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On-Surface Synthesis and Characterisation of Metal-Organic Complexes
W. Auwärter
Physics Department, Technical University of Munich, 85748, Garching, Germany.
Metal-organic complexes on solid supports hold great promise for applications in diverse fields
including spintronics, optoelectronics, sensing, and heterogeneous catalysis. A detailed
understanding of the interfacial interactions between the complexes and the support affecting conformational and electronic properties - is important to fully exploit the
functionality of the resulting systems. Specifically, metal supports might introduce
considerable perturbations to the intrinsic adsorbate properties, which can be reduced by
introducing ultrathin spacer layers, such as hexagonal boron nitride (h-BN) [1].
Here, I will focus on tetrapyrrole complexes, such as metalloporphyrins and
metallophthalocyanines adsorbed on noble metal supports and h-BN [2]. A quantitative
structural characterization of the respective interfaces and adsorbate geometries is provided,
combining scanning tunneling microscopy, X-ray photoelectron spectroscopy, and the X-ray
standing waves method [3]. The influence of the h-BN template, including gating and
modifications of molecular charge states, will be discussed. Furthermore, I will address the onsurface synthesis of actinide-based tetrapyrrole double-decker complexes on noble metals
and h-BN, complementing lanthanide-based complexes that can represent single-ion
molecular magnets [4].
[1] W. Auwärter, Surf. Sci. Rep. 74, 1 (2019).
[2] W. Auwärter, D. Ecija, F. Klappenberger and J.V. Barth, Nat. Chem. 7, 105 (2015).
[3] M. Schwarz et al., Nanoscale 10, 21971 (2018).
[4] K. Diller et al., RSC Adv. 9, 34421 (2019).

Molecular quantum physics in vertical solid-state spintronic devices
M. Bowen
Institut de Physique et Chimie des Matériaux de Strasbourg, France
Molecular spintronics is emerging as a vibrant field that utilizes the properties of magnetic
molecules toward additional device functionalities that can exploit quantum physics. One
spectacular property is the high spin polarization of the ferromagnetic metal/molecule
interface, measured at 300K using spectroscopy [1] and magnetotransport [2] experiments.
The magnetism of this so-called spinterface [3] can be controlled using an underlying
ferroelectric [4], and can in principle be combined with the spin crossover (SCO) molecular
property by inserting a noble metal spacer layer [5,6]. This would enable single-molecule
magnet [7] behavior on a much wider range of molecules, at higher temperatures. To
improve our understanding of SCO device properties, device in operando experiments using
synchrotron radiation shed light [8] into the transport path across the SCO thin film.
The spinterface formation entails changes to the magnetic properties of the interface
constituents, from magnetic hardening of the metal [9] to the magnetic stabilization of
otherwise paramagnetic molecular spin chains borne by phthalocyanine (Pc) molecules [10].
These effects impact magnetotransport experiments across high-quality organic
nanojunctions [11]. This lays the groundwork for a molecular implementation of our recent
proposal [2] (www.spinengine.tech) to harvest the energy of thermal fluctuations on
paramagnetic centers using spintronics.
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]

F. Djeghloul et al, J. Phys. Chem. Lett. 7, 2310 (2016).
K. Katcko et al, Commun. Phys. 2, 116 (2019).
S. Delprat et al, J. Phys. Appl. Phys. 51, 473001 (2018).
M. Studniarek et al, Adv. Funct. Mater. 1700259 (2017).
M. Gruber et al, Nano Lett. 15, 7921 (2015).
E. Urbain et al, Adv. Funct. Mater. 28, 1707123 (2018).
F.-S. Guo et al, Science eaav0652 (2018).
F. Schleicher et al, ACS Appl Mater Interfaces 10, 31580 (2018).
K. V. Raman et al, Nature 493, 509 (2013).
M. Gruber et al, Nat. Mater. 14, 981 (2015).
K. Katcko and et al., ArXiv 191010578 (n.d.).

Spin-crossover Fe(II) complex on gold surface: a combined study using wavefunction and
DFT-based approaches
R. Sánchez de Armas1, C. J. Calzado1
1 Departamento de Química Física. Universidad de Sevilla. 41012. Sevilla. Spain.
calzado@us.es
A key point for the incorporation of the spin crossover (SCO) molecules in electronic devices
is the persistence of the spin-state switching once the SCO molecule is deposited on the
substrate. Recent investigations have shown that the interaction with the substrate can
strongly modify the SCO properties, with the coexistence of the two spin states[1,2] (highspin, HS and low-spin, LS) and even the suppression of the spin state switching. [3] This is the
case of the spin crossover FeII((3,5-(CH3)2Pz)3BH)2 molecule when deposited on Au(111). An
incomplete spin transition is observed, i.e. the conversion of the HS state at high temperature
to a mixed LS and HS phase at low-temperature.[4] The structure of the metal-SCO interface,
recently determined by surface x-ray diffraction at room temperature [5], shows an epitaxial
relationship between the Fe(II) molecular layer and the metal substrate. A simple
mechanoeleastic model suggests that the epitaxial misfit between the substrate and the
molecular layer could be responsible for the stable mixed spin phase found at low
temperature.
In this contribution, by a combined strategy using wavefunction and DFT-based approaches,
we explore the spin-state switching of this Fe(II) SCO molecule and the effect of the interaction
with the Au(111) substrate. This study complements the previous DFT+U calculations [5] and
provides some additional clues about the key role of the substrate on the spin state
transitions.
[1] T. Miyamachi et al. Nat. Commun. 3, 938 (2012).
[2] M. Gruber et al. Phys. Rev. B 89, 195415 (2014).
[3] A. Pronschinske et al. Nano Lett. 13, 1429 (2013).
[4] K. Bairagi et al. Nat. Commun. 7, 12212 (2016). J. Phys. Chem. C 122, 727 (2018).
[5] C. Fourmental et al. J. Phys. Chem. Lett. 10, 4103 (2019).

Ab initio modeling of transition metal compounds using the extended DFT+U+V with selfconsistent Hubbard parameters
M. Cococcioni
Department of Physics, University of Pavia, 27100 Pavia, Italy
Transition-metal compounds are central in many applications of unquestionable technological
relevance as, for example, catalysis and photo-catalysis, rechargeable batteries, photovoltaics,
advanced electronics, spintronics, superconductivity.
For the first-principles modeling of these materials to be quantitatively predictive the
localization of valence electrons (e.g., on atomic-like states of d or f kind) must be captured
under various conditions. Unfortunately, this objective is missed by most approximate
exchange-correlation (xc) functionals used in actual implementations of density-functional
theory (DFT). In this talk I will show how a simple additive correction of approximate xc
functionals, based on the extended Hubbard model with on-site (U) and inter-site (V)
interactions (named DFT+U+V [1]), offers the necessary flexibility to capture electronic
localization in a broad variety of different systems, most notably those characterized by
significant hybridization. As a first example I will discuss materials for cathodes of Li-ion
batteries and I will show how this approach not only stabilizes charge-disproportionated,
mixed-valence ground states during the charge and discharge transients (i.e. at intermediate
Li concentrations) thus refining the phase diagram of these materials, but also greatly
improves the prediction of the energetic balance of the process (in particular, the average
voltage) [2]. The modifications to the energy landscape brought about by the Hubbard
correction is also the main theme in the second example, focused on the study of the magnetic
states and properties of a prospect molecular magnet, dimolybdenum tetraacetate, both in
gas phase and adsorbed on calcite. Here I will discuss how the localization of d electrons is
crucial for the stabilization of magnetic states and how to use the Hubbard correction as a
constraining functional to compute the magnetic anisotropy energy of the system.
[1] V. L. Campo Jr and M. Cococcioni, J. Phys. Condens. Matter 22, 055602 (2010)
[2] M. Cococcioni and N. Marzari, Phys. Rev. Mater. 3, 033801 (2019)

1D coordination polymers: on-surface synthesis and transport properties
P. Jelínek1
1 Institute of Physics of the Czech Academy of Sciences,Czech Republic
Low dimensional materials offer very interesting material and physical properties due to
reduced dimensionality. At present, 2D materials are the focus of attention. However, 1D
systems often show far more exotic behavior, such as Tomanaga-Luttinger liquid, Peierls
distortion, etc.. In this talk, we will present on-surface synthesis of 1D metal-organic
coordination polymers consisting of various transition metals (Fe,Co and Cu) and quinone
precursors, which physical and chemical properties were investigated by low temperature
UHV scanning probe microscopy supported by theoretical simulations. First, we will discuss
distinct coordination of transition metal and corresponding atomic and electronic structure.
In next, we will discuss transport measurements of quasi free-standing molecular wires
suspended between metallic probe and sample showing a controlled conductance on/offswitching by means of external stimuli (bias, light). The experimental observation will be
rationalized by theoretical simulations indicating formation of polaron states controlling
transport properties.

Manipulating the spin state of molecules on surfaces
W. Kuch
Freie Universität Berlin, Institut für Experimentalphysik, 14195 Berlin, Germany
The spin-state manipulation of magnetic molecules on surfaces between a paramagnetic highspin state and a diamagnetic low-spin state is highly interesting with respect to applications in
molecular spintronics. Spin-crossover molecules are one class of molecules that allow to
controllably switch their spin state by temperature, pressure, or light exposure. When
adsorbed on a solid surface, however, the spin transition is often quenched. I will first present
X-ray absorption spectroscopy (XAS) measurements of the complex [Fe(H2B(pz)2)2(bipy)]
deposited on a highly oriented pyrolytic graphite surface that reveal a complete reversible
spin-state switching, either by temperature or, at low temperatures, by illumination with
green light [1]. One of the most important issues for applications of such molecules is the
absence or presence of cooperativity in the spin transition. Temperature- and coveragedependent XAS measurements prove the presence of cooperative effects even at lowest
coverages [2]. While molecules at submonolayer coverage exhibit an apparent
anticooperative behavior, multilayers starting from a double layer show an increasingly
cooperative spin switching.
The decisive role of the substrate on the magnetic properties of adsorbed molecules is emphasized by the change in spin state caused by a relatively subtle modification of the substrate
such as a different crystallographic surface orientation. I will show that the spin state of Co
porphyrin molecules changes from paramagnetic to diamagnetic when the substrate is
changed from Cu(001) to Cu(111). On Cu(001), an on-surface ligand reaction also triggers this
spin-state transition. We discuss this quenching of the magnetic moment in terms of a partial
filling of the Co minority-spin dz2 orbital by electrons from the substrate.
The work to be presented was carried out together with M. E. Ali, L. M. Arruda, M. Bernien, T.
Bißwanger, A. J. Britton, K. J. Franke, N. Hatter, B. W. Heinrich, C. F. Hermanns, L. Kipgen, A.
Krüger, D. Krüger, P. Loche, C. Lotze, C. Luo, J. Miguel, P. M. Oppeneer, S. Ossinger, H. Naggert,
F. Nickel, F. Radu, H. Ryll, E. Schierle, F. Tuczek, and E. Weschke.
[1] M. Bernien et al., ACS Nano 9, 8960 (2015).
[2] L. Kipgen et al., Nat. Commun. 9, 2984 (2018).

Single spin manipulation with an electric field using ESR-STM
Nicolás Lorente
Centro de Física de Materiales (CSIC-EHU) Donostia International Physics Center San
Sebastián E-20018. Nicolas.lorente@ehu.eus
Recent scanning tunneling microscope developments [1-3] can coherently address a single
magnetic atom and obtain its electron-spin resonance signal and manipulate it [4]. This allows
to have tremendous information on the spin of the atom as well as the interactions it is
subjected to, such as the nuclear hyperfine interaction of a single nucleus [3]. These
achievements have been performed by modulating the bias between the STM tip and the
sample with a harmonic component. It is the electric field of the STM cavity that seems to
couple to the spin and drive it resonantly. This is very suprising because time-dependent
electric fields inefficiently couple to spins. We have looked into this problem and proposed a
new mechanism [5].
[1] Susanne Baumann et al. Science 350, 417 (2015)
[2] F. Natterer et al. Nature 543, 226 (2017)
[3] Philip Wilke et al. Science 362, 336 (2018)
[4] Kai Yang et al. Science 366, 509 (2019)
[5] J. Reina Gálvez, C. Wolf, F. Delgado and N. Lorente, Phys. Rev. B 100, 035411 (2019)

Room Temperature Magnetoresistance Devices
E. Ruiz
Department of Inorganic and Organic Chemistry, University of Barcelona, 08028, Barcelona,
Spain
Relatively simple magnetoresistance devices can be built up making a sandwich of a chiral or
magnetic molecule between two metallic electrodes, one of them must be magnetic. This
device architecture allows to propose such systems as the primary unit to build more complex
memristor devices. In such systems using two dense arrays of perpendicular electrodes the
presence of one of the mentioned molecules in the cross point allows to activate such position
for neuromorphic computing applications. Here, we provide results for empty porphyrin and
metalloporphyrins based devices attached to the electrodes through thiol-pyridine axial
ligands. Our study shows a theoretical analysis and the practical implementation through twoterminal devices using STM equipment to achieve the room temperature molecular-based
spintronic nanodevices. The metalloporphyrin systems show a large dependence of the
conductance with the metal and magnetoresistance effects were obtained in devices with Co II
and CuII complexes. It is worth noting that such metalloporphyrin devices show larger
complexity than the previously studied systems[1]: (i) three peaks in the STM conductance
histograms (only one in the metal tiocyanate complexes). (ii) magnetoresistance effect was
also found if the electrons are injected from the magnetic nickel tip, while in the metal
tiocyanate complexes only the effect was detected injecting from the gold substrate. Nonequilibrium Green Functions method combined with DFT calculations have been employed in
order to rationalize such results.
[1] A.C. Aragonès, D. Aravena, J. I. Cerdá, Z. Acís-Castillo, H. Li, J. A. Real, F. Sanz, J. Hihath, E.
Ruiz and I. Díez-Pérez Nano Letters, 16, 218, (2016).

Spin Signals from Single-Molecule Devices
H.S.J. van der Zant
Kavli Institute of Nanoscience, Delft University of Technology, Lorentzweg 1, 2628 CJ, Delft,
The Netherlands.
We have developed several techniques to fabricate solid-state devices to study quantum
transport phenomena on the molecular scale [1]. Devices involve either (gated) mechanical
controlled break junctions, three-terminal transistors made with a self-breaking
electromigration technique or room-temperature stable molecular transistors formed by
electroburning single or few-layer graphene. A third gate electrode is often present [2]
allowing for oxidizing/reducing the molecule in a reversible way and study the properties of
the resulting charged molecule. Magnetic properties are of special interest and we study a
wide variety of magnetic molecules including all-organic radicals, bi-and tri-radicals, singlemolecule magnets (SMMs) and spin-crossover compounds. An overview of the different
device platforms and quantum transport phenomena will be given. Examples of spin signals
include electric field or mechanical stretching as a trigger for the low-spin to high-spin
transition in spin-crossover compounds [3,4], Kondo physics in all-organic radicals [5] and
ground-state spin blockade in a SMM based transistor [6]. Common questions concern the
systematics behind determining the position on the molecule of the added charge and the
influence of the substrate (strain) on the magnetic properties.
[1] P. Gehring, J.M. Thijssen and H.S.J. van der Zant, Nature Reviews Physics 1, 381–396
(2019).
[2] M.L. Perrin, E. Burzurí and H.S.J. van der Zant, Chem. Soc. Rev. 44, 902 – 919 (2015).
[3] G.D. Harzmann et al., Angewandte Chemie International Edition 54, 13425 – 13430
(2015); R. Frisenda et al., Nano Letters 16, 4733 – 4737 (2016).
[4] E. Burzurí, A. García-Fuente, V. Garía-Suárez, S. Kuppusamy, M. Ruben, J. Ferrer and
H.S.J. van der Zant, Nanoscale 10, 7905 – 7911 (2018).
[5] R. Frisenda et al., Nano Letters 15, 3109-3114 (2015); R. Gaudenzi et al., Nano Letters
16, 2066 – 2071 (2016).
[6] J. de Bruijckere, P. Gehring, M. Palacios-Corella, M. Clemente-León, E. Coronado, J.
Paaske, P. Hedegård and H.S.J. van der Zant, Phys. Rev. Lett. 122, 197701 (2019).

Influence of a metallic substrate on spin crossover molecular layers
Amandine Bellec1 C. Fourmental1,2, C. Chacon1, Y. Girard1, J. Lagoute1, S. Rousset1, V. Repain1, S.
Mondal3, R. Banerjee3, S. Narasimhan3, C. Barreteau4, Y.J. Dappe4, A. Smogunov4, C. Enachescu5, M-L.
Boillot6, T. Mallah6 , Y. Garreau1,2, A. Coati2
1
Université de Paris, CNRS, Laboratoire Matériaux et Phénomènes Quantiques, F-75013 Paris,
France.
2
Synchrotron SOLEIL, Gif sur Yvette, France
3
Jawaharlal Nerhu Centre for Advanced Scientific Research, Bangalore, India
4
Service de Physique de l’Etat Condensé, CEA, CNRS, Saclay, France
5
Alexandru Ioan Cuza University, Iasi, Romania
6
Institut de Chimie Moléculaire et des Matériaux d’Orsay, Université Paris Saclay, CNRS, Orsay,
France
Spin-crossover molecules show the unique ability to switch between two spin-states by means of
external stimuli such as temperature, light or voltage. Controlling such switches at the molecular scale
would be of great interest for the development of molecular devices in electronics and spintronics. If
the behavior of spin-crossover molecules is well documented in bulk, little is known on their properties
at the molecular scale and in direct contact with an electrode.
We focus our recent studies on FeII pyrazolyl borate molecules (FePz) adsorbed on metallic substrates
(Au(111) and Cu(111)). Once absorbed, FePz molecules self-assembled in a 2D lattice in which both
spin states can coexist at low temperature [1,2] while in bulk only the low spin state is stable. Recent
Grazing Incidence X-ray Diffraction results allow us to demonstrate unambiguously that this mixture
of spin states is due to a mechanical interaction between the molecular layer and the substrate [3].
Such an epitaxy is a consequence of a strong interaction with the surface that we have calculated by
ab initio methods and also modelled in the framework of a mechano-elastic model. The main
conclusion of those theoretical modelling is that this interaction is indeed responsible for the
appearance of a mixed spin states phase at low temperature.
[1]
[2]
[3]

K. Bairagi et al., Nat. Comm. 7, 12212 (2016).
K. Bairagi et al., J. Phys. Chem. C 122, 727 (2018).
C. Fourmental et al., J. Phys. Chem. Lett. 10, 4103 (2019).

Interfaces with molecular layers: new functionalities for spintronics. The case of LSMO
I. Bergenti1, A. Riminucci1, P. Graziosi1, C. Albonetti1, M. Benini1, P. Avramov2 V.A. Dediu1, A. Pratt3
1
CNR-ISMN, 40129 Bologna, Italy
2
Department of Chemistry, Kyungpook National University, Daegu, South Korea
3
Department of Physics, University of York, YO10 5DD, United Kingdom
Spin-dependent hybridization at the ferromagnet/molecule interface has recently unveiled a
promising new potential for spintronics. By projecting the spintronic properties (i.e. induced spin
polarization) from a given ferromagnet electrode to the highly versatile and tailorable molecular layer,
spin-dependent hybridization has opened up new opportunities to tailor spintronic device properties
at the molecular scale[1]. While interaction of molecules with ferromagnetic 3d metals has been the
subject of intense investigation, the interaction of molecules with magnetic oxides (for example
La0.7Sr0.3MnO3(LSMO)) is still scarcely explored despite their wide application in model spintronic
devices[2].
In this work we present the detailed characterization by means of AFM, XPS, UPS and spin-polarized
metastable He (23S) scattering [3] of the interfacial states formed when three model organic molecules
-Tris-(8-hydroxyquinoline)aluminum (Alq3), buckminsterfullerene (C60) and sexithiophene (T6)- are
deposited on LSMO. In particular, a thickness-dependent modulation of the spin polarization of the
Alq3 has been detected.
[1] M. Cinchetti, V. Dediu, L. Hueso, Nat. Mater. 16, 507 (2017)
[2] I. Bergenti V. Dediu, Nano Mater. Sci. 1, 149 (2019)
[3] A. Pratt, M. Kurahashi, X. Sun, D. Gilks, and Y. Yamauchi Phys. Rev. B 85, 180409 (2012)

Kondo effect and spin excitations in molecular devices from first-principles calculations
A. Droghetti1
1
School of Physics and CRANN, Trinity College Dublin, Ireland.
The modeling of electronic and spintronic devices is a great challenge. One has indeed to describe on
the same footing material-specific properties, quantum behaviors and strong correlation effects in and
out-of equilibrium. In this context, new opportunities are offered by extending Dynamical Mean-Field
Theory (DMFT) to transport problems [1] and by combining it with the non-equilibrium Green's
function formalism. This method can accurately describe Kondo physics, Coulomb blockade as well as
finite-bias effects, such as spin excitations, in molecular devices. After discussing some details of our
implementation [2], we will present several applications for transport through radical molecules and
we will compare our results to experiments [3, 4]. Finally we will present some on-going work aiming
at understanding how electron correlations affect the transport properties of spin-crossover molecules
in both the high and the low spin state.
[1] L. Chioncel, C. Morari, A. Östlin, W.H. Appelt, A. Droghetti et al., Phys. Rev. B 92, 054431 (2015).
[2] A. Droghetti and I. Rungger, Phys. Rev. B 95, 085131 (2017).
[3] W.H. Appelt, A. Droghetti et al., Nanoscale 10, 17738-17750 (2018).
[4] F. Bejarano, I.J. Olavarria-Contreras, A. Droghetti et al., J. Am. Chem. Soc. 140, 1691 (2018).

Spin Crossover based Spintronic Device: Electrical characterization
S.Elidrissi-Moubtassim1, M.Gavara Edo1, S.Giménez Santamarina1, H.Prima García1, E.Coronado1
1
Instituto de Ciencia Molecular, Universitat de València, Catedrático José Beltrán 2, 46980 Paterna,
Spain
Molecular Spintronics, as a new emerging filed, offers the possibility of creating new molecular systems
with unique unexplored properties. Among these systems, the switchable molecules, and in particular
the spin crossover compounds1, have been increasingly studied during the last decades. However, their
promising technological applications cannot emerge without a deep and fundamental understanding
of their physical and chemical properties.
In brief, spin crossover compounds are bistable transition metal complexes, where an external stimulus
such as light, temperature or pressure induces a transition from an electronic configuration to another
(commonly called High Spin “HS” and Low Spin “LS” states). This transition affects the magnetic,
electrical, optical, mechanical and structural properties. Theses changes can then be used to
characterize and distinguish between the two spin states2.
Fe(pyrz)2 based sublimed thin films previously studied3,4, are integrated into a palladium-based device
in order to study its electrical properties. I-V curves have been recorded and the electrical resistance
thermal dependence have been studied. We can clearly observe a semiconducting behavior, besides a
distortion in the resistance versus temperature plots, probably due to the spin transition.
[1] L.Cambi and L.Szegö, Ber. Dtsch.Chem. Ges. B Ser. 64, 2591 (1931).
[2] M.A. Halcrow, Spin-Crossover Materials: Properties and applications, Wiley: Chichester, UK, 2013
[3] V. Davesne, et al., J. Chem. Phys. 139 074708 (2013).
[4] V. Davesne, et al., J. Chem. Phys. 142 194702 (2015).

Spin Crossover based Spintronic Devices: processing and characterizing thin films of
sublimable [Fe(pyrz)2] and [Fe(bpz)2(btz)]
M. Gavara-Edo1, S. Elidrissi-Moubtassim1, S. Giménez-Santamaría1, S. Cardona-Serra1,
H. Prima-García1, E. Coronado1
1 Instituto de Ciencia Molecular, Universitat de València, 46980, Paterna, Spain.
Molecular spintronics is a research topic that resulted from the combination of three very active
fields: molecular electronics, molecular magnetism and spintronics. This new approach brings the
possibility of creating a generation of spintronic devices exhibiting unique properties coming from
the functionalities incorporated by the molecular component. An interesting class of molecular
materials in this context is the so-called spin crossover (SCO) materials, which present a transition
between two different electronic configurations, low spin (LS) and high spin (HS) states. This
transition can be triggered by external stimuli such as temperature, light (LIESST effect), X-ray
(SOXIESST effect), pressure, or electric fields [1]. Due to these properties, the integration of this type
of materials in between two ferromagnetic and transparent electrodes could lead to novel spintronic
devices addressable by any of the stimuli considered above. However, in order to prepare SCO-based
spintronic devices, the molecular compounds require to be processed as thin films and retain the spin
transition. Therefore, these compounds must be sublimable and stable on the surface of the
electrodes in a device. Despite decomposition has been found for some molecules deposited on a
surface, this only occurred for the first molecular layer [2]. Currently, two different sublimable SCO
molecules are being synthesized in our group: [Fe(pyrz)2] and [Fe(bpz)2(btz)], which in bulk present a
SCO transition at 150K and 200K respectively and show partial LIESST effect, making them interesting
for their integration into electronic and/or spintronic devices. Films of both molecules have been
prepared and characterized in terms of composition and morphology. Additionally, for [Fe(pyrz)2],
electronic devices are already being prepared in which the thermally induced SCO transition has
been sensed through electrical conductivity measurements.
[1]
[2]

K.S. Kumar and M. Ruben, Coord. Chem. Rev. 346, 176-205 (2017).
T.G. Gopakumar, et al., Chem. Eur. J. 19, 15702-15709 (2013).

Temperature-dependent characteristics of evaporated SCO tunnel junctions
L. Poggini,1 J.H. González-Estefan,1 R.K. Canjeevaram Balasubramaniam,1 L. Squillantini,1,2 G.
Pecastaings,3 B. Gobaut,4 A. Caneschi,2 M. Gonidec,1 and P. Rosa1
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CNRS, Univ. Bordeaux, Bordeaux INP, ICMCB, UMR 5026, Pessac, France
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DIEF-Department Industrial Engineering and INSTM Research Unit, University of Florence, Italy
3
LCPO, CNRS UMR 5629, Université de Bordeaux, Bordeaux-INP, Pessac, France 2DIEF- DEIMOS,
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It has been predicted – but shown only in a handful of cases – that the conductance of spin-crossover
tunnel junctions could be altered by switching their spin state, which makes them targets of high
interest for the development of switchable molecular devices. Measuring such molecular systems is
highly challenging, due to the fragile nature of the spin transition involved (both in terms of stability
of the molecules and of robustness of the SCO process to external constraints), which has limited the
number of successful experimental studies so far. We will present our work with spin crossover
complexes of the Fe(II) scorpionate family, together with experimental and theoretical studies of the
electrical characteristics of metal-insulator-metal tunnel junctions in which the SCO complexes
constitute the switchable molecular insulator. We will show, in particular, that it is possible to obtain
high-quality thin films of SCO compounds, and that – unlike evaporated top contacts, that are
potentially damaging to nanometric molecular thin films and rigid enough to inhibit the SCO – EGaIn
junctions provide a convenient, reliable way to probe the properties of such ultra-thin molecular films.
We will present ultra-thin switchable spin crossover vertical tunnel junctions in which the spin-state
switching of the films – due to reversible temperature-driven spin crossover – persists at the nanoscale,
and induces an abrupt change in the tunneling current density flowing through the junction. Those
results on large-area junctions demonstrate the high potential of SCO-based switchable molecular
junctions as functional devices.

Reversible Coordination-Induced Spin-State Switching in Complexes on Metal Surfaces
M. Gruber1, A. Köbke1, F. Gutzeit2, R. Herges2, R. Berndt1
1
Institut für Experimentelle und Angewandte Physik,
Christian-Albrechts- Universität zu Kiel, Germany.
2
Institut für Organische Chemie, Christian-Albrechts-Universität zu Kiel, Germany.
Switching the spin of metal-organic complexes on surfaces is attractive for its potential applications in,
e.g., molecular spintronics. Intrinsic molecular switches such as spin-crossover complexes so far suffer
from fragmentation or loss of functionality upon adsorption on metal surfaces [1] with rare exceptions
[2]. Robust metal-organic platforms such as phthalocyanine- or porphyrin-based complexes, on the
other hand, rely on external axial ligands to induce spin switching [3]. Yet, adding and removing axial
ligands require particular conditions, which tend to affect the selectivity and reversibility of the
switching
process.
In the present study, we have designed and investigated robust Ni complexes, which can intrinsically
switch their coordination state. The switching is based on a mechanical movement of an axial pyridine
ligand strapped to a porphyrin. Using x-ray absorption spectroscopy and x-ray diffraction spectroscopy
we evidence that the spin and coordination switching are interlocked. Furthermore, employing lowtemperature scanning tunnelling microscopy, we show switching of individual Ni complexes in direct
contact to a Ag(111) surface. The stability of the two spin and coordination states of the molecules
exceeds days at 4 K [4].
This work was supported by the DFG through SFB 677 and the European Union’s Horizon 2020
programme (No. 766726).
[1] Knaak et al., J. Phys. Chem. C 123, 4378 (2019).
[2] Bairagi et al., Nat. Commun. 7, 12212 (2016).
[3] Wäckerlin et al., Nat. Commun. 1, 61344 (2010).
[4] Köbke et al., Nat. Nanotechnol. 15, 18 (2020).

Recent developments in QuantumATK for atomistic simulation of magnetic and spin systems
T. Markussen
Synopsys Denmark, Fruebjergvej 3, Postbox 4, DK-2100 Copenhagen, Denmark
QuantumATK [1] is a general-purpose atomic scale simulation package with a broad range of
application areas including highly accurate hybrid-functional plane-wave DFT simulations, DFT-NEGF
for non-equilibrium transport calculations and large-scale molecular dynamics simulations of complex
systems containing millions of atoms. In this presentation I will present recent developments in
QuantumATK related to magnetic systems and spin physics, developed within the COSMICS project.
This includes calculations of several parameters entering an effective spin-hamiltonian such at the
magnetic anisotropy energy (MAE) [1,2], Heisenberg exchange constants, Gilbert damping, and
Dzyaloshinskii–Moriya interaction. Examples of the newly developed Raman- and IR analysis together
with local density of states and STM simulations will also be presented for relevant systems.
[1] S. Smidstrup, T. Markussen, et al., J. Phys.: Condens. Matter 32, 015901 (2019).
[2] L. Le Laurent, C. Barreteau, and T. Markussen, Phys. Rev. B, 100, 174426 (2019)

Anisotropic exchange interaction between a molecular spin and a magnetic surface
J. Klanke1, Peter Happ1, A. Rauguth1, A. Sapozhnik2, D. Kutnyakhov2, S. Krasnikov3, I.V. Shvets3, S.
Schuppler4, P. Nagel4, M. Merz4, H.J. Elmers2, E. Rentschler1
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Aiming at spintronic devices comprising molecular components, one of the most important steps is the
understanding of the interaction of the molecular magnetic moments with a ferromagnetic surface.
Any application of molecular spintronics requires control on the molecular level via interfaces to the
outside world. This control can be achieved by the exchange coupling to a ferromagnetic electrode
that in turn can be switched by magnetic or electrical fields. For such an envisioned device a detailed
knowledge of the intra- and interface exchange interaction is of utmost importance.
As a model case, we will focus on the outstanding chemical and structural features of metallacrowns
allowing for versatile applications in magneto-chemical research. Metallacrowns with their
characteristic arrangement of spin centers provide a unique approach towards new single-molecule
magnets with a high-spin ground state and a large effective anisotropy barrier to magnetization
reversal. They also have been shown to represent ideal model systems for studying exchange
interactions between a finite number of localized magnetic moments. Usually the exchange coupling
is described by a spin Hamiltonian with an isotropic exchange constant, which considers the distance
and the bond direction of the coupled spins but not the spin direction itself. Herein we report an
anisotropic coupling of a single magnetic moment comprising a large orbital moment coupled to a
ferromagnetic substrate.
[1] A. Alhassanat, C. Gamer, A. Rauguth, A.A. Athanasopoulou, J. Sutter, H. Ryll, F. Radu, A.A. Sapozhnik,
T. Mashoff, E. Rentschler, H.J. Elmers, Phys. Rev. B 98, (2018) 064428
[2] J. Klanke, E. Rentschler, K. Medjanik, D. Kutnyakhov, G. Schoenhense, S. Krasnikov, S.V. Shvets, S.
Schuppler, P. Nagel, M. Merz, H.J. Elmers, Phys. Rev. Lett. 110 (2013) 137202

Molecule-surface magnetic interaction in a simple IONP-SMM model
L. Rosado Piquer1,2, Jan H. G. Dreiser3, E. C. Sañudo1,2
1
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Swiss Light Source, Paul Scherrer Institute, Villigen PSI, Switzerland
To understand magnetic molecule - magnetic surface interaction we use a simple model where the
magnetic surface is that of iron oxide nanoparticles (IONP). The surface is functionalized with a selfassembled monolayer (SAM) of an organic molecule (dopamine or oleate) which is then decorated
with a series of single-molecule magnets (SMMs) exploiting Van der Waals interactions.[1] The SAM of
oleate in used to ensure that the SMM retains its entity, both physically and magnetically while on the
surface of IONPs. Via SQUID magnetometry and X-ray circular magnetic dichroism (XMCD) we can get
insights on the SMM-magnetic oxide interaction.
We study several systems, and we can conclude that transition metals can couple more strongly to the
magnetic surface,[2] while lanthanide ions couple really weakly. Anisotropic species with very large
magnetic moment, like polynuclear Dy(III) complexes can enhance the magnetic properties of the
substrate.[3]
[1]
[2]
[3]

L. Rosado Piquer, R. Royo Sánchez, E. C. Sañudo and J. Echeverría, Molecules, 2018, 23, 1441–
1456.
L. Rosado Piquer, E. Jiménez, Y. Lan, W. Wernsdorfer, G. Aromi and E. C. Sañudo, Inorg. Chem.
Front., 2017, 4, 595–603.
L. Rosado Piquer, M. Escoda-Torroella, M. Ledezma Gairaud, S. Carneros, N. Daffé, M.
Studniarek, W. Wernsdorfer, J. Dreiser and E. C. Sañudo, Inorg. Chem. Front., 2019, 6, 705–
714.

Spin dynamics of Fe4 Single Molecule Magnet complexes on a type I superconductor
G. Serrano1,2, L. Poggini1, M. Briganti1, A. L. Sorrentino1, G. Cucinotta1, L. Malavolti3,
B. Cortigiani1, E. Otero4, P. Sainctavit4,5, S. Loth,3 A. Vindigni6, F. Parenti7, A.-L. Barra8,
A. Cornia7, F. Totti1, M. Mannini1 and R. Sessoli1
1 Department of Chemistry “Ugo Schiff” and INSTM Research Unit, University of Florence, 50019
Sesto Fiorentino, Italy
2 Department of Industrial Engineering and INSTM Research Unit, University of Florence,
50139 Florence, Italy
3 Max Planck Institute for Solid State Research and University of Stuttgart, 70569 Stuttgart,
Germany
4 Synchrotron SOLEIL, L’Orme des Merisiers, Saint Aubin BP48 91192 Gif-sur-Yvette Cedex, France
5 IMPMC, UMR7590 CNRS, Sorbonne Université, MNHN, 75005 Paris, France
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Coupling magnetic materials with superconductors has recently disclosed novel phenomena
attractive for spintronics and quantum technologies.1 In particular, molecular spins deposited on
superconductive surfaces led to the observation of localized magnetic states, known as
Yu−Shiba−Rusinov bound states,2 or enhanced molecular spin lifetimes.3 Single molecule magnets
(SMMs), e.g. tetrairon(III) propeller-shaped complexes (Fe4), represent an interesting class of
magnetic molecules for their magnetic bistability properties that can be retained at the single
molecule level even when deposited on a substrate.4,5 Here we show a detailed microscopic and
spectroscopic study of a sub- monolayer of Fe4 SMMs deposited on a Pb(111) surface. We reveal
that the transition of lead to the superconducting state affects the magnetization of the SMMs that
locally switch from a blocked magnetization state to a resonant quantum tunneling regime. These
findings open intriguing perspectives for controlling single molecule magnets in devices as well as
for their use as local probes for superconducting materials.
[1] Linder, J. et al., Nat. Phys., 11, 307 (2015).
Malavolti, L. et al., Nano Lett., 18, 7955 (2018).
Heinrich, B. W. et al., Nat. Phys., 9, 765 (2013).
Cornia, A. et al., Eur. J. Inorg. Chem., 2019, 552 (2019).
Mannini, M. et al., Nat. Mater., 8, 194 (2009).
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[3]
[4]
[5]

From single molecule magnets on a type I superconductor to novel organometallic compounds:
recent advances in magnetic molecules on surfaces
G. Serrano 1,2, L. Poggini1, M. Briganti1, A. L. Sorrentino1, G. Cucinotta1, L. Malavolti3,
B. Cortigiani1, E. Otero4, P. Sainctavit 4,5, S. Loth,3 A. Vindigni6, F. Parenti7, A.-L. Barra8,
A. Cornia7, F. Totti1, M. Mannini1 and R. Sessoli1
1 Department of Chemistry “Ugo Schiff” and INSTM Research Unit, University of
Florence, Italy
2 Department of Industrial Engineering and INSTM Research Unit, University of
Florence, Italy
3 Max Planck Institute for Solid State Research and University of Stuttgart, Stuttgart,
Germany
4 Synchrotron SOLEIL, L’Orme des Merisiers, Saint Aubin France
5 IMPMC, UMR7590 CNRS, Sorbonne Université, MNHN, , France
6 Department of Chemical and Geological Sciences and INSTM Research Unit,
University of Modena and Reggio Emilia, Italy
7 LNCMI-CNRS, Univ. Grenoble-Alpes, France
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Molecules with magnetic properties, either behaving as a memory unit or a spin qubit, are attractive
for spintronics and quantum technologies.[1] Single molecule magnets (SMMs), e.g. tetrairon(III)
complexes (Fe4), represent an interesting class of magnetic molecules for their magnetic bistability
properties that is retained when deposited on a substrate.[2] In the first part of the talk I will show
that the transition of a type I superconductor, the Pb(111) surface, to the superconducting state affects
the magnetization of Fe4 SMMs that locally switch from a blocked magnetization state to a resonant
quantum tunneling regime.[3] Additionally, I will show very recent advances on the study of a new
organometallic
sandwich,
the
(h8-cyclooctatetraene)(h5-cyclopentadienyl)titanium,
here
[CpTi(cot)],[4] revealing a remarkable coherence time in the order of tens of μs in frozen solution.4
Our studies show an associative adsorption of [CpTi(cot)] on Au(111), which is mediated by strong
surface molecule interactions. These new findings on magnetic molecules open new routes for local
spin sensing experiments either on metals or superconductors substrates.[5]
[1] Linder, J. et al., Nat. Phys., 11, 307 (2015).
[2] Margheriti, L. et al., Small, 5, 1460 (2009).
[3] Serrano, G. et al., Nat. Mater., 19, 546 (2020).
[4] Camargo, L. C. et al., Angew. Chemie, 133, 2620 (2021).
[5] Verlhac, B. et al., Science, 366, 623 (2019).

High Frequency EPR: New Tools for Investigating Thin Layers of Molecular Magnets
Lorenzo Tesi,a Dominik Bloos,a Martin Konecny,a Michal Kern,a Joris van Slageren,a Adam Beneš,a,e
Rainer Hillenbrand,b Alisa Leavesley,c Richard Wylde,c Petr Neugebauer,d Martin Hrtoňd,e Vlastimil
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Molecular Magnets (MM) are transition metal or lanthanide based molecules that are susceptible to
the application of magnetic fields. The slow magnetic relaxation that can be observed at low
temperature even after removing the magnetic field makes them appealing for high-density
information storage applications (Single Molecule Magnets, SMM).[1] Moreover, their quantum
coherence times of the order of microseconds up to room temperature make them attractive for
quantum technologies (Molecular Spin Qubits, MSQ).[2] However, the easiest way to realize new
devices based on these emerging technologies is to deposit and incorporate thin layers of MM on a
surface. In this respect, parallel to the investigation of bulk materials, researchers started to deposit
MM on surface and study them by Scanning Probe Microscopy as well as synchrotron based
techniques. This has led to develop new methods to access structural, magnetic and dynamic
information of thin layers of MM. Here, we present a 2D resonator for High Frequency Electron
Paramagnetic Resonance (HFEPR) spectroscopy based on plasmonic metasurfaces. This resonator
focuses the THz magnetic field in a confined area, which results in EPR signal enhancement when
dealing with thin layer samples. Thanks to plasmonic metasurface resonators, HFEPR enter among the
fundamental tools for the investigation of MM on surface.[3] This work is part of our FET-OPEN PETER
project, whose main purposes will be briefly outlined during the talk.[4]
[1]
[2]
[3]
[4]

Gatteschi, D., Sessoli, R., Villain, J., Molecular Nanomagnets. Oxford Univ. Press: 2006.
Tesi, L., et al. Chemical Science 2016, 7, 2074;
Bader, K., et al. Nature Communication 2014, 5, 5304.
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