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Our mission is to perform world-class
nanoscience research for the competitive
growth of the Basque Country
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Message from the Director

“ World-class
nanoscience
research, in
close collaboration
with other research
laboratories and
with industry,
and a commitment
to the society
define the way
we understand
our activity”

Since the opening of nanoGUNE in 2009, we have been
working hard with the aim of building up a research center
and infrastructure that combine world-class nanoscience research with a focus on knowledge and technology-transfer
activities. In 2019, we celebrated our 10th anniversary with
the satisfaction of having made good progress both in research and in the translation of that research into our society,
thanks to the continuous support of a good number of individuals, public institutions, especially the Basque Government,
and our International Advisory Committee. Many are the
researchers that have passed through our Center, some of
them now working at Technology Centers and companies in
the Basque Country, and others enjoying academic positions
worldwide. We have been publishing in the very best journals
research papers that have enjoyed and are still enjoying a
significant international impact. We have been recognized as
a Maria de Maeztu Center of Excellence, a recognition given
to centers that stand out for the international impact of our
research activity; and all this has put us in a privileged situation allowing to address technology transfer and, in particular,
the creation of new technology-based companies in extremely competitive areas like that of the well-known nanomaterial graphene. Some of these startup companies are still
hosted at nanoGUNE. Others (Graphenea and Biotech
Foods) have already fledged and now they have their own
laboratories. Biotech Foods, dedicated to the production and
commercialization of cultured meat, fledged its wings in 2020
to the Gipuzkoa Technology Park in San Sebastian after two
years of incubation at nanoGUNE.
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José M.
Pitarke
Director

In the period 2019-2020, our state-of-the-art research has
been ongoing, we have intensified our technology-transfer
activities, and we have designed a new tech-transfer plan for
the period 2021-25, based on three main areas of activity:
(i) working with industry through privately funded research
projects, (ii) licensing our technologies to third parties, and
(iii) promoting technology-based new companies for the exploitation of specific in-house capabilities.
In the framework of this plan, our technology-transfer activities are expected to benefit from the recent creation, in
2019, of the Basque Research and Technology Alliance
(BRTA), which counts with our participation together with
other Cooperative Research Centers and Technology
Centers in the Basque Country.
The period 2019-2020 has also been particularly fruitful with
respect to the management of the Center. Our Innovation
Management System, which had been certified in 2017 according to the standard UNE 166.002:2014, has been externally audited successfully in 2019 and 2020; in 2019, we were
granted by the European Commission the HR Excellence in
Research award, which gives public recognition to research

institutions that have made progress in aligning their humanresource policies with the principles of the so-called
European Charter&Code for Researchers; a Corporate
Compliance Program has been designed; and a GenderEquality Plan has been launched for the promotion of gender
equality at the workplace and outside.
We were entrusted with a mission: to carry out world-class
nanoscience research for the competitive growth of the
Basque Country. We can proudly say that we are fulfilling
our mission. World-class nanoscience research, in close
collaboration with research laboratories and with industry,
and a commitment to the society define the way we understand our activity. In order to stay there, at the top, in order
to put the Basque Country at the forefront of nanoscience
research, we need to keep doing a kind of cutting-edge
research that would take us to unknown territories, still
responding at all times to our commitment with industry:
the industry of the present and, above all, the industry of
the future. This is the big challenge of the small.
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Nanomagnetism

The Nanomagnetism group conducts world-class fundamental and applied research in nanomagnetism and related characterization techniques. The group has developed a broadbased expertise in the fields of thin-film and multilayer
growth, nanostructure fabrication, and magnetic-materials
characterization. Furthermore, the group has established itself in an internationally leading position for investigations of
advanced magneto-optical and magneto-plasmonic effects
and their utilization for fundamental and applied purposes,
which also include unique tool and device development. The
group’s expertise and activity profile are completed by the
development of theoretical and computational models for
quantitative descriptions of magnetic and optical properties
at the nanoscale.
During the 2019-20 period, the Nanomagnetism group has
achieved key progress in a number of fields, some of which
were accomplished jointly with collaborators from all over the
world. One such key accomplishment was the demonstration
that magnetic layers separated by a non-magnetic layer can
exhibit helical interlayer coupling, driven by the so-called
Dzyaloshinskii-Moriya interaction, in addition to the conventional collinear interlayer coupling that was discovered more
than 30 years ago. In the field of magneto-plasmonic metamaterials, we have proposed theoretically and demonstrated
experimentally a novel conceptual roadmap to boost a magnetization-induced polarization modulation using multipolar
dark plasmon modes. For this purpose, symmetry broken
non-concentric magneto-plasmonic-disk/plasmonic-ring nanostructures were designed and nanofabricated in order to enable the free-space light excitation of multipolar dark modes
in the plasmonic ring as well as their hybridization with the
dipolar plasmonic resonance of the magneto-plasmonic disk,
leading to a hybrid multipolar mode. The excitation of such
hybrid high-order multi-polar dark modes resulted in a strongly amplified magneto-optical activity, allowing an unprecedented active control of light polarization under a magnetic field.
Our new design could thus lead to broad applications in optical communications, sensing, and imaging.
Besides the above fundamental research activities, more applied research work is also of crucial relevance in our research portfolio. One example is the application of magneto-optical ellipsometry for investigations of ultrathin buried

interfaces, a study that was conducted jointly with Kyushu
University, one of Japan's preeminent universities. While conventional magnetometry measurements were unable to identify the magnetic nature of ultrathin alloy films that are used
to increase the efficiency of magneto-thermal device structures, our magneto-optical ellipsometry demonstrated unambiguously that the most effective interface layers are
non-magnetic. Another example was the demonstration of
the use of hybrid magnetic-plasmonic elements to facilitate
contactless and selective temperature control in magnetic
functional metamaterials (nanomagnetic networks). Compared
to so-far used global heating schemes, which are slow and
energy-costly, light-controlled heating, using optical degrees
of freedom such as light wavelength, polarization, and power,
allows the implementation of local, efficient, and fast heating
schemes to be used in heat-assisted nanomagnetic computation or to quantify collective emergent phenomena in artificial spin systems.

Hb (Oe)
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Research Groups

H0 (Oe)
Demonstration of the influence that the temperature T, relative to
the Curie temperature TC of a magnetic material, has onto its
dynamic behavior in the vicinity of the dynamic phase transition.
Figures (A), (B), and (C) show the experimentally determined phase
diagram of the dynamic order parameter <Q>, whereas (a), (b), and
(c) show the associated fluctuation. While (A)–(C) have a rather
similar appearance, (a)–(c) clearly visualize that fluctuations (more
precisely, the so-called anomalous meta-magnetic fluctuations) are
more important as T/TC increases.
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Nanooptics
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The Nanooptics group performs experimental and theoretical research in nanooptics and nanophotonics, covering both
fundamental and applied aspects in these fields. Essentially,
we develop near-field nanoscopy (scattering-type scanning
near-field optical microscopy, s-SNOM) and infrared nanospectroscopy (Fourier transform infrared nanospectroscopy,
nano-FTIR), and we apply these novel analytical tools in
various areas of science and technology. Both techniques
offer a wavelength-independent spatial resolution of about 10
to 20 nm at visible, infrared, and terahertz frequencies, thus
beating the conventional diffraction resolution limit by a factor of up to 1 000.
During the 2019-2020 period, the Nanooptics group has kept
working on the instrumental development of near-field microscopy in order to push the spatial resolution towards the
single-molecule level, to enable three-dimensional (3D) infrared-spectroscopic nanoimaging, and to enable novel imaging
modalities.

Research Groups

We have been working on various advances in nanoimaging
and nanospectroscopy: the application of infrared nanospectroscopy for the nanoscale mapping of chemical polymer
composition, the secondary structure of proteins, the carrier
distribution in semiconductor nanowires, and the optoelectronic properties of novel two-dimensional (2D) materials.
We have also been working on the development and application of theoretical models for the description of:
(i) the propagation and scattering of waves/surface waves
in natural, artificial, and 2D materials,
(ii) near-field spectroscopy, and
(iii) the reconstruction of materials properties from
near-field data.

Furthermore, near-field microscopy has been applied to
study plasmons in metal and graphene nanostructures as well
as phonons in polar crystals, for the development of ultracompact nanophotonic devices and their application.

Illustration of the antenna launching of h-BN hyperbolic phonon
polaritons (HPhPs). The spatial distribution of the near-field is
shown by red and blue colors.
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The Self-Assembly group works on expanding the idea of
“self-assembly” from classical molecular arrangements by mutual recognition towards externally forced assembly and towards nanoscale morphology of wetting layers. The focus is
always on natural biomolecules, such as proteins and viruses,
and on related biomimetic systems.

Ultrathin water or ice layers engulf almost all biological structures in contact with air, but their structure, dynamics, and
role in biology are nearly unknown. Understanding drying
and hydration of viruses during transmission is our most important aim. So far we have been focusing, however, on ice
surfaces and on ice nucleation in supercooled water.

We explore classical self-assembly based on biochemical
modification of cage-like protein assemblies (DPS), e.g. with
mutually recognizable peptide tags. This allows specific assembly routes for these huge protein complexes, even towards new crystals. The highly variable biomineralization of
protein cages opens routes to new microelectronic, magnetic,
and optical devices.

Our main experimental methods are based on our homebuilt
electrospinning tools and our now commercial “novaspider”
electrospinning/3D printing device. We employ and develop
atomic-force microscopy and scanning (transmission) electron microscopy in a water vapor atmosphere of controlled
humidity. We also make use of our spectromicroscopy facilities –Raman and (nano)FTIR–.

Electrospinning is our method of forced assembly. We are
constantly exploring and expanding our methods towards
the production of fibers made of pure peptides/proteins
without the usual polymer matrix. We are discovering new
modes of molecular arrangement, also for proteins that cannot form fibers naturally, and expand the known, mainly
natural protein assemblies. To this end, we are improving the
technical capabilities of atomic-force microscopy on highly
curved surfaces.

During the period 2019-2020, we have been collaborating
with research groups at ETH Zürich (Switzerland),
University of Milano (Italy), University of Grenoble (France),
and locally with biomaGUNE and the Materials Physics
Center in San Sebastian.

Supercooling of aqueous solutions of proteins. (Apo)ferritin
solutions freeze at around -3°C,
so these protein cages are potent
ice nucleators. Other protein
solutions (casein, HydroPhobins
A and B, Leucosporidium Ice
Binding Protein, ovalbumin,
Tobacco Mosaic Virus) freeze between -10°C and -18°C, and pure
water below -22°C.

(a)

(b)
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Nanobiotechnology
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The Nanobiotechnology group is successfully developing a
research line focused on the study of protein and cell mechanics. This research line is centered in the study of microbial infections from a mechanical point of view, using physical
principles.
Bacteria and viruses infect organisms by using proteins that
attach to molecules in the surface of the host. HIV-1 uses its
envelope glycoprotein gp120 to attach to CD4 in the surface
of T cell. Similarly, bacteria use an array of proteins called virulence factors for establishing mechanical anchoring to tissues.
These proteins withstand mechanical forces going from few to
hundreds of picoNewtons. The effect of these forces in the
structure and chemistry of the proteins is not understood;
but they may have implications in the infection process.
We investigate the role of mechanical forces in the structure
and chemistry of microbial attachment proteins as well as in
the infection process. We use an array of techniques to study
the nanomechanics of viral and bacterial infections progressively from single molecules to cells. We aim at establishing new
knowledge on the molecular aspects driving the mechanical
interaction of microbes with their targets. We use atomic-force spectroscopy (AFS) to explore the effect of mechanical forces on microbial attachment proteins, human CD4, and
E. coli pilus. This technique allows monitoring chemical reactions under force such as bond rupture, the binding of peptides, small molecules, and antibodies, processes which are
known to be implicated in microbial infections and that may
have a mechanical origin.

Research Groups

We also use imaging techniques and magnetic tweezers (MT)
in order to design molecular force sensors based on fluorescence for establishing correlations between cellular and molecular mechanics, and we are developing a high-throughput
screening methodology to search for molecules that alter the
mechanical properties of viral and bacterial proteins, serving
as potential drugs against microbial attachment into host cells.
The Nanobiotechnology group is also working on a research
line that directly connects with industrial biotechnology. This
research line is focused on the design of enzymes with improved properties to be used in a number of industrial applications. Enzymes are widely used in industry and biomedicine.
They need to be improved in order to be usable in processes
outside their natural environment. We have specialized in the
art of Ancestral Sequence Reconstruction (ASR). This technique uses phylogeny to bring back to life proteins and genes
from extinct organisms and to study their physicochemical
properties. We have discovered that enzymes belonging to
organisms that lived a few thousand million years ago have
properties that reflect the harsh conditions of ancient environment. We use these properties to design improved enzymes with industrial applications.

Scheme of our MT setup and detail of
the magnetic needle. The magnetic field
induces a force that moves the beads
attached to the bacterial cell wall.
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Nanodevices
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The Nanodevices group studies the electronic properties of
materials at the nanoscale. For this, we use advanced nanofabrication methods and we measure the electron transport
of materials in extreme conditions, such as low temperatures
and high magnetic fields. We work along three main research
lines: spintronics, the electronic properties of van der Waals
heterostructures, and advanced nanofabrication.
Spintronics has emerged as an active ﬁeld of research that
aims at the development of a new generation of devices
relying on the manipulation of the electron spin. Here we
focus on the study of spin-orbit-coupling related phenomena,
such as the spin Hall effect in heavy metals, the RashbaEdelstein effect at interfaces, and the spin-momentum locking
in topological insulators, which we study in metallic as well as
two-dimensional (2D) nanodevices. These phenomena allow
electrical spin-charge current interconversion, giving rise to
interesting applications such as spin-orbit torques to write
magnetic memories, or the integration of magnetic memory
and spin-based logic, as recently proposed by Intel
Corporation. Using state-of-the-art nanofabrication, our
main goal is to devise alternative geometries that unlock
innovative architectures for spin-based computational
devices.

Research Groups

acquiring during the last few years enables us to build final
devices with high performances.
During the 2019-2020 period, we have initiated the coordination of the so-called SPEAR project, which seeks to explore
new materials for the next generation of computer memories
and processors; six European academic institutions (CEAFrance, ETH Zürich-Switzerland, IMEC-Belgium, University of
Hamburg-Germany, Martin Luther University Halle-Germany,
and nanoGUNE) and three European companies (ANTAIOSFrance, QZabre-Switzerland, and NanOsc-Sweden) participate
in this project. SPEAR has been selected by the European
Commission for funding as a Marie Sklodowska-Curie Innovative
Training Network (ITN). We have also initiated a new industrial project funded by Intel Corporation on spintronics with
van der Waals heterostructures.

Since graphene –a monolayer of carbon atoms– was first
isolated in 2004, a plethora of 2D materials have been characterized, as they range from unprecedently high carrier mobilities to record light-absorption efficiencies. Moreover, the
layered nature of these materials enables the creation of new
metamaterials by stacking a number of them on top of each
other. These metamaterials are called van der Waals heterostructures. Here we use 2D layered materials and their van
der Waals heterostructures as building blocks for novel
(opto-)electronic, spintronic, and magnetic devices.
As for advanced nanofabrication, we use state-of-the-art
techniques to build devices allowing us to explore the world
at the nanoscale. Our expertise includes methods as diverse
as electron-beam lithography (EBL) or focused-ion-beam and
focused-electron-beam induced deposition (FIBID/FEBID).
We can engineer improved materials with a high degree of
control in order to explore the extreme possibilities of our
techniques. The extensive knowledge that we have been

An artist impression of the representation of a possible spin-charge
conversion geometry together with a microscopy image of a 2D van
der Waals heterostructure.
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The Electron-Microscopy laboratory provides a high-end
electron-microscopy support to research institutions and
industry in the Basque Country and worldwide.
Though the main activity of the group is devoted to providing
service to other researchers and industrial partners, currently there are two research lines maintained by the group
itself.
The first research line is related to the study of the structure,
solidification processes, and plasticity mechanisms in metals
and alloys. This line is developed in collaboration with the
Engineering department at Mondragon University in the part
related to plasticity and machining of metals and with the
University of the Basque Country (UPV/EHU) in the part
related to solidification processes and metals three-dimensional (3D) printing.
The second research line is related to the development and
utilization of the novel microscopic technique Liquid-Phase
Transmission Electron Microscopy (LP-TEM). Here we collaborate with a company producing the equipment for this
method; our aim is to make it robust, reliable, and

Research Groups

quantitative. Applications of this method range from liquid
nanoscale chemical kinetics to biomedicine.
Regarding the service provided to other researchers and industrial partners, we have a great diversity of methods that
we can apply. Morphology, composition, and surface microstructure can be characterized by a variety of scanning electron/ion microscopy techniques like electron and ion-beam
imaging, Energy-Dispersive X-ray (EDX) analysis, and
Electron BackScatter Diffraction (EBSD). Peculiarities of the
atomic structure and chemical composition can be studied by
a set of Transmission Electron Microscopy (TEM) methods
like conventional TEM, high-resolution TEM and Scanning
TEM (STEM), electron diffraction including Convergent-Beam
Electron Diffraction (CBED), EDX, and Electron-Energy-Loss
Spectroscopy (EELS). We can access the magnetic properties
of materials at the scale of a few nanometers utilizing electron holography, Lorentz microscopy, and differential phase
imaging. The 3D structure of the samples can be revealed at
different scales either by (S)TEM tomography or FIB
Slice&View approaches. Stand-alone is a high-resolution EELS
method used to characterize plasmons and phonons in
nanomaterials.

3D structure of as printed Inconel 718 alloy
obtained by FIB Slice&View.
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The Theory group does theory and simulation of systems at
the nanoscale, especially first-principles simulations, meaning
simulations solely based on the fundamental theory of quantum physics controlling the behavior of electrons and nuclei
composing matter. This normally implies the use of heavy
computation in high-performance computer centers.
In the period 2019-2020, we have been improving the efficiency and scalability of our methods within large-scale
European Centers of Excellence (MaX and ECAM).
We have also been involved in a European project using simulations to better understand the damage of space radiation
in space exploration, both in spacecraft materials (mostly
solar cells) and in the living tissue of people in space. Our
on-going work is also of interest for the improvement of
novel radiotherapy techniques in the treatment of cancer.

Research Groups

Furthermore, the CECAM Electronic Structure Library represents quite an achievement. It is the result of a leadership
effort at nanoGUNE. A number of computational physicists
developing the most widely used methods and programs in
the world in condensed matter physics, chemical physics, and
materials science have been working together towards jointly
renewing our codes for the new supercomputers to come,
which will run with around one million processors in parallel.
Revamping our programs separately (as done historically)
represented a huge waste, which was stifling innovation and
further development. The joining together of such a community has represented a great achievement.

In collaboration with Merck, a multinational chemical company, we have studied new candidate molecules for organic
photovoltaics, which means flexible, cheap solar cells for windows and intelligent buildings. We have studied the effect on
their efficiency of the way molecules arrange themselves in
the cells.
On the fundamental side, we are interested in the study of
problems far from equilibrium at the nanoscale in a variety of
contexts. Lately, we have been working to understand, from
a non-equilibrium thermodynamics perspective, experiments
pulling proteins that are being carried out at the Nanobiotechnology group. We have also been working on the
understanding of stationary states arising in the quite violent
disruption of solids when a high-energy ion projectile shoots
through them.

Frontier orbitals involved in the photovoltaic process of two
organic molecules, donor and acceptor.
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The Nanomaterials group is dedicated to the development of
functional materials from various perspectives. Primarily, we
synthesize and investigate polymer-inorganic hybrid materials
with the perspective of applications in food packaging, catalysis, textile, or energy storage.

Finally, in the research line of biomimetic catalysis we are
creating hybrid materials out of proteins and inorganics. The
proteins under study are enzymes (biological catalysts) which
upon hybridization and stabilization can act as solid catalysts
with a higher catalytic activity and chemical stability.

In the period 2019-2020, we have been working on the development of Li-S batteries, flexible electronics, antimicrobial
coatings, and biomimetic catalysis.

In the period 2019-2020, the Nanomaterials group leader,
Mato Knez, has become honorary professor at the University
of Rijeka in Croatia.

In the area of Li-S batteries, we have built a coating reactor
for atomic-layer coatings on nanoparticles. With this reactor
we can modify powders which are used for constructing
electrodes for batteries. At the current time, we are working
together with the Technology Center Cidetec on the improvement of cathodes for lithium sulphur batteries.
Regarding flexible electronics and antimicrobial coatings, we
are performing infiltration of polymers with inorganic materials to enhance the functionality of the polymers. Within a
Marie Sklodowska-Curie Innovative Training Network (ITN), we
are making polymers electrically conductive and antimicrobial
for a possible later use in flexible electronics or smart
packaging.

Left panel: magnetization vs. temperature curves of Fe3O4/TiO2 core/shell
nanoparticles after various numbers of
Atomic-Layer-Deposition (ALD) coating
cycles and a concerted reduction of the
g-Fe2O3 nanoparticles to Fe3O4. Right
panel: visual color change of the particles
in powder form (top) and dispersed in
water (bottom); (a) untreated commercial g-Fe2O3 nanoparticles and (b) the
same particles after applying various ALD
cycles, forming Fe3O4/TiO2 core/shell
nanoparticles. The color change from
orange to black is indicative of a transformation from g-Fe2O3 to magnetite.
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The Nanoimaging group is focused on the study of the quantum behavior of small objects formed by a small number of
atoms or molecules, by using scanning probe microscopies.
We search for effects related to their optical, magnetic, or
electronic properties, which could help to understand the
fundamentals of quantum processes and to construct models
explaining their peculiar behavior. The guideline of our research is to turn quantum phenomena relevant for novel
materials.
In the period 2019-2020, we have focused our research along
the study of superconductivity and the fabrication of atomically precise graphene nanostructures. The fundamental
properties of quantum materials are based on complex electronic phenomenology emerging at the atomic scale. For
example, while magnetism is known to destroy superconductivity, a single magnetic atom simply modifies the superconducting properties locally, perturbing the material in short
length scales. Interestingly, when atoms are close and interact
magnetically, the superconducting properties may be distorted in such a way that non-conventional pairing schemes
emerge. Their detection and identification will provide basic
rules for creating artificial quantum materials. Our research
line in this direction envisions the creation of novel superconducting states of matter that cannot naturally emerge in existing materials by fabricating predesigned atomic-scale structures of magnetic atoms/molecules on a superconductor. We
use the atom-by-atom manipulation technique of a scanning
tunneling microscope to fabricate atomic-scale model systems and study the novel superconducting state they provoke by means of high-resolution tunneling spectroscopy.
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As for the fabrication of atomically precise graphene nanostructures, there is a consensus that spins will expand our
current information-technology landscape, based on the
electron charge, into a class of faster and more efficient components, these representing also a basic element –a qubit– in
the second quantum revolution for computation. Optimal
materials are required that combine a well-defined spin localization and coherence with electrical addressability and integrate well into mesoscopic architectures. A promising material combining these properties is graphene. Graphene is a
diamagnetic material, but upon being shaped in specific forms
can host localized spins. We are fabricating graphene flakes
with atomic-scale precision on a surface by triggering synthesis reactions of pre-defined organic precursors, and we study
their magnetic properties by using low-temperature scanning
tunneling microscopy (STM).
In the period 2019-2020, we have published the first
demonstration of magnetism in zigzag sites of graphene
flakes and we have uncovered the triplet ground state of
triangulene, a triangular graphene nanoflake.

A molecular-scale device formed by two graphene nanoribbons
contacting a magnetic iron porphyrin. The fabrication of this device
is done by mixing two organic molecular precursors on a gold surface and annealing the substrate to high temperatures. The device
is atomically perfect, and the connections to the porphyrin are
done with atomic precision. Electronic transport through this system was further studied with low-temperature STM; here we found
that the electronic spin of this system could be excited by injected
electrons.
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The Nanoengineering Group focuses on new photonic solutions -in terms of methods, devices, and instrumentationthat face global challenges related to health, nutrition, and
environmental problems.
One research line concentrates on the development of spectroscopy instrumentation. We developed a new spectroscopy platform that combines Raman and FTIR (Fourier transform infrared) spectroscopy, such that both methods analyze
the same sample at the same time without any interference.
The optical design features an ATR-based (attenuated total
reflection) FTIR path with aspheric optics and an off-axis
Raman path that allows for optical sectioning. The objective
is to provide complementary information for machine learning for a robust prediction and classification of biochemical
conditions.
In a second research line, we work on the detection of
Alzheimer’s disease by machine learning-assisted multispectroscopy. Alzheimer is generally diagnosed in an advanced
stage with serious symptoms. For an early diagnosis, we
follow a multispectroscopy approach combining the information obtained from Raman, SERS (surface-enhanced Raman
scattering), FTIR, and fluorescence spectroscopy. We investigate human samples from cerebrospinal fluid and combine
the complementary spectroscopic information mathematically by machine learning. Our ambitious goal is to identify
the disease in an early stage by an increased number of
specific features of the physiological condition.
Our third research line investigates the detection of perinatal asphyxia by machine learning-assisted Raman spectroscopy. Here, we develop a non-invasive clinical tool for continuous and real-time monitoring of hypoxia-ischemia
events in newborns during delivery. We aim at detecting
physiological risks, which allow for immediate medical action.
The technology includes application-specific Raman probes
and machine-learning algorithms that take into account the
systemic picture of physiological anomalies, in contrast to
state-of-the-art methods where only one single parameter,
as pH, serves for decision making.
Plasmonics for biodetection is our fourth research line. Here
we are developing a highly sensitive detection system based
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on propagating and localized surface-plasmon resonances for
specific biomarkers related to a variety of diseases. To overcome current detection limits, we focus on several engineering research topics, as Gaussian beam shaping, plasmonic
nanostructures, specific biofunctionalization, optimized microfluidics, and multivariate analysis. Moreover, we develop
self-assembled superlattices of Au nanoparticles for optimized SERS signals.
We are also working on food quality control by machine
learning-assisted Raman/FTIR spectroscopy. In several projects, we make use of extended information delivered by the
combination of several spectroscopy methods, supported by
machine learning and considering the entirety of information
instead of a single spectroscopic line. In this context, we investigate the quality of food, for example in terms of fraud
where we analyze raw versus heated honey. Furthermore, we
look at the content of microplastics in seafood, which nowadays is becoming a more and more serious global problem in
our food chain.

Linear Discriminant Analysis (LDA) of eucalyptus honey under thermal treatment, as a demonstration of fraud with a clear classification of various conditions. The analysis is based on spectroscopic
data from FTIR. Samples of raw honey were heated at 40°C for 3.5
and 24 h. Circles: training set (75% of data, randomly chosen). Stars:
test set (25% of data).
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Single spin
localization and
manipulation in
graphene open-shell
nanostructures

33

Nature Communications
10, 200 (2019)
J. Li, S. Sanz, M. Corso, D.-J. Choi,
D. Peña, T. Frederiksen, and
J. I. Pascual

Turning graphene magnetic is a
promising challenge to make it an
active material for spintronics.
We report on the observation of
intrinsic π-paramagnetism of
graphene nanostructures, and we
demonstrate the ability to manipulate individual magnetic moments on these structures.

STM images of graphene nanostructures
with localized spins. Coupled spins are
indicated with red and blue arrows.

Research on carbon-based magnetism
has been attracting great interest for a
long time; but it has suffered from a
poor reproducibility of the experimental results. Interest in this area
arouse again with the isolation of
graphene and the promising perspective of using graphene for spin transport and spin-based quantum information processing. While graphene is, in
principle, diamagnetic, theory predicts
that π magnetism can be induced by
shaping graphene with zigzag edges.
The experimental obser vation of
graphene magnetism has been hindered

by the lack of atomic control on the
zigzag edges and the lack of sensitive
spin measurements.
We have produced graphene nanostructures with atomic precision using
an organic synthetic reaction over a
metallic substrate. Our scanning tunneling microscopy (STM) measurements
resolve the atomic structure, and we
identify single electron spins localized
around certain zigzag sites of the
graphene nanostructures via the detection of the Kondo effect on top. Furthermore, the exchange coupling of nearby
spins is quantified by singlet-triplet inelastic electron excitations. Using theoretical simulations, we demonstrate
that electron correlations represent
the basic ingredient for the emergence
of intrinsic π-paramagnetism on
graphene nanostructures.
In our results, the spin state of the
graphene nanostructures can be manipulated by hydrogen passivation or by
tip contact. Moreover, we demonstrate
the electrical addressability of localized
magnetic moments in graphene devices,
which shows the potential of utilizing
graphene in spintronic applications.
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Room-temperature
spin Hall effect in
graphene/MoS2
van der Waals
heterostructures
Nano Letters 19, 1074 (2019)
C. K. Safeer, J. Ingla-Aynes, F. Herling,
J. H. Garcia, M. Vila, N. Ontoso, M. R. Calvo,
S. Roche, L. E. Hueso, and F. Casanova
Artistic representation
of the spin Hall effect
in graphene induced by
proximity with MoS2

In this work, we report the first
experimental observation of
spin-to-charge current conversion (SCC) in gra phene . To
achieve this remarkable goal, we
placed a flake of MoS2, a semiconductor with high spin-orbit coupling (SOC), on a graphene Hall
bar to induce SOC. The graphene,
that otherwise does not show
any SCC, generates out-of-plane
spins when applying a charge current through it. This effect occurs
up to room temperature and
generates very large spin signals,
which is very appealing for the
realization of new spin logic devices, such as the magnetoelectric spin-orbit logic proposal by
Intel.
The realization of on-chip logic operations using the spin degree of freedom
requires an easy and efficient way to
convert charge currents to spin currents. Currently this is realized using
ferromagnets, the spin direction depending on their magnetizations.
However, that is not desirable for operation in magnetic-field-free chip

environments; hence, the ferromagnet-free injection and detection of
spins is a major goal of spintronics.
Graphene is an outstanding material
from the perspective of spin transport.
On the one hand, its intrinsically low
SOC allows for exceptionally
long-distance spin transport at room
temperature. On the other hand,
graphene’s two-dimensional (2D) nature
enables the control of its properties by
proximity with other materials. When a
layered material is placed in close contact with graphene, a van der Waals
heterostructure is formed, thereby modifying the properties of the graphene
layer. When this material is MoS2, a semiconductor with high SOC, graphene
inherits the SOC. In heterostructures of
graphene and MoS2, the spin transport
is affected by the large SOC which, together with its exceptional band structure with two inequivalent valleys, leads
to a highly anisotropic spin transport
where out-of-plane spins live for much
longer than the in-plane ones.
To further exploit the mentioned system for spin-to-charge conversion, we

prepared graphene Hall bars and
placed a flake of MoS2 on top of them.
Additionally, we connected the graphene
using nonmagnetic and magnetic contacts to unambiguously separate the
spin from the charge currents. Our
experiment shows that out-of-plane
spins are efficiently converted to inplane voltages at room temperature.
This phenomenon is known as the spin
Hall effect, where the spin propagation,
the spin polarization, and the induced
voltage are mutually perpendicular.
Additionally, we observed that certain
in-plane spins are also converted; but
we did not conclude from the experiment whether the conversion occurs in
the graphene or in the MoS2 channel.
Our results have opened the way to
spin-to-charge conversion in layered
materials and have added an essential
functionality in spintronic devices, including novel perspectives in spin-based
logic. Indeed, a significant amount of
related works from a variety of research groups have already appeared
following the publication of this work.
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Electrically
addressing the spin
of a magnetic
porphyrin through
covalently connected
graphene electrodes
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Nano Letters 19, 3288 (2019)
J. Li, N. Friedrich, N. Merino-Diez,
D. G. de Oteyza, D. Peña, D. Jacob,
and J. I. Pascual

The smallest imaginable electronic device consists of a single
molecule connected by narrow
wires, combining in a few nanometers an input port, the signal
output, and a logic functionality.
In this work, we have fabricated
with atomic precision such a single-molecule device and we have
tested our device by using
graphene nanostructures and a
magnetic molecule. Our results
demonstrate that such a device is
not only thinkable, as it can be
physically realized.

The left panel shows an STM high-resolution
image of the fabricated device, revealing the
atomic structure. Two leads of chiral
graphene nanoribbons (GNRs) connect an
iron porphyrin molecule with atomic
precision. The right panel exhibits an artistic
interpretation of a molecular device bridging
the tip and the substrate.

Small carbon-based materials hosting
magnetic moments are highly interesting
for potential molecular spintronic devices. A promising approach is to use
organometallic molecules as building
blocks. These units provide both a specific spin, due to the transition metal
atom in the interior of the unit, and a
conjugated electron system for its electrical accessibility. Here, we show a
method to interface the molecular
units with electrodes in order to power
the device with electrical currents.
We used thermally activated chemical
reactions of specifically designed organic
precursors over a metal substrate,
in order to steer covalent bonds and
assemble them into complex graphene
structures with atomic precision.
In combination with functionalized magnetic porphyrins, we fabricated a carbon-based, two-terminal molecular

device hosting a single spin. In our experiments, we image the structure with
high-resolution scanning tunneling
microscopy.
The molecular spin can exist in two configurations and switching between them
is possible by means of inelastic electronic currents. We have demonstrated
this function by electrical transport measurements. Using the tip of a scanning
tunneling microscope (STM), we lift the
end of one of these devices from the
underlying substrate. We then perform
electronic transport measurements
and simulations that reveal the characteristic fingerprint of switching the molecular spin between states. These results open the way to design more
complex functional units in order to be
able to continue shrinking the electronic
devices we rely on every day.
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Interlayer
DzyaloshinskiiMoriya
interactions
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Physical Review Letters
122, 257202 (2019)
E. Vedmedenko, P. Riego, J. A. Arregi,
and A. Berger

Interlayer coupling phenomena in
magnetic multilayer structures
are among the most studied and
most relevant research topics in
magnetism, in terms of both their
fundamental quantum mechanical
origin and their vital importance
for magnetoelectronic devices.
The initial observations, in the 1980s, of
interlayer exc ha nge coupling in
multilayers that are fabricated from
alternating stacks of magnetic and nonmagnetic materials represented a
watershed moment in magnetism research, because they enabled for the
first time a magnetic state control at
the nanoscale and thus facilitated the
observation of the giant magneto-resistance (GMR) effect, another stellar
scientific break through that was
awarded the Nobel Prize in physics in
2007. Both aspects became crucially
relevant for high-tech devices in magnetic storage applications already in
the 1990s and are still indispensable in
magnetoelectronic and spintronic device technology today. A large number
of materials combinations for the
ferromagnetic and non-magnetic layers

were studied, and all observed interlayer interactions were explained by
an energy term that is bilinear or biquadratic in the spin variables of adjacent ferromagnetic layers and thus
exhibits a Heisenberg exchange coupling mechanism.
Our work here demonstrates that other
interlayer coupling mechanisms are possible as well, and we demonstrate,
in particular, that Dzyaloshinskii-Moriya
interactions (DMI) can facilitate an effective interlayer coupling that exhibits
a preferred rotation sense, i.e. helicity,
in terms of the magnetic orientations
of the adjacent ferromagnetic layers.
Following our theoretical predictions,
experimental verifications of this
mechanisms were also successful and,
thus, open up new magnetic multilayer
designs, where various kinds of helical
magnetization states can be realized.
Such magnetization states are not only
fundamentally interesting but should
also enable technical utilizations in
terms of improved or entirely novel
devices. The relevance of DMI interlayer coupling is hereby related to the
fact that helicity induced symmetry
reduction of magnetic states and magnetization reversal paths can be core
ingredients of more deterministic
magnetic state processing and thus
can lower noise or error rate performances of devices.

The top panel shows the computed geometry, where two magnetically ordered layers
(whose atoms are represented by blue
spheres) are coupled by means of interlayer
impurities (represented by orange spheres)
that facilitate an interatomic DMI whose vectorial orientations are shown by red arrows.
The central panel displays an exemplary spin
alignment in such a multilayer structure, in
which the spins within each layer have the
same in-plane orientation but a modulated
out-of-plane component (modulation angle
dq). Also, there is a rotated in-plane orientation considered in between both magnetic
films (rotation angle dj). The bottom panel
shows the resulting DMI energy for such a
spin structure and demonstrates that (i) the
total DMI energy can be lowered by allowing
for non-collinear magnetization states in each
layer (dq ¹ 0) and (ii) for such non-collinear
intralayer states the interlayer alignment has a
preferred helicity, in which one perpendicular
interlayer orientation represents the energy minimum whereas an inverted bottom
layer spin orientation leads to an energy
maximum.
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Large multidirectional spin-tocharge conversion
in low-symmetry
semimetal MoTe2 at
room temperature
Nano Letters 19, 8758 (2019)
C. K. Safeer, N. Ontoso, J. Ingla-Aynes, F. Herling,
V. T. Pham, A. Kurzman, K. Ensslin, A. Chuvilin,
I. Robredo, M. G. Vergniory, F. de Juan,
L. E. Hueso, M. R. Calvo, and F. Casanova

Spin-charge current interconversion (SCC) has been widely studied in heavy metals with strong
spin-orbit coupling. The high
crystal symmetry in these materials dictates the SCC symmetry
where spin polarization, charge
current, and spin current directions should be mutually orthogonal to each other. We studied
SCC in MoTe2, a Weyl semimetal
with low crystal symmetry, and
observed unconventional SCC
allowed by broken mirror symmetries. These exotic components can be used for the electrical injection and detection of
pure spin currents with multiple
spin polarizations and a more
flexible device design.
SCC can be obtained via spin-orbit phenomena, such as the spin-Hall or
Rashba-Edelstein effect. The usefulness
of these phenomena has already been
demonstrated in the framework of magnetic memories and spin-based logics.
While increasing the SCC efficiency will
lead to the reduction of energy consumption in these devices, lifting the

SCC symmetry constraints can provide
flexibility to the device design and integration. In this regard, transition metal
dichalcogenides (TMDs), two-dimensional (2D) van der Waals materials possessing strong spin-orbit coupling and
low crystal symmetries, are promising
for SCC research, as recent theoretical
studies predicted a versatile SCC with
large efficiency in these materials. Using
a graphene lateral spin valve device as a
tool, we have shown an experimental
demonstration of these theoretical predictions in MoTe2, a TMD semimetal
having a distorted 1T octahedral crystal
structure.
We first prepared graphene/MoTe2 van
der Waals heterostructures using a mechanical exfoliation followed by viscoelastic stamping. Using electron-beam
lithography followed by metal evaporation, Au electrical contacts and ferromagnetic electrodes were patterned
forming lateral spin valve devices. By
applying a charge current across the
graphene/ferromagnet interface, a pure
spin current is injected into the graphene
channel which is subsequently absorbed
into the MoTe2. The SCC creates a
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Artistic representation of a mirror view of
spin current generation in MoTe2. Since the
crystal mirror symmetry along the b-c
plane is broken, the symmetry constraints
of the spin-charge current conversion are
lifted, resulting in generated spins with
different orientations as shown in the
mirror plane.

voltage along the MoTe2 flake, which
was probed using the Au contacts. By
applying a magnetic field, the directions
of the spin polarization were varied
along different directions and corresponding changes in the SCC voltage
were analyzed. Along with the conventional SCC with the orthogonal constraint, we also observed an unconventional SCC where the spin polarization
and the charge current are parallel. We
repeated the experiments at a wide
range of temperatures from 75 K to
300 K and we extracted the corresponding efficiencies. Both contributions, which could arise from either a
bulk spin Hall effect or a sur face
Edelstein effect, showed large efficiencies comparable to the best spin Hall
metals and topological insulators.
Our unprecedented experimental observation deepens the understanding of
spin phenomena in exotic low-symmetry materials. Also, the simultaneous
efficient spin-charge current conversion
with any in-plane spin orientation in a
single material is promising for future
spintronic device applications.
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Spin-orbit
magnetic state
readout in scaled
ferromagnetic/
heavy metal
nanostructures
Nature Electronics
3, 309 (2020)
V. Pham, I. Groen, S. Manipatruni, W. Choi,
D. Nikonov, E. Sagasta, C. Lin, T. Gosavi, A. Marty,
L. E. Hueso, I. Young, and F. Casanova

The so-called MESO technology
integrates logic and memory in
the same circuit, and for this it
needs to read and write the information stored in magnetic bits.
For the circuit to work, we need
the two functions to operate at
the same voltage. Here, we have
achieved an increase by a factor
of 10 000 in the output voltage
for the “reading” operation.
In electronics, finding a replacement to
current CMOS technology that can be
smaller and faster and, most importantly, can operate with less energy
consumption is a global challenge.

Recently, Intel proposed the so-called
“MESO” logic, a new technology that
combines memory, interconnections,
and logic requirements for future computing needs, thereby allowing to maintain Moore’s law beyond CMOS while
being more energy efficient.
In order to prove the feasibility of this
disruptive technology, we have been
joining forces with Intel. The core element of the MESO logic has two active
parts. One part “reads” the information
from the memory (a magnetic bit) by
using the spin Hall effect. The other
part “writes” the magnetic bit by using
the magnetoelectric effect of certain

materials. According to the calculations
performed by Intel researchers, these
two parts need to operate at the same
voltage: 0.1 V. The problem here is that
existing devices using the spin Hall
effect could only provide 10 nV, which
is 10 million times below the required
voltage. Our challenge is to increase
this “reading” output voltage.
So far, we have been able to increase
the “reading” output voltage by a factor
of 10 000 by simply using a better design but with the standard material for
this effect, platinum. We have not
reached yet the minimum voltage for
this technology to work; but we unveil
different paths on how to achieve it.
First of all, the signal given by our device scales when the dimensions are
reduced, which is a requirement for any
technology to be introduced in the
market (otherwise miniaturization
would not be possible). Secondly, we
identify the exact role that the materials play in the device, and we estimate that certain materials (like the
recently discovered topological insulators) have the necessary properties
that should allow us to bridge the remaining factor of 1 000 in order to
reach the goal of 0.1 V. We conclude
that our results bring the MESO technology a step closer to reality.
Sketch, image, and room-temperature
measurement of the vertical spin injection
device used for in-plane magnetic-state
detection.
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Broad spectral tuning
of ultra-low-loss
polaritons in a van
der Waals crystal by
intercalation
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Nature Materials 19, 964 (2020)
J. Taboada-Gutierrez, G. Alvarez-Perez, J. Duan, W. Ma,
K. Crowley, I. Prieto, A. Bylinkin, M. Autore,
H. Volkova, K. Kimura, T. Kimura, M. Berger, S. Li,
Q. Bao, X. Gao, I. Errea, A. Nikitin, R. Hillenbrand,
J. Martin-Sanchez, and P. Alonso-Gonzalez

In this work, an effective method
is discovered for controlling the
frequency of confined light at
the nanoscale in the form of
phonon polaritons (light coupled
to crystal vibrations).

forms of nanolight. There is, however,
an important drawback of this type of
nanolight for technological applications,
due to the fact that it exists only in a
narrow frequency region for each
material.

Nanolight research based on phonon
polaritons has developed considerably
in recent years thanks to the use of
sheet-structured nanomaterials such as
graphene, boron nitride, or molybdenum trioxide: the so-called van der
Waals materials. Nanolight based on
phonon polaritons is very promising,
because it can live longer than other

Here, we widely extend the frequency
range associated to phonon polaritons
in van der Waals materials with the intercalation of alkaline and alkaline-earth
atoms, such as sodium, calcium, or lithium in the laminar structure of vanadium pentaoxide, thus allowing to modify
its atomic bonds and, consequently, its
optical properties.

A novel method has been
proposed to widely extend the
range of phonon-polariton
working frequencies in van der
Waals materials.

Considering that a large variety of ions
and ion contents can be intercalated in
layered materials, an on-demand spectral response of phonon polaritons can
be expected in van der Waals materials,
eventually covering the whole mid-infrared range, which is expected to be
critical for the emerging field of phonon-polariton photonics.
Our finding should allow considerable
progress in the development of compact photonic technologies, such as
highly-sensitive biological sensors or
information and communication technologies at the nanoscale.
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Uncovering the
triplet ground state
of triangular graphene
nanoflakes engineered
with atomic precision
on a metal surface
Physical Review Letters
124, 177201 (2020)
J. Li, S. Sanz, J. Castro-Esteban, M. Vilas-Varela,
N. Friedrich, T. Frederiksen, D. Peña,
and J. I. Pascual

Extended graphene is a diamagnetic material, which means that
it is unable to become magnetic.
However, a triangular piece of
graphene is predicted to be magnetic. This apparent contradiction is a consequence of “magic”
sha pes in t he st ructure of
graphene flakes, which force
electrons to “spin” easier in one
direction. Triangulene is a triangular graphene flake, which
possesses a net magnetic moment; it is, therefore, a nanometer-size magnet. This new magnetic state opens fascinating
technological perspectives in the
use of pure-carbon magnets.
Existing predictions of triangulene
magnetism were stumbling in the absence of clear experiments, as the
production of triangulene by organic
synthesis methods in solution represented a difficult task. The bi-radical
character of this system caused it to
be very reactive and difficult to fabricate, and the magnetism appeared to
be very elusive in the few successful
cases.

We have revisited this challenge by
using a scanning tunneling microscope
(STM). After assembling a triangular-like
piece of graphene on a clean gold surface, high-resolution scanning tunneling
spectroscopy measurements revealed
that this compound has a net magnetic
state characterized by a spin S=1 ground
state and, therefore, that this small
molecule is a pure carbon paramagnet.
Our results represent the first experimental demonstration of a high-spin
graphene flake.
Our findings have been further complemented with atomic manipulation steps
of hydrogen-passivated triangulene

side-products occasionally found in the
experiment. By controlled removal of
these additional hydrogen atoms, the
spin state of the flake could be modified from a closed-shell doubly hydrogenated structure to an intermediate
S=1/2 spin state and finally to the highspin S=1 state of the ideal molecular
structure.
The experimental proof of a spin state in
the absence of a magnetic quantization
axis (detectable by spin-polarized STM)
or magnetic anisotropy (detectable by
spin-flip inelastic tunneling spectroscopy)
is not simple. In this work, the spin signature was obtained from the underscreened Kondo effect – an exotic version of the standard Kondo effect of the
1960s – that can arise in high-spin systems. The observation of this effect in a
graphene flake on a metal had not been
reported before and brings novel insights to the understanding of spins interacting with surfaces.

The image on the right
shows a bond-resolved
STM image of a modified
triangulene on an Au(111)
substrate, and the image
on the left is an artistic
represent ation of the
structure of its carbon
lattice.
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Subsurface
chemical
nanoidentification
by nano-FTIR
spectroscopy
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Nature Communications
11, 3359 (2020)
L. Mester, A. A. Govyadinov,
S. Chen, M. Goikoetxea,
and R. Hillenbrand

Here we demonstrate that nanoscale infrared imaging –which is
established as a surface-sensitive
technique– can be employed for
the chemical nanoidentification
of materials that are located up
to 100 nm below the surface. Our
results further show that the infrared signatures of thin surface
layers differ from those of subsurface layers of the same material, which can be exploited to
distinguish the two cases. Our
findings push this technique one
important step further to quantitative nanoscale chemometrics
in three dimensions.

Illustration of subsurface infrared nanoimaging.

Infrared optical spectroscopy, such as
Fourier-transform infrared (FTIR) spectroscopy, allows for the chemical identification of organic and inorganic materials. However, the smallest objects
which can be distinguished with conventional FTIR microscopes have sizes
at the micrometer scale. With a technique called nano-FTIR spectroscopy,
which we have been developing in recent years, it is possible to resolve objects down to the nanoscale.
In nano-FTIR (based on near-field optical microscopy), infrared light is scattered at a sharp metallized tip of a
scanning-probe microscope. The tip is

scanned across the surface of the sample
of interest and the scattered-light
spectra are recorded using Fouriertransform detection principles. Recording
the light scattered by the tip yields the
infrared spectral properties of the sample and, thus, the chemical composition
of the area that is located directly
below the tip apex. Because the tip is
scanned across the sample surface, nano-FTIR is typically considered to be a
surface characterization technique.
Importantly though, the infrared light
that is nano-focused by the tip does
not only probe a nanometric area
below the tip, as in fact it probes a
nanometric volume below the tip. We
now could show that spectral signatures of materials located below the
sample surface can be detected and
chemically identified up to a depth of
100 nm. Furthermore, we have found
that nano-FTIR signals from thin surface layers differ from those of subsurface layers of the same material, which
can be exploited for the determination
of the material's distribution within the
sample. Remarkably, surface layers and
subsurface layers can be distinguished
directly from the experimental data
without involving time-consuming
modeling.
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Nanoconfined (bio)
catalysts as efficient
glucose-responsive
nanoreactors
42

Herein, a new type of chemoenzymatic
nanoreactor is shown, where the (bio)
catalysts are confined at the nanospace
and are conveniently arranged. The encapsulation of glucose oxidase into a
peroxidase-mimetic catalytic polymer
gives rise to the fabrication of a highly
stable and robust bifunctional nanoreactor used for the concurrent degradation
of aromatic compounds using glucose as
the only fuel.

Advanced Functional Materials
30, 2002990 (2020)

A. Rodriguez-Abetxuko,
P. Muñumer, M. Okuda, J. Calvo,
M. Knez, and A. Beloqui

In this work, we show the design,
synthesis, and characterization of
bifunctional hybrid nanoreactors
for the performance of concurrent one-pot chemoenzymatic
reactions. The spatial arrangement of the catalysts, i.e. the
hemin molecule and the glucose
oxidase enzyme, is optimized for
extremely responsive chemoenzymatic reactions in which the
enzyme catalyzes first. Finally, the
new nanoreactors are applied to
the efficient degradation of organic aromatic compounds using
glucose as the only fuel.
The design of new hybrid nanostructures which integrate two or more connected functions into a single entity are
sought for further advances in the development of nanomaterials for biosensing and chemical applications.
Certainly, the close positioning and the
correct spatial arrangement of distinct
functional, i.e. catalytic units into a confined volume at the nanoscale, resembling metabolic channels in cells, is
beneficial for the development of onepot reactions within the hybrid complex.

Chemoenzymatic nanoreactor

Despite the fact that a combination of
bio- and chemo-catalysts has been
proven successful in chemical synthesis, their joint utilization as chemoenzymatic one-pot reactors becomes
challenging due to operational limitations related to the incompatibility and
the mutual inactivation of the catalysts.
In this work, the glucose oxidase enzyme is wrapped with a peroxidasemimetic catalytic polymer. The immobilization of hemin molecules through the
imidazole ligands of the polymeric mantel mimics the chemical environment of
iron-porphyrin molecules in the active
center of peroxidase enzymes. Moreover, the advantageous assembly of the
catalyst into a core-shell format, in
which the biocatalyst is located in the core

and the chemical catalyst in the shell, leads
to a very efficient hybrid nanoreactor. In
fact, a deep characterization of the integrated nanoreactors demonstrates that
the confinement of two distinct catalytic
sites in the nanospace is very effective in
one-pot reactions.
The chemoenzymatic catalysis taking
place within our nanoreactors involves
the in situ transformation of glucose
into hydrogen peroxide, which is then
immediately used for the efficient
peroxidation of recalcitrant aromatic
compounds. Furthermore, compared
to free enzyme systems, the nanoreactors show higher affinity and activity
under diluted conditions and noticeably
higher stability in the presence of organic solvents.
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Graphene Flagship
Graphene Core 2

Graphene Core 3

START-END DATE . . . . . . . 01/04/2018 — 31/03/2020
PARTNERS . . . . . . 130 academics and companies
TOTAL FUNDING . . . . . . . . . . . . . . . . . . . . 88 000 000 €
CONTRIBUTION TO nanoGUNE . . . . . . . . . . 220 800 €

START-END DATE . . . . . . . 01/04/2020 — 31/03/2023
PARTNERS . . . . . . 150 academics and companies
TOTAL FUNDING . . . . . . . . . . . . . . . . . . . 150 000 000 €
CONTRIBUTION TO nanoGUNE . . . . . . . . . . . 221 875 €

This project represents the third stage of the EC-funded part
of the Graphene Flagship. It builds upon the results achieved in
the ramp-up phase (2013 - 2016) and the first core project
(2016 - 2018).

The Graphene Flagship is research, innovation, and collaboration. The EU-funded GrapheneCore3 project aims at
securing a major role for Europe in the ongoing technological revolution, helping to bring graphene innovation
out of the lab and into commercial applications by 2023. In
its third core project, the Graphene Flagship gathers over
150 academic and industrial partners from 23 countries, all
exploring different aspects of graphene and related materials. Bringing diverse competencies together, the
Graphene Flagship facilitates cooperation between its
partners, accelerating the timeline for industry to accept
graphene technologies.

The progress of the Flagship follows the general plans set out
in the Framework Partnership Agreement, the second core
project representing an additional step towards higher technology and manufacturing readiness levels. The Flagship is
built upon the concept of value chains, one of which is along
the axis of materials-components-systems; the ramp-up
phase placed substantial resources on the development of materials production technologies, the first core project moved
to emphasize components, and the second core project is
moving further towards integrating components in larger
systems.
This evolution is manifested, e.g. in the introduction of six market-motivated spearhead projects during this Core 2 project.

This project, which represents the third core project of
the Graphene Flagship, is characterized by a continued
transition towards higher technology readiness levels
without jeopardizing our strong commitment to fundamental research. Compared to the second core project,
this phase includes a substantial increase in market-driven
technological spearhead projects, which account for about
30% of the overall budget. The broader fundamental and
applied research themes are pursued by 15 work packages
and are supported by four work packages on innovation,
industrialization, dissemination, and management.
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FET Open
Femtoterabyte

Peter

START-END DATE . . . . . . . 01/03/2017 — 29/02/2020
PARTNERS . . . . . . . 8 academics and 2 companies
TOTAL FUNDING . . . . . . . . . . . . . . . . . . . . . . 3 712 833 €
CONTRIBUTION TO nanoGUNE . . . . . . . . . . . 316 616 €

START-END DATE . . . . . . . 01/01/2018 — 31/12/2020
PARTNERS . . . . . . . . . 3 academics and 1 company
TOTAL FUNDING . . . . . . . . . . . . . . . . . . . . . 2 898 684 €
CONTRIBUTION TO nanoGUNE . . . . . . . . . . . 613 353 €

This project aims at elucidating the fundamentals of the emergence and manipulation of light’s orbital and spin angular momenta to achieve a non-thermal momentum-transfer-driven
ultrafast switching process and to demonstrate its practical realization; its suitability will then be mapped for a future upscaling
towards industrial device implementation. Here we are developing the conceptually new paradigm of ultra-dense and ultrafast magnetic storage that would exceed the current technology by two orders of magnitude in storage density (going
from terabit / inch2 to tens of terabytes / inch2) and by about
four orders of magnitude in operation speed (going from low
GHz to THz for read/write). This will be achieved in an
all-optical platform that allows deterministic, non-thermal,
low-energy, and ultrafast magnetization switching at a few
nanometers and potentially down to a molecular length scale.
The main building block of the envisioned memory unit in this
new paradigm is a spinoptical nanoplasmonic antenna that
concentrates pulsed polarized light at the nanoscale and
enables non-thermal spin-orbit mediated transfer of the
light’s angular momentum (orbital and/or spin) to nanoscale
magnetic architectures. In this way, fs-pulsed light, assisted by
a plasmonic optical spin-selective antenna and a local electromagnetic field enhancement, allows for the precise control of
the magnetic state of nanometer-sized molecular magnetic
structures.

Here we propose to establish Plasmon-enhanced Terahertz
Electron Paramagnetic Resonance spectroscopy and scanning
microscopy as a unique Electron Paramagnetic Resonance
(EPR) platform for a high-sensitivity local analysis of paramagnetic organic and inorganic species and materials. Here, we
deliver novel hardware and infrastructure providing groundbreaking innovation in magnetic sensing and imaging. The
platform is conceptually based on incorporating THz plasmonic antennas onto surfaces (spectroscopy) and scanning
probe tips (microscopy), resulting in a strong, local enhancement (about two orders of magnitude) of the magnetic
sensing field. Extending to the THz region enables an effective utilization of plasmonic structures resulting in a radical
improvement of EPR sensitivity (about four orders of magnitude) and a spatial resolution going beyond the diffraction
limit, thus introducing a scanning probe microscopic regime
into this field. This will make possible to map the sample over
its area and so to localize its properties with unprecedented
resolution (below one micrometer). Such a significant enhancement of the EPR performance will open new ways in
magnetic sensing technologies, enabling for instance to study
in situ functional centers in a wide variety of materials and,
generally, setting a new direction in the development of the
EPR-employing industry. EPR finds its applications in many
scientific areas covering chemistry, biology, medicine,
materials science, and physics. Hence, introducing this new
method should have a profound impact on scientific, technological, and societal stakeholders in many research and industrial communities.
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Spring
START-END DATE . . . . . . . 01/10/2019 — 30/09/2023
PARTNERS . . . . . . . . . 5 academics and 1 company
TOTAL FUNDING . . . . . . . . . . . . . . . . . . . . . . 3 486 536 €
CONTRIBUTION TO nanoGUNE . . . . . . . . . . . 667 561 €

Magnetism is something that had been missing –until very
recently– in graphene’s impressive list of physical properties.
Due to its unconventional magnetic behavior, graphene has
been touted as a promising material for spintronic applications. The main goal of this project is to develop an allgraphene platform where spins can be used for transporting,
storing, and processing information. Researchers from different disciplines are collaborating to first fabricate atomically
precise open-shell graphene nanostructures and then
manipulate their electron spin and charge as well as their
nuclear spin state. The aim here is to test the potential of
graphene as a fundamental building block for spintronic
devices.
Future Information Technologies will take advantage of quantum materials for an efficient information processing and
communication. In the framework of this project, we utilize
custom-crafted graphene nanostructures as elementary active components of a new generation of nanoscale quantum
spintronic devices. Graphene structures can spontaneously
develop intrinsic π-paramagnetism from topological frustrations of their structure. This unconventional magnetism is
mobile, long-ranged, and can be electrically addressable. Our
targeted long-term vision is the development of an allgraphene platform, where spins can be used for transporting,
storing, and processing information. This new technology
paradigm should combine a fast electron mobility with electrically addressable quantum spins in a customizable semiconducting platform, envisioning a clear impact on scientific,
technological, and societal stakeholders.

To advance towards this goal, this interdisciplinary project
combines research in physics, chemistry, and engineering to
(i) fabricate graphene nanostructures with atomic precision,
(ii) demonstrate and manipulate their electron and nuclear
spin states, and (iii) test their potential as basic elements in
quantum spintronic devices. On-surface synthesis strategies
are being utilized to create atomically precise open-shell
graphene nanostructures with radical character, including
frustrated magnetic states, spin-polarized bands, spin chains,
and nuclear spins embedded at specific sites. We will demonstrate the emergence of π-magnetization, we will unveil the
time and energy scales of spin open-shell structures through
a combination of scanning-probe and electron-spin resonance spectroscopies, and we will develop novel predictive
models of the quantum functionality of these structures. The
potential of graphene open-shell platforms as a novel paradigm in spin-based logic devices will be tested by (i) incorporating them into model devices and (ii) electrically addressing
and manipulating spins.
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Innovative Training Networks (ITNs)
SPM2.0

QuESTech

START-END DATE . . . . . . . 01/01/2017 — 31/12/2020
PARTNERS . . . . . . . 7 academics and 3 companies
TOTAL FUNDING: . . . . . . . . . . . . . . . . . . . . . 3 593 489 €
CONTRIBUTION TO nanoGUNE . . . . . . . . . . 495 746 €

START-END DATE . . . . . . . . 01/01/2018 — 31/12/2021
PARTNERS . . . . . . . 7 academics and 2 companies
TOTAL FUNDING . . . . . . . . . . . . . . . . . . . . . . 3 884 019 €
CONTRIBUTION TO nanoGUNE . . . . . . . . . . 445 698 €

Advanced-Microscopy techniques are widely recognized as one
of the pillars onto which the research and manufacture of nanotechnology-based products is sustained. At present, the greatest
challenge faced by these techniques is the realization of fast and
non-destructive tomographic images with chemical composition sensitivity and with sub-10 nm spatial resolution, in both
organic and inorganic materials and in all environmental conditions. Scanning-Probe Microscopes are currently the AdvancedMicroscopy techniques experiencing the fastest evolution and innovation towards solving this challenge. Scanning-Probe Microscopes
have crossed fundamental barriers, and novel systems exist that
show potential unparalleled performance in terms of threedimensional (3D) nanoscale imaging capabilities, imaging speed,
and chemical sensitivity mapping. The objective of this Innovative
Training Network is to train a new generation of researchers in
the science and technology of these novel Scanning-Probe
Microscopes, in which Europe is currently in a leading position,
in order to enforce a further development of these tools and
their quick and wide commercialization and implementation in
public and private research centers and industrial and metrology
institutions. The young researchers participating in this network will acquire a solid state-of-the-art multidisciplinary scientific training in this field of research, covering from basic science to industrial applications, which should enable them to
generate new scientific knowledge of the highest impact. In
addition, they will receive a practical training on transferable
skills in order to increase their employability perspectives and
to be qualified to access responsibility job positions in the private and public sectors. The final aim of this network is to
consolidate Europe as the world leader in Scanning-Probe
Microscopy technologies and their emerging applications in key
sectors like Materials, Microelectronics, Biology, and Medicine.

Quantum Electronics provides a challenging and innovative
multidisciplinary arena for training young researchers with
excellent prospects for a career in either industry or academia. In the framework of QUESTech (Quantum Electronics
Science and Technology), a European network of experts has
been created, thereby providing a state-of-the-art training for
young researchers in the general field of experimental, applied, and theoretical Quantum Electronics.
The overarching science and technology goal of our research
program is to build, study, and qualify quantum electronic
devices. QuESTech is training 15 PhD students through research in the sub-fields of spintronics, single-electronics,
quantum dots, and quantum thermodynamics. Individual research projects include technological developments in terms
of nanomaterials growth, nanostructuring, near-field microscopies, transport measurements under extreme conditions,
and theoretical calculations. Several QuESTech results are
already identified to be of commercial interest for the
emerging Quantum-Electronics industry.
Systematic secondments are being organized, including (for
every researcher) a secondment of two months to a partner of
the private sector. QuESTech is organizing three sessions of the
European School On Nanosciences and Nanotechnologies
(ESONN) devoted to Quantum Nanoelectronics, combining
theoretical and practical training, which are open to young
researchers outside the consortium. By 2021, we aim to have
prepared a new generation of young researchers able to address the emergence of beyond-CMOS nanoelectronics.
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Hycoat

Spear

START-END DATE . . . . . . . . 01/01/2018 — 31/12/2021
PARTNERS . . . . . . . . . . . . . . . . . . . . . . . . . 10 academics
TOTAL FUNDING . . . . . . . . . . . . . . . . . . . . . .3 898 798 €
CONTRIBUTION TO nanoGUNE . . . . . . . . . . 430 946 €

START-END DATE . . . . . . . 01/03/2021 — 28/02/2025
PARTNERS . . . . . . . 6 academics and 3 companies
TOTAL FUNDING . . . . . . . . . . . . . . . . . . . . . . 3 975 822 €
CONTRIBUTION TO nanoGUNE . . . . . . . . . . 806 270 €

HYCOAT is the first ITN at the intersection of chemistry,
physics, materials science, and engineering dealing with the
synthesis and applications of hybrid coatings grown by
molecular layer deposition (MLD). With self-limiting binary
reactions, MLD is the ideal ultra-thin film deposition technique, offering unique advantages for growing uniform, conformal hybrid films that provide a precise and flexible control
over film thickness and chemical composition at the
molecular scale. This new field of MLD is pioneered at nanoscience laboratories across Europe. HYCOAT provides a
European approach to facilitate an interdisciplinary and
multi-environment platform for training a new generation of
MLD researchers. A coordinated effort of 10 beneficiaries
and 16 partner organizations from 7 European countries
(Belgium, Finland, Germany, Ireland, Netherlands, Norway,
and Spain), HYCOAT targets (i) the development of novel
MLD precursor chemistries, processes, characterization, and
modeling, and (ii) the demonstration of hybrid coatings in
four key high-impact fields of application relevant for
European industries: packaging, biomedicine, electronics, and
batteries. The understanding and engineering of hybrid MLD
coatings is essential for its wide range of applications, and the
interaction with european high-tech industries is ensured
through the active participation of 10 industries, 2 university
hospitals, and a synchrotron facility.

Spin Orbitronics provides a challenging and innovative framework for training early-stage researchers (ESRs) with excellent prospects for a career in industry and academia. In this
promising area, the SPEAR project proposes a multidisciplinary European network composed of 7 universities, 3 research centers, and 7 small and medium sized companies,
which will provide state-of-the-art training for ESRs in the
field of fundamental and applied spin orbitronics.

Training is taking place through research projects, courses,
and workshops, with emphasis on self-directed, hands-on,
collaborative learning. This European knowledge alliance with
an inter- and trans-disciplinary mobility and an intense
collaboration between private and public entities should be
able to equip the next generation of researchers.

The overarching scientific and technological objective of our
research program is to study materials with strong spin-orbit
coupling and to build devices for the next generation of
memories, such as magnetic random-access memory
(MRAM), and beyond-CMOS technology, as spin-orbit-based
logic, machine learning, or neuromorphic computing. SPEAR
will train 15 ESRs through research in the physics of spin-orbit
torques, spin-to-charge conversion, two-dimensional (2D)
magnetic materials, spin Hall nano-oscillators, voltage control
of magnetic anisotropy, and skyrmions. The ESRs to be recruited will develop state-of-the-art technologies and materials, including device nanofabrication, high-resolution microscopies, and theoretical calculations. The results to be
achieved by SPEAR are already identified to be of commercial
interest for the emerging MRAM industry.
Interdisciplinary secondments are organized, including for
every researcher a secondment of three months to the industrial sector. SPEAR will organize five focus topic sessions
on various sub-fields of spin orbitronics, these sessions being
open to junior researchers outside the consortium as well.
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2019
10th Anniversary Scientific
Workshop
DATE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .30/01/2019
ORGANIZER. . . . . . . . . . . . . . . . . . . . . . . . . . nanoGUNE
PARTICIPANTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

Hybrid nanocoatings through
molecular layer deposition
DATE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 02-06/09/2019
ORGANIZER. . . . . . . . . . . . . . . . . . . . . . . . . . nanoGUNE
PARTICIPANTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20

Workshop organized in the framework of the European
Innovative Training Network on Functional Hybrid
Coatings by Molecular Layer Deposition (HYCOAT). A
workshop on biomaterials was combined with training
lectures on intellectual property, entrepreneurship, and
the exploitation of research results.

Plastics in our ocean: a micro or
macro challenge?
DATE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 01-02/10/2019
ORGANIZER. . . . . . . . . . . . .nanoGUNE and Eklipse
PARTICIPANTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

A hands-on workshop tailor made for participants to
co-understand the existing challenge and co-construct
actions.

2020
2020 nanoGUNE PhD Workshop
DATE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30/01/2020
ORGANIZER. . . . . . . . . . . . . . . . . . . . . . . . . . nanoGUNE
PARTICIPANTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
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Invited
Conference Talks
2019
Spin-to-charge current conversion
for logic devices
07/01/2019, Felix Casanova
WE Heraeus-Seminar, Bad Honnef (Germany)

Phonon polaritons
in two-dimensional materials

14/01/2019, Rainer Hillenbrand
Nanophotonics of 2D Materials Conference,
Shanghai (China)

Tips for atomic-scale physics:
exciting electrons and
spins in cool nanomaterials

16/01/2019, Jose Ignacio Pascual
X Escuela de Nanoestructuras, Valparaiso (Chile)

Surface functionalization and
materials engineering by
atomic layer processing

49

Mapping Yu-Shiba-Rusinov states
in atomic and molecular impurities

21/03/2019, Jose Ignacio Pascual
Joint Workshop between MOLSPIN and
NANOCOHYBRI - Superconductivity meets
Molecular Spins, Lisbon (Portugal)

Magnetoelectric inversion
of domain patterns

02/04/2019, Naemi Leo
DPG Spring Meeting, Regensburg (Germany)

Amplification of magneto-optical
activity via hybridization with dark
plasmons in magnetoplasmonic
nanocavities
10/04/2019, Paolo Vavassori
2nd Photonic and OptoElectronic Materials
Conference, London (UK)

Spintronics with 2D-material-based
heterostructures

18/01/2019, Mato Knez
RSC Symposium, London (UK)

19/05/2019, Felix Casanova
12th European School on Molecular Nanoscience,
Elche (Spain)

On the thermal relaxation
of artificial spin ices

Amplification of magneto-optical
activity with dark plasmons

06/02/2019, Paolo Vavassori
Workshop on Frontiers in Artificial Spin Ice,
Bad Zurzach (Switzerland)

Phonon-polariton nanophotonics
based on two-dimensional materials

11/03/2019, Rainer Hillenbrand
International Winterschool on Electronic Properties
of Novel Materials, Kirchberg in Tirol (Austria)

02/07/2019, Paolo Vavassori
The 6th International Conference from
Nanoparticles and Nanomaterials to Nanodevices
and Nanosystems, Kanoni (Greece)

Mid-infrared nanophotonics with
hyperbolic phonon polaritons:
from antennas to photonic crystals
15/07/2019, Francisco Javier Alfaro
IV International Conference on Metamaterials and
Nanophotonics, St. Petersburg (Russia)
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Magneto-plasmonic nanostructures
and crystals
12/08/2019, Paolo Vavassori
Spintronics XII, San Diego (USA)

Plasmon-assisted photoheating
for nanomagnetic computation

28/08/2019, Naemi Leo
Joint European Magnetic Symposia, Uppsala (Sweden)

Magneto-plasmonic nanostructures
and crystals

09/09/2019, Paolo Vavassori
XXXVII Symposium on Dynamical Properties of
Solids, Ferrara (Italy)

Spinoptical nanoantenna-assisted
magnetic storage at few nanometers
on a femtosecond timescale
09/09/2019, Mario Zapata-Herrera
XXVIII Congreso Nacional de Física,
Bogota (Colombia)

Engineering thermal relaxation
pathways for nanomagnetic
computation

04/10/2019, Naemi Leo
11th International Workshop on Nanomagnetism and
its Novel Applications - SpinS-2019,
Mülheim an der Ruhr (Germany)

Bottom-up nanofabrication based
on biomolecular functions and
structures

07/10/2019, Mitsuhiro Okuda
The 19th International Conference on Solid Films and
Surfaces - ICSFS19, Hiroshima (Japan)

Vapor-phase infiltration: a top-down
approach towards functional
hybrid-materials fabrication
16/10/2019, Mato Knez
Workshop on Sequential Infiltration Synthesis SIS2019, Milan (Italy)

Phonon-polaritonic metasurfaces
based on 2D materials

Engineering the magnetic properties
of graphene nanostructures by
edge topology

Spin control and related effects at
interfaces and heterostructures

Spin manipulation with
van der Waals heterostructures

19/09/2020, Rainer Hillenbrand
The 13th International Congress on Artificial
Materials for Novel Wave Phenomena, Rome (Italy)

23/09/2019, Felix Casanova
Quantum Materials Symposium 2019,
Oxford (UK)

Infrared near-field nanoscopy
and nanospectroscopy

26/09/2019, Rainer Hillenbrand
10th International Workshop on Infrared Microscopy
and Spectroscopy with Accelerator Based Sources,
Campinas & Ubatuba (Brazil)

31/10/2019, Jingcheng Li
Exploring the Limits of Nanoscience with Scanning
Probe Methods, Bad Honnef (Germany)

05/11/2019, Luis Hueso
Carrier Doping in Two-Dimensional Layered
Materials: Toward Novel Physical Properties and
Electronic Device Applications, Naples (Italy)

Manipulating spin currents with
graphene-based heterostructures

07/11/2019, Felix Casanova
Magnetism and Magnetic Materials Conference 2019,
Las Vegas (USA)
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Approach to the nanoscale analysis
of humid virions

14/11/2019, Alex Bittner
Spanish Network of Excellence in Physical Virology:
Bridging Biomedical and Nanotechnology
Applications, Derio (Spain)

Capsid protein use for
bionanotechnology

15/11/2019, Mitshuhiro Okuda
Spanish Network of Excellence in Physical Virology:
Bridging Biomedical and Nanotechnology
Applications, Derio (Spain)

Atomic-layer processing:
a toolbox for fabricating novel
functional hybrid materials

05/12/2019, Mato Knez
Materials Research Society Fall Meeting,
Boston (USA)

2020
Sensing and manipulating electron
spins in graphene nanostructures

08/03/2020, Jose Ignacio Pascual
International Winterschool on Electronic Properties
of Novel Materials, Kirchberg in Tirol (Austria)

Nanophotonics with phonon
polaritons in two-dimensional
materials
09/03/2020, Rainer Hillenbrand
Nanolight, Benasque (Spain)
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NanoGUNE organizes weekly seminars to be given by both
nanoGUNE personnel and external invited speakers.
All these seminars take place at the nanoGUNE seminar room.
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2019
Ancestral enzymes for
nanocellulose isolation
04/02/2019, Borja Alonso
nanoGUNE

Room-temperature spin Hall effect
in graphene/MoS2 van der Waals
heterostructures
11/02/2019, Safeer Chenattukuzhiyil
nanoGUNE
COLLOQUIUM

Nanoscale functionalities in oxide
films with controlled epitaxy

18/02/2019, Beatriz Noheda
University of Groningen (Netherlands)

Quantum computing
with silicon transistors

25/02/2019, Fernando Gonzalez-Zalba
University of Cambridge (UK)

Magnetism in carbon materials:
detection and manipulation of single
spins in graphene nanostructures

04/03/2019, Jose Ignacio Pascual
nanoGUNE

Fabrication and applications
of polymer optical fibers

11/03/2019, Joseba Zubia
University of the Basque Country (Spain)

Beam shaping and adaptive optics
with electrons
18/03/2019, Johan Verbeeck
University of Antwerp (Belgium)

Building a programmable
artificial protein cage
25/03/2019, Jonathan Heddle
Jagiellonian University (Poland)

Colloidal cybernetic systems:
from information processing
to energy harvesting
01/04/2019, Alessandro Chiolerio
Istituto Italiano di Tecnologia (Italy)

Equality with a gender perspective
at nanoGUNE
08/04/2019, Gender equality committee
nanoGUNE

Physics of femtosecond laser-excited
magnetic metasurfaces
15/04/2019, Vasily Temnov
Centre National de la Recherche Scientifique
(France)

Spin-orbit magnetic-state readout
with favorable miniaturization
06/05/2019, Van-Tuong Pham
nanoGUNE

Versatile tools towards real-time
single-molecule biology
08/05/2019, Aida Llauro
Lumicks (Netherlands)

Organic-based magnets: new
chemistry physics and materials for
this millennium
13/05/2019, Joel Miller
University of Utah (USA)
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Magnetic impurities on
superconducting Bi2Pd
20/05/2019, Javier Zaldivar
nanoGUNE
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Kerr-effect signal
27/05/2019, Eva Oblak
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Self-assembly of gold nanoparticles
for nanoplasmonics

03/06/2019, Matthias Charconnet
nanoGUNE

The Hall effects Edwin Hall
never imagined

14/06/2019, Xiaofeng Jin
Fudan University (China)
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measuring the entropy of
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Intel Corporation (USA)
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heterostructures: intriguing
properties and applications
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of SrTiO3 domain walls
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Princeton University (USA)
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Large multi-directional spin-tocharge conversion in low-symmetry
semimetal MoTe2 at room
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by spin Hall effect with favorable
miniaturization
23/09/2019, Inge Groen
nanoGUNE

Be careful with ionic fluctuations!
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unfolding and refolding in surfactants
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mechanopharmacology
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Tuning superconductivity of singlelayer NbSe2 with self-assembled
monolayers
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Metasurfaces at terahertz
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sensing, and invisibility cloaks
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nanomagnets enabled by spin-orbit
coupling
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Basque digital innovation hub, the
technology link for companies
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an insulating antiferromagnet
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University of Central Florida (USA)

Nanocinematography: liquid-phase
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Nanoscale guiding of infrared light
with hyperbolic volume and surface
polaritons in van der Waals
materials ribbons
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Following thermal clustering of gold
nanoparticles with in-situ UV-Vis
and how to control their hysteresis
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Probing and steering bulk and
surface phonon polaritons in
hexagonal boron nitride using fast
electrons
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Nanomechanics of microbial
infections: towards
mechanopharmacology
21/09/2020, Antonio Reifs
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Humidity induces water nanolayers
on emulated influenza surfaces: an
AFM study

Tuning the coupling strength
between hexagonal boron-nitride
phonons and photonic modes at
infrared microcavities
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Magneto-optical signal dependence
on Co-layer thickness asymmetry
in Co/Pt/Co films
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Real-space observation of
vibrational strong coupling between
propagating phonon polaritons and
organic molecules
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Magnetic interaction between Mn
atoms on the superconductor Bi2Pd
revealed by their Yu-Shiba-Rusinov
states
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Gate tunability of highly efficient
spin-to-charge conversion by spin
Hall effect in graphene proximitized
with WSe2
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Nanomaterials chemistry
approaches to address health and
energy challenges
21/10/2020, Laura Fabris
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Engineered repeat proteins in
nanobiotechnology: the examples of
ELPs and CTPRs
26/10/2020, Evangelos Georgilis
nanoGUNE
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Transfer

78

A highly-efficient technology-transfer process naturally allows
for an integration of innovative and disruptive technologies into
current industrial products or processes. In this framework,
nanoGUNE, as per its international intrinsic nature, brings a
state-of-the-art research infrastructure and a high-quality
worldwide research to the doorstep of Basque companies.
This is being made possible thanks to (i) a good balance of local
and international research projects, industry/academia connection tools, and business innovation centers, and (ii) an alignment
of our research activities with the Basque Science, Technology,
and Innovation Plan (PCTI).
In this context, the launch of the Basque Research and
Technology Alliance (BRTA) in 2019 and a synergetic effort
between the research and technology centers belonging to
this alliance are expected to provide a comprehensive solution to companies with approaches covering the full range of
technology readiness levels (TRLs).
In the current times of uncertainty with a pandemic that is
shaking our economy, the establishment of resilient research
guidelines is of great importance. At nanoGUNE, we have
been working on the design of a technology-transfer plan
that will serve as our route towards an effective exploitation
of our research for the period 2021-2025 to come.

Contact
Ainara García

TechTransfer Manager
+34 943 57 40 13
a.garciagallastegui@nanogune.eu

Business Connection

The three main pillars holding this plan are, (i) the direct absorption of our knowledge by industry through privately funded contract research, (ii) a targeted licensing of our technologies to third parties, and (iii) the launching of technologybased new companies –startups– for the exploitation of specific in-house capabilities.
The ecosystem for an efficient technology-transfer mechanism is based on technological clusters and platforms, policies
for the transfer of highly qualified researchers to industry, a
solid innovation management system, and a solid communication strategy.
We have been providing services to an increasing number of
local and international companies, as nanotechnology is already becoming part of our daily lives. Indeed, we have a
strategic technology portfolio that offers a number of technologies of high social impact such as birth monitoring, early
Alzheimer detection, ocean microplastic detection, or even
sustainable food-packaging and textiles. This represents, after
all, a market-driven research allowing for the internationalization of the Basque Research, Technology, and Innovation
Network (RVCTI) and bringing to the country the most innovative developments.
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Contract
Research

The number of research contracts having increased substantially within the last few years, our private funding
now stands above 10% of our total income. On the other hand, our number of clients has doubled in the last
year, and private invoicing is still increasing steadily.
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Contract Research 2020
INTERNATIONAL COMPANIES

SPANISH COMPANIES

BASQUE COMPANIES

RVCTI* CENTERS

* Basque Research, Technology, and Innovation Network
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Health
Manipulation of magnetic
particles in conduits for the
propagation of domain walls
P. Vavassori, R. Bertacco, M. Cantoni,
M. Donolato, M. Gobbi, S. Brivio, and D. Petti
Priority date: 12/02/2009
Granted: Japan (17/05/2013), USA (04/11/2014), Europe (24/06/2015)

Biosensor based on
measurements of the clustering
dynamics of magnetic particles
M. Donolato, P. Vavassori, and M. Fought-Hansen
Priority date: 28/06/2013
Granted: Europe (15/03/2017), USA (10/10/2017), Australia (02/08/2018)
USAGE
■

Using an Immuno-Magnetic Assay for high standard
diagnostics, Blusense combines cutting-edge micro and
nanotechnologies in order to develop an unprecedented
technology to ﬁght infectious diseases worldwide, COVID-19
as well.

3 Shared

with the Technical University of Denmark (DTU)
to Blusense Diagnostics, ApS

3 Licensed
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Combined selective plane
illumination Raman and infrared
absorption spectrometer
G. P. Singh and A. Seifert
Priority date: 12/05/2020
USAGE
■

Early-stage Alzheimer’s detection
DESCRIPTION

Beta-amyloid protein folding detection at low concentration
Based on a portable multi-spectroscopy approach
■ In-house designed learning algorithms
■ Analysis of human blood and cerebrospinal fluid
■ Looking for investors for implementation

■

■

Method and device for the
determination of hypoxia
A. Seifert, A. Valero, I. Olaetxea, I. Jaunarena, A. Izeta,
and H. Lafuente
Priority date: 18/08/2020
USAGE

Photonic monitoring of perinatal asphyxia
Monitoring of hypoxia, ischemia, sepsis, fatigue, and acidosis
■ Sports industry

■

■

DESCRIPTION

Based on portable multi-spectroscopy
■ In-house designed learning algorithms
■ Portable, reliable, real-time, continuous mode
■ Non-invasive and minimally invasive monitoring

■

3 Shared

with Biodonostia

HIGHLIGHTS 2020

Selected at the first stage of the BBK
Venture Phylanthropy Program
■ Best pitch presentation at the
European Technology Platform in
Nanomedicine (ETPN)
■ Selected technology for the Health
Tech Translation Advisory Board at
the ETPN

■
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Electronics
Quality inspection of
thin-film materials
L. E. Hueso, E. Azanza, M. Chudzik, A. Lopez,
A. Zurutuza, and D. Etayo
Priority date: 23/12/2014
Granted: USA (23/04/2019)
3 Shared

with das-Nano, S.L.
to das-Nano, S.L.

3 Licensed
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Materials Science
Endocellulases and uses thereof
R. Perez-Jimenez
Priority date: 15/01/2016
3 Licensed

to Evolgene, S.L.

Atomic Layer
Deposition Chamber
M. Knez, M. Beltran, D. Talavera, and M. Vila
Priority date: 22/09/2016
Granted: Spain (03/03/2020)
3 Shared

with Ctech-nano, S.L.
to Ctech-nano, S.L.

3 Licensed
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Materials Science
Ancestral cellulases and
uses thereof
R. Perez-Jimenez, N. Barruetabena, and M. A. Eceiza
Priority date: 19/12/2017
3 Shared

with UPV/EHU
to Evolgene, S.L.

3 Licensed

Method for producing
organic-inorganic hybrid
materials
I. Azpitarte and M. Knez
Priority date: 24/07/2018
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A highly corrosion protective
thin bi-layer stack for steel
C. Agustin, F. Brusciotti, M. Brizuela, M. Knez,
and J. Willadean-Dumont
Priority date: 11/10/2018
3 Shared

with Tecnalia Research & Innovation

Method for extracting a
transverse magneto-optic effect
signal
E. Oblak, A. Berger, P. Riego, A. Garcia-Manso,
A. Martinez-deGuerenu, F. Arizti, and A. Irizar
Priority date: 30/04/2019
3 Shared

with CEIT
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Materials Science
System for manufacturing a
composite fiber structure
J. Latasa, W. Nuansing, and A. M. Bittner
Priority date: 27/08/2019
HIGHLIGHTS 2020
■

Selected technology for the Health
Tech Translation Advisory Board at
the European Technology Platform
in Nanomedicine (ETPN)

■

Youth Entrepreneurship
scholarship from UPV/EHU to
Maider Rekondo

■

5 machines sold worldwide in 2020

Method for producing
crystalline cellulose
R. Perez-Jimenez, B. Alonso-Lerma, and A. Eceiza
Priority date: 28/02/2020
3 Shared

with UPV/EHU
to Evolgene, S.L.

3 Licensed

Business Connection
Patent Portfolio

89

Conductive cellulose composite
materials and uses thereof
R. Perez-Jimenez, B. Alonso-Lerma, and A. Eceiza
Priority date: 28/02/2020
3 Shared

with UPV/EHU
to Evolgene, S.L.

3 Licensed

Layered substrate and uses
thereof
J. Plou, L. Liz-Marzan, I. Garcia-Martin, and M. Charconnet
Priority date: 21/12/2020
3 Shared

with biomaGUNE and CIBER-BBN

Business Connection
Patent Portfolio

90

Optics
Synthetic optical holography
R. Hillenbrand, P. Scott-Carney, and M. Schnell
Priority date: 25/09/2012
Granted: USA (15/12/2015)
3 Shared

with the University of Illinois
to Neaspec, GmbH

3 Licensed

Optical devices and
authentication methods
M. Knez and E. Azanza
Priority date: 27/06/2013
3 Shared

with das-Nano, S.L.
to das-Nano, S.L.

3 Licensed
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Method for producing a barrier
layer and carrier body comprising
such a barrier layer
K. Gregorczyk, M. Knez, F. Vollkommer, J. Bauer, and
K. Dieter-Bauer
Priority date: 24/07/2014
3 Shared

with Osram, GmbH
to Osram, GmbH

3 Licensed

Near-field optical microscope for
acquiring spectra
R. Hillenbrand, E. Yoxall, and M. Schnell
Priority date: 13/03/2015
Granted: USA (21/05/2019)
3 Licensed

to Neaspec, GmbH
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Optics
A device for operating with THz
and/or IR and/or MW radiation
R. Hillenbrand, M. Autore, K.-J. Tielrooij,
and F. Koppens
Priority date: 22/12/2017
Granted: Europe (09/12/2020)
3 Shared

with ICFO

Infrared optical hybrid imaging
technology for all digital
histopathology
M. Schnell, P. Scott-Carney, and R. Bhargava
Priority date: 03/01/2019
3 Shared

with the University of Illinois
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Graphenea
A High-Quality Graphene Producer
graphenea.com
Graphenea , nanoGUNE’s first startup company
launched in April 2010 as a joint venture with private
investors, has become a world leader in the production of high-quality graphene. In 2013, Repsol and the
Spanish Center for Industrial Technology Development
(CDTI) signed an agreement to invest one million
euros in Graphenea. Following the foundational agreement of the company Graphenea fledged in April 2015
and new laboratories were opened in September 2017
at the Science and Technological Park of Gipuzkoa. In
2018, Graphenea launched sales of Graphene FieldEffect Transistors (GFETs) aimed at lowering barriers
for the adoption of graphene, especially the existing
barriers in the market of sensors.

The company, which at the end of 2020 was employing 30
people and was exporting graphene to 60 countries, supplies
its products to universities, research centers, and industries
worldwide. It has more than 800 customers worldwide.
Graphenea is a partner of the European Graphene Flagship,
which with a budget of one billion euros aims at taking
graphene from the realm of academic laboratories into the
European society in a period of ten years.
Graphene research represents a rapidly-growing strategic
research field with a considerable economic potential.
Graphenea aims at collaborating with the global scientific
community, thus helping the graphene industry to move
forward. Graphenea, committed to innovation, is constantly
investing in the development of new products that would
help its customers advance their work.
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Graphenea’s main industrial focus is the production of
high-quality graphene grown by chemical vapor deposition
(CVD) and also the production of chemically exfoliated
graphene oxide. On the one hand, Graphenea develops the
potential of CVD graphene for electronic systems, optoelectronics and sensors, and, on the other hand, it is operating
an industrial pilot unit with the capacity to produce 1 ton per
year of graphene oxide in dispersion and powder forms.
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Simune Atomistics
Atomistic Simulations
simuneatomistics.com
Simune Atomistics was launched in January 2014 as a
joint venture of nanoGUNE with a group of scientific
experts, some of them developers of the well-known
SIESTA code. Simune was joined in July 2014 by a group
of private investors who became shareholders of the
company. In 2016, Simune received a TechConnect
Innovation Award as one of the top early-stage innovators chosen worldwide. Being a spin-off of nanoGUNE,
Simune is actively involved in a number of research
projects with the Center.

Simune is a company that provides cutting-edge scientific
software tools and expertise to academic and industrial segments. Our board of experts in quantum-mechanical simulations includes world-leading scientists that are widely known
in the academic community. This provides the company with
a long-track record of publications and open-source scientific
tools. Simune offers a range of software products for quantum-mechanical modeling of materials properties at the nanoscale. The company focuses on identifying the best solution for materials-design related challenges with its main
expertise based on applications related to advanced materials
with high-technology needs. Apart from scientific software
development, Simune also offers consultancy services, expert
support, and training in quantum-mechanical atomistic simulations with the use of high-performance computation
facilities.
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In October 2020, Simune launched an Atomistic-Simulation
Advanced Platform (ASAP). ASAP currently offers a flexible
environment for advanced materials design, thereby offering
solutions to specific industrial applications in many different
markets. ASAP provides an integrated scientific software tool
for various applications including clean-energy solutions, energy storage, automotive market, consumer electronics, novel
solutions for food and beverages, smart packaging, and many
other industrial areas. ASAP offers software tools with an
advanced theory, enabling atomistic simulations for academic
and industrial clients. ASAP allows the design process to be
more efficient and accurate before prototyping, saving costs
and time-to-market for the client's new cutting edge products. Conceived with a modular approach by design, ASAP
offers a flexible set of modules customized for a specific problem. The platform is capable of providing different levels of
theory from a full quantum-mechanical description necessary
for the cutting edge products of many traditional industries to
a simplified level required for large scale modeling with atomistic resolution. ASAP provides a set of robust tools for drug
design, modeling drug delivery, and drug interactions with
DNA and body fluids, which are all essential for the biotech
and pharmaceutical sectors. The platform provides a set of
acceleration tools to optimize and automate the workflow in

new materials design, combining artificial intelligence and a
clever user interface that should allow new users to execute
advanced atomistic simulations in a very short time.
Simune is a rapidly-growing company with international reputation. The company has established a long-term and successful partnership with JSOL Corporation in Japan (jsol.co.jp),
which consists in offering software solutions to most prominent companies worldwide, such as DuPont, Panasonic,
Toyota, Honda, Daihatsu, Sumitomo, and the National
Institute of Advanced Industrial Science and Technology
(AIST) in Japan. Simune is also partner with DHIO Engineering
in India (dhioresearch.com) to provide atomistic-modeling software for academic and industrial sectors.
Simune has been actively participating in various national and
European projects, thus bringing together academic and industrial sectors in several ongoing collaborative efforts such
as TOCHA, COST, TQ, XCHEM, Bed4Best, and QMCC EJD,
and it has successfully completed other projects such as
RETOS, ERANET-Nanogram, and ITN-EJD. The company
has been funded by the European Commission, in the framework of the H2020 SME program, and will continue its rapid
growth with new and ambitious plans.
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Ctech-nano
Innovation with ALD Solutions
ctechnano.com
Ctech-nano was launched in July 2014 as a joint venture
with two Basque companies, AVS and Cadinox. Ctechnano offers versatile and high-quality Atomic-LayerDeposition (ALD) and Vapor-Phase-Infiltration (VPI)
systems with a portfolio of ALD tools oriented to a
wide variety of customers: from low-cost high-quality
basic models for research and development activities to
customized industrial equipment for production lines.
Ctech-nano also provides R&D services related to advanced ALD coating solutions.

The core technology of Ctech-nano is based on ALD, which
is a coating technique for covering surfaces with complex
morphology with various coating reactants. The technique
allows to produce stress-free, adhesive, conformal films with
an accurate control of their composition and thickness at the
nanoscale.
Due to the high precision of the process and its reproducibility,
ALD is a well-established processing technology in the field
of modern microelectronics and nanoelectronics. Ctech-nano
offers solutions for high-k gate oxides, memory capacitor
dielectrics, ferroelectrics, metals, and nitrides for electrodes
and interconnects.
A specific advantage of ALD is the ability to coat the surfaces
of nanoporous materials with a uniform film. Nanoporous
materials are emerging throughout the biomedical industry in
drug delivery, implants, and tissue engineering. Ctech-nano
provides solutions for the surface treatment of biomedical
devices, implants, mesh polymers, as well as TiO2 films for
optical waveguide sensors in diagnostic tools.
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Ctech-nano offers a wide spectrum of materials to be coated:
oxides, nitrides, carbides, metals, sulfides, fluorides, and various
organic molecules, providing high-tech solutions for a number
of applications. ALD is typically used for high-value products,
as the average cost of a running cycle is relatively high depending on the nature, quality, and purity of the substrates,
as well as the reactant, temperature, and time of machine
operation.
The customers of Ctech-nano are commonly oriented to
innovation, new product functionalities, and the improvement of existing processes and products. Ctech-nano has
established a number of successful commercial partnerships
with national and international companies such as Repsol,
Fagor, Angulas Aguinaga, Gaiker, Fagor, AJL, Danobat, Denka,
Cemex, Duglass, and FNMT. Our tools are also found in
academic institutions such as Paderborn University
(Germany), Humboldt University (Germany), University of
Central Florida (USA)1, and others.

Ctech-nano is actively involved in the optimization of the
ALD process and the development of new precursors; in
particular, a family of novel anticorrosive precursors has been
designed in a close collaboration with Liquid Inc. Ctech-nano
has been developing new technological processes and tools,
with the newly granted patent ES2712868B1 (Chamber for
depositing atomic layers).
Ctech-nano has also been actively participating in a number
of European research projects in the framework of Horizon
2020.
1 G. Gregory, C. Feit, Z. Gao, P. Banerjee, T. Jurca, and K. O. Davis,
Phys. Status Solidi A 217, 2000093 (2020).
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Evolgene Genomics
A new frontier in nanobiomaterials
evolgene.com
Evolgene Genomics, founded in February 2018, is a
company devoted to the development, production, and
commercialization of high-quality crystalline nanocellulose by using a proprietary biological technology.
Evolgene combines three key enabling technologies
(KETs): Nanotechnology, Industrial Biotechnology, and
Advanced Materials.

Nanocellulose has emerged in recent years as a new wonder
material with a myriad of applications. Obtained from natural
cellulose and with properties that are superior to substitutive
synthetic plastics, nanocellulose has boomed the demand of
very diverse industrial sectors including pharma, food,
cosmetics, electronics, paints, and packaging. There are also
high-value applications like in the nascent technology of tissue
and organ engineering, where nanocellulose is being adopted
for (i) manufacturing scaffolds for three-dimensional (3D) tissue engineering of e.g. blood vessels, bones, and cartilages,
and (ii) producing contact lenses and protective barriers.
Promising applications can also be found in bioelectronics.
This nanobiomaterial has key advantages, combining a high
mechanical strength, biocompatibility, resistance to degradation, and a high water-absorption capacity. Currently, several
companies are producing cellulose nanocrystals and nanofibers using physical and chemical methods to cover the increasingly growing demand for industrial applications.
However, the production of naturally structured, size-controlled cellulose nanocrystals for high-value applications in
biomedicine (3D-bioprinting) and bioelectronics (wearable
biosensors) is limited, because existing industrial methodologies do not allow for the production of cellulose nanocrystals
with the required quality.
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Evolgene has developed a new method to produce ultra-pure, size-controlled cellulose nanocrystals by using highly-active enzymes based on ancestral sequence reconstruction. The specially designed enzyme endocellulase patented
by nanoGUNE can produce cellulose nanocrystals in a fast
and reliable manner. These enzymes can be reutilized to improve the profitability of the process. Evolgene is currently
producing high-quality cellulose nanocrystals at multigram
level. Comparative studies with cellulose nanocrystals from
competitors have demonstrated the physicochemical differentiation and improved material properties of our product.

Compared to current chemical production methods,
Evolgene's crystalline nanocellulose provides a natural cellulose chemical structure free of sulphate radicals, which allows
a higher purity and crystallinity, a higher thermostability and
mechanical stability, and a better biological compatibility for
biomedical applications; furthermore, it is environmentally
friendly, as it is produced under mild conditions with no use
of hazardous chemicals. Compared to other biological processes using commercial enzymes, the main advantages of
our technology are the higher catalytic efficiency and the
higher thermostability of the enzyme.
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Prospero Biosciences
New applications within
the mass-spectrometry industry
prospero-biosciences.com
Prospero Biosciences, nanoGUNE’s 5th spin-off company, was launched in October 2015 by a group of entrepreneurs that included Robert Blick (professor of
Physics at the University of Hamburg), two nanoGUNE
researchers, and Hasten Ventures, a company devoted
to the acceleration and promotion of business ideas.
Prospero seeks to take advantage of the potential of
nanotechnology in order to develop and commercialize
an innovative technology capable of opening up a new
field of applications within the mass-spectrometry
industry.

Prospero is in the process of developing and producing an
innovative detector for mass spectrometry, which is based
on the use of a nanomembrane enabling a tremendous improvement with respect to existing solutions. There is no
technology in the market that can reliably identify high-mass
molecules; and this is precisely what Prospero is offering.
Prospero’s technology is expected to open the door to a
broad field of applications, such as research into biological
markers, medical research and diagnosis, or the development of biosimilar drugs that require an accurate identification of high-mass molecules.
Prospero is developing various high-mass molecule detector
prototypes, which are already being successfully tested by
various end users in the health sector.

Global
Graphene
Call

Global Graphene Call
launched in 2020
In march 2020, the so-called Global Graphene Call was
launched for the first time with the aim of supporting
the development of business ideas related to graphene.
This call was launched together with nanoGUNE´s first
startup company Graphenea and BerriUP –a startup
accelerator in San Sebastian–. Applications were received from all over the world. The elected candidate
was Graphene Pioneer, a company from the Netherlands
dedicated to the use of graphene for the optimization of
the physical properties of concrete.
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Business culture in the training
of scientists
In the framework of our 2015-2020 Strategic Plan,
specific training activities have been programmed in
order to strengthen the business culture of young
researchers, thus making it easier for some of them
to become part of the industrial world. A training
program with three main courses for PhD students
and post-doctoral researchers has been designed
and implemented, and special seminars have been
given by experts with a scientific background that
are currently working in industry.

Entrepreneurship

Oral communication skills

Take the step. From academia to industry

This course, mainly oriented to first-year PhD students, has
been offered in November 2019 and November 2020. In this
training course the participants develop their skills in the
preparation and delivery of top-quality presentations, as well
as in communicating with different audiences.
A total of 12 researchers have participated in this course.

This course, mainly oriented to second-year PhD students,
has been offered in October 2019 and October 2020. The
goal of this course is to train researchers on how to transform an idea into an entrepreneurial project by giving them
the basic knowledge about what an entrepreneur is, different
business models, and how to write a business plan.
A total of 18 researchers have participated in this course.

This course, mainly oriented to third-year PhD students, has
been offered in November 2019 and October 2020. The goal
of this course is to train the researchers on how to show
their skills and attitudes when looking for a job within an industrial environment, as well as to invite them to think over
their near future and help them defining their goals and professional expectations.
A total of 17 researchers have participated in this course.

Outplacement

Outplacement Service
An outplacement service has been initiated in collaboration
with ieTeam Consulting, in order to support those researchers that would like to pursue their professional career
in local industry.
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externalservices.nanogune.eu

Our External-Services department is designed with a
double goal: (i) to contribute with our know-how to
the innovation processes of industrial and technological
companies, and (ii) to open our facilities to external
users so that they can benefit from nanoGUNE's
unique infrastructure.
Our expertise is particularly strong in three specialization
areas:
Electron Microscopy. Understanding the behavior of
materials from their crystalline structure, stress, tomography,
and morphology.
Nanofabrication of membranes and multilayers for
chemical sensors and biosensors, patterns for microfluidics,
and electronic devices.
Chemical characterization, with the use of Scanning
Near-field Optical Microscopy (SNOM), of polymers, biomaterials, active ingredients, and cosmetic products at the nanoscale, as well as chemical analysis of precipitations in alloys
and advanced materials.
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Novaspider
A new range of tools to revolutionize
the way nanofibers are produced
novaspider.com
Novaspider is an advanced materials fabrication tool to
produce three-dimensional (3D) structures with nanofibers. Combining 3D printing and electrospinning techniques, this tool enables the creation of hybrid nanoand micro-fiber composite structures. Developed at
nanoGUNE, this tool is the result of a close cooperation between top-class scientists, experienced engineers, and experts from the 3D printing industry.

As it is possible to functionalize materials by adding additives, our technology opens up an immense horizon of possibilities. NanoGUNE offers electrospinning tools and process-development services for nanofiber production in
order to bring this innovative technology closer to a great
variety of fields. A team of materials scientists and engineers
is available to support the creation of nanofibers based on
any material.
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NanoGUNE´s TechTransfer and
Communication plans go hand to
hand. Indeed, the communication
and outreach of our research results to our society represent a
key ingredient of our TechTransfer
plan, as the recipients of this
communication strategy (society,
research&technology institutions,
and companies) are the ones that
are expected to pull our knowledge and technology towards the
market.

Berria
15/11/2019
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El Diario Vasco
27/01/2019

Empresa XXI
15/07/2020
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La Nueva España
12/02/2020
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El Diario Vasco
31/08/2020
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El Diario Vasco
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Diario de
Noticias
01/11/2020
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El Diario Vasco
27/12/2020
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Berria
13/11/2020
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Connecting with Society

The role of science and technology in society has never been
so important as it is today. Science and technology are directly related to social and economic development. This is why it
is so important for individuals to be able to understand and
value the key role that scientific development plays in our
society.
Nanotechnology is not the future. It is the present already.
Nevertheless, a large majority of our society does not really
understand yet what it is. NanoGUNE aims at spreading a
scientific culture, in order to inspire a critical society capable
of building a future in a sustainable and intelligent manner.
At nanoGUNE, we are convinced that achieving great scientific and technological advances is not enough: we are committed to disseminating truthful information in a responsible
and understandable way. To achieve this goal, we organize
visits for educational centers and offer young people the possibility to see more closely our nanoscience research; we also
offer summer internships to undergraduates and the supervision of bachelor and master theses.
The dissemination of scientific culture contributes to building
a more educated and critical society; indeed, a society that is
scientifically cultured is always a richer society. This is the
reason why we are particularly active in the promotion of the
dissemination of a scientific culture.

123

Events
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Zientzia Azoka
We have been actively participating in a Science Fair (Zientzia
Azoka) organized by Elhuyar. The purpose of this fair is to
awaken scientific and technological vocations among young
people in order to disseminate science and promote the
scientific culture of our society. A collaboration agreement
with Elhuyar has been signed.

Science Week
NanoGUNE, together with the Donostia International Physics
Center and the Materials Physics Center, has been collaborating in the Science Week organized every November by the
University of the Basque Country through a nanoscience and
materials-science exhibition.

Donostia WeekINN
NanoGUNE participates in the Week of Innovation, Donostia
weekINN, organized by Fomento of San Sebastian. This event
offers a complete program of activities around the innovation
strategy that takes place in the city.
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Women in Science
In order to achieve full and equal access and participation of
women in science, the United Nations General Assembly
decided in 2016 to proclaim February 11 as the International
Day of Women and Girls in Science.
In the period 2019-2020, we have been celebrating this day
together with other centers in San Sebastian, with the aim of
bringing visibility to the activity of women that are doing
scientific research, thereby breaking the archetypical masculine roles usually attributed to science and technology and
encouraging scientific career choices among girls and
teenagers.

In an unprecedented collaboration, in 2020 nine centers
(nanoGUNE, the Materials Physics Center, biomaGUNE, the
Donostia International Physics Center, Biodonostia, Tecnum,
Ceit, Polymat, and Elhuyar) joined forces to present a full-week
program aimed at teenagers, school kids, elder women (above
55), the scientific community, and citizens in general.
Our initiative "Emakumeak Zientzian" was recognized with
the STEAM Euskadi Seal of the Basque Government for the
promotion of STEAM education in the Basque Country. The
Committee was composed of representatives from the
Department of Education of the Basque Government, the
Research Center for Scientific and Mathematical Education
(CRECIM) of the Autonomous University of Barcelona, and
the Basque Innovation Agency Innobasque.

Outreach
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Undergraduates:
summer internship
and bachelor thesis
In the period 2019-2020, 30 undergraduate students have
joined nanoGUNE’s summer-internship program and/or have
done their bachelor thesis under the supervision of our
researchers.

Winter School
In the period 2019-2020, 59 undergraduate and master students have joined nanoGUNE´s Winter School. The event is
primarily aimed at undergraduate and master students of
physics, chemistry, biology, and engineering. The School includes a combination of academic lectures, soft-skills training
sessions, and hands-on lab practices.
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Visits for
educational
centers
Following our open-doors policy, we run a program for highschool and university students to visit our facilities, thus
offering them the opportunity to have a closer look at nanoscience research. More than 90 students have visited nanoGUNE during the 2019-2020 period.

Master
NanoGUNE collaborates with the Master in Nanoscience
and the Master in New Materials of the University of the
Basque Country (UPV/EHU), and we give master students
the opportunity to join our research groups in order to do
their master thesis under the supervision of one of our principal investigators.

PhD
PhD-thesis projects are offered to physics, chemistry, biology,
engineering, and materials-science graduates. We closely collaborate, in particular, with the PhD program “Physics of
Nanosctructures and Advanced Materials (PNAM)” offered
by the UPV/EHU. Currently, we have 36 ongoing PhD theses
at nanoGUNE and we are cosupervising the thesis of another
5 PhD students that are enrolled at other research centers or
universities in the Basque Country.
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NanoGUNE is a non-profit making Association promoted by the
Basque Government in 2006 and officially inaugurated in 2009.
The Governing Board, currently composed by all partners, is
the final responsible for the overall management of the Center.
An International Advisory Committee, composed of internationally renowned researchers and professionals, advises on
the orientation that should be given to the Center.
Regarding the management of the Center, the period 20192020 has been particularly fruitful. Thanks to the effort of the
administration&services team, the following achievements
have been reached:
■ The Innovation Management System, which had been certified in 2017 according to the standard UNE 166002:2014,
was externally audited successfully in 2019 and 2020. This
standard aims to guide organizations in the development,
implementation, and maintenance of a framework for
systematic innovation management practices, integrating
them within a R&D and innovation management system.
The person responsible for the Innovation Management
System is the Finance Director.
■ In 2019, nanoGUNE was granted by the European
Commission the ‘HR Excellence in Research’ award, which
gives public recognition to research institutions that have
made progress in aligning their human-resources policies
with the principles of the so-called European Charter&Code
for Researchers. A team composed of various representatives of the Center is responsible for the follow-up and monitoring of the implementation, until November 2021, of an
action plan to be reviewed by the European Commission.
■ In 2019, nanoGUNE's Governing Board approved a
Criminal Risk Prevention Program. The main objective
of this Program is to promote a corporate culture of
compliance (Corporate Compliance), aiming to achieve
a responsible management of the activities that are being
undertaken at nanoGUNE and promoting a culture of
integrity, honesty, transparency, and respect for ethical
standards and rules. NanoGUNE declares an absolute

Organization and Funding

rejection of any irregular behavior in the development of
its activities, mainly those conducts that by their nature
may constitute a potential crime, whose prevention is the
Program's primary objective. The Finance Director is the
Compliance Officer and the compliance program is supervised by a team composed of various representatives of
the Center.
■ A Gender Equality Plan was approved in 2019. The Plan
is structured around five main key areas and 10 strategic
objectives, and it includes an action plan with a total of
39 actions to be developed in the period 2019-2022. The
implementation of the Plan is led by the Outreach Manager
and the Director, in close collaboration with the Gender
Equality Committee.
On 11 March 2020, the World Health Organization declared
the emergency situation caused by the epidemic outbreak of
COVID-19 as a pandemic. For the management of the health
crisis caused by this pandemic, on 14 March 2020 the Spanish
Government declared a state of alarm that would be extended until 20 June 2020. At nanoGUNE, a contingency plan
was adopted in order to provide advice and support in the
actions to be carried out to eliminate, reduce, and control
the risk of exposure to COVID-19. The following measures
were adopted during the state of alarm and the subsequent
phases of deconfinement:
■ Preventive hygiene measures such as the use of face masks,
hydroalcoholic gel dispensers, and body-temperature
screening terminals were put in place.
■ Organizational measures related to physical distancing and
the gathering of people were announced. Social-distancing
screens were installed between contiguous desks.
■ Telework was recommended.
■ Seminars and language classes have been held online.
■ Limitations in the capacity of laboratories were established.
Experimental onsite research work was only interrupted
from March 30th to April 9th, as all non-essential activity
was ordered to be shut down in Spain during that period of
time. Most research projects have been executed as originally
planned.

Funding

In the period 2019-2020, we have been able to attract a considerably large amount of public funding from the Regional
Government of Gipuzkoa, the Basque Government, the
Spanish Government, and the European Commission, and
our private funding has increased considerably. We have
also benefited from the support we have received from the
Basque Science Foundation (Ikerbasque) through its program
to attract talented researchers from all over the world. The
overall funding (both public and private) that we have received has allowed us to comply with our mission to carry
out world-class nanoscience research for the competitive
growth of the Basque Country.
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2019

2020

Personnel (on 31 December)

109

118

Full-Time Equivalent (FTE)

106

106

R&D exploitation income
(in thousand EUR)

7 389 7 292

% of non-competitive public funding
from the Basque Government

38

29

% of competitive public funding from
the Regional Government of Gipuzkoa

2

2

% of competitive public funding from
the Basque Government

19

21

% of competitive public funding from
the Spanish Government

15

16

% of competitive public funding from
the European Commission

15

19

% of private funding

11

13
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Chair

Construcciones y Auxiliar de Ferrocarriles, S.A. (CAF)
Javier Martínez-Ojinaga (since 13/02/2019)

Vice-chair

Gipuzkoa Regional Council
Jabier Larrañaga (since 01/12/2020)

Secretary -Treasurer

Donostia International Physics Center (DIPC)
Ricardo Díez-Muiño (since 13/02/2019)

Board members

University of the Basque Country (UPV/EHU)
Fernando Tapia (since 03/09/2019)
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Ikor Sistemas Electrónicos, S.L. (Ikor)
Aitor Larruskain (since 03/06/2020)
Petróleos del Norte, S.A. (Petronor)
Elías Unzueta

Guest members,
on behalf of the
Basque
Government

Department of Economic Development,
Sustainability, and Environment
Alberto Fernández (since 02/10/2019)

Former members
in the period
2019-2020

Pedro Miguel Echenique (until 12/02/2019), Chair, DIPC
Josu Imaz (until 12/02/2019), Board member, CAF
Arturo Muga (until 02/09/2019), Board member, UPV/EHU
Ainhoa Aizpuru (until 10/09/2019), Board member, Gipuzkoa Regional Council
Jon Sierra (until 29/11/2019), Board member, Ikor
Jose Miguel Erdozain (until 31/12/2019), Secretary-Treasurer, IK4 Research Alliance
Mikel Álava (from 30/11/2019 until 06/04/2020), Board member, Ikor
Carmen Urizar (from 07/04/2020 until 02/06/2020), Board member, Ikor
Joseba Iñaki San Sebastián (until 16/07/2020), Vice-chair, Tecnalia Technology Corporation
Imanol Lasa (from 11/09/2019 until 30/11/2020), Board member, Gipuzkoa Regional Council
Iosu Madariaga (until 01/10/2019), Guest member, on behalf of the Basque Government,
Department of Economic Development and Infrastructure

Department of Education
Adolfo Morais

Grants in Place
2019/2020
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European Commission

Basque Government

Graphene Flagship

2

H2020 Coordination and Support Actions

3

H2020 FET Open

3

H2020 Research and Innovation Actions

1

Marie Sklodowska-Curie Actions
(CIG, ITN, European and Global Fellowships)

14

M-ERA.NET

1

Elkartek

4

Emaitek

2

Ikerbasque Fellows

2

Infrastructure

1

Pre-doctoral Grants

4

Gipuzkoa Regional Council
Spanish Government
Europa Excellence

1

Excelencia

1

Explora

1

FPI Pre-doctoral Grants

14

FPU Pre-doctoral Grants

1

Infrastructure

1

Juan de la Cierva Incorporation

3

Maria de Maeztu

1

Research Networks

1

Retos

17

Retos Collaboration

1

Gipuzkoa Fellows

5

Infrastructure

2

Research Projects

2

International
Advisory
Committee
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The International Advisory Committee gives
advice on the orientation to be given to the Center

Prof. Sir John Pendry
Chair
Imperial College, London (UK)

Prof. Anne Dell

Imperial College, London (UK)

Prof. Marileen Dogterom

Delft University of Technology, Delft (Netherlands)
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