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O 83.1 Thu 10:30 MA 144
Temperature-dependent Reactions of Phthalic Acid on
Ag(100) — ∙Matthias Franke1, Florencia Marchini2, Qurat-
ulain Tariq1, Michael Röckert1, Federico José Williams2,
and Hans-Peter Steinrück1 — 1Universität Erlangen-Nürnberg —
2Universidad de Buenos Aires
Small aromatic molecules on single crystal surfaces are particularly
interesting, since they may be used not only as model systems, but
also as precursors for the formation of larger organic molecules, e.g.
polymers.

We applied high resolution X-ray photoelectron spectroscopy (XPS)
using synchrotron radiation and temperature programmed desorption
(TPD) to study the temperature-dependent reactions of phthalic acid
on Ag(100). After deposition at 110 K, the species adsorbed on the sur-
face can be identified as phthalic acid. Upon heating, both monomeric
and polymeric anhydride species are formed. This is accompanied by
a change in molecular orientation, as observed by near edge X-ray
absorption fine structure (NEXAFS) measurements. The monomer,
phthalic anhydride, desorbs at 300 K, whereas the polymeric species
remains on the surface until it decomposes above 400 K into phthalic
anhydride, water, CO2 and benzene.

The project is supported by the DFG through FOR 1878 (funCOS).

O 83.2 Thu 10:45 MA 144
Effect of hydrogen bonds on the adsorption and reactivity of
alcohols on noble metal surfaces — ∙Rodrigo García–Muelas
and Núria López — Institute of Chemical Research of Catalonia,
Tarragona, Spain.
The adsorption and decomposition of alcohols on noble metals has
been subject of theoretical studies as a potential renewable source of
chemicals. These studies usually omitted the lateral interactions be-
tween vicinal alcohol molecules or functional groups, and the effect of
the ubiquitous hydrogen bonds on the reactivity in the liquid–metal
interface is still a matter of debate. We show that lateral interactions
between OH groups can selectively stabilize the OH over CH dehy-
drogenation, thus altering the preferred reaction path for methanol
decomposition on Pt(111). The presence of these lateral interactions
can explain the apparent divergence between previous theoretical and
experimental studies.

O 83.3 Thu 11:00 MA 144
Metalation of deuterated tetraphenylporphyrin on Cu(111):
Insights into the reaction pathway — ∙Ole Lytken, Michael
Röckert, Matthias Franke, Quratulain Tariq, Stefanie Ditze,
Michael Stark, Andre Kaftan, Dominik Lungerich, Norbert
Jux, Mathias Laurin, Jörg Libuda, Hubertus Marbach, and
Hans-Peter Steinrück — Universität Erlangen-Nürnberg
Temperature-Programmed Desorption (TPD) of the metalation of
deuterated 5,10,15,20-tetraphenyl-21,23D-porphyrin on Cu(111) re-
veals that the metalation reaction proceeds through the transfer of
the central aminic deuterium atoms to the Cu(111) surface and not,
as might be expected from gas phase calculations, through the combi-
nation of the hydrogen atoms to molecular hydrogen above the partial
inserted metal center. Experimentally, desorption of mostly hydro-
gen and very little deuterium is observed as the deuterated porphyrin
molecule metalates. Despite the absence of deuterium in the periph-
ery of the molecule before metalation, desorption of deuterium is not
observed until the periphery dehydrogenates at higher temperatures.
This is caused by hydrogenation and dehydrogenation of the periph-
ery of the molecule exchanging deuterium produced during metalation
with hydrogen from the periphery. The reactions have been modeled
with a simple micro kinetic model able to describe the main features
of the TPD spectra.

O 83.4 Thu 11:15 MA 144
Effect of metal substrates on immobilised catalyst per-
formance — ∙David A. Duncan1, Peter S. Deimel1, An-
thoula Weingarten1, Runyuan Han1, Kevin C. Prince2,
Robert G. Acres2, Albano Cossaro2, Alberto Verdini2, Luca
Floreano2, Wilhelm Auwärter1, Peter Feulner1, Anthoula
C. Papageorgiou1, Francesco Allegreti1, and Johannes V.
Barth1 — 1TU München, Germany — 2Elettra, Trieste, Italy

A key motivation for surface science is to merge the selectivity of ho-
mogenous catalysts with the ease of recovery in heterogenous catal-
ysis. Recent studies1 in this field have focussed on immobilising
metal-organic species at solid surfaces for improved control of catalytic
conversions. However, with metal supports the reactivity of surface-
anchored species has been lacklustre, frequently requiring either low
temperatures or large exposures for axial ligation at complexed metal
centres2 suggesting that the interaction with the substrate has a no-
table effect. We have studied, in UHV, the reactivity of ruthenium
tetraphenyl porphyrin (Ru-TPP) and its Ti analogue towards molecu-
lar oxygen when confined to the Ag(111) surface. For surface-confined
Ru-TPP, after a dosage of 20,000 L, no oxo-ruthenium species evolved,
whereas exposing Ti-TPP to ∼100 L induces nearly complete oxidia-
tion. This might suggest a shift in the so called “Volcano plot” of
the Sabatier Principle towards metal complexes that are traditionally
thought of as being too reactive for certain catalytic reactions.

1) B. Hulsken et al Nat Nano, 2007, 2 285; 2) BE Murphy et al.
ACS Nano, 2014, 8, 5190; K Seufert et al., Nat Chem, 2011, 3, 114

O 83.5 Thu 11:30 MA 144
A chrysene derivative as a promising candidate for an
on-surface chemical reaction studied by LT-STM/STS
— ∙Frank Eisenhut1,2, Justus Krüger1,2, Jörg Meyer1,2,
Robin Ohmann1,2, Gianaurelio Cuniberti1,2, and Francesca
Moresco1,2 — 1Institute for Materials Science and Max Bergmann
Center of Biomaterials, TU Dresden, 01062 Dresden, Germany —
2Center for Advancing Electronics Dresden, TU Dresden, 01062 Dres-
den, Germany
On-surface chemistry of 𝜋-conjugated carbon-systems become more
and more relevant as these systems are interesting for the use in molec-
ular electronic devices. In this study the promising molecule tetra-
methyldibenzochrysene has been investigated. The desired reaction
for this molecule is a dehydrogenation of the methyl groups and subse-
quently a closing of carbon rings, to form dimethylphenantroperylene.
This study deals with the characterization of the initial molecule via
scanning tunneling microscopy (STM) and scanning tunneling spec-
troscopy (STS) at low temperatures on Ag(100). After the adsorption
of the chrysene to the surface, the molecule forms supramolecular as-
semblies consisting 3 or 4 molecules. Detailed topographic and spec-
troscopic analysis of the assemblies have been fulfilled. Further the
influence of applying voltage pulses to the assemblies and the heating
of the system at different temperatures has been investigated.

O 83.6 Thu 11:45 MA 144
The hydrated electron at the ice surface: insight into the
dissociative electron attachment to adsorbates — ∙Philipp
Auburger1 and Michel Bockstedte1,2 — 1Lst. Theor. Festkör-
perphysik, Friedrich-Alexander Universität Erlangen-Nürnberg, 91058
Erlangen, Germany — 2FB Materialwissenschaften & Physik, Univer-
sität Salzburg, 5020 Salzburg, Austria
On ice, the solvated electron facilitates electron-induced reactions of
adsorbates via dissociative electron attachment (DEA) that for in-
stance take place in atmospheric chemistry. The simultaneous inter-
action of the electron with the molecule and the ice surface enhances
the cross section as compared with the gas phase. The current under-
standing of the physical mechanisms at work is rather incomplete, in
particular a picture on the molecular scale is missing. In this work we
address this probleme within the framework of density functional the-
ory, hybrid DFT, and many body perturbation theory. Prototypical
surface electron traps, such as orientational disorder, surface vacancies
and vacancy clusters are used as a model system. Halogenated hy-
drocarbons favor adsorption sites that are strong electron traps. Their
antibonding molecular orbitals are scattering states with negative elec-
tron affinity. By the interaction with the trap states the binding energy
is considerably increased. Our results show clear trends across the se-
ries F, Cl, and Br.

O 83.7 Thu 12:00 MA 144
Extension of energy-resolved XPS towards a quantitative
depth-profiling method and its application to ion-surface
interactions — ∙Martin Köppen1, Martin Oberkofler2, Jo-
hann Riesch2, Klaus Schmid2, Antje Vollmer3, and Christian
Linsmeier1 — 1Forschungszentrum Jülich, Institut fur Energie- und

1



Berlin 2015 – O Thursday

Klimaforschung - Plasmaphysik, Jülich — 2Max-Planck-Institut für
Plasmaphysik, Boltzmannstr. 2, Garching — 3Helmholtz-Zentrum
Berlin für Materialien und Energie, BESSY II, Albert-Einstein-Str.
15, Berlin
XPS as a work horses of surface science is capable of chemical analysis,
but quantitative depth-profiles have always been an issue. Since solid
state reactions are usually governed by diffusion, the latter is crucial
to understand processes at surfaces.

This work extends energy-resolved XPS using variable photon ener-
gies towards a chemically resolved, quantitative depth-profile analysis.
A model is derived which calculates the depth-resolved composition
and the composition-dependent electron inelastic mean free path in a
self-consistent way. Input is the normalised XPS data.

In fusion research, reactions of first wall materials like Be and W
as well as reactions with ions leaving the plasma must be understood
for a dynamic description of the surface composition. Formation of
compounds is induced by temperature and implantation of particles.
The model is applied to describe the interaction of O-ions with Be2W.
Using this approach it was possible to elucidate the interaction of ions
with this surface quantitatively on a nanometre scale.

O 83.8 Thu 12:15 MA 144
In silico prediction of dissolution rates of molecular crystals —
∙Berna Dogan1, Julian Schneider1,2, and Karsten Reuter1 —
1Technische Universität München, Germany — 2QuantumWise A/S,
Copenhagen, Denmark
Dissolution testing is not only helpful for quality control of drug formu-
lations, but also provides important information for drug development
e.g. to optimize the dissolution kinetics by admixture of pharmaceu-
tically inactive excipients. At present, a rational optimization process
is hereby limited by a lack of understanding of the underlying molecu-
lar processes during crystal dissolution. We contribute to this context
with detailed kinetic modeling based on atomistic moleular dynam-
ics (MD) simulations. Within a spiral dissolution model valid for low
undersaturation the velocity of a retracting screw dislocation can be
determined from the free energy of kink sites and the rate constant for
the molecular detachment process of kink site molecules. We present
molecular simulation protocols for both quantities [1,2] and use them to
determine a macroscopic dissolution rate of the wide-spread excipient
alpha lactose-monohydrate that is fully consistent with experimental
rates obtained from single crystals. [1] J. Schneider, C. Zheng, and K.
Reuter, J. Chem. Phys. 141, 124702 (2014); [2] J. Schneider and K.
Reuter, J. Phys. Chem. Lett. 5, 3859 (2014).

O 83.9 Thu 12:30 MA 144
Is a surface reconstruction really necessary for an epitax-
ial Fe growth on a GaAs(001) surface? — ∙Dominique Hand-
schak, Frank Schönbohm, Tobias Lühr, Christoph Keutner,
Ulf Berges, and Carsten Wetsphal — TU Dortmund, Exp.
Physik 1, Otto-Hahn-Str.4, 44221 Dortmund, Germany
Multilayer consisting of the ferromagnet Iron (Fe) and the semiconduc-
tor Gallium-Arsenide (GaAs) are in the focus of the research in spin-
tronics. The GMR effect arises at the interface, where the electrons are
scattered differently depending on their spin and mutual orientation of
the magnetization within the Fe-film. Therefore, the knowledge of the
chemical composition and structure of the interface are important in
order to improve the efficiency of the effect. We report on the interface
structure of two similar system, Fe/GaAs(clean) and Fe/GaAs(4x2) us-
ing x-ray photoelectron diffraction (XPD) patterns in order to examine
the necessity of a reconstruction for an epitaxial Fe growth. It can be
shown that the inter-diffusion between the substrate and the adsorbate
is prevented if Fe is prepared on a GaAs(4x2)-sample. Furthermore,
the predicted stronger out-diffusion of the Arsenic can be confirmed
by the XPD patterns of the Fe/GaAs(clean) system.

O 83.10 Thu 12:45 MA 144
Theoretical evidence for unexpected O-rich phases at cor-
ners of MgO surfaces — Saswata Bhattacharya1, Daniel
Berger2, Karsten Reuter2, ∙Sergey V. Levchenko1, Luca M.
Ghiringhelli1, and Matthias Scheffler1 — 1Fritz-Haber-Institut
der MPG, Berlin, DE — 2Technische Universität München, Garching,
DE
Introducing charge carriers into MgO via 𝑝 doping greatly reduces

formation energy of an O-vacancy in the bulk and at the (100) sur-
face [1]. In this work, we use hybrid density functional theory to
explore O-vacancy and O/O2-ad-species defects at corners of MgO
surfaces. The defects are modelled using MgO clusters embedded into
a field of norm-conserving pseudopotentials and point charges. The
long-range response of the oxide to the charge carriers trapped at the
defects is taken into account using a polarizable force field. The low-
energy defect atomic structures are found using an ab initio genetic
algorithm [2]. Concentrations of O-vacancies and O-ad-species at re-
alistic temperatures and pressures are obtained with ab initio atom-
istic thermodynamics. Unexpectedly, we find that O-ad-species rather
than O-vacancies are dominating defects at realistic conditions. The
stability of the O-ad-species over O-vacancies and pristine corners is
explained by an interplay between bond-breaking, bond-making, and
charge-carrier trapping. − [1] N. Richter et al., Phys. Rev. Lett.
111, 045502 (2013); [2] S. Bhattacharya et al., New J. Phys., in press
(2014).

O 83.11 Thu 13:00 MA 144
Monitoring the formation of quasicrystalline barium ti-
tanate on Pt(111) using XPS and NEXAFS — ∙Alireza
Bayat1, Stefan Förster1, Rene Hammer1, Eva-Maria Zollner1,
Wolf Widdra1,4, Reinhard Denecke2, Silvano Lizzit3, Paolo
Lacovig3, and Karl-Michael Schindler1 — 1Institut für Physik,
Martin-Luther-Universität, Halle-Wittenberg, D-06120 Halle, Ger-
many — 2Wilhelm-Ostwald-Institut, Universität Leipzig, D-04103
Leipzig, Germany — 3Elettra-Sincrotrone Trieste S.C.p.A. I-34149
Basovizza, Trieste, Italy — 4Max-Planck-Institut für Mikrostruktur-
physik, D-06120 Halle, Germany
The discovery of a 2D quasicrystalline BaTiO3-derived (BTO) layer
on Pt(111) opened a new field in fundamental physics as well as
applications [1]. Using high-resolution XPS and NEXAFS, we have
determined chemical states and coordination environments of all ele-
ments in the layer. In addition, the reversible transformation between
BTO(111) islands and the quasicrystalline layer has been monitored
using fast-XPS. The XPS spectra show that the islands contain tita-
nium only as Ti4+ and are fully oxidized. The quasicrystalline layer
contains Ti3+ and Ti4+ in approximately equal amounts and their for-
mations from Ti in the islands happen simultaneously. The chemical
shifts indicate that the coordinations of both Ti species in the qua-
sicrystalline layer are different from bulk. NEXAFS spectra at Ti L-
and O K-edges in normal and grazing incidences confirm an anisotropy
in the quasicrystalline layer, presumably arising from a planar or near
planar coordination of Ti. [1] S. Förster et al., Nature, 502 (2013)
215-218

O 83.12 Thu 13:15 MA 144
nc-AFM study of C60 islands on organic compound crystals
— ∙Sara Freund1, Antoine Hinaut1, Rémy Pawlak1, Shi-Xia
Liu2, Silvio Decurtins2, Ernst Meyer1, and Thilo Glatzel1

— 1Department of Physics, University of Basel, Switzerland —
2Department of Chemistry and Biochemistry, University of Bern,
Switzerland
Organic layered compound crystals have rarely been investigated by
the means of room temperature noncontact atomic force microscopy
(nc-AFM). This kind of material offers the possibility to design surfaces
with different chemical compounds and molecular orientations [1]. The
study of adsorbed molecules on such surfaces under ultra-high vacuum
(UHV) conditions might be of great interest in the field of optoelec-
tronics. In this study the behaviour of fullerene (C60) molecules on
the salt bis(benzylammonium)bis(oxalate)cupurate(II) (BNL) was in-
vestigated. BNL is a transition-metal oxalate complex which exhibits
layer-type crystal structures [2]. The C60 molecules were deposited on
the substrate by thermal deposition and formed small islands. High
resolution images of the substrate and the C60 islands were obtained.
Manipulations of the molecular islands have been induced by controlled
tip interactions. It was observed that they can be split up and re-
distributed by these interactions to form larger islands. Tip-induced
shape modifications of these C60 islands was also observed and anal-
ysed.
[1] G. Fessler et al., Appl. Phys. Lett., 98(8), 083119, 2011.
[2] S. Decurtins et al., Mol. Cryst. Liq. Sci. Technol., Sec A 305, 227,
1997.
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