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Abstract

Text Most polypeptides offamino acids form 3D structures through hydrogen bonding. Exception are
the N-substitutel polypeptides, which lack an amide nitrogen and their secondary structure is due only to
the constraints imposed by the main chain ti@f natural NsubstitutedJd-amino acids, tproline and
hydroxylL-proline are the most characteristic components oaget.

In the case opoly(L-prolinds secondary structur e, its tertia
lowering for cistrans isomerisation (PLP | and PLP Il form). PLP laisvatersoluble left handedgid

extended helixwhere its conformationsiindependent of pH and T. For this reason it is used as a
dnolecular ruled i n F RE &nd alays imgosgantsroles in cglenetration and protejorotein
recognition, whereas the synthetic referencepdbr(hydroxylL-proling) are very limited.
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In light of these qualitiessynthetic access to wealefined Nsubstituted homo and copolypeptides is
very desirable. The most common route to polypeptide synthesis is via the polymerization of their N
car boxy anhy.Byadvermming thy Qréblierms)involved inptoline 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 tedwm)igge were able to
synthesize PL{eontaining materials, such as PIBPLP and PL-PEODb-PLP triblock chimeras.
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CD measurements reveal that unlike PLP, the triblock chime&lagt ahe PLP | form in water (PEO
block stabilizes) and only after treatment with formic acid, the PLP Il helix is adopted.
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PIl-2: UNDERSTANDING INITIATION AND TERMINATION EVENTS IN THE
PRIMARY AMINE -INITIATED POLYMERIZATION OF NCAS BY HIGH -
VACUUM TECHNIQ UES

DEANNA L. PIcKEL! AND JAMIE M. MESSMAN!

'0ak Ridge National Laboratory, Center for Nanophase Materials Sciences,
Oak Ridge, TN USA 37831pickeldl@ornl.gov

Abstract

Highvacuum pol y mamino acdN-catboxyamhydrides (NCAs) affords paters 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 engroups are indicative dfoth the polymerization mechanism (i.e., initiation
event) as well as the termination pathw#8se Figure 1) To this end, poly(&enzytL-tyrosine)
initiated by 1,6diaminohexane was synthesized and subsequently characterized by MIAEDVS,

N AL DITBF MS and™C NMR spectroscopy to ascertain the -gndup structure. Polymers were
prepared by both high vacmuand glove box techniques in DMF/THF.  Preparation of paly(O
benzytL-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 endroup structure, and it demonstratee advantage of high vacuum techniques for
polymerization of NCAs for the preparation of wd#fined polypeptides with ergroup fidelity.

Normal Amine Mechanism (NAM)
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Figure 1. Possible initiation events in the primary amine initiated polymerization of NCAs.
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PII-3: ABC MIKTOARM STAR TERPOLYMER WITH A HELICAL POLYPEPTIDE
ARM: HIERARCHICAL SMECTIC SELF -ASSEMBLY

SUSANNA JUNNILA 1, NIKOLAY HOUBENOVl, SIRKKU HANSKIl, HERMIS |ATROU2, AKIRA HIRAO?’,
NIKOS HADJICHRISTIDISZ, OLLI IKKALA !

Molecular Materials, Department of Afied Physics, Aalto University School of Science and
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Finland1 susanna.junnila@tkk.fi
?Industrial Chemistry Laboratory, Department of Chemidthyiversity of Athas, Panepistimiopolis
Zografou 35, 15771 Athens, Greece
3Department of Organic and Polymeric Materials, Graduate School of Science and Engineering,
Tokyo Institute of Technology, Tokyo 18852, Japan

Abstract

Macromolecularchimeras are polymer/polypetide hybrids where the ability of the polypeptide

bl ocks to adopt di f f éhred n tc-slwetspdivesrhiseaa more ocomplexseli c h <
assemblies and enhances the microphase separation from tHi&ecdilocks. Recently, the
hierarchi@l selfassembly of a miktoarm star terpolymer with a polypeptide arm was reported

We demonstrate the first hierarchical smectic-asfembly in miktoarm star terpolymers, using a
macromolecularchimera (see Fig. 1) composed of two ctke arms (poystyrene, PS and
polyisoprene, Phel acdl apmey p-gephutylakgcdimomylmlysing),o | y ( U
PBLL). The packing of the PBLL helices gives rise to a lamellar superstructure whesmndodoit
containing lamellae alternate. Furthem®, the coilcontaining lamellae have an inner structure
composed of PS and PI rectangular cylinders. This morphology combines features from the lamellar
seltassemblies or raaoil diblock copolymerswith those of miktoarm terpolymers with highly
asymmeéric block size§ The hierarchical sefissembly of the (PS)(PI)(PBLL) miktoarm is studied

with transmission electron microscopy (TEM), atomic force microscopy (AFM), siauadl wide

angle Xray scattering (SAXS, WAXS) and Fourier transform infrared spscopy (FTIR).

a)

Pl
13k

ANV

PS
10k

Figure 1. a) Schematic illustration of the (PS)(PI)(PBLL) miktoarm and b) TEM image of the
hierarchical smectic seHfssembly, stained with O$@1 domains showing dark).

! Karatzas, A.; latrou, H.; Hadjichristidis, N.; Inoue, K.; Sugiyama, K.; HiraoBidmacromolecule2008 9,

2072 2080.

2 Gitsas, A.; Floudas, G.; Mondeshki, M.; Lieberwirth, I.; Spiess, HI®{rou, H.; Hadjichristidis, N.; Hirao, A.
Macromolecule201Q 43, 1874 1881.

3 Duoy, A.; Gallot, B.Polymer1982 23, 1039 1044.

4 Takano, A.; Kawashima, W.; Wada, S.; Hayashida, K.; Sato, S.; Kawahara, S.; Isono, Y.; Makihara, M.;
Tanaka, N.; Kawagum, D.; Matsushita, YJ. Polym.Sci., Part B: Polym. Phy2007, 45, 2277 2283.
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Pll-4: OBLIQUE SELF -ASSEMBLY OF POLYPEPTIDES COMPLEX ED WITH
PEGYLATE D TRIPLE -TAIL LIPIDS

SIRKKU HANSKI, SUSANNA JUNNILA, ANTTI J. SOININEN, JANNE RUOKOLAINEN, OLLI IKKALA

Molecular Materials,Department of Applied Physics, Aaltimiversity (formerly Helsinki University
of Technology), P.O.Box 15100, 00076 Aalto, Finlarsitkku.hanski@tkk.fi

Abstract

Selfassembled structures with length scales of few nanometers can be achieved by combining
polymers with small molecular weight amphiphiles. The ionic interaction results in-boitktype
macromolecules that can asd#enin various ways in the solid state. When instead of traditional
polyelectrolyte a polypeptide is used, an itiddal variable is introduced to the system, since
polypeptides can fold into different sexiary structures. Also, the structure of the sudat can be
varied, which affects in case of polypeptides the secondary structures and thusabseselily.

In this work PEGylated tripkail lipids were complexed with homopolypeptides. The lipids consist of
a hydrophilic ethylene glycol tail and onalkyl tails, whose lengths are varied. In comparison to a
typical surfactant with linearllayl tails, the addition of a hydrophilic tail makes the amphiphile bulky
and forces the polypeptides to adopt a helical secondary structure.

The complexation oé tripletail lipid with helical polypeptides was found to lead to an oblique self
assembly. This is to our knowledge the first time a correlatia@een the helices in 2D layered
structure is reported in polypeptidipid complexes. The oblique structuwas eidenced with small
angle xray scattering and transmission electron ndocopy. The additional ethylene glycol tail was
found to play a crucial role in the sel§sembly by plasticizing the helix layer and filling in the voids
between the helicetus, balancing the density between hydrophilic and hydrophobic layers.

Polypeptide

+
/1?391;3

Triple-tail lipid

Figure 1. Schematic presentation of the polypegtfié complex formation (left and middle) and a
TEM image of the resulting sedfssembly (right).

lHanski, S., Junnila, S., Soininen, A. J., Ruokolainen, J., Ikkala, O., Submitted 2010.
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Pl -5: KINETIC STUDIES ON THE CCRDINATION RING OPENING
POLYMERIZATION OF L -LACTIDE WITH TITANIUM (IV) COMPLEXES
MANOLIS SARIDIS, MARINOS PITSIKALIS
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Zografou 35, 15771 Athens (Greetepansaridis@hotmail.com

Abstract

Biodegradable polymers based on polylactides, due to their uniqgue pEepéiive 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 applicationfom packagng to more sophisticated medical devices.

In the present study the kinetics of the ring opening polymerization (ROP)autile (LLA)
(Scheme 1) was studied using pentamethylcyclopentadikeiylioro-ethoxy titanium (Cp*TiCIOE),
indenykdichloro-ethoxy titanium (IndTiGIOEt) and indenytrichloro titanium (IndTiC)), as
initiators. The polymerizations were conducted in toluene &CL30

The polymerization of LLA using Cp*TiGDEt or IndTiChOEt as initiators was very well
controlled, leadig to quantitative vyields, relatively controlled molecular weights and narrow
molecular weight distributions (MM, < 1.1). It was shown that both the polymerization yield and the
molecular weight of the polymers scale linearly with time.

Indenyttrichloro 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 (M, > 1.3). Mechanistic considerans regarding the polymerization
of LLA by half titanocenes will be discussed.
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Scheme 1 : ROP of-lactideA: Cp*-, Ind Nu: CI-, EtO-
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Pll-6: METALLOCENE -MEDIATED CATIONIC POLYMERIZATION OF 2 -
METHYL OXAZOLINE (MeOx) AND 2 -PHENYL OXAZOLINE (PhOx)
MARIA EVGENIA KOURTI, MARINOS PITSIKALIS

Industrial Chemistry Laboratory, Department of Chemidthyiversity of Athens, Panepistimiopolis
Zografou 35, 15771 Athens (Greeteparitzeni@yahoo.com

Abstract

Metallocenes based on zirconium, titanium ardnilum activated by suitable fluoro aryl
borate compounds can be efficiently used for the cationic polymerization of oxazolines. The kinetics
of the polymerization of2-phenyl2-oxazoline (PhOx) and-thethyl2-oxazoline (MeOx) was studied
using the folloving initiating systemsi) CpZrMe,/[Me,;NHPh]'[B(CgFs)~ 2) CpZrMe,/B(CeFs)s,

3) (tbutyl CpyHfMe,/[Me,NHPh][B(CeFs)a]’, 4) (t-butyl CppZrMe,/[Me;NHPhT[B(CsFs)4], and 5)

(t-butyl CphTiMe, /[Me;NHPhT[B(CsFs)4]’, in order to evaluate the inflnee 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 distrittions (M,,/M,<1.10).

Random copolymers of MeOx and PhOx were synthesized usingZrNIgy
/[Me,NHPhT[B(C¢Fs)4] as the initiation systenT.he reactivity ratios of the monomers were estimated
using the FinemanRoss, the inverted Finemafoss and the Kelei¢g dos gr aphi cal
Structural parameters of the copolymers were obtained by calculating the dyad monomer sequence
fractionsand the mean sequence length.

The synthesis of block copolymers by sequential adddafodeOx and PhOx waattempted
using the following initiator systems: 1) GPrMe,/B(CsFs)s, 2) CpZrMey/[Me;NHPh][B(CsFs)al
and 3) (tbutyl CpyHfMe./[Me,NHPh][B(CsFs)s]. Moreover, the block copolymerization of MeOx
ane alpr ol aCt)twasmsidief, Using GPrMe,/B(CsFs); as the initiator.

A CH3
N &
A
B/M/X\4
B
/ .
D Initiation
R

(0)

H3C

WD & HHO

Tgrmmauon

R: Me or Ph

A: (p

B: t-buwyl or (p

M: Hf or Zr or Ti

X": [CH3B(C4F3)3] or [B(C4Fs) 3]

Cationic Polymerization of Oxazolines.
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PIl-7: SYNTHESIS OF P{-BMA) -b-PEO BLOCK COPOLYMERS WIT H PEO
BLOCK AS THE MINOR COMPONENT AND INVESTIGATION OF THEIR SELF -
ASSEMBLED NANOSTRUCTURES

A. GIAKOUMAKI 2 M. CHATZICHRISTIDI*? E. MAKARONA?! M. PTSIKALIS? P. ARGITIS

' nstitute of Mi croel ectroni cs, NCSR 6Dem

2 Chemstry Department, University of Athens, Zografou 15771, Greece
Abstract

Block copolymers consist of two or more covalently bonded homopolymers. What makes this
class of materials of high interest is their ability to spontaneouslhyassdéimble into welllefined
ordered arrays of nanoscopic domains. Currently, many block copolymer systems are under
investigation for the fabrication of real devicaad their use in microelectronics (Sematech has
already includedlirected self assembled methods in their STR009), membrangabrication, bie
applications, photonic crystals, étc.

In the current projectamphiphilic Pt-BMA) -b-PEOswith PEO block as the minor component
were synthesized andits nanostructureformation 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 eBRA)-b-PEO
diblock copolymers were spitnated from benzene solutions onto siicgubstrates 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 spectroscopyand 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 duetfirthe distinctly different
hydrophilicity of its blocks. On the other hand, the addition of a photoacid generator can turn the
hydrophobic PEBUMA) block into a chemically amplified lithographic material. Therefore there is
the dual capability of todown lithography and generation of bottam nanoscale patterns, leading to
lithographic structures containing sesembled amphiphilic nanostructures. These nanostructures
may find application in storage element devices, photonic crystals, bioagpigdtiue 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.

9 cH v CHs
| / Br DMAP,TEA o /”\/<Bf
a) CH3J(O\/3HOH + Br —0n R CH3(/ \/%O

CH3 CH,Cl,, 25°C CHs
PEO 2-bromoisobutyryl bromide PEO-Br
| /CHEF CHa o O CHy  CHo
b ok o oLt m cHe=C CBIPMDETA . o1k O o cn¢ )
3 L CH,Cl,, 40°C [ m
PEO-Br C=0 PEO-Br CHg <|::o
OC(CHag)3 OC(CHa3)3
tBMA PtBMA-b- PEO

Fig.1: The synthesis of a) PEO ATR#croinitiator and b) RBMA)-b-PEO copolymer via ATRP
polymerization.

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

2. J.Bang, UJeong, DY. Ryu, T.P. RussellC.J. Hawker Adv. Mater. 21, 4769 (2009)
3. www.thetametrisis.com
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Pll -8: COPOLYMERS OF 1.2-MICROSTRUCTURE POLY(BUTADIENE) WITH
METHYL METHACRYLATE (MMA) AND 2 -VINYL PYRIDINE (2 -VP).
SYNTHESIS-CHARACTERIZATION -MORPHOLOGY

IOANNA TANIONOU 1, NIKOS HADJICHRISTIDIS

YIndustrial Chemistry Laboratory, Department of Chemisthyiversity of Athens, Panepistimiopolis
Zografou 35, 15771 Athens (Greetdanionou_ioanna@yahoo.com

Abstract

Copolymers of 1,2-butadienewith methylmethacrylate MMA) and 2-vinylpyridine (2VP) were
preparedThe synthesis was basedtbesequential adition of monomers via anionic polymerization.
The PBd block in PBt#-PMMA copolymerswnas 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
PBdb-P2VP, bothmonomers wereequentiallypolymerized in THRScheme 2)

Purification of THF with sBuLi is presented for the first time. folar solvent (such as THF) can
cause side reactions in polymerizations where the 1.2 microstructure of dienes is réquifiedtion

of THF with sBuLi and the polymerization oBd for 14 hoursat - 20°C, led to the elimination of

side reactions anamolecular weight distributionf I<1.1 for the copolymerssynthesized.

The copolymers were characterized by size exclusion @tography, nuclear magnetiesonance

and low angle laser light scattering. Using these methties weight average number of the
copolymers, the molecular weight distribution and the composition were determaspéctively.
Characterization results irgdite that the synthesized copolymevgere weltdefined, with low
polydispersity andhomogeneoushemical compaosition.

The morphology of the copolymers was studied by transmission electron microscopy (TEM) and small
angle xray scattering (SAXS).

benzene, 25°C

SBuli + n CH—C-C-CH, THF, 2ml i CH Li "
2 hrs
Bd CH2 n CH2
PB(1,2)
Hz H 2hrs DPE
o 1THE AN (Scheme 1)
3 - PB(1,2)  PMMA
CH n' HyC-CH » _1hr (12)
2 ¢-0 2.MeOH
PB(1,2) OCH,
MMA
THF, -20°C
s-BuLi + n CH,=C-C=CH, s-B c CH Li*
HH 14 hrs
Bd CH2 n c:H2
PB(1,2)
1.THF , 1 hr
-B C CH Li* 2'.MeOH AN AN (Scheme 2)
] n" CHy;=CH PB(1,2)  P2VP
c:H2 cH2 N
PB(1,2) |
A
2-VP
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PI1-9: RADICAL COPOLYMERIZATION OF 2 -VINYL PYRIDINE AND
OLIGO (ETHYLENE GLYCOL ) METHYL ETHER METHACRYLATES :
MONOMER REACTIVITY RATIOS AND THERMAL PROPERTIES

PARASKEVI DRIVA', PANAGIOTIS BEXIS, and MARINOS PITSIKALIS

!Industrial Chemistry Laboratory, Department of Chemistipjversity of Athens, Panepistimiopolis
Zografou 35, 15771 Athens (Greeta&vidriva@chem.uoa.gr

Abstract

The incorporation of two different monomers, with diverse physical and/or chemical
properties, in e same polymer molecule in varying proportions leads to the formation of new
materials with great scientific and commercial importance Cbpolymerization modulates both the
intramolecular and intermolecular forces exercised between like and unlikmgrobegments 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 f@mmymer 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 coefficientsh[@le present studyppolymers
of 2-vinylpyridine (VP) with oligo(ethylene glycol) methydther methacrylates of two different
molecular weights (300g/mol (OEGM4) and 1100g/mol (OEGMAq)), have been prepared by free
radical polymerization.

i H,C— c N=N— c CH3 )\‘F
Ny AIBN o J\
60“C | Sw °
S

r i
n=5 or 23

In the first case the copolymerization was conducted in bulkirabenzene solutions at €D
in the second case. The reactivity ratios of these two sets of monomers were estimated using the
FinemannRoss, the inverted Finemaiitoss and the Keleh ¢, dos gr aphi c@balueset hod
were higher than the corresponglinecua 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 OEGMA 140 the higher molecular weight macromonomer. These results were confirntieel by
calculation of the monomer dyad sequence fractions. The glass transition temperatures of-tiee P(VP
OEGMAy,) statistical copolymers were obtained and compared with the predictions provided by
several theoretical models. Among these models, the Batmation 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(VRco-OEGMA ;109 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 Polyh9%2i;60:S36
2. Odian G. Principles of Polymerization Wiley InterscienteE8. 1991
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P11-10: COMPLEX MACROMOLECULAR ARCHITECTURES OF POLYDIENE

SYNTHESIS AND CHARACTERIZATION
THEODOROS VASILAKOPOULOS GEORGIOS SAKELARIOU*, DIMITRIS
VLASSOPOULOS, NIKOSHADJICHRISTIDIS".
YIndustrial Chemistry Laboratory, Department of Chemidthyiversity of Athens, Panepistimiopolis
Zografou 35, 15771 Athens (Greetdgdhop82@gmail.com
2 Institute of Electronic Structure and Laser, FORTH, 71110 Heraklion, Crete apdrbnent of
Materials Science and Technolotgniversity of CreteHeraklion 71300 Crete, Greece

Abstract

Low density polyethylene (LDPE)is a complicated macromolecule which consists of
different complex structures. It is a highly branched polymerckviiiffers from its linear analogue
(HDPE: High Density Polyethylene) since long chain branching renders LDPE comparatively more
easily processable in many applicatohssuch as, film blowing. Due to its greater processability,
LDPE has a large sharethie 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 cannotestabiliz
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 polynaegriaagh
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 loog@f the living G2 and G3 dendrons with
methyltrichlorosilane. The synthetic approach is described elsewlgirnee this procedure is not
industrially feasible, dendritic polybutadienes were synthesized via a different indastpatible
synthetic stategy, 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 vegliddefined
macromolecules were not obtained. However, after fractionation with a tetuethanol system,
highly-branched dendritic polymers were obtained, as indicated by SEC, LALLS, viscometry,
rheology andH-NMR analysis.

The dynamic diagrams ofng polyisoprenes are presented in comparison to their linear
analogues. The absence of an entanglement plateau in the rubber region indicates the high degree of
purific%tion of the ring polymers from their linear precur8dmgthe IC (Interaction Chromageaphy)
method.

References

(1) Fawcett, E W.; Gibson, R. Q. Chem. Sad 934 386; British Patent No 471,590, 1937.
(2) Mendelson, R. ATrans. Soc. Rheol965 9, 53.

(3) Mendelson, R. A.; Bowles, W. A.; Finger, F.1.Polym.Sci., Part A2 197Q 8, 105.

(4) Ghijsels, A.; Ente, J. J. S. M.; Raadsénint.Polym. Processl992 7, 44.

(5) Orfanou, K.; latrou, H.; Lohse, D.; Hadjichristidis, Wlacromolecules2006 39, 43614365.
(6) Roovers, J.Macromolecules1988 21, 15171521.

(7) Chang, T.;J. Polym. Sci. Part B: 8lym. Phys2005 43, 15911607.
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PIl-11: A GENERAL ROUTE FOR SURFACE POLYMER GRAFTING ON CARBON
NANOTUBES
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BASKARAN,” MARINOS PITSIKALIS,' HERMIS IATROU.' JIMMY MAYS,? NIKOS
HADJICHRISTIDIS'
'Department of Chemistry, University of Athens, Greece/Bagartment of Chemistry, University of
Tennessee, Knoxville, USA
gsakellariou@chem.uoa.gr

Abstract

We describe a novel and facile strategy to modify the surface of carbon nanotubes (CNT) with
polymer brushes wutilizing the 6grafting fromb
[4+2] Diels-Alder cycloaddition reaction was used to functionalize singdéled carbon nanotubes as

well as multiwalled carbon nanotubes with precurspitiators for anionic, ringppening, atom
transfer and catalyshediated coordination surface initiated polymerizatiohsNMR, FTIR and
Raman spectra showdtat the precursor initiators were successfully synthesized and covalently
attached on the CNTugface.Thermogravimetric analysis (TGA) revealed that the grafted polymer
content could be controlled with time, in all cases. The final pohgrefted CNTs were readily
dissolved in organic solvents as compared to the insoluble pristine and ifitiadtionalized CNTSs.

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
(Ty and melting T) temperatures of the gtafl polymers were affected by the presence of the CNTs.
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Pll-12: SYNTHESIS OF GRAFT QUATERPOLYMERS WITH DIVINYL -
TERMINATED POLY(DIMETHYLSILOXANE) AND PS -B-PB-B-PI TRIBLOCK
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THOMAS®, CHARLOTTE STEWARTFSLOAN:.

'Polymersé Laboratory Department of Materials
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Abstract

Model graft quaterpolymersonsistingof divinyl-terminated poly(dimethylsiloxane) (PDMS)
andan ABC triblock terpolymer of the P&PB-b-PI type(in each end of the difunctional PDMS)
were synthesized in situ with the incorp at i on of Kar st edthydsosilglatidnal y st
reactions (HSiMeG) via anionic polymerization techniqdes

Specifically, the two vinyl bonds at both ends of PDMS sags) after hydrosilylation, were
used as new functional sstepon whch the ABC triblock was linkedThe triblockterpolymerwas
synthesized vigaequential additiomf the monomersCommercialPDMS andtheKar st edt 6 s c a
were useds purchasedithout further purification. All other materials (styrene, isoprene, butadiene,
solvents, initiators, HSiMeghnd methanol) were purified and used according to procedures already
described in the bibliography

Results were verifiedvith molecular characteration techniques such as size exclusion
chromatography (SEC) and proton nuclear magnetic resospectoscopy'H-NMR) and structural
characterization techniques such as transmission electron microscopy &éhEMmall angle Xay
scattering (SAXS)AIl the methods indicated that the polymerization and grafting were successful
leading to a heptablockuatepolymer [PDMSg-(Pl-b-PB-b-PS}] of the ABCDCBA type with
important decreased polydispersity indexi.08) when compared to the initial divinygérminated
PDMS (1.80.

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

{l H, Karstedi's Ll H,
. - - ) . . . catalyst
CH,==CH —Si + Si—o + Si—CH=CH, + HSiMe,Cl ——=  (p,—CH,—Si + d—0 _I_ Si — CHs— CH,
| THF | | |
H CH,

CH, ' CH;— 8i —CH, CH,— S —CH,
I |
Cl Cl

di'll:
O el II:—5|+ Si =0 + St =CHs—C

CH, CHy— % —CH,

I Lit’l

PS-b-FR-b-Pl — & —
PS-b-Pl-b-Pl — ¥ —

Figure 1. Reactions used for the synthesis

! Xenidou M., Hadjichristidis N.Macromolecules1998 31, 5690 5694
2 Hadjichristidis N., latrou H., Pispas S., Pitsikalis M. Polym. Sci. Part A: Polym. Cher2Q0Q 38, 3211
3234
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PI1-13: SYNTHESIS AND MOLECULAR CHARACTERIZATION OF LINEAR AND
CYCLIC POLYPEPTIDES OF PROTECTED TYROSINE

NIKOLAO S POLITAKOS®, DEANNA L. PICKEL?, GEORGE LIONTOS, JAMIE M. MESSMAN?, APOSTOLOS
AVGEROPOULOS
'Pol ymer s & Deparbment af Maieriafs,Science & Engineering, University of loannina,
University Campu$ourouti, 45110 loannina, Greetenpolitak@cc.uoi.gr
“Center for Nanophase Materials Sciences, Oak Ridge National Laboratory, Oak Ridge,
Tennessee, 3783WSA

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 elastonters.

Cyclic polypeptideshave 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 staflike molecules). The use of-tyrosine is ideal for bioapplications since itllwprovide
hydrophilicity e.g. targeting media anticancer drug and the possibility of substitutin@thgroups
with specific agents. Additionally, the biocompatibility as well as the biodegradation will lead
probably to selective targeting of the moiedynployed 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 combind 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 atecular characterization size exclusion chromatography (SEC) in high
temeperatures (80), proton and carbon nuclear magnetic resonance spectrostbpiMR, °C-

NMR and DEPT**C-NMR), infrared spectroscopy (IR), differential scanning calorimetry (DS@) an
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 stuthe aidopted structure in bulk.

H
R N/ Cl
+ NHRNH, —THE . g A f 8 i N RT
2 2 2 H I I H HoNAAAAANANNNAAY NH, + ) —  »  H NN AN NH
RT 2 > Cl
o NN -HCl S~
HO N R N OH cl
° | | °
H (e] [e] H

o

(o)

R: O~c -HCl
H,

R:

N G

-2C0,

o [e] o o

N

c-N

. -nCO, Hon o
HzN\)I\N/R\NJI\/NHz ——>  HN %R‘{ NH, o H

z | | B R M H T 2 a2
H H R N 5 (i

|
N R H n+1)/2 H E
o

Figure 1. Synthesis of linear (left) and cyclic homopolypeptides (right) of the protected Tyrosine.

1. Aliferis T., latrou H., Hadijichristidis NBiomacromoleculess, 2004, 1653
2. Pickel D.A., PolitakodN.., Avgeropoulos A., Messman J., Macromolecules42, 009, 7781
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PIl-14: SYNTHESIS, MOLECULAR AND MORPHOLOGICAL
CHARACTERIZATION OF LINEAR TRIBLOCK TERP OLYMERS WHERE ONE
OF THE BLOCKS IS POLY(CYCLOHEXADIENE)

K ONSTANTINOSMISICHRONIS', SOFIA RANGOU', EARL ASHROFT, JMMY W. MAYS?,
APOSTOLOSAVGEROPOULOS
'Pol ymer s 6 Deparbment af Materials,Science & Engineering, University of
loannina, Univergy CampusDourouti, 45110 loannina, Greedekmisichro@cc.uoi.gr
*Polymers LaboratoryDepartment of ChemistryJniversityof Tennessee at Knoxville, TN,
37919, USA

Abstract

Introduction In this study six (6) linear triblock terpolymers were syntheskiznd
characterized molecularly and morphologically. Three (3) samples were of i HSPCHD
type, one of the RB-PB-b-PCHD type, one of the RB-PSb-PCHD type and one of the RB
Pl-b-PCHD type. Due to the capability of these polymers toasdinble, it was important to
observe the various kinds of morphologies that would occur during microphase separation.

Synthesis of the Triblock Terpolymeraéll samples were synthesized through sequential
anionic polymerization and high vacuum techniques. magr aim was for the PCHD block to
exhibit a high 1,4microstructure (~90%). This was accomplished by using DABCO- (1,4
diazodicyclo[2,2,2]octane) as a polar reagént

Characterization of the PolymerSize Exclusion Chromatography (SEC) was empldged
the molecular characterization of the samples as also Membrane Osmometry (MO), to confirm the

molecular weight distributions and thdé/l_nvalues respectively andH-Nuclear Magnetic

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

the composition of each blotkThe morphological characterization was accomplished via
Transmission Electron Microscopy (TEM), as exhibited in Figure 1 and Small AngtayX
Scattering (SAXS). Staining with Ogs@asacquired 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 Bi@-NMR while the triblock terpolymers show increased
molecular and compositional homogeneity. Also there is a signifidapendence of the self
assembly from the 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.

— PS
— 14-PB

1.4-PCHD

a) S b) T
Figure 1.a) TEM micrograph image of the SIC(1785/10) triblock. The black regions correspond to the
1,4PCHD 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 Si@iblock.

Mays J. W., Hong K., Macromolecules®Q 34, 782.

Hong K., Mays J. W., Macromolecules 2001, 34, 3540.

Tsoukatos T., Avgeropoulos A., Hadjichristidis N., Hong K., Mays J. W., Macromolecules 2002, 35,
7928.
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PIl-15: POLYMERS GRAFTED ON MULTI WALL CARBON NANOTUBES

DIMITRIOS KATSIGIANNOPOULOSl, EFTYCHIA GRANAl, EDWIN L. THOMASZ, NIKOLAOS
ZAFEIROPOULOé, APOSTOLOSAVGEROPOULOS
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Abstract

The polymeli carbon nanotubes (CNTs) composites generally are separated in two eategori
the blendsin which the polymeric matrix and the CNT filler are not bonded chemically and the
compositeswhere there is a chemical bond between polymeric matrix and CNT filler. These
chemically bonded composites “aedsyhehdglradéd,i
methods. In the former, the polymer is synthesized with standard polymerization techniques (anionic,
cationic, atom transfer radical pol ymerizati on
to form chemical bond, kereas 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 polym&NT compositesiemically bonded
via the #Agrafting too method. The CNTs wused a
(ARKEMA - GraphiStrength). The polymeric matrices, polystyrene (PS), polyisoprene (PI),
polybutadiene (PB), pol-vinylpyridine (P4VP) and polyGethyl methacrylate) (PMMA), were
synthesized using the principals of high vacuum living anionic polymerization techniques and all
reactants were purified accordinglyThe polymerization was followed by the addition of the
degassed, dry CNTs and after frof sonication the mixture was stirred for 3 days. The composites
were then terminated with methanol and filtered ugiolgtetrafluoroethylene (PTFE) filters.

The final materials were characterized via size exclusion chromatography (SEC) and nuclear
magetic 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 nompys(TEM) were also used
in order to determine the incorporation and the dispersion of the CNTs and the composite formation.

L5 Solvent (Benzene
AL or THF or wruwwnnnisnsound
Puridine)
Sonication M ~eeueen
VLV VL VLV VLV N + % ‘17;\“3 days at 30°C

+ [ »
s

-+

T
-+

LAV VN AN LY Y Li
-+

ULV LYV V.V
-+

Amntonic Polynmenzed
Macromolecules
Scheme 1Schematic presentation of composite formation.

! Norio Tsubokawa, Polymer Journal, vol. 37, 2005,-633.

’MountrichasG., Pispas S., Tagmatarchis N., Materials Science and Engineering B, 152, 20808, 40

% Chen J., Hamon A. M., Hu H., Chen Y., Rao M. A., Eklund C. P., Haddon C. R., Science 282, 1988, 95

“ Viswanathan G., Chakrapani N., Yang H., Wei B, Chung H., Kh®yu Y. C., Ajayan M. P., J. Am. Chem.
Soc., 125, 2003, 9258259.

® Hadjichristidis N. Etal, Progress In Polymer Science, 31, 2006,-1088; ibid Hadjichristidis N. Etal,

Polymer Chemistry, 38, 2000, 328234

181



8™HELLENICPOLYMERSOCIETY SYMPOSIUM
HERSONISSOE RETE24 6 29 OCTOBER 2010

PIl-16: SYNTHESIS, MOLECULAR CHARACTERIZATION AND CHEMICAL
MODIFICATIO N OF POLY-(2-TRIMETHYLSILYLOXY ETHER
METHACRYLATE) -B-POLY-(METHYL METHACRYLATE)

KONSTANTINOSNTETSIKAS, MARIOS KONSTANTINOU, APOSTOLOSAV GEROPOULOS

Pol ymer s 6 Deparbment ef Materials,Science & Engineering, University of loannina,
University CarpusDourouti, 45110 loannina, Greee&ntetsik@cc.uoi.gr

Abstract

Block copolymers composed of hydrophobic and hydrophilic segments show unique surface
properties and an unusual solution behaviour. These aopadyexhibit 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 gmble of emulsifying otherwise insoluble materials into a micropbeparated
environment within a prefered continuous solvent phase. This ability may be used in various
separation techniques and drug delivery technolddies.

The aim of this study wa® tsynthesize 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 reaso 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 totladl@mionic polymerization
to proceed smoothly The block copolymers were obtained with controlled molecular weigd
narrow molecular weight distribution. The next step was the hydrolysis of trimethylsilyl groups of
P(TMSHEMA) in order to synthesizean amphiphilic copolymer of P(HEMA)-P(MMA). The
hydrolysis was achieved with the addition of HCI (Scheme 1) and the trimethylsilyl groups were
substituted by OH groups.

In order to verify thesuccessful synthesis it was necessary to make molaedaacterization
studies such asize exclusion chromatography (SE@) the measurement of molecular weight and
the polydispersity. Protonualearmagneticresonance spectroscopfH{NMR) was also adopted in
order to calculate the weight fraction of eachicheonsisting the block copolymer. Furthermore,
infrared spectroscopy (IR) was used for assessing the structure of the block copolymers and
differential scanning calorimetr{fDSC) was also applied in order to realize and confirm initially
whetheror notthe samples exhibit microphase separation

CH; CH; CHg CHg

|
gz_l CH2_|4>H HCL [ gz_':l: o %_H
| [ /n R.T. \ | [ /n
c=—o c=—o0 c=—o c=—o
<|3 cIJCH3 l (|DCH3
CHchQOSi\(:Z':: CH,CH,OH
CHs

Schemel. Hydrolysisof trimethylsilyl groups of P(TMSHEMA) block

! Gref R, Domb B, Quellec P, Blunk T, Mer RH, Verbavatz JM, Langer R (1994) Adv
Drug Del Rev 16:215

2 Kwon Taek Lim1 , Min Young Leel, Ha Soo Hwang1, Hoon Heol, SsmgHong2,
Jong Myung Parkolymer Bulletin 47, 135142 (2001)

3 Zhang HM, Ruckenstein E (1998) J Polym Sci, Polym Chem 36:186
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PIl-17: SYNTHESIS, MOLECULAR AND MORPHOLOGICAL
CHARACTERIZATION OF MODIFIED DIBLOCK COPOLYMERS WITH
ORGANIC ACID CHLORIDE DERIVATIVES

NIKOLA 0S POLITAKOS", CRAIG J. WEINMAN?, KATERINA STRATI', MARVIN PAIK?, HARIKARA S.
SUBRAMANIAN 2, CHRISTOFERK. OBER?, APOSTOLOSAVGEROPOULOS
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Abstract

Introduction: The major scope of the presented work is the synthesis and characterization of
novel block copolymers of the RB-PB, , type, where PS is polystyrene and PB is polybutadiene
exhibiting 100% 1,2Znicrostructure as well as their modification with heptanoyl chloride and
perfluorooctanoyl chloride. For the development of low energy migéris a usual approach to
attach fluorinated groups onto alyioer backbone, in whicthe fluorinated groups can possibly
orient in a smectic layer structure, exhibiting extremely low critical surface tension (8fN/m)

Synthesis of P®-PB, ». Styrene benzene, butadiene and methanol were purified with known
techniques used for anionic polymerization and described analytically elséwHepe
Dipiperidinoethane was used as the polar medium in order to achieve absolutefyieR
microstructire for thePB segmenit'

Hydroboration, Oxidation and Modification of FB, ,: The hydroboration and the oxidation
of the PB block were caaidl out under inert atmosphefighe hydroxylated polymer was reacted
with the heptanoy! or perfluorooctanoyl chloride dissdhn THF. The hydroboration, oxidation
and modification reactions of the dienige®ents are given in Figure 1

Characterization of the Polymer€haracgrization was carried out withize exclusion
chromatography (SEC)uclear magneticresonance specoscopy {H-NMR & *C-NMR) for
every stage of the synthesis and modification, wiffaredspectroscopyor the hydroxylated and
the modified polymer and with transmissiolearon microscopy (TEM)and small angle Xay
scatteringf or t he 6 rna thé madifiet! potymea In order to study the sel§embly
behavior and th&ind of morphology adopted in each core respectively

Conclusionslt is a fact that the PB block exhibited high yield in 1,2 microstructure (~100%)
as confirmed by'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 antH-NMR spectroscopies. Finally, the alteration of the morphologies due
to enhancement ahe molecular weight of the PB segment was verified via T&M SAXS

Instrumentation.
Ry
H‘,/d oboratior o H Oxidation . :
THF, 10“C/24h m MeOH, NaOH, H,0,.
THF, 30"c/2h Ry

9-Borabicyclo[3.3.1]n Ry

R,
3 F R e

- [3 F

PS
m cl THF, Pyr idine

R 10h 45°c
2 o F F F
F F

OH or 0

heplanuy\ chloride

Figure 1. Hydroboration -oxidation (up) and modification (bottom) of the PS b PBl,z diblock

'WangJ.G., ver C.K. et al., Macromoleces, 30, 19061914, (1997).

“Hadjichristidis N., Journal of Polymer Science: Part A: Polymer Chemigay38, 32113234,(2000)
*Bywater S.Makromol. Chem., Rapid Commui3, 239242, (1982

“Bywater S.Journal of Polymer Chemistry Editiodpl. 23, 19972003, (L985

*Politakos N. et al., (submitted to Polymer)
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PI1-18: ANIONIC POLYMERIZATION OF 2 -VINYLTHIOPHENE AND ITS
GRAFTED FORM WITH POLYTHIOPHENE
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Abstract

Introduction

Conductire polymers exhibit unique and remarkable applications due to their conducting and
electroactive properties. More spécaily, 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 batteriagrotweezers, microvalse actuators for
micromechanical sorting, nanowifestc. Polythiophene is a weknown conductive polymer with
remarkable properties but #®lubility and processability remains an important challeagdong as

with many other conductive polymérsSyrthesis of more soluble substituted polythiophene
derivatives seems to be promising but it is considered that their electrical properties are degraded
Successful synthesis of polythiophene (PT) and polystyrene (PS) or polyisoprene (Pl) conductive
diblock copolymers or triblock terpolymers (RSPT, Ptb-PT and P$-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’webly(2vinylthiophene) can be
produced radicalf/and cationicallybut its anionic polymerization has not been clearly stddied

Main work

In this work 2vinylthiophene monomer was synthesizednd then polymerized by anionic
polymerization under high vacuum abtions. The terminated polymer reacted with thiophene and
iron trichloride under ambient conditions in order to produce the final grafted polymer via oxidative
polymerization. Poly(inylthiophene) and poly(Rinylthiophene)g-polythiophene) (P2Vig-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 pendinbhe reactions used for the synthesis of tbpotymers are given in
Scheme 1:

Li
H S H
HC:CH2+ H3C\ /lH CH;0H AQE_CZ% (\—/7 AQI(—:I_CZ%
¢ e, n n
7 S ’ Z S

FeCly

Scheme 1Synthesis reactions of the efuhctionalized polymer and the final copolymer.

! Bhattacharya A., De A.; J.MRev. Macromol. Chem. Phys. 1999;C39;17

Roncali, J.; ChenrRev. 1992;92:711

3 Ciric-Marjanovic G., Mentus S.; J. Appl. Electrochem. 1997;28:103

“Bj Rrnholm T., Hassenkam T., GrevevoyS MRonesCME,Cul |l ough
McDevitt J. T.; Adv. Mater. 1999;11:1218

® Grana E., Katsigiannopoulos D., Avgeropoulos A., Goulas V.; Int. J. Pdigal. Charact200813:108

® Trumbo D.L., Suzuki T., Harwood H.J.; Pol. Bull. 1981:4;677. Trumbo D.L.; J. PdBgn.Part A: Polym.

Chem. 1991;29;603

"THo hne S., Spange S., Schrepp W.; Pol. Bull. 2001; 47
8 Yamamoto D., Ishizone T., Nakahama S.; Polymer Preprints Japan 1999;48:1281

°® Emerson W.S., Patrich T.M.Jr.; Organic Syntheses 1963;4;980
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PII-19: SYNTHESIS AND CHARACTERIZATION OF HIGH MOLECULAR
WEIGHT TRIBLOCK TERPOLYMERS CONSISTING OF PO LYSTYRENE,
POLYBUTADIENE AND POLYISOPRENE WITH DIFFERENT ISOMERISMS
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Abstract

In the present workthe synthesis and characterization (moleemarphological) of high
molecular weight lineartriblock and noHdinear miktoarm terpolymes of polystyrene (PS),
poly(butadiene) with ~90%L,4 microstructure (PBandpolyisoprene with ~6098,4 microstructure
(Pls4) is reported. The sampdlinear and miktoarm) prepared exted a specific sequence: PS / PB
/ Pl 3 4with corresponding ratio of volume fractions approximately equ&l4610/ 66.

The key parametsrfor the successful synthesis of thasateriat are the polymerization
proceduresvhich areithe sequential mamer additiorfor the linear and the living polymer chains for
the miktoarm by adopting anionic polymerization, high vacuum techniques and chlorosilane
chemistry. All monomerssolvents, linking agents and terminating meatided are of high puritiy
modfied vacuum apparatuses

For the molecular characterizatiosize exclusion chromatograph (SEC) was used in
combinationwith membraneosmometry (MO) andproton nuclear magnetic resonance 'H-NMR)
spectroscopy from which satisfactory results were obta{itehtical molecular weightsyeight 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 Theinterface 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 threedimensional photonic crystals haveen demonstrated with various micro
domain structures created digh micro phase separationkbck copolymersUp to now anionic
synthesis seems to bee most appropriate techniqureorder to takdéength scale polymer chains with
specific moleculaweight and homogeneity that will interact with visible light.

~PS
—PS-b-PB,,
—PS-b-PB, -b-PL,, |

P ‘ J
16.2 21'6 75 70 65 6.0 .55 5.0 1‘5 40 s 3.0 25 20 15 10 05 ppm
99 s ) B

Elution Volume (min)
Schemel. SEC chromatographs of the initial homopolymer (PS), the intermediate copolyrieB{PS
and the fiml linear terpolymer (P&B-PI) and'H-NMR Spectra of triblock terpolymer PEB i PI(;4)

1N Hadjichristidis,H. latrou, M. Pitsikalis, S. Pispas, A. Avgeropoulos, Prog. Pol. Sci. 30,
(2005) 725.

2 A. Avgeropoulos, S. Paraskeva, N. Hadjichristidis, E. L. Thomsromolecules 35, (2002),
4030.
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PII-20: SYNTHESIS AND CHARACTIRIZATION OF NANOCOMPOSITE
MATERIALS MULTI WALL CARBON NANOTUBES POLYSTYRENE MATRIX
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Abstract
Introduction

There is a lot of interest concerning the composite materials of carbon nanotubes (CNTS)
and polymers Carban nanotubes (CNTs) have attracted unlimited attensiore their
discovery, due to their unique properties such as extremely high mechanical strength and
stiffness, superior thermal stability, exceptional electrical and thermal conddctiviiwever,
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 mai andfygrtehfetiii icd rpoogte
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 MWCIIS type (where MWCNTS:
Multi Wall Carbon M not ubes and PS: Polystyrene) wer e

method in combination with anionic polymerization and high vacuum techfiiques
The polymerization was initiated by the already formed active cites of the MWCNTSs with s
butyllithium’ and then terminated through addition of methanol.

The nanocomposites where characterized molecularly with size exclusion chromatography
(SEC), proton nuclear magnetic resonance spectrosddp)NIR) where as raman spectroscopy
verified the presence of th@lgmer 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.
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1 Qin Sh., Qin D., Ford W. T., Resasco D. E. and Herrera J. Erosabecules 2004, 37(3), 752

Zlijima, S. Nature 1991, 354, 56

% 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, Yakobso&ngalley, R. E. Am.
Scientist 1997, 85, 324, Special issue of advances in carbon nanotubes. In MRS Bull.2004, 29

*Yudasaka M., Zhang M., Jabs C., lijima S. Appl. Phys. A 2001, 71, 449

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

6286

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

" 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 Pl where PB exhilfit$o of 14
microstructure and P$ienriched inof ~56 % 3,4microstructure.

The synyhesis approach followed was indetical with that mentioned in the litétatoregh
stepwise addition of the three monomers (St, Bd and Is respectively). We altered the volume fractions
in order to exmine 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
synthesi& The intermediate products and the final terpolymer whggacterized via size exclusion
chromatography (SEC) amuoton nuclear magnetic resonance spectroscepiNiMR) leading to the
conclusion that all examined samples exhibited low polydispersity and homogeneity.

Transmition electron microscopy (TEM) wassed 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 QOis(H,O) we managed to
obtain a 3phase sytem where PB, andPl; ,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 fonlmeaBerpolgred of the SID peznce [D: poly(dimethylsiloxane)]
and in several polymer blends by the Abetz grtbup Thi s mor phol ogy eceshei be &
double gyroido since our images af" eSucha@strycturedent
indicates that th FloryHiggins interaction parameters between the three different segments are
completely differentcs > Gg;> Ggp.

Therefore, it plays a critical role what type of microstructure is involved on the padydien
configuration which leads to-ghase systerfrom what was initially considered as goBase 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.

!Avgeropoubs A., Paraskeva S., Hadjichristidis N. and Thomas E.L. Macromolecules, 2002, 35, 4030.
% Hadijichristidis N., latrou H., Pispas S., Pitsikalis M.,Polym. Sci. Part A: Polym. Chem., 2000, 38, 3211.
*Shefelbine J.A. et al. JACS 1999, 121, 8457.

* Goldader T. Abetz V. Macromolecules 1999, 32, 5165.
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Abstract

In this work he synthesis oblock copolymers with various architectures is reported. These
copolymers areprepared by the combination of chlorosilane chemistry and the living character of
anionic polymerization. Diblock copolymers of tpelystyrene- b- poly(dimethylsiloxane) RSb-
PDMS)type are initially synthesizedsing living anionic polymerization prodares via high vacuum
techniques The final architectures where of ABA and (ARypes, where A is PS and B is PDMS
respectively. In Figure 1 the schematic presentation of the suggested copolymers is exhibited.

)\
(A) (B)

Figure 1: (A) PSb-PDMSb-PS triblock coptymerand (B) (PSb-PDMS) 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 G#$RDMS Li ™ is omitted since it is described
elsewher&®. After the synthesis of the RBPDMS"Li™" the mixture was separated in two different
glass apparatuses, and with the use of two different types of linking agents, dichlorodimethylsilane
[(CH5),SiCl,] and trichloromethylsilane (C§3iCls) respectively, leading to the wanted final products.

O _CHISCL | + 2LCI A
. CHSICl; %
by s 3LiCl

/f\\_\: °
Figure 2: (A) PSb-PDMS-b-PS triblock copolymeand (B) (PSb-PDMS) star copolymer synthesis reactions.

When the synthesis was completed the samplesre 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 nucleamagnetic resonance spectroscofy-KIMR). 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 mogptadl
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.

Y N. Hadijichristidis, H. latrou, S. Pispad. Pitsikalis,J. Polym. Sci. Part 200Q 38, 3211.
2 (a)J.G. zillion , E.L. Roovers, S. BywateMacromolecules1975 8,573.
(b) V. Bellas, H. latrou, NHadjichristidis,Macromolecules200Q 34, 5376.
¥ C.C. Chao, T.C. Wang, R.M. Ho, P. Georgopanos, A. Avgeropoulos, E.L. Thoh@S,
Nang 2010 4, 2088
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Abstract

Introduction Diblock copolymers with poly(2/inyl pyridine) (P2VP) as one of the blocks have been
selfassembled into different nanostructures and various types of nanoparticles have beaoeihtiotd
polymer matriceSto prepare organimorganic hybrid nanomaterials, due to the fact that the nitrogen atom in
the pyridine ring is strongly associated with various inorganic precdrsrsorder to generate new
nanocomposites the dispersionnanoparticles 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 thisaislyndue to the nucleophilic
attack of the precursor anion on the ester carbonyl groups of monomer or polynder these conditions,
we study the synthesis of linear diblock copolymers of the pely(@pyridine)-block-poly(methyl
methacrylate) (P2ViIB-PMMA) type and characterize them molecularly. Two different synthetic procedures
were adopted, with or without the addition of -tliphenylethylene (DPE) in order to inquire the best
synthetic procedure and to find out which one of the two possiblesraulieprovide us with best results. It is
also worth mentioning, that these diblock copolymers were synthesized in order to be used asohatrices
nanocomposites with single or multiple wall carbon nanotubes.

Synthesis and Characterization of the DibldC&polymers All samples were synthesized through
sequential anionic polymerization and high vacuum technfquéke synthesized copolymers were
characterized via high temperature size exclusion chromatograplBSHEE) to confirm the molecular

weight distrbutions and the correspondinlyl »values Moreover, proton nuclear magnetic resonance
spectroscopyd-NMR) and infrared spectroscopy (IR) were used to verify the mass or volume fraction
percentage of each block and to certify the cleahstructure 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 initiatetedae
hindrance, thus it cannot cause rectification of the double bond of the carbonyl ester but only of the vinyl
bond.

CH;CH,CH-CH,CH CHZCH+CH2 H,C——C—Li

T
octts CH, CH,

CH CHZCH CHZCH CHZCHﬁHZC—CA]— H,C——C—Li*

| |
cH3 N N Ny (I:—o (|::o
OCH; OCH;4

Figure la Figure 1b

Figure 1. a) Protection othe double bond of the carbonyl estéth the addition of 1,ZDPE at the living end
of poly(2-vinylpyridine) b) Synthetic procedure without using 1IDPE.

! Garcia I., Tercjack A., Rueda L., Mondragon J. Phys.ChentC 2008, 112, 14343

2 Sung Hyun HanJin Kon Kim :Reactive and Functional Polyme2609, 69, 493

% Rui Yin, Thieo E. HogesEsch :Journal of Polymer Science: Part A:Polymer Chemi§®94 32, 363
* HadjichristidisN., latrou H., Pispas S., Pitsikalis MJournal of Polymer SciencBart: A: Polymer
Chemistry 200QVol 38, 3211
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Abstract
The amphiphilic diblock copolymerpolystyrene
SiCl-poly(2vynilpyridine) i PSSiCl-P2VP] was "C“z—m rsoBuli— {cm— }L-
employed by covalently boundingto the é
nanopart i cpro@ding thesnumis€ibdity &,
organic and aqueous solvents, as well as steric )
impediments that prevemggregation. The synthetic -CH:&%"HH {cn&iﬁ o

1¥living
chain

route followed in order to prepare the middle

functional diblock terpolymer is presented in Figure

1*. Magnetic nanoparticles with a size of

approximately 10nmhaving their surface modified ‘EH" }“ ‘C"J"”a{‘“‘ iy *"“’ e
by i OH groups were functionalize®dSSiCl,-P2VP é e
contributing to their colloidal stability and giving

them seleete amphiphylic properties. This o

. . . . § —C1 + ‘Eﬁg— CLi - {m,—cu §1 CH CH1 Substitution ofthe
copolymer was chosen due to its selective mISCIbII 2 hlorine
in different solvents for the two blocks. For example
polystyrene is miscible in toluene bummiscible in Final fanctionslized diblock

slightly acid water, whereas poly{2nylpyridine) is copolyuer
immiscible in toluene but miscible in water at pH = Figure 1: Synthesis of diblock copolymers with

4. In a mixture of tolueriavater the blocks are functionalized middle point
positioned in such a way where most of tI—Toluene water at pH 4 water at pH 7
polystyrene blocks are oriented towards thgaaic Good PS solvent Good P2VP solvent Bad PS & P2VP
phase whereas the poly¢hylpyridine) blocks are| ot

oriented towards the aqueous phase allowing |

creation of an emulsion with the magnet‘__
nanoparticles at the interface. For this reason,

amphiphilic nature of these nanoparticles w

investigaed by measuring the contact angle of a fi g
prepared with the functionalized magnet

nanoparticles in the presence of toluengon( |« &fe O,

selectivesol_vent for polystyrene), water Qt.pH = Figure 2: The upper panel shows photographs
[non selectivesolvent for poly(2 vinylpyridine)l,  gitferent solvents on a film prepared wit
and water at pH = {selectivesolvent for both fynctionalized magnetic nanoparticles: (a) toluel
polymers). The functionalized magnetic (b) water at pH 4, andc] water at pH 7. The
nanoparticles have been characterized using F scheme underneath each pictuilkistrates the
spectroscopy, Dynamic Light Scattering (DLS) al corresponding arrangement of the chains
ThermogravimetricAnalysis (TGA). The specific

area of the surfactambagnetic nanoparties was measured with BET allowing the calculation of the
number of chains connected in one nanoparticle, which was found to BéelSurfactantmagnetic
nanoparticles have been used to prepare an emulsion in which the emulsion droplets become oriented
under external magnetic field.
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Abstract

Processes involving polymeric membranes for separation of air components meet much
attention from industryThe 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 pesndzor
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 yeassa polymer with a
very reasonable {permeability (40 44 Barrer) and good N, s e | e ¢ t i./M,) =t4\0}. Iatéhfalo
asymmetric membranes made of PVTMS were industrially proddcad far as we know PVTMS
was so far the only polymer produced solely as a membrane material.

The PVTMS integral asymmetric membrane has had severabdcks related to the polymer
properties as well as the membrane structure.s s mal | e | o m §%)t* has read dot br e
brittleness of the membrane; both selective top layer and porous supporting structure were formed
from the same polymer leird to a high consumption of PVTMS. The thickness of the selective layer
was tm large providing @ permeance not more than BJ& 0.4 Nni m? h? bar* with the GQ/N,
selectivity slightly lower than the intrinsic one.

The current work has pursued the amrestart the PVTMS synthesis and bring it again into
praxis as gas separation membrane material. Homopdyasemwell as block copolymers with
polyisoprene were synthesized and characterized for various propkstipeene was chosen as a
comonomer sice it is a purely organic polymer with excellent film forming properties and rather high
gas permeability as well asM, selectivity. It was expected that the resulting block copolymers will
lead to less brittle films due to the mechanical propertig®lyisoprene. 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 payiration 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
copolymes are not random at allheir 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 9® 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 low®s permeability coefficients while the D,
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 SovielUnion
Membr Sci 1991;64(3): 191228..

4.Dur g a 6@, Yampolskii YP, Plate NASelectively Permeable Polymers and Gaparation Membranes:
Structure and Transport PropertiRgss Chem Rev 1998; 57(6): 54958.
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Abstract

The olefin metathesis reaction induces the mild cleaving and redistribution of -czuimm
double bonds and ev since its discovery has been highly utilized in polymer science and organic
synthesis (basic chemicals, pharmaceuticalsjportant classes of cyclic olefin metathesis reactions
involve the ring closing metathesis (RCM), ring opening metathesis (R@M), 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 polyalkénamers.

The reaction is catalyzed by a broad ranfjeini-, 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 ale#iracterized tungsten (Katz and
Schrock atalysts) and ruthenium (Grubbs catalysts) carbenes have played a crucial role in the field
and have been widely employ&d.

Despite the abundance of mononuclear catalytic systems, there is only a limited number of
bimetallic metalmetal bonded complexes dincing the ROMP of norbornene. These include
diosmium ({0s£0s}*"), dimolybdenum ({M&*Mo}*") and ditungsten ({V#W}?") compounds.

Although the ROMP reaction of norbornene and substituted norbornenes has been extensively
studied, that of &inyl-2-norbanene was only recently reportéd.

In the present study the metathesis polymerization -wfhyd-2-norbornene, as well as its
copolymerization with norbornene (Scheme 1) is reported. The initiator used is compoungisla[W
CI)sCl(THF);] L ( T GWPW)®, aFed), which has been found to catalyze the selective metathesis
polymerization of alkyne$.

Ab + v/ cat.
x4 A>j ﬂmm Scheme 1
Z /

The microstructure of the polymers has been determinetHpby’C NMR andthe molecular
characteristics by Size Exclos Chromatography (SECYhe reactivity ratios of the monomers
were estimated using the FinemaRass, the inverted Finemaiitoss and the Kelefi ¢ d 0 s
graphical methodsStructural parameters of the copolymers were obtained by calculating the
dyad monomersequence fractiongnd the mean sequence lengithe glasdransition
temperature (J) values of the copolymers were measured and examined in the frame of
several theoretical equations, allowing the prediction of thgsallies.

This work was accompliskdein the frame of the Postgraduate Studies Program of the Department of

Chemistry of the University of Athens HACatal ys

Special Account for Research Grants of the University of Athens (70/4/3342) is detiged:

1J. C. Mol,J. Mol. Catal.A: Chem, 39 (2004) 213, M. Yamazakl, Mol.Catal. A: Chem, 81 (2004), 213, M.
S. Trimmer, intHandbook of Metathesi®. H. Grubbs, Ed., WileyCH, Weinheim Vol. 3 (2003), 407.

% Dragutan, V., Sterck, RGatalytic polymerization of cycloolefing|sevier science B. V. (2000).

¥ M. Gorski, T. SzymanskBuzarJ. Mol. Catal. A: Chem257 (2006) 41.

“N. Saragas, G. Floros, P. Paraskevopoulou, N. Psaroudakis, S. Koinis, M. Pitikdléstis J. Mol. Catal. A:
Chem.303 009)124.
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Abstract

DicyclopentadiendDCPD) andcyclopentadien¢CPD) aretwo of the most widely used and
inexpensivecyclic dienes, ad are benchmarkubstrategor theproduction ofnewpolymericmaterials
bearingrigid cyclic repeated unitsThe first application of DCPIPolymerswas as protectiveoating
of vehiclesagainst ice angnow, becausef their high resistancé low tempeatures.Nowadays,
these polymers have founda great rangeof commercial application’s These can also be
copolymerizedwith ethylene and propylene, as well as with other olefinshérytloolefing to form
hydrocarborresins

Both monomergan be polymerizd via ring openingmetathesigpolymerization (ROMP) or
via cationic polymerization. The ROMP of DCPD (Scheme 1) yields linear polymers, along with
crosslinked ones of increased mechanical streragttivariouscatalytic systembave beemeveloped
for this reaction For the cationic polymerization of CPD(Scheme 2) despiteextensiveresearch
studies effective catalytic systems have rmendevelopedand polymers oflow molecular weight
andhigh molecular weightlistributionsare obtained.

linear ={: =]=n )
N e's I
" 0 —

1,4-polymer r
- = =
crosslink _ﬁ

P

P
Schemel: Polymerization oDCPD via ROMP Scheme 2Polymerization of£PD via cationicmechanism

In the presenstudy are described the reactions of Na[WiCl);Cl,(THF),] L ( T W}
W}, a%e) with the above mentioned substra(BPD and CPD)The ditungsten complex, thaas
been foundo be anexceptional catalyst for thmetathesigolymerizationof alkynes® polymerizes
effectively CPDvia cationic polymerization and DCPLvia ROMP. The microstructure of the
polymersobtainedhas been determined Iify, 4, 3C NMR andthe molecular characteristics by Size
Exclusion Chromatography (SEC).

Financial support from the Special Account for Research Grahtthe University of Athens
(70/4/3342)s acknowledged.

1 M. McCann E. Mac Giolla CodaJ. Mol. Catal. A: Chem109 (1996)99.

2 M. Ouchi, M. Kamigaito, M. Sawamotdacromolecule$4 (2001) 6586.

®N. Saragas, G. Floros, P. Paraskevopoulou, N. Psaroudakisin®, #/. Pitsikalis, K.
Mertis J. Mol. Catal. A: Chem303(2009)124.
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Abstract
Due to itstransparency, poly(methyhethacrylate) (PMMA) is often used in applications that require
good optical properties. Although it has relaly good creep properties, it is notch sensitive and
brittle. Thisis 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
polymerizaton and mechanical blending are thethods that have been reported for the preparation
of suchcomposite® As well known, nanoparticles such as silica, carbon (modified and unmodified)
etc are used as fillers in polymer matrices for mechanical propehgneement.in the present
research work, we investigated the synergetic effecinafodified and modifiedilica hanopatrticles
for the improvement of mechanical/impact properties of glassy polyhker poly(methyl
methacrylateYPMMA) and block copolymexrlike polystyreneblock-poly(methyl methacrylate)RS
b-PMMA). For this purpose we adopted surfadaitiated atom transfer radical polymerization

(ATRP) from silica nanoparticleg1(= 12 nm and 20nm) for the synthesis of PMM®re shel) and
poly(n-butyl methacrylateplockpoly(methyl methacrylate) PBMA-b-PMMA) (core shell shell)
shells. An epoxysilane was chosen as the coupling agent for anchoring ATRP initiator, 2
bromoisobutyrylbromide ¢(BriB). Well defined plock co)polymer brushes were prepared by
ATRP. Composites were prepared by melt mixing of PMMA and PEVAMMA modified
silica particles in commercial PMMA homopolymer and PBMAMMA block copolymer
(obtained fromanionic polymerisatio. The molecular weight, the size distribution of
modified particles and the core sizpfay animportant role in the nature of dispersion and
property enhancement. From the recent studies, the addition-8f51\8t % of coreshell
shell particledead toa significant improvement in the impact properties (Figuréogether
with tensile properties of PMMA matrix by keepiadigh optical transparency

35 T T T T

Impact Strength (KJ/m®)

PMMA Si+PMMA Si-PMMA  Si-(PBMA-b-PMMA)

Figure 1. Improvement in impact properties of various PMMA compogitesotched). PMMA, PMMA loaded
with 1.5 wt % of: unmodified silic§Si+PMMA), PMMA modified silica (StPMMA) and BCP modified silica
(Si-(PBMA-b-PMMA)).
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PII-29: DOUBLE HYDROPHILIC DIBLOCK COPOLYMERS CONTAINING A
POLY(IONIC LIQUID) SEGMENT : CONTROLLED SYNTHESIS, SOLUTION
PROPERTY, AND APPLICATION AS CARBON PRECURSOR

JAYIN YUAN, HELMUT SCHLAAD, CRISTINA GIORDANO, MARKUS ANTONIETTI*

Max Planck Institute of Colloids and Interfaces, Colloid Chemistry,
Research Campus Golm; 13424 Potsdam, Germanyiayin.yuan@mpikg.mpg.de

Abstract

l onic |l iquids (alnlis) ,sawhiscoh eaxrha biioi g mel tin
attracted growing research interest because of their unique propétigsnerized 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 applicatiawech aspolymeric electrolytes, catalytic
membranes, ionic conductive materiadsid carbon dioxide absorbeAtPILs having imidazolium
moiety in the side chain have been intensively stydiadwere dominantly prepared by conventional
free radical polymerizatioh.So far, only several attempts have been repdidedthe controlled
synthess ofwell-defined block polymers containing imidazolium gro(ips.

Herewe demonstrate the controlled synthedidouble hydrophilic block copolymers comprising
a hydrophilic poly(ionic liquid) (PIL) segment via the RAFT/MADIX process. The-iooic segment
is made up from either poly¢i$opropylacrylamide) (PNIPAAmM) or poly(N;Nimethylacrylamide)
(PDMA), due totheir favorable controllable solubility in water at room temperature. They were
employed as macrchain transfer agents (CTAs) for the RAFT polymerization of four different 1
vinylimidazolium ionic liquid monomers possessing different alkyl substitutesaiwhs. The block
copolymers of PNIPAArD-PIL are dual stimulresponsive 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. Imiidn, one copolymer could successfully be employed as
carbon precursor for the preparation of mesoporous graphitic nanostructures in the presence of metal
salts.

60 °C
—
heating

Schemel. Photographs of 2 wt% solution of PNIPAAgD-(PIL-a) a) in water at room tempegure,

(b) in 1.1 M aqueous KBr at room temperatur e,
beneath illustrate the state of copolymers in solutiBil-a: poly@-vinyl-3-ethylimidazolium
bromide.

! Armand M, Endres F, MacFarlane DR, Ohno H, Scrosatd.Mater. 2009;8(8):621629.

ZLu J, Yan F, Texted.Prog. Polym. ScR009;34(5):431448.

3 Salamone JC, Israel SC, TaylgrFhider B.Polymer.1973;14(12):63%44.

* Vijayakrishna K, Jewrajka SK, Ruiz A, Marcilla R, Pomposo JA, Mecerreyes D, et al.
Macromolecules. 2008;41(17):629%308; Mori H, Yahagi M, Endo T.Macromolecules.
2009;42(21):8088092; Yang J, Sun W, Lin W, SheZ. J. Polym.Sci. Part A: Polym. Chem.
2008;46(15):5123%132.
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PII-30: DEGRADABLE, AMPHIPHILIC END -LINKED POLYME R
CONETWORKS: SYNTHESIS BY ATRP, CHARACTERIZATION AND
DEGRADATION

MARIA D. RIKKOU,COSTASS. PATRICKIOS

Department of Chemistriniversity of Cyprus, P.O Box 20537, 1678, Nicosia (Cyprus)
chp5mri@ucy.ac.cy

Abstract

Degradable polymers represent avgrg 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 bsed on cleavable initiatotsln this study, we used atom transfer radical polymerization
(ATRP) and prepared edihked amphiphilic ABA triblock copolymer conetworks using a degradable
bifunctional initiator bearing two acid labile hemiacetal ester groupsthe syntheses, methyl
methacrylate (MMA) was used as the hydrophobic monomer, whidin{@thylamino)ethyl
methacrylate (DMAEMA) served as the hydrophilic monomer.

The molecular weights and compositions of all linear precursors to the conetworks wer
characterized using gel permeation chromatography GPCHuNMR spectroscopy, respectively.

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

Subsequently, the cleavable dried conetwavkse subjected to swelling and degradation in
pure water and in H@ontaining 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 conatork 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 dissoRieally, 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 ewofi each arm), which were characterized in terms of their
molecular weights, radius of gyration and hydrodynamic radius using GPC asmghdl neutron
scattering and dynamic light scattering.

'a) N. V. Tsarevskyand K.MatyjaszewskiMacronolecules20(®, 35, 9009 b) N. V. Tsarevskyand

K. MatyjaszewskiMacromolecule005 38, 3087.c) J.AJ ohns on, D. R. Lewi s,
Finn, J. T. Koberstein, N. J. Turrd, Am. Chem. So2006 128 6564. d) M. D. Rikkou, C. S.
PatrickiosMacromolecule2008 41, 59575961.
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Pl1-31: HYDROPHILIC CATIONIC fi AR | R SSTAR HOMOPOLYMERS AS
SiRNA DELIVERY SYSTEMS: SYNTHESIS, CHARACTERIZATION AND
EVALUATIO
KYRIAKI_S. BAFITI," NIKOLAOS P. MASTROYIANNOPOULOS? LEONIDAS A. PHYLACTOU®and
COSTASS. PATRICKIOS™

'Department of Chemistry, University of Cyprus, P. O. Box 20537, 1678 Nicosia (Gyprus)
chp6pkl@ucy.ac.cy
“Department of Molecular Genetics, Function & Therapy, Cyprus Institute of Neurology and Genetics
P. O. Box 23462, 1683 Nicosia (Cyprus)

Abstract

Small interfering RNA (siRNA)is a new promising tool for silencing target genes, and holds great
promise for therapeutic applicationstirearea of cancer and other diseases such as influenza, srthriti
and osteoporosis. Effective transfer of siRNA into the cells is usually accomplished using inactivated
viruses® However, the high cost and potential pathogenicity and immunogenicity of viral carriers has
prompted the use of nariral vehicles based csynthetic polymers

The aim of the present work is the development of catidrécsf m rsrthomopolymers as siRNA
delivery systems. The synthesis of the star pol ymers wa
anionic polymerization method group tef@r polymerization (GTP) and sequential monomer and
coupling agent additions. The monomer employed was the posiibreable hydrophilic 2
(dimethylamino)ethyl methacrylate (DMAEMA), bearing terti@myine side groups with &paround

7.5. EMethoxy-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 crktiskers were examinedsacoupling
agents for star polymer formation: dhis(2methacryloyloxyethyl)piperazine (BMEP) and
bis(methacryloyloxyethyl)methylamine (BMEMA). These criskers were prepared from the
reaction of 1,4is(2-hydroxyethyl)piperazine dx¥-methanolamine wh methacryloyl chloride in THF

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

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

The resulting star polymers were chardetst in terms of their moletar weights and compositions

using GTP andH-NMR spectroscopy. Aqueous solutions of the star polymers were studied by
turbidimetry, hydrogen ion titration, and dynamic light scattering to determine their cloud p&ists, p

ard hydrodynamic diameters, respectively. For all star polymers the cloud pejniis the range

bet ween 23 and 27 AKs werw between 6.7 and i7.4. Tad Hydrodynamice p
diameters of the star homopolymers presentediéimodal size gstribution.

Subsequently, the star polymers were evaluated for their ability to deliver sSiRNA in the-usdely

mouse myoblast cell (C2C12) line, expressing the enhanced green fluorescent protein (EGFP) as the
reporter gene. In these experiments, the arobistar 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
wascomparable to that of the commercially available transfection reagent Lipofectamine.

! Fire, A.; Montgomery, M. K.; Driver, S. E.; Mello, C. Glature1998,391, 806.
2 Brummelkamp, T. M.; Bernards, R.; Agami, ®ancer CelR002, 2, 243.
®Klein, U. B.; Werth, S.; Abuharbej@.; Czubayko, F.; Aigner, AGene Ther2005 12, 461.
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Pl -32: AMPHIPHILIC POLYMERS FOR ANTIMICROBIAL COATINGS
ANGELA PLUM, HELMUT KEUL, ELISABETH HEINE, MARTIN M¥ L L ER

Institute of Technical and Macromolecular ChemisRWTH Aachen
and DWI an deRWTH Aachen e \Pauwelsstr. 8, E52056 Aachen (Germany)
plum@dwi.rwthaachen.de, keul@dwi.rdhachen.de

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 soelings are high. The contained
antimicrobial agent should not be released into the environment. The coating needs to be easy to apply
and to clean. Norelease systems have in comparison to release systems the advantage, that they are
not consumed and thee f or e donot need to be renewed. Fur t
released, it can not damage the environment. For release systems the long term effect on the
environment and humans is often not knoWnthis context, antimicrobial polymers playbig 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 resistanceikelyldue to their mode of actionFurthermore,
antimicrobial polymers possess, concerning to Tashiro, a higher efficiency against bacteria in
comparison to their monomeric equivalehts.

In this work we present the antimicrobial functionalization ofypahyl amine) (PVAmM). PVAmM 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 siaces (e.g. cellulose). The high number of primary amine groups in PVAmM
opens the door to various possibilities of functionalization. Here, PVAmM was reacted with mixtures of
functional epoxides. Following this way, alkyl chains and quaternary ammoniuapggneere
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 ammonigroups, 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. CPP 22849€2; 7th Framework Pragmme) (www.nanobond.org).

! Tashiro, T. Macromol. Mater. Eng. 2001, 286,;%38
% Klibanov, A. J. Mater. Chem., 2007, 17, 242882
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PII-33: SYNTHESIS AND CHARACTERIZATION OF A NEW GRAFT
COPOLYMER BASED ON ALGINIC ACID AND POLY (N-
ISOPROPYLACRYLAMIDE )

CIOCOIU OANA-NICOLETA', GEORGIOS STAIKO$
! Department of Chemical Engineering, University of BattGR26504 Patras, Greece
oananicoleta@gmail.com

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 maltemth 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
In this work we have synthesized nevaiy copolymers with a hydrophilic backbone, sodium alginate
(NaAl) and side chains of poly ¢Mopropylacrylamide), (PNIPAM) which is a polymer exhibiting
lower critical solution temperature (LCST) phase behavior in aqueous solution. This kind of
copolymes is included in the class of the-sca | | ed fAsmart o materi al s, c
special structures and architectures, responsive to internal and external stimuli.

Graft copolymers based upon a watetuble macromolecular backbone with side ohai
showing a LCST phase behavior in aqueous solutions exhibit in semidilute solutions a
thermothickening behavior. This behavia@.the viscosity enhancement observed for the solutions of
such copolymers when temperature exceeds the LCST of the sides ¢hagxplained by their
association into hydrophobic microdomains which effectively elioksadjacent copolymer chains.
According to the viscosimetric results obtained, a critical concentration is necessary the
thermothickening behavior to be observéthis 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 b
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.
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Figurel 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 rafity hs 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 neededredil rigs. They could, also, be
useful in pharmaceutical applications when, thermally controlled formation of reversible gels is
demanded.

! BPolysaccharidess t r uct ur al di ver si t $evaiaidumitriu, 8005 i on a |
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Pl1-34. VISCOELASTIC PROPERTIES OF COLLOIDAL PARTICLE
INTERFACES

L. DE VIGUERIEY, N. VOGEL?, K. KLEINY, U. JONAS', D. VLASSOPOULOS?
L FORTH, Institute of Electronic Structure & Laser, P.O. Box 1527, 71110 Heraklion, Greece.
*Department of Materials Science and Technology, University of Crete, Heraklion, Greece.
2Max Planck Institute for Polymer Research, Ackearmeeg 10, 55128 Mainz, Germany.

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 sy3teisisvork
reportscompression and surface shear measurements of colloidal particles monolayers.

Polystyrene particles (with carboxylic acid sulfonate surface functionalities) were spread at the
air/water interface. Under compression (increasing the apparent surfacentation) the system
progressively assembles irreversibly, yieldingxdgonal close packing. Both thehemical
composition of the particle surface and the pH of the subphase influence the 2D packing and
interfacial behavior of particles.

In addition, kdisperse 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 propertig® polydispersity can be arbitrarily

tuned by the sizeand 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 immesed 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 fronmgedactron
microscopy images of the transferred film for a given surface pressure.

These experiments helped to identify surfacive contaminants present in the particle suspensions
made by soafree emulsion polymerization and to quantify the efficie 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 bimodalokoidal monolayers with potentially ndmexagonal symmetry,

which is of great relevance for nanoscale surface patterning by nanosphere lithography and the
application of colloidal templates.

References

Brooks, C. F.; Fuller, G. G.; Frank, C. W.; Rokert, C. RLangmuir1999 15, 24502459.
Cicuta, P.; Stancik, E.J.; Fuller, G.Bnysical Review Lette003 90 (23).

Monteux, C.; Jung, E.; Fuller, G.Gangmuir2007, 23, 39753980.
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PII-35: RHEOLOGY OF METALLO -SUPRAMOLECULAR POLYM ER
NETWORKS

DIETMAR AUHL, ALEXIS RASSON SANDIE PI 0 G ELEMENT MUGEMANA, CHARLES-AN D R EUSTIN,
JEAN-FRANCOISGOHY, CHRISTIAN BAILLY , EVELYNE VAN RUYMBEKE

Bio- and Soft Matter, Institute of Condensed Matter and Nanosciedaes, ver si t & cat hol
Louvain, Croix duSud 1, B1348 Louvaida-Neuve (Belgiumi) dietmar.auhl@uclouvain.be

Abstract

The cl ass of S u pr a monetllosupramolecutary gotyraetss o€ benedsedd
advantages compared to their dovan t count er phaeratlsi,n ge. gme cah ai § 8 Inf
reversibility of the supramolecular borithe present rheological study deals with transient networks

from poly(ethyleneoxide) 4armstars (4sPEO) with terpyridin€functionalized endjroups. These

specific systems for binding covalent macromolecular precursors are based chisrtetglyridine
complexe$and provideunique tunabilityandsimplicity, thus making them ideal model systems to test
supramolecular dynamics and stimuli responsive abien on welldefined supramolecular
architectures, such as stardhararchically branched structures

The nature of the transitiemetal ion determines the strength of the mkgaind interactions e.g. iron

and nickel being much stronger than zing(R). Most interestingly the terminal time of the transient
network is found to be no&acted by the dilution with solvent, e.g. ethylagigcol (EG), even in the

highly diluted regime. The relaxation times and moduli increase with the addition of ioretdby

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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L Guillet et al.Soft Matter(2009) 5, 3409.
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PIl-36: SELF-ASSEMBLY OF Ag NANOPRISMS IN POLYMER
NANOCOMPOSITES
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Email: mberta@iesl.forth.gr

Abstract

Nanocomposite films containing silver nanoprism particles embedded in a polymer matrix of
polyvinylpyrrolidone (PVP)and polyethylene oxide (PE@)ere prepared by solvent casting and spin
coating. t is observed that the silver nanopartiaieay selfassemble into ordered structures within

the nanocomposite. The type of structure depends both dAMBematrix molecular weighdnd on

the film preparation procedureParticle concentration, polymer tria 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 thasselnbly process.
Directed arrangement of the peales is found.Impact on U\visible optical properties as well as
tensile properties of the nanocomposites was investigated.
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PI1-37 :MODELING THE LINEAR RHEOLOGY OF ENTANGLED
SUPRAMOLECULAR LINEAR AND STAR POLYMERS
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Abstract

We investigate theirlear 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-asdemble as a result d¢fie 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 fuontlization, 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 relafation
clusters. Linear semitelechelic polymers (with only one end functionalized) aggregate idike star
fashion. We further develop a tube model based on the time marching algorithm for stars and linear
chains, where we incorporate the association stHttise 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 degn criteria for forming desired supramolecular assemblies.
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P11-38: TIME MARCHING ALGORITHM FOR LINEAR RHEOLOGY OF
MONODISPERSECOMB POLYMER MELTS
MOSTAFA AHMADI, CHRISTIAN BAILLY, ROLAND KEUNINGS, EVELYNE VAN
RUYMBEKE
Bio and Soft Matter, Instita on Condensed Matter and Nascence, UniversRCatholique de
Louvain, Louvaida-Neuve, Belgiurmostafa.ahmadi@uclouvain.be

Abstract
We extend the van Ruymbeke et al.'s time marching algorithm (YMAjrder to predict the linear
viscoelastic prop#ies of comb polymer melt&Vhile 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 gitmtbishort 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 thieackbone 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 omiddtend
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 &#kéayleytree 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.
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Left: Schenatic representation of hierarchical fluctuations of a comb according to Triple Fluctuations
Modes (TFM) approachRight: (a) Fluctuations times of the effective backbone (a); different
fluctuations modes (thin lines), Multi Fluctuations Modes (MFM) apghoébright 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).

Lvan Ruymbeke, E.; Bailly, C.; Keunings, R.; Vlassopoulos, D. Macromole200§:39, 6248
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PI1-39: EFFECT OF FRACTIONATION ON LINEAR VISCOELASTICITY OF
EXACT COMBS
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Abstract

The effect of fractionationrothe linear viscoelastic behavior of polybutadiene exact combs has been
investigated experimentallyThese combs have been prepared using-Vegium anionic synthesis

[1], and the position of the branches on the backbone is, in principle, exactly kn@ue to
unavoidable imperfections in the synthesis, even for this-efdate-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 t h e s e mic8 icanpru soing cases be poofoundt asecleadyy n a
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.qg. [3,4]). In this wershow that also for the exact

comb polymers the effect of fractionatican in some cases be significanthe linear viscoelastic
properties of three different exact combs have been measured at different temperabu@s$o(

130 C) using a straitontrolled rheometer (ARE3KFRTN1, RheometriScientific). Standartme-
temperature superposition has been employed to obtain mastercurves for the linear dynamics of the
melts. First, the freshly synthesized samples were characterized.-bdsdst modéhg without
adjustable parameters [5] did not match the experimental data when pure exact combs were
considered. Then, the samples were fractionated using interabtimmatographylC). Finally, the

purified samples were measured and as such thd efféee 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 relgation process was clearly observed, as is typical for combs (e.g. [4]). The effects of
the impurities were quite different féine three architecturesAnalysis of the chromatograms helped
identifying possible structures of sipeoducts. This work sugsts the importance of critical
fractionation in analyzing the physics of model branched polymers.

! Nikopoulouet al, Journal of Polymer Science4¥, 2597 (2009)
Z Kapnistoset al, Nature Materialg, 997 (2008)

% Roovers, Macromoleculds?, 1196 (D84)

4 Kapnistoset al, Macromolecule88, 7852 (2005)

®van Ruymbeket al, Macromoleculeg0, 5941 (2007)
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PI1-40: SOLUTION RHEOLOGY OF CELLULOSE IN 1-BUTYL -3-METHYL
IMIDAZOLIUM CHLORIDE
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! qate Key Laboratory of Modification for Fiber Materials, Donghua University, 201620 Shanghai,
(Ching) i chenxun1660mail.dhu.edurcn
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Abstract

Solution rheology of cellulose inic liquid 1-Butyl-3-Methyl Imidazolium Chloride ([BMIm]CI)

was studied using oscillatory and steady shear for cellulose concentrations spanning the dilute,
semidilute unentangled, and entangled regjraesshown for i§.1. This was done to investigate the
dynamics of cellulose imonic liquids such as polymer relaxation mechanisms and hydrodynamic
interaction, which are vital to solution processing. For entangled solutions, the specific viscosity,
relaxation time ath plateau moduluef cellulose in[BMIm]CI exhibit the scalings with concentration
d~c*® U -Ge-é’respectively, expected by scaling moct
The overlap concentration of our cellulosalutionsis 0.5 wt% the entanglement conceation of
cdlulose/[BMIm]CI is a factor of 4 larger (2 wt%). In the semidilute unentangled regime (between
0.5 and 2 wt%), a smooth transition of Rolike behavior to Zimmlike behavior was observed over

a limited range of frequendgee Fig.2) The unusual depantes from Rouse and Zimm at higher
frequencies and the unusual deviasidrom the CoxMerz rule indicate that cellulose

solutions are not simply neutral polymers in dregime.
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Fig.1. Concentration dependence gf e c i f i ¢ ¥ (-a) ckotBrininajrelaxation timeUand
termi nal forsoutidnsicf celtilbse in [BMIm]CI a253 with overlap concentration c* =
0.5 wt% and entanglement concentration cewt% indicated by vertical dashed lines. .
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Fig.2. Master curves for r edgdg) ed asntdo rraegdeu creadd ul | ousss,
=(G ey g/ (-dy0 for the cellulose/[BMIm]CI solution with four different concentrations spanning

the semidiluteunentangled regimeFor clarity, the curves are shifted vertically Ietvertical shift

factors A=1, 10, 100, 1000 for 2.5 wt%, 2 wt%, 1 wt@5wt% cellulose solutioneespectively.
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PIl-41: MECHANICAL PROPERTIES OF POLYMER MEMBRANES STUDIED BY
ATOMI C FORCE MICROSCOPY

MARTA KOCUN', MICHAEL MASKOS>3, CLAUDIA STEINEM*, ANDREAS JANSHOFF

!nstitute of Physical Chemistry, University of Goettingen, Tammannstr. 6, 37@Tingen
Germanyi marta.kocun@gmail.com
%Institute of Physical Chemistry, Universiif/Mainz, Jakob Welder Weg 11, 55128 MatBermany
3Federal Institute of Materials Research and testing BAMeldén Eichen 87, 12205 Berlin,
Germary
“Institute for Organic and Biomolecular Chemistdniversity of Goettingefifammannstr. 2, 37077
Goetingen Germany

Biological cell functions such as proliferation, locomotion and signaling are dependent on the
mechanical properties of tlellular membrane Polymeric membranes that mingertain properties

of native cell membranes are valuable resleaools which can be used to better understand the
physics of biological membranes. We have investigatedsha®ding artificial membranes prepared
from poly(butadienep-poly(ethylene oxide) (PB-PEO) vesicles. The membranes webgainedby
osmotic shckinduced ruptureof giant unilamellar vesicke onto porous siliconnitride substrates
resulting in porespanning polymersome membran€ur research interess to quantifythe local
mechanical properties of membraneg performing sitespecific experirants. Our experimental
approach relies on theombined use of fluorescence microscopigh atomic force microscopy
(AFM), with fluorescence being used for the localization of polymersome merbtoaeesd pores
and AFM experi ment s dgnheehanica respensedFurthérmoee, bywabieg r i al 6
standing membranese were able to obtain indentation information without the limitation of a solid
support.The collected drce indentation curvewere analyzed antheoretical models were used to
extractelasticity constants from the restlt¥he study of polymeric membranes ganovide insight

into the finction of biological membranes. Additionallyplymeric membranes can be used to create
new hybrid systems by incorporating biological (lipids, profeimstificial (polymers, dyes) and
inorganic (nanoparticles) components.
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Figure 1. a) confocal laser scanning microscope image PB#&-PEO vesicle adsorbed oragorous substrate,
b) fluorescent image of polymer membran@atchon the edge between porous and flat area of a substrate, c)
AFM image of both membrane covered and-comered pores.

v Kocun,W. Mueller, M. Maskosl|. Mey, B. Geil, C. Steinenf. JanshoffSoft Matter 2010,6, 25082516.
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Abstract

For the preparation of hybrid film, we use the moshomnly employed method which is the -l

method [1 2]. In this work, hybrid film was obtained by oséep hydrolysis and condensation of
tetraethyloxysilane (TEOS) together with vinyltriacethoxysilane (VTAS). During hydrolysis and
condensation reactisnsiloxane networks (%)-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 natuof products formed during the sg#l 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 ofahledat 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 experimentasing 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 orgamimrganic components on the thermal stability of the
preparechybrid, 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).

T T T T T T T T T

T T T T T T
500 1000 1500 2000 2500 3000 3500 4000 4500

Wavenumber (cif)

Figure 1: FTIR -ATR spectrum of hybrid film

Keywords: Hybrid, IR, TEOS, VTAS, sebel
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Pll-43: INVESTIGATION OF THE MORPHOLOGY AND THERMAL PROPERTIES
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Abstract
Blends based on the Polyethylene (PB)keneco-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 cdztimecently,
the application of nanopattes such as organoclay has provided the researchers an excellent
approach to meeting the needs ofintegraserds ct
study, various nanocomposites of high density polyethylene (HDPE)/EVA/organoclay were
prepared $ melt blending in an internal mixer. Also, polyethylemienaleic 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 ustngy Xliffraction (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 thgattoelay
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. Morao@poration of both
the compatibilizer and the stablllzer in the nanocomposne formulations caused the

degradation of th~ W £300, o el

HDPE/EVA/organocIay

HDPE/EVA

sssss

Figure 1. SEM |mages of HDPE/EVA blends W|th and W|thout organoclay

1 ShiX, Jin J, Chen Sh, Zhang J. Journal of Applied Polymer Sci2d@8113:28632871.

2 Basfar AA, Mosnacek J, Shukri TM, Bahattab MA, Noireaux P, Courdreus A. Journal of Applied Polymer
Science2008107:642 649.

% Haurie L, Fernandez Al, Velasco JI, ChimeniM, Cuesta JML, Espiell F. Polymer Degradation and Stability
200792:10821087.

* Riahinezhad M, Ghasemi |, Karrabi M, Azizi H. Polymer Compositis)2:56-80.

® Scapini P, Figueroa CA, Amorim CLG, Machado G, Mauler RS, Crespoa JS, Oliveira RM{aner
Internationa01Q 59:175 180.
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Pl -44: ROTOLINING POLYETHYLENE: AHOT -WATER TANK MADE OF MILD
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MOULDING
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Abstract

In the presemtdresearch work, the rotolining process is used for the developmenirof@amtivehot
water tank, which wil/l be us ¢edelSOMA52:1985 Dhefast pl u
project stage included the material choice, which was basedspac#ic set ofselectioncriteria: A
zero shear viscosity is requirenlaid in the flow of the polymer within the motl@he materiaflow
characteristics are important with regatd the way the plastipowderdistributes itself in the mould
and to ensure aniform wall thicknesss achieved 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 stapiit 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
materiab specifications, where aplicable: a) MFI measuremdsls IO 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 stagevnlved a series of rotolining experiments for each material, designed
to reveal each resinds potential. It is well I
linked to all the key stages in the rotomoulding process and it is an excellatyt cuatrol parameter,
related to the morphology and the mechanical properties of the moulded ‘arfitiesefore, the
TempLogger System was used for the monitoring and control of the process. The metallocene MDPE
proved to be more than adequate for iatoy, 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)
impemeability tests: afSteel and polymewall thickness was measured with Brsize Ultrasonic
Thickness Gauge.hE thickness measurements conédthatrotolining allows for the production of
products with thickness homogeneity, regardless of mould gearb¢tRotolired products were also
tested in controlled heating cooling experimentsThe LLDPE, the crosslinked PE and the
metallocene MDPE produceduredsubstantial temperature differences (maxT¥@0minT=31.6C
inside tle tank) andrapid temperatee changeg{max pT/ut =55°C/10min). However, the adhesive
properties of the metallocene MDPE resin proved to be of crucial importance for this application.

The HotWaterTank is currentlypeingtested according 15O 94592:1995for solarsystens
performance characterization. The authors would like to thank the Research Promotion Foundation of
Cyprusfor the fundingof this work

N

lGlomsaker, T., Hi nrichsen, E. L., L aCrystallimity RefationsirD o s h e\
Rotational Mol ding of Polypropyl e mb8§2009P0l ymer Engi n:
ZCranord, R.J., 6 Ro t Rapria BublisHing (¥993).| di ng o6, i Smithers

3Cramez, M. C. , Oliveira, M. J. and Crawford, R.J., 60ptinmi sati o
Consumptionbd, Pol ymer Deig27&@0a)t i on and Stability, 75, 321
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Abstract

Responsive polymers like poN{isopropylacrylamide), PNIPAM, have been widely used for
the preparatio of stimuli sensitive systems with potential applications in drug transfer and delivery.
For the polymer to be able to recognize biologically significant molecelgssugars, glycoproteins,
or catechol derivatives, a phenylboronic acid (PBA) ligand imayincorporated as a disénsing
moiety. Since PNIPAM is a thermosensitive polymeNIPAM-co-(acrylamidePBA) copolymers
will exhibit both temperature and diol responsiveness.

In this work, the reversible associatieia boronic ester formation betwedPBA-bearing
copolymers and the catechol dye Alizarin Red S was studied by dialyses experiments or numerical
analysis of UMvisible titration curves. One of the copolymers, based on NIPAM, was
thermosensitive. The investigation resulted in the quantitdetermination of the hogjuest 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 significantijnore 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-wpijlobule transition of NIPAMbased coplymer™.
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Quantitative study of recognition and release of a colored catechol by a thermosensitive copolymer.

'!Carr® de Lus a 6.:llogoulos,GEur Polyho R0LGE45, 1367.
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(SULFAMATECARBOXYLATE) ISOPRENE/STYRENE/ETHYLENE OXIDE
TRIBLOCK POLYELECTROLYTES
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Abstract

Complexes of polyelectrolytes witbroteins 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 doalkti
nanobiomaterials 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 propsttiitable for nanobiotechnological applications, e.g.,
drug delivery, biomacromolecules separation, surface modification, Tétis work reports on the
complexation, via electrostatic interactions, between hen egg white lyso@dyEWL) and two
triblock copolymer polyelectrolytes of different architecture and compositionsisting of sodium
(sulfamatecarboxylate) polyisoprene (SCPI), polystyrene (PS) and polyethgbdde (PEO) blocks,

in agueous solutions. These novel polyelectrolytes were prepgradpbstpolymerizatiomeaction

which introduced sodium sulfamate and carboxylate groups opdlyesoprene (PI) block of two
triblock copolymers, PPSPEO (ISEO) and RBI-PEO (SIEO)(Scheme 1). As a result, the
polyelectrolyte block carries two negatly charged groups with differemtH sensitivity and also
shows some hydrophobic character because of the presenodunttionalized isoprene segments.
Furthermore, due to the hydrophobicity of the PS blockptiigelectrolytes form micelles in aqueous
solutions, consisting of a PS core and a mixed SCPIREBEQ corona. The structure of the corona
results from the architecture of the precursor tribloggolymer and thus it consists of SCPI and PEO
chains for the ISEO triblock, while for the SIE@block it consists of SCPPEO chains.

. ) / \ / A / I".I “. ! 4
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Scheme 1Chemical structure of the triblock copolymer polyelectrolytes

Static, dynamic anelectrophoretic light scattering techniques were employed in order to study the
structure and solution behaviour of the compkas 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

1a) C. L. Cooper, P. L. Dubin, A. B. Kayitmazer, S. Turksemrr. Opin. Colloid Interface S¢i2005 10, 52 b)

C. Tribet, In Surfactant Science Series, Vol. 99: Physical Chemistry of Polyelectrolytes, T. Radeva, Ed. Marcel
Dekker: New York, 1999, Clmer 19, pp 687

2a) A. Harada, K. Kataok&rog. Polym. Sci.2006 31, 949 b) S. Lindhoud, L. Voorhaar, R. de Vries, R.
Schweins, M. A. Cohen Stuart, W. Nordengmuir 2009 25, 11425 b) S. Pispad, Polym.Sci. Part A: Polym.
Chem, 2007, 45, 509 c)G. Gao, Y. Yan, S. Pispas, P. Yatacromol. Biosci.201Q 10, 139
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Abstract

Transparent solutiond 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 altelighh@ropagation
[1]. The laser irradiation triggered the formation of a broad range of patterns, all based on the filament
formed through the sefbcusing and including very long optical spatial solitixe filaments, multi
filaments arrays and buredl [2], multifilament 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 contrasbstopy 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 ratemifomn resulted in timeeversible
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
crosslink have leen obtained so far. An intermediate case of sewdrsible 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 solvenpolymer interations for the lighipolymer coupling, which remains unidentified.

References
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Abstract

The continuous need for dimensions reduction in integrateditsirand the expansion of
applications in the broader field of mienanosystemsead to the quest for new photoresistapable
of addressingthe denands of modern lithographic technologiddost polymers used today in
photoresist formulations work with eghmechanism of a side group deprotection #mgs have
limitations towardsthe further reduction of the formed structurdimensionsand th& Line Edge
Roughness (LERJjelated to the size of the polymer chain. Morepwerlithographic materials that
make use of polymer netork formation mechanissnsevereproblemsare encounteredor the
fabricationof significantly small patterns related not only to the size of polymer chains but also to
swelling phenomena during development. On ttieerohand, the matetgin which the lithographic
imaging isbased on the cleavage of polymnmeain chainare in principle capable to createry small
structures, to the dimensions oetmonomers that they consist bf.this case issues like sensitivity
and poor etch resisity must beaddressed.

The main target of the current work wés 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 highotation and small side roughnesstioé formed structures.
Acetals are chosen dsnctional groups in the main polymehainsince they can beleavel in the
presence of an acid while they remain untouched in alkalic amBieatsynthesized polymers were
designed to bear iraddition suitable functional groups for the achievement of the desirable
lithographiccharacteristic§thermal stability,acceptableglass transition temperature, etch resistanc
proper dissolution behaviour etc). The synthesis wasedaout 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 198m, 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 sameaouie 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 polyners 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 Fourimansformed infrared (FTIR) and UVisible spectroscopy a@hthe
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 consasthe 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 nnstructures the limit of the used exposurelget

214



8™HELLENICPOLYMERSOCIETY SYMPOSIUM
HERSONISSOE RETE24 6 29 OCTOBER 2010

PIl-49: DEVELOPMENT AND CHARACTERIZATION OF A NOVOLAC RESIN/
BaTiO3sNANOPARTICLES COMPOSITE SYSTEM

IOANNIS ASIMAKOPOULOSl’Z, G.C. PSARRASl, LOUKAS ZOUMPOULAKIS?

'Department of Materials Science,
School of Natural Sciences, University of Patras, Patras 26504, Greece
“National Technical University of Athens,
School of Chemical Engineering, Departement
Laboratory Unit AAdvanced and Composi
9-HeroonPolytechniou street, Zografou Campus, Athens 157 73, Greece
asimakopoulos john@windowslive.cdmoubou@chemeng.ntua,Gr.C.Psarras@upatras.gr

Abstract

In this study for the first tine, composite materials with the specifigredients wergrepared and
studiedas far as their mechanical and dielectric properties are conc&iretifferent nanecomposie
samples varying thBaTiO; concentration were developefirstly the novolac resin was synthesized

and then after pulverization the hexamethylotetramine hardener was added fiRiglards different
amounts oBaTiO; nanoparticles (@0%w/w) were aded, and finally the mixture was put in moulds.

The whole process included curing at @or 1 hour, followed by posturing for one hour at 17G

[1,2]. Then the composites were ready for characterization via a number of experimental methods.
Structural characterizaon was conducted by means &f-Ray Diffraction (XRD) and Fourier
transform infrared spectroscolf TIR) and thermal characterization was performedDiigerential
Scanning Calorimetry(DSC). Mechanical and dielectric properties were examimgdemploying
bending andshear strength tests aBdoadband Dielectric Spectroscopy (BDS) (e.g. figure 1). BDS
tests cover a wide temperature (fronf@@o 150C) and frequency (from 10Hz to 10 Hz) range.

The dielectric response was analyzég meansof dielectric permittivity and electric modulus
formalisms [35].

The presence of BaTihanoparticles 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.

10

10
Modulus*

10 10

Figure 1: Real and imaginary part of electric modulus for the specimen of 10% w/w BaTiO
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Abstract
Novel amphiphilic triblock copolymers of poly(propylene succinate) (PPSu) and poly(ethylene glycol)
(PEG) with different hydrophobicydrophilic ratios were synthesized using a facile -poe
procedure. The reaction was confirmed by GPC and NMR spectroscopy. The molecular weight of
copolymers wasdjusted by varying the molecular weight of PPSu while this of PEG was remaining
stable.The copolymers exhibited glass transition temperatures betw&&f to-38 °C and single
melting points around 44C. WAXD data indicated that botblocks of the copolymer could
crystallize. The mPEGPPSu copolymers exhibited low in vitro toxicity against \HEC cells
comparable to that of PLA'he synthesized copolymers used to prepare-siueé nanoparticles with
hydrophobic PPSu to form the core and hydrophilic PEG the shell for nanoencapsulation of a
hydrophilic hydrophobic drug, Ropinirole and Tibolonespectively. The mean size of the
nanoparticles ranged between 1HID nm and increased with increasing molecular weight of the
PPSu block. Thus, these nanoparticles have different core length and stable selilereyfPEG with
molecular weight 2000 giol was usedThe release of Ropinirole, which was mainly encapsulated in
the corewas completed within 24 hours whereas sustained release was observed for Tibolone, since it
was encapsulated in the core of nanoparticles. The synthesized-RPPEGcopolyrrs could be
useful for nanoencapsulation of different drugs.
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Figure 1. Drug release profiles patterns for (a) Ropinirole and (b) Tibolone from the FRIFESE

nanoparticles.
A Drug release ‘
‘ Drug release ‘

Figure 2. lllustration of possible distribution patterns of drug in the mAB&uU 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 mattype controlled release devices QR), loaded with bioactive
substancescan be markedhyimproved by the use omultilayer 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 eachet. A special case of multilayer systems are loaded matrices
coated with thin, solutéree polymeric layefs These systems offer many possibilities for reducing the
intensity of the initial burst effect, characterizing monolithic matrices, and maysalszeed 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 wak we report: (a) experimental data on the release performance of planar, symmetrical,
threelayer (ABA) MCR systems and (b) computer simulation results based on a recently introduced
general model, simulating the release performance of such syétéfhe 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 therpolyme

Two types ofcomposte ABA matriceswere studied (i) matrices with uniform material properties
(UMP), where both outer (A) and inner (B) layeravere made from the sampolymeric material
(cellulose, CEL)and (ii) matrices with noniniform material properties (nddMP) with outer layers
(A) made from cellulose acetgi€@A) andinner layer(B) made fom CEL. In all casethe outer layers
were solute free, while the inner layer was loaded with an osmotically active solute. la@puter
simulation of the performance of theosémentioned ABA matrices is based on input parameters,
deduced from the release experiments on monolithic CEL or CA matrices or taken from lit@taure.
experimental release permance of the composite thrésyer 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 ABAJMP matrices (Fig. 1a) Wile the simulation of the ABAonUMP
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 mth the solubility and the diffusivity of the solute.

Fig. 1 Experimental release kinetic data (poirasy theoretical predictions (lineBpm: (a)compositeABA-CEL-
CEL-CEL matricesa n d monol ithic CEL (I nset :-UMPoniaticese @nd (b)r
compositeABA CA-CEL-CA matricesand monolithic CA. 2L corresponds to mdlier matrix thickness.
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