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O 40.1 Wed 9:30 H23
Weak Coupling Kondo Effect in a Purely Organic Molecule:
Universal Temperature and Magnetic Field Dependence —
eMarkuUs TERNEs!, STEFFEN KAHLE!, YUNG-HUI ZHANG!, ToOBIAS
HerpeN!, Uta Scurickum!, PETER WanL'2, and Kraus Kern!:3
— 1Max-Planck-Institute for Solid State Research, Heisenbergstr. 1,
70569 Stuttgart, Germany — 2School of Physics and Astronomy, Uni-
versity of St. Andrews, North Haugh, St. Andrews, Scotland —
3Institut de Physique de la Matiére Condensée, Ecole Polytechnique
Fédérale de Lausanne, 1015 Lausanne, Switzerland

The Kondo effect is one of the most intriguing any-particle phe-
nomenon in solid-state physics due to the simplicity of the underlying
model: the scattering of itinerant electrons at a localized spin.[1] It
has been intensely studied on the single atomic and molecular level by
scanning tunneling spectroscopy (STS) in the last two decades; how-
ever a quantitative comparison with theoretical predictions remained
challenging dlue to orbital degeneracies and a spin quantum number

higher than 5. Here, we present ST'S measurements on an purely or-

ganic radical coupled to the conduction electrons of a Au(111) surface.
The observed zero bias anomaly is due to a spin % Kondo screening
in the weak coupling limit. We can describe the temperature and
magnetic field dependence of the spectral features practically param-
eter free by perturbation theory allowing quantitative tests on more
complex theoretical models.

[1] A. C. Hewson, 1997: The Kondo Problem to Heavy Fermions, Cam-

bridge University Press

0 40.2 Wed 9:45 H23
Density Functional Investigation of a Phthalocyanine Based
Spin Transfer Material — eRico FRIEDRICH!, Susi LINDNERZ,
TorsTEN Haun!, Craupia Loose!, MARTIN KNUPFER?, and JENS
Korrus! — 1TU Bergakademie Freiberg, Freiberg, Germany — 2IFW

Dresden, Dresden, Germany

Interfaces were found to be of outstanding importance for electronic
and spin transfer purposes especially in molecular spintronics [1].
Recently it has been demonstrated that an organic interface purely
made from metal phthalocyanines namely manganese phthalocyanine
(MnPc) and perfluorinated cobalt phthalocyanine (F16CoPc) exhibits
a charge and spintransfer at the interface between both molecules [2].
In this talk we present a systematic theoretical investigation of the
phthalocyanine based dimer MnPc5+/F16C0P05_ within density func-
tional theory framework. For all considered stackings a charge transfer
from MnPc to F16CoPc is observed which outlines this behavior as an
intrinsic property of the molecular pair. In addition a ferromagnetic
coupling (S = 2) of the molecular magnetic moments within the dimer
is always observed due to 90° superexchange and direct exchange con-
tributions. The comparison of the calculated absorption spectra of
the geometrical arrangements to the experimentally recorded electron
energy-loss spectrum strongly indicates the 8-geometry to be preferred
over all others. Only for this geometry an experimentally observed ex-
citation around 0.6 eV is reproduced by the calculation.

[1] S. Sanvito, Nature Physics 6, 562, (2010).

[2] S. Lindner et al., Phys. Rev. Lett. 109, 027601, (2012).

O 40.3 Wed 10:00 H23
Superexchange-mediated ferromagnetic coupling in two-
dimensional Ni-TCNQ networks on metal surfaces —
®SEBASTIAN STEPANOW!, NASIBA ABDURAKHMANOVA', Tzu-CHUN
TsenG!, ALEXANDER LANGNER!, CHRISTOPHER KLEY', VIOLETTA
Sessi?, and Kraus Kern'3 — IMPI-FKF Stuttgart — 2ESRF
Grenoble — 3EPFL Lausanne

We investigate the magnetic coupling of Ni centers embedded
in two-dimensional metal-coordination networks self-assembled from
7,7,8,8-Tetracyanoquinodimethane (TCNQ) molecules on Ag(100) and
Au(111) surfaces. X-ray magnetic circular dichroism (XMCD) mea-
surements show that single Ni adatom impurities assume a spin-
quenched configuration on both surfaces, while Ni atoms coordinating
to TCNQ ligands recover their magnetic moment and exhibit ferro-
magnetic coupling. The valence state and the ferromagnetic coupling
strength of the Ni coordination centers depend crucially on the under-
lying substrate due to the different charge state of the TCNQ ligands
on the two surfaces. The results suggest a superexchange coupling
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mechanism via the TCNQ ligands.

O 404 Wed 10:15 H23
Interface magnetism of the phenalenyl based molecular
dimer adsorbed on a ferromagnetic surface — eNICOLAE
ATopIRESEI, VASILE Caciuc, and STEFAN BLUGEL — Peter Griin-
berg Institut (PGI-1) and Institute for Advanced Simulation (IAS-1),
Forschungszentrum Jiilich and JARA, 52425 Jiilich, Germany

Molecular based magnetic units represent a very exciting avenue in de-
signing and building future data storage, sensing and computing mul-
tifunctional devices. The density functional theory (DFT) provides a
framework that reliably describes the electronic properties of molecules
adsorbed on magnetic surfaces which are an essential perquisite for the
design an understanding of the functionality of hybrid organic molec-
ular spintronic devices. We will present ab initio studies performed
to understand the interaction of a phenalenyl (PLY) based molecular
dimer with a ferromagnetic Co surface. Charge transfer and hybridiza-
tion between the atomic p. orbitals of the PLY with the d—orbitals of
the Co atoms create new hybrid metal-organic interface states [1,2] that
lead to a large interfacial magnetoresistance near room temperature as
measured in experiments [3]. Furthermore, our studies demonstrate
the decisive role played by the van der Waals interactions in correctly
describing the interaction between aromatic PLY dimers and metallic
surfaces.

[1] N. Atodiresei et al., Phys. Rev. Lett. 105, 066601 (2010).

[2] N. Atodiresei et al., Phys. Rev. B 84, 172402 (2011).

[3] K. V. Raman et al., accepted for publication in Nature (2012).

0O 40.5 Wed 10:30 H23
Magnetism and molecule-surface interaction in transition
metal porphyrin molecules on Cu(001) — eH. C. Hrrper!2,
S. BuaNDARY?, M. BernIEN®, C. F. Hermanns®, A. KRUGERS,
E. Wescuke?, C. Czekeuus®, C. Wes!, C. Antoniak!, B.
KruMmME!, J. MicueL3, D. BovenscHEN!, B. Sanvar?, W. Kucs?3,
H. WenDpE!, and O. Eriksson? — !Fakultit fiir Physik und CeNIDE,
Universitét Duisburg-Essen, Germany — 2Department of Physics and
Astronomy, Uppsala University, Sweden — 3Institut fiir Experimen-
talphysik, Freie Universitéit Berlin, Germany — 4Helmholtz-Zentrum
Berlin, Germany — ®Institut fiir Chemie und Biochemie, Freie Uni-
versitdt Berlin, Germany

We present a combined theoretical and experimental study of Fe(Co)
porphyrin molecules on (O)/Cu(001) surfaces. The interaction
between nonmagnetic surfaces and molecules is weak, hence the
anisotropy of the molecule can be studied together with the influence
of ligands and hybridization effects with the surface. Magnetic and
structural properties have been investigated within DFT and angle-
dependent X-ray absorption spectroscopy at the Fe Lz 3 edge. The
magnetic dipole term is calculated to allow for comparison between
spin moments from experiment and theory. The angle dependence of
the calculated effective moments is in good agreement with the exper-
imental findings. An intermediate spin state is obtained independent
from the presence of an oxygen layer on the surface, which affects the
hybridization between surface and molecule. A high-spin state can be
realized by adding Cl or O ligands, which cause a stretching of the
metal center-N bond.

15 min. break

O 40.6 Wed 11:00 H23
Magnetic coupling of Cobaltocene on magnetic surfaces
through a graphene layer — eSiMONE MaRoccHI'2, PaoLo
FerriaNI®, STEraN Heinze?, Franca Mancui2, and VaLERIO
BeLLINIZ4 — 1University of Modena and Reggio Emilia, Modena,
Italy — 2CNR Istituto di Nanoscienze S3, Modena, Italy — 3Institute
of Theoretical Physics and Astrophysics, Kiel, Germany — *CNR Is-
tituto di Struttura della Materia, Trieste, Italy

The ability to improve the current electronic devices appear to be
increasingly connected with the development of the molecule-based
electronics [1] and spintronics [2]. We have concentrated our study,
employing state-of-the-art density functional theory calculations, on
the structural and magnetic properties of the Cobaltocene (CoCpa2)
adsorbed on graphene deposited on slab of Ni(111). This molecule has
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been chosen because of its electronic structure rather unique among
the metallocenes [3]. In several article has been pointed also out that
graphene on Nickel (111) has mainly two energetically favored adsorp-
tion modes, namely top-fcc and bridge-top [4]. We will show how the
magnitude of the magnetic coupling is drastically influenced by the
structural factors named above and may vary by tens of meV. We fur-
ther show how this coupling could be tuned by the intercalation of a
magnetic monolayer, e.g. Fe and Co, between graphene and the Ni
subtrate, and discuss the role of the graphene layer.

[1] X. Y. Zhu, Surf. Sci. Rep. 56, 1 (2004). [2] S. Sanvito, Chem.
Soc. Rev. 40, 3336 (2011). [3] Y. Li, et al., Phys. Rev. B 83, 195443
(2011). [4] W. Zhao, et al., J. Phys. Chem. Lett. 2, 759 (2011).

0O 40.7 Wed 11:15 H23
Atomic-scale Inversion of Spin Polarisation above an Organic-
Antiferromagnetic Interface — eNuarLa Mar CAFFREY, PaoLo
Ferr1aNI, and STEFAN HEINZE — Institute of Theoretical Physics and
Astrophysics, Christian-Albrechts-Universitat zu Kiel

The emerging field of organic spintronics aims to combine the advan-
tantages of molecular electronics such as device miniaturisation and
fabrication ease with the massive potential for application inherent in
spintronics. Potential devices use organic molecules to control and
manipulate spin-polarised signals. Such molecules are generally con-
tacted with non-organic materials. As such, it is vital to understand
the magneto-organic interface. It has been previously found that even
the simplest non-magnetic molecule is capable of inverting the spin po-
larisation emerging from the clean ferromagnetic surface. We consider
here an antiferromagnetic surface: a monolayer of Mn on a W(110)
substrate. We perform ab-initio calculations in order to investigate
the interface between simple organic molecules, both magnetic and
non-magnetic, and an antiferromagnetic surface. The molecules con-
sidered include benzene (C¢Hg), cyclooctatetraene (CsHg) and small
transition metal - benzene complexes. Simulated spin-polarised scan-
ning tunnelling micoscopy (SP-STM) images are presented. They show
that the exact magnitude and sign of the spin polarisation in the vac-
uum above the molecule is strongly dependent on the bonding details
at the interface and due to the antiferromagnetic surface it exhibits a
strong intra-molecular spatial dependence.

0O 40.8 Wed 11:30 H23
Spin Crossover in a Vacuum-Deposited Submonolayer of a

Molecular Iron(II) Complex — eMarTHias BErRNIEN!, DEN-

NIs WIEDEMANNZ, CHRisTIAN F. HermaNNs', ALex KRUGER!,
DanieLa Rorr!, WorLreancg KROENER?, PAUL MULLER®?, ANDREAS
GrouMANN?, and WoLraanag Kucu! — !Institut fiir Experimental-
physik, Freie Universitit Berlin, Arnimallee 14, 14195 Berlin, Germany
— 2Institut fiir Chemie, Technische Universitit Berlin, Strake des 17.
Juni 135, 10623 Berlin, Germany — 3Department of Physics, Uni-
versitiat Erlangen-Niirnberg, Erwin-Rommel-Strafte 1, 91058 Erlangen,
Germany

Spin-state switching of transition-metal complexes (spin crossover)
is sensitive to a variety of tiny perturbations. It is often found to
be suppressed for molecules directly adsorbed on solid surfaces. We
present X-ray absorption spectroscopy measurements of a submono-
layer of [Fell(NCS)2L] (L: 1-{6-[1,1-di(pyridin-2-yl)ethyl]-pyridin-2-
y1}-N, N-dimethylmethanamine) deposited on a highly oriented py-
rolytic graphite substrate in ultrahigh vacuum. These molecules un-
dergo a thermally induced, fully reversible, gradual spin crossover with
a transition temperature of T/, = 235(6) K and a transition width of

ATgp = 115(8) K. Our results show that, by using a carbon-based sub-
strate, the spin-crossover behavior can be preserved even for molecules
that are in direct contact with a solid surface.

Financial support by the DFG (Sfb 658: Elementary Processes in
Molecular Switches on Surfaces) is gratefully acknowledged.

0 40.9 Wed 11:45 H23

Single spin-crossover molecules triggered with a STM —

eMaNUEL GruUBerRD2, Tosuio MrvamacHr!, MARTIN Bowen?,

Samy Boukari?, Eric BeEaUrRepAIREZ, and WuLF WULFHEKEL! —
I Physikalisches Institut, Karlsruher Institut fiir Technologie, Germany
— 2IPCMS (UMR 7504 UdS-CNRS) and Labex NIE, Strasbourg,

France

A nano-scale molecular switch can be used to store information in a sin-
gle molecule. The conductance of the molecule changes when switched
and can be electrically detected. Spin crossover (SCO) molecules con-
sisting of organic ligands around a transition metal ion are known to
be switchable between a high- and a low-spin state by external stimuli
[1]. Tt is the ultimate aim to achieve combined spin and conduction
switching functionality on the level of individual molecules.

Fe(1,10-phenanthroline)2(NCS)2 molecules, SCO complexes, were
deposited on Cu(100) and CuN/Cu(100) surfaces and studied with a
scanning tunneling microscope (STM) in ultra-high vacuum at 4K.

Both spin species coexist at low temperatures as deduced from spec-
troscopic STM data. While on bare Cu(100), the molecules cannot
be switched between the two spin states, molecules on CuN can in-
dividually and reproducibly be switched between a high-spin, high-
conduction state and a low-spin, low-conduction state. This difference
is explained by the role of the CulN layer to decouple the molecules
from the metallic surface [2].

[1] P. Giitlich et al., Chem. Soc. Rev. 29, 419 (2000). [2] T. Miya-
machi et al.,, Nat. Commun. 3, 938 (2012).

0O 40.10 Wed 12:00 H23
Beyond the Heisenberg model: Anisotropic exchange in-
teraction between a Cu-tetraazaporphyrin monolayer and
Fe304(100) — eHans-Joacuim Ermers!, Juria Kranke?, Eva
RENTSCHLER?, KATERINA MEDJANIK!, DmyTRO KUTNYAKHOV!,
GERD SCHONHENSE!, SERGEY A. Krasnikov3, Icor V. SHVETsS?,
STEFAN ScHUPPLER?, PETER NacerL?, and MicHAEL MEgrz? —
Hnstitut fiir Physik, Johannes Gutenberg-Universitit Mainz, D-55128
Mainz, Germany — 2Institut fiir Anorganische Chemie und Analytis-
che Chemie, Johannes Gutenberg-Universitdt Mainz, D-55099 Mainz,
Germany — 3Centre for Research on Adaptive Nanostructures and
Nanodevices (CRANN) — 4Karlsruhe Institute of Technology, Insti-

tut fiir Festkérperphysik (IFP), D-76021 Karlsruhe, Germany

We investigated the Heisenberg exchange coupling between the sin-
gle Cu spin of Cu-tetraazaporphyrin deposited on magnetite(100)
and the ferromagnetic surface using x-ray magnetic circular dichroism
(XMCD). In contrast to the common model we find an anisotropic ex-
change coupling depending on the orientation of the spin relative to the
bonding direction. The exchange coupling is ferromagnetic for magne-
tization direction perpendicular to the surface and antiferromagnetic
for in-plane magnetization direction. The anisotropy of the Heisenberg
exchange coupling is attributed to an orbitally-dependent exchange
Hamiltonian. We propose that the sign change results from the com-
petition between ferromagnetic superexchange along Fe-N-Cu and an-
tiferromagnetic superexchange along Fe-O-Cu with strength modified
by the strong spin-orbit coupling. Funded by COMATT.



