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O 34: Poster Session III: Organic molecules on inorganic substrates: Adsorption and growth III

Time: Tuesday 10:30–12:30 Location: P

O 34.1 Tue 10:30 P
Elucidating the bonding of 2-mercaptobenzimidazole on
Cu(111) by STM and DFT — ∙Marion A. van Midden, Matic
Lozinšek, Tone Kokalj, and Erik Zupanič — Jožef Stefan Insti-
tute, Ljubljana, Slovenia
While organic corrosion inhibitors such as 2-mercaptobenzimidazole
are widely used to protect the surface of copper, their bonding mecha-
nism on the atomic scale remains elusive. DFT calculations have shown
that different bonding configurations have comparable energies when
considering the binding of a single molecule to the surface. In the case
of larger coverages, which are common in real-life applications, various
inter-molecular interactions have to be considered as well, further com-
plicating calculations. To determine which interactions are most sig-
nificant for the bonding and self-assembly of 2-mercaptobenzimidazole
on the surface of Cu(111) we prepared samples in ultra high vacuum
and imaged them using STM. Varying the evaporation rate and time
as well as the substrate temperature allowed us to control the cover-
age and limit the energy the molecules have available to self assemble.
Surprisingly the molecules formed ordered self-assembled structures
even when depositing on samples cooled to approximately 50 K. These
structures reassembled at temperatures below 100 K. Similarly, most of
the observed structures rearranged when slightly heated. This opposes
the idea that strong binding to specific sites on the surface is crucial
for corrosion prevention. The large variety of obtained self-assembled
structures at different deposition parameters suggests, that the energy
scales of competing interactions must be similar.

O 34.2 Tue 10:30 P
Comparison of the adsorptions of ethanol and azoben-
zene molecules on single-layer hexagonal boron nitride on
Rh(111) — ∙Krisztián Palotás1,2, Arnold Farkas2,3, Ádám
Szitás2, Dániel Jurdi2, Richárd Gubó2,3, Tibor Pásztor2, Ti-
bor Ajtai2,3, László Óvári2,3, János Kiss2, András Berkó2, and
Zoltán Kónya2 — 1Wigner Research Center for Physics, Budapest,
Hungary — 2University of Szeged, Szeged, Hungary — 3ELI-ALPS,
Szeged, Hungary
The nanomesh structure of single-layer hexagonal boron nitride (hBN)
on various metal surfaces can be used as a nanotemplate for molecular
adsorption. Possible applications can be molecular electronics, het-
erogeneous catalysis, sensing, or light harvesting. We investigate the
adsorption properties of ethanol [1] and azobenzene [2] molecules on
the hBN/Rh(111) surface by density functional theory calculations and
experimental methods. We find high selectivity of the nanomesh struc-
ture for the azobenzene adsorption [2], but no selectivity for the ethanol
adsorption [1]. The latter finding is in line with experimental observa-
tions of a very weak interaction between ethanol and the hBN/Rh(111)
substrate [1]. Finally, we analyze the trans- and cis-azobenzene adsorp-
tion and azobenzene-azobenzene interactions in great details by using
theoretical means [2]. These latter results contribute to the under-
standing of the behavior of photo-switching molecules on nanotem-
plated surfaces.

[1] A. P. Farkas et al. Appl. Catal. A: Gen. 592, 117440 (2020).
[2] Á. Szitás et al. J. Phys. Chem. C 124, 14182 (2020).

O 34.3 Tue 10:30 P
Investigating kinetics of organic molecules on inorganic sub-
strates — ∙Anna Werkovits and Oliver T. Hofmann — Institute
of Solid State Physics, NAWI Graz, Graz University of Technology, Pe-
tersgasse 16, 8010 Graz, Austria
Growth processes of organic thin films are strongly influenced by the
interplay of thermodynamics and kinetics. Following Ostwald’s rule
of stages, metastable structures often form first during the deposi-
tion process. Transitions to more stable structures may be prevented
by fast aggregation and growth of the thermodynamically less stable
seed, leading to a kinetically trapped polymorph. The selective growth
of specific polymorphs, therefore, requires balancing growth and phase
transitions via appropriately chosen deposition conditions.

The poster introduces a roadmap for achieving selective growth of
organic-inorganic systems and gives an overview of the corresponding
challenges and limitations. While thermodynamics can be sufficiently
treated by now, kinetics are still an issue as reliable transition state
searches devour computational resources. This is primarily caused by

the lack of suitable force fields and the high dimensionality of the po-
tential energy surface. We provide first insights about the kinetics
for the model system tetracyanoethylene (TCNE) on Cu(111). Ener-
gies are obtained using density functional theory (PBE+TSsurf) and
transition states mainly with the Nudged Elastic Band method.

O 34.4 Tue 10:30 P
Computational Structure Prediction for Interfaces: What
is Currently Possible? — ∙Lukas Hörmann, Andreas Jeindl,
Fabio Calcinelli, Johannes Cartus, and Oliver Hofmann —
Institute of Solid State Physics, NAWI Graz, Graz University of Tech-
nology, Petersgasse 16, 8010 Graz, Austria
Studying the electronic structure of organic monolayers on inor-
ganic substrates requires knowledge about their atomistic structure.
Such monolayers often display rich polymorphism arising from di-
verse molecular arrangements in different unit cells. The large number
of arrangements poses a big challenge for determining the different
polymorphs from first principles. To meet this challenge, we devel-
oped SAMPLE[1], which employs coarse-grained modeling and ma-
chine learning to efficiently map the minima of the potential energy
surface of commensurate organic adlayers. With only a few hundred
DFT calculations as input, we use Bayesian linear regression to deter-
mine the parameters of a physically motivated energy model. These
parameters yield meaningful physical insight and allow predicting ad-
sorption energies for millions of possible polymorphs with high accu-
racy. Beyond that, we continuously push the boundaries of surface
structure search, with three noteworthy developments: i) predicting
the second adlayer pursuing the goal of studying thin film properties;
ii) generalizing SAMPLE to investigate incommensurate adlayers; iii)
employing feature recognition to reveal hidden relationships between
the interface properties. [1] Hörmann et al., Comput. Phys. Commun.
244, 143*155, 2019

O 34.5 Tue 10:30 P
On-surface synthesis of BN-doped carbon nanostructures
— ∙Tobias Weiss1, Aleksandr Baklanov1, Knud Seufert1,
Johannes Küchle1, Marc Gonzalez Cuxart1, Francesco
Allegretti1, Jacopo Dosso2, Davide Bonifazi2,4, Nicolas
Bachellier3, Matthias Muntwiler3, and Willi Auwärter1 —
1Physics Department E20, Technical University of Munich, Germany
— 2School of Chemistry, Cardiff University, Cardiff, UK — 3Paul
Scherrer Institute, Villigen, Switzerland — 4Institute of Organic
Chemistry, Faculty of Chemistry, University of Vienna, Austria
Hybrid hexagonal boron nitride - carbon (BNC) layers provide promis-
ing properties for potential applications in electronics and gas adsorp-
tion [1]. Recently, BNC-based tectons were introduced to assemble
covalent networks and supramolecular arrays on metal surfaces [1-3].

Here, we report the formation of BNC nanostructures on Ag(111)
and Au(111) via bottom-up synthesis from borazine derivatives in
UHV. We employed both a dehydrogenation approach using a BN-
doped coronene derivative and an Ullmann-type coupling approach
using a chlorine- and bromine-functionalized hexaphenylborazine. The
resulting 2D structures, the sequential dehalogenation steps, and the
Ullmann coupling are investigated with (fast) XPS and STM. Addi-
tionally, we probed the CO, CO2, and borazine adsorption on the BNC
structures, revealing the inertness of the borazine core.

[1] M. M. Lorenzo-García et al., Chimia, 2017 71, 9, 550-557.
[2] C. Sánchez-Sánchez et al., ACS Nano, 2015 9, 9, 922.
[3] M. Schwarz et al., Chem. Eur. J., 2018 24, 9565.

O 34.6 Tue 10:30 P
Self–assembly and metalation of a novel macrocyclic biquina-
zoline compound on Ag(111) — ∙Felix Haag1, Peter S.
Deimel1, Peter Knecht1, Raphael Lauenstein2, Manuel
Kaspar2, Knud Seufert1, Yang Bao1, Marc Gonzalez Cuxart1,
Anthoula C. Papageorgiou1, Corinna Hess2, Willi Auwärter1,
Johannes V. Barth1, and Francesco Allegretti1 — 1Physics De-
partment E20, Technical University Munich, Germany — 2Chemistry
Deparment, Technical University Munich, Germany
We report the first experimental study of the adsorption of the macro-
cyclic biquinazoline (H-Mabiq) compound on a model solid surface.
Its two potential coordination sites for metal ions, combined with
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multi–electron transfer capacity ensure higher sophistication beyond
the well–studied metallo–porphyrins and –phthalocyanines. As the
coordination sites can be occupied by different metal atoms, adsorbed
Mabiq complexes are promising candidates for photocatalytic applica-
tions and epoxidation reactions. Here, we present the self–assembly,
on–surface binding and chemical state of H-Mabiq on Ag(111) by em-
ploying a toolbox of surface science techniques including XPS, NEX-
AFS, LEED, STM and TPD. We establish protocols for the prepara-
tion of well–ordered single layers and the controlled metalation with Co
atoms. The ordering and packing of the pristine H-Mabiq single layer
depend critically on the substrate temperature, evidenced through dis-
tinct changes in the LEED pattern and STM topography upon anneal-
ing. Moreover, the effect of Co deposition on the self–assembly and
chemical state of the molecules is discussed.

O 34.7 Tue 10:30 P
Asymmetric cyclotrimerization of terminal alkenes on
Au(111) — ∙Mirunalini Devarajulu1, Kevin Dhamo2, Kon-
stantin Amsharov3, Bernd Meyer2, and Sabine Maier1 —
1Department of Physics, Friedrich-Alexander-Universität Erlangen-
Nürnberg — 2Interdisciplinary Center for Molecular Materi-
als (ICMM) and Computer-Chemistry-Center (CCC), Friedrich-
Alexander-Universität Erlangen-Nürnberg — 3Institute for Chemistry,
Martin Luther University of Halle-Wittenberg
Most branched, crosslinked, and networked polyphenylene polymers
that have been assembled on metal surfaces via on-surface synthe-
sis are non-conjugated because they contain metaphenylene units. In
contrast, the on-surface synthesis of conjugated orthophenylene units
remained so far elusive as rare by-products.

Here, we demonstrate the on-surface synthesis of conjugated 1,2,4-
triphenylbenzenes via selective asymmetric cyclotrimerization of ter-
minal alkenes on Au(111). We provide a detailed analysis of the re-
action intermediates and final products via dehydrogenative homo-
coupling of terminal alkenes of linear 4-vinyl-1,1’-terphenyl molecules
on Au(111) using low-temperature scanning tunneling microscopy in
combination with density functional theory.

O 34.8 Tue 10:30 P
Selective on-surface synthesis of oxygen heterocycles on met-
als
— ∙Andreas Dörr1, Nemanja Kocić1, Konstantin Amsharov2,
and Sabine Maier1 — 1Department for Physics, Friedrich-Alexander-
Universität Erlangen-Nürnberg — 2Institute for Chemistry, Martin-
Luther-Universität Halle-Wittenberg

Heterocycles with nitrogen, oxygen, or sulfur atoms are the basic units
to incorporate chemical functionalization into carbon scaffolds. For
oxygen-doped nanographenes, furan and pyran - having five- and six-
membered rings, respectively - are the most common ones. However,
their on-surface synthesis via cyclomerization reactions remains elu-
sive so far. Here we present a low-temperature scanning tunneling
microscopy study to understand the on-surface synthesis of furan and
pyran derivatives from ketone-functionalized precursors on metal sur-
faces. We use thermally induced CH-activation reactions to fuse two
ketone-derivatives in either cis- and trans-configuration selectively.
Finally, cyclomerization reactions towards furan and pyran moieties
are observed after further annealing. These results are highly unex-
pected because ketone derivatives are mostly known to convert to cyclic
trimers or tetramers in solution-based chemistry. On the surface, how-
ever, the strong interaction of the ketones with the metal surface and
adatoms opens up new reaction pathways.

O 34.9 Tue 10:30 P
[n]Phenacene: Growth, Electronic Properties and On-
Surface-Synthesis — ∙Akash Gupta1, Paul Yu-Hsiang Yen1,
Hsuan Ting Lin1, Wun Chang Pan1, Yong-He Pan1, Germar
Hoffman1, and Hideki Okamoto2 — 1Department of Physics, Na-
tional Tsing Hua University, Hsinchu, Taiwan — 2Department of
Chemistry, Okayama University, Japan
Chemical functionalization of solid surfaces and the study of respec-
tively formed organic-metal interfaces from self-assembled molecular
films to stacked layers attain a lot of attention. By means of an atom-
ically precise design through a chemical approach, new materials and
interfaces for organic electronics can be engineered. This offers a path
to low cost, mechanically flexible, low weight components for organic
electronics, such as OLEDs and OFETs through a chemistry driven
bottom-up approach.

Pentacene, with a linear arrangement of five benzene rings, is inten-
sively studied for prototype transistors but degrades under the pres-
ence of Oxygen. The chemically more robust [n]Phenacene, with n in
a repeating W-shaped pattern fused benzene rings, was recently in-
troduced as a promising alternative. Thereby, the electron mobility
increases with n, the number of benzene rings.

Here, we study the growth and electronic properties of
[10]Phenacenes on Au(111) and Ag(111) by Scanning Tunneling Mi-
croscopy/Spectroscopy at 77K and compare it to [5], [7], [9]Phenacene.
The possibility of On-Surface-Synthesis of functionalized Phenacenes
is discussed.
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