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Nanometers

Nanodevices:
Nanopores
Dendrimers
Nanotubes
Quantum dots
Nanoshells
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The Scale of Things - Nanometers and More
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UNDERSTAND Tissue regeneration,

Cell interactions
Biomechanics,
Fracture prediction,
Evaluation treatment
strategies,

Implant integration, ...
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Hierarchies in structure and dynamics

Biomimetic materials Biohybrid materials

Hierarchical materials, Biosensoring,
Self-healing materials, DEVELOP Tissue engineering,
Adaptive materials, Regenerative therapies,
Intelligent nanocomposites, Target drug delivery,
Multifunctional nanomaterials, Artificial organs,
Bio-based composites, Implantable devices,
Nanofibre-based devices, ... Living materials, ...

Overview of research directions in bio-nanomaterials
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Diffraction Microscopy  Spectroscopy
X-Rays (SR) Electrons Lasers
Neutrons K-Rays (SR) MNeutrons
Electrons Scanning and Atom HA-Rays (SR)
lons Probes Electrons

Materials

Advanced Analytical Techniques

Characterization

Detection

NMR

Phenomena

Ordered Structures
Crystals and Artificial Structures

Disordered Structures
Defective and Amorphous matter
Liquids
Inhomogeneous Matter

Electronic and Magnetic

Structures
Semiconductors
Superconductors

Complex Magnets

Future Goals (Selection)

Spatial Resolution
TEM: Sub-Angstrom
A-rays: 10 nm

Time Resolution
Lasers: < 5fsec
HA-rays: < 100 fsec

Energy Resolution
MNeutrons: neV
TEM: Sub-eV

Future Targets
Interfacial Structures

EC White Book on ,Basic Materials Science" 2001

Nano-Systems, Confinement
Soft and Bio-Materials

Selforganization

Phase Transitions
Kinetics and Metastability
Competing Interactions

Excitations
Lifetime Phenomena

Transport
High-Tc Super Conductivity
lonic Transport

Response Functions
Mechanic, Electrical, Magnetic

source: Max-Planck-Institute for Metals Research
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ENERGY SAVING
- Low consumption MPU and memories
- Low voltage displays and TV
- High density energy batteries
- High efficient photovoltaic cells

ENVIRONMENT ENVIRONMENT
- Water remediation - Impact of nanoparticles, nanomaterials
- Elimination of pollutants and by-product
- Reduction of COz emission - Accumulation, transportation in water,
NANOTECHNOLOGY soil, atmosphere
HEALTH
- Smart pill and
Y drug delivery
B - Cancer diagnosis CONSUMER ACCESS
= . Tumor localisation TO SMARTER DEVICES
- Water remediation AND SYSTEMS
- Lab-on-a-chip o L -
- Gene transfection HEALTH
and therapy . Toxicology of nanoparticles
- Uncontrolled spread of GM crops
TRANSPORTATION
. Cartires
- Carbumpers

. Self-cleaning windows

INFORMATION SAFETY, SECURITY SAFETY, SECURITY

. Efficient and fast MPU . High sensitive sensors: Pressure, gas, - Invasion of privacy
- Wireless transmission accelerometer, tire pressure monitor,... - Spread of spying sensors
- High density data storage - Nanorobotics

Benefits and risks of nanotechnology; some examples.
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NATURAL NANOSYSTEMS BIOMATERIALS MEDICINE
- Precise design and control of architectural natural - Library: engineered nanostructures for integration - Cancer diagnostics and higher resolution
molecules (oligo- and polysaccharides) into complex shapes - Tissue engineering and better organ support
- Natural block copolymer self-assembly - Hybrid bio-artificial structures with novel - Artificial organisms as model system implants
- Natural compartmented nanoparticles and properties - Bionanosensors for monitoring
intelligent surfaces - Integrated systems for sensing and repair in - Nanobiotics for better treatment
- Develop new and original strategies for biological systems - Therapeutics delivery
elaborating functional polysaccharides-based - Antimicrobial / biocompatible surfaces - Toxicology to understand dangers
nanoelectronic materials - Nanocoatings for surface wettahility - Gene therapy for disease management
- Flexible electrical displays using renewable raw . Nanocomposites for hard/soft tissue mechanical
materials matching

- Biomass valorisation and sustainable materials
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FOOD DENTISTRY
- Nanostructure-quality complexes - Tooth diseases diagnostics
- Texture modifications for consumer value B,I 0-NANOSYSTEMS - Dentine/enamel assembly
- Nutrient delivery systems and drug release for - High pen‘orman_ce - Anti-caries, antimicrobial therapy
extending benefits renonstrunted tissues and - Soft & hard tissue regeneration
- Process engineering for refined production lf——— :\'lnpla[;“f_ i 3= - Oralnanoprobes
. Colloid technology = LIS S RIEUE . Biomimetic dental implants and fillers —
. Intelligent packaging —nano antibacterial - Optimised medical treatments implant biocompatibility
coatings for better products - Safer and higher quality . Cosmetic repair materials
. Shelf life monitoring for safer storage nanobased products . Bone repair
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AGRICULTURE HEALTH CARE COSMETICS/OINTMENTS PHARMACEUTICALS
- Health/resistance of plants and animals - Nanosized soft formulation - Drug delivery to specific tissue
- Lipid vesicles - Controlled screens - Drug targeting with low side effects
- Precision farming: maximise crop yields/ - Reactive materials - Antimicrobial surfaces
minimise fertilisers & pesticides through - Local skin delivery - Nanobiotics for greater efficacy
monitoring . Vaccines - Lab-on-a-chip and bioreactors for screening,
- New sources & implementation of bio-energies . Stealth therapeutic agents toxicology and drug targeting
- Agriculture based multifunctional nanoobjects - Nanophotonics effects - Biosensors and in vitro test systems for
- Quality and safety of food - Safety aspects monitoring

Marcel H.Van de Voorde: Delft University of THAGMEUAQIIEIENSRENRCEHLLLES  Rig de Janeiro, Brazil 2018
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Wearable Electronics: Nanoelectronics Integrated in Clothing

Bluetooth
- fast wireless
data transmission

Security Solutions
- tags, logistics
- data transmission

Earphones &
Microphones

GPS/GSM
- security
- nteractive games

. 3 Speech
MultiMediaCard Controlizl ‘ ‘
(MMOC) MP3 Module FmgerTip
- music - biometry
- authentification

Battery &
MultiMediaCard

MEMS

- pressure
- acceleration
- temperature

5 Keyboard
Thermo Generators yhoar
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