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tions, ex hibit sig nif i cantly en hanced in vi tro ac tiv i ties with
cor re spond ing Ki val ues in the range of tenths of pM to
sev eral nM. The struc ture-ac tiv ity re la tion ship (SAR) ob -
served within a small li brary of ca. 60 sub sti tuted
carboranes and metallacarboranes is discussed. 

These re sults are com ple mented by syn chro tron struc -
tures of en zyme-in hib i tor com plexes and by a short over -
view of phar ma co log i cally rel e vant fac tors such as plasma
pro tein bind ing, cell mem brane pen e tra tion, and ba sic re -
sults from tox i col ogy and pharmacokinetic stud ies (mouse
model) per formed on a panel of the se lected in hib i tors of
CA IX en zymes. Due to prom is ing in hib i tory prop er ties,

these com pounds are thus pri mar ily con sid ered as can di -
dates for drugs ap pli ca ble in can cer treat ment. 

1. J. Brynda, P. Mader, V. Šícha, M. Fábry, K. Poncová, M.
Bakardiev, B. Grüner, P. Cígler, P. Øezáèová, Angew.
Chem., Intl. Ed. Eng., 2013, 52, 13760.
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 NMR AND X-RAYS ARE NOT EN E MIES ANY MORE

Pavel Srb

Ústav organické chemie a biochemie AV ÈR, v. v. i, Flemingovo nám. 2, Praha 6

NMR spec tros copy and X-ray crys tal log ra phy have tra di -
tion ally been viewed as ri vals in three di men sional pro tein
struc ture elu ci da tion, NMR be ing less successfull one. The
fun da men tal dif fer ence be tween NMR and X-rays lies is
the fol low ing: X-rays pro vides al most di rect spa tial in for -
ma tion about atomic po si tions, while NMR sig nal di rectly
en codes fre quency of nu clei (more pre cisely of nu clear
spins). Af ter in tro duc ing ba sic phys i cal prin ci ples of
NMR, the stan dard pipe line of sam ple prep a ra tion and sig -
nal as sign ment will be ex plained, with em pha sis on de -
scrip tion to var i ous use ful paramaters  that can be ex tracted 
with out pre vi ous struc ture knowl edge, how ever are very

use ful in characterizaation of a sys tem un der scope.
Namely chem i cal shifts, re sid ual dipolar cou plings and
para mag netic re lax ation enhancemets. A spe cial at ten tion
will be paid to NMR meth ods for char ac ter iza tion of pro -
tein dy nam ics on var i ous timescales. Spe cif i cally the pos si -
bil ity of char ac ter iz ing the low pop u lated conformational
pro tein states opens a path to a chal leng ing goal of de scrib -
ing pro tein as a dy namic en sem ble of func tional states. A
real life ex am ples of stud ies of pro tein-pro tein and pro -
tein-small mol e cule in ter ac tions will be de scribed and ex -
plained.
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POZITRONOVÁ ANIHILAÈNÍ SPEKTROSKOPIE

Jakub Èížek

Katedra fyziky nízkých teplot, Matematicko-fyzikální fakulta Univerzity Karlovy v Praze

Pozitronová anihilaèní spektroskopie využívá pozitron
jako sondu ke studiu struktury materiálu. V pevných
látkách jsou pozitrony anihilovány elektrony a emitované
anihilaèní záøení pøináší informaci o parametrech ani -
hilaèního procesu. Hlavní pozorovatelné jsou doba života
pozitronu a Doppleruv posuv energie anihilaèních fotonù.
Pozitron implantovaný do dokonalého krystalu je delo ka li -
zovaný v krystalové møíži a pozitronová hustota má formu
modulované rovinné vlny. Defekty krystalické møíže
spojené s volným objemem (napø. vakance, dislokace,
hranice  zrn atd.) pøedstavují pro pozitron poten ciálové
jámy a mohou vést k záchytu pozitronu, tj. muže dojít ke
vzniku vázaného stavu pozitronu v defektu. Takto
zachycené pozitrony mají delší dobu života než pozitrony
delokalizované v krystalické mríži. Doba života pozitronu
je urèena lokální elektronovou hustotou v místì defektu.
Každý stav pozitronu v daném materiálu pøispívá do

spektra dob života pozitronu exponenciální komponentou.
Zmìøením dob života tìchto expo nen ciálních komponent
je možné identifikovat typy defektu ve studovaném mate -
riálu. Z intenzit techto komponent lze potom pomocí
vhodného modelu urèit koncentrace defektu.

V pøednášce bude vysvìtlen princip pozitronové anihi -
laèní spektroskopie a ilustrovány její možnosti na pøíkladì
studia ul tra jemnozrnných materiálù pøipravených silnou
plastickou deformací. Budou rovnìž zmínìny oblasti kdy
se informace získaná pomocí pozitronové anihilacní
spektroskopie pøekrývá s informací o reálné struktuøe
materiálu získané studiem tvaru rozšíøení difrakèních
profilù rtg. záøení. 
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NON-TRADITIONAL APPLICATIONS OF THE MÖSSBAUER SPECTROSCOPY

A. Lanèok
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Nanomaterial is in ter est ing ma te rial for artworks, bio med i -
cal and in dus trial ap pli ca tions es pe cially in the field of nu -
clear in stal la tions. Our aim was to study of iron-con tain ing
nanoparticles in dif fer ent type of ma te ri als (see Fig. 1); e.g.
disks [1], pow ders [1-3], thin films etc. The meth ods for
pre par ing of nanomaterials have at tracted con sid er able sci -
en tific in ter est in re cent years. These ma te ri als are struc tur -
ally well or dered with very well-de fined and ex hibit unique 
phys i cal and chem i cal prop er ties de ter mined by their prac -
ti cally ap pli ca tions. The aim of the lec ture is to give an
over view of cur rent trends and per spec tives in the re search
of above men tioned classes of nanomaterials.

Mössbauer spec trom e try of the bi o log i cal tis sues con -
firms the pres ence of he ma tite, ferrihydrite and maghemite/ 
mag ne tite in ferritin de rived from hu man spleen and brain
tis sues. The min er als are pres ent in a form of small (about
4-5 nm in size) grains with highly dis or dered struc ture. At

room tem per a ture all ag glom er ates of ferritin nanoparticles 
show non-mag netic be hav iour. Em ploy ing Mössbauer ef -
fect mea sure ments, the lat ter was de ter mined to be of 16 K
for the hu man spleen. Fig. 2 shows the evo lu tion of
Mössbauer spec tra of low tem per a ture de pend en cies. 

A study of pure syn thetic (as well as partly oxi dised)
vivi an ite (ma te ri als for artworks) cov er ing the whole ex -
tent of the tem per a ture-re lated sta bil ity of its struc ture is
be ing pub lished for the first time in [2]. The re sults show
that al ready tem per a tures around 70 °C are dam ag ing to
vivi an ite, there fore, some of the rec om mended pro ce dures
dur ing vivi an ite’s syn the sis in clud ing di ges tion un der in -
creased tem per a tures should be avoided. Mössbauer spec -
tra dem on strated that the tem per a ture-in duced ox i da tion of
vivi an ite starts at 90°C, which cor re sponds with the in -
crease of the amount of metavivianite. Fig. 3 shows the
evo lu tion of Mössbauer spec tra of vivi an ite with in creas -
ing tem per a ture, and il lus trates the amounts of Fe2+ and
Fe3+ after each heating step. 

The trans mis sion Mössbauer spec tra of the pow der and
bulk sam ples show clear six-line pat tern with only traces of 
a cen tral sin gle ab sorp tion line (shown in blue com po nent
in its cen tral part). The six-line pat terns in both spec tra are
as signed to mag net i cally or dered fer rite phase. They were
fit ted by 6 sex tets. S1 through S5 rep re sent those Fe at oms
that have n Cr in their near est shell with n = 0 up to 4. The
sex tet S6 with the low est hyperfine field co mes from the
un re solved con tri bu tion of Fe at oms with 5 and more Cr
near est neigh bours. De com po si tion of the sex tu plet part of
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Fig ure 1. Dif fer ent type of nanomaterials.

Fig ure 2. Tem per a ture dependences.
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spec tra to com po nents is plot ted in Fig.4 in different shades 
of grey colour.

Mössbauer spec trom e try was cho sen as a prin ci pal
method of in ves ti ga tion. Com plex be hav iour of mag netic
and non-mag netic phases of nanomaterials was iden ti fied
in the sam ples by Con ver sion Elec tron Mössbauer Spec -
trom e try and trans mis sion tech nique. Struc tural ar range -
ment was stud ied by elec tron mi cros copy with en ergy
dispersive spec trom e try, X-ray dif frac tion, etc. In the pre -
sen ta tion, I will dis cuss the prop er ties of dif fer ent type of
nanomaterials for var i ous ap pli ca tions

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-Mo lec u lar and Biomolecular
Spec tros copy, 140, (2015), 101.

3. M. Miglierini, A. Lancok, Acta Phys. Polonica A, 118,
(2010), 944.
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METHODS AND TOOLS FOR ANALYSIS OF NANOMATERIALS BY MEANS OF
ATOMIC PAIR DISTRIBUTION FUNCTION
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Atomic Pair Dis tri bu tion Func tion (PDF) de scribes dis -
tances be tween pairs of at oms in the mat ter on a nano-scale. 
A ra dial PDF weighted by atomic scat ter ing fac tors can be
ob tained by means of X-ray and neu tron to tal scat ter ing on
pow der, nanocrystalline, amor phous or liq uid sam ples. Be -
side Bragg in ten sity ana lysed by clas si cal pow der dif frac -

tion PDF brings in for ma tion on a short range or der from
the dif fuse scat ter ing com po nent. The num ber of sci en tific
prob lems re solved by this method is rap idly grow ing
thanks to mul ti ple fac tors: as im proved avail abil ity of ded i -
cated neu tron in stru ments, de vel op ments in X-ray de tec -
tors and lab o ra tory in stru ments but also be cause of an

Fig ure 3. Mössbauer spec tra of ground nat u ral vivi an ite 
crys tals used for the model sam ples af ter ex po si tion to a
se ries of heat ing steps [2].

  
 

Fig ure 4. The de com po si tion of trans mis sion Mössbauer spec tra of the sam ple: (a) pow der from of the sur face of the disk and (b)
bulk sam ple (trans mis sion spec trum of the foil pre pared from the disk).



ad vent of soft ware and meth ods for straight for ward PDF
re trieval, mod el ling and anal y sis.

In this pre sen ta tion we give a brief over view of the
method and handy tools for PDF anal y sis. This is il lus -
trated on an ap pli ca tion case of X-ray data from
nanocrystalline al loyed Ura nium hy drides. We show some
ba sic thoughts one shall do be fore start ing a PDF ex per i -
ment, list of some no tice able neu tron in stru ments, dem on -
strate sev eral tools for X-ray data re duc tion (see an
ex am ple re ceived from pyFAI [1] in Fig. 1 or srx -
planar [2]) and a pro ce dure to ob tain the ex per i men tal
PDF by means of PDFgetX3 [3]. We men tion sev eral
tools for PDF sim u la tions (DISCUS [4]) and data fit ting
(DiffPy suite [5]) that we con sid ered very use ful for
working with nano crys talline materials.

Our sci en tific prob lems is con cern ing U-hy drides. For
us they pres ent a probe to study an im pact of ex pan sion of
the U lat tice, al low ing for ma tion of U mo ments and their

fer ro mag netic or der ing. Start ing from (bcc) g-U al loys us -
ing dop ing with Zr or Mo, different va ri et ies of UH3 were
synthtised [6]. Whereas Zr-dopping re sulted in a fomation

of (20 nm) nanocrystallites with a-UH3 cu bic struc ture,
pure Mo-al loyed UH3 is al most amor phous cor re spond ing

to very purely (1 nm) nanocrystalline ma te rial with b-UH3

like struc ture [7] (Fig. 2). De spite of these struc tural dif fer -
ences both types of hy drides be have sim i larly as

ferromagnets with Cu rie tem per a ture TC » 170–200 K [6].
A strik ing phe nom ena ob served in UH3 al loys is a large
vol ume magnetostriction. This we tested in low tem per a -
ture ex per i ments.

Anal y sis of real pow der sam ples can be a com plex
prob lem es pe cially if in stru men tal ef fects can in flu ence the 
re sults and as the struc ture of the sam ple is of ten not ideal,
e.g. becouse of pres ence of  mul ti ple phases or im pu ri ties.
This is why be side fit ting of PDF data with a struc tural
model we em ploy al ter na tive menthods of fit ting of in di -
vid ual PDF max ima with phenomenological func tions (a
parSCAPE soft ware can be use ful for this [8]). Fi nally
X-ray data anal y sis is com ple mented with pre lim i nary neu -
tron scat ter ing simulations.
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Fig ure 1. High en ergy syn chro tron data from a tem per a ture cal i -

bra tion sam ple of DyCo2. The in set shows im age data re -
duced to a pow der pat tern us ing pyFAI.

Fig ure 2. (a) com par i son of ex per i men tal PDF of (UH3)0.70Zr0.30 and (UH3)0.88Mo0.12, (b) unit cell struc tures of a-UH3 and b-UH3, (c)

DiffPy PDF sim u la tions with marked 3 clos est U-U dis tances in b-UH3.
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Poly mer nanofibers are used in wide range of ac tiv i ties in
ev ery day life, such as: fil tra tion [1], pro tec tive clos ing,
pharmaceuticals [2], etc.  The great est at ten tion is paid on
nanofibers, that  have great biocompatibility. These
nanofibers can be used as wound cov ers in biomedicine.
The first rep re sen ta tive is ny lon 6, which has very good
biocompatibility and also very good me chan i cal prop er ties
[3]. The other rep re sen ta tive is chitosan, which is
polysacharide, and due to its or i gin it has also very good
biocompatibility. Chitosan it self have also an ti bac te rial
prop er ties [4, 5]. 

The struc ture of ny lon 6 and chitosan was stud ied by
many au thors [6 - 9], but the struc ture of these nanofibers
pre pared by NANOSPIDER tech nol ogy is less stud ied [10, 
11], al though this tech nol ogy is widely used in in dus try
and due to is the knowl edge of the struc ture very im por tant, 
be cause the struc ture has sig nif i cant in flu ence on nanofiber 
properties.

Ny lon 6
Struc ture of ny lon 6 poly mer is very well known. It was re -
solved that ny lon 6 is poly mor phic and has two crys tal
struc tures: al pha form which was de scribed by Brill [12]
and Holmes [13] and gamma form which was de ter mined
by Holmes [13]. Both struc tures are monoclinic and dif fer
from each other by den sity and ar range ment of poly meric
chains. The ar range ment of the poly meric chains can be
seen on Fig ure 1. 

It is known that the electrospinning prep a ra tion of ny -
lon 6 nanofibers leads to three struc tural phases: al pha,
gamma and amor phous phase of ny lon 6. The de pend ence
of ny lon 6 struc ture on the NANOSPIDER ar range ment
was invetsigated. It has been de ter mined, that the phase

com po si tion of ny lon 6 nanofibers (i.e. the con tent of al -
pha, gama and amor phous phase) de pends on elec trode dis -
tance. In our pre vi ous work  the core-shell struc ture model
has been sug gested, based on com bi na tion of XRD and
XPS mea sure ments [10]. The fi bers ex hibit also very
strong tex ture in di rec tion (010). The typ i cal XRD pat tern
of nylon 6 nanotextile is on Figure 2.

Chitosan
It is dif fi cult to pre pare pure chitosan nanotextiles us ing
electrospinning [8]. There fore it is of ten used the mix ture
of chitosan with other poly mers [14, 15]. For eas ier
electrospinning we used mix ture of chitosan and poly eth yl -
ene ox ide (PEO). For fur ther ap pli ca tions in med i cine the
mix ture of chitosan, PEO and gel a tin has been used. The
nanotextile was also cross-linked at 130°C. The re search
was aimed in or der to in ves ti gate the ef fect of gel a tin and
cross-link ing on the nanotextile struc ture and prop er ties. It
has been found, that:

• The pres ence of gel a tin has strong ef fect on
nanofiber struc ture, as it pre vents the crys tal li za tion
of chitosan. 

• Af ter the ther mal crosslinking the gel a tin climbs to
sur face of the fi bers and re duces the po ros ity of the
nano-tex tile.

• The ther mal crosslinking it self (with out gel a tin) also
dis rupts the struc ture of nanofibers and re duces 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 As pects. 370 (2010)

87-94.

 

Figure 1. Ar range ment of poly mer chains of ny lon 6 in ab plane in 
crys tal struc ture of al pha phase (left) and gamma phase (right).

 

Fig ure 2. Typ i cal XRD pro file of ny lon 6 nanotextile.
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In con nec tion with the de vel op ment of tech nol o gies for
pro duc tion and use of nanomaterials, which are due to par -
tic u lar phys i cal, chem i cal, bi o log i cal, phar ma co log i cal and 
me chan i cal prop er ties are able to cause un pre dict able ef -
fects on bi o log i cal ob jects in mod ern sci ence there is a
prob lem eth i cal use of nano sub stances and their risk as -
sess ment for the body hu mans and the en vi ron ment. Al -
though stud ies the ef fects of cer tain nanostructures
per formed very ac tive, there are dif fi cul ties in fore cast ing
mi gra tion and in ter ac tion of nanoparticles.

Ny lon 6 is a lin ear ad di tion poly mer of caprolactam.
This means, that the ny lon 6 can be seen as the prod uct of
intramolecular in ter ac tions car boxyl group and 6
-amino-caproic acid [1, 2]. Upon cool ing ny lon-6 from the
melt, a semicrystalline struc ture is ob tained, which is char -
ac ter ized by poly mor phism. There are two crys tal line

phases a and  g (see Fig. 1) [3, 4, 5]. They dif fer in ar range -
ment of chains and net work of hy dro gen bonds. In ter ac tion 
of ny lon 6 with an ti bac te rial mol e cules is in ter est ing for the 
de sign of an ti bac te rial nanofiber fil ters [6]. To model these
in ter ac tions we used mo lec u lar mod el ing us ing em pir i cal
force field in Ma te ri als Stu dio mod el ing en vi ron ment.

Three types of an ti bac te rial mol e cules have been used
in the pres ent study: chlorhexidine, BTAB (benzyl tri -
methyl amonium bro mide), DTAB (dodecyltrimethyl amo -
nium bro mide) [7]. In ter ac tion en ergy, which de fines the
sta bil ity of the com plex nylon6-an ti bac te rial mol e cule has
been cal cu lated and com pared for each in di vid ual an ti bac -
te rial sub stance [8]. 

The pref er a ble ori en ta tion of mol e cules on the nylon6
sur face, rep re sented by crys tal line phase, was stud ied for

very low and re al is tic sur face den sity of all 3 an ti bac te rial
lig ands. 

The au thors ac knowl edge the as sis tance pro vided by the
Re search In fra struc ture NanoEnviCz, sup ported by the
Min is try of Ed u ca tion, Youth and Sports of the Czech Re -
pub lic un der Pro ject No. LM2015073.
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Fig ure 1. Struc tures of the a and g forms of ny lon-6
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