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Topical Talk O 79.1 Fri 10:30 H4
Exploitation of Heterocycles for N-doped Graphene Nanoma-
terials — Rémy Pawlak1, Ulrich Aschauer2, Silvio Decurtins2,
Jascha Repp3, Pavel Jelinek4, Ernst Meyer1, Laerte L.
Patera5, and ∙Shi-Xia Liu2 — 1Department of Physics, University of
Basel, Klingelbergstrasse 82, 4056 Basel, Switzerland — 2Department
of Chemistry, Biochemistry and Pharmaceutical Sciences, University
of Bern, 3012 Bern, Switzerland — 3Institute of Experimental and Ap-
plied Physics, University of Regensburg, 93053 Regensburg, Germany
— 4Institute of Physics of Czech Academy of Sciences, 16200 Prague,
Czech Republic — 5Department of Chemistry and Catalysis Research
Center, Technical University of Munich, 85748 Garching, Germany
On-surface chemical reactions have been intensively investigated in or-
der to obtain carbon-based functional nanomaterials which very often
cannot be synthesized by wet chemistry. Thus, tailored heterocyclic
precursors are becoming increasingly important for the development of
highly symmetric 2D-conjugated porous architectures and 1D N-doped
graphene nanoribbons (GNRs) with desired functions due to their in-
trinsic electronic properties. This presentation will focus on our collab-
orative work on C-C coupling reactions on various surfaces leading to
the formation of a range of nanostructures, including molecular wires,
fully fused porphyrin-GNR hybrids, as well as 1D- and 2D-conjugated
porous networks. All of these atomically precise nanostructures can
be directly visualized by STM and AFM. The fine-tuned electronic
properties by chemical modification are discussed.

O 79.2 Fri 11:00 H4
On-surface cyclomerization of oxygen heterocycles: Con-
trolling the ring size by tuning the molecule-surface inter-
action — ∙Andreas Dörr1, Nemanja Kocic1, Lukas Fromm2,
Vladimir Akhmetov3, Konstantin Y. Amsharov3, Andreas
Görling2, and Sabine Maier1 — 1Department of Physics, Friedrich-
Alexander-Universität Erlangen-Nürnberg, 91058 Erlangen (Germany)
— 2Department of Chemistry and Pharmacy, Chair of Theoretical
Chemistry, Friedrich-Alexander-Universität Erlangen-Nürnberg, 91058
Erlangen (Germany) — 3Institute for Chemistry, Martin-Luther-
University Halle-Wittenberg, 06099 Halle (Germany)
Heterocycles with nitrogen, oxygen, or sulfur atoms are the basic units
that 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 has so far been
elusive. Here, we present a low-temperature scanning tunneling mi-
croscopy study combined with density functional theory calculations
to understand the on-surface synthesis of furan and pyran derivatives
from ketone-functionalized precursors on metal surfaces. We first dis-
cuss the self-assemblies of the precursors, which are strongly influenced
by molecule-surface interactions. Upon annealing, the different inter-
molecular binding motifs resulted in selective cyclomerization reactions
toward furan and pyran moieties.

O 79.3 Fri 11:15 H4
Proximity-induced superconductivity in atomically precise
nanographene — ∙Jung-Ching Liu1, Rémy Pawlak1, Xing
Wang2, Philipp D’Astolfo1, Carl Drechsel1, Ping Zhou2,
Hongyen Chen3, Silvio Decurtins2, Ulrich Aschauer2, Shi-
Xia Liu2, Wulf Wulfhekel3, and Ernst Meyer1 — 1Department
of Physics, University of Basel, Klingelbergstrasse 82, CH-4056
Basel — 2Department of Chemistry, Biochemistry and Pharmaceu-
tical Sciences, University of Bern, Freiestrasse 3, CH-3012 Bern —
3Physikalisches Institut, Karlsruhe Institute of Technology, Wolfgang-
Gaede-Str. 1, D-76131 Karlsruhe
Atomically precise nanographenes (NGs) can be efficiently synthesized
through on-surface reactions. On such designed NGs, topological su-
perconductivity could be fostered via proximity to a s-wave supercon-
ductor. However, on-surface synthesis of NGs is still missing on super-
conducting surfaces [1-3]. To fill the gap, we first fabricate a Ag buffer
layer on the Nb(110) superconductor [4], and grow atomically precise
NGs on the Ag/Nb substrate using DBBA as the precursor. Through
the investigation of low temperature STM/AFM, we demonstrate suc-
cessful synthesis of polymeric chains and NGs on the superconducting
Ag/Nb(110) substrate. We believe our method provides a promising

platform for studying the role of topology in the interaction between
carbon magnetism and superconductivity [5]. [1]Cai et al., Nature 466,
470-473 (2010) [2]K. A. Simonov et al., Sci. Rep. 8, 3506 (2018) [3]M.
Kolmer et al., Science 369, 571-575 (2020) [4]T. Tomanic et al., Phys.
Rev. B 94, 220503 (2016) [5]J.-C. Liu et al., arXiv:2202.00460

O 79.4 Fri 11:30 H4
Real-space Imaging of Unprecedented Phenyl Group Mi-
gration Reaction on Metal Surfaces — ∙Zilin Ruan1,2, Bai-
jin Li2, Shijie Sun2, Yong Zhang2, Lei Gao3, Jianchen Lu2,
Michael Gottfried1, and Jinming Cai2 — 1Department of Chem-
istry, Philipps University Marburg, Hans-Meerwein-Straße 4, 35037
Marburg (Germany) — 2Faculty of Materials Science and Engineer-
ing, Kunming University of Science and Technology, Kunming, Yun-
nan 650093 (China) — 3Department of Chemistry, Philipps University
Marburg, Hans-Meerwein-Straße 4, 35037 Marburg (Germany)
We report on-surface identification and visualization of an un-
precedented and universal phenyl group migration reaction of
1,4-dimethyl-2,3,5,6-tetraphenyl benzene (DMTPB)a precursor on
Au(111), Cu(111) and Ag(110) substrates by a combination of bond-
resolved scanning tunneling microscopy (BR-STM) and density func-
tional theory (DFT) calculations. The phenyl group migration reaction
of DMTPB precursor results in formations of variously unprecedented
polycyclic aromatic hydrocarbons on the substrates. DFT calculations
reveal that the multiple-steps phenyl group migration reactions are fa-
cilitated by the radical attack and rearomatization of the DMTPB
precursor. Our study provides unprecedented insights into complex
surface reaction mechanisms at the single molecule level, which may
guide the design of chemical species.

O 79.5 Fri 11:45 H4
Deciphering the intramolecular C-C coupling mechanism
of a model aryl radical via bond-level AFM imaging
— ∙Qigang Zhong1, Jannis Jung2, Daniel Kohrs3, Daniel
Ebeling1, Doreen Mollenhauer2, Hermann A. Wegner3, and
André Schirmeisen1 — 1Institute of Applied Physics, Justus-Liebig
University Giessen (JLU), Germany — 2Institute of Physical Chem-
istry, JLU, Germany — 3Institute of Organic Chemistry, JLU, Ger-
many
Although on-surface dehalogenative and dehydrogenative C-C coupling
has proved to be a versatile and prevailing approach to construct-
ing atomically precise carbon-based nanostructures, understanding of
the reaction mechanisms remains limited by the elusive intermediates.
Here, we studied the intramolecular cyclodehydrobromination of 1-
bromo-8-phenylnaphthalene on Cu(111) and Ag(111) using bond-level
atomic force microscopy (BL-AFM). The reaction occurs at room tem-
perature on both metal surfaces, while the reaction rate on Cu(111)
is much higher than that on Ag(111) presumably due to the higher
catalytic activity of copper. Surface-bound radicals, cyclized interme-
diates and dehydrogenated product were captured by BL-AFM imag-
ing and verified by DFT calculations, suggesting a multi-step reaction
process, i.e. debromination, radical cyclization and dehydrogenation.
The large proportion (up to 65 percent) of cyclized intermediates on
Cu(111) indicates that dehydrogenation is the rate-determining step,
which is corroborated by DFT calculations of activation barriers. To
achieve a reasonable activation barrier for dehydrogenation, multiple
pathways were theoretically evaluated.

O 79.6 Fri 12:00 H4
Interplay between 𝜋-conjugation and exchange magnetism in
one-dimensional porphyrinoid polymers — ∙Kalyan Biswas1,
Maxence Urbani1, Ana Sánchez-Grande1, Diego Soler2, Koen
Lauwaet1, Adam Matěj2, Pingo Mutombo2, José M. Gallego1,
Rodolfo Miranda1, David Écija1, Pavel Jelínek2, Tomás
Torres1, and José I. Urgel1 — 1IMDEA Nanoscience, Madrid,
Spain — 2CATRIN, Olomouc, Czech Republic
The field of carbon magnetism has gained an increased attention in
view of the recent progress made in the synthesis and characterization
of open-shell polycyclic aromatic hydrocarbons following a bottom-
up synthetic approach. In this work, we introduce an exemplary ap-
proach toward the bottom-up fabrication of unprecedented magnetic
porphyrinoid-based polymers homocoupled via surface-catalyzed [3 +
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3] cycloaromatization of isopropyl substituents studied on Au(111) un-
der ultra-high vacuum conditions. The chemical structure of the poly-
mer, formed by thermal-activated intra- and intermolecular oxidative
ring closure reactions followed by controlled tip-induced hydrogen dis-
sociation from the porphyrinoid units, have been clearly elucidated
by scanning tunneling microscopy and non-contact atomic force mi-
croscopy. Scanning tunneling spectroscopy, complemented by com-
putational investigations reveals the antiferromagnetic singlet ground
state (S=0), which display singlet-triplet inelastic excitations observed
between spins of adjacent porphyrinoid units only along a specific 𝜋-
conjugation pathway. We envision that our approach can be a highly
relevant in nanoscale spintronic devices.

O 79.7 Fri 12:15 H4
Photoactivation of Azide in SURMOFs — ∙Jimin Song, Xi-
aojuan Yu, Manuel Tsotsalas, Alexander Knebel, Alexei
Nefedov, Stefan Heissler, Yuemin Wang, and Christof Wöll
— Institute of Functional Interfaces, Karlsruhe Institute of Technol-
ogy,76344, Eggenstein-Leopoldshafen, Germany
The ability to turn the surface activation of metal-organic frameworks
(MOFs) is essential for developing advanced MOF applications. Here,
we have successfully synthesized a surface-mounted MOF (SURMOF)
model system with azide side groups in order to investigate the pho-
toactivation of phenyl azide and its reaction pathways. In situ UHV
infrared reflection absorption spectroscopy (IRRAS) was applied to
precisely monitor the chemical changes taken place on the surface of
highly oriented and crystalline SURMOFs under UV irradiation at
different temperatures. Combining with in situ XRD, MS and XPS,
a two-step mechanism is proposed including the activation and sub-

sequent reaction of azide with adjacent C=C bonds yielding pyrrole
species.

O 79.8 Fri 12:30 H4
Differences in the Intermolecular Interaction of Electron-
rich Phosphines on a Metal and a Salt Surface — ∙Vladimir
Lykov1, Florenz Buss2, Milica Feldt3, Karina Morgenstern1,
and Fabian Dielmann4 — 1Chair of Physical Chemistry I, Ruhr Uni-
versität Bochum, Germany — 2Institute for Inorganic and Analytical
Chemistry, Westphalian Wilhelms University of Münster, Germany —
3Leibniz-Institut für Katalyse e.V. (LIKAT), Rostock, Germany —
4Department of General, Inorganic and Theoretical Chemistry, Uni-
versity of Innsbruck, Austria
Electron-rich phosphines are attractive as capture molecules, for in-
stance, for carbon dioxide (CO2) and sulfur dioxide (SO2) by forming
zwitterionic Lewis base adducts with them [1]. The main focus of
this project is understanding the interaction behind this capturing in
real space. For this purpose, we use a low-temperature (7 K) scanning
tunneling microscope (STM). To understand the influence of the metal
surface on this capture process, we compare the molecules adsorbed
on Ag(100) to those on NaBr(100). As a first step, the different inter-
action of phosphines with the salt multilayers and with the metal was
investigated by step-wise heating from 43 K to 135 K. The difference
in intermolecular interaction on these surfaces will be discussed in this
presentation.
[1] Buß F., Röthel M.B., Werra J.A., Rotering P., Wilm L.F.B.,
Daniliuc C.G., Löwe P., Dielmann F., Chem. Eur. J.
10.1002/chem.202104021 (2021)
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