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CPP 16.1 Mon 15:00 GER 39
Tailoring Stone-Wales transitions in Ti2O3 honeycombs with
alkaline earth metals — ∙Martin Haller, Stefan Förster, and
Wolf Widdra — Martin-Luther-Universität Halle-Wittenberg, Insti-
tute of Physics, Von-Danckelmann-Platz 3, 06120 Halle, Germany
In 2013 the first 2D oxide quasicrystal (OQC) has been discovered in
thin Ba-Ti-O films [1]. It shows a twelvefold diffraction pattern that is
incompatible with lattice periodicity. In real space it can be described
by squares, triangles and rhombus tiles. Just recently, the atomic
structure has been solved [2,3]. The essence are Ti𝑛O𝑛 ring structures
with n = 4, 7 and 10. These evolve by Stone-Wales transitions from
a pure honeycomb network [4]. The transformations are stabilized by
alkaline earth metal ions and their associated dipole and can be con-
trolled by the alkaline earth metal coverage. Here we investigate the
basic steps of individual Stone-Wales transformations with LEED and
STM for ultra-low coverages deposited onto a Ti2O3 honeycomb on
a close-packed metal surface. The transformations to ring structures
with n = 4, 5 and 7 are monitored and related to the formation of
square and triangle tilings.
[1] S. Förster et al., Nature 502, 215 (2013)
[2] S. Schenk et al., Nat. Comm., accepted, (2022)
[3] E. Cockayne et al., Phys. Rev. B 93, 020101 (2016)
[4] S. Wang et al., Nanoscale 11, 2412 (2019)

CPP 16.2 Mon 15:15 GER 39
Formation of an extended quantum dot array driven and
auto protected by an atom thick h-BN layer — ∙Joel
Deyerling1, Ignacio Piquero-Zulaica1, Mustafa A. Ashoush2,
Knud Seufert1, Mohammad A. Kher-Elden2, Zakaria M. Abd
El-Fattah2, and Willi Auwärter1 — 1Physics Department E20,
Technical University of Munich, James-Franck-Straße 1, D-85748
Garching, Germany — 2Physics Department, Faculty of Science, Al-
Azhar University, Nasr City, Cairo E-11884, Egypt
Fabricating nanoarchitectures to confine two dimensional nearly free
electrons on crystalline surfaces by tip manipulation with a scanning
tunneling microscope (STM) or by applying supramolecular chemistry
principles yields diverse artificial electronic structures. These elec-
tronic states are prone to scattering by adsorbates making them ex-
tremely susceptible to the environment. Nonetheless, little attention
has been given to their protection, e.g., by an inert overlayer.

Here, we show that a quasi-hexagonal CuS nanoporous network can
be formed at the h-BN/Cu(111) interface by thermally-induced sul-
fur segregation from the Cu(111) bulk. The growth and structure
is characterized by STM and X-ray photoemission spectroscopy. We
demonstrate by employing STM and scanning tunneling spectroscopy
that within the pores of the network the surface state of Cu(111) as
well as the image potential states of h-BN/Cu(111) are confined, ef-
fectively creating arrays of quantum dots with well-defined sizes that
are covered by an inert h-BN overlayer.

CPP 16.3 Mon 15:30 GER 39
First-principles investigation of doped borophene quantum
dots as donor materials for solar cell applications — ∙Rachana
Yogi, Vaishali Roondhe, and Alok Shukla — Department of
Physics, Indian Institute of Technology Bombay, Mumbai 400076, In-
dia
Because of fast-depleting fossil fuel reserves, there is an urgent need for
harvesting alternative sources of energy. We present a first-principles
atomistic study of borophene quantum dots (BQDs) B35 and B36 for
their possible utilization in solar-cells. The pristine-BQDs are doped
by C, N, and O atoms, and find that they have bowl-like structures
in the ground state. The electronic and optical properties of pristine-
BQDs, and doped-BQDs are investigated. The chemical potentials of
several of these BQDs are slightly higher than that of popular solar-
cell acceptor system PC71BM, they will act as electron donors in a
PC71BM-based solar-cell. The calculated values of the open-circuit
voltage corresponding to PC71BM and BQD-based device indicate ef-
ficient electron injection from the BQDs to PC71BM. O-doped B36-QD
and B35-QD have the highest value of short-circuit current density at-
tributed to their reduced HOMO-LUMO gap and high HOMO energy
levels as compared to all other considered doped systems further en-
hancing the photoelectric properties. The power conversion efficiency

of doped-BQDs exhibits significant improvement. The efficiency of
O-doped B36-QD is maximum due to its high electron injection rate
in PC71BM. Present calculations show that adding a foreign atom in
BQD makes it a suitable candidate for high-performance solar-cells.

CPP 16.4 Mon 15:45 GER 39
Electrospray Depositions of a Spin-Crossover Active Iron(II)
[2×2] Grid Complex on Ag(111) with Different Land-
ing Energies — ∙Dennis Meier1, Benedikt Schoof1, Joachim
Reichert1, Nithin Surayadevara2, Andreas Walz1, Annette
Huettig1, Hartmut Schlichting1, Mario Ruben2, Anthoula C.
Papageorgiou1,3, and Johannes V. Barth1 — 1Technical Univer-
sity of Munich, Germany — 2Karlsruhe Institute of Technology, Ger-
many — 3National and Kapodistrian University of Athens, Greece
Chiral spin-crossover (SCO) complexes are intriguing building blocks
for innovative magneto-optical nanoarchitectures.1 Such an Fe(II)
[2×2] grid complex was deposited in ultra-high vacuum with electro-
spray controlled ion beam deposition (ES-CIBD)2 on Ag(111) and in-
vestigated by scanning tunnelling microscopy. Low landing energy (<
3 eV/z) resulted in clusters and single molecules. Higher landing en-
ergies (> 3 eV/z) led to coordination bond cleavage and a rich variety
of self-assembled surface networks forming from the grid fragments.
Applying established on-surface synthesis methodology employing the
possible constituents of these networks (ligands and Fe atoms) repro-
duced only a part of them. It is thus proposed that ES-CIBD provides
an unexpected route to novel on-surface coordination network synthe-
sis.
[1] N. Suryadevara et al. Chem. Eur. J. 2021, 27, 15172.
[2] A. Walz, K. Stoiber, A. Huettig, H. Schlichting, J. V. Barth, Anal.
Chem. 2022, 94, 7767.

CPP 16.5 Mon 16:00 GER 39
Giant confinement of surface electrons in a two-dimensional
metal-organic porous network — ∙Lu Lyu1, Tobias Eul1, Wei
Yao1, Zakaria M. Abd El-Fattah2, Mostafa Ashoush2, Ignacio
Piquero-Zulaica3, Johannes V. Barth3, Martin Aeschlimann1,
and Benjamin Stadtmüller1,4 — 1Department of Physics, Univer-
sity of Kaiserslautern, Germany. — 2Physics Department, Faculty of
Science, Al-Azhar University, Egypt. — 3Physics Department E20,
Technical University of Munich, Germany — 4Institute of Physics,
Johannes Gutenberg University Mainz, Germany.
Two-dimensional metal-organic porous networks (2D-MOPNs) are
highly flexible nano-architectures for exploring the quantum confine-
ment of surface electrons on noble metals. So far, 2D-MOPNs have
been predominantly studied for the confinement of occupied Shockley-
type surface states (SS). In contrast, the confinement of excited surface
states, such as image potential states (IPSs), remains elusive. In this
work, we apply two-photon photoemission to investigate the band dis-
persion of the first image-potential state (n = 1 IPS) in a Cu-T4PT
nanoporous network on Cu(111). We find the formation of a Bloch-
like band structure with a substantially increased effective band mass
of the IPS (> 150 %). In contrast, the effective band mass of the SS
remains almost unchanged (< 3%). This band renormalization of the
IPS can be attributed to the spatial distribution of its charge density
perpendicular to the surface, which reveals the highest density at the
vertical adsorption position of the T4PT backbone. This coincidence
is responsible for the giant confinement.

CPP 16.6 Mon 16:15 GER 39
Modification of Single-Layer Organometallic Networks: from
Ag-Bridged to Cu-Bridged Alkynyl Metal-Alkynyl Linkages
on Ag(111) Surfaces — ∙Wenchao Zhao, Felix Haag, Ignacio
Piquero-Zulaica, Yi-Qi Zhang, Francesco Allegretti, Biao
Yang, and Johannes V Barth — Physics Department E20, Techni-
cal University of Munich, 85748 Garching, Germany
The metal-exchange reaction, is of importance for the advanced prepa-
ration of functional metal-organic frameworks for various applica-
tions[1]. Notably, building two-dimensional organometallic networks
(OMNs), can provide versatile nanoarchitectures for potential ap-
plication in nanodevice[2,3]. Although various OMNs have been
constructed with molecular building blocks by abstracting surface
metal atoms, the degree of success is often individual and substrate-
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dependent. Thus metal-exchange reactions hold promise for multi-
ple production by modification and functionalization of OMN tem-
plates. Here, we demonstrate the modification of a single-layer OMN
by metal-exchange reaction. By introducing external Cu atoms into
the alkynyl-Ag OMN[3], we successfully synthesized in situ a highly
ordered alkynyl-Cu OMN on a Ag(111) surface. While maintaining
a similar lattice periodicity and pore morphology, it possesses higher
thermal stability, guaranteeing higher robustness for possible applica-
tions. Reference. 1. M.-M. Xu et al., Coord. Chem. Rev. 2020, 421,
213421. 2. D. Ecija et al., Acc. Chem. Res. 2018, 51, 365-375. 3.
Y.-Q. Zhang et al., J. Am. Chem. Soc. 2019, 141, 5087-5091

CPP 16.7 Mon 16:30 GER 39
Structure Formation in Ceramic Thin Films with Hybrid
Molecular Dynamics — ∙Nydia Roxana Varela Rosales and
Michael Engel — Institute for Multiscale Simulation, University of
Erlangen-Nürnberg, Cauerstraße 3, 91058 Erlangen, Germany
How can we model and predict ceramic thin films? Highest accuracy
is achieved with ab-initio quantum mechanical methods. But these
methods are not suitable for large systems including their phase trans-
formations. Atomistic modeling with molecular dynamics and Monte
Carlo simulations reaches large system sizes but require sophisticated
tailored interaction potentials. Here, we develop and apply a coarse-
grained simulation method for structure formation in thin films. Our
method considers the chemical bond network of the ceramics explicitly
to simplify the complexity of the simulation and to reach high simu-
lation speeds and large system sizes. Of particular interest are (quasi-
)crystalline ceramic thin films recently discovered in experiments of
(Ba/Sr)-Ti-O perovskites. Solely by considering the extrinsic topology
of the tiles and utilizing a harmonic interaction potential, we repro-
duce the appearance of approximants of the dodecagonal quasicrystals,
which was also predicted by ab-initio simulations. Our work highlights
the role of bond network topology in understanding complex thin film
structures without a need for reliance on quantum simulation methods.

CPP 16.8 Mon 16:45 GER 39
A Holistic Characterisation of Bi Thin Films on Au(111)
— ∙Pablo Vezzoni Vicente1, Tobias Weiß1, Marc Gonzalez-
Cuixart4, Dennis Meier1, Benedikt Klein2, David Duncan2,
Ezequiel Tosi3, Paolo Lacovig3, Silvano Lizzit3, Johannes
Barth1, Peter Feulner1, and Francesco Allegretti1 —
1Physics Department E20, Technische Universität München, Ger-
many — 22I09 beamline, Diamond Light Source, United Kingdom
— 33SuperESCA beamline, Elettra Synchrotron, Italy — 44IMDEA
Nanociencia, Spain
We present a comprehensive analysis of the long-range ordered,
coverage-dependent phases of Bi epitaxially grown on a Au(111) sur-
face in UHV, from the sub-monolayer (

√
37 ×

√
37)𝑅25.3∘ Kagome

lattice up to few-layer Bi(110) thin films. Particular focus is devoted
to the sub-monolayer, high-coverage (𝑝 ×

√
3) phase, paving the way

to its use as a buffer layer for epitaxial growth with tunable geometry
and low electronic interaction.

Our work clarifies and expands the current literature reports, specif-
ically on the complex (𝑝 ×

√
3) phase. The wide range of analysis

techniques used, including Low-Energy Electron Diffraction (LEED),
Photo-Electron Spectroscopy (XPS, UPS), Temperature Programmed
Desorption (TPD), Scanning Tunneling Microscopy and Spectroscopy
(STM, STS), and X-ray Standing Waves (XSW), yields an unprece-
dented understanding of the system’s structural and electronic prop-
erties.

CPP 16.9 Mon 17:00 GER 39
Analytical electron microscopy of nanostructured vanadium
dioxide — ∙Vlastimil Křápek1, Jan Krpenský1,2, Michal
Horák1, Katarína Rovenská1, Peter Kepič1, Tomáš Šikola1,
Filip Ligmajer1, and Andrea Konečná1 — 1Brno University of
Technology, Czechia — 2CIC nanoGUNE, San Sebastián, Spain
Vanadium dioxide (VO2) is a phase-changing material exhibiting

temperature-induced metal-insulator transition (MIT) around 340 K.
A rather low transition temperature makes VO2 a suitable material for
active nanophotonics, e.g., switchable optical metasurfaces. Such ap-
plications require nanostructuring of VO2 thin films. Here we study the
possibility to employ focused ion beam (FIB) milling for the nanofab-
rication and its impact on the properties of resulting nanostructures.

Taking the VO2 thin film with experimentally verified MIT, we uti-
lized FIB milling with Ga ions to fabricate V-shaped lamella of the
thickness between 0 and 250 nm, which was subsequently transferred
onto a heating chip for transmission electron microscopy and analyzed
with analytical electron microscopy: high-resolution imaging, energy-
dispersive X-ray spectroscopy, and temperature-dependent electron en-
ergy loss spectroscopy. We observed a porous character of the pristine
material, a coexistence of several crystal structures, negligible con-
tamination with Ga ions, and a variation of stoichiometry with the
thickness of the lamella, with the thinnest parts composed of VO and
V2O3.

CPP 16.10 Mon 17:15 GER 39
Tuning Nanoporous Au Film Formation via High Voltage
Electrolysis — ∙Evelyn Artmann1, Lukas Forschner1, Kon-
stantin M. Schüttler2, Mohammad Al-Shakran1, Timo Jacob1,
and Albert K. Engstfeld1 — 1Institute of Electrochemistry, Uni-
versity of Ulm, Germany — 2Institute of Surface Chemistry and Catal-
ysis, University of Ulm, Germany
Nanoporous Au (NPG) films have different properties compared to the
bulk material, which opens up new areas of application, such as (elec-
tro)catalysis. Usually, NPG films are prepared by dealloying. One
disadvantage of this method is that residues of the precursor alloy
guest metal can remain in the resulting NPG film, which can have a
decisive influence on the electrocatalytic activity of the NPG film.

In this work we report on the preparation of NPG films by high volt-
age electrolysis (Chem. Phys. Chem., 22 (2021) 2429). In this process,
a Au oxide film is first formed on the Au substrate by applying a high
positive voltage (between 100 and 540 V), which can subsequently be
reduced to NPG. The Au oxide as well as NPG films were character-
ized by electrochemical methods, as well as (cross-section) SEM and
XPS measurements.

Possibilities to selectively modify the resulting NPG films by tuning
experimental parameters such as the applied voltage, and electrolyte
temperature during HV electrolysis, or the electrolysis time, were sys-
tematically investigated. The influence of the reduction method (elec-
trochemical or by H2O2) on the final film structure is discussed.

CPP 16.11 Mon 17:30 GER 39
Evolution of the Si-Au alloy: from the gold (110) sub-
strate to silicon nanoribbons — ∙Ekaterina Tikhodeeva1,
María E Dávila2, Paola De Padova3, Gay Le Lay4, Marina
Baidakova5, Evgeniya Lobanova5, Jaime Sanchez-Barriga6,
Dmitrii Smirnov6, and Manuel Izquierdo1 — 1European XFEL,
Schenefeld, Germany — 2CSIC, Madrid, Spain — 3Consiglio Nazionale
delle Ricerche, Rome, Italy — 4Aix-Marseille Université, Marseille,
France — 5Saint Petersburg, Russia — 6Helmholtz-Zentrum Berlin,
Berlin, Germany
The development of the Si-Au alloy was investigated on the path
from the gold single crystal surface to silicon nanoribbons (SiNR).
Si sub-monolayers were deposited on the missing row reconstructed
Au(110) substrate. At various stages of evaporation, low-energy elec-
tron diffraction (LEED) patterns were recorded to refine the surface
geometry. The arrangement of the Si atoms has been correlated with
the missing row orientation. The recovery of the Au(1x1) reconstruc-
tion, as well as the gradual transition from surface alloy to SiNRs were
explored. In parallel with LEED, photoelectron spectroscopy was used
to clarify the atom distribution. The profiles of the Au 4f and Si 2p core
levels were deconvoluted and analyzed at all stages of Si deposition.
The appearance of a new low kinetic energy component was noticed
in the Au 4f spectra. It is related to the Si-Au bond and indicates a
strong interaction between them. The Si core levels exhibit up to three
components corresponding to the different chemical environments.
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