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Laboratory of Polymer Chemistry

Â One of the seven laboratories of the Department of Chemistry at the University of Helsinki

Â Founded 1967 as the Department of Wood and Polymer Chemistry

Â Personnel: ~ 25

Â Two professors, two lecturers, a few postdocs, ~15 PhD students

Â Part of the Finnish Academy Centre of Excellence (2008-2013) on Functional Materials
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Research topics

Â Controlled Radical Polymerisation (ATRP, RAFT)

Â Environmentally Responsive Polymers

Â Globules and Mesoglobules in Aqueous Media

Â Gold/Silver/Copper Nanoparticles 

Â Fluorinated Polymeric Surfactants

Â Self-organization of Block Copolymers 

Â Computer Simulation of Polymer Systems 

with Complex Topology 

Â Characterization of Structures and Intermolecular 

Interactions of Polymers with Complex Architectures

Â Polymeric ionic liquids

Â Stimuli Responsive Hydrogels

Â Nanocomposites

Â Conducting polymers

Â New Cellulose/Polysaccharide 

Derivatives

Â New Waterborne Coating Formulations



Aqueous solutions of poly(N-vinylcaprolactam), PVCL, ja 

poly(N-isopropylacrylamide), PNIPAM phase separate upon 

heating

LCST ~ 32 ÁC
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Environmentally responsive polymers

Laukkanen, Antti: Thermally responsive polymers based on 

N-vinylcaprolactam and an amphiphilic macromonomer,

Doctoral dissertation, © University of Helsinki 2005 

Virtanen, Janne: Self-Assembling of Thermally Responsive 

Block and Graft Copolymers in Aqueous Solutions

Doctoral dissertation, © University of Helsinki 2002 



Modification of Mesoporous Silica

Mikko Karesoja, Jason McKee
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Polyelectrolytes and polyelectrolyte 

complexes

Structure of PMOTAC-graft-PEO copolymer (1) and 

PEO-block-PMANa copolymer (2) 

Holappa, Susanna: Complexation of Poly(ethylene oxide)-block-poly(methacrylic acid) 

in Aqueous Medium, Doctoral dissertation, © University of Helsinki 2005 



Anionic dendrimer has met a linear polycation

Sergey Larin



ATRP synthesis of the amphiphilic stars
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Syntheses of star polymers
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Strandman, S. et al. J. Polym.Sci. Part A: Polym.Chem. 43 (2005) 3349-3358 

óEffect of Ligand on the Synthesis of Star Polymers by Resorcinarene-Based ATRP Initiatorsô 

Strandman, S., Tenhu, H. Polymer 48 (2007) 3938-3951 óStar Polymers 

Synthesised with Flexible Resorcinarene-derived ATRP Initiatorsô
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Computer Simulation of Polymer Systems 

with Complex Topologies

(PMMA73-b-PAA143)4

no salt, low pH (pH 4.5)

 50 nm 

simulation for block ratio 1:1

0.1 M NaCl, low pH (pH 4.5)

Strandman, S. et al. Polymer 47 (2006) 6524-6535 óSupramolecular 

Assemblies of Amphiphilic PMMA-b-PAA Stars in Aqueous Solutionsô 

Strandman, S. et al. Polymer 48 (2007) 7008-7016 óSelf-assembling 

of star-like amphiphilic block copolymers with polyelectrolyte blocks.

Effect of pHô 

Amphiphilic star block copolymers
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Self-organization of block copolymers

(PMMA73-b-PAA143)4

0.1 M NaCl, high pH (pH 12.7)

Strandman, S. et al. Polymer 48 (2007) 7008-7016 óSelf-assembling of star-like amphiphilic block copolymers with 

polyelectrolyte blocks. Effect of pHô

in aqueous solutions
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Stimuli-responsive hydrogels

An image of a 42 g/L 

sample in water at 20° C.
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Temperature dependence of the 

moduli of 26 mg/ml at 1 Hz 

oscillation frequency.

Synthesis and rheological properties of an associative star polymer in

aqueous solutions Polymer, Vol 48, Issue 14, 29 June 2007, pp. 4087-4096

Sami Hietala, Pekka Mononen, Satu Strandman, Paula Järvi, Mika Torkkeli, 

Katja Jankova, Søren Hvilsted, Heikki Tenhu 
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RAFT polymerization

Nuopponen, Markus: Organized Nanostructures of Thermoresponsive 

Poly(N-isopropylacrylamide) Block Copolymers Obtained Through

Controlled RAFT Polymerization, Doctoral dissertation, © University of Helsinki 

2008 

Stereoblock polymers of poly(N-isopropyl acrylamide), PNIPAM:

RAFT polymerization to yield thermally responsive triblock polymers with 

isotactic and atactic sequences of PNIPAM

CH3

isotactic PNIPAM

atactic PNIPAM

=

=

PS-PNIPAM copolymers via RAFT

i-a-i          a-i-a
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Self-organization of block copolymers

Spontaneous and Thermally Induced Self-Organization of AīBīA Stereoblock 

Polymers of N-Isopropylacrylamide in Aqueous Solutions 

Nuopponen, M.; Kalliomªki, K.; Aseyev, V.; Tenhu, H.

Macromolecules; (Article); 2008; 41(13); 4881-4886. DOI: 10.1021/ma800083t

in aqueous solutions

i-a-i  

a-i-a

http://dx.doi.org/10.1021%2Fma800083t
http://dx.doi.org/10.1021%2Fma800083t
http://dx.doi.org/10.1021%2Fma800083t
http://dx.doi.org/10.1021%2Fma800083t
http://dx.doi.org/10.1021%2Fma800083t
http://dx.doi.org/10.1021%2Fma800083t
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Stimuli-responsive hydrogels

Thermoassociating Poly(N-isopropylacrylamide) AīBīA Stereoblock Copolymers 

Hietala, S.; Nuopponen, M.; Kalliomäki, K.; Tenhu, H.

Macromolecules; (Article); 2008; 41(7); 2627-2631. DOI: 10.1021/ma702311a

Flow curves of 90 g/L solutions: (ƺ) PNIPAM(a24.3), (ƴ) a12-i5-a12, 

( ) i2-a28-i2, and (Ợ) i5-a70-i5.

Photograph illustrating i2-a28-i2 45 g/L polymer solution at 

(a) 5 °C, (b) room temperature, and (c) 50 °C.

http://dx.doi.org/10.1021%2Fma702311a
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Self-organization of block copolymers

Nuopponen, Markus: Organized Nanostructures of Thermoresponsive 

Poly(N-isopropylacrylamide) Block Copolymers Obtained Through

Controlled RAFT Polymerization, Doctoral dissertation, © University of Helsinki 2008 

in bulk



Electro(De-)Micellization

ÂElectrical Switch Ferro-/Ferricyanide
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Langmuir, 2008, 24, 11253Langmuir, 2008, 24, 13668



Electro(De-)Micellization

ÂElectrical Switch



Electro(De-)Micellization

ÂElectrical Switch

0.3 V

0.0 V

Felix Plamper
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Gold nanoparticles

Shan, Jun: Polymer Protected Gold Nanoparticles

Doctoral dissertation, © University of Helsinki 2006 

ògrafting fromò

ògrafting toò



Copper nanoparticles

ÂCopper nanoparticles were synthesized in water (NaBH
4

reduction) using polyethylene imine (PEI) and tetraethylene 

pentamine (TEPA) as protecting agents.

ÂThe resulting particles were characterized and their 

sintering performance and conductivity were studied.

Petri Pulkkinen



Sintering Performance

Cu-TEPA Cu-PEI

Both sintered samples probably lose efficiency due to 
aggregates present in the sample.



Solid state 
13

C NMR and the morphology of cellulose

C1 C6C4

Solid state 
13

C NMR spectrum of cellulose obtained

using cross-polarization and magic angle spinning

(CPMAS).

Virtanen, Maunu



Solid state 
13

C NMR and the morphology of cellulose

Fiber morphology by deconvolution

(lateral dimensions of cellulose crystallites

and aggregates, relative amounts of

crystalline forms).

92,0 90,0 88,0 86,0 84,0 82,0 80,0 78,0

d:\perch\20080420_s2\perch.xy3

Ia

Ib

Signals from different crystalline forms

Virtanen, Maunu



Cellulose Chemistry in Homogenous Media

Â Starting material 

ÂSoftwood pulp 

ÂSoftwood pulp with different pretreatments

ÂCellulose derivatives

Â Controlled graft-copolymerisation in homogeneous media

ÂAtom Transfer Radical Polymerization (ATRP)

ÂReversible Addition Fragmentation Chain Transfer Polymerization 

(RAFT)

Hiltunen, Maunu



ÂWater soluble cellulose based graft copolymers have been prepared and 

studied

ÂEHEC-g-PAam

ÂCellulose-g-PAam

ÂCellulose-g-PDMAam

The SEM images of the nanoparticles prepared from aqueous solution of a) CEPDMAam-

3, b) CEPDMAam-2 and c) CEPAam-2 copolymers by aerosol flow reactor method 

(prepared by J. Raula).

Hiltunen, Maunu
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Fluorinated Polymeric Surfactants

Â Polymer synthesis via ATRP

Â Organosoluble materials with high surface activity 

Â -> Oil-in-oil emulsions and hydrophobic surfaces
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Sami Hietala, Lauri Valtola
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Fluorinated Polymeric Surfactants

ÂElectrospinning can be used to enhance the surface properties ï

superhydrophobicity  

Â solvent casted smooth suface electrospun surface

Â Contact angle 120° Contact angle 160°

Â Increased contact angle due to surface roughness:
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Nanocomposites: Nano clay grafted with 

acrylates
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Nanocomposite

Mix the clay with poly(BA-MMA)

Mikko Karesoja
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Stress-strain Measurements
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ÂComposites prepared using clay 

polymer modified in bulk

ÂComposites prepared using clay 

polymer modified in DMSO
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Clays grafted with water soluble polymers

ÂPolyelectrolyte

Â poly(acrylic acid)

ÂThermoresponsive polymer 

Âpoly(N-isopropylacrylamide)

Increase pH

Increase T

Jukka Niskanen


