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Foreword of the director

Welcome to
THE INSTITUTE OF MATERIALS SCIENCE OF BARCELONA (ICMAB)

Annual Report 2016
ICMAB has been a very active and
enthusiastic research center in
advanced materials during our already
long history, more than three decades.
We have always distinguished
ourselves by a hard working profile
and a search for excellence and
international leadership in the
materials research field. The year
2016 has been, however, a very
special one which marks an important
milestone in our history: we have been
recognized with the label “Center
of Excellence Severo Ochoa” by the
Spanish Ministry of Economy, Industry
and Competitiveness. Our research
program and strategic plan defined
for the 2016-2019 years is centered
on “Smart FUNctional MATerials for
social grand challenges” (FUNMAT).
The Severo Ochoa recognition is now
certainly helping us to further boost a
future where brilliant young scientists
are taking over a renewed leadership
at ICMAB.

Xavier Obradors,
Director ICMAB/CSIC

Our commitment is to further
enhance the international leadership
and visibility, as well as to increase
our success in transferring to the
society the generated knowledge and
ICMAB-CSIC
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technologies. We are sure that our
work will benefit people to face social
challenges, such as the transition
towards a clean and secure energy
and the implementation of smart and
sustainable electronic technologies or
smart nanomedicine.
This Annual Report 2016 summarizes
the research and institutional
activities, the financial status of our
Institute for the year and a list of the
main indicators.
For instance, you will know that
ICMAB publishes more than 220
articles per year (165 of them
in Q1 journals) with an average
Impact Factor of 6.24, that ICMAB
articles receive more than 12.000
citations per year and that we have
accumulated more than 120.000
citations since we started our research
life. The ICMAB researchers made key
contributions during 2016 which are
expected to have high scientific or
technological impact. For instance,
we have developed a new class of
Calcium-based batteries, we have
defined how to increase photovoltaic
efficiency of organic solar cells,
we have discovered new intricate
interplays between superconductivity
and ferromagnetism, we have shown
that novel magneto-optic effects in
ferromagnetic oxides may lead to
novel information storage routes, we
have fabricated by self-assembly new
types of organic electronic transistors
of potential interest for biochemical
8 • Annual report 2016

applications and we have used carbon
nanotubes to encapsulate chemicals
for biomedical imaging and therapy.
You will find in this report
information about our
organization, our research lines,
and the main scientific highlights
of the year. You can find more
information, such as a list of the
publications or invited seminars
of 2016 in the Annual Report
website:
https://resources.icmab.es/annualreport2016/.

During 2016 we celebrated our first
evaluation meeting with the new
appointed Scientific Advisory Board,
which highlighted the efficiency, the
excellence and the enthusiasm of the
ICMAB staff. The remarks and advices
of this Board are of a great support to
manage successfully the ICMAB and
to establish priorities in our Strategic
Plan. These evaluation meetings
will be celebrated on a yearly basis
covering the general evolution of
ICMAB with specific emphasis to
several of the 5 Research Lines every
two years.
The support of the Severo Ochoa
action is certainly being very
helpful to foster our international
competitiveness. Several institutional
priority actions have been
implemented during the first year and
are being developed during the second
year.
ICMAB-CSIC

I would like particularly to
mention the strengthening of the
“Strategic Managing Unit” and the
Communication and Technology
Transfer activities of ICMAB.
This helps to be more successful in
being engaged in EU Horizon 2020
projects. It is also becoming very
encouraging the success in promoting
the “Frontier Interdisciplinary Projects”
as internal actions, which help to
further enhance the synergy among
research groups, to strengthen
scientific careers and to make the
groups more competitive in external
competitive calls.

has been made possible thanks to
the agreement of CSIC, Universitat
Autònoma de Barcelona (UAB) and Air
Products, in the scope of the common
initiative MATGAS. New laboratories
and office space has been achieved
allowing to expand the ICMAB
activities through this agreement.

Finally, i would also like to mention
that we are very proud of exhibiting
very active outreach and training
policies. About half of the 295 total
personnel of ICMAB are engaged
at different levels to our training
programmes (undergraduate, PhDs,
postdoctoral) and about half of them
are foreigners, an indication of our
I would like to stress, as a very
international attractiveness. Our voice
remarkable sign of our success in
and our research activities reach
attracting talent and our international many people through visits, secondary
competiveness that 8 of our scientific school stays, open activities, organized
staff has been awarded with 9 ERC
events, etc. You will find in this report
grants. This is really an outstanding
many examples of outreach activities
indicator taking into account that
carried out during this year. We also
ICMAB has 57 permanent scientists.
mention several initiatives denoting
Actually, all the 5 Research Lines of
our success in generating innovation.
FUNMAT have at least one ERC project The positive and active commitment
associated besides other national and of ICMAB researchers and support
international projects.
personnel is a hallmark of our success
and we will continue to do our best to
It is also particularly remarkable that
continue this path.
our ERC grants are associated to three
different research areas, thus signaling We hope you enjoy the tour!
our broad and interdisciplinary
XAVIER OBRADORS
approaches: “Products and processes
ICMAB Director
engineering”, “Synthetic chemistry
and materials” and “Condensed
matter physics”. The deployment
of these new research initiatives
ICMAB-CSIC
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Center of excellence

And the Severo Ochoa is for...
ICMAB!
2016 was a year of changes for our Institute.
It was our 30th anniversary, and a year of
restructuration and consolidation, since it was
the first year with the Severo Ochoa (SO) Center
of Excellence certificate, awarded by the Ministry
of Economy, Industry and Competitiveness
(MINECO). This award recognized the
international leadership of our center and placed
us in the list of the top research centers in Spain.
The SO excellence mention is the perfect
catalytic project to promote the excellence in
our center, and to make a step forward in the
international reference status of the center, not
only in the Materials Science area, but also in
related fields. It is a collective action pointing to
enhance our competitiveness, our international
visibility, and the internal establishment of good
practices.
Moreover, the SO mention drives access to
other actions, such as MINECO and “La Caixa”
fellowships, SO Network of Excellence, etc.,
allowing the yearly budget of the ICMAB
to increase about 10 %, and to allow the
recruitment of talented young scientists to join
the ICMAB team and bring new and exciting
research ideas.
ICMAB-CSIC

The ICMAB SO project strategic vision is to
develop “Smart FUNctional MATerials for social
grand challenges” (FUNMAT). To this end, the
research activities at ICMAB are restructured to
fit three of the social grand challenges of the 21st
Century, aligned with the main European Social
Challenges in H2020:
1. CLEAN AND SECURE ENERGY
2. SUSTAINABLE AND LOW COST ELECTRONICS
3. SMART NANOMEDICINE
The general objectives of the FUNMAT SO project
are:
• Achieving a high scientific and technological
impact.
• Strengthening international ICMAB leadership in
the functional materials area.
• Enhancing the fund raising capabilities of
ICMAB.
• Enhancing the activities related to outreach and
the exploitation of research outcomes.
• Improve the training and recruiting activities of
ICMAB to attract the best talent.
• Implement a specific Gender Action Plan aimed
to promote gender equality.
Annual report 2016 • 11

RESEARCH LINES
To capitalize and
coordinate efforts,
we have established five
priority Research Lines,
integrated to these three
social grand challenges:

RL1

Sustainable energy conversion & storage systems
The highly motivated and multidisciplinary
crew at RL1 aims at significantly contributing
in the global energy challenge. In particular, we
strategically position our activities in advancing
the next generation materials for renewable
energy generation from the sun (solution
processed efficient (>15%) photovoltaics) and
from waste heat (emerging thermoelectrics with
ZT values between 1 and 3) as well as storage
technologies (post-Li-ion battery technologies
with energy densities > 250 Wh/kg). The
research so far has led to a good productivity in
terms of papers and patents, with an additional
success in receiving 3 ERC grants.
In order to ensure long term viability and greater
social impact, we place special emphasis on
developing innovative sustainable technologies,
where critical or toxic materials are replaced by
others, in the field of metal organic frameworks,
oxide-nitride layers, carbons and polymeric
materials.
Importantly, at RL1 we tap into the many years
of experience in advanced characterization and
theoretical tools that the staff members have
acquired in order to develop a fundamental
understanding of materials for energy, e.g.
XRD, AFM/SPM, TEM, IR, UV and Raman
spectroscopies, as well as on a nearly free access
to ALBA’s synchrotron lines.
12 • Annual report 2016

From this knowledge, general rules are derived,
which enable the rational selection of suitable
materials that should be further developed into
higher technology readiness levels in the field
of energy conversion and storage. We aim at
challenging targets to be able to contribute to
high impact publications as well as to industrial
acceptance and further project activities, and
to new conceptual devices that could merge
different technologies, such as thermoelectrics
and photovoltaics. One of our future goals is to
get more involved with global players in this field,
in Europe and the world, to increase the mobility
of our young researchers and increase our overall
impact.

ICMAB-CSIC

RL2

Superconductors for power applications
The RL2 is devoted to creating high quality highcurrent superconducting tapes to enhance the
efficiency and reduce the environmental impact
in electricity transport, distribution, generation
and use. Our superconducting long length tapes
are achieved through low cost manufacturing
processes, while keeping high functional
performances suitable for industrial applications.
Superconducting films are grown by low cost
chemical deposition methods, and we are
currently developing novel growth methods
with inkjet deposition. Nanocomposites with
interesting electronic properties are created by
nanostructuring the films. The manufacturing
processes are totally scalable. The materials are
characterized with advanced characterization
techniques, such as electronic nanoscopy, density
functional theory analysis of defects, X-ray
magnetic circular dichroism and in-situ X-ray
diffraction synchrotron studies, in-situ resistivity
and high magnetic field transport measurements.
The superconducting materials applications
belong to the power sector, especially in fault
current limiters, wind generators, ultrahigh
magnets, beam screens for accelerators and
electronic memory devices. One of the main goals
of the RL2, whose activities are internationally
recognized and competitive, as clearly evidenced
by many EU grants, plenary and invited talks
ICMAB-CSIC

at international meetings, ERC grants and the
CERN-funded beam screen R&D for the Future
Circular Collider project, is to achieve highperformance ratios and to reduce the final cost
at least a factor of 5 compared to present status.
Both requirements are critical to enter the
market.
Students and postdocs, as well as staff members,
are present at all major meetings, making the
work visible, impactful and well appreciated,
and to enhance the contact with the European
chemical solution processing industry and work
with them to devise ways to overcome the
barriers to thicker film growth (3-5 µm) while
still maintaining high texture and strong vortex
pinning.
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RL3

Oxide electronics
The RL3 is devoted to the study of transition
metal oxides, which are considered to be the
building blocks for efficient, and energy friendly
data storage, advanced computing and energy
harvesting devices. We are enthusiastically
committed to and contributing in exploiting
orbital physics and interface engineering to
induce emerging properties, using oxides for data
storage, communications and light harvesting,
engineering magnetic properties, searching and
understanding multiferroic materials, integrating
ferroelectric and ferromagnetic oxides on silicon,
tailoring electronic properties with nitrides,
designing and making artificial polar materials.
We currently focus predominantly on the
development of thin films of these materials
with subnanometric precision, and use the
most advanced tools of lithography for device
microfabrication, prior to electrical, magnetic
and optical characterization. Structural,
morphological and microstructural analysis are
done by a combination of in-house techniques
(e.g. PLD) and extensive use of large scale
facilities (ALBA synchrotron radiation, neutron
beams, most advances electron microscopes,
etc.). Theory and modeling including
flexoelectrics are backed up by a recent ERC
consolidator grant.
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RL4

Molecular electronics
The use of organic molecules in electronic devices
is arousing enormous interest due to their unique
advantages for designing tailored functional
materials, compatibility with low-cost production
processes, biocompatibility and biodegradability.
In the RL4 we focus on the fabrication of
organic semiconductors and their applications in
molecular electronics, to create devices that can
have a strong impact on the wellbeing of society,
regarding technological advances and health.
Some of the pursued devices are novel molecular
switches, memory electronic and spintronic
devices, low-cost organic field-effect transistors
and (bio) chemical and temperature sensor
devices. The devices are developed considering
a holistic perspective including: design
and synthesis of the molecules, structural,
morphological and electronic characterization,
device fabrication and integration, and theory
prediction and rationalization.
Thus, the activities encompass from fundamental
studies such as molecule/surface interactions
or structure/property correlations to the
proof-of-concept devices. The active molecular
components employed are mainly based on single
molecules integrated in a junction, selfassembled
monolayers of the functional building blocks on
a solid support and single crystal or large area
coverage crystalline thin films.
ICMAB-CSIC

In particular, the group has identified the
distinctively higher conductance of radicals,
in some cases also characterized as Kondo,
as compared to “dead” molecular connectors.
Molecular switches and other interesting
effects have also been demonstrated, as well
as electrochemically switchable systems
based on liquid and solid electrolytes and
metallocarboranes for screening of gene
mutations. The line is active and proactive in
their discovery and promotion, through tools
including STM, AFM, Kelvin probe, etc., of
nanoscale behavior, structure and geometry,
and electronic behavior of deposited molecular
systems, also including organic devices and
engineered surfaces.
The research activities have attracted a very
high level of funding, both from national and
international grants, including one ERC Starting
grant, one ERC Consolidator grant and one
ERC Proof-of-concept grant, international
collaborations, attendance to international
meetings and publications in top journals.
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RL5

Multifunctional nanostructured biomaterials
The strategic goal of the RL5 is to provide
key inputs in two of the current challenges of
nanomedicine with strong impact on societal
wellbeing, especially in health: therapy, diagnosis
and tissue repair. The line synthesizes nanoobjects for therapy and diagnosis obtained by
new manufacturing schemes and able to cross
biological barriers, such as smart multifunctional
drug delivery systems decorated with targeting
vectors and stealth agents (nanovesicles,
nanocapsules, nanoparticles, dendrimers,
nanotubes, containing bioactive molecules…),
and for multimodal diagnosis enabling to obtain
images of the different tissues and metabolites
distribution based on contrast agents magnetic
nanoparticles and organic free radicals, X-ray
absorbers or radionuclei.
Nanostructured materials for tissue repair to
understand and control signals directing cell
behavior towards vascular or neural reparation
therapies are also researched. These include
novel biocompatible nanostructured electrodes
based on graphene with high capacity and low
faradaic effects for repairing the neural system;
endothelial cells and magnetic nanoparticles for
cell therapy in brain neurorepair; and surfaces
that trigger the organization of growth factors in
a biomimetic way using electroactive molecular
self-assembled monolayers for cell guidance
16 • Annual report 2016

towards vascular morphogenesis.
The actions to develop these targets are
also supported by the experience on theory
and simulation of soft and biomaterials. The
research activities have attracted a high level of
funding, an ERC Consolidator grant, and a strong
interaction with industrial partners. The spin
off company Nanomol Technologies has risen.
The supercritical fluid processing platform is
integrated in the frame of NANBIOSIS, a Spanish
Scientific and Technical Singular Infrastructure
(ICTS), which can be accessed both internally
and externally. An in vitro cell culture work will
soon be open together with the nearby ICN2 to
promote this line to an even higher level.

ICMAB-CSIC

Organisation

ICMAB-CSIC

Annual report 2016 • 17

RESEARCH GROUPS
The scientists at ICMAB are integrated in eight Research Groups, which may, at
the same time, encompass other groups:

1. Advanced Structural and Functional
Characterization
• Crystallography of Magnetic and Electronic
Oxides and Surfaces (CMEOS)
• Crystallography
2. Functional Molecular and Nanostructured
Inorganic Materials
• Inorganic Materials & Catalysis Laboratory
(LMI)
• Nanoparticles and Nanocomposites Group (NN)
• Functional Nanomaterials and Surfaces
(FUNNANOSURF)

5. Nanostructured Materials for
Optoelectronics and Energy Harvesting
• Group of Physical Chemistry of Surfaces and
Interfaces (SURFACES)
• Nanostructures materials for optoelectronics
and energy harvesting (NANOPTO)
• Laser Processing Group (LASER)
6. Solid State Chemistry
7. Superconducting Materials and Large Scale
Nanostructures (SUMAN)
8. Theory and Simulation

3. Molecular Nanoscience and Organic
Materials (NANOMOL)
4. Magnetic Materials and Functional Oxides
• Laboratory of Multifunctional Thin Films And
Complex Structures (MULFOX)
• Advanced Characterisation and Nanostructued
Materials (ACNM)
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GOVERNANCE
Along with the restructuration of the research, the governance and strategic
actions have been updated. They include:

Direction team
The elections at ICMAB on October 2016
renewed the Director, Xavier Obradors, and the
Executive Board, formed by Maria Rosa Palacín
and Riccardo Rurali (Vicedirectors), Imma
Moros (Managing Director) and Marta Vendrell
(Executive Assistant).
Institute Board
Formed by the Director, the Vicedirectors, the
Managing Director, the Heads of the Department,
the Staff representatives and the PhD
researchers’ representative.
Strategic Managing Unit
The Strategic Managing Unit at ICMAB is
responsible for the implementation of the
funding obtained by the Institute. It plays a
key role supporting our researchers in the
preparation, submission and reporting of
local, national and European grants. In close
collaboration with ICMAB’s governing bodies
and the other available Units, it promotes a
continuous development strategy to position
ICMAB as one of the leading European Research
Centers in Materials Science.
ICMAB-CSIC

Among its main objectives, the Unit is
responsible for the constant search for new
funding opportunities focusing on the strategic
and innovation objectives of our Severo Ochoa
FUNMAT award with the aim of enhancing
ICMAB's scientific excellence, with an openminded approach to detect new opportunities for
our researchers. In 2016 the Unit was formed by
Jorge Pérez and Montse Salas.
Scientific Execute Board (SEB)
Formed by 10 members, including the
Direction team, the Strategic Managing Unit
and the Research Line coordinators: Mariano
Campoy-Quiles (RL1), Teresa Puig (RL2), Josep
Fontcuberta (RL3), Marta Mas-Torrent (RL4) and
Immaculada Ratera (RL5).
Scientific Advisory Board (SAB)
The Scientific Advisory Board (SAB) is formed by
12 international members, 11 of which are nonSpanish, and 5 of which are women (42 %). The
members are:
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SILKE CHRISTIANSEN

LUIS LIZ-MARZAN

from the Max Planck Institute for Science of
Light Erlangen (Germany)

from CIC biomaGUNE (Spain)

PATRICK COUVREUR

JUDITH MACMANUS-DRISCOLL

from the Laboratoire de Physico-Chimie,
Pharmacotechnie et Biopharmacie (France)

RUDOLF GROSS

from the Technische Universität München,
Physik Department (Germany)

DAVID LARBALESTIER

from Florida State University; High Magnetic
Field Laboratory, Tallahassee (USA)
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from the University of Cambridge,
Department of Materials Science &
Metallurgy (UK)

JEAN-MARIE TARASCON

from Collège de France, Chimie du solide et
de l'énergie (France)

ERIO TOSATTI

from Scuola Internazionale Superiore di Studi
Avanzati (SISSA) (Italy)

SUSAN TROLIER-MCKINSTRY

from W. M. Keck Smart Materials Integration
Laboratory (USA)

MAURIZIO PRATO

from Università di Triste (Italy) &
CIC biomaGUNE (Spain)

ELSA REICHMANIS

from the School of Chemical & Biomolecular
Engineering at Georgia Institute of
Technology (USA)

NATALIE STINGELIN

from the School of Materials Science
in Engineering at Georgia Institute of
Technology (USA)

ICMAB-CSIC

STRATEGIC PRIORITY ACTIONS
Strategic areas
• Training: open calls for competitive projects
within the center (Frontier Interdisciplinary
Projects), the attraction and recruiting of talent,
short research stays and summer schools,
training courses within the ICMAB.
• Internationalization: strengthen scientific
collaboration with top research centers, increase
inbound and outbound international mobility of
excellent scientists, enhance the participation
of ICMAB researchers in networks and decision
making bodies, enhance the relationship
with industrial partners with potential for
collaboration or technology transfer activities,
and organize international conferences and
events.
• Communication: strengthen the national and
international recognition of ICMAB, develop and
implement an outreach plan addressing three
main areas: scientific vocations, scientific culture,
and media and industry, assist researchers
in transmitting the results of their research
to the general public, enhance ICMAB online
presence and help reaching high potential future
researcher to the Center, and to transmit the
importance of frontier research in materials
science.

Frontier Interdisciplinary Projects (FIPs)
The FIP projects belong to a Strategic Priority
Action within the FUNMAT SO programme.
They are the first internal competitive calls in
ICMAB-CSIC

ICMAB, and are aimed to develop new cuttingedge research concepts and ideas with potential
for technological innovation, and to the early
detection of new areas of knowledge and radical
new technologies that may end up in the market.
According to the SAB, they constitute a very
efficient allocation of resources favoring the
performance of young researchers.

The 2016 FIP projects were granted to:
• NORA VENTOSA for “New fluorescent waterdispersible colloidal nanoparticles for advanced
bio-imaging and theranostic application”
(FLOWERS)
• DINO TONTI for “Development of semisolid
electrolytes for Zn/O2 flow cells based
on suspended graphene nanohybrids”
(FLOWGRAPH)
• NÚRIA CRIVILLERS for “Switchable organic
molecules for the fabrication of electronic
devices and memories” (GAIN)
• NÚRIA ALIAGA-ALCALDE for “Curcuminoid-MOFbased systems to control the electronic response
by reliable microscale hybrid transistors obtained
using sustainable CO2 methods” (MOFTrans)
• MARIONA COLL for “Nanoengineering of
perovskite ferroelectric oxides for next
generation solar cells” (NANOSOLE)
• FERRAN MACIÀ for “Functional magnonic
crystals: manipulating dynamical magnetic states
in nanostructures with surface acoustic waves”
(SPINSURF)
Annual report 2016 • 21

Commissions
An interesting Severo Ochoa action is the
formation of three new commissions on
Recruiting, Seminars & Training, and Gender.
These commissions are integrated by members of
the different research lines and have the support
of the Severo Ochoa project managers, and are
added to the already existing commissions:
Health & Safety, Computing, Gases and Waste
Management.
Recruiting: the objectives of this commission
are to attract junior and senior scientists with
outstanding track record on FUNMAT specialties,
from Spain and abroad; and to foster and develop
a professional career to promote excellent
researchers on FUNMAT specialties.
Seminars & Training: the objectives of this
commission are to disseminate the ICMAB
research lines; let people know the new
researchers incorporated at ICMAB; spread the
offer of the Scientific and Technical services
available at ICMAB; offer periodical seminars
by renowned national and international
researchers; attract top class young scientists
with outstanding track record with profiles that
will strengthen the RLs and who will support the
implementation of the SRP and the consolidation
of our center; generate a distinctive and
competitive post-graduate and multidisciplinar
training program specialized on Advanced
Functional Materials and Nanomaterials as the
best possible starting platform for a successful
career; and organize Training Workshops on
specific subjects.
22 • Annual report 2016

Gender: gender is a cross-cutting issue and
is mainstreamed in all European and national
projects, ensuring a more integrated approach
to research and innovation. The objectives of the
Gender Commission are based on the strategy on
gender equality of Horizon 2020:
• Fostering gender balance in research teams,
in order to close the gaps in the participation of
women.
• Ensuring gender balance in decision-making, in
order to reach the target of 40 % of the underrepresented sex in panels and groups and of 50 %
in advisory groups.
• Integrating the gender dimension in research
and innovation (R&I) content, helps improve
the scientific quality and societal relevance of
the produced knowledge, technology and/or
innovation.
The Gender Commission created within the
SO project has the goal of recognizing and
strengthening equal opportunities within the
Institute. It organizes workshops and activities
to raise awareness, and has sponsored the
creation of a mailbox that anyone studying or
working at ICMAB can use (gender@icmab.es),
with the aim of making anyone feel safe and
protected in front of physical or psychological
situations of harassment that are gender related.

ICMAB-CSIC

ICMAB-CSIC
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Facts & figures

EU funded projects

3

14.6 €
MILLIONS

Total budget

New projects

(Ongoing and new)

24

5
*ERC projects

Ongoing projects

(4 more awarded to
start in 2017)

dafneox

ultrasupertape*

ahead

ICMAB-CSIC

berenice

p-sphere

eula-netcermat

nffa

e-games*

foremat*

3dinvitronpc

sea-on-a-chip

lab-tech*

naiades

sepomo

raddel

common sense

acmov

iswitch

nanoter

eurotapes

nanofun

fortissimo

enlightment*

3d-printgraph

2012

2013

2014

2015

2016
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Publications

229

214

6.24

Total publications

Publications with I.F.

Average impact factor

PUBLICATIONS (1986-2016)

CITATIONS
12.000

300

10.000
225

8.000
6.000

150

4.000
2.000

75

0

1980
1992

1994 1996 1998 2000 2002 2004 2006 2008

Total publications:

2010 2012

2014

2016

4.774

1990

2000

2010

2020

121.207 (Without self citations : 106.543)
Average citation per item: 24.91

Sum of citations:

MOST PUBLISHED JOURNALS

13
9
7
7

PHYSICAL REVIEW B
SCIENTIFIC REPORTS
CHEMISTRY A EUROPEAN JOURNAL
PHYSICAL CHEM. CHEM. PHYS.

7
6
6

RSC ADVANCES
CHEMICAL COMMUNICATIONS
NEW JOURNAL OF CHEMISTRY

5
5
5

ACS APPL. MATERIALS INTERFACES
ADVANCED FUNCTIONAL MATERIALS
APPLIED PHYSICS LETTERS
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4

75%

Highly cited papers

25

First quartile publications

125

Publications open access

h-index

(Within the 1% more cited in their category)

TOP JOURNALS WITH IF > 10

NATURE MATERIALS

38,89
40

NATURE

2

37,37

1
PHYSICS
REPORTS

ADVANCED
MATERIALS

30

CHEMICAL REVIEWS

38,14

REVIEW SECT.
OF PHYSICS
LETTERS

18,96

34,66

1

34,09

1

NANO
LETTERS

ADVANCED
FUNCTIONAL
MATERIALS

2

11,38

13,78

16,24

ACS
NANO

1

13,33

4

CHEMICAL SOCIETY
REVIEWS

1

JACS

13,04

ANGEW.
CHEMIE
INT. ED.

11,71
3

5

2

10

20

2

SCIENCE

COLLABORATIONS WITHIN THE CSIC

COLLABORATIONS WITH OTHER COUNTRIES
FRANCE - 44
UK- 30

TOTAL:

GERMANY - 28
ITALY - 28

10

USA - 24
SWITZERLAND - 14

3

16

2

1

BELGIUM - 11
ICN2

RUSSIA - 10
BRAZIL - 8

IMB

ICMM

IACT

COLLABORATIONS WITH INSTITUTIONS

LUXEMB. - 8
CZECH R. - 7
SWEDEN - 7

416

POLAND - 6
SERBIA - 6

TOTAL COLLABORATIONS:

317
UNIVERSITIES

ICMAB-CSIC

282
RESEARCH
INSTITUTES

21 11
PRIVATE
COMPANIES

OTHERS
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Personnel

74
57
55
50
42
11
5
1

PHD
RESEARCHERS
PERMANENT
RESEARCH STAFF
UNDERGRAD. &
MASTER STUDENTS
SUPPORT
STAFF
POSTDOC
SPIN-OFF
STAFF
VISITORS
ASSOCIATED
RESEARCHER

TOTAL PERSONNEL

295

52%

MEXICO

41%
26%
16%
0%
COLOMBIA

<30

30-40
ICMAB AGE

WOMEN

19%
17%

16%

40-50

>50

PI AGE

40%
PERU
BRAZIL

MEN

60%
CHILE

28 • Annual report 2016

ARGENTINA

ICMAB-CSIC

SWEDEN

FINLAND

RUSSIAN FEDERATION

POLAND
GERMANY

BELARUS

AUSTRIA

ROMANIA

FRANCE
SPAIN

ITALY

BULGARIA

PORTUGAL

TURKEY
TUNISIA

CHINA

EGYPT

47%

32%

PhD from abroad

Total staff from abroad

Personal funded by

Internationality

54%

42%

2.5%

1%

PROJECTS

CSIC

ICREA

CIBER

ICMAB-CSIC

INDIA

TOTAL COUNTRIES

24
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Budget

39%

40%

FUNDING EVOLUTION

TOTAL BUDGET 2016

40%

42%

11 926 463

45%

61%

51%

60%

60%
58%
55%

49%

COMPETITIVE

60%

2011

2012

2013

2014

COMPETITIVE

CSIC

40%

2015

2016

CSIC

Technology & business development

11
Registered patents

2
Licensed patents

62
Agreements
with companies
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570€

THOUSAND

Total income
ICMAB-CSIC

Meetings & advanced training

160

18

International meetings

PHD theses defended

19
Periodical lectures

18
Invited seminars

2
Annual meetings

3
Courses

1
Workshops

Communication

33
Media appearances

1614
Linkedin followers

801
Facebook followers
ICMAB-CSIC

30
Activities organized

1427
Twitter followers

74
Instagram followers
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Scientific highlights

O

ur Institute is characterized by its
high quality research outcomes and
by its highly talented people. At the
end of 2016 we counted with more
than 4.000 publications, with an average of
220 papers per year, and on April 2016 we
reached the astonishing figure of 100,000
citations, surpassing the 120,000 citations
at the end of the year, with an average ratio
of nearly 25 citations per paper and a total h
index of 125.
In 2016 ICMAB researchers published 229
articles in international scientific journals,
with an average impact factor of 6.24. 75%
of the papers were in first quartile (Q1)
journals, and 29 were published in journals
with impact factor above 10;
25 were published in Open Access journals,
and nearly 60 % are now in the Digital CSIC,
the institutional repository of the Spanish
National Research Council, which organizes,

preserves and provides open access to
CSIC research outputs. Moreover, 4 of the
publications of 2016 are considered “highly
cited papers” by the Web of Science, i.e.
there are in the top 1 % mostly cited in their
category and year worldwide.
The internationality and interdisciplinary
of our researchers is also confirmed by the
high number of collaborations with other
countries’ institutions (317) and also with
Universities and CSIC centers (UAB, UPC, UB,
UG, IDIBAPS, IMB-CNM), BIST Centers (ICFO,
IRB, CRG, ICN2, ICIQ, IFAE, IBEC), other
Severo Ochoa and María de Maeztu centers
(CRAG, BSC, GSE, DCEXS-UPF, ICCUB-UB,
BGSMath, DTIC-UPF, ICTA) and Hospitals
and Large Scale facilities (Vall d’Hebron,
ALBA Synchrotron), in Catalonia, and with
international collaborations in universities
and research centers all over the world.

This section includes 15 scientific hot topics in cutting-edge research
in the different ICMAB research lines, and one example of the high-quality
reviews published during 2016. Enjoy them!

Nunez, R.; Romero, I.; Teixidor, F.;
Vinas, C.

Poater, Jordi; Sola, Miquel;
Vinas, Clara; Teixidor, Francesc

ICOSAHEDRAL BORON CLUSTERS:
A PERFECT TOOL FOR THE
ENHANCEMENT OF POLYMER
FEATURES

HUCKEL'S RULE OF AROMATICITY
CATEGORIZES AROMATIC CLOSO
BORON HYDRIDE CLUSTERS

(2016) Chemical Society Reviews, 45
(19), pp. 5147-5173

(2016) Chemistry-A European Journal,
22 (22), pp. 7437-7443

Oleshkevich, Elena;
Teixidor, Francesc;
Choquesillo-Lazarte, Duane;
Sillanpaa, Reijo; Vinas, Clara
CARBORANYLPHOSPHINIC ACIDS: A
NEW CLASS OF PURELY INORGANIC
LIGANDS
(2016) Chemistry-A European Journal,
22 (11), pp. 3665-3670

Yu, Siming; Peralvarez-Marin, Alex;
Minelli, Caterina; Faraudo, Jordi;
Roig, Anna; Laromaine, Anna
ALBUMIN-COATED SPIONS: AN
EXPERIMENTAL AND THEORETICAL
EVALUATION OF PROTEIN
CONFORMATION, BINDING AFFINITY
AND COMPETITION WITH SERUM
PROTEINS
(2016) Nanoscale, 8 (30), pp. 1439314405
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RL1
Smart porous solid surface showing
switchable hydrophobicity-hydrophilicity
SABINA RODRÍGUEZ-HERMIDA1, MIN YING TSANG2, CLAUDIA VIGNATTI1, KYRIAKOS C. STYLIANOU1, VINCENT GUILLERM1,
JAVIER PÉREZ-CARVAJAL1, FRANCESC TEIXIDOR2, CLARA VIÑAS2, DUANE CHOQUESILLO-LAZARTE3,
CRISTÓBAL VERDUGO-ESCAMILLA3, INMACULADA PERAL4, JORDI JUANHUIX5, ALBERT VERDAGUER1, INHAR IMAZ1,
DANIEL MASPOCH*1,6, AND JOSÉ GINER PLANAS*2.

Switchable Surface Hydrophobicity-Hydrophilicity of a Metal-Organic Framework
Angewandte Chemie-International Edition, 55 (52), 16049-16053, 2016

FIGURE A metal-organic
framework, based on 2D
layers of Zn4(bdc)2 connected through a pillaring
hydrophobic carborane
based linker, undergoes a
switching from hydrophobic to superhydrophilic,
and vice versa, upon chemical treatment.

Material science and engineering is playing
a key role in the necessary move towards a
new energy paradigm. Smart solid surfaces
that exhibit switchable wettability – mainly
between high or superhydrophobicity, and
superhydrophilicity – are actively being sought
due to their diverse potential applications
such as self-cleaning materials, microfluidics,
tunable optical lenses, drug delivery vectors,
and sensors.¹ We now report for the first time
that metal-organic frameworks (MOFs) (also
known as porous coordination polymers [PCPs])
can be a novel class of responsive materials
that exhibit switching of their crystal surface,
between hydrophobic to superhydrophilic.²
MOFs are porous materials that are composed
of two major components: a metal ion or cluster
of metal ions and an organic molecules called
linkers. One of the major problems of these
materials is their instability in water, something
that hampers their application. In order to
solve this problem, we have designed a new
hydrophobic linker, based on an icosahedral
carborane cluster (oCB-L, CB:C2B10H10). The
new MOF was assembled from ZnII ions,
1,4-benzenedicarboxylate and the hydrophobic
carborane-based linker (oCB-L), which connects
34 • Annual report 2016

the constituent Zn4(bdc)2 2D layers to yield
the 3D network of the final MOF, oCB-MOF-1
(Figure). This MOF is non-porous to N2 at 77 K
and 1 bar, but it is porous to CO2 (69.4 cm³g-1
at 0.9 bar; BET surface area: 296 m²g-1) at 195
K and 0.8 bar. oCB-MOF-1 is stable in water for
over 15h and its channels are highly hydrophobic
as it barely adsorbs water-vapors (0.05 g H2O/g
activated oCB-MOF-1 at 95% relative humidity).
Moreover, as the internal surface, the external
surface of the MOF is also highly hydrophobic.
We found that the carborane moieties confer
enhanced hydrophobicity to this MOF as shown
by its high contact angle (Ɵc = 140°; Figure). A
switching behavior between hydrophobic and
hydrophilic is achieved by alternatively exposing
the MOF to NaOH/DMF solution and to slightly
acidic aqueous solution (Figure). Such switching
phenomena can be explained by the selective
removal of hydrophobic carborane layers (under
base treatment) or Zn4(bdc)2 layers (in aqueous
solution). Given the versatile compositions of
MOFs, and the fact that they can be fabricated
by design, we hope that our work here facilitates
development of MOFs with reversible wettability
properties triggered by stimuli such as light,
temperature or pH. Such materials would
ultimately prove utile for obtaining smart porous
surfaces (e.g. membranes and coatings) that
exhibit switchable wettability.

¹Catalan Institute of Nanoscience and Nanotechnology (ICN2), CSIC & BIST,
Spain.
²Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Spain.
³Laboratorio de Estudios Cristalográficos, IACT, CSIC-Universidad de Granada,
Spain.
⁴Campus Limpertsberg, Université du Luxembourg, Luxembourg.
⁵Alba Synchrotron Light Facility, Spain.
⁶Institució Catalana de Recerca i Estudis Avançats (ICREA), Spain.
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RL1
Converting light and heat into electricity
using carbon based materials
B. DÖRLING¹, A. B. EL BASATI¹, A. GOMEZ¹, M. GARRIGA¹, A. R. GOÑI¹, M. CAMPOY-QUILES¹, M. S. VEZIE², S. FEW²,
I. MEAGER², H. BRONSTEIN², R. S. ASHRAF², I. MCCULLOCH², J. NELSON², G. PIERIDOU³, S. C. HAYES³, J. D. RYAN⁴,
C. MÜLLER⁴, J. D. CRADDOCK⁵, J. E. ANTHONY⁵, M. C. WEISENBERGER⁵, A. SORRENTINO⁶, E. PEREIRO⁶.

Exploring the origin of high optical absorption in conjugated polymers
Nature Materials, 15, 746, 2016
Photoinduced p- to n-type switching in thermoelectric polymer-carbon nanotube composites
Advanced Materials, 28, 2782, 2016

FIGURE When light passes
through a film of a polymer
with curvature, it gets less
absorbed than when it goes
through a film of the same
thickness but less curvature. As a result, polymers
without curvature end up
giving higher efficiencies in
photovoltaic devices.

ICMAB-CSIC

Light and heat are abundant renewable sources of energy that should be harvested in order
to switch towards a more sustainable energy
paradigm. Now mixtures of polymers and carbon
allotropes (Bucky balls and nanotubes) are proposed as photovoltaic and thermoelectric technologies with strong potential for high efficiency
which are simultaneously based on abundant and
non-toxic materials.
In a large study published in Nature Materials [1],
the group of Mariano Campoy-Quiles from ICMAB
in collaboration with researchers at Imperial
College London have discovered what makes a
polymer a strong sun light absorber. They have
carried out a combined theoretical and experimental investigation of more than 40 different
materials in order to identify design rules for the
absorption of polymer semiconductors. They
found out that the strength of absorption is governed by the persistence length of the polymer,

or in other words, the tendency of the polymer to
attain a non-curved conformation. Using this simple criterion, the authors were able to theoretical
screen materials for high absorption and, indeed,
synthetized three polymers with about 40 %
more absorption than conventional materials
employed for organic photovoltaics. Interestingly,
materials with increased persistence length can
also lead to better electron transport. As a result
of these two improvements, the corresponding
solar cells can go from power conversion efficiencies of the order of 5 % all the way to 8 %.
The same group at ICMAB has also demonstrated the use of polymer based composites for
harvesting waste heat. In a recent publication [2]
they proposed using conductive fillers, such as
carbon nanotubes, in combination with conjugated polymers in order to create composites that
can behave as p-type or n-type thermoelectric
materials depending on the stoichiometry. The
use of UV light during the processing is demonstrated as a facile means of converting composites from p- to n-type, opening the possibility
of simple patterning thermoelectric modules. A
patent has been filled to protect these interesting
results. The research in organic energy materials
at ICMAB is framed within the ERC Consolidator
Grant FOREMAT.

¹Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Spain
²Centre for Plastic Electronics and Imperial College London, UK
³Department of Chemistry, University of Cyprus, Cyprus
⁴Department of Chemistry and Chemical Engineering, Chalmers
University of Technology, Sweden
⁵Center for Applied Energy Research, University of Kentucky, USA
⁶ALBA Synchrotron Light Source, Spain
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RL1

Calcium based batteries
ALEXANDRE PONROUCH¹, CARLES FRONTERA¹, FANNY BARDÉ², M. ROSA PALACÍN¹.

Towards a calcium-based rechargeable battery
Nature Materials, 15, 2, 169-172, 2016.

FIGURE Scheme of a
Calcium metal anode
battery and scanning
electron microscopy
image of electrodeposited
calcium.

The development of a rechargeable battery
technology using light electropositive metal
anodes would bring in a breakthrough in energy
density. For divalent charge carriers (M²⁺), the
number of ions that must react to achieve a
certain electrochemical capacity is diminished by
two when compared to Li⁺.
Amongst divalent electropositive metals, calcium
is especially attractive as it is the fifth most
abundant element on earth crust and its standard
reduction potential is only 170 mV above that
of lithium, enabling significantly larger cell
potential than that achievable with magnesium.
Moreover, Ca²⁺ would hold promise for faster
reaction kinetics than Mg²⁺ (and thus better
power performance) due to its lower polarizing
character. Despite the electrodeposition of
calcium being thought to be impossible, the
feasibility of calcium plating was demonstrated
in conventional organic electrolytes, provided

36 • Annual report 2016

moderate temperatures (100 ºC) are used to
mitigate the degree of ion pairing and enhance
Ca²⁺ mobility within the electrolyte. The
electrolytes used are similar to those used in the
Li-ion battery technology and thus exhibit very
wide operation potential window. The reversibility
of the process upon cycling was ascertained
and thus these findings are the first proof of the
viability of calcium metal anodes [1].
The study was carried out by researchers at
ICMAB with the support of results obtained at
ALBA Synchrotron in the framework of a project
funded by Motor Europe (TME). The results
achieved open the way to exploratory screening
and testing of potential cathode materials which
would reversibly insert and deinsert calcium
in the electrolytes used. Efforts are currently
underway to achieve proof-of-concept of a
new high energy density rechargeable battery
technology using calcium anodes.

¹Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Spain
²Toyota Motor Europe
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RL1
Homojunctions based on silicon polymorphs
in nanowires
MICHELE AMATO¹, THANAYUT KAEWMAAYA¹, ALBERTO ZOBELLI², MAURIZIA PALUMMO³,⁴, RICCARDO RURALI⁵.

Crystal phase effects in Si nanowire polytypes and their homojunctions
Nano Letters, 16 (9), 5694-5700, 2016

FIGURE Absorption
coefficient of bulk (orange
line) cubic and (blue line)
hexagonal silicon.
The AM 1.5 solar spectrum
is shown for comparison.

ICMAB-CSIC

The design of electron device is based on the
juxtaposition of semiconductors with different
properties, typically regions of the same material
with different doping characteristics. Other
times, however, interesting effects can be
obtained with junctions made of two different
materials, thus called heterojunctions; and when
the heterojunction is repeated in a periodic
fashion, one ends up with a superlattice, a
metamaterial with its own properties dictated
by both the constituent materials and the
periodicity of the repeated motif.
Recent progresses in the synthetic growth of
semiconducting nanowires have given access
to phases that in bulk are only observed under
extreme pressure conditions. Silicon hexagonal
polytypes, for instance, feature important
differences in the electronic structure with the
more common diamond structure, particularly
for what the bandgap and the location of the
conduction-band minima are concerned.
These advances make possible to envisage
the so-called crystal phase superlattices or

homojunctions, where different crystal phases
of the same material, rather than different
materials, are alternated in an ordered fashion.
In this work we have studied the electronic
properties of individual hexagonal silicon
nanowires and compared with the most
common cubic counterparts. Most importantly,
though, we have studied the band alignment in
cubic-hexagonal silicon homojunctions, finding
that they feature a type-II band offset, where
electronics and holes localize on different sides
of the junction. This, together with the fact that
hexagonal silicon exhibit a larger absorption
in the visible, suggest that these systems can
have an important role as efficient photovoltaic
materials.

¹Centre de Nanosciences et de Nanotechnologies,
Université Paris-Sud, France
²Laboratoire de Physique des Solides, CNRS,
Université Paris-Saclay, France
³Dipartimento di Fisica, Università di Roma Tor Vergata, Italy
⁴INFN, Laboratori Nazionali di Frascati, Italy
⁵Institut de Ciència de Materials de Barcelona (ICMAB−CSIC), Spain
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RL2
Superconductor (SC) – Ferromagnetic (FM)
interplay in YBa2Cu3O7 films and hybrid systems
ANNA PALAU¹, JAUME GAZQUEZ¹, SERGIO VALENCIA², NURIA DEL-VALLE³, CARLES NAVAU³, MATTEO CIALONE²,
ASHIMA ARORA², FLORIAN KRONAST², D. ALAN TENNANT⁴, ALVARO SANCHEZ³,
ROGER GUZMAN¹, ROHAN MISHRA⁵,⁶, ELENA BARTOLOMÉ⁷, JUAN SALAFRANCA⁶, CESAR MAGÉN⁸, MARIA VARELA⁹,
MARIONA COLL¹, S. MANUEL VALVIDARES¹⁰, PIERLUIGI GARGIANI¹⁰, ERIC PELLEGRIN¹⁰, JAVIER HERRERO-MARTIN¹⁰,
STEPHEN J. PENNYCOOK¹¹, SOKRATES T. PANTELIDES⁶, TERESA PUIG¹, XAVIER OBRADORS¹.
Emerging Diluted Ferromagnetism in High-Tc Superconductors Driven by Point Defect Clusters.
Advanced Science, 3 (6), 1500295, 2016
Encoding Magnetic States in Monopole-Like Configurations Using Superconducting Dots
Advanced Science, 3 (11), 1600207, 2016

FIGURE Cooperative
interactions in
SuperconductingFerromagnetic systems.
Left: Monopolar monopolelike spin textures induced
in a Py film on top of a
circular SC dot, Right:
Ferromagnetic 2 V Cu +3 V O
defects in superconducting
YBCO films with Y124
intergrowths.

The interplay between the naturally antagonistic
superconductivity and ferromagnetism phenomena gives rise to rich physical properties, cooperative interactions and unusual behaviours. In this
work, we have explored two different systems
showing the Superconductor-Ferromagnetic (SCFM) coexistence; (i) artificial nanoscale hybrid
systems formed by a soft ferromagnetic thin film
interacting with YBa2Cu3O7-d (YBCO) superconducting dots1 (ii) Ferromagnetic clusters embedded within uniform YBCO films2.
The first approach consists on a specially designed SC-FM hybrid system as a novel way for
robustly encoding and modify nontrivial magnetic
states. The SC-FM hybrids consist of high-temperature YBCO superconducting dots, patterned with
different shapes, and covered by a continuous
thin ferromagnetic Permalloy (Py) layer. A large
manifold of non-singular magnetization patterns
(imaged by X-ray PEEM using XMCD) were imprinted in a Py layer by using the remanent stray
field generated by the SC dots. The obtained configurations include head-to-head magnetic structures yielding a monopolar field with controlled
polarity. Micromagnetic simulations confirmed
that the magnetic structures appearing in the
FM layer are arising and governed from the stray
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fields created by SC dots. The general approach
presented may be used to provide a large number
of spin textures of interest in a well-controlled
way.
The coexistence of SC and FM phases in uniform
materials requires singular conditions and occurs
only in a very limited number of systems. In the
second approach here presented we show the
spontaneous formation of ferromagnetic clusters
embedded within YBCO SC films with a high concentration of Y124 intergrowths, the commonest
YBCO defect. Our work was able to connect a
dilute magnetic behavior, a macroscopic phenomenon, explored using XMCD measurements with
atomic-scale structure and chemistry obtained
using STEM imaging and spectroscopy, both of
which are tied up through DFT calculations. We
used all these techniques to unveil the existence
of a magnetic moment associated to a complex
point defect (2 V Cu +3 V O ) generated within
the Y124 intergrowth. The ferromagnetic state of
the defect cluster coexist with the superconducting state and may cause local pair breaking that
would provide extra vortex pinning in the YBCO
films. Moreover our results may be generalized to
other defective perovskite-based systems, being
a novel soured of multifuncionality.

¹ Institut de Ciència de Materials de Barcelona ICMAB-CSIC, Spain
² Helmholtz-Zentrum Berlin für Materialien und Energie, Germany
³ Grup d’Electromagnetisme, Departament de Fisica, Universitat
Autonoma de Barcelona, Spain
⁴ Neutron Sciences Directorate, Oak Ridge National Laboratory, USA
⁵ Department of Physics and Astronomy Vanderbilt University, USA
⁶ Materials Science and Technology Division, Oak Ridge National
Laboratory, USA
⁷ Escola Universitària Salesiana de Sarrià, Barcelona 08017, Spain
⁸ Laboratorio de Microscopías Avanzadas Instituto de Nanociencia de
Aragón – ARAID Universidad de Zaragoza, Spain
⁹ Universidad Complutense de Madrid, Spain
¹⁰ ALBA Synchrotron Light Source, Spain
¹¹ Department of Materials Science and Engineering National University of
Singapore, Singapore
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RL2
Unravelling Epitaxial Growth Mechanisms
of Functional Oxide Thin Films
from Chemical Solutions
ALBERT QUERALTÓ¹, MARÍA DE LA MATA¹, ÁNGEL PÉREZ DEL PINO¹, JORDI ARBIOL², MAR TRISTANY¹,
XAVIER OBRADORS¹, TERESA PUIG¹.
Ultrafast Epitaxial Growth Kinetics in Functional Oxide Thin Films Grown by Pulsed Laser Annealing of
Chemical Solutions
Chemistry of Materials, 28 (17), 6136-6145, 2016
Disentangling Epitaxial Growth Mechanisms of Solution Derived Functional Oxide Thin Films
Advanced Materials Interfaces, 3 (18), 1600392, 2016

FIGURE
Laser irradiation of metal
organic precursor layers
leads to the epitaxial
growth of complex oxides
thin films.
High resolution
transmission electron
microscopy (HRTEM)
studies reveal the
crystallization of highly
oriented epitaxial films
of Ba0 . 8Sr0 .2TiO3 (BST) and
LaNiO3 (LNO) on LaAlO3
(L AO) substrate.

ICMAB-CSIC

Crystallization of functional oxide nanostructures
and thin films has attracted great attention in
the past decades since it is essential for the
development of advanced materials for multiple
applications in fields such as energy production
and storage, sensing, electronics or photocatalysis. Solution-based methods, as the chemical
solution deposition (CSD), have proven cost-effectiveness, great adaptability and scalability in
the synthesis of highly crystalline complex oxide
heterostructures as compared to more established physical methods. The main challenge is
still, however, to unravel the thermodynamic and
kinetic mechanisms driving epitaxial growth of
CSD-based thin films.
In these works,¹,² the epitaxial crystallization
process of model functional oxide thin films
such as Ce0 . 9Zr0 .1O2-y, LaNiO3, Ba0.8Sr0.2TiO3 and
La0.7Sr0.3MnO3 has been studied on single crystal
substrates (Y2O3:ZrO2, LaAlO3 and SrTiO3). Different thermal sources have been used to discern
the key parameters controlling nucleation and
epitaxial growth: pulsed laser annealing (PLA),
rapid thermal annealing (RTA) and conventional
thermal annealing (CTA). The structural-compositional investigations revealed a conversion
from polycrystalline to epitaxial phase in all the
investigated oxides. The isothermal evolution

toward epitaxial film growth, typical in CTA and
RTA methods, followed a self-limited process
driven by atomic diffusion, and surface and
interface energy minimization. This study clearly
evidenced the competition between heterogeneous and homogeneous nucleation barriers,
and a fast coarsening of polycrystalline grains
in thick films which limits the epitaxial growth
rate. Interestingly, the crystallization kinetics
of laser treatments was determined to be 4-6
orders of magnitude faster (10³-10⁵ nm s-¹) than
in thermal (RTA, CTA) methods, mainly due to
the developed large temperature gradients which
induce modified atomic diffusion mechanisms
driven from photothermal interactions, as well as
a minor contribution of photochemical effects.
The fast heating rates achieved by PLA also
contribute to the fast epitaxial growth due to reduced coarsening of polycrystalline material. The
physical properties of the obtained films revealed
good functionalities, being improved with longer
annealing times due to grain boundary healing
processes. The general validity of our studies will
allow generalizing the implementation of solution
derived films in functional devices.
¹ Institut de Ciència de Materials de Barcelona ICMAB-CSIC, Spain
² Institut Català de Nanociència i Nanotecnologia (ICN2), Spain
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RL3
Promising prospects to crystallize
perovskite oxides on semiconductors at
moderate temperature
GUILLAUME SAINT-GIRONS¹, ROMAIN BACHELET¹, RAHMA MOALLA¹, BENJAMIN MEUNIER¹, LAMIS LOUAHADJ²,
BRUNO CANUT³, ADRIAN CARRETERO-GENEVRIER¹, JAUME GAZQUEZ⁴,
PHILIPPE REGRENY¹, CLAUDE BOTELLA¹, JOSÉPENUELAS¹, MATHIEU G. SILLY⁵, FAUSTO SIROTTI⁵, GENEVIEVE GRENET¹

Epitaxy of SrTiO3 on Silicon: The Knitting Machine Strategy
Chemistry of Materials, 28 (15), 53475355, 2016

SrTiO3 (STO) crystalline layers grown on Si
open unique perspectives for the monolithic
integration of functional oxides in silicon-based
devices, but their fabrication by molecular beam
epitaxy (MBE) is challenging due to unwanted
interfacial reactions. In this work, it has been
shown that the formation of single-crystal STO
layers on Si by MBE at the moderate growth
temperature imposed by these interface
reactions results from the crystallization of a
partially separated amorphous mixture of SrO
and TiO2 activated by an excess of Sr. The atomic
pathway of this mechanism has been identified
and it leads to an antiphase domain morphology.
On the basis of these results, alternative STO
growth strategies to avoid antiphase boundary
formation and significantly improve the STO
structural quality have been suggested and
tested. The understanding provided by these
results offers promising prospects to crystallize
perovskite oxides on semiconductors at
moderate temperature and circumvent the issue
of parasitic interface reactions.

FIGURE
STEM analysis of the STO microstructure
evolution during the UHV-annealing step
of a sample grown using Sr/Ti = 1.015. (a)
Before annealing. (b) After 15 min annealing.
(c) After 30 min annealing. Left column:
schematic of the crystallization process. Sr
atoms blue, Ti atoms yellow. Bars indicate
the composition of the samples, as deduced
from XPS.

¹ Université de Lyon, Institut des Nanotechnologies de Lyon, France
² RIBER SA, 31 rue Casimir Périer, F-95870 Bezons, France
³ Université de Lyon, Institut des Nanotechnologies de Lyon INSA, France
⁴ Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Spain
⁵ Société Civile Synchrotron SOLEIL (ligne TEMPO), France
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RL3
Ferroelectric Superlattices:
untangling Electrostatic and Strain Effects
E. KHESTANOVA¹, N. DIX¹, I. FINA¹, M. SCIGAJ¹,², J.M. REBLED¹,³, C. MAGÉN⁴, S. ESTRADÉ³, F. PEIRÓ³,
G. HERRANZ¹, J. FONTCUBERTA¹, F. SÁNCHEZ¹.

Untangling electrostatic and strain effects on the polarization of ferroelectric superlattices
Advanced Functional Materials 26, 6446-6453, 2016

FIGURE
Ferroelectric superlattice:
Cross-sectional
transmission electron
microscopy (left
panel); RHEED intensity
oscillations during layerby-layer growth (middle
panel) and RHEED pattern
at the end (inset); and
AFM topographic image of
the superlattice showing
terraces and steps
morphology (right panel).

ICMAB-CSIC

Superlattices combining ferroelectric and
paraelectric nanometric layers are artificial
materials in which electrostatic coupling can
induce polarization in the paraelectric material.
The ferroelectric polarization is determined
by both electrical boundary conditions at the
ferroelectric/paraelectric interfaces and lattice
strain. The combined influence of both factors
offers new opportunities to tune ferroelectricity.
However, the experimental investigation
of their individual impact has been elusive
because of their complex interplay. We have
developed a simple growth strategy that has
permitted to disentangle both contributions by
an independent control of strain in symmetric
superlattices. Using reflection high energy
electron (RHEED) assisted pulsed laser deposition
(PLD) we have deposited by layer-by layer growth
epitaxial symmetric superlattices, formed by
paraelectric SrTiO3 and ferroelectric BaTiO3. The
superlattices are fully coherent for a wide range
of superlattice period, from 1 unit cell to around
10 unit cells. We have also achieved controlling
the lattice strain in fully coherent superlattices
of a fixed period by changing the deposition rate.

Ferroelectric polarization loops were measured
for all the superlattices, and it was found that
their polarization displays a strong dependence
on the superlattice period and, in comparison,
a tiny dependence on the lattice strain. It is
thus concluded that electrostatic boundary
conditions in multilayers rule the ferroelectric
response, whereas the lattice strain plays a
relatively minor role. The high polarization in
short period superlattices associated to uniform
ferroelectricity decreases quickly as the period
increases and the cost to polarize the paraelectric
SrTiO3 becomes excessive. Thus, a uniform
ferroelectric entity, artificial-like ferroelectric
material, is limited exclusively to ultra-short
period superlattices.

¹ Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Spain
² Dep. de Física Universitat Autònoma de Barcelona, Spain
³ Laboratory of Electron Nanoscopy (LENS-UB), Institute of Nanoscience
and Nanotechnology (In2UB), University of Barcelona, Spain
⁴ Laboratorio de Microscopías Avanzadas (LMA), Instituto de
Nanociencia de Aragón (INA) – ARAID and Departamento de Física de la
Materia Condensada Universidad de Zaragoza, Spain
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Unexpected Giant Modification of
the Polarization of Light Driven by Polarons
BLAI CASALS¹, RAFAEL CICHELERO¹, PABLO GARCÍA FERNÁNDEZ², JAVIER JUNQUERA², DAVID PESQUERA¹,
MARIANO CAMPOY-QUILES¹, INGRID C. INFANTE¹, FLORENCIO SÁNCHEZ¹, JOSEP FONTCUBERTA¹, AND GERVASI HERRANZ¹.

Giant Optical Polarization Rotation Induced by Spin-Orbit Coupling in Polarons
Physical Review Letters, 117 (2), 26401. 2016

FIGURE
Modification of the
polarization light by
polarons

The response of some materials to light may
change substantially in a magnetic field. A
particular case is presented for magneto-optical
(MO) materials, in which the polarization of light
is changed proportionally to the magnetization.
This property is useful for applications in data
storage, sensing and optical waveguides. The
root of this MO effect is usually the material’s
own magnetism. Yet, researchers at ICMAB have
found that a surprisingly large MO effect can arise
from an apparently non-magnetic source, namely,
polarons. These physical entities have a particlelike character and they form when electrons
interact so strongly with the surrounding ions
that they deform the crystalline lattice around
them (see Figure). Indeed, this interaction
may become so intense that the electrons can
become self-trapped by the same distortion that
they create in the solid.
The work led by the ICMAB group was
focused on thin films of La2/3Ca1/3MnO3, a
so-called manganite known for its “colossal”
magnetoresistance [1]. Briefly, around the
ferromagnetic transition –relatively close to

42 • Annual report 2016

room temperature– the electric transport in
this material is remarkably sensitive to magnetic
fields, so that very large changes of resistance
are induced by them. It is widely accepted that
the interaction of polarons with magnetic fields
plays an important role in the emergence of
the colossal magnetoresistance and, therefore,
La2/3Ca1/3MnO3 is a very suitable system for the
study of polaronic optical responses.
Bearing this in mind, the polarization of a light
beam was compared before and after it had
reflected from the film [1]. The result was that,
near the temperature where magnetoresistance
is highest (265 K) and electrons self-trap forming
polarons, a magnetic field induced a rotation of
the beam’s polarization that was more than one
order of magnitude higher than when electrons
were free to move. The wavelength dependence
of this rotation was measured as a function
of the wavelength, and this analysis revealed
features that were consistent with the excitation
of polarons. According to the theoretical analysis,
the magneto-optical response of polarons is
particularly enhanced in La2/3Ca1/3MnO3 and
possibly other manganites because of an
interaction between the spin of the hopping
polaron and its distortion of the lattice.
The observed phenomenon opens up interesting
avenues. In particular, since straining a material
can change the polaron concentration, the
finding suggests a route to mechanical or
electro-mechanical control of the MO effect that
may find applications for sensing and optical
communications.

¹Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Spain
²Departamento de Ciencias de la Tierra
y Física de la Materia Condensada, Universidad de Cantabria, Spain
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Towards a multi-level antiferromagnetic bit cell
D. KRIEGNER¹, K. VY´ BORNY´², K. OLEJNÍIK², H. REICHLOVÁ², V. NOVÁK², X. MARTI², J. GAZQUEZ³, V. SAIDL¹, P. NEMEC¹,
V.V. VOLOBUEV⁴,⁵, G. SPRINGHOLZ⁴, V. HOLY´¹, T. JUNGWIRTH²,⁶.

Multiple-stable anisotropic magnetoresistance memory in antiferromagnetic MnTe
Nature Communications, 7, 11623, 2016

FIGURE (a) Cross-sectional
HAADF image taken along
the [1-210] zone axis
resolving the individual
atomic columns of Mn
(magenta) and Te (green).
The inset shows the atomic
positions including the Mn
magnetic moments in the
ordered antiferromagnetic
state. (b,c) Transverse
(red) and longitudinal
(blue) AMR measurements
at 200 K and rotating inplane 2 T field. Analogous
measurements at 5 K are
shown in grey. Arrow in
b indicates the initial
angle and the direction of
rotation. (d) Transverse
AMR measured at 200 K
after cooling from 350 K in
a magnetic field (B FC=2T)
applied at an angle 𝜑 B,FC
and with the field kept on.
The dashed line is a guide
to the eye. (e) Zero-field
transverse AMR obtained
after field-cooling (B FC=2
T) down to 5 K then
removing the field and
taking zero-field resistance
measurements at 200 K.
The grey line is a sin2𝜑 B,FC
least squares fit which fails
to describe the details of
the angular variation in
the experimental data. On
the other hand, the red
line shows the least square
fit of the multi-domain
model calculations, which
accurately reproduce the
angular variation of the
experimental data.

ICMAB-CSIC

In contrast to most commercial memories
which rely on the bi-stability of ordered spin
states, in this work it has been shown that
multiple stable resistance states can be realized
in antiferromagnets, which may lead to higher
memory capacity. The multiple stability of the
memory is a result of different magnetic domain
distributions. The zero-magnetic moment
intrinsic to antiferromagnets lead to considerable
robustness against strong magnetic field
perturbations.
It has been used 𝛼-MnTe thin films grown
epitaxially on single crystalline InP substrates
with (111) oriented surface by molecular beam
epitaxy. Below the Néel temperature, which is
310 K in bulk 𝛼-MnTe, the magnetic structure
consists of ferromagnetically ordered Mn-planes
which are antiferromagnetically stacked along
the c-direction. It has been demonstrated a
smoothly varying zero-field antiferromagnetic
anisotropic magnetoresistance (AMR) with a
harmonic angular dependence on the writing
magnetic field angle, analogous to ferromagnets.
The continuously varying AMR provides means
for the electrical read-out of multiple-stable

antiferromagnetic memory states, which we
set by heat-assisted magneto-recording and by
changing the writing field direction. The multiple
stability in our memory is ascribed to different
distributions of domains with the Ne´ el vector
aligned along one of the three magnetic easy
axes. These multiple-stable states are not erased
by even strong magnetic-field perturbations.

¹ Charles University in Prague, Czech Republic
² Institute of Physics, Academy of Science of the Czech Republic, Czech
Republic
³ Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Spain
⁴ Institute of Semiconductor and Solid State Physics, Johannes Kepler
University Linz, Austria
⁵ National Technical University, ‘Kharkiv Polytechnic Institute’, Ukraine
⁶ School of Physics and Astronomy, University of Nottingham, UK

Annual report 2016 • 43

RL4
Self-assembled organic molecules for
electronic devices
F.DEL POZO¹, S. FABIANO², R. PFATTNER¹, S. GEORGAKOPOULOS¹, S. GALINDO¹, X. LIU³, S. BRAUN³, M. FAHLMAN³,
J. VECIANA¹, C. ROVIRA¹, X. CRISPIN², M. BERGGREN², F. LEONARDI¹, S. CASALINI¹, Q. ZHANG¹,
D. GUTIERREZ¹, E. MARCHANTE¹, N. CRIVILLERS¹, M. BUHL¹, M. MAS-TORRENT¹.
Single Crystal-Like Performance in Solution-Coated Thin-Film Organic Field-Effect Transistors
Advanced Functional Materials, 26 (14), 2379-2386, 2016
Electrolyte-Gated Organic Field-Effect Transistor Based on a Solution Sheared Organic Semiconductor Blend
Advanced Materials, 28 (46), 10311-10316, 2016
An Electrically Driven and Readable Molecular Monolayer Switch Based on a Solid Electrolyte
Angewandte Chemie-International Edition, 55 (1), 368-372, 2016

FIGURE A) Scheme of the
bar-assisted meniscus
shearing technique
(BAMS) and optical
microscopy image of a
crystalline semiconducting
film. B) Self-assembled
monolayer (SAM) of
a ferrocene molecule
and electrochemically
switchable fabricated
employing a solid
electrolyte. The reading of
the switch was monitored
by its capacitance
response.

The self-assembly of electroactive molecules on
surface is a promise route to fabricate electronic
devices. Here, in the framework of the ERC StG
2012-306826 e-GAMES project, we reported
on two types of devices: A) Organic field-effect
transistors (OFETs) based on self-assembled
semiconducting thin films, and B) Molecular
switches based on electroactive molecular selfassembled monolayers (SAMs).
A) Ideal electrical characteristics in organic
materials are typically only found in single
crystals. Tiresome growth and manipulation of
these hamper practical production of flexible
OFETs circuits. We demonstrated that the use
of the bar-assisted meniscus shearing (BAMS)
technique with blends of organic semiconductors
and the insulating polymer polystyrene (PS)
gives rise to highly crystalline semiconducting
films with high reproducibility. During the
crystallisation process, a vertical phase
separation takes place leading to the passivation
of the dielectric surface by PS and simultaneously
the formation of a continuous self-encapsulated
polycrystalline organic semiconductor thin film.
The resulting OFETs exhibited ideal electrical
characteristics such as electric field- and
temperature-independent charge carrier mobility
and no bias stress effects.¹
Further, these films have been successfully
applied in electrolyte-gated organic field-effect
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transistors (EGOFETs), which are recently gaining
much attention because they can operate in
water and, thus, can be directly turned into
biochemical applications.² We showed for the
first time that EGOFETs can be fabricated by
printing techniques compatible with upscaling
(i.e., BAMS) and, remarkably, that the use of
semiconducting blends provides devices with
state-of-the-art performance and enhanced
stability in aqueous environment due to the
protecting PS top layer.
B) Self-assembled monolayers (SAMs) of
bistable molecules that can be externally
interconverted between two or more states
with different properties show great potential
as active elements in information storage in
future emerging devices. SAMs of electroactive
molecules have been exploited in the last few
years as electrochemical switches. Typically,
the state of these switches could be read out
through their optical and/or magnetic responses.
These output reading processes are difficult
to integrate into devices and in addition there
is a need to use liquid environments to switch
the redox-active molecular systems. Here, we
overcome both these challenges employing SAMs
of ferrocene and using an ion-gel as electrolyte
medium achieving an unprecedented solid state
device based on a single molecular layer. Further,
electrochemical impedance has been successfully
exploited as the output of the system.³ These
results represent a step forward in the field
raising the perspectives of employing hybrid
surfaces as molecular switches for their future
integration in electronic applications.
¹ Institut de Ciència de Materials de Barcelona (ICMAB-CSIC) &
CIBER-BBN, Spain
² Laboratory of Organic Electronics, Department of Science
and Technology, Linköping University, Sweden
³ Department of Physics, Chemistry and Biology, Linköping University,
Sweden

ICMAB-CSIC

RL4
Strengthening of Molecule-Electrodes
Contacts by the Use of Modified
Curcuminoids in Hybrid Graphene Transistors
ENRIQUE BURZURÍ*¹, JOSHUA O. ISLAND¹, RAÚL DÍAZ-TORRES²,³, ALEXANDRA FURSINA¹, ARÁNTZAZU GONZÁLEZ-CAMPO³,
OLIVIER ROUBEAU⁴, SIMON J. TEAT⁵, NÚRIA ALIAGA-ALCALDE*³,⁶, ELISEO RUIZ²,⁷, AND HERRE S. J. VAN DER ZANT¹.

Sequential Electron Transport and Vibrational Excitations in an Organic Molecule Coupled to Few-Layer Graphene Electrodes
ACS Nano, 10 (2), 2521-2527, 2016

FIGURE
Idealized roadmap for the
achievement of singlemolecule three-terminal
nanodevices based on
graphene and Curcuminoid
molecules.

ICMAB-CSIC

The use of molecules, in electronic devices, will
allow the creation at the nanoscale of reliable wires, diodes and switches, having a large
impact in a number of nanotechnological areas
and therefore, in advanced applications (chips,
communications, computers affecting therefore
drug discovery, bioinformatics, medical imaging
and diagnostics, among others). However, the
implementation of functional molecular-based
nanodevices in present technologies is mainly
hampered by crucial unresolved issues like the
reliability of room temperature experiments on
molecular transistors, the absence of controlled
methodologies to deposit single molecules at
specific sites, low conductance values and the
difficulties in achieving effective three-terminal
devices (transistors). Such hindrances involve the
nature of the molecules, the absence of controlled deposition methodologies at the nanoscale and the poor stability/contacts between
molecules and electrodes.
In the last years, the group of Núria Aliaga has
synthesized a selected family of Curcuminoid
molecules (CCMoids) toward their use as molec-

ular components in gateable molecular junctions
based on graphene. By joining common interests,
our physicist collaborators and we presented reasonable conductance values at room temperature
by the use of an original CCMoid that cleavage to
graphene electrodes through π-π stacking.
Here, by the creation of a new CCMoid (molecule
highlighted in the Figure) we have found the
co-existence of excitations of vibrational nature
with single electron transport physics at low temperatures. Such vibrational assisted excitations
are rarely observed in molecules attached to
graphene. Now, our findings at low temperatures
are improved results with respect to the case
former CCMoid systems (under the same conditions), because demonstrate an enhancement of
the coupling between the graphene electrodes
and the anthracene groups of the new molecule.
Our working hypothesis was that enlarging the
conjugated skeleton of the molecule would assist
the coupling being further from the edges of the
graphene electrodes. We have also proved that
enlarging the CCMoid, but improving the contact
with electrodes, does not damage the final conductance values.

¹ Kavli Institute of Nanoscience, Delft University of Technology,
The Netherlands
² Departament de Química Inorgànica and Institut de Recerca de
Química Teòrica i Computacional, Universitat de Barcelona, Spain
³ Institut de Ciència dels Materials de Barcelona (ICMAB-CSIC), Spain
⁴ Instituto de Ciencia de Materiales de Aragón (ICMA), CSIC,
and Universidad de Zaragoza, Spain
⁵ Advanced Light Source, Lawrence Berkeley National Laboratory, USA
⁶ ICREA (Institució Catalana de Recerca i Estudis Avançats), Spain
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From switched molecular self-assembly in
solution to radical conductors in solid state
MANUEL SOUTO¹, HENGBO CUI², MIRIAM PEÑA-ÁLVAREZ³, VALENTÍN G. BAONZA³, HARALD O. JESCHKE⁴,
MILAN TOMIC⁴, ROSER VALENTÍ⁴, DAVIDE BLASI¹, IMMA RATERA¹, CONCEPCIÓ ROVIRA¹, AND JAUME VECIANA¹.

Pressure-Induced Conductivity in a Neutral Nonplanar Spin-Localized Radical
Journal of the American Chemical Society, 138, 11517−11525, 2016

FIGURE Dyads formed
by tetrathiafulvalene
(TTF) linked to
polychlorotriphenylmethyl
(PTM) radicals exhibit
interesting physical
properties such as
bistability in solution or
conductivity in solid state.

During the last decades, numerous efforts have
been made to design new multifunctional materials which involve the interplay between multiple
physical properties (i.e. electrical, optical, and
magnetic properties). Multifunctional molecular
materials can be even more interesting if they
are able to switch between two or more states
modifying their physical properties upon the
application of external stimuli (i.e. temperature, pressure, light or an electric field). One of
these materials are the organic donor–acceptor
(D–A) systems formed by the electron-donor
tetrathiafulvalene (TTF) linked to the electron-acceptor perchlorotriphenylmethyl (PTM) radical
through different π-conjugated bridges exhibiting
interesting physical properties such as bistability in solution or conductivity in solid state.
Understanding the interplay between intra- and
intermolecular charge transfer processes in solution is of high interest in order to rationalize the
self-assembling ability and conducting properties
of such dyads in solid state.
In 2012 we reported a D–A dyad that consists of
the electron-acceptor PTM radical linked to a TTF
through a vinylene bridge. This organic radical
dyad exhibited a reversible switching from its
neutral to its zwitterionic state that can occur
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through an intramolecular electron transfer (IET)
process from the TTF to the PTM radical simply
by modification of the solvent polarity.¹,² In addition, it was demonstrated that the IET process
promoted self-assembly of the dyads in the
zwitterionic states to form diamagnetic dimers
in DMF at room temperature. Moreover, this
dyad exhibits a reversible temperature-induced
switching in DMF solution between diamagnetic
dimers, observed at room temperature, and paramagnetic monomers at high temperature.³ More
recently, we have also studied the switching of
optical and magnetic properties in solution of an
A–D–A diradical triad based on two PTM radicals
connected through a TTF-vinylene bridge through
an electrochemical input.⁴
Regarding the properties in solid state, we
synthesized other similar a TTF-based radical
dyads in order to improve the self-assembly of
the TTF moieties.⁵,⁶ In view of the supramolecular
architecture of this radical dyad with segregated
donor and acceptor units, we aimed to promote conductivity upon the application of high
pressure. Indeed, we have recently reported the
resistivity measurements of this radical dyad at
high pressure, indicating semiconductor behaviour thanks to increased electronic bandwidth
and charge reorganization as ascertained by theoretical calculations.⁷,⁸ Overall we believe that the
results described here are a proof of concept of a
novel strategy providing an important insight into
the design of new radical based conductors.

¹ Institut de Ciència de Materials de Barcelona (ICMAB-CSIC)/CIBER-BBN, Spain
² Condensed Molecular Materials Laboratory, RIKEN, Japan
³ Facultad de Ciencias Químicas, Universidad Complutense de Madrid,
Spain
⁴ Goethe-Universität Frankfurt, Germany
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Theoretical prediction of the behaviour of
superparamagnetic colloidal particles under
magnetic fields
JORDI FARAUDO¹, JORDI ANDREU¹,², CARLES CALERO³, JUAN CAMACHO².

Predicting the Self-Assembly of Superparamagnetic Colloids under Magnetic Fields
Advanced Functional Materials, 26 (22), 3837-3858, 2016

FIGURE
Experimental behaviour
of colloidal particles under
magnetic fields (left)
can be predicted using
computer simulations
(right) and analytical
equations (below) derived
from our new models.
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Superparamagnetic particles are a class of
magnetic particles, which are particularly
interesting due to their tunable magnetic
response: they are not magnetic in absence
of external fields but they have a substantial
magnetic response to applied fields. These
particles, in suspension, tend to self-assembly
in the presence of magnetic fields, forming
structures that have a substantial impact in their
use in practical applications. In this article1, we
describe our recent advances in the development
of theoretical tools (analytical equations and
methodologies for computer simulations) that
allow the quantitative, theoretical prediction of
the behaviour of superparamagnetic particles
under a magnetic field. A practical view is
presented of how to employ the new concepts
(derived from thermodynamic theory) to predict
the possible assembled structures from the
properties of the colloids and thermodynamic
conditions. Quantitative prediction of kinetics is
also discussed for the cases in which equilibrium
theory is not relevant.

¹Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Spain
²Dept. de Física, Universitat Autònoma de Barcelona (UAB), Spain
³Dept. de Física, Fonamental, Universitat de Barcelona (UB), Spain
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Nanoencapsulation of selected payloads for
biomedical imaging and therapy
C.J. SERPELL1,2, R.N. RUTTE1, K. GERAKI3, E. PACH4, M. MARTINCIC 5, M. KIERKOWICZ5, S. DE MUNARI1, K. WALS1,6,
R. RAJ1, B. BALLESTEROS4, D.C. ANTHONY6, B.G. DAVIS1, M. NAZARI7,8, M. RUBIO-MARTINEZ8, J.P. BARRIO5, F. NAZARI9,
K. KONSTAS8, R. BABARAO8, B.W. MUIR8, S.F. COLLINS7, A.J. HILL8, M.C. DUKE10, M.R. HILL8, G. TOBIAS5.

Carbon nanotubes allow capture of krypton, barium and lead for multichannel biological X-ray
fluorescence imaging
Nature Communications, 7, 13118, 2016
Metal-Organic-Framework-Coated Optical Fibers as Light-Triggered Drug Delivery Vehicles
Advanced Functional Materials, 26 (19), 3244-3249, 2016

The application of nanotechnology for the rational design of biomaterials is
providing alternative solutions to classical treatments, thus expanding the
toolbox available for biomedical imaging and therapy. Nanomaterials offer a
unique platform to adjust essential properties such as solubility, diffusivity,
blood-circulation half-life, pharmacokinetic profile and cytotoxicity.
Nanoencapsulation of biomedically relevant payloads into porous materials is of special interest for the development of contrast agents and smart
therapeutic systems, which can for instance allow a control release of the
encapsulated cargo. Among the different nanocarriers available, the tubular
structure of carbon nanotubes allows to simultaneously encapsulate a chosen payload in their interior, while the external walls can be functionalized
to render them dispersible, biocompatible and for targeting purposes. Within the European Project RADDEL, and in collaboration with Prof. Ben Davis
from the University of Oxford, a library of elemental tags (filled carbon
nanotubes with heavy elements) and targeting peptide combinations has
been developed to allow mapping of cellular organelles by means of X-ray
fluorescence (XRF) imaging.
Apart from the encapsulation of materials into carbon nanotubes, which
has been one of our major focuses of research, we have also benefit from
the developed protocols to load anticancer drugs into metal-organic
frameworks. In a recent collaboration with Prof. Matthew Hill from CSIRO
in Australia, we have developed light-triggered drug delivery vehicles by
loading the anticancer drug 5-fluoracil within the pores of the metal-organic
framework UiO-66. Towards this end, an optical fiber has been coated with
the metal organic framework thus allowing to trigger the anticancer drug
on demand, offering a new route to localized drug administration.

FIGURE
Design of X-ray fluorescence
(XRF) contrast carrier
systems to probe cellular
organelles through XRF
mapping. The interior of
carbon nantoubes can
be filled with selected
compounds for XRF imaging
while the external walls can
be modified with targeting
ligands in a modular and
general manner.
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¹ Chemistry Research Laboratory, Department of Chemistry, University of Oxford, UK.
² School of Physical Sciences, Ingram Building, University of Kent, UK.
³ Diamond Light Source, Harwell Science and Innovation Campus, UK.
⁴ Catalan Institute of Nanoscience and Nanotechnology (ICN2), CSIC and BIST, Spain.
⁵ Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Spain.
⁶ Department of Pharmacology, University of Oxford, UK.
⁷ Optical Technology Research Laboratory, College of Engineering & Science, Victoria University, Australia
⁸ CSIRO Manufacturing, Clayton, Australia
⁹ School of Medical Specialties, Shahid Beheshti University of Medical Sciences, Iran
¹⁰ Institute for Sustainability & Innovation, College of Engineering & Science, Victoria University, Australia
¹¹ Department of Chemical Engineering, Monash University, Australia
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Mesoporous nanorods made magnetic:
a versatile platform for theranostics
JHENG-GUANG LI¹, GIULIA FORNASIERI², ANNE BLEUZEN², MARTÍ GICH³, ALEXANDRE GLOTER¹,
FRÉDÉRIC BOUQUET¹, & MARIANNE IMPÉROR-CLERC¹.
Alignment under Magnetic Field of Mixed Fe2O3/SiO2 Colloidal Mesoporous Particles
Induced by Shape Anisotropy
Small, 12 (43), 5981-5988, 2016

FIGURE
High aspect ratio silica
rods with its hexagonally
ordered mesopores along
the rod axis partially filled
with maghemite (γ-Fe2O3)
nanoparticles. Small angle
X-ray scattering shows that
a liquid dispersion of the
composit rods are easily
aligned under a magnetic
field.

ICMAB-CSIC

Composite materials based in the combination
of iron oxide nanoparticles with spheres of
mesoporous silica have been widely investigated
for its prospective theranostic applications.
In this work we delve into the study of these
promising systems in highly anisotropic rodlike geometries. Here, building on previous
knowledge on preparing high aspect ratio silica
rods with hexagonally ordered mesopores, we
synthesised iron oxide nanoparticles of different
inside the mesoporous silica channels. This was
achieved by impregnating these rods with molten
iron nitrate by capillarity followed by thermal
annealings at different temperatures. Thanks
to the ordered porosity we could calculate the
maximum amount of iron nitrate in order to
soak the rods while letting no excess outside
the mesopores. The final material consists of
silica rods with ordered arrays of iron oxide
nanoparticles inside its mesoporous channels,
which preserve a significant porosity thanks to
the larger density of iron oxide compared to iron
nitrarte. An appealing property of this material is
that that once dispersed in a liquid the rods easily
align under a magnetic field, with the rod axis
pointing along the field gradient.

This works paves the way for developing
engineered magnetic objects in the rod shape as
a new family of theranostic agents. In particular,
one can envisage radically new properties
and advantages compared to the magnetic
nanoparticles used so far. Rods will show
enhanced field guidance due to its geometry and
large magnetic moment and, more importantly,
a mechanical response which can be activated by
an AC magnetic field. Moreover, since the degree
of filling of the nanochannel filling by magnetic
particles can be controlled, it will be possible to
incorporate other materials to design multimodal
agents for theranostic purposes, with inorganic
nanoparticles as contrast agents for magnetic
resonance imaging and computed tomography
and at the same time encapsulating selected
drugs.

¹ Laboratoire de Physique des Solides, CNRS Orsay, France
² Institut de Chimie Moléculaire et des Matériaux d'Orsay, CNRS,
Université Paris-Sud, Université Paris-Saclay, France
³ Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Spain
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Review: Properties and applications of
icosahedral boron clusters
ROSARIO NÚÑEZ¹, MÀRIUS TARRÉS¹, ALBERT FERRER-UGALDE¹, FABRIZIA DE BIANI², I. ROMERO³,
CLARA VIÑAS¹, FRANCESC TEIXIDOR¹

Electrochemistry and Photoluminescence of Icosahedral Carboranes, Boranes, Metallacarboranes,
and Their Derivatives
Chemical Reviews, 116 (23), 14307-14378, 2016
Icosahedral boron clusters: a perfect tool for the enhancement of polymer features
Chemical Society Reviews, 45 (19), 5147-5173, 2016

FOTO

FIGURE
Hybrid polymers
incorporating icosahedral
boron clusters.

Boron clusters are extraordinarily robust
compounds with exceptional properties like
thermal and redox stability, chemical inertness,
rigid geometry, low nucleophilicity and high
hydrophobicity, which make them attractive for
applications such as medicine, nanomaterials,
molecular electronics, energy, catalysis, among
others. The two published reviews would like to
stress the significant electronic and structural
role that icosahedral boron clusters play on the
properties of materials and devices containing
them.
The work published in Chemical Reviews
deals with the electrochemical properties and
photoluminescence behavior of a huge collection
of boron clusters-containing compounds. We
have combined these two properties because
in both processes promotion of one electron to
an excited state occurs, although the origin of
the electron promotion is different (voltage or a
photon).
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The second review published in Chemical
Society Reviews mainly focuses on the
development of hybrid polymeric materials
incorporating icosahedral boron clusters,
in order to evaluate their redox, optical
and thermal properties. The incorporation
of these clusters to polymers improves
their stability, solubility, electrochemical,
photoluminescence and electrochromic
properties that make them desirable
materials for technological applications. This
review article was selected as Front Cover of
the issue.

¹ Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Spain
² Dipartimento di Biotecnologie, Chimica e Farmacia, Universita degli
Studi di Siena, Italy
³ Departament de Química, Universitat de Girona, Spain
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ERC projects
By the end of 2016, eight researchers of the ICMAB had been granted with nine projects of the
European Research Council (ERC). Four of the projects started officially in 2017 and are not included
in the 2016 budget. The ERC operates according to a "curiosity-driven", or "bottom-up", approach,
allowing researchers to identify new opportunities in any field of research. Accordingly, the portfolio
ERC funded projects spans a wide range of topics and research questions. We are very happy that
these talented young researchers could fit with the research lines at ICMAB and that now they are
part of the ICMAB DNA.

Advanced Grants

ERC Advanced Grants are for established, leading principal
investigators who want long-term funding to pursue a groundbreaking, high-risk project.

Starting Grants

ERC Starting Grants are for talented early-career scientists who
have already produced excellent supervised work, and are ready to
work independently and show potential to be a research leader.

TERESA PUIG

AGUSTÍN MIHI

Ultrafast growth of ultrahigh performance
superconducting tapes (ULTRASUPERTAPE)
2015

Photonic electrodes for enhanced light
management in Optoelectronic devices
(ENLIGHTMENT)
2015

Consolidator Grants

ERC Consolidator Grants are for scientists who want to consolidate
their independence by establishing or strengthening a research team
and continuing to develop a success career in Europe.

MARTA MAS-TORRENT

Surface self-assembled molecular electronic
devices: logic gates, memories and sensors
(e-GAMES)
2012

MARIANO CAMPOY-QUILES

Finding a needle in a haystack: efficient
identification of high performing organic
energy materials (FOREMAT)
2015

ALEXANDRE PONROUCH

Calcium and Magnesium metal anode based
batteries (CAMBAT)
2017

GERARD TOBIAS

Nanoengineering of Radioactive Seeds for
Cancer Therapy and Diagnosis (NEST)
2017

Proof-of-concept

ERC Proof of Concept Grants are for researchers who already
received an ERC grant for their frontier research project and now
want to explore the commercial or societal potential of their work.

NÚRIA ALIAGA-ALCALDE

Efficient electronic transport at room
temperature by T-shaped molecules in
graphene based chemically modified threeterminal nanodevices (Tmol4TRANS)
2017

MARTA MAS-TORRENT

Large Area Organic Devices with Bar-Assisted
Meniscus Shearing Technology (LAB-TECH)
2014

MASSIMILIANO STENGEL

Hierarchical multiscale modeling of
flexoelectricity and related materials properties
from first principles (MULTIFLEXO)
2017
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Institutional highlights

Scientific services
ICMAB scientists are heavily involved in the development of novel enhanced
capabilities and characterization techniques. The Institute counts with
cross cutting scientific equipment platforms, run by skilled technical staff,
providing advanced technological preparation facilities and characterization
tools for all kinds of materials at different levels. These are open to external
uses either from academia and industry, with conditions tailored to meet
customer technology demands. The Scientific Services include scanning
and transmission electron microscopy, X-ray diffraction, thermal analysis,
molecular beam epitaxy, spectroscopic techniques, thin films laboratory
(pulse laser deposition), scanning probe microscopy, low temperature and
magnetometry, soft materials synthesis and characterization (Soft Lab),
and the Nanoquim platform, a 200 m² 10,000 class cleanroom specialized
in materials synthesis, characterization and nanostructuration.
There have been some staff changes in some of the Scientific Services
during 2016: O. Sabater and M. Riba have been incorporated in the
Nanoquim Platform, J. Capell substitutes A. Fernández in the RMN, and
D. Piña and I. Martínez enter the Soft Lab. During 2016, the petition for a
new Physical Property Measurement System (PPMS) platform with variable
temperature and magnetic field, together with a liquid Helium recycling
system was approved for the Low Temperature and Magnetometry Lab. In
addition, a new versatile installation was acquired for the X-ray diffraction
lab: D8 DISCOVER, an innovative X-ray diffraction instrument perfect
for characterizing multipurpose materials and applications, including
reflectometry, high-resolution diffraction, in-plane diffraction, as well as
residual stress and texture investigations. Moreover, the new Soft Lab has
been created at MATGAS, and the Service has been integrated within the
ICTS (Singular Scientific-Technical Infrastructrure) NANBIOSIS.
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Library and IT
The library of the Institute is specialized in Materials Science. It is part of
the global CSIC Library Network, which includes a total of 90 specialized
libraries distributed among 21 cities. The library collection covers subject
areas related to Materials Science such as Physics, Chemistry and
Crystallography. It has 1000 monographs and 105 periodic publications and,
at present, subscribes to 60 periodical journals. The library, run by Alejandro
Santos, is open to all ICMAB staff and other CSIC personnel and also to
other Research or Academic Centers who would like to make use of it.
The IT service at ICMAB, formed by five professionals, take care of all the
computers at ICMAB, equipment software, hosting of websites (more than
70), network security, printers, phones, email and all those tools which are
nowadays extremely necessary for research.

Administration
The ICMAB Administration is responsible for all of the administrative
processes at the Institute, mainly general accounting, charging and
payments, and also the accounting of the different research projects. It is
also responsible for the inventory, purchasing and public tenders. There
has been some new incorporations during 2016: A.M Socias, M. Vendrell,
M.Contreras, P. Fernández, and A. Fernández, and some people who have
left: M. Vàzquez, A. Benet, J. Capell and C. Gimeno.
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The Service of workshop and maintenance is in charge of the maintenance
and conservation of the building, of all its facilities and of the equipment. It
works from the year 1991, when the Institute moved to the new building.
It is also responsible for the teams, materials and tools of the workshops of
the Center: mechanic, electronic and electric, available to the personnel of
the Institute.
During 2016 this service was busy in the restructuration of the laboratories
and offices, because after the CSIC, UAB and Air Products agreement, the
ICMAB occupied a part of the MATGAS building, and some of the Scientific
Services were moved there: the Atomic Force Microscopy lab (AFM) and

Maintenance

the Soft Lab. In addition, due to the new ERC granted projects, some new
laboratories were created at the MATGAS building: a shared laboratory for
ERC projects of M. Campoy-Quiles and A. Mihi, a second one for M. Campoy-Quiles, A. Mihi, A. Goñi and N. Crivillers, another one with the Supercritical MATGAS equipment and the Soft Lab, and there is the prevision of
creating new laboratories for the ERC projects from T. Puig, G. Tobias and N.
Aliaga-Alcalde. In addition, in the second and third floor of MATGAS, some
offices for PhD, postdoc and permanent researchers were enabled, as well
as common tables for undergrad students.
In a near future, the MATGAS hall will also be remodeled to include two
offices with a total of 8-10 tables for PhD and postdoctoral researchers,
and the rest will be enabled as a Scientific Communication area, close to
the cafeteria and with enough space to do small talks and demos for school
visits and general public: comfortable chairs and tables are allocated, and
the posters describing the five research lines are visible on the wall.
The use of the MATGAS building also implied restructuration of the laboratories and offices at the ICMAB building. The AFM lab was converted to
a laboratory for the groups of X. Granados and J.L. García Muñoz, which at
the same time leave space for the groups of J. Fontcuberta and A. Pérez.
Other spaces enabled for the group of C. Ocal with A. Goñi moving to MATGAS, and the group of J. Veciana reorganized the laboratories and acquired
new extraction cupboards for volatile solvents. Moreover, R. Rurali and G.
Tobias have now an individual office and E. Gyorgy and A. Pérez share one.
The ICMAB kitchen was also remodeled, and there is a plan to build a new
terrace outdoors to enable more space for tables and chairs for lunchtime
and to adequate the common spaces to add more tables and spaces for
students.
The safety and protection plan, taking into account all these new spaces
and changes, was finished in 2016 by the Safety & Hygiene Commission.
The plan involved the Update of the Building doors for fire emergencies, the
opening of an additional door from the kitchen to the outside terrace, and
the new emergency routes and people responsible for them, in case of a fire
alarm or any other incident. During the year, the Safety & Hygiene Commission is in charge of the fire drills of the Building, apart from organizing
seminars on topics related to the Safety & Hygiene of the ICMAB workers.
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With & for society

External funding

The Institute secured a total budget of nearly 12 M€, 60 %
of which came from competitive funds. Of the competitive
funds, approximately 50 % were from national projects, funded
by the Ministry of Economy, Industry and Competitiveness
(MINECO), and 45 % came from European projects, including
the prestigious ERC grants. By the end of 2016 we received the
news of 4 more ERC, starting on 2017.

Projects

The ICMAB is leading several collaborative research projects
funded by the European Commission under its Framework
Programmes. This continued leadership results in high visibility,
a strong reputation as well as relevant scientific and innovation
output. In 2016, 3 new European H2020 projects started
(Sepomo, Nanoter and 3D-Printgraph), and 21 more are still
ongoing, with a total budget of 14.6 M€, without counting the
4 new ERC starting in 2017. Moreover, many other National and
Regional projects have been awarded.
Of special importance is the NFFA-Europe project, which allows
the free use of nanomaterials synthesis and characterization
equipment and techniques between different research facilities
around Europe.
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Technology &
knowledge transfer

One of the main missions of ICMAB is to transfer the knowledge
acquired to the society. Apart from publishing the research in
international journals, the ICMAB counts with two spin-offs
(Nanomol Technologies and Oxolutia) created in 2010, and with the
creation of patents. During 2016, 11 patents were filed, of which 2
have been licensed. Moreover, we have established 62 collaborations
with different companies, to bring our research to the market.
The technology transfer will be reinforced in 2017 with a new officer.

Formation &
training

ICMAB offers an excellent and solid scientific and technologic
interdisciplinary training developed in an international
environment, either for undergraduate, master students, PhD
researchers, and postdoctoral fellows. The ICMAB has launched
a new Severo Ochoa PhD programme to attract young talents.
Apart from the supervised guidance from the scientists,
the Institute offers a continuous program of seminars and
workshops to meet the demands of both staff and students.
During 2016 there were 74 PhD researchers at ICMAB, 55
undergrad and master students, and 42 postdocs. 18 PhD
theses were defended, the researchers have presented their
results in more than 160 international meetings, we hosted 19
ICMAB Periodical Lectures and 18 Invited Seminars at ICMAB,
and organized 3 courses, 2 annual meetings and 1 workshop,
among others.
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Communication
& outreach

Women in science

ICMAB-CSIC

One of the main missions of ICMAB is to encourage scientific vocations and
increase the general scientific knowledge of the society. Throughout last
year, ICMAB continued to offer public engagement and science education
activities. More than 30 events were held, including workshops for primary
and secondary schools, training courses for teachers, school visits, summer
internships, open day, science cafés, materials kit loans, and participation
in science fairs and events for the dissemination of science (10alamenos9,
Saló de l’ensenyament, Desgranando Ciencia, Science Week…). The ICMAB
was also deeply engaged with the media in connection with the new
findings published by our scientists in high-profile journals, and institutional
and outreach activities, which led to articles in the press and online media
as well as participation by scientists in radio or TV programmes. Moreover,
we increased our online presence and interaction with the public through
the main social networks and website.
The communication & outreach will be reinfored in 2017 with a new officer.

At ICMAB we promote equal opportunities for men and women and
boost women’s advancement in scientific careers. With this in mind, we
carry out multiple initiatives to give visibility to our female scientists:
we have created a newly Gender Commission, we enjoy celebrating the
International Day of Women and Girl in Science, and we encourage all the
scientists to participate in different activities and awards. As a matter of
fact, A. Laromaine was awarded with one of the five Awards “Women in
Science” from l’Oréal-UNESCO in 2016 for her project on C. elegans and
nanomaterials.
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Future prospects

ICMAB carries out materials science research at the highest level, and
has established and maintained a vibrant activity in materials science and
engineering. We have high quality research groups and infrastructures,
high level students and postdocs, and enthusiastic personnel. We like the

FOTO

work we are doing and we have the belief that we are collectively engaged
to do our job well done.
During these 30 years the Institute has evolved in many different aspects,
and it is not now, in these challenging days to come, that we will stop. We
keep improving, including exciting research ideas in our research lines,
adapting to the society, and thinking forward, to meet the future interests
and necessities, and even exploring future materials and ideas that are only
beginning to see the light.

Some of our near future actions include:
With the possibility to expand our offices and laboratories to the MATGAS
building, we have improved the limited laboratory and office space available, and
we can surely incorporate brilliant new young scientists. This expansion will still
continue during the year 2017.
Moreover, thanks to an agreement between the CSIC (ICMAB, IBMB), the BIST
and the ALBA Synchrotron, a shared electron microscopy facility is planned
to open at ALBA, fostering in this way common facilities between different
institutions and collaborations between us.
We plan to fully implement the actions scheduled in the Severo Ochoa FUNMAT
Strategic Plan and to develop novel opportunities raised by this programme
during the following years. During 2017, the Communication and Technology
Transfer of the center will be invigorated, and in close collaboration with the
Strategic Managing Unit of the Severo Ochoa programme.
In addition, we are planning on implementing a strategy to renew the scientific
and support staff.
We plan to obtain funding from different organisms to help us develop our public
engagement and science education activities (i.e. Spanish Foundation for Science
and Technology, FECYT; the Barcelona Institute of Culture, ICUB; etc.).
The Centers of Excellence Severo Ochoa and Units of Excellence Maria de Maeztu,
supported by the Spanish Ministry of Economy, Industry and Competitiveness,
will participate in a joint network to increase the visibility and international
recognition of the Severo Ochoa Programme, and of the centers and units
distinguished with this label of Excellence.
ICMAB-CSIC
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With the support of:
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