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O 36.1 Tue 18:30 P1
Coverage-dependent metalation and dehydrogenation of
tetraphenylporphyrin on Cu(111) — •Michael Röckert,
Matthias Franke, Quratulain Tariq, Michael Stark, Stefanie
Ditze, Hubertus Marbach, Hans-Peter Steinrück, and Ole
Lytken — Lehrstuhl für Physikalische Chemie II and Interdisciplinary
Center for Molecular Materials (ICMM), Universität Erlangen-Nürn-
berg, 91058 Erlangen, Egerlandstraße 3, Germany

The coverage-dependent metalation and dehydrogenation of
tetraphenylporphyrin (TPP) on Cu(111) was investigated with XPS,
STM and TPD under UHV conditions. 2HTPP has two distinct
adsorption structures on Cu(111) [1]: At low coverages (< 0.36
molecules/nm2) 2HTPP adsorbs in a disordered structure, but as
the coverage is increased a checkerboard-like structure is formed and
saturates at 0.55 molecules/nm2. As 2HTPP layers on Cu(111) are
heated, three distinct reactions take place: metalation, resulting in
CuTPP, a partial dehydrogenation of the outer porphyrin-sphere,
linking most likely the pyrrole and phenyl rings together, and upon
further heating complete dehydrogenation [2]. The two first reac-
tions, metalation and partial dehydrogenation, strongly depend on the
structure of the 2HTPP layer. At low coverages, the temperatures for
both processes are very close to each other, while at higher coverages
metalation shifts down and dehydrogenation up in temperature.

[1] Stark, M. et al. Langmuir 2013, 29, 4104-4110. [2] Xiao, J.;
Ditze, S. et al. J. Phys. Chem. C 2012, 116, 12275-12282.

O 36.2 Tue 18:30 P1
Self organization driven structure formation of DIP molecules
on Cu(111) — Hazem Aldahhak, •Wolf Gero Schmidt, and Eva
Rauls — Theoretische Physik, Universität Paderborn

Thin films of organic molecules like diindenoperylene (DIP) on metal
substrates are of great interest for the further miniaturization of or-
ganic optoelectronic devices. DIP molecules show an interesting be-
havior on different terraces. While step edges have rare influence on
the azimuthal molecular orientation of DIP-molecules on Cu(100) [1],
they control the molecular crystallographic directions on Au(111) in-
dependently of the underlying surface symmetry [2]. On Cu(111), the
self-assembly depends on the terrace width. On narrow terraces (<15
nm), the DIP molecules assemble in a co-directionally oriented adsorp-
tion pattern, the symmetry of which is not dictated by the hexagonal
substrate symmetry [3]. On wider terraces, in contrast, completely
different adsorption patterns with a short-range order determined by
the underlying substrate are observed. We performed first principles
calculations and investigated the balance between intermolecular and
molecule-substrate interactions. Special focus is put on the role of
step-edges to initiate the molecular self-assembly depending on the
terrace width. Based on our investigations, we deduced a model which
explains the experimental observations.

[1] Zhang et al., Surface Science, 603(2009) 3179. [2] De Oteyza
et al., Journal of Physical Chemistry C 112, 18 (2008) 7168. [3] De
Oteyza et al., Phys. Chem. Chem. Phys. 11, 8741 (2009).

O 36.3 Tue 18:30 P1
STM Study of the structural formation of crystal violet on
Au(100) and Au(111) surfaces — •Patrick Mehring, Lothar
Brosda, and Carsten Westphal — Fakultät Physik - Technische
Universität Dortmund, Otto-Hahn-Str. 4, D 44221 Dortmund

The selective modification of metal surfaces offers a large variety of
possible applications in different fields. Thus, the understanding of
the adsorption and structural formation of molecules with well-known
properties attracted large attention for different applications in the
last years. Crucial parameters having strong influence on the assem-
bly mechanism are the molecular coverage, temperature, and substrate
interaction which are topics of many studies. The adsorption and
structural formation of crystal violet on Au(100) and Au(111) was in-
vestigated by means of scanning tunneling microscopy for different cov-
erages ranging from submonolayer to multilayer regime. The molecules
are found forming ordered structures near a closed monolayer on both
surfaces. Thus, the phases show similar structural features on both
substrate orientations. Overall, two different molecule orientations
can be identified. A structure model is presented for both Au(100)

and Au(111) surfaces. When reaching the multilayer regime the long
range order decreases and only isolated areas with alternating molecule
orientation are found.

O 36.4 Tue 18:30 P1
On the dynamics of molecular processes: STM investiga-
tions of porphyrins on Cu(111) — •Stefanie Ditze, Michael
Stark, Martin Drost, Florian Buchner, Hans-Peter Steinrück,
and Hubertus Marbach — Lehrstuhl für Physikalische Chemie II and
Interdisciplinary Center for Molecular Materials (ICMM), Universität
Erlangen-Nürnberg, Egerlandstr. 3, D-91058 Erlangen

For the controlled fabrication of molecular nanostructures it is im-
portant to understand dynamic processes such as surface diffusion,
molecular rotation, conformational changes or chemical reactions on
well-defined surfaces. Herein, we show that scanning tunneling mi-
croscopy (STM) can be a powerful tool to study the dynamics of por-
phyrins on Cu(111) under UHV conditions. The results of correspond-
ing isothermal measurements at different temperatures are used for an
Arrhenius type analysis to finally extract the energetics of the pro-
cess. Following this route, the kinetic parameters for 2D surface diffu-
sion and 2D molecular rotation of 2H-5,10,15,20-tetraphenylporphyrin
(2HTPP) [1], the activation energy for the self-metalation reaction of
2HTPP with Cu substrate atoms [2] and finally even the energetics to
conformational switch an individual 2H-5,10,15,20-tetrakis(3,5-di-tert-
butyl)-phenylporphyrin can be determined.

This work has been funded by the DFG through SFB 583.
[1] F. Buchner et al., J. Phys. Chem. C 115 (2011) 24172-24177.
[2] S. Ditze et al., Angew. Chem., Int. Ed. 51 (2012) 10898-10901.

O 36.5 Tue 18:30 P1
Coverage dependent adsorption behavior of Ni-TPBP on
Cu(111): A scanning tunneling microscopy study — •Michael
Lepper, Liang Zhang, Michael Stark, Stefanie Ditze, Hans-
Peter Steinrück, and Hubertus Marbach — Lehrstuhl für
Physikalische Chemie II and Interdisciplinary Center for Molecular
Materials (ICMM), Universität Erlangen-Nürnberg, Egerlandstr. 3,
D-91058

In order to design self-assembled supramolecular architectures with
specific functional properties it is necessary to understand the ad-
sorption behavior of molecular building blocks on well-defined sub-
strates. One very versatile class of adsorbates in this regard are
porphyrins which offer not only a rigid molecular framework but
also ligand functionality to bind metals. In this study, we investi-
gate the coverage dependent supramolecular arrangement of Ni(II)-
tetraphenylbenzoporphyrin (NiTPBP) on Cu(111) with scanning tun-
neling microscopy at room-temperature (RT) in ultra-high vacuum
(UHV). At low coverage, we observed adsorption of the porphyrin
molecules at the steps. By increasing the coverage island formation
of NiTPBP is promoted. Interestingly, we were able to monitor three
different molecular appearances of the NiTPBP islands at the same
coverage and temperature.

O 36.6 Tue 18:30 P1
Atomic Force Microscopy: The qPlus sensor applied to
molecules on metal surfaces — •Robin Ohmann1,2, Anja
Nickel1,2, Jörg Meyer1,2, Francesca Moresco1,2, and Gianau-
relio Cuniberti1,2 — 1Institute for Materials Science and Max
Bergmann Center of Biomaterials, TU Dresden, Dresden, Germany
— 2Center for Advancing Electronics Dresden, TU Dresden, 01062
Dresden, Germany

Atomic force microscopy invented in 1986 allows measuring forces be-
tween a probing tip and the surface. In 1998 the qPlus sensor was
developed by Franz J. Giessibl which is comprised of a tuning fork
found in watches and operates in frequency modulation mode (FM-
AFM). By attaching a conducting tip on one of the prongs of the fork
it allows to combine scanning tunneling microscopy and atomic force
microscopy leading to atomic resolution images of the surface. In our
lab, we have set up such an STM/AFM system operating at low tem-
peratures (5 K) under ultra-high vacuum conditions. Our goal is to
investigate single molecules and supramolecular structures on metal
surfaces with the qPlus sensor. In this poster, I will present our first
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measurements on molecules on metal surfaces.

O 36.7 Tue 18:30 P1
Vibrational properties and dynamic charge transfer of the
CuPc/Ag(111)-system — •Sebastian Thussing und Peter Jakob
— Fachbereich Physik, Philipps-Universität Marburg, 35032 Marburg,
Germany

The vibrational properties and thermal evolution of ultra thin films
of copper-pthalocyanine (CuPc) grown on Ag(111) have been in-
vestigated using Fourier-transform infrared absorption spectroscopy
(FTIRAS), spot-profile-analysis low energy electron diffraction (SPA-
LEED) and thermal desorption spectroscopy (TDS). Thereby, various
phases in the submonolayer regime could be distinguished and charac-
terized. Bilayer and multilayer are largely decoupled from the Ag(111)
substrate and display a distinctly different spectroscopic signature.
Mono- and bilayers are orientated parallel to the Ag(111) surface whe-
reas a slightly inclined geometry prevails for the multilayers. The mono-
layer phases are subject to a pronounced interfacial dynamical charge
transfer (IDCT). Interestingly, this process is attenuated upon grow-
th of the bilayer. TDS spectra reveal an incomplete desorption for
the CuPc monolayer from the Ag(111) surface. At about 600K a se-
cond pathway becomes dominant with fragments desorbing in variable
amounts.

O 36.8 Tue 18:30 P1
Large pores and multiple active sites: a 2D metal-organic
network employing a de-novo synthesized porphyrin linker
— •Yuanqin He1, Felix Bischoff1, Knud Seufert1, Willi
Auwärter1, Daphné Stassen2, Davide Bonifazi2, and Johannes
Barth1 — 1Technische Universität München, Department of Physics,
E20, Garching, Germany — 2University of Namur, Department of
Chemistry, Namur, Belgium

Exploring principles for future single-molecule devices and develop-
ing new materials for catalysis using functional molecular building
blocks are motivations for molecular nanoscience. Herein, the bottom-
up fabrication of metal-organic networks is a promising approach,
notably regarding temperature stability or controllable and tunable
assembly protocols. We present a low-temperature scanning tun-
neling microscopy study of the de-novo synthesized porphyrin linker
(5,10,15,20)tetra[4-(4-pyridyl)phenyl]porphyrin on Ag(111). This free-
base tetrapyrrole species forms nanoporous, metal-organic networks
via N-Cu-N coordination bonds when adding Cu atoms. Networks
with large openings stabilized by directional coordination interactions
present metal atoms as possible catalytically active sites, porphyrin
macrocycles as ”chemical pockets” and open pores for host-guest chem-
istry.

O 36.9 Tue 18:30 P1
STM of functionalized platform molecules on Au(111) —
•Torben Jasper-Tönnies1, Sandra Ulrich2, Rainer Herges2,
and Richard Berndt1 — 1Institut für Experimentelle und Ange-
wandte Physik, Christian-Albrechts-Universität zu Kiel — 2Otto-
Diels-Institut für Organische Chemie, Christian-Albrechts-Universität
zu Kiel

The coupling to a metal substrate affects the electronic and geometric
structure of molecules. To preserve their intrinsic properties it may be
desirable to decouple functional groups from the substrate. This can
be achieved by supporting a molecule by a molecular platform, con-
ceivably via a spacer group. Using low temperature scanning tunneling
microscopy we investigate the trioxotriangulenium (TOTA) platform
molecule with various functional groups. In contrast to the similar
platform molecule triazatriangulenium (TATA), functionalized TOTA
can be thermally evaporated due to its higher thermal stability. De-
pending on the functional groups attached to the TOTA molecules we
observe varying degrees of fragmentation. This will be discussed in
terms of electronic properties of the functional groups. Financial sup-
port by the Deutsche Forschungsgemeinschaft via SFB 677 is gratefully
acknowledged.

O 36.10 Tue 18:30 P1
Surface Control of Alkyl Chain Conformations and Chi-
ral Amplification — •Katharina Scheil1, Nadine Hauptmann1,
Thiruvancheril G. Gopakumar2, Franziska L. Otte3, Christian
Schütt3, Rainer Herges3, and Richard Berndt1 — 1Institut
für Experimentelle und Angewandte Physik, Christian-Albrechts-
Universität zu Kiel, 24098 Kiel, Germany — 2Department of Chem-
istry Indian Institute of Technology Kanpur, Uttar Pradesh 208

016, India — 3Otto-Diels-Institut für Organische Chemie, Christian-
Albrechts-Universität zu Kiel, 24098 Kiel, Germany

For alkyl substituents and alkane chains in thin layers on surfaces it
was found that adjacent alkyl chains align parallel to each other. We
investigated Trioctyl-functionalized triazatriangulenium (TATA) de-
posited on Au(111) and Ag(111) surfaces by electrospray ionization
using low-temperature scanning tunneling microscopy. The molecules
surprisingly adsorb with a bent geometry of the octyl groups mak-
ing them chiral with eight possible configurations. When arranged in
hexagonal networks however only one configuration was found making
islands homochiral. We suggest a model of the geometry and a mech-
anism leading to the observed chiral amplification. Financial support
by the Deutsche Forschungsgemeinschaft via the SFB 677 is gratefully
acknowledged.

O 36.11 Tue 18:30 P1
Cyano-Functionalized Triarylamines on Au(111): Compet-
ing Intermolecular versus Molecule/Substrate Interactions —
•Stefano Gottardi1, Kathrin Müller1, Juan Carlos Moreno-
López1, Handan Yildirim3, Ute Meinhardt2, Milan Kivala2,
Abdelkader Kara3, and Meike Stöhr1 — 1Zernike Institute of
Advanced Materials, University of Groningen, AG, Groningen, The
Netherlands — 2Chair of Organic Chemistry 1, Department of Chem-
istry and Pharmacy, University of Erlangen-Nürnberg, Erlangen, Ger-
many — 3Department of Physics, University of Central Florida, Or-
lando, FL, USA

The self-assembly of cyano-substituted triarylamine derivatives on
Au(111) is studied with scanning tunneling microscopy and density
functional theory calculations. Two different phases, each stabilized
by at least two different cyano bonding motifs are observed. In the
first phase, each molecule is involved in dipolar coupling and hydro-
gen bonding, while in the second phase, dipolar coupling, hydrogen
bonding and metal-ligand interactions are present. Interestingly, the
metal/ligand bond is already observed for deposition of the molecules
with the sample kept at room temperature leaving the herringbone re-
construction unaffected. It is proposed that for establishing this bond,
the Au atoms are slightly displaced out of the surface to bind to the
cyano ligands. Despite the intact herringbone reconstruction, the Au
substrate is found to considerably interact with the cyano ligands af-
fecting the conformation and adsorption geometry, as well as leading
to correlation effects on the molecular orientation.

O 36.12 Tue 18:30 P1
Adsorption of HTMGT on Au(111): Influence of Surface
Roughness — •Jan Pischel1, Anna Lebkücher2, Hans-Jörg
Himmel2, and Annemarie Pucci1 — 1Kirchhoff-Institut für Physik,
Im Neuenheimer Feld 227, D-69120 Heidelberg — 2Institut für anor-
ganische Chemie, Im Neuenheimer Feld 270, D-69120 Heidelberg

Hexakis(tetramethylguanidinyl)triphenylene (HTMGT) is a guani-
dinyl-functionalized aromatic compound (GFA) recently synthesized
in the group of H.-J. Himmel in Heidelberg. GFAs are strong electron
donors and can be linked to semiconducting polymers under formation
of coordinative bonds mediated, e. g., by copper and iodine [1]. Fur-
thermore, due to appropriate HOMO and LUMO levels (calculation),
HTMGT is an interesting material for application in active layers of
organic field effect transistors.

We show here an infrared (IR) reflection absorption spectroscopic
investigation of its adsorption on the Au(111) surface and focus es-
pecially on the influence of surface roughness. Roughness in the sub-
monolayer region is introduced in a well-defined manner by evaporation
of gold onto the pristine Au(111) surface cooled to 40K. The different
regimes of substrate roughness are determined by using carbon mon-
oxide as a probe for IR spectroscopy.

[1] H.-J. Himmel, Z. Anorg. Allg. Chem., 639:1940–1952, 2013.

O 36.13 Tue 18:30 P1
Exploring the cerium-directed assembly of porphyrin deriva-
tives on Ag(111) — •Felix Bischoff, Willi Auwärter, Knud
Seufert, David Ecija, Saranyan Vijayaraghavan, and Johannes
Barth — Technische Universität München, Department of Physics,
E20, Garching, Germany

In the field of molecular nanoscience considerable effort is put in the
bottom-up synthesis of novel interfacial compounds and architectures.
In this domain, rare-earth metal complexes are particularly interesting
regarding their function as single-molecule magnets, field effect tran-
sistors or molecular rotors. Among the series of rare-earth complexes,
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those incorporating cerium are especially versatile because cerium can
be in a +III or +IV oxidation state. Here we assess the metal-directed
assemblies afforded by adsorbed porphyrin derivatives (2H-TPP and
2H-P) and Cerium atoms on Ag(111) in an STM study. Depend-
ing on the preparation procedure, observed products were, amongst
others, modified single molecules, highly ordered cerium-porphyrinato
islands, extended double-decker chains and even triple-deckers. The
multiple reaction products reveal that the understanding and control
of the reaction parameters is a prerequisite for well-defined products.
Thus we explored routes for the controlled synthesis of distinct cerium-
porphyrinato arrangements.

O 36.14 Tue 18:30 P1
Spontaneous change in molecular orientation at order-
disorder transition of tetracene on Ag(111) — •Tomoki
Sueyoshi1, Martin Willenbockel1, Michael Naboka2, Alexei
Nefedov2, Serguei Soubatch1, Christof Wöll2, and Stefan
Tautz1 — 1Peter Grünberg Institut (PGI-3), JARA, Forschungszen-
trum Jülich, Germany — 2Institute of Functional Interfaces, Karlsruhe
Institute of Technology (KIT), Germany

Molecular orientation is not only correlated closely to the electronic
properties of molecular layers but also related directly to formation of
various molecular phases composed of the identical molecule(s). Here,
we investigate the molecular orientation of tetracene in ordered and
disordered layers on Ag(111) using near-edge X-ray absorption fine
structure (NEXAFS) spectroscopy [1]. Quantitative analysis of NEX-
AFS intensities reveals that the compact monolayer α−phase at 150
K consists of essentially flat-lying molecules with an average tilt angle
α < 9◦ with respect to the Ag(111) surface. At room temperature
the tetracene monolayer is dynamically disordered with α = 15 ± 4◦

(α′ − phase). The increase in the average tetracene tilt angle indicates
that orientational degrees of freedom perpendicular to the surface drive
the order-disorder transition in the tetracene monolayer on Ag(111).
We argue that the phase transition can be explained by a delicate bal-
ance between the interfacial enthalpy and the orientational entropy.

[1] T. Sueyoshi, M. Willenbockel, M. Naboka, A. Nefedov, S.
Soubatch, C. Wöll, and F. S. Tautz, J. Phys. Chem. C 117, 9212
(2013).

O 36.15 Tue 18:30 P1
Self-assembling and electronic structure of metallocenes on
Pb(111) and Pb(100) — •Wibke Bronsch, Benjamin Heinrich,
and Katharina Franke — Freie Universität Berlin, Germany

Metallocene molecules are promising candidates for future spintronic
applications. However, in contact to metallic leads their stability has
recently been discussed [1,2]. Employing low-temperature scanning
tunneling microscopy, we show that ferrocene on Pb(111) and Pb(100)
forms self-assembled islands, in which the molecular axis is almost par-
allel to the surface normal. Dissociation of the molecules occurs when
the molecules are forced to closer distance, as e.g. at dislocation lines
or higher molecular coverages. Tunneling spectroscopy reveals that
the HOMO and LUMO are mainly localized on the cylcopentadienyl
rings. In agreement with the spin singlet state of the free molecule, we
do not find any indication of magnetic interaction with the substrate.

[1] Braun, K.-F. et al., Phys. Rev. Lett. 96, 246102 (2006)
[2] Heinrich, B. W. et al., Phys. Rev. Lett. 107, 216801 (2011)

O 36.16 Tue 18:30 P1
Structural and optical investigation of K doping induced
changes of PTCDA on Ag(111) — •Christian Zwick, Marco
Gruenewald, Roman Forker, and Torsten Fritz — Friedrich-
Schiller University, Institute of Solid State Physics, Max-Wien-Platz
1, Jena 07743, Germany

We report on the impact of potassium doping on highly-ordered
ultra-thin layers of the dye molecule 3,4,9,10-perylene-tetracarboxylic-
dianhydride (PTCDA) on a Ag(111) surface under ultra-high vacuum
conditions. The thin films were characterized optically by in situ dif-
ferential reflectance spectroscopy (DRS) [1,2] as well as structurally by
scanning tunneling microscopy (STM) and low energy electron diffrac-
tion (LEED). Depending on the doping concentration, distinct optical
spectra could be observed. Except for one all could be assigned to
the optical fingerprints of ionized PTCDA, showing different doping
states ranging up to tetraanions. For the first three doping levels of
PTCDA we were able to study the corresponding structures, which sig-
nificantly differ from each other, referencing directly to the influence of
the doping, i.e., doping induced phase transitions and the adsorption
sites occupied by the dopants.

References:
[1] R. Forker et al., Annu. Rep. Prog. Chem., Sect. C: Phys.

Chem., 2012, 108, 34-68.
[2] R. Forker and T. Fritz, Phys. Chem. Chem. Phys., 2009, 11,

2142-2155.

O 36.17 Tue 18:30 P1
Understanding the peptide folding on surfaces in UHV by
electrospray ion beam deposition (ES-IBD) — •Sabine Abb1,
Gordon Rinke1, Stephan Rauschenbach1, Ludger Harnau2,3, and
Klaus Kern1,4 — 1Max-Planck-Institute for Solid State Reserach,
Heisenbergstr. 1, Stuttgart — 2Max-Planck-Institute for Intelligent
Systems, Heisenbergstr. 3, Stuttgart — 3IV. Institute for Theoretical
Physics, University Stuttgart, Pfaffenwaldring 57, Stuttgart — 4Ecole
Polytéchnique Fédérale de Lausanne, Switzerland

Specific functionality of peptides and proteins is reached by folding
into a unique secondary and tertiary structure which is steered by in-
tramolecular interactions as well as metal coordination. A new route
to investigate the properties and structural formation of amino acid
sequences on surfaces in low dielectric environments ( e.g. in vacuo) is
possible with our home-built ES-IBD instrument which allows in-situ
STM characterization of (bio)molecules. It also gives additional modes
of control, for instance by using selected charge states and generating
metal-peptide complexes which already form in solution.

Here we show preliminary results of STM investigations of the eight-
amino acid peptide angiotensin II on various metal surfaces. We ob-
serve dimer to multimer self-assembled structures and present prelim-
inary structural models. For a deeper understanding of the ongoing
processes, special attention is paid to the structural differences and
similarities between the protonated and coordinated angiotensin II as
well as the comparison to the nine-amino acid peptide Bradykinin.

O 36.18 Tue 18:30 P1
Ion beam-induced nanoscale surface modulations and their
effect on protein-surface adsorption — •Alexander von
Müller, Jana Sommerfeld, and Carsten Ronning — Institut für
Festkörperphysik, Friedrich-Schiller-Universität Jena, Helmholtzweg 3,
07743 Jena

Under specific experimental conditions, the irradiation of solid surfaces
with ions can result in periodic surface modulations at the nanoscale.
This effect of ripple formation is widely discussed in the literature and
has been observed on many different types of materials - e.g. semi-
conductors, amorphous materials, graphite, and metals [1,2]. We will
present results of experiments in which we have tested the biocompati-
bility of such ion beam-induced surface morphologies by studying their
effects on the surface adsorption behaviour of human plasma fibrino-
gen (HPF) proteins. The nanopatterned surfaces have been created
by irradiation of different substrates with low-energy ions (< 20 keV).
Both the effects of the irradiations and the adsorption of the proteins
have been studied by means of atomic force microscopy (AFM).

[1] Nanostructuring surfaces by ion sputtering, U. Valbusa, C. Bor-
agno, F. Buatier de Mongeot, J. Phys: Condens. Matter, 2002, 14,
8153-8175

[2] Ion-Induced Nanoscale Ripple Patterns on Si Surfaces: Theory
and Experiment, A. Keller, S. Facsko, Materials, 2010, 3, 4811-4841

O 36.19 Tue 18:30 P1
STM and XPS Investigation of Ethylene Carbonate Mono-
layers on Cu(111) and Co-Adsorption of Lithium — •Maral
Bozorgchenani1,2, Florian Buchner1, Hanieh Farkhondeh1,2,
Benedikt Uhl1,2, and R. Jürgen Behm1,2 — 1Helmholtz Institute
Ulm (HIU), Ulm, Germany — 2Ulm University, Institute of Surface
Chemistry and Catalysis, Ulm, Germany

Ethylene Carbonate (EC) and Lithium (Li) are major components in
Li-ion battery electrolytes. An understanding of the solid-electrolyte
interphase (SEI) at a molecular level would be highly desirable to im-
prove Li-ion batteries. The co-adsorption of both components, as a
model system, is topic of the present work and will be investigated to
mimic the situation at the SEI. In a first step, adsorption of the two
materials on a Cu(111) surface was studied independently: (1) The
adsorption behaviour of EC on Cu(111) was investigated by scanning
tunnelling microscopy (STM) and X-ray photoelectron spectroscopy
(XPS) under ultrahigh vacuum (UHV) conditions. At sub-monolayer
coverage, the STM images show highly ordered 2D EC islands around
100 K. Evidence for intact EC adsorbed on Cu(111) is provided by
the XP C1s and O1s core level spectra. Temperature induced struc-
tural and chemical changes will be highlighted. (2) After deposition
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of Li atoms on Cu(111) held at 80 K, objects with a circular shape
were identified. The adsorption behaviour and interaction mechanism
is discussed. Co-deposition of both materials together on Cu(111) will
be explored in forthcoming experiments.

O 36.20 Tue 18:30 P1
Comparison of the adsorption behavior of the ionic liquids
[EMIM][TFSA] and [OMIM][TFSA] on Au(111) and Ag(111)
— •Benedikt Uhl1,2, Hsinhui Huang1, Dorothea Alwast1,2, Flo-
rian Buchner2, and R. Jürgen Behm1,2 — 1Ulm University, Insti-
tute of Surface Chemistry and Catalysis, D-89069 Ulm, Germany —
2Helmholtz-Institute Ulm (HIU) Electrochemical Energy Storage, D-
89069 Ulm, Germany

Ionic liquids (IL) have attracted high interest because of their special
chemical and physical properties; e.g., the application in electrolytes of
Li-ion batteries is a promising concept. To gain a better understand-
ing of the fundamental molecular processes at the electrode|electrolyte
interface, the interaction of 1-ethyl-3-methylimidazolium-
bis(trifluoromethylsulfonyl)imide ([EMIM][TFSA]) and 1-
octyl-3-methylimidazolium-bis(trifluoromethyl-sulfonyl)imide
([OMIM][TFSA]) with Au(111) and Ag(111) was investigated by
scanning tunneling microscopy (STM) under UHV conditions at tem-
peratures between 80 K - 293 K. Since both ILs differ only in the
length of their alkyl chains, differences in structure formation on the
same surface can solely be caused by this. For Au(111) as well as for
Ag(111), both ILs show a very similar behavior: long-range ordered
(2D crystalline) domains/islands coexist with a short-range ordered
(2D glass) phase. The 2D crystalline structures of both IL adsorbates
showed the same space requirement per adsorbed molecule, which
points to an adsorption geometry of the molecule with the alkyl chain
sticking up from the surface.

O 36.21 Tue 18:30 P1
Molecular Aggregates for Photoemission Electron Mi-
croscopy (PEEM) — •Hannes Hartmann, Ingo Barke, Karl-
Heinz Meiwes-Broer, and Sylvia Speller — University of Rostock,
Institute of Physics, 18051 Rostock, Germany

Molecular aggregates are of significant interest for applications in or-
ganic electronics and for photovoltaics. Our experiments aim at spa-
tial and energy-resolved studies of excitations in molecular aggregates.
The primary method is photoemission electron microscopy (PEEM),
in combination with fluorescence- and scanning probe microscopy. The
PEEM system is equipped with energy filters and different excitation
sources. For time-resolved measurements a pump-probe setup is under
construction. The current state of affairs is presented and discussed.

O 36.22 Tue 18:30 P1
Structure and Fluorescence of Molecular Crystals — Björn
Vogler1, Hannes Hartmann1, Kai Wardelmann1, Heinrich
Behle1, J.A.A.W. Elemans2, Ingo Barke1, and •Sylvia Speller1

— 1University of Rostock, Institute of Physics, 18051 Rostock, Ger-
many — 2Institute for Molecules and Materials, RU Nijmegen, NL

We study the influence of the local environment on the excitation and
transport of Frenkel excitons in molecule crystals. Metallo-porphyrin
aggregates [1] are prepared by dropcasting on graphite. We use AFM,
STM, and Fluorescence Microscopy to study morphology and the
spatial distribution of fluorescence. The mesoscopic structure shows
molecular strands branching into finer structures. The fluorescence in-
tensity is spatially varying along the strands and appears enhanced at
junctions. We discuss possible origins for the observed variations.

[1] M.J.J. Coenen, et al., Phys. Chem. Chem. Phys. 15, 12451
(2013)

O 36.23 Tue 18:30 P1
Photon emission from the tunneling contact of a low tem-
perature STM for pristine and adsorbate covered metal sub-
strates — •Ebru Özen, Maren C. Cottin, Tobias Roos, Detlef
Utzat, Doris Steeger, Willy Platz, Rolf Möller, and Chris-
tian A. Bobisch — Faculty of Physics, Center for Nanointegration
Duisburg-Essen, University of Duisburg-Essen, 47048 Duisburg, Ger-
many

STM-induced light emission (STM-LE) has been a emerging field in
scanning tunneling microscopy in the past years [1]. STM-LE exper-
iments on organic molecules are of particular interest, since they can
provide information about energy loss in certain organic molecules
[2]. We find that Ag(111) terraces show a plasmonic excitation in

the tunneling contact of a silver covered Pt-Ir tip for positive and
negative sample bias. In addition experiments on Ag(111) surfaces
partially covered by different organic molecules were performed. It is
found that the organic molecules perylene-3,4,9,10-tetracarboxylic di-
anhydride (PTCDA), copper-phthalocyanine (CuPc) and the carbon-
molecule C60 reduce or completely suppress the emission of photons.
Photon maps of molecularly resolved C60 islands show a periodic mod-
ulation of the light intensity by the adsorbed C60.

[1] R. Berndt and J. K. Gimzewski, Phys. Rev. B 48 4746 (1993).
[2] C. Chen et al., Phys. Rev. Lett. 105, 217402 (2010).

O 36.24 Tue 18:30 P1
Decoupling in organic heterostructures of PTCDA and CuPc
on single crystalline silver — •Tino Kirchhuebel1, Marco
Gruenewald1, Julia Peuker1, Timothy Vajas2, Roman Forker1,
and Torsten Fritz1 — 1Friedrich Schiller University, Institute of
Solid State Physics, Max-Wien-Platz 1, Jena 07743, Germany — 2The
Ohio State University, Department of Physics, 191 West Woodruff Ave,
Columbus, OH 43210

Here we report on organic heterostructures of highly-ordered ultra-
thin layers of the dye molecules 3,4,9,10-perylene-tetracarboxylic-
dianhydride (PTCDA) and copper-phthalocyanine (CuPc) grown on
Ag(111) and characterized by LEED and LT-STM as well as optically
by in-situ differential reflectance spectroscopy (DRS) [1].

The heterostructure consisting of CuPc on top of one monolayer
PTCDA on Ag(111) is stable, and the DRS spectra show a clear
monomeric behavior of CuPc as likewise observed on an inert mica
substrate. In contrast, by LT-STM and DRS measurements we found
that one monolayer of CuPc on Ag(111) is thermodynamically not sta-
ble when PTCDA is deposited on top. Besides of decoupling aromatic
molecules from a metal by an organic interlayer the passivation is also
possible by depositing thin films of alkali metal halides on top of the
metallic surface [2]. Preliminary results for PTCDA on KCl/Ag(111)
and CuPc on KCl/Ag(100) will also be discussed.

References: [1] R. Forker et al., Annu. Rep. Prog. Chem., Sect. C:
Phys. Chem., 2012, 108, 34-68. [2] M. Müller et al., Surface Science,
2011, 605, 1090-1094.

O 36.25 Tue 18:30 P1
Electronic “chirality” of transition metal phthalocyanine
molecules adsorbed to noble metal surfaces — •Jacob
Senkpiel, Jens Kügel, Pin-Jui Hsu, and Matthias Bode
— Physikalisches Institut, Experimentelle Physik II,Universität
Würzburg, Am Hubland, D-97074 Würzburg, Germany

We have investigated the transition metal phthalocyanine (TM-Pc)
molecules MnPc and CuPc on Cu(001) and Ag(001) by means of low-
temperature scanning tunneling microscopy and spectroscopy mea-
surements (T ≈ 5 K). It is well-known that the symmetry axes of the
adsorbed TM-Pc molecules are rotated with respect to the four-fold
symmetry axis of noble metal (001)-surfaces. Symmetry considerations
suggest that this should generally lead to chiral electronic distortion,
which has been ascribed to charge transfer between the TM-Pc and
the substrate. However, chirality was clearly observed only for some
molecules, such as ZnPc on Cu(001) [1] and CuPc/NiPc on Ag(001)
[2], while the topography of others appeared to be almost unaffected
[2]. In this contribution we will present a detailed investigation of the
molecular shape and the resulting electronic structure. Our results
suggest that chirality is indeed a general phenomenon for TM-Pc’s on
four-fold symmetric substrates.
[1] Chen et al.,Appl. Phys. Lett. 100, 081602 (2012)
[2] Mugarza et al., Phys. Rev. B 85, 155437 (2012)

O 36.26 Tue 18:30 P1
Reversible conformational changes in manganese porphyrin
molecules — •Xianwen Chen1, Christian Lotze1, Paul Stoll1,
Nils Krane1, José I. Pascual1,2, and Katharina J. Franke1 —
1Institut für Experimentalphysik, Freie Universität Berlin, Germany
— 2CIC nanoGUNE San Sebastián, and Ikerbasque, Basque Founda-
tion for Science, Bilbao, Spain

Using scanning tunneling microscopy and spectroscopy at 7 K, we in-
vestigate manganese tetra-pyridine-porphyrin (Mn-TPyP) molecules
adsorbed on a Cu(111) surface. The molecules show notable struc-
tural flexibility, which leads to two adsorption states. The different ad-
sorption configurations are characterized by two distinct orbital align-
ments. Noncontact Atomic Force Microscopy images indicate that the
pyridine rings can lie in two meta-stable tilting angles on the surface.
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We can induce a reversible rotation of single legs or pairs of legs by
the tip of the scanning tunneling microscope with a threshold voltage
around 2V.

O 36.27 Tue 18:30 P1
Biomolecules at metal interfaces: a novel force field approach
including polarization — •Isidro Lorenzo1, Hadi Ramezani-
Dakhel2, Hendrik Heinz2, and Marialore Sulpizi1 — 1Johannes
Gutenberg University Mainz, Staudinger Weg 7 55099 Mainz —
2Departament of Polymer Engineering, University of Akron, Ohio
44325

Increasing interest in bio-interfaces for medical and bio-technological
applications calls for microscopic understanding and control of protein-
surface interactions. In particular here we aim to provide a character-
ization of peptide / gold interactions at a molecular level in order to
explain and interpret recent surface experimental results [1] and to fill
the gap between fundamental science and real applications. Atom-
istic simulations have been performed with the GROMACS package
using available force field parameters such as CHARMM27 using 12-6
Lennard-Jones potentials [2] force field. A novel scheme is devised to
include the metal polarization (image charge effect) induced by the
adsorbed molecules. Extensive tests have been performed for the force
field validation and comparisons with quantum mechanics (QM) den-
sity functional theory (DFT) are also discussed. Results for the di-
and tri-peptide of the insulin-like growth factor on gold are presented.

[1] Anne Vallee, Vincent Humblot, and Claire-Marie Pradier Acc.
Chem. Res., 2010, 43 (10), pp 1297306

[2] Heinz H, Vaia RA, Farmer BL, Naik RR J. Phys. Chem. C
2008, 112, 17281 17290; Heinz H, Farmer BL, Pandey RB, Slocik JM,
Patnaik SS, Pachter R, Naik RR. J. Am. Chem. Soc. 2009, 131,
9704-9714

O 36.28 Tue 18:30 P1
Hybridization and Charge Transfer of Planar Pt(II) Triplet
Emitters at the metal organic Interface — •Alexander Tim-
mer, Pascal Raphael Ewen, Jan Sanning, Chistian Alejandro
Srassert, Daniel Wegner, Harry Mönig, and Harald Fuchs —
Physikalisches Institut, Westfälische- Wilhelms Universität Münster,
Deutschland

The physical and chemical properties of organic molecules on surfaces
are strongly influenced by the coupling mechanisms involved. We ex-
amined the electronic structure and the adsorption behavior of the in-
terfaces formed between electroluminescent Pt(II) complexes and var-
ious metal surfaces using photoelectron spectroscopy (PES) and scan-
ning tunneling microscopy (STM). Furthermore we performed PES
measurements on multilayer structures of these Pt(II) complexes to
gain information about energy level alignment and possible charge
transfer processes in stacks of such planar triplet emitters. In ad-
dition we methodically changed the substituent of the organo-metallic
complexes, which in essence varied the adsorbate substrate distance,
or in case of the multilayer structures alters the intermolecular stack-
ing distance, respectively. Our results may provide further insight into
the coupling and hybridization mechanisms of these molecular systems
with electrodes, which are essential for the design of electrolumines-
cent devices, such as organic light emitting diodes (OLEDs) or light
emitting electrochemical cells (LEECs).

O 36.29 Tue 18:30 P1
STM/STS investigation of ionic liquids adsorbed at metal
surfaces — •Thomas Groß, Matthias Stocker, and Berndt
Koslowski — Institut für Festkörperphysik, Universität Ulm, D-89081
Ulm

In the last years, ionic liquids (ILs) gained more and more
interest in the fields of, e.g., catalysis, electrolytes, liquid
crystals, electro-elasticity etc. We employ scanning tunnel-
ing microscopy and spectroscopy (STM and STS) at low tem-
perature to investigate the properties of such ILs being ad-
sorbed at metal surfaces. We therefore deposited 1-butyl-1-
methylpyrrolidiniumbis(trifluoromethylsulfonyl)-imide (BMP-TFSA)
and 1-ethyl-3-methylimidazoliumtrifluoromethanesulfonate (EMIM-
TFSA) on Ag(111) in the sub-monolayer range. Preliminary results
are reported as follows: The ILs form stable islands frequently bound
by steps in the substrate. The resolution within the islands depends
strongly on the state of the tunneling tip. Enhanced resolution is
achieved with an IL molecule adsorbed at the tip. The surface state
of Ag(111) prevails underneath the IL monolayer and shifts by about
+100 meV towards the unoccupied states. We derive the charge state

of the adsorbed molecules by determining the differential barrier height
thus discriminating the anions and kations at the surface.

O 36.30 Tue 18:30 P1
Exploring coherent transport through π-stacked systems in
molecular electronic devices — •Qian Li1, Gemma Solomon1,
Gediminas Kirsanskas2, Karsten Flensberg2, and Martin
Leijnse3 — 1Nano Science Center and Department of Chemistry, Uni-
versity of Copenhagen, Denmark — 2Center for Quantum Devices,
Niels Bohr Institute, University of Copenhagen, Denmark — 3The Di-
vision of Solid State Physics, Lund University, Sweden

Understanding electron transport across π-stacked systems will help
to elucidate intermolecular tunneling in molecular junctions and in
the design of effective molecular devices. Here we show how conju-
gation length and substituent groups influence the electron transport
and thermoelectric response in the π-stacked structures by investigat-
ing five representative stacked molecular junctions. We found that a
π-stacked system of two substituted anthracenes exhibit good ther-
mopower and a high power factor, suggesting that increased conju-
gation can enhance thermoelectric response. The fully eclipsed struc-
ture of quinhydrone exhibits high power factor at the minimum energy
structure and could be a better candidate in a thermoelectric device,
compared with the other π-stacked systems considered.

O 36.31 Tue 18:30 P1
Light-induced ring opening of a submonolayer nitrospiropy-
ran electronically decoupled from a Cu(100) surface —
•Fabian Nickel1, Matthias Bernien1, Qingyu Xu1,2, and Wolf-
gang Kuch1 — 1Freie Universität Berlin, Institut für Experimental-
physik, Arnimallee 14, 14195 Berlin — 2Southeast University, Depart-
ment of Physics, Nanjing 211189, P. R. China

The electronic properties of spiropyran (SP) molecules are known to
change enormously after a ring opening to merocyanine (MC). Cur-
rent research focuses on the isomerization of molecules in direct contact
with a surface. These systems might have a great potential for applica-
tions to switch properties by external stimuli such as light. In this work
the adsorption of SP on a Cu(100) surface covered by a double layer of
3,4,9,10-perylenetetracarboxylic dianhydride (PTCDA) was studied by
near-edge x-ray absorption fine structure (NEXAFS). PTCDA adsorbs
planar on the Cu(100) surface and is supposed to reduce the interac-
tion of the overlying molecular layer with the metal substrate. At a
temperature of 200 K, the SP molecules are physisorbed in the closed-
ring conformation. A ring opening by illumination with UV light could
be achieved for this system. A change in the out-of-plane nitrogen x-
ray absorption can clearly be assigned by density functional theory to
the switching of SP to the zwitterionic MC mesomere. Polarization-
dependent spectra of the nitrogen and oxygen K edge show a slight
change of the angle dependence due to a possible tilting of the molecule.

This work is supported by the DFG through Sfb 658.

O 36.32 Tue 18:30 P1
Honeycombenes: A novel class of hydrocarbon macrocy-
cles made by surface-assisted synthesis — •Min Chen1, Jian
Shang2, Yongfeng Wang2, Kai Wu2, Qitang Fan3, Cici Wang3,
Yong Han3, Junfa Zhu3, Julian Kuttner1, Gerhard Hilt1, and
J.Michael Gottfried1 — 1Fachbereich Chemie, Philipps-Universität
Marburg, Germany — 2College of Chemistry and Molecular Engi-
neering, Peking University, China — 3National Synchrotron Radiation
Laboratory, University of Science and Technology of China, China

Surface-assisted synthesis provides an elegant route to molecules
that cannot be synthesized in solution or that are too large for
vapor-deposition. Both factors apply for [n]-honeycombenes, a
novel class of planar hydrocarbon macrocycles of hexagonal geom-
etry. [18]-Honeycombene or hyperbenzene (C108H72) consists of 18
phenyl rings and was made by surface-assisted Ullmann reaction from
4,4′′-dibromo-m-terphenyl (DBTP) on Cu(111). The molecules ar-
range in long-range ordered islands with hexagonal unit cell. [30]-
Honeycombene (C180H120), a hexagon with 30 phenyl rings, was made
on Ag(111) from 4,4′′′′-dibromo-m-quinquephenyl (DBQP). DBQP
gives also access to strained rings of heptagonal (C210H140), pentago-
nal (C150H100) and square (C120H80) shape. Using STS, the electronic
structure along the ring perimeter and the confinement of surface state
electrons trapped inside the macrocycles were studied. The large di-
ameters of >2 nm and >3.5 nm make [18]- and [30]-honeycombene
promising candidates for nanotroughs that can host other molecules
or nanoparticles.
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O 36.33 Tue 18:30 P1
Electrospray deposition of Mn12 and Fe4 single molecule mag-
nets — •Philipp Erler1, Eva-Sophie Wilhelm1, Nicole Barth1,
Samuel Bouvron1, Peter Schmitt2, Stefan Ambrus2, Ulrich
Groth2, Luca Gragnaniello1, and Mikhail Fonin1 — 1Fachbereich
Physik, Universität Konstanz — 2Fachbereich Chemie, Universität
Konstanz

Single molecule magnets (SMMs) have attracted significant interest
during the past decades due to their unique magnetic properties like
hysteresis of purely molecular origin and the possibility to observe
quantum tunneling of magnetization. This material class allows for
basic studies on quantum effects of magnetism at the molecular scale
and is furthermore a promising candidate for preliminary studies aim-
ing at ultrahigh density data storage devices or quantum computing
applications. However, progress in this field is hindered by the diffi-
culty of depositing intact SMMs on surfaces.

We have implemented electrospray ionization for the deposition of
Mn12-acetate SMMs on various substrates under ultra high vacuum
conditions. The magnetic properties of thin films of Mn12-acetate were
investigated with SQUID magnetometry, whereas the structural and
electronic properties of sub-monolayers and individual molecules were
studied by means of low temperature scanning tunneling microscopy
and spectroscopy (STM/STS) and X-ray photoelectron spectroscopy
(XPS). Furthermore, first attempts have been made for the electro-
spray deposition of Fe4 SMMs, which offer the advantage of an en-
hanced redox stability of the magnetic core.

O 36.34 Tue 18:30 P1
Temperature induced dehydrogenation and substrate-
mediated hydrogen transfer of tetra(p-hydroxyphenyl)-
porphyrin - a photoelectron spectroscopy study — •Lars
Smykalla1, Pavel Shukrynau1, Michael Hietschold1, Carola
Mende2, Heinrich Lang2, and Dietrich R. T. Zahn3 — 1Technische
Universität Chemnitz, Institute of Physics, Solid Surfaces Analy-
sis Group, D-09107 Chemnitz, Germany — 2Technische Univer-
sität Chemnitz, Institute of Chemistry, Inorganic Chemistry, D-09107
Chemnitz, Germany — 3Technische Universität Chemnitz, Institute
of Physics, Semiconductor Physics, D-09107 Chemnitz

We present photoelectron spectroscopy investigations of 5,10,15,20-
tetra(p-hydroxyphenyl)porphyrin (H2THPP) molecules adsorbed on
Au(111) and Ag(110). Directly after deposition of the molecular layer,
coexistence of H2THPP molecules with the cationic form H4THPP
is found. Annealing leads to the dissociation of the central hydrogen
atoms in the molecules. On Au(111) after annealing to high temper-
atures, subsequently, both H2THPP and its doubly dehydrogenated
form THPP are observed. On the other hand, on the more reactive
Ag(110) surface after annealing to 300 ◦C, partial dissociation of the
hydroxyl groups followed by diffusion and rebonding of hydrogen to the
central nitrogen atoms and with this the formation of a zwitterionic
species is found. Furthermore starting at this temperature, on both
substrates partial C−H bond breaking at the pyrrole rings is observed,
which affects the whole electronic structure of the molecule as shown
in the valance band spectra.

O 36.35 Tue 18:30 P1
Towards the formation of extended polycyclic aromatic hy-
drocarbons doped with nitrogen — •Tim Sander1, Maxi-
milian Ammon1, Philipp Hofmann1, Natalie Hammer2, Milan
Kivala2, and Sabine Maier1 — 1Department of Physics, University
of Erlangen-Nürnberg, Germany — 2Department of Chemistry and
Pharmacy, University of Erlangen-Nürnberg, Germany

The formation of extended polycyclic aromatic hydrocarbons (PAHs)
by on-surface synthesis on metal surfaces has recently attracted in-
creased interest owing to the current developments in the field of build-
ing new carbon allotropes in a bottom-up approach. We used pla-
narized triarylamine molecules functionalized with diphenylmethyli-
dene side groups and end groups of different types (e.g. alkylchains and
trialkylsilyl moieties) as molecular building blocks. We investigated
the potential of the functionalized triarylamine molecules to undergo
a cyclodehydrogenation reaction on the Au(111) and Cu(111) surface
to create novel extended PAHs doped with nitrogen heteroatoms. The
thermal-stability of the different functional side and end groups as
well as the adsorption configuration of the individual molecules will be
discussed in detail by means of low temperature scanning tunneling
microscopy under ultra-high vacuum condition.

O 36.36 Tue 18:30 P1

Intramolecular Dipole of Merocyanine probed by Local Con-
tact Potential Difference Measurements — •Nils Krane1,
Christian Lotze1, Xianwen Chen1, José I. Pascual1,2, and Katha-
rina J. Franke1 — 1Institut für Experimentalphysik, Freie Univer-
sität Berlin, Germany — 2CIC nanoGUNE, San Sebastián, and Iker-
basque, Basque Foundation for Science, Bilbao, Spain

The merocyanine form of the molecular switch 1,3,3-
Trimethylindolino-6’-nitrobenzopyrylospiran exhibits an intramolec-
ular dipole in gas phase and solution [1]. When adsorbed on a metal
surface, charge redistribution and screening may considerably alter the
expected dipole behaviour. Using a combined low-temperature scan-
ning tunneling microscope/atomic force microscope, we investigate the
adsorption and intramolecular charge distribution of merocyanine on
Au(111). The lateral and vertical distribution of the local contact po-
tential difference (LCPD) hint at the persistence of an intramolecular
dipole.
[1] D. Lapienis-Grochowska et al. Journal of the Chemical Society,
Faraday Transactions 2 75, 312 (1979)

O 36.37 Tue 18:30 P1
STM Investigations of Spirobifluorene Tripodal Molecules
on Au(111) — •Kevin Edelmann1, Lukas Gerhard1, Marcin
Lindner1, Michal Valasek1, Lei Zhang1, Hilbert von
Löhneysen1,2,3, Elke Scheer4, Marcel Mayor1,3,5, Maya Lukas1,
and Wulf Wulfhekel1,6 — 1Institute of Nanotechnology, Karlsruhe
Institute of Technology (KIT), D-76021 Karlsruhe — 2Physics In-
stitute and Institute for Solid State Physics, Karlsruhe Institute of
Technology (KIT), D-76049 Karlsruhe — 3DFG Center for Functional
Nanostructures (CFN), D-76049 Karlsruhe — 4Physics Department,
University of Konstanz, Universitätsstraße 10, D-78457 Konstanz —
5Department of Chemistry, University of Basel, CH-4056 Basel —
6Physikalisches Institut, Karlsruhe Institute of Technology (KIT),
D-76131 Karlsruhe

Decoupling molecular functional electronic units from a metallic sub-
strate in a controllable manner is a major challenge for the investiga-
tion of the electronic properties of single molecules by STM. A promis-
ing approach is to use a tripodal molecule as a platform that carries
the actual molecular wires or functional unit. [1]. Before functionality
is integrated into this tripodal stand, the positioning and coupling of
the platform to the substrate needs to be characterized thoroughly.
To this end, we investigated spirobifluorene tripodal molecules. Dif-
ferent deposition techniques were used to deposit the molecules onto a
Au(111) surface (from solutions or sublimation in UHV). We report on
the morphology and electronic properties of these molecules by STM
measurements. [1] Lukas et. al., ACS Nano 2013 7 (7), 6170-6180

O 36.38 Tue 18:30 P1
Investigation of the Hydrogenation of Graphene on Ni(111)
via Temperature Programmed X-Ray Photoemission Spec-
troscopy and Temperature Programmed Desorption —
•Florian Späth, Wei Zhao, Karin Gotterbarm, Christoph
Gleichweit, Hans-Peter Steinrück, and Christian Papp —
Lehrstuhl für Physikalische Chemie II, Friedrich-Alexander-Universität
Erlangen-Nürnberg, Germany

The fundamental understanding of the reaction of hydrogen with
graphene is of paramount importance for hydrogen-based energy stor-
age and for tailoring the properties of graphene through chemical modi-
fication, and thus for future applications in hydrogen storage and semi-
conductor industries. Low defect graphene is prepared on Ni(111) by
chemical vapor deposition; subsequent exposure to atomic hydrogen
yields hydrogenated graphene. The hydrogenation process is thor-
oughly investigated with X-Ray Photoelectron Spectroscopy to gain
insight in the chemical modification. The dehydrogenation process
is investigated with Temperature Programmed X-Ray Photoemission
Spectroscopy and Temperature Programmed Desorption. We gain de-
tailed mechanistic insights and observe a two-step dehydrogenation
independently with both methods. Furthermore, we determined the
hydrogen saturation coverage, which corresponds to a full single-side
hydrogenated layer. Additionally, we present a model for both the
hydrogenation and dehydrogenation, and deduce a strong dependency
of the hydrogen storage capacity on the substrate. A comparison to
quasi free-standing graphene will be discussed.

O 36.39 Tue 18:30 P1
Modeling catalytic reactions: graphene-supported Pd nan-
oclusters studied with high-resolution X-ray photoelectron
spectroscopy — •Karin Gotterbarm, Carina Bronnbauer, Udo
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Bauer, Christian Papp, and Hans-Peter Steinrück — Lehrstuhl
für Physikalische Chemie II, Universität Erlangen-Nürnberg, Egerland-
str. 3, 91058 Erlangen

In our study, graphene was grown on a Rh(111) single crystal surface
by chemical vapour deposition of propylene at elevated temperatures.
The corrugated graphene layer serves as a template for the evaporation
of Pd nanoclusters with a narrow size distribution. The growth of the
clusters and their interaction with adsorbates was investigated by fast
X-ray photoelectron spectroscopy (XPS) performed at the synchrotron
facility BESSY II. We found a cluster-by-cluster growth mode. Upon
annealing, we observe restructuring and agglomeration of the clusters.
At temperatures above 850 K, intercalation of the palladium under the
intact graphene sheet is observed. The interaction of the Pd particles
with CO and O2 was investigated in all relevant core levels in a tem-
perature range from 150 up to 500 K. The adsorbate coverage varies
with temperature and shows a strong dependency on the structure of
the clusters.

O 36.40 Tue 18:30 P1
Transport properties of epitaxially grown graphene nanorib-
bons — •Jens Baringhaus1, Frederik Edler1, Christian
Seidel1, Claire Berger2, Walter A. de Heer2, and Christoph
Tegenkamp1 — 1Leibniz Universität Hannover, Institut für
Festkörperphysik, 30167 Hannover, Germany — 2Georgia Institute of
Technology, Atlanta, Georgia 30332-0430, USA

For graphene nanoribbons with zig-zag type edges the existence of
topologically protected electronic edge states is theoretically predicted.
Hence, exceptional transport phenomena such as ballistic transport
with a mean free path in the µm range become accessible. The exper-
imental realization of such nanoribbons requires a gentle patterning
avoiding any damaging of the edges. For this purpose, we use a se-
lective graphitization process on SiC mesa structures which allows the
direct growth of graphene nanoribbons without post-processing. The
electronic properties of the ribbons are investigated with scanning tun-
neling spectroscopy. A local density of states typical for a zig-zag type
edge is observed, revealing features corresponding to the two topo-
logically protected zeroth subbands. The transport properties of the
ribbons are further analyzed by means of a 4-tip STM system. Ex-
tremely robust ballistic transport with a mean free path up to 10 µm
is observed for temperatures up to room temperature. Transport in
just one or both zeroth subbands can be detected depending on the
probe spacing. Transport data of around 50 different ribbons are an-
alyzed statistically, showing the reliability and reproducibility of the
observed phenomena.

O 36.41 Tue 18:30 P1
HRTEM characterization of epitaxially grown graphene
nanoribbons — Dennis Laube1, •Jens Baringhaus1, Atasi
Chatterjee1, Eberhard Bugiel2, and Christoph Tegenkamp1 —
1Leibniz Universität Hannover, Institut für Festkörperphysik, 30167
Hannover, Germany — 2Leibniz Universität Hannover, Institut für
Materialien und Bauelemente der Elektronik, 30167 Hannover, Ger-
many

The fabrication of well-ordered graphene nanostructures is essential for
any kind of graphene based device. Since standard lithography meth-
ods typically induce a large amount of defects at the edges the so pro-
duced nanostructures do not exhibit the theoretically expected trans-
port behavior such as a width dependent bandgap (armchair edges)
or ballistic transport (zig-zag edges). We use a three-stepped selec-
tive graphitization process on SiC mesa structures to grow graphene
nanostructures directly in the desired shape to avoid any damaging
post-processing. First, the mesa structure is patterned into the SiC
substrate. In the second step, the substrate is heated at temperatures
slightly below the graphitization temperature to induce a refacetting
process of the mesa edges. In the last step, the sample is heated to
1350 ◦C for the graphitization which starts at the facets due to the
much weaker bonding of silicon atoms. The fabrication process is mon-
itored by means of high resolution TEM. Parameters such as the angle
of the SiC facets (which predetermines the width of the nanostructure)
were deduced. Finally, the graphene grown on the facets is studied with
respect to local bonding as well as interface properties.

O 36.42 Tue 18:30 P1
Local transport properties of epitaxially grown graphene
— •Frederik Edler1, Jens Baringhaus1, Christoph Neumann2,
Christoph Stampfer2, Stiven Forti3, Ulrich Starke3, and
Christoph Tegenkamp1 — 1Institut für Festkörperphysik, Leibniz

Universität Hannover, Appelstraße 2, 30167 Hannover, Germany —
2JARA-FIT and II. Institute of Physics A, RWTH Aachen Univer-
sity, 52074 Aachen, Germany — 3Max-Planck-Institut für Festkörper-
forschung, Heisenbergstraße 1, 70569 Stuttgart, Germany

Transport properties of graphene are strongly affected by imperfec-
tions. A promising approach to large-scale graphene films which could
be used in electronic circuits or new device structures is the epitax-
ial growth of graphene on SiC. For a better understanding of defect
parameters, the epitaxial growth of graphene on a 6H-SiC(0001) sub-
strate was stopped before the completion of large scale graphene areas
which results in patches of different graphene perfection and trans-
port regimes. By means of a four-tip STM/SEM system we were able
to gently contact our sample on a nanometer scale without inducing
strain to the graphene films. This allowed us to correlate the local
morphology of monolayer graphene (as seen in SEM and STM images)
with spatially resolved transport measurements. Further supporting
spectroscopic characterizations were done by ARPES, Raman and STS
measurements. Our detailed analysis of temperature dependency and
variation of probe spacings clearly reveals two-dimensional transport
regimes of Anderson localization as well as diffusive transport.

O 36.43 Tue 18:30 P1
Thermolubricity of Xe monolayers on graphene — Mat-
teo Pierno1, •Luca Bignardi2,3, Maria Clelia Righi4, Lorenzo
Bruschi1, Stefano Gottardi2, Meike Stöhr2, Pier Luigi
Silvestrelli1,5, Petra Rudolf2, and Giampaolo Mistura1 —
1Dept. of Physics and Astronomy, University of Padova, Padova, Italy
— 2Zernike Institute for Advanced Materials, University of Groningen,
Groningen, The Netherlands — 3Physikalisches Institut, University of
Münster, Münster, Germany — 4CNR and Dept. of Physics, Uni-
versity of Modena and Reggio, Modena, Italy — 5IOM-CNR, Trieste,
Italy

The nanofriction of Xe monolayers deposited on graphene was explored
with a quartz crystal microbalance (QCM) at temperatures between
25 and 50 K. Graphene was grown by chemical vapour deposition and
transferred to the QCM electrodes with a polymer stamp. At low tem-
peratures, the Xe monolayers are fully pinned to the graphene surface.
Above 30 K, the Xe film slides and the coverage beyond which the
film starts sliding decreases with temperature. Similar measurements
repeated on bare gold show an enhanced slippage of the Xe films and a
decrease of the depinning temperature below 25 K. Nanofriction mea-
surements of krypton and nitrogen confirm this scenario. This ther-
molubric behaviour is explained in terms of a recent theory of the size
dependence of static friction between adsorbed islands and crystalline
substrates.

O 36.44 Tue 18:30 P1
AFM and Raman investigations of epitaxial graphene
nanoribbons — •Malte Halbauer1, Jens Baringhaus1,
Christoph Neumann2, André Müller2, Christoph Stampfer2,
and Christoph Tegenkamp1 — 1Leibniz Universität Hannover, In-
stitut für Festkörperphysik, 30167 Hannover, Germany — 2JARA-
FIT and II. Institute of Physics A, RWTH Aachen University, 52074
Aachen, Germany

The synthesis of graphene nanoribbons (GNR) with well-oriented edges
on a wafer-scale is a challenging task for the development of graphene
based devices. Lithographic processing of graphene leads to a high
amount of defects especially at the edges which destroy easily envis-
aged properties, e.g. ballistic edge channels. Hence, a self-organized
growth of graphene nanoribbons is highly desirable. For this purpose
we use the selective graphitization of refacetted SiC mesa structures. In
order to reveal ideal growth parameters, the annealing processes have
been studied and monitored by AFM as well as Raman spectroscopy.
All heating steps have been performed in a face-to-face resistive heater.
While AFM provides inside into the morphology of the mesa and facet
structure, EFM has been used to record the local work function of the
surface which is indicative for a selective growth of graphene nanos-
tructues. The results correlate nicely with mappings of the 2D Raman
signal indicating a successful growth of graphene nanoribbons. Best
GNR structures have been obtained by annealing to 1200 ◦C for 20
min. For longer annealing times debunching of the initial MESA struc-
ture has been found as well as graphitization in between the ribbons.

O 36.45 Tue 18:30 P1
Chemical and Electronic Modification of Graphene via Re-
active Landing of Hyperthermal Molecular Ion Beams —
•Girjesh Dubey1, Stephan Rauschenbach1, Roberto Urcuyo1,
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Marko Burghard1, and Klaus Kern1,2 — 1Max-Planck-Institute
for Solid State Research, Heisenbergstrasse 1, Stuttgart — 2Institut
de Physique de la Matiere Condensee, Ecole Polytechnique Federale
de Lausanne, Switzerland

Tailoring the electronic properties of graphene by surface modification
is of interest for switching devices and logic applications. However,
chemical modification of graphene at stoichiometric densities is gen-
erally difficult, due to it’s low reactivity. One unique solution to this
challenge is to collide energetic molecular ion beams (10-200 eV) at the
surface of the sp2-hybridized basal plane. Upon impact, hyperthermal
ion beams with energies considerably larger than that of a covalent
bond (1-10 eV) are able to produce surface defects and create reactive
fragments, leading to chemisorption. In this work, an electrospray ion
beam deposition (ES-IBD) system is employed to carry out the modifi-
cation in high vacuum. Singly charged cations of 4,4’-azobis(pyridine)
are shown to reactively land on mechanically exfoliated and chemical
vapor deposited graphene at moderate to high coverage. The resulting
morphology, electronic transport properties, and vibrational spectra of
the pyridine-functionalized surfaces are presented. These experiments
highlight a facile approach for the controlled modification of graphene
with a range of new molecules otherwise unreactive toward graphene
by existing conventional methods.

O 36.46 Tue 18:30 P1
All-carbon vertical van der Waals heterostructures: Non-
destructive functionalization of graphene for electronic
applications — Miroslaw Woszczyna1, •Andreas Winter2,
Miriam Grothe1, Annika Willunat2, Stefan Wundrack1,
Rainer Stosch1, Thomas Weimann1, Franz Ahlers1, and An-
drey Turchanin2 — 1Physikalisch-Technische Bundesanstalt, 38116
Braunschweig, Germany — 2Faculty of Physics, University of Biele-
feld, 33615 Bielefeld, Germany

We present a route to non-destructive functionalization of graphene
via assembly of vertical all-carbon van der Waals heterostructures. To
this end, we employ single-layer graphene (SLG) sheets grown by low-
pressure methane CVD on Cu foils and large-area dielectric ˜1 nm
thick amino-terminated carbon nanomembranes (NH2-CNMs) gener-
ated by electron-beam-induced crosslinking of aromatic self-assembled
monolayers. We encapsulate SLG sheets on oxidized silicon wafers with
NH2-CNMs via mechanical stacking and characterize structural, chem-
ical and electronic properties of the formed heterostructures by Raman
spectroscopy and X-ray photoelectron spectroscopy as well as by elec-
tric and electromagnetic transport measurements. We unambiguously
show that functional amino groups are brought in close vicinity of the
SLG sheets and that their transport characteristics are not impaired
by this functionalization; moreover, we demonstrate a functional re-
sponse of the heterostructure devices to the protonation of the amino
groups in water.

O 36.47 Tue 18:30 P1
Plasmons in graphene bilayers — •Phillipp Reck1, Sam
Shallcross2, and Oleg Pankratov2 — 1Institut für Theoretis-
che Physik, Universität Regensburg — 2Lehrstuhl für Theoretische
Festkörperphysik, FAU Erlangen

Plasmons are the fundamental collective excitations in the electron
system which underlie various many-body phenomena. In two dimen-
sions, plasmons have a square root dispersion. For a double layer
system an additional linear branch arises which features a finite gap at
q=0 which is due to the interlayer tunneling [1]. Multilayer graphene
stacks offer an interesting possibility for realizing such systems. More-
over, stacks with mutually rotated layers present a novel 2D system
which is periodically modulated due to the moiré pattern [2]. It was
found [3] that the moiré potential alters the one particle spectrum and
induces Anderson-type localization at certain energies.

Our work aims at exploring the many-particle effects in these moiré
systems, where at first we investigate plasmons in the RPA, using the
low energy, homogeneous Mele Hamiltonians [4]. We find qualitatively
the same results as in 2DEG. To include the inhomogeneity effects of
the moiré potential we shall accordingly adopt the RPA scheme by
including the most important coupling reciprocal vectors of the moiré
periodicity [3].

[1] S. Das Sarma and E. H. Hwang, Phys. Rev. Lett. 81, 4216
(1998)

[2] S. Shallcross et al, PRB 81, 165105 (2010)
[3] S. Shallcross et al, PRB 87, 245403 (2013)
[4] E. J. Mele, PRB 81, 161405(R) (2010)

O 36.48 Tue 18:30 P1
”white graphene” on Ag(001) — •Samuel Grandthyll, Karin
Jacobs, and Frank Müller — Saarland University, Experimental
Physics, D-66041 Saarbrücken

Monolayers of boron nitride (white graphene/h-BN) were grown via
chemical vapor deposition of borazine on Ag(001) and characterized
by X-ray photoelectron spectroscopy (XPS) and low energy electron
diffraction (LEED). ”The growth of h-BN on Ag(001) is the same as
previously demonstrated for Ag(111), giving evidence that for weakly
interacting transition metal surfaces the surface symmetry has no dis-
tinct impact on the h-BN growth.” [1]

[1] F.Müller, S.Grandthyll, Surf. Sci. 617 (2013) 207.

O 36.49 Tue 18:30 P1
Hybrid heterostructures of zero-dimensional and two-
dimensional carbon — Zhikun Zheng1,2, Xianghui Zhang1,
•Christof Neumann1, Andreas Winter1, Henning Vieker1,
Wei Liu3, Marga Lensen2, Armin Gölzhäuser1, and Andrey
Turchanin1 — 1Faculty of Physics, University of Bielefeld, 33615
Bielefeld — 2Department of Chemistry, Technical University of Berlin,
10623 Berlin — 3Physical Chemistry and Electrochemistry, Technical
University of Dresden, 01062 Dresden

Van der Waals heterostructures of free-standing two-dimensional (2D)
materials open many avenues in the experimental physics and ma-
terials science of nanomaterials as they reveal unusual properties
and phenomena. Here we present the fabrication of novel hybrid
0D/2D carbon-based heterostructures consisting of ˜1 nm thick bi-
facial Janus Nanomembranes(JNMs) selectively functionalized with
fullerenes (C60) or gold nanoparticles (AuNP) on one or both
faces. We characterize the physical and chemical properties of the
JNM/(C60-JNM)n stacks with n=1, 2, 3 and 4 and individual C60-
JNM-AuNP sheets in their supported and free-standing states by op-
tical microscopy, helium ion microscopy (HIM), X-ray photoelectron
spectroscopy (XPS) as well as by bulge tests with an atomic force mi-
croscope (AFM). We discuss these results and the possible application
areas of the engineered hybrid heterostructures in nanotechnology.

O 36.50 Tue 18:30 P1
Ion Beam Characterisation with Graphene — •Igor Zagoran-
skiy, Roland Kozubek, Oliver Ochedowski, and Marika Schle-
berger — Universität Duisburg-Essen, Duisburg, Deutschland

In ion irradiation experiments material modifications due to ion im-
pacts are often studied as a function of fluence. A precise knowledge
of the beam homogeneity and the spot size of the beam is therefore
of utmost importance for the experiment. While the spot size anal-
ysis can be performed using a Faraday cup, the homgeneity has to
be determined using a spatially resolving detector. These detectors
are expensive and not applicable for every experimental setup. In our
contribution we demonstrate that CVD graphene in combination with
µ-Raman spectroscopy mapping can be applied as an ion beam detec-
tor which can be used to determine the fluence and beam homogeneity
on the micron scale.

As an example we present data from an experiment where we irra-
diated a CVD graphene sample with an ion beam of highly charged
Xe35+ particles (260 keV). By analysing the D-band originating from
the ion induced defects, the beam homogeneity, spot size and the ac-
tual size of the ion-induced defects can be determined.

O 36.51 Tue 18:30 P1
Damage in graphene and single layer hexagonal boron nitride
due to electronic excitation induced by highly charged ions
— •Roland Kozubek, Johannes Hopster, Oliver Ochedowski,
and Marika Schleberger — Universität Duisburg-Essen, Duisburg,
Deutschland

In this work, we demonstrate that single layers of exfoliated graphene
sustain significant damage from irradiation with slow highly charged
ions of different charge states (q = 28-42). By atomic force microscopy
in lateral force mode we have observed nontopographical frictional de-
fects induced by single ion impacts. To compare these results, we have
repeated the experiment with single layers of hexagonal boron nitride
(SL-hBN), which is an insulator with a bandgap of 5.5 eV. One can
see, that the threshold potential energy for defect creation in graphene
is much smaller than in SL-hBN, which can be explained by the clas-
sical over-the-barrier model. Here, the time of flight of the ion above
the surface is the key parameter, which is varied in further studies by
using different projectile velocities. From these experiments we expect
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to be able to create large defective areas at low kinetic energies. In
order to achieve this, a novel deceleration system was installed and
tested at our setup.

O 36.52 Tue 18:30 P1
Two-photon photoemission study of gold-intercalated
graphene on Ir(111) — •David Nobis, Daniel Niesner, and
Thomas Fauster — Universität Erlangen-Nürnberg, Staudtstr. 7,
D-91058 Erlangen, Germany

We have investigated gold-intercalated graphene on Ir(111) as well as
gold on clean Ir(111) using UV photoelectron spectroscopy (UPS) and
two-photon photoemission (2PPE). Up to 5 monolayers (MLs) of gold
were intercalated at several temperatures.
The measured work function of the Au/Ir system approaches the value
of Au(111) after the deposition of 4 MLs of gold. In the graphene-
covered case the work function (4.88 eV with 5 MLs gold) remains
larger than expected [1]. The UPS spectra of Au/Ir(111) show a
gold-related, upward-dispersing surface state around 0.47 eV below
the Fermi level.
In the 2PPE spectra two image-potential states (IPS) are found. The
second IPS shows a resonant transition from the Au surface state.
The energetic positions of the IPS in combination with the large work
function is evidence for incomplete intercalation of the gold. From the
energetic spacing of the IPS the local work function of the intercalated
areas is extrapolated to 4.69 eV which agrees with the calculated value
of 4.74 eV [1]. With this local work function the binding energies of
the first two IPS (0.85 eV and 0.21 eV) agree well with those measured
on other graphene-covered noble-metal surfaces [2].

[1] Khomyakov, P. A. et al., Phys. Rev. B 79 (2009) 195425
[2] Nobis, D. et al., Phys. Rev. B 88 (2013) 195435

O 36.53 Tue 18:30 P1
Doping on Epitaxial Graphen on SiC with Molecular Ad-
sorbates — •Martina Wanke1, Anton Tadich2, Mark Edmonds3,
Lothar Ley4, Felix Fromm1, Yaou Smets3, Christian Raidel1,
Christian Heidrich1, Zoran Mazej5, John Riley3, Chris Pakes3,
and Thomas Seyller1 — 1TU Chemnitz, Insitut für Physik, Germany
— 2Australian Synchrotron, Soft-X-ray-Beamline, Clayton, Victoria,
Australia — 3La Trobe University, School of Physics, Bundoora, Vic-
toria, Australia — 4FAU Erlangen-Nürnberg, Institut für Festkörper-
physik, Erlangen, Germany — 5Joseph Stefan Institute Ljubljana,
Slovenia

Molecular doping of epitaxial graphene and quasi-freestanding
graphene on SiC(0001) was used to tune the doping type character.
Epitaxial graphene on SiC shows a strong intrinsical n-type character
[1, 2]. It was possible not only to achieve charge neutrality as it was
shown for F4-TCNQ [3,4], but to effectively p-type dope graphene by
using of C60F48. While quasi-freestanding graphene is already p-type
doped, it was possible to increase the amount of p-type doping. Angle-
resolved photoemission was used to determine the amount of doping
[3,4,5,6].

[1] T.Ohta,et al.,Science 313,951(2006). [2] J.Jobst,et al.,PRB
81,195434(2010). [3] W.Chen,et al.,JACS 129,10418(2007). [4]
C.Coletti,et al.,PRB 81,235401(2010). [5] A.L.Walter,et al.,APL
98,184102(2011). [6] A. Tadich, et al., APL 102, 241601 (2013).

O 36.54 Tue 18:30 P1
The Effects of Disorder and Defects on the Electronic Struc-
ture of Graphene — •Jonathan Parnell1, Sina Habibian1, Klaus
Kern1,2, and Christian Ast1 — 1Max Planck Institute for Solid State
Research, D-70569 Stuttgart — 2Ecole Polytechnique Fédérale de Lau-
sanne, CH-1015 Lausanne

A high electron mobility is one of the hallmarks of the two-dimensional
graphene system. However, disorder and defects reduce the electron
mobility, which places constraints on the different ways graphene can
be modified. We simulate the effects of disorder and defects within
graphene lattices on the electronic structure. For this we employ a
simple real space tight-binding model. These simulations allow us to
directly correlate theory and experiment by comparing the calculated
results with angular resolved photo-emission data. In this way we can
make a quantitative assessment of the density of the different types of
defects with their signatures in the electronic structure.

O 36.55 Tue 18:30 P1
many-body interactions in the sigma band of graphene —
•federico mazzola1, justin wells1, rositza yakimova2, soren
ulstrup3, jill miwa3, richard balog3, marco bianchi3, mats

leandersson4, johan adell4, philip hofmann3, and thiagarajan
balasubramanian4 — 1Department of Physics, Norwegian Univer-
sity of Science and Technology (NTNU), N-7491 Trondheim, Norway
— 2Department of Physics, Chemistry, and Biology, Linkoping Uni-
versity, S-581 83 Linkoping, Sweden — 3Department of Physics and
Astronomy, Interdisciplinary Nanoscience Center (iNANO), Aarhus
University, 8000 Aarhus C, Denmark — 4MAX IV Laboratory, Lund
University, P.O. Box 118, 221 00 Lund, Sweden

Contrary to the case of Graphene’s pi band structure, the deeper lying
sigma bands have attracted little attention. Here we present a detailed
study of the sigma band structure using angle resolved photoemission
spectroscopy (ARPES). Graphene is prepared on different substrates
and it is compared with graphite and quasi free standing graphene
(graphene which is lifted up by oxygen intercalation after growth on
Ir(111)). We find that such bands hide an unexpected large interaction
close to the Gamma-bar point. A ’kink’ deviates the band from the
expected dispersion of a non-interacting band, and a corresponding
broadening of the line width is seen. The experiment is supported by
a numerical simulation of the many-body interaction, such that the
nature of the kink can be probed. We conclude that electron phonon
coupling plays a significant role and can satisfactorily account for the
observed strong kink.

O 36.56 Tue 18:30 P1
An STM-study on the Electronic Properties of epi-
taxial Graphene using Thermovoltage Effects — •Philip
Willke1, Thomas Druga1, Alexander Schneider2, and Martin
Wenderoth1 — 1IV. Physikalisches Institut, Georg-August Univer-
sität Göttingen, Germany — 2Lehrstuhl für Festkörperphysik, FAU
Erlangen, D-91058, Germany

We study the electronic properties of epitaxial-grown mono- and bi-
layer graphene on SiC by locally mapping the thermovoltage: This
quantity is obtained by compensating a finite current present due to
the temperature difference between sample and tunneling tip by ad-
justing the tip-sample voltage. According to theory, this property is
sensitive to the change in LDOS at the Fermi level. [1] Recently, it
was demonstrated that thermovoltage experiments on epitaxial-grown
graphene can be used to distinguish between different domain struc-
tures induced by wrinkles. [2] By mapping the thermovoltage in a
low-temperature STM operating at 6 K, we can comfirm the theoreti-
cal predictions given in [1] by comparing high-resolution spectroscopy
and thermovoltage measurements. Moreover, we obtain information on
the electron scattering behaviour on monolayer and bilayer graphene
with the help of Fourier spectroscopy and we can also identify irregu-
larities in the interface layer. This work was supported by SPP 1459
”Graphene”.

[1] J. A. Stovneng and P. Lipavsky, Phys. Rev. B 42, 9214-9216
(1990)

[2] J. Park et al., Nanoletters 13(7) 3269-3273 (2013)

O 36.57 Tue 18:30 P1
An influence of parallel electric field on the dispersion re-
lation of graphene - a new route to Dirac logics — Jakub
So ltys1, Stanis law Krukowski1,2, Jolanta Borysiuk3,4, and
•Jacek Piechota1 — 1ICM, University of Warsaw, ul. Pawińskiego
5a, 02-106 Warszawa, Poland — 2Institute of High Pressure Physics,
Polish Academy of Sciences, ul. Soko lowska 29/37, 01-142 Warsaw,
Poland — 3Institute of Physics, Polish Academy of Sciences, Al. Lot-
ników 32/46, 02-668 Warsaw, Poland — 4Faculty of Physics, Univer-
sity of Warsaw, ul. Hoza 69, 00-681 Warsaw, Poland

Ab initio density functional theory (DFT) simulations were used to
investigate an influence of an electric field, parallel to single and multi-
layer graphene, on its electron dispersion relations close to the K point.
It was shown that for both single layer and AAAA stacking multilayer
graphene under an influence of a parallel field the dispersion relations
transform to nonlinear ones. The effect, associated with the hexagonal
symmetry breaking, opens a new route to high speed transistors and
logical devices working in the Dirac regime. The implementation of
such a device is presented.

O 36.58 Tue 18:30 P1
Study of Spin-Polarized Behaviour in Cobalt Decorated
Graphene — •Eamon McDermott1, Paul Bazylewski2, Gap Soo
Chang2, and Peter Blaha1 — 1Institute of Materials Chemistry, Vi-
enna University of Technology, Austria — 2Department of Physics &
Engineering Physics, University of Saskatchewan, Canada
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Advances in sub-monolayer PVD deposition of metals on graphene
have allowed us to consider the possibility of decorating graphene with
magnetic species in the hope of controlling its electronic structure.
Density Functional Theory calculations performed using WIEN2k, a
scalar-relativistic, all-electron LAPW code, shows an opening of the
band-gap of model Co-graphene systems, including those with oxi-
dized Co and Co dimer decoration. When force-relaxed, the graphene
layer remains unbuckled, even in the presence of a Co surface under-
neath the decorating atoms. Additionally, states near the Fermi level
become spin polarized, suggesting the possibility of fabricating half-
metallic Co-graphene devices.

O 36.59 Tue 18:30 P1
Crystallographic Order and Decomposition of [MnIII

6 CrIII]3+

SMMs deposited on Various Substrates Analyzed by Means
of KPFM and nc-AFM — Aaron Gryzia1, •Timm Volkmann1,
Armin Brechling1, Ulrich Heinzmann1, Veronika Hoeke2, and
Thorsten Glaser2 — 1Molecular and Surface Physics, Bielefeld Uni-
versity — 2Anorganic Chemistry I, Bielefeld University

[MnIII
6 CrIII]3+ Single-Molecule Magnets (SMMs) consist of seven

metal ions in its center and organic compounds and ligands in the
periphery. On surfaces such as e.g. mica and HOPG, these organic
parts and charge of 3+ play an important role regarding the adsorp-
tion of the molecule. For charge neutrality [MnIII

6 CrIII]3+ needs thus
counterions. The resulting dipole moment of the SMM layer influences
the local contact potential difference (LCPD). We are able to deter-
mine the LCPD of the sample by using frequency modulated Kelvin
Probe Force Microscopy (FM-KPFM) at UHV conditions. By means
of molecular resolved nc-AFM we found a two-fold symmetry close to
a four-fold symmetry in the structure of the on HOPG absorbed SMM
monolayer. The two lateral dimensions period matches the size of the
molecule whereas these layers heights resemble the SMM’s height. In
addition we also observed layers with half the height of the molecules
besides those of the full height. We interpret this observation as decom-
position of [MnIII

6 CrIII]3+ into its molecular building blocks. These
layers show a higher LCPD than the layers with full molecular height.

O 36.60 Tue 18:30 P1
Bottom-up creation of metal-organic magnetic molecules
based on cyclooctatetraene — •Hasmik Harutyunyan1 and
Daniel Wegner2 — 1Westfälische Wilhelms-Universirät Münster —
2Westfälische Wilhelms-Universirät Münster

Single molecule magnets (SMM) are metal-organic complexes where
the spin is mostly carried by transition-metal atoms (3d or 4f), while
the coupling is mediated by organic ligands. Due to their large size
it is very difficult to deposit SMMs onto a surface under ultrahigh
vacuum conditions. An alternative way is the creation of magnetic
molecules in a bottom-up fashion. Here we show that single cyclooc-
tatetraene (COT) molecules can be connected to isolated 3d-transition
metal atoms (Fe, Co) by self-assembly or via atomic manipulation us-
ing a scanning tunneling microscope (STM at low temperature. Exper-
iments have been performed on a Au(111) and a Ag(100) substrate. We
compare the structural and electronic properties as gained from STM
and tunneling spectroscopy (STS). The results will also be compared
with theoretical predictions, and a strategic route toward COT-based
SMMs will be shown.

O 36.61 Tue 18:30 P1
Total Internal Reflection Ellipsometry to detect ultrathin ad-
sorbed films — •Lei Wang, Igor Siretanu, Michèl Duits, and
Frieder Mugele — Physics of Complex Fluids, MESA+ Institute
for Nanotechnology, University of Twente P.O. Box 217, 7500 AE En-
schede, The Netherlands

To understand the adsorption/desorption of polar components of crude
oil (model ”asphaltene”) onto polar (model ”rock”) substrates, is of
great importance for optimizing the enhanced oil recovery (EOR) pro-
cess via low salinity water flooding. However, much is still unknown
from the molecular aspects about this process, and many components
have to been screened. Total Internal Reflection Ellipsometry (TIRE)
is capable of detecting ions or small molecules adsorbed at solid-liquid
interfaces. In this work, the TIRE setup integrated with combina-
torial microfluidics, enables parallel measurements on one substrate,
making it a fast screening technique. Detection limit of this setup is
0.2 ng/cm2, and the sensitivity is demonstrated via the adsorption
of Ca2+ at silica-water interfaces. Experimental evidences show that
these adsorbed calcium ions enable the adsorption of Hexanoic Acid
(HA), and the adsorbed HA film desorbs gradually when decreasing

the salinity of flooding solutions, which is in consistent with the ob-
servations in EOR.

O 36.62 Tue 18:30 P1
Computational screening of functionalized zinc porphyrins
for dye sensitized solar cells — •Kristian Baruël Ørnsø, Juan
Maria Garcia-Lastra, and Kristian Sommer Thygesen — Center
for Atomic-scale Materials Design, Department of Physics, Technical
University of Denmark, 2800 Kgs. Lyngby, Denmark

The search for sustainable energy sources has been intensified during
the past years and Dye Sensitized Solar Cells (DSSC) have since the
emergence of the first efficient system in 1991[1] received extensive
attention due to the promising nature of these in terms of cost effi-
ciency and flexibility.[2] Commonly, either zinc porphyrins or ruthe-
nium based dyes are used combined with the I-/I 3- redox pair as
electrolyte in an acetonitrile solvent. The advantage of the porphyrin
based dyes are the large absorption of visible light and the straight-
forward customizability by introducing side groups. We exploit this
feature by presenting the calculated frontier energy levels, orbitals,
and optical gaps for 1029 systematically functionalized zinc porphyrin
dye candidates. Based on this we investigate trends in the selective
tuning of energy levels and orbital shapes and estimate a (loss-less)
DSSC level alignment quality of the candidate molecules.[3]

References: [1] B. O’Regan, and M. Grätzel. Nature, 1991, 353,
737-740. [2] A. Hagfeldt, G. Boschloo, L. Sun, L. Kloo, and H. Pet-
tersson. Chem. Rev., 2010, 110, 6595-6663. [3] K. B. Ørnsø, J. M.
Garcia-Lastra, and K. S. Thygesen. Phys. Chem. Chem. Phys., 2013,
15, 19478-19486.

O 36.63 Tue 18:30 P1
Tuning the conductance of an unimolecular organic junction
— •Bogdana Borca1, Verena Schendel1, Ivan Pentegov1, Ul-
rike Kraft1, Hagen Klauk1, Peter Wahl1,2, Uta Schlickum1,
and Klaus Kern1,3 — 1Max-Planck-Institut für Festkörperforschung,
70569 Stuttgart, Germany — 2School of Physics & Astronomy, Uni-
versity of St Andrews, St Andrews, KY16 9SS, UK — 3Institut de
Physique de la Matière Condensée, Ecole Polytechnique Fédérale de
Lausanne (EPFL), CH-1015 Lausanne, Switzerland

To improve and realize future molecular based electronic devices, a
good understanding of electronic properties at the individual molecu-
lar level and possible ways to tune the intrinsic properties of the charge
transport through unimolecular junctions are needed. Scanning Tun-
neling Microscopy and Spectroscopy (STM/STS) represent an ideal
tool to characterize and manipulate single atoms and molecules on
surfaces. We investigate the behavior of the conductance of pentacene
and one of its thioacenes derivatives, thiotetracen, with a low temper-
ature (6.7K) STM. The organic molecules are thermally evaporated
under UHV conditions on a clean Cu(111) surface. The submolecular
resolution of the STM allows contacting individual molecules at the
desired site and measure the flow of the electrical current through this
metal-molecular-metal junction. In terms of conductance, a difference
is observed between pentacene and the sulfur-containing structure. In
addition, the functionalized side of the thiotetracene molecule may be
bonded to a metallic adatom or to a molecule, varying the conductance
in this way by a gating-like mechanism.

O 36.64 Tue 18:30 P1
Functionalization of 6H-SiC(0001) and quartz surfaces with
benzo[ghi]perylene-1,2-dicarboxylic anhydride dye through
different organic linker molecules — •Deb Kumar Bhowmick1,
Manfred Bartsch1, Linda Stegemann2, Cristian A. Strassert2,
and Helmut Zacharias1,2 — 1Physikalisches Institut, Westfälische
Wilhelms-Universität, 48149 Münster, Germany — 2Center for Nan-
otechnology (CeNTech), Westfälische Wilhelms-Universität, Münster,
Germany

Due to different band gaps of semiconductors which control the elec-
tronic interactions between substrates and adsorbates, the hybrid
semiconductor-organic interfacial systems have versatile applications
like transistors, microelectronics, and biosensor. The covalent func-
tionalization gives the stability to the hybrid system [1]. In this study
we have chemically functionalized benzo[ghi]perylene-1,2-dicarboxylic
anhydride dye on 6H-SiC and quartz surfaces through three differ-
ent silane linker molecules, e.g., 11-aminoundecyl triethoxysilane (AU-
DTES), 3-aminopropyl triethoxysilane (APTES), para-aminophenyl
trimethoxysilane (PAPTMS). These linkers have different electron con-
ductivities [2]. These systems are characterized by ATR-IR and XPS,
and are further studied by confocal fluorescence microscopy. These
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fluorescence measurements show a gradual decrease of the fluorescence
lifetime from 7.6 ns to 1.3 ns from a non-conductive to a conductive
linker.

[1] M. Auernhammer, et al., Applied Physics Letters 100, 101601
(2012) [2] D. K. Bhowmick, et al., Small 8, 592 (2012)

O 36.65 Tue 18:30 P1
Surface melting of ice — •M.Alejandra Sánchez1, Marc-Jan
van Zadel1, Patrick Bisson2, Mary J. Shultz3, Mischa Bonn1,
and Ellen H.G. Backus1 — 1Max Planck Institute for Polymer Re-
search, Mainz, Germany — 2Dartmouth College, Thayer School of
Engineering at Dartmouth, Hanover, USA — 3Laboratory for Water
and Surface Studies, Chemistry Department, Tufts University, Med-
ford, USA

Although ice is omnipresent on earth and in the atmosphere, its sur-
face is poorly understood. It is well-known that a liquid-like layer is
present on the surface of ice far below the bulk melting temperature of
ice. However, there is intense debate on the microscopic nature of this
interfacial melt. By using single crystal ice samples and Sum Frequency
Generation (SFG) surface-specific vibrational spectroscopy, we aim to
elucidate the nature of this layer. With SFG we obtain the vibrational
spectrum of solely the interfacial molecules. Single Ih crystals rods
of 2.5 cm diameter with a length of 20 cm are grown in a homebuilt
ice machine based on the Bridgeman-Stockbarger method. By compar-
ing SFG spectra at different temperatures varying from liquid water to
ice, we obtain information about the hydrogen bond strength, and thus
the nature, of the interfacial water molecules. Preliminary results show
that at 258 K the water molecules are more strongly bonded than in
liquid water at 293 K. In the future we will perform time resolved-SFG
to elucidate the reorientational dynamics of the molecules at different
temperatures, which gives additional information about the molecules’
binding strength.

O 36.66 Tue 18:30 P1
Experimental and theoretical studies of water orientation at
the CaF2 interface at different pH. — •Maria Jose Perez-
Haro1, Remi Khatib2, Mischa Bonn1, Marialore Sulpizi2, and
Ellen H.G. Backus1 — 1Max Planck Inst Polymer Res, D-55128
Mainz, Germany — 2Johannes Gutenberg Univ Mainz, Dept Phys,
D-55099 Mainz, Germany

The molecular arrangement of water molecules at solid-aqueous inter-
faces is important in numerous areas of science. It is very challenging
to obtain molecular insights into this type of interfaces. We present
here a combined experimental and theoretical approach to obtain those
molecular insights into water at the interface between CaF2 and aque-
ous solutions at different pH.

The experimental results have been obtained with the surface-
sensitive spectroscopy technique Vibrational Sum Frequency Gener-
ation (SFG), and the recently developed expansion of this technique:
phase-sensitive SFG. The vibrational spectrum of the interfacial wa-
ter molecules thus obtained with SFG reflects the organization and
arrangement of interfacial water. We have unraveled the structure,
including the absolute orientation of the water molecules at the inter-
face. We clearly see an orientation inversion, ’flip-flop’, of the water
molecules as the pH of the aqueous phase is changed from acidic to
alkaline. The experimental spectra are compared to calculated spectra
obtained from first principles molecular dynamics simulations. This
comparison provides new insight in the molecular species present at
the interface.

O 36.67 Tue 18:30 P1
Porous glass - epoxy interfaces investigated with an Atomic
Force Microscopy — •Aleksander Ostrowski, Marlena Filimon,
Jörg Baller, and Roland Sanctuary — Laboratory for the Physics
of Advanced Materials, University of Luxembourg

There has been a great interest in the field of interphases and in-
terfaces in recent years. The understanding of phenomena occurring
on the border of two materials is crucial in development of modern
compounds. In this work we present the results of investigation per-
formed for the porous glass * epoxy resin systems. The epoxy applied
on porous glass penetrates its pores with an extent dependent on the
pore size, temperature and epoxy components mixing ratio. Our study
presents characterization of porous-glass/epoxy interfaces with the use
of Atomic Force Microscopy.

O 36.68 Tue 18:30 P1
Porous glass - epoxy interfaces investigated with an Atomic

Force Microscopy — •Aleksander Ostrowski, Marlena Filimon,
Jörg Baller, and Roland Sanctuary — Laboratory for the Physics
of Advanced Materials, University of Luxembourg

There has been a great interest in the field of interphases and in-
terfaces in recent years. The understanding of phenomena occurring
on the border of two materials is crucial in development of modern
compounds. In this work we present the results of investigation per-
formed for the porous glass - epoxy resin systems. The epoxy applied
on porous glass penetrates its pores with an extent dependent on the
pore size, temperature and epoxy components mixing ratio. Our study
presents characterization of porous-glass/epoxy interfaces with the use
of Atomic Force Microscopy.

O 36.69 Tue 18:30 P1
STM and AFM investigations of [OMIm]Tf2N on Graphite
— •Rene Gustus1,2, Timo Carstens1, Oliver Höfft1, and
Frank Endres1 — 1Institut für Elektrochemie, TU Clausthal, D-
38678 Clausthal-Zellerfeld, Germany — 2Institut für Energieforschung
und Physikalische Technologien, TU Clausthal, D-38678 Clausthal-
Zellerfeld, Germany

Electrochemical reactions can always be explained by the interaction
of an electrochemically active solution with a solid surface. Besides
aqueous solutions, Ionic Liquids (IL) have become an integral part of
scientific research especially in electrochemistry but also in different
fields of research like catalysis and solar cells, to name only a few. In
this regard the physical and chemical properties of the liquid/solid in-
terface like the adsorption mechanisms or the structure formation of
the IL near the solid surface are of great interest. Here we investi-
gated the interaction of [OMIm]Tf2N with a graphite surface (Highly
Ordered Pyrolitic Graphite - HOPG) by means of scanning tunnelling
(STM) and atomic force microscopy (AFM). In a first step in-situ
STM measurements in an electrochemically controlled environment
were performed. In addition we studied the adsorption of monolay-
ers of [OMIm]Tf2N under UHV conditions. Therefore IL films with
different thicknesses were prepared on clean HOPG by evaporation in
UHV and were subsequently investigated by STM and AFM using es-
pecially force distance curves to study a potential layering of the IL at
the interface.

O 36.70 Tue 18:30 P1
Characterization of 1-octyl-3-methyl-imidazolium chloride in-
terfaces with Photoelectron Spectroscopy and Metastable In-
duced Electron Spectroscopy — •Marcel Marschewski1, Wolf-
gang Maus-Friedrichs1, Volker Kempter1, Angela Ulbrich2,
Stefan Krischok2, Frank Endres3, and Oliver Höfft3 —
1Institut für Energieforschung und Physikalische Technologien, TU
Clausthal, 38678 Clausthal-Zellerfeld, Germany — 2Institut für Physik
und Institut für Mikro- und Nanotechnologien, TU Ilmenau, 98684 Il-
menau, Germany — 3Institut für Elektrochemie, TU Clausthal, 38678
Clausthal-Zellerfeld, Germany

Room temperature Ionic Liquids are a class of materials, which has re-
cently gained enormous interest. Due to the low vapour pressure ionic
liquids interfaces can be investigated with photoelectron spectroscopy
(UPS/XPS) and metastable induced electron spectroscopy (MIES). In
this study we investigate the liquid solid and liquid vacuum interfaces
of 1-octyl-3-methyl-imidazolium chloride ([OMIm]Cl). For the analysis
of the solid/liquid interface we have prepared monolayers of [OMIm]Cl
on Si(100) by vapour deposition at room temperature. The obtained
data are compared with results for the multilayer films. The electron
spectra of thick [OMIm]Cl films indicate, that the alkyl chain sticks
out of the surface. The chlorine induced feature is not detected in the
MIES spectra and the anion seems to be completely buried under the
alkyl chain. In the monolayer case, due to the visibility of the chlorine
feature in MIES, our results indicate a more flat adsorption of alkyl
chains of the cation.

O 36.71 Tue 18:30 P1
The evaporation of nanodroplet on a chemically heteroge-
neous substrate — •Jianguo Zhang, Frédéric Leroy, and Flo-
rian Müller-Plathe — Eduard-Zintl-Institut für Anorganische und
Physikalische Chemie and Center of Smart Interfaces, Technische Uni-
versität Darmstadt, Alarich-Weiss-straße 4, D-64287 Darmstadt, Ger-
many

The pinning phenomenon which causes a constant contact line model
(CCL) was often experimentally observed in the evaporation of droplet
on a substrate. It is usually believed that the pinning was originated
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from the substrate*s chemical [1] or/and topographical (rough)[2] het-
erogeneities. The effect of the topographically heterogeneous sur-
face on the evaporation has been investigated recently by deposited a
droplet on a pillared surface[3]. The pinning as well as the CCL model
resulted from the roughness was confirmed. However, the chemical
heterogeneity effect on the evaporation is still unknown. Here, the
evaporation of nanodroplet on a chemically striped substrate has been
studied by molecular dynamics simulations. Our results indicate that
the chemical heterogeneity can indeed cause pinning and the CCL
model when the strip width is larger than 2σ (σ is the atom diame-
ter). Moreover, a slip-jump-stick pattern was observed for the motion
of the contact line. The mechanisms for each phase of the pattern have
been explored.

[1] P. S. Swain and R. Lipowsky, Langmuir, 14(1998), 6772. [2] P.
Lenz and R. Lipowsky, Eur. Phys. J. E 1(2000), 249. [3] X. Chen, R.
Ma, et al, Phys. Rev. Lett. 109(2012), 116101.

O 36.72 Tue 18:30 P1
Electrocatalytic activity of structurally well defined
AgPt/Pt(111) monolayer surface alloys - correlation between
structure and reactivity — •Stephan Beckord, Albert K. En-
gstfeld, Sylvain Brimaud, and R. Jürgen Behm — Institute of
Surface Chemistry and Catalysis, Ulm University, 89069 Ulm

Bimetallic surface alloys often show an electrochemical and catalytic
behavior very different from that of the respective metal components.
This is evident, e.g., in the oxygen reduction reaction (ORR), where
Pt is known to be the best single metal catalyst, but modification with
transition or noble metals, such as Ni, Co, Cu has been found to result
in an improved reactivity.[1]

In this work we report first results on the electrochemical and -
catalytic properties of well defined AgxPt1−x surface alloys with dif-
ferent amounts of Ag (0% - 100% Ag) on Pt(111). The surface alloys
were prepared under ultra high vacuum (UHV) conditions by evap-
oration of Ag on Pt(111), followed by annealing to 900 K to form a
surface alloy. From scanning tunneling microscopy (STM) the atomic
distribution in the topmost layer, as well as the abundance of catalytic
relevant ensembles (e.g. Pt1Ag2, Pt2Ag1) can be determined. Subse-
quently the surfaces are characterized in an electrochemical flow cell on
their ORR activity in sulfuric acid. Finally structural properties are
discussed in comparison with electrochemical activity and theoretical
predictions and will be compared to findings for AuxPt1−x/Pt(111).[2]

[1] J. Greeley et al., J.Phys.Chem. 113 (2009) 4932, [2] S, Brimaud
et al., J.Electroanal.Chem., 2013, in press.

O 36.73 Tue 18:30 P1
Atomistic modeling of solid-liquid interface ordering and its
effect on the growth kinetics of metallic alloys. — •Mohammed
Guerdane and Britta Nestler — Karlsruhe Institute of Technology
(KIT) Institute of Applied Materials - Reliability of Components and
Systems (IAM-ZBS)

The structure of solid-liquid interfaces remains an open question in
condensed-matter science. Understanding this structure is of partic-
ular importance because its crucial influence on various physical phe-
nomena such as freezing, wetting, and capillary osmosis. We illustrate
here how local ordering in a metallic melt (NiZr) can transform into a
massive in-plane ordering at the surface of a crystal (bcc Zr) when the
solute-centered clusters of the melt match the periodic potential of the
crystal surface. Linking molecular dynamics simulation to phase-field
modeling allows to estimate quantitatively the influence of the surface
effect on the growth kinetics. Furthermore, our study suggests a pos-
sibilty to give experimental evidence for the existence of the structural
units of the melt by capturing them at suitable interfaces.

O 36.74 Tue 18:30 P1
Low-temperature UHV-STM investigation of adsorbed H2O
on metal surfaces — •Martin Schilling, Albert K. Engstfeld,
and R. Jürgen Behm — Ulm University, Institute of Surface Chem-
istry and Catalysis, D-89069 Ulm, Germany

A better understanding of the elementary electrochemical/-catalytic
processes on bimetallic electrode surfaces requires a detailed under-
standing of the solid-liquid interface, including the water-solid interac-
tion. The latter has been studied in detail earlier, using model systems
consisting of ice layers adsorbed on single crystal metal surfaces.[1]

Following these lines, we investigated the interaction of H2O with
catalytically relevant mono- and bimetallic single crystal surfaces. Here
we report in situ scanning tunnelling microscopy results obtained at
variable temperatures (VT-STM, 95 K - RT). Submonolayers of H2O

were deposited under well defined conditions under ultra high vacuum
(UHV) at low temperature (∼ 95 K) on single crystal surfaces such
as Au(111) or Ru(0001). Depending on the dosing conditions (H2O
pressure, dosing rate, sample temperature), the thermal treatment and
the substrate, the deposited H2O was found to form monolayer and/or
multilayer islands or three-dimensional clusters. Correlations between
structure and deposition/post-treatment conditions are discussed.

[1] P.A. Thiel and T.E. Madey, Surf. Sci. Rept. 7 (1987) 211-385

O 36.75 Tue 18:30 P1
Electrocatalytic activity and stability of Pt nanoparticles on
Ru(0001) supported graphene — •Jens Klein, Albert K. En-
gstfeld, Sylvain Brimaud, and R. Jürgen Behm — Ulm University,
Institute of Surface Chemistry and Catalysis, D-89069 Ulm, Germany

Pt-based catalysts consisting of carbon supported Pt nanoparticles are
widely used, e.g. in fuel cell technology, and it is well known that the
performance of these catalysts depends sensitively on the size, density,
shape and stability of the Pt nanoparticles.

Here we present results of a model study on the activity and sta-
bility of small Pt nanoparticles with narrow size distributions and
mean sizes between some 10 - 20 atoms and below 3nm, which were
grown on Ru(0001)-supported graphene. The graphene monolayers
were prepared under ultra high vacuum (UHV) by ethylene decompo-
sition on Ru(0001) at 1050 K. Pt cluster/nanoparticle arrays with well
known particle- and size-distributions were formed by physical vapor
deposition of Pt and characterized by scanning tunneling microscopy
(STM).[1] The electrodes were subsequently transferred to an electro-
chemical flow cell attached to the UHV system, to investigate their
electrochemical properties and the electrocatalytic activity during CO
oxidation. In a last step, the samples were transferred back to the
UHV for STM characterization, to evaluate the stability of the parti-
cles and correlate the results from the electrochemical measurements
with the change in particle sizes and distributions.

[1] Y.Han, A.K. Engstfeld, R.J. Behm, J.W. Evans, J. Chem. Phys.
138, 134703 (2013).

O 36.76 Tue 18:30 P1
Preparation of smooth and unreconstructed Pt(100)-(1x1)
— •Klaus Meinel1, Florian Schumann1, Benjamin Köhler1,
and Wolf Widdra1,2 — 1Institute of Physics, Martin-Luther-
Universität Halle-Wittenberg, Halle, Germany — 2Max-Planck Insti-
tut für Mikrostrukturphysik, Halle, Germany

Pt(100) is known for its Pt(100)-hex reconstruction where a com-
pressed quasihexagonal top layer is formed. For specific applications,
the non-reconstructed quadratic (1×1) structure is desired. Surface re-
construction can be lifted by adsorbates. Using HREELS and LEED
we show that upon exposure to Ar sputter gas in the presence of elec-
trons an effective C2Hx adsorption takes place from the background
which immediate lifts reconstruction. In STM, the resulting (1×1)
surface appears extremely rough due to numerous two-dimensional is-
lands (size 3 nm) formed by the surplus Pt atoms. Surface smoothing
by intralayer diffusion at temperatures above 300 ◦C fails as the sur-
face reconstruction recovers from small islands. Surface smoothing
without reconstruction is attained by activating step edge diffusion at
temperatures around 100 ◦C which promotes Smoluchowski ripening
of the islands. When the island size increases to about 10 nm, islands
no longer promote the surface reconstruction and allow pronounced
Ostwald ripening even at temperatures around 450 ◦C. This yields a
smooth surface which displays only large 2D islands. During annealing
the surface remains covered by C2Hx showing after Ostwald ripening
a (
√

2×2
√

2)R45◦ structure. Final cleaning is attained by annealing
in O2 atmosphere at 150 ◦C at which adsorbates desorb as CO and
H2O.

O 36.77 Tue 18:30 P1
Setup of a HHG-ARPES experiment with sub-femtosecond
XUV pulses — •Jürgen Schmidt1, Sabbir Ahsan2, Alexander
Guggenmos1, Soo Hoon Chew1, and Ulf Kleineberg1 — 1LMU
Physics Department, Munich, Germany — 2KTH Royal Institute of
Technology, Stockholm, Sweden

Attosecond electron streaking spectroscopy from solids using single
attosecond XUV pump pulses and few-cycle IR streaking pulses has
recently revealed first insight into the temporal dynamics of the pho-
toemission process with unprecedented temporal resolution of 100 as
[1]. Due to the inherent nature of the energy streaking of the liberated
electrons in the IR polarization field, only electrons emitted perpen-
dicular from the surface have been recorded. Our experimental setup
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however aims for both time- and angle-resolving photoelectron spec-
troscopy (TR-ARPES) revealing information about the sub-fs tem-
poral band structure dynamics in energy and momentum space after
transient excitation by few-cycle NIR laser pulses. Especially materi-
als with high correlated electron systems (such as high Tc materials,
exchange split materials or topological insulators) give indications for
electron dynamics on a sub-fs time scale. As a proof of principle exper-
iment we report about the setup and first measurements on a tungsten
(110) surface.

[1] Cavalieri et al, Nature 449, 1029 (2007)

O 36.78 Tue 18:30 P1
Iron surfaces in a sour gas environment — •Mehmet Ali Ilhan,
Mira Todorova, and Jörg Neugebauer — Department for Com-
putational Material Design, Max-Planck-Institut für Eisenforschung
GmbH, Düsseldorf, Germany

Low alloyed steels are particularly susceptible to sour gas corrosion,
which leads to the formation of iron sulfides. The developing corrosion
products typically do not form protective layers and have no passivat-
ing effect. Knowledge of the structure, stability and adhesion of such
corrosion products is essential to the evaluation and improvement of
their protective properties.

To address these questions we study the interactions of S, H and O
with the (100) surfaces of bcc Fe by density-functional theory calcu-
lations. We find that the competition between adsorbates can cause
H to be pushed below the surface, when S occupies the hollow surface
adsorptions sites it prefers, while O/H co-adsorption leads to the for-
mation of OH-groups. Increasing S coverage, on the other hand, leads
to the formation of a layered structure, with loosly bound interatomic
layers, which resembles Mackinawite (tetragonal FeS). The insight we
gain from our calculations, regarding the protective behaviour of the
forming corrosion products, will be discussed.

O 36.79 Tue 18:30 P1
Adsorbate nanomesh causes lateral periodicity of segre-
gation: Ab-initio study for h-BN on Pt50Rh50(111) —
•Wolfgang Heckel1, Tobias C. Kerscher1, Roland Stania2,
Irakli Kalichava3, Juerg Osterwalder2, Phil Willmott3,
Bernd Schönfeld4, Thomas Greber2, and Stefan Müller1 —
1Hamburg University of Technology, Institute of Advanced Ceram-
ics — 2Universität Zürich, Physik-Institut — 3Paul Scherrer Institut
Villigen, Swiss Light Source — 4ETH Zürich, LMPT

The segregation profile of Pt–Rh surfaces strongly depends on the
presence of adsorbates; e.g., at the top layer, the clean surface fa-
vors Pt enrichment, yet a small amount of C adsorbates leads to a
significant depletion of Pt there [1]. Pt–Rh also serves as a substrate
for self-assembled 2d adsorbate layers such as boron nitride (h-BN).
The experiments on h-BN/Pt50Rh50(111) show a corrugated, honey-
combed 11 × 11 nanomesh adsorbate layer caused by the lattice con-
stant mismatch of substrate and adsorbate. We present an ab-initio
study combining DFT data and a cluster–expansion approach with
UNCLE [2]. We elucidate the laterally periodic segregation profile of
Pt50Rh50(111) caused by h-BN. Our results perfectly confirm the ex-
periment: Beneath the pores of the nanomesh the segregation profile
shows a strong Rh enrichment, while beneath the wires the topmost
layer favors platinum. By this, the h-BN layer induces a segrega-
tion profile with a lateral periodicity according to its honeycombed
nanomesh.

[1] Kerscher et al., Phys. Rev. B 86, 195420 (2012)
[2] Lerch et al., Modelling Simul. Mater. Sci. Eng. 17, 055003

(2009)

O 36.80 Tue 18:30 P1
Antiferromagnetic coupling in Mn2 on Ag(111) induced by
H attachment — •Torsten Sachse1,2, Nicolas Néel1,3, Richard
Berndt3, Werner Hofer2, and Jörg Kröger1 — 1Institut
für Physik, Technische Universität Ilmenau, D-98693 Ilmenau —
2Stephenson Institute for Renewable Energy, University of Liverpool,
Liverpool L69 3BX, Britain — 3Institut für Experimentelle und Ange-
wandte Physik, Christian-Albrechts-Universität zu Kiel, D-24098 Kiel

Manganese dimers on Ag(111) are investigated with scanning tunneling
microscopy (STM) and density functional calculations. Two species of
dimers coexist that differ in their apparent height and the absence or
presence of submolecular structure. These species can be intercon-
verted by electron and hole injection from the microscope tip. Calcu-
lations identify the two kinds of dimers as pristine Mn2 and Mn2H and
show that hydrogen attachment to Mn2 leads to marked changes in the

dimer electronic and magnetic structure. Simulated constant-current
STM images are in good agreement with the experimental data. The
calculations further reveal an antiferromagnetic coupling of Mn mag-
netic moments in Mn2H.

O 36.81 Tue 18:30 P1
Image-Potential States on close-packed magnetic surfaces —
•Beatrice Andres, Marc Christ, Marko Wietstruk, and Martin
Weinelt — Fachbereich Physik, Freie Universität Berlin, 14195 Berlin

The close-packed surfaces of ferromagnetic materials exhibit various
surface states. One type are image-potential states (IPS). Located in
front of the surface with a part of the probability density inside they
overlap with the exchange-split bulk bands. This results in a small
exchange splitting in the IPS. Due to spin conservation under laser
excitation they act as excellent spin-filters in two-photon photoemis-
sion (2PPE) reflecting the spin-dependent properties of the bulk band
structure.

We use spin- and time-resolved 2PPE to investigate the n = 1 IPS
on Gd(0001), Ni(111) and Fe(110) thin films all grown in situ on a
W(110) substrate. We find the exchange splitting of the IPS scales
with a factor of 3 % to that of the valence bands.

The lifetimes of electrons excited to the initially unoccupied IPS
show nearly no spin dependence on Ni(111) but differ by a factor of
two on Fe(110) depending on the amount of majority and minority de-
cay channels. The temporal evolution of the spin-dependent linewidths
in 2PPE serves as an indicator for quasi-elastic scattering rates which
were found to be mediated by magnon emission on Fe(001) while we
find no influence of magnons on Ni(111).

O 36.82 Tue 18:30 P1
magnetic properties of iron and cobalt nanostructures fab-
ricated by focused electron induced processing — •Fan
Tu, Martin Drost, Florian Vollnhals, Esther Carrasco, An-
dreas Späth, Hans-Peter Steinrück, and Hubertus Marbach —
Lehrstuhl für Physikalische Chemie II, Friedrich-Alexander Universität
Erlangen-Nürnberg, Egerlandstr.3, D-91058, Erlangen, Germany

Thin film nanostructures have wide-spread potential applications.
With our specific approach to focused electron beam induced process-
ing (FEBIP), we are able to fabricate clean nanostructures on sur-
faces with full lithographic control from adsorbed precursor molecules.
With metal-organic precursors such as iron pentacarbonyl (Fe(CO)5)
and cobalt tricarbonyl nitrosyl (Co(CO)3NO), we report the fabrica-
tion of clean metallic nanostructures with lateral dimensions as small
as 15 nm[1]. In this contribution, we investigate Fe, Co and mixed
Fe/Co nanostructures using laterally resolved X-ray absorption spec-
troscopy (XAS) to access the spatial chemical composition, and for
the characterization of the magnetic properties X-ray magnetic circu-
lar dichroism (XMCD) was employed[2]. The bulk composition and
the magnetic properties will be presented and discussed.

Supported by the DFG via grant MA 4246/2-1 and Excellence Clus-
ter ”Engineering of Advanced Materials (EAM)” at the FAU Erlangen-
Nürnberg and two granted beamtimes at the PolLux instrument at the
Swiss Light Source (SLS).

[1] M.M. Walz et al., Angw. Chem. Int. Ed., 49 (2010), 4669;
[2] G. Schütz et al., Phys. Rev. Lett., 58(1987), 737.

O 36.83 Tue 18:30 P1
Magnetic interactions and spin dynamics in one-dimensional
ordered alloys at step edges of vicinal Pt surfaces. — •Oleg
P. Polyakov1,2, Oleg V. Stepanyuk1,2, Dmitry I. Bazhanov1,2,
Alexander M. Saletsky1, and Valeri S. Stepanyuk2 — 1Faculty of
Physics, Moscow State University, GSP-1, Lenin Hills, 119991 Moscow,
Russia — 2Max-Planck-Institut für Mikrostrukturphysik, Weinberg 2,
D-06120 Halle, Germany

Properties of low-dimensional atomic structures is a subject for inten-
sive experimental and theoretical investigation in recent years. One
of the most notable systems for further fundamental investigation are
atomic chains and wires deposited on various surfaces [1]. In this work
we present the first-principles study of the magnetic behavior in tran-
sition metals (TM=Mn, Fe, Co, Ni) based one-dimensional monatomic
and alloyed wires on vicinal Pt(111) surfaces which could be deposited
at their step edges. We demonstrate that atomic wires can exhibit fer-
romagnetic or anti-ferromagnetic orderings due to their atomic struc-
ture and interatomic exchange interactions between different atoms
and atom types (TM-TM, TM-Pt) at step edges. We find that the
value of exchange interaction between TM atoms in atomic wires can
be drastically changed or switch a sign by Pt atoms incoming from the
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step edges. Also, we show that magnetic anisotropy energy is strongly
affected in that case. The spin-dynamics is investigated by means of
kinetic Monte Carlo method based on transition-state theory. This
work was supported by the RFBR grant RFBR N13-02-01322.

[1] P. Gambardella et al. Nature (London) 416, 301 (2002).

O 36.84 Tue 18:30 P1
FeNi nanoparticle deposition on a W(110) surface —
•Matthias Werner, Hendrik Bettermann, and Mathias Getzlaff
— Institute of Applied Physics, University of Duesseldorf

By a continuously working arc cluster ion source (ACIS), nanoparticles
consisting of Fe and Ni with equal amount are prepared and deposited
under UHV and soft-landing conditions on a W(110) surface. The com-
position is defined by the alloy of the anode in the cluster source, in
our case it is Fe50Ni50. Using this preparation procedure the nanopar-
ticles are charged which allows a mass separation by an electrostatic
field unit. Our experimental setup enables us to generate particles with
diameters from 4 nm to about 15 nm. Size and shape of the deposited
nanoparticles are determined by STM as these properties are expected
to be mainly responsible for their electronic and magnetic behaviour.

O 36.85 Tue 18:30 P1
Preparation of 3d nanoparticles by magnetron sputtering and
deposition on a W(110) surface — •Marek Wilhelm, Hendrik
Bettermann, and Mathias Getzlaff — Institute of Applied Physics,
University of Duesseldorf

The scientific research of nanoparticles is a broad interdisciplinary area
of research, development and industrial activity. Our work is focused
on the electronic and the magnetic behaviour which depends on the
size and structure of particles. This contribution has an emphasis on
FeNi alloy nanoparticles deposited on a W(110) surface. The particles
are generated by a magnetron sputter source and subsequently mass
selected in a quadrupole. Magnetron sputtering is possible due to thin
sputter targets. Scanning Tunneling Microscopy (STM) is the main
method to study these objects. The whole measurement system works
in an ultra high vacuum environment in the order of 5 · 10−10 mbar.
We will report on our first results of this setup concerning size and
structual properties of FeNi nanoparticles with diameters up to 5 nm.

O 36.86 Tue 18:30 P1
Inelastic electron-phonon interaction: towards first princi-
ple calculations — •Florian Rittweger1, Nicki F. Hinsche2, and
Ingrid Mertig1,2 — 1Max-Planck-Institut für Mikrostrukturphysik,
Weinberg 2, DE-06120 Halle — 2Martin-Luther-Universität, Institut
für Physik, Von-Seckendorff-Platz 1, DE-06120 Halle

The many-body effect of the electron-phonon interaction is under in-
vestigation for a long time due to its basic influence on the phenomena
of superconductivity.

While experimental access is given by ARPES measurements, the
theoretical studies are related to the computation of the complex
electron-phonon self-energy. Within this approach the renormalization
of the electronic band structure and the finite lifetime τ of the states
can be determined and the electron-phonon coupling strength λ can
be obtained. Usually the calculations of τ , λ, etc. are done assuming
a quasi-elastic scattering process, i.e. only states on the Fermi surface
are considered. Within this conventional approach, phenomena like
the phonon drag contribution to thermopower, can not be reproduced
by first principle calculations.

Going beyond the quasi-elastic assumption we investigate the inelas-
tic electron-phonon interaction using linear response density functional
perturbation theory to study the impact on τ , λ and transport prop-
erties like the electrical conductivity, thermal conductivity and the
thermopower. First results and discussions involving simple metals,
i.e. Al and Cu, will be presented.

O 36.87 Tue 18:30 P1
Electron-phonon self-energy in the KKR formalism —
•Carsten Eberhard Mahr, Marcel Giar, and Christian Heiliger
— Justus-Liebig-Universität, Gießen, Germany

Electron-phonon coupling is one of the main incoherent inelastic scat-
tering mechanisms in a wide variety of crystalline material systems at
room temperature. Therefore, it is necessary to incorporate those ef-
fects in any realistic calculation of thermoelectric properties. We do so
by extending our Korringa-Kohn-Rostocker (KKR) Green’s function
formalism code.

Instead of including the electron-phonon coupling in the Kohn-Sham

Hamiltonian via an adjusted effective potential Veff, we calculate the
Green’s function of the ’free’ system (i.e., free of electron-phonon cou-
pling) and employ Dyson’s equation G = Gfree+GfreeΣe-phG to obtain
the dressed Green’s function.

The self-energy Σe-ph is calculated using Keldysh NEGF formalism,
which lends itself to a perturbative diagrammatic approach. Within
this method it can be shown – ignoring any terms represented by dis-
connected Feynman diagrams – that at least so-called First Born Ap-
proximation is recovered.

O 36.88 Tue 18:30 P1
Energy level alignment and quantum conductance of func-
tionalized metal-molecule junctions: Density functional the-
ory versus GW calculations — •chengjun jin1, mikkel strange2,
troels markussen1, gemma solomon2, and kristian thygesen1 —
1Center for Atomic-scale Materials Design, Department of Physics,
Technical University of Denmark, DK-2800 Kgs. Lyngby, Denmark
— 2Nano-Science Center and Department of Chemistry, University of
Copenhagen, Universitetsparken 5, 2100 Copenhagen Ø, Denmark

We study the effect of functional groups (CH3*4, OCH3, CH3, Cl,
CN, F*4) on the electronic transport properties of 1,4-benzenediamine
molecular junctions using the non-equilibrium Green function method.
Exchange and correlation effects are included at various levels of the-
ory, namely density functional theory (DFT), energy level-corrected
DFT (DFT+Σ), Hartree-Fock and the many-body GW approxima-
tion. All methods reproduce the expected trends for the energy of
the frontier orbitals according to the electron donating or withdrawing
character of the substituent group. However, only the GW method pre-
dicts the correct ordering of the conductance amongst the molecules.
The absolute GW (DFT) conductance is within a factor of two (three)
of the experimental values. Correcting the DFT orbital energies by a
simple physically motivated scissors operator, Σ, can bring the DFT
conductances close to experiments, but does not improve on the rela-
tive ordering. We ascribe this to a too strong pinning of the molecular
energy levels to the metal Fermi level by DFT which suppresses the
variation in orbital energy with functional group.

O 36.89 Tue 18:30 P1
Convergence of different gradient corrected functionals to-
wards accurate prediction of formation energy of solids using
experimental database — •Mohnish Pandey and Karsten Wedel
Jacobsen — Center for Atomic-scale Materials Design, Department
of Physics, Technical University of Denmark, Denmark

In the work by Lany(Phys. Rev. B 78, 245207 (2008)), GGA(+U) has
been used to accurately predict the formation energies of solids using
experimental enthalpies by fitting the reference energies of elements.
In this work we show that different functionals predict similar forma-
tion energies which is close to the experimental values as long as the
reference energies are recalculated by fitting the DFT formation ener-
gies to the standard experimental enthalpies which shows the general
applicability of the fitting scheme. We use PBE,RPBE and PBE+U
gradient corrected methods for calculations. Different training and test
sets have been used to validate the predictability of the method.

O 36.90 Tue 18:30 P1
Forces in the FLAPW method revisited — •Aaron Klüppel-
berg, Markus Betzinger, and Stefan Blügel — Peter Grünberg In-
stitut & Institute for Advanced Simulation, Forschungszentrum Jülich
and JARA, 52425 Jülich, Germany

Density functional theory (DFT) is nowadays the workhorse for simu-
lating the electronic and geometric structure of real materials. Forces,
i.e., the derivatives of the DFT total energy with respect to atomic
positions, are indispensable for any structural optimization. Accu-
rate forces, moreover, enable the calculation of phonon spectra using
the finite displacement method and of subsequent quantities such as
electron- and magnon-phonon interaction.
We analyze the accuracy of the force computed within the all-electron
full-potential linearized augmented plane-wave (FLAPW) method as
realized in the FLEUR code [1] according to the formalism of Yu et al.
[2]. As one criterion for the accuracy we employ the drift-force, i.e., the
sum of all atomic forces in the unit cell, which should strictly vanish.
Another criterion is the quality of the symmetry of the force-constant
matrix. We show that both criteria can be fulfilled to an accuracy
of 1µHtr/a0 only if (a) the core-electron tails are properly taken into
account and (b) a large angular momentum cut-off is applied. We pro-
pose a refined formulation of the force that cures the aforementioned
demands on the LAPW setup to a great extent. As an example, we
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present results for MgO and EuTiO3.
[1] www.flapw.de
[2] R. Yu, D. Singh, and H. Krakauer, Phys. Rev. B 43, 6411 (1991).

O 36.91 Tue 18:30 P1
RPA correlation energy calculated within the FLAPW
method — •Markus Betzinger, Christoph Friedrich, and Ste-
fan Blügel — Peter Grünberg Institut and Institute for Advanced
Simulation, Forschungszentrum Jülich and JARA, 52425 Jülich, Ger-
many

According to the adiabatic-connection fluctuation dissipation theorem
the exchange-correlation energy of Kohn-Sham density-functional the-
ory (KS DFT) is expressed in terms of the many-electron density re-
sponse function. Approximating the latter by the random-phase ap-
proximation (RPA) leads to the RPA correlation energy of KS DFT.
It has been demonstrated that the RPA describes covalent, ionic, and
vdW bonded systems equally well. The main obstacle in calculating
the RPA correlation energy is the slow convergence of the KS response
function in terms of the orbital basis set and the number of unoccupied
states. We present an extension of the recently developed incomplete-
basis-set correction (IBC) [1] to the frequency domain, which enables
to compute the RPA response function accurately. The IBC, which is
based on the FLAPW method, comprises a basis response term that
lies in part outside the Hilbert space spanned by the original basis.
The convergence of the RPA response function in terms of basis-set
size and number of unoccupied states is considerably accelerated by
the IBC. We show first results for RPA lattice constants and bulk
moduli calculated for a set of prototype materials.
This work is supported by the Helmholtz Postdoc Programme.
[1] Phys. Rev. B 88, 075130 (2013); ibid. 85, 245124 (2012)

O 36.92 Tue 18:30 P1
Efficient Path-Integral Molecular Dynamics with High-
Order Decomposition of the Boltzmann Operator — •Igor
Poltavsky1, Kim Kwang2, and Alexandre Tkatchenko1 — 1Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195
Berlin, Germany — 2Center for Superfunctional Materials, Pohang
University of Science and Technology, San 31, Hyojadong, Namgu,
Pohang 790-784, Korea

Recently it has become possible to reach the so-called ”chemical ac-
curacy” of 1 kcal/mol for the binding energies of small molecules and
supramolecular systems, which is an essential prerequisite for predic-
tive first-principles modeling. However, at this level of accuracy an-
other serious issue arises, namely the need to accurately account for
the quantum nature of (light) nuclei that plays a vital role in the struc-
ture, stability, and dynamical properties of many systems, including
water, ice, as well as most biological molecules.

The most widely used tool to study quantum nuclear effects is the
imaginary-time path integral (PI) approach which can be easily in-
corporated into ab initio calculations. Here we propose efficient PI
molecular dynamics (MD) methods based on third and fourth order
decompositions of the Boltzmann operator. These methods decrease
the required number of replicas by more than a factor of two com-
paring to the standard second-order PIMD simulations, while at the
same time visibly increasing the accuracy for a wide range of tempera-
tures. Results are shown for model systems and an accurate quantum-
mechanical model of the water molecule.

O 36.93 Tue 18:30 P1
Modified Mott-Wannier Model for Excitons in Atomically
Thin Semiconductors — •Simone Latini, Thomas Olsen, and
Kristian S. Thygesen — Department of Physics Technical University
of Denmark, DK-2800 Kgs. Lyngby, Denmark

Despite the numerous extraordinary properties of pristine graphene,
its application to (opto)-electronics is problematic due to the lack of
a band gap. This issue inevitably requires the systematic research
for new materials which combine a strong 2D nature and a semicon-
ducting behaviour. As soon as a band gap is opened, excitonic effects
start to play a fundamental role on the optical properties determining,
for example, the onset of the optical transitions. The Bethe-Salpeter
Equation (BSE) is nowadays the most refined method to quantitatively
describe excitons but its applicability is limited to relatively simple
systems because of its computational complexity. Here we propose
a simple method to estimate the energy of the lowest bound exciton
based on a modified Mott-Wannier model. For 2D semiconductors the
dielectric function turns out to be strongly dependent on the wave
vector and therefore the definition of the value for the dielectric con-

stant to plug into the hydrogenic model has to be revised. This is
done accounting for a quasi-2D picture of the exciton. The validity of
the method is checked thoroughly benchmarking the binding energies
and exciton radii for a large variety of 2D materials against the values
obtained from the solution of the BSE. Our method has the merit to
both keep the computational cost low and to provide a straightforward
physical intuition on excitonic effects.

O 36.94 Tue 18:30 P1
Effective interactions in the constrained random phase ap-
proximation — •Merzuk Kaltak, Martijn Marsman, and Georg
Kresse — University of Vienna, Computational Material Physics

We compare different approaches to the determination of the effec-
tive interaction parameters of Hubbard Hamiltonians within the con-
strained random phase approximation (CRPA) from ab-initio calcu-
lations. In addition, we investigate the dependence of the interaction
parameters on the choice of the local bases, such as maximally localized
Wannier functions (MLWF) and linear combination of atomic orbitals
(LCAO).

O 36.95 Tue 18:30 P1
Ab-initio calculation of Hubbard U parameter for solids
— •Ersoy Sasioglu, Christoph Friedrich, and Stefan Blügel
— Peter Grünberg Institut and Institute forAdvanced Simulation,
Forschungszentrum Jülich and JARA, 52425Jülich, Germany

The problem of calculating Hubbard U parameter for solids from
first-principles has been addressed by several authors and a number
of different approaches have been proposed. Among them, the con-
strained random-phase approximation (cRPA) has recently become
the most popular [1]. The basic idea of the cRPA is to define an
effective Coulomb interaction U between the localized d (f ) electrons
by restricting the screening processes to those that are not explicitly
treated in the effective model Hamiltonian. Using Wannier functions
within the FLAPW method [2] we have developed a parameter-free
realization of the cRPA method [3]. Employing the cRPA method
we have calculated the Hubbard U parameter for different classes
of materials such as transition metals [3], half-metallic magnets [4],
carbon-based systems [5], and surfaces of metals and insulators [6].
This work has been supported in part by DFG-FOR-1346.
[1] F. Aryasetiawan et al., Phys. Rev. B 74, 125106 (2006).
[2] www.flapw.de
[3] E. Şaşıoğlu et al., Phys. Rev. B 83, 121101(R) (2011).
[4] E. Şaşıoğlu et al., Phys. Rev. B 88, 134402 (2013).
[5] T. O. Wehling et al., Phys. Rev. Lett. 106, 236805 (2011).
[6] E. Şaşıoğlu et al., Phys. Rev. Lett. 109, 146401 (2012).

O 36.96 Tue 18:30 P1
Electronic communication through molecular bridges —
•Jonny Proppe and Carmen Herrmann — Institute of Inorganic
and Applied Chemistry, University of Hamburg, Martin-Luther-King-
Platz 6, 20146 Hamburg, Germany

Various areas of scientific research focus on the concept of electronic
communication through molecular bridges as it plays a major role in
potentially innovative future devices and as an academic challenge due
to its diverse manifestations, in particular exchange coupling between
spin centers and macroscopic electrodes connected by single molecules.
Recent results suggest a correlation between both mechanisms of com-
munication in certain cases, which is supported by molecular orbital
arguments [1,2]. While Ref. [1] provides a first overview, we systemat-
ically compare trends and aim at deriving rules to identify instances in
which it is possible to transfer knowledge between the areas of molec-
ular magnetism and molecular electronics. For this purpose, we study
the influence of chemical modification on the electronic communication
of organic diradicals and dithiols. We find that the energy gap between
magnetic orbitals in diradicals correlates with the HOMO/LUMO en-
ergy gap in dithiols, both affecting the mechanisms of electronic com-
munication. Thus, for certain bridges the kind of exchange spin cou-
pling (either ferromagnetic or anti-ferromagnetic) may determine the
conductance for a given molecular structure and vice versa.

[1] C. Herrmann, J. Elmisz, Chem. Commun. 2013, 49, 10456.
[2] M. L. Kirk, D. A. Shultz, D. E. Stasiw, D. Habel-Rodriguez, B.

Stein, P. D. Boyle, J. Am. Chem. Soc. 2013, 135, 14713.

O 36.97 Tue 18:30 P1
Bandgap engineering in two-dimensional heterostructures —
•Filip Anselm Rasmussen and Kristian Sommer Thygesen — De-
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partment of Physics, Technical University of Denmark, Kongens Lyn-
gby, Denmark

Since the discovery of single layer graphene the search for other two-
dimensional materials that might have equally interesting properties
has begun. Contrary to graphene these materials may be anything
from metals to large-gap insulators. Especially the possibility of com-
bining materials with different band gaps may be useful for some ap-
plications like field-effect transistors and solar cells. Previously is has
been shown that when a molecule comes in close proximity of a metal
its energy levels shifts due to increased screening from the metal. To
investigate if such an effect is also present in extended two-dimensional
systems we have performed first principles calculations on heterostruc-
tures consisting of metal-2D insulator-2D semiconductor layers, to esti-
mate the effect of screening from the metal on the semiconductor band
gap. To include the effect of the long-range Coulomb interaction we
have calculated the quasiparticle energies using the non-self-consistent
G0W0 approximation and we find that the semiconductor band gap
decreases from its vacuum value when brought in close proximity of a
metal. This shows that it is possible to engineer the band gap of the
2D semiconductor by varying the number of insulating spacer layers.

O 36.98 Tue 18:30 P1
Intrinsic LiNbO3 point defects from total-energy difference
and Slater-Janak transition state calculations — •Yanlu Li, Si-
mone Sanna, and Wolf Gero Schmidt — Lehrstuhl für Theoretische
Physik, Universität Paderborn, Paderborn, Germany

The formation energies and charge transition levels of the most relevant
LiNbO3 point defects, i.e. Nb antisites and Li as well Nb vacancies
are studied within density functional theory (DFT). In particular the
effects of cell symmetry and the finite size error in calculations using
periodic boundary conditions are examined. It is found that in partic-
ular the Nb vacancy causes a long-range strain field and requires large
supercells for its adequate modeling. The extrapolation to infinitely
large supercells decreases the relative stability of the Nb antisite and
increases the relative stability of the Nb vacancy with respect to the Li
vacancy, indicating the stability of VNb-5 in the wide range of Fermi
level positions close to the conduction band minimum.

O 36.99 Tue 18:30 P1
Semiclassics for matrix Hamiltonians and semiclassical per-
turbation theory and its use for graphene physics — •Michael
Vogl, Sam Shallcross, and Oleg Pankratov — Lehrstuhl für The-
oretische Festkörperphysik Staudtstr. 7-B2 91058 Erlangen

Electrons in graphene based systems are for low energies often de-
scribed very well by first quantized matrix Hamiltonians, such as the
Dirac-Weyl Hamiltonian in the case of single layer graphene. Nev-
ertheless, such Hamiltonians remain, especially for the more complex
graphene multilayer systems such as the twist graphene bilayer, very
difficult to solve. Semi-classical methods often give great insight into
the underlying structure of such complex systems; in particular in
terms of semi-classical orbits and 2-forms such as the Berry phase.
Following Bolte and Keppeler [1] we derive a general semi-classical
method for treating the matrix Hamiltonians that arise in graphene
based systems. This is based on an ansatz for the time-dependent
Greens function that allows one to effectively bypass the problems of
solution matching that, in other approaches, severly curtails the effi-
ciency of the semi-classical approach. This leads, for a n×n Hamilto-
nian, to n Hamilton-Jacobi equations, and n transport equations. From
the latter arises a term that can be separated into a term resembling
the Berry phase and a term arising from the coupling between the n
classical systems. We implement this scheme for the Bernal bilayer
modeled by the full 4 × 4 Hamiltonian, as well as exploring how the
theory may be implemented for the more complex case of the graphene
twist bilayer. [1]J. Bolte & S. Keppeler Phys. Rev. Lett. 81 (1998)
1987-1991

O 36.100 Tue 18:30 P1
Structure formation on prepatterned surfaces — •Oleg Buller
and Andreas Heuer — Institut für Physikalische Chemie, WWU,
Münster

The main focus of our investigations is the analysis of structure for-
mation on prepatterned surfaces of deposited molecules. The resulting
self-organisation strongly depends on the chosen conditions such as
substrate temperature, flux, concentration or surface geometry. Here
we study the structure formation on prepatterned stripes as well as
on a prepatterned grid. We use discrete kinetic Monte Carlo simula-

tions. It turns out that in particular the length of the aging period
after the deposition process as well as the chosen particle concentra-
tion strongly influences the characteristics of the resulting structure.
In contrast, the flux is much less relevant since the final structures
mainly form during the aging period. We also characterize the stabil-
ity of the structures. The simulation results are finally compared with
corresponding experiments where organic molecules are deposited on
prepatterned surfaces.

O 36.101 Tue 18:30 P1
Catalytic oxidation of HCl over CeO2 within kinetic Monte
Carlo simulations — •Stefano Mattiello1, Stefan Kolling1,
Christian Heiliger2 und Herbert Over3 — 1Institut für Mecha-
nik und Materialforschung, Technische Hochschule Mittelhessen, Gie-
ßen, Germany — 2I. Physikalisches Institut, Justus-Liebig-Universität
Gießen, Germany — 3Physikalisch-Chemisches Institut, Justus-Liebig-
Universität Gießen, Germany

Understanding of catalytic oxidation of HCl over CeO2 is a challen-
ging task for theoretical as well as experimental solid state physics.
In particular, the role of the elementary reaction steps in the entire
process is not yet completely understood. Within kinetic Monte Carlo
simulations the different reaction steps can be investigated. In order to
achieve ab initio calculations the input for the simulations, i.e. ener-
gy barriers for the microscopic reactions, have to be determined by
density functional theory (DFT). For the time being we focus on the
oxygen sub-lattice. We investigated the possibility of ad- and desorp-
tion of oxygen on the ceria (111)-surface as well as the diffusion of
the oxygen vacancies on the surface and in the bulk. In particular the
agglomeration of vacancies on the surface has been considered. The
competition between the different elementary reactions was also inves-
tigated in detail.

O 36.102 Tue 18:30 P1
CPMD simulations of liquid Sn anodes for solid oxide fuel
cells — •Sebastian Gsänger, Jakub Goclon, and Bernd Meyer
— Interdisciplinary Center for Molecular Materials and Computer-
Chemistry-Center, FAU Erlangen-Nürnberg

Liquid Sn is a very promising material for anodes in solid oxide fuel
cells due to its high robustness toward sulfur contaminations in the
gas feed. Very little is known about the bulk and surface chemistry
of liquid Sn. Using Car-Parrinello Molecular Dynamics (CPMD) sim-
ulations we studied first the structural and dynamic properties of the
liquid Sn itself and of dissolved oxygen, sulfur and hydrogen atoms.
Subsequently, slabs of liquid Sn were used and the influence of the
surfaces on the distribution and diffusion of the impurity atoms was
studied. Finally, first molecular dynamics simulations on the interac-
tion of hydrogen and methane gas phase molecules with the liquid Sn
surfaces were performed.

O 36.103 Tue 18:30 P1
Electron-hole pair–vibrational coupling during scattering of
HCl/Al(111): TDDFT-MD and model study — Michael
Grotemeyer and •Eckhard Pehlke — Institut für Theoretische
Physik und Astrophysik, Universität Kiel, 24098 Kiel, Germany

Ab initio simulations using time-dependent density functional theory
together with Ehrenfest dynamics for the nuclei have revealed a very
efficient energy transfer into substrate electron-hole pair excitations in
case of highly vibrationally excited HCl-molecules that scatter at an
Al(111) surface. The mechanism of vibrational–electron-hole pair cou-
pling has been traced back to the periodic shift of the LUMO eigenen-
ergy as the HCl bond length oscillates. We present an overview over our
results for the energy transfer per vibrational period of the molecule
as a function of its initial vibrational excitation energy and molecule-
surface separation. The results can be qualitatively recovered by a
simple tight-binding model. Notably, the energy dissipation rate goes
through a maximum at a certain distance above the surface, i.e.not
at very close molecule–surface separations. This is different from the
steering mechanism suggested by Shenvi et al. for NO/Au(111) [1].
The coupling mechanism becomes less efficient for low vibrational ex-
citation energy. We suggest this to explain the in comparison to NO
small electronic contribution to the v = 0→ v = 1 vibrational excita-
tion observed experimentally for HCl-surface scattering [2].

[1] N. Shenvi, S. Roy, J.C. Tully, Science 326, 829 (2009).
[2] Q. Ran, D. Matsiev, D.J. Auerbach, A.M. Wodtke, Phys. Rev.

Lett. 98, 237601 (2007).

O 36.104 Tue 18:30 P1
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CPMD simulations of oxidized Si clusters — •Paul Schwarz1,
Carola Kryschi2, and Bernd Meyer1 — 1Interdisciplinary Cen-
ter for Molecular Materials and Computer-Chemistry-Center, FAU
Erlangen-Nürnberg — 2Physical Chemistry, FAU Erlangen-Nürnberg

The oxidation of small Si clusters was studied by Car-Parrinello Mole-
cular Dynamics (CPMD) simulations in order to obtain reasonable
structures for oxygen-passivated clusters with a crystalline Si core with
size of about 1 nm. The method of simulated annealing was applied to
allow for atomic rearrangements and to find favorable low-energy con-
figurations. The clusters were equilibrated at different temperatures,
quenched to room temperature and finally relaxed. By increasing step-
wise the amount of oxygen, four types of oxidized Si63 clusters with
composition of Si63O24, Si63O32, Si63O48, and Si63O68 were obtained.

It is found that at low oxidation clusters with crystalline and amor-
phous Si core are rather similar in energy. The energy of the clusters
is lowered by formation of free-standing SiO2 groups at the surface,
under the condition that the crystalline core is retained during the sim-
ulation. These free-standing SiO2 groups could be precursors for the
formation of surface silanone groups. The crystalline core is further-
more stabilized by increasing oxidation. Finally, hydrogen and methyl
groups were added at the surface of pure and oxidized Si clusters, with

the aim of finding vibrations that could explain the vibronic structure
in the photoluminescence spectra of synthesized Si clusters.

O 36.105 Tue 18:30 P1
Border Search Method - potential energy surface mapping
technique alternative to Metadynamics — •Prokop Hapala and
Pavel Jelinek — Institute of Physics , Academy of Sciences of the
Czech Republic, Cukrovarnická 10, Prague, 16253, Czech Republic

Mapping of Potential Energy Surface (PES), searching for local and
global minima of atomistic systems or paths with minimal energy bar-
rier between these local minima is a long term goal of computational
chemistry and material science. We propose novel robust method in-
spired by Meta-Dynamics [1] providing advantages in several aspects:
(a) No force evaluation is needed. (b) Positions in configuration space
are sampled systematically and homogeneously. (c) Method setup has
less parameters and is easier to control (d) Lowest energy barrier is al-
ways found (e) Number of PES evaluations required to reliable explo-
ration of lowest energy path to neighboring local minimum is reduced
by prohibiting re-examination of the same area.

[1] B. Ensing, et. al. Metadynamics as a tool for exploring free
energy landscapes of chemical reactions. Acc. Chem. Res., 39, 73-81
(2006).


