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O 98: Organic-Inorganic Systems V: Adsorption on Metals

Time: Friday 10:30–13:15 Location: H24

O 98.1 Fri 10:30 H24
Thiolate versus Selenolate: Structure, Stability, and Charge
Transfer Properties — ∙Tobias Wächter1, Jakub Ossowski2,
Laura Silies3, Martin Kind3, Agnieszka Noworolska2, Florian
Blobner4, Dominika Gnatek2, Jakub Rysz2, Michael Bolte3,
Peter Feulner4, Andreas Terfort3, Piotr Cyganik2, and
Michael Zharnikov1 — 1Angewandte Physikalische Chemie, Uni-
versität Heidelberg, Im Neuenheimer Feld 253, 69120 Heidelberg, Ger-
many — 2Smoluchowski Institute of Physics, Jagiellonian University,
Reymonta 4, 30-059 Krakow, Poland — 3Institut für Anorganische
und Analytische Chemie, Universität Frankfurt, Max-von-Laue-Straße
7, 60438 Frankfurt, Germany — 4Physikdepartment E20, Technische
Universität München, 85747 Garching, Germany
Self-assembled monolayers (SAMs) of 6-cyanonapthalene-2-thiolate
and -selenolate were prepared on Au(111) and characterized by sev-
eral complementary spectroscopic techniques. The exact structural
arrangements in both types of SAMs are somewhat different, but at
the same time they have similar packing densities and molecular orien-
tations. This permitted reliable competitive exchange and ion-beam-
induced desorption experiments which provided unequivocal evidence
for a stronger bonding of selenolates to the substrate as compared to
the thiolates. Regardless of this difference, the dynamic charge trans-
fer properties of both adsorbates were found to be nearly identical,
as determined by the core-hole-clock approach, which is explained by
a redistribution of electron density along the molecular framework,
compensating the difference in the bond strength.

O 98.2 Fri 10:45 H24
In-situ LEEM investigation of the growth of organic mono-
layers on metal surfaces — ∙Janina Felter, Caroline Henneke,
Jana Wolters, and Christian Kumpf — Peter Grünberg Institut
(PGI-3), Forschungszentrum Jülich, 52425 Jülich, Germany, and Jülich
Aachen Research Alliance (JARA)-Fundamentals of Future Informa-
tion Technology, Germany
The adsorption of organic molecules on metal surfaces are of high-
est relevance for applications in the field of organic electronics and
for fundamental studies of the interaction mechanisms. In partic-
ular, a deep understanding of the nucleation and the formation of
the first molecular layer is necessary since this layer acts as a tem-
plate for further growth and determines the electronic properties of
the interface. By using LEEM, PEEM and 𝜇LEED, we studied the
growth dynamics of Copper-II-phthalocyanine (CuPc) and 1,4,5,8-
naphthalene-tetracarboxylic-acid dianhydride (NTCDA) monolayers
on low-indexed metal surfaces in-situ and in real-time. Besides others,
we have observed the transformation of CuPc domains into each other
during and after deposition on Ag(111). In an ongoing PEEM-based
ARPES study, we also investigate the electronic properties of these
metal-organic interfaces.

O 98.3 Fri 11:00 H24
Multiple molecular templates induced by dehydrogenation
of a benzoquinone derivative on Cu(111) — ∙Giuseppe
Mercurio1, Nils Wind1, Simon Weiß2,3, Serguei Soubatch2,3,
Frank Stefan Tautz2,3, and Wilfried Wurth1,4 — 1Physics De-
partment and Center for Free-Electron Laser Science, University of
Hamburg, Hamburg, Germany — 2Peter Grünberg Institut (PGI-3),
Forschungszentrum Jülich, Jülich, Germany — 3JARA - Fundamen-
tals of Future Information Technology, Germany — 4DESY Photon
Science, Hamburg, Germany
Organic layers on metal surfaces self-organize in a great variety of dif-
ferent surface templates depending on the intermolecular and molecule-
metal interactions. The design of a molecular building block with
specific structural and chemical properties needs to account for pos-
sible chemical modifications (e.g. dehydrogenation) upon deposition
on a reactive substrate. In this context a fundamental understand-
ing of the molecule/metal interface before and after dehydrogenation
of the selected molecular unit is essential. To this end DHBQ (2,5-
dihydroxyl-benzoquinone), a prototypical molecular building block for
metal-organic networks, was investigated on the Cu(111) surface. It
was found that the dehydrogentation of DHBQ can be thermally acti-
vated. Moreover, depending on the degree of dehydrogenation of the
molecular layer different superstructures form on the surface. These

different molecular phases were investigated by means of x-ray pho-
toemission spectroscopy, low-energy electron diffraction and normal
incidence x-ray standing wave.

O 98.4 Fri 11:15 H24
Structure formation of tetramantane[121] on copper(111) —
∙Marvin Stiefermann1, Daniel Ebeling1, Peter Schreiner2,
and André Schrimeisen1 — 1Institut für Angewandte Physik der
Justus-Liebig-Universität Gießen — 2Institut für Organische Chemie
der Justus-Liebig-Universität Gießen
Nanodiamonds are nanometer sized hydrocarbon molecules, which ex-
hibit a diamondlike structure. As for other nanosized carbon mate-
rials (e.g. nanotubes or nanoribbons) diamondoids are discussed to
exhibit tunable electronic properties[1]. For future applications in na-
noelectronics it is therefore inevitable to study the interaction between
diamondoids and solid substrates. Here, we studied the structure for-
mation of tetramantane[121] on a close packed metal substrate with
low temperature scanning tunneling microscopy. Tetramantane was
evaporated at room temperature under UHV conditions onto a clean
copper(111) surface using a self-constructed molecule gun. We ob-
served that tetramantane forms islands on copper(111). Furthermore,
we discovered different phases within these islands, which show com-
mensurability with the substrate.

[1] Adhikari et al, Nanotechnology, Volume 26, Number 3,
035701,(2015)

O 98.5 Fri 11:30 H24
On the Temperature-dependent Behavior of Ultrathin
Ethylene Carbonate Films on Graphite(0001) — ∙Maral
Bozorgchenani1, Florian Buchner2, and R. Jürgen Behm1,2

— 1Ulm University, Institute of Surface Chemistry and Catalysis, D-
89069 Ulm, Germany — 2Helmholtz Institute Ulm (HIU) Electrochem-
ical Energy Storage, D-89081 Ulm, Germany
The interaction of ethylene carbonate (EC) with graphite(0001) as a
model for the anode|electrolyte interface in Li-ion batteries was inves-
tigated under ultrahigh vacuum conditions. X-ray photoelectron spec-
troscopy (XPS) and Fourier transform infrared spectroscopy (FTIRS)
were employed. After vapor deposition of a monolayer on graphite at
80 K the XP C1s and O1s spectra reveal the adsorption of intact ad-
sorbed molecular adsorbates. Upon slow annealing the intensity of the
XP signals related to EC drastically decreases in the temperature range
between 190 and 210 K, mainly due to desorption. Subsequently, peaks
with low intensity are still visible, which is related to decomposition
products on the surface. FTIRS measurements at 80 K demonstrate
modes of molecularly adsorbed EC. Difference spectra (background of
the EC covered surface) recorded upon annealing reveal the evolution
of bands with positive amplitudes (120 - 210 K) which are related ei-
ther to molecular rearrangement effects or the formation of new species,
and with negative amplitudes due to the loss of EC. At 210 K no EC
is detected any more. The nature of the EC decomposition products
is discussed and a comparison with our previous results on Cu(111) is
given.

O 98.6 Fri 11:45 H24
Carbene based molecular anchors on metal surfaces — ∙Bibek
Adhikari1, Sheng Meng2, and Maria Fyta1 — 1Institute for Com-
putational Physics, Stuttgart, Germany — 2Institute of Physics, Chi-
nese Academy of Sciences, Beijing, China
N-hetero-cyclic carbenes (NHCs) are emerging as an alternative class of
molecules to thiol-based self-assembled monolayers (SAMs). A carbon-
gold bond is stronger than the sulfur-gold bond, making the carbene-
based self-assembled monolayers much more stable in harsh environ-
mental conditions. In this work, we have functionalized tiny hydro-
genated diamond-like cages, known as diamondoids, using NHCs in
order to prepare highly stable self assembled monolayers (SAMs) of
diamondoids on metal substrates. Using quantum-mechanical simula-
tions, we were able to extract the structural and electronic properties of
the carbene-mediated diamondoid SAMs on metal surfaces. Two dif-
ferent configurations for the carbene-functionalized diamondoids are
considered and attached on gold, silver, and platinum surfaces. The
binding energy of S-Ag, S-Au, S-Pt and the comparison on the differ-
ences between thiol-metal and carbene-metal bonds are reported. A
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preferential binding to platinum surfaces was found, while a modula-
tion of the work function in all cases was clear. We mainly focus on the
binding characteristics and stability of the NHC-mediated diamondoid
SAMs. The surface morphology of all NHC-based diamondoid SAMs
was shown through the simulated STM images which show character-
istic features of each surface.

O 98.7 Fri 12:00 H24
Beyond the hexagon: Non-alternant aromatic molecules on
metal surfaces — Benedikt P. Klein, Philipp Müller, Johanna
Schepp, Falk Niefind, Malte Zugermeier, Maik Schöniger,
Martin Schmid, and ∙J. Michael Gottfried — Fachbereich
Chemie, Philipps-Universität Marburg, Germany
The interaction of conjugated organic hydrocarbons, in particular aro-
matic species, with metal surfaces has been a major topic in surface
science during the past decade. Up to now, the focus has been al-
most exclusively on alternant hydrocarbons, which are characterized
by an even charge distribution and highly delocalized frontier orbitals.
In contrast, non-alternant hydrocarbons have uneven charge distribu-
tions, which can result in considerable in-plane dipole moments, and
more localized frontier orbitals. They also do not obey the Coulson-
Rushbrooke pairing theorem and thus have shifted valence levels com-
pared to the isomeric alternant hydrocarbons. In this contribution,
we present the first systematic studies of non-alternant aromatic hy-
drocarbons on the (111) surfaces of Cu, Ag and Au. In particu-
lar, we focus on naphthalene as an alternant hydrocarbon and bicy-
clo[5.3.0]decapentaene (BDP) as its non-alternant counterpart. On the
basis of extensive NEXAFS, PES, TPD and STM studies, we show that
the non-alternant hydrocarbon interacts much stronger with the metal
surfaces, especially in the case of Cu(111), and that the interaction is
more localized. The non-alternant species also experiences a consid-
erable out-of-plane deformation, which results from the localization of
the frontier orbitals.

O 98.8 Fri 12:15 H24
Layer-resolved evolution of perfluoropentacene thin films on
Ag(110) surfaces — ∙Ebrahim Ghanbari, Markus Aiglinger,
Andrea Navarro-Quezada, Thorsten Wagner, and Peter Zep-
penfeld — Institute of Experimental Physics, Johannes Kepler Uni-
versity, Altenbergerstr. 69, 4040 Linz, Austria
The optical properties of organic thin films depend on the crystallo-
graphic structure and orientation. In addition, the interaction with the
substrate can strongly affect electronic and optical properties. Here,
we apply polarization dependent differential reflectance spectroscopy
(pol-DRS) [1] and photoelectron emission microscopy (PEEM), simul-
taneously, to study the evolution of perfluoropentacene (PFP) thin
films on Ag(110) surface. The adsorption of the organic molecules lo-
cally changes photoelectron emission yield of the surface giving rise to
the contrast in PEEM. Therefore, PEEM is perfectly suited to study
the evolution of the film morphology on the 𝜇m scale in real-time
whereas, The pol-DRS is employed to investigate the temporal evolu-
tion of the (global) optical properties during thin film deposition. The
variation of the PEEM and pol-DRS signals during PFP deposition
reveal characteristic changes which can be attributed to the comple-
tion of subsequent layers and structural phase transition within these
layers.

[1] A. Navarro-Quezada, M. Aiglinger, E. Ghanbari, Th. Wagner,
and P. Zeppenfeld, Rev. Sci. Inst. 86, 113108 (2015)

O 98.9 Fri 12:30 H24
A comparative STM study: adsorption behavior of differ-
ent benzoporphyrin derivatives on coinage metals — Michael
Lepper, Michael Stark, Liang Zhang, Hans-Peter Steinrück,
and ∙Hubertus Marbach — Lehrstuhl für Physikalische Chemie II
and Interdisciplinary Center for Molecular Materials (ICMM), Univer-
sität Erlangen-Nürnberg, Egerlandstr. 3, D-91058
A detailed comparative scanning tunneling microscopy (STM) study of

the self-assembly of different benzoporphyrin derivatives, among these
Ni(II)-5,10,15,20-tetraphenyltetrabenzoporphyrin (NiTPBP) [1], the
corresponding free-base analogue 2HTPBP and of Ni(II)-meso-tetrakis
(4-tert-butylphenyl) benzoporphyrin (NiTTBPBP) [2], i.e., with ad-
ditional tert-butyl groups at the para positions of the phenyl sub-
stituents on different substrates, namely Ag(111), Cu(111), Cu(110)
and Cu(110)-(2x1)O will be presented and discussed. Depending on
the actual molecule-substrate combination, the coverage and the sam-
ple temperature different adsorption behaviors are observed ranging
from polymorphism [1], monomodal supramolecular arrangements [2]
to the formation of molecular chains. The results will be interpreted
based on the specific molecule-substrate and molecules-molecules in-
teractions [1]. A particular focus will thereby be on the benzo groups
which effectively establish a steric hindrance within the porphyrin
macrocycle.

[1] M. Lepper et al., J.Phys. Chem. C, 119 (2015) 19897
[2]L. Zhang et al., PCCP, 17 (2015) 13066

O 98.10 Fri 12:45 H24
Self-assembly of triphenylene molecules on the reconstructed
Au(111) surface: influence of the surface stacking order —
Sören Zint1, ∙Daniel Ebeling1, Sebastian Ahles2, Hermann A.
Wegner2, and André Schirmeisen1 — 1Institute of Applied Physics
(IAP), Justus Liebig University Giessen, Heinrich-Buff-Ring 16, 35392
Giessen, Germany — 2Institute of Organic Chemistry, Justus Liebig
University Giessen, Heinrich-Buff-Ring 17, 35392 Giessen, Germany
Polycyclic aromatic hydrocarbons are an interesting component for
the fabrication of nanoscale electronic devices, due to an extended
pi-system and the possibility of forming graphene-like material. A
powerful tool for the bottom-up fabrication of such nanostructures
is molecular self-assembly. We study self-assembly of triphenylene
molecules on the reconstructed Au(111) surface at submonolayer cov-
erages by low temperature UHV STM at 5K. The molecules adsorb
planarly, in two orientations only, corresponding to a 60∘ rotation. At
low and medium coverages self-assembly is determined by strong at-
tractive surface-molecule interactions and repulsive molecule-molecule
interactions, which is accompanied by a one-to-one ratio of molecu-
lar orientations. At full monolayer coverage, however, the molecules
undergo a reorientation into two different close-packed domains, lead-
ing to a significant overrepresentation of one molecular orientation.
This reorientation strongly correlates with the stacking order of the
substrate. Hence, the self-assembly process is controlled by the inter-
action of triphenylene with subsurface Au layers, which provides an
additional mechanism for designing new systems.

O 98.11 Fri 13:00 H24
Probing the Conformations of Synthetic Sequence Con-
trolled Polymers — Ivan Pentegov1, Tam Trinh2, ∙Stephan
Rauschenbach1, Uta Schlickum1, Sabine Abb1, Ludger
Harnau1, Simone Conti2, Duy Le3, Talat Rahman3, Marco
Ceccini2, Jean-Francois Lutz2, and Klaus Kern1 — 1Max-
Planck-Institute for Solid State Research, Stuttgart — 2Université de
Strasbourg, France — 3University of Central Florida, Orlando FL,
USA
In natural as well as synthetic sequence controlled polymers (SCP) the
sequence of building blocks covalently hardwires a secondary molecu-
lar structure, either to store information or to encode properties like
molecular conformation. Therefore the two major challenges for the
application of SCP are deciphering the sequence of a SCP and relat-
ing the sequence to its conformation. We employ scanning tunnel-
ing microscopy (STM) to characterize individual SCPs of the class of
oligo-triazolamines (OTA) at highest spatial resolution. For this, elec-
trospray ion beam deposition (ES-IBD) ensures chemical purity and
intact deposition on ultrapure substrates. We observe conformations,
which can be modeled by molecular dynamics (MD) simulations and
density functional theory (DFT). Depending on the sequence, we find
structural variety depending on the sequence of ’0’ and ’1’ represented
by the absence or presence of a methyl group, respectively.
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