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they could use a port fo lio of all sym bols and it was then
suf fi cient to move spe cific sym bols to rel e vant po si tions. A 
sim i lar way was used for space groups (com plete di a grams
of gen eral po si tions with sym me try el e ments or vice versa
com plete di a grams of sym me try el e ments with gen eral po -
si tions, de ter mi na tion or es ti ma tion of the space group) 

A lit tle more com pli cated was prep a ra tion of on line
prac ti cal course. This is the ba sic prob lem of pow der dif -
frac tion – de ter mi na tion of lat tice pa ram e ter of un known
cu bic phase and then also phase anal y sis of mix ture of 3-6
phases. Since, the task con sists mainly in eval u a tion, it was
de cided to adopt this also to on line form. This prac ti cal part 
al ways be gins with a short ex cur sion in X-ray lab o ra tory
show ing them a few in stru ments, de scrip tion of pow der
diffractometer, prep a ra tion of dif fer ent sam ples, spec i men
align ment and au to matic mea sure ment in sym met ri cal
scan. So, ev ery thing was re corded to video and what was
only miss ing for stu dents was their own spec i men prep a ra -
tion. This is fol lowed by dem on stra tion of fast eval u a tion

of pow der pat tern and gen er a tion of a file with peak pa ram -
e ters. Stu dents used this out put (each with dif fer ent pa ram -
e ters) to in dex peaks ac cord ing to pro ce dure de scribed on
web link and de ter mined the lat tice pa ram e ter con sid er ing
the in stru men tal ab er ra tions. The first part is closed by
look ing into the Pow der Dif frac tion File in or der to find the 
phase. How ever, usu ally it is not found be cause the lat tice
pa ram e ter de vi ates from the da ta base value from some rea -
son. This rea son is dis cussed.

In the sec ond part, the pat tern was eval u ated in dif fer ent 

soft ware, the list of peaks was gen er ated (2q, d, I) and the
stu dents ob tained scanned ed u ca tion edi tion of Hanawalt
in dex and made the search. Fi nally, for home work, the stu -
dents should down load 30-days trial of pro gram Match and 
use it for the phase anal y sis of the mix ture. Each of the stu -
dents re ceived dif fer ent dataset.

Fi nally, I think that such tools can be well used for
teach ing even if, hope fully, we will come back to more or
less nor mal time.
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Many com pu ta tional tools to per form ex per i men tal phas -
ing have been de vel oped. Most of them are con cen trated in
the CCP4 [1] and PHENIX [2] pro gram pack ages. Re -
cently, the com mand-line tool baSHELiXir [3] has been
pub lished to pro vide fast and ef fi cient phas ing pro to cols
linked to the ap pli ca tion of the SHELX C/D/E [4,5] pro -
gram pack age. The pro gram in de pend ently en ables
searches for the cor rect space group, screen ing of the sol -
vent con tent pa ram e ter and high- and low-res o lu tion dif -
frac tion lim its. In baSHELiXir, SHELXE pro cesses are
parallelized to re duce the com pu ta tional time and pro vide a 
thor ough anal y sis of the com pu ta tional re sults based on
pro vided data. 

Sev eral cases have been se lected to dem on strate the full 
ap pli ca bil ity and ca pac ity of baSHELiXir. They cover sin -
gle-wave length anom a lous dis per sion, mul ti ple-wave -
length anom a lous dis per sion with two to five datasets
col lected at dif fer ent wave lengths, sin gle isomorphous re -
place ment with anom a lous scat ter ing and ra di a tion-dam -
age-in duced phas ing pro to cols.

baSHELiXir is a pow er ful tool for a thor ough anal y sis
of ex per i men tal phas ing in for ma tion con tained in crys tal -
lo graphic data. It is sim ple to use from the com mand line.

More over, a graph i cal user in ter face has been de vel oped
for eas ier launch ing of the anal y sis.
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Haloalkane dehalogenases (EC 3.8.1.5) are mi cro bial en -
zymes that cat a lyze the break down of halogenated com -
pounds re sult ing in a ha lide ion, pro ton and al co hol. These
en zymes are ap plied in in dus trial ca tal y sis, bioremediation
and biosensing of en vi ron men tal pol lut ants. Novel halo -
alkane dehalogenase DpaA that be longs to the superfamily

of a/b hy dro las es was iso lated from a psychrophilic and
halophilic bac te rium Paraglaciecola agarilytica NO2
found in ma rine sed i ment col lected from the East Sea, Ko -
rea. Here, we re port its crys tal li za tion and X-ray dif frac tion 
data anal y sis. DpaA was crys tal lized us ing the sitting drop
va por dif fu sion method. Two in de pend ent crys tal li za tion
and data col lec tion ex per i ments re sulted in sev eral data sets 
with the res o lu tion rang ing from 2.2 to 3.0 C and from 2.5
to 3.17 C, re spec tively. Dur ing struc ture so lu tion DpaA
shows in ter est ing struc tural prop er ties of its tetramer con -
for ma tion and its in ter ac tions be tween in di vid ual chains.

The dif fi cul ties dur ing ini tial data pro cess ing and the right
space group de ter mi na tion re veal the pres ence of
pseudotranslation at ev ery col lected data set, which re -
quired fur ther in ves ti ga tion and im prove ments of the ex ist -
ing model. Fi nally, merohedral twinning and sub se quent
struc ture mod el ing and re fine ment re sulted in a tetrameric
model of DpaA, high light ing an un com mon multimeric na -
ture for a pro tein be long ing to the HLD-I subfamily.

This re search is sup ported by the Grant Agency of the
Czech Re pub lic (grant No. 17-24321S); DAAD mo bil ity
grant (grant No. DAAD-16-09); Eu ro pean Re gional De -
vel op ment Fund-Pro ject (grant No. CZ.02.1.01/0.0/
0.0/15_003/0000441; grant No. CZ.02.1.01/0.0/0.0/16_
019/0000778; grant No. LM2015047; grant No.
LM2018121); GAJU (grant No. 017/2019/P); Czech Min -
is try of Ed u ca tion (grant No. CZ.02.1.01/0.0/0.0/
16_026/0008451).
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Small an gle X-ray scat ter ing (SAXS) serves as one of the
com ple men tary meth ods of struc tural bi ol ogy. SAXS al -
lows both char ac ter iza tion and low res o lu tion struc tural
stud ies of macromolecules, with ad van tage of liq uid sam -
ples. Sev eral such com ple men tary meth ods can be di rectly
cou pled with SAXS. Thanks to the high flux X-ray sources
like MetalJet (Excillum), these ap pli ca tions are now pos si -
ble not only at sunchrotrons, but also in-house. Here, in situ 
UV-Vis absorbtion spec tros copy and size ex clu sion liq uid
chro ma tog ra phy cou pled with SAXS, as avail able in Cen -
tre of Mo lec u lar Struc ture, will be pre sented.

Cen tre of Mo lec u lar Struc ture is equipped with
SAXSPoint 2.0 (Anton Paar) in stru ment with MetalJet
C2+ X-ray source and Eiger 2M de tec tor. Sam ples can be

loaded to va ri ety of the cap il lar ies us ing an autosampler.
The set of tem per a ture con trolled sam ple stages in clude
low noise cell and cap il lary ca pa ble of in situ UV/Vis ab -
sorp tion spec trom e try. Re cently, a ded i cated liq uid chro -
ma tog ra phy sys tem AktaGo (GE Healthcare) was
in tro duced.

The Cen tre of Mo lec u lar Struc ture is sup ported by: MEYS
CR (LM2018127); pro ject Czech In fra struc ture for In te -
gra tive Struc tural Bi ol ogy for Hu man Health (CZ.02.1.01/
0.0/0.0/16_013/0001776) from the ERDF; UP CIISB
(CZ.02.1.01/0.0/0.0/18_046/0015974), a ELIBIO (CZ.02.
1.01/0.0/0.0/15_003/0000447).
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The nanoparticles are widely used not only in lab o ra to ries
but also in our house holds. They are just ev ery where we
look. We add them to the food, med i cal prod ucts, cos me -
tics etc. We are ac tu ally mak ing so much nanoparticles that
they be come sig nif i cant pol lut ant of our nat u ral en vi ron -
ment. This stands in con trast with na ture made
nanoparticles - their quan tity is 9x higher but they are nat u -
ral part of en vi ron ment and are not caus ing sig nif i cant
prob lems. 

In this talk I would like to con cen trate on the tools and
meth ods of study ing the nanotoxicity of nanomaterials and
in ter ac tion of nanomaterials with the bi o log i cal en vi ron -
ment. Es pe cially I would like to speak about pro tein co rona 
for ma tion and its in flu ence on the nanoparticle des tiny in

the bi o log i cal en vi ron ment. I would like to ad dress the key
prop er ties of nanoparticles which are in flu enc ing their tox -
ic ity. For ex am ple: size, shape, sur face charge, surface
groups and composition.
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Tung sten heavy al loys (THAs) are two-phase com pos ites
con sist ing of tung sten par ti cles/ag glom er ates sur rounded
by a duc tile ma trix [1]. Due to their su perb me chan i cal
prop er ties and high spe cific mass, tung sten heavy al loys
are used in de mand ing ap pli ca tions, such as ki netic
penetrators, gy ro scope ro tors, or ra di a tion shield ing. Ef fec -
tive struc ture re fine ment can be in tro duced via meth ods of
se vere plas tic de for ma tion. How ever, their struc ture, con -
sist ing of hard tung sten par ti cles em bed ded in a soft ma trix, 
makes the de for ma tion pro cess ing a chal leng ing task.

This study fo cused on the char ac ter iza tion of de for ma -
tion be hav iour dur ing thermomechanical pro cess ing of a
W-Ni-Co tung sten heavy al loy (THA) via the method of
ro tary swag ing at var i ous tem per a tures. Ro tary swag ing is
an in ten sive plas tic de for ma tion method ad van ta geously
used in the in dus try to grad u ally re duce cross-sec tions and
in crease lengths of axisymmetric workpieces [2]. 

The pri mary aim was to de ter mine microstrain and
char ac ter ize the dis lo ca tions and ac tive slip sys tem in the
orig i nal sintered THA as well as in the ro tary swaged bars,
in or der to char ac ter ize the ef fects of thermomechanical
treat ment on the microstructure. Em pha sis was given on

the in ves ti ga tion by neu tron dif frac tion. Char ac ter iza tion
of ad vanced ma te ri als by neu tron pow der dif frac tion pro -
vides in for ma tion not ac ces si ble by other tech niques.
Thanks to the low ab sorp tion of neu trons, the bulk of the
ma te rial and large-grain sam ples can be in ves ti gated,
more over - in many cases - in situ at el e vated tem per a tures. 

The sintered bars were pro cessed by ro tary swag ing ei -
ther at room tem per a ture or at 900 °C into cir cu lar swaged
bars with a di am e ter of 10 mm. The neu tron dif frac tion pat -
terns for struc ture and microstrain de ter mi na tion were col -
lected at am bi ent tem per a ture on the MEREDIT
diffractometer of CANAM in fra struc ture at NPI Øež near
Prague [3].

Two phases were iden ti fied in all sam ples of W-Ni-Co

al loy. The main phase (de noted W-B2) had a-W (B2)
structure and was formed by the orig i nal tung sten pow der
grains. The sec ond phase (de noted NiCo2W in what fol -
lows) with a weight frac tion of 6%–7% and Ni-like struc -
ture (fcc) was pres ent as well.

The anal y sis [4, 5] showed that the grains of the
NiCo2W ma trix re fined sig nif i cantly af ter the de for ma tion
treat ments. The microstrain was higher in the cold swaged
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sam ple (44.2 × 10-4) than in the hot swaged sam ple (41.2 ×
10-4). The eval u a tion of the mod i fied Wil liam son-Hall
plots showed that both the sam ples swaged at 20°C and

900°C ex hib ited the ac ti va tion of edge dis lo ca tions with o
{110} or n {111} slip sys tems, and/or screw dis lo ca tions
with n slip sys tem in the NiCo2W ma trix. 

Dis lo ca tion den si ties in NiCo2W phase were es ti mated
from the dif frac tion peaks broad en ing. It was seen that the
dis lo ca tion den si ties in creased ap prox i mately 5 times af ter
ro tary swag ing, and that it is 15 % higher for the sam ple
swaged at room tem per a ture than for the sam ple de formed
at 900°C. It was con cluded from the com par i son with the
stress-strain test that the in creased dis lo ca tion den sity due
to swag ing is re spon si ble for the ob served sub stan tial me -
chan i cal strength en ing (larger for the cold swaged bar).

1. N. Durlu, N.K. Caliskan, B. Sakir, Int. J. Re fract. Met.
Hard Ma ter., 42, (2014), 126–131.

2. L. Kunèická, R. Kocich, IOP Conf. Ser., Ma ter. Sci. Eng.,
369, (2018), 012029.

3. P. Beran, S.A. Ivanov, P. Nordblad, S. Middey, A. Nag,
D.D. Sarma, S. Ray, R. Mathieu, Solid State Sci., 50,
(2015), 58–64.

4. P. Strunz, L. Kunèická, P. Beran, R. Kocich, Ch.
Hervoches, Ma te ri als, 13, (2020), 208,
DOI:10.3390/ma13010208.

5. P. Strunz, R. Kocich, D. Canelo-Yubero, A. Macháèková,
P. Beran and L. Krátká, Ma te ri als, 13, (2020), 2869;
doi:10.3390/ma13122869.

The study was sup ported by the Czech Sci ence Foun da tion
(pro ject no. 19-15479S). Mea sure ments were car ried out
at the CANAM in fra struc ture of the NPI CAS Øež, and at
the in fra struc ture Re ac tors LVR-15 and LR-0.
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The ar range ment of in or ganic nanoparticles in a poly mer
ma trix or do mains in block co pol y mer thin films has at -
tached much at ten tion due to their po ten tial ap pli ca tions in
di verse fields such as block co pol y mer li thog ra phy,
nanostructured so lar cells or ad vanced cat a lysts [1]. The
key is sue in all of these sys tems, which is to pre cisely con -
trol the spa tial dis tri bu tion of the nanoparticles, main tain -
ing the thin film char ac ter is tics and poly meric do main’s
pa ram e ters, still re mains a sig nif i cant chal lenge [2]. 

In this work we dem on strate the ef fect of in cor po rat ing
mag ne tite nanoparticles into poly sty rene-poly-4-vinyl -
pyridine (PS-b-P4VP) block co pol y mer thin films. The
syn the sized nanoparticles had a Fe3O4 core di am e ter of 7.2
nm and were coated by polyacrylic acid to im prove af fin ity
to P4VP block, giv ing over all hy dro dy namic ra dius of 23
nm as mea sured by DLS. So lu tions of the PS-b-P4VP were
pre pared in THF or THF/meth a nol mix ture, where 2 wt. %
of nanoparticles were mixed in. The films were pre pared by 
dip-coat ing method with with drawal speed var ied in the
range of 2 to 100 mm/min. The prop er ties of the ob tained
films were char ac ter ized by the means of X-Ray Re flec -
tivity, Graz ing In ci dence Small An gle X-ray Scat ter ing,
Atomic Force Microscopy and Transmission Electron
Microscopy.

Thin films with thick nesses 9-70 nm were ob tained.
The V-shaped thick ness de pend ence on with drawal speed
was val i dated for each sys tem. For the films ob tained from
sol vents mix ture we have ob served curve shift to lower
dip-coat ing rates, but lead ing to pos si bil ity to achieve
lower film thick nesses. Ad di tion ally, much better do main
or ga ni za tion was ob tained in the case of the films pre pared
from sol vent mix ture, es pe cially in the capillarity re gime
(slow with drawal speeds), while films pre pared from THF

so lu tion showed an oc cur rence of par ti cles ag gre gates on
the sur face. The ad di tion of Fe3O4@PAA nanoparticles has 
been shown to in duce the ori en ta tion of P4VP cy lin dri cal
nanodomains per pen dic u lar to the sur face. Do mains of size 
in the range of 15 to 32 nm and spac ing from 45 to 105 nm
were ob tained de pend ing on the with drawal speed. The op -
ti mal pro cess ing con di tions have been found to fab ri cate
long-range or dered hy brid or ganic-in or ganic ma te rial
with out the need for fur ther an neal ing or post-pro cess ing.

1. Park S. et al., Macromolecules 2007, 40, 22, 8119-8124.

2. Gao K. et al., Langmuir, 2020, 36, 1, 194-203.

This work was sup ported by Czech Sci ence Foun da tion
(GACR) (Grant no. 19-10982S).

Fig ure 1. Film thick ness as a func tion of the dip-coat ing rate. Red
curve cor re sponds to the films, pre pared from THF/meth a nol mix -
ture; blue curve cor re sponds to the films, pre pared from THF.
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Metal nanoparticles (NPs) are ex ten sively stud ied due to
their unique phys i cal and chem i cal prop er ties ris ing from
their high sur face area and nanoscale size. NPs are suit able
can di dates for var i ous fields, in clud ing ca tal y sis, im ag ing,
med i cine, en ergy pro duc tion and stor age, and en vi ron men -
tal ap pli ca tions [1]. 

The syn the sis of metal NPs is di vided into two main
groups, i.e., phys i cal and chem i cal. Each of these meth ods
has pros and cons; the phys i cal ap proach al lows the pro -
duc tion of pure NPs while the chem i cal one al lows the fine
con trol of the size, dis per sion, and shape [2]. In or der to im -
prove the syn the sis of NPs, the com bi na tion of meth ods is
of in ter est. The sput ter ing onto liq uid is an ap proach com -
bin ing both the phys i cal and chem i cal ways. In this ap -
proach, the solid sub strate con ven tion ally used dur ing the
sput ter de po si tion of a thin film is re placed by a liq uid with -
stand ing low pres sure. Thus, the me tal lic tar get is sput tered 
in a vac uum cham ber. The sput tered el e ments reach the
sur face of the liq uid. Then, the nu cle ation and the co ales -
cence of the spe cies oc cur, and ul ti mately, NPs are formed
[3].

Since the first re ported use of this ap proach in 1974,
more than 125 sci en tific pa pers have been pub lished based
on this pro cess. Most of them high light the sput ter ing of
monometallic NPs and the in flu ence of pa ram e ters on the
re sult ing mor phol ogy of the NPs. One of the most used liq -
uid host for sput ter ing pro cess are ionic liq uids due to the
higher con trol of the NPs size and dis per sion com pared to
oil. More over, ionic liq uid in ter acts weakly with the sput -
tered spe cies, so the pu rity of the ob tained NPs is very high. 
How ever, ionic liq uids are quite ex pen sive and of ten hy -
gro scopic. Thus, the re place ment of ionic liq uids by sta ble
or ganic oils is fa vour able. The use of such oils raises in ter -
ro ga tion con cern ing the in ter ac tion be tween the metal sur -
faces of NPs and the oil mol e cules. 

In this con text, we re port on the syn the sis of
monometallic NPs (Cu and Au) and al loy NPs (Au/Cu)
onto an or ganic oil, pentaerythritol ethoxylate (PEEL).
More over, we re veal the be hav iour of these NPs un der
ther mal an neal ing. The syn the sis of NPs has been per -
formed by mag ne tron co-sput ter ing of a cop per and a gold
tar get onto PEEL; these two tar gets can be si mul ta neously
sput tered to syn the size al loy NPs. Five sam ples were syn -
the sized: one us ing only the cop per tar get, one with only
the gold tar get, and three sam ples with both tar gets while
vary ing the sput ter power on the gold tar get to achieve dif -
fer ent gold con cen tra tions within each sam ple. The re sult -

ing dis per sions of NPs in PEEL were ana lysed us ing
UV-vis spec tros copy, Trans mis sion Elec tron Mi cros copy
(TEM), and Small An gle X-ray scat ter ing (SAXS). The hy -
poth e ses drawn dur ing this study were sup ported by quan -
tum chem is try-based cal cu la tions car ried out at the DFT
level [4].

The study re veals the suc cess ful syn the sis of Au/Cu al -
loy NPs when us ing both tar gets. More over, the ox i da tion
of the Cu NPs, ob tained by sput ter ing only the Cu tar get, is
re ported. As high lighted in pre vi ous work [5], the mean di -
am e ters of al loy NPs ap pear to be smaller than the one of
the monometallic NPs, i.e., 2 nm for Au/Cu NPs against 6
and 4 nm for Au and Cu NPs, re spec tively. We ex plain this
be hav iour by the in ter ac tion en ergy be tween each metal
(and al loy) with the PEEL mol e cules.

Fol low ing the syn the sis of the NPs by mag ne tron sput -
ter ing, so lu tions con tain ing the NPs were fur ther an nealed
at 200 °C for 5h with aim to in crease the mean NP size. By
se lect ing dif fer ent in ter me di ate an neal ing tem per a tures,
we were able to fol low the be hav iour of each metal and al -
loy NPs dur ing the ther mal treat ment in PEEL so lu tions.
First, the gold NPs, which are ini tially 6 nm-in-di am e ter
spher i cal NPs evolve to an in ter con nected lig a ment struc -
ture with a lig a ment size around 140 nm. Then, for NPs ob -
tained by sput ter ing a cop per tar get, the di am e ter evolves
from 4 to 80 nm with al most no change in shape. Fi nally,
the di am e ter of the spher i cal Au/Cu NPs grows, with out
change of shape, from 2 to 16 nm. More over, the al loy NPs
are still com posed of ho mo ge neous Au/Cu al loy af ter an -
neal ing.

This study pro vides an es sen tial in sight into the sput ter -
ing onto liq uids pro cess to syn the size NPs and their de vel -
op ment. One of the main is sues raised here is the
sig nif i cant growth of the NPs when dis persed in PEEL and
fur ther an nealed. How ever, the dif fer ence in af fin ity be -
tween the crys tal lo graphic fac ets of a metal NP leads to
non-spher i cal struc tures af ter heat ing treat ments. 

1. P. Alivisatos et al., Nanoparticles, ed ited by G. Schmid
(Weinheim: Wiley-VCH Verlag GmbH & Co. KGaA),
2005.

2. C. Dhand, N. Dwivedi, X. Jun Loh, A. Ng Jie Ying, N.
Kumar Verma, R. W. Beuerman, R. Lakshminarayanan

and S. Ramakrishna, RSC Adv., 5, (2015), 105003.

3. H. Wender, P. Migowski, A. F. Feil, S. R. Teixeira and J.
Dupont, Co or di na tion Chem is try Re views, 257, (2013)
2468.
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Due to the ver sa til ity, easy pro cess ing, and the mul ti -
tude of ap pli ca tions of met als, an im por tant num ber of re -
search cen tres join their ef forts seek ing to im prove the
prop er ties of this type of ma te ri als. Among the dif fer ent
mech a nisms for im prov ing me chan i cal prop er ties, grain re -
fine ment achieved us ing se vere plas tic de for ma tion (SPD)
meth ods has been shown to be ef fec tive in in creas ing si -
mul ta neously the strength and tough ness of the ma te ri als.
A new method ca pa ble to pro duce ul tra-fine grained tu bu -
lar sam ples from bulk bil lets in one sin gle step [1]  has been 
em ployed to pro duce Al0.98(Cu, Mn)0.02 cyl in ders.

X-Ray mea sure ments were per formed on the lat eral

sur face of the cyl in der (see Fig.1a) car ried out us ing Co Ka
ra di a tion with a point fo cus and Bragg-Brentano
(theta/2theta) ge om e try. Fol low ing Rietveld re fine ment
anal y sis was made pro vid ing a mean vol ume-weighted
crys tal lite size Lvol-IB=248 nm with a microstrain of about 
2%. 

Then the sam ple was cut in or der to make re sid ual stress 
mea sure ments on both outer and in ner sur faces of the cyl -

in der (see Fig. 1b). The sin2 c plot method  has been used to 
eval u ate the mac ro scopic re sid ual strain of the sam ple
which value is pro por tional to the ob served slope. The

mea sure ments have been taken us ing Co Ka ra di a tion and
a graded multilayer mir ror (Göbel mir ror). The re flec tion
from the plane (133) found at 2theta=148.65 de grees was

Fig ure 1. Setup for the X-ray mea sure ments with the em ployed
no men cla ture .

Fig ure 2.: sin2 c plot for the interplanar dis tance of planes (133).

Fig ure 3. sin2 c plot for the interplanar dis tance of planes (133)
mea sured in all the 3 dif fer ent con di tions.
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se lected for this study. The mea sure ments have been per -
formed us ing a ge om e try in pseudo in cli na tion mode (mea -

sur ing at dif fer ent w an gles) at two dif fer ent phi po si tions:
with the dif frac tion plane placed along the axis of the cyl in -
der (Fig 1a) and per pen dic u lar to it. The mea sured dif frac -
tion peaks were fit ted with asym met ric pseudo-Voigth
func tions in or der to de ter mine the po si tion of the in ten sity

max i mum. In Fig.2 is shown one of the sin2 c plot used in
this study where can be ap pre ci ated the small slope from
which a com pres sive stress in the or der of tens of MPa has
been cal cu lated. This is a small value com pared with other
metals as steals which have values one order of magnitude
higher.

Fig ure 3 shows the re sults ob tained from the 3 dif fer ent
mea sure ment con di tions con sid ered in this study.

It is no tice able that the cut ting in duce some re lax ation
of the re sid ual stress while very small dif fer ence was ob -
served be tween the outer and in ner sur faces be ing the stress 
slightly smaller in the in ner part.

Fur ther in ves ti ga tions will be per formed in or der to de -
ter mine the stress gra di ent along the wall of the cylinder.

1. O. Molnárová, S. Habr, P. Málek, and P. Lejc, "Com plex
shear ing of ex truded tube ( CSET ) method for pro duc tion
of tubes with ul tra-fine-grained struc ture," Ma ter. Lett.,
vol. 278, 2020.

2. U. Welzel, J. Ligot, P. Lamparter, A. C. Vermeulen, and E. 
J. Mittemeijer, "Stress anal y sis of polycrystalline thin films 
and sur face re gions by X-ray dif frac tion," Appl.
Crystallogr., vol. 38, pp. 1-29, 2005.

3. V. Hauk, Struc tural and Re sid ual Stress Anal y sis by Non -
de struc tive Meth ods. 1997.
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Bi valve mol lusks shells are of in ter est to lead ing ex perts in
many ar eas of hu man ac tiv ity, such as ecol ogy, bi ol ogy,
pa le on tol ogy, but also ma te ri als en gi neer ing. In re cent
years, much at ten tion has been paid to study ing the pre -
ferred ori en ta tion of bi o log i cal tis sues such as mol lusks
shells [1-4]. These polycrystalline ma te ri als are char ac ter -
ized by ani so tropy of phys i cal and me chan i cal prop er ties,
which are closely re lated to the pre ferred ori en ta tion (tex -
ture) of their grains. The above bi o log i cal ob jects can serve 
as a bioinspiration for ma te rial sci en tists, be cause na ture it -
self can cre ate en ti ties that are char ac ter ized by in cred i ble
me chan i cal prop er ties us ing rel a tively small amounts of
ma te rial. There fore, the char ac ter iza tion of tex ture and its
cor re la tion with the above-men tioned prop er ties is a cor -
ner stone for un der stand ing the prop er ties of bi o log i cal
polycrystalline ma te ri als.

Pre ferred ori en ta tion and ex act phase com po si tion of
two sam ples of fresh wa ter shells of the spe cies
Sinanodonta woodiana col lected from Czech fresh wa ter
steams were mea sured – (i) an adult shell and (ii) a young
in di vid ual. 

Pole fig ures were mea sured for planes (111), (021),
(002), (211), (220) and (221). Tex ture data pro cess ing was
done by MTEX (Matlab) [5]. All dif frac tion ex per i ments
were per formed on the SmartLab Rigaku X-ray

diffractometer (Cu Ka). Com plete pole fig ures were cal cu -
lated for planes (100), (010), (001), (101) and (110). 

From the phase anal y sis it is clear that the Sinanodonta
woodiana shells con sist only of the ar agon ite phase. The
c-axis of ar agon ite is per pen dic u lar to the in ner sur face of
the shell and crys tal lo graphic tex ture in all stud ied shells is
strongly uni ax ial. The sharp ness of the tex ture is higher for
young shells. 

The au thors ex presses grat i tude for the sup port pro vided
by Pro ject NPU I – LO1603 of the Min is try of Ed u ca tion of
the Czech Re pub lic to the In sti tute of Phys ics of the Acad -
emy of Sci ences of the Czech Re pub lic.
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Hlubokomoøské konkrece se zdají být zajímavým zdrojem
barevných kovù, jejichž konvenèní tìžba je závadná nebo
probíhá v nedostupných teritoriích. Novou myšlenkou je

pøíprava pøímo „pøírodní slitiny“, nikoliv redukce konkrecí 
na èisté kovy. Konkrece ze zóny Clar ion-Clipperton (Tichý 
oceán) byly aluminotermicky redukovány s 0, 10 a 20 %

a)  

c)  

d)  

b)  

e)  

f)  

 

Obrázek  2. Slitina bez pøebytku hliníku mapovaná metodou EBSD, a) barevná orientaèní mapa (IPF) proložená èernobílým
signálem im age qual ity (IQ); b) barevná fázová mapa proložená èernobílým signálem con fi dence in dex (CI); barevná orientaèní
škála pro jednotlivé fáze (IPF) je zobrazena v c) – e); f) barevné kódování fází a obsah.

Obrázek 1. Práškový difraktogram slitiny bez pøebytku hliníku.



Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 27 , no. 2  (2020)       97

pøebytku hliníku. Struktura takto získaných slitin byla
následnì studována kombinací XRD a SEM. 

Struktura takto získaných slitin je složitá, pozorované
fáze jsou nestechiometrické, pøípadnì jsou prvky ve
strukturách substituovány. Slitina bez pøebytku hliníku pøi

aluminotermii obsahuje majoritní fázi b- Mn0.66Ni0.2Si0.16 a
tøi minoritní fáze; slitina s 10 % pøebytku obsahuje sedm
fází, z nichž tøi mají pøes 10 hm. %; slitina s 10 % pøebytku
obsahuje 9 fází, z nichž pìt je minoritních. Je zajímavé, že
majoritní fáze ve všech vzorcích je odlišná. Odhad

fázového složení byl proveden pomocí XRD a následnì
jsme se snažili fáze potvrdit pozorován Kikuchiho obrazcù
metodou EBSD a zjistit jejich prvkové složení. Separace
krystalograficky podobných nebo shodných fází byla
možná jen kombinovaným mìøením EDS/EBSD. Zcela
minoritní fáze, napø. MnS, byly pozorovány pouze pomocí
EBSD.

Výzkum je podporován GA ÈR z projektu 20-15217S.
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Ura nium di ox ide is a ma jor nu clear fuel and is an
antiferromagnet with the Néel tem per a ture TN of 30.8 K
[1]. The tran si tion at TN is ac com pa nied by a static
Jahn-Teller dis tor tion of the ox y gen cage, and strong
magnetoelastic in ter ac tions that emerge from the face-cen -
tered cu bic (fcc) struc ture. Very re cent high field
magnetostriction mea sure ments showed that UO2 is a
piezomagnet and ex hib its the abrupt ap pear ance of pos i tive 
lin ear magnetostriction, lead ing to a trigonal dis tor tion [2].
In this work we ob serve pe cu liar be hav ior of sound ve loc -
ity vari a tion along the crys tal lo graphic axes of UO2 at var i -
ous tem per a tures. We em ploy first-prin ci ples cal cu la tions
to prove a strong cou pling be tween mag ne tism and crys tal

struc ture vari a tions in UO2. The re sults are com pared with
the thin films study where in duce a tetragonal dis tor tion in
UO2 by us ing dif fer ent sub strates [3].

1. G.H. Lander and R. Caciuffo, The fifty years it has taken to 
un der stand the dy nam ics of UO2 in its or dered state, J.
Phys.: Condens. Mat ter 32 (2020) 374001.

2. Jaime, M., Saul, A., Salamon, M. et al. Piezomagnetism
and magnetoelastic mem ory in ura nium di ox ide. Nat
Commun 8, 99 (2017). 

3. E. A. Tereshina, Z. Bao, L. Havela, S. Daniš, C. Kuebel, T. 
Gouder, R. Caciuffo,  “Ex change bias in UO2/Fe3O4 thin
films above the Néel tem per a ture of UO2”, Appl. Phys.
Lett., 105 122405 (2014).
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X-ray dif frac tion and re flec tivity tech niques for anal y sis of 
thin polycrystalline thin films have been well-de vel oped
and they are rou tinely used when of ten low-an gle in ci -
dence setup is ap plied in stead or in ad di tion to sym met ri cal

q-q scan. How ever, for strongly ori ented films more dif -
fer ent asym met ric scans and/or re cip ro cal space map ping

are re quired. Dur ing study of nanocrystalline ZnO films [1] 
we have ap plied a com bi na tion of dif fer ent scans to char ac -
ter ize both the so-called out-of-plane ori en ta tion and
in-plane ori en ta tion. Strong out-of-plane ori en ta tions were
found, and only basal (00l) re flec tions were avail able in
sym met ric scans. There fore, the lat tice pa ram e ters, pro file
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anal y sis (crys tal lite size and strains) and re sid ual stresses
were stud ied by com bi na tion of sev eral asym met ric re flec -

tions scanned at spe cific suit able an gles of in cli na tions j

and y (i.e. on the axis per pen dic u lar to the film sur face and
axis per pen dic u lar to the goniometer axis, re spec tively).
For com par i son of mea sured lat tice pa ram e ters there was
of ten a prob lem of ei ther no data in the PDF-4+ da ta base
for spe cific phase or mul ti ple but dif fer ent data.

The meth ods were also used in later ex ten sive study of
M, Y, Z and W hex ag o nal fer rites with a po ten tial of
magnetoelectric ef fect. The films were pre pared by chem i -
cal so lu tion de po si tion (CSD) method and metalorganic
pre cur sor so lu tions pre pared us ing the mod i fied Pechini
method. Num ber of pro cess ing pa ram e ters were tested and
op ti mized with the aim to min i mize the amount of im pu ri -
ties that could spoil the mag netic prop er ties of fi nal ma te -
rial. For prep a ra tion of highly ori ented fer rite films, sev eral 
sub strates were used, and dif fer ent sub strate/seed ing
layer/fer rite layer ar chi tec tures were pro posed. From seven 
M phases with dif fer ent chem i cal com po si tion, mag netic
char ac ter and lat tice mis fit val ues in ves ti gated in their use
as tem plate and buffer lay ers for Y fer rite growth, the best
re sults were achieved when the mis fit val ues be tween seed
layer and sub strate, and be tween seed layer and top Y-layer 
are ap prox i mately equal and when the sur face of seed lay -
ers are formed by hexa gons for which the sur face area
formed by top sur face of hexa gons is much larger than sur -
face area formed by side walls of hexa gons [2, 3].

New Y-fer rite phases were pre pared with the com po si -
tion BaSrZnCoFe11(Me)O22 (Me = Al, Ga, In, Sc). and it
was found that for Me = Al, Ga the mag netic struc ture is of
non-colinear ferrimagnetic type with un spec i fied he li cal
mag netic struc ture. For Me = Ga this is a new sys tem with
po ten tial ME ef fect.  More over, these films could be pre -
pared as well-ori ented both out-of-plane and in-plane on

STO - SrTiO3(111) sub strates di rectly with out any seed ing
lay ers.

ME Z-type fer rite Sr3Co2Fe24O41 and
BaxSr3-xCo2Fe24O41 thin films were pre pared and char ac -
ter ized for the first time [4]. Ac cord ing to the XRD tex -
ture anal y sis the ori en ta tion re la tion ship be tween Z fer rite 
and sub strate can be ex pressed as (00l)Z || (111)STO ||
and Z || STO. How ever, in these films the anal y sis was
com pli cated by the pres ence of M and S (spinel) phases
that were also ori ented (aligned with the sub strate) and
there fore also many asym met ric re flec tions were over -
lapped and many of them were weak. There fore, a care ful 
se lec tion of re flec tions suit able for the anal y sis had to be
made.

Com po si tion se ries of W-type SrCo2-xZnxFe16O27

hexaferrite thin films and pow ders were also suc cess fully
synthetized by CSD method. For suc cess ful growth of W
hexaferrite films on SrTiO3(111) sub strate, an neal ing tem -
per a ture and time falls into a very nar row in ter val of 1225
to 1250°C and 60 to 120 min utes, re spec tively, de pend ing
on the amount of sub sti tut ing Zn2+ ion. The strong ani so -
tropy of mag netic prop er ties was con firmed. Cur rently, ori -
ented Y-Z com pos ites are stud ied that is an other chal lenge
for the anal y sis.

1. Z. Matìj, R. Kužel, L. Nichtová. Met al lur gi cal and Ma te ri -
als Trans ac tions A42 (2011) 3323-3332. 

2. J. Buršík, R. Uhrecký, D. Kašèáková, M. Slušná, M.
Dopita, R. Kužel, Jour nal of the Eu ro pean Ce ramic 
So ci ety, 26 (2016) 3173-3183. 

3. R. Uhrecký, J. Buršík, M. Soroka, R. Kužel, J. Prokleška,
Thin Solid Films, 622 (2017) 104-110.
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Polycrystalline lay ers of or ganic perovskites such as
CH3NH3PbI3 (MAPbI3) are in ten sively stud ied in or der to
achieve high per for mance of so lar cells. The fi nal ef fi -
ciency cor re lates with the de fect den sity, size and mor phol -
ogy of the crys tal lites. These ma te ri als ex hibit ten dency to
form strongly ori ented lay ers with sharp fi bre multi-com -
po nent tex ture. In or der to cor re late the rel e vant phys i cal
prop er ties of the lay ers with their crys tal lo graphic ori en ta -
tion, it is highly de sir able to eas ily mea sure and de scribe
the pres ent tex ture.

As a clas si cal and well-es tab lished ap proach, one can
use pole fig ure mea sure ment to fully de ter mine the tex ture
of the lay ers, how ever here the task is com pli cated by the
fact that the low-sym me try unit cell of such ma te ri als is

rather large. Con se quently, the num ber of ob serv able
peaks is quite high and their dif frac tion an gles are par tially
over lap ping. There fore it is nec es sary to in crease the res o -
lu tion in dif frac tion an gle in or der to dis crim i nate dif fer ent
dif frac tion max ima dur ing the pole fig ure mea sure ment.
As usual, it is at the ex pense of the col lected sig nal mak ing
the pole fig ure mea sure ment to be a time con sum ing. An -
other spe cific prob lem can be a pres ence of some strain in -
flu enc ing the peak po si tions.

For tu nately, fast 2D de tec tors are more and more avail -
able also in stan dard lab o ra tory diffractometers that makes
it pos si ble to mea sure re cip ro cal-space maps very quickly.
In this pre sen ta tion, the mea sure ments with 2D de tec tor
placed closely be hind the sam ple are pre sented. Us ing the
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shorter sam ple-de tec tor dis tance, the res o lu tion is par tially
sac ri ficed while the re cip ro cal space area ob served by the
de tec tor is dra mat i cally ex tended. In this con fig u ra tion, the 
con tin u ous theta-2theta scan fully probes a long stripe in a
re cip ro cal space. By mea sur ing sev eral such stripes, it is
easy to re veal the full pla nar cut of the re cip ro cal space, and 
sur pris ingly the to tal ac qui si tion time can be only tens of
min utes for strongly ori ented lay ers. More over, such mea -
sure ment can be per formed for dif fer ent sam ple az i muth in
or der to ob tain dif fer ent pla nar cuts. This is de sir able for

sin gle-crys tal sub strates, for which the sur face sym me try
can be fol lowed.

The ob vi ous ad van tage of this ap proach is a pos si bil ity
to quickly visu al ise the in ten sity in re cip ro cal space and to
com pare the ob tained im ages with the sim u la tions based on 
some ex pected phase/tex ture model giv ing semi-quan ti ta -
tive re sults. There fore it is very suit able for the first-try
char ac ter iza tion of the un known sam ples.
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Fig ure 1. Wide Re cip ro cal Space Maps for the MAPbI3 thin lay ers grown with the pres ence of MACl ad di tive. The con cen tra tion of 
MACl dur ing the growth de ter mines the fi nal tex ture of the layer. A low con cen tra tion re sults in a multi-com po nent tex ture whereas
a high con cen tra tion en hances just one pref er en tial ori en ta tion. Trans par ent spots rep re sent sim u lated peak po si tions for the same
MAPbI3 struc ture, the tex ture com po nents are resolved by different colours.


