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O 83.1 Thu 15:00 H9
Supra-molecular spirals formed by self-assembly of spiral
shaped molecules — ∙Jan Voigt1, Milos Baljozovic1, Kévin
Martin2, Narcis Avarvari2, Karl-Heinz Ernst1, and Chris-
tian Wäckerlin1 — 1Empa, Dübendorf, Switzerland — 2Université
d’Angers, France
The interdependence of macroscopic and molecular chirality, which is
ubiquitous in nature, is still lacking scientific insight. Here, the 2D
crystallization of benzene-1,3,5-tris[4]helicene on the Ag(111) surface
is studied with scanning tunneling microscopy. The molecules consist
of three [4]helicene subunits, which are intrinsically chiral, attached
to a central benzene ring via sigma bonds. The helical arms have
a low barrier of inversion and the sigma bonds allow for additional
configurational flexibility. Indeed, deposition on the sample kept at
room temperature leads to self-assembled, homochiral arrays of spiral
shaped trishelicenes. Above a critical coverage, mesoscopic supramo-
lecular spirals are formed. These supramolecular arrangements occur
with different topology and their handedness is determined by the chi-
rality of the molecular spirals in the self-assembled domain.

O 83.2 Thu 15:15 H9
Two-dimensional racemate crystallization of trioxa-
[11]helicene molecules on Ag(100) surface — ∙Bahaaeddin
Irziqat1, Shyam Sundar2, Ashutosh Bedekar2, and Karl-Heinz
Ernst1 — 1Empa, Dübendorf, Switzerland — 2University of Baroda,
Vadodara, India
Intermolecular chiral recognition in two-dimensional self-assembly on
metal surfaces is of paramount importance for enantiomeric separa-
tion and heterogeneous enantioselective catalysis for the production
of chiral pharmaceuticals and liquid crystal devices. Two-dimensional
nucleation and crystallization of a racemic mixture of the helical aro-
matic hydrocarbon trioxa-[11]helicene (7,12,17-trioxa[11]helicene) on
the single crystalline (100) surface of silver has been studied using a
combination of scanning tunneling microscopy and theoretical molec-
ular modeling. After deposition on the surface kept at room tempera-
ture, the molecules form islands that are comprised of domains in line
with the principal directions of the substrate. The domains are hete-
rochiral, with alternating enantiomer sequence in one lattice direction
and non-alternating enantiomer sequence in the other.

Invited Talk O 83.3 Thu 15:30 H9
Control of charge transfer into large organic molecules on
ultrathin MgO(001) films — ∙Martin Sterrer — University of
Graz, Graz, Austria
Charge transfer processes on ultrathin, supported oxide films have re-
ceived increasing attention in recent years because of the possibility
to control the charge state of adsorbates or the direction of catalytic
reactions. The main driving forces for the occurence of charge trans-
fer in these systems is the reduction of the substrate work function
induced by deposition of the oxide film in combination with an adsor-
bate with high electron affinity. While previous studies have focused on
the charging of metal atoms (e.g. Au) or small molecules (e.g. O_{2},
NO_{2}), we have recently extended these investigations to charge
transfer processes into large organic molecules. In this contribution,
we present results on the adsorption and charging of pentacene (5A)
and tetraphenylporphyrin (2H-TPP) on ultrathin MgO(001) films sup-
ported on Ag(001). By combing scanning tunneling microscopy and
photoemission spectroscopy and tomography, we are able to identify
and quantify charge transfer into the organic monolayer film. In ad-
dition, we show that by variation of the work function and the MgO
thickness it is possible to drive the system into a state where no charge
transfer occurs. In the case of 2H-TPP charge transfer also appears to
strongly influence the self metalation of 2H-TPP to Mg-TPP. Thus, our
investigations lay the basis for the ultimate control of charge transfer,
and the related chemistry, on ultrathin oxide film systems.

O 83.4 Thu 16:00 H9
Chirality transfer through multistep reaction processes —
∙Mohammed S. G. Mohammed1,2, Nestor Merino-Díez1,2,3,
Jesus Castro-Esteban4, James Lawrence1,2, Alejandro
Berdonces Layunta1,2, Luciano Colazzo1,2, Jose Ignacio
Pascual3,5, Diego Peña4, and Dimas G. de Oteyza1,2,5 —

1Donostia International Physics Center (DIPC), San Sebastian,
Spain — 2Materials Physics Center, Centro de Física de Materiales
(CSIC/UPV-EHU), San Sebastian, Spain — 3CIC nanoGUNE, San
Sebastián, Spain — 4Centro de Investigación en Química Biolóxica e
Materiais Moleculares (CIQUS), Departamento de Química Orgánica,
Universidade de Santiago de Compostela, Santiago de Compostela,
Spain — 5Ikerbasque, Basque Foundation for Science, Bilbao, Spain
Besides its interest for potential optoelectronic devices, molecular chi-
rality is of utmost importance in biology and medicine. Consequently
relevant is the selective synthesis of enantiopure molecular compounds,
which has been hardly addressed in the growing field of on-surface
synthesis. In this frame, 2,2*-dibromo-9,9*-bianthracene reactants are
known to form chiral graphene nanoribbons on coinage metal sub-
strates through a complex multi-step reaction including an initial poly-
merization by Ullmann coupling and following cyclodehydrogenation
steps.In this work we show how, starting from enantiopure reactants
deposited onto Au(111), their chirality is sequentially transferred to the
polymers and finally to the GNRs with an excellent level of selectiv-
ity. Unambiguous evidence of this effect is obtained by high-resolution
images of the polymers and GNRs at the single molecule level.

O 83.5 Thu 16:15 H9
Influence of Substrates on Self-Assembled Terphenyl Mono-
layers Investigated by NC-AFM and FM-KPFM — ∙Niklas
Biere1, Sascha Koch2, Patrick Stohmann2, Yang Yang2, Armin
Gölzhäuser2, and Dario Anselmetti1 — 1Experimental Biophysics
& Applied Nanoscience, University of Bielefeld, Germany — 2Physics
of Supramolecular Systems and Surfaces, University of Bielefeld, Ger-
many
Carbon Nano Membranes (CNM) are mechanical stable and homo-
geneous quasi 2D systems, which are formed by electron radiation
induced, cross-linked self-assembled monolayers (SAM). Contrary to
graphene, the CNM structural and functional properties can be tai-
lored by the selection of precursors for the SAM formation [1]. CNMs
show the capability to act as a molecular sieve to filter e.g. water
molecules from impurities with extraordinary efficiency [2]. While this
result promises remarkable applications, the actual process of CNM
formation as well as their structure and the mechanism for water
permeation is still in the focus of our investigations. Furthermore,
the choice of substrate influences the self-assembly of our precursor
molecules more than previously expected, even with isoelectronic sur-
faces like gold and silver. In this work, we will present data acquired
by noncontact AFM combined with FM-KPFM under ultra-high vac-
uum conditions to investigate and compare the morphology of in-situ
prepared SAMs and CNMs of terphenylthiols on Au(111) and Ag(111).

[1] A. Turchanin, A. Gölzhäuser, Adv. Mater. 28 (2016) 6075-6103.
[2] Y. Yang et al., ACS Nano 12 (2018) 4695-4701.

O 83.6 Thu 16:30 H9
Large thermal expansion of a self-assembling monolayer in
UHV — ∙Sebastian Scherb1, Antoine Hinaut1, Guilherme
Vilhena1, Rémy Pawlak1, Akimitsu Narita2, Thilo Glatzel1,
and Ernst Meyer1 — 1Department of Physics, University of Basel,
Basel, Switzerland — 2Max Planck Institute for Polymer Research,
Mainz, Germany
Self-assemblies of structurally complex molecules in UHV provide in-
teresting prospects for applications in optoelectronics, nanomechani-
cal devices and molecular electronics. To investigate their viability for
specific applications, high-resolution studies of their behavior under a
variety of conditions are required.

In this study we report the experimental and theoretical study of
the adsorption behavior of a molecular assembly on Au(111) under dif-
ferent thermal conditions. A shape persistent polyphenylene Spoked
Wheel molecule [1] was deposited onto Au(111) surfaces in UHV by
electrospray deposition [2]. The assembly formation studied at room
temperature by ncAFM and at low temperature by STM/AFM shows
a large positive thermal expansion coefficient from LT to RT. Compar-
ing with molecular dynamics simulations we propose an explanation of
the mechanism of expansion due to alkyl chain mobility in combination
with increased molecular diffusion.

[1] Liu, Y. et al., J. Am. Chem. Soc., 138, 15539-15542 (2016). [2]
Hinaut et al., Nanoscale, 10, 1337-1344 (2018).
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O 83.7 Thu 16:45 H9
Structure and electronic properties of end states of self-
assembled 1D covalent molecular chains on Au(111) —
∙Ales Cahlik1, Jack Hellerstedt1, Martin Svec1, Vjai Meena
Santhini1, Simon Pascal2, Pingo Mutombo1, Karel Výborný1,
Olivier Siri2, and Pavel Jelinek1 — 1Institute of Physics, ASCR,
v.v.i., Cukrovarnická 10, CZ-16253 Praha 6, Czech Republic — 2Aix
Marseille Université, CNRS, CINaM UMR 7325, 13288, Marseille,
France
1D structures offer a rich ecosystem for realizing quantum states with
potential application for advanced information technologies. Surface
confined molecular self-assembly is one avenue for creating 1d systems,
where the extant structure is controlled by the precursor shape, and
functional group interlinking chemistry. Here we study self-assembled
1d chains of zwitterionic molecule bis-bidentate ditopic (DABQDI) on
Au(111) in ultrahigh vacuum, measured at 5K using combined scan-
ning tunneling and non-contact atomic force microscopies (STM/ nc-
AFM). Submolecular resolution achieved with a CO- functionalized tip
offers detailed structural information, specifically regarding the un-
usual hydrogen bonds linking the precursor units. In-gap electronic
states near the Fermi energy are observed via scanning tunneling spec-
troscopy (STS), strongly localized to the chain ends. We present our
latest efforts to understand and simulate the observed structures via
density functional theory (DFT) and nc-AFM simulations, and ratio-
nalize the observed electronic properties via modelling inspired by the
Su, Schrieffer, Heeger (SSH) one-dimensional tight binding model.

O 83.8 Thu 17:00 H9
Adsorption Structure of Mono- and Diradicals on a Cu(111)
Surface: Chemoselective Dehalogenation of 4-Bromo-3”-
iodo-p-terphenyl — ∙Daniel Ebeling1, Qigang Zhong2, To-
bias Schlöder3, Jalmar Tschakert1, Pascal Henkel3, Sebas-
tian Ahles4, Lifeng Chi2, Doreen Mollenhauer3, Hermann
A. Wegner4, and Andre Schirmeisen1 — 1Institute of Applied
Physics, Justus Liebig University Giessen, Heinrich-Buff-Ring 16,
35392 Giessen, Germany — 2Institute of Functional Nano & Soft Ma-
terials (FUNSOM), Soochow University, 215123 Suzhou, P. R. China
— 3Institute of Physical Chemistry, Justus Liebig University Giessen,
Heinrich-Buff-Ring 17, 35392 Giessen, Germany — 4Institute of Or-
ganic Chemistry, Justus Liebig University Giessen, Heinrich-Buff-Ring

17, 35392 Giessen, Germany
For building molecular nanostructures on surfaces the knowledge about
the precise adsorption geometry of intermediates at different stages
during the reaction process and their interactions with surface atoms
or adatoms is of fundamental importance. We show the selective de-
halogenation of 4-bromo-3”-iodo-p-terphenyl on Cu(111) using bond
imaging atomic force microscopy with CO functionalized tips. The
deiodination and debromination reactions are triggered either by heat-
ing or locally applying voltage pulses with the tip. In connection with
first principles simulations we can determine the orientation and posi-
tion of the pristine molecules as well as adsorbed mono- and diradicals
and the halogens. In particular, for the radicals we observe strongly
twisted and bent 3D adsorption structures.

O 83.9 Thu 17:15 H9
Complex Probe Particle Model Simulations Supporting nc-
AFM Experiments — ∙Ondrej Krejci1, Fabian Schulz1,2, Juha
Ritala1, Ari P. Seitsonen3, Peter Liljeroth1, Shigeki Kawai4,
Remy Pawlak5, Feng Xu6, Lifen Peng6, Akihiro Orita6,
Ernst Meyer5, Tomihiko Nishiuchi7, Keisuke Sahara7, Takuya
Kodama7, Takashi Kubo7, and Adam S. Foster1,8,9 — 1Aalto
Uni., Espoo, Fin. — 2IBM Zurich, Swi. — 3Ecole Normale Su-
perieure, Paris, Fra. — 4NIMS, Tsukuba, Jap. — 5Uni. of Basel,
Swi. — 6Okayama Uni. of Science, Okayama, Ja. — 7Osaka Uni.,
Toyonaka, Jap. — 8Kanazawa Uni., Kanazawa, Jap. — 9Johannes
Gutenberg Uni., Mainz, Ger.
I will present simulations of systems studied experimentally with a CO-
tip AFM/STM and development of the probe particle AFM model.
[1,2] The presentation will also contain description of the experiments
and DFT calculations of the systems: The first is hBN/Ir(111). Un-
expected contrast was observed in CO-tip AFM images. Complex
electrostatics of the tip [3] helped us to understand the origin of the
contrast. [4] The other systems are non-planar molecules adsorbed on
Cu(111) and Au(111). More realistic description of the CO tip, [5]
were found to be important for better agreement between simulations
and experiments on these molecules. [6]

[1] Hapala et al. PRB 90, 085421, 2014. [2] Hapala et al. PRL 113,
226101, 2014. [3] Ellner et al. Nano Lett. 16, 1974, 2016. [4] Schulz
et al. ACS Nano 12, 5274, 2018. [5] Di Giovannantonio et al. JACS
140, 3532, 2018. [6] Kawai et al. ACS Nano 12, 8791, 2018.
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