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Biotechnologicky tstav AV CR, Priimyslovéa 595, 252 50 Vestec
hasekjih@seznam.cz

Cambridgeska strukturni databaze organickych a organo-
metalickych struktur (CSD) je dostupna pro nekomeréni
uzivatele v CR jiz od roku 1973. Nyni (v roce 2020)
obsahuje vice nez milion experimentalné stanovenych
struktur peclivé verifikovanych Cambridgeskym Krysta-
lografickym Datovym Centrem (CCDC). Vétsina téchto
struktur byla stanovena pomoci rtg difrakce (>95 %),
zbytek pomoci neutronové a elektronové difrakce a
pomoci NMR. CSD nabizi kromé vyhledavaciho modulu
QUEST a zobrazovciho modulu MERCURY fadu dalSich
licencovanych a nelicencovanych programti obsahujicich
sofistikované algoritmy pro hromadné zpracovani,
statistickou analyzu, porovndvani a zobrazovani struktur.
Program GOLD pro molekularni modelovani, program
DASH pro rafinaci struktur z praskovych dat, program
IsoStar pro 3D zobrazovani mezimolekularnich interakeci,
atd. Stru¢ny ptehled je dostupny napiiklad v [1] a [2].

Piistup k CSD zajistuje pro sdruzeni instituci v CR
“Regional affiliated center of CCDC”. Pokud neznate
jméno spravce licence ve Vasi instituci zjistite to dotazem
na adrese hasekjh@seznam.cz. Soucasna CSD multi-
licence dostupna v CR (ENTERPRISE) vam zajistuje v
ramci vaseho “campusu” piistup ke strukturni databazi a
ke vSem programim uvedenym na adrese
https://www.ccdc.cam.ac.uk/solutions/csd-enterprise/

Vzdy respektujte to, ze v této licenci plati zakaz pouziti
CSD pro prace pro komercni subjekty. Komerc¢ni subjekty
musi pozadat o licenci samostatné pfimo od CCDC.
Preferovana citace CSD je:

The Cambridge Structural Database, C. R. Groom, I. J.
Bruno, M. P. Lightfoot and S. C. Ward, Acta Cryst. B72,
171-179 (2016). DOI: 10.1107/S2052520616003954

Pouziti vétSiny programt je do zna¢né miry intuitivni a
pokud vlozite jméno programu do prohlizece ziskate
obvykle ¢etné informace, ptiklady pouziti a videa. Pokud
je tieba, oficialni detailni informace lze nalézt v manualech
pro pouziti CSD na adrese
https://www.ccdc.cam.ac.uk/support-and-re-
sources/ccdcresources/

Vv

vvvvvv

uzivatele to vSak neni tfeba.

Ne vSechny programy licencované v baliku ENTER-
PRICE se nainstaluji automaticky. Pokud se zabyvate
modelovanim moznych ligandi do molekul proteint
(naptiklad navrh inhibitoru enzymt nebo drug design),
stahnéte a nainstalujte si téz program CROSSMINER
spolupracujici s generatorem konformerd a databazemi
organickych molekul a proteinovych struktur (6 GB).
Pochopeni funkce programu usnadni pfednasky, které jsou
dostupné na
https://www.ccdc.cam.ac.uk/solutions/csd-discovery/com-
ponents/CSD-CrossMiner/

Inspirativni ¢lanky zalozené na vyuziti CSD lze nalézt
v publikacich v seznamu na:
http://www.ccde.cam.ac.uk/ResearchAndConsultancy/CC
DCResearch/CCDCPublications/Pages/CCDCPublicatio
ns.aspx

Pro ucitele mohou byt zajimavé stranky
https://www.ccdc.cam.ac.uk/Commu-
nity/educationalresources/

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

Informace o budoucich akcich, pfednaskach, webi-
nafich CCDC muzete ziskat pokud se zaregistrujete na
https://www.ccdc.cam.ac.uk/News/.

Nové informace o CSD najdete naptiklad na adresach ..
https://femail seznam.cz/#search/prefix%3Acsd/193876
https://femail seznam.cz/#inbox/1943 14

Ziskani podrobnych informaci a diskuse s vyvojafi
CCDC budou mozné v Praze na Svétovém kongresu [UCr
v Kongresovém Centru Praha v terminu 14-22.8.2021
https:/iucr2021.org/

1. J. Hasek, Chem. Listy 105, 467-475 (2011).
2. J. Hasek, Materials Structure, 25, 182-183 (2018)
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LATTICE PARAMETERS FROM ELECTRON DIFFRACTION: VAIN(?) STRUGGLE
AGAINST IMAGE DISTORTIONS

L. Palatinus, P. Brazda, Y. Krysiak

Institute of Physics of the CAS, Na Slovance 2, Prague 8, Czechia
palat@fzu.cz

Transmission electron microscope is an electron optical
system. The imperfections of its elements introduce aberra-
tions in the images obtained by the TEM. In electron dif-
fraction experiments, the main concern is about the
geometrical distortions that change the positions of the ob-
jects in the image. These geometrical distortions cause the
shift of the positions of the recorded reflections, leading to
problems in the analysis of the diffraction data, in particu-
lar in the determination of lattice parameters of the investi-
gated material.

To characterize the distortions in a general manner, we
expand the geometrical distortions into a series of circular
harmonics. Be (x,y) the undistorted coordinates in the dif-
fraction pattern and (x’, »’) the distorted coordinates
(Fig.1), then we define the relationship as:

X'=x+(Arcos (p—Atsin ()
V'= y+(Arsin (p—Atcos )

where Ar and At are the radial and tangential components of
the distortion, and are parameterized in terms of the polar
coordinates 7, @ of the point (x,y) (Fig. 1):

AF= EN:(cOs(n((P P, ))ﬁ p"’”’rm)

n=0 m=1

At = EN:(COS(H((I) - (pt,n ))ﬁ ‘En,mrmJ

n=0 m=1

And ¢,.,, ©;n, ©nn and 1,, arethe parameters of the dis-
tortions. Such an expansion includes naturally all com-
monly known geometrical distortions like the spiral,

barrel
Po3z <0

pincushion
poz >0

barrel-pincushion or elliptical distortion (Fig. 2) but it in-
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Figure 1. Decomposition of the distortion vector
into radial (Ar) and tangential (®t) components.

cludes also other distortions.

Traditionally, the distortions are determined by record-
ing a single oriented diffraction pattern of a known material
and comparing the recorded reflection positions with the
expectation. However, such a measurement provides only a
limited amount of data and limited accuracy. Instead, we
use a full 3D electron diffraction (3D ED) data set, which
typically comprises over a hundred diffraction patterns re-
corded at a range of orientations of the crystal [2]. The re-
finement of distortions against such data yields an

, I
S N '
LN ™ M
b ‘ A
spiral elliptical
Toz 0 P21 =T21 0

Figure 2. Examples of the typical distortions. Each figure shows, how the distortion deforms an object composed of a square, circle
and a cross. Undistorted object in blue, distorted object in orange. Label below the figure is the name usually given to this distortion.
The lower line indicates, which coefficient of the general expansion are non-zero for each distortion.
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Table 1.: Lattice parameters obtained with three different approaches to the refinement. RMSD is the root mean square deviation (in re-
ciprocal Angstroms) of the predicted and measured reflection positions.

a b c o B % RMSD
Known and fixed lattice parameters, 8.369 10721 | 5.115 90 90 90 0.0108
no distortions
Unrestrained cell refinement, no distortions | 8.266 10.600 5.155 89.948 90.050 89.473 0.0050
Unrestrained cell refinement, 8.352 10.743 | 5.115 90.01 90.00 89.85 0.0041
optimized distortions

unprecedented accuracy of the determined distortion coef-
ficients. We can distinguish three cases:

» Known lattice parameters, unknown distortion coef-
ficients: In such a case the distortion coefficients can
be determined with very good accuracy. These coef-
ficients can be then used in the analysis of other data
sets. Refinement of the distortion coefficients also
proved a better prediction of reflection positions on
the diffraction images, leading to a more accurate in-
tensity extraction.

» Unknown lattice parameters, known distortion coef-
ficients: The lattice parameters can be refined against
reflection positions corrected for the (previously de-
termined) distortions. The accuracy of the lattice pa-
rameters is then dramatically improved (see below).

* Unknown lattice parameters, unknown distortions:
This is the most complicated situation and in the
most general case it is not possible to refine reliably
the lattice parameters and distortion coefficients si-
multaneously. The correlations can partly be sup-
pressed by using the information about lattice

L3

symmetry (i.e. Bravais class), or by combining data
from more than one crystal.

The parametrization of the distortions and the refine-
ment of the distortion coefficients was implemented in the
computer program PETS for analysis of 3D ED data [3]. As
illustrated in Table 1, the use of distortions in the refine-
ment of the lattice parameters can dramatically improve the
accuracy of the lattice parameters as well as the accuracy of
the prediction of the reflection positions.

To characterize the distortions in a general manner, we
expand the geometrical distortions into a series of circular
harmonics. Be (x,y) the undistorted coordinates in the dif-
fraction pattern and (x’, »’) the distorted coordinates
(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. Palatinus et al., Acta Crystallogr. B75, (2019), 512-522.

This research was supported by the Czech Science Foun-
dation, project number 19-08032S.

Crystal structure prediction

PREDIKOVANiI KRYSTALOVYCH STRUKTUR
Jan Drahokoupil

Institute of Physics of the Czech Academy of Sciences, Na Slovance 1999/2,
Prague 8 182 21 Czech Republic
draho@fzu.cz

Keywords: crystal structure prediction, DFT, molecular
mechanics, global optimization

Predikovani krystalovych struktur latek, zalozené pouze na
znalosti zakladnich stavebnich jednotek (atomil ¢i
molekul), bylo cilem fyzikti od padesatych let. Jesté v roce
1988 popsal John Maddox, jako editor Casopisu Nature,
stav oboru touto vystiznou vétou: “One of the continuing
scandals in the physical sciences is that it remains in gen-
eral impossible to predict the structure of oven the simplest
crystalline solids from a knowledge of their chemical com-
position.”[1]. Jako takova se predikce krystalovych
struktur zac¢ina formovat okolo prelomu tisicileti, kdy byl
také vyhlagen prvni “blind test” [2]. Uspéchy tohoto oboru

byli podminény prudkym rozvojem a nyni i cenovou
dostupnosti vypocetni techniky. Jde o hledani kompromisa
mezi piesnosti popisu meziatomovych sil a jejich
vypocetni naro¢nosti. Problém nalezeni globalniho minima
se fesi chytrymi algoritmy, jako jsou evolucni algoritmy,
rizné metody simulovaného zihani ¢i relativné nové
mechanizmy jako ,Particle swarm optimization
(optimalizace hejnem ¢astic) [3]. Pro porovnani energii
mezi jednotlivymi kandidaty se vyuziva nejcastéji DFT ¢i
molekularni mechanika (MM).

Vyznamnou udalosti jsou tzv. blind testy poradané
organizaci CCDC. Ucastnici dostanou plosny nakres
nékolika malo organickych molekul a jejich cilem je
spravné piedpovédét krystalovou strukturu danych

© Krystalograficka spole¢nost
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Obrazek 1. Schématické znazornéni procesu hledani/predpovidani krystalové struktury organické molekuly.

molekul. Tato struktura je uz vyfeSena pomoci klasickych
difrakénich dat, ale jesté nebyla vefejné publikovana. Prvni
blind test bézel v roce 1999 [2] a par let pozdéji byl zas
otevien dalsi [4-8]. Posledni, sedmy, blind test byl spustén
letos v fijnu [9]. Cilem této udalosti je ziskat aktualni
prehled o uspésnosti a problémech dané¢ho oboru. Od
Sestého blind testu ucastnici poslali sefazeny list 100
moznych ptedpovédénych krystalovych struktur pro danou
molekulu, v pfedeslych roénicich to byli pouze 3. Pro
zajimavost, v Sestém blind testu jeden ucastnik piedpo-
védeél spravnou krystalovou strukturu jedné molekuly
s vyuzitim pouze 26 procesorovych hodin a naopak tym,
ktery na danou strukturu pouzil 30 000 000 procesorovych
hodin, byl netspésny.

Nalezeni vhodného kandidata na pravdépodobnou
krystalovou strukturu je jako hledani jehly v kupce sena.
Pocet moznych kombinaci je veliky a na cesté k uspéSnému
nalezeni globalniho minima stoji fada lokalnich minim.
S tspéchem se vyuzivaji algoritmy globalni optimalizace.
Kromé, krystalografiim dobfe znamych, jako je simulo-
vané zihani ¢i paralelni temperovani, které se vyuzivaji pti
feSeni struktury v pfimém prostoru, se pouziva fada dalSich
pristupt. Nékteré z nich se inspirovali pfirodou, jako jsou
evoluéni algoritmy [10], ¢i optimalizace houfem ¢astic [11]
nebo ,,ant colony optimization* [12], jiné vychazeji z prav-
dépodobného tvaru potencialni plochy jako metadynamika
[13], ,,basin hopping™ [14], ,,minima hopping* [15], a dalsi.

Z komerénich programi muizeme jmenovat napiiklad
Materials studio ¢i Grace. Pro akademické uzivatele jsou
zdarma dostupné napiiklad tyto programy:

XtalOPt [16] — volné stazitelny, pro platformy Win-
dows, Linux, Mac, pouziva evolu¢ni algoritmus, pro
vyhodnoceni energii externé vold Gulp (MM), Vasp
(DFT), Quantum Esspreso (DFT), Castep (DFT) nebo Si-
esta (DFT).

Calypso [17] — po registraci, Linux, pouziva
optimalizaci houfem ¢astic, externé vola Gulp (MM), Vasp
(DFT), Quantum Esspreso (DFT), Castep (DFT), Siesta
(DFT), nebo CP2K (DFT+MM)

Uspex [18] po registraci, Linux, pouziva evolu¢ni
algoritmus, ale umoznuje také optimalizaci hejnem castic,
metadynamikou nebo s vyuzitim ndhodného vzorkovani,
extern¢ vola Lammps (MM), Gulp (MM), Vasp (DFT),
Quantum Esspreso (DFT), Castep (DFT), Siesta (DFT)
nebo CP2K (DFT+MM).

Zakladni postup pfi predikovani krystalové struktury je
naznacen na Obr. 1. Pro latky pro jejichz popis nevyuzi-
vame molekuly, ale jen samostatné atomy, zaciname
v pravém sloupci od ¢asti ,,baleni. Pro molekularni latky
za¢indame tzv. konformacéni analyzou, kdy se pomoci
zmény volnych paramter dané molekuly snazime najit jeji
tvar (tvary) s co nejmensi energii. Je sice pravdépodobné,
ze v krystalu tvar molekuly nebude uplné odpovidat tvaru
molekuly s nejmensi energii ve volném prostoru, ale zaro-
ven sily mezi molekulami nejsou v krystalickych latkach
veliké a da se najit urcité mnozstvi tvarl, které se od
»idealniho tvaru li$i jen o urcité mnozstvi energie. Pro
vybér vhodnych kandidatd pro krystalickou formu muze-
me pouzit nékolik nastrojt. Co je pro nas dtlezité, je jejich
V}'lpoéetni néroénost Geometrické optimalizace je

N
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torznich uhli. Reknéme, Ze pro nasi molekulu jsme nage-
nerovali velky pocet nahodnych konformert, jejich pocet,
dale mizeme zredukovat na zékladé podobnosti torznich
uhlu. Pro tento mensi pocet mizeme spocitat energii
pomoci MM. Pro né¢kolik konformerd s nejmensi energii
presngjsich vypoctt (,hrubé™“ DFT). Na zakladé¢ hodnot
energii ziskanych pomoci MM a hrubého DFT mutizeme
stanovit nepfesnost urceni energii MM oproti hrubé DFT a
stanovit okno propustnosti konformerti do dalsiho kola.
Tim mize byt jemné&jsi (presnéjsi) nastaveni DFT nebo se
muzeme pustit do geometrické optimalizace. Ta mize byt
op¢t provedena v nekolika kolech. Po jejim provedeni
mizeme opét piejit ke klastrovani a spojit pod jeden
konformery s velmi podobnym tvarem. Opét provedeme
energetické hodnoceni a mizeme se pustit do umistovani
nejpravdépodobnéjsich konformert do krystalu.

Pfi umistovani konformerd do krystalu se s tispéchem
vyuziva krystalové symetrie a je mozné si vybrat jen néko-
lik nejpravdépodobnéjsich prostorovych grup, v kterych
budeme hledat. Vybrané konformery je bud’ mozné umis-
tovat jako fixni nebo jim nechat né&jaké stupné volnosti.
Miizkové parametry je mozné v prvni pfiblizeni nastavit
tak, aby byli molekuly blizko sebe, ale nepiekryvali se.
Hledani krystalické formy s nejmensi energii je pak
obdobné hledani vhodnych konformert. Ke klastrovani se
v tomto ptipadé da vyuzit i tieba podobnost praskovych
zaznamu. Pro stabilitu dané krystalické formy je podstatna
Gibbsova volna energii G, ktera je dana souctem krysta-
lové energie E, soucinu tlaku p s objemem V a zaporné
vzaty soucin entropie S s teplotou 7, viz rovnice (1). Clen
pV se da snadno spocitat, ale jeho vliv je pfi atmos-
férickych tlacich maly. Vyrazny problém je vyjadieni
entropie. Tento ¢len se proto Casto zanedbava.

G=E+pV-ST

Kromé predikovani krystalovych struktur ab-initio je
mozné vyuzit vypocetni metody také jako doplnek k netipl-
nym ¢i nekvalitnim difrakénim datim. Napf. v praci [19] je
popsano predikovani struktury s vyuzitim nelplnych
difrakénich dat méfenych na vzorku za vysokych tlaka
v diamantové cele. V tomto ptipad¢ tedy Slo o predikei
s malym mnozstvim experimentalnich dat. Prakticky tyto
data nemusi byt difrakéni a mize jit i o jiné experimentalni
vysledky. Pro difrakéni komunitu mize byt energeticky
vypocet ndpomocny napi. pii lokalizaci vodikovych
atomd, stabilizaci zpfesiiovani atomovych pozic, ¢i

lokalizaci dvou podobné difraktujicich prvki. Energeticky

vypocet by také mohl urychlit konvergenci feseni struktur

z praskovych dat.
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SUBFAMILY D NON-MDO SIX-LAYER POLYTYPES OF CRONSTEDTITE
J. Hybler
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Keywords: cronstedtite; 1:1 layer silicates; 677, 673, 6R,
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The layered 1:1 silicate  cronstedtite (Fez+3_x
Fe*',)(Sir.Fe’",)Os(OH),, (0.5< x< 0.85) belongs to the
serpentine-kaoline group. It forms relatively numerous
polytypes generated by stacking 1:1 structure building lay-
ers — equivalents of OD packets with the trigonal protocell
a=15.5,¢=7.1A. Polytypes are subdivided into four OD
subfamilies, or Bailey’s groups A, B, C, D according to dif-
ferent stacking rules.Cronstedtite occurs rarely in low tem-
perature hydrothermal deposits [1], in certain meteorites
(CM chondrites) [2], and presumably on asteroids. Syn-
thetic micrometer-size crystals were prepared by Pignatelli
and her co-workers [1,3].

The data collected by four circle single-crystal X-ray
diffractometer with area detector processed by an appropri-
ate software provide precession-like reciprocal space sec-
tions (RS sections in the following). Similar RS sections
are obtained by electron diffraction tomography (EDT), for
small crystals [1]. Distributions of so called subfamily re-
flections along the reciprocal lattice rows [2[]* / [11I]* /
[211% in (hex)™ / (hhlnex)* | (2hlhex)® RS planes is used for
subfamily determination. Similarly, distributions of char-
acteristic reflections along [10/]* / [OL/]* / [1/]* rows in
(hOlhex)™ / (Oklhex)™ / (hlex) planes allow determination of
particular polytypes. For this purpose, graphical identifica-
tion diagrams simulating distribution of reflections along
named rows are used [1]. Modern diffractometers allow
checking of many specimens and generation of RS section
in a reasonable time.

Lot of specimens of cronstedtite from various terrestrial
localities and synthetic run products were studied by the
author [1, 4, 5, 6]. RS sections were recorded, and selected
ones were published.

This contribution is focused on the polytypes of the OD
subfamily D. Its stacking rule is characterized by alternat-
ing 180° rotations of consecutive layers, combined by +b/3
(of the orthohexagonal cell) or zero shifts. The sample
studied originate from the locality Ouedi Beht, El
Hammam, Morocco, about 80 km SEE from Rabat (GPS
33°33°15.19"N, 5°49°53.68"W). The most common
polytypes in the occurrence however, are quite common
two-layer 2H, and 2H,, occurring either isolated or in
mixed crystals. Much more rarely, six-layer polytypes
were found. They usually occur in complex mixed crystals
containing more polytypes, up to six! Diffraction patterns
of such crystals are thus confusing. Fortunately, in many
cases polytypes were isolated mechanically by cleaving
crystals into smaller fragments, later studied separately. In
some cases, the cleaving procedure was repeated until the
fragment containing one polytype was isolated.

Hall et al. [7] theoretically derived 24 possible se-
quences of layer stacking for six-layer polytypes of the
subfamily D serpentine minerals, valid also for
cronstedtite. Their diffraction patterns were modelled by
the author, identification diagrams were constructed, and
compared with real RS sections obtained from the experi-
ments. This simulation revealed, that five pairs of se-
quences (No. 4+6, 7+18, 8+10, 9+13, 11+12) provided
identical theoretical diffraction patterns. Polytypes really
found in the Ouedi Beht occurrence correspond to follow-
ing sequences: 1 (Hall’s 67}), 5 (proposed 673), 8+10
(6Ts), 11+12 (6Ty) (trigonal polytypes), 22 (Hall’s 6R;), 23
(Hall’s 6R;) (thombohedral polytypes). The sequence 24
was declared by Hall et all. [7] as rhombohedral (6R3).
Modelling of the structure, however, excluded the
rhombohedral cell, thus the real symmetry is also trigonal
and proposed symbol is 67¢. This polytype was also dis-
covered in the occurrence.

The hexagonal polytype 6H, corresponding to the se-
quence 14 was found, too. However, the identical diffrac-
tion pattern can be produced by the obverse-reverse twin of
the rhombohedral polytype 6R, (sequence 23).

With exception of 6R;, all six-layer polytypes men-
tioned above are so-called non-MDO (Maximum Degree
of Order), or non-standard ones. In these polytypes, all tri-
ples, quadruples, ....n-tuples of consecutive layers are not
equivalent.

The study presents a nice example, how different dif-
fraction patterns can be produced by cleaved fragments of
one complex crystal.
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