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RESENi KRYSTALOVYCH STRUKTUR METODOU PREVRACENiI NABOJE
L. Palatinus
Oddéleni strukturni analyzy, Fyzikalni Ustav AV CR, Cukrovarnicka 10, 162 53 Praha 6

Ab initio feseni malych a stfednich krystalovych struktur se
s rozvojem piimych metod postupné stalo z velké Easti
rutinnim procesem. Snad i proto by malokdo v této oblasti
naboje (anglicky charge flipping) ovSem za pfijemné
prekvapeni rozhodné lze povazovat. Tato metoda, jiz
vyvinuli Gabor Oszlanyi a Andras Siité [1], umoznuje
feseni krystalovych struktur az do nékolika set atomu v
zakladni buiice a vstupem do ni jsou pouze miizkové
parametry a amplitudy strukturnich faktord. Umoznuje
tedy feSeni struktury bez znalosti chemického slozeni a
symetrie.

Algoritmus je zalozen na hledani elektronové hustoty
vykazujici vlastnosti typické pro elektronové hustoty
redlnych struktur, tedy velké oblasti nizkych hustot
obklopujici relativné maly pocet mist s vysokou hustotou.
Elektronova hustota je popsana pomoci hodnot na pravi-
delném gridu v zakladni buiice. Algoritmus je iterativni. V
nultém cyklu je inicializovan pfifazenim nahodnych fazi k
experimentalnim  amplitudam  strukturnich  faktorti.
V kazdé iteraci je elektronova hustota ziskana zpétnou
Fourierovou transformaci strukturnich faktortt modifiko-
vana tak, Ze hustota mensi nez uzivatelem nastavitelny
parametr  je vynasobena -1, tj. jeji hodnota je pfevracena.
Z takto modifikované hustoty jsou pak Fourierovou
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transformaci ziskdny strukturni faktory, jejichz faze
zkombinované s experimentalnimi amplitudami vstupuji
do dalsiho cyklu iterace. Po zkonvergovani je vysledkem
iterace pfiblizna elektronova hustota odpovidajici hledané
struktufe.

Prestoze metoda pfevraceni naboje ve své soucasné
verzi ziejmé nemize konkurovat vyspélym modifikacim
pfimych metod na poli velkych organickych struktur,
existuje nekolik divodl pro jeji pouzivani pro stiedni a
malé struktury. Pro pouziti této metody neni nutné presné
znat chemické slozeni krystalu ani symetrii, naopak,
symetrii a z¢asti i slozeni je mozné odvodit z vysledné
elektronové hustoty. Pfevraceni naboje je do jisté miry
komplementarni s pfimymi metodami, protoze nejlépe
funguje u struktur s vyraznymi motivy jako jsou cykly,
fetézce nebo vrstvy atomu. Ukazalo se také, Ze metodu lze
snadno zobecnit pro modulované struktury a Ize pomoci ni
pifimo ziskat superprostorovou elektronovou hustotu
modulované struktury bez nutnosti hledat nejprve jeji
pramérnou strukturu [2].

[1] G. Oszlanyi & A. Siit6, Acta Crystallogr., A60 (2004)
134-141.

[2] L. Palatinus, Acta Crystallogr., A60 (2004) 604-610.

REFINEMENT OF PARTIALLY DISORDERED OD STRUCTURES

Jifi Hybler", Slavomil Durovi¢?

'Institute of Physics, Academy od Sciences of the Czech Republic, Prague, *E-mail: hybler@fzu.cz
?Institute of Inorganic Chemistry, Slovak Academy of Sciences, Bratislava.

A characteristic property of OD structures is the stacking
ambiguity of their constituting layers which follows from
the presence of partial coincidence/symmetry operations.
The consequence is that an OD crystal can be either or-
dered (3D periodic) or more or less disordered, depending
also on the crystallization conditions.

In the diffraction pattern of OD structures two kinds of
reflections can be distinguished: (i) Family reflections rep-
resent the Fourier transform of the so called family struc-
ture: a fictitious structure comprising all possible positions
of OD layers superimposed with equal probability. They
are always sharp, even for totally disordered crystals, and
common for all polytypes of the family. (ii) Non-family, or
polytype reflections, characteristic for a given polytype .
These are sharp only for ordered polytypes, otherwise they
are more or less smeared out into diffuse streaks [1]. For
partially disordered crystals, the intensities of the non-fam-
ily reflections are underestimated due to their diffusivity,

and the moduli of their structure factors are reduced by a
common factor.

If both kinds of reflections are constrained on the same
scale in the refinement process, spurious ”ghost” peaks can
appear on the Fourier map [2]. These peaks are in fact re-
siduals of the family structure. The structure can be in most
cases successfully refined if separate scale factors are as-
signed to either of the two kinds of reflections [3]. Several
artificial and real examples are presented in order to dem-
onstrate how various degree of disorder affects diffraction
pattern, Fourier maps, and structure refinements.

[1] Durovié, S. in: International Tables for Crystallography,
Vol. C, 1999, 752-765, Kluwer Academic Publishers,
Dordrecht/Boston/London.

[2] Nespolo, M.; Ferraris, G. Eur. J. Miner., 2001, 13,
1035-1045.

[3] Durovi¢, S.; Hybler, J.; Kogure, T. Clays Clay Min., 2004,
50, 613-621.
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DVOJCATA A VICEFAZOVE MONOKRYSTALICKE SYSTEMY

V. Petfi¢ek a M. Dusek
Fyzikélni ustav AVCR, Na Slovance 2, 182 21 Praha

Dvojcaténi v krystalech miize podstatné ztizit urceni
krystalové struktury. A to zvlasté v ptipadech, kdy dochazi
uplnému prekryvu témef vSech difrakénich stop. Limitnim
pfipadem je meroedrie a pseudo-meroedrie se zaned-
batelnou odchylkou, kdy symetrie mfize je vys$i nez
skute¢nd bodova grupa. Difrakéni obrazek pak poskytuje
falesnou, vyssi symetrii, obvykle shodnou se symetrii
miize. Také podminky systematického vyhasinani reflexi
mohou byt zcela, nebo ¢éastecné znehodnoceny dvoj-
caténim.

Kazda difrakeni stopa dvojcete je slozena z nékolika
prispévku tak, ze vysledna intenzita je souctem intezit
jednotlivych domén:

I(H)=v I(H-T,)+Vv,/(H-T, }+.+v,I[(H-T,)

kde v; jsou objemové podily jednotlivych typt domén a T;
jsou matice dvojcaténi. Zatimco objemové podily jsou
parametry, které je nutné zahrnout do upfesnéni, jsou
matice dvojéaténi plné ureny relaci grupa <> podgrupa.
Zakladnim ptedpokladem tohoto vztahu je, Ze domény jsou
nahodn¢ a rovnomérné distribuovany v krystalickém
vzorku a ze difraktuji zcela nezavisle.

Fazovy problém strukturni analyzy, to znamena
neurCitost fazi strukturnich faktor, je pro takovéto
krystaly jesté zkomplikovan skutecnosti, ze ani amplitudy
strukturnich faktorti nejsou jednozna¢né urceny. Jak bylo
ukézano v praci [1], 1ze metodu tézkého atomu zobecnit i
na pripad meroedrického dvojcaténi. Naproti tomu
piekryvy pozorovanych reflexi podstatné ovliviiuji
statistiku reflexi a pouziti pfimych metod je mozné jen v
pripadech, ze odchylka od vyssi, mfizkové, symetrie je
mala. To obvykle plati, pokud nova faze vykazujici
dvojéaténi vznikla pii pfi fazovém piechodu vyse
symetrické faze.

Podobny model vzniku kombinovaného difrakéniho
obrazu se uplatiiuje i v pfipadech, kdy jednotlivé domény
jsou tvoreny dvéma nebo vice fazemi, které vSak obecné
mohou mit rozdilnou strukturu, avSak natolik podobné
parametry mfizky, ze dochazi k uplnému piekryvu
difrakénich stop. Matice dvojcaténi pak, na rozdil od
prostého meroedrického ptipadu, obsahuje obecné i

neceloCiselné hodnoty a zakladni vztah je mozné
interpretovat tak, ze jednotlivy pfispévek k souctu je reali-
zovan jen tehdy, kdyz indexy H.T; jsou celocCiselné.
Takové zobecnéni pojmu dvojcaténi vede k moznosti
popisu raznych typi vicefdzovych systéml jako jsou
vicefazové polytypni srostlice, epitaxné srostlé faze ¢i
kombinace dvou a vice rozliSnych superstruktur.

Vicefazovy popis je implementovan ve vétSing
upfesiiovacich praskovych programt, napt. FullProf [2] a
GSAS [3]. Pro monokrystaly je tento pfistup spise
vyjimeény a jediny program, ktery toto umozioval, byl
program FMLSM [4]. Zobecnény pfistup, ve kterém kazda
faze mtze mit svoji vlastni symetrii, a to jak pravidelnou
tak i modulovanou, byl pouzit v nejnovéjsi verzi programu
Jana2000.

Zcela zasadni pro strukturni analyzu je problém
velikosti domén vzhledem ke koheren¢ni délce rentgeno-
vého zafeni. V pifipad¢€, ze domény jsou piili§ malé, nelze
jiz pouzit kombinace nezavislych intenzit produkovanych
jednotlivymi doménami. Struktura pak jevi vnitini
neuspofadanost v ramci jednotné domény. V piipade, ze se
takto kombinuji bloky majici riznou transla¢ni periodicitu
v jednou sméru, mize vniknout kompozitni krystal, ktery
Ize plné popsat jen pii pouziti superprostorové symetrie
[5].

V prednasce budou prezentovany zakladni vlastnosti
difrakéniho obrazu dvojéat a vicefazovych systéml a
moznosti jejich detekce jiz v pribéhu méteni. Dale budou
uvedeny zakladni metody urceni a upfesnéni takto
postizenych krystalovych struktur. Prednaska bude
doplnéna nékterymi aplikacemi programu Jana2000.

[1] V. Petticek, I. Cisatova & V. Subrtové, Acta Cryst. C39,
(1983) 1070-1072.

[2] J. Rodriguez-Carvajal (2001). FullProf.

[3] A. C. Larson & R. B. Von Dreele (2000). General Structure
Analysis System (GSAS).

[4] K. Kato, Acta Cryst. B46, (1990) 39-44.
[5] V. Petticek, M. Dusek & L. Palatinus. Jana2000.
[6] S. van Smaalen, Phys.Rew. B, (1991), 43, 11330-11341.
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KRYSTALOVA STRUKTURA VYBRANYCH FERIKYANIDOV VZACNYCH ZEMIN
V. Kaveéansky, M. Mihalik, Z. Mitréova, P. Diko, S. Ma a$

Ustav experimentéinej fyziky SAV, Kosice

Fyzikalne vlastnosti ferikyanidov vzacnych zemin typu
M[Fe(CN)¢].nH,O (M vzicna zemina), ktoré radime
vd’aka ich magnetickym vlastnostiam medzi molekularne
magnety, su predmetom $tidia uz niekol’ko desa roc¢i. Aj
ked’ prvé modely krystalovej Struktiry boli navrhnuté uz
v roku 1973, doposial’ nie je tato problematika uspokojivo
vysvetlena. V literatire si popisané pentahydraty a tetra-
hydraty ferikyanidov vzacnych zemin, ktoré sa vyznacuji
hexagonalnou (P63/m), resp. ortorombickou (Cmcm)
symetriou. Pri tomto popise konkrétna Struktira vzorky
zavisi od podmienok pripravy a druhu iénov vzacnej
zeminy. Napr. ferikyanidy Ce, Pr a Nd syntetizované pri
izbovej teplote vytvaraji pentahydraty zatial’ o pri krysta-
lizacii pri zvySenych teplotaich vznikaju tetrahydraty.
Modely krystalovej Struktiry pre obe modifikacie su
podobné. Prechodové prvky (Fe) lokalizované pozdiz
Sribovych osi st oktaedricky koordinované atomami
uhlika. I6ny vzéacnej zeminy st koordinované Siestimi
atdmami dusika tvoriacimi trigonalnu prizmu a molekula-
mi vody leziacimi v rovine symetrie na kolmiciach k §tvor-
hrannym plochdm prizmy — tri v pripade hexagonalnej ale
len dve pre ortorombicki §truktiru. Dalsie dve molekuly
vody lokalizované v dutinach nad a pod trigonalnymi
plochami prizmy st viazané vodikovymi védzbami.
V pripade hexagonalnej §truktary su tieto molekuly vody
(molekuldrna symetria C,,) lokalizované na trojnasobnej
osi, ¢o moze naznacova uréité Struktirne neusporiadanie
atdmov vodika. Pre tetrahydraty s ortorombickou Strukti-
rou takyto konflikt medzi molekularnou a krystalovou
symetriou nie je.

Ciel'om nasej prace je stadium predovsetkym magne-
tickych vlastnosti takéhoto typu latok. K ich pochopeniu

a interpretacii méze vyznamnou mierou prispie poznanie
magnetickej Struktiry. Pre jej popis vSak potrebujeme
pozna Uplnu kryStalova Struktaru vcitane lokalizacie
vodikovych (resp. deutériovych) atomov, kedze pri
neutrénovej difrakcii uz nemozno ich prispevok zanedba
tak, ako v pripade difrakcie rtg. ziarenia.

Neutrénovy difraktogram praskovej vzorky bol
zmerany v HMI v Berline na difraktometri E9 (A =
1.7972 A) v uhlovom rozsahu od 6° to 156° 26. Po indexo-
vani praskového difraktogramu (McMaille) sa lokali-
zovali deutériové atdmy programom FOX, ktory vyuziva
reverznu Monte-Carlo simuldciu v priamom priestore. Pri
tejto simulécii sa pouzili ako vychodzie stavebné bloky
Struktiry oktaedre FeCy a molekuly vody, ostatné atomy
a vizby medzi nimi neboli fixované. Po lokalizacii atomov
deutéria bola kompletna krystalova Struktura spresnena
rietveldovou metodou (FullProf).

Vzhl'adom na nejednozna¢nu interpretaciu krystalovej
Struktary bolo stc¢asne realizované aj Stidium Struktary
monokrystalovej vzorky metddou difrakcie rtg. ziarenia
[1]. Ortorombicku Struktaru (Cmcm) sa vSak podarilo
dostato¢ne spresni  jedine po rozSireni Struktirneho
modelu o prispevok vplyvu dvojcatenia.

Problematika dvojCatenia v pripravenych vzorkach
bola preto d’alej experimentalne analyzovana metddami
mikroskopie. Vysledky tejto analyzy su prezentované
v predlozene]j praci.

[1] Langer, V., Smrcok, L., Masuda, Y., 2004, Acta Cryst C60,
1104.
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X-RAY STRUCTURES OF NEW NICKEL COMPLEXES WITH SELECTED S,S-AND
N,P-LIGANDS IN THE COORDINATION SPHERE

Jifi Kamenic¢ek and Richard Pastorek

Department of Inorganic Chemistry, Faculty of Science, Palacky University, 771 47 Olomouc,
Czech Republic

Recently, the wide attention was paid to study of nickel co-
ordination compounds with S,S-ligands of the dithiolene
type (dithiocarbamates, xanthates, aromatic 1,1-dithi-
olates, 1,2-dithiolene etc.) due to the many possible practi-
cal applications (stabilization of uncommon high oxidation
states, modeling of enzymes in biochemistry, pesticides,
vulcanization accelerators, flotation agents, high pressure
lubricators, superconductors, resins for IR-spectroscopy,
pharmacy applications)'~.

In the lecture, the overview of our last important results
will be given. The attention will be focused to the X-ray

CCDC 197222

Fig. 2. [Ni(dpdtc)(dpphH](ClO,).

Fig. 4. [Niy(n-dpph)(hmidtc),Br,].

structure analyses of selected compounds: common nickel
complexes with coordination number four (chromophore
NiS,, NiS,PX - see Fig. 1, NiS,P, - see Fig. 2; X =Cl, Br, I,
NCS)* and six (chromophore NiS,N, - see Fig. 3)%. Also
the binuclear complexes with bridging P,P-ligand have
been synthesized and described’ - see Fig. 4. Moreover, the
uncommon complexes with coordination number five
(chromophore NiS,P; —see Fig. 5) and NiS,;M — see Fig. 6;
M = As, Sb)'""" have been studied. Finally, the structures
of Ni(IIT) complexes with aromatic 1,2-dithiolene'? - see
Fig. 7 have been solved. All structures above will be dis-
cussed from structural aspects.

Conclusions:

All complexes with coordination number four exhibit more
or less (depending on type of ligand) distorted square-pla-
nar arrangement of coordination sphere around nickel

CCDC 201015
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Fig. 7. [Ni(dbdtc),(Sbls). CCDC 241983
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Fig. 6. (MetPPhs)[Ni(bdt),]. CCDC 196004

atom; for the compounds with coordination number six, the
distorted octahedral polyhedron was found. As to com-
plexes with coordination number five, both possibilities
(distorted trigonal bipyramidal - see Fig. 5, or tetragonal
pyramidal — see Fig. 6) were confirmed. For the last type of
structure (Fig. 7), a significant shortening of Ni-S bonds,
corresponding to the assumption of Ni(IIT) was recorded.
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HIPHOP REFINEMENT OF PROTEIN STRUCTURES
J. Ondracek

Department of Recombinant Expression and Structural Biology, Institute of Molecular Genetics, Academy of
Sciences of the Czech Republic, Flemingovo n. 2, CZ-16637 Praha 6, Czech Republic

During the refinement process last structure details are
modeled and structure parameters minimized. The refine-
ment process is usually stopped in the minimum on the re-
finement curve. Every possible model has its own
refinement curve and every refinement curve is in fact a
function of the Fourier transform of the X-ray diffraction
data. Only one electron density corresponds to our request
on the quality of the final model.

For proteins, usually only limited resolution data are
available and the Fourier transform of such data is poor due
to low number of Fourier coefficients in comparison to
those of full resolution small molecule structures. Minima
on the optimal protein refinement curve are not so frequent
and deep. This is why reliability factors for proteins must
be higher then those for small molecules. Furthermore, it is
impossible to distinguish the global minimum between
many local ones.

During the refinement process the refinement curves
can lie above or bellow the optimal refinement curve. The
refinement curve will lie above in the first steps of the
model buildings and refinements or when the resolutions
are increased during the refinements. In these cases the
models are under-parameterized. During refinements, val-
ues of reliability factors must decrease. Reverse situation is
when higher resolution model is used as the initial model or
when the resolution during the refinement is decreased. In
these cases models are over-parameterized (over-deter-
mined or over-refined) and during the rebuilding and re-
finement the number of refined parameters must be
reduced and thus, reliability factors must increase.

The power of the refinement method used depends on
its possibility to reach the optimal refinement curve and to
determine the deepest minimum on it. Usually, the refine-
ment process is not able to overcome higher barriers on the
refinement curve if no significant attempts of the model im-
provement are made (the model is only little over-
parameterized) and the new refined model is very similar to
the old one. Then, the local minimum reached is very close
to previous one. When huge structural change on the model
is made the refinement process is able to overcome huge
barriers on the refinement curve and the radius, in which
the refinement method used is able to reach the best mini-
mum, increases.

The HipHop refinement is based on the repeating of the
huge structural changes and refinements followed by sev-
eral structure reducing and refinement cycles. This is re-
peated until the values of reliability factors and water
content are stable within statistical variances. The result of
the HipHop refinement is not one single model of electron
density (as usual) but a set of possible solutions in local
minima corresponding to a set of possible electron densi-
ties.

One HipHop step usually consists of one Hip and sev-
eral Hop steps. Every Hip/Hop step is followed by the re-
finement.

The Hip (excitation) step is carried out by adding of
proper number of waters corresponding to the maxima in
the difference Fourier map. Suitable number of waters is
usually ~ 15 % of non-hydrogen protein atoms with the oc-
cupancy 0.5 and thermal parameter U = 1.2 for Shelxh or B
= 30 for Refmac5 version. So the higher the number of wa-
ters added do the model is and the lower their thermal pa-
rameters are the higher the radius for the location of a
minimum is. On the other hand this is limited by the refine-
ment stability. By the use of the parameter described the
phase change is usually ~ 1 %. The model is in this way
over-parameterized due to new possible water positions
and during the refinement cycles the new model with new
main/side chain orientation and new set of water molecules
is formed. Shifts of water positions in first refinement steps
are about 2-3 A.

In the Hop (reduction) step wrong waters are removed
from the model. The Hop step is repeated usually five times
and in every step the minimal electron density limit is in-
creased five times. Water is considered to be wrong when
1) the calculated electron density in the water position is
lower then the limit given for the step, 2) the water does not
have the ball shape and 3) the water is too close to the pro-
tein molecule.

One run of HipHop usually consists of ten HipHop
steps. After this, the stability of reliability parameters,
number of water molecules in the model, and the agree-
ment of the electron density with the model are evaluated.
If necessary, the model improvement is done manually and
the HipHop run is repeated until the reliability parameters
and number of waters is stable and no possible structure
improvement appears.

The final stability of the HipHop refinement is the proof
of the correctness of the method used for the refinement.
The HipHop refinement yields classical R and Ry, factors.
Except those, it is useful to define and calculate the Refine-
ment Reliability Factor Ry. This is defined in the same way
as Ry with the exception that the reflections used for R¢
calculation can be used in previous refinement steps. Final
average value of R, is usually similar to Rg.. . The exclu-
sivity of reflections used for the Ry, calculation is substi-
tuted by the statistical evaluation of R, by the calculation
of its final value by the use of phase average after HipHop
refinement.

During the tests of HipHop refinement method on sev-
eral protein X-ray data no one unique solution which would
have statistically better reliability factors than the rest of
possible solutions was found. Structural variances yielded
by HipHop refinement correspond to the resolution and the
quality of the X-ray data.
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