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XRD programs are based on dynamical diffraction the-
ory taking into account the two-beam approximation with
exact dispersion surface of the 4™ order. Therefore, this ap-
proach does not suffer from tangential errors that occur
usually in a standard formulation of the two-beam approxi-
mation with the simplified dispersion surface of the 2™ or-
der. The programs calculate the intensity diffracted from an
arbitrary ideal pseudomorph single-crystalline superlattice,
which does not contain misfit dislocations or other struc-
ture defects. The scattering geometry is general, i.e. the
programs are not restricted to coplanar scattering and they
can calculate the diffraction in any non-coplanar arrange-
ment (including grazing-incidence geometry).

Compared to standard software available commercially
or on internet, the programs include the following new fea-
tures:

In XRR: correlation of roughness profiles of different
interfaces giving rise to resonant-diffuse phenomena in re-
ciprocal space. The correlation of the roughness can de-

pend on the space frequency of the roughness profile; this
property follows from the mechanism of the multilayer
growth.

In GISAXS: the programs include various three-dimen-
sional distributions of the scattering centers.

In XRD: Exact dispersion surface of the 4™ order makes
it possible to calculate the diffracted intensity in any
non-coplanar scattering geometry.

The programs use Matlab, especially its unique matrix
manipulation capability, so that the calculation speed is
comparable to Fortran or C++. The programs are not writ-
ten in a user-friendly style but they are commented in the
program head, so that their application is not complicated.
The programs are available on request from the author of
this talk.

1. U. Pietsch, V. Holy, and T. Baumbach, High-Resolution
X-Ray Scattering From Thin Films to Lateral
Nanostructures, Springer-Verlag Berlin, Heidelberg, New
York 2004.
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NEURCITOST VYSLEDKU MERENI
J. Fiala

Nové technologie - vyzkumné centrum, ZapadocCeska universita, Universitni 8, 30614 Plzen

Vysledek méteni zavisi na souboru podminek, které to
méfeni definuji. Realisace tohoto souboru vSak nemusi
vést k jednoznacnému vysledku a také vysledky opako-
vanych realisaci mohou byt rizné. To znamena, ze vedle
podchycenych zakladnich podminek je vysledek méteni
zavisly na dalsich, nepodchycenych NAHODNYCH ¢ini-
telich. Je to situace, kterou popisuje kral Salamoun v 11.
ver$i 9. kapitoly knihy Kazatel slovy ,, nezalezi béh na
rychlych, ani boj na udatnych, nybrz ani zivnost na
moudrych, ani bohatstvi na opatrnych, ale podlé Casu a
pfihody (rozuméj NAHODY) piihazi se vSechndm®.
V tomto smyslu jsou vysledky métfeni obecné neurcité.
Snad prvni, kdo si naléhavé uvédomil to, ze vysled-
ky meéfeni jsou obecné neurcité, byl Thomas Simpson,
ktery ve svém ,,dopisu‘‘ uvetejnénémr. 1755 ve Phil. Trans.
Roy.Soc.49, part I, pp.88-93 doporucuje, aby se v piipadé
ze méfeni bylo opakovano nékolikrat, braly v tvahu
vSechny vysledky a ne jenom ty, které se zdaji byt ,,dobré*.
A dale navrhuje, aby se jako ,,nejlepsi aproximace* métené
veliC¢iny bral pramér vSech zmétenych vysledkd. Dalsimi
v oblasti neurcitosti vysledkii méfeni byla Gaussova
publikace ,,Theoria motus®, vydana r.1809 v Hamburgu a
kniha ,,Grundziige der Wahrscheinlichkeitsrechnung* od
G.H.L.Hagena, kterd vysla v Berlin¢ r.1837. S hlediska
praktického pak mél pro podporu badani v této oblasti
zéasadni vyznam hore¢ny rozvoj metrologie nastartovany
Velkou pafizskou revolucir.1789. Zacala se rozvijet teorie

pravdépodobnosti. To je matematicka disciplina, zaby-
vajici se modelovanim procest ovlivnénych mnozstvim
drobnych, ne Uplné zjistitelnych nebo vibec nezjistitel-
nych ¢initeld. A na zakladé zndmého pravdépodobnostniho
modelu dedukujici (pfedpovidajici) budouci pribéh
pfislusného procesu. A vedle toho inferencni statistika
(statistickd indukce), ktera na zaklad¢ zjisténych dat navr-
huje (konstruuje, odhaduje) matematicky model (paramet-
ry matematického modelu) jevu (procesu) tak, aby se
zjiSténa (zmetend) data vysvétlila.

V piispévku budou diskutovany zakladni pojmy a
koncepce teorie pravdépodobnosti (nahodné veliCiny,
jejich charakteristiky a rozdéleni a nékteré limitni véty) a
statistickd indukce (teorie odhadu a testovani hypotez). Na
zavér pak prace statistika M. Romanowského, ktery expe-
rimentalné i teoreticky dokazal, Ze Gaussovo rozdéleni

_ 2
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neni ,,normalni* [ M.Romanowski: “Random Errors in Ob-
servations and the Influence of Modulation on their Distri-
bution®, Verlag Konrad Wittwer, Stuttgart 1979]. Coz je
dalsi (a malo znamy) prispévek k neurcitosti vysledkl
méfeni, tak jak jsou tradiéné presentovany ve formé
intervald spolehlivosti pro parametry normalniho rozde-
leni.
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NEUTRON DIFFUSE SCATTERING AND ITS APPLICATION TO STUDIES OF
DISORDER IN SOLIDS

J. Kulda

Institut Laue-Langevin, BP 156, 380042 Grenoble Cedex, France
kulda@ill.eu

Similarly to its X-ray analogue the diffuse intensity of neu-
trons observed between the Bragg spots carries informa-
tion on local departures from perfect periodicity of the
crystal lattice. Due to the general drawback of the neutron
scattering techniques - the lack of neutron sources with
brightness comparable at least to present-day X-ray labo-
ratory sources - it can only be observed with relatively
bulky samples and relaxed beam collimations, which pre-
vent to achieve high momentum resolution. As a result it is
virtually impossible to collect reliable diffuse scattering in-
tensities closer than 1-10 x 10” A™" to a Bragg spot. This
limits the field of view to correlations ranging over just a
few unit cells and pushes the focus of the technique from
investigations of subtle effects related to lattice defects, as
is often the case with X-rays, to studies of short-range order
and of the ordering processes.
On the other hand, in these domains the general features
of neutron scattering like
* low absorption
comparable contributions from both light and heavy
atoms
straightforward separation of the elastic and inelastic
response
* magnetic scattering channel, which can be separated
by polarization analysis
can represent substantial advantages.

L5

In recent years diffuse scattering studies [1] of mag-
netic systems exhibiting novel types of magnetic order
have produced a considerable impact uncovering new
types of nanoscale topological order in systems like frus-
trated antiferromagnets, considered as disordered to classi-
cal criteria [2].

Another focus of interest in the last decade represent
the investigations of relaxor ferroelectric, where “chemical
frustration” (impossibility to regularly distribute atoms of
solution components onto a perovskite lattice) prevents the
long-range ferroelectric ordering [3]. Here effects of true
chemical (dis)order superpose with strong distortions of
the initially cubic perovskite lattice and call for complex
molecular dynamics simmulations to reproduce the ex-
tremely rich diffuse scattering response [4].

1. T.Fennell, P.P. Deen, A.R. Wildes, K. Schmalzl, D.
Prabhakaran, A.T. Boothroyd, R.J. Aldus, D.F.
McMorrow, S.T. Bramwell, Science, 326, (2009), 415.

H.B. Braun, Advances in Physics, 61, (2012), 1.

3. R.A. Cowley, S.N. Gvasaliya, S.G. Lushnikov, B. Roessli,
G.M. Rotaru, Advances in Physics 60, (2011), 229.

4. M. Pasciak, T.R. Welberry, J. Kulda, M. Kempa, J. Hlinka,
Phys. Rev. B, (2012), accepted.

STRUKTURA VE TRECH | VICE DIMENZICH

V. Petiicek a M. Dusek

Fyzikalni ustav AVCR v.v.i., Cukrovarnicka 10, 162 00 Praha 6
petricek@fzu.cz

Strukturni analyza zalozena na interpretaci difrakénich
pro stanoveni atomarni struktury krystalickych latek. K
pokustim o zjisténi struktury krystalickych latek dochazelo
od zacatku dvacatého stoleti a brzy byly zaznamenany
prvni velké uspéchy. Obor se postupné vyvijel a po druhé
svétové valce zaznamenal skuteény rozmach, ktery
souvisel s nastupem samocinnych pocita¢u. Jednim
z nejvyznamnéjsich pokrokl byl objev feSeni fazového
problému tzv. pfimymi metodami, coz pozdéji umoznilo
fesit mnohé krystalové struktury v automatickém rezimu.
S postupnym rozvojem vypocetni techniky se pak stava
krystalova strukturni analyza bé&znych latek naprosto
standardni metodou.

Postupné se vsSak ukazalo, ze fada novych latek
s vyznamnymi fyzikdlnimi vlastnostmi zékladnimu
feSicimu schématu nevyhovuji. To je velmi ¢asto spojeno
se skuteCnosti, ze vlastnosti krystalu jsou vysledkem
fazovych prechodu, které vedou k poruseni zakladni
vlastnosti krystalu, tj. dokonalé trojrozmérné translaéni
symetrie v redlném prostoru. V této souvislosti mluvime o
tak zvanych ,,obtiznych strukturach®, k jejichz Gplnému
popisu je nutno zavést specifické parametry. Obtizné
struktury lze v zdsad¢ rozdélit do ti oblasti:
» Struktury, které vykazuji bud’ lokalni ¢i globalni
poruseni stavebniho principu vystavby krystalu.
V prvnim piipadé se jedna o razné formy
neusporadanosti v ramci koherentni oblasti,
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ve druhém piipadé pak o koexistenci vice soucasné
difraktujicich domén.

» Struktury, pro které nedostacuje standardni popis
pomoci frakénich soufadnic atomli a parametrQ
atomovych vychylek v harmonickém pfiblizeni. Do
této skupiny patii latky vykazujici méfitelné vazebné
efekty a latky s anharmonickymi projevy.

* Struktury, které vykazuji dodate¢né difrakéni efekty
a to jak diskrétniho, tak i difuznich charakteru. Pro
prvni skupinu latek lze ztracenou translacni symetrii
nahradit zobecnénou symetrii ve vysSe dimen-
zionalnich prostorech [1].

Hlavnim cilem pfednasky je ukazat, jak mohou byt
feSeny ruzné obtizné struktury systémem programi
Jana2006 [2]. Pro obtizné struktury prvniho typu budou
prezentovany specifické nastroje, jako jsou popis casti
struktury s pomoci tuhych molekularnich celkdi nebo
aplikace principu dvojcaténi pfi zpracovani mefenych dat,
feSeni a upfesnéni krystalové struktury. Pro druhou
skupinu ukézeme, jak je lze rozsifit zdkladni soubor
parametra struktur a jaké nové informace muzeme ziskat
z takové analyzy.

L6

Reseni treti skupiny latek, modulovanych struktur, se
nejvice 1isi od standartnich krystalografickych postupti. I
zde se vSak fada latek postupné posouva do kategorie
struktur méné obtiznych, zejména diky moznosti feSit
modulované a kompozitni struktury programem Superflip
[3]. Pfesto plny popis modulované struktury a jeji
interpretace je stale jesté¢ pomérné obtizny problém. V této
souvislosti ukazeme i nové moznosti aplikace superprosto-
rového popisu na feSeni magnetickych struktur [4, 5].

1. de Wollf, P.M., Janssen T. & Janner, A. (1981). Acta
Cryst., A37, 625-636.

2. Petficek, V., Dusek M. & Palatinus, L. (2006). Jana2006.
The crystallographic computing system.

3. Palatinus, L. and Chapuis, G. (2007). J. Appl. Cryst. 40,
786-790.

4. Petticek, V., Fuksa, J. & Dusek, M. (2010). Acta Cryst.
A66, 649—655.

5. Perez-Mato, J. M., Ribeiro, J. L., Petfic¢ek, V. & Aroyo, M.
1. (2012). J.Phys. Condensed Matter, 24, 163201.

STRUCTURE REFINEMENT FROM PRECESSION ELECTRON DIFFRACTION DATA

M. Klementova, L. Palatinus

Department of Structure Analysis, Institute of Physics of the AS CR, Cukrovarnicka 10,
162 00 Prague, Czech Republic
klemari@fzu.cz

Electron microscopy, spectroscopy and diffraction are in-
dispensable tools for the characterization of nanocrystal-
line materials. Within an electron microscope, electron
diffraction remains the most accurate and versatile method
of obtaining accurate structural information at the atomic
level. Consequently there have been many attempts to use
itas a quantitative tool [ 1- 4]. However, in many cases fully
quantitative analyses proved difficult because of the com-
plications due to dynamical diffraction. There has recently
been a resurgence of interest in quantitative analysis of
high-energy electron diffraction data due to the introduc-
tion of the precession electron diffraction (PED) technique
[5]. Key to this was the demonstration by Gjonnes and col-
laborators that PED data could be used within direct meth-
ods rather well, and also used at least partially to refine a
structure [6]. While it was apparent from the early days that
PED remained somewhat dynamical and needed a full cal-
culation for quantitative results [7], numerous groups have
reported reasonable results with approximate kinematical
refinements [e.g., 8-9].

The purpose of this presentation is to demonstrate that
the PED data can be used successfully for accurate struc-
ture refinement, yielding results that are comparable to an
equivalent refinement against X-ray or neutron diffraction
data. We provide results on three different materials and
several data sets measured with three different micro-
scopes. The three refined structures range from a simple
structure of silicon to the relatively complex structures of

orthopyroxene (Mg,Fe),S1,0¢ (10 independent atoms, Vyc
=843 A’) and gallium-indium tin oxide (Ga,In),SnOs (17
independent atoms, Vyc = 392 A3). The thickness of the
samples varies from 30 nm to 110 nm. We analyse the sen-
sitivity of the results to the choice of the parameters of the
algorithm. The differences between full dynamical refine-
ment, a simplified two-beam dynamical refinement [10]
and the refinement in kinematical approximation are ana-
lysed, and the results are compared with refinement against
non-precessed electron diffraction data.

For all three samples the method yielded stable refine-
ments with acceptable refined parameters and reasonable
figures of merit, which were in all cases much smaller than
the corresponding figures of merit obtained with kine-
matical refinement. In particular, the full dynamical treat-
ment allowed for the refinement of atom occupancies at
mixed crystallographic sites — an impossible achievement
with kinematical approximation. We have also compared
the refinement against PED data with the refinement
against non-precessed data (Tab. 1).

1. J. M. Cowley, Acta Cryst., 6, (1953), 516.

2. B. K. Vainshtein, Structure analysis by electron diffraction,
Pergamon Press. 1964.

3. J. C. H. Spence & J. M. Zuo, Electron microdiffraction,
Springer. 1992.

4. D. L. Dorset, Biochim. Biophys. Acta, 424, (1976), 396.
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Table 1. Refinement results on two silicon samples with different thickness. On each sample four data sets with different precession
angle were collected. R2 and R1 are the unweighted residual values calculated on intensities and amplitudes, respectively, t is refined
thickness and Uy, is the refined isotropic displacement parameter of the Si atom. Refinement was performed against diffraction data
from [110] zone axis.
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prec. angle R2 [%] R1 [%] t [nm] Ui A7]

Sample 1 ¢=0° 12.40 15.77 41.5(6) 0.0143(23)

o=1° 10.80 7.10 36.7(7) 0.0106(14)

¢=2° 6.00 3.66 39.9(7) 0.0090(11)

¢=3° 5.88 4.63 35.2(8) 0.0039(14)
Sample 2 ¢=0° 8.88 18.82 104.9(2) 0.0053(3)

o=1° 12.70 9.04 107.3(16) 0.0054(19)

¢=2° 6.55 431 113.2(9) 0.0054(10)

¢=3° 3.82 2.52 116.6(8) 0.0033(7)

5. R.Vincent & P.A. Midgley, Ultramicroscopy, 53, (1993), 9. M. Gemmi, H. Klein, A. Rageau, P. Strobel, F. Le Cras,

271. Acta Cryst., B66, (2010), 60.

6. K. Gjonnes, Ultramicroscopy, 69, (1997), 1.

7. C.S.Own, A.K. Subramanian, L.D. Marks, Microsc.
Microanal., 10, (2004), 96.

8. E. Mugnaioli, T. Gorelik, U. Kolb, Ultramicroscopy, 109,
(2009), 758.

10. W. Sinkler, C.S. Own, L.D. Marks, Ultramicroscopy, 107,
(2007), 543.
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VYPOCETNIi POSTUPY V MOLEKULARNI DYNAMICE |
M. Pospisil, M. Veteska

Univerzita Karlova v Praze, Ke Karlovu 3, 12116 Praha 2
pospisil@karlov.mff.cuni.cz

The general procedures used in molecular dynamics are de-
scribed. Conditions of calculations under constant temper-
ature and constant pressure in different statistical
ensembles for various thermodynamics quantities are pre-

sented. Methods of molecular dynamics for the global min-
imum search are mentioned.

see page 63 for review
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VYPOCETNI POSTUPY V MOLEKULARNI MECHANICE Il
P. Kovar, M. Veteska

Univerzita Karlova v Praze, Matematicko-Fyzikéalni fakulta, Ke Karlovu 3, 121 16 Praha 2
kovar@karlov.mff.cuni.cz

The types of interatomic potential functions used in molec-
ular simulations are described. Methods of calculations of

non-bonded interactions are mathematically described and
algorithms used in molecular mechanics are discussed.
see page 73 for review
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