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CPP 25.1 Mon 15:00 HSZ 101
HF-EPR investigations on Co(II)- and Fe(IV)-coordination
complexes — ∙Lena Spillecke1, Changhyun Koo1, Shalini
Tripathi2, Maheswaran Shanmugam2, Saskia Krieg3, Peter
Comba3, and Rüdiger Klingeler1 — 1Kirchhoff-Institut für Physik,
Universität Heidelberg, Heidelberg, Germany — 2Department of
Chemistry, Indian Institute of Technology, Mumbai, India — 3Institute
of Inorganic Chemistry, Universität Heidelberg, Heidelberg, Germany
We present high-frequency/high-field electron paramagnetic resonance
(HF-EPR) studies on Co(II) and Fe(IV) coordination complexes. For
Co(II) systems, we show that ligand exchange in the 2nd coordina-
tion sphere on [Co(L1)4]X2, with L1 = thiourea (NH2CSNH2) and X
= I (1),Br (2), SiF6 (3)) has significant effects on the crystal field
and hence on magnetic anisotropy of the Co-ion. While the substitu-
tion of I by Br only has small impact on the axial anisotropy (𝐷 =
-153(2)/-168(5) GHz, respectively), we observed strong enhancement
of anisotropy in the SiF6 containing sample (|𝐷| > 800 GHz). Further-
more, our data enables precise determination of weak intermolecular
coupling in the range of several hundred mK which sign changes by
ligand substitution. In additon, we present HF-EPR data on an octa-
hedrally coordinated Fe(IV)-complex which was prepared under liquid
N2 conditions. Our results confirm the intermediate-spin state and
detect axial anisotropy of 𝐷 = 107(3) GHz.

CPP 25.2 Mon 15:15 HSZ 101
Magnetic field tuning of low energy spin dynamics in the
single-atomic magnet Li2(Li1−𝑥Fe𝑥)N with 𝑥 ≪ 1 — ∙Sascha
Albert Bräuninger1, Sirko Kamusella1, Felix Seewald1, Rajib
Sarkar1, Manuel Fix2, Stephan Jantz2, Anton Jesche2, Andre
Zvyagin3, and Hans-Henning Klauss1 — 1Institute of Solid State
and Materials Physics, TU Dresden, D-01069 Dresden, Germany —
2Institute of Physics, University Augsburg, D-86135 Augsburg, Ger-
many — 3Max-Planck-Institute for the Physics of Complex Systems,
Nöthnitzer Str., 38, D-01187 Dresden, Germany
We present a systematic 57Fe-Mössbauer study on highly diluted Fe
centers in Li2(Li1−𝑥Fe𝑥)N single-crystals as a function of temperature
and magnetic field applied transverse and longitudinal with respect to
the single-ion anisotropy axis. Below 30 K the Fe centers exhibit a gi-
ant magnetic hyperfine field of �̄�𝐴 = 70.25(2)T parallel to the axis of
strongest electric field gradient 𝑉𝑧𝑧 = −154.0(1)V/Å2. Fluctuations
of the magnetic hyperfine field are observed between 50K and 300K
and described by the Blume two-level relaxation model. An Arrhenius
analysis yields a single thermal activation barrier of �̄�𝐴 = 570(6)K.
Mössbauer spectroscopy studies with applied transverse magnetic fields
up to 5 T reveal a large increase of the fluctuation rate by more than
one order of magnitude. The experimental observations are qualita-
tively reproduced by a single-ion effective spin Hamiltonian analysis
assuming a Fe1+ 𝑑7 charge state with unquenched orbital moment
and a 𝐽 = 7/2 ground state.

CPP 25.3 Mon 15:30 HSZ 101
Intramolecular crossover from 2D diamagnetism to 3D
paramagnetism — ∙Carolin Schmitz-Antoniak1, Alevtina
Smekhova2, Detlef Schmitz2, Natalya V. Izarova1, S. Fatemeh
Shams1, Maria Stuckart3, Frank M. F. de Groot4, and Paul
Kögerler1,5 — 1Forschungszentrum Jülich (PGI-6), 52425 Jülich —
2Helmholtz-Zentrum Berlin, Albert-Einstein-Str. 15, 12489 Berlin —
3Inst. f. Chem. Reaktionstechnik, FAU Erlangen-Nürnberg, 91058
Erlangen — 4Inorganic Chemistry and Catalysis Group, Debye Inst.
for Nanomaterials Science, Utrecht University, Utrecht 3584 CG —
5Inst. f. Anorgan. Chemie, RWTH Aachen University, 52074 Aachen
In a 2D square-planar coordination with four surrounding oxygen an-
ions, Pd(II) ions in polyoxopalladates are diamagnetic with a large
orbital contribution to the magnetic response as revealed by XANES
and XMCD. Supported by atomic multiplet calculations the depen-
dence of electronic and magnetic properties on 4d spin-orbit coupling,
bond lengths, and delocalization of 4d electrons was investigated. We
found that (i) four additional out-of-plane oxygen anions around Pd(II)
lead to an effective 3D symmetry causing a paramagnetic response
in external magnetic fields and (ii) in the crossover region between
common diamagnetism and paramagnetism, the large spin-orbit cou-
pling of Pd facilitates an unusual diamagnetic state modified by signif-

icant mixing. Furthermore, by measuring and analysing characteristic
fine structures of the diamagnetic states in the XMCD spectrum, we
overcome the common limitation of XMCD to ferro/ferrimagnetic and
paramagnetic materials in external magnetic fields.

CPP 25.4 Mon 15:45 HSZ 101
Chemical Doping of Individual Polynuclear Molecular Mag-
nets on Surfaces — ∙Fabian Paschke1, Vivien Enenkel1, To-
bias Birk1, Jan Dreiser2, and Mikhail Fonin1 — 1Fachbereich
Physik, Universitaet Konstanz, 78457 Konstanz, Germany — 2Swiss
Light Source, 5232 Villigen PSI, Switzerland
The controlled deposition, characterization and manipulation of single
molecule magnets (SMMs) on surfaces is one of the crucial topics to
investigate with regard to their possible implementation as units in fu-
ture electronic and spintronic devices. Fe4 derivatives are among the
most investigated SMMs showing a giant spin and a variety of quantum
mechanical phenomena. We showed that a flat derivative of this SMM
is suitable for defined adsorption on decoupling monatomic layers of
h-BN and graphene [1,2]. We proved the robust molecular magnetism
to be retained on a global and single molecule scale, even on metal-
lic substrates [2-4]. In order to manipulate electronic and magnetic
properties of individual SMMs chemical doping with alkali atoms has
shown to be a feasible technique [5]. Unfortunately, large polynuclear
compounds like Fe4 can host numerous adsorption sites for dopants.
Here we present successful chemical doping with a defined adsorption
configuration for the prototypical Fe4 SMM and study the effect on its
electronic and magnetic properties.

[1] P. Erler et al., Nano Lett. 15, 4546 (2015). [2] L. Gragnaniello
et al., Nano Lett. 17, 7177 (2017). [3] F. Paschke et al., ACS Nano
13, 780 (2019). [4] F. Paschke et al., submitted (2019). [5] C. Krull et
al., Nat. Mat. 12, 337 (2013).

CPP 25.5 Mon 16:00 HSZ 101
Numerical Challenges in Studying Families of 3d-4f Het-
erometallic Single-Molecule Magnets — ∙Julius Mutschler1,
Hetti M. Jayawardena1, Christopher E. Anson2, Annie K.
Powell2, and Oliver Waldmann1 — 1Physikalisches Institut, Uni-
versität Freiburg, Germany — 2Institut für anorganische Chemie, Uni-
versität Karlsruhe, KIT, Germany
The discovery of slow relaxation and quantum tunneling of the magne-
tization in single molecule magnets (SMMs) has inspired both physi-
cists and chemists alike. This class of molecules has been expanded to
heterometallic clusters incorporating transition metal and rare earth
ions. The 4f ions are of interest because of their large angular mo-
mentum and magnetic anisotropy, but present unexpected challenges
in the numerical analysis of experimental powder susceptibility and
magnetization curves. For example in the case of the 3d-4f SMM
Mn2Ho2-square, the dimension of the Hilbert space is 7225, and the
computation time for a full exact diagonalization is only few 10 sec-
onds. However, when fitting the powder magnetization with a 10 pa-
rameter model, which is typical for this type of molecules, ca 107 di-
agonalizations need to be performed, resulting in an impractical total
time for completing the fit of several years. In this talk our approaches
to tackle this challenge are demonstrated.

CPP 25.6 Mon 16:15 HSZ 101
Dy2O-clusterfullerenes: Strong magnetic anisotropy and
fullerene-dependent single molecule magnetism — ∙Georgios
Velkos1, Wei Yang2, Stanislav Avdoshenko1, Ning Chen2,
Bernd Büchner1, and Alexey Popov1 — 1Leibniz Institute for
Solid State and Materials Research, Dresden, Germany — 2College of
Chemistry, Soochow University, Suzhou, China
The exceptional ability of fullerenes to stabilize species which can
hardly exist otherwise has been extensively used to create a num-
ber of endohedral metallofullerene families. Among them, there is
a great interest in Dy-metallofullerenes, caused by their robust mag-
netic properties. In this work, we report on the synthesis and in-depth
magnetic study of the first Dy2O-clusterfullerenes. The compact ge-
ometry of Dy2O cluster leads to both strong axial ligand field and un-
precedentedly strong antiferromagnetic exchange coupling between Dy
ions. We demonstrate that Dy2O-clusterullerenes are excellent molec-
ular magnets exhibiting broad magnetic hysteresis and the strongest
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super-exchange coupling between Dy ions ever reported for non-radical
bridged compounds.

CPP 25.7 Mon 16:30 HSZ 101
Dynamic magnetic response of a single Magnetite
nanoparticle chain detected by Scanning Transmission
X-Ray Microscopy Ferromagnetic Resonance — ∙Thomas
Feggeler1, Benjamin Zingsem1,2, Ralf Meckenstock1, Michael
Winklhofer3, Detlef Spoddig1, Hendrik Ohldag4, Michael
Farle1, Heiko Wende1, and Katharina Ollefs1 — 1Faculty of
Physics and CENIDE, University Duisburg-Essen, Lotharstr. 1, Duis-
burg, Germany — 2ERC and PGI, Fz. Jülich GmbH, Jülich, Germany
— 3School of Mathematics and Science, University of Oldenburg, Old-
enburg, Germany — 4Advanced Light Source, Lawrence Berkeley
National Laboratory, Berkeley, CA, United States
The dynamic magnetization of a single nanoparticle chain of 19 Mag-
netite particles (diameter of about 50 nm) embedded in a bacterium
Magnetospirillum Magnetotacticum is measured using Scanning Trans-
mission X-Ray Microscopy detected Ferromagnetic Resonance (STXM-
FMR) [1]. A resonant response of the segments of the nanoparti-
cle chain is identified and confirmed by micromagnetic simulations.
STXM-FMR features the element specific detection of magnetization
dynamics with a spatial resolution < 50 nm and a time resolution in
the ps regime. The manipulation of the genetic code of the bacteria
allows to control the arrangement of the nanoparticles leading to the
creation of magnonic logic devices as a future concept for magnonic
computing [2]. [1] S. Bonetti, et al., Rev. Sci. Instrum. 86 (2015). [2]
B. W. Zingsem, et al., Nat. Commun. 10 (2019). Financial support:

FWF Project I-3050, ORD-49, DFG Project 321560838.

CPP 25.8 Mon 16:45 HSZ 101
Biologically encoded magnonics — ∙Benjamin Zingsem1,
Thomas Feggeler1, Ralf Meckenstock1, Michael Farle1,
and Michael Winklhofer1,2 — 1University Duisburg-Essen —
2Universität Oldenburg
We report on the spectral properties of spin-waves (magnons) in indi-
vidual chains of dipolar coupled magnetite nanoparticles. The particle-
chains are biologically produced in magnetotactic bacteria. Straight
chains where obtained from wild-type, curved and looped chains form
mutant bacteria. A strong link between distinct spectral properties
of the chains and their geometrical arrangement is identified, paving
the way towards genetically engineered spin-wave computing on the
nanoscale. Each chain consists of ca. 12 nanoparticles with a diameter
of about 30 nm, separated by a spacing of about 8 nm. Ferromagnetic
resonance spectroscopy was employed to measure the magnonic Eigen-
states of each single particle in the chain as a function of the magnitude
and direction of an applied magnetic field. The measurements are sup-
plemented with micromagnetic simulations, which reveal the origin of
spectral features such as band repulsion and attraction in resonant
eigenstates. The emergent topology of the spin-wave band structure
exhibits functional properties such as band deflection and band defor-
mation, which may be harnessed in energy efficient magnon computing
[1] and neuro-inspired magnonic networks. Future nanomagnonic de-
vices may be self-assembled via genetic engineering of magnetotactic
bacteria.

[1] B. Zingsem, et al. Nat Commun 10, 4345 (2019)
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