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Foreword
On 26.1.2005 Åbo Akademi University launched an internal competition for research
groups to receive extra funding for three years, set into disposal by the Foundation for
Åbo Akademi University to “create strong research environments of international
standing”. Moreover, an option was set for maintained or altered funding for a fourth
year and an extension to a fifth year after additional evaluation in 2008. A panel
evaluated the preliminary proposals on the basis of creativity, sufficient critical mass
and developed national and international network with cross‐scientific character. Out of
the 28 proposals 14 were selected on 28.4.2005 for further evaluation by an
international committee, consisting of: Professor Bengt Ankarloo and Professor Ole
Elgström, Lund University, Professor Gunnar Svedberg, University of Gothenburg,
Professor Morten Søndergaard, University of Copenhagen, Professor Lars Bäckman,
Karolinska Institutet and Professor Udo Zanders, University of Economy, Stockholm.
The Functional Materials Center (FunMat) for Printable Electro‐, Magnetic‐, Optical‐,
Chemical‐, and Biofunctioanlities was selected on 17.11.2005 as one of the four Åbo
Akademi Centers of Excellence.
The collaboration in materials science is not new, but was initiated already in late 1980‐
ties. The present strategy is, however based on recent market surveys conducted by
Turku Science Park and Foundation for New Technology. The first action taken was the
establishment of Knowledge Network of Printed Media in 2005 which was supported by
two of the present FunMat partners and Turku Expertise Network of Printed
Communication at Southwest Finland Centre of Expertise. The strategy outline is
published as a separate brochure.
This report describes the organization and partners of and personnel at the FunMat
Center, which has grown from the core financed by Foundation of Åbo Akademi
Unversity to nearly hundred researchers. The relevant projects active during the two
first years of existence and the publications resulting from them are also included. It
should be pointed out, that a large portion of the initial funds has been directed to the
foundation of a Functional Printing (FunPrint) Laboratory. Although the primary aim is to
produce advanced researchers training and research, the strategy of the FunMat Center
is focused on materials functionalization through printing. The required advanced
printer was not commercially available, but has been constructed in‐house.
It is my sincere hope that this report convinces the reader that the activities have been
of a high scientific standard and particularly successful. One proof of this is that FunMat
Center received additional support from the Ministry of Education, starting 2007 and
was awarded the Center of Excellence status at the Academy of Finland, starting 2008.
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Moreover, the researchers training is supported by Graduate School of Materials
Research (GSMR) of which most partners hold a share. The expanding activities will be
described in future reports from the FunMat Center of Excellence.

Åbo, June 2008
Jarl B. Rosenholm
Professor, Chairman
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1. Organization of the Functional Materials (FunMat) Centre
ÅAU members
(Lab’s)

External members

FunMat Board (JBR)

Econ. & Secr.
Service
Phys.Chem. (JBR &
ML)

Physics
(RÖ)

FunPrint Lab. (TM)
Polymer Tech.
(C‐EW)

Paper Coat. &
Conv. (MT & JP)

Executive Board
ÅAU members:
Professor Jarl Rosenholm (Chairman)
Professor Ronald Österbacka (Vice chairman)
Professor Carl‐Eric Wilén
Professor Martti Toivakka
Professor Jouko Peltonen
Ass.prof. Mika Lindén
FunPrint Lab. manager Tapio Mäkelä
External members:
Mining Councellor Tor Bergman
Industry Councellor Heikki Huhtanen
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2. Personnel in charge and funded by FunMat, 2006‐2007
Department of Physical Chemistry
Professor
Jarl B. Rosenholm
Ass.professor
Mika Lindén
Ass.professor
Jouko Peltonen (1.1‐30.9.2006)
Researcher
Per Dahlsten (1.4.2006‐31.3.2007)
Researcher
Yang Liu (1.4.2006‐)
Laboratory of Polymer Technology
Professor
Carl‐Eric Wilén
Researcher
Nils Kullberg (1.5.2006‐28.2.2007)
Researcher
Mia Koskinen (1.3.2007‐)
Researcher
Carl‐Johan Wikman (1.5.2007‐)
Laboratory of Paper Coating and Converting
Professor
Martti Toivakka
Professor
Jouko Peltonen (1.10.2006‐)
Researcher
Andreas Kass (3.5.2006‐17.7.2007)
Researcher
Hanna Koivula (1.6.2007‐31.8.2007)
Researcher
Jonna Teerimäki (25.9.2007 ‐)
Researcher
Roger Bollström (1.10.2007‐)
Department of Physics
Professor
Researcher
Researcher

Ronald Österbacka
Nikolai Kaihovirta (1.1.2006‐)
Daniel Tobjörk (1.1.2007‐)

FunPrint Laboratory
Laboratory manager
Ass.lab.manager
Secretary
Senior researcher

Tapio Mäkelä (1.3.2006‐)
Kjell‐Mikael Källman
Christina Luojola
Harri Kosonen (10.1.2007‐9.4.2007)
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3. RESEARCH UNITS
3.1.

Department of Physical Chemistry (DPC)

The overall goal for the fundamental research in physical chemistry is to formulate laws
of nature and to experimentally examine their validity. If successful, the theoretical
models based on simple systems are able to predict the behaviour and properties of
more complex systems of interest, e.g. for life‐, natural‐, material‐, and applied sciences.
The basic framework is anchored in equilibrium and irreversible thermodynamics.
However, more advanced models and simulation techniques are provided by quantum
chemical or simulation methods describing small model systems.
Most of the advanced materials today are integrated, hierarchic or hybride composites,
i.e. a mixture of monolith, fibrous and particular materials giving rise to synergistic
properties. Nano‐sized particles are synthesized exhibiting exceptional (optical,
magnetic, electronic, catalytic, bio, etc.) functionalities which may be colloidally
processed to larger mesostructures maintaining their particular properties. Alternatively
surface‐ active molecules are self‐assembled to mesoscopic structures holding
comparable functionalities themselves or then these structures are used as templates
for the processing of hierarchical porous structures. These materials find wide
applications e.g. as catalysts, in advanced sensors, as biomaterials, in solar cells, etc. A
particular goal is to find cost‐efficient synthesis and processing methods utilising e.g.
new printing techniques.

Publications:
Ville Nieminen, Antti Taskinen, Esa Toukoniitty, Matti Hotokka, Dmitry Yu. Murzin:”One‐
to‐one reactant‐modifier interactions in enantio‐ and diastereoselective hydrogenation
of chiral α‐ hydroxyketones on Pt(111).” J. Catalysis 237, 131‐142 (2006).
Kaj Backfolk, Jarl B. Rosenholm, John Husband, Dan Eklund:”The influence of surface
chemical properties of kaolin surfaces on the adsorption of poly(vinyl alcohol).” Colloids
and Surfaces A: Physicochem.Eng.Aspects 275, 133‐141 (2006).
Anna Fisher, Monika Kuemmel, Michael Järn, Mika Linden, Cédric Boissière, Lionel
Nicole, Clément Sanchez, and David Grosso:”Surface nanopattering by organic/inorganic
self‐assembly and selective local functionalization.” Small 2, (4) 569‐574 (2006).
Rauno Friman, Sune Backlund, Cilâine V. Teixeira, Mika Lindén:”Vesicular phase
behaviour in ionic surfactant systems with organic counter‐ions.” Tenside Surf. Det. 43,
28‐33 (2006).
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Marina Ruths:”Friction of mixex and single‐component aromatic monolayers in contacts
of different adhesive strength.” J. Phys. Chem. B 110, 2209‐2218 (2006).
Jan‐Henrik Smått:”Hierarchically porous silica, carbon and metal oxide monoliths –
synthesis and characterization.” (Dissertation). Department of Physical Chemistry, Åbo
Akademi University, Åbo (2006).
Espen H. Johannessen, Eddy W. Hansen, and Jarl B. Rosenholm:”Fluid self‐diffusion in
Scots pine sapwood tracheid cells”. J. Phys. Chem. B 110, 2427‐2434 (2006).
Jenny Andersson, Espen Johannessen, Sami Areva, Mikael Järn, and Mika Lindén:”Wet
powder processing of sol‐gel derived mesoporous silica‐hydroxyapatite hybrid
powders”. J. Nanosci. Nanotechnol. 6, 1‐7 (2006).
Espen H. Johannessen, Eddy W. Hansen, Jarl B. Rosenholm:”Probing structural
periodicity(annual ring size) in Scots pine by NMR profiling”. Wood Sci Technol. 40, 537‐
547 (2006).
Harald Walderhaug, Espen Johannessen:”Partition equilibria for alcohols in reverse
micellar AOT‐oil‐water systems studied by PGSE‐FT NMR. A comparison between AOT‐
containing and the corresponding AOT‐free systems”. J Solution Chem. 35, 979‐989
(2006).
Helmi Keskinen, Jyrki M. Mäkelä, Mikko Aromaa, Jorma Keskinen, Sami Areva, Cilâine
V.Teixeira, Jarl B. Rosenholm, Viljami Pore, Mikko Ritala, Markku Leskelä, Mari Raulio,
Mirja S. Salkinoja‐Salonen, Erkki Levänen, and Tapio Mäntylä:”Titania and titania‐silver
nanoparticle deposits made by liquid flame spray and their functionality as
photocatalyst for organic‐ and biofilm removal”. Catalysis Letters 111 (3‐4), 127‐132
(2006).
Jenny Andersson:”Rational syntheses of sol‐gel derived bioceramics. (Dissertation).
Department of Physical Chemistry, Åbo Akademi University, Åbo (2006).
Teresa Czuryszkiewicz:”Synthesis and characterization of sol‐gel derived metal oxides
with special focus on controlled release applications.” (Dissertation). Department of
Physical Chemistry, Åbo Akademi University, Åbo (2006).
Sami Areva:”Sol‐gel derived titania based ceramic thin films for implant coatings.”
(Dissertation). Department of Physical Chemistry, Åbo Akademi University, Åbo (2006).
Rauno Friman, Sune Backlund, Osman Hassan, Viveka Alfredsson, Mika Lindén:
”Oppositely charged surfactant‐polyelectrolyte systems as model systems for
mesoscopically ordered surfactant‐silicates.” Colloid and Surfaces A: Physicochem.Eng.
Aspects 291, 148‐154 (2006).
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Mikael Järn, Sami Areva, Viljami Pore, Jouko Peltonen, and Mika Lindén: “Topography
and surface energy dependent calcium phosphate formation on sol‐gel derived TiO2
coatings.” Langmuir 22, 8209‐8213 (2006).
M. Järn, C.‐M. Tåg, J. Järnström, B. Granqvist, J.B. Rosenholm:”Alternative models for
determining the surface energy components in offset printing.” J. Colloid and Interface
Sci. 301, 668‐676 (2006).
M. Järn, B. Granqvist, J. Lindfors, T. Kallio, J. B. Rosenholm:”A critical evaluation of the
binary and ternary solid‐oil‐water and solid‐water‐oil interaction.” Advances in Colloid
and Interface Science 123‐126, 137‐149 (2006).
Tanya Tsomcheva, Jessica Rosenholm, Cilaine V. Teixeira, Momtchil Dimitrov, Mika
Lindén, Christo Minchev:”Preparation, characterization and catalytic behavior in
methanol decom‐ position of nanosized iron oxide particles within large pore ordered
mesoporous silicas.” Microporous and Mesoporous Materials 89, 209‐218 (2006).
Jessica M. Rosenholm, Antti Penninkangas and Mika Lindén:”Amino‐functionalization of
large‐pore mesoscopically ordered silica by a one‐step hyperbranching polymerization
of a surface‐grown polyethyleneimine.” Chem. Commun. 2006, 3909‐3911 (2006).
Jarkko Leivo, Mika Lindén, Cilaine V. Teixeira, Janne Puputti, Jessica Rosenholm, Erkki
Levänen and Tapio H. Mäntylä:”Sol‐gel synthesis of a nano‐particulate aluminosilicate
precursor for homogeneous mullite ceramics.” J. Mater. Res. 21 (5), 1279‐1285 (2006).
Timo Ala‐Kleme, Piia Mäkinen, Tiina Ylinen, Leif Väre, Sakari Kulmala, Petri Ihalainen,
and Jouko Peltonen:”Rapid electrochemiluminoimmunoassay of human C‐reactive
protein at planar disposable oxide‐coated silicon lectrodes.”Anal. Chem. 78, 82‐88
(2006).
Michael Tiemann, Frank Marlow, Felix Brieler, and Mika Lindén:”Early stages of ZnS
growth studied by stopped‐flow UV absorption spectroscopy: Effects of educt
concentrations on the nanoparticle formation.” J. Phys. Chem. B 110, 23142‐23147
(2006).
Jan‐Henrik Smått, Claudia Weidenthaler, Jarl B. Rosenholm, and Mika
Lindén:”Hierarchically porous metal oxide monoliths prepared by the nanocasting
route.” Chem. Mater. 18, 1443‐ 1450 (2006).
Kaj Backfolk, Caisa Andersson, Jouko Peltonen:”Association between a sodium salt of
linear dodecylbenzene sulphonate and a non‐ionic fatty alcohol ethoxylate surfactant
during film formation of styrene/butadiene latex.” Colloid and Surfaces A:
Physicochem.Eng. Aspects 291, 38‐44 (2006).
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Jun Shan, Jie Chen, Markus Nuopponen, Tapani Viitala, Hua Jiang, Jouko Peltonen, Esko
Kauppinen, and Heikki Tenhu:”Optical properties of thermally responsive amphiphilic
gold nanoparticles protected with polymers.” Langmuir 22, 794‐801 (2006).
B. Paczosa‐Bator, J. Peltonen, J. Bobacka, A. Lewenstam:”Influence of morphology and
topography on potentiometric response of magnesium and calcium sensitive PEDOT
films doped with adenosine triphosphate (ATP).” Analytica Chimica Acta 555, 118‐127
(2006).
Marek Kosmulski and Per Dahlsten:”High ionic strength electrokinetics of clay minerals.”
Colloid and Surfaces A: Physicochem.Eng. Aspects 291, 212‐218 (2006).
Marek Kosmulski, Per Dahlsten, Piotr Próchniak, Jarl B. Rosenholm:”High ionic strength
electro‐kinetics of melamine‐formaldehyde latex.” J. Colloid and Interface Sci. 301, 538‐
541 (2006).
Marek Kosmulski, Björn Granqvist, Jarl B. Rosenholm:”Numerical values of the
electrokinetic potentials of anatase at high concentration of NaI.” J. Colloid and
Interface Sci. 301, 310‐314 (2006).
Freddy Kleitz, Teresa Czuryszkiewicz, Leonid A. Solovyov, and Mika Lindén:”X‐ray
structural modeling and gas adsorption analysis of cagelike SBA‐16 silica mesophases
prepared in a F127/butanol/H2O system.” Chem. Mater. 18, 5070‐5079 (2006).
Isabelle Beurroies, Patrik Ågren, Gunter Büchel, Jarl B. Rosenholm, Heinz Amenitsch,
Renaud Denoyel, and Mika Linden:”Detailed in situ XRD and calorimetric study of the
formation of silicate/mixed surfactant mesophases under alkaline conditions. Influence
of surfactant chain length and synthesis temperature.” J. Phys. Chem. B 110, 16254‐
16260 (2006).
Kaj Backfolk, Gerd Olofsson, Jarl B. Rosenholm, Dan Eklund:”Study by isothermal
calorimetry and electrophoresis of the interaction between lattices and cellulose
derivatives.” Colloid and Surfaces A: Physicochem.Eng. Aspects 276, 78‐86 (2006).
Mari Raulio, Viljami Pore, Sami Areva, Mikko Ritala, Markku Leskelä, Mika Lindén, Jarl B.
Rosenholm, Kari Lounatmaa, Mirja Salkinoja‐Salonen:”Destruction of deinococcus
geothermalalis biofilm by photocatalytic ALD and sol‐gel TiO2 surfaces.” J Ind Microbiol
Biotechnol 33, 261‐268 (2006).
Antti Viinikanoja, Sami Areva, Natalia Kocharova, Timo Ääritalo, Maarit Vuorinen, Arto
Savinen, Jouko Kankare, and Jukka Lukkari:”Structure of self‐assembled multilayers
prepared from water‐soluble polythiophenes.” Langmuir 22, 6078‐6086 (2006).
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T. Tsoncheva, M. Linden, S. Areva, Ch. Minchev:”Copper oxide modified large pore
ordered mesoporous silicas for ethyl acetate combustion.” Catalysis Communications 7,
357‐361 (2006).
M. Vaahtio, T. Peltola, T. Hentunen, H. Ylänen, S. Areva, J. Wolke, J.I. Salonen:”The
properties of biomimetically processed calcium phosphate on bioactive ceramics and
their response on bone cells.” J Mater Sci: Mater Med 17, 1113‐1125 (2006).
Hanna Paloniemi, Marjo Lukkarinen, Timo Ääritalo, Sami Areva, Jarkko Leiro, Markku
Heinonen, Keijo Haapakka, and Jukka Lukkari:”Layer‐by layer electrostatic self‐assembly
of single‐wall carbon nanotube polyelectrolytes.” Langmuir 22, 74‐83 (2006).
Viljami Pore, Mikko Heikkilä, Mikko Ritala, Markku Leskelä, Sami Areva:“Atomic layer
deposition of TiO2‐xNx thin films for photocatalytic applications.”J Photochemistry and
Photobiology A: Chemistry 177, 68‐75 (2006).
Marek Kosmulski, Mika Lindén and Jouko Peltonen:”Preface.” Colloid and Surfaces A:
Physico‐ chem.Eng. Aspects 291, 1‐2 (2006).
Tanya Tsoncheva, Jessica Rosenholm, Mika Lindén, Lyubomira Ivanova, Christo
Minchev:”Iron and copper oxide modified SBA‐15 materials as catalysts in methanol
decomposition: Effect of copolymer template removal.” Applied Catalysis A 318, 234‐
243 (2007).
Bjarne Johansson, Rauno Friman, Peter Denifl, Jarl B. Rosenholm:”Kinetic stability of
toluene‐perfluorooctane emulsions.” J. Dispersion Science and Technology 28, 121‐132
(2007).
Y.L. Jeyachandran, Sa. K. Narayandass, D. Mangalaraj, Sami Areva, J. A.
Mielczarski:”Properties of titanium nitride films prepared by direct current magnetron
sputtering.” Materials Science and Engineering A 445‐446, 223‐236 (2007).
B. Granqvist, M. Järn, J.B. Rosenholm:”Critical evaluation of the surface energy
components of solids.” Colloids and Surfaces A: Physicochem.Eng. Aspects 296, 248‐263
(2007).
B. Granqvist, T. Sandberg, M. Hotokka:”Adsorption of organic probes on silica through
Lewis inter‐actions: A comparison of experimental results and quantum chemical
calculations.” J. Colloid and Interface Science 310, 369‐376 (2007).
Heidi Markus, Arie J. Plomp, Thomas Sandberg, Ville Nieminen, Johannes H. Bitter,
Dmitry Yu. Murzin:”Dehydrogenation of hydroxymatairesinal to oxomatairesinol over
carbon nanofibre‐supported palladium catalysts.” J. Mol. Catalysis A: Chemical 274, 42‐
49 (2007).
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Petri Ihalainen, Kaj Backfolk, Petri Sirviö and Jouko Peltonen:”Thermal analysis and
topographical characterization of latex films by scanning probe microscopy.” J. Applied
Physics 101, 043505 1‐10 (2007).
Carl‐Mikael Tåg, Mikael Järn, Björn Granqvist, Joakim Järnström, Jouko Peltonen and Jarl
Björn Rosen‐holm:”Influence of surface structure on wetting of coated offset papers.”
Holzforschung, 61, 516‐522 (2007).
Virpi Ääritalo, Sami Areva, Mika Jokinen, Mika Lindén, Timo Peltola:”Sol‐gel‐ derived
TiO2‐SiO2 implant coatings for direct tissue attachment. Part I: design, preparation and
characterization.” J Mater Med 18, 1863‐1873 (2007).
Sami Areva, Virpi Ääritalo, Sari Tuusa, Mika Jokinen, Mika Lindén, Timo Peltola:”Sol‐gel‐
derived TiO2‐SiO2 implant coatings for direct tissue attachment. Part II: Evaluation of cell
response.” J Mater Med 18, 1633‐1642 (2007).
P. Ihalainen, V. Laitala, I.A. Hemmilä and J. Peltonen:”Analysis of supramolecular protein
assemblies on binary lipid monolayers by adsorption, topographical, and fluorescence
studies.” J Dispersion Science and Technology 28, 107‐113 (2007).
Kaj Backfolk, Rob Holmes, Petri Ihalainen, Petri Sirviö, Nick Trianfillopoulos, Jouko
Peltonen:”Determination of the glass transition temperature of latex films: Comparison
of various methods.” Polymer Testing 26, 1031‐1040 (2007).
Jessica Rosenholm and Mika Lindén:”Wet‐chemical analysis of surface concentration of
accessible groups of different amino‐functionalized mesoporous SBA‐15 silicas.”
Chem.Mater. 19, 5023‐5034 (2007).
Jessica M. Rosenholm, Teresa Czuryszkiewicz, Freddy Kleitz, Jarl B. Rosenholm, and Mika
Lindén:”On the nature of the Brønsted acidic groups on native and functionalized
mesoporous siliceous SBA‐15 as studied by benzylamine adsorption from solution.”
Langmuir 23, 4315‐4323 (2007).
T. Tsoncheva, L. Ivanova, A.R. Lotz, J.‐H. Smått, M. Dimitrov, D. Paneva, I. Mitov, M.
Linden, C. Minchev, M. Fröba:”Gold and iron nanoparticles in mesoporous silicas:
Preparation and characterization.” Catalysis Communications 8, 1573‐1577 (2007).
Mika Harju, Johanna Halme, Mikael Järn, Jarl B. Rosenholm, Tapio Mäntylä: ”Influence
of aqueous aging on surface properties of plasma sprayed oxide coatings.” J. Colloid and
Interface Science 313, 194‐201 (2007).
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Viljami Pore, Mikko Ritala, Markku Leskelä, Sami Areva, Mikael Järn and Joakim
Järnström:”H2S modified atomic layer deposition process for photocatalytic TiO2 thin
films.” J. Mater. Chem. 17, 1361‐1371 (2007).
B. Granqvist, J. Järnström, C.‐M. Tåg, M. Järn and J.B. Rosenholm:”Acid‐base properties
of polymer‐coated paper.” J. Adhesion Sci. Technol. 21, (5‐6), 465‐485 (2007).
Joakim Järnström, Liisa Sinervo, Martti Toivakka, and Jouko Peltonen:”Topography and
gloss of precipitated calcium carbonate coating layers on a model substrate.” Tappi
Journal 6, (5), 23‐31 (2007).
J. Järnström, B. Granqvist, M. Järn, C.‐M. Tåg, J.B. Rosenholm:”Alternative methods to
evaluate the surface energy components of ink‐jet paper.” Colloids and Surfaces A:
Physicochem. Eng. Aspects 294, 46‐55 (2007).
Reeta Viitala, Mika Jokinen, Jarl B. Rosenholm:”Mechanistic studies on release of large
and small molecules from biodegradable SiO2.” International Journal of Pharmaceutics
336, 382‐390 (2007).
Stefan Backlund, Jan‐Henrik Smått, Jarl B. Rosenholm, and Mika Lindén:”Template‐free
sol‐gel synthesis of hierarchically macro‐ and mesoporous monolithic TiO2.” J. Dispersion
Science and Technology 28, 115‐119 (2007).
Rasmus Eriksson, Juha Merta, Jarl B. Rosenholm:”The calcite/water interface I. Surface
charge in indifferent electrolyte media and the influence of low‐molecular‐weight
polyelectrolyte.” J. Colloid and Inerface Sci. 313, 184‐193 (2007).
Marek Kosmulski, Per Dahlsten, Jarl B. Rosenholm:”Electrokinetic studies of metal
oxides in the presence of alkali trichloroacetates, and trifluoromethane‐sulfonates.” J.
Colloid and Interface Sci. 313, 202‐206 (2007).
Marek Kosmulski, Jarl B. Rosenholm:”Mixed electrolytes producing very weak
electroacoustic signal.” J. Colloid and Interface Sci. 315, 493‐499 (2007).
Marek Kosmulski, Per Dahlsten, Piotr Próchniak, Jarl B. Rosenholm:”Electrokinetics at
high ionic strengths: Alumina.” Colloids and Surfaces A: Physicochem. Eng. Aspects 301,
425‐431 (2007).
Jan‐Henrik Smått, An‐Hui Lu, Stefan Backlund and Mika Lindén:”Rational control of the
micro/ meso‐porosity of multimodally porous carbon monoliths synthesized by
nanocasting.” Studies in Surface Science and Catalysis 165, 369‐372 (2007).
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Jenny Andersson, Espen Johannessen, Sami Areva, Niki Baccile, Thierry Azaïs and Mika
Lindén:”Physical properties and in vitro bioactivity of hierarchical porous silica‐HAP
composites.” J. Mater. Chem. 17, 463‐468 (2007).
Antti Taskinen, Ville Nieminen, Matti Hotokka, and Dmitry Yu. Murzin:”The role of
modifier structure in heterogeneous enantioselective hydrogenation: One‐to‐one
interactions of 1‐phenyl‐1,2‐propanedione and methyl pyruvate with modifiers on the
Pt(111) surface.” J. Phys. Chem. C 111, 5128‐5140 (2007).
Ville Nieminen, Antti Taskinen, Matti Hotokka, Dmitry Yu. Murzin:”Revealing
regioselectivity in hydrogenation of 1‐phenyl‐1,2‐propanedione on Pt catalysts.” Journal
of Catalysis 245, 228‐236 (2007).
Arja Paananen:”On the interactions and interfacial behaviour of biopolymers.”
(Dissertation). Department of Physical Chemistry, Åbo Akademi University, Åbo (2007).
VTT Publications 637.
Stephan Andreas Schunk, Mika Lindén and Jan‐Henrik Smått:”Templation via
Fermentation: Where biotechnology meets zeolite science.” Studies in Surface Science
and Catalysis 172, 201‐204 (2007).
Jarl B. Rosenholm:”Wetting of surfaces and interface: a conceptual equilibrium
thermodynamic approach”. Colloids and Interface Science Series, Vol. 2: Colloidal
Stability. The role of surface forces – part II. Ed. Tharwat F. Tadros, Wiley‐VCH Verlag,
Weinheim, 1‐83 (2007).
Kaj Backfolk, Jouko Peltonen, Nick triantafillopoulos, Serge Lagerge, Jarl B. Rosenholm:
”The influence of lubricating agents on the formation of a film of a styrene/ butadiene
latex.” Tribol. Lett. DOI 10.1007/s11249‐007‐9282‐1 (2007).
Justyna Sadowska, Bjarne Johansson, Espen Johannessen, Rauno Friman, Lubomira
Broniarz‐Press, Jarl B. Rosenholm:”Characterization of ozonated vegetable oils by
spectroscopic and chromatographic methods.” Chemistry and Physics of Lipids 151, 85‐
91 (2008).
Mikael Järn, Felix J. Brieler, Monica Kuemmel, David Grosso, and Mika Lindén:”Wetting
of heterogeneous nanopatterned inorganic surfaces.” Chem. Mater. 20, 1476‐1483
(2008).
Jan‐Henrik Smått, Nicolas Schüwer, Mikael Järn, Wolfgang Lindner, Mika
Lindén:”Synthesis of micrometer sized mesoporous metal oxide spheres by
nanocasting.” J. Micromeso 112, 308‐318 (2008).
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Xiaoxue Zhang, Mikael Järn, Jouko Peltonen, Viljami Pore, Tommi Vuorinen, Erkki
Levänen, Tapio Mäntylä:”Analysis of roughness parameters to specify superhydrophobic
antireflective boehmite films made by the sol‐gel process.” J.Eur.Ceram.Soc. 28, 2177‐
2181 (2008).
Xiaoxue Zhang, Mari Honkanen, Mikael Järn, Jouko Peltonen, Viljami Pore, Erkki
Levänen, Tapio Mäntylä:”Thermal stability of the structural features in the super‐
hydrophobic boehmite films on austenitic stainless steels.” Applied Surface Science 254,
5129‐5133 (2008).
Juha‐Pekka Nikkanen, Helmi Keskinen, Mikko Aromaa, Mikael Järn, Tomi Kanerva, Erkki
Levänen, Jyrki M. Mäkelä, and Tapio Mäntylä:”Iron oxide doped alumina‐zirconia nano‐
particle synthesis by liquid flame spray from metal organic precursors.” Research Letters
in Nanotechnology doi:10.1155/2008/516478 (2008).
C.‐M. Tåg, M. Juuti, K.‐E. Peiponen, J.B. Rosenholm:”Print mottling: Solid‐liquid adhesion
related to optical appearence.” Colloids and Surfaces A: Physicochem. Eng. Aspects 317,
658‐665 (2008).
Jessica M .Rosenholm, Alain Duchanoy, and Mika Lindén:”Hyperbranching surface
polymerization as a tool for preferential functionalization of the outer surface of
mesoporous silica.” Chem. Mater. 20, 1126‐1133 (2008).
Lotta Bergman, Jessica Rosenholm, Anna‐Brita Öst, Alain Duchanoy, Pasi Kankaanpää,
Jyrki Heino, and Mika Lindén:”On the complexity of electrostatic suspension stabilization
of functionalized silica nanoparticles for biotargeting ang imaging applications.” Journal
of Nanomaterials doi:10.1155/2008/712514 (2008).
Jessica M. Rosenholm, Mika Lindén:”Towards establishing structure‐activity
relationships for mesoporous silica in drug delivery applications.” J. Controlled Release
128, 157‐164 (2008).
Jarkko leivo, Mika Lindén, Jessica M. Rosenholm, Merja Ritola, Cilâine V. Teixeira, Erkki
Levänen, Tapio A. Mäntylä:”Evolution of aluminosilicate structure and mullite
crystallization from homogeneous nanoparticulate sol‐gel precursor with organic
additives.” J. Eur. Ceram.Soc. 28, 1749‐1762 (2008).
Tanya Tsoncheva, Ljubomira Ivanova, Rayna Dimitrova, Jessica Rosenholm:”Physico‐
chemical and catalytic properties of grafted vanadium species on different mesoporous
silicas.” J. Colloid and Interface Sci. 321, 342‐349 (2008).
Tanya Tsoncheva, Jessica Rosenholm, Mika Lindén, Freddy Kleitz, Michael Tiemann,
Ljubomira Ivanova, Momtchil Dimitrov, Daniela Paneva, Ivan Mitov, Christo Minchev:
”Critical evaluation of the state of iron oxide nanoparticles on different mesoporous
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silicas prepared by an impregnation method.” Microporous and Mesoporous Materials
112, 327‐337 (2008).
Malin H. Sörensen, Robert W. Corkery, Jan Skov Pedersen, Jessica Rosenholm, Peter C.
Alberius:”Expansion of the F127‐templated mesostructure in aerosol‐generated
particles by using polypropylene glycol as a swelling agent.” Microporous and Meso‐
porous Materials 113, 1‐13 (2008).
Jessica Rosenholm:”Modular design of mesoporous silica materials: Towards
multifunctional drug delivery systems.” (Dissertation) Department of Phyical Chemistry,
Åbo Akademi University, Åbo (2008).
N. Baccile, C.V. Teixeira, H. Amenitsch, F. Villain, M. Lindén, F. Babonneau, Time‐
Resolved in Situ Raman and Small‐Angle X‐ray Diffraction Experiments: From Silica‐
Precursor Hydrolysis to Development of Mesoscopic Order in SBA‐3 Surfactant‐
Templated Silica, Chem. Mater. 20, 1161‐1172 (2008).
M. Tiemann, F. Marlow, J. Hartikainen, O. Weiss, M. Linden, Ripening Effects in ZnS
Nanoparticle Growth, J. Phys. Chem. C. 112, 1463‐1467 (2008).
Thomas Sandberg, Jessica Rosenholm, Matti Hotokka: The molecular structure of
disulfiram and its complexation with silica. A quantum chemical study.” Theochem
(2008), in press.
J. Puputti, Q. Xu, M. Lindén, Inhibition of crystal growth during drying in gels derived
from a cheap, mixed metal oxide precursor, J. Sol‐Gel Sci.( 2008), in press.
Marek Kosmulski:”Badania potencjatu elektrokinetycznego metoda elektroakustyczna
(Stufies on electrokinetic potential by the electroacoustic method). Przemyst Chem.
87/4 (2008).
Jarl B. Rosenholm, Kai Peiponen, Evgeny Gornov:”Materials cohesion and interaction
forces.” Adv. Colloid Interface Sci. doi:10.1016/j.cis.2008.03.001 (2008).
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3.2.

Laboratory of Polymer Technology (LPT)

Laboratory of polymer technology is specialized in the design and synthesis of functional
macromolecules and novel environmentally friendly plastic additives. The well‐defined
macromolecules with demanding chemical structures and polymer architectures are
prepared from tailor‐made monomers using in‐house made organometallic catalysts or
by utilizing advanced living radical polymerization techniques. In addition, new
functional materials have also been prepared by modification through reactive
processing in combination with specialty plastic additives. Also electron beam induced
grafting techniques have successfully been used as a facile synthetic route to functional
polymers. As of today, tailor‐made polymer properties are requested in many
demanding applications ranging from biotechnology and power supplies to advanced
microelectronics.

Publications:
Nicolas, Ronan C.; Wilen, Carl‐Eric; Roth, Michael; Pfaendner, Rudolf; King, Roswell E.,
“Azoalkanes: a novel class of flame retardants” III. Macromolecular Rapid
Communications 27(12), 976‐981 (2006).
Pan, Wanjiang; Liu, Hewen; Wu, Songtao; Wilen, Carl‐Eric:”A novel feed‐stock recyclable
hyperbranched polymaleimide: synthesis and characterization.” Journal of Applied
Polymer Science 101(3), 1848‐1852 (2006).
Andell, Ove; Penninkangas, Antti; Ge, Shaozhong; Paavola, Sari:” Preparation of siloxy‐
substituted metallocene catalysts and process for elimination of siloxy groups to form
carbon‐carbon double bonds.” Eur. Pat. Appl. (2007), 34pp. CODEN: EPXXDW EP
1752462 A1 20070214 CAN 146:229466 AN 2007:169915 CAPLUS
Andell, Ove; Penninkangas, Antti; Ge, Shaozhong:”Transition‐metal metallocenes with
mono‐ or bicyclic multi‐siloxy‐substituted cyclopentadienyl groups, their preparation
and use as polymerization catalysts.” Eur. Pat. Appl. (2006), 20 pp. CODEN: EPXXDW EP
1640378 A1
Maaranen, Janne; Andell, Ove S.; Vanne, Tiina; Mutikainen, Ilpo:”Dimethyl‐, diphenyl‐
and cyclotetramethylene silylchloride derivatives of guanidine, their synthesis and
structure. Formation of pentacoordinated silicon compounds and an unexpected diionic
disila‐diguanidinium dichloride.” Journal of Organometallic Chemistry 691 (1‐2), 240‐
246 (2006).
Ge, Shaozhong; Andell, Ove S.; Penninkangas, Antti; Maaranen, Janne; Telen, Tuula;
Mutikainen, Ilpo. :”The first synthesised examples of di‐siloxy‐substituted cyclopenta‐
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dienyl zirconocenes, their synthesis, structure and activity in ethylene polymerisation.”
Journal of Organometallic Chemistry 691 (1‐2), 122‐130 (2006).
Roth, Michael; Pfaendner, Rudolf; Wilen, Carl‐Eric Magnus; Ronan, Nicolas:”Azo
compounds for polypropylene degradation.” PCT Int. Appl. (2006), 23pp. WO
2006106059 A1 20061012.
Aubert, Melanie; Nicolas, Ronan; Wilen, Carl‐Eric; Roth, Michael; Pfaendner, Rudolf:
“Azoalkanes: a novel class of flame retardants.” Proceedings of the Conference on
Recent Advances in Flame Retardancy of Polymeric Materials 18, 59‐62 (2007).
Orava, Eeva; Korventausta, Joni; Rosenberg, Meri; Jokinen, Mika; Rosling, Ari:”In vitro
degradation of porous poly(DL‐lactide‐co‐glycolide) (PLGA)/bioactive glass composite
foams with a polar structure.” Polymer Degradation and Stability 92, 14‐23 (2007).
Aubert, Melanie; Roth, Michael; Pfaendner, Rudolf; Wilen, Carl‐Eric:”Azoalkanes: a novel
class of additives for cross‐linking and controlled degradation of polyolefins.” Macromol.
Materials and Engineering 292 (6), 707‐714 (2007).
Duanmu, Jie; Gamstedt, E. Kristofer; Rosling, Ari:”Synthesis and preparation of cross‐
linked allylglycidyl ether‐modified starch‐wood fibre composites.” Starch/Staerke
59(11), 523‐532 (2007).
Duanmu, Jie; Gamstedt, E. Kristofer; Rosling, Ari:”Hygromechanical properties of
composites of crosslinked allylglycidyl‐ether modified starch reinforced by wood fibres.”
Composites Science and Technology 67 (15‐16), 3090‐3097 (2007).
Åström, Jan A.; Timonen, Jussi; Myllys, Markko; Fellman, Jacob; Le Bell, Jean:”Random
networks of fibres display maximal heterogenity in the distribution of elastic energy.
European Physical Journal E 22, 61‐66 (2007).
Vestberg, Torvald, Denifl, Peter, Carl‐Eric Wilén:“Porous versus novel compact Ziegler‐
Natta catalyst particles and their fragmentation during early stages of bulk propylene
polymerization.” Journal of Applied Polymer Science, (2008), in press.
Valtola, Lauri, Hietala, Sami, Tenhu, Heikki, Denifl, Wilen, Carl‐Eric:”Association
behaviour and properties of copolymers of perfluorooctylethyl methacrylate and
eicosanyl methacrylate.” Polymer for Advanced Technologies (2008) in press.
Aubert, Melanie, Roth, Michael, Pfaendner, Rudolf, Wilen, Carl‐Eric, WO patent
application public in 2008, confidential.
Österbacka, R. Kaihovirta, Nikolaj, Bäcklund, Wilén, Carl‐Eric, WO patent application;
public in 2008, confidential.
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3.3.

Laboratory of Paper Coating and Converting (LPCC)

Coating and printing, specifically ink – paper interactions, is the major research focus
area of LPCC. Within FunMat, an important goal is to understand setting mechanisms of
novel inks that are used for printed functionality. Understanding of mechanisms and
interactions between ink components and print substrates is needed for successful
printability and utilization of fiber‐based products for printed functionality. It is also
essential to understand the compatibility between the ink solvents and the components
in paper, and develop appropriate solutions for problems such as loss of surface
strength caused by solvent absorption into latex binder in a pigment coating. Detailed
and versatile characterization of surface chemical and topographical properties of the
studied surfaces and interfaces is an important part of the research.
While there is a clear need for the compatibility of a fiber‐based substrate for the
required functionality, e.g. printable electronics, it is also important to exploit the inbuilt
properties of substrate when possible. By including functionality into the paper or
paperboard substrate itself (active paper) new types of product concepts can be
developed. The pore structure of paper or its coating may be utilized to create
controllable mass transfer properties that in combination with an active indicator layer
could be used as a sensor device. One approach to improve substrate compatibility is to
adapt techniques already in use for traditional surface treatment, e.g., pigment coating,
surface sizing and calendering. In addition, nanoparticle‐stabilized dispersions/
emulsions will be utilized as compatibilizers and adhesion promoters of substrate
coatings. One of the goals of LPCC is to understand the prerequisites for incorporating
biofunctional coatings and sensor elements to printable electronic devices.
The instrumentation of LPCC has been actively upgraded with new test printers (IGT
(offset, gravure, flexo)), ink‐surface interaction testers (ISIT), contact angle
instrumentation (KSV CAM 200 multidispenser) and microscopy (Ntegra AFM).
Publications:
K. Backfolk, J. Peltonen, N. Triantafillopoulos, S. Lagerge, and J. Rosenholm:”The
influence of lubricating agents on the formation of a film of a styrene/butadiene latex.”
Tribology Letters 29, 57‐66 (2008).
P. Alam and M. Toivakka:”Micro‐buckling of paper during blade metering.” Computers
and Chemical Engineering 32, 600‐607 (2008).
M. Pykönen, H. Sundqvist, O‐V. Kaukoniemi, M. Tuominen, J. Lahti, P. Fardim, and M.
Toivakka:”Ageing effect in atmospheric plasma activation of paper substrates.” Surface
and Coatings Technology 202, 3777‐3786 (2008).
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M. Pykönen, H. Sundqvist, M. Tuominen, J. Lahti, J. Preston, P. Fardim, and M. Toivakka:
“Influence of atmospheric plasma activation on sheet‐fed offset print.” Nordic Pulp and
Paper Research Journal (2008).
A. Sand, M. Toivakka, and T. Hjelt:”Investigation of filtercake stability using numerical
simulation technique.” TAPPI Journal 7, (2) 4‐10 (2008).
A. Sand, M. Toivakka, and T. Hjelt:” Influence of drying strategy on coating layer
structure formation.” Nordic Pulp & Paper Research Journal 23, (1) 46‐51 (2008).
A. Sand, M. Toivakka, and T. Hjelt:”Small particle mobility in consolidating coating
layers.” Nordic Pulp & Paper Research Journal 23, (1) 52‐56 (2008).
M. Siltanen, E. Vuorimaa, H. Lemmetyinen, P. Ihalainen, and J. Peltonen:”Nonliear
optical and structural properties of langmuir‐blodgett films of thiohelicenebisquinones.”
Journal of Physical Chemistry B 112, 1940 (2008).
M. Juuti, H. Koivula, M. Toivakka, and K.‐E. Peiponen:”A diffractive gloss meter for local
gloss measurements of papers and print.” Tappi Journal 7, (4), 27—32 (2008).
H. Koivula, P.A.C. Gane, and M. Toivakka:”Influence of ink components on print rub.”
Nordic Pulp and Paper Research Journal (2008).
K. Backfolk, P. Sirviö, P. Ihalainen, and J. Peltonen:”Thermal and topographical
characterization of polyester‐ and styrene/acrylate‐based composite powders by
scanning probe microscopy.” Thermochimica Acta 470, 27‐35 (2008).
X. Zhang, M. Honkanen, M. Järn, J. Peltonen, V. Pore, E. Levänen, and T. Mäntylä:
“Thermal stability of the structural features in the superhydrophobic boehmite films on
austenitic stainless steels.” Applied Surface Science 254, 5129‐5133 (2008).
X. Zhang, M. Järn, J. Peltonen, V. Pore, T. Vuorinen, E. Levänen, and T. Mäntylä: Analysis
of roughness parameters to specify superhydrophobic antireflective boehmite films
made by the sol‐gel process.” Journal of the European Ceramic Society (2008), accepted.
P. Ihalainen, K. Backfolk, P. Sirviö, and J. Peltonen:”Thermal analysis and topographical
characterization of films of styrene‐butadiene blends.” Journal of Applied Polymer
Science 109, 322‐332 (2008).
J. Järnström, P. Ihalainen, K. Backfolk, and J. Peltonen:”Roughness of pigment coatings
and its influence on gloss.” Applied Surface Science 254, 5741‐5749 (2008).
M. Raulio, M. Järn, J. Ahola, J. Peltonen, J. Rosenholm, S. Tervakangas, J. Kolehmainen,
T. Ruokolainen, P. Narko, and M. Salkinoja‐Salonen:”Microbe repelling coated stainless
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steel analysed by field emission scanning electron microscopy and physicochemical
methods.” Journal of Industrial Microbiology & Biotechnology (2008), accepted.
J. Chen, Adyary Fallarero, A. Määttänen, M. Sandberg, J. Peltonen, P. Vuorela, and M.‐L.
Riekkola:”Living cells of staphylococcus aureus immobilized onto the capillary surface in
electrochromatography: A tool for screening of biofilms.” Analytical Chemistry (2008)
accepted.
M. Juuti, T. Prykäri, E. Alarousu, H. Koivula, M. Myllys, A. Lähteelä, M. Toivakka, J.
Timonen, R. Myllylä, and K.‐E. Peiponen:”Detection of local specular gloss and surface
roughness from black prints.” Colloids and Surfaces A: Physicochem. Eng. Aspects 299,
101‐108 (2007).
I. Niskanen, J. Räty, K.‐E. Peiponen, H. Koivula, and M. Toivakka. Assessment of the
complex refractive index of an optically very dense solid layer: Case study offset
magenta ink, Chemical Physics Letters 442, (4‐6), 515‐517 (2007).
H. Koivula, J. Preston, P. Heard, and M. Toivakka:” Visualisation of the distribution of
offset ink components printed onto coated paper, Colloids and Surfaces A: Physico‐
chemical and Engineering Aspects (2007)
P. Ihalainen, K. Backfolk, P. Sirviö, and J. Peltonen:”Thermal analysis and topo‐graphical
characterization of latex films by scanning probe microscopy.” Journal of Applied Physics
101, (4), 043505 1 (2007).
K. Backfolk, R. Holmes, P. Ihalainen, P. Sirviö, N. Triantafillopoulos, and J. Peltonen:
”Determination of the glass transition temperature of latex films: Comparison of various
methods.” Polymer Testing 26, 1031—1040 (2007).
C.‐M. Tåg, M. Järn, B. Granqvist, J. Järnström, J. Peltonen, and J. Rosenholm: ”Influence
of surface structure on wetting of coated offset papers.” Holzforschung 61, 516—522
(2007).
P. Alam, M. Toivakka, K. Backfolk, and P. Sirviö:”Impact spreading and absorption of
ewtonian droplets on topographically irregular porous materials.” Chemical Engineering
Science 62 (12), 3142‐3158 (2007).
J. Järnström, L. Sinervo, M. Toivakka, and J. Peltonen:”Topography and gloss of
precipitated calcium carbonate coating layers on a model substrate.”TAPPI Journal 6 (5),
23‐31 (2007).
R. Silvennoinen, M. Juuti, H. Koivula, M. Toivakka, and K.‐E. Peiponen:”Diffractive
glossmeter for measurement of dynamic gloss of prints.” TAGA Journal 4 (2).
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T. Byholm, M. Toivakka, and J. Westerholm:”The application of morphological
algorithms on 3‐dimensional porous structures for identifying pores and gathering
statistical data.” WSEAS Transactions on Information Science and Applications 12
(2006).
P. Alam, T. Byholm, and M. Toivakka:”Calculating tortuosity in quasi‐random anisotropic
packings.” Nordic Pulp and Paper Research Journal 21 (5), 670‐675 (2006).
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3.4.

Department of Physics (DPh)

The research of the Department of Physics at Åbo Akademi University is focused around
the clarification of electro‐optical properties of disordered organic materials and to
demonstrate novel solution processable electronic devices based on these materials.
Especially π‐conjugated polymers and related materials are promising candidates for
novel electronic device applications such as field effect transistors, light emitting diodes,
memories, etc. that can be printed on fiber or plastic based substrates.
A central theme today, is the development of tools for the characterization of charge
carrier transport and dynamics, i.e. time‐of‐flight (TOF) and (photo‐)CELIV (charge
extraction in a linearly increasing voltage), dark injection current transients, photo‐
modulation spectroscopic techniques (both cw‐ and transient) as well as dielectric
spectroscopy techniques, such as impedance and Kelvin probe spectroscopy.
In order to successfully make “intelligent packages”, there is a need to print at basically
no cost power sources (i.e. batteries or photovoltaic cells), active components such as
transistors and memory cells, as well as INPUT/OUTPUT units, all operating at low‐
voltages. This requires a totally new approach to electronics: simple device design and
innovative solutions. Traditional organic electronics usually suffers from stability issues
and high drive‐voltages; especially for transistors. The use of ions usually offers robust
performance at low voltages with less stringent needs for encapsulation, opening up a
totally new field in device physics of organic electronics.
Publications:
A. Pivrikas, G. Juška, K. Arlauskas, M. Scharber, N.S. Sariciftci, and R. Österbacka:“Charge
Transport and Recombination Polymer/Fullerene Organic solar cells”, Progress in Photo‐
voltaics 15, 677‐696 (2007).
M. Westerling, H. Aarnio, R. Österbacka, H. Stubb, S. M. King, A.P. Monkman, M. R.
Andersson, K. Jespersen, T. Kesti, A. Yartsev, V. Sundström, “Photoexcitation dynamics
in an alternating polyfluorene copolymer”, Physical Review B 75, 224306 (2007)
G. Juška, G. Sliauzys, K. genevicius, K. Arlauskas, M. Scharber, A. Pivrikas, and R. Öster‐
backa, “Charge carrier transport from double‐injection current transients in thin organic
films”, Journal of Applied Physics 101, 114305 (2007).
Chellappan Vijila, Almantas Pivrikas, Huang Chun, Chen Zhikuan, Ronald Österbacka and
Chua Soo Jin “A study of charge transport in a novel electroluminescent poly (phenylene
vinylene ‐co‐ fluorenylene vinylene) based π‐conjugated polymer”, Organics Electronics
8, 8‐13 (2007).
A.Laiho, R. H. A. Ras, S. Valkama, J. Ruokolainen, R. Österbacka and O. Ikkala, “Charge
Transfer Complexation between C60 Fullerene and Electron Donating Units of Block
Copolymers Can Control Their Self‐Assembly”, Macromolecules 39, 7648‐7653 (2006).
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A. Pivrikas, R. Österbacka, G. Juska, K. Arlauskas, M. Scharber, A. Mozer, N.S. Sariciftci,
“Comparison of bimolecular charge carrier recombination in π‐conjugated polymers and
bulk‐heterojunction solar‐cells”, Nonlinear Optics, Quantum Optics: Concepts in Modern
Optics, 37, 169‐177 (2007).
G. Juska, K. Arlauskas, G. Sliauzys, M. Scharber, A. Pivrikas, R. Österbacka: ”Recombina‐
tion of Injected Charge Carriers in Bulk Heterojunction Solar Cells”, Nonlinear Optics,
Quantum Optics: Concepts in Modern Optics 37, 179‐183 (2007) .
H.S. Majumdar, J. K. Baral, A. Laiho, J. Ruokolainen, O. Ikkala, R. Österbacka, ” Comment
on “Memory Effect and Negative Differential Resistance by Electrode‐induced Two‐
Dimensional Single‐Electron Tunneling in Molecular and Organic Electronic Devices”
[Advanced Materials 17, 2307 (2005)]”, Advanced Materials, 18, 2805‐2806 (2006).
G. Juška, A. Pivrikas, K. Arlauskas, K. Genevicius, G. Sliauzys, M. Scharber, G. Dennler,
N.S. Sariciftci, and R. Österbacka, “Extraction of injected plasma from thin insulator
films”, Physical Review B 74, 115324 (2006), 5 pages.
S. Majumdar, H.S. Majumdar, P. Laukkanen, I. J. Väyrynen, R. Laiho and R. Österbacka,
“Application of regioregular polythiophene in spintronic devices: effect of interface”,
Applied Physics Letters 89, 122114 (2006), 3 pages.
D. Wei, A. Pivrikas, H. Karhu, H. S. Majumdar, T. Lindfors, C. Kvarnström, R. Österbacka,
and A. Ivaska “Surface modified high rectification organic diode based on sulphonated
polyaniline”, Journal of Materials Chemistry, 16, 3014‐3020 (2006).
G. Dennler, N.S. Sariciftci, A.J. Mozer, A. Pivrikas, R. Österbacka, and G. Juška, “Charge
carrier mobility and lifetime versus composition of conjugated polymer/fullerene bulk
heterojunction solar cells”, Organic Electronics 7, 229‐234 (2006).
H. Aarnio, M. Westerling , R. Österbacka, M. Svensson, M.R. Andersson, and H. Stubb,
“Photoinduced absorption in an alternating polyfluorene copolymer for photovoltaic
applications”, Chemical Physics, 321, 127‐132 (2006).
S. Majumdar, H. Majumdar, R. Laiho, and R. Österbacka,”Organic spin‐valves: From
small molecules to Polymer”, J of Alloys and Compounds, 423, 169‐171 (2006).
G. Juska, K. Arlauskas, J. Stuchlik, and R. Österbacka, “Non‐Langevin bimolecular
recombination in low‐mobility materials”, J of Non‐Crystalline Solids 352, 1167‐1171
(2006).
G. Sliauzys, G. Juska, K. Arlauskas, A. Pivrikas, R. Österbacka, A. Mozer, M. Scharber, and
N.S. Sarciftci, “Recombination of photogenerated and injected charge carriers in π‐
conjugated polymer/fullerene blends”, Thin Solid Films 511‐512, 224‐227 (2006).
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4. Research projects
4.1. Introduction
The general aim for all research is excellence with a wide spectrum. The specific strategy
for FunMat is to focus collective projects on assembling of communicative devices by
printing on functionalized paper based substrates. The composite materials are
intelligent which respond to external stimuli (only) upon request. In the booklet
extended abstracts of ongoing projects with funding from Foundation for Åbo Akademi
University have been written by the researchers. Moreover, other projects of relevance
for FunMat Center are presented shortly. All contributions are collected under the
following headings:
1.
2.
3.
4.
5.

Abstracts by FunMat researchers, including FunPrint Laboratory
Materials including synthesis and physico‐chemical modification
Functionalization by printing, coatings or laminated films
Characterization and modeling of precursor materials and structures
Utilization by demonstration of assembled structures, papers and boards

It is obvious that the topics overlap each other in a number of cases and thus the
contributions should be considered as an unbroken chain. Moreover, an extensive
characterization ensures the identification of predominant penomena. As a result
suitable analytical tools may be designed for manufacturing processes and predictive
models may be designed to control them. The inter‐relationships are described
schematically in the back‐coupled flow‐diagram.

Modeling

Materials

→

Chemical synth.
Phys.Chem. mod.

Functionalization
Printing

→

Utilisation
Assembly

Coatings & Films

Paper & Board

Characterization
The projects do not fully match with those listed in the application, since a number of
them has ended and are not relevant anymore. The project presentations follow the
order from fundamental to targeted research and applications:
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1.
2.
3.
4.

Foundation for Åbo Akademi projects
Academy of Finland, including Graduate Schools and EU projects
Finnish Funding Agency for Technology and Innovations (TEKES) projects
Projects funded from other sources

All refereed publications and theses for the years 2006‐2008 are listed under the
presentation of each research unit. Moreover, relevant publications are repeated under
relevant projects. For additional information on the activities, the reader is referred to
the homepage: www.funmat.fi with links to each partner.
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4.2.

Abstracts

In this section extended abstracts written by FunMat researchers are presented.
Moreover, a comprehensive report on the development of the Functional Printing
(FunPrint) Laboratory is provided.
Printing and deposit control of inkjet printed materials
Per Dahlsten, Yang Liu, Jarl B. Rosenholm, Mika Lindén
Department of Physical Chemistry
Inkjet printing can be used as a method for selective deposition of functional material.
The printing method has some specific advantage compare to other used printing
methods. Firstly it is a non‐contact method with no printing roll/sheet in direct contact
with the printed device. Secondly it can deposit materials in 3 dimensions and therefore
be used for a variety of substrates. The advantages has in recent years lead to inkjet
printing of a number of functional devices in different fields of science, such as printing
electronics and printing in the field of chemistry and biology for different applications.
The ability to control the deposit during the inkjet printing process is a key issue for
successful printing of a functional device since the devices often are sensitive to
misplaced material. The control is also important for printing of as high as possible
resolution in order to minimize the printed devices. The control of the inkjet process
relies on the three cornerstones of inkjet printing and those are the ink, the printer and
the substrate. A change in any parameter (in any of the cornerstones) will likely affect
the printing process in more than one way. Fortunately the process can be divided into
different critical parts, starting with the ink followed by the ink ejection and droplet
flight and thereafter ink and substrate interactions which will start with the droplet
impact and end with the solidification of the ink on the substrate. An example of a
scientific study in the ink ejection and droplet flight parts can be seen in [1]. The
scientific work in the field of ink and substrate interactions during inkjet printing is
extensive. The control of deposit from a single ink droplet is not an easy matter as seen
in [2]. To start with, a typical inkjet ink droplet will bounce when it hit the substrate due
to the kinetic energy of the droplet. This phenomenon will lead to both an advancing
and a receding contact angle and an ink droplet with a maximum/minimum diameter
and in the end an equilibrium diameter. The impact of water based ink droplets is
dependent on kinetic energy and ink and substrate interactions. By selecting
hydrophobic/hydrophilic substrate using water based ink, it is possible to control the
equilibrium diameter closer or further from the maximum diameter (hydrophilic
substrate will give equilibrium diameter closer to maximum diameter)[3]. The inkjet
printing process will be even more complex since not only does an inkjet droplet need
to hit its target in a controlled way but the droplet needs also to be control within the
28

droplet since there’s a transport of matter within the droplet caused by a surface
tension and/or temperature gradient in the droplet. Methods for control of ink deposit
within the ink droplet can be seen in [4, 5].
Firstly work has been focused on optimizing ink parameters aiming to a controlled inkjet
printing of functional material. This has been done by using citric acid coated
synthesized iron oxide nano particles in a dispersion optimized for inkjet printing. This
part covers the inkjet printing process from the ink until the droplet hit the substrate.
For a successful first part of the inkjet printing the droplet must hit its target with no
redirected droplets caused by ink on the nozzle plate or satellite droplets. This is critical
since a single redirected droplet can be enough to disable a printed electronic device to
work. Some of the critical parameters for an inkjet ink will be (in the case of particle
based ink) stability of the dispersion, pH, particle/aggregate size and its distribution,
viscosity and surface tension of the ink.
Secondly work has been focused on controlling the ink on the substrate interactions and
this will cover the inkjet printing process continuously from the first part of the work.
This has been done with a commercial PEDOT: PSS ink. The main controlling parameters
have been the surface tension and the viscosity of the ink. The substrate during the
work has been polyimide and antistatic PET. Compared to paper substrates, the
influence of surface roughness is small and no absorption of ink occurs.
Stabilization of iron oxide nanoparticles optimized for inkjet
The requirements on an inkjet ink are rather heavy. A particle based inkjet ink needs low
viscosity, pH neutral, no sedimentation, mono‐dispersed particle sizes and optimized
surface tension and its properties needs to be constant for a long period of time (3‐5
years). Dependent on printing conditions the requirements can vary. The sedimentation
depends on particle size and specific density. Larger density differences between
particles and carrier fluid requires smaller particles for continuous stability. Normally
the size of the particles is also limited by the size of the nozzle orifice diameter. As a
general rule the size of the particles should not be larger than 1/100 of the nozzle orifice
diameter. A typical ink for inkjet printing has a particle size of 40‐100 nm (both larger
and smaller particles sizes exist). The major issue in the inkjet ink is normally not that
the particle size from the beginning is too large but that aggregates forms in the ink. To
prevent aggregates to form the ink needs to be stabilized. Two major methods are used
for stabilizing the ink. Firstly a polymer can be coated on the particle surface and by that
a steric stabilization can be achieved. Secondly, and the method used in this work, the
stabilization can be achieved by charges on the particles. In dispersions an electrical
double layer will form (in low electrolyte concentrations) and the particle will be
shielded by a surface potential at a distance out from the particle where the first layer
of non‐stationary ions are found. The surface potential is often referred to as the ζ‐
potential when characterized. The ζ‐potential can be useful for analyzing the stability of
the dispersion. Dispersions with a larger positive or negative ζ‐potential will in the case
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of a collision between two or more particles/aggregates be less likely to see an adhesion
between the particles/aggregates. This seen in the respect of the numbers of collisions
occurring in a dispersion will give the stability of the dispersion where larger ζ‐potential
values will be more stable and form less aggregates than small ζ‐potential values.
Since an inkjet ink should have a neutral pH a pure iron oxide surface is a disadvantage
with its i.e.p. in neutral pH (i.e.p. → ζ‐potential = 0). It is also desired to boost the ζ‐
potential and increase the stability. In order to increase the stability of the iron oxide
nanoparticles a coating with citric acid was made. This was done by using 2.5 g of
synthesized particles in 200 ml de‐ionized water. Thereafter a diluted citric acid solution
was added to the dispersion and the dispersion was vigorously stirred for 80 minutes in
70°C. The pH was kept at 8±0.1 by adding of NH4OH.
The coating process was investigated by measuring the ζ‐potential as a function of pH
and this method is sensitive to a change in the particle surface structure in the
dispersion. Different concentration of citric acid was used during measurements. The
characterization of the ζ‐potential was done by micro‐electrophoresis using a Malvern
Nano ZS. The instrument measure the electrophoretic mobility of the particles in the
dispersion and results were thereafter converted to ζ‐potentials by the use of
Smoluchowski equation. Result can be seen in figure 1.
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Figure 1: Zeta‐potential as a function of pH for different citric acid concentrations in a 30
wt% glycerol/water mixture.
The dispersion was measured in a mixture of 30 wt% glycerol/water since this mixture
was suited for inkjet printing. The non‐coated iron oxide indicates an i.e.p. value of a bit
higher than pH 5. With a concentration of citric acid 2.6 mmol/dm3 citric acid a small
decrease in i.e.p. could be seen. The use of even lower concentrations did not give a
change at all. The 2.6 mmol/dm3 concentration did not change the absolute value of the
ζ‐potential. 13 mmol/dm3 citric acid concentrations gave an i.e.p. value less than pH 3.
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This result clearly indicates a change in the surface structure and the decrease in i.e.p. is
expected. The absolute value of the higher citric acid concentration is also increased in
neutral pH and this corresponds to a higher stability in the dispersion. To further
investigate the influence of the ζ‐potential in the dispersion the hydrodynamic size was
characterized by the use of dynamic light scattering using the same instrument as for
the ζ‐potential measurements. The hydrodynamic size was first measured for different
citric acid coatings. The pH during measurements was about 2.5 pH steps higher than
the i.e.p. for pure iron oxide. Result from the measurements can be seen in figure 2.
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Figure 2: Hydrodynamic size distribution as a function of citric acid concentration in
water.
The result demonstrates the volume size distribution of the particles/aggregates for
non‐coated and citric acid coated iron oxide nanoparticles. A non‐coated surface gave
large aggregate size scattered over a broad size range. Particle sizes in the range of the
non‐coated iron oxide will experience a fast sedimentation and the received size
distribution peaks will change fast. For a 2.6 mmol/dm3 concentration of citric acid the
distribution was seen in a large peak between 15‐100 nm and a small peak between
100‐300 nm. The 13 mmol/dm3 concentration of citric acid gave only one size peak
between 15‐100 nm. In this result it can be seen that it is possible to use booth citric
acid coated dispersion for inkjet printing and the most suited dispersion is the higher
concentration of citric acid. This concentration also meets the requirement of sizes less
than 1/100 of the nozzle orifice diameter since the diameter on the test printer used
was 21.5 µm. A final tuning was made on the most suited citric acid concentration when
the size distribution as a function of pH was analyzed. Result can be seen in figure 3.
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The individual inkjet droplets can be seen as black points on a paper substrate. The
diameter of the droplet printed on a paper substrate is about 35 µm. In figure 4a a
surfactant concentration of 1.0*10‐3M was used. Such high concentration leads to
misplacing an uneven printing. In figure 4b and c a surfactant concentration of 6.5*10‐
4
M has been used. This concentration enables controlled printing of 35µm sized droplets
with an error estimated to ± 5µm.
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Preparation of core‐shell latexes for paper coatings
Mia Koskinen and Carl‐Eric Wilén
Laboratory of Polymer Technology
Core‐shell latexes, composed of a core covered by a shell, can be prepared by a two‐
stage emulsion polymerization or seeded emulsion polymerization. Colloidal stability
can be difficult to obtain in a core‐shell polymerization because the composition of the
surface and the bulk change dramatically during the polymerization process itself. The
advantage of core‐shell latexes though is their ability of having a composition of
different monomers in core and shell, and thereby giving the particle tailor made
properties for each application. Via core‐shell polymerization it is also possible to get
otherwise incompatible monomers into one particle or to add functionality either into
the core or shell.1‐4 One way of modifying plastic pigments is the use of crosslinking
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agents. Crosslinking generally improves physical properties of the polymer.
Improvements are most significant above the glass‐transition temperature. For example
thermal expansion and heat capacity are lowered and heat distortion temperature,
tensile strength and refractive index are raised. Glass‐transition temperature increases
with increasing crosslink density.5‐7 Latex with high degree of crosslinking in paper
coating colour tends to reduce porosity and blister resistance, on the other hand,
binding strength when latex is used as binder, increases and coating strength properties
such as dry pick, wet pick and wet rub resistance will improve.4 Another way of adding
value to the paper is incorporation of optical brightening agents (OBA) or fluorescent
whitening agents (FWA). They can be used either in the pulp or in the coating. They
absorb UV light and radiate the absorbed energy in the range of visible light thereby
increasing the degree of whiteness experienced. The most common OBAs used in paper
coating are derivatives of diaminostilbene. 8‐10
Experiment
Novel core‐shell latexes with a partially crosslinked hydrophilic polymer core and a hard
hydrophobic shell of polystyrene were prepared in order to improve printability. Core‐
shell latexes were prepared by sequential addition of a monomer mixture of styrene, n‐
butylacrylate and methacrylic acid using different crosslinkers to form the polymer core
and styrene in the second stage to form the hard shell component. In addition, attempts
were made to further improve optical properties by introducing a new polymerizable
optical brightener 1‐[(4‐vinylphenoxy)methyl]‐4‐(2‐phenylethylenyl)benzene during
polymerization either into the core or shell. The prepared core‐shell latex particles were
used as specialty plastic pigments for paper coating together with kaolin as the primary
pigment. The runnability of paper coating formulation by either using a laboratory scale
Helicoater or pilot scale JET‐coating machine was very good. The produced coated
papers were printed on both sides employing a heat set web offset (HSWO) printer in
order to study the quality of image reproduction in terms of print gloss, print mottle,
print through, etc. Overall the core‐shell latexes improved the print quality.
Furthermore, the results demonstrated that by optimizing polymer composition one can
affect optical properties of coated paper whereas the type of cross‐linker has a less
pronounced influence on coated paper properties under investigation.
Core‐shell latexes were prepared by a two‐stage polymerization of styrene (S), butyl
acrylate (BA) and methacrylic acid (MAA) in the core and styrene alone in the shell. Pre‐
emulsions were prepared of the monomers and they were fed into a 1L jacketed
reaction vessel one after another and reacted under agitation at 80°C for 6 h. The tested
crosslinking agents used in the core were ethylene glycol dimethacrylate (EGDMA), N,N–
methylene bisacrylamide (MBA) and 1,1,1‐trimethylol propane triacrylate (TMPTA). An
optical brightening agent, 1‐[(4‐vinylphenoxy)methyl]‐4‐(2‐phenylethylenyl)benzene,
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was synthesized of trans‐4‐hydroxystillbene and vinylbenzylchloride in the presence of
potassium carbonate in acetone and washed and dried before mixing with the pre‐
emulsion. The synthesized core‐shell latexes were used in coating colour preparation
with kaolin as primary pigment. Coating trials were carried out on both laboratory scale
with Helicoater and on pilot scale with a JET coating machine. Coated samples were
calandered and conditioned before analysis.
Results
A series of core‐shell latexes with varying compositions were synthesized. In the first
series ten latexes were prepared and their particle sizes varied in a range of 113 to 283
nm depending on the composition of the synthesized latex. From selected latexes
coating colours were prepared and as a reference one coating colour that did not
contain any additional core‐shell latex was used. Then the coating colours were used to
coat (10 g/m2) LWC‐paper on one side using a laboratory scale Helicoater and their
paper performance characteristics were analysed. The results are summarized in Table I.
Most of the core‐shell dispersion formulations exhibited an improvement in gloss, IGT
surface strength and surface roughness compared to the reference. We examined the
effects of polymer composition contributing to paper properties such as gloss. The
results from polymer composition indicate same kind of behaviour that is seen with
styrene‐butadiene latex investigated by Taber et al.11 e.g. increase in gloss with
increasing fraction of styrene units. On the contrary, decrease in butyl acrylate units
leads to higher gloss. Consequently, having a high fraction of styrene units in the core‐
shell dispersion has a beneficial impact on paper gloss.
Table I. Latex compositions and particle sizes and paper properties for papers laboratory
coated with sample latexes.
Sample

Reference
Latex 1
Latex 2
Latex 3
Latex 4
Latex 5
Latex 6
Latex 7
Latex 8
Latex 9
Latex 10

S in
shell
g
‐
60
60
90
60
75
75
90
90
75
90

BA in
core
g
‐
20
20
30
40
40
30
30
20
40
20

MAA in
core
G
‐
2
6
6
14
2
14
2
14
10
10

Particle
size
nm
‐
209
113
184
155
275
125
283
166
166
140

Gloss
%
58.4
70.0
69.2
68.7
63.3
68.9
70.0
68.3
70.4
67.1
71.1

PPS 10
µm
1.10
0.91
0.95
0.98
0.98
0.98
0.98
0.93
0.92
0.96
0.91

K&N

8.2
8.3
5.9
7.0
6.2
7.3
5.8
7.0
6.2
6.0
6.6

IGT
m/s
0.28
0.35
0.33
0.37
0.33
0.34
0.26
0.35
0.30
0.27
0.29

Next we wanted to correlate the type of crosslinker used to various paper properties
such as gloss, PPS surface roughness, brightness, K&N ink absorption and IGT surface
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strength. The following three cross‐linkers were tested in the core: ethylene glycol
dimethacrylate (EGDMA), N,N –methylene bisacrylamide (MBA) and 1,1,1‐trimethylol
propane triacrylate (TMPTA). In all cases the amount of crosslinker used to partially
crosslink the core was 0.33 wt‐% of the total weight of all monomers in the recipe and
the results are shown in Table II. The best gloss, brightness and smoothest surface were
achieved with EGDMA, while the surface strength was weakest for EGDMA. TMPTA had
the lowest gloss whereas MBA had the roughest surface. In general EGDMA seemed to
exhibit the best balance of properties and was therefore chosen as the lead candidate
for further testing in pilot trials.
Table II. Effect of crosslinkers on paper properties.
Crosslinker
EGDMA
MBA
TMPTA

Gloss
%
61.20
60.30
56.80

PPS 10
µm
1.20
1.40
1.27

K&N
12.1
11.1
12.3

IGT
m/s
0.14
0.17
0.17

Brightness
%
75.9
69.2
69.9

Based on the aforementioned preliminary test series Latex 10 was modified to KALA 10
and up‐scaled for coating, calendering and printing pilot scale trials. Two concentrations
were tested: 4 pph (parts per hundred parts of main pigment by weight) and 8 pph. The
reference contained no additional core‐shell latex. Figure 1. Shows a scanning electron
microscopy (SEM) image of coated paper from the pilot trial coated with KALA 10 (8pph)
after calendering. Spherical latex particles are approximately of size 290 nm in diameter.
Pseudo‐hexagonal plates larger than 1μm in the micrograph are delaminated Nugloss
kaolin pigments.

Figure 1. SEM image of coated pilot trial sample KALA 10 (8pph).
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The pilot trials proceeded without any fault occurrences and the overall runnability was
very good. Z‐strength (Scott Bond), PPS‐surface roughness, gloss, mottling, print through
and print density were analyzed. Selected results are presented in Table III. Z‐strength
diminished compared to the reference when we added 4pph KALA 10 latex whereas it
was increased in the case of using 8 pph the same. PPS and print gloss were improved
for the core‐shell latex irrespective of concentration used, however, now the
improvement was greater for the paper with lower concentration of KALA 10 latex. The
loss of gloss in papers with 8pph compared to papers with 4pph could partially be
attributed to its rougher surface – too high particle concentration cannot any more even
out the surface. The optimal concentration of the sample latex is therefore dependent
on the desired effects.
Table III. Some paper characteristics of papers from the pilot test.
Sample

Z‐strength
J/m2

Print gloss
%
63.8
66.6
65.5

1.90
1.74
1.81

346
341
354

Reference
KALA 10 (4pph)
KALA 10 (8pph)

PPS 10
µm

Finally we wanted to further modify KALA 10 by incorporating an optical brightening
agent within. The effect of 1‐[(4‐vinylphenoxy)methyl]‐4‐(2‐phenylethylenyl)benzene as
an optical brightener on paper coating was tested in two latexes: in Optikala 1 OBA was
polymerized into the core and in Optikala 2 into the shell. Latexes with incorporated
OBA improved brightness, although very little. Also gloss was improved. The results are
seen in Figure 2. Though the improvement of brightness is small, we also get an
advantage in reducing the need and cost for OBA carrier in paper coating colour when
the OBA is already bound to the latex particle.

69,2
OPTIKALA 2

65,8

69,3
OPTIKALA 1

66,8

68,4
KALA 10

Brightness, %
Gloss, %

62,9

Figure 2. The effect of optical brightening agents on gloss and brightness.
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Conclusions
We were able to prepare partially cross‐linked core‐shell latexes that improved
printability. High styrene concentration and low butyl acrylate concentration in the latex
resulted in good gloss. Different cross‐linkers: ethylene glycol dimethacrylate (EGDMA),
N,N –methylene bisacrylamide (MBA) and 1,1,1‐trimethylol propane triacrylate
(TMPTA), also affected paper properties to some extent. Best balance of properties was
achieved with EGDMA. The latex performed well also in pilot scale trials. Additionally we
were able to incorporate a novel optical brightening agent, 1‐[(4‐vinylphenoxy)methyl]‐
4‐(2‐phenylethylenyl)benzene into either core or in shell of the core‐shell latex. By
modifying paper coating we can either create a more favorable paper surface for
functional printing or directly add functionality to it.
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Modification of Polymeric Films – Ion‐ and Electron Conducting Materials
Carl‐Johan Wikman and Carl‐Eric Wilén
Laboratory of Polymer Technology
The central themes during the year 2007 have been electron beam irradiated polymeric
films as substrates for grafting, electrochromic polymeric materials and electron
conducting and semiconducting polymeric materials.
The goal of the electron beam irradiation experiments has been
• to understand the factors governing the grafting of irradiated films in order to
control their properties;
• to create a set of materials with hydrogen‐ or ion‐conducting properties for use
in for example fuel‐cells, separation techniques and sensors.
The electron beam equipment has been used to irradiate different polymer films (for
example PE, PP, PVDF, ETFE). The radicals formed on the surface and to a depth of
about 250 μm are either reacted with ambient oxygen to form peroxides and
hydroxyperoxides or used for direct radical polymerization in an inert atmosphere. The
latter technique is more demanding as ambient oxygen must be excluded completely.
The peroxide path is interesting because the irradiated films are stable for months when
stored in a freezer.
Grafting reactions with different vinyl monomers have been carried out, for example
with styrene, vinyl benzyl chloride (VBC), and acrylic acid (AA).
The degree of grafting (weight increase as percent of starting weight) is dependent on
the film, solvents, monomers, reaction temperature, and other factors. The grafting
parameters of different systems have been investigated.
The grafted polymer film in itself does not necessarily have ion‐conducting properties.
Grafted AA is one example of the contrary, but the acid is a weak acid and the proton
conducting properties are not good. Grafted AA can on the other hand be used as a
starting point for further grafting reactions, polyaniline is one example. Two ways to
achieve ion‐conduction have been investigated. VBC grafted PVDF films were
quaternized with trimethyl ammonium chloride (TMA), leading to Cl – conduction, and
styrene grafted PVDF was sulfonized with chlorosulfonic acid, leading to H + conduction.
Within the FunMat project the paper as a substrate is important. Cellulose in itself has
been used as a carrier for active conducting components, and research along this line is
ongoing. It is more likely though that the paper will be used as a substrate for active
components. Then the paper surface has to be modified by suitable coatings. One route
apart from the more traditional paper coating is lamination of the paper with a
polymeric film. The film can be modified prior to or after lamination as described above.
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The other themes during 2007 are more directly inspired by outspoken FunMat goals.
We have been working with some conducting polymers with the long term goal to
produce polymers of specific properties. These include conductivity, color change upon
change in red‐ox state or pH, and solubility. The solubility characteristics are important
in ink formulations and therefore in printing processes. Within FunMat so far,
commercial conducting printing inks have been used, but at some point we may need to
make tailor‐made polymers for novel ink‐formulations.
We have made some experiments to produce electron conducting materials:
•
•

PEDOT‐ferritosylate polymerized in situ on PVDF and PET; this leads to highly
conductive films by a simple process where reactants are spread on a film sheet
which is then heated in an oven;
PVDF‐g‐AA further grafted with PANI; this was seen as a route to covalently
bound PANI.

A conducting viologen doped with methyl iodine was also prepared. The work is
continuing with new grafting methods and other possible routes to ion‐conducting
membranes.

*

Adding functionality by coating and printing to paper based substrates
Roger Bollström and Jouko Peltonen
Laboratory of Paper Coating and Converting
Compared to normal graphical printing where the visual properties of the final print are
the most important parameters we now have to focus on the functionality. As every
rotating printing method is based on dots this is a problem when printing functionality,
for example conducting materials, to get a homogenous and even layer. Other
important properties for paper based substrates are good barrier properties especially
against water and vapor since water is a conductor itself and therefore affects the
conductivity of the final print. The most critical parameters regarding printing on the
substrates are the roughness parameters at different length scales and surface
properties like surface energy, contact angle and wetting of substrate.
Several different printing methods can be used to build up our final devices and for each
method the rheology and tack parameters have to be adjusted. The solvent used in the
inks are also important, by choosing different solvents the surface energy, wetting and
drying can be adjusted.
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As a first study the rheology of Pedot solution was adjusted to meet the requirements
for offset print method, but unfortunately with poor results. The first objective was to
find methods to increase the viscosity of the polymer solution. Different amounts of
CMC were tested to achieve a viscosity high enough. The problem with the CMC was the
low tack; the ink spreading was not possible when the rolls slipped during the spreading.
Slipping also occurred during the print, especially on the coated papers. Printing on copy
paper and Yupo film seemed to be possible. Different alcohols, ethanol, iso propanol
and ethylene glycol were also mixed with the polymer solution in different amounts to
achieve a higher tack. The alcohols reduce the surface tension and made the ink
spreading work better, but when adding high amounts of other stuff in the solution, it
makes the already low polymer concentration even lower. This again means that a
higher amount of the “ink” has to be put on the printing roll, but a high amount is not
possible since it will not penetrate into the paper but will be pressed to the sides of the
printing roll. The best way to increase the viscosity seemed to be evaporation of the
water. By evaporating away the water also the polymer concentration becomes higher
and allows a lower amount of ink on the printing roll.
Conductive silver ink was also printed with inkjet on different substrates, Mylar and PET
plastic films, coated paper, lacquered paper and glass. The conductivity was measured
as a function of roughness but also as a function of sintering temperature. To achieve
the best conductivity of printed silver the silver has to be sintered which means that the
particles are melt together. High temperatures are not possible to use on paper
substrates and therefore the effect of temperature in a region 0‐120° for different times
were studied. The print results and roughness were analyzed with AFM. Detailed results
are available on request.
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Use of Confocal Laser Scanning Microscopy and Computer Model to Understand Ink
Cavitation and Filamentation
Hanna Koivulaa,b*, Douglas Bousfieldb and Martti Toivakkaa
a
Laboratory of Paper Coating and Converting
b
Paper Surface Science Program, Department of Bio‐ and Chemical Engineering,
University of Maine, Orono, Maine, USA
In an offset printing process, the ink film splitting event has some relationship to the
tack forces experienced by the paper and has an important impact on formation of ink
filaments. Already in 1962, Fetsko and Zettlemoyer [1] concluded that the most
important ink factor for the gloss and uniformity of prints is the size of ink filaments
during the ink splitting when ink is transferred from printing rolls to paper. The filament
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remains on the paper surface are the starting point for ink leveling and setting, print
gloss and eventually the basis for the quality of the prints. However, ink filaments are
difficult to image due to their short life time and fine length scale. Limited work has
been reported on the parameters that influence filament size and methods to
characterize this size. The direct observation of filaments, even on a laboratory scale, is
challenging because of the fine length scale and the high speeds. Attempts of filament
observation using high speed cameras or video have been reported in the literature [2,
3]. However, the filament “remains”, what is left after the filaments break, are easier to
characterize.
This work attempts to image ink filament remains and to quantify some of their
characteristics such as height and diameter as other parameters, such as printing speed,
ink amount and fountain solution type are changed. Printed samples were prepared
using a laboratory printability tester at varying ink level and operating settings.
Influence of printing speed, ink grammage and fountain solution were probed.
Rhodamine B dye was incorporated into fountain solutions to aid the detection of them.
The prints were then imaged with a Confocal Laser Scanning Microscope (CLSM) and
images were further analyzed.
Materials and methods
The ink used in this study was a heat set cyan ink, ACPC1059, provided by Sun
Chemicals. Two different fountain solutions were tested to make ink emulsions for
printing. The first fountain solution was alcohol‐free Varn Majesta 635 Fountain (Day
International, Inc.). The second fountain solution is alcohol (isopropanol) containing
Adit Mouillage (10A1/000093) Fountain Solution (Siegwerk). In order to characterize
the fountain solutions with CLSM, they were marked and made fluorescent by adding a
dye, Rhodamine B (Wako Pure Chemical Industries, Ltd). 5 mg of Rhodamine B was
added to 20 ml of fountain solution. The ink and emulsions were printed using qa KRK
laboratory printability tester (Model MPT800, Kumagai Riki Kogyo Co. LTd., Tokyo,
Japan) on smooth Mylar film in order to mimic a smooth coated paper surface but at the
same time to restrict the absorption and penetration of the ink into the substrate. The
emulsification process for fountain solutions was as follows: Predetermined amount of
ink was measured onto rolls and inking was started to spread the ink evenly on rolls.
After 30 seconds of ink distribution, the fountain solution was added in drops within 30
seconds. Then a time of two minutes was allowed for the emulsification to take place.
After this, the emulsified ink was transferred onto a printing roll and then printed. The
transfer time of printing roll on the laboratory printability tester is about 1 minute.
Constant pressure of 1000N was used while making the prints, as earlier research
suggests that the nip loading does not have a significant effect on filament size or the
size distribution [2].
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Printing parameters were varied as to see the influence of these changes to filament
remain size. The three main parameters to vary were fountain solution, ink grammage
and printing speed as shown in Table 1.

Table 1. Varied printing parameters.
Fountain solution 50% added on rolls
No fountain
alcohol free
Alcohol containing

Ink grammage g/m2
2
4

Printing speed m/s
1
4
8

Another variable used in this study was the influence of blanket roughness on ink
splitting and filament remain size. A green blanket with relatively rough surface and
hardness of 77‐78˚ Shore A, supplied by Day International, Inc., was used to print on a
smooth film. The blanket material was imaged with an Environmental Scanning Electron
Microscope (ESEM) (Electroscan E3) to show the surface texture, Figure 1.
Magnification was x1000 was obtained for the image. The samples did not require any
pretreatment before imaging on ESEM. The image clearly shows that the surface is
uneven with high and low points occurring. The surface seems to have some porosity,
which will allow air to be present in the nip and contributes to the compressibility of the
blanket in the printing nip.

Figure 1. ESEM image of green blankets surface. The white scale bar at the bottom of
the image is 10 μm.
After printing the samples were taken to be imaged with Confocal Laser Scanning
Microscopy (CLSM, Leica TCS SP2 Confocal microscope) to obtain images and quantify
surface roughness characteristics. The time between printing and imaging was about
15‐20 minutes. This was the shortest possible delay time due to physical restrictions.
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