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MA 34.1 Thu 10:30 H33
Deviation from Coulombic behavior in short-range interac-
tions of atoms on the GaAs(110) surface — ∙David Gohlke1,2

and Jay Gupta1 — 1Ohio State University, Columbus, OH USA —
2Universität Regensburg, Regensburg, Germany
Mn-doped GaAs is a prototypical dilute magnetic semiconductor where
substitutional Mn act as electron acceptors while their magnetic mo-
ment allows for long-range magnetic interactions. By using low-
temperature (5K) scanning tunneling microscopy (STM), we examine
the electronic properties of individual Mn dopants in GaAs. We have
previously shown that the binding energy of the Mn electron acceptor
state can be tuned by controlled atomic-scale placement of a nearby
charged defect, and that the shift of the binding energy due to re-
pulsion between the bound hole and these charged defects follows a
1/r Coulombic behavior [Lee and Gupta, Science (2010), Gohlke et
al., submitted]. Here we will discuss our observations of deviations
from the 1/r behavior. First, our data show that the anisotropy of the
GaAs(110) surface affects the interaction between Mn acceptors and
charged adatoms. Second, for charged defects brought within 2nm of
the acceptor, we observe defect-induced band bending that changes
the occupancy of a hybridized Mn state located in the valence band,
resulting in a turnaround behavior of the measured resonance energy.
This research has implications in studying the interactions between
atoms in Mn-doped GaAs, a material for which the mechanisms for
magnetism are still debated.

MA 34.2 Thu 10:45 H33
Mapping of the spin-resolved band structure of fct cobalt
films on Cu(100) — ∙Christian Tusche1, Martin Ellguth1,
Alexander Krasyuk1, Carsten Wiemann2, Vitaliy Feyer2,
Marten Patt2, Claus M. Schneider2, and Jürgen Kirschner1 —
1Max-Planck-Institut für Mikrostrukturphysik, 06120 Halle, Germany
— 2Forschungszentrum Jülich, 52428 Jülich, Germany
We report on the spin resolved band structure of ultra thin fct cobalt
films grown on Cu(100), measured over large volumes in momentum
space. Experiments were carried out at the NanoESCA beamline [1]
of the Elettra synchrotron. The instrument, consisting of a photoelec-
tron microscope and an imaging energy analyzer, directly maps the
parallel momentum component of photoelectrons at a fixed energy.
An imaging spin filter, based on the reflection of low energy electrons
at a W(100) crystal, was installed temporarily at the exit of the en-
ergy filter [2]. This allowed to record the spin polarization at 4 · 103

discrete reciprocal space points, in each momentum image. This effi-
cient approach gives direct access to majority and minority spin bands
in the Fermi surface and their dispersion towards larger binding en-
ergies. Using 40 eV to 200 eV photons, several constant energy cuts
in the 3D Brillouin zone are selected. The comprehensive data sets
are expected to serve as valuable input for advanced concepts in the-
ory for the refined treatment of spin-dependent electron correlation.
— [1] Wiemann, Patt, Krug, Weber, Escher, Merkel, Schneider, e-
J. Surf. Sci. Nanotech. 9, 395 (2011) — [2] Tusche, Ellguth, Ünal,
Chiang, Winkelmann, Krasyuk, Hahn, Schönhense, Kirschner, Appl.
Phys. Lett. 99, 032505 (2011)

MA 34.3 Thu 11:00 H33
Investigation of the Si/Fe interface with standing-wave ex-
cited HAXPES — ∙Sven Döring1, Michael Voigt2, Martina
Müller2, Mihaela Gorgoi3, Daniel E. Bürgler2, and Claus M.
Schneider1,2 — 1Experimentalphysik, Universität Duisburg-Essen,
Lotharstr. 1, 47057 Duisburg — 2PGI-6, Forschungszentrum Jülich,
52425 Jülich — 3Helmholtz Zentrum Berlin für Materialien und En-
ergie, Albert Einstein Str. 15, 12489 Berlin
The interface between the ferromagnet Fe and the semiconductor Si is
supposed to be a crucial part of future spintronic devices. The pos-
sible formation of silicides and the degree of an intermixing between
the layers at the interface has a large influence on the conductance
and efficiency of spin-injecting currents from the metal layer into the
semiconductor. Therefore, we studied the interface between thin MBE-
grown layers of Si on Fe with standing-wave excited hard x-ray pho-
toemission spectroscopy. This method gives us a chemically sensitive
depth-profile of the sample with a depth-resolution of a few Å and we
are able to compare the interface structure of samples that were grown

under different conditions.
The Si/Fe sample systems were grown on top of multilayer mirrors

that give rise to a high reflectivity and thus to strong modulations
of the HAXPES signals. The Fe layer was grown as a wedge which
enables us to perform rocking-curve experiments as well as so-called
Swedge scans.

MA 34.4 Thu 11:15 H33
Inverse proximity effects in superconductor/ferromagnet bi-
layer explored by polarized neutron reflectometry — ∙Yury
Khaydukov1, Bela Nagy2, Jung-Hwa Kim1, Thomas Keller1,
Laszlo Bottyan2, and Bernhard Keimer1 — 1Max-Planck Insti-
tute for Solid State Research, Stuttgart, Germany — 2Wigner Re-
search Centre for Physics, Budapest, Hungary
The inverse proximity effect, i.e. the appearance of magnetic correla-
tions in the superconductor (S) close to the interface with a ferromag-
net (F) was first considered theoretically in early 2000s. The origin of
this effect is the exchange coupling of free (itinerant) electrons near the
S/F interface. The spin up electron of a Cooper pair would prefer to
be located in ferromagnetic region while spin down electrons would re-
main in the superconducting region This leads to the development of a
magnetic sublayer within the S layer close to the interface with its mag-
netization antiparallel to the magnetization of free electrons of F layer
Me. Thickness of the sublayer is comparable with the superconduct-
ing coherence length, 𝜉. We studied the effect using different methods
including transport measurements, SQUID magnetometry etc. How-
ever, the main method which allowed us to get the information about
the thickness of proximity induced magnetic sublayer was Polarized
Neutron Reflectometry . Dependence of this effect (sign and size) on
the temperature, coherence length of the S layer 𝜉, exchange coupling
strength of the F layer will be discussed in details.

MA 34.5 Thu 11:30 H33
Spin-density wafe node on antiferromagnetic Cr(110) islands
— ∙Tobias Mauerer1, Pin-Jui Hsu1, Weida Wu2, and Matthias
Bode1 — 1Institute of Experimental Physics II, University Würzburg,
Am Hubland, 97074 Würzburg — 2Department of Physics and Astron-
omy and Rutgers Center for Emergent Materials, Rutgers University,
Piscataway, New Jersy 08854, USA
We have performed a detailed analysis of the evolution of the charge-
density wave (CDW) on the surface of nanoscale Cr islands grown on
W(110). By combining conventional spin-averaged and spin-polarized
scanning tunneling microscopy (SP-STM) we show that the CDW
wavelength exhibits a striking thickness dependence. In particular,
the CDW wavelength along the surface [11̄0] direction increases by
about 30% as the island thickness is decreased from about 50 nm to
5.2 nm. A gap with no CDW visible at the island surface appears for
films within the thickness range of 3.7 ≤ Θ ≤ 5.2nm. At even lower
film thickness the CDW reappears until it vanishes at Θ ≤ 2.5nm
By applying SP-STM we show that the Cr surface is non-magnetic
within the CDW gap. The CDW gap and the thickness dependence is
explained in terms of a reorientation of the SDW vector Q, which ro-
tates from bulk-like ⟨001⟩ directions into the [110] surface normal. We
propose that the SDW pins with a node at the island surface, resulting
in a vanishing surface magnetic moment.

MA 34.6 Thu 11:45 H33
Scanning tunneling microscopy and spectroscopy of MnPc on
noble metal (111) surfaces — ∙Jens Kügel, Jeannette Kem-
mer, Pin-Jui Hsu, and Matthias Bode — Institute of Experimental
Physics II, University Würzburg, Germany
The growth, electronic structure, and magnetic excitations of tran-
sition metal phthalocyanine (TM-Pc) molecules adsorbed on noble
metal fcc(111) substrates have recently attracted considerable inter-
est. While phthalocyanines with a central ion consisting of Fe, Co, Ni,
and Cu have already been studied extensively, only few studies deal
with MnPc, even though this molecule carries the highest net mag-
netic moment in the gas phase (𝑆 = 3/2) [1]. This property makes
it a promising candidate for the observation of collective interaction
phenomena with the substrate, such as the Kondo effect. In this con-
tribution we present low-temperature (𝑇 = 5K) scanning tunneling
microscopy and spectroscopy data of Mn-Pc adsorbed on Au(111) and
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Cu(111). The tunneling spectra of Mn-Pc show a distinctly asymmet-
ric conductance around the Fermi level. Our results indicate that this
feature critically depends on the chemical state of the tip. By system-
atically modifying the coupling strength between the molecule and the
substrate we will discuss under which conditions the Kondo effect can
be observed.
[1] A. Stróżecka et al., Phys. Rev. Lett. 109, 147202 (2012)

MA 34.7 Thu 12:00 H33
Spin-resolved measurements of single molecular magnets on
graphene — ∙Jens Brede, Maciej Bazarnik, Régis Decker,
Jörg Schwöbel, and Roland Wiesendanger — Institute of Ap-
plied Physics, University of Hamburg, 20355 Hamburg, Germany
The use of magnetic molecules opens a gateway to a flexible design of
novel spintronic devices to store, manipulate, and read spin informa-
tion at the nanoscale. Crucial is the precise knowledge of molecular
properties at the interface towards an electrode. Progress in this field
relies on resolving and understanding the physics at the relevant inter-
faces. In particular the role of individual molecular constituents and
the impact of the atomic environment on molecular properties, deter-
mine device relevant parameters, such as conductance and spin polar-
ization. Recently, the incorporation of a graphene sheet to electroni-
cally decouple molecules from a ferromagnetic surface was addressed
by surface averaging techniques.

Here, we applied spin-polarized scanning tunneling microscopy to re-
solve the physics of the molecule-graphene-ferromagnet interface. The
analysis focuses on different phthalocyanine molecules adsorbed on
cobalt intercalated graphene on Ir(111). The phthalocyanine consti-
tutes of an organic macrocyclic ligand and can be functionalized with
various metal ions in order to modify, e.g. the molecular spin state.
We will discuss the spin-dependent transport from magnetic surfaces
through such molecules. In particular, the spin polarizations of molec-
ular frontier orbitals are resolved with sub-molecular spatial resolution
and the variations in the lifetimes of different states are discussed.

MA 34.8 Thu 12:15 H33
Chemically programmable 2D electron spin arrays — Chris-
tian Wäckerlin1, ∙Jan Nowakowski1, Shi-Xia Liu2, Michael
Jaggi2, Jan Girovsky1, Dorota Siewert1, Aneliia Shchyrba3,
Tatjana Hählen1, Armin Kleibert1, Peter M. Oppeneer4,
Frithjof Nolting1, Silvio Decurtins2, Thomas A. Jung1, and
Nirmalya Ballav5 — 1Paul Scherrer Institute, Switzerland —
2University of Bern, Switzerland — 3University of Basel, Switzerland
— 4Uppsala University, Sweden — 5Institute of Science Education and
Research, Pune, India
Spin-bearing metal-organic complexes on ferromagnetic substrates are
interesting model-systems which allow studying the magnetism of in-
dividual magnetic ions in the proximity of a ferromagnetic metal. In
our most recent work we have employed synthetically directed self-
assembly to fabricate a highly ordered, two-dimensional chessboard-
like supramolecular structure of Fe and Mn building-blocks which is
exchange-coupled to a suitable ferromagnetic substrate. On-surface
coordination-chemistry is then used to selectively control the spin-
states in the resultant Fe-Mn-Fe spin-array. We have combined
Scanning Tunneling Microscopy (STM) and X-ray Magnetic Circular
Dichroism (XMCD) experiments which provide local/spatially aver-
aged and element-specific information, respectively. High resolution

STM also yields direct visualization of the axial ligands at the ph-
thalocyanine cores.

MA 34.9 Thu 12:30 H33
Modifying the magnetic properties of adsorbed spin bear-
ing porphyrins by chemical stimuli — ∙Jan Girovsky1,
Christian Wäckerlin1, Kartick Tarafder2, Jan Nowakowski1,
Dorota Siewert1, Tatjana Hählen1, Aneliia Shchyrba3, Armin
Kleibert1, Frithjof Nolting1, Thomas A. Jung1, Peter M.
Oppeneer2, and Nirmalya Ballav4 — 1Paul Scherrer Institut,
Switzerland — 2Uppsala University, Sweden — 3Universtity of Basel,
Switzerland — 4Indian Institute of Science Education and Research
(IISER-Pune), India
Metalloporphyrins adsorbed on and exchange coupled to ferromag-
netic substrates [1], have been stimulated by different axial ligands
like NO and NH3. Beyond the modification of the electronic states
in the ad-molecule by the chemical ligation [2], we now focus on the
sign and strength of the exchange interaction with the substrate [3,4].
In our experimental (XMCD, STM, XPS) and theoretical (DFT+U)
work we provide evidence for cooperativity between the axial ligand
on top and the surface ligand below the porphyrin (”surface spin trans
effect”). We present four magneto-chemical effects: reduction (HS →
IS), quenching (S ̸= 0 → S=0), flipping (”S > 0” → ”S < 0” ) and in-
duction (S = 0→ S ̸= 0) of magnetic moments in specific ad-porphyrins
upon coordination with different chemical ligands.

[1] A. Scheybal et al, Chem Phys Lett 411, 214 (2005).
[2] W. Hieringer et al, J Am Chem Soc 133, 6206 (2011).
[3] C. Wäckerlin et al, Nat Comms 1, 61 (2010).
[4] C. Wäckerlin et al, Chem. Science 3, 3154 (2012).

MA 34.10 Thu 12:45 H33
Structural and magnetic properties of pyridyl and benzoni-
trile based metal-organic networks — ∙Tobias R. Umbach1,
Matthias Bernien1, Claudia Hartmann1, Alexander Krüger1,
Janina N. Ladenthin1, Constantin Czekelius2, Jose I.
Pascual1,3, Katharina J. Franke1, and Wolfgang Kuch1 —
1Institut für Experimentalphysik, Freie Universität Berlin, Arnimallee
14, 14195 Berlin, Germany — 2Institut für Chemie und Biochemie -
Organische Chemie, Freie Universität Berlin Takustr. 3, 14195, Berlin,
Germany — 3CIC nanoGUNE Consolider, Tolosa Hiribidea, 76, E-
20018 Donostia , San Sebastian, Spain
Metal-organic networks offer the possibility to tune the electronic and
magnetic functionality of surfaces on a nanometer scale. Here we use
LT-STM to characterize the structure of metal-organic networks of
transition metal atoms (Co, Fe) and triangular organic linkers, which
exhibit either three pyridyl or three benzonitrile endgroups on Au(111).
In the case of benzonitrile endgroups, the mixture with transition metal
atoms leads to the formation of self-assembled ordered networks with
a honeycomb structure. Every transition metal atom is surrounded
by three benzonitrile groups forming three-fold coordination nodes.
By changing the endgroups to pyridyl, the coordination motif changes
significantly. The transition metal atoms exhibit the same in-plane co-
ordination scheme with an additional molecule centered on top. The
magnetic properties of the networks are investigated by XMCD mea-
surements, which reveal that, despite their different structures, they
all exhibit sizable magnetic moments and magnetic anisotropy.


