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9:30 - 10:00 Spévacek Jifi: Termoresponzivni polymery ve vodnych
roztocich studované NMR spektroskopii a dalSimi metodami

10:00 - 10:30 Starovoytova Larysa: Effect of ketone- and ether-based
additives on polymer globules formation

10:30 - 11:00 Konefal Rafal: NMR study of the additive-influenced
poly(vinyl methyl ether) globule formation

11:00 - 11:20 pfestavka na kavu

11:20 - 11:50 Policianova Olivia: Vplyv polymérnych matric na Struktaru
tuhych disperzii APIi: Pripadové Studium kyseliny acetylsalicylovej v matriciach
PVP, PEG, pHPMA a PEO.

11:50 - 12:20 Kobera Libor: Structural characterization of aluminosilicate
polymers by solid state nmr: from initial phase to final product

12:20 - 12:50 Urbanova Martina: Structural diversity of trospium chloride:
a comprehensive 13C CP/MAS NMR, DSC, FTIR and XRPD study.

12:50 - 13:30 prestavka na kavu a obéd

13:30 — 14:00 KFiz Jaroslav: Premicellar Interaction of PEO-PPO-PEO
Triblock Copolymers with Partially Hydrophobic Alcohols

14:00 — 14:30 Brus Jifi: Zkoumani struktury polydopaminu pomoci NMR
spektroskopie pevného stavu: izotopické obohaceni 15N — drahy, ale efektivni
postup.

14:30 Zakonceni

16:00 neformalni diskuse



Abstrakta P1

TERMORESPONZIVNi POLYMERY VE VODNYCH ROZTOCICH
STUDOVANE NMR SPEKTROSKOPIi A DALSiMI METODAMI

Jifi Spévacek
Ustav makromolekularni chemie AV CR, v.v.i., Heyrovského nam. 2, 162 06 Praha 6

Je znamo, ze termoresponzivni polymery vykazuji ve vodném roztoku fazovou separaci
doprovazenou agregaci a tvorbou tzv. mesoglobuli. Termosenzitivita Cini tyto polymery
zajimaveé pro rizné biolékarské a technologické aplikace, napf. jako polymery pro uvolfiovani
léCiv. V prednasce budou diskutovany vysledky ziskané nedavno u termoresponzivnich
polymernich systém0 pomoci NMR a dalSich metod (IC spektroskopie, DSC). V prvni ¢asti
bude porovnano termoresponzivni chovani poly(N-vinylkaprolaktamu) (PVKL) [1], coz je
polymer, ktery ma pomérné znacny aplikaéni potencial, s chovanim podstatné castéji
studovanych akrylamidovych polymeru. Byly zjiStény nékteré vyznamné rozdily, napf. silna
zavislost pfechodové teplotni oblasti na koncentraci PVKL roztoku, odliSny charakter molekul
vody uvolfiovanych z mesoglobuli s Casem a zejména podstatné nizsi stupen dehydratace
PVKL segmentt pfi teplotach nad fazovym prechodem. V druhé ¢asti budou prezentovany
vysledky ziskané kombinaci NMR a DSC pfi studiu teplotou-indukované fazove separace ve
vodnych roztocich statistickych kopolymert poly(N-isopropylmethakrylamid—akrylamid)
(P(IPMAm-AAmM)) [2]. Z téchto vysledku vyplyva, Ze s rostoucim obsahem AAm jednotek v
kopolymeru se kooperativni jednotky vykazujici fazovy pfechod zmensuji a vysledné
globularni struktury jsou silné heterogenni. To mize negativné ovlivnit i€innost statistickych
termoresponzivnich kopolymerut obsahujicich hydrofilni slozku pfi nékterych aplikacich.

Podékovani: Autor dékuje za podporu GA CR (projekt 202/09/1281).

[1]J. Spévacek, J. Dybal, L. Starovoytova, A. Zhigunov, Z. Sedlakova, Soft Matter 8, 6110 (2012)
[2] J.Stastna, L. Hanykova, J. Spévacek, Colloid Polym. Sci. 290, 1811 (2012)
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Teplotni zavislosti podilu IPMAm-jednotek s podstatné redukovanou pohyblivosti pro rizna slozeni kopolymeru
P(IPMAmM-AAmM) [2].



Abstrakta P2

Effect of ketone- and ether-based additives on polymer
globules formation

L. Starovoytova, J. Stastna, J. Kriz, R. Konefal, A. Sturcova, J. Dybal

Ustav makromolekularmni chemie AV CR v.v.i., Heyrovského nam. 2, 162 06 Praha 6, CR,

e-mail: lara@imc.cas.cz

Difference in the influence of ketone-based additive from the ether-based one is
obvious from the polymer concentration dependence of LCST. In case of ketone-based
additives increasing of polymer concentration lead to the broadening of the transition. At the
same time we observed that self-assembling starts at lower temperature and finish at higher
temperature with polymer concentration increasing. Presence of ether-based additive leads
to the shift of LCST to lower temperature and no broadening process was observed.
Interaction with the polymer is strongly affected by the changing of hydrogen donor group of
the additive.

On the other hand both ketone- and ether-based additives change the way of
globules formation by pushing the water molecules out the globular structures, what leads to
the formation of core inside the globular structure formed by polymer segments only. Shell of
the globule is more porous and consists of three components: polymer segments, additive ad
water molecules. Layer of additive/water molecule complexes attached to the surface of
polymer globules protect the individual globules from interaction. This effect was observed by
optical microscope and certified by the PFG NMR self-diffusion measurements and chemical
exchange NMR experiments. This model can be confirmed by the cooling experiments where
reorganization of the polymer globules is observed in two steps. First one corresponds to the
re-solving process of the porous shell (~1-2K less than LCST), second step characterize the
reorganization process in more rigid core part (require the lower temperature, 5-7K less than
LCST). In such a structure no effect of water releasing observed, only releasing of a small part
of an additive is taking place.
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Abstrakta P3

NMR study of the additive-influenced poly(vinyl methyl ether)
globule formation

Rafatl Konefat, Larisa Starovoytova

Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, Prague, Czech
Republic

It's well known that poly(vinyl methyl ether) (PVME), exhibit in aqueous solutions

lower critical solution temperature (LCST) behavior. PVME is soluble below the LCST, but
heating above lower critical solution temperature results in phase separation (coil-globule
transition), which is visible by the milk-white turbidity of the solution [1].
In this contribution the phase separation of PVYME (0,5% and 5% wt.) is studied under the
influence of small organic additives: 3,3-dimethyl-2-butanone, 3-methyl-2-butanone, 2-
butanone. The LCST is determined by 1H-NMR spectroscopy. Additives shift down the lower
critical solution temperature, which depends on additive and additive concentration.
Measurements spin-spin relaxation time T2 of water and additives provide information about
behavior of water and additives in globule state in temperature above LCST.
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Figure 1. 1H-NMR spectrum of sample: 5% PVME 5% 3,3-dimethyl-2-butanone; below (top),
and above (down) LCST.

References:
1. Aseyev VO, Tenhu H, Winnik FM. Adv Polym Sci 2006;196:1-85



Abstrakta P4

Vplyv polymérnych matric na strukturu tuhych disperzii APli:
Pripadové stadium kyseliny acetylsalicylovej v matriciach PVP,
PEG, pHPMA a PEO.

Olivia Policianova

Ustav makromolekularni chemie AV CR v.v.i., Heyrovského nam. 2, 162 06 Praha 6, CR,
e-mail: policianova@imc.cas.cz

Aktualnym vyvojovym trendom farmaceutickych spolo¢nosti je snaha o zvySovanie
biodostupnosti substancii s nizkou biodostupnostou réznymi metédami. Jednou z nadejnych
metdd je i tvorba tuhych disperzii. Na vplyv $truktdrnych a farmakokinetickych vlastnosti
tychto disperzii ma okrem vyberu vhodnej metddy, ¢i premeny ich vzniku aj matrica (polymér,
celulésa, mocovina atd.), do ktorej sa API disperguje. V tomto prispevku je prezentované
Studium vplyvu réznych polymérnych matric (PEG, PVP, pHPMA a PEO (poly(2-etyl-2-
oxazolin)) a ich molekulovych hmotnosti na tvorbu (Obr. 1.) a vlastnosti tuhych disperzii
kyseliny acetylsalicylovej pomocou ssNMR. K Strukturnej analyze disperznych systémov boli
pouzité experimenty 13C CP/MAS NMR, 1H DQ-BABA a relaxacné experimenty. K
sledovaniu zmien disoluénych rychlosti tuhych disperzii a ich fyzikalnych zmesi in vitro (37°C)
bola pouzita metdda disoluénych profilov.

Amorfny tuhy roztok Amorfna tuha disperzia

Obr.1: Pripadné formulacie API-polymér tuhych disperzii



Abstrakta P5

Structural characterization of aluminosilicate polymers by solid
state NMR from initial phase to final product

Libor Kobera, Jiri Brus

Ustav makromolekularmni chemie AV CR v.v.i., Heyrovského nam. 2, 162 06 Praha 6, CR,
e-mail: kobera@imc.cas.cz, brus@imc.cas.cz

Current trend in alumino silicate chemistry is to develop new types of materials with
low energy requirements but still possessing good mechanical properties. One of the
possibilities is preparation amorphous aluminosilicate polymers by alkali activation of
calcinated aluminosilcate layered minerals at the room temperature.

Modification of inorganic matrix provides new possibilities of material research and
properties improvements. Epoxy resin was used for structural modification (combination of (3-
aminopropyl) trimethoxysilane with Bisphenol A diglycidyl ether) that decreases water
permeability and material cracking. However, modification of primary non-crystalline
aluminosilicate structure is accompanied with creating very complicated organo-inorganic
heterogeneous network.

An understanding and disclosure of the fine relations between structure, processing
and post-processing of various types of amorphous aluminosilicate polymers requires
application of carefully designed and optimized techniques of solid-state NMR spectroscopy.
In our work, we focussed our attention to the initial phases of matrix formation. To gain
structural information provided by solid-sate NMR we used not only simple one-dimensional
experiments (MAS) on various nuclei like 1H, 13C, 23Na, 27Al, 29Si but also two-dimensional
multiple-quantum experiments (27AI 3Q/MAS NMR) for detailed description of these
systems. Spectra of multi-quantum experiments were finally processed by biaxial shearing,
which can uncover small structural details and provide new information about structural
fragments.
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Figure . Q-sheared and biaxially sheared 27AI MQ/MAS NMR spectra of stable inorganic aluminosilicate polymer



Abstrakta P6

Structural diversity of trospium chloride: a comprehensive 13C
CP/MAS NMR, DSC, FTIR and XRPD study

Martina Urbanova

Ustav makromolekularmni chemie AV CR v.v.i., Heyrovského nam. 2, 162 06 Praha 6, CR,
e-mail: urbanova@imc.cas.cz

Despite advances in solid-state analysis, structural characterization of active
pharmaceutical ingredients is a complex problem that requires combination of many
experimental approaches. Detailed analysis of 13C CP/MAS NMR, DSC, FTIR and XRPD
data of a range of trospium chloride products prepared under different crystallization
conditions confirmed that the crystals exhibit different degree of disorder, rather than
traditional polymorphism. While 13C CP/MAS NMR spectra clearly demonstrated
considerable structural diversity of crystalline powders of trospium chloride, temperature-
modulated DSC indicated two-component character. FTIR spectra revealed alterations in the
hydrogen bonding network (ionic hydrogen bond formation), whereas the X-ray diffraction
confirmed basically unchanged unit cell parameters. Therefore, all the investigated trospium
chloride powders crystalized from ethanol under various conditions can be considered as one
polymorphic form with partly separated domains that slightly differ from each other in the
degree of molecular disorder, in the quality of crystal lattice and hydrogen bonding network. It
is demonstrated that, for the quality control of complex products for which standard
approaches fail, 13C CP/MAS NMR spectroscopy combined with factor analysis can
satisfactorily be used for categorizing the individual samples: factor analysis of 13C CP/MAS
NMR spectra found clear relations between the extent of molecular disorder and
crystallization conditions.
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Figure 2. 2D and 3D correlation graphs

Figure 1. Overlay of 13C CP/MAS NMR
spectra of the investigated samples of
trospium chloride.

for coefficients (scores) Vi2, Vi3 and Vi4
calculated from the 13C CP/MAS NMR
spectra and relevant subspectra



Abstrakta P7

Premicellar Interaction of PEO-PPO-PEO Triblock Copolymers
with Partially Hydrophobic Alcohols

Jaroslav Kfriz

Ustav makromolekularmni chemie AV CR v.v.i., Heyrovského nam. 2, 162 06 Praha 6, CR,

e-mail: kriz@imc.cas.cz

The interactions of 2-butanol (BuOH), 3-methyl-2-butanol (MeBuOH) and 3,3-
dimethyl-2-butanol (Me2BuOH) with propylen oxide octamer (PO8) and the copolymers
(EO)8(PO)13(EO)8 (L35) and (EO)13(PO)30(EO)13 (L64) in D20 were studied using 13C
NMR spectra and relaxations and 1H PFG NMR diffusion measurements. For L64, the
temperature of conformation change decreases by 6 K for each additional methyl group in the
alcohol. The first signs of L64 aggregation are at temperatures 7, 10, and 13 K lower for BuOH,
MeBuOH and Me2BuOH, respectively. These effects are much weaker for (PO)13 in L35 or
nonexistent for (PO)8 in PO8 showing thus the role of cooperativity in dehydration and
aggregation processes. The molar fraction of the alcohol hydrogen-bonded to L64 increases
with its hydrophobicity and with increasing temperature at which also higher NOE can be
observed. Strong hydrogen bond interaction, which is in mutual cooperation with hydrophobic
interaction, does not preclude the exchange between bound and free states of the alcohol,
however. Using 13C transverse relaxation, its correlation time is shown to be of the order of 10
microseconds.

ZBE K 30€ E

NOESY spectra of the system of 10 %w/w L64 and 4 %w/w of Me2BuOH in D20 at indicated
temperatures (cross-peaks indicating dipolar interaction between the methyl protons of the
additive and the CH and CH2 protons of PPO are marked by arrows).



Abstrakta P8

Zkoumani struktury polydopaminu pomoci NMR spektroskopie
pevného stavu: izotopické obohaceni 15N — drahy, ale efektivni
postup.

Jifi Brus

Ustav makromolekularni chemie AV CR v.v.i., Heyrovského nam. 2, 162 06 Praha 6, CR,
e-mail:_brus@imc.cas.cz

V roce 2012 jsme se mimo jiné vénovali ve spolupraci kolegou V. Proksem zkoumani
struktury a strukturnich polydopaminovych vrstev, ke kterym dochazi b&éhem termalniho
namahani. V literatufe existuje fada hypotéz, které se pokousi popsat mechanismus
konverze dopaminu chloridu na nerozpustny polymerni produkt. Nékteré zahrnuji pouze
intramolekularni cycklizaci spojenou s dehydrogenaci a vznikem vodikovych mustkd mezi
hydroxylovymi a chinonovymi skupinami, jiné pfedpokladaji vznik chemickych vazeb mezi
dopaminovymi segmenty. Pro ziskani zakladnich informaci o mechanismu vzniku
polydopaminu a jeho nasledné termalni stabilizace jsme se rozhodli vyuzit NMR
spektroskopie pevného stavu. Je zfejmé, Ze vedle 13C CP/MAS NMR jsou vyznamnym
nositelem strukturnich informaci 15N CP/MAS NMR spektra. Ziskani kvalitnich spekter v
pfirozeném izotopickém zastoupeni je vSak v pfipadé polydopaminu realizovatelné v
Casovém horizontu nékolika dni. Mé&feni 2D spekter je zcela nerealizovatelné. Proto jsme
pfistoupili k izotopickému obohaceni dopaminu. To bylo sice nakladné (100.000 K&/gram),
nicméné jsme ziskali velmi kvalitni 15N CP/MAS NMR spektra, ve kterych jsme identifikovali 7
rdznych strukturnich jednotek, které jsme pomoci nové vyvinuté metody méreni 15N CPPI
profilll dokazali pfifadit zakladnim strukturnim jednotkam. Posléze v kombinaci s 1H-13C a
1H-15N HETCOR spektry jsme ziskali detailnéj$i informace o struktufe tohoto
nerozpustného, ¢erného a na prvni pohled odpudivé vyhlizejiciho materidlu, ktery vSak ma
velky potencial pro povrchové modifikace.
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