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Elektronovou hustotu v kouli je mozné popsat pomoci
sférickych harmonickych (Y,) a sférickych Besselovych
[gi(kyr)] funkei (uritad analogie atomovych orbital, s
vyuzitim  hlavniho, orbitalového a magnetického
kvantového Cisla) a rozvojové koeficienty je mozné
vypocitat ze strukturnich faktort:
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Analogicky je mozné urcit
elektronové hustoty fragmentu:

rozvojové koeficienty
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Orientaci fragmentu je potom mozné pocitat pomoci FFT.
Koeficienty Ciny, se vypocitaji z koeficientd apm a bppm.
Dum jsou Wignerovy matice pro moment hybnosti
pouzivané v kvantové mechanice.
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V PRCTF se na lokalizaci fragmentt v elektronové
hustoté, v skuteénosti elektronova hustota vitbec nepou-
ziva. Metoda je implementovana v programu NUT [2].

Pro velmi malé fragmenty, nizké rozliseni nebo nepies-
né faze strukturnich faktorti nema prekryvovy integral (1)
nékdy dostate¢nou schopnost odlisit spravna a faleSna
feseni. Za timto ucelem byl napsan maly program DOK,
ktery pocita interakéni energii mezi ligandem a proteinem
v piislusné proteinové dutiné (cavity). Kombinaci dvou
fyzikalné odlisnych piistupt je mozné eliminovat praktic-
ky vSechna nespravna feseni.

Odkazy

1. W.Jahnke, D.A. Erlanson, Fragment-based Approaches in
drug Discovery, WILEY-VCH, Weinheim, Germany,
2006.

2. F. Pavelcik, J. Appl. Cryst. 39, (2006), 483-486.

Main Lectures - Session VI, Thursday, June 14

L13

POPIS DIFRAKCNICH PROFILU POMOCI POJMU MATEMATICKE STATISTIKY
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Podobnost tvaru difrakénich profild s grafickym znézor-
nénim funkci hustoty pravdépodobnosti v matematické
statistice vedla k formalnimu prevzeti nékterych pojmu
matematického aparatu teorie pravdépodobnosti a k jejich
vyuziti pro popis difrakénich profili. Zejména se jednalo o
momenty funkce hustoty pravdépodobnosti, které strucné,
numericky popisuji polohu, rozptyl, asymetrii a plochost
rozlozeni ndhodné proménné.

Podobné tomu, se poloha difrakéniho profilu, kromé
— coz je prvni moment kolem pocatku (soufadnic). Kromé
Sitky v polovi¢ni vySce profilu, nebo kromé integralni
sitky lze Sifku difrakéniho profilu popsat varianci —
druhym centralnim momentem. Asymetrii, resp. plochost
difrakéniho profilu lze kvantitativné popsat pomoci
parametrti souvisejicich se tfetim, resp. ctvrtym momen-
tem.

Jednou z vyhod popisu difrakénich profild pomoci
momentd je to, ze pro funkce svazané relaci konvoluce
plati ur€ité vztahy také pro jejich momenty. Zejména pro

Mo

Pfitom je relace konvoluce u difrakénich profild velmi
dalezita. Vyjadiuje souvislost mezi profilem méfenym,
instrumentalnim a fyzikalnim. Podobn¢ tak mezi profilem
fyzikalnim, profilem od velikosti krystalickych castic a

vy
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Dalsi vyhodou je to, Ze druhy centralni moment — vari-
ance fyzikalniho profilu mé piimou fyzikalni interpretaci
ve smyslu velikosti krystalickych ¢astic a mikrodeformaci.
Ctvrté momenty byly pouzity k uréeni velikosti &astic a
mikrodeformaci v ptipadé, ze je k dispozici jenom jedna
difrakéni linie. V tomto pfipadé — u vyssich momentt —
jsou vsSak vztahy mezi momentami funkci svazanymi
matematické statistiky, resp. teorie pravdépodobnosti dalsi
pojem — kumulanty (semiinvarianty). To je vyhodné
zv1asté namisto vys$sich momentd a v ptipad¢ vice nez dvou
funkci svazanych konvoluci.

Tato prace vznikla v ramci realizace projektu Akademie
ved Ceské republiky — KAN 300100801.
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Laterally periodical nanostructures epitaxially grown on
substrates, such as quantum dot arrays and wires, are exten-
sively used in electronic and optoelectronic applications.
The strain field in the nanostructure, caused by an epitaxial
mismatch, strongly affects the material properties, e.g.
electronic band structure or magnetic anisotropy. This
strain field can be investigated by means of High Resolu-
tion X-ray diffraction (HRXRD).

The strain induced shifts of the atoms from their
bulk-lattice positions together with the shape of the objects
are manifested in the distribution of the diffracted intensity
in the reciprocal space in the vicinity of the Bragg diffrac-
tion maxima. The interpretation of measured reciprocal
space maps is not direct, the strain field has to be deter-
mined by a comparison of the measured data and the nu-
merical simulation of the diffraction experiment. The shape
of the objects can be obtained by complementary methods,
e.g. scanning electron microscopy (SEM), and this known

(004)

information is usually included in the model for the compu-
tation of the strain field.

We will present the experimental technique (coplanar
HRXRD) for the measurement of reciprocal space maps,
which can be performed with a standard laboratory
high-resolution diffractometer. The simulation of the dif-
fraction maps is based on the simple kinematic x-ray scat-
tering theory, which transforms the problem to the
numerical computation of Fourier-like integrals producing
numerical difficulties to be treated.

The strain field entering into the computation of the dif-
fraction maps can be constructed in several ways depend-
ing on specified problem we want to solve. From many of
them, three particular cases will be presented:

Firstly, one can be interested in the shape of crystalline
core of the nanostructure, while this information is not ac-
cessible by SEM. If the composition of the nanostructure
material is homogenous and the elastic properties are
known, the strain field can be calculated using theory of
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Figure 1. Reciprocal space maps near Bragg maxima (004) and (224) measured and simulated in order to de-
termine the shape of the (Ga,Mn)As micro-wires on GaAs substrate. The most intensive point is the substrate
peak of unstrained GaAs, the intensity distributed around this peak is related to the strained parts of the sub-
strate in the vicinity of the wires. The intensity from partially relaxed (Ga,Mn)As wires is concentrated in the
intense streak bellow the substrate peak, the fringes in between are the thickness oscillations from the wires.
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Figure 2. Measured (left) and simulated (right) diffraction map from oxidized Si-wires for Ge
nanoheteroepitaxy. The intensity is present only along the truncation rods as a consequence of the
lateral periodicity of the wires. The lateral period is very small in this case, therefore the distance
of the truncation rods in the reciprocal space is large enough to see the individual satellites.

elasticity by means of finite-element method (FEM). The
strain field is fully defined just by the object-core shape,
which has to be optimized.

Secondly, the nanostructure of a known shape has
inhomogeneous composition, which locally determines the
unstrained lattice parameter. The unknown distribution of
occupancy enters into the strain computation. The resulting
strain field is given by the solution of elasticity equations
solved be FEM. If we have a model predicting the occu-
pancy distribution, e.g. based on atomic diffusion, we can

optimize its parameters to find agreement with the mea-
sured data.

Thirdly, the periodical nanostructures, made of identi-
cal material to the substrate, are covered by an additional
film, which induces the strain in the objects. The task is to
evaluate just the strain field in the nanostructures, although
there is no reliable model for computation via the theory of
elasticity. The strain field is parameterized and directly op-
timized to get agreement of the experimental and simulated
diffraction maps.
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