dissipation-Spectroscopy —
•Gernot Langewisch, Daniel Braun, Harald Fuchs, and Andre
Schirmeisen — CeNTech (Center for Nanotechnology) and Institute
of Physics, University of Münster, Germany

Thin films of π-conjugated organic molecules are of high relevance for
organic semiconductor applications. A widely studied organic semi-
conductor is 3,4,9,10-perylenetetracarboxylic-dianhydride (PTCDA).
We applied non-contact atomic force microscopy in ultrahigh vacuum
to investigate PTCDA deposited on Ag(111) by molecular beam epi-
taxy. Single PTCDA-molecules, arranged in the herringbone struc-
ture, were resolved in the topography scans. By site-specific force and
dissipation versus distance measurements three-dimensional maps of
tip-sample forces and dissipation with submolecular resolution were
obtained. These maps are interpreted with respect to mechanical re-
laxation processes of the individual molecules.

O 27.4 Tue 18:30 P2
Controlled Atmosphere High Temperature SPM for electro-
chemical measurements — •Nils Ohmer1, Mogens Mogensen1,
Bjørn Johansen1, and Torben Jacobsen2 — 1Fuel Cells and Solid
State Chemistry Division, Risø National Laboratory for Sustainable
Energy, DTU, DK-4000 Roskilde, Denmark. — 2Department of Chem-
istry, Technical University of Denmark, DK-2800 Lyngby, Denmark.

The Controlled Atmosphere High Temperature Scanning Probe Mi-
croscope (CAHT-SPM) works in principle like a normal AFM, but
makes it possible to take, additional to the topography images, elec-
trical images at the same time and at temperatures of up to 800 ◦C
in a controlled atmosphere. Furthermore it is possible to use the tip
as a working electrode to perform electrochemical impedance measure-
ments at selected points. This poster provides information about the
set up of the CAHT-SPM, in-house-made probes for electrical mea-
surements at high temperatures and some results of measurements at
650 ◦C.

O 27.5 Tue 18:30 P2
Development of a combined AFM-STM for measurements
under transport conditions and at low temperatures — •Jan
Raphael Bindel, Marcus Liebmann, and Markus Morgenstern
— II. Physikalisches Institut B, RWTH Aachen and JARA-FIT, Otto-
Blumenthal-Straße, 52074 Aachen

We present a microscope combining atomic force (AFM) and scanning
tunneling microscopy (STM) capabilities using a tuning fork. The de-
vice allows the investigation of a sample by AFM and to take STM
images on spots of interest.

To use the full scope of the microscope, it is equipped with an xy
drive which has a traverse path of 2mm x 2mm. Furthermore, the
microscope can operate in two different modes, the AFM-STM constel-
lation which makes it possible to apply a gate voltage on the sample
and the pure STM mode, in which four point transport measurements
can be done simultaneously with scanning.

The whole concept allows the usage in ultra high vacuum (UHV),
at low temperatures down to 300 mK and in magnetic fields up to
14 T. Therefore, it has a compact symmetric design with a diameter of
only 30 mm, which guarantees stability and high resonance frequencies.
First test measurements of the microscope are presented.

O 27.6 Tue 18:30 P2
Force-field spectroscopy on KBr(001): Experiment and sim-
ulation — •Kai Ruschmeier1, André Schirmeisen1, and Regina
Hoffmann2 — 1Physikalisches Institut, Westfälische Wilhelms-
Universität Münster and Center for Nanotechnology (CeNTech), 48149
Münster, Germany — 2Physikalisches Institut and DFG-Center for
Functional Nanostructures, Universität Karlsruhe, 76128 Karlsruhe,
Germany

An atomic force microscope (AFM) is capable of imaging the surface
of insulating samples with atomic precision by scanning an atomically
sharp tip over the surface. Furthermore, the force field representing
the spatial orientation and magnitude of the force acting between the
AFM probe and the sample surface can be measured by force field
spectroscopy. These measurements depend on the respective sample
atoms but also crucially on the particular tip structure and material.

We compare force field measurements on KBr(001) at room tem-
perature with atomistic simulations for two individual tip configura-
tions, a K+- and a Br−-terminated tip, assuming that the tip was
contaminated with sample material during the experiments [1]. The
2-dimensional force fields were obtained at two different sample posi-
tions: along the corrugation maxima and almost halfway between the
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corrugation maxima and minima. We find good agreement between
our measurements and simulations for the K+-terminated tip for both
sample positions confirming a previous analysis [2].

[1] R. Hoffmann et al., Phys. Rev. Lett. 92, 146103 (2004).
[2] K. Ruschmeier et al., Phys. Rev. Lett. 101, 156102 (2008).

O 27.7 Tue 18:30 P2
Indium microsoldering of graphene on silicon dioxide
substrate — •Ann-Katrin Michel1, Viktor Geringer1, Tim
Echtermeyer2, Marcus Liebmann1, and Markus Morgenstern1

— 1II. Physikalisches Institut, RWTH Aachen and JARA-FIT, Otto-
Blumenthal-Straße, 52074 Aachen — 2Advanced Microelectronic Cen-
ter Aachen (AMICA), Otto-Blumenthal-Straße 25, 52074 Aachen

Electron beam lithography is the standard method to produce elec-
trical contacts for nanostructures made e.g. from graphene. A major
disadvantage of this method is, apart from high costs, the contamina-
tion of the sample due to the residual photoresist. This problem gets
even more severe, if scanning probe techniques are applied. Therefore,
a more simple technique to make ohmic contacts to graphene without
contamination is desirable and has been developed recently [1].

We reproduced this method by designing a setup for microsoldering
of graphene flakes on silicon dioxide with multiple indium solder con-
tacts. Mobility measurements on graphene samples using four point
indium contacts have been used to characterize the contacts. More-
over, we describe the application to scanning tunneling microscopy
(STM) of the microsoldered graphene samples.

[1] C. Ö. Girit and A. Zettl, Appl. Phys. Lett. 91, 193512 (2007)

O 27.8 Tue 18:30 P2
Controlled nanoparticle manipulation along defined vector
pathways — •Michael Feldmann, Dirk Dietzel, and André
Schirmeisen — Institute of Physics and Center for Nanotechnology,
University of Münster, Germany

Manipulation of nanoparticles with an atomic force microscope (AFM)
is a very promising approach to measure friction of nanoscale objects
with well defined contact area. For example, the phenomenon of fric-
tional duality was revealed for Sb nanoparticles on graphite in vacuum
[1]. However, so far the manipulation was performed during conven-
tional image scanning with a commercial AFM control unit [2]. To
optimize the control over the manipulation process a new AFM control
system has been developed. This system enables AFM tip translations
along arbitrary programmable vector pathways while allowing to se-
lect distinct control parameters like normal force and velocity for each
single vector. Due to the systems ability to simultaneously record the
lateral force along the x axis, it is thus possible to conduct nanotribo-
logical experiments with individually chosen nanoparticles in a highly
controlled and reproducible fashion.
[1] Dietzel et al., Phys. Rev. Lett., 101, 125505 (2008)
[2] Dietzel et al., J. Appl. Phys., 102, 84306 (2007)

O 27.9 Tue 18:30 P2
Nanoscale charge transport measurements using a multi-tip
scanning tunneling microscope — Philipp Jaschinsky, Jakob
Wensorra, Mihail Ion Lepsa, and •Bert Voigtländer — Institute
of Bio- und Nanosystems (IBN) and JARA-Fundamentals of Future
Information Technology, Forschungszentrum Jülich, D-52425 Jülich,
Germany

We demonstrate the ability of a multi-tip scanning tunneling micro-
scope (STM) combined with a scanning electron microscope (SEM) to
perform charge transport measurements on the nanoscale. The STM
tips serve as electric probes that can be precisely positioned relative
to the surface nanostructures using the SEM control and the height
reference provided by the tunneling contact. The tips work in con-
tact, noncontact, and tunneling modes. We present vertical transport
measurements on nanosized GaAs/AlAs resonant tunneling diodes and
lateral transport measurements on the conductive surface of 7x7 re-
constructed Si(111). The high stability of the double-tip STM allows
nondestructive electrical contacts to surfaces via the tunneling gaps.
We performed two-point electrical measurements via tunneling con-
tacts on the Si(111)(7x7) surface and evaluated them using a model
for the charge transport on this surface.

O 27.10 Tue 18:30 P2
s-SNOM from IR to the THz with tuned scatterers —
•Hans-Georg von Ribbeck1,2, Marc Tobias Wenzel1, and Lukas
Matthias Eng1 — 1Institute of applied photo physics, TU Dresden,
Germany — 2Forschungszentrum Dresden-Rossendorf, Dresden, Ger-

many

Here we present a scattering near-field optical microscope (s-SNOM)
set-up established at the free-electron laser source (FEL) at the
Forschungszentrum Dresden-Rossendorf. This microscope is capable
to perform optical observations at nanometer scale resolution over the
full wavelength range of the FEL, i.e. 3 to 250 micron (1.2 to 100
THz). Furthermore, the optical resolution governed by the near-field
interaction between tip and sample and the signal-to-noise ratio is
enhanced by specially designed, optically resonant probes. This ulti-
mately results in a much better spatial confinement achieving a reso-
lution preferably of lambda/1000 for the THz region. Also, coupling
both a resonant tip and sample will lead to giant polaritonic reso-
nances. Finally the described setup will grant access to new areas
of nanoscale applications, such as observing the optical behavior of
strained and mixed silicon structures, high-Tc superconductors, single
quantum dots, and superlattices at THz frequencies.

Basis to our approach is the recent work [1] where an optical con-
finement of the near field in z-direction was achieved through tuned
scatterers in the form of metallic nanoparticles (MNPs) attached to
the AFM tip, serving as non-resonant antennas. Tunability in the
THz range will be achieved through geometrically tuned metal wires
[2].

O 27.11 Tue 18:30 P2
High Order Field Emission Resonances on W(110) and
Fe/W(110) studied by Scanning Tunneling Spectroscopy —
•Anika Emmenegger, Stefan Krause, André Kubetzka, Gabriela
Herzog, and Roland Wiesendanger — Institute of Applied Physics,
University of Hamburg, Jungiusstr. 11, 20355 Hamburg, Germany

Above metal surfaces a Rydberg-like series of states exists close to the
vacuum level due to the potential well created by the attractive image
potential and the surface projected bulk band gap [1]. In scanning tun-
neling microsopy (STM) experiments these so-called image-potential
states (IPS) experience a Stark Shift [2], hence they are often called
field emission resonances in this context.

Neglecting the influence of the image potential, a simple triangular
potential model can be applied to determine the effective electric field
in the constant current spectroscopy of IPS [3]. Whereas commercial
STM electronics typically provide a maximum gap voltage of 10 V, we
present scanning tunneling spectra of field emission resonances above
the W(110) and Fe/W(110) surface up to the order of n=30 and volt-
ages up to 20 V. The results will be discussed in terms of electric field
determination, revealing that the assumption of a constant electric
field is only applicable to voltages exceeding 10 V.

[1] U. Thomann et al., Phys. Rev. B 61, 16163 (2000).
[2] S. Crampin, Phys. Rev. Lett. 95, 46801 (2005).
[3] J. H. Coombs and J. K. Gimzewski, J. of Microsc. 125, 841

(1988).

O 27.12 Tue 18:30 P2
Microscopically high speed friction measurements —
•Fengzhen Zhang1, Othmar Marti1, Stefan Walheim2, and
Thomas Schimmel2,3 — 1Institute of Experimental Physics, Ulm Uni-
versity, 89069 Ulm — 2Forschungszentrum Karlsruhe — 3University
of Karlsruhe

Quartz crystals have been found to be the best substrates for the
Atomic Force Microscopy (AFM) high speed friction measurements.
To prove the oscillation of the quartz crystals, we prepared Fischer
Patterns on the surface. During the oscillation of the quartz crystals,
the topographies of the Fischer Pattern show clearly the oscillation
information (in tapping mode AFM). The result of the comparison of
the friction under different oscillation speeds and after oscillation will
be discussed. We will also present the measurement data of friction at
high speeds of surfaces without and with adsorbed monolayers.

O 27.13 Tue 18:30 P2
Non-contact Atomic Force Spectroscopy using Field Ion
Microscope characterized Tips — •Jens Falter1, Daniel-
Alexander Braun1,2, Udo Schwarz4, Hendrik Hölscher3, André
Schirmeisen1,2, and Harald Fuchs1,2 — 1Physikalisches Institut,
Universität Münster, Germany — 2CeNTech, Münster, Germany —
3IMT, Forschungszentrum Karlsruhe, Germany — 4Department of
Mechanical Engineering, Yale University, New Haven, USA

Although atomic force microscopy (AFM) is a tool for resolving sur-
faces with atomic resolution, the underlying contrast mechanisms is
not yet fully understood. Beyond imaging this technique is capable
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to measure the interaction potential of tip and sample atoms in force
spectroscopy experiments. What remains completely unknown is the
atomic scale configuration of the tip. One method which allows deter-
mining the configuration of the probing tip apex with atomic precision
is the field ion microscope (FIM). We present a home-build ultrahigh
vacuum system, which combines these two microscopy techniques. The
AFM head [1] is capable to operate at liquid helium temperatures and
the force sensor is based on a tuning fork system [2]. The tuning fork
concept allows to chose a material for the tip, which is suitable for
FIM operation. A home build tip-holder is used for the in-situ tip ex-
change between the two microscopes. First results of both microscopy
methods correlate the force spectroscopy curves from the AFM with
the tip apex radii obtained from the FIM analysis.

[1] B.Albers et al., Rev. Sci Instrum. 79 033704 (2008)
[2] F.J.Giessibl, Appl. Phys. Lett. 76 1470 (2000)

O 27.14 Tue 18:30 P2
Scanning Tunneling Spectroscopy at the [110]-[11̄0] Cleaved
Edge of GaAs — S. Siewers, M. Wenderoth, L. Winking, •P.
Kloth, and R. G. Ulbrich — IV. Phys. Inst. Georg-August-
Universität Göttingen

We report the first cross-sectional scanning tunneling spectroscopy
(STS) study of zincblende [110]-[11̄0] cleaved edges with atomic resolu-
tion. The samples were prepared in-situ by a double cleavage procedure
applied to 6 · 1018 cm−3 Si-doped GaAs in UHV. In edge-approaching
scans and for positive sample bias we observed a monotonically de-
creasing tunnel current within a few tens of nm from the edge. For
negative bias we found the onset of this decrease within a few nm from
the edge, followed by a considerable increase directly at the edge. Com-
paring these observations with scans over charged defects embedded
in plane surfaces, we conclude that the edge contains a negative line
charge density. The data suggests that the observed effect is not sim-
ply caused by tip-induced band bending and screening of bulk states
confined within the 90◦-edge geometry. Spectroscopic measurements
on edges support the concept of a negatively charged quasi-1d elec-
tronic state localized along the edge. It is laterally confined within ∼2
lattice constants and is clearly observed in the local density of states
derived from the STS data. To estimate the absolute value of its charge
density we simulated the shape and spatial extension of the screening
cloud of a negative line charge located at the center of the ”quarter-
space”geometry. By adjusting this potential to the spectroscopic data
we find a line charge density of ∼0.7 electrons per unit cell.

O 27.15 Tue 18:30 P2
Frictional properties of a mesoscopic contact with engineered
surface roughness — •Johannes Sondhauß1, Harald Fuchs1,2,
and André Schirmeisen1,2 — 1Institute of Physics, University of
Münster, Münster, Germany — 2Center for Nanotechnology (CeN-
Tech), University of Münster, Münster, Germany

Friction force microscopy (FFM) is a standard tool to measure fric-
tion down to atomic scales. In this work, we use FFM to investigate
the influence of interface roughness of mesoscopic contacts on friction,
where both sliding partners, tip and sample, have precisely engineered
properties. We use a focused ion beam (FIB) to modify commercial
cantilevers in order to firmly attach spherical titanium particles with
diameters between 4 and 15 µm. As sample we produce groove-like
patterns on a silicon surface with the FIB with a lattice periodicity
ranging from 1 to 9 µm and a depth of 25 nm. The average friction
force was measured systematically for different tip radii as a function
of load and lattice periodicity of the sample grooves. For the 5 µm
tip the maximum friction force was found where the geometry of the
spherical tip and the lattice are commensurate. These findings high-
light the importance of surface structure on tribological properties of
mesoscale contacts.

O 27.16 Tue 18:30 P2
SFM manipulation techniques applied to graphene — •Stefan
Eilers, Tobias Liebig, and Jürgen P. Rabe — Humboldt-
Universität zu Berlin

The properties of graphene render it a promising candidate for future
generation electronic devices. For the investigation of properties and
possible applications or devices structuring and manipulation tech-
niques are needed. Thinness, flexibility and flatness make it possible
to apply SFM techniques to single or multilayer graphene well known
from using with molecules on graphite. Here, some effects produced by
a SFM tip are demonstrated. First, manipulation of graphene itself is
shown, in detail sawing were a gap and a nanoribbon is produced and

manipulating parts of graphene without destruction. In both cases the
manipulation is started on SiO2 substrate and kept in contact with it
while moving the SFM tip. It appears that the graphene can only be
desorbed and turned when the manipulation is done near an edge of
graphene or when the graphene piece is small enough because there the
adsorption force between graphene and the substrate is smaller than
the force to breake the bonds in graphene. Second, adsorption and
manipulation of DNA on an amphiphile interlayer is presented. The
interlayer is needed to make sure that the DNA is mobile enough to
be manipulated. It appears that a force can be found large enough to
manipulate DNA but to small to damage the graphene.

O 27.17 Tue 18:30 P2
Development of a Scanning Tunneling Microscope for mea-
surements below 100mK — •Maximilian Assig, Fabian Zinser,
Wolfgang Stiepany, Andreas Koch, Peter Andler, Christian
R. Ast, and Klaus Kern — Max-Planck-Institut für Festkörper-
forschung,

The investigation of novel physical phenomena implies the design and
the construction of new setups and measurement techniques, which can
break through instrumental limitations and open new areas in mea-
surement accuracy. Scanning Tunneling Microscopy (STM) is a tech-
nique for probing the electronic structure of single adsorbed atoms and
nanostructures at surfaces with atomic resolution. As the energy reso-
lution increases with decreasing temperature, cooling the STM below
100mK results in an energy resolution which is better than 24µeV. To
achieve this goal, we want to connect a home-built STM to the mixing
chamber of a custom-designed bottom-loading dilution cryostat. Tip
and sample can be transferred directly from the preparation chamber
into the STM without breaking the ultra high vacuum (UHV), which
allows in situ sample preparation. Measurements can be performed in
high magnetic fields of 14T perpendicular and 500mT parallel to the
sample surface. We present design and concept of the STM as well as
milestones in the project realization.

O 27.18 Tue 18:30 P2
Eddy current microscopy — •Benedict Kleine Bußmann,
Tino Roll, Marion Meier, and Marika Schleberger — Uni-
versität Duisburg-Essen, Fachbereich Physik, Lotharstrasse 1, D-
47048,Germany

We present eddy current microscopy [1] measurements on geometrically
confined conductive structures on insulating substrates. The principle
of eddy current microscopy is as follows: A magnetic tip of an Atomic
Force Microscope oscillates above a sample and induces eddy currents
in the condcucting areas of the sample due to the time-dependent
magnetic field they are exposed to. This leads to an electromagnetic
interaction between the sample and probe: Thus, according to Lenz’s
rule a damping of the oscillation occurs and leads to a contrast in
the phase and/or dissipation signal[2,3]. By using the well established
technique of AFM this method can thus be used to perform conductiv-
ity measurements on submicron scale without any need to contact the
sample (like for example four-point-probe techniques). We will present
measurements we recently performed under ambient conditions as well
as in situ measurements.

[1]B. Hoffmann, R. Houbertz, and U. Hartmann, Appl. Phys. A:
Mater. Sci. Process. 66, S409 *1998*.

[2]T. Roll, M. Meier, S. Akcöltekin, M. Klusmann, H. Lebius and
M. Schleberger Conductive nanodots on the surface of irradiated CaF2
phys. stat. sol. (RRL) 2, 209 (2008) [3] Tino Roll, Marion Meier, Ul-
rich Fischer and Marika Schleberger Distance dependence of the phase
signal in eddy current microscopy Thin Solid Films 516, 8630 (2008)

O 27.19 Tue 18:30 P2
Detecting resonant modes of plasmon-polaritons and phonon-
polaritons using a NSThM — •David Hellmann, Achim Kittel,
and Uli F. Wischnath — EHF, Fak. V, Physik, Carl von Ossietzky
Universität Oldenburg

With a Near-field Scanning Thermal Microscope (NSThM) the heat
transfer between a sample and a probe can be measured [1,2]. The
NSThM combines a STM tip with a coaxial thermocouple sensor and,
thus, can collect data concerning the heat transfer a few nm above
the scanned surface along with usual STM maps. Evanescent thermal
radiation has been investigated recently by De Wilde et al. at larger
sample-tip distances (200 nm to some µm) [3]. The authors find res-
onant modes of surface plasmon-polaritons and phonon-polaritons on
certain structures. Subject of this study are NSThM measurements on
structures where such resonances can be expected. With the NSThM
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it is possible to investigate the influence of those resonant modes on
the heat transfer in the direct vicinity of the samples surface in the
range from about 1 nm to a few tens of nanometers.

Literature [1] A. Kittel et al., PRL 95, 224301 (2005) [2] U. Wis-
chnath, RSI 79, 073708 2008 [3] Y. De Wilde et al., Nature Vol 444,
7.12.2006, p.740-743

O 27.20 Tue 18:30 P2
Near-field Scanning Thermal Microscope: From temperature
to heat flow — •Ludwig Worbes, Uli F. Wischnath, and Achim
Kittel — Universität Oldenburg EHF EPKOS

The Near-field Scanning Thermal Microscope (NSThM) developed in
our group combines the function of a normal STM with the ability to
use the scanning probe as a thermocouple temperature sensor [1].

By operating in UHV in our experiment the heat transfer mechanism
is restricted to radiative transfer in contrast to other SThM devices.
The radiative transfer is dominated by evanescent modes of the thermal
electromagnetic field for small distances. The heat transfer mediated
by these modes between sample and sensor has been calculated using
different theoretical approaches.

In order to compare the theoretical predictions with the experiment,
we need to know the relation between the measured thermovoltage and
the heat flow. This is up to now done by calculating the thermal con-
ductivity of the tip based on the geometry and material properties.
Here we present a calibration procedure based on measuring the heat
flow trough a bridge structure, whose thermal conductivity is easier to
quantify. We use the so called 3ω method, using the bridge as a heater
and as a resistive temperature sensor at the same time.

[1] U. F. Wischnath, J. Welker, M. Munzel, and A. Kittel, Rev. Sci.
Instrum. 79, 073708 (2008).

O 27.21 Tue 18:30 P2
A Novel Scanning Tunneling Potentiometry Setup with Mi-
crovolt Resolution — •T. Druga1, M. Wenderoth1, M. A.
Schneider2, and R. G. Ulbrich1 — 1IV. Phys. Inst., Georg-August-
Univ. Göttingen — 2Lehrstuhl für Festkörperphysik Univ. Erlangen -
Nürnberg

In Scanning Tunneling Potentiometry (STP) the tunneling tip is used
as a weakly coupled voltage probe to determine the spatial variation
of the electrochemical potential due to a lateral surface current or
temperature difference between tip and sample. We have developed a
potentiometric technique based on a standard STM setup allowing to
measure the local potential with µV and Angstrom resolution. Unlike
recent implementations [1,2] that use alternating voltages as transport
fields or for controlling the tip sample distance similar to the scheme
suggested by Muralt and Pohl [3] our STP method uses DC-voltages
only. Hence it not only allows standard STS being conducted in par-
allel but also ensures correct assignment of the energy of tunneling
electrons. Further advantages of our technique is that (i) the sample
bias for the topography can be chosen independently from the po-
tentiometry and (ii) the potential can be mapped simultaneously for
reverse current directions. It has been implemented in both a room
temperature and low temperature STM-setup. The performance is
demonstrated by measuring local transport fields on Si(111)

√
3×
√

3-
Ag and thermovoltage maps on Ag(111). This work was supported by
the DFG as part of SFB 602 Tp A7. [1] Rev. Sci. Int. 79, 083704
(2008) [2] Rev. Sci. Int. 79, 073904 (2008) [3] Appl. Phys. Lett. 48,
514 (1986)

O 27.22 Tue 18:30 P2
Studies towards Tip Enhanced Raman Scattering with Scan-
ning Capability — •Seth White1,2, Moritz Brendel1, Peter
Lemmens1, Dietrich Wulferding1, and Vladimir Gnezdilov1,3 —
1IPKM, TU Braunschweig, Germany — 2MPI-FKF, Stuttgart, Ger-
many — 3ILTP, Kharkov, Ukraine

Tip- and surface-enhanced Raman scattering methods combined with
scanning probe microscopy should enable precision measurements on
finely structured samples while simultaneously providing local topo-
graphical information. A single etched Au[1,2] nano-apex scanning tip
could thus be used both for scanning probe investigation and micro-
Raman signal enhancement in one instrument. Samples with molecular
scale structuring such as impregnated nano-porous silica and alumina
are of particular interest in our studies.

[1] Ren et al. (2004), Rev. of Sci. Inst. 75, 4, April 2004
[2] Anderson, Pike (2002), Rev. of Sci. Inst. 73, 3, March 2002

O 27.23 Tue 18:30 P2

Mechanical and electronic characterization of individual
single-walled carbon nanotubes by scanning probe mi-
croscopy — •Martin Bohrisch, Florian Szillat, Philipp Zeiger-
mann, Hans Kleemann, and Bernd Schröter — Universität
Jena, Institut für Festkörperphysik, Max-Wien-Platz 1, 07743 Jena,
Deutschland

The selective growth of carbon nanotubes with particular structural
and electronic properties is a prerequisite to utilize them in electronic
and sensor devices. Single-walled carbon nanotubes were grown by
catalyst-assisted chemical vapor deposition on insulating substrates.
A horizontal alignment in predefined directions has been achieved by
a growth on single-crystalline substrates like sapphire. Scanning elec-
tron microscopy is used to observe the orientation of the nanotubes.
The high purity of the nanotubes is demonstrated by x-ray photoelec-
tron and raman spectroscopy. Scanning probe techniques are utilized
to determine mechanical and electronic properties of individual carbon
nanotubes. The influence of the substrate-nanotube interaction on the
radial deformation of single-walled carbon nanotubes was examined
by contact atomic force microscopy (AFM). Electrical measurements
were done by conductive AFM.

O 27.24 Tue 18:30 P2
New scan mode for the NSThM — •Lars Hoelzel, Uli F. Wis-
chnath, and Achim Kittel — Energy and Semiconductor Research
Laboratory - University of Oldenburg

The near-field scanning thermal microscope (NSThM)[1] is able to
measure the thermal flux between a sharp tip of a STM and a heated or
cooled sample surface under ultra-high vacuum conditions. Hence, the
main contribution is mediated by evanescent electro-magnetic fields.
Up to now the heat flux was investigated in scanning tunnelling mode
of the STM on which the NSThM is based on [2]. While the tunnelling
current decays on a short length scale the heat flux decays on a roughly
ten times larger length scale. First data achieved by a new scanning
mode are presented in this contribution. This mode employs a control
loop which keeps the heat current constant. Therefore, it is possible
to investigate the influence of the surface morphology on the heat flux
at larger distances.

[1] Uli F. Wischnath et al., Rev. Sci. Instrum. 79, 073708 (2008)
[2] Achim Kittel et al., Appl. Phys. Lett. 93, 193109 (2008)

O 27.25 Tue 18:30 P2
Infrared antennas for near-field microscopy and en-
hanced near-field spectroscopy — •Thomas Taubner1,2, Mark
Brongersma2, and Jon Schuller2 — 1I. Physikalisches Institut,
RWTH Aachen, Germany — 2Department of Material Science, Stan-
ford University, USA

Scattering-type near-field optical microscopy (s-SNOM) relies on the
scattering of light at a sharp metallic tip to obtain images with a resolu-
tion independent of the wavelength. The use of infrared light enables
the acquisition of spectroscopic information on a samples chemical,
structural and electronic properties at nanoscale resolution. Currently,
the main limitation of this technique comprises of the low signals that
demand tunable laser sources and restrict the spectral range of opera-
tion.

We present new concepts to increase the sensitivity of IR near-field
spectroscopy in order to apply s-SNOM over a broader spectral range
in the mid-IR. We suggest to employ resonantly enhanced near-fields
of metallic nanostrutures: The optical properties of materials of such
structures can be tuned by changing their size to create optical anten-
nas that concentrate light into tiny, subwavelength volumes. Specifi-
cally, we investigate the antenna properties of modified, metal-coated
AFM tips in order to enable high-resolution near-field microscopy with
increased sensitivity. We also show that the near-field probing process
can be enhanced by suitable substrates, increasing both signals and
contrasts in infrared s-SNOM when probing thin sample layers.

O 27.26 Tue 18:30 P2
Ab initio investigation of the LiNbO3(0001) surface — •Simone
Sanna1, Alexander V. Gavrilenko2, and Wolf Gero Schmidt1

— 1Lehrstuhl für Theoretische Physik, Universität Paderborn, 33095
Paderborn, Germany — 2Norfolk State University, Center for Materi-
als Research, 700 Park Avenue Norfolk, VA 23504 USA

Lithium niobate (LN) is frequently used for various (nonlinear) optical
and acoustic applications. While traditional applications mainly ex-
ploit LN bulk properties, more recently the (microscopic) surface and
interface properties of LN have become important (1). Therefore the
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understanding and analysis of LN surfaces and interfaces is indispens-
able to optimise and fully implement LN based devices. Unfortunately
up to date very little information is available about the LN surfaces
and their structure on atomic level (2). We present here an ab initio
simulation of ferroelectric LN (0001) surfaces with different stoichiome-
try based on density functional theory within the generalised gradient
approximation. This approach was recently shown to yield reliable
structures and energies for bulk LN both in its paraelectric and fer-
roelectric phase (3). We discuss the stability of a series of candidate
structures with varying stoichiometry and surface reconstructions in
dependence of the chemical environment. The effect of the dipole cor-
rections and of the cell size on the total local potential and on the
electronic and structural properties of the surfaces are shown in detail.
(1) G. Namkoong et al., Appl. Phys. Lett. 87 (2005), 171107.
(2) S. V. Levchenko et al., Phys. Rev. Lett. 100 (2008) 256101.
(3) W. G. Schmidt et al., Phys. Rev. B 77 (2008), 035106.

O 27.27 Tue 18:30 P2
Auger spectroscopy of the ion neutralization at epitaxial
transition metal surfaces — •Christian Tusche and Jürgen
Kirschner — MPI für Mikrostrukturphysik, D-06120 Halle, Germany

The neutralization of ground state He+ at a metal surface proceeds by
Auger neutralization, emitting an Auger electron from the conduction
band of the metal. In ion-neutralization-spectroscopy (INS), devel-
oped by Hagstrum [1], the distribution of emitted electrons is related
to the surface density of states (DOS). In contrast, He++ neutraliza-
tion starts with a double electron capture into the outer He-2s and -2p
shells, forming double excited He∗∗. Subsequent auto-ionization (AI)
emits a He-KLL Auger electron from the projectile.

We prepared clean surfaces of the transition metals Mn, Fe, and
Ni by epitaxial growth on a W(110) substrate. He+ and He++ ions
(Ekin ≤ 30eV) were scattered at the clean surface and after adsorp-
tion of sub-monolayers of carbon, oxygen, or caesium. INS provides
detailed information on changes of the work-function and electronic
structure. All adsorbates are found to reduce the number of electrons
emitted close to the Fermi energy. In the He∗∗ AI decay we observe
a changed spectral weight of triplet and singlet terms with adsorbate
coverage, like reported before by Busch et al. [2]. Our experiments
give evidence that this can be related to the adsorbate induced changes
in the DOS. We hope that our experiments will stimulate detailed the-
oretical studies of the electron transfer processes in ion-neutralization.

[1] Hagstrum: Phys. Rev. 150, p. 495-515 (1966)
[2] Busch, Wethekam, Winter: : Phys. Rev. A 78, 010901 (2008)

O 27.28 Tue 18:30 P2
Ar gas discharge lamp with heated LiF window: A monochro-
matized light source for photoemission — Michael Budke,
•Alexander Wittkowski, and Markus Donath — Westfälische
Wilhelms-Universität Münster, 48149 Münster, Deutschland

We present a simple, inexpensive, and highly effective method for
monochromatizing the vacuum ultraviolet light emitted from an Ar
gas discharge for use, e.g., in photoemission experiments [1]. By using
a slightly heated window of LiF acting as low-pass filter, the emission
spectrum of the Ar gas discharge is reduced to the Ar line at 11.62 eV
(106.7 nm). The performance of the low-pass filter is demonstrated
by photoemission measurements on Cu(111). Furthermore, we com-
pare our light source with an unmonochromatized He gas discharge,
which represents the most widely used laboratory photon source in
photoemission.

[1] M. Budke and M. Donath, Appl. Phys. Lett. 92, 231918 (2008)

O 27.29 Tue 18:30 P2
High-resolution electron gun for inverse photoemission —
•Anna Zumbülte, Thomas Saerbeck, and Markus Donath —
Physikalisches Institut, Westfälische Wilhelms-Universität Münster,
48149 Münster

Inverse photoemission (IPE) is an applied method to investigate the
unoccupied part of the electronic structure above the Fermi level. The
setup of such an experiment consists of an electron gun and a detection
system for photons. A high energy and angle resolution is necessary
for a k-resolved separation of as many electronic states as possible in
the spectra. Therefore the improvement of the setup components is
always an object. State-of-the-art setups achieve an energy resolution
of about 150 meV and an angular resolution of 2◦-5◦ [1].

We present a spin-polarized electron gun with comparable energy
resolution and an improved angular resolution. It consists of a GaAs
photoemitter combined with a toroidal 90◦ electrostatic deflector act-

ing as monochromator. With this we achieve an energy resolution of
150 meV to 250 meV, depending on the current. Measurements of
the beam profile indicate a low divergence that can be verified by IPE
spectra of Cu (111). Here, the intensity ratio between the two sur-
face states observed at normal incidence is an indicator of the angular
resolution. In our case, measurements show a divergence smaller than
2◦.

[1] M. Budke et. al., Rev. Sci. Instrum. 78, 113909 (2007)

O 27.30 Tue 18:30 P2
Simulation of photoelectron diffraction at high kinetic ener-
gies — •Aimo Winkelmann1, Charles S. Fadley2,3, and Javier
Garcia de Abajo4 — 1Max Planck Institut für Mikrostrukturphysik,
Halle, Germany — 2Department of Physics, University of Califor-
nia Davis, Davis, CA 95616, USA — 3Materials Sciences Division,
Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA —
4Instituto de Optica – CSIC, Serrano 121, 28006 Madrid, Spain

The theoretical modelling of x-ray photoelectron diffraction (XPD)
with hard x-ray excitation of up to 20 keV energy is discussed using
the dynamical theory of electron diffraction [1]. Via calculations for
diamond and silicon it is demonstrated that the dynamical theory ex-
plains available current data for kinetic energies around 1 keV very
well. The XPD patterns for energies above about 1 keV are dominated
by Kikuchi bands which are created by the dynamical scattering of
electrons from lattice planes. The origin of the intensity distribution
in such bands is discussed from the point of view of atomic positions in
the unit cell. The profiles and positions of the element-specific photo-
electron Kikuchi bands are found to be sensitive to lattice distortions
and the position of impurities or dopants with respect to lattice sites.
These results thus suggest several future uses of such hard XPD for
studies of the bulk structure of complex materials. The dynamical
calculations are compared to results from a cluster model that is more
often used to describe lower-energy XPD.
[1] A. Winkelmann, C.S. Fadley, F.J. Garcia de Abajo

New J. Phys. 10 (2008) 113002

O 27.31 Tue 18:30 P2
(SP)VLEED: A spin-polarized very-low-energy electron-
diffraction experiment — •Kathrin Wulff, Ulrich Burgbacher,
Anke B. Schmidt, and Markus Donath — Physikalisches Institut,
Westfälische Wilhelms-Universität Münster

The shape of the surface-barrier potential at conductive surfaces dic-
tates the appearance and spin dependence of surface states. Cur-
rently, parameterized polynomials are incorporated in theoretical cal-
culations to connect the Coulomb-like asymptotic regime far from
the surface to the bulk muffin-tin zero. In intensity versus energy
profiles I(V ) of elastically scattered electrons fine structures appear,
which are sensitive to the shape of the surface-barrier potential [1].
So far, spin-polarized low-energy electron-diffraction measurements on
W(100) have already shown a strong spin dependence of the I(V ) pro-
files due to spin-orbit interaction [2].

We present a new experimental setup for spin-polarized very-low-
energy electron-diffraction (SP-VLEED) measurements to investigate
the spin dependence of the surface-barrier potential of ferromagnets.
Spin-polarized electrons emitted from a GaAs photocathode are di-
rected onto the sample with a variable angle of incidence and with
energies in the range of 0 to 50 eV. The specular reflected intensity is
measured as a function of the primary-electron energy with a retarding
field analyser. To access certain crystallographic axes, the sample can
be rotated around an azimuthal axis.
[1] R.O. Jones, P.J. Jennings, Surf. Sci. Reports 9 (1988) 165.
[2] E.G. McRae, D.T. Pierce, Phys. Rev. B 24 (1981) 4230.

O 27.32 Tue 18:30 P2
Liquid Interface Scattering Apparatus (LISA) for Petra
III: Stability and Characterization — •Christian Koops1,
Bridget Murphy1, Matthias Greve1, Annika Elsen1, Jochim
Stettner1, Oliver Seeck2, and Olaf Magnussen1 — 1IEAP,
Christian-Albrechts-Universität zu Kiel, D-24098 Kiel, Germany —
2PETRA III at DESY, Notkestr. 85, D-22603 Hamburg, Germany

The study of liquid - liquid interfaces by x-ray scattering methods re-
quires special diffractometers, capable of tilting the beam at precise
angles down onto the interface. We have developed a new, dedicated
instrument, the liquid interface scattering apparatus (LISA) for the
High Resolution Diffraction Beamline at PETRA III. By means of a
non-dispersive tilting double crystal monochromator this diffractome-
ter will allow reflectivity measurements without moving the sample.
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The planned instrument will operate in the energy range from 6.4 keV
to 30 keV and provide access in momentum space out to qz = 2.5Å−1

. For monitoring and calibration the high-precision x-ray optics em-
ployed for beam tilting a novel optical position detection system was
developed. This alignment aid system consists of small lasers and posi-
tion sensitive diodes, capable of detecting movements in the submicron
range during operation. Results on the diffractometer characterization
by this optical system will be described.
The work is supported by BMBF-05-KS7KF3

O 27.33 Tue 18:30 P2
Liquid Interfaces Scattering Apparatus (LISA) for PETRA
III: Design and Modelling — •Benjamin Runge1, Bridget
Murphy1, Matthias Greve1, Annika Elsen1, Jochim Stettner1,
Oliver Seeck2, and Olaf Magnussen1 — 1IEAP, Christian-
Albrechts-Universität zu Kiel, D-24098 Kiel, Germany — 2PETRA
III at DESY, Notkestr. 85, D-22603 Hamburg, Germany

With the completion of PETRA III at DESY Hamburg a high brilliance
synchrotron source will be available. This will create new opportunities
for studies of buried interfaces, such as liquid-liquid interfaces.

Our Liquid surface diffractometer, LISA, currently under construc-
tion, will operate in the energy range from 6.4keV to 30keV and pro-
vide access to a momentum space of up to qz = 2.5Å−1. LISA will
take advantage of the low vertical and horizontal divergence available
at the high resolution X-ray beamline by employing a double crystal
setup instead of a single beam tilt crystal as in current liquid surface
diffractometers. As a result the angle of incident can be simply varied
through a rotation of the crystal stage eliminating the need to move
the sample during reflectivity measurements. Furthermore, the sample
stage will be mechanically decoupled from both the beam tilt element
and the detector stage. This setup will allow to minimize mechani-
cal vibrations of the liquid interface, a key issue in such studies. We
present the design concept for LISA and model calculations for the
performance of the x-ray optics.

This work is supported by BMBF-05-KS7KF3.

O 27.34 Tue 18:30 P2
Coverage dependence of capture numbers in kinetic thin film
growth and its impact on island size distributions — •Martin
Körner, Mario Einax, and Philipp Maass — Institut für Physik,
Technische Universität Ilmenau, Germany

The growth of self-organized structures in thin film metal epitaxy is
governed by the nucleation kinetics in the submonolayer regime. In the
theoretical description of this nucleation kinetics in terms of mean-field
rate equations a long-standing problem is the determination of cap-
ture numbers, which describe the ability of clusters on the substrate
surface to capture further adatoms. Using extensive Kinetic Monte
Carlo simulations we present for the first time a systematic analysis
of these capture numbers as functions of coverage and cluster size for
both fractal and compact island shapes. This allows us to perform a
quantitative check for the validity of the mean-field rate equations and
to compare the island size distribution from KMC simulations with
numerical results from the corresponding rate equations.

O 27.35 Tue 18:30 P2
A High-Dimensional Neural Network Potential-Energy Sur-
face for Zinc Oxide — •Nongnuch Artrith, Marcus Maschke,
and Jörg Behler — Lehrstuhl für Theoretische Chemie, Ruhr-
Universität Bochum, D-44780 Bochum, Germany

Zinc oxide is a technologically important material, for example as sup-
port in heterogeneous catalysis. In order to study a variety of inter-
esting problems it is necessary to perform long simulations of large
systems, which are beyond the capabilities of established methods like
density-functional theory. Recently, artificial Neural Networks (NN)
trained to first-principles data have shown to provide accurate poten-
tial energy surfaces for condensed systems, which are computationally
very efficient to evaluate. However, so far these potentials have been
applicable only to elemental systems. We show that by including phys-
ically derived terms it is possible to extend the NN methodology to
multicomponent systems. The capabilities of the method are illus-
trated by first applications to zinc oxide.

O 27.36 Tue 18:30 P2
The cross-linked (1×2) surface reconstruction of rutile
TiO2 (110) — •Hans Hermann Pieper, Stephan Bahr, Stefan
Torbrügge, and Michael Reichling — Institute of Physics, Univer-
sity of Osnabrueck, Germany

Titania is one of the most investigated metal oxides and its surfaces
are frequently taken as model catalysts for the partial oxidation of
hydrocarbons. There is a large number of publications dedicated to
investigations of the pure unreconstructed rutile (110) surface and its
interaction with atoms and molecules. However, the different surface
reconstructions found for reduced crystals are still under discussion.
We investigate the cross–linked (1 × 2) reconstruction by atomic res-
olution dynamic scanning force microscopy. We interpret images con-
sidering that the atomic tip termination and the tip surface distance
have a huge influence on the tip-surface interaction, therefore, strongly
influencing the atomic contrast formation. We compare our data to
three frequently discussed surface reconstruction models and a perfect
agreement with one of them is demonstrated.

O 27.37 Tue 18:30 P2
Acrolein decomposition on cerium-oxide model-catalysts:
Correlation between structure and reactivity — •Jan Markus
Essen, Conrad Becker, and Klaus Wandelt — Institute of Physi-
cal and Theoretical Chemistry, University of Bonn, Wegelerstrasse 12,
D-53115 Bonn, Germany

The mechanism of reversible oxygen transfer by cerium oxide based
catalysts is still quite unclear. Depending on order, oxygen vacancies
and the presence of noble metals oxygen exchange with the oxide sur-
face respectively oxidation of adsorbed organic molecules takes place
in two temperature regimes, at about 600 K and at about 950 K.
While on well ordered ceria on Pt(111) acrolein desorbs completely
intact, annealing to 1000 K leads to an oxygen vacancy related cou-
pling of acrolein on the surface. Electron bombardment of ceria on
Pt(111) at 300 K results in hydroxylated surfaces with adsorbed CO2

and H2O. Acrolein TPD shows no defect formation. Disordered re-
duced oxides are generated by oxygen adsorption on 2 ML Ce/Pt(111).
Acrolein decomposition here proceeds via C1-O bond cleavage at 600
K. The remaining propylidine decomposes at 950 K in combination
with CO/CO2 desorption. Finally, Pd deposited on ceria on Pt(111)
shows a carbon removal by recombinant CO desorption at about 600
K. The reaction with the surface oxygen at 600 K is suggested to be
caused by an enhanced oxygen diffusion starting at this temperature,
while the oxidation at 950 K is assumed to result from desorbing oxy-
gen forming O2 vacancies.

O 27.38 Tue 18:30 P2
Correlation between structural and optical properties of
PTCDA monolayers on NaCl/Ag(100) — •Mathias Müller,
Eric Le Moal, Oliver Bauer, and Moritz Sokolowski — Institut
für Physikalische u. Theoretische Chemie, Universität Bonn, Wegeler-
straße 12, 53115 Bonn

We have investigated the structural and optical properties of PTCDA-
(sub)monolayers adsorbed on NaCl. Using thin epitaxial NaCl films
grown on Ag(100) it was possible to characterize the PTCDA layers
by spot profile analysis-LEED and in parallel with in-situ photolu-
minescence spectroscopy. Under optimized evaporation conditions we
succeeded to obtain ordered PTCDA films, which can be described
as a 3×3 superstructure. This superstructure is similar to the one of
PTCDA observed on Ag(100), but the lattice constant and azimuthal
broadening prove that PTCDA is absorbed on NaCl. Presumably due
to the commensurability and the high order of the structure we ob-
served sharp peaks in the photoluminescence spectra (similar to [1])
which also show interesting finestructure at low temperature. Further-
more, by cooling the sample at 20 K during evaporation, we prepared
a disordered PTCDA phase. By annealing the sample, we could ob-
serve a phase transition to the ordered structure by SPA-LEED. This
phase transition can also be seen as a redshift in the photoluminescence
which we explain by the dipole-dipole-coupling in the PTCDA mono-
layer. Funding by DFG research unit 557 is gratefully acknowledged.
[1] T.Dienel et al., Adv. Mater. 20 (5), 959-963 (2008).

O 27.39 Tue 18:30 P2
The local adsorption structure of glycine on TiO2(110) — T
J Lerotholi1, W Unterberger2, E A Kröger2, M Knight1, D
J Jackson1, •D Kreikemeyer Lorenzo2, K Hogan3, C Lamont3,
and D P Woodruff1 — 1University of Warwick, UK — 2Fritz-Haber-
Institut der Max-Planck-Gesellschaft, Berlin, Germany — 3University
of Huddersfield, UK

Scanned-energy mode photoelectron diffraction (PhD) is a well-known
technique to determine quantitatively the local structure of adsorbates
at surfaces. Here we report the application of this method to study
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the adsorption of glycine on TiO2(110). The adsorption of such small
biologically-related molecules has potential relevance to issues of bio-
compatibility, and in this context TiO2 is of particular interest, since
many medical implants are fabricated from Ti metal. We know from
previous studies on Cu(110) that the deprotonated glycine (glycinate)
bonds to the surface through both the carboxylate O atom and the
amino N atom in one-fold coordinated sites. However, if the glyci-
nate carboxylate O atoms adopt the same geometry as formate on
TiO2(110), the spacing of the Ti atoms along [1-10] is much larger than
the equivalent Cu-Cu spacing, and has bridging O atoms between, so
a similar lying-down geometry seems unlikely. We therefore expect
glycine to bond to TiO2 through either carboxylate O atoms or the
amino N atoms. O1s PhD spectra show much stronger modulations
than N1s PhD, consistent with bonding only through the carboxylate
O atoms which occupy off-atop Ti sites, and a standing-up geometry.
Quantitative evaluations of the data confirm this conclusion.

O 27.40 Tue 18:30 P2
DFT study of TMA on Rutile TiO2(110) — •Andreas Greul-
ing, Philipp Rahe, and Michael Rohlfing — Universität Osnabrück,
Barbarastr.7,D-49069,Osnabrück

TiO2 is a semiconductor which is used in many applications. For in-
stance, it is used in biotechnology, cosmetic industry, paint industry,
in catalysis or photocatalysis. In addition, it is also an ideal system
for studying self-assembly of organic molecules aiming at the construc-
tion of nanoscale devices. This results from the combination of mod-
erate molecule-substrate interaction, quasi-one-dimensional behavior,
and the possibility of anchoring molecules to surface defects. Moti-
vated by preliminary experimtental data for TMA(trimesic acid) on
TiO2(110)[1] we explore the system within DFT using the SIESTA
code to investigate several possible adsorbing orientations. Starting
from various initial configurations of TMA molecule we relax the sys-
tem until mechanical equilibrium is achieved. The adsorption energy
of each configuration is corrected for basis-set superposition error. Our
results predict that orientations where the TMA lies on the surface are
energetically favorable with respect to upright configurations.

[1] P. Rahe will give a talk about TPA (terephthalic acid) on TiO2

at this conference.

O 27.41 Tue 18:30 P2
Scanning Tunneling Microscopy and Spectroscopy
of Phthalocyanine Molecules on Insulating Films —
•Christof Uhlmann1, Maurice Ziola1, Niko Pavliček1, Tobias
Sonnleitner1, Gerhard Meyer2, and Jascha Repp1,2 — 1Institute
of Experimental and Applied Physics, University of Regensburg, 93040
Regensburg, Germany — 2IBM Research, Zurich Research Laboratory,
CH-8803 Rüschlikon, Switzerland

Ultrathin insulating films on metal substrates facilitate the use of the
scanning tunneling microscope to study the electronic properties of in-
dividual molecules, which are electronically decoupled from the metal-
lic substrate. This geometry represents a double-barrier tunneling
junction, in which at the resonances in conductance spectra an elec-
tron is temporarily added to or removed from the molecule. To gain a
detailed understanding of the spectra, it is desirable to systematically
vary the electronic structure of molecules step by step without chang-
ing the geometrical structure too strongly. We addressed this issue
by studying a series of metal-phthalocyanine molecules. In this series,
the lowest unoccupied (LUMO) and the highest occupied molecular
orbital (HOMO) can differ greatly in symmetry for the different metal
cores [1]. In addition to the variation of the electronic structures of
the molecule itself we also varied the level alignment with respect to
the Fermi level. The latter was done by varying the substrate system,
which is accompanied by a variation in the work-function.

[1] M.-S. Liao and S. Scheiner, J. Chem. Phys. 114, 9780 (2001).

O 27.42 Tue 18:30 P2
Investigation of the adsorption of CO and simple alco-
hols on the Rutile(110) surface with He atom scattering
and spectroscopic methods — •David Silber1, Martin Kunat1,
Franziska Traeger1, Hengshan Qui1, Yuemin Wang1, Christof
Wöll1, Piotr Kowalski1, Bernd Meyer2, and Christof Hättig1

— 1Lehrstuhl für Physikalische Chemie I, Lehrstuhl für Theoretis-
che Chemie an der RUB, Bochum — 2Interdisziplinäres Zentrum für
Molekulare Materialien (ICMM), Erlangen

We have studied the adsorption of CO on the rutile TiO2 (110) surface.
He-atom angular distributions were recorded to characterize the order-
ing of adsorbed CO and revealed a (1x1) diffraction pattern along both

high-symmetry directions. Surprisingly, the width of the diffraction
peaks was strongly different also the two high-symmetry directions.
We explain this anomaly by the presence of a structure containin grows
of CO-molecules tilted in an alterante fashion, yielding either a (2x1)
or a (2x2) superstructure. Both structures exhibit glide planes, leading
to peak extinctions along both high symmetry directions. The binding
energy of the CO molecule to the surface as determined by using He-
TDS and conventional TDS amounts to 8.0 kcal/mol. We also report
first results about overlayer structures observed for different alcohols
and their binding energies on the same substrates. For methanol and
ethanol we provide evidence that the interaction with the surface leads
to deprotonation. Data from near edge x-ray absorption spectroscopy
supports this conclusion.

O 27.43 Tue 18:30 P2
Preparation and Investigation of one-dimensional ZnO nanos-
tructures using the CVD process — •Patricia Thomasen, Yong
Lei, and Gerhard Wilde — Institut für Materialphysik, Westfälische
Wilhelms-Universität Münster, Germany

The preparation of one-dimensional (1D) ZnO nanostrutures via the
CVD process is reported here. The growth follows the VLS process in
a self-built CVD system. From the powder source, consisting of equal
molar amounts of ZnO and C powders, the reactant vapor is trans-
ported to the substrate with the help of constant Argon flow. For the
oxidation of the nanowires, only the leakage of oxygen inside the system
is used. To obtain a good regularity of the wires, a UTAM (Ultra Thin
Alumina Mask) surface nano-patterning process was used to produce
regular arrays of catalyst dots on the substrate. The UTAMs were
first tested for having a highly ordered arrangement of pores them-
selves. This was done by AFM measurements and a following Fourier
transformation of the data. The so grown nanowires were afterwards
charaterized by SEM, XRD and PL measurements.

O 27.44 Tue 18:30 P2
The growth of ultrathin Praseodymia films on passivated
highly boron-doped Si(111) surfaces — •Sebastian Gevers1,
Daniel Bruns1, Florian Bertram1, Timo Kuschel1, Martin
Suendorf1, Lars Boewer2, Christian Sternemann2, Michael
Paulus2, and Joachim Wollschläger1 — 1Fachbereich Physik, Uni-
versitaet Osnabrueck, Barbarastr. 7, 49069 Osnabrueck — 2DELTA,
Universitaet Dortmund, Maria-Goeppert-Mayer-Str. 2, D-44227 Dort-
mund, Germany

The Germanium On Insulator (GOI) technology is a cost-effective
method to integrate III-V optoelectronic materials like GaAs on the
dominating Si material platform. This is due to the negligible thermal
and lattice mismatch between Ge and GaAs. Good candidates for the
insulating buffer material are lattice matched high quality praseodymia
films to grow dielectric heterostructures on Si(111) with low defect den-
sity. However, it is essential to use passivated silicon substrates in order
to prevent the formation of silicate at the substrate-oxide interface.

In this work hexagonal Pr2O3 films were grown on passivated highly
boron-doped Si(111) substrates at different temperatures to realize
and characterise high quality praseodymia films on passivated Si(111).
During and after the growth process the surface structure and mor-
phology were analysed with Spot Profile Analysis Low Energy Electron
Diffraction (SPALEED). Additional X-Ray Reflection (XRR) investi-
gations at DELTA were performed to analyse the formation of both
oxide film and interfacial silicate.

O 27.45 Tue 18:30 P2
The growth of ultrathin Praseodymia films on passivated
highly boron-doped Si(111) surfaces — •Sebastian Gevers1,
Daniel Bruns1, Florian Bertram1, Timo Kuschel1, Martin
Suendorf1, Lars Boewer2, Christian Sternemann2, Michael
Paulus2, and Joachim Wollschlaeger1 — 1Fachbereich Physik,
Universitaet Osnabrueck, Barbarastr. 7, 49069 Osnabrueck —
2DELTA, Universitaet Dortmund, Maria-Goeppert-Mayer-Str. 2, D-
44227 Dortmund, Germany

The Germanium On Insulator (GOI) technology is a cost-effective
method to integrate III-V optoelectronic materials like GaAs on the
dominating Si material platform. This is due to the negligible thermal
and lattice mismatch between Ge and GaAs. Good candidates for the
insulating buffer material are lattice matched high quality praseodymia
films to grow dielectric heterostructures on Si(111) with low defect den-
sity. However, it is essential to use passivated silicon substrates in order
to prevent the formation of silicate at the substrate-oxide interface.

In this work hexagonal Pr2O3 films were grown on passivated highly
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boron-doped Si(111) substrates at different temperatures to realize
and characterise high quality praseodymia films on passivated Si(111).
During and after the growth process the surface structure and mor-
phology were analysed with Spot Profile Analysis Low Energy Electron
Diffraction (SPALEED). Additional X-Ray Reflection (XRR) investi-
gations at DELTA were performed to analyse the formation of both
oxide film and interfacial silicate.

O 27.46 Tue 18:30 P2
Epitaxial Europiumoxide on Ni(100) — •Daniel F. Foerster,
Jürgen Klinkhammer, Carsten Busse, and Thomas Michely — II.
Physikalisches Institut, Universität zu Köln, Zülpicher Str. 77, 50937
Köln, Germany

Stoichiometric EuO is one of the rare ferromagnetic semiconductors.
Slightly Eu-rich EuO contains oxygen vacancies which cause an ad-
ditional semiconductor to metal transition (SMT) with resistivity
changes up to 12 orders of magnitude simultaneously with the fer-
romagnetic transition.

We report on the growth of EuO on Ni(100) using molecular beam
epitaxy with film thicknesses ranging from below one atomic layer up
to several layers. The growth process is characterised at the atomic
scale by in-situ variable temperature scanning tunneling microscopy
(STM) and low energy electron diffraction (LEED). Using substrate
temperatures of 350◦C EuO films grow quasi-pseudomorphically with
their [100] direction oriented along the [110] direction of Ni, whereat
two Ni nearest neighbour distances fit the EuO lattice constant. In
consequence this quasi-pseudomorphic EuO phase is compressed by
3.1%. Based on density functional calculations the compressed EuO
must be assumed to possess a significantly higher Curie temperature
compared to bulk EuO. Besides the quasi-pseudomorphic phase also
EuO islands with a second epitaxial relation are observed as a minority
phase of EuO films on Ni(100). This phase grows with the EuO [100]
direction oriented along the [100] direction of Ni, thus being rotated
45◦ compared to the quasi-pseudomorphic phase.

O 27.47 Tue 18:30 P2
Structure and morphology of epitaxial manganese oxide
films on Ag(001) — •Klaus Meinel, Michael Huth, Sebastian
Polzin, Konrad Gillmeister, and Wolf Widdra — Martin-Luther-
Universität Halle-Wittenberg, Germany

STM, SPALEED, AES and HREELS have been applied to study the
formation and thermal stability of manganese oxide films on Ag(001).
The films have been grown by reactive Mn deposition in an O2 atmo-
sphere. Whereas films deposited at room temperature show a layer-like
growth mode, deposition at slightly higher temperatures yields an em-
bedding of film islands in the substrate due to Ag surface diffusion.
Film deposition in an O2 atmosphere of 2x10-8 mbar and postanneal-
ing to 620 K results in a MnO(001)-(1x1) rock salt structure which
may display a moiré-like relaxation pattern in SPALEED. For film de-
position in 8x10-8 mbar O2 and postannealing, a MnO(001)-(2x1) row
structure is observed with STM and SPALEED. At a film thickness
around 5 ML a new structure develops which is indicated by a brilliant
(2x2) diffraction pattern. It is assigned to the formation of a spinel-like
Hausmannite Mn3O4(001) film structure where the lattice vectors are
aligned along the [110]-like directions of the Ag(001) substrate. This
specific orientation implies an almost vanishing misfit which may ex-
plain the high structural perfection of the Mn3O4 films. These results
will be compared with recent data for manganese oxide thin films on
Pd(001) and Pt(111) [1,2].
[1] Bayer et al., Phys. Rev. B 76, 165428 (2007).
[2] Hagendorf et al., Phys. Rev. B 77, 075406 (2008).

O 27.48 Tue 18:30 P2
STM study of the structure and morphology of TiO2 thin
films epitaxially grown on Re(101̄0) — •Sebastian Schwede,
Susanne Schubert, Wilhelmine Kudernatsch, and Klaus Christ-
mann — FU-Berlin, Berlin, Germany

We have studied the epitaxy of TiO2 (rutile) films grown on the oxy-
gen precovered rhenium(101̄0) surface using LEED and STM. These
rutile films provide, by varying their thickness systematically, an easy
method to generate model catalysts with a well-defined roughness.

As a first step, we prepared the well-known (1x3) oxygen superstruc-
ture on the Re surface [1], which provides an appropriate template for
the subsequent growth of the (2x1) reconstructed rutile(011) phase on
the Re(101̄0) surface. STM images taken from the (1x3)-2O structure
confirm that it is a reconstructed phase of the ’buckling’ type.

Atomically resolved STM images of the rutile films prepared accord-

ing to ref. [2] reveal a clear zig-zag structure of the TiO2 films and
thus confirm their glide mirror symmetry, whereby periodic intensity
protrusions in the images provide additional structural information.
Larger scale images also support our previous conclusions concerning
the growth mechanism and morphology of the (011) rutile films.

[1] J. Lenz et al., Surf. Sci. 269/270 (1992) 410
[2] D. Rosenthal et al., Surf. Sci. 600 (2006) 2830.

O 27.49 Tue 18:30 P2
Vanadium oxide films on W(110) and on natively oxidized
Si: flat and nanostructured model catalysts — •Benjamin
Borkenhagen1, Jöran Bauchrowitz2, Gerhard Lilienkamp1, and
Winfried Daum1 — 1IPPT TU Clausthal — 2MPI Hannover

We present results on structural and chemical properties of VOx films
prepared in two different ways: by V evaporation in an UHV system
under O2 atmospheres on W(110) and by a sol-gel process on Si sub-
strates covered with a native oxide. Under oxidizing or reducing condi-
tions at elevated temperatures the ultrathin VOx films on W(110) can
be transformed into several superstructures, e.g. (3x1), (2x1) or nearly
hexagonal superstructures the latter observed in several orientations
relative to the substrate as revealed by LEED. By analysis of AES we
are able to relate these superstructures to W-V surface alloys, WOx

or VOx in various oxidation states. We have derived a preliminary di-
agram of the existence range of surface phases of VOx on W(110). We
investigated the films with Low Energy Electron Microscopy (LEEM)
to determine domain sizes and alignment and to see how transforma-
tions between different superstructures occur. Ultrathin VOx films
with low roughness were prepared by a sol-gel process. Depending on
subsequent heating, our AFM studies show the formation of multiple
surface topographies such as plateaus, needle-like crystallites and tubs.
AES and tunneling AFM (TUNA) were used to determine chemical
and physical properties of the structures. LEEM has been applied to
distinguish between conducting and insulating crystallites and to study
changes in conductivity during annealing of the samples in UHV.

O 27.50 Tue 18:30 P2
SPA-LEED investigations on highly boron-doped Si(111)
Surfaces after annealing in UHV — •Daniel Bruns, Sebas-
tian Gevers, Timo Kuschel, Florian Bertram, Martin Suen-
dorf, Thomas Weisemoeller, Gregor Steinhoff, and Joachim
Wollschlaeger — Fachbereich Physik, Universitaet Osnabrueck,
Barbarastr. 7, 49069 Osnabrück

’Dangling bonds’ at the Si(111) surface benefit the formation of thick
interface layers between the silicon substrate and oxide films during
the deposition process. This is often unwanted for potential electronic
applications such as MOSFET or GOI. Therefore it is needful to in-
vestigate passivated silicon surfaces which may prevent intermixing of
substrate and adsorbate.
Highly boron-doped Si(111) substrates were annealed at 1000◦C and
cooled down very slowly to achieve complete saturation of the ’dan-
gling bonds’ under reconstruction to the Si(111)(

√
3×
√

3)R30◦ phase.
The surface morphology of the prepared substrates was analyzed by
SPA-LEED. The diffraction peaks show multiple splittings caused by
facetting of the surface. A model with big step-bunches and large
terraces was developed to explain our experiments. Afterwards the
stability of the (

√
3 ×
√

3)R30◦ phase was tested under UHV condi-
tions at temperatures from 300◦C to 700◦C.

O 27.51 Tue 18:30 P2
Decomposition of the Si(111)-2×1 Surface Reconstruction at
Room Temperature: an STM Study — •Thomas K. A. Spaeth1,
Martin Wenderoth1, Karolin Löser1, Jens K. Garleff2, and
Rainer G. Ulbrich1 — 1IV. Phys. Inst., Georg August Univ. Göttin-
gen, Germany — 2PSN, Eindhoven University of Technologie, the Ned-
erlands

The π-bonded chains of the Si(111)-2×1 reconstructed surface are
highly anisotropic with quasi 1-d electronic properties [1, 2]. We pre-
pared the surfaces by cleaving bulk crystals. During STM measure-
ments in UHV (8 ·10−10mbar to 6 ·10−11mbar) we observed a gradual
decomposition of the Si(111)-2×1 surface structure. It starts with
small holes which grow gradually. The new surface shows no recon-
struction or any periodic structure. Comparing the topographic height
with monatomic step as a reference we find that the step height be-
tween the original reconstruction and the new surface is only half the
height difference of the monolayer. By measurements at diverse UHV
pressures we find a variation of the rate of decomposition: with increas-
ing pressure the decomposition takes several days at 6·10−11mbar, and
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only a few hours at 8 · 10−10mbar. Finally the surface ordering van-
ishes completely. For this type of surface no further degradation is
observed. Our findings indicate that the partial and finally even com-
plete removal of the first atomic layer leads to a more stable surface
structure which is not long-range ordered.

[1] M. Rolfing and S. G. Louie, PRL 83 (4), 856 (1999)
[2] J. K. Garleff et al., PRB 76, 125322 (2007)

O 27.52 Tue 18:30 P2
Direct measurement of surface stress anisotropy on Si(100)
surfaces by means of SSIOD and homoepitaxial growth —
•Friedrich Klasing and Michael Horn-von Hoegen — University
of Duisburg-Essen, Institute for Experimental Physics

Surface stress is one of the most important physical quantities for the
formation of structure and morphology of solid surfaces due to its large
contribution to the total energy. Unfortunately, the direct measure-
ment of surface stress is not possible, but it can be determined via
the elastic response of a thin substrate as utilized in bending sample
techniques like surface stress induced optical deflection (SSIOD) [1].
The morphology of bare Si(100) surfaces is strongly influenced by the
anisotropic stress of the (2×1) dimer structure. Theory predicts com-
pressive stress along the dimer bond (σ|| > 0) and tensile stress per-
pendicular to the dimer bond (σ⊥ < 0). For the technologically most
important semiconductor surface - Si(100) - there still is no direct
method to measure this important parameter.
Utilizing the formation of a single (2 × 1) domain structure during
homoepitaxial growth under kinetic limitations at 400◦ − 500◦C on a
slightly vicinal surface it was possible to directly determine the differ-
ence of the tensor components ∆σ = σ⊥ − σ|| via SSIOD for the first
time. The presented findings are well within predictions.
[1]: A. Schell-Sorokin et al., Phys. Rev. Lett. 64(9), 1039 (1990)

O 27.53 Tue 18:30 P2
Surface Characterisation of GaSb-films grown by MOCVD
— •Andreas Seemayer1, Alexander Hommes1, Sascha Hümann2,
Dirk Vogel2, Stephan Schulz3, and Klaus Wandelt1 — 1Institute
for Physical Cchemistry, University of Bonn, Germany — 2Max Planck
Institut für Eisenforschung, Düsseldorf, Germany — 3Department of
Chemistry, University of Essen, Germany

III-V semiconductor films used for opto- and microelectronic devices
have traditionally been grown by (MO)MBE and LPE processes. An
alternative metal-organic CVD-process, which has been established
in the last two decades for high-throughput and low-cost fabrication
works for nitrides, phosphides and arsenides, but is problematic for an-
timonides. In particular, for GaSb films an alternative route is a CVD-
process using the heterocyclic single source precursor [tBu2GaSbEt2]2.

Subject of the present work is the gas phase behaviour of the used
precursor under UHV conditions and the surface characterisation of
thin GaSb-films, which were grown in a self-made HV-MOCVD reac-
tor on Si(001), by AES, S-XPS and AFM. The results are discussed in
terms of a correlation of the electronic properties with the composition
and structure of the films.

O 27.54 Tue 18:30 P2
The influence of diffusion anisotropy and strain on Ag
nanowire formation on flat and vicinal Si(001) — •Dirk
Wall, Simon Sindermann, Michael Horn-von Hoegen, and Frank-
Joachim Meyer zu Heringdorf — Address: Department of Physics
and Center for Nanointegration Duisburg-Essen (CeNIDE) Universität
Duisburg-Essen, D-47057 Duisburg, Germany

Photoemission Electron Microscopy (PEEM) and Low Energy Electron
Microscopy (LEEM) are used to study the self organized growth of Ag
nanowires on flat and vicinal Silicon (001) surfaces. The nanowires
form along the two dimer row directions on the flat Si substrate. Dur-
ing growth on substrates with higher vicinalities, between 0◦ and 4◦

along the [110] direction, the wires start to form predominantly aligned
with the steps. Finally, on a 4◦ vicinal substrate, all wires are aligned
with the steps [1]. This increasing alignment of the nanowires along
the [1̄10] direction is attributed to the increase in diffusion anisotropy
of Ag adatoms on increasingly vicinal Si substrates [1,2]. For strained
islands, calculations predict that the islands will nucleate in a symmet-
rical shape on the surface until the lattice mismatch forces the islands
to become elongated in one direction and shrink in the perpendicu-
lar direction [3]. We will show present results as to which of the two
mechanisms, strain and/or diffusion anisotropy are affecting wire for-
mation. [1] D. Wall et. al.; J. P.:Cond. Matt. (submitted) [2] D. Wall
et. al.; Mater. Res. Soc. Symp. Proc. 1088E; 1088-W05-04(2008) [3]

J. Tersoff, R. M. Tromp; Phys. Rev. Lett. 70 (1993) 2782

O 27.55 Tue 18:30 P2
Metal induced faceting of Si (112) — •Tobias Nabbefeld,
Christian Wiethoff, Frank-Joachim Meyer zu Heringdorf, and
Michael Horn-von Hoegen — Department of Physics and Center for
Nanointegration Duisburg-Essen (CeNIDE), University of Duisburg-
Essen, 47057 Duisburg

In vapour-liquid-solid growth of Si-nanowires intense faceting of (112)-
sidewalls is observed when Au is used as catalyst [1,2]. Other catalyst
metals commonly used for the growth of nanowires are Ag and Al.
We studied the faceting of Si (112) samples, prepared in ultra-high-
vacuum by molecular-beam-epitaxy, in-situ by spot-profile-analysing
low-energy-electron-diffraction (SPA-LEED). The SPA-LEED shows
facet orientations with high accuracy. Several morphologic phases
depending on Ag or Al coverage and temperature were found, and
orientations of facets as well as the average step heights, the terrace
widths and roughness were identified. The temperature dependence of
the faceting process is analysed for temperatures between 380◦C and
740◦C. This temperature range covers the temperatures of vapour-
liquid-solid-growth mechanism and of vapor-solid-solid-growth mech-
anism for Al-catalysed Si-nanowires [3]. The results of these exper-
iments will help to optimize the properties of nanowires, which are
influenced by surface structures.

[1] F.M. Ross et al., Phys. Ref. Lett. 95, 146104, 2005
[2] C. Wiethoff et al., Nano Lett. 8, 3065, 2008
[3] Y. Wang et al., Nature Nanotech. 1, 186, 2006

O 27.56 Tue 18:30 P2
2D electrical conductivity in the Bi(111) surface state —
•Hichem Hattab1, Giriraj Jnawali1, Thorsten Wagner2, Rolf
Möller1, and Michael Horn-von Hoegen1 — 1Fachbereich Physik,
Universität Duisburg-Essen, Lotharstr. 1, 47048 Duisburg, Ger-
many — 2Johannes Kepler University Linz, Institute of Experimental
Physics, Altenberger Str. 69, A-4040 Linz, Austria.

Bismuth is a semi metal with unique electronic properties. Recent in-
vestigations show that for atomically smooth ultra thin Bi(111) films
the electronic density of states near the Fermi level is dominated by a
highly metallic surface state [1]. Such films are ideally suited to study
2D electronic transport and roughness induced scattering effects.

Epitaxial Bi(111) films are grown on Si(001) at 150 K and annealed
at 450 K [2]. The electric contact to the Bi surface is established by
4-point WSi2 contacts. Since the conductivity of the Bi-films does not
depend on the thickness for up to 60 nm, it has to be attributed to the
electronic surface state.

Additional Bi deposition ΘBi at 80 K produces a high density of
2D-Bi islands. The island density in the sub-bilayer regime is deter-

mined by STM and increases with Θ
1/3
Bi . This short scale roughness

significantly decreases the surface state conductivity with Θ
1/2
Bi . This

behavior is explained by a simple Boltzmann transport theory for a
2D electron gas.

[1] Hirahara et al., Appl. Phys. Lett. 91, 202106 (2007)
[2] Jnawali et al., Phys. Rev. B 78, 035321 (2008)

O 27.57 Tue 18:30 P2
Angle-resolved inverse photoemission of the H-etched 6H-
SiC(0001) surface — •Nabi Aghdassi, Ralf Ostendorf, and Hel-
mut Zacharias — Physikalisches Institut, Westfälische Wilhelms-
Universität Münster

The etching of 6H-SiC(0001) substrates in molecular hydrogen at
elevated temperatures leads to an ordered silicate adlayer as it is
confirmed by LEED and AES. LEED patterns clearly feature a
(
√

3×
√

3)R30◦ periodicity while AES spectra are evidence for the
presence of Si-O bonds. The generated surfaces appear to be fully pas-
sivated and therefore stable in ambient air. After cleaning the samples
by heating in UHV up to temperatures around 750◦C angle-resolved
inverse photoemission is performed on the SiO2/SiC interface. The
IPE spectra reveal five features above the Fermi level around 0.5 eV,
1.2 eV, 2.3 eV, 3.5 eV and 5.5 eV, respectively, which show only a weak
dispersion along the Γ - M and Γ - K directions of the (1×1) surface
Brillouin zone.

O 27.58 Tue 18:30 P2
Preparation and Characterization of Gold Micro-Crystals on
an artificial SiO2-Layer on Silicon — Jawad Slieh, •Andreas
Winter, Armin Brechling, Wiebke Hachmann, and Ulrich Heinz-
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mann — Molecular and Surface Physics, Bielefeld University

We report on the fabrication of gold micro-crystals in the size range
between several 100 nm and approximately 3 µm. Gold was deposited
on dry oxidized silicon wafer pieces (001) by Ar-sputtering at a de-
position rate of 0.11 nm/s and an Ar partial pressure of 13 Pa. The
subsequent annealing was made in a nitrogen atmosphere at different
temperatures (900◦C – 1050◦C) as well as at different annealing times
(2 h – 10 h). The influence of the deposited gold layer thickness, of
the annealing temperature and of the annealing time on the crystal
size, on the crystal orientation and on the amount of single crystals
were studied systematically. The lateral and vertical sizes of the gold
clusters were characterized by means of Scanning Electron Microscopy
and Atomic Force Microscopy, respectively. The orientation of the gold
crystals relative to the substrate was characterized by X-Ray Diffrac-
tion and Laue Diffraction techniques.

O 27.59 Tue 18:30 P2
FTIR-Spectroscopy of MOCVD-Prepared Silicon (100) —
•Peter Kleinschmidt, Anja Dobrich, Henning Döscher, Sebas-
tian Brückner, Christian Höhn, and Thomas Hannappel —
Helmholtz-Zentrum Berlin für Materialien und Energie, Glienicker Str.
100, 14109 Berlin

Using silicon to replace III-V semiconductors or germanium as a sub-
strate material in high-performance devices like high-efficiency multi-
junction solar cells is attractive due to cost considerations and better
availability. In order to achieve defect-free epitaxy on Si(100), the
surface should exhibit double atomic steps. MOCVD-preparation of
Si(100) typically results in single atomic steps where Si-Si dimer ori-
entation alternates on adjacent terraces. In the MOCVD reactor, the
presence of hydrogen may have a crucial impact on the step formation
at the surface.

We have investigated MOCVD-prepared Si(100) using Fourier-
transform infrared (FTIR) spectroscopy in an attenuated total re-
flection (ATR) configuration enabling sensitive measurements of the
silicon-hydrogen bonds at the surface. The measurements showed Si-
H mono-hydrides, which are characterized by absorption lines due to a
symmetric and an antisymmetric stretch mode. This is in agreement
with results from low-energy electron diffraction (LEED) and scanning
tunneling microscopy (STM), which indicated that the surface unit cell
consists of silicon dimers. The FTIR measurements suggest that the
dangling bonds of the dimers are saturated with hydrogen.

O 27.60 Tue 18:30 P2
In-situ RAS analysis of homo- and hetero-epitaxial GaP(100)
surfaces grown by MOVPE — •Henning Döscher, Sebastian
Brückner, and Thomas Hannappel — Helmholtz-Zentrum Berlin
für Materialien und Energie, Glienicker Str. 100, 14109 Berlin

Control over the atomic properties of III-V compound semiconductor
surfaces is of crucial importance for the preparation of well-defined
hetero-interfaces in many thin film devices, e.g. solar cells, lasers, and
LEDs. Reflectance anisotropy spectroscopy (RAS) is an extremely
surface sensitive optical probe applicable for in-situ measurements in
the MOVPE environment. The MOVPE deposition of gallium phos-
phide on Si(100) is studied here as an exemplary model system for
the hetero-epitaxial III-V growth on non-polar substrates since this
material combination represents an almost perfect lattice match.

The created hetero-interface gives rise to the formation of anti-phase
domains (APDs) according to the step structure of the substrate,
which are considered as a crucial defect mechanism in these samples.
Recently, RAS was applied for quantitative in-situ measurements for
APDs on the surface of GaP/Si(100) thin films. The success of this
approach depends on the correct consideration of all influences on the
structure and intensity of the characteristic RA spectra. In the case
of GaP(100) surfaces, not only the reconstruction, but also the sample
temperature and the applied preparation route have to be regarded. In
the investigated thin film system additional signal contributions arise
due to APD content and interference with the interfacial reflection,
which potentially is anisotropic in itself.

O 27.61 Tue 18:30 P2
Comparision on the local adsorption of cyclopentene and
benzene on Si(100) — •Daniel Weier1, Tobias Lühr1, Axel
Beimborn1, Anja Wadewitz1, and Carsten Westphal1,2 —
1Fakultät Physik - Technische Universität Dortmund, Otto-Hahn-
Str.4, D 44221 Dortmund, Germany — 2DELTA - Technische Univer-
sität Dortmund, Maria-Goeppert-Mayer-Str. 2, D 44227 Dortmund,
Germany

There has been considerable interest in the behaviour of the bond-
ing process of unsaturated hydrocarbons with semiconductor surfaces.
These systems offer a potential route to optoelectronic and bioanalyt-
ical devices if functional groups are added to the base molecules. Ex-
amples of these systems are the interaction between cyclopentene and
benzene on silicon. In our experiments at beamline 11 (DELTA) these
structures were studied using XPS and x-ray photoelectron diffrac-
tion. The experimental data were compared to simulation calcula-
tions in order to investigate the molecules interaction with the surface.
Angle-scanned photoelectron diffraction patterns were recorded within
0-358◦ and 0-80◦ for the azimuth and polar angle, respectively. The
experimental patterns are compared to simulation calcualtions of both
systems. It will be shown that the adsorption behaviour of cyclopen-
tene and benzene differ from each other. Cyclopentene tends to form
only one type of adsorption structure whereas benzene is forming two
different structures. Our results showed a combination of the ’standard
butterfly’ and the ’tilted bridge’ structure for benzene, but a upright
standing tilted structure for the cyclopente, respectively.

O 27.62 Tue 18:30 P2
Band bending via H2O adsorption on titanium dichalcogenide
surfaces — •Stephan Thürmer, Alexander Paulheim, Lenart
Dudy, Beate Müller, Hendrik Vita, Christoph Janowitz, and
Recardo Manzke — Humboldt-Universität zu Berlin, Institut für
Physik, Newtonstr. 15, 12489 Berlin

With the method of photoemission it is possible to measure occupied
electronic states of a material by detection of the emitted electrons.
By means of angle-resolved photoemission (ARPES) the complex elec-
tronic structures in reciprocal k-space, such as energy-band dispersion,
are accessible. Band bending can be induced by Schottky contacts and
therefore normally unoccupied electronic states can be reached. Here,
water adsorption onto the van der Waals-like surface of Ti compounds
served as contact. Photoemission analysis of the TiSe2 transition metal
dichalcogenide has shown interesting effects of dipole induced band
bending [1]. Presuming Schottky contact like effects, the semiconduct-
ing behavior of this material was revealed. In accordance, preliminary
ARPES measurments of the semimetal TiTe2 in similar conditions
showed no bending of the bands due to charge carrier screening of the
dipole field. To further investigate the effects of water physisorption,
detailed measurements and comparisons of the isostructural Ti com-
pounds TiSe2, TiTe2, and TiS2 with high resolution ARPES will be
shown.
[1] J. Rasch et al., Phys. Rev. Lett. 102 (2008)

O 27.63 Tue 18:30 P2
A spectroscopy study of water adsorption on diamond sur-
faces — •Simon Quartus Lud1, Dominique Verreault2, Patrick
Koelsch2, Martin Huth3, Bert Nickel3, Hendrik Bluhm4, John
Newberg4, Martin Stutzmann1, and Jose Antonio Garrido1

— 1Walter Schottky Institut, Technische Universität München, Am
Coulombwall 3, 85748 Garching, Germany — 2Angewandte Physikalis-
che Chemie, Universität Heidelberg, Im Neuenheimer Feld 253,
69120 Heidelberg, Germany — 3Department für Physik, Ludwig-
Maximilians-Universität München, Geschwister-Scholl-Platz 1, 80539
München, Germany — 4Chemical Sciences Division, Lawrence Berke-
ley National Laboratories, Berkeley, CA 94720, USA

We have explored the adsorption of water layers onto different diamond
surfaces at the solid-gas interface. X-ray reflectivity (XRR), sum fre-
quency generation (SFG) spectroscopy and X-ray photoelectron spec-
troscopy (XPS) have been used to investigate the adsorbed water onto
the diamond films under controlled humidity. XRR reveals the pres-
ence of a water film on the hydrophilic O-terminated surfaces, with
a thickness increasing with humidity. Interestingly, even if highly hy-
drophobic, the hydrogenated surface also shows a humidity-dependent
water film. SFG spectroscopy, with its high surface sensitivity, revealed
different vibrational modes of interfacial water, including the so-called
free OH stretching mode at 3700 cm−1. Temperature dependent SFG
experiments were performed to investigate the stability of the water
films on H-, F- and O-terminated surfaces, unveiling a surprisingly
high stability for water even on the hydrophobic surfaces.

O 27.64 Tue 18:30 P2
HR-EELS and STM study of organic molecules on Si(001) —
•Bochra Boughaled Ellakhmissi and Ulrich Köhler — Experi-
mentalphysik IV/AG Oberflächen, Ruhr-Universität Bochum, 44780
Bochum, Germany
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The reaction of acrylonitrile with Si(001)-(2x1)-surfaces is studied as
a first step in the field of the fabrication of organic/inorganic semicon-
ductor hybrid structures. Layers of nitriles are a possible candidate for
a template layer on silicon to enable the anchoring of organic coatings.

A combination of an area averaging spectroscopy, high resolution
electron energy loss spectroscopy (HR-EELS) and a local microscopy,
scanning tunnelling microscopy (STM) is used to determine the inter-
nal structure of the adsorbed molecule and the adsorption geometry
on the Si-substrate. A non-dissociative cross dimer row adsorption is
present at room temperature and below. HR-EELS is used to study
the thermal decomposition of acrylonitrile above room temperature.
First results on the reaction of organic molecules with water covered
Si(001) surfaces will be shown.

O 27.65 Tue 18:30 P2
Investigation of antenna resonances for SERS in the near in-
frared — •Daniel Weber1, Frank Neubrech1, Christina Bauer2,
Annemarie Pucci1, and Harald Giessen2 — 1Kirchhoff-Institut für
Physik, Universität Heidelberg, Deutschland — 24. Physikalisches In-
stitut, Universität Stuttgart, Deutschland

Gold nanorod arrays were investigated by infrared (IR) microscopy us-
ing synchrotron radiation at the Angströmquelle Karlsruhe (ANKA).
The regularly shaped gold nanorods (width and height about 100 nm)
with lengths between 400 and 1200 nm were prepared by electron beam
lithography at the 4th Physics Institute, University of Stuttgart. The
nanorods are placed on quartz glass (Herasil), which is transparent
for IR radiation in the near infrared spectral range. Comparable to
our results from former IR spectroscopic studies of gold nanowires de-
posited on zinc sulphide substrates, we observed antenna-like plasmon
resonances, which are accompanied by an enhanced electromagnetic
field in the vicinity of the nanorods. We intend to exploit this field
enhancement for surface-enhanced Raman scattering (SERS) by using
an IR laser as exciting light source

O 27.66 Tue 18:30 P2
attosecond technology towards combining ultrahigh spa-
tiotemporal resolution * nanoplasmonic optical field mi-
croscopy — •jingquan lin1, adrian wirth2, soo chew1, nils
weber3, michael merkel3, matthias kling2, mark stockman4,
ferenc krausz1,2, and ulf kleineberg1 — 1Faculty of Physik, LMU,
Garching,Germany — 2Max Plank Institute of Quantenoptics, Garch-
ing, Germany — 3Focus Gmbh, Huestetten Kesselbach, Germany —
4Georgia State University,Atlanta, USA

Nanoplasmonics deals with collective electronic dynamics on the sur-
face of metal nanostructures, which arise as a result of resonant ex-
citations of surface plasmons by light pulse. Because of their broad
spectral bandwidth, surface plasmons undergo ultrafast dynamics with
timescales as short as a few hundred attoseconds. An approach, which
combines photoelectron emission microscopy and attosecond streak-
ing spectroscopy and will provide direct, non-invasive access to the
nanoplasmonic collective dynamics with nanometre-scale spatial res-
olution and temporal resolution on the order of 100 attoseconds, has
been proposed. To implement the approach, ToF-PEEM with 25 nm
spatial resolution and 50 meV energy resolution has been developed
and characterized by use of 400 nm/70ps diode laser. First experi-
mental steps towards time-resolved 2PPE photoemission microscopy
as well as vis-pump/XUV-prrobe attosecond microscopy to measure
the temporal evolution of localized optical fields will be described.

O 27.67 Tue 18:30 P2
Near Field Distribution of Nanostructures with Electro-
magnetic Coupling — •Pascal Melchior1, Martin Rohmer1,
Christian Schneider1, Daniela Bayer1, Alexander Fischer1,
Mirko Cinchetti1, Daniel Benner2, Johannes Boneberg2, Paul
Leiderer2, and Martin Aeschlimann2 — 1Department of Physics
and Research Center OPTIMAS, University of Kaiserslautern, 67663
Kaiserslautern, Germany — 2Department of Physics, University of
Konstanz, 78457 Konstanz, Germany

Nonlinear photoemission electron microscopy (PEEM) is a powerful
tool to directly image the near field distribution of nanostructures.
On the other hand, two-photon photoemission (2PPE) spectroscopy
allows the investigation of electron dynamics following the excitation
with a laser pulse. As follows from Fermi-liquid theory, the electron
dynamics strongly depend on the energy.

We combined a PEEM instrument with time-resolved 2PPE and
time-of-flight detector (ToF) to simultanously access space, time and
energy. This gives the unique possibility to study the electron dy-

namics at nanostructured sufaces and the influence of near field en-
hancement on the dynamics not only with highest spatial and tem-
poral resolution but also with the option of spectroscopic analysis of
the photoemitted electrons. In particular, we devoted our attention
to investigate the influence of coupling effects on the near field distri-
bution of nanostructures with varying dimer distance, the dominant
parameter that characterizes the coupling.

O 27.68 Tue 18:30 P2
Coupling of Single NV-Centres to Surface Plasmons —
•Merle Becker, Bernhard Grotz, Gopalakrishnan Balasubra-
manian, Roman Kolesov, Fedor Jelezko, and Jörg Wrachtrup
— 3. Physikalisches Institut, Universität Stuttgart,70550 Stuttgart,
Germany

Subwavelength light localization is the crucial condition to achieve
strong coupling between single emitters and nanosystems. Control-
ling the coupling and therewith controlling light quanta is of great
interest in the field of quantum science. Coupling of single emitters to
surface plasmons was already shown previously, however when think-
ing about devices, it is of big importance to gain knowledge about
coupling strengths that can be achieved experimentally. As model sys-
tem, we show the coupling of single NV centres to Ag nanowires at
different diameters in comparison to theoretical models. NV centres
were chosen as single emitters due to absolute photostability at room
temperature and growing importance in quantum optics and MRI [1].

[1] G. Balasubramanian et al. Nature 455, 648 - 651 (2008)

O 27.69 Tue 18:30 P2
Time-Resolved Near-Field Microscopy of Acoustic Vibra-
tions — •Thorsten Schumacher1,2, Markus Lippitz1,2, Ralf
Vogelgesang1, Jens Dorfmüller1, and Klaus Kern1 — 1Max-
Planck-Institute for Solid State Research, Stuttgart - Germany — 24th
Physics Institute, University of Stuttgart, Stuttgart - Germany

The localized surface plasmon resonance (LSPR) of metal nanoparti-
cles depends directly on the geometry and the dielectric constant of the
nanoobject. The resonance is influenced by the electron density which
can be modified by acoustic oscillations of the nanostructure. The op-
tical near-field thus contains information on the structure’s acoustic
oscillation.

The combination of apertureless scanning near-field optical mi-
croscopy (aSNOM) and ultrafast pump-probe spectroscopy allows to
detect the temporal and spatial dependence of the LSPR. We present
our implementation of a pump-probe aSNOM which at the end will
allow us to map out nanoscale Chladni figures. We show numeri-
cal simulation of the field changes caused by local plasma frequency
changes, nanoacoustical modes as well as first experimental results.

O 27.70 Tue 18:30 P2
Analysis Tools for Time-Resolved Two-Photon Photoelec-
tron Microscopy of Excitations in Metal Nanostructures
— Martin Aeschlimann1, Michael Bauer2, Daniela Bayer1,
Tobias Brixner3, Stefan Cunovic4, Frank Dimler3, Alexan-
der Fischer1, Walter Pfeiffer4, Martin Rohmer1, Christian
Schneider1, Felix Steeb1, •Christian Strüber4, and Dmitri V.
Voronine3 — 1University of Kaiserslautern, Kaiserslautern, Ger-
many — 2University of Kiel, Kiel, Germany — 3Ludwigs-Maximilian-
Universität, Würzburg, Germany — 4University of Bielefeld, Bielefeld,
Germany

The application of coherent control schemes in nanooptics aims for
steering the temporal and spatial evolution of localized excitations.
Polarization shaped laser pulses allow tailoring the local excitation of
a nanostructure simultaneously with subwavelength spatial resolution
and femtosecond timing [1,2]. The investigation of the temporal evo-
lution of the optical near-field is based on time-resolved two-photon
photoemission microscopy (TR-2P-PEEM). In such experiments spa-
tial resolution in the nm-scale requires long-term positioning stabil-
ity of the acquired PEEM patterns. Here, methods are introduced
that allow eliminating artefacts because of sample drift. In addition
we present the methodology for time-resolved cross correlation mea-
surements using polarization shaped pulses as pump excitation and
bandwidth-limited probe pulses.

[1] T. Brixner et al. Phys. Rev. Lett. 95 (2005) 093901.
[2] M. Aeschlimann et al. Nature 446 (2007) 301

O 27.71 Tue 18:30 P2
3D-Nanofocusing through the superposition of dipole radia-
tion from second-harmonic emitters — •Philipp Reichenbach,
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Phillip Olk, and Lukas Eng — Institut für Angewandte Photo-
physik, Dresden, Germany

Much research has been carried out on the optical second-harmonic
(SH) generation from single metallic nanoparticles (MNP). We theo-
retically investigate how the second-harmonic radiation from multiple
MNP emitters can be superposed to form a nanofocus in 3-dimensional
space.
At first we considered the possible SH radiation emitted by single
spherical and cone-shaped particles, respectively. Especially nanocones
seem to be good dipole SH emitters. Secondly, the SH radiation of
multiple particles is then superposed. Arranging MNPs on a circle
(for instance) results in a nanofocus of ca. λ/3 in diameter, where the
focal position can be tuned in space through dictinct phase condition-
ing, such as tilting of the exciting beam.

O 27.72 Tue 18:30 P2
Evaluation of near-field enhanced Raman spectroscopy
on industrial silicon structures — •Benjamin Uhlig1, Jens-
Hendrik Zollondz2, Martin Haberjahn2, Peter Kücher3, and
Lukas M. Eng4 — 1Fraunhofer-Institut für Keramische Technolo-
gien und Systeme, Winterbergstrasse 28, 01277 Dresden, Germany
— 2Qimonda Dresden GmbH & Co. OHG, Königsbrücker Strasse
180, D-01099 Dresden, Germany — 3Center of Competence CoC
Metrology/Analytic, Fraunhofer-Center Nanoelektronische Technolo-
gien CNT, Königsbrücker Straße 180, D-01099 Dresden, Germany —
4Institut für Angewandte Photophysik, TU Dresden, George-Bähr-
Straße 1, D-01069 Dresden, Germany

Following Moore’s Law, semiconductor structures become smaller and
smaller. The understanding of stress intentionally implemented in de-
vices or stress in multi-layer components due to thermal mismatch
is a major challenge for metrology. A promising technique to ob-
tain highly localized stress information is Tip Enhanced Raman Spec-
troscopy (TERS). This paper discusses under which conditions TERS
can be applied to industrial semiconductor structures and which effects
can be expected. In order to obtain an idea of the enhancement effects
on Silicon, we show several Surface Enhanced Raman Spectroscopy
(SERS) experiments using gold and silver nanoparticles. Parameters
like particle size, incident laser wavelength and polarization settings
are discussed and a first prove of a near-field like, surface sensitive
enhancement on a semiconductor sample is shown.

O 27.73 Tue 18:30 P2
Calculation of optical near and far fields at metal-
semiconductor hybrids — •Patrick Scholz, Stephan Schwieger,
David Leipold, and Erich Runge — Fachgebiet Theoretische Physik
I, Technische Universität Ilmenau, 98693 Ilmenau, Germany

We calculate electromagnetic field distributions on nanostructured
metal-semiconductor hybrids that are illuminated with photons near
the semiconductor exciton resonance. We solve Maxwell’s equations in
frequency (COMSOL, RF module) and time (Lumerical, inc, FDTD
solutions) space. Further, we test an approximative boundary condi-
tion (SIBC) to avoid the calculation of the fields inside the metal and
speed up the calculations. Surface plasmon polaritons (SPPs) and ex-
citons can coexist in these structures and coupled SPP-exciton modes
can be formed. The coupling allows to transfer energy from pumped
excitons into SPP modes. This compensates the large SPP losses. We
discuss the resulting enhancement of SPP life times and propagation
lengths.

O 27.74 Tue 18:30 P2
Time- and energy resolved photoelectron emission mi-
croscopy on micro- and nanostructured samples — •Christian
Schneider, Martin Rohmer, Daniela Bayer, Pascal Melchior,
and Martin Aeschlimann — Department of Physics and Research
Center OPTIMAS, University of Kaiserslautern, 67663 Kaiserslautern,
Germany

The electronic response on optical excitation of nanostructured sam-
ples exhibits fascinating effects, such as subwavelength variations of
the field strength and local field enhancements. Combining photoelec-
tron emission microscopy (PEEM) with a femtosecond laser pump-
probe-setup enables us to investigate these effects with simultaneous
subwavelength spatial and femtosecond temporal resolution. A micro-
scopic understanding of the collective electronic oscillations in nanos-
tructures, like localized surface plasmons (LSPs) or surface plasmon
polaritons (SPPs ) is still missing. The technique of time-resolved
PEEM gives us the opportunity to direcly measure the transient lo-

cal near field as well as the electron dynamics of metallic nanostruc-
tures. The electron dynamic is strongly energy dependent regarding
the excited carriers. Therefore, we upgraded our imaging unit with
a ToF energy analyser (delayline-detector). This novel setup allows
us to simultaneously acquire data with high spatial resolution in the
nanometer regime, femtosecond time resolution and energy resolution.
We will show first spectra of well prepared surfaces as well as energy
resolved lifetime-maps of micro- and nanostructured samples showing
LSP- and SPP-resonances.

O 27.75 Tue 18:30 P2
Tip-Enhanced Optical Microscopy of Single-Walled Carbon
Nanotubes — •Carsten Georgi1, Miriam Böhmler1, Huihong
Qian1, Lukas Novotny2, and Achim Hartschuh1 — 1Department
Chemie und Biochemie & CeNS, Ludwig-Maximilians-Universität
München, Germany — 2The Institute of Optics, University of
Rochester, New York 14627, USA

Optical Microscopy with nanoscale spatial resolution is an essen-
tial technique for the characterization and investigation of individual
nanoobjects. We use the field enhancement in the proximity of a laser-
illuminated sharp metal tip to locally probe the optical response of
single-walled carbon nanotubes. In particular we image their Raman
scattering and photoluminescence properties with a spatial resolution
of down to 10nm [1]. We can thereby directly observe the interaction
of excitons with localized defects and the local environment of the nan-
otube, namely DNA-wrapping [2]. Inter-nanotube energy transfer was
studied for different pairs of semiconducting nanotubes forming bun-
dles and crossings, related to electromagnetic near-field coupling [3].
We also report on our recent experimental results on electrically con-
tacted nanotubes and the photoluminescence of nanotubes on metal
surfaces.

[1] A. Hartschuh, Angew. Chem. Int. Ed. 47, 8178 (2008)
[2] H. Qian et al., Nano Lett. 8, 2706 (2008)
[3] H. Qian et al., Nano Lett. 8, 1363 (2008)

O 27.76 Tue 18:30 P2
Metamaterial Bragg-Stacks — •Ralf Ameling and Harald
Giessen — 4th Physics Institute, University of Stuttgart, Germany

Double-fishnet metamaterials consist of two layers of crossed metal
wires and can show a negative refractive index for visible or infrared
light when the unit cell is smaller than the wavelength of light. We
demonstrate coupling of the symmetric and anti-symmetric magnetic
resonances of the metamaterial with Bragg-modes in the infrared,
where the dielectric space between two double-fishnet meshes forms
the Bragg-cavity. The meshes with typical periods of several hun-
dred nanometers are fabricated using electron-beam lithography and a
layer-by-layer stacking technique. Experiments and simulations of up
to four stacked layers of gold meshes with different distances are per-
formed. The behavior of the resonances (anti-crossing) as well as the
influence of structure parameter variations is studied. The resonances
are measured using FTIR-spectroscopy.

O 27.77 Tue 18:30 P2
Metamaterial Biosensors — •Martin Mesch, Zhaolu Diao, Na
Liu, and Harald Giessen — 4th Physics Institute, University of
Stuttgart, Germany

In our work we use the tailored optical properties of metallic metama-
terial structures to measure the concentration of biologically relevant
molecules in solution.

In metamaterials, the structures consist of a basic element, the well-
known split ring resonator (SRR), periodically repeated in two dimen-
sions. Combining two of those SRRs in a symmetry-breaking fashion
results in a coupled system which displays a sharp resonance in trans-
mission and reflection of incident light. The structure is very sensitive
to its vicinity, and therefore a sensor can be built by observing the shift
of the resonance position. To distinguish between different molecules,
a sensitive biological element (e.g., antibodies, enzymes, cell receptors)
is attached to the structure, which responds positively to the molecules
that are supposed to be detected.

Several experimental examples will be demonstrated, and the limits
to sensitivity will be discussed.

O 27.78 Tue 18:30 P2
New designs of scanning nearfield optical microscopy probes
for the time resolved investigation of nanostructures — •Marc
Salomo, Bernhard Schaaf, Daniela Bayer, Martin Aeschli-
mann, and Egbert Oesterschulze — Technische Universität Kaiser-



Surface Science Division (O) Tuesday

slautern, D-67663 Kaiserslautern, Germany

Scanning Nearfield Optical Microscopy (SNOM) is a versatile tool to
investigate nanostructured samples. Using a pump-probe setup with a
femtosecond laser system as excitation source we have the ability to op-
tically image nanostructures with high spatial and temporal resolution.
Another advantage of the probes is the capability to simultaneously
perform AFM, thus also gaining topographical information about the
sample. This information is essential as local defects on the surface
have strong influence on the damping of e.g. localized surface plas-
mons (LSPs). The nearfield emitted from the SNOM-aperture excites
collective electron oscillations. These processes are strongly dependent
on the characteristics of the interaction between the sample and the
SNOM-tip. Simulations are presented to demonstrate the suitability
of the proposed probe designs for time resolved measurements on the
subwavelength scale, evaluating transmission capability and pulse dis-
persion. In the experiment antenna based aperture probes are tailored
via focused ion beam milling as well as electron beam lithography of
hollow metal coated silicon dioxide pyramids. First measurements on
the characterization of the sensors are presented.

O 27.79 Tue 18:30 P2
Spectroscopy of superconducting V3Si(001) in tunneling and
contact regime — Nadine Hauptmann, •Michael Becker, Jörg
Kröger, and Richard Berndt — Institut für Experimentelle und
Angewandte Physik, Christian-Albrechts-Universität zu Kiel, D-24098
Kiel, Germany

The energy gap of the superconductor V3Si is monitored on a yet
unknown surface reconstruction most likely induced by carbon. De-
pending on the surface position spectroscopy reveals an asymmetric
energy gap. The evolution of the energy gap with decreasing tip-
sample distance from the tunneling to the contact regime indicates
Andreev reflections in contact spectroscopy. Financial support by the
DFG is gratefully acknowledged.

O 27.80 Tue 18:30 P2
Controlling the Kondo Effect in CoCun Clusters Atom by
Atom — Nicolas Néel1, •Jörg Kröger1, Richard Berndt1, Tim
Wehling2, Alexander Lichtenstein2, and Mikhail Katsnelson3

— 1Christian-Albrechts-Universität zu Kiel, D-24098 Kiel, Germany
— 2Universität Hamburg, D-20355 Hamburg, Germany — 3Radboud
University Nijmegen, NL-6525 AJ Nijmegen, The Netherlands

Clusters containing a single magnetic impurity were investigated by
scanning tunneling microscopy, spectroscopy, and ab initio electronic
structure calculations. The Kondo temperature of a Co atom em-
bedded in Cu clusters on Cu(111) exhibits a non-monotonic variation
with the cluster size. Calculations model the experimental observa-
tions and demonstrate the importance of the local and anisotropic
electronic structure for correlation effects in small clusters. Financial
support by the DFG through SFB 668 is acknowledged.

O 27.81 Tue 18:30 P2
Thin epitaxial Bi(111) films on Si(111) studied by ARPES
— •Holger Schwab1, Hendrik Bentmann1, Frank Forster1,
Luca Moreschini2, Marco Grioni2, and Friedrich Reinert1,3 —
1Universität Würzburg, Experimentelle Physik II, Am Hubland, D-
97074 Würzburg, Germany — 2Ecole Polytechnique Fédérale de Lau-
sanne (EPFL), Institut de Physique des Nanostructures, CH-1015 Lau-
sanne, Switzerland — 3Forschungszentrum Karlsruhe, Gemeinschaft-
slabor für Nanoanalytik, D-76021 Karlsruhe, Germany

Employing angle-resolved photoelectron spectroscopy (ARPES) we
have studied thin films of Bi(111) on a Si(111) substrate. The film
growth was characterized by reflection high energy electron diffraction
(RHEED). We present Fermi surfaces and band structures for differ-
ent film thicknesses. Quantum well states (QWS) as well asthe Bi(111)
surface state are observed. Our measurements are in good agreement
with previous results. The variation of the line width of the QWS was
measured over a broad temperature range from 70K to 300K. This al-
lows for the determination of the electron-phonon coupling constant λ
as a function of film thickness.

O 27.82 Tue 18:30 P2
Spin-resolved inverse photoemission experiments on
Ni/GaAs(001) — •Christian Eibl, André Berken, Manuel
Prätorius, Anke B. Schmidt, and Markus Donath — Physi-
kalisches Institut, Westfälische Wilhelms-Universität Münster

To understand the interplay between crystal structure, electronic

states, and magnetism, it is worthwhile to compare the different fer-
romagnetic elements. Unfortunately, the thermodynamically stable
crystal structures of Ni, Fe, and Co are face-centered cubic (fcc), body-
centered cubic (bcc), and hexagonal close-packed (hcp), respectively.
Thus, a direct comparison is hampered and scientists endeavor to crys-
tallize Fe, Co, and Ni in a non-native structure.

Recently, it was shown by Tian et al. that Ni can be stabilized in the
bcc structure on a GaAs(001) substrate. In contrast to the fcc struc-
ture, it was found that bcc Ni exhibits different magnetic properties,
e.g., Curie temperature and magnetic anisotropy. Additionally, a pho-
toemission experiment revealed differences in the electronic structure
below the Fermi level [1].

To gain further insight into the electronic structure of bcc Ni also
above the Fermi level, we used spin-resolved inverse photoemission to
investigate Ni films on GaAs(001) as a function of thickness. Further-
more, we compared our results with measurements on fcc Ni/Cu(001).

[1] C.S. Tian et al., Phys. Rev. Lett. 94, 137210 (2005)

O 27.83 Tue 18:30 P2
Comparison of angular resolved photoemission on Pt(110)
with DFT bulk band calculations — •Alexander Menzel,
Christian Braun, Peter Amann, and Erminald Bertel — Insti-
tute forPhysical Chemistry, University of Innsbruck, Austria

Angular resolved photoemission (ARPES) experiments of clean and
halogenated Pt(110) are compared with the DFT-derived bulk band
structure of Platinum. Numerous dispersion features agree with the
calculated one-dimensional density of states (kz-histogram) indicating
emission from near surface transitions. In order to distinguish the ef-
fects of initial state (surface resonances), matrix element (surface pho-
toemission) and final state (strong photoelectron damping), we varied
incident polarization, photon energy, and surface phase symmetry.

O 27.84 Tue 18:30 P2
Electronic fine structures of perfluoropentacene films by ul-
traviolet photoelectron spectroscopy — •Shunsuke Hosoumi,
Shinichi Nagamatsu, Satoshi Kera, and Nobuo Ueno — Chiba
University, Japan

Pentacene (PEN) and perfluoropentacene (PFP) are currently the
most potential conjugated organic molecules as active materials in
novel electronic devices[1]. The intramolecular charge reorganization
energy (λ), which is related to the electron-phonon coupling, is impor-
tant parameter for efficient transport of charges in organic materials
and across related interfaces. However, λ has been discussed based
on highly-resolved spectra of gas-phase molecules [2]. Recently, we
have succeeded to assess λ directly from the fine features in high-
resolution UPS of organic solid systems by fabricating a well-ordered
monolayer deposited on graphite [3].In this paper, we compare the elec-
tronic structures of the well-ordered monolayer both for PEN/graphite
and PFP/graphite. The UPS band derived from the highest occu-
pied molecular orbital (HOMO) for both monolayer systems shows fine
structures clearly, indicating the molecular vibrational modes strongly
couple to photoelectron (HOMO hole). The λ for PFP is about two
times larger than PEN. The take-off angle dependence of the UPS
spectra that the Franck-Condon principle is not strictly satisfied in
the photoionization process will be discussed.

[1] Y. Inoue et al, Jpn, J. Appl. Phys. 44, 3663 (2005). [2] J-L.
Bredas et al, Chem. Rev. 104, 4971 (2004). [3] H. Yamane et al,
Phys. Rev. B 72, 153412 (2005).

O 27.85 Tue 18:30 P2
Tunneling Spectroscopy of nanoporous networks - compari-
son of experiment and modelization — •Wolfgang Krenner1,
Dirk Kühne1, Florian Klappenberger1, Iñaki Silanes2, Andres
Arnau2, Javier Garćıa de Abajo3, Svetlana Klyatskaya4, Mario
Ruben4, and Johannes Barth1 — 1Physik Department E20, TU
München, Germany — 2Donostia International Physics Center (DIPC)
and Departamento de Fisica de Materiales and Unidad de Fisica de
Materiales, E-20018 San Sebastian, Spain — 3Instituto de Óptica
CSIC, Serrano 121, 28006 Madrid, Spain — 4Institute of Nanotech-
nology, Forschungszentrum Karlsruhe, Karlsruhe, Germany

We present spectroscopic data obtained by Scanning Tunneling Spec-
troscopy (STS) from self-assambled organic and metal coordinated car-
bonitrile polyphenyl (CN-Phx-NC) networks deposited on a Ag(111)
surface under ultra high vacuum conditions. The molecules form highly
regular organic networks depending on the length of the molecules and
coverage. By further evaporating Co onto the sample, metal coordi-
nated honeycomb networks are formed by three CN-Phx-NC molecules
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binding to one Co atom.
These networks impose a modulation upon the local density of states
(LDOS) of the quasi 2D electron system of the Ag surface state. Dif-
ferent types of networks were investigated by STS. The lateral confine-
ment of the electrons manifested in various standing wave patterns in
dI/dV maps at different energies. First results show good agreement
with modelling by a boundary element method.

O 27.86 Tue 18:30 P2
Implementation of the HSE functional in the FLAPW
method — •Martin Schlipf, Christoph Friedrich, and Stefan
Blügel — Institut für Festkörperforschung and Institute for Advanced
Simulation, Forschungszentrum Jülich, D-52425 Jülich, Germany

Despite the remarkable success of density-functional theory (DFT)
in the local density (LDA) or the generalized-gradient approximation
(GGA) for the exchange-correlation functional, these standard func-
tionals do not properly describe the structural and magnetic properties
of oxide materials. This failure can in many cases be attributed to the
uncompensated self-interaction error in LDA and GGA. In hybrid func-
tionals that incorporate a portion of Hartree-Fock-like exact exchange
the self-interaction error is considerably reduced. Among these the
HSE [1] functional proved to give exceptionally good agreement with
experimental data. In this contribution, we discuss the realization of
the HSE functional within the all-electron full-potential linearized aug-
mented planewave (FLAPW) method, where space is partitioned into
muffin-tin spheres centered at the atomic nuclei and the interstitial re-
gion. Within the muffin-tin spheres the wave functions are expressed
by numerical functions on a radial grid time spherical harmonics, while
planewaves are used in the interstitial region. The exchange potential
is given by an integral over the attenuated Coulomb interaction and
four of these basis functions. We discuss the implementation of these
integrals.

[1] Heyd, Scuseria, Ernzerhof, J. Chem. Phys. 118, 9207 (2003)

O 27.87 Tue 18:30 P2
In situ Epitaxy and Catalysis at the High Resolution Diffrac-
tion Beamline at PETRA III — •Carsten Deiter and Oliver H.
Seeck — Hasylab am DESY, Notkestr. 85, 22607 Hamburg, Germany

In spring 2009 the new synchrotron radiation source PETRA III
will become operational. At the High Resolution Diffraction Beam-
line (P08) the equipment and the beam parameters are highly suited
for surface and interface studies. Beside traditional sample environ-
ments such as variable temperature (70K-700K) cells with vacuum
(10−6mbar) or inert gas inside, an ultra high vacuum chamber will be
available to perform in situ molecular beam epitaxy, sputter cleaning
and/or catalysis x-ray experiments. The temperature of the sample
can be varied from 100K to 1000K for metals and insulators and from
100K to 1500K for semiconductors, respectively. This chamber will
be installed in a six circle diffractometer (Kohzu) for extreme angular
resolution and supported by an UHV infrastructure close by.

O 27.88 Tue 18:30 P2
Improved determination of the IMFP by extracting the
optimum loss function from EELS — •Tina Graber1,
Frank Forster1, Achim Schöll1, and Friedrich Reinert1,2 —
1Universität Würzburg, Experimentelle Physik II, Am Hubland, 97074
Würzburg — 2Gemeinschaftslabor für Nanoanalytik, Forschungszen-
trum Karlsruhe, 76021 Karlsruhe

A precise knowledge of the inelastic mean free path (IMPF) of elec-
trons in matter is of crucial interest in many respects. If electron
spectroscopic techniques are applied in surface and interface science,
the attenuation length of the involved electrons has to be established
in order to gain information on, e.g., probing depth, adsorbate film
thickness, or growth modes. In this work we present a systematic
study on the IMFP of electrons in thin films of organic molecules by
means of photoelectron spectroscopy (PES) and using the model sys-
tem PTCDA/Ag(111). This system can be carefully controlled for a
precise determination of the IMFP since layer-by-layer growth is nec-
essary. Moreover, an appropriate description of the PES background
is needed. For this purpose electron energy loss spectroscopy (EELS)
provides valuable information on the relevant loss mechanisms. From
the EELS data the optimum loss function can be determined. This
loss function was subsequently applied for a Tougaard description of
the PES background using the QUASES software[1]. In addition, the
dependence of the IMFP on the emission angle has been investigated
in order to find evidence for scattering channels or favored emission
angles. [1] S. Tougaard, Software Package, Vers. 5.1 (2005)

O 27.89 Tue 18:30 P2
Soft x-ray standing wave excited photoemission experiments
on Si/MoSi2 multilayer mirrors — •Frank Schönbohm1,2, Sven
Döring1,2, Daniel Weier1,2, Ulf Berges1,2, Felix Lehmkühler1,2,
Charles S. Fadley3,4, and Carsten Westphal1,2 — 1Fakultät
Physik - TU Dortmund, Otto-Hahn-Str. 4, 44221 Dortmund, Germany
— 2DELTA - TU Dortmund, Maria-Goeppert-Mayer-Str. 2, 44227
Dortmund, Germany — 3Materials Sciences Division, LBNL, Berke-
ley, CA 94720, USA — 4University of California, Davis, CA 95616,
USA

The structure of thin layers and the formation of interfaces is of par-
ticular interest in surface science. Element specific sample analysis can
be performed by means of photoelectron spectroscopy but the method
lacks of a good spatial resolution. On the other hand, reflectivity mea-
surements show a good depth-resolution without chemical sensitivity.
Thus x-ray standing wave measurements were conducted in order to
combine the advantages of these methods. We used Si/MoSi2 multi-
layer mirrors as a sample substrate in order to increase the reflectivity.
The measurements were performed at the experimental endstation at
Beamline 11 at DELTA at a photon energy of hν = 650 eV. The mul-
tilayer was handled in ambient air resulting in an oxidized silicon layer
at the surface. This Si layer with its SiO2 cap was used as a first
test system for our XSW measurements. Analysis of the recieved data
indicates that the surface oxidation of the upper most Si film results
in a SiO2 layer of 13 Å thickness with a non-oxidized Si-film of 15.5 Å
beneath it. In order to check this result we performed hard x-ray
reflectivity measurements at hν = 15.2 keV for comparison at DELTA.

O 27.90 Tue 18:30 P2
Prozessoptimierung der Sputterstrategie von fokussierten Bi-
Ionenstrahlen mit Standard ”Focused Ion Beam - FIB” Anla-
gen. — •Rüdiger Schott, Paul Mazarov, Rolf Wernhardt und
Andreas D. Wieck — Lehrstuhl für Angewandte Festkörperphysik,
Ruhr-Universität Bochum, D-44780 Bochum

Fokussierte Ionenstrahlen sind ein vielfältiges und nützliches Werk-
zeug in Gebieten der Forschung und Industrie. Die Verwendung von
Bismutionen zum lokalen, maskenlosen Ionenätzen in Standard FIB-
Anlagen ohne Massenseparator besitzt einige Vorteile gegenüber den
meist verwendeten Galliumionen. Die Bismut Flüssigmetallionenquelle
[1] liefert schwere, monoisotope Ionen (209 u) und deren Cluster, wobei
Teilchen mit einfacher Ladung zu 95% dominant sind. Die schweren Io-
nen und besonders deren Cluster dringen weniger tief in die Oberfläche
der Probe ein, wodurch ihr Energieübertrag an die Oberflächenatome
erhöht wird. Dies führt zu einer deutlich höheren Sputterrate und einer
geringeren Kontaminationstiefe der Oberfläche. Zusätzlich wird der Io-
nenätzprozess optimiert, indem Parameter wie die Haltezeit pro Punkt
variiert und die Ionenätzbedingungen durch das Vorformen der Pro-
benoberfläche verbessert werden.

[1] P.Mazarov, A. Melnikov, R. Wernhardt, and A. D. Wieck, ”Long-
life bismuth liquid metal ion source for focussed ion beam application”,
Applied Surface Science 254, 7401-7404 (2008).

O 27.91 Tue 18:30 P2
Vielkanal-Spindetektion von niederenergetischen Elektronen
— •Michaela Hahn1, Pavel Lushchyk1, Gerd Schönhense1, An-
dreas Oelsner2, Daniel Panzer2, Alexander Krasyuk3 und
Jürgen Kirschner3 — 1Institut für Physik, Johannes Gutenberg Uni-
versität, Mainz (Germany) — 2Surface Concept GmbH, Staudingerweg
7, 55128 Mainz (Germany) — 3Max-Planck-Institut für Mikrostruk-
turphysik, Halle (Germany)

Die Analyse der Spinpolarisation von Photoelektronen ist für Expe-
rimente im Bereich der Atom- und Molekülphysik, der Oberflächen-
und Festkörperphysik und vor allem für Untersuchungen von ferro-
magnetischen Materialien von zentraler Bedeutung. Bisher verwende-
te Spindetektoren [1] arbeiten ’einkanalig’, d.h. monoenergetisch und
bei einem Detektionswinkel, was zu einer sehr geringen Messeffizi-
enz führt. Um eine hocheffiziente spinaufgelöste Photoemissionsmes-
sung zu ermöglichen, wird ein Multikanal-Spinpolarimeter in Betrieb
genommen. Dieses wird Berechnungen zufolge durch einen Gewinn
an Messeffizienz um 2-3 Größenordnungen gekennzeichnet sein. Der
neue Spindetektor soll insbesondere in winkelaufgelösten Photoemis-
sionsexperimenten mit Laborlichtquellen bei sehr niedrigen Energien
(ARPES) und in Experimenten mit Synchrotronstrahlung im harten
Röntgenbereich (HAXPES) zum Einsatz kommen. Ein deutlicher Vor-
teil ist die Reduzierung der Messzeit hinsichtlich Proben mit reaktiven
Oberflächen oder für in-situ präparierte ultradünne Filme.
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Gefördert durch DFG (SCHO341/9-1)
[1] J. Kessler, ’Polarized Electrons’, Springer 1985

O 27.92 Tue 18:30 P2
Electrospray Ion Beam Deposition and in-situ Anal-
ysis of Functional Molecules — •Zhitao Deng1, Nicha
Thontasen1, Christian Michaelis1, Nikola Malinowski1,
Stephan Rauschenbach1, and Klaus Kern1,2 — 1Max-Planck-
Institut für Festkörperforschung, Heisenbergstrasse 1, D-70569
Stuttgart, Germany — 2Institut de Physique des Nanostructures,
Ecole Polytechnique Fédérale de Lausanne, CH-1015 Lausanne,
Switzerland

An electrospray ion beam deposition source has been developed for the
soft landing deposition in ultra high vacuum of nonvolatile particles
such as molecules, clusters and nanoparticles. This enables the surface
modification and subsequent in-situ analysis by scanning tunneling mi-
croscopy. This poster presents the experimental aspects of ion beam
deposition in UHV and gives examples for its application to functional
molecules.

O 27.93 Tue 18:30 P2
High resolution positron annihilation induced Auger spec-
troscopy on copper — •Jakob Mayer1, Klaus Schreckenbach1,2,
and Christoph Hugenschmidt1,2 — 1Technische Universität
München, Physikdepartment E21, James- Franck-Str., 85748 Garch-
ing — 2ZWE FRM II, Lichtenbergstr.1, 85747 Garching

The high intensity positron source NEPOMUC at the FRM-II in Mu-
nich with a stable remoderated positron beam of > 107 positrons/s at
20 eV enabled measurement times of 10 hours for one PAES (Positron
annihilation induces Auger Electron Spectroscopy) spectrum [1]. Since
the intrinsic advantages of PAES over EAES are known and have been
shown (e.g. [2]), the reduction of the long measurement times is the
main challenge for this non destructive technique for surface studies.
For this reason, a new hemispherical electron energy analyzer was in-
stalled at the PAES facility of NEPOMUC. Compared to the former
analyzer (opening angle ±3◦) it has a much higher solid angle which
allows the detection of electrons which are emitted up to an angle of
±13◦ with respect to the lens system of the analyzer. In addition, the
freely selectable pass energy (0-600 eV) guarantees a high transmis-
sion. Though a high energy resolution is achievable with the big mean
radius of the analyzer (150mm) and variable slits. The new setup and
first spectra obtained for polycrystalline copper surfaces (15 min mea-
surement time) will be presented. [1] C. Hugenschmidt, J. Mayer and
K. Schreckenbach, Surf. Sci. 601 (2459-2466) 2007 [2] K. O. Jensen
and A. Weiss, Phys Rev. B 41 (3928-3936) 1990

O 27.94 Tue 18:30 P2
Reconstruction of surface morphology from coherent scat-
tering of white x-ray radiation — •Tushar Sant and Ullrich
Pietsch — Solid State Physics Group, University of Siegen, 57068
Siegen, Germany

Static speckle experiments were performed using coherent white X-
ray radiation from a bending magnet at BESSYII. Semiconductor and
polymer surfaces were investigated under incidence condition smaller
than the critical angle of total external reflection. The scattering pat-
tern of the sample results from the illumination function modified by
the surface roughness [1]. The periodic oscillations are caused by the
illumination function whereas other irregular features are associated
with sample surface. The speckle map of reflection from a laterally
periodic structure like GaAs grating is studied [2]. Under coherent il-
lumination the grating peaks split into speckles because of fluctuations
on the sample surface. The surface morphology can be reconstructed
using phase retrieval algorithms [3]. In case of 1D problem, these algo-
rithms rarely yield a unique and converging solution. The algorithm is
modified to contain additional propagator term and the phase of illu-
mination function in the real space constraint. The modified algorithm
converges faster than conventional algorithms. A detailed surface pro-
files from the real measurements of the sample are reconstructed using
this algorithm. 1. Pietsch U, et al. Physica B- Condensed Matter, 357
(2005) 45.2. Panzner T, Gleber G, Sant T , Leitenberger W, Pietsch
U, Thin Solid Films, 515 (2007) 5563. 3. Vartanyants I A, et al. PRB,
55 (1997) 13193.

O 27.95 Tue 18:30 P2
Unifit 2009 - Spectrum Processing, Analysis and Presentation
Software for Photoelectron Spectra — •Ronald Hesse, Peter
Streubel, Rüdiger Szargan, and Reinhard Denecke — Wilhelm-

Ostwald-Institut, Universität Leipzig, 04103 Leipzig, Deutschland

The aim of the development of the program UNIFIT is to enable
complete qualitative and quantitative analysis of photoelectron spec-
troscopy data by combining appropriate description of the spectra and
their background using adequate models, convenient data handling,
and excellent numerical performance for fast calculation with versa-
tile opportunities for data transfer, comfortable handling, extensive
graphical design options and fast export of high resolution graphics.
To demonstrate the abilities, some major features will be addressed:
(i) The three commonly applied models for fitting photoelectron spec-
tra, i.e. product, sum, and convolution of Gaussian and Lorentzian
functions, will be discussed. (ii) Improved methods for determination
of valence-band edges are implemented. (iii) The determination of the
transmission functions T(E) of any photoelectron spectrometer will be
shown. (iv) The batch-processing submenu serves as a fast and com-
fortable treatment of parameter-dependent experimental series. (v)
UNIFIT permits the calculation of fit-parameter errors after peak fit-
ting. (vi) The software offers nine different presentations.

O 27.96 Tue 18:30 P2
Surface sturcutre of inorganic salt solutions — •Tobias Ham-
mer, Manuela Reichelt, and Harald Morgner — Universität
Leipzig, Wilhelm Ostwald Institut

The aim of our research is the investigation of the molecular structure
and composition of liquid surfaces and surface near range with spectro-
scopic methods and, furthermore, the correlation of this information
with macroscopic properties of solutions (e.g. surface tension, density).
One of our most powerful techniques is Neutral Impact Collision Ion
Scattering Spectroscopy (NICISS) that makes use of the energy loss of
Helium projectiles being backscattered from soft matter targets. With
this tool it is possible to determine elemental depth profiles and the
surface structure of liquid surfaces. The spectroscopic methods used
here are vacuum based techniques. Up until now, this fact has limited
the choice of usable solvents to those with low vapor. At present we
are about to develop the experimental set up in order to investigate
volatile liquids like water. The actual state of our equipment does
allow to study aqueous solutions for high salt concentrations at low
temperature, while the parts needed for handling low concentrations
at ambient temperatures is still under construction. For the time be-
ing, we have carried out measurements on the influence of the ion radii
of the cation or the anion to the surface structure, with alternative sol-
vents including glycerol.

O 27.97 Tue 18:30 P2
Surface Structure of Imidazolium Based Ionic Liquids —
•Manuela Reichelt, Tobias Hammer, and Harald Morgner —
Wilhelm-Ostwald Institute for Physical and Theoretical Chemistry,
University of Leipzig

The focus of our research interest is the investigation of the compo-
sition and molecular structure of liquid surfaces with spectroscopic
methods (e.g., XPS, UPS, MIES) and the correlation of these infor-
mation with macroscopic properties of solutions (e.g., surface tension).
One of our most powerful techniques is Neutral Impact Collision Ion
Scattering Spectroscopy (NICISS) that uses the energy loss of Helium
projectiles being backscattered from soft matter targets.

The last years have seen an increasing research interest in ionic liq-
uids (ILs), salts that are fluid below 100◦C and show numberless possi-
ble combinations of cations and anions. However, the physico-chemical
behavior of ILs is still not completely understood. Additionally, the
knowledge of the molecular surface structure and the surface compo-
sition of ILs is necessary for understanding chemical reactions at the
surface (e.g., the mechanism of catalysis).

In the presented work we combined NICISS and XPS to investi-
gate the elemental surface composition, elemental concentration depth
profiles of the near surface area and the molecular surface structure of
two homologous series of imidazolium based ILs. While the kind of an-
ion namely hexafluorophosphate and bis(trifluoromethylsulfonyl)imide
was fixed, respectively, the alkyl chain length of the cation was varied
to analyze their influence on the properties under study.

O 27.98 Tue 18:30 P2
Surface Structure of Imidazolium Based Ionic Liquids —
•Manuela Reichelt, Tobias Hammer, and Harald Morgner —
Wilhelm-Ostwald Institute for Physical and Theoretical Chemistry,
University of Leipzig

The focus of our research interest is the investigation of the compo-



Surface Science Division (O) Tuesday

sition and molecular structure of liquid surfaces with spectroscopic
methods (e.g., XPS, UPS, MIES) and the correlation of this informa-
tion with macroscopic properties of solutions (e.g., surface tension).
One of our most powerful techniques is Neutral Impact Collision Ion
Scattering Spectroscopy (NICISS) that uses the energy loss of Helium
projectiles being backscattered from soft matter targets.

During the last years an increasing research interest in ionic liquids
(ILs) took place. ILs are salts that are fluid below 100◦C and show
numberless possible combinations of cations and anions. However, the
physico-chemical behavior of ILs is still not completely understood.
Additionally, the knowledge of the molecular surface structure and
the surface composition of ILs is necessary for understanding chemical
reactions at the surface (e.g., the mechanism of catalysis).

In the presented work we combined NICISS and XPS to investi-
gate the elemental surface composition, elemental concentration depth
profiles of the near surface area and the molecular surface structure of
two homologous series of imidazolium based ILs. While the kind of an-
ion namely hexafluorophosphate and bis(trifluoromethylsulfonyl)imide
was fixed, respectively, the alkyl chain length of the cation was varied
to analyze their influence on the properties under study.

O 27.99 Tue 18:30 P2
Graphene-protected iron layer on Ni(111) — •Yuriy Dedkov1,
Mikhail Fonin2, Ulrich Rüdiger2, and Clemens Laubschat3 —
1FHI Berlin — 2Uni Konstanz — 3TU Dresden

Magnetic thin films with out-of-plane (or perpendicular) magnetic
anisotropy play an important role in nanotechnology. Such systems
can be used as perpendicular recording media which are predicted to
allow information storage densities of up to 1Tbit/in.2 a quadrupling
of today’s highest areal densities. Along with the widely used ma-
terials with out-of-plane magnetic anisotropy such as CoPt or FePt
alloys, face-centered cubic (fcc) Fe thin films also showing perpendic-
ular magnetic anisotropy have recently attracted considerable interest
as possible candidates for applications in novel magnetic data storage
devices. Here Fe which originally has body centered cubic (bcc) struc-
ture can be stabilized in γ phase (fcc) at room temperature in thin
epitaxial films grown on suitable fcc substrates. Here we report a pho-
toemission study of the Fe intercalation underneath a graphene layer
on Ni(111). The process of intercalation was monitored by means
of x-ray photoemission of corresponding core levels as well as ultra-
violet photoemission of the graphene-derived π states in the valence
band. Thin fcc Fe layers (2-5ML thickness) at the interface between
a graphene capping layer and Ni(111) form epitaxial films passivated
from the reactive environment.

O 27.100 Tue 18:30 P2
STM growth study of epitaxial graphene on SiC(0001)
— •Anne Majerus, Viktor Geringer, Sven Runte, Marcus
Liebmann, and Markus Morgenstern — II. Physikalisches Insti-
tut, RWTH Aachen and JARA-FIT, Otto-Blumenthal-Straße, 52074
Aachen

The easiest way to produce graphene is mechanical exfoliation from
graphite crystals [K. S. Novoselov et al., Science 306, 666 (2004)].
However, the preparation of graphene under clean conditions requires
the use of ultra high vacuum (UHV) [I. Forbeaux et al. , Appl. Surf.
Sci. 162, 406 (2000)].

In this work, we present a growth study of graphene on SiC. An
untreated SiC(0001) crystal was put through several annealing cycles
until we produced a few layers of epitaxial graphene. To determine the
changes in the morphology during the different stages of graphitiza-
tion, low-energy electron diffraction (LEED) and scanning tunneling
microscopy (STM) measurements were performed. The surface struc-
tures determined by LEED could also be detected directly by STM,
exhibiting atomic resolution.

O 27.101 Tue 18:30 P2
How does graphene grow? Easy access to well-ordered
graphene monolayers — •Frank Müller1, Hermann Sachdev2,
Stefan Hüfner1, Andrew J. Pollard3, Edward W. Perkins3,
James C. Russell3, Peter H. Beton3, Stefan Gsell4, Matthias
Schreck4, and Bernd Stritzker4 — 1Institut für Experimental-
physik, Universität des Saarlandes, 66041 Saarbrücken, Germany —
2Institut für Anorganische Chemie, Universität des Saarlandes, 66041
Saarbrücken, Germany — 3School of Physics and Astronomy, Univer-
sity of Nottingham, NG7 2RD, UK — 4Institut für Physik, Universität
Augsburg, 86135 Augsburg, Germany

In the present study [1], the selective formation of large-scale graphene

layers on a Rh-YSZ-Si(111) multilayer substrate by a surface-induced
chemical growth mechanism was investigated using low energy electron
diffraction (LEED), x-ray photoelectron spectroscopy (XPS), x-ray
photoelectron diffraction (XPD) and scanning tunnelling microscopy
(STM). It is shown that well-ordered graphene layers can be grown
using simple and controllable procedures. In addition, temperature
dependent experiments provide insight into the details of the growth
mechanisms. A comparison of different precursors shows that a mobile
dicarbon species (e.g. C2H2 or C2) acts as a common intermediate for
graphene formation. These new approaches offer a scalable approach
for the large scale production of high-quality graphene layers on silicon
based multilayer substrates.

[1] F. Müller, EU-STREP (Specific Targeted Research Project)
NanoMesh, Final Meeting, Orscholz, Germany 2008, in submission

O 27.102 Tue 18:30 P2
Low-temperature elastic and inelastic Scanning Tunnelling
Spectroscopy on monolayer graphene on SiC — •Carsten
Tröppner1, Norbert Maurer1, Florian Speck2, Thomas
Seyller2, and M. Alexander Schneider1 — 1Lehrstuhl für
Festkörperphysik, Universität Erlangen-Nürnberg, Staudtstr. 7, 91058
Erlangen — 2Lehrstuhl für Technische Physik, Universität Erlangen-
Nürnberg, Erwin-Rommel-Str. 1, 91058 Erlangen

We employ Scanning Tunneling Spectroscopy in liquid Helium to
investigate the electronic structure of a monolayer graphene grown
epitaxially on SiC(0001). Spatially resolved differential conductance
maps reveal a richness of features that can partially attributed to the
SiC/graphene interface. Area averages of such maps reveal a ”stan-
dard”spectrum that agrees with spectra obtained in UHV [1]. Fur-
thermore clear evidence for inelastic (phononic) contributions in the
differential conductance of the tunnelling junction are found, offering
a natural interpretation for the observed ”zero bias anomalies”[2]. The
spatial dependence of these features is discussed.

[1] P. Lauffer, et al. Phys. Rev. B 77, 155426 (2008) [2] V.W. Brar
et al. Appl. Phys. Lett. 91, 122102 (2007)

O 27.103 Tue 18:30 P2
Comparative study of graphene films on two hexagonal SiC
surfaces produced in different environments — •K.V. Emtsev1,
T. Ohta2, Th. Seyller1, L. Ley1, A. Bostwick3, K. Horn4, G.
Kellog2, J.L. McChesney3, E. Rotenberg3, and A.K. Schmid5 —
1FAU Erlangen-Nürnberg — 2Sandia National Laboratories, USA —
3Advances Light Source, USA — 4FHI, Berlin — 5National Center for
Electron Spectroscopy, USA

In present work we discuss the graphene formation on both hexagonal
SiC surfaces carried out in different environments and in dependence
of several processing conditions. As was shown recently [1] the domain
size of graphene monolayer formed on SiC(0001) surface in an inert
atmosphere can extend over several tens of micrometers in contrast to
samples prepared in vacuum showing small domains. The graphene
layers were characterized by X-ray photoelectron spectroscopy, atomic
force microscopy, and low energy electron microscopy. As compared
to vacuum annealing, graphitization in inert atmosphere takes place
at higher temperature. This has a profound effect on the morphology
of the surfaces. The time dependence of graphene film thickness is
quite different for two crystal orientations. While the thickness satu-
rates rapidly for graphene on the (0001) surface, the (000-1) surface of
SiC shows an unsaturated growth for film thicknesses of up to tens of
monolayers. The nucleation of graphene on the (0001) surface is more
homogeneous and is initiated at the substrate steps. On the (000-1)
surface an inhomogeneous multilayer nucleation is observed. [1] K.V.
Emtsev, et al, arXiv:0808.1222v1.

O 27.104 Tue 18:30 P2
Preparation and investigation of graphene on Rh(111) —
•Ole Zander1, Mikhail Fonin1, Sönke Voss1, Ulrich Rüdiger1,
and Yuri S. Dedkov2 — 1Fachbereich Physik, Universität Konstanz,
78457 Konstanz — 2Fritz-Haber-Institut der Max-Planck-Gesellschaft,
14195 Berlin, Germany

Graphene, a flat monolayer of carbon atoms packed in a honeycomb-
lattice, exhibits exceptional electronic properties chracteristic for
twodimensional Dirac fermions. There are three major ways of
graphene preparation: exfoliation of graphite, thermal decomposition
(graphitization) of SiC and low pressure chemical vapor deposition
(CVD) on noble metals. The latter method is the most promising
route for large-scale graphene preparation yielding excellent film qual-
ities with low defect densities over large length scales. Depending on
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the metallic substrate, graphene grows completely flat or corrugated.
By using CVD we succeeded in growing a monolayer of graphite

on Rh(111). High resolution scanning tunneling microscopy (STM)
imaging revealed a corrugated graphene superstructure of about 30
Å periodicity. Depending on the preparation conditions we observed
either a mixture of several superstructures occurring at lower prepara-
tion temperatures with periodicities from 11 Å up to 30 Å, or a single
phase, the 30 Å moiré-pattern, at higher temperatures. Moreover, we
successfully used grapehen nanomesh on Rh(111) as a template for the
growth of highly-ordered d-metal cluster arrays as suggested in [1].

[1] N’Diaye et al., Phys. Rev. Lett. 97, 215501 (2006).

O 27.105 Tue 18:30 P2
Atomic Layer Deposition of Aluminum Oxide Films on
Graphite and Graphene — •Florian Speck, Markus Ostler,
Jonas Röhrl, Konstantin V. Emtsev, Lothar Ley, and Thomas
Seyller — Lehrstuhl für Technische Physik, Universität Erlangen-
Nürnberg, Erwin-Rommel-Str. 1, D-91058 Erlangen, Germany

The fabrication of top-gated graphene-based field effect devices re-
quires the deposition of a suitable gate insulator on graphene. Atomic
layer deposition (ALD) is a low-temperature process, which could
be useful for this purpose. Therefore, we studied the growth of
aluminum oxide (Al2O3) from trimethylaluminum (TMA) and wa-
ter (H2O) or ozone (O3) on highly oriented pyrolytic graphite and
graphene. Graphene was prepared by thermal decomposition of SiC.
Three different processes were compared: (A) standard ALD growth
of Al2O3 using TMA and H2O; (B) ALD growth using TMA and
O3; (C) pre-growth treatment of the substrate using O3 pulses fol-
lowed by standard growth according to (A). The films and interfaces
were studied using photoelectron spectroscopy and atomic force mi-
croscopy. While process (A) leads to an inhomogeneous nucleation of
Al2O3, process (B) forms closed films with high nucleation density,
but affects the integrity of the graphene layers. Process (C) leads to
smooth and conformal Al2O3 films with little damage to the graphene
substrate. The influence of the duration of the initial O3 exposure as
well as of the growth temperature on the properties of the ALD-Al2O3

films is discussed.

O 27.106 Tue 18:30 P2
Spin dependent surface barrier resonance studied by spin-
polarized electron energy loss spectroscopy — Yu Zhang1,
Jacek Prokop1, Ioan Tudosa1, Wen Xin Tang1, •Thiago R. F.
Peixoto1,2, Khalil Zakeri1, and Jürgen Kirschner1 — 1Max-
Planck Institut für Mikrostrukturphysik,Weinberg 2, 06120 Halle —
2Instituto de F́ısica, Universidade de São Paulo, São Paulo, Brazil

It has been shown that the surface barrier resonance can be detected
by electron energy loss spectroscopy [1]. In this work, we use the spin-
polarized electron energy loss spectroscopy (SPEELS) to investigate
the spin dependence of the surface barrier resonance in the oxygen
passivated Fe films grown on W(001). The peaks induced by the sur-
face barrier resonance were observed when measuring the intensity of
the specularly reflected electrons as a function of the primary energy
from 3 to 40 eV. Depending on the spin polarization and the incident
angle, the peaks showed different intensities and energies. Large spin
asymmetries, up to 80%, were found at about 4 eV. The peaks due to
the surface barrier resonance can be also clearly observed in the energy
loss spectra measured in the off-specular geometry. The dispersion of
the surface barrier resonances obtained from both the peak energies
and the momentum transfer clearly shows the spin dependence.
[1] D. Rebenstorff, H. Ibach and J. Kirschner, Solid State
Communications, 56, 885 (1985).

O 27.107 Tue 18:30 P2
Magnetism of Rh nano-structures on inert Xe buffer lay-
ers and in contact with Ag(100) surfaces — •violetta sessi1,
jian zhang1, klaus kuhnke1, carsten tieg2, axel enders3, jan
honolka1, and klaus kern1 — 1Max Planck Institut für Festkörper-
forschung, Stuttgart, Deutschland — 2European Synchrotron Radia-
tion Facility, Grenoble, France — 3University of nebraska, Lincoln,
USA

Previous x-ray magnetic circular dichroism measurements have shown
that sub-monolayer coverages of Rh directly deposited on Ag(100) at
T=5K are not magnetic [1], in contrast to theoretical predictions [2].
We have investigated this discrepancy and studied the magnetism of
Rh nano-structures prepared on inert Xe buffer layers (Buffer Layer
Assisted Growth [3]) on Ag(100). For Rh nano-structures (monomers,
dimers, trimers etc.) situated on the Xe buffer layer we find a cluster

size-dependent magnetic moment similar to the one measured on free
clusters in the Stern-Gerlach experiment [4]. During desorption of the
Xe layer the Rh nano-structures grow in size and make contact with
the substrate, which leads to a full quenching of the magnetic moment.
The results are discussed modelling the Rh cluster size distribution and
magnetic ordering on Xe and Ag(100).

[1] J. Honolka et al., Phys. Rev. B 76, 144412 (2007) [2] P. Lang,
V.S. Stepanyuk, K. Wildberger, R. Zeller, and P.H. Dederichs., Solid
State Commun. 92, 755 (1994) [3] J.H. Weaver, G.D. Waddill, Science
251, 1444 (1991) [4] A.J. Cox, J. G. Louderback, and L.A. Bloomfield,
Phys. Rev. Lett. 71, 923 (1993)

O 27.108 Tue 18:30 P2
n-Alkanes in Tubular Nanochannels: Phase Transition Be-
haviour and Capillary Filling — •Daniel Rau1, Patrick Huber1,
and Oskar Paris2 — 1Faculty of Physics and Mechatronics En-
gineering, Saarland University, D-66041 Saarbrücken, Germany —
2Department of Biomaterials, Max Planck Institute of Colloids and
Interfaces, Research Campus Golm, D-14424 Potsdam, Germany

We present time-dependent angle-dispersive and energy-dispersive
small-angle x-ray diffraction experiments on the capillary filling of
tubular nanochannels in a template-grown porous matrix (SBA-15)
by a liquid hydrocarbon. These measurements reveal a square root of
time, classical Lucas-Washburn law for the channel invasion dynamics.
These spontaneous imbibition experiments are complemented by com-
bined x-ray diffraction and specific heat measurements on the filled
matrices, which allow us to study the phase transition behaviour of
the spatially nanoconfined linear hydrocarbons.

O 27.109 Tue 18:30 P2
The Limits of Nanomechanical Applications of Shape Mem-
ory Alloys: An Optical Approach — •Andreas Kolloch, Jo-
hannes Boneberg, and Paul Leiderer — Universität Konstanz

Shape Memory Alloys (SMA), with their high strain and stress values
for small temperature changes and their excellent durability against
environmental influences, may prove to be ideal candidates for the
driving force of nanomechanical devices. In spite of this promising
potential, however, very little is known about the properties of SMA
materials, and in particular thin films, on the nanoscale.

Our work concentrates on the classic SMA, Nitinol, an intermetallic
compound consisting of nickel and titanium. While it is completely
reversible, the martensite-austenite transition of this material is ac-
companied by large strain and stress changes of up to 6-8% and 600
MPa, respectively.

The project aims at employing an ultrafast thermo-optical approach
to investigating whether there is a lower thickness limit of the marten-
sitic phase transition in NiTi SMAs and what the transition speed for
the phase change of these materials is.

O 27.110 Tue 18:30 P2
Time-resolved spectroscopy beyond optical wavelengths —
Robert Carley1, •Kristian Döbrich1, Cornelius Gahl1, Mar-
tin Teichmann1, Kai Godehusen2, Olaf Schwarzkopf2, Philippe
Wernet2, Frank Noack1, and Martin Weinelt1,3 — 1Max-Born-
Institut, Max-Born-Straße 2a, 12489 Berlin — 2Helmholtz-Zentrum
für Materalien und Energie, Elektronenspeicherring BESSY II, Albert-
Einstein-Str. 15, 12489 Berlin — 3Fachbereich Physik der Freien Uni-
versität Berlin, Arnimallee 14, 14195 Berlin

We are presenting characterization results of our newly developed high-
order harmonics XUV source. The beamline will be used to perform
time-resolved studies of metal- and semiconductor surfaces.

We use a commercial amplified Ti:Sapphire laser system generating
30 fs pulses at 20 kHz repetition rate. The beam is focused into an
argon-filled gas cell to create high-order harmonics. Following sep-
aration from the IR with a thin Al filter, the XUV wavelength can
be selected using a toroidal grating monochromator. Current efforts
are the optimization for an energy resolution of 100 meV and a time
resolution below 100 fs.

This beamline is a joint project between MBI and BESSY and will
be open as a user facility to external users.

O 27.111 Tue 18:30 P2
Femtosecond electron dynamics in atomic wires: Si(557)-
Au — •Kerstin Biedermann1, Tilman K. Rügheimer1, Thomas
Fauster1, and Franz J. Himpsel2 — 1Lehrstuhl für Festkörper-
physik, Universität Erlangen-Nürnberg, Staudtstr. 7, 91058 Erlangen
— 2Department of Physics, University of Wisconsin-Madison, 1150
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University Ave, Madison WI 53706, USA

Recent experiments on Si(557)-Au have proven the existence of a spin-
split surface state band below EF [1] and have provided first informa-
tion on the unoccupied part of the electronic band structure [2,3]. The
dynamics of electrons has not been investigated so far.

We have carried out time-resolved two-photon photoemission exper-
iments using 37 fs infrared (IR, EIR=1.55 eV) and 55 fs ultraviolet
(UV, EUV =4.65 eV) laser pulses. High intensity at 0.9 eV kinetic en-
ergy (work function Φ=4.88 eV) and time delay zero corresponds to an
image-potential resonance [2,3] and has a lifetime of less than 10 fs. At
lower kinetic energies the intensity spreads towards positive as well as
negative time delays indicating contributions from several transitions.
An intensity pile-up at positive delays (IR before UV) indicates an
indirect filling of a state in the bulk band gap of the Si(557) substrate
by two long-lived states. We present a detailed analysis of the data
by fitting the spectra with optical Bloch equations. Our interpretation
involves electron scattering between several surface states.

[1] I. Barke et al., Phys. Rev. Lett. 97, 226405 (2006)
[2] J. A. Lipton-Duffin et al., Phys. Rev. B 73, 245418 (2006)
[3] T. K. Rügheimer et al., Phys. Rev. B 75, 121401 (2007)

O 27.112 Tue 18:30 P2
Themis1000 - A new analyzer for three dimensional mea-
surements — •Jens Kopprasch1,2, Martin Teichmann1, Oliver
Schaff3, Sven Mähl3, and Martin Weinelt1,2 — 1Max-Born-
Institut, Max-Born-Straße 2a, 12489 Berlin, Germany — 2Freie Uni-
versität Berlin, Fachbereich Physik, Arnimallee 14, 14195 Berlin, Ger-
many — 3SPECS GmbH, Voltastraße 5, 13355 Berlin, Germany

We present a newly developed time-of-flight (TOF) spectrometer to
measure the energy and two-dimensional angle distribution of emitted
electrons. For the development of this wide-angle high-energy reso-
lution electron analyzer a partnership between the company SPECS
GmbH and the Max-Born-Institute has been arranged.

The electrostatic lens system of a PHOIBOS electron analyzer is
used as a flight tube, with a delay-line detector at the end to detect
both flight time and arrival position. Due to the axial symmetry of the
lens system the angular distribution is measurable in the two dimen-
sions parallel to the sample surface. We reach the same good angular
resolution as for a PHOIBOS analyzer, and the same acceptance angle
of about 13◦. As opposed to an usual position-sensitive TOF spec-
trometer, the trajectory of the electrons are not linear. We could show
that the mapping from arrival position to emission angle and flight
time to energy is unambiguous, and by solving Hamiltons’ equations
numerically we were able to invert this mapping.

Furthermore, we will show the first measurement of a Cu(111) sam-
ple. This is a known system well suited for the characterization of the
analyzer.

O 27.113 Tue 18:30 P2
Time-, energy- and angle-resolved photoelectron spec-
troscopy of surface dynamics using femtosecond XUV pulses
— •Frederik Deicke1, Stefan Mathias1, Andreas Ruffing1, Luis
Miaja-Avila2, Margaret Murnana2, Henry Kapteyn2, Michael
Bauer3, and Martin Aeschlimann1 — 1Department of Physics and
Research Center OPTIMAS, University of Kaiserslautern, D-67663
Kaiserslautern, Germany — 2JILA, University of Colorado, Colorado
80309-0440, USA — 3Institut für Experimentelle und Angewandte
Physik, Christian-Albrechts-Universität zu Kiel, D-24908 Kiel, Ger-
many

The angle resolved photoelectron spectroscopy (ARPES) has emerged
as a leading technique in identifying static key properties of complex
systems such as the electronic band structure of adsorbed molecules,
ultrathin quantum-well films or high temperature superconductors.
We present an experimental setup combining the ARPES technique
with a pump-probe scheme for time-resolved measurements using a 1
kHz femtosecond high-harmonic generation (HHG) XUV source [1].
The performance of the system with respect to time-, energy- and
momentum-resolution will be discussed on the basis of ARPES spec-
tra recorded with ultra short photon pulses of τ=7 fs and hν=42 eV [2].
Furthermore, the potential of time-resolved ARPES to study surface
dynamics in future experiments, as e.g. photo-induced phase transi-
tions, is considered.

[1] S. Mathias et al., Rev. Sci. Instrum. 78, 083105 (2007) [2] S.
Mathias et al., Journ. of Phys. : conference proc., in print

O 27.114 Tue 18:30 P2
Space Charge Effects in the Photoemission Electron Micro-

scope — •Jan Göhre, Niemma M. Buckanie, Ping Zhou, Dietrich
von der Linde, Michael Horn-von Hoegen, and Frank-J. Meyer
zu Heringdorf — University Duisburg-Essen, Germany

The illumination of samples in a spectroscopic Photoemission Electron
Microscope (PEEM) with ultrafast laser pulses combines temporal and
spatial resolution. To study the deexcitation of excited electrons, the
laser should have sufficiently low pulse energy in order to minimize
the space charge. Since most metals have a work function of about
5eV , a high photon energy is needed for a one photon photoemission
process (1PPE). We built a regenerative Ti:sapphire amplifier system
which generates ultrafast fs-pulses (λ = 800nm, corresponding energy
of E = 1.55eV ). The system has a variable repetition rate up to
250kHz. It uses chirped pulse amplification (CPA) to generate laser
pulses with a duration of 150fs and variable pulse energies, e.g. 1.2µJ
at 250kHz. We studied Ag islands which have been grown (in-situ) by
self-assembly on Si(111) surfaces. We used the fundamental and the
4th harmonic (E = 6.2eV ) of the amplifier system to study the origin
of the space charge effect, i.e., whether the space charge effects are cre-
ated at the sample surface or in the electron optics of the microscope
(Boersch effect). The space charge effect is reflected in an energetic
broadening of the electron distribution. Insertion of apertures into the
way of the electrons changes the electron density in the electron optics.
We report the influence of the laser energy, wavelength, and repetition
rate on the energy spectra and the image distortions by space charge
effects.

O 27.115 Tue 18:30 P2
Time resolved core level photoelectron spectroscopy
for investigation of femto- and picosecond dynamics
of iodophenylphenol monolayers on silicon — •Martin
Michelswirth1, Hatem Dachraoui1, Christian Schäfer2, Björn
Schnatwinkel2, Walter Pfeiffer1, Markus Drescher3, Jochen
Mattay2, and Ulrich Heinzmann1 — 1Molecular and Surface
Physics, Bielefeld University — 2Organic Chemistry (OC I), Bielefeld
University — 3Ultrafast X-ray Physics, Hamburg University

The photoinduced dynamics of iodophenylphenol adsorbed on silicon
were investigated by use of time-resolved UV pump (266 nm)-EUV
probe (95 eV) photoemission spectroscopy. The EUV probe pulses
were produced by high harmonic generation (HHG). Picosecond and
femtosecond dynamic changes of the iodine 4d core level spectra were
observed in the pump probe experiment. Because of the localized
character of core level spectra the observed dynamics can be directly
related to electronic or binding environment changes of the C-I bond.
The presented results demonstrate that time-resolved core level spec-
troscopy provides valuable information about photoinduced intra- and
inter molecular dynamics in a complex molecular system environment.

O 27.116 Tue 18:30 P2
Performance of the XUV split-and-delay line at the
free-electron laser in Hamburg — •Florian Sorgenfrei1,
Torben Beeck1, Martin Beye1, Alexander Föhlisch1, Mit-
suru Nagasono2, Bill Schlotter1, and Wilfried Wurth1 —
1Department Physik, Universität Hamburg, Germany — 2XFEL
Project head office, RIKEN, Hyogo, Japan

The high brilliance and short pulse duration of free-electron lasers like
FLASH at Hamburg are the basis for novel experiments on ultrafast
dynamics in various systems. Combining these properties with X-ray
pump/probe techniques enlarges the class of possible experiments even
more.

We have permanently implemented a Mach-Zehnder type autocorre-
lator at the PG2 beamline at FLASH in 2008 which is capable of split-
ting the XUV pulse from FLASH and introducing a delay between
both pulses in the range of about +/- 6ps with a sub-femtosecond
resolution. Here, we present the results of test experiments to demon-
strate the performance of this device, namely measuring the temporal
coherence length of the FLASH radiation and measuring the intensity
autocorrelation by He two-photon double-ionization.

We acknowledge financial support from the BMBF priority program
FSP301: ”FLASH”and the GrK 1355 ”Physics with new coherent light
sources”

O 27.117 Tue 18:30 P2
Ultrafast Excitation and Deexcitation Dynamics of Adsor-
bates on Si-Surfaces: A Time Resolved Electron Diffraction
Study — •Simone Möllenbeck, Anja Hanisch-Blicharski, Tobias
Pelka, Paul Schneider, Martin Kammler, Boris Krenzer, and
Michael Horn-von Hoegen — Department of Physics and Center
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for Nanointegration Duisburg-Essen (CeNIDE) Universität Duisburg-
Essen, D-47057 Duisburg, Germany

We have set up an experiment for ultra fast electron diffraction.
The surface sensitivity in a RHEED (reflection high energy electron
diffraction)-geometry was used to analyze the structural dynamics on
a ps-timescale upon excitation by fs-laserpulses. In the past we have
shown that the nanoscale heat transport in heterolayers can be stud-
ied with TR-RHEED utilizing the Debye-Waller Effect. Here we used
the unique possibilities of TR-RHEED to study monolayer adsorbate
systems on Silicon. As an example we present time resolved mea-
surements of the (

√
3 ×
√

3) Pb/Si(111) adsorbate system. Pb was
deposited on Si(111)-(7× 7) at 100K. By desorption at 500K, the cov-
erage was reduced to a (

√
3×
√

3) reconstructed Pb adsorbate system
with the coverage of 1 monolayer. We observed the transient surface
temperature evolution of the Pb adsorbate system after excitation with
a fs-laserpulse.The measured time constant for the cooling process is
150ps. This observation agrees well with a simple theoretical model.
We may present further new results to other adsorbate systems.

O 27.118 Tue 18:30 P2
The cooling process on a picosecond timescale: from bulk to
monolayer — Anja Hanisch-Blicharski, •Simone Möllenbeck,
Tobias Pelka, Paul Schneider, Martin Kammler, Boris Kren-
zer, and Michael Horn-von Hoegen — Department of Physics
and Center for Nanointegration Duisburg-Essen (CeNIDE), Univer-
sität Duisburg-Essen, 47048 Duisburg, Germany

We study the cooling rate of heteroepitaxial thin film systems after
fs-laser excitation with ps time resolution by means of ultrafast time
resolved electron diffraction in a grazing reflection geometry (RHEED).
Diffraction patterns taken at different delays between pumping laser
pulse and probing electron pulse are converted to the transient film
temperature using the Debye-Waller effect. We present results on ul-
trathin epitaxial Bi(111)- and Pb(111)-films on Si(001) and Si(111)
substrates. For a 6 nm thin Bi-film a rapid increase of the surface tem-
perature from 80 K up to 190 K upon laser excitation is followed by a
slow exponential decay with a decay constant of τ = 640 ps which is
determined by the thermal boundary resistance at the hetero interface
between film and substrate. The large increase of the surface temper-
ature is caused by the small absorption length of 15 nm for photons
with λ = 800 nm. For Bi-films the cooling rate varies linearly from τ
= 290 to τ = 3200 ps with the film thickness which has been varied
between 2.5 and 35 nm while a Pb-monolayer within the (

√
3 ×
√

3)
reconstruction shows a cooling rate of only 150 ps.

O 27.119 Tue 18:30 P2
Nanosecond time-resolved measurements of acoustic waves
— •Fabian Kneier, Tobias Geldhauser, Johannes Boneberg, and
Paul Leiderer — Fachbereich Physik, Universität Konstanz, 78457
Konstanz

We have built a Michelson interferometer that is capable of determin-
ing surface expansions and accelerations in the sub-nm range with a
ns-temporal resolution. For that purpose the interferometer is stabi-
lized by a piezoelectrically driven mirror in the reference arm. This
setup is used to study Bulk Acoustic Waves (BAW) and their prop-
erties. This is achieved using a Nd:YAG laser to induce BAWs in a
silicon wafer irradiating onto the back of the silicon wafer and mea-
suring the surface displacement caused at the front surface. Included
in our investigation are, for example, the effect of silicon wafer thick-
ness or the effect of sacrificial layers of different materials on the back
side of the wafer where the the BAW is generated. The information
gained will be applied to get a deeper understanding of the underlying
processes of dry-laser cleaning and particle adhesion on surfaces.

O 27.120 Tue 18:30 P2
Dynamics of electron transport at the PTCDA/Ag(111)-
interface studied with time-resolved 2PPE — •Christian
Schwalb1, Sönke Sachs2, Manuel B. Marks1, Achim Schöll2,
Eberhard Umbach2,3, and Ulrich Höfer1 — 1Fachbereich Physik
und Zentrum für Materialwissenschaften, Philipps-Universität Mar-
burg, D-35032 Marburg — 2Universität Würzburg, Experimentelle
Physik II, D-97074 Würzburg — 3Forschungszentrum Karlsruhe, D-

76021 Karlsruhe

Time-resolved two-photon photoemission (2PPE) is able to provide
very detailed information about the electronic structure and the dy-
namics of electron transfer processes of well-ordered interfaces between
organic semiconductors and metals. As a model system we have inves-
tigated thin epitaxial PTCDA films on Ag(111). A dispersing unoc-
cupied state with an effective electron mass of 0.39 me at the Γ-point
emerges 0.6 eV above the metallic Fermi level EF. Its short lifetime of
55 fs is a clear indication that this state has a strong overlap with the
metal and essentially originates from an upshift of the Shockley surface
state of the Ag substrate [1]. In order to investigate the role of the
interface state for charge carrier injection, we populate the LUMO of
PTCDA in films of varying thickness and simultaneously record fluo-
rescence and photoemission spectra. A long lived component observed
in the 2PPE signal close to EF clearly correlates with film thickness
and fluorescence lifetime.
[1] C.H. Schwalb et al., Phys. Rev. Lett. 101, 146801 (2008)

O 27.121 Tue 18:30 P2
Momentum-Resolved Dynamics of Electrons in Image-
Potential States on Ag(111) and Cu(111) — •A. Damm1, K.
Schubert1, S.V. Eremeev2, A.G. Borisov3, E.V. Chulkov4, P.M.
Echenique4, J. Güdde1, and U. Höfer1 — 1Fachbereich Physik und
Zentrum für Materialwissenschaften, Philipps-Universität, D-35032
Marburg, Germany — 2Institute of Strength Physics and Material Sci-
ence, 634021 Tomsk, Russia — 3Laboratoire des Collisions Atomiques
et Moléculaires, Université Paris-Sud, 91405 Orsay Cedex, France —
4Donostia International Physics Center, 20018 San Sebastián, Basque
Country, Spain

We report on the momentum-dependence of the decay rate of elec-
trons in image-potential states on Ag(111) and Cu(111) investigated
by time- and angle-resolved two-photon photoemission (2PPE). On
these surfaces, the n = 1 image-potential state is located within the
projected bulk band gap only close to the Γ-point, whereas it becomes
degenerated with a projected bulk band at k‖ ≈ 0.2 Å-1. This offers
the opportunity to investigate differences in the electron dynamics of
surface gap states and resonances within one model system. While the
lifetime of gap states is dominated by inelastic decay due to electron-
hole-pair excitations, an additional decay channel due to elastic charge
transfer into the bulk exists for resonances. We observe a continuous
increase of the decay rate with k‖ on both surfaces without a sudden
change at the band edge. We compare these results with a theoretical
description based on many-body calculations for the inelastic decay
and a wave-packet propagation method for the elastic charge transfer.

O 27.122 Tue 18:30 P2
Non-perturbative approach to photoemission by direct sim-
ulation of photo-currents — •Henning Husser, Jan van Heys,
and Eckhard Pehlke — Institut für Theoretische Physik und Astro-
physik, Universität Kiel, Germany

We present a non-perturbative ab initio approach for the calculation of
photo-currents by direct simulation of the photoemission process. The
electronic structure of the solid surface, which is initially in its elec-
tronic ground state, is calculated within density functional theory using
a slab geometry. In a first approach, we integrate the time-dependent
single-particle Kohn-Sham equations only for a frozen-in effective po-
tential. The excitation by a fs laser-pulse is accounted for within the
dipole approximation. Decoupling of the slabs is achieved by an opti-
mized absorbing potential in the vacuum region. Inelastic scattering
of the photo-excited electrons in the solid is roughly accounted for
by an absorptive gauge-invariant (constructed in analogy to [1]) opti-
cal potential, which is acting only on the excited-state admixtures to
the time-dependent wave-functions. The spectra are derived from the
Fourier transform of the time-dependent wave-functions. The integra-
tion of the time-dependent single-particle equations is carried through
with an extended [2] version of the fhimd code from the Fritz-Haber-
Institut in Berlin. We present photoemission spectra for the Si(001)
surface. We argue how the method can be extended to highly excited
systems.

[1] S. Ismail-Beigi et al., Phys. Rev. Lett. 87, 087402 (2001).
[2] J. van Heys et al., Phase Transitions 78, 773 (2005).
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O 28: Invited Talk (Lanny Schmidt)

Time: Wednesday 9:30–10:15 Location: HSZ 02

Invited Talk O 28.1 Wed 9:30 HSZ 02
Catalytic Autothermal Reforming of Renewable Fuels at Mil-
lisecond Times — •Lanny Schmidt — Dept of Chem Eng and Mat
Sci, U of Minnesota, Minneapolis MN 55455

Autothermal reactors have great promise for hydrogen and chemicals
production because they have reactor residence times of 10-3 seconds
and require very simple reactors. We describe the production of hy-
drogen and olefins from fossil fuels from methane to diesel and from
renewable fuels such as ethanol, biodiesel, soy oil, cellulose, and ligno-
cellulose in millisecond reactors.

Biofuels generally have higher conversions than fossil fuels because
the hydroxyl and ester linkages in these fuels produce higher sticking
coefficients than for saturated alkanes. Consequently, conversions of all

biofuels in these processes are nearly 100%. Highly oxygenated feed-
stocks tend to produce mostly syngas with little olefins or oxygenated
products because surface reactions dominate, and these larger products
are formed predominantly by homogeneous reaction processes after all
oxygen is consumed.

Recent results on production of syngas by reactive flash volatiliza-
tion of nonvolatile liquids and solids will also be described. We show
that, by impinging cold liquid drops or small solid particles onto the
hot catalyst surface, the process can be operated in steady state with
no carbon formation for many hours. This occurs because, while pyrol-
ysis of vegetable oils and carbohydrates at low temperatures produces
carbon, above ˜600oC the equilibrium shifts to produce syngas rather
than solid carbon.

O 29: Nanostructures at surfaces: preparation

Time: Wednesday 10:30–12:45 Location: SCH A01

O 29.1 Wed 10:30 SCH A01
Formation of Nanostructures by Bimodal Growth of a
Low Symmetry Magnetic Molecule on a Weakly Interact-
ing Substrate — Sweetlana Fremy1, •Alexander Schwarz1,
Knud Lämmle1, Roland Wiesendanger1, and Marc Prosenc2 —
1Universität Hamburg, Department Physik, IAP, Jungiusstr. 11,
20355 Hamburg — 2Universität Hamburg, Department Chemie,
IAAC, Martin-Luther-King Platz 6, 20146 Hamburg

We are interested in the properties of nanostructures formed by mag-
netic molecules. In this non-contact atomic force microscopy (NC-
AFM) investigation we study the growth of Co-Salen, a planar Schiff-
Base complex with Co as magnetic center, on NaCl(001). On this
large band gap insulator we expect a rather weak coupling between
molecule and surface. Apart from step decoration, we find nanowires,
which form networks at higher coverages, and compact nanocrystal-
lites. Molecular resolution on nanowires and nanocrystallites indicate
that in both cases the molecules are arranged in the monoclinic bulk
unit cell, which consists of 8 Co-Salen dimers. For the nanowires
(nanocrystallites) the c-axis is oriented parallel (perpendicular) to the
surface normal. From NC-AFM images recorded at 8 K after evaporat-
ing small quantities of molecules onto a cold substrate (T < 30 K), we
know that the molecules initially adsorb as monomers. Hence, a tran-
sition from monomers to dimers must take place before the nanowires
and nanocrystallites start to grow. In this presentation, the origin of
the bimodal growth, the stability of nanowires and nanocrystallites as
well as a model how and where the monomer-to-dimer transition takes
place will be discussed.

O 29.2 Wed 10:45 SCH A01
Fabrication of a full-coverage polymer nanobrush on electron
beam activated template — Nirmalya Ballav, Sören Schilp, and
•Michael Zharnikov — Angewandte Physikalische Chemie, Univer-
sität Heidelberg, D-69120 Heidelberg, Germany

Along with chemistry, morphology is an important tool to adjust prop-
erties of surfaces and interfaces. One of the most promising approaches
to control over surface morphology down to the nanometer scale is the
fabrication of 3D polymer brush patterns by surface-initiated poly-
merization (SIP) combined with electron beam lithography (EBL).
However, polymer brush patterns made by EBL-SIP are chemically
inhomogeneous. Whereas the polymer brush itself is comprised of a
polymer, the areas between the 3D features have a different chemical
identity determined by the original template. As a result, the effects of
morphology on one side and chemistry and surface energy on the other
side can be entangled when using such patterns as model surfaces for,
e.g., biology-inspired research. Here, we show that this drawback can
be overcome by using a sophisticated primary template comprised of
monolecular film with mostly deactivated amino tail groups suitable
for SIP. Whereas SIP on such a template gives a thin but homogeneous
background brush, the regeneration of these groups by electron beam
activation lithography promotes the controlled growth of 3D polymer
features on this background, resulting in the formation of chemically

homogeneous morphology pattern exclusively comprised of the poly-
mer material. The technique relies upon commercially available com-
pounds and requires a low patterning dose (less than 1 mC/cm2).

O 29.3 Wed 11:00 SCH A01
Selective adsorption of C60 on Si/Ge nanostructures — Kon-
stantin Romanyuk, •Vasily Cherepanov, and Bert Voigtländer
— Institute of Bio- und Nanosystems (IBN) and JARA-Fundamentals
of Future Information Technology, Forschungszentrum Jülich, D-52425
Jülich, Germany

The similar nature of Si and Ge allows to grow epitaxial Si/Ge nanos-
tructures using a surfactant like Bi to suppress Si-Ge intermixing.
Those Si/Ge structures with an atomically sharp interface are suited
to be used as templates for a next step of self-organized growth of a
different material which selectively bonds to Si or Ge. For instance
adsorption of organic molecules only on Si or Ge areas of the surface
may lead to a desired fictionalization of the surface. We have explored
a chemical selectivity for C60 deposition on Bi covered surface con-
taining Si and Ge areas. It is found that molecules of C60 selectively
adsorb on the Ge area substituting Bi atoms of the termination layer.
Interestingly, this process is fully reversible. The C60 molecules des-
orb from the surface under Bi flux thereby restoring initial structure
of the template surface. The obtained selectivity for adsorption of
C60 gives new challenging opportunities for a successive fabrication of
Si/Ge based nanostructures.

O 29.4 Wed 11:15 SCH A01
Heat transfer in swift heavy ion irradiated Insulators
— •Orkhan Osmani1,2, Marika Schleberger1, and Bärbel
Rethfeld2 — 1Universität Duisburg-Essen, Fachbereich Physik,
47057 Duisburg — 2Technische Universität Kaiserslautern, Fachbere-
ich Physik, 67653 Kaiserslautern

After irradiation of insulators of the perovskite type with an MeV ion
beam under glancing incidents periodic nano patters on the surface can
be observed [1]. To interpret the experimental data ab initio assisted
calculations for the model system 100 MeV Xe → SrTiO3 have been
performed [2]. For this system the electronic energy loss is calculated
and used to compute the electronic excitation induced by the primary
ion. The heat transport into the lattice away from the track core is
performed in terms a two temperature model (TTM), a coupled system
of diffusion equations. The heat transport is governed by a diffusiv-
ity parameter which is usually treated as a constant. However in the
case of an insulator this is not appropriate. Therefore, a temperature
dependent diffusivity is introduced, resulting in locally molten areas
which agree well with the experimentally observed nano patterns. It
will be shown that with a temperature dependent diffusivity, the TTM
solution is no longer unique and is strongly depending on the spatial
discretization chosen for the modeling [3].

[1] Nature Nanotechnology 2, 290-294 (2007)
[2] Journal of Physics: Condensed Matter 20, 315001 (2008)
[3] Laser and Particle Beams (Submitted)
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O 29.5 Wed 11:30 SCH A01
Lithographic Fabrication of Clean Iron Nanostructures via
Electron-Beam Induced Deposition in UHV — •Thomas
Lukasczyk1,2, Michael Schirmer1,2, Marie-Madeleine Walz1,2,
Florian Vollnhals1,2, Hans-Peter Steinrück1,2, and Huber-
tus Marbach1,2 — 1Lehrstuhl für Physikalische Chemie II —
2Interdisciplinary Center for Molecular Materials (ICMM), Universität
Erlangen-Nürnberg, Egerlandstr. 3, D-91058 Erlangen

The generation of nanostructures with arbitrary shapes and well de-
fined chemical composition is still a challenge. One approach is the
technique of electron-beam induced deposition (EBID) in which a
highly focused electron-beam is used to locally crack, e.g. metal con-
taining, precursor molecules, resulting in the deposition of the non-
volatile fragments. Up to now, virtually all experiments were per-
formed in high vacuum environments, resulting in a typical metal con-
tent of the EBID deposits of 15% to 60%. By utilizing an ultra-high
vacuum system, we achieved an iron purity of at least up to 95% with
the precursor iron pentacarbonyl (Fe(CO)5) [1]. The purity and mor-
phology of the deposits is strongly influenced by the surface quality
and by the sample temperature. The findings discussed in the work at
hand represent a route towards the lithographic fabrication of metal-
lic nanostructures (< 20 nm) with arbitrary shapes and high purity
as well as the large scale generation of iron clusters (< 10 nm) with
controlled cluster density and an extremely narrow size distribution.
This work was supported by the DFG under grant MA 4246/1-1.
[1] T. Lukasczyk, et al., Small 4(6) (2008) 841.

O 29.6 Wed 11:45 SCH A01
Surface vacancy channels through ion channeling — •Alex
Redinger1, Sebastian Standop1, Yudi Rosandi2, Herbert M.
Urbassek2, and Thomas Michely1 — 1II. Physikalisches Institut,
Universität zu Köln, Zülpicher Strasse 77, 50937 Köln, Germany —
2Fachbereich Physik, Technische Universität Kaiserslautern, Erwin-
Schrödinger-Straße, D-67663 Kaiserslautern, Germany

Damage patterns of single ion impacts on Pt(111) have been stud-
ied by scanning tunneling microscopy (STM) and molecular dynamics
simulations (MD). Low temperature experiments, where surface diffu-
sion is absent, have been performed for Argon and Xenon ions with
energies between 1 keV and 15 keV at an angle of incidence of 86◦

measured with respect to the surface normal. Ions hitting preexist-
ing illuminated step edges penetrate into the crystal and are guided
in open crystallographic directions, one or more layers underneath the
surface (subsurface channeling). In the case of Argon channeling the
resulting surface damage consists of adatom and vacancy pairs aligned
in ion beam direction. After Xenon channeling thin surface vacancy
trenches along the ion trajectories - surface vacancy channels - are
observed. They result from very efficient sputtering and adatom pro-
duction along the ion trajectory. This phenomena is well reproduced
in molecular dynamics simulations of single ion impacts at 0 K. The
damage patterns of Argon and Xenon impacts can be traced back to
the different energy losses of the particles in the channel. Channeling
distances exceeding 1000 Å for 15 keV Xenon impacts are observed.

O 29.7 Wed 12:00 SCH A01
Simulation of nanostructuring on sputtered surfaces by
multi/rotating ion beams — •Taha Yasseri1, Reiner Kree1,
and Alexander K. Hartmann2 — 1Institute for Theoretical Physics,
University of Göttingen, Friedrich-Hund Platz 1, D-37075 Göttingen,

Germany. — 2Institute for Physics, University Oldenburg, Carl-von-
Ossietzky Strasse 9-11, D-26111 Oldenburg, Germany

Pattern formation on solid surfaces by ion beam sputtering (IBS) is
intensively studied. Recent studies use continuously rotating samples
or rotation with only a discrete number of directions. We have used
our previously developed Monte Carlo model of IBS to systematically
study these situations. For discrete directions we found: (1) either a
superposition of single ion-beam patterns or a dominant pattern, de-
pending upon the directions may be observed. (2) In the special case
of two beams aligned in opposite directions, roughness of the surface
decreases and movement of patterns is suppressed. A sudden change
in azimuthal angle (∆φ) of ion beam leads to a relaxation of existing
ripples into a new direction. We have determined this relaxation time
(τ0), which defines a characteristic angular frequency ω0 = ∆φ/τ0.
For rotating sample with frequency ω ≈ ω0 we found an oscillatory
behavior of patterns and roughness of the surface.

O 29.8 Wed 12:15 SCH A01
Ion beam noise may support pattern formation by sput-
tering — Reiner Kree1, •Taha Yasseri1, and Alexander K.
Hartmann2 — 1Institute for Theoretical Physics, University of
Göttingen, Friedrich-Hund Platz 1, D-37075 Göttingen, Germany.
— 2Institute for Physics, University Oldenburg, Carl-von-Ossietzky
Strasse 9-11, D-26111 Oldenburg, Germany

It is discussed in the literature that, beam divergence may produce
new scenarios of pattern formation on surfaces by ion beams sputtering
(IBS). We have extended the continuum theory and the Monte Carlo
simulation of IBS. pattern formation to include noisy beam which is
following a Kent distribution, which is a reasonable approximation of
the experimentally observed beam divergence.

We found several pattern forming scenarios differing from the
Bradley-Harper scenario, which are discussed mainly using Monte
Carlo data and a linear mode analysis of the continuum theory.

O 29.9 Wed 12:30 SCH A01
Metastable wetting on structured surfaces — •Rosa Poetes,
Kathrin Holtzmann, and Ullrich Steiner — Cavendish Labora-
tory, University of Cambridge, Cambridge, UK

Wetting on surfaces has traditionally been divided into hydrophobic
and hydrophilic wetting. More complex behaviour on structured sur-
faces has been explained using the differences between Cassie-Baxter
and Wenzel wetting. Recently, it has been shown that other metastable
wetting states, which cannot be explained fully by either Wenzel or
Cassie-Baxter wetting, can exist on rough or structured surfaces.

We are exploring metastable wetting states on hydrophilic and hy-
drophobic surfaces. In order to find the parameters influencing the
existence and lifetime of metastable wetting states, we use both highly
rough non-regular and highly structured regular surfaces with hy-
drophilic and hydrophobic material properties.

We are exploring the pressure dependence of the metastable states
using a water tank for immersion of the samples and also studying how
the wetting changes with time. Further, we are exploring the influence
of different structural parameters upon the metastable state stability
by using highly structured samples with different height, width and
overhang ratios.

Understanding the lifetime and stability of metastable wetting states
will allow for further research into strong superhydrophobic materials
with predictable surface properties.

O 30: Metal substrates: Adsorption of organic / bio molecules IV

Time: Wednesday 10:30–13:00 Location: SCH A118

O 30.1 Wed 10:30 SCH A118
Evidence of Charge Transfer in UHV-Deposited Coronene-
hexaone and Hexamethoxycoronene Sandwich Layers —
K. Medjanik1, S. Naghavi2, R. Rieger3, D. Kutnyakhov1,
S.A. Nepijko1, •G. Schönhense1, V. Alijani2, C. Felser2, M.
Baumgarten3, and K. Müllen3 — 1Institut für Physik, Univer-
sität Mainz — 2Institute for Analytic and Anorganic Chemistry Univ.
Mainz — 3Max-Planck-Institute for Polymer Research, Mainz

The electronic structure of UHV-deposited sandwich layers of the
donor hexamethoxycoronene and the acceptor coronene-hexaone on
Au has been studied by UPS. In a donor-acceptor multilayer super-

structure a new signal close to the Fermi energy arises that is absent
in films of the pure species. The electron injection barrier of the ac-
ceptor is lowered such that charge transfer occurs into its LUMO. The
charge depletion in the donor molecules leads to a shift of their HOMO
position to higher binding energies by 0.26eV. A significant band bend-
ing occurs due to the polar interface between the metal and the organic
film as discussed by Koch [1]. In turn, the UPS signal of the charge
transfer complex rises significantly above that of the Au substrate (by
0.35eV in the as-deposited multilayer film and by 0.55eV upon anneal-
ing of the film at 80◦C). In AFM and optical microscopy we observe
triangular-shaped nanocrystals with dendritic growth mode.
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Funded by DFG through Transregio SFB TRR 49 (B8)
[1] N. Koch, J. Phys. Cond. Matt. 20 (2008) 184008

O 30.2 Wed 10:45 SCH A118
Reactions on surfaces for the creation of template structures
— •Meike Stöhr1, Manfred Matena1, Markus Wahl1, Thomas
A. Jung2, Jörg Zegenhagen3, and Lutz H. Gade4 — 1University of
Basel, Switzerland — 2Paul-Scherrer-Institute, Switzerland — 3ESRF
Grenoble, France — 4University of Heidelberg, Germany

Molecular assemblies on surfaces can be used as templates that al-
low the study of host guest interactions and provide in a further step
an ideal starting point for the generation of more complex hierarchic
structures. An important prerequisite besides the regularity of such
structures is their stability. We reported the formation of a molec-
ular honeycomb network generated by thermal dehydrogenation of a
perylene derivative (DPDI) on a Cu(111) surface [1]. By thermal acti-
vation, these molecules become H-bond donors/acceptors and form a
highly regular honeycomb structure which is commensurate to the Cu
substrate. This network can be used as a template for the incorpora-
tion of guest molecules in its hexagonal ’holes’ [2]. In addition, XSW
(x-ray standing wave) experiments were carried out to determine the
height of the DPDI molecules above the Cu surface before and after
annealing the sample. It turned out that for the not annealed sample
the DPDI molecules mainly interact through their amine end groups
with the substrate while the molecule is in a bridge-like configuration.
After annealing, the height difference between the end groups and the
perylene core is lowered what is required to enable H-bonding between
the molecules. [1] M. Stöhr et al., Angew. Chem. Int. Ed. 44 (2005)
7394 [2] M. Stöhr et al., Small 3 (2007) 1336

O 30.3 Wed 11:00 SCH A118
Covalent interlinking on the surface by condensation poly-
merization of p-phenylenediamine and terephthaloyl chlo-
ride — •Christoph H. Schmitz, Julian Ikonomov, and Moritz
Sokolowski — Inst. f. Physikal. u. Theoret. Chemie, Universität
Bonn

Long-range ordered structures of organic adsorbates on metal surfaces
are mainly based on weak adsorbate-adsorbate interactions, such as
van der Waals-forces, dipole interactions and hydrogen bonds. Tech-
nical applications require more robust and durable layers, that may be
realized by covalent networks. Examples of the direct covalent inter-
linking of small organic molecules on the surface are scarce [1-3] and
the reactions are mainly induced by heating, which limits the range of
possible substances. We herein report on the formation of covalently
interlinked structures of a polyamide via condensation polymerization
directly on the surface. The vapour-deposition polymerization (VDP)
technique was combined with ultra-high vacuum preparations methods
to obtain polymer monolayers. We demonstrate this concept by the re-
action of p-phenylenediamine (PPD) and terephthaloyl chloride (TPC)
to form poly(p-phenylene terephthalamide) (PPTA) on the Ag(111)
surface at room-temperature. After removal of the excess monomer,
the polyamide chains arrange in long-range ordered islands on the sur-
face. The structures have been characterized by variable temperature
scanning tunneling microscopy (VT-STM). (Funded by DFG through
SFB 624) [1] L. Grill et al., Nature Nanotech. 2007, 2, 687. [2] N.
A. A. Zwaneveld et al., J. Am. Chem. Soc. 2008, 130, 6678. [3] S.
Weigelt et al., Angew. Chem. 2008, 120, 4478.

O 30.4 Wed 11:15 SCH A118
Controlling the organization and heat induced coupling of
biphenyl derivatives on metal surfaces — •Serpil Boz1, Meike
Stöhr1, Umut Soydaner2, and Marcel Mayor2 — 1University
of Basel, Department of Physics, Klingelbergstrasse, CH-4056 Basel,
Switzerland. — 2University of Basel, Department of Chemistry, St.
Johannsring 19, CH-4056 Basel, Switzerland.

The development of scanning probe methods enabled the investigation
of molecules on surfaces with impressive resolutions. A delicate bal-
ance between molecule - substrate and intermolecular interactions such
as van der Waals interactions, H-bonding or dipolar coupling guides
the arrangement of the molecules in well ordered patterns.

A very appealing concept is to profit from the order of these pre-
organized structures and to interlink the molecular building blocks to
macromolecules.

Previously, we presented our new concept to control both, the molec-
ular self-assembly and the subsequent intermolecular coupling reactiv-
ity by protection group chemistry and described the heat induced for-
mation of individual polymeric structures from a biphenyl derivative

on single crystal Cu (111) and Ag(111) substrates. Here we would
like to present how to control the arrangement and the size of the re-
sulting polymeric structures by modification of the end groups of the
previously presented biphenyl unit.

O 30.5 Wed 11:30 SCH A118
Molecules with ”wheels” on a metal surface — •Carlos
Villagomez1, Takashi Sasaki2, James M. Tour2, and Leonhard
Grill1 — 1Institut für Experimentalphysik, Freie Universität Berlin,
14195 Berlin — 2Chemistry Department, Rice University, Houston
Texas, USA

The design and creation of molecular nanostructures with specific me-
chanical functions is one of the fundamental issues in nanotechnology.
In this context, wheels are an interesting component for the molecu-
lar motion, because they are expected to alter the diffusion properties
on surfaces, for instance by allowing only directed motion. In the pre-
sented work, we show the absorption of functional molecules studied by
scanning tunneling microscopy under ultrahigh vacuum at low temper-
atures of about 7 K. The molecules consist of a phenyl chain, equipped
with carborane side groups that represent the molecular ”wheels”. Ad-
ditionally, bromine atoms are attached to the terminal groups of the
molecules, which should allow the covalent connection of individual
molecules, according to our recently presented ”on-surface-synthesis”
method. The high mobility of the molecules during deposition, at
room temperature, enables them to form molecular nanostructures.
Characteristic appearances of the molecules, due to different molecu-
lar configurations, are found. Furthermore, lateral manipulation was
used to displace molecules and to probe their intermolecular interac-
tions.

O 30.6 Wed 11:45 SCH A118
Tuning surface reactivity by alloying - Acrolein adsorption
on well ordered PtxCe/Pt(111) alloys — •Jan Markus Essen,
Conrad Becker, and Klaus Wandelt — Institute of Physical and
Theoretical Chemistry, University of Bonn, Wegelerstrasse 12, D-53115
Bonn, Germany

The reactivity of Pt(111) surfaces towards acrolein is mainly deter-
mined by the d-band molecule interaction at the Fermi edge. Depend-
ing on the initial coverage a η4-trans, a η3-cis and a η2-cis and -trans
conformation of adsorbed acrolein is stable. A Pt-O interaction is not
favored. Acrolein decomposition proceeds via C1-C2 bond cleavage by
a Pt addition into the C-C bond which leads mainly to CO and ethene.
In contrast to that, the reactivity of acrolein on pure polycrystalline
cerium films is mainly caused by the stability of simultaneously gen-
erated cerium oxides. A Ce-O interaction is favored which leads to a
strongly distorted adsorption geometry. The decomposition proceeds
via C1-O bond cleavage by a reductive coupling forming benzene and
1,3,5-hexatriene. Alloying of cerium with Pt results in the formation
of several well ordered alloy phases. In general these phases have the
same adsorption properties in common. Acrolein adsorbs on the top-
most Pt-layer in the same conformation as on Pt(111). Only the η4
conformation is not stable caused by ensemble effects. In contrast to
pure Pt(111) however no decomposition takes place. Acrolein desorbs
completely intact from these alloy phases at about 230 K.

O 30.7 Wed 12:00 SCH A118
A quantitative model for the monolayer growth of hydro-
carbons on noble metals: HBC on Ag(111) and Au(111) —
•Christian Wagner, Daniel Kasemann, Moritz Esslinger, Ro-
man Forker, Christian Golnik, and Torsten Fritz — Institut für
Angewandte Photophysik, TU-Dresden, George-Bähr-Str. 1, 01069
Dresden

In our contribution we compare the growth of hexa-peri-
hexabenzocoronene (HBC) on Ag(111) and Au(111) for monolayer
(ML) and sub-ML coverage[1,2]. Despite the always present attractive
van der Waals force we observe a net repulsive interaction between in-
dividual HBC molecules on the Au(111) surface, resulting in a complex
growth behavior: Unlike the situation on Ag(111) no lattice epitaxy is
observed for HBC MLs on Au(111) in the predominant phase. Instead,
we find a coverage dependent lattice constant (between 13.6 Åand 14.7
Å). Including coulomb and van der Waals forces as well as Pauli re-
pulsion (by the respective OPLS force fields) between the molecules
on one hand, and the influence of the metal substrates, namely at-
tractive binding, mirror charges and even a screening of the van der
Waals attraction on the other hand, we propose a quantitative model
of the interaction potential of HBC on both metals that can be fitted
to the experimental results and is indeed able to explain all findings
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with reasonable values for the parameters used. Furthermore, we can
assign the orientation of HBC domains on Au(111) to the interaction
with the surface reconstruction pattern.

[1] H. Proehl et al. Phys. Rev. B 63, 205409 (2001)
[2] P. Ruffieux et al. J. Am. Chem. Soc. 129, 5007 (2007)

O 30.8 Wed 12:15 SCH A118
Covalently bound molecular chains on an ultrathin insulating
film — •Christian Bombis1, Leif Lafferentz1, Hao Yu2, Stefan
Hecht2, Francisco Ample3, Christian Joachim3, and Leonhard
Grill1 — 1Institut für Experimentalphysik, Freie Universität Berlin,
Arnimallee 14, 14195 Berlin, Germany — 2Institut für Chemie, Hum-
boldt Universität zu Berlin, Brook-Taylor-Str. 2, 12489 Berlin, Ger-
many — 3CEMES-CNRS, 29 rue J. Marvig, PO Box 4347, 31055
Toulouse Cedex, France

The adsorption of single covalently bound molecular chains on an ul-
trathin insulating film of NaCl on a metallic substrate is presented for
the first time. In the emerging field of molecular electronics, ultrathin
films of NaCl are attracting increasing attention since it was success-
fully demonstrated that they provide mandatory electronic decoupling
of single organic molecules from an underlying metallic substrate while
still allowing a sufficient flow of current for the investigation by scan-
ning tunneling microscopy (STM). Conjugated polymers are promising
candidates as organic nano-wires. The studied covalently bound molec-
ular chains are formed by organic on-surface-synthesis of dibromoter-
fluorene (DBTF) molecules on a Au(111)-surface. The adsorption of
these polymeric chains, which form molecular interconnects from the
metallic substrate on top of an insulating NaCl film, is investigated at
the single-molecule level with an STM working at low temperatures (13
K). To further illuminate the adsorption properties of DBTF on top
of the ultrathin film of NaCl, electron scattering quantum chemistry
(ESQC) calculations are performed.

O 30.9 Wed 12:30 SCH A118
Nanostructuring of an ultrathin insulating film of NaCl on
Cu(111) — •Christian Bombis1, Johannes Mielke1, Michael
Mannsberger1, Francisco Ample2, Christian Joachim2, and
Leonhard Grill1 — 1Institut für Experimentalphysik, Freie Uni-
versität Berlin, Arnimallee 14, 14195 Berlin, Germany — 2CEMES-
CNRS, 29 rue J. Marvig, PO Box 4347, 31055 Toulouse Cedex, France

By using the atomic scale scanning tunnelling microscope (STM) ma-

nipulation ability, the nano-mechanical properties and the nanostruc-
turing of NaCl crystalline nanoplates adsorbed on Cu(111) were inves-
tigated. Thin films of NaCl as spacer layers are attracting increasing
attention, because they retain many of the insulator characteristics
while still allowing sufficient current flow to enable STM probing. The
thus enabled electronic decoupling of organic molecules from an under-
lying metal substrate was recently demonstrated and is of particular
interest in the emerging field of molecular electronics. Here, we present
the nanostructuring of an insulating film of NaCl, which covers cutting
of different atomic layers, breaking of nano-islands as well as island
manipulation on the metallic substrate. The achieved manipulation
abilities are highly relevant with respect to the controlled formation of
desired planar molecular interconnects. To further illuminate our cur-
rent understanding of the nano-mechanical behaviour of the ultrathin
film of crystalline NaCl on Cu(111), molecular mechanics calculations
will be presented.

O 30.10 Wed 12:45 SCH A118
Vibrational Kondo effect in a metal-free organic self-
assembled molecular layer — •Isabel Fernandez-Torrente,
Katharina Jennifer Franke, and Jose Ignacio Pascual — Institut
für Experimentalphysik, Freie Universität Berlin, Germany

Molecular magnetism is achieved by localising unpaired electrons
within molecules. The traditional approach entails the synthesis of
metal-organic coordination compounds, where the unpaired spin is
provided by paramagnetic transition metal atoms. Here we show that
localization of a spin also occurs in a molecular layer of a pure organic
charge transfer compound, TTF-TCNQ, self-assembled on a metal sur-
face. The structure adopted by this salt on Au(111) leads to local-
ization of an unpaired electron in a pi-molecular orbital (LUMO) of
the acceptor molecule. This free radical state can be demonstrated
by the observation of the Kondo effect, obtained in transport experi-
ments carried out in a low temperature scanning tunneling microscope.
The unpaired electron is also coupled with molecular vibrations. This
phonon-assisted spin flip induces splitting of the Kondo resonance in vi-
brational sidebands that exhibit different intensities across the TCNQ
molecule. These variations arise from intramolecular alterations of the
electron-phonon coupling. The analysis of STS curves taken along
individual TCNQ molecules allows us to identify the atomic motion
involved in the vibrations.

O 31: Nano-optics of metallic and semiconducting nanostructures (theory)

Time: Wednesday 10:30–12:30 Location: SCH A216

O 31.1 Wed 10:30 SCH A216
Coherent control in hybrid metal-semiconductor nanostruc-
tures — Matthias Reichelt and •Torsten Meier — Depart-
ment Physik, Fakultät für Naturwissenschaften, Universität Pader-
born, Warburger Str. 100, D-33098 Paderborn, Germany

Recently it has been shown experimentally that it is possible to coher-
ently control nano-optical excitations by using sophisticated shaped
laser pulses. [1] In this work a similar technique is used to theoretically
investigate a hybrid nanostructure which consists of a metal aperture
and a quantum wire. It is shown that one can concentrate the optically
excited electron density at an arbitray position due to wave packet
dynamics [2] by chosing particular frequency components and phases
of the chirped laser pulse. The optimization process is performed with
a genetic algorithm [3] which is linked to a 3D-FDTD solver.
[1] M. Aeschlimann et al., Nature 446, 301 (2007)
[2] T. Meier, P. Thomas, and S.W. Koch Coherent Semiconductor
Optics, Springer (2007)
[3] A.E. Eiben and J.E. Smith, Introduction to Evolutionary Comput-
ing, Springer (2003)

O 31.2 Wed 10:45 SCH A216
Impedance matching and emission properties of optical
antennas in a nanophotonic circuit — Jer-Shing Huang,
•Thorsten Feichtner, Paolo Biagioni, and Bert Hecht — Nano-
Optics & Biophotonics group, Department of Experimental Physics 5,
University of Würzburg, Germany

An experimentally realizable prototype nanophotonic circuit, consist-

ing of a receiving and an emitting nano antenna connected by a two-
wire optical transmission line is studied using finite-difference time-
and frequency-domain simulations. It is pointed out, that nanoanten-
nas can efficiently convert propagating photons into plasmonic excita-
tions of a transmission line, whose effective wavelength is determined
with both a mode solver and a reflection coefficient analysis. The cou-
pling between the nanophotonic circuit elements is optimized applying
impedance matching concepts in analogy to radio frequency technol-
ogy. It will be shown that the degree of impedance matching, and
in particular the impedance of the transmitting nano antenna, can be
inferred from the standing wave pattern on the transmission line. We
demonstrate the possibility of matching the nano antenna impedance
to the transmission line characteristic impedance by variations of the
antenna length and width realizable by modern microfabrication tech-
niques. The radiation efficiency of the transmitting antenna also de-
pends on its geometry but is independent of the degree of impedance
matching. Our systems approach to nanophotonics provides the ba-
sis for realizing general nanophotonic circuits and a large variety of
derived novel devices.

O 31.3 Wed 11:00 SCH A216
Plasmonic Optical Enhancement in an Au-Ag Hybrid De-
vice for Bio Sensors — •Christin David1, Inez Weidinger2, Pe-
ter Hildebrandt2, Marten Richter1, and Andreas Knorr1 —
1Technische Universität Berlin, Institut für Theoretische Physik —
2Technische Universität Berlin, Institut für Chemie

We present a model for plasmonic excitations in Au coated metal bio
sensors. Our goal is to illustrate the interplay of surface plasmon po-
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laritons (SPP) in metal layers with localized surface plasmon states
(LSP) in the roughened electrode. We find a dielectric gap between
electrode and metal layers to be crucial to produce a significant field
enhancement.

O 31.4 Wed 11:15 SCH A216
From curved space to optical cloaking — •Tolga Ergin1, Nico-
las Stenger1, Jonathan Mueller1, Jad Halimeh1, and Martin
Wegener1,2 — 1Institut für Angewandte Physik, Universität Karl-
sruhe, 76131 Karlsruhe, Germany — 2Institut für Nanotechnologie,
Forschungszentrum Karlsruhe in der Helmholtz-Gemeinschaft, 76021
Karlsruhe, Germany

Transformation optics is a powerful approach to manipulate the prop-
agation of electromagnetic waves [1]. Here, the curvature of space is
mimicked by an anisotropic metamaterial, which is described by effec-
tive medium theory [2,3]. An interesting application of such compos-
ite metal-dielectric metamaterials is a non-resonant optical cloak. We
present full-wave finite element simulations of feasible cloak designs
in homogeneous medium approximation as well as in full geometry.
Real world losses as well as microscopic phenomena are discussed and
possible ways for the realization of such cloaking structures are shown.

[1] U. Leonhardt, Science 312, 1777 (2006)
[2] J.B. Pendry, et al., Science 312, 1780 (2006)
[3] W. Cai, et al., Nature Photonics 1, 224 (2007)

O 31.5 Wed 11:30 SCH A216
Poisson’s Spot and Focusing of Surface Plasmon Polaritons
— •Dominic Zerulla, Brian Ashall, and Brian Vohnsen — Uni-
versity College Dublin, School of Physics, Dublin 4, Ireland.

Surface plasmon polaritons (SPPs) are surface waves bound to the in-
terface between a metal and a dielectric. Their wave characteristics
make them ideal candidates for the study of 2d-wave propagation on
the nanoscale. This was recently demonstrated in a study of Young’s
classical interference experiment realized with SPPs. Here we exam-
ine another classic of wave optics, namely Poisson’s bright spot that
appears in the shadow region behind an obstacle. Constructive in-
terference produced by SPPs from opposing sides of a linear obstacle
is expected to be less apparent than in the optical case where the
field across the entire rim of a circular obstacle contributes. The finite
propagation length of the SPPs limits the total propagation length and
the outcome will therefore be an elongated spot in the shadow region.
This can be considered as a first step towards realizing Fresnel lenses
for SPPs. Focusing is required to fully explore the potential of SPPs
in integrated optical components and sensors. Typically, mirror-like
arrangements have been used to accomplish this. An alternative op-
tion, however, is dielectric loading to modify the phase of the SPP.
Ultimately, a high numerical aperture is required and in such a case
their vectorial nature must be taken into account. Here we examine
the potential use of Poisson’s spot for SPP confinement and the fo-
cusing of SPPs in more general terms. Our numerical predictions are
compared with the outcome of preliminary experimental studies.

O 31.6 Wed 11:45 SCH A216
Collective Surface Plasmons in Metallic Nanorod Arrays —
•René Kullock1, William R. Hendren2, Andreas Hille1, Ste-
fan Grafström1, Paul R. Evans2, Robert J. Pollard2, Ron
Atkinson2, and Lukas M. Eng1 — 1Institut für Angewandte Photo-
physik, TU Dresden, 01062 Dresden, Germany — 2Centre for Nanos-
tructured Media, IRCEP, The Queens University of Belfast, Belfast
BT7 1NN, UK

Metallic nanorod arrays exhibit several surface plasmon resonances: a
short-axis resonance that occurs always [1], and several long-axis res-
onances appearing for p-polarized light under specific incident angles
[2]. Until today, time-consuming numerical calculations were needed to
fully describe these properties theoretically. Here we use propagating
surface plasmons for an easier description.

Starting with single nanowires exhibiting surface plasmon polaritons
(SPPs) we show how the SPPs on nanowires arranged in parallel couple
to form collective surface plasmons (CSPs), which have a drastically
changed dispersion. For nanorod arrays, such CSPs can be excited
by illumination with p-polarized light. Since these arrays act as res-
onators, CSPs oscillate inside the structures and obey a standing wave
condition [3]. Hence, with our model a fast prediction of the optical
properties is possible which allows for an easy optimization of these
structures for specific purposes and applications.

[1] R. Atkinson et al., Phys. Rev. B 73, 235402 (2006)
[2] P. Evans et al., Adv. Func. Mater. 18, 1075 (2008)
[3] R. Kullock et al., Opt. Express (2008) submitted

O 31.7 Wed 12:00 SCH A216
The Discontinuous Galerkin Time-Domain Method for
Nanophotonics — Kai Stannigel1, •Michael König1,2, Jens
Niegemann1,2,3, and Kurt Busch1,2,3 — 1Institut für Theoretische
Festkörperphysik, Universität Karlsruhe — 2Karlsruhe School of Op-
tics & Photonics (KSOP), Universität Karlsruhe — 3DFG Centrum
für Funktionelle Nanostrukturen (CFN), Universität Karlsruhe

Numerical methods have become invaluable tools for research in the
field of photonics and plasmonics. The Discontinuous Galerkin Time-
Domain (DGTD) method, complemented by numerous extensions, al-
lows us to solve Maxwell’s equations on unstructured grids while main-
taining an efficient, explicit time-stepping scheme. Using adaptive
meshes we can accurately resolve complex geometric features with-
out staircasing, thereby overcoming one of the key limitations of the
widely used Finite-Difference Time-Domain algorithm.

As an example, we apply the DGTD method in three dimensions to
the analysis of V-shaped silver nanostructures. In particular, we dis-
cuss local field enhancement effects, the onset of the quasi-static limit,
and we investigate the possibility of coherent control.

O 31.8 Wed 12:15 SCH A216
Investigation of the dispersion relation of nanometer mean-
der structures — •Heinz Schweizer, Liwei Fu, Thomas Weiss,
and Harald Giessen — Universität Stuttgart, 4.Phys.Inst., Pfaffen-
waldring 57

On the basis of a Fourier modal method we analyze the dispersion
relation of nanometer meander structures. Meander structures are of
special interest for designing metamaterials with respect to efficient
coupling of the magnetic field into the meander loop at all angles of
incidence [1] and for designing plasmonic lasers [2]. To understand in
detail the behaviour of the meander structures we analyzed the dis-
persion relation of propagating electromagnetic fields with respect to
the transversal component of the propagation vector. Varied coupling
strength between the long range and short range plasmonic modes are
observed. By tuning the local meander geometry and parameters such
as width, depth, and metal layer thickness we are able to engineer the
bandgap of the dispersion relation in a large range and in a simple
way, which provides a large application potential for plasmonic lasers
[2] and other plasmonic devices.

[1] H. Schweizer et al., phys. stat. sol. (a) 204, 3886 (2007). [2] T.
Okamoto et al, Phys. Rev. B77, 115425 (2008).

O 32: Surface or interface magnetism

Time: Wednesday 10:30–12:30 Location: SCH A315

O 32.1 Wed 10:30 SCH A315
Surface Plasmon Excitation on Magnetoactive Materials —
Luca Sapienza and •Dominic Zerulla — University College Dublin,
School of Physics, Dublin 4, Ireland.

The interaction of surface plasmons - fluctuations in the electron
density at the interface between media with dielectric constants of
opposite sign - with magnetically ordered systems has attracted a
lot of interest in the last ten years, as a result of the possibility of
enhancing magneto-optical properties, like the Faraday and Kerr ef-

fect. More recently, research has been focused on the merging of the
areas of spintronics and plasmonics, developing of a new field, called
spin-plasmonics.
Here, we will present a systematic study of the excitation of surface
plasmons on ferromagnetic materials in multilayered structures com-
posed of thin films of nickel, iron, cobalt, capped by a silver layer [1].
The electromagnetic properties of the systems are theoretically and
experimentally investigated as a function of the metal layers’ thickness
and the critical parameters in this study of the interaction between
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surface plasmon waves and the magneto-active material are discussed.
Finally, an optimized structure for the investigations of spin-plasmonic
effects in thin films is proposed.

[1] L. Sapienza, D. Zerulla, “Surface Plasmon Excitation on Magneto-
active Materials”, Phys. Rev. B (accepted Nov. 2008)

O 32.2 Wed 10:45 SCH A315
Electric field control of the magnetic anisotropy of ultra-thin
Fe films — •Daniel Wortmann, Gustav Bihlmayer, and Stefan
Blügel — Institut für Festkörperforschung and Institute for Advanced
Simulation, Forschungszentrum Jülich, 52425 Jülich, Germany

With the advancement of spintronics, magnetoelectric coupling phe-
nomena move into the focus of research. They offer the possibility
to manipulate the magnetic state by means of an electric field. In
particular, such effects are useful in magnetic multilayers in which an
applied bias voltage and its resulting field might assist in switching
magnetic layers. While different magnetoelectric effects can be consid-
ered we will focus here on a change of the magnetic anisotropy due to
an applied electric field.

We present DFT-type ab initio calculations performed with the
FLEUR code (www.flapw.de) utilizing the full-potential linearized aug-
mented planewave method (FLAPW). The magnetic systems we stud-
ied are 1-2 monolayers of Fe on a Au(100) substrate. To simulate a
tunneljunction setup we compared the effect of an electric field acting
on a surface, i.e. a Fe/vacuum interface to a MgO covered system,
i.e. a Fe/MgO interface. We observe a significant enhancement of the
field-dependence by covering the Fe film with the insulator.

O 32.3 Wed 11:00 SCH A315
Depth-resolved photoemission studies on the system MgO/Fe
— •Sven Döring1,2, Frank Schönbohm1,2, Ulf Berges1,2, See-
Hun Yang3, Christian Papp3,4, Benjamin Balke3,4, Reinert
Schreiber5, Daniel E. Bürgler5, Claus M. Schneider5, Charles
S. Fadley3,4, and Carsten Westphal1,2 — 1DELTA, TU Dort-
mund, Maria-Goeppert-Mayer-Str. 2, 44221 Dortmund, Germany
— 2Experimentelle Physik 1, TU Dortmund, Otto-Hahn-Str. 4,
44221 Dortmund, Germany — 3Materials and Sciences Division,
Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA
— 4University of California, Davis, CA 95616, USA — 5Jülich
Forschungszentrum, IFF-9, 52425 Jülich, Germany

A high depth-resolution in photoemission experiments can be obtained
by exciting the photoemission process with nm-scale x-ray standing
waves above a multilayer mirror (e.g. Yang et al., J. Appl. Phys. 103,
07C519 (2008)). With this technique, we investigated a model MgO/Fe
magnetic tunnel junction, in particular exploring the degree of Fe ox-
idation at the interface between the two layers, which is thought to
critically affect the tunnel magnetoresistance.. With the Fe in a wedge
profile, the MgO-Fe interface can be moved through the standing wave
field by moving the sample relative to the beam. The experiments were
performed at DELTA (Dortmund), the ALS (Berkeley), and BESSY II
(Berlin). Such standing wave/wedge scans, as well as rocking curves,
allow us to develop a depth-profile of our sample. As one preliminary
conclusion, we find no evidence for the presence of iron oxide at the
interface.

O 32.4 Wed 11:15 SCH A315
Non-collinear magnetic phases in the electron gas: Results
from Hartree-Fock and RDMFT — •Florian Eich1,2, Stefan
Kurth2,3, César R. Proetto2,4, Sangeeta Sharma1,2, and E. K. U.
Gross2 — 1Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin
— 2Institut für Theoretische Physik, Freie Universität Berlin, Arni-
mallee 14, D-14195 Berlin — 3Nano-Bio Spectroscopy Group and Eu-
ropean Theoretical Spectroscopy Facility (ETSF), Dpto. de F́ısica
de Materiales, Universidad del Páıs Vasco UPV/EHU, Centro Mixto
CSIC-UPV/EHU, Av. Tolosa 72, E-20018 San Sebastián, Spain —
4Centro Atómico Bariloche and Instituto Balseiro, 8400 S. C. de Bar-
iloche, Ŕıo Negro, Argentina

In 1962 Overhauser [1] demonstrated that the Homogeneous Electron
Gas exhibits an instability w.r.t. a Spin Density Wave (SDW) within
the Hartree-Fock approximation. Overhauser showed that it is possible
to construct a spin-spiral state that is lower in energy than the collinear
paramagnetic state at any density. We investigated the properties of
this broken symmetry groundstate using the framework of Reduced
Density Matrix Functional Theory (RDMFT). Specifically we deter-
mined the dependence of the spin-spiral wavelength on the density.
Furthermore it was possible to determine a critical density for which

a transition to the ferromagnetic configuration takes place.
[1] A.W. Overhauser, Phys. Rev. 128, 1437 (1962)

O 32.5 Wed 11:30 SCH A315
Single electron capture versus double electron capture by
slow He-ions above transition metal surfaces — •Christian
Tusche and Jürgen Kirschner — MPI für Mikrostrukturphysik, D-
06120 Halle, Germany

We studied the electron-capture by slow Helium ions (kinetic energy
≤ 30eV) scattered at epitaxial films of the transition metals Mn, Fe,
and Ni, grown on a W(110) substrate. At a distance of 2-5Å above the
surface, metastable He∗∗ is formed by resonant transfer of electrons
from the metal to the 2s or 2p shells of the projectile. The decay of
He∗∗ proceeds via the emission of a He-KLL Auger electron with an
energy of ≈ 34.5eV or 36.0eV for a triplet or singlet term, respec-
tively. In the experiment, either a beam of metastable He∗+ (2s), or
doubly charged He++ is used. In the former case, only one electron is
transferred to the He ion, while He++ captures two electrons.

Based on the assumption of two subsequent, but independent one-
electron transitions Unipan et al. [1] related the population of singlet
and triplet terms simply to the spin-polarization of the surface. In
contrast, we observe largely different triplet contributions using He∗+

(2s) and He++, that cannot be explained by a two-step process. In-
stead, we propose the simultaneous capture of two correlated electrons.
Moreover, the triplet population, using double-capture, is particularly
sensitive to minute modifications of the surface electronic structure,
e.g., by adsorption of sub-monolayers of C and O.

[1] M. Unipan, A. Robin, R. Morgenstern and R. Hoekstra: Phys.
Rev. Lett. 96, 177601 (2006)

O 32.6 Wed 11:45 SCH A315
Time-Of-Flight and Spin Filtering in Low Energy Electron
Microscopy — •Lushchyk P.1, Hahn M.1, Schönhense G.1, Oel-
sner A.2, Panzer D.2, Krasyuk A.3, and Kirschner J.3 — 1Institut
für Physik, Johannes Gutenberg Universität Mainz — 2Surface Con-
cept GmbH, Staudingerweg 7, 55128 Mainz — 3Max-Planck-Institut
für Mikrostrukturphysik, Halle

The spin degree of freedom in microscopy is exploited in SEMPA [1]
and SP-LEEM [2] using diffraction of polarised electrons from mag-
netic surfaces for generating high magnetic contrast. We are develop-
ing two alternative approaches by implementing an imaging spin-filter
into the column of a low-energy microscope. In the first set-up, spin-
polarised electron diffraction from a single crystal surface is used for
spin filtering. The method makes use of the Bragg condition for the
electron rays in combination with spatial separation of the rays analo-
gous to an optical mirror. An alternative method uses spin dependent
transmission through an ultra thin ferromagnetic foil at low electron
energies. From spectroscopy experiments it is known that the opti-
mum analysing power of such a transparent foil can be very high due
to the differences in inelastic mean free path for low-energy electrons
in ferromagnets [3].

Funded by DFG (Scho 341/9)
[1] H.P. Oepen, J. Kirschner, Scanning Microsc. 5 (1991) 1 [2] Th.

Duden, E. Bauer, Surf. Rev. Lett. 5 (1998) 1213 [3] G. Schönhense,
H. C. Siegmann, Ann. Phys. 2 (1993) 465

O 32.7 Wed 12:00 SCH A315
Spin polarized STM on an artificially engineered atomic
structure — •David Serrate1, Yasuo Yoshida1, Paolo Ferriani1,
Saw-Wai Hla1,2, Matthias Menzel1, Oliver Ferdinand1, Kirsten
von Bergmann1, Stefan Heinze1, André Kubetzka1, and Roland
Wiesendanger1 — 1Institute of Applied Physics, University of Ham-
burg, Germany — 2Department of Physics & Astronomy, Ohio Uni-
versity, USA

Manipulation of single atoms using a scanning tunneling microscope
(STM) tip offers the possibility to build functional structures with
precision down to the atomic scale. On the other hand, atomically
resolved magnetic contrast can be achieved by means of spin polar-
ized STM (SP-STM). In this work we demonstrate the combination of
both techniques, which constitutes a major breakthrough in the field
of low dimensional magnetism. We used an iron coated tungsten tip
to precisely position individual magnetic atoms on a magnetic sub-
strate having well defined local magnetization directions. Here, the
substrate plays the role of a magnetic template for the adatoms. SP-
STM performed with the same tip on the atomically engineered mag-
netic nanostructure reveals clear spin contrast, which can be explained
on the basis of density functional theory calculations. Thus, this work
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opens up a novel research direction for engineering spin structures at
the atomic scale with simultaneous magnetic imaging capability.

O 32.8 Wed 12:15 SCH A315
Correlation between morphology and magnetism of Ni films
on adsorbate modified Cu(110) — •Mariella Denk, Richard
Denk, Michael Hohage, Lidong Sun, and Peter Zeppenfeld —
Institut für Experimentalphysik, Johannes Kepler Universität Linz,
A-4040 Linz, Austria

We have investigated the growth and magnetism of thin Ni films evap-
orated on adsorbate modified Cu(110) in situ and under UHV con-
ditions. In particular, we used Cu(110)-(2×1)O, Cu(110)-c(6×2)O,
and Cu(110)-(2×3)N as substrates. In all cases the adsorbates (O, N)
were found to float on top of the Ni film, acting as surfactants. Com-
bining complementary methods like STM and Reflectance Difference

Spectroscopy (RDS), as well as utilizing the sensitivity of RDS to the
polar Magneto-Optic Kerr Effect (RD-MOKE), structural and mag-
netic properties have been probed simultaneously. For nickel grown on
Cu(110)-(2×1)O we find an extremely sharp reversal of the magnetic
easy axis from in-plane to out-of plane at 9 ML, while for the growth on
Cu(110)-c(6×2)O the transition takes place at slightly higher coverages
(10 ML), apparently due to a rougher Ni film. However, for growth
on Cu(110)-(2×3)N no switching of the easy axis to out-of plane has
been observed, even though the film roughness and morphology is sim-
ilar as in the Cu(110)-c(6×2)O case. Thus, the termination by O or
N of the Ni film is crucial for the magnetic properties. Indeed, oxy-
gen exposure during the growth of Ni on Cu(110)-(2×3)N leads to a
partially O-terminated Ni film and to the appearance of out-of plane
ferromagnetism.

O 33: Methods: Electronic structure theory II

Time: Wednesday 10:30–12:00 Location: SCH A316

O 33.1 Wed 10:30 SCH A316
Exploring the Interaction between Graphene Sheets: a
Local xc Correction Study — •Andrea Sanfilippo1, Xin-
guo Ren1, Patrick Rinke1,2, Alexander Tkatchenko1, Volker
Blum1, Matthias Scheffler1,2, and Karsten Reuter1 — 1Fritz-
Haber-Institut, D-14195 Berlin (Germany) — 2UC Santa Barbara, CA
93106 (USA)

The interaction between two graphene sheets has become an important
test case when assessing the performance of approximate treatments
of electronic exchange and correlation (xc) in the context of van der
Waals interactions. Of interest is not only the interaction strength
at equilibrium separation, but also the long-range asymptotic behav-
ior, which is expected to be influenced by the half-metallic nature of
the graphene band structure. Practical work in this direction is hith-
erto hampered by existing limitations in applying more sophisticated
xc approaches, like correlated wave function techniques, to extended
systems. We demonstrate how this can be overcome using a local
xc correction formalism [1], which enables an accurate extrapolation
of energetics and forces obtained from small cluster calculations. We
illustrate this using hybrid functionals, MP2 and the random phase
approximation, and compare the obtained ab initio results [2] to an-
alytical predictions for the asymptotic behavior of the electrostatic
and dispersive interactions. [1] Q.M. Hu, K. Reuter, and M. Scheffler,
Phys. Rev. Lett. 98, 176103 (2007). [2] V. Blum et al., Comp. Phys.
Commun. (in press).

O 33.2 Wed 10:45 SCH A316
Density functional study of the adsorption of Aspirin on (001)
surface of α-quartz — •Afshin Abbasi1,2, Ebrahim Nadimi1,2,
Philipp Plänitz2, and Christian Radehaus2,3 — 1Institut für
Physik, Technische Universität Chemnitz, D-09107 Chemnitz, Ger-
many — 2GWT-TUD GmbH - Geschäftsstelle Chemnitz, Annaberger
Str. 240, 09125 Chemnitz, Germany — 3Fakultät für Elektrotechnik
und Informationstechnik, Technische Universität Chemnitz, D-09107
Chemnitz, Germany

In this study the adsorption geometry of aspirin molecule on the hy-
droxylated (001) α-quartz surface has been investigated using DFT
calculation. The optimized adsorption geometry indicates that both
adsorbed molecule and substrate are strongly deformed. Strong hy-
drogen bonding between aspirin and surface hydroxyls, leads to the
breaking of original hydroxyl-hydroxyl Hydrogen bonds on the surface
as well as the covalent bond between aspirin acidic oxygen and hydro-
gen (O-H). In this case new hydrogen bonds on the hydroxylated (001)
α-quartz surface are resulted which significantly differ from ones on the
clean surface. The 1.11 eV adsorption energy reveals that the inter-
action of aspirin with α-quartz is an exothermic chemical interaction.
These observations have been used to explain previous experimental
results, which had studied the stability of aspirin in the aspirin-silica
solid mixtures.

O 33.3 Wed 11:00 SCH A316
Tailoring the electronic properties of LaAlO3 films on
SrTiO3(001) via a SrTiO3-capping layer — •Katrin Otte1,
Rossitza Pentcheva1, and Warren E. Pickett2 — 1Section Crys-

tallography, Dept. of Earth and Environmental Sciences, University of
Munich — 2Department of Physics, UC Davis

The two-dimensional electron gas emerging at the LaAlO3(LAO)/
SrTiO3(STO) interface [1] is an example of the novel electronic states
that can be realized in heterostructures of a polar and a nonpolar
band insulator. Recently, Thiel et al. [2] reported a critical thickness
of four monolayers (MLs) beyond which the interface of LAO-films on
a STO(001) substrate becomes conducting. Using density functional
theory (DFT) calculations we demonstrate here that an STO-capping
layer can trigger the insulator-to-metal transition already at two MLs
of LAO. We have varied both the number of LAO and STO-capping
layers and find that already the first STO-capping layer reduces the
band gap by 1.2 eV, while additional layers only have a small impact.
We identify O2p surface states of alternating px, py-character as the
origin for the band gap collapse. Structural optimization indicates that
the lattice polarization in the STO-capping layer has opposite sign to
the LAO film.

Altogether, an STO-capping layer represents an alternative pathway
to tune the electronic properties of the system with potential for future
device applications.
[1] A.Ohtomo and H.Y.Hwang, Nature 427, 423 (2004)
[2] S.Thiel et al., Science 313, 1942 (2006)

O 33.4 Wed 11:15 SCH A316
On the accuracy of DFT exchange-correlation functionals
for hydrogen bonds in small water clusters — •B. Santra1,
A. Michaelides1,2, and M. Scheffler1 — 1Fritz-Haber-Institut der
MPG, Berlin, Germany. — 2University College London, London, UK.

Recent studies have raised concerns over the ability of DFT exchange-
correlation (xc) functionals to reliably describe the structure and prop-
erties of liquid water. Hoping to shed light on this issue, we have
performed systematic studies of the true ability of several DFT xc
functionals to describe hydrogen bonds in small water clusters, making
reference to 2nd order Møller-Plesset perturbation theory and diffusion
quantum Monte Carlo[1,2]. Errors from basis set incompleteness have
been minimized in both the reference data and the DFT calculations.
For the total binding energies, the hybrid X3LYP and PBE0 function-
als offer the best performance - with absolute errors <10 meV/H2O -
and among the pure generalized gradient approximation functionals,
mPWLYP and PBE1W perform best. But when the relative energies
of different low energy isomers become important, problems with the
xc functionals are encountered. Specifically, for the water hexamer,
none of the xc functionals tested predict the correct low total energy
isomer. Many-body decompositions of the total interaction energies of
the clusters indicates that van der Waals forces need to be accounted
for in order to correctly discriminate between different isomers with
similar energies. The relevance of these results to DFT simulations of
liquid water is also briefly discussed. [1] B. Santra et al. J. Chem.
Phys. 127, 184104 (2007). [2] B. Santra et al., J. Chem. Phys. (in
press).

O 33.5 Wed 11:30 SCH A316
Subsurface Confinement of Oxygen Vacancies in Anatase
TiO2 — •Annabella Selloni and Hongzhi Chen — Department
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of Chemistry, Princeton University, Princeton, NJ-08540, USA.

First principles Density Functional Theory calculations are carried out
to study the relative stabilities of oxygen vacancies at surface and sub-
surface sites of anatase TiO2(101) and TiO2(001) and, for compari-
son, of the prototypical rutile TiO2(110) surface. Our results show
that these defects are substantially more stable at subsurface than at
surface sites in the case of anatase surfaces, whereas bridging oxygen
sites are favored for O-vacancies at rutile TiO2(110). Also, calcula-
tions of vacancy diffusion pathways for anatase (101) show that the
energy barrier to diffuse from surface to subsurface sites is sufficiently
low to ensure a rapid equilibration of the vacancy distribution at typ-
ical surface annealing temperatures. These results can explain why
experimentally anatase surfaces are found to have a significantly lower
defect concentration and/or to be more difficult to reduce than those
of rutile.

O 33.6 Wed 11:45 SCH A316
Trapping of electrons on ice surfaces: an ab initio study — •M.
Bockstedte1,2, F. Baletto3, S. Scandolo4, and A. Rubio2,5 —
1Lst. Theoretische Festkörperphysik, Universität Erlangen-Nürnberg,
Erlangen, Germany — 2ETSF, Universidad del Pais Vasco, San Sebas-

tian, Spain — 3Physics Department, King’s College, London, UK. —
4The Abdus Salam International Center of Theoretical Physics (ICTP)
and INFM/Democritos National Simulation Center, Trieste, Italy. —
5Centro Mixto CSIC-UPV/EHU, San Sebastian, Spain.

Water, water clusters and ice possess the fascinating ability to bind
and solvate excess electrons. On crystalline ice films on Ru(0001) a
long-living excess electron state was found.1 The electron resides in
pre-existing traps at the surface and shows a continuous energy re-
laxation on a time scales from femtoseconds to minutes. The nature
of the initial trap site and its evolution is an open question. Within
the frame work of density functional theory we address prototypical
trapping sites for the excess electron on (0001) surface of hexagonal ice
(Ih). As the primary traps we identify admolecules, orientational de-
fects and reconstructed orientational defects that have sufficiently low
formation energy to explain the experimentally deduced abundance of
trapping sites. The electron binds to the dipole moment resulting from
H-O groups oriented towards the vacuum and is entirely localized in
front of the surface. Its tunneling into the metal is thus sufficiently
suppressed to allow for an enhancement of the screening by thermally
activated reconstruction of the ice network around the trap.
[1] Bovensiepen et al J. Phys. Chem. in print.

O 34: Focused Session: Epitaxial Graphene IV

Time: Wednesday 10:30–13:00 Location: SCH 251

Topical Talk O 34.1 Wed 10:30 SCH 251
Looking through the Dirac window: Graphene on Ir(111) —
•Carsten Busse — II. Physikalisches Institut, Universität zu Köln,
50937 Köln, Germany

Epitaxial graphene can be grown by catalytic decomposition of hy-
drocarbons on Ir(111). Scanning tunneling microscopy reveals that
C/Ir(111) has a high degree of structural quality (µm-sized domains,
coherent overgrowth of surface defects). The system is characterized
by weak metal-graphene bonding and shows a pronounced moiré su-
perstructure. The growth process can be tuned to yield different mor-
phologies ranging from compact, nm-sized flakes to uniform sample
coverage on the mm-scale.

The Dirac cone in the electronic structure of free graphene (i. e. the
linear dispersion relation for electrons close to the Fermi energy) is pre-
served in this system. The substrate induces slight p-doping and the
superstructure leads to the opening of additional mini-gaps. The local-
ized, possibly spin-polarized electronic edge state predicted for zigzag
edges in free graphene can be observed for nanoflakes on Ir(111).

C/Ir(111) is a template for the growth of metal cluster lattices show-
ing a narrow size distribution and exceptional thermal stability. The
clusters bind strongly via a rehybridization of C from sp2 to sp3 lead-
ing to the formation of covalent carbon-metal bonds. This effect is
rather general and has been observed for a range of cluster materials.

Contributions to this work by R. Brako, J. Coraux, R. Djemour, T.
Gerber, P. J. Feibelman, M. Kralj, P. Pervan, I. Pleticosić, T. Michely,
and A. T. N’Diaye are acknowledged.

Topical Talk O 34.2 Wed 11:00 SCH 251
Exotic properties of graphene at interfaces: spin filtering and
mass generation — •Jeroen van den Brink — Universiteit Leiden,
The Netherlands — Stanford University, USA

We investigate a number of exotic electronic properties of graphene at
interfaces by means of ab initio density functional calculations.

First we show that it is possible to generate a mass for the Dirac
fermions in graphene by putting it on a hexagonal boron nitride sub-
strate. The breaking of the two-sublattice symmetry causes the open-
ing of band gap of about 53 meV [1]. This gap can greatly improve
room temperature pinch-off characteristics of graphene-based field ef-
fect transistors [2].

Second we investigate the spin filtering properties of graphite and
graphene. Based upon the observations (i) that their in-plane lattice
constants match almost perfectly and (ii) that their electronic struc-
tures overlap in reciprocal space for one spin direction only, we predict
perfect spin filtering for interfaces between graphite and (111) fcc or
(0001) hcp Ni or Co [3,4]. The spin filtering is quite insensitive to
roughness and disorder.

[1] Giovannetti et al., Phys. Rev. B. 76, 073103 (2007).
[2] Van den Brink, Nature Nanotechnology 2, 199 (2007).

[3] Karpan et al., Phys. Rev. Lett. 99, 176602 (2007).
[4] Karpan et al., Phys. Rev. B. 78, 195419 (2008).

O 34.3 Wed 11:30 SCH 251
Compressive strain relaxation through wrinkle formation in
epitaxial graphene on Ir(111) — •Alpha T. N’Diaye1, Raoul van
Gastel2, Johann Coraux1, Rabia Djemour1, Dirk Wall3, Niemma
Buckanie3, Frank-J. Meyer zu Heringdorf3, Bene Poelsema2,
Thomas Michely1, and Carsten Bussse1 — 1II. Phys. Inst., Uni-
versität zu Köln — 2MESA+ Institute for Nanotechnology, University
of Twente, The Netherlands — 3Institut für Exp. Physik, Universität
Duisburg–Essen, Germany

The growth of epitaxial graphene is often accompanied by the growth
of prodruded elongated structures (e.g. on Pt(111)[1], 6H-SiC [2],
Ir(111) ) which are sometimes interpreted as nanotubes or srcolls.

With scanning tunneling microscopy and low energy electron mi-
croscopy we have observed the growth of such structures during the
growth of epitaxial graphene by chemical vapour deposition of ethene
on Ir(111) . We suggest an alternative mechanism for the formation
of such structures: Graphene is grown at elevated temperatures (≈
1200K). During cooldown compressive strain is induced due to the
different thermal expansion coefficients of graphene and the iridium
substrate. This strain can be partly relaxed through the formation of
wrinkles in the graphene sheet. The remaining compressive strain at
300 K (≈ 0.4%) corresponds to a lock-in temperature between 700 K
and 800 K. The length of wrinkles per surface area can be used to
deduce the amount of compressive strain which they compensate for.

[1] D.E. Starr et al. Surface Science, 600 (2006) 2688-2695
[2] V. Derycke et al. Nano Letters, Vol. 2, No. 10 (2002) 1043-1046

O 34.4 Wed 11:45 SCH 251
Manipulation of the electronic structure of graphene on
Ir(111) — •Marko Kralj1, Ivo Pletikosić1, Petar Pervan1,
Milorad Milun1, Alpha N’Diaye2, Carsten Busse2, and Thomas
Michely2 — 1Institut za fiziku, Zagreb, Croatia — 2II. Physikalisches
Institut, Köln, Germany

Epitaxial graphene on Ir(111) exhibits effects of the 2.5 nm moiré su-
perperiodicity which is due to the mismatch of graphene and iridium
lattices. Angle resolved photoelectron spectroscopy (ARPES) reveals
intact Dirac cone, slight p-doping (0.1 eV) and opening of minigaps in
the band structure of graphene due to the superperiodic potential of
the order of 100 mV [1].

In this work, electronic doping of graphene by alkalis (Na, Cs, K)
at varying concentrations shifted the position of the Dirac point up to
1.4 eV below the Fermi energy. Moreover, upon the intercalation of
alkalis the effects of the superperiodicity vanished and the minigaps
disappeared. In the (maximum doping) regime where graphene Fermi
surface becomes pronouncedly trigonal, an anisotropic effect of the pi-
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band dispersion renormalization was clearly observed. We interpret
this as a signature of an enhanced electron-phonon coupling in doped
graphene.

[1] I. Pletikosić et al., arXiv:0807.2770.

O 34.5 Wed 12:00 SCH 251
Pt and other transition metal cluster lattices on graphene
— •Timm Gerber, Alpha T. N’Diaye, Rabia Djemour, Johann
Coraux, Carsten Bussse, and Thomas Michely — II. Physikalis-
ches Institut, Universität zu Köln

Highly ordered arrays of Ir Clusters had been obtained by depositing
Ir on a Ir(111) surface covered with a graphene monolayer. The peri-
odicity of these arrays is determined by the moiré pattern of graphene
on Ir(111). [1]

In order to show that other materials form clusters on the same sub-
strate we deposited Pt, W and Re instead of Ir. Pt is of great interest
due to its catalytic properties. The optimum deposition temperature
varies for each deposit: At room temperature, we obtained highly or-
dered cluster lattices of Pt as well as of W. Pt clusters are stable up to
500K. By evaporating Re at 200K we obtained as well highly ordered
lattices which were stable at room temperature.

Based on the binding mechanism of the clusters to graphene – local
diamond formation between the cluster and the substrate – we propose
criteria for the ability of a material to form a cluster lattice. These
involve the cohesive strength, the lattice parameter and the valence
orbital radius of the deposit.

[1] A. T. N’Diaye et al. PRL 97, 215501 (2006)

O 34.6 Wed 12:15 SCH 251
Imaging atomic structure of graphene on metallic substrates
— •Mikhail Fonin1, Ole Zander1, Sönke Voss1, Ulrich Rüdiger1,
and Yury S. Dedkov2 — 1Fachbereich Physik, Universität Konstanz,
78457 Konstanz — 2Fritz-Haber-Institut der Max-Planck-Gesellschaft,
14195 Berlin, Germany

Unusual transport properties of graphene, a single monolayer of
graphite, have stimulated an intense activity for developing graphene-
based nanoelectronics. From the technological point of view the ob-
servation of large carrier mobilities and ballistic transport up to room
temperature are the most intriguing features. However, the potential
for applicable graphene-based electronics rests not only on device per-
formance but also on the ability to fabricate uniform graphene layers
on large length scales. Unlike exfoliation techniques, epitaxially grown
graphene layers offer a realistic solution for large-scale fabrication and
patterning of graphene structures.

In this study, growth and structure of graphene on Ni(111) and
Rh(111) has been investigated by means of scanning tunneling mi-
croscopy. We show that graphene prepared on Ni(111) forms a flat
monolayer exhibiting remarkably large-scale continuity of carbon lat-
tice over terraces and containing only a very low density of defects.
Whereas prepared on Rh(111), graphene forms a nanomesh. Depend-
ing on the preparation conditions graphene layer on Rh(111) shows
either a single phase and very good rotational alignment or a multi-
phase with coexisting different superstructures.

O 34.7 Wed 12:30 SCH 251
Rashba-type effect in the graphene/Ni(111) system (inter-
changed with O 34.8) — •Yuriy Dedkov1, Mikhail Fonin2, Ul-
rich Rüdiger2, and Clemens Laubschat3 — 1FHI Berlin — 2Uni
Konstanz — 3TU Dresden

A high efficiency spin-FET device requires a long spin relaxation time
compared to the mean time of transport through the channel com-
bined with a sufficient difference of the spin rotation angles between
two states (”0”and ”1”) as well as an insensitivity of spin rotation
to the carrier energy. Long electronic mean free paths and negligible
spin-orbit coupling in the carbon-based systems, i.e., large spin relax-
ation times, make graphene an ideal material for the observation of
nearly ballistic spin transport and thus realization of the spin-FET.
Here we report on angle-resolved photoemission studies of the elec-
tronic π states of high-quality epitaxial graphene layers on a Ni(111)
surface. In this system the electron binding energy of the π states
shows a strong dependence on the magnetization reversal of the Ni
film. The observed extraordinarily large energy shift up to 225 meV
of the graphene-derived π band peak position for opposite magneti-
zation directions is attributed to a manifestation of the Rashba-type
interaction between spin-polarized electrons in the π band and the
large gradient of the effective electric field at the graphene/Ni inter-
face. Our findings show that an electron spin in the graphene layer can
be manipulated in a controlled way and have important implications
for graphene based spintronic devices.

O 34.8 Wed 12:45 SCH 251
Quasifreestanding graphene on metallic substrates: prepa-
ration, structure, properties (interchanged with O 34.7) —
•A. Varykhalov1, A. Shikin2, J. Sanchez-Barriga1, E. Vescovo3,
D. Marchenko2, A. Rybkin2, D. Usachov2, C. Biswas1, and O.
Rader1 — 1HZB, BESSY-II, Berlin, Germany — 2St.-Petersburg
State University, Russia — 3NSLS, USA

Quasifreestanding graphene was prepared by cracking of propylene on
metallic Ni(111) and Co(0001) followed by intercalation of Au mono-
layer into the interface between graphene and its substrate. Structural
properties of such graphene as well as intercalation kinetics were mon-
itored by means of scanning tunneling microscopy and angle-resolved
photoelectron spectroscopy. Our high-resolution photoemission study
reveal quasiparticles in the vicinity of the Fermi level due to interaction
between graphene and Au. We demonstrate that in quasifreestanding
graphene on Au, that Dirac crossing energy and Fermi energy coincide
meaning charge neutrality and electronic properties are identical to
those of ideal graphene. Using spin-resolved photoemission we show
that the π-band of graphene on Au is spin-split and spin-polarized ac-
cording to the Rashba model. Photoemission measurements allow us
to conclude that hybridization between graphene band and spin-orbit
split electronic states in high-Z material Au is responsible for the ob-
served spin-polarization. Results are compared to the case of graphene
on light material Cu where no spin-polarization and no interfacial hy-
bridization were evidenced. Additionally we emphasize the protective
role of graphene showing the band structure of graphene/Au/Ni(111)
sampled before and after exposure to atmosphere.

O 35: Invited Talk (Gaede Prize) (Jürgen Fassbender)

Time: Wednesday 14:00–14:45 Location: HSZ 02

Invited Talk O 35.1 Wed 14:00 HSZ 02
Engineering surfaces, interfaces and structural phases to tai-
lor magnetic properties — •Jürgen Fassbender — Institute of Ion
Beam Physics and Materials Research, Forschungszentrum Dresden-
Rossendorf e. V., P. O. Box 51 01 19, D-01314 Dresden — Träger des
Gaede-Preises

Surfaces and interfaces play an important role in order to determine the
overall properties of ultrathin magnetic films and multilayers. In par-
ticular, the morphology and roughness of the surface and the sharpness
of mutual interfaces between magnetic and non-magnetic thin films
are crucial. All these parameters are easily accessible by means of
ion irradiation [1,2], ion implantation [2,3] and ion erosion approaches

[4]. Also structural phase transitions can be accompanied by magnetic
ones [5] which allow the creation of nanomagnets in the sub-100 nm
regime [6]. In this talk I am going to present a survey of ion beam
modifications of magnetic materials with special emphasis on the ba-
sic phenomena including some technological applications. Supported
by DFG FA 314/3-1, FA 314/6-1 and FA 314/7-1.

[1] J. Fassbender, D. Ravelosona, Y. Samson, J. Phys. D 37, R179
(2004). [2] J. Fassbender, J. McCord, J. Magn. Magn. Mat. 320, 579
(2008). [3] J. McCord, L. Schultz, J. Fassbender, Adv. Mater. 20,
2090 (2008). [4] M. O. Liedke et al., Phys. Rev. B 75, 220407(R)
(2007). [5] J. Fassbender et al., Phys. Rev. B 77, 174413 (2008). [6]
E. Menendez et al., Small, in press.
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O 36: Particles and clusters

Time: Wednesday 15:00–16:45 Location: SCH A01

O 36.1 Wed 15:00 SCH A01
Nature of Ar bonding to small Co+

N clusters and its impli-
cations for the structure determination by far-infrared ab-
sorption spectroscopy — •Ralf Gehrke, Philipp Gruene, André
Fielicke, Gerard Meijer, and Karsten Reuter — Fritz-Haber-
Institut der Max-Planck-Gesellschaft, Berlin, Germany

Far-infrared vibrational spectroscopy by multiple photon dissociation
has proven to be a very useful technique for the structural fingerprint-
ing of small metal clusters [1]. Whereas previous work on cationic
vanadium clusters assumed a negligible influence of the adsorbed Ar
probe atoms, measured vibrational spectra of small cationic cobalt
clusters show an intriguing dependence on the number of adsorbed
Ar atoms, which becomes stronger with decreasing cluster size. Fo-
cusing on Co+

4 to Co+
8 we therefore use density-functional theory to

analyze the Ar-Co+
N bond and its role for the IR spectra. First, low-

lying isomers are identified through first-principles basin-hopping runs.
A comparison of their computed spectra with the experimental data
then enables in some cases a unique assignment of the cluster structure.
Independent of the specific isomer, we obtain a pronounced increase
of the Ar binding energy for the smallest cluster sizes, which corre-
lates with the observed increased influence of the Ar atoms on the IR
spectra. Further analysis of the electronic structure motivates an elec-
trostatic picture that not only explains this binding energy trend, but
also why the influence of the rare-gas atom is much stronger than in
the previously studied systems. [1] A. Fielicke, A. Kirilyuk, C. Ratsch,
J. Behler, M. Scheffler, G. von Helden, G. Meijer, Phys. Rev. Lett.
93 (2), 023401 (2004)

O 36.2 Wed 15:15 SCH A01
Aqueous Suspensions of Detonation Nanodiamond Particles,
Investigations of Deaggregation and Deagglomeration with
Mechanical Disintegration Methods — •Martin Rudolph1,2,
Jörg Opitz2, Inga Hannstein2, Urs Alexander Peuker1, and
Jürgen Schreiber2 — 1TU Bergakademie Freiberg, Institut für
Mechanische Verfahrenstechnik und Aufbereitungstechnik, Freiberg,
Germany — 2Fraunhofer Institut für zerstörungsfreie Prüfverfahren,
Dresden, Germany

Detonation synthesized Nanodiamonds (DND) have been of great in-
terest since their discovery in the mid 1960s. They were first published
in 1988. First applications in the fields of Material and Life Sciences
are already being established.

This study deals with aqueous suspensions of DND and the pos-
sibilities of producing stable colloidal dispersions only by mechanical
disintegration methods and electrostatic stabilization. Three methods
of disintegration were utilized including a planetary ball mill, a 200 W
Ultrasound device with sonotrode as well as the new method of bead
assisted sonic deaggregation (BASD) first published by Ozawa et al.
A new model of the aggregates before and after mechanical treatment
is established showing a difference between the methods of hard and
soft disintegration, referring to milling as well as BASD and simple
ultrasound, respectively. To the knowledge of the author it was the
first time reagglomeration effects have been found to take place while
mechanically disintegrating DND particles. A theoretical model for
this effect has been developed therefore.

O 36.3 Wed 15:30 SCH A01
Metal-Nanoparticle-Induced Fluorescence Enhancement
from a Single Layer of Dye Molecules — •René Schneider,
Thomas Härtling, Philipp Reichenbach, and Lukas M. Eng —
Institute of Applied Photophysics, TU Dresden, Germany

We investigate the applicability of metal nanoparticles (MNPs) to en-
hance the fluorescence signal of a monolayer of dye molecules. The de-
pendence of the signal strength on the distance between the molecules
in the layer and a single MNP is examined by means of a scanning
near-field optical microscope (SNOM), the scanning probe of which
is equipped with a single gold nanoparticle [1]. This setup allows to
change the separation between the particle and the illuminated sample
and monitor the optical response of the system under various illumi-
nation conditions.

We show that single 80 nm gold particles embedded in immersion
oil enhance the fluorescence signal from a layer of molecules when illu-
minated with a Gaussian focus. By changing the separation between

MNP and sample we observed a modulated fluorescence signal. This
modulation is induced by the interference of incoming and scattered
light of the particle. The results of analogous investigations using radi-
ally polarized light will be presented and compared with the previous
measurements.

[1] M. T. Wenzel, T. Härtling, P. Olk, S. C. Kehr, S. Grafström, S.
Winnerl, M. Helm, and L. M. Eng, Opt. Express, 16, 12302 (2008).

O 36.4 Wed 15:45 SCH A01
Initial-state effects in X-ray absorption spectra of sizese-
lected transition metal clusters — •Matthias Gramzow, Ralf
Gehrke, and Karsten Reuter — Fritz-Haber-Institut der Max-
Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany

X-ray absorption spectra (XAS) at the L2,3 edge of 3d transition metal
solids are known to be sensitively affected by the created core hole.
The recently reported experimental access to XAS of size-selected
cationic transition metal clusters provides therefore a unique possi-
bility to study the evolution of core hole screening from the atomic to
the bulk-like limit [1]. While the measured data for the L2,3 branching
ratio and the L3 absorption onset for cationic Ti, V and Co clusters
containing up to 10 atoms shows indeed pronounced variations, it is
unclear how much of this is simply due to the varying atomic coordi-
nation in the different isomer geometries (initial-state effects). As a
first step towards a detailed interpretation of the experimental spectra
we therefore use density-functional theory in conjunction with a basin-
hopping sampling algorithm to identify the energetically lowest-lying
isomers. On the basis of the obtained structures we disentangle the
initial-state effects from the experimental data, and further quantify
the amount of core hole screening using a Slater-Janak transition-state
approach. [1] J.T. Lau et al., Phys. Rev. Lett. 101, 153401 (2008).

O 36.5 Wed 16:00 SCH A01
Non-IPR isomers of C60 on HOPG — •Daniel Löffler1, Noelia
Bajales1, Patrick Weis1, Sergei Lebedkin1, Angela Bihlmeier2,
Wim Klopper2, Artur Böttcher1, and Manfred Kappes1 —
1Institut für physikalische Chemie, Universität Karlsruhe — 2Institut
für theoretische Chemie, Universität Karlsruhe

Thin monodisperse films consisting of exclusively non-IPR C60

molecules have been generated by depositing vibronically excited C60

cations onto HOPG followed by sublimation of the more volatile
C60(Ih) isomers. A beam of C60 cations was generated by the electron-
impact mediated heating and ionization of C70. The associated exci-
tation and fragmentation leads to the formation of C60

+ cages with
non-IPR sites (in addition to the dominant C60(Ih) derived cation).
The fabrication of pure C60 (non-IPR) films has been achieved simply
by heating the film grown up to 600 K which results in the thermal re-
moval of all IPR cages, C60(Ih). The topography of the resulting films,
is governed by the aggregation of the C60 (non-IPR) cages, which is in
turn driven by intercage bonds constituted by non-IPR sites (e.g. pairs
of adjacent pentagonal rings). These covalent intercage bonds are re-
sponsible for the high stability of the C60 (non-IPR) films as mirrored
by a sublimation temperature of 1100 K - significantly higher than for
pure C60(Ih). The valence band of the C60 (non-IPR) films exhibits a
triplet with a well distinguishable additional peak at a binding energy
of 2.6 eV. The C60 (non-IPR) films exhibit a narrower HOMO-LUMO
gap than that found for C60(Ih) films.

O 36.6 Wed 16:15 SCH A01
Optical properties of single alkali-earth particles on MgO
films — •Philipp Myrach, Niklas Nilius, and Hans-Joachim Fre-
und — Fritz-Haber-Institut der MPG, D14195 Berlin, Germany

Light emission spectroscopy with an STM is employed to study the
optical properties of single Mg and Ca particles deposited on 8 ML
thick MgO/Mo(001) films. The particles grow with distinct rectangu-
lar shapes due to the strong affinity of the alkali-earth atoms to the O
ions in the oxide surface. The overall emission properties are governed
by material-dependent plasmon excitations, giving rise to photon peaks
at 2.3 and 2.1 eV for Mg and Ca particles, respectively. However, a
characteristic fine-structure is superimposed on the optical response
that originates from the plasmon excitation mechanism via inelastic
electron transport in a double barrier STM junction. High excitation
cross sections are observed at photon energies that correspond to the
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separation of quantized electron levels in the MgO conduction band,
so called Gundlach resonances.

O 36.7 Wed 16:30 SCH A01
Reaction of Cu and Au clusters with single crystalline ZnO
surfaces — •Martin Kroll, Thomas Löber, and Ulrich Köhler
— Experimentalphysik IV / AG Oberflächenphysik, Ruhr-Universität
Bochum, 44780 Bochum, Germany

As model systems in heterogeneous catalysis metal clusters on single
ZnO-crystals grown in UHV are used as a first step to understand the
complex reactions under real catalytical conditions. STM and SEM
were used to examine nucleation and thermal behaviour of the sys-

tems Cu/ZnO(0001)-Zn, Au/ZnO(0001)-Zn and Cu/ZnO(1010) up to
500◦C. Cu and Au were deposited using MBE. Additionally a CVD-
source was used for Cu-deposition. On the polar ZnO(0001) surface
and on the mixed terminated ZnO(1010) surface separated clusters are
formed at room-temperature and a partial entrenching of Cu into the
ZnO substrate at elevated temperatures of T≥400◦C was found[1]. In
contrast, Au on ZnO initially forms a closed layer at room-temperature
and annealing to comparable temperatures shows a pile-up of Au-
material into a network of connected island without any reaction with
the ZnO-support.

[1] M.Kroll, U. Köhler; Surf. Sci 601 (2007) 2182

O 37: Metal substrates: Adsorption of organic / bio molecules V

Time: Wednesday 15:00–17:30 Location: SCH A118

O 37.1 Wed 15:00 SCH A118
A new approach to probe molecular orientation in
aromatic self-assembled monolayers — Nirmalya Ballav1,
Björn Schüpbach2, Ole Dethloff2, Peter Feulner3, Andreas
Terfort2,4, and •Michael Zharnikov1 — 1Angewandte Physikalis-
che Chemie, Universität Heidelberg, 69120 Heidelberg, Germany
— 2Department Chemie, Philipps-Universität Marburg, 35032 Mar-
burg, Germany — 3Physikdepartment E20, Technische Universität
München, 85747 Garching, Germany — 4Institut für Anorganische u.
Analytische Chemie, Goethe-Universität Frankfurt, 60438 Frankfurt,
Germany

The emergence of new technologies has triggered significant interest
in aromatic self-assembled monolayers (SAMs). Applications of these
systems rely on a precise knowledge of their structure, which can be in
particular studied by near-edge X-ray absorption fine structure (NEX-
AFS) spectroscopy. There are, however, principal constraints, which
makes it impossible to get complete information on the molecular ori-
entation in aromatic SAMs on the basis of the NEXAFS data. To
avoid these constraints, we apply a new approach, attaching to the
oligophenyl backbone a specific group (nitrile) with two mutually per-
pendicular molecular orbitals, which, due to the hybridization with
the orbitals of the phenyl rings comprising the backbone, are oriented
either perpendicular or parallel to the backbone plane. Analysis of the
data suggests that that aromatic molecules in the respective SAMs on
Au(111) substrate are not only tilted, but also noticeably twisted, with
the exact twist angle depending on molecular architecture.

O 37.2 Wed 15:15 SCH A118
Adatom driven self-assembly of TAPP molecules on Cu(111)
surface — •Jonas Björk1, Matthew Dyer1, Manfred Matena2,
Meike Stöhr2, Thomas Jung3, and Mats Persson1 — 1Surface Sci-
ence Research Centre, University of Liverpool, Liverpool, United King-
dom — 2NCCR Nanoscale Science and Institute of Physics, Univer-
sity of Basel, Basel, Switzerland — 3Paul Scherrer Institute, Villigen,
Switzerland

A combined density-functional theory (DFT) and scanning tunnel-
ing microscopy (STM) study of a self-assembled network of 1,3,8,10-
tetraazaperopyrene (TAPP) molecules on Cu(111) is presented. The
TAPP molecule, deposited on a Cu(111) surface at a temperature of
150◦C, self-assembles in a porous network, commensurate with the un-
derlying Cu substrate. Structural optimization with DFT shows that
the system is stabilized by the presence of Cu adatoms in the network.
STM experiments show a bright protrusion in the crossing between
four molecules, dominating the images at a sample voltage of 3 V.
Simulated STM images show that the bright protrusion is a signature
of the presence of Cu adatoms. The electronic feature responsible for
the bright protrusion is shown to come from the interaction between
TAPP molecules and Cu adatoms, and does not depend upon the un-
derlying Cu substrate.

O 37.3 Wed 15:30 SCH A118
Di-4-mercaptopyridine on Au(111): A Tunneling Mi-
croscopy and Spectroscopy Study — •Berndt Koslowski, Anna
Tschetschetkin, and Paul Ziemann — Universität Ulm, Institut für
Festkörperphysik, Albert-Einstein-Allee 11, D-89069 Ulm

We report on STM and STS measurements at low temperature of di-
4-mercaptopyridine (di-4MPy) molecules adsorbed on Au(111). The

di-4MPy is typically used as precursor for SAM deposition of 4MPy
in an electrochemical cell. Here, the molecules were sublimated from
a crucible onto the Au sample held at a temperature slightly below 0
◦C. By STM, we find two distinct kinds of molecules at the Au surface:
the first is small and similar to the appearance of 4MPy monomers,
and the second appears much larger in topography and is attributed
to di-4MPy. At step edges we find exclusively 4MPy which points to
a catalytic activity of steps dissociating dimers. Within terraces, the
di-4MPy form islands expelling the herringbone reconstruction of the
Au substrate. The structure within islands is complicated and is most
probably a c(12×8

√
3) built from two enantiomeric unit meshes hav-

ing a windmill structure composed of 5 or sometimes 6 molecules. We
analyze the LUMO of di-4MPy by z-V spectroscopy, and we discuss
the absorption geometry of the molecules.

O 37.4 Wed 15:45 SCH A118
Understanding Pd island formation on self assembled 4-
mercaptopyridine monolayers on Au(111) — •John Keith and
Timo Jacob — Institut für Elektrochemie, Universität Ulm, 89081
Ulm

Self-assembled monolayers (SAMs) on metallic substrates show great
potential for applications such as molecular sensors or biological nan-
odevices. Efforts have been made metallize small, aromatic SAMs such
as 4-mercaptopyridine (4MP) on Au(111) through electrochemical de-
position methods with Pd. However, these methods have not yet been
successful due to formation of 2-dimensional islands exhibiting non-
metallic character [1]. Motivated by this study, we investigated Pd
adsorption and diffusion on a 4MP-SAM using periodic density func-
tional theory [2]. For different Pd coverages, we calculated potential
energy surfaces for adsorption and diffusion across the 4MP-SAM, al-
lowing investigation of diffusion processes that explain how Pd islands
form. Our studies clearly show Pd cannot diffuse on the clean 4MP-
SAM surface. Rather, Pd atoms aggregate into regions above the Au
surface and between 4MP monomers. When Pd diffuses across a sur-
face where Pd is already pre-adsorbed, diffusion barriers are greatly
reduced from the presence of small particles of Pd. This suggests dif-
fusion and island formation require pre-deposited Pd on the SAM and
that these islands are not strictly 2-dimensional.

[1] H.-G. Boyden, et al., Nature Mater., 5, 394 (2006). [2] J. A.
Keith, T. Jacob, Nano Lett., submitted.

O 37.5 Wed 16:00 SCH A118
Magnetic adatoms confined in L-methionine biomolecular
nanogratings: from atomic diffusion to adatom self-alignment
— •Agustin Schiffrin1,2, Joachim Reichert2, Willi Auwärter2,
Gesine Jahnz1, Yan Pennec1, Alexander Weber-Bargioni1, Va-
leri S. Stepanyuk3, Larissa Niebergall3, Patrick Bruno3,4,
and Johannes V. Barth2 — 1Chemistry Department, University of
British Columbia, Vancouver, Canada — 2Physik Department, TU
München, Germany — 3MPI für Mikrostrukturphysik, Halle, Germany
— 4ESRF, Grenoble, France

We exploit the self-assembly properties of the L-methionine amino acid
on Ag(111) to steer the one-dimensional ordering of cobalt and iron
adatoms. Our low-temperature scanning tunneling microscopy obser-
vations reveal how the individual adatoms spontaneously self-align
with a preferred ∼25 Å next-neighbor spacing in the self-assembled
biomolecular nanogratings. For Co strings the pertaining equilibrium
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statistics and dynamics were monitored to assess the underlying long-
range interactions with their anisotropic energy landscape. The effect
of the surface-state electron quantum confinement on the atomic self-
alignment is revealed by scanning tunneling spectroscopy (STS) map-
ping and ab initio calculations. Also, the influence of this electronic
quantum confinement on the LDOS Kondo signature of the magnetic
Co adatoms is assessed with STS measurements.

[1] A. Schiffrin et al., Phys. Rev. B 78, 035424 (2008).

O 37.6 Wed 16:15 SCH A118
Formation of azobenzene containing self-assembled monolay-
ers on gold monitored by optical second harmonic genera-
tion — •Florian Vogel1, Mario Meier2, Ulrich Siemeling2, and
Frank Träger1 — 1Institut für Physik and Center for Interdisci-
plinary Nanostructure Science and Technology – CINSaT, Universität
Kassel, Kassel, Germany — 2Institut für Chemie and Center for In-
terdisciplinary Nanostructure Science and Technology – CINSaT, Uni-
versität Kassel, Kassel, Germany

The azobenzene derivative Bis[4-(phenylazo)phenyl]disulfide was syn-
thesized and used for the preparation of self-assembled monolayers
(SAM) on gold substrates. Azobenzene derivatives can be switched
between their “cis” and “trans” isomers by irradiation with light. This
molecular system, which is an ideal candidate for photoswitchable de-
vices, represents the most widely studied system for SAMs bearing
photoactive functional units.

The adsorption dynamics of the molecules have been investigated in
situ and in real time by optical second harmonic generation (SHG).
It has been shown that the adsorption of the molecules on the gold
substrate can be well described by second order Langmuir kinetics.

Additional ellipsometric measurements have confirmed that, in fact,
a monolayer of the molecules has been formed. The thickness was
determined to be (12± 1) Å. This is in good agreement with the the-
oretical value.

O 37.7 Wed 16:30 SCH A118
Structure and excitonic coupling in self-assembled monolay-
ers of azobenzene-alkanethiols on gold — •Cornelius Gahl1,
Roland Schmidt1,2, Daniel Brete1,2, Erik McNellis3, Wolf-
gang Freyer1, Robert Carley1, Karsten Reuter3, and Martin
Weinelt1,2 — 1Max-Born-Institut, Max-Born-Str. 2a, 12489 Berlin,
Germany — 2Fachbereich Physik, Freie Universität Berlin, Arnimallee
14, 14195 Berlin, Germany — 3Fritz-Haber-Institut der MPG, Fara-
dayweg 4-6, 14195 Berlin, Germany

Self-assembled monolayers of azobenzene-functionalized alkanethiols
have been investigated with respect to their geometric structure and
optical properties by UV/Visible and near-edge X-ray absorption fine
structure spectroscopy in combination with density-functional theory.
By attaching a trifluoro-methyl endgroup to the chromophore both the
molecular tilt and twist angle of the azobenzene moiety are determined.
Based on this detailed structure analysis the energetic shifts observed
in optical reflection spectroscopy can be qualitatively described within
an extended dipole model. This substantiates sizeable excitonic cou-
pling among the chromophores and elucidates why trans to cis iso-
merization of the azobenzene photoswitch is strongly suppressed in
densely-packed self-assembled monolayers.

O 37.8 Wed 16:45 SCH A118
Theoretical investigation of the adsorption of dithiolates on
Au surfaces — •Katrin Tonigold and Axel Groß — Institute for
Theoretical Chemistry, Ulm University, D-89069 Ulm, Germany

Thiolates are one of the most commonly used anchor groups of
molecules that form self assembled monolayers (SAMs), as they yield
stable monolayers because of the strong Au-S-interaction. An even
higher stability should be expected if disulfide-containing anchor
groups are used. Such groups are bigger than single thiolates and
might lead to different structures on the surface that could be used as
a new type of template for surface reactions.

In cooperation with experimentalists from the chair of Physical
Chemistry I at the Ruhr-University Bochum, the adsorption of 1,2-
dithiolan species and related α,γ-dithiolates has been investigated
by means of DFT-GGA-calculations. In order to understand the
molecule-surface interaction, the electronic structure of the most sta-
ble adsorption configurations at different coverages has been analyzed.
Furthermore, the effect of different rest groups attached to disulfide-
containing anchor groups has been examined. Weak van der Waals
forces between these rests were taken into account via post-Hartree-
Fock calculations of molecular pairs in the gas phase.

Additionally, as there are both experimental and calculational
hints [1] that thiolate adsorption on Au can induce surface rearrange-
ments, the influence of defects on the molecule-surface interaction has
been considered.
[1] P. Maksymovych et al., Phys. Rev. Lett. 97, 146103 (2006).

O 37.9 Wed 17:00 SCH A118
Influence of water on the structure of SAMs formed by
mercaptopyridine and aminothiophenol on Au(111): a DFT
study — •Jan Kučera and Axel Groß — Institut für Theoretische
Chemie, Universität Ulm, D-89069 Ulm, Germany

Self-assembled monolayers (SAMs) of nitrogen containing aromatic thi-
olates on gold have been proposed as a fundamental element for nano-
electronic devices. The formation of aromatic SAMs as well as the
preparation of metal-SAM-metal contacts [1] usually occur in an ae-
quous environment. However, theoretical studies addressing the struc-
ture and stability of SAMs typically neglect the influence of the sol-
vent. Hence the detailed influence of the aequous environment on the
geometric and electronic structure of SAMs remains unclear.

We have studied the effects of water on the structural
and electronic properties of Au(111)/mercaptopyridine (MPy) and
Au(111)/aminothiophenol (ATP) complexes by means of density func-
tional theory calculations. The interaction of water with both the
nitrogen- as well as with the sulfur-tail of MPy and ATP on Au(111)
were examined. Water binds to the N-tails of SAM/Au complexes via
the formation of hydrogen bonds [2], but its interaction with the S-tail
is rather weak. The overall effect of water on the binding of the SAMs
to the Au substrate is negligible, however, this is significantly changed
when ions bound to the SAMs are considered.
[1] Mila Manolova et al., Adv. Mater., doi:10.1002/adma.200801634,
in press.
[2] J. Kučera, A. Groß, Langmuir, doi:10.1021/la802368j, in press.

O 37.10 Wed 17:15 SCH A118
Scanning tunnelling microscopy study of 4′-nitro-1,1′-
biphenyl-4-thiol self-assembled monolayers on Au(111) —
•Heiko Muzik, Laxman Kankate, Andrey Turchanin, and Armin
Gölzhäuser — Fakultät für Physik, Universität Bielefeld, 33615
Bielefeld

Self-assembled monolayers (SAMs) of 4′-nitro-1,1′-biphenyl-4-thiol
(NBPT) on gold is a useful system for applications in chemical
nanolithography1. Nanopatterning of NBPT SAMs by electrons or
extreme UV radiation results in the formation of amino terminated
cross-linked areas1,2. This transformation can flexibly be utilized for
the engineering of complex molecular assemblies on gold surfaces, as for
instance protein chips3. Despite of many promising applications, the
structure of NBPT SAMs has not been characterized in detail. Here we
present the first scanning tunnelling microscope study of NBPT SAMs
on the technologically relevant Au(111) surfaces. The samples were
prepared in solution and by vapour deposition in vacuum. We show
that the structure of NBPT SAMs exhibits a complex polymorphic
behaviour which strongly depends on the temperature and prepara-
tion details. We also discuss the observed reconstruction of the gold
substrate.

[1] A. Gölzhäuser et al, Adv. Mater. 13 (2001) 806.
[2] A. Turchanin et al, Small 3 (2007) 2114.
[3] A. Turchanin et al, Adv. Mater. 20 (2008) 471.
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O 38: Nano-optics of metallic and semiconducting nanostructures (experiments I)

Time: Wednesday 15:00–17:30 Location: SCH A216

O 38.1 Wed 15:00 SCH A216
Nanometer scale imaging and spectroscopy of an organic
semiconductor film — •Alfred J. Meixner1, Dai Zhang1,
Ute Heinemeyer2, Frank Schreiber2, and Reinhard Scholz3 —
1Institute of Physical and Theoretical Chemistry, University of Tübin-
gen — 2Institute of Applied Physics, University of Tübingen —
3Walter Schottky Institute, TU-München

The local electronic and optical properties of molecular semiconduc-
tors depend sensitively on the local film morphology such as grain
boundaries and localized defects. However, quantitative spectroscopic
measurements with a resolution matching the molecular morphology of
organic semiconductor films has been plagued either by a lack of reso-
lution, contrast or sensitivity. We have investigated an organic molec-
ular semiconductor film (diindenoperylene, DIP) grown by molecular
beam deposition on a Si (100) substrate covered with a native oxide
layer by tip-enhanced nanometer scale spectroscopic imaging by the
use of a novel parabolic-mirror assisted near-field optical microscope.
We could for the first time resolve grain boundaries and defects both
in the topography and in the near-field optical image and relate them
to local PL- and Raman spectra with a spatial resolution on the order
of 10 nm.

O 38.2 Wed 15:15 SCH A216
Investigation of Geometry-dependent Dipole Coupling using
Near-field Optical Microscopy of Au-nanoantennas — •Kai
Braun1, Dai Zhang1, Monika Fleischer2, Dieter P. Kern2, and
Alfred J. Meixner1 — 1Institut fuer Physikalische und Theoretische
Chemie, Auf der Morgenstelle 8, 72076 Tuebingen — 2Institut fuer
Angewandte Physik, Auf der Morgenstelle 10, 72076 Tuebingen

The plasmon coupling between two dipoles is strongly dependent on
their relative positions. Theoretical simulations predicted a red shift of
the localized plasmon resonance (LPR) for a dipole top-on-top geom-
etry while a blue shift for a dipole side-by-side geometry[1]. However
the corresponding experiments are hard to be realized due to the diffi-
culties of aligning two dipoles into desired configurations. We will use
a newly developed parabolic mirror assisted near-field optical micro-
scope (SNOM) to precisely position a gold tip at different positions
with respect to a gold cone. By replacing the objective lens with a
parabolic mirror, this setup provides the unique possibility of obtain-
ing a 14 times stronger electric field distribution in the longitudinal
direction than that of the transversal direction[2]. Since both the gold
tip and cone have strong oscillating dipoles in the longitudinal di-
rection, this microscope allows us to study the geometry-dependent
dipole coupling more accurately and flexibly. [1] Prashant K. Jain et
al (2006), J. Phys. Chem. B, 110 18243-18253 [2] Fleischer M. et al
(2008), Applied Physical Letters, 93 1

O 38.3 Wed 15:30 SCH A216
Antenna enhanced Pump-Probe Spectroscopy of Single
Metal Nanoparticles — •David Molnar1,2 and Markus Lippitz1,2

— 1Max-Planck-Institut für Festkörperforschung, Stuttgart — 24.
Physikalisches Institut, Universität Stuttgart

Tailoring a nanoparticle’s properties for technological applications re-
quires a profound understanding of its different characteristics com-
pared to those of its bulk material. One arising question is: Down to
which lengths can a material be expected to show bulk behaviour?

Acoustical eigenfrequencies of a single gold nanoparticle give insight
to its mechanical properties such as density or Young’s modulus. A
laser induced mechanical oscillation yields a periodical change of the
electron density, i.e., a periodically changing plasmon resonance. This
change is optically detectable using a pump-probe technique and re-
veals the dynamics of the particle’s oscillation.

As absorption is proportional to the third power of the particle’s
radius the optical detection of mechanical oscillations of a single metal
particle with a diameter of 40nm or less is almost impossible. However
using an adequate antenna enhancing the signal oscillations of a single
particle, 10nm in size or less, become detectable.

We will show calculations of the signal enhancement by an antenna
as well as first experimental results in this field.

O 38.4 Wed 15:45 SCH A216
A Simple Fabrication of Nanoantennae over Large Areas —

•Reto Giannini1, Arda Kristopuryan1, Yasin Ekinci1, Pratap K.
Sahoo2, and Jörg F. Löffler1 — 1Laboratory of Metal Physics
and Technology, Department of Materials, ETH Zurich, 8093 Zurich,
Switzerland — 2Laboratory of Micro- and Nanotechnology, Paul Scher-
rer Institute, 5232 Villigen, Switzerland

Metallic nanoparticles are very promising candidates for the creation of
nanoantennae. Such nanoantennae can be used to excite flourophores
more efficiently or to increase the emission of molecules and quantum
dots leading to applications in biosensing, nanophotonics and Raman-
/fluorescence spectroscopy. The basis of using metallic nanoparticles
as nanoantennae is their capability to create a huge electromagnetic
enhancement. This enhancement is a consequence of the resonant ex-
citation of charge density oscillations, known as surface plasmons. A
further significant increase of the enhancement can be achieved by cou-
pling of two closely-spaced nanoparticles (dimers). Reproducible and
cost-effective methods, applicable to large areas, are readily available
for single nanoparticles, whereas well-defined dimers are difficult to ob-
tain with comparable simple methods. We have fabricated gold and sil-
ver nanoantennae using colloidal lithography and thermal evaporation
providing nanoparticle dimers with small gaps over large areas. We
measured the plasmon resonances of individual gold and silver dimers
with different structural parameters and performed surface-enhanced
Raman spectroscopy to determine the relative near-field enhancement
factors of the fabricated nanoantennae.

O 38.5 Wed 16:00 SCH A216
Three-dimensional metal photonic nanostructures using di-
rect laser writing and electrodeposition — •Justyna Kinga
Gansel1, Michael Thiel1, Klaus Bade2, Volker Saile2, Georg
von Freymann1, Stefan Linden1, and Martin Wegener1 —
1Institut für Nanotechnologie, Forschungszentrum Karlsruhe; DFG-
Center for Functional Nanostructures (CFN) and Institut für
Angewandte Physik, Universität Karlsruhe (TH) — 2Institut für
Mikrostrukturtechnik, Forschungszentrum Karlsruhe

An interesting part of the field of photonic nanostructures are meta-
materials. Particularly, three-dimensional (3D) structures like 3D neg-
ative index metamaterials [1] or optical cloaking devices [2] attract in-
creasing attention. Yet, few techniques for the fabrication of true 3D
metamaterials exist [3, 4]. Here we present a method for the fabrication
of 3D metal nanostructures. A positive or negative photoresist layer
can be structured by direct laser writing, facilitating a wide amount of
structure designs. The template is backfilled with gold using electrode-
position, where an ITO-layer below the photoresist acts as a cathode.
After removal of the resist, free-standing gold nanostructures emerge.
A structure design that can be realized using this method are 3D gold
spirals. Corresponding simulations have shown that these structures
possess interesting chiral properties.

[1] J. Valentine et al., Nature 455, 376 (2008)
[2] J. B. Pendry et al., Science 312, 1780 (2006)
[3] M. S. Rill et al., Nature Mater. 7, 543 (2008)
[4] N. Liu et al., Nature Mater. 7, 31 (2008)

O 38.6 Wed 16:15 SCH A216
Fabrication and optoelectronic properties of individual gold
nanostructures — •Monika Fleischer1, Sebastian Jäger2, Mar-
cus Sackrow2, Dai Zhang2, Rudolf Ehlich3, Catrinel Stanciu2,
J.K. Heinrich Hörber3, Alfred J. Meixner2, and Dieter P.
Kern1 — 1Institut für Angewandte Physik, Eberhard Karls Univer-
sität Tübingen, Deutschland — 2Institut für Physikalische und The-
oretische Chemie, Eberhard Karls Universität Tübingen, Deutschland
— 3H.H. Wills Laboratory, University of Bristol, England

When interacting with the electromagnetic field of a focused laser
beam, individual gold nanostructures can act as optical antennas. For
efficient excitation, the shape and size of the nanostructures need to be
adjusted to the applied laser mode and wavelength. Cone structures
e.g. are particularly well suited for excitation with a radially polarized
beam [1]. In a process based on electron beam lithography and ion
milling, individual gold nanostructures are fabricated in a range of dif-
ferent shapes, whose critical dimensions are varied systematically. The
structures are characterized by means of confocal microscopy, NSOM,
SEM, AFM and STM. Results of these studies are presented together
with spectra indicating the shape and size dependent resonance fre-
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quencies of the gold structures.
[1] M. Fleischer et al., Appl. Phys. Lett. 93, 111114 (2008).

O 38.7 Wed 16:30 SCH A216
20 nm Optical Resolution Using Gold Nanospheres as Near-
Field Probes — Hadi Eghlidi, Kwang Geol Lee, Xuewen Chen,
Mario Agio, •Stephan Götzinger, and Vahid Sandoghdar — Lab-
oratory of Physical Chemistry and optETH, ETH Zürich, CH-8093
Zürich, Switzerland

Apertureless Scanning Near-Field Optical Microscopy (SNOM) has re-
ported spatial resolution below 20 nm in isolated cases. However, re-
searchers have confronted considerable difficulties in reproducing tips
that deliver this performance. Several years ago, we developed reliable
and reproducible near-field probes consisting of single gold nanospheres
attached to the end of glass tips. It has been also shown that such
probes can act as resonant dipole nanoantennas to enhance the fluo-
rescence of single molecules by more than 25 times [1, 2]. We report
on experimental images of single molecules obtained using different
gold nanoparticle probes with diameters between 40 nm and 100 nm.
Resolutions as high as 20 nm were demonstrated at a high yield and
with different particle sizes. Furthermore, fluorescence enhancements
greater than 30 times were observed. For very small gold particles,
the competition between quenching and enhancement of the molecular
fluorescence becomes important because the ratio of the absorption to
the scattering cross section inverses. We discuss this paradigm shift
and its implications for ultrahigh resolution SNOM.

[1] S. Kühn et al., Phys. Rev. Lett. 97, 017402 (2006).
[2] S. Kühn et al., Mol. Phys. 106, 893 (2008).

O 38.8 Wed 16:45 SCH A216
Near-Field Investigation of Plasmonic Nano-Wire Eigen-
modes — •Jens Dorfmüller1, Ralf Vogelgesang1, and Klaus
Kern1,2 — 1Max Planck Institute for Solid State Research, 70569
Stuttgart, Germany — 2Ecole Polytechnique Fédérale de Lausanne,
1015 Lausanne, Switzerland

We use apertureless Scanning Near-Field Optical Microscopy (aS-
NOM) with cross-polarization of the excitation and scattered radia-
tion, which allows us to map nearly unperturbed eigenmodes of plas-
monic nanostructures. We study optical wire antennas produced by
electron beam lithography. In contrast to far-field measurements, aS-
NOM allows us to compare plasmon resonances of many individual
single wires simultaneously on a relatively small substrate area. We
show measured amplitude and phase maps of the z-component of elec-
tromagnetic near-fields around these nano-structures.

Our amplitude images show lobes which indicate a strong z-
component of the electromagnetic field and neighbouring lobes show
a phase difference of 180◦ in the phase image. Depending on their
size, the wires show multipolar resonances. The dipolar resonance
is observed at a wire length ≈ λvac/5.6 and higher order resonances
at odd multiples of the dipolar resonance length. Higher multipole
orders, show less near-field intensity but a broader resonance in the
wire-length domain.

We show that it is possible to break the symmetry of the exciting

electromagnetic field by turning the sample and excite the otherwise
symmetry forbidden even modes.

O 38.9 Wed 17:00 SCH A216
Nanostructure Symmetry Induced Surface Plasmon Propa-
gation Guiding and Polarisation Twisting — •Brian Ashall
and Dominic Zerulla — UCD Dublin, School of Physics, Dublin 4,
Ireland

In a recent letter [1], we have demonstrated that symmetry properties
of tailor designed nanostructures have a well defined impact on prop-
agation characteristics of Surface Plasmon Polaritons (SPPs) excited
on the nanostructured arrayed surfaces. Highlighted, were the SPP
excitation, propagation and wave-guiding processes on the nanostruc-
tured arrays.
Building on these findings, more recent experiments have focused on
the ability of 120◦ symmetric nanostructures to predictably twist the
polarisation of the reemitted light with respect to the illumination
polarisation.
This effect has been both, directly observed through polariser - anal-
yser experiments, and indirectly observed as a shift in the polarisation
at which the most efficient SPP confinement on the nanostructured
surface occurs. The degree by which the polarisation can be twisted
is a function of the geometry of the nanostructures, and as such is an
initial free design parameter. The only apparent restriction for the
efficiency of the polarisation twisting effect for a given nanostructured
array are the SPP excitation conditions.

[1] B. Ashall, M. Berndt, D. Zerulla, Appl. Phys. Lett. 91, 203109
(2007).

O 38.10 Wed 17:15 SCH A216
Observations of selective near-field focusing on three-
fold symmetric, mesoscopic surface patterns - measured
with PEEM — •Michael Berndt1,2, Brian Ashall1, Martin
Rohmer3, Christian Schneider3, Martin Aeschlimann3, and Do-
minic Zerulla1 — 1University College Dublin, School of Physics,
Belfield, Dublin 4, Ireland — 2MPI of Molecular Cell Biology and
Genetics, 01307 Dresden, Germany — 3Technische Universität Kaiser-
slautern, Fachbereich Physik, 67663 Kaiserslautern, Germany

Optically active, structured surfaces, which provide strong localisation
of excitation energies in certain “hot-spots” on their surface are re-
quired for many applications.
We examine the modification and polarisation dependence of opti-
cal near-fields on the surface of an array of three-fold symmetric,
mesoscalic, silver-coated structures produced by e-beam lithography.
For mapping the spatially resolved near-fields and examining the in-
fluence of polarisation of the excitation light, we use a photoelectron
emission microscope (PEEM). We find that the presented structures
show strong increase of the near-field intensity in certain “hot-spots” in
a polarisation dependent manner. Hence we demonstrate that break-
ing of symmetry can provide additional centres of “hot-spots”, which
will be employed as the basis of an improved structure design to gain
highly efficient near-fields focusing.

O 39: Metal substrates: Solid-liquid interfaces

Time: Wednesday 15:00–17:30 Location: SCH A315

O 39.1 Wed 15:00 SCH A315
First-principles characterization of water structures at the
metal-water interface — •Sebastian Schnur and Axel Groß
— Institute für Theoretische Chemie, Universität Ulm, D-89069 Ulm,
Germany

A molecular level understanding of the structural arrangement of water
molecules at a metal-water interface is one of the most important issues
in electrochemistry. Despite numerous studies, the exact microscopic
structure of water at a metal-water interface is not fully understood
and is still subject of debate between state-of-the-art theory and in-situ
surface science techniques. On a number of metal surfaces, deposition
of water usually leads to well-ordered structures. In particular, ice-like
water bilayers with a

√
3 ×
√

3 hexagonal pattern have been investi-
gated most intensively. The crucial question is whether such an ice-like
water pattern remains intact even at room temperature or whether it
transforms to a liquid-like structure.

We used ab initio molecular dynamics simulations based on den-
sity functional theory to study the water bilayer on different closed
packed metal surfaces. Vibrational spectra were obtained from the
velocity autocorrelation function recorded in the MD simulation to
characterize the water structure. Furthermore, we examined details
of the metal-water interaction by considering charge density and work
function changes to elucidate the nature of the metal-water interac-
tion. Our results contribute to bridge the gap between theory and
experiment by giving a direct molecular level explanation for results
obtained in finite-temperature in-situ spectroscopy experiments.

O 39.2 Wed 15:15 SCH A315
Role of anharmonic contributions for the elasticity of ice
— •Mira Todorova, Lars Ismer, and Jörg Neugebauer — Max-
Planck Insitut für Eisenforschung GmbH, Düsseldorf

Water, one of the simplest molecules in chemistry, forms a liquid and
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solid phase with features essential to live and environment. Many of
these can be attributed to hydrogen bonding, but that does not mean
that they are fully understood. Ice should be an easier material to un-
derstand, because its molecules are arranged on a regular lattice. Yet
even the determination of such basic properties as the bulk modulus
and the elastic constants proves to be a challenge.

Using first principles calculations we investigate the bulk properties
of hexagonal ice. Our initial density-functional theory calculations
(GGA-PBE level) yield values, which are much too high when com-
pared to experiment. Even though the consideration of thermal effects
within the quasi-harmonic approximation leads to a qualitative agree-
ment between measured and calculated quantities, such as the linear
expansion coefficient, ice remains much too hard. The large overesti-
mation of the ice’ softness demonstrates the importance of anharmonic
contributions, which will be shown to be crucial and lead to a dramatic
reduction of the bulk modulus and the elastic constants.

O 39.3 Wed 15:30 SCH A315
Theoretical Studies on the Inner Potential Drop in
Pt/Electrolyte-Interfaces — •Jochen Bandlow, Josef Anton,
and Timo Jacob — Institut für Elektrochemie, Universität Ulm, 89081
Ulm

Understanding the processes occuring at solid/liquid interfaces is of
great importance not only for basic electrochemistry, but also for var-
ious applications such as fuel cells. However, these interfaces (i.e., the
so-called electric double-layers) are rather complex involving different
aspects as surface dipoles, a potential drop, specific and non-specific
adsorption, or modified surface structures. Since many experimental
techniques that are well-established in surface science are not appli-
cable for systems under ”wet” conditions, theoretical modeling might
help understanding the double-layer on the microscopic level.

In order to evaluate the drop of the electrostatic potential within
the electric double-layer first we performed molecular dyanamics stud-
ies on pure water under different pressure and temperature conditions.
We found that many commonly used interaction potentials reported
in literature are only valid for a rather limited part of the phase-space.
Afterwards, we studied the molecular structure of charged platinum
electrodes in contact with an aqueous solution containing various con-
centrations of NaCl. This allowed us to evaluate the peak and also the
averaged potential distribution.

O 39.4 Wed 15:45 SCH A315
Optimizing a bimetallic surface - electrochemical oxygen
reduction at PtxRu1-x/Ru(0001) surface alloys — •Otavio
Alves, Harry E. Hoster, and R. Jürgen Behm — Institute of Sur-
face Chemistry and Catalysis, Ulm University, 89069 Ulm, Germany

We report on the activity of PtxRu1-x/Ru(0001) surface alloys [1] pre-
pared in ultrahigh vacuum (UHV) towards the electrochemical oxygen
reduction reaction (ORR). The potential-dependent reaction currents
are measured in a wall-jet type flow cell sited in an electrochemical pre-
chamber attached to the main UHV system. The kinetically controlled
currents depend on the Pt:Ru ratio and exhibit an optimum close to a
Pt content of 100%. The high activity of the PtxRu1-x/Ru(0001) sur-
face alloys can be rationalized by the versatility of mixed adsorption
sites whose reactivity is between that of Ru(0001) on the one hand,
which binds reactive intermediates too strongly, and Pt monolayer
islands (PtxML/Ru(0001), x = 0...1) on the other hand, whose lower
activities are attributed to the sluggish O2 dissociation as predicted
from strain and vertical ligand effects [2,3]. We discuss in how far
the high optimum Pt content can be rationalized in an atomic-scale
picture of the reaction process.

[1] H. E. Hoster et al.; Phys. Chem. Chem. Phys. 2008, 10, 3812.
[2] M. Mavrikakis et al.; Phys. Rev. Lett. 1998, 81, 2819.
[3] M. Lischka et al.; Electrochim. Acta 2007, 52, 2219.

O 39.5 Wed 16:00 SCH A315
CO electrooxidation at PtxRu1−x/Ru(0001) surface alloys
and Pt modified Ru(0001) — •Harry E. Hoster, Otavio Alves,
Andreas Bergbreiter, and R. Jürgen Behm — Institute of Surface
Chemistry and Catalysis, Ulm University, D-89069 Ulm, Germany

We report on the activity of PtxRu1−x/Ru(0001) surface alloys [1] and
Ru(0001) with and without Pt islands [2] towards continuous electro-
chemical oxidation of CO. The samples were prepared in ultrahigh
vacuum (UHV) but the potential dependent CO oxidation currents
were recorded under enhanced mass transport conditions in a flow cell
attached to the UHV system. On bare Ru(0001), measurable CO ox-

idation only takes place at E > 0.55 V. Whereas modification by Pt
islands does not change this threshold, the attainable oxidation cur-
rents become much higher, which we explain by a catalytic effect where
Pt helps maintaining high local coverage of CO+O(H) adlayer at the
Ru areas. Atomically dispersed PtxRu1−x/Ru(0001) surface alloys
show an even higher activity, which results from the higher versatil-
ity of mixed or electronically varied adsorption sites with intermediate
bonding power. The role of the lateral atom distribution of PtRu sur-
faces for their local adsorption properties and the reactivity of mixed
adlayers under reaction conditions are discussed and compared to pre-
vious experimental and theoretical findings.
[1] H.E. Hoster et al., Phys.Chem.Chem.Phys. 10 (2008) 3812.
[2] H.E. Hoster et al., J. Phys. Chem. B 108 (2004) 14780.

O 39.6 Wed 16:15 SCH A315
Anomalous Helmholtz-Capacitance on Stepped Surfaces of
Silver and Gold — •Guillermo Beltramo, Harald Ibach, and
Margret Giesen — Institute for Bio- und Nano-Systems (IBN),
Jülich Forschungszentrum, D-52425 Jülich, Germany

Interest in generation and functionalization of nanoscale structures
on solid templates has grown tremendously because of their eminent
role in many areas of technology. In vicinal surfaces, the presence
of arrays of atomic steps separated by flat terraces creates regions of
varying local atomic coordination, which renders unique properties to
these surfaces, quite distinct from those of flat surfaces. [1]. We have
studied the capacitance of the solid/electrolyte interface on Ag(11n)
and Au(11n) surfaces in KClO4 and HClO4 as function of the elec-
trolyte concentration and the step density. We find that the inner
layer capacitance (Helmholtz-capacitance) is dramatically reduced on
stepped surfaces [2]. Standard theories which describe the Helmholtz-
capacitance by properties of the liquid, a hard wall boundary condition
and the polarizability of the electron gas at the metal surface fail to
describe this behavior. We propose that the different polarizability of
water bonded to the surface need be taken into account and attribute
the reduced capacitance at steps to the lower polarizability of water
molecules bonded to step edges. The results will be discussed. [1]
H. Ibach, M. Giesen ann W. Schmickler, J. Electroanal. Chem. 544
(2003) 13. [2] G.L. Beltramo, H. Ibach and M. Giesen, Surf. Sci. 601
(2007) 1876.

O 39.7 Wed 16:30 SCH A315
Dependency of the Vibrational Stark-Effect on the pread-
sorbed Anion-Species on a Cu(100) Electrode Surface —
•Melanie Röefzaad, Duc Than Pham, Peter Broekmann, and
Klaus Wandelt — Institute for Physical and Theoretical Chemistry,
University of Bonn

Fourier transform infrared reflection absorption spectroscopy (FT IR-
RAS), combined with electrochemical STM, has been used to monitor
the vibrational frequency shifting as a function of the electrode poten-
tial and the pre-adsorbed anion-species. As probe-molecule served the
redoxactive 1,1′-diphenyl-4,4′-bipyridinium (DPV). Halogenide anions
are pre-covering the electrode surface by specific adsorption in a wide
potential range.[1] These highly ordered anion-layers are able to serve
as a template for the adsorption of DPV. EC-STM studies revealed no
structural changes in the adsorbed monolayer while changing the anion
or the potential. Excluding changes in IRRA-spectra through reori-
entation, shifts induced by changing the applied potential are nicely
visible. The expected effect was missing in the case of pre-adsorbed
Cl− and Br−. Only with I− significant changes in the IRRA-spectra
could be observed. Specific bands show a clear shift to higher fre-
quencies. Those shifts indicate a strengthening of the bonds between
the adsorbed molecules formed through charge-transfer-complexation.
This gives a clue to a higher electrostatic effect on the organic adlayer
with pre-adsorbed iodide due to its reduced partial charge and as a
consequence, a more covalent bonding to the copper surface.

[1] Broekmann et al., Surf. Sci. 517 (2002) 123

O 39.8 Wed 16:45 SCH A315
The influence of additives on the Cu(001)/electrolyte inter-
face — Yvonne Gründer, •Arne Drünkler, Frederik Golks,
Daniel Kaminski, Klaus Krug, Jochim Stettner, and Olaf M.
Magnussen — Christian-Albrechts-Universität Kiel, Germany

Copper electrodeposition from multicomponent electrolytes contain-
ing organic additives is an important process for the defect-free filling
of trenches on ultra large scale integrated (ULSI) microchips [1]. In
these electrolytes, polyethers, usually polyethylene glycol (PEG), in
combination with chloride ions form an overlayer on Cu that inhibits
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the electrodeposition reaction [2]. Despite the numerous studies on Cu
superconformal electrodeposition the precise influence of the additive
on the elementary steps of this deposition reaction is largely not un-
derstood, mostly due to the difficulty in making direct experimental
observations of the growth mechanisms on the atomic scale. In-situ
Surface X-Ray Diffraction (SXRD) offers unique possibilities to study
the electrochemical processes under the film and could provide first
direct data on the atomic-scale growth mechanism under these con-
ditions. SXRD experiments revealed on Cu(001) in PEG containing
electrolyte the existence of an ordered Cl- adlayer underneath the in-
hibiting film. Moreover we found evidence for a pronounced kinetic
limitation for the formation of this adlayer structure.

References: [1] P.C. Andricacos, et al., Electroch. Microf. 42, 567
(1998) [2] P.M. Vereecken, R.A. Binstead, H Deligianni, P.C. Andrica-
cos, IBM J. Res. Develop. 49, 3 (2005)

O 39.9 Wed 17:00 SCH A315
Variation of the electrode potential with elastic strain —
•Maxim Smetanin1, Dominik Kramer1, Senthilnathan Mohanan2,
Ulrich Herr2, and Joerg Weissmueller1,3 — 1Forschungszentrum
Karlsruhe, Institut für Nanotechnologie,Karlsruhe — 2Universitat
Ulm, Institut für Mikro- und Nanomaterialien, Ulm — 3Universität
des Saarlandes, Technische Physik, Saarbrucken

A fundamental parameter in electrochemistry, the electrode poten-
tial,E, is intricately related to the solids Fermi energy and to its work
function in vacuum. How does E at the metal-electrolyte interface
vary when the electrode is subjected to an elastic tangential defor-
mation with strain e? This is of interest in relation to strain effects
on the metals band structure, which can affect catalytic processes, to
corrosion science, and to recent attempts to understand the response
of the surface stress, f, of metals to changes in the superficial charge
density, q. The connection to surface stress rests on a Maxwell re-

lation, df/dq=dE/de. While the left-hand-side has been studied in
several experiments,we know of no quantitative experiment exploring
the right-hand side. Our approach is to use a small cyclic strain of a
thin-film gold electrode along with sensitive potential monitoring. We
found that the potential varies linearly with the strain; the response
parameter is negative. In 10 mM HClO4, for quasi-static straining
dE/de=-1 V, whereas the value converges to -1.8 V at frequencies
around 100Hz. The sign agrees with early predictions, the magnitude
is in good agreement with recent results from density functional the-
ory for Au(111) in vacuum and with experimental results for df/dq in
electrolyte.

O 39.10 Wed 17:15 SCH A315
Influence of anions on dealloying of Cu3Au (111): An in-situ
x-ray study — •Aparna Pareek, Genesis Ankah, Sascha Hümann,
Michael Rohwerder, and Frank Renner — Max-Planck Institut für
Eisenforschung, Max-Planck Strasse 1, 40237 Düsseldorf

Dealloying is a well-known process occurring at the alloy surfaces,
which are composed of elements with widely different Nernst poten-
tials. The dealloying behaviour of Cu3Au in 0.1M H2SO4 was previ-
ously investigated using electrochemical measurements combined with
in-situ X-ray diffraction. We reported the formation of an ultra-thin
epitaxial passive Au layer at lower overpotentials with a reversed stack-
ing sequence, which transforms to thicker Au islands at higher overpo-
tentials. Here we investigated the influence of various anionic species
(Br, I) dissolved in 0.1M H2SO4 on the above electrochemical corrosion
process. Presence of these anionic additives influences the potential
where the ultra-thin passive layer transforms to the thicker Au islands.
To corroborate the results obtained from X-ray measurements, ex-situ
AFM measurements were performed, where the topographical changes
with the potential change were recorded. In addition, we present first
results of high resolution TEM studies.

O 40: Methods: Scanning probe techniques I

Time: Wednesday 15:00–17:30 Location: SCH A316

O 40.1 Wed 15:00 SCH A316
Detection of charges using scanning force microscopy in con-
tact mode* — •Florian Johann, Akos Hoffmann, and Elisabeth
Soergel — Institute of Physics, University of Bonn, Wegelerstr. 8,
53115 Bonn, Germany

Electrostatic force microscopy is the standard technique to detect sur-
face charges using a scanning force microscope (SFM). Therefore the
SFM is operated in non-contact mode with an alternating voltage ap-
plied to the tip. The electrostatic interaction between the tip and
the charges to be measured lead to oscillations of the cantilever that
can be read-out using a lock-in amplifier. Now, operating the SFM
in contact-mode results in the same electrostatic interaction between
tip and surface charges. However, in this case, the tip can not move
freely due to its being in contact with the sample surface. To still
allow for charge detection in contact-mode, e.g. a deformation of the
sample surface underneath the tip caused by the electrostatic forces
must occur. To reveal the limits of charge detection in contact-mode
SFM we performed a detailed analysis of the relevant parameters such
as cantilever stiffness, tip load, and elastic properties of the sample.

*Financial support from the Deutsche Telekom AG is gratefully ac-
knowledged.

O 40.2 Wed 15:15 SCH A316
Investigation of isolated single molecules on an insulat-
ing substrate — •Knud Lämmle1, Alexander Schwarz1, Marc
Prosenc2, and Roland Wiesendanger1 — 1Universität Hamburg -
Institut für Angewandte Physik, Jungiusstrasse 11a, 20355 Hamburg
— 2Universität Hamburg - Department Chemie, Martin-Luther-King
Platz 6, 20146 Hamburg

To tailor new molecular based devices, it is important to understand
the characteristic features of their building blocks, i.e., the proper-
ties of individual molecules. Here, we utilized non-contact atomic
force microscopy (NC-AFM) to study isolated Co-Salen molecules on
NaCl(001). On this large band-gap insulator hybridization effects,
which strongly alter the properties of molecules if adsorbed on metal-
lic surfaces, are eliminated.

Immobilization of the rather small molecule is achieved by evaporat-

ing them in situ onto a 20 K cold substrate and by performing subse-
quent measurements at 8.2 K. NC-AFM images acquired on wide ter-
races reveal randomly distributed isolated banana-shaped objects with
long and short axis of about 1.5 and 0.6 nm, respectively. By compari-
son with the known structure of the molecule, they can be identified as
individual molecules adsorbed in a planar configuration. Surprisingly,
the bananas appear asymmetric, i.e., the 60 pm high maximum is con-
siderably shifted away from the center. Details of the orientation with
respect to the underlying substrate as well as the exact adsorption site
will be discussed by evaluating images, were isolated molecules and
atomic resolution on the substrate are visible simultaneously.

O 40.3 Wed 15:30 SCH A316
High Resolution 3D-Force-Field-Spectroscopy on Fe/W(001)
— •Rene Schmidt, Cesar Lazo, Uwe Kaiser, Alexander Schwarz,
Stefan Heinze, and Roland Wiesendanger — Institut für Ange-
wandte Physik, Universität Hamburg

Three-dimensional force fields with atomic resolution have been mea-
sured by atomic force microscopy in the non-contact regime (NC-AFM)
in ultrahigh vacuum and at low temperatures. Force spectroscopy al-
lows a site specific determination of the distance dependence of tip
and sample interaction potential and force on the investigated sys-
tem. Here, we study a purely metallic system, i.e., the iron monolayer
epitaxially grown on a W(001) substrate with a metallic tip.

The high resolution data consists of 128×128 curves on a 2 nm×2 nm
surface area. The curves were recorded in a distance range of 270 pm
close to the surface with ∆z-steps of 10 pm. Additionally, one single
curve was recorded up to a distance of 20 nm to determine the long-
range tip-sample forces. The resulting total force at each lattice site
can be separated into long- and short-range contributions. The ex-
perimentally obtained short-range forces are compared quantitatively
with first principles calculations based on density functional theory.

O 40.4 Wed 15:45 SCH A316
3D-Force-Spectroscopy and -Dissipation Data of an Organic-
Inorganic Interface: PTCDA on Ag(111) — •Daniel-
Alexander Braun, Gernot Langewisch, Harald Fuchs, and An-
dre Schirmeisen — CeNTech (Center for Nanotechnology) & Institute
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of Physics, University of Münster, Germany

Organic semiconductors have attracted intensive research over the last
years. Especially the adsorption of π-conjugated organic molecules
on metal substrates in view of potential applications in organic and
molecular electronics gained a lot of interest. One of the most studied
molecules is 3,4,9,10-perylenetetracarboxylic-dianhydride (PTCDA)
and it has been investigated on a wide range of substrates.

Noncontact atomic force microscopy (ncAFM) experiments with
PTCDA adsorbed on Cu(111) revealed, that the intramolecular con-
trast of PTCDA-molecules depends strongly on the local adsorption
environment [1]. Here we present experimental ncAFM results of 3-
dimensional force and dissipation spectroscopy experiments of PTCDA
adsorbed on Ag(111) with submolecular resolution. The dissipation is
understood as a hysteresis of forces between approach and retraction
of the tip and is caused by bistabilities in the potential energy surface
of the tip-sample system. Therefore the dissipation signal can reveal
information about the mechanical properties of individual molecules.

[1] B. Such, D. Weiner, A. Schirmeisen and H. Fuchs Applied Physics
Letters 89 (2006), 093104

O 40.5 Wed 16:00 SCH A316
Static and Sliding Friction of Nanoparticles — •Dirk Dietzel,
Michael Feldmann, and André Schirmeisen — Institute of Physics
and Center for Nanotechnology, University of Münster, Germany

We present a new approach for identifying static and sliding friction
during atomic force microscopy (AFM) manipulation of nanoparticles
[1]. In this approach the AFM-tip is centered on top of an antimony
nanoparticle, which is weakly bound to a graphite surface. Depending
on the normal load of the cantilever two scan modes are then possible:
At low normal forces the tip will scan on top of the particle, whereas
higher normal forces can lead to a movement of the particle simultane-
ously with the tip. We measure the lateral force during this transition,
which allows us to extract values for static as well as sliding friction.
We find that the static friction is reproducible during several subse-
quent manipulation events of the same nanoparticle. Once the particle
is moving, further increase of the normal force might also make load
dependent friction measurements possible.

O 40.6 Wed 16:15 SCH A316
A low-temperature high resolution scanning tunneling micro-
scope with a three-dimensional magnetic vector field operat-
ing in ultra-high vacuum — •Marco Pratzer, Torge Mashoff,
and Markus Morgenstern — II. Institute of Physics B, Otto-
Blumenthal-Straße, RWTH Aachen and JARA-FIT, 52074 Aachen

Scanning tunneling microscopy and spectroscopy at low temperatures
lead to a detailed microscopic understanding of electronic interactions.
The combination of a low-temperature spin-polarized STM with a ro-
tatable magnetic vector field, in addition, allows to determine the full
map of magnetic anisotropies for individual nano-entities. Moreover,
complex noncollinear spin structures of nanoclusters could be mapped
by appropriately aligning the relative magnetization axis of probe and
sample with the help of the external fields.
We present a low-temperature ultra-high vacuum scanning tunneling
microscope setup with a combination of a superconducting solenoid
coil and two split-pair magnets, providing a rotatable magnetic field
of 500mT applicable in all spatial directions. An absolute field max-
imum of B=7 T (3 T) can be applied perpendicular (parallel) to the
sample surface. The instrument is operated at a temperature of 5K.
Topographic and spectroscopic measurements on tungsten carbide and
indium antimonide revealed a z-noise of 600 fmpp even in magnetic
field. The energy resolution is, at least, below 6.5meV. In addition
the microscope is equipped with a tip exchange mechanism and a lat-
eral sample positioning stage.

O 40.7 Wed 16:30 SCH A316
Intrinsic and extrinsic corrugation of monolayer graphene
deposited on SiO2 — •Viktor Geringer1, Marcus Liebmann1,
Tim Echtermeyer2, Sven Runte1, Matthias Schmidt1, Rein-
hard Rückamp1, Max Lemme2, and Markus Morgenstern1 —
1II. Physikalisches Institut, RWTH Aachen and JARA-FIT, Otto-
Blumenthal-Straße, 52074 Aachen — 2Advanced Microelectronic Cen-
ter Aachen (AMICA), Otto-Blumenthal-Straße 25, 52074 Aachen

Using scanning tunneling microscopy (STM) in ultra high vacuum and
atomic force microscopy, we investigate the corrugation of graphene
flakes deposited by exfoliation on a Si/SiO2 surface. While the corru-
gation on SiO2 is long-range with a correlation length of about 25 nm,

some of the graphene monolayers exhibit an additional corrugation
with a preferential wave length of about 15 nm. A detailed analysis
shows that the long range corrugation of the substrate is also visible
on graphene, but with a reduced amplitude, leading to the conclusion
that the graphene is partly freely suspended between hills of the sub-
strate. Thus, the intrinsic rippling observed previously on artificially
suspended graphene can exist as well, if graphene is deposited on
SiO2 [1].

[1] J. C. Meyer, A. K. Geim, M. I. Katsnelson, K. S. Novoselov,
T. J. Booth, and S. Roth, Nature 446, 60 (2007).

O 40.8 Wed 16:45 SCH A316
Cross-sectional Scanning Tunneling Microscopy across a
Metal-Semiconductor Interface - Structural and Electronic
Properties on the Atomic Scale — Lars Winking, Martin Wen-
deroth, •Tim Iffländer, Thomas Druga, and Rainer G. Ulbrich
— IV. Physikalisches Institut, Georg-August-Universität Göttingen

Understanding the formation of Schottky barriers has been a major
theme of surface science for more than half a century. However, the
various mechanisms that determine the barrier height are still subject
to discussion. To a large part this is due to the lack of appropriate
experimental techniques with atomic resolution and the difficulties as-
sociated with preparing well-defined epitaxial interfaces.

We report scanning tunnelling spectroscopy (STS) across a cleaved
epitaxial GaAs(110)/Fe interface. It provides information on the struc-
tural as well as the electronic properties of the heterointerface on the
atomic scale. Furthermore, in combination with 3D simulations of
the tip induced band bending we are able to quantify both the local
Schottky barrier height and the influence of single dopant atoms on the
electrostatic potential landscape representing the space charge layer in
the semiconductor. Our experimental data are discussed in the context
of existing theoretical models for Schottky barrier formation, like the
advanced unified defect model or the metal-induced gap states model.

This work was supported by the SFB 602 TP A7.

O 40.9 Wed 17:00 SCH A316
Plasmon enhanced luminescence from fullerene molecules us-
ing a scanning tunneling microscope — •Frédéric Rossel, Ma-
rina Pivetta, François Patthey, and Wolf-Dieter Schneider
— Ecole Polytechnique Fédérale de Lausanne (EPFL), Institut de
Physique des Nanostructures, CH-1015 Lausanne, Switzerland

Luminescence from supported C60 and C70 molecules induced by tun-
neling electrons in a scanning tunneling microscope (STM) has been
observed. The fullerene nanocrystals were electronically decoupled
from the Au(111) substrate by an ultrathin NaCl film. Intramolec-
ular fluorescence and phosphorescence associated with the transitions
between the lowest electronic excited state and the ground state of
C70 molecules were identified, demonstrating the capability of this
technique for chemical recognition on the nanometre scale. Moreover
we show that the molecular luminescence is selectively enhanced in
the STM tip-sample gap by localized surface plasmons excited in an
inelastic electron tunneling process.

We acknowledge financial support of the Swiss National Science
Foundation.

O 40.10 Wed 17:15 SCH A316
Manipulating surface diffusion ability of single molecules by
scanning tunneling microscopy — Dingyong Zhong1,2, Jörn-
Holger Franke1, •Tobias Blömker3, Gerhard Erker3, Har-
ald Fuchs1,2, and Lifeng Chi1 — 1Physikalisches Institut, Univer-
sität Münster, Wilhelm-Klemm-Str. 10, 48149 Münster, Germany &
Center for Nanotechnology (CeNTech), Universität Münster, Heisen-
bergstr. 11 , 48149 Münster, Germany — 2Institut für Nanotech-
nologie, Forschungszentrum Karlsruhe, 76021 Karlsruhe, Germany —
3Organisch-Chemisches Institut, Universität Münster, Corresstr. 40,
48149 Münster, Germany

The bonding of single diferrocene [Fc(CH2)14Fc, Fc = ferrocenyl]
molecules on a metal surface can be enhanced by partial decomposition
of Fc groups induced by the tunneling current in scanning tunneling
microscopy. Although the isolated intact molecule is mobile on the ter-
race of Cu(110) at 78 K, the modified molecule is immobilized on the
terrace. Calculations based on density functional theory indicate that
the hollow site of the Cu(110) surface is the energetically favorable ad-
sorption site for both ferrocene and the Fe-cyclopentadienyl complex,
but the latter one possesses a much higher binding energy with the
substrate.
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O 41: Ab-initio approaches to excitations in condensed matter I

Time: Wednesday 15:00–17:30 Location: SCH 251

O 41.1 Wed 15:00 SCH 251
Accurate van-der-Waals interactions from (semi)-local den-
sity functional theory — •Alexandre Tkatchenko and Matthias
Scheffler — Fritz-Haber-Institut der MPG, Berlin, Germany

Non-covalent forces, such as hydrogen bonding and van der Waals
(vdW) interactions, are crucial for the formation, stability and func-
tion of molecules and materials. At present, vdW interactions can
only be satisfactorily accounted for by high-level quantum-chemical
wave function or by the Quantum Monte Carlo (QMC) method. In
contrast, (semi)-local DFT and Hartree-Fock approximation fail for
the description of vdW forces. We present a parameter-free method
for describing the long-range vdW interaction in (semi)-local DFT.
The leading C6 coefficients are derived from the electron density of a
molecule/solid and accurate reference values for the free atoms. The
mean absolute error in the C6 coefficients is 5.5% when compared to
accurate experimental values for 1225 intermolecular pairs. We show
that the C6 coefficients depend strongly on the bonding type and ge-
ometry of molecules/solids. Finally, we analyze the vdW radii and the
damping function in the C6R−6 correction method for DFT calcula-
tions.

O 41.2 Wed 15:15 SCH 251
Proton momentum distribution in hydrogen bonded systems
— Joseph A. Morrone, Lin Lin, and •Roberto Car — Princeton
University, Princeton, USA

Recently the momentum distribution of the protons has been mea-
sured in neutron Compton scattering experiments: this property gives
access to the local potential energy surface experienced by the pro-
tons in hydrogen bonded environments. Theoretically, the momentum
distribution can be simulated using path integral Car-Parrinello molec-
ular dynamics. In this talk recent results obtained with this approach
for the proton momentum distribution in water and ice under standard
thermodynamic conditions will be reviewed. Then, ice under very high
pressure will be used to illustrate how the momentum distribution of
the protons changes when the latter undergo quantum tunneling.

This work was partially supported by the DOE under grant DE-
FG02-05ER46201.

O 41.3 Wed 15:30 SCH 251
Static Correlation in the Description of the Oxygen-Metal
Interaction — •Christian Carbogno and Axel Groß — Institut
für Theoretische Chemie, Universität Ulm,

The correct treatment of static correlation, i.e. the necessity to in-
clude multiple determinants to describe a wave function of a certain
symmetry, is critical for the correct simulation of molecules, particu-
larly if excited open-shell singlet states are addressed. Whereas these
effects can be tackled unambiguously with CI, only an approxima-
tive description in terms of fractional occupation numbers is possible
when solving the Kohn-Sham equations. For extended systems, where
DFT methods are widely applied due to their numerical efficiency,
such effects are typically negligible, especially if the interaction of a
molecule with a metal surface is addressed. The thereby occurring
adiabatic charge transfer, as described within the Born-Oppenheimer
approximation, generally breaks the symmetry of the molecule: Thus
one basic requirement for the manifestation of static correlation gets
lost. For the oxygen chemistry on metal substrates, however, the Born-
Oppenheimer approximation may fail under certain circumstances, as
experimental [1] and theoretical [2] studies suggest. In such cases, the
correct description of the molecule’s excited states becomes of vital
importance for the comprehension of the ongoing chemical processes.
Accordingly, we will discuss the role of static correlation for this model
system by comparing state-of-the-art MRCI and GGA-DFT calcula-
tions.

[1] R. Burgert et al., Science 319, 438 (2008).
[2] C. Carbogno et al., Phys. Rev. Lett. 101, 096104 (2008).

O 41.4 Wed 15:45 SCH 251
Implementation of the exact-exchange Kohn-Sham func-
tional within the all-electron FLAPW method — •Markus
Betzinger1, Christoph Friedrich1, Stefan Blügel1, and Andreas
Görling2 — 1Institut für Festkörperforschung and Institute for Ad-
vanced Simulation, Forschungszentrum Jülich, 52425 Jülich, Germany

— 2Lehrstuhl für Theoretische Chemie, Universität Erlangen-Nürn-
berg, Egerlandstr. 3, 91058 Erlangen, Germany

The success of density-functional theory (DFT) relies on the avail-
ability of accurate approximations for the exchange-correlation (xc)
functional. Standard xc functionals, such as the local-density and the
generalized-gradient approximation, suffer from several shortcomings:
an unphysical electronic self-interaction, no discontinuity of the xc po-
tential at integral particle numbers, wrong asymptotic behavior etc.
Orbital-dependent functionals are a promising new generation of xc
functionals. The simplest variant consistent with the Kohn-Sham the-
ory requiring a local xc-potential is the exact-exchange (EXX) func-
tional. It does not exhibit the above mentioned deficiencies. We im-
plemented the EXX functional within the full-potential augmented-
planewave (FLAPW) method using a specifically designed auxiliary
basis set for the optimized effective potential (OEP) equation. We
demonstrate that the auxiliary and FLAPW basis must be properly
balanced to avoid spurious oscillations in the exact exchange potential
and show first results for prototype semiconductors and insulators.

O 41.5 Wed 16:00 SCH 251
Towards a low-dimensional Lieb-Oxford bound — •César
R. Proetto1,2, Klaus Capelle3, Stefano Pittalis1, and Esa
Räsänen4 — 1Institut für Theoretische Physik, Freie Universität
Berlin, Arnimallee 14, D-14195 Berlin, Germany and European The-
oretical Spectroscopy Facility (ETSF) — 2Centro Atómico Bariloche
and Instituto Balseiro, 8400 S. C. de Bariloche, Ŕıo Negro, Argentina
— 3Departamento de F́ısica e Informática, Instituto de F́ısica de São
Carlos, Universidade de São Paulo, São Paulo, 13560-970, Brazil —
4Nanoscience Center, Department of Physics, P. O. Box 35 FIN-40014
University of Jyväskylä, Finland

Exact constraints on the unknown exchange-correlation (xc) energy
functional are of fundamental importance in density-functional theory
(DFT): One main and successful strategy in the never-ending challenge
for the building of more accurate xc functionals consist of satisfying as
many exact constraints as possible. The Lieb-Oxford bound (LOB) for
three-dimensional (3D) systems is one of such exact constraints, and
in its more useful version within the context of DFT is given as a lower
bound on the correlation energy, in terms of a power of the particle
density. For the bound to be useful, it should be as tight as possible.
In this talk, we will provide the construction of the equivalent of the
3D LOB, but for the low-dimensional cases. In particular, by using
scaling analysis and exploiting the fact that for some low-dimensional
systems we known the ground-state xc energy and density, we have
computed the expression for the bound in the 1D and 2D cases, and
analyzed in detail the dimensionality crossover in between.

O 41.6 Wed 16:15 SCH 251
Exploring the random phase approximation: application to
CO adsorption, bulk metals, and weakly bonded molecules
— •Xinguo Ren1, Patrick Rinke1,2, and Matthias Scheffler1,2

— 1Fritz-Haber-Institut der MPG, D-14195 Berlin, Germany —
2Materials Dept., UC Santa Babara, CA 93106, USA

Density-functional theory (DFT) within the generalized gradient ap-
proximation (GGA) has been immensely successful in describing the
ground state properties of a diverse range of materials. However, in-
herent strong self-interaction effects and the absence of van der Waals
(vdW) interactions are two prominent examples of GGA’s failures.
These severely affect the description of (bio)molecules and in certain
cases (e.g. CO) their adsorption on (transition)metal surfaces. Many-
body perturbation theory in the random phase approximation (RPA)
presents a promising way to go beyond GGA since it is expected to
perform well for molecular, metallic and vdW systems alike. However,
despite the recent interest the RPA has generated, a comprehensive
assessment of its performance is not available. Using CO@Cu(111),
a selection of bulk metals, and the benzene dimer, a prototypical π-
conjugated system, as examples, we demonstrate the performance of
the RPA for different types of systems. We show that the potential-
energy surface of CO adsorbed on Cu(111) can be correctly described
within RPA at a quantitative level. The binding energy of the benzene
dimer, on the other hand, is considerably underestimated. We further
show that these RPA results are not sensitive to the DFT functional
chosen for the description of the unperturbed system.
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O 41.7 Wed 16:30 SCH 251
Exact Kohn-Sham potential of strongly correlated finite sys-
tems — •Nicole Helbig, Ilya Tokatly, and Angel Rubio — Nano-
Bio Spectroscopy group and ETSF, Dpto. de F́ısica de Materiales,
Universidad del Páıs Vasco and Centro Mixto CSIC-UPV/EHU, San
Sebastián, Spain

The description of strongly correlated systems within density func-
tional theory has proven very difficult in the past. The dissociation
of molecules, even the most simple hydrogen molecule, cannot be de-
scribed accurately with any of the presently available density function-
als. These problems have led to a discussion of what properties the
local Kohn-Sham potential has to satisfy in order to correctly describe
strongly correlated systems. We use a one-dimensional, two electron
model system to investigate the behavior of the exact Kohn-Sham po-
tential, which can be calculated easily for this system. We present an
analytic expression for the potential at the dissociation limit and show
that the numerical calculations indeed approach and reach this limit
as we dissociate the system. It is shown that the functional form of the
Kohn-Sham potential is independent of the details of the system under
consideration making the results easily transferable to other systems.
We use this knowledge to calculate the exact Kohn-Sham potential of
the hydrogen molecule in the dissociation limit.

O 41.8 Wed 16:45 SCH 251
Discontinuity of chemical potential in reduced density ma-
trix functional theory: open shell formulation — •N.N.
Lathiotakis1,2,4, N. Helbig2,3,4, and E.K.U. Gross2,4 — 1TPCI,
NHRF, Vass. Constantinou 48, Athens, Greece — 2Institut für Theo-
retische Physik, FU Berlin, Arnimallee 14, D14195 Berlin, Germany —
3Nano-Bio Spectroscopy group, Dpto. de F́ısica de Materiales, Univer-
sidad del Páıs Vasco UPV/EHU and Centro Mixto CSIC-UPV/EHU,
San Sebastián, Spain — 4European Theoretical Spectroscopy Facility

In reduced-density-matrix-functional theory, approximations of the to-
tal energy as a functional of the one-body-reduced-density matrix are
minimized. In an open-shell treatment, this minimization involves two
Lagrange multipliers that ensure the conservation of the number of
particles separately for each spin. We prove that these Lagrange mul-
tipliers are the chemical potentials, i.e. the derivatives of the total en-
ergy with respect to the numbers of spin up and spin down electrons.
For the exact functional, these Lagrange multipliers show a discontinu-
ity at integer values of the spin-resolved particle numbers which equals
the fundamental gap. We test present-day RDMFT functionals for this
property and find that many of them reproduce a step-like behavior,
in resemblance to the exact theory. This behavior is improved in the

open-shell treatment i.e. when all fractional electrons are added to the
same spin. The obtained discontinuities are in very good agreement
with the gaps of the studied finite systems. These promising results
are a motivation for the application of RDMFT to problems like the
band gaps of solids where DFT results deviate from experiments.

O 41.9 Wed 17:00 SCH 251
Reduced Density Matrix Functional for Many-Electron Sys-
tems — Sangeeta Sharma1,2,3, •Kay Dewhurst1,2,3, Nektarios
Lathiotakis4,3, and E. K. U. Gross2,3 — 1Fritz Haber Institute of
the Max Planck Society, Faradayweg 4-6, D-14195 Berlin, Germany. —
2Institut für Theoretische Physik, Freie Universität Berlin, Arnimallee
14, D-14195 Berlin, Germany — 3European Theoretical Spectroscopy
Facility (ETSF) — 4Theoretical and Physical Chemistry Institute, The
National Hellenic Research Foundation, Vass. Constantinou 48, 11635
Athens, Greece

We explore the performance of reduced-density-matrix-functional the-
ory (RDMFT) for solids, in particular, for strongly correlated solids.
To this end, we introduce a novel exchange-correlation functional of
RDMFT based on a fractional power of the one-body density matrix.
We show that, compared to other functionals, this new functional pro-
duces more accurate total energies as a function of particle number.
Moreover, it captures the correct band gap behavior for conventional
semiconductors as well as strongly correlated Mott insulators, where a
gap is obtained in absence of any magnetic ordering.

O 41.10 Wed 17:15 SCH 251
Stroboscopic wavepacket description of non-equilibrium
many-electron problems — •Peter Bokes — Dept. of Physics,
Slovak University of Technology FEI STU, Bratislava, Slovakia

We introduce the construction of a orthogonal wavepacket basis set,
using the concept of stroboscopic time propagation, tailored to the
efficient description of non-equilibrium extended electronic systems.
Thanks to three desirable properties of this basis, significant insight
is provided into non-equilibrium processes (both time-dependent and
steady-state), and reliable physical estimates of various many-electron
quantities such as density, current and spin polarization can be ob-
tained. The use of this novel tool is demonstrated for time-dependent
switching-on of the bias in quantum transport, and new results are
obtained for current-induced spin accumulation at the edge of a 2D
doped semiconductor caused by edge-induced spin-orbit interaction.

[1] P. Bokes, F. Corsetti, and R. W. Godby, Phys. Rev. Lett. 101,
046402 (2008)

O 42: Poster Session II (Nanostructures at surfaces: arrays; Nanostructures at surfaces: Dots,
particles, clusters; Nanostructures at surfaces: Other; Nanostructures at surfaces: Wires, tubes;
Metal substrates: Adsorption of O and/or H; Metal substrates: Clean surfaces; Metal substrates:
Adsorption of organic/bio moledules; Metal substrates: Solid-liquid interfaces; Metal substrates:

Adsorption of inorganic molecules; Metal substrates: Epitaxy and growth; Heterogeneous
catalysis; Surface chemical reactions; Ab-initio approaches to excitations in condensed matter;

Organic, polymeric, biomolecular films– also with adsorbates; Particles and clusters)

Time: Wednesday 17:45–20:30 Location: P2

O 42.1 Wed 17:45 P2
Realization of Large-Scale Nano-Patterned Surfaces by the
UTAM-Technique — •Stefan Ostendorp, Yong Lei, and Ger-
hard Wilde — Institut für Materialphysik, Westfälische Wilhelms-
Universität Münster, Wilhelm-Klemm-Str. 10, 48149 Münster, Ger-
many

Using an UTAM (ultra-thin alumina membrane) surface nano-
patterning technique, large-scale arrays of highly regular metallic
and semiconductor nano-particles were fabricated on silicon and sap-
phire substrates. The structural parameters of the synthesized nano-
particles are controllable, including the diameter, spacing, and shape.
Different metallic nano-particles have been oxidized using a well-
controlled oxidation process in a modified CVD-system. The aim of
the experiment is to obtain a core-shell nanostructure with a metallic
core and an oxide shell. During the oxidation of some metallic nano-
particles (chromium and nickel) on a silicon substrate, an interesting

nano-porous silicon oxide surface structure with embedded metallic ox-
ide nano-particles evolved. These surface nano-porous structures are
under investigation now by AFM, EFM, SEM and TEM to determine
the details of their growth mechanism.

O 42.2 Wed 17:45 P2
Terephthalic acid (TPA) on Si(111)-α and β-(

p
3 ×

p
3)-

Bi surfaces — •Takayuki Suzuki1, Theresa Lutz1, Giovanni
Costantini1,2, and Klaus Kern1,3 — 1Max Planck Institute for Solid
State Research, Heisenbergstrasse 1, 70569 Stuttgart, Germany —
2Department of Chemistry, University of Warwick, Coventry, CV4
7AL, United Kingdom — 3Institute de Physiques des Nanostruc-
tures, Ecole Polytechnique Fédérale de Lausanne, CH-1015 Lausanne,
Switzerland

We have carried out scanning tunneling microscopy (STM) exper-
iments of terephthalic acid (TPA) adsorption on Si(111)-α and β-
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(
p

3×
p

3)-Bi surfaces in order to study supramolecular self-assembly on
passivated semiconductor surfaces. Both Si(111)-α and β-(

p
3×

p
3)-Bi

are passivated semiconductor surfaces without highly reactive Si dan-
gling bonds, and have Bi coverages of 1/3 and 1 monolayer, respec-
tively. The TPA molecules adsorb randomly on α-(

p
3×

p
3)-Bi and do

not form any ordered supramolecular layer. On the other hand, they
form ordered supramolecular layers on β-(

p
3 ×

p
3)-Bi with at least

four different types of coexisting structures. This completely different
supramolecular self-assembly behavior on the α and β-(

p
3 ×

p
3)-Bi

surfaces is quite striking since the two substrates are composed by the
same atomic species and are characterized by the same unit cell. The
different behavior is related to the differences in the electronic structure
of these surfaces. Similar to the Si dangling bond states on Si(111)-
7×7, localized surface states exist on Bi adatoms on α-(

p
3 ×

p
3)-Bi,

but not on Bi trimers on β-(
p

3×
p

3)-Bi.

O 42.3 Wed 17:45 P2
Faceted Lead Clusters on Nano Structured HOPG — •Niklas
Grönhagen, Farhad Ghaleh, and Heinz Hövel — Technische Uni-
versität Dortmund, Experimentelle Physik I, 44221 Dortmund

Lead as a cluster material shows an interesting behavior which dis-
tinguishes it from other metals. Lead starts diffusing at quite low
temperatures and tends to form facets very easily. This is because Pb
atoms can reorganize within or between clusters, consequently lower-
ing their surface energy and thus transform into clusters with improved
stability.

In the present study we produced faceted lead clusters by deposi-
tion of lead atoms on graphite (HOPG) samples, prestructured with
nanometer sized pits [1]. The nano-pits were either distributed ran-
domly on the sample or produced in an array using focussed ion beam
lithography (ionLiNE system, Raith GmbH) [2].

Subsequently the clusters were investigated by scanning tunneling
microscopy. We observed a fine structure in the height distribution
given by Pb monolayer steps and an odd-even-oscillation. By mea-
surements with scanning tunneling spectroscopy we were able to show
that ”Quantum Well States”are responsible for this growth behavior.

[1] H. Hövel, Appl. Phys. A 72, 295 (2001) [2] F. Ghaleh, R. Köster,
H. Hövel, L. Bruchhaus, S. Bauerdick, J. Thiel, R. Jede: J. Appl. Phys.
101, 044301 (2007)

O 42.4 Wed 17:45 P2
Selective and Hierarchical Bonding Interactions in 2D
Multi-Component Supramolecular Networks at Surfaces
— •Alexander Langner1, Steven L. Tait1, Chandrasekar
Rajadurai2, Nian Lin1, Mario Ruben2, and Klaus Kern1,3 —
1Max-Planck-Institut für Festkörperforschung, Stuttgart — 2Institut
für Nanotechnologie, Forschungszentrum Karlsruhe — 3Ecole Poly-
technique Fédérale de Lausanne, Switzerland

Self-assembly of organic molecules is an efficient bottom-up approach
to pattern surfaces with unique two-dimensional (2D) architectures at
the nanometer scale. In order to achieve extended and highly ordered
supramolecular networks, the spontaneous self-organization process
has to be steered by selective, directional and strong, but non-covalent
bonding interactions, such as hydrogen bonding or metal-organic com-
plex formation. Here we concentrate on the surface supported self-
assembly of aromatic ligand mixtures studied by scanning tunneling
microscopy (STM) under ultra high vacuum (UHV) conditions. The
various molecular building blocks are provided with either carboxylic
acid or pyridyl moieties. In these ligand mixtures, selectivity of the
functional groups towards different co-evaporated metal coordination
centers is observed, which can lead to ligand separation or the forma-
tion of complex multi-component networks, stabilized by hierarchical
bonding (i.e. hydrogen bonding as well as metal-ligand coordination).
We will demonstrate that the selective and hierarchical character of
the bonding interactions allow the controlled manipulation of struc-
tural network parameters.

O 42.5 Wed 17:45 P2
In-situ scanning tunneling microscope growth studies of InAs
and InN quantum dots during MOVPE growth — •Matthias
Schmies, Raimund Kremzow, Markus Pristovsek und Michael
Kneissl — TU Berlin, Institut für Festkörperphysik, EW 6-1, Har-
denbergstr. 36, D-10623 Berlin, Germany

Novel optoelectronic devices, like single-photon emitters and semicon-
ductor lasers demand a better understanding of the growth process and
control of quantum dots (QD). Most optoelectronic devices are grown

by metal organic vapour phase epitaxy (MOVPE) systems which al-
lows mass fabrication for industrial applications. While QD growth has
been studied intensively for InGaAs, the understanding of the mecha-
nisms responsible for the formation of the QDs and especially of the
ripening process during annealing and cooling down after growth is still
relatively poor. The InGaN material system is even less understood.
In order to investigate the growth dynamics and to clarify the theory
of QD ripening we employed a in-situ scanning tunnelling microscope
(STM) which allows measurements during MOVPE growth. In this pa-
per we will discuss the ripening process of InAs QDs on GaAs(001):Si
at 475◦C. For the InAs/GaAs system the development of the stucture
density agrees to the mean field theory of Lifshitz, Slyozov and Wagner
(LSW-theory) of the Ostwald ripening process for three dimensional
island on a two dimensional substrate. Additionally, we will present
first experiments of InN QDs grown on GaN/templates sapphire using
tertiarybutylhydrazine (tBHy) as nitrogen precursor.

O 42.6 Wed 17:45 P2
Monodisperse micro-island formation on Ni/Ru(0001) mono-
layers — •Peter Jakob1, Kai Anhut1, Sebastian Schnur2, and
Axel Groß2 — 1Fachbereich Physik, Philipps-Universität Marburg,
D-35032 Marburg, Germany — 2Institut für Theoretische Chemie,
Universität Ulm, D-89069 Ulm, Germany

The formation of virtually identical and thermally stable Ni micro-
islands (trimers) is presented. In our combined experimental and the-
oretical investigation we define the conditions for their unusual cre-
ation (expulsion of Ni atoms or trimers from the underlying substrate
by means of adsorbate induced compressive stress) and give a detailed
characterization of the micro-islands’ structural properties, chemical
composition and electronic/magnetic properties [1]. Specifically, we
show that their exceptional structural and thermal stability can be
ascribed to oxygen attached to the islands, thereby forming (metallic)
Ni-oxygen composites. Our observation of a high density of identi-
cal clusters represents a major contribution to overcome a common
challenge in materials science related to establishing a correlation be-
tween structural and catalytic/electronic properties of nanoscale ob-
jects. Usually, the various approaches lead to a dazzling array of sizes
and shapes rather than monodisperse particles in a well-defined envi-
ronment.
[1] P. Jakob, K. Anhut, S. Schnur, and A. Groß, Phys. Rev. Lett. 101,
206101 (2008).

O 42.7 Wed 17:45 P2
Theoretical study of nucleation processes on patterned sur-
faces — •Stefan Frieder Hopp and Andreas Heuer — Institut für
Physikalische Chemie, Universität Münster, 48149 Münster, Germany

The properties of template-directed nucleation are studied in the tran-
sition region where full nucleation control is lost and additional nucle-
ation beyond the pre-patterned structure is observed. To get deeper
insight into the microscopic mechanisms, Monte Carlo simulations are
performed. In this context, the previously used continuous algorithm
[1] is replaced by a discrete one to reduce simulation time and to al-
low more detailed calculations. The applied method is based on the
assumption that the molecules on the surface occupy the sites of a
simple fcc lattice. It is shown that the simulation results presented
in [1],[2] can be reproduced quite well by the discrete algorithm. Fur-
thermore, the new method facilitates the calculation of the distribution
of nuclei on the surface by using the radial distribution function g(r)
which provides another possibility of comparison with experimental
data.

[1] F. Kalischewski, J. Zhu, A. Heuer. Loss of control in pattern-
directed nucleation: a theoretical study. Phys. Rev. B 77, 155401,
(2008).

[2] F. Kalischewski, A. Heuer. Dynamic effects on the loss of control
in template-directed nucleation, preprint (2008)

O 42.8 Wed 17:45 P2
Nanopartikel - eine Perspektive für die tribologische An-
wendung in der Industrie? — •Sven Martin Proppert, Katja
Tönsing und Dario Anselmetti — Universität Bielefeld, Experimen-
telle Biophysik und angewandte Nanowissenschaften, Deutschland

Angestoßen durch wiederholte Medienberichte über nanopartikuläre
Festschmierstoffe für Verbrennungsmotoren[1] wird in dieser Arbeit
in einem kombinierten mikroskopischen (AFM) und makroskopischen
(Pin on Disk Tribometer) Ansatz untersucht, inwieweit sich Schmier-
und Verschleißschutzwirkung bei der Verwendung unterschiedlicher
Nanopartikel nachweisen lassen.
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Wir untersuchten mittels AFM in Modellversuchen das Adsorptions-
verhalten auf glatten Oberflächen wie Glas oder Glimmer und quan-
tifizierten sowohl mikro- als auch makroskopisch die Reibwerte der
gebildeten Oberfläche. Darüber hinaus wurden die Oberflächen auch
auf mechanische- sowie Temperaturstabilitätseigenschaften geprüft.

[1] Wirtschaftswoche Nr.047, Seite 106, 2008-11-17

O 42.9 Wed 17:45 P2
Local spectroscopy of metallic thin layers and clusters
on semiconducting surfaces — •Jedrzej Schmeidel, Mathias
Mende, Christoph Tegenkamp, and Herbert Pfnür — Insti-
tut für Festkörperphysik, Leibniz Universität Hannover, Abteilung
Oberflächen, Appelstrasse 2, 30167 Hannover, Germany

Many physical and chemical properties of metallic nanostructures de-
pend strongly on their size and the coupling to their supports. Al-
though transport concepts, like Schottky barriers and Coulomb block-
ade effects, are understood on a mesoscopic scale, the knowledge of in-
fluence of atomic sized defect structures (islands, steps, grains) is still
lacking. Using Ag wetting layers on Si(111), we have investigated the
adsorption sites and I(V) characteristics of silver clusters adsorbed at
different lattice sites by means of STM and STS. Using Ag

√
3×
√

3 re-
construction on Si(111), strong band bending leads to charge depletion
in Si close to the hybrid interface, i.e. the 2d template is electrically
isolated. It was noticed in the I(V) curves, that the Debye length is
around 100nm (10GΩ) for properly n-doped samples.
Additional evaporation of Ag followed by annealing to 300K results in
the formation of nm-sized Ag clusters on top. Using the STM tip as
a second tunneling junction, Coulomb blockade effects at 100K have
been found in form of dI/dV resonance structures within the Si band
gap range. The separation of these peaks in inversely proportional to
the dot size as classically expected.

O 42.10 Wed 17:45 P2
One-dimensional Structure of Boron Nitride on Chromium
(110): A Study of the Growth of Boron Nitride by Chemical
Vapour Deposition of Borazine — •Frank Müller1, Hermann
Sachdev2, and Stefan Hüfner1 — 1Institut für Experimentalphysik,
Universität des Saarlandes, 66041 Saarbrücken — 2Institut für Anor-
ganische Chemie, Universität des Saarlandes, 66041 Saarbrücken

In a recent sudy [1], the nucleation and growth of boron nitride
films on a Chromium (110) surface by thermal decomposition of bo-
razine, (HBNH)3, was investigated by low energy electron diffraction
(LEED), X-ray photoelectron spectroscopy (XPS) and X-ray photo-
electron diffraction (XPD). The boron nitride film forms a chemically
non-uniform one-dimensional superstructure with short range order
along the [1-10] direction and long range order along [001]. Also the
thermal stability of the resulting BN film was investigated and a chem-
ical reaction with the substrate was observed leading to the formation
of Cr-B- and Cr-N- bonds at the interface, indicating the onset of the
formation of hard boride and nitride phases in the system Cr-B-N.

[1] F. Müller, S. Hüfner, H. Sachdev, Surf. Sci. 602 (2008) 3467

O 42.11 Wed 17:45 P2
Epitaxial Growth of Boron Nitride on a Rh-YSZ-Si(111)
Multilayer System: Formation and Fine Tuning of a BN
NanoMesh by Substrate Effects — •Frank Müller1, Hermann
Sachdev2, and Stefan Hüfner1 — 1Institut für Experimentalphysik,
Universität des Saarlandes, 66041 Saarbrücken — 2Institut für Anor-
ganische Chemie, Universität des Saarlandes, 66041 Saarbrücken

The expitaxial growth of boron nitride on the surface of a Rh-YSZ-
Si(111) multilayer system by CVD of borazine (HNBH)3 was inves-
tigated by low energy electron diffraction (LEED). The formation of
a (14x14) h-BN on (13x13) Rh superstructure was observed, which is
different in size from an already reported (13x13) h-BN on (12x12)
Rh(111) superstructure grown on a Rh(111) single crystal substrate
(”h-BN nanomesh”). We found hints that differences between the
thermal expansion behaviour of the multilayer substrates and the sin-
gle crystal substrate can be the reason for the formation of different
sized superstructures [1].

[1] F. Müller, S. Hüfner, H. Sachdev, Surf. Sci. in press
(doi:10.1016/j.susc.2008.10.033)

O 42.12 Wed 17:45 P2
A liquid phase injection method for the deposition of mole-
cules and clusters on atomically defined Si/Ag surfaces
— •Mathias Mende, Jedrzej Schmeidel, Herbert Pfnür, and
Christoph Tegenkamp — Institut für Festkörperphysik, Universität

Hannover, Abteilung Oberflächen, Appelstrasse 2, 30167 Hannover,
Germany

Techniques for the deposition of nano-sized objects with limited ther-
mal stability like organic molecules, metallic clusters and functional-
ized CNT’s are highly needed and therefore in the focus of current
research. Besides electrospray ion beam deposition [1] also pulse valve
injection is used [2].
We developed a technique for the soft deposition of neutral molecules
and clusters out of a solvent in a controlled Argon atmosphere. Using
a microdispenser system, droplets of different solvents with a diameter
of 55 µm were reliably injected onto any surface, which can be pre-
pared under UHV conditions. In order to correlate the concentration
of Au clusters (3-5nm) on the surface with the concentration in the
solvent, the droplets have been investigated by SEM and XPS. The
distribution of height and size of the clusters was determined by STM
on clean Si(111) 7x7 and Si(111) Ag
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3 surfaces. To test the
functionality of the Au clusters and to demonstrate the preservation
of the atomic structure in the vicinity of the nano-sized objects, STS
measurements have been performed.
[1] S. Rauschenbach et al., Small 2, 540 (2006)
[2] Y. Terada et al., e-J. Surf. Sci. Nanotech. 2, 28 (2004)

O 42.13 Wed 17:45 P2
Winkel- und Impulsverteilungen von Photoelektronen aus
Metallclustern — •Bernhard Faber, Philipp Wopperer und
Paul-Gerhard Reinhard — Institut für Theoretische Physik II, Uni
Erlangen, Staudtstr. 7, 91058 Erlangen, Deutschland

Die Winkel- und Impulsverteilung der Photoelektronen aus kleinen
NaN -Clustern werden untersucht. Die Anregung durch einen linear
polarisierten fs-Laser und die nachfolgende Clusterdynamik werden
mit zeitabhängiger Dichtefunktionaltheorie simuliert. Für freie Clus-
ter wird über ein Ensemble von Orientationen gemittelt. Es bleibt eine
reine Polarwinkelabhängigkeit, die im Detail vom emittierenden Ein-
teilchenzustand bestimmt ist.

Es werden auch Cluster betrachtet, die auf einer Ar(001) oder
MgO(001) Oberfläche deponiert sind. (Dabei kann, als weitere Vari-
ante, unter der Isolatorschicht noch eine Metallunterlage folgen.) Hier
ist die Orientierung wohldefiniert und die Winkelverteilungen zeigen
wesentlich reichere Strukturen in Polar- und Azimutwinkel. Die Emis-
sion wird von Oberflächenabstoßung und anziehender Bildladungskraft
stark beeinflusst.

O 42.14 Wed 17:45 P2
STM/STS Investigations of early stage of the growth of
silicides — •Maciej Cegiel, Maciej Bazarnik, Jan Rönspies,
and Herbert Pfnür — Leibniz Universität Hannover, Institut für
Festkörperphysik, Appelstr. 2, 30167 Hannover, Germany

Investigations of transition metals and their silicides are extremely
interesting as for certain transition metals stable, lattice matched
and metallic structures can be grown. In general this process is
compatible with silicon technology, i.e. these silicides can be used
as contacts and interconnects in electric circuits. Furthermore, us-
ing lattice anisotropies can be used skilfully to grow either quantum
dots or atomic wires with extraordinary high aspect ratios and one-
dimensional band structures simply by self-organization. This fact
facilitates silicides even for applications in nanoelectronics devices. In
particular, the shape and the electronic properties of these objects de-
pend not only on the annealing temperature but also on the initial
amount of the deposited material. In this contribution we report on
Co, Ti and Dy silicide formation on Si(111) and vicinal Si(111) sur-
faces. For the former the the diffusion dependent formation of silicide
islands have been investigated for both (7×7) and Ni (
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19) sub-
strates. For submonolayer coverage of Ti the early state of growth on
Si(111) 7×7 has been studies by STM. Using STS resonant states with
maxima at −1, 19eV (HOMO), +0, 49eV and +1, 51eV (LUMO) were
found in between Ti clusters and discussed as quantum well states. On
the contrary, this states were not found in between Ti clusters grown
Si(111)-(
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O 42.15 Wed 17:45 P2
Topography dependent distribution of Ag on Si surfaces dur-
ing surfactant sputtering — •Taha Yasseri1, Kun Zhang2, Hans
Hofsäss2, and Reiner Kree1 — 1Institute for Theoretical Physics,
University of Göttingen, Friedrich-Hund Platz 1, D-37077 Göttin-
gen, Germany. — 22nd Institute of Physics, University of Göttingen,
Friedrich-Hund-Platz 1, D-37077 Göttingen, Germany.
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Surface pattern formation by ion beam sputtering (IBS) can be modi-
fied by a mono layer steady-state coverage of surfactant atoms during
the erosion (Surfactant Sputtering). An experimental set-up which
allows a systematic study of this effect for various substrates and sur-
factants has been recently realized by us. Meanwhile we also extended
a continuum theory and a Monte Carlo model to include surfactant ef-
fects, which makes it possible to compare experimental and theoretical
findings.

Here, we present the case study of a Si substrate irradiated by 5keV
Xe ions and Ag surfactants. We discuss the distribution of Ag atoms on
the structured (rippled) Si surface using SEM and AFM imaging, MC
data and numerical solutions of the continuum theory. We find that
Ag is clustering preferentially on the crests of ripples, in accordance
with a simple physical picture.

O 42.16 Wed 17:45 P2
Optical spectroscopy of single laser-trapped gold nanoparti-
cles — •Ninet Babajani, Stephan Eifel, Maximilian Reismann,
and Gero von Plessen — Inst. of Physics (IA), RWTH Aachen Uni-
versity, 52056 Aachen, Germany

The plasmon lines of chemically synthesized noble-metal nanoparticles
of nearly spherical shape and approximately equal size exhibit sur-
prisingly large particle-to-particle variations of their resonance peak
positions and line widths [1].

The reasons for these spectral variations are still unknown. Possi-
ble explanations include faceting of the nominally spherical particles,
charges and chemical effects within the suspension, and interactions
with the substrate.

In this work, a method is presented in which a single gold nanopar-
ticle suspended in an aqueous environment is trapped by an optical
tweezer and its light-scattering spectrum, which is free of substrate ef-
fects, is measured. Subsequently the trapped nanoparticle is deposited
onto a substrate using the optical tweezer and its spectrum is measured
again. A comparison of the single-particle spectra allows us to draw
conclusions about the origin of the spectral differences between the
particles.
[1] C. Sönnichsen et al., New J. Phys. (2002) vol. 4 pp. 93

O 42.17 Wed 17:45 P2
Localized plasmons in defined silver microdisks investi-
gated by PEEM — •Florian Schertz1, Jochen Maul1, Noelia
Bocchio2, Andreas Unger2, Gerd Schönhense1, and Max
Kreiter2 — 1Institut für Physik, Johannes Gutenberg-Universität, D-
55099 Mainz — 2Max-Planck-Institut für Polymerforschung, D-55128
Mainz

Well-defined silver-disks with a diameter of 1micrometer and a height
of 40nm deposited on a Si substrate are illuminated by Ti-sapphire
femtosecond-laser pulses with a wavelength of 400nm corresponding
to a photon energy of 3.1 eV. The emitted electrons are detected by
means of a photoelectron emission microscope (PEEM).

As the electric field vector of the photons changes from p- to s-
polarization, a bimodal electron emission pattern emerges, indicating
the excitation of nanoplasmonic fields in the Ag particles. In addition,
we observe a correlation between elliptical deformation of the area of
the Ag disks with distinct photoelectron emission and the fraction of
the s-polarization of the impinging photons.

Furthermore, the photoemission yield was investigated as a function
of laser power revealing different power exponent dependencies for s-
and p-polarized light.

O 42.18 Wed 17:45 P2
Klusterexperimente an dünnen Co-PLD-Schichten und
Schichtsystemen — Markus Trautmann, Rober Hähle, Jani-
ne Fischer, Ingo Sill, Andre Bikowski, Thomas Schmidt, Veit
Grosse, •Frank Schmidl und Paul Seidel — FSU Jena, Institut für
Festkörperphysik, Helmholtzweg 5, 07743 Jena, Germany

Für das gezielte Wachstum von Kohlenstoffnanoröhren (CNT’s)spielen
ferromagnetische Kluster (Co,Fe,Cr) eine entscheidende Rolle. Wir
stellen Untersuchungen zur strukturierten Abscheidung von dünen Co-
Schichten mittels lasergestützter Abscheidung (PLD) vor. Es wur-
den Klusterexperimente auf Si-Substraten mit und ohne SiO2- Ein-
zelschichten bzw. Schichtsystemen durchgeführt. Wir diskutieren die
Messungen zur Klustergröße in Abhängigkeit von Ausgangsschicht-
dicke, Klustertemperatur und Substratmaterial im Hinblick auf eine
mögliche in-situ Abscheidung von CNT’s mittels PLD.

O 42.19 Wed 17:45 P2

Electron beam induced deposition: How to use an elec-
tron beam as a pen and precursor molecules as ink to
write nanopatterns — Michael Schirmer1,2, Marie-Madeleine
Walz1,2, Thomas Lukasczyk1,2, Florian Vollnhals1,2, Hans-
Peter Steinrück1,2, and •Hubertus Marbach1,2 — 1Lehrstuhl für
Physikalische Chemie II — 2Interdisciplinary Center for Molecular
Materials (ICMM), Universität Erlangen-Nürnberg, Egerlandstr. 3,
D-91058 Erlangen

The fabrication of chemically and structurally well-defined nanostruc-
tures is still a challenge and important for a large number of envisioned
technological applications. We explore the technique of electron-beam
induced deposition (EBID) to realize the engineering of such nanos-
tructures: By exploiting a highly focused electron-beam of a scan-
ning electron microscope (SEM) we directly write nanostructures by
locally dissociating adsorbed precursor molecules. In contrast to pre-
vious studies our novel approach is to work in an ultra high vacuum
(UHV) environment. This allows us to overcome the hitherto exist-
ing limitation concerning the rather poor cleanliness of the deposits
[1]. In this work, we present the successful generation of clean metal-
lic (Fe) and oxidic nanostructures (TiOx, FeOx) with lithographically
controlled shapes and lateral dimensions partially smaller than 10 nm
on different substrates. The concept of EBID, basic physical principles
and the promising perspectives and applications of this nanostructur-
ing tool will be presented. This work was supported by the DFG under
grant MA 4246/1-1.[1] T. Lukasczyk, et al., Small 4(6) (2008) 841.

O 42.20 Wed 17:45 P2
Surface energy gradient produced by collision cascades:
effects on pattern formation by ion beam sputtering —
Reiner Kree1, •Taha Yasseri1, and Alexander K. Hartmann2 —
1Institute for Theoretical Physics, University of Göttingen, Friedrich-
Hund Platz 1, D-37075 Göttingen, Germany. — 2Institute for Physics,
University Oldenburg, Carl-von-Ossietzky Strasse 9-11, D-26111 Old-
enburg, Germany

In the existing theories of pattern formation due to ion beam sputter-
ing, the energy of collision cascades leads to sputtering of atoms. But
the lateral displacements at the surface due to the excess energy are
not taken into account. We provide a continuum and a Monte Carlo
model, which include this effect. Both models are based on standard
transport theory.

We discuss the importance of the additional lateral transport on
ripple formation using results of MC simulations and numerical (finite
element) solutions of the continuum model.

O 42.21 Wed 17:45 P2
Nanostructuring of thin V2O3 films on Au(111) by sputter-
ing — •Liz Michaela Rösken, Florian Lovis, Armin Feldhoff,
and Ronald Imbihl — Institut für Physikalische Chemie und Elektro-
chemie, Leibniz-Universität Hannover, Callinstr. 3-3a, D-30167 Han-
nover, Germany

Thin V2O3 films of approximately 1 - 100 ML thickness on Au(111)
were prepared by evaporation of vanadium in an O2 atmosphere (p(O2)
= 10-7 mbar). The films were characterized by LEED, Auger electron
spectroscopy and photoelectron emission microscopy (PEEM). With
annealing at T = 350◦ C epitaxial V2O3 films were found exhibiting
(sqrt3 x sqrt3)R30◦ and (2x2) structures. Only after longer exposure
to hydrogen (1-3 h) some reduction of the V2O3 film could be seen
as evidenced by an increase of the PEEM brightness corresponding to
a work function decrease. Upon sputtering the film displayed some
unexpected optical effects: depending on the angle of observation the
films appeared red or green. Secondary electron microscopy (SEM)
revealed that the sputtering has led to island formation on the sur-
face. The islands exhibit an average diameter of 20 nm and an average
separation from each other of 20 nm. As possible mechanisms causing
the island formation selective sputtering and the transformation of the
2D layer V-oxide into a 3D layer are discussed.

O 42.22 Wed 17:45 P2
Laser induced backside wet etching of transparent materials
with ultrashort laser pulses — •Martin Ehrhardt and Klaus
Zimmer — Leibnitz-Institut für Oberflächenmodifizierung, Leipzig

The surface micro structuring of transparent dielectric materials with
lasers can achieved by direct laser ablation using VUV - wavelength
or ultrashort pulses. Another approach to structuring these materials
are indirect laser processing methods. Such methods use an enhanced
absorption at interface of the material which can achieved by an addi-
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tional liquid, temporary plasma or absorption layer. At LIBWE (Laser
induced backside wet etching) the backside of the transparent material
is immersed to an absorbing liquid. That results in an intense energy
deposition near the interface. For LIBWE with ns laser pulse the influ-
ence of several process parameter on e.g. etch rate, surface morphology
were investigated detailed by Zimmer et al for a number of materials.
However, for an improve understanding of the involved time processes
an investigation of the influence of the pulse length for e.g. etch rate
and surface morphology is important. In this presentation we will show
recent results of the investigation of fused silica etched by LIBWE with
ultrashort pulses. In particular the influence of the laser fluence and
pulse number of the etch characteristic were investigate detailed und
discussed. Furthermore morphological investigations were performed
on the etched surfaced by different analytic techniques to characterize
the surface quality. The results will by discussed with respect to the
etch model for LIBWE with ns Pulse to figure out the influence of the
ultrashort pulse effects of the etching process.

O 42.23 Wed 17:45 P2
Laser-induced mechanical excitation of nanostructures (and
their measurement by means of SXM) — •Markus Schmotz1,
Tobias Geldhauser1, Patrick Bookjans2, and Paul Leiderer1 —
1Universität Konstanz, Deutschland — 2James Madison University,
USA

Information about deformations of nanostructures in the Gigahertz
regime is rather sparse until now. Especially irradiation with short
laser pulses is hardly studied. Our work aims at creating Surface
Acoustic Waves (SAW) in the Gigahertz range based on short laser
pulse techniques and using them to excite nanostructures. Genera-
tion and optically based detection of SAWs by single shot experiments
showed first results. A new approach to the GHz regime is to uti-
lize raster-probe techniques. Therefore we are developing a new de-
tection method based on a homebuilt, variable temperature Scanning
Tunnelling Microscope (STM). Exploiting the highly non-linear I(z)-
characteristic of the tunnelling-gap allows us to determine elongation
in the sub-Å regime with high lateral resolution. Since the STM lacks
a suitable temporal resolution for GHz-waves, we started to investigate
vibrational modes in thin, free standing silicon membranes (thickness
some hundred nm) in the kHz to MHz regime. In this range our STM
electronics are fast enough to resolve the vibrations almost one-to-one.
Comparison between optically gained information and corresponding
STM data show excellent agreement. Measurements with the STM
and according optical techniques at frequencies up to the GHz regime
are currently under investigation.

O 42.24 Wed 17:45 P2
Investigations on Focused Electron and Focused Ion Beam
Induced Deposition of WC, PdC and PtC — •Holger
Motzkau1,2 and Detlef Spoddig2 — 1Experimental Condensed
Matter Physics, Department of Physics, Stockholm University,
Roslagstullsbacken 21, SE-104 06 Stockholm, Sweden — 2Abteilung
für Supraleitung und Magnetismus, Institut für Experimentelle Physik
II, Universität Leipzig, Linnéstr. 5, D-04103 Leipzig, Germany

Metallic nanostructures were grown by means of Focused Electron
and Focused Ion Beam Induced Deposition (FEBID/FIBID) in a Dual
Beam Microscope (DBM). The used precursors were tungsten hexacar-
bonyl, palladium(II) bis-(hexafluoroacetylacetonate) and methylcy-
clopentadienyl(trimethyl)platinum(IV). This investigation will present
an optimization of the growth rates and homogeneities on an insulat-
ing SiN-surface. The chemical composition of the nanostructures were
discussed by means of Energy Dispersive X-Ray Spectroscopy (EDX).
Detailed AFM-scans reveal strong inhomogeneities for the W and Pd
deposits as well as a small nonlinear growth at small thicknesses below
50 nm for all used precursors.

O 42.25 Wed 17:45 P2
Coverage-Dependent Faceting of Au Chains on Si(557) —
•I. Barke1, F. Zheng2, S. Bockenhauer2, K. Sell1, V. v.
Oeynhausen1, K. H. Meiwes-Broer1, and F. J. Himpsel2 —
1Universität Rostock, Institut für Physik, 18051 Rostock — 2Dept.
of Physics, University of Wisconsin Madison, 1150 University Ave,
Madison, WI 53706

The structural and electronic phase diagram of Au on Si(557) is estab-
lished using scanning tunneling microscopy (STM) and angle-resolved
photoemission (ARPES). Five phases consisting of altogether seven
facets are observed in the sub-monolayer regime. Four of them consist
of two coexisting structures. In order of increasing Au coverage the

five phases are: Si(111)7×7 + Si(112), Si(557)1×2-Au, Si(111)5×2-Au
+ Si(335)-Au, Si(111)
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3-Au + Si(335)-Au, and Si(111)
√
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3-
Au + Si(5 5 11)-Au. The relative surface areas of the five phases
and seven facets are determined accurately by depositing a Au wedge
ranging from 0 to 0.8 monolayer and performing automatic pattern
recognition on large-scale STM images. Angle-resolved photoemission
spectra are decomposed into contributions from the five phases. The
Fermi wave vectors of various facets are identified. Using Si(557)1×2-
Au as reference we find a coverage of 3 Au chains per unit cell for the
frequently-studied Si(111)5×2-Au surface (instead of the widely-used
value of 2 Au chains). The impact of this finding on structural models
is discussed.

O 42.26 Wed 17:45 P2
Temperature- and adatom-induced conductance modification
of In/Si(111)-(4x1) nanowires — •Nadja Koch, Simone Sanna,
Stefan Wippermann, and Wolf Gero Schmidt — Lehrstuhl für the-
oretische Physik, Universität Paderborn, Warburger Str. 100, 33098
Paderborn

Quasi one-dimensional structures, such as artificial atomic-scale wires,
attract considerable attention due to their fascinating physical prop-
erties and large technological potential [1]. Highly anisotropic surface
superstructures such as the In/Si(111)-(4x1) nanowire array are suit-
able model systems to explore atomic-scale wires both experimentally
and computationally [2,3]. As a contribution to the understanding of
the controversially discussed low-temperature phase transition of the
In nanowires, we present ab-initio calculations of their temperature-
dependent Landauer conductance. Additionally, we calculate the in-
fluence of adatoms (In, Pb, H, O) on the nanowire cond. [4]. Our
results for In deposition, where exp. data are available, agree very
well with the measurements [5]. The cond. drop due to adatoms is
explained in terms of potential-well scatt. and/or structural deform.
of the nanowires.

[1] N Nilius, T M Wallis and W Ho, Science 297, 1853 (2002).
[2] O Bunk et al., Phys Rev B 59, 12228 (1999).
[3] A A Stekolnikov, K Seino, F Bechstedt, S Wippermann, W G

Schmidt, A Calzolari, M B Nardelli, Phys Rev Lett 98, 026105 (2007)
[4] S Wippermann, N Koch and W G Schmidt, Phys Rev Lett 100,

106802 (2008).
[5] T Tanikawa et al., Phys Rev Lett 93, 016801 (2004).

O 42.27 Wed 17:45 P2
Electron beam stimulated thermal desorption of oxygen: a
lithographic method — •Jan Rönspies, Tammo Block, and Her-
bert Pfnür — Leibniz Universität Hannover, Institut für Festkörper-
physik, Appelstr. 2, 30167 Hannover, Germany

We explored the structural limits of unconventional electron beam
lithography by directly writing with an electron beam into ultra-thin
SiO2 films. These bare silicon window structures are suitable for grow-
ing contigous metallic nanowires with thickness of a few monolayers.
These uncovered structures with lateral dimensions down to 10nm
were analyzed further by tunneling microscopy. The Auger excitation
process (Knotek-Feibelman mechanism) necessary for electron-beam
stimulated thermal desorption of oxygen (EBSTD) allows generation
of ultra-small structures. The subsequent processing step combines
thermal desorption of the remaining monoxide and simultanous etch-
ing promoted by thermally activated silicon atoms, which turns out
to be a strongly anisotropic process close to step edges [1]. Applying
this combination of processes to a regularly stepped Si(557) sample
which consists of a periodic array of small (111) and (112) oriented
mini-facets with an average periodicity of 5.7nm normal to the steps,
line widths close to the resolution of the electron microscope of 5nm
were obtained. Thus exploitation of the quantized nature of ultrasmall
structures far above liquid He temperatures becomes feasible as well
as contacting of single molecules.

[1] J.Appl.Phys.103, 064303(2008)

O 42.28 Wed 17:45 P2
The formation of Au nanowires on Ge(001): an ab-initio
study — •Simeon Sauer1, Frank Fuchs1, Jürgen Furthmüller1,
Friedhelm Bechstedt1, Christian Blumenstein2, Sebastian
Meyer2, Jörg Schäfer2, and Ralph Claessen2 — 1Institut für
Festkörpertheorie und -optik, Universität Jena, D-07743 Jena —
2Physikalisches Institut, Universität Würzburg, D-97074 Würzburg

Deposition of approximately 0.5 ML of Au on the Ge(001) surface
leads to self-organized formation of chains along the [110] direction
[1]. These chains are characterized by some unprecedented features:
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low-defect growth, high aspect ratio and rather high spacing between
adjacent chains. This system seems to be a possible candidate for the
formation of a Luttinger liquid.

Assuming a c(8x2) translational symmetry we propose several mod-
els of Au chain structures. They are investigated in the framework of a
density functional theory approach. For each model, different features
including surface energy, STM images, band structure, etc. are calcu-
lated. The computed properties are compared to experimental data
and used to evaluate the different models.

[1] J. Schäfer, C. Blumenstein, S. Meyer, M. Wisniewski, and R.
Claessen, Phys. Rev. Lett. 101, in press (Dec. 2008).

O 42.29 Wed 17:45 P2
Large Area Growth of Pt-induced Atomic Nanowires on
Ge(001) — •Sebastian Meyer1, Kathrin Roensch1, Marc
Wisniewski1, Christian Blumenstein1, Jörg Schäfer1, Andrej
Stekolnikov2, Fiedhelm Bechstedt2, and Ralph Claessen1 —
1Physikal. Institut, Universität Würzburg, 97074 Würzburg — 2Inst.
f. Festkörpertheorie u. -optik, Universität Jena, 07743 Jena

The structural properties of atomic nanowires are closely affecting both
self-organized growth and resulting conduction behavior. A fascinating
case are Pt nanowires on the Ge(001) surface. A dimerization along
the chains observed in scanning tunneling microscopy (STM) is rem-
iniscent of a charge density wave. However, sideways dimer elements
also exist, which indicate dimerized back-bonds. Near the Fermi level,
dimerization is not observed, and a spatially rather uniform charge
density exists. It is consistent with metallic character at room temper-
ature, as is confirmed by tunneling spectroscopy. Concerning the bonds
involved, rather high substrate temperatures (∼700 ◦C) are needed to
initiate large-area growth. The experimental findings can be under-
stood within a structural model obtained from ab-initio simulation [1].
It turns out that Pt-Ge bonds are favored. Moreover, the prominent
dimerization along the chain is explained by Ge dimers rather than Pt
ones. Instead, the metal atoms are incorporated as chain of alternating
Pt and Ge atoms adjacent to the top ridge. Such complex bond rear-
rangement makes it plausible that high activation energies are needed
for a structural reorganization.

[1] A. A. Stekolnikov et al., Phys. Rev. Lett. 100, 196101 (2008).

O 42.30 Wed 17:45 P2
Suppression of phase transition by doping: atomic Pb chains
on Si(557) — Marcin Czubanowski, •Melani Gauch, Christoph
Tegenkamp, and Herbert Pfnür — Leibniz Universität Hannover,
Festkörperphysik, Abteilung Oberfächen

The adsorption of Pb on Si(557) substrate leads to the formation
of anisotropic metallic structures as reveal by conductivity measure-
ments, SPA-LEED and ARPES. The annealing of at least 1.3ML Pb at
640K forms atomic chain structure within a (223) facet, which shows
below Tc = 78K a metallic conductance along the wires, whereas the
perpendicular direction is insulating. As revealed by ARPES and
LEED, the interplay between the filling of the surface bands, deter-
mined by the Pb coverage, and the reciprocal lattice vector, defined
by the inter-chain spacing, results below Tc in a perfect nesting con-
dition. Due to a temperature driven refaceting transition, the system
switches into a 2d regime, where conductivity is seen in both direc-
tion. In our recent experiments, the influence of additional Pb atoms
on the phase transition at Tc has been investigated by means of SPA-
LEED. The electronically stabilized system at 1.3ML has been doped
by a small amount of addition Pb (in steps of 0.01ML). The structural
phase transition is gradually suppressed as the coverage reaches 1.5ML.
As judged from SPA-LEED the excess coverage starts to decorate the
steps, obviously changing the filling factors of the surface states.

O 42.31 Wed 17:45 P2
Surface Photo Voltage and Local Work Function Varia-
tions of Nanostructures on Si(111) measured by STM —
•Kristian Sell, Ingo Barke, Stefan Polei, Viola von Oeyn-
hausen, and Karl-Heinz Meiwes-Broer — Universität Rostock, In-
stitut für Physik, 18051 Rostock, Germany

We present surface photo voltage (SPV) and local work function
(LWF) measurements of Si(111)5x2-Au atomic chains and deposited
clusters on a Si(111)7x7 surface. Quantitative results are obtained
from spatially resolved I(V) spectra. On a Si(111) surface partially
covered by the quasi one-dimensional Si(111)5x2-Au structure we de-
termine the SPV as a function of laser power at different locations.
Based on these results we establish and discuss a simple model for
the band bending which leads to LWF variations on a sub-nanometer

scale. This model is confirmed by spatially resolved LWF measure-
ments using I(Z) spectroscopy. In addition we present preliminary
SPV measurements on clusters produced in an arc cluster ion source
(ACIS) and deposited on Si(111)7x7.

O 42.32 Wed 17:45 P2
Field Emission Resonances on Junctions between Si(111)7x7
and Si(111)5x2-Au — •Stefan Polei, Ingo Barke, Kristian Sell,
Viola v. Oeynhausen, and Karl-Heinz Meiwes-Broer — Institut
für Physik, Universität Rostock, Universitätsplatz 3, D-18051 Rostock

The image state derived field emission resonances (FER) are inves-
tigated on a Si(111)7x7 substrat which is partially covered by the
quasi one-dimensional Si(111)5x2-Au structure. These states can be
observed by dI/dV measurements of the unoccupied energy range if the
STM is operated in a field emission mode. A shift of the FER peak
positions on Si(111)7x7 patches vs. Si(111)5x2-Au patches is found
which happens on a scale of one nanometer. The origin of that shift
is attributed to work function differences [1] caused by the different
Fermi level pinning. The results are discussed in view of local work
function changes determined by I(Z) spectroscopy across a (7x7)-(5x2-
Au) junction.

[1] H. C. Ploigt, C. Brun, M. Pivetta, F. Patthey, and W. D. Schnei-
der, Phys. Rev. B 76, 195404 (2007).

O 42.33 Wed 17:45 P2
Investigation of self-sustained molecular wires by STM
— •Kerrin Dössel1, Maya Lukas1, Alexandrina Stuparu1,
Christophe Stroh1, Marcel Mayor1,2, and Hilbert v.
Löhneysen3,4 — 1Forschungszentrum Karlsruhe, Institut für Nan-
otechnologie, D-76021 Karlsruhe — 2Universität Basel, Department
of Chemistry, CH-4056 Basel — 3Universität Karlsruhe, Physikalis-
ches Institut, D-76128 Karlsruhe — 4Forschungszentrum Karlsruhe,
Institut für Festkörperphysik, D-76021 Karlsruhe

In recent years the electronic structure and in particular the conduc-
tance of organic molecules have been investigated in a growing number
of experiments. A method frequently used to measure molecular con-
ductance is the mechanically controlled break junction (MCBJ) tech-
nique. However, in MCBJs the nature of the contact of the molecule
to the electrodes is not known. Theory is thus lacking important infor-
mation to exactly model and thus understand molecular conductance.
It is therefore desirable to fully characterize molecular wires which
are binding stably to the electrodes. We investigate self-sustained
molecules, that are designed to stand upright on a conducting sub-
strate, which serves as one electrode, while the head-group is sticking
out freely from the surface, accessible by the tip of our UHV STM.
We used STM and STS to investigate the molecules’ position and sur-
rounding on the surface, the bond to the surface and the electronic
properties of our tripodal molecules on several metallic surfaces at low
temperature (30K).

O 42.34 Wed 17:45 P2
Growth of horizontally aligned carbon nanotubes on sin-
gle crystalline surfaces — •Florian Szillat, Hans Kleemann,
Philipp Zeigermann, Michael Blech, Mathias Steglich, and
Bernd Schroeter — Universitaet Jena, Institut fuer Festkoerper-
physik, Max-Wien-Platz 1, 07743 Jena, Deutschland

A controlled growth of aligned carbon nanotubes with particular struc-
tural and electronic properties at predefined positions is a prerequisite
to utilize them in electronic or nanooptical devices. Alignment could
be reached by applying electric fields during growth via chemical vapor
deposition or by using single crystalline substrates. In the latter case
the anisotropic arrangement of the surface atoms create an intrinsic
electric field. An easy and fast way to analyze the crystallographic
orientation of the substrate is the use of electron channeling pattern.
The metal catalyst is deposited and prestructured at the substrate sur-
face to support the aligned growth of CNTs. The carbon nanotubes
are produced by catalytic chemical vapor deposition using ethanol or
methane as precursor gas. The quality of these nanotubes is tested
by raman and x-ray spectroscopy. Morphology and orientation of the
nanotubes are characterized by scanning electron and atomic force mi-
croscopy.

O 42.35 Wed 17:45 P2
Oxide formation on reconstructed Au(110) surfaces — •Marc
Landmann, Eva Rauls, and Wolf Gero Schmidt — Lehrstuhl für
Theoretische Physik, Universität Paderborn
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The stability of oxygen adstructures on the unreconstructed (1x1) and
the ”missing row” type reconstructed (1x2) and (1x3) Au(110) sur-
faces [1,2] has been investigated by density-functional theory calcula-
tions, considering experimentally typical ultra high vacuum conditions.
Three Au-O chain like structures have been identified to be especially
stable under specific (T,p) conditions. These chain structures, oriented
along the atomic ridges of the reconstructed surfaces, are clearly fa-
vored over oxygen conglomerates on (1xr) surfaces and represent the
most stable form of chemisorbed atomic oxygen on Au(110) surfaces.

Our investigation of surface oxidation directly connects the adsorp-
tion of atomic oxygen on Au(110) single-crystal surfaces to experi-
mental [3] and theoretical [4] results that have recently shown that
oxygen incorporation in freely suspended atomic gold chains results in
a stabilization of these structures.

[1] A. G. Sault, R. J. Madix and C. T. Campbell, Surf. Sci .169,
347, (1986)

[2] J.M. Gottfried, K.J. Schmidt, S.L.M. Schroeder and K. Christ-
mann, Surf. Sci. 511, 65, (2002)

[3] W. H. A. Thijssen, D. Marjenburgh, R. H. Bremmer and J. M.
van Ruitenbeek, Phys. Rev. Lett. 96, 026806, (2006)

[4] S. R. Bahn, N. Lopez, J. K. Norskov, and K. W. Jacobsen, Phys.
Rev. B 66, 081405(R), (2002)

O 42.36 Wed 17:45 P2
Entropy changes stability of Au(110) surface reconstructions
— Eva Rauls, •Marc Landmann, and Wolf Gero Schmidt —
Lehrstuhl für Theoretische Physik, Universität Paderborn

In contrast to the unreconstructed single-crystal surfaces of Cu and Ag,
the Au(110) surface is subject to short range reconstructions of a miss-
ing row type. Even the lowest energy surface in (111) direction shows
a long range surface reconstruction. Experimentally, Au(110) recon-
structions with (1x2) and (1x3) periodicity are observed [1,2], while in
theoretical works, the stability order is discussed controversially [3].

We have carried out density-functional theory calculations to re-
solve this controversy. If we consider the contributions of vibrational
entropy, we find different stabilizations for the different reconstruc-
tions. This leads to a temperature dependent stability order, with
the (1x3) reconstruction being the most stable structure at zero tem-
perature, while, at room temperature, the most often observed (1x2)
reconstruction is most stable, demonstrating the crucial role of entropy.

[1] W. Moritz and D. Wolf, Surf. Sci. 88, L29, (1979)
[2] G. Binning, H. Rohrer, Ch. Gerber and E. Weibel, Surf. Sci.

131, L379, (1983)
[3] A. Y. Lozovoi and A. Alavi, Phys. Rev. B 68, 245416, (2003)

O 42.37 Wed 17:45 P2
STM/CITS Characterization of 1D and 2D Superstructures
Evolving on Pure Highly Ordered Pyrolytic Graphite —
•Aaron Gryzia, Marc D. Sacher, Armin Brechling, and Ulrich
Heinzmann — Molecular and Surface Physics, Bielefeld University

The last decades have shown highly ordered pyrolytic graphite
(HOPG) as one of the most important substrates for studying ad-
sorbates such as metal atoms, organic molecules, polymers and many
others by Scanning Tunnelling Microscopy (STM) and Scanning Tun-
nelling Spectroscopy (STS) techniques. Although HOPG is in use for
many years, known effects such as 1D[1] and 2D[2] superstructures
have been studied very sparely. These native HOPG superstructures
are often very similar to the investigated adsorbates. Therefore the
understanding of the properties of the substrate and its special fea-
tures is of vital importance. In reverse the effects themselves may
lead to new applications e.g. in using these 2D-superstructures as
templates for adsorbing molecules in array like structures[3]. We focus
our research on chain like structures and arrays on HOPG measured
by STM and Current Image Tunnelling Spectroscopy (CITS) under
UHV conditions in order to understand the origin of these effects.
First results of these measurements will be presented.

[1] H. Chang and A. J. Bard, Langmuir 7 (1991) 1143-1153
[2] Z. Y. Rong and P. Kuiper, Phys. Rev. B 48 (1993) 17427-17431
[3] W. Pong and C. Durkan, Journal of Physics D: Applied Physics 38
(2005) R329-R355

O 42.38 Wed 17:45 P2
STM study of the adsorption of phthalocyanine molecules on
anisotropic surfaces — •Tobias Pertram1, Qihui Wu2, Conrad
Becker1, and Klaus Wandelt1 — 1Institute of Physical and The-
oretical Chemistry, University of Bonn, Wegelerstr. 12, 53115 Bonn,

Germany — 2Department of Physics, La Trobe University, Victoria
3086, Australia

The {1 1 0} surfaces of fcc metals show an intrinsic anisotropy due to
the rectangular surface unit cell. This anisotropy can be even more
pronounced in the case of the (1× 2) missing row reconstruction, which
has been found for metals such as Pt and Au. In contrast, on Pd(1 1 0)
this reconstruction is only stable after the adsorption of hydrogen [1].
The clean Pd(1 1 0) does not show the tendency to reconstruct. After
deposition of small amounts of Au (< 1 ML) on the unreconstructed
Pd(1 1 0) surface pseudomorphic Au islands are observed, whereas in
the case of higher Au amounts (> 2 ML) the resulting Au layer shows
the characteristic (1× 2) reconstruction, which however is still remains
pseudomorphic to Pd(1 1 0) [2]. We used both reconstructed surfaces,
the hydrogen induced Pd (1 1 0)-(1× 2) surface and the Au modified
one as a substrate for the deposition of phthalocyanine molecules. STM
investigations under UHV conditions reveal a specific adsorption be-
haviour of the phthalocyanine molecules, which are oriented along rows
of the reconstructed surfaces (“template effect”).

[1] M. Kralj, C. Becker, K. Wandelt, Surf. Sci. 600, 4113 (2006)
[2] M. Kralj et al. Surf. Sci. 600, 2614 (2006)

O 42.39 Wed 17:45 P2
Puzzling effects of side chains on self-assembled molecular
nanostructures — •Stephan Blankenburg, Eva Rauls, and Wolf
Gero Schmidt — Theoretische Physik, Universität Paderborn, Ger-
many

Molecular self-assembly and self-organization is presently seen as a
promising alternative to the top-down design for future electronic de-
vices. The experimental and theoretical study of well-defined model
systems is an essential step for understanding the basic mechanisms
responsible for the formation of complex supramolecular structures
[1-4]. In this context, the influence of alkyl side chains on hydro-
gen bonded molecular surface networks were analyzed with scanning
tunneling microscopy [5]: the adsorption of cyanuric (CYA), diethyl-
barbituric (DEB) and butylcyanuric acid (BuCYA) at Au(111) show
large differences in their ordering at the surface. Here we use density-
functional theory calculations within the generalized-gradient approx-
imation to rationalize these differences in terms of hydrogen bonds as
well as intermolecular H-H interactions.

[1] W. G. Schmidt et al., Appl. Phys. A 85, 387 (2006).
[2] S. Blankenburg and W. G. Schmidt, Nanotech. 18, 424030 (2007).
[3] S. Blankenburg and W. G. Schmidt, PRL 99, 196107 (2007).
[4] E. Rauls and W.G. Schmidt, J. Phys. Chem C 112, 11490 (2008).
[5] W. Xu et al., Small 4, 1620 (2008).

O 42.40 Wed 17:45 P2
Charge transfer in the TCNQ-sexithiophene complex — •Kai-
Felix Braun and Saw-Wai Hla — Nanoscale & Quantum Phenomena
Institute and the Department of Physics & Astronomy, Ohio Univer-
sity, Athens, Ohio 45701,USA.

Molecular crystals from thiophene molecules can be doped with
TCNQ-F4 molecules for use in all-organic opto-electronic and semicon-
ductor devices. The charge transfer and the molecular orbital energy
level formation in between these two organic molecules is investigated
here by density functional theory calculations (DFT). The isolated
molecules are calculated non-bonded and bonded together forming a
charge transfer complex (CTC). The relaxed structure of the com-
plex shows essentially coplanar and centered molecules with the α-
sexithiophene rings tilted alternatingly by 4.8◦. The bond formation
of these molecules results in a charge transfers of ˜0.4 e- from the
α-sexithiophene to the TCNQ-F4 molecule. The HOMO-LUMO gap
width is reduced as compared to the isolated molecules due to the
newly formed orbitals in the CTC complex. Upon adsorption on a
Au(111) surface electrons are transferred onto the molecule complex
thereby causing the molecular levels to align asymmetric with respect
to the charge neutrality level. The theoretical results for the single
molecule and CTC layer are compared to experimental photoemis-
sion and scanning tunneling spectroscopy results. Journal of Chemical
Physics 129 (2008), 064707.

O 42.41 Wed 17:45 P2
Two dimensional structure formation controlled by metal-
ligand interactions — •Achim Breitruck, Harry E. Hoster, and
R. Jürgen Behm — Institute of Surface Chemistry and Catalysis, Ulm
University, D-89069 Ulm

Using highly oriented pyrolytic graphite (HOPG) as substrate, two di-
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mensional structure formation of bisterpyridine (BTP) molecules in the
presence of metal atoms was studied by scanning tunnelling microscopy
(STM) under ultrahigh vacuum (UHV) conditions. BTP molecules
form highly ordered networks stabilized by C-H· · ·N type hydrogen
bonds. [1,2] Upon metal deposition (Ag, Cu), these hydrogen bonds
are partially lifted in favour of metal· · ·N-pyridine interactions. This
results in new network structures that strongly depend on the metal-
to-molecule ratio. Surprisingly, we find the same sequence of metal
coverage dependent structures for Ag and Cu addition, while theory
predicts the Cu· · ·N-pyridine interaction to be about 3 times stronger
than the Ag· · ·N-pyridine interaction.[3]Possible reasons for this will
be discussed.

[1] H.E. Hoster et al., Langmuir 23, (2007),11570-11579.
[2] A. Breitruck et al., Surf. Sci. 601, (2007), 4200-4205.
[3] D.Y. Wu et al., J. Chem. Phys 118, (2003), 4073-4085.

O 42.42 Wed 17:45 P2
Spatial modulation of molecular adsorption energies due in-
direct interactions — •Stephan Blankenburg and Wolf Gero
Schmidt — Theoretische Physik, Universität Paderborn, Germany

The autonomous ordering and assembly of atoms and molecules on
atomically well-defined surfaces appears as a very promising alterna-
tive route to even smaller functional systems with nanometre dimen-
sions. However, the mechanisms controlling the self-ordering phenom-
ena need to thoroughly understood in order to use them for nanofab-
rication processes. In this context we investigate computationally the
origin of long-range order observed experimentally for the adsorption
of (i) (s)-glutamic acid on Ag(110) [1] and (ii) phenylglycine and ade-
nine on Cu(110) [2,3]. In both cases we find long-wave oscillations of
the substrate charge density to be decisive for the adsorption configu-
ration. In case of glutamic acid adsorbed on Ag(110), long-rangestrain
field are very important as well, while they are nearly negligible for
phenylglycine and adenine adsorbed on Cu(110).

[1] T. E. Jones, M. Rocca and L. Vattuone, Langmuir 21, 9468 (2005)
[2] Q. Chen and N.V. Richardson, Nat. Mater. 2, 324 (2003).
[3] S. Blankenburg and W. G. Schmidt, PRL 99, 196107 (2007).

O 42.43 Wed 17:45 P2
2D chemistry on Au(111) surfaces — •Eva Rauls, Stephan
Blankenburg, and Wolf Gero Schmidt — Theoretische Physik,
Universität Paderborn, Germany

The design of functional two-dimensional molecular networks has be-
come an area of intense research [1,2]. The constraint to 2 in contrast
to the availability of 3 dimensions has a large impact on many chemi-
cal reactions. Chemical reactions between surface adsorbed molecules
may lead to products very different from those obtained in solutions
or the gas phase. The imide formation between a diaminoterphenyl
(DATP) and a PTCDA molecule [3] is one very interesting example in
this respect. In scanning tunneling microscopy (STM) experiments, it
has been observed that the Au surface changes both the reaction path
and the reaction product compared to 3D. In order to understand
these experimental observations, we have studied the chemical reac-
tions both in solution and on the Au(111) surface by density-functional
theory calculations in the generalized-gradient approximation.

[1] S. Blankenburg and W. G. Schmidt, PRL 99, 196107 (2007).
[2] E. Rauls and W.G. Schmidt, J. Phys. Chem C 112, 11490 (2008).
[3] M. Treier, N.V. Richardson, and R. Fasel, JACS 130, 14054 (2008).

O 42.44 Wed 17:45 P2
Adsorption geometry and self assembly of corrole molecules
on different copper facets — •Leonid Lichtenstein, Stefan
Kuck, Germar Hoffmann, and Roland Wiesendanger — Institute
of Applied Physics, University of Hamburg

A new member of the metalloporphyrinoid class is the one-carbon
short corrole which is a very accessible, easily tunable compound with
many potential applications in material science and catalysis. These
molecules differ from the parent porphyrin molecules [1] mainly by
their lower inherent symmetry and the smaller cavity. In this study
using STM we address the conformation (orientation and chirality) and
self assembly of iron-triphenylcorrole (FeTPC) molecules on Cu(100)
and Cu(111). At low coverage FeTPC molecules show restricted sym-
metry and can be controllably switched among different conformations
[2]. At higher coverage formation of regular aggregates can be ob-
served. We will present the results of the growth study in dependence

of surface geometry and coverage and discuss results of scanning tun-
neling spectroscopy investigations of these systems.

[1] W. Auwärter et al., Int J. Nanotechnology Vol. 5, 1171 (2008).
[2] S. Kuck et al., J. Am. Chem. Soc., 130, 14072 (2008).

O 42.45 Wed 17:45 P2
Adsorption of metal phthalocyanines on Cu(111) and
Cu(100): A STM study — •Shih-Hsin Chang, Jens Brede,
Jörg Schwöbel, Stefan Kuck, Germar Hoffmann, and Roland
Wiesendanger — Institute of Applied Physics, University of Ham-
burg, Jungiusstrasse 11 D-20355 Hamburg, Germany

The temperature dependent adsorption behavior of 4-fold symmet-
ric metal phthalocyanines (MPcs) on metals with commensurate and
incommensurate symmetries was investigated by means of scanning
tunneling microscopy. On the 4-fold symmetric Cu(100) surface, pla-
nar and 4-fold molecular structures in two equivalent orientations were
found for MPcs when prepared at room temperature. In addition, two
metastable orientations were identified when prepared at low temper-
ature which can be depopulated upon annealing. MPcs adsorbed on
the 6-fold symmetric Cu(111) surface showed a disturbed molecular ap-
pearance. The symmetry of molecular structures changed from 4-fold
to 2-fold which is discussed in terms of molecule-substrate interaction.

O 42.46 Wed 17:45 P2
Coverage-dependence adsorbated structure of tetracene on
Ag(110) — •Han Huang1,2, Fei Song1,3, Qiao Chen4, Wuzong
Zhou5, and Shing Bao1 — 1Department of Physics, Zhejiang Univer-
sity, Hangzhou 310027, P. R. China — 2Department of Physics, Na-
tional University of Singapore,117542,Singapore — 3ISA and iNANO,
University of Aarhus, 8000C,Denmark — 4Department of chemistry,
University of Sussex, Sch Life Sci, Brighton BN1 9QJ, E Sussex Eng-
land — 5School of Chemistry, University of St Andrews, , St Andrews
KY16 9ST, Fife Scotland

The ordered adsorption structures of tetracene on Ag(110) have been
studied by low energy electron diffraction (LEED), scanning tunneling
microscopy (STM) and density functional theory (DFT) calculations.
At a low coverage, as calibrated with LEED, both p(4 x 4) and c(8
x 4) ordered structures are simultaneously formed on an Ag(110) sur-
face at room temperature. STM images suggest the molecular plane
is parallel to the Ag surface with its long molecular axis aligned along
the [001] azimuth. DFT optimization reveals a separation of 0.3 nm
between the molecular plane and substrate surface while the center of
the tetracene molecule is on the long bridge site. Increasing coverage
slightly, a (6,2;2,5)structure is formed while the adsorbed molecules
maintain the flat-lying geometry with adjacent molecules alternating
their height relative to the surface.

O 42.47 Wed 17:45 P2
Photoemission studies of ex-situ prepared butanethiol and
azobenzene derivative SAMs on Au(111): heat- and light-
induced modifications of electron spectra — •Till Leißner,
Nils Heinemann, Timm Rohwer, Oleksiy Andreyev, and Michael
Bauer — Institut für Experimentelle und Angewandte Physik, Uni
Kiel

Molecular switches and their intriguing properties attract much inter-
est in the field of molecular electronics. Wet chemical deposition is a
generally used method for coating of metallic surfaces with azobenzene-
based switching molecules. In fact, the obtained SAMs are often im-
perfect and very inhomogeneous.

In this contribution we will present an improved technology of
the ex-situ SAMs preparation. For our studies we choose bu-
tanethiol molecules as a model system for the molecular switch 3-
(4-(4-Hexylphenylazo)phenoxy)propan-1-thiol adsorbed on a Au(111)
surface. The quality of the obtained butanethiol and molecular switch
SAMs was checked by means of two photon photoemission (2PPE) and
LEED.

Furthermore, we will present data showing the impact of an-
nealing and laser illumination (80 MHz fs-laser system) on bu-
tanethiol/Au(111) samples. In contrast to butanethiol, the molecular
switch revealed strong irreversible modifications of the electronic struc-
ture under laser irradiation. This result will be discussed particularly
in the context of a potential switching mechanism.

O 42.48 Wed 17:45 P2
Scanning tunneling microscopy of polyoxometaltes on
Au(111) — •Leonid Kliuienko1, Paul Kögerler2, and Bert
Voigtländer1 — 1Institute of Bio- und Nanosystems (IBN)
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and JARA-Fundamentals of Future Information Technology,
Forschungszentrum Jülich, D-52425 Jülich, Germany — 2Institute
of Solid State Research (IFF) and JARA-Fundamentals of Future
Information Technology, Forschungszentrum Jülich, D-52425 Jülich,
Germany

Single and aggregated {Mo72Fe30} · H2O polyoxometalate (POM)
clusters have been studied by low-temperature ultra high vacuum
(UHV) scanning tunneling microscope (STM). Several methods where
tried to deposit polyoxometalates on the Au(111) surface. ”Drop cast-
ing”from a water solution in N2 atmosphere and pulse injection tech-
niques were used for POM cluster deposition onto a previously cleaned
Au(111) surface. After subsequent annealing in UHV samples were
studied in the STM. STM images shows that POM clusters were ad-
sorbed on clean Au (111) surface and reveal a strong affinity towards
cluster agglomeration. Nevertheless it was possible to image single
POM clusters.

O 42.49 Wed 17:45 P2
STM study of growth, structure, and stability of DMDS on
Au(111) — •Patrick Mehring, Axel Beimborn, Daniel Weier,
Frank Schönbohm, Tobias Lühr, and Carsten Westphal —
Fakultät Physik - Technische Universität Dortmund, Otto-Hahn-Str.
4, D 44221 Dortmund, Germany

Systems of self-assembled monolayers (SAM) are in the focus of present
research activities due to their potential applications in fields like
molecular electronics, bio-sensing, and the manipulation of metallic
surface characteristics. Therefore, monolayers of linear alkanethioles
are considered as ideal model systems. In this study the growth, struc-
ture, and stability of Dimethyldisulfide (DMDS) layers on Au(111) was
investigated by scanning tunneling microscopy. SAMs were formed by
solution deposition methods at room temperature. We varied the de-
position time from 6h to 24h. Subsequently, several thermal annealing
steps with increasing temperatures were performed in vacuum. After
each step, the monolayer was investigated by STM. A stripe phase with
increasing coverage as a function of the deposition time was observed.
After annealing at 80◦C molecular islands were observed at the sur-
face. After island formation the stripe phase is removed completely
due to the rearrangement of molecules at the surface. Between the
islands an amorphous phase was found. Increasing the temperature
to 150◦C leads to a disappearance of the islands. The herringbone
reconstruction of the gold surface reappeared.

O 42.50 Wed 17:45 P2
Comparison of Different Porphyrin Derivatives in Scan-
ning Tunneling Microscopy — •Florian Vollnhals, Florian
Buchner, Ina Kellner, Yun Bai, Martin Schmid, J. Michael
Gottfried, Hans-Peter Steinrück, and Hubertus Marbach
— Lehrstuhl für Physikalische Chemie II, Interdisciplinary Cen-
ter of Molecular Materials (ICMM), Universität Erlangen-Nürnberg,
Egerlandstr. 3, D-91058 Erlangen

Porphyrin derivatives are considered as ideal building blocks for the
self-assembly of molecular devices due to their rigid structure trigger-
ing long range order and versatile functionalities. Here we explore the
appearance of different porphyrin derivatives, namely octaethylpor-
phyrins (OEP) and tetraphenylporphyrins (TTP), on Ag(111) in scan-
ning tunneling microscopy (STM). Additional information concerning
the electronic structure, in particular the density of states close to the
Fermi level, was acquired by means of ultraviolet photoelectron spec-
troscopy (UPS) and scanning tunneling spectroscopy (STS). It will be
shown that the contrast in a layer of intermixed CoTPP and 2HTPP [1]
and the appearance of individual CoTPP molecules in STM depends
on the applied bias voltage. The comparison in particular of CoTPP
and CoOEP reveals similar signatures in UPS but different bias depen-
dent appearance in STM. These findings will be discussed in terms of
intramolecular conformation, molecule substrate interaction and the
corresponding electronic structure. Supported by the DFG through
SFB 583. [1] K. Comanici et al., Langmuir, 24(2008), 1897.

O 42.51 Wed 17:45 P2
Organic-Metal Interface: Cysteine on Au(110) — •Benjamin
Höffling, Frank Ortmann, Karsten Hannewald, and Friedhelm
Bechstedt — Institut für Festkörpertheorie und -optik, Friedrich-
Schiller-Univesität, Jena, Germany

The interaction of thiol groups with gold surfaces is of particular im-
portance in the research of transport properties of organic materials
(organic electronics) since the sulfur-gold interaction is strong and es-

tablishes a link between electrode and organic semiconductor. Addi-
tional functional groups, however, might have an influence on this bond
and deserve attention in adsorption studies. By means of density func-
tional calculations, we study such an interplay of different functional
groups upon adsorption for the model system of the amino acid cys-
teine on the Au(110) surface. The interaction of the functional groups
with the surface is investigated in detail. We present results on the
electrostatic potential, the charge redistribution upon adsorption, and
induced changes in the density of states Finally, we predict four qual-
itatively different adsorption configurations for cysteine on Au(110)
and compare their characteristics.

O 42.52 Wed 17:45 P2
Room temperature STM investigation of organic molecules
deposited by pulse injection — •Carmen Pérez León1,
Christoph Sürgers1, Marcel Mayor2,3, and Hilbert v.
Löhneysen1,4 — 1Physikalisches Institut and DFG-Center for Func-
tional Nanostructures (CFN), Universität Karlsruhe, D-76128 Karl-
sruhe, Germany — 2Forschungszentrum Karlsruhe, Institut für
Nanotechnologie, D-76021 Karlsruhe, Germany — 3Department of
Chemistry, University of Basel, CH-4056 Basel, Switzerland —
4Forschungszentrum Karlsruhe, Institut für Festkörperphysik, D-
76021 Karlsruhe, Germany

π-conjugated oligomers C114H158O8S2Si2 (CHOSSi) have been de-
posited on clean Cu(111) at room temperature using the pulse-
injection method with tetrahydrofuran (THF) as solvent. Scanning
tunneling microscopy measurements in ultra-high vacuum at room
temperature demonstrate that the CHOSSi and THF molecules coad-
sorb on the copper surface. The solvent molecules form ordered struc-
tures with distinct orientations and domain boundaries suggesting a
strong interaction of THF with the substrate. Individual and small
clusters of CHOSSi molecules appear randomly distributed on the sur-
face with no apparent correlation with the solvent. A detailed study
of the self-organized adsorption of the THF molecules on Cu(111) will
be presented.

O 42.53 Wed 17:45 P2
Self-assembly of amino acids on noble metal surfaces: uni-
versality of the amino acid bonding scheme — •Joachim
Reichert1, Agustin Schiffrin1,2, Yan Pennec2, Willi Auwärter1,
Alexander Weber-Bargioni2, Matthias Marschall1, Dean
Cvetko3, Albano Cossaro3, Alberto Morgante3, and Johannes
V. Barth1 — 1Physik Department, TU München, Germany —
2Chemistry Department, University of British Columbia, Vancouver,
Canada — 3INFM/TASC, Trieste, Italy

We investigated the molecular self-assemblies of L-methionine on
Cu(111) and L-tyrosine on Ag(111) by means of STM, HAS, XPS
and NEXAFS in UHV. The self-assembly of L-methionine on Cu(111)
is strongly influenced by the substrate reactivity and reveals a tem-
perature dependent structural transformation involving a chiral orien-
tational switch and the emergence of an ordered 1D high temperature
phase. XPS data show that this transformation is triggered by a ther-
mally activated deprotonation of the NH+

3 group. The ordered phase
shows noncovalent molecular dimerization and alignment into chains
which are commensurate with the underlying substrate. L-tyrosine on
Ag(111) self-assembles into linear nanoribbons primarily following the
substrate crystalline symmetry. A zwitterionic noncovalent molecu-
lar dimerization is observed, and NEXAFS data provide evidence of
a non-flat adsorption of the phenol ring. This dimerization scheme is
reminiscent of methionine on Cu(111) and Ag(111), and supports a
universal self-assembling trend for amino acids on close-packed noble
metal surfaces.

O 42.54 Wed 17:45 P2
Substrate Effect in the structure of ordered Bis-terpyridine
monolayer networks — •Thomas Waldmann1, Daniela Künzel2,
Harry E. Hoster1, Axel Groß2, and R. Jürgen Behm1 —
1Institute of Surface Chemistry and Catalysis, Ulm University, D-
89069 Ulm, Germany — 2Institute of Theoretical Chemistry, Ulm Uni-
versity, D-89069 Ulm, Germany

We present different supramolecular networks formed by monolayers
of a Bis-terpyridine derivative (2,4’-BTP)[1,2] on the (100) and (111)
surfaces of Ag and Au. On all four substrates, ordered and disordered
structures are observed by STM and LEED under UHV conditions at
T = 300 K and at 90 K. On Ag(111) and Au(111) surfaces, single
2,4’-BTP molecules are observed in 12 different orientations with 30◦

difference. This is explained by a best fit of the molecules to the sub-
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strate, maximizing the number of N atoms being adsorbed a-top of
substrate atoms [3,4]. This simple model fully explains the resulting
molecular networks on Ag(111) and Au(111). Its suitability for ra-
tionalizing monolayer networks on the (100) surfaces of Ag and Au is
tested.
[1] U.Ziener et al., Chem.Eur.J. 8, 951, 2002
[2] C. Meier et al., J.Phys.Chem.B 109, 21015, 2005
[3] H.E. Hoster et al., Langmuir 23, 11570, 2007
[4] M.Roos et al., Phys. Chem. Chem. Phys. 9, 5672, 2007

O 42.55 Wed 17:45 P2
Substrate-induced molecular orientation of ClGa-phthalocya-
nine studied by MAES and UPS — •T. Hosokai1, A. Gerlach1,
H. Machida2, Y. Suzuki2, S. Duhm2, N. Koch3, S. Kera2, U.
Nobuo2, and F. Schreiber1 — 1Institut für Angewandte Physik,
Universität Tübingen, Germany — 2Graduate School of Advanced
Integration Science, Chiba university, Japan — 3Institut für Physik,
Humboldt-Universität zu Berlin, Germany

Understanding the substrate-molecule interactions is a prerequisite for
the control of organic film growth. Here we report the substrate-
induced molecular orientation of the non-planar chlorogallium phthalo-
cyanine (ClGaPc) molecules on Cu(111) and graphite by means of UPS
and metastable atom electron spectroscopy (MAES). In the monolayer
MAES shows distinctively different features on Cu(111) and graphite:
On the Cu(111) surface bands corresponding to non-bonding orbitals
of the Cl-atom, i.e. those largely distributed parallel and perpendicu-
lar to the molecular plane, are not observed, whereas on the graphite
both bands can be found. Because of the high surface sensitivity of
the MAES technique these results indicate a different orientation of
ClGaPc on Cu(111) and graphite. On Cu(111) ClGaPc molecules ori-
ent with the Cl-atom directed towards the Cu surface, whereas on the
graphite ClGaPc molecules orient with the Cl-atom directed towards
the vacuum. Although it is often found that Pc molecules orient to
maximize the overlap with the substrate electrons, we show that the
central atoms also play a role for the orientation of polar Pc molecules
on different substrates.

O 42.56 Wed 17:45 P2
Organic and Metal-Organic Networks Based on NC - Ph
- CN — •Matthias Marschall1, Joachim Reichert1, Willi
Auwärter1, Knud Seufert1, Florian Klappenberger1, Svetlana
Klyatsakya2, Mario Ruben2, Alexander Weber-Bargioni3, and
Johannes V. Barth1 — 1Physik Department, TU München, Germany
— 2Institut für Nanotechnologie, Karlsruhe, Germany — 3Department
of Physics and Astronomy, University of British Columbia, Vancouver,
Canada

The assembly of metal-organic networks is a promising method to fab-
ricate well defined, highly stable supramolecular nanostructures. We
investigated the molecular structures by means of Scanning Tunneling
Microscopy (STM) and Near Edge X-ray Adsorption Fine Structure
(NEXAFS). A systematic investigation of such a metal organic network
on Ag(111) and Cu(111) revealed several highly ordered and complex
networks. The complexity and the variety of the observed molecular
networks is presumably caused by the numerous degrees of freedom
of the investigated molecules. Upon absorption the molecules obtain
a surface induced chirality and their supramolecular assemblies were
studied in dependence of the coverage and preparation parameters. At
certain conditions even highly stable macromolecules were formed.

O 42.57 Wed 17:45 P2
Conformation-controlled networking of H-bonded assemblies
on surfaces — Manfred Matena1, Mihaela Enache1, Anna
Llanes-Pallas2, Davide Bonifazi2, Thomas A. Jung3, and •Meike
Stöhr1 — 1University of Basel, Switzerland — 2University of Trieste,
Italy — 3Paul-Scherrer-Institute, Switzerland

In order to prepare networks that could undergo phase transitions
through a thermally-induced inversion of the molecular conformation
leading to a variation of the intermolecular interactions, directional in-
termolecular forces can be regarded as promising candidates. In partic-
ular, H-bonding interactions will be exploited since their intermolecu-
lar interaction strength and geometry can be controlled by the number
and arrangement of available H-bonding donor or acceptor moieties.
We studied the 2D self-organization of a conjugated molecule bearing
terminal 2,6-di(acylamino)pyridine moieties [1], which are well-known
to form H-bonds, on a Ag(111) surface by STM. The hexagonal porous
network, which is formed for room temperature deposition, is trans-
formed into a close-packed rhombic pattern by a thermally induced

trans-cis inversion of the terminal groups. This transformation can be
explained by the fact that the system wants to minimize its energy: at
the same time the free surface energy is minimized while the number
of H-bonds per terminal group is doubled from two to four. [1] A.
Llanes-Pallas et al., Angew. Chem. Int. Ed. 2008, 47, 7726

O 42.58 Wed 17:45 P2
Porphine on Copper (110) - Adatoms make the difference —
•Abel Robin, Matthew Stephen Dyer, Sam Haq, Mats Persson,
and Rasmita Raval — University of Liverpool, Liverpool, U.K.

We have studied the adsorption of free-base (H2-P) and copper por-
phine (Cu-P) molecules on a Cu(110) surface.

Using scanning tunnelling microscopy (STM), reflection absorption
infrared spectroscopy (RAIRS) and density functional theory (DFT)
calculations we gain insight into the details driving the adsorption and
organization of porphine molecules on metal surfaces. Interestingly, we
find Cu-P molecules organizing upon adsorption in regular 2D assem-
blies whereas H2-P only exhibits local ordering - even after annealing.

Experiments and calculations reveal another major difference be-
tween the two investigated systems, that is Cu-adatoms are attracted
by H2-P molecules; a process not observed for Cu-P adsorption. The
adatom-attachment to H2-P has - next to a number of interesting
features - an influence on the ability of the porphine molecule to self-
assemble into a regular structure. Metallization experiments of H2-P
do not lead to a significant improvement in molecular ordering, suggest-
ing that the molecules do remember the original adsorption environ-
ment, therefore, the adatom attachment to H2-P induces irreversible
adsorption features.

Finally, we will present experimental and theoretical details of the
highly organized Cu-P assembly. This structure is promising for tech-
nological applications since it does not require complicated functional
groups attached to the porphyrin molecule for self-assembly.

O 42.59 Wed 17:45 P2
Self-assembly of highly ordered ferrocenyl nanostructures
monitored by second harmonic generation — •Robert Ossig1,
Florian Vogel1, Jens Hoßbach2, Ulrich Siemeling2, and Frank
Träger1 — 1Institut für Physik and Center for Interdisciplinary
Nanostructure Science and Technology – CINSaT, Universität Kassel
— 2Institut für Chemie and Center for Interdisciplinary Nanostructure
Science and Technology – CINSaT, Universität Kassel

Custom-made molecules are ideal candidates to prepare stable self-
assembled monolayers (SAM), which yield a wide range of applications,
for example, as electronic or sensoric devices. In this contribution we
present two recently synthesized ferrocene-functionalized tripod lig-
ands with ferrocene as a reactive head group. The anchor groups of
the ligands consist of three thioether-chains, each with 8 or 12 carbon
atoms, respectively. Due to their structure, these molecules show a
very high rigidity, which is an important pre-condition to form stable
SAMs. To monitor the SAM formation, second harmonic generation
(SHG) has been applied. The in situ SHG measurements show an
initial fast decrease of the signal followed by a slower decrease as a
function of immersion time. For a deeper insight of the involved pro-
cesses, concentration dependent measurements have been performed.
From these measurements we conclude that the SAM formation of
both molecules occurs in a two-step process, a fast adsorption and a
subsequent slow ordering. Further ex situ measurements (ellipsometry
and scanning-tunneling-microscopy) confirm the formation of highly
ordered monolayers.

O 42.60 Wed 17:45 P2
Diffusion of 1,4-butanedithiol on unreconstructed Au(111) —
Andreas Franke and •Eckhard Pehlke — Institut für Theoretische
Physik und Astrophysik, Christian-Albrechts-Universität zu Kiel

Extending our previous density-functional studies on the diffusion of
alkanethioles on gold surfaces, we now focus on more complex sulfur
anchored molecules diffusing on the unreconstructed Au(111) surface.
As a benchmark system we choose 1,4-butanedithiol radicals (BDT:
S-(CH2)4-S) which bind to the gold surface via two sulfur atoms.
Molecules that bind to the surface via more than one site are expected
to show diffusion properties beyond isotropic diffusion of single adsor-
bate atoms (e.g. [1]). Unreconstructed Au(111) exists under certain
electrochemical conditions [2]. Density functional calculations are car-
ried out using the VASP code by Hafner, Kresse et al. [3]. We compare
various adsorption geometries of one BDT per (4x3) unit cell. For the
most favourable geometry both S-atoms bind close to fcc-hollow sites
with dS-S=4.9Å. Taking the free, spinpolarized radical as reference, the
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adsorption energy was calculated to be -3.3 eV. Due to lateral interac-
tions, the adsorption energy changes to -3.8 eV in a (6x6) surface unit
cell. We found a diffusion path with a small maximum energy barrier
of 0.3 eV which results in a translation perpendicular to the S-S-axis of
the molecule. Notably, the energy barrier increases to approx. 0.5 eV
in case of the larger (4x6) surface unit cell.

[1] K.-Y. Kwon, et al., Phys. Rev. Lett. 95, 166101 (2005).
[2] M. A. Schneeweiss, et al., Appl. Phys. A 69, 537 (1999).
[3] http://cms.mpi.univie.ac.at/vasp/

O 42.61 Wed 17:45 P2
Surface mobility and its impact on the stability of oligopy-
ridine mono- and multilayer phases on HOPG - a thermal
desorption study — •Michael Roos, Harry E. Hoster, and R.
Jürgen Behm — Institute of Surface Chemistry and Catalysis, Ulm
University, D-89069 Ulm, Germany

We report on the temperature and coverage dependent desorption
rates from layers of two types of Bis(terpyridine)derivatives (BTP)
on HOPG [1-4]. These rates are much higher for thicker films than for
monolayers. These variations do not predominantly arise from changes
in the energetic desorption barriers but are dominated by the frequency
factors. Due to the large mass (618 amu) and the correspondingly
large moments of inertia of the BTP molecules, the frequency factor
approaches 1026 Hz for desorption from an immobile initial state (mul-
tilayer), whereas it is changed by a factor of 10−9 for desorption out of
a mobile state (monolayer). This fits to STM observations at 300 K,
which revealed that the most stable phase for both molecules is not a
close packed hydrogen bonded one, but a dilute 2D gas, where transla-
tion and planar rotation are active. We compare the frequency factors
and activation energies for desorption of the two types of BTP, which
differ in the position of the peripheral N atoms, and discuss possible
reasons for the differences.
[1] C. Meier et al., J Phys. Chem. B 109, 21015 (2005).
[2] C. Meier et al., Angew. Chem. Int. Ed. 47, 3821 (2008).
[3] H. E. Hoster et al., Langmuir 23, 11570 (2007).
[4] A. Breitruck et al., Surf. Sci. 601, 4200 (2007).

O 42.62 Wed 17:45 P2
Co-porphyrin molecules on metal surfaces: from single
molecules to molecular arrays and bilayer islands — •Willi
Auwärter, Knud Seufert, Florian Klappenberger, Joachim
Reichert, and Johannes V. Barth — Physik Department, TU
München, Germany

We report on scanning tunneling microscopy (STM) and spectroscopy
(STS) experiments on Co-tetraphenylporphyrin (CoTPP) molecules
adsorbed on Ag(111) and Cu(111) surfaces. Starting by a characteri-
zation of the electronic and geometric structure of individual CoTPP’s,
we proceed to CoTPP arranged in highly organized arrays, where we
discuss subtle modifications of the electronic structure induced by the
packing of CoTPP. The inequivalent adsorption sites of CoTPP as-
sembled in islands on Ag(111) results in a moire-type modulation of
the lowest unoccupied molecular orbital. In a next step we address
the imaging of CoTPP molecules immobilized on a CoTPP mono-
layer. The modification of the electronic structure clearly indicates
that these 2nd layer molecules are electronically decoupled from the
metal substrate. In addition, we compare the morphology of CoTPP
on Cu(111) and Ag(111) with free-base porphyrins, which allows us to
discuss the influence of specific molecule-substrate interactions on the
molecular conformation and the mobility.

O 42.63 Wed 17:45 P2
Formation of metal-organic networks of azobenzene molecu-
lar switches on a Au(111) surface — •Christoph Limbach, Nils
Henningsen, Katharina J. Franke, and Jose Ignacio Pascual —
Freie Universität Berlin, Berlin, Germany

Azobenzene is a model molecular system for conformational switches,
whose adsorption on metal surfaces has lately attracted a lot of inter-
est due to its possible application to switchable molecular electronic
devices. Using low temperature scanning tunnelling microscopy and
spectroscopy(STM/STS)we investigate the coadsorption of di-meta-
cyano azobenzene (DMC) molecules and cobalt atoms on a Au(111)
surface. Room temperature co-deposition of both species results in
the formation of metal-organic chains as well as small clusters. dI/dV
spectroscopy and conductance maps plotting the distribution of unoc-
cupied resonances are used to localize the coordination bonds between
Co atoms and DMC. We find that coordination bonds can be formed
indistinguishably at two intramolecular sites: the cyano termination

and the di-azo bridge (N=N). This leads us to conclude that the metal
organic bond is probably mediated by the lone-pair electrons of nitro-
gen atoms, as found recently [1]. We envision a controlled modification
of the transition metal properties by switching the molecular ligands.
[1] U. Schlickum et. al. Nano Lett. 7, 3813, 12007

O 42.64 Wed 17:45 P2
Structure-function relation in the photoswitch tetra-tert-
butyl-azobenzene (TBA) on Au(111) — •Roland Schmidt1,2,
Daniel Brete1,2, Sebastian Hagen2, Robert Carley1, Cornelius
Gahl1, Petra Tegeder2, and Martin Weinelt1,2 — 1Max-Born-
Institut, Berlin — 2Freie Universität-Berlin, Berlin

We have investigated tetra-tert-butyl-azobenzene (TBA) adsorbed on
Au(111) by X-ray absorption (XAS) and autoionization spectroscopy
at the Berlin synchrotron facility BESSY. In TBA the azobenzene
photoswitch is decoupled from the substrate by four tert-butyl legs.
XAS reveals a slight bending of the azo group of the trans isomer to-
wards the Au(111) surface. The interaction of the N=N bond with
the gold substrate is also reflected by an interchange of HOMO and
HOMO-1, as identified from participator decay in Resonant-Raman-
Auger. Autoionization of the C1s−1π+1 excited state mainly occurs
via spectator and participator decay, while the N1s−1π+1 state shows
an additional non-resonant Auger contribution of comparable strength.
This demonstrates that charge transfer from the LUMO to the sub-
strate is faster when exciting at the nitrogen edge and can explain the
quite exceptional dependence of the TBA photoisometization yield on
photon energy [1].

[1] S. Hagen, P. Kate, F. Leyssner, D. Nandi, M. Wolf, and P.
Tegeder J. Chem. Phys. (2008), 129, 164102

O 42.65 Wed 17:45 P2
In situ STM study of Cu modified Au(1 0 0) electrodes in
alkaline solution — •Christian Schlaup and Klaus Wandelt —
Institute for Physical und Theoretical Chemistry, University of Bonn,
Wegelerstr. 12, D-53115 Bonn

Ultrathin Cu layers were prepared on Au(1 0 0) electrodes using the
well-known Cu underpotential deposition. After a two step electrolyte
exchange process these Cu modified Au(1 0 0) electrodes were exposed
to a 0.01 M NaOH electrolyte. In dependence on the electrochemi-
cal potential different surface structures were found and characterized.
Starting at low potentials where the adsorbate free pseudomorphic Cu
adlayer remains stable, two barely ordered structures were formed dur-
ing potential increase. In a first step OH− ions are adsorbed, forming
an largely disordered overlayer with a next neighbor distance of about
0.6 nm. During further potential increase the Cu layer is oxidized
yielding a CuO film, which shows a characteristic stripe structure. In
contrast to bulk Cu(1 0 0) electrodes, where a two step oxidation pro-
cess via an intermediate Cu2O species was found, the CuO film is
formed directly under these conditions. However, an additional struc-
ture was found in the transition regime between the uncovered and
OH− covered Cu layer. After keeping the potential constant for at
least 20 minutes, islands with a hexagonal lattice and a next neighbor
distance of about 0.3 nm appear. Both, the small lattice constant and
the slow kinetic may point to the formation of a Au/Cu surface alloy.

O 42.66 Wed 17:45 P2
Structural transitions of Heptyl Viologen adlayers on a
Cu(1 0 0) electrode: In situ STM study — •Min Jiang, Knud
Gentz, and Klaus Wandelt — Institute for Physical and Theoretical
Chemistry, University of Bonn, Wegelerstr.12, D-53115 Bonn

Surface redox processes and structural transitions of heptyl viologen
(1,1’-Diheptyl-4,4’-bipyridinium dichloride, DHV2+) was studied on
a Cu(1 0 0) electrode by cyclic voltammetry (CV) and in situ scan-
ning tunneling microscopy (STM). Typical for a redox-active molecule,
DHV in KCl electrolyte solution exhibited two pairs of spike-like cur-
rent waves and two-step one-electron redox processes. The DHV2+

species spontaneously formed four kinds of highly ordered phases on
the preadsorbed chloride c(2× 2) adlayer under non-reactive condition,
which were composed of two mirror domains and two rotational do-
mains. One-electron reduction of the dication DHV2+ caused a phase
transition to a stripe pattern which arises from a π−π stacking of the
corresponding monocation radical DHV·+ species. This phase transi-
tion involved not only reduction of the pre-adsorbed DHV2+ species
but also a further adsorption and reduction of DHV2+ species from the
solution phase. During the cathodic sweep, the stripe pattern of the
cation radicals changed from a loose array to a more compact struc-
ture. At more negative potential, the ordered stripe pattern disap-
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peared gradually and a reversible order-disorder transition happened.
This is caused by chloride desorption-adsorption through the viologen
film.

O 42.67 Wed 17:45 P2
Water clusters and thin films on clean and oxygen-adsorbed
Ni(111) surfaces — •Stefan Wippermann und Wolf Gero
Schmidt — Lehrstuhl für theoretische Physik, Universität Paderborn,
Warburger Str. 100, 33098 Paderborn

Despite the importance of water-surface interaction for many techno-
logical applications and surface science, it is only poorly understood
in many instances. Inspired by recent experimental [1] and theoreti-
cal work [2], we explore the adsorption of water on clean and oxygen-
adsorbed Ni(111) surfaces using density functional theory. Calculations
on the water adsorption geometries and vibrational frequencies were
performed for a wide range of monomer, dimer, trimer and hexamer
structures adsorbed on the p(2x2)-Ni(111)-O and clean Ni(111) surfa-
ces [3]. While our results agree well with the experimental findings of
Nakamura and Ito [1], they suggest a different interpretation in terms
of mainly two candidate structures: (i) Formation of an ice Ih-like bi-
layer structure with the free OH-bonds pointing upwards along the
surface normal, and (ii) Formation of cyclic buckled hexamers similar
to the ones discussed in Ref. [4]. In the latter case, each water molecule
forms an OH–O ad(2x2) hydrogen bond with two different hydrogen
bond types depending on the water molecule’s normal position in the
buckled hexamer.

[1] M Nakamura and M Ito, Phys Rev Lett 94, 035501, 2005.
[2] D Sebastiani et al., J Chem Theory Comput 1, 78, 2005.
[3] S Wippermann and W G Schmidt, Phys Rev B (submitted)
[4] A Michaelides and K Morgenstern, Nature Materials 6, 597, 2007.

O 42.68 Wed 17:45 P2
SXPS Studies of Porphyrin Adsorption on Cop-
per/Electrolyte Interfaces — •Stephan Breuer1, Duc Thanh
Pham1, Gennady Cherkashinin2, Thomas Mayer2, and Klaus
Wandelt1 — 1Universität Bonn, Institut für Physikalische und Theo-
retische Chemie, Wegelerstraße 12, 53115 Bonn — 2Technische Univer-
sität Darmstadt, FB Materialwissenschaft, Petersenstraße 23, 64284
Darmstadt

We have studied electrochemically prepared Tetra-(methylpyridinium)-
porphyrin (TMPyP) adsorbates on anion precovered copper surfaces
by Synchrotron X-ray Photoelectron Spectroscopy (SXPS) at the
synchrotron light source BESSY II. In order to correlate existing
structural data with the chemical composition of the adsorbate layer
we have systematically changed the underlying anion coverage (sul-
phate, chloride), the substrate symmetry ( Cu(100), Cu(111) ) and the
applied potential. In contrast to vapour deposition, electrochemistry
offers a pathway to deposit also thermolabile organic molecules. Our
studies have revealed that the N1s signal, that indicates the presence
of TMPyP on the surface, can be deconvoluted in several signals
which are very sensitive to changes of the chemical environmentamd
the redox state. As TMPyP counterion we have used tosylate which
stabilizes the adsorbate layer.

O 42.69 Wed 17:45 P2
A new in-situ X-ray diffraction setup: Electrodeposition of
Zn from ionic liquids — Aparna Pareek, Dimitar Borissov,
Michael Rohwerder, Dirk Vogel, and •Frank Renner — Max-
Planck Institut für Eisenforschung, Max-Planck Strasse 1, 40237
Düsseldorf

To facilitate the investigation of the UHV prepared electrochemical
interfaces by in situ x-ray diffraction using synchrotron radiation, an
electrochemical cell setup combined with a portable UHV chamber
was reported earlier. In the current work, we re-engineered the above
electrochemical setup to investigate the Zn electrodeposition on the
Au (111) surface from ionic liquids. Ionic liquids have very low vapor
pressure, which means they can be handled in UHV environments. A
smart addition of heating stage was used to overcome the problems
like high viscosity and less conductivity, which are usually associated
with ionic electrolytes. Furthermore, with this setup, the electrolyte
contact with the sample surface can be attained in the controlled gas
atmosphere. Here we report the first results of Zn electrodeposition
and re-dissolution obtained using this new setup. In-situ x-ray diffrac-
tion enabled to track the initial steps of Zn deposition on the Au (111)
surface, where the growth of an epitaxially ordered Zn film was ob-
served.

O 42.70 Wed 17:45 P2
Surface-enhanced resonators for microfluidic and nanofluidic
applications — •Beynor Antonio Paez-Sierra1 and Viktoriia
Kolotovska2 — 1QUBITON Laboratories KG, 4040 Linz, Austria
— 2Zentrum für Biomedizinische Nanotechnologie, Upper Austrian
Research, Austria, 4020 Linz, Austria

Revealing and understanding phenomena at interfaces is an important
issue concerning biology, chemistry, engineering, physics, and many
other disciplines. Science and technology at the nano- and micro-
scale have myriads of proven examples where surface-to-volume ratio
becomes dominant for process performance. Thereby, it is of great
interest to pursue surface chemistry, tuning of energetic surface lev-
els, control of trap states, or engineering of interface barriers among
others, in order to overcome into stable and high efficient optoelec-
tronic processes. We report simulations on surface-enhanced Raman
resonators (SERRs) for microfluidic and nanofluidic applications. The
process has its origins on the surface-enhanced Raman spectroscopy
(SERS) phenomenon, where one main feature consists on the coupling
between external electric fields with surface plasmons at strucutred
metallic surfaces or colloids, resulting in strong local electric fields.
The implementation of surface-enhanced reservoirs or enhanced walls
at the fluidic chip, allow to acquire more intense signals of various
spectroscopic probes, and hence to reduce the acquisition time.

O 42.71 Wed 17:45 P2
Homoepitaxial electrodeposition on Cu(001) in different elec-
trolytes — •Arne Drünkler, Frederik Golks, Yvonne Gründer,
Daniel Kaminski, Klaus Krug, Jochim Stettner, and Olaf M.
Magnussen — Christian-Albrechts Universität Kiel, Germany

Cu electrodeposition is used for the defect-free filling of trenches with
dimensions <100nm on ultra large scale integrated (ULSI) microchips
[1]. Multicomponent electrolytes containing organic additives are used
cause a faster growth at the bottom of the trench than at the upper
walls resulting in void free filling of the trench. Even though the in-
fluence of the additives combination on the shape evolution of the Cu
deposit was subject of numerous studies [2,3], their precise role dur-
ing the elementary steps of the deposition is largely not understood.
Surface X-Ray diffraction (SXRD) is ideal for the investigation of elec-
trochemical metal deposition on atomic scale, as buried interfaces and
structural information of the interface are accessible. In a first step the
potential dependent interface structure of Cu(001) was investigated in
copper free electrolyte. Furthermore, kinetic growth investigations in
HCl and H2SO4 solution are presented. Electrodeposition studies of
Cu(001) in CuSO4 containing HCl indicated step flow growth over
a wide potential regime. In a Cu containing electrolyte mixture of
H2SO4 and HCl evidence for a transistion from 2D- to 3D-growth is
found.

References: [1] P.C. Andricacos, et al., Electroch.. Microf. 42, 567
(1998), [2] T.P. Moffat, D. Wheeler, M.D. Edelstein, D. Josell, IBM J.
Res. Develop. 49, 19 (2005), [3] D. Josell, D. Wheeler, W.H. Huber,
T.P. Moffat, Phys. Rev. Lett. 87, 016102-1 (2001)

O 42.72 Wed 17:45 P2
(111)-Textured Platinum Thin-Layer Electrodes on α-
Al2O3(0001) for Spectro-Electrochemistry — •Björn Braun-
schweig, Alexej Mitin, and Winfried Daum — Institut für Physik
und Physikalische Technologien, TU Clausthal, Leibnizstrasse 4, D-
38678 Clausthal-Zellerfeld

The use of infrared vibrational spectroscopy to study electrochemical
reactions on surfaces of bulk metal electrodes in aqueous electrolytes
is often impaired by diffusion limitations as thin-layer electrolytes are
required to minimize IR absorption in the liquid. Alternatively, thin-
layer electrodes on IR-transparent substrates may be used to access
the metal-electrolyte interface by IR transmission through the solids.
While the latter strategy does not suffer from diffusion limitations of
the electrolyte, it usually lacks the advantages of well-defined, single-
crystalline electrode surfaces desired for model studies. We report the
preparation of well-characterized Pt thin-film electrodes suitable for
spectro-electrochemistry. Thin Pt layers with a thickness of 3 to 15 nm
were grown by vapor deposition on atomically smooth α-Al2O3(0001)
single crystal surfaces and characterized by AES, cyclic voltammetry,
AFM and STM. We used iodine adsorption to characterize the crys-
tallographic surface orientation of our Pt films. Atomically resolved
STM images of the iodine adlayer on the thin films reveal the same
superstructures as found on Pt(111) bulk single crystals and demon-
strate high structural order and (111) texture of our films. The effects
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of growth temperature and film thickness on the surface morphology
of the thin-film electrodes are discussed.

O 42.73 Wed 17:45 P2
The adsorption of CO2 and CO on Ca and CaO films stud-
ied with MIES, UPS and XPS — •Sebastian Dahle1, Flo-
rian Voigts1, Kai Volgmann1, Fabian Bebensee2, and Wolf-
gang Maus-Friedrichs1 — 1Institut für Physik und Physikalis-
che Technologien, TU Clausthal, Leibnizstrasse 4, 38678 Clausthal-
Zellerfeld, Germany — 2Lehrstuhl für Physikalische Chemie II, Uni-
versität Erlangen-Nürnberg, Egerlandstrasse 3, 91058 Erlangen, Ger-
many

The adsorption of different atmospheric molecules on metals is both
of fundamental and of technological interest that arises from several
applications. Ca especially is used to enhance the performance of high
temperature oxygen sensors based on SrTiO3, as a promoter in many
catalytic reactions and as a metal electrode in different organic or poly-
meric semiconductor components. A lot of studies of the effect of Ca
on different catalysts neglect the interaction of Ca itself with different
gases, although this might contribute considerably to the role of Ca as
a promoter in catalysis.

Our results for the interaction of Ca and CaO films with CO2

and CO are presented in this poster. For our studies, we employed
Metastable Induced Electron Spectroscopy (MIES), Ultraviolet Pho-
toelectron Spectroscopy (UPS), and X-ray Photoelectron Spectroscopy
(XPS). Both CO2 and CO lead to the formation of CO2−

3 complexes
on top of the surface while being exposed to Ca or CaO.

O 42.74 Wed 17:45 P2
Interaction of Fe and Fe2O3 with reactive gases — •Kai Tris-
tan Volgmann, Florian Voigts, and Wolfgang Maus-Friedrichs
— Institut für Physik und Physikalische Technologien, TU Clausthal,
Leibnizstr. 4, 38678 Clausthal-Zellerfeld

Mars’ atmosphere contains a rather high portion of methane and
formaldehyde with 10 ppb respectively 100 ppb. Different sources in-
cluding extraterrestial life have been proposed, but the origin of these
gases is still unknown. It has been found earlier that methane and
formaldehyde can be produced through a photocatalytical process on
a hematite surface with adsorbed water in a CO2 atmosphere.

The scope of this work is to examine the underlying processes which
happen on granular powders of hematite. As a first step thin films of
iron and Fe2O3 are examined.

These thin films are investigated by means of their interaction with
reactive gases like O2, CO2 and H2O. These reactions have been stud-
ied with photoelectron spectroscopy. X-ray photoelectron spectroscopy
is used to determine stoichiometry of the samples, while Ultraviolet
photoelectron spectroscopy and Metastable Induced Electron Spectro-
copy are used to analyse the valence band region and to gain informa-
tion about changes in workfunction due to reactions on the surfaces.

O 42.75 Wed 17:45 P2
Characterization and catalytic properties of bimetallic Au-
Pd(111) surfaces — •Marco Moors1, Tomasz Kobiela2, Conrad
Becker1, and Klaus Wandelt1 — 1Institute of Physical and Theo-
retical Chemistry, University of Bonn, Wegelerstr. 12, D-53115 Bonn,
Germany — 2Faculty of Chemistry, Warsaw University of Technology,
Noakowskiego 3, 00 664, Warsaw, Poland

Investigations of bimetallic systems with regard to their surface com-
position and morphology are of great importance for the development
of new catalysts. In this work the compositional, electronic and struc-
tural properties of thin Au films deposited on a Pd(111) single crystal
have been studied by ultraviolet photoelectron spectroscopy (UPS),
photoemission of adsorbed xenon (PAX) and CO titration as a func-
tion of film thickness (ranging from submonolayer amounts up to mul-
tilayers) and temperature. The surface morphology of the system Au
on Pd(111) exhibits a strong temperature dependence. Depositing
Au at 150 K results in closed films, which undergo a smoothening of
the topmost atomic layer by annealing the sample up to 250 K. At
a surface temperature of 450 K the Au-Pd intermixing begins at the
interface between substrate and overlayer eventually reaching the out-
ermost surface at annealing temperatures of 650 K. Annealing to 850
K and above results in a fast Au depletion in the surface region, which
is completed at 1050 K. Additionally performed reaction studies of
the partial hydrogenation of butadiene to 1-butene using temperature
programmed desorption (TPD) have shown a significant improvement
of the catalytic properties of the alloyed Au-Pd surface compared to
pure Pd(111).

O 42.76 Wed 17:45 P2
Growth of ultrathin well-ordered Ni-Al alloyed layers on
Ni(111) : a Grazing Incidence X-ray Diffraction study —
•Séverine Le Moal1, Geoffroy Prévot2, Didier Schmaus2, Rémi
Lazzari2, and Bernard Croset2 — 1Institute of Physical and Theo-
retical Chemistry, University of Bonn, Wegelerstr. 12, D-53115 Bonn,
Germany — 2Institut des NanoSciences de Paris, Universités Paris 6
et Paris 7, CNRS, 140 rue de Lourmel, F-75015 Paris, France

Ni-Al alloys are of great technological interest because of their re-
markable mechanical and thermal properties. They are also resistant
to corrosion due to the formation at their surface of a passive ultrathin
film of aluminum oxide that acts as a diffusion barrier. Previously, we
reported the epitaxial growth of NiAl and Ni3Al films on a Ni(111) sin-
gle crystal [Le Pévédic et al, Surf. Sci. 600 (2006) 565 and Surf. Sci.
601 (2007) 395]. We recently studied their structure and the kinetics
of formation by Grazing Incidence X-ray Diffraction (ESRF, ID03).
Starting from an initial Al deposit, the growth and the structural and
chemical ordering of the Ni3Al and NiAl layers are followed upon an-
nealing. Disordered NiAl already forms at room temperature. In the
573-673 K temperature range the thickness of the NiAl layer increases
and chemical ordering takes place. Once NiAl has grown up to the
surface, ordered Ni3Al starts to form. Simultaneously, the diffraction
signal of NiAl decreases and characteristic diffraction spots of Ni3Al
appear and get sharper. The Ni3Al layer is stable up to 773 K. The
lattice constants of the films were measured throughout growth and
annealing time.

O 42.77 Wed 17:45 P2
Vibrational spectroscopy of the rough Cu(111) surface —
•Diana Vogel, Olaf Skibbe, and Annemarie Pucci — Kirchhoff-
Institut für Physik, Universität Heidelberg, Im Neuenheimer Feld 227,
D-69120 Heidelberg

It is known that defect sites on a surface have a strong influence on ad-
sorbates due to the changed electronic structure compared to the clean
surface. In this work we characterize the rough Cu(111) surface by us-
ing High-Resolution Electron Energy Loss Spectroscopy (HREELS).
The roughness has been produced by evaporating small amounts of
copper onto the cooled surface so small islands are assumed to be
grown. In our spectroscopic study, a vibrational state has been found
at a quite high loss energy compared to the bulk phonon band. After
annealing of the surface another vibrational state at an even higher en-
ergy has been detected. In analogy to known investigations on stepped
copper surfaces the observed vibrational modes can be attributed to
low coordinated step atoms of the islands [1]. The observed change of
the vibrational spectra with increasing annealing temperature can be
related to a morphology change of the islands. Measurements of the
work function change of the surface after evaporating and annealing
confirmed this result.

[1] A. Kara, P. Staikov and T. S. Rahman, Phys. Rev. B 61, 5714
(2000).

O 42.78 Wed 17:45 P2
Surface phases and structure determination of thin silver
films grown on the Re(1010) surface — •Viktor Scherf, Lyria
Messahel, Christian Pauls, and Klaus Christmann — Institut für
Chemie und Biochemie der FU Berlin, Takustr.3, D-14195 Berlin

We have examined the growth of silver films on the Re(1010) sur-
face under UHV conditions by means of electron diffraction techniques
(MEED and LEED), and carried out a quantitative structure determi-
nation of the (1×1)-Ag phase by LEED. In the submonolayer range, the
following LEED phases were observed with increasing silver coverage:
c(2×2), p(1×4), p(1×5) and p(1×1), their I,V curves will be presented
here. The in situ measured MEED curves of the (0,0) beam at 700 K
show with increasing Ag coverage permanently two local maxima and
minima; both maxima correlate with the formation of c(2×2) structure
at different surface coverages. Once the p(1×1) phase is formed, the
MEED intensity decreases almost linearly with the deposited amount
of Ag indicating the formation of rough silver multilayers which grow
according to a Stranski-Krastanov mechanism. We will also present
the first dynamic LEED calculation for the Ag p(1×1) structure which
clearly suggests the formation of a silver bilayer. The results will be
discussed and compared with previous work on the same system as
well as on the Au/Re(1010) system [1].
[1] C. Pauls and K. Christmann, J. Physics Condensed matter, sub-
mitted
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O 42.79 Wed 17:45 P2
Kinetic Monte Carlo study of growth of Co on Cu(110)
at room temperature — Oleg V. Stepanyuk1, •Nikolay N.
Negulyaev2, Alexander M. Saletsky1, and Wolfram Hergert2

— 1Faculty of Physics, Moscow State University, 119899 Moscow, Rus-
sia — 2Fachbereich Physik, Martin-Luther-Universität, D06099 Halle,
Germany

During the last decade many experimental and theoretical studies have
been performed on Co/Cu heterostructures which are of great interest
for spintronic applications. While the formation of thin Co films dur-
ing thermal deposition on Cu(100) and Cu(111) has been investigated
and understood at the atomic scale [1,2], our knowledge about growth
process of Co on Cu(110) is still missing.

Here, performing atomic-scale simulations we study the growth of
Co on Cu(110) in the early stages of heteroepitaxy. The energetics
of various diffusion processes relevant for this system is investigated
by means of molecular dynamics simulations and density functional
theory. We show that the interface intermixing occurs at room tem-
perature [3]. Our results reveal that embedded Co atoms serve as
nucleation centers for substituted Cu atoms. Surface diffusion of ex-
pelled Cu adatoms rules an elongated along the [1-10] direction shape
of nanoislands consisting mainly of Cu atoms [3].

[1] F. Nouvertne et al., Phys. Rev. B 60, 14382 (1999).
[2] N.N. Negulyaev et al., Phys. Rev. B 77, 125437 (2008).
[3] O.V. Stepanyuk et al., Phys. Rev. B 78, 113406 (2008).

O 42.80 Wed 17:45 P2
Preparation and electrical characterization of BaO, SrO and
Ba0.7Sr0.3O thin films on Si(001) — •Dirk Müller-Sajak1,
Alexandr Cosceev2, Herbert Pfnür1, and Karl R. Hofmann2 —
1Leibniz-Universität Hannover, Inst. f. Festkörperphysik — 2Leibniz-
Universität Hannover, Bauelemente der Mikro- und Nanoelektronik

In context with the search for alternative gate oxides in CMOS techno-
logy, we have grown high-k BaO, SrO and Ba0.7Sr0.3O films of thick-
ness between 5 and 20 nm on clean Si(001) using molecular beam epi-
taxy of pure metals in ambient oxygen pressure. Especially the BaSr
mixture oxide is of high interest, because it grows epitaxially and crys-
talline on Si(001).
Using Si(001) samples with thick SiO2 films in combination with litho-
graphy, windows of clean Si(001) have been fabricated. Our thin films
were only generated on these small squares using a tungsten mask.
After preparation, the oxides were capped with 350nm Au and electri-
cally characterized ex-situ.
From capacity-voltage (CV) measurements dielectric constants near
the values for volume material were obtained. Furthermore we found
very low hysteresis (<5mV) and flatband voltages close to that of the
work function difference between Si and Au (+0.65eV). Due to the
stoichiometry of these films and well defined interfaces, low leakage
current densities (<10−5A/cm2) have been found by current-voltage
(IV) measurements. The density of residual defect states at the inter-
face have been derived from CV measurements and will be discussed.

O 42.81 Wed 17:45 P2
Nucleation of Cu on Cu(001) by pulsed laser deposition —
•Andreas Dobler and Thomas Fauster — Lehrstuhl für Festkörper-
physik, Universität Erlangen-Nürnberg, Staudtstr. 7, 91058 Erlangen

For submonolayer homoepitaxial growth, nucleation theory allows to
extract the critical island size by scaling island densities with the depo-
sition rate. Pulsed laser deposition provides instantaneous deposition
rates up to 104 ML/s and particle energies up to hundreds of eV.

We measured island densities after pulsed laser deposition of Cu on
Cu(001) at 300 K. For best focus conditions (I ≈ 10 J/cm2), we var-
ied the average deposition rate F from 10−5 to 10−2 ML/s at 1 Hz
repetition rate. The saturation island density scales as nx ∝ F p with
an exponent near the value for thermal deposition of p = 0.4. How-
ever, the experimental island density is two orders of magnitude lower
than expected by considering the instantaneous flux. This result is in
good agreement with a theoretical study of nucleation for pulsed fluxes
considering dimer mobility [1].

[1] N. Combe and P. Jensen, Phys. Rev. B 57 (1998) 15553

O 42.82 Wed 17:45 P2
Adsorption Geometry and Molecular Orbital Structure
of Fluorinated Cobalt Phthalocyanine (F16CoPc) Layers
on HOPG Substrate. — •Mahmoud Abdel-Hafiez1, Marius
Toader1, Thiruvancheril G.Gopakumar2, Afshin Abbasi1, and
Michael Hietschold1 — 1Solid Surfaces Analysis Group and Theo-

retical Physics Group, Institute of Physics, Chemnitz University of
Technology, D-09107,-Chemnitz, Germany — 2Christian-Albrechts-
Universität zu Kiel, Institute of Experimental and Applied Physics,
D-24118 Kiel, Germany

The adsorption geometry and electronic structure of isolated fluori-
nated Cobalt Phthalocyanine (F16CoPc) molecules adsorbed on the
basal plane of HOPG (highly oriented pyrolytic graphite) substrate
was studied. Monolayers were prepared using organic molecular beam
epitaxy (OMBE) under UHV conditions at room temperature and
investigated at 40 K using an Omicron VT-STM. At a thickness of
around one monolayer, F16CoPc forms perfect quadratic phase super-
structures on HOPG films. Adsorption geometry of molecules within
the adlayer shows the influence of fluorine atoms on the packing. Single
molecule calculations are employed to understand the type of interac-
tions between F16CoPc and the substrate, as well as the effects of flu-
orine atoms on the geometric configurations of the adsorbed F16CoPc
molecules.

O 42.83 Wed 17:45 P2
Structure and energetics of bimetallic surface confined al-
loys — •Andreas Bergbreiter1, Ralf T. Rötter1, Albert K.
Engstfeld1, Harry E. Hoster1, Axel Groß2, and R. Jürgen
Behm1 — 1Institute of Surface Chemistry and Catalysis, Ulm Uni-
versity, D-89069 Ulm — 2Institute for Theoretical Chemistry, Ulm
University, D-89069 Ulm

The atomic distribution in a number of AxB1−x/B type sur-
face alloys was determined by STM imaging with chemical
contrast and statistically evaluated. Whereas in the systems
AuxPt1−x/Pt(111), AgxPt1−x/Pt(111), and PdxRu1−x/Ru(0001) we
find preferences for larger homoatomic aggregates, the atom distribu-
tion in PtxRu1−x/Ru(0001) and AgxPd1−x/Pd(111) is very close to
a random one [1]. In AgxPd1−x/Pd(111), our data show a small ten-
dency towards clustering for xAg < 0.5, whereas at xAg > 0.5 this is
reversed to a slight preference for heteroatomic neighborhoods. Based
on these experimental results, we have derived effective cluster inter-
action energies for all surface alloys [2]. These allow us to calculate
phase diagrams for the surface alloys that we compare to predictions
from theoretical work and to the behaviour of the corresponding bulk
systems. We also discuss in how far the different atom distributions
affect chemical and catalytic properties of the surface alloys.

[1] H.E. Hoster et al., Phys.Chem.Chem.Phys 10 (2008) 3812.
[2] A. Bergbreiter et al., Phys.Chem.Chem.Phys 9 (2007) 5127.

O 42.84 Wed 17:45 P2
Heterogeneously Catalysed Process for HCl Oxidation over
Stabilised RuO2(110) — •Stefan Zweidinger1, Jan Philipp
Hofmann1, Marcus Knapp1, Daniela Crihan1, Ari Paavo
Seitsonen2, Kees-Jan Weststrate3, Edwin Lundgren3, Jes-
per Andersen3, Michael Schmid4, Peter Varga4, and Herbert
Over1 — 1Physikalisch-Chemisches Institut, Justus-Liebig Univer-
sität Gießen, Heinrich-Buff-Ring 58, D-35392 Gießen — 2IMPMC,
CNRS & Université Pierre et Marie Curie, 4 place Jussieu, case 115,
F-75252 Paris — 3Dept. of Synchrotron Radiation Research, Lund
University, Sölvegatan 14, S-22362 Lund — 4Institut für Allgemeine
Physik, TU Wien, Wiedner Hauptstraße 8-10, A-1040 Wien

High-resolution core-level shift spectroscopy and temperature-
programmed reaction experiments together with density functional
theory calculations reveal that the oxidation of HCl with oxygen pro-
ducing Cl2 and water proceeds on the chlorine-stabilised RuO2 (110)
surface via a one-dimensional Langmuir-Hinshelwood mechanism [1].
The recombination of two adjacent chlorine atoms on the catalyst’s
surface constitutes the rate-determining step in this novel Deacon-like
process. The stability of RuO2(110) is related to the selective replace-
ment of bridging O atoms at the catalyst surface by chlorine atoms [2],
as evidenced by high-resolution core-level shift spectroscopy, scanning
tunnelling microscopy and density functional theory simulations.

[1] Crihan, D. et al.; Angew. Chemie Int. Ed. 2008, 47, 2131-2134.
[2] Zweidinger, S. et al.; J. Phys. Chem. C 2008, 112, 9966-9969.

O 42.85 Wed 17:45 P2
Nanoporous Gold: XPS and In-situ XPS Investigation —
•Karifala Dumbuya1, Arne Wittstock2,3, Volkmar Zielasek2,
Jürgen Biener3, Alex Hamza3, Marcus Bäumer2, Michael
Gottfried1, and Hans-Peter Steinrück1 — 1Universität Erlangen-
Nürnberg, Lehrstuhl für Physikalische Chemie II, Egerlandstr. 3,
91058 Erlangen, Germany — 2Institute for Applied and Physical
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Chemistry, University of Bremen, Leobener Strasse NW2, 28359 Bre-
men, Germany — 3Nanoscale Synthesis and Characterization Labora-
tory, Lawrence Livermore National Laboratory, P.O. Box 808, Liver-
more, California 94550, United States of America

Recent reports [1] have revealed that monolithic nanoporous gold
(npAu) exhibits remarkably high catalytic activity for CO oxidation.
This observation is surprising because the traditional catalyst is of
the oxide-supported type. The specific particle-support interactions,
which apparently play important roles in the standard Au catalyst,
are absent for the nanoporous Au. If this is the case, then why does
it display such high activity? The answer is most likely related to
traces of residual Ag in the npAu. To highlight the role played by
each metal in the catalytic process,we have investigated npAu with
respect to changes in the chemical and electronic states of both metals
with and without CO and O2 using in-situ XPS (1 mbar) and XPS,
respectively. Our results confirm previous XPS results in that segre-
gation of Ag occurs in the surface region. HP-XPS data suggests that
this residual Ag plays a significant role in activating molecular oxygen.
[1] V. Zielasek et al., Angew. Chem. Int. Ed. 2006, 45, 8241-8244.

O 42.86 Wed 17:45 P2
Nanoporous Gold: XPS and In-situ XPS Investigation —
•Karifala Dumbuya1, Arne Wittstock2,3, Volkmar Zielasek2,
Jürgen Biener3, Alex Hamza3, Marcus Bäumer2, Michael
Gottfried1, and Hans-Peter Steinrück1 — 1Universität Erlangen-
Nürnberg, Lehrstuhl für Physikalische Chemie II, Egerlandstr. 3,
91058 Erlangen, Germany — 2Institute for Applied and Physical
Chemistry, University of Bremen, Leobener Strasse NW2, 28359 Bre-
men, Germany — 3Nanoscale Synthesis and Characterization Labora-
tory, Lawrence Livermore National Laboratory, P.O. Box 808, Liver-
more, California 94550, United States of America

Recent reports [1] have revealed that monolithic nanoporous gold
(npAu) exhibits remarkably high catalytic activity for CO oxidation.
This observation is surprising because the traditional catalyst is of
the oxide-supported type. The specific particle-support interactions,
which have been shown to play important roles in the standard Au
catalyst, are absent for the nanoporous Au. This being the case, then
why does it display such high activity? The answer is most likely re-
lated to traces of residual Ag in the npAu. To highlight the role played
by each metal in the catalytic process, we have investigated npAu with
respect to changes in the chemical and electronic states of both metals
with and without CO and O2 using in-situ XPS (1 mbar) and XPS,
respectively. Our results confirm previous XPS results in that segre-
gation of Ag occurs in the surface region. HP-XPS data suggests that
this residual Ag plays a significant role in activating molecular oxygen.
[1] V. Zielasek et al., Angew. Chem. Int. Ed. 2006, 45, 8241-8244.

O 42.87 Wed 17:45 P2
Nanostructuring of Cu Planar Surfaces With Pt For The
Investigation of Hydrogen Related Reactions — •Odysseas
Paschos1, Holger Wolfschmidt1, Rainer Bußar1,2, and Ul-
rich Stimming1,2 — 1Department of Physics E19, Technische Uni-
versität München, James-Franck-Str. 1,85748, Garching, Germany
— 2Bavarian Center for Applied Energy Research (ZAE Bayern),
Walther-Meißner Str. 6, 85748, Garching, Germany

Recent advances in electrochemistry show that nanostructuring sur-
faces with metallic catalysts can enhance their electrocatalytic activ-
ity. This is advantageous for various applications such as fuel cells and
electrolyzers, since it can improve their performance with simultaneous
decrease in the amount of precious metal catalysts that is used. Previ-
ous work on Pd decorated Au(111) surfaces showed that by decreasing
the Pd amount on Au(111), an increase of the activity for hydrogen
evolution reaction (HER) occurred for very small coverages. A similar
trend was observed for the case of Pt nanostructured Au(111) surfaces.
However more research needs to be done in order to obtain a better
understanding of this effect. The choice of the substrate material is an
important factor for the design of the catalyst structure. In this work
we will present results on hydrogen related reactions for Pt nanostruc-
tured Cu surfaces. Pt deposited on Cu results in a compressed lattice
of Pt and hence the electrochemical behavior of the catalyst system
is altered compared to bulk Pt and Pt deposited on Au(111). The
results will be compared to the Pt/Au(111) system and hence useful
conclusions can be drawn for the choice of substrate material.

O 42.88 Wed 17:45 P2
Vibrational Spectroscopy of Adsorbates on Roughened
Cu(1 1 1) — •Olaf Skibbe, Diana Vogel, and Annemarie Pucci —

Kirchhoff-Institut für Physik, Universität Heidelberg, Im Neuenheimer
Feld 227, 69120 Heidelberg

Rough surfaces are known to provide properties different from those
found on low-index pristine single crystal surfaces. These defect de-
termined properties are often responsible for the chemical activity of
the surface in heterogeneous catalysis. In this work we present vi-
brational spectra taken with high-resolution electron energy loss spec-
troscopy (HREELS) of different adsorbates (e.g. CO, C2H4) on rough-
ened Cu(1 1 1). The roughening was performed by evaporating small
amounts of copper on the cooled Cu(1 1 1) surface. In addition, we
performed measurements of the work function change by using the
highly monochromated electron beam of the HREELS in the retarding
potential method. The structure of the I(U) curve can be assigned to
different morphologies of the substrate.

O 42.89 Wed 17:45 P2
Pressure gap in electrochemically induced oxygen spillover
at Pt/YSZ electrodes — •Arafat Toghan, Liz Rösken, and
Ronald Imbihl — Institut für Physikalische Chemie und Elektro-
chemie, Leibniz-Universität Hannover, Callinstr.3-3a, D-30167 Han-
nover, Germany

Upon application of a pumping voltage to Pt electrodes on the oxygen-
ion conducting solid electrolyte YSZ (yttria-stabilized zirconia) we ob-
serve the spillover of discharged oxygen atom onto the Pt surface. The
spillover which represents the basis of the electrochemical promotion of
heterogeneously catalyzed reactions has been investigated in the past
at low pressure, at p < 10-4 mbar. We extend here these studies up
to 1 mbar using in situ XPS at BESSY. We use (111) oriented YSZ
single crystals, oriented Pt (111) electrodes were prepared by sput-
tering of Pt target on the surface of a single crystal YSZ (111) using
magnetron sputtering technique in inert argon atmosphere at room
temperature. The electrodes were characterized by scanning electron
microscope(SEM) and by photoelectron emission microscopy(PEEM).

O 42.90 Wed 17:45 P2
Study of atomic adsorption on graphite monolayer by com-
puter simulation — •Vitaliy Gorbenko — Classical Private Uni-
versity, Zaporozhye, Ukraine

Understanding of chemical interaction of various atoms with graphite
and carbon-based structures is both scientifically and technologically
important [1]. The calculations by semiemperical (PM3,PM6), ab-
initio (Hartree-Fock) and density functional theory (DFT) methods
have been used for study of main properties of the interaction and
changes in electronic density of nanographite layers. The MOPAC2007
and GAMESS program packages have been used.

In graphite layers every carbon atom is bounded with three other
carbon atoms via sp2 hybridization. Breaking the pi-bonds and pro-
ducing additional sigma-bond is the main mechanism of chemisorption
of atoms on graphite monolayers. The three typical adsorption sites
have been found. Namely, first is single carbon atom, next is brige be-
tween nearest carbon atoms and last is center of hexagonal carbon cell.
Cluster geometry, total energy, atom bonds orders, value of the elec-
tron density, atom orbital populations and molecular localized orbitals
were obtained. The obtained results of calculations will be detailed
and discussed.

[1] J.C. Meyer, A. K. Geim, M. I. Katsnelson, K. S. Novoselov, T.
J. Booth, S. Roth, Nature Lett. 2007; 446:60.

O 42.91 Wed 17:45 P2
Reaction of Methanol on functionalized Ruthenium — •Pawel
Gazdzicki and Peter Jakob — Fachbereich Physik, Philipps-
Universität Marburg, D-35032 Marburg, Germany

Infrared Absorption Spectroscopy and Temperature-Programmed Des-
orption were used to study the adsorption and reaction of methanol
on various functionalized Ru(0001) surfaces. The used substrates were
the clean Ru(0001) surface, Ru(0001) precovered with 0.5 and 1 ML
D, Ru(0001)-(2 × 2)-O, Ru(0001)-(2 × 1)-O and a pseudomorphic Cu
monolayer on the Ru(0001) surface.

From the vibrational modes of the isotopes CH3OH and CH3OD
clear evidence for intact adsorption at T = 80 K has been found for
all investigated substrates. This finding contradicts previous stud-
ies which suggested an OH (OD) bond scission upon adsorption of
methanol on Ru(0001) and Ru(0001)-(2× 2)-O, even at low tempera-
tures, as well as recombinative desorption at elevated T .

The thermal evolution varies considerably for the individual surfaces
with the prominent methoxy (CH3O) species being produced on clean
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Ru(0001) and Cu/Ru(0001) only. On the oxygen (pre)covered surfaces
methanol predominantly desorbs without reaction; a small fraction de-
composes directly to form CO and H without forming any detectable
intermediates. Finally, 1 ML D/Ru(0001) largely passivates the sur-
face and methanol adsorption is fully reversible.

O 42.92 Wed 17:45 P2
Chemical trends in the metal-substrate interaction for ad-
sorbed Pt atoms — •Chong Gao and Axel Größ — Institut für
Theoretische Chemie, Universität Ulm, *D-89069 Ulm, Germany

Catalysts typically consist of small metal particles deposited on a ox-
ide substrate. In this context, the so-called strong metal support in-
teraction (SMSI) has been discussed intensively [1] which significantly
influences the catalytic properties of group VIII metals. Using density
functional theory, we have performed a systematic study of chemical
trends in the metal-support interaction. As a first step, we considered
a single Pt atoms adsorbed on TiO2, Si and Au substrates, thus mak-
ing also contact to systems that are of interest in electrocatalysis. As
a probe of the chemical reactivity, we determined the electronic struc-
ture of the adsorbed Pt atoms and evaluated CO adsorption energies
on these metal-support systems. The results are compared to recent
results of the local reactivity of surface alloy systems [1,2].
[1] S. Sakong, C. Mosch, and A Groß, Phys. Chem. Chem. Phys. 9,
2216 (2007).
[2] Y. Gohda and A. Gross Surf. Sci. 601, 3702 (2007).

O 42.93 Wed 17:45 P2
Pushing and Pulling a Sn Ion through an Adsorbed Phthalo-
cyanine Molecule — •Yongfeng Wang1, Jörg Kröger1, Richard
Berndt1, and Werner A. Hofer2 — 1Institut f*ur Experimentelle
und Angewandte Physik, Christian-Albrechts-Universit*at zu Kiel, D-
24098 Kiel, Germany — 2Surface Science Research Center, University
of Liverpool, Liverpool L69 3BX, United Kingdom

Molecule-based functional devices on surfaces may take advantage of
bistable molecular switches. The onformational dynamics and effi-
ciency of switches are radically different on surfaces compared to liquid
phase. We present a design of molecular layers, which enables bistable
switching on a surface, and, for the first time, demonstrate control of a
single switch in a dense and ordered array at the spatial limit. Up and
down motion of a central Sn ion through the frame of a phthalocya-
nine molecule is achieved via resonant electron or hole injection into
molecular orbitals.

O 42.94 Wed 17:45 P2
Micrometer-scale parallel studies on microstructured model
catalysts — •Matthias Roos, Stefan Kielbassa, Menhild Eyrich,
Joachim Bansmann, and R. Jürgen Behm — Institute of Surface
Chemistry and Catalysis, Ulm University, D-89069 Ulm

To study mesoscopic effects in catalytic reactions, a spatially resolving
scanning mass spectrometer was developed, which allows to quanti-
tatively determine reaction rates above model catalysts. Using mi-
crostructured model systems with catalytically active fields separated
by inert areas, transport effects will be evaluated from the variation in
local reaction rates with size and separation of the active fields [1,2].
Experimental data on microstructured Pt films on SiO2 are presented,
and compared with results of simulations. Moreover, first measure-
ments on Au/TiO2 model catalyst are shown.

[1] M. Roos et al., Rev. Sci. Instrum. 78 (2007) 084104
[2] S. Kielbassa et al., Langmuir 20 (2004) 6644

O 42.95 Wed 17:45 P2
DFT Studies of TiO2 (110) and Cu Surfaces — •Piotr
Kowalski1, Bernd Meyer2, and Dominik Marx1 — 1Lehrstuhl
fuer Theoretische Chemie, Ruhr-Universitaet Bochum, D-44780
Bochum — 2Interdisziplinäres Zentrum für Molekulare Materialien
und Computer-Chemie-Centrum, Department Chemie und Pharmazie,
Friedrich-Alexander-Universität Erlangen-Nürnberg

Using DFT-based ab-initio calculations in combination with a thermo-
dynamic formalism we investigate the properties of TiO2 (110) and Cu
surfaces. We have calculated the relative stability of various structural
models of the nonpolar, mixed-terminated TiO2 (110) surface in con-
tact with a surrounding gas phase at finite temperature and pressure.
Adsorption and desorption of H, H2O, CO, simple alcohols as well as
the formation of O vacancies were considered. Assuming thermody-
namic equilibrium between the surface and an oxygen, hydrogen and
water containing atmosphere, we constructed a phase diagram of the

lowest free energy surface structures. Cu surfaces are interesting from
technological point of view as methanol, a key material for the synthe-
sis of organic materials, is made catalytically from gas containing CO,
CO2 and H2 in presence of a Cu/ZnO/Al2O3 catalyst. It is believed
that the morphological changes of the Cu particles on the ZnO support
due to a strong metal-support interaction (wetting/dewetting) is the
source of higher catalytic activity. We use DFT-based ab-initio calcu-
lations to identify the reactive sites on the Cu particles. In particular
we investigate the adsorption of hydrogen and dissociated formic acid
on clean as well as defective (steps/terraces) Cu surfaces.

O 42.96 Wed 17:45 P2
The interaction of HCOOH with oxygen-terminated
ZnO(000-1) — •Hengshan Qiu, Yuemin Wang, and Christof
Wöll — Physical Chemistry I, Ruhr-University Bochum, 44780
Bochum, Germany

Zinc oxide is one of the most important metal oxide due to its electri-
cal, optical and catalytical properties as well as potential applications
[1]. The clean, adsorbate-frei polar O-terminated ZnO(000-1) surface
is electrostatically unstable due to uncompensated surface charges and
adopts a (1x3) structure with an abundance of oxygen vacancies [1]. It
has been proposed that these vacancy sites exhibit high catalytic activ-
ity toward methanol synthesis and formate species could be one of the
important intermediates in this process. In this work, the interaction of
HCOOH with O-ZnO(000-1) has been studied by high resolution elec-
tron energy loss spectroscopy (HREELS) and thermal desorption spec-
troscopy (TDS). Exposing ZnO(000-1) surface to HCOOH at 100 K
leads to the formation of physisorbed multilayers, chemisorbed mono-
layer and bidentate formate species. The latter can only be formed at
oxygen vacancies through a dissociative adsorption of HCOOH with
the ionized H diffusing into the bulk. Heating the sample to higher tem-
peratures induces a thermally activated conversion from the bidentate
to a monodentate formate species. At 550 K further decomposition
occurs releasing CO, CO2 and H2. In addition, an adsorbate-induced
Zn desorption was also observed along with the formate dissociation.
[1] Ch. Wöll, Prog. Surf. Sci. 82 (2007) 55.

O 42.97 Wed 17:45 P2
In-situ investigations of adsorbed benzene on silver modi-
fied Pt(322) surfaces — •Sandra Künzel1, Matthias Schöppke1,
Regine Streber2, Michael Peter Andreas Lorenz2, Hans-Peter
Steinrück2, and Reinhard Denecke1 — 1Wilhelm-Ostwald-Institut
für Physikalische und Theoretische Chemie, Universität Leipzig,
Linnestraße 2, 04103 Leipzig — 2Lehrstuhl für Physikalische Chemie
II, Universität Erlangen-Nürnberg, Egerlandstraße 3, 91058 Erlangen

In a previous study the site-specific adsorption of benzene on Ni(111)
has been investigated by in-situ x-ray photoelectron spectroscopy
(XPS) [1]. In an attempt to study lateral confinement on the adsorp-
tion properties of larger molecules, we applied such detailed analysis
of C 1s core levels (excited by synchrotron radiation at BESSY II) to
benzene adsorption on stepped Pt(322). The effective terrace width
was modified from five atomic rows to zero by different amounts of
Ag (from 0.2 to 1 ML) deposited at 300 K, which form monatomic
rows along the step edges [2]. Adsorption of benzene on clean Pt(322)
at 190 to 300 K yields only a single C 1s peak with no indication of
specific step related adsorption. Increasing amounts of Ag result in
a monotonous decrease of benzene adsorption at 300 K (no adsorp-
tion on Ag). Since complete site blocking was already observed for
Ag coverages exceeding 0.6 ML (i.e. three monorows), a horizontal
adsorption geometry and, thus, a minimum free Pt area required can
be proposed.
This work was supported by BMBF (05 ES3XBA/5).
[1] C. Papp et al., Phys. Rev. B 73 (2006) 235426.
[2] P. Gambardella et al., Phys. Rev. B 61 (2000) 2254.

O 42.98 Wed 17:45 P2
Pulsed laser modification of the steel-polymer interface —
•Christian Holzheu, Matthias Laske, and Othmar Marti — Uni-
versity of Ulm, Institute of Experimental Physics

Laser treatment of stainless steel and the resulting material changes
are studied. The irradiation of steel surfaces with short laser pulses
improves the adhesion of polymers and especially of fluorinated poly-
mers. Several experiments helped to elucidate the main parameters
responsible for polymer adhesion. A setup for laser conditioning un-
der well defined atmospheres was developed. Chemical changes and
changes in surface topography caused by laser treatment are analyzed
and compared with relevant adhesion data. Measuring the reflectance
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by the surface allowed to get a relative measure of chemical changes at
the surface of the material. For quantitative material characterization
GDOES (Glow Discharge Optical Emission Spectroscopy) is used. The
durability of the steel before and after laser treatment is evaluated in
long time tests applying mechanical pulses.

O 42.99 Wed 17:45 P2
excited states of the chromophores within many-body pertur-
bation theory — •yuchen ma and michael rohlfing — Fachbereich
Physik, Universität Osnabrück, Germany

Although the chromophores of photoactive yellow proteins and
rhodopsin proteins have been the subject of numerous spectroscopic
investigations because of their unique biochemistry and photophysical
properties, the position in energy of their excited states are still not
well-defined in theory. We use the ab-initio many-body perturbation
theory (GW approximation and Bethe-Salpeter equation) to study the
excited states of these chromophores, which taking into account elec-
tronic exchange, correlation, and electron-hole interaction effects.

Calculations show that the resonant-antiresonant coupling beyond
the commonly employed Tamm-Dancoff approximation is needed for
an accurate description of the lowest π → π∗ excitations, which affects
the excitation energy by up to 0.4 eV. The huge exchange interaction
between the electron and hole leads to the unnegligible coupling be-
tween the resonant transition and the antiresonant counterpart. The
lowest n → π∗ excitation for the chromophores of photoactive yellow
proteins is composed from free electron-hole transitions with very dif-
ferent quasiparticle transition energies. An accurate description of the
lowest n → π∗ excitation requires inclusion of the dynamics effect in
the electron-hole screening, which affects the excitation energy by up
to 0.3 eV.

O 42.100 Wed 17:45 P2
Perturbative approach for electronic excitations in adsorp-
tion on metal surfaces — •Peter Kratzer and Matthias Timmer
— Fachbereich Physik - Theoretische Physik and Centre for Nanointe-
gration (CeNIDE), Universitaet Duisburg-Essen, Lotharstr. 1, 47048
Duisburg, Germany

When molecules or atoms adsorb on a metal surface electronic excita-
tions will appear. We have developed and implemented a new method,
which is able to calculate the spectra of these excitations. Here, we
present the method, which is based on first-order time-dependent per-
turbation theory, and ground-state density-functional theory (DFT)
calculations. It is simple enough to be applied to a wide class of ad-
sorbates and surfaces, while at the same time allowing us to extract
system-specific information. We show results for the adsorption of
atomic hydrogen isotopes on-top the Al(111) surface. The experimen-
tally observed isotope effect can be explained. At the same time, the
method avoids many of the problems of earlier approaches.

It can be implemented with reasonable effort within existing DFT
codes, as a post-processing tool [1].

[1] http://arXiv.org/abs/0810.5248

O 42.101 Wed 17:45 P2
Quasiparticle band-structures and lifetimes in noble met-
als using GW approximation — •zhijun yi1, yuchen ma1,
michael rohlfing1, viatcheslav silkin2, and evgeni chulkov2 —
1Universität Osnabrück, Osnabrück, Germany — 2Donostia Interna-
tional Physics Centre, San Sebastian, Spain

We present the calculations of quasiparticle bandstructures and life-
times for noble metals Cu and Ag within the GW approximation. For
Cu, Both the calculated positions of the d bands and the width of the
d bands is within 0.1 eV compared to the experimental results. For
Ag, partial core correction should be included in the pseudopotential
to get reliable positions of the d bands. The calculated lifetime agree
with the experiment in the energy region away from the Fermi level,
but deviates from the experimental results near the Fermi level where
short range interactions which GW approach fails to describe play an
important role. For a better description of the lifetime near the Fermi
level, higher terms beyond the GW approximation in the many body
perturbation theory need to be considered.

O 42.102 Wed 17:45 P2
Structural Dependence of Optical Properties of Tellurium
— •Stephan Blankenburg1,2, Wojciech Welnic1, and Lucia
Reining1 — 1Laboratoire des Solides Irradiés, École Polytech-
nique, Paris, France — 2Theoretische Physik, Universität Pader-
born,Paderborn, Germany

The further miniaturization of electronic and optoelectronic devices
needs the understanding of fundamental material properties to open
up new avenues for the nano-fabrication process. Essential steps for
understanding the basic mechanisms are the experimental and the-
oretical study of well-defined model systems [1,2]. In this context,
tellurium with its several chemical and physical properties is one of
the elemental materials of interest. Due to the discrepancies between
the theoretical and experimental determined optical parameters in the
literature of Te [3,4], we used time-dependent density-functional the-
ory to reveal the origin of this effect. The puzzling interplay between
structural parameters and optical properties as well as the transition
to one-dimensional Te nanowires are analyzed in detail.

[1] W. Welnic, et. al., Nature Materials 5, 56 (2006).
[2] W. Welnic, S. Botti, L. Reining, M. Wuttig, PRL 98, 236403 (2007).
[3] S. Tutuhashi, et. al., Phys. Rev. 3, 177 (1969).
[4] P. Ghosh, M. Upadhyay, U. V. Waghmare, PRB 75, 245437 (2007).

O 42.103 Wed 17:45 P2
Solving the Bethe-Salpeter equation for Wannier-Mott like
excitons in InN, ZnO, and MgO. — •Frank Fuchs, Clau-
dia Rödl, André Schleife, Jürgen Furthmüller, and Friedhelm
Bechstedt — Institut für Festkörpertheorie und -optik, Friedrich-
Schiller-Universität Jena, Max-Wien-Platz 1, 07743 Jena, Germany

The accurate calculation and parameter-free prediction of optical spec-
tra including excitonic effects is highly desirable for both fundamental
and applied research. Excitonic effects can be treated in the framework
of many-body perturbation theory and the Bethe-Salpeter equation
(BSE), by solving an eigenvalue problem for the electron-hole Hamil-
tonian Ĥ.

In this study we investigate the formation of Wannier-Mott like ex-
citonic states below the optical absorption edge for InN, ZnO, and
MgO. Using a recently developed numerically efficient method [1] it
is possible to obtain converged results for the binding energies of the
first shells of Wannier-Mott excitons.

The results are critically compared to the predictions based on the
Wannier-Mott two-band model and available experimental data. In
comparison to the latter the computed binding energies, if converged,
appear to be significantly overestimated. We discuss this with respect
to a deficiency in the underlying approximation of a static screening
and investigate the possibility to go beyond.

[1] F. Fuchs, C. Rödl, A. Schleife, and F. Bechstedt Phys. Rev. B
78, 085103 (2008)

O 42.104 Wed 17:45 P2
2nd-order Møller-Plesset perturbation theory applied to ex-
tended systems — •Andreas Grüneis, Martijn Marsman, and
Georg Kresse — Faculty of Physics, University Vienna, and Cen-
ter for Computational Materials Science, Sensengasse 8/12, A-1090,
Vienna, Austria

The use of wave function based methods, such as Møller-Plesset per-
turbation theory, to add electronic correlation to the Hartree-Fock
(HF) approximation is common practice in the computational quan-
tum chemistry of molecular systems. Due to the computational cost
involved, however, these methods have hardly been applied to extended
systems.

Recently, we have implemented 2nd-order Moller-Plesset (MP2) per-
turbation theory within the framework of the full-potential Projector-
Augmented-Wave (PAW) method, using periodic boundary conditions
and a plane wave basis set.

The present implementation allows for the calculation of total ener-
gies as well as quasiparticle energies. In order to determine the accu-
racy of this method we calculated lattice constants, bulk moduli, band
gaps, and atomization energies of several semiconducting and insu-
lating systems, including hexagonal Ice. Compared to HF, HF+MP2
yields an improved description of the aforementioned structural prop-
erties.

Regarding band gaps, HF+MP2 band gaps present an improvement
over the corresponding HF results. Nevertheless, the underestimated
static dielectric screening properties of the employed HF wave func-
tions are reflected in underestimated band gaps.

O 42.105 Wed 17:45 P2
Optical Spectra and Band Structure of Anatase and
Rutile TiO2 — •Andreas Greuling1, Patrick Rinke2, and
Michael Rohlfing1 — 1Universität Osnabrück, Barbarastr.7,D-
49069,Osnabrück — 2University of California, Santa Barbara
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TiO2 is a semiconductor which is used in many applications (e.g. in
biotechnology, cosmetic industry, paint industry, in catalysis or pho-
tocatalysis). Therefore, the (optical) properties of TiO2 are of great
interest. As these are still not fully understood in theory we address
its excited electronic states and optical spectra with ab initio methods
beyond DFT.

We present results of first principles calculations for anatase und
rutile TiO2. Starting from the electronic ground state, which is cal-
culated within DFT(LDA), we describe the single particle excitations
with an GWA approach. We use Gaussian basis-sets because this re-
sults in reasonable computational cost. Then we calculate the electron-
hole interaction and solve the Bethe-Salpeter Equation (BSE) in order
to obtain coupled electron-hole excitations. Based on the resulting
data we evaluate the optical spectra and compare them with experi-
mental data.

O 42.106 Wed 17:45 P2
IRRAS studies on a new emitter material for OLEDs —
•Tobias Glaser1, Martin Binder1, Annemarie Pucci1, Christian
Lennartz2, and Christian Schildknecht2 — 1Kirchhoff-Institut für
Physik, Universität Heidelberg — 2BASF SE, 67056 Ludwigshafen

A new emitter material for organic light emitting devices (OLEDs)
called CN-PMBIC is investigated by infrared (IR) spectroscopy. Ex-
periments were performed under UHV conditions with a commercial
FT IR spectrometer flanged to the chamber. Thin films of the organic
material were deposited by vapor sublimation on different substrates.
Especially infrared reflection absorption spectroscopy (IRRAS) is a
well-suited method to investigate the growth of the organic films. Fur-
thermore, the influence of Ca on CN-PMBIC was studied at room
temperature and at 100 K. Ca plays an important role as cathode
material in OLED fabrication. The evaporation of Ca onto a film
of CN-PMBIC gives rise to new IR features that strongly depend on
the sequence in which the various materials are deposited and on the
sample temperature. The new features are supposed to be related to
dynamic charge transfer effects.

O 42.107 Wed 17:45 P2
Design of composite materials via textured polymer brushes
— •Manuela Pluntke1, Sabine Letsche2, Dirk Volkmer2, and
Othmar Marti1 — 1Institute of Experimental Physics, Ulm Univer-
sity, Albert-Einstein-Allee 11, 89069 Ulm — 2Institute of Inorganic
Chemistry II, Ulm University, Albert-Einstein-Allee 11, 89069 Ulm

Acidic matrix macromolecules are involved in the production of bio-
materials such as bone and nacre. Therefore polyelectrolyte brushes
exposing a multitude of acidic groups are attractive tools to control
the growth of biogenic minerals.

To obtain crystalline thin mineral films we deposit inorganic mate-
rial in a lithographically structured organic matrix of polymer brushes
grown by surface-initiated atom-transfer radical polymerisation. The
initial metastable amorphous thin film is converted into a polycrys-
talline phase by thermal treatment.

To find optimal conditions for the specific deposition of different
minerals we varied the matrix properties by altering the functional
groups of the brushes and the experimental parameters.

Our current studies focus on the analysis of the brush swelling be-
haviour in the mineralization media by AFM as well as on the me-
chanical properties of the materials.

After all our investigations contribute to the understanding of the
interactions between the inorganic minerals and the organic matrix
molecules and offer attractive perspectives for potential applications
like optical information processing and regenerative medicine.

O 42.108 Wed 17:45 P2
Experimentelle Untersuchungen der Adsorption und des
Kristallwachstums von Komponenten epikutikularer Wach-
se. — •Alexander Hommes1,2, Wilhelm Barthlott3 und Klaus
Wandelt2 — 1FGAN, Wachtberg, Germany. — 2Institut for Theo-
retical and Physical Chemistry, Surfaces and Interfaces, University of
Bonn, Germany. — 3Nees-Institut für Biodiversität der Pflanzen, Uni-
versity of Bonn, Germany.

Im Rahmen dieser Arbeit wurde das konzentrationsabhängige Phasen-
verhalten von adsorbiertem Octacosan-1-ol und Octacosan-1-ol Deriva-
ten an der fest/flüssig und fest/gas Grenzfläche eines artifiziellen Sub-
strats mittels AFM/STM/REM untersucht. Octacosan-1-ol ist Haupt-
bestandteil der epikutikularen Wachse auf Weizenblättern, und bildet
somit die äußerste Barriere zur Umwelt und bestimmt die Hydrophobi-
zität der Blattoberfläche. Die Nukleations- und Wachstumsbedingun-

gen auf der nativen Oberfläche führen zur Ausbildung von kristallinen
”Platelets”, die aufgrund einer komplexen mikro- und nanoskopische
Architektur einen Superhydrophoben Effekt auslösen. Um diesen Ef-
fekt grundlegend zu verstehen und in einem technischen Prozeß nutz-
bar zu machen, muß ein Verständnis zum Wachstum von organischen
Kristallen auf Oberflächen entwickelt werden. Hierzu werden verschie-
dene, in epikutikularen Wachsen enthaltene Moleküle auf artifiziellen
Oberflächen adsorbiert und das Kristallwachstum beobachtet. Die er-
haltenen Erkenntnisse sind nach dem ”bottom up Prinzip”, von der
Einzelmoleküluntersuchung über Nukleation, Aggregatbildung bis hin
zum makroskopischen Kristallwachstum gegliedert.

O 42.109 Wed 17:45 P2
On the fate of hydrogen by formation of thiol-based self-
assembled monolayers: A critical in situ photoelectron spec-
troscopy result — •Laxman Kankate, Andrey Turchanin, and
Armin Gölzhäuser — Fakultät für Physik, Universität Bielefeld,
33615 Bielefeld

Self-assembled monolayers (SAMs) of thiols on gold are vastly utilized
for the functionalization of surfaces and interfaces in interdisciplinary
research for many years. However, a seminal question on the fate of
the hydrogen of the S-H groups upon SAM formation has not been an-
swered unambiguously1. It is generally believed that the S-H bond scis-
sion takes place and the released hydrogen either sticks to the surface
or desorbs in the molecular form. Some studies, however, suggest that
the S-H bond scission does not occur at all. Here, we present the ex-
perimental results which clearly show that the atomic hydrogen forms
upon thiol SAM formation and interacts with the monolayer terminus.
Vapour phase deposition was utilized to grow 4′-nitro-1,1′-biphenyl-4-
thiol, 4-nitrophenylthiol and bis-(4,4′-nitrobiphenyl)-disulphide SAMs
on Au surfaces. Using in situ x-ray photoelectron spectroscopy (XPS)
we found that the terminal nitro group of the thiol SAMs are partially
reduced upon the self-assembly into the amino group. On the contrary,
the disulphide SAMs form without any reduction.

[1] J.C. Love, L.A. Estroff, J.K. Kriebel, R.G. Nuzzo, G.M. White-
sides, Chem. Rev. 105 (2005) 1103

O 42.110 Wed 17:45 P2
Study of azobenzene-containing self-assembled monolayers
with surface plasmon resonance spectroscopy — •Olena Fi-
linova, Ulrich Jung und Olaf Magnussen — Institut für Experi-
mentelle und Angewandte Physik, Leibnizstraße 19, 24098 Kiel

Azobenzene-containing molecules can be switched between the trans
and cis isomers by UV and visible light. Adsorbate layers of such mo-
lecular switches on surfaces are of great interest for the formation of
functional nanosystems. Using surface plasmon resonance spectrosco-
py we have studied the kinetics of the photoisomerization processes
for self-assembled monolayers containing azobenzene bound by thiol-
and triazatriangulenium groups to Au surface. Using an Hg-lamp with
bandpass filter the trans-cis photoswitching was monitored as a functi-
on of wavelength and radiation power. These measurements allowed to
optimize the conditions for photoswitching and to determine the time
constants for the first order kinetics of this processes, which allowed
to estimate quantum yields of the photoisomerization reactions in the
range 10−5 to 10−3.

O 42.111 Wed 17:45 P2
Reactive Sites for the Deposition of Calcium on Semiconduct-
ing Polymers — •Fabian Bebensee1, Jack Hess Baricuatro2,
Junfa Zhu3, James Sharp2, Wanda Lew2, Hans-Peter Steinrück1,
J. Michael Gottfried1, and Charles T. Campbell2 — 1Lehrstuhl
für Physikalische Chemie II, Universität Erlangen-Nürnberg, Egerland-
straße 3, D-91058 Erlangen, Germany — 2Department of Chemistry,
University of Washington, Seattle, WA 98195, USA — 3National Syn-
chrotron Radiation Laboratory, University of Science and Technology
of China, Hefei, Anhui 230029, China

Systems composed of semiconducting polymers and low work function
metals - used as the cathode - are of great interest in the field of organic
electronics, e.g., organic solar cells and organic light emitting diodes.
The key parameter in the performance of such devices is the interface
between the active polymer and the electrode. We investigated the
deposition of calcium on several semiconducting polymers, including
CN-MEH-PPV and P3HT, using a set of complementary experimental
techniques (ISS, HR-XPS, adsorption microcalorimetry). The focus of
this study is on the different adsorption or reaction sites for Ca on the
polymer surface and the energetics of the interface formation. The con-
siderable differences in the behavior of the polymers are linked to the
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presence of different heteroatoms. Support by the DAAD, the NSF,
and the Excellence Cluster ”Engineering of Advanced Materials” at
the University of Erlangen-Nürnberg is gratefully acknowledged.

O 42.112 Wed 17:45 P2
High energy photoelectron spectroscopy of HBC-C14 —
•Vajiheh Alijani1, S. Shahabedin Naghavi1, Andrei Gloskovskii1,
Gerhard H. Fecher1, Claudia Felser1, Katerina Medyanyk2,
and Gerd Schönhense2 — 1Institute of Inorganic and Analyti-
cal Chemistry, Johannes Gutenberg - University, 55099 Mainz —
2Institute of Physics, Johannes Gutenberg - University, 55099 Mainz

A charge transfer (CT) complex is defined as an electron donor /—
electron acceptor complex, characterized by electronic transitions to
an excited state. In this excited state, there is a partial transfer of a
charge from the donor to the acceptor. CT complexes are good candi-
dates as photovoltaic cells, transistors and superconductors. Thin films
of HBC-C14 were prepared on Si/SiOx substrate by spin coating and
characterised by profilometry and atomic force microscopy. The films
were investigated by X-Ray photoelectron spectroscopy with labora-
tory XPS source and synchrotron excitation. The excitation energy
was varied in the range from 1.4 keV to 8 keV. We show that high
energy photoelectron spectroscopy at intermediate energies is better
suited than at very high energies for studies of organic thin films. The
reason is the enhanced contribution of the Si/SiOx substrate to the
photoemission signal at higher photon energies. This is caused by
very large inelastic electron mean free path that becomes comparable
with the film thickness of few tens of nm at high kinetic energies of
photoelectrons.

Funded by DFG through Transregio SFB TRR 49 (Project B8).

O 42.113 Wed 17:45 P2
Valence band spectroscopy on plasma trated wood sur-
faces — •Lothar Klarhöfer1, Evgenij Pachomow1, Sebas-
tian Mathes1, Wolfgang Maus-Friedrichs1, and Wolfgang
Viöl2 — 1Institut für Physik und Physikalische Technologien, Leib-
nizstraße 4, D-38678 Clausthal-Zellerfeld, Germany — 2HAWK
FH Hildesheim/Holzminden/Göttingen, Fakultät Naturwissenschaften
und Technik, Von-Ossietzky-Straße 99, 37085 Göttingen

Wood has been plasma treated using a dielectric barrier discharge at
atmospheric pressure in ambient air, in order to improve the wettability
of the surface. Chemical changes due to plasma treatment were studied
by several surface sensitive techniques like XPS, UPS and MIES.

The functional groups of cellulose were identified in the valence band
by fingerprints from glucose and cellobiose. The fingerprints for lignin
were obtained by coniferyl alcohol, cinnamyl alcohol, phenol and ben-
zene.

The plasma treatment in ambient air has different effects to the sur-
face of cellulose and lignin respectively. An oxygen containing plasma
reduces the cellulose surface, causes the loss of hydroxyl groups and
the formation of C=O double bonds.

The lignin surface oxidizes in an oxygen containing plasma which
leads to the removal of the hydrophobic phenyl groups, which react pre-
ferred with the plasma species. The destruction of the phenyl groups
and therefore the molecule backbone causes the removal of the lignin
from the surface, leaving a polar and rich on oxygen surface with goof
wetting behaviour.

O 42.114 Wed 17:45 P2
A study of the Cobalt Phthalocyanine-Ag-Si(111) inter-
face — •Fei Song1,2, Justin Wells1,3, Zheshen Li1, Karsten
Handrup1, Shining Bao2, Karina Schulte4, Louise Mayor4,
Edward Perkins4, Janine Swarbrick4, Lauge Gammelgaard5,
Marja Ahola-Tuomi6, and Philip Hofmann1 — 1University Aarhus,
DK — 2Zhejiang University, Hangzhou, CN — 3Norwegian University
of Science and Technology, Trondheim, N — 4University of Notting-
ham, UK — 5CARPES A/S, Kgs. Lyngby, DK — 6University of
Turku, FI

We describe the electronic and structural properties of the interface be-
tween Cobalt phthalocyanine(CoPc) molecules and a Si(111) surface,
which is passivated by a monolayer of silver. Different photoemission-
based techniques such as valence band UPS, XPS and NEXAFS are
used, and the system is also investigated using nano-scale four point
probes. Valence band UPS indicates a stronger bonding for the first
monolayer of molecules than for subsequent monolayers. This is ac-
companied by a structural change from flat-lying to standing. For
thicker layers, we infer the charge transfer and band alignment. Fi-
nally, the thickness-dependent surface conductance is related to these

observations.

O 42.115 Wed 17:45 P2
Infrared and Raman spectroscopy of ultrathin organic films
in a liquid cell — •Nadja Becker1, Dennis Aulich1, Norbert
Esser1, Jörg Rappich2, and Karsten Hinrichs1 — 1ISAS - Insti-
tute for Analytical Sciences, Department Berlin, Albert-Einstein-Str.
9, 12489 Berlin, Germany — 2Helmholtz Zentrum Berlin für Matre-
rialien und Energie GmbH, Abt. SE1, Kekuléstr. 5, 12489 Berlin,
Germany

Thickness and structure of organic films is investigated by non-
destructive, optical in-situ-methods. Besides molecular identification,
Raman spectroscopy and infrared ellipsometry are shown to reveal
complementary vibrational informations of thin films. The same in-
situ cell [1] was used for characterisation of protein adsorption and the
study of polymer films in contact with aqueous solutions.

Reference: [1] Y. Mikhaylova, L. Ionov, J. Rappich, M. Gensch, N.
Esser, S. Minko, K.-J. Eichhorn, M. Stamm, K. Hinrichs, Anal. Chem.
79, 7676 (2007)

O 42.116 Wed 17:45 P2
Nano-Mechanical Detection of (Bio-)Molecular Recognition
— •K. Gruber1, C. Rohr1, J. Koeser2, U. Hubler2, T. Sobey3,
F. C. Simmel3, and B. A. Hermann1 — 1Dept. of Physics / CeNS,
LMU Munich and WMI, 85748 Garching, Germany — 2Concentris
GmbH, 4012 Basel, Switzerland — 3Dept. of Physics, TU Munich,
85748 Garching, Germany

Based on the development of the atomic force microscope, the can-
tilever array technique monitors physical, chemical and biochemical
processes taking place on the surface of wafer-thin and extremely sen-
sitive silicon springs. These reactions can be measured directly without
fluorescent or radioactive labels, and can be followed in real-time al-
lowing analysis of reaction dynamics and determination of e.g. kinetic
constants. The goal is to understand the chemical transduction pro-
cess of a (bio-)molecular key-lock-recognition in a deflection signal by
performing well defined experiments.

The hybridization signals of two 70% to 80% homologous single-
stranded DNA sequences could be clearly distinguished. Each half
of one cantilever array was functionalized with one of the two DNA
strands. Hence, only those cantilever that bear the exact complemen-
tary to a matching single strand, offered in the sample solution, show
deflection. The experiment could be successfully reproduced for several
independently functionalized cantilever arrays. As one possible appli-
cation, we demonstrated that a thrombin catching DNA-aptamer[1]
could be successfully bound onto a cantilever surface.

[1] F. C. Simmel et al., Angew. Chem. Int. Ed. 2004 43, 3549
(2004)

O 42.117 Wed 17:45 P2
Influence of supporting substrate on the shape of deposited
size-selected nanoparticles — •Christian Kleinhans, Wolfgang
Rosellen, Furkan Bulut, Kerstin Gebhardt, and Mathias Get-
zlaff — Institute of Applied Physics, University Düsseldorf

The structure of supported clusters, significantly affecting their elec-
tronic and magnetic properties, is of large interest in today’s physics,
especially from a technological point of view for future applications.
With a continuously working, UHV-compatible arc cluster ion source
(ACIS), Fe-, Co- and FeCo-alloy-clusters have been produced and
subsequently mass filtered using an electrostatic quadrupole-deflector-
unit. The sizes range from 5 to 15nm. The deposition of these
preformed free clusters onto a ferromagnetic Ni-thin-film prepared
on a W (110)-substrate was performed under soft-landing conditions.
For comparison, the clusters were additionally deposited on the bare
W (110) surface. Due to the different surface energies, changes in the
shape of the clusters are to be expected. The determination of size
and shape of the nanoparticles was carried out by means of STM and
TEM. We will also discuss the temperature dependence concerning the
different nanoparticle-substrate sytems.

O 42.118 Wed 17:45 P2
Crystal structure of iron oxide nano particles synthesized
form ferritin — •Michael Krispin, Aladin Ullrich, and Siegfried
Horn — Lehrstuhl für Experimentalphysik II, Universität Augsburg,
D-86135 Augsburg

We have investigated the local crystal structure of nanosized iron ox-
ides by extended x-ray absorption fine structure (EXAFS). Iron oxide
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nanoparticles of different diameters were produced by thermal treat-
ment of horse spleen ferritin molecules and remineralized apo-ferritin
molecules, respectively. The size was determined by atomic force mi-
croscopy (AFM) as well as transmission electron microscopy (TEM).
The structure of these particles was compared to various iron oxide and
ferrihydrite references. The Fourier transformed (FT) EXAFS spectra
of the iron oxide nanoparticles differ significantly from α-Fe2O3 and
γ-Fe2O3 reference spectra and change systematically as a function of
particle diameter, signalling a corresponding evolution of the struc-
ture. A possible explanation could be the occurrence of a mixture of
α-Fe2O3 and γ-Fe2O3 phases in a core-shell model, i.e. the particle
consists of a α-Fe2O3 core and γ-Fe2O3 like shell. A decrease of core to
shell ratio with decreasing particle size may then explain the changes
in the measured FT-EXAFS. Indeed, EXAFS oscillations of samples
can be fitted by a linear combination of the EXAFS oscillations of the
measured α-Fe2O3 and γ-Fe2O3 reference powders. This picture is
supported by the fact, that x-ray diffraction (XRD) measurements on
annealed native ferritin show that the α and γ phases coexist.

O 42.119 Wed 17:45 P2
Electronic properties of size selected Ag clusters on C60

and HOPG surfaces — •Ben Wortmann1, Stefanie Duffe1,
Lukas Patryarcha1, Bernd von Issendorff2, and Heinz Hövel1

— 1Technische Universität Dortmund, Experimentelle Physik I, 44221
Dortmund, Germany — 2Universität Freiburg, Fakultät für Physik,
Hermann-Herder Straße 3, 79104 Freiburg, Germany

We deposited mass selected Ag clusters, which are expected to form
geometrically magic icosahedra, on 1.5 ML C60/HOPG at low temper-
atures. On 1 and 2 ML C60 we observed very narrow cluster height
distributions for Ag309±3 and Ag923±9. The clusters on 1 and 2 ML
C60 kept their original height for more than 12 hours at room temper-
ature [1, 2]. To get information on the electronic structure of the clus-
ters, scanning tunnelling spectroscopy measurements were performed
at 5 K for Ag309±3 and Ag923±9/C60/HOPG. We observed spectra
with identical features for individual clusters with the same selected
size. Additionally we investigated the electronic properties of size se-
lected clusters with ultraviolet photoemission spectroscopy (UPS). Us-
ing C60 as buffer layer for the cluster deposition, the dominant UPS
signal of C60 masks the signal of the clusters. For this reason the Ag
clusters were deposited and investigated on bare HOPG at 100 K. The
low temperature decreases the mobility of the clusters on HOPG and
reduces coalescence. One aim of these studies is the comparison to
UPS spectra of size selected clusters in free beam [3].

[1] S. Duffe et al., EPJD 45, 3 (2007) [2] S. Duffe et al., submitted
for publication [3] O. Kostko et al., PRL 98, 043401 (2007)

O 42.120 Wed 17:45 P2
Growth of magnetic clusters on a moiré pattern of graphene
on Ru(0001) — •Simon Altenburg, Martin Ziegler, Jörg
Kröger, and Richard Berndt — Christian-Albrechts-Universität zu
Kiel, D-24098 Kiel, Germany

Large areas of highly ordered single layer graphene were grown on a
Ru(0001) surface by controlled segregation of Carbon from the bulk.
The resulting moiré superstructure was atomically resolved by scan-
ning tunnelling microscopy. We find that the moiré pattern acts as
a template for the growth of Co clusters: Depositing Co onto the
graphene layer gives rise to Co islands whose lateral dimensions are
determined by the moiré pattern. The dependence of the Co island
dimensions on deposition temperature and coverage was investigated.
Funding by the Deutsche Forschungsgemeinschaft through SFB 668 is
acknowledged.

O 42.121 Wed 17:45 P2
Growth and Characterization of Pt Nanoparticles on CeO2

(111) Films on Cu(111) by STM — •Thorsten Staudt1,
Yaroslava Lykhach1, Lutz Hammer2, M. Alexander Schneider2,
and Jörg Libuda1 — 1Lehrstuhl für Physikalische Chemie II,
Friedrich-Alexander-Universität Erlangen-Nürnberg — 2Lehrstuhl für
Festkörperphysik, Friedrich-Alexander-Universität Erlangen-Nürnberg

Precious metal nanoparticles supported on ceria films are widely used
in many important applications, including three-way automotive cat-
alysts and the catalytic oxidation of hydrocarbons. The use of ceria
is motivated by its unique ability to store and release oxygen, while
it is well known that metal particles supported on oxides can exhibit
different chemical reactivity depending upon their size and structure.

Here we present a scanning tunnelling microscopy study on the
growth of Pt nanoparticles on CeO2(111) films. These films are grown

by physical vapour deposition (PVD) of cerium on a Cu(111) substrate
in O2 at 520 K. The recipe has been adopted from the one suggested
by Matolin and coworkers [1] and modified by the use of a higher
oxidation temperature to form atomically flat terraces. LEED mea-
surements reveal a well-ordered film with a (1.5x1.5) superstructure
in orientation to the underlying substrate. A Volmer-Weber growth
mode of ceria is identified by STM measurements. In a next step we
investigate the nucleation behaviour and growth of Pt nanoparticles,
prepared by PVD. Finally, the thermal stability of these particles is
studied and it is found that they are transformed into flat islands upon
annealing. [1] V. Matolin et al., Thin Solid Films 516 (2008) 6120-6124

O 42.122 Wed 17:45 P2
Towards an understanding of the vibrational spectrum of the
neutral Au7 cluster — •Luis Mancera and David M. Benoit
— Nachwuchsgruppe Theorie - SFB 569, University of Ulm, Albert-
Einstein-Allee 11, D-89081 Ulm, Germany

Most experimental vibrational studies on neutral gold nanoclusters
have focused on charged particles. For neutral clusters, such studies
have been limited in the past to Au2 and Au3. Only very recently, vi-
brational spectra of a few small neutral gold clusters in gas-phase have
been reported, using far-infrared multiple-photon dissociation (FIR-
MPD) spectroscopy [1]. Among them, Au7 receives a particular atten-
tion since it is in a size regime in which anions and cations are known
to adopt planar structures. In this contribution, we address the predic-
tion of the vibrational spectrum of the Au7 cluster from first principles.
Since discrepancies between experimental and theoretical spectra are
often attributed to anharmonic effects, we also investigate the vibra-
tional spectrum of this cluster, using the vibrational self-consistent
field method (VSCF), which includes anharmonic coupling between
vibrational modes. Besides anharmonicity, we discuss other issues af-
fecting the prediction of the spectrum, such as polymorphism and the
theoretical description of the underlying potential energy surface.

[1] P. Gruene, D. M. Rayner, B. Redlich, A. F. G. van der Meer, J.
T. Lyon, G. Meijer, and A. Fielicke, Science 321, 674 (2008)

O 42.123 Wed 17:45 P2
HICS – Highly charged ion collisions with surfaces —
•Christian Haake, Thorsten Peters, Johannes Hopster, An-
dreas Wucher, and Marika Schleberger — Universität Duisburg-
Essen, Fachbereich Physik, 47057 Duisburg, Germany

A new ion beam installation with the name HICS (highly charged
ions collisions with surfaces) has been constructed to investigate the
mechanisms of energy dissipation in a substrate after the impact of
highly charged ions. The set-up offers high charge states (up to Ar16+

or Xe44+) and adjustable kinetic energies which can be less than
100 eV/q. These low energies are achieved by a deceleration system
which uses a device we call an ion escalator. An evaporation chamber
for sample preparation is mounted and a load lock system offers in
situ transport to other vacuum systems. To analyse the irradiation
effects a time–of–flight system for secondary and neutral mass spec-
trometry (SIMS/SNMS) is installed. Inner Electronic excitations can
be detected with metal-insulator-metal junctions. These detectors of-
fer the possibility to study excitations below the work function which
limits the external emission of electrons. First data measured with
Ag-AlOx-Al detectors will be presented.

O 42.124 Wed 17:45 P2
Photochromic silver nanoparticles fabricated by nanosphere
lithography — •Melanie Meixner, Alexander Sprafke, Florian
Hallermann, Maximilian Reismann, Matthias Wuttig, and Gero
von Plessen — Institute of Physics (IA), RWTH Aachen University,
52056 Aachen, Germany

Photochromic materials change their color under irradiation with light.
In previous work [1], we have studied the photochromic transformation
of silver nanoparticles embedded in transition-metal oxides prepared
by dc-sputter deposition, such as TiOx, ZrOx and HfOx. The silver
nanoparticles are highly inhomogeneous in shape, size and spatial dis-
tribution. The photochromic effect is based on spectral hole burning
in the inhomogeneously broadened particle-plasmon band. This hole
burning is probably caused by photoemission of electrons from the
resonantly excited particles.

In the present work, we show that TiOx-embedded silver nanoparti-
cles with improved photochromic properties can be fabricated through
a combination of electron-beam evaporation and nanosphere lithogra-
phy. Nanosphere lithography is a method to produce hexagonal ar-
ranged and equally shaped particles [2]. The good reproducibility of
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this approach allows us to analyze the photochromic transformation
in a more quantitative way than was possible with samples prepared
by sputter deposition.
[1] C. Dahmen et al., Appl. Phys. Lett. 88 ,011923 (2006)
[2] J. C. Hulteen et al., J Vac Sci Technol A 13 pp. 1553-1558 (1995)

O 42.125 Wed 17:45 P2
Exposure of Single-Molecule-Magnets Mn6Cr and Mn7 to
Soft X-Rays — Fabian Merschjohann1, •Andreas Helmstedt1,
Aaron Gryzia1, Andreas Winter1, Sebastian Steppeler1, Nor-
bert Müller1, Armin Brechling1, Marc D. Sacher1, Ulrich
Heinzmann1, Carl-Georg Freiherr v. Richthofen2, Thorsten
Glaser2, Sönke Voss3, Mikhail Fonin3, and Ulrich Rüdiger3 —
1Fak. f. Physik, Uni Bielefeld — 2Fak. f. Chemie, Uni Bielefeld —
3Fak. f. Physik, Uni Konstanz

Mn6Cr and Mn7 are two representatives of the new 7-core Single-
Molecule-Magnets (SMM) with a large spin moment. Adsorbed on sur-
faces their electronic configuration may change depending on the sub-
strate material. Possible modifications of the electronic configuration
can be studied element-specificly by X-ray absorption spectroscopy and
by measuring the spin-polarization of photoelectrons ejected by cir-
cularly polarized synchrotron radiation. Drawback of the above men-
tioned methods is the bad stability of the SMM during X-ray exposure.
The SMM degrade due to photoreduction with increasing time of ex-
posure. The trivalent metallic components (here Mn and Cr) become
divalent ones. This degradation process was observed by using very

small photon fluxes at Maxlab III. Within about one hour of X-Ray
exposure the degradation saturates. The rate of degradation depends
on the substrate material as well as on the SMM-concentration on
the substrate. Beneath these results we will present first spin-resolved
photo-emission measurements of SMM-crystals.

O 42.126 Wed 17:45 P2
Investigation of hot electrons below the surface — •Johannes
Hopster1, Thorsten Peters1, Christian Haake1, Detlef
Diesing2, Andreas Wucher1, and Marika Schleberger1 —
1Fachbereich Physik, Universität Duisburg-Essen, Lotharstrasse 1,
47057 Duisburg, Germany — 2Physikalische Chemie, Universität
Duisburg-Essen, 45117 Essen, Germany

In many physical processes energetic (hot) charge carriers play a sig-
nificant role. Hot electrons may be produced in different ways, e.g.
by energetic ions, laser beams or directly by a monoenergetic electron
beam. Our aim is to investigate the spatial and temporal development
of the electron energy distribution below the surface. To detect the hot
charge carriers thin film metal insulator metal junctions (MIMs) are
used. The measured yield of electron transmission through the insula-
tor barrier depends on the initial excitation energy, the top electrode
thickness, the material of the top electrode and the barrier height. By
applying a bias voltage between the two metal electrodes energy dis-
persive measurements are possible. Corresponding data that has been
obtained on various MIMs will be presented.

O 43: Invited Talk (Jürg Osterwalder)

Time: Thursday 9:30–10:15 Location: HSZ 02

Invited Talk O 43.1 Thu 9:30 HSZ 02
Measuring spin polarization vectors with ARPES — •Jürg
Osterwalder1, Hugo Dil1,2, Fabian Meier1,2, Jorge Lobo-
Checa3, Luc Patthey2, and Vladimir N. Petrov4 — 1Physik-
Institut, Universität Zürich, CH-8057 Zürich — 2Swiss Light Source,
Paul Scherrer Institut, CH-5232 Villigen — 3Departement Physik, Uni-
versität Basel, CH-4056 Basel — 4St. Petersburg Technical University,
195251 St. Petersburg, Russia

Combining an angle-resolved photoelectron spectrometer equipped
with a three-dimensional spin polarimeter [1] and a new two-step fit-
ting routine [2] we can measure absolute spin polarization vectors for
individual bands intersected in a particular set of ARPES data. This
procedure is crucial when analyzing strongly overlapping peaks or weak

signals sitting on a large unpolarized background, especially in the
presence of non-collinear spins. It is robust against strong intensity
variations due to matrix element effects because it references the spin
polarization contribution of each band to the measured peak intensity.
The method is applied to two-dimensional systems where spin-orbit
effects lead to spin splittings and complex momentum-dependent spin
structures. Presented case studies include surface alloys of Bi and Pb
on Ag(111) that show a giant Rashba effect, as well as ultrathin Pb
layers on Si(111), where by introducing the electron spin as an addi-
tional tag Rashba splittings of the order of 15 meV could be measured.
We find in all cases that the states are 100% spin polarized. [1] M.
Hoesch et al., J. Electron Spectrosc. Relat. Phenom. 124, 263 (2002).
[2] F. Meier et al., Phys. Rev. B 77, 165431 (2008).

O 44: Metal substrates: Adsorption of organic / bio molecules VI

Time: Thursday 10:30–13:00 Location: SCH A118

O 44.1 Thu 10:30 SCH A118
Self-Assembly Induced Chirality in CoTPP on Cu(110) —
•Abel Robin, Philip Donovan, Rasmita Raval, Matthew Stephen
Dyer, and Mats Persson — University of Liverpool, Liverpool, U.K.

We describe the adsorption of Co(II) tetraphenylporphyrin (CoTPP)
on Cu(110) using a combination of STM and periodic DFT. Por-
phyrins’ electronic, magnetic and catalytic properties make them an
attractive target for introducing organised functionality at surfaces.

We show that CoTPP forms highly ordered 2D arrays on Cu(110).
Importantly, the self-assembled structures exhibit chirality on both or-
ganisational and molecular levels, creating equal and opposite mirror
domains. The expression of chirality in adsorbed porphyrin systems
has only been observed rarely. Here we delineate important factors
driving chiral expression in a per se non-chiral system.

DFT shows a strong energetic preference for molecules adsorbing
in bridge sites, accompanied by a significant charge exchange be-
tween the macrocycle and the substrate. Optimised intermolecular and
molecule-substrate interactions rotate and tilt the phenyls, endowing
the porphyrins with a propeller-like, thus chiral, conformation. These
propeller-like molecules assemble along two non-symmetry directions,
leading to large chiral domains mirrored across the main copper axes.

For the predominant structure we distinguish two sets of diamet-
rically opposite phenyls possessing distinct interactions with the sub-

strate. Because of this anisotropy, assembly along one chiral direction
is less flexible than along the other. Our DFT calculated images cor-
respond well with the STM images for this structure.

O 44.2 Thu 10:45 SCH A118
SPA-LEED study on metal-free phthalocyanine sub-
monolayers on Ag(111) — •Patrick Bayersdorfer1, Ingo
Kröger1, Friedrich Reinert1,2, and Christian Kumpf1,3 —
1Universität Würzburg, Experimentelle Physik II, D-97074 Würzburg
— 2FZ Karlsruhe, Gemeinschaftslabor für Nanoanalytik, D-76021
Karlsruhe — 3FZ Jülich GmbH, IBN-3, D-52425 Jülich

The geometrical alignment of organic molecules in the first adlayer on
a surface strongly influences interface properties like surface dipoles
or charge transfer, but it also plays an important role for the growth
of further molecular layers. Phthalocyanines (Pcs) deposited on a sil-
ver surface play a prominent role in this context since they exhibit
an unusual adsorption behaviour. We use high-resolution low energy
electron diffraction (SPA-LEED) in order to investigate geometrical
aspects of metal-free Pc (H2Pc) sub-monolayers on Ag(111). At room
temperature (RT) and up to a coverage of 0.75 ML no long range or-
dered structures occur. The molecules arrange themselves randomly
on the surface and maximize the distance to their neighbours. Be-
tween 0.75 ML and 0.91 ML a commensurate superstructure is formed
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followed by a series of continuously changing point-on-line structures
above 0.91 ML. The latter superstructures were already observed for
metal Pcs in our group (CuPc, SnPc, TiOPc, see contributions of I.
Kröger, M. Häming and M. Kochler). They proof the existence of a
dominant intermolecular repulsion between the molecules on Ag(111).
However, in contrast to the metal Pcs, H2Pc exhibits a commensurate
structure also at RT which indicates a reduced intermolecular repul-
sion.

O 44.3 Thu 11:00 SCH A118
Determining the diffusion coefficients of large organic
molecules on a metal surface from tunneling current fluctu-
ations — •Julian Ikonomov, Christoph H. Schmitz, and Moritz
Sokolowski — Institut für Physikalische und Theoretische Chemie,
Universität Bonn, Wegelerstr. 12, 53115 Bonn, Deutschland

The diffusion of organic molecules on surfaces has so far been mostly
investigated by molecule tracking using the video STM technique [1].
This method requires small molecule coverages and small diffusion co-
efficients. Here we present a new technique suitable for higher temper-
atures and arbitrarily coverages based on the temporal increase in the
tunneling current that occurs when a molecule diffuses under the STM
tip. For our measurements, we have chosen the model system perylene-
3,4,9,10-tetracarboxylic acid dianhydride (PTCDA) on Ag(100). The
PTCDA molecules form highly ordered two-dimensional islands sur-
rounded by gas-like phase [2]. In order to determine the diffusion
coefficients, we used a continuum model to describe the diffusion of
the molecules under the tip. Due to the finite size of the molecule it
is even possible to obtain the spatial anisotropy of the diffusion coeffi-
cient. From the density of the peaks in the current-time spectra, one
may in addition quantitatively estimate the tip-molecule interaction
and the mean local coverage.

Funded by the DFG through SFB 624.
[1] M. Schunack et al., Phys. Rev. Lett., 88 (2002) 156102.
[2] J. Ikonomov et al., Surf. Sci., 602 (2008) 2061.

O 44.4 Thu 11:15 SCH A118
Nature of Free-Electron-Like States in PTCDA molecules
Adsorbed on an Ag(111) Surface — •Mats Persson and
Matthew Dyer — Surface Science Research Centre, University of
Liverpool, L69 3BX Liverpool, UK

Advances in molecular assembly experiments on metal surfaces and
potential applications arising from them call for a better understand-
ing of the electronic structure at the interface of metals and organic
systems. There is a high interest in delocalized electronic states, be-
cause of their potential use in molecular and opto-electronics applica-
tions. Recently, unoccupied, free-electron-like states arising in mono
layers of 3,4,9,10-perylene-tetracarboxylic acid dianhydride (PTCDA)
molecules adsorbed on an Ag(111) surface at energies close to the Fermi
energy have been observed by scanning tunneling and photoemission
spectroscopies [1,2]. So as to reveal the nature of these delocalized
states we have carried out a density functional study of the electronic
structure and local density of states of these systems. We show that
the observed free-electron state originates from a Shockley surface state
(SS) at the zone centre of the bare surface. The SS is shifted up by the
interaction with the organic overlayer. [1] R. Temirov et al., Nature
444, 350 (2006). [2] C. H. Schwalb et al., Phys. Rev. Lett. 101,
146801 (2008).

O 44.5 Thu 11:30 SCH A118
PTCDA chemisorbed on Ag(110): Dispersion interactions
and charge equilibration — •Reinhard Scholz1 and Afshin
Abbasi2 — 1Walter Schottky Institut, TU München, Germany —
2Institut für Physik, TU Chemnitz, Germany

The chemisorption of PTCDA on Ag(110) is analysed with 2nd or-
der Møller-Plesset perturbation theory (MP2), accounting therefore
for the main part of the dispersion interactions at an ab initio level.
Irrespective of the size of the rigid silver cluster used as a substrate
model, the optimized geometry consists of a nearly flat perylene core,
surrounded by carboxylic oxygens closer to the substrate, but with an-
hydride atoms at a larger height. The charge equilibration between ad-
sorbate and substrate involves charge injection from the oxygen atoms
into the substrate, and back transfer of two electrons into the former
LUMO of the free molecule. Surprisingly, the resulting negative charge
of the adsorbate has a very small contribution in the core region where
the main part of the LUMO is localized, but instead accumulates on
the end groups. It can be shown in detail that a rehybridization of
molecular σ and π states results in a decoupling of several π states

on the oxygen atoms from the aromatic core, as opposed to the free
molecule, where the π states delocalize over the entire molecule. These
decoupled π states on the end groups are forming the binding Ag-O
orbitals injecting electronic charge from the molecule into the sub-
strate. Compared to the dominating mechanisms discussed above, the
hybridization between orbitals in the core region and the underlying
substrate plays only a minor role for the charge balance.

O 44.6 Thu 11:45 SCH A118
Interface states investigated by PES, IPES and 2PPE: the
example of PTCDA/Ag — •Achim Schöll1, Stefan Krause1,
Sönke Sachs1, Johannes Ziroff1, Christian Schwalb2, Manuel
Marks2, Ulrich Höfer2, Eberhard Umbach3, and Friedrich
Reinert1 — 1Uni Würzburg, Experimentelle Physik II, D-97074
Würzburg — 2Philipps-Uni Marburg, Physik und Materialwis-
senschaften, D-35032 Marburg — 3FZ Karlsruhe, D-76021 Karlsruhe

We have studied the occupied and unoccupied states at the
PTCDA/Ag interface, enabling us to draw a comprehensive picture
of the interfacial electronic structure [1]. The strong, unambiguously
covalent, interaction leads to hybrid orbitals (interface states), involv-
ing at least LUMO, HOMO, and HOMO-1, and Ag 5s- and 4d-states.
The LUMO is pulled below EF resulting in a new occupied state. High-
resolution photoemission (PES) data reveal that on Ag(111) this state
is partially filled leading to a ”metallic”phase. Inverse PES (IPES)
and two-photon photoemission (2PPE) reveal a new unoccupied state
0.6 eV above EF , which disperses with an effective mass of 0.39 me

at the Γ-point. The short lifetime (54 fs) indicates a large penetration
into the metal. This state is interpreted as predominantly due to an
adsorption induced upshift of the Ag(111) Shockley state[2].

These interface states are expected to have notable influence on the
charge carrier injection properties at an interface, particularly if their
wave function penetrates the metal as well as the molecular layer.

[1] Y. Zou et al., Surf. Science, 2006. 600(6)1240.
[2] C.H. Schwalb et al., Phys. Rev. Lett., 2008. 101(14).

O 44.7 Thu 12:00 SCH A118
PTCDA induced faceting of a vicinal Ag(111) surface: an in-
situ LEEM study — •Thomas Schmidt1, Florian Pollinger2,
Helder Marchetto1, Stefan Schmitt2, Florian C. Maier2,
Alessandro Sala1, Friedrich T. Reinert2, Eberhard Umbach2,3,
and Hajo Freund1 — 1Fritz-Haber-Institut, Abt. CP, 14195
Berlin — 2Universität Würzburg, EP II, 97074 Würzburg —
3Forschungszentrum Karlsruhe, 76021 Karlsruhe

Adsorption of organic molecules on vicinal metal surfaces is known to
promote faceting and self-organized ordering on mesoscopic scales[1].
In the temperature range between 400 K and 620 K the adsorption of
PTCDA on a Ag(10 8 7) surface has been studied in-situ and in real-
time by LEEM (low energy electron microscopy) and LEED, using
the SMART microscope[2]. The deposition of one organic layer leads
to grating-like structures. The direct observation reveals a two-step
process: first, facets with an angle of ca. 25◦ inclination are formed
with (111) orientated areas in between, whereas only the facets are
covered by PTCDA. In a second step the bare (111) areas are covered
by PTCDA, forming a complete monolayer. The temperature depen-
dence of the structure sizes and the influence of inhomogeneity in the
initial substrate step density are discussed.

[1] S. Schmitt, Dissertation Würzburg, 2007.
[2] R. Fink et al. J. Electr. Spectrosc. Rel. Phen. 84 (1997) 231-250.

O 44.8 Thu 12:15 SCH A118
Current-induced switching of PTCDA on Ag(111) — •Olga
Neucheva, Christian Weiss, Ruslan Temirov, and Frank Stefan
Tautz — Institut für Bio- und Nanosysteme (IBN-3) and JARA-
Fundamental of Future Information Technology, Forschungszentrum
Jülich, 52425 Jülich, Germany

A low temperature scanning tunneling microscope (LT-STM) has
been used to investigate electron transport through a single PTCDA
molecule on Ag(111). Under certain conditions, one of the carboxylic
oxygen atoms of the PTCDA molecule establishes a chemical bond
with the STM tip, forming a covalently bound single molecular junc-
tion [1]. In this contribution, we investigate the process of contact
formation as a function of parameters such as distance, bias voltage
and electrical current through the molecular junction. In a narrow
distance and voltage interval, bistable switching of the oxygen atom
between a high- and low-conductance state is observed. The impli-
cations of this observation are discussed. [1] Temirov R., Lassise A.,
Anders F.B., et al., Nanotechnology 19 (2008) 065401
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O 44.9 Thu 12:30 SCH A118
Influence of dispersion interactions on the adsorption geome-
try of NTCDA on a (110)-oriented silver substrate — •Afshin
Abbasi1, Michael Schreiber1, and Reinhard Scholz2 — 1Institut
für Physik, Technische Universität Chemnitz, D-09107 Chemnitz, Ger-
many — 2Walter Schottky Institut, Technische Universität München,
Am Coulombwall 3, D-85748 Garching, Germany

We investigate the adsorption of NTCDA on Ag(110) with second-
order Møller-Plesset perturbation theory (MP2) and density functional
theory (DFT), using rigid metal clusters of different size as a model
for the substrate. In each method, the adsorption geometry depends
only weakly on the size of the metal cluster, but both microscopic
approaches differ significantly: MP2 gives a nearly flat adsorbate,
whereas the lack of dispersion interaction in DFT results in a strongly
bended geometry, placing the aromatic core at a much larger distance
from the topmost substrate layer with respect to the oxygen groups.
Irrespective of the microscopic approach, the carboxylic oxygens in-
teract more strongly with the substrate than the anhydride oxygens,
placing them about 0.2 Å closer to the topmost silver layer. On the
largest substrate cluster containing 34 silver atoms in three consecutive
crystal planes, MP2 places the carbon atoms at an average height of
2.57 Å above the topmost silver layer, about 0.3 Å closer than in the
strongly bended geometry geometry obtained with DFT. From these
findings, we conclude that the chemisorption geometry of NTCDA on
Ag(110) cannot be quantified without the dispersion interactions in-
cluded at the MP2 level.

O 44.10 Thu 12:45 SCH A118
”Soft” metallic contact to isolated C60 molecules — •Hendrik
Glowatzki1, Benjamin Bröker1, Ralf-Peter Blum1, Oliver T.
Hofmann2, Antje Volmer3, Ralph Rieger4, Klaus Müllen4, Eg-
bert Zojer2, Jürgen P. Rabe1, and Norbert Koch1 — 1Humboldt-
Universität zu Berlin, Institut für Physik, Berlin, Germany —
2Technische Universität Graz, Institut für Festkörperphysik, Graz,
Austria — 3BESSY, Berlin, Germany — 4MPI for Polymer Research,
Mainz, Germany

We investigated the electronic as well as the structural properties of
Hexaazatriphenylene-hexanitrile (HATCN) and C60 on Ag(111) by us-
ing ultraviolet photoelectron spectroscopy (UPS) and scanning tunnel-
ing microscopy (STM) accordingly. HATCN was used as buffer layer
to decouple the test-molecule C60 from the metal substrate. Photoe-
mission revealed metallic behavior of HATCN on Ag(111) which calcu-
lations confirmed to be due to partial filling the LUMO of chemisorbed
HATCN. From STM a regular honeycomb-structure was found. Using
C60 as test-molecule on top of this layer the holes within the honey-
combs were acting as adsorption centers leading to laterally spacing
between C60 molecules as observed by STM. At the same time UPS
revealed virtually bulk like electronic properties of C60 on metallic
HATCN/Ag(111) which is in strong contrast to the bare C60-Ag(111)
interface being significantly altered by charge transfer. This opens up
new possibilities in probing the undisturbed properties of individual
molecules on metal substrates. This work is financially supported by
European Community project ”IControl”(EC-STREP-033197).

O 45: Heterogeneous catalysis

Time: Thursday 10:30–13:00 Location: SCH A215

O 45.1 Thu 10:30 SCH A215
Interaction of CO2 and CH4 with MgO/CeO2/Cu(111) and
Pt/CeO2/Cu(111) model catalyst surfaces — •Yaroslava
Lykhach, Thorsten Staudt, Michael P. A. Lorenz, Regine Stre-
ber, Andreas Bayer, Hans-Peter Steinrück, and Jörg Libuda —
Lehrstuhl für Physikalische Chemie II, Friedrich-Alexander-Universität
Erlangen-Nürnberg, Egerlandstraße 3, D-91058 Erlangen

We have studied the interaction of CO2 and CH4 with CeO2 based
model catalyst. Toward this aim, we employ epitaxially grown CeO2

films on Cu(111) as well-ordered model supports [1]. Morphology and
growth of the deposited films were characterized by means of STM and
LEED. The CeO2/Cu(111) substrates were modified by deposition of
MgO or Pt. The reaction behaviour of CO2 on MgO/CeO2/Cu(111)
was investigated by XPS. The interaction of CH4 was studied on
CeO2/Cu(111) and Pt/CeO2/Cu(111) in supersonic beam assisted ex-
periments. Different carbonaceous species formed on the surfaces were
monitored by XPS as a function of exposure, sample temperature and
MgO or Pt particle sizes. Upon stepwise annealing removal of carbon is
observed. While the Pt particles are recovered, significant reduction of
CeO2 substrate is observed at temperatures significantly lower than for
clean Pt/CeO2/Cu(111). This indicates active participation of CeO2

in removal of carbonaceous species via reverse-spillover of oxygen from
the CeO2 support to Pt.

[1] V. Matolin et al., Thin Solid Films 516 (2008) 6120-6124.

O 45.2 Thu 10:45 SCH A215
Studies on the substrate mediated vibrational excitation of
CO/Si(100) by means of SFG spectroscopy — Xu Han, Kris-
tian Lass, •Thorsten Balgar, and Eckart Hasselbrink — Uni-
versität Duisburg-Essen, Fachbereich Chemie, 45117 Essen, Germany

Vibrational excitations of adsorbates play an important role in chem-
ical reaction dynamics. In the past decade CO on solid surfaces was
chosen as adequate model system for studying vibrational relaxation
dynamics [1 - 3]. Our work is focused on the energy dissipation of
vibrationally excited CO adsorbed on a silicon surface by means of
IR/Vis sum frequency generation (SFG) spectroscopy [4, 5]. Here we
present studies on substrate mediated excitation of vibrational modes
of CO on Si(100) induced by UV radiation. We suppose the observa-
tion of highly excited internal stretch vibrations of CO caused by hot
electrons generated within the silicon substrate.

[1] A. Tadjeddine, A. Le Rille, O. Pluchery, F. Vidal, W.Q. Zheng,
A. Peremans, Phys. Status Solidi A 175 (1999) 89 [2] H. Ueba, Prog.
Surf. Sci. 55 (1997) 115 [3] M. Buck, M. Himmelhaus, J. Vac. Sci.

Technol. A 19 (2001) 2717 [4] K. Lass, X. Han, E. Hasselbrink, J.
Chem. Phys. 123 (2005) 051102 [5] K. Lass, X. Han, E. Hasselbrink,
Surf. Sci. 600 (2006) 4275

O 45.3 Thu 11:00 SCH A215
From electrons to reactive flow: Coupling first-principles
kinetic Monte Carlo with continuum level simulations —
•Sebastian Matera and Karsten Reuter — Fritz-Haber-Institut
der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin

First-principles kinetic Monte Carlo (kMC) simulations have evolved
into an important tool in the modeling of heterogeneous catalytic pro-
cesses. The success of the approach relies on the accurate treatment of
two central aspects for the reactive surface chemistry: A first-principles
description of the involved elementary processes and an evaluation
of their statistical interplay that fully accounts for the correlations,
fluctuations and spatial distributions of the chemicals at the catalyst
surface. Particularly for technologically more relevant environments,
i.e. ambient pressures and elevated temperatures with concomitant
higher product formation rates, a third aspect in form of the heat
and mass flow in the system becomes increasingly important. We
investigate these effects by coupling first-principles kMC simulations
self-consistently with continuum level simulations for the gas and solid
phase transport, considering a stagnation point flow geometry as a
model for recent in situ measurements over single-crystal model cata-
lysts. Applying our method to the CO oxidation over RuO2(110) [1],
we demonstrate how the build-up of temperature and pressure gradi-
ents over the active surface influence the observed catalytic activity
and surface composition.

[1] K. Reuter and M. Scheffler, Phys. Rev. B 73, 045433 (2006).

O 45.4 Thu 11:15 SCH A215
XPS, TDS and STM Characterization of Carbonate Species
and O-α on Ag(111) — •R. Reichelt, S. Böcklein, S.
Günther, and J. Wintterlin — Ludwig-Maximilians-Universität,
81377 München, Germany

The interaction between Ag surfaces and oxygen is extremely complex
and characterized by several different oxygen species. For this reason
there is no general agreement about the role of these species in the Ag-
catalyzed ethylene epoxidation. Carbonate is one of the species, and
it is formed on silver at high pressures. Another one is atomic oxygen
on reconstructed Ag surfaces, such as the (4×4)O reconstruction on
Ag(111). An important role in recent reaction models is played by the
so called O-α, O atoms on the non-reconstructed Ag surface.
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Using XPS, TDS and STM we have investigated carbonate and other
oxygen species on Ag(111). The species obtained sensitively depend on
the preparation conditions, especially on very low impurities of COx.
Instead of the formation of O-α by exposure of Ag(111) to oxygen at
room temperature we could identify three different species. Besides
the (4×4)O we observed carbonate and CO2,ad. Those two can be
distinguished in TDS and can be discriminated from the postulated
O-α by XPS. Carbonate could be decomposed by heating to 475 K
forming the (4×4)O. Thus it shows the behaviour of O-α described in
literature, and the O-α species may have to be reinterpreted. CO2,ad

however may be mistaken for carbonate. In STM we followed the de-
composition of (4×4)O-patches under exposure of CO2, and CO2,ad is
formed instead of carbonate.

O 45.5 Thu 11:30 SCH A215
Morphology of alloy catalysts in an oxidizing environment:
Structure-sensitivity of ethylene epoxidation over Ag-Cu par-
ticles — •Simone Piccinin1, Catherine Stampfl1, and Matthias
Scheffler2 — 1University of Sydney, Sydney, Australia — 2Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany

Ag-Cu alloys have been proposed as catalysts for ethylene epoxidation
due to their superior selectivity compared to pure silver, the predomi-
nant catalyst for this reaction [1]. By means of density-functional the-
ory and atomistic thermodynamics, we study the surface structure and
morphology of Ag-Cu particles in thermodynamic equilibrium with an
oxygen atmosphere. Contrary to the common assumption of the forma-
tion of a 2D surface alloy, we find that at temperatures and pressures of
interest for practical applications the particles can display a variety of
structures, including thin Cu-surface-oxides in coexistence with clean
Ag. At variance with pure Ag in UHV, we find that under reactive
conditions the (111) facet is not dominant. We identify different reac-
tion pathways that will compete and/or synergetically interplay in the
catalysis. In general, the reaction mechanism is structure-dependent
and often the reaction does not proceed through the formation of sta-
ble intermediates, in contrast to clean Ag and the 2D alloy. Analyzing
the competing reactions, we discuss how the addition of Cu improves
the selectivity and stress the overall importance of accounting for the
effect of ambient conditions.

[1] S. Linic et al. J. Catal. 224, 148 (2004)

O 45.6 Thu 11:45 SCH A215
Carbon in palladium catalysts — •Nicola Seriani, Florian Mit-
tendorfer, and Georg Kresse — University of Vienna, Austria

A carbon-rich film at the surface of a palladium catalyst is thought to
be responsible for the high selectivity observed in partial hydrogenation
reactions [1]. The exact nature of this phase is still unclear. We have
employed density functional theory as implemented in VASP to inves-
tigate the Pd-C configuration space and the thermodynamic stability
of possible phases. Bulk carbides, intercalated graphite, diamond-like
phases and dissolved carbon have been considered. The calculated
core level shifts and formation energies exclude the formation of a bulk
carbide, as suggested in Ref. [1]. A more complex picture involving
graphite and dissolved carbon arises from our calculations. The results
shed light on the complex Pd-C interactions important for partial hy-
drogenation catalysis.

[1] D. Teschner et al., Science 320, 86 (2008).

O 45.7 Thu 12:00 SCH A215
Bifunctional Nanostructured Model Catalysts: Metal/Oxide
Interaction Controls Initial NOx Storage Mechanism —
•Thorsten Staudt1, Aine Desikusumastuti1, Zhihui Qin2,
Markus Happel1, Yaroslava Lykhach1, Mathias Laurin1,
Friedemann Rohr3, Shamil Shaikhutdinov2, and Jörg Libuda1

— 1Lehrstuhl für Physikalische Chemie II, Friedrich-Alexander-
Universität Erlangen-Nürnberg — 2Fritz-Haber-Institut der Max-
Planck-Gesellschaft, Berlin — 3Umicore AG & Co. KG, Hanau

In order to get detailed insights into the underlying mechanism and
microkinetics, we investigated the initial NOx uptake on a model ni-
trogen storage and reduction (NSR) catalyst. This model system is
prepared under UHV conditions by co-deposition of noble metal par-
ticles (Pd) and Ba-containing oxide particles, representing the storage
compound, onto an ordered alumina film on a NiAl(110) substrate.

Using a combination of vibrational spectroscopy (IRAS), molecular-
beam methods (MB) and scanning tunnelling microscopy (STM), we
were able to show that the reaction mechanism is critically controlled
by the metal-oxide interaction between the active noble metal parti-
cles and the NOx storage compound [1][2]. We suggest that a reverse

spillover of activated oxygen species from the NOx storage compound
to the noble metal is facilitated by the strong interaction between both
components. A partial oxidation of the metal particles and a simulta-
neous stabilization of surface nitrite intermediates are a consequence of
this process. [1] A. Desikusumastuti et al., ChemPhysChem 9 (2008),
2191-2197 [2] A. Desikusumastuti et al., Surf. Sci. Lett. in press

O 45.8 Thu 12:15 SCH A215
Infrared spectroscopic studies of syngas adsorption on ZnO
nanoparticles — •Heshmat Noei1, Hengshan Qiu2, Yuemin
Wang1,2, Christof Wöll2, and Martin Muhler1 — 1Industrial
Chemistry, Ruhr-University Bochum, 44780 Bochum, Germany —
2Physical Chemistry I, Ruhr-University Bochum, 44780 Bochum, Ger-
many

Zinc oxide is an important material with a wide range of applications
in catalysis. Presently, the most prominent application of ZnO is in-
dustrial methanol synthesis from syngas (CO2/CO/H2) over Cu/ZnO
catalysts. The study of syngas adsorption on ZnO surfaces is of fun-
damental importance in understanding the microscopic processes oc-
curring in methanol synthesis. In this work, the interaction of CO
and CO2 with ZnO nanoparticles has been studied by ultra-high vac-
uum Fourier-transform infrared spectroscopy (UHV-FTIRS) together
with diffuse reflectance IR spectroscopy (DRIFTS). Based on the cor-
responding HREELS data obtained from single-crystal surfaces, the
IR results on ZnO powder samples can be understood on the atomic
level. Exposing ZnO to CO2 leads to the formation of a number of
carbonate species on different facets. For CO adsorption on clean ZnO
powder one dominant band is observed at 2189 cm-1 and assigned to
CO bound to Zn sites on ZnO(10-10). Furthermore, the FTIRS data
demonstrated that the binding energy of CO is dramatically increased
when ZnO is pre-modified by CO2. This unexpected effect results from
the formation of tridentate carbonate species on the nonpolar (10-10)
surfaces, which increase the Lewis acidity of neighboring Zn2+ cations.

O 45.9 Thu 12:30 SCH A215
Reactivity of Hydrogen Related Reactions of Platinum
Nanoparticles on Graphite — •Tine Brülle1, Holger
Wolfschmidt1, and Ulrich Stimming1,2 — 1Department of Physics
E19, Technische Universität München, James-Franck-Straße 1, D-
85748 Garching, Germany — 2Bavarian Center for Applied Energy
Research (ZAE Bayern) Division 1, Walter-Meißner-Straße 6, D-85748
Garching, Germany

A present challenge in electrocatalysis is to identify novel, highly
active catalysts. Former experimental investigations of the systems
Pd/Au(111) [1,2] and Pt/Au(111) [3,4] show that with decreasing
amount of the catalyst material the specific catalytic activity increases
considerably with respect to hydrogen oxidation reaction (HOR) and
hydrogen evolution reaction (HER). In order to improve the under-
standing of such an enhanced catalytic activity, hydrogen based re-
actions were investigated for platinum supported on HOPG (highly
oriented pyrolytic graphite). For that purpose, the HOPG surface was
structured with nanoparticles of platinum using electrochemical pulse
techniques. First results on the catalytic activity of Pt/HOPG regard-
ing HOR and HER are presented and compared to the results of the
bimetallic systems Pd/Au(111) and Pt/Au(111).

[1] Kibler, L. A. ChemPhysChem 7 (2006) 985 [2] Pandelov, S.;
Stimming, U. Electrochimica Acta 2007, 52, 5548 [3] Wolfschmidt, H.;
Bußar, R.; Stimming, U. J. Phys. Condens. Matter, 2008, 20/37,
374127 [4] Wolfschmidt, H.; Bußar, R.; Stimming, U. submitted for
publication

O 45.10 Thu 12:45 SCH A215
Similarities and Differences of the Reactivity of Pt/Au(111)
and Pd/Au(111) towards HER/HOR, ORR and MOR
— •Holger Wolfschmidt1, Rainer Bußar1,2, and Ulrich
Stimming1,2 — 1TU München, Garching, Deutschland — 2ZAE Bay-
ern, Garching, Deutschland

Nanoparticles and nanostructures often show a different behavior com-
pared to the bulk material. Especially in the field of catalysis high
reactivity and low amounts of catalyst are required. Thereby, well
known noble metal catalysts such as Pt and Pd were electrochemically
deposited onto inert Au(111) supports. These nanostructured model
surfaces allow investigating the effects of particle dispersion, particle
size and the influence of the substrate material. The following reac-
tions were investigated: I.) hydrogen evolution reaction (HER), II.)
hydrogen oxidation reaction (HOR), III.) oxygen reduction reaction
(ORR) and IV.) methanol oxidation reaction (MOR). Electrochemical
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methods such as pulse techniques and cyclic voltammetry were used
to determine the electrocatalytic properties. The morphology of the
model electrodes and the amount of noble metal was obtained with
EC-STM. It was found that with decreasing amount of Pd and Pt
deposited onto Au(111) the specific activity towards hydrogen related

reactions increases by up to three orders of magnitude. In contrast
to the strong enhancement for the hydrogen reactions the ORR shows
an increasing electrocatalytic activity with increasing amount of noble
metal as one would expect. The specific reactivity of Pt on Au(111)
for the MOR seems to behave also in an expected way.

O 46: Time-resolved spectroscopies I

Time: Thursday 10:30–13:00 Location: SCH A315

O 46.1 Thu 10:30 SCH A315
Heat transport beyond thermodynamic equilibrium —
•Martin Kammler, Anja Hanisch-Blicharski, Boris Krenzer, Si-
mone Möllenbeck, Paul Schneider, and Michael Horn-von Hoe-
gen — Department of Physics, Universität Duisburg-Essen, 47048
Duisburg, Germany

The heat transport of a thermal excited film into the substrate is de-
termined by the thermal boundary resistance at the interface and well
described by the Acoustic Mismatch Model (AMM) and Diffuse Mis-
match Model (DMM), both well-accepted bulk models. For ultra thin
films we observe a deviation for the AMM model.

After excitation of an ultra thin epitaxial Bi(111) film with fs-
laser pulses the heat transport into the silicon substrate is determined
by studying the cooling process with ultrafast time resolved electron
diffraction in RHEED geometry using the Debye Waller effect. For Bi
on Si(111) the observed exponential temperature decay time is well
described by the AMM and DMM up to only 2.5 nm thin films but
not for Bi/Si(001). Here, we observe a slight saturation of the cooling
process with a decay constant τ = 500 ps on films thinner then 6 nm;
the heat is trapped!

O 46.2 Thu 10:45 SCH A315
Freezing Hot Electrons in Crystalline NH3 and D2O on
Metal Surfaces — •Julia Stähler1,2, Michael Meyer1, Uwe
Bovensiepen1, Cornelius Gahl3, and Martin Wolf1,4 — 1Freie
Universität Berlin, Fachbereich Physik, Arnimallee 14, 14195 Berlin
— 2University of Oxford, Department of Physics, Clarendon Labora-
tory, Parks Road, Oxford OX1 3PU, United Kingdom — 3Max-Born-
Institut für Nichtlineare Optik und Kurzzeitspektroskopie, Max-Born-
Str. 2A, 12489 Berlin — 4Fritz-Haber-Institut der MPG, Abteilung
Physikalische Chemie, Faradayweg 4-6, 14195 Berlin

Electron transfer across molecule-metal interfaces is crucial in techno-
logically highly relevant fields as, for instance, the design of nanoscale
electronic devices and solar cells. Knowledge of the impact of the
molecular structure and morphology on the interfacial electron dy-
namics is hereby essential for the development of efficient and reliable
appliances. We use time-resolved two-photon photoelectron (2PPE)
spectroscopy to study the electron transfer and solvation dynamics at
the NH3/Cu(111) and the D2O/Ru(001) interface. We show that (i)
the electron dynamics are significantly influenced by crystallization of
the adlayer, (ii) the structural reorganization results in electron life-
times on the order of minutes, and (iii) the microscopic and structural
properties of the solvent determine the energetic relaxation even on
macroscopic timescales. In addition, we present the first direct ob-
servation of electron trapping in pre-existing traps and demonstrate
that the remarkably long lifetimes cannot be attributed to a purely
morphological transition.

O 46.3 Thu 11:00 SCH A315
Vibrational response of D2O molecules on Ru(001) upon elec-
tron injection observed with time-resolved sum-frequency
generation — •Christian Frischkorn, Juraj Bdzoch, Jan
Zacharias, and Martin Wolf — Fachbereich Physik, Freie Univer-
sität Berlin, Arnimallee 14, 14195 Berlin

Electrons as excess charges in polar solvents result in molecular motion
within the solvent to stabilize the new charge distribution known as
electron solvation. We employ time-resolved broadband-IR-VIS SFG
(sum frequency generation) spectroscopy as a powerfull technique to
study the changes in the vibrational spectra of the D2O water layers
upon electron injection from a Ru(001) surface. Unlike in time-resolved
photoemission experiments where the electron binding energy is traced
and the solvent reponse is inferred subsequently, SFG vibrational spec-
troscopy directly monitors the molecular reorientation induced by the
excess charge. If the Ru surface is excited with 266-nm (4.65 eV)

photons, excess electrons injected into the adsorbate layer induce –
dependent on layer morphology and layer thickness– drastic changes
in the vibrational spectra of the OD stretch vibration. While in amor-
phous ice layers only weak changes are observed, a SFG signal increase
by several orders of magnitude (enhancement factor ∼ 103 − 104) is
found in crystalline D2O layers. The physical and chemical processes
involved will be discussed.

O 46.4 Thu 11:15 SCH A315
Lifetime reduction of surface states caused by impurity scat-
tering — •Swantje Heers, Phivos Mavropoulos, Samir Lounis,
and Stefan Blügel — Institut für Festkörperforschung and Insti-
tute for Advanced Simulation, Forschungszentrum Jülich, 52425 Jülich,
Germany

In order to describe the dynamics of charge transport, localization
and quantum information on metal surfaces it is of crucial importance
to understand the temporal evolution of quasiparticles (electrons and
holes) in surface states, characterized by a lifetime τ . This lifetime is
strongly reduced by scattering at impurities, vacancies and adatoms.
Using the Korringa-Kohn-Rostoker Green function method [1], the
elastic scattering rate 1/τ can be calculated for adatoms as well as
impurities and vacancies in and below the surface. We have performed
calculations for the Cu(111) surface of finite-thickness slabs, investi-
gating the lifetime of the Cu(111) surface state for the whole series of
3d transition metals as impurities. The thickness of the slab is varied,
ranging from six to forty atomic layers. Our formalism allows us to
separate the lifetime reduction induced by scattering to bulk states
from scattering to surface states. We show that trends through the 3d
series are qualitatively different for adatoms, compared to impurities
in the surface. This work was supported by the ESF EUROCORES
Programme SONS under contract N. ERAS-CT-2003-980409 and the
Priority Programme SPP1153 of the DFG grant Bl 444/8-1.
[1] N. Papanikolaou, R. Zeller, P. H. Dederichs J. Phys.: Condens.
Matter 14, 2799 (2002).

O 46.5 Thu 11:30 SCH A315
Mechanical Oscillations of Nanostructures — •Richard
Taubert1, Florian Hudert2, Albrecht Bartels2,3, and Thomas
Dekorsy2 — 1Universität Stuttgart — 2Universität Konstanz —
3Gigaoptics GmbH, Konstanz, Deutschland

Understanding the mechanical properties of nanostructures has been
a field of large interest during the last years. We present a method to
investigate the phonon dynamics in nanostructures by time-resolved
optical measurements. A new technique, Asynchronous Optical Sam-
pling (ASOPS) is used to carry out pump-probe spectroscopy. Instead
of using one laser and a mechanical delay line to generate pump- and
probe-beams, two separated lasers, whose repetition rates are slightly
detuned by several kHz are used. This allows the measurement of me-
chanical oscillations with GHz line width and a signal-to-noise ratio of
107 within 100 seconds of measurement time.

Time-resolved measurements on metallic and semiconductor su-
perlattices as well as metallic nano-triangles and nano-tetrahedrons
are presented. The measurements on the superlattices clearly re-
solve the first-order back-folded longitudinal acoustic phonons at the
zone center. Furthermore, it is possible to do precise layer thickness
and superlattice-period measurements. The mechanical oscillations of
metallic triangles and pyramids with different edge lengths are ob-
served and the influence of geometry, size and substrate are investi-
gated.

O 46.6 Thu 11:45 SCH A315
Fano line profiles in two-photon photoemission of image-
potential states on Si(100) — •Christian Eickhoff1,2, Jens
Kopprasch1,2, Cornelius Gahl1, and Martin Weinelt1,2 — 1Max-
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Born-Institut, Max-Born-Straße 2a, 12489 Berlin, Germany — 2Freie
Universität Berlin, Fachbereich Physik, Arnimallee 14, 14195 Berlin,
Germany

We have studied the surface states on Si(100) by time-, energy- and
angle-resolved two-photon photoemission spectroscopy. Tuning the
photon energy of the pump pulse between 4.5 and 5.4 eV allows us
to populate unoccupied states up to the Si(100) vacuum level. Be-
sides the occupied dangling-bond state Dup, we have identified the
Rydberg-like series of image-potential states. Lifetimes and binding-
energies of n=1, 2 and 3 will be presented. Significant variation of
both the 2PPE peak positions and intensities were found when tun-
ing the photon energy across the Dup to n = 1 and Dup to n = 2
transitions. Below resonance we observe the Dup initial state with the
kinetic energy following the pump pulse photon energy. Above reso-
nance the Dup intensity is significantly reduced and the peak position
reflects the respective image-potential-state resonances. Around the
resonance the lowering in energy of the expected peak position and
the intensity variations can be explained by a Fano-like resonance,
caused by interference between transitions from Dup to the discrete
image-potential-state resonances and the bulk continuum in combina-
tion with the finite bandwidth of the laser pulses.

O 46.7 Thu 12:00 SCH A315
Two-photon photoemission spectroscopy of image poten-
tial states on Ag(001): Momentum-dependent lifetimes and
quantum beats — •Mario Kiel, Klaus Duncker, and Wolf Wid-
dra — Martin-Luther Universität Halle-Wittenberg, Halle, Germany

Using a novel all-fiber based oscillator/amplifier system operating at
a repetition rate of 1.5MHz which pumps two noncollinear optical
parametric amplifiers with tunable pulses (<30 fs) in the range of 500-
950 nm, the n=1, 2 and 3 image potential states on Ag(001) have been
investigated by time and momentum-resolved two-color two-photon
photoemission spectroscopy (2PPE). Lifetimes of 55, 165 and 380 fs at
k||=0 have been determined for these states, respectively, similar to
previous work [1]. The lifetime of the n=1 state reveals a quadratic
momentum-dependence of the decay rate. This leads to a shortening
to 26 fs at k||=0.4A−1 which can be described by a linear 34meV/eV
decay rate increase with excess kinetic energy which is comparable to
results on Cu(001) [2]. It clarifies the controversy regarding the ex-
istence of additional decay channels on Ag(001) vs. Cu(001) derived
from intrinsic linewidth measurements [3].

Quantum beat spectroscopy is used to determine the energy differ-
ence between the n=3 and 4 states to 35 meV based on the 2PPE signal
oscillation with a periodicity of 118 fs.

[1] I. L. Shumay, et al.; PRB 58 (1998), 13974
[2] W. Berthold, et al.; PRL 88 (2002), 056805
[3] G. Ferrini, et al.; PRB 67 (2003), 235407

O 46.8 Thu 12:15 SCH A315
Chirped-pulse two-photon photoemission from Cu(111): ex-
periment and theory — •Alexander Fischer2, Felix Steeb2,
Stefan Mathias2, Martin Wiesenmayer1, Martin Aeschlimann2,
and Michael Bauer1 — 1IEAP, Sektion Physik, Christian-Albrechts-
Universität zu Kiel, 24908 Kiel — 2Department of Physics and Re-
search Center OPTIMAS, University of Kaiserslautern, 67663

In the study of ultrafast processes at surfaces using femtosecond light
sources the effect of the spectral phase of the excitation pulse has been
considered only in a few publications, yet [1,2]. For instance, Petek
et al. investigated the spectral changes in the 2PPE signal from the
Cu(111) Shockley surface state as induced by a controlled variation
of the spectral phase of the excitation light. In this case the findings

were attributed to the specific ultrafast dynamics of the involved inter-
mediate state and not to the chirp of the laser pulse. Here we report
on an extension of these earlier studies, which considers next to the
peak position further spectral signatures such as the peak FWHM and
asymmetry. Additionally we develop a theoretical model, which enable
us to reproduce and interpret our observations in a quantitatively very
satisfactory manner. It reproduces almost perfectly the experimental
observed changes in the surface state 2PPE signal for a non resonant
excitation scheme under consideration of the complete spectral phase
of the laser pulse, especially the interaction of GVD and TOD[3].

[1] H. Petek, et al., Phys. Rev. Lett. 79 4649 (1997) [2] M. Mer-
schdorf, et al., Phys. Rev. B 70, 1934401 (2004) [3] M. Bauer, et al,
The nature of a nonlinear excitation..., New J. of Phys., in print

O 46.9 Thu 12:30 SCH A315
Observation of Surface Plasmon Propagation with Attosec-
ond Accuracy — •Niemma Mohamadie Buckanie1, Nicolai Raß1,
and Frank-Joachim Meyer zu Heringdorf1,2 — 1Universität
Duisburg-Essen, Institut für Experimentelle Physik, Lotharstraße 1,
47057 Duisburg — 2Center for Nano Integration Duisburg-Essen
(CeNIDE), 47057 Duisburg

Surface Plasmon Polaritons (SPP) are collective oscillations of the elec-
tron gas in metallic systems that propagate along nano-particle sur-
faces. SPPs can be imaged by Photoemission Electron Microscopy
(PEEM), using ultra short femtosecond laser pulses [1]. For the ob-
servation of the SPP wave propagation, time resolved techniques, i.e.,
pump-probe techniques must be applied, where delay times of attosec-
ond accuracy between the pump and the probe pulse are required. The
necessary interferometer to generate the time delay must then be sta-
ble in the attosecond time regime for the duration of the experiments,
i.e., over several hours. To achieve these requirements, we designed
and built an actively stabilized Mach-Zehnder-Interferometer (MZI)
that has the ability to control time delays between the pump and the
probe pulse in the attosecond time regime and that has a long-time
stability of 15 as. With this MZI the SPP propagation in Ag islands
on Si(111) is directly observed.

[1] L.I. Chelaru and F.-J. Meyer zu Heringdorf, Surf. Sci. 601
(2007) 4541–4545

O 46.10 Thu 12:45 SCH A315
Correlated positron-electron emission from surfaces —
•Frank O. Schumann, Grant van Riessen, Michael Birke,
Carsten Winkler, and Jürgen Kirschner — Max-Planck Institut
für Mikrostrukturphysik, Weinberg 2, 06120 Halle

Electrons in a solid do not move independent from each other. The
Pauli principle demands that two electrons with parallel spins can not
be at the same location. The Coulomb interaction makes it energeti-
cally unfavorable for electrons to be close to each other. This consti-
tutes the concept of the exchange-correlation (xc) hole. Our electron
pair emission studies demonstrate that this concept is an experimen-
tal reality. In these experiments a primary electron or photon hits a
surface and emits an electron pair. In order to disentangle the differ-
ent contributions to the xc-hole, one should use as primary particle a
positron and study the positron-electron pair emission. In this case
one does not need to consider the Pauli principle. Because of this mo-
tivation we performed the first experiment, which demonstrates that
the impact of a positron causes indeed the emission of a positron-
electron pair. We used the NEPOMUC facility together with a pair of
hemispherical analyzers operated with a coincidence circuit. As tar-
get we selected a LiF(100) surface, which was hit with 85 eV primary
positrons. We find that the emission of positron-electron pairs is time
correlated.

O 47: Methods: Scanning probe techniques II

Time: Thursday 10:30–12:30 Location: SCH A316

O 47.1 Thu 10:30 SCH A316
Investigation of Locally Stored Charges in Silica by Kelvin
Probe Force Microscopy — •Carsten Maedler, Harald Graaf,
and Christian von Borczyskowski — Center of Nanostructured Ma-
terials and Analytics, Chemnitz University of Technology, D-09107
Chemnitz, Germany

The storage and dissipation of positive and negative charges in thin

silicon oxide films were studied in a local manner using Kelvin Probe
Force Microscopy. The charges were injected into the oxide by applying
a voltage between an electric conductive tip and the silicon beneath the
oxide while the tip was in close proximity to the silicon oxide surface.
The method used for investigation of the charges, Kelvin Probe Force
Microscopy allows the simultaneous imaging of the electrical and topo-
graphical properties of a surface. Various patterns were created, where
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the smallest achieved structures were about 100 nm wide. Because
silanol groups are supposed to be the main trapping site for charges
we studied the charging properties of silica with various pre-treatment
and thus different amounts of silanol groups. A different approach is
to passivate the surface with hydrophobic monolayers. We achieved a
considerable decrease in charge spreading by the attachment of a layer
of Octadecyltrichlorosilane forming a hydrophobic monolayer on the
silica surface.

O 47.2 Thu 10:45 SCH A316
Towards a quantitative tunneling spectroscopy: Using differ-
ential barrier heights for a deconvolution of the tip and sam-
ple density of states — •Holger Pfeifer, Berndt Koslowski,
Anna Tschetschetkin, and Paul Ziemann — Institut für Festkörper-
physik, Universität Ulm, D-89069 Ulm, Germany

Based on the recently developed method for recovering the electronic
density of states (DOS) from scanning tunneling spectroscopy (STS)
data [1], we analytically calculate the differential barrier (∂z∂V I) for
an energy-dependent DOS of either the sample or the tip. It turns out
that (i) considering a peaked DOS the sign of the peak reveals whether
this peak belongs to the sample or the tip, and (ii) the formula for the
differential barrier can be rewritten to form an additional Volterra in-
tegral equation of the second kind for both the DOS of sample and
tip, respectively. Additionally to the equations obtained earlier from
the differential conductivity (∂V I), these equations can be exploited
by using the Neumann approximation to optimize iteratively the re-
covered DOS’ being then self-consistent with the WKB approximation
and measured data (I, ∂V I, and ∂z∂V I). By comparing these results
with experimental data obtained on Nb(110) we analyze how far the
proposed scheme enables deconvolution of the DOS’ of sample and tip.

[1] B. Koslowski, Ch. Dietrich, A. Tschetschetkin, P. Ziemann, Phys.
Rev B 75, 035421 (2007)

O 47.3 Thu 11:00 SCH A316
Dynamic Force Microscopy with Small Amplitudes at Am-
bient Conditions — •Elisabeth Köstner and Franz J. Gießibl
— Institut für Experimentelle und Angewandte Physik, Universität
Regensburg, 93040 Regensburg

Yamada et al. [1] have shown that it is possible to obtain atomic
resolution on cleaved mica in water with frequency-modulation force
microscopy. These impressive results have been acquired with a very
sophisticated setup. This setup enabled them to get a very low de-
flection noise density, which is decisive for atomic resolution in their
measurement scheme.

In our case we tried to image surfaces at ambient conditions with
quartz tuning fork based cantilevers. We tried to simplify our setup
by using stiff cantilevers (spring constant of some thousand N/m)
with small amplitudes (some nanometers) and—most importantly—
a higher Q factor. Some first results made in amplitude-modulation
force microscopy mode with this setup are presented showing atomic
resolution on graphite in air.

[1] T. Fukuma, K. Kobayashi, K. Matsushige, and H. Yamada, Appl.
Phys. Lett. 87, 034101 (2005)

O 47.4 Thu 11:15 SCH A316
Structural investigations of membrane electrode assemblies
(MEA) in fuel cells via environmental scanning electron mi-
croscopy (ESEM) — •Susanne Zils1, Nathalie Benker2, and
Christina Roth1 — 1Institute for Materials Science, TU Darmstadt,
Petersenstr. 23, 64287 Darmstadt, Germany — 2Institute of Applied
Geosciences, TU Darmstadt, Schnittspahnstraße 9, 64287 Darmstadt,
Germany

Detailed studies to investigate the contact between the ion- and
electron-conducting parts of a MEA of a polymer electrolyte mem-
brane fuel cell (PEMFC) have only been performed by SEM and TEM
up to now. These methods exclude the investigation of MEAs under
realistic conditions. To obtain significant information of the structure
under quasi in-situ conditions ESEM is used in this work. This tech-
nique allows for studying the MEAs under different temperatures as
well as under different relative humidities.

The ESEM measurements were carried out with a Quanta 200F
(FEI company, Netherlands) equipped with a field emission gun and
an energy dispersive X-ray detector for elemental analysis.

During the experiments, relative humidities between 5% and 100%
at defined temperatures have been adjusted. Images and movies have
been recorded to investigate structural changes in the electrodes as well
as on the interface between the polymer electrolyte membrane and the

electrodes. Further experiments shall allow us to investigate the in-
fluence of ice formation on the electrode structure and the membrane
electrode interface.

O 47.5 Thu 11:30 SCH A316
Distance and material dependence of the near-field thermal
heat transfer — •Robert Berganski, Achim Kittel, and Uli F.
Wischnath — Energy and Semiconductor Research Laboratory - Uni-
versity of Oldenburg

The heat transfer between the probe and the sample is measured by
means of a Near-field Scanning Thermal Microscope (NSThM) which
is based on a commercial scanning tunneling microscope. In our setup
the standard STM-Probe is replaced by a miniaturized coaxial ther-
mocouple, which records the change in the temperature at the tip.
Thus the heat transfer can be measure while the distance between the
probe and the sample surface will be varied by a few tens nanome-
ters. The investigated heat transfer relies on evanescent modes of the
thermal transfer between the tip at room temperature and the sample
at about 110K. All other interfering distant dependent heat transfer
mechanisms are excluded by using ultra high vacuum conditions. In
the present contribution the focus lies on the material dependence of
these evanescent modes which are reaching a few nanometers into the
vacuum. The influence of the dielectric properties of the sample ma-
terial on the heat transfer is studied by varying the material of the
sample surface.

O 47.6 Thu 11:45 SCH A316
Transport of product gases in a scanning mass spectrome-
ter setup — •Matthias Roos1, Dan Zhang2, Joachim Bansmann1,
Olaf Deutschmann2, and R. Jürgen Behm1 — 1Institute of Surface
Chemistry and Catalysis, Ulm University, D-89069 Ulm — 2Institute
for Chemical Technology and Polymer Chemistry, University of Karl-
sruhe, D-76131 Karlsruhe

The transport and distribution of reaction products above microstruc-
tured catalytically active samples was studied by spatially resolved
scanning mass spectrometry and by combined Monte Carlo simulations
and Fluid Dynamics calculations. For CO oxidation on planar Pt mi-
crostructures, the spatial distribution of CO2 product gas was probed
via a thin quartz capillary, which leads the gases to a quadrupole mass
spectrometer. To obtain reasonable lateral resolution, the capillary
orifice was located a few micrometers above the sample surface dur-
ing measurement. In this geometry, shadowing by the capillary results
in a local reduction of the reactant partial pressures underneath the
capillary. To quantitatively analyse the reaction rates, the threedi-
mensional distribution of CO2 product gas was modeled, considering
the flow of educt gases, and their local variation of the pressure and
the gas temperature.

O 47.7 Thu 12:00 SCH A316
HarmoniX microscopy: A new scanning probe microscopy
technique for high resolution mapping of material properties
— •Udo Volz — Veeco Instruments GmbH Dynamostraße 19 D-68165
Mannheim

HarmoniX microscopy is a brand new mode of Scanning Probe Mi-
croscopy which provides fast and high resolution nanoscale mapping of
material properties such as elasticity, adhesion, and dissipation. Har-
moniX imaging utilizes special Tapping Mode probes that are designed
for high bandwidth measurements of the forces acting on the probe tip.
The variation in tip-sample forces during one period of the tapping
oscillation is reconstructed by analyzing the full spectrum of motion
of the probe. From the measured force-distance curves the material
properties of the sample are then determined independently for each
pixel of the image. HarmoniX microscopy is working at typical Tap-
ping Mode imaging speeds and is thus hundreds of times faster than
other quantitative material mapping techniques such as force volume
imaging, but it retains the high resolution, non-destructive qualities of
Tapping Mode Imaging.

O 47.8 Thu 12:15 SCH A316
Nanometer Resolution of Materials Properties with Scanning
Microwave Microscopy — •Matthias Fenner, Wenhai Han, and
Hassan Tanbakuchi — Agilent Technologies, 61476 Kronberg, Ger-
many

Advances in scanning probe microscopy have led to the introduction
of new tools for local characterization of surfaces and materials at the
nanoscale, beyond basic topography and structure. We are proposing a
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new technique that was realized by combining Agilent’s core competen-
cies in the interdisciplinary fields of electronic test and measurement,
nanotechnology, and life sciences. This new scanning microwave mi-
croscopy (SMM) platform enables the simultaneous measurements of
AFM data and traditional microwave network analysis. SMM mea-
sures the electrical properties of a material (i.e. dielectric properties,

capacitance, and complex impedance), providing researchers in poly-
mer science, semiconductors, and bioscience a new analytical tool for
advancing research. This presentation will review our SMM implemen-
tation and an explanation of the technical challenges in developing this
new technology. We will show the latest results followed by potential
benefits this new technology might bring other scientific disciplines.

O 48: Focused Session: Spin-Orbit Interaction at Surfafces: From the Rashba Effect to
Topological States of Matter I

Time: Thursday 10:30–13:00 Location: HSZ 02

Topical Talk O 48.1 Thu 10:30 HSZ 02
The Rashba and quantum size effects in ultrathin Bi films
— •Toru Hirahara — Department of Physics, University of Tokyo,
Japan

Semimetal bismuth (Bi) is one of the most extensively studied elements
in solid state because of its extreme physical properties. For example,
Bi has been employed to examine the quantum size effect (QSE) in thin
films or nanowires due to its extraordinary large Fermi wavelength. An
oscillation in the conductivity or the Hall coefficient with film thick-
ness due to the QSE was predicted theoretically [1]. Furthermore since
Bi is a very heavy element, spin-orbit coupling (SOC) effects play a
dominant role in the electronic and transport properties, which can be
found in the large atomic splitting (1.5 eV), or the anti-localization
behavior in magnetotransport measurements [2].

When the system downsizes to the nanometer scale, it can be ex-
pected that the contributions from the surface states will make the
system more intriguing. In this talk, I will present our recent results
obtained for a well-defined ultrathin Bi film [3] utilizing the state-of-art
spin- and angle- resolved photoemission spectroscopy, first-principles
calculations, and surface-sensitive conductivity measurements. Partic-
ular focus will be given on the QSE and SOC effect at the surface
(Rashba effect).

[1] V. B. Sandomirskii, Sov. Phys. JETP 25, 101(1967). [2] F. Ko-
mori et al., 52, 368(1983). [3] T. Nagao et al., Phys. Rev. Lett. 93,
105501 (2004).

Topical Talk O 48.2 Thu 11:00 HSZ 02
Giant Spin-Splitting on Metallic and Semiconducting Sur-
faces — •Christian R. Ast — Max-Planck-Institut für Festkörper-
forschung, Stuttgart, Germany

One of the goals in the emerging field of spintronics is to manipu-
late the electron spin without the use of magnetic fields. This can
be achieved at surfaces and interfaces where the inversion symme-
try is broken so that a strong spin-orbit interaction can lift the spin-
degeneracy (Rashba-Bychkov Model). Such a spin-splitting can further
be enhanced by additional contributions from an in-plane inversion
asymmetry as has been found for the Bi/Ag(111) surface alloy. The
observed spin-splitting in this system is more than an order of magni-
tude stronger than in the Au(111) surface state. This introduces a new
component in the mechanism of the Rashba-type spin-splitting. The
strength of the splitting can be tuned by mixing different elements in
the surface alloy. In particular, this concept can be transferred onto a
semiconducting substrate in order to make it more interesting for the
broad field of spintronics.

Topical Talk O 48.3 Thu 11:30 HSZ 02
Exploring the Rashba spin-orbit splitting by ab initio theory
— •Gustav Bihlmayer — Institut für Festkörperforschung & Insti-
tute for Advanced Simulation, Forschungszentrum Jülich, 52425 Jülich

Since the discovery of a Rashba-type spin-orbit splitting of the surface
state of Au(111), many new manifestations of this effect have been
discovered, e.g. on surfaces of magnetic or semimetallic elements, in
surface alloys and even in quantum-well states of thin metallic films.
These systems offer the possibility to study phenomena beyond the
usual Rashba-type effect, leading to splittings that are no longer linear
in the momentum and show complex spin-orientation patterns in sur-
face states [1]. We also observe unconventional Fermi surface topolo-
gies [2], and will discuss new ways to tune the effect to meet specific
requirements [3]. Employing first-principles calculations, the origin of
these intriguing phenomena will be analyzed. In particular, I will fo-
cus on the appearance of a spin-splitting in thin Bi [4] and Pb films,
which offers a view on the shape of the wavefunction of the surface-

and quantum-well states in these films.
[1] G. Bihlmayer, E. V. Chulkov, and S. Blügel, Phys. Rev. B 75,
195414 (2007)
[2] O. Krupin, G. Bihlmayer, K. Starke, S. Gorovikov et al.,
Phys. Rev. B 71, 201403 (R) (2005)
[3] Yu. M. Koroteev, G. Bihlmayer, E. V. Chulkov, and S. Blügel,
Phys. Rev. B 77, 045428 (2008)
[4] T. Hirahara, T. Nagao, I. Matsuda, G. Bihlmayer et al.,
Phys. Rev. Lett. 97, 146803 (2006)

O 48.4 Thu 12:00 HSZ 02
Giant Rashba spin-orbit splitting in the unoccupied
quantum-well band-structure of Bi/Cu(111) — •M.
Aeschlimann1, S. Mathias1, A. Ruffing1, F. Deicke1, M.
Wiesenmayer2, G. Bihlmayer3, E.V. Chulkov4,5, Yu.M.
Koroteev4,6, and M. Bauer2 — 1Department of Physics and Re-
search Center OPTIMAS, University of Kaiserslautern, 67663 Kaiser-
slautern, Germany — 2IEAP, Christian-Albrechts-Universität zu Kiel,
24908 Kiel, Germany — 3FZ Jülich, 52425 Jülich, Germany — 4DIPC,
20018 San Sebastián/Donostia, Spain — 5Departamento de Fisica de
Materiales, UPV/EHU, Apdo 1072, 20080 San Sebastián, Spain —
6Institute of Strength Physics and Materials Science, RAS, 634021,
Tomsk, Russia

The unoccupied electronic structure of the Bi surfactant layer (0.5
ML coverage) on Cu(111) is investigated by angle-resolved two-photon
photoemission (AR-2PPE). An unoccupied quantum-well state is ob-
served exhibiting a large spin-orbit splitted band with a Rashba energy
of ER '134 meV and a wave number offset of k=0.09 1/Å. This en-
hancement of the spin splitting is surprisingly high given the fact that
the ultrathin Bi film on Cu(111) does not show surface alloying. We
therefore carried out first principle calculations to unravel the origin
of the large spin-splitting, potentially caused by corrugation or the in-
fluence of the interface potential onto the ultrathin Bi film, giving rise
to a quantum-size induced giant spin-orbit splitting. Such a scenario
would directly allow for another possibility to tailor spin-orbit splitting
(next to surface alloying) by means of thin film nanofabrication.

O 48.5 Thu 12:15 HSZ 02
Electronic Structure of the Bi/Cu(111) surface alloy and
its modification upon Na adsorption — •Hendrik Bentmann1,
Holger Schwab1, Frank Forster1, Gustav Bihlmayer2, Luca
Moreschini3, Marco Grioni3, and Friedrich Reinert1,4 —
1Universität Würzburg, Experimentelle Physik II, Am Hub-
land, D-97074 Würzburg, Germany — 2Institut für Festkörper-
forschung, Forschungszentrum Jülich, D-52425 Jülich, Germany —
3Ecole Polytechnique Fédérale de Lausanne (EPFL), Institut de
Physique des Nanostructures, CH-1015 Lausanne, Switzerland —
4Forschungszentrum Karlsruhe, Gemeinschaftslabor für Nanoanalytik,
D-76021 Karlsruhe, Germany

Employing angle-resolved photoelectron spectroscopy (ARPES) we
have investigated the electronic structure of the long-range ordered
surface alloy Bi-Cu(111)(

√
3 ×
√

3)R30◦ and its modification after
Na adsorption. On the clean alloy we observe a spin-split surface
state band with an energy maximum approximately 230 meV above
the Fermi level. By doping the surface alloy with Na we are able to
tune the position of Fermi level relative to the surface state continously.
Our data provides direct information about electronic states above the
Fermi level. This allows for an unambiguous deduction of the surface
electronic structure and the Rashba parameters. The experimental
findings are fully confirmed by first principles calculations.

O 48.6 Thu 12:30 HSZ 02
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Rashba effect in unoccupied states: Two-photon photo-
emission experiments and first-principles calculations for
Bi/Cu(111) — Ping Yu, Cheng-Tien Chiang, Aimo Winkelmann,
Hossein Mirhosseini, Arthur Ernst, Sergey Ostanin, •Jürgen
Henk, and Jürgen Kirschner — Max Planck Institute of Microstruc-
ture Physics, Halle, Germany

Surface alloys of Bi and noble metals on fcc(111) surfaces exhibit
Rashba-split occupied spz surface states which have been thoroughly
investigated by photoemission experiments and electronic-structure
calculations. Their unmatched splitting is attributed to the interplay
between an in-plane potential gradient and the conventional out-of-
plane image-potential gradient. However, the splitting of a set of pxpy

surface states remained unresolved so far because these unoccupied
states cannot be accessed by conventional photoemission.

By angle-resolved two-photon photoemission experiments and first-
principles calculations we study in detail the unoccupied pxpy states
on
√

3 ×
√

3R30◦-Bi/Cu(111). Their experimental dispersion in the
relevant energy range, band maxima (at EF + 1.4 eV), and momen-

tum offset (0.03 Å
−1

) agree with the theoretical predictions. Due to
their symmetry, these states are expected to be particularly respon-

sive to an in-plane gradient. The abovementioned mechanism and its
implications on dispersion and spin polarization are discussed.

O 48.7 Thu 12:45 HSZ 02
Unconventional Fermi surface spin patterns in the
(Bi/Pb/Sb)/Ag(111) surface alloy — •Fabian Meier1,2,
Vladimir Petrov3, Luc Patthey2, Jürg Osterwalder1, and Hugo
Dil1,2 — 1Physik Institut Universität Zürich, CH — 2Swiss Light
Source PSI, CH — 3Physics Institute St Petersburg, RU

By a controllable change in the stoichiometry of the long range ordered
mixed surface alloy (Bi/Pb/Sb)/Ag(111) the Rashba and Fermi energy
can be tuned over a wide range. We show by spin and angle-resolved
photoemission spectroscopy that the spin structure of the individual
surface state bands remain unaffected despite the random intermix-
ing of the adatoms. We further report on the observation of uncon-
ventional Fermi surface spin textures. These spin textures are found
when the Fermi energy lies between the crossing point and the apex
of the Rashba type Kramer’s pair. The results will be discussed in the
context of spin transport.

O 49: Ab-initio approaches to excitations in condensed matter II

Time: Thursday 10:30–13:30 Location: SCH 251

O 49.1 Thu 10:30 SCH 251
Effects of electron-phonon interaction beyond mean-field ap-
proximation in the non-adiabatic dynamics of photo-excited
short polyacetylene chains — •Lorenzo Stella — London Centre
for Nanotechnology, London, United Kingdom — University College
London, London, United Kingdom

Conjugated polymers, of which polyacetylene is the simplest exam-
ple, combine good mechanical and electronic properties that may be
exploited in future technological applications. To this end, a proper
description of photo-generation of charged and neutral excitations is
crucial. In particular, if quantum vibrational modes (phonons) can
be excited, the adiabatic approximation is no longer applicable and
this will affect the transfer of energy from the electronic excitations.
I show here that neglecting quantum fluctuations of atoms can lead
to a qualitatively wrong account of the relaxation dynamics of photo-
excited short polyacetylene chains. Indeed, even at zero temperature,
quantum fluctuations of the molecular degrees of freedom can trigger
the decay of an excited electronic state, through spontaneous emis-
sion of phonons: within a mean-field approach, such a process cannot
be described at all. A proper study of this quantum phenomenon is
given here by an improved version of Correlated Electron-Ion Dynam-
ics (CEID) which includes quantum fluctuations of atoms about their
mean-field trajectories in a converging perturbative way. This method
is stable, efficient and provides a smooth evolution for both electronic
and molecular degrees of freedom. Implications of the obtained results
on the efficiency of conjugated polymer devices are also discussed.

O 49.2 Thu 10:45 SCH 251
Fully relativistic one-step theory of photoemission: chemi-
cal disorder and correlation — •Jan Minar, Jurgen Braun, and
Hubert Ebert — Dep. Chemie und Biochemie, LMU München, Ger-
many

We present a generalized version of the fully relativistic one-step model
of photoemission, which takes into account chemical disorder and elec-
tronic correlation on an equal footing. The electronic structure input is
calculated within the Coherent Potential Approximation (CPA) alloy
theory. The spectroscopic analysis itself is based on the configura-
tionally averaged photocurrent first proposed by [1]. Both, electronic
structure and photoemission calculations have been performed by use
of the upgraded version of the Munich SPR-KKR program package [2].
The formalism is applicable to arbitrary two-dimensional systems and
photon energies ranging from the ultraviolet to the hard X-ray regime.
Strong electronic correlations are treated by the LSDA-DMFT ap-
proach, selfconsistently implemented in the SPR-KKR progam. Here,
we discuss spectroscopic data from binary intermetallic NixPd1−x,
AgxAu1−x and ternary Heusler Co2Mn1−xFexSi and Co2Cr1−xFexAl
alloys as function of the concentration x.

1. P. J. Durham, J. Phys. F: Met. Phys. 11 2475 (1981).
2. H. Ebert et al., The munich SPR-KKR package, version 3.6,

http://olymp.cup.uni-muenchen.de/ak/ebert/SPRKKR (2008).

O 49.3 Thu 11:00 SCH 251
Transforming Nonlocality into a Frequency Dependence:
A Shortcut to Spectroscopy — •Matteo Gatti1,2,3, Valerio
Olevano1,4, Ilya Tokatly1,3, and Lucia Reining1,2 — 1European
Theoretical Spectroscopy Facility (ETSF) — 2LSI - Ecole Polytech-
nique, Palaiseau, France — 3Universidad del Páıs Vasco, San Sebas-
tian, Spain — 4Institut Néel, Grenoble, France

Measurable spectra are often derived from contractions of many-body
Green’s functions. In this way, one calculates hence more informa-
tion than needed. Here we present and illustrate an in principle exact
approach to construct effective potentials and kernels for the direct
calculation of electronic spectra. In particular, a dynamical but local
and real potential yields the spectral function needed to describe pho-
toemission. We discuss for model solids the frequency dependence of
this photoemission potential stemming from the nonlocality of the cor-
responding self-energy. We also show that our approach leads to a very
short derivation of a kernel of time-dependent (current-)density func-
tional theory that is known to well describe absorption and energy-loss
spectra of a wide range of materials.

O 49.4 Thu 11:15 SCH 251
Kohn-Sham scheme for frequency dependent linear response
— •Ryan Requist and Oleg Pankratov — Lehrstuhl für Theoretis-
che Festkörperphysik, Universität Erlangen-Nürnberg

Due to the so-called causality paradox, the Kohn-Sham scheme in time
dependent density functional theory cannot be derived from a station-
ary principle of the form δA/δn = 0, where A[n] is the density func-
tional for the quantum mechanical action. As Vignale has recently
shown [1], the density-functional formulation of the action principle
contains boundary terms. Therefore, the exact exchange-correlation
potential cannot be calculated from the functional derivative of a uni-
versal functional. However, we find that the second-order quasienergy,

K
(2)
v , satisfies a stationary principle δK

(2)
v /δn

(1)
ω = 0, where n

(1)
ω is

the linear response density induced by a harmonic perturbation with
frequency ω. This is not inconsistent with Vignale’s result because
boundary terms vanish in this case. The stationary principle can serve
as a basis for the linear response Kohn-Sham scheme. The first-order

exchange-correlation potential v
(1)
xc is the functional derivative of the

exchange-correlation part of K
(2)
v . With the same approach, we also

find a stationary principle and linear response Kohn-Sham scheme in
the time dependent extension of reduced density matrix functional
theory, in which the basic variable is the one-body reduced density
matrix.
[1] G. Vignale, Phys. Rev. A, 77, 062511 (2008).

O 49.5 Thu 11:30 SCH 251
Time-dependent density functional study of S1 ← S0 tran-
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sition of 2,3-benzofluorene — •Davoud Pouladsaz1, Gael
Rouillé2, Friedrich Huisken2, Michael Schreiber1, and Rein-
hard Scholz3 — 1Institut für Physik, Technische Universität Chem-
nitz — 2Labor Astrophysik, Friedrich-Schiller-Universität Jena —
3Walter Schottky Institut, Technische Universität München

We have recently studied the S1(1A′) ← S0(1A′) absorption spec-
trum of 2,3-benzofluorene (Bzf) [1]; the potential energy surfaces of
the Sn = 0, 1, 2 states of Bzf have been investigated with calculations
based on the time-dependent density functional theory (TD-DFT). At
the B3LYP/TZ level of theory, TD-DFT does not deliver a realistic
difference between the excited S1 and S2 potential energy surfaces,
a problem which can be avoided by introducing a reference geometry
where this difference coincides with the observation. In this geome-
try, an expression for the Herzberg-Teller corrected intensities of the
vibronic bands is proposed, allowing a straightforward assignment of
the observed a′ modes below 900 cm−1, including realistic calculated
intensities. For vibronic bands at higher energies, the agreement be-
tween calculated and observed modes is deteriorated by substantial
Dushinsky rotations and nonparabolicities of the potential energy sur-
face S1. We consider our calculations to be the best approach to an
ab initio study realized for Bzf until now since only parametrized force
fields had been used before.

[1] A. Staicu, G. Rouillé, Th. Henning, F. Huisken, D. Pouladsaz,
and R. Scholz, J. Chem. Phys. 129, 074302 (2008)

O 49.6 Thu 11:45 SCH 251
Ab-initio Study of the Electronic and Optical Properties
of MnO, FeO, CoO, and NiO — •Claudia Rödl, Frank
Fuchs, Jürgen Furthmüller, and Friedhelm Bechstedt — In-
stitut für Festkörpertheorie und -optik, Friedrich-Schiller-Universität
Jena, Max-Wien-Platz 1, 07743 Jena, Germany

Although the electronic properties of MnO, FeO, CoO, and NiO have
been studied for decades, the description of the one-particle excita-
tion spectrum of these materials remains a challenge. Quasiparticle
calculations using a perturbative treatment of Hedin’s GW approxi-
mation based on (semi)local approaches to exchange and correlation
in the subjacent density-functional calculation fail to reproduce the
experimental photoemission spectra.

For this reason, we use the non-local HSE03 exchange-correlation
functional to obtain a reasonable starting point for a quasiparticle cal-
culation within first-order perturbation theory and compare to results
obtained within the computationally less expensive GGA+U scheme.
The respective value for the on-site interaction U is determined by a
fit to the more sophisticated HSE03+G0W0 band structure.

Furthermore, we examine the optical properties of these materials.
Accounting for their antiferromagnetic ordering, we solve the spin-
polarized Bethe-Salpeter equation (BSE) and calculate optical absorp-
tion spectra including excitonic and local-field effects.

O 49.7 Thu 12:00 SCH 251
Influence of free carrier absorption on the optical spectrum
of ZnO — •André Schleife1,2, Emmanouil Kioupakis2, Patrick
Rinke2, Claudia Rödl1, Frank Fuchs1, Chris G. Van de Walle2,
and Friedhelm Bechstedt1 — 1Institut für Festkörpertheorie und
-optik, Jena, Germany — 2Materials Department, University of Cali-
fornia, Santa Barbara, USA

For optoelectronic devices such as light emitting or laser diodes as well
as solar cells an important aspect is the availability and controllabil-
ity of transparent conducting materials. Zinc oxide as a transparent
conducting oxide is strongly in the focus of scientific interest.

In this ab-initio study we investigate the impact of electrons in con-
duction bands on the optical properties. By employing density func-
tional theory within a generalized-gradient approximation and making
use of the projector-augmented wave method, we compute all-electron
wave functions. They allow the calculation of optical transition matrix
elements. We explicitly elucidate the Burstein-Moss shift due to the
occupancy of conduction bands as well as the absorption caused by
conduction-conduction band transitions on the level of the random-
phase approximation within the independent quasiparticle approxima-
tion. Both effects are analyzed regarding their dependence on the free
carrier concentration.

Consequences for the transparency of zinc oxide will be discussed
including the dependence on the free carrier concentration.

O 49.8 Thu 12:15 SCH 251
Tailoring High-Order Harmonics: A Computational Ap-
proach Based on Time-Dependent Density-Functional The-

ory — •Alberto Castro1, Ali Akbari2, Angel Rubio2, and
Eberhard Gross1 — 1Freie Universität Berlin, Berlin, Germany —
2University of the Basque Country, San Sebastián, España

Atoms and molecules react in complex manners when they are irra-
diated with high-intensity electromagnetic pulses: multi-photon, tun-
nelling and over-the-barrier ionisation, laser driven photo-induced iso-
merisations or fragmentations, and high harmonic generation are some
of the non-linear effects that are observed. The so-called pulse shap-
ing techniques can be used to design pulses that produce a desired
effect. A technologically appealing possibility is to tailor the harmonic
emission spectrum: enhancement of some given orders, supressions of
others, etc. We have undertaken the task of exploring this possibil-
ity from a theoretical point of view, by making use of time-dependent
density-functional theory to describe the electrons, a real-space numer-
ical representation, and various optimization techniques.

O 49.9 Thu 12:30 SCH 251
Optical properties of molecular crystals: Periodicity meets
molecular deformation patterns — •Reinhard Scholz and Linus
Gisslen — Walter Schottky Institut, Technische Universität München,
Am Coulombwall 3, 85748 Garching, Germany

In the calculation of the dielectric properties of molecular pigments,
one has to reconcile the deformation of an excited molecule with the pe-
riodicity of the crystal. For a set of six perylene-based chromophores,
we demonstrate that the excited geometry can be obtained most re-
liably when applying DFT to a modified occupation of the frontier
orbitals, whereas the deformations obtained in TD-DFT remain sys-
tematically too small. In the crystalline state, electron and hole trans-
fer mix neutral molecular excitations with charge transfer (CT) states,
and as the largest transfer parameters occur along the stacking di-
rection, they can easily be determined by ab initio calculations of a
stacked dimer. The transition dipoles of molecular excitations and CT
states can be derived from TD-DFT applied to a stacked dimer. These
DFT-based calculations leave two essential parameters of the system
undetermined: The transfer of a neutral excitation to its neighbours,
and the energetic difference between neutral excitations and CT states.
Albeit estimates for these quantities can be obtained from ab initio
schemes, they are most precisely obtained from an exciton model ac-
counting for the mixing of neutral molecular excitations and CT states,
together with the deformation patterns of excited and charged molecu-
lar states. From the calculated lineshapes, one can derive quite precise
energies of the CT states, a key parameter for device applications.

O 49.10 Thu 12:45 SCH 251
The multiconfigurational time-dependent Hartree-Fock
method for excited states: Theory and application to conju-
gated polymers — •Rafael P. Miranda1, Andrew P. Horsfield2,
and Andrew J. Fisher1 — 1Department of Physics and Astronomy,
University College London, London, United Kingdom — 2Department
of Materials, Imperial College London, London, United Kingdom

The solution of the time-dependent Schrödinger equation for systems
of interacting electrons is generally a prohibitive task, for which ap-
proximate methods are highly desirable. One of the simplest schemes,
known as the time-dependent Hartree-Fock (TDHF) approximation,
consists in restricting the electronic wavefunction to a single Slater
determinant. However, several physical processes of interest involve
excited states which can not be properly described by a single deter-
minant. For instance, in a photoexcitation process, absorption of a
photon creates an open-shell singlet state, and thus devising a scheme
which retains the proper spin symmetry requires two Slater determi-
nants. In this work, we extend the TDHF method to such multiconfig-
urational states. Based on a time-dependent variational principle, we
derive the optimal equations of motion for the single-particle molecu-
lar orbitals. This method, together with a classical description of the
ionic degrees of freedom (mean-field approximation), is then applied
to study the dynamics of photoexcitations in conjugated polymers.
We show the relaxation of electron-hole pairs to form excitons and
charged polarons, and discuss the modifications to the relaxation pro-
cess predicted by the inclusion of the Coulomb interaction between the
carriers.

O 49.11 Thu 13:00 SCH 251
Reduction of the number of orbital products and computa-
tion of molecular spectra from the Gross-Petersilka-Grabo
equation — •Dietrich Foerster and Peter Koval — CPMOH,
Universite de Bordeaux 1, 351 cours de la Libération , 33405 Talence,
France
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Electronic excitations in molecular systems live in a space of orbital
products the dimension of which is too large for effective computation.

To circumvent this well known difficulty, we identify a smaller sub-
space of linearly independent ”dominant directions” that span the orig-
inal space of products with exponential accuracy.

As a first application, we compute molecular spectra by solving, in
this subspace of reduced dimensions, the Gross-Petersilka-Grabo equa-
tions rather than the equations of Casida.

Possible applications of our method include the study of excitons in
molecular systems.

Reference: D. Foerster, ”Elimination, in electronic structure calcu-
lations, of redundant orbital products”, J. Chem. Phys. 128 (2008)
43108.

O 49.12 Thu 13:15 SCH 251
Product basis set in TDDFT: molecular absorption spectra

within linear response. — •Peter Koval and Dietrich Foerster
— CPMOH, Universite de Bordeaux 1, 351 Cours de la Liberation,
33405, Talence, France

We propose a new basis set [1] and corresponding method [2] to cal-
culate of the Kohn-Sham density response function χ0(ω, r, r′). Com-
putational cost of our method scales comparatively cheaply with the
number of atoms N .

Here we discuss the application of our technique to the computa-
tion of molecular absorption spectra. Spectra are calculated directly
in O(N2) operations from the Gross-Petersilka-Grabo equations [3].

References:
[1] Foerster D, J. Chem. Phys. 128 034108 (2008)
[2] Foerster D, Phys. Rev. B 72 073106 (2005)
[3] Petersilka M, Gossmann U J and Gross E K U, Phys. Rev. Lett.

76 1212 (1996)

O 50: Invited Talk (Mahbube Hortamani)

Time: Thursday 14:00–14:45 Location: HSZ 02

Invited Talk O 50.1 Thu 14:00 HSZ 02
Si-based spintronics from first principles — •Mahbube Hor-
tamani — Max Planck Institute of Microstructure Physics — Fritz-
Haber-Institut der Max-Planck-Gesellschaft

An important step is implementation of spin-based electronic function-
ality in Silicon devices. Remarkable progress made during the last two
years [1] gives confidence that this is within reach, although significant
challenges still remain. For example Si-based magnetic materials with
a transition temperature higher than room temperature do not exist
yet.

Here we discuss the specific aspects associated with ferromagnetic
MnSi films on the Si substrate and determine how the electronic struc-

ture and the magnetic properties of these films and Silicon conspire to
render a magnetic Si-based heterojunction.

Atomic-level insight is a necessary prerequisite to understand the
mechanisms of basic physical processes such as surface diffusion and
epitaxial growth. These processes are probed within the framework of
density functional theory. Magnetic interactions of MnSi films at finite
temperature are studied by means of a Heisenberg model.We predict
the formation of a thin ferromagnetic film of MnSi in B2 (cesium chlo-
ride) crystal structure on the Si(001) surface with a Curie temperature
around room temperature .

[1] Ian Appelbaum, B.Q. Huang, and D.J. Monsma, Nature 447, 295
(2007)

O 51: Surface chemical reactions I

Time: Thursday 16:15–19:15 Location: SCH A01

O 51.1 Thu 16:15 SCH A01
Ab initio molecular dynamics simulation of electronic en-
ergy dissipation: A comparison of H/Si(001), H/Al(111), and
HCl/Al(111) — Georg Krugel, Michael Grotemeyer, Jan van
Heys, Michael Lindenblatt, and •Eckhard Pehlke — Institut für
Theoretische Physik und Astrophysik, Universität Kiel, Germany

The energy transfer to solid surfaces during chemisorption and surface
scattering is of considerable relevance. Energy dissipation via electron-
hole pair excitation has attracted much recent interest, see e.g. [1]. To
identify the electronic dissipation mechanisms, we carry through ab ini-
tio molecular dynamics simulations. The time-dependent Kohn-Sham
equations of the electrons are integrated numerically, while the posi-
tions of the ions follow from Ehrenfest dynamics. The time-dependent
electronic state of the system is compared to the electronic ground
state at the respective frozen-in ionic positions. This yields detailed
information on the electronic excitations along the trajectory. This
method has been applied to chemisorption of H-atoms on Al(111), with
results consistent with the time-dependent Newns-Anderson model by
Mizielinski and Bird [2]. In case of H/Si(001) we find an energy transfer
into electron-hole pairs after one round-trip of the atom in front of the
surface comparable to H/Al(111). We explain this unexpected result
on the basis of the electronic structure. In case of HCl/Al(111) we find
a significant coupling of the HCl molecular vibration to electron-hole
pair excitations in the Al-substrate.

[1] A.M. Wodtke et al., Prog. Surf. Sci. 83, 167 (2008).
[2] D.M. Bird et al., Surf. Sci. 602, 1212 (2008).

O 51.2 Thu 16:30 SCH A01
Real-space investigation of high-barrier diffusion of hydro-
gen on Si(001) — •M. Dürr1,2, C. H. Schwalb1, and U. Höfer1

— 1Fachbereich Physik und Zentrum für Materialwissenschaften,
Philipps-Universität Marburg, D-35032 Marburg — 2Fakultät Ange-
wandte Naturwissenschaften, Hochschule Esslingen, D-73728 Esslingen

Due to the strong corrugation of Si(001) with its dimer row reconstruc-

tion, various diffusion channels exist already on the flat, clean surface.
Among the possible processes, diffusion between two dimer rows is as-
sociated with the highest diffusion barrier; as a consequence, it has not
been observed by means of standard STM experiments up to now.
To probe this high-barrier pathway in real space, we used a combina-
tion of STM and nanosecond laser heating [1,2]. STM images taken
after different numbers of heating pulses represent snapshots of the
surface configurations frozen at various stages of the diffusion process.
In this way hydrogen diffusion associated with rates as high as 108 s−1

could be monitored with atomic resolution at 1400 K. We observe that
diffusion across the dimer rows is almost as effective as diffusion along
the dimer rows. The experiment thus demonstrates the importance
of this high-barrier process at elevated temperatures. Considering the
large Si–Si distance between the dimer rows, the observed diffusion
rate is surprisingly high. It is interpreted in terms of a strong con-
certed movement of hydrogen and the Si lattice.
[1] M. Dürr et al., Science 296, 1838 (2002).
[2] C. H. Schwalb et al., Phys. Rev. B 75, 085439 (2007).

O 51.3 Thu 16:45 SCH A01
STM investigations of an electron induced switching pro-
cess in azobenzene-based structures — •Jörg Henzl and Ka-
rina Morgenstern — Universtität Hannover, Institut für Festkörper-
physik, Abt. Oberflächen, Appelstr. 2, 30167 Hannover

The cis- trans isomerization of azobenzene molecules in gas phase and
in solution is a well studied phenomenon. But only in the recent years
first studies of azobenzene molecules adsorbed on single crystal sur-
faces have been emerged. This system is of particular interest not
only from a fundamental point of view but also because of its possible
applications in nanotechnology as a molecular switch.

Here we present low temperature scanning tunnelling microscopy
measurements of 4-anilino-4’-nitroazobenzene on the Au(111)-surface.
Upon adsorption at 250 K the molecules form both meandering lines
of single molecules which are guided by the Au(111)-herringbone re-
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construction, and a chiral star-shaped structures consisting of six
molecules each.

A switching process within a single molecule inside the star-shaped
structures is induced by placing the tip of the scanning tunnelling mi-
croscope above one molecule and applying a bias voltage of 2.5 V. The
other molecules of the star-shaped structure remain unaffected during
this manipulation. This reversible and bistable switching process will
be discussed in greater detail in this talk.

O 51.4 Thu 17:00 SCH A01
Theoretical cluster studies on the catalytic sulfidation of
MoO3 — •Xuerong Shi1,2, Jianguo Wang2, and Klaus Hermann1

— 1Theory Department, Fritz-Haber-Institut der MPG, Faradayweg
4-6, D-14195 Berlin and Sfb 546 ”Transition Metal Oxide Aggregates”,
Berlin (Germany). — 2State Key Laboratory of Coal Conversion,
Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan,
Shanxi 030001, P. R. China

Sulfidation of molybdenum trioxide, MoO3, yielding local surface re-
gions of molybdenum disulfide, MoS2, is an essential step to improve
the hydrotreating activity of Mo catalysts. Therefore, theoretical stud-
ies of sulfided MoO3 surfaces can contribute to an understanding of
detailed reaction mechanisms at corresponding catalyst surfaces. We
apply density functional theory together with large cluster models to
obtain information about the behavior of oxygen and sulfur adsorbates
at local sections of the MoO3(010) surface with and without oxygen
vacancies. In all cases, adsorbed oxygen is found to bind more strongly
with the substrate than sulfur with binding distances that are shorter
than those for the sulfur adsorbate. S/O exchange reactions at the
substrate surface are always energetically preferred over sulfur adsorp-
tion. In addition, the first and second sulfur substitution takes place
preferentially at the singly coordinated oxygen site O(1). Finally, the
calculations show that pre-adsorbed hydrogen can facilitate the sulfi-
dation process at the MoO3(010) surface.

O 51.5 Thu 17:15 SCH A01
Theoretical investigations on the electrochemical hydrogen
evolution on Pt-hydride surfaces — •Fedor Strigunov, John
Keith, and Timo Jacob — Institut für Elektrochemie, Universität
Ulm, 89081 Ulm

Noble metals are a common component of electrodes that drive electro-
chemical reactions. Despite their nobility, electrode surfaces may take
on many different structures or morphologies under electrochemical
environments. Using periodic density functional theory, we calculated
the surface free energies for several different surfaces of a variety of
bulk Pt-hydride morphologies. In combination with the extended ab
initio thermodynamics approach [1,2] we present a first phase diagram
showing under which experimental temperature, activity, and electrode
potential conditions hydrogen is present on the surface and which Pt-
hydride surface orientation and structure is stabilized. On the basis of
the most relevant Pt-hydride surfaces we then evaluated the adsorption
of atomic hydrogen as well as the barriers for hydrogen evolution. This
data will be used as the grounds for further understanding reactions
on electrochemical electrodes.

[1] M. Scheffler, J. Dabrowski, Phil. Mag., A 58, 107 (1988). [2] T.
Jacob, J. Electroanal. Chem., 607, 158, (2007).

O 51.6 Thu 17:30 SCH A01
CO oxidation on planar Au/TiO2 model catalysts: activa-
tion energy and influence of reaction atmosphere — •Menhild
Eyrich, Stefan Kielbassa, Joachim Bansmann, and R. Jürgen
Behm — Institute of Surface Chemistry and Catalysis, Ulm University,
D-89069 Ulm

The high interest in oxide supported Au catalysts and in particular in
the low-temperature CO oxidation reaction on these catalysts, in com-
bination with the still unknown reaction mechanism, has stimulated
model studies on planar model catalysts. Analogously to the respec-
tive powder catalysts, also the activity of the planar model catalysts
strongly depends on the catalyst preparation. Here we report results
of reaction measurements on differently reduced Au/TiO2(110) model
catalysts. The activation energy for CO oxidation on these model sys-
tems was determined, and the influence of the reactant gas composition
(CO/O2 ratio) on the catalytic activity was evaluated. The results will
be compared to the findings for other Au/TiO2 (model) catalysts, and
possible reasons for the significant reactivity enhancement for reduced
model catalysts will be discussed.

O 51.7 Thu 17:45 SCH A01

Interaction of Thin Nickel Oxide Layers with Carbon Oxides
— •Michael Peter Andreas Lorenz1, Regine Streber1, Chris-
tian Papp1, Marie-Madeleine Walz1, Andreas Bayer1, Sandra
Künzel2, Reinhard Denecke2, and Hans-Peter Steinrück1 —
1Lehrstuhl für Physikalische Chemie II, Universität Erlangen-Nürn-
berg, Egerlandstr. 3, 91058 Erlangen — 2Wilhelm-Ostwald-Institut
für Physikalische und Theoretische Chemie, Universität Leipzig,
Linnéstr. 2, 04103 Leipzig

NiO is an important material in heterogeneous catalysis. Under am-
bient conditions, reaction with CO2 can easily lead to the formation
of carbonates, which could block active sites and thereby influence the
catalytic reactivity. Behm and Brundle [1] reported carbonate forma-
tion on Ni(100) by simultaneously dosing molecular oxygen and CO2.
We have now studied the interaction of CO2 and also CO on an oxidised
Ni(111) surface in great detail by in situ XPS applying synchrotron ra-
diation at BESSY II. For both, characteristic peaks develop in the O
1s and C 1s spectra, albeit with different intensities, indicating the
formation of carbonate layers. Similar results are obtained for thick
oxidised Ni layers (∼2 ML) grown on Cu(111). In contrast, thin oxi-
dised Ni layers (∼0.5 ML) on Cu(111) exhibit a significantly reduced
reactivity towards carbonate formation. The decomposition of the car-
bonate species was determined in situ by XPS during heating. This
work was supported by BMBF (05 ES3XBA/5) and the DFG through
the Cluster of Excellence ”Engineering of Advanced Materials”.
[1] R. J. Behm, C. R. Brundle, Surf. Sci. 255 (1991) 327

O 51.8 Thu 18:00 SCH A01
The Surface Selective Chlorination of RuO2(110) — •Jan
Philipp Hofmann1, Stefan Zweidinger1, Marcus Knapp1, Ari
Paavo Seitsonen2, Karina Schulte3, Edvin Lundgren3, Jesper
Andersen3 und Herbert Over1 — 1Physikalisch-Chemisches Insti-
tut, Justus-Liebig Universität Gießen, Heinrich-Buff-Ring 58, D-35392
Gießen — 2IMPMC, CNRS & Université Pierre et Marie Curie, 4 place
Jussieu, case 115, F-75252 Paris — 3Dept. of Synchrotron Radiation
Research, Lund University, Sölvegatan 14, S-22362 Lund

Chlorinated ruthenium dioxide plays an important role in the hetero-
geneously catalysed oxidation of hydrogen chloride to chlorine (Deacon
process)[1]. High resolution core level shift spectroscopy (HRCLS) and
temperature programmed reaction (TPR) experiments together with
density functional theory (DFT) calculations were used to elucidate the
chlorination mechanism of ruthenium dioxide RuO2(110) by hydrogen
chloride exposure on the atomic scale. The surface selective chlorina-
tion proceeds via the diffusion of chlorine atoms in surface vacancies,
which are formed by the desorption of water. H2O is produced either
by the dissociative adsorption of HCl adjacent to a surface hydroxyl
group or by the chlorine assisted recombination of two neighbouring
surface hydroxyl groups [2].

[1] Crihan, D. et al.; Angew. Chemie Int. Ed. 2008, 47, 2131-2134.
[2] Hofmann, J. P.; Zweidinger, S.; Knapp, M.; Seitsonen, A. P.;

Schulte, K.; Andersen, J. N.; Lundgren, E.; Over, H.; J. Phys. Chem.
C, submitted.

O 51.9 Thu 18:15 SCH A01
HREELS study of Cu clusters deposited on the O-terminated
ZnO(000-1) surface — •Hengshan Qiu, Yuemin Wang, and
Christof Wöll — Physical Chemistry I, Ruhr-University Bochum,
44780 Bochum, Germany

The interaction of metal clusters and films with oxide substrates plays
a key roleas regards the microscopic mechanisms of many processes
in heterogeneous ctatalysis. In this work, the interaction of Cu clus-
ters with the O-terminated ZnO(000-1) surface was studied by high-
resolution energy loss spectroscopy (HREELS),together with thermal
desorption spectroscopy (TDS) and low-energy electron diffraction
(LEED). It was found that Cu deposition on O-ZnO leads to the for-
mation of well-defined islands with the Cu(111) facets. For the small
clusters the partial oxidation of Cu0 into Cu+ was clearly identified
by the characteristic changes in the C-O stretch frequencies of CO
molecules adsorbed on the Cu atoms. Upon heating the Cu atoms
undergo, instead of desorption, diffusion into the O-ZnO bulk. The
doping of ZnO by Cu leads to the formation of shallow donor states,
in which the electrons can be thermally excited into the conduction
band and, as a result, give rise to the plasmon-induced broadening of
the quasielastic peak in HREELS [1]. From the observed temperature
dependence, the donor level ionization energy was determined. This
unexpected doping effect of ZnO by Cu has important consequences
for its chemical activity, as confirmed by detailed studies on CO2 ad-
sorption. [1]H. Qiu, B. Meyer, Y. Wang, Ch. Wöll, Phys. Rev. Lett.
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in press (2008).

O 51.10 Thu 18:30 SCH A01
Adsorption and diffusion of H and NHx as key steps of the
NHx dehydrogenation reaction at the V2O5 (010) surface —
•Mathis Gruber and Klaus Hermann — Fritz-Haber-Institut der
MPG, Faradayweg 4-6, D-14195 Berlin and Sfb 546, Berlin (Germany)

Various selective oxidation reactions as the Selective Catalytic Reduc-
tion (SCR) of NOx or the ammoxidation of propane/propene to acry-
lonitrile are processed on vanadium based metal-oxide catalysts in the
presence of ammonia. In the reactions the intermediates NH2, NH3,
and NH4 are involved indicating that the adsorption and dehydro-
genation of NHx, x < 4, are important steps. We have performed
theoretical studies of corresponding reaction steps where the catalyst
is simulated by a finite section of the V2O5 (010) surface. The calcula-
tions apply density-functional theory combined with clusters modeling
the adsorbate system. The substrate lowers corresponding dehydro-
genation energies considerably compared with values for the gas phase
reaction. However, the lowering is too small to make dehydrogenation
of NH3 likely to happen. Our results on the role of oxygen vacan-
cies for the dehydrogenation indicate that such surface defects become
important for the reaction. Besides the energetics also the diffusion
at the surface influences the reaction. A Nudged Elastic Band (NEB)
routine has been implemented to evaluate diffusion paths and barriers.
Hydrogen diffusion on the surface will be discussed and additional ex-
amples for NHx diffusion will be shown. Based on these results possible
reaction scenarios for the dehydrogenation reaction will be presented.

O 51.11 Thu 18:45 SCH A01
PrO2−x/Si(111) – A model system for praseodymium oxide
based catalysts — •Andreas Schaefer1, Sebastian Lamberti1,
Volkmar Zielasek1, Jens Falta2, Thomas Schröder3, and Mar-
cus Bäumer1 — 1Institut für Angewandte und Physikalische Chemie,
D-28359 Universität Bremen — 2Institut für Festkörperphysik, D-
28334 Universität Bremen — 3IHP microelectronics, D-15236 Frank-
furt (Oder), Germany

Praseodymium (Pr) oxides are promising candidates for applications
in catalysis and microelectronics due to their variable valency along
with a high oxygen mobility. Thin films of the oxide prepared on
a Si(111) surface in an UHV environment provide a simplified two-

dimensional model system of the oxide catalyst. Such a model system
allows insight into the atomic details of oxygen transport and transfer
when exposed to adsorbed molecules. Additionally, details on the de-
fect structure of such oxide films can be obtained, which is a crucial
point for applications in microelectronics. The films were prepared by
molecular beam epitaxy of hex-Pr2O3 and subsequent ex-situ anneal-
ing in oxygen atmosphere to obtain cubic PrO2. Here we report on a
study on cleaning, reduction and reoxidation of a PrO2−x (x = 0−0.5)
starting film to obtain a surface with defined oxidation state and stoi-
chiometry. Annealing experiments with and without gas dosage during
heating will be compared as well as H2 and O2 plasma treatment. The
surfaces have been studied using x-ray photoelectron spectroscopy and
low-energy electron diffraction. First thermal desorption spectra of CO
adsorbed on the differently prepared surfaces are presented.

O 51.12 Thu 19:00 SCH A01
Ferrocene Affinity Label for the Electrochemical Detection of
Enzymes down to a Single Molecule Level — •Claudia Baier,
Alice Schlichtiger, Jörg Eppinger, and Ulrich Stimming — TU
München, Garching, Deutschland

The research field of biosensors and bioelectronics offers a large po-
tential for the development of functional devices. In this presentation,
we show that we are able to electrochemically detect enzymes which
are originally not redox-active such as papain and trypsin by using fer-
rocene affinity labels. These ferrocene-based affinity labels are ideally
suited since they combine the electrochemically active ferrocene moi-
ety which is stable under physiological conditions with the selectivity
and activity sensing properties of the affinity label concept. The redox-
labeled enzymes are immobilized on highly oriented pyrolytic graphite
(HOPG) and are electrochemically investigated using cyclic voltam-
metry and impedance measurements. Furthermore, we established a
nano-scale readout i.e. the detection of direct electron transfer pro-
cesses on a single molecule level by in-situ SPM visualization. There-
fore, potential dependent in-situ electrochemical scanning tunneling
microscopy (EC-STM) studies and first results of scanning electro-
chemical potential microscopy (SECPM) will be presented. SECPM,
which is the latest invention of the electrochemical SPM techniques,
uses the electrochemical potential at the solid/liquid interface as feed-
back signal by measuring the potential difference between a potentio-
metric tip and the potential controlled working electrode.

O 52: Metal substrates: Adsorption of organic / bio molecules VII

Time: Thursday 15:00–19:15 Location: SCH A118

O 52.1 Thu 15:00 SCH A118
Understanding the electronic transport across single phthalo-
cyanine molecules — •Annika Bork1, Albert F. Takács1,2,
Florian Witt1, Stefan Schmaus1,2, Timofey Balashov1, Mar-
tin Bowen3, Eric Beaurepaire3, and Wulf Wulfhekel1,2 —
1Physikalisches Institut, Universität Karlsruhe (TH) — 2CFN-DFG
Centrum für Funktionelle Nanostrukturen — 3Institut de Physique et
Chimie des Matériaux de Strasbourg

Regarding the increasing miniaturization of electronic devices, molec-
ular electronics is a field of growing interest. Here, we present STM
and STS results on hydrogen (H2Pc), cobalt (CoPc) and manganese
(MnPc) phthalocyanines deposited on a clean Cu(111) surface as well
as on bilayer cobalt islands on Cu(111). By laterally positioning the
STM tip over a single molecule and approaching the tip towards the
surface we were able to investigate the conductance of the molecules.
Our results show that the molecules tend to lift from the surface and
jump into contact with the STM tip. On Cu(111) we found that the
conductance through H2Pc, CoPc and MnPc is about 0.1 G0 whereas
the conductance of H2Pc and CoPc on the cobalt islands is about
3 times higher. By performing STS measurements the orbitals of the
H2Pc and CoPc can be obtained. In both cases we can observe a shift
of the HOMO to the Fermi edge, which explains the increased con-
ductance on the cobalt islands. Further, inelastic STS revealed a soft
phonon excitation located on the sidegroups, that is the underlying
mechanism of the jump into contact.

O 52.2 Thu 15:15 SCH A118
Systematic study of phthalocyanine (sub-)monolayer
phases by high-resolution PES and NEXAFS — •M.

Häming1, C. Scheuermann1, E. Umbach1,2, A. Schöll1, and F.
Reinert1,2 — 1Universität Würzburg, Experimentelle Physik II —
2Forschungszentrum Karlsruhe, 76021 Karlsruhe

The interaction at metal-organic interfaces is crucial for electronic de-
vices, since it influences the morphology and the electronic structure
at the interface, and consequently the charge transport through metal-
organic contacts. Therefore we investigate the interaction and inter-
play between the geometric and electronic structure at a metal-organic
model interface. We study systematically various (sub-)monolayers
phases of flat lying phthalocyanine on the Ag(111) surface by high-
resolution photoemission spectroscopy (PES) and near edge x-ray ab-
sorption fine structure spectroscopy (NEXAFS). We observe evidence
for chemisorption of the molecules in all spectra (valence band, NEX-
AFS and core levels). Moreover, already small differences in the ad-
sorption geometry between the different phases change the respective
spectra and the work function significantly. For example, an increase
in coverage leads to a weaker interface bond. Consistent changes in the
valence band and NEXAFS spectra indicate that consequently the oc-
cupation of the former molecular LUMO level, which is partly occupied
due to the chemisorption, is altered. Our investigation demonstrates
that the electronic structure at interfaces is very sensitive to relatively
small changes in the interaction, and that high-resolution PES and
NEXAFS are powerful techniques to study these correlations.

O 52.3 Thu 15:30 SCH A118
Temperature and thickness dependent adsorption studies of
azobenzene molecules on Cu(100) — •Alex Krüger, Marten
Piantek, Cristina Navio, Jorge Miguel, Matthias Bernien, and
Wolfgang Kuch — Institut für Experimentalphysik, Freie Univer-
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sität Berlin

Here we present a study of the influence of temperature and cover-
age on the ordering of dimetacyano-azobenzene (DMC) ultrathin lay-
ers adsorbed on Cu(001). Near-edge X-ray absorption fine structure
(NEXAFS) and X-ray photoelectron spectroscopy (XPS) provided in-
formation on the molecular geometry relative to the substrate and on
the nature of molecule adsorption to the surface, respectively. From
XPS data we determine that DMC molecules evaporated onto Cu(001)
at room temperature are chemisorbed, but a dramatic change in the
angle-dependent C- and N-K edge NEXAFS between 0.5 and 1 ML
(monolayer) indicates that strong intermolecular interactions provoke
a conformational change. On a second step, we studied the temper-
ature dependence of 1 ML DMC on Cu(001). At 150 K, about half
of the molecules are physisorbed in a planar conformation parallel to
the surface. As the temperature increases, the NEXAFS data shows
a strong change in the molecular conformation at 230 K, concurrent
with the formation of a bond between one of the azo nitrogen atoms
to the surface, as seen by XPS. These results are supported by density
functional theory calculations. We conclude that both intermolecu-
lar and molecule-substrate interactions can give rise to the observed
conformational change.

O 52.4 Thu 15:45 SCH A118
Adsorption energy and geometry of adsorbed organic
molecules on Au(111) probed by surface-state photoemis-
sion — •Johannes Ziroff1, Frank Forster1, and Friedrich
Reinert1,2 — 1Universität Würzburg, Experimentelle Physik II
, D-97074 Würzburg, Germany — 2Forschungszentrum Karlsruhe,
Gemeinschaftslabor für Nanoanalytik, D-76021 Karlsruhe, Germany

The modification of the Au(111) surface states by an adsorbed mono-
layer of large π-conjugated molecules (PTCDA, NTCDA, CuPc)
was investigated by high-resolution angle-resolved photoelectron spec-
troscopy. We determined binding energy, band mass, and Rashba-
splitting and discuss the results in the context of rare-gas adsorption
on noble metals. This comparison allows the determination of the
bonding strength of the adsorbates, found to be physisorptive with
derived binding energies per molecule of 2.0 eV for PTCDA and 1.5
eV for NTCDA. We will also present a superstructure model for the
NTCDA/Au(111) system, deduced from low energy electron diffraction
images in combination with band-backfolding of the Tamm and Shock-
ley states. The coverage dependent evolution of the surface states was
also investigated for the three molecules, giving evidence for a dilute-
phase growth of the CuPc molecule on the Au(111) surface.

O 52.5 Thu 16:00 SCH A118
Investigation of meso-Tetraphenylporphyrin Molecules us-
ing Scanning Tunneling Microscopy — •Vińıcius Claudio
Zoldan1,2, Khalil Zakeri1, Chunlei Gao1, André Avelino Pasa2,
and Jürgen Kirschner1 — 1Max Planck Institute of Microstructure
Physics, Halle, Germany — 2Laboratório de Filmes Finos e Superf́ıcies,
Universidade Federal de Santa Catarina, Brazil

Due to their distinct physicochemical properties and potential for
molecular architecture, porphyrins represent a group of molecules
which has attracted a great technological and fundamental in-
terest. The meso-Tetraphenylporphyrin (H2-TPP) and meso-
Tetraphenylporphyrin-Cobalt II (Co-TPP) molecules were grown on
Ag(111) and Cu3Au(100) substrates. In the case of Ag(111), self-
organized monolayer was observed, as has been reported [1]. The
growth of single molecules were achived on Cu3Au(100) at room tem-
perature. The chemical sensitivity through bias-dependent imaging
of both molecules has been measured using low temperature Scan-
ning Tunneling Microscopy/Spectroscopy (STM/STS). The STS re-
sults show one characteristic peak near 0.6 eV for H2-TPP molecules,
whereas for the Co-TPP molecules two peaks were observed at energies
of -0.5 and -1.1 eV. Moreover, the dehydrogenation of the individual
H2-TPP and Co-TPP molecules was realized with a local ramp-voltage
from the STM tip. The energy needed for the dehydrogenation is found
to be 2.0 and 3.5 eV for H2-TPP and Co-TPP, respectively.

Comanici et al. Langnuir. 24, 1897 (2008)

O 52.6 Thu 16:15 SCH A118
Interaction between coordinated metal ions and a metal
substrate: Differently substituted cobalt porphyrins on
Ag(111) — •Yun Bai, Florian Buchner, Martin Schmid, Ina
Kellner, Florian Vollnhals, Hubertus Marbach, Hans-Peter
Steinrück, and J. Michael Gottfried — Universität Erlangen-
Nürnberg, Lehrstuhl für Physikalische Chemie II, Egerlandstr. 3,

91058 Erlangen, Germany

Adsorbed metalloporphyrins are of increasing interest due to their po-
tential applications in heterogeneous catalysis and in sensor systems.
Previous studies from our group have suggested the existence of an
electronic interaction between the metal centers of the adsorbed por-
phyrin complexes of iron and cobalt and the underlying substrate sur-
face, which plays an important role in modifying the electronic struc-
ture and, thereby, the reactivity of these metal centers.[1,2] However,
with the previously used tetraphenylporphyrin (TPP) ligands, the ad-
sorbed complexes undergo saddle-shape distortion, which could also
influence the electronic structure. To separate the effects of distortion
on the one hand and the coupling to the substrate on the other, we
have studied cobalt octaethylporphyrin, which adsorbs in a flat, undis-
torted conformation on Ag(111). Comparison of our XPS, UPS, and
STM results with previous CoTPP data [1,2] confirms that indeed the
metal center plays an essential role in the electronic interaction be-
tween the porphyrin complexes and the substrate. Supported by the
DFG through SFB 583.

1. T. Lukasczyk et al., J. Phys. Chem. C 111 (2007) 3090.
2. K. Flechtner et al., J. Am. Chem. Soc. 129 (2007) 12110.

O 52.7 Thu 16:30 SCH A118
Electronic and magnetic coupling of iron and copper phthalo-
cyanine to ferromagnetic Co(100) surfaces — •Felix Schmidt1,
Jens Sauther1, Ehesan Ali2, Stefan Lach1, Peter Oppeneer2,
and Christiane Ziegler1 — 1Department of Physics, University of
Kaiserslautern, Erwin Schrödinger Str. 56, D-67663 Kaiserslautern,
Germany — 2Department of Physics and Materials Science, Box 530,
Uppsala University, S-75121 Uppsala, Sweden

Metallo-phthalocyanines are organic semiconductors which show in
certain cases promising magnetic properties, advertising them for use
in organic spintronics. Here, copper (CuPc) and iron phthalocyanine
(FePc) were grown on ultra thin layers of Co(100) substrates with
well known highly spin-polarized electron injection capability. Photo-
electron spectroscopy (XPS) reveals different interactions between the
pyrolic nitrogen atoms and the cobalt surface for the two phthalocya-
nines. The analysis of the different multiplet structures appearing for
the nitrogen core levels in the submonolayer regime and UPS investi-
gations of the valence band electronic structure of the Co dominated
region near the Fermi level indicates a particularly electronic coupling
and a rehybridisation of the molecular orbitals with the cobalt orbitals.
In order to clarify the influence of the two different central atoms on
the electronic- and subsequently the magnetic coupling to the Co sub-
strate, theoretical calculations using the GGA and GGA+U method-
ologies on a structure of Fe/Cu-phthalocyanine adsorbed on a 3-layered
cobalt surface were performed indicating a ferromagnetic coupling be-
tween FePc and Co.

O 52.8 Thu 16:45 SCH A118
Investigation of the electronic structure of CuPc on Cu(100)
interfaces using ARUPS with polarized light — •Michael
Wießner1, Marc Haeming1, Frank Forster1, Achim Schöll1,
and Friedrich Reinert1,2 — 1Universität Würzburg, Experimentelle
Physik II, D-97074 Würzburg — 2Forschungszentrum Karlsruhe,
Gemeinschaftslabor für Nanoanalytik, D-76021 Karlsruhe

The understanding of the electronic structure at metal-organic inter-
faces is crucial for electronic devices since it determines the charge
transport through metal-organic contacts. Particularly if chemical
interaction occurs, as it is the case between most aromatic organic
molecules and metals, the hybridization of molecule and metal wave
functions effects both the energy position and the symmetry of the
involved orbitals. Consequently, the dipole matrix element, i.e. the in-
tensity of a photoemission signal, will be influenced. This phenomenon
can thus be utilized as a sensitive probe for the interfacial interaction
and the character of the involved molecular and metal states.

We report on an investigation of the adsorption of ultra-thin Cu-
phthalocyanine films on Cu(100) surfaces by means of angular resolved
photoemission spectroscopy (ARPES) with polarized light. By using a
monochromatized HeIα source with a high degree of polarization and
with variable polarization direction we observe polarization-dependent
intensities for signals from the substrate, from the adsorbate molecules,
and from interface states which are generated due to the chemisorption.
The evaluation of these variations in intensity shows that the applied
method is a usefull tool for understanding the interaction mechanisms.

O 52.9 Thu 17:00 SCH A118
Fingerprints of large organic molecules: on the interior
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of tetraphenyl-porphyrins in scanning tunneling microscopy
— Florian Buchner1,3, Karl-Georg Warnick2,3, Thorsten
Wölfle2,3, Wolfgang Hieringer2,3, Andreas Görling2,3, Hans-
Peter Steinrück1,3, and •Hubertus Marbach1,3 — 1Lehrstuhl für
Physikalische Chemie II — 2Lehrstuhl für Theoretische Chemie —
3Interdisciplinary Center of Molecular Materials (ICMM), Universität
Erlangen-Nürnberg, Egerlandstr. 3, D-91056 Erlangen

The appearance of a constant current scanning tunneling microscopy
(STM) image is determined by both the topography and the electronic
structure of the investigated object. The discrimination of these effects
and the understanding of the bias dependent appearance of different
adsorbed species represents a major challenge. We investigate an inter-
mixed tetraphenylporphyrin (TPP) layer consisting of 2HTPP, CoTPP
and FeTPP molecules on Ag(111), to allow for a direct in situ com-
parison. By a combined experimental and theoretical analysis, we find
that at lower bias voltages the appearance of CoTPP in the STM im-
age is dominated by electronic effects, while at high bias a combination
of both electronic and topographic effects is observed. For 2HTPP and
FeTPP the images are dominated by topographic effects. The detailed
interpretation of the bias dependence is performed by means of high
quality density-functional calculations, which allow to reproduce the
experimentally observed STM images with very high accuracy and to
trace back the observed features to individual molecular orbitals. Sup-
ported by the DFG through SFB 583.

O 52.10 Thu 17:15 SCH A118
Portrait of a potential barrier: electron tunneling at metal-
organic interfaces — •Lucia Vitali1, Giacomo Levita2, Robin
Ohmann1, Alessio Comisso3, Alessandro De Vita3, and Klaus
Kern1 — 1Max-Planck Institute for Solid State Research, Stuttgart,
Germany — 2INFM Democritos, University of Trieste, Italy —
3Physics Department, King s College, London

Organic semiconductors constitute the basis of a fast developing mi-
croelectronics and are successfully making the first steps towards high
performance nanoscale devices. Further improvements and the design
of new molecular-based electronic circuits require a better understand-
ing of the charge transport and injection mechanisms. At present,
one of the major constrains is given by the electron potential bar-
rier forming at the molecule-metal interface. Here, by means of a low
temperature scanning tunneling microscope (STM), we visualize this
metal-molecule interface on a local scale. We found that the molecular
interaction with the substrate leads to the formation of a potential
barrier which is non-uniform across the molecule. This reflects the re-
lation between the chemical composition and the interaction with the
metal surface.

O 52.11 Thu 17:30 SCH A118
Adsorption of metal-phthalocyanines on the Ag(111) surface
— •Ingo Kröger1, Christoph Stadler1, Patrick Bayersdorfer1,
Florian Pollinger1, Abdreas Stahl1, Felix Erfurth1, Benjamin
Stadtmüller1, Christian Kumpf1,2, and Friedrich Reinert1,3 —
1Universität Würzburg, Experimentelle Physik II, 97074 Würzburg
— 2Forschungszentrum Jülich GmbH, IBN-3, D-52425 Jülich
— 3Forschungszentrum Karlsruhe GmbH, Gemeinschaftslabor für
Nanoanalytik, D-76021 Karlsruhe

The sub-monolayer growth of metal-phthalocyanines (MePc) on the
Ag(111) surface exhibits a rich phase diagram consisting of 2D gas-
like phases, commensurate phases and - most interestingly - continu-
ous series of phases with point-on-line coincidence with the substrate.
The latter are caused by a repulsive molecule-molecule interaction
which can be tuned (and even suppressed) by changing coverage and/or
temperature. Therefore these adsorbate systems represent model sys-
tems for investigating the interplay of molecule-molecule and molecule-
substrate interaction as well as geometric and electronic structure.In
this talk we present an overview of the phase diagrams for CuPc, SnPc,
TiOPc and H2Pc. The data was obtained using spot profile analysis
low energy electron diffraction (SPA-LEED) and X-ray standing waves
(XSW). Comparing these systems gives insight in the molecular ad-
sorption geometry as well as the influence of the central metal atom
on the molecule-substrate and the molecule-molecule interactions.

O 52.12 Thu 17:45 SCH A118
STM and STS study of F16CoPc adsorbed onto Ag(110) sur-
face — •Marius Toader1, Thiruvancheril G. Gopakumar2, Mah-
moud Abdel-Hafiez1, and Michael Hietschold1 — 1Chemnitz Uni-
versity of Technology, Solid Surfaces Analysis Group, D-09107 Chem-
nitz, Germany — 2Christian-Albrechts-Universität zu Kiel, Institute

of Experimental and Applied Physics, D-24118 Kiel, Germany

In this work the adsorption of cobalt(II) hexadecafluoro-
phthalocyanine (F16CoPc), one of the few organic n-type semicon-
ductors, onto silver (110) surface prepared by OMBD is investigated
using UHV VT-STM from Omicron operating at 40 K. The asymmetry
of the metal substrate is found to act as a template for the organic ad-
layer which grows preferentially along the [1-10] crystallographic axis
leading to a commensurate structure with well defined pinning centers.
The proposed structural model is strongly sustained by the molecular
self assembly at the defects proximity and especially at the domain
boundaries where a mirror structure is induced. The perturbed elec-
tronic properties like HOMO-LUMO gap, induced new states close to
the Fermi level are illustrated using STS. Single molecule DFT calcu-
lations are implemented to understand the mechanism responsible for
the organic-metal interface formation from STS.

O 52.13 Thu 18:00 SCH A118
Dimerization Boosts One-Dimensional Mobility of Con-
formationally Adapted Porphyrins on a Hexagonal Sur-
face Atomic Lattice — •Maximilian Eichberger1, Matthias
Marschall2, Joachim Reichert2, Alexander Weber-Bargioni1,
Willi Auwärter2, Richard L. C. Wang3, Hans J. Kreuzer3,
Yan Pennec1, Agustin Schiffrim1,2, and Johannes V. Barth2 —
1Department of Physics & Astronomy, University of British Columbia,
Vancouver, Canada — 2Physik Department, TU München, Germany
— 3Department of Physics and Atmospheric Science, Dalhousie Uni-
versity, Halifax, Canada

We employed temperature-controlled fast-scanning tunneling mi-
croscopy to monitor the diffusion of tetrapyridylporphyrin molecules
on the Cu(111) surface. The data reveal unidirectional thermal mi-
gration of conformationally adapted monomers in the 300-360 K tem-
perature range. Surprisingly equally oriented molecules spontaneously
form dimers that feature a drastically increased one-dimensional diffu-
sivity. The analysis of the bonding and mobility characteristics indi-
cates that this boost is driven by a collective transport mechanism of
a metallosupramolecular complex.

O 52.14 Thu 18:15 SCH A118
The Adsorption of Porphine on Copper (110) — •Matthew
Stephen Dyer, Abel Robin, Sam Haq, Rasmita Raval, and Mats
Persson — University of Liverpool, Liverpool, U. K.

Porphyrin molecules and related phthalocyanines have come under a
lot of interest in recent years as potential components for molecular-
scale devices with various applications. By studying the simplest por-
phyrin, porphine (H2-P), and its interaction with a clean copper sur-
face we obtain physical insight relevant for larger, more complicated
systems.

We present the results of scanning tunnelling microscopy (STM)
and reflection absorption infrared spectroscopy (RAIRS) experiments,
along with density functional theory (DFT) calculations, which show
that H2-P is chemisorbed on Cu(110) with the centre above the short-
bridge site. Considerable charge transfer occurs upon adsorption from
the metal into the unoccupied orbitals of the molecule.

An unexpected and very interesting result is that copper adatoms
are observed to reside in the vicinity of H2-P molecules in STM images.
DFT calculations show that there is an energetic preference of about
25 meV for copper adatoms to reside in certain sites on the surface
close to H2-P molecules. There is no chemical bond formed between
the molecule and the adatom, rather the attraction is probably due to
a substrate-mediated interaction.

O 52.15 Thu 18:30 SCH A118
Adsorption Geometry of Non-Planar Phthalocyanines on
Cu(111): Orientation of the Electric Dipole Moment — •A.
Gerlach1, S. Duhm2, T. Hosokai1, F. Schreiber1, N. Koch2, O.
Hofmann3, E. Zojer3, T.-L. Lee4, and J. Zegenhagen4 — 1Institut
für Angewandte Physik, Universität Tübingen, Germany — 2Institut
für Physik, Humboldt-Universität zu Berlin, Germany — 3Institut für
Festkörperphysik, Technische Universität Graz, Austria — 4European
Synchrotron Radiation Facility, Grenoble, France

The orientation of polar organic molecules on metal surfaces has im-
portant implications for the electronic properties of the first molecular
layer. We have studied the orientational ordering of chlorogallium ph-
thalocyanines (GaClPc) on Cu(111) using the X-ray standing wave
technique, photoelectron spectroscopy and DFT calculations.

The XSW data indicate that for low coverages the majority of
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GaClPc molecules adsorb in a ’Cl-down’ configuration with a chlo-
rine bonding distance of 1.88 Å. Since the gallium atoms are located at
4.21 Å, we find a Ga-Cl bond length close to the gas phase value. For
higher coverages the XSW data indicate a co-existence of the ’Cl-down’
and ’Cl-up’ configuration on Cu(111).

Due to the alignment of the GaClPc molecules in the sub-monolayer
regime their dipole moments are expected to contribute to the decrease
of the work function. The non-monotonic change of the work function
with increasing GaClPc coverage observed in UPS measurements can
be traced back to the different adsorption geometries of GaClPc. The
analysis is further supported by quantum chemical calculations.

O 52.16 Thu 18:45 SCH A118
High-resolution ARUPS study of thin CuPc films on noble-
metal (111) surfaces — •Mario Kochler1, Johannes Ziroff1,
Frank Forster1, Hatice Karacuban2, and Friedrich Reinert1,3

— 1Universität Würzburg, Experimentelle Physik II, Am Hubland,
D-97074 Würzburg, Germany — 2Universität Duisburg Essen, Fach-
bereich Physik, D-47057 Duisburg, Germany — 3Forschungszentrum
Karlsruhe, Gemeinschaftslabor für Nanoanalytik, D-76021 Karlsruhe,
Germany

The large π-conjugated organic molecule copper phthalocyanine
(CuPc) is widely applied in the promising field of organic electron-
ics, for instance as donor material in solar cells. For these applications
the electronic structure of the organo-metallic interface is of particular
interest. We present high-resolution ARUPS data of epitaxial CuPc
films on Au, Ag and Cu (111). The valence band features, i.e. the
highest occupied molecular orbital (HOMO), the former lowest unoc-
cupied molecular orbital (F-LUMO) and a sharp resonance right at

the Fermi level, are specific for each substrate. The differences in the
electronic structure are a result of the increasing interaction strength
between the molecules and the substrate, ranging from physisorption
on Au to strong chemisorption on Cu. We correlate the coverage de-
pendent change of the HOMO binding energy to the individual adsorp-
tion strength. The intermediate bonding strength on Ag (111) causes
a partially filled F-LUMO that gives rise to the sharp resonance at the
Fermi level. We will discuss these features on the background of the
different growth modes of CuPc on noble metal surfaces.

O 52.17 Thu 19:00 SCH A118
STM observations of the interaction of NO and CO with ad-
sorbed metalloporphyrin molecules — •Knud Seufert, Willi
Auwärter, Joachim Reichert, and Johannes V. Barth — Physik
Department, TU München, Germany

The reactivity of metalloporphyrins towards small gas molecules is of
fundamental interest as it plays for example a key role in the transport
of respiratory gases in biological systems. Here we present a compar-
ative low temperature STM and STS study of the interaction of CO
and NO with Cobalt-tetraphenylporphyrins (CoTPP) anchored on a
Ag(111) surface. The response of CoTPP to the exposure of CO and
NO is clearly different: In the CO case, the CoTPP can be dressed by
one or two CO ligands. Hereby, the geometric and electronic structure
of CoTPP is mostly preserved. The attachment of NO to CoTPP dras-
tically modifies the topographic appearance of CoTPP. The two-fold
symmetry of CoTPP resulting from an adsorption-induced distortion
is lost upon NO coordination. These experiments were systematically
extended to further metalloporphyrins and a Cu(111) surface, to get
more information on the underlying bond characteristics.

O 53: Nanostructures at surfaces: Dots, particles, clusters III

Time: Thursday 15:00–18:30 Location: SCH A215

O 53.1 Thu 15:00 SCH A215
One-Dimensionally Ordered Metal Cluster Arrays on Car-
burized W(110) — •Magdalena Bachmann, Martin Gabl, Nor-
bert Memmel, and Erminald Bertel — Institute of Physical Chem-
istry, University of Innsbruck, A-6020 Innsbruck, Austria

The growth of noble (Ag, Au) and transition metal (Co) nanodots on
the carburized tungsten (15x12)C/W(110) surface is studied by scan-
ning tunneling microscopy (STM). At elevated temperatures for all
metals small clusters are observed which are arranged with the peri-
odicity defined by the template structure (1.4 x 3.1 nm2). The same
adsorption sites are occupied by transition and noble metal clusters.
Apart from these similarities also marked differences exist, in particular
at higher coverages, when more material is deposited than can be ad-
sorbed on the favorable cluster adsorption sites in each unit cell. Close
to room temperature excess cobalt atoms nucleate as ”interstitial” Co
clusters, whereas Ag forms double-layer islands overgrowing the nan-
odots. At elevated temperatures in case of Co monolayer-high islands
are observed, filling the free space between the clusters, whereas in case
of Ag a transport of excess Ag atoms to clean tungsten terraces takes
place, resulting in regular cluster growth on carbon-covered patches.
Obviously, for Co the difference in adsorption strength between the
more and the less favourable sites within each unit cell is less pro-
nounced. The present results for Au contradict to some extend a
recent STM study by Varykhalov et al. [Phys. Rev. B 77, 035412
(2008)]. Reasons for these discrepancies will be discussed.

O 53.2 Thu 15:15 SCH A215
Ag island and cluster growth and thermal stability on
C60 films — •Lukas Patryarcha1, Stefanie Duffe1, Michael
Moseler2,3,4, and Heinz Hövel1 — 1Technische Universität Dort-
mund, Experimentelle Physik I — 2Universität Freiburg, Fakultät für
Physik — 3Fraunhofer-Institut für Werkstoffmechanik, Freiburg —
4Freiburger Materialforschungszentrum

In former experiments for Ag309/C60/HOPG and Ag309/C60/Au(111)
a substrate dependent cluster stability was observed [1]. In order to
compare with these data, here at T<50 K Ag atoms with an effective
coverage of 0.5 monolayers (ML) were evaporated on Au(111) func-
tionalized with 1.5 ML C60 and imaged with STM at 77 K. Cluster
growth on 1 and 2 ML C60 was observed directly after evaporation
with STM at 77 K. After 45 min at 215 K most of the clusters grown

on 1 ML decayed. The atomistic calculations for Ag309/C60/Au(111)
[1] suggest that Ag atoms moved through 1 ML C60 to the Au(111)
surface and formed Ag monolayer islands below the C60 film. Primary
clusters with a height of about 1,3 nm and 1,7 nm were formed on
2 ML C60 and stayed stable for 14 days at room temperature. In an
additional experiment 4 ML Ag were evaporated. Also in this case
no long-time stable clusters at T>265 K on 1 ML C60 were observed
while clusters on 2 ML grew. By approximating the cluster shape with
an ellipsoid a width-height-factor was calculated, so cluster growth ef-
fects and the change of the effective cluster coverage remaining on the
surface after each annealing step could be identified.

[1] S. Duffe et al., submitted for publication

O 53.3 Thu 15:30 SCH A215
X-ray evidence for mesoscopic relaxations in Cobalt nanois-
lands on Cu(001) — Oleg Mironets1, •Holger L. Meyerheim1,
Christian Tusche1, Valery S. Stepanyuk1, Eelena Soyka1, Paul
Zschack2, Hawoong Hong2, Nicole Jeutter3, Roberto Felici3,
and Jürgen Kirschner1 — 1MPI f. Mikrostrukturphysik, D-06120
Halle (Germany) — 2APS, Argonne National Laboratory, Argonne, IL
60439 (USA) — 3ESRF, F-38043 Grenoble (France)

Surface x-ray diffraction (SXRD) combined with scanning unneling mi-
crosocopy (STM) and molecular dynamics (MD) calculations provides
evidence that monolayer thick Co nanoislands on Cu(001) experience
large relaxations called mesoscopic misfit (MM). In small Co islands
consisting of several tens of atoms only, the average bond length is
reduced to 2.40-2.45 Å (bulk: 2.51 Å). The SXRD analysis is based
on the determination of the Co-adlayer position on Cu(001) by prob-
ing the intensity distribution along the crystal truncation rods [1]. In
contrast to the case of large islands (>>100 atoms), where Co-atoms
reside in hollow sites separated by 2.56 Å, Co-atoms in mesoscopic
misfitted islands also occupy positions off the hollow sites. The MM
is identified by giant static disorder of the Co-atoms representing the
distribution of adsorption sites around the hollow site position. MD
calculations are in excellent agreement with the SXRD derived results.

[1] O. Mironets, H. L. Meyerheim, C. Tusche, V.S. Stepanyuk, E.
Soyka, P. Zschack, H. Hong, N. Jeutter, R. Felici, and J. Kirschner,
Phys. Rev. Lett. 100, 096103 (2008)

O 53.4 Thu 15:45 SCH A215
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Effect of confined surface electrons on atomic motion on
nanoislands — •Larissa Niebergall1, Alexey S. Smirnov2,3,
Nikolay N. Negulyaev2, Wolfram Hergert2, Alexander M.
Saletsky3, and Valeri S. Stepanyuk1 — 1Max Planck Institute of
Microstructure Physics, 06120 Halle, Germany — 2Physics Depart-
ment, Martin-Luther-University, 06099 Halle, Germany — 3Faculty of
Physics, Moscow State University, 119899 Moscow, Russia

Several fascinating phenomena occur if surface electrons are confined
to closed nanostructures [1-3]. The first experimental investigation of
the quantum confinement of surface electrons on nanoscale islands on
(111) noble metal surfaces by means of STM has been performed by Li
et al. [3]. These studies revealed the validity of the confinement picture
down to the smallest of island sizes. Here, the quantum confinement of
surface electrons on top of nanoscale islands and around them is stud-
ied by means of the first-principles Korringa-Kohn-Rostocker Greens
function method [4]. Our kinetic Monte Carlo simulations reveal that
confinement-induced electronic states around and on top of nanois-
lands significantly affect atomic diffusion [4]. Formation of empty
zones and orbits of adatom motion is shown. We demonstrate that
the quantum confinement dramatically influences the growth process
of nanoislands at low temperatures [4].

1. N. N. Negulyaev et al., Phys. Rev. Lett. 101, 226601 (2008)
2. V. S. Stepanyuk et al., New J. Phys. 9, 388 (2007)
3. J. Li et al., Phys. Rev. Lett. 80, 3332 (1998)
4. A. S. Smirnov et al., Phys. Rev. B 78 041505R (2008)

O 53.5 Thu 16:00 SCH A215
Reduction of the critical temperature in ultrathin supercon-
ducting lead nanocrystals — Christophe Brun1, I-Po Hong1,
François Patthey1, I .Yu. Sklyadneva2,3, R. Heid4, P. M.
Echenique2,5, K. P. Bohnen4, E. V. Chulkov2,5, and •Wolf-
Dieter Schneider1 — 1Ecole Federale de Lausanne (EPFL), CH-
1015 Lausanne, Switzerland — 2Donostia International Physics Cen-
ter (DIPC), 2018 San Sebastian/Donostia, Basque Country, Spain —
3Inst. Strength Physics and Mat. Sci., 634021, Tomsk, Russia —
4Forschungszentrum Karlsruhe, Inst. f. Festkörperphysik, D-76021
Karlsruhe, Germany — 5Departamento de Fisica de Materiales and
Centro Mixto CSIC-UPV/EHU, Faculdad de Ciencias Quimicas, 20080
San Sebastian/Donostia Basque Country, Spain

The energy gap of superconducting Pb nanocrystals grown on a Si(111)
substrate was probed in situ layer-by-layer between 5 to 60 monolay-
ers by low-temperature scanning tunneling spectroscopy. The critical
temperature Tc was found to decrease from its bulk value as a func-
tion of inverse island thickness, in quantitative agreement with ex situ
magnetic susceptibility measurements, however, in stark contrast to
previous scanning probe results. Ab initio density functional calcula-
tions of the electron-phonon coupling constant support the experimen-
tal findings and show that the decrease of Tc mainly originates from
a concomitant decrease of the electronic density of states at the Fermi
level.

O 53.6 Thu 16:15 SCH A215
Gas Sensitivity in Nanoporous Crystalline Metal Oxides:
Dependence on Coordination Number — •Julia Draeger1,
Markus Ulrich1, Claus-Dieter Kohl2, Stefanie Russ3, and Armin
Bunde1 — 1Institut für Theoretische Physik III, Justus-Liebig-
Universität, Heinrich-Buff-Ring 16, 35392 Giessen — 2Institut für
Angewandte Physik, Justus-Liebig-Universität, Heinrich-Buff-Ring 16,
35392 Giessen — 3Institut für Theoretische Physik, Freie Universität
Berlin, Arnimallee 14, 14195 Berlin

We use a percolation model to study numerically and analytically
the influence of gas adsorption on the conductance of thin films of
nanoporous crystalline metal oxides. We model the layers by a net-
work of intergranular contacts with conductances that depend on the
amount of adsorbed gas molecules. For a given layer thickness, average
grain size and coordination number we estimate the critical gas con-
centration Nc below which the nanoporous structure is insulating due
to the absence of a percolating cluster of conducting grains. Above
Nc, which decreases strongly with the coordination number, the con-
ductance increases rapidly. In order to obtain a low threshold Nc, it
is advantegous to consider films consisting of several monolayers with
low coordination number.

O 53.7 Thu 16:30 SCH A215
Metal-organic networks as templates for Fe and Co
nanostructures — •Uta Schlickum1, Regis Decker1, Florian
Klappenberger2, Giorgio Zoppellaro3, Svetlana Klyatskaya3,

Mario Ruben3, Johannes Barth2, and Harald Brune1 — 1Institut
de Physique des Nanostructures, EPF-Lausanne, Switzerland —
2Physik Department E20, Technische Universität München, Germany
— 3Institut für Nanotechnologie, Forschungszentrum Karlsruhe, Ger-
many

Recently we demonstrated the capability to form extremely regu-
lar metal-organic honeycomb nanomeshes using linear dicarbonitrile
molecules in combination with Co atoms on Ag(111). The size of the
network unit cell can be adjusted by the length of the employed linear
molecular bricks [1]. In this contribution we present a new approach
to steer the growth of metal-nanostructures using these metal-organic
networks as templates. When depositing Fe or Co atoms onto the
template, the metal atoms adsorb exclusively on top of the metal-
organic network avoiding the open hexagonal cavities. In addition,
the nucleation sites for Fe clusters can be shifted from the organic lig-
ands towards the metal coordination nodes by changing the deposition
temperature. Therefore, by tuning the honeycomb mesh size and the
deposition temperature we can control the adsorption sites, the shape
and the spacing of the small metal-clusters.

[1] U. Schlickum et al., Nano Lett. 3813 (2007)

O 53.8 Thu 16:45 SCH A215
Silver cluster growth on highly oriented molecular films —
•Günther Weidlinger1, Lidong Sun1, Michael Hohage1, Sina
Gusenleitner2, Stephen Berkebile2, Michael Ramsey2, and Pe-
ter Zeppenfeld1 — 1Institut für Experimentalphysik, Johannes
Kepler Universität Linz, Altenberger Straße 69, A-4040 Linz —
2Institut für Physik, Fachbereich Experimentalphysik, Karl-Franzens-
Universität Graz, Universitätsplatz 5, A-8010 Graz

Para-sexiphenyl (p-6P) was deposited on the Cu(110)-(2x1)O surface
at room temperature under UHV conditions. The structure of the
(2x1)-reconstructed substrate served as a template for the growth of
a highly ordered molecular film. The sequential deposition of p-6P
films was monitored by means of Reflectance Difference Spectroscopy
(RDS) showing a high optical anisotropy at the HOMO-LUMO tran-
sition energy, which is characteristic for the growth of a well-oriented
molecular layer. Following the growth of this molecular layer, Ag clus-
ters were prepared on the p-6P film by means of physical vapor depo-
sition. The cluster growth can be monitored by the RD signal related
to the particle plasmon resonance of the Ag clusters. Ex-situ AFM
studies of these samples reveal that the Ag clusters are distributed ho-
mogeneously on the p-6P layer. Furthermore, photoelectron emission
spectroscopy measurements show that the p-6P features are absent in
the corresponding spectra, indicating that the Ag clusters are on top
of the p-6P layer.

O 53.9 Thu 17:00 SCH A215
Modification of SrTiO3 single-crystalline surface after plasma
flow treatment — •Alexandr A. Levin1, Nikolay A. Kulagin2,
Torsten Weißbach1, Tilmann Leisegang1, Enrico Langer3, and
Dirk C. Meyer1 — 1Institut für Strukturphysik, Technische Univer-
sität Dresden, 01062 Dresden, Germany — 2Kharkiv National Uni-
versity for Radioelectronics, av. Shakespeare 6-48, 61045 Kharkiv,
Ukraine — 3Institut für Festkörperphysik, Technische Universität
Dresden, 01062 Dresden, Germany

Surface of pure and transition metal-doped SrTiO3(STO) single crys-
tals before and after hydrogen plasma-flow treatment (energy of 5...20
J/cm2) is investigated by wide-angle X-ray diffraction (WAXRD), flu-
orescence X-ray Absorption Near Edge Structure (XANES) and scan-
ning electron microscopy (SEM) techniques. Plasma treatment results
in the formation of a textured polycrystalline layer at the surface of the
single-crystalline samples with different orientation. The formation of
the quasi-ordered structures consisting of nanoscale-sized pyramids is
observed by SEM. XANES evidences the change of the valency of the
part of Ti4+ to Ti3+ due to the plasma treatment. The data obtained
together with results of X-ray spectroscopy measurements [1] gives ev-
idences of the change of stoichiometry of the STO samples resulting in
a change of their physical properties after plasma treatment [2].

[1] N.A. Kulagin, A.A. Levin, E. Langer, D.C. Meyer, I. Doichi-
novich, Ya. Purich. Crystallography Reports 53 (N6) (2008) 1061-
1067 [2] J.-C. Krupa, N.A. Kulagin. Physics of Laser Crystals. Kluwer
Academic Publisher. Brusseles, 2003

O 53.10 Thu 17:15 SCH A215
Generation of phononic themperature waves during short
pulse laser nanostructuring experiments on metals — •Dmitry
Ivanov and Baerbel Rethfeld — Technical University of Kaiser-
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slautern, Physics Department, Erwin Schroedinger Str. 46, 67663 Ger-
many

In this work we demonstrate the generation of phononic temperature
waves in short pulse (pico- and femto-seconds) laser nanostructuring
experiments on a metal surface. The existence of such waves was pre-
dicted based on numerical calculations with the atomistic-continuum
model. This model describes the kinetics of transient nonequilibrium
laser-induced processes at the atomic level and fast electron heat con-
duction in continuum. The analysis of obtained numerical data allowed
to deduce the macroscopic parameters of observed thermal waves. The
description of wave-like behavior within the frames of the diffusion
equation is considered and the comparative analyzes between the con-
tinuum and the atomistic-continuum calculations is presented. The
characteristic time of thermal wave relaxation was found to be on the
level of 50 ns.

O 53.11 Thu 17:30 SCH A215
Thermodynamics and sintering kinetics of Pt-Rh nanoalloys
from lattice Monte Carlo simulations — •Johan Pohl, Mathias
Nalepa, and Karsten Albe — Institut f. Materialwissenschaft, TU
Darmstadt, Petersenstr. 23, 64287 Darmstadt, Germany

Pt-Rh nanoparticles play an important role as catalytically active ma-
terial in many devices, but an in depth understanding of the thermo-
dynamics and kinetics of this nanoalloy is, however, still lacking.

We have therefore studied the thermodynamics and kinetics of Pt-
Rh nanoparticles in the framework of a bond-order simulation mix-
ing model. First, the bulk phase-diagram is calculated that includes
ordered low-temperature phases as predicted from first-principles cal-
culations. Next, the role of finite-size effects for the phase stability
in nanoparticles is investigated by semi-grand canonical Monte-Carlo
simulations and thermodynamic integration, while order parameters of
the finite and bulk phases are discussed. Finally, the model is extended
to account for the kinetics of vacancy and surface diffusion.

Simulations of the sintering process of free particles of different sizes
as well as sintering on a substrate with varying metal-substrate inter-
action are presented and compared with results from sintering theory.

O 53.12 Thu 17:45 SCH A215
Surface enhanced Raman scattering of polymer molecules
— Manuel Gonçalves and •Othmar Marti — Universität Ulm -
Inst. für Experimentelle Physik, Albert-Einstein-Allee 11, 89069 Ulm,
Deutschland

Localized surface plasmons may enhanced the near-fields several or-
ders of magnitude. The near-field enhancement depends strongly on
shape and material of the metallic nanostructure. These enhancements
permit to obtain Raman spectra of few of single molecules. However,
spectral fluctuations and blinking were observed for single molecules
adsorbed on metallic nanoparticles.

Surface enhanced Raman scattering (SERS) has been observed
on polymer films, cast on silver nanostructures. Polymers as
polybutadiene (PB), polybutadiene-block-polyisoprene (PB-b-PIP),
poly(methyl methacrylate) (PMMA), and the elastomer polydimethyl-
siloxane (PDMS) were investigated. These materials present low flu-
orescence when illuminated with laser light of wavelength λ = 532
nm, comparing to dye-molecules as Rhodamine 6G, usually used in
SERS measurements. On the other hand, polymer molecules have long
chains and may have many orientations close to routh metal surface.
Therefore, averaged SERS spectra are expected for films. Nevertheless,

SERS spectra with spectral fluctuations and blinking were observed.
The highest Raman enhancements occur at the edges and corners

of the metallic particles. The near-field enhancements obtained from
FEM based calculations confirm the experimental observations.

O 53.13 Thu 18:00 SCH A215
Energy dissipation during hyperthermal deposition of non-
IPR fullerenes on HOPG — Stefan-Sven Jester, Daniel
Löffler, Patrick Weis, •Artur Böttcher, and Manfred Kappes
— Institut für Physikalische Chemie, Universität Karlsruhe, 76131
Karlsruhe, Germany

Low energy cluster beam deposition, LECBD, has been used to gen-
erate thin films comprising monodisperse non-IPR fullerenes, Cn,
50<n<60, on HOPG. The topography of the resulting Cn films has
subsequently been studied by AFM. Deposition experiments were car-
ried out at hyperthermal incident kinetic energies, E0 (1-40 eV) and
elevated surface temperatures Ts (300-700 K). Initial sticking of Cn

cages is governed by the lateral density of step edges, which act as
pinning and nucleation centers for migrating cages. Thus, in the early
deposition stages, the surface exhibits large areas of empty terraces,
while the step edges themselves are well-decorated. The terraces in
turn become decorated by dendritic Cn islands in later deposition
stages. Both, the mean size of these 2D islands and the mean dis-
tance between nearest islands, δ, scale with the size of the terraces.
When increasing the primary kinetic energy, the fractal-like islands
become smaller and less dendritic in shape. The mean initial stick-
ing coefficient decays exponentially with increasing E0. Instead of
the dendritic islands generated at room temperature, densely packed
islands terminated by smooth rims are observed at elevated temper-
atures. The findings are rationalized by a model which describes the
friction-conditioned energy losses in the sliding movement of the cages
on terraces.

O 53.14 Thu 18:15 SCH A215
Pt dimers landing on Cu(001): an ab initio approach —
•George Pal, Georg Lefkidis, and Wolfgang Hübner — Fach-
bereich Physik, Technische Universität Kaiserslautern, P.O.Box 3049,
67653 Kaiserslautern, Germany

We present real-space first-principles calculations for the adsorption of
not only one but also two Pt clusters on a non-magnetic Cu(001) sub-
strate. Considering that the interaction of adsorbates on surfaces is a
local phenomenon, a representation of the substrate by a large cluster
of 74 Cu atoms allows one to treat the electronic structures of both
systems, i.e., the adsorbate and the surface, on equal footing. Using
highly correlated quantum chemistry, we investigate different scenarios
of soft-landing of Pt dimers on the substrate, for which we also opti-
mize the Pt-Pt distance, and we compute the electronic excited states,
which yields the optical absorption spectrum, on top of the electronic
configuration at equilibrium geometry.

By analyzing the absorption spectra and the electronic densities of
states we are able not only to characterize the interactions between the
adsorbates and the substrate, but also to identify the surface-mediated
interactions among the dimers. The latter is very important for tech-
nological applications since in experimental setups metallic substrates
can alter the properties of the adsorbates, thus leading to new physics.

[1] Y. Pavlyukh, J. Berakdar and W. Hübner, Phys. Rev. Lett.
100, 116103 (2008)

[2] G. Pal, G. Lefkidis and W. Hübner, submitted to J. Phys. Chem.
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O 54.1 Thu 15:00 SCH A216
Negative-index bi-anisotropic photonic metamaterial by di-
rect laser writing and silver shadow evaporation — •Michael
S. Rill1, Christine E. Kriegler1, Michael Thiel1, Georg
von Freymann1,2, Stefan Linden1,2, and Martin Wegener1,2

— 1Institut für Angewandte Physik and DFG-Center for Func-
tional Nanostructures (CFN), Universität Karlsruhe (TH), Wolfgang-
Gaede-Str. 1, 76131 Karlsruhe — 2Institut für Nanotechnologie,
Forschungszentrum Karlsruhe in der Helmholtz-Gemeinschaft, 76021
Karlsruhe, Germany

Metamaterials are artificially fabricated structures composed of sub-

wavelength metallic building blocks (“photonic atoms”) that show –
unlike natural substances – magnetism at optical frequencies [1].

Here, we present a novel blueprint of a negative-index metamaterial
[2]. Our structure is realized using 3D direct laser writing, SiO2 atomic
layer deposition and silver shadow evaporation. The comparison of
measured linear optical spectra with theory shows good agreement
and reveals a negative real part of the refractive index n at around
3.85µm wavelength – despite the fact that the metamaterial structure
is bi-anisotropic [3,4] due to the lack of inversion symmetry along its
surface normal.

[1] V.M. Shalaev, Nature Photon. 1, 41 (2007).
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[2] M.S. Rill et al., Opt. Lett., accepted.
[3] M.S. Rill et al., Nature Mater. 7, 543 (2008).
[4] R. Marques et al., Phys. Rev. B 65, 144440 (2002).

O 54.2 Thu 15:15 SCH A216
Surface enhanced infrared spectroscopy using interacting
gold nanowires — •Frank Neubrech1, Daniel Weber1, Hong
Shen2, Marc Lamy de la Chapelle3, and Annemarie Pucci1 —
1Kirchhoff-Institut für Physik, Heidelberg, Deutschland — 2Universite
Troyes,Troyes, France — 3Universite Paris 13, Bobigny, France

We performed surface enhanced infrared spectroscopy (SEIRS) of
molecules adsorbed on gold nanowires using synchrotron light of the
ANKA IR-beamline at the Forschungszentrum Karlsruhe (Germany).
Arrays of gold nanowires with interparticle spacings down to 30nm
were prepared by electron beam lithography. The interparticle dis-
tance was reduced further by wet-chemically increasing the size of the
gold nanowires. The growth of the wires was proofed using IR spec-
troscopy as well as scanning electron microscopy.

After this preparation step, appropriate arrays of nanowires with
an interparticle distance down to a few nanometers were selected to
demonstrate the surface enhanced infrared spectroscopy of one mono-
layer octadecanthiol (ODT). As know from SEIRS studies using single
gold nanowires, the spectral position of the antenna-like resonance in
relation to the absorption bands of ODT (2850cm-1 and 2919cm-1)
is crucial for both, the lineshape of the molecular vibration and the
signal enhancement. In contrast to single nanowires studies, a further
increase of the enhanced signals is expected due to the interaction of
the electromagnetic fields of the close-by nanowires.

O 54.3 Thu 15:30 SCH A216
Bimetallic core-shell nanoparticles: In-situ controlled manip-
ulation of plasmonic properties and material composition —
•Thomas Härtling1, Nadja C. Bigall2, Alexander Eychmüller2,
and Lukas M. Eng1 — 1Institut für Angewandte Photophysik, TU
Dresden, 01062 Dresden — 2Physikalische Chemie und Elektrochemie,
TU Dresden, 01062 Dresden, Germany

Due to their distinct physical and chemical properties, metal nanopar-
ticles are crucial components of various nanotechnological applications.
For most of them, the particle material composition is a key param-
eter defining the optical, magnetic, and catalytic particle properties.
Here we report on the in-situ controlled manipulation of this material
composition atr the surface of single bimetallic core-shell nanoparticles
by optically induced metal deposition. Two strategies are followed to
illustrate the capabilities of this photochemical approach. On the one
hand, single core particles without a localized surface plasmon (LSP)
resonance in the VIS are decorated with a plasmonically active shell,
which renders the particles visible in the optical microscope. Vice
versa, the light scattered from a LSP resonant particle is used to mon-
itor the photochemical deposition of a nonresonant metal shell. These
two approaches are demonstrated by the fabrication of Au@Pt and
Cu@Au particles, respectively, leading to different, in-situ controlled
optical and chemical particle properties. The presented method is
applicable to an extremely wide range of material combinations and
thus paves the way for the optically in-situ controlled fabrication and
manipulation of multi-composite nanostructures.

O 54.4 Thu 15:45 SCH A216
Wave-Particle Duality of Single Surface Plasmon Polari-
tons — •Bernhard Grotz1, Roman Kolesov1, Gopalakrish-
nan Balasubramanian1, Rainer Stöhr1, Aurélien Nicolet1,
Philip Hemmer2, Fedor Jelezko1, and Jörg Wrachtrup1 —
13. Physikalisches Institut, Universität Stuttgart, Germany —
2Department of Electrical and Computer Engineering, Texas A&M
University, College Station, USA

When light interacts with metal surfaces it excites electrons which can
form propagating excitation waves called surface plasmon polaritons
(SPP). These collective electronic excitations have many applications
due to their ability to produce strong electric fields, localized to sub-
wavelength distance scales. However many potential applications, in
particular those related to quantum networks, require a deep under-
standing of fundamental quantum properties of SPPs. Remarkably
these collective electron states preserve many key quantum mechani-
cal properties of the original photons used to excite them, like entan-
glement and sub-poissonian statistics. Here we experimentally show
that single surface plasmon polaritons also exhibit wave and particle
properties similar to those of single photons. Furthermore, we demon-
strate that a detailed analysis of spectral interference pattern provides

a new method to characterize dimensions of metallic waveguides with
nanometer accuracy.

O 54.5 Thu 16:00 SCH A216
Optical characterisation of ripple formation through oblique
incidence ion sputtering of Ag(001) — •Frank Everts, Herbert
Wormeester, and Bene Poelsema — Solid State Physics, MESA+
Institute for Nanotechnology, University of Twente, Enschede, The
Netherlands

Oblique incidence ion sputtering leads to the formation of ripple pat-
terns on the surface of many materials. The temporal evolution of these
ripple patterns can be measured in-situ with Reflection Anisotropy
Spectroscopy (RAS). The periodicity of the ripple pattern supports
the excitation of surface plasmons on a Ag(001) surface. This enables
a rather straightforward interpretation of the measured optical spec-
trum. Ion sputtering at a polar angle of incidence with the normal of
70 deg. and beyond, provides a RAS spectrum that is characterized
by a single peak, related to the periodicity between the ripples. Sput-
tering at a polar angle of incidence with the normal of 61 deg. also
leads to an additional feature in the RAS spectrum that is attributed
to an average periodicity of the ripple length, next to the peak that is
related to the periodicity perpendicular to the ripples. The analysis of
the optical spectra will be discussed in relation to the results of Low
Energy Electron Diffraction (LEED) images obtained after sputtering.

O 54.6 Thu 16:15 SCH A216
Photoluminescence enhancement of Sm3+ ions in the vicinity
of noble-metal nanoparticles — •Florian Hallermann, Andreas
Schmitz, and Gero von Plessen — Institute of Physics (IA), RWTH
Aachen University, 52056 Aachen, Germany

The photoluminescence intensity of an optical emitter changes when
placed in close proximity to a noble-metal nanoparticle, due to two
contributions. First, the optical near-field of the nanoparticle leads
to a change in excitation rate of the emitter. Secondly, the emission
efficiency is changed due to an optical energy transfer from the emit-
ter to the metal nanoparticle, which provides additional radiative and
non-radiative decay channels. In this work we investigate the photo-
luminescence of Sm3+ ions, which are embedded in SiO2. The pho-
toluminescence spectrum of ions in proximity to single silver and gold
nanoparticles is measured. The influence of the spectral position of
the nanoparticle plasmon peak on the photoluminescence yield will be
discussed and compared with model calculations.

O 54.7 Thu 16:30 SCH A216
Optical characterization of metal- dielectric- metal resonant
systems — Andreas Englisch, •Stefan Griesing, and Uwe Hart-
mann — Experimental Physics, Saarland University, P.O. Box 15 11
50, D-66041 Saarbrücken, Germany.

Reflectivity and Raman measurements were carried out on the sand-
wich systems consisting of substrate- metal mirror- dielectric l/4
resonator- metallic thin film, introduced in [1]. The thickness of the
metallic cover layer has been variied from 1nm to 40nm. Its morphol-
ogy was investigated by SEM and AFM. Measurements showed that
the reflectivity of the system can be dramatically reduced for a certain
spectral region. For a given thickness of the dielectric layer, the system
exhibits a close-to-zero reflectivity for a cover layer being just at the
percolation threshold, corresponding to a mass thickness of about 3nm.
By varying the thickness of the cover layer, the width and position of
the spectral regime of decreased reflectivity can be tuned. In contrast,
by varying the thickness of the dielectric layer at a given thickness of
the cover layer, the spectral position of the reflectivity minimum can
be shifted due to the l /4 condition. Raman measurements carried
out on optical systems with percolating metallic cover layer revealed
an intensity enhancement of up to four orders of magnitude. This re-
sult is compared with a model based on the effective refractive indices
of the individual layers and local field enhancements of the metallic
nanoparticles.

[1] J. Sukmanowski et al., J. Appl. Phys. 97, 104332 (2005).

O 54.8 Thu 16:45 SCH A216
Raman scattering from single gold nanostars — •Calin Hre-
lescu, Tapan K. Sau, Andrey Rogach, Frank Jäckel, and Jochen
Feldmann — Photonics and Optoelectronics Group, Physics Depart-
ment und CeNS, Ludwig-Maximilians-Universität München, Amalien-
straße 54, 80799 München, Germany

We report on surface-enhanced Raman scattering (SERS) from single
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star-shaped gold nanoparticles coated with self-assembled monolayers
of 4-mercaptobenzoic acid. SERS is observed without the formation
of gold nanoparticle aggregates or resonant excitation of the analyte.
Total Raman scattering enhancement factors for single nanostars are
comparable to those of nanoparticle assemblies exhibiting coupled plas-
mon resonances. This renders gold nanostars promising for Raman
imaging applications in complex environments such as cells or mem-
branes.

O 54.9 Thu 17:00 SCH A216
Enhanced LED emission by metal nanoparticles — •Tino
Göhler1, Andreas Hille1, Stefan Grafström1, Lukas M. Eng1,
and Reiner Windisch2 — 1Technische Universität Dresden, 01069
Dresden, Germany — 2OSRAM Opto Semiconductors GmbH, 93055
Regensburg, Germany

The external quantum efficiency of light emitting-diodes (LEDs) based
on AlGaAs is limited by internal total reflection because of the of high
refractive index (n=3.6). Metal nanoparticles (MNPs) can be used as
dipole scatterers in order to enhance the emission of LEDs.

We investigate the enhancement produced by single gold MNPs onto
red LEDs (λemission = 645 nm FWHM=20 nm) by using a confocal
imaging set-up. The enhancement depends strongly on the particle
size and on the surrounding medium (air n=1.0, immersion oil n=1.5).
While in air particles of all sizes investigated (80-150 nm) enhance
the LED emission, we observed a strong size dependence when em-
bedding the particle in immersion oil. Here, the surrounding medium
shifts the plasmon resonance of the particles such that it overlays the
LED emission spectrum for larger particles. Then absorption leads to
suppression rather than enhancement of the emission.

O 54.10 Thu 17:15 SCH A216
Phase contrast imaging in near-field superlensing — •Thomas
Taubner1,2, Jon Schuller2, Mark Brongersma2, Chris Fietz3,
Gennady Shvets3, and Rainer Hillenbrand4 — 1I. Physikalisches
Institut, RWTH Aachen, Germany — 2Department of Material Sci-
ence, Stanford University, USA — 3Department of Physics, UT Austin,
USA — 4Max-Planck-Institut für Biochemie, Martinsried, Germany

Here we study the optical imaging properties of novel near-field imag-
ing device called a SiC superlens. A superlens is a planar device that
allows for subwavelength imaging by employing coupled surface waves
on a thin slab of a negative-permittivity material. As opposed to
previous intensity-only measurements, we now perform amplitude and
phase-measurements of the near-fields in the image plane of a super-
lens by mapping the field distribution with a scattering-type near-field
optical microscope (s-SNOM). When investigating the spectral prop-
erties of the SiO2/SiC/SiO2 superlens, we observe a sign change in
the phase of the transmitted near-fields when tuning the illumination
wavelength over the superlenses resonance condition.

This change will be explained by the dispersion relation of the super-
lens, in combination with a fundamental interference effect. When op-
erating a superlens off-resonance, the interference of evanescent fields
causes the intensity contrast to decrease. This can be compensated
for with phase-sensitive imaging to practically maintain the spectral
range of high-resolution operation. Our results are important for fu-
ture spectroscopic applications of superlenses and other devices such
as hyperlenses or 2D plasmon lenses.

O 54.11 Thu 17:30 SCH A216
Spectroscopy of Individual “Artificial Atoms” — •Martin
Husnik1, Nils Feth1,2, Matthias Wolfram Klein1, Michael
König3, Jens Niegemann3, Kurt Busch2,3, Stefan Linden1,2, and
Martin Wegener1,2 — 1Institut für Angewandte Physik, Universität
Karlsruhe (TH), 76131 Karlsruhe, Germany — 2Institut für Nanotech-
nologie, Forschungszentrum Karlsruhe in der Helmholtz-Gemeinschaft,
76021 Karlsruhe, Germany — 3Institut für Theoretische Festkörper-
physik, Universität Karlsruhe (TH), 76131 Karlsruhe, Germany

Metamaterials exhibiting a magnetic response at optical wavelengths
have recently attracted much attention [1]. The magnetic response de-
pends on both the design of the individual building blocks (“artificial
atoms”) and on electromagnetic coupling effects between the “artificial
atoms”. Thus for future developments, investigation of the individual
“artificial atoms”is crucial.

Here, we present absolute extinction cross-section spectra of individ-
ual split-ring resonators (SRR) measured by means of a modulation

technique [2,3]. The extinction cross-section at the fundamental mag-
netic resonance is found to be eight times the geometrical area covered
by the SRR. The experimental results are in excellent agreement with
microscopic calculations and can be understood by a simple electric-
circuit model.

[1] V. M. Shalaev et al., Nature Photon. 1, 41 (2007).
[2] A. Arbouet et al., Phys. Rev. Lett. 93, 127401 (2004).
[3] M. Husnik et al., Nature Photon. 2, 614 (2008).

O 54.12 Thu 17:45 SCH A216
Transform limited focusing of few cycle optical pulses us-
ing all-reflective optics — •Diyar Sadiq, Bjoern Piglosiewicz,
Manfred Maschek, Wjatscheslaw Schmidt, Robert Pomraenke,
Parinda Vasa, and Christoph Lienau — Institut für Physik, Carl
von Ossietzsky Universität, 26129 Oldenburg, Germany

The availability of high-intensity few-cycle optical pulses from turn-key
laser oscillators is important for various applications in the emerging
field of extreme nonlinear optics. This requires focussing few-cycle
pulses down to - or even beyond - the diffraction limit. Using conven-
tional microscope objectives this is highly challenging due to their com-
plex spatio-temporal dispersion properties. All-reflective objectives,
minimizing chromatic dispersion, are expected to have much more fa-
vorable focussing characteristics. So far, however, little is known about
the spatio-temporal distribution of electromagnetic fields of few-cycle
pulses in the focus of such an all-reflective-objective. Here, we demon-
strate focussing 6-fs, 2.25-cyle optical pulses from an 80-MHz repetition
rate Ti-sapphire oscillator down to a diffraction-limited spot size of less
than 1 µm while maintaining the pulse duration. Three-dimensional
mapping of the spatial intensity profile near the focus is performed
using a scanning near-field optical microscope. The time profile of
the focussed pulse is characterizing by interferometric autocorrelation
measurements using second harmonic generation or - with sub-100-nm
spatial resolution - using electron generation at sharp metallic tips.
Progress towards direct space- and time-resolved electric field mea-
surements will be reported.

O 54.13 Thu 18:00 SCH A216
Near-field radiative heat transfer between a spheroid and a
surface — •Oliver Huth, Felix Rüting, and Svend-Age Biehs —
Institut für Physik, Carl von Ossietzky Universität Oldenburg

A near-field scanning thermal microscope has been developed at Olden-
burg University. This instrument measures the heat transfer between
the tip of a sensor and the surface of a sample with a different tempera-
ture at nanometer distances. Our objective is to describe this near-field
heat transfer theoretically, and to compare the theory to the measured
data. To this end, the foremost part of the sensor can be modelled
as a small sphere. Then the heat transfer between the sphere and
the sample is calculated within the framework of Rytov’s fluctuational
electrodynamics. Actually, however, the shape of the senor’s tip devi-
ates from a sphere, which requires more refined strategies for modelling
the tip. An analytically tractable generalisation of the sphere model is
obtained by considering general spheroids, which allows one to assess
the influence of the tip’s shape on the magnitude of the heat transfer.
In this talk we present first results of such calculations, together with
comparisons to results given by the sphere model.

O 54.14 Thu 18:15 SCH A216
Near-field radiative heat transfer between a sphere and a
nano-structured surface — •Felix Rüting, Oliver Huth, and
Svend-Age Biehs — Institut für Physik Carl von Ossietzky Univer-
sität Oldenburg

We study the near-field radiative heat transfer between a probe and a
structured sample at nanometer distances. The probe is modeled as a
nanosphere by means of a dipole model, while the surface of the sample
is treated by a perturbative ansatz based on the Rayleigh hypothesis
and the Ewald-Oseen theorem. We obtain characteristic signatures of
the heat transfer between a sphere and a simple model geometry, com-
puted numerically up to the second order in the profile. The validity
of the approximations employed is ascertained. Furthermore, we show
that signals measured with a near-field scanning thermal microscope
(NSThM) operated in constant-distance mode are in good qualitative
agreement with the theoretical results already to the first order in the
surface profile, even though the theoretical model is subject to restric-
tions which are not obeyed in the experiment.



Surface Science Division (O) Thursday

O 55: Time-resolved spectroscopies II

Time: Thursday 15:00–16:15 Location: SCH A315

O 55.1 Thu 15:00 SCH A315
Quantum-beat spectroscopy of image-potential resonances
— •Manuel Marks, Christian Schwalb, Kai Schubert, and Ul-
rich Höfer — Fachbereich Physik und Zentrum für Materialwis-
senschaften, Philipps-Universität Marburg, D-35032 Marburg

Previous 2PPE studies of image-potential states on metal surfaces have
largely concentrated on states that are located in a gap of the projected
bulk band. In these cases, the states decay by inelastic electron-hole-
pair excitation. In many situations of more practical interest, however,
the resonant charge transfer at metal interfaces is more important. In
this contribution we report the first results of a systematic 2PPE in-
vestigation of the image-potential states of Ag(111) where the states
(n ≥ 2) are degenerate with the upper sp-band of the metal. Al-
though one might expect a rapid delocalization of electrons excited
to these image-potential resonances, a whole series could be observed
by coherent excitation of resonances up to quantum number n = 7,
just like in the well-studied case of the gap states of Cu(100). The
binding energies En deduced from quantum-beat spectroscopy fit well
to a Rydberg series with a quantum defect a = 0.062. The inelastic
lifetimes of the resonances show good agreement with the n3-scaling
law. Surprisingly, the absolute values of the experimental lifetimes
are longer than expected theoretically. A major difference between
the Cu(100) image-potential states and the Ag(111) image-potential
resonances is a considerably shorter dephasing time of the latter.

O 55.2 Thu 15:15 SCH A315
Decoupling of image-potential states by Ne adlayers —
•Nico Armbrust1, Jens Güdde1, Ulrich Höfer1, and Peter
Feulner2 — 1Fachbereich Physik und Zentrum für Materialwis-
senschaften, Philipps-Universität Marburg, D-35032 Marburg —
2Physik-Department E20, TU München, D-85748 Garching, Germany

The influence of neon adlayers on the image-potential states of Cu(100)
has been investigated by time-resolved two-photon photoemission
(2PPE). Ne represents a particularly interesting case for studies of the
decoupling of image-potential states because its large negative electron
affinity of -1.3 eV is expected to result in a large tunnelling barrier even
for very thin Ne adlayers. We find that the adsorption of one mono-
layer of Ne reduces the binding energies of the first two image-potential
states by about 30% to E1 = 438 meV and E2 = 139 meV and that the
inelastic lifetime of the n = 1 state increases from 40 fs to 300 fs. We
compare these results with model calculations using a one-dimensional
potential that has been developed for adlayers of the heavier rare-gases
[1]. We further report on the observation of laser-induced desorption
of the Ne films which is surprisingly efficient not only for the UV pump
pulses (~ωUV = 4.66 eV), but also for the near-infrared probe pulses
(~ωIR = 1.53 eV).
[1] W. Berthold et al., Appl. Phys. A 78, 131 (2004)

O 55.3 Thu 15:30 SCH A315
The role of exchange scattering in the spin-dependent life-
time of hot electrons — •Andreas Goris1,2, Ilja Panzer1,2,
Kristian Döbrich1, Martin Pickel1, Anke B. Schmidt3, Markus
Donath3, and Martin Weinelt1,2 — 1Max-Born-Institut, 12489
Berlin — 2Freie Universität Berlin, 14195 Berlin — 3Physikalisches
Institut, Universität Münster, 48149 Münster

We have identified a ∆1 surface resonance of minority character on
cobalt thin films on Cu(001) at 0.45 eV below the Fermi level in
spin-resolved photoemission and two-photon photoemission (2PPE)
[1]. With a laser pulse (hν = 1.5 eV) we excite electrons above the
Fermi level and create photoholes in the surface resonance. A second
UV laser pulse is used to probe lifetimes and spin-polarization of the
excited electrons. While the hot electron lifetime shows only weak spin

dependence (τ↑ = 30 fs; τ↓ = 22 fs at E − EF = 0.25 eV), we find a
long-living tail with predominantly majority character for energies up
to 0.45 eV above EF . By quenching the minority surface resonance
with oxygen adsorption, the long-living tail of majority electrons van-
ishes. This strongly suggests that exchange scattering dominates hot
electron decay and leads to the discrepancy between measured and
calculated hot electron lifetimes [2,3]: the minority photohole is filled
by a minority electron and in exchange a majority electron is excited
above EF , thereby adapting τ↑ and τ↓.

[1] A. B. Schmidt et. al., J. Phys. D 41 No 16, 164003 (2008)
[2] Aeschlimann et al., Phys. Rev. Lett. 79, 5158 (1997)
[3] Zhukov et al., Phys. Rev. Lett. 93, 096401 (2004)

O 55.4 Thu 15:45 SCH A315
Ultrafast dynamics of occupied quantum well states in
Pb/Si(111) — •Laurenz Rettig, Patrick S. Kirchmann, Martin
Wolf, and Uwe Bovensiepen — Freie Universität Berlin, Fachbereich
Physik, Arnimallee 14, 14195 Berlin

We investigated the ultrafast response of occupied quantum well states
(QWS) in the two-dimensional model system Pb/Si(111) to an intense
optical excitation using time-resolved photoemission spectroscopy (tr-
PES). Employing pump photon energies of 1.5 eV and absorbed flu-
ences up to 200 µJ/cm2 a significant part of the valence electrons can
be excited. The effect on the QWS is probed with 6.0 eV photon
energy. We find a pronounced shift of up to 40 meV of the bind-
ing energy of the highest occupied QWS to higher binding energies,
i.e. an energetic stabilization. A detailed analysis reveals that this
shift is established within the laser pulse duration of ∼ 80 fs where
most of the excess energy resides in the electronic system. Therefore,
this gain in binding energy can be attributed to an electronic effect.
The shift can be explained by a transient reduction of the electronic
screening of the ion core potentials due to the excitation of electrons
into unoccupied parts of the discrete QWS band structure. This can
lead to a spatial redistribution of the electron density within the metal
film, hence reducing the electron density at the core sites. Further-
more, a careful analysis of the transient binding energy reveals a small
(2 meV) periodic modulation of the binding energy at a frequency of
2.18(5) THz which we attribute to a coherent longitudinal high energy
phonon excitation within the lead film.

O 55.5 Thu 16:00 SCH A315
Unoccupied band-structure and hot electron lifetimes in Pb
quantum-wells — •Andreas Ruffing1, Stefan Mathias1, Fred-
erik Deicke1, Martin Wiesenmayer2, Michael Bauer2, and Mar-
tin Aeschlimann1 — 1Department of Physics and Research Cen-
ter OPTIMAS, University of Kaiserslautern, 67633 Kaiserslautern
— 2Institut für Experimentelle und Angewandte Physik, Christian-
Albrechts-Universität zu Kiel, D-24908 Kiel, Germany

Metallic quantum wells (QW) have been studied extensively in the
recent past motivated by their potential to tune condensed matter
properties via control of the quantum mechanical boundary conditions
in these low-dimensional systems. Additional to the tuneability, these
systems show interesting features in the electronic structure, such as
avoided crossings, band gaps or modifications due to interaction with
the substrate. All these features dominantly influence the decay dy-
namics of excited carriers. Our goal is to gain further knowledge in
femtosecond hot electron dynamics by investigating these electronic
features with time-resolved two-photon photoemission (2PPE) and a
two-dimensional analyzer for parallel energy (E) and momentum (k‖)
detection. A prominent example of these systems are thin Pb films,
which we investigated on a Cu(111) substrate. We will show the un-
occupied band structure and discuss the according electron dynamics
by means of angular resolved hot electron lifetime maps τ(E,k‖).
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O 56: Metal substrates: Epitaxy, growth and adsorbates

Time: Thursday 15:00–19:15 Location: SCH A316

O 56.1 Thu 15:00 SCH A316
The Cu(110) surface state anisotropy as a probe for the initial
stages of homoepitaxial growth — •Michael Hohage, Lidong
Sun, Alexander Dorninger, and Peter Zeppenfeld — Institut für
Experimentalphysik, Johannes Kepler Universität Linz, A-4040 Linz,
Austria

Reflectance Difference Spectroscopy (RDS) revealed that the Cu(110)
surface state anisotropy is an extremely sensitive probe to study ad-
sorption and growth. The high sensitivity originates from the quench-
ing of surface state contribution to the optical anisotropy at 2.1 eV,
due to surface state scattering at adsorbates or point defects. Here,
we apply this phenomenon to the investigation of the homoepitaxial
growth of Cu on Cu(110). The transition from a step-flow growth at
high temperatures to a 3D-island growth and finally to a re-entrant
layer-by-layer growth at low temperatures can be easily observed. In
addition, we were able to study the morphological changes occurring
upon annealing after depositing 0.04 ML Cu at 10 K, by monitoring
the partial recovery of the surface state anisotropy. The recovery pro-
ceeds mainly in two steps: (i) the onset of the adatom diffusion and
nucleation of tiny clusters (90 K to 120 K) and (ii) the onset of adatom
detachment and ripening of the clusters (> 190 K). Detailed analysis
of the data with the help of a kinetic-Monte-Carlo code allows simu-
lating the experimental results quantitatively and permits to quantify
the effective cross-section of small ad-clusters for depolarization of the
surface state.

O 56.2 Thu 15:15 SCH A316
Evidence for Cu dimer mobility on Cu(001) — •Anja Michl,
Andreas Dobler, and Thomas Fauster — Lehrstuhl für Festkörper-
physik, Universität Erlangen-Nürnberg, Staudtstr. 7, 91058 Erlangen

We investigated the homoepitaxial submonolayer growth of Cu on
Cu(001) at 300 K. The density of stable Cu islands nx was measured
by scanning tunneling microscopy after thermal deposition at pressures
below 5× 10−11 mbar.

Variation of coverage θ and particle flux F lead to a characteristic
behavior of nx ∝ θ0.20±0.05 for θ ≤ 0.11 ML and nx ∝ F 0.40±0.02 at
saturation for F = 10−5 to 10−2 ML/s. This result is not compatible
with standard models of nucleation which predict an exponent i/(i+2)
for the flux dependence with the atom number i of the largest unstable
islands.

A recent theoretical study [1] concludes that dimer mobility is dom-
inant at 300 K in the experimentally available range of flux. The
predicted behavior nx ∝ θ1/5 and nx ∝ F 2/5 is in excellent agreement
with our experimental results.

[1] P. A. Mulheran and M. Basham, Phys. Rev. B 77 (2008) 075427

O 56.3 Thu 15:30 SCH A316
Non adiabatic processes during homoepitaxy of silver and
gold films — •Domocos Kovacs1, Eckart Hasselbrink2, and
Detlef Diesing2 — 1Institut für Experimentalphysik, Universität
Duisburg Essen — 2Institut für Physikalische Chemie, Universität
Duisburg Essen

Thin film metal-insulator-metal (MIM) tunnel junctions have been em-
ployed in the last years in the investigation of electronic excitations
induced by particles at metal surfaces. Such type of junctions act si-
multaneously as target and detector: While the electronic excitation is
produced by the irradiation of the top metal layer, the excited charge
carriers (electrons and holes) are detected in the bottom metal layer
as an internal emission current. A major advantage offered by the
present method in comparison with the methods measuring the ex-
ternal emission is the possibility of detecting excited charge carriers of
very low energy (< 5 eV). We show that a MIM junction is suitable for
the investigation of the electronic effects accompanying the adsorption
of metal atoms from the gas phase onto the surface of a metal film
consisting of the same atomic species. Thus, we show that the ad-
sorption of Au(Ag) Atoms at the surface of the top Au(Ag) film of a
Au(Ag)-TaOx-Ta tunnel junction generates hot charge carriers which
are finally detected in the bottom Ta film. The relatively large emis-
sion yield, of the order of 10−4 electrons per incident atom, measured
for 15-20 nm Au(Ag) films, indicates that the binding energy of 3-4
eV/atom, released during adsorption, is primarily transferred into the
electronic system.

O 56.4 Thu 15:45 SCH A316
The temperature dependence of film stress in epitaxial Co
monolayers on Pt(111) — •Safia Ouazi1,2, Zhen Tian2, Anita
Dhaka2, Dirk Sander2, Harald Brune1, and Jürgen Kirschner2

— 1Institut de Physique des Nanostructures, EPFL, Station 3, CH-
1015 Lausanne, Switzerland — 2Max-Planck-Institut für Mikrostruk-
turphysik, Weinberg 2, D-06120 Halle, Germany

We perform combined stress and low energy electron diffraction
(LEED) studies to investigate the correlation between film strain and
stress during the deposition of several monolayer thin Co films on
Pt(111) in the temperature range 250 to 400 K. The quantitative anal-
ysis of our cantilever stress measurements indicates a tensile stress of
+4.3 GPa in the thickness range between 3 to 7 ML for the investigated
growth temperature range. LEED indicates a Moiré-like diffraction
pattern, where our quantitative analysis of the in-plane lattice spacing
gives a film strain of +1.2% from 1 to 7 ML. We apply continuum elas-
ticity and calculate +5 GPa for the strain-induced film stress, in close
agreement with the experimental value. In thinner films, the measured
film stress is found to depend sensitively on the growth temperature.
We ascribe this strong temperature dependence of the initial stress to
the thermally activated Co incorporation into Pt, which relieves sur-
face stress. We discuss our results in view of STM [1], LEED [2], and
SXRD[3] studies, and indicate the implication of Pt-Co intermixing
for the magnetic anisotropy of this system.

[1] Varga et al., phys. Stat. sol. 187 (2001) 97 [2] Tsay et al., Surf.
Sci. 96 (1998) 313 [3] Ferrer et al., Phys. Rev. B 56 (1997) 9848

O 56.5 Thu 16:00 SCH A316
Growth of ultra-thin Ag films on Ni(111) — •Axel Meyer1, Jan
Ingo Flege1, Sanjaya Senanayake2, Faisal Alamgir3, and Jens
Falta1 — 1Institute of Solid State Physics, University of Bremen,
28359 Bremen, Germany — 2Chemistry Department, Brookhaven Na-
tional Laboratory, Upton, NY 11973-5000, USA — 3Georgia Institute
of Technology, Atlanta, GA 30332-0245, USA

The physical and chemical properties of ultra-thin metal films on
metallic substrates strongly depend on their morphology and the struc-
ture of the buried interface. Hence, detailed knowledge of the growth
mechanisms is essential for the creation of new functional materials
with novel characteristics. In this contribution, we present a compre-
hensive structural study of the growth and properties of epitaxial Ag
films on Ni(111) by in-situ low energy electron microscopy (LEEM).

For lower temperatures, the growth of the Ag film proceeds in a
Stranski-Krastanov mode after completion of the wetting layer, while
for higher temperatures layer-by-layer growth is observed. Quantita-
tive information about the film structure were obtained by analyzing
the intensity-voltage (I-V) dependence of the local electron reflectivity
(IV-LEEM). The corresponding I(V) spectra showed intensity oscilla-
tions depending on local thickness of the Ag film due to the quantum
size effect (QSE). Modeling of the I(V) spectra was performed both
within the framework of a one-dimensional Kronig-Penney model and
multiple scattering IV-LEED calculations. The results of both ap-
proaches concerning the variation of the layer spacings and interface
characteristics for different temperatures and film thicknesses will be
discussed.

O 56.6 Thu 16:15 SCH A316
Floating of PtRu and PdRu surface alloys on Ru(0001) stud-
ied by STM and AES — •Andreas Bergbreiter, Harry E.
Hoster, and R. Jürgen Behm — Institute of Surface Chemistry and
Catalysis, Ulm University, D-89069 Ulm

According to previous studies by scanning tunnelling microscopy
(STM) with chemical contrast and Auger electron spectroscopy (AES),
deposition of submonolayer Pt (Pd) on Ru(0001) and subsequent an-
nealing to T = 1300 K (1150 K) results in atomically smooth and
laterally equilibrated PtRu (PdRu) surface alloys on Ru(0001) con-
fined to the outermost layer [1]. To verify whether or not these surface
alloys reflect local equilibrium, the prepared alloys were deliberately
buried by > 1 ML of vapor deposited Ru. After surface analysis by
STM and AES, these samples were again annealed to the respective
surface alloy formation temperature. Both STM and AES confirm that
the initially formed surface alloy is recovered by this final annealing
step, i.e., both types of surface alloys exhibit a surfactant-like floating
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behavior. We discuss, in how far this behaviour depends on the trans-
port mechanism involved in the surface alloy formation process, and
for which types of surface alloys a similar inherent stability is to be
expected.

[1] H.E. Hoster et al., Phys.Chem.Chem.Phys. 10 (2008) 3812.

O 56.7 Thu 16:30 SCH A316
Atom distribution and interactions in AgxPt1−x and
AuxPt1−x surface alloys on Pt(111) — •Ralf T. Rötter, An-
dreas Bergbreiter, Harry E. Hoster, and R. Jürgen Behm — In-
stitute of Surface Chemistry and Catalysis, Ulm University, D-89069
Ulm

The atom distributions in AgxPt1−x/Pt(111) and AuxPt1−x/Pt(111)
surface alloys were studied by high resolution UHV-STM. These sur-
faces were prepared by submonolayer Ag (Au) metal deposition on
Pt(111), followed by annealing at 900 K or 1000 K, respectively, which
in both cases results in surface confined 2D alloys, with equilibrated
distribution of the components. Both systems show a tendency to-
wards two-dimensional clustering, which fits well to their known bulk
immiscibility. Effective cluster interactions (ECIs) will be derived by
a quantitative evaluation of the 2D atom distributions in the surface
alloys [1]. By comparing the ECIs for PtAg and PtAu on Pt(111),
and considering that Ag and Au have almost similar lattice constants,
the results allow conclusion on the physical origin of the tendency for
clustering.

[1] A. Bergbreiter et al., Phys.Chem.Chem.Phys. 9 (2007) 5127.

O 56.8 Thu 16:45 SCH A316
Growth on nanopatterned gold surfaces — •yasmine nahas1,2,
vincent repain1, and sylvie rousset1 — 1Laboratory Material and
Quantum Phenomena, University Paris 7, UMR 7162, 10 rue Alice
Domon et Léonie Duquet, 75205 Paris, France — 2Physikalisches Insti-
tut, Universität Karlsruhe (TH), Wolfgang-Gaede-Str., D-76131, Karl-
sruhe, Germany

The magnetic properties of nanometer size objects cause a large inter-
est in technological applications as well as in the fundamental point
of view. Ordered growth allows to obtain controlled size and den-
sity structures, as shown by the Co/Au(788) system and others [1].
Although basic mechanisms for this ordered growth have been found
out, the complexity of atomistic processes on surfaces (and especially
on nanopatterned ones) makes the behaviour of such system gener-
ally very surprising. I will show variable temperature experiments of
the growth of various elements (Fe, Pt, Co, Au) on different natu-
rally patterned surfaces (Au(111) and Au(788)). I will extract some
common features to these systems but I will also explain how the ther-
modynamic properties of each element (crystallographic phase, lattice
parameter, binary phase diagram ...) have a strong influence on some
characteristics of the nucleation and growth process. Finally, results
on the ordered growth of codeposited iron and platinum atoms will
be shown. Different experiments varying the relative concentration of
iron and the substrate temperature will be discussed in the framework
of the nucleation and growth kinetic theory.

[1] V. Repain et al., J. Phys.: Condens. Matter. 18 (2006) S17-S28

O 56.9 Thu 17:00 SCH A316
Novel mechanism of growth of atomic wires on (110) sur-
faces driven by intermixing — Oleg V. Stepanyuk1, •Nikolay N.
Negulyaev2, Pavel A. Ignatiev3, Marek Przybylski3, Wolfram
Hergert2, Alexander M. Saletsky1, and Jürgen Kirschner3 —
1Faculty of Physics, Moscow State University, 119899 Moscow, Rus-
sia — 2Fachbereich Physik, Martin-Luther-Universität, D06099 Halle,
Germany — 3Max-Planck-Institut für Mikrostrukturphysik, D06120
Halle, Germany

We reveal a novel mechanism of nanowire growth on fcc (110) metal
surfaces, which is promoted by interface intermixing of deposited and
substrate atoms. We present a theoretical investigation of the self-
assembly of 1D nanostructures during room temperature thermal de-
position of Fe and Co atoms on Pd(110) in the sub-monolayer regime.
Calculations performed by means of density functional theory demon-
strate that incorporation of the deposited Fe (Co) atoms into the top-
most substrate layer is energetically and kinetically feasible at room
temperature. Kinetic Monte Carlo simulations based on ab initio cal-
culated diffusion barriers of relevant atomic processes indicate that
the surface diffusion of expelled substrate atoms is responsible for the
growth of atomic wires consisting mainly of Pd atoms. We suggest that

scanning tunneling spectroscopy could allow to distinguish between Fe
(Co) and Pd atomic chains on Pd(110) to confirm our predictions.

O 56.10 Thu 17:15 SCH A316
Kinetic Monte Carlo Simulations of Temperature Pro-
grammed Desorption — •Thomas Franz — Faculty of Physics,
University of Vienna

We present a simulation of Temperature Programmed Desorption
(TPD) experiments using single- and multi-site models on the basis
of Density Functional Theory (DFT) calculations. The system under
consideration was O/Rh(111), for which adsorption in both fcc and
hcp hollow sites was taken into account. The lateral interactions of
the adsorbed oxygen atoms were determined by fitting to a set of DFT
energies. The calculations of these energies were performed using the
Vienna ab-initio simulation package (VASP). Applying Cross Valida-
tion, we maximized the predictive power of our parametrization. The
calculated desorption spectra were compared with experimental data.
We found that for the investigated system the application of a multi-
site model is necessary to obtain good agreement with experiment.

O 56.11 Thu 17:30 SCH A316
First-principles initial sticking coefficient for O2 at Pd(100)
— •Jörg Meyer and Karsten Reuter — Fritz-Haber-Institut, Fara-
dayweg 4-6, D-14195 Berlin (Germany)

Although the first steps in the oxidation of metal surfaces are of funda-
mental importance e.g. in heterogeneous catalysis, first-principles in-
vestigations of the sticking behavior of oxygen molecules are still scarce
and center on simple metals like Al(111) [1]. To address catalytically
much more interesting transition metals, we apply a divide and con-
quer approach [2] to study sticking of oxygen on Pd(100): First, an
analytical six dimensional potential energy surface (PES) is generated
using a neural network to interpolate between several thousand energy
data points obtained from density-functional theory in the generalized
gradient approximation. After that, the initial sticking S0 as a func-
tion of initial kinetic energy E0 of the impinging oxygen molecules is
calculated by evaluating a sufficiently large number of classical molecu-
lar dynamics trajectories on the previously constructed PES. We detail
on technical aspects of the employed interpolation strategy, focussing
on how symmetry of the (100) surface is exploited to reduce the nec-
essary amount of input data and optimize the interpolation quality.
In light of the good agreement of the obtained sticking curve S0(E0)
with the sparse experimental data, we critically discuss the employed
frozen-surface approximation and the importance of electronically non-
adiabatic effects for this system.
[1] J. Behler et al., Phys. Rev. Lett. 94 (2005) 036104.
[2] A. Gross, Surf. Sci. Rep. 32 (1998) 291.

O 56.12 Thu 17:45 SCH A316
Adsorption induced surface stress change of O and H on
Pt(111) — •Zhen Tian, Dirk Sander, and Jürgen Kirschner —
Max-Plank Institute of Microsctructure Physics, 06120, Halle, Ger-
many

Surface stress changes induced by adsorption of oxygen and hydrogen
on clean Pt(111) surface are measured in a UHV system with an opti-
cal beam bending method. Combined low energy electron diffraction
(LEED) and stress measurements identify a compressive surface stress
change of −2.2 N/m upon formation of a p(2×2)-O structure for an
exposure of 120 L oxygen at 5×10−7 mbar at room temperature. The
exposure of clean Pt(111) to H2 at PH2 = 5 × 10−7 mbar leads to
a compressive surface stress change of −0.5 N/m, which saturates af-
ter 5 L. We found that the magnitude of the H-induced surface stress
change depends on the H2 partial pressure. Exposure at higher partial
pressure induces larger compressive stress change, e.g. partial pres-
sure of PH2 = 5 × 10−6 mbar induces a compressive stress change of
−0.73 N/m. These results are discussed in view of other experimental
studies on surface stress[1] and calculations[2] on adsorbate-induced
surface stress of Pt(111).

[1] A. Grossmann, W. Erley, and H. Ibach, Surf. Rev. Lett. 2 (1995)
543. [2] P. J. Feibelman, Phys. Rev. B, 56 (1997) 2175.

O 56.13 Thu 18:00 SCH A316
Influence of C-adsorption on the segregation profile of
Pt25Rh75(100)
— •Wolfgang Landgraf, Tobias Kerscher, and Stefan Müller
— Universität Erlangen-Nürnberg, Lehrstuhl für Theoretische
Physik 2, Staudtstr. 7, D-91058 Erlangen
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As found earlier by experiment [1] and theory [2], the (100) and (111)
surfaces of the alloy system Pt25Rh75 show a strong Pt enrichment
in the top atomic layer and a Pt depletion in the layer underneath.
However, from experiment [1], it appears that for the (100) orienta-
tion even a small amount of carbon impurity leads to a considerable
decrease in the Pt top layer concentration. We applied density func-
tional theory to analyze quantitatively the influence of C-adsorption
on the segregation profile of Pt25Rh75(100). Indeed, we find that the
segregation profile tremendously change as function of the C-coverage:
Already at Θ = 0.5 the configuration being lowest in energy consists
of carbon atoms in hollow sites and pure Rh-layers in the near surface
regime. The correlations between structural and energetic properties
will be discussed. The corresponding energetics can be used for the
construction of a cluster expansion Hamiltonian in order to predict the
alloy’s most stable segregation profile for arbitrary carbon coverage.
Supported by Deutsche Forschungs-Gemeinschaft

[1] E. Platzgummer et al., Surf. Sci. 419, 236 (1999).
[2] S. Müller, M. Stöhr, O. Wieckhorst, Appl. Phys. A. 82, 415 (2006).

O 56.14 Thu 18:15 SCH A316
CuO: template and/or surfactant — •Thorsten Wagner,
Thomas Brandstetter, Martin Oehzelt, and Peter Zeppenfeld
— Johannes Kepler Universität Linz, Altenberger Str. 69, A-4040
Linz, Österreich

The Cu(1 1 0) surface can be structured readily by adsorbing oxygen:
If the coverage of oxygen is less than θ = 0.5, the (2× 1) recon-
structed areas form stripes which are separated by unreconstructed
copper areas. These stripes are uniformly distributed and parallel to
the [0 0 1]-direction. To extend this one-dimensional template to a
two-dimensional array we studied the adsorption of oxygen on a vici-
nal Cu(19 19 1) surface by means of STM. The steps of this surface are
perpendicular to the oxygen stripes. However, the formation of the
oxygen reconstruction leads to step bunching and individual terraces
are significantly broadened. Therefore the periodicity of the copper
template is reduced.[1,2]

On the vicinal and the low index copper surface which were pre-
structured by the CuO stripe phase silver was adsorbed at 660K. Al-
though more than a monolayer of silver was added, the total area
covered by the CuO phase was preserved. By means of STM, PEEM,
and AES we have determined that the step bunches (forming (1 1 1)
facets on the vicinal surface) are covered by silver. The experimental
results suggest that CuO is acting as a surfactant.
[1] T. Brandstetter et al., Phys. Rev. B 78 (2008) 075402
[2] T. Brandstetter et al., Phys. Rev. B 76 (2007) 245420

O 56.15 Thu 18:30 SCH A316
In-situ X-ray Study of the Oxidation of vicinal NiAl(671)
— •Claus Ellinger, Vedran Vonk, Navid Khorshidi, Andreas
Stierle, and Helmut Dosch — Max-Planck-Institut für Metall-
forschung, Heisenbergstr. 3, D-70569 Stuttgart

Vicinal surfaces with a regular stepped pattern are used to tailor the
growth of oxide films or other epitaxial grown materials. In order to
study the role of surface steps and kinks on the oxidation behaviour we
investigated a vicinal NiAl(6,7,1) surface consisting of (110) terraces.
It was chosen as the flat, oxidized NiAl(110) serves as important tem-
plate for model catalysts and a tailoring of the ultra-thin alumina film

would open new ways for the growth of nano particles or nanowires. In
the presented surface x-ray diffraction study we show that the regular
stepped surface is preserved during the initial exposure of 10−6 mbar
of oxygen at 540 K while the formation of large (110) facets is observed
during the annealing process. Thereby the faceting is induced by the
ordering of the alumina. In addition, the preferential oxide growth of
one out of two possible twin domains is found, probably caused by
stress relief at the step edges of the vicinal surface.

O 56.16 Thu 18:45 SCH A316
Dissociative adsorption of methane on surface oxide struc-
tures of PdPt alloys — •Arezoo Dianat1, Nicola Seriani2, Man-
fred Bobeth1, Wolfgang Pompe1, and Lucio Colombi Ciacchi3

— 1Institute for Materials Science, Dresden University of Technol-
ogy, Germany — 2Fakultät für Physik, Universität Wien, Austria —
3Faculty of Production Engineering, University of Bremen, Germany

Oxides of Pd and Pt are known for their high activity in the catalytic
combustion of methane. It was reported that bimetallic Pd-Pt ox-
ide systems exhibit higher activity for CH4 combustion than PdO. To
get some insight into the catalytic activity of PdPt we have studied
the dissociative adsorption of CH4 on oxidised PdPt surfaces using
DFT. First, the stability of various surface oxides was investigated, in-
cluding oxygen adsorbed on the surface, subsurface oxygen, and thin
oxide films. As base structures for the thin oxide films we have chosen
PdO(101)/Pd(100), α-PtO2/Pt(111) and Pt3O4/Pt(100), which show
small lattice misfit between film and substrate. Adsorption energies
for oxygen on the PdPt surface and in subsurface positions are higher
than on the monometals. For thin oxide films, doping of Pd or Pt
results in lower mean oxygen binding energies compared to pure Pd
and Pt oxide films. The decomposition of CH4 to CH3 and H has been
found to be endothermic on metal surfaces, but it becomes exother-
mic on oxidised surfaces. Among the considered monometallic oxide
structures, Pt3O4/Pt(100) shows the highest CH4 adsorption energy.
For some of the bimetallic oxide configurations considered, the CH4

adsorption energy was found to be higher than on the monometallic
oxides.

O 56.17 Thu 19:00 SCH A316
The Interaction of Hydrogen with the Cobalt(0001) Surface
— Zita Hüsges and •Klaus Christmann — Institut für Chemie und
Biochemie der FU Berlin, 14195 Berlin

We report latest data on the interaction of hydrogen with the hexago-
nal Co(0001) surface in the temperature range between 90 K and 600
K as obtained by means of LEED, thermal desorption spectroscopy
(TDS) and work function change measurements. Expectedly, hydro-
gen adsorbs spontaneously and dissociatively with an initial sticking
probability around 0,1. The H atoms form two binding states having
desorption energies between 80 and 100 kJ/mole. Interestingly, H ad-
sorption causes only a slight decrease of the work function between 10
and 17 meV near saturation (˜ 0.7 ML). Most notably, a H-induced
c(2x2) LEED phase forms around half a monolayer coverage, similar
to the H/Ni(111) system. T and coverage dependent LEED intensity
measurements suggest a critical temperature of the ordered H phase of
about 240 K and a strongly asymmetric phase diagram that points to
a H honeycomb structure. Our data will be discussed and compared
with previous work on Co(0001)/H and on Ni(111)/H.

O 57: Focused Session: Spin-Orbit Interaction at Surfafces: From the Rashba Effect to
Topological States of Matter II

Time: Thursday 15:00–19:00 Location: HSZ 02

Topical Talk O 57.1 Thu 15:00 HSZ 02
Rashba-type spin-orbit effects by spin-resolved photoemis-
sion — •Oliver Rader — Helmholtz-Zentrum Berlin

In order to create spin currents in a solid, the Rashba effect can be
instrumental. It requires neither a ferromagnetic material nor exter-
nal magnetic fields. In this talk, we show that a quantum cavity for
spin can be constructed from metals. Spin- and angle-resolved pho-
toemission is used to study the dependence of the spin-orbit split-
ting of quantum-well states on parameters such as momentum and
atomic number. In this context, we will also discuss the perspectives
of graphene for spintronics.

Topical Talk O 57.2 Thu 15:30 HSZ 02
Quantum spin Hall phases and topological surface states —
•Shuichi Murakami — Department of Physics, Tokyo Institute of
Technology, Tokyo, Japan — PRESTO, JST

Triggered by the research of the spin Hall effect [1], quantum spin Hall
(QSH) effect [2,3] is studied intensively in recent years. The QSH sys-
tem is an insulator in the bulk, while the boundary (i.e. edge in 2D
and surface in 3D) supports gapless states carrying spin currents due
to spin-orbit coupling. These edge or surface states remain gapless,
and are robust against nonmagnetic impurities and surface roughness.
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This robustness stems from bulk topological order characterized by
the Z2 topological number. Namely, the bulk topological properties
become manifest as an existence of the gapless boundary states.

The QSH effect occurs under a zero magnetic field unlike the quan-
tum Hall effect. In some materials this effect occurs in nature without
applying fields, as demonstrated theoretically and experimentally. In
my talk I explain our theoretical proposal that the (111)1-bilayer bis-
muth ultrathin film shows the QSH effect [4]. I also discuss strategies
to search for candidate materials showing the QSH effect.

[1] S. Murakami, N. Nagaosa, and S.-C. Zhang, Science 301, 1348
(2003). [2] C. L. Kane and E. J. Mele, Phys. Rev. Lett. 95, 146802;
ibid. 95, 226801 (2005). [3] B. A. Bernevig and S.-C. Zhang, Phys.
Rev. Lett.96.106802 (2006). [4] S. Murakami, Phys. Rev. Lett. 97,
236805 (2006).

Topical Talk O 57.3 Thu 16:00 HSZ 02
Observation of a new topological phase of quantum matter
: Quantum Hall-like effect without magnetic field. — •Zahid
Hasan — Princeton University, Princeton, New Jersey, USA

Most quantum states of condensed-matter are categorized by the spon-
taneously broken symmetries. The remarkable discovery of charge
quantum Hall effects (1980s) revealed that there exists an organi-
zational principle of matter based not on the spontaneously broken
symmetry but only on the topological distinctions in the presence of
time-reversal symmetry breaking. In the past few years, theoretical
developments suggest that new classes of topological states of matter
might exist that are purely topological in nature in the sense that they
do not break time-reversal symmetry hence can be realized without any
applied magnetic field : ”Quantum Hall-like effects without magnetic
field”. In this presentation, I report a series of experimental results
documenting and demonstrating the existence of such a topologically
ordered time-reversal-invariant state of matter and discuss the exotic
electromagnetic and spin properties this novel phase of quantum mat-
ter might exhibit and outline their potential use.

O 57.4 Thu 16:30 HSZ 02
Rashba type spin-orbit splitting of quantum well states in
ultrathin Pb films — •Hugo Dil1,2, Fabian Meier1,2, Jorge
Lobo-Checa3, Luc Patthey2, Gustav Bihlmayer4, and Jürg
Osterwalder1 — 1Universität Zürich, CH — 2Swiss Light Source,
CH — 3Universität Basel, CH — 4Forschungszentrum Jülich, D

When the thickness of a metal layer approaches the electron coher-
ence length, quantum well states (QWS) may form in the layer. It
has been shown previously that QWS may show a spin splitting due
to hybridization with interface[1] or surface states[2], which either de-
cays with layer thickness or is sensitive to contamination. Here we
will report the first observation of an intrinsic Rashba type spin-orbit
splitting in metallic QWS by spin and angle-resolved photoemission[3].
The resulting band splitting is too small to be detected by spin inte-
grated ARPES and highlights the possibilities of state-of-the-art spin
resolved ARPES. It will be shown that the spin-orbit interaction takes
place throughout the whole layer, but that the necessary asymmetry is
induced by the two interfaces of the film. This opens up the possibility
to manipulate the effect by interface engineering.

[1] C. Koitzsch et al. PRL 95, 126401 (2005)
[2] K. He et al. PRL 101, 107604 (2008); E. Frantzeskakis et al.

PRL 101, 196805 (2008)
[3] H. Dil et al. PRL in press

O 57.5 Thu 16:45 HSZ 02
Relativistic effects in the surface emission of layered interme-
tallic systems — •Jurgen Braun, Jan Minar, Sven Bornemann
und Hubert Ebert — Dep. Chemie und Biochemie, LMU München,
Germany

In the framework of the fully relativistic version of the one-step mo-
del, the photoemission intensities resulting from layered intermetallic
thin films will be presented. The electronic structure as well as the
photoemission calculations have been performed for true semi-infinite
systems using the upgraded version of the Munich SPR-KKR pro-
gram package [1]. To guarantee for a quantitative description of the
surface-sensitive spectral distribution special attention is payed on the
image-potential behavior of the surface barrier, which is included as
an additional layer in the photoemission formalism [2]. Here, we show
the intensity distributions that result by excitation with ultraviolet ra-
diation from Ag/Au(111), Ag/Au(110) and Au/Ni(111) surfaces. We
discuss the variation in binding energy and spin-orbit splitting of the
corresponding surface states as a function of the overlayer thickness

and compare our results with available experimental data.
1. H. Ebert et al., The munich SPR-KKR package, version 3.6,

http://olymp.cup.uni-muenchen.de/ak/ebert/SPRKKR (2008).
2. A. B. Schmidt et al., J. Phys. D: Appl. Phys. 41 164003 (2008).

O 57.6 Thu 17:00 HSZ 02
Ab initio g-tensor calculation for paramagnetic surface states
— •Martin Rohrmüller1, Uwe Gerstmann1,2, and Wolf Gero
Schmidt1 — 1Theoretische Physik, Universität Paderborn, 33095
Paderborn, Germany — 2Institut de Minéralogie et de Physique des
Milieux Condensés, Université Pierre et Marie Curie, Campus Bouci-
caut, 140 rue de Lourmel, 75015 Paris, France

The effects of spin-orbit interaction provide an interesting possibility
to investigate the electronic and microscopic structure at surfaces.
The spin-orbit coupling determines e.g. the elements of the electronic
g-tensors which can be observed in electron paramagnetic resonance
(EPR) measurements. Based on double-perturbation theory we are
able to calculate the g-tensor from first principles, using a recently
developed gauge-including projector augmented plane wave (GI-PAW)
approach [1] in the framework of density functional theory.
The presented approach is able to distinguish between different surface
states. In combination with the corresponding experimental EPR data
an unambiguous identification of the microscopic structure of adsor-
ped species becomes possible. This is demonstrated here for surface
defects at hydrogen-passivated Si(001) and Si(111) surfaces.

[1] Ch.J. Pickard and F. Mauri, Phys. Rev. Lett. 88, 086403 (2002).
[2] U. Gerstmann, A. P. Seitsonen and F. Mauri, phys. stat. sol. (b)
245, 924 (2008).

O 57.7 Thu 17:15 HSZ 02
Bi(114): A quasi one-dimensional metal with strong spin-
orbit splitting — •Philip Hofmann1, Justin Wells1,2, Hugo
Dil3,4, Fabian Meier3,4, Jorge Lobo-Checa3,4, Vladimir Petrov5,
Jürg Osterwalder3, Miguel Moreno Ugeda6, Isabel Fernandez-
Torrente6, Jose Ignacio Pascual6, Emile Rienks1, and Maria
Fuglsang Jensen1 — 1University of Aarhus, DK — 2University of
Science and Technology, Trondheim, N — 3Universität Zürich-Irchel,
CH — 4Paul Scherrer Institut, CH — 5St. Petersburg Technical Uni-
versity, RU — 6Freie Universität Berlin, D

The (114) vicinal surface of the semimetal Bi is found to support a
quasi one-dimensional, metallic surface state. As required by symme-
try, the state is degenerate along the Γ̄− Ȳ line of the surface Brillouin
zone with a highest binding energy of ≈100 meV. In the Γ̄ − X̄ di-
rection the degeneracy is lifted by the strong spin-orbit interaction, as
directly shown by spin-resolved photoemission. This results in a Fermi
surface consisting of two closely separated, paralell lines of opposite
spin direction. We discuss these findings in the light of the recently
discovered topological stability of surface states on BiSb topological
insulators.

short intermittance

O 57.8 Thu 17:45 HSZ 02
Spin restrictions in the electron interference process on
Bi(110) — •Anna Strozecka1, Asier Eiguren2, and Jose Igna-
cio Pascual1 — 1Institut für Experimentalphysik, Freie Universität
Berlin, Arnimallee 14, 14195 Berlin, Germany — 2Donostia Interna-
tional Physics Center (DIPC), Paseo Manuel de Lardizabal 4, E-20018
Donostia/San Sebastian, Spain

The surfaces of bismuth can be viewed as a quasi-two-dimensional
metal with unique spin properties [1]. The strong spin-orbit interac-
tion and the lack of the symmetry on the surface results in the splitting
of the surface state bands with respect to the spin direction. The lack
of the spin degeneracy strongly affects the quasiparticle interference [2].
We have studied in detail the interference patterns on Bi(110) surface
by means of scanning tunneling microscopy. The observed patterns do
not reflect directly the shape of the Fermi contour, as it is usually found
for metals, but result from the spin-conserving scattering process. The
investigation of the energy dependence of the interference reveals that
at the energies away from the Fermi level highly anisotropic patterns
arise. The origin of theses new scattering events can be established by
analyzing the dispersion of the spin split bands. The interpretation of
the data is supported by spin-resolved DFT simulations.

[1] Ph. Hofmann, Prog. Surf. Sci. 81, 191 (2006)
[2] J. I. Pascual et. al., Phys. Rev. Lett. 93, 196802 (2004)
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O 57.9 Thu 18:00 HSZ 02
Spin-orbit coupling effect on surface state ripples —
•Samir Lounis, Andreas Bringer, and Stefan Blügel — Insti-
tut für Festkörperforschung and Institut for Advanced Simulation,
Forschungszentrum Jülich, D-52425 Jülich, Germany

Surfaces are an inversion asymmetric environment. In combination
with the spin-orbit interaction, surface electrons experience a Rashba
effect, which leads to spin-split surface states. Having an adatom on
such a surface, surface states scatter at it. Interferences are created
from which, surprisingly, the fingerprints of spin-orbit coupling cannot
be seen with a scanning tunneling microscope (STM) [3]. Instead of a
single adatom, Walls and Heller [4] proposed to use a corral of atoms
to create extra spin-orbit coupling related modulations in the charge
density. Resting on multiple scattering theory, we propose a differ-
ent suggestion to visualize such effects using STM considering either a
single adatom or a corral of adatoms.

This work is supported by the ESF EUROCORES Programme
SONS under contract N. ERAS-CT-2003-980409 and the DFG Pri-
ority Programme SPP1153.
[1] S. Lashell, B.A. McDougall, E. Jensen, Phys. Rev. Lett. 77, 3419
(1996).
[2] Yu. M. Koroteev, G. Bihlmayer, J.E. Gayone, E.V. Chulkov,
S. Blügel, P.M. Echenique, Ph. Hofmann, Phys. Rev. Lett. 93, 046403
(2004).
[3] L. Petersen and P. Hedeg̊ard, Surf. Sci. 49, 459 (2000).
[4] J.D. Walls and E.J. Heller, Nano Letters 7, 3377 (2007).

O 57.10 Thu 18:15 HSZ 02
An ab-initio description of the magnetic shape anisotropy —
•Sven Bornemann, Jan Minar, Jürgen Braun, and Hubert Ebert
— Department Chemie und Biochemie, LMU München, Germany

For magnetic transition metal systems with reduced dimensionality
and low symmetry the shape anisotropy becomes a significant con-
tribution to the magnetic anisotropy. In fact, it can reach the same
order of magnitude as the spin-orbit induced anisotropy. So far, the
shape anisotropy has been always treated as a classical interaction
between magnetic dipoles while the spin-orbit anisotropy has been de-
termined by relativistic band structure calculations. It is uncertain,
however, whether such an inconsistent treatment of the two anisotropy
contributions is still valid for low dimensional nano structures such as
magnetic thin films, wires or clusters where the magnetic easy axis can
depend strongly on the interplay between these two contributions.

As an alternative to the classical approach an ab-initio description
of the shape anisotropy has been developed. This is achieved by in-
cluding the Breit interaction, being the natural cause of the shape
anisotropy, in the Dirac-equation set up within the framework of spin
density functional theory. We have implemented this approach using
the fully relativistic KKR band structure scheme. We will present
the details of our implementation and show first results for the shape
anisotropy of thin Fe films on Au(001) in comparison with the classical

treatment.

O 57.11 Thu 18:30 HSZ 02
Spin-orbit induced exchange interactions in magnetic sur-
faces described by first-order perturbation theory — •Marcus
Heide, Gustav Bihlmayer, and Stefan Blügel — Institut für
Festkörperforschung (IFF) and Institute of Advanced Simulation
(IAS), Forschungszentrum Jülich, Germany

When applying the spin-orbit coupling operator Hso as a perturbation
to a Schrödinger-type equation, the first-order term

P
ν〈ψν |Hso|ψν〉

vanishes for all collinear magnetic structures. Thus, the magnetocrys-
talline anisotropy is at least a second-order effect in the spin-orbit
coupling and cannot be calculated from the expectation values of
Hso. However, in systems with low magnetic and spatial symmetry
these expectation values do not necessarily vanish: Non-collinear mag-
netic structures in surface geometries allow for magnetic interactions
of Dzyaloshinskii-Moriya type, that are first order in Hso. These in-
teractions can have a significant impact on the magnetic structure of
low-dimensional magnets [M. Bode et al., Nature 447, 190 (2007)].

In this talk, we investigate the role of the spin-orbit coupling in ultra-
thin Fe and Mn films on transition metal surfaces in the framework of
density functional theory. Employing the FLEUR code (www.flapw.de),
we compare the expectation values of Hso with the higher-order cor-
rections and show that first-order perturbation theory is capable of
estimating the antisymmetric exchange interactions in these systems.
This allows to use simple models to relate these interactions to the
electronic structure. This work is supported by DFG (BI 823/1-1) and
ESF EUROCORES Programme SONS (ERAS-CT-2003-980409).

O 57.12 Thu 18:45 HSZ 02
Non-collinear magnetism in two-dimentional FePt systems
— •Svitlana Polesya, Sven Bornemann, Sergiy Mankovsky,
Jan Minar, and Hubert Ebert — Ludwig-Maximilians-Universität
München, Department Chemie und Biochemie/Physikalische Chemie,
München, Deutschland

The temperature dependent magnetism of a FePt monolayer and of a
FePt two-dimentional (2D) alloy cluster on a Pt(111) substrate were
investigated by means of Monte Carlo simulations. The calculations
were based on the extended Heisenberg model accounting for isotropic
exchange as well as the anisotropic Dzyaloshinski-Moriya (DM) ex-
change interaction. The DM coupling was found to be responsible for
a non-collinear spin configuration in both alloy systems at low tem-
perature. The Fe-Pt exchange turned out to play an important role
stabilising the ferromagnetic order and appreciably influencing the crit-
ical temperature. For this reason a corresponding term in the model
Hamiltonian was included describing the induced Pt magnetic moment
as a function of the average magnetic moments of the surrounding Fe
atoms. The role of the magnetic anisotropy on magnetic order in the
2D alloy systems was also investigated in detail.

O 58: SYAI: Ab-initio approaches to excitations in condensed matter

Time: Thursday 15:00–18:30 Location: SCH 251
See SYAI for details about the program

O 59: General Meeting of the Surface Science Division

Time: Thursday 19:30–20:00 Location: HSZ 02
Report of the Chairman of the DPG Surface Sciene Division

O 60: Post Deadline Session followed by Surface Science ”get-together”

Time: Thursday 20:00–21:00 Location: HSZ 02

O 60.1 Thu 20:00 HSZ 02
Can molecular orbitals be simply reconstructed from photoe-
mission data? — •Peter Puschnig1, Claudia Ambrosch-Draxl1,
Thomas Seyller2, Stephen Berkebile3, Georg Koller3, Falko
P. Netzer3, and Michael G. Ramsey3 — 1Chair for Atomistic Mod-
elling and Design of Materials, University Leoben — 2Institut für Tech-

nische Physik II, Universität Erlangen-Nürnberg — 3Surface Science
Group, Institute of Physics, University Graz

We present a new and simple approach with the aim to determine the
shape of molecular orbitals by means of angle-resolved photoemission
(PE) experiments. It applies to molecular films ranging from mono-
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layers up to multilayers and leads to images of individual molecular
states with a spatial resolution of about 1 Å, thereby competing with
state-of-the-art scanning probe techniques. We demonstrate how the
PE intensity recorded over a hemispherical region generates reciprocal
space maps of the initial state. This data provides unambiguous finger-
prints of individual molecular orbitals and is used to reconstruct real
space images of the frontier molecular orbitals in good agreement with
density functional (DFT) calculations. With k-space maps obtained
using the toroidal analyser at BESSY II we demonstrate the viabil-
ity of the proposed method even for the strongly bound monolayer of
para-sexiphenyl adsorbed on Cu(110). Here the reconstructed HOMO
and ex-LUMO orbital can both be clearly recognized and compare well
to the DFT results. The generality of the approach is then illustrated
with examples from molecular films ranging from the small rod-like
pentacene to the plate-like tetraphenylporphyrin.

O 60.2 Thu 20:15 HSZ 02
Localization of Electronic States within a Moiré Pattern —
•Thiruvancheril G. Gopakumar, Nicolas Néel, Jörg Kröger,
and Richard Berndt — Christian-Albrechts-Universität zu Kiel, D-
24098 Kiel, Germany

Moiré patterns have been observed for various heteroepitaxial layers.
Little is known about the electronic structure on a nanometre scale
of these regular superlattices. We use a cryogenic scanning tunnelling
microscope to probe the electronic properties of a moiré pattern ob-
served from Co islands on Ag(111). Spatially resolved spectroscopy
reveals that the moiré pattern gives rise to a striking localization of
Co d-states. We use these states as an electronic template to guide the
arrangement of magnetic molecules.

O 60.3 Thu 20:30 HSZ 02
Polar catastrophe and how thin LaAlO3 films on SrTiO3(001)
deal with it — •Rossitza Pentcheva1 and Warren E. Pickett2

— 1Dept. of Earth and Environmental Sciences, University of Munich
— 2Dept. of Physics, University of California at Davis

Even at the interface of conventional band insulators polar disconti-
nuities can drive novel electronic behaviour: An example is the two-
dimensional electron gas [1] and thickness dependent switching from
insulating to conducting behaviour [2] reported in thin LaAlO3 films
on a SrTiO3(001)-substrate.

Density functional theory calculations reveal that a strong polar dis-

tortion creates the necessary screening and enables several unit cells of
LaAlO3 to sustain their ionic charges and remain insulating. However,
the band gap of the system, defined by O 2p states at the surface and
Ti 3d states at the interface decreases with each added LaAlO3-layer,
before an insulator-to-metal transition and a crossover to an electronic
reconstruction (as observed previously at the isolated interface [3])
takes place at around 5 monolayers of LaAlO3. The implications of
two different, spatially separated types of carriers - holes at the surface
and electrons at the interface - will be discussed.

A BaCaTec grant and a computational grant at the Leibniz Rechen-
zentrum are gratefully acknowledged.
[1] A.Ohtomo and H.Y.Hwang, Nature 427, 423 (2004)
[2] S.Thiel et al., Science 313, 1942 (2006)
[3] R. Pentcheva and W.E. Pickett, Phys. Rev. B. 74, 035112 (2006);
ibid. 78, 205106 (2008).

O 60.4 Thu 20:45 HSZ 02
Photo resist free patterning by local oxidation of Ag surfaces
— •Sebastian Günther1, Robert Reichelt1, Joost Wintterlin1,
Andrea Locatelli2, Miguel Niño2, Tefvik Menteş2, and Alexei
Barinov2 — 1Department Chemie, Ludwig-Maximilians-Universität
München, Butenandtstr. 11, 81377 München, Germany —
2Sincrotrone Trieste S.C.p.A., Area Science Park, 34012 Basovizza-
Trieste, Italy

Traditional surface patterning processes usually make use of photo re-
sists and require several preparation steps such as resist irradiation and
development, etch or deposition steps and eventually lift off processes.
Here, we report on a potential single step structuring process which
can be used to chemically pattern Ag surface by a local oxidation re-
action. In particular, we present our recent findings that low energy
electron irradiation of Ag(111) or polycrystalline Ag during NO2 ad-
sorption at 300 K induces the formation of Ag oxide. Using a spatially
confined electron beam, small Ag2O spots could be grown with sharp,
˜ 100 nm wide, boundaries to the non irradiated metallic surface. The
structure may be written as well by photon instead of electron irra-
diation, which makes the use of masks possible. Since the structure
size will mainly depend on the sharpness of the irradiation electron
beam or of the applied masks, the observed process has the potential
of a single step nanostructuring process. Temperature treatment offers
an easy way to manipulate the boundary between oxide and metallic
silver by steering chemical fronts.

O 61: Invited Talk (Claudia Ambrosch-Draxl)

Time: Friday 10:15–11:00 Location: HSZ 02

Invited Talk O 61.1 Fri 10:15 HSZ 02
First-principles approaches towards organic film growth —
•Claudia Ambrosch-Draxl, Peter Puschnig, and Dmitrii Nabok
— Chair of Atomistic Modelling and Design of Materials, University
of Leoben, Austria

The technological applicability of organic semiconductors in opto-
electronic devices strongly depends on the morphology of the active
organic layer as well as on the interface between the thin organic film
and the metal electrode. The cohesive properties of the organic mate-
rials as well as their interfaces with metal surfaces are key quantities
in this context. Regarding first-principles calculations, only recently
it has become possible to properly treat van der Waals interactions
which thereby play a dominant role. The excellent agreement with ex-

periment for the so obtained cohesive energies of the oligo-acenes and
oligo-phenyles allows to predict also the surface energies for a variety of
organic materials. Moreover, it is shown that also the interaction be-
tween the molecule and the metal substrate is predominantly van-der-
Waals like. Our results enable us to assess semi-empirical approaches
to be used for complex situations where an ab-initio treatment is out of
reach. Applying an empirical force-field method, we tackle the topic of
film growth. The latter also requires the determination of the relevant
processes and the corresponding energy barriers. As a first example,
we have investigated the energetics driving mound formation of sex-
iphenyl molecules on mica as revealed by atomic-force microscopy. It
turns out that the complex nature of the organic building block re-
quires models that go beyond those of inorganic film growth.

O 62: Surface chemical reactions II

Time: Friday 11:15–13:00 Location: SCH A01

O 62.1 Fri 11:15 SCH A01
In-situ investigation of sulfur oxidation on a stepped Pt
surface — •Regine Streber1, Christian Papp1, Michael Peter
Andreas Lorenz1, Andreas Bayer1, Reinhard Denecke2, and
Hans-Peter Steinrück1 — 1Lehrstuhl für Physikalische Chemie
II, Universität Erlangen-Nürnberg, Egerlandstr. 3, 91058 Erlan-
gen — 2Willhelm-Ostwald-Institut für Physikalische und Theoretische
Chemie, Universität Leipzig, Linnéstr. 2, 04103 Leipzig

We studied the reaction of oxygen with preadsorbed sulfur on the
stepped Pt(355) surface by in-situ high-resolution XPS applying syn-
chrotron radiation at BESSY II. The reactivity strongly depends on
surface temperature. At 250 K, dosing of molecular oxygen on the
partially sulfur precovered surface leads to the coadsorption of atomic
S and O, but almost no reaction, as concluded from the S 2p spectra.
Upon heating this mixed layer to elevated temperatures, the subse-
quent formation of two new species is observed, which are assigned to
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SO2 and SO4. At 300 K, dosing of oxygen results in the partial for-
mation of SO2, while at 350 K a consecutive reaction to SO4 occurs.
To determine the kinetic parameters of these reactions, the oxidation
has been studied at different temperatures. In addition, the influences
of the initial sulfur precoverage and of the oxygen pressure have been
investigated. This word was supported by BMBF (05 ES3XBA/5) and
the DFG through the Cluster of Excellence ”Engineering of Advanced
Materials”.

O 62.2 Fri 11:30 SCH A01
Structure Formation in Ultrathin V-Oxide films on Rh(111)
under different Reaction Conditions — •Florian Lovis, Martin
Hesse, and Ronald Imbihl — Institut für Physikalische Chemie und
Elektrochemie, Leibniz-Universität Hannover, Callinstr.3-3a, D-30167
Hannover, Germany

As a model system for vanadium-oxide based catalysts we prepared ul-
trathin vanadium oxide films on a Rh(111) surface. At 400◦C 0.1 and
0.25 ML of vanadium were evaporated in oxygen with p(O2)=2x10-7
mbar. After characterization with LEED and Auger electron spec-
troscopy the films were subjected to the O2 + H2 reaction using
photoemission electron microscopy (PEEM). After evaporation a large
variety of differently ordered Rh(111)/V/O phases were identified in
LEED. The O2 + H2 reaction was studied in the 10-8 to 10-5 mbar
range at temperatures between 400 and 500◦C. With PEEM we ob-
serve that under reaction conditions the film is no longer homogeneous
but reaction fronts and stationary Turing-like patterns develop. In the
evaporated V-film we find partially ordered patterns consisting of large
islands of about 0,05 mm diameter. These islands are very stable and
change only very slowly after turning off the gases. Under different
reaction conditions we find small islands of roughly 0,02 mm diameter
which in contrast to the large islands are quite dynamic and vary in
diameter depending on the reaction conditions. The patterns induced
by the reaction are discussed in the context of the concept of reactive
phase separation. It is suspected that the attraction between oxygen
and vanadium is the driving force for the condensation process.

O 62.3 Fri 11:45 SCH A01
Non-adiabatic energy dissipation in metal homoepitaxy —
•Ulrich Hagemann, Kornelia Huba, David Krix, and Hermann
Nienhaus — Experimental Physics, University of Duisburg-Essen,
Germany

The growth of metal films releases energies of typically a few eV per
metal atom. By now, the energy is believed to be dissipated adiabat-
ically by direct excitation of phonons. We present data which give
strong evidence for the creation of electron-hole pairs during Mg ho-
moepitaxy, i.e., for a non-adiabatic dissipation channel. To detect the
generated hot charge carriers, large-area ultrathin metal film Mg/p-
Si(001) Schottky diodes were fabricated. The homogeneous Schottky
barrier height was determined as 0.52 eV and the reverse current could
be reduced to below 1 nA at low temperatures. During exposure of
the diodes to a thermal Mg atom beam internal currents in the 100
pA range are observed. The currents can be attributed to two mecha-
nisms: first the internal exoemission process (chemicurrent effect) due
to non-adiabatic energy dissipation and second the photocurrent due
to the infrared radiation of the evaporator. By varying the evaporator
temperature and the Mg film thickness the two current contributions
can be distinguished. The chemicurrent during Mg homoepitaxy de-
pends exponentially on the evaporation temperature yielding the Mg
evaporation enthalpy of 1.3 eV. The strong exponential attenuation of
the chemicurrent with increasing Mg film thickness further supports
the concept of generation of ballistic charge carriers by the metal for-
mation process.

O 62.4 Fri 12:00 SCH A01
State resolved measurements of photodesorbed NO from Ag
(111) surface — •Daniel Mulugeta1, Kazuo Watanabe1, Di-
etrich Menzel1,2, and Hans-Joachim Freund1 — 1Fritz-Haber-
Institute der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin
— 2Physik-Department E20, Technische Universität München, 85747
Garching

The distribution of energy over the various degrees of freedom of pho-
todesorbed molecules contains important information about the dy-
namics of the desorption event. We have performed state resolved
(translation, rotation, vibration) measurements of NO photodesorbed
from (NO)2 adsorbed on Ag (111) at 60 K by nanosecond laser pulses
(2.3, 3.5 or 4.7 eV) by using (1+1) resonant multiphoton ionization
(REMPI) via the A2Σ ←X2Π transition. Both thermal and non-

thermal components are observed in state selective time of flight mea-
surements. Rotational and vibration temperatures of about 430 K and
710 K, respectively, were found for NO photodesorbed with a velocity
of about 960 m/s, regardless of the photon energy used. The transla-
tional energy distributions did not show major change with vibrational
excitations. By contrast, the translational temperature showed a sys-
tematic increase with increasing rotational excitation. The results are
interpreted in terms of an excitation-deexcitation mechanism via tran-
sient negative ions.

O 62.5 Fri 12:15 SCH A01
Direct photochemical formation of N2 from NO dimers on
cold Ag(111) — •Ki Hyun Kim1, Kazuo Watanabe1, Dietrich
Menzel1,2, and Hans-Joachim Freund1 — 1Fritz-Haber-Institut der
Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany —
2Technische Universität München, 85747 Garching, Germany

Direct photochemical formation of N2 has been identified for the first
time in photoreactions of (NO)2 adsorbed on Ag(111) at ∼ 30 K, in-
duced by UV and visible light. Mass selected time-of-flight signals of
N2, N2O, and NO formed from (NO)2 on Ag(111) by irradiating with
2.3, 3.5 and 4.7 eV laser beams (Nd:YAG laser) were measured. The
results show that the translational temperature of the N2 formed from
(NO)2 on Ag(111) is ∼ 5700 K, while those of photodesorbed N2O
and NO are ∼ 1200 and 770 K, respectively, independent of incident
photon energy. On the other hand the translational temperature of N2

formed from adsorbed N2O on Ag(111) is only ∼ 1400 K, i.e. much
lower than that of N2 formed from (NO)2.

We propose that the formation of fast N2 from (NO)2 on Ag(111)
occurs via simultaneous cleavage of the two N-O bonds followed by the
formation of an N-N triple bond of N2, and can be regarded as mutual
abstraction of the N atom from each nitrosyl in (NO)2. The Ag sur-
face reduces the N-N bond length of (NO)2 to enable the formation
of N2 as well as of N2O; furthermore, the equilibrium surface distance
of (NO)2 is considerably shorter than that of N2 which leads to the
latter’s high kinetic energy.

O 62.6 Fri 12:30 SCH A01
Adsorption of Methanol on Ru(0001) — •Pawel Gazdzicki and
Peter Jakob — Fachbereich Physik, Philipps-Universität Marburg,
D-35032 Marburg, Germany

Infrared Absorption Spectroscopy was used to study the adsorption
and reaction of methanol on Ru(0001). From the vibrational modes
of the isotopes CH3OH and CH3OD clear evidence for intact adsorp-
tion at T = 80 K has been found. This finding contradicts previous
studies which suggested an OH (OD) bond scission upon adsorption of
methanol even at low temperatures as well as recombinative desorption
at elevated T . Our conclusion is based on isotopic shifts of vibrational
modes associated with the OH (OD) group of adsorbed CH3OH and
CH3OD, respectively. The findings are corroborated by TPD exper-
iments of CH3OH with coadsorbed D on Ru(0001). While clearly
showing desorption of CH3OH, no desorption of CH3OD caused by
the recombination of dissociated CH3OH and D was observed. At low
coverages (< 0.1 ML) we suggest the presence of isolated methanol
molecules which begin to cluster with increasing density by build-
ing hydrogen bonds. This clustering was also observed after anneal-
ing a low coverage methanol layer up to 100-120 K. At temperatures
T = 170-200 K CH3OH decomposes (O-H bond cleavage) to form an
upright methoxy species (CH3O). The final reaction products are CO
and H which are formed at T > 220 K.

In comparison, CH3OH adsorbed on pseudomorphic Cu/Ru(0001)
produces the same species as on Ru(0001). Yet, the temperature range
of the methoxy species is significantly larger, i.e. 200-300 K.

O 62.7 Fri 12:45 SCH A01
A new transferable method to calculate electronic excitations
in adsorption on metal surfaces — •Matthias Timmer and Peter
Kratzer — Fachbereich Physik - Theoretische Physik and Centre for
Nanointegration (CeNIDE), Universitaet Duisburg-Essen, Lotharstr.
1, 47048 Duisburg, Germany

Non-adiabatic effects in adsorption on metal surfaces include the exci-
tation of electrons and holes, which can be observed as chemicurrents.
We present a new quantitative method on the basis of ground-state
density-functional theory (DFT) to calculate these excitation probabil-
ities. The method uses first-order time-dependent perturbation theory,
which is implemented using the evaluation of matrix elements between
Kohn-Sham states of the rate of change of the Kohn-Sham potential
between subsequent static DFT calculations. We can access the exci-
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tation spectra directly. The method is applied to adsorption of atomic
hydrogen isotopes on-top the Al(111) surface. Results can explain the
experimental data for noble metal surfaces; in particular the observed
isotope effect in H versus D adsorption is described. Moreover, the
results are in quantitative agreement with computationally expensive
calculations of the full dynamics within time-dependent DFT, with the

notable exception of effects due to spin dynamics.
The method presented is simple enough to be applied to a wide

class of adsorbates and surfaces, while at the same time allowing us
to extract system-specific information. It can be implemented with
reasonable effort within existing DFT codes [1].

[1] http://arXiv.org/abs/0810.5248

O 63: Semiconductor substrates: Adsorption

Time: Friday 11:15–13:00 Location: SCH A118

O 63.1 Fri 11:15 SCH A118
Magnetic Molecules on GaN Studied by Low Temperature
STM — •Kendal Clark, Danda Acharya, Violeta Iancu, Erdung
Lu, Arthur Smith, and Saw-Wai Hla — Ohio University, Physics and
Astronomy Department, Athens, Ohio 45701, USA.

Spin electron interactions involving magnetic molecules and semicon-
ductor surfaces are of great interest for the development of molecular
spintronic devices. Due to its wide range of applications, GaN (0001)
surface has received a special attention for the development of novel
electronic devices. Here, we studied electronic and structural prop-
erties of TBrPP-Co molecules deposited on a freshly grown nitrogen
polar GaN (0001) surface using a scanning tunneling microscopy and
spectroscopy at 4.6 K under an ultra-high-vacuum condition. The
TBrPP-Co molecule has a spin-active cobalt atom caged at the center
of porphyrin unit and four bromo-phenyl groups are attached to its
four corners. On GaN(0001), the molecules bind the surface through
the bromo-phenyl units and form a saddle conformation, in which the
central part of the molecule is bent by lifting the two pyrrole units of
the porphyrin macrocycle. The molecules self-assemble and formed
ordered clusters on GaN(0001) surface. Within the self-assembled
molecular clusters, the molecules are aligned either parallel or 90 de-
gree rotated to each other. In the presentation, we will discuss the
spin-electron coupling of this molecule-surface system. This work is
supported by the Ohio University BNNT, National Science Founda-
tion NSF-DMR 0304314, NSF-PIRE: OISE 0730257, NSF-EMT: CCF-
0622158, and the United States Department of Energy, DE-FG02-
02ER46012 grants.

O 63.2 Fri 11:30 SCH A118
Self assembled organic monolayers on silicon carbide —
•Marco Hoeb, Ian D. Sharp, Carlos A. Diaz Alvarez, Sebastian
Schoell, Martin Stutzmann, and Martin S. Brandt — Walter
Schottky Institut, Technische Universität München, Am Coulombwall
3, 85748 Garching, Germany

Because of its remarkable properties such as its biocompatibility or
the possibility of bandgap engineering using its different polytypes,
silicon carbide (SiC) is a promising substrate material for applications
in the field of biosensors. One requirement for stable biosensors based
on organic-inorganic hybrids is a covalent attachment of functional or-
ganic layers to the semiconductor surface. Here, we demonstrate high
quality monolayers of 1-octadecene (C18H36) on both Si- and C-polar
6H-SiC surfaces. Organic monolayer self-assembly in the well-known
case of silicon is typically achieved via hydrosilylation, a process where
a hydrogen-terminated surface is required. The double-bonded carbon
atom of the alkane directly attaches to the silicon surface and results
in a Si-C bond. In contrast, SiC surfaces are OH-terminated following
etching in hydrofluoric acid and are, therefore, in principle not appro-
priate for this reaction. Nevertheless, the hydroxylated surfaces form
dense and chemically stable alkene layers on both crystal faces. We
show by X-ray photoelectron spectroscopy (XPS) and Fourier trans-
form infrared (FTIR) spectroscopy that the bridging between the or-
ganic molecule and SiC occurs via an oxygen atom that is not present
in the case of hydrosilylated silicon. We discuss this reaction in the
framework of Markownikow addition.

O 63.3 Fri 11:45 SCH A118
Long-lived excitonic desorption of NO from C60/Cu(111)
— Tim Hoger and •Helmut Zacharias — Westfälische Wilhelms-
Universität Münster

The desorption of NO molecules from a C60/Cu(111) surface is ini-
tiated by a 7 ns UV laser pulse (355 nm). The NO molecules are
rotational state selectively detected by a frequency-doubled dye-laser
(226 nm) by (1+1) REMPI. In a TOF mass spectrometer the arrival

time spectrum shows two channels, one fast direct one and a slow one.
This is confirmed by measuring directly the velocity distribution of
the desorbing NO. The fast channel refers to a DIET process with
a hot rotational distribution and a moderate vibrational excitation
with a strong rotational-translational coupling. In the slow channel
the velocity distribution does not depend on the particular detection
time after initiating the desorption by the 355 nm pump pulse. The
recorded velocities are further faster than expected from the detection
time. It is thus concluded that the desorption occurs time-delayed
with respect to the excitation. The lifetime of this excitation can be
estimated to approximately 125 µs, in good agreement with lifetimes
of triplet excitons in C60. Triplet excitonic states in C60 are possible
energy reservoirs for this desorption.

O 63.4 Fri 12:00 SCH A118
STM study of the adsorption of coronene on Si(111)-(7x7) —
•Jesus Martinez-Blanco, Max Klingsporn, and Karsten Horn —
Fritz Haber Institut, Berlin, Germany

The adsorption of organic molecules on silicon surfaces is of inter-
est in the control of their preparation and processing for applications
in device fabrication. The (7x7) reconstructed silicon (111) surface
presents a rich array of electronically inequivalent reaction sites, due
to its unique electronic properties of reactive adatoms, rest atoms,
and corner holes on the surface, which has been investigated with re-
spect to molecular adsorption, and provides a rich playground. Here
we report on the adsorption of coronene (C24H12) on the Si(111)-
(7x7) surface. Coronene is a polycyclic aromatic hydrocarbon (PAH)
consisting of seven peri-fused benzene rings. We use Scanning Tun-
neling Microscopy (STM) to investigate the local long range struc-
ture. Upon room temperature adsorption, we find that the coronene
molecules preferentially adsorb on the unfaulted half of the 7x7 unit
cell. Molecules adsorbed on different sites can be induced to move to
the preferential sites by the action of the tip in repeated image scans.
Imaging of the molecules is strongly bias dependent, and also critically
depends on the adsorption site. We discuss the structure of coronene
on Si(111)-(7x7) on the basis of our data and in comparison with STM
studies of coronene on the Si(001)-(2x1) surface where long range order
is not observed.

O 63.5 Fri 12:15 SCH A118
Site-selective reactivity of ethylene on hydrogen pre-covered
Si(001) — •Gerson Mette1, Michael Dürr1,2, and Ulrich
Höfer1 — 1Fachbereich Physik und Zentrum für Materialwis-
senschaften, Philipps-Universität Marburg, D-35032 Marburg —
2Fakultät Angewandte Naturwissenschaften, Hochschule Esslingen, D-
73728 Esslingen

The reactivity of a semiconductor surface is expected to correlate not
only with the concentration of dangling bonds but also with the lo-
cal electronic properties of the dangling-bond states. For H2 disso-
ciation on Si(001), a strongly activated process, site-selective reac-
tivity at locally distorted configurations was demonstrated, e.g. by
pre-adsorption of atomic hydrogen [1]. In this study, site-selective ad-
sorption of ethylene on Si(001) has been investigated by means of STM.
Two ethylene adsorption geometries were found on clean Si(001) with
ethylene adsorbed on one and two dimers, respectively. Distortion of
the electronic configuration by pre-adsorption of atomic hydrogen is
found to increase the reactivity of the two-dimer adsorption site by a
factor of 50. Thus, locally distorted dangling-bond configurations show
site-selective reactivity also in the case of barrierless, non-dissociative
adsorption of an organic molecule. The results are discussed with re-
spect to a precursor mediated adsorption pathway and the control of
the adsorption barrier between precursor and chemisorbed state.
[1] M. Dürr and U. Höfer, Surf. Sci. Rep. 61, 465 (2006)
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O 63.6 Fri 12:30 SCH A118
XPD-Measurement of the Si/SiO2-interface on Si(110) —
•Tobias Lühr1,2, Daniel Weier1,2, Frank Schönbohm1,2, Sven
Döring1,2, Ulf Berges1,2, and Carsten Westphal1,2 — 1Fakultät
Physik - Technische Universität Dortmund, Otto-Hahn-Str. 4, D 44221
Dortmund, Germany — 2DELTA - Technische Universität Dortmund,
Maria-Goeppert-Mayer-Str. 2, D 44227 Dortmund, Germany

In the past, the investigation of the silicon (100) surface was in the
center of many research activities. However, the structure of the in-
terface for the Si(110)-surface is still unknown. In order to determine
the structure of the oxidized Si(110)-surface XPS and angle-scanned
XPD experiments were conducted. The experiments were performed at
the synchrotron storage ring DELTA (Dortmund). In order to investi-
gate the interface structure, we recorded high resolution photoemission
spectra of the Si 2p signal with a photon energy of hν = 180eV. The
spectra contain seven components which correspond to photoemission
from emitters located in the interface region and in the bulk. Polar
angle depending intensity plots of the recorded signals reveal the rel-
ative positions of their respective emitters in the interface. The Si1+

and Si2+ components are located in the same layer close to the bulk.
The Si4+ atoms are part of the silicon oxide film at the surface. The
diffraction patterns clearly indicate a crystalline interface structure be-
low the amorphous SiO2-layer. In order to determine the structure it is
necessary to compare the experimental diffraction patterns with sim-
ulated XPD-patterns for structure models. A genetic algorithm was
developed for the structure model optimization.

O 63.7 Fri 12:45 SCH A118
Interaction of as-grown InN(0001) surfaces with oxygen —
•Anja Eisenhardt, Marcel Himmerlich, Juergen A. Schaefer,
and Stefan Krischok — Institut für Physik and Institut für Mikro-
und Nanotechnologien, TU Ilmenau, P.O. Box 100565, 98684 Ilmenau,
Germany

The interaction of oxygen with clean (2x2) reconstructed InN(0001)
surfaces is investigated by in-situ photoelectron spectroscopy (XPS,
UPS). InN thin films were grown by plasma assisted molecular beam
epitaxy. Directly following the growth an in-situ characterization of the
pure InN samples as well as the investigation of the oxidation of the
non-contaminated surfaces without any preparation was performed.
Differences between the core levels as well as the valence band spectra
of the clean in-situ grown and the oxygen treated InN samples will be
presented. The comparison of the valence band structure shows the
appearance of two electronic structures at 5.2 eV and 10.3 eV that can
be assigned to oxygen adsorbates due to the impurity-free precondi-
tions. Furthermore, the oxygen exposure leads to the disappearance
of the InN(0001)-(2x2) surface reconstruction as well as the related
surface state close to the Fermi level. This can be explained by the
distortion of the (2x2) adatom reconstruction. In XPS two different
states are observed in the O1s emission. Based on the detected chemi-
cal shifts, the chemical state of the adsorbed oxygen will be discussed.
Furthermore, the oxidation has only minor influence on the position
of the valence band maximum and the work function.

O 64: Metal substrates: Adsorption of inorganic molecules

Time: Friday 11:15–12:45 Location: SCH A215

O 64.1 Fri 11:15 SCH A215
Angle Resolved Photoelectron Distribution of the 1π Reso-
nance of CO/Pt(111) — •Thorben Haarlammert1, Sebastian
Wegner1, Grigorius Tsilimis1, Helmut Zacharias1 und Alexan-
der Golovin2 — 1Physikalisches Institut, Westfälische Wilhelms Uni-
versität, Münster — 2Institute of Physics, St. Petersburg State Uni-
versity

The CO 1π level of a c(4x2)-2CO / Pt(111) reconstruction shows a
significant resonance when varying the photon energy between hν=23
eV and hν=48 eV. This resonance has not been observed in gas phase
measurements or on the Pt(110) surface. To investigate the photoelec-
tron distribution of the 1π level High Harmonic Radiaton has been
used. By conversion in rare gases like Argon, Neon, or Helium photon
energies of up to 100 eV have been generated at repetition rates of up
to 10 kHz. The single Harmonics have been separated and focused by
a toroidal grating and directed to the sample surface. A time-of-flight
detector with multiple anodes registers the kinetic energies of the emit-
ted photoelectrons and enables the simultaneous detection of multiple
emission angles.

The angular distributions of photoelectrons emitted from the CO
1π level have been measured for a variety of initial photon energies.
Further the angular distributions of the CO 1π level photoelectrons
emitted from a CO-Pt7 cluster have been calculated using the MSXα-
Method which shows good agreement with the experimental data.

O 64.2 Fri 11:30 SCH A215
Coadsorption of CO and hydrogen on PtRu/Ru(0001) sur-
face alloys — •Thomas Diemant1, Joachim Bansmann1, Hubert
Rauscher1,2, and R. Juergen Behm1 — 1Institute of Surface Chem-
istry and Catalysis, Ulm University, D-89069 Ulm, Germany —
2Institute for Health and Consumer Protection, Joint Research Centre,
European Commission, I-21020 Ispra (VA), Italy

Due to their superior CO tolerance, bimetallic platinum-ruthenium
catalysts are one of the most promising materials for the anodic hy-
drogen oxidation reaction in low-temperature polymer electrolyte fuel
cells in the presence of small CO amounts. Therefore, the study of
the adsorption properties of PtRu systems is of high interest. We have
investigated the coadsorption of CO and hydrogen on PtRu/Ru(0001)
surface alloy model systems by TPD and IR spectroscopy under UHV
conditions. While hydrogen adsorption on the bimetallic surface al-
loys is already weakened in the absence of CO compared to the case
of unmodified Ru(0001) [1], the addition of CO to the surface leads
to a further significant weakening of hydrogen adsorption, caused by

the repulsive interaction between the adsorbed species. Furthermore,
post-adsorbed CO displaces hydrogen to energetically less favourable
Pt-rich adsorption sites. The implications of our results for fuel cell
applications will be discussed.

[1] T. Diemant et al., J. Phys. Chem. C 112 (2008) 8381.

O 64.3 Fri 11:45 SCH A215
Interaction of CO with PdAg/Pd(111) surface alloys — Yun-
sheng Ma, •Joachim Bansmann, Thomas Diemant, Albert Engst-
feld, Harry Hoster, and Behm Behm — Institute of Surface Chem-
istry and Catalysis, Ulm University, D-89069 Ulm

The surface composition, distribution of different Pd ensembles and
adsorption properties of PdAg/Pd(111) surface alloys have been in-
vestigated by Scanning Tunneling Microscopy (STM), Temperature
Programmed Desorption (TPD) and High Resolution Electron Energy
Loss Spectroscopy (HREELS) using CO as a probe molecule. The
statistical analysis of atomic resolution STM images with chemical
contrast reveals a nearly random distribution of the surface atoms on
PdAg/Pd(111) surface alloys. The presence of Ag on the surface first
suppresses the adsorption of CO on the preferred Pd threefold-hollow
sites. For these sites, the adsorption energy does not change for small
Ag coverages, indicative for a geometric (ensemble) effect. With in-
creasing Ag surface concentration, CO mostly adsorbs on bridge sites
of Pd dimers and top sites of Pd monomers surrounded by Ag atoms.
At higher CO coverage, a transition of CO adsorption from bridge to
top sites occurs on Pd dimers to accommodate more CO molecules,
similar to the case on PdAu/Pd(111) surface alloys [1].

[1] M. Ruff et al., ChemPhysChem 8 (2007) 2068.

O 64.4 Fri 12:00 SCH A215
CO adsorption on bimetallic PtRu/Ru(0001) surfaces - the
influence of surface structure — •Heinrich Hartmann, Thomas
Diemant, Joachim Bansmann, and R. Juergen Behm — Institute
of Surface Chemistry and Catalysis, Ulm University, D-89069 Ulm,
Germany

To study the influence of the surface structure on the adsorption prop-
erties of PtRu/Ru(0001) surfaces, two types of bimetallic model sys-
tems with significantly different surface structure were prepared and
studied by a combination of TPD and IR spectroscopy using CO and
deuterium as probe molecules. While the first type of surface, a sub-
monolayer Pt film on Ru(0001), shows Pt islands on the Ru substrate,
the second type is a PtRu surface alloy with an almost random dis-
tribution of the components in the surface layer. For both surface
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types, a marked weakening of the adsorption strength of both CO and
deuterium is evidenced by TPD experiments. While the CO TPD mea-
surements show only minor differences for the two surface types, the
surface structure has a clear influence on the D2 TPD spectra, which
is most pronounced for intermediate Pt concentrations. These results
demonstrate the special importance of ensemble effects for deuterium
adsorption, where mixed threefold adsorption ensembles are occupied,
while such effects are absent for CO with exclusive adsorption in on-
top sites. For CO, the influence of ligand and strain effects for the CO
adsorption on the bimetallic surfaces will be discussed.

O 64.5 Fri 12:15 SCH A215
Ordered Iodine Adsorption as Fingerprint of (111) Orienta-
tion of Pt Thin Films — •Björn Braunschweig, Alexej Mitin,
and Winfried Daum — Institut für Physik und Physikalische Tech-
nologien, TU Clausthal, Leibnizstrasse 4, D-38678 Clausthal-Zellerfeld

Well-ordered Pt films deposited on re-usable substrates find applica-
tions such as inexpensive replacements for bulk single crystals or ul-
trathin transparent electrodes for spectro-electrochemical applications.
While morphological properties of such films - roughness, atomic steps
and spatial extent of atomically flat terraces - are easily imaged with
the STM, atomic resolution of the Pt surface is often not attainable un-
der environmental conditions. We demonstrate that the atomic surface
structure of (111)-oriented Pt thin films deposited on α-Al2O3(0001)
substrates is clearly revealed after adsorption of ordered iodine adlay-
ers. In comparative STM studies with Pt thin films and with (111)-
oriented bulk single crystals we observed the same coexisting (4×3

√
3)

and (
√

43 ×
√

43) iodine superstructures which indicates that our Pt
films are highly ordered and (111)-oriented.

O 64.6 Fri 12:30 SCH A215
Monte-Carlo lattice gas simulation of adsorption and desorp-
tion at disordered surface alloys — •Markus Mauksch1, An-
dreas Bergbreiter1, Harry E. Hoster1, Yoshihiro Gohda2, Axel
Groß2, and R. Jürgen Behm1 — 1Institute of Surface Chemistry and
Catalysis, Ulm University, D-89069 Ulm — 2Institute of Theoretical
Chemistry, Ulm University, D-89069 Ulm

The atom distribution in disordered surface alloys like
PtRu/Ru(0001)or PdAg/Pd(111) is known from STM imaging with
chemical contrast. The interaction of model adsorbates like Had or CO
with many of these surfaces were probed by thermal desorption and in-
frared spectroscopy [1]. Based on experimentally determined atom dis-
tributions in the surface alloys, we will model the adsorption properties
of selected systems by lattice gas Monte-Carlo simulations including
(i) site-specific molecule-substrate, (ii) molecule-molecule interaction
energies and (iii) site-specific vibrational entropy [2]. Where available,
molecule-substrate interactions are derived from DFT results, in other
cases they are fitted to experimental data. The molecule-molecule in-
teractions and site specific entropies are assumed to be close to those
for Pt(111) [2] and Ru(0001) [3].

[1] H. Rauscher et al., Surf.Sci. 601 (2007) 4608.
[2] J.-S. McEwen et al., Surf.Sci. 545 (2003) 47.
[3] J.-S. McEwen et al., J.Chem.Phys. 126 (2007) 094701.

O 65: Time-resolved spectroscopies III

Time: Friday 11:15–13:00 Location: SCH A315

O 65.1 Fri 11:15 SCH A315
Transient electronic structure and melting of a charge den-
sity wave in TbTe3 — F. Schmitt1, P. S. Kirchmann2, •U.
Bovensiepen2, R. G. Moore1,3, L. Rettig2, M. Krenz2, J.-H.
Chu1, N. Ru1, L. Perfetti2, D. H. Lu3, M. Wolf2, and Z.-X.
Shen1,3 — 1Stanford University, Department of Applied Physics,
USA — 2Freie Universität Berlin, Fachbereich Physik, Germany —
3Stanford Synchrotron Radiation Laboratory, USA

Obtaining insight into cooperative effects is fascinating because,
through self-coordination and collectivity, they can lead to instabilities
with macroscopic impacts like phase transitions. The responsible inter-
actions are of particular interest to understand these phenomena. We
used femtosecond time- and angle-resolved photoelectron spectroscopy
to analyze the electronic structure of the quasi-1D charge density wave
(CDW) material TbTe3 which exhibits an energy gap at the Fermi sur-
face along the nesting direction. A Te derived mode at 3.6 THz can
be monitored by binding energy variations at all electron momenta,
incident fluence F , and temperatures (T=100, 300K). A second mode
at 2.3 THz is found only at low T and F , and exclusively at the Fermi
surface. For higher F=2 mJ/cm2 we find after 100 fs a closing of
the energy gap and a recurrence of quasi-free electron like dispersion
crossing the Fermi surface. This indicates unambiguously an ultrafast
melting of the CDW state and identifies the 2.3 THz mode as the CDW
amplitude mode. We expect that the information which is accessible
with trARPES will greatly enhance the understanding of materials
exhibiting cooperative phenomena.

O 65.2 Fri 11:30 SCH A315
Ultrafast dynamics in Silicon studied at FLASH —
•Martin Beye1, Alexander Föhlisch1, Florian Sorgenfrei1,
Bill Schlotter1, Torben Beeck1, Annette Pietzsch2, Franz
Hennies2, and Wilfried Wurth1 — 1Department Physik, Univer-
sität Hamburg, Deutschland — 2MAX-lab, Lund, Sweden

Soft X-ray spectroscopies at new light sources like the free electron
LASER at Hamburg (FLASH), which provide pulses of some tens of
fs length with unrivaled brilliances, provide new tools for the element
specific analysis of ultrafast processes resolving local and long range
symmetries. We present measurements on crystalline Silicon unravel-
ing timescales of electronic and nuclear processes after specific excita-
tions.

We either use an optical pump laser or the XUV pulses from FLASH
to excite phonons, valence or core electrons, respectively. Their tempo-

ral evolution is tracked via X-ray emission spectroscopy of Silicon in-
duced by variably delayed FLASH pulses. This shows the dynamics of
the electronic system, resolves temporal changes in the bandstructure,
in the electron distribution and of the orbital and crystal momentum.

Using the optical laser as a probe instead, we are sensitive to changes
in the electronic structure around the bandgap and the long range
structure of the crystal itself. We track those changes after X-ray exci-
tation and their decay via different cascading electronic and phononic
processes by analyzing transient reflectivity changes.

We acknowledge financial support from the BMBF priority program
FSP301: ”FLASH”and the GrK 1355 ”Physics with new coherent light
sources”

O 65.3 Fri 11:45 SCH A315
Femtosecond melting of orbital order in magnetite —
•Niko Pontius1, Torsten Kachel1, Hermann A. Dürr1, Chris-
tian Schüßler-Langeheine2, Bill Schlotter3, Martin Beye3,
Alexander Föhlisch3, and Wilfried Wurth3 — 1Helmholtz-
Zentrum Berlin, BESSY II, Albert-Einstein-Str. 15, 12489 Berlin
— 2Physikalisches Institut, Universität zu Köln, Zülpicher Straße 77,
50937 Köln — 3Institut für Experimentalphysik, Universität Hamburg,
Luruper Chaussee 149, 22761 Hamburg

The Verwey transition in magnetite (Fe3O4), discovered by Verwey in
1939 [1], takes place at TV ≈120K and becomes manifest in a metal-to-
insulator transition as well as a structural phase transition, leading to
the appearance of superstructure x-ray diffraction peaks. Recent soft
x-ray diffration (RSXD) experiments confirm charge and orbital order
in the low temperature phase [2]. However, the microscopic origin of
the transition,is still controversial.

By using time-resolved RSXD we investigate the ”melting”of charge
and orbital order to get a more detailed insight into the driving forces
of the transition, in partitular the interplay of structural and electronic
degrees of freedom. The Verwey transition is induced from below TV

by absorbing an infrared fs-laser pulse. The subsequent temporal evo-
lution of the orbital order is probed by RSXD using fs x-ray pulses the
free electron laser FLASH in Hamburg.

[1] E.J.W. Verwey, Nature 144, 327-328 (1939)
[2] J. Schlappa et al. , Phys. Rev. Lett. 100, 026406 (2008)

O 65.4 Fri 12:00 SCH A315
Direct measurement of core-level relaxation dynamics on
a surface-adsorbate system — •Stefan Mathias1, Luis Miaja-
Avila2, Guido Saathoff3, Jing Yin2, Chan La-o-vorakiat2,
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Michael Bauer4, Martin Aeschlimann1, Margaret Murnane2,
and Henry Kapteyn2 — 1University of Kaiserslautern, 67663 Kaiser-
slautern, Germany — 2JILA and University of Colorado, Boulder,
Colorado, 80309, USA — 3Max-Planck-Institute of Quantum Optics,
85748 Garching, Germany — 4Universität Kiel, 24908 Kiel, Germany

Electronic coupling in surface/adsorbate systems, which occurs on ul-
trafast time scales in the low femto- to attosecond regime, is fundamen-
tal to the understanding of surface chemistry. However, the dynamics
of highly-excited adsorbate states have only been studied indirectly
to-date. In this work, we present the first direct time-resolved obser-
vation of the lifetime of a core-excited state of an atom adsorbed onto a
surface using high-harmonic generation (HHG) EUV light pulses. By
combining the laser-assisted photoelectric effect (LAPE) on surfaces
[1,2] with laser-assisted Auger decay on an adsorbate/surface system,
we directly measure the lifetime of the 4d−1 core level of Xenon on
Pt(111) to be 7 ± 1 fs [3]. This result opens up time domain measure-
ments of highly-excited state dynamics in materials systems where,
because of complex interactions, energy-resolved measurements pro-
vide incomplete information.

[1] L. Miaja-Avila et al., Phys. Rev. Lett. 97, 113604 (2006)
[2] G. Saathoff et al., Phys. Rev. A 77, 022903 (2008)
[3] L. Miaja-Avila et al., Phys. Rev. Lett. 101, 046101 (2008)

O 65.5 Fri 12:15 SCH A315
Ultrafast dynamics in the 1T-TiSe2 transition-metal dichalco-
genide in the vicinity of the CDW phase transition — •Martin
Wiesenmayer1, Stephan Hilgenfeldt1, Stefan Mathias2, Timm
Rohwer1, and Michael Bauer1 — 1Institut für Experimentelle
und Angewandte Physik, Universität Kiel, 24098 Kiel, Germany —
2Department of Physics, TU Kaiserslautern, 67663 Kaiserslautern,
Germany

The layered transition metal dichalcogenides (TMDC) have attracted
considerable attention in the past due to a wide range of phenomena as-
sociated with their reduced dimensionality, such as charge density wave
(CDW) instabilities and enhanced correlation effects. In this paper we
report on a two-photon photoemission study of the TMDC compound
1T-TiSe2. Static 2PPE measurements reveal a strong quenching of
the signal of the occupied Se 4p bands as the incident laser intensity
increases. We find that the characteristic timescales associated with
this quenching lie in the femtosecond to picosecond range, indicating
the involvement and relevance of electronic excitations. Furthermore,
the experiments show clear differences in the quenching behavior be-
tween the normal and the CDW state of 1T-TiSe2. Our results will
be discussed under consideration of the highly disputed mechanism for
the CDW transition of this compound.

O 65.6 Fri 12:30 SCH A315

Kinetic Approach for Laser-excited Solids — •Banaz Omar and
Baerbel Rethfeld — Technical University of Kaiserslautern, Depart-
ment of Physics, Erwin Schroedinger Str. 46, D-67663 Kaiserslautern,
Germany.

The microscopic dynamical processes for ultrashort laser-excited solids
have been investigated theoretically. The transient non-equilibrium
evolution of electron distribution function due to excitation and the
subsequent thermalization of the free electrons, as well as the dynamics
of phonons are studied in metals. The microscopic collision processes,
such as inverse bremsstrahlung absorption, electron-electron collision
and electron-phonon interaction are considered in the collision terms
of Boltzmann equation [1]. We apply our kinetic approach to the case
of gold by taking the total electron density of states into account. A
free-electron like conduction band is considered in the d-band, which
lies within the conduction band at about 2.5 eV below the Fermi sur-
face. In the case of dielectrics, impact ionization and multi-photon
ionization generate free electrons in the conduction band and holes in
the valance band. Intense short laser-pulse change a cold solid to a
hot dense plasma. With increasing free electron density a dynamical
collision frequency is required for quasi-particle collisions.

[1] B. Rethfeld, A. Kaiser, M. Vicanek, and G. Simon, Phys. Rev.
B 65, 214303 (2002)

O 65.7 Fri 12:45 SCH A315
Spectroscopy and dynamics of a surface-switchable phthalo-
cyanine — •Nils Heinemann, Oleksiy Andreyev, Till Leißner,
Timm Rohwer, and Michael Bauer — Institut für Experimentelle
und Angewandte Physik, Christian-Albrechts-Universität Kiel

Molecular switching is a highly topical research field driven for instance
by potential applications in molecular electronics.

The non-planar (shuttlecock-shaped) tin-phthalocyanine (SnPc) can
adsorb in two different orientations on a surface due to its geometry.
Wang et al. have demonstrated, that it is possible to induce a switch-
ing between these geometries with the tip of a scanning tunnelling
microscope [1].

We present a two photon photoemission (2PPE) study of SnPc on
Ag(111) suggesting the possibility of light-induced switching. The
electronic structure of the adsorbate has been investigated and laser-
induced, intensity dependent changes in the characteristic 2PPE spec-
tra have been observed. We interpret this observation as a transient
modification of the adsorbed molecules. Time-resolved 2PPE measure-
ments show, that the characteristic relaxation dynamics take place on
a femto- to picosecond time scale.

[1] Y. Wang, J. Kröger, R. Berndt, W. Hofer, Probing structural and
electronic properties of ultrathin SnPc films on Ag(111) at the single
molecule level, Angewandte Chemie (2008) (accepted)

O 66: Organic, polymeric, biomolecular films – also with absorbates II

Time: Friday 11:15–12:45 Location: SCH A316

O 66.1 Fri 11:15 SCH A316
In-situ infrared spectroscopic ellipsometry of the solid-liquid
interface of mixed polymer brushes — •Dennis Aulich1,
Eva Bittrich2, Petra Uhlmann2, Igor Luzinov3, Olha Hoy3,
Klaus-Jochen Eichhorn2, Manfred Stamm2, Norbert Esser1, and
Karsten Hinrichs1 — 1ISAS - Institute for Analytical Sciences,
Albert-Einstein-Str. 9, 12489 Berlin — 2Leibniz-Institut für Polymer-
forschung Dresden e.V., Hohe Str. 6, 01069 Dresden — 3Clemson
University, 29634-0971, USA

For the control of protein adsorption, wettability and adhesion, func-
tional surfaces based on ultrathin organic films attract more and more
interests. Very promising representatives of functional surfaces are
mixed polymer brushes. These polymer layers offer the possibility to
switch the surface properties e.g. from a protein-repelling to a protein-
adsorbing behaviour as a response to external stimuli like solvents, pH
or temperature. In order to understand the complex mechanisms of
surface functionalization and modification, the single mechanisms like
switching of polymer brushes and the adsorption of protein layers have
to be well understood. In our recent work we studied the selected
mechanisms in-situ with infrared spectroscopic ellipsometry (IRSE).
The reversible pH dependent switching of mixed polymer brush sys-
tems and mono polymer brushes as well were investigated in-situ in

aqueous solutions [2,3]. References: [1] Hoy, O.; Zdyrko, B.; Aulich,
D. et al., PMSE Preprints, 99, 114-115, 2008; [2] Mikhaylova, Y.;
Ionov, L. et al., Anal. Chem. 79(20): 7676-7682, 2007; [3] Roodenko,
K.; Mikhaylova, et al., Appl. Phys. Lett. 92, 103102, 2008

O 66.2 Fri 11:30 SCH A316
Photothermal fabrication of nanopatterned thiol-based or-
ganic monolayers on gold substrates — •Mareike Mathieu, Al-
ice Hui, Eckart Hasselbrink, and Nils Hartmann — Fachbereich
Chemie, Universität Duisburg-Essen and Center for Nanointegration
Duisburg-Essen (CeNIDE), Universitätsstr. 5, 45141 Essen, Germany

In recent years nonlinear laser processing has been demonstrated as
a facile means for nanopatterning of silane-based organic monolayers
down to the sub 100 nm range [1,2]. Here we report on photothermal
patterning of thiol-based monolayers. Gold-coated silicon substrates
are functionalized with hexadecanethiol. Irradiation with a focused
beam of an argon ion laser operated at a wavelength of 514 nm allows
to locally remove the monolayer. Subsequently, the patterns are trans-
ferred into the gold film via selective etching in a ferri/ferrocyanide
solution. Despite an 1/e2 spot diameter of about 2.5 µm, structures
with lateral dimensions well below 500 nm are fabricated. The un-
derlying nonlinear dependence of the patterning process on the laser
intensity is traced back to the interplay between the laser-induced tran-
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sient local temperature rise and the thermally activated desorption of
the thiol molecules. A simple thermokinetic analysis of the data al-
lows to estimate effective kinetic parameters of the patterning process.
Respective values are in good agreement with data in the literature.

1. D. Dahlhaus, S. Franzka, E. Hasselbrink, N. Hartmann, Nano
Lett. 6 (2006) 2358.

2. N. Hartmann, S. Franzka, J. Koch, B. N. Chichkov, A. Ostendorf,
Appl. Phys. Lett. 92 (2008) 223111.

O 66.3 Fri 11:45 SCH A316
Laser-assisted chemical lithography via local photother-
mal functionalization of silane-based organic monolayers —
•Benjamin Klingebiel, Anja Schröter, and Nils Hartmann —
Fachbereich Chemie, Universität Duisburg-Essen (UDE) and Center
for Nanointegration Duisburg-Essen (CeNIDE), Universitätsstraße 5,
45117 Essen

Photochemical routines are widely recognized as a versatile means to
fabricate multifunctional patterned organic monolayers with laterally
alternating chemical terminations. The lateral resolution, in turn, usu-
ally is limited to the micrometer and submicrometer length scales. A
simple routine for nanopatterning of organic monolayers down to 100
nm and below relies on photothermal processes [1, 2]. For this purpose
a focused laser beam is used to locally heat the substrate and initiate
thermal decomposition of the monolayer. Here we report on a simple
photothermal procedure for direct functionalization of organic mono-
layers. Surface-oxidized silicon samples are coated with alkylsiloxane
monolayers. Local irradiation with a focused beam of an argon ion
laser at a wavelength of 514 nm in gaseous bromine allows for direct
functionalization of the monolayer. Mechanistic aspects and prospects
of photothermal routines in micro- and nanofabrication of multifunc-
tional organic monolayers are discussed.

1. D. Dahlhaus, S. Franzka, E. Hasselbrink, N. Hartmann, Nano
Lett. 6 (2006) 2358.

2. N. Hartmann, B. Klingebiel, T. Balgar, S. Franzka, E. Hassel-
brink, Appl. Phys. A 94 (2009) 95.

O 66.4 Fri 12:00 SCH A316
Infrared spectroscopic ellipsometry for characterization of
functionalized thin films — •D.M. Rosu1, G. Sun1, X. Zhang2, J.
Rappich2, J. Jones3, J.W.P. Hsu3, U. Schade4, N. Esser1, and K.
Hinrichs1 — 1Institute for Analytical Sciences, Albert-Einstein-Str.
9, 12489 Berlin, Germany — 2Helmholtz-Zentrum Berlin für Materi-
alien und Energie GmbH, Kekuléstrasse 5, 12489 Berlin, Germany —
3Sandia National Laboratories, Albuquerque, New Mexico 87185- 1120
— 4Helmholtz-Zentrum Berlin für Materialien und Energie GmbH,
Albert-Einstein-Str. 15, 12489 Berlin, Germany

Organic thin films present a high interest due to their potential use in
a large variaty of applications: biosensors, microelectronical and opti-
cal devices. In the current work Infrared Spectroscopic Ellipsometry
was used for chemical and structural characterisation of biofunctional
surfaces as well as for investigation of the lateral homogeneity of or-
ganic monolayers for GaAs hybrid diodes[1]. The samples were studied
using a lab FTIR ellipsometer and the FTIR synchrotron mapping el-
lipsometer located at the IR beamline at BESSY II[2]. The mapping
system enables investigation of heterogeneous samples with monolayer

sensitivity and a lateral resolution below 1 mm2. Besides the molecu-
lar identification, evaluation of the measured spectra with simulations
using optical layer models gives informations about thickness, homo-
geneity and orientation of the molecules.

[1] D.M. Rosu, et al., Langmuir, in print [2] M. Gensch, et al., In-
frared Phys. and Techn. 49 (1-2) (2006) 39-44

O 66.5 Fri 12:15 SCH A316
Magnetron sputtered hydrogenated (a-C:H) and oxygen
containing (a-C:O) amorphous carbon coatings: surface
characteristics, wettability and cell absorption behaviour
— •Friederike Danneil — Forschungszentrum Karlsruhe, Insti-
tut für Materialforschung I, Hermann-von-Helmholtz-Platz 1, 76344
Eggenstein-Leopoldshafen, Germany

Hydrogenated amorphous carbon (a-C:H) coatings are considered good
potential materials for biomedical applications. Hydrogen-free, oxy-
gen containing amorphous carbon (a-C:O) coatings exhibit promising
haemocompatible properties but have not yet been investigated very
detailed. The objective of this work is the characterization of the
surface characteristics, surface properties, wettability and haemocom-
patibility both of a-C:H and a-C:O coatings prepared by reactive d.c.
magnetron sputtering.

The coatings were deposited on Si wafer substrates by sputtering
a graphite target in a mixture of methane and argon (Ar+CH4) and
a mixture of oxygen and argon (Ar+O2), respectively. The reactive
gas fractions were systematically varied during the experiments. For
the surface characterization atomic force microscopy (AFM), Raman
spectroscopy and X-ray photoelectron spectroscopy (XPS) were ap-
plied. The surface free energy was determined by contact angle mea-
surements. A platelet adhesion test showed favourable behaviour of
the a-C:O coatings for blood-contacting applications.

O 66.6 Fri 12:30 SCH A316
Microscopic and fluorescence spectroscopic studies of or-
ganic molecules in contact to surfaces — •Heinrich Südmeyer1,
Franz-Josef Schmitt1, Joachim Börner1, Max Schoengen1,
Hans-Joachim Cappius2, and Hans Joachim Eichler1 — 1Institut
für Optik und Atomare Physik, Technische Universität Berlin, Strasse
des 17. Juni 135, 10623 Berlin — 2Laser- und Medizin-Technologie
GmbH, Fabeckstrasse 60 - 62, 14195 Berlin

Specific amino acids contained in proteins show autofluorescens if ex-
cited in UV. Therefore the use of fluorescence markers is not necessary
for high resolved fluorescence microscopy. On the other hand it is often
necessary to immobilize proteins. But the photophysical and biochem-
ical properties of organic molecules change due to surface contact. To
understand these properties the change of protein conformations due to
the surface contact must be analyzed. Combined microscopic and time
correlated single photon counting methods (TCSPC) are very promis-
ing because the fluorescence depends on the conformational structure
of the proteins and allows to analyze different quenching mechanisms.
With TCSPC energy transfer processes between neighbouring amino
acids, neighbouring molecules and between molecules and the surface
can be analyzed. Due to the fluorescence kinetics it is also possible to
separate the fluorescence of spectrally similar fluorescence emitters.

O 67: Ab-initio approaches to excitations in condensed matter III

Time: Friday 11:15–12:45 Location: SCH 251

O 67.1 Fri 11:15 SCH 251
Tackling localized d-states: a systematic investigation by
GW@LDA+U — •Hong Jiang1, Ricardo I. Gomez-Abal1,
Patrick Rinke2,1, and Matthias Scheffler1,2 — 1Fritz-Haber-
Institut der MPG, Berlin — 2University of California at Sant Barbara,
CA 93106

First-principles modeling of systems with localized d-states is currently
a great challenge in condensed matter physics. Density-functional the-
ory (DFT) in the standard local-density approximation (LDA) proves
to be problematic. This can be partly overcome by including local
Hubbard U corrections (LDA+U), but itinerant states are still treated
on the LDA level. Many-body perturbation theory in the GW ap-
proach offers both a quasiparticle perspective (appropriate for itiner-
ant states) and an exact treatment of exchange (appropriate for lo-

calized states), and is therefore promising for these systems. Here
we present a systematic investigation of the G0W0 method based on
LDA+U (G0W0@LDA+U) for a series of prototype systems: 1) ZnS
with semicore d-states, 2) ScN and TiO2 with empty d-states and 3)
late transition metal oxides (MnO, FeO, CoO and NiO) with partially
occupied d-states. We show that for ZnS, ScN and TiO2, the G0W0

band gap only weakly depends on U , but for the other transition metal
oxides the dependence on U is as strong as in LDA+U . These different
trends can be understood in terms of changes in the hybridization and
screening. Our work demonstrates that G0W0@LDA+U with “physi-
cal” values of U provides a balanced and accurate description of both
localized and itinerant states.

O 67.2 Fri 11:30 SCH 251
Spin-wave excitations in itinerant ferromagnets from
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many-body perturbation theory — •Ersoy Sasioglu1, Arno
Schindlmayr2, Christoph Friedrich1, and Stefan Blügel1 —
1Institut für Festkörperforschung and Institute for Advanced Sim-
ulation, Forschungszentrum Jülich, 52425 Jülich, Germany —
2Department Physik, Universität Paderborn, 33095 Paderborn, Ger-
many

To study excitation spectra of magnetic materials from first princi-
ples we have developed a computational scheme based on many-body
perturbation theory. The main quantity of interest is the dynamical
transverse spin susceptibility, from which magnetic excitations, includ-
ing single-particle spin-flip Stoner excitations and collective spin-wave
modes as well as their lifetimes, can be obtained. In order to describe
spin waves we include appropriate vertex corrections in the form of
a multiple-scattering T-matrix, which describes the coupling of elec-
trons and holes with different spin. To reduce the numerical cost for
the calculation of the four-point T-matrix we exploit a transformation
to maximally localized Wannier functions that takes advantage of the
short spatial range of electronic correlation in the partially filled d or
f orbitals of magnetic materials. Our implementation is based on the
full-potential linearized augmented plane-wave (FLAPW) method. As
an illustration, we present spin-wave spectra and dispersions for the
elementary ferromagnets Fe, Co and Ni calculated with our scheme.
The results are in good agreement with available experimental data.

O 67.3 Fri 11:45 SCH 251
All-electron GW calculations for SrTiO3, BaTiO3 and
PbTiO3 — Christoph Friedrich1, •Andreas Gierlich1, Arno
Schindlmayr2, and Stefan Blügel1 — 1Institut für Festkörper-
forschung and Institute for Advanced Simulation, Forschungszentrum
Jülich, 52425 Jülich, Germany — 2Department Physik, Universität
Paderborn, 33095 Paderborn, Germany

The GW approximation for the electronic self-energy, which com-
bines bare exchange with the dynamical screening of the many-electron
system within the random-phase approximation, yields quasiparticle
band structures in very good agreement with experiment. While
most implementations today employ the pseudopotential approxima-
tion, our recently developed realization (http://www.flapw.de/spex)
is based on the all-electron full-potential linearized augmented-plane-
wave (FLAPW) method, where core and valence electrons are treated
on the same footing. Within this method a large variety of ma-
terials can be treated, including d- and f -electron systems, oxides
and magnetic systems. In this work we present results for the per-
ovskite transition-metal oxides SrTiO3, BaTiO3 and PbTiO3, which
are widely used in technical applications. Their band gaps are diffi-
cult to measure experimentally and have been under debate for a long
time. Most ab initio studies so far were based on density-functional
theory and showed a strong underestimation of the band gap. Here we
present all-electron GW calculations that overcome this problem and
yield band gaps very close to the best experimental estimates.

O 67.4 Fri 12:00 SCH 251
Efficient all-electron GW calculations of complex semicon-
ductors — •Christoph Friedrich1, Arno Schindlmayr2, and Ste-
fan Blügel1 — 1Institut für Festkörperforschung and Institute for
Advanced Simulation, Forschungszentrum Jülich, 52425 Jülich, Ger-
many — 2Department Physik, Universität Paderborn, 33095 Pader-
born, Germany

The GW approximation for the electronic self-energy yields quasipar-
ticle band structures in very good agreement with experiment, but
almost all implementations so far are based on the pseudopotential

approach, which limits their range of applicability. We have devel-
oped an implementation (SPEX, http://www.flapw.de/spex/) within
the full-potential linearized augmented-plane-wave (FLAPW) method,
which treats core and valence electrons on an equal footing. Within
this method a large variety of materials can be treated, including d- and
f-electron systems, oxides and magnetic systems. Our implementation
employs a mixed product basis for the representation of wave-function
products in the interstitial and muffin-tin regions. A basis transforma-
tion to the eigenfunctions of the Coulomb potential allows a reduction
of the basis-set size without compromising the accuracy, thus leading to
a considerable speed-up in computation time. To demonstrate the effi-
ciency of the implementation we present results for complex semicon-
ductors. Financial support from the Deutsche Forschungsgemeinschaft
through the Priority Programme 1145 is gratefully acknowledged.

O 67.5 Fri 12:15 SCH 251
X-ray absorption spectra of ice and water: a first principles
study with the GW method — Xifan Wu1, Wei Chen2, and
•Roberto Car1,2 — 1Department of Chemistry, Princeton Univer-
sity, Princeton, USA — 2Department of Physics, Princeton University,
Princeton, USA

We calculated the X-ray absorption spectra of ice and liquid water by
adopting an approach based on the GW method to describe the excited
electron in presence of a frozen core hole. We used the static Coulomb-
hole and screened exchange approximation for the self-energy and used
Maximally Localized Wannier functions to make GW calculations fea-
sible in the large supercell needed to model a disordered system like
water. The calculated spectra considerably improve the agreement
with experiment, compared with previous DFT calculations. In par-
ticular, the three main features observed in experiments are well re-
produced in terms of position and intensity for both ice and water.
We also find that the difference between the ice and water spectra can
be understood in terms of the electronic structures of these systems,
manifested by a distorted, tetrahedral hydrogen bond network in the
liquid.

O 67.6 Fri 12:30 SCH 251
Electron-phonon coupling in graphite within the GW-
approximation — •Ludger Wirtz1, Michele Lazzeri2, Clau-
dio Attaccalite3, and Francesco Mauri2 — 1IEMN, Lille France
— 2IMPMC, University ”Pierre et Marie Curie”, Paris, France —
3European Theoretical Spectroscopy Facility, University of the Basque
Country, San Sebastian, Spain

A seemingly trivial thing such as the phonon dispersion of graphite
continues to present surprises. For most materials (both metals and
insulators), density-functional perturbation theory using LDA or GGA
gives phonon dispersions in close agreement with experimental results.
For graphene and graphite, however, there is a pronounced failure of
LDA and GGA for the highest optical phonon branch (HOB) around
the Kohn-anomaly at the high-symmetry point K. We evaluate the
electron-phonon coupling (EPC) between the pi-bands and the HOB in
the GW-approximation. Non-local exchange-correlation effects renor-
malize the square EPC by almost 80%. This almost doubles the slope
of the HOB around K and explains recent experimental results on
graphite-phonons using inelastic x-ray scattering and double-resonance
Raman spectroscopy. The short-coming of LDA and GGA may be par-
tially fixed by the use of hybrid-functionals such as B3LYP (which par-
tially contains exact Hartree-Fock exchange). The use of pure Hartree-
Fock, however, leads to an extremely strong EPC and consequently to
an instability of graphene under distortion along the HOB phonon.

O 68: Invited Talk (Klaus Heinz)

Time: Friday 13:30–14:15 Location: HSZ 02

Invited Talk O 68.1 Fri 13:30 HSZ 02
Surface Structure Analysis – Present Status and Future
— •Klaus Heinz — Lehrstuhl für Festkörperphysik, Universität
Erlangen-Nürnberg, Staudtstr. 7, 91058 Erlangen

The knowledge of the crystallographic structure of a surface, that is
the positions of atoms within a certain slab of a surface, is essential
for the quantitative understanding of its physical properties. Hereby,
the item ”surface”stands for clean and adsorbate covered surfaces as
well as interfaces, which all are crucial components of nanostructures.

The current status of surface crystallography is reviewed includ-
ing the limitations involved. Emphasis is on quantitative low-energy
diffraction (LEED) but the strength of other and competing methods
as, e.g., photoelectron diffraction (PED) and surface x-ray diffraction
(SXRD) is also illuminated. Today’s state of the art techniques which
use TensorLEED combined with structural search routines as well as
recent progress made by so called holographic-type direct methods or
the valuable use of Patterson-type maps will be described. It will also
be shown that a single method may be unable to resolve the (full)
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structure ore even to get only an idea about the proper model. In-
stead, the application of several methods can be necessary. These
include in particular scanning tunneling microscopy (STM) with its
real-space information and first-principles methods as density func-

tional theory (DFT) which minimizes the system’s energetics rather
than an R-factor. It will also be discussed whether or not crystallo-
graphic precision in the picometer range – which we are used to achieve
for simple structures – is necessary for complex structural phases.

O 69: Invited Talk (Martin Wolf)

Time: Friday 14:15–15:00 Location: HSZ 02

Invited Talk O 69.1 Fri 14:15 HSZ 02
Transient Electronic Structure and Insulator-to-Metal Tran-
sitions Probed by Time-resolved Photoemission Spectroscopy
— •Martin Wolf — Freie Universität Berlin, Dept. of Physics, Arn-
imallee 14, 14195 Berlin, Germany — Fritz-Haber-Institut d. MPG,
Faradayweg 4-6, 14195 Berlin, Germany

One of the basic questions in solid state physics is to understand why
a material behaves like an insulator or a metal. Systems with a half-
filled band are usually expected to be metallic, however, may undergo a
metal-to-insulator transition at low temperatures due to Peierls insta-
bilities (charge density wave (CDW) formation) or electron correlations
(Mott insulator). We use femtosecond time- and angle-resolved pho-
toelectron spectroscopy (trARPES) to optically excite and probe two

model systems, namely the Mott insulator 1T-TaS2 and the CDW com-
pound TbTe3, to investigate the dynamics of such insulator-to-metal
transitions directly in the time domain. In TaS2 photoexcitation by
an intense laser pulse leads to an ultrafast transition towards a gapless
phase which is accompanied by periodic oscillations of the electronic
states. The qualitative difference between the oscillatory dynamics of
the CDW, the quasi-instantaneous collapse of the electronic gap and
the monotonic recovery of the electronic gap proves that 1T-TaS2 is
indeed a Mott insulator. Moreover it is in clear contrast with the re-
tarded (>100fs) response which we observe for the transient melting of
the CDW phase in TbTe3. Using trARPES we able to identify the role
of collective vibrations in the transition and to document the highly
anisotropic dynamics of the electronic system in real time.


