
Regensburg 2019 – TT Monday

TT 9: Graphene I: Structure and Growth (joint session O/TT)

Time: Monday 10:30–13:00 Location: H24

Invited Talk TT 9.1 Mon 10:30 H24
Real-time imaging of adatom-promoted graphene growth on
nickel — ∙Laerte L. Patera — Department of Physics, University
of Trieste, 34127 Trieste, Italy — IOM-CNR - TASC Laboratory, Baso-
vizza, 34149 Trieste, Italy — Institute of Experimental and Applied
Physics, University of Regensburg, 93053 Regensburg, Germany
Single adatoms are expected to participate in many processes and
chemical reactions occurring at solid surfaces. We demonstrate, both
experimentally and theoretically, the catalytic role played by single
metal adatoms during the graphene growth on Ni(111). The catalytic
action of individual Ni atoms at the edges of a growing graphene flake
was directly captured by scanning tunneling microscopy imaging at
video-rate, allowing the precise determination of the atomic structure
of reaction intermediates in the ms time-scale. Force field molecular
dynamics and density functional theory calculations rationalize the ex-
perimental observations. Our results unveil the mechanism governing
the activity of a single-atom catalyst at work [1].

[1] L. L. Patera et al., Science 359, 1243-1246 (2018)

TT 9.2 Mon 11:00 H24
Adsorption Heights and Coupling Strength at
Graphene/Ni(111) and h-BN/Ni(111) interfaces —
∙Christina Schott1, Johannes Seidel1, Markus Franke2,
Anja Haags2, You-Ron Lin2, Martin Aeschlimann1, Chris-
tian Kumpf2, and Benjamin Stadtmüller1 — 1Department of
Physics and Research Center OPTIMAS, TU Kaiserslautern, 67663
Kaiserslautern, Germany — 2Peter Grünberg Institut, Functional
Nanostructures at Surfaces, 52425 Jülich, Germany
From a technological point of view, 2D material stacks consisting of
light elements grown on ferromagnetic surfaces are highly promising
for spintronic applications due to their low spin-orbit coupling and the
large charge and spin carrier velocity. However, utilizing the exotic
properties requires a minimization of the chemical interaction between
the 2D layers and the ferromagnet. Therefore, we have investigated
the interlayer interaction strength and coupling mechanisms in bilayer
films of prototypical 2D materials on the ferromagnetic surface Ni(111)
by using the NIXSW technique. The small vertical bonding distance
between graphene or the nano-graphene molecule coronene and the
Ni(111) surface suggests a strong chemical interaction across the in-
terface. To achieve a decoupling of coronene from Ni, we used one
layer of h-BN as a buffer layer between one the coronene layer and the
Ni substrate. Here, we will discuss the modifications of the vertical
adsorption height of gr and coronene upon the passivation of the Ni
surface and correlate our findings to the chemical interaction and the
vertical distortions of these 2D layers.

TT 9.3 Mon 11:15 H24
Thermodynamically Stable Small-Angle Twisted Domains
in Graphene on Iridium (111) — ∙Karim M. Omambac1,
Christian Brand1, Hichem Hattab1, Laurenz Kremeyer1, Giri-
raj Jnawali1, Alpha T. N’Diaye2, Johann Coraux2, Raoul
van Gastel3, Bene Poelsema3, Thomas Michely2, Frank-Jörg
Meyer zu Heringdorf1, and Michael Horn-von Hoegen1 —
1Universität Duisburg-Essen, Germany — 2Universität zu Köln, Ger-
many — 3University of Twente, The Netherlands
Lattice rotations or twists is one to the characteristics in the catalytic
growth of monolayer graphene on a hot metallic surface. In particular,
these small-angle twists have not yet been found experimentally but
have been predicted partly through density functional theory calcula-
tions [1]. In this low energy electron diffraction study we evaluated
the distribution of twisted domains of the epitaxially grown graphene
on Ir(111) through spot profile analysis of the moiré spots. We find
a new class of small-angle twisted domains with clear and distinct
twist angles of 1.7∘, 1.1∘ and 0.6∘ at growth temperatures of 1255 K,
1350K, and 1460K, respectively. To further analyze, we performed a
simple two-dimensional in-plane coincidence site lattice analysis tak-
ing only into account the thermal expansion coefficients between the
substrate and the epitaxially grown graphene. The results show a very
good agreement with the experimental findings suggesting the origin
of these small-angle twisted domains is strongly dependent on the vari-
ation of the lattice mismatch between graphene and Ir(111) substrate
during growth. [1] J. Phys.: Condens. Matter 24, 314214 (2012)

TT 9.4 Mon 11:30 H24
Buckling of graphene on Ir(111) by the intercalation of
cobalt — ∙David A Duncan1, Nicolae Atodiresei2, Simone Lisi3,
Phil J Blowey1,4, Vasile Caciuc2, James Lawrence4, Tien-Lin
Lee1, Maria Grazia Betti5, Pardeep Thakur Kumar1, Ada
Della Pia5, Giovanni Costantini4, and D. Phil Woodruff4 —
1Diamond Light Source, Didcot, UK — 2Forschungzentrum Jülich,
Jülich, Germany — 3Institut Néel, Grenoble, France — 4University of
Warwick, Coventry, UK — 5University Sapienza of Rome, Rome, Italy
The intercalation of Co between graphene and Ir(111) results in a
corrugated network of strongly and weakly bound carbon [1]. Util-
ising the X-ray standing wave method to monitor the chemical-state
resolved C 1s photoemission components [2], we determine that the
strongly bound C atoms adsorb with a mean adsorption height, above
the Co layer, of 2.06(3) Å, almost 0.75 Å lower than that of the
weakly bound C atoms (2.76(5) Å). DFT calculations using DFT-D2
and vdW-DF corrections predict a subtle difference corrugation struc-
ture, with DFT-D2 predicting a local maximum where the vdW-DF
predicts a global minimum. The DFT-D2 calculations result in a struc-
tural model that more closely matches the experimental results, with
the vdW-DF calculations predicting mean adsorption heights for the
strongly and weakly bound C atoms that are 0.10 Å and 0.37 Å closer
to the Co intercalant, respectively, than measured experimentally. De-
spite this difference, both functionals predict a covalent like interaction
between the Co and the C, resulting in a weak nearest-neighbour C-C
buckling.

[1] PRB 87 (2013), 041403; [2] PRB, 90 (2014), 195446

TT 9.5 Mon 11:45 H24
Understanding the first steps of graphene growth: a study
of small carbon clusters on Cu surfaces — ∙Juan Santiago
Cingolani, Mie Andersen, and Karsten Reuter — Chair of The-
oretical Chemistry, Technical University of Munich, Germany
It has been shown that high quality single layer graphene can be ob-
tained through chemical vapor deposition on liquid Cu [1]. The role
of the liquid surface in carbon nucleation as well as in defect healing
is not yet well understood. While a comprehensive description of the
growth mechanism would require molecular dynamics (MD) simula-
tions, a first step is to study the precursors for graphene growth and
the influence of the surface on them.

We performed a series of density-functional theory (DFT) calcula-
tions of carbon clusters of different sizes adsorbed to different Cu facets
aiming to shed some light on the effects of the surface on relative sta-
bilities, as well as on experimentally accessible properties such as vi-
brational frequencies. We also take advantage of the data generated to
fit the parameters of density-functional tight binding, a semi-empirical
method, which in turn allows us to carry out MD simulations for longer
timescales and in larger systems than otherwise accessible through ab
initio methods. We then simulate graphene flakes on liquid Cu at dif-
ferent levels of theory to get a clearer picture of what the Cu surface
might look like under growth conditions.

[1] L. Tan, M. Zeng, T. Zhang, L. Fu, Nanoscale 7, 9105 (2015).

TT 9.6 Mon 12:00 H24
Aperiodically ordered nano-graphene — ∙Mahalingam
Maniraj1, Lu Lyu1, Sebastian Becker1,2, Dominik Jungkenn1,
Sebastian Emmerich1, Sina Mousavion1, D L Schlagel3, T
A Lograsso3, Sudipta Roy Barman4, Stefan Mathias5, Ben-
jamin Stadtmuller1, and Martin Aeschlimann1 — 1Department
of Physics and Research Center OPTIMAS, University of Kaiser-
slautern, Germany — 2Department of Chemistry, TU Kaiserslautern,
Germany — 3Division of Materials Sciences and Engineering, Ames
Laboratory, USA — 4UGC-DAE Consortium for Scientific Research,
Indore (M.P.), India — 5I. Physikalisches Institut, Georg-August-
Universität Göttingen, Göttingen, Germany
We demonstrate that the quasiperiodic order of surfaces can be trans-
ferred to 2D adsorbate systems by investigating the self-assembly of the
nano graphene molecule coronene on the icosahedral(i)-Al-Pd-Mn qua-
sicrystalline surfaces using multiple surface sensitive techniques. We
find a quasiperiodic ordering of coronene on the i-Al-Pd-Mn surface
which can be explained qualitatively by the P1 Penrose tilling. Using
angle resolved photoemission spectroscopy, we observe a 5-fold sym-
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metric modulation of the photoemission intensity distribution in the
kx-ky-plane with a clear band dispersion along the high symmetry axis
in momentum space. The latter suggests a direct correlation between
the energy and momenta of the electrons in the quasicrystal and the
rotational symmetry of the system. Moreover, the pseudogap of the
bare Al-Pd-Mn persists even after the adsorption of the aperiodically
ordered coronene confirming the quasiperiodic nature of the interface.

TT 9.7 Mon 12:15 H24
The role of the curvature of graphitic materials in the oxy-
gen adoption reaction — Jakob Hauns, Julian Wüst, Jürgen
Weippert, Regina Fischer, Frank Hennrich, Dmitry Strel-
nikov, ∙Artur Böttcher, and Manfred M. Kappes — Institute
of Physical Chemistry, Karlsruhe Institute of Technology (KIT), Fritz-
Haber-Weg 2, 76131 Karlsruhe, Germany
The capability of graphitic materials to bind atomic oxygen has been
studied under ultrahigh vacuum conditions by monitoring the oxygen-
induced evolution of the XPS-O1s, -C1s and the valence band states,
UPS-VB. Three groups of solid films were investigated: HOPG (pla-
nar graphene sheet), felts of metallicity-sorted single walled carbon
nanotubes S-, M-SWCNTs and solid C60 films. The monodispersed
materials chosen here differ by the curvature 𝐶 of the graphene layers.
In order to quantify the role of strained C-C-C bonds in the oxidation
pathway exactly the same oxidation procedure has been applied to all
graphitic materials. The VB-DOS profiles measured for oxidized films
differ clearly by their oxygen-derived bands and the work functions.
The evolution of the XPS-O1s and -C1s states indicate that whereas
the oxidation of planar graphene sheets proceeds via epoxy species [1],
ether functionalities dominate the oxidative scenario of the curved sur-
faces of SWCNT and C60. The yield for the initial oxygen-adoption
reaction for all curved surfaces is significantly higher than that mea-
sured for planar graphene sheets. This finding stresses the unique role
of the strained -C-C-C- bonds which facilitate the formation of ether
functionalities. [1] A. Barinov, et al. J. Phys. Chem. C 2009, 113,
9009.

TT 9.8 Mon 12:30 H24
Thermal reduction of graphene oxide studied by electron
spectroscopy — ∙Gianluca Di Filippo1, Andrea Liscio2, and
Alessandro Ruocco1 — 1Dipartimento di Scienze, Università degli
Studi Roma Tre, Rome, Italy — 2Consiglio Nazionale delle Ricerche,
Istituto per la Microelettronica e Microsistemi, Rome, Italy
Graphene oxide (GO) is a purely 2D material composed of a conduc-
tive filter given by sp2 domains and an insulating matrix containing

sp3-carbons, defects, holes and oxygen functional groups. The latter
make GO an insulator, but its electronic, optical and structural prop-
erties can be tailored via controlled removal of the oxygen groups. This
enables reduced graphene oxide (rGO) to be used in many fields such
as sensors development and energy storage applications.
In this work, we investigated the thermal reduction of GO in ultra-
high-vacuum by combining several electron spectroscopies. Photoe-
mission spectroscopy (XPS and UPS) was used to investigate varia-
tions in the chemical and electronic structure of GO reduced in the
150 ∘C - 750 ∘C temperature range. The optical properties of rGO
were investigated using electron energy loss spectroscopy (EELS). The
build-up of the 𝜋−plasmon excitation was observed upon reduction
at 300 ∘C, this revealing the formation of ordered graphene-like areas
with dimensions around 5 nm. The vibrational spectrum revealed the
presence of CH groups on the surface. Most of the hydrogen atoms are
bound to sp3-carbon and are probably located in oxidized regions in
the basal plane of rGO. The sp3-CH impurities can be removed upon
annealing at 750 ∘C where only sp2 CH defects are observed.

TT 9.9 Mon 12:45 H24
Intercalation dynamics of sulfur underneath graphene on
Ru(0001) — ∙Lars Buß1, Jens Falta1,2, and Jan Ingo Flege3

— 1Institute for Solid State Physics, University of Bremen, Germany
— 2MAPEX Center for Materials and Processes, University of Bre-
men, Germany — 3Applied Physics and Semiconductor Spectroscopy,
Brandenburg University of Technology Cottbus-Senftenberg, Germany
It is known that the binding of epitaxially grown graphene to the
substrate has a detrimental effect on its electronic properties. This
is especially true for the strong binding to various transition metals
and particularly ruthenium. However, via intercalation the interlayer
coupling can be lifted and its unique electronic properties can be re-
stored. Therefore, we have investigated the interaction of sulfur with
single-layer graphene grown on Ru(0001) via surface segregation and
CVD of ethylene under UHV conditions with in situ low-energy elec-
tron microscopy (LEEM) and micro-diffraction (𝜇LEED). At elevated
temperature and under dimethyl disulfide background pressure, we ob-
serve that sulfur intercalates through the open edges of the graphene is-
lands. Prolonged exposure to sulfur induces wrinkling of the graphene
islands, consistent with substantial relief of tensile strain after success-
ful sulfur insertion underneath the graphene. It can be seen that the
intercalation dynamics are both dependent on the temperature during
intercalation and the preparation method of the graphene sheets. Fur-
thermore, darkfield imaging and 𝜇LEED of the intercalated graphene
reveal a graphene induced improved ordering of sulfur underneath.

2


