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Synthesis, Structures, Properties & Applications

 World & Nanoworld - philosophy, general definitions, hopes,
challenges

* Physico-Chemical Considerations
band structures, typical “nano effects”

e Colloids + General Syntheses of Nanoparticles

* Fullerenes, C-nanotubes and other carbon-related matter

e Oxidic nanotubes and nanofibers

e Future Energy and Nanosciences

»  Other Inorganic Nanotubes + Fibers

* Nano Clusters

e Bio-Nano Aspects

* Risk Discussion
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The Nano World
The Incredible Tininess of Nano
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Nanometers

A million Ten shoulder-to-shoulder

~ na nomt‘_f\‘l‘s hydrogen atoms span |

I'he pinhead sized palch nanometer. DNA

of this thumb is a million maolecules are about 2.5
nanometers across. nanometers wids,

Billions of

nanometers
A two meler tall male is Thousands of
two billion nanometers. nanometers Less than a
Biological cells have nanometers
diameters in the range of Individual atoms are up
thousands of nanometers. tora few tenths ol a

nanometer, in diameter.
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Nano World = 1 - 100 nm

part of colloid world
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Gebiet definierter| Heterogene Systeme Kolloide: Homogene Systeme
Grofenordnung Grobe Diskonti- 1 om - 500 nm kleine Molekiile
nuitdten Ionen
Beispiel Makroemulsionen, Metallsole, Biokolloide,|Wasser, Benzen,
Dispersionen gekniuelte Makromolekiile | La3*
izellen, Mikroemulsionen

Optische
3 . Ultra- Elektronen-
Aufldsungs- Lupe = MikIoSKOD =t ) —
bereiche mikroskop | mikroskop
Dimensionen — 10'1 10,2 10_3 l?_4 llﬂ's' 10—6 1?_7 lIO'B
| | |
I I T T I T I T
1 mm 100 pm 10 pm 1 pm 100 nm 10 nm inm 14

Abb. 1-1 Abgrenzung der Dimension des kolloiddispersen Zustandes von den Dimensionen
kleinerer Molekiile und grober Diskontinuitiiten.
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Colloids

Gold Building Blocks
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Atoms: 5
colorless, 1 A

Gold clusters:
orange, nonmetallic,
<1 nm

Gold nanoparticles:
3-30 nm, red, metallic,
“transparent”

Gold particles:
30-500 nm
metallic, turbid,

crimson to blue .

Bulk gold film
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Colloids

M. Faraday:
Reduktion von Goldsalzen [AuCl,]”
3-30 nm

( Phil. Trans. Roy. Soc. 1857)

Gold-Kolloide in Polystyrol- Rrirs :\_*-8

o O_"\___.-/‘_"‘—
sulfonat-Mikrogelen

(M. Antonietti et al. Angew. Chem. 1997)

Size-dependent Properties
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Fig. 1. Aqueous solutions of silver nanoparticles show a beautiful variation in visible color depending on the aspeet ratio of the suspended
nanoparticles: far lefi in the photograph, silver nanospheres 4 nm in diameter that are used as seeds in subsequent reactions; a—f) silver nano-
rods of aspect ratio 1-10. The corresponding visible absorption spectra for (a)-(f) are also shown.,
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Bottom up to Nano
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Nanoparticles and Size Effects

Size: 1-100 nm
Surface to volume ratio :  critical
optical properties : f(size)
magnetism : f(size)
electronic properties : f(size)
cooperative properties : f(size)

integration density of functions : very large
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Nano Particles

Tab. 1.1. Examples of nanomaterials.

Size (approx.)

Materials

Nanocrystals and clusters
(quantum dots)

Other nanoparticles

Nanowires

Nanotubes
Nanoporous solids
2-Dimensional arrays
(of nano particles)
Surfaces and thin films
3-Dimensional structures
(superlattices)

diam. 1-10 nm

diam. 1-100 nm
diam. 1-100 nm

diam. 1-100 nm
pore diam. 0.5-10 nm
several nm2—-um2

thickness 1-1000 nm
Several nm in the three
dimensions

Metals, semiconductors, magnetic
materials

Ceramic oxides

Metals, semiconductors, oxides,
sulfides, nitrides

Carbon, layered metal chalcogenides

Zeolites, phosphates etc.

Metals, semiconductors, magnetic
materials

A variety of materials

Metals, semiconductors, magnetic
materials
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Electrons and Dimensions

* Nanostructures (< 30 nm) have become an exciting research field
— New physics phenomena affect physical properties
— Unusual quantum effects and structural properties

— Promising applications in optics, electronics, thermoelectric, magnetic
storage, NEMS (nano-electro-mechanical systems)

* Low-dimensional systems are realized by creating nanostructures that
are quantum confined in one or more directions
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Examples: Nano-Silicon

The powders obtained as described above were dispersed in methanol using mild sonication, then etched
with solutions of 0.5-4% HF and 20-30% HNO3 in water to reduce the particle size and passivate the
particle surface. Acid solutions were prepared from 49 to 51 wt% HF, 70% HNO3, and DI water in the
necessary proportions. After etching, the particles were collected on polymeric membrane filters and
washed with water and methanol.
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Figure 3. The band structure of silicon calculated with a (3s,3p, 3d) basis set with complete
configucation self-consistency,
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The Nano World

Quantum Confinement Produces New Materials Classes

*+ Bi * Bi nanowire
— Group V element Semimetaksemiconductor
— Semimetal in bulk form transition at a wire diameter

about 50 nm due to quantum

— The conduction band (L-clectron) . -
confinement effects

overlaps with the valence band

(7-hole ) by 38 meV U

Semimetal /\ miconductor
b & Set I
|.-

Decreasing wire diaineter

Semimetal-Semiconductor Transition
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Size of Nano Particles -
and Luminescence
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Nanotechnoloqgy

e ]

[y R p—

LR
MAKRO __ N
mm
MIKRO
Hm
i T
NANO _| ol eams 7775
\ T T T I 1 T T T
1950 1970 1990 2010 2030
NANOTECHNIK: DER WEG DER NATUR
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Development of Nanotechnology
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Current 1-5 Years 6-10 Years 10- 30Years
applications .
' Cosmetics
= Security application
' Self-
cleaning * Luminescent probes | g4 panel
windows in biolc_;gical displays \/
screening
' Pigments applications s Bolar eolis

* light emitting

» Stained + Bar coding . Date storage diodes

glass _
windows + Chemical\biological + Single electron
sensors devices
' Sunscreen
+ Coloured lighting * quantum
computing
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Nanotechnology - gquo vadis?

Epicuticula

E xocuticula

schwefel -  schwefel- Endocuticula
arme reiche und Zellkern -
Proteine tyrosinreiche

Proteine

(Paracortex Orthocortex,

A4
1 1 1 1 1 Cortex 1
1 2 T 200 2000 20000 nm

Abb. 2:12 Der Aufbau der Wollfaser aus anderer Perspektive:
Hierarchie einer feinen Merinowollfaser (mit freundlicher
Genehmigung der Division of Protein Chemistry C.5.I.R.0
parkville, Victoria)
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