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First Principles modelling of Supramolecular Spin-valves —
eJORGE OLIVARES, ARTEM FEDIAIL, and WoLFcaNG WENZEL — Karl-
sruhe Institute of technology, Institute of Nanotechnology, Karlsruhe,
Germany

Molecular spintronics uses the spin degree of freedom to develop tech-
nology that can control electrical currents in nanodevices. A good
understanding of the underlying physics in nanoscale systems and reli-
able technical tools for simulating them are required to exploit the full
capacity of the spin degree of freedom in molecules. Experimental se-
tups have shown a remarkable spin-dependent behaviour of the current
(Magnetoresistance) through a carbon nanotube decorated with single
molecular magnets (SMMs). We present results of ab-initio simulations
on Carbon nanotubes (CNT) decorated by two terbium phthalocya-
nine (SMMs). The transmission coefficient and density of states were
calculated using the Non-Equilibrium Green’s function (NEGF) for-
malism. We show the dependence of the transmission coefficient with
respect to the relative spin orientation of the SMMs. Our results show
how the different spin states of the system CNT+SMMs affects the
transmission through a CNT as well as the advantages and limitations
of an non-interactive approach. The system under study, allows us
to extend our approach to any periodic sytem and different types of
SMMs, opening a field of ab-initio studies of nano-electronic spintronic
devices in the non-interacting and possibly to the interacting regimes.
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Inducing carbon magnetism in nanographenes — eELIA
Turco!, SuaNTANU Misural!, PascaL RurriEux!, and RomaN
FaseLb2 — 1Empa-Swiss Federal Laboratories for Materials Science

and Technology, Dubendorf, Switzerland — 2Department of Chemistry
and Biochemistry, University of Bern, Bern, Switzerland.

Magnetism is historically associated to d- and f-block elements of the
periodic table, which form the basis for modern information storage
technologies. However, recent advances on the bottom-up synthesis of
low-dimensional materials revealed the emergence of non-trivial mag-
netic states in all-carbon compounds. The low spin-orbit and hyperfine
couplings in carbon, along with the possibility of electric-field con-
trol of magnetism, provides unique opportunities in emerging tech-
nologies such as quantum computation. The electronic structure of
nanographenes can be selectively controlled through variation in size,
shape and edge structure, allowing to experimentally realize new quan-
tum properties, including magnetism. In this contribution, we inves-
tigate the on-surface synthesis of z-shaped nanographenes belonging
to the zethrene family. Single molecule scanning probe measurements
reveal the transition from a closed-shell to an open-shell singlet ground
state with increasing zethrene length. In the longest analogue, singlet
to triplet spin excitation are detected via inelastic electron tunneling
spectroscopy, unveiling a magnetic exchange coupling of 50 meV. These
results open new perspectives for the realization of organic magnetic
devices operating at practical temperatures.
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Supercurrent Reversal through Atomic Scale Yu-Shiba-
Rusinov States — eCHrisTIAN R. Ast!, Susoy Karan!, Hao-
NaAN Huang!, Crprian PapurARIUS, BiOrN KuBaLa®, GonNzaLo
MoRRAs2, ALFREDO LEvY YEvari?, JuaNn CarLos CUEvASZ,
Joacnim ANkerHOLD?, and Krauvs Kern'? — IMPI fiir Festkor-
perforschung, Stuttgart — 2Universidad Auténoma de Madrid, Spain
— 3Universitit Ulm — *EPFL, Lausanne, Switzerland

Magnetic impurities on superconductors give rise to discrete bound
states inside the superconducting gap known as Yu-Shiba-Rusinov
(YSR) states. Varying the impurity-superconductor coupling induces
a quantum phase transition (QPT) as the YSR state energy passes
through zero. The concomitant sign change in the Josephson current
— a long sought for hallmark of this QPT — has remained elusive so far.
Using scanning tunneling microscopy (STM), we demonstrate such a
0 to 7 transition of a Josephson junction through a YSR state as we
continuously change the impurity-superconductor coupling. We detect
the sign change in the Josephson current by exploiting a second trans-
port channel as a reference in analogy to a superconducting quantum
interference device (SQUID), which provides a rudimentary phase sen-

Location: P

sitivity for the STM. The change in the Josephson current through the
QPT is significant and demonstrates the role of the impurity spin as
well as the parity change across the QPT.
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Spin dependent transmission of nickelocene-Cu contacts
probed with shot noise — MicuaeL Monr!, RICARDA
ReuTER!, MANUEL GRUBER', DaviD Jacos?, PAUuLA ABUFAGERS,
NicoLAs LoRENTE?, eALEXANDER WEISMANN', and RICHARD
BeErRNDT! — lInstitut fiir Experimentelle und Angewandte Physik,
Christian-Albrechts-Universitat zu Kiel, D-24098 Kiel, Germany —
2Departamento de Fisica de Materiales, Universidad del Pais Vasco
UPV/EHU, E-20018 San Sebastian, Spain — 3Instituto de Fisica
de Rosario, Consejo Nacional de Investigaciones Cientificas y Téc-
nicas (CONICET), Universidad Nacional de Rosario, 2000 Rosario,
Argentina — “Centro de Fisica de Materiales CFM/MPC (CSIC-
UPV/EHU), E-20018 Donostia-Sebastian, Spain

The current I through nickelocene molecules and its noise are measured
with a low-temperature scanning tunneling microscope on Cu(100).
DFT and many-body calculations are used to analyze the data. Dur-
ing contact formation, two types of current evolution are observed,
namely an abrupt jump to contact and a smooth transition. These
data along with dI/dV spectra are interpreted in terms of a transition
from a spin-1 to a spin—% state that is Kondo-screened. Many-body
calculations show that the smooth transition is also consistent with a
renormalization of spin excitations of a spin-1 molecule by Kondo ex-
change coupling. The shot noise is significantly reduced compared to
the Schottky value of 2el. The noise can be described in the Landauer
picture in terms of the spin polarization of the transmission of ~ 35 %
through two degenerate dr-orbitals of the nickelocene molecule.
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Power optimization for spin-orbit torque induced magne-
tization switching in a monodomain magnetic particle —
eSERGEI VLasov!, Icor LosaNov!, GRrRzecorz KwIATKOWSKIZ,
VaLErRy Uzpin!, and PaveL F. BessaraBl'2 — 1ITMO University,

St. Petersburg, Russia — 2University of Iceland, Reykjavik, Iceland

The discovery of the spin-orbit torque (SOT) has opened a wide range
of opportunities for the efficient manipulation of the magnetization,
which is advantageous for spintronics applications. In particular, SOT
produced by an in-plane current in a heavy-metal layer can be used
to induce magnetization switching in a supported ferromagnetic ele-
ment, thus providing means for bit operations in nonvolatile magnetic
memories.

In this study, we demonstrate employing the optimal control theory
that the energy cost of the SOT-induced magnetization switching can
be reduced by properly tuning the current pulse. We present a com-
plete analytical solution to the energy-efficient reversal of a macrospin
under SOT. We calculate optimal control paths (OCPs) of the mag-
netization reversal and reconstruct the time-dependent amplitude and
frequency of both components of the in-plane current. We also demon-
strate the stability of calculated optimal switching protocols with re-
spect to perturbations in materials properties and temperature.

This work was funded by the Russian Science Foundation (Grant
No.19-72-10138) and the Icelandic Research Fund (Grant No. 184949-
052).
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Spin-polarized photoelectron emission from chiral cobalt
oxide layers — eOnur GUL!, PauL 1. DAaNIEL

MOLLERS™,
NOURENBERG!, KovEL BANERIJEE Guosn?, WENYAN ZHANGZ,

FRANCESCO TASSINARIZ, Y1TZHAK MASTEI?2, ORTAL LIDOR-SHALEV?Z,
SimoN  Wer3, EwmiL WIigrzBINSKIS, Davib WALDECK?, RoN
Naaman2, and HELMUT ZAcHARIAS! — !Center for Soft Nanoscience,
Westfalische Wilhems-Universitat, 48149 Miinster, Germany —
2Department of Chemical and Biological Physics, Weizmann Institute
of Science, 76100 Revohoz, Israel — 3Chemistry Department, Univer-
sity of Pittsburgh, Pittsburgh, PA 15260, United States

Chiral catalyst surfaces were recently shown to enhance the chemical
selectivity of an electrocatalytic water splitting reaction by aligning
the electron spins in the laboratory frame. [1] [2]
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In this contribution we present results of spin-resolved photoemis-
sion experiments conducted with chiral cobalt oxide thin films. The
photoelectrons were excited with laser pulses at A = 213 nm, gener-
ated as the fifth harmonic of a Nd:YVOy4 laser, and the average spin
polarization was determined in a Mott scattering apparatus. While
only unpolarised electrons were emitted from the achiral layers, the
electrons emitted from chiral layers exibit up to 30 percent spin polar-
ization, suggesting that the spin polarization is indeed a consequence
of the chirality of the layers.

[1] S. Ghosh et al,, J. Phys. Chem. C, 123 (2019) [2] K. B. Ghosh
et al., J. Phys. Chem. C, 124 (2020)
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Chiral cupric oxide layers as spin-polarizing water split-
ting catalysts — ePauL MOLLERs!, DANIEL NURENBERG!, KOYEL
BANERJEE GHOsH2, WENYAN ZHANG2, FRANCEScO TASSINARIZ,
YirzHAK MasTar?, ORTAL LIDOR-SHALEVZ, SiMoN WEI?, EwmiL
WiERzBINSKI®, Davip WaLDECK?, RoN Naaman2?, and HeELMUT

ZacHARIAS! — Center for Soft Nanoscience, Westfilische Wilhelms-

Universitit, 48149 Miinster, Germany — 2Department of Chemical
and Biological Physics, Weizmann Institute of Science, 76100 Rehovot,
Israel — 3Chemistry Department, University of Pittsburgh, Pitts-
burgh, PA 15260, United States

Spin-polarized catalytic surfaces can greatly enhance the selectivity of
chemical reactions, e.g., in an electrocatalytic water splitting process.
The spin polarization can be can be generated by the introduction of
a chiral catalyst surface. [1,2] Here, we confirm that spin-polarized
photocurrents can be obtained from chiral cupric oxide (CuO) films,
and explore the underlying mechanism. Chiral CuO films were electro-
chemically deposited on polycrystalline gold substrates using a method
pioneered by Switzer et al [3]. Photoelectrons were excited with laser
pulses at 213 nm, and their average spin polarization was measured in
a Mott scattering apparatus. The polarization exceeds P = +10 % for
20 nm thin CuO films with 'L’ chirality and, notably, is reversed for
oxide films of opposite 'D’ chirality.

[1] S. Ghosh et al., J. Phys. Chem. C, 123, 3024-3031 (2019)

[2] K. B. Ghosh et al., J. Phys. Chem. C, 124, 22610-22618 (2020)

[3] Kothari et al., Chem. Mater. 16, 4232-4244 (2004)



