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Report of National Nanoscience Working Group:
" Devel opment of nanascience and techndogiesin Fnland”

» Nanosdencefocus on theresearch of phenomena and processes in
the scale of ananometer. (In practice 0,1 —0,001microns)

* In thenanoscience functional materials and sructures are
modédled, designed, synthetised and characterised.

* Nanotechnology means thedesign and manufacturing o
components and devices based on functiondly new nancscale
structures and materials.
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Materials and nanotechnology

Sdf organized structures

Tailored synnthes's, new molecular structures
Catalyds

Soft nano

Hard nano

Nano devices
Bionano

Sowhat? For what?
How really implemented?

J. Seppala




Feynman 1959:
”| want to build abillion of tiny factories”

Drexler:

"Thereis plenty of room at the bottom”

"M olecule processing sy stem” = liukuhihnakatay ytti
"Nanoscde roboting’

"M edica nanomachines’

CONTROLLED POLYMER STRUCTURES
ENABLED BY
NEW POLYMERIZATION CATALYSIS

M inimal ter minatio
polymer izations
Polymer izaton
with metal complexgg

CONTROLLEDSYNTHES ¥
AND POLYMERI ZATION

Template
polymer izations

Polymer izaton with
metallocene catalystg

Combinator ial
techniques

Pure Appl. Chem.,No.10, 2003




New structures through novel
poly merization technologies
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Metdlocence cadysis
. .. Cr— z—Cl
Organometdlic compounds of transition metd's lsa—o
"Living” polymerizaions I
— metdlocenes
— Living free radicd polymerizations
Combinatorid synthesis high throughput methods, sequentid
synthesis.
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"Living” radical polymerizationATRP

Matyj aszewski, Xia Chem. Rev. (2001)
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Supr amolecular
assemblies
Rotaxanest
catenates \
NEW MOLECULAR
ARCHITECTURES
Oon/Off
konfor mations
Chiralic
recognition

Dendrimers
M olecular
recognition

Starch graft copolymers

» Amphiphilic structures based on starch oligomers and
synthetic grafts

» controlled ATRP polymerizaion
— Controlled graft length
— Tallored graft density

— Sarch and sy nthetic componerts can be chosen ->
different materid properties




Coating of cellulose fibers with
amphiphilic polymers




Self-assembly of amphiphilic
polymers on surface
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Nanocomposites

Nanosilicate

Filler loading around 5-%
» Mechanica properties
better than with
conventiond fillers

* Rheology and
processability




Barrier properties can be modified by tailoring

the surface of the nanocomposite.

Carbon nanotubes

Properties:
— Excdlet dectrid and
thermd conductivity
» fromsemicondudorsto metallic
conductivity
— Extreme mechani cd strength

« tendlestrength 20 times higher than
steel
« flexible, can be blendad

— Extremdy stable

e durableup to700C under oxidative
conditions
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A. Frenot & 1. S Chronakis, Polymer nanofibers assembled by electrospinni
Curent Opinion in Colloid & Interface Science, Volume 8, Issue 1, 2003, 6465

Nanofibers by Electrospinning

Transl ucent polymer layer nework on substrae; 0.1 g/n?.

23 m

Harlin A., Helkkila P, Tampere University of Technology, Fbre
Materials Science

Electrospinning Coating with
Polymer Nanocomposites

«Surface characteri i c canbe nmodified with very smal | amount of material 0.03-05 g/n¥
->Functionality is enough even as asing elayer.

*Conposites5-20 nmpartid es and 100-400 nmstrucures of the network.

*Very low amount of meterial distributed evenly enabl es effective use of functiond

meterials.

PVA/nanoTiO, .
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Lotus-effect
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LACTIC AGID POLYMERIZATION
FOSSL RAW
MATERIALS
PROCESING
BIOMASS
COMPOSTING PRODUCTS
Bio- and nanopolymer s r esear ch group
Tailored catalystsfor
new pofy mer synthesis
SEPPALA
Tailored polymers for Pl sl
hierarchicaly structured and endysis -ooordination polymerization
e e o
i i Feedback for meterials
o oynhess
YLI-URPO

Contolled adtiveagent

sSueenginesring
epplicaions

New materials for tissue
reconstruction, guiding,
engineering and @ntrolled
release gpplications
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INNOVATIONS ARECREATED AT THE INT ERPHASES

Enabling
technologies

* Minor improvementsto the existing state of the art?
* High Tech to the well established technd ogies?
* Totally new products?

Poly mer researc
focusing
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» Minor improvements to the existing state of the art?
* High Tech to the well established technd ogies?
e Totallynew products?

Poly mer researc
focusing




