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NANOGUNE
IN NUMBERS

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

"We are intensifying our
efforts towards knowledge and
technology transfer”

The period 2015-2016 has been scientifically fruitful and stra-
tegically challenging. Since the opening of nanoGUNE in 2008,
we have been waorking hard with the aim of building up a re-
search center and infrastructure that comhine state-of-the-art
research with a focus to industry. Now we have an international
team of outstanding scientists and a number of spin-off com-
panies that we have been launching for the development of
nanatechnalogy in the Basque Country and warldwide. During
the last two years, our structure has heen reinforced in order
to intensify our efforts towards the transfer of knowledge and
technology, specifically in the three areas (manufacturing, ener-
gy, and health] that have been taken by the Basque Government
ta be strategic in the framewark of the research and innovation
smart specialization strategy (RIS3] of the European Comissian.

In line with our latest efforts to strengthen our connection to in-
dustry, in the period 2015-2016 we have opened a new research
group on nanoengineering, led by lkerbasque Research Profes-
sar Andreas Seifert. This new group focuses on research at the
interface between fundamental research and applied engineer-
ing, in particular in the area of biomedical applications. Our team
is now composed of more than 80 researchers (including grad-
uate students and post-dacs) and technicians, coming from 21
different countries worldwide, in addition to a few undergradu-
ate and master students and a good number of guest research-
ers. This team has been making outstanding contributions to
the fields of nanomagnetism, nanaoptics, self-assembly, nano-
biomechanics, nanodevices, electran microscopy, theory, nano-
materials, nanaimaging, and nanoengineering.



As for our connection to Basque industry we have participated
actively in a so-called nanotransfer project led by the Basque
Institute of Competitiveness Orkestra, which has shed some
light on how to overcome the main barriers that are encoun-
tered in the penetration of nanotechnology into local compa-
nies. And we are in the process of maving from the external-ser-
vices department that we launched recently to a true platform
for industrial research and experimental development, which is
expected to serve as a hasis to strengthen our ties with compa-
nies in the Basque Country and worlwide. Last, but not least, we
have founded our 5th spin-off company (Prospero Biosciences)
in the area of mass spectrometry, and we have launched (jointly
with Hasten Ventures] a new toal (Nanaolnnavations] that should
facilitate the transfer of knowledge and technology both locally
and internatianally.

World-class nanoscience research in close collaboration with
other research laborataries and with industry, and a commit-
ment to the society define the way we understand our activity.

In this exciting journey, we have benefited fram the continuous
support of a good number of individuals, public institutions, es-
pecially the Basque Gavernment, and our International Advisory
Committee. Being a small center in a small country we will keep
doing our best in the search for innavation, with the expectation
that we will always find a niche for us to offer something differ-
ent. This is the big challenge of the small.

{T' i S

José M. Pitarke
Director

Donostia - San Sebastian, December 2016
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Nanomagnetism

The Nanomagnetism Group conducts world-class fundamental
and applied research in nanomagnetism and related characteriza-
tion techniques. The group is hereby playing a leading role in the in-
vestigation of advanced magneto-plasmonic and magneto-optical
effects and their utilization for fundamental and applied purposes,
including tool and device design. The group also has along-standing
expertise in the fields of thin-film and multilayer growth, nanos-
tructure fabrication, and magnetic-materials characterization. Key
activities furthermore include the development of thearetical and
computational models for guantitative descriptions of magnetic
and optical properties at the nanoscale.

The main scientific topics currently pursued by the Nanomagne-
tism Group encompass several key scientific themes that are at
the very forefront of research worldwide. The group’s members are
working on understanding magnetism and magnetic phenomena
on very small length scales and in the presence of thermal or other
excitation sources hy means of experiments, theary, and madeling,
with the long term goal of aiding and enabling novel nanomagnetic
device concepts. The group is also developing advanced methodol-
agies and tooling for magnetic-materials characterization to assist
materials development for fundamental investigations as well as
for possible industrial applications. Moreaver, the Nanomagnetism
Group is focused aon the design, fabrication, and characterization of
novel nanometer-scale magnetic structures, metamaterials, thin
films, and multilayers to achieve improved or novel materials prop-
erties. Finally, the group studies novel concepts for designing mag-
netic nanoscale materials to achieve utilization in novel devices.

In the 2015-2016 time frame, the work of the Nanomagnetism
Group has led to numerous key achievements, of which some were
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realized in collaboration with other research groups from around
the globe. In particular, the magneto-optics work led to several im-
portant developments and achievements. For instance, the group
discovered very substantial enhancements of magneto-optical
respanses for nanastructured samples and identified extremely
localized edge enhancement effects as its origin, which led to an
up-to-10-fold enhancement of the magneto-optical response. An-
otherachievementwas the study, classification, and exact quantifi-
cation of magneto-optical responses in materials exhibiting aniso-
tropy, which are crucially important for an accurate interpretation
of measurements. An additional key activity in this field was the
investigation of magneto-optics in the presence of surface-plas-
maon modes: in particular, the demonstration of how a resonant en-
hancement of magneto-optical effects can be obtained at desired
radiation wavelengths by plasmanic band engineering through the
proper lattice design in nanostructured magnetic films.

In terms of more application-oriented wark, the Nanomagnetism
Group demonstrated a novel readout method for molecular diag-
nostic assays based on optical measurements of field-induced
rotational dynamics of magnetic nanoparticles in liguid solutions.
Another technologically most relevant work addressed the question
of what is the minimum energy that is required to change the infor-
mation content of nanomagnetic switches. This limit, which is also
known as “Landauer erasure principle”, is a crucial topic and funda-
mental challenge of current technaology, in terms of power dissipa-
tion and scalability. Alsg, the materials research topics studied by
the Nanomagnetism Group were related to long-term technological
applications, including, for instance, the demonstration of bounda-
ry magnetization robustness towards alloying or the exploration of
collective magnetic behavior in artificially graded materials.



Researchers in Action

Remote magneto-mechanical nanoactuation

Three-dimensianal (30] magnetic cantilever pairs were grawn by means of Focused-Electron-Beam
Induced Deposition (FEBID], and their remote magneto-mechanical actuation was demonstrated,
achieving nanoscale precision. The top panel shows a scanning-electron-microscopy image of a FEBID
double-cantilever device made of two suspended Co magnetic nanorods of different diameter. The
twao bottom panels show the change of their relative orientation upon applying a uniform and remotely
controlled magnetic field. Furthermore, the relative motion and arientation of the cantilevers can be
controlled by the preselected magnetization states in A and B (red and blue arrows indicate the orien-
tation of the magnetic moments in the two nanarods for the case shown in the figure), for which four
different comhinations are easily accessible.

P. Vavassori et al, Small 12, 1013 [2016]

Team

3

Technician

César Rufo ’
@
! @ Guest Researchers

@ Maufida Mansouri, University of Sfax (Tunisia)
Master Students Tomita Satoshi, NAIST [Japan)
Xahier Inchausti, UPV/EHU

(until 15/09/18)
Alba Pascual, UPV/EHU
(until 31/07/15)

5 & o

Pre-doctoral Researchers

One-maonthstay minimum

Andreas Berger
Research Director
Group Leader
. . PhD in Physics in 1993
Jon Ander Arregi, FPI Fellow, Multi-layers and RWTH Aachen University [Germany]
nanostructures with competing electronic order states Paolo Vavassori
Adrian Crespo, DE Fellow, Study ond control of Ikerbasque Research Professor
Group Coleader

) X ; : PhD in Physics in 1994
nanoestructured metamaterials with\magnetic frustration Politecnico di Milano [Italy)

spatial carrelation and dynamics of magnetization in

5 1

Post-doctoral Researchers

Lorenzo Fallarino, PFPI Fellow, Fabrication and
magnetic characterization of Co-based magnetic

alloy films, multilayers, and nanostructures Alberto Lépez-0Ortega, Juan de la Cierva Fellow

Nicolo Maccaferri, PFPI Fellow, Designer magneto- Eva Oblak. Elkartek Fellow

optics with plasmanic magnetic nanostructures
[until 01/08/2016]

Matteo Pancaldi, FPI Fellow, Magnetization ®

reversal in magnetic films, multilayers, and A

nanostructures

Patricia Riego, La Caixa Fellow, Study of magnetic Undergraduate Students

order dynamics in epitaxial thin films Befiat Alberdi, UPV/EHU [until 17/07/15)

FPI, predoctaral grant of the Spanish Gavernment Irene Azaceta, UPV/EHU until 30/06/16)

PFPI, predoctoral grant of the Basque Government Cristina Martinez, UAB (until 02/09/16]
DE, Basque Department of Education
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Nanooptics

The Nanooptics Group performs experimental and theoreti-
cal research in nanooptics and nanophotonics, covering both
fundamental and applied aspects. Essentially, we develop
near-field nanoscopy (scattering-type scanning near-field
optical microscopy, s-SNOM] and infrared nanospectroscopy
(Fourier transfaorm infrared nanospectroscopy, nano-FTIR],
and we apply these novel analytical tools in different areas of
science and technology.

Near-field nanoscopy and nanospectroscopy achieve a
wavelength-independent spatial resolution of about 10 to 30
nm at visible, infrared, and terahertz frequencies, thus beat-
ing the conventional resolution (diffraction] limit by a factor
of up to 1 000. During the last twao years, we have continued
warking on novel instrumental developments, with the goal
to push the spatial resolution towards the single-molecule
level and to enable depth-resolved and hyperspectral infra-
red nanoimaging.

Further, s-SNOM and nano-FTIR spectroscopy have been ap-
plied to study plasman palaritons in metal and graphene na-
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nostructures, as well as phonon palaritons in boran nitride, for
the development of ultracompact nanophotonic devices and
their application, e.g. in optoelectranics and sensing. We also
introduced infrared and terahertz photocurrent nanoscopy far
studying plasmons and optoelectronic properties of devices
based on graphene and other two-dimensional (20] materials.
s-SNOM and nano-FTIR spectroscopy have been also used for
the nanoscale mapping of the chemical composition of nano-
composite materials.

We have also been developing and applying theory for the
propagation and scattering of surface waves in natural, ar-
tificial, and 20 materials, for modeling near-field spectros-
copy, and for reconstruction of materials properties from
near-field data.

Our activities invalve manifold and widely interdisciplinary
collaborations, internationally and within the Basque Country.



Researchers in Action

Graphene plasmonics

Artistic representation of near-field excited acoustic graphene plasmaons
producing a thermoelectric current.

Team
Technician Guest Researchers
Carlos Crespo Vladimir Biolek, Brno University (Czech Republic)
l @ Shu Chen, Xiamen University (China)

@._ Andrea Konecna, CFM [Spain]

Research Fellow Patryk Kusch, Freie University Berlin (Germany)

Alexey Nikitin, Jian Li, Nanjing University [China)

Ikerbasque Research Fellow Matthias Wiecha, Goethe University (Germany]

BOne-month Stay minimum

‘ [ ] Rainer Hillenbrand

Ikerbasque Research Professor

Pre-doctoral Researchers Group Leader
Francisco Javier Alfaro, PhD in Physics in 2001
Flagship Fellow, Low-dimensiongl Technical University of

Munich (Ge
nanophotonics with hyperbalic polaritons unich (Germany)

Iban Amenabar, FPI Fellow, Infrared near-field
imaging and near-field spectroscopy.of biological
nanostructures ‘/
Irene Dolado, PFPI Fellow, Optoelectranic

. . \ Post-doctoral Researchers
nanosensors based on hyperbolic polaritons in

Pablo Alonso-Gonzalez, Flagship Fellow
(until 29/10/15)

two-dimensional materials
Florian Huth, ERC Fellow [until 31/05/15],

Nanoscale infrared near-field spectroscopy ¢ Martla Aut[?re, Flagship Fellow ‘
Stefan Mastel, Flagship Fellow, Near-field spectral ' Monika Goikoetxea, Etortek Fellow (until 30/09/13]
Alexander Govyadinov, ERC Fellow [until 30/09/16)

contrast and enhanced sensitivity in s-SNOM o ) )
Paulo Sarriugarte, PFPI Fellow [until 31/12/2015], Undergraduate Students Peining Li, Flagship Fellow

Development of novel infrared near-field probes Unai Aseguinolaza, S'm".” Poly, ERC FBUOW [UI”“' 01/12/15]
UPV/EHU (until 31/12/15) Martin Schnell, Marie Curie Fellow

Edward Yoxall, ERC Fellow {until 31/07/15]

based on antenna and waveguide structures
Marina Fontaifia,

FPI, predoctaoral grant of the Spanish Gavernment
P d b TECNUN [05/08/16)

PFPI, predoctoral grant of the Basque Government
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Alexander Bittner

Ikerbasgque.Resegrch Profest
Group Leadelr ' T ’

&

Self-Assembly

The self-assemhly of molecules is a natural and synthetic me-
thod to create complex nanoscale structures. We use it specif-
ically for proteins, in a combined biochemistry, chemistry, and
physics approach. Our research group is interested in one-di-
mensional structures built from proteins, such as the tobacco
mosaic virus, the textbook example for self-assembly. We have
confirmed its known structure now also for the surface, on the
single-malecule level, and we have found that its apparently sim-
ple structure features subtle and complex non-periodic elements.

In our electrospinning projects, we shape pure proteins into ex-
tremely thin wires. We also test foodstuff electraspinning on the
microscale. The main activity has been, however, to build a new
combhination of an electrospinning device with a three-dimensional
(3D] printer, which is now marketed under the brand Novaspider.

Our structures are useful as scaffolds to assemble and to confine
extremely small amaounts of liquids. Specifically for water on pro-
tein surfaces, nanoscale experiments are still rare. We found that
virus capsids can be nanoscale substrates for wetting by water. Our
study can have wide-ranging consequences because humidity in-
fluences virus transmission, for plant and for human viruses.

In a project related ta hionano self-assembly, we have constructed a
new type of DNA/pratein hybrids. For the already well-developed ac-
tivities on biomineralization, the encapsulation of metals and alloys
in virus capsids now opens the route to new magnetic nanodevices.

14

Our energy research is focused on the aging of supercapacitar
real devices. We had discussed the polymerization of the solvent
acetonitrile as ane of the possible mechanisms for performance
loss, but we have now found that this assumption was wrong.
Generally, supercapacitors are much safer than batteries, based
an exactly this lack of chemical reactivity.

Some of our projects require patience. It is great to see some
results that are finally surfacing:

- The movement of particles on ice surfaces can only be re-
carded during growth or sublimation of ice in an electron-mi-
croscopy chamber. Catching a dynamically changing ice crystal
with a suitable surface, covered by particles, has an element of
chance. Finally, we have recorded a sufficient amount of videos
to analyze the mation in detail.

- DNA origami folding is a straightforward process, which can be
optimized by software. If the final structure is very large, assem-
bly and analysis ask far trial and errar.

- Recording AFM data with vertical resolution below 0.1 nm and
with lateral resolution below 5 nm requires careful planning, opti-
mal tools, clean conditions, and the chance of hitting on a super tip.



Researchers in Action

Environmental electron microscopy of ice

This 315 pm scan shows polycrystalline ice growing at -20.8 °C in 1
mbar water vapor [abave saturation] and filling up a triangular hale
in the center. Under these canditions, the growth and coalescence of
microcrystals is so rapid that grain boundaries, the dark meandering
lines, dominate.

Team

L

Research Fellow
Mitsuhiro Okuda, Ikerbasque Research Fellow !

3

Master Student
Nasim Tavakoli, UPV/EHU
[until 31/07/15)

Technician
Aitziber Eleta

5 &

Guest Researchers

3

Pre-doctoral Researcher

Alexander Bittner
Ikerbasque Research Professor
Group Leader

o i PhD in Chemistry in 1996
Nanofluidics at single-molecule\scale Free University of Berlin

(Germany]

Sylvie Morin, Yark University
Toronto (Canada)

Chloé Rodriguez, UAM [Spain)
Kornelius Zeth, Roskilde
University (Denmark]

Maria Cascajo, nanoGUNE Fello

One-manth stay minimum

5 &

Post-doctoral Researchers

L

Undergraduate Students

Sara Arietaleaniz, TECNUN (until 21/08/15])

Elena Esteban, Don Bosco [until 28/05/15)

Franziska Gunl, University of Rostock (until 15/07/16)
Larraitz Sansinenea, TECNUN (until 16/12/16)

José M. Alonso, Aspargi Fellow
[until 15/03/16)

Annalisa Calo, DFG Fellow

[until 31/12/15)

Wiwat Nuansing, nanoGUNE Fellow

DFG, Regional Council of Gipuzkoa
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Raul Pérez-Jiménez "‘—-
Ikerbasgue Research Profea_s_gL ‘

Group Leader

Nanobiomechanics

All living organisms feel and react to mechanical forces. Our
skin, our muscles, and our bones are all designed to resist and
function under force. We are able to walk because our mus-
cles are capahle of generating mechanical forces; our heart
pumps blood creating a shear stress in vessels and arteries.
Almost any biological process is related somehow ta the ex-
istence of mechanical interactions. Unfartunately, this also
includes diseases and disorders such as inflammation, tumor
spread, heart failure, injuries, arthritis, etc. In addition, bacte-
rial and viral infections occur with the interplay of mechanical
farces at the molecular level, at the nanoscale.

The Nanohiomechanics Group employs state-of-the-art
technigues to investigate how mechanical forces impact
the molecules that form living cells. From a multidisciplinary
point of view, we are focused on proteins thatare capturedin-
dividually and studied in detail. From bacteria to animals and
viruses, our group investigates biological processes that oc-
cur under force and that are crucial for life, using single-mo-
lecule force spectrascopy. This allows us to observe how the
conformation of proteins changes under force and how forces
can also trigger biochemical reactions.

We believe that studying the mechanics of proteins is essen-
tial to understand the development of many diseases. In par-
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ticular, we investigate proteins invalved in viral and bacterial
infections. We also use imaging techniques such as confocal
microscopy to investigate the dynamic interaction of viruses
and bacteria with their target under mechanical stress. Our
research provides new information that no other technigue
canreveal. We are discovering new aspects of microbial infec-
tions that could lead to new methodologies for treatment and
prevention of microbial diseases. Over the last four years, the
group has investigated the implication of mechanical forces
an HIV-1infection. We have demonstrated how forces can af-
fect the molecules involved in the interaction between the HIV
virus and human cells, which prompted us to search for novel
molecules that interfere with the attachment process.

Another successful research line in our group focuses aon the
improvement of enzymes that can be used for biotechnaologi-
cal applications. We use novel techniques based on molecular
evalution to make better enzymes with improved capabilities.
We cover a wide range of enzymatic functions from cellular
oxidation processes to the industrial generation of nanacellu-
lose, a biomaterial with numerous potential applications.



Researchers in Action

A molecular force sensor for cells

T cells expressing a GFP-hased fluorescence force sensor
in their outer membrane. Alterations in the GFP fluores-
cence reports the existence of mechanical forces in the pi-
caNewton range. Interactions between cells and microbes
will be now monitored as a mechanical perturbation.

Team

Research Fellow ‘

David De Sancho, Technician

Ikerbasque Research Fellow Marie Fertin

e
2 ’
Master Students P ) ‘
Anne Aguirre, UPV/EHU Guest Researchers
Leire Aldazabal, UPV/EHU Abel A. Rodrigues,
Abel Rodrigues & Asociados [Argentina)
Leyre Barandiaran, Ceit (Spain)
L Ong-month stay minimum
o Raul Pérez-Jiménez
Ikerbasque Research Professor

Pre-doctoral Researchers Group Leader
Alvaro Alonsg, PFPI Fellow, PhD in Physical Chem stry in 2005
Nanomechanics of cell-surface proteins University of Granada [Spain)
Borja Alonso, Elkartek Fellow x
Ancestral cellulases for degradation of ®
lignocellulosic materials Post-doctoral Researchers
Nerea Barruetabefia, nanoGUNE Fellow, Patricia Garcia, Elkartek Fellow
Ancestral cellulases for bioenergy Simon Poly, nanaGUNE Fellow
Aitor Manteca, nanoGUNE Fellow, (until 28/02/15)
Molecular evolution: nanomechanic and Jorg Schanfelder, nanoGUNE Fellow
biotechnological aspects
Susana Revilla, FP7 Fellow, Design of molecular
faorce sensars based on fluorescence to reveal the i
nanomechanics of viral infections at the cellular level L
Barbara Rodriguez, UPV/EHU Fellow,
Search and design of mechanoactive compounds for Undergraduate Students
the control of the mechanics of cell surface proteins in Jean Karla Escalier, Bon Bosco (until 28/05/16)
microbial infections Amalia Miranda, Dan Bascao (until 28/05/16)

) Estibaliz Martin, Don Bosco [until 27/05/16)
PFPI, predoctoral grant of the Basque Government

17



Luis E. Hueso
Ikerbasque Research Profess
Group Leader

Félix Casanova
Ikerbasque Research
Professor

Nanodevices

A major challenge faced nowadays by the electronics indus-
try is to find suitahle materials to continue with the progres-
sive size reduction of transistars. In this context, the aim of
the Nanodevices Group is to study the electronic properties
of materials at the nanoscale. Some of these materials are
potential candidates for future transistars, but they are also
interesting for electronic memaories, light-emitting or photo-
voltaic devices, and many other gadgets. For this we use ad-
vanced nanofabrication methods and measure the electron
transport of the materials in extreme conditions, such as low
temperatures and high magnetic fields.

We are currently working in three main lines of research con-
nected with possible applications in several industry fields. In
the first place, we are warking on spintronics and electronics
with arganic molecules, two-dimensional (20) materials, and
metals. Spintronics is a field based on the use of the elec-
tron spin, a purely quantum mechanical entity, to transmit
information. It works as a substitute of the role of the elec-
tron charge in standard electronics, aiming at reaching lower
power consumptions in devices. We can create, transport,
and manipulate pure spin currents, both as an alternative
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and as a complement to conventional electronics. In the
standard electronics front, we use organic and 20 materials
as building blocks for novel (opto-)electronic devices.

In the second place, we are studying neuromorphic devices.
The underlying idea here is to build electronic devices that
mimic how the brain works. Our brain is capahle of amazing
computing tasks while working at very low speeds and using
very limited power. Some of the novel electronic devices we
fabricate, such as memristors, can mimic how the neurons
compute and transfer information.

In the third place, we are interested in magnetism and su-
perconductivity in carrelated materials. This type of mate-
rials, for example some rare-earth oxides, have an indicated
interplay among different degrees of freedom such as the
electronic carriers, the lattice vibrations, and the magnetic
interactions. Understanding these materials provide useful
knowledge for the understanding of how matter works at the
nanascale and how to manipulate it for creating, for example,
supercurrents flow without heat dissipatiaon.



Researchers in Action

A two-dimensional spin field-effect switch

Future development in spintronic devices requires an advanced cantral of spin
currents by an electric field. The Nanodevices Group has demaonstrated a novel
approach based on a van der Waals heterostructure of atomically thin graphene
and semiconducting MoS,, shown in this false-colored scanning-electron-mi-
croscopy image. Our device comhines the superior spin transport properties of
graphene with the strong spin-orbit coupling of MaS,, and it allows switching the
spin current in the graphene channel ON and OFF by tuning the spin absorption
into the MoS, with a gate electrode.

W. Yan et al,, Nat. Commun. 7, 13372 [2016]

Team

Pre-doctoral Researchers Research Fellows Technician

Coline Adda, ANR Fellow, Neuromarphic Santiago Blanco-Canosa, Roger Llopis :

devices with Mott insulataors F

Libe Arzubiaga, PFPI Fellow, Pablo Ste Guest Researchers

Nanostructuring of devices for nanascience David Etayo, DAS-NANO (Spain]
ederico Golmar, CONICET [Argentina]

Yasutomo Omori, The University of Tokyo (Japan]

applications

(until 30/03/15]

Ainhoa Atxabal, PFPI Fellow, .
th stay minimum
Hot-electron devices
Miren Isasa, PFPI Fellow, Spin orbitronics in
metals (until 31/12/15]

Josu Lépez, H2020 Fellow, Noncollinear
Luis E. Hueso
Ikerbasque Research Professor
llow, Group Leader

talli PhD in Physics in 2002
etallic/ University of Santiago de Compostela (Spain)

magnets for spintronics
Juan Manuel Gdmez, H2020 Fe
Spin-dependent transport in

5 &

ferromagnetic insulator hybrid devices Post-doctoral Researchers

. i . Félix Casanova
Emmanouil Masourakis, ITN Fellow, Electronic Ikerbasque Research Professor

Amilcar Bedoya-Pinto,
FP7 Fellow (until 31/07/15)
Néstor F. Ghenzi,

ERC Fellow [until 30/06/15)
Subir Parui, DFG Fellow
Xiangnan Sun,

ERC Fellow (until 31/12/15]

Saul Vélez, DFG Fellow

transport in single molecular devices PhD in Physics in 2003

[until 31/12/15) University of Barcelona (Spain)
Luca Pietrobon, ITN Fellow, Charge and spin
transport in graphene devices [until 30/06/15]
Mério Ribeiro, ITN Fellow, Control of spin
injection and spin transport in graphene and
other 20 crystals by molecular decaration

Edurne Sagasta, FPU Fellow, Spin-dependent Wenjing Yan, ITN Fellow
transport in complex systems using lateral L

nanostructures l
Master Students

Oihana Txoperena, FPI Fellow, Spin injection

in two-dimensional layered materials and local Undergraduate Students Eneko Lopez, UPV/ERU (until 14/02/16)

magnetoresistance side effects [until 08/04/16) ~ Asier Alvarez, UPV/EHU [until 14/08/15)

Elisabetta Zuccatti, nanoGUNE Fellaw, Julen Echavarri, TECNUN (until 15/09/15)
Design and optimization of organic field- Befiat Garcfa, UPV/EHU
effect transistors liigo Losada, UPV/EHU (until 12/08/16)

Markel Pardo, UPV/EHU (until 12/08/16)

FPI, predoctoral grant of the Spanish Government eqyardo Rodriguez, University of Oxford [until 31/08/15)
PFPI, predoctoral grant of the Basque Government

FPU, predoctoral grant of the Spanish Government Leire Urreta, UPV/EHU [until 14/08/15]
ANR, Agence National de la Recherche (France)
DFG, Regional Council of Gipuzkoa 19
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Electron Microscopy

Information about the structure and compasition of mate-
rials is of key impartance for the basic understanding of their
properties and of the functioning of nanodevices. Mareover,
our ahility to characterize and understand these structures
is critical for revealing the quality issues of existing prod-
ucts, providing answers for problems currently faced by in-
dustry. The Electron-Microscopy Group provides a high-level
electron-microscopy support to the local scientific community in
order to face these challenges.

Our laboratory is specialized in high-resolution Transmis-
sion-Electron Microscopy (TEM] imaging and structure analysis,
local analysis of the compasition of materials, prototyping of
metal plasmanic structures and the study of plasmanic reso-
nances by electron energy-loss spectroscopy (EELS], the visual-
ization of magnetic fields by electron holography and Lorentz mi-
croscopy, nanofabrication using focused ion and electron beams,
as well as electron microscopy of wet and liquid materials.

During the last years, we have developed a methodalogy for
characterizing the dynamics of individual defects in graphene,
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giving access to kinetic data on a single-atom level. We have
demaonstrated a principal possibility to guantify reversihle
atomic processes with cross-sections of up to 3 500 barn by
direct imaging; the formalism of classical chemical kinetics
has been adopted and applied for the treatment of data based
on stochastic events; a principal possihility for the estimation
of kinetics of thermally activated reactions by direct imaging
has been shown; and a superefficient energy transfer pathway
to defects in graphene has been discovered, yet not explained.

We have systematically studied a novel and technologically
valuable method for the fabrication of functional nanostruc-
tures, and we have proposed a number of new approaches far
the fabrication of magnetic nanodevices.

We maintain a broad collaboration with many other institutes
in the Basque Country and worldwide.



Researchers in Action

Plasmonic photocatalysis - efficiency by complexity

The light harvesting capacity of plasmonic nanoparticles is a fundamental fea-
ture for catalyzing chemical reactions close to their surface. The efficiency of
the photochemical processes depends not only on the geometrical aspects on
a single particle level but also an the complexity of the multiparticle architec-
tures. Here in caollaboration with hiomaGUNE we study composite platinum/gald
nanoparticles of complex shape in respect to plasmon enhanced photo-cata-
lytic reaction of photoregeneration of cofactor molecules. The figure demon-
strates the variety of shapes studied: cubes, rods and 3D stars, as well as tar-
geted location of an ultra-dispersed active component (Pt] on the ends, edges,
and spikes of a plasmonically active component [Au] - at the paositions where
the maximum light field enhancement is expected due to plasmon excitations.
In photochemical and photoelectrochemical measurements, we found that
branched nanaoparticles are better photocatalysts as compared to the rod or
cube-like particles, which is explained by the geometrical features of gold nano-
stars that efficiently harvest the light impraoving photoelectrocatalytic effect.

J. Mater. Chem. A 4, 7045 [2016]

Team

Guest Researchers

Technician ®

Olga Antonova, NIIC (Russia)
Christopher Tollan @

Alexander Fedoseey,

Institute of Inorganic Chemistry, SB RAS (Russia)
Yuliya Fedoseeva, NIIC (Russia)

Evgeny Gerasimov, Novasibirsk State
University (Russia)

Dmitriy Gorodetskiy, NIIC [Russia)

lurii Ivanov, KAUST [Russia)

Victor Koroteev, NIIC (Russia)

Dmitry Melnikau, CFM [Spain]
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Andrey Chuvilin

Pre-doctoral Researcher Ikerbasque Research Professor Evgeny Madin, Kurchatov Institute (Russia)

Bentejui Medina, PhD in Physics and Mathematics Alexei V. Nashchekin, loffe Institute (Russia]
in 1998 Yuliya A. Nashchekina, loffe Institute (Russia

DE Fellow, Influence of the Siberian Branch of the Russian 4 [ ]

microstructure of steels on Academy of Sciences, Ekaterina Obraztsova,

Novosihirsk [Russi i i i
workpiece machinability ovosibirsk [Russial Russian Academy of Sciences (Russia)

Andrey Orekhov,
DE, Basque Department of

AV Shubpiikav Institute of Crystallography (Russia)
Education

Eugenii Pustovalov,
Far'Easter State University [Russia)
Feruza Tuyakova,
@ University of Eastern Finland (Finland]
Oksana Yurkevich,
|. Kant Baltic Federal University (Russia)
L Vladimir Vdovin,

Russian Academy of Sciences [Russia)
Post-doctoral Researcher

Maria Jesus Pérez, FEI Fellow [until 31/08/15) One-month stay minimum
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Emilio Artacho
Ikerbasque Research Professor
Group Leader

Theory

In the Theory Group we do theoretical simulations of matter
at the nanoscale. Starting from the fundamental equations of
guantum physics, which are the ones describing the behavior
of electrons and nuclei, we do “virtual reality” simulations of
materials, nanoparticles, liquids, and their interfaces at the
atomic scale, thereby gaining a very detailed view of their
structure and dynamics, as well as predicting properties of
interest for such systems.

Part of our wark is in the development and improvement of
simulation methaods allowing a more effective simulation of
systems of increasing complexity. Such developments are
based on progress in the theoretical physics of solids and
liguids, in a project called SIESTA that involves scientists in
Spain (Barcelona, Madrid, San Sebastian, Santander], the USA
(Stanford], and Australia (Perth). The Siesta method is used
by thousands of scientists warldwide. In its 20th anniversa-
ry, SIESTA has been recently converted to a free open-source
license (GPL] after years of open source for academics only.
The article describing the method was within the twelve pa-
pers recently selected as most prominent of the fifty years of
life of the Journal of Physics Condensed Matter of the Insti-
tute of Physics of the UK.

A prominent line of research in our group explores the behav-
ior of water and wet systems at the atomic scale, including
nanascale wetting and nanoconfined water and hiomolecules
in water. We collabaorate in this with scientists at the Univer-
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sity of Stony Brook (USA] and the Autonomous University of
Madrid (Spain). Understanding water confined at the nanoscale
is extremely important for understanding the inner waorkings
of cells. We recently found that in narrow confinement (around
1 nm] water transits from a very complex behavior related to
its molecular structure to suddenly behaving as a simple ideal
two-dimensional (20] liquid of spherical particles. Completely
unexpected. It ends up being a consequence of the oxygen at-
aoms in water slowing in their motion within the liquid, while the
hydrogen atoms keep moving rather quickly.

Another important line of research is the study of radiation
damage in materials, relevant to the treatment of cancer by
ion therapy, for instance. When a charged particle shoots
through a material or hiological tissue, electronic excita-
tion processes take place, which we try to understand with
time-dependent (non-equilibrium) thearies. This we do in col-
laboration with top players in the field: DIPC and CFM, bath
at the same campus as nanoGUNE, Helsinki, and several USA
National Laboratories [Argonne, Los Alamas, and Livermore].
We have recently joined a European initiative in the search for
dark matter. The building of suitahle detectars demands an
understanding of how materials would react to dark-matter
projectiles, which connects with our radiation damage ex-
pertise and could be optimized in nanostructured detectors,
of relevance to the ultra-high-precision tool industry in the
Basque Country.



Researchers in Action

Water radiolysis by low-energy carbon projectiles
P — from first-principles molecular dynamics

Water is central to many processes in chemistry, biology, and environ-
mental science. Of particular interest is water under ion irradiation. lans
can be produced in acceleratars and used as radio-therapeutic and ma-
terials processing toals. In particular, carbon ions are promising in can-
cer treatment due to reduced side effects. Here we study the irradiation
process by real-time computer simulations whereby slow carbaon ions
are launched at different velocities towards a few nanometers thick wa-
ter film. lons colliding with water molecules eventually produce dissacia-
tion and lead to the formation of other molecules. We find that, due to the
more frequent dissociative collisions, slow ions produce very significant
damage in a low-velocity regime previously considered safe.

J. Kohanoff and E. Artacho, PLoS One 12 (3], e0171820 (2017]

Team

3
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4

Guest Researchers

Adiran Garaizar,
UPV/EHU (until 31/07/16)
Maitane Mufioz, UPV/EHU José Alfredo Caro,

Los Alamos National Laboratory (USA]

Emilio Artacho
Ikerbasque Research Professor
Group Leader

PhD in Physics in 1990
Autonomous University
of Madrid [Spain)
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Pre-doctoral Researchers
Rafi Ullah,
FPI Fellow, Non-adiabatic process

Hanen Hamdi, University of Liege (Belgium]
Andrea/M. Schiaffino,

University of Milano (Italy]

é M. Soler,

Adtanomous University of Madrid (Spain)
Etienne Plésiat, ECAM [France)

Joas S. Grossi,

sin

the radiation domage of materials
first principles
Jon Zubeltzu,
FPI Fellow, Thearetical simulation of

nanconfined water from first principles Universidad Nacional de Cuyo [Argentina)

FPI, predoctoral grant of the Spanish Magdalena Serrano,
Government L Los Alamos National Laboratory [USA]
Oliver Strickson, University of Cambridge (UK]
Post-doctoral Researchers Aleksandr V. Terentjev, DIPC (Spain)
Pablo Aguado, FP7 Fellow (until 31/01/16)
Fabiano Corsetti, FP7 Fellow [until 31/12/15)
David Lépez-Duran, MEIC Fellow

One-month stay minimum

MEIC, Ministry of Economy, Industry and
Competitiveness
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Nanomaterials

Warking with materials at the nanoscale allows for en-
hancing functionalities or even introducing completely new
properties that are not present at the macroscaopic shape of
the materials. The Nanomaterials Group aims at developing
functional materials and ways to fabricate functional ma-
terials for emerging applications. We target a variety of re-
search directions, including energy, biomedicine, and further
emerging technaologies.

To achieve our objectives, we follow twa distinct research
lines. One is focused on thin-film coatings by atomic layer
deposition ar malecular layer deposition, which should serve
as a fundamental strategy to add functionalities (carrosion
protection, flexible electronics, sensing, or energy applica-
tions] to existing materials by nanoscale coatings. The other
research line involves the development of hioactive materi-
als by encapsulating drugs, catalysts, ar further functional
materials into natural protein spheres, which can be trans-
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ported into cells, for particular applications in nanomedi-
cine. Application fields include molecular biomimetics, drug
delivery, and screening.

We had a European project that ended in November 2015
[TREASORES] and was dedicated to the development of or-
ganic electronics in a roll-to-roll process. Our task was to
develop barrier foils for enhancing the lifetime of organic
LEDs. Within this wark, we haold a joint patent with the com-
pany OSRAM in Germany.

A further work of interest is the delivery of siRNA into cells
using our natural protein sphere ferritin. The transport of
the RNA through the cell membrane without being recog-
nized by the cell allowed to silence [shut down) some genes
of the cells and may serve as an interesting novel approach
for gene therapy. This work was published in the journal
Biomaterials in 2016 [Li et al., Biomaterials 98, 143 (2016]).



Researchers in Action

Multilayer Fresnel zone plates

Nanascale multilayer structure of aluminum oxide and
titanium oxide for its use in X-ray microscapy. This struc-
ture allows to focus radiation on one spot and in this way
image features down to about 20 nm in size by X-rays.

Team

2 5 &

Technician Research Fellow
Mikel Beltran Ana Beloqui, Gipuzkoa Fellow

4

Guest Researchers

ost-doctoral Researchers

Chaogiu Chen, Elkartek Fellow (until 27/09/16)
Nagore Ibarra, H2020 Fellow

1anoGUNE Fellow (until 31/05/16)

Fan Yang, nanoGUNE Fellow

Lianbing Zhang, FP7 Fellow (until 31/05/16)
Ana Zuzuarregui, FP7 Fellow (until 31/12/15)

Iva Saric, University of Rijeka (Croatia)
Chiara Tullio,

University of Milano-Bicocca (Ita
Oksana Yurkevich,

Immanuel Kant University [Russi

Mato Knez

Ikerbasgue Research Professor
Group Leader

PhD in Physical Chemistry in 2003
Max Planck Institute of Solid
State Research, Stuttgart
(Germany]

One-manth stay minimum
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Pre-doctoral Researchers
Itxasne Azpitarte, PFPI Fellow, Modifications of
polymers through vapor phase infiltratio

g &

Undergraduate Students

Amaia Benavente, TECNUN (until 31/07/15)
Orhi Esarte, UPV/EHU (until 14/08/15)

Jan Mees, UPV/EHU (until 31/07/15)

Unai Carmona, PFPI Fellow, Bio-inarganic
nanoparticles for catalysis

Sarai Garcia, nanoGUNE Fellow, Functionalization
of nanoparticles for energy storage

Weike Wang, ITN Fellow, Vapar phase doping and
infiltration of conducting polymers

Fan Yang, nanoGUNE Fellow (until 30/06/16],
Functionalization of nanomaterials by atomic
layer depaosition

PFPI, predoctoral grant of the Basque Government

25



José Ignacid

Nanoimaging

Nature behaves differently at the scale of atoms. The Nanoim-
aging Group studies the quantum behavior of small ohjects, just
formed by a small number of atoms or malecules, using scan-
ning probe microscopies. We search for effects related to their
aptical, magnetic, or electronic properties, which could help us
to understand the fundamentals of quantum processes and to
canstruct models explaining their peculiar hehavior. The guide-
line of our research is to turn guantum phenomena relevant for
novel materials.

Our experiments use different kinds of probe microscopies
to study materials down to the scale of atoms and malecules.
But beyond “seeing”, our group is fundamentally experienced in
spectroscopy. Scanning Probe Spectroscopies “measure” forc-
es, electrons, phatans, and spins at the nanometer-length scale.

A major field of research in our group is the physics and chem-
istry of hybrid molecular nanostructures, studied one hy one.
We study how a malecule can transport electricity, emit light, or
behave as a nanomagnet. Coupling malecules together through
chemical reactions extend a single-molecule playground into
larger entities. An example of this “molecular LEGQ” is the crea-
tion of graphene nanoribbaons of different sizes and structures
by inducing reactions of organic precursors on a metal surface.
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We are also interested in carrelated phenomena of quantum
materials, such as superconductivity and magnetism. Super-
conductivity is a quantum phenomenon in macraoscapic length
scales. Little is known about its behaviour when the dimensions
of the material are reduced below its characteristic coherence
length scale. We study how superconductivity evalves in the
limit of two dimensions and the effect of local magnetic fields
and distortions atinterfaces and atomic impurities.

Within the field of novel materials we are particularly in-
terested in investigating the growth and atomic-scale
properties of transition metal dichalcogenides, a family of
two-dimensional (layered]) materials that can behave as a
semiconductor, metal, or superconductor simply by modify-
ing its composition. The two-dimensional (20] character of
these materials favars the creation of very clean and atom-
ically perfect interfaces, facilitating charge transport. Our
goal is to create ideal optoelectronic devices performing ef-
ficiently in comparison with current heterostructures.

Our research fields are established in collaboration with vari-
ous groups at nanoGUNE and with university groups in Berlin,
Zaragoza, Santiago de Compostela, and the Basgue Country, as
well as with research institutes such as ICN2 in Barcelona.



Researchers in Action

Visualizing the interior of materials

Team

A. STM image with a CO-functionlized tip of a narraw
graphene nanoribbon, only three phenyl rings wide,
functionalized with CN groups at the edges.

B. Canstant heigth current image [V = 1 mV] of the
vortex structure of an exfoliated NbSe, crystal in the
superconducting state under a 1 T magnetic field.

Technician

David Arias

2

Research Fellows
Richard Balog, Ikerbasque
Research Fellow
[until 31/07/15)
M. Reyes Calvo, Ikerbague
Research Fellow
Miguel M. Ugeda
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rch Fellow
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Ikerbasque Research Professor
Group Leader

PhD in Physics in 1998
Autonomous University
of Madrid [Spain)

1

Pre-doctoral Researchers
Eduard Carbonell, nanoGUNE Fellow, Light
emission from quantum systems induced by
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Nieves Morquillas, FP7 Fellow, Quantum
effects in the interaction of light with metalli
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Carmen Rubio, nanoGUNE Fellow, Ultra-low
temperature study of the atomic limits of

magnetism
Javier Zaldivar, nanoGUNE Fellow, Local probe L

studies on superconducting nanomaterials
P g Undergraduate Students

Mikel Alvarez, UPV/EHU (until 14/08/15)
Mikel Iraola, UPV/EHU (until 12/08/16]
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uest Researchers
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Joeri de Bruijkere, Delft University (The Netherlands)
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Dimas Garcia de Oteyza, DIPC (Spain)

ughes, Stanford University (USA)
Wolfgang Kuch, Freie University Berlin (Germany]
CFM (Spain)

s, ICMol (Spain)
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lImenau University of Technology (Germany)
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Post-doctoral Researchers
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Zsolt Majzik, nanaGUNE Fellow (until 30/06/15)
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@ Andreas Seifert
Ikerbasque Research Professor

Group Leader

Nanoengineering

The Nanoengineering Group focuses on research at the inter-
face between fundamental nanoscience and applied engineer-
ing, in particular in the area of biomedical microsystems. In
callaboration with clinical partners, new diagnostic tools are to
be developed, particularly for widespread diseases as for ex-
ample cardiovascular diseases, cancer, or neurodegenerative
diseases. We are currently working in three main research lines
in order to open new diagnostic and therapeutic opportunities.

One research line focuses on plasmonic sensing of exasomes
and other biological nanoparticles. Exosomes are cell-derived
vesicles with dimensions of some tens of nanometers. Since
exasomes carry a signature of the cell of their origin and they
migrate through the body and can be found in any bady liquid,
reliable detection of exosomes exhibits a huge potential to
improve the diagnaosis of cancer, infectious diseases, and neu-
rodegenerative diseases. In other wards, the detection of ex-
osomes provides a ‘liquid hiopsy’. In collaboration with clinical
partners and biomedical research centers, new optical detec-
tion methods for exosomes are aimed to be developed.

In a second research line, we are developing a new platform
that combines Raman and MIR (mid infrared] spectroscopy to
be applied for early diagnosis of Alzheimer’s disease (AD]. This
research is carried out in collaboration with Fundacign CITA
Alzheimer (San Sebastian] and the University of the Basque
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Country (Department of Biochemistry and Malecular Bialogy].
Our major diagnostic challenge is to develop a unique prototype
that is able to identify a reliable biomarker (protein] with high
predictive power to be applied in healthy middle-age subjects
in arder to know their risk to eventually develop dementia after
same years. Far this challenge to be solved, it is of utmost rel-
evance to determine the dynamics of these proteins in hlood
and CSF (cerebrospinal fluid] samples of individuals with such
characteristics by using new technaological approaches capa-
ble to identify them at nanomalar concentrations.

Continuous manitaring of vital signs using phaotonic methods
is subject of the third research line. Over one hillion people
worldwide suffer fram hypertension and further cardiovascu-
lar diseases. Reliable blood-pressure managementis the key to
avoid cardiac events resulting from hypertension. The regular
measurement of blood pressure, outside the clinical environ-
ment, can optimize the necessary drug treatment. Further-
more, continuous monitoring of cardiovascular parameters
can immediately detect an emergency case that can be life
threatening if not treated within one hour. Within this research
line a multi-parametric cardiovascular sensing strategy and
technology is developed that is comfortable for the patient,
to finally provide miniaturized long-term manitaring systems
with telemetric technology.




Team

Researchers in Action

Customized SPR setup for highest sensitivity

A customized SPR (surface plasmon resonance] measurement
system was set up to measure extremely low changes of the
refractive index of analytes. The system is optimized by physical
optics modeling using ray tracing, such that highest sensitivity is
achieved. This will allow to detect low concentrations of bio-na-
noparticles that are related to specific widespread diseases.

5 &

Technicians
Monika Goikoetxea (until 23/12/15)
Eneko Lépez

5 & o

Post-doctoral Researchers

Maria C. Morant, nanoGUNE Fellow
Gajendra Singh, Elkartek Fellow
Ana Valero, nanoGUNE Fellow
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Ikerbasque Research Professor
Group Leader

PhD in Physics in 1998
University of
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Undergraduate Students

Amaia Benavente, TECNUN (until 09/09/16)
Irene Mendizabal, TECNUN (until 12/08/16])
Jon Zabalo, TECNUN (until 12/08/16]
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Research outputs

1

Gate-controlled energy barrier
at a graphene/molecular
semiconductor junction

Advanced Functional Materials 25, 2972-2979 [2015]

2

Ultrasensitive and label-free
molecular-level detection

enabled by light phase control in
magnetoplasmonic nanoantennas
Nature Communications 6, 6150 (2015)

k)

Charge redistribution and
transport in molecular contacts
Physical Review Letters 115, 136101 (2015]

4

Direct observation of ultraslow
hyperbolic polariton propagation
with negative phase velocity
Nature Photonics 9, 674-678 [2015]

S

Enhanced magneto-optical
edge excitation in nanoscale
magnetic disks

Physical Review Letters 115, 187403 [2015)]

6

Characterization of collective
ground states in single-layer NbSe:

Nature Physics 12, 92-97 [2016]

7

Enhanced configurational entropy
in high-density nanoconfined
bilayer ice

Physical Review Letters 116, 085901 (2016]

8

Real-space mapping of tailored
sheet and edge plasmons in
graphene nanoresonators

Nature Photonics 10, 239-243 [2016]

9

Nanopatterning reconfigurable
magnetic landscapes via
thermally assisted scanning
probe lithography

Nature Nanotechnology 11, 545-551 [2016]

10

A simple two-state protein
unfolds mechanically via multiple
heterogeneous pathways at
single-molecule resolution

Nature Communications 7, 11777 (2016]
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Highlighted publications

1

Gate-controlled energy barrier at
a graphene/molecular semiconductor junction

Advanced Functional Materials 25, 2972-2979 [2015]
S. Parui, L. Pietroban, D. Ciudad, S. Vélez, X. Sun, F. Casanova, P. Stoliar, and L. E. Hueso

Field-effect transistors with vertical configuration are groundbreaking electronic devices, princi-
pally since they reduce energy consumption and occupy much less space when compared to their
traditional lateral counterparts. In particular, vertical maolecular field-effect transistors are very
much sought after as power elements for fully flexible organic displays in mobile applications. In
this waork, we demonstrate for the first time a vertical graphene/molecular transistor. By taking
the best of two related carbon nanomaterials, we open a promising route toward molecular-sem-

iconductor based devices.

A malecular transistaor is a fundamental building block for any
complex organic circuit, such as organic photovoltaics or
bendable displays with arganic light-emitting diodes. A key
parameter that determines the performance of such devices
is the energy barrier at the metal/molecular semiconductor
junction. Typically, a specific metal/malecular semiconductor
combination leads to a fixed energy barrier, but the possibility
of a gate-contraolled energy barrier is very appealing from the
point of view of passible advanced applications.

In this article, we have addressed the problem of the fixed in-
terfacial energy barrier by performing experiments on a verti-
cal molecular-based device. We present a graphene/fullerene
based device in which we demonstrate control of the inter-
facial energy barrier such that the junction switches from a

highly-rectifying diode at negative gate voltages to a near-
ly-ohmic behavior of no rectification at positive gate voltages
and at room temperature. We further demonstrate the op-
eration of a vertical transistor that also allows us to obtain a
gate-modulated photocurrent. Most impaortantly, the vertical
device architecture that relies on the thickness of the organic
layer provides great advantage to miniaturize electronic com-
ponents for future industrial products.

Currently we are expanding this concept by using graphene
electrodes for solution-processed arganic transistars, which
will expand the paortfolio of materials we can explore and will
move us closer to commercial organic transistors based on
graphene electrodes.

(a) Schematic diagram of our device,
which acts as a graphene lateral field-ef-
fect transistor as well as a graphene/Cg,-
based vertical field-effect transistor.

(b) A controllable switch of the energy bar-
rier of a graphene/Cq,junction fram a highly
rectifying diode [gate voltage = -30 V] to a
nearly-ohmic junction (gate voltage = 70 V]
operating at room temperature.
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Research outputs

2

Ultrasensitive and label-free molecular-level
detection enabled by light phase control in
magnetoplasmonic nanoantennas

Nature Communications 6, 6150 (2015]

N. Maccaferri, K. E. Gregorczyk, T. V. A. G. De Oliveira, M. Kataja, S. van Dijken,
Z. Pirzadeh, A. Dmitriev, J. Akerman, M. Knez, and P. Vavassori

Systems allowing label-free molecular-level detection are expected to have enormous impact on
biochemical sciences. Research focuses on materials and technologies based on exploiting the
coupling of light with electronic charge oscillations, the so-called localized surface-plasmon res-
anances, in metallic nanastructured antennas. The reason for this focused attention is their suit-
ability for single-molecule sensing, arising from the intrinsically nanoscopic sensing volume and
the high sensitivity to the local environment. Usually the metals used to build such nanoantennas
are gold or silver. The coupling of light with localized plasmons of ferromagnetic metals like nickel
or cobalt was for a long time considered inefficient and thus of no practical relevance.

A few years ago we demonstrated that ferromagnetic nanoan-
tennas support localized plasmons and, at the same time, show
a sizeable magneto-optical activity under the application of ex-
ternal magnetic fields. The idea of bringing light and magnetism
together at the nanoscale using plasmans led, in the past dec-
ade, to the rapidly developing field of magnetoplasmanics, which
deals with novel and unexpected phenomena and functionalities
for the manipulation of light and/ar spin states at the nanaoscale.

Now we have discovered a new way of optical sensing, using
the magneto-optical Kerr and Faraday effects in ferromag-
netic nanoantennas. We have shown how such nanoantennas
can be designed to achieve a perfect phase compensation in
their electromagnetic response that can be used for ultra-
sensitive label-free malecular-level sensing. Most remarka-
bly, they have shown a raw surface sensitivity [that is, with-
out applying any procedure for data analysis] of two orders of
magnitude higher than the current values reported for nano-

plasmanic sensors. Such sensitivity corresponds to a mass of
0.8 ag per nanoantenna of polyamide-6.6, which is represent-
ative for a large variety of palymers, peptides, and proteins.
This proof of concept opens the pathway for the designing of
a new type of practical devices, which can be magnetically
activated and cantrolled to achieve very high sensing perfar-
mances up to the molecular level.

The discovery of these ultrasensitive capabilities is primar-
ily directed towards biomedicine and diagnastics as an effi-
cient way ta retrieve mare infarmation from smaller amount
of biological fluids or to study protein dynamics upon sur-
face functionalization. In addition to hiosensing, there are
also many other potential applications that do not require
surface functionalization and would enormously benefit
from this novel approach, like chemical sensing of toxic ma-
terials and explosives, or ultra-precise thickness-monitor-
ing applications.

Light polarization manipulation enabled by phase compensation in the
electric response of a magneto-plasmonic nanoantenna controlled
through a precise design of the LPRS resonance induced by the magne-
to-optical activity (MO-LSPR] of the ferromagnetic constituent material
(Ni] and exploitation of the effect for ultrasensitive molecular sensing.
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3

Charge redistribution and transportin

molecular contacts
Physical Review Letters 115, 136101 [2015]

M. Corso, M. Ondracek, C. Lotze, P. Hapala, K. J. France, P. Jelinek, and J. I. Pascual

A challenge in materials science and engineering is to study the contact between two materials at
the atomic scale. Many relevant processes in nanoelectronics and nanotribology, such as friction,
adhesion, or charge transport through a nanodevice depend on the nature of mechanical forces
and electronic resistances at the contact between twa solids. The onset of contact formation is,
however, not well defined: mechanical and electrical contact does not necessarily occur at the
same paint. In metals, for example, the electrical contact occurs before frontier atoms reach
equilibrium bonding configuration. This makes a one-atom metal contact a good conductor of
electricity. However, for close-shell species such as molecules, the behaviour is quite different.

Using high-resalution force and electron spectroscopy with
a scanning tunneling microscope, we identified the mecha-
nisms behind the formation of a contact between two neu-
tral molecules. In our experiment, we approach an acetylene
and carbon monoxide malecule against each other with pi-
cometer resaolution and follow the creation of a weak van der
Waals bond between them. Forces of only a few picoNewtons
stabilize the malecular junction, whereas resistances of me-
ga-ohms makes these contacts non-conducting. Supported
by Density-Functional Theory (DFT] simulations fram our
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callabarators in the Czech Academy of Sciences, we find that
the absence of wave-function overlap between the mole-
cules (i.e. no chemical bond] causes the tunneling barrier to
survive, even when the molecules are pushed one against the
other. Molecular junctions of this type are thus good electri-
cal spacers. However, even in the limit of no chemical forc-
es, electrical charges of one malecule rearrange due to the
presence of the other and the contact develops electrostatic
forces, which helps in its stabilizatian.

(Top) DFT simulations of the approach of a CO malecule on
the STM tip towards an acetylene molecule, on a Cu[100]
surface. The three snapshots show how charges at the mol-
ecules rearrange (red and blue shadows are isosurfaces of
negative and pasitive induced charge density, respectively].

(Bottom]) Experimental results showing the evolution of in-
termalecular forces, bonding energy, and charge transpaort
as the two molecules are brought into contact. At the point
of mechanical contact, i.e. at the minimum bond energy, the
conductance of the junction is very small and is governed by
the tunneling effect.
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Direct observation of ultraslow hyperbolic polariton

propagation with negative phase velocity

Nature Photonics 9, 674 -678 (2015
E. Yoxall, M. Schnell, A. Y. Nikitin, 0. Txoperena, A. Woessner, M. B. Lundeberg, F. Casanova,
L. E. Hueso, F. H. L. Koppens, and R. Hillenbrand

We developed a new microscopy technique to image how light moves inside an exatic class of
matter known as hyperbolic material. We observed, for the first time, ultraslow pulse propagation
and backward propagating waves in deep subwavelength-scale thick slabs of boron nitride - a
natural hyperbalic material for infrared light. Our microscopy technigue lays the foundations for
studying the precise manner in which light travels through complex optical systems at the nanom-
eter scale. Such a capability will be vital for verifying the function of future nanophotonic devices.

Hyperbolic materials are very special because they behave like
a metal in one direction, but like an insulator in the other. Un-
til now, these materials have been used to fabricate complex
nanostructures that permit subwavelength-scale waveguiding
as well as the focusing and contralling of light at the nanometer
scale. However, in order to fully exploit their potential, itis nec-
essary to image how light behaves inside them.

When light moves inside a hyperbolic material - in our case
mid-infrared light in a 135 nm boron-nitride slab - it travels in
the form of what we call a palariton, where the light is actually
coupled to the vibrations of the matter itself. These palaritons
can be considered a double-edged sword to the scientists try-
ing to study them. On the ane hand, they can squeeze light into
extremely small volumes, which is helpful for a wide range of
applications such as detecting and identifying malecules. On
the other hand, we cannot use conventional optical equipment,
such as lenses and cameras, to image them. Instead, we have
to use a special type of microscope. This microscope - a scat-
tering-type scanning near-field infrared microscope (s-SNOM)]
-is capable of seeing details 100 times smaller than a standard
infrared microscope. Butitis notjust the spatial resolution that
makes tracking polaritons difficult. In order to see how a polar-
iton moves, we need to detect and track it in both space and

time. This can be accomplished by using extremely shortinfra-
red pulses thatare just 100 femtoseconds long. By using these
very short flashes in comhination with our s-SNOM, we were
able to watch the polaritons passing different locations along
the baron-nitride slab, allowing for measuring their speed.

The space and time information gathered during the experi-
ment allowed us to exactly determine how the palariton was
traveling. The time -and space- resolved maps revealed a
range of intriguing behaviors of the palaritons, including a dra-
matic slowing down of the pulse velacity - below 1 percent of
the light velocity in vacuum - and a reversal of the direction in
which the polariton waves were propagating in relation to the
direction of the energy flaw.

An exciting result is the speed at which the polaritoan moves.
There is a lot of interest in slow light, and what we have shown
here is a novel way of achieving this. Slow light in conven-
tional photonic structures has great potential for manifold
applications in sensing and communication technologies,
owing to enhance light-matter interactions. The deep sub-
wavelength-scale confinement of slow polaritons in hyperbolic
materials could help to miniaturize these devices.

lllustration (tep) and simulation [doewn) of nanoimaging slow nanalight in a thin bo-
ron-nitride slab. Incident light pulses are converted by a gold [Au] film inta slow hyper-
bolic polariton [HP) pulses propagating in the baoron-nitride (h-BN] slab. The HPs are
traced in space and time hy first scattering them with a nanoscale sharp scanning tip
and then measuring the time delay between the scattered and the incident pulse as a
function of tip position.
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Enhanced magneto-optical edge excitation in
nanoscale magnetic disks

Physical Review Letters 115, 187403 [2015]

A. Berger, R. Alcaraz de la Osa, A. K. Suszka, M. Pancaldi, J. M. Saiz, F. Mareno, H. P. Oepen,

and P. Vavassori

The study reports a massive increase of magneto-optical effects near the edges of nanascale
disks, where enhancements of over 1 000% can be produced. This novel observation was made
possible by combining precise nanofabrication, ultra-sensitive magneto-optical measurements,
and maodeling of magneto-optical effects in nanoscale confined geometries. This combination not
only allowed for the observation of these strong enhancements, but also enabled the identification
of the underlying physical phenomena that drive these edge-excitation effects.

Magneto-optics is a crucial characterization and detection
technique for materials and devices. Herehy, the technique
benefits from its high sensitivity and its compatibility with
almost any environment due to its contact-free nature. Re-
cently, numerous efforts have been made to pair magne-
to-optics with plasmonics to achieve even higher sensitiv-
ities in designer materials or applications. The present work
now demonstrates that nanofabrication and nanoshape
design allow for an increase and tunahility of magneto-op-
tical effects that is completely independent from optical or
plasmonic resonances and does not depend on the photon
energy of the exciting radiation, making it widely applicable.
Specifically, this combined experimental and maodeling study
shows that in disk shaped samples a magneto-optical re-
sponse can be generated that is massively enhanced at the
edges, leading to a “ring of fire” for the magneto-optical ef-
fect as being shown in the figure below.

In general, magneto-optical effects are caused by the quan-
tum-mechanical spin-orbit interaction and its influence on
the electronic band structure. Correspondingly, magne-
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to-optics is strongly associated with materials properties
that result from the electronic structure. The influence of
sample geometry onto magneto-optical effects, an the oth-
er hand, has so far anly heen associated with optical reso-
nances, but resonance independent effects that originate
from the specific self-interaction of the magneto-optically
induced radiation pattern have not been observed. The rea-
san for this is the fact that such behavior is extremely local-
ized and thus only observable for small nanaoscale structures.
We have succeeded in demonstrating that in such nanoscale
structures geometry-induced effects can be extremely
strong and they even can result in a doubling of the area av-
eraged magneto-optical signal for a 100 nm diameter disk.
Therefare, this new work opens up excellent nanoengineer-
ing oppartunities towards enhanced and generally designed
magneto-optical properties in nanomaterials.

Secaondary electron microscopy image of one of the nanoscale engineered samples
cansisting of 400 nm diameter permalloy disks that were fabricated by means of elec-
tron-beam lithography. The center disk has the lateral distribution of the magneto-op-
tical response superimposed as a color-coded image. The strongly enhanced edge-ex-
citation of the magneto-optical respanse is visible here as a yellow rim structure.
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Characterization of collective ground states in

single-layer NhSe;

Nature Physics 12, 92-37 [2016]

M. M. Ugeda, A. J. Bradley, Y. Zhang, S. Onishi, Y. Chen, W. Ruan, C. Ojeda-Aristizabal, H. Ryu,
M. T. Edmonds, H. Tsai, A. Riss, S. Mo, D. Lee, A. Zettl, Z. Hussain, Z. Shen, and M. F. Crommie

We have demonstrated the coexistence of superconductivity and charge-density-wave [COW]
order in a single layer of NbSe,, a model transition-metal dichalcogenide (TMD] metal. The demon-
stration that a single layer of NbSe, is a true two-dimensional [20] superconductor is a break-
through in the field of 20 materials. Very few 20 superconductors exist in nature, and single-layer
NbSe, is the first among them that remains a superconductor in its isalated 20 form without the
need of a special substrate. Furthermare, COW order - spatial modulation of both the electron
density and the atomic lattice [see figure below] - has been revealed to be a genuine 20 electronic

phenomenon in NbSe..

Many-body interactions in salids are at the core of stunning
collective electronic phenomena such as COW order and su-
percanductivity, which are found to exist in some TMD metals
in their three-dimensional (30]) bulk form. In reduced dimen-
sions, materials usually exhihit remarkable differences in their
properties with respect to their 30 bulk counterparts due to
guantum confinement effects. In bulk NbSe, COW setsinat T,
= 33 K and superconductivity sets in at T, = 7.2 K. Below 7.2 K
these electronic states coexist but their microscopic forma-
tion mechanisms in bulk remain controversial after nearly four
decades of intense research. Furthermore, the fate of its COW
and superconducting phases in the ultimate single-layer limit
has also remained mysterious until now. We have character-
ized the electronic structure of a single layer of NbSe, directly
grown on graphene, which experimentally confirms that NbSe,
undergoes a reduction in the number of electronic bands in-
volved inits callective phases (from three bands in bulk NhSe;
to just one for single-layer NbSe:). Despite significant changes
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in the NbSe; electranic structure upon dimensional reduction,
the authors show that - in stark contrast to recent theoretical
predictions - the CDW phase of single-layer NbSe, remains un-
affected when the material is thinned down to the single-layer
limit. The robust 20 character of the COW in NhSe; enahles to
experimentally rule out two well-known mechanisms proposed
to explain the origin of the COW in NbSe,. On the contrary to the
CDW phase, the material remains a supercanductor although
with a critical temperature T, = 1.9 K, a significant departure
from the behavior of bulk NbSe, (T, = 7.2 K].

In summary, these results paint a clear picture of the effects
of reduced dimensionality on the COW and supercanducting
phases of a model strongly correlated system. This creates
exciting new oppartunities for directly exploring the interplay
between superconductivity and other competing collective
phases in 20.

Atomically resolved STM image of the NbSe:
surface showing COW madulation.
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Enhanced configurational entropy in
high-density nanoconfined hilayer ice

Physical Review Letters 116, 085901 (2016])
F. Corsetti, J. Zubeltzu, and E. Artacho

A very intriguing new phase of ice is found for water confined to a film of one nanometer across.
Unlike what observed in other known phases of ice, this ane displays an unprecedented simplicity,
with oxygen atoms arranging in a triangular lattice, as in a two-dimensional layer of closed packed
spheres. The key is the surprising fact that under certain conditions the oxygen atoms freeze

while the hydrogen atoms do not.

In addition to being very important for life and for science,
water is an incredibly surprising liquid. It displays a very large
number of anomalies, starting with the well-known fact that
ice floats in water. These anomalies stem from the peculiar
structure of the water malecule, its tendency to form weak
bonds with other molecules along tetrahedral directions, and
the subtle interplay between these bonds and other weaker
interactions amaong molecules.

But what happens when confining it to nanoscale dimensions?
This is not an idle question; nano-confined water is found be-
tween organelles and macromolecules in living cells, potentially
affecting their behaviour. It is now suspected that same proper-
ties of important objects in molecular biology depend crucially
an the behaviour of water in the tiny spaces left by such ohbjects.

We started by asking how is water in a simple, featureless nano-
confined environment. What would be its behaviour if the con-
fining walls were neutral. This would allow us to characterize its
intrinsic tendencies under confinement. Of course, in a real set-
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ting water molecules will interact with whatever confines it, but
we thinkitis important to distinguish what behaviors are induced
by the wall from those intrinsic ones.

Having established such ideal walls, we started by explaring the
ice phases that arise by computer simulation (from first princi-
ples). Among other interesting but complicated ice phases, we
found something absolutely unexpected: an ice of astonishing
simplicity, reflecting the structure that is obtained when pack-
ing a layer of marbles on a table, a triangular lattice (see panel b
in the figure). Interestingly, if one looks at it in an instantaneous
snapshot (panel a) it does not show that structure at all {pre-
vious researchers talked about amorphous layers when seeing
such snapshots); but if one lets it evalve, the hydrogen atoms
wash out of the picture and the oxygen atoms end up display-
ing that simple structure. Further analysis showed that although
oxygens were frozen, hydrogens were not. This peculiar “being
frozen but not quite so” is the key for the simple arising from the
caomplexin this case.

The structure of nanaoconfined ice from molecular-dy-
namics simulations in its triangular phase. (a) Instanta-
neous snapshot, shown parallel (top) and perpendicular
(bottom] to the confinement direction. The oxygens in
the twa layers are colored differently to help visualization.
(b] Oxygen pasitions averaged over 10 nanoseconds. The
inset shows the average nearest-neighbor positions with
respect to a central malecule, including H atoms (red) and
0 atoms (blue).
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Real-space mapping of tailored sheet and edge
plasmons in graphene nanoresonators

Nature Photonics 10, 239-243 (2016]

AY. Nikitin, P. Alonso-Gonzalez, S. Velez, S. Mastel, A. Centeng, A. Pesquera, A. Zurutuza, F. Casanova,

L. E. Hueso, F. H. L. Kappens, and R. Hillenbrand

The coupling of light with charge oscillations - called plasmons - in graphene allows for squeezing light
into nanascale dimensions. Using our state-of-the-art near-field microscope to study graphene nano-
structures, we obtained the first images of resonating graphene plasmons that exhibit recard-small
mode volumes. With the help of theary, we could identify two types of plasmaons - edge and sheet
modes - propagating either across the nanostructures or along their edges. The edge plasmons are
unique for their ability to channel electromagnetic energy in one dimension. This work opens new op-
portunities for ultra-small and efficient photodetectors, sensors, and other photonic and optoelec-

tronic nanodevices.

The wavelength of light captured by a graphene sheet - a mon-
olayer sheet of carbon atoms - can be shortened by a factor of up
to 100 compared to light propagating in free space. As a conse-
guence, this light propagating along the graphene sheet - called
graphene plasmon - requires much less space. For that reasaon,
photonic devices can be made much smaller. The plasmonic field
cancentration can be further enhanced by fabricating graphene
nanostructures acting as nanoresonators for the plasmons. The
enhanced fields have been already applied for enhanced infrared
and terahertz photodetection or infrared vibrational sensing of
molecules, among other applications.

The future development of efficient devices based on
graphene plasmonic nanoresanantors will critically depend on
a precise understanding and contral of the plasmonic modes
inside them. For that reason, we performed real-space imag-
ing of graphene nanoresonatars (disks and rectangles] with a
near-field microscaope.

We ohserved a large diversity of plasmonic contrasts, which
could be identified by theoretical maodeling of the graphene na-
noresonators and the near-field imaging process. The individual

Near-field image of a
rectangle graphene
nanaoresonatar.
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plasmonic modes could be separated into two different classes.
The first class of plasmaons - “sheet plasmans” - can exist “in-
side” graphene nanastructures, extending over the whale area
of the graphene. Conversely, the second class of plasmons -
“edge plasmons” - can exclusively propagate along the edges of
graphene nanostructures, leading to whispering gallery modes
in disk-shaped nanaresonators or Fabry-Perot resonances in
graphene nanarectangles due to reflection at their corners. The
edge plasmans are much better confined than the sheet plas-
mons and, mostimportantly, they transfer the energy only in ane
dimension. The real-space images reveal dipolar edge modes
with a mode volume thatis 100 million times smaller than a cube
of the free-space wavelength.

We also measured the dispersion (energy as a function of mo-
mentum) of the edge plasmons based on the near-field images,
which reveals a shartened wavelength of edge plasmans com-
pared to sheet plasmons. Because of their unique properties,
edge plasmons could be a promising platform for coupling
qguantum dots ar single molecules in future quantum optaoelec-
tronic devices.

- Scanning near-field optical microscopy
reveals the structure of plasmon sheet and
edge modes in graphene disk and rectan-
gular nanoresanators.
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Nanopatterning reconfigurable magnetic
landscapes via thermally assisted scanning-

-probe lithography

Nature Nanotechnology 11, 545-551 [2016]

E. Albisetti, D. Petti, M. Pancaldi, M. Madami, S. Tacchi, J. Curtis, W. P. King, A. Papp, F. G. Csaba,

W. Porod, P. Vavassori, E. Riedo and R. Bertacco

Tools for controlling magnetism at the nanoscale are crucial for the development of new para-

digms in optics, electronics, and spintronics.

A novel approach, called thermally assisted magnetic scanning
probe lithography, has been demonstrated for designing fully
reconfigurable magnetic nanopatterns whose properties and
functionality can be programmed and reprogrammed on-de-
mand. The methad is based an thermal scanning prabe lithog-
raphy and uses a hot nanatip to perform a highly localized field
heating and cooling in antiferromagnetic and ferromagnetic
thin films. The hot tip is then used, together with an externally
applied magnetic field, to align the spins in the material in any
desired direction with nanoscale resolution, in areversible man-
ner and without changing the film chemistry and topography.

This novel approach offers researchers the opportunity to
control magnetism at the nanoscale as never before. This
ahility can be used to draw a novel class of magnetic met-
amaterials that will open the way for the development of in-
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novative devices faor infoarmation processing based on logic
cells as well as on magnanic structures far the propagation
and manipulation of spin waves (spin waves are propagating
dynamical disturbances of the magnetization in a material].
As a demanstrative application in this sense, we used this
novel methodology to draw reconfigurahle channels and net-
works in a continuaus film, where spin waves can propagate
and interfere. These demonstrative examples are particularly
significant since a new generation of computing and sensing
devices can he fahbricated based on the propagation of spin
waves instead of the more conventional electric current.

Left panel. Schematic of the operation principle: a hot
nanotip performs a highly localized field heating and
cooling in antiferromagnetic and ferromagnetic thin
films; the spins in the material are aligned in any desired
direction with nanoscale resolution by a momentary ex-
ternal magnetic field applied during the process.

Right panel. Cover image with an artist's impression of
the excitation and propagation of spin waves in a mag-
nonic conduit patterned with the proposed technigue.
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A simple two-state protein unfolds
mechanically via multiple heterogeneous
pathways at single-molecule resolution

Nature Communications 7, 11777 (2016])
J. Schoenfelder, R. Perez-Jimenez, and V. Munoz

Using single-malecule force spectroscopy (SMFS] combined with steered malecular dynamics
(SMD] simulations we find a highly complex mechanical unfolding behaviour of the cold shock pro-
tein B (Csp) from Thermotoga Maritima. This behavior contrasts with the simple two-state unfold-
ing of Csp found by experiments using chemical denaturant. Our paper reflects that mechanical
force can drive the unfolding of Csp from a simple to a heterogeneous unfolding behaviour.

Decaoding the mechanism by which a protein folds into its 3D
structure would have a deep impact into many fields of mod-
ern life science. While protein folding theory and simulation
predict a highly heterogeneous protein folding process, de-
tecting such complexity experimentally has remained elusive
even when using methods with remarkable improved time,
structural, or single-malecule resolution. Here we investi-
gate the mechanical unfolding of Csp, a typical example for
a simple two-state folder, using SMFS with the atomic-force
microscope (AFM].

We construct a so-called palyprotein containing the Csp and
6 titin 127 domains, which act as a molecular fingerprint. The
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polyprotein is then adsorbed on a gold surface, and an AFM
cantilever is used to apply mechanical forces in the low pN
range. We first characterize the mechanical unfolding hehav-
iour of Csp using different AFM modes and farce, and then
we show that with different constant forces between 20 and
80 pN, Csp can unfold via up to 4 intermediates.

Finally, by conducting an SMD simulation we can confirm the
mechanical unfolding of Csp through intermediates.

Schematic representation of the mechanical unfolding
of the engineered polyprotein consisting of one Csp and
six titin 127 domains using AFM. On the right a 40 pN
constant-force experimental trace is shown, revealing
the unfolding of Csp through three intermediates.
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ERC

The European Research Council [ERC] supports individual researchers of any nationality and age who wish to
pursue their frontier research. The ERC encourages in particular proposals that cross disciplinary boundaries,
pioneering ideas that address new and emerging fields, and applications that introduce unconventional, inno-

vative approaches.

TERATOMO

Near-field spectroscopic nanotomography at
infrared and terahertz frequencies
Rainer Hillenbrand

Fundamental understanding and engineering of nanoscale
materials, biological structures, and building blocks for electri-
cal and optical devices require advanced micrascopy toals for
mapping their lacal chemical, structural, and free-carrier prop-
erties. The care abjectives of this project were thus to develop
novel methods for spectroscopic and three-dimensional (3D])
nanoimaging at infrared (IR] and terahertz [THz] frequencies.

Based on scattering-type scanning near-field optical micros-
copy (s-SNOM], we developed Fourier transform IR nano-
spectroscopy (nano-FTIR] with a spatial resolution of about
20 nm, which is more than 100 times improved compared to
canventional far-field FTIR spectroscopy. We also invented
and developed synthetic optical holography (SOH), allowing
for rapid infrared nanoimaging. As a first step towards infra-
red nanotomography, we developed a simple, fast, and ro-
bust method for the quantitative reconstruction of the com-
plex-valued permittivity and thickness of thin films hased on
nano-FTIR and s-SNOM data.

Start-date: 01/11/2010
End-date: 31/10/2015
Funding: 1455600 €

We envision nano-FTIR to open a new era in IR spectroscopy
and to became a highly valuahle tool for non-invasive nano-
imaging of chemical composition in various fields of science
and technology. As an application example, we demanstrated
nanoscale analysis of the secondary structure of proteins in
viruses, membranes, and insulin fibrils.

Employing s-SNOM and nano-FTIR to study graphene, we
succeeded in visualizing IR graphene plasmans and their
propagation for the first time. Because of their dramatically
reduced wavelength and strong field confinement compared
to IR radiation in free space, graphene plasmans could enable
manifold novel sensing and detector applications.
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Research outpost

SPINTROS

Spin transport in organic semiconductors
Luis Hueso

Start-date: 01/04/2011
End-date: 31/03/2016
Funding: 1283400 €

This project aimed at exploring new materials and functionali-
ties in order to design and develop new electronic devices. The
project focused on the design, manufacture, and study of elec-
tronic devices based on arganic semiconductors.

Based on the potential of spintronics, this project has tried to
understand and control spin transport in organic semiconduc-
tors, which play animpaortant role in the development of the field
as they have very small spin-orhit and hyperfine interactions,
which lead to very long spin coherence times and make them
ideal for spin transport.

To achieve this ambitious objective a multidisciplinary approach
has been employed, merging materials science, electronics, and
physics. First, the unique combination of ferromagnetic spin-po-
larized injectars and OSC spin transparters, especially their ener-
getic and magnetic interactions at the interface, was studied. At
the same time, optimized organic field-effect transistors (OFET]
with nanometer channel lengths were created, in order to un-
derstand spin transpart in a cantrollable fashion. Thanks to this
device it has been possible to quantify the spin coherence length
of 0SC and to control spin transport either by external (magnetic
ar electric field] or internal (crystallographic) effects. Finally, spin
single malecular FETs were produced and characterized to ex-
plore effects inaccessible in other transport regimes.
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FET Open

FET (Future and Emerging Technalogies) Open is a european program under Horizon 2020, which is the largest
EU program for research and innovation ever. The ambition is for the FET Open projects to help Europe grasp
leadership early on in promising future technology areas and in so doing renew the basis for future European
competitiveness and growth.

2D-INK

Developing inks of novel two-dimensional (2D]) semiconducting materials
for low-cost large-area fabrication processes

Start-date: 01/01/2016 End-date: 31/12/2018
Partners: 7 universities, 1 research organization, and 1 industry partner
Total Funding: 2962 661 € Contribution to nanoGUNE: 297 600 €

2D0-INK is targeted at developing inks of novel 20 semicon-

ducting materials for low-cost large-area fabrication process-
es on insulating substrates through a new methodology, which
will exceed the properties of state-of-the-art graphene and

graphene-oxide based inks.

Achieving this would represent an impartant step forward in the
processing of 20 semiconducting materials and would provide
the key parameters for fabricating the next generation of ultrathin
electronic appliances and exploring their patential over other sci-
entific and technological disciplines, such as sensing, photanics,
energy starage and conversian, spintronics, etc.
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Initial Training Networks

Initial training netwarks of the European Union [EU] bring together universities, research centers, and companies
from different countries worldwide to train a new generation of researchers. The funding boosts scientific excel-
lence and business innovation, as well as the career prospects of researchers through developing their skills in

entrepreneurship, creativity, and innovation.

Q-NET Quantum NanoElectronics Training

Start-date: 01/04/2011 End-date: 31/03/2015

Partners: 5 universities, 2 research organizations, and 1 industry partner

Total funding: 4 022 055 € Contribution to nanoGUNE: 454 959 €
www.gquantum-net.org

The Q-NET project represents a European netwark of experts praviding
state-of-the-art training for young researchers in the general field of
experimental, applied, and thearetical guantum nanoelectronics.

Improving our conceptual understanding of quantum electron trans-
port at the nanoscale is needed for enabling the emergence of “Beyond
C-MOS" nanoelectronics devices. This implies a comhined effort in the
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topics of spintronics, malecular electronics, single electranics, guantum
dots and nanowires, and nano-coaling. Rapidly-progressing studies on
guantum nanoelectronics rely on state-of-the-art technologies of na-
nofabrication, electran and near-field microscopies, transpart meas-
urements under extreme conditions (low temperatures, magnetic field,
radio-frequency irradiation), and theoretical calculations.

SPINOGRAPH Spintronics in Graphene

Start-date: 01/09/2013 End-date: 31/08/2017

Partners: 4 universities, 3 research organizations, and 2 industry partners
Total funding: 3783886 € Contribution to nanoGUNE: 458 863 €
www.spinograph.org

Spintronics stands for electronics based on the electron-spin degree of
freedom. The huge success of spintronics in metals, which started from
the pioneering discovery of giant magnetorresistance (GMR], has rev-
olutionized the magnetoelectronics industry. Exploration of spin effects
in other types of materials is leading to an array of fascinating physical
phenomena and halds the promise of future breakthroughs. The discov-
ery of graphene, the first truly two-dimensional (20] crystal, together
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with a remarkable progress in the fabrication of graphene devices, has
naturally led to the exploration of hybrid graphene/ferromagnetic devic-
es for the investigation of spintronics in graphene.

THINFACE Thin-Film Hybrid Interfaces:

a training initiative for the design of next-generation energy devices

Start-date: 01/09/2013 End-date: 31/08/2017

Partners: 6 universities, 1 research organization, and 2 industry partners

Total funding: 3873668 € Contribution to nanoGUNE: 467 938 €
www.thinface.eu

Our main concern here is to push forward new ideas and techniques
within the field of hybrid thin films for new energy devices. The approach
focuses on sustainable energy solutions, which represent one of our
most challenging societal issues. To solve these challenges in a multi-
disciplinary and intersectarial network gives outstanding possihilities
for the young researchers invalved.

- |NFACE

In five distinct workpackages we investigate the thin-film formation, the
optimization of interfaces, and the lifetime and stahility of the devices.
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Highlighted grants

Graphene Flagship

With a budget of 1 hillion €, the Graphene Flagship represents a new form of joint, coordinated research on an un-
precedented scale, forming Europe’s biggest ever research initiative.

The Graphene Flagship is tasked with bringing together academic and industrial researchers to take graphene from
the realm of academic laboratories into the European saociety in the space of 10 years, thus generating economic

growth, new jobs, and new opportunities.

Partners: 150 academic and industrial research groups of 23 countries and close to 50 associate members
www.graphene-flagship.eu

GRAPHENE FLAGSHIF

FP7 GRAPHENE

Graphene-based revolutions ICT and beyond  siart_gate: 01/10/2013  End-date: 31/03/2016
Total funding: 54000000 € Contribution to nanoGUNE: 330114 €

This project aimed at taking graphene and related layered materials
from a state of raw potential to a point where they can revolutionize
multiple industries - from flexible, wearable, and transparent electron-
ics to high-perfarmance computing and spintronics. The flagship is
organized in 11 scientific and technological work packages that target
breakthroughs in information and communication technologies, with
others providing the necessary support in materials and production
technologies, and extending the impact of the flagship to other areas
such as energy and transport.

H2020 GrapheneCore 1

Graphene-based disruptive technologies Start-date: 01/04/2016  End-date: 31/03/2018
Total funding: 89000 000 € Caontribution to nanoGUNE: 368 000 €

This project is the second in the series of EC-funded parts of the
Graphene Flagship. As time gaoes, the center of gravity of the Flagship
moves towards applications, which is reflected in the increasing impor-
tance of the higher-levels of the value chain. In this first caore project
the main focus is on components and initial system level tasks. It is di-
vided into four divisions, which in turn comprise three to five work pack-
ages on related topics. A fifth external division acts as a link to the parts
of the Flagship that are funded by the member states and associated
countries or by other funding sources.
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Research outputs

Conferences and
Workshops

2015

nanoGUNE Anniversary Workshop
(30/01/2015)

Organizer: nanoGUNE

80 participants

ELECspin 2015

(12-13/03/2015)

International Workshop on Organic and

Graphene Electronics and Spintronics

Organizers: ICMAB-CSIC, University of Strasbourg,
nanoGUNE

90 participants

Imaginenano 2015

(10-13/03/2015)

The largest European event on nanoscience and
nanotechnology

Organizers: Phantoms Foundation, nanoGUNE,
DIPC, CFM, UPV/EHU, BEC

1500 participants

2016

1st nanoGUNE PhD Workshop
(31/01/2016)

Organizers: nanoGUNE

85 participants

Coating-related Technologies Workshop
(21/04/2016)

Organizers: Tecnalia and nanoGUNE

35 participants

Nanotransfer Special Seminar

(28/06/2016)

Development and implementation of nanoscience
and nanotechnology in the Basque Country
Organizers: Orkestra and nanoGUNE

59 participants

Novel Applications of Graphene and 2D Materials Workshop
(18/10/2018)

Organizers: nanoGUNE and Tecnalia

40 participants

Nanolito 2016
(20-21/10/2016)
Functional nanomaterials
Organizer: nanoGUNE

28 participants

1st Meeting of the Spanish Thematic Network
of Virological Physics

(15-16/12/2018)

Organizers: nanoGUNE and UAM

28 participants

49



Invited Talks

2015

Two-dimensional optics with graphene plasmons launched
by metal antennas

05/01/2015, Rainer Hillenbrand

Nanometa 2015, Seefeld (Germany]

Nanoscale wetting of tobacco mosaic virus
25/01/2015, Alexander Bittner
Physical Virology 2015, Ventura [USA)

On the origin and switching of a two-dimensional electron
gas under a thin perovskite film

12/02/2015, Emilio Artacho

2015 nanoPortugal Conference, Oparto (Partugal)

Magneto-plasmonic nanoantennas: news and views
17/02/2015, Paolo Vavassori
4th Italian Conference on Magnetism, Bologna (ltaly)

Nanoimaging and manipulation of plasmons in graphene
02/03/2015, Rainer Hillenbrand
APS March Meeting, San Antonio (USA]

Hanle measurements in metals: spin accumulation or novel
magnetoresistance effect

03/03/2015, Felix Casanova

APS March Meeting, San Antonio (USA]

Infrared nanoscopy and nanospectroscopy - From
plasmons to proteins

08/03/2015, Rainer Hillenbrand

2015 Optical Terahertz Science and Technalogy
Conference (0TST], San Diego (USA]

Electron-beam lithography:

spintronics and nanooptics applications
10/03/2015, Luis Hueso

Imaginenano 2015, Bilbao (Spain]

Hybrid inorganic-(bioJorganic materials through molecular-
-level modification with vapor-phase infiltration
10/03/2015, Mato Knez

Imaginenano 2015, Bilbao (Spain]

Magneto-plasmonic nanoantennas based metamaterials
10/03/2015, Paolo Vavassori
Imaginenano 2015, Bilbao (Spain)

Protein and peptide chemistry for nanotechnology:
biomineralization, crystallization, patterning,

and self-organization

11/03/2015, Mitshuhiro Okuda

Imaginenano 2015, Bilbao (Spain)

50

Mechanical reinforcement of (bioJorganic materials with
inorganics through vapor-phase processing
11/03/2015, Mato Knez

SPIE Smart Structures NDE, San Diego (USA)

Fabrication of individual nanomagnets and nanomagnet arrays
by Focused-Electron-Beam Induced Deposition (FEBID]
15/03/2015, Andreas Berger

79 DPG Annual Meeting and DPG Spring Meeting,Berlin (Germany]

Nanoscale spectroscopic and microscopic characterization
22/03/2015, Rainer Hillenbrand

ACS Spring Meeting 2015, 249th American Chemical
Saociety National Meeting & Expaosition, Denver (USA]

Two-dimensional optics with graphene plasmons
08/04/2015, Rainer Hillenbrand

Discussions on Nano & Mesoscopic Optics 2015,
El Chalten (Argentina)

Light emission from a “hot” tunneling junction
09/04/2015, Jose Ignacio Pascual

Discussions on Nano & Mesoscaopic Optics 2015,
El Chalten (Argentina)

Two-dimensional nanooptics on graphene
24/04/2015, Pablo Alonso-Gonzalez
ENM Meeting on Optoelectronics, Beijing (China)

Two-dimensional optics with graphene plasmons launched
by metal antennas

12/05/2015, Rainer Hillenbrand

E-MRS Spring Meeting and Exhibit 2015, Lille (France)

Background and context to ESL, general aims of the project
01/06/2015, Emilio Artacho

CECAM Electronic Structure Library Coding Workshop:
Utilities Toolbox, Lausanne [France]

Nanostructured mixed transition metal spinel oxide thin
films as efficient electrocatalysts

03/06/2015, Marie Sylvie Morin

International Workshop on Electrochemistry of Electroactive
Materials, Bad Herrenalb (Germany])

Porous composites and wetting on the nanoscale
14/06/2015, Alexander Bittner

XXIII'International Sympaosium on Bioelectrochemistry and
Bioenergetics, Malmo (Sweden]

Hybrid inorganic-(bioJorganic materials through molecular
level modification with vapor-phase infiltration
14/06/2015, Mato Knez

98th Canadian Chemistry Conference and Exhibition,

Ottawa [Canada)



Research outputs

TDDFT with atomic orbitals for non-adiabatic simulations:
successes and challenges

17/06/2015, Emilio Artacho

CECAM Warkshop on Multi-Scale Modelling of Matter Under
Extreme Irradiation, Dublin (Ireland]

Structural analysis of cage-shaped protein Dps for the
fabrication of rare-earth oxide nanoparticles
19/06/2015, Mitsuhiro Okuda

The 4dth International GIGAKU Conference, Nagaoka (Japan]

Nanoscale patterning based on biomolecular assembly
22/06/2015, Mitsuhiro Okuda

Eight International Canference on Molecular Electronics and
Bioelectronics, Tokyo (Japan]

Spin transport in molecular films: beyond conventional spin valves
06/07/2015, Luis Hueso
20th International Conference on Magnetism, Barcelona (Spain)

Step coverage, optics, and nanomaterials
07/07/2015, Mato Knez
Summer School on Atomic Layer Deposition, Brescia (ltaly]

Resistive switching, modeling, and devices
07/07/2015, Pablo Stoliar
Barcelona Nanocluster - RBNI Symposium, Barcelona [Spain)

Magnetic molecules on the surface of a superconductor
14/07/2015, Jose Ignacio Pascual

XXXV Reunién Bienal de la Real Sociedad Espafiola de Fisica,
Gijon (Spain)

Two-dimensional nanooptics with graphene plasmons
16/07/2015, Pablo Alonso-Gonzalez

XXXV Reunign Bienal de la Real Saciedad Espafiola de Fisica,
Gijon (Spain)

Applications of aberration corrected TEM/STEM to
nanomaterials characterization

20/07/2015, Andrey Chuvilin

International Summer-Schoaol Workshop on Transmission
Electron Microscopy of Nanomaterials 2015, Cadiz (Spain)

Tocando y midiendo el “sabor” de los &tomos: microscopiay
espectroscopia con resolucidn atémica

21/07/2015, Jose Ignacio Pascual

Curso “Nanotecnologia: La revalucién del siglo XXI17,
Santander (Spain)

Nanomechanics of viral and bacterial infections
22/07/2015, Raul Perez-Jimenez

Il. Escuela de Biologia Molecular y Celular Integrativa / Biclogia
Sintética-Ingenieria de Sistemas Bioldgicos, Santander (Spain]

ALD for technologies beyond electronics: chances and challenges
29/07/2015, Mato Knez

15th International Conference on Atomic Layer Depasitian,
Partland (USA)

On the origin of the two-dimensional electron gas at the
interface between insulating perovskites

30/07/2015, Emilio Artacho

Workshaop on Superconductivity on the Verge, Leiden
(The Netherlands)

Spin-dependent phenomena in magnetic insulator/
metal systems

30/07/2015, Felix Casanova

Gordon Research Conference on Spin Dynamics in
Nanostructures, Hong Kang (China]

Two-dimensional nanooptics with graphene plasmons
04/08/2015, Pablo Alonso-Gonzalez

The Bth International Conference on Metamaterials,
Phaotonic Crystals, and Plasmonics, New York [USA]

Optical excitation of graphene plasmons
05/08/2015, Pablo Alonso-Gonzalez

The 6th International Conference on Metamaterials,
Photonic Crystals, and Plasmanics, New York (USA]

Infrared near-field nanospectroscopy: chemical
identification, nanoellipsometry, and nanotomography
09/08/2015, Alexander Govyadinov

SPIE Optics & Photonics, San Diego (USA)

Optical, ion, and electron microscopies - a synergy of
combined application

20/08/2015, Andrey Chuvilin

Third Asian School-Caonference on Physics and Technology of
Nanostructured Materials 2015, Vladivostok (Russia)

Molecular electronics

24/08/2015, Luis Hueso

European School on Nanosciences & Nanotechnologies 2015,
Grenable (France]

Fundamental aspects of atomic layer deposition
30/08/2015, Mato Knez
CRC Summer School, Erkner (Germany]

Near-field optics
31/08/2015, Rainer Hillenbrand
Frontiers in Nanophotonics 2015, Monte Verita [Italy]

Functionalization of materials with nanoscale coatings
01/09/2015, Mato Knez

CRC Summer School, Erkner (Germany]
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Invited Talks

Multifunctional magneto-plasmonic metamaterials
01/09/2015, Paolo Vavassori

EMN Spain Meeting - Energy Materials Nanotechnaology,
Donostia - San Sebastian (Spain)

Magnetic molecules on the surface of a superconductor
08/09/2015, Jose Ignacio Pascual

Sth European Conference on Molecular Magnetism,
Zaragoza [Spain)

Nano-FTIR spectroscopy of individual protein complexes
09/09/205, Rainer Hillenbrand

16th European Conference on the Spectroscopy of Biological
Malecules, Bochum [(Germany]

Accessing kinetics of structural rearrangements in
graphene via direct atomic imaging

10/09/2015, Andrey Chuvilin

4th Joint Congress of the Portuguese and Spanish Microscopy
Societies 2015, Porto (Portugal]

Optimization of supercapacitor electrodes by atomic
layer deposition

10/09/2015, Mato Knez

Sth International Workshop on Smart Materials and
Structures, Marrakech (Maroccao]

Magnetoplasmonic nanoantennas metamaterials:
news and views

10/09/2015, Paolo Vavassori

Trends in Nanotechnology 2015, Toulouse (France)

Elementary excitations in molecular junctions induced
inelastic tunneling electrons

15/09/2015, Jose Ignacio Pascual

International Conference on “Single-Malecule Electronics”,
Regenshurg (Germany)

Nanoscale assembly at the tobacco mosaic virus
16/09/2015, Alexander Bittner
E-MRS Fall Meeting 2015, Warsaw [Paland)

Optics with magnetoplasmons for sensing
12/10/2015, Paolo Vavassori

“Core to Care” Kick-off Workshop on Magnetochiral
Materials, Glasgow (UK]

The role of plasmonic and geometric excitation modes in
magneto-optics

16/11/2015, Andreas Berger

EMN Ultrafast Meeting 2015, Las Vegas [USA]

Nanoimaging and manipulation of plasmons in graphene
01/12/2015, Rainer Hillenbrand
MRS Fall Meeting & Exhibit, Boston [USA]

52

Electronics and optoelectronics in organic 2D layered
materials hybrids

03/12/2015, Saul Velez

IIl. Workshop on 20 Materials, Valencia [Spain)

Nanoimaging of graphene plasmons and hyperbolic phonon
polaritons in boron nitride

10/12/2015, Rainer Hillenbrand

Lighting the Way Symposyum, Amsterdam [The Netherlands]

Infrared nanoscopy and nanospectroscopy - from
vibrational spectroscopy to plasmaon mapping
16/12/2015, Rainer Hillenbrand

The International Chemical Congress of Pacific Basin
Saocieties 2015, Honolulu [USA]

From nano-FTIR spectroscopy toward infrared
nanotomography

17/12/2015, Rainer Hillenbrand

The International Chemical Congress of Pacific Basin
Saocieties 2015, Honolulu [USA]

2016

Perspectives of magneto-plasmonic nanoantennas
based metamaterials

10/01/20186, Paolo Vavassori

13th Joint MMM-Intermag, San Diego [USA]

Spin transport in molecular films: beyond conventional
spin valves

10/01/20186, Luis Hueso

13th Joint MMM-Intermag, San Diego (USA]

Resonant enhancement of magneto-optics via surface Bragg
plasmon modes coupling in 2D magnetoplasmonic crystals
12/01/2016, Paolo Vavassori

Mini Symposium on Plasmonics, Uppsala (Sweden]

Probing bandgap renormalization, excitonic effects, and
interlayer coupling in 2D transition metal dichalcogenide
semiconductors

13/01/2016, Miguel M. Ugeda

GEFES 2016, Cuenca [Spain]

Universal electric-field driven resistive transition in
narrow-gap Mottinsulators

13/01/2016, Pablo Stoliar

GEFES 2016, Cuenca [Spain)

Infrared nanospectroscopy of biological materials
13/01/2016, Rainer Hillenbrand
The 51st Winterseminar, Klosters [Germany]



Atomic engineering of nanostructures in STM
14/01/2016, Deung Jang Choi
GEFES 2016, Cuenca (Spain]

Low-dimensionality effects in single layers of transition
metal dichalcogenides

22/02/2016, Miguel M. Ugeda

Spinograph Workshop 2016, Madrid [Spain)

Infrared nanoscopy and nano-FTIR spectroscopy by elastic
light scattering from a scanning probe tip

06/03/2016, Rainer Hillenbrand

80. Jahrestagung der DPG und DPG-Fruhjahrstagung,
Regenshurg (Germany)

Nanoimaging of polaritons in two-dimensional materials
10/03/20186, Rainer Hillenbrand
Nanalight 2016, Benasque [Spain)

Water at the tobacco mosaic virus

13/03/20186, Alexander Bittner

251st American Chemical Society National Meeting &
Exposition, San Diego [(USA)

Nanoimaging and manipulation of polaritons in graphene
and boron nitride

15/03/2016, Rainer Hillenbrand

Nanaspain 2016, Logrofio (Spain]

Single-molecule spintrometry: measuring and tuning the
spin states of a molecule with STM

18/03/2016, Jose Ignacio Pascual

Nanaspain 2016, Logrofio (Spain]

Nano-FTIR spectroscopy of individual protein complexes
04/04/20186, Rainer Hillenbrand
SPIE Photonics Europe 2016, Brussels [Belgium]

Nanoimaging and manipulation of polaritons in graphene
and boron nitride
09/04/20186, Rainer Hillenbrand

The 4dth International Conference on Frontiers of Plasmonics,

Hefei (China)

Switching the magnetism of atoms and molecules with
hydrogen atoms

11/04/20186, Jose Ignacio Pascual

International SFB658 Symposium: Molecular Switches and
Functional Surfaces, Motzener See (Germany])

Sputter deposition technology: achieving texture control
and epitaxy

21/04/2016, Andreas Berger

Surface Technologies Waorkshop, Donastia - San Sebastian [Spain)

Research outputs

Exploring the magnetic properties of ferrite nanoparticles
for the development of rare-earth free permanent magnets
05/05/2016, Alberto Lopez-Ortega

Energy Materials Nanotechnology - Croatia Meeting 2016,
Dubravnik (Croatia)

Scanning tunneling spectroscopy characterization of
transition metal dichalchogenides

06/05/2016, Miguel M. Ugeda

European Material Research Saciety Meeting 2016,
Lille (France]

IR and THz near-field nanoscopy of 2D materials
14/05/20186, Rainer Hillenbrand
EMN Meeting an Terahertz, Donostia - San Sebastian (Spain)

Manipulation of THz electromagnetic fields with

graphene plasmons

15/05/20186, Alexey Nikitin

EMN Meeting on Terahertz, Bonaostia - San Sebastian (Spain]

Scientific and HPC challenges: simulations from first principles
16/05/2016, Emilio Artacho

PRACE Spring Schoaol 2016 and E-CAM Tutorial on Molecular
& Atamic Modeling, Dublin (Ireland])

Water and nanoscale structures
19/05/20186, Alexander Bittner
THINFACE Open Day, Madrid (Spain)

Spin-orbitronics in metals

26/05/20186, Felix Casanova

International Workshop TOP-SPIN 2, Groningen
(The Netherlands)

Chemistry on the surface of functional graphene nanoribbons
02/06/2016, Jose Ignacio Pascual

9th European Schoal on Molecular Nanascience,

Tordesillas (Spain)

A two-dimensional field-effect spin transistor
02/06/20186, Luis Hueso

9th European Schoal on Molecular Nanascience,
Tordesillas (Spain)

Large-scale density-functional calculations for energy
06/06/2016, Emilio Artacho

CECAM Electronic Structure Library Coding Workshop,
Zaragoza (Spain)

Two-dimensional electron gases in oxides and the
polarization of centro-symmetric insulators
08/06/2016, Emilio Artacho

Workshaop on Engineering Quantum Matter: From
Understanding to Control, St. Andrews [UK]
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Invited Talks

Mechanochemical evolution of the giant muscle protein titin
as inferred from resurrected proteins

08/06/2016, Raul Perez-Jimenez

PRODESTECH Meeting, Madrid (Spain]

Mechanical force modulates the unfolding pathway of the
cold-shock protein B from Thermotoga maritima, a simple
two-state protein

09/06/20186, Jorg Schinfelder

PRODESTECH Meeting, Madrid (Spain]

Mechanochemical evolution of the giant muscle protein titin
as inferred from resurrected proteins

16/06/2016, Raul Perez-Jimenez

sth International Iberian Biophysics Congress,

Porto (Portugal]

Patterning magnetic nanostructures for resonant
interaction with light: magnetoplasmonic crystals
19/06/2016, Paolo Vavassori

9th International Symposium on Metallic Multilayers,
Uppsala (Sweden]

A two-dimensional field-effect spin transistor
22/06/20186, Luis Hueso

POLYMAT SPOTLIGHT 2016: International Conference aon
Macromolecular Materials, Donastia - San Sebastian (Spain]

Synthesis of functional nanostructures by atomic layer
deposition

23/06/2016, Mato Knez

Energy Materials Nanotecnology Meeting 2016,

Prague (Czech Repubhlic]

Spin transport, spinterface, and photovoltaics in
molecular films

29/06/2016, Luis Hueso

ICSM2016, Guangzhaou [China)

Spin Hall effect in heavy metals: mechanisms, optimization,
and related phenomena

11/07/20186, Felix Casanova

International Conference on Spin Caloritronics, Utrecht

(The Netherlands)

Microscopia y espectroscopia con resolucion nanoscopica:
herramientas fundamentales para resolver los
constituyentes de la materia

12/07/2016, Jose Ignacio Pascual

Nanotecnologia: luces y sambras del contral de la materia a
escala atomica, Santander (Spain]
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Real-space mapping of low-energy polaritons
12/07/2016, Rainer Hillenbrand

Gordon Research Conference: From Plasmonic
Fundamentals to Nanooptical Applications, Newry [USA]

Magneto-plasmonics
13/07/20186, Paolo Vavassori
Schoal of Photanics 2016, Cartona (Italy]

Electron-beam lithography and its application in spintronics
17/07/20186, Felix Casanova

International Summer School on Nanofabrication and
Transmission Electron Microscopy Characterization, Jaca (Spain)

Competing effects at magnetic insulator/metal interfaces:
magnetic gating, spin hall magnetoresistance, magnetic
frustration, and magnon excitations

19/07/2016, Felix Casanova

Workshaop on Interfacial spintronics and spin waves,
Donaostia - San Sebastian (Spain]

IR and THz near-field nanoscopy of two-dimendional
materials

19/07/20186, Rainer Hillenbrand

International Warkshop on Terahertz Science,
Nanotechnologies, and Applications, Erice (Italy]

Why aberration correctionin TEM is so good for carbon
materials: from imaging atoms to measuring reaction kinetics
25/07/2016, Andrey Chuvilin

Nanaocarbon for Optics and Electronics Schaal, Kaliningrad (Russia)

Recent advances and perspectives of magnetoplasmonic
nanomaterials

25/07/2016, Paolo Vavassori

The 7th International Conference on Metamaterials, Photonic
Crystals, and Plasmanics, Tarremolinas (Spain]

Accessing kinetics of structural rearrangements in
graphene via direct atomic imaging

01/08/2016, Andrey Chuvilin

Sth Workshaop on Nanocarbon Photanics and
Optoelectranics, Imatra (Finland)

Temperature-dependent magnetic depth profiles of
epitaxial films with graded and oscillatory exchange
coupling structure

26/08/2016, Lorenzo Fallarino

8th Joint European Magnetics Sympasia,

Glasgow [UK]



A two-dimensional field-effect spin transistor
31/08/20186, Luis Hueso

NanoteC16 Carbon Nanascience and Nanotechnalogy,
Dublin (Ireland)

Near-field mapping of chiral metasurfaces and spiral antennas
05/09/20186, Martin Schnell

14th International Conference on Near-Field Optics,
Nanophatonics, and Related Technigues, Hamamatsu [Japan)

Basis sets made of atomic-like orbitals
06/09/20186, Luis Hueso
CECAM/Psi-k/CCP9Y Graduate Schoal, Daresbury [UK]

Molecular electronics

16/09/20186, Luis Hueso

European School on Nanosciences & Nanotechnologies
2016, Grenoble (France]

A two-dimensional field-effect spin transistor
26/09/20186, Luis Hueso

International Conference on Nanaotechnology Applications,
Valencia [Spain)

Optimizing the functionality of hybrid materials by
atomic-layer deposition

18/10/2016, Mato Knez

3rd International Conference on ALD Applications & 2016
China ALD Canference, Suzhou (China)

Spin Hall effect in heavy metals: mechanisms and
optimization

23/10/20186, Felix Casanova

International Workshop on Nano-Spin Conversion Science &
Quantum Spin Dynamics, Tokyao (Japan)

Mechanochemical evolution of the giant muscle protein titin
as inferred from resurrected proteins

04/11/2016, Raul Perez-Jimenez

Mechanical Forces in Physiology and Disease,

CNIC Conference 2016, Madrid (Spain)

Characterization of collective ground states in
single-layer NbSe»

06/11/2016, Miguel Moreno-Ugeda

63rd AVS International Sympasium and Exhihition,
Nashville (USA)

Characterization of collective ground states in
single-layer NbSe»

15/11/2016, Miguel M. Ugeda

WEHB28 Trends in Mesoscopic Superconductivity,
Bad Honnef (Germany])

Research outputs

Spin-optical molecular devices

16/11/20186, Luis Hueso

European Conference on Malecular Spintronics,
Bologna (Italy]

Protein fibres and liquids: a nanoscale view
22/11/20186, Alex Bittner
BioNano 2016, Krakow [Paland)

Imaging thin water layers on single viruses
02/12/20186, Alex Bittner

ESI/CECAM Warkshop Water at Interfaces:
From Proteins to Devices, Wien (Austria)

Development and applications of biosupramolecule-
nanoparticle composites

08/12/20186, Mitsuhiro Okuda

The 3rd Nanobioceramic-Based Cell Function Cantrol
Technology Waorkshaop, Nagaoka [Japan)

Detecting and tuning the magnetism of individual
molecules by STM

14/12/20186, Jose Ignacio Pascual

Advanced Microscopy and Spectroscapy of Supramalecular
and Macromolecular Systems on Surfaces Sympasium,
Hong Kang [China)

Tobacco mosaic virus and water
15/12/20186, Alex Bittner

| Reunién Red Tematica de Fisica Viralagica,
Donostia - San Sebastian (Spain)
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I
Seminars

NanoGUNE organizes research seminars to be given by both nanoGUNE personnel and external
invited speakers. All these seminars take place at the nanoaGUNE seminar room and are announced

at www.nanogune.eu

2015

Ferroelectric multilayers as active substrates
12/01/2015, Matthew Dawber
Stony Brook University (USA]

Are there dead magnetic surface layers near
dynamic phase transitions?

19/01/2015, Patricia Riego

nanoGUNE

Near-field mapping of nanoscale IR modes on FIB
fabricated transmission lines

26/01/2015, Paulo Sarriugarte

nanoGUNE

Structural, chemical, and magnetic properties of surface
supported graphene, hexagonal boron nitride, and organic
molecules studied by local probes and photoemission
spectroscopy

02/02/2015, Jens Brede

Materials Physics Center [Spain]

First-principles theory of flexoelectricity
16/02/2015, Massimiliano Stengel
Instituto de Ciencia de Materiales de Barcelona (Spain]

Challenges to the textbook picture in 2D topological
insulator materials investigated by novel local probes
23/02/2015, Reyes Calvo

nanoGUNE

I0P Publishing: Maximizing the impact of your work
09/03/2015, Anna Demming
IOP Publishing [UK]

Surprising effects in the microwave response of magnetic
nanoparticle structures

16/03/2015, Bob Camley

University of Colarado (USA)

NanoGUNE Colloguium: Yoga and the elasticity of titin -
connecting science with life

17/03/2015, Julio M. Fernandez

Columbia University (USA]
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Human-induced pluripotent stem cell for regenerative
medicine and drug discovery

25/03/2015, Kiyoshi Ohnuma

Nagaoka University of Technology (Japan)

In-situ quantitative nanomechanical studies
25/03/2015, Rob Claasen
Hysitran Inc. (USA)

Study of ice crystal deposition and sublimation using
environmental SEM

30/03/2015, Maria Cascajo

nanoGUNE

Modeling two-dimensional electron gases
at ferroelectric thin films

13/04/2015, Pablo Aguado

nanoGUNE

First-principles reinvestigation of bulk W0,
20/04/2015, Hanen Hamdi
nanoGUNE

The exotic optics of hyperbolic materials
27/04/2015, Edward Yoxall
nanoGUNE

E. coli fimbriae mechanochemichal characterization
04/05/2015, Alvaro Alonso
nanoGUNE

Assembly of graphene nanoribbons on surfaces
11/05/2015, Eduard Carhonell
nanoGUNE

Electronics and optoelectronics in an organic 2D layered
material p-n junction

18/05/2015, Saul Velez

nanoGUNE

Water footprints in tip-sample force reconstruction from
dynamic AFM in ambient conditions

01/06/2015, Annalisa Calo

nanoGUNE

Ancestral cellulases for bioenergy
08/06/2015, Nerea Barruetahena
nanoGUNE



Research outputs

The Physical Review journals and Physical Review Applied:
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R. Ullah, F. Corsetti, D. Sanchez-Portal, and E. Artacho
Physical Review B 91,125203 (2013)
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V.l.Kleshch, A. A. Tonkikh, S. A. Malykhin, E. V. Redekop, A. S.
Orekhov, A. L. Chuvilin, E. D. Obraztsova, and A. N. Obraztsov
Applied Physics Letters 109, 143112 (2016)

Field emission from single-walled carbon nanotubes
modified by annealing and CuCl doping

J. Foerster, E. Plesiat, A. Magana, and A. Saenz

Physical Review A 94, 043405 (2016)

Imaging of the umbrella motion and tunneling in ammonia
molecules by strong-field ionization

D.De Sancho and R. B. Best

Journal of Physical Chemistry Letters 7, 3798 (2016)
Reconciling intermediates in mechanical unfolding
experiments with two-state protein folding in bulk

V. Uhlir, J. A. Arregi, and E. E. Fullerton

Nature Communications 7,13113 (2016]

Colossal magnetic phase transition asymmetry in mesoscale
FeRh stripes

A.Bonnefond, M. Ibarra, E. Gonzalez, M. Barrado, A. Chuvilin, J.
M. Asua, and J. R. Leiza

Journal of Polymer Science Part A: Polymer Chemistry 54,
3350 (2016)

Photocatalytic and magnetic titanium dioxide/polystyrene/
magnetite composite hybrid polymer particles

L. Ruiz-Rubio, I. Azpitarte, N. Garcia-Huete, J. Manuel Laza, J.
Luis Vilas, and L. M. Leon

Journal of Applied Polymer Science 133, 44004 (2016)
Solvent and relative humidity effect on highly ordered
polystyrene honeycomb patterns analyzed by Voronoi
tesselation

A. Ruzsinszky, L. A. Constantin, and J. M. Pitarke
Physical Review B 94, 165155 (2016]

Kernel-corrected random-phase approximation for the
uniform electron gas and jellium surface energy

J. Schonfelder, D. De Sancho, and R. Perez-Jimenez

Journal of Malecular Biology 428, 4245 (2016]

The power of force: insights into the protein folding process
using single-molecule force spectroscopy

P.Riego, S. Velez, J. M. Gomez-Perez, J. A. Arregi, L. E. Hueso,
F.Casanova, and A. Berger

Applied Physics Letters 109, 172402 (2016)

Absence of detectable current-induced magneto-optical Kerr
effectsin Pt, Ta,and W
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C. Huck, J. Vogt, T. Neuman, T. Nagao, R. Hillenbrand, J.
Aizpurua, A. Pucci, and F. Neubrech

Optics Express 24, 25528 (2016)

Strong coupling between phonon-polaritons and plasmonic
nanorods

A. A. Tonkikh, D. V. Rybkovskiy, A. S. Orekhov, A. |. Chernov,
A.A.Khomich, C. P. Ewels, E. |. Kauppinen, S. B. Rochal, A. L.
Chuvilin, and E. D. Obraztsova

Carbon 109, 87 (2016)

Optical properties and charge transfer effects in single-
walled carbon nanotubes filled with functionalized
adamantane molecules

S.Velez, A. Bedoya-Pinto, W. Yan, L. E. Hueso, and F. Casanova
Physical Review B 94, 174405 (2016)

Competing effects at Pt/YIG interfaces: spin Hall
magnetoresistance, magnon excitations, and magnetic
frustration

A.Lopez-Ortega, A. G. Roca, P. Torruella, M. Petrecca, S.
Estrade, F. Peiro, V. Puntes, and J. Nogues

Chemistry of Materials 28, 8025 (2016]

Galvanic replacement onto complex metal-oxide
nanoparticles: impact of water or other oxidizers in the
formation of either fully dense onion-like or multicomponent
hollow MnO /Fe0Q structures

J. H. Jorgensen, A. GruhiSic-Cabo, R. Balog, L. Kyhl,

M. N. Groves, A. M. Cassidy, A. Bruix, M. Bianchi, M. Dendzik,
M. Arman, L. Lammich, J. |. Pascual, J. Knudsen, B. Hammer,
P.Hofmann, and L. Hornekaer

ACS Nano10,10798 (2016)

Symmetry-driven band gap engineering in hydrogen
functionalized graphene

W.Yan, 0. Txoperena, R. Llopis, H. Dery, L. E. Hueso,
and F. Casanova

Nature Communications 7, 13372 (2016)

A two-dimensional spin field-effect switch

A.S. Orekhoy, F. T. Tuyakova, E. A. Obraztsova, A. B. Loginov, A.
L. Chuvilin, and A. N. Obraztsov

Nanotechnology 27, 455707 (2016)

Structural peculiarities of single crystal diamond needles of
nanometer thickness

L. Frusteri, C. Cannilla, G. Bonura, A. L. Chuvilin, S. Perathoner,
G. Centi, and F. Frusteri

Catalysis Today 277, 68 [2016]

Carbon microspheres preparation, graphitization,

and surface functionalization for glycerol etherification



M. M. Ugeda, A. J. Bradley, L. Rodrigo, M. Yu, W. Liu, P. Doak,
A.Riss, J. B. Neaton, T. Don Tilley, R. Perez, and M. F. Crommie
Journal of Physical Chemistry C 120, 26448 (2016)

Covalent functionalization of GaP(110] surfacesviaa
Staudinger-type reaction with perfluorophenyl azide

S.C. Carreira, J. P. K. Armstrong, M. Okuda, A. M. Seddon,
A.W. Perriman, and W. Schwarzacher

Journal of Visualized Experiments 118, e54785 (2016)
Synthesis of cationized magnetoferritin for ultra-fast
magnetization of cells

V. 0. Koroteey, |. V. Kuznetsova, A. G. Kurenya, M. A. Kanygin,
E. 0. Fedorovskaya, Y. L. Mikhlin, A. L. Chuvilin, L. G. Bulusheva,
and A. V. Okotrub

Physica Status Solidi (b) - Basic Solid State Physics 253,

2451 (2016)

Enhanced supercapacitance of vertically aligned multi-wall
carbon nanotube array covered by MoS, nanoparticles

S. Onishi, M. M. Ugeda, Y. Zhang, Y. Chen, C. Ojeda-Aristizabal,
H.Ryu, S. Mo, Z. Hussain, Z. Shen, M. F. Crommie, and A. Zettl
Physica Status Solidi (b) - Basic Solid State Physics 253,
2396 (2016)

Selenium capped monolayer NbSe, for two-dimensional
superconductivity studies

L. Bogner, Z. Yang, S. Baum, M. Corso, R. Fitzner, P. Bauerle,
K. J. Franke, J.|. Pascual, and P. Tegeder

Journal of Physical Chemistry C 120, 27268 (2016]
Electronic states and exciton dynamics in dicyanovinyl-
sexithiophene on Au(111]

A. Atxabal, M. Ribeiro, S. Parui, L. Urreta, E. Sagasta, X. Sun,
R. Llopis, F. Casanova, and L. E. Hueso

Nature Communications 7, 13751 (2016)

Spin doping using transition metal phthalocyanine molecules

M. Borinaga, P. Riego, A. Leonardo, M. Calandra, F. Mauri, A.
Bergara, and |. Errea

Journal of Physics: Condensed Matter 28, 494001 (2016)
Anharmonic enhancement of superconductivity in metallic
molecular Cmca-4 hydrogen at high pressure: a first-
principles study

H. Kim, J. Park, Z. Aksamija, M. Arbulu, and R. H. Blick
Physical Review Applied 6, 064031 (2016])
Ultrananocrystalline diamond membranes for detection of
high-mass proteins

Research outputs
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Business connection

NanoGUNE aims at providing integrated innavative solutions for
industry, thus leading to a greater competitiveness of our econ-
amy. In the period 2015-2016, a great effort has been made in
arder to bridge the gap between science and industry, building
up a strong technaology-transfer policy, putting in place specific
initiatives for companies, and including the business culture in
our training program.

We have aorganically reinforced our technaology transfer activi-
ties by creating an interlocution vehicle with the market, named
Nanaolnnovations. Its objectives are to consolidate the existing
interaction with Basque companies and with the market as a
whole, to mohilize our knowledge and capacities to collaborate
with the private sectar, as well as to facilitate and hoost the ex-
ploitation of our research.
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In this period, nanoGUNE's first start-up company, Graphenea,
has begun to fly solo. Our spin-offs Simune, Ctech-nano, and
Evolgene have started to strengthen their position in an enor-
mously competitive global market, and we have also founded a
new company: Prospero Biosciences. Mareaver, we have sub-
mitted three new international patents and we have signed a
good number of collaboration agreements with companies. Fi-
nally, our External-Services department has given place to an
Industrial-Research and Experimental-Development Platform.
Warking closely with the research teams, this platform aims at
reinforcing cooperative research and strengthening ties with
Basque and international companies.



Smart specialization
in the Basque Country

In the framewaork of the Research and Innovation Strategy for Smart Specialization
(RIS3] of the European Commission, the Basque Government is focused on improving
three areas in which the Basque Country is already doing well: advanced manufac-
turing, energy, and health. In this context, nanotechnology has revealed itself as an
impartant Key Enabling Technalogy (KET], which is able to provide mare efficient and
less expensive solutions for very diverse industry and service sectars.

Nanotechnology

Bussiness connection
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GRAPHENEA,

Bussiness connection

a high-quality graphene producer € Graphenea

www.graphenea.com

GRAPHENEA, nanoGUNE’s first start-up company launched in April 2010 as a joint venture of
private investors and nanoGUNE, has become a world leader in the production of high-guality
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 agree-
ment of the company, in April 2015 nanoGUNE let GRAPHENEA fly alone. GRAPHENEA's R&D Labo-
ratory is nonetheless still being hosted at nanoGUNE.

The campany, which at the end of 2016 was emplaying 18
people and was exporting graphene to 40 countries, supplies
its products to universities, research centers, and industries
warldwide. GRAPHENEA is also a partner of the European
Graphene Flagship, which with a budget of one hillion euros
aims at taking graphene from the realm of academic lahora-
taories into the European society in a period of ten years.

Graphene research represents a rapidly-growing strate-
gic research field with a considerable economic potential.
GRAPHENEA aims at collabarating with the global scientific
cammunity, thus helping the graphene industry to move for-
ward. GRAPHENEA, committed to innovation, is constantly
investing in the development of new products that help its
customers advance their work.

GRAPHENEA’s main industrial focus is the production of
high-quality graphene films grown by chemical vapor depo-
sition (CVD] and also the production of chemically exfoliated
graphene oxide. On the one hand, GRAPHENEA develops the
potential of CVD graphene for electronic systems, optoelec-
tranics, sensars, etc,, and 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 was launched in January 2014 as a joint venture of a
group of scientific experts and nanoGUNE. In July 2014, a group
of private investors became shareholders of the company.

SIMUNE focuses on applications related to advanced mate-
rials with highly-technological needs. The company is expert
in identifying the best solution to solve materials-related
challenges. Starting from an industrial problem, SIMUNE
identifies a workflow for its solution by doing simulations
and materials modeling. Some of the advantages of simula-
tions are: to save costand time by identifying new materials
for new products, to understand the results of experimental
measurements, and to characterize materials properties.
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3IMUNE

ATOMISTIC SIMULATIONS

Simulation is a powerful technigue that can help to under-
stand and model real systems or potential situations. With
the help of simulations one can also examine problems that
are often not subject to direct experimentation.

SIMUNE was selected in 2016 as a Techconnect Innovation
Awardee. The Techconnect Innovation Awards select the top
early-stage innovations from around the world through an in-
dustry-review process of the top 15% of technologies thatare
annually submitted to the Techconnect National Submission
Summit. Rankings are based on the potential positive impact
the submitted technalogy will have on a specific sector.



Atomic Layer Depasition (ALD] is a technique that allows
changing the properties of materials. A very thin layer only
a few nanometers thick is deposited onto a given substrate
covering its entire surface. With such a thin coating many
properties of the original material are retained; but, at the
same time, additional properties can be supplemented.

ALD provides a very controlled way to deposit thin films
with an atomic-scale thickness control. The growth of mul-
tilayer structures composed of different materials is also
straightforward. Due to the precision of the process and its
reproducibility, ALD represents a well-establised process-
ing technology in the field of modern micro and nanoelec-
tronics. The temperature that is needed to run this technal-
ogy is typically lower than the temperature that is needed
to run other depasition processes such as chemical vapor
depaosition and thermal evaporation. The lower processing
temperature allows to work with fragile substrates, such
as biological or palymeric samples. A wide variety of mate-
rials can be deposited with ALD: oxides, nitrides, carhides,

ctechnano

metals, sulfides, fluorides, organics, etc.. This small but
important difference makes ALD the method of choice for
many emerging applications, such as flexible electronics or
compaosite materials design. ALD applications can be found
in many different sectors: electronics, optoelectranics, op-
tics, energy, biotechnology, metallurgy, decarative coatings,
textile and packaging, and many others. The customers of
Ctech-nano are commonly oriented to innovation, looking
for new product functionalities and/or trying to improve
their existing processes and products.

The industrial partners of Ctech-nano, AVS and Cadinox, have
broad experience in the design, manufacturing, integration,
test, and delivery of equipment to technology-driven mar-
kets. Thanks to the cooperation of nanoGUNE with the in-
dustrial partners AVS and Cadinox, Ctech-nano comhines an
experienced and complementary team with the scientific and
technological capahility to adapt to the needs of customers.
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EVOLGENE waorks in the field of genomics applied to enzyme
design and production; its unigue method of enzyme design
is based on the reconstruction of ultraeficient ancestral
enzymes from hillions of years back by using hicinformatic
resources and genomic data. Evalgene has developed a pat-
ented methaod that allows to design and launch enzymes with
unprecedented enhanced properties and in extremely shaort
times. EVOLGENE's disruptive enzymes can be used in a wide
range of specialty biotechs and industrial applications: biofu-
el production, cosmetics, and health, among others.

EVOLGENE focuses on two main lines of activity. On the ane
hand, an extremely powerful thioredoxin has been devel-
oped which exhibits very promising applications in anti-ag-
ing cosmetics and health; this represents EVOLGENE's first
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Evelgene

specialty enzyme out from a roadmap of a wide range of new
enzymes to be developed in other fields. On the other hand,
a whole family of industrial enzymes is being developed that
is expected to play a rale in the conversion of cellulasic bi-
omass for a number of final applications: the production of
biofuel, nanocellulose, pulp and paper, etc..

EVOLGENE is currently developing various pilots in order
to assess the performance of its enzymes in real industri-
al-scale (or fully commercial-scale] applications.



Bussiness connection

PROSPERO BIOSCIENCES,
new applications within the mass-

spectrometry industry Pfﬂ.éeﬁt.ﬂ

PROSPERO Biosciences, nanoGUNE’s 5" spin-off company, was launched in October 2015 by a
group of promoters that included, in addition to nanoGUNE, Robert Blick [professor at the Uni-
versity of Hamburg and visiting professor at nanoGUNE], nanoGUNE researcher Maria Arbulu,
and Hasten Ventures, a company devoted to the acceleration and promotion of business ideas.
PROSPERO seeks to take advantage of the potential of nanotechgnology in order to develop and
commercialize an innovative technology capable of opening up a new field of aplications within
the mass-spectrometry industry.

PROSPERQ is currently in the process of developing and pro-
ducing 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 technaology 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 detec-

tar prototypes, whch are already being successfully tested by
various end users in the health-science sector.
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Synthetic Optical Holography

R. Hillenbrand, P. S. Carney, and M. Schnell
Shared with the University of Illinois
Licensed to Neaspec

Re- e
A o j',:l : I
Near-field optical microscope for ac: g spectra
R. Hillenbrand, E. Yoxall, and M. Schnell

Licensed to Neaspec ;

2016

Endocellulases and uses thereof
R. Perez-Jimenez
To be licensed to Evolgene

Atomic Layer Deposition Chamber with adaptable volumes
M. Knez, M. Beltran, D. Talavera, and M. Vila

Shared with Ctech-nano

Licensed to Ctech-nano




Industrial
Collaboration
Agreements

Signed in 2015

AIN [Asociacion Euro Invest)
Service provision agreement

University of California Berkeley
Non-proprietary user agreement

Hasten Ventures, A.l.E.
Collaboration agreement

BluSense
License agreement

Consejo Superior de Investigaciones Cientificas (CSIC)
Material transfer agreement

Kleindiek Nanotechnik GmbH
Service provision agreement

Bussiness connection

Signed in 2016

Graphenea, S.A. and Das Nano, S.L.
Collaboration agreement

Instituto Interuniversitario de Investigacion de
Reconocimiento Molecular y Desarrollo Tecnoldgico

Service provision agreement

Consejo Superior de Investigaciones Cientificas [CSIC)
Material transfer agreement

Inversiény Estrategia Taurus S.L.
Collaboration agreement

Parque Tecnoldgico de San Sebastian, S.A.
Collaboration agreement

Fundacion CIDETEC
Collaboration agreement

Fundacion Barrié
Technology-transfer agreement
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Gorka-Pazos
Manager

@ Ana Zuzuarregui
Specialist

NanoGUNE offers External Services with the aim of supporting the characterization and fabrication of materials and micro and
nanoscale devices for baoth academic and industrial users. The External-Services Department is designed to be an open facility
forresearchers and technologists from different business and research fields. Our expertise relies an an advanced microscaopy
platform, a cleanroom, and various laboratories with state-of-the-art nanomanufacturing and characterization equipment.
We work with end users in order to develop and optimize products and techniques. The offered services can be carried out by
qualified nanoGUNE personnel ar under a self-service made.

Our characterization platform is designed to give full and per-  Our fabrication platform can encompass and give solutions for
sanalized services for a wide range of products characterization.  a wide variety of research and industrial activities. NanoGUNE is

This platform is divided into three different service units: equipped with state-of-the-art techniques for high-quality thin-
film growth and for micro and nanoscale fabrication. Most of the

Structural characterization services offered in this platform are carried out in our 300 m?
Magnetic and electrical characterization cleanroom, which is divided into four different areas classified
Chemical characterization from class 100 to class 10 000, assuring the environmental

conditions that are required for high-quality fabrication. This
platform is divided into three different service units:

Thin-film growth

Micro/nano fabrication
Sample processing
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NanoGUNE also offers cutting-edge products and outstanding
service bundles through its External Services Department. One
of our products is Novaspider, a 3D electrospinning machine
that allows the users to produce advanced nanofibers in their
own laboratory. Novaspider is a tool that enables the user to
give free rein to his/her creativity in order to build 20 and 3D
objects from nanofibers.

Novaspider has created a brand-new conceptin the production
of 30 nanofibers. This tool provides its users with a new level of
expertise in nanafiber manufacture by combining electrospin-
ning with 3D printing technigues and it allows nanofiber-hased
3D structures to be manufactured in a straightforward way.

This product is presented as an educational challenge, be-
cause the user can set it up on his/her own. It is delivered as
a kit to be assembled locally, which helps to offer customers a
camprehensive solution at the best price. It could be regarded
as a challenge for students and a saolution for junior research-
ers, always with our full support and documentation. Novaspi-
der can also be delivered fully set up.

We alsa pravide full scientific support to the users of Novaspi-
der in order to enahble them to achieve a rapid prototyping. A
team of experts in materials science, advanced materials, and
engineering offers electrospinning toaols and processes on all
production scales as an open-source hardware platform and
closed source. This team of scientists is available to assist the
users in creating nanofibers based on any material.
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The Nanotransfer project

The rate of penetration of Basque companies in the field of nanoscience and nanotechnaology
needs to be increased. In order to analyze the development and implantation of nanotechnology
in the Basque Country, a specific project has been developed in the framework of a collaboration
of nanoGUNE with Orkestra Basque Institute of Competitiveness, Tecnalia, the University of the

Basgue Country, and nanoBasque-Spri.

This project has identified the commitment to nanoscience as
an essential strategy for the Basque Country and emphasizes
the need to speed up the incorporation of nanotechnalogy into
manufacturing processes and into marketed products.

The main conclusians point out that nanotechnology will achieve
a widespread permeability and multisectarial presence in the
caming few years. In fact, 60% of the Basque companies that
have started to incorporate nanotechnology acknowledge that
they have obtained a new or improved product, and 30% confirm
that they have achieved new ar improved production processes.
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The majar entry barriers that hinder the incorporation of nano-
technology into industry are the need for specific equipment
and tools, the required corporate investment, and the lack of
qualified staff. In fact, the incarporation inta industry of profes-
sionals with a scientific knowledge should facilitate the connec-
tion between existing research and potential commercialization.
The promation of technology-transfer mechanisms based upon
a real collaboration between all scientific and technological
players, the shared use of infrastructures, and the staff mability
should alsa help with the same purpose.



innovations

is a new company that has been launched
jointly by Hasten Ventures and nanoGUNE with the mission of
bridging the gap between state-of-the-art research and the
market in the field of nanotechnology. A pan-Eurapean platform
is being created in order to connect new discoveries and start-
ups in this field with industry and investors in the Basque Coun-
try and worldwide.

As founding partner of nanolnnovations, nanoGUNE will be the
first research center to benefit from this initiative which should
soon incorporate other international research centers. The goal
is to profit from a poal of inventions, intellectual property, sci-
entific talent, and research facilities with the aim of positioning
nanolnnaovations as a main European technology-transfer plat-
form in the field of nanotechnology with a primary focus to em-
power a fruitful relationship between the academia and industry.

Nanolnnovations is also aiming at the creation of a capital fund,
whaose main focus should be to help European start-ups to de-
velop their business and to position themselves as global play-
ers in the field of nanotechnology. This initiative should provide
investars with the potential to establish strategic medium-long
term relationships with innovative scientific activities.

A hub for the sponshorship of industrial research projects and the commercialization of intellectual property.

Access to active netwarks, partners, and financial opportunities.
Prospects for future job opportunities.

Access to a state-of-the-art pool of knowledge in the field of nanoscience and nanotechnaology.

Access to cooperation with other companies, investors, and administrations.

The opportunity to participate in knowledge-based high-growth ventures from a pre-seed to a scale-up stage.

A platform to co-invest with other peers at a European scale.
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Business culture in
the training of
PhD students

In line with our 2015-2020 Strategic Plan, specific training ac- A training program with three main courses for PhD students

tivities have been programed in order to strengthen the busi-  has been designed and implemented, and special seminars
ness culture of young researchers, thus making it easier for ~ have been given by experts with a scientific background that are
saome of them to become part of the industrial world. currently working in industry.
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This course, mainly oriented to first-year PhD students, has
been offered in February/March 2016 and November 2016. 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 18 students has participated in this course.

This course, mainly ariented to second-year PhD students,
has been offered in Octoher 2015 and December 2016. The
goal of this course is to train predoctoral researchers on
how to transform an idea into an entrepreneurial project
by giving them the basic knowledge about what an entre-
preneur is, different business maodels, and how to write a
business plan.

A total of 23 students has participated in this course.

This course, mainly oriented to third-year PhD students, has been
offered in October 2015 and November 2016. The goal of this
course is to train pre-doctoral researchers on how to show their
skills and attitudes when looking for a job within an industrial en-
vironment, as well as to invite them to think aver their near future
and help them defining their goals and professional expectations.

A total of 17 students has participated in this course.
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Connecting
with society

The search for the waords nanoscience and nanotechnology in
ane of the most popular online search engines produced mare
than 27 million results at the end of 2016. There is no doubt that
formal and informal media are increasingly talking about this
domain of research and the carrespanding technaological devel-
aopment. However, we are also aware that an increasing guantity
of information does not necessarily mean that a good and ac-
curate communication is being dane.

At nanoGUNE, we are convinced that our responsibility for the
development of a sustainable society goes beyond the genera-
tion of knowledge and technology. This is the reason why shar-
ing the scientific challenges of nanascience and nanotechnolo-
gy with society is also part of our missian.

9e

In the period 2015-2016, we have promoted and participated in
a good number of initiatives (education-driven activities, open
events, science-popularization projects, etc.] targeted to high-
school and university students, as well as to the general public.
Mareaver, we are actively involved (together with other Basque
research centers] in the edition of the CICNetwork magazine.

We have also enjoyed an excellent collaboration with the media,
which have covered our activity through more than 450 pieces
of news during the period 2015-2016. Thanks to the effort of the
journalists dealing with the task of translating scientific results
into broadly understandable words, the gap between science
and saciety narraws every day.



Open events

Science Week
NanoGUNE, together with the Donostia International Physics
Center (DIPC) and the Materials Physics Center (MPC), has been
collaborating in the Science Week organized every November
by the University of the Basque Country through a nanoscience
exhibition space.

Donastia Week INN

NanoGUNE has participated in the Week of Innovation, Don-
ostia Week INN 2015 and 2016, organized by Fomento de San
Sebastidn. This event offers a complete program of activities
around the innovation strategy that takes place in the city.

Urbanzientzia

On 21 May 2016, nanoGUNE, together with the BIPC and MPC,
participated in the Urbanzientzia (Urban Science] event organ-
ized by Teknahi within the activities of Olatu Talka, a participa-
tory saciocultural initiative that invades the city of San Sebas-
tian every year.

Passion for Knowledge 2016

NanoGUNE caollaborated in September 2016 in the organiza-
tion of the science-popularization festival Passion for Knowl-
edge. This event, arganized by the DIPC, takes place every three
years with the aim of promoting science as a key activity for the
well-being of future generations and highlighting the thirst of
knowledge as the driving force behind scientific, technological,
and cultural progress.

Connecting with society

Education-driven activities

Undergraduates: summer internship and final project
29 undergraduate students have joined nanoGUNE's sum-
mer-internship program and/or have done their final project
under the supervision of one of our principal investigatars.

Master

NanoGUNE caollaborates with the Master in Nanoscience, the
Master in New Materials, and the Master in Molecular Biology
and Biomedicine of the University of the Basque Country by giv-
ing master students the opportunity to join us 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, hiology,
engineering, and materials-science graduates. We claosely collab-
arate, in particular, with the PhD program “Physics of Nanostruc-
tures and Advanced Materials (PNAM)” offered by the University
of the Basque Country.

Nanotechnology course for high-school teachers
NanoGUNE offers a nanotechnology introductory course to
high-school science teachers in the framewark of the “Prest
Gara” program launched by the Department of Education, Lan-
guage Palicy, and Culture of the Basque Government.

Visits for educational centers

Following our open-doors policy, we run a program for high-
school and university students tao visit our facilities, thus offer-
ing them the opportunity to have a closer look at nanoscience
research. Mare than 250 students have visited nanoGUNE dur-
ing the period 2015-2016.
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Highlighted Projects

nanoKOMIK,
nanoscience in comics

Through the nanoKOMIK project, nanoGUNE and the Donostia International Physics Center have
created, produced, and disseminated in 2016 the first participatory nanofiction comic.

This project was launched in order to transmit to the general
public the potential of the advances that are taking place in
the field of nanoscience and nanotechnaology, and to stim-
ulate creativity among young people. The project was con-
ceived in two phases.

The first phase invalved youngsters between 12 and 18 years
old in a free creative process in which they built their own su-
perheroine/superhero in a comic, giving her/him nanopowers
based on the amazing properties that matter acquires at the
nanoscale. In order to guide the youngsters through the cre-
ation of the comic, open science and comic warkshops were
arganized in various cities during the first trimester of 2016.
During these two-hour sessions the participants learned
about “nanopowers”, in other wards, sophisticated skills or
capahilities acquired thanks to nanascience and nanotech-
nology; they also learned to produce their own comic. The
youngsters were also able to have contact with the projectin
the classroom, as a specialized science and comic warkshop
was run for teachers as well. Over one hundred youngsters
participated in this first nanoKOMIK with works in Basque,
Spanish, and French. In their creations they tackled a whale
range of subjects (health sciences, saciety, environment,
technalogy, etc.] in a comic format.
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In the second phase, the most ariginal ideas from among
more than 100 works were recreated in a professional com-
ic entitled “Dayanne and Murillo. The power of nanoscience”,
which can be found in Basque, Spanish, French, and English
at www.nanokomik.com and targeted all audiences. In order
to facilitate and maximize its diffusion to society, the comic
is available in different formats: magazine for distribution at
fairs [comic, science, etc ), individual vignettes for social net-
works, and paosters for exhibitions.

The nanoKOMIK project was cofinanced by the Spanish Foun-
dation for Science and Technology [(FECYT] - Ministry of
Ecanomy, Industry, and Competitiveness.



10ALaMenos9,

festival of nanoscience

and nanotechnology

Connecting with society

10ALaMenos9 is a festival organized by various Spanish institutions and research centers with
the aim of bringing the amazing world of nanoscience and nanotechnology to the society. This
festival took place on 4 - 8 April 2016 in four different cities: Donostia - San Sebastian, Zaragoza,

Barcelona, and Bellaterra.

We live on a scale of meters and kilometers, soitis rather hard
for us toimagine a world thatis too small to be seen. Ordinary
abjects are absolutely huge measured at what scientists call
the nanascale. This festival seeks to bring in an enjoyahle and
exciting way all sectors of the society closer to the nanoscale.
By means of information and dissemination activities such
as warkshaps, fascinating experiments, lectures, exhibitions,
apen days, and much mare, researchers of the various partic-
ipant cities waork together in order to raise public awareness
of the importance of nanoscience and nanotechnology.

NanoGUNE organized the following activities:

+ Ananoforum to review the existing knowledge on the toxicity
of nanomaterials for the human health and the environment,
and a warkshop to show some of the products and applica-
tions of nanotechnology that are already in the market.

- An informative seminar given by nanoGUNE’s Group Leader
and lkerbague Research Professar Luis Hueso in order to
introduce to the general public the basic concepts related
to nanoscience and nanatechnalogy.

A guided visit to nanoGUNE’s research infrastructure.

- The exhibition “A walk through the nanowarld”, which
showed a selection of finalistimages of the 2007 and 2009
editions of the International Competition SPMAGE organ-
ized by researchers of the Autonomous University of Ma-
drid and the Institute of Materials Science of the Spanish
Research Council. The exhibition was completed with spec-
tacular images obtained by nanoGUNE researchers.

+ The 2" National Conference on Nanopopularization aimed
atinvalving the attendees in a constructive dialogue on the
opportunities and impact of nanotechnology.

The festival was cofinanced by the Foundation far Science

and Technaology (FECYT] - Ministry of Economy, Industry, and
Competitiveness.
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Carlos Garbayo, Maintenance Technician
Yurdana Castelruiz, Projects Manager
Miguel Odriozola, Finance Directar

Eider Garcia, Secretary
Maria Rezola, Director’s Assistant
Ralph Gay, Cleanroom Manager
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Julene Lure, Secretary

Itziar Otegui, Outreach Manager
Gorka Arregui, Facilities Manager

Organization
and Funding

NanoGUNE is a non-profit making Association that was promoted
by the Basque Gavernment in 2006 and was officially inaugurated
in 2009. A Governing Board, currently composed by all partners,
is the final responsible for the averall management of the center.
We also have an International Advisary Committee, composed of
internationally renowned researchers and professianals, which
advises on the arientation that should be given to the center.

In the last two years we have been working on the accomplishment
of the ohbjectives settled in our 2015-2020 Strategic Plan. Thus,
three business partners have joined nanoGUNE’s Governing Board:
CAF, Petronar, and IKOR; these are Basque companies that are lead-
ers in the framework of the Research and Innavation Strategy for
Smart Specialization (RIS3] launched by the Basque Government.

All our achievements would have not been possible without the
support of the Basque Gavernment and also the Basgue Science
Foundation (lkerbasque] through its program to attract talented
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researchers from all over the warld. This support, comhined with
our capacity to attract a considerably large amount of external
competitive funding from the Regional Government of Gipuzkoa,
the Spanish Government, the European Comission, and private
initiatives, has allowed us to achieve a good progress towards a
balanced and sustainable funding structure.

Since the foundation of nanoGUNE ten years ago, we have been
able to place the Basque Country at the forefront of nanoscience
research. Fram this position, the challenge for the coming years
will be to increase the transfer of our knowledge and technology
to our industrial enviranment, thus contributing to the competi-
tiveness of the Basque economy and the well-heing of our society.



Organizating & Funding

2015 2016

Personnel [on 31 December) g2 93
Full-Time Equivalent [FTE) 90.6 90.3
R&D exploitation income (in thousand EUR) 5590 5909
% of non-competitive public funding from Ug 10
the Basque Government

% of competitive public funding from the 5 5
Regional Council of Gipuzkoa

% of competitive public funding from 16 57
the Basque Government

% of competitive public funding from 10 g

the Spanish Government

% of competitive public funding from the European Commission 23 14

% of private funding 3 8
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Governing
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“Anchared in research excellence, nanoGUNE’s vision follows the
statement ‘insight precedes application’; but it also realizes that
‘application must follow insight’, thus transforming ideas into
wealth and well-being.

In line with this, the incorporation of three new industrial players to
our Governing Board has represented a first step towards joining
forces with global business leaders, and leads us ta the constitu-
tion of an International Business Panel that will advise us on the
path to fully accomplish our mission”

Chairman
Donostia International Physics Center
Pedro Miguel Echenique

Vice-chairman
Tecnalia Technology Corporation
Joseba Jaureguizar

Secretary - Treasurer
IK4 Research Alliance
Jose Miguel Erdozain

Board members
University of the Basque Country (UPV/EHU]
Fernando Plazaola

Regional Council of Gipuzkoa
Oscar Usetxi [until 17/11/2015)
Ainhoa Aizpuru (from 17/11/2015)

CAF
José Antonio Gortazar

IKOR
Jon Sierra (from 15/06/2015)

PETRONOR
Valentin Ruiz Santa Quiteria (from 15/06/2015)

Guest members, on behalf of the Basque Government

Department of Economic Development and Infrastructure
Leire Bilbao

Department of Education
Itziar Alkorta (until 22/06/2015)
Adolfo Morais (from 22/06/2015)



Organizating & Funding

International
Advisory Committee

The International Advisory Committee gives advice
on the orientation that should be given to the center

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

Prof. Anne Dell, Imperial College, London, UK

Prof. Marileen Dogterom, Delft University of Technology, Delft, The Netherlands

Prof. Jean Marie Lehn (Chemistry Nobel Laureate, 1987), Universite Louis Pasteur, Strashourg, France
Dr. José Maiz, Intel Fellow, Intel, Oregon, USA

Prof. Emilio Mendez, Brookhaven National Laboratory, New York, USA

Prof. Sir John Pethica, CRANN, Dublin, [reland, and University of Oxford, Oxford, UK

Funding
Institutions

:' . ”* EUROPEAN UNION GOBIERNO  MINISTERIO
L European Regional Development Fund DE ESPANA 3%5?,,?‘,':_?'.}"”'“;;‘3”““"

GOBIERNO VASCO

[ )
& Gipuzkoako Foru Aldundia i £ | EUSKO JAURLARITZA I Ke r ba S q u e

Basque Foundation for Science
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Grants in place
2015 - 2016

European Comission
I 2 Marie Sklodowska Curie Actions
(CIG, ITN, IRSES, Individual intra or extraeuropean)
2 Graphene 2
Elalls) ERC
I H2020 I FP7
FET Open Caollaboration

H2020 Integrating
Saciety in Science

and Innovation

Spanish Government

o

1
2
T

National
Plan

Retos
Collaboration

Fecyt

FPI
pre-doctora
grants

8

Retos
Excellence

Europa

Excelencia Innpacto

Juan
de la Cierva
incorporation

Ramon
y Caja

FPU
pre-doctora
grant




Basque Government

7 Research ? Pre-doctoral 6 Ikerbasque

projects grants start-ups

2 2 3 Etortek /
Emaitek Prest Gara Elkartek

Regional Council of Gipuzkoa

5 I Gipuzkoa 2
Red Fellow Ekintzaile
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