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J.J. Thomson discover the electron (1897)

M. Planck quantification of the thermal radiation (1918)

A. Einstein Photon as quantum of energy 
(1920)

L De Broglie Electrons are waves  
(1929)

W. Heisemberg Bases 
of quantum 
mechanics (1932)



Optical microscopy

Electron microscopy 
(Ruska 1933)

Scanning Tunnel  microscopy
(G. Binning & H. Rhorer  1986)





Living organisms

Inert matter

Therapy & Diagnosis



30 nm  5% atoms surf.

10 nm  20% atoms surf.

3 nm  50% atoms surf.

Aminoacids 
complex
(chignolin)

Human 
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2 – 20 nm2 – 20 nm

Lactoferrin 
 Lung Cancer

Estrogen
 Brest Cancer

CPPs  Induce
Cell Uptake

NIR Dyes 

Fluorescen

ce                    

Tomography 

siRNA  Knock Down the 

Expression  of Hydra C-

Myc Gene

PEG 
spacer 

Identify 
malignant 
cells

Visualization in the body

Gene therapy

Cell internalization

CELLS  CULTURE







Among these cells
there are DCs



Magnetic cells
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Dendritic cells Magnetic colloid





EXTERNAL MAGNET

VIRUS Magnetic 
NPs

Efficiency
Control at a distance: magnet

Virus based gene delivery: Magnetofection is the nucleic acid delivery under the influence of magnetic
field acting on nucleic acid vectors, which are associated with MNPs

Virus

MNPs



Control N2A cell N2A cell infected with magnetic 
adenovirus complexes







MICROSCOPIOS ELECTRÓNICOS DE 

TRANSMISIÓN

MICROSCOPIOS ELECTRÓNICOS DE 

TRANSMISIÓN







TEM with aberration correctors: Multilayers

Manganite II

Manganite I

SrTiO3

ADF O-K Mn-L2, Ti-L2,3 La-M4, RGB



SCANNING PROBE MICROSCOPE



Scanning Tunneling Microscope: 
STM



Atomic Force Microscope: AFM

500nm

Partículas de Cobalto preparadas por 
sputtering a alta temperatura (700 C). 

Punta del cantilever



SPM Nanomanipulation

Co/Ag (111) 



CROMOSOMA MICROSCOPIA AFM



Clean room: Micro and nanofabricationClean room: Micro and nanofabrication

125 m2, CLASS 10.000

• HELIOS Dual Beam

• NANOLAB Dual Beam

• Cryo SEM&FIB

• RIE/IBE

• PECVD

• Photoresist station

• Mask aligner

• E-beam evaporator

• -contacts

• Optical microscope

20 m2, CLASS 100



Laboratorio microscopia “Dual beam”Laboratorio microscopia “Dual beam”

• Imaging

• Etching

• Deposition

• Analysis

• Nanopatterning

• e-beam lithography





NANOfutures Impact – examples of final 
nano-enabled products, for each target 
market

NANOfutures, European Technology 
Integrating and Innovation Platform on 
Nanotechnology







Reading head of hard discs

Detector for biosensors

ELECTRONIC DEVICES
BASED IN 

NANOTECHOLOGY

Prof. Albert Fert
Premio Nobel Física 2007



• Lighter materials for vehicles: increased fuel efficiency

• Materials to increase efficiencies of electrical components and transmission 
lines

• Nanomaterials arranged in superlattices that could allow the generation of 
electricity from waste heat in consumer appliances, automobiles, and 
industrial processes

• Materials that could contribute to a new generation of photovoltaic cells and 
fuel cells







TARGETING USING MAGNETIC IMPLANT FOR DRUG 
DELIVERY

Solid tumor

Magnet 
implantation

External applied 
magnetic field

Intravenous 
administration of 
magnetic carriers

New development at the INA
Lapararoscopic implant of a 
permanent magnet



NEW DRUGS

Doxorubicina (11x 13 Å) 

Fe2O3
Nanoparticle

Graphite 
Encapsulation

CURRENT DRUG

NANOPARTICLES

NANODRUG





Magnet implant in the left kidney

Right kydney witout magnetic implant

Localization of nanoparticles

Lack of  nanoparticles



Colloid 
Fe3O4Magnetic 

Nanoparticle

Fe3O4

Peptide ProteineDNAPolysacarid

Drug 
Release.

Hyperthermia

Nanoparticle

Magnétic
feld

Magnetic 
Field

Magnetic Hyperthermia



MAGNETIC HYPERTHERMIA

1) Intratumoral 
injection of MNPs

2) Intravenous
administration of MNPs

RF Magnetic field

Selectivity
Allows to attack deep tissues

Why MNPs heat?
Brownian rotation Neel relaxation

Physical movement 
of the MNPs

Rotation of the magnetic 
moment  of the MNPs



DM‐100 Series

www.nbnanoscale.com

DM1 DM2 DM3

COLLOIDS CELLS  CULTURE
MOUSE

Nanoscale Biomagnetics S.L. Spin‐Off  Zaragoza University







Anti-hCG (clone 5014) Biotin

+

Positive test

a) b)

c)

Anti-hCG (clone 5014) Biotin

+

Sample 1

(without hormone)

Negative test

a) b)

Test line

Test line

Control line

Control line

Control line
Test line

Control line
Test line

Sample 2

(with hormone)

a) Magnetic NP
b) Control Particle
c) Hormone

Magnetic Nanoparticles for 
Lateral flow Biosensors





http://nanoimmunotech.eu

nanoimmunotech offers a complete 
range of products, services and tailor-
made projects to help you from the 
design of nanoparticles, nanomaterials or 
complex nanosystems by means of 
bioconjugation, to check the properties of 
your products, the reproducibility of their 
production or their biological effects, 
among others.



The Bioconjugation solution
nitzipper® products

+ =
MULTIPLE SOLUTIONS/APPLICATIONS

anticuerpos, enzimas, péptidos, fluoróforos, linkers y 
oligonucleótidos



IMMUNOMAGNETIC BIOSENSOR

GMR –chip 
carrierX

Z

Nitrocellulose 
strip

Test line
(magnetic
NP’s)

Control
line
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Tomografia de Resonancia 
Magnética Nuclear

carcasa de
sílice

Núcleo magnético

tamaño
controlado

anticuerpo reconocedor
de tumores

AGENTES DE CONTRASTE
tumor





Bioferrofluid were prepared from Fe&C nanoparticles. 

Pumking plants were selected due to the large size of 
the vessels

Method: Injection of the bioferrofluid inside the internal
hole hollow of the leaf petiole



100 m

30 m

100 m

1m

Pith
Xylem



Pea Sunflower Tomato Wheat

-Nanoparticles move upwards through the xylem vessels following the transpiration 
stream and also downwards by source-sink pressure gradient perhaps through the 
phloem
-There are evidences of the radial transport out of vascular system after 48 h probably 
by transcytosis mechanisms.
-It is clear that plants can tolerate the core-shell nanoparticles, and that they can be 
used for localized treatments and gen transformation, but research activity should be 
focused on the possible accumulation and traficking to the animals bloos stream by the 
food chain



-Clean water

-Sensors to detect chemical and biological agents

- Nanofiltration for more efficient filters

- Particles including zeolites, nanoscale magnetite, 
dendrimers, and tunable biopolymers to scavenge
metals

- Nanocomposites to remove metals from smokestack
emissions

- Nanoscale photocatalysts, nanoscale zero valent
iron, and polymeric nanoparticles to address organic
contaminants
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