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O 22.1 Mon 18:15 P1A
Structural and electronic investigations of Blue Phospho-
rene on Au(111) — ∙Julian Picker, Maximilian Schaal, Marco
Gruenewald, Felix Otto, Roman Forker, and Torsten Fritz
— Institute of Solid State Physics, Friedrich Schiller University Jena,
Helmholtzweg 5, 07743 Jena, Germany
In the last decades a wealth of two dimensional (2D) materials have
obtained profound interest in fundamental research and practical ap-
plications because of their unique physical properties. A relatively
new representative of these kind of materials is semiconducting Blue
Phosphorene (BlueP), an allotrope of phosphorus. Theoretically, a
buckled honeycomb structure and fascinating properties for optoelec-
tronic applications such as a tuneable band gap size and a high carrier
mobility were predicted [1,2]. In our study we observed the growth
of BlueP on Au(111) by using molecular beam epitaxy (MBE) as well
as the physical properties of this 2D material. The layer deposition
was monitored in-situ via reflection high-energy electron diffraction
(RHEED). Furthermore, we investigated the structural properties in
reciprocal space by low-energy electron diffraction (LEED) and in real
space by scanning tunneling microscopy with and without a hydrogen
functionalised tip (STHM, STM). The electronic structure of the va-
lence and conduction band were investigated by angle-resolved ultra
violet photoelectron spectroscopy (ARUPS) and scanning tunneling
spectroscopy (STS).

[1] J. L. Zhang et al.: Nano Lett. 16, 4903-4908 (2016).
[2] J. Zhuang et al.: ACS Nano 12, 5059-5065 (2018).

O 22.2 Mon 18:15 P1A
Selective Oxygen Functionalization of the h-BN/Rh(111)
Nanomesh — ∙Marie Freiberger, Florian Späth, Fabian Düll,
Philipp Bachmann, Johann Steinhauer, Hans-Peter Steinrück,
and Christian Papp — FAU, Erlangen, Germany
2D materials such as hexagonal boron nitride (h-BN) and graphene
are interesting due to their electronic properties, as inert template
structures or as possible hydrogen storage materials. As a structural
graphene analogue, h-BN features a honeycomb structure. The mor-
phology of a supported h-BN layer strongly depends on the underlying
crystal surface. In the case of Rh(111), a Moiré pattern evolves, also
known as nanomesh, showing pore and wire regions. This strong cor-
rugation makes h-BN/Rh(111), for example, a suitable template for
confined metal nanocluster growth. Further modification of h-BN can
be achieved via oxygenation or hydrogenation. In the case of the h-BN
nanomesh on Rh(111), this is interesting since the pores and wires may
show different reactivity towards functionalization.

Herein, we present detailed studies on the adsorption of molecular
oxygen on the h-BN nanomesh on Rh(111). The system is investigated
in a model approach under ultra-high vacuum conditions. Using syn-
chrotron radiation-based in situ high-resolution X-ray photoelectron
spectroscopy (HR-XPS) we are able to provide a deep insight in this
system regarding the adsorption behaviour and thermal stability. Oxy-
genation is performed via a supersonic molecular beam and is found
to occur selectively in the pores of h-BN. The adsorbed oxygen species
is stable up to 600 K.

O 22.3 Mon 18:15 P1A
Gating monolayer MoS2 by charging its substrate — ∙Camiel
van Efferen, Clifford Murray, Jeison Fisher, Joshua Hall,
and Thomas Michely — II. Physikalisches Institut, Universität zu
Köln, Zülpicher Straße 77, 50937 Köln, Germany
We gate quasi-freestanding monolayer MoS2, grown by molecular beam
epitaxy (MBE) on graphene (Gr) on Ir(111) [1], by introducing inter-
calants between Gr and Ir(111). Using intercalants like Eu and O,
we control the position of the Gr Dirac point, allowing us to n- or
p-gate the Gr and in turn also the MoS2. Applying a combination of
scanning tunneling microscopy and spectroscopy we measure the ef-
fects of the gating on the band structure of monolayer MoS2, which
has previously been studied using comprehensive scanning tunneling
spectroscopy [2]. In ungated MoS2/Gr/Ir(111) a 1D hole gas is found
around the 4|4E mirror twin boundaries of MBE-grown MoS2, a conse-
quence of band bending around the charged boundary. We investigate
how the band bending and the 1D hole gas are affected by the gating,

due to changes in the screening environment and the charge transfer
from the substrate. Moreover, as a consequence of gating, we observe
also a shift in the periodicity of the confined states in the mirror twin
boundaries.

[1] Joshua Hall et al., 2D Materials 5, 025005 (2018)
[2] Clifford Murray et al., Phys. Rev. B 99, 115434 (2019)

O 22.4 Mon 18:15 P1A
When halogene atoms do not guide the selfassembly of GNR
precursor molecules — ∙Christoph Dobner1, Jacob Teeter2,
Paulo Costa3, Alexander Sinitskii2, and Axel Enders1,3 —
1Physikalisches Institut, Universität Bayreuth, 95440 Bayreuth —
2Department of Chemistry, University of Nebraska - Lincoln, Lincoln
NE 98588, USA — 3Department of Physics and Astronomy, University
of Nebraska - Lincoln, Lincoln NE 98588, USA
The on-surface selfassembly of the prototypical precursor
molecule for graphene nanoribbon synthesis, 6,11-dibromo-1,2,3,4-
tetraphenyltriphenylene (C42Br2H26), and its non-brominated analog
hexaphenylbenzene (C42H30), was investigated as a function of ther-
mal treatment using scanning tunneling microscopy. The "herring-
bone" reconstructed surface of Au(111) was used for all growth studies,
and all experiments have been carried out under ultrahigh vacuum con-
ditions. It is found that for sufficiently high substrate temperatures,
there is no halogene-guided selfassembly of the brominated molecules,
in stark contrast to the well-known formation of chevron-shaped GNRs
from these precursors. Instead, both species, the brominated and non
brominated ones, form identical one-dimensional structures consist-
ing of fully planarized and cyclized molecules on the surface. For
hexaphenylbenzene, which form non-covalent two-dimensional net-
works at room temperature, a thermally induced transition of the
network structure could be achieved by moderate annealing, which is
likely driven by 𝜋-bond formation.

O 22.5 Mon 18:15 P1A
Classical molecular dynamics investigation of carbon
nanomembranes — ∙Julian Ehrens and Jürgen Schnack — Uni-
versität Bielefeld, PF 100131, D-33615 Bielefeld
Nanometer thin carbon nanomembranes (CNMs) that are made by
electron-induced crosslinking of aromatic self-assembled monolayers
(SAMs) [1] can not be adequately investigated with regard to their
internal structure by experimental means such as X-ray diffraction.
Computer simulation is thus a viable method to further investigate
the membranes on an atomic level.

We present the extension and continuation of our previous theoret-
ical research with the focus on possible internal structures of carbon
nanomembranes. We compare our theoretical estimates of the Young’s
modulus to the experimental results. For our calculations classical
molecular dynamics as implemented in LAMMPS is employed and var-
ious ways of obtaining the modulus are presented for different models
of membrane formation.

[1] Turchanin et al., Progress in Surface Science, Volume 87, Issues
5-8, May-August 2012, Pages 108-162

O 22.6 Mon 18:15 P1A
Growth and characterization of WS2 on epitaxial graphene on
SiC(0001) — ∙Adrian Schütze, Philip Schädlich, Constance
Schmidt, Florian Speck, Dietrich R. T. Zahn, and Thomas
Seyller — Institute of Physics, TU Chemnitz, Chemnitz, Germany
2D materials such as, for example, graphene, hexagonal boron nitride
or transition metal dichalcogenides have recently received much in-
terest as building blocks for electronic devices. For a successful in-
tegration of these materials, scalable growth methods are essential.
Here we investigate the growth of WS2 by metal organic molecular
beam epitaxy (MOMBE) [1] on epitaxial graphene on SiC(0001). In
that process W(CO)6 is used as a precursor in conjunction with sul-
fur vapor produced by decomposition of FeS2 in a thermal evapora-
tor. Using MOMBE we were able to grow ultra-thin films of WS2

on epitaxial graphene which were characterized by a combination of
X-ray photoelectron spectroscopy (XPS), angle resolved photoemission
spectroscopy (ARPES), low-energy electron diffraction and microscopy
(LEED, LEEM), atomic force microscopy (AFM) and Raman spec-
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troscopy. The ultra-thin films, which had thicknesses between one and
two monolayers, were observed to consist of triangular domains. We
discuss the influence of the growth parameters on the structural and
electronic properties of the layers.
[1] S. Tiefenbacher et al., Surf. Sci. 318 (1994) L1161.

O 22.7 Mon 18:15 P1A
Growth and characterization of monolayer MnSe2 on Au(111)
— ∙Sebastien Hadjadj, Evangelos Golias, Sangeeta Thakur,
Ivar Kumberg, and Wolfgang Kuch — Institut für Experimental-
physik, Freie Universität Berlin, Arnimallee 14, 14195 Berlin, Germany
During the last couple of years, there is a rising interest in novel two-
dimensional magnetic materials. Most recently, several groups have
shown that magnetic order in two-dimensional materials can be stable
[1, 2]. The case of MnSe2 is interesting, since it has shown magnetic
properties at room temperature, making it an ideal candidate for actual
applications. However, magnetic order has been reported for MnSe2
grown on GaSe or SnSe2, and the role of the interface in the stabi-
lization of magnetic order is not yet clear. It needs to be ascertained
if the magnetic ordering of monolayer MnSe2 is an intrinsic effect of
the material or an interface-induced phenomenon. Here we use molec-
ular beam epitaxy to co-deposit Se and Mn on Au(111). Selenium is
mounted in an effusion cell and is heated up to evaporate, while man-
ganese is evaporated by electron bombardement. We characterize the
films chemically by x-ray and Auger electron spectroscopy as well as
structurally by low-energy electron diffraction.

[1] B. Huang et al. "Electrical control of 2D magnetism in bilayer
CrI3", Nature Nanotechnology 13, 544 (2018).

[2] D. J. O’Hara et al. "Room Temperature Intrinsic Ferro-

magnetism in Epitaxial Manganese Selenide Films in the Monolayer
Limit", Nano Letters 18, 3125 (2018).

O 22.8 Mon 18:15 P1A
Growth of transition metal dichalcogenides on hBN —
∙Ziyang Gan1, Emad Najafidehaghani1, Zian Tang1, Jo-
hannes Holler2, Antony George1, Kenji Watanabe3, Takashi
Taniguchi3, Christian Schüller2, Tobias Korn4, and Andrey
Turchanin1 — 1Friedrich Schiller University Jena, Institute of Phys-
ical Chemistry, D-07743 Jena, Germany — 2Institut für Experi-
mentelle und Angewandte Physik, Universität Regensburg, 93040
Regensburg, Germany — 3National Institute for Materials Science,
Tsukuba, Ibaraki 305-0044, Japan — 4Institut für Physik, Universität
Rostock’, D-18059 Rostock, Germany
Monolayer transition metal dichalcogenides (TMD) have emerged as
versatile materials with the potential to be applied in next-generation
electronics and optoelectronics devices owing to their attractive phys-
ical properties such as direct bandgap, spin-coupled valley degrees of
freedom, etc. High quality TMDs can be synthesized by chemical vapor
deposition (CVD) on Si substrates. However, the as grown monolayers
show poor optical quality due to the detrimental interaction with the
dielectric environment of the substrate. It has been shown recently that
encapsulation in hexagonal boron nitride (hBN) is crucial to access the
intrinsic optical quality of CVD grown monolayer TMDs. This moti-
vates us to develop growth procedures for direct growth of monolayer
TMDs on exfoliated and CVD grown hBN layers. The grown TMDs
on hBN were characterized using optical microscopy, atomic force mi-
croscopy, Raman spectroscopy and photoluminescence spectroscopy to
reveal their morphological, structural and optical properties.
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