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O 46.1 Tue 18:30 P1A
Influence of the Surface Structure on Photoelectron Momen-
tum Maps Measured for Coronene Monolayers on Ag(111) —
∙Christian Udhardt1, Felix Otto1, Tino Kirchhübel1, Falko
Sojka1, Tobias Hümpfner1, Matthias Meißner1, Christian
Kern2, Daniel Lüftner2, Peter Puschnig2, Bernd Schröter1,
Roman Forker1, and Torsten Fritz1 — 1Institute of Solid State
Physics, Friedrich Schiller University Jena, Helmholtzweg 5, 07743
Jena, Germany — 2Institute of Physics, University of Graz, 8010 Graz,
Austria
Photoelectron momentum maps (PMMs) can be helpful to investigate
molecular states near the Fermi edge, even though their discussion may
be complicated by substrate- and film-induced effects. Here, we present
PMMs of 1 ML coronene thin films on Ag(111) and compare them to
simulations of a free coronene molecule, the 4 × 4 film structure ob-
served with low-energy electron diffraction (LEED), and angle-resolved
ultraviolet photoemission spectroscopy (ARUPS). While the substruc-
ture observed in the PMM of the highest occupied molecular orbital
(HOMO) is shown to coincide with the structure of the coronene film,
the features in the PMM taken at the Fermi edge are conform with a
film-induced back-folding of substrate bands without the influence of
a molecular state.

O 46.2 Tue 18:30 P1A
STM-Investigations of 𝜅-(BEDT-TTF)2X-Charge Transfer
Salts — ∙Torge Mashoff, Johannes Regel, and Hans-Joachim
Elmers — Institut für Physik, Johannes Gutenberg-Universität,
Mainz
Organic charge-transfer salts of the 𝜅-(BEDT-TTF)2X family of-
fer exciting many-body physics manifesting in an interesting phase
diagram with a neighboring superconducting and Mott insulat-
ing phase. This results in a strong deviation of the supercon-
ducting properties from BCS theory and has been attributed to
their two-dimensional structure leading to electronic correlation ef-
fects. We investigated small crystals of the two charge-transfer salts
𝜅-(BEDT-TTF)2Cu[N(CN)2]Br and 𝜅-(BEDT-TTF)2Cu(NCS)2 us-
ing a low temperature scanning tunneling microscope and obtained
good topographic resolution of the crystallographic structure. Both
crystals show similar crystallographic order but due to the higher
chemical pressure of 𝜅-(BEDT-TTF)2Cu(NCS)2, they have different
positions in the phase diagram. We used scanning tunneling spec-
troscopy to investigate the electronic properties and the influence of
the proximity to the Mott phase.

O 46.3 Tue 18:30 P1A
Time-resolved momentum microscopy with fs-XUV light
— ∙Christina Schott1, Markus Rollinger1, Sebastian
Emmerich1, Johannes Seidel1, Florian Haag1, Norman Haag1,
Steffen Eich1, Mirko Cinchetti2, Benjamin Stadtmüller1, and
Martin Aeschlimann1 — 1University of Kaiserslautern and Research
Center OPTIMAS, Erwin-Schrödinger-Str. 46, 67663 Kaiserslautern,
Germany — 2Experimentelle Physik VI, Technische Universität Dort-
mund, 44221 Dortmund, Germany
Time resolved photoemission spectroscopy with a fs-XUV light source
is a powerful technique to investigate ultrafast optically induced elec-
tron dynamics in solid state systems [1,2]. The combination of this
technique with momentum microscopy, a novel tool for angle resolved
photoemission, allows us to capture transient snapshots of the ultrafast
dynamics for both parallel momentum components for one fixed bind-
ing energy. Together with the large photon energy of our fs-XUV light
source, we can access the electron dynamics throughout the entire first
Brillouin zone of typical sample systems. Here, we will show the capa-
bility of our new setup for time-resolved optical-pump, fs-XUV probe
momentum microscopy. We will discuss experimental challenges such
as space charge effects and long-term stability using dedicated sample
systems. Moreover, we will present our first results of the transient
band structure dynamics of metallic surfaces using time-resolved mo-
mentum microscopy.

[1] Rohwer et al, Nature (2011) [2] Eich et al, J el. Spec (2014)

O 46.4 Tue 18:30 P1A
Spin-polarized surface states of Pb monolayers on Si(111) —

Christian Brand1, Herbert Pfnür1, Jan-Hugo Dil2,3, Stefan
Muff2,3, Michael C. Tringides4, and ∙Christoph Tegenkamp1

— 1Leibniz Universität Hannover, Germany — 2Swiss Light Source,
Villigen, Switzerland — 3École Polytechnique Fédérale de Lausanne,
Switzerland — 4Ames Laboratory & Iowa State University, Ames,
USA
Atomic monolayers (ML) of Pb/Si(111) have recently been found to
be superconducting below 𝑇C ≈ 1.8K, but the mechanism behind
the evolution of these 2d states is not understood yet. In the range
from 6/5ML to 4/3ML supercells consisting of linear combinations of
(
√
7×

√
3) and (

√
3×

√
3) unit cells are formed (so-called Devil’s stair-

case regime). This allows us to tune the spin-orbit interaction (SOI),
the electronic and atomic structure via adsorption of minute amounts
of Pb. In this study we present STM and (SR)-ARPES measurements
at low 𝑇 (> 𝑇C) to evaluate the influence of the SOI on the Pb surface
states. As it turns out the local adsorption geometry and symmetry of
the atomic structure plays an important role for the understanding of
the measured spin-polarization by SR-ARPES showing strongly spin-
polarized metallic surface states. The experimental results are in very
good agreement with DFT calculations and reveal beside a complex
spin-texture at 𝐸F large Rashba- and Zeeman-type spin-splittings of
the Pb surface states.

O 46.5 Tue 18:30 P1A
2D Dirac cones at the Fermi level in ZrSiTe — ∙Shweta
Sheoran1, Andreas Topp1, Judith M. Lippmann1,2, Andrei
Varykhalov3, Viola Duppel1, Bettina V. Lotsch1,2,4, Chris-
tian R. Ast1, and Leslie M. Schoop1 — 1Max Planck Institute for
Solid State Research, D-70569 Stuttgart — 2Department of Chemistry,
Ludwig-Maximilians-Universität, D-81377 München — 3Helmholtz-
Zentrum Berlin für Materialien und Energie, BESSY II, D-12489 Berlin
— 4Nanosystems Initiative Munich (NIM) & Center for Nanoscience,
D-80799 München
A new class of materials exhibiting non-symmorphic symmetry has
generated great interest, due to the associated rich physics such as ul-
tra high mobility, giant magneto-resistance and also it’s essential role
in the discovery of new quasi particles beyond the usual Dirac, Weyl
and Majorana fermions. Experimental analysis shows that the material
ZrSiS, exhibits Dirac cones protected by non-symmorphic symmetry
below the Fermi level [1]. A major requirement for pinning these non-
symmorphic crossings at the Fermi level is a half filled band, which is
quite difficult to achieve. A possible workaround could be the appli-
cation of uniaxial tensile strain. In ZrSiS, this would be equivalent to
substitution of S by Te, leading to the isostructural and isoelectronic
compound ZrSiTe. Here we present the DFT bandstructure calcula-
tions and ARPES measurements performed on ZrSiTe, showing that
it exhibits a Dirac line node on the Fermi level.

[1] Schoop, L.M. et al., Nat.Commun. 7, 11696 (2016).

O 46.6 Tue 18:30 P1A
Multi-electron photon-emission from a tunnel junction —
∙Philip Kapitza, Ebru Ekici, Kira Kolpatzeck, Rolf Möller,
and Christian A. Bobisch — Faculty of Physics and Center for
Nanointegration Duisburg-Essen (CENIDE), University of Duisburg-
Essen, Lotharstr. 1, 47057 Duisburg, Germany
Inelastic tunneling processes in the tip/sample junction of a scanning
tunneling microscope (STM) can excite tip induced plasmon modes
(TIP), which can decay radiatively. The emitted light carries informa-
tion about the underlying inelastic processes. We observe light emis-
sion between the visible and the near infrared range from the junction
between a silver covered STM tip and a Ag(111) surface. The applied
voltage V𝐵𝑖𝑎𝑠, limits the maximum energy E𝑚𝑎𝑥= eV𝐵𝑖𝑎𝑠 of the tun-
neling electrons. Normalized Emission spectra show emission tails ex-
ceeding E𝑚𝑎𝑥, supposedly caused by natural linewidth broadening. A
comparison with calculated tunneling probabilities for inelastic tran-
sitions results in electron-lifetimes of the excited states in the range
of 30 fs to 80 fs. If the tunneling current I𝑇 is unusual high (nA to
𝜇A), two or more electrons may interact and exchange energy and non-
linear processes may be triggered [1], [2]. In this case, photons with an
energy E𝑚𝑎𝑥 < E𝑝ℎ𝑜𝑡𝑜𝑛 < 2E𝑚𝑎𝑥 can be observed. For these cases,
spectra of emitted light are discussed as a function of the tunneling
parameters. However, the emission spectra reveal the same spectral
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features, indicating that the same TIP modes are excited.
[1] G. Hoffmann et al., Phys. Rev. Lett. 90, 046803-1 (2003).
[2] G. Schull et al., Phys. Rev. Lett, 102, 057401 (2009).

O 46.7 Tue 18:30 P1A
Investigation of charge puddles at the surface of the com-
pensated topological insulator BiSbTeSe2 — ∙Timo Knispel,
Wouter Jolie, Nick Borgwardt, Zhiwei Wang, Jonathan Lux,
Achim Rosch, Yoichi Ando, Markus Grüninger, and Thomas
Michely — II. Physikalisches Institut, Universität zu Köln, Germany
BiSbTeSe2 is a three dimensional topological insulator which is char-
acterized by an insulating bulk state and a gapless Dirac cone at the Γ-
point, with the chemical potential near the Dirac point [1]. Large fluc-
tuations in the Coulomb potential of the dopants cause self-organized
charge puddles in the bulk, which in turn cause substantial rigid shifts
of the local bulk band structure. Surprisingly, these charge puddles
evaporate around 50 K [2]. Here we investigate by STM and STS
charge puddles at the surface of BiSbTeSe2 and how they are linked
to the bulk ones.

In atomic resolution STM and STS measured over a broad energy
range we identify (i) a short length scale due to variations in chemical
composition, (ii) a medium energy-dependent length scale due to quasi-
particle scattering, and (iii) a large length scale which we attribute
to surface charge puddles. By point spectroscopy we measure Dirac
point fluctuations of Δ𝐸 = 25 meV around an average of +30 meV.
Through temperature dependent experiments we analyze the coupling
of the surface charge puddles to their bulk counterparts.

[1] T. Arkane et al., Nat. Comm. 3, 636 (2012)
[2] N. Borgwardt et al., Phys. Rev. B 93, 245149 (2016)

O 46.8 Tue 18:30 P1A
Studying the type-II Weyl semimetal Td-WTe2 with two-
photon photoemission — ∙Petra Hein1, Stephan Jauernik1,
Yulin Chen2, Lexian Yang2, Binghai Yan3, Claudia Felser3,
and Michael Bauer1 — 1Institute of Experimental and Applied
Physics, University of Kiel, Germany — 2Physics Department, Ts-
inghua University, Beijing, China — 3Max Planck Institute for Chem-
ical Physics of Solids, Dresden, Germany
With their first experimental observation in 2015, topological Weyl
semimetals have attracted enormous attention: In these materials, the
long sought-after Weyl fermions are realized as quasi-particle excita-
tions in condensed matter [1]. Weyl semimetals feature an unusual
electronic structure with touching points in the bulk band structure –
the so-called Weyl points - that are connected by unique topological
surface Fermi arcs. The key technique to gain access to these signa-
tures is angle-resolved photoelectron spectroscopy (ARPES) [2,3].
Here, we present a combined photoemission and two-photon photoe-
mission (2PPE) study of the type-II Weyl semimetal Td-WTe2. Using
a widely tunable femtosecond laser system with photon energies be-
tween 1.3 eV and 5.0 eV, we are able to access a variety of both occupied
and unoccupied electronic states. The results are discussed under con-
sideration of band structure calculations and current ARPES studies
of Td-WTe2.
[1] A. Vishwanath, Physics 8, 84 (2015).
[2] S.-Y. Xu et al., Science 349, 6248 (2015).
[3] Y. Wu et al., Phys. Rev. B 94, 121113(R) (2016).

O 46.9 Tue 18:30 P1A
Thickness-dependent photoelectron spectroscopy study of
1,2;8,9-dibenzopentacene on Au(111) — ∙Maximilian Schaal,
Felix Otto, Christian Udhardt, Bernd Schröter, Roman
Forker, and Torsten Fritz — Institute of Solid State Physics,
Friedrich Schiller University Jena, Helmholtzweg 5, 07743 Jena, Ger-
many
Alkali-metal-doped polycyclic aromatic hydrocarbons received broad
attention as potential organic superconductors during the last years.
A representative of this class is potassium-doped 1,2;8,9-dibenzo-
pentacene (DBPen) which has a reported transition temperature of
33K in bulk powder samples [1]. Here we investigate thin films of
DBPen on Au(111) by means of thickness-dependent x-ray photoelec-
tron spectroscopy (XPS) and ultraviolet photoelectron spectroscopy
(UPS). The XPS results show a thickness-independent line shape and
an energy shift by the formation of an interface dipole. The UPS results
show an asymmetric broadening of the highest occupied molecular or-
bital (HOMO) in the monolayer which is attributed to the occurrence
of vibronic states. The HOMO splitting in the bilayer indicates the
formation of a dimer structure via 𝜋-stacking. Furthermore, we explore

the thickness-dependent modification of the binding energy and effec-
tive mass of the Shockley surface state of Au(111) by angle-resolved
UPS (ARUPS).

[1] M. Xue et al., Sci. Rep. 2, 389 (2012).

O 46.10 Tue 18:30 P1A
Electronic Properties of Coronene on (111)-Surfaces of the
Coinage Metals. — ∙Christian Simon Kern1, Daniel Lüftner1,
Christian Udhardt2, Felix Otto2, Roman Forker2, Torsten
Fritz2, and Peter Puschnig1 — 1University of Graz, Institute
of Physics, NAWI Graz - Universitätsplatz 5, A-8010 Graz, Austria
— 2Institut für Festkörperphysik, Friedrich-Schiller-Universität Jena,
Helmholtzweg 5, 07743 Jena, Germany
Mono-layers of the polycyclic aromatic hydrocarbon coronene adsorbed
on (111)-surfaces of the metals copper, silver and gold are investigated
by density functional theory.

First, we have determined the most favorable adsorption sites and
molecular orientations based on the experimentally known over-layer
structures. Particularly, for Ag(111) we find a flat adsorption geome-
try with an azimuthal orientation in good agreement with the experi-
mental orientation. In a second step, we have simulated angle-resolved
photoemission spectroscopy (ARPES) experiments for coronene on the
three coinage metal (111)-surfaces, focusing on the emission from the
HOMO. Simulated photoelectron angular distributions (PADs) for the
coronene/metal interface show pronounced differences to PADs of the
two-fold degenerate HOMO of the isolated molecule. We conclude that
the observed symmetry-breaking results from the molecule-substrate-
interaction and intermolecular band dispersion. The observed sub-
structure of the major emission features in the PADs compares well to
the experimental findings.

O 46.11 Tue 18:30 P1A
Charge-ordered state in the low-temperature phase of
Pb/Si(111) — ∙Florian Adler1, Manuel Laubach2, Stephan
Rachel2, Jörg Schäfer1, and Ralph Claessen1 — 1Physikalisches
Institut and Röntgen Center for Complex Material Systems (RCCM),
Universität Würzburg, Germany — 2Institut für Theoretische Physik,
Technische Universität Dresden, Germany
Two-dimensional triangular lattices of Group IV adatoms on diamond
lattice substrates provide a rich playground for experimental studies
and many-body calculation techniques. For the system investigated
in this work, 1/3 monolayer of Pb on Si(111), preceeding studies have
noted a phase transition from

√
3×

√
3 to 3× 3 at 86 K. In our high-

resolution scanning tunneling microscopy and spectroscopy measure-
ments in the low-temperature phase, we have unveiled the formation
of a charge-ordered state by carefully mapping the local density of
states. Furthermore, we find a structural rearrangement with a 2-
up/1-down configuration. These results are supported by state-of-the-
art many body calculations using the Variational Cluster Approach
(VCA), which is sensitive to both spin- and charge-densitiy wave in-
stabilities. I will present a comparison of our measurements and the
latest results from VCA calculations.

O 46.12 Tue 18:30 P1A
A new dual analyzer system for surface analysis of liquids
under UHV conditions — ∙Francesco Greco, Inga Nieder-
maier, Claudia Kolbeck, Hans-Peter Steinrück, and Florian
Maier — Lehrstuhl für Physikalische Chemie II, Friedrich-Alexander-
Universität Erlangen-Nürnberg, Egerlandstr. 3, 91058 Erlangen
In the last decade, ionic liquid (IL) systems have emerged for UHV
studies of liquid surfaces and interfaces due to the extremely low IL
vapor pressure. It has been demonstrated that particularly angle-
resolved X-ray Photoelectron Spectroscopy (ARXPS) allows for inves-
tigating phenomena that occur at gas-liquid and liquid-solid interfaces
on the molecular level. In all of these ARXPS studies, the sample
holder had to be tilted in order to change the polar detection angle
of the emitted photoelectrons, which restricted the investigations to
very thin and high-viscous IL films only. We here report on a new
and unique laboratory ”Dual Analyzer System for Surface Analysis
(DASSA)” which enables fast ARXPS, UV photoelectron spectroscopy,
imaging XPS, and low-energy ion scattering of macroscopically thick
non-volatile liquid samples.[1] As core element, it comprises a UHV
analysis chamber equipped with two electron analyzers mounted for
simultaneous measurements in 0∘ and 80∘ emission relative to the sur-
face normal for horizontally mounted IL samples.

F.G. and H.P.S. thank the ERC for financial support through an
Advanced Investigator Grant to H.P.S.!
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[1] I. Niedermaier, C. Kolbeck, H.-P. Steinrück, F. Maier, Rev. Sci.
Instrum. 87 (2016) 045105

O 46.13 Tue 18:30 P1A
Quasiparticle interferences in highly doped bilayer graphene
— ∙Wouter Jolie1, Jonathan Lux2, Mathias Pörtner1, Tobias
Hartl1, Timo Knispel1, Sabina Simon1,3, Charlotte Herbig1,
Thomas Michely1, and Carsten Busse1,4 — 1II. Physikalisches
Institut, Universität zu Köln — 2Institut für Theoretische Physik,
Universität zu Köln — 3Fachbereich Physik, Universität Konstanz —
4Institut für Materialphysik, Universität Münster
When two graphene layers are Bernal stacked as in graphite, the two
low-energy bands can be described by massive Dirac fermions and it
has been demonstrated that doping such a graphene bilayer not only
shifts its chemical potential, but also opens up a band gap [1]. We dope
bilayer graphene to populate the second conduction band and measure
quasiparticle interferences (QPI) with scanning tunneling microscopy
and spectroscopy.

We grow bilayer graphene on Ir(111) with a combination of chem-
ical vapor deposition (creating a monolayer of high perfection) and
physical vapor deposition (forming a second graphene layer at the in-
terface). Subsequently, Cs is intercalated between the bilayer and the
metal underneath.

We observe complex standing waves patterns at various energies and
obtain the scattering vectors responsible for QPI using a Fourier trans-
form analysis. We compare our results with simulations based on the
𝑇 -matrix theory as well as tight-binding calculations and explore the
origin of the suppression of certain scattering processes.

[1] E. V. Castro et al., Phys. Rev. Lett. 99, 216802 (2007)

O 46.14 Tue 18:30 P1A
Systematics of 3𝑑 transition metal–doped Sb2Te3 —
∙Johannes Jung, Thomas Bathon, Paolo Sessi, and Matthias
Bode — Universität Würzburg; Physikalisches Institut; Experi-
mentelle Physik II, Würzburg, Germany
Time-reversal symmetry plays a crucial role in topological insulators
(TIs). Once broken, topological surface states become gapped and
unconventional states of matter such as the quantum anomalous Hall
effect can be realized.
Here, we present a systematic investigation of the prototypical TI
Sb2Te3 where different magnetic perturbations are introduced by bulk-
doping with 3d transition elements (V, Cr, Mn, Fe). The dopants ad-
sorption sites are localized and classified by atomically resolved scan-
ning tunneling microscopy, while scanning tunneling spectroscopy al-
lows to visualize their influence on the local electronic environment of
the host material.
[1] P. Sessi et. al., Nature Communications, 7, 12027 (2016).

O 46.15 Tue 18:30 P1A
New insights into the LaB6 (001)-surface obtained by Scan-
ning Tunneling Microscopy — ∙Philipp Buchsteiner1, Mar-
tin Wenderoth1, and Geetha Balakrishnan2 — 1IV. Physikalis-
ches Institut, Georg-August Universität Göttingen, Germany —
2Department of Physics, University of Warwick, United Kingdom
Lanthanum Hexaboride (LaB6) has attracted much attention due to
its surface properties, such as an unusually low work function [1]. How-
ever, up to now only few investigations of the (001)-surface of single
crystalline LaB6 using Scanning Tunneling Microscopy (STM) have
been performed [2]. Our STM findings of that surface have led to
striking differences for the surface structure: firstly, we have not ob-
served any vacancies at the surface, which we relate to our different
sample preparation by cleavage. Secondly, we have observed a long
range height modulation within atomically resolved constant current
topographies. We are hypothizing that the modulation is caused by
single interstitial and vacant boron atoms within the hexaboride lat-
tice. Such imperfections are probably generated during crystal growth,
since the B/La ratio deviates slightly in the bulk material for most
crystals from 6.00 [3]. [1] M. Trenary, Sci. Technol. Adv. Mater. 13
(2012), [2] J.S. Ozcomert, M. Trenary, Surf. Sci., 265 (1992), [3] T.
Tanaka, S. Otani, Prog. Cryst. Growth Charact. Mater. 16 (1988)

O 46.16 Tue 18:30 P1A
Preparation and Characterization of Sub-Monolayer Ge on
Cu — ∙Thomas Kotzott, Wei Li, and Martin Wenderoth — IV.
Physikalisches Institut, Georg-August-Universität Göttingen, Göttin-
gen, Germany

Semiconductor growth on metals is of interest for designing and pro-
ducing devices in semiconductor-based electronics. In this study, we
have prepared different copper-germanium surface structures. Clean
Cu single crystal surfaces are fabricated by sputtering and annealing
and characterized by LEED and AES. Sub-monolayer Ge is deposited
at 100K using electron beam evaporators in-situ under UHV condi-
tions at a base pressure of 𝑝 < 10−10 mbar. The Ge/Cu surfaces are
investigated by low temperature (6K) scanning tunneling microscopy.
We present topography data and the corresponding electronic struc-
ture obtained by scanning tunneling spectroscopy as well as thermo-
voltage measurements. The scattering processes at the Cu surface are
examined, finally aiming for the scattering properties of a single semi-
conductor impurity within the bulk metal using dilute alloys.

O 46.17 Tue 18:30 P1A
Polarization-dependent two-photon photoemission from
p-doped topological insulators SnBi𝑥Sb2−𝑥Te4 and GeSb2Te4
— ∙Sebastian Otto, Jonas Rietsch, Philipp Rosenzweig,
Daniel Niesner, and Thomas Fauster — Lehrstuhl für Festkörper-
physik, Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU),
91058 Erlangen, Germany
Polarization-dependent, time- and angle-resolved two-photon photo-
emission is used to study the electronic structure of septuple-layered
antimony telluride crystals of different p-dopings. All surfaces show a
linearly dispersing surface state bridging the band gap with a Dirac
point at 𝐸F +0.42±0.05 eV for GeSb2Te4 and 𝐸F +0.31±0.02 eV for
the SnBi𝑥Sb2−𝑥Te4 crystals. The Bi-doping of the SnBi𝑥Sb2−𝑥Te4
(with 𝑥 = 0, 0.1, 0.2) causes no shift of the energetic position of the
Dirac point, but a decrease in group velocity which is reflected in the
dynamics of the systems. The lifetimes of the topological surface states
range from 10±5 fs to 120±20 fs and time constants of the conduction
band minimum are found between 180 ± 10 fs and 300 ± 20 fs. Mea-
surements with circularly polarized probe pulses verify the topological
nature of the surface states. The excitation of the topological surface
state shows no dependence on the polarization of the pump pulse.

O 46.18 Tue 18:30 P1A
Characterisation of Beryllides with XPS — ∙Nicola Helfer,
Petra Hansen, Hans Rudolf Koslowski, and Christian Lins-
meier — Forschungszentrum Jülich GmbH, Institut für Energie und
Klimaforschung – Plasmaphysik, 52425 Jülich
Future fusion reactors need to produce their tritium fuel. A self-
sustained fuel cycle requires a neutron multiplier material, e.g. Be,
within the breeding blanket. Beryllides are promising materials since
their chemical reactivity with structural material is lower than for pure
Beryllium [Y. Mishima et al., J. Nucl. Mat. 367–370, 1382 (2007)].
Beside the production process, the thermal stability and phase transi-
tions are of great interest.
Be-metal alloy samples, produced by Wright Air Development Cen-
ter already in 1959 were available for experimental investigation. The
characterisation of the thermal stability of Be12Ta and Be12Ti with x-
ray photoelectron spectroscopy (XPS) is presented here. X-ray diffrac-
tion measurements are utilised to confirm the crystalline phase of the
samples.
Binding energy shifts of the Be 1𝑠 states have been observed and
are compared to recent Density Functional Theory (DFT) simulations
with an all-electron code (FLEUR) [J. Bröder, master thesis, RWTH
Aachen 2015].

O 46.19 Tue 18:30 P1A
Polarization-dependent ARPES investigation for organic
molecules on Ag(110) and Cu(110) — ∙Xiaosheng Yang1,
Daniel Lüftner2, Georg Koller2, Peter Puschnig2, Michael
Ramsey2, Matteo Jugovac3, Giovanni Zamborlini3, Vitaliy
Feyer3, Serguei Soubatch1, and Stefan Tautz1 — 1Peter Grün-
berg Institut (PGI-3), Forschungszentrum Jülich, 52425 Jülich, Ger-
many — 2Institut für Physik, Karl-Franzens-Universität Graz, 8010
Graz, Austria — 3Elettra-Sincrotrone Trieste, 34149 Basovizza, Tri-
este, Italy
The angle-resolved photoemission spectroscopy (ARPES) is often used
to study electronic properties of molecule/metal interfaces. In particu-
lar, for planar 𝜋-conjugated molecules, utilizing a plane wave approxi-
mation for the photoelectron final states, it is possible to completely re-
construct the spatial distribution of the molecular orbitals [1,2]. How-
ever, recently it has been shown that the plane wave approximation
fails to describe correctly the angular distribution of photoemission
induced by the s-polarized light [3] and a better final states approx-
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imation is needed to predict experimentally observed photoemission
patterns. In this contribution, we revisit this issue and report on
ARPES measurements of monolayers of several molecules - tetracene,
pentacene, pentaphenyl and sexiphenyl - on Ag(110) and Cu(110) sur-
faces, performed using various polarizations of the incident light.
[1] P. Puschnig et al. Science 326, 702 (2009)
[2] S. Weiß et al. Nature Comm. 6, 8287 (2015)
[3] M. Dauth et al. Phys. Rev. Lett. 117, 183001 (2016)

O 46.20 Tue 18:30 P1A
Ab-initio investigation of the interface 𝛼-Al2O3/Al — ∙Lilit
Amirkhanyan and Jens Kortus — TU Bergakademie Freiberg, In-
stitute of Theoretical Physics, Germany
Ceramic materials are used in industry to remove non-metallic inclu-
sions from metallic melts like iron or aluminum. The filtration effect
depends on interactions at the interface of the ceramic filter material.
Interestingly, different ceramic materials show different filtration ef-
ficiency. Therefore, a detailed understanding of the processes at the
interface are of interest.

We investigated the interface of the stable phase 𝛼-Al2O3 with sur-
face (0001). A model of the Al melt has been derived from bulk Al
using the (111) plane. All calculations are based on density function
theory as implemented in the Quantum Espresso code. In order to
investigate the effect of oxygen or aluminum termination we carried
out calculation on Al2O3 with these two terminations using the Effec-
tive Screening Medium Method with open boundary conditions. As
a result we find that both terminations will give positively charged
surfaces.

Further, we created interface structures and obtained from these
models an interface energy. The interface energy depends on the ter-
mination of 𝛼 - Al2O3. In particular, the oxygen terminated interface
of 𝛼 - Al2O3/Al is more stable compared to the aluminum terminated
case.

O 46.21 Tue 18:30 P1A
The geometric and electronic properties of the
tetracene/Ag(110) interface studied by density functional
theory — ∙Jana Fuchsberger1, Daniel Lüftner1, Xiaosheng
Yang2, Georg Koller1, Michael Ramsey1, Vitaliy Feyer3,
Serguei Soubatch2, Stefan Tautz2, and Peter Puschnig1 —
1Institute of Physics, University of Graz, Austria — 2Peter Grün-
berg Institut (PGI-3), Forschungszentrum Jülich, Germany — 3Peter
Grünberg Institut (PGI-6), Forschungszentrum Jülich, Germany
Recently, the puzzling question of tetracene monolayers on Ag(110) has
been revisited by means of photoemission tomography experiments.
Thereby the azimuthal orientation of the molecules has been studied
and several molecular emissions have been identified. However, the
origin of two distinct emissions separated by almost 1 eV that appear
to have the photoemission distribution of the highest occupied molec-
ular orbital (HOMO) could not be explained. In this contribution, we
use density functional theory to shed light on this problem. First, we
determine the optimal adsorption geometry for two molecular orienta-
tions, namely parallel and perpendicular to the close-packed Ag-rows.
We further analyze their electronic structures in terms of work function
modifications, charge rearrangements and projected density of states.
Finally, we compare simulated photoemission momentum maps for the
two structures with experimental data.
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DFT calculations of energy dependent XPS valance band
spectra — ∙Mahdiyar Bagheri and Peter Blaha — Institute of
Materials Chemistry,Technical University Vienna, Vienna, Austria
In the past few years it became regularly possible to measure valance

band X-ray photoelectron spectra (XPS) using variable excitation en-
ergies. In order to explain the observed variations in intensity with
respect to the excitation energy, we performed XPS calculations using
the WIEN2k code. The new module computes the XPS spectra us-
ing a combination of partial density of states times excitation-energy-
dependent atomic cross-sections, and considers as additional correction
the fraction of the corresponding orbital contained inside the atomic
spheres. The resulting XPS spectra are compared with experimental
data for SiO2, PbO2 and NiO at different excitation energies.

O 46.23 Tue 18:30 P1A
Local effects of self-assembled monolayers on NiO thin films
— ∙Wenlan Liu1,2, Shuangying Ma1,2, Sabina Hillebrandt2,
Florian Ullrich2, Sebastian Hietzschold2, and Andreas
Köhn1,2 — 1Institut für Theoretische Chemie, Universität Stuttgart,
Pfaffenwaldring 55, D-70569 Stuttgart — 2InnovationLab GmbH,
Speyerer Straße 4, D-69115 Heidelberg
Due to the large band gap and the p-type character, NiO has been used
as hole transmission and electron blocking layers in enhancing bulk het-
erojunction (BHJ) organic photovoltaic (OPV) cell performance. The
performance of electronic devices can be further improved by applying
self-assembled monolayer (SAM) on the NiO surface, such that one
can easily tune the work function of the surface, and achieve other
functions e.g. passivation and better wettability.[1]

As this work is closely cooperated with experiments based on
solution-processed NiO thin films, we consider not only the idea
NiO(111) surface, but also different variation of non-idea surfaces ei-
ther with surface reconstruction or defect in buffer. Such local effects
are taken care of by the periodic electrostatic embedded cluster model
(PEECM).[2] The energetically stable conformations of the SAMs on
NiO(111) surfaces have been examined. The corresponding properties
have been calculated and compared carefully with the experimental
results.

[1] S. A. DiBenedetto et al., Adv. Mater., 21 (2009), 1407
[2] M. Sierka et al., J. Chem. Phys., 120 (2009), 174710
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Self-assembled monolayers on NiO thin films: a first-
principles study — ∙Shuangying Ma1,2, Wenlan Liu1,2, Sabina
Hillebrandt2, Florian Ullrich2, Sebastian Hietzschold2, and
Andreas Köhn1,2 — 1Institut für Theoretische Chemie, Universität
Stuttgart, Pfaffenwaldring 55, D-70569 Stuttgart — 2InnovationLab
GmbH, Speyerer Straße 4, D-69115 Heidelberg
The study of the organic solar cells (OSC)[1]has received increas-
ing attention due to its low cost and compatibility with the present
well developed technologies[2]. NiO is good anode interlayer candi-
date owing to its wide band gap and p-type character[3]. By forming
self assembled monolayers of certain organic molecules, e.g. 4-cyano-
phenyl phosphonic acid (CYNOPPA) on the NiO surface, can fur-
ther modify the energy-level alignment between the semiconducting
organic/inorganic interfaces, which is critical for efficient charge sepa-
ration and significantly affects the open-circuit voltage as well[4].

In the present study, first-principles calculations are performed for
different neat and SAMs modified hydroxylated and reconstructed
NiO(111) surfaces. The related electronic and optoelectronic prop-
erties, e.g. band gaps, density of states, work functions, XPS and
IR spectrums are compared with each other and with the experimen-
tal results. The corresponding dehydration mechanism between the
CYNOPPA and NiO(111) hydroxylated surface is also studied with ab
initio molecular dynamics.

[1] Nat. Photon., 3 (2009), 649; [2] Chem. Mater., 23 (2011) 2218;
[3] Phys. Rev. B, 75 (2007), 241203; [4] Adv. Mater., 21 (2009), 1450
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