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O 18.1 Mon 18:00 P4
Scanning tunneling microscopy and spectroscopy of rubrene
on clean and graphene-covered metal surfaces — ∙Karl
Rothe, Alexander Mehler, Nicolas Néel, and Jörg Kröger
— TU Ilmenau, Institut für Physik
Rubrene (C42H28) was adsorbed with submonolayer coverage on
Pt(111), Au(111) and graphene-covered Pt(111). Adsorption phases
and vibronic properties of C42H28 consistently reflect the progressive
reduction of the molecule–substrate hybridization. Separate C42H28

clusters are observed on Pt(111) as well as broad molecular resonances.
On Au(111) and graphene-covered Pt(111) compact molecular islands
with similar unit cells of the superstructure characterize the adsorption
phase. The highest occupied molecular orbital of C42H28 on Au(111)
exhibits weak vibronic progression while unoccupied molecular reso-
nances appear with a broad line shape. In contrast, vibronic subbands
are present for both frontier orbitals of C42H28 on graphene. They
are due to different molecular vibrational quanta with distinct Huang-
Rhys factors.
Financial support by the Deutsche Forschungsgemeinschaft through
Grant No. KR 2912/12-1 is acknowledged.

O 18.2 Mon 18:00 P4
The effect of morphology of an intercalated Au layer on
electronic properties of Graphene — ∙Amirhossein Bayani and
Karin Larsson — Department of Chemistry-Ångström laboratory,
Uppsala University, Uppsala, Sweden
Thermal Intercalation processes have recently made it possible to pro-
duce large quasi free-standing graphene layers on different substrates.
One method, which is based on thermal annealing, uses a 4H-SiC
(0001) substrate with an attached carbon buffer layer onto the Si-face
of the substrate. Various types of metals have then been used with the
purpose to intercalate these metal atoms between SiC and the buffer
layers, thereby creating a monolayer (ML) of graphene with an intact
Dirac point. Moreover, when positioning heavy metal atoms under
graphene, the spin-orbit coupling will increase and thereby enhances
the Rashba band splitting. This phenomenon comes from the breakage
of a mirror symmetry due to interaction with the substrate. To the
knowledge of the authors, the role of the morphology of the interca-
lated layer on the electronic properties of graphene has not yet been
considered and it is worth considering this effect when electronic prop-
erties of graphene is wanted to be studied after intercalation. Here we
show how the morphology of the intercalated Au layer will affect the
electronic properties of a ML of graphene. The possibility to induce
a band gap at the Dirac point of graphene by manipulating the stag-
gered potential of a 4H-SiC/Au substrate, is thereby looked for. The
calculations are based on density functional theory (DFT) + SOC.

O 18.3 Mon 18:00 P4
Intercalation of epitaxial graphene on SiC(0001) with sulfur
— ∙Susanne Wolff, Niclas Tilgner, Tassilo Rauschendorfer,
Florian Speck, and Thomas Seyller — Chemnitz University of
Technology, 09126 Chemnitz, Germany
Epitaxial growth of graphene on SiC in argon atmosphere is a well-
established method to produce high quality films. There, the first
grown carbon layer is partially covalently bound to the substrate and
lacks the graphene-like electronically properties. This so-called buffer
layer can be decoupled from the substrate by intercalation. Further-
more, the choice of intercalant manipulates the electronic properties
of the decoupled graphene.

We investigated the intercalation of a buffer layer with sulfur by X-
ray photoelectron spectroscopy (XPS) and angle-resolved photoelec-
tron spectroscopy (ARPES). The intercalation process was performed
in a two-zone furnace where the FeS2 precursor and the buffer layer can
be heated separately. An argon gas flow transports the sublimated sul-
fur to the sample. Partial intercalated samples show two sulfur peaks
at different binding energies in XPS. They can be attributed to inter-
calated sulfur and sulfur on top of the not intercalated buffer layer.
ARPES measurement in the vicinity of the Dirac point showed that
sulfur intercalation results in p-type doped decoupled graphene layers.

O 18.4 Mon 18:00 P4
twisted graphene on Ir(111) and SiC(0001) studied by

SPA- LEED — ∙mohammad tajik1, christian brand1, birk
finke1, karim omambac1, laurenz kremeyer1, frank meyer zu
heringdorf1,2, and michael horn-von hoegen1,2 — 1Universität
Duisburg-Essen — 2center for nanointegration duisburg-essen
when graphene is placed on a crystalline surface, the periodic struc-
tures within the layers superimpose and a moiré superlattices form.
Small lattice rotations between the 2D-layer and the substrate strongly
modify the moiré superlattice, upon which many electronic, vibra-
tional, and chemical properties depend. Here we report on such struc-
tural modification of epitaxial graphene grown on metallic Ir(111) and
semiconducting SiC(0001) surfaces. The spontaneous reorientation in
the degree- and sub-degree-range of graphene on Ir(111) depends on
the substrate temperature during growth. This effect is described by
a 2D coincidence network favored by strain reduction together with
the dissimilar thermal expansion of the substrate and graphene. For
graphene on SiC(0001) only the oriented R0* phase is found due to
the higher bonding strength to the substrate. Upon H and Sn inter-
calation this interaction can be reduced such that the graphene layer
is lifted from the substrate. Finally, we present a detailed analysis
of an unusually broad diffraction background found for graphene and
hex-BN on both substrates.

O 18.5 Mon 18:00 P4
On the Way to Twisted Bilayer Graphene: Formation and
Decoupling of 0∘-Rotated Epitaxial Graphene — ∙Hao Yin1,2,
Miriam Raths1,2, Mark Hutter1,2, François C. Bocquet1,
and Christian Kumpf1,2 — 1Peter Grünberg Institute (PGI-
3), Forschungszentrum Jülich and Jülich-Aachen Research Alliance
(JARA), Fundamentals of Future Information Technology, Jülich,
Germany — 2Experimentalphysik IV A, RWTH Aachen University,
Aachen, Germany
On the way to twisted bilayer graphene with a twisting angle of 30∘, we
investigated the graphene growth on 6H-SiC(0001) using an unconven-
tional epitaxial growth method named ’surfactant-mediated growth’,
which is based on annealing the SiC surface in borazine atmosphere.
Here, we report a LEEM-based study on two different samples, on
which we observed different surface morphologies with varying num-
bers of stacked graphene layers. A large-scale uniform graphene R0∘
monolayer is found on the first sample that was annealed to 1330∘C.
This sample is a promising candidate for producing 30∘ TBG. Interest-
ingly, some regions of the graphene R0∘ layer exhibit different bright-
ness contrasts at specific start voltages, without showing significant
differences in their LEEM-IV curves. The second sample was annealed
50∘C higher, causing the formation of graphene multilayer domains.
We utilized LEEM and LEEM-IV in order to determine the number
of layers as well as the distribution of multilayer graphene domains.
Furthermore, we discuss the influence of the annealing temperatures in
terms of the formation and decoupling of the epitaxial graphene layers.

O 18.6 Mon 18:00 P4
Vertical structure of Sb-intercalated quasi-freestanding
graphene on SiC(0001) — You-Ron Lin1,2,3, Susanne Wolff4,5,
∙Mark Hutter1,2,3, Serguei Soubatch1,2, Tien-Lin Lee6, F.
Stefan Tautz1,2,3, Thomas Seyller4,5, Christian Kumpf1,2,3,
and François C. Bocquet1,2 — 1Peter Grünberg Institut (PGI-
3), Forschungszentrum Jülich, Germany — 2Jülich Aachen Research
Alliance (JARA) — 3Experimentalphysik IV A, RWTH Aachen Uni-
versity, Germany — 4Institute of Physics, Faculty of Natural Sciences,
TU Chemnitz, Germany — 5Center for Materials, Architectures and
Integration of Nanomembranes (MAIN), TU Chemnitz, Germany —
6Diamond Light Source Ltd., Didcot, Oxfordshire, UK
Using the normal incidence x-ray standing wave (NIXSW) technique,
we have investigated the vertical structure of quasi-freestanding mono-
layer graphene (QFMLG) obtained by intercalation of antimony under
the (6

√
3 x 6

√
3) R30∘ reconstructed graphitized 6H-SiC(0001) surface,

also known as zeroth-layer graphene. We found that Sb intercalation
decouples the QFMLG very well from the substrate. The distance
from the QFMLG to the Sb layer almost equals the expected van der
Waals bonding distance of C and Sb. The Sb-intercalation layer itself
is mono-atomic, very flat, and located much closer to the substrate,
at almost the distance of a covalent Sb-Si bond length. All data is
consistent with Sb located on-top of the uppermost Si atoms of the
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SiC bulk.

O 18.7 Mon 18:00 P4
Bi(110) islands on epitaxial graphene — ∙Sergii Sologub1,2,
Julian Koch1, Chitran Ghosal1, and Christoph Tegenkamp1

— 1Institut für Physik, TU Chemnitz, Reichenhainerstr. 70, 09126
Chemnitz — 2Institute of Physics, NAS of Ukraine, Nauki avenue 46,
03028 Kyiv
The atomic structure and morphology of ultrathin epitaxial Bi islands
grown on the graphene/SiC surface was examined by SPA LEED and
STM. Bi films with an average height of a few bilayers were deposited
at RT and annealed at 410 K for 30 min afterwards. A Volmer-Weber
growth mode with a predominance of the Bi(110) orientation was
found. LEED patterns show that the Bi(110) structure has three
domains rotated by 60∘, with each domain having two subdomains
rotated by ±2∘ with the zig-zag direction of Bi parallel to the arm-
chair direction of graphene and four (minority-)subdomains with the
zig-zag direction of Bi parallel to the zig-zag direction of graphene.
Moreover, STM investigations revealed an elongation of the islands in
the zig-zag direction of Bi as well as preferential ("magic") thicknesses
(even numbers of Bi monolayers).

Additionally, magneto transport measurements using a 4 T magnet
were performed in order to investigate the influence of the Bi islands
on the weak localization effekt in graphene.

O 18.8 Mon 18:00 P4
Quantum well states in Bi(110) islands grown on epitaxial
graphene — ∙Chitran Ghosal and Christoph Tegenkamp — In-
stitut für Physik, TU Chemnitz
The semimetal Bi attracts a lot of interest because of its unique elec-
tronic properties such as a low carrier concentrations and large carrier
mobilities coming along with mesoscopic Fermi wavelength giving rise
to robust quantum confinement effects and spin polarized states in
thin films [1]. In this work we studied the growth of Bi on n-type
doped monolayer graphene (MLG) on SiC(0001) by means of STS and
STM. While for low coverages Bi(110) islands are formed Bi(111) struc-
tures were found for higher coverages. This allotropic transition occurs
at 10 monolayers (3.3nm) and is significantly larger than the critical
coverage reported for Bi on Si(111) [2]. In contrast to Bi/MLG, the
deposition of Bi on HOPG results in the formation of islands with an
odd number of layers. These differences were attributed to different
substrate screening effects. Irrespective of the interface, Bi seems to
grow rather in a relaxed bilayers fashion, i.e. supporting the forma-
tion of black phosphorous structures [2]. Spectroscopy performed on
islands of different heights revealed a large gap opening (750 meV)
at the center of 4 ML islands. In addition, we found signatures of
edge states, which might refer to a non-trivial topology within these
QWS-stabilized nanostructures.

[1] T. Hirahara et al. Phys. Rev. B 75, 035422 (2007); [2] T. Nagao
et al. Phys. Rev. Lett. 93, 105501 (2004).

O 18.9 Mon 18:00 P4
Identification of electronic structures and atomic configura-
tion of Nitrogen defects on graphene/Pt(111) — ∙Jeong Ah
Seo1,2, Hyunmin Kang3,4, Young Jae Song3,4, Jungseok Chae1,
and Andreas J. Heinrich1,2 — 1Center for Quantum Nanoscience,
Institute for Basic Science, Seoul, Korea — 2Department of Physics,
Ewha Womans University, Seoul, Korea — 3Department of Nano Engi-
neering, Sungkyunkwan University (SKKU), Suwon, Korea — 4SKKU
Advanced Institute of Nano Technology (SAINT), Sungkyunkwan Uni-
versity (SKKU), Suwon, Korea
Nitrogen doped graphene is considered as an effective method for mod-
ulating the electronic states and properties of graphene. We have
prepared nitrogen doped graphene on Pt(111) surface, grown by de-
position of pyridine precursor molecules. We figured out there exist
several types of defects including graphitic nitrogen and pyridinic ni-
trogen structure. The imaging of the defects is performed using low
temperature scanning tunneling microscope (STM) and atomic force
microscope (AFM). The defects preferred to have strong triangular
shape features above certain bias voltage. To figure out the features
of nitrogen dopant atom, we measured bias dependent STM images,
scanning tunneling spectroscopy and AFM imaging. We have observed
prominent difference in spectroscopic feature near the fermi energy be-
tween defects and pristine graphene. In addition, we also have observed
atomic configuration of defect site using AFM. With the aid of STM
simulation based on calculated results from the density functional the-
ory, possible candidates of defect types will be provided.

O 18.10 Mon 18:00 P4
Bell-shaped Electron Diffraction Component in 2D Materials
— ∙Hannah Kohler, Frank Meyer zu Heringdorf, and Michael
Horn-von Hoegen — Faculty of Physics and Center for Nanointegra-
tion, Duisburg-Essen (CENIDE), University of Duisburg-Essen, 47048
Duisburg, Germany
In low energy electron diffraction a bell shaped component (BSC) is
observed for graphene on SiC and Ir(111) and for hBN on Ir(111)
[APL118 (2021) 241902]. The distinctiveness of this broad diffuse in-
tensity appears to be indicative of a highly ordered 2D layer. Several
attempts were made to explain the origin of the BSC, but the mech-
anism remains at large still unclear. In particular, a classification in
which 2D systems a BSC exists is missing. Low energy electron mi-
croscopy (LEEM) combines the possibility to investigate the BSC with
micro-diffraction (𝜇-LEED) and in-situ imaging. It was found that
the BSC can in fact be detected not only on graphene and hBN, but
also on ex-situ chemical-vapor-deposition-grown MoS2. In graphene on
Ir(111) the full width at half maximum (FWHM) of the BSC decreases
with an increase in rotational angle of the graphene. Measurements af-
ter Cs intercalation of the graphene show a smaller FWHM compared
to the non-intercalated graphene layer.

O 18.11 Mon 18:00 P4
Buffer Layer Characterization of Epitaxial Graphene on
Silicon Carbide with Scanning Tunneling Microscopy —
∙Benno Harling1, Anna Sinterhauf1, Peter Richter2, Philip
Schädlich2, Thomas Seyller2, and Martin Wenderoth1 — 1IV.
Physikalisches Institut, Georg-August-Universität Göttingen, Ger-
many — 2Institut für Physik, Technische Universität Chemnitz, Ger-
many
In this contribution, we present a scanning tunneling microscopy study
on the buffer layer of epitaxial graphene on 6H-silicon carbide (SiC)
at 8 K and room temperature in UHV. The local configurations and
properties of the buffer layer still leave many open questions concern-
ing the interactions between graphene and substrate. Our goal is to
disentangle the contributions of the graphene and the underlying buffer
layer to the tunneling current on a local scale and to establish an under-
standing of the responsible mechanisms. We employ multibias imaging
to investigate buffer layer contributions to the tunneling current. This
measurement mode takes quasi-simultaneous STM images line per line
at given bias voltages resulting in a connected stack of topography
maps. This allows to observe the changes of the topography in depen-
dency of the applied bias voltage, with much lower dependency on tip
modifications while scanning. We connect local corrugation changes to
relative heights and the overall corrugation tendency within the stack.
Financial support of the Deutsche Forschungsgemeinschaft (DFG) is
given by project We 1889/13-1 and We 1889/14-1.

O 18.12 Mon 18:00 P4
Intercalation of Fe under graphene on Ir(110) — ∙Jason
Bergelt, Affan Safeer, Stefan Kraus, Jeison Fischer, and
Thomas Michely — II. Physikalisches Institut, Universität zu Köln,
Zülpicher Str. 77, 50937 Köln, Germany
Graphene on Ir(110) is a single-crystal, where graphene is nearly strain
free and the resulting moiré pattern consists of waves with crests and
troughs along the [001]-Ir direction. Also it has been shown that the
growth of graphene prevents the formation of nano-facets that are
present in bare Ir(110) at room temperature. In this work, we interca-
lated several layers of Fe between Gr and unreconstructed Ir(110). By
using scanning tunneling microscopy (STM) and low energy electron
diffraction (LEED), we confirm that Fe grows pseudomorphic with re-
spect to unreconstructed Ir(110). Due to strong adhesion of graphene
to Ir(110), deposition of Fe on a closed graphene layer results in the
formation of clusters on the surface and negligible intercalation at tem-
peratures where alloying of Fe with Ir(110) is absent. Therefore, we
implemented a procedure to etch with molecular oxygen small holes of
controlled size into graphene. Moreover, we investigated the temper-
ature and evaporation flux dependence of intercalation. Furthermore,
we discuss the limit of pseudomorphic growth in view of the formation
of a reconstruction at thicker intercalated Fe films.

O 18.13 Mon 18:00 P4
Strongly correlated boundary states in topologically insulat-
ing chiral graphene nanoribbons tuned by contact potential
— ∙Leonard Edens1, Francisco Romero1, Sofia Sanz2, Amelia
Domínguez-Celorrio5, Manuel Vilas-Varela3, Jingcheng Li4,
David Serrate5, Diego Peña3, and Nacho Pascual1,2 — 1CIC
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nanoGUNE BRTA, San Sebastián, Spain — 2DIPC, San Sebastián,
Spain — 3CIQUS and Departamento de Química Orgánica, Univ. de
Santiago de Compostela, Spain — 4School of Physics, Sun Yat-sen
University, Guangzhou, China — 5INMA, and Univ. de Zaragoza,
50009 Spain
Chiral graphene nanoribbons present a special class of nanographenes
in that their distinct edge symmetry causes a topologically nontriv-
ial band dispersion. Truncating such a ribbon results in a pair
of symmetry-protected topological end states predicted to be spin-
polarized. Metal substrates interact with the molecular orbitals, trans-
ferring charge and screening electron-electron correlations. We decou-
ple the nanoribbons by dragging them onto an ultrathin large bandgap
insulator using an STM, and also synthesize them on a low-work func-
tion surface. Scanning tunneling spectroscopy on the surface inter-
metallic GdAu2 reveals a near-neutral ribbon, showing its end state
spin-split. On MgO/Ag(001), the ribbons are highly decoupled, lead-
ing a greatly enhanced tunneling lifetime, vibronic sidebands, a neg-
ative charge and an enhanced correlation gap of opening far in the
quantized conduction band.

O 18.14 Mon 18:00 P4
Structural investigation of Pb intercalated graphene on
SiC — ∙Shaista Andleeb, Julian Koch, Chitran Ghosal, and
Christoph Tegenkamp — Institut für Physik, TU Chemnitz, Re-
ichenhainerstr. 70, 09126 Chemnitz
In order to modify the electronic properties of graphene, intercala-
tion experiments have received a lot of attention recently. In this
research, we examined the intercalation of Pb on carbon buffer layer
on SiC(0001) using SPA-LEED and STM. The samples were prepared
in UHV by several cycles of Pb deposition using MBE at RT followed
by annealing at temperatures ranging from 500 to 900∘.

In LEED the intercalated phase shows six characteristic spots
around the (00)-spots, which we correlated with a striped phase in
STM. The local structure on the stripes shows two honeycomb Pb
layers with approximately twice the lattice constant of graphene and
turned by ±7.5∘ with respect to graphene. The corresponding spots
in LEED coincide with two buffer layer spots. Their energy dependent
behavior was analyzed.

O 18.15 Mon 18:00 P4
Spectroscopic evidence of BCS-BEC crossover in FeSe mono-
layer — ∙wantong huang1,6, haicheng lin1, gautam rai2, yuguo
yin1, lianyi he1, qi-kun xue1,5, stephan wolfgang haas2,3, ste-
fan kettemann3,4, xi chen1,5, and shuai-hua ji1,5 — 1State Key
Laboratory of Low-Dimensional Quantum Physics, Department of
Physics, Tsinghua University, Beijing 100084, China — 2Department
of Physics and Astronomy, University of Southern California, Los
Angeles, CA 90089-0484, USA — 3Jacobs University, Campus Ring
1, 28759 Bremen, Germany — 4Division of Advanced Materials Sci-
ence,POSTECH, San 31, Hyoja-dong, Nam-gu, Pohang 790-784, South
Korea — 5Frontier Science Center for Quantum Information, Beijing
100084, China — 6Karlsruhe Institute of Technology, 76131 Karlsruhe,
Germany
It has been difficult to realize the crossover from Bardeen-Cooper-
Schrieffer (BCS) to Bose-Einstein condensates (BEC) in solids. Here
we report direct evidence of BEC in a FeSe monolayer. The Fermi en-
ergy of the FeSe film can be tuned by graphene/SiC substrate to realize
a BCS-BEC crossover. As the Fermi energy drops, the local density
of states measured by STM evolves continuously from a BCS gap to a
step-like asymmetric spectrum of BEC state. The theoretical calcula-
tion based on a two-band model reproduces well the measured spectra
and, in particular, identifies features in the quasi-particle density of
states that indicate a transition from the BCS to the BEC regime. In
addition, the Zeeman splitting of the quasi-particle states is found to
be consistent with the characteristics of a condensate.

O 18.16 Mon 18:00 P4
Investigating the correlated ground state of metallic mono-
layer MoS2 with scanning tunneling spectroscopy — ∙Camiel
van Efferen, Jeison Fischer, Thomas Michely, and Wouter
Jolie — II. Physikalisches Institut, Universität zu Köln, Germany
Using contactless chemical doping [1], we grow metallic monolayer 2H-
MoS2 on a graphene on Ir(111) substrate. Since this method leaves
the surface accessible, we perform real space investigations of corre-
lated behavior in metallic monolayer MoS2 via scanning tunneling
microscopy (STM) and spectroscopy (STS). In STS, we find a broad

depression in the density of states around the Fermi level, of about
100 meV. Upon closer inspection, the depression is revealed to consist
of a series of small gaps and peaks, spaced by 26-28 meV. This interval
corresponds to a flat band in the phonon dispersion of MoS2. The
appearance of the peaks can be explained by strong coupling between
the MoS2 electrons and phonons at the high-symmetry K-point of the
Brillouin zone, and may point to the formation of Holstein polarons.
The behavior of the polarons is studied near grain boundaries, edges
and defects, where the polaron bands are suprisingly seen to bend
under the influence of charge.

[1] C. van Efferen et al., 2D Mater. 9 025026 (2022)

O 18.17 Mon 18:00 P4
Artificial electronic lattices on InAs(111)A — ∙Rian Ligth-
art and Ingmar Swart — Condensed Matter and Interfaces, Debye
Institute for Nanomaterials Science, Utrecht, The Netherlands
Artificial electronic lattices are a promising tool to elucidate novel
effects in the quantum world. The Scanning Tunnelling Micro-
scope (STM) allows to build the lattices by manipulating atoms with
nanoscale precision and to probe the electronic properties. The elec-
tronic lattices consist of artificial atoms on a metallic/semiconducting
crystal with a surface state which acts as a 2D electron gas (2DEG).
The 2DEG is patterned by scatterers on the surface creating artificial
atoms. The versatile artificial atoms are used in lattices to study the
effect of structure on electronic characteristics.

An already well-known system is CO on Cu(111), however, this sys-
tem has a low energy resolution of 80 mV due to coupling of the surface
state with bulk states. Here, the promising InAs(111)A surface with
native In adatoms is studied since it has a higher energy resolution
of around 5 meV. Vertical manipulation allows to place multiple In-
adatoms in vicinity of each other. The In adatoms create a potential
well that confines the surface state electrons of InAs. The artificial
atom created can be coupled into dimers with different bond strengths
by varying the distance or by introducing bridge sites. The artificial
electronic lattices created on InAs(111)A can help to probe new char-
acteristics in the lattices due to the vastly improved energy resolution.

O 18.18 Mon 18:00 P4
Resonant photoemission studies at the Fe 3p threshold on
thin FeTe/Bi2Te3 and FeSe/Bi2Se3 — ∙Martin Vondráček1,
Tomáš Skála2, Karel Carva2, Gunther Springholz3, and Jan
Honolka1 — 1Institute of Physics of the Czech Academy of Sci-
ences, Prague, CZ — 2Charles University, Faculty of Mathematics
and Physics, Prague, CZ — 3Johannes Kepler University, Institute of
Semiconductor and Solid State Physics, Linz, AT
Monolayers (MLs) of tetragonal FeTe and FeSe grow on hexagonal
Bi2Se3(111) and Bi2Te3(111) substrates as three 60∘-rotated domains.
In scanning tunnelling spectroscopy, a gap appears at the Fermi level
of FeTe/Bi2Te3 suggesting interface-induced superconductivity below
Tc ≈ 6 K [1]. FeSe/Bi2Se3 remains in a gapless state [2]. Uncon-
ventional superconductivity in Fe-chalcogenides (FeChs) is believed to
be correlated to the texture of the Fermi surface at Γ- and M-points.
However, ARPES data of FeCh MLs on Bi2Ch3 is complex due to the
superposition of contributions from all three domains. Here we show
photon energy dependent UPS data probing 𝑘𝑧 dispersions along the
Γ-𝑍 direction. Fano-like modulations of valence band intensities are
observed in the energy range 30-80 eV, indicative of a resonant pho-
toemission effect at the Fe 3𝑝 edge around 55 eV. Our ML data is
compared to previous bulk studies [3].

[1] A. Eich et al., Phys. Rev. B 94, 125437 (2016). [2] S. Manna et
al., Nat. Commun. 8, 14074 (2017). [3] T. Yokoya et al., Sci. Technol.
Adv. Mater. 13 (2012) 054403.

O 18.19 Mon 18:00 P4
Electron-stimulated photon emission on TMD defects —
∙Lysander Huberich1, Jonas Allerbeck1, Feifei Xiang1, Ric-
cardo Torsi2, Anne Marie Tan3, Pascal Ruffieux1, Roman
Fasel1, Oliver Gröning1, Richard Hennig3, Yu-Chuan Lin2,
Joshua Robinson2, and Bruno Schuler1 — 1Empa - Swiss Fed-
eral Laboratories for Materials Science and Technology, Switzerland —
2Department of Materials Science and Engineering, The Pennsylvania
State University, University Park, USA — 3Department of Materials
Science and Engineering, University of Florida, USA
Due to their exceptionally long electron spin coherence and spin-
selective optical readout nitrogen-vacancy centers in diamond are
considered a key building block in quantum sensing and quantum-
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cryptography applications. However, defects in bulk materials suffer
from limited tunability and placement control, poor photon extraction
efficiency, and coherence degradation close to the surface. 2D ma-
terials such as monolayer transitional metal dichalcogenides (TMDs)
are expected to overcome these challenges while offering new synthetic
strategies for the bottom-up design of solid-state defects. Here we
present an NV− center analog in 2D; the dopant vacancy complex
(Re𝑀𝑜 + Vac𝑆)− in MoS2. We investigate its electronic states us-
ing scanning tunneling spectroscopy and present atomically-resolved
photon emission maps of single TMD defects by means of STM lumi-
nescence.

O 18.20 Mon 18:00 P4
Electronic and structural properties of Fe-doped SnS van der
Waals crystals — ∙Damla Yesilpinar1,5, Martin Vondráček1,
Čestmir Drašar2, Patrik Čermak2, Ondřej Caha3, Karel
Carva4, Václav Holý4, Jan Prokleška4, Harry Mönig5, and
Jan Honolka1 — 1Institute of Physics, AV ČR, Na Slovance 1999/2
182 21 Praha 8, CZ — 2Faculty of Chemical Technology, University
of Pardubice, Studentská 573, 532 10 Pardubice, CZ — 3Department
of Condensed Matter Physics, Masaryk University, Žerotínovo nám.
617/9, 601 77 Brno, CZ — 4Department of Condensed Matter
Physics, Charles University, Ke Karlovu 5, 121 16 Prague, CZ —
5Physikalisches Institute, Wilhelm-Klemm Str. 10, 48149 Münster,
DE
We investigate the effect of low concentrations of iron on the phys-
ical properties of SnS van der Waals crystals grown from the melt.
By means of scanning tunneling microscopy (STM) and photoemis-
sion spectroscopy we study Fe-induced defects and observe an electron
doping effect in the band structure of the native p-type SnS semicon-
ductor. Atomically resolved and bias dependent STM data of charac-
teristic defects are compared to ab initio DFT simulations of vacancy
(VS and VSn), Fe substitutional (FeSn) and Fe interstitial (Feint) de-
fects. In line with our EXAFS data, we propose the importance of
Feint and discuss possible pairing defects, e.g. with VS.

O 18.21 Mon 18:00 P4
In Operando Soft X-Ray Photoemission Spectroscopy of TaS2

and HfS2 based memristive devices — ∙Tammo Zimmermann1,
Alena Nierhauve1,2, Matthias Kalläne1,2, Jens Buck1,2, Zhan-
song Geng3, Chao Zhang3, Frank Schwierz3, Martin Ziegler3,
and Kai Rossnagel1,2,4 — 1Institut für Experimentelle und Ange-
wandte Physik, Christian-Albrechts-Universität Kiel, 24098 Kiel, Ger-
many — 2Ruprecht-Haensel-Labor, DESY and CAU Kiel, 22607 Ham-
burg and 24098 Kiel, Germany — 3Department of Electrical Engineer-
ing and Information Technology , TU Ilmenau, 98684 Ilmenau, Ger-
many — 4Deutsches Elektronen-Synchroton DESY, 22607 Hamburg,
Germany
In neuromorphic engineering interface-based memristive devices
(IMDs) are promising candidates to mimic synaptic behavior. A re-
fined understanding of bias-induced changes in the band structure
and the underlying transport mechanisms of layered transition-metal
dichalcogenide-based IMDs will improve the development toward fu-
ture applications, e.g., in artificial neural networks. Here, we show first
in operando position- and momentum-resolved soft x-ray photoemis-
sion spectroscopy measurements obtained from transistor-like TaS2-
and HfS2-based IMDs.

O 18.22 Mon 18:00 P4
Comparison of spin-crossover properties between thin film
and bulk sample of a binuclear Fe(II) complex — ∙Marcel
Walter1, Sangeeta Thakur1, Clara Trommer2, Felix Tuczek2,
Sebastien Elie Hadjadj1, Jorge Torres1, and Wolfgang Kuch1

— 1Institut für Experimentalphysik, Freie Universität Berlin, Arn-
imallee 14, 14195 Berlin — 2Institut für Anorganische Chemie,
Christian-Albrechts-Universität zu Kiel, Max-Eyth-Straße 2, 24118
Kiel
Spin-crossover molecules (SCMs) are a promising material in the field
of spintronics, due to the reversibility of switching between a high-spin
and a low-spin state, which can be triggered by light and temperature
[1]. The focus of our research is to deposit large SCMs to explore
cooperativity in spin switching on surfaces. A pulsed-valve vapor de-
position method is used for thin films. This has the advantage of
depositing (sub-) monolayers of SCMs in an UHV environment with-
out applying large amounts of thermal energy, which can decompose
the large SCMs. We compare the spin-switching behavior of the dinu-
clear SCM [{Fe(H2B(pz)2)2}2(𝜇-bipy-ac-bipy)] as thin film on highly

oriented pyrolytic graphite and as bulk sample using X-ray absorp-
tion spectroscopy. The spin-crossover properties were examined for
thermal-induced spin state switching as well as for light-induced ex-
cited spin-state trapping. The results show that the thin films are
locked in a mixed spin state while the bulk sample switches completely,
although the equilibrium temperature of the spin states is comparable.
[1] L. Kipgen et al., Advanced Materials 33, 24 (2021)

O 18.23 Mon 18:00 P4
Neutral and charged excitations in two-dimensional MoTe2
from first principles — ∙Franz Fischer1,2, Abderrezak
Bester1, and Gabriel Bester1 — 1University of Hamburg, Insti-
tute of Physical Chemistry, 22761 Hamburg, Germany — 2Max Planck
Institute for the Structure and Dynamics of Matter, 22761 Hamburg,
Germany
Atomically thin layers of transition metal dichalcogenides attract re-
markable interest due to their extraordinary electronic and optical
properties. The lack of inversion symmetry in their crystal structure
combined with strong spin-orbit interaction caused by heavy metal
atoms gives rise to an extra valley degree of freedom as well as large
spin splittings in the Brillouin zone.

We present an effective first-principle formalism that is extendable
to study any order of neutral or charged excitation [1]. Our formalism
relies on configuration interaction and the GW-approximation and
reduces in the case of excitons to the standard form of the BSE. We
will present results of the excited states in monolayer MoTe2 and their
emergence from the particular single-particle configurations. In the
future we want to extend our methodology to the temporal domain in
order to study dynamics of excited states in 2D materials.

[1] Phys. Rev. B. 100 201403(R) (2019)

O 18.24 Mon 18:00 P4
Relaxation, the moiré potential and excited states for twisted
TMDC bilayers — ∙Carl Emil Mørch Nielsen, Miguel da
Cruz, Abderrezak Torche, and Gabriel Bester — University of
Hamburg, Institute of Physical Chemistry, 22761 Hamburg, Germany
In recent years, the research of transition metal dichalcogenides has
amassed much attention due to interesting properties such as strong
localisation of excited states. The field of twistronics emerged as twist-
ing provides a new degree of freedom in engineering specific properties.
However, the theoretical ab-initio approach shows an immediate chal-
lenge to overcome; large systems, where the moiré unit cell may hold
thousands of atoms.

In this project, the aim is to theoretically study moiré confined opti-
cal excitations in twisted TMD vdW-homo and heterostructures. We
have successfully integrated a force-field based method of relaxation
using LAMMPS as suggested in a paper by Jain et. al. We have
re-parameterized the SW and KC potentials seen in this paper and
expanded the parameter set to include all possible bilayer TMD com-
binations. With these we can accurately model the associated local
band gap variation, e.g. the moiré potential, taking into effect both
lattice corrugation and atomic reconstruction. Our goal is now to in-
vestigate the excited state properties with our group-developed code
from first-principles.

O 18.25 Mon 18:00 P4
Tip-induced excitonic luminescence of an atomically-resolved
van der Waals heterostructure — ∙Luis Parra Lopez1,2,
Anna Roslawska2, Fabrice Scheurer2, Stéphane Berciaud2,
and Guillaume Schull2 — 1Department of Physical Chemistry,Fritz
Haber Institute of the Max Planck Society, 14195 Berlin,Germany.
— 2Université de Strasbourg,CNRS,IPCMS,UMR 7504,67000 Stras-
bourg,France.
Van der Waals heterostructures (vdWH) made from stacks of transi-
tion metal dichalcogenides and other 2D-materials are appealing sys-
tems to investigate light-matter interaction.Their optical response is
dominated by tightly bound excitons that are sensitive to the presence
of atomic-scale inhomogeneities.These inhomogeneities lie at length-
scales below the spatial resolution accessible with standard optical
spectroscopies.Here, we present an approach using a scanning tunnel-
ing microscope to induce the luminescence of an MoSe2/FL-graphene
vdWH [1].We correlate the atomic-scale landscape with the locally in-
duced optical response and observe sizeable variations in the excitonic
emission between different nm-sized areas.This study paves the way for
novel investigations regarding the local properties of vdWH and highly
localized excitons.To gain deeper insight into interlayer coupling mech-
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anisms on the nanoscale, which occur on sub-ps timescales, requires
additional high temporal resolution as well.I thus conclude with an
outlook of an experimental setup capable of addressing ultrafast dy-
namics with fs-temporal and nm-spatial resolution[2].[1] Parra et al,
arXiv:2204.14022(2022).[2] Müller et al, ACS photonics, 7(8),(2020).

O 18.26 Mon 18:00 P4
Changing structural and electronic properties of h-BN
on Ir(111) by potassium intercalation — ∙Philip Grimm,
Friedrich Wanierke, Felix Otto, Maximilian Schaal, Roman
Forker, and Torsten Fritz — Institute of Solid State Physics,
Friedrich Schiller University Jena, Helmholtzweg 5, 07743 Jena, Ger-
many
2D hexagonal boron nitride (h-BN) is applied in electronics compo-
nents, e.g., in gate dielectrics for transistors. However, its insulating
behaviour is strongly influenced by the growth on metal substrates.
One possibility to restore the insulating effect and to decouple h-BN
is the intercalation of akali metals due to their low ionization energies.

In this study, we use h-BN grown by CVD on Ir(111) while potassium
is deposited by thermal evaporation. The samples are investigated
at various temperatures, the lateral structure by means of LEED as
well as the electronic properties by means of XPS and (AR)PES. A
(
√
3×

√
3)R30∘ superstructure of K and a decrease of the moiré pat-

tern originating from h-BN/Ir(111) is observed. In addition, the core
levels and the band structure shifts to higher binding energies whereas
the work function decreases by the similar value. Another observation
is a disappearing band folding of the 𝜎-bands. Due to the metasta-
bility of the superstructure at room temperature, we switched to low
temperature at 35 K and observed even larger shifts of the core levels
as well as of the band-structure (≈ 3 eV). In conclusion, our results
indicate an intercalation of K in the 2D-system and consequently h-BN
is decoupled from Ir(111).

O 18.27 Mon 18:00 P4
Adsorption and Reaction of Bromine on h-BN/Rh(111) —
∙Eva Marie Freiberger, Natalie J. Waleska, Felix Hemauer,
Valentin Schwaab, Hans-Peter Steinrück, and Christian
Papp — Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlan-
gen, Germany
Due to their unique chemical and electronic properties, rendering them
promising for many applications, numerous two-dimensional materials

(2DM) have been predicted, synthesized and characterized. To tailor
the properties of 2DM towards possible applications, their chemical
modification is of special interest. Hexagonal boron nitride (h-BN), a
graphene analogue, exhibits a so-called nanomesh on Rh(111), which
can be used as a template enabling spatially defined modification of
the 2DM. Using this template, we aim for selective functionalization of
h-BN/Rh(111) with halogens, which lead to strong electronic doping.
Here, we present a synchrotron radiation-based high-resolution X-ray
photoelectron spectroscopy (XPS) study on the adsorption and ther-
mally induced reaction of bromine on h-BN/Rh(111). The adsorption
of different amounts of bromine was followed in situ at 170 K, con-
firming the template effect of the nanomesh for low coverages. Based
on temperature-programmed XPS (TPXPS) experiments, we propose
covalent functionalization of the pores and a thermally induced on-
surface reaction of bromine. Furthermore, the adsorption is observed
to be reversible upon heating to 800 K. By shedding light on their con-
trolled chemical modification on the molecular scale, our work paves
the way for purposeful tailoring of the properties of 2DM.

O 18.28 Mon 18:00 P4
Structural investigation of antimony monolayers on Ag(111)
— ∙Stefanie Hilgers1, Julian A. Hochhaus1,2, Malte G. H.
Schulte1,2, and Carsten Westphal1,2 — 1TU Dortmund Univer-
sity, Department of Physics, Otto-Hahn-Str. 4a, 44227 Dortmund,
Germany — 2DELTA, TU Dortmund, Maria-Goeppert-Mayer-Str. 2,
44227, Dortmund, Germany
Similar to graphene and further elements of the 4th main group,
Group-V elements such as antimony are also predicted to have extraor-
dinary electronic properties. Because of the strong spin-orbit coupling
and the resulting topological properties, antimony monolayers are of
great interest for future electronic applications. Since the structural
configuration of 2D-materials has major influence on the electronic
properties of the material, structural investigations are highly rele-
vant. In the here presented research we report on the synthesis and
structural investigation of antimoy monolayers on Ag(111).
After several cleaning cycles in UHV, antimony is evaporated by a Kud-
sen cell to deposit monolayers on the Ag(111) surface. The well-known
(
√
3×

√
3)R30∘ superstructure can be identified by low-energy electron

diffraction (LEED). In addition, a (2
√
3×2

√
3)R30∘ superstructure can

be verified for higher coverages. Furthermore, the real space structure
is investigated by scanning tunneling microscopy (STM).
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