
Dresden 2020 – O Wednesday

O 86: Poster Session - Organic Molecules on Inorganic Substrates: Electronic, Optical and
other Properties II

Time: Wednesday 18:15–20:00 Location: P2/EG

O 86.1 Wed 18:15 P2/EG
STM and DFT study of BF4 anion migration on a triaza-
triangulenium SAM on Au(111) — ∙Sergii Snegir1, Yannick
Dappe2, Dmitro Sysoiev3, Olivier Pluchery4, Thomas Huhn1,
and Elke Scheer1 — 1University of Konstanz, Konstanz, Germany
— 2SPEC, CEA, CNRS, University Paris-Saclay, CEA Saclay, 91191
Gif-sur-Yvette Cedex, France — 3Institute of Organic Chemistry and
Biochemistry, Prague, Czech republic — 4Institut des Nano-Sciences
de Paris (INSP), Sorbonne Universités, CNRS, Paris, France
Chemical coupling of functional molecules with so-called platforms al-
lows the formation of functional Self-Assembled Monolayer (SAM).
An example is triazatriangulenium (TATA), with extended aromatic
core, allowing the formation of good electronic contact with the metal
surface. Here we present studies on SAMs of TATA-BF4 molecules
on Au(111) by means of Scanning Tunneling Microscopy (STM) and
Density Functional Theory (DFT). In solution, these molecules exist
as ion pairs of TATA+ and BF4-. However, under electrochemical
deposition on Au(111) [1], on the TATA+ cations formed SAMs the
BF4- anions seemingly disappear. Our STM experiments reveal disso-
ciation of the TATA-BF4 complex. The TATA+ remains stable within
the SAM while the BF4- spontaneously migrates through the TATA
SAM on the surface. DFT calculations show a reduction of the TATA-
BF4 binding energy after deposition. [1]-S. Kuhn, U. Jung, S. Ulrich,
R. Herges and O. Magnussen, Chemical Communications, 2011, 47,
8880-8882.

O 86.2 Wed 18:15 P2/EG
Pump-Probe Photoelectron Momentum Microscopy of
Molecular Thin Films at a Free-Electron Laser — ∙Christian
Metzger1, Markus Scholz2, Kiana Baumgärtner1, Chul-Hee
Min1, Thiago R. F. Peixoto1, Dmytro Kutnyakhov3, Michael
Heber3, Federico Pressacco4, Wilfried Wurth3,4, Anders
Madsen2, and Friedrich Reinert1 — 1Experimentelle Physik 7,
Universität Würzburg, Germany — 2European XFEL, Germany —
3DESY Hamburg, Germany — 4Universität Hamburg, Germany
The analysis of the momentum distribution from static angle-resolved
photoemission experiments has provided new insights into the elec-
tronic interaction at molecule-metal interfaces [1], electron-vibration
coupling [2] as well as structural alignment [3] in the last decade [4].
Our pump-probe measurements focus on translating these previous
achievements into the time-domain. To this end, we conducted dy-
namic experiments on pentacene bilayers on top of Ag(110) with a
time-of-flight momentum microscope at a free-electron-laser facility [5].
Pentacene is an ideal archetype for this endeavor due to its broad ap-
plicability in electronic devices and its well characterized properties in
static experiments [6]. Furthermore, it has the potential to showcase
a variety of ultrafast photoinduced processes such as singlet fission.

[1] G. Zamborlini et al., Nat. Comm. 8, 335 (2017). [2] M. Graus
et al., Phys. Rev. B 98, 195412 (2018). [3] B. Stadtmüller et al., EPL
100, 26008 (2012). [4] P. Puschnig et al., Science 326, 702 (2009). [5]
M. Scholz et al., arXiv:1907.10434. [6] M. Grimm et al., Phys. Rev.
B 98, 195412 (2018)

O 86.3 Wed 18:15 P2/EG
Application of periodic energy decomposition analysis to
metallic systems — ∙Jan-Niclas Luy, Benedikt P. Klein, J.
Michael Gottfried, and Ralf Tonner — Fachbereich Chemie,
Philipps Universität Marburg, Germany
The Energy Decomposition Analysis (EDA) is a wavefunction based
bonding analysis scheme that enjoys significant popularity in the
molecular chemistry community [1]. Recently the method has been
extended to surfaces and solids [2] and applied to organic surface
chemistry [3]. It was shown that localized, covalent bonds in a pe-
riodic system can be interpreted in a similar fashion as their 0D
molecular counterparts. Adsorption of organic molecules on transi-
tion metal surfaces, however, requires a more nuanced description
[4]. In addition to covalent bonds, interactions are often character-
ized by large charge transfer, polarization and dispersion contributions.
While for many alternant hydrocarbons (e.g. naphthalene) dispersion
dominates on Cu(111), orbital interactions can be identified in non-
alternant cases (azulene). With the more reactive Pt(111) surface,

both naphthalene and azulene form strong chemisorptive bonds that
show donor/acceptor and shared-e- character.
[1] M. von Hopffgarten and G. Frenking, WIREs Comput Mol Sci
2012, 2, 43.
[2] M. Raupach, R. Tonner, J. Chem. Phys. 2015, 142, 194105.
[3] L. Pecher, S. Laref, M. Raupach and R. Tonner, Angew. Chem.
Int. Ed. 2017, 56, 15150.
[4] B. P. Klein et al., Phys. Rev. X 2019, 9, 011030.

O 86.4 Wed 18:15 P2/EG
Vibron-assisted spin excitation in a magnetically anisotropic
molecule — ∙Garnier L.1, Verlhac B.1, Bachellier N.1, Zaldí-
var J.2, Rubio-Verdú C.2, Abufager P.3, Ormaza M.1, Choi D.-
J.4,6, Bocquet M.-L.5, Pascual J.I2,6, Lorente N.4, and Limot
L.1 — 1Université de Strasbourg, CNRS, IPCMS, UMR 7504, F-
67000 Strasbourg, France — 2CIC nanoGUNE, 20018 Donostia-San
Sebastián, Spain — 3Instituto de Física de Rosario, CONICET and
Universidad Nacional de Rosario, Av. Pellegrini 250 (2000) Rosario,
Argentina — 4Centro de Física de Materiales (CFM) & DIPC, 20018
Donostia-San San Sebastián, Spain — 5PASTEUR, ENS, Sorbonne
Universités, CNRS, 75005 Paris, France — 6Ikerbasque, Basque Foun-
dation for Science, Bilbao, Spain
The electrical control and readout of molecular spin states is key for
high-density storage. Expectations are that electrically-driven spin
and vibrational excitations in a molecule should give rise to new con-
ductance features in the presence of magnetic anisotropy, offering al-
ternative routes to study and, ultimately, manipulate molecular mag-
netism. Here, we use inelastic electron tunneling spectroscopy to pro-
mote and detect the excited spin states of a prototypical molecule
with magnetic anisotropy. We demonstrate the existence of a vibron-
assisted spin excitation that can exceed in energy and in amplitude
a simple excitation among spin states. The excitation, which can be
quenched by chemical changes in the magnetic molecule, is explained
using first-principles calculations and model calculations that include
dynamical correlations.

O 86.5 Wed 18:15 P2/EG
Electronic properties of N-substituted pentacene deriva-
tives on Au(111) — ∙Tanja Schmitt1, Jakob Steidel1,
Marvin Hoffmann2, Hilmar Reiss3, Uwe Bunz3, Andreas
Dreuw2, and Petra Tegeder1 — 1Physikalisch-Chemisches In-
stitut, Ruprecht-Karls-Universität Heidelberg — 2Interdisziplinäres
Zentrum für Wissenschaftliches Rechnen, Universität Heidelberg —
3Organisch-Chemisches Institut, Ruprecht-Karls-Universität Heidel-
berg
N-heteropolycyclic aromatic compounds are promising candidates for
n-channel semiconductors. The introduction of nitrogen into the 𝜋-
electron-backbone of the polycyclic aromatic hydrocarbons stabilizes
the frontier orbitals and increases the electron affinity, while the size
of the HOMO-LUMO (optical) gap is nearly uneffected.

Thus, the electronic properties of N-functionalised pentacene deriva-
tives were studied using two-photon photoemission (2PPE). With this
powerful technique, the energetic positions of occupied, unoccupied
and excitonic states were determined. In addition, the dynamics upon
optical excitation can be investigated on a femtosecond time scale.
Also, angle-resolved 2PPE can be performed in order to study the
dispersion of present states.

Crucial properties such as optical and transport gap as well as bind-
ing energy was determined and compared to non-substituted pentacene
using 2PPE. In addition, state-of-the-art quantum chemical theory was
carried out.

O 86.6 Wed 18:15 P2/EG
Dehydrogenation Reactions of O-Heterocyclic LOHC
Molecules — ∙Felix Hemauer, Philipp Bachmann, Fabian Düll,
Johann Steinhauer, Hans-Peter Steinrück, and Christian Papp
— Friedrich-Alexander-Universität, Erlangen, Germany
With the dwindling of fossil fuels and the alarming progression of global
warming, the ecological and social demand for cleaner and more sus-
tainable energy sources has never been as high. As renewable sources,
such as wind and solar power, give no continuous and constant power
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output, hydrogen is a promising candidate for the chemical storage of
energy. The concept of Liquid Organic Hydrogen Carriers (LOHCs)
avoids unfavorable handling of elemental hydrogen.

Heterocyclic LOHC molecules display advantageous thermodynamic
properties regarding their heat of dehydrogenation. Consequently, sev-
eral N-heterocycles have been successfully investigated, e.g. the indole-
based systems and their derivatives.

In order to investigate the feasibility of O-heterocyclic compounds
as possible LOHCs, synchrotron radiation-based high resolution X-ray
photoelectron spectroscopy and temperature-programmed desorption
measurements of furan and benzofuran were performed on Pt(111) un-
der UHV conditions. By applying heating ramps after the adsorption
experiment, the respective dehydrogenation and decomposition reac-
tions are monitored via evaluation of the characteristic spectra. This
allows for fundamental insights into the reactivity and stability and
helps assessing the viability of the compound class as LOHC.

O 86.7 Wed 18:15 P2/EG
How Metrology can improve Photoemission Tomography —
∙Hans Kirschner1, Alexander Gottwald1, Georg Koller4,
Peter Puschnig4, Mike Ramsey4, Mathias Richter1, Serguei
Soubtach2,3, and Stefan Tautz2,3 — 1Physikalisch-Technische Bun-
desanstalt, 10587 Berlin, Germany — 2Peter Grünberg Institut (PGI-
3), Forschungszentrum Jülich, 52425 Jülich, Germany — 3ülich Aachen
Research Alliance (JARA), Fundamentals of Future Information Tech-
nology, 52425 Jülich, Germany — 4Institut für Physik, Karl-Franzens-
Universität Graz, NAWI Graz, 8010 Graz, Austria
Photoemission tomography (PT) is a powerful tool to identify the elec-
tron orbital structure of mono-and bi-layers of molecules on surfaces.
Using angle-resolved photoemission spectroscopy and assuming a basic
plane wave as the final state of the photoelectrons, the molecular or-
bital can generally be represented by a Fourier Transformation of the
resulting impulse map. Thus, detailed information on electronic and
geometric structures, as well as orbital densities of molecular systems
on different surfaces is extracted.

In order to receive accurate relative electron densities of the orbitals,
it already has been shown that a normalization to the precise photon
flux is essential. In this context, we seek to apply the PT method
to experimental datasets for angle-resolved photoemission of atomic
photoionization. The resulting impulse distributions will be compared
to those, received from analytically calculated hydrogen-like atomic
orbitals, in order to show and overcome differences in the electron
densities of the orbitals due to the PT method.

O 86.8 Wed 18:15 P2/EG
The geometric and electronic properties of kekulene
monolayers on Cu(111) and Cu(110) studied by den-

sity functional theory — ∙Alexander Reichmann1, Anja
Haags2,3,4, Qitang Fan6, Tim Naumann6, Simon Werner6, Jörg
Sundermeyer6, Xiaosheng Yang2,3,4, Larissa Egger1, Hans
Kirschner5, Francois C. Bocquet2,3, Georg Koller1, Alexan-
der Gottwald5, Mathias Richter5, Michael G. Ramsey1,
J. Micheal Gottfried6, Serguei Soubatch2,3, F. Stefan
Tautz2,3,4, and Peter Puschnig1 — 1Institute of Physics, Uni-
versity of Graz, Austria — 2Peter Grünberg Institut (PGI-3),
Forschungszentrum Jülich, Germany — 3Jülich Aachen Research Al-
liance (JARA), Germany — 4Physics IV A, RWTH Aachen University,
Germany — 5Physikalisch-Technische Bundesanstalt (PTB), Germany
— 6Fachbereich Chemie, Philipps-Universität Marburg, Germany
Kekulene is a polycyclic aromatic hydrocarbon made of 12 fused ben-
zene rings which has attracted renewed interest. For instance, its aro-
maticity is still debated and it may serve as a model for graphene
pores. In this contribution, we use density functional theory to study
kekulene adsorbed on the (111) and (110) surfaces of copper. We
determine kekulene’s adsorption height, site and its azimuthal align-
ment. Based on the relaxed adsorption geometry, we further analyze
the electronic structure in detail by computing the molecular orbital
projected density of states and by simulating angle-resolved photoe-
mission (ARPES) band and momentum maps. Finally, we compare
our results to experimental ARPES data.

O 86.9 Wed 18:15 P2/EG
Structure and Morphology of Tetracene Aggregates on
HOPG — ∙Annika Bergmann, Christian Völkner, Kevin Old-
enburg, Ingo Barke, and Sylvia Speller — University of Rostock,
Institute of Physics, 18059 Rostock, Germany
Exciton formation in tetracene involves fascinating phenomena such
as long-range triplet propagation and singlet fission, and fusion [1].
Our aim is to elucidate the spatially resolved population dynamics and
energetics of these processes in tetracene nano- and microstructures at
surfaces. Here we present scanning probe (AFM, LT-STM) and fluo-
rescence microscopy data on tetracene aggregates on HOPG prepared
by ex-situ deposition from a solution via drop-casting or immersion,
as well as in-situ evaporation. For the latter polarization dependent
fluorescence reveals highly ordered crystallites, while the structure of
ex-situ prepared layers in the monolayer regime is more fragile. Since
literature about tetracene on HOPG is scarce we compare the results
to studies on pentacene on HOPG [2]. Formation of tetracene mono-
and multilayers is discussed with regard to lying-down and standing-
up molecular configurations, respectively.

[1] Akselrod et al., Nat. Commun. 5 (2014).
[2] Götzen et al., Phys. Rev. B 81 (2010).
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