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There is no escape from complicated structures
PRED KOMPLIKOVANYMI STRUKTURAMI NENi UNIKU

M. Dusek

Fyzikalni ustav AVCR, Na Slovance 2, 182 21 Praha 8, Ceska Republika
dusek@fzu.cz

Prispévek byl inspirovan stym vyro¢im krystalografie. U
takto staré discipliny se opravnéné predpoklada, ze jeji
metody jsou dokonale vyvinuté a jeji aplikace vice méné
rutinni. To je nepochybné pravda a lze to dolozit tézko
uvéfitelnym poctem desitek tisic novych krystalovych
struktur, které kazdoro¢né pribyvaji do krystalografickych
databazi. U takto staré discipliny se dale predpoklada, ze se
jiz nerozviji, protoze vyvoj jejich metodik byl uz
dokoncen. Tento dosti rozsifeny nazor je, jako kazda
polopravda, velmi nebezpecny, protoze vede k redukci
krystalografickych pracovi§ na Cisté servisni Gtvary, ¢imz
brzdi vyvoj oboru a zpétné podporuje svou vlastni
pravdivost. Dopad neboli impakt zaostdvani krystalo-
grafickych metod by byl ptitom drtivy pro fadu obort a byl
dokonce exaktn¢ vyjadren jako IF = 50 [1].

Existence servisnich pracovi§ , které ftesi velké
mnozstvi nejriznéjsich krystalovych struktur, je pfitom
pro rozvoj oboru stejn¢ dilezita jako soustfedéna prace
uzce zaméfenych specialistd. Servisni pracovisté pomahaji
formulovat efektivni postupy feseni, ale sou¢asné mohou
také identifikovat problémy, na které soucasné¢ metody
nestaci a které vzhledem k nesmirné rozmanitosti
krystalovych struktur nejde dobte predvidat. Pokud takova
latka na situ servisniho pracovi§té uvizne, je velmi
dalezité, jestli jesté existuje nékdo, komu by mohla byt

pfedana, anebo jestli bude ve jménu efektivity a
pragmatismu rad¢ji ignorovana. Pokud je krystalografie
oborem, ktery jiz zadny dals$i vyvoj nema mit, tak ho jisté
ani mit nebude. V této situaci viak - pfinejmensim v Ceské
Republice - jeste nejsme.

Prednaska vychazi z patnactileté praxe laboratofe
strukturni analyzy ve Fyzikalnim ustavu, tedy z obdobi,
kdy jiz bylo mozné v této laboratofi méfit rutinné vétsi
pocty struktur. Na zaklad¢ této zkusenosti a s piihlédnutim
k neuplnym informacim z renomovanych laboratoii na
VSCHT a PfFUK se pokusim kvantifikovat, s jakou
Cetnosti se objevuji komplikované struktury v situaci, kdy
po nich nikdo cilené nepatrd, coz je témét vzdy piipad
chemicka krystalografie. Na ptikladech ukazi, ze ackoli
badatelé¢ béznych chemickych pracovi§ si nic nepieji
méné nez problematické krystalové struktury, piesto tyto
latky mimodek pfipravuji, a to ve spektru pokryvajicim
veskeré moznosti moderni krystalografie. Tyto latky,
pokud na to zbyva ¢as a kapacita, posouvaji metodiku
krystalografie dopfedu a rozsifuji okruh problému, které
budou v budoucnu feseny rutinn¢.

1. http://www.iucr.org/home/leading-arti-
cle/2010/2010-07-12.
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Figure 1. Priklad problematické kubické latky se satelitnimi reflexemi. (a) rekonstrukce roviny hk0 z obrazki plosného

detektoru; (b) rekonstrukce roviny hk1/2.
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DISORDERS: PROBLEMS OR NEW INFORMATION IN CHEMICAL
CRYSTALLOGRAPHY?

J. Moncof

Institute of Inorganic Chemistry, Technology and Materials,
Faculty of Chemical and Food Technology, Slovak University of Technology in Bratislave,
Radlinského 9, SK-81237 Bratislava, Slovenska Republika
Jjan.moncol@stuba.sk

The last decades is characterized rapid development of sin-
gle-crystal crystallography. This progress can be assigned
markedly expand of diffractometers with area detectors
and installation of microfocused X-Ray sources. The mas-
sive expand of single-crystal structural analysis is related
also with progress of software. The software progress de-
terminate also requirement of solving crystal structures
containing disorders. The quanta of disordered crystal
structures correspond with growth average numbers of at-
oms in determined crystal structures. The most popular
software for chemical crystallography is SHELX in various
versions [1], which can be used in more graphical inter-
faces and software package, for example WINGX [2],
XSEED [3], OLEX2 [4], ShelXle [5] and PLATON/
SYSTEMS-S [6]. The software package OLEX2 [4] can be
also used for determination of crystal structure with its pro-
grams Olex2.solve and Olex2.refine. The instructions of
program Olex2.refine are familiar SHELXL, but program
contains also individual directions. Second usefully soft-
ware package for chemical crystallography with independ-
ent utility for refinement of crystal structure is CRYSTALS
[7]. However, alternative software package for determina-
tion of crystal structure of standard, modulated and mag-
netic samples is JANA-2006 [8]. All these programs allow
determination of disorders with alternative approach of
constrains, restrains and rigid-body modeling. The strategy
of refinement of variable disorders have been documented
relative adequately for the two most popular programs for
chemical crystallography =~ SHELXL [9,10] and
CRYSTALS [10,12].

The disorder can describe as a violation of the crystal
symmetry and translation. The content of the asymmetric
units in disordered structures is not identical, but it is iden-
tical on average. The disorders can be decided to more
groups.

Substitutional disorders are indentified if a crystallo-
graphic position is occupied by more than one type of atom
for example in minerals and ionic crystals. The problems of
substitutional disorder can be solved by similar strategy in
both main programs for chemical crystallography
SHELXL and CRYSTALS. The relative rare examples of
substitutional disorders are crystal structures containing
more than one chemical different molecules in same place.
On the Figure 1 is drawn example of substitutional disor-
ders containing alternative toluene and benzoic acid mole-
cules in same place of cell.

Positional disorders represent fact that an atom might
be found in more than one position. They can be defined as
rotational disorder, pseudorotational disorder and whole
molecule disorder. Rotation disorder is presented if a group
with rotational freedom might be found in two or more dif-
ferent rotatmers. A typical example of rotation disorder is
the ferc-butyl group (See Figure 2). Typical example of
pseudorotational disorder is tetrahydrofurene, where satu-
rated cycles might also be found in two conformations next
to each other. On the Figure 3 is shown infrequent example
of pseudorotational disorder of metalocycles in crystal
structure of iron(IIT) Schiff-base complex. Whole molecule
disorder is most often localised for co-crystallised solvents,
but it can be observed in crystal structures of coordination
compound, where ligands lie around special positions. On
the Figure 4 is drawn example of whole molecule disorder
of bridging N-methylnicotinamide ligand in copper(Il)
complex around special position of inversion centre. Sec-
ond example of whole molecule disorder is caffeine ligand,
which lies on 4-fold rotoinversion axes in copper(Il) com-
plex (See Figure 5).

The disordered groups of structures can be exist as
static disorder or dynamic disorder. The rotation disorders
can modeled in discrete positions using programs for
chemical crystallography, but program CRYSTALS pro-

Figure 1. Substitute disorder contain- Figure 2. Rotating disorder of terc-butyl Figure 3. Pseudorotation disorder in metalo-

ing toluene and benzoic acid. group in three positions.

cycles of iron(II) complex.

© Krystalograficka spoleé¢nost



110 Struktura 2014

Materials Structure, vol. 21, no. 2 (2014)

Figure 4. Disorder of bringing N-methylnicotinamide ligand
around special.

poses also possibility of continual rotating model. The very
usefully instructions for modeling disorders are rigid
groups. For example ideal benzene ring can by modeled us-
ing instructions AFIX 66 in SHELXL, and \REGULARI-
SE instructions HEXAGON or PHENYL in CRYSTALS.
The regular angle instruction as well as instruction for reg-
ular tetrahedron and octahedron are allowed in program
CRYSTALS. The disorders can be also modeled using
rigid-body instructions in both programs. The rigid-body
instructions can be defined using input atom coordinates
from Cambridge Structural Database [13] or Idealized Mo-
lecular Geometry Library [14].

Sometimes a solvent molecule and/or small ion can be
neither identified nor modeled. In such cases option
SQUEEZE procedure [15] in PLATON [6] can be used. It
is applied using three different ways. The older
SHELXL-97 is refined only discrete model of molecule
and SQUEEZE procedure is not refined. New version
SHELXL-2014 (also versions 2012 and 2013) as well as
CRYSTALS are refined co-operatively discrete model of
molecule and SQUEEZE procedure. An alternative proce-
dure, implemented in OLEX?2, is based of bulk-solvent cor-
rection in large macromolecular structures [16].

The disorders can carry new chemical information. For
example, the positional disorder of 3-pyridylmethanol

Figure 5. Disorder of caffeine ligand around special position.

ligand shows possibilities existences mononuclear molecu-
lar complex (forming hydrogen-bonding supramolecular
chains) and coordination polymeric forms of copper(Il)
complex (See Figure 6). Second example new chemical in-
formation from disorder has been observed in crystal struc-
ture of iron(I) complex with 3,3°-(1,2,4-thiadiazole-
3,5-diyl)dipyridine  ligands. The both 3,3°-(1,2,4-
thiadiazole-3,5-diyl)dipyridine ligands have been modeled
using disorder of 1,2,4-thiadiazole rings, which allow two
alternative possibilities of binding to iron atom. The crystal
structure of iron(II) complex shows superposition of three
regioselective isomers (See Figure 7).

In this contribution possibilities and comparisons of
two the most popular program for chemical crystallogra-
phy SHELXL and CRYSTALS will be shown.
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Figure 6. Disorder of 3-pyridylmethanol ligand forming coordi-
nation chain or hydrogen-bonding supramolecular chain.

Figure 7. Disorders of 3,3’-(1,2,4-thiadiazole-3,5-diyl) dipy-
ridine ligands forming three structural isomers ron(II) complex.

© Krystalograficka spole¢nost



&

Materials Structure, vol. 21, no.2 (2014) 111

SL24

STRUCTURAL SURPRISES IN ORGANOMETALLIC CHEMISTRY
P. Stépnicka
Department of Inorganic Chemistry, Faculty of Science, Charles University in Prague, Hlavova 2030, 12840

Czech Republic
stepnic@natur.cuni.cz

Since its discovery in early 1950’s [1] when it was looked
upon as a real structural surprise, ferrocene and its deriva-
tives gradually spread over and influenced nearly all chem-
istry fields, finding applications in areas as diverse as
catalysis, material design and bioinorganic chemistry [2].
Probably the most spectacular applications of ferrocene
compounds were achieved in organometallic catalysis
where ferrocene-based ligands, predominantly phosphines,
have often played a pivotal role [2]. The numerous success-
ful practical applications of ferrocene ligands in catalysis
naturally encouraged search for new ferrocene phosphines
with specific physicochemical and coordination properties
and investigations into the reactions of ferrocene com-
pounds in general.

This contribution will present some unexpected reac-
tions of ferrocene alkynes with 6,9-(Me,S),-arachno-
B,oH,, encountered during our studies on ferrocenyl-sub-
stituted 1,2-dicarba-closo-dodecaboranes [3] and will fur-
ther focus on the structurally unpredictable Cu(l)
complexes resulting from the reactions of a simple

phosphinoferrocene ligand 1'-(diphenylphosphino) -1-
cyanoferrocene with Cu(I) precursors (Scheme 1) [4]. In
both these cases, single-crystal X-ray diffraction analysis
played a vital role in elucidation of the structures of the
compounds formed.

1. a)P.L.Pauson, T.J. Keally, Nature, 168, (1951), 1039; b)
S. A. Miller, J. A. Tebboth, J. F. Tremaine, J. Chem. Soc.,
(1952), 632; ¢) G. Wilkinson, M. Rosenblum, M. C. Whit-
ing, R. B. Woodward, J. Am. Chem. Soc., 74, (1952), 2125;
d) E. O. Fischer, W. Pfab, Z. Naturforsch., b, (1952), 377.

2. Ferrocenes: Ligands, Materials and Biomolecules, edited
by P. Stépnicka (Chichester: Wiley), 2008.

3. A.Korotvicka, 1. gnajdr, P. Stépniéka, 1. Cisafova, Z.
Janousek, M. Kotora, Eur. J. Inorg. Chem., (2013), 2789.

4. K. Skoch, I. Cisatova, P. Stépni¢ka, Inorg. Chem., 53,
(2014), 568.

The results presented in this contribution were obtained
with financial support from the Czech Science Foundation
(project nos. P207/11/0705 and 13-08890S).
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Scheme 1. Reactions of 1'-(diphenylphosphino)-1-cyanoferrocene with various Cu(I) precursors.
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BREAKING THE PROBLEM COMPLEXITY LIMITS FOR POWDER DIFFRACTION
BASED STRUCTURE SOLUTION

M. Husak
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husakm@vscht.cz

It can be predicted from theoretical calculations, how much
complex structure can be solved from powder diffraction
data [1]. The theoretical limit for perfect synchrotron data
is about 300 DOF (degree of freedom) while current exist-
ing record solves only 42 DOF problem simplified by
heavy atom presence [2]. We have tried to determine a real-
istic DOF limit based on perfect simulated powder diffrac-
tion data. For the simulation we have chosen peptide
structures from CSD: 1 single peptide molecule in asym-
metric unit cell, 2-8 amino acids, 10-39 DOF. The parame-
ters of the simulated powder diffractogram used were close
to typical perfect measurement on ID31 of ESRF - wave-
length 0.5 A, range 0.5°-15°, step 0.002°, FWHM 0.01°.
The structure solution tests were done by SA (simulated
annealing) in DASH 3.2 software [3]. To speed up the com-
putation of structures with more than 20 DOF we have used
parallel processing obtained by MDASH extension. Influ-
ence of Mogul CSD based torsion angles bias on the calcu-
lation effectiveness was investigated as well. The results
demonstrate the required number of SA steps depends ex-
ponentially on the problems DOF. This requires for prob-
lems close to 30 DOF about 10E+10 SA steps and years of
single CPU computational time. The Mogul based bias can
significantly help for compounds like peptides - e.g. for
simulation based on compound CSD code AHAREH (4
peptides, DOF 24) the Mogul based calculation gives 50

times more often correct result than non-restricted SA run.
We believe the 40 DOF structures can be solved routinely
on 16-32 CPU clusters from perfect data not influenced by
preferred orientation when the Mogul CSD torsion angels
biased will be used (required total computational time
about 1 month). Without developing a more efficient algo-
rithm than SA solution we do not see a way how to get re-
ally close to the 300 DOF theoretical limits. The promising
new algorithm can be a brute-force solution space sam-
pling followed by local minimization as described in [4].
R&D of a code utilizing this idea is under progress.
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This work was supported by the Grant Agency of Czech Re-
public, Grant No. 106/14/03636S.
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Figure 1. Dependence of required simulated annealing steps number required to get one
solution on DOF and the use of Mogul based bias.
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