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Nanostructured polymers; New 
mater ials for  paper  technologies
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Kunststoffe94, No. 8, 2004

Report of National  Nanoscience Working Group:
” Development of nanoscience and technologiesin Finland”

• Nanoscience focus on the research of  phenomena and processes in 
the scale of  a nanometer. ( In practice 0,1 – 0,001microns)

• In the nanoscience functional materials and sructures are
modelled, designed, synthetised and characterised.

• Nanotechnology means the design and manufacturing of 
components and devices based on functionally new nanoscale
structures and materials.
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BIO- JA NANOPOLYMEERIEN TUTKIMUSRYHMÄ

Materials and nanotechnology

• Sel f organized structures
• Tai lored synnthesis, new molecular structures
• Catalysis
• Soft nano

Hard nano
Nano devices
Bionano

So what?   For what?
How real ly implemented?

J. Seppälä
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Feynman 1959:
”I want to build a billion of tiny factories”

Drexler:

”There is plenty of room at the bottom”

”M oleculeprocessingsystem” = liukuhihnakatalyytti

”Nanoscaleroboting”

”M edical nanomachines”

CONTROL L ED SYNTHESIS
AND POL YMERI ZATIONS

M inimal ter mi nat ion 
polymer izat ions

Template 
polymer izat ions

Combi nator ial 
techniques

Polymer izaton
with metal complexes

Polymer izaton with
metallocene catalysts

CONTROLLED POLYM ER STRUCTURES 
ENABLED BY
NEW POLYM ERIZAT ION CATALYSIS

Pure Appl. Chem.,No.10, 2003
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New structures through novel
polymerization technologies

• Metallocence catalysis
• Organometall ic compounds of transition metals

• ”Living” polymerizations
– metallocenes
– Living free radical polymerizations

• Combinatorial synthesis, high throughput methods, sequential
synthesis.
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Matyj aszewski, X ia Chem. Rev. (2001)

” Living” radical polymer izat ionATRP

Kunststoffe94, No. 8, 2004

Dendrimers
Hyperbranched polymers
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NEW MOL ECUL AR
ARCHI TECTURES

Supr amolecular  
assemblies

Rotaxanest
catenates

On/Off
konfor mations

Dendr imer s

Chir alic
r ecognit ion

M olecular
r ecognit ion

Starch graft copolymers

• Amphiphilic structures based on starch oligomers and 
synthetic grafts

• controlled ATRP polymerization
– Controlled graft length
– Tailored graft density

– Starch and synthetic components can be chosen -> 
different material properties
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Coating of cellulose f ibers with 
amphiphilic polymers
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Self-assembly of amphiphilic
polymers on surface

solvent

(1)

solvent

(2)

Nanocomposites

• Filler loading around 5-%
• Mechanical properties

better than with
conventional fillers

• Rheology and 
processability

Nanosil icate
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Barr ier properties can bemodified by tailoring
the surfaceof the nanocomposite.

Carbon nanotubes

Properties:
– Excellet electri al and 

thermalconductivity
• fromsemiconductors to metall ic

conductivi ty
– Extreme mechani cal strength

• tensi lestrength 20 times higher than
steel

• flexible, can beblended

– Extremely stable
• durableup to 700C under oxidative

condi tions
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Nanofibers by Electrospinning

[1] A. Frenot & I. S. Chronakis, Polymer nanofibers assembled by electrospinning
Current Opinion in Colloid & Interface Science, Volume 8, Issue 1, 2003, 64-65

Harlin A., Heikkilä P., Tampere University of Technology,  Fibre
Mater ials Science

Translucent polymer layer network on substrate; 0.1 g/m2.

23 � m

Electrospinning Coat ing with 
Polymer Nanocomposites

•Surface characteristic can be modi fied wi th very smal l  amount of material  0.03-0.5 g/m2

->Functionali ty is enough even as a single layer.
•Composites 5-20 nm particles and 100-400 nm structures of the network.
•Very low amount of material  distributed evenly enables effectiveuse of functional  
materials.

PVA/nanoTiO2 .
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LOTUS EFFECT

Kunststoffe94, No. 8, 2004

Lotus-effect
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POLYMERIZATION

PROCESSING

PRODUCTSCOMPOSTING

BIOMASS

FOSSIL RAW
MATERIALS

LACTIC ACID

LIFE CYCLE OF
BIOPOLYMERS

SEPPÄLÄ LESKELÄ

IKKALA

Nano-and mesoscalecontrol 
of structure
Controllable materials based 
on them

New transition metal 
complexes for
-coordination polymerization
-ionic polymerization
-atomic transfer radical
polymerization

Polymerization
Polymer synthesis 
and analysis
Structure-property -
correlations

YLI-URPO

Tailored catalysts for 
new polymer synthesis

Feedback for materials 
synthesis

New materials for tissue 
reconstruction, guiding, 
engineering and controlled 
release applications

Tailored polymers for 
hierarchically structured 
materials

Controlled active agent 
release
Tissue reconstruction
Tissue guiding
Tissue engineering 
applications

Bio- and nanopolymers research group
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EnablingEnabling
technologiestechnologies

CompetitiveCompetitive edgeedge

ProductsProducts

INNOVATIONS ARE CREAT ED AT THE INT ERPHASES

• Minor improvements to the existing state of the art?
• High Tech to the well  establ ished technologies?

• Total ly new products?

Polymer research
focusing

here

or here
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