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On behalf of the Advisory and Technical Committees, we take great pleasure in welcoming you to
Sevilla for the fourth meeting of the Spanish Nanotechnology Network NanoSpain.

During the last two decades, a revolutionary scientific new age, based on the capacity to observe,
characterise, manipulate and organise matter in the nanometer scale, is appearing. In this scale,
physics, chemistry, materials science, computational theory, and engineering converge towards the
same theoretical principles and experimental findings that are basically governed by the laws of the
Quantum Mechanics. Nanotechnology involves these interdisciplinary areas of knowledge and
methodologies in order to study, manufacture and characterise functional structures with
dimensions of tens of nanometers.

The NanoSpain network aims to agglutinate and coordinate the efforts made in the field of
Nanoscience & Nanotechnology by Spanish groups from universities, research institutes and
companies. In addition, this network helped Spanish government institutions in defining potential
actions and plans referring to this area. Currently, the network comprising 202 Spanish groups with
approximately 1300 researchers in total is one of the widest Spanish scientific networks.

As a direct and most effective way to enhance interaction between network members, three
meetings were organised in San Sebastian (2004), Barcelona (2005) and Pamplona (2006) with
respectively 210, 260 and 262 participants. Due to this success, the network decided to organise
this year its fourth meeting in Sevilla with a similar format.

Its objective will be to facilitate the dissemination of knowledge, promote interdisciplinary
discussions among the different NanoSpain groups and enhance industrial participation. In order to
organise the various sessions and to select contributions, the meeting will be structured in the
following thematic lines although interactions among them will be promoted:

. NanoBiotechnology / Nanomedicine

. NanoMaterials

. NanoChemistry

. NanoElectronics / Molecular Electronics
. Nanomagnetism

Nanotubes

. NEMS / MEMS

. Scanning Probe Microscopies (SPM)

. Scientific Policy

0. Simulation at the nanoscale March 12-1 5, 2007 S&Vi"ﬂ (quin)
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Parallel Thematic Sessions related with the Network Working Groups (WG) will also be organised
to enhance information flow between network partners and in particular to:

- Exchange information of current work in specific research areas

- Solve particular technological problems

- Look for areas of common ground between different technologies

- Provide contributions to specific reports

The following sessions will be organised:

1. Molecular Electronics (Coordinators: Julio Gémez & Pablo Ordejon)

2. NanoBiotechnology (Coordinator: Josep Samitier & Angel Rubio)

3. NanoFabrication (Coordinators: Francesc Pérez-Murano & Fernando Briones)
4. Industrial (Coordinators: Jose Luis Viviente & Emilio Prieto)

5. NanoChemistry (Coordinators: Jaume Veciana & Nora Ventosa)

Another objective of this meeting will be to evaluate the situation of Nanotechnology in Spain and to

reach conclusions concerning the future of the NanoSpain network, in order to guarantee its
continuity by means of concrete proposals.

Finally, thanks must be directed to the staff of all organising institutions whose hard work has
helped the smooth organisation and planning of this conference.

THE ORGANISING COMMITTEE



4th NanoSpain Workshop 12-15 March, 2007 Sevilla-Spain



4th NanoSpain Sponsors

% % UNIVERSIDAD AUTONOMA
¥ 1) [ DF MADRID |

CENTRO ESPARGL |

GE HETROLOGIA CS;C
. ;
“RHPE Ll

O

8. ol=Ted Institut de bioenginyeria
m @ RSN
de arcriona
f:\\ NO'\DO

A AYUNTAMIENTO DE SEVILLA

JUNTA DE ANDALUCIA
% FEl COMPANY" [ &ﬁg*m \_~“ NANOTEC
TooLs Fos NAMNOTECH p— L DD TR A

In association with

espaiia,
technology
for life.

4th NanoSpain Workshop 12-15 March, 2007 Sevilla-Spain


http://www.dipusevilla.es/dipusevilla/opencms/site/web

4th NanoSpain Workshop 12-15 March, 2007 Sevilla-Spain



Organising Committee

Fernando Briones CNM/IMM (CSIC)
Antonio Correia* Fundacion PHANTOMS
Arturo Dominguez Universidad de Sevilla
Pedro Echenigue Donostia International Physics Center (DIPC)
Asuncién Fernandez Instituto de Ciencia de Materiales de Sevilla (CSIC) /
Universidad de Sevilla
Jesus Pérez Conde Universidad Publica de Navarra
Emilio Prieto Centro Espafiol de Metrologia (CEM)
Juan José Saenz Universidad Auténoma de Madrid (UAM)
Josep Samitier PCB (Universidad de Barcelona)

Advisory Board

Sabino Azcarate Tekniker
Jaime Colchero Universidad de Murcia
Pedro Echenique Donostia International Physics Center (DIPC)
Javier Méndez ICMM (CSIC)
Rodolfo Miranda Universidad Autonoma de Madrid
Isabel Obieta Fundacién Inasmet
Pablo Ordejon Universidad Auténoma de Barcelona
Fernando Palacio Universidad de Zaragoza
José Maria Pitarke nanoGUNE
Emilio Prieto Centro Espafiol de Metrologia (CEM)
José Rivas Universidad de Santiago de Compostela
Juan José Saenz Universidad Autonoma de Madrid (UAM)
Josep Samitier Parque Cientifico de Barcelona
Conchita Solans Instituto de Investigaciones Quimicas y Ambientales
de Barcelona
Jaume Veciana Instituto de Ciencia de Materiales de Barcelona
(CSIC)

Local Organising Committee
Diego Gomez Universidad de Sevilla
Estefania Guerrero Instituto de Ciencia de Materiales de Sevilla (CSIC)

Technical Organising Committee
José Luis Roldan Fundacion PHANTOMS
Enrigue Sahagun Universidad Auténoma de Madrid

* Contact person: Antonio Correia — antonio@phantomsnet.net
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NANOTEC Electronica is a company devoted to the design, construction and development of
Scanning Probe Microscopes and related devices. It is well known that nanotechnology is
currently one of the most promising fields in technology. For both fundamental and
technological reasons, nanoscience will be the cornerstone of research in coming years.
Scanning Probe Microscopes are the main tool used to explore the wonderful nanoscopic
world.

Nanotec Electrénica is now distributing siesta, a well known linear-scaling density-functional
method. This distribution is only for non academic institutions. For further information about
this software package, please contact us.

While Nanotec Electronica is mainly oriented towards scientific market, we sustain strong
connections with the industrial world. Our microscopes cover a very wide range of
applications.

If you have any questions, or want any information about Nanotec Electronica, please contact
us at:

Centro Empresarial Euronova, 3
Ronda de Poniente, 2

Edificio 2 - 12 Planta - Oficina A
28760 Tres Cantos (Madrid), Spain
Fax: +34-918 043 348

WEB: http://www.nanotec.es

3 SCIENTEC

SCIENTEC is specialized in the distribution of rigorously selected scientific equipments
dedicated to near field surface analysis: AFM, STM, SNOM, Optical Interferometry, etc.

ScienTec objectively studies your individual needs, advises you and proposes the right
product for your application, from our product range. We can provide a specific service, with
dedicated engineers for after-sales follow-up and support. ScienTec has the in-house
expertise to analyse your problem and resolve it, by designing solutions using products and
accessories from our range of electronics, optics, mechanics and data processing.

Molecular Imaging is dedicated to providing innovative scanning probe microscopy (SPM)
solutions for all academic research and industrial applications. The new PicoPlus microscope
is the "all-in-one" solution for applications such as biology, polymers, nanomaterials,
electrochemistry...etc, and integrates a number of imaging techniques, such as Scanning
Tunneling Microscopy (STM), Low Current STM, Contact Atomic Force Microscopy (AFM),
MacMode AFM, including phase imaging, acoustic AC AFM, Lateral Force Microscopy,
Current-Sensing AFM, Pulsed Force Mode (PFM), Magnetic Force Microscopy (MFM),.etc.

Phase Shift is a manufacturer of 3D non-contact surface metrology instruments. The
MicroXAM optical interferometer allows to measure step heights, roughness, waviness,
flatness and microstructures etc..., and it is dedicated to many applications such as
biomedical optics, hard disks and magnetic media, general optics, semi conductors,
polymers, MEMS...etc.

Please contact us at info@scientec.fr or visit our web page www.scientec.fr for more
information.
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INSTRUMAT
TELSTAR INSTRUMAT, S.L. is the TELSTAR group's company dedicated to scientific
instrumentation, which was born from the union, at the end of 1998, between TELSTAR's
Instrumentation and New Technologies Department and INSTRUMAT TECNICAS DE
MEDICION, S.A., incorporated into the group due to the synergy in their product range. In
these last few years, TELSTAR INSTRUMAT has strengthened its activities representing
leading companies in Spain, as well as some companies in Portugal, in the following
applications:
- Surface and material characterisation
- Vacuum and cryogenics instrumentation and technology
- Radiometry and photometry
- Particle counting

TELSTAR INSTRUMAT, S.L. counts amongst its customers the principal Official
Organisation Investigation Centres and private customers in the microelectronic, aerospace,
automotive, optical, food and pharmaceutical industries and in innovative fields such as
biotechnology and nanofabrication. The company's head office is in Sant Cugat del Vallés
(Barcelona) and it also has a branch office in Madrid.

Telstar-Instrumat S.L.

Avda. Alcalde Barnils 70 - Planta. 32
Sant Cugat Del Valles — 08174

Tel. 93 544 23 20

Fax 93 544 29 11

E-mail: comercial@instrumat.telstar.es

&=
e ffymeta

BIOMETA was set up in 1998. Its activities are centered on the supply of products and
services for research laboratories, industrial quality control and clinical diagnostic. The offices
at “Parque Tecnoldgico de Asturias” centralize the main services: commercial department,
warehouse and technical service. There is a spacious application laboratory where training
courses take place quite often, as well as seminars and demos. In order to give the customer
the best service there are commercial branches spreaded over the Spanish territory: Vigo,
Bilbao, Barcelona, Valencia, Sevilla and Madrid, where the technical service is located as
well. The current staff is formed by 21 people, most of them with a high degree and wide
experience. Materials Science is one of the most relevant fields in which Biometa participates.

The following are some of the most important companies represented by Biometa in Spain:

BUEHLER: Metallography / GALDABINI: Universal Testing Machine / PSIA: Atomic Force
MicroscopesHYSITRON: Nanoindenters / LENTON: Camera and Tube furnaces up to
1800°C RETSCH: Grinding of samples. Particle size analysis / FLUXANA: Sample
preparation and accessories for XRFSURFACE: UHV-PLD projects and installations / PARR:
Combustion calorimeters. Laboratory reactors

Biometa

Parque Tecnoldgico de Asturias, Parcela 38, 33428 Llanera, Asturias, Espafa (Spain)
Tel.: +34-902-24-43-43

Fax: +34-985-26-91-69

E-mail: inffo@biometa.es

WEB: http://www.biometa.es/
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Solutions for Nanoscale Surface Analysis

With excellent know-how in the new and fast growing fields of nanoscience and materials
science, Schaefer Techniques has become a leading supplier of reliable scientific
equipments. The strength of our European Group lies in our capability to propose you the
most comprehensive range of Scanning Probe Microscopes: from the easy-to-use AFM or
STM to the custom UHV system as a total solution for surface analysis research. With RHK,
NANOSURF & AMBIOS, we have concentrated our efforts in providing you very innovative
instruments such as Turnkey UHV STM/AFM system, Cryogenic STM/AFM, universal SPM
controller & software, portable AFMs, low-cost educational systems, unique AFM/SECM Dual
Modes combination, ambient universal SPM with plug-in probe modules or interesting options
like nanolithography and liquid cell. The available key modes in this product line are: STM,
Contact AFM, Intermittent Contact AFM, Phase contrast, Spreading Resistance, EC-
AFM/STM, SECM (Scanning ElectroChemical Microscopy), MFM, EFM, SCM and LFM.
Additional techniques for surface science complete our SPM solutions: mechanical testers,
optical profilers, topomicroscopes, LEED/AES systems, ion guns & thin film properties
measurement devices. Thanks to our highly qualified team of engineers based in Europe, we
are today in position to recommend the optimum system that will meet your specific
requirements and bring you all the technical support you need. This includes project
definition, technical specifications & validation tests, purchasing, training and after sales.

Schaefer Techniques Sarl

1, rue du Ruisseau Blanc - ZA de Lunézy - 91620 Nozay - France
Phone: +33 (0)1 64 49 63 50 / Fax: +33 (0)1 69 01 12 05

E-mail : info@schaefer-tech.com / WEB : www.schaefer-tech.com

Holding: SCHAEFER Holding AG
Group Members: SCHAEFER Technologie GmbH (Germany) / SCHAEFER-TEC AG

(Switzerland)

We make itvisible.

Carl Zeiss — NTS Division (Nano Technology Systems)

Focused lon Beam - NVision 40

The New and Powerful Combination of FIB and GEMINI® Column

The NVision 40 CrossBeam® workstation units the imaging and analytical capabilities of the
high resolution field emission GEMINI® SEM with the high performance SIINT zeta FIB
column. Together with the new SIINT GIS supporting liquid, solid state and gaseous
precursors as well as gas mixing technology and carbon free SiO2 deposition the NVision 40
represents a powerful tool for 3D nanoscale high resolution imaging, structuring and analytics.
The NVision 40 features a dome type chamber design and a pendulum vibration insulation
system for enhanced stability. Numerous access ports for various detectors (EDS, EBSD,
STEM, 4QBSO0) as well as sample manipulation and probing systems ensure full support for
all your analytical and micromanipulation needs. These versatile features and flexible upgrade
possibilities make the NVision 40 a highly valuable platform for your today's and future
nanotechnology needs.

Carl Zeiss S.A.U.
Ronda de Poniente, 15 - 28760 Tres Cantos (Madrid)
Tel.: 00 34 91 203 37 00 /Fax: 00 34 91 203 37 01

Please send your questions concerning the website to: info@zeiss.es
www.smt.zeiss.com/nts
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TooLS FOR NANOTECH
Solutions for Enhanced Performance

Titan™

Incorporates a newly designed platform
dedicated to the principles of ultimate stability,
ultimate performance and ultimate lNexibility
for corrector and monochromator

technology and its applications.

Conquering the sub-Angstrom era

Helios NanolLab™
Sub-nanometer field emission SEM
meets next generation FIB,
Nano-ploneering the next generation

Nova™ NanolLab Series
DualBeam ™ (SEM/FIB) solution for 3D
characterization, prototyping, machining and
analysis of structures smaller than 100nm.
Make your contribution to the
nanotechnology revolution

Nova™ NanoSEM Series
Ultra-high resolution FEG SEM

for structural research,

Make your contribution to the
nanatechnology revolution

Inspect Series

Lowsvacuum SEM, FEG SEM

far high-resolution material jnspection
-and characterization.

Partnership begins here

Tecnai™ G? Series

The next generation, award-winning,
all-in-one, high performance TEM.,
Understanding decreasing dimensions

Strata™ DB (STEM)

Delivers integrated sample preparation,
ultra-high resolution STEM imaging and
microanalysis below 1nm, for high throughput
semiconductor and data storage labs.
SEM-TEM bridge tool

Quanta™ 3D

DualBeam™ for 30 material characterization,
industrial failure analysis and process control.
Any sample, all data, any dimension

Quanta™ Series

Flexible SEM, FEG SEM and DualBeam™
solutions for structural diagnostics,

Any sample, all data, anywhere

Vitrobot™

A fully automated vitrilication device for
plunge-freezing of aqueous solutions.
Explore the real structure

THE WINNING EDGE IN TODAY’S DEMANDING WORLD OF TECHNOLOGY

FEl's Tools for Nanotech™, featuring focused ion- and electron-beam
technologies, deliver 3D characterization, analysis and modification

capabilities with resolution down to the sub-Angstrom level. With R&D -:-:‘:-:- F E I c 0 M PAN Y"

centers in North America and Europe, and sales and service operations in oL
. e TooLs FOR NANOTECH
more than 40 countries around the world, FEl is bringing the nanoscale
within the grasp of leading researchers and manufacturers and helping to
turn some of the biggest ideas of this century into reality. www.fei.com
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SCIENTIFIC PROGRAMME

Monday March 12, 2007

08h00-09n00

Registration and Welcome

(Session: Nanobiotechnology / Nanomedicine)
Chairman: Juan Jose Saenz

09h00-09n50

Albert van den Berg (Twente University, Netherlands)

(page 19) "From Lab on a Chip to a Lab-in-a-Cell"
09h50-10h10 | Elena Martinez Fraiz ( PCB-UB, Spain)
(page 47) "Production of functionalised micro and nanostructured polymer surfaces to trigger

mesenchymal stem cell differentiation”

10h10-10h30

Celia Rogero (INTA, Spain)

(page 67) "Characterization of functionalized Si surfaces for biosensor applications"
10h30-10h50 | Gerardo Goya (Universidad de Zaragoza, Spain)
(page 39) "Magnetically-charged dendritic cells as vectors for Magnetic Hyperthermia therapy"

10h50-11h50

Poster Session / Coffee Break & Instrument Exhibition

(Session: Nanobiotechnology / Nanomedicine)
Chairman: Jesus M De la Fuente

11h50-12h40

Paulo Freitas (INESC, Portugal)

(page 7) "Magnetoresistive biosensor platforms”
12h40-13h30 | Gunter Reiss (University of Bielefeld, Germany)
(page 15) "Magnetoresistive Sensors and Magnetic Nanoparticles for Biotechnology"

13h30-15h30

Lunch

(Session: Nanomagnetism)
Chairman: Antonio Garcia Martin

15h30-16h20

Jos de Jongh (Leiden University, The Netherlands)

(page 11)

"Decoherence crossovers in molecular magnetic qubits wth tunable quantum
tunneling rates"

16h20-16h40

Xavier Batlle (Universidad de Barcelona, Spain)

(page 25) "Fe304 nanoparticles with bulk magnetic properties"
16h40-17h00 | Francisco Rivadulla (Universidad de Santiago de Compostela, Spain)
(page 63) "Magnetic relaxation of y-Fe203 dispersions and electronic phase-segregated

systems"

(Session: Scientific Policy)
Chairman: Arturo Dominguez

17h00-17h15

Jose Rivas Rey (USC, Spain)

(page 65) "The international iberian nanotechnology laboratory (INL)"
17h15-17h30 | Jose Maria Pitarke (CIC nanoGUNE Consolider, Spain)

(page 61) "CIC nanoGUNE Consolider"
17h30-17h45 | Albert Figueras (Institut Catald de Nanotecnologia, Spain)

(page 33) “NanoScience and Nanotechnology Research Center — CIN2 (CSIC-ICN)”
17h45-18h00 | Rodolfo Miranda (UAM, Spain)

(page 53) "IMDEA-Nano: A new Institute devoted to research in Nanoscience and

Nanotechnology in Madrid"

18h00-20h00

Poster Session / Coffee Break & Instrument Exhibition

20h30

Reception

4th NanoSpain Workshop

12-15 March, 2007 Sevilla-Spain
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(Session: SPM / NanoMetrology)
Chairman: Emilio Prieto

09h00-09h50 | Paulo Samori (Universite Louis Pasteur, France)

(page 17) "Scanning Probe Microscopies beyond imaging: a journey into the nanoscale world"
09h50-10h40 | Hans-Ulrich Danzebrink (Physikalisch-Technische Bundesanstalt, Germany)
(page 5) "Dimensional Measurements at Nanoscale — Application of SFM for the Calibration of

Dimensional and Analytical Standards"

10h40-11h00 | Jose Abad (Universidad de Murcia, Spain)

(page 23) "Structural and electrical properties of poly(3-octylthiophene) (P30T) films: A
scanning probe microscopy study"”

11h00-12h00 Poster Session / Coffee Break & Instrument Exhibition
12h00-13h15 | Thematic Sessions - Part 1
13h15-14h45 Lunch

14h45 | Bus departure to: "Sierra de Aracena" + Conference Dinner

12h00-12h30 | Adrian Bachtold (Centro Nacional de Microelectrénica)

(page 77) "Mechanical detection of carbon nanotube resonator vibrations"

12h30-13h00 | Cristina Gomez Navarro (Max Planck Institute for Solid State Research)

(page 105) "Electronic transport of carbon nanotubes with induced defects"

13h00-13h15 | Fernando Langa (Universidad Castilla La Mancha)

(page 111) "Fullerene Based Molecules with low HOMO-LUMO gap"

12h00-12h30 | Tomas Torres (Universidad Autbnoma de Madrid)

(page 127) "Towards phthalocyanine-based molecular materials"

12h30-13h00 | Concepcid Rovira (Instituto de Ciencias Materiales de Barcelona)

(page 121) | "Surface self-assembled monolayer of a multifunctional organic radical”

13h00-13h15 | José M? Gallego (Universidad Auténoma de Madrid)

(page 97) "The nanoscale spider-web: A molecular self-assembly due to substrate-molecule
interactions"

12h00-12h30 | Jesus Maria de la Fuente (CICIC-CSIC)

(page 87) "Glyconanotechnology: a methodology to prepare biofunctional nanoparticles with
application in Nanomedicine"

12h30-12h45 | Neus GAmez Bastus (Instituto Catalan de Nanotecnologia)

(page 103) "Rational Design of Inorganic Nanopatrticle Conjugates for Biomedical Applications"

12h45-13h00 | Alejandro Pérez de Luque (IFAPA-CICE)

(page 115) "Localization of nanoparticles in plant tissues: potential use as smart delivery
systems"

12h00-12h30 | José-Luis Prieto (Universidad Politécnica de Madrid)

(page 119) | “Sub-10nm Nanolithography at the CT-ISOM”

12h30-12h45 | Alvaro Blanco (ICMM-CSIC)

(page 79) "Three Dimensional Polymeric Photonic Crystals"

12h45-13h00 | Celia Polop (Universidad Auténoma de Madrid)

(page 117) | "Kinetic control in the surface assembly of one-dimensional coordination polymers"

13h00-13h15 | Xavier Cartoixa (Universidad Autbnoma de Barcelona)

(page 81) "Novel approach to the fabrication of ordered arrays of quantum wires"
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SCIENTIFIC PROGRAMME

Wednesday March 14, 2007

(Session: Nanomaterials)
Chairman: Asuncion Fernandez

09h00-09n50

Rainer Hillenbrand (Max-Planck-Institut fir Biochemie, Germany)

(page 9)

"Scattering-type near-field microscopy: From nanoscale infrared material recognition
to superlens studies”

09h50-10h10

Rodolfo Miranda (UAM, Spain)

(page 51) "Quantum size effects in metallic nanostructures"
10h10-10h30 | Renaud Caillard (ICMM-CSIC, Spain)

(page 27) "Organic molecular nano-wires and nano-ladders"
10h30-10h50 | Antonio Garcia Martin (IMM-CSIC, Spain)

(page 35) "Ferromagnetic nanowire arrays: enhanced magneto-optics and size effects"
10h50-11h10 | Jose A. Sanchez Gil (IEM-CFMAC-CSIC, Spain)

(page 71) "Surface plasmon photonics on metallic nanostructures: SERS substrates and nano-

antennas"

11h10-11h30

Jordi Faraudo (UAB, Spain)

(page 31)

"Discontinuous transitions in nanostructured liquid/liquid interfaces: Computer
Simulation studies"

11h30-12h00

Poster Session / Coffee Break & Instrument Exhibition

(Session: Nanoelectronics / Molecular Electronics)
Chairman: Fernando Briones

12h00-12h20

Gabino Rubio-Bolliger (UAM, Spain)

(page 69) “Electronic Transport and Mechanical Properties of suspended atomic chains of gold”
12h20-12h40 | Jia Grace Lu (University of Southern California, USA)

(page 41) “Nanoscale Electronics and Sensors Built on Semiconducting Nanowires”
12h40-13h00 | Santos Merino (Tekniker, Spain)

(page 49) “A new way of manufacturing high resolution optical encoders by Nanoimprint

Lithography”

13h00-13h30

Flash Contributions — Part 1

13h30-15h30

Lunch

15h30-17h00

Thematic Sessions — Part 2

17h00-17h30

Flash Contributions — Part 2

17h30-20n00

Poster Session / Coffee Break & Instrument Exhibition

20h30

| Reception

4th NanoSpain Workshop
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Poster Flash Contributions Part 1 - Wednesday March 14, 2007: 13h00-13h30

Ana Borras
(ICMSE-CSIC, Spain)

Nanomaterials

"Growth at low temperatures of Ag@TiO2 nano-
fibers by plasma deposition"

Jose Gonzalo
(I0-CFMAC-CSIC, Spain)

Nanomaterials

"Self-organized oriented Ag nanocolumns:

Structure and optical properties”

Marisol Martin
(IMM-CNM-CSIC, Spain)

Nanomaterials

“Porous alumina in the control of position and
shape of nanostructures”

Virginia Ruiz
(University of Burgos, Spain)

Nanomaterials

"A multiresponse approach to the study of
electrochemical processes in nanostructured
materials"

Estefania Guerrero
(ICMSE-CSIC, Spain)

Nanomaterials

"Preparation and characterisation of thiol- and
phosphine functionalised gold clusters and
nanoparticles: An X-ray absorption
spectroscopy study"”

Poster Flash Contributions Part 2 - Wednesday March 14, 2007: 17h00-17h30

Jose Maria de Teresa
(UNIZAR, Spain)

Nanoelectronics

"Magnetoresistance and Hall effect of Fe304
thin films on MgO substrates”

Aritz Retolasa
(TEKNIKER, Spain)

Nanoelectronics

"The use of automatic demolding in nanoimprint
lithography processes"

(INTA, Spain)

Javier Mendez SPM "Manipulation of Organic Nanostructures by
(ICMM-CSIC, Spain) field gradient diffusion induced with STM"
Celia Rogero SPM "Self-organized submonolayers of S-cysteine

on Au(111)"

Luis Fernandez Barquin
(UNICAN, Spain)

Nanomagnetism

"Neutron spin-echo evidence of inter-particle
spin correlations of Fe(Cu) nanoparticles in a
Ag matrix"

4th NanoSpain Workshop
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15h30-16h00

Marivi Fernandez-Serra (CECAM - ENS Lyon)

(page 95) "Conductance, surface traps and passivation in doped silicon nanowires"
16h00-16h15 | Eduardo Castro (Universidade do Porto)

(page 83) "Biased graphene bilayer: a tunable gap semiconductor"”
16h15-16h30 | Luis Fernandez Barquin (Universidad de Cantabria)

(page 93) "Neutron spin-echo evidence of inter-particle spin correlations of Fe(Cu)

nanoparticles in a Ag matrix"

16h30-16h45

Teresa Gonzalez (Universitat Basel)

(page 107)

"Understanding conductance histograms of single molecular junctions”

16h45-17h00

Discussion and concluding remarks

15h30-16h00

Abderrazzak Douhal (Universidad Castilla La Mancha)

(page 89) "Ultrafast Dynamics within Nanocavities and Nanochannels"
16h00-16h15 | Fernando Langa (Universidad Castilla La Mancha)

(page 109) "Efficient Photoinduced Electron Transfer in Fullerene Based Molecular Wires"
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FUNCTIONAL NANOSTRUCTURES AND DEVICES OF SELF-ORGANISING
MULTIFUNCTIONAL MATERIALS

Fabio Biscarini
CNR-Institute for the Study of Nanostructured Materials, Bologna, Italy

Abstract

Multifunctional materials, designed for electronic and optical properties, recognition and sensing,
actuation, can be patterned into arrays of lines and dots by exploiting self-organisation in confined
environments defined by an external agency, either a stamp, nanofluidic channel, or a
nanofabricated template. In this manner, it is possible to fabricate memory storage elements, field
effect transistors, sensors where the active component is made of nanostructures exactly defined in
terms of size, shape and position (Fig.1). The control on the smaller length scales is intrinsic to the
self-organisation process, whereas the larger length scales are imposed by the external agency. A
variety of examples of materials (polymeric and organic semiconductors, liquid crystals, rotaxanes,
coordination compounds and clusters, CNTs), fabrication approaches and devices will be presented
as a contribution to the development of a technological platform for multifunctional materials.
Finally, 1 will discuss our recent work aimed to integrate biomolecules (Fig. 2) and cells (Fig. 3)
with organic semiconductors, towards the development of a new class of organic electronic
transducers of biological phenomena in vitro.

I would like to acknowledge my collaborators: M. Cavallini, C. Dionigi, P. Stoliar, E. Bystrenova,
C. Albonetti, A. Lazar, S. Milita, M. G. Cacace in CNR-ISMN; F. Zerbetto and A. Brillante, Univ.
of Bologna; C. Martini and I. Tonazzini, Univ. of Pisa; E. Madarasz and M. Jelitai, Inst. Exp.
Medicine Budapest; D. de Leeuw, Philips Research Labs; Y. Geerts, Univ. Libre de Bruxelles; R.
Lazzaroni, Univ. Mons-Hainaut; D. Leigh, Univ. of Edinburgh; K. Muellen, MPI Mainz; R. Garcia
CSIC IMM Madrid and J. Veciana CSIC-ICMAB Barcelona.

Support from EU Projects IP-NAIMO, BIODOT, HY3M, CHEXTAN, STAG, IP-CANAPE; MUR-
FIRB-2001 NOMADE and Emilia Romagna Region NetLAB NANOFABER is also acknowledged.
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Fig. 1: Examples of self-
organised patterns and devices:
(a) two monolayer high stripes by
lithographically-controlled wetting
of terthiophene-bisfluorene
(T3F2) on silicon oxide;

(b) FET working with self-
organised stripes of T3F2;

(c) array of benzylic amide
rotaxane nanodots by AFM-
triggered self-organisation;

(d) patterns of Mn;, single
molecule magnets on polymer
film surfaces.
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Fig. 2: Controlled deposition of
biological molecules in
microfluidics conditions:

(top) sequence of lambda-DNA
aggregates on mica obtained by
varying the DNA concentration
for the same buffer
concentration;

(bottom) left, aggregation of b-
amyloid 1-40 peptide deposited
on silicon oxide at pH7 from 12.5
mg/ml water solution; right, same
in mesoscopic channels.

10 pm

Fig.3: Optical micrograph, AFM in liquid and fluorescence
microscopy images obtained on astrocytoma and neural cells
grown on organic ultra-thin films.
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DIMENSIONAL MEASUREMENTS AT NANOSCALE - APPLICATION OF SFM
FOR THE CALIBRATION OF DIMENSIONAL AND ANALYTICAL STANDARDS

G. Dai', H.-U. Danzebrink®, T. Dziomba®, P. Hinze!, T. Weimann®,
A. Kranzmann?, M. Ritter?, M. Senoner” and L. Koenders®,
! physikalisch-Technische Bundesanstalt, Braunschweig, Germany
2 Bundesanstalt fiir Materialforschung und -pruefung (BAM), Berlin, Germany

Introduction

Nanotechnology is coming together of material and dimension at nanometre scale. Here the
material can or may show properties which are not observed at atomic scale or in bulk
materials. To achieve knowledge about its properties it is mandatory to investigate
geometrical as well as analytical properties in the nanometre range. A tool to investigate
dimensional properties is the scanning probe microscope. The capability to investigate
surfaces with unprecedented resolution introduced a large variety of techniques using probes
that exploit different tip-sample interactions in order to probe sample properties. On the other
side the dimension is only one part of nanoparticels. Analytical instruments are necessary to
resolve elemental properties at nanometre scale. Such surface analytical techniques are XPS,
AES, ESCA, etc. But it is necessary to test the resolution of such instruments.

Scanning Force Microscopy and its Properties

SPMs have become important for the measurement of small structures in dimensional
metrology [1], like e.g. pitch, step height, particle diameter, line width, roughness, hardness
and nano-indentation, as these techniques achieve high spatial resolution. The uncertainties
for step height and pitch measurements are now in the sub-nanometre and picometre range,
respectively [2]. The main contributions to the uncertainty are still due to some properties of
the scanning and positioning apparatus. However, on the nanometre scale, effects due to the
tip shape or tip wear together with interaction forces between tip and sample, that cause
elastic or plastic deformations of tip and sample, have to be taken into account. For scanning
probe microscopes the fine tip is crucial to the spatial resolution of structures on the sample,
but it must be accepted that this tip is naturally not infinitely fine. Thus the geometry and the
physical characteristics of the probe together with the interaction between probe and sample
are of substantial importance for the measurement. For dimensional metrology within the
range of atomic dimensions, knowledge of tip sample interactions is therefore essential for
accurate dimensional metrology.

Novel Standards for Dimensional Calibration

For dimensional calibration e. g. of Scanning Probe Microscopes (SPM), a novel 3D standard
has been developed by BAM and PTB [3], which uses sub-microscopic features as
nanometre-sized landmarks. Unlike step height and lateral standards already established, this
new method allows a complete 3D calibration with just one type of standard, i. e. the coupling
of all three axes can be determined easily and automatically corrected. This novel 3D standard
has proven to be well suited also for other high-resolution microscopy techniques.

Novel Standards for Analytical Instruments

Standards for the calibration, beam alignment & resolution determination of spatial-analytical
instruments such as Energy Dispersive X-Ray Spectroscopy (EDX), X-ray Photoelectron-
Spectroscopy (XPS), Secondary lon Mass Spectrometers (SIMS) and Auger Electron
Spectroscopy (AES) should show clear material contrasts while being topography-free. Two
different concepts have been realized at PTB and BAM with success:
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Firstly, a system of alternating layers of well-defined thicknesses in the range from a few nm
to several hundred nm has been deposited by MOVPE, which is then cleaved so that a 1D
stripe pattern becomes accessible [4]. Special polishing techniques ensure that the cleavage
face is topographically flat.

Secondly, 2D analytical standards have been fabricated by placing patterns of well-defined
geometry and size consisting of metal Au in Ag matrix. While AFM is used to check to what
extend these samples are really topography-free and to calibrate their lateral scales, these
standards are now used by AES and XPS manufactures as high-resolution reference samples.

References:
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MAGNETORESISTIVE BIOSENSOR PLATFORMS
P.P.Freitas

INESC MN
R.Alves Redol 9
1000 Lisbon
Portugal

Magnetoresistive based biosensor platforms are being developed to address DNA-
cDNA biomolecular recognition events ( gene chips) and to detect antibody-antigen
binding ( protein or cell-chips). Examples in our lab include cystic fibrosis gene
mutation or SNIP detection, Salmonella or e-Coli detection in water, Stem cell
separation and differentiation. In these bioassays, biomolecular probes are
immobilized over the sensing sites on the chip, and magnetically labeled biomolecular
targets are driven over the immobilized probes. Magnetic nanoparticles are used as
labels (50nm up to 2.8um in diameter). The present sensor generation includes either
24 sensing sites using spin valve sensors, or 256 sensing sites in a matrix, where each
matrix element includes a thin film diode and a magnetic tunnel junction. The sensor
dynamic range ( number of labels detected) and the sensor ultimate resolution (
minimum number of labels of a certain dimension that can be detected) depend on the
application. Typically with 250nm magnetite labels, sensor width up to 100umz2 active
areas are sensitive to a single label and can detect up to few thousand labels.
Improving sensor performance by changing from spin valves to MgO based magnetic
tunnel junctions leads to a sensitivity increase of a factor of 20, meaning that smaller
labels (few nm in diameter) will become measurable. S/N ratio issues will be
addressed. An integrated system incorporating the hybridation detection platform, the
microfluidics assaying chamber, and the electronics control board has been fabricated.
This portable biodetector kit, than conveys all assay information to a PDA. Finally,
other spintronic biomedical applications will be discussed, such as cell separation
platforms, and hybrid sensors for biomedical imaging applications.
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Caption: 4™ generation INESC MN MR biochip. A 256 probe matrix having at each
probe site a thin film diode and a magnetic tunnel junction.
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SCATTERING-TYPE NEAR-FIELD MICROSCOPY: FROM NANOSCALE
INFRARED MATERIAL RECOGNITION TO SUPERLENS STUDIES

R. Hillenbrand
Nano-Photonics Group, Max-Planck-Institut fir Biochemie, 82152 Martinsried, Germany
hillenbr@biochem.mpg.de

The development of novel nanoelectronic and photonic structures requires ultrahigh-
resolution optical microscopy for characterization and mapping of local material properties
and nanoscale confined light fields. | will demonstrate such an optical microscopy technique
providing a spatial resolution of about 10-20nm independent of the wavelength. It is based on
elastic light scattering from the probing tip of an atomic force microscope (scattering-type
near-field optical microscopy, s-SNOM [1]). Besides a short introduction of the technique, |
will give an overview on infrared s-SNOM applications in material sciences [2-4],
nanoparticle imaging [5,6] and subwavelength-scale photonics [7].

Topography IR-SNOM amplitude

\ doped 51

1 nm SiN liner

Fig. 1: Example of infrared s-SNOM application: Nanoscale mapping of different materials
and electron concentrations in a cross section of a MOS-transistor drain contact at 930 cm™.
Pseudoheterodyne detection yields infrared amplitude and phase images simultaneously to
topography.
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DECOHERENCE CROSSOVERS IN MOLECULAR MAGNETIC QUBITS
WITH TUNABLE QUANTUM TUNNELING RATES
L. Jos de Jongh
Kamerlingh Onnes Laboratory, Leiden University, The Netherlands

Decoherence in the low-temperature (< 0.5 K) quantum tunneling regime of molecular
magnetic qubits such as Feg or Mnj;-ac, arises grimarily from entanglement of the molecular
cluster spins with environmental nuclear spins’® on the magnetic atoms and the surrounding
ligands. The hyperfine coupling to these localized modes, the “nuclear spin-bath”, involves
intriguing novel decoherence mechanisms, such as topological and precessional decoherence,
differing fundamentally from traditional oscillator-bath-controlled decoherence?. In addition, it
leads to a fully unexpected new mechanism of quantum relaxation by nuclear-spin-mediated-
tunnelingl) (NSMT), in which the intrinsic dynamics of the nuclear spin bath is able to bring the
tunneling levels of the cluster spins temporally into resonance, in spite of the very small quantum
tunneling splittings A./kg ~ 10”7 K of the magnetic ground doublet. This value is six orders of
magnitude smaller than the bias fields acting on these doublet levels, arising from the hyperfine
interaction itself and from the intercluster dipolar couplin% between spins on neighboring
clusters. Recent magnetization3'4), specific heat>® and NMR’ experiments on Feg or Mnj;-ac
have confirmed the occurrence of NSMT, and also evidenced the quantum-classical crossover
that is found when, with increasing temperature, one enters the classical thermal activation
regime (> 1K), where phonon-assisted tunneling processes through excited levels control the
spin dynamics.

In addition another unique and unparalleled type of crossover is offered by these molecular
magnetic qubits through the possibility of continuously tuning the A, by applying a transverse
magnetic field, B,. Since A, varies as ~ (B l)zs, with S the cluster spin (S5=10), a moderate B, of a
few T can already increase A/kg to 0.1 — 1 K, thus exceeding the hyperfine- and intercluster
biases. Applying such a field is thus predicteds) to lead to a ""decoherence crossover', from fully
incoherent NSMT at small A,, to coherent tunneling with spin-bath-controlled decoherence for
Ao/ks > 0.1 K. For still larger A,, the increasing coupling to phonons leads back to fully
incoherent tunneling, this time however through oscillator-bath-controlled decoherence. Thus
an optimum field regime can be found where decoherence is at a minimum. On basis of the
known spin-Hamiltonian parameters for Fes and Mn12-ac, one may estimate this optimum to be
reached around A,/kg = 0.2 K, corresponding to B, = 3-4 T and B, =~ 7 T for, respectively, Feg
and for Mn12-ac.

As expected, NMR can probe locally the dynamics of both the nuclear and electronic spins
involved in the above processes, the nuclear relaxation being directly related to the fluctuations
of the electronic (cluster) spins arising from tunneling and/or thermal activation. In addition,
time-dependent magnetization and specific heat studies have clearly demonstrated the role of the
electron spin-phonon coupling. We shall review the relevant experimental data and show how
these nicely confirm (and sometimes extend!) the above-mentioned theoretical predictions.
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CARBON NANOTECHNOLOGY:
ORGANIC FUNCTIONALIZATION AND APPLICATIONS

Maurizio Prato

Dipartimento di Scienze Farmaceutiche
University of Trieste

Piazzale Europa 1, 34127 Trieste, Italy

Carbon nanotubes (CNT) have generated great expectations due to their electronic and
mechanical properties. However, high molecular weights and strong hydrophobic
forces keep CNT together in bundles, making their manipulation, characterization and
analytical investigation very difficult. The organic functionalization offers the great
advantage of producing soluble and easy-to-handle CNT. Within this contribution, we
will review our most recent achievements in the field of synthesis of functionalized
carbon nanotubes and their applications in materials science and medicinal chemistry.
Not only can CNT function as useful components in photovoltaic devices, but they are

excellent carriers for drug delivery and ideal substrates for neuronal growth.
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MAGNETORESISTIVE SENSORS AND MAGNETIC NANOPARTICLES FOR
BIOTECHNOLOGY

G. Reiss, A. Hutten, A. Thomas, J. Schmalhorst, M. Schilling, A. Weddemann
Bielefeld University, Department of Physics, P.O. Box 100 131, 33501 Bielefeld, Germany

The detection as well as the manipulation of single molecules on a common technological
platform is of great interest for both basic research on biological or chemical systems as well
as for applications in, e.g., antibody detection. A promising approach is the detection of small
magnetic carriers® with the newly developed magnetoresistive sensors which would be
capable of creating a completely electronic measurement system®. Moreover, this system
would be addtionally compatibel with an important development in microelectronics, namely
the so called MRAM. Both the principles of the measurement technique as well as new
achievements in the preparation of magnetic carriers are demonstrated.

It is shown that paramagnetic beads can be detected by highly sensitive magnetoresistive
sensors yielding a purely electronic signal. New materials like magnetic Heusler alloys and
MgO tunneling barriers have recently increased the potential capabilities of these sensors
dramatically. Even the magnetic switching by direct spin transfer from the current running
through the devices seems now applicable, avoiding problems with downscaling and power
consumption (fig.1).
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Besides the use of such devices in storage or logic microelectronic circuits, they can
measure magnetic fields with a high sensitivity. In particular, stray fields arising from
magnetic markers from biomolecules and thereby the molecules themselves can be detected?.
Different configurations are discussed and the results for Giant Magnetoresistance sensors are
compared to an analysis of the same biological systems marked with fluorescence dyes. This
shows, that down to a conentration of about 10 pg/ul of, e.g., DNA molecules, the
magnetoresistive technique is competitive to nowadays standard analysis methods. The
capability of the Tunneling Magnetoresistance sensors to detect even single markers is
additionally demonstrated.

The magnetic carriers detected by the sensors are mostly paramagnetic magnetite beads
embedded in a polymer matrix with sizes from some pum down to about 100nm. They are
linked to, e.g., DNA or proteins (often by a avidin-biotin bond) and thereby enable highly
specific detection of complementary molecules. These magnetic particles often suffer from
their broad size distribution and the relatively small magnetic moment. With the new colloidal
synthesis of superparamagnetic or ferromagnetic Co, CoFe and FePt nanocrystals by, e.g.,
pyrolythic decomposition of CVD precursor molecules, magnetic markers with superior
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magnetic moments, smaller size and size distribution can be produced®. Here, the question
about their potential to replace magnetite is addressed. Starting from a magnetic analysis of
the corresponding magnetophoretic mobility of Co and FeCo based alloys their synthesis and
resulting microstructural and magnetic properties as function of the underlying particle size
distribution and the stability of the oleic acid ligand are discussed.

Moreover, the magnetic particles offer an additional feature: They can be manipulated on
chip via magnetic field gradients running through specially designed line patterns®. If
additionally a microfluidic environment is used for transportation, even the separation of
different species within one fluid seems possible® (fig. 2)

Figure 2: Two micofluidic
channels with different flow
velocities (color bar)
connected by a small bridge
with a magnetic gradient
field. The traces of the
particles are shown as black
lines. The gradients of the
flow velocity and the
magnetic field separate the
particles coming from the
left side into small particles
in the lower and large ones
in the upper channel.
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We show, that this manipulation can be performed in a precise and reproducible manner,
enabling locally enhanced concentration or even the measurement of binding forces with very

low loading rates.

Thus, magnetic markers in combination with magnetoresistive sensors are a promising
choice for future integrated lab-on-a-chip Systems.

! Guenter Reiss and Andreas Huetten, Nature Materials — News and Views, 4 (2005) 725

% Guenter Reiss, Hubert Brueckl, Andreas Huetten, Joerg Schotter, Monika Brzeska, M. Panhorst, D. Sudfeld,
Anke Becker, Paul B. Kamp, Alfred Puehler, K. Wojczykowski, Peter Jutzi, J. Mater. Res., 20 (2005) 3294

®Singulus Technologies, Semiconductor Equipment/ TMR-MRAM, Hanauer Landstrasse 103, 63796 Kahl am
Main, Germany (TIMARIS coating tool)

* M. Panhorst, P. Kamp, G. Reiss, H. Briickl, Biosens. Bioelectron., 20 (2005) 1685
®> A. Weddemann, Diploma thesis, Bielefeld University (2006)
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SCANNING PROBE MICROSCOPIES BEYOND IMAGING: A JOURNEY INTO THE
NANOSCALE WORLD
Paolo Samori2®
a Istituto per la Sintesi Organica e la Fotoreattivita, Consiglio Nazionale delle Ricerche, via Gobetti 101, I-
40129 Bologna (Italy), samori@isof.cnr.it
b Institut de Science et d'Ingénierie Supramoléculaires (ISIS), Université Louis Pasteur, 8 allée Gaspard
Monge, F-67083 Strasbourg (France), samori@isis-ulp.org

Scanning Probe Microscopies (SPMs) are unique tools which make it possible to unravel different
physico-chemical properties of supramolecular architectures across multiple length scales, thus they
can provide crucial information for the optimization of multifunctional materials for nanotechnology.
My lecture will review recent progress in the use of SPMs beyond imaging on soft materials,[1] with a
particular emphasis on the Atomic Force Microscopy studies of mechanical properties of isolated
polymer chains rigidified by non-covalent interactions.[2] In addition Kelvin Probe Force Microscopy
[3] investigations were carried out in order to explore the (dynamic) electronic properties of single [4]
and multi-component functional nanostructures, such as photovoltaic blends. [5] On the other hand,
Scanning Tunnelling Microscopy (STM) provided direct insight into the perturbation of the electronic
states of molecules adsorbed at surfaces. Detailed understanding on the contrast in sub-molecularly
resolved STM images of a monolayer of an azatriphenylene derivative physisorbed on graphite was
accomplished relying on the assistance of quantum chemical calculations.[6] | will also present a
strategy to fabricate prototypes of mechano-chemical switches triggered by light irradiation:
Significantly, the photochemical switching of a new terminally thiolated azobiphenyl rigid rod,
forming a single component SAM on metallic surfaces, was found by STM to be complete over a
molecular 2D crystal and to operate according to a domino-effect. [7]

Furthermore, the processing of nanomaterials with non-conventional protocols to obtain ordered
multifunctional architectures is of key technological relevance. | will introduce three approaches we
recently developed in our lab. First, millimetre long crystalline fibers of an organic semiconductor, i.e.
perylene-bis-dicarboximide (PDI), were formed using solution processing assisted by solvent vapour
annealing post-treatments to foster long-range molecular re-organization on surfaces. This versatile,
cooperative and reversible self-assembly was found to comply with an Avrami type nucleation
governed growth. The millimetre long fibers revealed a ten-fold increase in conductivity if compared
to the pristine PDI thin layer [8]. Second, electrophoretic approaches were successfully employed to
nanomanipulate, on a pre-patterned surface, supramolecularly engineered nanofibers pre-programmed
to possess an intrinsic high dipole moment.[9] Third, we devised a new general approach to process
giant (macro)molecules into ultra-pure and highly ordered structures at surfaces, which relies on the
soft-landing of ions generated by solvent-free matrix assisted laser desorption/ionization (MALDI).
[10]

Overall, the possibility to develop ultra-pure, well-defined and highly ordered functional
supramolecular architectures, combined with the ability of SPM to visualize and manipulate nano-
objects on the sub-molecular scale, opens new exciting avenues for the exploration and optimization of
smart materials, which may be of interest for the fabrication of future organic electronic nanodevices
and sensors.
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FROM LAB ON A CHIP TO A LAB-IN-A-CELL

Albert van den Berg

B1OS/Lab-on-a-Chip group
University of Twente
MESA" Institute for Nanotechnology

Over the past 15 years, the concept of Lab on a Chip (LOC) has been developed to a great
level of maturity. These microfluidics systems are nowadays employed in a variety of
applications in physics, analytical chemistry, medical applications and recently more and
more in biological ones. We will show that there is an increasing interest in experiments
with single cells, and it will be shown that there are great opportunities for doing so.

In this presentation, first an example will be given of a LOC for the analysis of lithium, a
drug frequently used by manic-depressive patients, in whole blood [1]. Subsequently, we
will present a sensor system for the monitoring of cultivation parameters such as
temperature, oxygen content, pH and cell growth. This system is intended to be used for
monitoring of micro-cell cultures, and is compatible with the standard 96 well-plate
format [2]. An another example, a million-chamber Petri-dish will be shown for
cultivation of bacterial cultures [3].

In a following example, a microfluidic cell trap enabling time-lapse experiments with
U937 cells undergoing apoptosis studied with confocal microscopy [4]. The use of
chemically modified Qdots is shown for photo-stable cell-imaging of the same apoptotic
process [5]. This is particularly important if long time-lapse experiments are carried out,
that would normally suffer from bleaching of conventional fluorescent probes.

Finally, a cell-trap chip is shown for gene transfection into individual cells using
electroporation. More specifically, the transfection of the GFP-ERK1 construct and
subsequent translocation from the cytosol to the nucleus of human mesenchymal stem
cells under influence of external bFGF signals is demonstrated [6]. The last example
demonstrates that there is an important future role for experimentation with single cells on
a chip, or using the cell as experimentation space in a new paradigm: the Lab-in-a-Cell.

[1] E.X. Vrouwe et al., Clinical Chemistry, 53(1), (2007), 117-123.

[2] E. Krommenhoek et al., Sensors Actuators B, 115(1), (2006), 384-389.
[3] C.J. Ingham et al., submitted to PNAS.

[4] C. Mufioz-Pinedo et al., Lab Chip, 5, (2005), 628-633.

[5] S. Le Gac et al., Nano Letters, 6(9), (2006), 1863-1869.

[6] A. Valero-Valero et al., in preparation.
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Fig. 1 Schematic presentation of microneedle
array sampling blood for lithium analysis.

Fig. 2. Picture of the anapore substrate,
subdivided in > 1 million, 7x7 um
cultivation chambers.
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Fig.3. Microfabricated cell trap for time-lapse analysis
of apotosis induced in suspension cells.

120
A0 e —

80

110 (%)
8

40 .

o] Alexa Fluor 647 e

0 200 400 800 800 1000 1200 1400 1600 1800
Time (sec)

Fig. 4.Intensity vs. time curves for Qdot probes (orange)
and two fluorescence probes.
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STRUCTURAL AND ELECTRICAL PROPERTIES OF POLY(3-
OCTYLTHIOPHENE) (P30OT) FILMS: A SCANNING PROBE MICROSCOPY
STUDY.

Jose Abad', Beatriz Pérez-Garcial ], Elisa Palacios-Lidénl, Antonio Urbina’ and Jaime
Colchero’

(1) Dep. Fisica, Centro de Investigacién en Optica y Nanofisica-CIOyN (Campus
Espinardo), Universidad de Murcia, 30100 Murcia, Spain.
(2) Dep. de Electronica, Universidad Politécnica de Cartagena, 30202 Cartagena, Spain

jabad@um.es

Poly-(3-octylthiophene) (P30OT) is one of the most promising materials for
applications in organic opto-electronic devices like field-effect transistors, light-emitting
diodes or solar cells [1-3]. In the present work we find that P3OT thin films (50-500 nm)
present a very rich nanostructure which is studied by scanning force microscopy techniques.
From a morphological point of view, self-assembled lamellar structures are formed on the
surface of the films, theirs morphologies are very rich depending on the polymer films growth
conditions (drop casting or spin coating).

Kelvin force microscopy is applied to study the electrical properties of the films under
different working conditions, in particular under light illumination and while an electrical
current is passing through the thin film. We find that, on the lamellar structures, different
surface potential domains are clearly distinguished by Kelvin force microscopy.
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Fe;04s NANOPARTICLES WITH BULK MAGNETIC PROPERTIES

P. Guardia®, A. G. Roca?, O. Iglesias’, M. P. Morales?, C. J. Serna?, A. Labarta®
and X. Batlle!
'Departament de Fisica Fonamental and Institut de Nanociéncia i Nanotecnologia,
Universitat de Barcelona, Marti i Franqués 1, 08028- Barcelona, Catalonia, Spain.
?Instituto de Ciencia de Materiales de Madrid, CSIC, Sor Juana Inés de la Cruz 3,
Cantoblanco 28049, Madrid, Spain.
xavierbatlle@ub.edu

Magnetic nanoparticles [1] have attracted much research over the recent years due to their
potential interest in a variety of biomedical applications [2]. Uniform magnetite Fe3O4
nanoparticles of 6, 10 and 17 nm in diameter were synthesised by thermal decomposition at
high temperature of an iron organic precursor in an organic medium [3]. Oleic acid was used
as surfactant in all cases and the organic solvent was chosen in each case so as to maximise
size and shape uniformity. The particles, as revealed by transmission electron microscopy, are
very uniform in size, with polydispersion below 20%, and x-ray patterns show that they
consist of highly crystalline particles with an inverse spinel structure and lattice parameters
similar to those of magnetite. Surprisingly enough, for all samples studied, saturation
magnetization Ms ~ 82 emu/g almost reaches the expected value for bulk magnetite at low
temperature, in contrast to results in small particle systems for which Ms is usually much
smaller due to surface spin disorder (for example, Ms = 50 emu/g for 4 nm particles in [4]).
The coercive field for the 6 nm particles is also in close agreement with that of bulk magnetite
(175-210 Oe). Both results suggest that the oleic acid molecules covalently bonded to the
nanoparticle surface yield a strong reduction in the surface spin disorder, such that the new
0% surface ligands partially reconstruct the crystal field of the surface Fe cations, as
suggested by x-ray photoelectron spectroscopy in the Fe 2p, 3p and 3s, and O 1s core levels.
These findings may be of relevance in biomedical applications since they may reduce the
strength of the magnetic field required to obtain a high value of the magnetisation and they
open the question of whether M above the bulk value may be obtained by taking advantage
of the orbital contribution to the magnetic moment, for example, due to the interplay of the
surface cations in the particles and the ligands in the surfactant. XMCD experiments are
currently in progress in order to ascertain the nature of the magnetic moments in the particles.

Work funded by Spanish NAN2004-08805-CO4-02 and NANZ2004-08805-CO4-01, and
CONSOLIDER CSD2006-12.
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Figure 1. TEM micrograph of magnetite nanoparticles with an average diameter of
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Figure 2. Hysteresis loops at T =5 K for magnetite nanoparticles surfacted with oleic acid, as
a function of the particle size. Inset: Low magnetic field region of the hysteresis loop.
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ORGANIC MOLECULAR NANO-WIRES AND NANO-LADDERS

Renaud Caillard, Gonzalo Otero, Carlos Sanchez-Sanchez, Pedro de Andrés, José Angel
Martin-Gago and Javier Méndez
rcaillard@icmm.csic.es; jmendez@icmm.csic.es
Instituto de Ciencia de Materiales de Madrid, Spain

Self-assembly of specific organic molecules deposited on metal and nanostructured metallic
substrates by vapour deposition is nowadays a reliable method for investigating fundamental
concepts in nanoscience and nanotechnology'®.  We have studied a spontaneous
nanostructuration process of organic molecules on a surface to form 1D and 2D supra-
molecular structures. Particularly, the use of well-controlled single crystal surfaces and the
STM technique permits to gather chemical information about this process at a molecular
level.

We have focused our study on PTCDA, 3,4,9,10-perylene-tetracarboxylic-
dianhydride, deposited on Au(111) surfaces, both clean and partially covered by iron atoms.
PTCDA molecules present a number of structural, electronic and optical properties® that make
them interesting to serve as the basis for future electronic applications such as switches,
optical sensors and data storage media.

The PTCDA molecules deposited on Fe/Au(111) substrates form several molecular
arrangements (Figure 1) different for those found on the Au(111) surface. We present in this
work a collection of different nanostructures and the influence in its formation on the
experimental parameters. The interaction between diffusing Fe atoms and the deposited
molecules become the key point for stabilizing new structural phases. By means of
spectroscopic tunnelling images we obtain information about the modification of the
molecular orbitals by the presence of either Fe atoms or clusters on the surface. Thus, We
show how these systems combine the functional properties of the organic molecules with the
low dimensionality of the OD clusters (organic nanodots®), the 1D of the organic wires and the
2D character of the created ladder-like array (bidimensional crystal).
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Figures :

Figure 1: Two kinds of structures obtained, (a) formation of elongated organic wires joined by iron
ligand and (b) Ladder like organic structure joined by perpendicular PTCDA molecules, respectively.

i) ®

Figure 2 : STM images of 1ML PTCDA on Fe/Au(111) at RT obtained at V = +1.0 V (unoccupied,
LUMO) and V =-1.8 V (occupied, HOMO), respectively.
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COUNTING AND MANIPULATING SINGLE ELECTRONS IN A AU
NANOPARTICLE USING A CARBON NANOTUBE TRANSISTOR

Maria Jose Esplandiu

Institut Catala de Nanotecnologia
Campus Universitat Autonoma de Barcelona, Bellaterra 08193
e-mail: Mariajose.Esplandiu@uab.es

We report on electric measurements of an individual Au nanoparticle with an ultra-high
contact resistance of about 10" ohms. The high-impedance measurements have been
carried out by counting electrons going into the Au particle with a rate that corresponds
to a current of about 102! A. For this, a carbon nanotube is used as the electrode for the
supply of electrons but also as the detector of the charge transfer. The separation
between the electron states in the Au nanoparticle is found to be about 4 meV, which is
consistent with the charging energy of the particle. The measurement technique offers
great promise for the study of electron transfer in high-resistive molecular systems.
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DISCONTINUOUS TRANSITIONS IN NANOSTRUCTURED LIQUID/LIQUID
INTERFACES: COMPUTER SIMULATION STUDIES

13

Jordi Faraudo®3, Fernando Bresme? and Lourdes F. Vega®

(1) Dept. de Fisica, Universitat Autonoma de Barcelona, 08193 Bellaterra, Spain
Jordi.Faraudo@uab.cat

(2) Department of Chemistry, Imperial College, London SW7 2AZ, UK
f.oresme@imperial.ac.uk

(3) Institut de Ciencia de Materials de Barcelona (ICMAB-CSIC) Campus de la Universitat
Autonoma de Barcelona, 08193 Bellaterra, Spain

Surfactants and nanoparticles have the ability to, under certain circumstances, adsorb onto
liquid/liquid interfaces creating interfacial structures with characteristic order in the
nanometer scale. In this way, liquid/liquid interfaces can be functionalised for specific
applications. Nanostructured functional liquid/liquid interfaces are very important in Nature,
being biological membranes the most prominent examples. In Materials Science,
nanostructured liquid/liquid interfaces are also important in many applications including
foams, thin films, biomimetic materials or magnetic soft nanocomposites assembled by
nanoparticle adsorption, to mention only a few examples.

Discontinuous transitions in these soft interfacial systems are especially interesting
both from the applied and theoretical point of view. In this work, we will discuss several
examples of different discontinuous transitions including the NBF-CBF transition in thin
films [1] and the orientational transition in interfaces containing adsorbed magnetic
nanoparticles [2]. In both cases we will present computer simulation results which illustrate
the underlying mechanisms driving the transitions. We will also discuss the applicability of
classical thermodynamic concepts to these examples of these interfacial transitions arising at
the nanoscale.
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CENTRE D’INVESTIGACIONS EN NANOCIENCIA |
NANOTECNOLOGIA
CIN2 (CSIC-ICN)

A. Fgueras (CSIC)
albert@icmab.es

J. Pascual (ICN)
jordi.pascual@uab.es

Nanoscience and nanotechnology (N&N) are new approaches to research and
development that aim to control the fundamental structure and behaviour of matter at
the level of atoms and molecules. These fields open up the possibility of understanding
new phenomena and producing new properties that can be used at the micro- and
macro-scale. The range of materials to be studied spans from the atomic scale,
molecular or macromolecular compounds, to nanoparticles, nanowires and in general,
nanostructured materials.

A comparative funding levels between EU, Japan, USA and other countries on a per-
capita basis in 2003 (1€=1%) indicates that Spain shows the lowest mark, 0.04€ per
capita.

The existence of a good number of groups in Spain working on techniques and
methodologies related with N&N cannot hide the low support of the State to this
important field of research. Just in the last two year a first call totally devoted to N&N
has been proposed. Nevertheless, at present it is not clear the continuity of this call. In
agreement with this specific action, a little increase in the funds per capita devoted to
N&N has forcibly increased in 2005 although the percentage will remain unfortunately
low.

The opportunity of the creation of a new Research Centre on N&N in Barcelona
side is a crucial key action for the developing of N&N in our country. There are
several reasons supporting this fact: a) the political support from the State (CSIC) and
the Catalan Region b) the possibility to create a new and agile management of the
Research Centre shared between those both actors; CIN2 will be a mix organism c)
support of the Autonomous University of Barcelona (UAB) permitting and supporting
actively the construction of the CIN2 building in his own Campus in Bellaterra by a
cession of an adequate ground: this organism will be also included in the management
of CIN2.

In this talk special attention will be paid with respect to the definition of selected
research areas, the recruitment of personnel and internal structuring as well.
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FERROMAGNETIC NANOWIRE ARRAYS: ENHANCED MAGNETO-OPTICS
AND SIZE EFFECTS

J.B. Gonzélez-Diaz, A. Garcia-Martin, G. Armelles
Instituto de Microelectrénica de Madrid, Consejo Superior de Investigaciones Cientificas
Isaac Newton 8 (PTM), Tres Cantos, E-28760 Madrid (Spain)
e-mail: antonio@imm.cnm.csic.es
D. Navas, M. Vazquez
Instituto de Ciencia de Materiales de Madrid,Consejo Superior de Investigaciones Cientificas
Sor Juana Inés de la Cruz 3, Cantoblanco, E-28049 Madrid (Spain)

K. Nielsch, U. Gosele

Max-Planck-Institute of Microstructure Physics, Weinberg 2, D-06120 Halle (Germany)
R.B. Wehrspohn

Fraunhofer-Institut fir Werkstoffmechanik Halle, Heideallee 19, 06120 Halle, (Germany)

Localized surface plasmons are under intensive study since long ago because they play a very
important role in the optical properties of metallic systems. In particular, they become
especially relevant in the optical properties of nanostructures, such as tiny particles embedded
in dielectric matrices. The intensity as well as the spectral position of these resonances
strongly depends on a variety of parameters such as the size, the shape, the concentration of
the metallic particles or the refractive index of the matrix.[1] The vast majority of the studies
have been so far devoted to study noble metal particles since their free electron contribution to
the optical properties in the infrared and visible spectral range is predominant, exhibiting also
a low damping constant. In other metals such as palladium, platinum, cobalt, nickel or iron,
the free electron contribution to the optical properties is smaller, and have a higher damping
constant, therefore their surface plasmon resonances appear broader and less defined. On the
other hand, some of these metals like Fe, Co and Ni, possess spontaneous magnetization
which enables them to present magneto-optical properties, which are absent in noble metals.
This characteristic can be used to design new kind of plasmonic structures. Moreover,
different theoretical works have suggested that surface plasmon resonance of magnetic
metallic nanoparticles could enhance the magneto-optical activity with respect to that of a
continuous medium.[2] However, the size of the nanoparticles under consideration is always
much smaller than the wavelength of the light and the interaction between the particles was
rarely considered. But the particle size and the radiative coupling between nanoparticles
strongly modify the optical properties of the system and, therefore, it may also modify its
magneto-optical response. This is precisely the scope of this work, where we analyze the
dependence of the magneto-optical properties on the size and on the dielectric environment of
a system consisting on periodically arranged Ni nanowires embedded in a dielectric
environment.[3] Such system has already shown to exhibit interesting effects, such as an
enhancement of the magneto-optical Kerr rotation, whose origin will be pointed out here. We
will show that the enhancement is due to a surface plasmon resonance of the Ni nanowires, its
spectral position depending on the wire diameter.[4]
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Figure: (a) Kerr rotation spectrum of an array of nanowires with d=40nm and a=105nm. The
continuous line represents the Kerr rotation of nickel bulk. The enhancement of the rotation
around 3eV is clearly visible. The dashed line is the theoretical result obtained using a
Scattering Matrix Method. (b) The same as in (a) but the nanowire diameter is d=180 and the
lattice constant a=500nm.
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EFFECTS OF THE EXISTENCE OF VACANCIES IN THE ADSORPTION OF
QUANTUM GASES IN THE INTERCHANNELS OF A BUNDLE OF CARBON
NANOTUBES

M.C. Gordillo,
Departamento de Sistemas Fisicos, Quimicos y Naturales. Universidad Pablo de Olavide.
Carretera de Utrera km 1, 41013 Sevilla. Spain

cgorbar@upo.es

Since their discovery, carbon nanotubes and their bundles have been the object of a lot of
interest because, among others, their purported capacity as gas adsorbents. This could be very
interesting from the technological point of view, since these systems were proposed as
hydrogen reservoirs in fuel cells. In principle, the possible adsorption sites are the outside
surface of the bundle, the interchannels (IC’s) existing in between every three (or more, if the
bundle is irregular), tubes located parallel to each other and the inside of the cylinders
themselves. However, this option is only feasible when the nanotubes are open in the ends,
something to be done chemically after their synthesis. This means that, the issue of how much
adsorbate can enter the I1C’s could be of importance to assess the real gas uptake in these
systems.

In principle, the only species small enough to enter the IC’s are H,, He and Ne, as indicated
by different sets of quantum calculations [1,2], other gases are simply too big. However,
there are experimental indications against the adsorption of even the lightest gases. To try to
explain the discrepancies, we presented here some Diffusion Monte Carlo (DMC) calculations
on the systems under consideration. To do so, we considered the adsorption of “He, H, and Ne
inside 1C’s formed by three perfectly parallel (10,10) tubes with no defects, separated of each
other by a distance of 17 A. High binding energies in al cases and the fact that all the species
considered roam freely all the length of the simulation cell makes us believe that the size of
the IC is not the key issue to prevent adsorption.

We found that the only influence that certainly could impede the smallest quantum species to
enter the IC is the presence of carbon vacancies in the nanotubes [2]. The hole created by a
single missing carbon (an 5-1DB defect) is enough to stop any of the considered species to
move beyond it. This means that, if one of this vacancies is at the beginning of the IC, the
adsorption cannot progress further, making the entire interchannel an empty space. Since even
the purest nanotubes are though to have a certain measure of defects, this can be the
mechanism that could explain the experimental lack of adsorption.
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MAGNETICALLY-CHARGED DENDRITIC CELLS AS VECTORS FOR
MAGNETIC HYPERTHERMIA THERAPY.

Gerardo F. Goya, R. Fernandez-Pacheco, M. R. Ibarra
Instituto de Nanociencia de Aragdn, Pedro Cerbuna 12, 50009, Zaragoza, Spain
goya@unizar.es

J.I1. Mayordomo, B. Saez, and A. Tres,
Servicio de Oncologia, Hospital Universitario “‘Lozano Blesa™, Zaragoza, Spain.

We present here a study on the internalization of magnetic Fe-containing nanoparticles
into dendritic cells (DCs) in order to assess the potential for this tumor targeting strategy for
magnetic hyperthermia. DCs are the principal antigen presenting cells to naive T-cells,
triggering antigen-specific immune responses. DCs obtained from myelomonocytic
progenitors (MCDs) and maturated with tumor antigens have showed antitumoral activity in
animal models (Mayordomo et al) and humans [1]. Recently the induction of endothelial cell
features in MCDs cultivated with angiogenic factors like VEGF has been demonstrated [2]
and similar cells have been isolated from human tumor vessels [3], opening the possibility of
targeting MCDs with incorporated magnetic nanoparticles to tumoral sites and use them to
visualize tumors (MRI) or in oncologic therapy. Magnetic inductive hyperthermia (MIH) is a
therapeutic application that uses capacity of MNPs to absorb power from an oscillating
magnetic field to heat and destroy malignant cancer cells. For this biomedical application, the
granular materials must have a high saturation moment in order to minimize the required
clinical doses due to toxicity effects. Previously synthesized Fe-C nanoparticles showed to be
promising materials because of its low toxicity, high Curie temperature (T¢) and saturation
magnetic moment (Ms ~211 emu/q). [4]

Figure 1: TEM image of DCs with Fe-C NPs. Intralysosomal
NPs aggregates can be observed as metal shavings inside lysosomes.

Although great achievements have been reported on the use of magnetic NPs as cell
markers, the fundamental mechanisms by which a given cell type recognizes and incorporates
inorganic NPs is not completely understood. We have studied both the viability of the cellular
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culture and final location of the magnetic NPs, verifying the incorporation of the NPs and

finding no toxic effects on the DCs regarding their viability. The incorporation of NPs onto
CDs was assessed by electron microscopy, finding that the NPs are visible as aggregates in
lysosomes (Figurel).We found that mature DCs are able to incorporate magnetic
nanoparticles in a range of size from few nanometers to ca. 200 nm, after 24 h of culture.

Dendritic cells were cultured in a 12-well plates and NPs incorporated along the
process. Cells were recollected from different plates on days 7,8,9,10 and 11 and viability of
the DCs was assessed with tripan blue. The fraction of viable cells on days 0,1,2,3 and 4
after NPs incorporation was not significantly affected by the incorporation of carbon NPs. As
shown in Figure 3, cell viability was 80% on day 0 after incorporation of NPs and decreased
slowly so that it remained above 75% for 4 days.
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Figure 1: Magnetization curves for a) Dendritic cells (up triangles) b)
NP-charged DCs (down triangles) and c) the difference between the two
samples, showing the same hysteresis loop than the original ferrofluid

The method for separating NP-loaded DCs by density discontinuity and analyze the
results through magnetic techniques showed great efficiency regarding the detection of
charged cells on in vitro samples. The separation sequence used for our DCs samples allows
us to assume that, after centrifugation of charged cells in a density gradient, all the magnetic
particles not included into the DCs are located in the pellet. On the other hand, the floating
band is composed of charged CDs with MNPs, with eventual small fractions of uncharged
cells. Finally, our first studies on the effect of alternating magnetic fields for in-vitro
hyperthermia showed that the effect of a 30-minutes application was to decrease the viability
of cells. We will discuss the results based on current strategies for tumor targeting.
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NANOSCALE ELECTRONICS AND SENSORS BUILT ON

SEMICONDUCTING NANOWIRES
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! Department of Physics & Department of Electrical Engineering
University of Southern California, Los Angeles, USA
2 physikalisches Institut, Universitaet Goettingen, Germany

jialu@usc.edu

Various nanowires, such as ZnO, Fe,03, Ga,0O3, have been synthesized and their structures
and properties are characterized by TEM, SEM, XRD, AFM, photoluminescence,
photoconductance, scanning surface potential microscopy, and electrical transport
measurement. By integrating bottom-up technique with top-down lithographic technique,
these nanostructures are used to fabricate a range of electronic and chemical sensing devices.

As an example, zinc oxide (ZnO) nanowires have attracted tremendous interest due to their
remarkable physical properties and versatile applications in electronic devices, such as logic
circuit, UV emitter and photodetector, as well as chemical sensor. In the previous research
report, ZnO nanowire configured as field effect transistor (FET) shows an electron mobility
ranging from 3 to 80 cm?V:s without surface treatments [1-4]. In order to optimize the
performance of devices based on these nanowires, it is crucial to improve the carrier
transconductance and mobility in the nanochannel. In this work, single-crystalline ZnO
nanowires were synthesized via a catalyst-assisted chemical vapor deposition method.
Temperature dependent photoluminescence measurements demonstrate the evolution of peak
intensities resulted from different radiative mechanisms. The sharp peak with its full-width
half maximum of 3.6 meV at 12 K (as shown in Figure 1) and the absence of other bound-
exciton lines indicate that the as-grown nanowires are of high crystal and optical qualities.
Following CMOS compatible procedures to passivate surface defect states and also to reduce
chemisorption processes, the nanowire FETs exhibit orders of magnitude improvement in the
on/off ratio, sub-threshold swing and field effect mobility. Figure 2 depicts the gate
modulated current of a sample at different drain-source bias voltages, divided into three
regions: off state, linear region, and saturation region. Remarkable mobility exceeding
4000 cm?/ V-s was obtained. [5]

In addition, individual single-crystalline ZnO nanowires are configured as n-channel FETs
and implemented as highly sensitive chemical sensors for detection of NO,, NH3, CO toxic
gases. Due to a Debye screening length comparable to the nanowire diameter, the electric
field applied over the back gate electrode is found to significantly affect the sensitivity.
Applying a strong negative field at the gate electrode is able to efficiently refresh the sensors
by an electro-desorption mechanism.[6-7] Furthermore, different chemisorbed species could
be distinguished from the “refresh” threshold voltage and the temporal response of the
conductance. These results demonstrate a refreshable field effect sensor with a potential gas
identification function.

Furthermore, high density vertical zinc oxide nanowire arrays were synthesized using highly
ordered channels in anodic alumina membranes via chemical vapor deposition assisted by
electrochemical deposition methods. An anomalous negative photoconductivity was first
observed as a result of electron trapping in the alumina membrane.[8] In contrast, positive
photoconductivity was observed using a thermally annealed anodic alumina membrane as the
nanowire growth template. Such vertical alignment fully utilizes the scaling advantage of
nanowire’s unique anisotropy geometry, demonstrating an efficient strategy to construct
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highly integrated nanowire based electronic and optoelectronic circuits, such as logic gates,
light emitting diodes, and high resolution imaging sensors.
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Figures:

Figure 1: The high-resolution photoluminescence at the band-edge, measured at 12 K, shows
the sharp donor bound exciton emission as well as the surface bound exciton (SX).
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Figure 2: Ips-Vgs of a surface treated nanowire FET exhibits significantly enhanced on/off
ratio and transconductance.
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APPLICATIONS OF FUNCTIONAL AND POLYMERIC IONIC LIQUIDS IN
NANOTECHNOLOGY
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“CIDETEC Centre for Electrochemical Technologies, Parque Tecnoldgico de San Sebastian,
P° Miramon, 196, Donostia-San Sebastian, Spain, rmarcilla@cidetec.es
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Ionic Liquids (ILs) are essentially salts that are liquid at room temperature, chemically
composed by an organic asymmetric cation and an inorganic anion. Due to their
organic/inorganic character ILs present a low melting point (<100 °C), negligible vapour
pressure, high chemical stability, low flammability, high ionic conductivity and wide
electrochemical window. Significantly, the use of ILs in nanoscience and nanotechnology
(N&N) is having an exponential increase in the last years as illustrated in Figure 1, which
shows the number of scientific publications in the last years [1]. Contemporary research
topics include the use of ILs in the synthesis of metallic nanoparticles (NPs) [2], the self-
organization of inorganic nanostructures and the functionalization and dispersion of carbon
nanotubes (CNTs). For example, Aida et al. [3] discovered that ILs with SWNTs formed
physical gels named “bucky gels” in which CNTs were untangled. As an interesting
application, ILs have also been used to develop new phase transfer methods for NPs between
water and organic solvents [4].
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Figure 1: Number of scientific publications related to Ionic Liquids and the term “Nano”
during the period from 2000 to 2005. Source: ISI Web of Science

In this oral communication, we will introduce some of our new results on the original
applications of functional ionic liquids in nanotechnology. For instance, an original strategy
that allows for a quantitative and completely reversible phase transfer of nano-objects
between water and organic solvents will be presented [5]. The method is based on the
application of the chemistry of ionic liquids to the phase transfer of nano-objects. Using
polymeric ionic liquids (PILs) our group has recently developed a fully reversible method for
the phase transfer of nano-objects (CNTs, silver NPs and gold nanorods) from water to
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organics and vice-versa (Figure 2). We found that PILs are able to trap several nano-objects
during its anion exchange-induced precipitation in water and in organic solvents.
Interestingly, this process provides a PIL/nano-object composite that is fully re-dispersible in
organic solvents after separation of the aqueous medium or fully re-dispersible in water after
separation from the organic medium. This versatile methodology provided dispersions
(acetone, THF, DMF, CHCls, water) extremely stable in time.
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Figure 2. Method for the reversible transfer method of nano-objects between aqueous and
organic phases using polymeric ionic liquids

To conclude, we will discuss our recent research activities on the development of anion
sensors based on gold nanoparticles. For this purpose, new amine ILs have been synthesized
and used to surface functionalize gold nanoparticles. This system behaves as an optical anion
sensor due to the sensitivity of ILs to different anions and the corresponding change in the
surface plasmon resonance associated to the aggregation of the nanoparticles. Finally, some
results about the dispersion of carbon nanotubes using ILs will be presented.
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Salmonella is a common source of foodborne diseases. To reduce the cause of this food-
related illnesses and death, there is a need for fast, sensitive and reliable methods to identify
contaminated foods. Conventional culturing methods are reliable but very time consuming
(i.e. typically requiring 3-7 days) and other methods such as the polymerase chain reaction
(PCR) or the enzyme-linked immunosorbant assays (ELISA) requires between 8-48h. Some
biosensors have been developed for the real-time and label-free detection of pathogens.
However these biosensors have quite high limits of detection (LODs), i.e. about 10° cfu/ml.
To improve these LODs, we have used carbon nanotubes to develop a biosensor for the
detection of Salmonella.

Single-Walled Carbon Nanotubes (SWCNTs) have outstanding mechanical and electrical
properties. Their electrical conductivity is very sensitive to their chemical environment and,
as a result, they have been successfully applied as sensitive and selective biosensors for the
detection of proteins [1] and oligonucleotides [2]. These biosensors are based on integrating
SWCNTs as the conducting channel of field effect transistors (FETs). So far these biosensors
have not been applied for the detection of bacteria or higher organisms.

We have developed a FET biosensor based on a network of SWCNTs for the selective
detection of Salmonella. A polyclonal antibody to Salmonella was adsorbed on the SWCNTSs
and subsequently the SWCNTs were protected with Tween 20 to avoid the non specific
binding of other bacteria or proteins. Therefore, SWCNTSs have been used as the transducer
part of the sensor to decrease the LODs of current biosensors. The recognition element of the
FET is the antibody. Since the antibody is selective to Salmonella, we can ensure the
selectivity of our biosensor against other bacteria. Our FET devices were submerged in
solutions of Salmonella and were able to detect 100 cfu/ml after one hour. Figure 1 shows a
SEM image of a typical SWCNT network of a FET device after being submerged with a
solution of Salmonella. We can see that the SWCNTs are decorated with the antibodies and
that Salmonella is linked to the SWCNTs.
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In vivo, mammalian cells interact with one another triggering diverse intracellular processes
that control cell development. Similarly, the surrounding environment, constituting the extra-
cellular matrix (ECM) and soluble factors, causes cells to adapt, reprogramming their
intracellular apparatus. Cells can sense topological, chemical and physical cues within the
surrounding milieu. Indeed, mammalian cells respond to nano/microscale features on artificial
surfaces [1-3]. Hence, artificial bio-functionalised substrates with nano and micropatterns
might make cells develop through different pathways, depending on the substrate design, in a
non-invasive approach; specifically controlling processes such as cell adhesion, survival,
proliferation, migration and differentiation. The principle relies on genetic reprogramming via
intracellular signalling pathways, due to specific reactions through customized nanostructured
surfaces in contact with cell surface receptors. The “CellPROM” European integrated project,
involving 27 collaborating partners (both industrial and academic) from 12 European
countries, entails the production of these nanostructured surfaces for controlling cellular
characteristics. Substrate topology and biochemistry can be highly controllable factors. An
understanding of these aspects will help in creating functional engineered tissues, as well as in
the design of many implantable medical devices. It is not hard to envisage nanoscale devices
with the ability to stimulate stem cells to produce partially or completely differentiated cells
for regenerative therapies.

The main objective of our work is to apply novel micro and nanofabrication techniques and
surface modification strategies to generate well-defined topographical and biochemical cues
for cell culture. To achieve this goal, nanoembossing has been used to impart micro and
nanostructures into polymer substrates, and their surface properties modified by micro-contact
printing, nanoplotting and dip-pen nanolithography of ECM proteins, which are attached
covalently to the surface. The modified surfaces are then used to study their influence on cell
adhesion, morphology, proliferation and differentiation.

Nanoembossing is achieved using nanoimprint lithography apparatus in biocompatible
polymers such as poly(methyl methacrylate) (PMMA) [4]. Moulds for the nanoembossing are
produced using conventional photolithography techniques combined with dry etching
processes (micro) and focussed ion beam lithography or e-beam lithography (nano).
Micro/nanopatterning of biochemical factors has been undertaken by a variety of techniques,
including micro-contact printing using PDMS stamps, nanolitre drop delivery (nanoplotter)
and dip pen nanolithography, performed using a dedicated AFM instrument.

Results show that surface functionalisation with adhesion proteins such as fibronectin can be
used to selectively attach and confine cells at specific surface locations (Fig. 1). When micro
and nanopatterned, fibronectin can also alter cell morphology, cytoskeletal organisation and
stress level (Fig. 2). Surface topography is instrumental in cell guidance and alignment
processes, but it also greatly affects cell morphology. The study of both topographical and
biochemical patterns is therefore particularly relevant when examining cell differentiation.
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Figures:

(a) (b)

Figure 1. (a) Fluorescence microscopy pictures showing cells growing on micropatterned
fibronectin layers (pattern size 2.5 um). (b) MSC cells confined to selective areas of
fibronectin functionalised PMMA substrates In each image, nuclei are stained blue,
fibronectin is stained red, and focal contacts are green.

(a)

Figure 2. SEM and confocal
microscopy images of MSC
cells cultured on PMMA with
(@) 50 micron diameter donut
structures and (b) irregular
structures: both sets of
structures are 1 um tall. Nuclei
are stained in blue and actin
filaments in red

(b)

This work has been generated in the context of the CellPROM project, funded by the EC
(contract No. NMP4-CT-2004-500039) and it reflects only the authors’ views. The authors
thank Drs. C. Moormann and T. Wahlbrink of AMO Gmb (Germany) for providing the
moulds used for nanoembossing, and M. Funes of the Barcelona Science Park (Spain) for cell
culturing.
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Optical encoders have been used for decades as displacement measuring devices. An encoder consists
of a scale and a scanning device that reads off the scale. Optical encoder scales are rigidly attached to a
metrology frame and consist of grating or grid plates, and the read head which senses displacement
relative to the grating scale (Fig. 1a). Highest resolution (a small fraction of the grating period) is
achieved with a variety of diffraction based schemes [1,2]. The main advantages of optical encoders are
the short and constant beam path lengths between gratings and sensors, reducing the effects of the
atmosphere compared to laser interferometers. However, the main problem with encoders today is that
commercially available encoder plates are limited in accuracy to worse than 100 nm. Since the encoder
can only be as accurate as the grating scale, advance in this area crucially depends on the availability of
encoder plates with sub-nanometer accuracy over macroscopic distances.

Grating scales are typically manufactured in two ways. They are either mechanically ruled with a
diamond tip, which is a very low, expensive, and difficult to control process, or the grating pattern is
defined lithographically, typically by interference lithography or electron beam lithography.
Interference lithography is fast, but prone to hyperbolic distortions [3], while e-beam lithography
patterns suffer from stitching errors and take considerable time to write. We propose to produce linear
and angular encoders by Nanoimprint Lithography (NIL) looking for better resolution [4]. The
possibility of manufacturing high resolution linear encoders by NIL gives the technology needed to
mass-produced encoders, and provided the process is accurate enough, high accuracy encoders may be
manufactured in a low cost.

An optical encoder with 250 nm line resolution and 20 mm in length was designed (fig.1b) and
protected by surrounded rectangles to ensure a right pattern transfer. Encoders arrays distributed
through 8” silicon wafers were manufactured at LETI by an ASM PAS 5000/300 optical stepper and
RIE (fig.2a). These stamps were cut and imprinted on silicon and glass. A 300 nm of mr-17030 on
silicon (monolayer NIL) and 60 nm of Microposit LOL1000 and different thickness of mr-17030
(bilayer NIL) on silicon and pyrex were used to ensure a right pattern transfer by lift-off of chromium
on glass as well as by etching on silicon (fig 2b, 2c, 3a, 3b, 3c, 3d). The right pattern transfer on this
large scale is discussed in function of the substrate size to avoid stamp bending and mr-17030 thickness.
The minimization of residual layer thickness is studied as a function of the original thermoplastic
thickness and force applied during imprinting in order to get a good enough duty (ratio: line/space in a
grating) transfer between stamp and final glass and silicon components. The bilayer NIL process is
accurate defined in function of Microposit LOL1000 thickness and developer rate so as to ensure the
successful lift-off. The duty and roughness of the stamp are compared with the values on the glass and
silicon final components, which shows its suitability for being used as optical encoders. Following this
procedure, a 500 nm pitch and 20 mm length encoder was fabricated on glass and silicon (fig. 4). The
glass can be used as a read head and the silicon as a phase scale in a classical encoder design, which
may open the possibility to fabricate these components on a large scale.
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A new way of manufacturing high resolution optical encoders by nanoimprint
lithography

——

a) b)
Figure 1. a)Classical interferencial measuring principle. M=scale with phase grating, C=grating period, A=read
head, L=semiconductor light source, K=condenser lens, P=photodiodes. a, b and ¢ light beams that leave the
scanning reticle in the 0, 1 and -1 orders of diffraction to strike the scale. b) Encoder design manufactured. a=20
mm, b=21.7 mm, c=1 mm, d=3.5 mm, e=500 nm.

a) c)
Figure 2. a) SEM picture of the silicon stamp with 200 nm depth, in which can be seen the 500 nm pitch and the
rectangles used to keep the fill factor constant during imprinting. b) 300 nm of mr-17030 imprinted with a residual
layer thickness around 200 nm. ¢) 210 nm of mr-17030 imprinted with a residual layer thickness around 120 nm.

L
Tk

|
: I !.1||

 wmwem TS sa 3w ' i s T
a) b) c) d)
Figure 3. a) Glass sample after lift-off with chromium using a monolayer NIL process with 300 nm thickness of
mr-17030, in which some lines (dark lines) has been released and others remain the mr-17030 (light lines). b)
Glass sample after a bilayer NIL process with 210 nm thickness of mr-17030 and lift-off with chromium. ¢) AFM
topography of sample b). d) Pattern transfer on silicon from 210 nm of mr-17030.

Figure 4. Final  scales
manufactured on silicon and

glass, in which a comparison
with  reference  marks in
centimeters is showed.

-This work was partially funded by EC through project NaPa (Contract
no .NMP4-CT-2003-500120). Authors want to thank to Paul Scherrer
Institute for some high-resolution images taken in its SEM.
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The confinement of electrons in nanostructures originates a set of new quantum states: the
Quantum Well States, which influence and, in many instances, determine most of their
properties. We report here the oscillatory behaviour of stable (“magic”) heights of Pb
nanodots grown on Cu(111) [1], thermal stability, roughening (or dewetting) temperatures [2],
apparent step heights [3], phonon frequencies [4] and superconducting temperatures of Pb
nanofilms grown on Cu(111). All these properties oscillate with the thickness of the film or
the height of the islands with a periodicity that is given by the size of the Fermi surface of Pb.
A simple model is used to fit the data and compared with first principles calculations. The
QWS close to the Fermi level determine the electronic energy, which, in turn, might be in
many cases decide the energetic balance.

The left part of the figure below shows: a) an STM image of a 8 ML thick Pb film deposited
and kept at 90 K on Cu(111) under UHV conditions; b) Tunneling Spectra recorded locally on
top of areas of consecutive layers, showing the QWS close to the Fermi energy and c) the
roughening temperature and the total energy of the films as function of the thickness.
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IMDEA-NANO: ANEW INSTITUTE DEVOTED TO RESEARCH IN
NANOSCIENCE AND NANOTECHNOLOGY IN MADRID

Rodolfo Miranda
Departamento de Fisica de la Materia Condensada
Universidad Autdnoma de Madrid. Cantoblanco. Madrid. Spain
Instituto Madrilefio de Estudios Avanzados en Nanociencia (IMDEA- Nano). Madrid
Spain

The Madrid Institute of Advanced Studies in Nanoscience (IMDEA-Nano) has been
recently created as an initiative of the regional government (Comunidad de Madrid),
joined by the spanish Ministerio de Educacién y Ciencia. The IMDEA-Nano
Foundation has been stablished to run the Institute. The Foundation is governed by a
Patronate, which contains representatives of the Administration, the Academic
Institutions involved (UCM, UAM, UPM, CSIC), industries, members of the Scientific
Advisory Council, and experts in societal implications and technology transfer. A
description will be presented of the location, building, organization, management,
scientific lines and personnel recruitment issues.

4th NanoSpain Workshop 12-15 March, 2007 Sevilla-Spain



54

4th NanoSpain Workshop 12-15 March, 2007 Sevilla-Spain



95

MULTIFUNCTIONAL CARBON NANOTUBE/POLYMER COMPOSITE FIBERS
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Continuous single-walled carbon nanotube (SWNT)/polyvinyl alcohol (PVA) composite
fibers having record energy-to-break (toughness) were fabricated by coagulation [1] of
aqueous surfactant-assisted SWNT dispersions upon injection in PVA solutions. These
SWNT/PVA fibers have been employed in the fabrication of lightweight fiber
supercapacitors, which can be woven or sewn into fabrics and, therefore, be potentially
considered as components for smart textiles. Moreover, these fibers provided remarkable
electromechanical actuator capabilities. [2-4]

SWNT/polyethylenimine (SWNT/PEI) composite fibers are also here reported. The resulting
SWNT/PEI composite fibers have useful mechanical properties and over a hundred times the
electrical conductivity of super tough SWNT/PVA composite fibers. The efficient interfacial
interaction between the polymer and the nanotubes enables the fabrication of stable gel fibers
and solid fibers from PEI, which is a liquid polymer at room temperature.[5]
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The use of platinum-group metal PGM) nanoparticles (MNPs) in various catalytic and
electrocatalytic applications (such as, for example hydrogen and methanol fuel cells, sensors,
biosensors, etc.) is permanently growing. In many instances application of MNPs is based on
the use of their unique properties (electrical, magnetic, optical, ionization potentials, etc.),
which are distinct from those of the bulk metal and isolated atoms. On the other hand, they
require stabilization to prevent coalescence and aggregation, and hence to save their special
size and properties. The development of Polymer-Stabilized MNPs (PSMNPs) is one of the
most promising solutions to the MNPs stability problem [1-3]. Another important problem
concerning the use of noble metal nanocatalysts is the decrease of PGM loading without
dramatic change of their catalytic properties. One of the possible solutions of this problem is
the use of core-shell PSMNPs, which are composed of a cheap metal core coated with a thin
PGM shell [4].

In this presentation we report the results obtained in a comparative study of electrocatalytic
properties of Pt (monometallic) and Pt@Cu (core-shell bimetallic) PSMNPs, which have been
synthesized under identical conditions by using the polymeric membranes as a nanoreactor.
The intermatrix synthesis of MNPs was carried out by sequential loading of the functional
groups of sulfonated poly(etherether ketone) (SPEEK) with desired metal ions followed by
their reduction inside the membrane (intermatrix synthesis stage), what resulted in formation
of PSMNPs of required composition and structure. PSMNPs-containing membranes were
characterized by SEM, AFM and TEM techniques to evaluate the morphological changes of
their structure and to estimate the MNPs size. Typical TEM images of the Pt- and Pt@Cu-
MNPs are shown in Figs. 1 and 2, respectively. As it is seen, the shape and size of
monometallic Pt-MNPs differs dramatically from those of Pt@Cu nanoparticles, although the
value of platinum loading in both cases is the same. Indeed, Pt-MNPs are characterized by a
far larger size and absolutely irregular shape, what makes practically impossible to estimate
their diameters, while the majority of Pt@Cu-MNPs have close to spherical shape with
diameters of 3-6 nm. As the result, the surface area of Pt@Cu-MNPs appears to be far higher
than that of Pt-MNPs.

The MNP-loaded membranes were also dissolved in DMF followed by deposition of the
PSMNP-inks on the surface of graphite-epoxy composite electrodes to study the
electrochemical properties of polymer-PSMNP nanocomposites and to evaluate their
electrocatalytic activity. The results of these experiments are demonstrated in Fig. 3, where
the calibration curves of amperometric detection of H,O, are shown. As it is seen, the
sensitivity of sensors based on the use of Pt- and Pt@Cu-MNPs synthesized by using the
same value of platinum loading differs dramatically from each other. Indeed, the
amperometric response of the later exceeds by almost two orders of magnitude that of the
former at the same concentration of hydrogen peroxide. One of the possible reasons for this
difference is quite different values of surface areas of Pt@Cu- and Pt-MNPs. Another reason
can be the influence of the core-metal on the catalytic activity of the shell. However, this
point requires additional clarification and we continue our research in this direction.
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Figure 1. (a) Typical TEM
images of Pt- PSMNPs
immobilized in SPEEK
matrix; (b) HRTEM of
group of Pt nanoparticles.
Particles are
characterized by irregular
form.
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Figure 2. (a) Typical
TEM images of Pt@Cu-
PSMNPs immobilized in
SPEEK matrix; (b)
HRTEM of group of few
Pt@Cu nanoparticles.
Particles are
characterized by regular
spherical form.
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ORGANIC DONOR/ACCEPTOR MIXED THIN FILMS SEGREGATE INTO
NANOSCALE INTERDIGITATED AREAS ON Au(111): TOWARDS AN OPTIMUM
SOLAR CELL HETEROJUNCTION MORPHOLOGY.

Roberto Otero?, David Ecija', Gustavo Fernandez?, José Maria Gallego®, Luis Sanchez?,
Nazario Martin® & Rodolfo Miranda®
Dep. de Fisica de la Materia Condensada, Universidad Autonoma de Madrid, Campus de
Cantoblanco, 28049 Madrid, Spain
Instituto de Ciencia de Materiales de Madrid, CSIC, Campus de Cantoblanco, 28049 Madrid,
Spain
Dep. de Quimica Organica, Universidad Complutense de Madrid, 28040 Madrid, Spain.
roberto.otero@uam.es

Photon absorption by organic molecules with adequate HOMO-LUMO gap excites metastable
electron-hole pairs, whose energy can be converted into electrical power by driving the
photogenerated electrons and holes to the different electrodes of a solar cell [1]. Facile
processing, mechanical flexibility and low cost are some of the advantages of these “plastic”
solar cells [2], which have already reached energy conversion efficiencies higher than 5%.
Achieving higher efficiencies is however limited by the fact that, instead of free electron-hole
pairs, photon absorption usually leads to the formation of tightly bound excitons (bound states
of an electron-hole pair) which can diffuse only for a characteristic length of about 10 nm
before radiative recombination occurs [3]. The hitherto most successful approach to promote
the dissociation of the photogenerated excitons is to use blends of phase-segregated electron-
donor/electron-acceptor molecules — the so-called bulk heterojunction concept [1]. At the
interface between electron-donor and electron-acceptor areas, the difference in electron
affinities drives the exciton dissociation by injecting free electrons (holes) into the electron-
acceptor (electron-donor) areas. Provided that continuously connected paths between the
interfaces and the electrodes exist, the free electrons and holes will be collected therein. From
these considerations a number of morphological criteria can be extracted for optimum solar
cell performance: first, the segregated electron-donor and acceptor domains must have a
typical size of the order of the exciton diffusion length, in order to avoid wasteful radiative
recombination events; second, the interface area between donor and acceptor domains, where
exciton dissociation takes place, must be maximized; and, finally, donor (acceptor) domains
must be continuously connected to the cathode (anode) to favour efficient charge transport. A
schematic representation of a morphology that would satisfy these three criteria is shown in
panel d) of the Figure: interdigitated donor-acceptor domains and elongated structures (to
maximize interface area) with typical diameters of no more than 10-20 nm (to suppress
exciton radiative recombination events) connected to the electrodes [4].

In this work we describe variable-temperature Scanning Tunneling Microscopy (STM)
experiments that show how monolayer-thick blends of the electron donor molecule 2-[9-(1,3-
dithiol-2-ylidene)anthracen-10(9H)-ylidene]-1,3-dithiole (exTTF, see Figure a) [5] with the
electron acceptor [6,6]-phenyl Cs; butyric acid methyl ester (PCBM, see Figure b) [6] on a
reconstructed 22x-/3 Au(111) surface, segregates laterally into “nanostripes” whose width is
of the order of the exciton diffusion length (Figure c); it thus corresponds closely with the
morphology for optimum solar cell performance described in Figure d. The reason for such a
peculiar nano-scale morphology can be traced back to the different interactions between the
two molecular species and the herringbone reconstruction of Au(111). Our results
demonstrate the potential of atomistic studies about the growth of organic semiconductors to
open new directions for the design and construction of highly-efficient organic electronic
devices.
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Figures:

Cathode

Figure caption. a) exTTF striped islands on Au(111) (176 x 198 nm? STM image). b) PCBM

selective growth on FCC areas of the 22x-/3 herringbone Au(111) reconstruction (59 x 60 nm? STM

image recorded at 150 K). ¢) Lateral segregation into nanoscale “fingers” whose width is about 10 nm,
which is comparable to the exciton diffusion length (118 x 132 nm?). d) Schematic representation of a
hypothetical morphology for optimal solar cell efficiency.

4th NanoSpain Workshop 12-15 March, 2007 Sevilla-Spain



61

CIC nanoGUNE Consolider

J. M. Pitarke
CIC nanoGUNE, Mikeletegi Pasalekua 56, 301, E-20009 Donostia (Spain)

The CIC nanoGUNE Consolider is a newly established Center created with the mission
of addressing basic and applied world-class research in nanoscience and
nanotechnology, fostering high-standard training and education of researchers in this
field, and promoting the cooperation among the different agents in the Basque Science,
Technology, and Innovation Network (Universities and Technological Centers) and
between these agents and the industrial sector. nanoGUNE will develop the Cooperative
Research Center (CIC) concept which has been successfully implemented in various
cases in the Basque Country. Besides, nanoGUNE has been awarded as a Consolider

Center by the Spanish Education and Science Council.

CIC nanoGUNE has been designed to address a wide range of activities, including
excellence research, technology transfer and innovation related activities, high-level

training, international cooperation, and education and outreach.

CIC nanoGUNE focuses its research activities on the following four major strategic

areas:

e Physics of low-dimensional structures, nanostructures and nanoscale structured
complex systems.

e Synthesis, assembling, and nanofabrication of nanomaterials (hanoparticles,
nanotubes, thin films, nanocomposites) and nanostructured materials.

e Development of nanodevices and its impact on molecular electronics, spintronics,
nanomagnetism, and nanophotonics.

e Biofunctional nanoparticles and nanobiotechnology.

In this talk, an overview and the current status of the CIC nanoGUNE will be presented.
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MAGNETIC RELAXATION OF y-Fe;O3 DISPERSIONS AND ELECTRONIC 63
PHASE-SEGREGATED SYSTEMS

F. Rivadulla, C. E. Hoppe, M. A. Lépez-Quintela’, J. Rivas®
Departamento de Quimica-Fisica' y Fisica Aplicada®, Universidad de Santiago de
Compostela, 15782- Santiago de Compostela, Spain.
gffran@usc.es

The technological demand for higher density storage capacity has stimulated the
development of methods to fabricate and assemble ultrafine magnetic particles." When
synthesized below the critical size for domain-wall formation (commonly in the nanometer
range), magnetic nanoparticles (MNPs) exhibit a number of properties different from the bulk.
Below a certain size, thermal energy can overcome the energy barrier for magnetization
relaxation and make the whole magnetic moment of the particle to fluctuate above a
characteristic temperature, Tg, called blocking temperature. This behaviour is called
superparamagnetism and poses an important technical limit for the development of high-
density magnetic storage devices.> On the other hand, below Tg, interparticle interactions can
establish collective modes of relaxation, and introduce aging, thermal and field memory, and
other complex relaxation phenomena. A still unsolved question concerning these systems is
the analysis of the conditions under which dipolar interactions among dispersed MNPs can
produce collective states that constitute true spin-glasses (superspin-glass). Although
important advances in the comprehension of this problem have been made’™ several
experimental difficulties associated to unavoidable shape and size distributions have
hampered a definitive testing of theoretical models.

In this work we present a combined approach to test the most relevant predictions of
the theoretical models for relaxation in assemblies of magnetic particles. On one side, high
quality MNPs of y-Fe,O3 have been synthesized by a microemulsion method* and dispersed in
a polymeric matrix at different concentrations, to modify interparticle interactions. On the
other side, the spontaneous phase segregation of FM “particles” into a non-FM matrix that
takes place in some strongly electronic correlated materials has been used to study the
problem of the phase-transition towards the superspin-glass phase.

DC magnetization of PVB based-magnetic nanocomposites with different wt% of y-
Fe,O3 NPs was measured as a function of temperature. For the lowest concentrations of
MNPs the ZFC curves show a narrow maximum located at Tg ~ 5K. The magnetization in FC
conditions increased with decreasing temperature and both curves ZFC and FC split from
slightly above Tg. Increasing the concentration, the peak broadens and Tg shifts to higher
temperatures, in agreement with a progressive increase in the magnetic dipolar interactions.

The variation of the magnetization relaxation rate, W(t), was also measured as a
function of time for dispersions with different concentrations of MNPs. The behavior of
different samples was compared with the model proposed by Ulrich et al.> in which, by
analyzing the values of n (the slope of the W(t) vs t curve), three basic regimes can be
distinguished: non interacting systems, corresponding to n=0; weakly to medium interacting
systems, with 0<n<1 and strongly interacting systems, having n>1 (reminiscent of spin-glass
relaxation behavior). Our results showed that by increasing the concentration of MNPs in the
composite, an appreciable increase in the n value is produced, reaching a value of n=1 for the
most concentrated assembly proved in this work (48.3%Wt, figure 1a, inset). Although the
dispersion of the data is small enough to get reliable values of n, is very difficult to extract a
definitive, irrefutable conclusion about the formation of a canonical spin-glass with the
present data. Higher concentrations of particles should be proved to increase the interactions
and test this hypothesis. However, the surfactant that coats the particles sets an upper limit for
the maximum concentration that can be attained around 50 Wit% (near 0.17 as volumetric
fraction).This experimental drawback can be avoided following a completely different
approach, which implies the use of certain materials that undergo spontaneous magnetic phase
segregation. In these systems, it should be possible to find a situation in which metallic-FM
droplets segregate into a localized-AF matrix. We have studied the relaxation behavior of a
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prototypical system: (Lag2sNdp75)07Ca03MnOs. As can be seen in figure 1b, although the
system remains insulating in all the temperature range, the magnetization increases rapidly
bellow ~120K, indicating an increase in the FM correlation length. However, below a certain
temperature, T*~90, both ZFC and FC curves split, and while the ZFC magnetization shows a
strong temperature dependence, the FC curve flattens and remains almost constant down to
the lowest temperature proved (Figure 1b). This behavior is suggestive of a non-homogeneous
magnetic system, in which magnetic order remains short-ranged (cluster-glass).® Below T*,
which can be considered as a blocking temperature of an assembly of FM particles in an AF
matrix (compare with figure 1a), logarithmic relaxation of the thermoremanent magnetization
was probed. The value of n was clearly in the regime suggested by Ulrich et al.> for a true
(super) spin-glass (Figure 1b, inset). However, to definitively confirm the existence of a true
spin-glass we studied the critical behavior of the spin-glass order parameter susceptibility and
checked the critical exponents through scaling. The results obtained from this analysis showed
that the spin-glass state can be achieved in this system and there are plausible evidences about
the frustrated interparticle interaction of this collective state.

In summary, our results point towards the formation of some sort of collective or
glassy state in concentrated MNPs dispersions, although a definitive confirmation of the
existence of a true spin-glass remains elusive. On the other hand, we have proposed that
certain inhomogeneous magnetic phases that occur in strongly-correlated materials can be
considered as a “self generated colloid” of FM particles in an AF matrix. Magnetic interaction
among these particles introduces a true spin-glass state in this case, and opens this possibility
for sufficiently concentrated assemblies of classical MNPs.
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Figure 1. (a) Zero-field-cooled (ZFC) and field-cooled (FC) magnetization curves for (a) a
powdered sample containing 48.3 Wit% of MNPs at H = 100 Oe and (b)
(Lao2sNdo.75)0.7Cap3Mn0O3, at H=250 Oe (The resistivity is also shown (open circles, left
axis)) Insets: Relaxation rates at different temperatures below Tg (a) and T* (b).
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THE INTERNATIONAL

IBERIAN NANOTECHNOLOGY LABORATORY (INL)

J. Rivas

farivas@usc.es

INL - Braga

The decision to create in Braga a Portugal-Spain International Research Laboratory was
announced on November 19", 2005 by the heads of Government of both countries at the
XXI1 Portugal-Spain  Summit. At the end of November 2006, both Governments
approved the legal statutes of the International Iberian Nanotecnology Laboratory
(INL). The purpose of this presentation is to show the future of the research and social
influence of the INL in the initial stages.

The INL shall provide a basis for scientific and technological co-operation, especially in
nanotechnology by carrying out both fundamental and applied research as well as
research essentially related thereto. Among others, the Laboratory’s activities shall aim
at developing collaboration between universities and industries, as well as between
public and private sectors, training researchers, and contributing to the development of a
skilled work force for the nanotechnology industry.

In this talk special attention will be paid to two major points: the definition of initially
selected research areas as well as the recruitment of personnel, on the basis of

internationally recognized scientific and technical excellence.
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CHARACTERIZATION OF FUNCTIONALIZED Si SURFACES FOR BIOSENSOR
APPLICATIONS.

C. Rogero,” Q. Hong,® B.R. Horrocks,® A. Houlton® E. Mateo-Marti,” C. Briones,” J. A.
Martin-Gago®, A. Gutierrez.®

4Chemical Nanoscience Laboratories, School of Natural Sciences, University of Newcastle
upon Tyne, Newcastle upon Tyne, NE1 7RU, U.K.
PCentro de Astrobiologia (CSIC-INTA)Carretera de Ajalvir, Km. 4. 28850 Torrejon de
Ardoz.Madrid. Spain.
‘Departamento de Fisica Aplicada, Universidad Autonoma de Madrid, Ctra. Colmenar Viejo,
Km. 15. 28049 Cantoblanco, Madrid,Spain.
rogerobc@inta.es

Biochips, devices with biological macromolecules located in spatially-defined areas, play
an increasingly important role in the molecular and medical biosciences. Fluorescence is the
dominant method for array interrogation but requires a label to be added to one of the
components, bulky and expensive instrumentation and sophisticated software for data
interpretation. Recently attention has been focused on electronic and electrochemical sensors
based on self-assembled molecules on surfaces, because they present the sensitivity of
fluorescence-based systems but are cheaper and more compact, potentially allowing near
instant diagnostics at the point of use[1]. One of the most studied systems as biosensor is the
self-assembled monolayer of alkanethiols on gold[2]. It is clear, however, that deserve
importance to construct ordered molecular layers on semiconductor surfaces, mainly on Si,
because the wide range of possible applications in conjunction with the advanced silicon
technology.

There has been increasing interest in the molecular functionalization of hydrogen-
terminated silicon surfaces[3]. Our work, based on the reaction of Si-H surfaces with alkene
chains by thermal alkylation reaction, is focused on the functionalization using mixed
monolayers. The thermal alkylation reaction produces a uniform monolayer where both
components are well mixed, despite being of different chain length and tail-group.

The reaction is irreversible, via the stable Si-C bond[4], and it is not influenced by the
functional groups at the other end of the molecule, by a simple dilution method we are able to
control the mean spacing between reactive groups on the surface and this is a useful method
for nanoscale surface design: chosen the appropriate terminated groups for these chains, the Si
surfaces are suitable for the attachment of different nano-objects[5] (nucleic-acids, enzymes,
proteins, nanoparticles...)

In our work we have combined different silicon surfaces, porous Si and Si(111) single
crystal with different molecules to mixed, octyl (C8), undecyl (C11), undecenyl aldehyde
(C10CHO), and undecanol (C110H). By the combination of different experimental
techniques we have fully characterized these mixed monolayers.

The combination of Fourier transform infrared and Synchrotron Radiation X-ray

photoelectron spectroscopies reveals that the resulting molecular films present a composition
that is representative of the composition of the solution.

4th NanoSpain Workshop 12-15 March, 2007 Sevilla-Spain


mailto:rogerobc@inta.es

68

On the other hand atomic force microscopy gives us information about the structure and
resistance for the layers prepared in every stage of the immobilization process. AFM images
show that lateral diffusion and/or desorption-readsorption of the adsorbate is very small.

Finally, the experiments also show that we have achieved our aim of covalently locating
biomoléculas (proteins or PNA) to specific areas of the silicon surface.

0:1 Cll:C]_oCHO

1:1 Cn:CmCHO

Figure 1:Topographic (left) and friction (right) AFM images of a one component C;(CHO
monolayer (A,B) and a mixed monolayers, 1:1 C;1/C1,CHO, on Si(111) (C,D). The mixed
monolayer images exhibit the same features as the single component monolayers and do not
show patches or islands due to the phase separation.
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ELECTRONIC TRANSPORT AND MECHANICAL PROPERTIES OF
SUSPENDED ATOMIC CHAINS OF GOLD

G. Rubio-Bollinger, J. Riquelme, C. Arroyo, S. Vieira, N. Agrait.

Laboratorio de Bajas Temperaturas
Departamento de Fisica de la Materia Condensada C-I11
Universidad Auténoma de Madrid (Spain).

Freely suspended nanowires of single atoms are the ultimate metallic conductors, they
form spontaneously in the process of breaking of a metallic contact of certain metals
(Au, Pt and Ir) . Atomic nanowires of gold have a zero bias conductance close to one
quantum of conductance Gg = 2 e’h (where e is the charge of the electron and h is
Planck’s constant), independently of their length, because electron transport proceeds
through one single quantum conductance channel which is almost completely open.
Gold atomic chains are very stable at low temperatures and offer the possibility of
studying the mechanical behavior of a small number of atoms in a well-defined
configuration [1][2]. We use the force measurement and vibrational spectroscopy to
probe the mechanical properties of the atomic chains [3] and gain insight into the
dynamical processes during chain formation.

e [1] Mechanical Properties and Formation Mechanisms of a Wire of Single Gold
Atoms. G. Rubio-Bollinger, S. R. Bahn, N. Agrait, K. W. Jacobsen, and S. Vieira
Phys. Rev. Lett. 87, 026101 (2001) .

e [2] Metallic Adhesion in Atomic-Size Junctions. G. Rubio-Bollinger, P. Joyez,
and N. Agrait. Phys. Rev. Lett. 93, 116803 (2004).

¢ [3] Onset of Energy Dissipation in Ballistic Atomic Wires. N. Agrait, C. Untiedt, G.
Rubio-Bollinger, and S. Vieira. Phys. Rev. Lett. 88, 216803 (2002)
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SURFACE PLASMON PHOTONICS ON METALLIC NANOSTRUCTURES:
SERS SUBSTRATES AND NANO-ANTENNAS

J. A. Sdnchez-Gil,* V. Giannini*,* and J. V. Garcia-Ramos,* E. R. Méndez,?
O. Muskens,® and J. Gomez Rivas®
IIngtituto de Estructura de la Materia, Consejo Superior de Investigaciones Cientificas,
Serrano 121, 28006 Madrid, Spain
2Dpto. de Optica, Division de Fisica Aplicada, CICESE, Baja California 22800, México
SFOM Institute for Atomic and Molecular Physics AMOLF, c/o Philips Research
Laboratories, High Tech Campus 4, 5656 AE, Eindhoven, The Netherlands

j.sanchez@iem.cfmac.csic.es

We investigate theoretically and numerically the interaction of light with metalic
nanostructures supporting surface plasmons (SP). The rich phenomenology associated with
such interaction is explored in relevant configurations. Collective electromagnetic processes
stemming from molecular emission close to complex nanostructured metal surfaces pumped
at/near surface-plasmon resonances are investigated. We present a theoretical model for the
classical electromagnetic radiation from a molecular layer on a nanostructured metal surface,
assuming that the emission process is concentrated on the surface [1]. The resulting inelastic
polarization can be incorporated in any scattering formulation; in particular, we have worked
out the corresponding expressions for the (formally exact) Green's theorem surface integral
equations. With this model we are able to calculate the surface field, near field, and far field at
the (inelastic) Raman-shifted frequency, separately of the electromagnetic field at pump
frequency. In this manner, we explore both collective spontaneous emission near metallic
nano-antennas and surface-enhanced Raman scattering from Langmuir-Blodgett films
(molecular monolayers) on disordered, nanostructured metal surfaces.

On the one hand, the excitation of localized SP leads to large enhancements of the surface
electromagnetic (EM) field, crucia to the EM mechanism of surface-enhanced Raman
scattering (SERS), and to a large extent responsible for the phenomenon of SERS single-
molecule detection [2]. A rigorous calculation of the scattered electromagnetic field has been
carried out for random metal surfaces with similar properties to those exhibited by
nanostructured metal substrates used in SERS. Numerical results are presented for near-field
enhancements for single redlizations [3], as shown in Fig. 1. Mean vaues of the SERS
enhancement factor averaged over an ensemble of realizations[3].

On the other hand, the resulting formulation is also exploited to explore surface molecular
emission close to metal nanoparticles of complex shape, pumped at/near SP resonances, such
as spontaneous emission processes near metallic nano-antennas (e.g. rectangular dimers as in
[4,5]), for which near-field and far-field maps are obtained at both pump and emission
frequencies (see Fig. 2).

We acknowledge support from the Spanish MEC (FIS2004-0108, FIS2006-07894) and CAM
(MICROSERES Network, S-0505/T1C-0191).
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FIG. 1: Near electric field intensity maps in a logio scale, from a rough Ag surface with RMS 255 nm and
correlation length 51. 5 nm, for normal incidence and 603 nm wavelength in an area 0.9x0.9 pumz . (a) Pump
field. (b)«(d) SERS field at (b) negligible Raman shift, (c) Stokes emission at 670 nm, and (d) Anti-Stokes
emission at 548. 2 nm.
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FIG. 2: (a) Scattering cross sections for a dimer consisting of rectangular gold nanowires of 100 nm length and
20 nm width with a 10-nm-wide gap; incident angles and polarizations as shown in (b), the thin black curve
being as the thick one but for a single nanowire. (c—d) Near field intensity (logl0-scale, normalized to the
incident field) at the pump frequency for incident direction/polarization perpendicular/parallel to the dimer axis:
(c) on resonance (665 nm) and (c) off resonance (1.2 um); corresponding far-field patterns shown in the inset in
(@). (e-h) Near fidd intensity (loglO-scale, au.) at the emission frequency for various pump/emission
freguencies: (e) on/on; (f) on/off; (g) off/on; and (h) off/off.
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THE IMPORTANCE OF THE SPIN-OFFS ON SPANISH UNIVERSITIES

Luis M. Alonso, Tatiana Lopez
Nanogap subnmpowders, C/ Lope Gémez de Marzoa, Santiago de Compostela, Spain
Im.alonso@nanogap.es

Nanogap is a spin-off from the University of Santiago de Compostela. The
following lines schematize the steps of its creation and growth from the very
beginning up to today.
e Where did the idea come from?
0 The Spanish universities knowledge: Realizing the true potential
of the Spanish universities.
e Creating the enterprise: USC entrepreneurship support structures
o0 Empresa concepto: Development of the business plan and
economical viability.
o Credits, Funds and economic aids: Money search
0 Investors: Business angel or venture capital society external
funds.
e Difficulties
o Technology transference
0 Science men in business world
o From the pure knowledge to the final application
o Keeping an eye on the money
0 Business focus
0 Industry approach
o Hitting the road

4th NanoSpain Workshop 12-15 March, 2007 Sevilla-Spain



76

4th NanoSpain Workshop 12-15 March, 2007 Sevilla-Spain



77

MECHANICAL DETECTION OF CARBON NANOTUBE RESONATOR
VIBRATIONS

A. Bachtold

Institut Catala de Nanotecnologia & Centro Nacional de Microelectrénica, Campus
Universitat Autonoma de Barcelona, E-08193 Bellaterra. Spain

Carbon nanotubes are often recognized as the ultimate material for high-frequency
mechanical resonators. Single-wall nanotube (SWNT) resonators are ultra light, which offers
great promise for the sensing of molecular masses. In addition, nanotubes are exceptionally
stiff, making the resonance frequency very high, which is suitable for experiments that
manipulates and entangles mechanical quantum states. However, the detection of vibrations of
nanotube resonator devices remains very challenging. The detection, which is so far based on
capacitive measurements, can often not assign the measured resonance peaks to their
eigenmodes. Another difficulty is to discern actual resonance peaks from artefacts of the
electrical circuit. Here, we demonstrate a novel characterization method of nanotube resonator
devices, which is based on mechanical detection by scanning force microscopy (SFM). This
method enables the detection of the resonance frequency up to 3.1 GHz in air at atmospheric
pressure and the imaging of the mode-shape for the first three eigenmodes. SWNT resonators
are shown to be ultra sensitive to stress, slack or contamination. On the other hand, the
resonance frequencies of multi-wall nanotubes are found to be consistent with elastic beam
theory for a doubly clamped beam. We anticipate that SFM detection will be very useful to
study NEMS devices made of other materials.

The collaborators of this project are D. Garcia-Sanchez, A. San Paulo, M.J. Esplandiu, F.
Perez-Murano, L. Forro, and A. Aguasca.
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THREE DIMENSIONAL POLIMERIC PHOTONIC CRYSTALS
Alvaro Blanco

E-mail: ablanco@icmm.csic.es

Here we present our latest results regarding the fabrication and characterization of three
dimensional photonic structures starting from polymeric templates. Polymeric photonic
matrices (polystyrene or pmma) have some advantages versus their inorganic
counterparts (i.e. silica) when used as templates. Submicron polymeric spheres can be
arranged in 3D and used to fabricate photonic nanostructures in different materials
(Zn0, Silicon, SiO,, etc.), enhancing or tailoring their properties.
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NOVEL APPROACH TO THE FABRICATION OF ORDERED ARRAYS OF QUANTUM
WIRES

Riccardo Rurali, Jordi Sufié, and Xavier Cartoixa
Departament d’Enginyeria Electronica, Universitat Autonoma de Barcelona (UAB)
Campus de la UAB, 08193 Bellaterra (Barcelona), Spain
Riccardo.Rurali@uab.es

We propose a novel method for the engineering of one-dimensional nanostructure
fabrication with no need of catalyst agents. The method is based on a lithography design of a
pattern of channels onto a conveniently cleaved semiconductor surface, as illustrated in Fig.1.
We believe that this method opens a range of possibilities for optoelectronic nanodevices with
improved efficiencies.

We demonstrate by means of first-principles electronic structure calculations that when
the channel diameter is sufficiently larger than the interstitial space, the resulting pillars
constitute an ordered array of electronically independent, though mechanically interconnected
nanowires. We also show that a controlled coupling of the nanowires can be achieved, as long
as one is capable to tune, at fabrication time, the thickness of the interconnections, which are
ultimately responsible of the efficiency of the guantum confinement. This method, being
based on a top-down approach, would yield an ensemble of identical nanowires, grown along
the same crystallographic orientation and with similar properties concerning the length and
the diameter.

We present density-functional calculations [1] of different templates, where the channels
— and consequently the nanowires — are distributed according to a square or a hexagonal
network, discussing the case of silicon and gallium arsenide. The hexagonal distribution of
channels proved to offer the best confining properties, while there is no clear evidence that
any of these two materials should be clearly superior to the other for what concerns the
confinement properties. Calculations have been performed with the Siesta ab-initio package
[2]. For a silicon substrate, holes in a square disposition, wire size of 23.3A and interconnects
22.0A long and 5.5A, we observe that states remain in the wire section. However, widening
the interconnect to 11.0A, we observe the appearance of laterally propagating states (see
Figure 2). The dispersive behaviour is conclusively determined from the observation of the
band width for the bands of interest (cf. Figure 3).

We also present results for structures with less demanding (i.e. bigger) feature sizes.
Figures 2.d) and 2.e) show the charge density associated to the minimum of the conduction
band for a GaAs substrate with different channel radii. These results are obtained with the
Effective Bond Orbital Model (EBOM), and display d) purely 1D or e) two-dimensional
superlattice behaviour.

The use of such structures could be easily extended to quantum well or superlattice
substrates, e.g. GaAs/InGaAs or GaAs/GaAsP, leading to the fabrication of one-dimensional
heterostructures or quantum dots with potential applications as light emitting devices.

References:
[1] R. Rurali, J. Sufié and X. Cartoixa, Appl. Phys. Lett., in press.

[2] J. M. Soler, E. Artacho, J. D. Gale, A. Garcia, J. Junquera, P. Ordejon and D. Sanchez-
Portal, J. Phys.: Condens. Matter 14 (2002) 2745.
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Figures:

Figure 1 (a) Schematic of the proposed approach and (b) unit ceI.I for th'e”square topology.

Figure 2 Wave-function of the lower state of the conduction band in the case of square [a)
and b)] and hexagonal [c)] arrays of channels in silicon (unit cell shown). The confined
character of the state sustaining the electron carriers is evident in a) and c), while b) is
obviously propagating. Hole carriers are hosted by states with similar features (not shown
here). d) [e)] shows isolated (interacting) NW behavior in GaAs, with a distance of 40 nm
between hole centers.
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Figure 3 Band structure diagrams in the case of a square arrangement of channels in GaAs.
The interconnections between neighboring pillars have a thickness of 0.6 nm (left panel) and
1.2 nm (right panel). With the thinner interconnections the bands disperse essentially only
along k; direction, indicating an efficient confinement; coupling between neighboring pillars
starts to appear for the thicker interconnections.
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BIASED GRAPHENE BILAYER: A TUNABLE GAP SEMICONDUCTOR

Eduardo V. Castro, J.M.B Lopes dos Santos
CFP and Departamento de Fisica, Faculdade de Ciéncias Universidade do Porto, Porto, Portugal
N.M.R. Peres
Center of Physics and Departamento de Fisica, Universidade do Minho, Portugal
K.S. Novoselov, S.V. Morozov, A.K. Geim
Department of Physics and Astronomy, University of Manchester, Manchester, UK
F. Guinea
Instituto de Ciencia de Materiales de Madrid, CSIC, Cantoblanco, Spain
Johan Nilsson, A.H. Castro Neto
Department of Physics, Boston University, USA
evcastro@fc.up.pt

The two-dimensional (2D) arrangement of carbon atoms forming a honeycomb lattice
structure is called graphene. It can be viewed as the fundamental unit of several carbon
allotropes: three-dimensional graphite is obtained upon stacking; rolling it up gives a one-
dimensional nanotube; and it can be wrapped up to form zero-dimensional fullerenes.
However, it was not until very recently that graphene, the 2D allotrope of carbon, was
experimentally realized [1, 2].

Graphene has immediately attracted great deal of attention. Low energy quasi-particles in
graphene have a linear dispersion relation, behaving as massless relativistic particles. This
property is responsible for quite unusual (and interesting) solid state physics in graphene; the
unconventional integer quantum Hall effect (QHE) being a paradigmatic example [3-6].
Moreover, the surprising stability of this new 2D material and the observed ballistic transport
makes graphene a promising candidate for future carbon-based electronics [7].

The technics that made possible the production of single layer graphene were successfully
applied to produce bilayer graphene — two coupled single layers. The bilayer turned out to
have interesting properties on its own. A third kind of integer QHE was recently observed [8],
and the possibility of externally control the bilayer band structure [9] makes this system even
more promising for some electronic devices.

A graphene bilayer with an electrostatic potential difference between layers — biased bilayer —
has been experimentally realized recently [10]. Using a tight binding description we have
demonstrated that the externally applied gate bias effectively controls the electronic gap
between the valence and the conduction bands of bilayer graphene.

Applying the theory to the description of magneto-transport data (Shubnikov-de Haas
measurements of the cyclotron mass) we have extracted the value of the gap as a function of
the electronic density. It was shown that the gap can be tuned between zero and mid-infrared
energies using fields still below the electric breakdown of SiO..

The opening of a gap is clearly seen in the quantum Hall regime, where the zero-energy
double step characteristic to the anomalous QHE in unbiased bilayer graphene, splits into two,
giving rise to an additional plateau at zero Hall conductivity, besides the standard quantum
Hall sequence.
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GLYCONANOTECHNOLOGY: A METHODOLOGY TO PREPARE
BIOFUNCTIONAL NANOPARTICLES WITH APPLICATION IN
NANOMEDICINE
Jesus M. de la Fuente and Soledad Penadés
Laboratory of Glyconanotechnology, CIChiomaGUNE, Parque Tecnoldgico de San
Sebastian, P° de Miramon 182, 20009 San Sebastian, and Instituto de Investigaciones
Quimicas-CSIC, Americo Vespucio 49, 41092 Sevilla, Spain
lafuente@iiq.csic.es; spenades@cicbiomagune.es

During the last years our laboratory in Seville has developed a new technology
(Glyconanotechnology) for tailoring - in a simple and versatile way — bio-functional
gold nanoclusters (glyconanoparticles, GPNs). [1,2,3] The GNPs present some
advantages over other previously prepared colloids as: 1) easy preparation and
purification; 2) exceptional small core size and narrow distribution sizes; 3) control
over ligands number and nanoparticles size; 4) water solubility; 5) high storage stability
without flocculation; and 6) singular physical properties.[4]

The manipulation of the metallic cluster to obtain luminescent glyco-quantum dots
(semiconductors) [5] and magnetic nanoparticles for application in cellular labelling
and imaging by magnetic resonance (MRI), is comprised within the potential of this
novel technology. Furthermore, the introduction of additional ligands can be used to
guide the assembly of the nanoclusters creating a wealth of different nanostructures. [6]
GNPs with biological significant carbohydrates (antigens) and with differing
carbohydrate density have also been prepared to study biological mechanisms [1,7,8]
and to intervene in cell adhesion processes.[9] The methodology includes the
preparation of hybrid GNPs incorporating carbohydrates and other molecules such as
fluorescent probes, biotin as well as biological molecules such as peptides, DNA and
RNA etc.

The biofunctional nanoclusters presented here has the potential to integrate all the
current knowledge and applications on processes that involve both Nanomaterial
Science and Biology and to complement the current gene oriented Nanobiotechnology.
[10]

The design and preparation of complex bio-functional glyconanoparticles (GNPs) and
their application as polyvalent tools to study and intervene in carbohydrate mediated
biological interactions will be highlighted. As examples of application in
Nanomedicine, the preparation and study of GNPs as anti-adhesion agents in inhibition
of metastasis, as potential microbicides for blocking HIV-1 infection, or as anti-cancer
vaccines will be discussed. In addition, magnetic glyconanoparticles for application in
cellular labeling and magnetic resonance imaging (MRI) will also be reviewed.
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Figure 1. Synthesis of GNPs.
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ULTRAFAST DYNAMICS WITHIN NANOCAVITIES AND NANOCHANNELS

M. Gil, S. Wang, J.A. Organero and A. Douhal*

®Departamento de Quimica Fisica, Seccion de Quimicas, Fac. de Ciencias del Medio
Ambiente, Universidad de Castilla-La Mancha, Avda. Carlos 111, S.N. 45071 Toledo
(Spain).
abderrazzak.douhal@uclm.es

Within recent years, we have reported on fast and ultra fast events in chemical
and biological nanocavities.[1-6] As expected,[7] the results obtained demonstrated that
confinement may affect both spectral (color) and time domains. In this talk, we will
show and discuss the results of our efforts in studying ultrafast dynamics in confined
systems by reporting on picosecond and femtosecond dynamics of selected molecules —
undergoing proton transfer reaction and twisting motion- within nanocavities and
nanochannels of zeolites in water and organics solutions. We found a rich dynamics
with times ranging from 50 fs to 100°s of ps, and explain the results in terms of different
nanoreactivity, confinement and restriction to free motions within the nanospace.

We believe that these results might be important for a better understanding of
nanocavities and nanochannels confinement of organic molecules undergoing proton

and twisting motions.

Acknowledgements: This work was supported by the MEC and JCCM through the
projects: CTQ-2005-00114/BQU, UNCMO05-23-034 and PBI-05-046.
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CREATION OF TECHNOLOGY-BASED START UPS

Mr. Carles Escolano, Mr. Laszlo Bax
Willems & van den Wildenberg (W&W), Diagonal 361 1-1, Barcelona, Spain
c.escolano@wywes.com

Creation and growth of technology based start ups normally requires a deep involvement of
those researchers involved in the technology development and also of those owning
technologies’ Intellectual property Rights (most of the times not the researchers themselves).
Moreover, it does require an entrepreneurial attitude and business skills, which are not easy to
find within research groups. Because of this lack of business skills, researchers do often have
difficulties in translating their ideas and results into businesses.

This presentation will introduce the phases that an entrepreneur would go through when
creating a technology-based start up, from the initial idea (and initial research results) until the
creation of the start up and its development into an established company.

For every phase, key issues to be addressed will be presented, giving special emphasis to

issues researchers are less familiar with, the common challenges they face and how they could
be solved.
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NEUTRON SPIN-ECHO EVIDENCE OF INTER-PARTICLE SPIN CORRELATIONS
OF FE(CU) NANOPARTICLES IN A AG MATRIX

L. Fernandez Barquin, R. Garcia Calderén®, D. Alba Venero', Q. A. Pankhurst?, B. Farago®
! DCITIMAC, Fac. Ciencias, Univ. Cantabria, 39005 Santander, Spain
2 Dept. Phys. & Astr., UCL and London Centre for Nanotechnology, WC1E 6BT London, UK
% Inst. Laue-Langevin, 38042 Grenoble, France
barquinl@unican.es

Giant magnetoresistance (GMR) alloys of technological interest are often produced in the
form of a collection of nanometric magnetic particles randomly embedded in a metallic
matrix. This leads to the existence of intrinsic magnetic relaxation phenomena of the
nanoparticles, which naturally affect the GMR behavior. Usually, this magnetic relaxation is
governed by the competition between the anisotropy and the thermal energies, and the
outcome is particles with their atomic spins blocked or in which the net magnetization is
flipping around the easy magnetic axis (superparamagnetic regime). This ideal situation is
modified when the interparticle distance is reduced to a few nanometers; in such an
arrangement, extra magnetic interactions are triggered and the relaxation behavior tends to be
more collective [1]. Many examples have been given thanks to the interpretation of
macroscopic magnetic data (AC-susceptibility, DC-magnetization, aging, etc.), but the direct
observation of the relaxation phenomena is limited to a small number of microscopic
techniques, as Mdssbauer and muon spin relaxation, anyhow both presenting a limited spatial
coherence.

Neutron spin-echo is a unique powerful technique to detect spin-spin correlations with spatial
resolution through the measurement of the correlation function S(q, t). In addition the intrinsic
relaxation time of neutrons (= 10™'? s) allows the fastest sampling time to detect spin coupling.
We report here the results ( 0.034 A" <q<0.156 A™, 20 K <T < 300 K) and analysis the first
experiment using NSE on a metallic fine-particle system.
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CONDUCTANCE, SURFACE TRAPSA ND PASSIVATION IN DOPED
SILICON NANOWIRES

M. V. Fernandez-Serra, Ch. Adessi and Xavier Blase
CECAM ENS-LYON, 69007 Lyon, France and
Laboratoire de Physique de la Matiere Condensee et Nanostructures,
Université Lyon 1; UMR CNRS 5586,

Domaine universitaire de la Doua, F-69622 Villeurbanne; France

By means of ab initio total energy and conductance calculations within the
Landauer Formalism we investigate the structural, electronic and transport
properties of doped silicon nanowires (SINWs). We find that impurities always
segregate at the surface of unpassivated wires, reducing dramatically the
conductance of the surface states. Upon passivation, we show that for wires as
large as a few nanometers in diameter, a large proportion of dopants will be trapped
and electrically neutralized at surface dangling bond defects, significantly reducing
the density of carriers. Impurities located in the core of the wire induce a strong
resonant backscattering at the impurity bound state energies. Surface dangling bond
defects have hardly any direct effect on conductance. Upon surface trapping,
impurities become transparent to transport, as they are both electrically inactive and

do not induce any resonant backscattering.
- M. V. Fernandez-Serra, Ch. Adessi and Xavier Blase, Phys. Rev. Lett. 96, 166805

(2006).

- M. V. Fernandez-Serra, Ch. Adessi and Xavier Blase, NanoLetters. (In press) 12, (2006)
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THE NANOSCALE SPIDER-WEB:
A MOLECULAR SELF-ASSEMBLY DUE TO SUBSTRATE-MOLECULE
INTERACTIONS
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! Instituto de Ciencia de Materiales de Madrid - CSIC, Cantoblanco, 28049 — Madrid, Spain
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Cantoblanco, 28049 — Madrid, Spain

¥ Dpto. de Quimica Orgéncia, Universidad Complutense de Madrid, 28040 — Madrid, Spain

Country
josemaria.gallego@uam.es

One of the currently most active fields of research in Surface Science is the study of the self-
assembling properties of relatively complex organic species. In solution or gas phase the
geometry of the self-assembled nano-structures depends exclusively on the specific
interactions between peripheral functional groups of the self-assembling molecules. On the
other hand, for molecules adsorbed on a solid surface, the role of the surface cannot be
neglected, and the resulting 2D molecular arrangement is the consequence of a subtle balance
between molecule-substrate and molecule-molecule interactions, but very few cases
(involving either vicinal [1] or chemically heterogeneous [2] surfaces) have been reported
where the substrate dictates almost uniquely the 2D arrangement.

In this contribution we describe STM experiments showing how molecule-substrate
interaction become the dominant force in the self-assembly of PCBM ([6,6]-phenyl C61
butyric acid methyl ester, Figure 1), a C60 derivative, on a chemically homogeneous surface,
Au(111).

The 22 x 3 of the Au(111) surface has its origin in an uniaxial contraction along one close-
packed [1-10] direction in which 23 atoms are distributed among 22 bulk sites, resulting in the
occupation of both fcc and hcp sites. In addition, a more isotropic stress relief is obtained by
the formation of stress domains in which the contraction alternates by 120° between two
equivalent domains (Figure 2). It is this formation of stress domains which gives rise to the
periodic network of surface lattice dislocations that make up the herringbone pattern [3].

During the first stages of deposition, PCBM adsorbs preferentially at the elbows of the
reconstruction, a behavior already observed for some metals [4] and other organic molecules
[5] on Au(111). But, contrary to these cases, further deposition proceeds by the formation of
finger-like zigzag 1D structures (Figure 3). A close examination shows that these chains are
actually formed by double rows of PCBM molecules nucleated, exclusively, within the fcc
areas of the reconstruction. Upon increasing the coverage, the chains grow in length until they
cover completely the fcc areas of the surface, giving rise to a highly organized network of
PCBM double rows resembling a nanoscale “spiderweb” (Figure 4). Thus, the supramolecular
ordering of at this stage is strictly governed by the substrate reconstruction. The origin of this
preferential nucleation (a combination of both steric and electronic effects) will be discussed.
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Figure 1: Chemical structure of PCBM.

e

Figure 2: STM image (118 nm x 132 nm)
of the Au(111) surface after depositing 0.2
ML of PCBM.

Figure 2: STM images (left: 58 nm x 66
nm, right: 23 nm x 26 nm) of the Au(111)
surface showing the morphology of the
“herringbone” reconstruction.
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Figure 3: STM image (226 nm x 159 nm) of the Au(111) surface after depositing 0.5 ML of
PCBM.
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NANOTEC: A EXPERIENCE FROM THE UNIVERSITY LAB TO THE
NANOTECHNOLOGY MARKET

Adriana Gil, Rafael Fernandez
Nanotec Electronica, Ronda de Poniente 2,2,1A, 28760 Tres Cantos,Madrid, Spain
adriana.gil@nanotec.es , www.nanotec.es

Scanning Force Microscopy has been proved to be one of the fundamental tools for the
Nanoscience and Nanotechnology with a high potential for a wide range of applications.
Allowing to visualize and manipulate surfaces with a very high resolution and control and
capable to work with surfaces at different environments, even liquids for the study of
biological material, it is clear that it is and will be a key tool for important developments at
the nanoscale.

Nanotec Electronica, spin-off from Universidad Autonoma de Madrid (UAM) since 1998, is a
small enterprise focused on the Nanotechnology field and its activity is the design,
development, manufacture and commercialization of Scanning Force Microscopes (AFM) and
Scanning Tunneling Microscopes (STM). The origin of this company is at New Microscopies
Laboratory at UAM, where during the 80s and 90s researchers worked on the development of
the AFM and STM techniques with fundamental research purposes. Based on the acquired
knowledge and experience and with the obtained technical results, the researchers from this
lab started a company. Since then, Nanotec Electrdnica has several products in the market and
keeps on developing new applications for the analysis at the nanoscale. It is just the only
Spanish company capable to develop this technology and it is already competing at a global
level with the main manufacturers of these kind of tools; Nanotec has a commercial branch in
the United States and distributors in central Europe, Japan and other Asian countries. Nanotec
philosophy is still based on the high level development of the technology from the knowledge
and experience. In this sense, it is growing with qualified staff both technically and
scientifically and keeps strong links with research labs on different fields. It is also integrated
in different consortiums for Research & Development projects on Nanotechnology.

The beginnings of Nanotec, which were not easy, were hosted by the Universidad Autonoma
de Madrid. After more than eight years working and growing, it has an important presence in
the field of the Nanotechnology. In this presentation we will describe some of the interesting
steps of our experience to go from the university lab till the reality of being present at the
international market.
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RATIONAL DESIGN OF INORGANIC NANOPARTICLE CONJUGATES FOR
BIOMEDICAL APPLICATIONS

Neus G. Bastus™?, Silvia Pujals®, V.F. Puntes®

1 Institut Catala de Nanotecnologia, Campus UAB Bellaterra,,08193 Barcelona, Spain
2 Departament de Fisica Fonamental, UB, 647 Av Diagonal, 08028 Barcelona, Spain.
3 Institut de Recerca Biomedica de Barcelona, Parc Cientific de Barcelona-UB, Josep Samitier 1-5, 08028
Barcelona, Spain.

Neus.gomez.icn@uab.cat

Recently, nanomaterials have received enormous attention for their potential applications in
biology and medicine because is a revolutionary technology to address single molecules
inside the cell.

Nanoparticles (NP) can be tailored with different properties such as fluorescence or magnetic
moment [1,2]. These properties can be harnessed to use them as local nano-probes or nano-
manipulators in biological and medical applications; e.g. fluorescence labelling of cellular
compartments [1], use of fluorescent or magnetic particles as contrast agents, magnetic
separation [3], targeted drug delivery [4].

Recently, NP conjugated with biological molecules have successfully been applied in
materials science and biology. NP-macromolecules -like proteins or DNA- conjugates hold
great promise both for biological diagnostics, where the NP could provide unique detection
signatures, and for nanotechnology, where the information content of the biomolecule could
be useful for spatial patterning of NPs. Many strategies, available for bioconjugation of NP,
have been described: elastin [5], antisense [6], biotin-avidin [1], antigen-antibodies [7],
peptides [8], proteins [9], among others. Furthermore, proteins have a particular interest in
nanobiotechnology, because of their inherent programmability and biological activity [10].

Besides, in the same way that the organic molecule can modify the size, shape and therefore
final properties of the growing NP [2,11], the inorganic nanoparticle has the ability to control
the reactivity of the organic molecule attached to it (some preliminary evidence can be found
in homogeneous catalysts [12] and antisenses [6] attached to AuNP). In this way, the NP has
the ability to i) modify the local concentration of the molecule, ii) regulate the accessibility to
the reactive sites, iii) control the molecule spatial orientation of different molecules attached
to different crystal faces of the NP [13,2]) iv) allow the direct activation of the molecule by
the remote excitation of the inorganic core to which it is attached [8]. In addition, the
inorganic core has unique properties and signatures, facilitating conjugate detection, and
consequently, surpassing complicated fluorescent or radioactive labelling.

In this scenario, preparation, isolation, control on the conjugation stability, and monitoring the

conjugation, are conditions sine qua non to be able to properly interact with the biological
machinery.
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Synthesis of Gold Nanoparticles: rods and spheres (Left) DNA synthesis —proliferation assay- of cells
in the presence of AuNP-peptide conjugates (center) AuNP-Peptide conjugates phagocited by

macrophages (right)

References:

[1] Bruchez Science 281, 2013-2016 (1998)

[2] Puntes Science 291, (2115-2117) 2001.
[3] Puntes European Journal of Cells and Materials 3, (128-131), 2002
[4] Gallego Clinical and Translational Oncology 8(11):1-000 (2006)

[5] Nath J. Am.Chem.Soc.123(8197,(2001)

[6] Rosi Science 312 1027-1030 (2006)

[7] Farokhzad PNAS, 103, 6315-6320 (2006)

[8] Kogan Nanoletters 6, 110-115, 2006

[9] Chah Chemistry and Biology 12, 323-328 (2005)

[10] Pujals, Journal of the American Chemical Society, 128,(8479 -8483), 2006.
[11] Puntes Journal of the American Chemical Society, 124 (12874-12880), 2002 .

[12] Belser J. Am. Chem. Soc. 127 (8720-8731) 2005
[13] Jackson Nature Materials 3, 330 - 336 (2004)

4th NanoSpain Workshop

12-15 March, 2007

Sevilla-Spain



105

ELECTRONIC TRANSPORT OF CARBON NANOTUBES WITH INDUCED
DEFECTS

Cristina Gomez-Navarro,
Max Planck Institute for Solid State Research, Stuttgart, Germany.

C.Gomez-Navarro@fkf.mpg.de

In this talk I will review our most recent achievements in the field of electronic transport in
carbon nanotubes and graphene sheets.

Electronic transport in carbon nanotubes has been a field of intensive research in the last
years. Up to date most of the works have been focused on the defect-free nanotubes, but
defects are known to modify the electronic properties of carbon nanotubes. In this work we
reported direct evidences of the influence of artificially induced defects, on the electronic

quantum transport in single walled carbon nanotubes.
+

Defects were induced in single walled carbon nanotubes by Ar ionic bombardment.
Consecutive ion irradiation doses were applied to nanotubes producing a uniform density of
defects. After each dose the electrical characteristics of the same carbon nanotube were
measured by using a conductive atomic force microscopy. Using this method we were able to

measure the resistance vS. Length characteristic of the nanotube [1] after each known dose of
+

Ar ions.

The results indicate electronic transport in the Anderson localization regime.

Theoretical studies based on first-principles Local Orbital Density Functional method and
standard Green-function techniques showed the effects of mono and di-vacancies in the
electronic transport properties of metallic SWNTs. From comparison between theory and
experiments we concluded that only a 0.03% of di-vacancies produce an increment of three
orders of magnitude in the resistance of a 400 nm carbon nanotube segment.

This study provided for the first time a quantitative experimental study of the influence of
defects in the electronic transport properties of SWNT[2].

Very recently, the possibility of isolating graphene sheets has renewed the interest in graphitic
structures. [ will also talk about our preliminary results on oxidized graphene sheets.
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UNDERSTANDING CONDUCTANCE HISTOGRAMS OF SINGLE MOLECULAR
JUNCTIONS

M. T. Gonzélez, S. Wu, R. Huber, S. J. van der Molen, C. Schénenberger, M. Calame
Institut flrPhysik, Universitat Basel, Klingelberstrasse 82, Basel, Switzerland
teresa.gonzalez@unibas.ch

When a single molecular junction is formed, there is a large range of possible detailed atomic
configurations that can be realized. In order to extract significant values for the electrical
properties of a characteristic molecule, a statistical analysis is required over many junctions
realizations. In the literature, different results for molecular junctions based on simple
molecules such as alkanethiols have been reported [1-5]. In this work, we establish that
differences in the statistical treatment are not the cause of these discrepancies [6]. A
mechanically controllable break junction technique has been used to explore the conductance
of single molecular junctions based on octanedithiols, oligo(phenylene elthynylene)s and
oligo(phenylene vinylene)s. All the experiments have been carried out at room temperature
and in liquid environment. We perform different data treatments to collections of conductance
traces recorded during ~100 breaking processes for several junctions. The variations in the
conductance histograms due to these treatments are then described. In addition, we show that
the histogram of the logarithmic of the conductance is the best representation to spot the
molecule bridge contribution out of the Au-Au tunnelling background (see figure 1). The
method shows to be suitable to distinguish between oligo(phenylene elthynylene)- and
oligo(phenylene vinylene)-junctions by their electrical transport properties.
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Figures:

Figure 1: Histogram of the logarithmic of the conductance built from approximately 100
conductance vs. displacement curves in pure mesitylene (grey) and in solution 1mM
octanedithiol (red). The arrows indicate the conductance peaks that appear when octanedithiol
is added. The tunnelling contribution to the histogram is a constant background (indicated by
blue and dashed-black lines for pure mesitylene and octanedithiol respectively).
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EFFICIENT PHOTOINDUCED ELECTRON TRANSFER IN FULLERENE BASED
MOLECULAR WIRES

Fernando Langa,® Frédéric Oswald,? Ruben Caballero, ® Vincent Troiani,? Pilar de la Cruz,® D.-M.

Shafiquil Islam,” ¢ Yasuyuki Araki,”’ Osamu Ito,”

% Facultad de Ciencias del Medio Ambiente, Universidad de Castilla-La Mancha, 45071-Toledo,
Spain. ° Institute of Multidisciplinary Research for Advanced Materials, Tohoku University,
Katahira, Sendai, 980-8577, Japan. ¢ Department of Chemistry, Graduate School of Science,

Jahangirnagar University, Savar, Dhaka-1342, Bangladesh.

e-mail: Fernando.LPuente@uclm.es

In recent years, donor-bridge-acceptor systems where a Cgo cage and a strong donor are covalently
linked by a linear m-conjugated system have attracted a great interest to obtain efficient
photoinduced electron transfer."! n-conjugated oligomers exhibit intense and broad absorption
bands in the visible region and due to their remarkable light harvesting capability, oligophenylene-
vinylene (OPV) chains have been employed as bridge and antenna.[’ Moreover, dyads involving
oligothienylenevinylenes (OTV) moieties, which exhibit low oxidation potentials, have been
prepared and studied showing that the OTV units not only act as antenna but they are able to act as
donor unit as well.

In the present study, new triads Ferrocene-OTV-Cgo ™! and Zn-Porphyrin-OTV-Cg (Figure 1) have
been designed and prepared in a multistep synthetic procedure. Efficient photoinduced charge
separation with quantum yields close to unity and lifetimes for the charge separated state in the
order of us were found. The effect of the nature of the donor and the length (n = 2 to 8) of the
OTV bridge in the photoinduced electron transfer processes will be discussed.

Figure 1
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FULLERENE BASED MOLECULES WITH LOW HOMO-LUMO GAP
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Shafiquil Islam,” ¢ Yasuyuki Araki,” Osamu Ito,”
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Spain. ° Institute of Multidisciplinary Research for Advanced Materials, Tohoku University,
Katahira, Sendai, 980-8577, Japan. ¢ Department of Chemistry, Graduate School of Science,

Jahangirnagar University, Savar, Dhaka-1342, Bangladesh.

e-mail: Fernando.LPuente@uclm.es

Molecular electronics can be defined as technology utilizing single molecules, small groups of
molecules, carbon nanotubes, or nanoscale metallic or semiconductor wires to perform electronic
functions.™! For organic (molecular) electronic materials, the behavior of a single electron,
including electron transfer/transport, n-/p-doping processes, and so forth, depends primarily on the
energy of the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular
orbital (LUMO) levels and the orbital interactions. By designing molecules with tuneable HOMO
and LUMO levels, one can achieve control over the properties of materials and the performance of
the electronic devices based on them. The molecules with low HOMO/LUMO gaps are of
particular importance due to their ability to easily donate (from HOMO) or accept (on LUMO) an
electron, which is the basic process in all organic electronic devices.

There are two approaches to decreasing the HOMO-LUMO gap in a molecular system: a) to
extend the m-conjugation or b) to link covalently electron donors (high HOMO) and electron
acceptors (low LUMO) fragments.

In this presentation, we will show systems with HOMO-LUMO gap lower than 1 eV by linking
covalently pyrazolinofullerene derivatives to strong electron donors -TTF or Ferrocene- as
well as new triads where an oligothienylenevinylene wire (OTV, n = 2 to 8) act as a wire between
the fullerene cage and donors (ferroceneor porphyrins) . ™ (Figure 1).
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NANOZAR S.L.: SOLUTIONS IN CARBON NANOTUBE RESEARCH

Wolfgang Maser
NANOZAR S.L., C/Miguel Luesma Castan 4, E-50018 Zaragoza, Spain
WWW.Nanozar.com
contact@nanozar.com

NANOZAR S.L. is a spin-off company founded by leading scientists from the Spanish CSIC-
ICB research institute that focuses on the development of the technologies for the dispersion
of Carbon Nanotubes in a wide variety of matrix materials. This technology area has been
identified as the key barrier-to-breakthrough for the development of composite CNT materials
that are expected to be used in the majority of future CNT applications. With NANOZAR
being the only company in Europe focussing on this essential but underestimated part of CNT
development, the company will exploit a unique market position in the field of CNTs. The
aim is to develop Carbon Nanotube composites for a broad range of applications.

Through its founders Nanozar combines the expertise available at leading research centre
CSIC-ICB on the fabrication, functionalisation and compounding of Carbon Nanotube
materials with the expertise available in the Group of Composite Materials at University of
Zaragoza on the reinforcement of polymer materials with Carbon Nanotubes. In total the
Nanozar team has more than 50 person-years experience in CNT-related research.
Additionally, one of the founding shareholders in Nanozar is the company Willems & van den
Wildenberg, a specialised consultancy firm with a track record of over 15 years in New
Business Development and the creation high-tech start-ups.

This presentation gives a general introduction into the field of carbon nanotubes focussing on
business opportunities and explains Nanozar’s service portfolio.
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LOCALIZATION OF NANOPARTICLES IN PLANT TISSUES: POTENTIAL USE

AS SMART DELIVERY SYSTEMS
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“ Corresponding author: bb2pelua@uco.es

In the last years, the nanotechnology is revolutionizing many areas of science and technology,
and agriculture can not to be kept away from it. In this way, many applications have been
suggested, including nanosensors and nanodevices, bioselective surfaces, nanomaterials, etc.
[1, 2]. We have begun the development of a research line in order to find practical
applications of nanotechnology in agriculture. Our goal is to find nanosystems which can be
easily used as smart delivery systems in plants and select the most suitable ones according to
the substances to be introduced into the plants (drugs, nucleic acids, etc.).

The great potential of nanoparticles as delivery systems to be directed to specific targets in
living beings has been first explored for medical uses [3, 4]. The same principles can be
applied to plants, for a broad range of uses in particular to tackle infections with nanosystems
tagged to pesticides or other substances for efficient and local treatments, thus reducing the
dose of chemicals released to the environment. For that reason, the first systems we have
selected for preliminary assays are carbon coated magnetic nanoparticles [5, 6]. The magnetic
core allows allocation of the nanoparticles in the site of interest (affected tissues) using small
magnets. On the other side, the carbon encapsulation provides biocompatibility and a large
adsorption surface. Thus, different types of molecules can be adsorbed on the carbon coating
[5, 6]. It is also possible to functionalise with and/or conjugate the coating of the particles to
different biomolecules, which is of great interest for its use as a smart delivery system to
target specific tissues.

In order to explore the benefits of nanotechnology applications in agriculture, the first level of
our research is to achieve the correct penetration and transport of the nanoparticles through
the plant. In this context, the unambiguous localization of the particles in the plant tissues is
pivotal. Our first work is aimed to put forward a number of tools for the detection and
analysis of magnetic nanoparticles introduced into plants by using different techniques,
ranging from conventional light microscopy to confocal and electron microscopy.

We have inoculated in vitro growing plants with a ferrofluid composed of carbon-coated
magnetic nanoparticles. Tissue samples were then collected, fixed, cut and observed with
different microscopical techniques to detect the presence of nanoparticles. These techniques
include conventional light microscopy, fluorescence microscopy, confocal scanning laser
microscopy and electronic microscopy, combined with different fixation and/or embedding
processes.
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Figure 1: Detection of aggregates of nanoparticles in the solution injected into the plants on
projections of 3D confocal stacks under Nomarski (a) and reflection (b). 1(c) shows the
overlay between (a) and (b) with an almost complete colocalisation. Aggregates of
nanoparticles were also detected into a cell of the stem (arrows), after 72 hours at the position
of the magnet, on vibratome sections observed on the confocal microscope: (d) Nomarski, (e)
reflection and (f) overlay.
Figure 2: Detection of nanoparticles on thick sections (7 um) of paraffin-embedded plant
tissues. The identified particles correspond to non-fluorescent areas (arrow) within the
autofluorescent cell wall of xylem cells under an epi-fluorescence microscope.
Figure 3: Nanoparticles detected on correlated light and electron microscopy imaging of the
same specimen after 24 hours at the injection site. a) the nanoparticles are seen as beads on a
string along the cells on the outer side of the cell wall by phase contrast on a light microscope.
b) the same area as in (a) imaged on the transmission electron microscope where electron
dense areas can be seen (arrows). ¢ and d) higher magnification of the boxed areas in (b) in
which aggregates of nanoparticles can be clearly recognised in the apoplast.
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A key issue in nanotechnology is the fabrication of nanoscale structures built up from
functional blocks in a reproducible and efficient way. In this sense, coordination polymers on
solid surfaces, also named metal-organic frameworks, are considered a promising candidate in
view of their applications due to their interesting electrical, and magnetic properties, as well
as host-guest interactions [1-3]. The practical application of these new materials requires
controlling the nanoscale spatial order of the constituent blocks. The principles of the
supramolecular chemistry allow, in many cases, controlling the architecture and
dimensionality of the materials through the self-assembling of different molecular building
blocks. The suitable selection of the building blocks may also predict some of their final
properties. In this bottom-up approach, kinetics can also play an important role in the
nanostructuration of these compounds on surfaces, which implies well understanding of the
multiple and competing interactions (hydrogen bonds, coordination bonds, van der Waals
forces,...). The knowledge of the dynamic processes that take place during the assembly of
the nanostructures is an open topic with fundamental interest to the emergent nanoscience.

Here we show for first time the surface assembly of one-dimensional coordination polymers
prepared from vapour phase (Fig. 1). The assembly phenomenon is based on the reversibility
property of the coordination bonds of those compounds, which allows the polymers to be
sublimated in form of small oligomers and reassembled forming different surface structures
once on the substrate. Temperature-controlled transition to the one-dimensional morphology
reflecting its equilibrium structure is observed and explained in terms of kinetically-limited
anisotropic interactions between the oligomers. These results open a new way to the surface
assembly of coordination frameworks.

200nm 200nm
B —

Figure 1: (a) Structural representation of the 1D coordination polymer
{[Co(ox)(Htr),]-2H,0}, (b, c) AFM images showing one-dimensional structures of this

compound on HOPG (a) and mica (b) grown by sublimation in a high vacuum system.
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SUB-10nm NANOLITHOGRAPHY AT THE CT-ISOM
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The ultimate goal of molecular bottom up approaches is to employ functional building
blocks to construct nanometer scale devices addressed to specific applications. Furthermore,
for practical device implementation the immobilisation of functional molecules on suitable
surfaces is also often required. One powerful and versatile strategy for the modification of
surfaces at the molecular level is via the preparation of self-assembled monolayers (SAMs).

Here, we describe the functionalisation of silicon oxide-based surfaces with
polychorotriphenylmethyl (PTM) radicals via covalent and noncovalent interactions (Fig. 1).

The family of PTM radicals is chemically and thermally stable due to the fact that their
open-shell centres are shielded by six bulky chlorine atoms.[1] These radicals are colored and
also exhibit fluorescence in the red region of the spectra. More interestingly, PTM radicals are
electroactive and can be easily and reversibly reduced (or oxidized) to their anionic (or
cationic) species. [2] The oxidised and reduced states show different absorption spectra than
the radical and are in addition non magnetic and non fluorescent. Therefore, the preparation of
SAMs functionalised with PTM radicals (PTM SAMs) on solid substrates results in
multifunctional surfaces which are electrochemically, optically and magnetically active. We
also demonstrate that these SAMs can be used as chemical redox switches with optical
(absorption and fluorescence) and magnetic responses.

In addition, the fabrication of surface patterns of these radical molecules has also been
achieved using microcontact printing and visualized by fluorescence microscopy (Fig 2). The
chemical flexibility and versatility of these molecules sheds lights on the huge potential of
preparing surface self-assembled multifunctional molecular devices.
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Fig. 1 PTM SAMs prepared via covalent and noncovalent interactions

Fig. 2 Fluorescence microscopy image of a patterned PTM SAM by microcontact printing on
glass (Aexc=340-370 nm, spotsize of 10um).
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INFLUENCE OF THE SUBSTITUENT IN THE CRYSTAL PACKING OF
COPPER(I1) MALONATES
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There are different strategies to design and prepare new molecular materials with interesting
magnetic properties such as the introduction of a co-ligand, the combination of several metal
centres or the modification of the primary ligand. In the course of the investigation of our
research group in copper(ll)-malonate complexes [1], we have developed a study of the
influence of the introduction of a substituent in methylene carbon atom of the malonic acid in
its coordination chemistry.

Considering the variety of crystal packing exhibited by the copper(ll)-malonate system with
water molecules as unique coligands [2], we have synthesized and characterized new
copper(Il)-phenylmalonate, -methylmalonate, -ethylmalonate, etc. complexes (Figure 1 and
2). The crystal structures of these compounds range from discrete molecules in the malonate-
containing complexes to two-dimensional structures in the methyl- and ethylmalonate-
copper(ll) compounds.

Subtle changes in the crystal packing can lead to variations in the magnetic behaviour. The
study of these changes and the influence of the substituents in the formation of a given
structural motif are the main objectives of this work.

We acknowledge the support of the Spanish Ministerio de Educacion y Ciencia through
projects MAT2004-03112 and “Factoria de Cristalizacion, Consolider-Ingenio2010”
(CSD2006-015).
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Figure 1. Malonate (a), Methylmalonte (b) and Ethylmalonate (c) ligands

Figure 2. Phenylmalonate ligand
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NANO-EMULSION FORMATION IN IONIC SURFACTANT SYSTEMS BY THE
PHASE INVERSION COMPOSITION METHOD (PIC): OPTIMIZATION
THROUGH AN EXPERIMENTAL DESIGN
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" Departament Enginyeria Quimica, Universitat de Barcelona, Barcelona, Espafia.
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Nano-emulsions are colloidal dispersions formed by a liquid phase dispersed in
another one in form of droplets. What makes them very interesting is the extremely small
droplet size they have, in the range 20-500 nm, reason why they may appear transparent or
translucent. They are thermodynamically unstable systems, and consequently, their properties
depend on the preparation method. The low-energy preparation methods, in which the
temperature or the composition are maintained constant, make use of the phase transitions that
take place during the emulsification process as a result of a change in the spontaneous
curvature of the surfactant. As a result, it is not necessary to apply a high mechanical energy.

The formation of nano-emulsions stabilized with non-ionic surfactants has been
widely reported in the bibliography®*. However, there are few studies about the preparation of
nano-emulsions stabilized with ionic surfactants by low energy or “spontaneous” methods*®.
In this work, a method to obtain nano-emulsions in ionic surfactant systems by the phase
inversion composition method is presented. The aim of this new method is the use of a fatty
acid as a cosurfactant, which is progressively neutralized during the emulsification process
due to the continuous addition of an alkaline watery solution, obtaining the corresponding
salt, which acts as the ionic surfactant.

The ionic system chosen was the anionic system water / potassium oleate-oleic acid-
C12E10 / hexadecane. Potassium hydroxide solutions were added to the mixtures formed by
water, hexadecane, C12E; and oleic acid, being this last one component partially neutralized
into potassium oleate during the emulsification process. The results obtained were compared
with those obtained in the cationic system water / oleylamine chloride-oleylamine-Cy,E;q /
hexadecane. In this system, chloride acid solutions are added to the mixtures formed by water,
hexadecane, Ci12E10 and oleylamine. The oleylamine is partially neutralized into oleylamine
chloride along the emulsification paths. The final water composition was 80% w/w in all
cases.

Experimental design® was used to optimize the composition variables oleic acid/C1,E1g
or oleylamine/Cy,E10 ratios (depending on the system) and oil-surfactants ratios, at constant
preparation conditions. Nano-emulsion droplet size has been selected as the main response as
it determines whether an emulsion is a nano-emulsion or not.

The results of this study show that droplet size as a function of oleic acid/C;2E;o or
oleyalmine/Cy,Eqo ratios and oil-surfactants ratio, can be approximated by quadratic
equations, which develop the response surfaces represented in figure 1.

It can be seen from this graphics that there is an optimal oleic acid or
oleylamine/Cy,E1 ratio in both systems. Referring to the oil/surfactant ratio, a linear
behaviour is observed; the lower the O/S ratio, the smaller the droplet size in both systems.

Trying to explain these results, the phases present through the different emulsification
paths were determined at 25°C. It has been found a cubic liquid crystalline zone with Pm3m
structure, which expands to higher hexadecane/surfactants ratios and makes narrower as the
oleic acid or oleylamine/Cy,E ratio increases. Reaching or not the equilibrium in this phase
during the emulsion formation process allows to explain the results obtained in the
experimental designs. The smallest droplet sizes are obtained when the cubic phase is wider.

Finally, it has to be said that in the system using oleylamine chloride as ionic
surfactant, the droplet size of the nano-emulsions obtained is smaller than with the other
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system, due to the fact that the cubic phase zone is wider in the system W / oleylamine
chloride - C1,E;o - oleylamine / hexadecane than in the system water / potassium oleate-oleic
acid-Cy2E1o / hexadecane.
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Figure 1. Response surfaces: droplet size as a function of the composition variables for the
ionic system with potassium oleate as anionic surfactant (a) and for the ionic system with
oleylamine chloride as cationic surfactant (b).
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TOWARDS PHTHALOCYANINE-BASED MOLECULAR MATERIALS
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Phthalocyanines are versatile building blocks for fabricating materials at the
nanometer scale. These colored macrocycles exhibit fascinating physical properties
which arise from their delocalized #electronic structure. In this talk, it will be
described why these molecules are targets for different scientific purposes and
technological applications

Phthalocyanines (Pc)! and related macrocycles have drawn considerable attention as
molecular materials that give rise to outstanding electronic and optical properties. >* These
properties arise from their electronic delocalization, and make these compounds applicable in
different fields of materials science and promising as building blocks in nanotechnology.

Our group has been involved for many years in the synthesis of non-centrosymmetric
phthalocyanines for second-order NLO and has carried out exhaustive studies on the
structure-property relationships by varying the donor-acceptor substitution pattern and
changing the central metal on the Pc core. Our efforts are now concentrated on the preparation
of non-classical phthalocyanine-containing systems presenting both dipolar and octupolar
features.

The concept donor-acceptor is not limited to the design of systems with NLO properties,
but also to semiconducting and artificial photosynthetic systems with application in molecular
electronic devices. Thus, for example, we have synthesized Pc- and SubPc-based donor-
acceptor systems for studying energy and photoinduced electron transfer processes, and their
potential use as building blocks for molecular-scale photovoltaic (both organic and dye-
sensitized hybrid solar cells) and optoelectonic systems (LEDs, sensors).
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Last Name | Name Topic Title
Luque Aitor Simulation at the Nanoscale MD simulation of nanoscratching of cu crystals with a hard
spherical tip. influence of the tip-substrate adhesion and
substrate orientation
Macanas Jorge NanoMaterials Development and characterization of new amperometric sensors
and biosensors based in polymer-metal nanocomposite materials
Maestro Vicente Simulation at the Nanoscale Monte Carlo simulations on nanocatalysts: effect of active sites
location in the CO-NO surface reaction
Marin Sergio NanoBiotechnology / DNA detection using cadmium sulphide nanocrystals as
Nanomedicine electrochemical tags
Marques Maria Teresa NanoMaterials Energy study of Cu-NbC nanocomposite produced via
mechanical alloying
Marquez Ma del NanoMaterials Plasma treatments on polymer nanoimprint stamps
Posadas Carmen
Martinez Gabiriel Simulation at the Nanoscale Description of plasmonic self-imaging
Niconoff
Martin- Marisol NanoMaterials Porous alumina in the control of position and shape of
Gonzalez nanostructures
Martins Manuel NanoMaterials Nanoscale integration of colloidal nanocrystals on optically active
low dimensional epitaxial heteroestructures
Maxim Florentina NanoChemistry Hydrothermal Synthesis of 1D BaTiO3 Nanostructures: the
influence of titanium precursor
Mecerreyes David Project_Management NANOTRON Project: Nanoscience and Nanotechnology for
Micro- and Nanosystems
Mendez Javier Scanning Probe Microscopies | Manipulation of Organic Nanostructures by field gradient diffusion
(SPM) induced with STM
Mihi Agustin NanoMaterials Full Processing of Colloidal Photonic Crystals by Spin Coating
Munuera Carmen Scanning Probe Microscopies | Conductive-SFM study of nanostructured iron prepared by
(SPM) sputtering at very low temperatures.
Munuera Carmen Nanomagnetism MBE growth of Ag nanocrystals on self-organized striped Si(111)
surfaces. Morphology and Magnetism of Co films formed on this
Ag-Si template.
Olivet Aurelio Simulation at the Nanoscale Sulfur Hexafluoride Adsorption Prediction in Mobil Catalytic
Materials (MCM) by Molecular Simulations
Osma Johann NanoBiotechnology / Enzymatic immobilization on alumina pellets improved the
Nanomedicine decoloration of synthetic dyes
Otero Juan Carlos NanoChemistry NUMALAB: An interdisciplinary laboratory on nanotechnology
Palacios Elisa Scanning Probe Microscopies | Surface contact potential domains on poly(3-octylthiophene)
(SPM) studied by electrostatic force microscopy and Kelvin probe
microscopy
Paredes Ricardo NanoMaterials Ni nanocontacts ruptures: statistical study of last configurations
before breaking
Park Seul Ki NanoBiotechnology / Photoprotective Effects of Oral Minerals in UVA-irradiated Human
Nanomedicine Dermal Fibroblast
Patricio Sonia NanoChemistry Nanostructured [M(salen)]-based thin films prepared by
electropolymerization and layer-layer assembly
Pelaez Samuel Simulation at the Nanoscale Edge energies and elastic properties of ordered metallic
nanowires. An Embedded Atom Method study
Pellejero Ismael NEMS / MEMS Development of microsystems with zeolite layers: mass sensors
& micro-reactors
Peres Marco NanoMaterials Photoluminescence Studies on Lanthanides Doped ZnO.
Pérez de Luque | Alejandro NanoBiotechnology / Localization of nanopatrticles in plant tissues: potential use as
Nanomedicine smart delivery systems
Perez Garcia Beatriz NanoElectronics / Molecular Formation and rupture of Schottky nanocontacs on ZnO
Electronics nanocolumns
Pérez Lépez Briza Nanotubes Carbon nanotube based electrochemical sensors
Polop Celia NanoMaterials Kinetic control in the surface assembly of one-dimensional
coordination polymers
Primo Martin Vicent NanoMaterials Laser colouring of glasses by way of Silver ion exchange
methods
Puchol Estors Victoria NanoMaterials Mesoporous Materials with a Hierarchic Pore System by Means
of Biomimetics Preparatory Approaches
Quaresma Pedro NanoChemistry Monodisperse Fe304 and FePt magnetic nanoparticles for
specific separation of oligonucleotides and proteins
Ramalho Ruben NanoBiotechnology / Microtubule behavior under strong electric fields: an Atomic
Nanomedicine Force Microscopy study
Retolaza Aritz NanoElectronics / Molecular The use of automatic demolding in nanoimprint lithography
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Last Name | Name Topic Title
Ribeiro Ana NanoMaterials Study of pt dopant effect on photocatalytic activity of TiO2 thin
films subjected to tensile fragmentation tests
Rodriguez Carlos NanoMaterials A new route for the preparation of mesoporous and hybrid
nanomaterials through templating of reverse liquid crystals
Rodriguez Maria J. NanoMaterials Synthesis and characterization of gold clusters by soft chemical
Vazquez routes
Rogero Celia Scanning Probe Microscopies | Self-organized submonolayers of S-cysteine on Au(111)
(SPM)
Ruiz Virginia NanoMaterials A multiresponse approach to the study of electrochemical
processes in nanostructured materials
Ruiz Perez Catalina NanoChemistry Influence of the substituent in the crystal packing of copper(ll)
malonates
Sanches Tatiana NanoMaterials Surface impedance tensor behaviourin amorphous FeSiB and
CoSiB wires
Sanches Pedro NanoBiotechnology / Detection of Magnetically Marked Structures in Cilia by Magnetic
Nanomedicine Force Microscopy
Sanchez Samuel Nanotubes Advantages of CNT vs graphite polysulfone-composites screen-
printed electrochemical biosensors
Sanchez- Santiago NanoMaterials Preparation of Ag nanoparticles by gamma irradiation:
Cortes Application to Surface-enhanced Raman Detection of fungicides
Saravia M Veronica NanoBiotechnology / Cell attachment and patterning on polyelectrolytes and bacterial
Nanomedicine proteins
Silva Nuno Joao Nanomagnetism Structural And Magnetic Studies On Iron Oxide Nanoparticles In
Hybrid And Polymeric Matrices
Smit Roel Scanning Probe Microscopies | Low Temperature Scanning Tunneling Microscopy with the
(SPM) capability to measure forces
Solé Font Isabel NanoChemistry Nano-emulsion formation in ionic surfactant systems by the
phase inversion composition method (pic): optimization through
an experimental design
Sufiol Joan Josep NanoMaterials Development of nanocrystalline soft magnetic materials by melt
spinning and/or mechanical alloying
Taborda Ana NanoBiotechnology / Superparamagnetic Nanopatrticles with relevant applications in
Nanomedicine Biomedicine: NMR studies
Torres Francesc NEMS / MEMS Coupling Resonant Carbon Nanotube and Microcantilever to
Improve Mass Responsivity by Detectability Product
Villaluenga Irune NanoMaterials Photocatalytic Coatings
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