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O 47: 2D Materials II: Growth, Structure and Substrate Interaction I

Time: Wednesday 10:30–13:00 Location: GER 37

O 47.1 Wed 10:30 GER 37
Two-Dimensional Non-van der Waals Materials from Data-
Driven Research — Tom Barnowsky1,2, Mahdi Ghorbani-Asl1,
Stefano Curtarolo3, Arkady V. Krasheninnikov1,4, and ∙Rico
Friedrich1,2,3 — 1Helmholtz-Zentrum Dresden-Rossendorf, Dresden
— 2TU Dresden — 3Duke University, Durham, USA — 4Aalto Uni-
versity, Aalto, Finland
While two-dimensional (2D) materials are traditionally derived from
bulk layered compounds bonded by weak van der Waals (vdW) forces,
the recent surprising experimental realization of non-vdW 2D com-
pounds obtained from non-layered crystals [1] foreshadows a new di-
rection in 2D systems research.

Here, we present several dozens of candidates of this novel mate-
rials class derived from applying data-driven research methodologies
in conjunction with autonomous ab initio calculations [2,3]. We find
that the oxidation state of the surface cations of the 2D sheets is an
enabling descriptor regarding the manufacturing of these systems as
it determines their exfoliation energy: small oxidation states promote
easy peel off [2]. When extending the set from oxides to sulfides and
chlorides, the exfoliation energy becomes ultra low due to strong sur-
face relaxations [3]. The candidates exhibit a wide range of appealing
electronic, optical and magnetic properties making these systems an
attractive platform for fundamental and applied nanoscience.

[1] A. Puthirath Balan et al., Nat. Nanotechnol. 13, 602 (2018).
[2] R. Friedrich et al., Nano Lett. 22, 989 (2022).
[3] T. Barnowsky et al., submitted (2022).

O 47.2 Wed 10:45 GER 37
Phase Transitions of the BlueP-Au-network on Au(111) by
Intercalation of Potassium — Philip Grimm, ∙Felix Otto,
Maximilian Schaal, Florentine Friedrich, Roman Forker, and
Torsten Fritz — Institute of Solid State Physics, Friedrich Schiller
University Jena, Helmholtzweg 5, 07743 Jena, Germany
In 2014, a new elemental semiconductor was postulated: Blue Phos-
phorene (BlueP). This monolayer of P atoms offers a layer thickness-
dependent band gap and high charge carrier mobility. However, the
synthesis of a highly ordered and stable monolayer of BlueP is still
a challenge and could only be achieved on gold substrates by con-
structing a Au-P network. This undesirable coupling, which leads to
a change in electronic properties, could be mitigated by the intercala-
tion of potassium. The goal is to synthesize a free-standing monolayer
of BlueP. The effects of substrate temperature during K deposition
and the order of deposition of phosphorus and potassium on Au(111)
were investigated. Structural properties were characterized by LEED
and RHEED, chemical properties by XPS, and electronic properties
by photoelectron spectroscopy methods ((AR)UPS and PMM). In the
end, a (2 × 2) superstructure is obtained. This superstructure exhib-
ited the most promising electronic properties, which were very close to
those of the free-standing BlueP. It is assumed that K and P together
form the basis of the (2 × 2) superstructure, since the reactive bonds
of potassium could be saturated and stabilized by phosphorus. At
temperatures of 250 ∘C, the BlueP-Au network dissolves under the in-
fluence of potassium deposition and various intermediates are formed.

O 47.3 Wed 11:00 GER 37
Structural and chemical characterization of epitaxially grown
FeBr2 on Au(111) — ∙S. E. Hadjadj1, C. Gonzalez-Orellana2,
J. Lawrence3, D. Bikaljevic4,5, M. Pena-Diaz2, P. Gargiani6,
L. Aballe6, J. Naumann7, M. A. Nino6, M. Foerster6, S. Ruiz-
Gomez8, S. Thakur1, I. Kumberg1, J. Taylor9, J. Hayes1, J.
Torres1, C. Luo9, F. Radu9, D. G. de Oteyza3, W. Kuch1,
J. I. Pascual4, C. Rogero2,3, and M. Ilyn2 — 1Freie Univer-
sität Berlin, Institut für Experimentalphysik, Germany — 2Centro
de Fisica de Materiales, Donostia, Spain — 3Donostia International
Physics Center, Spain — 4CIC nanoGUNE-BRTA, Donostia, Spain —
5Institute of Physical Chemistry, University of Innsbruck, Austria —
6ALBA Synchrotron Light Source, Spain — 7Freie Universität Berlin,
Dahlem Center for Complex Quantum Systems, Germany — 8Max
Planck Institute for Chemical Physics of Solids, Dresden, Germany —
9Helmholtz-Zentrum Berlin, Germany
We present structural, chemical and magnetic properties of the van–
der–Waals material FeBr2 on Au(111) with thicknesses from submono-

layer to multilayer. We observe that the first layer on Au(111) shows a
dominant superstructure. The chemical characterization by XPS and
XAS shows that the material is growing in the same composition for
different thicknesses. The magnetic characterization by XMCD reveals
that the magnetic moment increases with increasing thickness.

O 47.4 Wed 11:15 GER 37
Formation of Europium transition metal surface compounds
and its protection below hBN — ∙Alaa Mohammed Idris
Bakhit1,2, Khadiza Ali3,4, Anna A. Makarova4,5, Igor Piš6,
Federica Bondino6, and Frederik Schiller1,4 — 1MPC, San Se-
bastián, Spain — 2Universidad del País Vasco, San Sebastián, Spain
— 3Chalmers University of Technology, Göteborg, Sweden — 4DIPC,
San Sebastián, Spain — 5FU Berlin, Germany — 6IOM-CNR, Trieste,
Italy
We present a comparative study of the electronic and structural prop-
erties of hBN on curved transition metal (TM) substrates, namely, Ni,
Rh and Pt crystals and their modifications after Eu intercalation. hBN
was grown by CVD processes. The growth quality depends strongly on
the lattice mismatch and the overlayer-substrate interaction. The in-
terface properties could be influenced by tuning the substrate material
and its step density. That was shown by hBN growth on curved crystals
that feature strong (Ni), medium (Rh) or weak (Pt) substrate interac-
tion. The structural properties were investigated by Low-energy elec-
tron diffraction (LEED) and scanning tunnelling microscopy (STM).
Stable facets are formed upon hBN growth on the substrates, which
are changed after Eu intercalation. A formation of Eu-TM alloy is
detected. The electronic structure was characterized by X-ray pho-
toelectron spectroscopy (XPS) and angle-resolved photoemission mea-
surements (ARPES). We studied the possible protection of Eu by the
hBN layer. We observe that Eu protection was incomplete due to
defects and hBN growth boundaries which resulted in Eu oxidation.

O 47.5 Wed 11:30 GER 37
Interaction of Au and Rh metals with h-BN on Rh(111) from
theoretical calculations — ∙Krisztián Palotás — Wigner Re-
search Center for Physics, Budapest, Hungary — ELKH-SZTE Reac-
tion Kinetics and Surface Chemistry Research Group, Szeged, Hungary
Based on density functional theory calculations, the interaction of Au
and Rh metal deposits with hexagonal boron nitride (h-BN) monolayer
on a Rh(111) substrate in different model systems is studied. Signif-
icant differences in the metals’ adsorption, growth and intercalation
mechanisms are identified [1]. As an example, the formation of a 19-
atoms Rh island in the pore of the nanomesh exhibits 3D growth, in
contrast to a 2D island formation of Au [2]. We found that nitrogen
vacancies and Rh show systematically lower energy barrier for atomic
intercalation than boron vacancies and Au. Intercalation through the
middle of a BN-divacancy provided the smallest energy barriers in our
considered model systems. Our theoretical results provide a micro-
scopic understanding of related experimental results [1].

Financial support from NKFI OTKA 124100 & 138714, the
János Bolyai Research Grant of the Hungarian Academy of Sciences
(BO/292/21/11) and the New National Excellence Program of the
Ministry for Culture and Innovation from NKFI Fund (ÚNKP-22-5-
BME-282) is gratefully acknowledged.

[1] G. Vári et al. submitted (2022). [2] A. P. Farkas et al. Appl.
Catal. A Gen. 592, 117440 (2020).

O 47.6 Wed 11:45 GER 37
Local Electronic Structure of h-BN on Pt(110) — ∙Marco
Thaler1, Florian Mittendorfer2, Erminald Bertel1, and
Laerte Patera1 — 1Institute of Physical Chemistry, University of
Innsbruck, Austria — 2Institute of Applied Physics and Center for
Computational Materials Science, Vienna University of Technology,
Austria
The growth of large-scale single-orientation hexagonal boron nitride
(h-BN) monolayer has been recently achieved on the Pt(110) surface,
exploiting the inversion of the normal substrate-adsorbate relation [1].
Here we performed Scanning Tunneling Spectroscopy to locally probe
the electronic structure of h-BN and investigate the bonding config-
uration in detail. The moiré pattern arising from the mismatch with
the substrate is observed to induce a modulation of the conduction
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band onset of h-BN and a shift of the Pt-related state, implying vary-
ing interaction energies. In agreement with density functional theory,
the local density of states near the Fermi energy indicates a localized
covalent bonding between h-BN and Pt, causing a (1xn)-missing row
reconstruction of the Pt(110) surface. [1] D. Steiner, et al., ACS Nano,
13, 7083-7090 (2019).

O 47.7 Wed 12:00 GER 37
Chemical vapor deposition of high optical quality large
area monolayer Janus transition metal dichalcogenides —
∙A. George1, Z. Gan1, I. Paradisanos2, A. Estrada-Real2,
J. Picker1, E. Najafidehaghani1, F. Davies3, C. Neumann1,
C. Robert2, K. Watanabe4, T. Taniguchi4, X. Marie2, J.
Biskupek5, M. Mundszinger5, R. Leiter5, U. Kaiser5, A.
Krasheninnikov3, B. Urbaszek2, and A. Turchanin1 — 1Friedrich
Schiller University Jena, Jena, Germany — 2Université de Toulouse,
Toulouse, France — 3Helmholtz-Centre Dresden Rossendorf, Dresden,
Germany — 4National Institute for Materials Science, Tsukuba, Japan
— 5University of Ulm, Ulm, Germany
Large scale chemical vapor deposition growth of Janus SeMoS mono-
layers is reported, with the asymmetric top (Se) and bottom (S) chalco-
gen atomic planes with respect to the central transition metal (Mo)
atoms. The formation of these 2D semiconductor monolayers takes
place upon the thermodynamically driven exchange of the bottom
Se atoms of the initially grown MoSe2 single crystals on gold foils
with S atoms. The growth process is characterized by complemen-
tary experimental techniques including Raman and X-ray photoelec-
tron spectroscopy, transmission electron microscopy, and the growth
mechanisms are rationalized by first-principles calculations. The re-
markably high optical quality of the synthesized Janus monolayers is
demonstrated by optical and magneto-optical measurements which re-
veal the strong exciton-phonon coupling and enable to obtain an exci-
ton g-factor of -3.3. (Adv. Mater. 34, 2022, 2205226)

O 47.8 Wed 12:15 GER 37
Preparation and characterization of carborane based
nanomembranes — ∙Martha Frey1, Julian Picker1, Jakub
Višňáḱ2, Christof Neumann1, Tomáš Baše2, and Andrey
Turchanin1 — 1Friedrich Schiller University Jena, Institute of Phys-
ical Chemistry, Lessingstraße 10, 07743 Jena, Germany — 2The Czech
Academy of Sciences, Institute of Inorganic Chemistry, 250 68 Husinec-
Rez, c.p. 1001, Czech Republic
Carboranes are electron-delocalized molecular clusters containing
boron, carbon, and hydrogen. Because of their high chemical and ther-
mal stability as well as their structural variability, they are interesting
for a wide range of applications including nanoscale engineering, catal-
ysis, and boron neutron capture therapy. Here, we present the fabrica-
tion of a novel boron-based two-dimensional (2D) material via electron
irradiation induced cross-linking of carborane self-assembled mono-
layers (SAMs) on silver substrates. Using the double-cage molecule
1,2-dicarba-closo-dodecaborane-9,12-dithiol, the fabrication of a me-
chanically stable and continuous ∼1 nm thin membrane was achieved.
The self-assembly, cross-linking and transfer of the resulting nanomem-
branes onto grids have been characterized with different complemen-
tary surface-sensitive techniques including X-ray photoelectron spec-

troscopy (XPS), low-energy electron diffraction (LEED), ultraviolet
photoelectron spectroscopy (UPS) and scanning electron microscopy
(SEM).

O 47.9 Wed 12:30 GER 37
A Metastable Pentagonal 2D Material Synthesized by
Symmetry-Driven Epitaxy — ∙Lina Liu1,2 and Yong Chen1,2

— 1Department of Physics and Astronomy, Purdue University, West
Lafayette, Indiana, 47907, USA — 2Institute of Physics and Astron-
omy and Villum Centers for Dirac Materials and for Hybrid Quantum
Materials and Devices, Aarhus University, 8000 Aarhus-C, Denmark
Most two-dimensional (2D) materials experimentally studied so far
have hexagons as their building blocks. Only a few exceptions, such as
PdSe2, are lower in energy in pentagonal phases and exhibit pentagons
as the building blocks. Such pentagonal 2D materials demonstrate un-
precedented properties and unique applications originated from low-
symmetry lattice geometries. While theory has predicted a large num-
ber of pentagonal 2D materials, many of them are metastable and their
experimental realization is difficult. Here, we report the first synthesis
of a metastable pentagonal 2D material, the pentagonal PdTe2 mono-
layer, by symmetry-driven epitaxy. Scanning tunneling microscopy is
used to characterize the monolayer pentagonal PdTe2, which demon-
strates well-ordered low-symmetry atomic arrangements. Theoretical
calculations, along with angle-resolved photoemission spectroscopy, re-
veal the band structures of monolayer pentagonal PdTe2. In contrast
to the narrow bandgap of monolayer hexagonal PdTe2, monolayer
pentagonal PdTe2 is a semiconductor with a much bigger indirect
bandgap of 1.08 eV. Our work opens an avenue for the synthesis of
new, pentagon-based 2D materials and gives great opportunities to
explore their applications such as multifunctional electronics.

O 47.10 Wed 12:45 GER 37
The transformation of 2D honeycombs into dodecagonal qua-
sicrystals — ∙Stefan Förster, Loi Vinh Tran, Martin Haller,
Sebastian Schenk, and Wolf Widdra — Institute of Physics,
Martin-Luther-Universität Halle-Wittenberg, 06120 Halle, Germany
Oxide quasicrystals are 2D materials with an aperiodic dodecagonal
symmetry [1]. Starting from a binary oxide Ti2O3 honeycomb struc-
ture on Pt(111), the Ti𝑛O𝑛 ring structure with n=6 is transformed
into a network of rings with ring sizes of n= 4, 5, 7 and 10 in the
presence of Ba atoms. In these networks, n=7 rings host one Ba atom
and n=10 rings host two [23].

In this contribution, the basic mechanisms for the network transfor-
mation are discussed. Stone-Wales transformations are the key mech-
anism to realize n=4...7 rings. In addition, by incorporating an addi-
tional oxygen atom, two neighboring n=6 rings convert into a n=10
ring [3]. The amount of Ba controls this conversion process and leads
to a sequence of long-range ordered structures including a well-defined
quasicrystal.

[1] S. Förster, K. Meinel, R. Hammer, M. Trautmann, and W. Widdra,
Nature 502, 215 (2013)
[2] E. Cockayne et. al, Phys. Rev. B 93, 020101(R) (2016)
[3] S. Schenk, O. Krahn, E. Cockayne, H. L. Meyerheim, M. De-
Boissieu, S. Förster, and W. Widdra, Nat. Commun, accepted (2022)
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