(Bio)Nanotecnologia/nanomedicina:
um mundo de oportunidades paras as

ciencias exatas e as engenharias

José Figueiredo

( http://w3.ualg.pt/~jlongras/)
(jlongras@ualg.pt )

Departamento de Fisica
Centro de Electronica, Optoelectronica e Telecomunicacoes
Faculdade de Ciéncias e Tecnologia

2 de outubro de 2034

https://listas.ualg.pt/wws/info/seminarios-deei



“Deus criou o mundo ...”
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Plano da apresentacao

O universo nanoscopico

“Ha muito espaco la em baixo”
Nanotecnologia
Potencialidades e desafios
Nanoferramentas

Nanomedicina

Nanoimplantes, nanorobds e as comunicacoes sem fios
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Nanometro

Buckyball, C60
~1nm

1 nm =1 nandmetro = 10° metros




Mundo nanoscopico (< ~100 nm)
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Nanometers
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The Scale of Things - Nanometers and More
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Quantum corral of 48 iron atoms on copper surface

Things Manmade

Head of a pin
1-2 mm

MicroElectroMechanical
(MEMS) devices
10 -100 pum wide

Pollen grain
Red blood cells

Zone plate x-ray “lens”
Outer ring spacing ~35 nm

The Challenge

Fabricate and combine
nanoscale building blocks
to make useful devices,
e.g., a photosynthetic
reaction center with
integral semiconductor
storage.

Self-assembled,
Nature-inspired structure
Many 10s of nm

P

positioned one at a time with an STM tip
Corral diameter 14 nm

Carbon nanotube
~1.3 nm diameter
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A nanotecnologia nao é nova. De fato é milenar

The First Nanotechnologists

Ancient stainod-glass makers knew that by putting varying, tiny amounts of gold and siiver in the
glass, they could produce the fed and yellow found in stained-glass windows. Similarly, today's
scentists and engineers have found that it takes only small amounts of & nanoparticie, precisaly
placed, to change a material's physical properties.

Gold particles in glass Silver particles in glass

Had medieval artists baen able 10 control the size and
shape of the nanoparticies, they would have been able
0 use the two matals to produce other colors. Examples:
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Figure 1. Gold building blocks, from the
2 atomic to the mesoscopic, and their

Chad Mirkin, Northwestern University, in changing colors.

NYTimes article by K. Chang - 2005 A

O copo de Licurgo foi criado pelos Romanos em 400 a.C.. E
vermelho quando iluminado de tras e verde quando
iluminado na parte dianteira.

http://www.youtube.com/watch?v=u-Id3pD1vEU




Nanotecnologia:
potencialidades e desafios



“Ha muito espaco |la em baixo”

“There’s Plenty of Room at the Bottom”*

* Titulo da palestra realizada por Richard Feynman, 29 de Dezembro de 1959.

B What would happen if we could arrange the
atoms one by one the way we want them
(within reason, of course; you can't put them so | ‘
that they are chemically unstable, for example). (

7 .‘\
M | can't see exactly what would happen, but | can hardly doubt

that when we have some control of the arrangement of things
on a small scale we will get an enormously greater range of
possible properties that substances can have, and of different

things that we can do.

http://www.zyvex.com/nanotech/feynman.htmi
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A escala nano a fisica é muito diferente
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Normal Scale Nanoscale

h larger surface area
naterial in bulk form.
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Fendmenos como o atrito, a adesao, os efeitos quanticos  As nanoparticulas sdo muito
(ex. confinamento quantico e efeito de tunel), etc.,  Maisreativas porque ha mais

passam a ter um papel crucial no mundo nanoscopico.

atomos por unidade de
superficie.



O que é nano pode ser bom

Novos materiais e novos produtos

Nanociéncias + tecnologias = Nanotecnologias Novas funcionalidades

Mais rapidos

W ETREES

Ocupem pouco espaco e
cabe em “gualquer” lugar

Baratos

Energeticamente mais
eficientes

http://www.youtube.com/watch?v=ITtGJUGXFKc



Dispositivos/equipamentos com novas funcionalidades

Ex. capacidade de “autorreparacao”

http://www.youtube.com/watch?v=ITtGJUGXFKc



Alimentos mais nutritivos e seguros

http://www.nextnature.net/2010/05/nano-product-the-food-printer/



Meio ambiente mais saudavel

Injection of Iron

Transformation of
Fertilizers (e.g., NO;")
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Aplicacoes médicas disruptivas

Research Clinical
Nanotechnology
Drug Screening Drug Delivery
(Labeling) IR, (Therapy)
-
. %% .

Gene Delivery ‘3} o - Detection

(Transfection) - (Imaging)
Diagnosis ' _J Diagnosis/Monitoring

(Devices and Labeling) " | (Disease Markers)




Aspetos a ter em conta

B Protecao do cérebro
B Bioincompatibilidade e toxicidade das nano-estruturas
B Seguranca (pessoal, ambiental, etc.)

B Proteccao do meio ambiente

B Nanopoluicdo/nanocontaminacao (atmosférica, recursos
hidricos e freaticos, cadeia alimentar, etc.)

B Implicacdes socioecondmicas



Abordagens e ferramentas



Abordagens da nanotecnologia

B “top-down”

Bottom-up Fabrication of Nanocomposite Magnets

« Assombling a nanocomposite magnet from individual high-magnetization and
high-coercivity nanoparticies critically depends on availability of anisotropic
(single crystal) hard magnetic nanoparticles.
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the major requirements for this application.

« The next generation magnets are expocted to have (BH), >100 MGOe

= lﬂi\i\‘\:" I\‘m'_ Department of Physics & Astronamy




O mundo nano exige novas ferramentas

Mundo macro: ferramentas macro

Necessidade de nanoferramentas

http://www.youtube.com/watch?v=ITtGJUGXFKc
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Microscopio de forca at

+——— |aser beam

Top and side view of
piezoelectric scanner

cantilever

: force between
L.
. surface and tip

Atomic Force surface of sample
Microscope (AFM)

STM/AFM
Microscope

Microscope
Controller

Vibration Isolation Table Computer

http://www.youtube.com/watch?v=ITtGJUGXFKc



Pincas opticas

Trapping by Laser Radiation Pressure
(Optical Tweezers)

Laser Beam g
Particle: 40nm to 10um ¢

| Radiation Pressure by Laser,

v
Trapped at Beam Spot
(Optical Tweezers)

Mampulat:or%f a Cell etc
under Microscope

Radiation
Pressure

Particle

Trap Position

http://kotaro.naist.jp/english/research/
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Nanoparticulas

Dendrimer Gold Nanoshell Quantum Dot Fullerene
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Pontos quanticos (quantum dots)
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Maquinas moleculares
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Matéria organica a escala macroscopica

Todos diferentes ...

http://www.youtube.com/watch?v=ITtGJUGXFKc



... a escala nanoscopica

http://www.youtube.com/watch?v=ITtGJUGXFKc

... todos muito parecidos!




Objectivo: melhores niveis de saude publica
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Deteccao, diagnostico e tratamento precoces

Nanometers

KellX ® S005°

Viagem a Marte:
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Physical Exam, Imaging Nanotechnology

Symptoms
- celulas cancerigenas.

i
- Q
mas celulas cancerigenas ja se .

multiplicaram milhares de vezes... GldGenca ja tomou o controle. oferecendo um aviso

' antecipado do perigo.

Viagem a Marte:



Desenvolvimento de nanofarmacos

Tratamento tradicional Tratamento nanotecnolégico

Artwork by Jeanne Kelly. © 2002.
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O tratamentos tradicional e o nanotecnolégico

Nanodevices

Noncancerous cells Noncancerous cells

Dead Dead
cancer cancer
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Many "Nanomedicines" are already in routine clinical use

Liposomes Antibodies and their vir!llrvuesc(:il?ssfor
Bangham, Gregoriadis CcilrlitlelchLaJ(t)eBs gene therapy
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Nano-particulas funcionalizadas

Dendrimer Gold Nanoshell

Liposome for Drug Delivery

Protective layer against 33
immune destruction w2 @4
T

Homing
peptide

Drug crystallized o I Lipid-soluble
in aqueous fluid drug in bilayer
Lipid

bilayer




Aplicacao de pontos quanticos como fluoréforos

Ultraviolet Ultraviolet
light off light on

Quantum dot
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Nanometers
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Artwork by Jeanne




Aplicacoes: detecao de assinaturas de doenca

Cancer cells

Quantum dot

.i .

Cancer cells

Quantum dot beads

—— Healthy cells




Aplicacao: localizacao de tumores

Quantum

Quantum Dot Dockerin
15-50 A 20A

Foto: F. Fraenkel, MIT
Grupo de M. Bawendi, MIT

Bull's-eye. Red quantum dots injected into
http://w3.ualg.pt/~jlongras/ocancro-e-quantum-dots.wmv a live mouse mark the location of a tumor.




Nanoparticulas metalicas

Near-infrared Near-infrared %
light off light on A
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Nanoshell absorbs heat

Nanodevices

Nanoshells
10

Water .
L) molecule

Nanometers

Artwork by Jeanne Kelly. © 2002.




Aplicacoes: Eliminacao de tumores
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Nanoimplantes




Implantes com microchips

THE FIRST DRUG DEVICE IS
DELIVERY MICROCHIP IMPLANTED




Nanorobos




Nanocirurgioes

Traditional Treatment Nanotechnology Treatment ]\@Q&A&
: 1

Cancercell — INSTITUTE
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Imaging

Artwork by Jeanne Kelly. © 2002.

http://www.youtube.com/watch?v=308vsUODw-4



Engolir o cirurgiao

SWALLOWING THE SURGEON
Nanomedicines make use of the new physical properties that materials acquire when
miniaturized. With suitable tinkering, the particles can be made ready recipients for an

- £
~  array of molecules including: therapeutic drugs, targeting molecules for cell-specific
S delivery, surfactants for manipulating the shape of the particle and keeping it in solution,
5 and imaging molecules that track the location of particles in patients

MIX AND MATCH

There is an almost endless variety of nanoparticles, but only a hand-
ful have way into biomedi lications. Particles such
as quantum dots and gold nanoshells make use of their inherent
physical properties once inside cells or tissues. Quantum dots can be
used to light up specific tissues for surgeons, while gold nanoshells
can enter cancer cells where they are selectively heated with a laser,
killing tumors with high temperatures. Fullerenes and liposomes can
carry cargo inside as well as on their surfaces, but fullerenes must be
modified in order to stay in solution. Dendrimers take their name from
their fractal-like branches of molecules, which can be built around
drugs that might otherwise be insoluble.

Nanoparticles range
in size from 1-100 nm

Targeting
malecule

Colloidal gold Drug

————— Cll-penetrating.
peptide

Gold nanoshell  Manoemulsion Dandrimer

Quantum dot Liposome Fullecene

.

Nanocrystal
SMALLER IS BETTER
The blood vessels that grow
throughout a tumor mass are
generally leakier than vessels in
the rest of the body. So researchers
have designed nanoparticles just
4 small enough to escape through
= those holes, targeting only the
wAaBEmiIna e~ DED — o tumor tissue with drugs hitching
aride on their surfaces.

http://www.youtube.com/watch?v=FzFY5ms3AUc



Comunicacoes sem fios



Comunicagcao com o exterior




Comunicagao com o exterior

irelessly controlled drug-
delivery microchip

A device containing the chip, communication electronics,
and a battery is implanted in the abdomen to deliver a daily
ose of medicine.

An electric current When a reservoir is
melts a membrane, empty, the next
releasing a single dose is delivered
dose. from another one.

.
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Platinum Drug reservoirs Dose pgse Empty

and titanium Full reservoir

embrane seals reservoir

OURCE: MicoCHIPS Inc.

1. RESERVOIRS ARE 2. DEVICEIS
FILLED WITH DRUGS IMPLANTED

4. DRUGIS 5. ONGOING DRUG
RELEASED ADMINISTRATION

<
LAY
EVPTY Do
v




Commission |

?‘\-i/orlzon 2020
O«\ Call: H2020-ICT-2014-1

Topic: ICT-06-2014
@nart optical and wireless network technologies

Innovative ultra-BROadband ubiquito@hrough terahertz transceivers

Proposal acronym: iBROW

We are pleased to inform you that the aforementioned proposal has been favourably evaluated by
the Commission. Consequently, we wish to proceed to the preparation of the Grant Agreement based

on your proposal.

(4.1) EU contribution requested in Proposal: 3,995,130.00 EUR
(4.2) Maximum EU grant amount attributed to the Action following evaluation: 3,995,130.00 EUR
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Obrigado!



