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NANOBIOMEDICINE:NANOBIOMEDICINE:

•• TherapyTherapy::
•• Drug Drug DeliveryDelivery
•• HyperthermyHyperthermy

•• DiagnDiagnóósticstic::
•• ContrastContrast agentagent ((biomolecularbiomolecular andand celular celular targetingtargeting))
•• BiosensorsBiosensors: : QuantitativeQuantitative lateral lateral flowflow. . 

NANOSTRUCTURED MATERIALS:NANOSTRUCTURED MATERIALS:

•• MembranesMembranes andand nanoporousnanoporous filmsfilms
•• CarbonCarbon nanotubesnanotubes
•• OrganicOrganic functionalsfunctionals materialsmaterials ((dendrimersdendrimers, , mesosocopicmesosocopic liquidliquid crystalscrystals
•• CoreCore--shellshell magneticmagnetic nanoparticlesnanoparticles

PHYSICS AT THE NANOSCALE:PHYSICS AT THE NANOSCALE:

••

 

ThinThin filmsfilms: : magneticmagnetic heteroestructuresheteroestructures, , superlatticessuperlattices……
••

 

MicroMicro-- NanocircuitsNanocircuits: : SpintronicsSpintronics, quantum , quantum effectseffects, , nanowiresnanowires, , 
nanoconstrictionsnanoconstrictions, , MEMS&NEMSMEMS&NEMS......

INSTITUTE OF NANOSCIENCE OF ARAGONINSTITUTE OF NANOSCIENCE OF ARAGON 

RESEARCH LINESRESEARCH LINES

Moderador
Notas de la presentación
Las líneas de investigación se clasifican en tres grandes áreas, como se muestra en la diapositiva.  Así encontramos el área de nanobiomedicina, el área de materiales nanoestructurados y el área de física de nanosistemas. 



1. Laboratory of thin films growing

-LASER 
ABLATION

-SPUTTERING

-MBE

-PECVD

20 1/nm20 1/nm

Fe3 O4 / MgO 
epitaxial thin film



2. Laboratory of lithography

PRESENT  

(20 m2, CLASS 10.000)

NEW  

(125 m2, CLASS 10.000 & CLASS 
100)

- Photoresist station

- mask aligner

- e-beam evaporator

- RIE / IBE 

- PECVD

- μcontacts, optical microscope, 
saw



2. Laboratory of lithography

MASK ALIGNER PHOTORESIST STATION MICROCONTACTS

ELECTRON BEAM EVAPORATOR

DRY ETCHING 

RIE/IBE



3. Laboratory of scanning probe microscopy (SPM)

LowLow TemperatureTemperature UHV UHV -- STMSTM

LHe cryostat

Ion gun

STM head

LEED - Auger

Evaporators

Quadrupole
mass spectrometer

UHV sample preparation chamber
TiOTiO 22

LEED pattern from a
Cu (1 1 13) surface
(regular array of steps)



4. Laboratory of electron microscopy: TEM, SEM

HRTEM: FEI  TECNAI G2 F30

-Field Emission 80keV-300keV
-Gatan Energy Filter (TRIDIEM)
-STEM (EELS)
-HAADF, Z-contrast
-Tomography, 3D image
-Lorentz Lens

Fe

SiO
2

Fe
Fe

SiO
2

UHRTEM: 

Cs correctors

(Future project)



4. Laboratory of “Dual beam”
 

microscopy

Imaging

Ectching

Deposition

Analysis

Nanopatterning

e-beam lithography



5. Laboratory of biomedical applications

Orbital shaker 

Celules 
and 
bacterials 
separation

Virus and 
DNA 

separation

Peptide 
chromatography U-V spectrometer Cell culture&nanoparticles



5. Laboratory of biomedical applications (“in-vitro”)

0 10 20 30 40 50 60 70
0

5

10

15

20

25
 1.00 % wt
 0.67 % wt
 0.50 % wt
 0.25 % wt

 

 

T 
- T

 (t
=0

)  
 ºC

Tiempo (min)

Magnetic Hyperthermy Anatomopatology



5. Laboratory of biomedical applications (“in-vivo”)

Veterinary Hospital Suregery room Endoscopic surgery



Nanoparticles

Optical microscopy

Laminar flow cabine

6. Laboratory of synthesis and functionalización
 

of 
nanosystems



7. Laboratory of thin films characterization 
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7. Laboratory of surface characterization (XPS &Auger)
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7. Laboratory of magnetic characterization VSM

Temperature range 100 K -800 K
High sensitivity (~10-6 emu).
Magnetic field up to 2 Tesla

Hystheresis loops of a epitaxial 
Fe thin film with the field applied 
along [100] y [110] directions
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NANOMATERIALS FOR THE 
ELECTRONICS

-Growth of Epitaxial Half-metal Oxides: Fe3 O4 , Sr2 CrReO6

-Growth of Epitaxial Metals: Fe

-Epitaxial heterostructures for magnetic tunnel junctions and spin filtering

-Magnetoresistive granular materials: Fe/MgO

-Magnetic nanowires

-Magnetic nanoconstrictions

-Magnetic biosensors

-Superconducting nanowires



ThinThin--film film epitaxialepitaxial
 

heterostructuresheterostructures
 

for Spin Electronicsfor Spin Electronics

The tool: UHV combined PLD-sputtering system

New chambers to be installed before 
June 2009: dedicated PLD  + 
dedicated sputtering

High-quality Thin Films / Heterostructures succesfully grown to date:

• MgO (001) // Fe3 O4
• MgO (001) // Fe
• MgO (001) // Fe3 O4 /MgO/Fe
• CG // [Fe/MgO]N
• SrTiO3 (001) // Sr2 CrReO6
• MgO (001) // CoFe2 O4



ThinThin--film film epitaxialepitaxial
 

heterostructuresheterostructures
 

for Spin Electronicsfor Spin Electronics



Transport measurements in Fe nanoconstrictions
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NANOMATERIALS FOR THE 
ENERGY

-Polimer Electrolyte Membrane Fuel Cells (PEMFCs) 
Two Polymer Families to withstand hight temperatures have been 
proposed:
Polyetherimides (PEI), polysulfones (PSU) 

-Eutectic Ceramic

-Nanoeutectics

- Directionally solidified eutectics for catalysers

- Microtubular Solid Oxide Fuel Cells

-Nanotubes compsites

-Electroactive polymer/carbon nanotube composite materials

-Conducting polymer/carbon nanotube composite materials

-TiO2 nanotube:Hydrogen production & organic contaminants 
degradation



An Innovative Membrane for 
PEMFCs: 

ZEOCELL PROJECT 
(Nanostructured Electrolyte Membranes Based on Polymer/Ionic 

Liquids/Zeolite Composites For High 
Temperature PEM Fuel Cell) 

INA. University of Zaragoza 
(Spain)

Moderador
Notas de la presentación
Thank you 

The aim of my talk is to present the innovative concept that zeocell project proposed to bridge the gap between the current limitations of commercial avaiblable PEMFS and the challenges to be overcome to become a mass spread technology. 
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GENERAL PROJECT OBJECTIVE
• To develop nanostructured electrolyte membranes 

suitable for operating at 150º-200ºC in high 
temperature Polimer Electrolyte Membrane Fuel 
Cells (PEMFCs)
WHY HIGH TEMPERATURE PEMFCs?

BENEFITS OF T INCREASE PROBLEMS/SPECIFIC CHALLENGES
•

Reaction Rate Increase

•

Durability (degradation/corrosion )

•

CO tolerance Increase (dirty H2 )
•

Electrocatalysts sintering and recrystallization

•

Operating Voltage Increase

• Electrolyte performance (dehydration)

•

Polarization effect Reduction

•

Fuel cross-over (Utility decrease)

• Water management
• Cogeneration possibilities

MAIN CHALLENGES

Moderador
Notas de la presentación
The general objective proposed is the development of nano… for PEMCS capable of operation at …

Why PEMFC??

As the electrolyte is a solid rather than a liquid (MCFS or PAFC), the sealing of the anode and cathode

gases is far easier and this in turn makes the unit cheaper to manufacture than some other types of fuel cell.

 Furthermore, the solid electrolyte can lead to a longer cell and stack life as it is less prone to corrosion than some other electrolyte materials

Compared to other electrolytes (which require temperatures up to 1,000ºC to operate effectively) PEMFCs operate at very low temperatures of about 80ºC allowing rapid start-up.

 The efficiency of a PEM unit usually reaches between 40 to 60 per cent and the output of the system can be varied to meet shifting demand patterns. Typical electric power is up to 250 kW.

In addition, PEMFCs are often compact and lightweight units. 

Greenhouse gas emissions reduction h2 as a fuel

As a result of these characteristics, PEMFCs tend to be the best candidates for cars, residential (buildings) HP generation and smaller stationary applications.



Howewer , some difficulties arise.

At low temperatures, expensive catalysts

Resistance to poisoning by fuel impurities

Low residual heat for cogeneration possibilities



THEN 

One of the key points to overcome for commercialization of PEMFCs as a environmental friendly technolgy for energy production is the development of improved electrolyte membranes and mass manufactureable  capable of operating at temperatures higher than 120’C…
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IONIC LIQUIDS

Advantages
-Very high ionic 
conductivity
-Thermal stability
-Zero volatility
- Flexibility

Disadvantages
-Necessity to be confined 
into a matrix to be used as 
an electrolyte 

POLYMERS

Advantages
- High ionic conductivity
-Elasticity, plasticity (non 
fragile)
-Procesability

Disadvantages
- High fuel cross over
-Thermal stability

ZEOLITES

Advantages
-High chemical and thermal 
stability
- Low price 
- Hydrophilicity (gas 
humidification is not necessary 
for proton conduction)
-Well defined nanoporous 
structures, tailor made porosity 
and modulable adsorption 
properties (fuel-cross over)
- Catalytic properties ( MEAs)

Disadvantages
-Relative low ionic 
conductivity
- Mechanical properties 
(fragility)

MATERIALS TO BRIDGE THE GAP
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MATERIALS TO BRIDGE THE GAP

ZEOLITES &
MICROPOROUS 

RELATED MATERIALS

IMIDAZOLIUM/
AMMONIUM BASED 

IONIC LIQUIDS

+

-
POLYMERS 

(PEI, PSU, s-PEEK, 
doped PBI)

IONIC 
LIQUID

ZEOLITE MEMBRANE

POLIMERIC 
MATRIX

(top view)

(cross section)

2-D NANOSTRUCTURED COMPOSITE MEMBRANES
(ordered or randomly porous membranes)

Moderador
Notas de la presentación
The materials proposed have to bridge the gap between the actual drawnbacks and the already specified requirements for PEMFCs HT large scale deployment.

Two  Polymer Families to withstand hight temperatures have been proposed:

Polyetherimides (PEI), polysulfones (PSU) 

Polybenzimidazol poly(1,4-phenylene-5,5 (6 )-bibenzimidazole-2,2 -diyl) doped with phosporic acid

PolyaryleTHERetherketones

How we ensure ahigh proton  conduction properties at low relative humidity– No/low hydration of feed gases, non-pressurized system, and chemically, mechanically and dimensionally stable between fully humidified and dry states To avoid cross-over???

By inclusion of hydrophilic materials with molecular sieving properties, by using ionic liquids (defined as non volatile boiling point higher than decomposition temperature…











Prof. V. ORERAProf. V. ORERA NanoeutecticsNanoeutectics

Eutectics are a paradigm for pattern structures of size 

scales down to submicron and nanometer with clean 

interfaces.

J. Llorca & V.M. Orera, Prog. Mat. Sci. 51(2006) 711-810

2009
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Microstructure of LFZ fabricated
Al2O3-YAG-YSZ ternary eutectic



Prof. V. ORERAProf. V. ORERA Microtubular SOFC

ÁÁnodonodo

 
:400:400--500 500 µµmm

Electrolito 10 Electrolito 10 -- 20 20 µµmm

CCáátodo: 8 todo: 8 µµmm (LSM + (LSM + 
YSZ)YSZ)

Fuel: 4% H2

2009
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Directionally Solidified 
Eutectics
self-organized  lamellar 
microstructure
&
Strong interphase bonding

Channeled M-YSZ cermet

Easy gas flow

High electronic 
conductivity

Same CTE as YSZ

Microstructural stability

Channeled Metal-YSZ cermets for Solid Oxide Fuel Cells 
anodes

1 R.I. Merino et al., J. Eur.. Ceram. Soc. 2005, 
25, 1455-1462.

2 M.A. Laguna-Bercero et al., J. Eur.. Ceram. 
Soc. 2004, 24, 1349-1353.

3 G. García et al., Chem. Vap. Deposition 2004, 10 249-252

YSZ electrolyte deposited by CVD on a 
Ni-YSZ channeled cermet

Fracture of a Ni-YSZ channeled 
cermet



Department of
Nanotechnology

Carbon Nanotubes Nanocomposites for Photovoltaics
Development of novel electroactive polymer/nanotube composite materials
- With improved electrical, thermal and mechanical properties
- With improved processing properties

For use as 
- Transparent flexible electrodes
- Flexible active layer
- Allowing improved electron-hole separation

Active organic layer
PEDOT/PSS+ CNT
vidrio

ITO
Al

Al
Au

Au

+

TOWARDS
Flexible and efficient Photovoltaic Cells

Patent:  PCT/ES2009/070021
NANOTUBES AND RENEWABLE ENERGY APPLICATIONS



Department of
Nanotechnology

Carbon Nanotubes Nanocomposites
for Improved Electochemical Devices

+

Patent:  PCT/ES2009/070021

Development of novel conducting polymer/nanotube composite materials
- With improved electrical, thermal and mechanical properties and porosity
- With improved processing properties

For use as 
-flexible and highly porous, highly conducting electrodes
In Supercapacitors and Batteries

TOWARDS
Flexible and efficient electrochemical devices

NANOTUBES AND RENEWABLE ENERGY APPLICATIONS



Department of
Nanotechnology

Nano Photoenergy Technology. TiO2 Nanotubes
Production of TiO2 nanotubes
- Hydrothermal method
- Alumine template

For use :
Hydrogen production
Organic contaminants degradation

NANOTUBES AND RENEWABLE ENERGY APPLICATIONS

Photacatalysis mechanism

TiO2 Nanotubes TiO2 Nanotubes



Master in Nanotechnology
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