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tions, exhibit significantly enhanced in vitro activities with
corresponding Ki values in the range of tenths of pM to
several nM. The structure-activity relationship (SAR) ob-
served within a small library of ca. 60 substituted
carboranes and metallacarboranes is discussed.

These results are complemented by synchrotron struc-
tures of enzyme-inhibitor complexes and by a short over-
view of pharmacologically relevant factors such as plasma
protein binding, cell membrane penetration, and basic re-
sults from toxicology and pharmacokinetic studies (mouse
model) performed on a panel of the selected inhibitors of
CA IX enzymes. Due to promising inhibitory properties,
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these compounds are thus primarily considered as candi-
dates for drugs applicable in cancer treatment.

1. J. Brynda, P. Mader, V. Sicha, M. F:éibry, K. Poncova, M.
Bakardiev, B. Griiner, P. Cigler, P. Rezacova, Angew.
Chem., Intl. Ed. Eng., 2013, 52, 13760.
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vivo testing). Also support from institutional research pro-
Jjects RVO 68378050, 61388963, and 61388980 by the
Academy of Sciences of the Czech Republic is appreciated.

NMR AND X-RAYS ARE NOT ENEMIES ANYMORE
Pavel Srb

Ustav organické chemie a biochemie AV CR, v. v. i, Flemingovo ném. 2, Praha 6

NMR spectroscopy and X-ray crystallography have tradi-
tionally been viewed as rivals in three dimensional protein
structure elucidation, NMR being less successfull one. The
fundamental difference between NMR and X-rays lies is
the following: X-rays provides almost direct spatial infor-
mation about atomic positions, while NMR signal directly
encodes frequency of nuclei (more precisely of nuclear
spins). After introducing basic physical principles of
NMR, the standard pipeline of sample preparation and sig-
nal assignment will be explained, with emphasis on de-
scription to various useful paramaters that can be extracted
without previous structure knowledge, however are very
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useful in characterizaation of a system under scope.
Namely chemical shifts, residual dipolar couplings and
paramagnetic relaxation enhancemets. A special attention
will be paid to NMR methods for characterization of pro-
tein dynamics on various timescales. Specifically the possi-
bility of characterizing the low populated conformational
protein states opens a path to a challenging goal of describ-
ing protein as a dynamic ensemble of functional states. A
real life examples of studies of protein-protein and pro-
tein-small molecule interactions will be described and ex-
plained.

POZITRONOVA ANIHILACNi SPEKTROSKOPIE
Jakub Cizek
Katedra fyziky nizkych teplot, Matematicko-fyzikalni fakulta Univerzity Karlovy v Praze

Pozitronova anihila¢ni spektroskopie vyuziva pozitron
jako sondu ke studiu struktury materidlu. V pevnych
latkach jsou pozitrony anihilovany elektrony a emitované
anihilacni zafeni pfinasi informaci o parametrech ani-
hila¢niho procesu. Hlavni pozorovatelné jsou doba zivota
pozitronu a Doppleruv posuv energie anihila¢nich fotond.
Pozitron implantovany do dokonalého krystalu je delokali-
zovany v krystalové miizi a pozitronova hustota ma formu
modulované rovinné viny. Defekty krystalické miize
spojené s volnym objemem (napf. vakance, dislokace,
hranice zrn atd.) predstavuji pro pozitron potencidlové
jamy a mohou vést k zachytu pozitronu, tj. muze dojit ke
vzniku vazaného stavu pozitronu v defektu. Takto
zachycené pozitrony maji del$i dobu zivota nez pozitrony
delokalizované v krystalické mrizi. Doba Zivota pozitronu
je urcena lokalni elektronovou hustotou v misté defektu.
Kazdy stav pozitronu v daném materialu pfispiva do

spektra dob zivota pozitronu exponencialni komponentou.
Zmétenim dob zivota téchto exponencialnich komponent
je mozné identifikovat typy defektu ve studovaném mate-
ridlu. Z intenzit techto komponent lze potom pomoci
vhodného modelu urcit koncentrace defektu.

V piednasce bude vysvétlen princip pozitronové anihi-
la¢ni spektroskopie a ilustrovany jeji moznosti na piriklade
studia ultra jemnozrnnych materiald pfipravenych silnou
plastickou deformaci. Budou rovnéz zminény oblasti kdy
se informace ziskand pomoci pozitronové anihilacni
spektroskopie piekryva s informaci o realné struktufe
materialu ziskané studiem tvaru rozsifeni difrakcnich
profilt rtg. zatreni.
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NON-TRADITIONAL APPLICATIONS OF THE MOSSBAUER SPECTROSCOPY

A. Lancok

Institute of Inorganic Chemistry of the CAS, Husinec-Rez &.p. 1001, 250 68 ReZz, Czech Republic
ada@iic.cas.cz

Nanomaterial is interesting material for artworks, biomedi-
cal and industrial applications especially in the field of nu-
clear installations. Our aim was to study of iron-containing
nanoparticles in different type of materials (see Fig. 1); e.g.
disks [1], powders [1-3], thin films etc. The methods for
preparing of nanomaterials have attracted considerable sci-
entific interest in recent years. These materials are structur-
ally well ordered with very well-defined and exhibit unique
physical and chemical properties determined by their prac-
tically applications. The aim of the lecture is to give an
overview of current trends and perspectives in the research
of above mentioned classes of nanomaterials.

Massbauer spectrometry of the biological tissues con-
firms the presence of hematite, ferrihydrite and maghemite/
magnetite in ferritin derived from human spleen and brain
tissues. The minerals are present in a form of small (about
4-5 nm in size) grains with highly disordered structure. At
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Figure 1. Different type of nanomaterials.
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Figure 2. Temperature dependences.

room temperature all agglomerates of ferritin nanoparticles
show non-magnetic behaviour. Employing Mdssbauer ef-
fect measurements, the latter was determined to be of 16 K
for the human spleen. Fig. 2 shows the evolution of
Mossbauer spectra of low temperature dependencies.

A study of pure synthetic (as well as partly oxidised)
vivianite (materials for artworks) covering the whole ex-
tent of the temperature-related stability of its structure is
being published for the first time in [2]. The results show
that already temperatures around 70 °C are damaging to
vivianite, therefore, some of the recommended procedures
during vivianite’s synthesis including digestion under in-
creased temperatures should be avoided. Mdssbauer spec-
tra demonstrated that the temperature-induced oxidation of
vivianite starts at 90°C, which corresponds with the in-
crease of the amount of metavivianite. Fig. 3 shows the
evolution of Mdssbauer spectra of vivianite with increas-
ing temperature, and illustrates the amounts of Fe*" and
Fe’" after each heating step.

The transmission Mossbauer spectra of the powder and
bulk samples show clear six-line pattern with only traces of
a central single absorption line (shown in blue component
in its central part). The six-line patterns in both spectra are
assigned to magnetically ordered ferrite phase. They were
fitted by 6 sextets. S1 through S5 represent those Fe atoms
that have n Cr in their nearest shell with n =0 up to 4. The
sextet S6 with the lowest hyperfine field comes from the
unresolved contribution of Fe atoms with 5 and more Cr
nearest neighbours. Decomposition of the sextuplet part of

© Krystalograficka spole¢nost



346 Struktura 2016 - Lectures

&

Materials Structure, vol. 23, no. 4 (2016)

spectra to components is plotted in Fig.4 in different shades
of grey colour.

Madssbauer spectrometry was chosen as a principal
method of investigation. Complex behaviour of magnetic
and non-magnetic phases of nanomaterials was identified
in the samples by Conversion Electron Mdssbauer Spec-
trometry and transmission technique. Structural arrange-
ment was studied by electron microscopy with energy
dispersive spectrometry, X-ray diffraction, etc. In the pre-
sentation, I will discuss the properties of different type of
nanomaterials for various applications

1. A.Lancok, T. Kmjec, M. Stefanik, L. Sklenka,
M. Miglierini , Croatia Chemica Acta, 88, (2015), 355.

2. Z.Cermakova, S. Svarcova, J. Hradilova, P. Bezdicka,
A. Lancok, V. Vasutova, J. Blazek, D. Hradil,
Spectrochimica Acta Part A-Molecular and Biomolecular
Spectroscopy, 140, (2015), 101.

3. M. Miglierini, A. Lancok, Acta Phys. Polonica A, 118,
(2010), 944.
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Figure 3. Mdssbauer spectra of ground natural vivianite

crystals used for the model samples after exposition to a

series of heating steps [2].
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Figure 4. The decomposition of transmission Mdssbauer spectra of the sample: (a) powder from of the surface of the disk and (b)
bulk sample (transmission spectrum of the foil prepared from the disk).
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METHODS AND TOOLS FOR ANALYSIS OF NANOMATERIALS BY MEANS OF

ATOMIC PAIR DISTRIBUTION FUNCTION

Z. Matgj"?
"MAX IV Laboratory, Lund University, Lund, Sweden

zdenek.matej@maxiv.lu.se

, M. Dopita®, M. Paukov?, L. Havela®

2Faculty of Mathematics and Physics, Charles University in Prague, Praha, Czech Republic

Atomic Pair Distribution Function (PDF) describes dis-
tances between pairs of atoms in the matter on a nano-scale.
A radial PDF weighted by atomic scattering factors can be
obtained by means of X-ray and neutron total scattering on
powder, nanocrystalline, amorphous or liquid samples. Be-
side Bragg intensity analysed by classical powder diffrac-

tion PDF brings information on a short range order from
the diffuse scattering component. The number of scientific
problems resolved by this method is rapidly growing
thanks to multiple factors: as improved availability of dedi-
cated neutron instruments, developments in X-ray detec-
tors and laboratory instruments but also because of an
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Figure 1. High energy synchrotron data from a temperature cali-
bration sample of DyCo,. The inset shows image data re-
duced to a powder pattern using pyFAT.

advent of software and methods for straightforward PDF
retrieval, modelling and analysis.

In this presentation we give a brief overview of the
method and handy tools for PDF analysis. This is illus-
trated on an application case of X-ray data from
nanocrystalline alloyed Uranium hydrides. We show some
basic thoughts one shall do before starting a PDF experi-
ment, list of some noticeable neutron instruments, demon-
strate several tools for X-ray data reduction (see an
example received from pyFAT [1] in Fig. 1 or srx-
planar [2]) and a procedure to obtain the experimental
PDF by means of PDFgetX3 [3]. We mention several
tools for PDF simulations (DISCUS [4]) and data fitting
(D1if£Py suite [S]) that we considered very useful for
working with nanocrystalline materials.

Our scientific problems is concerning U-hydrides. For
us they present a probe to study an impact of expansion of
the U lattice, allowing formation of U moments and their
ferromagnetic ordering. Starting from (bec) y-U alloys us-
ing doping with Zr or Mo, different varieties of UH; were
synthtised [6]. Whereas Zr-dopping resulted in a fomation

id22, 80keV, Perkin Elmer a-Si Detector,
pyFAl, pdfgetX3 b)

UMo12 ﬁ N
- y \s‘/&
\

a)s

Glr)

of (20 nm) nanocrystallites with a-UH; cubic structure,
pure Mo-alloyed UHj3 is almost amorphous corresponding
to very purely (1 nm) nanocrystalline material with $-UH;
like structure [7] (Fig. 2). Despite of these structural differ-
ences both types of hydrides behave similarly as
ferromagnets with Curie temperature T¢ = 170-200 K [6].
A striking phenomena observed in UHj; alloys is a large
volume magnetostriction. This we tested in low tempera-
ture experiments.

Analysis of real powder samples can be a complex
problem especially if instrumental effects can influence the
results and as the structure of the sample is often not ideal,
e.g. becouse of presence of multiple phases or impurities.
This is why beside fitting of PDF data with a structural
model we employ alternative menthods of fitting of indi-
vidual PDF maxima with phenomenological functions (a
parSCAPE software can be useful for this [8]). Finally
X-ray data analysis is complemented with preliminary neu-
tron scattering simulations.
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B. Vondrackova, Z. Matgj, D. Kriegner, A.V. Andreev,
N.-T.H. Kim-Ngan, I. Turek, M. Divis, L. Havela,
Phys. Rev. B, 91, (2015), 115116.
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7. L. Havela, M. Paukov, I. Tkach, V. Buturlim, Z. Matej, S.
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Figure 2. (a) comparison of experimental PDF of (UH3)o70Z1030 and (UH3)0.8sMog 12, (b) unit cell structures of a-UH; and B-UHs, (c)
Dif£Py PDF simulations with marked 3 closest U-U distances in B—UHj3.
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STRUCTURE ANALYSIS OF NANOFIBERS PREPARED BY NANOSPIDER
TECHNOLOGY

P. Rysanek', P. Gapkova', M. Munzarova?, A. Cajka', M. Barchuk'

"Faculty of Science, J. E. Purkyné University, Ceské mladeze 8, 400 96 Usti nad Labem
’Nanovia, s. . 0., Litvinov, Podkrusnohorska 271, 436 03 Litvinov — Chudefin

Polymer nanofibers are used in wide range of activities in
everyday life, such as: filtration [1], protective closing,
pharmaceuticals [2], etc. The greatest attention is paid on
nanofibers, that have great biocompatibility. These
nanofibers can be used as wound covers in biomedicine.
The first representative is nylon 6, which has very good
biocompatibility and also very good mechanical properties
[3]. The other representative is chitosan, which is
polysacharide, and due to its origin it has also very good
biocompatibility. Chitosan itself have also antibacterial
properties [4, 5].

The structure of nylon 6 and chitosan was studied by
many authors [6 - 9], but the structure of these nanofibers
prepared by NANOSPIDER technology is less studied [ 10,
11], although this technology is widely used in industry
and due to is the knowledge of the structure very important,
because the structure has significant influence on nanofiber
properties.

Nylon 6

Structure of nylon 6 polymer is very well known. It was re-
solved that nylon 6 is polymorphic and has two crystal
structures: alpha form which was described by Brill [12]
and Holmes [13] and gamma form which was determined
by Holmes [13]. Both structures are monoclinic and differ
from each other by density and arrangement of polymeric
chains. The arrangement of the polymeric chains can be
seen on Figure 1.

It is known that the electrospinning preparation of ny-
lon 6 nanofibers leads to three structural phases: alpha,
gamma and amorphous phase of nylon 6. The dependence
of nylon 6 structure on the NANOSPIDER arrangement
was invetsigated. It has been determined, that the phase

C

Figure 1. Arrangement of polymer chains of nylon 6 in ab plane in
crystal structure of alpha phase (left) and gamma phase (right).

composition of nylon 6 nanofibers (i.e. the content of al-
pha, gama and amorphous phase) depends on electrode dis-
tance. In our previous work the core-shell structure model
has been suggested, based on combination of XRD and
XPS measurements [10]. The fibers exhibit also very
strong texture in direction (010). The typical XRD pattern
of nylon 6 nanotextile is on Figure 2.

Chitosan

It is difficult to prepare pure chitosan nanotextiles using
electrospinning [8]. Therefore it is often used the mixture
of chitosan with other polymers [14, 15]. For easier
electrospinning we used mixture of chitosan and polyethyl-
ene oxide (PEO). For further applications in medicine the
mixture of chitosan, PEO and gelatin has been used. The
nanotextile was also cross-linked at 130°C. The research
was aimed in order to investigate the effect of gelatin and
cross-linking on the nanotextile structure and properties. It
has been found, that:

* The presence of gelatin has strong effect on
nanofiber structure, as it prevents the crystallization
of chitosan.

+ After the thermal crosslinking the gelatin climbs to
surface of the fibers and reduces the porosity of the
nano-textile.

* The thermal crosslinking itself (without gelatin) also
disrupts the structure of nanofibers and reduces the
crystallinity of chitosan and PEO.

1. H.R. Ant, M. P. Bajgai, Ch. Yi, R. Nirmala, K. T. Nam,
W. Baek, H. Y. Kim., Colloids and Sur faces A:
Physicochemical and Enginering Aspects. 370 (2010)
87-94.

Figure 2. Typical XRD profile of nylon 6 nanotextile.
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INTERACTION OF NYLON 6 WITH ANTIBACTERIAL MOLECULES
Iryna Gren, Marek Maly, Pavla Capkova

Faculty of Science, Jan Evangelista Purkyné University in Usti nad Labem, Ceské mladeze 8,
40096 Usti nad Labem

In connection with the development of technologies for
production and use of nanomaterials, which are due to par-
ticular physical, chemical, biological, pharmacological and
mechanical properties are able to cause unpredictable ef-
fects on biological objects in modern science there is a
problem ethical use of nano substances and their risk as-
sessment for the body humans and the environment. Al-
though studies the effects of certain nanostructures
performed very active, there are difficulties in forecasting
migration and interaction of nanoparticles.

Nylon 6 is a linear addition polymer of caprolactam.
This means, that the nylon 6 can be seen as the product of
intramolecular interactions carboxyl group and 6
-amino-caproic acid [1, 2]. Upon cooling nylon-6 from the
melt, a semicrystalline structure is obtained, which is char-
acterized by polymorphism. There are two crystalline
phases a and vy (see Fig. 1) [3, 4, 5]. They differ in arrange-
ment of chains and network of hydrogen bonds. Interaction
of nylon 6 with antibacterial molecules is interesting for the
design of antibacterial nanofiber filters [6]. To model these
interactions we used molecular modeling using empirical
force field in Materials Studio modeling environment.

Three types of antibacterial molecules have been used
in the present study: chlorhexidine, BTAB (benzyltri-
methyl amonium bromide), DTAB (dodecyltrimethyl amo-
nium bromide) [7]. Interaction energy, which defines the
stability of the complex nylon6-antibacterial molecule has
been calculated and compared for each individual antibac-
terial substance [8].

The preferable orientation of molecules on the nylon6
surface, represented by crystalline phase, was studied for

Figure 1. Structures of the o and y forms of nylon-6

very low and realistic surface density of all 3 antibacterial
ligands.

The authors acknowledge the assistance provided by the
Research Infrastructure NanoEnviCz, supported by the
Ministry of Education, Youth and Sports of the Czech Re-
public under Project No. LM2015073.
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