Exploring the Magnetism of Molecules at the Nanoscale using
Synchrotron and Scanning Probes-Based Techniques
M. Mannini
Laboratory for Molecular Magnetism, Department of Chemistry Ugo Schiff,
Università di Firenze & INSTM Research Unit of Firenze, Sesto Fiorentino, Italy; matteo.mannini@unifi.it

The next generations of devices for spintronics[1,2] and quantum computing[3,4] will be
based on molecular and inorganic nanostructures with peculiar magnetic properties. The
development of these devices requires the know-how to properly assemble each building
blocks and, primarily, to control the magnetism of these objects at the nanoscale. It is thus
fundamental to adopt specific characterization tools featuring the required sensitivity to
study these materials at the nanoscale and to make correlations between the observed
behavior and the chemical nature and structural arrangement of each component in the
hybrid architectures.
An overview of this approach and recent results obtained on molecular systems will be
provided evidencing how X-ray circular magnetic dichroism (XMCD) experiments and oter
spectroscopic tools based on large scale facilites may lead to fundamental steps forward in
this demanding exploration by directly accessing to static and dynamic magnetic properties
ultra-thin deposits of molecular layers[5] as well as to carefully evaluate the role of
different substrates that may alter also the behavior of the molecular species. In parallel
scanning probe microscopies operated analogously at cryogenic temperatures may allow to
explore the individual nanostructures constituted by single molecules and arrays of
molecules. The comparison and the combination of XMCD results achieved on a large area
with the local properties extracted from the analysis of the data achieved using Inelastic
Energy Tunneling Spectroscopy (IETS)-STM[6,7] and Magnetic Force Microscopy
(MFM)[8] can now pave the way for prototyping hybrid nanodevices embedding these
objects with an increased knowledge of their magnetism.
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Scanning probe microscopies allow investigating surfaces at the nanoscale, in real space and with unparalleled signal-to-noise ratio.
However, these microscopies are not used as much as it would be expected considering their potential. The main limitations preventing
a broader use are the need of experienced users, the difficulty in data analysis a Cite. Download full-text. Decoding the shift-invariant
data: applications for band-excitation scanning probe microscopy. Preprint. Full-text available. Scanning Probe Microscopy Base d
Nanoscale Patterning and Fabrication 7. adatom jumps to a neighboring surface site following the tipâ€™s trajectory. In the push.Â
sisting of 36 Ag atoms on the Ag(1 1 1) surface using STM manipulation. Initially, each Ag atom was positioned at the center of the
corral (see Figs. 1(a) and 1(c)). and then relocated to a ï¬nal position. These instruments named scanning probe microscopes use the
end of a sharp needle as a tip to â€˜readâ€™ the grooves created by atoms and molecules on the supporting surface. To sense the
proximity between tip and surface the scientists use a tiny electrical current which starts to flow when both are only separated by a
fraction of a nanometerâ€“ that is a millions of a millimeter.Â Publication: Science Atomic-scale spin sensing with a single molecule at
the apex of a scanning tunneling microscope https://science.sciencemag.org/content/366/6465/623/. Further information: Peter
GrÃ¼nberg Institut Functional Nanostructures at Surfaces (PGI-3) https://www.fz-juelich.de/pgi/pgi-3/EN/Home/home_node.html.

