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SUNDAY�10�JUNE�

Short�Course�

Location:�Lecture�Hall�2�

�8:30�–���9:00� Registration�Short�Course�

�9:00�–�10:30� Polymer�solution�characterization���Dr.�Liz�Meehan�
AstraZeneca,�United�Kingdom�

10:30�–�11:00� Pause�

11:00�–�12:30�
Polymeric�interfaces�in�biological�systems:�synthesis,�characterization�and�
application��Dr.�Edmondo�Benetti�
University�of�Padova�&�University�of�Twente�

12:30�–�14:00� Lunch�

14:00�–�15:30� AFM�and�biomechanics���Dr.�Peter�Schön�
University�of�Twente,�The�Netherlands�

15:30�–�16:00� Pause�

16:00�–�17:30� Polymer�membranes���Dr.�Kitty�Nijmeijer�
University�of�Twente,�The�Netherlands�

18:00�–�19:00� Conference�registration

19:00�–�21:00� Dinner�buffet�

��

� �
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MONDAY�11�JUNE�

Session�1�Recent�Trends�in�Solution�Characterization�of�Polymers�

Location:�Aula�Minor�

�8:30�–��9:15� Invited�I�
Prof.�Peter�Schoenmakers���University�of�Amsterdam,�
The�Netherlands�
Towards�Hyperformance�Polymer�Separations�

�9:15�–�10:00� Invited�II�

Prof.�Wayne�F.�Reed���Tulane�University�
New�Orleans,�USA�
Recent�advances�in�polymer�reaction�monitoring�and�
solution�characterization�

10:00�–�10:00� Discussion�I�&�II� ��

10:20�–�11:00� Coffee�break��
(&�mount�posters)� ��

11:00�–�12:30� 6�x�15�min.� Contributed�lectures:�CL�1�� CL�6�

12:30�–�14:00� Lunch� Location:�Main�dining�room�

13:30�–�13:50�
Promotion�Lecture�
Malvern��
Location:�LR�2�

B.�Postma:�The�benefits�of�moving�from�single�to�
multi�detector�size�exclusion�chromatography��

��
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MONDAY�11�JUNE�

Session�2����Polymers�and�Energy:�The�Characterization�Challenge�

Location:�Aula�Minor�

14:00�–�14:45� Invited�III�

Dr.�Joost�Duvigneau�–�AeroTech�Development,�
The�Netherlands�
Polymer�Nanocomposite�Foams:�Towards�an�
increased�thermal�efficiency�of�buildings�

14:45�–�15:30� Invited�IV� Prof.�Rene�Janssen���TU�Eindhoven,�The�Netherlands�
Polymer�solar�cells:�Status�and�challenges�

15:30�–�15:50� Discussion�III�&�IV� ��

15:50�–�16:30� Coffee�break� ��

�� �� ��

Session�2A� Location:�T.B.A.�

16:30�–�18:30� 8�x�15�min.� Contributed�lectures:�CL�7���CL�14�

Session�2B� Location:�T.B.A.�

16:30�–�18:30� 8�x�15�min.� Contributed�lectures,�CL�15���CL�22�

�� ��

18:30�–�20:30� Dinner�buffet�
Poster�session�I�

Main�dining�room�
Lecture�Hall�4�

��

�

Session�3����25�Years�of�ISPAC:�Excellence�in�Polymer�Analysis�and�Characterization�

Location:�Aula�Minor�

20:30�–�21:15� KEYNOTE�LECTURE� Prof.�Guy�Berry���Carnegie�Mellon�University,�USA��
Twenty�five�years�of�ISPAC�

21:15�–�21:45� Panel�discussion�

21:45�–�22:00� 25�years�of�ISPAC�jubilee�celebration,�drinks�
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TUESDAY�12�JUNE�

Session�4�����Polymers�in�Biomedical�Applications�

Location:�Aula�Minor�

�8:30�–��9:15� Invited�V�

Dr.�Edmondo�Benetti�–University�of�Padova,�Italy�/�
University�of�Twente,�The�Netherlands��
Polymeric�grafts�at�biological�interfaces:�Engineering�
and�application�

��9:15�–�10:00� Invited�VI� Prof.�Christine�Jérôme���University�of�Liege,�Belgium��
Reversible�networks�for�advanced�smart�biomaterials

10:00�–�10:20� Discussion�V�&�VI� ��

10:20�–�11:00� Coffee�break� ��

11:00�–�12:30� 6�x�15�min.� Contributed�lectures:�CL�23���CL�28�

12:30�–�14:00� Lunch�

13:30�–�13:50� Promotion�lecture�Waters
Location:�LR�2�

S.Harden:�Extending�the�Capabilities�of�MS�
Technologies�for�Polymers�Analysis�using�Ion�Mobility�
Mass�Spectrometry�

Session�5�����Polymer�Composites�

Location:�Aula�Minor�

14:00�–�14:45� Invited�VII�

Prof.�Bela�Pukanszky���BME,�Budapest,�Hungary��
Characterization�of�PLA/wood�“green”�composites:��
Structure,�physical�ageing,�micromechanics,�and�
performance�

14:45�–�15:30� Invited�VIII�
Prof.�Ton�Peijs���Queen�Mary�University�of�London,�
United�Kingdom�
Making�composites�without�matrix�

15:30�–�15:50� Discussion�VII�&�VIII� ��

15:50�–�16:30� Coffee�break� ��

16.30�–�18:30� 8�x�15�min.� Contributed�lectures:�CL�29���CL�36�

18:30�–�19:30� Drinks� Poster�session�II�

19:30�–�22:00� Conference�dinner� ��
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WEDNESDAY�13�JUNE�

Session�6�����Micro��and�Nanotechnology�with�Polymers�

Location:�Aula�Minor�

�8.30�–�09:15� Invited�IX�

Prof.�Jürgen�Rühe���IMTEK�University�of�Freiburg,�
Germany�
Diffusion�of�polymers�through�nanopores:��
New�perspectives�for�the�analysis�of�water�soluble�
polymers?�

��9:15�–�10:00� Invited�X�

Prof.�Philippe�Leclère���University�of�Mons,�Belgium�
ICMS��Eindhoven�University,�The�Netherlands�
Scanning�probe�microscopy�of�(complex)�polymeric�
materials:�beyond�imaging�their�morphology�

10:00�–�10:20� Discussion�IX�&�X� ��

10:20�–�10:45� Coffee�break� �DPI�Poster�Price�announcement�

10:45�–�12:45� 8�x�15�min.� �Contributed�lectures:�CL�37���CL�44�

12:45�–�14:00� Lunch� ��

��

Session�7�����General�Papers�

Location:�Aula�Minor�

14:00�–�16:15� 9�x�15�min.� Contributed�lectures:�CL�45���CL�53�

16:30� End�congress�&�departure� ��

16:30�–�17:30� Optional:� Rolduc�abbey�and�rococo�library�tour�

17:30�–�18:30� Optional:� Dinner

������������������������������
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ISPAC�2012�Scientific�Lectures�

�

� Schedule� Lecture�#� Speaker� Short�Title�
� � � � �

Session�1�
Monday�
11�June�

8:30�9:15� IL�1� P.�Schoenmakers� Towards�Hyperformance�Polymer�Separations�
9:15�10:00� IL�2� W.�Reed� Recent�Advances�in�Polymer�Reaction�Monitoring�and�Solution�

Characterization�
11:00�11:15� CL�1� M.�Wilhelm� Online�Coupling�of�Size�Exclusion�Chromatography�and�IR�Spectroscopy�to�

Correlate�Molecular�Weight�With�Chemical�Composition�
11:15�11:30� CL�2� A.J.�van�Reenen� Solution�Crystallization�Analysis�By�Laser�Light�Scattering�
11:30�11:45� CL�4� J.�Tacx� Dissolution�and�Scattering�Behavior�of�Polyethylenes�in�Dilute�Solutions�and�

Relations�Between�Molecular�Parameters�
11:45�12:00� CL�5� S.�Moyses� Application�of�2D�Chromatography�to�the�Study�of�Complex�Polymeric�Systems�
12:00�12:15� CL�6� P.�Kratochvil�� Contraction�Factors�of�Statistically�Branched�Polymers�With�Tetrafunctional�

Branch�Points�
Technical�
promotio

n�

13:30�13:50� TP�1� ��B.�Postma,�
Malvern��

�

The�Benefits�of�Moving�From�Single�to�Multi�Detector�Size�Exclusion�
Chromatography�����������

� � � � �
Session�2�
Monday�
11�June�

14:00�14:45� IL�3� J.�Duvigneau� Polymer�Nanocomposite�Foams:�Towards�an�increased�thermal��
efficiency�of�buildings�

14:45�15:30� IL�4� R.�Janssen�� Polymer�Solar�Cells:�Status�and�Challenges�
16:30�16:45�A� CL�7� M.�Lira�Cantu� Combined�Characterization�Techniques�to�Understand�the�Stability�of�a�Variety�

of�Organic�Photovoltaic�Devices�
16:45�17:00�A� CL�8� D.G.�Bucknall� Structure�Property�Correlation�Determination�Using�Complementary�

Characterization�Techniques�in�Organic�Photovoltaics�
17:00�17:15�A� CL�9� E.�Mikayelyan� Electrical�Properties�and�Organic�Field�Effect�Transistor�Performances�of�Poly(3�

Alkylthiophene)S�(P3AT)�
17:15�17:30�A� CL�10� H.�Bock� Novel�Polymerization�and�Characterization�of�Copolymers�Using�GPC�Copolymer�

Analysis�and�2�Dimensional�Chromatography�
17:30�17:45�A� CL�11� O.A.�Swader� Temperature�Gradient�Interaction�Chromatography�Analysis�of�Hypermacs�–�

Architecturally�Complex�Hyperbranched�Polymers�
17:45�18:00�A� CL�12� O.�Czakkel� Characterization�of�the�Gelation/Melting�Dynamics�of�Temperature�Responsive�

Hydrogels�
18:00�18:15�A� CL�13� E.�Vanderleyden� Surface�Functionalized�Titanium�Scaffolds�For�Orthopaedic�Application:�Learning�

From�Nature��
18:15�18:30�A� CL�14� H.B.�Yildiz� Entrapment�of�Tyrosinase�in�a�Redox�Polymer�

� � � �
16:30�16:45�B� CL�15� E.�Cossoul� Characterization�of�Poly(Ether�Ketone�Ketone)S�(PEKK)S�Using�Solution�State�

NMR�and�Mass�Spectrometry�
16:45�17:00�B� CL�16� P.�Kulinowski� Application�of�Spatially�Resolved�Magnetic�Resonance�Relaxometry�For�

Assessment�of�Water�Dynamics�and�Morphological�Changes�in�Hydrating�
Hydroxypropylmethyl�Cellulose�Based�Matrix�Tablets�

17:00�17:15�B� CL�17� K.F.�Ratzsch� Developent�of�a�Low�Field�Rheo�NMR�System�
17:15�17:30�B� CL�18� S.�Sturniolo� Characterizing�Segmental�Relaxation�With�NMR�
17:30�17:45�B� CL�19� R.�Jumeau� On�Line�Characterization�of�LDPE�Grades�and�Flaws�Analysis�By�Raman�

Spectroscopy�and�Chemometric�Tools�
17:45�18:00�B� CL�20� V.�Litvinov� Degradation�Mechanisms�of�Biodegradable�Poly(DL�Lactide�Co�Glycolide)1000�

Diacrylate�Network�as�Studied�By�Proton�Solid�State�Flow�NMR�Relaxometry�
18:00�18:15�B� CL�21� S.�Narses� Characterization�of�Polymer�Degradation�in�Boiling�and�Overheated�Water:�

Application�to�Food�Cooking�
18:15�18:30�B� CL�22� N.�Longieras� New�Development�of�Low�Temperature�SEC�of�High�Performance�Polymers.�

Focus�On�PEEK,�Liquid�Crystal�Polymers�and�Polyphthalamides�
� �
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�

� � � �
Session�3�
Monday�
11�June�

�
20:30�21:15�

�
KL�

�
G.�Berry� Twenty�Five�Years�of�ISPAC�

� � � �
Session�4�
Tuesday�
12�June�

8:30�9:15� IL�5 E.�Benetti Polymeric�Grafts�at�Biological�Interfaces:�Engineering�and�Application
9:15�10:00� IL�6 C.�Jerome Reversible�Networks�For�Advanced�Smart�Biomaterials�

11:00�11:15� CL�23 P.�Jonkheijm Dynamic�Interfaces�Between�Cells�and�Biomaterials�
11:15�11:30� CL�24 A.�Lederer Aggregation�Behavior�of�Dendronized�Lysine�Copolymers�
11:30�11:45� CL�25 B.�Postma Answering�the Challenges�– Challenge�the Answers�in�Biopolymer�Characterization
11:45�12:00� CL�26 C.�Nguimjeu Antimicrobial�Effectiveness�of Two�Actives�Compounds�For�Food�Packaging�Applications
12:00�12:15� CL�27 J.�de�Grooth Thin�Film�Chain�Orientation�and the Anti�Polyelectrolyte�Effect�of�Zwitterionic�Polymers�

Measured�With�Spectroscopic�Ellipsometry�
12:15�12:30� CL�28 E.D.�Giol Surface�Activation�Strategy�to Improve�PET�Functionality�For�Cardiovascular�Applications�

Technical�
promotion�

13:30�13:50� TP�2 S.Harden,�Waters Extending�the Capabilities�of MS�Technologies�For�Polymers�Analysis�Using�Ion�Mobility�
Mass�Spectrometry�

� � � �
Session�5�
Tuesday�
12�June�

14:00�14:45� IL�7 B.�Pukanszky Characterization�of PLA/Wood�“Green”�Composites:��
Structure,�Physical�Ageing,�Micromechanics,�and�Performance�

14:45�15:30� IL�8 T.�Peijs� Making�Composites�Without�Matrix
16:30�16:45� CL�29 H.N.�Cheng Use�of�Agricultural�Byproducts�as�Fillers�in�Polymer�Composites�
16:45�17:00� CL�30 H.�Hillborg Characterization�of Polymer�Nanocomposites�For�High�Voltage�Insulation�
17:00�17:15� CL�31 K.�Renner Novel�Approach�For�the Quantitative�Determination�of�Interfacial�Interaction�in Polymer�

Composites�
17:15�17:30� CL�53 M.Barbosa New�Polyurethanes�From�Oxypropylated�Olive�Stone�
17:30�17:45� CL�33 A.�Saiter Confinement�Effects�in Butyl�Rubber�Composites:�From�Micro�to�Nano�Scale
17:45�18:00� CL�34 A.J.�Monsivais Characterization�of HDPE/MMT�Nanocomposites:�Oxygen�Barrier�Properties�Modification�

With�Nanoclays�
18:00�18:15� CL�35 A.�Balaceanu Characterization�of Microgel�Structure�By�DLS,�NMR�and�Flory�Transition�Theory
18:15�18:30� CL�36 J.�Ploegmakers Penetrant�Induced�Effects�On�Macromolecular�Dynamics�of�Thin�PPO�Films

� � � �
Session�6�

Wednesday�
13�June�

8:30�9:15� IL�9 J.�Rühe� Diffusion�of Polymers�Through�Nanopores:�New�Perspectives�For�the Analysis�of Water�
Soluble�Polymers?�

9:15�10:00� IL�10 P.�Leclère Scanning�Probe�Microscopy�of�(Complex)�Polymeric�Materials:��
Beyond�Imaging�their�Morphology�

10:45�11:00� CL�37 J.�Mays� Structure,�Thermal,�and Rheological�Properties�of�Composites�Incorporating�Crosslinked�
Polymer�Nanoparticles�

11:00�11:15� CL�38 D.�Wöll� Heterogeneities�in Diffusion�Evolving�During�Bulk�Radical�Polymerization�as Probed�With�
Single�Molecule�Fluorescence�Microscopy�

11:15�11:30� CL�39 F.�Machado Synthesis�of Poly(Vinyl�Pivalate)�Based�Magnetic�Nanocomposites�Through�Suspension�
Polymerization�Process�

11:30�11:45� CL�40 M.�Mauri Nanoparticles�From�Amphiphilic�Block�Copolymers:�Hard�Or�Soft?�
11:45�12:00� CL�41 N.�Jarroux MALDI�TOF�MS�and Nano Esi�MS/MS,�a Winning�Combination�For�Further�Detection�and

Structural�Deciphering�of�Polydisperse�Polyrotaxanes�Based�On�Cyclodextrins�
12:00�12:15� CL�42 I.�Vukovic Double�Gyroid�Network�Morphology�in Supramolecular�Diblock�Copolymer�Complexes
12:15�12:30� CL�43 A.Dazzi� Nanoscale�Infrared�Spectroscopic�Analysis�of�Polymeric�Materials��
12:30�12:45� CL�44 E.�Denisov Characterization�of Perfluoropolyether�Tetrafluoroethylene�Block�Copolymers

� � � �
Session�7�

Wednesday�
13�June�

14:00�14:15� CL�45 Doulache�Naima TSDC�Study�of the Effect�of Rubbery�Annealing�On�Polyethylene�Terephtalate�(PET)
14:15�14:30� CL�46 J.�Ciric� Improved�Characterization�Techniques�For�Branched�Polymers�
14:30�14:45� CL�47 L.F.�Pease High�Resolution Multimodal�Molecular�Weight�Distributions�
14:45�15:00� CL�48 M.T.�Exposito�

Espinosa�
Viscoelastic�Properties�of Polyethylene�Coming�From�Chromium�Metallocene�Hybrid�
Catalysts:�Effects�of�the�Catalysts�Properties�and�Hydrogen�Response�

15:00�15:15� CL�49 P.�Jobby� Thermal�Oxidation�of Cross�Linked�Polyethylene�(XLPE)�Characterized�By�Solid�State�1H�
NMR�

15:15�15:30� CL�50 F.�Topuz Strain�Promoted�Azide�Alkyne�Cycloaddition (SPAAC)�Click�Chemistry�On�Antifouling�Layers�
For�Controlled,�Site�Specific�Immobilization�of�Biological�Molecules�

15:30�15:45� CL�51 O.�Trabelsi Hybrid�Sol�Gel�Materials�Used�For�Barrier�Packaging�Applications�:�Preparation�and
Characterizations�

15:45�16:00� CL�52 A.��Serghei Dynamics�and Phase�Transitions�of Polymeric�Materials:�From�Bulk�to Attograms�of Matter

�
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Session 1: Recent trends in Solution Characterization of Polymers IL-1
    

TOWARDS HYPERFORMANCE POLYMER SEPARATIONS 

Schoenmakers, Peter J., Uliyanchenko, Elena, Aarnoutse, Petra J.
    

Analytical Chemistry / Forensic Science Group, van 't Hoff Institute for Molecular Science (HIMS), Faculty of 
Science, University of Amsterdam, Science Park 904, 1098 XH Amsterdam, The Netherlands  

    

Abstract

In recent years the field of liquid chromatography (LC) has seen significant progress. We have advanced from 
high-performance LC (HPLC), using columns packed with particles of 3 to 10 micrometer and instruments that 
allow pressures up to 400 bar (40 MPa), to utra-high-performance LC (UHPLC), using sub-2-micrometer 
particles and pressures exceeding 1000 bar (100 MPa). However, these developments have barely affected 
the field of polymer separations. In this lecture we will discuss the reasons why this has been the case. 
These include (i) a lack of dedicated columns (especially for size-exclusion chromatography, SEC), (ii) the high 
demands on the instrumentation (e.g. dead volume) due to the slow diffusion of polymers, and (iii) the risk of 
polymer degradation because of the high shear forces associated with high pressures and narrow channels. 
It will be demonstrated that polymer separations can be taken to the UHPLC level. High resolution gradient-
elution separations with greatly reduced analysis times and very fast SEC will be demonstrated. Using UHPLC 
technology we are able to perform comprehensive two-dimensional LC (LC×SEC) separations in reasonable 
times (20 to 40 min). 
LC appears is still developing rapidly and new advances are on the horizon. It will be discussed how polymer 
separations may proceed from ultra-high performance to HYPERformance.             
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Session 1: Recent trends in Solution Characterization of Polymers IL-2
    

RECENT ADVANCES IN POLYMER CHARACTERIZATION DURING 
POLYMER REACTIONS AND OTHER NON-EQUILIBRIUM PROCESSES

    

Reed, Wayne F., Alb, Alina M., Drenski, Michael F.
    

Tulane University, New Orleans, Louisiana, 70118 USA 
 
wreed@tulane.edu ,  http://tulane.edu/sse/polyRMC/  

    

Abstract
    

   

While much of polymer solution characterization takes place under the assumption that the system is in 
equilibrium, it is frequently the case that there are non-equilibrium processes at work.  These include 
aggregation, phase separation, degradation, conformational changes, and the polymerization process itself.  
Accordingly, a number of approaches to monitoring non-equilibrium processes in solution have been developed 
and extended over a range of characterization challenges.  Some recent results in Simultaneous Multiple 
Sample Light Scattering (SMSLS) of polymer solution stability will be presented, along with Automatic 
Continuous mixing as a complementary equilibrium method.  Recent work in Automatic Continuous Online 
Monitoring of Polymerization reactions (ACOMP) will illustrate approaches to predictively establishing semi-
batch synthesis routes towards polymers of desired molecular weight and composition distributions.  There is 
current strong activity for transfer of ACOMP from the R&D setting to industrial polymer manufacturing 
operations, with upcoming development of closed loop feedback control of reactions. In another development, 
early results on ‘second generation ACOMP’, or SGA, demonstrate that the method can be extended to 
determination of the onset and evolution of stimuli responsive polymer characteristics during their synthesis.
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Session 1: Recent trends in Solution Characterization of Polymers CL-1
    

ONLINE COUPLING OF SIZE EXCLUSION CHROMATOGRAPHY AND IR-
SPECTROSCOPY TO CORRELATE MOLECULAR WEIGHT WITH 
CHEMICAL COMPOSITION

    

Beskers, Timo, Hofe, Thorsten, Wilhelm, Manfred
    

1. KIT, Karlsruhe Institut of technology, KIT, 76131 Karlsruhe, Engesserstr. 16, Germany 
2. PSS Polymer Standards Service GmbH, In der Dalheimer Wiese 5, 55120 Mainz, Germany, 

    

Abstract
    

   

The coupling of SEC and IR spectroscopy is of general interest for the advanced analysis of polymer 
composition. It allows correlating the molecular weight with chemical composition. This is very helpful when 
analyzing copolymers, blends or unknown samples. In this work we present a new and optimized way of on-line 
coupling IR spectroscopy to SEC to achieve a chemically sensitive SEC detector. The biggest problem for the 
spectroscopic measurement is the large intensity of the solvent signals especially when combined with a low 
polymer concentration in the SEC eluent (e.g. 1 g polymer per 1 L solvent). During online detection the time 
limit to determine the IR spectra might be as low as 30 s. The main idea of this new approach is to measure the 
IR spectra with fully optimized sensitivity and then subtract the solvent signals mathematically. The measuring 
time needed to obtain a certain signal to noise (S/N) ratio was reduced in several optimization steps by a factor 
of over 70,000 within this article. The resulting sensitivity then allows for online coupled IR-SEC measurements.
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Session 1: Recent trends in Solution Characterization of Polymers CL-2
    

SOLUTION CRYSTALLIZATION ANALYSIS BY LASER LIGHT 
SCATTERING

    

Van Reenen, Albert J, Brand, Margaretha, Robertson, Divann, D, Rohwer, Ehrich, G
    

Department of Chemistry and Polymer Science, University of Stellenbosch, Private Bag X1, 7602, 
Stellenbosch, South Africa.

    

Abstract
    

   

The degree of crystallinity and crystalline morphology is central to the properties of most polyolefins.  These 
factors depend on the molecular structure and heterogeneity found in this class of polymers.  Measurement of 
molecular heterogeneity has quite often been determined by following the crystallization of polyolefins from 
solution.  Whilst techniques like temperature rising elution fractionation (TREF) and crystallization analysis by 
fractionation (CRYSTAF) have commonly been employed in this regard, the crystallization of polyolefins from 
solution can also be followed by direct observation of light scattering during the cooling of a given solution of 
the polymer.  Similarly the increase in scattering intensity can also be followed during a crystallization event.  In 
addition, this technique also allows for the crystallized polymer/solvent mixture to be heated in a controlled 
fashion to observe the solution melting events that occur.  This is in contrast with techniques like TREF and 
CRYSTAF.  This technique was pioneered by Shan et al (1) and refined by our group at the University of 
Stellenbosch.  As the ability of a particle to scatter light is a function of the wavelength of the incident light, it 
was thought that the use of laser light of different wavelengths would allow for the rapid assessment of the rate 
of crystallization of polymers, when light sources of different wavelengths were used simultaneously.  The 
combination of solution crystallization and solution melting experiments gives a rapid determination of the 
molecular heterogeneity within a group of chemically different polymers.  This paper will discuss results 
obtained for a series of (a) linear polyethylenes (b) linear low density polyethylenes (c) isotactic polypropylene 
homopolymers and (d) polypropylene “impact” copolymers.  The simultaneous use of 3 lasers, at 635 nm, 540 
nm and 405 nm will be shown and the results discussed.  The effect of a variety of molecular parameters on 
the crystallization behavior will be illustrated and briefly discussed
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Session 1: Recent trends in Solution Characterization of Polymers CL-3
    

SEC-MALS VS AF4-MALS OF POLY N-VYNIL FORMAMIDE:ANOMALOUS 
ELUTION?

    

Agirre, Amaia, Zataray, Julieta, José Carlos, De La Cal, Jose Ramon, Leiza
    

Institute for Polymer Materials (POLYMAT), Kimika Aplikatua saila, Kimika Zientzien Fakultatea, University of 
the Basque Country UPV/EHU, Joxe Mari Korta Zentroa, Tolosa Hiribidea 72, 20018, Donostia

    

Abstract
    

   

SEC-MALS vs AF4-MALS of poly N-vynil formamide: Anomalous elution? 
Amaia Agirre , Julieta Zataray, José Carlos de la Cal, Jose Ramon Leiza 
Institute for Polymer Materials (POLYMAT), Kimika Aplikatua saila, Kimika Zientzien Fakultatea, University of 
the Basque Country UPV/EHU, Joxe Mari Korta zentroa, Tolosa Hiribidea 72, 20018 Donostia. 
 
Very often an anomalous elution has been observed when size exclusion chromatography (SEC) has been 
used in combination with a light scattering detector , namely, the molecular weight increases with elution 
volume at longer elution times. 
This phenomenon can be attributed to an artefact which is related to the signal to noise ratio and data 
treatment1 and/or to co-elution2,3. However, the origin of co-elution can be diverse. If there is an interaction 
between the polymer and the stationary phase2 (column) a retention of the polymer might occur and as a 
consequence, polymers presenting higher hydrodynamic volume will elute later resulting in higher measured 
average molecular weight. On the other hand, co-elution can be also related to the conformation of the 
polymer3. Branched polymers present a more compact structure, lower hydrodynamic volume, than linear 
polymers of the same molecular weight and composition, for that reason polymers presenting similar 
hydrodynamic volume but very different molecular weight will elute at the same time provoking an increase of 
the measured average molecular weights. This effect has been also called “local polydispersity” which is the 
ratio of the local weight-average molecular weight to the local number-average molecular weight at each elution 
time4,5. 
In order to elucidate the cause of the anomalous elution asymmetric field flow fractionation (AF4)6 can be used. 
In this system there is no column for interaction thus, any anolmalous elution should be related to the polymer 
conformation.  
In the present work several poly (N-vinyl formamide) synthesized by aqueous solution polymerization were 
characterized by SEC-MALS (multi angle light scattering). Although quite linear structures were expected all the 
samples presented anomalous elution (i.e. at high elution time the molecular weight increased). In addition, the 
average molecular weights obtained were lower than those obtained from the batch experiments (no sample 
fractionation), which indicated a possible retention of the sample in the columns. In order to discard the 
possible interaction between the polymer and the stationary phase the same samples were analyzed by AF4-
MALS. This time ideal elution was observed and the results obtained were in agreement with the results 
obtained from the batch experiments. Moreover, the mass recovery in the AF4-MALS was higher than in SEC-
MALS confirming the interaction of the polymer with the columns. 
These measurements demonstrated that the results obtained from SEC-MALS can be misleading and must be 
treated with care. Nevertheless, it has been verified that AF4-MALS is a very useful tool to avoid any interaction 
with the stationary phase and hence, achieve more reliable results. 
 
1. Tackx, P.; Bosscher, F. Anal. Commun. 1997, 34, 295-297. 
2. Berek D. Macromol. Symp. 2004, 216, 145-163. 
3. Podzimek, S.; Vlcek, T.; Johann, C. J. Appl. Polym. Sci. 2001, 81, 1588-1594. 
4. Kostanski, L.K.; Keller, D.M.; Hamielec, A.E. J. Biochem. Biophys. Methods 2004, 58,159. 
5. Gaborieau, M.; Nicolas, J.; Savec, M.; Charleux, B.; Vairon, J.P.; Gilbert, R.; Castignolles, P. J. Chromatogr. 
A. 2008, 1190. 215-223. 
6. Angoy, M.; Bartolomé, M.I.; Vispe, E.; Lebeda, P.; Jiménez, M.V.; Pérz-Torrente, J.J.; Collins, S.; Podzimek, 
S. Macromolecules, 2010, 43, 6278-6282. 
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Comparison of the elution curves obtained from SEC-MALS and AF4-MALS for the same poly N-vynil 
formamide sample
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Dissolution and scattering behavior of polyethylenes in dilute solutions and relations between molecular 
parameters. 
J.C.J.F. Tacx1, H.M. Schoffeleers2 and C. Wold 1  
1. SABIC Technology & Innovation, PO box 319, 6160MD  Geleen, The Netherlands 
2. DSM resolve, PO Box 18, 6160 MD Geleen, The Netherlands 
 
Ultra high molecular weight polyethylene (UHMWPE) is an important commercial polymer known to be difficult 
to characterize using dilute solution methods. A prerequisite for these methods is to have molecularly dispersed 
and stable solutions. For UHMWPE this is already difficult. Moreover, UHMWPE has a tendency to undergo 
shear degradation during size exclusion chromatography (SEC) measurements. The purpose of this study was 
to investigate the solution properties of UHMWPE using viscometry and lightscattering. 
Determination of nsp/c as a function of dissolution time using an Ubbelohde viscometer of ultra high molecular 
weight polyethylene (UHMWPE) is an excellent method to determine the rate of dissolution and the stability of 
the solution obtained. It is even possible to discriminate between dissolution and degradation. Processes which 
occur simultaneously in the solution. In principle, two categories of UHMWPE can be distinguished. One type of 
UHMWPE dissolves very fast and shows only a minor decrease of the nsp/c even after 72 hours after complete 
dissolution. The molar mass(Mw)-intrinsic viscosity[?], the molar mass-second virial coefficient(A2) and molar 
mass-radius of gyration(Rg) combinations fulfill relations that are valid for HDPE. The observed scattering 
functions (P(?)-1)  agree very well with the ones predicted using the model of Ptitsyn with an expansion 
coefficient of 0.07 for 1-chloronaphtalene and 0 for diphenylmethane(Theta solvent). These relationships were 
verified for molar masses up to 3750 kg/mol. Another type of UHMWPE dissolves (very) difficult and its nsp/c 
decreases continuously after reaching a maximum value. In this case the molecular parameters ((Mw), [?], (A2)  
and <Rg>) do not fulfill the relations for HDPE and the other type of UHMWPE. The discrepancy between 
observed and calculated scattering functions indicate the presence of high molar mass material. The presence 
or absence of the large molecules seem to be caused by the characteristics of the sample. The samples which 
show a very good dissolution behavior were made using very low temperatures which favour low entanglement 
concentration which in turn might lead to easy dissolution even at very high molar masses (3750 kg/mol).   
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Abstract
    

   

Two-dimensional (2D) chromatography has become an important tool for the polymer scientist interested in 
understanding polymer structure-property relationships and polymerization reaction pathways for example in 
the case of multistage polymerization reactions. This is especially useful when the material is a complex 
polymeric system. Another application of 2D is the determination of the impact of processing or environmental 
factors on the material. In this paper, 2D chromatography with GPEC (Gradient Polymer Elution 
Chromatography) in the first dimension and SEC (Size Exclusion Chromatography) in the second dimension is 
used to investigate various polymeric systems. The data offer a unique view point into the materials' 
composition and expose the mechanisms at play during degradation. 
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The degree of branching of branched polymers is most conveniently characterized by the contraction factors, 
viz., the contraction factor of the radius of gyration, g, defined as the ratio of the radii of gyration of a branched 
and a linear, chemically identical macromolecule with the same molecular weight (MW), and the viscosity 
contraction factor, g’, defined as the ratio of the intrinsic viscosities of a branched and a linear, chemically 
identical macromolecule with the same molecular weight. Whereas g can in principle be calculated for a 
branched molecule with a given topology, but is difficult to measure for low-molecular-weight macromolecules, 
g’ is difficult to predict but is relatively easy to determine experimentally. For branched molecules with a defined 
topology, the relation g’= ge holds, the value of the exponent e depending on the topology of the branched 
molecule and theoretically varying in a wide range of 0.5 – 1.5. In copolymers of a vinyl monomer with a divinyl 
monomer, the topology of branched molecules and therefore also e varies with conversion and often g’ is the 
only characteristic of the degree of branching available. 
 We studied intensely branching in various polymers, in particular in copolymers of styrene and divinylbenzene. 
Samples were taken at increasing degrees of conversion and characterized by size-exclusion chromatography 
with concentration, light-scattering and viscosity detection. The results were evaluated by plotting g’ as a 
function of log M. As in a given sample the degree of branching increases with MW, the typical dependence is 
a nearly linearly decreasing g’. 
 The physical meaning of g’ may not be quite clear at the first sight and usually is interpreted qualitatively as an 
increase in the density of packing of polymer segments within the domain of a macromolecule. We have shown 
that, assuming the validity of the universal-calibration concept, which stipulates that the hydrodynamic volume, 
VH , of a macromolecule equals the product of its intrinsic viscosity and MW, i.e., VH  = [?] M, irrespective of its 
chemical or physical constitution, the reciprocal value of g’ indicates the increase in the average volume 
fraction of polymer segments within the domain of a branched molecule in comparison with a chemically 
identical linear molecule with the same MW, a relatively lucid quantity.  
 A number of authors, including ourselves, observed for various types of statistically branched polymers 
multimodal molecular-weight distributions (MWD) for conversions at which the mass fraction of branched 
molecules became substantial. We propose the following general explanation for that phenomenon: Let us 
assume the primary, i.e., linear, molecules are perfectly uniform. Then, the MWs of branched molecules are 
integer multiples of MW of linear molecules yielding a discrete multimodal MWD. With broadening MWD of the 
primary molecules, the peaks corresponding to branched molecules with a particular number of branch points 
will overlap more and more, resulting in continuous multimodal MWDs and eventually in a unimodal MWD, 
predicted, e.g., for a MWD of primary molecules characterized by the ratio Mw/Mn=2. 
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The field of composite polymer materials is moving from conventional fillers towards fillers with at least one dimension in 
the nanometer length scale in order to develop materials with enhanced properties (e.g. mechanical performance and fire 
retardant behavior). Simultaneously with this trend polymer nanocomposite foams are developed as a new group of 
lightweight materials. The addition of well-dispersed nanoparticles prior to foaming of a polymer/resin often results in the 
formation of foams with an improved cell morphology, i.e. smaller and more uniform cell sizes. This effect is mainly 
ascribed to the fact that the nanoparticles serve as heterogeneous nucleation sites. Due to their reduced weight and 
improved properties nanocomposite foams are expected to replace conventional materials in construction, thermal 
insulation, fire retardant, sound insulation and other areas. In addition, nanocomposite foams can readily be obtained via 
established foaming techniques without serious adaption, thus in a cost effective way. Hence, nanocomposite foams are 
certainly considered as materials of the near future.  

.
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Presently, the best polymer solar cells reach power conversion efficiencies close to 10% in solar light. Polymer 
solar cells offer an opportunity for low-cost, large area renewable energy production. The lecture will give an 
overview of the operational principles, and the status and challenges of organic solar cells. 
 
The photoactive layer generally consists of a nanoscopic phase separation or bulk heterojunction between two 
complementary molecular based organic semiconductors to convert sunlight directly into electricity. The 
operational principle involves a complex sequence of events, starting with the absorption of light, followed by 
creation, separation, transport, and collection of charges. The power conversion efficiency depends on the 
quantum and energy efficiency by which photons from the sun are converted into current. To be efficient, 
absorption of light, charge generation, transport and collection all have to occur with high quantum efficiency 
and with minimal losses in energy.  
 
Design strategies and synthesis of new conjugated polymers for efficient solar cells will be discussed. New 
materials will be presented that have extended optical absorption and feature high, balanced mobilities for 
charges. The new materials can be processed into efficient solar cells, depending on molecular weight and 
processing conditions.  
 
Tandem solar cells form a promising strategy to further increase the power conversion efficiency of organic 
photovoltaics beyond the limits of single junctions. By combining the characteristics of representative single 
junction cells the optimal device layout can be accurately designed. Solution processed polymer tandem cells 
with an efficiency of 7% have been obtained.  
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Abstract

Organic photovoltaics (OPVs) have reached a mature stage with power conversion efficiencies around 8-10%. 
Next-generation OPVs requires the development of large-area OPVs with longer lifetimes and high stability. In 
order to improve OPV stability it is important to understand the different degradation mechanisms taking place 
in the device. Many characterization techniques have been applied up to date with this purpose. This work is 
part of a research collaboration established at the Third International Summit on Organic Photovoltaic Stability 
(ISOS-3) [1-3]. Seven distinct state-of-the-art organic photovoltaic (OPVs) devices were prepared by leading 
research laboratories (NREL, IMEC, HOLST, ISE, DTU Energy Conversion (former RISØ-DTU) and IAPP). The 
devices were aged at different degradation conditions at DTU: accelerated full sun simulation, low level indoor 
fluorescent lighting and dark storage. The first publication related to this work deals with the overall degradation 
behavior of the devices by reporting on the changes observed on power conversion efficiency with aging time 
[1]. The second report deals with the analysis of the degradation of the solar cells by the combination of 
different imaging characterization techniques such as laser beam induced current (LBIC), dark lock-in 
thermography (DLIT), electroluminescence (ELI) and photoluminescence (PLI) imaging [2]. Our third work is 
related to the application of the Incident Photon-to-Electron Conversion Efficiency (IPCE) and the in-situ IPCE 
techniques as tools to analyze the different degradation paths observed on the OPV devices [3]. In this work, 
we will give special attention to the polymer degradation observed on these OPVs, and discuss the findings 
observed by the combination of these different characterization techniques, especially IPCE, in-situ IPCE and 
the imaging characterization techniques.  
(1) Tanenbaum, D.M. et al. , RSC Adv. 2, 882-893 (2012).  
(2) Rösch, R., et al. Energ.y & Env. Sci. Advanced Article, (2012).  
(3) Lira-Cantu, M., et al. Submitted (2012). 
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Abstract

Morphology has become recognized as a major factor in determining the performance of organic photovoltaics 
(OPV) in recent decades.  Current OPV technology uses pairs of electron-donating and electron-accepting 
organic semiconductors to produce sufficient driving force for exciton separation into charge carriers.  When 
blends of the two components are use, an interpenetrating network of donor-rich and acceptor-rich domains 
needs the achieved, to transport free electrons and holes to their respective electrodes whilst avoiding 
recombination.  Device performance in these systems depends strongly on the characteristics of the interfaces 
between the components and of the network. Each level in the hierarchy of structure in thin films of OPV 
materials, from the molecular to the mesoscale, contributes to the construction of these interfaces and transport 
networks and ultimately influences the electronic performance of the solar cell device.  It is therefore necessary 
to capture multiple length scales of structure in these films to provide a complete view of the morphology and to 
understand the relationships between structure and device functionality.  This requires using complementary 
techniques to determine the structure at each length scale.  We report upon our studies of select OPV blends 
to elucidate structure-property relationships through characterization of structure at each relevant length scale.  
Combining thermal analysis, scanning probe microscopy, electronic characterization, secondary ion mass 
spectrometry and neutron and x-ray scattering, we highlight the challenges that can be encountered in the 
analysis of organic photovoltaic morphology. The combination of techniques provides a broader picture of how 
the organic semiconductor molecules themselves influence the final morphology and performance of the solar 
cell.
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Abstract
    

   

The increasing interest in conjugated polymers is due to the low cost processing methods and their high 
electrical conductivity. The main industrial applications of conjugated polymers are in organic field effect 
transistors (OFETs), organic light emitting diodes (OLEDs), organic solar cells etc. The performance of 
regioregular Poly(3-alkylthiophene)s (P3AT) polymers in organic field effect transistors are in great interest for 
using in printable electronics.   Accurate and reproducible characterisation of the electrical performances of 
organic semiconductor materials is a crucial point for comparison of different properties and their improvement.
Poly(3-hexylthiophene) (P3HT) is one of the most studied P3AT polymers and exhibits relatively high mobility. 
In current research the electrical characterization and corresponding correlation with structural properties is 
extended on another members of P3AT family. The field effect mobilities are measured for transistors based on 
P3AT polymers such as: poly(3-pentylthiophene) (P3PT), poly(3-hexylthiophene) (P3HT), poly(3-
heptylthiophene) (P3HeptT) , and poly(3-octylthiophene) (P3OT) and show that the mobility is decreasing with 
the increase of alkyl chain length. From the structural point of view for the longer side chain length dominates 
the flat-on orientation in contrast to the shorter alkyl chains which favour  edge-on orientation. From all 
investigated polymers  P3PT cast films are almost edge-on orientated and provide the highest mobility. 
Electrical performance of P3AT OFETs and their correlation with the structural properties will be discussed.  
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Poly (styrene-b- isoprene (1,4)) block copolymers where synthesized using anionic polymerization. A 
polystyrene precursor was prepared first (M~40 KD). The living poly-styrene solved in cyclohexane was then 
split in different base solutions. Each of these living polystyrene solutions was used to add a defined amount of 
polyisoprene (1,4). Finally we synthesized different block copolymers having the same polystyrene precursor 
but various polyisoprene chain lengths M~9 KD up to 90 KD. The synthesis was done in a high vacuum fully 
glass apparatus .  Butyl-Lithium was used as initiator; the solvent for the reaction was cyclohexane. The 
reaction was performed at room temperature. 
The analyses of these block-copolymers were characterized by GPC - copolymer analysis and 2-D 
Chromatographic analysis. 
The results of simple GPC measurements will be compared to the copolymer analysis based on the two 
copolymer calibration curves. Finally we will show the potential of  a real deformulation using the 2-D 
technique. 

    

   

2D Chromatography instrumental setup
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Abstract

The intelligent design of materials is the ultimate goal and motivation behind current innovative endeavors to 
understand the correlation between structure at the nanoscale and physical properties. The benefit from such 
an accomplishment would undoubtedly include savings of both time and capital. This fact is especially true in 
the case of the rheology of polymers in the melt. The need to predict the rheological response of important 
commodity polymers such as low density poly(ethylene) (LDPE) has resulted in numerous studies toward 
structure-property correlation as it pertains to processing in the melt. LDPE, like many industrially produced 
materials, does not have a well known structure. The number, length, and location of branches within the 
material remain elusive. Consequently, the approach to studies on the rheology of polymers in the melt has 
involved well-defined model systems. Long chain analogues of hyperbranched polymers known as HyperMacs 
(HM)1 are potentially useful model systems as they are intermediate in structure between DendriMacs (DM)2 
(long chain analogues of dendrimers) and industrially produced metallocene catalyzed branched polymers. 
HMs are synthesized from AB2 macromonomers in a one-pot Williamson ether synthesis. Although the 
coupling strategy results in a distribution of molecular weights and architecture, HMs have a linear and 
relatively well defined chain length between branch points. Size exclusion chromatography (SEC) is the most 
widely used technique for determination of the molecular weight distribution of polymers. SEC separates 
polymers according to their hydrodynamic size. However, SEC cannot identify what is referred to as the local 
polydispersity in an elution fraction. Fractions of analytes containing a distribution of structures and molar 
masses may elute at the same retention volume because they have the same (or very similar) hydrodynamic 
size. Temperature gradient interaction chromatography (TGIC) has emerged as a particularly powerful 
technique for the analysis of polymers with architecturally complex branched structures including H-polymers, 
stars, and combs.3,4 Furthermore, TGIC can resolve linear polymers with better resolution than SEC. TGIC is 
a variation of the solvent gradient technique as it uses a temperature gradient under isocratic conditions to 
fractionate polymers under reverse or normal phase column conditions. Isocratic conditions favor the use of 
light scattering and UV detectors in these analyses without the problems of baseline drift common in solvent 
gradient analyses. The scope of the current study involves the investigation of hyperbranched poly(styrene) 
HMs with TGIC. Previous TGIC analyses of branched systems have included polymers with (apparently) 
narrow polydispersity and low structural heterogeneity.3 The PS HMs in this study have a PDI greater than 2 
and a wide distribution of branched architectures. Usually, in order to resolve such a disparate set of molecular 
weights, one would need to use solvent gradient techniques. Nevertheless, one of the major aims of this study 
was to probe the limits of TGIC in the analysis of such structures, as they are industrially relevant model 
hyperbranched systems. Moreover, this analysis serves as a case study to follow the process of developing a 
method for the analysis of a hyperbranched polymer with TGIC.  
1.  Hutchings, L. R.; Dodds, J. M.; Roberts-Bleming, S. J., HyperMacs:? Highly Branched Polymers Prepared by the 
Polycondensation of AB2 Macromonomers, Synthesis and Characterization. Macromolecules 2005, 38 (14), 5970-5980. 
2.  Hutchings, L. R., DendriMacs and HyperMacs - emerging as more than just model branched polymers. Soft Matter 
2008, 4 (11), 2150-2159. 
3.  Chen, X.; Rahman, M. S.; Lee, H.; Mays, J.; Chang, T.; Larson, R., Combined Synthesis, TGIC Characterization, and 
Rheological Measurement and Prediction of Symmetric H Polybutadienes and Their Blends with Linear and Star-Shaped 
Polybutadienes. Macromolecules 2011, 44 (19), 7799-7809. 
4.  Chambon, P.; Fernyhough, C. M.; Im, K.; Chang, T.; Das, C.; Embery, J.; McLeish, T. C. B.; Read, D. J., Synthesis, 
Temperature Gradient Interaction Chromatography, and Rheology of Entangled Styrene Comb Polymers. Macromolecules 
2008, 41 (15), 5869-5875. 
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Abstract
    

   

Temperature-responsive hydrogels are of increasing interest for biological applications such as smart drug 
release and DNA sequencing [1,2]. The peculiarities of these systems are related to non-equilibrium processes, 
like gelation and melting, which give raise to significant structural and dynamical changes at the nanometer 
scale, on a length scale which is very difficult to study experimentally. In this work we present the first results 
on the gelation and melting kinetics of a thermoreversible methylcellulose physical gel by using X-ray Photon 
Correlation Spectroscopy (XPCS). XPCS is one of the few techniques which is able to investigate 
simultaneously dynamical and structural properties of a material in the crucial spatial range of few nanometers. 
Albeit XPCS has been successfully applied in these kind of studies for a wide range of materials in both soft- 
and hard condensed-matter science [3, 4], to the best of our knowledge, no studies on the gelation dynamics of 
thermoreversible physical gels are available so far. A possible reason can be related to the weak X-ray 
scattering intensity and the beam sensitivity of these systems. Our results show that by selecting carefully the 
experimental parameters and by using nanoparticles as tracers to track the occurring changes in the system, 
XPCS can also be used to study very soft and fragile systems, such as temperature-responsive hydrogels. A 
comparison with macroscopic rheological and calorimetric measurements confirms the reliability of our results. 
This finding opens new possibilities to acquire a deeper understanding of the gelation and melting dynamics of 
‘smart’ gels, which is crucial to optimize the systems for possible biological applications. 
 
[1] X. Xu, A.K. Jha, D.A. Harrington, M.C. Farach-Carsonb, X. Jia, Soft Matter 8 (2012) 3280-3294. 
[2] S. Seo, C.S. Lee, Y.S. Jung, K. Na, Carbohydrate polymers, 87 (2012) 1105-1111. 
[3] G. Grübel, A. Madsen, A. Robert, in Soft-Matter Characterization, edited by R. Borsali and R. Pecora 
(Springer) 2008, pp. 953–995. 
[4] O. Czakkel, A. Madsen, EPL, 95 (2011) 28001.
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Abstract
    

   

The metal of choice to treat critical size bone defects are up to today still titanium (Ti) and its alloys. These 
biometals posses advantageous characteristics for bone tissue engineering applications including excellent 
corrosion restistance, superior biocompatibility and appropriate mechanical properties. Despite the strong 
biocompatibility the bone binding capacity and the bioactivity of Ti(-alloys) are not sufficient to realise a true 
bond between the implant and the surrounding bone tissue, implying a non-optimal osseointegration. 
In the present work, we studied the immobilisation of the biopolymer gelatin type B onto the surface of three 
dimensional regular Ti6Al4V scaffolds to improve their surface bio-activity. Gelatin is derived from collagen, one 
of the main constituents of the extracellular matrix, and has already been used for numerous industrial, 
parmaceutical and biomedical applications. The successful immobilisation of the gelatin coating was due to a 
polydopamine interlayer, a polymer coating inspired by the adhesive nature of mussels. The presence of both 
coatings was demonstrated by different techniques including X-ray photelectron spectroscopy, surface energy 
determination and fluorescence microscopy. Results show a homogeneous coatings that are stable for at least 
24h in PBS at 37°C. During subsequent in vitro cell adhesion and culture studies with human periosteal derived 
cells we could observe a homogeneous cell distribution and the onset of a mineralisation process. This newly 
developed coating procedure outperformed the previously reported silanisation procedure for immobilising 
gelatin. 
The bio-activity of these stable gelatin coatings will be further enhanced by applying a secondary coating using 
the cell-attractive protein fibronectin. The reproducible immobilisation process developed will allow for a 
controlled biomolecule presentation to the surrounding tissue. 
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Abstract
    

   

An amperometric biosensor for the detection of phenolic compounds was developed based on the 
immobilization of tyrosinase within an Os-complex functionalized electrodeposition polymer. Integration 
of tyrosinase within the redox polymer assures efficient catechol recycling between the enzyme and the 
polymer bound redox sites. The non-manual immobilization procedure improves the reproducibility of 
fabrication process, greatly reduces the desorption of the enzyme from the immobilization layer, and, most 
importantly prevents fast inactivation of the enzyme by its substrate due to fast redox cycling. 
A two-layer sensor architecture was developed involving ascorbic acid oxidase entrapped within an 
electrodeposition polymer in a second layer on top of the redox polymer=tyrosinase layer. Using this 
sensor architecture it was possible to eliminate the current interference arising from direct ascorbate oxidation 
up to a concentration of 630 mM ascorbic acid. The effects of the polymer thickness, the enzyme=polymer 
ratio, and the applied potential were evaluated with respect to optimal sensor properties. The sensitivity of the 
optimized sensors for catechol was 6.1 nA mM_1 with a detection limit of 10 nM, and for phenol 0.15 nA mM_1 
with a detection limit of 100 nM. 
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Abstract

Poly(ether ketone ketone)s (PEKK)s are semicrystalline polymers based on phenyl rings linked by ether or 
ketone linkages (scheme 1a). As these polymers possess good mechanical properties and chemical resistance 
they are considered as very high performance thermoplastics and find use in electronics, aeronautics and 
medicine. However, due to their very low solubility towards organic solvents, their characterization is not easy . 
The aim of the present study is to identify and quantify defaults and impurities present in PEKK samples in 
order to optimize synthesis processes. In that purpose, Nuclear Magnetic Resonance (NMR) experiments have 
been tested to study polymer’s structure and to check the purity of polymers. Mass spectrometry protocols 
have been established to identify chain ends. As polymers generally lead to overlapped 1D NMR spectra due 
to the large amount of signals, it is necessary to try to improve the resolution. Classical homonuclear 2D 
experiments such as COSY and TOCSY are useful to establish correlations but still suffer from overlapping.  
Selective 1D experiments are attractive alternatives of the corresponding 2D methods, mainly because of their 
higher resolution. The selection can be performed using chemical shift selective filter, leading to the selective 
excitation of an overlapped multiplet. The result of a selective TOCSY 3, for example, is a very simple spectrum 
in which only the selected spin and its correlated spins appear.  
Moreover, with overlapped 1D spectrum, accurate quantification is impossible. The second dimension in 2D 
heteronuclear experiments such as 1H - 13C HSQC leads to a better resolved spectrum but these techniques 
are not quantitative. Heikkinen et al. developed a Quantitative HSQC (Q-HSQC), in which the correlation peaks 
intensity is independent of the 1JCH. The quantification of previously overlapped peaks in 1D spectrum is then 
possible. Mass spectrometry analyses of PEKK have never been published; only PEEK spectra have been 
reported, (scheme 1b). Matrix Assisted Laser Desorption/Ionization (MALDI) using Time Of Flight (TOF) 
detector has been used to analyze chain ends of PEKK samples. Sample preparation was optimized based on 
the choice of the matrix and the cationizing agent as well as the target deposition method.  
 
  Acknowledgements: This research is financially supported by ARKEMA, European FEDER funds and CNRS.
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  L.D. Hall et al., Journal of Magnetic Resonance, 76, 1988, 548 
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Abstract
    

   

Understanding of the behavior of water molecules interacting with polymeric chains is fundamental for the 
identification of mechanisms of controlled release from matrix systems. The presented study concerns water 
transport, distribution and mobility within the pharmaceutical polymeric matrix systems.  
Hydroxypropylmethylcellulose (HPMC) was chosen as a model gel-forming excipient due to its highly defined 
structure and various applications in pharmaceutical technology as a release controlling agent. We have 
analyzed the water transport within the matrix tablets made of: 
· pure polymer to record the interactions between water and polymer not biased by other excipients,  
· HPMC matrices containing easily soluble (L-dopa) or poorly soluble drugs (ketoprofen) in weigh ratio of 1:1.  
Multiparametric approach to the investigation of hydrated HPMC matrices by spatially resolved MR relaxometry 
was applied with in-plane resolution of 59 mm at 11.7T. Two MR imaging methods were used:  
· BLIP_MODES, a single slice, single echo method designed to broad line measurements  
· MSME as a supplementary technique for assessment of long T2 components 
Data processing and analysis provided parametric maps describing a distribution of four parameters for each 
spatial location of the hydrating HPMC polymeric matrix (relaxation times and amplitudes of two signal 
components) at 0.5, 1, 2 and 3h of hydration. Based on these results we have proposed new morphological 
characteristics of the hydrated polymeric matrix structure with five identified particular regions vs. two or three 
as obtained in previous studies [1,2,3]. The most interesting, rarely identified region is interface layer between 
dry glassy core and "gel layer" which in our approach consists of two sub-regions.  
Morphology assessed this way reflects molecular dynamics of the water in the matrix. In our results, the 
amplitude of the short T2 component increases along the tablet radius starting from the center of the matrix 
(like the water concentration in Kimber et al. [4] as obtained by a FTIR method) and after full hydration it 
decreases (like polymer concentration in FTIR study [4]). Total water concentration in both studies is constant 
behind the full hydration position. The short T2 component originates mainly from “bound” water (water coupled 
or in chemical exchange with polymer chains, which was hypothesized by Tritt-Goc et al. [5]). The long 
relaxation component can be regarded as originating from the "free water" pool.  
Differences in morphology and its evolution between the pure HPMC matrices and loaded with drugs were 
shown.  System with L-dopa forms gel layer, while system with ketoprofen does not. Interface layer in system 
with L-dopa is wider than in pure HPMC layer. 
 
The work was partially supported by the Polish Ministry of Science and Higher Education grant NN518 407438.
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Amplitudes of T2 components vs. tablet radius at 2 h of hydration for HPMC 10,000 cP, HPMC 10,000 cP + L-
dopa (LD), HPMC 10,000 cP + ketoprofen (KT) tablets. AS - amplitude of the short component, AL - amplitude 
of the long component. The following layers are marked: GC glassy core, I1 - the first interface layer, I2 - the 
second interface layer, FG - firm gel layer. Original tablet’s border is at 4.5 mm.
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Abstract
    

   

At large deformations, materials mechanical properties show large deviations from their otherwise linear 
behaviour. These nonlinearities are generally caused by microscopic strucural changes (reversible or 
irreversible ones), the formation of which can only reliably be asessed  by in-situ combined methods, such as 
rheo-SAXS or rheo-dielectrics. High field rheo-NMR has in the past been established as a valuable tool too, by 
groups in Freiburg [1] and elsewhere, it´s use, however, has mostly been limited to liquids of low viscosity or 
under steady shear conditions. 
 
For exact rheologic investigations of polymer melts or composites, electromagnetic actuators and transducers 
are needed, which cannot reliably be operated in the stray field of superconductive cryomagnets. New designs 
of permanent magnets [2] show a stray field that decays on a much smaller scale, and at the same time have a 
very small outline, making the integration of such a so-called Halbach array into a commercially available 
rheometer seem feasible [3]. 
 
With such a new setup, methods to investigate the dynamics of supramolecular systems by low-field NMR 
would become applicable to systems under (oscillatory) shear, giving new insights to the molecular and 
structural foundations of the mechanical properties of polymers and composite materials. We have built a rheo-
NMR system using a home-made magnet with 0.7 T (30 MHz proton resonance) installed in a Rheometrics/TA 
Ares rheometer, und would like to present the design and actual setup of the system, and first measurements. 
 
  
 
[1] C. Schmidt, Modern Magnetic Resonance, Part 3, Applications in Materials, Food and Marine Sciences, 
New York 2006, 1495-1501. 
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Abstract
    

   

Nuclear Magnetic Resonance is a powerful tool for the study of molecular dynamics – albeit a complex one. 
The observation of the abundant signal provided by the hydrogen nuclei alone, combined with the appropriate 
use of pulse sequences and the correct theoretical models, can give many informations about both structural 
and motional properties of polymers and organic molecules in general. 
In this work, a novel approach has been developed to probe the segmental alpha-relaxation process around 
glass transition temperature. This technique is, in principle, apt to examine any kind of rotational relaxation 
process in organic molecules. The work presented has been performed on solid state poly-butadiene in a 
temperature range going from 90 to 240 K. Assessment of dynamical properties has been performed by 
combining two different approaches: fitting of the shape of the so-called Free Induction Decay signal (FID), the 
most easily acquired type of NMR signal, and analysis of a specific kind of “spin echo” signal known as Magic 
Sandwich Echo (MSE). Both approaches were based on comparison with computer simulations performed with 
the software SPINEVOLUTION (by M. Veshtort and R. G. Griffin, 2006) and, most importantly, with an exact 
analytical solution for NMR signals as a function of the frequency of a segmental relaxation process which has 
been developed for this occasion.  
It is addressed how the method used is software-intensive and very easily employed experiment-wise, since it 
does not require some of the most expensive equipment or synthesis methods for the sample, like the addiction 
of deuterium, that are often used in NMR when investigating polymer dynamics. To facilitate the fitting of the 
signals with the new method, a software developed by the authors will be released to the public.
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Abstract
    

   

Polyethylene (PE) is a very important material. Nowadays, almost 30% of the world plastics production was 
dedicated to this polymer (77 million tons) [1]. It is a consumer polymer because of its moderate cost of 
manufacturing and its physical and mechanical properties compatible with various applications in everyday life. 
Indeed, PE is generally easily processable. It possesses an excellent electric insulation and shock resistance 
combined with a very good chemical and biological inertia [2]. 
 
However, to be competitive, PE production should be analysed on-line in order to quickly give the main 
properties of product (Melt Flow Index, additives, flaws ...) and so detect or prevent problems in production, 
which is source of bad pellets. In fact, plastics manufacturers do not want to have unmelted areas or oxidations 
on their film for example. 
 
Raman spectroscopy, a new technique of polymer process analysis, allows the detection of flaws and some 
other properties. Its use is nowadays growing fast because of advantages. It is a non-destructive method, 
capable of also giving useful information about the morphology of the polymer. This technique can be perfectly 
used in industry by means of adapted sensors and devices with more and more reduced dimensions [3]. 
Raman spectroscopy is used to obtain the characteristic temperatures of PE and information on the polymer 
structure [4], and with chemometric tools, it is possible to characterize grades of LDPE but also determine roots 
of oxidized pellets. 
  
The purpose of this article is to show how Principal Component Analysis (PCA) allows determining LDPE 
grades and how Partial Least Square method (PLS) and Raman spectroscopy can allow to quantify flaws of 
LDPE production and their ascribed causes. These results are correlated with those obtained by other 
techniques (IR, XRD). Moreover, we aim to understand the role of microstructure (intermediate phase) on these 
phenomena by Raman spectroscopy [5]. The final goal is to use these results in on-line analysis so that to find 
possibilities of quality control in industry. 
 
Keywords: Polyethylene, Raman Spectroscopy, chemometrics, quality control, on-line analysis, polymer 
processing. 
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Europe en 2009, activity report, http://www.plasticseurope.org/ 
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3D diagram of LDPE grades characterization based on PCA and Raman spectroscopy.
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Abstract

Degradation mechanisms of biodegradable photo-polymerised poly(DL-lactide-co-glycolide)1000 diacrylate 
{[(DL-LA/GA)DA]} matrices or films were studied by proton solid-state NMR relaxometry.  A flow NMR unit cell 
was developed for this purpose. The (DL-LA/GA)DA-network was degraded in PBS buffer solution of pH = 7.4. 
A real-time proton NMR method provided information about the staged break down of the network during 
continuous circulation of the buffer solution through the NMR tube. The current study shows that degradation of 
the network proceeds in three stages: 1 - extraction of a sol fraction that causes substantial immobilization of 
the material, 2 - scissions of network chains producing network defects without formation of extractable 
products, and 3 – finally, chain scissions that cause formation of a sol fraction and complete degradation of the 
material. It was shown that the [(DL-LA/GA)DA-network was composed of rigid and viscoelastic domains on all 
stages of degradation. This heterogeneity could be due to heterogeneous spatial distribution of network 
junctions in the initial network and/or nano-scale phase separation of polyacrylate chains that form 
multifunctional network junctions and poly(lactide-co-glicolide) network chains. A combination of bulk and 
surface erosion both on nano- and macroscopic scales could explain the observed degradation mechanisms. It 
is shown that knowledge of weight loss upon hydrolytic degradation is not sufficient for understanding 
degradation mechanisms in the relation to functional properties of this type of hydrogels.
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Introduction 
Nowadays, many different polymers are employed in the industry of manufacturing kitchen items and small 
devices. They include commodity polymers, like PE or PP, and more technical polymers, like PET or SAN.  In 
the domain of steam cooking devices, which are part of kitchen items, more specific polymers are used. A 
higher resistance in temperature is a needed property. Transparency and being unbreakable are also often 
needed. Polycarbonate (PC) presents these properties and is then currently used in steam cooking devices. 
But PC is sensitive to hydrolysis [1], and studies have proved that Bisphenol A, which is both a monomer 
employed in the fabrication of PC and an endocrine disruptor, can sometimes be released from PC by 
hydrolysis, especially at temperatures above 60°C [2,3]. This is why making baby bottles in PC is already 
forbidden in many countries; a French law has for goal to ban Bisphenol A from all food containers in 2014, 
including steam cooking devices. In order to prevent this ban, new ways of steam cooking are currently studied, 
and new polymers will be employed. A way of research is the employment of reusable polymer bags  made of 
materials approved for food contact. But before manufacturing, preliminary studies of their possible degradation 
should be performed. 
 
Materials and methods 
Different types of polymer films have been studied, including commodity, technical, and fluorinated polymers. 
This study concerns 3 of them: a Fluorinated Ethylene-Propylene (FEP) film, a Polychlorotrifluoroethylene 
(PCTFE) film, a Polypropylene/Polyamide6 (PP/PA6) bilayer film. Bulk polycarbonate (PC) was also studied in 
order to have a base of comparison. These polymers were aged in distilled water at 100, 120 and 140°C into 
hermetically closed autoclaves. Samples were studied after 24h, 48h, 170h (1 week), 340h (2 weeks) and 1000 
hours. Study of modifications in their melting points (Tm, if present) and glass transition temperatures (Tg, if 
present) by DSC were performed. Changes in their degradation temperatures were investigated by TGA under 
nitrogen. FTIR  intensities of bonds were studied, as well as weight change of the samples during time. Visual 
appearance was also an important criterion. 
 
Results and discussion 
The results show an important and fast degradation of PP/PA6 at 100°C, and especially the Tm of PA6 
decreases from 219°C (virgin PA6) to 210°C (aged 1000h at 100°C). This is also observed by FTIR, through 
the decrease in height of C=O peaks. PC is slightly degraded after 1000h at 100°C (0,18% weight loss) but 
highly and quickly degraded when tested at 140°C (fig. 1). TGA confirms these behaviors.  
In the latter conditions, PCTFE displays an increased fragility confirmed by the weight test (4,85% mass loss). 
FEP does not present any sign of degradation after being tested 40 days at 140°C in water.  
 
Conclusion 
This study confirms the high sensitivity of polycarbonate at elevated temperatures, especially above 100°C. It 
also shows that a fully fluorinated polymer like FEP has exceptional stability in severe conditions. This polymer 
does not degrade and does not release Bisphenol A. Thus, this material can be considered as a good 
alternative for manufacturing inert and safe cooking devices to be used at temperature above 100°C in 
presence of water.  
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Figure 1 : Polycarbonate glass transition evolution when tested at 140°C
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High performance polymers such as liquid crystalline polymers – LCP have numerous applications and 
potential use in sectors such as aerospace, chemistry, medical, energy, electronics and transportation. These 
polymers are characterized by uncommon physical properties : excellent mechanical properties even at high 
temperature, outstanding chemical resistance, ionizing radiation resistance. Solubility of such materials is 
limited and the characterization in liquid state as in SEC chromatography is difficult.   
Different routes are currently used to solubilize polymers with their own advantages and pitfalls. This 
presentation will first review some laboratory methodologies and secondly present new results developed for 
PAEK, LCP and Polyphthalamides - PPA.  
Our approach is to solubilize directly polymers at low or medium temperature. As SEC is a useful tool to 
characterize the polymer degradation, chemical derivatization and high temperature preparation are avoided to 
keep the structure unchanged before any kind of expertise. In this way, the following analysis enables the use 
of classical liquid chromatography equipped with information rich detectors (UV, MALLS, viscosimetry, NMR). 

    

   

SEC elugram of some LCP-Liquid Crystal Polymers
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The 25th anniversary of the founding of ISPAC motivates consideration of developments in polymer analysis 
and characterization through the intervening years as represented in ISPAC lectures and Short Courses.  
Those developments have involved many diverse elements, including the need to characterize ever more 
complex polymer structures devised for use in developing technologies, the availability of instrumentation 
based either on well-known methods enhanced for better performance or recently developed or existing but 
less used methods devised to meet the needs of newer technologies.  Although a discussion of the totality of 
these is beyond the scope of a 30 minute presentation, some highlights involved in the research of present and 
past members of the Governing Board of ISPAC will provide a focus.  Examples to be discussed include static 
and dynamic light scattering, various chromatographic separations, such as size exclusion (SEC), temperature 
gradient elution (TGEC) and interaction adsorption elution (IEC), and the combination of these in series, along 
with the use of multiple detectors to elaborate the chain structure and its chemical composition and the 
distribution of these in complex polymer systems. The use of multiple detectors (so-called "hyphenated 
techniques"), rare at the founding of ISPAC, has become a hallmark of current technologies, especially in SEC 
analysis, for which the use of online static light scattering, viscometry and absorption spectroscopy find use in 
addition to the refractive index detectors originally dominate in SEC.  More specialized detectors, including 
even nmr have been applied as well, but these often are not suited to online use owing to the time and/or 
sample size required for data acquisition, and are applied off-line, e.g., for dynamc light scattering, or nmr or 
infra-red spectroscopies.  In particular, some of the advances in instrumentation and the use of computational 
aids that have enhanced the scope of nmr analysis for both solid and solution samples will be mentioned.  
Similarly, advances in the rheological characterization of polymeric fluids have benefited by advances in 
simulations of model behavior, and the availability of better defined model polymer structures (e.g., branched 
polymers) for rheological study and simulations.  Indeed, improved well-defined model polymers have played a 
central role in advancing the understanding of polymeric behavior as well as providing new technologies. 
Atomic force microscopy (AFM) has evolved and received attention at ISPAC from its earliest years.  Those 
years coincided with increasing interest in the morphology of thin polymeric films as those became key 
components in optical and electronic applications.  A wide range of technologies have been adapted to AFM: 
methods for the study of surfaces under a liquid, especially relevant to some biological macromolecular 
samples; rudimentary viscoelastic evaluation of the (near) surface; single-macromolecule imaging and 
deformation; the chemical composition or work function of the surface; and others.  Grazing angle scattering 
(GAS) of electromagnetic radiation, especially x-rays or neutrons, affords an important addendum to the 
structural information on morphology of the (near) surface gained by AFM; the availability of synchrotron 
radiation beamlines for x-ray scattering makes x-ray GAS suitable for samples with electron density differences 
among morphological features near the surface.
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Abstract
    

   

Merging competences from polymer chemistry, materials and surface science triggered the development of a 
wide variety of methods for modifying biomaterials with polymers.  
These approaches are often involving the controlled functionalization of surfaces with polymeric species 
featuring precise chemistry, dedicated molecular architecture and tunable physical properties.  
 
Experimentalists from industry and academia thus turned their attention to the quest for full control over “non-
classical” parameters such as polymer surface density, chain configuration at interface and nano-film 
thickness. 
 Precise adjustment of these characteristics enabled the realization of new coating techniques for biomaterials 
engineering, while growing interest has been devoted to analytical methods for ex-situ and in-situ 
characterization of interfacial phenomena.
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Crosslinking of polymeric matrices allows to impart to the resulting materials improved properties such as larger 
wear resistance, increased stiffness or decreased creep. It also gives rise to new materials such as hydro- or 
lipogels or shape memory materials.  
 
Reversible reactions such as the [2+2] photochemical dimerization of coumarin derivatives or the [4+2] 
thermoreversible Diels-Alder cycloaddition have been used to crosslink multifunctional polymers in order to 
produce networks based on strong carbon-carbon covalent bondings. Upon adequate trigger (UV irradiation or 
heating, respectively) these bonds can be reversibly broken, allowing re-processing of the polymer matrix.  
 
Functional polydimethylsiloxane rubber has been reacted with 7 chlorocarbonylmethoxy-4-methylchromen-2-
one to obtain a PDMS-based polymer able to crosslink upon UV irradiation (> 310 nm) by [2+2] 
cyclodimerization of the 4-methylchromen-2-one (methylcoumarin) moieties. The dimers can be cleaved upon 
UV irradiation (< 300 nm). The reaction has been followed by rheology and by fluorescence microscopy on 
patterned crosslinked silicon rubbers. 
In another approach, well-defined star shaped poly(?-caprolactones) have been modified at their chain end by 
either a diene (furan, anthracene,…) or maleimide as a dienophile, then melt processed and cured to form well 
defined thermally reversible semi-cristalline networks exhibiting excellent shape-memory properties as 
evidenced by DMA. Reversibility of the network formation has been assessed by rheology. 
 
Dedicated applications in the biomedical area are foreseen for these new materials and will be described. 
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The field of tissue engineering aims at repairing damaged and/or diseased tissue hoping to reconstitute tissue 
functionality. Currently, tissue regenerative strategies often revolve around biomaterial scaffolds which serve as 
a support and template to guide the tissue regeneration process. Polymeric biomaterials used for these 
purposes have been selected for their biocompatibility and relative inertness in vivo. This is of great importance 
since immunological response as well as toxicity must be minimized. Although these materials are well suited 
to provide mechanical support to the tissue formation process, they insufficiently provoke specific biological 
actions from the host thus undermining the tissue formation process. The inherent bio-inertness of such 
implantable materials requires us to consider novel biomaterial-host interfaces. The development of instructive 
materials which can specifically interact with cells and be compartmentalized in host tissue is challenging.   
Compartmentalization in vivo is frequently accomplished by domain separation using lipid bilayers. The cell 
membrane for instance consists of a complex lipid bilayer with integrated proteins essential for cell 
homeostasis and cell communication. These proteins are laterally segregated in part by the different phases 
(lipid rafts) that coexist in a mixed lipid bilayer system. Besides the high degree of self-organization, lipid 
bilayers provide a non-fouling interface. This platform, adopted by nature, has great potential to serve as an 
artificial interface to specifically communicate and interact with cells. Moreover, its self-patterning capacity 
could be used to yield patterned biomaterial surfaces in complex 3D geometries which are very difficult, if not 
impossible, to prepare with current technology. Results on the development of biomaterial supported lipid 
bilayers and evaluating its performance in cell studies will be presented. These bilayers will be modified to 
express bio-active moieties. In all, mimicking nature’s lipid interface on biomaterial scaffolds could prove 
invaluable for biomedical applications and cell studies. 
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Dendritic polymers are highly branched structures with a huge number of functional groups and a great 
application potential. Particularly the perfectly branched dendrimers are dense molecules with advantageous 
physical and chemical properties. Due to well-defined dimensions, surfaces and internal space, applications of 
biomedical interest such as targeted drug-delivery, molecular containers, catalyst support and biomimetric 
materials as well as the modification of biomaterial surfaces for implantation or wound-healing applications 
have been proposed. However classical dendritic polymers are limited in size of a few nanometers due to 
sterical limits. Combining linear and dendritic polymers, linear side-chain functionalized polymers, the 
dendronized polymers, have been developed. This special group of dendritic polymers exhibits a linear 
backbone with a number of grafted, dendritic side chains. On this way it is possible to reach large dimensions 
and high molar masses.[1,2] 
However, the complex branching structures entail challenging molar mass characterization. The separation of 
these polymers is strongly limited due to their large dimensions and high number of functional groups leading to 
interactions with the column packing and aggregation. Due to these facts asymmetrical flow field-flow 
fractionation (AF4) has been used for their molar mass and size characterization together with dynamic light 
scattering (DLS) and atomic force microscopy (AFM). The combination of these techniques enables clear 
understanding of the shape of the dendronized polymers on a molecular level on the one hand and on the other 
hand their aggregation behaviour could be systematically studied.  
The investigated dendronized glycopolymers have been prepared by modification of maleimid copolymers with 
L-lysine dendrons. A subsequent modification with D(+)-maltose establishes a oligosaccharide shell along the 
polymer chain. Subject of the presentation is the molecular investigation of these structures and their 
aggregation behaviour depending on concentration, generation number and pH value. Therefore aqueous 
eluents with different buffer systems and pH values for the determination of the radius of gyration have been 
used. The hydrodynamic diameter obtained by DLS supported these results. Microscopic investigations 
provided the visualization of the molecules and the aggregates. Information about the shape of the molecules 
are gained by theoretical considerations and molecular dynamic simulations. 
 
[1] J.M.J. Fréchet; D. Tomalia, “Dendrimers and Other Dendritic Polymers” , Wiley (2001) 
[2] H. Frauenrath, Prog. Polym. Sci. 30 (2005) 325–384 
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The widespread use of Polysaccharides like Hyaluronan, Chitosan and Carrageenan in applications as broad 
as medical, cosmetics and foods generates a demand for ever more detailed and accurate material 
characterization. Applications require ever higher material specifications, and business need ever leaner 
production techniques. Shorter consumer product cycles also put pressure on the development teams. This 
results in requests for shorter development times and more specific information about the materials used. 
 
Changes in material properties, originating from batch to batch variability of natural source materials or from 
treatment of the materials can determine the suitability of a material for a particular application. For certain 
applications the final product properties have to comply with regulations, and can mean that  characterisation is 
required all the way from goods-in to R&D and final product quality control. 
 
Size exclusion chromatography (SEC/GPC) offers ways to characterize samples on a molecular scale and 
Rheology offers insights into properties on a more macroscopic scale. 
 
Linking the knowledge about material properties, the do’s and don’ts of the characterization methods and 
application requirements lead to a solid knowledge base to build on. Examples will be presented of the 
characterization of polysaccharides, explaining how the obstacles of characterization are overcome.
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Abstract

Active packaging is an emerging technology that could have a significant impact on shelf life extension and on 
food safety. Use of naturals compounds and antimicrobial agents in food packaging can control the microbial 
population or inhibit its growth and target specific microorganisms to provide higher safety and quality 
products[1]. Many classes of antimicrobial compounds have been evaluated in film structures, synthetic 
polymers and edible films[2]. In this work, we study the sorption/desorption of some active biomolecules in the 
active compounds packaging into aqueous food simulants, distiled water, 3% aqueous acetic acid and 40% 
aqueous alcohol. We complete the study by testing the antimicrobial performances of these active packaging 
systems. 
 
The sorption/desorption from active packaging (m-PE films, PP pots and PP-vegetal fiber composite pots) used 
for meat and dairy products was studied in distilled water, 3% acetic acid and 40% aqueous ethanol. Test 
conditions for packaging material/food simulant contact and method of overall migration analysis were 
performed according to the EU directives and CEN-standards. In order to evaluate the antimicrobial activity of 
this packaging, B. subtilis and E. coli were used for microorganism test[3]. The tests were carried out without 
contact with the microorganisms. The whole was incubated in an oven at 37°C. The cultures were analyzed by 
counting and observing the growth of bacterial colonies after 0h, 24h, 48h, and 14 days. 
 
The obtained results show that for some tested samples, films and plastics (m-PE films and PP pots) values of 
overall migration into aqueous simulants are significantly lower than the upper limit (10 mg/dm2) for overall 
migration from plastic packaging materials and articles into food and food simulants set by the EU Directive 
90/128/EEC and their revisions. The values of overall migration of active organic compounds from PP-vegetal 
fiber composite pots into the same aqueous food simulants are significantly higher than thoses found for 
samples without fibers. Global migration values of tested samples films and pots into aqueous food simulants 
seems to be independent of material thickness. 
Microbiological analysis confirms the delay or the inhibition in growth or even the anihilation of the bacteria in 
presence of active film. The tested samples inhibit completely the growth of bacteria (Bacillus subtilis tested 
here), when deposited in the petri dish just after sowing, i.e. bacteria have not yet had time to develop and to 
form a colony. When the samples are deposited after the formation of colonies just visible to the naked eye, 
they stop more or less the growth of colonies, but do not kill all cells as the colonies are still visible after 14 
days. 
 
The results show that the quantity of desorbed products are lower than the established limit (10mg/dm²)[4]. 
However the desorption of natural active extract over time is sufficient to inhibit microorganisms. The promising 
results obtained in this work are the basis for further study which focuses on the optimization of the active 
agent concentration and fiber content in films. 

    

   

    

46



Session 4: Polymers in Biomedical Applications CL-27
    

THIN FILM CHAIN ORIENTATION AND THE ANTI-POLYELECTROLYTE 
EFFECT OF ZWITTERIONIC POLYMERS MEASURED WITH 
SPECTROSCOPIC ELLIPSOMETRY

    

De Grooth, Joris, Ogieglo, Wojciech, Gironès, Miriam, Nijmeijer, Kitty, Benes, Nieck
    

Membrane Science and Technology, Mesa+, University of Twente, P.O. Box 217, 7500 AE Enschede, The 
Netherlands

    

Abstract
    

   

Recently, polymers containing zwitterionic moieties are gaining evermore attention [1-3]. Their antifouling 
properties make them excellent candidates for biocompatible materials. But also in industrial applications, they 
are used to achieve anti-fouling surfaces. Next to this, polyzwitterions are also applied based on their specific 
interactions with ions. When exposed to aqueous salt solutions the swelling and solubility of zwitterionic 
polymers is increased (the “anti-polyelectrolyte effect”). All these properties make them interesting candidates 
for thin film applications, like membrane filtration. In membrane filtration it is essential to have a thin film in 
order to reduce the transport resistance, and therefore it is preferred to study the confided geometry. In this 
research the “anti-polyelectrolyte effect” of thin films of zwitterionic random copolymers is investigated with in-
situ Spectroscopic Ellipsometry. This technique allows for an accurate analysis of the in-situ swelling of the thin 
films due to the nondestructive character and fast data acquisition [4]. 
The zwitterionic copolymers were obtained via a heterogeneous copolymerization of [2-
(methacryloyloxy)ethyl]dimethyl-(3-sulfopropyl)ammonium hydroxide (SBMA) with n-butyl acrylate (nBA). Thin 
polymer films of 50 to 500 nm were obtained via spin coating on a silicon wafer. A typical dynamic swelling 
curve is represented in Figure 1A. After an initial fast thickness increase, the polymer shows a slow secondary 
relaxation. In the initial jump, a gradient of the refractive index is observed which is attributed to the diffusion of 
ions through the thin film. During the relaxation, the gradient diminishes and anisotropy starts developing. 
Although anisotropy is common for crystals and glassy polymers [5, 6], to our knowledge this has not yet been 
observed for rubbery polymers like p(SBMA-nBA).  
We present the effect of both concentration and type of electrolyte on the swelling behavior of thin zwitterionic 
polymer films. As shown in Figure 1B, clear differences are found for different ions. At low concentrations, the 
order for the swelling degree of the cations is Ca2+ < Li+ < Na+ < K+. Above a certain concentration (0.8 M), 
LiCl shows an anomalous behavior. The typical swelling curve depicted in Figure 1A disappears and a 
sigmoidal swelling behavior is observed. Furthermore, this is accompanied by a significant increase in swelling 
degree and the disappearance of anisotropy. These results suggest the loss of interchain interactions at high 
lithium chloride concentrations, an effect that has not been reported in literature yet. The information obtained 
via these experiments will be used to characterize the performance of membrane based on the polyzwitterions.
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Figure 1: A) Typical dynamic swelling curve of thin p(SBMA-nBA) films (~400 nm films). B) Effect of 
concentration and cation on the maximum swelling degree of zwitterionic p(SBMA-nBA) films.
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INTRODUCTION 
In Europe alone, over 4.35 million deaths are annually attributed to cardiovascular diseases including 
aneurysms [1]. The requirements of an aortic prosthesis include the presence of a non-thrombogenic surface, 
sufficient mechanical strength and host compatibility[2-4]. At present, the most commonly applied prosthetic 
grafts are manufactured using poly(ethylene terephthalate) (PET)[4]. However, these grafts still present severe 
drawbacks including their lack of distensile properties and blood incompatibility[4].  Due to the hydrophobic 
nature of PET, platelets adhere on its surface, thereby generating thrombosis which can result in occlusion of 
the graft[2] and ultimately in prostheses failure. 
MATERIALS AND METHODS 
In the present work, commercially available PET foils (Goodfellow, biaxially oriented) were applied as 
substrates to perform surface modification. Briefly, the modification implies a two-step process in which, first, a 
primer layer is covalently grafted onto the substrate enabling, in a subsequent step, the attachment of a 
biopolymer coating (i.e. gelatin). Gelatin has been selected due to its non-toxic nature, biodegradability, low 
price and cell-interactive properties. The rationale behind is based on the fact that PET is lacking functional 
groups on its surface, disabling the possibility to graft biopolymers, hence an intermediate “coupling agent” is 
used.  
RESULTS AND DISCUSSION 
Up to now, most gelatin coatings applied on PET implied the physical adsorption of the protein on the surface 
resulting in the formation of an initially stable protein layer, but not durable over time. As a result, a chemical 
approach to couple gelatin to PET, as reported on herein, is necessary. In the present work, the effect of 
applying several surface modification parameters (including the coupling agent concentration, the applied 
solvent, the buffer type used, etc) on the conformation of the gelatin layer applied has been studied. The 
biopolymer conformation is of relevance as cell adhesion might be influenced by the protein conformation on 
the polyester substrate.  
An in depth characterization of the materials developed was performed using ATR-IR spectroscopy, static 
contact angle measurements, atomic force microscopy and X-ray photoelectron spectroscopy. The stability of 
the coatings was determined via incubation in SBF at 37oC. In addition, radiolabelling was applied to quantify 
the gelatin amount present on the PET surfaces. In order to investigate the homogeneity of the protein coating, 
fluorescence microscopy has been applied.  
CONCLUSIONS 
The main aim of the present work was to obtain a stable/durable protein coating on PET for cardiovascular 
applications. In addition to the surface modification strategy, an initial study on the dependence of the protein 
conformation on modified PET-samples was performed 
REFERENCES 
[1] European Cardiovascular Disease Statistics, 2005 edition, Dept. of Public Health, University of Oxford  
[2] Wang, X., P. Lin, et al. (2007), World Journal of Surgery 31(4): 682-689.  
[3] Chaouch, W., et al., Journal of Biomedical Materials Research Part A, 2009. 91A(3): p. 939-952.  
[4]Greenwald SE, Berry CL, Journal of Pathology 2000;190:292-299.  
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AFM and SEM images of surface modified PET
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Abstract

 The interest in using polymeric materials derived from renewable resources increases by the day because of 
the considerably improved environmental conscientiousness of society and the fear from the depletion of 
petrochemical based plastics. Poly(lactic acid), PLA, seems to be the polymer which exploits the most 
successfully this surge of demand for such materials and satisfies the requirements of large scale processing 
and application at the same time. PLA has several advantages, among others it can be produced from 
renewable resources, it is recyclable and compostable, it has good stiffness and strength, and its properties 
can be modified and adjusted to a large number of applications in various ways. On the other hand, this 
polymer has some drawbacks as well, including moisture sensitivity, fast physical ageing, poor impact 
resistance and relatively high price. As a consequence, many attempts are being made to modify it by various 
ways.  
 
 One way of modification is the preparation of composites from PLA and inorgan-ic fillers or natural 
reinforcements. One of the most important factors determining the properties of such heterogeneous materials 
is interfacial adhesion. The views about inter-facial adhesion are rather contradictory in the literature. Both 
weak and strong adhesion was found in composites prepared with inorganic fillers, but most authors assume 
the formation of strong interactions. On the other hand, the analysis of papers available shows that based on 
their results, most authors arrived to the conclusion that the interac-tion between PLA and lignocellulosic fibers 
is weak. We must consider here, however, that this conclusion was drawn mainly from the results of tensile 
tests and from SEM mi-crographs. Several micromechanical deformation processes were shown to take place 
during the deformation and failure of polymer/wood composites. These processes are competitive and they can 
often proceed simultaneously. As a consequence, micrographs taken from fracture surfaces are complex and 
difficult to interpret. Void formation indi-cating debonding, pull-out, and also fiber fracture are often observed 
simultaneously on them. The first two processes are easier to observe and interpret thus the conclusion that 
weak interaction develops between the components is almost evident. Similarly compli-cated is the 
interpretation of the composition dependence of tensile yield stress or tensile strength. Weak interfacial 
adhesion is often deduced from the fact that these mechanical properties decrease with increasing amount of 
the lignocellulosic fibers. We must keep in mind, however, that besides adhesion the extent of reinforcement 
depends also on other factors like matrix properties, aspect ratio and orientation. The composition dependence 
of strength cannot be interpreted without the consideration of these factors. 
 
 The presentation discusses most of these apparent or real contradictions. First, it analyzes the physical aging 
of PLA and then discusses ways to determine interfacial in-teractions in PLA/lignocellulosic fiber composites. 
Methods detecting and identifying micromechanical deformation processes will be presented subsequently 
followed by the discussion of the effect of interfacial interaction on the dominating deformation process. The 
significance of these processes for the performance of the composites in question will also be pointed out at 
the end of the presentation. 
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Abstract
    

   

Over the last decennia mono-material concepts such as self-reinforced polymer composites based on oriented 
polymer fibres or tapes bonded together by a polymer of similar origin have emerged as promising new 
materials for lightweight structures with added ecological benefits due to their good recyclability. This 
presentation will report on recent developments in the field of self-reinforced polymer composites including 
systems based on PP, PE, PET, PLA, PPTA and cellulose.  
Next to environmental benefits as a result of their mono-material character which facilitates recyclability, and 
their lightness due to the replacement of (heavy) glass fibres by lightweight polymer fibres, these materials 
have also shown to exhibit competitive mechanical properties compared to their traditional counterparts. The 
main reason for their excellent mechanical properties is often the high reinforcement content in these types of 
composites. Since processing of these materials is based on non-traditional – non-impregnation based – 
processes their reinforcement content is not limited to the traditional 50-60 vol.%. Instead fibre volume fractions 
in these materials can often exceed 80-90 vol.% (and in some cases even 100%), giving them their 
advantageous mechanical characteristics.  
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Abstract

A recent trend in polymer research is to use natural renewable materials as "green" raw materials for industrial 
applications. One of the applications pursued by the authors is to produce polymeric composites consisting of a 
polymer and an agricultural byproduct or waste.  In this way, there is no cost in the disposal of the agricultural 
waste, and the filler can actually lower the cost of the polymer.  The authors have examined the possibility of 
using cotton byproducts, nutshells from pistachio, almond and walnut, and common beans as potential fillers 
for composites in poly(lactic acid) (PLA) and low density polyethylene (LDPE).  PLA is a biodegradable polymer 
that has found application as sutures, stents, dialysis media, and drug delivery devices.  LDPE is a high-volume 
industrial polymer that has numerous uses, such as packaging, tubing, plastic wraps, and various molded 
equipment and parts.  We have prepared the appropriate polymeric composites by melt blending and extrusion.  
For both PLA and LDPE, filler addition slightly changes the composite’s thermal properties but significantly 
reduces the composite’s mechanical properties.  Drying the filler prior to extrusion results in composites with 
better tensile strength and Young’s modulus.  The use of maleic anhydride and peroxide tends to improve the 
mechanical properties of LDPE, but the effect on PLA is variable.  The PLA-filler composites may be used to 
lower the cost of polymers in applications that can tolerate the reduced properties.  The addition of agricultural 
fillers to LDPE might be beneficial in applications that require lower cost, improved stiffness, or enhanced 
biodegradability.
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Abstract
    

   

The world is in urgent need of a modernized power grid to meet the growing demands for a reliable, cost-
effective and environmentally responsible power solution. The important goal to drastically reduce the carbon 
dioxide emission requires utilizing distant energy sources (hydro and solar) as well as significantly increasing 
capacity of long-distance transmission of electric power, where the high voltage direct current (HVDC) 
technology is considered as the most feasible technical and economic solution. In addition, a smarter electricity 
grid could fundamentally change the way people pay for and manage their electricity use;  including local 
energy generation and energy storage. Of crucial importance to provide a reliable, safe and energy efficient 
network is the choice of the insulation material present in every electrical apparatus. A general tendency has 
been that insulation systems in high voltage equipments become exposed to higher electric, thermal, 
mechanical and environmental stresses. For working properly under these conditions, during numerous years 
of service, the materials have to meet certain property requirements and, most importantly, they must obey 
excellent long-term stability. Nanostructured polymeric materials provide a great number of opportunities in this 
context thanks to their high specific interfacial area; providing an exciting molecular toolbox for obtaining 
excellent insulation materials. This presentation will address the relation between the structure of polymer 
nanocomposites and the desired properties as high voltage insulation materials. This include enhanced 
mechanical properties of machine insulation using surface-modified alumina oxide nanoparticles dispersed in 
epoxy. The possibilities of tuning non-linear conductivity using different types of semiconducting nanoparticles 
in silicone rubber, thereby controlling the electrical field will be illustrated. Finally the effect of different surface 
modification of alumina oxide nanoparticles in polyethylene-butylacrylate on electrical properties and thermal 
stability will be shown. In addition some potential drawbacks of using polymer nanocomposites in high voltage 
insulation is discussed.
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Interfacial adhesion is extremely important in all composites used in load-bearing applications. Improper 
adhesion leads to the debonding of the components, the development of voids which may merge to large 
cracks and lead to the premature failure of the part. The strength of interfacial adhesion can be estimated 
reasonably well by the determination of the reversible work of adhesion. This quantity can be calculated from 
the surface tension of the components and/or acid base interactions when interfacial adhesion is created by 
secondary, van der Waals forces. Very good correlations were found between interfacial adhesion and various 
mechanical properties in several composites. However, when adhesion is created by other mechanisms, like 
covalent bonding or the interdifussion of macromolecules, the reversible work of adhesion approach cannot be 
used any more for the estimation of interfacial adhesion. In order to circumvent this problem an approach was 
proposed for the quantitative determination of adhesion strength in composites, in which adhesion is created by 
other mechanisms than secondary interactions. The approach is based upon a model, which gives debonding 
stress as a function of interfacial adhesion. Debonding stress is determined experimentally by acoustic 
emission measurements. The mechanism of deformation was checked by SEM experiments and the approach 
was verified on composites with known interfacial adhesion. The results obtained showed that the use of 
functionalized polymer in PP/CaCO3 composites resulted in adhesion strength one order of magnitude larger 
than without the coupling agent. The application of various surface modification techniques in PP/glass bead 
composites yielded different adhesion values covering a range of about one order of magnitude. The 
calculations were extended for natural fiber reinforced composites as well. The quantitative determination of 
interfacial adhesion makes possible the design and optimization of most surface modification techniques in 
particulate filled and short fiber reinforced composites.
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Coherent anti-stokes Raman scattering (CARS) microscopy is an imaging technique based on contrast derived 
from Raman-active molecular vibrations. CARS is a non-linear four-photon process and often combined with 
other processes such as second harmonic generation (SGH) and fluorescence. During the last years, high-
resolution CARS microscopy combined with multimodal imaging has been applied successfully to assess 
biological tissue structure or cell arrangements as well as to monitor dynamic cellular processes. The 
advantage of CARS over linear Raman spectroscopic imaging is improved signal sensitivity which enables to 
scan over a large area within few seconds. As in Raman spectroscopy, no sample preparation or specific 
measurement conditions are needed. 
In this contribution we demonstrate the potential of multimodal imaging capabilities in polymer analysis. 
Representative, a reactive polymer process is demonstrated to highlight the powerful analysis by CARS and 
prove in-situ process controllability. On molecular level, the reactive compounding of modified clays, layered 
double hydroxides (LDHs), in a grafted Polypropylene matrix is observed. Furthermore, fiber reinforced plastics 
(FRP) with thermoplastic matrix based on hybrid yarn roving materials are investigated. Multimodal CARS 
images reveal deep insights into material quality and non reactive embedded fiber structures. These materials 
are used for short station time applications in automotive industry. Additional examples of CARS analyses are 
presented.  
The simultaneous CARS, SHG and fluorescence imaging indicate the distribution of different molecular groups 
and fiber structure units. Multimodal images were acquired with a Laser scanning microscope (Zeiss, LSM7) 
equipped with two fiber lasers. The detector of the microscope can acquire simultaneously up to four signals. 
The pump laser is an ultrafast Erbium fiber laser, emitting 1 ps pulses at 780 nm. The stokes laser is tunable 
and emits pulses of 1 ps in the range from 850 to 1100 nm. In order to image the distribution of CH2 groups the 
lasers were tuned to the antisymmetric C-H vibration mode at 2850 cm-1. The SHG and fluorescence signals, 
generated in the polymer, were recorded at 390 nm and in the range between 500-550 nm, respectively.
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It is well known that systems confined to a scale comparable to its characteristic length, exhibit significant 
deviations of the structural and dynamical properties with respect to the bulk [1-5].  In the glass forming 
materials, the cooperativity concept suggests that the dynamics of the system should be modified if the size of 
the system becomes comparable to the cooperative length. In this work, we propose to study the cooperativity 
evolution and confinement effects in Butyl Rubber (IIR) composites at different scales: from micro to nano 
scale.  Different samples have been synthesized: Composites of Butyl Rubber (IIR) with Expanded Graphite, 
Thermally Reduced Graphene and Multi Walled Carbon Nanotubes (MWCNT). The cooperative length at the 
glass transition temperature is estimated from the Donth’s approach using Temperature Modulated Differential 
Scanning Calorimetry (TMDSC) experiments [6-7]. The interactions between filler-filler and filler-matrix are 
explained by Stress relaxation, Mooney Rivlin plots and Stress-strain curves. The structure and morphology 
data from XRD, AFM and SEM give additional support to explain the confinement effect. 
 
Keywords: Butyl Rubber, Graphene, MWCNT, Mechanical properties, cooperative length. 
 
References: 
[1] K. Arabeche, L. Delbreilh, R. Adhikari, G.H. Michler, A. Hiltner, E. Baer, J.M. Saiter, Polymer 53 (2012) 1355
[2]  T.A. Tran, S. Saïd, Y. Grohens, Composites Part A 36 (2005) 461 
[3]  M. Beiner, H. Huth. Natu Mater 2 (2003) 595 
[4]  A. Serghei, F. Kremer, Phys Rev Lett 91 (2003) 165702 
[5]  S. Napolitano, V. Lupascu, M. Wubbenhorst, Macromolecules 41 (2008) 1061 
[6] E. Donth, «The Glass Transition, Relaxation Dynamics in Liquids and Disordered Materials», p. 33, 
Springer, Berlin, (2001) 
[7] A. Saiter, L. Delbreilh, H. Couderc, K. Arabeche, A. Schönhals, J.M. Saiter, Phys. Rev. E, 81 (2010) 041805

    

   

    

57



Session 5: Polymer Composites CL-34
    

CHARACTERIZATION OF HDPE/MMT NANOCOMPOSITES: OXYGEN 
BARRIER PROPERTIES MODIFICATION WITH NANOCLAYS.

    

Monsivais, Alejandra, J, Bonilla, Jaime, Ramos, Luis,F
    

Instituto Tecnológico y de Estudios Superiores de Monterrey , Ave. Eugenio Garza Sada 2501 Sur Col. 
Tecnológico C.P. 64849  Monterrey, Nuevo León, México. 
 
Instituto Tecnológico y de Estudios Superiores de Monterrey , Ave. Eugenio Garza Sada 2501 Sur Col. 
Tecnológico C.P. 64849  Monterrey, Nuevo León, México. 
 
Centro de Investigación en Química Aplicada (CIQA),Blvd. Enrique Reyna Hermosillo No.140 C.P.25250 
Saltillo, Coahuila México. 

    

Abstract
    

   

Polyolefins are commonly used for packaging applications, especially for food and drug, where transparency, 
gas barrier and mechanical properties are some of the most important criteria. Remarkable decrease in gas/ 
liquid permeability, one of the typical barrier properties, at low concentration of layered silicate (<5 wt. %) has 
recently been reported [1–8]. Other superior properties of PLS nanocomposites include high specific stiffness 
and strength, good thermal stability, abrasive wear resistance, and self-extinguishing characteristics [9–12]. 
Meanwhile, these novel hybrid materials provide a unique modeling system for investigating the morphology 
and dynamics of the motion of gas/liquid molecules in a constrained environment. 
Samples of MMT-HDPE nanocomposites were prepared using two types of commercial clay, two 
compatibilizers and two different processing methods that simulate the real production conditions (Signle Screw 
Extruder and Twin Screw Extruder). The exfoliation and agglomeration of the nanocomposites were 
characterized via Wide Angle X-Ray Diffraction (WAXD) and Transmission Electron Microscopy (TEM). The 
rheological characterization was carried out through Frequency and Temperature Sweeps.  The gas 
permeability of the films was measured as a function of the filler loading and was correlated to their 
impermeable inorganic volume fraction.  
It was found that for samples prepared via Single Screw Extruder (SSE) the highest basal spacing 
corresponded to composites containing 3 wt.% of clay and for samples prepared via Twin Screw Extruder 
(TSE) not higher exfoliation was achieved. In order to corroborate the results obtained in WAXD examination 
the samples were subjected to TEM analysis and it was concluded that composites prepared with SURLYN ® 
as compatibilizer and processed via Masterbatch and Single Screw Extruder were the samples with better 
dispersion and exfoliation. The samples also were analyzed by Differential Scanning Calorimetry but no 
significant changes were observed when compared to the pure polymer. 
During rehological analysis it was observed a reduction in viscosity that could be related at the coupling agent 
used for the samples preparation, in this case SURLYN®. It is well- documented that the reason for more 
improved exfoliation of nanoclay in ionomers with respect to non-ionic polymeric analogues mainly attributes to 
the interaction of the ionic groups with the aluminosilicate surface of the clay. A hypothesis of this is that this 
type of interaction might be acting as lubricant and this promotes the reduction in viscosity. 
Regarding the oxygen barrier properties some of the composites exhibited as much as 40 % when compared to 
the pure HDPE. The increment in the OTR could be related at the processing method to obtain the samples. 
According to Razavi (2009) the shear forces in the TSE are higher than those existing in the SSE this could 
incite to the chain-breaking leading to a higher free volume and promoting higher diffusion in the tortuous path 
as reported by Wang (2006). The compatibilizer and the processing conditions are key variables for making or 
not an impermeable composite. Zeng proposed causes for this phenomenon and the reason is believed that 
under optimal processing conditions the nanofillers acts forming a pathway in the form of a labyrinth within the 
composite.
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Microgels with a crossliker density distribution were characterized by modifying the Flory temperature-induced 
volume transition theory with the help of dynamic light scattering and transverse relaxation nuclear magnetic 
resonance experimental results. Using this newly developed theory we have characterized quantitatively homo 
(PVCL) and copolymer (PVCL:PNIPAAm/PNIPMAAm) microgel systems in the bimodal crosslink density 
heterogeneous approximation. 
High resolution 1H transverse magnetization relaxation NMR proved directly the existence of a bimodal 
heterogeneous morphology of the microgel particles. The ratio of the crosslink density in core and corona could 
be evaluated from the transverse relaxation times T2 of each decay components. The ratio of the transverse 
relaxation times of core and corona was related to the Flory transition theory parameter, the number of 
subchains, through the scale invariant theory of polymer networks.  
The dynamic light scattering temperature transition data were used to fit the extended Flory transition theory 
state equation, in order to obtain quantitative information about the microgel particle: the volume polymer 
fractions in the deswollen state, the number of subchains for the core and corona, and the ratio between the 
radius in the core and the hydrodynamic radius. From a number of good fit sets of parameters we choose the 
most probable morphological parameters from the microscopic and thermodynamic constraints imposed by 1H 
transverse relaxation NMR and Flory equation of state in the approximation of a homogeneous morphology. 
As an outlook to this work, the theoretical and experimental principles of Flory transition theory and NMR 
transverse relaxation are being used to characterize core-shell microgels composed of a homopolymer core 
and a homopolymer shell, and having two transition temperatures.
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Introduction 
Penetrant induced swelling of polymers is a serious problem in polymer membrane technology. Excessive 
swelling of the polymer matrix (plasticization) causes an increased permeability for the slowest permeating 
species, thereby reducing membrane selectivity. CO2, C2H4 and C2H6 are known plasticizing components, 
but the exact mechanism and their effect on thin polymer layers is still unknown.  
The goal of this study is to investigate the behavior of these plasticizing compounds in thin polyphenylene oxide 
(PPO) films by spectroscopic ellipsometry. This technique allows simultaneous in-situ determination of both 
thickness and refractive index of the PPO film under a controlled atmosphere like for example high pressure 
CO2, C2H4 or C2H6. This enables the investigation of non-Fickian sorption effects responsible for 
plasticization. 
 
Results and Discussion 
Secondary relaxations may occur when a polymer film is exposed to certain penetrants. The normalized 
secondary relaxations are shown below in Figure 1 as a function of penetrant fugacity. Careful analysis of the 
penetrant induced secondary relaxations shows that it is possible to define 3 distinct regions in which different 
macromolecular dynamics take place:  
Region I: Polymer relaxation upon penetrants entering an evacuated polymer matrix.  
Only Fickian sorption takes place. The polymer chains relax when the evacuated film is exposed to penetrants 
for the first time. These relaxations occur at a longer time scale compared to Fickian sorption and therefore 
appear as secondary relaxation. This effect is similar for N2, CO2, C2H4 and C2H6. 
Region II: Absence of secondary relaxations. 
Only Fickian sorption takes place with increasing fugacity. Therefore, secondary relaxations do not occur. 
Region III: Penetrant induced secondary relaxations. 
The concentration of penetrant inside the PPO film has reached a specific concentration. This allows for non-
Fickian sorption to take place, resulting in secondary relaxations. The secondary relaxations become more 
significant with increasing penetrant fugacity, because of the increasing non-equilibrium state between the 
penetrant concentration inside the polymer and the penetrant concentration of the ambient. The magnitude of 
the secondary relaxations is  C2H6 > C2H4 > CO2. The concentration of N2 inside the PPO film never 
surpasses this specific concentration and thus, secondary relaxations do not occur in the case of N2. 
 
Conclusions 
All four penetrants cause an increased amount of swelling up to 3 bar, caused by evacuation of the polymer 
matrix prior to the pressurization steps. Until a specific concentration of penetrant is present inside the polymer 
matrix, only Fickian sorption takes place. Once this concentrations has been reached, non-Fickian sorption also 
occurs, which results in secondary relaxations. The concentration of N2 in the PPO film never surpasses this 
specific concentration and therefore, no secondary relaxations occur. The secondary relaxations induced by 
C2H4 and C2H6, are more significant than in the case of CO2. Therefore it is expected that C2H4 and C2H6 
excessively swell PPO membranes and thus reduce the membrane performance.  
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Figure 1. Secondary relaxations of  4 different penetrants as a function of penetrant fugacity. 
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The vision of sequencing DNA through measuring diffusion of the molecules through nanopores formed by ion 
channel proteins spanning through membranes or membrane models have led to strong research activities in 
the last fifteen years 1-3. Key to these experiments is to measure the flow of ions present in the electrolyte 
solution through these channels, which is modulated as the DNA or other macromolecules pass through the 
narrow passage way.  
We recently have presented a miniaturized planar bilayer chip, which allows recording the ion flow through 
single ion channels with very low electrical noise and with high bandwidth4. The chip is based on microarrays 
of cavities with volumes of only a few picoliters, which carry secondary (Ag/AgCl) electrodes at the bottom and 
are (electrically) sealed by the membrane containing the ion channel (gigaseal). 4  In the presentation we 
discuss experiments which allow the determination of the molecular weight of water-soluble molecules such as 
polyethylenoxides with high resolution. Even molecules which vary only by one single repeat unit can be easily 
distinguished without any complicated deconvolution of the event staticstics.5. We discuss some aspects in 
how far chips carrying such arrays represent a promising platform for increasing the efficiency of single-
molecule detection and macromolecule characterization based on protein nanopore recording. 
 
1. Bezrukov, S. M.; Vodyanoy, I.; Brutyan, R. A.; Kasianowicz, J. J. Macromolecules (1996), 29, 8517-8522 
2. Kasianowicz, J. J.; Brandin, E.; Branton, D.; Deamer, D. W. PNAS (1996), 93, 13770-13773 
3. Robertson, J. W. F.; Rodrigues, C. C.; Krasilnikov, O. V.; Stanford, V. M.; Rubinson, K. A.; Kasianowicz, J. J. 
Biophysical Journal (2007), 653a-653a.  
4. Baaken, G.; Sondermann, M.; Schlemmer, C.; Ruhe, J.; Behrends, J. C. Lab on a Chip (2008), 8, 938-944. 
5. Baaken, G.; Ankri, N.; Schuler, A.K.; Rühe, J. and Behrends, J.C. ACS Nano (2011), 5, 8080-8088 
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The development of novel materials involves a large effort to study and understand nanometer-scale physical 
and chemical properties. Among the characterization techniques nowadays available, methods using local 
force probes naturally provide important contributions to these studies. In particular, dynamic force techniques, 
i.e., using an oscillating probe, are well adapted to soft samples such as polymer materials or biological 
systems. The first demonstration of their potential was the elucidation 15 years ago of the phase-separated 
microstructures of block copolymer thin films. Intermittent contact mode images can be of two different types: in 
the first, the image corresponds to the changes in the piezoactuator height that are necessary to maintain a 
fixed oscillation amplitude, through a feedback loop (the height image); in the second, the image contains the 
changes in the oscillator phase delay relative to the excitation signal (the phase image). The phase 
measurement in many cases yields images reflecting tiny variations of the local properties of the sample 
surface. On that basis, it is possible to extract useful information from phase images of soft samples, especially 
for materials showing small-scale mechanical heterogeneities.  
Despite the success of the technique for microstructural characterization, important questions remain about the 
physical origin of the image contrast. The major factors contributing to the phase contrast are still under debate, 
but are thought to be a result of viscoelastic response and adhesive forces mixed with elastic surface behavior. 
Very recently, new scanning probe techniques based on real time data analysis have been introduced to map 
with much higher resolution the mechanical (stiffness, adhesion, deformation, energy dissipation,...), thermal or 
electrical properties of polymers by using multifrequency techniques or based on force-distance curves both 
aiming at providing pertinent answers to this very important issue. 
For some applications in the growing field of organic electronics, the measurements of the electrical properties 
at the nanoscale can be also addressed using these new techniques leading to a better understanding of the 
behaviour of organic optoelectronic devices and therefore helping in the optimization of their performances. 
In this talk, we will illustrate the major morphological features and the mechanical (or the electrical) properties 
observed by AFM by considering a series of polymeric systems of growing complexity: homopolymers, polymer 
blends, block copolymers, supramolecular polymers, nanocomposites and hyperbranched polymers used for 
different applications (protective films, adhesives, coatings, hydrogels, field effect transistors, photovoltaic solar 
cells or light emitting diodes). In fine, we will discuss what the future developments of Scanning Probe 
Microscopy could be in the field of polymer research trying to provide more faster, more accurately, more 
quantitative properties with higher resolution or by combining the SPM data with other complementary 
techniques (Raman spectroscopy, IR spectroscopy, confocal optical microscopy 
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We report the synthesis and characterization of polystyrene nanoparticles (PS-(DVB)x) with tunable interfaces 
and modulus (softness) depending on the concentration of the chemical crosslinker, divinylbenzene (DVB). Soft 
polymer nanoparticles were obtained with typical sizes of Rg = 10 nm, using a straightforward and versatile 
microemulsion technique. We show that the finite particle size, the segmental chain distribution at the particle’s 
perimeter, and the overall softness of the particles can be directly controlled through cross-linker concentration 
(DVB) and synthetic methodology. Thorough characterization employing light, x-ray, and neutron small-angle 
scattering, unveiled three distinctly different particle morphologies depending on applied synthetic conditions: 
smooth soft gels, fuzzy soft gels, and dendritic glassy gels. The dispersion of these particles in polystyrene 
homopolymer was carried out and the resulting nanocomposites were characterized in order to elucidate the 
effect of nanocomposite structure on properties. In particular the effect of nanoparticle structure and 
concentration on viscosity was probed. In some instances, substantial viscosity decreases were observed on 
low particle loading, suggesting potential use of soft nanoparticles as polymer processing aids.
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The knowledge of dynamics in polymers and polymer solutions is essential to understand their behavior and 
gain better control of these yet not fully understood systems. Diffusional processes are not only of high 
importance for delivery or separation systems, but also determine the kinetics of many polymerizations and the 
products formed. In our contribution, we present recent advances in using single molecule fluorescence 
microscopy techniques to investigate diffusion during polymerizations. In contrast to earlier investigations with 
bulk methods, single molecule fluorescence microscopy allows for a direct visualization of the motion of single 
dye molecules and, thus, gives direct access to the observation of heterogeneities down to the nanoscopic scale.
We investigated the diffusion of differently sized perylene diimide dye molecules during the polymerization of 
styrene and methyl methacrylate. A combination of fluorescence correlation spectroscopy and widefield 
fluorescence microscopy allowed us to cover the entire conversion range from free diffusion in the monomer 
solution to immobilization in the produced polymer glass. The diffusion coefficient decreases more rapidly 
during the polymerization of MMA. Already at low conversions (<20%) the diffusion coefficients in the 
polymerizing MMA solution become clearly lower compared to the polymerizing styrene solution. We attribute 
the lower average diffusion coefficient to structural heterogeneities evolving predominantly during the 
polymerization of MMA. The structural heterogeneities manifest themselves in the observed broad distribution 
of diffusion coefficients. Evolving heterogeneities affect the diffusion of our larger dyes (hydrodynamic radius r 
= 3.2 nm) stronger and at lower conversion than smaller dyes (r = 1.0 nm) since the former become trapped 
earlier in the physically crosslinked polymer network. Extrapolating the diffusion of the dyes to the diffusion of 
polymer chains we can explain why the Trommsdorff effect is more pronounced during the polymerization of 
MMA compared to the polymerization of styrene. 
In summary, we have clear indication that heterogeneities play a pivotal role in polymerization processes. Since 
single molecule fluorescence microscopy methods are a powerful tool to directly observe such heterogeneities 
their use should be fostered. 

    

   

Distributions of single molecule diffusion coefficients at the same conversion (shown for 56%) for the radical 
bulk polymerization of styrene and MMA, respectively, exhibit significant differences. 
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Abstract
    

   

A new class of magnetopolymeric nanocomposites intended for biomedical applications such as vascular 
embolization and hyperthermia treatment and prevention has been synthesized by in situ incorporation oleic 
acid-modified Fe3O4 superparamagnetic nanoparticles through suspension polymerization of vinyl pivalate. 
Spherical microparticles of poly(vinyl pivalate) / Fe3O4 with controlled morphology and size has been 
successfully obtained based on the proposed experimental methodology, showing good magnetic properties, 
which indicates that poly(vinyl pivalate) magnetic polymers might be employed as embolic agents. This new 
magneto-polymeric material presents as main advantage the in situ formation of the nanocomposites, which 
ensures the proper dispersion of the Fe3O4 superparamagnetic nanoparticles into the poly(vinyl pivalate) 
matrix, leading to a desired superparamagnetic behavior of the final material. According to Zeta potential 
measurements, the polymeric nanocomposites present moderate stability. The chemical characterization 
through energy-dispersive X-ray spectroscopy showed a high content of iron oxide in the synthesized 
nanocomposites, lying in the range of 97 % to 99 %. Thermal stability of the materials determined by 
thermogravimetry analyses showed a significant weight loss occurring in the range from 250 °C to 600 °C, 
exhibiting good thermal stability. In addition, the weight fraction of nanoparticles obtained by thermogravimetric 
measurements was determined in the range 5wt-% to 12 wt-%.

    

   

Figure 1. Scanning Electron Microscopy (SEM) of Poly(vinyl pivalate) Magnetic particle with 8 wt-% of Fe3O4.
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Introduction: 
Amphiphilic block copolymers with low polidispersity (D) form regular nanostructures when dissolved in 
selective solvents [1]. These structures have been studied from a morphological point of view in the last two 
decades, but prospective applications in the nanotechnology field require further investigation of dynamical 
properties. In particular, the relative softness or hardness of the structures could have significant impact on 
interaction with small functional molecules, transport and permeability properties. 
 
Sample Preparation: RAFT synthesis was performed based on literature [2] using an optimized transfer agent, 
following all steps with the relevant characterization techniques. In a typical synthesis, PS block was obtained 
with Mn = 11920, and D = 1.06 measured by GPC. After copolymerization of the PDMA block, quantitative 
NMR established the polymer as PS105PDMA817. Other samples were produced with different block size: 
PS62PDMA10, PS62PDMA174 PS105PDMA65. 
Self assembly of disperse copolymer particles was directed by adding selective solvents to fully solvated 
polymer in DMF. D2O and toluene formed colloids with a cloudy appearance, indicating presence of structures 
in the tens to hundreds of nm size range, also detected by Dynamic Light Scattering. 
 
Results and Discussion:  
Morphological investigation of the nanostructures was performed by TEM. As seen in Figure 1, 
PS105PDMA817 deposed from DMF/Ethanol soluton contains small circular objects arranged in a 
pseudohexagonal layer. PS62PDMA10 instead creates much larger assemblies whose internal structuration is 
under study. 
TEM requires samples to be dried in high vacuum and deposed on a surface: the direct study of particles as 
they are in solution was instead performed by Nuclear Magnetic Resonance. 
1H NMR spectra are informative because each block has signature peaks in different regions, namely from 6.5 
to 7 ppm for PS and around 2.8 ppm for PDMA. 
Solution NMR is optimized for fast moving molecules and does not detect solid-like fractions because of 
extremely low T2 relaxation time [3]. The spectrum in CDCl3 contains peaks relative to all protons in the 
sample, demonstrating solvation of both blocks. The peaks of the styrenic block disappear in water, meaning 
the hydrophobic block is behaving as a rigid solid. In toluene, the styrenic block is solvated and provides full 
signal intensity, while the PDMA is also visible but with a significant line broadening corresponding to reduced 
but not solid like mobility. Solution NMR can then inform on the detailed state of aggregation, differentiating soft 
from hard assemblies. 
PS105PDMA817 was also studied in the solid state. If cast slowly from a selective solvent, the polymer 
aggregates in a structured lamellar system. Time Domain NMR was performed using Bruker Minispec mq20 to 
investigate chain mobility [4]. The dry sample behaved as a glassy solid at room temperature, since both PS 
and PDMA have high Tg value. Water vapour uptake swelled the hydrophobic PDMA phase, and it was 
possible to follow the increase of mobility of the PDMA block as function of relative humidity. 
 
Conclusions: The structures produced from a relatively simple polymer as PS-PDMA are extremely varied, and 
require the contribution of established techniques as well as recently developed techniques to be fully 
characterized. From the initial results it is possible to distinguish hard, glasslike aggregates from polymer 
associations that display greater local chain mobility. 
 
References: 
[1] Battaglia G. et al. Nanotoday 2008, 3, 38-46. 
[2] Wong, K.H., Davis, T.P., Barner-Kowollik, C. and Stenzel, M.H. Polymer 2007, 48, 4950-4965. 
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Figure 1: TEM images of PS62PDMA10 from DMF/H2O (above) and PS105PDMA817 (below) from DMF/EtOH 
dispersions.
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Abstract
    

   

Polyrotaxanes (PR) are among the most studied interlocked molecules in the field of the supramolecular 
chemistry. Here, we report effort to detect high molecular weight structures of  polyrotaxanes based on 
poly(ethylene oxide) (PEO) and ??cyclodextrins???-CD) by matrix-assisted laser desorption ionization mass 
spectrometry (MALDI-TOF MS) and a fine structural deciphering by nanoelectrospray (nanoESI) employed 
during mass spectrometry (MS) and tandem mass spectrometry (MS/MS) experiments. Polyrotaxane studied 
was constituted of a-CD, modified or not by 1 or 2 sulfation, which are threaded along polydisperse a,?-
dipyrenyl poly(ethylene oxide) chains. A particular attention was paid to verify the composition of the 
polyrotaxanes by determination of the number of macrocycles borne by the polyrotaxane and the polyrotaxanes 
synthetic route. Various matrices in dimethylformamide as solvent including crystalline or ionic liquid ones were 
screened to optimize the detection by MALDI-TOF MS of higher molecular weight  than the ones currently 
reported by the literature. These neo-developed conditions permits to detect molecular masses reaching 8172 
and 8896 g.mol-1 in positive and negative mode, respectively, corresponding to the poly[10]rotaxanes. 
NanoESI-MS and nanoESI-MS/MS represent also suitable tools to obtain relevant and more detailed structural 
information of CD-based PR. While ESI/nanoESI based spectra usually contains multicharged species which 
greatly complicate the interpretation, particularly for such complex mixtures analysis, the hyphenation with a 
high resolution analyzer such as Orbitrap could overcome this limitation. Moreover, we highlighted the 
complementary informations given by CID and PQD fragmentation mode on the unambiguous identification of 
polymer end groups. The mass accuracy provided by Orbitrap (0.1-3.5 ppm), allowed to estimate the PR 
sample content with 16 to 35 ethylene oxide units, 1 to 5 a-CD threaded and 0 to 10 sulfo groups grafted on the 
overall CDs. Finally, the presented nanoESI method afforded the possibility to unambiguously attributed 
supramolecular architectures from 2276.0278 to 3895.9159 g.mol-1 corresponding to poly[2]- to 
poly[6]rotaxanes . 
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Abstract
    

   

The double gyroid network morphology has been the focus of extensive research efforts as one of the most 
appealing block copolymer structures for practical applications. We performed an extensive study of the phase 
behavior of the supramolecular complex PS-b-P4VP(PDP)x to develop a systematic route to its double gyroid 
morphology. The morphological characterization of complexes was accomplished by transmission electron 
microscopy (TEM) and small angle X-ray scattering (SAXS). Several compositions with the cubic Ia3 ¯d 
symmetry were found in a narrow region between the lamellar and the cylindrical phase. Experimental TEM 
images were compared to computer simulations of projections through multiple gyroid planes. Typical gyroid 
patterns: “double wave” and “wagon wheel” were regularly found. The size of the gyroid unit cell was calculated 
from the SAXS data. The lattice parameter could be varied (from ca. 70 nm to 125 nm) by altering the molar 
mass of the block copolymer precursors. A number of complexes were found to exhibit characteristic biphasic 
morphologies – coexisting lamellar and gyroid phase or gyroid and cylindrical phase. Finally, gyroid complexes 
with different relative PDP ratios were obtained which provides the opportunity to generate nanoporous 
structures with tunable porosities by dissolving the amphiphiles.
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Abstract
    

   

We have developed an AFM-based infrared spectroscopy (AFM-IR)1-4 to map nanoscale chemical, structural 
and mechanical variations in polymers and other samples.  The AFM-IR technique irradiates the sample with 
light from an infrared laser and measures the absorption of this light on a sub-wavelength scale using the tip of 
an AFM.  The AFM tip detects the mechanical expansion of the material underneath it caused by the heating 
that occurs when IR light is absorbed by the sample.  AFM-IR technique can be performed in two modes, 
spectra (IR absorption measured over a range of wavenumbers with the tip at a single location) or chemical 
images (the absorption measured at a single wavenumber while the tip scans).  Simultaneous measurement of 
the cantilever’s contact resonance frequency as excited by the IR absorption provides a complimentary 
measurement of relative mechanical properties.  We have used these techniques to chemically identify 
individual chemical components in a range of different polymeric and organic samples.  In addition, using self-
heating probes we have been able to locally modify the state of a semicrystalline polymer and observe the 
resulting change in absorption spectra on the nanoscale.

    

   

Figure 1. A) AFM-based IR spectroscopy is enabled by illuminating a sample with a tunable laser and 
measuring the resonant response of an AFM in response to IR absorption. B) Chemical domains identified in 
polycarbonate/polymethylmethacrylate blend by their AFM-IR absorption spectra on a ~100 nm scale.
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The industrial interest in fluorinated and perfluorinated materials has strongly increased during the last 
decades, especially in those applications which require extreme chemical and thermal resistance. A new 
technological platform, based on the chemistry of the peroxidic perfluoropolyethers (PFPEs), has recently been 
developed in Solvay Specialty Polymers for the synthesis of novel PFPE block copolymers [1-6]. These brand 
new products could fill many of the gaps existing today in markets not currently served by PFPEs [7]. One of 
the most representative examples of the potentiality and the flexibility of this technology is a perfluoropolyether-
tetrafluoroethylene block copolymer (PFPE-TFE). The structure of this copolymer and its physical-chemical and 
rheological properties can be easily modulated by tuning the reaction parameters.  
The combination of spectroscopic techniques together with calorimetric and rheological analysis provide 
exhaustive information about structure and physical-chemical and rheological properties of this copolymer [8]. 
 
[1] G.Marchionni, M.Avataneo, P.A.Guarda, European Patent Application. 2100909 (2008) 
[2] M.Avataneo, W.Navarrini, U.De Patto, G.Marchionni J.Fluorine Chem., 130 (2009) 933-937 
[3] J. Abusleme, M. Avataneo, G. Perfetti, US Patent Application 2009326154 
[4] T. Moore, M. Avataneo, M. Reichmann, G. Marchionni, US Patent Application 2011297880 
[5] V. Arcella, E.Ieva, Shiow-Ching Lin, M.Avataneo, G.Marchionni. International Patent Application 
WO2011144681 
[6] M.Fantoni, M. Apostolo, M. Avataneo, G. Marchionni. International Patent Application WO2012007374 
[7]  M.Avataneo, P.A.Guarda, G.Marchionni, P.Maccone, G.Boccaletti, US Patent Application 2010105584 
[8] M.Avataneo, U.De Patto, P.A.Guarda, G.Marchionni, J.Fluorine Chem., 132 (2011) 885-891 
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Abstract
    

   

Thanks to its high resolution power and low equivalent frequency, the thermally stimulated depolarization 
currents (TSDC) method has been used as a powerful tool in numerous studies of dipolar relaxation.  In this 
framework, we have used this technique in order to study the effect of rubbery annealing on PET’s properties. 
The recording of the complex spectra of the material in the temperature range of -20°C to 140°C have revealed 
a single peak at a maximum close to 80°C, attributed to glass transition associated with the micro-Brownian 
motions of the main chain segments, called a -relaxation. The dipolar nature of the relaxation and its thermally 
activated nature were highlighted by means of the study of the effect of the polarization electric field Ep and 
polarization’s temperature  Tp. 
To bear out the effect of rubbery annealing on PET, this later was heated from room temperature to a 
temperature Tr higher than the glass transition temperature Tg. In this temperature range, the material is in a 
rubbery state. This later is maintained during different  times tr at different temperatures Tr. The degree of 
crystallinity ?_r, the mobil and rigid  amorphous rates of each sample were estimated by differential scanning 
calorimetric measurements (DSC).  The obtained complex spectra for each sample with a specific crystallinity 
degree,  shows a net diminution of the maximal current of the a–relaxation and a shift to higher temperature. 
This reduction of the peak, is caused by the appearance of a crystalline phase in the material. In fact, some 
segments of the main chain are more ordered then, they have a less mobility.  Finally, we notice that the 
maximal current  evolves  in a sigmoidal form with the crystallinity rate ?_r. 
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Branched carbohydrates differ to a large extent from their linear analogues, for instance differences in 
solubility, or rheological and mechanical properties. Thus, meticulous characterization of such materials is of 
great importance.  
However, good non-destructive characterization techniques for branched polymers are rare. Size-Exclusion-
Chromatography with Multi Angle Light Scattering detection (SEC-MALS) should result in the establishment of 
improved characterization protocols for branched polysaccharides and also other branched polymers. In this 
study, we will synthesize well-defined linear and branched polysaccharides such as amylose and 
(hyper)branched amylose (HBA) by combined use of enzymes from the transferase family for characterization 
with SEC-MALS. 
Phosphorylase is used to catalyze the polymerization of glucose-1-phosphate in order to obtain linear 
polysaccharide chains with a-(1?4) glycosidic linkages. 
With the addition of glycogen branching enzyme (GBE) a-(1?4) linked oligosaccharides are transferred from the 
non-reducing end to a-(1?6) position, resulting in a (hyper)branched structure. 
The molecular weight of the synthesized polymers was calculated from quantitative spectroscopic 
determination of the released inorganic phosphate. The degree of branching of HBA was determined by 1H-
NMR. 
SEC with multiple detection is widely used for molar mass distribution analysis of amylose and debranched 
amylopectin. In this study the characterization via this combination of techniques is in progress and could open 
up complete new insight into the characterization of branched polymers. 
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Here we describe an emerging technology for polymer characterization, reaction kinetics, and degradation 
analysis known as electrospray differential mobility analysis (ES-DMA).  This technique is a label-free platform 
to obtained full multimodal molecular weight distributions from 1 kDa to 75 GDa at high resolution (~0.3 kDa at 
lower molecular weights) by quantitatively and rapidly (~1 hr) measuring both the size and concentration of 
individual and aggregated polymers.  Previous ES-DMA efforts have found the size of monodispersed polymer 
strands to be proportional to their molecular mass to the 1/3 power for water soluble, water insoluble, and 
biopolymers such as DNA.  This talk highlights our experimental discovery of a new scaling regime and its 
consequences for determining the full multimodal molecular weight distributions of polymers.  In this regime, 
the polymer size is proportional to the molecular mass to the ½ power at molecular masses <50 kDa.  Using 
Monte Carlo simulations, we confirmed this scaling law and extract measures of rigidity such as the Kuhn 
length.  We also present molecular weight distributions and obtain weight average molecular weights, number 
average molecular weights, and the polydispersity indices from ES-DMA data in quantitative agreement with 
established techniques for the first time.
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Previous works have showed that the combination of different active sites on the same support leads to novel 
catalysts able to produce polyethylene with very promising properties [1-3]. In this sense, it is possible to mix 
two different metallocene species or to combine one metallocene with a Ziegler-Natta or Phillips type centre. In 
this last case, Ziegler-Natta or Phillips sites usually produce the high molecular weight fraction (which increases 
polymer toughness), whereas the single site component gives the low molecular weight (which increases 
polymer processability). When hydrogen is used during polymerizations carried out by using these hybrid 
catalysts, the evaluation of the catalytic behaviour and polymer properties can be very interesting because of 
the different response of metallocenes and Ziegler-Natta or Phillips centres versus this chain transfer agent. In 
this work, several chromium-metallocene hybrid catalysts were prepared by supporting both kinds of active 
centres on mesostructured aluminosilicates (SBA-15 and Al-SBA-15) with different physicochemical properties. 
All the catalysts were tested in ethylene polymerization at 5 bar, 70 ºC and, in some experiments, 5 mmol of 
hydrogen per mol of ethylene were added. Polymers obtained were characterized by conventional techniques 
(GPC and DSC) and a complete study about their viscoelastic behaviour was carried out by using DMA and 
stress-strain curves. Dynamic mechanic analyses of the polyethylenes were carried out from -120 to 150 ºC at 
different fixed frequencies (0.1, 1 and 10 Hz). For the temperature range studied, all the samples exhibited the 
characteristic ?, ? and ? transitions for the tan delta. However, a clear influence of hydrogen was observed. 
Thus, polyethylene obtained by using hydrogen showed lower molecular weight and higher cristallinity leading 
to lower temperatures for ? and ? transitions and higher storage and loss modulus (samples with higher 
stiffness). These results were confirmed by the corresponding stress-strain curves, which showed that 
polymers synthesized with hydrogen have higher Young modulus but need much lower stress for breaking. On 
the other hand, the relationship between the viscoelasticity of the polymers and the physicochemical properties 
of the used catalysts is not too clear. It seems that some support properties promote a higher contribution of 
chromium centres in the hybrid catalysts leading to an increase of polymer toughness (higher area under the 
stress-strain curve). In the same way, the increase of chromium content in the hybrid system can also improve 
the mechanical properties of the polyethylene. Finally, the incorporation of aluminium into siliceous SBA-15 
leads to more stiff and fragile materials increasing the Young modulus but decreasing polymer toughness. 
 
References 
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trimethylaluminium addition. Macromolecular Rapid Communications (2001), 22, 952-956. 
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Abstract
    

   

Thermal oxidation in a chemically cross-linked low density polyethylene exposed to high temperature is 
monitored by solid state proton NMR techniques. Solid state proton NMR has special advantage in studying 
cross-linked polymers with respect to sample preparation and has short acquisition time compared to 1carbon-
13 NMR. Solid state proton NMR spectrum of the degraded XLPE acquired at a MAS rate of 20 kHz shows 
new resonance peaks which are assigned to various functional groups formed during the course of ageing. The 
functional groups identified in oxidized XLPE are acid, ester, lactone and aldehyde. The onset and extent of 
degradation with ageing time is monitored by observing changes in the phase composition and relaxation 
parameters determined by low field proton NMR relaxation experiments. The amorphous region was observed 
to expand at the expense of crystalline region. Thermal oxidation caused a drastic increase in molecular 
dynamics of the amorphous region as indicated by the change in spin-spin and spin- lattice relaxation times. 
The change in phase composition and relaxation time suggest that chain scission was predominant in XLPE 
during the early stages of oxidation and later dominated by crosslinking. 

    

   

Proton spin lattice relaxation time (T1) of  XLPE aged at 130oC measured as a function of ageing time.
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Antifouling coating is of interest of biotechnology due to its inertness towards biological molecules and cells. 
Controlled functionalization of these surfaces provides excellent two-dimensional (2D) surroundings for 
biological investigations. In this study, we concerned star PEG-based thin hydrogel layers with cyclooctyne 
functionality for the site-specific tethering of biological molecules in controlled manner through cupper-free click 
chemistry (SPAAC). Thin hydrogel layers were prepared from NCO-terminated star PEG prepolymers in 
aqueous solutions through spin coating process. Functionality was provided via three different approaches; i) 
mix-in method; mixing of NCO-sPEG with bicyclo[6.1.0]non-4-yn-9-ylmethanol (BCN-OH) before coating, ii) 
incubation method; incubating of freshly prepared surfaces in a aqueous solution of  BCN-OH, and iii) using 
orthogonal functional star molecules with both NCO and BCN reactivities. Resulting functional layers were 
investigated through X-ray photoelectron spectroscopy (XPS), Infrared spectroscopy (IR), Scanning Force 
Microscopy (SFM), Contact angle, Ellipsometry, and Optical microscopy. Antifouling property of the surfaces 
was explored over protein adsorption and cells adhesion experiments. Controlled immobilization was tested 
with azide-containing proteins, and also over cell experiments using azide-terminated cell-adhesive peptides. 
Results showed that the resulting functional layers were extremely good in prevention in unspecific protein 
adsorption and cell adhesion and showed specificity towards azide-carrier peptides and proteins enabling site-
specific immobilization of desired biological molecules in a controlled manner.  
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Hybrid sol-gel materials used for barrier packaging applications : Preparation and characterizations 
 
Ouissem Trabelsi , Omar Jbara, Lan Tighzert and Aomar Hadjadj 
 
Laboratoire d’Ingénierie et Sciences des Matériaux (LISM EA 4695),  
Université de Reims, BP 1039 51687 Reims Cedex 2 France 
 
Abstract: 
 
Organic-inorganic hybrid coatings were synthesized from different alkoxysilane precursors (TEOS, VTAS, 
APTMS and GPTMS) via dual process involving sol-gel reaction and radical addition polymerization. The 
nature of products formed during the sol-gel reaction (i.e polymerization) and the kinetics of this reaction were 
carefully studied. The deposition of the films was carried out using the spin-coating technique. The formation of 
siloxane bridges Si-O-Si which produces the skeleton of the network as well as the Si-O-C bonds 
corresponding to the organic part were well revealed by Fourier transform infrared spectroscopy (FTIR).  
Several techniques were used to determine the optimal temperature of the final heat treatment, the chemical 
structure of the prepared hybrid material, its homogeneity, the influence of the ratio of organic and inorganic 
components on the thermal stability of the organic-inorganic hybrid, its thermal and mechanical properties and 
its gas permeability. 
ATG measurements highlighted the improvement of the thermal stability of the hybrid with a high mineral 
content of the inorganic part. Such an improvement is attributed to the role of the silicate component and the 
existence of a strong interaction between the hybrid silicon and polymer.  
To study of the mechanical properties of the hybrid by nanoindentation indicates the mechanical properties of 
the film are directly related to the nature and molar ratio of precursors and to the state of condensation and 
crosslinking of the final network. The results also show a dramatic drop in the modulus of elasticity with the 
increase of the organic part.  
The permeability tests converge to the fact that the gas barrier properties are improved by increasing the silica 
content.  
 
Keywords: Hybrid, sol-gel, permeability, mechanical properties. 
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Abstract
    

   

Investigations on attograms of material (1 attogram=10^ -18 grams) open the door for fundamental questions in 
soft-matter physics, such as for instance “What is the minimum amount of matter necessary to “define” the 
material properties?” and – in the same time – offer new routes to be explored for enhancing the performance 
of macromolecular materials. The present contribution aims to demonstrate the strength of Broadband 
Dielectric Spectroscopy in measuring extremely small amounts of material. It will be shown that dielectric 
measurements on attograms of matter are possible by using a novel experimental concept which employs 
nano-containers as experimental cells (Fig. 1).

    

   

Fig. 1: Nanocontainers as experimental cells to hold and measure attograms of material. The nanocontainers 
are identical, independent and additive. (a)  schematic representation of the sample cell (b) SEM image of the 
nanocontainers in cross-section; (c) dielectric measurements on cooling and heating showing the phase 
transitions (crystallization, melting, Curie-transitions) of 80 attograms of PVDF-TrFE.
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Abstract
    

   

The oxypropylation of OH-bearing substrates constitutes an original approach to the rational exploitation of 
certain biomass macromolecules. The oxypropylation of a variety of natural polymers (chitin, chitosan, lignin, 
etc.) converts these solid substrates into a liquid product, thanks to the introduction of oligo(propylene oxide) 
grafts. If reaction conditions are chosen in order to promote extensive grafting (total oxypropylation) a viscous 
polyol results, whereas if reaction is limited to the outer “sleeve” of the fibers or the granules (partial 
oxypropylation) a biphasic polyol suitable to prepare single-source composites, is generated. 
The purpose of this work is to explore the possibility of chemically modifying the generated polyols through 
reactions with isocyanates to produce polyurethanes, other than rigid polyurethane foams. This could be 
achieved by the chemical modification of the oxypropylation products (condensation with isocyanates) by using 
mono and difunctional reagents to modulate properties and/or produce useful polymer networks. The biomass 
substrate used here was olive stone (OS) (Azeites Millenium Lda, Mirandela-Portugal) with a mean 
composition (dry basis) of 26% of lignin, 37.5% of cellulose, 27% of hemicelluloses and 0.5% of ashes. The 
ensuing oxypropylated OS was a viscous polyol with a homopolymer content of 9% (w/w) and a hydroxyl 
number (IOH) of 351 mg KOH/g. 
These oxypropylated products were then modified by reacting them with a mixture containing both 
monofunctional and difunctional monomers in different proportions. Phenyl isocyanate (PI) and 1,4-phenyl 
diisocyanate (PD) were used at PI/PD molar ratios of 80/20, 50/50 and 20/80. The polyurethanes were 
synthesized in dichloromethane solution at room temperature under a nitrogen atmosphere, using DBTDL as 
catalyst.  After a reaction period of 6 hours, the residual isocyanate functions were neutralized with methanol 
and the final product purified and dried before analysis. The characterization of the ensuing polyurethanes 
involved FTIR and NMR spectroscopy and DSC. Additionally, kinetic data were accessed by FTIR in 
transmittance mode by mimicking the used formulations. 
FTIR results indicated an effective incorporation of  PI and PD through chemical reaction with the polyol 
hydroxyl groups, by the  disappearance of the band assigned to them (3430 cm-1), together with the 
appearance of both urethane carbonyl (1720 cm-1) and free N-H (3290 cm-1) bands. As the PI/PD molar ratio 
decreased, i.e, as the content of the difunctional monomer increased, residual hydroxyls were detected, 
indicating an incomplete conversion. Nevertheless, their Tg shifted towards higher values, thus corroborating 
an increase in crosslinking density, associated with the reduction in network chain mobility. These processes 
produced the expected change from a highly viscous liquid (PI/PD=80/20) to rigid solids (PI/PD=50/50 and 
20/80). 
A major aspect of this study is the demonstration of the use of a renewable resource (OS) as a precursor for 
producing novel interesting macromolecular materials. The strategy used in this work provided a way to 
modulate the final thermal and mechanical properties, among others, of these biobased polymers.
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Abstract
    

   

The addition of extra detectors such as light scattering and intrinsic viscosity to a single-detector size-exclusion 
chromatography system or, better still, the use of an integrated multi-detector size-exclusion chromatography 
system can pay significant dividends in the breadth of sample information generated.  This leads to a greater 
understanding of molecular weight, structure and composition, and hence can shorten the time required for 
process optimization. Molecular weight can be measured independently of sample retention volume, 
eliminating the issues of column calibration, and intrinsic viscosity provides a direct measure of sample 
structure. The addition of a second concentration detector allows compositional information to be obtained. 
This presentation will provide an overview of multi-detector technologies and how they can benefit applications 
such as synthetic polymers, polysaccharides and proteins. 
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Abstract
    

   

The analysis of high polymers is a demanding application where a wide variety of powerful analytical 
techniques is usually required. High Resolution Mass Spectrometry (HR-MS) has widely been adopted in this 
arena as a powerful research tool due to the specific information that it offers. The analysis of samples like high 
molecular weight polymers is a challenging matter as samples can be very complex and exhibit a high dynamic 
range. This can make the observation and analysis of minor species difficult. Any separation technique that 
allows a reduction in the sample complexity is beneficial for the complete characterisation of polymers. 
Demands for increased throughput and elucidation of increasingly complex samples means chemists are 
constantly striving for techniques that add dimensions of orthogonality to separations. Ion mobility spectrometry 
(IM) separates gas-phase ions based on their cross-section and can be coupled with a quadrupole-time-of-flight 
(Q-TOF) mass spectrometer to yield a powerful tool used in the identification and characterisation of complex 
samples. Assuming the cross-section is different, spatial isomers, selected by the quadrupole of the Qtof 
instrument, will be separated in the ion mobility cell, then fragmented in a collision cell, and their structure 
studied by using isomeric specific fragmentation data. Exact mass information on the isomers and fragments 
will be provided by the high resolution Tof analyser. A specific software tool will facilitated the representation of 
the 3 dimentional data (M/z, ion mobility drift time and intensity) and the extractraction of relevant information. 
In this short presentation, we will show how ion mobility can help to simplify the interpretation of complex data, 
and support the structural characterization. 
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In this project 11-ferrocenyl-1-undecanethiol modified AFM cantilevers and tips were prepared and used for 
simultaneous electrochemistry and adhesion measurements in an AFM setup. In focus were potential 
dependent surface adhesive properties of the modified tips. The successful modification of flat gold substrates 
as well as AFM tips was confirmed with contact angle, XPS, FTIR and cyclic voltammetry measurements. Gold 
coated AFM cantilevers showed full monolayer coverage. The modified tips were used for tip potential 
dependent measurements of adhesion at self-assembled monolayers of 16-mercaptohexadecanoic acid and 1-
octadecanethiol on gold surfaces. It was found that the adhesion of the modified tips vs. COOH modified 
substrates changed as function of the applied tip potential in the regime of the redox potential of the 
ferrocenethiol.
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Abstract
    

   

The aim of this work was to synthesize and modify silica nanoparticles via SI-ATRP of styrene in order to 
improve their dispersion in polystyrene (PS) films. The quality of the dispersion directly influences the 
properties of the composite, i.e. a better dispersion gives a larger surface area between the matrix and the 
filler, increasing the effects of the filler on the composite properties. 
Silica nanoparticles with a diameter of approximately 70 nanometer were prepared according to the Stöber 
method. Subsequently, the surface of the prepared silica nanoparticles was functionalized with an ATRP 
initiator, followed by the SI-ATRP of styrene in N,N-dimethylformamide. Fourier transform infrared spectroscopy 
(FTIR), energy-dispersive X-ray spectroscopy (EDX) and X-ray photoelectron spectroscopy (XPS) were used to 
confirm the silica nanoparticle surface derivatization with the ATRP initiator and PS. From thermogravimetric 
analysis (TGA) the amount of the grafted PS from the silica nanoparticles was determined to be typically in 
between 38 to 49 w/w%. The dry thickness of the tethered PS was estimated from TEM images to be 
approximately 13 ± 4 nm, while in toluene the PS layer had a thickness of up to 100 nm as was determined 
with dynamic light scattering (DLS) measurements.  
The silica-PS core-shell particles were solution blended with PS and spin coated on silicon substrates to 
evaluate with atomic force microscopy (AFM) the dispersion of the particles in a PS film. It was observed that 
the silica-PS core-shell particles were well dispersed compared to the bare silica particles. The latter typically 
showed big agglomerates. Hence it was concluded that the particle surface derivatization with tethered 
polystyrene brushes improved the particle dispersion in polystyrene films.  
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DNA condensation in solution can be determined as the conformational transition of swollen molecular coil into 
compact state accompanied with the formation of nanodimensional particles. The study of this phenomenon is 
interesting not only for understanding the folding of the highly charged and rigid polymer into a compact 
structure, but also for DNA nanostructures design on purposes of new technologies (gene therapy, 
nanoelectronics, etc.)The main aim of the work was to reveal the features of DNA condensation induced by 
different agents: metal ions and polycations including high-molecular poly-L-lysine, oligopeptides, polyamines 
(“Sigma”) and synthetic polymers which were kindly provided by Dr. O. Nazarova and Prof. E. F. Panarin 
(Institute of Macromolecular Compounds, St. Petersburg, Russia). Both plasmids pFL44, pRS425 in circular 
form and calf thymus DNA (“Sigma”) of different molecular weights were used. DNA interactions with 
compounds under the study were explored by the following methods: Low-gradient Viscometry, Flow 
Birefringence, Atomic Force Microscopy, Gel Electrophoresis, Dynamic Light Scattering, UV 
Spectrophotometry, Circular Dichroism. It was shown that the most important factor for DNA condensation 
induced by long enough polycations (starting from 17 monomers for poly-L-lysine) is the reach of equal ionic 
groups concentrations for polycations (N) and DNA (P), i.e. N/P =1, while in the case of metal ions, 
oligopeptides and polyamines realization of a definite condensing agents concentration independently on N/P is 
essential. On the base of experimental data phase diagrams were plotted for all systems embracing the three 
areas. The first area corresponds to the state of DNA coil before condensation, in the second area the 
formation of complexes and DNA condensation are performed, and in the third area DNA precipitation occurs. 
DNA conformational changes (the appearance of mutually oriented parts of DNA chain) were observed before 
the condensation induced by polyamines and metal ions as opposed to polymers. [1] Kasyanenko N. A., 
Lysyakova L. A., Dribinsky B. A., Zolotova J. I., Nazarova O. V., Panarin E. F. // Polymer Science (C), Vol. 54 
(7), 1 (2012) in Russian, in press [2] Kasyanenko N. A., Mukhin D. A., Perevyazko I. Yu. // Polymer Science 
(C), Vol. 52 (1), 122 (2010) 

    

   

Figure 1. AFM images of condensed DNA by poly-L-lysine [1] (a) and DNA before condensation by La3+ [2] 
(b). Scan size is 400 nm (a) and 2�m (b).
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Abstract
    

   

Star polymers with compact structure and multiple functionality exhibit different physico-chemical properties 
(e.g. rheological and mechanical) from their linear counterparts. End group functionalization of these polymers 
can induce interesting perspectives, and thus, find a wide spectrum of applications, ranging from nano- (e.g. 
nanogels) to macro scale (e.g. hydrogel or layer design). In present study, star-shaped prepolymers with an 
EO/PO ratio of 80/20 and a molecular weight of 18 kDa with various reactive end groups (e.g. azide, alkyne, 
maleimide, succinimidyl carbonate, aldehyde, allyl, carboxylic acid and epoxide) were prepared. Size-exclusion 
chromatography (SEC), nuclear magnetic resonance (NMR), and infrared spectroscopy (IR) analyses 
confirmed their controlled functionalization, the absolute molecular weight and the purity of functionalized sPEG 
macromers. Cytotoxicity and cell viability assays were conducted in vitro with Human Dermal Fibroblast (HDF) 
cells to explore the biocompatibility of end-reactive prepolymers. 
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Abstract
    

   

Charge transport through a metal-molecule-metal junction is widely studied and is of paramount importance for 
applications in molecular electronic devices [1]. Recently, Kockmann et al. [2] showed that a single octanethiol 
molecule can be trapped between a substrate and the apex of a scanning tunneling microscope tip. However, 
the jump in and out of contact process is random, hindering a detailed study of the transport properties of the 
molecule. By applying a more sophisticated approach Kumar et al. [3] managed to obtain full control over the 
jump of the molecule in and out of contact process. They found that the attachment and detachment of the 
octanethiol can be controlled by carefully adjusting the sample bias and the tip/sample separation. Following 
this procedure, we measured the transport through a single octanethiol molecule in the temperature range of 
77 K to 180 K. The conductance of an octanethiol molecule is temperature independent (see Fig. 1) indicating 
that the transport mechanism is dominated by quantum mechanical tunneling.  
 
References: 
[1] A. Aviram and M. Ratner, Chem. Phys. Lett. 29, 277(1974) 
[2] D. Kockmann et al., Nano Lett. 9, 1147 (2009) 
[3] A. Kumar et al., J. Phys.: Condens. Matter, 2012. 24(8): p. 082201.

    

   

Fig. 1: Conductance of a single molecule in contact with the surface at different temperatures.
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Abstract

Investigating the applicability of direct analysis ion mobility for the analysis of synthetic polymers. 
2Julien De Winter, 1Michael McCullagh, 1Peter Hancock, 1Kirsten Craven, 1Tim Jenkins, and 2Pascal 
Gerbaux 
1Waters Corporation, Simonsway, Wythenshawe, Manchester, M22  5PP, UK. 
2 Mass Spectrometry Research Group, University of Mons-UMons, 20 Place du Parc, 7000 Mons, Belgium. 
Nowadays, polymeric materials are inescapable in our modern societies and cover a broad range of 
applications in areas as diverse and versatile as automobiles, textiles, packaging, medicine, pharmacy… For 
more demanding and specific applications, higher performing materials are required. As a direct consequence, 
the preparation of highly complex polymers is one of the major challenges of both the academic and industrial 
research. 
 
As a direct consequence of the development of such complex molecular objects, sophisticated techniques are 
required for the in-depth characterization of the macromolecules. Given the fact that the usual characterization 
tools such as Nuclear Magnetic Resonance (NMR) and Gel Permeation Chromatography (GPC), are 
extensively used, their abilities have been intensively developed to account for the increasing complexity and 
diversity of the targeted molecules. Nevertheless, both usual techniques are averaging methodologies since 
they only provide pieces of information about the polymer mixture instead of affording data on the individual 
macromolecules. For several years, mass spectrometry (MS) has emerged as a characterization method as 
ubiquitous as the SEC or NMR. 
 
MS can be used to generate detailed structural information from individual oligomers. Tandem mass 
spectrometry (MS/MS) has been used to generate end-groups information and can aid with the understanding 
of polymer fragmentation mechanisms.  It is possible to gain detailed molecular structural information when MS 
is combined with soft ionization methods, such as electrospray ionization (ESI) and matrix-assisted laser 
desorption/ionization (MALDI). 
 
In the study undertaken here High Definition Mass Spectrometry (HDMS) has been utilised to analyse synthetic 
polymeric products.  It is a combination of high resolution mass spectrometry and high efficiency ion mobility 
(IM) based measurements and separations. IM mass spectrometry is a rapid orthogonal gas phase separation 
technique that allows another dimension of separation to be obtained. The peak capacity of ion mobility 
separations facilitates direct analysis techniques.  
 
Two polylactide samples were used to investigate the ability of ion mobility separation in combination with 
direct analysis ESI to provide polymer characterization data.  The samples were cationised with sodium, lithium 
and cesium.  Using travelling wave IM the molecular structure of the polylactides were characterised through 
the determination of collision cross section values (CCS) of the cationised species, which can be used to infer 
changes in molecular conformation and shape. 
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Abstract
    

   

In this frame work, we will contribute to the study of the formation of a superstructure during the fully isothermal 
cold crystallization of PEN from the amorphous state, by DSC experiment. In this type of crystallization, the 
analysis is performed on a crystallized material at a given temperature T_r during a sufficient time  for 
achievement of crystallization. The degree of crystallinity reached in this case  has the maximum value ?_max. 
The obtained DSC thermograms   show: 
- the existence of two endothermic  melting peaks: the first one appears always at Tm2 above the annealing 
temperature T_r, attributed to the melting of small crystallites formed between the main lamellar populations. 
This result leads to the melting-recrystallization phenomenon. The second one appearing  around Tm = 268 ° C 
is attributed to the melting of the crystals which are both reproducible and dominant. 
- the disappearance of the exothermic peak of crystallization.  
- from the annealing temperature Tr = 200°C, another peak intermediate between the two previous ones, 
appears. The presence of this latter is accompanied by the gradual disappearance of the first endothermic 
peak. 
The maximal degree of crystallinity reached is close to 50%. 
The most important phenomenon that appears on the obtained  thermograms is the melting  behavior of PEN, 
which is characterized by the appearance of several endothermic peaks. 
Based on Hoffman-Weeks’s theory, we were able to deduce the equilibrium melting temperature T_m^0 = 
282°C which is in a very good agreement with the values given in the literature. This temperature allowed us to 
calculate the lamellar thickening factor ?. We obtained a value of 2.18, reflecting an increase in lamellar 
thickness of 118%. This same factor was estimated using the peak appearing at low temperature Tm2. Then, 
we obtained a value ? = 1.13, implying a lamellar thickening by 13% only. This behavior can be explained by 
the existence of two regimes of crystallization for the two types of nucleations. 
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Abstract
    

   

Hydrogels and high viscosity polymeric dispersions are systems of great interest for restoration and cleaning 
procedures and for diagnostic purposes in cultural heritage. Novel polymer formulations have been investigated 
with the aim of obtaining rigid, peelable, hydrogels, with broad compatibility towards non-aqueous solvents.   
The most desirable situation would be to obtain all the desired features in the same formulation and to reach 
that, differently from what is proposed in the literature, mixed systems made with combination of different 
polymers and/or copolymers are being tested. Properties of materials are tuned by changing   compositions 
and exploiting interactions between the components in order to achieve gelification.  
The compound chosen as gellant must be able to form stable hydrogels by itself or with the addition of a 
crosslinker. Starting material considered in this work is poly(vinylalcohol) (PVA), already known to form gels in 
the presence of borax. In the literature formulations within limited range of polymer/crosslinker are reported, 
therefore a systematic study to evaluate the influence of different compositions on properties of the gels is 
necessary . The addition of different amounts of cosolvent must be also taken into account. 
Other components can be inserted in the system to improve compatibility between gel and cosolvent and to 
affect the mechanical properties. Preparations with PVA/borax with small amounts of PEO (poly(ethylenoxide)) 
are being investigated. PEO is not completely miscible with PVA, but gels with high viscosity, transparents and 
with good solvent retention could be obtained. In particular, with termogravimetric measurements it was 
possible to observe that at room temperature in the presence of PEO the retention of solvent is better than in 
gels with PVA only, and these are good features for cleaning purposes. The preliminary results obtained on 
these systems give interesting information for the improvement of gel performances. Details  on the structural 
organization of the different components in the gelled system are also necessary in order to understand the 
role of  PEO on the gel performance. 
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for poster: 
Chemically modified electrodes, decorated with covalently tethered poly(ferrocenylsilane) - PFS chains, are 
fabricated. Robust, relatively dense redox-active films with a height of around 10 nm are successfully formed by 
reaction of poly(ferrocenyl(3-iodopropyl)methylsilane) with amine-terminated monolayers on silicon or gold 
surfaces. The electrochemical properties of the surface-immobilized PFS chains are studied using cyclic 
voltammetry (CV) and differential pulse voltammetry (DPV), both in aqueous and organic media. Information on 
the properties of these films as a function of redox state is gained using quantitative adherence measurements 
between the films and AFM tips. An ascorbic acid electrochemical sensor based on these surface-anchored 
PFS chains, exhibiting a high sensitivity and stability, was fabricated. The PFS layers described are easily 
derivatized, thus forming a platform for creating highly taylorable redox-active interfaces. 
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Abstract
    

   

Polyethylene blends are often used in industry to gain control over the properties and processability of the 
materials. However, research has proved that under certain circumstances liquid-liquid phase separation will 
take place and therefore giving rise to different morphologies. Also crystallization induced phase separation 
due to cooling will change the morphology. The aim of our study is to completely understand the several phase 
separation mechanisms and investigate the relationship between the change in morphology and the change in 
properties.  This will be done by characterizing several industrial polyethylene blend compositions suitable for 
packaging films after annealing the blends at several temperatures. The material chosen include high density 
PE, linear low density PE and low density PE having a similar melt flow index. Characterization methods 
include differential scanning calorimetry (DSC), Atomic Force Microscopy and polarized light microscopy.  
Furthermore, material properties such as tensile and IZOD tests are performed on the materials. To give more 
theoretical insight, Dynamic Density Functional Theory (DDFT) simulations are performed with the CULGI 
simulation package in order to simulate the phase diagram of these specific blends.
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Abstract
    

   

The research described here is centered around using responsive polymer materials as building blocks for 
addressable structures and their applications. Polymer chains are assembled into various functional 
architectures such as two-dimensional (2D) (polymer grafts on surfaces) and three-dimensional (3D) (polymer 
networks in bulk).  
The behavior of poly(N-isopropylacrylamide), PNIPAM, grafts with different grafting densities under variable 
solvent and temperature conditions is described. The grafts are prepared by surface-initiated atom transfer 
radical polymerization (SI-ATRP). In-situ ellipsometry and lateral force microscopy are used to study the 
swelling and collapse properties across the LCST. These polymer grafts are further evaluated as supporting 
substrates for cell cultures.  
Mixed polymer grafts consisting of PNIPAM and poly(methacrylic acid), PMAA, are prepared by a sequential 
combination of SI-ATRP and iniferter-mediated photopolymerization (SI-IMP). The responsive behavior as a 
function of pH is investigated.  
Poly(ferrocenylsilane) - PFS chains are tethered onto silicon or gold substrates by a "grafting to" approach, 
employing amine alkylation reactions. The electrochemical properties are studied both in water and organic 
media. An ascorbic acid electrochemical sensor based on these surface-anchored PFS chains is fabricated.  
A rapidly forming redox responsive PFS-poly(ethylene glycol) (PFS-PEG)-based hydrogel is generated via 
thiol-Michael addition click reaction. PFS bearing acrylate side groups (PFS-acryl) is synthesized as the 
precursor for the network.  
Multi-responsive hydrogels composed of PNIPAM and PFS are formed by photopolymerization of NIPAM and 
PFS-acryl. The in-situ fabrication of silver nanoparticles inside the hydrogel network via reduction of silver 
nitrate is also described. These composites show strong antimicrobial activity while maintaining a high 
biocompatibility with cells.  
Two different types of PFS macrocrosslinker, PFS with acrylate side groups PFS-acryl and PFS with vinyl 
imidazole groups (PFS polyionic liquids, PFS-PIL) are chosen as precursors for the gel formation. PFS-based 
nanogels are formed by self-crosslinking of  PFS-PIL at low concentration. PFS microgels based on PFS-acryl 
and PFS-PIL are prepared using a microfluidic system. These techniques enable us to generate and precisely 
control the size of the redox responsive spheres. They show redox responsive properties and promising 
applications as support catalyst and in molecular release.  
Overall, responsive polymer materials are among the most exciting areas in science. Here, various responsive 
polymer systems with different dimensions (polymer grafts, macroscopic hydrogels and microgels/nanogels) 
capable of responses to external or internal stimuli are developed and potential applications are demonstrated.
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Abstract

Key words: PEEK, PC, molecular cross-contamination, sorption model, FOUP 
 
In the microelectronics industry, the silicon substrates (wafers) are stored and handled in specific plastic 
containers named FOUP (Front Opening Unified Pod) in order to isolate wafers from airborne contaminants 
and operators. Along the process flow and due to it, these containers mainly made in PEEK 
(polyetheretherketone) and PC (polycarbonate) can sorb gaseous molecules and subsequently outgas these 
ones in presence of sensitive wafers [1,2,3], leading then to detrimental impacts (e.g. metallic layers corrosion 
or crystal growth induced by volatiles acids…) [3,4]. These sorption/outgassing phenomena are governed by 
molecular transport mechanisms in polymers [5]. Thus, the knowledge of the diffusion (D) and solubility (S) 
coefficients in polymers is required for critical molecular contaminants to forecast and to quantify the container 
contamination issues in the manufacturing conditions.  
In this work, the unavailable transport coefficients in PC and PEEK were characterized for HF and HCl, two 
main volatile acids implied in wafer defectivity. The method implemented is based on the determination of the 
molecular sorption kinetic up to the polymer saturation. These kinetic data allow the determination of D by 
solving of the second Fick’s law whereas S is given by the saturation level. Experimentally, a thin pure polymer 
film (=250 μm) of a few cm² surface is exposed depending on time inside a low-volume reactor to an air flow 
containing a constant airborne acid concentration (ppbv-ppmv ranges) in typical microelectronic clean room 
conditions (21 ?2°C, 1 atm, 40?2% RH). Immediately after exposure, the amount of acid trapped in the polymer 
is extracted with hot water (70°C) and then analysed by ionic chromatography. 
By this method, the expected trends for the sorption kinetics were obtained enabling to determine HF and HCl 
solubility and diffusion coefficients in PC and PEEK. A higher solubility is observed for HF than HCl likely in link 
with steric considerations. Moreover, PEEK presents a higher solubility than PC, respectively 0.11 cm3.cm-
3.Pa-1 &  
0.065 cm3.cm-3.Pa-1 for HCl, and 0.92 cm3.cm-3.Pa-1 & 0.23 cm3.cm-3.Pa-1 for HF (at 160ppbv). The D 
values are in the range of 10-14-10-15 m2.s-1 depending on the polymer and the contaminant concentration. 
Furthermore, PC and PEEK samples of different thickness and roughness were exposed. For HCl, sorption 
kinetics in PEEK and PC are in accordance with the well-accepted model. In case of HF, the solubility as well 
as the surface concentration on the polymer surface depend clearly on the polymer’s roughness. Indeed, HF 
solubility can increase by a factor ten with higher roughness. A new model integrating the relation “roughness – 
surface concentration – solubility” is proposed to explain such behaviour. 
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Abstract
    

   

Nowadays plastics become one of the most popular materials being in use. Due to their properties, plastics 
have found wide application in life and industry. The main advantages of plastics are durability, longevity, low 
density and chemical stability. However, the same properties lead to increasing of environmental risks. 
Nevertheless, annual consumption of plastics grows up, consequently environmental load grows up too. In this 
aspect one of the most prominent solutions is production of biodegradable plastics and polymers that were first 
introduced in 1980s. Since that time many different variants of their production had been described. Petroleum 
resources and natural polymers were used as sources for biodegradable plastics production. Now plastics 
derived from renewable raw materials become more attractive due to cost efficiency and effective 
biodegradation. 
One of the most perspective sources for biodegradable plastics production are agricultural wastes, including 
animal processing co-products. Nearly 75% of them are currently subjected to incineration, landfilling or used 
as compost for soil fertilization. A new technology of sequential high temperature short-term and enzymatic 
treatment of keratin containing stock leading to obtaining of protein hydrolysates (PH) has been developed 
recently. The resultant PH are mainly composed of different peptides and are characterized by wide molecular 
weight distribution (<3 kD -34.3-36.3%, 3-10 kD 57.6-58.5 kD, >10 kD – 6.1-7.3%). It is the first attempt to use 
PH, particularly from keratinaceous materials, for bioplastics production. This task is quite challenging due to 
the complexity of protein hydrolysates’ composition. 
The 3 different methods were applied for obtaining of biodegradable plastics from PH, including standard 
casting and pressing of polymer mass with PH as a loading agent; polymerization of peptides by mince of 
cross-linking agents (glutaraldehyde, carbodiimide) and biocatalytic polymerization of PH with laccase. 
In the first method PH was incorporated into the common polymers such as sevylene and polypropylene. 
However, further optimization by variation of PH and polymer proportions will be useful for obtaining of the 
desirable development type. 
The second approach was shown to be hampered by the complexity of PH composition resulting into 
insufficient control of polymerization process and obtaining of polymer with tailored properties. 
Thirdly, a novel approach for production of biodegradable plastics, based on biocatalytic polymerization of 
peptides incorporated in PH with laccase, was introduced. Laccases (benzenediol:oxygen oxidoreductases, EC 
1.10.3.2) represent the largest subgroup of blue multicopper oxidases, using the distinctive redox ability of 
copper ions to catalyze the oxidation of a wide range of aromatic substrates concomitantly with the reduction of 
molecular oxygen to water.  
Our preliminary data indicate feasibility of biodegradable polymers production from keratin containing stock. 
However, further studies required in order to find the most effective strategy and to explore fully the properties 
of the polymers obtained. 
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Abstract
    

   

In the past 20 years the atomic force microscope (AFM) has evolved into a powerful tool for the nanoscale 
investigation of polymeric materials and single macromolecules [1]. Although the AFM provides nanometer 
spatial resolution it lacks chemical or material specific information. To overcome this fundamental lack the 
integration of atomic force microscopy into hybrid devices – in particular in combination with optical techniques 
-  opened novel avenues for nanoscale research [2]. Of particular interest are scanning near field (SNOM) 
approaches,  such as combined  AFM-Raman,  AFM-fluorescence and AFM-ellipsometry [3]. Being operated in 
the so-called apertureless scanning near field configuration these approaches make use of AFM tips 
functioning as antennas which locally enhance the electric field or spectroscopic signal which can be detected 
in the far field and used to derive chemical or material specific information with the lateral resolution of AFM. 
In this study, we introduce a simple, non-destructive and economical Scanning Near-Field Ellipsometer 
Microscopy (SNEM) setup based on the combination of commercially available AFM and ellipsometer without 
any major changes in the design of those instruments [4]. In our set-up, a sample is placed on a glass 
substrate and scanned with a gold coated Si AFM tip which is illuminated from below by the laser of an 
ellipsometer. Near field interactions between the tip and the sample at the highly confined area alter the initially 
set polarization state of the incident light. This change is then detected at the ellipsometer detector for each 
scanned point. First experiments were done on identifying metal nanoparticles embedded in polymer matrixes. 
Optical contrast images of those metal particles were recorded simultaneously with the topographic images. 
 
References: 
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3. P. Karageorgiev, H. Orendi, B. Stiller, L. Brehmer, Appl. Phys. Lett., 2001, 79, 1730-1732. 
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Abstract
    

   

Taking into account that real crystalline polymer supra-molecular structure elements have limited dimensions  
and  the interconnecting  macromolecules have different conformation structure  we have carried out modeling 
of an oriented crystalline polymer plastic deformation and creep molecular processes. We have  considered   
two-phase  model  of  an oriented flexible-chain crystalline polymer type of linear polyethylene micro-fibrils of 
which consist of interchanging crystalline and amorphous regions.  In the deformation  molecular mechanics 
modeling the  Frenkel-Kontorova’s  crowdion was used for condition of balance and longitudinal  mobility  of  an 
interconnection macromolecular chain.  
  
The dislocation formation is stimulated by thermo-fluctuation and stressed load and  is accompanied molecular 
chains exit of crystallites, elongation of amorphous section of interconnecting molecular chain and 
correspondingly  lead to  local loads relaxation on  their amorphous sections  as well as  by  conformation  
regroupings of  these sections in some conditions  especially for flexible chain polymer.  
 
The load relaxation   value and the  dislocation evolution  depends except of macromolecular chain parameters 
mainly from dimension sizes of an interconnecting  amorphous  section and of  initial  local load on it, presence 
of cross-links, interpenetrating, loops in neighboring amorphous   sections, defect structure of polymer 
crystallites.  .  
 
For high-oriented  flexible-chain crystalline polymers at the certain values of slippage chains number there was 
the further discontinuous jump conformation structure (conformation straightening)  of the interconnecting 
amorphous section.   
 
The dislocation forming   thermo-activation energy values for   various loads and the longitudinal sizes of 
crystal and amorphous regions are designed.  
 
The dislocation moving to amorphous region lead to  the interconnecting chain  pulled into crystallite  with  local  
load value  increasing on amorphous section and  the thermo-fluctuation energy dissipation. 
 
In a   real polymer   there is   the wide   distribution over the amorphous  and crystalline   regions sizes. As a 
result of this in the polymer being under external load  the values of the local loads  on  the  amorphous  
sections, correspondingly   the activation  energy   for  the dislocation  formation and the  velocity of the 
molecular  chains longitudinal mobility and molecular deformation process   will be also different. 
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Abstract
    

   

 With the increase of life expectancy and the consequent need for continuous medicinal development, tissue 
engineering is a new branch of science which is growing very fast and has a lot of potential applications. 
Indeed, joints and bones degenerate due to the wear and tear of cartilage or traumatic accidents. The goal of 
the tissue engineering research is to improve the reconstruction of these defects.  
 The main principle behind tissue engineering is to build a three-dimensional (3D) scaffold with the same shape 
of the defect, extract cells from the patient, let them proliferate to achieve a sufficient number for scaffold 
seeding, and implant the so created construct in the site of injury. 
 Of course, a lot of research has to be still done and some issues must be solved. One challenge is due to the 
complexity of the organs that must be reproduced in the construct. To obtain optimal tissue regeneration, 
fabricated scaffolds are designed to recreate a perfect copy in order to resist mechanical loads. A second 
challenge is to obtain a good cell nutrients supply and distribution through a 3D scaffold, otherwise cells may 
die. This is still an unsolved problem in scaffold design, as the concentration of oxygen decreases in depth. 
 A possible solution for this issue is the use of gradient scaffolds which allow the cells to migrate from the 
outside to the inside and permit different cell differentiation through the scaffold. There are possible gradient 
proposed and studied in literature, such as pore size and stiffness gradients. A surface treatment could permit 
a gradient on hydrophilicity, growth factor fixation, mechanical stiffness (modulus) or roughness. An interesting 
technique to create a surface gradient is to use tethered polymer brushes. These polymer brushes are formed 
by a dense assembly of polymer chains attached by one end to a surface and can be created by controlled 
atom transfer radical polymerization (ATRP).  
 In this study, a 2-D system based on hard flat surfaces modified with biofouling (PGMA) and non-biofouling 
(PHEMA) di-block copolymer brushes was designed. A slope across the length of the two blocks resulted in a 
relative cell adhesion gradient along the substrate. MC-3T3 cells (mousse fibroblast cell line) were used and 
gradual cell adhesion behaviour was seen in the di-block copolymer brush system. 
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Abstract

Atmospheric pressure non-thermal plasmas are of great interest in polymer surface treatment due to their 
convenience, effectiveness and low cost. Atmospheric pressure dielectric barrier discharge (APDBD) using line 
frequency (50 Hz) is attractive for industrial applications as it avoids the high costs associated with vacuum-
based and high frequency plasmas. The treatment of high density polyethylene (HDPE) film surface for 
improving hydrophilicity using the non-thermal plasma generated by line frequency atmospheric pressure 
dielectric barrier discharge in air and argon is conducted. For the discharge, two rectangular metal electrodes 
with the dimensions 5 cm × 3.5 cm × 1 cm are used covering the lower electrode by a polycarbonate plate 
(dimensions 10 cm × 8 cm × 0.2 cm), separated by a gap, resulting in DBD. The discharge is generated via line 
frequency (50 Hz) high voltage (maximum peak-to-peak value of 50 kV) power supply connected in series to a 
ballast resistor. Commercially available high density polyethylene (HDPE) (Goodfellow Ltd., UK) films of 
thickness 0.01 mm thickness and with dimensions 3 cm × 2.5 cm are used as samples for plasma treatment. 
HDPE samples before and after the treatment are studied using contact angle measurement and scanning 
electron microscopy (SEM) (LeO 500 microscope). The contact angles between the test liquids and HDPE 
samples are measured in order to determine the total surface free energy using the sessile drop technique. 
Liquid drops on the plasma-treated HDPE surface are imaged using the CCD camera and the contact angle is 
measured. Rame hart contact angle goniometer, model: 200 is used for this purpose. Three liquids are used: 
distilled water (H2O), glycerol (C3H8O3) and diiodomethane (CH2I2). It is found that a short time (several 
seconds) treatment can modify the surface characteristics of HDPE film significantly. 
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SEM observation of HDPE film surface before and after the plasma treatment. (a) untreated (b) after 
atmospheric pressure DBD treatment.
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Abstract
    

   

Biofouling is a long-standing issue with tremendous economical and environmental impact. Current scientific 
research aims at developing novel strategies to design new antifouling surfaces based on protein repellant  
modifications. Zwitterionic sulfo-betaine polymer brushes are environmentally benign and are promising as 
ultralow fouling   coatings. Based on their unique structure promoting a hydration layer at the brush-water 
interface,1 they are protein repellant and effectively suppress biofouling. 
The ability of poly(sulfobetaine methacrylate) (PSBMA) brushes to resist fouling was assessed by AFM 
adhesion experiments in contact with a  highly adhesive surface. In order to achieve this poly (methyl-
methacrylate) (PMAA) brushes were grafted from  AFM colloidal gold probes by ATRP, subsequently RGD 
tripeptide (arginine-lysine-glutamic acid) motifs were covalently attached since it is well known of its role in 
promoting protein adherence.2,3 
These probes were used to measure force-distance curves to assess the affinity towards zwitterionic PSBMA 
brushes grafted from silicon substrates. Neither PMAA nor PMAA-RGD modified surfaces show significant 
adhesive properties in contact with the PSBMA brush, at pH 7.4 in PBS solution. The measured mean pull-off 
forces were less than 50 pN but adhesion forces up to 6 nN were detected in case of amine functionalized 
reference surfaces. 
 The mechanical properties of the different polymer brushes were evaluated from AFM force-distance curves.  
As the compressibility of the polymer brush  depends on the grafting density,4 corresponding grafting density 
values were qualitatively estimated from the compression experiments. The obtained values  for surface 
grafted polymer brushes were on the order of 0.11 nm-2.  
By analyzing the indentation force-distance curves the apparent Young's modulus was obtained. For Si surface 
grafted PSBMA brush, RGD functionalized PMAA brush and PMAA brush grafted from gold colloid surface 224 
± 12 kPa, 224 ± 6 kPa and 226±8 kPa were obtained, respectively. 
 
1. W. K. Cho, B. Kong, I. S. Choi, Langmuir, 23, 2007, 5678 
2. U. Hersel, C. Dahmnen, H. Kessler, Biomaterials, 24, 2003, 4385 
3. M. Navarro, E. M. Benetti, S. Zapotoczny, J. A. Planell, G. J. Vancso, Langmuir, 24, 2008, 10996 
4. P. G. de Gennes, Adv. In. Coll. Int. Sci., 27, 1987, 189 
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Abstract
    

   

Surface initiated polymerizations (SIP), for example using controlled free-radical approaches such as Atom 
Transfer Radical Polymerization (ATRP) have been used with great success to obtain designer surfaces 
exhibiting coatings with thicknesses in the nanoscale with targeted, controlled properties. Such surfaces have 
been used to control cell adhesion, proliferation, migration and growth. As substrates most often Au or Si are 
employed. However, for numerous applications, for example to obtain polymer-based tissue engineering 
scaffolds, the use of polymer substrates would be desirable. The control of stem cell migration and 
differentiation into polymer-based 3D scaffolds is still critical. The aim of our study is to engineer the surface of 
3D scaffolds which are designed to actively promote stem cell migration and differentiation. This challenge will 
be approached through the design, fabrication, and characterization of gradient scaffolds. The gradient in 
biological factors will be introduced through the insertion of polymer brushes in the scaffold pore network. 
Before studying the 3D porous scaffolds, first the scaffold modification and the cell behavior was investigated 
using planar 2D polymer films. Polycarpolactone (PCL) and poly[poly(ethylene oxide) terephthalate-co-
(butylene) terephtalate] (PEOT/PBT) were investigated as the scaffold material. These polymers are modified 
by aminolysis to attach an ATRP initiator after which poly(n-isopropylacrylamide) (PNIPAM) polymer brushes 
were grown. Cell behavior studies on these modified polymer films and FTIR measurements before and after 
cell culturing showed a strong attachment of the PNIPAM brushes to the substrates. Future challenges include 
studies of the modification behavior of these specific polymers. Therefore these polymers will be spin-coated 
on solid substrates providing anticipated improvements of the handling as well as the characterization 
possibilities of the substrates.
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Abstract

The thermally stimulated current method (TSC) was used to study the relaxation modes of  the polybutylene 
terephtalate (PBT) polymer, in the temperature range (0°C to +160°C). The obtained spectrum have revealed 
two peaks located at temperatures maximums of 60°C, and 110°C. The peak appearing at 60°C corresponds to 
the dielectric manifestation of the glass transition phenomenon (a –relaxation). The dipolar nature of this 
relaxation was demonstrated. To study this relaxation in more details, the corresponding peak was resolved 
into a set elementary spectra using the peak cleaning method with a thermal window of 5°C. The value of 2.2 
eV of the activation enthalpy in the vicinity of the glass transition temperature is characteristic of a main 
relaxation mode. A compensation  phenomenon for this relaxation mode was observed at about 82°C.  
Concerning the peak appearing at 110°C, we have demonstrated that this mode has not a dipolar origin. Its 
intensity is higher than the one of the a –relaxation peak: it is attributed to the relaxation of space charges.  
In this frame work, a particular interest was reserved to the study of the effect of physical ageing on the  a –
relaxation peak of PBT. The experimental protocol consists on annealing the polymer at Ta= 55°C, 50°C 45°C 
and 40°C during different times ?t_a. The recording of TSC peaks of aged PBT revealed a reduction in their 
intensities and their shift towards higher temperatures, when the ageing becomes important This result can be 
explained by the diminution of the molecular chains mobility which is directly related to the area under the TSC 
peak representing the polarization of the sample.
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Abstract
    

   

Poly (lactic acid) (PLA) is biodegradable aliphatic polyester derived from renewable resources that could 
become a competitive alternative to traditional commodity plastics for everyday applications from an 
environmental standpoint. In our research, ramie and vermiculite were respectively used to reinforce PLA 
based matrix by in situ polymerization. FTIR, SEM, TEM, DSC, TGA and mechanical testing were used to 
study their structures and properties. The results indicated that the use of natural fibres or clay nanoparticles in 
combination with biodegradable PLA based polymers could yield suitable properties such as thermal stability 
and mechanical properties.
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Abstract
    

   

Polymers from vegetable oils are very versatile materials employed in several kinds of important technological 
applications. In this scenario, modified fatty acids derived from soybean oil are extensively used for the 
synthesis of paints, adhesives, thermoplastics, thermosets and composites, etc. This work focuses on the 
synthesis of soybean oil-based polymers prepared by free radical polymerization through emulsion 
polymerization process by using acrylated epoxidized fatty acids (oleic, linoleic and linolenic acids) in 
combination with vinyl monomers such as ethyl acrylate, vinyl acetate and methyl methacrylate. It was shown 
that polymeric lattices can be successfully obtained, presenting good stability and high shelf time. Polymeric 
nanoparticles showing narrow particle size distribution, with average diameter around 100 nm were obtained. It 
was also observed by differential scanning calorimetry that the final polymeric material can present two glass 
transition temperatures, which indicates that the final polymer presents a complex macromolecular 
arrangement. Thermogravimetric analysis showed that the polymeric materials exhibit good thermal stability, 
undergoing complete degradation in the range from 230 °C to 450 °C.
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Abstract
    

   

Thermal imprint process of polymer for micro pattern has been widely used in many areas, such as optical 
parts, solar energy, bio-mechanical and chemical chips, and so on. Polycarbonate (PC), as the amorphous 
polymer, is often used in thermoforming process because of its good replication characteristics. In order to 
obtain the best quality of the replica, the imprint parameters (e.g., pressure, temperature, time and etc) must be 
determined. Therefore finite-element model of the hot imprint process of lamellar periodical microstructure into 
PC has been created using COMSOL Multiphysics. Mathematical model of the hot imprint process includes 
three steps: heating, imprinting and demolding. The material properties of amorphous PC strongly depend on 
the imprint temperature and loading. Therefore polycarbonate was modeled as elasto-plastic material, since it 
was analyzed below the glass transition temperature. The hot imprint model is solved using the heat transfer 
and the solid stress-strain application modes with thermal contact problem between mold and polycarbonate. It 
is used for evaluation of temperature and stresses distributions in the polycarbonate during hot imprint process. 
In this paper, the dependencies of imprint displacement, heating temperature and period of the molds 
periodical microstructure on the imprint force were analyzed. The quality of the replica, by means of lands filling 
ratio, was determined, too.
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