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O 91.1 Thu 10:30 REC/PHY C213
Synthesis of highly ordered arrays of organic nanowires on
a magnetic surface alloy — ∙Jens Brede1, Mikel Abadia1,
Celia Rogero1,2, Ignacio Piquero-Zulaica1, Maxim Ilyn1, and
J. Enrique Ortega1,2,3 — 1Centro de Física de Materiales CFM–
MPC(CSiC-UPV/EHU), Paseo Manuel Lardizabal 5, E-20018 San
Sebastián, Spain — 2Donostia International Physics Center, Paseo
Manuel Lardizabal 4, E-20018 San Sebastián, Spain — 3Departamento
Física Aplicada I, Universidad del País Vasco, E-20018 San Sebastián,
Spain
The transfer of well-established in-situ methods for growing covalently
bonded macromolecules with atomic precision onto magnetic sub-
strates presents a viable route toward studying emergent intrinsic mag-
netic properties in these novel structures as well as their magnetic cou-
pling to the underlying substrate. Here, we present a multi-technique
characterization of the polymerization of 4,4-dibromoterphenyl precur-
sors into ordered arrays of poly (p-phenylene) chains on top of the bi-
metallic GdAu2 surface alloy. The activation temperature for bromine
scission and subsequent homocoupling of molecular precursors was fol-
lowed by temperature dependent XPS. Structural characterizations of
the highly ordered molecular and polymeric phases were performed by
LEED and STM. The electronic structures of the valence band of the
different phases were determined with ARPES and magnetic ordering
in the GdAu2 alloy was established by XMCD during all stages of the
reaction.

O 91.2 Thu 10:45 REC/PHY C213
Light-Induced Translation of Motorized Molecules on a Sur-
face — ∙Alex Saywell1,2, Anne Bakker1, Johannes Mielke1,
Takashi Kumagai1, Martin Wolf1, Victor García-López3,
Pinn-Tsong Chiang3, James M. Tour3, and Leonhard Grill1,4

— 1Department of Physical Chemistry, Fritz-Haber-Institute of the
Max-Planck Society, 14195 Berlin, Germany. — 2School of Physics &
Astronomy, The University of Nottingham, United Kingdom. — 3Rice
University, Houston, Texas 77005, United States. — 4Department of
Physical Chemistry, University of Graz, Heinrichstrasse 28, 8010 Graz,
Austria.
A key component of molecular nanotechnology are molecular machines
that can perform controlled work. The motion of such machines should
be triggered remotely in order to address a large number of molecules
at the same time, with light being an attractive stimulus as a sin-
gle source. Here, we report the photo-induced translation of molecular
machines across a surface by characterizing single molecules before and
after illumination. Illumination of molecules containing a motor unit
results in an enhancement in the diffusion of the molecules. The effect
vanishes if an incompatible photon energy is used or if the motor unit
is removed from the molecule, revealing that the enhanced motion is
due to the presence of the wavelength-sensitive motor in each molecule.

O 91.3 Thu 11:00 REC/PHY C213
Charge switching in multi-ferrocene molecules observed —
∙Martin Ondráček, Pavel Jelínek, Jan Berger, Oleksandr
Stetsovych, and Martin Švec — Institute of Physics, Czech
Academy of Sciences, Prague, Czech Republic
The ability to switch between different redox states makes ferrocene
molecules an attractive subject of research aiming to nano-scale elec-
tronics. Linking several ferrocene units into multi-ferrocene molecules
expands the potential functionality, due to the interaction among the
individual ferrocene sub-units and the possibility to switch their charge
state in a coordinated manner. Our study shows how the charge of bis-
and tetra-ferrocene molecules on NaCl substrate can be detected and
controlled by an atomic force microscope (AFM). Here, I focus on theo-
retical explanation of the main features observed in the AFM and elec-
trostatic force spectroscopy (EFM) with these molecules. Especially
notable are sharp boundary-like features characterized by increased
frequency shift as well as an increased energy dissipation signal. We
interpret them in terms of charge transfer among the ferrocene centers
facilitated by the AFM tip. Using a modified version of an earlier writ-
ten simulator [1], we back our interpretation with a model that encom-
passes the AFM cantilever dynamics and electrons hopping among the
AFM tip and ferrocene centers. We supplement our empirical model
with DFT-based calculations of the geometry and electronic structure

of the molecules on NaCl.
[1] M. Ondráček, P. Hapala, P. Jelínek, Nanotechnology 27, 274005

(2016).

O 91.4 Thu 11:15 REC/PHY C213
Electric-field effect on the formation of single-molecule con-
tacts — ∙Jonathan Brand, Nicolas Néel, and Jörg Kröger —
Institut für Physik, Technische Universität Ilmenau, D-98693 Ilmenau
Pristine and C60-terminated tips of an atomic force microscope are
used to form contacts to single C60 molecules adsorbed on Pb(111)
and Cu(111). A pronounced variation of the point of contact with
the electric potential difference across the junction is inferred from
bias-dependent force spectroscopy. The conventional approach to de-
scribing forces in atom-scaled junctions by a superposition of van der
Waals, electrostatic, and Lennard-Jones forces with a rigid junction
geometry fails. Rather, the experimental observations may be ratio-
nalized by considering voltage-dependent relaxations of the electrodes.

Financial support by the Deutsche Forschungsgemeinschaft through
Grant No. KR 2912/10-1 is acknowledged.

O 91.5 Thu 11:30 REC/PHY C213
Control of charge states within a single molecule — ∙Jan
Berger1, Oleksandr Stestovych1, Martin Ondráček1, Mar-
tin Švec1, Irena G. Stará2, Ivo Starý2, and Pavel Jelínek1 —
1Insitute of Physics, ASCR, Prague, Czech republic — 2Institute of
Organic Chemistry and Biochemistry ASCR, Prague, Czech republic
The field of molecular electronics aims at using a single molecule as
building block for electronic devices. Ferrocene-based molecules are
extremely appealing as they offer prospects of having a built-in charg-
ing functionality. They are known of being stable under redox states
and therefore promising as candidates for quantum cellular automata
units. Previous works demonstrated charging single metal adatoms [1],
molecules or their clusters on insulating films [2] as well as charging of
large self-assembled islands of molecules by STM or nc-AFM. [3]

Here we will present experimental evidence of controlling multiple
charge states on a single 3,6,3’,6’-tetraferrocene-9,9’bis-fluorenylidene,
deposited on thin insulating NaCl film, by means of nc-AFM. We suc-
ceed to control the multiple charge states within a single molecule
including reversible transitions between them. The induced charged
states have prominent fingerprints in both the frequency shift and dis-
sipation channels. Moreover, we demonstrate that the charge states
can be modified by presence of neighboring charged molecules.

[1]J. Repp et al., Science 305, 493 (2004) [2]W. Steurer et al., Nature
Comm. 6:8353 (2015). [3]P. Rahe et al., Nano Letters 2, 16 (2016)

O 91.6 Thu 11:45 REC/PHY C213
Revealing an atomic nodal plane by LT-UHV-STM investiga-
tions on single benzylnaphthoic diimides — ∙René Ebeling1,
Shigeru Tsukamoto2, Vasile Caciuc2, Nicolae Atodiresei2,
Stefan Blügel2, Rainer Waser1, and Silvia Karthäuser1 —
1Forschungszentrum Jülich GmbH - (PGI-7), Jülich, Germany —
2Forschungszentrum Jülich GmbH - (PGI-1/IAS-1), Jülich, Germany
The LT-UHV-STM investigations presented here demonstrate the ad-
sorption behavior and the exact geometry of single target molecules in
orbital resolution on atomically flat surfaces of Pt(111). The con-
formation and the orbital symmetry of single molecules have been
deduced. For this purpose N,N’-dibenzyl-naphthoic diimide (BNI),
which consists of a large 𝜋-conjugated backbone and two phenyl-rings
each connected with a methylene-linker to the central part, have been
studied. According to the high resolution STM images, the naphthoic
diimide backbone of the molecule adsorbs flat on the substrate while
the two benzyl groups build one line together with the backbone and
the atomic nodal plane can be identified located at the C atoms of
the phenyl rings. That points to phenyl groups standing vertically
with their phenyl plane on the substrate. The orbital symmetry of the
HOMO and the LUMO identified by STM was compared to DFT based
calculations on BNI in the gas phase and tunneling transmission cal-
culations which take the 3-dimensional structure of the molecule into
account. These calculations agree with the measurements and provide
further evidence for the supposed structure of BNI on Pt(111).

O 91.7 Thu 12:00 REC/PHY C213
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Formation of metallofullerene magnetic arrays: theoretical
perspectives. — ∙Stanislav Avdoshenko and Alexey Popov —
Institute for Solid State Research, IFW, Dresden
Modeling of formation and properties self-assembled monolayer (SAM)
is a very challenging task, especially if highly functional-ligands are
concerned. It is true, for instance, in the case of endohedral metallo-
fullerene (EMF) based SAM - promising single molecular magnets
(SMMs) grids in-making. Properties of such SMM grids would be
a function of SAM architecture (attachment types and crowding ef-
fects) and innercluster dynamics under these geometrical constrains.
Electronic structure complexity of EMFs and structural mobility of
ligands in SAMs brings a dual issue. On the one hand, a minimal level
of theory to address the magnetic properties of the systems would re-
quire "complete active space"- quality methods. On the other hand,
while the system dynamic can be approached by less computationally
demanding semiclassical or even classical approaches, such methods
are unable to give a reliable magneto-physics of the SMM unit. In our
report, we will offer a set of concepts to deal with this problem by
extensive development of the multiscale methods (MSM), in which the
whole system is divided into the regions described with different levels
of theory accordingly to its complexity.

O 91.8 Thu 12:15 REC/PHY C213
Metal-coordinated molecular chains on gold — ∙Sujoy Karan
and Jascha Repp — Institute of Experimental and Applied Physics,
University of Regensburg, 93053 Regensburg, Germany
Choosing right precursors (molecules) is a prerequisite for getting de-
sired polymerized structures, be it a graphene nanoribbon or other
molecular networks, on surfaces. When metal atoms are incorporated
into those structures, the bondings may change to form completely
different networks. We show that metal coordination may not only
change the structures of the networks but can also have different phys-
ical properties.

O 91.9 Thu 12:30 REC/PHY C213
Tuning the adsorption and self-assembly of terpyridine
derivatives: From metal to bulk insulator surfaces — ∙Tuan
Anh Pham1, Yi Liu1, Manh Thuong Nguyen2, and Sabine
Maier1 — 1Department of Physics, University Erlangen-Nürnberg,
Erwin-Rommel-Str. 1, 91058 Erlangen, Germany — 2Center for Com-
putational Physics, Institute of Physics, Vietnam Academy of Science
and Technology, 10 Dao Tan St., Hanoi, Vietnam
Controlling and understanding the on-surface self-assembly of organic

molecules are of utmost importance for the effective usage of molecular
systems in potential applications. On metal surfaces, it is well-known
that the structure of the on-surface self-assembly is strongly depen-
dent on the subtle balance between molecule-molecule and molecule-
substrate interactions. On bulk insulators, however, the role of the
molecule-substrate interaction on the structure formation is widely un-
explored.

Herein, we report the self-assembly of terpyridine derivatives, on
both, metal (Au and Cu) and bulk insulator surfaces (KBr), by a com-
bination of high-resolution non contact atomic force microscopy at low
temperatures and density functional theory. We achieved to selectively
tune the dimensionality of the molecular structures depending on the
choice of the substrate: monomeric species on Cu(111), linear chains
on Au(111), and two-dimensional networks on KBr. Interestingly, we
found that the substrate may induce the rotation of pyridine rings
around the C-C bond axis in the terpyridine units and thus, generat-
ing the formation of H-bonds stabilizing the self-assembled networks.

O 91.10 Thu 12:45 REC/PHY C213
Metal coordination of tri-cyano-lophine on surfaces —
∙Bodong Zhang1, Li Jiang1, Yuanyuan Guo1, Guillaume
Médard2, Simon Nadal2, Bernhard Kuster2, Francesco
Allegretti1, Joachim Reichert1, Anthoula C. Papageorgiou1,
and Johannes V. Barth1 — 1Chair of Molecular Nanoscience &
Chemical Physics of Interfaces (E20), Department of Physics, Techni-
cal University of Munich, DE — 2Chair of Proteomics and Bioanalyt-
ics, Technical University of Munich, DE
Lophine (2,4,5-triphenylimidazole) and its derivatives are of interest
due to their large potential in chemiluminescence, fluorescence, and
bioanalytics. To expand the application of lophine derivatives, they
have been decorated with various functional groups, such as -H, -OH,
-NO2, -CN. Cyano groups are known to direct the fabrication of well
defined metal coordination structures on surfaces through their inter-
action with metal atoms.

Here, we study the self-assembly and metal directed assembly of a
tri-cyano-lophine on Ag(111), Au(111) and Cu(111) surfaces with scan-
ning tunneling microscopy and X-ray photoelectron spectroscopy. On
Ag and Au, well-ordered phases are stabilized by dipolar coupling and
attractive interactions between cyano groups and phenyl rings. Addi-
tion of Co/Fe atoms leads to three-fold coordination of the terminal
cyano groups. However, on Cu a different well-ordered phase forms,
exhibiting hydrogen bonding of the C≡N· · ·H-N type. Annealing leads
to complete Cu adatom coordination of a terminal cyano group and a
deprotonated N atom of the imidazole moiety.
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