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INFORMACE

VSeobecné informace

Vitejte na VI. cesko-slovenské konferenci POLYMERY 2010 na zamku v Liblicich.
Pokradujeme v tradici setkdvani ceskych a slovenskych odbornikli zabyvajicich se
makromolekularni chemii a fyzikou, ptebirdme pro tento rok Stafetovy kolik z rukou lofiského

Gisp&&ného organizatora — Ustavu polymerov SAV, Bratislava.

K hlavnim pfinostim setkdni Polymery 2010 patfi vzdjemna informovanost o projektech a
vysledcich nejen akademického, univerzitniho ale 1 aplikovaného a cileného vyzkumu.
Védeckym pracovnikiim na zacatku kariéry a studentiim univerzit ma konference poskytnout
ptilezitost k prezentaci své prace, poskytnuti zpétné vazby od zkuSenéjSich kolegt.
V neposledni tad¢ jsou Polymery 2010 i prostorem pro vzijemna lidskd setkdvani,

navazovani neformalnich pracovnich kontaktt.

Registrace
Probéhne v zdmeckém hotelu v Liblicich v pondéli 4. 10. 2010 od 16:00 do 18:30 hod. a v
utery 5. 10. 2010 od 8:00 do 9:00 hod.

Konferenéni poplatek

Zahrnuje ve vysi 8200 K¢ ubytovani ve dvoultizkovych a trojliizkovych pokojich na zdmku a
v ptilehlé depandanci, celodenni chutné stravovani v zdmeckém hotelu v Liblicich po dobu
konference, i€ast na vSech zasedanich a sbornik. Nezahrnuje jakykoliv druh pojisténi. Pro

zdjemce o ubytovani v jednolizkovém pokoji se konferencni poplatek navysil o 1000.

Ubytovani a stravovani

Je zajisténo v Konferenénim centru AV CR - zamek Liblice
Liblice 61

277 32 Bysice

Slavnostni zahdjeni konference se kona 4. 10. 2010 v 19:00 hod. na uvitaci veceti. Odborny

program bude zahéjen 5. 10. 2010 v 9:00 hod. v Konferen¢nim séle.

Pfejeme vam zajimavy a pfijemny pobyt na konferenci POLYMERY 2010 v blizkosti

romantického a divokého Kokofinského udoli.

UMCH AV CR, v. v. i.
Organizacni tym Polymery 2010
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PROGRAM
Utery 5. Fijna
9:00 ZAHAJENI KONFERENCE F. RYPACEK, reditel UMCH AV CR, v. v. i.

J. KOVAROVA, piredsedkyné konference

Piedsedajici: J. BRUS
S. CHMELA

9:25 L-01 LLACIK
Research activities at the Polymer Institute SAS

9:45 L-02 J.KOLLAR,P.HRDLOVIC, S. CHMELA
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intramolecular quenching; comparison of the efficiency of bi-radical and
mono-radical based on substituted 1,8-naphthalimides

10:10 L-03 L JANIGOVA, M. PORUBSKA, D. BABIC, I. CHODAK, M. SLOUF
Ziarenie ako modifikator vlastnosti kompozitov na baze PA 6

10:35-11:05 Prestavka na kavu

11:05 L-04 J.RYCHLY,L. MATISOVA-RYCHLA, K. CSOMOROVA, 1. JANIGOVA,
M. MALIKOVA
Thermal analysis and chemiluminescence from polyurethanes

11:30 L-05 L.RYCHLA, A. EBRINGEROVA, I. SROKOVA, K. CSOMOROVA,
J.RYCHLY
Preparation of new cinnamoyl esters of various polysaccharides and their
antioxidative properties

11:55 L-06 L. AUDOUIN, X. COLIN, J. VERDU
Kinetic modelling methodology of polyethylene materials lifetime predictions

12:30—14:00 Poledni prestavka

Piedsedajici: P. HRDLOVIC
J. RODA

14:00 L-07 T.ETRYCH, P. CHYTIL, J. STROHALM, L. KOVAR, M. SIROVA,
B. RIHOVA, K. ULBRICH
Dendritické polymerni systémy pro 1é¢bu neoplastickych onemocnéni

14:25 L-08 H.KOSTKOVA, T. ETRYCH, K. ULBRICH, B. RTHOVA
Polymerni 1é€iva pro kombinovanou terapii lymfomu

14:50 L-09 M.PECHAR, R. POLA, K. ULBRICH, L. BEDNAROVA, P. MALON,
I. SIEGLOVA, M. FABRY
Vyuziti coiled coil peptidi pro vazbu biologicky aktivnich proteint
na polymerni l1é¢iva




15:15 L-10 D. MOCINECOVA, G. KOLLARIKOVA, 1. LACIK, D. CHORVAT Ir.,

S. SUTY, D. DVORANOVA

Physico-chemical surface properties of polymeric microcapsules for pancreatic

islets encapsulation

15:40—-16:10 Prestavka na kavu

16:10 L-11 L.UCNOVA,I. LACIK, D. CHORVAT Jr.

Propagation kinetics for free radical polymerization of N-vinylpyrrolidone in

aqueous and organic solutions

16:35 L-12 E.PAPAJOVA, M. DANKO, D. CHORVAT Jr., Z. KRONEKOVA,

I. LACIK
External and internal gelling method for preparation of planar alginate
hydrogels

17:00 — 19:00 POSTEROVA SEKCE (P-01 — P-27)

Streda 6. Fijna

9:00

9:25

9:50

Predsedajici: M. PECHAR
M. OMASTOVA

L-13 M. STACH, Z. KRONEKOVA, P. KASAK, J. KOLLAR, M. PENTRAK,
M. MICUSIK, D. CHORVAT Jr., T.S. NUNNEY, I. LACIK
Functionalization of electroconductive surfaces by electrografting method

L-14 M. STEVIAR, I. NOVAK, A. POPELKA, A. KLEINOVA
Vyuzitie polypropylénu modifikovaného dielektrickym povrchovym
koplanarnym bariérovym vybojom

L-15 L. NOVAK, M. LEHOCKY, A. ASADINEZHAD, I. CHODAK,
M. SPIRKOVA

Surface and adhesive properties of antibacterial medical-grade PVC modified

by barrier discharge plasma

10:15—-10:45 Prestavka na kavu

10:45 L-16 J. KRONEK, N. PETRENCIKOVA, A. KLEINOVA, J. LUSTON,

Z. KRONEKOVA, E. PAULOVICOVA, P. FARKAS

Amfifilné kopolyméry z alifatickych a aromatickych 2-oxazolinov — priprava,

vlastnosti a bioaplikacie

11:10 L-17 J. SPEVACEK,J. STASTNA, L. HANYKOVA, H. KOURILOVA

Studium roztokli termoresponzivnich kopolymert poly(N-isopropyl-
methakrylamid-akrylamid) pomoci NMR spektroskopie a dynamické
kalorimetrie



11:35 L-18 E.MINKO, P. SYSEL, M. HAUF, O. VOPICKA, V. HYNEK, K. FRIESS,
M. SIPEK
Ptiprava a vlastnosti materialti na bazi vysoce vétveného polyimidu
kombinovaného s oxidem kiemicitym

12:00 L-19 K.CZANIKOVA, I. KRUPA, M. MICUSIK, M. OMASTOVA
Properties and opto-mechanical actuation of multiwall carbon
nanotube/elastomeric composites

12:25—14:00 Poledni prestavka

14:00—18:00 Odpoledni vylet na Kokorin a okoli
Ctvrtek 7. Fijna

Piedsedajici: F. RYPACEK
J. RYCHLY

9:00 L-20 M. VECERA, L. PROKUPEK, L. SVOBODA, M. STANCL
Epoxidové kompozice vhodné pro identifikaéni téliska vybusnin

9:25 L-21 L.PROKUPEK, M. VECERA, L. SVOBODA, R. CHUDOMSKY
Studium vlivu akrylatovych disperzi na vlastnosti a strukturu epoxidovych
pryskyfic

9:50 L-22 J.JUZA,I. FORTELNY, B. DIMZOSKI, M. SLOUF
Dependence of coalescence time of elipsoid viscous particles on system
characteristics

10:15—-10:45 Prestavka na kavu

10:45 L-23 A.SISKOVA, D. BEREK
Two-dimensional chromatography of complex polymer systems: (liquid
chromatography under limiting conditions of desorption) x (size exclusion
chromatography)

11:10 L-24 D.BEREK
Progress in liquid chromatography of synthetic polymers

11:35 L-25 K.LINHART, M. VECERA, L. PROKUPEK
Aditiva podporujici popisovani laserem

12:00 ZAKONCENI KONFERENCE
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L-01

RESEARCH ACTIVITIES AT THE POLYMER INSTITUTE SAS
I. Lacik

Polymer Institute of the Slovak Academy of Sciences, Dubravska cesta 9,
845 41 Bratislava 45, Slovak Republic

(www.polymer.sav.sk)

The purpose of this contribution is to highlight the current research directions and projects at
the Polymer Institute of the Slovak Academy of Sciences in Bratislava (PI SAS). The Institute
expertise covers its traditional as well as newly implemented topics of macromolecular

chemistry, which can be categorized into:

blends and (nano)composites,

adhesives,

stability and degradation,

modelling and structure,

hybrid (metal) dispersions,

photochemistry and organic chemistry,

kinetics and mechanism of free-radical polymerization,
hydrogels and polymers in biomedicine and biotechnology,
smart polymeric materials and surfaces,

synthesis of new monomers and additives,

V V.V VYV V V V V V VYV V

characterization.

In recent years PI SAS succeeded to be involved in several EU projects funded from FP5, FP6
and FR7. The currently active ones have created the conditions for cooperation on such topics
as (a) implantable glucose biosensor, (b) nano-optical mechanical systems to build a tablet for
the blind or partially-sighted people, (c) materials for the polymer-based heat exchangers and
(d) preservation of plastics artefacts in museums collections. PI SAS is also involved in the

global project with the aim to find the functional cure for diabetes.

PI SAS is a part of several Centres of Excellence. The Centre of Excellence in the frame of

the project “Centre for materials, layers and systems for the applications and chemical
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processes in the extreme conditions” (MACHINA), which is coordinated by Institute of
Inorganic Chemistry SAS, is of the special importance. From this project, the infrastructure of
PI SAS has been recently improved. New instruments were installed and include, for
example, X-ray photoelectron spectrometer (XPS), nanoindentor, microcompounder, FTIR
with microscope, ATR and photoacustic cells, conical calorimeter, pulsed-laser,
spectrofluorimeter, which help in obtaining a better understanding of physical and chemical
properties of polymeric materials, kinetics of polymerization and polymer stability and
degradation. Health and bio-related topics have become the target areas for many researchers
at the Institute. Many of the topics have been profiting from a strong expertise in organic
synthesis and polymer modification. PI SAS is naturally keen of helping with its expertise as

well as is open to build a new knowledge.

Some of these topics will be presented during this 6™ Czech and Slovak conference
POLYMERY 2010, which obviously cannot completely advertise the full expertise of the
Polymer Institute SAS in Bratislava. This meeting provides the possibility to meet and discuss

topics for the future cooperation with the institutions from Czech and Slovak Republics.
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L-02

SYNTHESIS AND SPECTRAL CHARACTERISTICS OF FLUORESCENCE
PROBES INVOLVING THE INTRAMOLECULAR QUENCHING; COMPARISON
OF THE EFFICIENCY OF BI-RADICAL AND MONO-RADICAL BASED ON
SUBSTITUTED 1,8-NAPHTHALIMIDES

J. Kollar, P. Hrdlovi¢, S. Chmela

Polymer Institute, Slovak Academy of Sciences, Dubravska cesta 9, 845 41 Bratislava,
Slovakia; e-mail: upolhrdl@savba.sk

Novel probes based on 1,8-naphthalimides as chromophore having one or two structural units
of sterically hindered amine stabilizer (HAS) were prepared and spectrally characterized in

solution and polymer matrices [1,2].

In the case of bi-substituted derivative one HAS unit was situated on naphthalene ring in
position 4 and second HAS created imide composition. HASes were in the form of parent

amine — DINH, stable nitroxyl radical — DINO and substituted hydroxylamine DINOR.

O 4
H ' N—<j§N—x DINH H
N Q
Xjé o} DINO o
N DINOR
X o

Mono-substituted derivative the probes consisted from 1,8-naphthalimides as chromophore

and one structural units of sterically hindered amine stabilizer (HAS) in different positions.

One probe has got HAS unit situated on naphthalene ring in position 4 and imino nitrogen
was  substituted by n-butyl groups (N-n-butyl-4-(1’-R-2°,2°,6’,6’-tetramethyl-4’-
piperidylamino)-1,8- naphthaleneimine, BUNR series).
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Another type of probe was substituted on imino nitrogen by HAS and in position 4 by
dimethylamino substituent (N-(1’-R-2’,2°,6’,6’-tetramethyl-4’-piperidyl)-4-dimethylamino-
1,8- naphthaleneimine, DMANR series.).

'1 ’

N

H, o) DMANO O
DMANOR 042

Absorption and fluorescence spectra of probes were taken in solution as well as in polymer

films.

In absorption spectrum of DINR series the longest wavelength band was shifted from 410 nm
in non polar cyclohexane to 440 nm in polar methanol. In fluorescence spectrum the
maximum of the broad band is red shifted from 460 nm in cyclohexane to 530 nm in
methanol. All derivatives exhibit similar solvatochromism in absorption as well as in
fluorescence spectrum. The fluorescence is observed for all probes but there is distinctly
much higher fluorescence intensity for parent amine DINH and alkoxyamine DINOR than for
adequate bi-radical DINO. The extent of fluorescence enhancement comparing amine and

alkoxyamine derivatives with bi-radical is in the range 10 to 70 depending on the medium.

Using laser flash photolysis the probe DINH exhibited transient absorption after 266 nm
excitation in the nanosecond time scale region which is ascribed to triplet state. This transient
absorption is red shifted in going from non polar cyclohexane (460 nm) to polar methanol
(520 nm). No (or extremely weak transient) absorption spectra was observed for stable

nitroxyl bi-radical DINO.

In absorption spectrum of BUNR and DMANR series, the longest wavelength band of both
types of probes lies in the range 390 up to 430 nm in depending on the medium. In

fluorescence spectrum the maximum lies in the range 460 up to 530 nm. In polar media the
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maxima of absorption and fluorescence are red shifted as compared with less polar media.
The fluorescence is observed for all probes but there is distinctly higher fluorescence intensity
for parent amine and alkoxyether and respective monoradical. The extent of fluorescence
enhancement comparing amine and alkoxyether derivatives with biradical is in the range 2-10
depending on the medium and for both pairs BUNH/BUNO and DMANH/DMANO are

comparable.

Detailed analysis revealed that the quenching efficiency of DINR series is the sum of intra-
molecular quenching efficiency of mono-substituted probes of BUNR and DMANR series.

The conditions for this additive effect were defined using on simple kinetic analysis.

1. KOLLAR, J. - HRDLOVIC, P. - CHMELA, S. Synthesis and spectral characteristics of di-
substituted 1,8-naphthalimides; bi-radical formation.

J Photochem Photobiol, Part A, Chemistry Vol. 195 (2008) p.64-71
2. KOLLAR, J. - HRDLOVIC, P. - CHMELA, S. Spectral characteristics of adducts of 1,8-
naphthalimides — sterically hindered amines: monoradicals.

J Photochem Photobiol, Part A, Chemistry, 204 (2009) 191-199.
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Modifikacia polymérnej matrice plnenim a sietovanim patri k spdsobom zlepSenia tizitkovych
vlastnosti termoplastickych polymérov. Medzi termoplasty so Sirokym technickym vyuzitim
mozno zaradit’ polyamidy (PA) a ich kompozity. Charakter adhézie medzi plnivom a matricou
v kompozitoch je urCujucim faktorom vlastnosti pripravenych materidlov. Jednym zo
sposobov zvySenia adhézie medzi plnivom a matricou v polyméroch je sietovanie. Ked'ze
teplota topenia PA je vySSia ako teplota rozkladu organickych peroxidov, peroxidicka
iniciacia sietovania nie je mozna [l1]. Pre polyamidy ako alternativa je posobenie

energetického ziarenia, ktoré umoznuje iniciaciu sietovania v tuhej faze [2-5].

Predlozena prica je zamerand na Stidium vplyvu dvoch typov Ziarenia na morfoldgiu,
mechanické a termické vlastnosti PA6 a jeho kompozitov. Vzorky boli oZiarené na vzduchu
lu¢om urychlenych elektronov a y-ziarenim. Ako plnivo sa aplikovali sklené vlédkna (SV, 30
%hm. ) s komer¢nou apretaciou pre polyamidy. Radia¢na davka sa pohybovala v rozsahu 0 az
500 kGy. Rozsah procesu sietovania samotného PA a jeho kompozitov priniesol rozdielne
vysledky. Meratel'ny obsah gélu sa pri obidvoch typoch Ziarenia stanovil pri davke 200 kGy,
no pri maximalnej intenzite davky 500 kGy sa obsah gélu lisil. Pri oziareni elektronovym
li€om sa zaznamenalo 68 % obsah gélu, ale pri pdsobeni y-lic¢a len 18 %. ESte vicsie
rozdiely sa pozorovali po oziareni kompozitu. V pripade aplikacie elektronového luca sa
obsah gélu priblizil k hodnote ¢istého PA6, no pri y-ziareni sa ani pri maximalnej davke
nezaznamenala tvorba gélu. To znamena, ze pri pdsobeni y-Ziarenia na kompozit PA6/SV k
sietovaniu matrice nedochadzalo. Predpokladdme, ze pri expozicii y-Ziarenia na vzduchu s
aplikovanou nizkou rychlostou davky (9,5 kGy) a s tym spojenym dlhym ¢asom expozicie (5

az 52 hod), dochadza k oxidécii vznikajicich makroradikalov vzdusnym kyslikom, ¢o ma za
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nasledok prevahu oxida¢ného Stiepenia polymérnych retazcov. Ked'ze sietovanie polymérov
prebieha prednostne v amorfnej faze [6], pritomnost’ plniva svojim nukleaénym u¢inkom

brzdi amorfizéaciu, ¢im dochadza k potlaceniu tvorby gélu.

Morfologia oziarenych vzoriek sledovana elektronovou mikroskopiou (SEM) ukézala lepSiu

adhéziu medzi plnivom a matricou v pripade aplikacie elektronového luca.

Procesy v polyméroch akompozitoch na ich baze (degradicia, sietovanie, nukleacia)
vplyvajli aj na termické vlastnosti modifikovanych materidlov. Udaje z DSC priebehov
Studovanych vzoriek ukéazali zmeny v hodnotach teplot i tepiel topenia a teploty sklovitého
prechodu s meniacou sa davkou aplikovaného ziarenia. VyraznejSie zmeny sa zaznamenali pri
vysSich davkach ziarenia a pri aplikacii elektronového luca. S rasticou davkou ziarenia pri
nemodifikovanom PA6 dochddza k poklesu teplot a tepiel topenia a narastu teplot sklovitého
prechodu. Konecny efekt je vysledkom kompetitivnych procesov degradécie a sietovania.
V pripade kompozitov k tymto dvom dejom pristupuje fyzikalna interakcia matrice s plnivom
ako nukleacnym c¢inidlom. Vplyv plniva je vyraznej$i pri nizSich davkach ziareni, kde
hodnoty tepla topenia v dosledku nizSieho resp. nulového gélu vykézali vysSiu hodnotu ako
vzorky cisttho PA6. Hodnoty tepiel ateplot topenia st vysSie pri pOsobeni y-Ziarenia

vzhl'adom na absenciu siet'ovania. Vysledky koreluju s obsahom gélu vo vzorkach.

Z porovnania vplyvu oboch typov Ziarenia na mechanické vlastnosti Studovanych vzoriek sa
zaznamenali rozdiely v hodnotach Youngovho modulu (E), napitia v tahu (o) a prediZenia pri
pretrhnuti (¢). Elektronovy 14¢ sposobuje narast hodndt E, ¢ a pokles € pri vysSich davkach.
Tieto parametre pri ozarovani y-lacom vykazuju opacnt tendenciu, a to pre Cisty PA6 pokles
E a ndrast € . V porovnani s PA6 sa pri kompozitoch prejavil vyrazny nérast hodnét E
vyvolany nukleaénym a stuzujucim efektom plniva pri obidvoch typoch ziarenia. Vyssie
hodnoty sa dosiahli pri pdsobeni elektronového li¢a. Hodnoty ¢ sa zvySuju s rastiicou davkou
elektronového Zziarenia, na rozdiel od y-ziarenia, kde v celom rozsahu davky Ziarenia
dochadza k poklesu hodnot 6. Opacna tendencia sa zaznamenala pri hodnotach &, kde pri
posobeni elektronového luca s rastucou davkou dochddza kich poklesu a pri y-ziareni
k narastu. Ziskané vysledky z mechanickych vlastnosti opit’ koreluju s predchadzajiicimi

zisteniami.
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In the present paper we compare the behavior of both the polyester urethane and polyether
urethanes in thermal and photo oxidation. The foams of the above polyurethanes were aged
under different conditions and the subsequent changes of the material quality as it was
assessed by nonisothermal chemiluminescence (CL), thermogravimetry (TG) and differential

scanning calorimetry (DSC) were investigated.

Two different PUR ether- and ester- based foams considered as reference samples have been

selected. Reference foam has been subjected to artificial ageing: light ageing (day light

1000Wm-2, 25°C/50% RH) as well as to thermal ageing in dry (90°C, <10%RH) or humid
(90°C, 50%RH) conditions. All artificially and naturally aged samples have been investigated
by using TG, DSC and CL. All measurements were performed under nonisothermal

conditions at the rate of heating 5 °C /min.

CL analyses were carried out on a luminometer Lumipol 3 produced at the Polymer Institute
of SAS, Bratislava. The intensity of emitted light (in counts/s) was recorded under non-
isothermal or isothermal conditions as curves of intensity vs. temperature. The heating rate
was 5 °C/min. Samples with an initial weight of 1 mg were placed in aluminum pans with a
diameter of 9 mm and put into the oven of the CL apparatus; the oxygen flow above the

sample was 50 ml/h.

DSC measurements were performed using a Mettler-Toledo DSC 821° differential scanning
calorimeter. Decomposition in nitrogen and in oxygen were investigated in a temperature
range from room temperature up to 550 °C (5 °C/min); the flow of gases above the sample
was 50 ml/min. The amount of samples applied ranged between 0.80 and 2.77 mg. Three

parallel runs were performed for each sample.

Thermogravimetry was performed using a Mettler-Toledo TGA/SDTA 851° instrument in a
nitrogen or oxygen atmosphere (30 ml/min) using a heating rate of 5 °C/min in a temperature
range from room temperature up to 550 °C. The amount of samples applied ranged between

0.28 and 3.45 mg.
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The principal differences in polyether urethane and polyester urethanes as recorded by non-
isothermal CL, DSC and TG are seen in Figs. 1 and 2. Polyether urethanes give a
considerably stronger light emission (CL) when oxidized than polyester urethanes. This
corresponds to a strong exothermic peak of polyether urethanes on DSC record in oxygen
while in the case of polyester urethane the degradation process starts by endotherm and
exotherm may be observed at considerably higher temperatures. On the other hand, TG
pattern of polyester urethane shows that a strong crosslinking of the sample occurs during

thermal oxidation which ends by strong decay of the mass due the sample glowing.

The subsequent light ageing lasted from 0 to 15 days while thermal oxidative ageing from 0 to
more than 200 days. It is of interest that at advanced stages of ageing a significant amount of

carbonaceous residue remained on TG pans after sample heating in nitrogen to 550 °C.

Parameters such as activation energy, rate constants of polyurethane degradation in oxygen at
90 and 250 °C and prediction of the remaining service life to ambient conditions from these

constants have been performed.
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Fig 1. Chemiluminescence and DSC measurements in oxygen for reference samples of

polyether urethane 1 and polyester urethane 2. The rate of heating 5 °C/min.
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Fig. 2. TG and DSC measurements in oxygen for polyether urethane 1 and
polyester urethane 2. The rate of heating 5 °C/min.
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One of the possible routes how to reduce worldwide increasing plastic wastes from crude oil-
based materials is their replacement — at least partially - by biopolymers obtained from renewable
resources. All components (additives, inhibitors, etc.) of fully biodegradable materials have to be

bio-compatible, as well.

Natural antioxidants extracted from different plants, herbs and spices represent an alternative to
synthetic antioxidants. They are considered for stabilization of synthetic polymers as they are
biologically degradable in nature. This is also the reason why they may be of interest in food
industry and in medical packaging'. One of the first natural antioxidants used was o-tocopherol in

LDPE>.

In our earlier paper’ we tested by-products containing polyphenols and tannins derived from grape
processing in wine production as well as carotenoid-containing waste from tomatoes which were
believed to have antioxidative potential in polypropylene’. DSC and Chemiluminescence analysis
(CL) confirmed the antioxidant activity of these aditives, and provided the following order of
antioxidant efficiency: red grape seeds > white seeds > tomato extract. Hydroxytyrosol and a-
tocopherol (both as extracts from vegetable oils)* were considered as alternative natural inhibitors
for polypropylene (PP) as well. Evaluation of their antioxidative performance and a comparison

with the effect of phenolic inhibitor Irganox 1076 performed by CL represents Fig.1.
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Fig.1.The dependences of CL intensity on time for PP pure and PP containing 0.1 % of
hydroxytyrosol, a-tocopherol and/or Irganox 1076 at 150°C in O, (3 1/h).
According to induction times, antioxidative efficiecy of a-tocopherol is 5 times higher comparing

with Irganox 1076.

In recent years, modified polysaccharides have attracted the research interest as promising
materials with a wide range of applications for food and pharmaceutical industries, cosmetics and
biotechnology. There is a considerable interest in increasing the utilisation of crop residues such
as cereal straw, corn hulls, corn cobs, etc. Xylans comprise roughly 37% of corn cobs and
represent biopolymers for direct applications as well as a raw material for the production of new

polysaccharide derivatives °.

In this paper we have estimated the stabilizing efficiency of natural biopolymers such as xylans

and cellulose chemicaly modified by cinnamic acid.

Cinnamic acid itself has the protective effect against oxidation, however its volatility is rather
high at the temperatures of polymer‘s processing. To avoid this problem xylane was modified by

esterification with cinnamoyl chloride (CiC) under homogeneous reaction conditions.

Cl
AN
Xylan—OH + C—HC=CH— 7N\ — > Xylan—O—C—HC=CH— 7N\ + HCI
(||) —/ DMF, Pyr g —

Maximum degree of substitution (DS) was 0.55.

Fig.2. and 3 show, that xylan with cinnamic acid esterified to the polymer chains decreases the
intensity of chemiluminescence and shifts the curve to the higher temperatures (Fig.2) and/or time
in either nonisothermal or isothermal mode (Fig.3). The chemiluminescence intensity (Icp)

decreases with DS of stabilized samples when compared with pure xylan.
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Fig.2. The dependence of I¢; on temperature T in O, for xylans (constant v heating = SOC/min).
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Fig.3. Isotherms of pure and stabilized xylans (DS 0,06 and 0.55) at the T=150°C in O, .

The another polysaccharide — carboxylmethylcelulose (CMC) with DS=0,50 which was esterified
by the same procedure as xylan gave the same effect. In the dynamic experiments - under the
constant rate of heating- , the beginning of chemiluminescence increase (at Tiyic) is shifted to the

higher temperature.

Fig.4. Dependence of I¢p on temperature for CMC pure and esterified CMC in oxygen.
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ABSTRACT

In thick industrial samples, oxidation is diffusion limited which results in heterogeneous
degradation profiles, that in turn translates into a complex behaviour of mechanical properties.
Commonly, lifetime predictions of polymeric materials apply Arrhenius law to temperature
changes of lifetime, this later being determined from experimental curves using arbitrarily
chosen end-life criterion. In a more sophisticated approach, a master curve is made from the
kinetic curves of property change and Arrhenius equation is applied to the shift factor.
However, the proposed models used some important simplifying assumptions. During the last
ten years, our research team has developed a lifetime prediction methodology, which can be

applied onto different kinds of polymer material ageing. The method consists of three steps:

Step 1. The basis of the model is the “standard mechanistic scheme” of closed loop thermo-
oxidation consisting of initiation by mono or bi molecular hydroperoxide decomposition,
propagation and termination. This scheme, common for all polymers reacting by radical chain
oxidation, forms the “core” to which different layers can be added according to

the polymer chemical structure or the kind of ageing specificity:

Layer examples:

Double bonds

Substrate consumption
Stabilization reactions
Small molecules diffusion
etc.
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Step 2. The established mechanistic scheme leads to a set of differential equations (SDE) for
concentration of chemical species of interest (P°, POO°, POOH, carbonyls, crosslinking,
chain scissions, etc.)

A+ B —-C+ D

B _ 4T~k (DI + ..+ D, O LE]
i ox

Diffusion terms for small molecules (O,, stabilizer, etc.) are directly included into equations.

The solutions of this differential equations system give directly access to the evolution of

parameters under interest as a function of time t and layer abscissa x in the sample thickness:

Step 3. To predict embrittlement of induced by oxidation (lifetime), we have to establish
relationships between chemical modifications due to oxidation and the mechanical
behaviour. In the case where oxidation leads to a chain scission process, chain scission

concentration (n) changes are given by:

CZ = y,k,[POOHY + y k[ POOe]

[POOH] and [POO’] values as a function of time and temperature of exposure are determined

by kinetic modelling. Knowing chain scissions concentration, molar mass value (My) is

-1
MW — E+L
2 My,

where My is the initial molar mass of polymer. The embrittlement occurs when My becomes

obtained by:

lower than the critical molar mass value M’c. In the case of isotropic polyethylene, M’¢ is
90+ 20 kg.mol ™.

In this method, extrapolation of accelerating ageing data to use conditions is made using
activation energies of elementary reaction directly included to the system of differential
equations, so Arrhenius law is valid. This methodology is linking directly the kinetic
modelling of the oxidation process responsible to embrittlement to the physical parameter
governing the change of mechanical behaviour.

Appling of this methodology on lifetime prediction of PE pipes for drinking water distribution

in the presence of chlorine dioxide disinfectant illustrates the its use.
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UVOoD

Prokézali jsme, Ze syntetické vodorozpustné polymerni konjugaty 1é¢iv na bazi N-(2-
hydroxypropyl)methakrylamidu (HPMA) obsahujici protinadorova l1é¢iva doxorubicin (Dox),
docetaxel, ¢i dexamethason maji vysokou G&innost pii 16¢b& modelovych nadord u mysi'™.
Vhodnym vybérem spojky mezi 1é¢ivem a polymernim nosi¢em lze dosdhnout fizeného
uvoliovani léCiva v cilové tkani. V nami studovanych systémech byly pouzity spojky
obsahujici bud’ hydrolyticky degradovatelnou pH-senzitivni hydrazonovou vazbu, nebo
oligopeptid Stépitelny lysozomalnimi enzymy. LéCivo ziistdvd navazano k nosi¢i ve
fyziologickém prostiedi modelovaném fosfatovym pufrem o pH 7,4, kdezto k jeho uvolnéni
dochdzi az v prostfedi endozomt a lyzozomi cilovych bunék, a to diky prosté hydrolyze diky

poklesu pH (5 - 6), nebo ptitomnosti lysozomalnich enzymt, napt. katepsinu B.

Prvni generace uvedenych polymernich konjugéati s lé¢ivy byly vodorozpustné linedrni
polymery s molekulovou hmotnosti pod limitem rendlni filtrace (M, < 5:10%). Pozdgji byly
vyvinuty sitované a roubované polymery se zvySenou molekulovou hmotnosti (My, ~ 1 -
1,5:10°), ktera vedla ke zvy3eni terapeutického G¢inku konjugatd téchto polymert s Dox™.
V disledku tzv. ,,EPR efektu® (enhanced permeability and retention effect) se polymerni
konjugaty s vyssi molekulovou hmotnosti (nad limitem rendlni filtrace) vyrazn€ akumulovaly

v pevnych nadorech.

V tomto sdéleni prezentujeme syntézu a fyzikalné-chemické i biologické vlastnosti novych
vysokomolekuldrnich dendritickych konjugati na bazi kopolymert HPMA, umoznujicich

zvySenou akumulaci konjugatu a tedy i 1é¢iva v pevnych nddorech pomoci EPR efektu.
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VYSLEDKY A DISKUZE

Polyamidoaminovy (PAMAM) dendrimer 1-3 generace byl roubovan riznymi typy
linearnich semitelechelickych polymeri za tvorby vysokomolekuldrnich dendritickych
polymernich konjugétt. Kvuli ofekdvané vyssi molekulové hmotnosti takto pfipravenych
polymernich nosicli, vysoko nad limitem rendlni filtrace, bylo nezbytné semitelechelické
polymery roubovat ptes biodegradovatelné spojky. Po jejich enzymatické, nebo reduktivni
intracelularni degradaci v cilové tkdni mohou byt degradacni produkty eliminovany z tcla
rendlni filtraci. Syntéza polymernich konjugatii obsahujicich pH-senzitivné vazané 1é€ivo byla
provadéna ve tfech syntetickych krocich. V prvnim kroku byly ptipraveny semitelechelické
kopolymery HPMA s koncovou thiazolidin-2-thionovou skupinou, sulthydrylovou skupinou
nebo oligopeptidem GFLG-OH. V dalSim kroku byl dendrimer obsahujici primarni amino,
nebo pyridyldisulfanylové skupiny roubovan pfipravenymi semitelechelickymi kopolymery.
V poslednim kroku byly odchranény hydrazidové skupiny, rozmisténé podél polymernich
fetézcli, a posléze vyuzity pro vazbu Dox hydrazonovou vazbou. Syntéza polymernich
konjugath obsahujicich enzymolyticky vazané 1écivo byla provedena ve dvou krocich.
V tomto pfipadé semitelechelické kopolymery jiz obsahovaly Dox, vazany k oligopeptidu

amidovou vazbou.

Ptipravené dendritické polymerni konjugaty se vyznacovaly vysokou molekulovou hmotnosti
(My, =1 - 2,5-10%), polydisperzitou blizkou vychozim linearnim polymeram (M /M, ~1,7) a

dostate¢nym obsahem lé¢iva (10 hm.% Dox).

Vysledky méteni hydrolytického uvoltiovani 1é¢iva in vitro ukézaly, ze vSechny pfipravené
polymerni konjugaty s 1é¢ivem jsou pomérné stabilni pii 37 °C v pufru o pH 7,4. Po 24
hodindch inkubace polymernich konjugéati s hydrazonové vazanym lécivem bylo zjisténo
mén¢ nez 8 % uvolnéného Dox, zatimco v pufru o pH 5 bylo uvolnéno za 24 h okolo 90 %
Dox. Nartist molekulové hmotnosti polymernich konjugath ani vétvena struktura nemély vliv
na rychlost uvolilovani 1é¢iva, kterd ztstala obdobna jako u linedrnich polymernich konjugata
s niz§i molekulovou hmotnosti. Oproti tomu rychlost uvoliiovani Dox vadzaného pres
oligopeptidou spojku Stépitelnou lysozomdlnimi enzymy byla zavisld na struktuie
polymerniho nosice. Rychlost uvoliiovani 1éCiva vyrazné klesala s rostouci molekulovou
hmotnosti, coz bylo zpiisobeno zfejm¢ stérickymi zdbranami pfistupu aktivniho mista

relativné velké molekuly kathepsinu B k vétvené struktufe polymerniho substratu.

Degradace vysoskomolekularni struktury dendritickych polymernich konjugéti byla
studovana ve fosfatovém pufru (pH 6) v pfitomnosti kathepsinu B, nebo glutathionu.

Konjugaty obsahujici enzymaticky stépitelné GFLG sekvence byly béhem 72 h degradovany
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v pritomnosti kathepsinu B na degradac¢ni produkty s molekulovou hmotnosti pod limitem
renalni filtrace. V roztoku obsahujicim redukéni cinidlo glutathion (o intracelularni
koncentraci 3-10° mol/l) doslo k rychlému rozpadu konjugatii obsahujicich disulfidovou
spojku. Konjugaty byly rozstépeny béhem 4 h na degradacni polymerni produkty
s molekulovou hmotnosti okolo 2,5-10* g/mol zajistujici bezpe¢nou eliminaci polymeru

Z organismu.

Testy in vivo protinddorové aktivity byly provedeny na mysich nesoucich T-bunéény lymfom
EL4 v experimentalnim uspotfadani simulujici terapeuticky rezim podani 1éCiva. Vysledky
testll prokazaly vyznamny narist protinddorového efektu dendritickych vysokomolekularnich
konjugati nejen v porovnani s ucinky volného Iléc¢iva a difive popsané¢ho linedrniho
polymerniho konjugatu, ale i ve srovndni s U¢inkem vysokomolekularniho roubovaného
konjugatu. Pii vhodném davkovani roubovanych polymernich konjugéatii bylo dosazeno

dokonce vyléceni pokusnych zvitat, a to az do 100% tspésnosti.

Podékovani: Tato prace byla podporovina GA AV CR (grant & IAA400500806) a AV CR
(grant ¢. TAAX00500803).
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Uvod:

Ve vyvoji polymernich nosi¢i biologicky aktivnich latek (BAL) se v poslednich letech
projevuje novy smeér zaméfeny na systémy s kombinaci 1éCiv s riznym mechanismem
pusobeni [1,2]. Jiz del$i dobu jsou v nasi laboratofi studovana vodorozpustnd polymerni
kancerostatika na bazi kopolymert N-(2-hydroxypropyl)methakrylamidu (HPMA), ktera
maji vysokou protinadorovou aktivitu [3]. Vyuzitim na miru pfipravenych polymernich
prekurzorii je mozné pfipravit polymerni 1é¢iva se dvéma a vice BAL vazanymi na jeden
polymerni fetézec. Pfi vhodné zvolené kombinaci terapeutik je mozné piredpokladat
doplijici, az synergicky ucinek, pfi jejich plisobeni.

V této praci prezentujeme syntézu, fyzikalné-chemickou charakterizaci a in vivo biologickou
aktivitu polymernich konjugatd kombinujicich ucinek 1é¢iv dexamethason (DEX) a

doxorubicin (DOX), vazanych na HPMA kopolymerni nosi¢ v kombinaci nebo samostatng.

Vysledky a diskuse:

Syntéza polymernich konjugati kombinujicich G¢inek obou 1éCiv je tiikrokova. V prvnim
kroku byl pfipraven polymerni nosi¢ radikélovou roztokovou kopolymerizaci monomeri
HPMA a 6-(methakryloylamino)hexanoylhydrazidu (Ma-ah-NHNH,) iniciovanou 2,2’-
azobisisobutyronitrilem. Nasledn¢ byl DOX navdzan hydrazonovou vazbou pifimo na
polymerni nosi¢ reakci ketoskupiny na uhliku C13 1é¢iva s hydrazidovou skupinou HPMA
kopolymeru. Posledni krok zahrnoval esterifikaci primarni hydroxylové skupiny DEX
kyselinou 4-(2-oxopropyl)benzoovou (OPB), tim byla zavedena do struktury DEX reaktivni
ketoskupina a tento derivat DEX pak byl navdzan na hydrazidové skupiny polymerniho

nosice, obdobn¢ jako DOX.
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Polymerni nosi¢ i jeho konjugaty s 1éCivy byly charakterizovany stanovenim molarni
hmotnosti a hydrodynamického poloméru (Ry). Molarni hmotnost polymerniho nosic¢e byla
27000 g/mol a R, 4,3 nm. Molarni hmotnost vSech pfipravenych polymernich konjugétii
s jednim nebo se dvéma léCivy byla pod prahem rendlni filtrace (pro kopolymery HPMA
50 000g/mol), coz znamena, ze po splnéni své funkce v téle mohou byt moci bez problému
vylouceny. Ry, polymernich konjugati se pohyboval v rozmezi od 4,7 do 7,7 nm v zévislosti

na mnozstvi a typu navazanych 1éciv.

Testy hydrolytické stability provadéné v pufru pii pH 7,4, modelujicim prostfedi krve,
prokazaly, ze vSechny pfipravené polymerni konjugaty, s jednim nebo dvéma 1éCivy, jsou
v tomto prostfedi pomérné stabilni a neuvoliuji vyznamné mnozstvi 1é¢iva. Na druhou
stranu, v pufru o pH 5, modelujicim prostfedi endosomil a lysosomli nddorovych bunék, se
z polymernich konjugati obsahujici DOX a/nebo DEX-OPB uvolnilo béhem 24 h cca 90 %
lé¢iva. Navazanim obou 1éCiv, DOX a DEX-OPB, na jeden polymerni nosi¢ nedoslo k

vyznamnému ovlivnéni rychlosti uvolilovani ani jednoho z navazanych 1é¢iv.

In vivo testy protinddorové aktivity byly provedeny na mySich modelech B bunééného
lymfomu (sensitivhim na DEX) a kontrolnim T bunééném lymfomu (rezistentnim na DEX).
Mys$im byly podany polymerni konjugaty, ve kterych byla 1é¢iva DOX a DEX navazana
v poméru 1,5:1 a 1:1 a dale také smés dvou polymernich konjugat obsahujicich vzdy jedno
1é¢ivo. VSechny uvedené konjugaty, jak s kombinaci obou 1€Civ, tak smés dvou konjugatti se
samostatné vazanym lé¢ivem, prokdzaly synergicky uc¢inek piilécbé mysSiho B bunééného
lymfomu. Zatimco polymerni konjugéaty nesouci pouze jedno 1éCivo nebyly u tohoto typu
nadoru ucinné, kombinovana 1écba dokdzala laboratorni zvirata vylécit. Pii obdobné 16¢bé T-

bunécného lymfomu nebyl synergicky ucinek 1é¢iv prokazan.

Vramci studia moZznosti cileného smérovani 1éciv do pevnych nddort byl piipraven
vysokomolekularni hvézdicovy polymerni nosi¢, u kterého jsme ocekéavali zvySenou
akumulaci v pevnych nadorech diky EPR efektu. Hvézdicovy polymerni nosi¢ byl pfipraven
reakci koncovych thiazolidin-2-thionovych skupin semitelechelického HPMA kopolymeru
s aminoskupinami poly(amidoamin)ového dendrimeru. Néslednou vazbou DOX a DEX-OPB
byl ziskdn roubovany polymerni konjugit s molekulovou hmotnosti 200 000 g/mol.
V soucasné dobé provadéné testy uvolilovani 1éCiv z tohoto hvézdicového polymerniho

konjugatu budou také prezentovany v tomto piispévku.
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Obr. 1: Schéma struktury polymerniho konjugatu na bazi HPMA kombinujiciho G¢inek 1é¢iv

DOX a DEX.
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Hybridni kopolymery kombinujici vlastnosti syntetickych a piirodnich makromolekul patii
mezi materialy, které jsou velmi atraktivni zejména pro riizné biolékaiské aplikace. Pfipojeni
biologicky aktivniho proteinu (protilatky ¢i jejiho fragmentu, enzymu, apod.) k syntetickému
hydrofilnimu polymernimu nosici biologicky aktivnich molekul skytd fadu vyhod. Zpravidla
zlepsuje farmakokinetiku proteinu, prodluzuje dobu cirkulace v krvi, potlacuje nezadouci
imunogenicitu, zpomaluje proteolytickou degradaci nebo zvySuje akumulaci polymerniho
lé¢iva v nadorové tkani. Bohuzel, kovalentni vazba bilkovin na polymery je vétSinou malo
selektivni (dochézi k reakci na vice funkcnich skupinach proteinu), coz vede ke Spatné
definovanym smésim produktd sriznou mirou biologické aktivity. Presné definovana
struktura konjugétu je vysoce zadouci jak pro zachovani maximalni biologické aktivity
produktu, tak 1 zhlediska pfipadného schvalovani nového IéCiva pro klinické pouziti.
Moznym feSenim je nekovalentni, le¢ zcela specifickd vazba, zaloZend na interakci dvou
peptidii ¢i proteind. V této praci jsme vyuzili ,coiled coil* strukturniho motivu jako

univerzalni spojky pro vazbu biologicky aktivnich proteinii na polymerni nosice.

Za timto ucelem jsme navrhli, pfipravili a charakterizovali peptidy slozené¢ z 21 nebo 28
aminokyselin, které ve vodném roztoku vytvareji ,,coiled coil* heterodimery slozené ze dvou
antiparalelnich a-helixd. Pomoci cirkuldrniho dichroismu (CD) jsme ukazali, ze zatimco
jednotlivé peptidy zaujimaji konformaci nahodného klubka, CD spektra jejich ekvimolarni
smesi odpovidaji ,,coiled coil* usporadani. Studované peptidy obsahuji tfi nebo Ctyfi opakujici
se heptddy VAALEKE (peptid E) a VAALKEK (peptid K). Na N-konec peptidu byla
navazéana 5-azidopentanova kyselina ptes kratkou poly(ethylenglykolovou) spojku. Koncova
azidova skupina byla uspésné vyuzita pro vazbu peptidu E k syntetickému kopolymeru

nesoucimu propargylové skupiny pomoci tzv. ,click“ chemie. Rekombinantni DNA
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technologii pfipraveny scFv fragment protilatky nesouci druhou , komplementarni® ,,coiled
coil“ peptidovou sekvenci byl takto nekovalentné, le¢ zcela definované, navazan ke
kopolymeru za vzniku ,,coiled coil” heterodimer. Tento postup pfedstavuje zcela novy a

nedestruktivni zptsob piipravy polymernich konjugatt s biologicky aktivnimi proteiny.
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Fig. 1 CD spektra peptidd E, K a jejich ekvimolarni smési pfi koncentraci 0.2 g/L ve
fosfatovém pufru ptfi pH 7.4. Minimum pii 222 nm ukazuje na vznik a-helixu. Pomér

molarnich elipticit ®@2,/@x5 blizky jedné je typicky pro ,,coiled coil* uspotradani.

Prace vznikla za finanéni podpory Grantové agentury Ceské republiky, grant 203/08/0543 a
Ministerstva $kolstvi, mladeZe a t&lovychovy Ceské republiky, grant IM4635608802.
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Diabetes is a hormone deficiency disease, characterized by hyperglycemia, as a consequence
of population aging, diet, obesity, decreased physical activity, stress and other factors. It is
currently considered as an epidemic disease, with estimation more than 350 millions patients
woldwide in the year 2030. In type 1 diabetes, the pancreas does not produce insuline and the
blood glucose cannot enter to the cells to be used for energy. In type 2 diabetes, either the
pancreas does not produce sufficient amount of insuline, or the body is not able to use it
correctly. There are several ways in diabetes treatment. One possibility is encapsulated
pancreatic islets transplantation, which can continuously regulate the blood glucose levels in a
diabetic recipient and has the potencial to restore glucose homeostasis in the host without

systematic immunosuppression.

Surface properties (elemental and molecular composition; functional groups; charge type and
charge density; topography; roughness; presence of defects) of polymeric microcapsules seem
to play an essential role in regard to their in vivo performance and can be investigated by
various methods (XPS; ATR-FTIR; microFTIR; ToF-SIMS; zeta potencial; polyelectrolytic
titration; AFM; CLSM; and others).” These properties influence the key characteristics of

microcapsules represented by biocompability, stability and membrane transport properties.
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Figure 1: Optical microscopy

image of PMCG microcapsule.

In this contribution we will discuss the determination of various surface properties of
microcapsules (Figure 1) known under the name ,,PMCG* following the abbreviation of used
polycation (poly(methylene-co-guanidine)hydrochlorid). This type of microcapsules
represents a multilayer system, which is based on polyelectrolyte complexation between
polyanion (sodium alginate and cellulose sulfate) and polycation PMCG solution. PMCG

microcapsules have been currently testing in the pre-clinical trials in non-human primates.

We will present the data from the molecular composition study using FTIR (ATR-FTIR and
microFTIR modes) to obtain information about the components presented at the surface of a
microcapsule.” We will report about the determination of charge type and charge density by
polyelectrolyte titration technique. Knowledge about the surface charge type in this case is
very important because remaining positive charge may initiate the inflammantory reactions in
the host organism. Such data have been shown to be predictive for the interactions of a
biomaterial with the surrounding tissue. The investigation of surface roughness and
topography by AFM (depending on the use of some type of detergent by microcapsules
preparation) will also be discussed. AFM measurements can be used to define the optimum
preparation conditions to minimize the surface inhomogeneities introduced by the
microencapsulation process.’ The AFM data will be corelated with visualisation of penetration
of the polyanionic drops into the polycation solution and microcapsule shape recovery using

the high-speed camera.

This work was supported by the Scientific Grant Agency of the Ministry of Education of
Slovak Republic under the Grant VEGA No. 2/0152/10, The Chicago Diabetes Project, an
international effort for a functional cure for diabetes, and by the Slovak Research and

Development Agency under contract No. APVV-51-033205.

40



L-11

PROPAGATION KINETICS FOR FREE RADICAL POLYMERIZATION OF N-
VINYLPYRROLIDONE IN AQUEOUS AND ORGANIC SOLUTIONS

L. Usiova,” 1. Lacik,* D. Chorvat Jr.*°

* Polymer Institute of the Slovak Academy of Sciences, Dubravska cesta 9, 845 41
Bratislava 45, Slovak Republic
e-mail: lucia.ucnova@savba.sk, igor.lacik@savba.sk

b International Laser Centre, llkovicova 3, 841 04 Bratislava 4, Slovak Republic

Industrial polymers are primarily prepared by free radical polymerization. The availability of
accurate propagation rate coefficients is necessary in order to understand the polymerization
process with respect to both mechanism and kinetics of polymerization. The rate coefficients
are used to simulate the polymerization process as well as the molecular weight distribution of
the final polymer products. The propagation rate coefficient, k,, is the most important one,
which knowledge leads to understanding of the propagation kinetics and helps to derive other
rate coefficients from the coupled parameters (termination and transfer). The situation
associated with the lack of information about accurate rate coefficients for free radical
polymerization has been improved after employing the pulsed-laser-assisted techniques [1].
Benchmark 4, values were obtained by applying the IUPAC recommended method for &,
determination, PLP-SEC (pulsed laser polymerizations associated with size exclusion

chromatography) [2].

Recently, this technique has been used for determination of &, of water-soluble monomers in
aqueous solution. Water is a specific solvent which exhibits different types of strong
interactions. Hydrogen bonding, electrostatic, dipole and hydrophobic interactions need to be
considered in describing the kinetics and mechanism of polymerization in the aqueous phase.
Methacrylic acid (MAA) [3, 4] and N-vinyl pyrrolidone (NVP) [5] have been identified as

model monomers for studies into the propagation kinetics in the aqueous phase.

This contribution will focus on N-vinylpyrrolidone (NVP). NVP and p(NVP) are due to their
chemical character soluble in water as well as in all conventional solvents. This feature can be
used to compare the solvent effects reflected in the k, dependence on monomer concentration
(solvent effects) in aqueous phase vs. organic solutions with different chemical character:

butanol (BuOH), butylacetate (BuAc), N-ethylpyrrolidone (NEP), N-ethylformamide (NEF)
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and isopropylacetate (iPAc). Characteristics of used organic solvents in terms of their

interactions are summarized in Tab. 1 .

Tab. 1 Structure and basic characteristics of used solvents in term of interactions

solvent formula interactions
H,C CH, OH '
butanol BuOH \CH2 \CHZ/ polar, protic
9 polar, aprotic,
c CH, _CH, o
butylacetate BuAc Hsc/ o \cl;H precipitant for
CHs poly(NVP)
CH, CH, nonpolar, aprotic,
| |
isopropylacetate iPAc c CH precipitant for
O/ \O/ \CH3
poly(NVP)
) HSC_?HQ polar, aprotic + dipolar
N-ethylpyrrolidone | NEP oM ‘ _
{7/ interactions
Necthvlf " NEF ﬁ o polar, protic + dipolar
-ethylformamide 2
H/ \NH/ “CH, interactions

The significant effect of monomer concentration on k, values was observed only for
polymerizations carried out in BuOH solutions due to the presence of the hydrogen bonding
interactions. However, the solvent effect in BuOH (a decrease between polymerization in
dilute and bulk systems) is about 10-times lower than in case of water used as a solvent. For
other organic solvents, the k, stays approximately constant in the entire monomer
concentration range. The Arrhenius parameters determined as a function of monomer
concentration for different solvents enable us to discuss the effect of interactions of used

solvents on the obtained &, values.

In addition, aqueous phase polymerizations of NVP in the presence of salt were carried out to

demonstrate the effect of ionic strength on &, values.

This work was supported by Scientific Grant Agency of the Ministry of Education of Slovak
Republic under the contract No. 2/0152/10 and by the Slovak Research and Development
Agency under the contract No. APVV-51-037905 and BASF AG Ludwigshafen.
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Sodium alginate (SA) is a linear polysaccharide extracted from brown algae or bacteria. SA is
composed of mannuronic (M) and guluronic (G) monomeric units arranged in homopolymer
blocks or blocks of alternating M and G units. The structure of SA depends on the type of

source and tissue, age and growth conditions.

Three-dimensional hydrogel networks are formed from SA in the presence of divalent cations
(e.g. Ca*" or Ba®") [1]. The mild conditions of gelling process are advantageous for using SA
hydrogels in the biology-oriented applications. Although vast information about the SA
hydrogel formation for various applications exists, a further work is needed toward the

flexibility in shape variability (beads, thin layers, thicker slabs, fibres, rods etc).

Nowadays, two basic principles are known for SA hydrogel preparation, i.e. internal [2] and
external [1] gelling methods. Internal gelation is based on dissolving of CaCOj particles (as a
source of Ca”" ions) dispersed in SA solution upon lowering the pH value. This type of
gelation is most often used for preparation of SA hydrogels of planar, cylindrical and
spherical geometries. An external gelling is based on diffusion of dissociated divalent cations
from external environment into the SA solution. The gelling process begins immediately after
the mutual exposure of these two phases. In this case, a bead is the most typical geometry.
The external gelling is not common for formation of SA hydrogels of planar geometry due to
the fact that fast exposure of SA solution by solution of divalent cations results in an

uncontrolled shape distortion.

This contribution deals with preparation of planar hydrogels by external gelling method. The
external gelling in formation of planar SA hydrogels introduces advantages over the internal
gelling process represented by physiological pH and the absence of CaCO; particles not
always completely disappearing after the gelling. The main idea of planar hydrogel
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preparation is in a controlled (low) rate of the SA exposure to divalent cations, which avoids
shape deformation during the gelling process. This was achieved by spraying the solution of
gelling cations onto the SA solution in a mold of required geometry. To our best knowledge,
such a control over the SA exposure to gelling cations was used only for preparation of o few
micrometers thin SA layers [3], while in our case thicker slabs of controlled thickness
(hundreds of micrometers to a few millimeters) is made that allows for a safe immobilization

of proteins or living cells in a desired planar shape.

The effect of following parameters on SA hydrogel properties was investigated: SA
composition, molecular weight and concentration, CaCl, concentration and flow rate, time of
exposure, the presence of small electrolyte (NaCl) in solutions. Prepared SA hydrogels were
analyzed in terms of mechanical properties by deformation in compression, dimensional
stability, optical properties, permeability and spatial distribution of SA. The properties of SA
hydrogels prepared by external gelling are comparable with the properties of internally gelled
SA hydrogels. Interestingly, the externally gelled SA hydrogels exhibit significantly lower
syneresis. Overall these results demonstrate that this newly developed methodology provides
the externally gelled SA hydrogels suitable for immobilization of biological species, which in

some applications may be considered to replace the internally gelled SA hydrogels.
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The cathodic electropolymerization of different acrylic monomers allows for grafting of thin
polymer films onto conducting substrates. This opens the possibility for immobilization of various

types of polymers on the surfaces.

Electrografting 1s a relatively new and powerful technique used for modification of
electroconductive surfaces with organic material." Electrografting is an electro- initiated process
which requires a charged electrode.™” It is based on direct initiation via electron transfer to a
monomer which forms a radical anion.* The cathodic electrografting of different monomers, for
example various methacrylates and acrylates, allows for formation of thin polymer films, which
are generally insulating, highly adherent and optically transparent. The unique feature of this
technique 1s in controlling the density, polymer chain length and, by selection of monomers,
chemical character of the polymer layer attached to a surface. A very stable polymer/metal
interface produced by the cathodic electrografting is due to formation of metal-carbon chemical
bonds.* The immobilization of (meth)acrylic monomers allows for special properties to be
imparted to the surface depending on the ester substituent. Electrografting is thus very suitable for
covalent attachment of various polymers onto the electroconductive surfaces. They can exhibit
required properties without or after the appropriate chemical modification. The substrates
modified by electrografted polymer films find applications in corrosion protection, surface

functionalization and anti-bacterial and non-fouling properties.

Electrografting of poly(2-(dimethylamino)ethyl methacrylate) onto electro- conductive surface
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and subsequent modification to N-(3-sulfopropyl)-N- (methacryloxyethyl)-N,N-dimethyl
ammonium betaine (poly(SBDMA)) (Scheme 1) leads to the zwitterionic groups known for their
non-biofouling properties.” The electrografting of 2-(dimethylamino)ethyl methacrylate was
performed in three cycles and thin polymer films were formed on electroconductive surfaces
(stainless steel and gold). Poly(SBDMA) films were characterized by infrared spectroscopy in
reflectance mode to verify the presence and modification of films, which was further confirmed
by XPS experiments by detection of N on the surface of the film. /n vitro tests with adhesion of
RAT-2 fibroblast cells onto surface and non-specific protein binding with fluorescently labelled
proteins analyzed by confocal laser scanning microscopy confirmed the reduced biofouling of the

formed sulfobetaine layers.

E.
R o
O '

O,
N 070~ -
| I
O_\\\{’(:]
5SS
‘ O
b 1] n
0O (§) s
\/\N/ O U\\/\NT

Scheme 1: (a) Electrografiing of poly(DMAEMA) onto electroconductive surface and (b)
modification to (poly(SBDMA))
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Nizke hodnoty povrchovej energie a zl¢ adhézne vlastnosti iPP mézu byt’ vyznamne zvysSené
pouzitim rozli¢nych metdd povrchovej upravy. VyssSia povrchova energia je nevyhnutnd pre
techniky ako je lepenie alebo potlacanie. Jednou z najvyznamnejSich metdd na zvySenie

povrchovej energie je modifikacia daného povrchu plazmovym vybojom [1,2,3].

Povrch izotaktického polypropylénu (iPP) bol modifikovany pomocou dielektrického
povrchového koplanarneho bariérového vyboja (DSCBD) [4]. Zistil sa vyznamny vzrast
polarity plazmou modifikovaného polyméru, ako aj plazmou modifikované¢ho a nasledne
oc¢kovaného polyméru, pricom posobenim plazmového vyboja sa na povrchu polyméru
vytvorila vrstva zlozena z polarnych kyslikatych zlticenin [5,6]. Stabilita tejto vrstvy bola
podrobend ucinku zmesi metylalkoholu a vody, pricom sa zaznamenal pokles povrchovej
energie, naymd v dosledku zniZenia jej polarnej zlozky. Oc¢kovanie iPP malo za nasledok

zvysenie stability povrchovej upravy oboch polymérov.

Vyhodnotenim vysledkov z experimentalnych merani tykajacich sa zvySenia pevnosti
adhéznych spojov v odlupovani iPP ku polarnejSiemu materialu, resp. polyakrylatu sa potvrdil
fakt, Ze modifikécia plazmou pozitivne vplyva na hodnoty odlupovacej sily bez ovplyvnenia

mechanickych vlastnosti polymérov.

Bolo dokéazané, ze ucinkom plazmy dochadza k vyznamnym fyzikdlnym a morfologickym
zmenam modifikovanych povrchovych vrstiev iPP. Tieto zmeny zahfiaji zvySenie drsnosti
povrchu, ¢o sa prejavilo pri vyhodnoteni modifikovanych polymérnych povrchov skenovacou
elektronovou mikroskopiou (SEM) a mikroskopiou atomovych sil (AFM). Skumanie
chemickych zmien iPP potvrdilo predpoklad, ze vplyvom plazmy nedochédza len k fyzikalno
- morfologickym zmenam v dosledku deStrukcie polymérnych retazcov v povrchovych
vrstvach, ale aj k zmene chemického zloZenia povrchovej vrstvy v dosledku prebiehajucich

oxida¢nych procesov.
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Meraniami pomocou elektronovej paramagnetickej rezonancie (EPR) bol v plazmou
modifikovanych vzorkach potvrdeny vznik — v prvom kroku — alkylovych radikalov. Pri
pdsobeni plazmového vyboja uskuto¢neného za pritomnosti kyslika, PP radikaly prechadzali
na peroxylové radikdly. Z nich sa prenosom H tvoria reaktivne medziprodukty — najmi
hydroperoxidy. Tieto pdsobenim Ziarenia, resp. zvysenej teploty prechadzaji na stabilnejSie

oxida¢né produkty — karbonyly, karboxylové kyseliny, estery a pod.

Chemické zmeny plazmou modifikovaného iPP boli okrem infraCervenej spektroskopie
s Fourierovou transformaciou (FTIR ATR) detegované aj citlivejSou rontgenovou
fotoelektronovou spektroskopiou (XPS), kde sa z atomarneho hl'adiska dekonvoluciou XPS
spektier potvrdila pritomnost’ novovytvorenych funkénych skupin prislichajiacich pouzitému

plazmovému plynu a ockovacej latke.
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Abstract

Medical-grade polyvinyl chloride was modified through a novel physicochemical approach
(1). An initial surface activation was performed using diffuse coplanar surface barrier
discharge plasma in air at ambient temperature and pressure. Then, radical graft
copolymerization of acrylic acid through grafting-from pathway was directed to render a
well-defined brush of high density, and finally chitosan monolayer and chitosan/pectin
alternating multilayer were bound onto the functionalized surfaces. Surface characteristics
were systematically investigated using several probe techniques. In vitro bacterial adhesion
and biofilm formation assays indicated incapability of single chitosan layer in hindering the
adhesion of Staphylococcus aureus bacterial strain, while up to 30% reduction was achieved
by chitosan/pectin layered assembly. On the other hand, chitosan and chitosan/pectin
multilayer could retard Escherichia coli adhesion by 50% and 20%, respectively.
Furthermore, plasma treated and graft copolymerized samples were also found effective to

diminish the adherence degree of Escherichia coli.
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Polyméry na baze 2-oxazolinov mozno pripravit’ kationovou polymerizaciou prebiehajicou
zivym mechanizmom s pouzitim réznych elektrofilnych inicidtorov, napriklad alkyl
halogenidov, esterov sulfonovych kyselin, silnych minerdlnych kyselin a pod. [1]. Patria
medzi materidly s vysokou biokompatibilitou a maju vyuzitie v biomedicinskych aplikaciach,
ako napriklad v transporte a uvolfiovani lieCiv, génovom inZinierstve, membranovych

technologidch alebo v biokatalyze [2].

V niektorych bioaplikaciach sa vyzaduji amfifilné vlastnosti navrhovanych polymérov, ktoré
sa vyuziju pri tvorbe miceldrnych Castic [3]. Prikladom je vyuzitie blokovych kopolymérov
obsahujucich 2-oxazolinové a laktidové segmenty na kontrolovany transport a uvolfiovanie
lie¢iv [4]. Do tejto skupiny patria aj polyméry s termosenzitivhymi vlastnostami. Druha
skupina polymérov s potencidlnym vyuzitim v biomedicinskych vedach obsahuje funkéné
skupiny schopné biokonjugécie srdznymi biosubstanciami. Ako priklad mozno uviest

bielkoviny, sacharidy a polysacharidy, plazmidy a pod.

Ciel'om naSej prace bola priprava amfifilnych kopolymérov obsahujuce polarne a nepolérne
segmenty vyuzitim alifatickych a aromatickych 2-oxazolinov obsahujlicich vol'né funkéné

skupiny (Schéma 1)
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Schéma 1. Priprava statistickych kopolymérov z alifatického a aromatického 2-oxazolinu.

Vsetky kopolymerizacie sa robili v bloku alebo v roztokoch N,N-dimetylacetamidu. Doba
polymerizéacie bola zavisla od pouZitych monomérov a pouzitého média. Struktura a zloZenie

pripravenych kopolymérov sa zistilo pomocou NMR a FTIR spektroskopie.

Pripravené kopolyméry predstavuju termosenzitivne materidly s mozZnostou nastavenia
teploty fazového prechodu (LCST). LCST je mozné ovplyvnit’ vyberom monoméru, zlozenim
kopolyméru alebo pridanim aditiv. Polyméry s termosenzitivnymi vlastnostami mozno vyuzit’
v cielenom uvolnovani lieCiv, v katalyze alebo v riadenej adhézii (zmena povrchovych

vlastnosti zmenou teploty).

Dal§imi dolezitymi charakteristikami pripravenych kopolymérov su ich cytotoxicita
a imunologické vlastnosti. Za tymto Gcelom bol kopolymér AEOX10 obsahujtci 10 mol. %
2-(4-aminofenylovej) skupiny testovany Standardnou MTT metodou a taktiez sledovany
vplyv uvedeného polyméru na cinnost buniek imunitného systému. Zistilo sa, Ze ani
koncentracia 5 mg/ml, ktora vysoko prevySuje davky pouzivané vo farmakolégii,
neovplyvnila proliferaciu a rast buniek. To znaci, Ze boli zistené takmer 100 % hodnoty

prezivania buniek fibroblastov RAT-2 v porovnani s kontrolou (Obr.1).
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Obr.1. Hodnoty viability buniek Fibroblastov RAT-2 zistené pomocou MTT testu pre
kopolymér AEOX10 (koncentracia v DMEM médiu bola 0.5 mg/ml), pricom PVA bol

pouzity ako pozitivna kontrola a PEI ako negativna kontrola.

Taktiez sa zistil Statisticky zanedbatelny vplyv testovaného kopolyméru na metabolicku
a fagocytarnu aktivitu makrofagov, ktoré predstavuju reprezentantov slizni¢éného imunitného
systému. Kopolyméry obsahujuce aminoskupinu boli nasledne pouzit¢é na pripravu

biokonjugatov obsahujucich protein (BSA) a polysacharid (dLPS).
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Nékteré polymery, vcetné poly(N-isopropylmethakrylamidu) (PIPMAm), vykazuji ve
vodnych roztocich dolni kritickou rozpoustéci teplotu (LCST), tj jsou rozpustné pfi nizSich
teplotach, ale zahtati nad LCST vede k fazové separaci. Na molekularni urovni je fazova
separace makroskopickym projevem ptechodu klubko-globule, po némZz nasleduje dalsi
agregace vedouci ke vzniku tzv. mesoglobuli. V této praci jsme ke studiu fazové separace
v roztocich statistickych  kopolymerd poly(N-isopropylmethakrylamid — akrylamid)
[PAPMAmM/AAm)] vyuzili '"H NMR spektroskopii v kombinaci s dynamickou kalorimetri
(DSC).

Studovany byly roztoky v D,0, a ve smésnych rozpoustédlech D,O/etanol a D,O/aceton. U
kopolymerti, kde obsah AAm jednotek neptevysoval 16 mol%, vedla fazova separace a tvorba
mesoglobuli k markantnimu snizeni pohyblivosti vétSiny IPMAm jednotek a to do té miry, ze
odpovidajici NMR signaly unikaly detekci v NMR spektrech vysokého rozliseni [1]. Rostouci
obsah hydrofilnich AAm-jednotek v kopolymeru posouva prechod smérem do vyssich teplot,
roz$ifuje jej a redukuje maximalni hodnotu podilu IPMAm jednotek se snizenou pohyblivosti.
U roztoki ve smésich D,O/etanol byl ve srovnani s D,O roztokem v nékterych piipadech
pozorovan i posun piechodu do nizsich teplot, zptisobeny tzv. kononsolvenci. Na rozdil od
IPMAm-jednotek jsou prakticky v§echny AAm-jednotky piimo detegovany v NMR spektrech
studovanych systémii i pfi teplotach nad fdzovym prechodem. Tyto vysledky ukazuji, Ze
v kopolymernich mesoglobulich existuji oblasti s hydratovanymi, a tudiz pohyblivymi AAm-
sekvencemi a sousednimi IPMAm-sekvencemi, zatimco vétSina IPMAm-sekvenci je
dehydratovana a jejich pohyblivost je podstatné snizena. V souladu s témito vysledky jsou i
vysledky DSC méfeni, ze kterych vyplyva, ze hodnoty zmény entalpie a entropie souvisejici s
fazovym ptechodem (vztazené na 1 g kopolymeru) pomérné rychle klesaji s rostoucim

obsahem AAm-jednotek v kopolymeru. Z teplotnich zavislosti NMR relaxacnich dob (spin-
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miizkové relaxacni doby 7 a spin-spinové relaxacni doby 73) vody (molekuly HDO) v D,O
roztocich P(IPMAmM/AAm) (99/1) a PIPMAm vyplyva, ze ¢ast molekul vody je vazana
v mesoglobulich. Mnozstvi védzané vody je pfitom vétsi u mesoglobuli tvofenych
kopolymernimi fetézci. Ve srovnani s mesoglobulemi homopolymeru PIPMAm jsou

kopolymerni mesoglobule zfejmé vice porovité a méné kompaktni.

Podékovani: Autoti dékuji za podporu GA CR (projekt 202/09/1281) a MSMT CR (projekt
SVV-2010-261305).
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Polyimidy jsou polymery s fadou mimofadnych uzitnych vlastnosti. Zachovavaji si
mechanickou, chemickou a dielektrickou stabilitu v Sirokém teplotnim rozmezi, ptiblizné -
150 az 200 °C. Nachazeji uplatnéni zejména v (mikro)elektronice, leteckém pramyslu,

vyzkumu kosmu a v posledni dob¢ i jako polymerni membrany pro separacni procesy [1].

Vysoce vétvené polyimidy (VVPI) teoreticky nabizeji spojeni vSestranné odolnosti polyimidi
s vlastnostmi vysoce vétvenych polymertd danych jejich jedine¢nou strukturou. Usporadani
fetézcli vytvari, podle vysledkli pocitaCovych simulaci, pfedpoklad pro vznik otevienych a
ptistupnych kavit velikosti desetin nanometru. Jejich pfitomnost by ovlivnila volny objem a
tudiz 1 vlastnosti na ném zavisle, napf. (mimo jiné) transport plyni skrze membrany na bazi

téchto polyimidi [2].

Pomérné progresivni, Casto i neocekavané vlastnosti mtize finalni polymerni materidl ziskat
v piipad¢, Ze k polymerni matrici pfidan anorganicky podil ve formé aditiva o rozmérech
v fadu nanometrii [3]. Jednim ztakovych materidll, ktery je bezproblémové a levné
k dispozici, je oxid kiemicity (SiO;). Jedna se o latku s vysokou termickou odolnosti, nizkym

koeficientem teplotni roztaznosti a zanedbatelnou sorpci vody.

Jako wvstupni komponenty byly pro piipravu prekurzoru VVPI — vysoce vétvené
polyamidkarboxylové kyseliny (VVPAKK) — pouzity dianhydrid 4,4 -oxydi(ftalanhydrid)
(ODPA) a triamin 4,4",4" -triaminotrifenylmethan (MTA). Monomery pro pfipravu
polyimidové slozky byly pouzity v moldrnim poméru 1 : 1 takze kone¢ny produkt byl

terminovan aminoskupinami (obr. 1) [4,5].
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Obr. 1. Ptiprava vysoce vétveného polyimidu

Jako modifikacni slozka byly pouzity komeréné dostupné typy SiO, (mesoporezni a SiO;
s velikosti Castic 5 — 15 nm). Anorganickd faze byla priddvand ve stddiu rozpousténi
monomerd nebo k jiz pfipravenému prekurzoru. Byly pfipraveny materialy s obsahem SiO; az

15 hm%.

U pfipravenych materidlti byla sledovana termické stabilita metodou termické gravimetrie a
teplota skelného piechodu pomoci dynamicko - mechanické analyzy v zavislosti na obsahu
modifika¢ni slozky. Termooxidac¢ni stabilita a teplota skelného piechodu v zasad¢ klesaji pii

téchto nizkych obsazich s mnozstvim anorganické slozky.

U materiali byly stanoveny koeficienty propustnosti pro vodik, kyslik, dusik, oxid uhli¢ity a
methan. Bylo zji§téno, Ze na koeficient propustnosti ma vliv mnozstvi oxidu kfemicitého
v materidlu. VSechny pfipravené materidly vykazuji vysokou selektivitu Oy/N;, CO,/CHa,

H,/CHa4, avsak ptevazné klesajici s mnozstvim anorganické faze v materialech.

[1] Sroog C.E.: Prog. Polym. Sci. 16, 561 (1991)

[2] Fang J., Kita., Okamoto K.: J. Polymer Sci. 182, 245 (2001).

[3] Suzuki T., Yamada Y.: Polym. Bull. 53, 139 (2005)

[4] Sysel P., Minko E., Cechova R.: e-Polymer no.81 (2009)

[5] Friess K., Sysel P., Minko E., Hauf M., Vopicka O., Hynek V., Pilnacek K., gipek M.:
Desalination and Water Treatment 14, 165 (2010).

Tato prace byla podpofena GA CR (104/09/1357) a vyzkumnym zamérem MSM

(6046137302) a spolu financovana z ucelové podpory na specificky vysokoskolsky vyzkum
(MSMT ¢&. 21/2010-011(A1) a 21/2010-013(A2)).

57



L-19

PROPERTIES AND OPTO-MECHANICAL ACTUATION OF MULTIWALL
CARBON NANOTUBE/ELASTOMERIC COMPOSITES

K. Czanikové, I. Krupa, M. Micusik, M. Omastova

Polymer Institute, Slovak Academy of Sciences, 845 41 Bratislava 45, Slovakia,
e-mail: upolklcz@savba.sk

Carbon black- and carbon fibre-filled conducive polymeric composites have found numerous
applications in aerospace industries and in modern electrical components and devices [1]. The
main problem associated with the production of a conductive polymer composite is to obtain
reproducible conductivity, since electrical conductivity and mechanical properties are strongly
affected by the type of conductive additive, its state of dispersion, the extent of conductive
fibre breakage during processing and various processing conditions. New type of electrically
conductive fillers - carbon nanotubes (CNT) have drawn tremendous attention due to their
extraordinary electrical, mechanical and thermal properties. Their incorporation into polymers
can have a significant positive effect on various properties of the host matrix like the thermal,
electrical, mechanical, etc [2]. One of the major reasons for the preparation of polymer/CNT
composites is the production of conductive materials capable to fulfil several commercial
applications such as electrostatic dissipation, electromagnetic shielding, and resistivity
sensors. Sufficiently high conductivity levels can be obtained at very low filler contents due
to the high aspect ratio (length to diameter ratio) of CNT, which can be as high as 1000.

The purpose of the 7 FP project NOMS (Nano-Optical Mechanical Systems) is to build
a visual-aid tablet for visually impaired people which may be attached to computers, I-Pods,
mobile phones, etc. The aim of the NOMS project is to fabricate microsystems capable of
light-induced mechanical actuation. Nano-optical mechanical actuation based on nanotube-
enriched polymeric materials is a much sought-after technology. Proper optical actuation is
based on a reversible (equilibrium) shape-memory effect at the molecular level. In this shape-
memory effect, the actuation is caused by individual tubes in polymer-carbon composite
responding to IR light. The special feature of actuation process in carbon nanotube
composites is the equilibrium (fully reversible) nature of the effect, which is a great advantage
over most shape-memory systems that only have a one-way actuation [3,4]. The output of the
NOMS project will be a proof of concept system that demonstrates integrated carbon
nanotube/photoactive polymer (CNT/PAPs) in a microsystem display, providing high tactile
resolution and interfacing to a PC. The proposed tablet will be truly portable, robust, wireless,
and fast.
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In this work different polymeric nanocomposites with CNT as nanofiller were synthesized by
using a solution mixing technique or by melt mixing using DSM Xplore Micro Compounder.
For preparation of the composites we used to two types of elastomeric matrices, KRATON D-
KX605N (Shell Company, France) linear block copolymer styrene-isoprene and
LEVAPRENS500 (LANXESS Deutschland GmbH) ethylene-vinyl acetate copolymer. In our
work three different types of CNT fillers have been used for preparation of composite
materials, multiwalled CNT a) produced by Nanostructured Amorphous Materials, Inc. b)
Nanocyl® 7000 produced by Nanocyl S.A., and aligned multiwalled carbon nanotubes
(MWCNT) produced by Carbon NT&F 2I°. Non-covalent modification of CNT was carried
out with the special synthesized surfactant 1-octadecylpyrene. Pyrene unit should attach to
surface of CNT. The second modification was direct covalent modification of MWCNT for
purpose to prepare 4-(2-cholesteryloxycarboxy)ethyl)phenyl MWCNT-chol. The cholesteryl
moiety should be preferentially incorporated into the polyisoprene part of KRATON block
copolymer. The surface chemical composition and after modification of MWCNT were
studied by X-ray photoelectron spectroscopy Prepared composites were crosslinking with the
curing agent dilauroyl peroxide. The composites were characterized first by electrical
conductivity measurements. The dispersion of MWCNT nanofiller in the polymer matrix has
been investigated by scanning electron microscopy. Study of mechanical properties and

rheological measurements will be also discussed.
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EPOXIDOVE KOMPOZICE VHODNE PRO IDENTIFIKACNI TELISKA VYBUSIN
M.Veéefal, L. Prokﬁpekl, L. Svobodal, M. Stancl?

" Univerzita Pardubice, FCHT, UChTML, Oddéleni syntetickych polymerii, vidken a textilni
chemie, e-mail: miroslav.vecera@upce.cz

? Vyzkumny vistav priimyslové chemie, Explosia, a.s., Pardubice

V poslednich desetiletich bylo syntetizovano né¢kolik tisic novych polymerti se snahou
pfipravit materialy s vy$§imi odolnostmi ke zvySené teploté. Potvrdilo se, Ze jedina cesta vede
pres materidly s tuhymi fetézci tvofenymi aromatickymi a nebo heterocyklickymi strukturami,
které vykazuji velkou resonanci a proto i velkou vazebni energii. Materidly tvofené takzvanou
zebtickovou strukturou pak vykazuji asi dosud nejvyssi odolnosti vici teploté. V poslednich
letech se na trhu objevily nové typy pryskyfic, jejichz funkéni skupiny tvoii skupina —O-CN.
Tyto kyanatanové skupiny jsou vazany na fenol-formaldehydovém novolakovém skeletu.
Tento prepolymer dava na svych funk¢nich skupinach charakteristické reakce jako zakladni

kyselina isokyanata.

Touto cyklomeracni reakci vznikaji 1,3,5 triazinové struktury. Reakci epoxidové pryskyftice a
pryskyfici s kyanatovymi funkénimi skupinami vznika trojrozmérnéd polymerni sit’ obsahujici
jednak 1,3,5 triazinové kruhy a dale pak oxazolinové cykly. Spojovaci ¢lanky mezi témito
uzly sité tvori pak prvky bis-fenoxy-2,2propylenové od struktury epoxidové pryskyftice a dale
bis-metylen-fenoxidové od struktury novolakového zakladu kyanatanové pryskyfice.
Vysledna struktura sité vykazuje dobrou odolnost vii¢i vysoké teploté, horni hranice odolnosti

pak zéavisi na pouzitelném pomeéru epoxid : kyanatanu a typu pouzitych pryskyfic.
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Tyto kompozice se jevi jako velmi vhodné pro pouziti jako pojiva pro IT, nejen svymi

tepelnymi vlastnostmi, snadnosti zpracovani, variabilitou (volba typu EP a pomér slozek) a

dobrou misitelnosti s plnivy.

Bylo pfipraveno 5 ruznych syst¢émi CHS EPOXY 520 — epoxidovd nizkomolekularni
pryskyfice dianového typu (slozka A) a PRIMASET PT 15 — kyanatova pryskyfice (slozka B)
v pomérech 1:1; 1:1,5; 1:2; 1:2,5 a 1:3. Homogenizace byla provadéna 20 minut pfi 80 °C.
Poté byl u pfipravenych smési stanoven epoxidovy ekvivalent (EE/kg) a viskozita dle

Hépplera pii 25 °C (mPa.s).

Nasledné byl do smési pfidan oktoat kobaltu (50ppm na slozku B) a smés byla potfadné
promichdna. Byly odlity vzorky do silikonové formy na méfeni DMA. Poté byly téliska
dotvrzena podle vytvrzovaciho rezimu: 2h/80 °C, 2h/120 °C, 1h/140 °C, 1h/160 °C a 14 h/180
°C. Rezim vytvrzovani byl ziskan na zaklad¢ dfive provedené optimalizace vytvrzovacich
podminek. Ve studii jsme se zaméfili na prozkoumani vlastnosti vybranych, specidlnich typa
kyanatovych a epoxidovych pryskyfic, v kombinaci s vhodnymi tvrdidly. Byl prozkouman a
optimalizovan rezim tepelného vytvrzeni obou typil pryskyfic tak, aby byla sladéna vhodna
zpracovatelnost a vysoka tepelna odolnost vytvrzenych pryskyftic [1].

U piipravenych télisek byla zmétena dynamicka termomechanické analyza (DMA). Vysledky

méteni jsou shrnuty v tabulce 1.

Tab.1: Vysledky méfeni u jednotlivych ptipravenych systémi.

systém (A:B) EE/kg N2s °c (mPa.s) T, (°C) T, (°C)

1:1 2,59 7006,9 191,7 222,0

1:1,5 2,12 6426,9 197,5 2337

1:2 1,79 6121,3 195,1 235,7
1:2,5 1,52 5886,1 - -

1:3 1,33 8229.,6 185,4 248.2
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Charakteristicka teplota T, je korespondujici s teplotou skelného prechodu T,. Z tabulky
vyplyva, Ze srostoucim obsahem kyanatové pryskyfice tato teplota znatelné stoupa.

Pouzitelné pro néasledné miseni se smésmi oxidii kovll jsou vSechny vybrané poméry
pryskyfic.

Jako pigmenty, z nichz byly pfipraveny homogenizaci identifika¢ni smési, byly vybrany:
CuO, ZnO, MnO,, MgO, PbO a praskové Zelezo. U jednotlivych pigmenti byla zmétena
velikost a distribuce ¢astic.

Na zaklad¢ vysledkit méfeni velikosti ¢astic byla nasledné provedena ptiprava identifikacnich
smési o rizném slozeni pigmentt. Smési byly pfipraveny homogenizaci na sit¢ 50 pum. Po
homogenizaci bylo provedeno analytické stanoveni ptfesné¢ho slozeni smési, stanoveni
homogenity jednotlivych vzorkd a nasledné zapracovani do pfipravenych pryskyficnych

pojiv.

1. L. Svoboda, M. Vecera, L. Prokipek, M. Stancl: 61 ZJAZD CHEMIKOV, Chem Zi
5/9, str.89.

Tato prace vznikla za podpory grantu FR — T11/125.
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STUDIUM VLIVU AKRYLATOVYCH DISPERZI NA VLASTNOSTI A
STRUKTURU EPOXIDOVYCH PRYSKYRIC
L. Prokiipek, M. Veceta, L. Svoboda, R. Chudomsky
Univerzita Pardubice, FCHT, UChTML, Oddéleni syntetickych polymerii, vidken a textilni
chemie, lubos.prokupek@upce.cz

Prace se zabyva vlivem modifikace epoxidovych pryskytic (EP) pomoci akrylatovych core-shell
kopolymerti na vlastnosti a jejich strukturu. Byla pfipravena fada Sesti akrylatovych disperzi emulzni
polymeraci s riznym sloZzenim komonomert (Tab. 1). Byla provedena jejich charakterizace (pH,
susSina, viskozita a velikost Castic). Zastoupeni jednotlivych akrylatovych monomeri v jadru (core)
bylo ve vSech systémech shodné, v obalu (shell) se ménilo slozeni a pomér pouzitych monomerd
(butylakrylat — BA, methylmethakrylat — MMA, glycidylmethakrylat — GMA, kyselina akrylova — KA
a allylmethakrylat - AMA).

Tabulka 1.: Hmotnostni zastoupeni monomeri pro ptipravu core-shell ¢astic.

Monomer | Core Shell 1 Shell 2 Shell 3 Shell 4 Shell 5 Shell 6
(2 (2) (2 (2) (8) (2 (2
BA 57,5 90,0 67,5 45,0 22,5 - 50,0
MMA 40,0 - 22,5 45,0 67,5 90,0 50,0
KA 1,5 - - - - - -
AMA 1,0 - - - - - -
GMA - 10,0 10,0 10,0 10,0 10,0 -

Vodné disperze byly kombinovany s vodnym epoxidovym systémem CHS EPOXY 200 V55 ve
ctyfech rtuznych koncentracich (5, 10, 15 a 20%). U filmG byla zméfena DMA (dynamicka
mechanicka analyza), pevnost v tahu a vlastnosti lomu pomoci elektronového mikroskopie (SEM).
Systém Shell 1 byl proméfen u dvou zpisobd vytvrzeni: 1. zpasob: 24 hod/lab. T a 4 hod/80 °C; 2.
zpusob: 24 hod/lab. T, 2 hod/40 °C, 2 hod/60°C a 2hod/80°C. Ostatni systémy byly vytvrzeny pouze
zplsobem ¢. 2. Mez pevnosti klesa u vétSiny pfipadt s rostouci koncentraci jednotlivych akrylati
v systému (Obr. 1), nejvyssich hodnot dosahuje u samotné EP. Dale dochazi k poklesu meze pevnosti
se snizujicim se mnozstvim MMA v shellu. Taznost s pfidavkem akrylatovych disperzi stoupa, coz

dokazuje, ze ptidavek akrylatové disperze do EP ma za nésledek snizeni kiehkosti.
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Zavislost meze pevnosti na obsahu nanocastic
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Obr. 1: Graf zavislosti meze pevnosti na obsahu nanocastic.

Ze snimkt SEM vyplyva, ze u samotné CHS Epoxy 200 V55 je prubéh lomu odlisny. Trhliny jsou
dlouhé, nepteruSované a jejich pocet neni vyrazny. U dalSich vzorkt je patrna pfitomnost nanocastic,
které rozrusuji trhlinu na mnoho drobnych trhlinek. U vzorkt Shell 4 a 5 (vy3$8i obsah MMA nez BA)
lze vidét delsi trhliny, které jsou husté vedle sebe (Obr. 2).

(@) (c)
Obr. 2: Snimky SEM: (a) CHS EPOXY 200 V55, (b) Shell 3 (10%) a (c) Shell 5 (10%). ZvétSeni

10 000x.

Dale byly pfipraveny jemné prasky vysuSenim disperze a naslednym rozemletim na kulovém mlynu
nebo pomoci rozpraSovaci suSarny. Pripravené prasky byly charakterizovany stanovenim velikosti
¢astic a pomoci SEM. Procesem suseni jsou velikosti ¢astic prasku vyrazné vyssi (v rozmezi 23,9—
56,6 um) nez u samotnych vodnych disperzi (vrozmezi 143,9-174,5 nm). Aglomeraty ¢astic
pripravenych pomoci rozprasovaci susarny maji kulovity tvar, kdezto aglomeraty pfipravené kulovym
mlynem maji ,,stiipkovity* tvar, velikost aglomeratd ma S$irSi distribuci u velikosti aglomeratd

pripravenych mletim oproti vysuSeni na rozpraSovaci susarn¢.
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Ptipravené prasky byly kombinovany s CHS EPOXY 520 ve ctyfech riznych koncentracich (5, 10, 15
a 20 %). Vzorky Shell 4 (15 %) a Shell 5 (10 %) byly pfipraveny s piidavkem a bez ptidavku
smacedla (BYK 333). U vzorkl byl stanoven extrahovatelny podil, obsah epoxidovych skupin (EE)

v extraktu, pevnost v tahu a vlastnosti lomu pomoci SEM.

Z vysledkt vyplyva, ze extrahovatelny podil je u vSech vzorkid velmi nepatrny. EE je téméf nulovy,
coz znamena, Ze doslo k Giplnému zreagovani a jednotlivé nanocastice jsou dobfe zakomponovany do
sité. Mez pevnosti klesa s rostouci koncentraci jednotlivych nanocastic v systému (Obr.3) a nejvyssich
hodnot je dosazeno u samotné EP. Vyrazny pokles meze pevnosti nastava u vzorkl bez smacedla.
Taznost s ptidavkem akrylatovych disperzi oproti predpokladim klesa, coz je pravdépodobné
zptusobeno velikosti vytvofenych aglomeratd. Taznost u vzorki bez smacedla je podstatné niZsi.

Pomér monomertl v systémech nevykazuje zadné vyrazné zavislosti v tahovych vlastnostech.

Zavislost meze pevnosti na obsahu nano¢astic
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Obr. 3: Graf zavislosti meze pevnosti na obsahu nanocastic.

Z obrazki lomu télisek je patrné, ze homogenizaci doslo k rovnomémné prostorové distribuci
aglomerati ¢astic v matrici EP, nedoslo vSak k rozruseni aglomeratd castic v pryskyfici, coz je
pravdépodobné¢ zpiisobeno typem kopolymeru bez vnitiniho zesiténi. V predeslych vyzkumech
s vniting zesiténymi kopolymery bylo dosazeno velikosti aglomeratd max. do 15 pum. Velikost
aglomeratu ma zasadni vliv na mechanické vlastnosti pfipraveného kompozitu. Proto je nutné se

v dal$im vyzkumu zaméfit na zlepsSeni technologie ptipravy praskt a nasledné dispergace do EP.

Tato prace vznikla za podpory grantu MSM 0021627501.

65



L-22

DEPENDENCE OF COALESCENCE TIME OF ELIPSOID VISCOUS PARTICLES
ON SYSTEM CHARACTERISTICS

J. Jiiza, I. Fortelny, B. Dimzoski, M. Slouf

Institute of Macromolecular Chemistry AS CR, v. v. i., Heyrovského nam. 2, 162 06 Praha 6,
Czech Republic

In previous works, coalescence of spherical particles of viscous liquid in viscous matrix was
studied [1]. In the last paper [2], we dealt with growth of coalescent particles of ellipsoid
shape. This communication focuses on particular problem, dependence of coalescence time on

particle elongation and system mechanical properties.

We consider system of rotation ellipsoids with main semiaxis a=cR, where R is radius of the
sphere with the same volume (equivalent sphere). Ellipsoids are located in a simple cubic

lattice.

The particles growth in time is described [1] by an equation d R/d ¢t = R/3t., in which ¢,
denotes the coalescence time. As this we understand the time of decrease the average distance
between particles to its critical value 4, .

The volume fraction of dispersed phase is ¢. The initial average

distance between particle centres is d =n™'° = (4_”

1/3
R . The ratio of
3¢

average distance of nearest surfaces </> (hy in the initial state) to the

radius of equivalent sphere is function of ¢ and elongation ¢ (¢ in the

initial state):

ol 55

The change of distance between particles in described model system is determined on the one
hand by van der Waals forces quanitified by Hamaker constant 4, on the other hand by
particle relaxation into round shape characterised by relaxation time 7 and driven by
interfacial tension o [3-5]. The effect of forces is damped by the viscosities of drops #4 and

matrix #m.
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The speed of approaching is described by an equation [2]:

) KR(co—l) ,/,{ 2 }
4 g, Rhg( - \/7 ) 3 3fey—1)e 1]

where the first term describes approaching of particle centres, the second one the relaxation

into round shape. The function g reflecting the system geometry is explained in refs [1-2] as
well as the K factor expressing the correction for random distribution of sphere centres in the

cell of the lattice.

The following pictures show course of interparticle surface distance from the initial state to
attaining practically spherical drop shape for different relaxation time. The remaining average

time till drop merging was computed by the analytical formula for spherical particles [1-2].
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The course of particle approaching does not change its ~ The dependence on relaxation time (and therefore on
shape with most characteristics, but only speed and interfacial tension), on drop volume fraction and

therefore the resulting coalescence time. elongation is different, the maximum can occur.

The competition between contributions of shape relaxation and drops attraction by van der
Waals forces leads to non-monotony dependence of drop distance on time for shorter

relaxation times.
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The graph shows how the course of

average distance between surfaces

changes sharply for slightly differing
relaxation times, when influences of van
der Waals forces and of shape relaxation

are in balance. If relaxation term

predominates only slightly, relaxation
process quickly becomes dominant and

approaching becomes markedly longer.

For real systems, particles relax into spherical shape yet sooner than their deformation is able

to affect the coalescence process. This means that even slight decrease in relaxation time

causes huge increase in the coalescence time. However, the coalescence time does not exceed

the time for spherical particles of the same volume and concentration and thus the same

distance between particle centres.

This work was supported by the grant of GA AVCR 1AA200500903.
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Corresponding address: Dusan.Berek@savba.sk

Many modern polymeric materials exhibit multiple distributions of their molecular characteristics,
which are molar mass, chemical structure and/or physical architecture. These are called complex
polymers and to this group belong various copolymers, functional polymers, stereoregular polymers,
etc. Blends of complex polymers with other macromolecular substance(s) are denoted complex
polymer systems. Comprehensive molecular characterization of complex polymers and complex
polymer systems represents an analytical challenge. As a rule, polymer sample must be separated in

order to determine its molecular characteristics.

The most widely used method for separation and molecular characterization of simple polymers, size
exclusion chromatography, SEC alone cannot be used for direct exact molecular characterization of
complex polymers. SEC separates macromolecules according to their size in solution, which depends
not only on molar mass but also on other molecular characteristics of polymers to be characterized.
The situation with complex polymer systems is even more complicated. SEC is unable to discriminate
macromolecules of distinct composition or architecture that possess similar size in solution. Due to its
limited separation selectivity and low detection sensitivity, SEC cannot discriminate complex polymer
systems that contain minor (<1%) macromolecular constituents - even if their molecular sizes well
differ from those of major constituent. These are reasons why novel methods for polymer separation

are looked for.

Recently a group of liquid chromatographic methods was developed for separation of constituents of
multicomponent, complex polymer systems; its generic name is Liquid Chromatography under
Limiting Conditions of Enthalpic Interactions, LC LC. LC LC utilizes the pronounced difference
between elution rate of separated macromolecules and small molecules of the mobile phase
components from the column packed by porous particles. Fully or partially pore-excluded
macromolecules tend to elute rapidly, while low-molecular eluent components permeate most column
packing pores and their elution rate is low. Appropriately chosen low-molecular substances promote

enthalpic interactions of macromolecules within column; adsorption, enthalpic partition or
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precipitation. When transported in front of sample, the interaction promoting substance may create a
slowly eluting barrier, which selectively decelerates elution of certain kinds of macromolecules. The
process of deceleration does not depend on molar mass of polymer subjected. In this way,
macromolecules of distinct interactivity (due to different chemical composition or physical
architecture) can be efficiently and rapidly mutually separated irrespectively of their molar mass and
molar mass distribution. The most appropriate LC LC approach utilizes adsorption retention
mechanism and the barrier is formed by a narrow zone of adsorption promoting liquid, an adsorli. It is
called liquid chromatography under limiting conditions of desorption, LC LCD. LC LCD exhibits
large separation selectivity and sample capacity. Consequently, even minor constituents <<1% can be
easily processed. Moreover, sample recovery in LC LCD - which is often problematic with other LC
methods that combine exclusion and interaction retention mechanisms - is generally very high. LC

LCD rapidly produces base-line separated fractions. This is an important benefit of LC LCD.

The important progress in the field brought two-dimensional liquid chromatography, 2D-LC. 2D-LC is
a powerful tool for molecular characterization of complex polymer systems. It enables independent
assessment of two distributions of molecular characteristics. Constituents of complex polymer systems
are stepwise separated in two independent LC systems. So far the most successful is the approach, in
which the constituents of complex polymer system are separated according to their chemical structure
(composition) or physical architecture in the first, /-d column, while the molar mass effect is
suppressed. The LC LCD method represents appropriate first step in the comprehensive molecular
characterization of complex polymer systems that contain distinct kinds of macromolecules. The
fractions thus obtained are forwarded into the 2-d column, usually to an SEC column for separation
according to molecular size, molar mass. Often, only the part of peaks with the highest concentration
from 1-d column is processed in 2-d column. This approach is designated the heart-cut method. 1f
sample exhibits continuous distribution of one molecular characteristic, the 1-d column creates a broad
peak. This is cut into series of fractions, which are transferred into the 2-d column. Three techniques
are widely used to transfer entire sample from 1-d to 2-d column in comprehensive 2D-LC of synthetic
polymers, namely off-line, stop-and-go, and on-line procedures. The off-line 2D-LC scheme entails
collecting the fractions from the 1-d column and re-injecting them individually. The collected fractions
can be manipulated, for example re-concentrated, and reacted but there is mixing within each fraction
and also a danger of contamination of fractions. The stop-and-go 2D-LC procedure assumes
interruption of elution in the 1-d column. The flow of mobile phase is paused until the second-
dimension separation is completed. During that time, the zone of analyte in the 1-d column is
broadened by diffusion within the interparticular volume of mobile phase. However, diffusion of
macromolecules is slow within a densely packed bed of small particles and the stop-and-go approach
can give good results. The on-line 2D-LC often requires that second-dimension separation of

particular fraction be accomplished in the time span needed for accumulation of the next fraction from
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the 1-d column. The first-dimension separation must be slow and the second-dimension separation
fast. If the 2-d column is size exclusion chromatography, the high-speed SEC procedure must be
applied. The entire 2D-LC separation is slow and solvent consumption is large. One eight-port two-
way valve provided can be used for sample transfer between 1-d and 2-d columns. Procedure can be at
least partially automated. Combination of LC LCD with SEC does not suffer from the above
drawback. Entire fractions leaving LC LCD column can be on-line forwarded into the SEC column.
Sample can be injected into LC LCD column several times applying appropriate concentrations just

needed for detection and analysis of particular fraction.

The experimental features of LC LCD method will be discussed in this presentation. Selected
experimental results will be shown of two-dimensional LC LCD x SEC separation of parent

homopolymers from diblock copolymers.

Ul

Vr (LC LCD)

Figure: Two-dimensional LC LCD x SEC separation of a diblock copolymer that contains both parent
homopolymers. Non — adsorbing homopolymer (a) was eluted in SEC mode. The adsorbed
homopolymer (c¢) and block copolymer (b) were eluted in LC LCD mode. Selected fractions from LC
LCD column were transferred into SEC column for three successive independent analyses. The

undesired fractions were discarded.

Keywords: two-dimensional liquid chromatography; multi-component polymer systems; block

copolymers; liquid chromatography under limiting conditions of enthalpic interactions
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Molecular characteristics of polymers largely affect utility properties of macromolecular
substances. Presently, methods of high performance liquid chromatography, HPLC represent
the most important tool for molecular characterization of synthetic polymers. Mean molar
masses and molar mass distributions of linear and branched synthetic homopolymers are
easily determined by size exclusion chromatography, SEC called also gel permeation
chromatography, GPC. SEC is also widely used for separation of various natural polymers
and for the purification of complex samples before further analyses. The method is fast,
simple, rather cheap, and well repeatable. Sample consumption for analytical purposes is
small. As the valuable by-products, several other data can be assessed with SEC, such as
limiting viscosity numbers, (intrinsic viscosities), constants of viscosity law, information on
aggregation and association, as well as on real sizes of macromolecules in solution, diffusion
rates of macromolecules in porous bodies, - and even characteristics of preferential solvation
of polymers in mixed solvents. Evidently, usefulness of SEC is enormous and the method
substantially affected the progress in science and technology of macromolecular substances.
SEC practically fully substituted numerous classical methods of separation and molecular
characterization of macromolecules such as the solubility based fractionation, static light
scattering, both vapor pressure and membrane osmometries, ebulliometry and cryometry,
diffusion measurements, ultracentrifugation, and in part even conventional viscometry.
Unfortunately SEC is often used improperly because several phenomena that can badly affect
the quality of results are unknown, underestimated, overlooked, or deliberately ignored by
many users of the method. Likewise, the SEC results are inadvertently or intentionally
misinterpreted and the method is sometimes even misused to support the incorrect
conclusions. In many laboratories, obsolete instruments are under use though new generation
of moderately priced precise SEC instrumentation is available. Recent progress in SEC
includes improved instrumental hardware, especially pumps, detectors and columns, as well
as the data processing software. High sample throughput of the ultra fast SEC allows
acceleration of analyses down to few minutes. This is especially important in combinatorial
material chemistry and in polymer production control. High-temperature SEC instruments
allow molecular characterization of poorly soluble polymers such as for example polyolefins.

Still, further improvements of the SEC method are needed, which include not only
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instrumentation but also standardization of sample preparation, measurement, and data
processing. Concerning the SEC measurement proper, the columns should be periodically
recalibrated because they may continuously change their both pore size and interactivity due
to irreversible retention of fractions of previously injected samples. Altered pore sizes affect

retention volumes and consequently, the calculated molar mass values.

As a rule, SEC exhibits excellent short term intra-laboratory repeatability, which evokes a
notion of high reliability of results. Recent series of the round robin tests, however, revealed
surprisingly poor inter-laboratory reproducibility of SEC data. Molar masses and molar mass
averages of identical samples of homopolymers measured in particular laboratories exhibited
large disparities, readily several hundred percent and in an extreme case even 2,000 %(!).
Evidently, accuracy of many SEC results may be rather limited. SEC exhibits low separation
selectivity. This means that the constituents of complex polymer systems such as polymer
blends cannot be separated if their molar masses are not substantially different. The SEC
chromatograms are often bell shaped and/or exhibit bulges, while nature of non-discriminated
sample constituents remains undisclosed. Separation and molecular characterization of minor
(<1% and often already <10%) constituents of complex polymer systems with help of SEC is
generally impossible - even if molar masses of minorities substantially differ from those of
major constituents. This is not only a result of insufficient selectivity of SEC separation but
also a consequence of low sensitivity of common SEC detectors and of limited sample
capacity of method. If the injected sample concentration is increased so that the minor
constituent(s) could be monitored, the peaks of major constituent(s) become extensively

broadened and they usually overlap, “swallow” the peaks of minor constituent(s).

The practical aspects of SEC, its strong and weak features will be discussed. Shortages,
problems and inadequate applications will be elucidated in detail from the practical point of
view - with the aim to furnish essential information to those SEC users who may want to
ameliorate quality of their results and who may need explanation of some unexpected
outcomes of their measurements. Selected practical hints for improvement of both precision

and accuracy of the SEC results will be included.

In most cases, SEC does not enable precise molecular characterization of complex polymers,
which possess more than one distribution in their molecular characteristics. Typically,
complex polymers such as polymer mixtures, copolymers, and functional polymers exhibit
besides MMD also distribution in their chemical structure (composition), while e.g.
stereoregular polymer species show also molecular architecture distribution. To assess
multiple distributions in molecular characteristics of complex polymers, new HPLC
procedures are developed. These employ controlled combinations of entropic (exclusion) and
enthalpic (interaction) retention mechanisms of macromolecules - either within the same

HPLC column or in a series of independent separation systems. The corresponding
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approaches are denoted “coupled polymer HPLC” and “two-, or multi-dimensional polymer
HPLC”, respectively. The aim of coupling of retention mechanisms in polymer HPLC is
either to suppress or to enhance effect of one molecular characteristic so that mutual
interference of two molecular characteristics can be neglected. Exclusion retention
mechanism of SEC is mainly based on the penalty of conformational entropy of
macromolecules upon their selective pore permeation, while enthalpy driven retention
mechanisms employ energetic interactions between macromolecules, column packing and
mobile phase. These lead to adsorption, enthalpic partition (absorption), as well as phase
separation of macromolecules and may include also ionic effects. The adsorption and
enthalpic partition processes are commonly applied in coupled methods of polymer HPLC.
Presently, the most important representatives of coupled methods of polymer HPLC are liquid
chromatography under critical conditions of enthalpic interactions, LC CC, liquid
chromatography under limiting conditions of enthalpic interactions, LC LC, eluent gradient
polymer liquid chromatography, EG LC, and temperature gradient polymer liquid
chromatography, TGIC. Principles of above methods will be briefly elucidated with emphasis
on their strong and weak sides and on prospects of their wide application in molecular

characterization of complex polymers and complex polymer systems.

Recent development in detailed molecular characterization of complex polymers and complex
polymer systems represent two-dimensional separation procedures of polymer HPLC, denoted
2D-LC. 2D-LC separate polymer samples in two steps. Two different chromatographic
systems (columns, eluents, temperature) are applied. First LC system employs above
mentioned “coupled” approach. Polymer sample is separated exclusively or at least
presumably according to one molecular characteristic. The fractions from the first column are
on-line transported into the second column, where macromolecules are separated according to
molecular characteristic, which was suppressed in the first column. With advantage, this is
molar mass of sample. Consequently, SEC is the usual second- dimension separation method.
In this way, the comprehensive molecular characterization of complex polymer can be
achieved. Peculiarities of two-dimensional polymer HPLC procedures, and their advantages,
benefits and limits will be outlined, together with the anticipated future developments in this
field.

Acknowledgement: This work was supported by the Slovak Grant Agencies APVV (Project
0592-07) and VEGA (Project 2/071/09).
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chemie

V mnohych ptipadech je tieba znacit vyrobky tak, aby text, eventuelné logo, ¢i ¢arkovy kod
byl Citelny po celou dobu Zivotnosti plastového dilu, nebo aby nebylo mozno popis setfit
(odrit). Tyto pozadavky jsou kladeny na Stitky, které oznacuji hospodarska zvitata (souvislost
s BSE), dobu exspirace 1é€iv na plastovém obalu, ¢arkovy kod na plastové foliové etiketé, ¢i
znaceni nékterych plastovych dilti v automobilovém nebo elektrotechnickém primyslu. To je

vycet jen n€kolika aplikaci, které jsou v posledni dobé pozadovany.

VétSina plasti sama o sob¢ na zaklad¢ svych vlastnosti (amorfni a krystalicka struktura)
neposkytuje pii expozici laserovym paprskem dobré vysledky. Byla proto vyvinuta aditiva,
ktera podporuji ostrost laserem exponovanych a vzniklych ¢ar ¢i obrazct. Gabriel-Chemie
Group ma s vyvojem a aplikacemi ,,LASERADITIV® zkuSenosti a mize po zakazniky

nabidnout aditiva pro Siroké spektrum aplikaci a pro razné polymery.

Znaceni laserem je ve své podstaté nevratnd zména povrchu plastu, kterd vznika vypalenim
¢ary, nebo obrazce laserovym paprskem. Bez pouziti aditiv obvykle dochézi k nasledujicim

efektim (obr. 1).

Pruchod paprsku Nekontrolovana Vzpénéni
karbonizace

y U J

&= @

Obr.1: Efekt pokusu znaceni plastu bez pouziti laser aditiva
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Pfi nizsich az stfednich vykonech laseru paprsek projde transparentnim plastem bez efektu.
Pti vysSich vykonech dochazi zpravidla k nekontrolovatelné karbonizaci povrchu plastu (efekt
cerny) a ke vzpeénéni plastu (efekt svétly). Obvykle nelze oba efekty oddélit, ale vhodnym
aditivem preferovat karbonizaci — a to kontrolovan¢ v misté dopadu paprsku - nebo vzpénéni.

Jelikoz ptisobi oba efekty soucasné, je pouzivan termin tmavé a svétlé znaceni.

Tmavé znaceni s pouziti aditiva vznikd tak, Ze aditivum na sebe koncentruje laserovy
paprsek a karbonizace vznikd pouze v misté dopadu paprsku. Polymer byva karbonizovan

v zavislosti na intenzité¢ paprsku do hloubky 80 az 150 um a nad povrch vystupuje cca do

Svétlé znaceni s pouZitim aditiva vznikne napénénim vlivem rychlého vyvoje plynu

10 pm.

v roztaveném povrchu plastu. Zasah do plastu pod jeho povrch byva obvykle 50 az 70 pum.
Nad povrch vystupuje péna vétSinou 20 az 40 pum.

Kvalita znaceni (kontrast a jas) vzdy zavisi na polymernim podkladu a jeho zabarveni.
Obecné lze konstatovat, Ze tmavé znaceni na bilych a svétlych pastelovych barvach splituje
pozadavky jak technického znaceni (¢arkovy kod), tak i grafického popisu. Svétlé znaceni na
tmavych podkladech obvykle také dobfe splni pozadavky technického i grafického popisu.
Svétlé znaceni pastelovych barev a naopak tmavé znaceni sytych tmavsich odstini vSak jiz
obvykle neposkytuje tak dobry kontrast, aby mohl byt znac¢en napi. ¢arkovy kod, protoze je

notné vychazet z rozliSovaci schopnosti ¢tecek ¢arkového kodu.

Pro nazornost uvadime piiklady aplikaci (obr. 2, 3).

Obr.2 - vlevo: klavesnice ovladani vahy — svétlé a tmavé znaceni na PA6

Obr.3 - vpravo: nadrzka brzdové kapaliny — tmavé znaceni na PP
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Postupné¢ se podafilo odstranit nevyhody v minulosti pouzivanych aditiv tak, aby byla jen
minimdlné ovlivnéna transparence Cistych polymerii a podafilo se vyznamné zvysit ostrost

hran znacenych car a obrazct.
Gabriel-Chemie Group je schopna dodat laser-aditiva, pro popis laserem typu Nd:YAG, ktery
je podle dostupnych zdrojii pro svoji flexibilitu pouzivan pro vétSinu aplikaci i pro znaceni

laserem typu CO:..

Prezentace byla piipravena s pouzitim firemni literatury a zdroju.
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Polymer Institute, Slovak Academy of Sciences, Dubravska cesta 9,
845 41 Bratislava, Slovakia
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The search for effective grafting methods of isotactic polypropylene (iPP) is already a fifty
years history'?. The aim of this effort is, in most cases, to suppress the nonpolar character of
iPP by attaching to it polar functional groups or chains. This has led to methodologies for
preparing multi-component polymer systems based on i1PP. Continued commercial
applications (e.g. in automotive industry) for modified iPP such as nanocomposites containing
dispersed nano-particles, supports the need for further development. Currently, the iPP
compatibilizer with highest efficiency in mixing with inorganic fillers, metal and polar

polymers is iPP grafted with maleic anhydride - MAN °.

This work is a continuation in our studies of grafting in the solid state *> for which we have
also tested the transfer of heat from a liquid medium (water) to the reacting solid iPP instead
of inert gas with some vapor of present monomer. The usual procedure for solid phase
grafting consists of a mixture of powdered iPP containing an adsorbed mixture of peroxide
and monomer in amorphous part of iPP particles, where the main reaction of grafting is
realized®. This represents a heterogeneous material, in which heat transfer is realized slowly.
Thermal equilibrium of the reaction mixture is reached very slowly. Therefore, in this study
we have used water as a heat transfer medium. The main aim of this study is to check the
possible role of water as heat transfer medium, to investigate the influence of alkyl chain in
the ester group of the series of methacrylic monomers on the efficiency of iPP chain grafting

and also on the hydrophilicity of the grafted iPP.

The samples of grafted iPP with three different concentrations of each type of MA monomer
(10, 20 and 30 wt%) relating to iPP and at constant concentration of peroxide 1.39x107
mol/100 g iPP in water medium were prepared. Methyl- (MMA), ethyl- (EMA), butyl-
(BMA), ethyl hexyl- (EHMA), and dodecyl (DMA) methacrylate were used as comonomers.

Because of the aqueous medium, the reaction temperature of iPP grafting was limited
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to <100 °C. 7 Half-lives of the used peroxide (tert-butyl peroxy-pivalate — TBPPI) was
chosen as sufficient time for complete peroxide decomposition. After elimination of alkyl-
methacrylate homopolymer from prepared samples grafted iPP films (thickness ca 0.1 mm)
were pressed. Pressed films of grafted iPP were scanned with a Nicolet Impact 400 Infrared
spectrometer with 32 scans and with differentiation 4 cm™. The ratio of carbonyl absorption
peak at wavelength 1730 cm™ and peak at wavelength 898 cm™ (Fig. 1) was calculated. DSC
measurements were done and the surface energy of grafted iPP copolymer was also

determined.
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Fig. 1 FTIR spectra of iPP grafted by different methacrylates

The content of corresponding polymethacrylate in grafted sample was determined from

calibration curve.

MA in reaction mixture [wt%]
Type of comonomer
10 20 | 30
Grafted methacrylate [wt%]

MMA 0.9 4.3 22.3

EMA 5.8 5.6 17.0

BMA 7.4 6.6 9.4

EHMA 3.5 7.4 13.0

DMA 13.4 19.6 29.5

Gel for polyDMA [wt%] 2.1 21.5 34.7

Table 1. Amount of methacrylate grafted onto iPP determined by FTIR spectroscopic method.
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We have found out that the grafting degree is not a simple function of the alkyl chain length
in MA monomer at grafting on iPP The highest influence on degree of grafting was observed
at conditions of the gel effect of MMA and EMA (at levels of 20 to 30 wt% of the monomer).
Grafting of iPP with DMA resulted in a partial crosslinking of the grafted polymer chains.

An increase of surface energy was found due to grafting of methacrylic monomer.

The highest polarity was achieved in the case of iPP grafted with MMA.
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Zwitterionic polymers represent a strongly developing class of polymers. They are based on
the electrically neutral monomer units that contain formal both positive and negative charges
on different atoms in a monomer molecule. Zwitterionic polymers are highly ionic and
biomimetic, which makes them suitable for designing the non-biofouling materials and

surfaces with unique physical and chemical properties [1].

The kinetics and mechanism of free-radical polymerization of this type of monomers is
insufficiently known [2] and effect of their zwitterionic nature on the polymerization should

be determinated. An adequate description requires the precise individual rate coefficients.

In this work, the propagation rate coefficient, k,, for free-radical polymerization of N-(3-
methacryloylaminopropyl]-N, N-dimethyl-N-(3-sulfopropyl)ammonium betaine 1 and N-(2-
methacryloyloxyetyl)-N, N-dimethyl-N-(3-sulfopropyl) ammonium betaine 2 (Figure 1) in
aqueous solution has been investigated via pulsed laser polymerization (PLP) in conjuction
with size-exclusion chromatography (SEC) [3]. There were determinated and characterized &,
values in dependency on concentration of monomers, ionic strength, temperature of
polymerization, polarity of environment and photoinitiators and based on the achieved results
it may ellucidate influence of polymerization condition on interactions monomer-polymer-
solvent and mechanism of polymerization reaction. Also the k, values for this monomer obey

the features seen for other ionized water soluble monomers [4].
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Figure 1: Chemical structures of 1 and 2

Application of zwitterionic polymers in solution and onto surface and as a matrix for protein
entrapment will be presented. Moreover, solution and surface properties of caged

polycarboxybetaine upon light trigger will be confered.

This work was supported by the Sixth Framework Program of the EU, IP-031867, P. Cezanne
and by the Scientific Grant Agency of the Ministry of Education of Slovak Republic under the
Grant VEGA No. 2/0152/10
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Uvod

Kopolymery na bazi N-(2-hydroxypropyl)methakrylamidu (HPMA) jsou casto pouzivany
jako polymerni prekurzory pti ptipravé vodorozpustnych polymernich konjugati s 1éCivy.
Konjugaty s protinddorovym Ié¢ivem doxorubicinem (Dox), navdzanym pH-senzitivni
hydrazonovou vazbou, prokazaly znacnou ucinnost pii 1écbé modelového néadorového
onemocnéni - mysiho EL4 lymfomu.' Protinddorova aktivita vyrazn& vzrostla pfi pouZiti
konjugati obsahujicich monoklonalni protilatky smérujici 1é¢ivo k nddorovym buiikam, nebo
je konjugét tvofen biodegradovatelnym vysokomolekularnim nosi¢em, vyuzivajicim tzv.
pasivniho smérovani 1éciva do pevnych nadort diky uplatnéni efektu zvysSené propustnosti
a zadrzovani (EPR efekt).? Podminka biodegradovatelnosti je nezbytnd pro zamezeni
dlouhodobé¢ nezddouci akumulace pouzitého polymeru v organizmu.

HPMA kopolymery byly dosud témét vyhradné ptipravovany béznou radikdlovou
polymeraci, vedouci k polydisperzitdm 1,7 — 2. V neddvné dobé ovSem byly publikovany
védecké clanky vénované fizené radikdlové RAFT polymeraci HPMA (ko)polymert. Jejich
prednosti je uzka distribuce molarnich hmotnosti a dobfe definovana struktura.?

V této prezentaci predstavujeme syntézu a fyzikalné-chemické vlastnosti dvou typi
polymernich 1é¢iv; (a) hvézdicovitych HPMA polymernich konjugati Dox smérovanych anti-
CD20 monoklonalni protilatkou k nddorovym buiikdm exprimujicim CD20 receptor, a nebo
(b) vysokomolekularnich konjugati biodegradovatelnych roubovanych HPMA kopolymeri
s Dox, urenych pro pasivni smérovani do pevnych nadorii. Cilem prace byla syntéza vyse
uvedenych vysoce uginnych polymernich protinadorovych 1é¢iv?, avsak nové s uzkou
distribuci molarnich hmotnosti a 1épe definovanou strukturou. Pfi této syntéze jsme jako
stavebni bloky pouzili rizné polymerni prekurzory - multivalentni ¢i semitelechelické HPMA

kopolymery ptipravené fizenou radikdlovou RAFT polymeraci.
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Vysledky a diskuze

Prvnim krokem syntézy polymernich prekurzor byla kopolymerace HPMA s komonomery,
které obsahovaly Boc skupinou chranéné hydrazidové ¢i primarni amino skupiny, a RAFT
pfenosovym Cinidlem obsahujicim dithiobenzoatovou skupinu. Chemickou modifikaci
koncové skupiny obsahujici siru byly pfipraveny semitelechelické kopolymery s koncovymi
primarnimi amino, maleimidovymi ¢i thiazolidin-2-thionovymi skupinami, s funk¢nosti
blizici se 1. Molarni hmotnost viech polymernich prekurzori se pohybovala kolem 3-10°%;
jejich polydisperzita ¢inila 1,1 — 1,2. Po odchranéni hydrazidovych skupin a vazbé Dox na
polymer hydrazonovou vazbou byly semitelechelické kopolymery nesouci koncové
maleimidové skupiny pouzity pfi pfipraveé konjugatu s anti-CD20 monoklonalni protilatkou.
Biodegradovatelny vysokomolekuldrni roubovany konjugat byl pfipraven aminolyzou
thiazolidin-2-thionovych koncovych skupin semitelechelického kopolymeru aminoskupinami
multivalentniho kopolymeru, nasledovanou odchranénim hydrazidovych skupin a vazb& Dox.
Konjugaty se vyznacCovaly dobtfe definovanou strukturou s tzkou distribuci molarnich
hmotnosti (pfiblizné 1,3) a pH-fizenym uvolnénim 1é¢iva (kolem 75 — 80 % Dox/ 9 h pii pH
5, 37°C; do 5 % Dox/ 9 h pii pH 7.4, 37°C). Vysokomolekularni struktura roubovaného
kopolymeru, obsahujiciho reduktivné degradovatelné disulfidové vazby, se rozpadla
v prostfedi modelujicim podminky v cytoplasmé béhem 24 h na polymerni fragmenty
vyloucitelné z organismu glomerularni filtraci ledvinami.

Dobfte definovana struktura a tizka distribuce molarnich hmotnosti ptipravenych polymernich
konjugatl s Dox, spolu s predchozimi vysledky in vivo testovani konjugiti s podobnou
strukturou, avsak se Sirokou distribuci, predur¢uji HPMA kopolymery k dal$Simu vyvoji jako

ucinné systémy pro cileny transport a fizené uvolnovani 1éciv.
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Uvod

Ftalocyaniny (Pcs) ' a jejich metaloderivaty jsou obvykle obecné pouzivany jako barviva,
pigmenty nebo jako materialy pro elektroniku a optoelektroniku. V neddvné dob¢ se derivaty
Pcs, napt. 4-karboxyfenylftalocyanin (CPPC), zacaly uplatiiovat i v jinych odétvich, a to pfi
1é¢bé rakovinnych onemocnéni jako potencidlni terapeutické c¢inidla (,,fotosensitizatory) pro
tzv. fotodynamickou terapii. Ta je zaloZzena na excitaci ,,fotosensitizatoru® svétlem o
specifické vinové délce generujici z molekularniho kysliku, pfitomného v tkanich, velmi
reaktivni singletovy kyslik, jehoZ reakce s okolnimi biomolekulami vede bud’ k apoptdze ¢i k

nekroze zasazenych bunék.

Vzhledem k tomu, ze pfi transportu 1é¢iv v biologickém prostiedi miize dochézet k jejich
predcasné degradaci ¢i k rychlému vyluovani z organismu, byl v naSem pitipadé¢ CPPC
zabudovan do bocniho fetézce biodegradovatelného vysokomolekularniho polymerniho
nosice. Cilem této modifikace bylo nejen prodlouzeni cirkulace 1é¢iva v organismu, ale také
zacileni l1é¢iva do pevné nadorové tkan¢ pomoci tzv. EPR efektu (Enhanced Permeability and

Retention effect).

Syntéza, fyzikalné-chemicka charakterizace a intracelularni degradace polymernich nosici
s reduktivné Stépitelnymi disulfidovymi vazbami na bazi PEG a pHPMA byla jiz popsana
diive™. V této praci predstavujeme multiblokovy vodorozpustny polymerni konjugat PEG-
cystinu s CPPC (obr.1). Tento polymer obsahuje ve struktufe hlavniho fetézce kromé
urethanové vazby, spojujici jednotlivé bloky PEG 2000 a cystinovou spojku, také reduktivné
degradovatelné S-S vazby mezi dvéma cysteinovymi zbytky, umoziujici po dopraveni a
zacileni CPPC konjugatu do mista uréeni naslednou degradaci polymerniho nosi¢e az na

ptvodni polymerni bloky (PEG 2000) a jejich vylouceni z organismu glomerulérni filtraci.
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Multiblokovy polymerni prekurzor (PEG 2000-cystin), byl pfipraven oxidacni
polykondenzaci jédem v kyselém prostredi (0,1M HCI). Molarni hmotnost uvedené¢ho
prekurzoru, M,, 43 000 a M,/M, 1.99, byla stanovena gelovou permeacni chromatografii
(SEC) s vyuzitim rozptylového detektoru. CPPC byl navdzan na volnou aminoskupinu
cysteinu pomoci amidové vazby a obsah CPPC 4,2 hm. % byl stanoven pomoci spektralnich
metod. Degradacni studie byly provadény pii 37 °C v médiich, modelujicich prostiedi
v organismu (nitrobunécné prostiedi, krevni fecisté, cytoplazma). K simulaci biologického
degradacniho prostiedi byly pouzity fosfatové pufry o pH 5,5 a 7,4, které odpovidaly pH
prostfedi uvnitt bunék a krevnimu fecisti. Reduktivni degradace byla provadéna opét ve
fosfatovém pufru (pH 5,5) sptridavkem fyziologické koncentrace ptirodniho tripeptidu
glutathionu (GSH ~ Glu-Cys-Gly), nachézejiciho se v cytoplazmé bunck. Po 48 h inkubaci
vzorku polymerniho konjugatu v uvedenych modelovych degradaénich médiich (fosfatové
pufry o pH 7,4 a 5,5) poklesla vlivem pH fizené hydrolyzy molarni hmotnost studovaného
polymerniho konjugatu M,, z ptivodnich 43 000 na 10 000 v ptipadé¢ pH 7,4 a na 5000
v ptipad€ pH 5,5. Naproti tomu Stépeni pomoci redukéniho ¢inidla GSH vedlo ke kompletni
degradaci polymeru az na ptivodni bloky PEG 2000 uz po 6-tihodinové inkubaci ve $tépicim
médiu. Biologické testovani tohoto systému pravé probihd ve spolupraci se zahrani¢nim

pracovistém.

(CH,),C

(CH,).C

3)3

Obr 1. Polymerni konjugat (PEG 2000-cystin), s CPPC
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Israel

Genova terapie se stdva jednou z nejintenzivnéji se rozvijejicich strategii vyzkumu vyvoje
novych 1é¢iv. Nabizi nejen kauzalni terapii jako konven¢ni medicina ale také moznou 1écbu
pfi¢iny onemocnéni. BohuZzel, volnd DNA, mRNA ¢i siRNA nejsou vhodné pro dopravu
genetického materidlu v in vivo systému kviili degradaci sérovymi nukleasami a malé
specifit¢ ulinku. Je proto nutné pouzit vhodny dopravni systém. Vyvoj bezpecného,
efektivniho a specifického virdlniho ¢i neviralniho vektoru genové informace je zakladnim
pfedpokladem uspésné genové terapie. Takovy vektor musi pfekonat mnoho piekazek,
zejména rychlou eliminaci vektoru =z krevniho feCisté zachycenim bunkami
retikuloendotelialniho systému a nespecifickymi interakcemi s buitkami imunitniho systému a
krevnimi proteiny béhem transportu k cilovym buitkam (/). Nutnost dopravy DNA az do
jaddra bunék se stala dal$i vyznamnou bariérou pro uspéSné pouziti polyelektrolytovych
komplexii (PEK) jako DNA vektorti, proto se v poslednich letech zacala intenzivné studovat
moznost pouziti sSiRNA ¢i mRNA, které sta¢i dopravit pouze do cytoplasmy bunék. siRNA
neboli silencing RNA umoziuje specifické utlumeni produkce urcitého proteinu tak, ze

v cytoplasmé specificky rozstépi ¢ast mRNA (2).

V této praci byla studovana piiprava a povrchovd modifikace polyelektrolytovych komplexti
siRNA s polykationty, navrzenych jako nevirdlni vektory pro dopravu genové informace in
vivo. PEK byly pfipraveny samouspotradanim hydrofilniho polykationtu a siRNA ve vodném
roztoku. Takto pfipraveny komplex je sice schopen ochranit siRNA pied degradaci v pribéhu
transportu, interaguje vSak s krevnimi proteiny a je zachycovan makrofagy i buitkami RES.
Proto je nezbytné komplex urceny pro in vivo aplikaci povrchove upravit a soucasné zavést na
jeho povrch skupiny schopné zajistit specifickou dopravu komplexu k vybranym bunikam.

Povrchovd modifikace siRNA/polykationtového komplexu (coating) byla uskute¢néna
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pomoci hydrofilnich kopolymert na bazi N-(2-hydroxypropyl)metakrylamidu (HPMA) o
kterych je zndmo, Ze sniZzuji imunogenicitu a zlepSuji biokompatibilitu timto polymerem
modifikovanych biologicky aktivnich molekul (3). Pro ucely povrchové modifikace siRNA
vektord jsme vyvinuli reaktivni kopolymery HPMA obsahujici reduktivné Stépitelnou
disulfidickou vazbu. Tato vazba by méla umoznit uvolnéni polymeru z povrchu castice
v reduktivnim prostfedi cytoplasmy po jejim priniku do builkky a tim usnadnit uvolnéni

siRNA z komplexu v cilové buiice (4). Princip tohoto systému je zndzornén na obrazku 1.

reductive
enviroment

Obrazek 1. Princip povrchové modifikace PEK kopolymery obsahujicimi reduktivné

Stépitelnou vazbu.

Bude prezentovdna syntéza, vysledky fyzikalné-chemické charakterizace a predbézné
vysledky in vitro bunéénych testi PEK siRNA s poly(L-lysin-graft-HPMA) (GPL) a jejich
povrchové modifikovanych analogi. Povrchova modifikace byla provedena reaktivnimi
kopolymery na bazi HPMA s reduktivné Stépitelnou disulfidickou vazbou mezi reaktivni
skupinou a polymerem a nebo, u kontrolnich vzorkd, bez ni. Vlastni reakce byla zaloZena na

aminolyze reaktivnich skupin polymeru aminoskupinami na povrchu komplexu.

GPL polykation vytvari stabilni komplexy siRNA pii poméru naboji +/- 1,5 a zaroven
umoziiuje  povrchovou modifikaci PEK diky volnym aminoskupindm lysinu.
Hydrodynamicky polomér takto ptipravenych PEK a povrchové modifikovanych kopolymery
HPMA byl vrozmezi 45-49 nm, pficemz tloustka modifikacni polymerni vrstvy byla
pfiblizn€ 5 nm. Pomoci mikroskopie atomarnich sil byl potvrzen sféricky tvar takto
ptipravenych PEK. Stabilita komplexti a uzavieni siRNA uvnitf komplexu byla potvrzena
pomoci elektroforetickych méfeni. Predbézné biologické in vitro testy ukazaly schopnost
téchto PEK snizit produkci luciferdzy v builkkdch lidského prsniho adenokarcinomu
s vnesenym genem kodujicim produkcei luciferdzy. K vyraznému poklesu produkce luciferazy

doslo zejména pii inkubaci téchto bunék v séru s PEK nesoucimi specifickou siRNA
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(FlucDsiRNA) a modifikovanymi kopolymerem obsahujicim disulfidické vazby reduktivné

Stépitelné v cytoplasmé cilovych bunék.
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Soucasné trendy v rekonstrukéni mediciné se spiSe neZ na totalni umélé ndhrady poSkozenych
tkani zaméfuji na postupy vedouci k jejich regeneraci cestou tkanového inZenyrstvi.
Nezastupitelnou roli zde hraji polymerni biomaterialy, které slouzi jako podptrné struktury
pro builkky a po dobu vyvoje tkané zastupuji roli mezibunééné hmoty. Pro tyto aplikace je
potfeba aby polymerni materidly byly biodegradovatelné, umoziovaly pfipravit trojrozmérné
porézni struktury a vykazovaly specifické povrchové vlastnosti, které selektivné stimuluji
osidleni organové specifickymi ¢i kmenovymi bunkami a umoznuji jejich dalsi vyvoj do
organizované tkané. Trojrozmérné, polymerni nosice lze pfipravit napt. na bazi syntetickych
poly(a-aminokyselin). Vhodnou matrici se jevi polymery odvozené od kyseliny L-glutamové,
u kterych lze tfeti funkéni skupinu vyuzit pro navdzani biologicky aktivni latky &i pro
modifikaci vlastnosti polymerniho fetézce, vedouci napt. k usnadnéni enzymatické degradace

ptipravenych nosicu.

Byly vyvinuty techniky pfipravy trojrozmérnych vldknitych nosicti na bazi poly(y-benzyl-L-
glutamatu-co-2,2,2-y-trichlorethyl-L-glutamatu). Dale byly studovany moznosti jejich
chemické modifikace s cilem vytvofit biologicky aktivni povrch. Pfitomnost vice reaktivni
2,2,2-y-trichlorethyl-L-glutamatové jednotky v polymernim fetézci umoznila reakci
s propargylaminem zavést na povrch nosicl acetylenové skupiny, které byly za pouziti tzv.
,Clik chemie* nésledné vyuzity k modifikaci povrchu peptidy s biologicky aktivni RGDS
sekvenci aminokyselin. Stanoveni vhodnych podminek reakce a mnozstvi takto navdzanych

peptidi na povrch nosi¢i byly studovany pomoci "'I radioznagenych peptidii.
Podékovani:
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2-Oxazoliny reprezentuju zaujimavé zliCeniny vhodné na pripravu presne definovanych
polymérov. Polyméry pripravené z 2-alkyl-2-oxazolinov s kratkym alkylovym substituentom
su vo vode rozpustné a termosenzitivne materialy [1]. Polyméry na bazae 2-oxazolinov tiez
maju vyuzitie v biomedicinskych aplikaciach, ako napriklad v transporte a uvol'novani lieciv,
génovom inzinierstve, membranovych technoloégiach alebo v biokatalyze [2]. Poly(2-
oxazoliny) je mozné pripravit katibnovou polymerizaciou prebichajicou Zzivym
mechanizmom s pouzitim réznych elektrofilnych inicidtorov, napriklad alkyl halogenidov,

esterov sulfonovych kyselin, silnych mineralnych kyselin a pod. [3].

Amfifilné polyméry a kopolyméry obsahuju polarnu a hydrofobnu zlozku v jednej molekule.
Mozu byt pripravené réznymi spdsobmi. Prvym je kombindcia poldrneho 2-oxazolinu
s komonomérom obsahujucim nepolarny substituent. Prikladom je kopolymerizacia 2-metyl-
a 2-etyl-2-oxazolinu s 2-fenyl-2-oxazolinom [4]. Dal§im spdsobom je priprava blokovych
kopolymérov kopolymerizaciou 2-oxazolinov s inym typom polymérov, ako st polylaktidy

[5] alebo polykaprolakton [6].

Najznamej$im prikladom termosenzitivneho polyméru na baze 2-oxazolinov je poly(2-etyl-2-
oxazolin) (PETOX) s LCST (low critical solution temperature) rovaym 64°C [1]. V pripade
poly(2-izopropyl-2-oxazolinu) sa teplota fazového prechodu posuva do fyziologickej oblasti

(35-40°C) [7].

Ciel'om naSej prace bola priprava termosenzitivnych kopolymérov na baze 2-oxazolinov
s moznost'ou nastavenia teploty fdzového prechodu. Ako poldrny monomér sa pouzil 2-etyl-2-

oxazolin a ako nepolarne komonoméry sa vyuzili tri rézne 2-aryl-2-oxazoliny (Obr.1).
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Obr.1. Pouzité aromatické 2-oxazoliny.

Vsetky kopolymerizacie sa robili v bloku alebo v roztokoch N,N-dimetylacetamidu pri
110 °C. Doba polymerizacie zavisela na pouzitych monoméroch a pouzitom médiu. Struktira

a zloZenie pripravenych kopolymérov sa zistili pomocou NMR a FTIR spektroskopie.

Termosenzitivne vlastnosti sa vyhodnocovali dvoma spdsobmi. Prvym spdsobom bolo
vizualne pozorovanie zdkalu roztoku pri zahrievani v termostatovanom kupeli. Druhym

spdsobom bolo sledovanie zavislosti transmitancie pri 700 nm od teploty (Obr.2).
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Obr. 2. Sledovanie teploty fazového prechodu kopolyméru AEOX10 obsahujiceho 10 mol.%

2-(4-aminofenyl-2-oxazolinu) pouzitim UV spektroskopie. Transmitancia sa merali pri

700 nm.

Zistil sa v plyv vSetkych troch aromatickych komonomérov na hodnotu LCST, pricom
zvySujucim mnozstvom aromatického komonoméru sa LCST znizovala. Taktiez sa zistil
vplyv aditiv na teplotu fazového prechodu. V pripade zvySenia ionovej sily roztoku sa teplota
fazového prechodu znizila, kym pridavkom povrchovoaktivnej latky dochédzalo k zvySeniu

teploty fdzového prechodu. To znaci, ze kombiniciou pouzit¢tho monoméru, zloZenia
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kopolyméru a pridanim vhodného aditiva je mozné presne nastavit’ teplotu fazového prechodu

podl’a poziadaviek.
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KONJUGOVANE KOPOLYMERY S FLUORENOVYMI, FENYLENOVYMI A
THIOFENOVYMI JEDNOTKAMI PRO OPTOELEKTRONIKU

P. Pavlackova, D. Vyprachticky a V. Cimrova

Ustav makromolekuldrni chemie AV CR, v. v. i., Heyrovského ndm. 2, 162 06 Praha 6

(pavlacko@imc.cas.cz, http://www.imc.cas.cz/cz/umch/o_photonics.html)

Pomoci Suzukiho parovani za katalyzy komplext paladia bylo pfipraveno Sest alternujicich
kopolymerii na bdzi derivati fluorenu, fenylenu a thiofenu. Struktura polymert byla

potvrzena elementarni analyzou, NMR a IC spektroskopii a chromatografickymi metodami.

R: _(CH2)50H3
R
O O —(CH,),CH(CH3),
I n
CgHq7 CgHi7 CH;
R: ——COOCH;,
—CH=CH
——COOH

Byly studovany absorp¢ni, fotoluminiscenéni (PL), elektrochemické a v ptipad¢ polymerid na

bazi fluorenu a thiofenu i spektroelektrochemické vlastnosti ptipravenych polymert.

Materialy na bazi fluorenu a fenylenu emitovaly modré zareni. PL vlastnosti kopolymert na
bazi fluorenu a thiofenu se liSily v zavislosti na substituci thiofenového kruhu a jejich emise
byla pozorovéana v zelené a oranzové Casti spektra viditelného zafeni. Emisni spektra méfena
v tenkych vrstvach nanesenych rotaénim nanaSenim na kfemenném sklicku se lisila od PL

spekter méfenych ve zifedénych roztocich. V pevném stavu dochazelo k agregaci fetézct
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makromolekul, ¢emuz nasvédcoval posun emisniho maxima tenkych vrstev polymer smérem
k del$im vinovym délkdm v porovndni s polohou emisnich maxim métfenych ve zfedénych
roztocich a taktéz velka hodnota Stokesova posunu. Nalezené kvantové vytézky modré emise
polymeri na bazi derivatl fluorenu a fenylenu métené v roztoku THF byly v rozmezi hodnot
33 -81%. Polymery derivati fluorenu a thiofenu vykazovaly niz§i kvantové vytézky

v roztoku, které se pohybovaly v rozmezi 11 - 45 %.

Redoxni vlastnosti polymeri byly studovany pomoci cyklické voltametrie (CV).
Z elektrochemickych méteni bylo prokazano, Zze polymery na bazi derivati fluorenu a
thiofenu, vykazuji vratné elektrochemické vlastnosti jak pii oxidaci tak pii redukci
v porovnani s polymery na bazi derivati fluorenu a fenylenu, u kterych ve dvou ptipadech

nebylo naméfeno vratné redukcni chovani.

Polymery na bazi fluorenu a thiofenu vykazovaly elektrochromismus. Toto jejich chovani

bylo studovano pomoci spektroelektrochemickych méfeni.

Materialy na bazi fluorenu a fenylenu budou vyuzity v elektroluminiscenc¢nich diodéch,
zatimco materidly na béazi fluorenu a thiofenu budou vyuzity ve fotovoltaickych ¢lancich ve

smési s dalSimi materialy.

Podékovani
Tato prdce byla podpoiena projekty MSMT (grant ¢. IM06031 a CZE031012) a GA AV CR
(grant ¢. IAA4050409).
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PUSH-PULL FLUOROPHORES BASED ON IMIDAZOLE-4,5-DICARBONITRILE:
A COMPARISON OF SPECTRAL PROPERTIES IN SOLUTION AND POLYMER
MATRICES

Martin Danko.” Pavol Hrdlovi¢,? Jifi Kulhanek® and Filip Bures”

“Polymer Institute, Slovak Academy of Sciences, Dubravskad cesta 9, 845 51 Bratislava,
Slovakia; martin.danko@savba.sk, upolhrdl@savba.sk;
PInstitute of Organic Chemistry and Technology, Faculty of Chemical Technology,
University of Pardubice, Studentska 537, 53210 Pardubice, Czech Republic

The push-pull systems end-capped with strong donors (D) and acceptors (A) connected by a
n-conjugated path with various length and structure exhibit interesting optical and spectral
properties due to the intramolecular charge transfer (ICT) [1]. The spectral properties of the
compounds featuring ICT attracted considerable attention both in photochemistry and
photobiology because of its large susceptibility to some parameters of environment as micro-

viscosity and micro-polarity [1].

The desired D- m -A push-pull systems was gained by attaching the strong electron-donating
N,N-dimethylaminophenyl moiety via m-conjugated linkers with 1-methyl-1H-imidazol-4,5-
dicarbonitrile acceptor [2]. Linkers such as single bond (B1P), phenyl (B2B), styryl (B3S) and
ethynylphenyl (B4A) moieties which systematically extended D-A pairs were used. The main
goal of this paper is to characterize these new fluorophores exhibiting intramolecular charge
transfer in various media with respect to their potential application in photonics.

The molecular structures of the investigated fluorophores B1P, B2B, B3S and B4A are given
in Scheme 1. Their detailed synthesis was published elsewhere [2]. For detailed spectral
characterization we used UV-Vis spectroscopy, steady-state and dynamic fluorescence as well

as fluorescence quenching experiments.

The longest-wavelength absorption band was observed within the range of 300 to 400 nm. As
a main spectral feature, a bathochromic shift was observed as a result of the elongation of the
n-conjugated path separating the donor and the acceptor moieties. On the other hand, the more
electronegative m -linker in B4A featuring triple instead of double bond caused rather

hypsochromic shift (4. of 356-375 nm) as compared with B3S [2,3]. The introduction of
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ethynylene bridge between donor and acceptor in fluorophores, which acts as “insulator” in

conjugation, was discussed elsewhere [3].

N N N N

AN N / AN N /
O el
N N \

N// \ N// \

B1P B2B
2-(4-(N,N-dimethylaminophenyl)- 2-(4'-N,N-dimethylaminobiphenyl-4-yl)-
1-methyl-1H-imidazole-4,5-dicarbonitrile 1-methyl-1H-imidazole -4,5-dicarbonitrile

N~ N~
AN N AN N /
\ N -
Oy =
_ NN N \
N7 \ \ NZ \
B3S B4A
(E)-2-(4-(4-N,N- 2-(4-(4-N,N-
dimethylaminostyryl)phenyl)- dimethylaminophenylethynyl)phenyl)-
1-methyl-1H-imidazole-4,5-dicarbonitrile 1-methyl-1H-imidazole-4,5-dicarbonitrile

Scheme 1: Chemical structures abbreviations and names of investigated fluorophores.

The intense fluorescence was observed in non-polar cyclohexane and in chloroform within the
range of 380 to 500 nm. Similar to absorption, the most red-shifted fluorescence up to 500 nm
was observed for B3S featuring an addition styryl @ -linker. The fluorescence in non-polar
solvents and polymer matrices was rather intense with the quantum yield of 0.2 to 1.0.
Compounds B2B, B3S and B4A showed intense fluorescence with more than 1 maximum
(vibrational structure) in non-polar cyclohexane. The observed fluorescence of all
fluorophores in chloroform was quenched by 1-ox0-2,2,6,6-tetramethyl-4-hydroxy piperidine
by diffusion controlled bimolecular rate (cca 2x10" L mol™ s™). Polar solvents such as
acetonitrile and methanol quenched the fluorescence too, but probably by a different
mechanism. Whereas the observed fluorescence of these fluorophores in chloroform was
red-shifted and partially quenched by addition of polar solvents such as acetonitrile or
methanol, the fluorescence was strongly quenched in neat acetonitrile and methanol
(Figure 1). The extent of quenching expressed as ratio of the quantum yields of fluorescence
in chloroform to quantum yields of fluorescence in methanol or acetonitrile was within the

range of 37 to 293 for B1P/Ac and B4A/MeOH, respectively.
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Figure 1: Effects of addition of methanol (MeOH) and acetonitrile (Ac) on the fluorescence of
BIP and B2B in chloroform.

The fluorescence lifetimes were short (1 — 4 ns) for all measured fluorophores. The Stoke’s
shifts in chloroform were observed within the range of 4 000 to 8 000 cm™ and the largest one
was observed for compound B1P. The large Stoke’s shift indicates a large difference in

spatial arrangement of the chromophore in the absorbing and the emitting states.
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FLUORESCENCIA AKO NASTROJ URCENIA ,,ZIVOSTI“ NITROXIDMI
REGULOVANEJ RADIKALOVEJ POLYMERIZACII

v

S. Chmela, L. Hr¢kova, J. Kollar, P. Hrdlovic¢

Ustav polymérov SAV, Diibravskd cesta 9,
845 41 Bratislava, Slovensko
upolchme@savba.sk

,Ziva“ radikalova polymerizacia regulovand stabilnymi nitroxidmi resp. alkoxylaminmi
umoznuje jednoduchu pripravu homopolymérov s nizkym stupiiom polydisperzity, ktoré maja
vyrazne lepSie fyzikalne a chemické vlastnosti a mézu byt pouzité¢ ako makroiniciatory pre
syntézu blokovych kopolymérov. Doteraz bolo vSeobecne akceptované, ze rozsah ,,zivosti‘
procesu je vysoky pre vsetky konverzie. Pre verifikdciu tohto tvrdenia sme zosyntetizovali
a spektralne charakterizovali sériu kombinovanych reguldtorov, ktora sa pouzila pri
polymerizacii styrénu. Regulatory obsahovali okrem nitroxidu resp. alkoxylaminu
fluorescencnt znacku. Stabilny nitroxylovy radikal tvoril 2,2,6,6-tetrametylpiperidin-N-oxyl
= TEMPO a kovalentne viazani fluorescencni znacku tvoril benzotioxantén a rozne
substituovany 1,8-naftylimid. Fluorescencia ako aj UV absorbcia bola pouzitd pre urCenie
koncentracie nitroxidom ukoncenych polystyrénovych retazcov. Z takto ziskanych
koncentracii sa vypocitali teoretické molové hmotnosti polystyrénov za predpokladu, ze
vSetky ret'azce st znacené. Porovnanie tychto iidajov s hodnotami moélovych hmotnosti z GPC
merani poskytlo rozsah znacenych aktivnych koncov polystyrénovych retazcov. Aplikacia
regulatorov obsahujucich fluorescen¢nti znacku viedla k zisteniu, Ze rozsah ,,zivosti“ procesu
zavisi od konverzie. Tento pomer predstavoval hodnoty od 0,95 aZz po 0,4. Hodnota 1
predstavuje stav, ked’ kazdy polymérovy retazec je ukonceny hydroxylaminom, obsahujicim
chromofor, teda zivost’ procesu je 100 %. Pocet aktivnych koncov polystyrénovych retazcov
obsahujucich nitroxid klesé s rastucou konverziou az do hodnoty ca. 40 %. Vysledkom by mal
byt vacsi rozsah terminédcie a nasledne zvySenie polydisperzity polystyrénu s rasticou
konverziou. Paradoxnym je =zistenie, Ze tento ubytok ,Zivosti“ procesu nevedie
k prirodzenému narastu polydisperzie, pretoze pripravené polystyrény sa vyznacuju tzkou

distribiiciu moélovych hmotnosti pre celi Skalu konverzii (1,1 - 1,3). Vysvetlenie spociva
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v extrémnom naraste viskozity reakénej zmesi, ktora eliminuje rozsah terminacnych reakcii.
Toto bolo dokazané porovnanim priebehu a charakterizicie ziskanych polystyrénov
polymerizaciou v bloku a vroztoku. Polydisperzity boli vysSie vroztoku kvoli nizsej
viskozite. Ak sa tdto metdda polymerizacie pouzije iba za ucelom pripravy polystyrénu pri
vyssich konverziach tento fakt nemé vplyv na jeho vlastnosti. Naviac tato metodika umoziuje
selekciu pripravenych polystyrénov pre ich pozitie ako makroinicidtorov pre pripravu

blokovych kopolymérov.

Pri radikélovej polymerizécii styrénu a akrylatov je mozna aj termickd iniciacia. Za ucelom
kvantifikacie poctu polymérnych ret'azcov vznikajucich posobenim inicatora a samozrejme aj
pre urcenie rozsahu zivosti procesu sme sa zamerali na regulatory, ktoré obsahuju Struktarnu
jednotku akoxylaminu v kombinacii s dvoma r6znymi chromoférmi. Jeden by mal znacit
zaCiatok polymérneho retazca a druhy aktivny koniec, schopny dalSiecho rastu. TEMPO
derivaty -2,2,6,6-tetrametylpiperidinu- nie si schopné regulovat’ polymerizacie akrylatov.
Zamerali sme sa na alkoxylamin typu TIPNO, Struktarne odlisSny od cyklického TEMPA
Vyber primeranych chromoférov, ktoré absorbujii a emitujli Ziarenie pri rozlicnych vinovych
dizkach je délezity, pretoze na zaklade kvantifikacie absorpcie, resp. emisie sme schopni uréit’
mnozstvo znacenych polymérovych retazcov bud na oboch koncoch alebo iba na zaciatku
a konci retazca. Bol zosyntetizovany a spektralne charakterizovany derivat nasledovnej

Struktary

obsahujici chromoféry pyrén a tioxanton, ktoré maji dostatocne odlisné spektralne vlastnosti.

Tato praca vznikla za financnej podpory APVV Projekt 0562-07 a VEGA 2/0082/08
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FOTOCHEMICKY RIADENA DEGRADACIA LAKTONOVYCH
POLYESTEROV

K. Borskd, M. Danko, J. Mosnacek, 1. Janigova
Ustav polymérov SAV, Diibravskd cesta 9, 845 41 Bratislava 45, Slovensko,
tel.: +421 2 54777404, E-mail: katarina.borska@savba.sk

Z aplika¢ného hl'adiska, ¢i uz biomedicinskeho alebo environmentalneho, méa vel’ky vyznam
Stadium zamerané na kontrolu rychlosti degradacie biodegradovatelnych polymérnych
materialov [1,2]. Fotochemické ucinky nizkomolekulového benzilu (1,2-difenyletandion) na
biodegradovatelny polyester poly(e-kaprolakton) (PCL) zatial’ neboli sledované. Ciel'om tejto
prace bolo prestudovat fotochemicku degraddciu PCL v pritomnosti benzilu ako
fotoaktivneho dopantu pomocou IC spektroskopie a gélovej permeacnej chromatografie

(GPC).

Vzorky filmov sa pripravili odlievanim roztoku benzilu a PCL v chloroforme. Fotoaktivny
dopant sa pouzil v takej koncentracii (10 hm%), aby bolo mozné priebeh fotochemicke;
premeny benzilu sledovat beznymi spektralnymi metédami ako je IC spektroskopia.
Ozarovanie vzoriek sa uskuto¢nilo na vzduchu, vo vakuu a v kyslikovej atmosfére svetlom pri

A > 400 nm.

Produktom fotooxidacie benzilu v beznych polymérnych matriciach pri ozarovani s vinovou
dizkou A > 400 nm je benzoylperoxid [3-5]. Po¢as oZarovania polyméru pri tejto vlnovej
dizke na vzduchu sa vIC spektrach pozoruje pokles v oblasti vibraéného pasu 1,2-

dikarbonylovych skupin pri 1660-1690 cm ™' (Obr. 1A).

Po 1 hodine ozarovania je viditelnad takmer kvantitativna premena benzilu. Pokles intenzity
vibraéného pasu pri 1660-1690 cm ' je v IC spektrach sprevadzany vznikom dvoch novych

vibraénych pasov pri 1750-1800 cm ™' zodpovedajucich benzoylperoxidu.

Z 1C spektier filmov ozarovanych na vzduchu a v kyslikovej atmosfére svetlom pri A > 400
nm (Obr. 1A) je zrejmé, Ze zvySovanim koncentracie kyslika sa zvySuje mnoZstvo
vznikajuceho benzoylperoxidu, zatial ¢o vo filme ozarovanom vo vakuu benzoylperoxid

vobec nevznika. Z porovnania elu¢nych kriviek (Obr. 1B) vyplyva, ze rozsah degradacie PCL
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sa zvysuje s koncentraciou kyslika. Naopak vo védkuu sa pozoruje zvySenie molovej hmotnosti

v dosledku rekombindcie polymérnych radikalov.

----- PCL
30 A non-irradiated B —— 1h > 400 nm air
—— 1h > 400nm air 7 —— 1h > 400 nm oxygen
254 —— 1h > 400nm oxygen —— 1h > 400 nm vacuum

—— 1h > 400nm vacuum
2,04

Absorbance

05

0,0 T T T T T T 1
1900 1850 1800 1750 1700 1650 1600 1550

. Eluény objem (ml)
Wavenumber (cm )

Obr. 1: Benzil v PCL filme (4 mg BZ /40 mg PCL) po 1 hodine oZarovania v Spectramate na
vzduchu, v kysliku, vo vakuu pri . > 400 nm pri izbovej teplote: A, IC spektrd, B, GPC elucné
krivky.

Na zéklade tychto pozorovani predpokladdme, Ze vo vdkuu dochddza hlavne k abstrakcii
vodika z PCL retazca benzilom v excitovanom stave a néaslednej rekombinécii vytvorenych
makroradikalov. V pritomnosti kyslika si konkuruju dva deje fotochemickej premeny benzilu
- fotoperoxidacia a abstrakcia vodika z PCL retazca (Schéma 1A). Z vysledkov mozno
konStatovat, ze zvySovanim koncentricie kyslika sa znizuje rozsah abstrakcie vodika
v dosledku vysSieho vytazku benzoylperoxidov a degradacia PCL je vyraznejSia. Dovodom je
konkuren¢na reakcia makroradikalov vytvorenych po spominanej abstrakcii vodika
s pritomnym kyslikom na tkor rozsahu rekombina¢nych reakcii. Reakcia makroradikalov
s kyslikom vedie k Stiepeniu PCL retazca za vzniku novych radikalov, ¢im sa efekt

degradacie znasobuje (Schéma 1B).
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Schéma. 1: A, Fotochemicka premena benzilu. B, Mechanizmus degraddcie a rekombindcie

alkylovej casti retazca PCL.
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PRIPRAVA POLY(€ -KAPROLAKTONU) V MONOMERNI FAZI INICIOVANA 2-

ETHYLHEXANOATEM ZINECNATYM A JEHO ELEKTROSTATICKE
ZVLAKNOVANI
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D Ustav analytické chemie, Vysoka Skola chemicko-technologicka v Praze, Technicka 5,

166 28 Praha 6

Alifatické polyestery patii do nepfili§ pocetné skupiny syntetickych polymerd, které jsou
biodegradovatelné. K nejvyznamnéjs$im z nich patii poly(e-kaprolakton) (PCL).

Biokompatibilita PCL je vyuzivana ptedevSim v medicindlnich aplikacich (1,2): fizené
uvolnovani lé¢iv, syntetické pojivo pii zacelovani ran, material pro ortopedické otisky aj.

Zajimavymi by se mohly stat i aplikace submikronovych vlaken, pfipadné nanovlaken.

Cilem této prace bylo ovéfeni moznosti syntézy PCL v monomerni fazi za iniciace
slou¢eninou biogenniho prvku ndhradou za bézné pouzivany 2-ethylhexanoat cinaty
(Sn(Oct),), ktery je podeziely z cytotoxickych ucinkli a dale také eliminovat toxicka, piip.

hotlava rozpoustédla nutna pii bézné provadénych roztokovych polymeracich (3).

Polymerace e-kaprolaktonu v monomerni fazi byla iniciovand 0,1 mol% 2-ethylhexanoatu
zine¢natého ( Zn(Oct), ) v pfitomnosti koiniciatoru butan-1-olu. Obdobné byla provedena i
srovnavaci polymerace iniciovand Sn(Oct),. Teplota polymerace se pohybovala v rozmezi
110 — 160°C. Polymerace byly provadény v destilacni baiice za stdlého michani pod inertni
atmosférou argonu. Kinetika polymerace byla sledovana s vyuzitim plynové chromatografie
stanovenim obsahu nezreagovaného monomeru. Obsah polymeru byl zjistovan vazkové po
extrakci polymerizath methanolem za laboratorni teploty. Vzorky iniciované Zn(Oct),
vykazovaly ve srovnani se vzorky iniciovanymi Sn(Oct), fadov€ niz$i pocetné primérnou
molarni hmotnost a v diisledku toho i nizs$i hodnoty teploty tani a teploty skelného ptechodu.
Bylo prokézano, ze iniciator Zn(Oct), je méné aktivni nez jeho bézné pouzivany cinaty analog

coz jeho pouziti sice omezuje, ale nevylucuje.
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Hodnoty pocetné primérné molarni hmotnosti PCL pfipraveného za iniciace Zn(Oct), rostly
se vzriustajicim obsahem polymeru v polymerizatu témét linearné, coZz naznacuje fizeny
pribéh polymerace. Zvysujici se hodnoty indexu neuniformity polymeru (IN) s dobou
polymerace ovS§em ukazuji na pfitomnost vedlejSich reakei (Obr. 1). V rovnovaze dosahovala
pocetné primeérna molarni hmotnost hodnot kolem 12000 g/mol. Po dosazeni rovnovahy
monomer, oligomery — polymer se hodnota pocetné priimérné molarni hmotnosti s Casem v
podstaté neménila, rostl jen IN , coz muze svédCit o probihajicich transesterifikacnich

reakcich.
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Obr. 1: Hodnoty pocetné primérné molarni hmotnosti (M,) v zavislosti na obsahu polymeru,

popisky datovych bodd IN=(M,,/M,)

V rovnovaznych polymerizatech byl v zavislosti na teploté polymerace zjisStovan obsah
cyklického dimeru &- kaprolaktonu, jako hlavniho vedlejsiho produktu polymerace. Pro
stanoveni tohoto makrocyklu byla vyuzita kapalinova chromatografie (HPLC) s mobilni fazi
methanol-voda (60:40). Cyklicky dimer e-kaprolaktonu pouzity jako standard pro
kvantitativni analyzu cyklickych oligomeri byl izolovan frakéni sublimaci ze smési
makrocykll vznikajicich depolymeraci poly(e-kaprolaktonu) v ptfitomnosti oxidu hote¢natého
jako katalyzatoru pfi teploté 220 °C za sniZzeného tlaku. Ziskany cyklicky dimer byl pieciStén
opakovanou krystalizaci z methanolu. Produkty depolymerace byly charakterizovany

analyzou HPLC - hmotnostni spektroskopie. Bylo zjisténo, ze v rovnovaznych
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polymerizatech se obsah cyklického dimeru pohybuje kolem 2hmot.% vedle 1-2 hmot.%

nezreagovaného monomeru.

Vysledky charakterizace ptipravenych polymerti by mély byt podkladem pro nastaveni
molekularnich parametrii, které vyhovuji technologii jejich elektrostatického zvlaknovani.
Urcujicim parametrem pro uspesné zvldknéni polymeru je pfedevSim hodnota jeho molarni
hmotnosti. V zavislosti na vysledcich orienta¢niho zvlaknovani (ve spolupraci s Technickou

univerzitou v Liberci*) bude molarni hmotnost poly(e- kaprolaktonu) regulovdna zménou

.....

*Za elektrostatické zvlaknovani PCL dekuji Ing. Daniele Lubasové a Doc. Lence Martinové

(Technicka univerzita v Liberci).

Tato prace byla financovana z ii¢elové podpory na specificky vysokoskolsky vyzkum (MSMT
&.21/2010), grantu &. 106/09/1378 Grantové agentury CR.
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Poly((R)-3-hydroxybutyrat je pfirodni biodegradovatelny semikrystalicky polymer. Je
produkovén fadou bakterii, které jej vyuzivaji jako zasobni zdroj energie a uhliku. PHB je
vysoce stereoregularni polymer s az 80 % podilem krystalické faze. Vysoky podil krystalické
faze, ktery propujcuje PHB nékteré neptiznivé mechanické vlastnosti, které se s postupnou
dokrystalizaci v ¢ase jest¢ zhorSuji. Problematické je také zpracovéani tohoto materidlu
z taveniny, nebot’ v blizkosti teploty tani dochazi k degradaci materidlu. Tyto nepiiznivé
vlastnosti lze zlepsit cilenym zasahem do pravidelné struktury fet¢zce PHB - chemickou

modifikaci, ktera spo¢iva v zavedeni jinych strukturnich jednotek do fetdzce PHB.!

Komer¢né dostupny PHB o M, ~ 300 000 g/mol se nehodi pro pifimou chemickou modifikaci.
Byl proto podroben solvolyze s cilem snizit jeho molarni hmotnost, zvysit rozpustnost a
zaroven zavést reaktivni koncové skupiny do struktury fetézce. Reakce byla provadéna ve
vroucim chloroformu dle metodiky pouzité Spitalskym a kol.%, jako solvolyza&ni ¢inidlo byl
pouzit methanol, ethylenglykol nebo 1,6-hexandiol. Solvolyza byla katalyzovana kyselinou

sirovou nebo p-toluensulfonovou.

Rozsah solvolyzy byl sledovan v zavislosti na pouzitém alkoholu a experimentalnich
podminkach. Produkty solvolyzy byly charakterizovany DSC, GPC a viskozimetrickymi

méfenimi. Stanoveny obsah koncovych hydroxylovych skupin byl porovnan s M, z GPC.

Podékovani:

Tato prace byla financovina z grantu ¢. 106/09/1378 Grantové agentury CR, vyzkumného
zaméru MSM 6046137302 a ucelové podpory na specificky vysokoskolsky vyzkum (MSMT ¢.
21/2010).
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Polyesteramidy (PEA) se zdaji byt velmi slibnymi materidly, které kombinuji dobré
mechanické vlastnosti alifatickych polyamidid s degradabilitou polyesterd. PEA na bazi
e-kaprolaktonu (CLO) a e-kaprolaktamu (CLA) tvofi piechod od biologicky
rozlozitelného poly(e-kaprolaktonu) k prakticky nerozloZitelnému polyamidu 6, které se lisi
0 160 °C v teploté tani a o 100 °C v teploté skelného pfechodu. Nase pozornost se zamé&iuje

na pfipravu nanovlakennych vrstev z téchto polymerda.

K ptipravé nanovlakennych vrstev byly pouzity statistické PEA o molarnim zastoupeni
CLA/CLO jednotek 80/20 a 70/30. Kopolymery byly piipraveny aniontovou kopolymeraci

CLA a CLO iniciovanou g-kaprolaktammagnesium-bromidem [1].

Elektrostatické zvldknovani kopolymeri bylo provedeno z roztoku v Technické univerzité
v Liberci. Z fady testovanych rozpoustédel se nanovlakenné vrstvy vytvarely z roztokii PEA

v kyselin¢ mravenci resp. smési kyselina octovd/mravenci.

Vzorky nanovldkennych vrstev a materiall pfipravenych polymeracnim odlévanim byly
analyzovany DSC. U vzorku nanovldken CLA/CLO 80/20 byly zjiStény zasadni rozdily
v polohdch a plochach endotermii tdni oproti ptvodnimu vzorku. To ziejmé souvisi
s procesem elektrostatického zvlaknovani, kdy mize dochazet k frakcionaci PEA dle polarity

makromolekul.

Folie pfipravené lisovanim a nanovlakenné vrstvy PEA byly podrobeny mikrobiologické
degradaci ucinkem bakterii Thermobifida fusca pti 45 °C. Rozsah degradace byl vyhodnocen
ze zmén hmotnosti vzorku, redukovanych viskozit roztokd polymeri a SEM porovnanim

s pivodnimi vzorky.
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Nanotechnologies are based on a control of materials at the atomic and
molecular level and stimulate development of nanoelectronics. nanomedicine.
spintronics and plasmonics. The methods “bottom-up™ are a possible way of
nanostructures formation [1]. A controlled incorporation of nanoparticle assemblies
into multilayer systems opens new possibilities of rescarch and development of
.custom designed” materials with interesting physical properties. We utilize
colloidal nanoparticles composed of a metallic core (Co, Fe-O, Ag, etc.) and organic
shell (surfactant). The nanoparticle assemblies are supposed for applications in
spintronic and plasmonic structures.

In this work the results on synthesis of Fe;04, CoFe.O; and Ag nanoparticles
by a high-temperature solution phase reaction of metal acetylacetonates are
presented [3]. The size, shape and ordering of nanoparticles are studied by
transmission electron microscopy. scanning electron microscopy and small angle X-
ray scattering methods (SAXS/GISAXS). The crystalline structure of nanoparticles
is studied by grazing incidence X-ray diffraction and electron diffraction . The
typical size of prepraed nanoparticle is 3-4 nm in radius with the size dispersion
around 10% for particular colloidal solution. The nanoparticles have spherical shape
and well developed crystalline structure [4]. They are superparamagnetic at room
temperature, the blocking temperatures being 22 K for Fe;Os, and 204 K for
CoFe;0,. For CoFe 0y particles the coercivity up to 1.75 T was found. The ZFC
M(T) dependence of CoFe;Oy could point a the Verwey transition at 138 K.

For preparation of nanoparticle monolayer and multilayers a Langmuir-
Blodgett method is applied which allows preparation of nanoparticle monolayer and
multilayer assemblies over large areas (e.g. 3 Si wafer). Usually. the hexagonal
and cubic symmetries of nanoparticle arrays are observed. For spherical
nanoparticles. the hexagonal ordering is typical [2]. For ordered multilayers two
types of ordering may occur: 2D+1 ordering - nanoparticles are laterally ordered n
layers but a vertical correlation of the nanoparticle position is missing and 3D -
ordering if the periodicity of the nanoparticle positions is preserved also in the
direction normal to the substrate.
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Figure: TEM images of Fe;Os(a), Ag (b) nanoparticles.
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V oblasti tkanového inzenyrstvi a bunécnych technologii je v poslednich letech znacna
pozornost vénovana vyvoji material vhodnych pro regeneraci a ndhradu poSkozenych tkani.
Z tohoto pohledu vzbudila bakteridlni celuldza (BC) velky zajem diky své jedinecné struktuie
a vlastnostem. Jako biokompatibilni a netoxicky material nachazi v soucasné dob¢ uplatnéni
v fadé¢ biomedicinskych oblastech, zejména pro ndhrady mékkych tkani, napt. kiize,
kardiovaskularnich tepen, nebo chrupavek. BC je produkovana bakteriemi 4. xylinum z rodu
Acetobacter v podobé 3-dimenzionalni sité skladajici se z fibril o priméru pfiblizn¢ 100 nm.
Oproti celuldze z jinych zdroji se BC vyznacuje zejména vysokou cCistotou (neobsahuje
piimési ve form¢ hemiceluldzy a ligninu), vy$Sim stupném krystalinity (80-90%) nebo vyssi

sorp¢ni kapacitou pro vodu (99%).

Zpusob ptipravy a vysledna nanovlakenna struktura zapficinuji, ze BC vykazuje mechanicky
anizotropni vlastnosti s vysokou pevnosti v tahu a modulem pruznosti (E =2,9 MPa) ve
smeru podélném k vlakenné vrstve, ale nizké hodnoty tlakového modulu (E = 0,007 MPa) ve
sméru kolmém k vldkenné vrstvé. V souCasné dobé je proto pfedmétem zajmu zlepSeni

tlakovych mechanickych vlastnosti BC s cilem rozsiftit aplika¢ni moznosti.

Jednou z moznosti jak toho dosdahnout je pfiprava kompozitii na bazi BC a jiného polymeru.
Nadéjnou cestou se jevi zejména piiprava kompozith se strukturou dvojité sité, kdy druha
polymerni sit’ je zakomponovéana do jiz vzniklé vlaknité struktury BC. Pro vytvofeni druhé
sit¢ jsou vhodnymi kandidaty hydrogely jako napf. polyvinylalkohol nebo methakrylatové
hydrogely.
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V této praci byla piipravena série kompozitnich materiald BC-methakrylatovy hydrogel
pomoci UV polymerizace smési monomer/sitovadlo impregnované do vlaknité struktury BC.
Jako monomery pro vytvofeni hydrogelové matrice byly pouzity glycerolmonomethakrylat, 2-
hydroxyethylmethakrylat a 2-ethoxyethylmethakrylat. Rozdilna chemicka struktura a stupen
hydrofility t€échto monomer umozinuje ovlivnit vlastnosti vyslednych materiall, a to zejména
botnavost a mechanické vlastnosti. V zavislosti na chemickém sloZeni a sitové hustoté
hydrogelové matrice a poméru BC/hydrogel byly sledovany mechanické vlastnosti - staticky

tlakovy modul a dynamicky smykovy modul v zdvislosti na frekvenci.

Bylo zjisténo, ze pfipravené kompozitni materidly vykazovaly vyrazné vys$si hodnoty
smykového 1 tlakového modulu v porovnani s ¢istou BC 1 hydrogelovou matrici. Ziskané
hodnoty modull v tlaku v fadu jednotek MPa jsou srovnatelné s hodnotami modulti n¢kterych
lidskych kloubnich chrupavek. Volbou chemického slozeni a reakénich podminek tak Ize

nastavit pozadované vlastnosti kompozitd s hledem na jejich potencialni aplikaci.

Autofi dekuji MSMT a GA AV CR za finanéni podporu poskytnutou v ramci projektil
¢. IM 0538 a KJB 400500902.
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Hydroxid hore¢naty sa pouziva ako plnivo do plastov na znizenie horl'avosti. Na vylepSenie
tejto vlastnosti sa v poslednom case tieto plnivd modifikuji, a to povrchovou upravou
anorganickymi alebo organickymi ¢inidlami. Ciel'om je efektivne znizit’ horlavost’ materidlov

a zaroven zlepsit’, pripadne udrzat’ mechanické vlastnosti.

V tejto praci sme testovali hydroxid hore¢naty — tri typy Magnifin (Albemarle/Martinswerk,
Germany), a to nemodifikovany (Magnifin H-10) a s povrchovou modifikaciou (Magnifin H-
10 A a Magnifin H-10 MV). Ako polymérnu matricu sme pouzili polypropylén Tatren HF 3
22 (Slovnaft, Slovensko). Pripravili sme vzorky v koncentracnom rozsahu od 10 do 80 hm.%

plniva. Testovali sme mechanické a termické vlastnosti, ako aj horl’avost’.

HorTavost’ sa stanovovala metdédou kyslikového ¢isla (OI), ktoré udava podiel kyslika (v
0bj.%) v zmesi s dusikom, pri ktorom horenie materialu nie je trvalé. Ukdzalo sa, Ze OI zavisi
od koncentricie plniva a nie je ovplyvnené povrchovou upravou. Tento zaver potvrdili i
merania termickych vlastnosti metddou diferencialnej skenovacej kalorimetrie (DSC), kde sa
zistilo, Ze hodnoty spotrebovaného tepla si pre vsetky tri typy plniva Magnifin prakticky

totozné.

Vyrazné rozdiely pre kompozity s jednotlivymi typmi plniva sa pozorovali v hodnotach
mechanickych vlastnosti. So zvySovanim koncentracie plniva sa vyrazne zniZuje taznost’
(predizenie pri pretrhnuti). Kvalitativne zmeny suvisiace s deformaciou v zavislosti of
koncentracie plniva sa pozorovali s ohladom na pouzitd povrchovii modifikaciu. Pri
nemodifikovanom plnive znacny pokles taznosti nastava pri 20 hm.% plniva, kde sa
pozoroval prechod z huZevnatého na krehky lom. Pri plnive modifikovanom vinylsildnom
(Magnifin H-10 A) sa tato oblast’ prechodu postva na 30 hm.% plniva. Pri plnive so

Specidlnou (bliz§ie neSpecifikovanou) povrchovou upravou (Magnifin H-10 MV) su vzorky
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tazné eSte pri 50 hm.% plniva a stavaju sa krehkymi aZ pri 60 hm.% plniva. Pevnost’ v tahu
sa pri nemodifikovanom plnive znizuje po koncentraciu plniva 20 hm.%, potom sa nemeni a
opit’ sa znizi pri maximalnej koncentracii plniva — 70 hm.%. Pri plnive modifikovanom
plnive pevnost’ plynule klesd az po najvysSiu koncentraciu plniva — 80 hm.%. Moduly
pruznosti sa so zvySovanim koncentracie plniva zvySuja, priCom u vzoriek so Specidlnou

upravou st o nieco nizSie nez u vzoriek so zvySnymi plnivami.

Pod’akovanie. Tato praca bola podporena z projektu APVV 0203-07.

117



P-18

PROPERTIES OF BIODEGRADABLE PCL/B-STARCH COMPOSITES
Z. Kruli§®, J. Kovatova®, J. Kotek®, L. Razek®, E. Sarka®

“ Institute of Macromolecular Chemistry AS CR, v. v. i., Heyrovsky Sq. 2,
162 06 Prague 6, krulis@imc.cas.cz
b Czech University of Life Sciences, Kamycka 129,165 21 Prague 6
¢ ICT Prague, Department of Carbohydrate Chemistry and Technology, Technicka 5,166 28
Prague 6

Starch offers several potential advantages as a raw material for plastic applications. It is
annually renewable, obtained from a variety of plant sources, and it is a low-cost material.
Interest in its use in biodegradable plastics is also driven by the inherent biodegradability of

starch as a carbon source. [1]

In order to broaden application, chemical modification has been performed to improve the
starch-based materials quality. Acetylation represents also one approach to increase the water
resistance of starch, since the hydrophilic hydroxyl groups are substituted with hydrophobic
acetyl groups that prevent the formation of hydrogen bonding between the hydroxyl groups
and water molecules. Starch acetates are novel biodegradable polymers which undergo slower

degradation and swelling than native starch [2].

Blending with some other biodegradable synthetic polymer, such as poly(e-caprolacton), is

another way to improve the mechanical properties of starch-based plastics [3].

In this study, A and B type wheat starch in native or acetylated form, with degree of
substitution (DS) of 1.5 — 2.3 (10, 20 and 40 wt.%), was blended with poly-(e-caprolactone)
(PCL). The following mechanical characteristics of the prepared films were derived from the
stress-strain curves: Young modulus, yield stress, stress-at-break and strain-at-break. Water
absorption of PCL/starch (60/40) films was determined according to ISO 62. The content of
water in starch samples, as well as in the prepared composites with PCL was further
confirmed by means of TGA. DSC was used to characterize their melting and crystallization

behaviour. Optical microscopy, in combination with the image analysis system was used to
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study the surface morphology of the PCL/starch films after 20-day and 42-day compost

incubation.

Table 1. Mechanical properties of PCL/acetylated B-starch composites (60/40)

Degree of substitution of E [MPa] o, [MPa] o, [MPa] & [%%]
the acetylated B-starch

0,00 730+ 75 7,8 +0,2 11,8+0,7 265 £ 20
1,52 1305 £25 - 16.6 £2.2 1.9+0.3
1,54 1215+ 30 - 12.1+1.0 1.3+0.1
1,69 1220 £ 45 - 125+ 1.1 1.4+0.2
1,76 1240 £ 25 - 16.2+0.3 2.0+0.1
1,93 1110 £ 60 - 122+2.7 1.5+04
2,15 1235+ 30 - 144+14 1.6+0.3
2,31 1250 + 30 - 13.2+1.0 1.8+0.2

The acetylation of starch significantly affects the macroscopic mechanical behaviour of the
composites. The mechanical properties of PCL/acetylated B-starch composites (60/40) are
summarized in Table 1. Two basic features can be discerned. First, the Young modulus is
markedly increased when acetylated starch is applied. On the other hand, changing the degree
of substitution from 1.5 to 2.3 has almost no effect on the modulus value. Second, the
acetylation of the starch dramatically influences failure of the composites. While PCL/B-
starch (60/40) composite exhibits ductile behaviour, corresponding samples with acetylated
B-starch fail in a brittle mode irrespective of the degree of substitution within the studied

range.

Samples containing 40 wt % of acetylated starch do not show higher value of PCL
crystallinity, as observed by Ventuccio [4] in case of the use of unmodified starch. However,
when in our case acetylated starch was used, a shift of the melting temperature 7, to higher

values was observed, while the overall crystallinity was either unchanged or slightly lower.

Weight loss of PCL-starch composites during composting

The composites containing native starch (A or B) were dissolved totally over 2 months of
composting. We therefore tested the influence of the degree of substitution (DS) of the used
acetylated B-starch on weight loss of created films after 20 days storage. It turned out that

acetylation of starch reduced the degradation rate of the composites. From the results obtained

119



sofar, the weight loss does not seem to depend significantly on DS. It emerged from these
data that PCL undergoes a slow degradation compared to the composites with starch in any

form.
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Polymerni organicko-anorganické nanokompozity predstavuji dvoufizové systémy,
sestavajici z organické polymerni matrice, do které jsou piidany anorganickd plniva
nanometrickych rozméra. Ta maji, vzhledem ke své dobie definované morfologii a struktute,
spocivajici v relativné velkém povrchu, ztuzujici efekt. Takové materialy jsou v posledni dobé
intenzivné studovany, protoze dosahuji vyznamného zlepSeni fyzikalnich (mechanickych)
vlastnosti kompoziti ptfi malych koncentracich anorganickych plniv. K vyznamnym novym

nanokompozitnim materialim patii nanokompozity s jilovymi plnivy.

Studovali jsme relaxacni, mechanické a dielektrické chovani butylmetakrylatovych latexd,
plnénych montmorilonitovymi a organo-modifikovanymi montmo-rilonitovymi jily Cloisite
nebo Nanocor. Struktura pfipravenych vodnich dispersi byla studoviana pomoci WAXS,
SAXS, dynamické fyzikdlni vlastnosti pak pomoci DSC, mechanické a dielektrické
spektroskopie.

DSC méfeni byla provadéna pomoci kalorimetru Pyris v teplotnim oboru od -30 °C do 180 °C
pti rychlosti chlazeni resp. ohfevu 10 K/min. Mechanicka méteni slozek komplexniho modulu
a dielektricka méteni slozek komplexni permitivity se uskutecnila ve stejném teplotnim oboru
pti riznych frekvencich vnéjsiho budiciho pole na aparaturach firem Tritec a Novocontrol.

Charakterizace méfenych butylmetakrylatovych latexi pomoci stfedni velikosti
montmorilonitovych jilti je uvedena v tabulce 1, ze které¢ vyplyva, ze velikost nanocéstic
zavisi jak na jejich koncentraci a modifikaci, tak na mnozstvi butylmetakrylatu pouzitém pii
jejich ptipravé. VSemi tiemi dynamickymi metodami bylo nalezeno, Ze poloha hlavni
pfechodové oblasti ze skelného do kaucukovitého stavu neni ovlivnéna sloZenim méfenych

vzorkd.
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Tabulka 1: Charakterizace butylmetakrylatovych latexti

Stredni velikost ¢astic
(nm)
Latex | wt.% of wt.% Nanocor wt.% Cloisite
PBMA 1 3 5 1 3 5
BAI1 46.7 99 105 | 108 | 107 - -
BA2 39.7 &8 103 | 106 &8 95 -
BA3 30.5 66 78 99 66 67 61
Bl 46.7 121 92 103 87 90 92
B2 39.7 67 70 86 88 82 83
B3 30.5 69 71 73 69 70 -
? T T T '0 T : .
G 10°F ----BCA1%3Y |  __.-- e ______
BCA 3% ] J 3t 3 160°C
[Pa] 107 . BCA \‘:—)%—§ E\D //,
r _ ] . )
10° £ heating rate =/ _© ,’
E 3°C/min f=1Hz E O 2t
| ) | | | ]
T T T T \ 1 1000
~A [ )
| J——
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c[ %]

|
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Obr. 1: Teplotni zavislost realné G’ slozky smykového modulu a ztratové tangenty a

koncentra¢ni zavislost modulu ve skelném stavu a v kau¢ukovité oblasti

Z vyhodnoceni studia mechanického chovéani (obr. 1) vyplyva, Ze hodnota rovnovazného

modulu se v oblasti kauCukovitého platdé vyrazné¢ zvySuje se zvysSenim obsahu organicky

vzorky modifikované Cloisitem. To znamend, Ze zvySujici se obsah anorganickych

exfoliovanych c¢astic pisobi v polymerni matrici jako fyzikalni sitovaci ¢inidlo a mé tudiz

ztuzujici efekt.

cvwr

122




Dielektrickd méfeni ukazuji, Ze mnozstvim nanokompozitnich jili je ovlivnéna Maxwell-
Wagnerova polarizace, kterd je zpiisobena nespojitosti hustoty ploSného naboje (vazaného)
mezi polymerni matrici a ¢asticemi plniva a je detekovana v oblasti vysokych teplot a nizkych
frekvenci. Velikost této polarizace (obr. 2) se zvySuje s koncentraci nanocastic a to zejména u
vzorkl s organicky modifikovanymi jily, u nichz vyrazné roste jejich plocha se zvySujici se

koncentraci.

5000 | ™ BN ]
_ © BNA
\¢ 4000} ]
Zo 3000 - ]
2000 | ]
1000 - |
| |
0 1 2 3 4 5

c, %

Obr. 2: Velikost Maxwell-Wagnerovy polarizace

Tento projekt byl realizovan za financni podpory z prostredkii statniho rozpoctu

prostrednictvim vyzkumného zaméru MSM 0021620835.
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THERMOPLASTIC ELASTOMER COMPOSITES

M. II¢ikova,? J. Mosnadek,* A. Kleinova,* D. Chorvat,™ K. Csomorova®

“Polymer Institute, Slovak Academy of Sciences, Dubravska cesta 9, 845 41 Bratislava 45,

Slovakia
(upolmail@savba.sk, http:// www.polymer.sav.sk)

bInternational Laser Centre, llkovicova 3, 841 04 Bratislava, Slovakia

Since their discovery, carbon nanotubes have attracted particular attention for their unique
structural, mechanical and electrical properties. However, thank to strong van der Waals
interactions, CNTs tend to aggregate and their not uniform dispersion limits their applications.
Therefore, various CNT functionalization methods have been developed. Functionalization of
CNTs with long molecules and polymer chains enables CNT to suppress the interactions even
with low degree of functionalization.

In this work, multiwall carbon nanotubes (MWCNT) were covalently modified in order to
achieve their location in one phase of triblock copolymers — thermoplastic elastomers. This
modification is expected to cause significant changes in mechanical and electrical properties
of final composite materials.

Surface of MWCNTs was modified by a) polymerization of butyl acrylate by “grafting from”
method (MWCNT-PBA), or b) covalent bonding of cholesteryl groups. The former
modification was prepared for using in composites with PMMA-b-PBA-b-PMMA matrix.
The later modification was performed for using with styrene-isoprene-styrene matrix. In both
cases first MWCNTs surface was modified by isoamyl nitrite to introduce hydroxyl groups
onto MWCNTs surface. Esterification of theses hydroxyl groups on MWCNT surface by
reaction with 2-bromopropionyl bromide, atom transfer radical polymerization (ATRP)
initiator was bonded onto MWCNT surface. Polybutyl acrylate (PBA) was then grafted from

the surface of multiwall carbon nanotubes by ATRP using 2-bromopropionate-4-
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hydroxyethylphenyl modified MWCNTs and ethyl 2-bromopropionate as initiators, and
CuBr/PMDETA as a catalytic system.

The MWCNT-PBA samples were characterized by gel permeation chromatography (GPC),
scanning electron microscopy (SEM), thermal gravimetric analyses (TGA), and Fourier
transmission infrared spectroscopy (FTIR). According to GPC in THF with PBA standards,
molecular weight of PBA grafted form the MWCNT surface was 5400 g/mol, and PDI was
1.13. The average content of grafted PBA determined by TGA in both nitrogen and air
atmosphere was about 25 + 3wt. % (see Fig. la). FTIR spectra (ATR, Ge) (see Fig. 1b)
proved the presence of PBA chains on the carbon surface. After modification of MWCNTs,
new peaks corresponding to PBA appeared at 1800 to 1100 cm™.

Y

-butylacrylate
n-outy y - O
CuBr, PMDETA .
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(6]
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Scheme 1 Synthesis of poly (butyl acrylate)-MWCNTs
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Fig. 2 a) TGA analyse of neat MWCNT and MWCNT-PBA under nitrogen atmosphere and
MWCNT-PBA under air;, b) FTIR (ATR, Ge) spectra of neat carbon nanotubes (MWCNT),
poly(m-butyl acrylate) (PBA) and PBA grafted carbon nanotubes (MWCNT-PBA).
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Fig. 2 SEM images of neat MWCNTs (left) and PBA-MWCNT (right)

Cholesterol-chloroformate was grafted to MWCNTs by esterification of 4-
hydroxyethylphenyl MWCNTs in the presence of triethylamine (Et;N). Modification of
MWCNT surface was proved by TGA. The content of grafted cholesteryl groups determined

by TGA in nitrogen atmosphere was about 4 wt %.

cholesteryl

chloroformate

[
OH Et;N, THF

n

Scheme 2 Synthesis of 4-(2-(cholesteryloxycarboxy)ethyl) phenyl MWCNTs
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CENTRUM EXCELENTNOSTI PRE MATERIALY, VRSTVY A SYSTEMY PRE
APLIKACIE A CHEMICKE PROCESY V EXTREMNYCH PODMIENKACH
A MOZNOSTI SPOLUPRACE
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Aj Slovensko, ¢len Eurdpskej tnie (EU) spaja svoje aktivity strendami unie. Jednym
z nastrojov, ktoré EU vyuziva na vyrovnavanie rozdielov medzi bohatymi a chudobnymi
regionmi v rdmci zjednotenej Eurdpy su aj Strukturalne fondy, ktoré nefinancujt individualne
projekty, ale viacrocné programy regionalneho rozvoja. V ramci vyzvy vyhlasenej v roku
2008 Podpora sieti excelentnych pracovisk vyskumu a vyvoja ako pilierov rozvoja regionu
v Bratislavskom kraji, vznikol projekt Centrum pre materidly, vrstvy a systémy pre aplikacie a
chemické procesy vextrémnych podmienkach — MACHINA. Centrum zdruZuje Styri
indtitucie: Ustav anorganickej chémie SAV (ziadatel’), Ustav polymérov SAV, Chemicky
ustav  SAV a Slovensku technickii univerzitu (Fakulta chemickej a potravinarskej

technolégie). Centrum MACHINA datuje svoj vznik k 14. maju 2009.

Hlavna aktivita Centra excelentnosti (CE) MACHINA suvisi s vybavenim CE $pi¢kovymi
pristrojmi potrebnymi pre realizaciu projektov. Vytvorili sa tri laboratdria:

- laboratorium pre vyvoj anorganickych materialov pre aplikdcie v extrémnych podmienkach
- laboratorium pre vyvoj materidlov na baze polymérov pre progresivne aplikacie

- laboratorium pre pripravu biopalivovych clankov zalozenych na vyuziti nanostruktur.

Laboratorium pre vyvoj anorganickych materidlov sa zaoberd vyskumom anorganickych
keramickych nano-kompozitov, prirodnych nanomateridlov na baze vrstevnatych
kremicCitanov a tiez krdéziou Specidlnych anorganickych materidlov. Vyvoj novych
progresivnych keramickych materidlov, posilnil Specialny obrdabaci stroj na rezanie a
zbrusovanie s diamantovymi nastrojmi — diamantovd firéza JUNG JE 525 P (K. Jung GmbH,
Nemecko). Pre nové materidly je potrebné ziskat' zdkladni informéciu o prvkovom zlozeni

Studovanych ststav. Pre tieto ucely sa zakupil vinovo disperzny rontgenovy flurescencny
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spektrometer - ARL Advant’X Intellipower 3600 XRF (Thermo Fisher Scientific, USA).

Tymto pristrojom je mozné zistit’ az 84 prvkov periodickej tabul’ky prvkov.

Novymi zariadeniemi sa dovybavil aj parter, FCHPT. Na Ustave anorganickej chémie,
technologie a materidlov nova korozna komora SKB 400 A-TR (Liebisch, Nemecko) slizi na

sktimanie predovsetkym odolnosti materidlu v extrémnych podmienkach.

KTItacové problematiky, ktoré sa v rdmci novovybudovaného laboratoria pre vyvoj materidlov
na baze polymérov pre progresivne aplikdcie budi riesit’ st nasledovné: priprava a Stidium
viacfazovych systémov s polymérovou matricou, stidium degradécie a naslednej stabilizéacie
syntetickych ako aj prirodnych polymérov a vyuzitie polymérov v liecbe civilizatnych

chorob.

Ak sa pri priprave kompozitov pouziju nanoplniva, napr. uhlikové nanotrubicky alebo ily,
alebo $peciadlne modifikované nanoplniva, obycajne je k dispozicii obmedzené mnozstvo
nanoplniva. Mikromiesa¢ DSM Xplore 15 Micro Compounder (DSM, Holandsko),
indtalovany na Ustave polymérov, je mieSacie zariadenie na pripravu polymérnych zmesi,
kompozitov a nanokompozitov pracujuce v kontinualnom rezime pri teplotach az do 400 °C.
Dal’$im vyznamnym posilnenim pristrojovej techniky bude nanoindenter TI-750 (Hysitron,
USA), ktory predstavuje najmodernejSe sucasné zariadenie na charakterizaciu mechanickych
vlastnosti povrchov a tenkych vrstiev. Dany pristroj méa viacero modulov ako st nano/mikro

indentation modul, nano/mikro-impact modul atd’.

Laboratorium pre pripravu biopalivovych ¢lankov zaloZzenych na vyuZiti nanoStruktur bolo
posilnené o potenciostat Autolab PGSTAT 128N (EcoChemie, Utrecht, Holandsko), spin
coater - odstredivy nanaSac¢ povlakov POLOS ACD200-NPP (S.P.S. Vertriebs GmbH,
Ingolstadt, Nemecko), a o nandsac vrstiev Coatmaster 509 MC (Erichsen GmbH & Co. KG,
Hemer, Nemecko). VSetky pristroje sa pouzivaju pri rieSeni komplexnych tuloh pripravy
ucinnych biopalivovych ¢lankov

Excelentnost’ je jednym z dolezitych pilierov nielen v ¢innosti SAV. Vytvorené centra
excelentnosti uz uspesne realizuji spolupracu s vel’kymi aj malymi priemyselnymi podnikmi
a utvaraju nové moznosti pre dalSiu spoluprdcu. Aj konferencia POLYMERY 2010 je

platformou, kde po predstaveni CE predpokladame odstartovat’ d’alSie spoluprace.

Dalsie informéacie o CE MACHINA je mozné néjst’ na adrese www.machina.sk.
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Liquid chromatography of polymers under limiting conditions of enthalpic interactions (LC-
LC) is a group of unconventional liquid chromatographic methods developed for separation of
multicomponent polymer systems. The methods employ different velocities of small (eluent)
molecules and large (sample) molecules within a high performance liquid chromatographic
column packed by porous particles. Small molecules permeate practically all pores of the
packing and therefore they elute slowly. Polymer species are partially or fully excluded from
the pores and in absence of enthalpic interactions they are rapidly transported along the
column in the exclusion mode. The appropriately chosen low molecular substances promote
interactions of macromolecules within the column. If eluted in front of sample, the interaction
supporting low molecular substances may create a slowly eluting barrier that is impermeable
for the interacting macromolecules and efficiently decelerates their fast transport.
Macromolecules of distinct interactivity can be easily separated in this way: barrier
selectively decelerates more interactive species while the less interactive chains freely elute
from the column in exclusion mode. Depending on the applied barrier action (adsorption,
partition, phase separation) and on the experimental arrangement six different modes of LC
LC can be created .

In this contribution we shall deal with liquid chromatography under limiting condition of
desorption, LC-LCD, which combines exclusion with adsorption. Column packing is an
adsorptive, polar porous material, usually a narrow-pore bare silica gel. Mobile phase is
composed from adsorption promoting (adsorli) and desorption promoting (desorli) liquids.
Eluent composition is chosen so that it prevents adsorption of all sample constituents. A
narrow zone of liquid that selectively promotes adsorption of one kind of polymer chains is
injected in front of polymer sample; it forms the adsorption promoting barrier. With
advantage, it is a mixture of the same liquids that create eluent however the concentration of

adsorli is increased. The LC LCD method exhibits high separation velocity and selectivity, as
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well as remarkable both sample capacity and recovery " 2. It also renders possible efficient
discrimination and molecular characterization of minor constituents (<1%) from the major
constituents, matrices of polymers blends ), and parent homopolymers from the block
copolymers “* ¥. Minor constituents may significantly affect physical properties of entire
multi-component complex polymer systems. The major requirement for a successful
separation of a complex polymer system with help of LC LCD is the sufficient difference in
the adsorptivity of sample constituents. Moreover, separated polymer species must be well
soluble in liquids of different polarity — otherwise it is difficult to control adsorption effects.

Let us consider a block copolymer of poly(X)-b-poly(Y), which could contain two parent
homopolymers, a less adsorptive poly(X) and a more adsorptive poly(Y). Adsorptivity of
block copolymer is situated between those of parent homopolymers. Two barriers of different
efficiency are to be used for a single step separation of all three polymeric constituents of
such ternary system. The more efficient barrier is injected as first (B#1). It contains rather
high amount of adsorli and effectively decelerates elution of the block copolymer - but allows
unhindered elution of the non-adsorptive poly(X). The less efficient barrier (B#2) is injected
later. B#2 allows the break-through of the block copolymer but it still efficiently hinders fast
elution of poly(Y) homopolymer. Three peaks are formed on the chromatograms in case of
block copolymer that contains both parent homopolymers. The situation with ternary blend of
homopolymers is similar. If the sample were injected immediately after barrier, the peak of
retained macromolecules would interfere with the peak of low molecular additives or
impurities present in the sample. Therefore, a time delay is to be introduced between sample
and the barrier B#2 injections . The LC LCD method is welcomed as the first-dimension
separation in comprehensive molecular characterization of complex polymer systems with

help of two-dimensional LC. It is followed by an on-line SEC 7.
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Figure: LC LCD separation of a copolymer PS-b-PMMA that contains PS and PMMA
homopolymers (a), and of a three-component blend PS/PMMA/PV Ac (b). Peaks were

monitored by means of evaporative light scattering detector.
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Special practical applications of the LC LCD separations represent two- and three-component
polymer blends formed with low-solubility and/or high-adsorptivity homopolymers such as
poly(ethylene terephthalate), poly(butylene terephthalate), and poly(butylene adipate). The
LC LCD discrimination of a polymer prepared from renewable raw material, poly(lactic acid)
from other polymers will also be discussed. Above homopolymers are important components
of commercial packaging materials and some of them are advertised as biodegradable
materials with good mechanical properties 7.

Keywords: liquid chromatography under limiting conditions of enthalpic interactions; multi-
component polymer systems; block copolymers; separation of macromolecular additives;

solubility of aromatic polyesters.
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RHEOLOGICAL BEHAVIOR OF CONSTITUENTS IN IMMISCIBLE
POLYMER BLENDS
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Introduction

In our previous work we examined the morphology evolution during annealing or cooling of
immiscible polymer blends containing polypropylene (PP) matrix and different amount of
ethylene-propylene copolymer (EPM) as dispersed phase. Approximate theory of van der
Waals forces induced coalescence of polymer blends containing anisometric droplets at the

coalescence origin was derived.

Small amplitude sinusoidal oscillatory testing as a function of the test frequency is rapid and
often used method to determine simultaneously the viscous and elastic properties of the
polymers. Complex viscosity is a frequency-dependent viscosity function determined during
forced harmonic oscillation of shear stress; it is related to the complex shear modulus.
Complex viscosity function is equal to the difference between the dynamic viscosity and the
out-of-phase viscosity, or imaginary part of the complex viscosity:

1 (i) =1/(®) - ()
where:
n* = complex viscosity
n'= dynamic viscosity (measure of viscous properties)

n" = out-of-phase viscosity (measure of elastic properties)

Experimental

To characterize rheological behavior of the basic constituents in examined immiscible
polymer blends (PP and EPM), a Physica MCR 501 rheometer (Anton Paar, Austria)
equipped with electrically heated oven and parallel plate fixture of 25mm diameter was

utilized. After determination of the linear viscoelastic region (LVR) using a strain sweep and
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polymers stability checking with time sweeps at different temperatures, constituents of
PP/EPM blend were characterized at a set of temperatures (170 °C, 180 °C, 190 °C, 200 °C,
210 °C, 220 °C and 230 °C) following the changes in the complex viscosity during frequency
sweeps in the frequency range 0.01- 100 rad/s, within LVR (5% strain). Considering that
annealing of polymer blends at temperatures above 200 °C was done on thermally stabilized
samples, frequency sweeps at these temperatures were performed also using stabilized

polymers.

Results and conclusions

Typical response of viscoelastic polymer melts to frequency sweep is to exhibit elastic
dominated behavior at high frequencies and viscous dominated behavior at low frequencies.
This can be well observed on the following figures, showing the changes in the complex
viscosity of PP (Fig. 1) and EPM (Fig. 2) with the angular frequency. Increase in the
temperature contributed to lower complex viscosity; values tend gradually to merge while
increasing the angular frequency, which is connected with the more pronounced elastical

respond of the polymer melt.
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Figure 1.  Oscillatory frequency sweep for PP at different temperatures.
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Presence of a thermal stabilizer in PP contributed to higher values of the complex viscosity;
lower values for the non-stabilized PP are consequence of its degradation (chain scission).
The difference in the complex viscosity between non-stabilized and stabilized PP is
decreasing while increasing the temperature, pointing to somewhat insufficient stabilization
on higher temperatures. In this manner, it can be observed that the complex viscosity values
for the non-stabilized PP at 200 °C correspond to the values for the stabilized at 210 °C; while
for the non-stabilized PP at 210 °C to the values for the stabilized at 230 °C.
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Figure 2.  Oscillatory frequency sweep for EPM at different temperatures.

Oscillatory frequency sweep performed on EPM showed that the stabilization of EPM at 220
and 230 °C is insufficient. Maxima on the showed curves (complex viscosity vs. frequency)
can be observed at these temperatures (see Fig. 2), probably caused by EPM branching and/or
slight cross-linking which are contributing to increase in the molecular weight of EPM during
measurement (at least in its starting period). At higher frequencies, where time period

between the measured points is short, the dependence is becoming typical for polymer melts.
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The macromolecules have the ability to organize into specific structural forms. The mechanism of
a folding is widely studied especially for proteins. Recently, protein folding in confined spaces
mimicking a dense in vivo environment gained much interest."! Computationally, a convenient
model of a confined protein is polyalanine (PA), well-known for its high propensity for the helical

[1-4]

structures. Computational studies' ™ revealed that the preference for the individual secondary

structures of PA depends on the medium and chain length considered.
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Fig. 1 Distribution functions of the radius of gyration of free and confined (given in the
legend) long-chain PA at 303 K.
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In the present study the behavior of a single long-chain PA molecule (Ala)es was simulated by all-
atom molecular dynamics (MD) using Amber99¢ force field in vacuum. The various confinement
geometry (slit, cylinder, cube and sphere) and strength was considered. In case of free PA it was
found' that a hairpin structure of two antiparallel a-helices was favored at 7= 303 K. The “U”
shaped double-leg structure (2-a)) of free PA is depicted in Fig. 1. The organization of a-helices
into parallel position in the hairpin was explained by attractive van der Waals interaction between
helical legs, of about -2.5 kJ.mol-1 per Ala unit. The preference for hairpins was found to persist
in (Ala)g also under confinement. The representative structures of PA in a cube (Fig. 1) clearly
show a transition of the double-leg into multiple-leg hairpins (3-a, 4-a, 5-o1) upon increasing the
confinement. Under weak and moderate confinement the broken PA helices sustain the hairpin
character of the structure. However, under strong confinement the helices melt considerably. The
hairpin structure of PA found in the present simulations has a direct bearing on the helix-turn-

helix structural motif well-established in membrane proteins®..
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V tomto prispevku je pomocou ssNMR prezentované Studium Struktiry a segmentovej dynamiky
tuhych disperzii a roztokov aktivnej farmaceutickej ingrediencie (API) v polymérnej matrici. Vo
velkom mnozstve klinickych $tadii je demonstrované, ze vyssi uc¢inok API vyznamne redukuje
nebezpecie viacerych chordb. KedZe mnoho farmaceutickych substancii prejavuje nizku
rozpustnost’ vo vode, suasnym cielom farmaceutického vyskumu je zvysit’ rozpustnost’ a teda

zéaroven 1 biodostupnost’ tychto substancii.

Jednou s viacerych nadejnych procedur ako zvysit’ disolu¢nu rychlost, vo vode malo rozpustnych
lieCiv, je transformacia zich kryStalického stavu do viac rozpustného amorfného stavu,

nanokrystalickej tuhej disperzie alebo tuhého roztoku.

V nasej praci sa zameriavame na Stadium Strukturnych vlastnosti APIi v pripravenych tuhych
polymérnych disperziach, ktoré prejavuju zvysenie rozpustnosti. Ako typicky model API s vyssou
rozpustnostou pouzivame kyselinu L-askorbovi, zatial ¢o o tokoferol nikotinat a kyselina

acetysalicylova reprezentuje model s nizkou rozpustnost'ou.

Tieto modelové zluceniny sme kombinovali s polymérnou, netoxickou, vo vode rozpustnou

matricou (napr.: PEG, PVP atd’.) niekol'’kymi procedirami.

V niektorych pripadoch vytvorena interakcia lieCivo-polymér podstatne prejavovala zvySenie

disolu¢nej rychlosti API.

Struktarne vysledky zvysenej rozpustnosti systémov - amorfnych tuhych disperzii, sme nasledne

skiimali pomocu *C CP/MAS NMR, "*C-'"H HETCOR a relaxaénych experimentov.

Ziskané Struktirne zavery tychto systémov budeme porovnavat s morfologickym vyskumom

pomocou Ramanovej spektroskopie.
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Vrstevnaté alumino-silikdtové mineraly (bentonit, kaolin atd.) jsou vyuZzivany v mnoha
oborech lidské Cinnosti (vyroba keramiky, pfiprava zeolitickych katalyzatort atd.). Jednou z
moznosti vyuziti silikdtovych minerali je pfiprava amorfnich alkalicky aktivovanych
alumino-silikdtovych polymerii (geopolymeri), jez nachédzeji Siroké uplatnéni nejen jako
alternativa k tradicnim cementim a betoniim, ale i v oblasti specidlnich a konstrukcnich
materiali (nosice katalyzatord v automobilovém primyslu, konstrukéni prvky raketovych a

tryskovych motori).

Nedavno bylo zjisténo, Ze stabilita téchto anorganickych polymert je ovlivnéna pfitomnosti
molekularni vody, kterd je vazdna v anorganické matrici. Celkova struktura a tim i
mechanické vlastnosti vysledného produktu jsou ovlivnény postupem piipravy. Strukturni
zmény doprovazené zmeénou mechanickych vlastnosti se obvykle projevi az v dlouhodobém
casovém horizontu, proto bylo potfeba vyuzit zrychleného starnuti alumino-silikatovych

anorganickych polymert za hydrotermalnich podminek.

Pro pochopeni a odhaleni vzajemnych souvislosti mezi strukturou a vlastnostmi piipravenych
amorfnich alkalicky aktivovanych alumino-silikatovych polymert byly pouzity pokrocilé
techniky NMR spektroskopie pevného stavu, prevazné zamétené na detekci kvadrupdlovych
jader (*Na, *’Al). Pro ziskéni detailni informace o struktufe byly dvou-dimenzionalni vice-
kvantové experimenty (2D MQ/MAS) vhodné modifikovany {'H-X} REDOR sekvencemi.
Tyto ndmi nové pouzité experimenty nam umoznily identifikovat rGzné hydratované
strukturni jednotky pfitomné v anorganické matrici, které jsou odpovédné =za

stabilitu/nestabilitu systému.
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Cilem prace je posoudit moZnost pouZiti dynamické mechanické spektroskopie pro urceni
zivotnosti krycich pryZovych vrstev dopravnich past (DP). Pasy méni béhem provozu své
fyzikalni vlastnosti, zejména ptisobenim vzdusného kysliku, ultrafialového zéafeni a zménami
vnéjsi teploty. Méni se hlavné sitova hustota, teplota skelného prechodu, rovnovazny modul

v kaucukovité oblasti a stupent protazeni kryci vrstvy pfi pretrZeni.

Studium zmén fyzikdlnich vlastnosti béhem starnuti DP jsme provadéli se zamérem
odhadnout (pfedpovédét) zvelikosti a dynamiky téchto zmén celkovou Zivotnost
provozovanych DP. Soustiedili jsme se zejména na sledovani zmén, ke kterym dochazi
béhem provozu DP pisobenim vzdusného kysliku a zmé&nami okolni teploty. Chovani vzorkt
DP odebranych z provozu jsme porovnavali se zménami fyzikalnich vlastnosti pryZovych

vrstev starnutych pii teploté 80 °C v laboratornich podminkach (peci).

Tabulka 1: Piehled méfenych vzorki

vzorek typ kostra kryci vrstva pozn.

1 P 630/3 polyamide AA

2 P 315/2 polyamide B AA

3 EP 500/3 = polyester Z AA

4 EP 500/3 = polyester Z AA

5 EP 400/3 = polyester Z AA

6a EP400/3 @ polyester AA starnuti na slunci

6b EP400/3 @ polyester AA
neznamy starnuti v provozu
EP 400/3 = polyester GT starnuti v provozu

140



V ptedkladané praci jsou shrnuty vysledky méteni vlastnosti osmi vzorkt DP s riznymi typy
textilni kostry a krycich vrstev (Tabulka 1). Méfeni se uskutecnila jak na novych pasech,
dodanych vyrobcem, skladovanych v riznych podminkach, tak i na provozné vyuZzivanych
vzorcich. Studované vzorky byly méfeny ve stavu, v jakém byly dodéany tj. nové nebo po
pfedchozim starnuti v provozu. U vzorkl, které neprosly provoznim zatizenim, bylo

provedeno jejich laboratorni starnuti za zvySené teploty.

Mechanicka méfeni slozek komplexniho Youngova modulu probihala v rozsahu teplot od

skelného stavu az hluboko do kaucukovité oblasti pryZzovych krycich vrstev. K méfeni

, ) , , * 2 S ml/4 v . ,
teplotni zavislosti komplexniho Youngova modulu £ = E"+iE" byl pouzit dynamicky
mechanicky analyzator Tritec 2000, ktery umozituje méfeni slozek komplexniho Youngova

modulu pfi nékolika frekvencich béhem jednoho teplotniho cyklu.

E'[Pa

[ ¢=2°C/min  f=1Hz

1 + l 4 Il 4 |
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Obr. 1: Srovnani teplotni zavislosti redlné £’ sloZky Youngova modulu a ztratové tangenty

pro vzorek nenamahané a provozné namahané dopravni pasy
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Na obr. 1 je porovnana teplotni zavislost realné ¢asti Youngova modulu a ztratové tangenty
pro vzorky 1, 3, 7 a 8. Heterogenni charakter hlavniho pfechodu je viditelny pro vzorky 1 a 3.
Z prubéhu je ziejmé, Ze pryzova kryci vrstva je u téchto vzorkl slozena ze dvou polymert
s raznymi teplotami skelného ptechodu. U provozné namédhaného vzorku 7 byl naméfen
pouze piechod u teploty 7, = -30°C, protoze méfeni bylo u tohoto vzorku provedeno az od -
40°C. Provozni pouZitelnost DP je na strané nizkych teplot dana nejvyssi hodnotou teploty
zeskelnéni, tedy priblizné 0 °C pro vzorky 1, 3 1 vzorek 7. Vzorek 8 je opatien kryci pryZovou
vrstvou typu GT, kterd je urena pro prepravu olejovych a masnych materiald. Teplota
zeskelnéni této smési je -45 °C a hodnota realné ¢asti Youngova modulu a ztratové tangenty
v oblasti kaucukovitého platd je vysSi ve srovnani s krycimi vrstvami AA, BAA a ZAA.
Uvedené fyzikalni vlastnosti GT vrstvy spliiuji poZadavky na doporuceny rozsah provoznich

teplot -20°C az +120°C.

Nase méfeni ukédzala, Ze metoda mefeni dynamickych mechanickych vlastnosti vzorkti DP
v Sirokém teplotnim oboru je dobrym ndstrojem pro stanoveni jejich opotfebeni a tim 1
Zivotnosti. Metoda totiZ umoziuje sledovat nejen zmény teploty skelného prechodu a Sitku
pfechodové oblasti béhem starnuti, ale i zmény hodnot rovnovazného modulu v kauc¢ukovitém
platé. Pro systematické vyhodnoceni téchto zmén, ke kterym b&hem provozu dochézi, je
zapotiebi vytvofit Sirokou databazi mechanického chovani novych vzorka pouzivanych
v pasové doprave, aby zmény, zplsobené provoznim stdrnutim mohly byt s touto databézi

porovnany.

Tento projekt byl realizovan za financni podpory z prostredkii  statniho rozpoctu

prostrednictvim Ministerstva priumyslu a obchodu (FR-TI1/537).
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