Scientific report


Summary

The 2nd STIPOMAT – workshop took place at Seggau castle in Styria/Austria where all participants were accommodated as well. It last from 22nd until the 25th of October 2006. Eventually 59 participants – 2 convenors, 38 speakers and 19 poster - presenter - attended this meeting. 
Sunday the 22nd of October was the arrival. Transfer buses from Vienna Airport, Graz Airport and Graz main station were organized that day. For those arriving later or departing earlier a transfer was in the most cases not provided.

Unfortunately some of the invited speaker such as Eva Malmström, Kurt Kremer and Jöns Hilborn could not participate due to other duties. On the other hand this made the participation of other scientists possible such as Elena Kramarenko and Igor Potemkin from Russia who had been proposed by Mr. Khokhlov. Unfortunately Christof Niemeyer cancelled his participation in the last minute. Instead, Mr. Hvilsted, who registered just a few days before the beginning of the meeting, was scheduled.
Most participants arrived on Sunday evening. A small get together buffet facilitated first contacts between the participants. The scientific programme started on Monday early in the morning according to the schedule. Lectures have been planned for Monday and Tuesday. Therefore the programme was quite densely packed. Additionally to the invited speaker the programme was accomplished with non invited speakers selected from the group of poster – presenter who preferred to have a lecture. Consequently 38 lectures were scheduled on these two days.
The poster presentation which took place on Monday after the dinner was very fruitful and lasted until late evening. During this session young scientists from different groups had the opportunity to present their ongoing research work and unpublished results. These presentations also supported the exchange between theorists and synthetic chemists. On Tuesday evening the attendees used the opportunity to discuss in smaller groups after the official scientific programme thanks to the fact that all participants have been accommodated at the castle.
Apart from a few participants who had to leave already in the course of Tuesday, most of the attendees departed on Wednesday after breakfast.

Scientific content

The whole programme was divided in different sections classified according to the topics. The first session which started on Monday at 9 am after a short welcome address by the convenors dealt with biological polymer - based materials. Inspired by nature constructing sophisticated architectures like wheat proteins, viruses, invertebrates or cyclodextrines, polymeric nanostructured materials have been synthesised. Potential applications are the construction of polymeric films, aqueous dispersions or the synthesis of drug carrier materials where pH sensitivity, nanostructure and self assembly play an important role.
 The following session focussed on theoretical aspects and simulations. The topics ranged from self assembly of diblock copolymers and branched polymers to aqueous polymer solutions elucidating these issues by using different simulation techniques.
The structure formation and self – assembly of diblock copolymers in thin films on patterned substrates has been studied by a new simulation technique – Single-Chain-in-Mean-Field Simulation. Theoretical considerations concerning the structure of bottle brush polymers with a rigid backbone and flexible side chains have been compared with Monte Carlo Simulations. The complex phase behaviour of aqueous polymer solution (such as shrinking depending on temperature) have been predicted and described by using the Flory-Huggins lattice theory. Furthermore, it has been shown that Modulated Temperature Differential Scanning Calorimetry provides another approach to the issue of phase transformation.
In the afternoon the programme was arranged by synthesis chemists mentioning a broad variety of polymerisation methods sometimes in combination with organic chemistry. This led to various polymers with different potential applications. Novel polymers with pendant carboxylic acid side groups have been presented by using Williamson or Mitsunobu strategies to give the corresponding polymers which subsequently have been reacted with azido carboxylic acids. This aimed in branched polymers via click chemistry. Ms. Winnik focused in her lecture on telechelic hydrophobically modified copolymers synthesised by free radical polymerisation and ring – opening polymerisation. The presented polymers show a heat-induced phase separation in dependence of the hydrophobic modification.
Another polymerisation method which had been mentioned was the Ring Opening Metathesis Polymerisation which proves to be a living polymerisation by making block copolymers accessible. Furthermore self assembly, stimuli responsive properties, incorporation of special functionalities as well as the possibility of end group functionalisation of these polymers have been discussed.
Another big topic of this session was nanoparticles. For example in terms of encapsulation strategies leading to the formation of supramolecular gels with incorporated magnetic iron oxide nanoparticles. Hereby telechelic polymers bearing hydrogen bonding systems as endgroups are crucial for the spontaneous assembly into gels. Mr. Gohy focused on gold nanoparticles, their versatile applicability and synthesis strategies with special attention on templating. Among various templating systems he pointed out block copolymer micelles and biological objects such as viruses. Substituted poly (acrylic acid) was used as stabiliser of the gold nanoparticles preventing aggregation into clusters and altering solubility.
Combining synthesis with applications was the aim of the following session. The synthesis of pH sensitive aggregates by combining two polymerisation methods has been demonstrated. Dendrimer-like poly (ethylene oxide) carrying poly(acrylic acid) was obtained by combining anionic ring-opening polymerisation and subsequent selective branching reactions via atom transfer radical polymerisation (ATRP). The resultant dendrimers shrink and expand in dependence of the pH. Similarly, the swelling behaviour of multifunctional and multi-responsive thin layers of block copolymers is affected by the organic solvent, temperature or salt concentration in aqueous solution. These polymers have been synthesised by nitroxid mediated radical polymerisation combining pH and temperature sensitive polymers with a chromophore.

Another important approach to broaden the range of potential applications as stimuli responsive materials of block copolymers is the application and combination of living/controlled polymerisation techniques. In order to combine cationic polymerisation and ATRP two strategies have been followed: A dual initator strategy where one initiator contains two independent and selective initiation sites. Or the Inimer strategy where after the cationic polymerisation the resultant polymer still contains a polymerisable acrylate end group for ATPR.

Not often discussed so far during the workshop are light- or photo-responsive materials. Mr Tribet introduced azobenzene-modified poly(acrylic) acids bound to non-ionic surfactants and to neutral amphiphiles including lipid membranes.

Alternatively to a polymerisation, hydrogen bonds can lead to rigid supramolecular filaments or tubes. Bis-ureas have been shown to self-assemble in non polar solvents to form thin filaments or tubular assembly depending on temperature and concentration. This self-assembly in polar solvents is still a challenge. Therefore a first generation of hydrophilic compounds which form hydrogen bonded filaments in water has been introduced.

Before dinner the management meeting of the steering committee took place and last approximately one and a half hours.

The topics of the posters have been very versatile providing an insight into various fields of research such as the formation of different types of polymeric micelles in a variety of solvents showing diverse response to stimuli. Hydrogels containing supramagnetic nano-particles have been presented as well as soft mesoporous silica gels and supramolecular gels. Ring opening metathesis polymerisation has been mentioned to synthesize various (end) functionalised block copolymers showing different features with potential sensor applications. Sugar sensing with swelling polymer nanopheres has also been metioned. Further more biodegradable polymers, bone substitutes as well as encapsulation techniques for drug delivery applications has been presented. One theoretical poster focused on Monte Carlo simulations.
The next day started with another theoretical block with a lot of different simulation techniques separated by one lecture of reversible supramolecular polymers. These chains are formed by the association of molecules with two complementary binding sites upon dimerisation. Such polymers are dynamic, the degree of polymerisation depends on conditions like temperature and concentration and can be reduced by additives possessing only one sticker.
In the rest of this session the lecturer showed how versatile computer simulations are. It has been shown by a simple scaling theory that a regular block copolymer is dragged through a selective liquid-liquid interface by an external field depending strongly on the size of the blocks and rather weakly on the total polymer length. The variation of these two items was studied by using a dynamic Monte Carlo coarse-grained model.

By using the Brownian Dynamics method the effect of the overcharging of a dendrimer by the formation of the complex with the oppositely charged linear polyelectrolyte has been demonstrated. It has been shown that the adsorbed charge exceeds the dendrimer charge leading to a charge inversion of the dendrimer.
Results of computer simulations have been presented of strictly two-dimensional (2D) polymer melts and thin polymer films. This group found out that the dynamics of the 2D melt is qualitatively different from that of the films and that in films of finite thickness, chain entanglements may occur. The last lecture dealt with computer simulation of the extension of some mechanically responsive polymers which have been performed by using models with full atomic details and coarse-grained models. Mechanically responsive polymers change their molecular structure during extension. This molecular mechanism has been eludicated by single molecule AFM experiments.

The second part of the morning session started with synthesis rather then applications by introducing macroporous hydrogels produced by polymerization of hydrophilic monomers or by cross-linking of hydrophilic polymers at subzero temperatures. When produced from a thermo-responsive polymer macroporous hydrogels swell or shrink fast in response to the changes in temperature. Bioparticles are binding via different affinity interactions to macroporous hydrogels bearing appropriate ligands. It has been shown that the elastic deformation of the macroporous hydrogels results in the detachment of affinity bound bioparticles.

The second lecture focused on small, but highly functional polyphilic molecules composed of different segments which organize into ordered fluids with an amazingly broad variety of well defined and highly complex superstructures. These new soft matter structures and other new liquid crystalline mesophase structures have been compared with complex morphologies formed by linear and star multiblock copolymers.
The following three talks focused more on potential applications in the fields of electronic devices and chemical sensing. Concerning the electronic devices electronic conducting polymers incorporated in interpenetrating polymer networks. The resultant device is an attractive self-supported device for electrochromic goal with a high optical contrast in the visible field. On the other hand internally charged soft foams, with highly anisotropic voids dispersed throughout the polymer film have been presented. These “Ferroelectrets” react sensitively with a strong electrical signal output to mechanical pressure changes. The advantage of these materials is that they are based on non-toxic components and therefore soft electroactive foams for transducers, with a wide range of applications, from audio technology to ultrasonic non-destructive testing.

Examples of nano- and micrometer sized polymeric beads employing different fluorescence sensing schemes and preparation procedures have been presented. Within one talk pH-sensitive microbeads obtained by a layer-by-layer technique using positively and negatively charged poly-electrolytes, ammonia sensitive nano-particles containing a fluorescent pH-indicator (eosin) and a complexing agent covalently bound to the polymer and an interesting novel sensing approach for glucose based on the swelling of fluorescent nanoparticles has been presented. 
Mr. Vörös mentioned a familiar topic in the ensuing session. He highlighted surface modification methods used to tailor biointerfaces for sensing applications. Furthermore such engineered surfaces can be applied to drug delivery systems and biomaterials, to control specific and non-specific biomolecule - surface interactions.
Another topic of these talks was the assembly in aqueous solution. By using macromolecular stickers with a small amount of ionisable groups the pH can be strongly coupled to the temperature to tune the associating properties in aqueous solutions or to address macromolecular interactions in a more specific manner. On the other hand the association of amphiphilic star block copolymers in aqueous solution, which have been synthesised via ATRP, has been discussed.
At the end of this session environmental matters have been discussed by focussing on non-toxic and/or biodegradable surfactants obtained from renewable resources. Familiar to this, Mr. Vancso lectured about intelligent surfaces which undergo relatively large and abrupt chemical and physical changes induced by variations in the environmental conditions. The two systems introduced have been thermoresponsive brushes and novel, water soluble, organometallic polyions as well as their use for layer-by-layer supramolecular assembly to fabricate micro- and nanostructured thin films on flat and curved interfaces.
The last block of lectures was built by late deciders and non invited speakers. One of these talks was closely related to the one from Mr. Tenhu given in the previous session. Coarse-grained computer simulations of star block copolymers were carried out to study complex structure formation in water solutions using mean-field theory for diblock copolymers. Another topic dealing with copolymers in aqueous solutions has been presented focusing on thermoresponsive coplymers which show dissolution/precipitation transition in water at temperatures close to physiological temperatures (30-40°C), which opens perspectives for applications in biochemistry and medicine.
Fluorescence Correlation Spectroscopy for micro-rheological measurements has been introduced which monitors the spontaneous fluctuations of the fluorescence signal due to the random motion of fluorescently labelled particles. With this method hydrogel networks for biomedical applications can be measured with the aim to improve thermal and mechanical properties of the hydrogels. Two of the lecturers have been proposed by Mr. Khokhlov. One of the lectures dealt with the design of heterogeneous surfaces and the analysis of the conditions controlling the morphology of the film. The key parameters, which govern the orientation, are found to be the interfacial energies of the boundaries, the film thickness and the molecular weight of the diblocks. Finally the programme has been closed be a talk about the theoretical study of novel composite nanomaterials collectively called the “block ionomers complexes”. Repulsive interactions cause the formation of aggregates which have a well defined micellar-type core-shell structure.
Results and Outlook
This workshop has emphasised once more that the interdisciplinary collaboration in the fields of synthesis, characterization, modelling and theory of stimuli-responsive polymeric materials provides a greater insight into the topic and leads to a wider understanding of the whole field for every involved scientist. 
Furthermore, this meeting built the bridge between synthetic chemists working on similar fields. The development and adoption of modern polymerisation techniques allow a perfect control of the macromolecular parameters. This aims in the synthesis of polymers with new functionalities which are expected to be applied for novel high technology applications, e.g. for a new class of sensors or to mimic to some extent biological systems. The Programme showed that this interdisciplinary network already led to a broad variety of polymeric materials which show different stimuli response and hence provide excess to various applications. 
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Programme
	Sunday, 22.10.2006

	16:00
	Arrival, Registration

	20:00
	Welcome

	
	

	Monday, 23.10.2006

	7:00 - 8:45
	Breakfast buffet

	8:45 - 9:00
	Welcome address J.-F. Gohy, W.H. Binder, F. Stelzer

	9:00 - 9:20
	L1  M. Hedenquist 

The Behaviour of Wheat Proteins Exposed to Acidic and Basic Environments

	9:20 - 9:40
	L2  J.J.L.M. Cornelissen

Self-Organized Protein Reactors

	9:40 - 10:00
	L3  H. Birkedal

Biological and Bioinspired Polymer-Based Materials: Inspiration from Invertebrates

	10:00 - 10:20
	L4  C. Amiel

Design of Self-Assembling Nanostructures Controlled by Electrostatic and Inclusion Complex Interactions. Example of Gene Therapy

	10:20 - 10:50
	Coffee break

	10:50 - 11:10
	L5  M. Müller

Structure Formation of Diblock Copolymers in Thin Films and Mixed Polymer Brushes: A Single-Chain-in-Mean-Field Simulation Study

	11:10 - 11:30
	L6  K. Binder

One- and Two-Component Bottle-Brush Polymers: Monte Carlo Simulations and Scaling Considerations

	11:30 - 11:50
	L7  E.L.F. Nies

Unraveling the complex behavior of aqueous polymer solutions

	11:50 - 12:10
	L8  B. Van Mele

Kinetics of Thermo-Responsive Aqueous Polymer Solutions and Hydrogels Studied by Means of Modulated Temperature DSC

	12:10 - 13:40
	Lunch

	13:40 - 14:00
	L9  C.M. Niemeyer

Construction of Switchable Nanomaterials Using DNA-Molecules, Proteins and Nanoparticles 

	14:00 - 14:20
	L10  W.H. Binder

Reversible Assembly and Encapsulation via Hydrogen Bonding Motives

	14:40 - 15:00
	L11  J.-F. Gohy

Trithiocarbonate-Containing Poly(acrylic acid) chains as Stabilizers for Gold Nanoparticles templated in Star Block Copolymers or in Viruses

	15:00 - 15:20
	L12  C. Slugovc

Ring Opening Metathesis Polymerization - an Emerging Tool for Preparing Stimuli Responsive Polymeric Materials

	15:20 - 15:40
	L13  F.M. Winnik

The Response of Telechelic Hydrophobically-Modified Poly-(N-isopropylacrylamides) and Poly-(2-isopropyl-2-oxazolines) in Water to Changes in Solution Temperature

	15:40 - 16:10
	Coffee break

	16:10 - 16:30
	L14  D. Kuckling

Hydrogel films based on multi-responsive block copolymers for sensor applications

	16:30 - 16:50
	L15  F. Du Prez

Advanced Polymer Architectures with Stimuli-responsive Properties via Heterofunctional Initiators

	16:50 - 17:10
	L16  C. Tribet

Light-Responsive Polyamphiphiles Bound on Lipid Membranes and Surfactant Assemblies

	17:10 - 17:30
	L17  L. Bouteiller

Dynamic hydrogen bonded filaments in water

	17:30 - 17:50
	L18  D. Taton

pH Responsiveness of Dendrimer-like Poly(ethylene oxide)s

	18:00 - 19:00
	Management Meeting

	19:00 - 
	Dinner, then

	- 21:30
	POSTERSESSION



	Tuesday, 24.10.2006

	7:00 - 8:30
	Breakfast buffet

	8:30 - 8:50
	L19  K. Kremer

Linking Structure and Properties: Multiscale Simulations of Macromolecules close to (Metal) Surfaces

	8:50 - 9:10
	L20  A. Darinskii

Charge Inversion in Complexes of Dendrimers with Linear Polyelectrolytes. Computer Simulation

	9:10 - 9:30
	L21  N.A.M. Besseling

Reversible Supramolecular Polymers in Solution and at Interfaces: Effects of ‘Stoppers’

	9:30 - 9:50
	L22  J. Baschnagel

Dynamics and Disentanglement in Thin Polymer Films: Recent Results from Computer Simulations

	9:50 - 10:10
	L23  I. Neelov

Extension behaviour of mechanically responsive polymers in single molecule AFM experiments. Computer simulation

	10:10 - 10:40
	Coffee break

	10:40 - 11:00
	L24  I.Y. Galaev

Smart Polymers and Macroporous Hydrogels: a Marriage of Convenience

	11:00 - 11:20
	L25  C. Tschierske

Nets, Nodes & Tilings – Complex Soft-Matter Structures Formed by Low-Molecular-Weight Polyphilic Molecules

	11:20 - 11:40
	L26  C. Chevrot

Stimulus Responsive IPNs: From the Chemistry to the Device

	11:40 - 12:00
	L27  T. Mayr

Polymeric nano- and microparticles for chemical sensing

	12:00 - 12:20
	L28   S. Bauer

Ferroelectrets: Soft Stimuli Responsive Foams

	12:20 - 13:50
	Lunch

	13:50 - 14:10
	L29  H. Tenhu

Association and Self-Assembling of Star Diblock Copolymers

	14:10 - 14:30
	L30  D. Hourdet

Macromolecular Assemblies in Aqueous Media under pH and Temperature Control

	14:30 - 14:50
	L31  J. Vörös

Switchable Biological Interfaces with Nanoscale Control

	14:50 - 15:10
	L32  G.J. Vansco

Nanoscale Surface Engineering with Stimulus Responsive Polymers

	15:10 - 15:30
	L33  J.-L. Six

Environmentally Friendly Surfactants Based on Dextran and Polylactide

	15:30 - 16:00
	Coffee break

	16:00 - 16:20
	L34   O. Confortini

Molecular Design and Aggregate Formation in Aqueous Solution of Thermo-Responsive Poly(methyl vinyl ether)-graft-polystyrene Copolymers

	15:20 - 16:40
	L35  I.I. Potemkin

Theory of Block Copolymers Adsorbed on a Substrate: From Thin Films to the Single Molecule

	16:40 - 17:00
	L36   I. Savina

Controlling Surface Chemistry of Macroporous Hydrogels by Grafting of Stimuli-Responsive Polymers

	17:00 - 17:20
	L37   A. Zarembo

Simulation of Self-Assembling of Amphiphilic Star Diblock Copolymers in Aqueous Solutions

	17:20 - 17.40
	L38   E. Karmarenko

Micellization in Solutions of Block Ionomers and Oppositely Charged Polyions

	18:00 
	Dinner 



	Wednesday, 25.10.2006

	6:00 – 9:00
	Breakfast buffet

	7:00 / 9:00
	Transfer to Vienna / Graz


Additionally to the speakers listed in the programme above following attendees participated at the 2nd Stipomat workshop:
Vladimir Aseyev
Daniel Burtscher
Dominique Farnik
Pierre Guillet
Stefan Kappaun
Stefan Kontur
Nathalie Lefevre
Alexandra Lex
Christina Lexer
Fabian Niedermair
Nadja Noormofidi
Laura Petraru
Martina Sandholzer
Irina Savina
Monika Schuster
Gregor Trimmel
Harald Weinstabl
Gunter Zenkl
Xuena Zou
