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One of the seven laboratories of the Department of Chemistry at the University of Helsinki
Founded 1967 as the Department of Wood and Polymer Chemistry
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Controlled Radical Polymerisation (ATRP, RAFT)

Environmentally Responsive Polymers A
Globules and Mesoglobules in Aqueous Media A
Gold/Silver/Copper Nanoparticles A
Fluorinated Polymeric Surfactants A
Self-organization of Block Copolymers A
Computer Simulation of Polymer Systems

with Complex Topology A

Characterization of Structures and Intermolecular

Interactions of Polymers with Complex Architectures

Research topics

Polymeric ionic liquids

Stimuli Responsive Hydrogels
Nanocomposites

Conducting polymers

New Cellulose/Polysaccharide
Derivatives

New Waterborne Coating Formulations



Agueous solutions of poly(N-vinylcaprolactam), PVCL, ja
poly(N-isopropylacrylamide), PNIPAM phase separate upon
heating

LCST ~32 AC
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‘ Environmentally responsive polymers
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Scheme 3. A model of the grafing of funciional copolymers by PEC a1 two different
temperatures in water: (a) before grafting; (o) after grafting; (¢} &t room temperature. @MW 40 s B
Ti*C
Virtanen, Janne: Self-Assembling of Thermally Responsive Laukkanen, Antti: Thermally responsive polymers based on
Block and Graft Copolymers in Aqueous Solutions N-vinylcaprolactam and an amphiphilic macromonomer,
Doctoral dissertation, © University of Helsinki 2005

Doctoral dissertation, © University of Helsinki 2002



Modification of Mesoporous Silica

Mikko Karesoja, Jason McKee



. Polyelectrolytes and polyelectrolyte

e N complexes

Chain exchange via

. . . . Depending on the final monomer ratio, different kinds of structures
Mixing of the Py-labelled inserfionfexpulsion mechanism form with increasing negative charge.
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Structure of PMOTAC-graft-PEO copolymer (1) and
PEO-block-PMANa copolymer (2)

Polycation excess
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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

star.avi

Sergey Larin




‘ ATRP synthesis of the amphiphilic stars

tBA, EC
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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
of Ligand on the SyntheBasedf ABREBT |

Strandman, S., Tenhu, H. Polymer 48 (2007)3938-3 951 6 St ar
Synthesised with Flexible Resorcinarene-derived ATRP Initiators6




Computer Simulation of Polymer Systems
with Complex Topologies

Amphiphilic star block copolymers

no salt, low pH (pH 4.5) 0.1 M NaCl, low pH (pH 4.5)

v

P -

50 nm 300'nr,n .

simulation for block ratio 1:1

Strandman, S. et al. Polymer 47 (2006) 6524-6 535 6 Supramol ecul ar

Assemblies of Amphiphilic PMMA-b-P AA St ars i n Aqueous

Strandman, S. et al. Polymer 48 (2007) 7008-7 0 1 6 -a@ssemblirig

of star-like amphiphilic block copolymers with polyelectrolyte blocks.
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Self-organization of block copolymers

in aqueous solutions

(PMMA;5-D-PAA, 45),

0.1 M NacCl, high pH (pH 12.7)

Strandman, S. et al. Polymer 48 (2007) 7008-7 0 1 6 -a@s&mblifg of star-like amphiphilic block copolymers with
polyelectrolyte blocks. Effect of pHb
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Stimuli-responsive hydrogels

Animage of a 42 g/L
— — sample in water at 20° C.
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Synthesis and rheological properties of an associative star polymer in
agueous solutions Polymer, Vol 48, Issue 14, 29 June 2007, pp. 4087-4096
Sami Hietala, Pekka Mononen, Satu Strandman, Paula Jarvi, Mika Torkkeli,
Katja Jankova, Sgren Hvilsted, Heikki Tenhu
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RAFT polymerization

PS-PNIPAM copolymers via RAFT Stereoblock polymers of poly(N-isopropyl acrylamide), PNIPAM:

RAFT polymerization to yield thermally responsive triblock polymers with
isotactic and atactic sequences of PNIPAM
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Nuopponen, Markus: Organized Nanostructures of Thermoresponsive
Poly(N-isopropylacrylamide) Block Copolymers Obtained Through
Controlled RAFT Polymerization, Doctoral dissertation, © University of Helsinki
2008
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Self-organization of block copolymers

in aqueous solutions

I-a-i

Tempe rature (“C)

Spontaneous and Thermally Induced Self-Or gani zati on of AT BT A Stereoblock
Polymers of N-Isopropylacrylamide in Aqueous Solutions

Nuopponen, M.; Kalliom2ki, K.; Aseyev, V.; Tenhu, H.

Macromolecules; (Article); 2008; 41(13); 4881-4886. DOI:
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Stimuli-responsive hydrogels

s507C
L

ge| gf-l gel gel
¥l gel

HOC. S0%C
N-c
||r,c.

|1I|- y Il 2
{Ta]] |E“£."|u1ﬁ

._||_|._.-r| REDlulioNSEOlutid
ution msalution ®solutid
tion rwmmig.f_:mth

fon E |'.‘¢:E|;}|l,_ﬂi
ition _n:u‘ur.r

&5

Photograph illustrating i2-a28-i2 45 g/L polymer solution at
(a) 5 °C, (b) room temperature, and (c) 50 °C.
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Self-organization of block copolymers

in bulk
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Figure 7. Reprecentarive TEM micrographs qf PS-PNIPAM-PS in bulk: 4) PS;7-
PNIPAM;445-PS;75 (43 we % PNIPAM) is lamellar, B) PS;o>PNIPAM;:-PS;9- (61 wt %
PNIPAM) iz gwoid C) PSse-PNIPAMy»-PS:e (72 wt % PNIPAM) is
cylimdrical’wormiike, and D) PS;3;-PNIPAMaq5-PS;z; is spherical (77 wr %c PNIPAM)

Nuopponen, Markus: Organized Nanostructures of Thermoresponsive
Poly(N-isopropylacrylamide) Block Copolymers Obtained Through
Controlled RAFT Polymerization, Doctoral dissertation, © University of Helsinki 2008
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Electro(De-)Micellization

A Electrical Switch Ferro-/Ferricyanide
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Electro(De-)Micellization

A Electrical Switch

n‘,—a Control Unit
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Platinum eatonis
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Electro(De-)Micellization

A Electrical Switch
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. Gold nanoparticles

Chemistry Biological sciences
» catalysis + microscopy labels
* chemical sensors * gene transcription
* nanoreactors » drug delivery
» polymer additives » therapeutics
» polvreagents * bio-sensors

Material science
* nanoscale electronics
» glectrooptics » photography
» pptical filters and switches
» glectronic inlis » thin films
» molecular machines

# decorative applications

Shan, Jun; Polymer Protected Gold Nanoparticles
Doctoral dissertation, © University of Helsinki 2006
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i Copper nanoparticles
-

A Copper nanoparticles were synthesized in water (NaBH,
reduction) using polyethylene imine (PEI) and tetraethylene
pentamine (TEPA) as protecting agents.

A The resulting particles were characterized and their

sintering performance and conductivity were studied.

NaBH, F'E'”E""‘_ Slnterlng ‘Conductlve Iayer
Cucl, | nCu' |
PEW/TEPA " — Paper ‘ | Paper

H.O —

Petri Pulkkinen



Sintering Performance

CUTEPA Cu-PEI

Both sintered samples probably lose efficiency due to
aggregates present in the sample.
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= Solid state C NMR and the morphology of cellulose
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Virtanen, Maunu
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8 Cellulose Chemistry in Homogenous Media

e Ny

Cellulose (softwood pulp) Starting material

o Softwood pulp

CH
LiC/DMAc BI.J‘\HBr o
. Softwood pulp with different pretreatments
3

BiB

A~ A

Cellulose-macroinitiator

Cellulose derivatives

Controlled graft-copolymerisation in homogeneous media

ATRPin j:o or :>:0 Atom Transfer Radical Polymerization (ATRP)
N

homogeneous media e
HC \CHS HN

DMAam Aam

Reversible Addition Fragmentation Chain Transfer Polymerization

(RAFT)

Cellulose-g-copolymer

Hiltunen, Maunu



- Water soluble cellulose based graft copolymers have been prepared and
studied
EHEC-g-PAam
Cellulose-g-PAam

Cellulose-g-PDMAam

4)C EPDMAam-3 :
GMD =815 nm i

Gso=1.s “‘
1 b ‘ s

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



Fluorinated Polymeric Surfactants

~

A Polymer synthesis via ATRP

~

A Organosoluble materials with high surface activity

A -> Oil-in-oil emulsions and hydrophobic surfaces
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Sami Hietala, Lauri Valtola
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!.l Fluorinated Polymeric Surfactants

~

A Electrospinning can be used to enhance the surface properties i
superhydrophobicity

face n surface

~

A Contact angle 120°

4 -t angle 160°
A Increased contact angle due to surface roughness:

Tailored surface pmpérries of semi—uurinated block copolymers
by electrospinning Polymer 50 (2009) 3103-3110

Lauri Valtola®, Anu Koponen ®, Mikko Karesoja®, Sami Hietala**, Antti Laukkanen®,
Heikki Tenhu®, Peter Denifl © 30



Nanocomposites: Nano clay grafted with
acrylates
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‘ Nanocomposite

Mix the clay with poly(BA-MMA)

Mikko Karesoja



e 3

. Stress-strain Measurements
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Clays grafted with water soluble polymers

A Polyelectrolyte
A poly(acrylic acid)

Increase pH

v

A Thermoresponsive polymer
A poly(N-isopropylacrylamide)

Increase T

v

Jukka Niskanen
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