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MA 36.1 Wed 15:00 POT/0151
A Combined Theoretical and Experimental Study of Oxy-
gen Vacancies in Co304 for Liquid-Phase Oxidation Catal-
ysis — AMIR OMRANPOUR!, eLEA KAMMERER2?, CATALINA LEIVA—
Leroy!, ANNA RaBE?, TakUMA SaT03, SoMA SALAMONZ, JOACHIM
LaNDERS?, BENEDIKT EGGERT?, EUGEN WEscHKE?, JEAN PascaL
FANDRE®, AsawaNi KuMar®, HARuN T0vs0z%%, MARTIN MUHLER!,
Heiko WENDE?, and JorG BEHLER! — ! University of Duisburg-Essen
and CENIDE — 2Ruhr-University Bochum — 3Max Planck Institute
for Chemical Energy Conversion — 4Helmholtz-Zentrum Berlin fiir
Materialien und Energie — 5Max-Planck-Institut fiir Kohlenforschung
— SIMDEA Materials Institute, Spain

We combined Density Functional Theory (DFT) and experimental
techniques to investigate oxygen vacancies (Vo) in bulk Co304 and
during liquid-phase ethylene glycol oxidation. DFT calculations show
that a Vo reduces two adjacent Co®t ions to stable, high-spin Co2t
in distorted octahedral sites, simultaneously narrowing the band gap.
Comparison of experimental O K-edge X-ray absorption spectra with
DFT calculated spectra reveal that the fresh catalyst resembles the
vacancy-containing calculation, but the post-reaction catalyst shifts
toward the ideal Co3t state, strongly suggesting that CozO4 becomes
more oxidized under liquid-phase ethylene glycol oxidation by refilling
preexisting oxygen vacancies, a finding supported by increased conver-
sion at higher Oz pressures and the catalyst’s stability and activity
over multiple cycles. We gratefully acknowledge the DFG funding by
CRC/TRR 247 (Project ID: 388390466) projects A01, A10, and B02.

MA 36.2 Wed 15:15 POT/0151

KNB mechanism in convex polygon molecular magnets: bi-
partite entanglement transfer with the aid of electric field.
— ZHIRAYR ADAMYAND2, VaDIM OnaNyaN!:2, AN1 CHOBANYAN!,
HamIiD ARIAN ZaD?3, Jozer STRECKA®, AzADEH GHANNADAN?, and
SAEED HappaDI*® — lLaboratory of Theoretical Physics, Yere-
van State University, 1 Alex Manoogian, 0025 Yerevan, Armenia —
2CANDLE, Synchrotron Research Institute, 31 Acharyan Str., 0040
Yerevan, Armenia — 3Department of Theoretical Physics and Astro-
physics, Faculty of Science, P. J. Safarik University, Park Angelinum
9, 041 54 Kosice, Slovak Republic — *Saeeds Quantum Information
Group, P.O. Box 19395-0560, Tehran, Iran — °Faculty of Physics,
Semnan University, P.O. Box 35195-363, Semnan, Iran

The unique properties exhibited by single molecular magnets (SMMs)
have led to their integration into hybrid devices, emphasizing their
quantum nature. We examine models of 1/2-spin molecular mag-
nets arranged in a convex polygon configuration, utilizing a Katsura-
Nagaosa-Balatsky (KNB) mechanism to couple the spin degrees of
freedom to an external electric field. This KNB mechanism enables
extensive control over quantum entanglement through both the mag-
nitude and direction of the electric field. By employing a rotating
configuration of the KNB-coupled electric field, where the field’s mag-
nitude remains constant while its direction changes, we demonstrate
the controllable transfer of bipartite entanglement between different
pairs of spins in the model.

MA 36.3 Wed 15:30 POT/0151
Magneto-optical properties of ferromagnetic liquid crystals
— eToM REeHFELDT!, A. Jarosik!, D. Lisjak?, A. EREMIN', and
H. NApasi! — !nstitute of Physics, Otto von Guericke University,
Universitétsplatz 2, 39106 Magdeburg, Germany — 2Jozef Stefan In-
stitute, Jamova cesta 39, Ljubljana SL-1000, Slovenia

Ferromagnetic nematic liquid crystals (FNLCs) combine the orienta-
tional order of nematic liquid crystals with the spontaneous magneti-
zation of ferrimagnetic nanoplatelets.

In this work, the dynamic magneto-optical behavior of FNLCs is
investigated by changing the parameters of the external dynamic mag-
netic field.

MA 36.4 Wed 15:45 POT/0151
Making molecular changes visible using near-surface trans-
port of micron-sized magnetic particles — eYAHYA SHUBBAK,
Nikorar WEIDT, ARNE VEREUJKEN, Rico HunNnsTOCK, and ARNO
EnrEsMANN — Institute of Physics and Center for Interdisciplinary
Nanostructure Science and Technology (CINSaT), University of Kas-

Location: POT/0151

sel, Heinrich-Plett-Strasse 40, 34132 Kassel, Germany

Transport of magnetic particles (MPs) in liquid close to the surface
of a flat substrate containing a periodic magnetic domain pattern is
a promising lab-on-a~chip (LOC) technology for detecting MP-bound
analytes, even when their size is negligible compared to the MP size.
As proof of principle, we show that simple observation of MP mo-
tion via optical microscopy is sufficient to distinguish MPs of the same
nominal size, but surface-functionalized with two different functional
groups. The different surface chemistry changes the liquid-mediated
MP-to-substrate forces acting during close-to-surface transport, result-
ing in significant variations in the experimentally observable MP veloc-
ity. More specifically, superparamagnetic MPs measuring 2 microme-
tre in diameter with a polymer coating of solely carboxyl (COOH) end
groups, or a mixture of carboxyl and amino (NH2) groups, respectively,
have been studied. Transport of these MPs above a magnetic stripe
domain pattern in double-distilled water showed a remarkable differ-
ence in their average velocities, rendering the COOH-functionalized
MPs almost twice as fast as the NH2 counterparts for otherwise identi-
cal experimental parameters. This result enables the magnetophoretic
separation of MPs based on their surface properties.

MA 36.5 Wed 16:00 POT/0151
Magnetic cuboidal particles as field sensors for microscaled
magnetic stray field landscapes — eJoNas Bucasg, CHRISTIAN
JANZEN, ARNE VEREIJKEN, YAHYA SHUBBAK, NikorLal WEIDT, Rico
Hunnstock, and ARNO EHRESMANN — Institute of Physics , Univer-
sity of Kassel, 34132 Kassel

Recently, magnetic domain patterns engineered in thin-film systems
have been widely used in data storage, spintronics, and magnetic imag-
ing. Characterizing the micron-scale magnetic stray fields emerging
from these patterns remains a topical but challenging task [1]. We
present a non-mechanical, optically trackable method to visualize ef-
fective magnetic field directions using anisotropically shaped magnetic
particles. These particles are fabricated via 2-photon polymerization
lithography and magnetic exchange-biased layer deposition to achieve
custom shapes and anisotropies. When positioned in the field land-
scape of a periodically patterned substrate [2] within a quiescent lig-
uid, the particles spontaneously orient and reorient in response to local
micron-scale stray fields. This enables efficient characterization of com-
plex magnetic domain patterns. We further explore probing local field
variations with superimposed external fields facilitating diagnostic and
biomedical microfluidic applications [3].

[1] Nistico et al. (2020), Inorganics, 8(1):6.

[2] Holzinger et al. (2013), J. Appl. Phys, (114): 013908.

[3] Ehresmann et al. (2015), Sensors, (15): 28854.

MA 36.6 Wed 16:15 POT/0151
Metal-free magnetism and organic 2D crystals — eHoNGDE YU
and THomAs HEINE — TU Dresden, Dresden, Germany

Organic 2D crystals with metal-free magnetism have attracted consid-
erable research interest owing to their promising applications in organic
spintronics and quantum information technologies. However, achiev-
ing stable spin-polarization and controlling magnetic interactions in
these systems remains challenging due to strong electronic coupling
and the closed-shell nature of most organic monomers. In this talk,
I will present a strategy to induce spin-polarization and tailor mag-
netic interactions in organic 2D crystals. By assembling triangulene
monomers into dimers and extended 2D polymers, we theoretically ex-
plore strategies to control magnetic interactions and electronic struc-
tures. We showed substantial magnetic coupling (J) up to -198 meV
through rational chemical design of triangulene dimers. Furthermore,
triangulene-based 2D crystals exhibit unique electronic features, in-
cluding a Dirac point flanked by twin flat bands. By tuning the Fermi
level, we predict metal-free ferromagnetism with Curie temperatures
of 7260 K and half-metallic behavior. Furthermore, we proposed a
mixed-topology design strategy enabling purely organic 2D FM semi-
conductors with J values up to 127 meV and Curie temperatures ex-
ceeding 500 K. Beyond conventional FM and AFM, I will also present
a simple approach to achieve metal-free altermagnetism.

MA 36.7 Wed 16:30 POT/0151
Modelling the Spin States of Frustrated Nanographenes
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and Their Dimers: Challenges & Insights — eHELEN PREISs,
HonebpE Yu, and THoMAS HEINE — Dresden University of Technol-
ogy, Germany

Metal-free magnetism is an emerging field with promising applications
especially in quantum computing. Fundamentally, metal atoms are
replaced by organic radicals as spin-carriers, which can be extended
to 1D or 2D networks via suitable coupling reactions while possibly
maintaining a long-range magnetic order. One class of such radical
building blocks are the topologically frustrated nanographenes. For
these, it is impossible to pair all m-electrons into alternating single and
double bonds, resulting in an open-shell system. A prominent exam-
ple is the recently synthesised Clar’s goblet, a biradical with a singlet
ground-state according to Lieb’s theorem. We will show that BS-DFT
fails to quantitatively predict the magnetic coupling in this molecule,
and to describe its dimer even qualitatively, owing to the delocalised
nature of the spin centres and their inherent multi-reference character,
while higher level ab initio methods struggle with the sheer size of the
systems. Alternatively, Clar’s goblet may be thought of as two olympi-
cenyl radicals fused together by a six-membered ring. Sublattice-
balanced and C-C-linked olympicenyl dimers thus offer themselves as
a comparable yet simpler system to study. By comparing both types
of nanographene, we gain insights into the limitations of modelling the
magnetic states and both inter- and intramolecular coupling of organic
molecules with BS-DFT.

15 min break

MA 36.8 Wed 17:00 POT/0151
Tuning chiral-induced unidirectional spin-charge conversion
via molecular organization — eAsHISH MOHARANA!, ZHITIAN
Ling?, Hao Wu?, Tomasz MaRrszaLEK?, and ANGELA WITTMANN!
— 1nstitut fiir Physik, Johannes-Gutenberg-Universitat Mainz, 55099
Mainz, Germany — 2Max Planck Institute for Polymer Research, Ack-

ermannweg 10, 55128, Mainz, Germany

The observation of spin-dependent transmission of electrons through
chiral molecules has led to the discovery of chiral-induced spin selec-
tivity (CISS). The high efficiency of the spin filtering effect in chiral
molecules has recently gained significant interest due to the high po-
tential for novel hybrid molecule magnetic spintronics applications.
However, the fundamental mechanisms underlying the CISS effect at
the molecule-metal interface remain an open challenge. In our work, we
explore spin-to-charge conversion at hybrid chiral helical nanographene
and heavy metal interfaces. We demonstrate that spin-to-charge con-
version in hybrid chiral heterostructures can be tuned by controlling
the ordering, and crystallinity of helical nanographene molecules at the
interface. We show a more than two-fold increase in interfacial CISS
efficiency with increasing molecular crystallinity. Quantifying the im-
pact of spin to charge as a function of the molecular structure reveals
the role of the molecular design and organization in the spin filtering
effect, paving the path toward the three-dimensional engineering of
hybrid interfaces.

MA 36.9 Wed 17:15 POT/0151
Revealing molecular alignment in thin films of DyCub single-
molecule magnets via XMCD — eDaAvID ANTHOFER, AsHISH Mo-
HARANA, ALEXANDER HAGENOw, DoMINIK LAIBLE, TRISTAN Fis-
CHER, EvA RENTSCHLER, HaNs-JoacHiM ELMERS, and ANGELA
WiTTMANN — Johannes-Gutenberg Universitat Mainz, Deutschland

Single-molecule magnets (SMMs) have recently gained significant in-
terest due to their ability to retain magnetic information at the molec-
ular level, offering potential applications in ultra-compact and high-
density data storage devices. A crucial challenge hindering their appli-
cation in technology is the integration with thin-film devices. To tackle
this, we probe the magnetic properties of DyCu5 SMMs deposited
by dip-coating on a gold surface, where layer thickness is controlled
by rinsing or not rinsing the sample. Using X-ray magnetic circular
dichroism combined with sum-rule analysis for 4f elements, we extract
the spin and orbital moments of the central Dy3+ ion. Rotating the
sample relative to the incident beam reveals magnetic anisotropy in the
thin layer, indicating preferential molecular alignment at the interface.
In thicker films, this anisotropy vanishes, suggesting that the molecules
are ordered on top of the gold surface, but have a random orientation
with increasing coverage. While engineering ordered molecular assem-
blies on surfaces is generally challenging, our results demonstrate that
a readily accessible dip-coating protocol can induce ordered alignment
in the low-coverage regime, providing a practical route toward incor-

porating SMMs into thin-film devices.

MA 36.10 Wed 17:30 POT/0151
Probing the magnetic behavior of the metastable high-spin
state achieved by light-induced excited spin-state trapping
in Fe (II) spin-crossover complexes — eSANGEETA THAKUR!,
MARCEL WALTER!, TAREK AL Saip2, Eike F. KuHLEMANN®, CLARA
W. A. TroMmMER3, TorBEN Apam3, KarsTEN HoLLpAck?, FE-
L1x Tuczex?®, and Worrcane Kucu! — lInstitut fiir Experimental-
physik, Freie Universitdat Berlin, Arnimallee 14, 14195 Berlin, Germany
— 2Helmholtz-Zentrum Berlin fiir Materialien und Energie, Hahn-
Meitner-Platz 1, 14109 Berlin, Germany — 3Institut fiir Anorganische
Chemie, Christian-Albrechts Universitat zu Kiel, 24098 Kiel, Germany

The magnetic behavior of the metastable high-spin (HS) state of
the Fe (II) complexes mononuclear |Fe(bpz)az(bipy)|; (bpz = di-
hydrobis(pyrazolyl)borate) and dinuclear [(Fe(bpz)2)2u-(ac(bipy)2)]
(ac(bipy)2 = bridging ligand) was investigated at 5 K by frequency-
domain Fourier transform electron paramagnetic resonance (EPR)
spectroscopy in a magnetic field of 1-10 T. The magnetic field map
of the EPR measurements indicates a large value (70-90 cm~1) of
zero-field splitting (ZFS) for the dinuclear and mononuclear com-
plexes. Comparatively, the HS-locked complexes [Fe(H2B(pz)2)2(4,7-
Mez-phen)| and [Fe(tris(3-Methylpyrazolyl)borate)2] exhibit values of
ZFS around around 10-17 cm~!. The large ZFS obtained for the din-
uclear and mononuclear complexes could be due to the contribution of
spin-orbit coupling (SOC). To the best of our knowledge, this is the
first time the spin Hamiltonian parameters for Fe (II) SCO complexes
were investigated in the metastable HS state.

MA 36.11 Wed 17:45 POT/0151
Insights into magnetic and magnetocaloric features of 3d-4f
nonanuclear Gd3Cu6 complex from a mixed spin-(7/2, 1/2)
Heisenberg diamond cluster — eJozeEr STRECKA and KATARINA
KarrLova — Pavol Jozef Safarik University, Kosice, Slovakia

Low-temperature magnetization curves and magnetocaloric features of
3d-4f molecular complex [Gd3Cu6L6(OH)6(CH30H)6(H20)6]C13.5H20
(LH2 = 1,1,1-trifluoro-7-hydroxy-4-methyl-5-aza-hept-3-en-2-one) to
be further abbreviated as Gd3Cu6 are examined within the framework
of exact diagonalization method as well as the cluster-based mean-field
theory. The magnetic compound Gd3Cu6 reveals in low-temperature
magnetization curves an intermediate magnetization plateau at 21.27
Bohr magnetons, which is far below the saturated magnetization value
of 27 Bohr magnetons expected for three spin-7/2 Gd3+ and six spin-
1/2 Cu2+ magnetic ions per magnetic molecule. The crystal structure
of the Gd3Cub6 complex is built from three condensed cubane-like
moeties Gd2Cu2, which are from the magnetic point of view equiv-
alent with three corner-sharing diamond motifs. The nonanuclear
coordination compound Gd3Cu6 thus affords an intriguing experi-
mental realization of the mixed spin-(7/2, 1/2) Heisenberg diamond
chain composed from three unit cell. The magnetic compound Gd3Cu6
displays at sufficiently low temperatures an enhanced magnetocaloric
effect, which is due to a geometric spin frustration quite superior with
respect to that one of paramagnetic salts built from Gd3+ magnetic
ions.
This work was supported by the grant APVV-24-0091.

MA 36.12 Wed 18:00 POT/0151
Suppressing geometric frustration in triangular dysprosium
cluster encapsulated in fullerenes — eMaTHEUS BARBOSA, WEI
Yang, NoeL IsrakL, FupiNn Liu, BERND BUCHNER, STANISLAV Av-
DOSHENKO, and ALEXEY Poprov — Leibniz Institute for Solid State
and Materials Research, Dresden/Germany

Nitride clusterfullerenes are compounds in which a metallic cluster is
encapsulated within a fullerene cage, exhibiting diverse magnetic prop-
erties that depend on the composition and geometry of the endohedral
cluster. For the case of DysN@QCgp, the presence of the central nitro-
gen ion induces a strong uniaxial Ligand Field contribution, locking the
magnetic moments of dysprosium centers in a triangular arrangement.
Such geometry avoids simultaneous ferromagnetic alignment of the mo-
ments between the dysprosium ions, leading to ground state frustration
and exhibiting rather efficient spin reorientation through the Quantum
Tunneling channel. Their magnetic and geometric frustration is harm-
ful for the Single Molecule Magnetism, resulting in closed hysteresis
loops in zero-field and at 2 K. We here report the suppression of this
frustration by functionalization of the fullerene cage. The photochem-
ical reaction of DysN@Cgg with adamantane aziridine produced the
monoadduct DysN@Cgp-Ad. This additional space inside the fullerene
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has direct influence on the cluster, elongating the atomic distance in
the Dy-N bond towards the modified fragment (breaking the spatial
symmetry) and substantially increasing the Dy*Dy coupling constants.
As aresult, the monoadduct DygN@Cgp-Ad exhibits suppression of the
geometric frustration and enhanced Single Molecule Magnetism.

MA 36.13 Wed 18:15 POT/0151
Orientation of Magnetic Anisotropy Axes in Single Molecule
Magnets by Inelastic Neutron Scattering: A Case Study on
Mn>Ys — oYiraN WaNG!, CHRIsTOPER E. ANsoN?, ZayaN A. ALit,
Annie K. PowgLr?, and OLivER WaLpMANN! — Physikalisches In-
stitut, Universitéit Freiburg, Germany — 2Institut of Inorganic Chem-
istry, Karlsruhe Institute of Technology (KIT), Germany

Single molecule magnets (SMMs) are molecular systems that exhibit
slow magnetic relaxation and well-defined spin states arising from
strong magnetic anisotropy. These features give them potential for

future information storage and have attracted much research interest.
However, determining the magnetic parameters experimentally, espe-
cially the anisotropy orientations, remains challenging. In this work,
we demonstrate, with regard to this point, the capability of inelastic
neutron scattering (INS) on powder samples through a case study on
the dimeric molecular spin cluster MnaY2. This complex belongs to a
family of SMMs and consists of two magnetic spin-2 Mn!! ions cou-
pled by antiferromagnetic exchange. The recorded INS spectrum on
Mna Yy displays three cold transitions corresponding to singlet-triplet
excitations. The transition energies enable a precise determination of
the exchange coupling and the anisotropy magnitudes of the Mn!!!
centers. Most interestingly, a detailed analysis of the peak intensities
is shown to yield, in addition, information on the orientation of the
Mn!!! magnetic anisotropy axes. The approach can be generally ex-
tended to related SMM families and provides a valuable addition to
the range of experimental techniques.



