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… e a nanotecnologia promete aperfeiçoá-lo 
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� O universo nanoscópico

� “Há muito espaço lá em baixo”

� Nanotecnologia 

� Potencialidades e desafios

� Nanoferramentas

� Nanomedicina

� Nanoimplantes, nanorobôs e as comunicações sem fios
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� elem. de formação de pal

� (fís.) designa um milésimo da 
milionésima parte

� 1 nanómetro = 10-9 metros = 1 nm

�do gr. nánnos, «anão»  
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1 nm = 1 nanómetro = 10-9 metros



Nanodevices Tennis ballA periodWhite 
blood cell

Water 
molecule

R
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Things Natural Things Manmade

Fly ash
~ 10-20 µm

Head of a pin
1-2 mm

Quantum corral of 48 iron atoms on copper surface
positioned one at a time with an STM tip

Corral diameter 14 nm

Human hair
~ 60-120 µm wide

Ant
~ 5 mm

Dust mite

200 µm

ATP synthase

~10 nm diameter

Nanotube electrode

Carbon nanotube
~1.3 nm diameter
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The Challenge

Fabricate and combine 
nanoscale building blocks 
to make useful devices, 
e.g., a photosynthetic 
reaction center with 
integral semiconductor 
storage.
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1,000,000 nanometers = 

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

Office of Basic Energy Sciences
Office of Science, U.S. DOE

Version 10-07-03, pmd

The Scale of Things – Nanometers and More

MicroElectroMechanical 
(MEMS) devices
10 -100 µm wide

Red blood cells
Pollen grain

Carbon 
buckyball

~1 nm 
diameter

Self-assembled,

Nature-inspired structure

Many 10s of nm

Red blood cells
(~7-8 µm) 

Atoms of silicon
spacing 0.078 nm

DNA
~2-1/2 nm diameter
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http://www.youtube.com/watch?v=u-Id3pD1vEU

O copo de Licurgo foi criado pelos Romanos em 400 a.C.. É 
vermelho quando iluminado de trás e verde quando 
iluminado na parte dianteira.
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“Há muito espaço lá em baixo”
“There’s Plenty of Room at the Bottom”*

� 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).

�� I can't see exactly what would happen, but I 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. 
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http://www.zyvex.com/nanotech/feynman.html

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



Normal Scale Nanoscale
R
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Fenómenos como o atrito, a adesão, os efeitos quânticos
(ex. confinamento quântico e efeito de túnel), etc.,
passam a ter um papel crucial no mundo nanoscópico.

As nanopartículas são muito 
mais reativas porque há mais 
átomos por unidade de 
superfície.



http://www.youtube.com/watch?v=ITtGJUGXFKc
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Novos materiais e novos produtos

Nanociências + tecnologias = Nanotecnologias � Novas funcionalidades

� Mais rápidos

� Mais leves

� Ocupem pouco espaço e 
cabe em “qualquer” lugar

� Baratos

� Energeticamente mais 
eficientes



� Ex. capacidade de “autorreparação”

http://www.youtube.com/watch?v=ITtGJUGXFKc
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�
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http://www.nextnature.net/2010/05/nano-product-the-food-printer/



�
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http://
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� Proteção do cérebro  

� Bioincompatibilidade e toxicidade das nano-estruturas

� Segurança (pessoal, ambiental, etc.)

� Protecção do meio ambiente

� Nanopoluição/nanocontaminação (atmosférica, recursos  
hídricos e freáticos, cadeia alimentar, etc.)

� Implicações socioeconómicas 
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�“top-down”

�“bottom-up”
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Carbono



Mundo macro: ferramentas macro

http://www.youtube.com/watch?v=ITtGJUGXFKc
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xx
Necessidade de nanoferramentas



http://www.youtube.com/watch?v=ITtGJUGXFKc
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http://kotaro.naist.jp/english/research/



�
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Quantum 
dot
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Periplasma

Membrana (~3 nm)

Citoplasma

F0 ocorre dentro da 

membrana

Fluxo de protões
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http://www.youtube.com/watch?v=YdjERhTczAs



“Há muito espaço lá em baixo”

26

http://w3.ualg.pt/~jlongras/nanomedicina/



Todos diferentes …

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

… todos muito parecidos!
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Today 2020

R
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Imaging NanotechnologyPhysical Exam, 
Symptoms

R
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Viagem a Marte: http://www.youtube.com/watch?v=HD4s_RbeeqA&list=UUT5oyyqurhgz7hzjr1thMdA

Viagem a Marte: 
http://www.youtube.com/
watch?v=HD4s_RbeeqA&lis
t=UUT5oyyqurhgz7hzjr1th

MdA



Acumulação em órgãos vitais Facilmente elimináveis

R
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Tratamento nanotecnológicoTratamento tradicional



Intact noncancerous cells

Noncancerous cells

Toxins Nanodevices

Cancer
cells

Dead noncancerous cells

Noncancerous cells

Drugs

Dead
cancer
cells

Dead
cancer
cells

Toxins
Cancer
cells

R
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Cancer cell

Cancer-
associated
changes 
are tagged 
with bulky
molecules.  

Bulky 
molecule 
tag

Mutation
DNA

Nanodevices
Bulky molecule tag

R
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Ultraviolet
light off

White
blood cell

Water
molecule

Nanodevices
Quantum dots

Quantum dots 
emit light

Ultraviolet
light on

Quantum
dots

Quantum dot
bead

Quantum dot
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Cancer cells

Healthy cells

Quantum dot beads

Quantum dot beads

Healthy cells

Cancer cells

R

Quantum dot
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Quantum 
dot
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http://w3.ualg.pt/~jlongras/ocancro-e-quantum-dots.wmv

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



Nanoshell

White
blood cell

Water
molecule

Nanodevices
Nanoshells

Gold

Near-infrared 
light on

Near-infrared 
light off

Nanoshell absorbs heat
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Nanoshells

Dead cancer cells

Nanoshells

Cancer 
cells

Healthy cells

Intact healthy cells

Near-infrared light

Healthy cells

Cancer 
cells

R

Nanoshell
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http://www.youtube.com/watch?feature=player_embedded&v=aeD7e0QfD2c
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Nanodevice

Reporting

Targeting

Detection

Imaging

Nanotechnology Treatment

Cancer cell

Traditional Treatment

Drug

R

detecção, 

diagnóstico e 

tratamento 

precoce

de doenças
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1966

http://www.youtube.com/watch?v=3o8vsU0Dw-4
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http://www.youtube.com/watch?v=YdjERhTczAs
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Smart optical and wireless network technologies



� http://nano.cancer.gov/

� http://www.euroresidentes.com/futuro/nanotecnologia/nan
otecnologia_responsavel/introducao_nanotecnologia.htm

� http://pt.wikipedia.org/wiki/Nanotecnologia

� http://pt.wikipedia.org/wiki/Nanomedicina

� http://www.youtube.com/watch?v=K4PAVIWHIgw

� http://w3.ualg.pt/~jlongras/palestras.html#nano

� http://w3.ualg.pt/~jlongras/Entrevista-Mundus.pdf

� http://w3.ualg.pt/~jlongras/Nano.swf 

� http://w3.ualg.pt/~jlongras/Quanta.swf 

� http://w3.ualg.pt/~jlongras/nanomedicina/
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