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1. Introduction to the TRAIKIproject and Ist of partners.

TRAIN proposes the establishment of an interdisciplinary collaborative action in
nanoscience and nanotechnology to unify efforh the SUDOE area through transnational
cooperation. The project focus on the optimization of scientific and technical infrastructures
already existing, but not currently coordinated, to make the SUDOE region a consolidated
area for research, innovatioand education in nanoscience and nanotechnoldgpenefits

from interaction and synergies betwegmofessionals, researchers and entrepreneurs of the
SUDOE areavolved in the fields of nanoscience and nanotechnology

The objectives are as follows:

- To build networks of scientific and technical infrastructures to improve the shared use of
the skills and the resources, and that can offer specialized services in nanotechnology to
industrials.

-To address concrete research projeatsd fundamental challegesin nanoscience through

the creation ofa task force composed lisansnational groups.

-To establish scientific and technical training programs for Master and PhD in
nanotechnology.

-To consolidate the consortium to createsaientificnetwork of refeence that becomes the
catalyst for synergies in nanoscience and nanotechnology in the SUDQEratgacing the
private sector and innovative SMEs

For the development of the project, several groups of tasks are conducted:
-Organization and planning ofi FIRAIN activities.
-Establishment of a network of infrastructure in miananofabrication and nano
characterization.
-Implementation of scientific collaboration in nanoscience in the following areas:

e Nano magnetism and spintronics,

e Molecular and lowdimensional systems,

¢ Nano biosciences,

¢ Nanccatalysis,

¢ Micro- and Nanedevices.
-Transnational cooperation for the implementation of Master and PhD programs.
-Promotion of the development of nanotechnology in the industrial world with sustainable
andspecific programs (such as the promotion and support of the technology industries).
-Monitoring and evaluation of the project.

These actions will alloviirst strengthening the relations between the partners and the
scientific and technological environmieim nanoscience and nanotechnology of the SUDOE
area then root the establishment of an expertise platform open to external actors of the
regional technologicalral economiaevelopments
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The expected benefits are:

-A significant increase in the scidid and technological transnational cooperation. Ti$

lead to a high impact andcientific excellence in the field of nanoscience regarding other
European regions.

- A greater involvement of industrials in nanotechnoleglated technologies, to impwve

their competitiveness transferring stateof-the-art knowledge and techniques, providing
expertise and guidance for innovation and networking regional strengths towards common
32K fta&a YR gAGKAY GKS FNIYS 2F 9! aGNriGS3e
- The establishment oftsictures of shared scientific resources, which will be extended to
centers and institutions of the SUDOE area not belonging to the consortium.

- The establishment of a mode of operation of the project which can incorporate emerging
centers as the IberianNanotechnology Laboratory (INL, Braga), the Institute of
Nanotechnology IMDEA (Madrid), developments in nanotechnology of the University of
Cantabria and others under development in the SUDOE area.
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Project leader:
e Universidad de Zaragoza (Bfgd) WWW.unizar.es
o INA (Aragon)
WWwWw.unizar.es/ina/index.php

Partners:
e CICNanoGUNE (BSais Vasco) www.nanogune.eu/en

Institut Catala de Nanotecnologia (ICN)-(E$alufia) www.icn.cat/
¢ UniversidadPolitécnica de Valencia-E&8nunidadValencianayww.upv.es/

e AgenciaEstatalConsejo Superior de Investigacionesfiiasti(E€Comunidad de

Madrid):
o ICMA (Aragon) wWww.icma.unizafcsic.es/WebICMA/
o CNM (Catalufia) www.cnm.es/

e |Instituto de Engenharia de sistemas e Computaddiggosistemas e
Nanotecnologias (PIisboa) WWW.inesemn.pt

e Centre National de la Recherche Scientifique CBiGt8eaux FRAquitaine):
o CBMN www.cbmn.ubordeaux.fr/
o CRPP www.crpp-bordeaux.cnrs.fr/

e Centre National de la Recherche Scientifique CNR®use (FRidi-Pyrénées):

o CEMES www.cemes.fr/

0 LAAS www.laas.fr/

o LCC www.lcctoulouse.fr

o LPCNO Ipcno.insatoulouse.fr/

e Université Montpellier 2 (FRanguedodRousillon):
o IES mitea.univmontp?2.fr/
0o LCVN www.lcvn.univmontp2.fr/

Associated partners:
¢ International Iberian Nanotechnology Laboratory {{Rdrte) inl.int/

e Universidad de Cantabria (E&ntabria)
www.unican.es/index.html

e Instituto de Fisica dos Materiais da Universidade do Porto (IFI{RTFR)orte)
http://faraday.fc.up.pt/ifimup-in
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2. Description of the activities in Nanosciences within the TRAIN2 project

This workpackagevas coordinated by J.M. De Teresa (IGERIC) and all the TRAIN
partners contributed to it. The workpackag@st aimed at the dentification of
opportunities for collaborative projects amongst the TRZAﬂ)Nrtners, facilitated by a
program for short staysto boost scientific exchanges and encourage regional
collaborationsand the organization of one workshop piiematic area. Thédentified

five thematic areaswhere the SUDOE region is strong, are:

-Nanomagnetism and Spintronics

-Molecular and other lowdimensional nanesystems

-Nanobiosciences

-Nanocatalysis

-Micro- and nancdevices

Five workshops were orgameid corresponding to these five thematic areas:

-Nanomagnetism and Spintronics: organized by A. Berger in San Sebastian di##hg 22
February 2012

-Molecular and other lovdimensional naneystems: organized by X. Bouju and R.
Vallée in Toulouse during -2® June 2012

-Nanobiosciences: organized by J.P. Aimé in Bordeaux duritiydvember 2011
-Nanocatalysis: organized by B. Chaudret in Toulouse duriad P&cember 2011
-Micro- and nanedevices: organized by S. Cardoso in Lisboa duri#i@ Januar2012

Many short stays were developed amongst the different partners in order to establish
links and explore opportunities for future collaborationdany of those links have
already produced a better understanding of research and technological actjvities
facilitating the joint contributions of partners to large Hhitiatives (Graphene Flagship
as an example, but also several other projects under review (Maurge networks,
{¢wot LINR2SO0GaxzXu

Another important action within this workpackage concernee@ tstablishment of a
table with the research capabilities of the different partners. This allows the
identification of the strengths of the SUDOE region in Nanosciences.
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The partners provided data to fill in databases on the nabjects which are
syntheszed in the different centers. Such databases have hg#oaded in the project
webpage They have been made available to all partners of the consortium and
beyond.

All the partners contributed to write a SWOT report describing the Strengths,
Weaknesses, @ortunities and Threats foNanoscience in the SUDOE regi®his is

an essential document for further development of BEYOND 'IzFaAtNities, enforcing
sustainability of the consortium and opening new horizons and priorities.
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3 Opportunities for reseach collaborations

As shown in the following sketch, the opportunities amongst the different partners
around the five thematic areas have been established.

-Nanomagnetism and Spintronics:

+ ICMA-INA-IEIMUP -Micro-and Nano-devices:

+ICMA-INA-INESC

+ICMA-INA-CEMES -Nano-biosciences:

+IFIMUP-INESC +INA-CRPP +ICMA-INA-CNM

+INL-INESC + CBMN-CEMES + CNM-ITQ-ABENGOA

+INA-NANOGUNE +INA-LPCNO +LASS-CNM

+ICMA-NANOGUNE + CEMES-NANOGUNE +LAASATQ
+INESC-INL

+ ICN-NANOGUNE
+ CNM-NANOGUNE

+ CRPP-NANOGUNE

-Molecularand otherlow- -Nano-catalysis: + CEMES-CBMN
dimensional nano-systems:
+ITQ-LPCNO + CEMES-INA
+INA-CEMES
+LPCNO-INA
+INA-CNM
+ITQ-INA

+UM2_LCVN-INA

Figure 1.Opportunities for collaboration in the TRSNDOE project.

From this, it can be noticethat a significant part of these opportunities orbit around

GKS (2LAOCA ably2Yl 3y SiAaindNaidR SPRIOY & KBY CQ A4
present report, we have selected a few of these opportunities in order to give the

flavor of the type of collab@tions arising from the interaction amongst the partners.

Example 11ICMAINA-CEMESThe collaboration is focused on the imaging by Lorentz
Microscopy and Electron Holography techniques of cobalt magnetic nanowires grown
on silicon nitride membranes. ICMNA take charge of the sample growth and
CEMESI/INA take charge of the electron microscopy experiments. One PhD student (L.
A. Rodriguez Domingez) is working on that topic under thdiztion of E. Snoeck
(CEMES) and C. Magen (INA). Another collaboratancerns the structural STEM
HAADF studies of complex oxides in thin films and multilayers at the nanometer scale.
This collaboration involves STEM experiments on the Cs corrected Titan low base
microscope and STEM image simulations.
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Vortex Walll Two Vortex
Walls

Figure 2.Domainwall configurations in cobalt nanostructures probed by Lorentz
microscopy and Electron holograpisyudied by ICMANACEMES.

Example 2:INESANLIFIMURINA-ICMA. Severalcollaboratiorsexistthat aréocused
on the fabrication and investigation of magnetsistivedevices for basic studies of
spindependenttunnellingphenomemand spintransferoscillators
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Figure 3Magnetoresistive sensors based on Jmgistance magnetic tunnel junctions
with nanometric dimensions for spin transfer nawexillators.

Exampé 3: CNMNANOGUNEThe collaboration isfocused on the use advanced
nanolithography techniques to fabricate INTERDIGITATED ELECTRODES (IDEs). These
devices will be combined with microfluidic system to measure biomolecules. A PhD
student from CNM is visitg nanoGUNE to fabricate optimized IDEs, combining
knowledge from both parties.

Biomolecules

Figure 4interdigitatednanoelectrodes for application in lalfete biosensing.

Example 4CEMESNA. The collaboration isfocused on a hybridorganicmonolayer
metalelectroderanodevice. The molecules have been contacted by stencil lithography
in order to prevent the short circuit and studied by conductive AFM.

Back-side

e - |

Front-side

10pm

Figure Snterdigitatednanoelectrodes for application in lalfete biosensing.

11
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Example SCEMESANOGUNHhe collabration isfocused on Nanofluidics in

biological seassemblednanochannefsn original method is proposed to measure the
liquid flow in an individual Tobbaco Mosaic Virus (inner diameter = 4 nm). It is based
on an AFMbased nanodispensing technique deveddpin CEMES, which provides a
new efficient way to connect a single tube incorporated in nanodevices fabricated in
NANOGUNE.

TMV

Figure 6Left: TEM image of the Tobbaco Mosaic Virus (TVM). Right: AFM image of the
virus and droplets nanodispensed for studiésanofluidic connectivity through the
central free channel of the TVM.

Example GNESAINAICMAThe collaboration isfocused on
magnetoresistivesensordevelopment for particledetection in biological applications.
Several architectures are developedat B8N, within the several collaborations
witheuropean groups and sensingplatforms are builtatdEMA and at INES@N.

MR =7.14%
Rmin =573 Q
Hf =5 Oe

S =0.15 %/Oe

150 -100 50 O 50 100 150
H (Oe)

12
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Figure 7 Left: Magneotoresistive sensor with optimized linear response for biological
applications and biochips. Right: Integrated crofluidic and biochip sensor for
magnetic nanoparticle dynamic counting.

4. Tables with research capabilities

In the following, five tables have been completed with the information on the existing
capabilities in each research center within the fieldNaihosciences. The numbers 0 to

4 indicate the expdise of each center in the corresponding topiwith the meaning:
0=no experience; 1=little expertise; 2=medium expertise; 3=high expertise; 4=very high
expertise. The total number, obtained adding thenmeers of all the partners, gives an
idea of the potentiality of the overall capacity of tAi&®AlIRpartners in the topic.

Nanoscience expertise Table
NanoMagnetism and Spintronics

.| 5 : 5 o = | .

218 25|z |2|2|8|2|8|8|E

AHHEHEHEHEE B HEE:

o =1 =]
Topic v

Materials growth and device fabrication 2 3 3 3 4 0| 1 1 3 2 25
Magnetic thin films and multilayers 3 4 3 4 4 0 1 .1 3 2 28
Magnetic liquids and ferrofluids 0 1 2 1 0 0 0 0 3 7
Magnelic nanoparticles 3 2 3 3 4 0| 2 0 3 3 23
Magnetic nanostructures 3 3 4 3 4 0 2 3 3 3 28
Magnetic hybrid materials {_superconductor/FM, etc) 2 2 2 3 3 0 1 3 3 2 21
Magnetic oxides and multiferroic materials 3 2 3 3 3 0 2 2 0 2 20
Magnetometry 3 4 3 3 4 0 3 3 3 3 29
Magnetic microscopies 1 3 2 1 2 0| 0 2 2 1 20
Magneto-oplics 2 4 1 0 3 3 2 0 0 2 17
Neutron or x-ray based measurement techniques 0 3 3 3 0| 2 2 2 1 19
High frequency measurement techniques 2 1 0 3 1 2 3 2 0 14
Theory and simulati 3 2 2 1 1 0 1 2 3 0 15
Fundamental magnetic properties {exchange, anisotropy,
magneto-elastic, ete) 2 4 3 3 3 3 2 2 2 3 27
Micromagnetic structures and magnetization reversal 2 4 2 2 3 0 1 2 2 0| 18
Dynamic magnetic phenomena and properties 3 3 1 1 3 3 2 2 1 4 23
Magnetic phase transitions 1 4 4 3 2 1 2 0 0 3 20
Magnetic propeties of non-ferromagnets or non-
conventional ferromagnets 1 2 2 3 2 0 3 17
Magnetocaloric and other thermal effects 0 3 4 3 2 0 0 3 18
Spin transport properties 2 3 3 0 3 3 2 2 26
Magneto-transport properties and tunnel junctions E] 4 E] 2 E] 4 3 1 29
Magnetic sensors 2 2 3 1 2 1 3 1 19
Bio applications and magnetic hyperthermia 0 3 1 0| 1 1 3 1 18
Novel devices and applications 1 3 3 4 0 1 3 3 1 21

13
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Nanoscience expertise Table
Molecular and other low-dimensional nanosystems

w
w 3 b o g o = 4
o =] 5 S n = § = 5 L
Topic ©
Objects
Singlemolemule 4 2 2 0| 0| 0| 0| 9
Selfassembled monolayer 3 3 2 0| 0| 1 0 11
Carbon nanotube 2 2 2 0| 4 4 2 16
Graphene 3 3 2 0| 3 4 0| 15
Molecular layers 2 4 1 1 1 1 0 12
ic material 2 4 1 3 0 4 3 20
VD syrithesis 0| 1 1 0| 3 2 0| 7
Colloids 3 2 2 3 0| 2 3 18
Others {ndicate) nanomembranes 0 0 4
Experiments and characterization tools
Chemical syrthesis 4 3 2 4 0 4 2 22
UHV-STM {indicate: BT, LT, 5P...) 4 2 0 (4] 1 0 7
UHV-ARM {indicate: RT, LT, A, FA...) 4 2 0 ] 1 0 7
Eleciroe 4 3 3 1 1 2 3 19
Electrochemical methods 2 3 1 0| 1 3 0 13
Diffraction techniques 3 2 3 1 2 3 3 20
KPFM 3 1 1] 0 0 0 0 5
Optical characterzation 1 3 1 1 4 3 3 20
[Theary, caloulations and simulations 4 4 3 0 1 3 2 19
Others (indicate) INELASTIC LIGHT SCATTERING 0 0 4
Studied properties
Conuactance propertios 3 3 3 0 3 1 2 18
Mol eeulefaurkce interactions 4 2 3 3 1 3 0 18
Pl ic: proper ies 3 3 3 2 1 1 2 15
Eleriris ties 3 3 3 1 3 1 2 19
Pl anipukation of sing e objecks 1 0 2 0 1 3 0| 10
Plenhianinal properties 3 0| 0| 0| 1 0| 0| 8
Sl amsernibhy 3 3 2 1 1 2 0| 16
Gty 0 3 3 2 3 2 0| 16
PhraTiei 4 3 0| 1 0 1 0| 9
thvers {inaficate) Plasmonics theony 4 0 0 4
Others {indicate) lonic Transport
Other: thermal properties

14
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Nanoscience expertise Table
NanoBioScience-BioTechnologies

w
w % % b4] o = -
1%z 2|2|8|2|2 8|2(3]5 8|F|88
°ls & 50%]° ° 5] "
Topic <
Materials and systems
grcering proteins and Vs 7 of o o o 2z of 17
sncering Peptides 0 of o o of 2 of s
— 0 of o 1| 4 of 2 1| 10
phiage and Gl display 1 of o o of 2 EE
ISEEX_Aptamers [+] 0 0 [+] 0 1 0
Membeane systems 0 of o o o 1 of 4
Photosynthetic systesns 0 of o o o 1 of
e sy somtestal acgans " 3l 4 o 2 & 4 o 3 of 21
b sy dortest pobpner-black copabymer} 1| 2| o o 1 o 2 of 9
Instrumentation and Imaging techniques
(Optical techicues anc imaging, STED, Palm, TIRF, FRET, Confocal micrs. 1 1 o 1 2 o 3 2| 15
- EHE N 1| =
foptical, vesicles) 0 of o o 2| 2 | s
ik esonance plasimon- PR 0 of o 1] 4 of 3 of 3
icutron or x-ray hased mesmement techaiques of 1] o 3] o NIE 2 1
ncartz microbatance and 5% 0 2l o 1 NIE of 7
[rena-timena EEEENEE R EE o 4 EER
: 1| 2] 3 o o 4 NIE of 1a
[rheoey and simutations 0 1] o o of o of 5
Domain of applications
— of 2| 2 2 3 4 3 4 1| 25
orcology 0 o o 2 3 2l 1 EIEE
e 0 1 1] 7 of 2 3| 14
rano ectorization of 2 o 3 3 s o 1 of 16
s ymabctac By of 3 o o 1 1 o o o s

15
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Nanoscience expertise Table
Nano-catalysis

Topic

CNRS LCC

CNRS LPCNO

CSIC-CNM

uP

UPV-ITQ

ICN

CSIC-ICMA

CIC nanoGune

INA

CEMES

CNRS CRPP

TOTAL

Nanocatalyst Synthesis

Fe

Fe ouides

Ferrites

Co

Co oxides, Ni oxides

Pd, Pt

Ru,Rh

Au

Ag

Other oxides : Cu0, Zn0, NiO, TIO,

Carbon materials, graphene

alN|IN|Ba RN |R [ ]R-

s luflv|v]elu|v]lesls ||~

Nanocatalyst Characterization

AFM

[ TEM-HREM

XPS

XRD

WAKS

[Theory and simulalions

Wk M IMNININN

W | = oo |uw |oo [N N

Catalytic Reactions

Hydrogenation

xidation

10

C-C coupling

photocatalysis

Fscher-Tropsch

N bW s

others

oIN | (W

Nanocatalyst Synthesis

Other oxides : perovskile oxides SrFe03, La2NiO4, BSCF

Nanocatalyst Characterization

AFM related FSM technique

16
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22
16
12
18
16
11
10
13
20
17
17
17
21
22
16
15
13
24
24
16
10
13
17
13
13
15
22
19
10
19
23
14

17

nes

ic thin films and
i el junclions
and tr
wlar rer

Superconductors

for b

Growing of nanosirucihures by decinon £ ion beams
Colloidal photonic arystak

Fabrication of nancfibers using dedrospining
Sb-alloys, semiconductor manos tructunes

scanning near-feld opiical micescopy

Micro and Nanofabrication of sensors on CMOS
photonic devices {lasers and phoindetedtors}
Sensor Integration with miarofludics

electron beam induced deposition

Foassed-lon beam mancfabrication
Nano and Micromachining
miaro-/mesoporous materiak

Low T iransport measurenments

FTIR microspectrometer

Biomedical applications

PECVDYCVD deposition
lon beam depesition
e-beam mandlithography
Magnetic nancsiruchures
colloidal manostrochares
Spm valves/GMR materials
pyrodectric materials
Paper-based devices
stretrhable subsirabes
AFM characherization
SEM characterization
[TEM dharactenzation
Iithum-ion battenies

Micro/Nanowires
Microcanlevels
Nanochall probes
Magnetic sensors
MicraSQUIDS
Gas sensors

Photonic. cristaks

Graphene

High fr
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BioMEMS 0 0 0 0 3 3 0 4 10
acced 0 0 3 0 1 0 1 5
microachsmtors 1 1 2 0 1 0 3 8
micro energy harvesting devices 1 1 1 0 4 1 0 2] 12
Energy microsources/Micro capadiors/Microconverions 0 0| 1 0 3 0 0 4 10
ChemFETs 0 0 0 0 0 0 3 3
implantable micro-electrodes 2 2 0 0 2 0 0

Lab-on-chip 0 0 1 0 4 3 0 3 14
RF devices 0 0 3 0 3 1 0 4 12
cell counting /s ion, DNA manipulatii 0 0 1 0 3 0 3 7
optofluidic devices 0 0 1 0 2 1 0 1 5)
Devices for high power elecironics 0 0 3 0 3 0 4 10
Additional lnes:

Pubed Laser Deposition 4 4
lenic conducting Matesials 4 4
High T iransport properties 4 4
Solid coade fued colls 4 4

18
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5 SWOT report

In the following, we include a SWO3rénghsWeaknessefpportunities Threats)
report analyzing the current state in the field of Nanosciencesinside the SUDOE region.
This report aims to provide valuable information on how the SUDOE researchers
perceive the present situation of Nanosciences inside the SUDOE .régisrcan be a
useful persgctive for other researchers, for companies in this field and for politicians
needing to take decisions affecting Nanosciences.

We first describe the global conclusions drawn from the individual SWOT analysis of
the five main thematic areas of the TRAIproject. Afterwards, we include the
individual analysis of each of the five topics.

SWOT ANALYSIS

Helpful Harmful

to achieving the objective to achieving the objective

-
O
=
Os5s
o5 Strengths Weaknesses
=
s
+J Qo
£z
Opportunities Threats

(attributes of the environment)

External origin

19
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SUMMARY OF THE SWOT REPORT:

STRENGTHS:

-In the SUDOE regiogood and modernscientific infrastructurefor Nanosciences is
available. Over the recent years, significenvestment efforts have been developed in
Spain, France and Portugal, leaving the SUDOE region in a very strategic position to be
competitive at the international level in certain topics of Nanoscience and in the
development of hanotechnologies (charaggation, risk evaluation, manufacturing)

-The research groups have developed valuaibiernational collaborationsthese
connections being very important for the internationalization tife activity in
Nanosciences.

-It is also remarkable thajood muli- and interdisciplinary researcbf real depth has
been developed in the last years, which is important as scientific breakthroughs occur
frequently in such an environment.

-Recenty, severalspinoff companiesin the field of Nanosciences have been set
from the consortium, evidencing its close relation to the private sector, and enhancing
the opportunities for transfer of knowledge to industry.

-Last, but not least, researchers in the SUDOE region have similar visions of Science
and Technology, wittmany common cultural backgroundsd similar world views,
facilitating efficient team work.

WEAKNESSE

-A general problem in the South of Europe is that tta@sfer of knowledge to industrig
lower than desired; this holds true for Nanosciences as. well

-One additional weakness is that tleaintenance and renewal @&dvancednfrastructurein
Nanoscience is expensigad needs continuous financial support

-All the partners also stressed the fact that the increase of the bureaucsati& is forcing
researchers to spend time on urgent bureaucratic affaires, impedingndw@émumuse of time
for research and transfer of knowledge.

20






