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Cambridgeská strukturní databáze organických a organo -
meta lických struktur (CSD) je dostupná pro nekomerèní
uživatele v ÈR již od roku 1973. Nyní (v roce 2020)
obsahuje více než milion experimentálnì stanovených
struktur peèlivì verifikovaných Cambridges kým Krysta -
lografickým Datovým Centrem (CCDC). Vìtšina tìchto
struktur byla stanovena pomocí rtg difrakce (>95 %),
zbytek pomocí neutronové a elektronové difrakce a
pomocí  NMR. CSD nabízí kromì vyhledávacího modulu
QUEST a zobrazovcího modulu MERCURY  øadu dalších
licencovaných a nelicencovaných programù obsahujících
sofistikované algoritmy pro hromadné zpracování,
statistickou analýzu, porovnávání a zobrazování struktur.
Pro gram GOLD pro molekulární modelování, pro gram
DASH pro rafinaci struktur z práškových dat, pro gram
IsoStar pro 3D zobrazování mezimolekulárních interakcí,
atd. Struèný pøehled je dostupný napøíklad v [1] a [2].

Pøístup k CSD zajišÙuje pro sdružení institucí v ÈR
“Re gional af fil i ated cen ter of CCDC”. Pokud neznáte
jméno správce licence ve Vaší instituci zjistíte to dotazem
na adrese hasekjh@seznam.cz. Souèasná CSD multi-
licence dostupná v ÈR  (ENTERPRISE) vám zajišÙuje v
rámci vašeho “campusu”  pøístup ke strukturní databázi a
ke všem programùm uvedeným na adrese 
https://www.ccdc.cam.ac.uk/so lu tions/csd-en ter prise/

Vždy respektujte to, že v této  licenci platí zákaz použití 
CSD pro práce pro komerèní subjekty. Komerèní subjekty
musí požádat o licenci samostatnì pøímo od  CCDC.
Preferovaná citace CSD je: 

The Cam bridge Struc tural Da ta base, C. R. Groom, I. J.
Bruno, M. P. Lightfoot and S. C. Ward, Acta Cryst. B72,
171-179 (2016).   DOI: 10.1107/S2052520616003954 

Použití vìtšiny programù je do znaèné míry intuitivní a
pokud vložíte jméno programu do prohlížeèe získáte
obvykle èetné informace, pøíklady použití a videa. Pokud
je tøeba, oficiální detailní informace lze nalézt v manuálech 
pro použití CSD na adrese
https://www.ccdc.cam.ac.uk/sup port-and-re -
sources/ccdcresources/

Nároènìjší uživatelé si mohou stáhnout a nainstalovat
aktuální verzi PYTHONu umožòujícího programování
složitìjších funkcí programù v systému CSD. Pro bìžného
uživatele to však není tøeba.

Ne všechny programy licencované v balíku ENTER -
PRICE se nainstalují automaticky. Pokud se zabýváte
modelováním možných ligandù do molekul proteinù
(napøíklad navrh inhibitoru enzymù nebo drug de sign),
stáhnìte a nainstalujte si též pro gram CROSSMINER
spolupracující s generátorem konformerù a databázemi
organických molekul a proteinových struktur (6 GB).
Pochopení funkce programu usnadní pøednášky, které jsou
dostupné na   
https://www.ccdc.cam.ac.uk/so lu tions/csd-dis cov ery/com -
po nents/CSD-CrossMiner/

Inspirativní èlánky založené na využití CSD lze nalézt
v publikacích v seznamu na:
http://www.ccdc.cam.ac.uk/ResearchAndConsultancy/CC
DCResearch/CCDCPublications/Pages/CCDCPublicatio
ns.aspx

Pro uèitele mohou být zajímavé stránky
https://www.ccdc.cam.ac.uk/Com mu -
nity/educationalresources/

Webináøe v roce 2020 lze nalézt na   
https://info.ccdc.cam.ac.uk/whatsupwebinaraccess? 

Informace o budoucích akcích, pøednáš kách, webi -
náøích CCDC mùžete získat pokud se zaregistrujete na
https://www.ccdc.cam.ac.uk/News/. 

Nové informace o CSD najdete napøíklad na adresách ..
https://email.seznam.cz/#search/pre fix%3Acsd/193876
https://email.seznam.cz/#inbox/194314

Získání podrobných informací a diskuse s vývojáøi
CCDC budou možné v Praze na Svìtovém kongresu IUCr
v Kongresovém Centru Praha v termínu  14-22.8.2021      
https:/iucr2021.org/     

1. J. Hašek, Chem. Listy 105, 467-475 (2011).

2. J. Hašek, Ma te ri als Struc ture, 25, 182-183 (2018)
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LATTICE PARAMETERS FROM ELECTRON DIFFRACTION: VAIN(?) STRUGGLE
AGAINST IMAGE DISTORTIONS

L. Pa lati nus, P. Brázda, Y. Krysiak

In sti tute of Phys ics of the CAS, Na Slovance 2, Prague 8, Czechia

palat@fzu.cz

Trans mis sion elec tron mi cro scope is an elec tron op ti cal
sys tem. The im per fec tions of its el e ments in tro duce ab er ra -
tions in the im ages ob tained by the TEM. In elec tron dif -
frac tion ex per i ments, the main con cern is about the
geo met ri cal dis tor tions that change the po si tions of the ob -
jects in the im age. These geo met ri cal dis tor tions cause the
shift of the po si tions of the re corded re flec tions, lead ing to
prob lems in the anal y sis of the dif frac tion data, in par tic u -
lar in the de ter mi na tion of lat tice pa ram e ters of the in ves ti -
gated ma te rial.

To char ac ter ize the dis tor tions in a gen eral man ner, we
ex pand the geo met ri cal dis tor tions into a se ries of cir cu lar
har mon ics. Be (x,y) the un dis torted co or di nates in the dif -
frac tion pat tern and (x’, y’) the dis torted co or di nates
(Fig.1), then we define the relationship as:
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And jr,n,  jt,n,  jn,m  and tn,m  are the pa ram e ters of the dis -
tor tions. Such an ex pan sion in cludes nat u rally all com -
monly known geo met ri cal dis tor tions like the spi ral,

bar rel-pin cush ion or el lip ti cal dis tor tion (Fig. 2) but it in -

cludes also other dis tor tions.
Tra di tion ally, the dis tor tions are de ter mined by re cord -

ing a sin gle ori ented dif frac tion pat tern of a known ma te rial 
and com par ing the re corded re flec tion po si tions with the
ex pec ta tion. How ever, such a mea sure ment pro vides only a 
lim ited amount of data and lim ited ac cu racy. In stead, we
use a full 3D elec tron dif frac tion (3D ED) data set, which
typ i cally com prises over a hun dred dif frac tion pat terns re -
corded at a range of ori en ta tions of the crys tal [2]. The re -
fine ment of dis tor tions against such data yields an

Fig ure 1. De com po si tion of the dis tor tion vec tor

into ra dial (Dr) and tan gen tial (Ät) com po nents. 

Fig ure 2. Ex am ples of the typ i cal dis tor tions. Each fig ure shows, how the dis tor tion de forms an ob ject com posed of a square, cir cle
and a cross. Un dis torted ob ject in blue, dis torted ob ject in or ange. La bel be low the fig ure is the name usu ally given to this dis tor tion.
The lower line in di cates, which co ef fi cient of the gen eral ex pan sion are non-zero for each distortion.
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un prec e dented ac cu racy of the de ter mined dis tor tion co ef -
fi cients. We can dis tin guish three cases:

• Known lat tice pa ram e ters, un known dis tor tion co ef -
fi cients: In such a case the dis tor tion co ef fi cients can
be de ter mined with very good ac cu racy. These co ef -
fi cients can be then used in the anal y sis of other data
sets. Re fine ment of the dis tor tion co ef fi cients also
proved a better pre dic tion of re flec tion po si tions on
the dif frac tion im ages, lead ing to a more ac cu rate in -
ten sity ex trac tion.

• Un known lat tice pa ram e ters, known dis tor tion co ef -
fi cients: The lat tice pa ram e ters can be re fined against 
re flec tion po si tions cor rected for the (pre vi ously de -
ter mined) dis tor tions. The ac cu racy of the lat tice pa -
ram e ters is then dra mat i cally im proved (see be low).

• Un known lat tice pa ram e ters, un known dis tor tions:
This is the most com pli cated sit u a tion and in the
most gen eral case it is not pos si ble to re fine re li ably
the lat tice pa ram e ters and dis tor tion co ef fi cients si -
mul ta neously. The cor re la tions can partly be sup -
pressed by us ing the in for ma tion about lat tice

sym me try (i.e. Bravais class), or by com bin ing data
from more than one crys tal.

The parametrization of the dis tor tions and the re fine -
ment of the dis tor tion co ef fi cients was im ple mented in the
com puter pro gram PETS for anal y sis of 3D ED data [3]. As 
il lus trated in Ta ble 1, the use of dis tor tions in the re fine -
ment of the lat tice pa ram e ters can dra mat i cally im prove the 
ac cu racy of the lat tice pa ram e ters as well as the ac cu racy of 
the pre dic tion of the re flec tion po si tions.

To char ac ter ize the dis tor tions in a gen eral man ner, we
ex pand the geo met ri cal dis tor tions into a se ries of cir cu lar
har mon ics. Be (x,y) the un dis torted co or di nates in the dif -
frac tion pat tern and (x’, y’) the dis torted co or di nates
(Fig.1), then we define the relationship as:

1. Capitani et al., Ultramicroscopy 106, (2006), 66-74.

2. Gemmi, et al., ACS Cent. Sci. 5, (2019), 1315-1329.

3. Pa lati nus et al., Acta Crystallogr. B 75, (2019), 512-522.

This re search was sup ported by the Czech Sci ence Foun -
da tion, pro ject num ber 19-08032S.
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Crystal structure prediction

PREDIKOVÁNÍ KRYSTALOVÝCH STRUKTUR

Jan Drahokoupil

In sti tute of Phys ics of the Czech Acad emy of Sci ences, Na Slovance 1999/2, 
Prague 8 182 21 Czech Re pub lic
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Keywords: crys tal struc ture pre dic tion, DFT, mo lec u lar
me chan ics, global op ti mi za tion 

Predikování krystalových struktur látek, založené pouze na 
znalosti základních stavebních jednotek (atomù èi
molekul), bylo cílem fyzikù od padesátých let. Ještì v roce
1988 popsal John Mad dox, jako ed i tor èasopisu Na ture,
stav oboru touto výstižnou vìtou: “One of the con tin u ing
scan dals in the phys i cal sci ences is that it re mains in gen -
eral im pos si ble to pre dict the struc ture of oven the sim plest
crys tal line sol ids from a knowl edge of their chem i cal com -
po si tion.”[1]. Jako taková se predikce krystalových
struktur zaèíná formovat okolo pøelomu tisíciletí, kdy byl
také vyhlášen první “blind test” [2]. Úspìchy tohoto oboru

byli podmínìny prudkým rozvojem a nyní i cenovou
dostupností výpoèetní techniky. Jde o hledání kompromisù 
mezi pøesností popisu meziatomových sil a jejich
výpoèetní nároèností. Problém nalezení globálního min ima 
se øeší chytrými algoritmy, jako jsou evoluèní algoritmy,
rùzné metody simulovaného žíhání èi relativnì nové
mechanizmy jako „Par ti cle swarm op ti mi za tion“
(optimalizace hejnem èástic) [3]. Pro porovnání energií
mezi jednotlivými kandidáty se využívá nejèastìji DFT èi
molekulární mechanika (MM).

Významnou událostí jsou tzv. blind testy poøádané
organizací CCDC. Úèastníci dostanou plošný nákres
nìkolika málo organických molekul a jejich cílem je
správnì pøedpovìdìt krystalovou strukturu daných

a b c a b g RMSD

Known and fi xed lat ti ce pa ra me ters, 
no dis tor ti ons

8.369 10.721 5.115 90 90 90 0.0108

Unrestrai ned cell re fi ne ment, no dis tor ti ons 8.266 10.600 5.155 89.948 90.050 89.473 0.0050

Unrestrai ned cell re fi ne ment, 
op ti mi zed dis tor ti ons

8.352 10.743 5.115 90.01 90.00 89.85 0.0041

Ta ble 1.: Lat tice pa ram e ters ob tained with three dif fer ent ap proaches to the re fine ment. RMSD is the root mean square de vi a tion (in re -
cip ro cal Ang stroms) of the pre dicted and mea sured re flec tion po si tions.
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molekul. Tato struktura je už vyøešena pomocí klasických
difrakèních dat, ale ještì nebyla veøejnì publikována. První 
blind test bìžel v roce 1999 [2] a pár let pozdìji byl zas
otevøen další [4-8]. Poslední, sedmý, blind test byl spuštìn
letos v øíjnu [9]. Cílem této události je získat aktuální
pøehled o úspìšnosti a problémech daného oboru. Od
šestého blind testu úèastníci poslali seøazený list 100
možných pøedpovìdìných krystalových struktur pro danou 
molekulu, v pøedešlých roènících to byli pouze 3. Pro
zajímavost, v šestém blind testu jeden úèastník pøedpo -
vìdìl správnou krystalovou strukturu jedné molekuly
s využitím pouze 26 procesorových hodin a naopak tým,
který na danou strukturu použil 30 000 000 procesorových
hodin, byl neúspìšný. 

Nalezení vhodného kandidáta na pravdìpodobnou
krystalovou strukturu je jako hledání jehly v kupce sena.
Poèet možných kombinací je veliký a na cestì k úspìšnému 
nalezení globálního min ima stojí øada lokálních minim.
S úspìchem se využívají algoritmy globální optimalizace.
Kromì, krystalografùm dobøe známých, jako je simulo -
vané žíhání èi paralelní temperování, které se využívají pøi
øešení struktury v pøímém prostoru, se používá øada dalších 
pøístupù. Nìkteré z nich se inspirovali pøírodou, jako jsou
evoluèní algoritmy [10], èi optimalizace houfem èástic [11] 
nebo „ant col ony op ti mi za tion“ [12], jiné vycházejí z prav -
dì podobného tvaru potenciální plochy jako metadynamika
[13], „ba sin hop ping“ [14], „min ima hop ping“ [15], a další. 

Z komerèních programù mùžeme jmenovat napøíklad
Ma te ri als stu dio èi Grace. Pro akademické uživatele jsou
zdarma dostupné napøíklad tyto programy:

XtalOPt [16] – volnì stažitelný, pro platformy Win -
dows, Linux, Mac, používá evoluèní algoritmus, pro
vyhodnocení energií externì volá Gulp (MM), Vasp
(DFT), Quan tum Esspreso (DFT), Castep (DFT) nebo Si -
esta (DFT).

Ca lypso [17] – po registraci, Linux, používá
optimalizaci houfem èástic, externì volá Gulp (MM), Vasp 
(DFT), Quan tum Esspreso (DFT), Castep (DFT), Si esta
(DFT), nebo CP2K (DFT+MM)

Uspex [18] po registraci, Linux, používá evoluèní
algoritmus, ale umožòuje také optimalizaci hejnem èástic,
metadynamikou nebo s využitím náhodného vzorkování,
externì volá Lammps (MM), Gulp (MM), Vasp (DFT),
Quan tum Esspreso (DFT), Castep (DFT), Si esta (DFT)
nebo CP2K (DFT+MM).

Základní postup pøi predikování krystalové struktury je 
naznaèen na Obr. 1. Pro látky pro jejichž popis nevyu ží -
váme molekuly, ale jen samostatné atomy, zaèínáme
v pravém sloupci od èásti „balení“. Pro molekulární látky
zaèínáme tzv. konformaèní analýzou, kdy se pomocí
zmìny volných paramterù dané molekuly snažíme najít její 
tvar (tvary) s co nejmenší energií. Je sice pravdìpodobné,
že v krystalu tvar molekuly nebude úplnì odpovídat tvaru
molekuly s nejmenší energií ve volném prostoru, ale záro -
veò síly mezi molekulami nejsou v krystalických látkách
veliké a dá se najít urèité množství tvarù, které se od
„ideálního“ tvaru liší jen o urèité množství energie. Pro
výbìr vhodných kandidátù pro krystalickou formu mùže -
me použít nìkolik nástrojù. Co je pro nás dùležité, je jejich
výpoèetní nároènost. Geometrická optimalizace je
nároènìjší než jen výpoèet energie pro daný tvar a ten mùže 

Obrázek 1. Schématické znázornìní procesu hledání/pøedpovídání krystalové struktury organické molekuly.
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být zase výpoèetnì nároènìjší než tøeba porovnávání
torzních úhlù.  Øeknìme, že pro naší molekulu jsme nage -
nerovali velký poèet náhodných konformerù, jejich poèet,
dále mùžeme zredukovat na základì podobnosti torzních
úhlu. Pro tento menší poèet mùžeme spoèítat energii
pomocí MM. Pro nìkolik konformerù s nejmenší energíí
mùžeme použít výpoèet energie pomocí nároènìjších, ale
pøesnìjších výpoètù („hrubé“ DFT). Na základì hodnot
energií získaných pomocí MM a hrubého DFT mùžeme
stanovit nepøesnost urèení energii MM oproti hrubé DFT a
stanovit okno propustnosti konformerù do dalšího kola.
Tím mùže být jemnìjší (pøesnìjší) nastavení DFT nebo se
mùžeme pustit do geometrické optimalizace. Ta mùže být
opìt provedena v nìkolika kolech. Po jejím provedení
mùžeme opìt pøejít ke klastrování a spojit pod jeden
konformery s velmi podobným tvarem. Opìt provedeme
energetické hodnocení a mùžeme se pustit do umísÙování
nejpravdìpodobnìjších konformerù do krystalu.

Pøi umísÙování konformerù do krystalu se s úspìchem
využívá krystalové symetrie a je možné si vybrat jen nìko -
lik nejpravdìpodobnìjších prostorových grup, v kterých
budeme hledat. Vybrané konformery je buï možné umis -
Ùovat jako fixní nebo jim nechat nìjaké stupnì volnosti.
Møížkové parametry je možné v první pøiblížení nastavit
tak, aby byli molekuly blízko sebe, ale nepøekrývali se.
Hledání krystalické formy s nejmenší energií je pak
obdobné hledání vhodných konformerù. Ke klastrování se
v tomto pøípadì dá využít i tøeba podobnost práškových
záznamù. Pro stabilitu dané krystalické formy je podstatná
Gibbsova volná energii G, která je daná souètem krysta -
lové energie E, souèinu tlaku p s objemem V a zápornì
vzatý souèin entropie S s teplotou T, viz rovnice (1). Èlen
p·V se dá snadno spoèítat, ale jeho vliv je pøi atmos -
férických tlacích malý. Výrazný problém je vyjádøení
entropie. Tento èlen se proto èasto zanedbává. 

G E pV ST= + -

Kromì predikování krystalových struktur ab-in itio je
možné využít výpoèetní metody také jako doplnìk k neúpl -
ným èi nekvalitním difrakèním datùm. Napø. v práci [19] je 
popsáno predikování struktury s využi tím neúplných
difrakèních dat mìøených na vzorku za vysokých tlakù
v diamantové cele. V tomto pøípadì tedy šlo o predikci
s malým množstvím experimentálních dat. Prakticky tyto
data nemusí být difrakèní a mùže jít i o jiné experimentální
výsledky. Pro difrakèní komunitu mùže být energetický
výpoèet nápomocný napø. pøi lokalizaci vodíkových
atomù, stabilizaci zpøesòování atomových pozic, èi

lokalizaci dvou podobnì difraktujících prvkù. Energetický
výpoèet by také mohl urychlit konvergenci øešení struktur
z práškových dat. 
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L4

SUBFAMILY D NON-MDO SIX-LAYER POLYTYPES OF CRONSTEDTITE  

J. Hybler

In sti tute of Phys ics, Acad emy of Sci ences of the Czech Re pub lic, Na Slovance 2,
CZ-182 21 Praha 8, Czech Re pub lic, hybler@fzu.cz

Keywords: cronstedtite; 1:1 layer sil i cates; 6T1, 6T3, 6R1,
6R2; twinning. 

The lay ered 1:1 sil i cate cronstedtite (Fe2+
3-x

Fe3+
x)(Si2-xFe3+

x)O5(OH)4, (0.5< x< 0.85) be longs to the
ser pen tine-ka oline group. It forms rel a tively nu mer ous
polytypes gen er ated by stack ing 1:1 struc ture build ing lay -
ers – equiv a lents of OD pack ets with the trigonal protocell
a = 5.5, c = 7.1 C. Polytypes are sub di vided into four OD
subfamilies, or Bailey’s groups A, B, C, D ac cord ing to dif -
fer ent stack ing rules.Cronstedtite oc curs rarely in low tem -
per a ture hy dro ther mal de pos its [1], in cer tain me te or ites
(CM chondrites) [2], and pre sum ably on as ter oids. Syn -
thetic mi crom e ter-size crys tals were pre pared by Pignatelli
and her co-work ers [1,3]. 

The data col lected by four cir cle sin gle-crys tal X-ray
diffractometer with area de tec tor pro cessed by an ap pro pri -
ate soft ware pro vide pre ces sion-like re cip ro cal space sec -
tions (RS sec tions in the fol low ing). Sim i lar RS sec tions
are ob tained by elec tron dif frac tion to mog ra phy (EDT), for 
small crys tals [1].  Dis tri bu tions of so called subfamily re -
flec tions along the re cip ro cal lat tice rows [2l]* / [11l]* /
[2l]* in (lhex)* / (hhlhex)* / (2hlhex)* RS planes is used for
subfamily de ter mi na tion. Sim i larly, dis tri bu tions of char -
ac ter is tic re flec tions along [10l]* / [01l]* / [1l]* rows in
(h0lhex)* / (0klhex)* / (hlhex) planes al low de ter mi na tion of
par tic u lar polytypes. For this pur pose, graph i cal iden ti fi ca -
tion di a grams sim u lat ing dis tri bu tion of re flec tions along
named rows are used [1]. Mod ern diffractometers al low
check ing of many spec i mens and gen er a tion of RS sec tion
in a rea son able time.

Lot of spec i mens of cronstedtite from var i ous ter res trial 
lo cal i ties and syn thetic run prod ucts were stud ied by the
au thor [1, 4, 5, 6]. RS sec tions were re corded, and se lected
ones were pub lished. 

This con tri bu tion is fo cused on the polytypes of the OD
subfamily D. Its stack ing rule is char ac ter ized by al ter nat -

ing 180° ro ta tions of con sec u tive lay ers, com bined by ±b/3
(of the orthohexagonal cell) or zero shifts. The sam ple
stud ied orig i nate from the lo cal ity Ouedi Beht, El
Hammam, Mo rocco, about 80 km SEE from Ra bat (GPS
33°33’15.19"N, 5°49’53.68"W). The most com mon
polytypes in the oc cur rence how ever, are quite com mon
two-layer 2H1 and 2H2, oc cur ring ei ther iso lated or in
mixed crys tals. Much more rarely, six-layer polytypes
were found. They usu ally oc cur in com plex mixed crys tals
con tain ing more polytypes, up to six! Dif frac tion pat terns
of such crys tals are thus con fus ing. For tu nately, in many
cases polytypes were iso lated me chan i cally by cleav ing
crys tals into smaller frag ments, later stud ied sep a rately. In
some cases, the cleav ing pro ce dure was re peated un til the
frag ment con tain ing one polytype was iso lated. 

Hall et al. [7] the o ret i cally de rived 24 pos si ble se -
quences of layer stack ing for six-layer polytypes of the
subfamily D ser pen tine min er als, valid also for
cronstedtite. Their dif frac tion pat terns were mod elled by
the au thor, iden ti fi ca tion di a grams were con structed, and
com pared with real RS sec tions ob tained from the ex per i -
ments. This sim u la tion re vealed, that five pairs of se -
quences (No. 4+6, 7+18, 8+10, 9+13, 11+12) pro vided
iden ti cal the o ret i cal dif frac tion pat terns. Polytypes re ally
found in the Ouedi Beht oc cur rence cor re spond to fol low -
ing se quences: 1 (Hall’s 6T1), 5 (pro posed 6T3), 8+10
(6T5), 11+12 (6T4) (trigonal polytypes), 22 (Hall’s 6R1), 23
(Hall’s 6R2) (rhombohedral polytypes). The se quence 24
was de clared by Hall et all. [7] as rhombohedral (6R3).
Mod el ling of the struc ture, how ever, ex cluded the
rhombohedral cell, thus the real sym me try is also trigonal
and pro posed sym bol is 6T6. This polytype was also dis -
cov ered in the oc cur rence.

The hex ag o nal polytype 6H2 cor re spond ing to the se -
quence 14 was found, too. How ever, the iden ti cal dif frac -
tion pat tern can be pro duced by the ob verse-re verse twin of 
the rhombohedral polytype 6R2 (se quence 23). 

With ex cep tion of 6R1, all six-layer polytypes men -
tioned above are so-called non-MDO (Max i mum De gree
of Or der), or non-stan dard ones. In these polytypes, all tri -
ples, qua dru ples, ….n-tuples of con sec u tive lay ers are not
equiv a lent.

The study pres ents a nice ex am ple, how dif fer ent dif -
frac tion pat terns can be pro duced by cleaved frag ments of
one com plex crys tal. 

1. J. Hybler, M. Klementová, M. Jarošová, I. Pignatelli, R.
Mosser-Ruck, S. Ïuroviè, Clay. Clay Miner., 66, (2018),
379–402. DOI: 10.1346/CCMN.2018.064106.

2. I. Pig na tel li, E. Mug naio li, Y. Marrocchi, Eur. J. Mi ne ral.,
(2018), DOI: 10.1127/ejm/2018/0030-2713.

3. I. Pig na tel li, E. Mug naio li, J. Hybler, R. Mos ser-Ruck, M.
Ca the li neau, N. Mi chau, Clay. Clay Mi ner., 61, (2013),
277.

4. J. Hybler, J. Sej ko ra, V. Venc lík, Eur. J. Mi ne ral., (2016),
DOI: 10.1127/ejm/2016/0028-2532.

5. J. Hybler, Eur. J. Mi ne ral., (2016), DOI:
10.1127/ejm/2016/0028-2541.
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The study was sup ported by the pro ject No. LO1603 un der
the Min is try of Ed u ca tion, Youth and Sports Na tional
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thanks Mar tin Števko for pro vid ing sam ples from Mo rocco.
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X-RAY DIF FRAC TION STRUC TURAL BI OL OGY US ING SYN CHRO TRON RA DI A TION

Uwe Müller

Helmholtz-Zentrum Berlin für Materialien und Energie, Al bert-Ein stein-Str. 15, 12489-Berlin, Ger many

 Over the past de cades, X-ray dif frac tion of bi o log i cal sam -
ples, also called macromolecular crys tal log ra phy (MX) has 
been de vel oped to the most pow er ful method to gain in -
sights into the 3D struc tural space of bi o log i cal macro -
mole cules, like pro tein, pro tein-pro tein and other
com plexes.  One key for these ad vances is the use of highly

bril liant X-rays pro duced by elec tron stor age rings to in -
ves ti gate crys tals of large unit cells or mi crom e ter sized
crys tals.

Within this pre sen ta tion, an over view of this tech nique
and its cur rent ap pli ca tions are pro vided.

L6

A SHORT OVERVIEW OF TOMOGRAPHIC IMAGING CAPABILITIES AT
SYNCHROTRONS IN EUROPE AND ELSEWHERE 

R. Mokso

De part ment of Solid Me chan ics, Lund Uni ver sity, Ole Romers vag 1, Lund, Swe den

rajmund.mokso@maxiv.lu.se

Tomographic im ag ing aims to map the 3D elec tron den sity
in a non-de struc tive man ner. The method is rel e vant to
study ma te ri als of al most all types in clud ing bi o log i cal sys -
tems. State-of-the-art X-ray im ag ing in stru ments are used
to cre ate vir tual rep re sen ta tions of ma te ri als down to tens
of nano metre spa tial res o lu tion. Per haps the big gest as set
of syn chro tron im ag ing in stru ments is their ex cel lent tem -
po ral res o lu tion at this length scale [1]. The lim its in the
tem po ral do main are mainly set by the de tec tor and the me -

chan ics. For the spa tial res o lu tion the big gest con cern is the 
ra di a tion dose re sult ing from the in ter ac tion of X-ray ra di a -
tion with the stud ied mat ter. I will give an over view of re -
cent achieve ments in mi cro- and nano-scale tomographic
im ag ing with em pha sis on the spe cific ca pa bil i ties of im ag -
ing beamlines in Eu rope.  

1. R.Mokso, F. Marone, S. Irvine, M. Nyvlt, D. Schwyn, 
K.  Mader, G. Tay lor, H. Krapp, M. Skeren, 
M. Stampanoni., J. Phys ics D., 46, (2013), 494004.
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APPLICATION OF PAIR DISTRIBUTION FUNCTION FOR STUDY OF
HIGHLY-DISOREDRED COMPOUNDS

Jozef Bednarèík

P.J. Šafárik Uni ver sity in Košice, In sti tute of Phys ics.,Park Angelinum 9, 041 54 Košice, Slovakia
jozef.bednarcik@upjs.sk

Com pared with crys tal line coun ter parts, me tal lic glasses
(MGs) have some su pe rior prop er ties, such as high yield
strength, hard ness, large elas tic limit, high frac ture tough -
ness and cor ro sion re sis tance, and hence are con sid ered as
prom is ing en gi neer ing ma te ri als. Fe- and Co-based amor -
phous al loys have been the sub ject of con sid er able re search 
in ter est and ac tiv i ties for the last de cades due to ap pli ca -
tions re lated to their out stand ing soft mag netic prop er ties.
Struc tur ally, me tal lic glasses can be clas si fied as dis or -
dered ma te ri als. X-ray dif frac tion (XRD) us ing high-en -
ergy pho tons has proven to be well suited for de scrib ing the 
struc ture of highly dis or dered sys tems such as MGs.

Time-re solved in situ XRD ex per i ments may now a days be
per formed at high-bril liance syn chro tron ra di a tion sources
for a va ri ety of con di tions which help to elu ci date the struc -
ture–prop erty re la tions. 

In this con tri bu tion struc tural changes oc cur ring in an
Fe72.5Cu1Nb2Mo2Si15.5B7 al loy dur ing a com bi na tion of
con stant rate heat ing (20 K/min) and iso ther mal hold ing at

500 and 520 °C will be in ves ti gated us ing in situ high-en -
ergy X-ray dif frac tion. It was found that the fer ro mag -
netic-to-para mag netic tran si tion of the amor phous phase is
re vealed as a change in the slope of the ther mal ex pan sion
curve when heat ing a sam ple at a con stant rate up to 520
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°C. Real space anal y sis by means of the atomic pair dis tri -
bu tion func tion (PDF) dem on strated that the rate and ex -
tent of the ther mal ex pan sion strongly de pend on the
in ter atomic sep a ra tion. The PDF proved to be a re li able
method for the de scrip tion of crys tal li za tion ki net ics. Fur -
ther it al lows de ter mi na tion of sizes of ultrafine nano -
crystals with grain sizes well be low 8 nm and thus makes

ob ser va tion of early stages of nanocrystallization pos si ble.
This con tri bu tion pres ents re sults show ing how pair dis tri -
bu tion func tion can be suc cess fully used for track ing the
fer ro mag netic-to-para mag netic tran si tion of amor phous
phase in the vi cin ity of the Cu rie point.

L8

IN-SITU X-RAY SCATTERING STUDY OF PULSED-LASER DEPOSITION OF
LuFeO3/Pt SYSTEMS
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1
, L. Horák

1
, S. Bauer

2
, A. Rodriques

2
, T. Baumbach

2
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1De part ment of Con densed Mat ter Phys ics, Charles Uni ver sity, Ke Karlovu 5, 121 16 Prague, 
Czech Re pub lic

2In sti tute for Pho ton Sci ence and Syn chro tron Ra di a tion, Karlsruhe In sti tute of Tech nol ogy,
Hermann-von-Helmholtz-Platz 1, D-76344 Eggenstein-Leopoldshafen, Ger many

3Lab o ra tory for Elec tron Mi cros copy, Karlsruhe In sti tute of Tech nol ogy, Engesserstr. 7, D-76131 Karlsruhe,
Germany
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Growth of multiferroic epitaxial lay ers of hex ag o nal
LuFeO3 has been stud ied by X-ray scat ter ing in-situ dur ing
pulsed-la ser de po si tion (PLD). For this pur pose we used a
unique PLD cham ber at tached to the NANO-beamline of
the In sti tute of Pho ton Sci ence and Syn chro tron Ra di a tion
(IPS) at tached to the KARA stor age ring (Karlsruhe, Ger -
many). The LuFeO3 lay ers have been de pos ited on sin -
gle-crys tal line sap phire sub strates, in some sam ples we
also de pos ited thin Pt interlayers prior to the LuFeO3

growth. In the first part of the talk I re port on graz ing-in ci -
dence small-an gle scat ter ing (GISAXS) mea sured in-situ
dur ing the Pt de po si tion. From the data we de ter mined the
Pt growth ki net ics, in par tic u lar we study the de pend ence
on the is land-to-layer per co la tion thresh old on the sub -
strate tem per a ture [1]. In the sec ond part I dis cuss the pa -
ram e ters of the LuFeO3 thin lay ers and their de vel op ment
dur ing de po si tion [2]. The lay ers are mo saic and we stud ied 
the an gu lar mo saic spread and mean size of the mo saic
blocks as func tions of the sub strate de po si tion tem per a ture
and of the Pt thick ness un der neath. The fi nal part of the talk 
is de voted to the study of growth os cil la tions dur ing the
LuFeO3 de po si tion; the os cil la tions were re corded by mea -

sur ing the time de pend ence of the in ten sity of the
quasi-for bid den re flex (0003) of LuFeO3. From the data we 
de ter mined the growth rate and the height of the
Ehrlich-Schwöbel dif fu sion bar rier as func tions of the la ser 
rep e ti tion fre quency [3].

1. V. Holý, S. Bauer, A. Rodrigues, L. Horák, X. Jin, R.
Schnei der, T. Baumbach, Phys. Rev. B 102 (2020)
125435.

2. S. Bauer, A. Rodrigues, L. Horák, X.W. Jin, R Schnei der,

T. Baumbach, V. Holý, Ma te ri als 13 (2020) 61. 

3. V. Holý, S. Bauer, A. Rodrigues, B. Nergis, L. Horák, R.
Schnei der, X. Jin, T. Baumbach, Ap plied Surf. Sci ence,

sub mit ted.

The work was sup ported by the Czech Sci ence Foun da tion
(pro ject No. 19-10799J) and by the pro ject NanoCent fi -
nanced by Eu ro pean Re gional De vel op ment Fund (ERDF,
pro ject No. CZ.02.1.01/0.0/0.0/15.003/0000485). The ad -
di tional fund ing by the Ger man Re search Foun da tion
within the frame work of the pro jects SCHN 669/11 and BA
1642/8-1 is grate fully ac knowl edged.
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Z. Matìj, J. Brudvik, A. Salnikov

MAX IV Lab o ra tory, Lund Uni ver sity, Lund, Swe den

zdenek.matej@maxiv.lu.se

The most pow er ful X-ray la ser fa cil i ties as well as mul ti ple
4th gen er a tion syn chro tron light sources are in user op er a -
tion across the Eu rope. Prep a ra tion for the Eu ro pean
spallation source is ramping up, more pho ton and neu tron

(PaN) fa cil i ties are plan ning up grades. With the ex cel lent
bright ness, larger and faster de tec tors enor mous vol umes
of sci en tific data are pro duced. The va ri ety of ex per i ments
as well as PaN user com mu ni ties are broad en ing, pub lish -
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ing prac tices and ac a demic in sti tu tions re quire ments for
sci en tific data man age ment, in clud ing in ter est in
open-data, are in creas ing. In late 2018, within the Eu ro -
pean Open Sci ence Cloud (EOSC) ini tia tive, sev eral ma jor
Eu ro pean PaN fa cil i ties started a pro ject called
PaNOSC [1], which was com ple mented by Ex PaNDS [2]
pro ject at the na tional re search PaN in sti tutes a one year
later. Both pro jects aim for ex pand ing sci en tific data cat a -
logues and anal y sis ser vices in or der to make sci en tific data 
at PaN fa cil i ties com ply with the FAIR data prin ci ples.
This in cludes ad just ments to sci en tific data pol i cies, ex ten -
sion of sci en tific data re ten tion pe riod, tools to search for
datasets of pos si ble sci en tific or scholar in ter est, im prove -
ments of data ac ces si bil ity, data for mats and metadata cat a -
logues and fi nally a pos si bil ity to re pro duce the sci en tific
re sults by means of re mote data anal y sis ser vices. Within
the wide scope of the pro jects sev eral ap pli ca tion use cases
have been cho sen to pro to type all the ser vices in clud ing
data anal y sis. The se lected sci en tific use cases cover mul ti -
ple meth ods in clud ing crys tal log ra phy, for the Ex PaNDS
pro ject in par tic u lar se rial crys tal log ra phy [3], CryoEM
and pow der dif frac tion [4], but also other tech niques as
small an gle scat ter ing, reflectometry or ptychographic
X-ray com puted to mog ra phy [5]. The use cases rep re sent

sev eral types of PaN sci ences anal y sis workflows in clud -
ing Py thon Jupyter note books, con ven tional high-per for -
mance dis trib uted com put ing, cloud-like containerization
for data-sci ence and re mote desktops for vi su al iza tion. The 
idea is to match the en vi ron ments to run sci en tific soft ware
with ar chived datasets and re cords in metadata cat a logues.
The pro jects out comes in clude def i ni tion of ap pli ca tion in -
ter faces and a func tional protype that can be de ployed at re -
search fa cil i ties, can be in ter con nected with other tools,
de vel oped and ex tended in a sus tain able way, al low ing to
bridge more sci en tific data into EOSC.  

1. PaNOSC: Pho ton and Neu tron Open Sci ence Cloud,
https://www.panosc.eu (Nov 9, 2020).

2. Ex PaNDS: EOSC Pho ton and Neu tron Data Ser vices,
https://expands.eu (Nov 9, 2020).

3. X. E. Zhou et al., Sci Data, 3, (2016), 160021.
doi:10.1038/sdata.2016.21.

4. B. H. Toby, R. B. Von Dreele, J. Appl. Crystallogr., 46,
(2014), 544. doi:10.1107/S0021889813003531.

5. M. Kahnt et al., J. Appl. Crystallogr., 53, (2020), 1.
doi:10.1107/S160057672001211X.
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J. Šmilauerová, P. Zháòal, L. Horák, P. Harcuba, J. Veselý, V. Holý 

Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Ke Karlovu 5, 121 16, Prague, Czech Re pub lic

smilauerova@karlov.mff.cuni.cz

In metastable ti ta nium al loys, the trans for ma tion from the

high-tem per a ture b phase (bcc) to the low-tem per a ture a
phase (hcp) can be sup pressed upon quench ing to room
tem per a ture [1]. Due to the ther mo dy nam i cally metastable

na ture of the b phase, par ti cles of the so-called w phase
form in the ma te rial by a diffusionless shuf fle mech a nism
al ready dur ing quench ing. The crys tal lo graphic struc ture

of w phase is ei ther trigonal or hex ag o nal, de pend ing on the 

com plete ness of the b ® w trans for ma tion, and there are

four crys tal lo graphic ori en ta tions (vari ants) of the w phase

[2] w par ti cles are co her ent with the par ent b phase, their
size ranges from a few nano metres [3] to a few tens of
nano metres  and they were found to be spa tially weakly or -

dered in a cu bic ar ray [4]. With in creas ing tem per a ture, w
par ti cles evolve and grow by a dif fu sion-as sisted pro cess
un til they reach a sta bil ity limit at which the pre cip i ta tion of 

a phase be comes the dom i nant trans for ma tion. 
The main goal of this re search is to in ves ti gate the se -

quence of tran si tions oc cur ring in sin gle-crys tals of
Ti-15Mo (in wt.%) al loy dur ing lin ear heat ing by syn chro -
tron X-ray dif frac tion. For this pur pose, a sin gle crys tal
was pre pared us ing the float ing zone method [5], so lu tion

treated above the b-transus tem per a ture and quenched to
wa ter to pro duce a well-de fined start ing con di tion for the
heat ing ex per i ments.

X-ray dif frac tion was mea sured at the high-en ergy
beamline ID11 at ESRF, Grenoble. The pho ton en ergy was
60 keV and the pri mary beam was par al lel to [100]b di rec -
tion in the stud ied crys tal. The heat ing was per formed in a
ded i cated fur nace equipped with a quartz cham ber, al low -
ing to reach high vac uum (approx. 10-6 mbar). The dif -
fracted sig nal was col lected in situ dur ing lin ear heat ing
with the rate of 5°C/min. An ex am ple of a mea sured dif -
frac tion pat tern to gether with cal cu lated pat tern ex plain ing
the or i gin of in di vid ual peaks is dis played in Fig. 1.

The set of mea sured data al lowed us to de ter mine the
se quence of phase trans for ma tions by fol low ing the evo lu -

tion in re gions around se lected w dif frac tion spots dur ing
lin ear heat ing, see Fig. 2. The in ten sity in these re gions first 

de creases with in creas ing tem per a ture, but the w re flec -
tions do not dis ap pear com pletely. On the con trary, around

673 K (400 °C), the w peaks sharpen and their in ten sity in -

creases – this is most vis i ble in Fig. 2 c) which shows an w

spot clos est to the Ewald sphere (Figs. 2 a) and b) dis play w
peaks fur ther from the Ewald sphere, so the in ten sity in -
crease is not readily ap par ent due to their sharp en ing). At
833 K (560 °C, de noted by a black ver ti cal line in Fig. 2),

all w re flec tions dis ap pear, sug gest ing a com plete dis so lu -

tion of the w phase. The in ten sity ob served at the high est

mea sured tem per a tures cor re sponds to a phase dif frac tion

spots which lie close to the orig i nal w re flec tions.

https://www.panosc.eu/
https://expands.eu/
https://doi.org/10.1038/sdata.2016.21
https://doi.org/doi:10.1107/S0021889813003531
https://doi.org/10.1107/S160057672001211X
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Nu mer i cal fit ting of mea sured dif frac tion peaks al -

lowed us to es ti mate the tem per a ture de pend ence of w
phase frac tion (red points in Fig. 3) and in ter face area

be tween the b ma trix and w par ti cles (blue points in
Fig. 3). Both quan ti ties de pend lin early on the num ber of 

ir ra di ated w par ti cles; the steeper de crease of S/S0 above

523 K (250 °C) sug gests that while w par ti cles grow,
their num ber de creases (a pro cess sim i lar to Ostwald
rip en ing). The in creas ing trend ob served in Fig. 3 is

caused by pro gres sive coars en ing of w par ti cles. As the

tem per a ture nears the sta bil ity limit of the  phase at
833 K (560 °C), both the phase frac tion and the in ter face 
area de crease rap idly. More in for ma tion on this topic
and a com par i son with com ple men tary data from elec tri -
cal re sis tiv ity mea sure ments can be found in [6].

1. G. Lutjering a J. C. Wil liams, Ti ta nium, 2nd ed i tor, Berlin:
Springer, 2007. 

2. D. De Fontaine, „Sim ple mod els for the omega trans for ma -
tion,“ Met al lur gi cal Trans ac tions A 19, 169-175, 1988. 

3. B. S. Hickman, „The for ma tion of omega phase in ti ta nium 
and zir co nium al loys: A re view,“ Jour nal of Ma te ri als Sci -
ence 4, 554-563, 1969. 

4 J. Šmilauerová, P. Harcuba, J. Stráský, J. Stráská, M.
Janeèek, J. Pospíšil, R. Kužel, T. Brunátová, V. Holý a J.

Ilavský, „Or dered ar ray of w par ti cles in b-Ti ma trix stud -
ied by small-an gle X-ray scat ter ing,“ Acta Materialia 81,
71-82, 2014. 

5. J. Šmilauerová, J. Pospíšil, P. Harcuba, V. Holý a M.
Janeèek, „Sin gle crys tal growth of TIMETAL LCB ti ta -
nium al loy by a float ing zone method,“ Jour nal of Crys tal
Growth 405, 92-96, 2014.

6. P. Zháòal, P. Harcuba, M. Hájek, J. Stráský, J.
Šmilauerová, J. Veselý, L. Horák, M. Janeèek a V. Holý,

„In situ de tec tion of sta bil ity limit of w phase in Ti-15Mo
al loy dur ing lin ear heat ing,“ Jour nal of Ap plied Crys tal log -
ra phy 52, 1061-1071, 2019.

Fig ure 2. Evo lu tion of a) , b)  and c)  dif frac tion spots.

Fig ure 3. Evo lu tion of w phase frac tion of the  phase (red points)

and the b/w in ter face area (blue points).

Fig ure 1. a) Mea sured dif frac tion pat tern at room tem per a ture and b) cal cu lated pat tern show ing the po si tions of ob served b

and w dif frac tion spots (square and el lipse sym bols, re spec tively).
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TEMPERATURE INDUCED STRUCTURAL EVOLUTION  OF POROUS IMIDAZOLATE
COMPOUNDS VIA SYNCHROTRON XRPD
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Zeolitic imidazolate frame works (ZIFs) are an in ter est ing
class of metal-or ganic frame works, struc tured by tetra hed -
rally con fig ured tran si tion metal cat ions bridged by
imidazolate (Im). ZIFs are able to re pro duce the zeolitic to -
pol ogy but also in cor po rate the elec tronic prop er ties of the
tran si tion metal ions.[1]

In this re search, novel high-tem per a ture polymorph of
so dium imidazolate, HT-NaIm was dis cov ered. Solid-state
NMR was used for ini tial elu ci da tion of struc tural fea tures,  
the crys tal struc ture was de ter mined by sin gle-crys tal
X-ray dif frac tion, while the in-situ HT-XRPD ex per i ments
uti liz ing syn chro tron ra di a tion have been per formed in or -
der to gain the in sight into the struc tural evo lu tion and ther -
mal sta bil ity which was ad di tion ally analized by
dif fer en tial ther mal analysis and hot stage mi cros copy
mea sure ments. HT-NaIm ex hib its pores of 50 C3 that sug -
gest pos si ble ap pli ca tion for gas sorp tion/sep a ra tion.  Once 
formed, high-tem per a ture polymorph of NaIm re tains its
struc ture and re mains sta ble at room tem per a ture, what is
im por tant ap pli ca tion-wise.

Ad di tion ally, new fam ily of mixed bi me tal lic
imidazolates AMIm3 (A = Na, K; M = Mg, Mn) has been

syn the sized and crys tal struc tures were de ter mined from
pow der X-ray dif frac tion data. Tem per a ture aided de com -
po si tion dur ing in-situ SR HT-XRPD ex per i ments gave the 
in for ma tion about struc tural changes ad ther mal sta bil ity of 
the pre pared sam ples. All com pounds have the imidazolate
ligand con nected to four metal cat ions form ing a com plex
3D net work with chan nels run ning along the c-di rec tion,
thus show ing the sim i lar sorp tion po ten tial be cause of the
empty vol ume of around 30 C3 in cor po rated in side the
chan nels (Fig ure 1).[2]

1. O. M. Yaghi, M. J. Kalmutzki, and C. S. Diercks. in In tro -
duc tion to Reticular Chem is try: Metal-Or ganic Frame -
works and Co va lent Organic Frame works (Wiley-VCH
Verlag GmbH & Co. KGaA), 2019, 463-479.

2. S. Burazer, F. Morelle, Y. Filinchuk, R. Èerný, J. Popoviæ,
In or ganic Chem is try, 58, (2019) 6927-6933.

The au thors ac knowl edge the Swiss-Nor we gian Beamlines
of ESRF for the al lo ca tion of beamtime and ex cel lent sup -
port with the data col lec tion.

Fig ure 1. Ex tended crys tal pack ing of KMgIm3 show ing chan nels along the c-di rec tion.
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ESRF AND THE CZECH MEMBERSHIP 

P. Oberta
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The Eu ro pean Syn chro tron Ra di a tion Fa cil ity (ESRF) is
the most pow er ful syn chro tron source in Eu rope. The
ESRF is one of the world’s larg est syn chro tron sci ence
cen tres. Ev ery year, 9000 sci en tists from 22 part ner coun -
tries and from around the world travel to Grenoble to use its 
ex tremely bril liant X-rays for lead ing-edge re search. The
ESRF Up grade Programme 2009-2018 main tains the
world-lead ing role through a con tin u ous quest for higher
per for mance fig ures, meet ing the needs of re turn ing us ers,
and at tract ing sci en tists from new dis ci plines [1].
ESRF–EBS (Ex tremely Bril liant Source) is the ESRF’s
150M€ fa cil ity up grade, over 2015-2022, bring ing its sci -
en tific us ers a first-of-a-kind, low-emit tance, high-en ergy

syn chro tron light source and new, cut ting-edge beamlines.
With a rev o lu tion ary new stor age ring con cept that in -
creases the bril liance and co her ence of the X-ray beams
pro duced by a fac tor of 100 com pared to pres ent-day light
sources, ESRF–EBS rep re sents a new gen er a tion of syn -
chro tron and an ex traor di nary new tool for sci en tists to
study the heart of mat ter.

The Czech re pub lic is a mem ber state of the ESRF, en -
abling Czech sci en tist to ap ply for beamtime. Our mem ber -
ship is fi nanced through the MŠMT pro gram
Inter-Ex cel lence and is se cured for the pe riod be tween
2018-2022.

1. www.esrf.eu
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JANA2020, A NEW VERSION OF THE CRYSTALLOGRAPHIC COMPUTING SYSTEM

M. Dušek, V. Petøíèek
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Pro gram Jana [1] si bìhem svého více než tøicetiletého
vývoje vydobyl svìtové renomé jako krystalografický
systém pro øešení komplikovaných struktur. Zpoèátku byl
úzce zamìøen na problematiku modulovaných struktur
øešených z monokrystalových dat, pozdìji propojil øešení
standardních a modulovaných struktur v jednom systému,
od roku 2006 bylo možné pro gram použít i na prášková
data [2]  a od roku 2010 se intenzivnì rozvíjely moduly pro
øešení magnetických struktur [3]. Pro gram Jana je propojen 
s programy Superflip [4] pro øešení fázového problému
v libovolné dimenzi, s programem Dyngo [5] pro
upøesòováni struktur z elektronové difrakce za využití
dynamické teorie, s programem MCE [6] pro vizualizaci
elektronové hustoty, s internetovým nástrojem ISO -
DISTORT [7] pro analýzu representací a s nìkolika
dalšími programy. Aèkoli pro gram Jana nikdy nedosáhl
rozšíøení srovnatelného s programem SHELX, v nìkterých
oblastech je dominantním nástrojem a roèní poèet citací
stabilnì dosahuje nìkolika set. 

S narùstající komplexností programu vyvstal problém,
jak jej uživatelsky zjednodušit. Cílem našeho snažení bylo

vytvoøit pro gram, kde jednoduché úlohy pùjde vyøešit
zcela intuitivnì, zatímco pro složité krystalografické
úlohy, kde se pøedpokládají nadstandartní znalosti
uživatele, budou intuitivní alespoò základní spoleèné
postupy. Pro tento cíl bylo nutné vytvoøit kreslící pro gram,
který jednak v reálném èase ukazuje zmìny struktury
bìhem upøesòování, ale souèasnì umožní i editaci
strukturních parametrù jednotlivých atomù nebo jejich
skupin. Za tímto úèelem bylo zcela pøepsáno grafické
rozhraní programu Jana2006, aby bylo možné využít
knihovny OpenGL, èímž vzniknul nový pro gram
Jana2020, jehož beta verzi zde pøedstavujeme. 

Pro gram Jana2020 obsahuje všechny dosavadní
možnosti programu Jana2006, ale má zcela jiné ovládání.
Uživatel má k dispozici rozvinovací lištu s jednotlivými
nástroji a dále pøepínaè (Obr. 1), kterým si volí, co by mìl
pro gram vizualizovat. Momentálnì lze volit buï obrázek
struktury, nebo práškový profil, a v obou pøípadech lze
pozorovat probíhající zmìny v dùsledku upøesòování
anebo editace strukturních nebo profilových parametrù.
V dalších verzích bude nabídka vizualizace rozšiøována,

Obrázek 1. Èást okna programu Jana2020. Pomocí vyznaèené velké ikony vlevo nahoøe je jako cíl vizualizace nastavený obrázek
struktury. V rozvinovacích nástrojích vlevo je vybrané upøesòování struktury. Po spuštìní upøesòování struktury (Run re fine ment)
bude obrázek aktualizován po každém upøesòovacím cyklu. 



Ó Krystalografická spoleènost

86 Struktura 2020 -  Lec tures Ma te ri als Struc ture, vol. 27, no. 2 (2020)

napøíklad o mapu elektronové hustoty. Prostøednictvím
obrázku struktury lze editovat strukturní parametry atomù,
spojovat atomy do pevných tìles a pøidávat další polohy
tìchto tìles. Ve vývoji je propojení obrázku s ma pou
elektronové struktury a mnoho dalších možností, které se
nabízejí díky existenci kreslícího nástroje.

Pro gram Jana2020 bude zaèátkem prosince 2020
k dispozici na stránkách http://jana.fzu.cz
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Pravdìpodobnì každý krystalograf se dostal jednou do
situace, kdy potøeboval porovnat dvì nebo více krysta -
lových struktur organických nebo organokovových látek a
hledal zpùsob a nástroj, jak to provést, aniž by nad tím
zbyteènì strávil èas navíc. Všechen ten èas uplynulý pøed
monitorem, kdy se krystalografové pomocí ruèního otáèení 
modelù krystalových struktur snažili mezi nimi najít
podobnost, je nìmým svìdkem toho, že nìjaký nástroj pro
tento úèel je vhodné si osvojit.  

V minulosti bylo publikováno nìkolik metod pro
porov návání krystalových struktur [1-7]. Mezi uživatelsky
pøívì tivé nástroje bych zaøadil funkci Crys tal Pack ing Sim -
i lar ity v programu Mer cury [7], a programy COMPSTRU
[8] , xPac [9]  a CrystalCMP [10]. Nástroj Crys tal Pack ing
Sim i lar ity je zpøístup nìn uživateli jen v placené verzi
programu Mer cury. Pro gram COMPSTRU je vytvoøen
jako on line nástroj na stránkách Bilbao Crys tal lo graphic
Server a programy xPac a CrystalCMP lze volnì stáhnout. 

Nástroje Crys tal Pack ing Sim i lar ity, xPac a
CrystalCMP používají podobný pøístup pro porovnání
pakování molekul v krystalových strukturách. Programy
vyberou u každé porovnávané struktury reprezentativní
molekulární klastr, kde je možné zvolit napø. jen jeden typ
molekuly (obvykle té nejvìtší ve struktuøe). Následnì
provedou porovnání na základì rozdílù pozic molekul
v obou klastrech. Jednotlivé implementace se liší ve
zpùsobu porovnávání obou klastrù a v rychlosti porovnání.
Metoda porovnání použitá programem COMPSTRU se od
zbylých tøech metod výraznì liší. Její pøístup bych nazval
jako více krystalografický. Pro gram najde nejlepší
transformaci základních bunìk porovnávaných struktur a
pak provede porovnání pozic atomù v základní buòce. 

Uvedené nástroje urèené pro porovnávání krystalových 
struktur se mezi sebou liší použitou metodou, uživatelským 
rozhraním a dostupností. Je tedy jen na uživateli, který
z nich si nakonec vybere. 

Jak už bylo zmínìno, metoda programu CrystalCMP je
založena na porovnávání reprezentativního molekulárního
klastru, do kterého je možné zahrnout jeden typ molekuly,
obvykle té nejvìtší. Bìhem porovnávání dojde k pøekrytí
vygenerovaných molekulárních klastrù jednotlivých
krystalových struktur a podobnost je spoèítána jako
odchylka støedù pøekrývajících se molekul a úhlù natoèení
molekul od sebe. Výsledná podobnost (v tomto pøípadì
spíš rozdílnost) je dána vztahem:

Ps D wAa b c d, = +

kde Dc je prùmìrná vzdálenost (v C) støedù pøekrývajících
se molekul a  Ad  reprezentuje odchylku natoèení pøekrý -
vajících se molekul v prostoru. Hodnota w je volena
uživatelem a reprezentuje váhu mezi Dc a Ad.

Vìtší váha je ve výchozím nastavení programu kladena
na rozdíl natoèení molekul v prostoru. Je to z toho dùvodu,
že stejné pakování není ani tak podmínìno stejnou pozicí
molekul v prostoru, jako spíš jejich stejným natoèením.
Pomocí takto definované funkce Psa,b je umožnìno
porovnávání molekulárních struktur, které byly zmìøeny
za rùzných teplot. Objemová zmìna struktury má totiž na
zmìnu Psa,b funkce malý vliv. Lze tedy porovnávat
pakování molekul ve strukturách, jejichž expanze je
zpùsobena napø. pøítomností molekul solventù èi
koformerù rùzných velikostí, jako je tomu napø. v tzv.
solvatomorfních øadách.

http://jana.fzu.cz
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Výsledkem porovnání programem CrystalCMP je
podobnostní matice a z ní vypoètený dendrogram, který
seskupuje jednotlivé látky podle podobnosti v èitelné
podobì. Samotné porovnání krystalových struktur je
provedeno buï automaticky, nebo za interakce uživatele.
Porovnání dvou krystalových struktur je v prùmìru
provedeno bìhem 0.5 s, což umožòuje bìhem nìkolika
minut porovnat desítky krystalových struktur mezi sebou. 

Pro gram je napsán v jazyce C/C++, využívá knihovny
OpenBabel  pro generování SMILES definic a pro grafické
rozhraní používá wxWidgets a OpenGL. Pro gram je volnì
ke stažení na
 adrese http://sourceforge.net/projects/crystalcmp/, kde lze
také nalézt jeho zdrojový kód.
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http://sourceforge.net/projects/crystalcmp/
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TEACHING CRYSTALLOGRAPHY ONLINE WITH MS TEAMS – COMMENTS,
EXAMPLES

Radomír Kužel

Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Ke Karlovu 5, 121 16 Praha 2

A few months of this crazy year brought high con cen tra tion 
on on line teach ing in ba si cally all lev els of ed u ca tion. Of
course, the least prob lem atic is such teach ing in uni ver si -
ties where many things can be trans ferred to on line form
with out sig nif i cant losses and in cer tain cases even with
some ben e fits. So, the only part that can not be done on line
is prac ti cal work, in par tic u lar the work that should teach
stu dents some skills. Oth er wise, there are no lim its for in -
ter ac tive com mu ni ca tion dur ing the on line teach ing. How -
ever, it may be eas ier for the teach ers rather than for
stu dents. It can be more dif fi cult and/or un pleas ant to sit at
the com puter sev eral hours a day.

Uni ver si ties are sup port ing dif fer ent plat forms for on -
line teach ing e.g. [1]. While for or ga niz ing of meet ings I
pre fer to use Zoom [2, 3], for teach ing I have de cided to
pre pare ev ery thing in MS Teams [4] in the form de vel oped
by the Charles Uni ver sity [5] where it is easy to cre ate a
team for sub ject and as sign there stu dents from the list of
stu dents of the Uni ver sity and/or in vited guests by e-mail
or code.

In ad di tion to com mon meet ings, as e.g. in Zoom etc.,
there is a com mon space 

Our fac ulty re quires that all the pre sen ta tions be re -
corded, and the re cords are avail able, in ad di tion to pre sen -
ta tions (ppt, pdf), to all rel e vant stu dents till the end of
se mes ter. Both are saved in folder Files of MS Teams. This
folder can also con tain some other shared files e.g. of Of -
fice like Ex cel or Word files.

Prob a bly the most use ful part is Note book that can con -
tain dif fer ent fold ers owned by teacher only, shared for all
and owned by each in di vid ual stu dent. In the shared folder
any body can write for mat ted text, draw, in sert pic tures, ta -
bles di rectly in Teams or in One Note ap pli ca tion with a
few more ad vanced fea tures.

Stu dents can not see fold ers and pages of other stu dents
while the teacher can see ev ery thing. So, the teacher can
eas ily click on the cor re spond ing page of any stu dent and
see up-to-date in for ma tion where the stu dent is dur ing
his/her task. Teacher can also write di rectly to their doc u -
ment. Usu ally, it is work ing quite quickly if the Internet is
not too slow. In Fig ure 1, there is a screen copy from the
on line course where the stu dents (left col umn) got dif fer ent 
sym met ri cal pat terns (right), should draw el e men tary cell
and cor re spond ing sym me try el e ments, and de ter mined the 
plane group from the list. In or der, to make their life eas ier,

Fig ure 1. Copy of MS Teams screen dur ing the task of de ter mi na tion of plane groups for dif fer ent sym met ri cal patterns.
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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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BASHELIXIR HAS NEW FEA TURES AND NEW GUI
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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.

1. M. D. Winn, C. C. Ballard, K. D. Cowtan, E. J. Dodson, P.
Emsley, P. R. Ev ans, R. M. Keegan, E. B. Krissinel, A. G.
W. Leslie, A. Mc Coy, S. J. McNicholas, G. N. Murshudov, 
N. S. Pannu, E. A. Potterton, H. R. Powell, R. J. Read, A.
Vagin, K. S. Wil son, Acta Cryst. D, 67, (2011), 235-242.

2. D. Liebschner, P. V. Afonine, M. L. Baker, G. Bunkóczi,
V. B. Chen, T. I. Croll, B. Hintze, L.-W. Hung, S. Jain, A.
J. Mc Coy, N. W. Mori arty, R. D. Oeffner, B. K. Poon, M.
G. Prisant, R. J. Read, J. S. Rich ard son, D. C. Rich ard son,
M. D. Sammito, O. V. Sobolev, D. H. Stock well, T. C.
Terwilliger, A. G. Urzhumtsev, L. L. Videau, C. J. Wil -
liams, P. D. Ad ams, Acta Cryst. D, 75, (2019), 861-877.

3. P. Kolenko, Chemické listy, 113, (2019), 610-614.

4. G. M. Sheldrick, Acta Cryst. D, 66, (2010), 479-485.

5. I. Usón, G. M. Sheldrick, Acta Cryst. D, 74, (2018),
106-116.

This pub li ca tion was sup ported by the MEYS CR (pro jects
CAAS – CZ.02.1.01/0.0/0.0/16_019/0000778, BIOCEV –
CZ.1.05/1.1.00/02.0109, and ELIBIO - CZ.02.1.01/0.0/
0.0/15_003/0000447) from the ERDF fund and by the GA
CTU in Prague (SGS19/189/OHK4/3T/14).
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THE CRYSTAL STRUCTURE OF THE FIRST HALOALKANE DEHALOGENASE
TETRAMER
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5In ter na tional Clin i cal Re search Cen ter, St. Anne’s Uni ver sity Hospital Brno, Pekarska 53, 656 91 Brno,
Czech Re pub lic

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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INTRODUCTION TO NANOTOXICOLOGY

Anna Fuèíková

De part ment of Chem i cal Phys ics and Op tics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Ke
Karlovu 5, 121 16 Praha 2

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.

L20

STRUCTURE AND MICROSTRUCTURE OF ROTARY-SWAGED W-Ni-Co
PSEUDOALLOY STUDIED BY NEUTRON DIFFRACTION
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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.
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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
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 -
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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.
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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
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
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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.

The work was sup ported by the pro ject NanoCent fi nanced
by Eu ro pean Re gional De vel op ment Fund (ERDF, pro ject
No. CZ.02.1.01/0.0/0.0/15.003/0000485).

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.


