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Zasady pro vypracovani

Cilem prace je aplikace nekonvencnich rozptylovych metod, jmenovité i) Debyeovy obecné
rozptylové funkce a ii) metody celkového rozptylu (anglicky total scattering method) ke studiu
mikrostruktury nanokrystalickych materidla. Prace bude vyvazené kombinovat oboji — jak
teoretickou / vypocletni Cast sestavajici z pochopeni, rozvoje a optimalizace metod, tak
experimentalni ¢ast tvofenou rtg. rozptylovymi mefenimi na laboratornich (pfipadné
synchrotronovych) zdrojich.

1. Studium doporucené odborné literatury, literaturni reSerze.

2. Debyeova obecna rozptylova funkce: simulace difrakénich zaznamu, tvorba atomistickych
modell nanokrystalickych material(.

3. Metoda totalniho rozptylu: korekce a normalizace experimentalnich dat, extrakce celkové
rozptylové strukturni funkce S(Q), vypocet atomové parové distribu¢ni funkce (PDF). Fitovani
mikrostrukturnich modelU v reciprokém i pfimém prostoru.

4. Aplikace metod ke studiu mikrostruktury nanokrystalickych materialu.
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Predbézna naplni prace

Naplni prace bude vyuZiti méné béznych metod rozptylu rentgenového zareni vhodnych ke studiu
mikrostruktury nanomaterial. Pfedevsim uziti Debyeovy obecné rozptylové rovnice [2] a metody
totalniho rozptylu [3]. Aplikace Debyeovy rovnice pfedpoklada znalost atomistického modelu
studovaného materialu, tzn. typd a soufadnic jednotlivych atomd daného klastru s jejichz znalosti
Ize spocist koherentné rozptylenou intenzitu a porovnat ji s experimentalné zmérenymi daty. Tato
metoda je vhodna ktestovani rozlicnych atomistickych modelll pro popis daného
nanokrystalického klastru. Dale dovoluje studovat vlyv odchylek od tfidimenzionalni periodicity
idealniho krystalu zplsobenych napfiklad pfitomnosti riznych mfizovych defektd na difrakéni
zaznam.

Metoda totalniho rozptylu kombinujici informace obsazZené jak v Bragovském tak i difuznim
rozptylu poskytuje detailni informace o lokalnim a stfednédosahovém atomovém uspofadani
studovaného materialu. Je vhodna pro studium materialQ, které lze s obtizemi, pfipadné je to
pfimo nemozné, studovat pomoci klasickych krystalografickych metod, jako jsou difrakce na
monokrystalech, ¢&i refinovani polykrystalickych difrakénich zaznamu pomoci Rietveldovy metody.



Mezi takové materialy patfi nanomaterialy, vysoce poruSené materidly — materialy
s turbostraticymi defekty, rozlicné neuspofadané systémy, rlizné typy skel i kapaliny. Metoda
totalniho rozptylu je velice citliva na kvalitu méfenych dat a peclivé provedeni normalizace
méfenych dat a experimentalnich korekci.

NapIni prace bude testovani, rozvoj a optimalizace téchto metod. Vyvinuté metodiky budou
aplikovany na vybrané nanokrystalické materialy studované v sou¢asné dobé na KFPL, jako jsou
napfiklad: nanokrystalické oxidy kovu (Ti, Ce, Zr, Zn), nanokrystalické silné poruSené
turbostratické materialy na bazi uhliku, nanokrystalické hydridy uranu a dalsi.

Dalsi informace: http://www.xray.cz/tmp/bak-DSE-PDF-details-2015.pdf

Predbézna napln prace v anglickém jazyce

The main topic of the work will be the application of less commonly used X-ray scattering methods
for investigation of nanomaterials microstructure. Namely the use of general Debye scattering
equation (DSE) [2] and total scattering method (TS) [3]. The application of the Debye scattering
equation suggest the knowledge of atomistic model of studied material, i.e. the types and
coordinates of individual atoms in investigated cluster. The DSE allows to calculate the coherently
scattered intensity and to compare it with experimentally measured data. The DSE method is
convenient for testing of various atomistic models for description of studied nanocrystalline
material. Besides, it allows to study the influence of deviations from three-dimensional periodicity
of ideal crystal caused for example by the presence of different lattice defects on the scattering
pattern.

The total scattering method combining the information contained in both the Bragg as well as the
diffuse scattering offers the detailed information on the short and intermediate range atomic orders
of studied material. It is useful for study of materials, which are difficult to study using classical
crystallographic methods as are the single-crystal diffraction or refinement of the polycrystalline
diffraction patterns using the Rietveld method. These are the nanomaterials, highly perturbed
materials, materials with turbostratic defects, different types of disordered systems or various
types of glasses, gels and liquids. The TS method is extremely sensitive to the quality of measured
data and careful performance of measured data normalization and experimental corrections.

The subject of the work will be testing, improvement and optimization of DSE and TS methods.
Developed procedures will be applied on selected nanocrystalline materials currently studied at
the KFPL, as are for example: nanocrystalline metal (Ti, Ce, Zr, Zn) oxides, nanocrystalline highly
perturbed turbostratic carbon based materials, nanocrystalline uranium hydrides and others.

Obrazova priloha



Debye general scattering equation®
— Coherently scattered intensity in the electron units
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*P. Debye: Ann. Phys., 46, (1915), 809.
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Fig. 1. General Debye scattering equation. Simulation of the coherently scattered intensity from two-dimensional carbon layers
of different diameter La (left). Simulated coherently scattered intensity distribution from perfect graphitic cluster (blue curve) and
highly perturbed — turbostratic carbon cluster (red curve). Both containing approximately 3000 atoms.
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PDF — pair distribution function / theory™ ™™

1.) Measured intensity

1"*(0)= k(1" + 115 + 121" )LPA

€i

* PDFis generated from the
normalized scattering function S(Q)

2.) Structure function, (properly normalized * PDFis representation of diffraction
and corrected powder diffraction pattern) datain real space
s(0)= g —((fz>—<f>2) * Contains information from both
Q)= (f)l Bragg (long range) and diffuse

f is the sample average scattering factor scattering(short range order)

* Very sensitive to the measured data
quality

3.) Pair distribution function:
For good resolution in real space,

G(r)=4m]p(r)- p,] == [ O[S(0)-1]sin(0r)dQ
7o the diffraction pattern has to be

,0(1’), P, microscopic pair density, and measured to high Q

average number density *B.E. Warren et al., JACERS, 19, (1936), 202.
**B.E. Warren, X-ray diffraction, Dover, New York, 1990.
**T. Egami and S. J. L. Billinge, Underneath the Bragg peaks,
Pergamon Press, Elsevier, Oxford, England, 2003.

Fig. 2. Brief sketch of total scattering method (TS) / pair distribution function (PDF) theory.



The pair distribution function (PDF) from 2D structure

*= The G(r) gives the probability of finding the atom in the distance “r"  Fig. 3. simulation of the

from another atom pair distribution function

x . “n PDF, two-
= The number of atoms in distance “r’ (number of atoms on each fﬁm e)n]; r;’:a/vzzxagona/

circle) gives the intensity of each peak structure.

PDF of crystalline graphite

and nanocrystalline highly disturbed — turbostratic carbon Fig. 4. Comparison of measured
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