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Abstract 
 

Text: Most polypeptides of Ŭ-amino acids form 3D structures through hydrogen bonding. Exception are 

the N-substituted polypeptides, which lack an amide nitrogen and their secondary structure is due only to 

the constraints imposed by the main chain. Of the natural N-substituted Ŭ-amino acids, L-proline and 

hydroxyl-L-proline are the most characteristic components of collagen.  

 

In the case of poly(L-proline)ôs secondary structure, its tertiary amide group leads to a significant 

lowering for cis-trans isomerisation (PLP I and PLP II form). PLP II is a water-soluble left handed rigid 

extended helix, where its conformation is independent of pH and T. For this reason it is used as a 

ómolecular rulerô in FRET analysis and plays important roles in cell-penetration and protein-protein 

recognition, whereas the synthetic references for poly(hydroxyl-L-proline) are very limited. 
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In light of these qualities, synthetic access to well-defined N-substituted homo and copolypeptides is 

very desirable. The most common route to polypeptide synthesis is via the polymerization of their N-

carboxy anhydrides (NCAôs). By overcoming the problems involved in L-proline NCA synthesis (high 

nucleophilicity of a secondary cyclic amine, stretching imposed by the two connected rings, solubility of 

by-products) with a novel purification method and by using high vacuum techniques, we were able to 

synthesize PLP-containing materials, such as PEO-b-PLP and PLP-b-PEO-b-PLP triblock chimeras. 
  

 
 

                                                                     
 

 
 

 

CD measurements reveal that unlike PLP, the triblock chimeras adopt the PLP I form in water (PEO 

block stabilizes) and only after treatment with formic acid, the PLP II helix is adopted.  

mailto:iatrou@chem.uoa.gr
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Abstract 
 

High-vacuum polymerization of Ŭ-amino acid-N-carboxyanhydrides (NCAs) affords polymers with 

controlled molecular weights and narrow polydispersities, however a comprehensive study of the end-

group composition of the resulting polypeptides has not yet been performed.  This reveals crucial 

information, as the end-groups are indicative of both the polymerization mechanism (i.e., initiation 

event) as well as the termination pathways (See Figure 1).  To this end, poly(O-benzyl-L-tyrosine) 

initiated by 1,6-diaminohexane was synthesized and subsequently characterized by MALDI-TOF MS, 

NALDIÊ-TOF MS and 
13

C NMR spectroscopy to ascertain the end-group structure.  Polymers were 

prepared by both high vacuum and glove box techniques in DMF/THF.   Preparation of poly(O-

benzyl-L-tyrosine) by high vacuum techniques yielded a polymer initiated exclusively by the normal 

amine mechanism, and termination by reaction with DMF was observed.  In contrast, polymers 

prepared in the glove box were initiated by the normal amine and activated monomer mechanisms, and 

several termination products are evident.  To our knowledge, this is the first rigorous and comparative 

analysis of the end-group structure, and it demonstrates the advantage of high vacuum techniques for 

polymerization of NCAs for the preparation of well-defined polypeptides with end-group fidelity. 

 

 

 
Figure 1.  Possible initiation events in the primary amine initiated polymerization of NCAs. 
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Abstract 
 

Macromolecular chimeras
1
 are polymer/polypeptide hybrids where the ability of the polypeptide 

blocks to adopt different conformations, such as Ŭ-helices or ɓ-sheets, gives rise to more complex self-

assemblies and enhances the microphase separation from the coil-like blocks. Recently, the 

hierarchical self-assembly of a miktoarm star terpolymer with a polypeptide arm was reported
2
. 

 

We demonstrate the first hierarchical smectic self-assembly in miktoarm star terpolymers, using a 

macromolecular chimera (see Fig. 1) composed of two coil-like arms (polystyrene, PS and 

polyisoprene, PI) and a mesogenic Ŭ-helical polypeptide arm (poly(Ů-tert-butyloxycarbonyl-L-lysine), 

PBLL). The packing of the PBLL helices gives rise to a lamellar superstructure where rod- and coil-

containing lamellae alternate. Furthermore, the coil-containing lamellae have an inner structure 

composed of PS and PI rectangular cylinders. This morphology combines features from the lamellar 

self-assemblies or rodïcoil diblock copolymers
3
 with those of miktoarm terpolymers with highly 

asymmetric block sizes
4
. The hierarchical self-assembly of the (PS)(PI)(PBLL) miktoarm is studied 

with transmission electron microscopy (TEM), atomic force microscopy (AFM), small- and wide-

angle X-ray scattering (SAXS, WAXS) and Fourier transform infrared spectroscopy (FTIR). 

Figure 1. a) Schematic illustration of the (PS)(PI)(PBLL) miktoarm and b) TEM image of the 

hierarchical smectic self-assembly, stained with OsO4 (PI domains showing dark). 

                                                 
1
 Karatzas, A.; Iatrou, H.; Hadjichristidis, N.; Inoue, K.; Sugiyama, K.; Hirao, A. Biomacromolecules 2008, 9, 

2072ï2080. 
2
 Gitsas, A.; Floudas, G.; Mondeshki, M.; Lieberwirth, I.; Spiess, H.W.; Iatrou, H.; Hadjichristidis, N.; Hirao, A. 

Macromolecules 2010, 43, 1874ï1881. 
3
 Duoy, A.; Gallot, B. Polymer 1982, 23, 1039ï1044. 

4
 Takano, A.; Kawashima, W.; Wada, S.; Hayashida, K.; Sato, S.; Kawahara, S.; Isono, Y.; Makihara, M.; 

Tanaka, N.; Kawaguchi, D.; Matsushita, Y. J. Polym. Sci., Part B: Polym. Phys. 2007, 45, 2277ï2283. 
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Abstract 
 

Self-assembled structures with length scales of few nanometers can be achieved by combining 

polymers with small molecular weight amphiphiles. The ionic interaction results in bottle-brush-type 

macromolecules that can assemble in various ways in the solid state. When instead of traditional 

polyelectrolyte a polypeptide is used, an additional variable is introduced to the system, since 

polypeptides can fold into different secondary structures. Also, the structure of the surfactant can be 

varied, which affects in case of polypeptides the secondary structures and thus the self-assembly. 

 

In this work PEGylated triple-tail lipids were complexed with homopolypeptides. The lipids consist of 

a hydrophilic ethylene glycol tail and two alkyl tails, whose lengths are varied. In comparison to a 

typical surfactant with linear alkyl tails, the addition of a hydrophilic tail makes the amphiphile bulky 

and forces the polypeptides to adopt a helical secondary structure.  

 

The complexation of a triple-tail lipid with helical polypeptides was found to lead to an oblique self-

assembly.
1
 This is to our knowledge the first time a correlation between the helices in 2D layered 

structure is reported in polypeptideïlipid complexes. The oblique structure was evidenced with small 

angle X-ray scattering and transmission electron microscopy. The additional ethylene glycol tail was 

found to play a crucial role in the self-assembly by plasticizing the helix layer and filling in the voids 

between the helices, thus, balancing the density between hydrophilic and hydrophobic layers. 

 

 
 

 

 
 

Figure 1. Schematic presentation of the polypeptide-lipid complex formation (left and middle) and a 

TEM image of the resulting self-assembly (right). 

 

 

 

 

                                               
1
Hanski, S., Junnila, S., Soininen, A. J., Ruokolainen, J., Ikkala, O., Submitted 2010. 
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Abstract 
 

      Biodegradable polymers based on polylactides, due to their unique properties, have long been 

considered environmentally friendly polymers. The spectacular advances achieved over the last 20 

years in the synthesis, manufacture and processing of these materials have given rise to a broad range 

of practical applications from packaging to more sophisticated medical devices. 

      In the present study the kinetics of the ring opening polymerization (ROP) of L-lactide (LLA) 

(Scheme 1) was studied using pentamethylcyclopentadienyl-dichloro-ethoxy titanium (Cp*TiCl2OEt), 

indenyl-dichloro-ethoxy titanium (IndTiCl2OEt) and indenyl-trichloro titanium (IndTiCl3), as 

initiators. The polymerizations were conducted in toluene at 130
o
C. 

      The polymerization of LLA using Cp*TiCl2OEt or IndTiCl2OEt as initiators was very well 

controlled, leading to quantitative yields, relatively controlled molecular weights and narrow 

molecular weight distributions (Mw/Mn < 1.1). It was shown that both the polymerization yield and the 

molecular weight of the polymers scale linearly with time. 

       Indenyl-trichloro titanium was also found to be an efficient initiator for the ROP of LLA leading 

to quantitative yields. However, the polymerization reaction was rather slow and the molecular weight 

distributions were very broad (Mw/Mn > 1.3). Mechanistic considerations regarding the polymerization 

of LLA by half titanocenes will be discussed. 

 

 
 

Scheme 1 : ROP of L-lactide A: Cp*- , Ind-  Nu: Cl- , EtO- 
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Abstract 
 

Metallocenes based on zirconium, titanium and hafnium activated by suitable fluoro aryl 

borate compounds can be efficiently used for the cationic polymerization of oxazolines. The kinetics 

of the polymerization of  2-phenyl-2-oxazoline (PhOx) and 2-methyl-2-oxazoline (MeOx) was studied 

using the following initiating systems: 1) Cp2ZrMe2/[Me2NHPh]
+
[B(C6F5)4]

-
     2) Cp2ZrMe2/B(C6F5)3, 

3) (t-butyl Cp)2HfMe2 /[Me2NHPh]
+
[B(C6F5)4]

-
, 4) (t-butyl Cp)2ZrMe2/[Me2NHPh]

+
[B(C6F5)4]

-
, and 5) 

(t-butyl Cp)2TiMe2 /[Me2NHPh]
+
[B(C6F5)4]

-
, in order to evaluate the influence of the nature of the 

monomer, the metallocene and the activator. In certain cases the well controlled polymerization of 

oxazolines was promoted leading to quantitative yields, relatively controlled molecular weights and 

narrow molecular weight distributions (Mw/Mn<1.10).  

 Random copolymers of MeOx and PhOx were synthesized using Cp2ZrMe2 

/[Me2NHPh]
+
[B(C6F5)4]

- 
as the initiation system. The reactivity ratios of the monomers were estimated 

using the Finemann-Ross, the inverted Finemann-Ross and the Kelen-T¿dos graphical methods. 

Structural parameters of the copolymers were obtained by calculating the dyad monomer sequence 

fractions and the mean sequence length. 

 The synthesis of block copolymers by sequential addition of MeOx and PhOx was attempted 

using the following initiator systems: 1) Cp2ZrMe2/B(C6F5)3, 2) Cp2ZrMe2/[Me2NHPh]
+
[B(C6F5)4]

-
 

and 3) (t-butyl Cp)2HfMe2/[Me2NHPh]
+
[B(C6F5)4]

-
. Moreover, the block copolymerization of MeOx 

and Ů-caprolactone (Ů-CL) was studied, using Cp2ZrMe2/B(C6F5)3 as the initiator. 

 

 

 
 

Cationic Polymerization of Oxazolines. 
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Abstract  

 
Block copolymers consist of two or more covalently bonded homopolymers. What makes this 

class of materials of high interest is their ability to spontaneously self-assemble into well-defined 

ordered arrays of nanoscopic domains.  Currently, many block copolymer systems are under 

investigation for the fabrication of real devices and their use in microelectronics (Sematech has 

already included directed self assembled methods in their ITRS 2009
1
), membrane fabrication, bio-

applications, photonic crystals, etc.
2 

In the current project, amphiphilic P(t-BMA)-b-PEOs with PEO block as the minor component 

were synthesized and its nanostructure formation were investigated. Atom transfer radical 

polymerization (ATRP), using PEO block as an ATRP macroinitiator (fig.1), was used for the 

synthesis of the block copolymers with different volume fractions. Thin films of P(t-BMA)-b-PEO 

diblock copolymers were spin-coated from benzene solutions onto silicon substrates and a solvent 

annealing technique was applied under controlled humidity in order to orient its morphology. 

Throughout the solvent annealing procedure the film thickness behaviour was monitored via white 

light reflectance spectroscopy
3
 and the revealed nanostructures were investigated using AFM. 

According to the volume fraction percentage of PEO block and the AFM results, cylindrical and 

spherical morphologies were obtained.  

P(t-BMA)-b-PEO diblock copolymer is of considerable interest due first to the distinctly different 

hydrophilicity of its blocks. On the other hand, the addition of a photoacid generator can turn the 

hydrophobic P(t-BuMA) block into a chemically amplified lithographic material.  Therefore there is  

the dual capability of top-down lithography and generation of bottom-up nanoscale patterns, leading to 

lithographic structures containing self-assembled amphiphilic nanostructures. These nanostructures  

may find application in storage element devices, photonic crystals, bioapplications (due to PEO 

antifouling properties), and more. The lithographic behaviour of materials based on the block 

copolymer will be further investigated and relevant data will be discussed. 
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Fig.1: The synthesis of a) PEO ATRP macroinitiator and b) P(t-BMA)-b-PEO copolymer via ATRP 

polymerization. 

 
1. http://www.itrs.net/Links/2009ITRS/2009Chapters_2009Tables/2009_Litho.pdf 

2. J. Bang, U. Jeong, D.Y. Ryu, T.P. Russell, C.J. Hawker, Adv. Mater., 21, 4769 (2009) 

3. www.thetametrisis.com 
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Abstract 
 

Copolymers of 1,2-butadiene with methylmethacrylate (MMA ) and 2-vinylpyridine (2VP) were 

prepared. The synthesis was based on the sequential addition of monomers via anionic polymerization. 

The PBd block in PBd-b-PMMA copolymers was prepared in benzene with the subsequent addition of 

THF for the polymerization of 2VP to form the final diblock copolymer  (Scheme 1). In the case of 

PBd-b-P2VP, both monomers were sequentially polymerized in THF (Scheme 2). 

Purification of THF with s-BuLi is presented for the first time. A polar solvent (such as THF) can 

cause side reactions in polymerizations where the 1.2 microstructure of dienes is required. Purification 

of THF with s-BuLi and  the polymerization of  Bd for 14 hours at - 20
0
C, led to the elimination of 

side reactions and a molecular weight distribution of I<1.1 for the copolymers synthesized. 

The copolymers were characterized by size exclusion chromatography, nuclear magnetic resonance 

and low angle laser light scattering. Using these methods, the weight average number of the 

copolymers, the molecular weight distribution and the composition were determined, respectively. 

Characterization results indicate that the synthesized copolymers were well-defined, with low 

polydispersity and homogeneous chemical composition. 

The morphology of the copolymers was studied by transmission electron microscopy (TEM) and small 

angle X-ray scattering (SAXS). 
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Abstract 

 
The incorporation of two different monomers, with diverse physical and/or chemical 

properties, in the same polymer molecule in varying proportions leads to the formation of new 

materials with great scientific and commercial importance [1]. Copolymerization modulates both the 

intramolecular and intermolecular forces exercised between like and unlike polymer segments and 

consequently properties such as glass transition temperature, melting point, solubility, crystallinity, 

permeability, adhesion, elasticity and chemical reactivity may be varied within wide limits. The 

elucidation of copolymer structure (copolymer composition, monomer sequence distribution) and 

kinetics (propagation rate coefficients) are the major concerns for the prediction of copolymer 

properties and the correlation between structure and properties. Monomer reactivity ratios are very 

important parameters for the elucidation of copolymer structure (copolymer composition, monomer 

sequence distribution) and kinetics (propagation rate coefficients) [2]. In the present study, copolymers 

of 2-vinylpyridine (VP) with oligo(ethylene glycol) methyl ether methacrylates of two different 

molecular weights (300g/mol (OEGMA300) and 1100g/mol (OEGMA1100)), have been prepared by free 

radical polymerization.  

 
In the first case the copolymerization was conducted in bulk, and in benzene solutions at 60

o
C 

in the second case. The reactivity ratios of these two sets of monomers were estimated using the 

Finemann-Ross, the inverted Finemann-Ross and the Kelen-T¿dos graphical methods. The rVP values 

were higher than the corresponding rOEGMA values in all cases, meaning that a kinetic preference exists 

for the incorporation of VP in the copolymer structure. This behavior was much more pronounced 

using OEGMA1100, the higher molecular weight macromonomer. These results were confirmed by the 

calculation of the monomer dyad sequence fractions. The glass transition temperatures of the P(VP-co-

OEGMA300) statistical copolymers were obtained and compared with the predictions provided by 

several theoretical models. Among these models, the Barton equation offers the best fit to the 

experimental data, because it takes into consideration the effect of the monomer sequence distribution 

to the glass transition temperature and uses the mole fractions of the components in the copolymers. 

The P(VP-co-OEGMA1100) copolymers show the characteristic melting endotherms, due to the 

crystallization of the ethylene glycol side chains and the glass transition of the VP segments.   

References:  

1. Zutty NL, Faucher JA. The stiffness of ethylene copolymers J Polym Sci 1962;60:S36  

2. Odian G. Principles of Polymerization Wiley Interscience 3
rd
 Ed. 1991 
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Abstract 

 
Low density polyethylene (LDPE)

1
 is a complicated macromolecule which consists of 

different complex structures. It is a highly branched polymer which differs from its linear analogue 

(HDPE: High Density Polyethylene) since long chain branching renders LDPE comparatively more 

easily processable in many applications
2-4

, such as, film blowing. Due to its greater processability, 

LDPE has a large share of the market and presents considerable academic interest.  

It is well known that anionic polymerization is a very useful tool in polymer due to its living 

nature. Unfortunately, ethylene is not compatible with anionic polymerization since it cannot stabilize 

the living anion in the growing polymer chain. As a result, alternative processes should be employed 

in order to synthesize well defined macromolecules resembling LDPE.  

In our laboratory, dendritic polybutadienes were synthesized via anionic polymerization high 

vacuum techniques, and the remaining double bonds were subsequently hydrogenated in order to 

obtain structures similar to LDPE. A series of well defined second (G2) and third (G3) generation of 

dendritic polybutadienes were synthesized by the coupling of the living G2 and G3 dendrons with 

methyltrichlorosilane. The synthetic approach is described elsewhere
5
. Since this procedure is not 

industrially feasible, dendritic polybutadienes were synthesized via a different industry-compatible 

synthetic strategy, involving the one pot polycondensation of a diffunctional living 

polybutadienedillithium with a trichloromethylsilane in a ratio (2.1/1) corresponding to a third 

generation dendritic polybutadiene. Since the reaction of Li with the Cl is very rapid, well defined 

macromolecules were not obtained. However, after fractionation with a toluene-methanol system, 

highly-branched dendritic polymers were obtained, as indicated by SEC, LALLS, viscometry, 

rheology and 
1
H-NMR analysis.  

The dynamic diagrams of ring polyisoprenes are presented in comparison to their linear 

analogues. The absence of an entanglement plateau in the rubber region indicates the high degree of 

purification of the ring polymers from their linear precursors
6
 by the IC (Interaction Chromatography) 

method
7
. 
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Abstract 

 
We describe a novel and facile strategy to modify the surface of carbon nanotubes (CNT) with 

polymer brushes utilizing the ógrafting fromô technique and a series of polymerization mechanisms. A 

[4+2] Diels-Alder cycloaddition reaction was used to functionalize single-walled carbon nanotubes as 

well as multi-walled carbon nanotubes with precursor initiators for anionic, ring-opening, atom 

transfer and catalyst-mediated coordination surface initiated polymerizations. 
1
H-NMR, FTIR and 

Raman spectra showed that the precursor initiators were successfully synthesized and covalently 

attached on the CNT surface. Thermogravimetric analysis (TGA) revealed that the grafted polymer 

content could be controlled with time, in all cases. The final polymer-grafted CNTs were readily 

dissolved in organic solvents as compared to the insoluble pristine and initiator-functionalized CNTs. 

The presence of thick layers of polymers around the CNTs was observed through transmission 

electron microscopy (TEM). Differential scanning calorimetry (DSC) proved that the glass transition 

(Tg) and melting (Tm) temperatures of the grafted polymers were affected by the presence of the CNTs. 
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Abstract 
 

Model graft quaterpolymers consisting of divinyl-terminated poly(dimethylsiloxane) (PDMS) 

and an ABC triblock terpolymer of the PS-b-PB-b-PI type (in each end of the difunctional PDMS) 

were synthesized in situ with the incorporation of Karstedtôs catalyst and performing hydrosilylation 

reactions (HSiMeCl2) via anionic polymerization techniques
1
.  

Specifically, the two vinyl bonds at both ends of PDMS segments, after hydrosilylation, were 

used as new functional sites upon which the ABC triblock was linked. The triblock terpolymer was 

synthesized via sequential addition of the monomers. Commercial PDMS and the Karstedtôs catalyst 

were used as purchased without further purification. All other materials (styrene, isoprene, butadiene, 

solvents, initiators, HSiMeCl2 and methanol) were purified and used according to procedures already 

described in the bibliography
2
. 

 Results were verified with molecular characterization techniques such as size exclusion 

chromatography (SEC) and proton nuclear magnetic resonance spectroscopy (
1
H-NMR) and structural 

characterization techniques such as transmission electron microscopy (TEM) and small angle X-ray 

scattering (SAXS). All  the methods indicated that the polymerization and grafting were successful 

leading to a heptablock quaterpolymer [PDMS-g-(PI-b-PB-b-PS)2] of the ABCDCBA type with 

important decreased polydispersity index (<1.08) when compared to the initial divinyl-terminated 

PDMS (1.80). 

 The reactions used for this successful synthesis are given in Figure 1. 

 

 

Figure 1. Reactions used for the synthesis. 
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Abstract 
 

A very straightforward challenge in the synthesis of polypeptides is their ability to self-

assemble in structures that do not exist in natural such materials (proteins). These polypeptides exhibit 

identical behavior with block copolymers and therefore can be applied as antifoaming media, 

membranes, micelles and elastomers.
1,2 

Cyclic polypeptides have a major advantage when compared to other architectures for 

bioapplications since fewer reactions and reaction steps are adopted for their synthesis (e.g dendritic 

and star-like molecules). The use of L-tyrosine is ideal for bioapplications since it will provide 

hydrophilicity e.g. targeting media anticancer drug and the possibility of substituting the ïOH groups 

with specific agents. Additionally, the biocompatibility as well as the biodegradation will lead 

probably to selective targeting of the moiety employed therefore the gain and impact towards 

biomedical applications will be enormous. In Figure 1 the synthesis route for linear and cyclic 

polypeptides is exhibited. These samples were synthesized under high vacuum techniques and also 

with the combined use of anionic polymerization. 

In order to verify the homogeneity in composition and molecular weight for all samples and 

also the successful synthesis it was necessary to make molecular and morphological characterization 

studies. Specifically, for the molecular characterization size exclusion chromatography (SEC) in high 

temeperatures (60
0
C), proton and carbon nuclear magnetic resonance spectroscopy (

1
H-NMR, 

13
C-

NMR and DEPT 
13

C-NMR), infrared spectroscopy (IR), differential scanning calorimetry (DSC) and 

thermogravimetric analysis (TGA/DTA) were used, leading to very interesting results and 

observations concerning the successful synthesis of all samples. Scanning electron microscopy (SEM) 

was employed for the morphological characterization and study at the adopted structure in bulk.
1
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Figure 1. Synthesis of linear (left) and cyclic homopolypeptides (right) of the protected Tyrosine. 
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Abstract 

 
Introduction: In this study six (6) linear triblock terpolymers were synthesized and 

characterized molecularly and morphologically. Three (3) samples were of the PS-b-PI-b-PCHD 

type, one of the PS-b-PB-b-PCHD type, one of the PB-b-PS-b-PCHD type and one of the PB-b-

PI-b-PCHD type.  Due to the capability of these polymers to self-assemble, it was important to 

observe the various kinds of morphologies that would occur during microphase separation. 

Synthesis of the Triblock Terpolymers: All samples were synthesized through sequential 

anionic polymerization and high vacuum techniques. The major aim was for the PCHD block to 

exhibit a high 1,4-microstructure (~90%). This was accomplished by using DABCO (1,4-

diazodicyclo[2,2,2]octane) as a polar reagent
1,2

.   

Characterization of the Polymers: Size Exclusion Chromatography (SEC) was employed for 

the molecular characterization of the samples as also Membrane Osmometry (MO), to confirm the 

molecular weight distributions and the nM values respectively and 
1
H-Nuclear Magnetic 

Resonance (NMR) Spectroscopy to verify the type of the predicted polydiene microstructure and 

the composition of each block
3
. The morphological characterization was accomplished via 

Transmission Electron Microscopy (TEM), as exhibited in Figure 1 and Small Angle X-Ray 

Scattering (SAXS). Staining with OsO4 was acquired for all TEM samples in order to achieve the 

required contrast between the blocks. The polydiene phases appear gray or dark while the 

polystyrene phase brighter. 

Conclusions: It can be concluded that the PCHD block exhibited high yield in 1,4 

microstructure (~90%) as confirmed by 
1
H-NMR while the triblock terpolymers show increased 

molecular and compositional homogeneity. Also there is a significant dependence of the self-

assembly from the ɢ interaction parameter and the polymerization degree for the majority of the 

synthesized samples. It seems that minor or even no effect at all is employed from the molecular 

weights alternation. 

 

a)   b)  
Figure 1. a) TEM micrograph image of the SIC-1 (17/35/10) triblock. The black regions correspond to the 

1,4-PCHD block, the gray regions to the PI block and the white regions to the PS block. b) Schematic 

simulation of the observed morphology for the SIC-1 triblock. 
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Abstract 
 

The polymer ï carbon nanotubes (CNTs) composites generally are separated in two categories 

the blends in which the polymeric matrix and the CNT filler are not bonded chemically and the 

composites where there is a chemical bond between polymeric matrix and CNT filler. These 

chemically bonded composites are synthesized via the ñgrafting toò
1,2,3

 and the ñgrafting fromò
4
 

methods. In the former, the polymer is synthesized with standard polymerization techniques (anionic, 

cationic, atom transfer radical polymerization etc.) and then the ñlivingò polymer reacts with the CNTs 

to form chemical bond, whereas in the later the polymerization procedure starts from the CNTs after 

proper treatment resulting in a polymer with no controlled final molecular weight or polydispersity 

index. 

In this work, we have studied the synthesis of polymer ï CNT composites chemically bonded 

via the ñgrafting toò method. The CNTs used are highly purified multi walled carbon nanotubes 

(ARKEMA - GraphiStrength). The polymeric matrices, polystyrene (PS), polyisoprene (PI), 

polybutadiene (PB), poly-4-vinylpyridine (P4VP) and poly(methyl methacrylate) (PMMA), were 

synthesized using the principals of high vacuum living anionic polymerization techniques and all 

reactants were purified accordingly
5
. The polymerization was followed by the addition of the 

degassed, dry CNTs and after 5 min of sonication the mixture was stirred for 3 days. The composites 

were then terminated with methanol and filtered using polytetrafluoroethylene (PTFE) filters. 

The final materials were characterized via size exclusion chromatography (SEC) and nuclear 

magnetic resonance (NMR) to determine the molecular weight, polydispersity index and molecular 

structure of the polymeric matrix. Raman spectroscopy, differential thermal analysis (DTA), 

differential scanning calorimetry (DSC) and transmission electron microscopy (TEM) were also used 

in order to determine the incorporation and the dispersion of the CNTs and the composite formation. 

 
Scheme 1. Schematic presentation of composite formation. 
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Abstract 

 
 Block copolymers composed of hydrophobic and hydrophilic segments show unique surface 

properties and an unusual solution behaviour. These copolymers exhibit micellar or more complex 

aggregates in which the hydrophobic segments form a core surrounded  by a shell of hydrophilic ones 

that extend into the continuous phase. The core regions of such micelles are technologically useful, 

since they are capable of emulsifying otherwise insoluble materials into a microphase-separated 

environment within a prefered continuous solvent phase. This ability may be used in various 

separation techniques and drug delivery technologies.
1,2

 

 The aim of this study was to synthesize block copolymers using the method of anionic living 

polymerization by sequential addition of monomers, under high vacuum techniques, using 2-

(trimethylsilyloxy) ethyl methacrylate (PTMSHEMA) and methyl methacrylate (MMA) as monomers. 

The reason for using TMSHEMA and not HEMA as one of the monomers is that the hydroxyl group 

of HEMA deactivates the anionic initiator and must be protected. For this purpose the silyl groups 

have been used as protecting groups which are sufficiently stable to allow the anionic polymerization 

to proceed smoothly
3
. The block copolymers were obtained with controlled molecular weights and 

narrow molecular weight distribution. The next step was the hydrolysis of trimethylsilyl groups of 

P(TMS-HEMA) in order to synthesize an amphiphilic copolymer of P(HEMA)-b-P(MMA). The 

hydrolysis was achieved with the addition of HCl (Scheme 1) and the trimethylsilyl groups were 

substituted by ïOH groups. 

 In order to verify the successful synthesis it was necessary to make molecular characterization 

studies such as size exclusion chromatography (SEC) for the measurement of molecular weight and 

the polydispersity. Proton nuclear magnetic resonance spectroscopy (
1
H-NMR) was also adopted in 

order to calculate the weight fraction of each chain consisting the block copolymer. Furthermore, 

infrared spectroscopy (IR) was used for assessing the structure of the block copolymers and 

differential scanning calorimetry (DSC) was also applied in order to realize and confirm initially 

whether or not the samples exhibit microphase separation. 

 

 

 
 

Scheme 1.  Hydrolysis of trimethylsilyl groups of P(TMS-HEMA) block 
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Abstract 
Introduction: The major scope of the presented work is the synthesis and characterization of 

novel block copolymers of the PS-b-PB1,2 type, where PS is polystyrene and PB is polybutadiene 

exhibiting 100% 1,2-microstructure, as well as their modification with heptanoyl chloride and 

perfluorooctanoyl chloride. For the development of low energy materials it is a usual approach to 

attach fluorinated groups onto a polymer backbone, in which the fluorinated groups can possibly 

orient in a smectic layer structure, exhibiting extremely low critical surface tension (8mN/m)
1
. 

Synthesis of PS-b-PB1,2: Styrene, benzene, butadiene and methanol were purified with known 

techniques used for anionic polymerization and described analytically elsewhere
2
. 1,2-

Dipiperidinoethane was used as the polar medium in order to achieve absolute yield of 1,2 

microstructure for the PB segment
3,4

. 

Hydroboration, Oxidation and Modification of PS-PB1,2: The hydroboration and the oxidation 

of the PB block were carried out under inert atmosphere. The hydroxylated polymer was reacted 

with the heptanoyl or perfluorooctanoyl chloride dissolved in THF. The hydroboration, oxidation 

and modification reactions of the dienic segments are given in Figure 1.   

Characterization of the Polymers: Characterization was carried out with size exclusion 

chromatography (SEC), nuclear magnetic resonance spectroscopy (
1
H-NMR & 

13
C-NMR) for 

every stage of the synthesis and modification, with infrared spectroscopy for the hydroxylated and 

the modified polymer and with transmission electron microscopy (TEM) and small angle X-ray 

scattering for the órawô material and the modified polymer in order to study the self-assembly 

behavior and the kind of morphology adopted in each core respectively. 

Conclusions: It is a fact that the PB block exhibited high yield in 1,2 microstructure (~100%) 

as confirmed by 
1
H-NMR and the diblock copolymers show increased molecular and 

compositional homogeneity. Also the successful hydroxylation and modification of the PB block 

was confirmed by IR and 
1
H-NMR spectroscopies. Finally, the alteration of the morphologies due 

to enhancement of the molecular weight of the PB segment was verified via TEM and SAXS 

instrumentation.  
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Figure 1. Hydroboration -oxidation (up) and modification (bottom) of the PS -b-PB1,2 diblock  
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Abstract 
 

Introduction 

Conductive polymers exhibit unique and remarkable applications due to their conducting and 

electroactive properties. More specifically, since their electrical and optical properties are precisely 

controlled via oxidation and/or reduction their applicable state can be altered as well. Some examples 

of their applications are: polymer rechargeable batteries
1
, microtweezers, microvalves, actuators for 

micromechanical sorting, nanowires
2
 etc. Polythiophene is a well-known conductive polymer with 

remarkable properties but its solubility and processability remains an important challenge, as long as 

with many other conductive polymers
3
. Synthesis of more soluble substituted polythiophene 

derivatives seems to be promising but it is considered that their electrical properties are degraded
4
. 

Successful synthesis of polythiophene (PT) and polystyrene (PS) or polyisoprene (PI) conductive 

diblock copolymers or triblock terpolymers (PS-b-PT, PI-b-PT and PS-b-PI-PT) proved to be very 

convenient, when combining anionic and oxidative polymerization, in order to produce soluble 

conductive polymers that indicate low polydispersity index as well
5
. Poly(2-vinylthiophene) can be 

produced radically
6
 and cationically

7
 but its anionic polymerization has not been clearly studied

8
. 

Main work 

In this work 2-vinylthiophene
 

monomer was synthesized
9
 and then polymerized by anionic 

polymerization under high vacuum conditions. The terminated polymer reacted with thiophene and 

iron trichloride under ambient conditions in order to produce the final grafted polymer via oxidative 

polymerization. Poly(2-vinylthiophene) and poly(2-vinylthiophene)-g-polythiophene) (P2VT-g-PT) 

were molecularly characterized with size exclusion chromatography (SEC) and nuclear magnetic 

resonance (NMR). The P2VT-g-PT samples are believed to be conductive and their conductivity 

measurements are pending. The reactions used for the synthesis of the copolymers are given in 

Scheme 1: 

 
Scheme 1. Synthesis reactions of the end-functionalized polymer and the final copolymer. 
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Abstract 
In the present work, the synthesis and characterization (molecular-morphological) of high 

molecular weight linear triblock and non-linear miktoarm terpolymers of polystyrene (PS), 

poly(butadiene) with ~90% -1,4 microstructure (PB) and polyisoprene with ~60%-3,4 microstructure 

(PI3,4) is reported. The samples (linear and miktoarm) prepared exhibited a specific sequence: PS / PB 

/ PI 3,4 with corresponding ratio of volume fractions approximately equal to: 24 / 10 / 66. 

The key parameters for the successful synthesis of these materials are the polymerization 

procedures which are: the sequential monomer addition for the linear and the living polymer chains for 

the miktoarm by adopting anionic polymerization, high vacuum techniques and chlorosilane 

chemistry
1
. All monomers, solvents, linking agents and terminating media added are of high purity in 

modified vacuum apparatuses
2
. 

For the molecular characterization size exclusion chromatography (SEC) was used in 

combination with membrane osmometry (MO) and proton nuclear magnetic resonance (
1
H-NMR) 

spectroscopy from which satisfactory results were obtained (identical molecular weights, weight and 

volume fractions).  It is the first time that high molecular weight terpolymers of various architectures 

have been studied molecularly and morphologically in the literature. The final materials appear 

photonic. The interface between the different components is the active area for the essential process of 

electron transfer. Thus, phase separation on the nanometer scale should be favorable. Over the past 

years, one-, two-, and three-dimensional photonic crystals have been demonstrated with various micro 

domain structures created through micro phase separation of block copolymers. Up to now, anionic 

synthesis seems to be the most appropriate technique in order to take length scale polymer chains with 

specific molecular weight and homogeneity that will interact with visible light.  

 

    
Scheme 1. SEC chromatographs of the initial homopolymer (PS), the intermediate copolymer (PS-PB) 

and the final linear terpolymer (PS-PB-PI) and 
1
H-NMR Spectra of triblock terpolymer PS-PB ïPI(3,4) 

 

                                                 
1
 N. Hadjichristidis, H. Iatrou,  M. Pitsikalis, S. Pispas, A. Avgeropoulos, Prog. Pol. Sci. 30, 

(2005) 725. 
2
 A. Avgeropoulos, S. Paraskeva, N. Hadjichristidis, E. L. Thomas, Macromolecules 35, (2002), 

4030.  
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Abstract 
Introduction 

 There is a lot of interest concerning the composite materials of carbon nanotubes (CNTs) 

and polymers
1
. Carbon nanotubes (CNTs) have attracted unlimited attention since their 

discovery
2
, due to their unique properties such as extremely high mechanical strength and 

stiffness, superior thermal stability, exceptional electrical and thermal conductivity
3
. However, 

CNTs are generally insoluble in common solvents and polymers, are very easy to agglomerate, as 

they bundle together and entangle, leading to many defect sites in the composite materials. 
Generally there are two main synthetic procedures: ñgrafting from

4
ò

 
and ñgrafting to

5
ò through 

which polymerization is initiated either from the CNTs or from the synthesized polymers grafted 

on the CNTs respectively. 

Main work 

In this study two nanocomposite materials of the MWCNTs-g-PS type (where MWCNTs: 

Multi Wall Carbon Nanotubes and PS: Polystyrene) were synthesized via the ñgrafting fromò 

method in combination with anionic polymerization and high vacuum techniques
6
.  

The polymerization was initiated by the already formed active cites of the MWCNTs with s-

butyllithium
7
 and then terminated through addition of methanol.  

The nanocomposites where characterized molecularly with size exclusion chromatography 

(SEC), proton nuclear magnetic resonance spectroscopy (
1
H-NMR) where as raman spectroscopy 

verified the presence of the polymer in the final products through the altered ratio of the D and G 

bands expected for the carbon nanotubes.  

The final nanocomposites exhibited high molecular and compositional homogeneity.   

 

 

 
Figure 1. óGrafting fromô multi wall carbon nanotubes with polystyrene. 

 

                                                 
1
 Qin Sh., Qin D., Ford W. T., Resasco D. E. and Herrera J. E.. Macromolecules 2004, 37(3), 752 

2
 Iijima, S. Nature 1991, 354, 56 

3
 Special issue of carbon nanotubes. In Acc. Chem. Res. 2002, 35; Baughman, R. H., Zakhidov, A. A., de Heer, 

W. A. Science 2002, 297, 787, Ajayan, P. M. Chem. Rev. 1999, 99, 1787, Yakobson, B. I., Smalley, R. E. Am. 

Scientist 1997, 85, 324, Special issue of advances in carbon nanotubes. In MRS Bull.2004, 29 
4
 Yudasaka M., Zhang M., Jabs C., Iijima S. Appl. Phys. A 2001, 71, 449 

5
 Wu W., Zhang S., Li Y., Li J., Liu L., Qin Y., Guo Z-X., Dai L., Ye C., Zhu D. Macromolecules 2003, 36, 

6286 
6
 Hadjichristidis N. et al., Journal of Polymer Science: Part A: Polymer Chemistry 2000, 38, 3211 

7
 Guldi D. M., Rahman G. M. A., Prato M., Jux N., Qin S., Ford W. Angew. Chem, Int. Ed. 2005, 44, 2015 
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Abstract 
In this study,  we report the synthesis, molecular and morphological characterization of a 

linear triblock terpolymer consisting of PS, PB and PI where  PB  exhibits ~9 % of  1,4- 

microstructure and PI is enriched in  of ~56 %  3,4-microstructure.  

The synyhesis approach followed was indetical with that mentioned in the literature
1 
through 

stepwise addition of the three monomers (St, Bd and Is respectively). We altered the volume fractions 

in order to examine the behavior in solid state and observe the possible alternation of the obtained 

morphology.  

Anionic polymerization procedures and high vacuum techniques were used for the succesful 

synthesis
2
. The intermediate products and the final terpolymer were characterized via size exclusion 

chromatography  (SEC) and proton nuclear magnetic resonance spectroscopy (
1
H-NMR) leading to the 

conclusion that all examined samples exhibited low polydispersity and homogeneity.  

Transmition electron microscopy (TEM) was used to verify the microphase separation 

between to the chemical different blocks. Actually, controlled staining of the thin sections obtained 

from microtomy with aqueous solution of osmium tetroxide (2% w/w OsO4  in H2O) we managed to 

obtain a 3-phase system where  PB1,4  and PI3,4 domain stains  as black while the PS domain remains as 

white. In figure 1, TEM images are exhibited indicating the adopted structure which is similar to that 

reported by the Batesô group 
3
 for linear terpolymers of the SID  sequence [D: poly(dimethylsiloxane)] 

and in several polymer blends by the Abetz group 
4
. This morphology can be ascribed as ña core-shell 

double gyroidò since our images are very identical to those reported in literature 
3,4

. Such a structure 

indicates that the Flory-Higgins interaction parameters between the three different segments are 

completely different  ɢSI > ɢBI> ɢSB.   

Therefore, it plays a critical role what type of microstructure is involved on the polydiene 

configuration which leads to 3-phase system from what was  initially considered as a 2-phase system. 

Additional samples must be synthesized in order to create a phase diagram for the specific system 

involved in order to make more conclusive remarks concerning their self assembly.  

 

1
 

                                                 
1
Avgeropoulos A., Paraskeva S., Hadjichristidis N. and  Thomas E.L. Macromolecules, 2002, 35, 4030. 

2
 Hadjichristidis N., Iatrou H., Pispas S., Pitsikalis M.,  J. Polym. Sci. Part A: Polym. Chem., 2000, 38, 3211. 

3
Shefelbine J.A. et al. JACS 1999, 121, 8457. 
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Abstract 
 

In this work the synthesis of block copolymers with various architectures is reported. These 

copolymers are prepared by the combination of chlorosilane chemistry and the living character of 

anionic polymerization. Diblock copolymers of the polystyrene - b- poly(dimethylsiloxane) (PS-b-

PDMS) type are initially synthesized using living anionic polymerization procedures via high vacuum 

techniques
1
. The final architectures where of ABA and (AB)3 types, where A is PS and B is PDMS 

respectively. In Figure 1 the schematic presentation of the suggested copolymers is exhibited. 

 
Figure 1: (A) PS-b-PDMS-b-PS triblock copolymer and (B) (PS-b-PDMS)3 3-arm star copolymer, where PS is 

shown with blue color and PDMS with green. 
 

The reaction scheme that was followed in order to synthesize these materials is given below in 

Figure 2. From the reaction scheme the synthesis of the PS-PDMS
(-)

Li
(+)

 is omitted since it is described 

elsewhere
2,3

. After the synthesis of the PS-b-PDMS
(-)

Li
(+)

 the mixture was separated in two different 

glass apparatuses, and with the use of two different types of linking agents, dichlorodimethylsilane 

[(CH3)2SiCl2] and trichloromethylsilane (CH3SiCl3) respectively, leading to the wanted final products.  

 

 
Figure 2: (A) PS-b-PDMS-b-PS triblock copolymer and (B) (PS-b-PDMS)3 star copolymer synthesis reactions. 

 

When the synthesis was completed the samples where characterized molecularly via size 

exclusion chromatography (SEC) and fractionation was adopted in order to remove from the final 

product the unreacted excess of the diblock arm. Further molecular characterization was accomplished 

with proton nuclear magnetic resonance spectroscopy (
1
H-NMR). The intermediate diblock arm and 

the final polymers were also characterized with thermal analysis techniques [such as differential 

scanning calorimetry (DSC) and thermogravimetric analysis (TGA)] and also morphological 

characterization was accomplished with transmission electron microscopy (TEM) and small angle X-

ray scattering (SAXS), leading to well immiscible polymers exhibiting in some cases novel structures. 

                                                                                                                                                         
 
1
 N. Hadjichristidis, H. Iatrou, S. Pispas, M. Pitsikalis, J. Polym. Sci. Part A, 2000, 38, 3211. 

2
 (a) J.G. Zillion , E.L. Roovers, S. Bywater , Macromolecules, 1975, 8,573.  

  (b) V. Bellas, H. Iatrou, N. Hadjichristidis, Macromolecules, 2000, 34, 5376. 
3
 C.C. Chao, T.C. Wang, R.M. Ho, P. Georgopanos, A. Avgeropoulos, E.L. Thomas, ACS    

Nano, 2010, 4, 2088. 
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Abstract 

 
Introduction: Diblock copolymers with poly(2-vinyl pyridine) (P2VP) as one of the blocks have been 

self-assembled into different nanostructures and various types of nanoparticles have been introduced into 

polymer matrices
1
 to prepare organic-inorganic hybrid nanomaterials, due to the fact that the nitrogen atom in 

the pyridine ring is strongly associated with various inorganic precursors
2
. In order to generate new 

nanocomposites the dispersion of nanoparticles inside an organic medium such as block copolymers remains 

a great challenge. On the other hand, using anionic living polymerization in the case of methacrylates, the 

corresponding block copolymerizations are often more difficult and this is mainly due to the nucleophilic 

attack of the precursor anion on the ester carbonyl groups of monomer or polymer
3
. Under these conditions, 

we study the synthesis of linear diblock copolymers of the poly(2-vinylpyridine)-block-poly(methyl 

methacrylate) (P2VP-b-PMMA) type and characterize them molecularly. Two different synthetic procedures 

were adopted, with or without the addition of 1,1-diphenylethylene (DPE) in order to inquire the best 

synthetic procedure and to find out which one of the two possible routes will provide us with best results. It is 

also worth mentioning, that these diblock copolymers were synthesized in order to be used as matrices of 

nanocomposites with single or multiple wall carbon nanotubes. 

Synthesis and Characterization of the Diblock Copolymers: All samples were synthesized through 

sequential anionic polymerization and high vacuum techniques
4
. The synthesized copolymers were 

characterized via high temperature size exclusion chromatography (HT-SEC) to confirm the molecular 

weight distributions and the corresponding nM values. Moreover, proton nuclear magnetic resonance 

spectroscopy (
1
H-NMR) and infrared spectroscopy (IR) were used to verify the mass or volume fraction 

percentage of each block and to certify the chemical structure of the synthesized copolymers respectively. 

Conclusions: The second synthetic procedure seems to be better according to the results of the 

characterization techniques. DPE protects the double bond of the carbonyl ester and the initiator, due to steric 

hindrance, thus it cannot cause rectification of the double bond of the carbonyl ester but only of the vinyl 

bond.  
 

 

 
                  

                                       Figure 1a                                                                            Figure 1b 

 

 Figure 1. a) Protection of the double bond of the carbonyl ester with the addition of 1,1-DPE at the living end 

of poly(2-vinylpyridine) b) Synthetic procedure without using 1,1-DPE. 

                                                 
1
 Garcia I., Tercjack A., Rueda L., Mondragon I. : J. Phys.Chem. C 2008, 112, 14343 

2
 Sung Hyun Han, Jin Kon Kim : Reactive and Functional Polymers 2009, 69, 493  

3
 Rui Yin, Thieo E. Hogen-Esch : Journal of Polymer Science: Part A:Polymer Chemistry 1994, 32, 363  

4
 Hadjichristidis N., Iatrou H., Pispas S., Pitsikalis M. : Journal of  Polymer Science  Part: A: Polymer 

Chemistry,  2000,Vol 38, 3211 
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Abstract 
The amphiphilic diblock copolymer [polystyrene-

SiCl2-poly(2vynilpyridine) ï PS-SiCl2-P2VP] was 

employed by covalently bounding to the 

nanoparticlesô surface, providing them miscibility in 

organic and aqueous solvents, as well as steric 

impediments that prevent aggregation. The synthetic 

route followed in order to prepare the middle 

functional diblock terpolymer is presented in Figure 

1
1
. Magnetic nanoparticles with a size of 

approximately 10nm having their surface modified 

by ïOH groups were functionalized PS-SiCl2-P2VP 

contributing to their colloidal stability and giving 

them selective amphiphylic properties. This 

copolymer was chosen due to its selective miscibility 

in different solvents for the two blocks. For example, 

polystyrene is miscible in toluene but immiscible in 

slightly acid water, whereas poly(2-vinylpyridine) is 

immiscible in toluene but miscible in water at pH = 

4. In a mixture of tolueneïwater the blocks are 

positioned in such a way where most of the 

polystyrene blocks are oriented towards the organic 

phase whereas the poly(2-vinylpyridine) blocks are 

oriented towards the aqueous phase allowing the 

creation of an emulsion with the magnetic 

nanoparticles at the interface. For this reason, the 

amphiphilic nature of these nanoparticles was 

investigated by measuring the contact angle of a film 

prepared with the functionalized magnetic 

nanoparticles in the presence of toluene (non 

selective solvent for polystyrene), water at pH = 4 

[non selective solvent for poly(2- vinylpyridine)], 

and water at pH = 7 (selective solvent for both 

polymers). The functionalized magnetic 

nanoparticles have been characterized using FTIR 

spectroscopy, Dynamic Light Scattering (DLS) and  

Thermogravimetric Analysis (TGA). The specific 

area of the surfactant-magnetic nanoparticles was measured with BET allowing the calculation of the 

number of chains connected in one nanoparticle, which was found to be 15. The surfactantmagnetic 

nanoparticles have been used to prepare an emulsion in which the emulsion droplets become oriented 

under external magnetic field. 

 

 

 

Figure 1: Synthesis of diblock copolymers with 

functionalized middle point 

Figure 2: The upper panel shows photographs of 

different solvents on a film prepared with 

functionalized magnetic nanoparticles: (a) toluene, 

(b) water at pH 4, and (c) water at pH 7. The 

scheme underneath each picture illustrates the 

corresponding arrangement of the chains. 
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Abstract 
 

Processes involving polymeric membranes for separation of air components meet much 

attention from industry. The development of new types of membranes can open an opportunity of 

membrane based process implementation in the areas where it was not considered to be used before. 

Most of the processes of air separation do not require extreme selectivities or permeances. For 

example, shift of the oxygen concentration from 21% to 50% or nitrogen concentration from 78% to 

85% are sufficient for such applications as controlled burning, food storage etc. 

Poly(vinyl trimethylsilane) (PVTMS) is known for more than 40 years as a polymer with a 

very reasonable O2 permeability (40 - 44 Barrer) and good O2/N2 selectivity (Ŭ(O2/N2) = 4.0)
1
. Integral 

asymmetric membranes made of PVTMS were industrially produced
2-4

. As far as we know PVTMS 

was so far the only polymer produced solely as a membrane material.  

The PVTMS integral asymmetric membrane has had several drawbacks related to the polymer 

properties as well as the membrane structure. Its small elongation at break (Ů = 5%)
2-4

 has lead to 

brittleness of the membrane; both selective top layer and porous supporting structure were formed 

from the same polymer leading to a high consumption of PVTMS. The thickness of the selective layer 

was too large providing O2 permeance not more than P(O2) = 0.4 Nm
3
 m

-2
 h

-1
 bar

-1
 with the O2/N2 

selectivity slightly lower than the intrinsic one. 

The current work has pursued the aim to restart the PVTMS synthesis and bring it again into 

praxis as gas separation membrane material. Homopolymers as well as block copolymers with 

polyisoprene were synthesized and characterized for various properties. Isoprene was chosen as a 

comonomer since it is a purely organic polymer with excellent film forming properties and rather high 

gas permeability as well as O2/N2 selectivity. It was expected that the resulting block copolymers will 

lead to less brittle films due to the mechanical properties of polyisoprene. Thus film formation should 

be improved without significant drop in gas permeability and selectivity. 

An attempt to obtain a random copolymer by simultaneously copolymerizing isoprene and 

vinyl trimethylsilane revealed that due to faster polymerization kinetics of isoprene this monomer 

forms the first block followed by the PVTMS block. Depending on the chosen composition, spherical 

or lamellar structures were obtained as clearly visible on TEM images. But despite the fact that these 

copolymers are not random at all, their gas transport properties were different from the corresponding 

block copolymer obtained by truly sequential polymerization in the lamellar case.  

The polymerization technique allowed us to obtain yields between 70 - 90 wt% with respect to 

conversion of VTMS and to obtain smaller final polydispersities than the ones reported in the 

literature.  

The block copolymers have generally better film forming properties than pure PVTMS of the 

corresponding molecular weight, but show lower O2 permeability coefficients while the O2/N2 

selectivities remain close to the one of pure PVTMS. A main advantage of these block copolymers is 

the fact that stable membranes can be formed for molecular weights significantly lower than those for 

film forming PVTMS. 

_____________________________ 
1. French Pat. 1971; 2082095. 

2. US patent 1973; 3729454.  

3. Yampolskii YP, Volkov VV. Studies in gas permeability and membrane gas separation in the Soviet Union.J 

Membr Sci 1991;64(3): 191 - 228.. 

4. Durgarôyan SG, Yampolskii YP, Plate NA, Selectively Permeable Polymers and Gas-separation Membranes: 

Structure and Transport Properties Russ Chem Rev 1998; 57(6): 549 - 558. 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGK-444PJ0J-1&_user=100066&_coverDate=12%2F01%2F1991&_alid=1398573222&_rdoc=1&_fmt=high&_orig=search&_cdi=5257&_sort=r&_docanchor=&view=c&_ct=1&_acct=C000007418&_version=1&_urlVersion=0&_userid=100066&md5=660fc17336daa185c9bcc1db6576f814
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Abstract 
 

The olefin metathesis reaction induces the mild cleaving and redistribution of carbon-carbon 

double bonds and ever since its discovery has been highly utilized in polymer science and organic 

synthesis (basic chemicals, pharmaceuticals).
1
 Important classes of cyclic olefin metathesis reactions 

involve the ring closing metathesis (RCM), ring opening metathesis (ROM), and ring opening 

metathesis polymerization (ROMP). The last one in particular, apart from being a versatile tool for 

organic synthesis, is the key process for the preparation of various industrial polyalkenamers.
2
 

The reaction is catalyzed by a broad range of uni-, bi-, ternary, quaternary and multicomponent 

catalytic systems based mainly on mononuclear transition metal complexes along the periodic table 

(Ti, Nb, Ta, Cr, Mo, W, Re, Co, Ru, Os). Among them, the well-characterized tungsten (Katz and 

Schrock catalysts) and ruthenium (Grubbs catalysts) carbenes have played a crucial role in the field 

and have been widely employed.
2
 

Despite the abundance of mononuclear catalytic systems, there is only a limited number of 

bimetallic metal-metal bonded complexes inducing the ROMP of norbornene. These include 

diosmium ({Os
 3 

Os}
6+

), dimolybdenum ({Mo
 4 

Mo}
4+

) and ditungsten ({W
 2 

W}
2+

) compounds. 

Although the ROMP reaction of norbornene and substituted norbornenes has been extensively 

studied, that of 5-vinyl-2-norbornene was only recently reported.
3
 

In the present study the metathesis polymerization of 5-vinyl-2-norbornene, as well as its 

copolymerization with norbornene (Scheme 1) is reported. The initiator used is compound Na[W2(m-
Cl)3Cl4(THF)2]Ŀ(THF)3 (W

 3 
W)

6+
, aȭ

2
eȭ

4
), which has been found to catalyze the selective metathesis 

polymerization of alkynes.
4
 

 

Scheme 1 

The microstructure of the polymers has been determined by 
1
H, 

13
C NMR and the molecular 

characteristics by Size Exclusion Chromatography (SEC). The reactivity ratios of the monomers 

were estimated using the Finemann-Ross, the inverted Finemann-Ross and the Kelen-T¿dos 

graphical methods. Structural parameters of the copolymers were obtained by calculating the 

dyad monomer sequence fractions and the mean sequence length. The glass-transition 

temperature (Tg) values of the copolymers were measured and examined in the frame of 

several theoretical equations, allowing the prediction of these Tg values. 
 

This work was accomplished in the frame of the Postgraduate Studies Program of the Department of 

Chemistry of the University of Athens ñCatalysis and its applicationsò. Financial support from the 

Special Account for Research Grants of the University of Athens (70/4/3342) is acknowledged. 
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Abstract 
 

Dicyclopentadiene (DCPD) and cyclopentadiene (CPD) are two of the most widely used and 

inexpensive cyclic dienes, and are benchmark substrates for the production of new polymeric materials 

bearing rigid cyclic repeated units. The first application of DCPD polymers was as protective coating 

of vehicles against ice and snow, because of their high resistance to low temperatures. Nowadays, 

these polymers have found a great range of commercial applications.
1
 These can also be 

copolymerized with ethylene and propylene, as well as with other olefins and bicycloolefins, to form 

hydrocarbon resins. 

Both monomers can be polymerized via ring opening metathesis polymerization (ROMP) or 

via cationic polymerization. The ROMP of DCPD (Scheme 1) yields linear polymers, along with 

cross-linked ones of increased mechanical strength and various catalytic systems have been developed 

for this reaction. For the cationic polymerization of CPD (Scheme 2), despite extensive research 

studies, effective catalytic systems have not been developed and polymers of low molecular weight 

and high molecular weight distributions are obtained.
2
 

 

 

 

Scheme 1: Polymerization of DCPD via ROMP Scheme 2: Polymerization of CPD via cationic mechanism 

 

In the present study are described the reactions of Na[W2(m-Cl)3Cl4(THF)2]Ŀ(THF)3 ({ W
 3 

W}
6+

, a'
2
e'

4
) with the above mentioned substrates (DCPD and CPD). The ditungsten complex, that has 

been found to be an exceptional catalyst for the metathesis polymerization of alkynes,
3
 polymerizes 

effectively CPD via cationic polymerization and DCPD via ROMP. The microstructure of the 

polymers obtained has been determined by IR, 
1
H, 

13
C NMR and the molecular characteristics by Size 

Exclusion Chromatography (SEC). 
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Abstract 
Due to its transparency, poly(methyl methacrylate) (PMMA) is often used in applications that require 

good optical properties. Although it has relatively good creep properties, it is notch sensitive and 

brittle. This is a limiting factor for being used in other fields. To overcome this, rubber toughened 

PMMA has been the focus of commercial and scientific interest for many years. Emulsion 

polymerization and mechanical blending are the methods that have been reported for the preparation 

of such composites.
1
 As well known, nanoparticles such as silica, carbon (modified and unmodified) 

etc are used as fillers in polymer matrices for mechanical property enhancement.
2
 In the present 

research work, we investigated the synergetic effect of unmodified and modified silica nanoparticles 

for the improvement of mechanical/impact properties of glassy polymer like poly(methyl 

methacrylate) (PMMA) and block copolymers like polystyrene-block-poly(methyl methacrylate) (PS-

b-PMMA). For this purpose, we adopted surface-initiated atom transfer radical polymerization 

(ATRP) from silica nanoparticles (Ʌ = 12 nm and 20nm) for the synthesis of PMMA (core shell) and 

poly(n-butyl methacrylate)-block-poly(methyl methacrylate) (PBMA-b-PMMA) (core shell shell) 

shells. An epoxysilane was chosen as the coupling agent for anchoring ATRP initiator, 2-

bromoisobutyrylbromide (2-BriB). Well defined (block co)polymer brushes were prepared by 

ATRP. Composites were prepared by melt mixing of PMMA and PBMA-b-PMMA modified 

silica particles in commercial PMMA homopolymer and PBMA-b-PMMA block copolymer 

(obtained from anionic polymerisation). The molecular weight, the size distribution of 

modified particles and the core sizes play an important role in the nature of dispersion and 

property enhancement. From the recent studies, the addition of 1.5-2.5 wt % of core shell 

shell particles lead to a significant improvement in the impact properties (Figure 1) together 

with tensile properties of PMMA matrix by keeping a high optical transparency. 
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Figure 1. Improvement in impact properties of various PMMA composites (unnotched). PMMA, PMMA loaded 

with 1.5 wt % of: unmodified silica (Si+PMMA), PMMA modified silica (Si-PMMA) and BCP modified silica 

(Si-(PBMA-b-PMMA)). 
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Abstract 
 

Ionic liquids (ILs), which are ñorganic saltsò exhibiting melting points below 100 ÁC, have 

attracted growing research interest because of their unique properties.
1
 Polymerized or polymeric ILs 

(PILs) are macromolecules obtained from the polymerization of IL monomers. They slowly move into 

the focus of interest due to their promising applications, such as polymeric electrolytes, catalytic 

membranes, ionic conductive materials, and carbon dioxide absorbents.
2
 PILs having imidazolium 

moiety in the side chain have been intensively studied, and were dominantly prepared by conventional 

free radical polymerization.
3
 So far, only several attempts have been reported for the controlled 

synthesis of well-defined block polymers containing imidazolium groups.
4
 

Here we demonstrate the controlled synthesis of double hydrophilic block copolymers comprising 

a hydrophilic poly(ionic liquid) (PIL) segment via the RAFT/MADIX process. The non-ionic segment 

is made up from either poly(N-isopropylacrylamide) (PNIPAAm) or poly(N,N-dimethylacrylamide) 

(PDMA), due to their favorable controllable solubility in water at room temperature. They were 

employed as macro-chain transfer agents (CTAs) for the RAFT polymerization of four different 1-

vinylimidazolium ionic liquid monomers possessing different alkyl substitutes and anions. The block 

copolymers of PNIPAAm-b-PIL are dual stimuli-responsive copolymers that can respond to the 

changes in temperature and ionic strength in aqueous solution. This special property facilitated a facile 

anion exchange of the PIL segment. In addition, one copolymer could successfully be employed as 

carbon precursor for the preparation of mesoporous graphitic nanostructures in the presence of metal 

salts. 

 
Scheme 1. Photographs of 2 wt% solution of PNIPAAm60-b-(PIL-a)26 a) in water at room temperature, 

(b) in 1.1 M aqueous KBr at room temperature, and (c) in 1.1 M aqueous KBr at 60 ÁC. Sketches 

beneath illustrate the state of copolymers in solution. PIL-a: poly(1-vinyl-3-ethylimidazolium 

bromide). 
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Abstract 
 

 Degradable polymers represent a growing field within polymer science due to their various 

applications in medicine, biotechnology and microlithography. Most degradable polymers are based 

on degradable monomers. However, there are now some literature examples of degradable polymer 

systems based on cleavable initiators.
1
 In this study, we used atom transfer radical polymerization 

(ATRP) and prepared end-linked amphiphilic ABA triblock copolymer conetworks using a degradable 

bifunctional initiator bearing two acid labile hemiacetal ester groups. In the syntheses, methyl 

methacrylate (MMA) was used as the hydrophobic monomer, while (2-dimethylamino)ethyl 

methacrylate (DMAEMA) served as the hydrophilic monomer.  

 The molecular weights and compositions of all linear precursors to the conetworks were 

characterized using gel permeation chromatography GPC and 
1
H-NMR spectroscopy, respectively. 

The conetworks were characterized in terms of their degrees of swelling in tetrahydrofuran and their 

sol fraction. 

 Subsequently, the cleavable dried conetworks were subjected to swelling and degradation in 

pure water and in HCl-containing water/THF mixtures. To this end, dried conetworks were placed in 

the proper solvent, and the conetwork mass was followed gravimetrically as a function of time. The 

rate of conetwork hydrolysis in water depended both on their composition and architecture. In 

particular, conetworks rich in the hydrophobic component swelled very little and did not degrade.  In 

contrast, hydrophilic conetworks swelled extensively and quickly dissolved. Finally, conetworks with 

a more balanced composition presented a behavior which was very sensitive to their architecture.  

 The hydrolysis of the conetworks resulted in the formation of telechelic star polymers (with 

one carboxylic acid group at the end of each arm), which were characterized in terms of their 

molecular weights, radius of gyration and hydrodynamic radius using GPC, small-angle neutron 

scattering and dynamic light scattering.  
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Abstract 

 
Small interfering RNA (siRNA)

1
 is a new promising tool for silencing target genes, and holds great 

promise for therapeutic applications in the area of cancer and other diseases such as influenza, arthritis 

and osteoporosis.  Effective transfer of siRNA into the cells is usually accomplished using inactivated 

viruses.
2
  However, the high cost and potential pathogenicity and immunogenicity of viral carriers has 

prompted the use of non-viral vehicles based on synthetic polymers.
3 

 

The aim of the present work is the development of cationic ñarm-firstò star homopolymers as siRNA 

delivery systems.  The synthesis of the star polymers was accomplished using the ñquasilivingò 

anionic polymerization method group transfer polymerization (GTP) and sequential monomer and 

coupling agent additions.  The monomer employed was the positively-ionizable hydrophilic 2-

(dimethylamino)ethyl methacrylate (DMAEMA), bearing tertiary-amine side groups with a pK around 

7.5. 1-Methoxy-1-(trimethylsiloxy)-2-methyl propene (MTS) was used as the initiator, whereas 

tetrabutylammonium bibenzoate (TBABB) served as the catalyst.  Tetrahydrofuran (THF) was the 

polymerization solvent.  Two novel hydrophilic, cationic cross-linkers were examined as coupling 

agents for star polymer formation: 1,4-bis(2-methacryloyloxyethyl)piperazine (BMEP) and 

bis(methacryloyloxyethyl)methylamine (BMEMA).  These cross-linkers were prepared from the 

reaction of 1,4-bis(2-hydroxyethyl)piperazine or N-methanolamine with methacryloyl chloride in THF 

in the presence of triethylamine.  The commercially available hydrophobic cross-linker ethylene 

glycol dimethacrylate (EGDMA) was also used for star polymer formation as a control. 

 

The resulting star polymers were characterized in terms of their molecular weights and compositions 

using GTP and 
1
H-NMR spectroscopy.  Aqueous solutions of the star polymers were studied by 

turbidimetry, hydrogen ion titration, and dynamic light scattering to determine their cloud points, pKs, 

and hydrodynamic diameters, respectively.  For all star polymers the cloud points lay in the range 

between 23 and 27 ÁC, while their effective pKs were between 6.7 and 7.4.  The hydrodynamic 

diameters of the star homopolymers presented a multimodal size distribution. 

 

Subsequently, the star polymers were evaluated for their ability to deliver siRNA in the widely-used 

mouse myoblast cell (C2C12) line, expressing the enhanced green fluorescent protein (EGFP) as the 

reporter gene.  In these experiments, the amount of star polymer used was systematically varied at a 

constant amount of siRNA.  Transfections were also performed using the commercially available 

transfection reagent Lipofectamine.  Finally, the star polymers were examined for their cytotoxicity.  

All star homopolymers successfully deliver siRNA to myoblast cells and their transfection efficiency 

was comparable to that of the commercially available transfection reagent Lipofectamine. 
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Abstract 
 

Multi -resistant bacteria are an increasing problem especially in the medical sector. To avoid excessive 

bacterial growth and spreading which would result in an increased health risk, surfaces can be 

equipped with antimicrobial coatings. The requirements for such coatings are high. The contained 

antimicrobial agent should not be released into the environment. The coating needs to be easy to apply 

and to clean. Non-release systems have in comparison to release systems the advantage, that they are 

not consumed and therefore donôt need to be renewed. Furthermore, if the active compound is not 

released, it can not damage the environment. For release systems the long term effect on the 

environment and humans is often not known. In this context, antimicrobial polymers play a big role. 

They are easy to immobilize on surfaces and no low molecular weight compounds are released. 

According to Klibanov, another advantage of antimicrobial polymers in contrast to antibiotics is, that 

polymers make the development of resistances unlikely due to their mode of action.
1
 Furthermore, 

antimicrobial polymers possess, concerning to Tashiro, a higher efficiency against bacteria in 

comparison to their monomeric equivalents.
2
  

 

In this work we present the antimicrobial functionalization of poly(vinyl amine) (PVAm). PVAm is a 

weak cationic polyelectrolyte and possesses the highest actually known charge density for a technical 

polymer. Due to the high charge density it shows very good adsorption behaviour to glass, metal and 

negatively charged surfaces (e.g. cellulose). The high number of primary amine groups in PVAm 

opens the door to various possibilities of functionalization. Here, PVAm was reacted with mixtures of 

functional epoxides. Following this way, alkyl chains and quaternary ammonium groups were 

introduced into the polymer. The modified amphiphilic polymers were then characterized, coated onto 

surfaces and their antimicrobial effect was studied. Through variation of the degrees of 

functionalization with alkyl chains and quaternary ammonium groups, the influence of the 

hydrophilic/hydrophobic balance on the antimicrobial effect was investigated. 

 

 

 

This work is part of the NMP Project NanoBond which is funded by the European Commission (Grant 

agreement No. CP-TP 228490-2; 7th Framework Programme) (www.nanobond.org). 
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Abstract 
Designing new materials with improved or tailored properties is one of the main goals of the chemists. 

Two common ways are mainly used to get a material with improved or new properties: chemical 

synthesis or blending. Chemical synthesis is an unlimited method to get new substances with well-

defined properties even it is often time consuming and not seldom costly
1
.  

In this work we have synthesized new graft copolymers with a hydrophilic backbone, sodium alginate 

(NaAl) and side chains of poly (N-isopropylacrylamide), (PNIPAM) which is a polymer exhibiting 

lower critical solution temperature (LCST) phase behavior in aqueous solution. This kind of 

copolymers is included in the class of the so-called ñsmartò materials, comprised of polymers with 

special structures and architectures, responsive to internal and external stimuli. 

Graft copolymers based upon a water-soluble macromolecular backbone with side chains 

showing a LCST phase behavior in aqueous solutions exhibit in semidilute solutions a 

thermothickening behavior. This behavior i.e. the viscosity enhancement observed for the solutions of 

such copolymers when temperature exceeds the LCST of the side chains is explained by their 

association into hydrophobic microdomains which effectively cross-link adjacent copolymer chains. 

According to the viscosimetric results obtained, a critical concentration is necessary the 

thermothickening behavior to be observed. This critical concentration is also related with the 

composition of the graft copolymers in PNIPAM side chains. Moreover, pyrene emission fluorescence 

measurements show that microphase separation takes place as hydrophobic aggregates are detected by 

increasing temperature. These aggregates, between PNIPAM side chains of the graft copolymer form a 

thermally induced physical network in semidilute solution, leading to pronounced thermothickening 

behavior. 

20 30 40 50 60 70

0,5

1,0

1,5

2,0

2,5

3,0

3,5

 

 

lo
g

 h
 (

m
P

a
*s

)

Temperature  (
0
C)

 G 33

 G 50

 G 67

 G 80

 NaAl

(a)

20 30 40 50 60 70

1,25

1,30

1,35

1,40

1,45

1,50

1,55

1,60

1,65

1,70

1,75

1,80

1,85

1,90
 

 

I 1
/I

3

Temperature (
0
C)

 G 33 1%

 G 50 1%

 G 67 1%

 G 80 1%

 NaAl  1%

 PNIPAM 1%

(b)

 
Figure 1 a) Variation of the dynamic viscosity vs. concentration for semidilute solutions of NaAl 

and of all four graft copolymers in water, C=1% (w/v)  

b) Variation of the pyrene fluorescence intensity ratio I1/I3 as a function of temperature 

for 1% solution. 

 

The natural origin and the high biodegradability of the sodium alginate makes these graft 

copolymers attractive environmentally friendly candidates for industrial applications where effective 

thermothickening properties in aqueous solutions are needed e.g., in oil rigs. They could, also, be 

useful in pharmaceutical applications when, thermally controlled formation of reversible gels is 

demanded. 

                                                 
1
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Abstract 
 

Colloidal particles can be used to tailor the rheological properties of interfaces. However only limited 

information is available in the literature on the viscoelastic behaviour of such systems. This work 

reports compression and surface shear measurements of colloidal particles monolayers.  

 

Polystyrene particles (with carboxylic acid or sulfonate surface functionalities) were spread at the 

air/water interface. Under compression (increasing the apparent surface concentration) the system 

progressively assembles irreversibly, yielding hexagonal close packing. Both the chemical 

composition of the particle surface and the pH of the subphase influence the 2D packing and 

interfacial behavior of particles.  

In addition, bidisperse colloid mixtures were studied, matching the size of the small particles so that 

they can fit in the holes among neighbouring big spheres. These systems are also suitable models for 

investigating the effect of size distribution on film properties: the polydispersity can be arbitrarily 

tuned by the size- and concentration ratio in the mixture of big and small monodisperse colloids. 

Langmuir isotherms were recorded and the monolayers transferred at different surface pressures onto 

silicon wafers immersed in the subphase by lowering the film interface onto the substrates. 

Rheological measurements were performed with an interfacial stress rheometer. The results were 

interpreted tentatively on the basis of 3D analogues and by invoking evidence from scanning electron 

microscopy images of the transferred film for a given surface pressure. 

 

These experiments helped to identify surface-active contaminants present in the particle suspensions 

made by soap-free emulsion polymerization and to quantify the efficiency of applied purification 

protocols. Furthermore, the results provide more detailed information on the formation and the 

structure of modisperse and bidisperse particle monolayers. This information will be instrumental in 

preparing well ordered bimodal colloidal monolayers with potentially non-hexagonal symmetry, 

which is of great relevance for nanoscale surface patterning by nanosphere lithography and the 

application of colloidal templates. 
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Abstract 
 

The class of supramolecular systems coined ñmetallo-supramolecular polymersò offer several 

advantages compared to their covalent counterparts, e.g. a ñself-healingò mechanism due to the 

reversibility of the supramolecular bond. The present rheological study deals with transient networks 

from poly(ethylene-oxide) 4-arm-stars (4s-PEO) with terpyridine-functionalized end-groups. These 

specific systems for binding covalent macromolecular precursors are based on metal-bis-terpyridine 

complexes
1
 and provide unique tunability and simplicity, thus making them ideal model systems to test 

supramolecular dynamics and stimuli responsive behavior on well-defined supramolecular 

architectures, such as stars or hierarchically branched structures.  

The nature of the transition-metal ion determines the strength of the metal-ligand interactions e.g. iron 

and nickel being much stronger than zinc (Fig. 1). Most interestingly the terminal time of the transient 

network is found to be not aǟected by the dilution with solvent, e.g. ethylene-glycol (EG), even in the 

highly diluted regime. The relaxation times and moduli increase with the addition of metal ions by 

several orders of magnitude compared to the unfunctionalized polymer, which demonstrates the 

unique tunability and simplicity of this kind of associations.  
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Fig. 1: Dynamic moduli of terpy-functionalized PEO 4-arm stars in the presence of different metal 

ions and diluted in 70wt.-% EG (left), as well as in the presence of Nickel ions and diluted with 

different amounts of EG (right). 
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Abstract 
 

Nanocomposite films containing silver nanoprism particles embedded in a polymer matrix of 

polyvinylpyrrolidone (PVP) and polyethylene oxide (PEO) were prepared by solvent casting and spin 

coating. It is observed that the silver nanoparticles may self-assemble into ordered structures within 

the nanocomposite. The type of structure depends both on the PVP matrix molecular weight and on 

the film preparation procedure.  Particle concentration, polymer matrix molecular weight, and spin 

coating speed were varied systematically and the final nanocomposite films were characterized 

(primarily by TEM) in order to understand the role of each parameter in the self-assembly process. 

Directed arrangement of the particles is found. Impact on UV-visible optical properties as well as 

tensile properties of the nanocomposites was investigated. 
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Abstract 
 

We investigate the linear viscoelastic response of model telechelic linear and star (of varying 

functionality) polyisoprene melts with different molar masses above the entanglement limit, in relation 

to their structure.  We find that these systems self-assemble as a result of the strong dipolar 

interactions and form clusters which seem to depend primarily on the number of dipolar groups per 

star.  The dynamics is rather complex but some pertinent features are observed: the segmental 

dynamics is affected by the telechelic functionalization, especially for short arm lengths;  this reflects 

the change of microstructure (and thus glass transition temperature) with functionalization. The 

teminal relaxation is much slower compared to similar nonionic stars, reflecting the relaxation of 

clusters. Linear semitelechelic polymers (with only one end functionalized) aggregate in a star-like 

fashion.  We further develop a tube model based on the time marching algorithm for stars and linear 

chains, where we incorporate the association status of the chains via the dipolar interactions at each 

time step. The agreement of the predictions with the data, using two adjustable parameters (the 

average times when two dipolar pair remain associated or free, respectively), is remarkable and 

suggests design criteria for forming desired supramolecular assemblies. 
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Abstract 
We extend the van Ruymbeke et al.'s time marching algorithm (TMA)

1
 in order to predict the linear 

viscoelastic properties of comb polymer melts. While former tube models have shown limitations for 

predicting the relaxation of comb polymer with short side branches, we observe here a very good 

agreement between predictions and the experimental data for both combs with long and short side 

branches. In order to determine the origin of this improvement, we study the influence of the different 

elements present in the TMA model. In particular, we show the importance of taking into account the 

monomeric friction coming from the backbone itself in the total drag of the molecule, considering the 

modification of early time fluctuations and introducing the tube dilation process as a continuous 

function evolving through time. Then, based on a wide range of experimental data on different comb 

structures, we explore the limits of the relaxation behavior that comb polymers can show. If the 

friction from the relaxed side branches is significant, the backbone segments seem to fluctuate with 

respect to the closest branching point, just like a Cayley-tree molecule. On the other hand if the extra 

friction is negligible in comparison to the potential barrier of retraction along the backbone, the 

segments fluctuate with respect to the middle of the molecule, just like a linear chain. 

 
Left: Schematic representation of hierarchical fluctuations of a comb according to Triple Fluctuations 

Modes (TFM) approach. Right: (a) Fluctuations times of the effective backbone (a); different 

fluctuations modes (thin lines), Multi Fluctuations Modes (MFM) approach (bright line), TFM 

approach (squares) and (b) corresponding dynamic moduli predictions; MFM approach (bright lines), 

TFM approach (dark lines) ignoring monomeric friction of backbone segments in MFM approach 

(dashed lines). 
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Abstract 
 

The effect of fractionation on the linear viscoelastic behavior of polybutadiene exact combs has been 

investigated experimentally.  These combs have been prepared using high-vacuum anionic synthesis 

[1], and the position of the branches on the backbone is, in principle, exactly known.  Due to 

unavoidable imperfections in the synthesis, even for this state-of-the-art approach, there are, apart 

from the main target comb, very small fractions of other species present in the final polymer melt.  

The effect of these ñimpuritiesò on the dynamics can in some cases be profound, as clearly 

exemplified by ring polymers where small fractions of the leftover reactants (1%), in this case linear 

polymers, were proven to overshadow the dynamics of the target ring polymer in rheological 

measurements [2].  In the literature, the effects of these type of impurities on the dynamics of 

polymers are generally discarded, meaning that one directly characterizes, rheologically or with other 

means, the melt as obtained from the chemist (e.g. [3,4]).  In this work, we show that also for the exact 

comb polymers the effect of fractionation can in some cases be significant.  The linear viscoelastic 

properties of three different exact combs have been measured at different temperatures (-75̄ C to 

130̄ C) using a strain-controlled rheometer (ARES-2KFRTN1, Rheometric Scientific).  Standard time-

temperature superposition has been employed to obtain mastercurves for the linear dynamics of the 

melts.  First, the freshly synthesized samples were characterized.  Tube-based modelling without 

adjustable parameters [5] did not match the experimental data when pure exact combs were 

considered.  Then, the samples were fractionated using interaction chromatography (IC).  Finally, the 

purified samples were measured and as such the effect of the impurities on the dynamics of the exact 

combs was assessed.  The fractionation improved the match between the experimental data and 

modelling significantly.  In all cases, for the original as well as for the purified samples, the 

hierarchical relaxation process was clearly observed, as is typical for combs (e.g. [4]).  The effects of 

the impurities were quite different for the three architectures.  Analysis of the chromatograms helped 

identifying possible structures of side-products.  This work suggests the importance of critical 

fractionation in analyzing the physics of model branched polymers. 
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Abstract 
 

Solution rheology of cellulose in ionic liquid 1-Butyl-3-Methyl Imidazolium Chloride ([BMIm]Cl) 

was studied  using oscillatory and steady shear for cellulose concentrations spanning the dilute, 

semidilute unentangled, and entangled regimes, as shown for Fig.1.  This was done to investigate the 

dynamics of cellulose in ionic liquids, such as polymer relaxation mechanisms and hydrodynamic 

interaction, which are vital to solution processing.  For entangled solutions, the specific viscosity, 

relaxation time and plateau modulus of cellulose in [BMIm]Cl exhibit the scalings with concentration 

ɖsp~c
14/3
, Ű~c

2.3
, Ge~c

2.3
 respectively, expected by scaling models for neutral polymers in a ɗ solvent.  

The overlap concentration of our cellulose solutions is 0.5 wt%, the entanglement concentration of 

cellulose/[BMIm]Cl is a factor of 4 larger (2 wt%).  In the semidilute unentangled regime (between 

0.5 and 2 wt%), a smooth transition of Rouse-like behavior to Zimm-like behavior was observed over 

a limited range of frequency (see Fig.2). The unusual departures from Rouse and Zimm at higher 

frequencies and the unusual deviations from the Cox-Merz rule, indicate that cellulose 

solutions are not simply neutral polymers in the ɗ regime. 

 
Fig.1. Concentration dependence of specific viscosity ɖsp=(ɖ-ɖs)/ɖs, terminal relaxation time Ű and 

terminal modulus ɖ/Ű for solutions of cellulose in [BMIm]Cl at 25ᴈ with overlap concentration c* = 

0.5 wt% and entanglement concentration ce = 2 wt% indicated by vertical dashed lines.  . 

 
Fig.2. Master curves for reduced storage modulus, Gôr=Gô/(ɖ0-ɖs), and reduced loss modulus, Gòr 

=(Gò-ɤɖs)/(ɖ0-ɖs), for the cellulose/[BMIm]Cl solution with four different concentrations spanning 

the semidilute unentangled regime.  For clarity, the curves are shifted vertically by the vertical shift 

factors A = 1, 10, 100, 1000 for 2.5 wt%, 2 wt%, 1 wt%, 0.5 wt% cellulose solutions respectively. 
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Biological cell functions such as proliferation, locomotion and signaling are dependent on the 

mechanical properties of the cellular membrane. Polymeric membranes that mimic certain properties 

of native cell membranes are valuable research tools which can be used to better understand the 

physics of biological membranes. We have investigated free-standing artificial membranes prepared 

from poly(butadiene)-b-poly(ethylene oxide) (PB-b-PEO) vesicles. The membranes were obtained by 

osmotic shock-induced rupture of giant unilamellar vesicles onto porous silicon nitride substrates 

resulting in pore-spanning polymersome membranes. Our research interest is to quantify the local 

mechanical properties of membranes by performing site-specific experiments. Our experimental 

approach relies on the combined use of fluorescence microscopy with atomic force microscopy 

(AFM), with fluorescence being used for the localization of polymersome membrane-covered pores 

and AFM experiments that provide the materialôs mechanical response. Furthermore, by using free-

standing membranes we were able to obtain indentation information without the limitation of a solid 

support. The collected force indentation curves were analyzed and theoretical models were used to 

extract elasticity constants from the results
1
. The study of polymeric membranes can provide insight 

into the function of biological membranes. Additionally, polymeric membranes can be used to create 

new hybrid systems by incorporating biological (lipids, proteins), artificial (polymers, dyes) and 

inorganic (nanoparticles) components.  

 

 

 

Figure 1. a) confocal laser scanning microscope image of a PB-b-PEO vesicle adsorbed onto a porous substrate, 

b) fluorescent image of a polymer membrane patch on the edge between porous and flat area of a substrate, c) 

AFM image of both membrane covered and non-covered pores. 

 

 

 

                                                 
1
 M. Kocun, W. Mueller, M. Maskos, I. Mey, B. Geil, C. Steinem, A. Janshoff, Soft Matter, 2010, 6, 2508-2516. 
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Abstract 
 

For the preparation of hybrid film, we use the most commonly employed method which is the sol-gel 

method [1, 2]. In this work, hybrid film was obtained by one-step hydrolysis and condensation of 

tetraethyloxysilane (TEOS) together with vinyltriacethoxysilane (VTAS). During hydrolysis and 

condensation reactions, siloxane networks (Si-O-Si) were formed to constitute the structural backbone 

of these hybrid systems. We use middle infrared spectroscopy experiments to follow the 

polymerization and to optimize the final heat treatment. 

In order to determine the nature of products formed during the sol-gel reaction (i.e polymerization) 

and study the kinetics of this reaction, the middle IR spectroscopy in transmission mode was used. The 

middle IR spectroscopy experiments allow also optimizing the temperature of the final heat treatment.  

To verify the homogeneity of the chemical composition of the synthesised materials, elemental 

distributions were determined using an energy dispersive spectrometer attached to a scanning electron 

microscope (SEM). Additional experiments using TGA (thermogravimetric analysis), DSC 

(differential scanning calorimetry) and ATR (Attenuated total reflexion) were performed. The TGA 

permits to study the effect of the ratio of organic- inorganic components on the thermal stability of the 

prepared hybrid, DSC was used to determine the glass transition  temperature while ATR technique 

was used to study the chemical structure of the prepared hybrid (figure 1). 

 

 
Wavenumber (cm

-1
) 

 

Figure 1: FTIR -ATR spectrum of hybrid film  

 

 

Keywords: Hybrid, IR, TEOS, VTAS, sol-gel 
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Abstract 

Blends based on the Polyethylene (PE)/ethylene-co-vinyl acetate (EVA) are among the 

most important commercial polymeric systems with many applications in various industries 

such as shrinkable films, multilayer packing, wire and cable insulation coating 
1-3

. Recently, 

the application of nanoparticles such as organoclay has provided the researchers an excellent 

approach to meeting the needs of todayôs challenging PE/EVA blends issues 
4,5

. In the present 

study, various nanocomposites of high density polyethylene (HDPE)/EVA/organoclay were 

prepared by melt blending in an internal mixer. Also, polyethylene-g-maleic anhydride as a 

compatibilizer and/or Irganox 1010 as a stabilizer were used in some of the formulations. 

Morphology of the prepared samples was investigated using X-ray diffraction (XRD) and 

scanning electron microscopy (SEM) methods (Fig. 1). Furthermore, differential scanning 

calorimetry (DSC) and thermogravimetric analyses (TGA) were utilized to assess data 

regarding thermal properties of the nanocomposites. The results revealed that the organoclay 

platelets had been distributed reasonably within the polymeric matrix and nanocomposites 

with intercalated morphologies were achieved. Also, it was shown that the organoclay acted 

as a compatibilizer between the HDPE and the EVA phases. Moreover, incorporation of both 

the compatibilizer and the stabilizer in the nanocomposite formulations caused the 

degradation of the HDPE/EVA system to occur at higher temperatures.     

 
Figure 1. SEM images of HDPE/EVA blends with and without organoclay.  
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Abstract 
 

In the presented research work, the rotolining process is used for the development of an innovative hot 

water tank, which will be used in a ósolar plus supplementary systemô (see ISO 9459-2:1995). The first 

project stage included the material choice, which was based on a specific set of selection criteria: A 

zero shear viscosity is required to aid in the flow of the polymer within the mould
1
. The material flow 

characteristics are important with regards to the way the plastic powder distributes itself in the mould 

and to ensure a uniform wall thickness is achieved
2
. The Melt Flow Index (MFI) should be high 

enough for the polymer to be formed inside the mould but low enough for the impact strength to be 

appropiate for its enduse. Also, the materials should meet the requirements for storing potable water 

and they should also show chemical stability at high service temperatures. Based on the above, four 

Polyethylenes (PE) were choosen: i) crosslinked PE, ii) LLDPE iii) impact modified HDPE and iv) 

metallocene MDPE. The second project stage included a series of tests in order to validate the 

materials specifications, where aplicable: a) MFI measurements (EN ISO 1133:2005) b) Ultimate 

Tensile Strength and Elongation at Break (ASTM D638:2002), c) Vicat Softening Temperature (EN 

727:1995), and d) dimensional change measurements. 

The next project stage involved a series of rotolining experiments for each material, designed 

to reveal each resinôs potential. It is well known that the mould Internal Air Temperature profile is 

linked to all the key stages in the rotomoulding process and it is an excellent quality control parameter, 

related to the morphology and the mechanical properties of the moulded articles
3
. Therefore, the 

TempLogger System was used for the monitoring and control of the process. The metallocene MDPE 

proved to be more than adequate for rotolining, which was confirmed during the final project stages.  

Labaratory tests were conducted in parallel with rotolining experiments, and involved a) thickness 

uniformity and mechanical strength determination b) performance in operating conditions c) 

impermeability tests: a) Steel and polymer wall thickness was measured with an Insize Ultrasonic 

Thickness Gauge. The thickness measurements confirmed that rotolining allows for the production of 

products with thickness homogeneity, regardless of mould geometry. b) Rotolined products were also 

tested in controlled heating ï cooling experiments. The LLDPE, the crosslinked PE and the 

metallocene MDPE products endured substantial temperature differences (maxT=90
 o
C, minT=31.6

 o
C 

inside the tank) and rapid temperature changes (max µT/µt =55
o
C/10min). However, the adhesive 

properties of the metallocene MDPE resin proved to be of crucial importance for this application.  

The Hot-Water Tank is currently being tested according to ISO 9459-2:1995 for solar systems 

performance characterization. The authors would like to thank the Research Promotion Foundation of 

Cyprus for the funding of this work. 
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Abstract 
 

 

 Responsive polymers like poly(N-isopropylacrylamide), PNIPAM, have been widely used for 

the preparation of stimuli sensitive systems with potential applications in drug transfer and delivery. 

For the polymer to be able to recognize biologically significant molecules, e.g. sugars, glycoproteins, 

or catechol derivatives, a phenylboronic acid (PBA) ligand may be incorporated as a diol-sensing 

moiety. Since PNIPAM is a thermosensitive polymer, PNIPAM-co-(acrylamido-PBA) copolymers 

will exhibit both temperature and diol responsiveness. 

 In this work, the reversible association via boronic ester formation between PBA-bearing 

copolymers and the catechol dye Alizarin Red S was studied by dialyses experiments or numerical 

analysis of UV-visible titration curves. One of the copolymers, based on NIPAM, was 

thermosensitive. The investigation resulted in the quantitative determination of the host-guest binding 

constants at physiological pH. Both techniques gave results in good agreement. It was found that 

above the phase transition temperature of the thermosensitive copolymer, the binding constant 

decreases significantly more than in the case of non thermosensitive copolymers. The temperature-

controlled released of the dye, considered here as a model for catechol derivatives like dopamine or 

noradrenaline, was associated to the coil-to-globule transition of NIPAM-based copolymer 
1
. 
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Quantitative study of recognition and release of a colored catechol by a thermosensitive copolymer. 
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Abstract 

 
Complexes of polyelectrolytes with proteins have received considerable scientific interest in recent 

years due to their similarities with biological systems and their applications in protein encapsulation, 

immobilization, purification and separation, as well as in the development of functional 

nanobiomaterials1. Systems consisting of block polyelectrolytes represent one particularly interesting 

class of polyelectrolyte/protein complexes, because they enable the formation of protein containing 

nanoparticles of varying structure and properties, suitable for nanobiotechnological applications, e.g., 

drug delivery, biomacromolecules separation, surface modification, etc2. This work reports on the 

complexation, via electrostatic interactions, between hen egg white lysozyme (HEWL) and two 

triblock copolymer polyelectrolytes of different architecture and composition, consisting of sodium 

(sulfamate-carboxylate) polyisoprene (SCPI), polystyrene (PS) and polyethylene oxide (PEO) blocks, 

in aqueous solutions. These novel polyelectrolytes were prepared by a postpolymerization reaction 

which introduced sodium sulfamate and carboxylate groups on the polyisoprene (PI) block of two 

triblock copolymers, PI-PS-PEO (ISEO) and PS-PI-PEO (SIEO) (Scheme 1). As a result, the 

polyelectrolyte block carries two negatively charged groups with different pH sensitivity and also 

shows some hydrophobic character because of the presence of unfunctionalized isoprene segments. 

Furthermore, due to the hydrophobicity of the PS block the polyelectrolytes form micelles in aqueous 

solutions, consisting of a PS core and a mixed SCPI and PEO corona. The structure of the corona 

results from the architecture of the precursor triblock copolymer and thus it consists of SCPI and PEO 

chains for the ISEO triblock, while for the SIEO triblock it consists of SCPI-PEO chains. 
 

 
Scheme 1: Chemical structure of the triblock copolymer polyelectrolytes  

 

Static, dynamic and electrophoretic light scattering techniques were employed in order to study the 

structure and solution behaviour of the complexes as a function of the protein concentration (i.e. 

charge ratio), at different pH and ionic strength conditions. Infrared, fluorescence and circular 

dichroism spectroscopic measurements indicate that the conformation of HEWL is preserved upon 

complexation. 

 
1 a) C. L. Cooper, P. L. Dubin, A. B. Kayitmazer, S. Turksen, Curr. Opin. Colloid Interface Sci., 2005, 10, 52 b) 

C. Tribet, In Surfactant Science Series, Vol. 99: Physical Chemistry of Polyelectrolytes, T. Radeva, Ed. Marcel 

Dekker: New York, 1999, Chapter 19, pp 687 

2 a) A. Harada, K. Kataoka, Prog. Polym. Sci., 2006, 31, 949 b) S. Lindhoud, L. Voorhaar, R. de Vries, R. 

Schweins, M. A. Cohen Stuart, W. Norde, Langmuir, 2009, 25, 11425 b) S. Pispas, J. Polym. Sci. Part A: Polym. 

Chem., 2007, 45, 509 c) G. Gao, Y. Yan, S. Pispas, P. Yao, Macromol. Biosci., 2010, 10, 139 
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Abstract 
 

Transparent solutions of polydienes were recently shown to possess an astonishing non linear 

response to mild laser irradiation. Microscopy observation revealed a change of the local polymer 

concentration inducing a local variation of the refractive index that in turn alters the light propagation 

[1]. The laser irradiation triggered the formation of a broad range of patterns, all based on the filament 

formed through  the self-focusing and including very long optical spatial soliton-like filaments, multi-

filaments arrays and bundles [2], multi-filament holographic gratings [3]. More complex structures 

like twisted filaments and complex multifilaments patterns were seen as result of longer irradiation.  

The early formation kinetics could be followed by quantitative phase contrast microscopy that 

provides real time measurements of the refractive index changes in the pattern. The rate of formation 

of the filament was found to vary with sample and irradiation conditions [4].  

Laser exposures of the order of the inverse of the rate of formation resulted in time-reversible 

patterns. Prolonged irradiation leads to surprisingly long lasting irreversible structures that even 

resisted dissolution in the pure solvent. No clear spectroscopic evidence of the nature of the formed 

cross-link have been obtained so far. An intermediate case of semi-reversible patterns was even 

observed giving rise to pearl necklace formation.[5] 

Different solvent classes can lead to different formations, pointing toward the relevance of 

specific solvent-polymer interactions for the light-polymer coupling, which remains unidentified. 
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Abstract 
 

The continuous need for dimensions reduction in integrated circuits and the expansion of 

applications in the broader field of micro-nanosystems lead to the quest for new photoresists capable 

of addressing the demands of modern lithographic technologies. Most polymers used today in 

photoresist formulations work with the mechanism of a side group deprotection and thus have 

limitations towards the further reduction of the formed structure dimensions and their Line Edge 

Roughness (LER) related to the size of the polymer chain. Moreover, in lithographic materials that 

make use of polymer network formation mechanisms severe problems are encountered for the 

fabrication of significantly small patterns related not only to the size of polymer chains but also to 

swelling phenomena during development. On the other hand, the materials in which the lithographic 

imaging is based on the cleavage of polymer main chain are in principle capable to create very small 

structures, to the dimensions of the monomers that they consist of. In this case issues like sensitivity 

and poor etch resistivity must be addressed. 

The main target of the current work was to develop new polymeric materials for lithographic 

applications, the main chain of which is cleaved under the influence of photogenerated acid. These 

materials are expected to lead to high resolution and small side roughness of the formed structures. 

Acetals are chosen as functional groups in the main polymer chain since they can be cleaved in the 

presence of an acid while they remain untouched in alkalic ambient. The synthesized polymers were 

designed to bear in addition suitable functional groups for the achievement of the desirable 

lithographic characteristics (thermal stability, acceptable glass transition temperature, etch resistance, 

proper dissolution behaviour etc). The synthesis was carried out via polyaddition of a vinyloxyl 

compound and a diol compound to produce novel polymers with acetal repeating units in their 

backbone. We chose polyaromatic hydrocarbons as diol units to achieve increased etch resistance and 

low absorption at 193 nm, in order to have materials capable of use in this exposure domain as well. 

Good solubility and increased surface adhesion were achieved by choosing cycloaliphatic vinyloxyl 

ethers as the second component for the polyaddition. In addition, the same route can be followed to 

incorporate chromophores that can tune the resist absorbance in different spectral region. Furthermore, 

single component systems can be designed following this approach by the incorporation of suitable 

PAGs in the main chain. 

The polymers that will be presented have been evaluated as components of chemically 

amplified resist formulations upon exposure at 248 nm. The imaging chemistries have been 

investigated using mainly Fourier-transformed infrared (FTIR) and UV-Visible spectroscopy and the 

limitation posed by thermal and photochemical reactions have been identified. Acid catalysed imaging 

is dominant in a fairly broad processing conditions range. The contrast curves showed that they are 

very sensitive resists with satisfactory contrasts. The polymers showed very good etch resistance 

performance, as expected by the high aromatic content of the backbone, similar to comersially 

available novolac photoresists. Imaging experiments with 248 nm contact printing have shown 

capability for 500 nm structures the limit of the used exposure set-up. 
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Abstract 
 

In this study, for the first time, composite materials with the specific ingredients were prepared and 

studied as far as their mechanical and dielectric properties are concerned. Six different nano-composite 

samples varying the BaTiO3 concentration were developed. Firstly the novolac resin was synthesized   

and then after pulverization the hexamethylotetramine hardener was added. Right afterwards different 

amounts of BaTiO3 nanoparticles (0-20%w/w) were added, and finally the mixture was put in moulds. 

The whole process included curing at 140
o
C for 1 hour, followed by post-curing for one hour at 170

o
C 

[1,2]. Then the composites were ready for characterization via a number of experimental methods. 

Structural characterization was conducted by means of X-Ray Diffraction (XRD) and Fourier 

transform infrared spectroscopy (FTIR) and thermal characterization was performed via Differential 

Scanning Calorimetry (DSC). Mechanical and dielectric properties were examined by employing 

bending and shear strength tests and Broadband Dielectric Spectroscopy (BDS) (e.g. figure 1).  BDS 

tests cover a wide temperature (from 30
o
C to 150

o
C) and frequency (from 10

-1
 Hz to 10

7
 Hz) range. 

The dielectric response was analyzed by means of dielectric permittivity and electric modulus 

formalisms [3-5]. 

The presence of BaTiO3 nanoparticles does not improve the mechanical behaviour of the systems, 

especially in the bending mode. Concerning the occuring relaxation phenomena three distinct 

processes were recorded. Ascending frequency, at isothermal conditions, were attributed two 

interfacial polarization effect, glass to rubber transition of the polymer matrix, and rearrangement of 

polar side groups of the main polymer chain.  
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Figure 1: Real and imaginary part of electric modulus for the specimen of 10% w/w BaTiO3. 
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Abstract 
Novel amphiphilic triblock copolymers of poly(propylene succinate) (PPSu) and poly(ethylene glycol) 

(PEG) with different hydrophobic/hydrophilic ratios were synthesized using a facile one-pot 

procedure. The reaction was confirmed by GPC and NMR spectroscopy. The molecular weight of 

copolymers was adjusted by varying the molecular weight of PPSu while this of PEG was remaining 

stable. The copolymers exhibited glass transition temperatures between -36.0 to -38
 o

C and single 

melting points around 44
 o

C. WAXD data indicated that both blocks of the copolymer could 

crystallize. The mPEG-PPSu copolymers exhibited low in vitro toxicity against HUVEC cells 

comparable to that of PLA. The synthesized copolymers used to prepare core-shell nanoparticles with 

hydrophobic PPSu to form the core and hydrophilic PEG the shell for nanoencapsulation of a 

hydrophilic hydrophobic drug, Ropinirole and Tibolone respectively. The mean size of the 

nanoparticles ranged between 150-300 nm and increased with increasing molecular weight of the 

PPSu block. Thus, these nanoparticles have different core length and stable sell length, since PEG with 

molecular weight 2000 g/mol was used. The release of Ropinirole, which was mainly encapsulated in 

the core, was completed within 24 hours whereas sustained release was observed for Tibolone, since it 

was encapsulated in the core of nanoparticles. The synthesized mPEG-PPSu copolymers could be 

useful for nanoencapsulation of different drugs.   

 
Figure 1. Drug release profiles patterns for (a) Ropinirole and (b) Tibolone from the mPEG-PPSu 

nanoparticles. 

 
Figure 2. Illustration of possible distribution patterns of drug in the mPEG-PPSu nanoparticles based 

on drug hydrophilicity and its possible influence on early drug release from the nanoparticles.  
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Abstract 
   The release performance of matrix-type controlled release devices (MCR), loaded with bioactive 

substances, can be markedly improved by the use of multilayer MCR matrices, which are an 

alternative method that allows for the distribution of the solute load and the permeation properties of 

the system, independently of each other
1
. A special case of multilayer systems are loaded matrices 

coated with thin, solute-free polymeric layers
2
. These systems offer many possibilities for reducing the 

intensity of the initial burst effect, characterizing monolithic matrices, and may also succeed in 

stabilization of the overall rate of release, by judicious choice of the design parameters of the MCR 

device (permeability properties of the polymeric materials, distribution of solute load and relative 

thicknesses of the layers).  

   In this work we report: (a) experimental data on the release performance of planar, symmetrical, 

three-layer (ABA) MCR systems and (b) computer simulation results based on a recently introduced 

general model, simulating the release performance of such systems
3.4

. The said model treats ABA 

devices with A and B layers differing in their permeation properties (diffusivity and solubility) and/or 

in initial solute load, taking also into account the concurrent ingress of water hydrating the polymer.  

   Two types of composite ABA matrices were studied: (i) matrices with uniform material properties 

(UMP), where both outer (A) and inner (B) layers were made from the same polymeric material 

(cellulose, CEL) and (ii) matrices with non-uniform material properties (non-UMP) with outer layers 

(A) made from cellulose acetate (CA) and inner layer (B) made from CEL. In all cases the outer layers 

were solute free, while the inner layer was loaded with an osmotically active solute (NaCl). Computer 

simulation of the performance of the aforementioned ABA matrices is based on input parameters, 

deduced from the release experiments on monolithic CEL or CA matrices or taken from literature. The 

experimental release performance of the composite three-layer devices showed that the relative 

thickness of the outer layers: (i) determines, to an extent, the effective suppression of the burst effect 

and (ii) modifies the duration of the release process. The simulated curves capture well the relative 

rates of monolithic and ABA-UMP matrices (Fig. 1a) while the simulation of the ABA-non-UMP 

systems (Fig. 1b) was also satisfactory, given their complexity. Additional theoretical calculations 

indicate that the results are very sensitive to the degree of hydration of the outer layers, as the latter 

affects both the solubility and the diffusivity of the solute.  

 
Fig. 1 Experimental release kinetic data (points) and theoretical predictions (lines) from: (a) composite ABA-CEL-

CEL-CEL matrices and monolithic CEL (Inset: soluteôs release rates from ABA-UMP matrices) and (b) 

composite ABA CA-CEL-CA matrices and monolithic CA. 2L corresponds to multi-layer matrix thickness. 
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