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CPP 79.1 Wed 15:00 WIL B321
Imaging the phase transition in thin film VO2 microstruc-
tures — ∙Jan O. Schunck1,2, Florian Döring3, Benedikt
Rösner3, Jens Buck4, Sanjoy Mahatha1, Moritz Hoesch1,
Christian Schüßler-Langeheine5, Adrian Petraru6, Hermann
Kohlstedt6, Kai Rossnagel1,4, Christian David3, and Martin
Beye1,2 — 1Deutsches Elektronen-Synchrotron DESY, Hamburg —
2Physics Department, Universität Hamburg — 3Paul Scherrer Insti-
tut, Villigen-PSI, Switzerland — 4Institut für Experimentelle und
Angewandte Physik, CAU Kiel — 5Helmholtz-Zentrum Berlin —
6Nanoelektronik, Techn. Fakultät, CAU Kiel
Vanadium dioxide (VO2) is an intruiging compound, since upon heat-
ing it exhibits an insulator-to-metal transition (IMT) at a critical tem-
perature 𝑇𝑐 of around 340 K, which is characterised by a decrease
in resistivity of several orders of magnitude. On a microscopic level,
the phase transition is accompanied by a rearrangement of the crystal
structure as well as electronic bands around the Fermi level and pro-
ceeds in a percolative manner, meaning that both phases coexist over
a temperature range of several K around 𝑇𝑐.

Here, we present results of an experiment which combines X-ray
spectroscopic methods for electronic structure analysis with imaging
capabilities of a few micrometers spatial resolution. Studying elec-
tronic structure changes during the thermally driven IMT in a pulsed
laser deposition-grown and microstructured VO2 thin film, shows that
𝑇𝑐 differs by around 2 K between the edges and centres of VO2 squares
with an edge length of 30 𝜇m.

CPP 79.2 Wed 15:15 WIL B321
investigation of Fe(CO)5 as precursor for gas-assisted elec-
tron beam lithography techniques on cobalt oxide surfaces
— ∙Elif Bilgilisoy1, Christian Preischl1, Rachel Thorman2,
Howard Fairbrother2, and Hubertus Marbach1 — 1Lehrstuhl
für Physikalische Chemie II, Friedrich-Alexander Universität Erlangen-
Nürnberg, Egerlandstr. 3, D-91058, Erlangen, Germany —
2Department of Chemistry, Johns Hopkins University, Baltimore,
Maryland/USA.
Electron Beam Induced Deposition (EBID) is a gas-assisted direct
write electron-lithography fabrication technique in which structures
from certain precursor molecules are deposited. A second technique is
Electron Beam Induced Surface Activation (EBISA). In EBISA, a fo-
cused electron beam is used to locally modify the substrate such that it
becomes active towards the decomposition of subsequently dosed pre-
cursor molecules [1]. Both approaches were conducted with Fe(CO)5
on a Co3O4/Ir(100) surface. We will present first successful results
on a clean Co3O4 surface with Fe(CO)5 for EBID and EBISA. To
achieve a deeper understanding of the EBID process, corresponding
surface science experiments were conducted, in which the dynamics
and behavior upon low energetic electron[2] and ion beam irradiation
of thin Fe(CO)5 layers at liquid nitrogen temperatures were investi-
gated using x-ray photoelectron spectroscopy (XPS) under UHV. We
will compare the corresponding results and discuss the reaction mech-
anisms of Fe(CO)5. [1] H. Marbach, Appl. Phys. A 117 (2014) 987 [2]
S. G. Rosenberg, et al., J. Phys. Chem. C, 117 (2013)16053

CPP 79.3 Wed 15:30 WIL B321
Interaction of topological boundary states in graphene
nanoribbon heterojunctions — ∙Qiang Sun1, Oliver Gröning1,
Xuelin Yao2, Akimitsu Narita2, Klaus Müllen2, Pascal
Ruffieux1, and Roman Fasel1 — 1Empa, Swiss Federal Laboratories
for Materials Science and Technology, nanotech@surfaces Labora-tory,
8600 Dübendorf, Switzerland — 2Max Planck Institute for Polymer
Research, Ackermannweg 10, 55128 Mainz, Germany
Graphene nanoribbons (GNRs), narrow stripes of graphene, are
promising candidates for future elec-tronic applications due to their
widely adjustable electronic properties. The precise control of their
atomic structure, including their termini, edges and width, allow for
the realization of specific electronic quantum phases. For example,
GNRs with chiral edges or cove edges have been predicted to host
spin-polarized edge states. And recently, topological electronic quan-
tum phases have been predicted and realized in the junctions between
GNR segments belonging to different topological classes. Here, I will

show the synthesis and characterization of width-modulated GNRs
that host topological junction states. By investigating such GNRs as
a function of the number of periodically aligned junction states along
the GNR axis, we follow the evolution of the new electronic bands
formed by the finite overlap between the junction states. Furthermore,
we investigate the interaction between boundary states in topological
heterojunctions, revealing an interaction-induced energy splitting that
decays exponentially with their relative separation.

CPP 79.4 Wed 15:45 WIL B321
Determination of Carbon Nanomembrane Diffusion Coeffi-
cients via radioactive tracer experiments — Raphael Dalpke1,
Anna Dreyer2, ∙Riko Korzetz1, André Beyer1, Karl-Josef
Dietz2, and Armin Gölzhäuser1 — 1Faculty of Physics, Bielefeld
University — 2Faculty of Biology, Bielefeld University
In recent years, 2D materials have gained a lot of attention as highly
efficient filter materials. One class of materials are carbon nanomem-
branes (CNM), which are fabricated by self-assembly of organic pre-
cursors onto metal substrates and subsequent cross-linking by electron
irradiation. They can be released from their original substrate and
transferred onto arbitrary supports. Specifically, CNMs made from
terphenylthiol (TPT) exhibit a very high selectivity towards water in
combination with an outstanding permeance [1].

Here, we present new permeation measurements of TPT-CNMs uti-
lizing radioactively marked water as well as carbonate and phosphate
ions. We show that water and carbonate can pass through while phos-
phate ions are completely blocked by the CNM. The resulting diffusion
coefficients in combination with recent findings indicate that the per-
meation across the membrane primarily occurs by transport of neutral
species. This implies a fast transport of CO2 in aqueous solution,
while dry TPT-CNMs are not permeable to CO2, which suggests a
facilitated transport in the presence of water.

[1] Yang et.al., ACS Nano 2018 12(5), 4695-4701

CPP 79.5 Wed 16:00 WIL B321
The electronic structure of atomically-precise graphene
nano-ribbons investigated by photoemission tomography —
Lukas Reicht1, Xiaosheng Yang2,3, Larissa Egger1, Philipp
Hurdax1, Francois C. Bocquet2,3, Georg Koller1, Petra
Tegeder4, Alexander Gottwald5, Mathias Richter5, Michael
G. Ramsey1, F. Stefan Tautz2,3, Serguei Soubatch2,3, and
∙Peter Puschnig1 — 1Institute of Physics, University of Graz, Aus-
tria — 2Peter Grünberg Institut (PGI-3), Forschungszentrum Jülich,
Germany. — 3Jülich Aachen Research Alliance (JARA), Germany —
4Physikalisch-Chemisches Institut, Universität Heidelberg, Germany.
— 5Physikalisch-Technische Bundesanstalt (PTB), Germany.
In this contribution we investigate the electronic structure of armchair
graphene nanoribbons (AGNRs) by means of angle-resolved photoe-
mission spectroscopy and density functional calculations. Specifically,
using an orientated AGNRs with a width of 7 carbon atoms adsorbed
on a stepped Au surface, we demonstrate how photoemission tomog-
raphy can be used to shed light on the electronic structure of its fron-
tier valence bands. We present a series of constant binding energy
momentum maps which allow us to identify all relevant valence (sub)-
bands of this graphene nanoribbon. By comparing theoretical results
for free-standing and adsorbed ribbons, we investigate the degree of
molecule-substrate hybridization and inter-ribbon interactions thereby
demonstrating that photoemission tomography proves to be a powerful
technique to study the electronic structure of such quantum confined
1D systems.

CPP 79.6 Wed 16:15 WIL B321
Tuning electronic transport of 1D coordination polymers by
the choice of the transition metal: Fe, Co and Ni — ∙Aleš
Cahlík1, Christian Wäckerlin1, Santhini Vijai Meena1, Olek-
sander Stetsovych1, Jesus Mendieta1, Pingo Mutombo1, Si-
mon Pascal2, Olivier Siri2, and Pavel Jelínek1 — 1Institute of
Physics, Czech Academy of Sciences, v.v.i., Czech Republic, — 2Aix
Marseille Université, CNRS, Marseille, France,
The choice of transition metal atom in organometallic complexes can
significantly influence their electronic and spintronic properties. Here,
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we study the electronic transport through 1D coordination polymers
contacted by the tip of a scanning probe microscope (SPM). The poly-
mers are synthesized in-situ by co-deposition of Fe, Co or Ni atoms
and the quinonediimine (2,5-diamino-1,4-benzoquinone-diimine) lig-
and onto Au(111). The combination of STM and nc-AFM allows for
simultaneous measurement of the current, conductance and force gra-
dient as a function of bias voltage and lifting height. We observe a dis-
tinct bandgap opening behavior depending on the incorporated metal
element. In addition, we show the possibility to modulate the conduc-
tance of these wires between highly conductive and non-conductive by
increased bias voltage or upon light illumination.

CPP 79.7 Wed 16:30 WIL B321
Nitrogen Doped Carbon Nanofiber Composites as Anode for
Sodium-Ion Batteries — ∙Mo Sha, Long Liu, Huaping Zhao,
and Yong Lei — Institut für Physik & IMN MacroNano (ZIK), Tech-
nische Universität Ilmenau, 98693, Ilmenau, Germany
Recently, sodium-ion batteries (SIBs) have attracted increasing atten-
tion as an important supplement or alternative to lithium ion batteries
(LIBs) due to the abundance of sodium resources and its much lower
cost. A critical issue and great challenge in current battery research for
the extensive application of SIBs is the development of earth-abundant
and high-performance electrode materials. In various studies of these
electrode materials, carbon nanofibers have been identified as promis-
ing anodes for SIBs, because of the low cost and environment friendly
features. In this study, nitrogen-doped carbon nanofiber (NCNFs) have
been synthesized by an electrostatic spinning technique and used as an-
odes for SIBs. The corresponding specific capacity can reach about 175
mA h g-1 at 0.1C after 100 cycles. The results demonstrate that this
NCNFs composite is a promising anode material with good reversible
capacity and cycling performance for SIBs.

CPP 79.8 Wed 16:45 WIL B321
Ultra Large Lifting Installations (ULLIS) on HOPG —
∙Tristan J. Keller, Georgiy Poluektov, Anna Jochemich,
Anna Krönert, Stefan-Sven Jester, and Sigurd Höger
— Kekulé-Institut für Organische Chemie und Biochemie, Bonn,
Deutschland
Self-assembled monolayers at the solid/liquid interface on graphite
(HOPG) are investigated by scanning tunneling microscopy (STM).
Recently, we reported i-gonal arylene-alkynylene macrocycles (i =
3,4,5,6) that form tiling patterns that correspond to the macrocycle
shapes and the interdigitation of adjunct -OC16H33 side chains.[1]

Here, we present a novel approach for supramolecular surface pat-
terning incorporating a tetraphenylmethane building block into a
shape-persistent macrocycle in order to address the volume phase
above the substrate. We observe monolayers with lattice constants
in the range of 10 nm that are independent of the exact substitution
of the pillar unit (e.g. propargylic alcohol, or fullerene). In addi-
tion, we present cocrystals of these triangular species and a molecular
hexagon. The research aims at a detailed understanding on how func-
tional groups that point into the third dimension can be incorporated
in appropriate systems.

[1] S.-S. Jester, E. Sigmund, S. Höger, J. Am. Chem. Soc. 2011,
133, 29, 11062-11065.

CPP 79.9 Wed 17:00 WIL B321
Atomic-scale mechanical evidence of surface-catalyzed gold-
carbon covalent bonding — ∙Benjamin Lowe, Jack Hellerst-
edt, Dhaneesh Kumar, and Agustin Schiffrin — School of Physics
and Astronomy, Monash University, Clayton VIC 3800 Australia
Surface-confined self-assembly is a versatile method for creating
and tuning the properties of low-dimensional nanostructures. Here
we study the results of gold atoms and dicyanoanthracene (DCA)
molecules deposited on Ag(111) in ultrahigh vacuum, characterized at
5K using combined scanning tunneling and non-contact atomic force
microscopies (STM/nc-AFM). We found that the two-dimensional
metal-organic self-assembly was composed of close-packed DCA-Au-
DCA units, in which a single Au atom binds covalently to a carbon
atom at the anthracene ends. This conclusion is based on submolecular
resolution ncAFM imaging achieved with a CO-functionalized probe,
as well as STM manipulation demonstrating the robustness of these
DCA-Au-DCA units. Further experiments performed on an atomically
thin insulator (hexagonal boron nitride) suggest the covalent DCA-Au-
DCA bonding is catalyzed by the Ag surface. We expect these findings
to inform the pursuit of metal-organic frameworks predicted to host
topological electronic properties [1].

[1] Zhang, L. Z. et. al. Nano Letters (2016).
10.1021/acs.nanolett.6b00110.

CPP 79.10 Wed 17:15 WIL B321
Methyl and Vinyl Functional Groups in On-Surface Syn-
thesis — ∙Marco Di Giovannantonio1, José I. Urgel1, Shan-
tanu Mishra1, Kristjan Eimre1, Aliaksandr V. Yakutovich1,
Carlo A. Pignedoli1, Pascal Ruffieux1, Uliana Beser2, Qiang
Chen2, Zijie Qiu2, Akimitsu Narita2, Klaus Müllen2, and Ro-
man Fasel1,3 — 1Empa - Swiss Federal Laboratories for Materials Sci-
ence and Technology, nanotech@surfaces Laboratory, 8600 Dübendorf,
Switzerland — 2Max Planck Institute for Polymer Research, 55128
Mainz, Germany — 3Department of Chemistry and Biochemistry, Uni-
versity of Bern, 3012 Bern, Switzerland
On-surface synthesis has opened pathways to molecular nanostructures
that have been inaccessible so far. Here, we demonstrate the success-
ful use of methyl and vinyl groups to achieve one-dimensional (1D)
polymers composed of repeat units with specific ring topologies.

Methyl groups are proven to undergo an oxidative cyclization to the
neighboring phenyl, forming five-membered rings and affording unpro-
tected indenofluorene isomers, some of which exhibit high radical char-
acter. Vinyl groups enable the formation of additional six-membered
rings, affording benzo[k]tetraphene units after a stable intermediate
with CH2 groups protruding out of five-membered rings.

The structure and electronic properties of the obtained polymers
have been characterized by STM, nc-AFM, and STS, and supported
by theoretical calculations. The observed reaction steps and products
extend the knowledge of on-surface reactions to fine tune architectures
and functionalities.
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