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Svlabus

1. Experimentalni technika: zdroje, vznik rtg zafefii, goniometry, optické prvky (monochroméatory, kolimatory,
zrcadla, fokusacni optika), detektory. Zakladni experimenty: polykrystalové a monokrystalové metody,
mapovani reciprokého prostoru

2. Kinematicka teorie rozptylu: Gvod do teorie rozptylu, rozptyl na elektronu, izolovaném atomu, krystal,
strukturni a geometricky faktor, omezena velikost krystalu

3. Difrakce na polykrystalech I: strukturni faktor, velikost krystalitu (Scherrerova formule), vliv deformace na
polohy a Sifky difrakEnich maxim, zbytkova napéti, kvantifikace fazového slozeni (vnitfni normal)

4. Polykrystaly II: Full profile fitting; Textury, ODF (orientation distribution function); Debye(v vztah, PDF
(pair distribution function).

5. SAXS: teoreticky popis, fidké roztoky — Guinier(iv a Porod(lv vztah, usporadané ¢astice — long range a
short-range order

6. Dokonalé, témeéf dokonalé krystaly, epitaxni vrstvy: Kinematicka teorie na monokrystalu a epitaxni vrstvé
— polohy difrakci, truncation rod, deformace v epitaxni vrstvé, relaxace. Mozaikovy krystal

7. Dynamicka teorie rtg reflexe: Jednovinna aproximace — hloubka vniku, reflexe na hladkém rozhrani,
multivrstvy (formalismus pfenosové matice), TRXRF

8. Dynamicka teorie rtg difrakce: Dvojvinna aproximace: pfipad Bragg a Laue, Borrmann(v jev, stojata vina,
GID, epitaxni vrstvy

9. Semikinematicka teorie I: DWBA, Rozptyl na drsnych rozhranich — popis drsného rozhrani, priklady:
fraktalové rozhrani, dvouurovnové, vicinalni, spekularni odraz a nespekularni rozptyl, drsné multivrstvy

10. Semikinamaticka teorie IlI: GISAXS na Casticich na povrchu a uvnitf vzorku, Difuzni rozptyl na defektech
v krystalu v okoli difrakce

11. Experimentalni rozliSeni Experimentalni rozliSeni v reciprokém prostoru: analyzer streak, detector
streak, monochromator streak, DuMondovy grafy, disperzni a nedisperzni usporadani, koherencni Sifka a
délka

12. DalSi rentgenové metody: Fluorescencni spektroskopie, absorpcni spektroskopie — XAFS, XMCD.



Kinematicka teorie difrakce
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turbance of the sample structure. A simple (but not always valid) qualitative
rule says that the kinematical approximation can be used if at least one of
the following conditions is met:

— the length of the trajectory of the x-rays in the sample is sufficiently small

— the layer is highly disturbed

— the angular deviation of the primary x-ray beam from the direction of the
diffraction maximum is sufficiently large.
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Kinematicka teorie
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Kinematicka teorie
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Kinematicka teorie
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Kinematicka teorie
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Kinematicka teorie
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Kinematicka teorie

Fig. 5.14 Thermal diffuse scattering (TDS) from 5L The data were collected in a transmission geometry (photon energy 28
keW) using an image plaie dewector. The data were collected on the UNI-CAT beamline at the Advanced Photon Sowrce in an
exposure time of - 10 s, The top and bottom lefi panels show the data taken with a (01 1) and a 100 axis parallel o the incident
beam respectively. The data are plotted on a logarithmic scale. The brighter spos are i Bragg peaks, as the Laue condition is
mever exactly fulfilled, bur are due 1o tse build up of TDS close w the position of whese the Bragg peaks would occur. The right
panels shiw the correspomding cabculaved images based onoa simultaneous pixel-by-pixel fic w the daa [Hoelo et al, 1999]



Kinematicka teorie

fpriexp(-inyr g Focussing
7 fo ~ circle

N
F= z 1, exp{ian}
n=1

fo= fexp[—am_jsinz 8/ 12]

N
Fua(T)= Y, f, exp(~B, (T)sin? 0 | 12 )exp(2mifix, + ky, +1z,))

n=1

ﬁ;l-l_tiplichr

Length of Debye ring
1/sin26.

F e

cos0, Density of Q vectors
G = cosffsin28 = 1/{2sin#)




Kinematicka teorie

Absorption Factor
Polarization Factor
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Figure 1,15 Schematic representation of the absorption effect for
a thin-film sample in a &/28 scan.
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Kinematicka teorie

Integration of the Interference Function
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Kinematicka teorie

Accurate Determination of Lattice Parameter

1. Zero shift. ﬂ‘(m)l =C
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Line profile analysis
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Figure 3.2 Visualization of the concept of integral breadth.

Table 3.1 |ntegral breadths of the five most relevant model furc-
tions in LPA, where I'(x] is the gamma function, A = 0.9039645, B
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Instrumental Line Profile
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Table 3.2 Line parameters of the phenomenological decornposi-
tion of Cu Ko into four Lorentz/Cauchy functions [15].
Component 4 4 (fy 2 {2y g 3
Energy (eV) 8047 837(2) 8045.367(22) 8027.993(5) 8026.504(14)
Intensity I, 0.957(2) 0.090(1) 0.334(1) 0.111(1)
Width (eV) 2.285(3) 3.358(27) 2.666(7) 357123}
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Reflection Broadening by Small Crystallite Size Only
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Table3.3 Scherrer constants K for some crystallite shapes. The
conventions are obeyed that b= |k, k- k|, [=i] h= k=], 5

D _ K =h+k+land S =h? +i2 + 7 (from Ref, [28]).
O Byg cost,

Shape h=zk+| n<k+!
Sphere (4/3)(z/6)"
Cube 61 [ SYH6 R — 20k + N h+ k)
Tetrahedron 2h3rs? 8 j3ngr

i £
Octahedron T 25 uf‘sl

61 812 (S + (k + DS, + 2ki) 61181252 — 83

It has been shown [27] by Stokes and Wilson already in 1942 that the size
parameter derived from the Scherrer equation accounts for the ratio of the fourth
central moment over the third moment of the crystallite size distribution function
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Figure 3.11  Logarithmic normal function form as the Gauss bell function on a linear

with (a) a In{DfD,) abscissa and (b) a linear scale. The different averages of the lognormal
abscissa. The shape in (a) is of the same distribution are indicated.
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Concomitant Occurrence of Size and Strain Broadening
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Method of Warren and Averbach
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Deconvolution by Fourier Techniques . - (117} Peak \ ...... Pd refarence
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Figure 3.6 (a) @20 diffraction pattern of a cients A{f) of the 111 reflection as a function
nangcrystalline Pd pewder sample measured of the Fourier-conjugated coordinate L {from
with Mo Kix radiation. (b) Fourier coeffi- Ref. [22]).



Techniques of Whole-Pattern Fitting
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Figure 3,15 Different approaches in whole-pattern fitting.




Powder diffraction pattern as a function of various crystal structure, specimen, and instrumental

Pattern component

Peak position

Peak intensity

Peak shape

Crystal structure

Unit cell parameters

(a,b,c,apB,Yy)

Atomic parameters

(x,v,z B, etc.)

* Crystallinity
* Disorder

¢ Defects

paramete rsl!

Specimen property

e Absorption

e Porosity

s Preferred orientation
e Absorption

e Porosity

e (Grain size
e Strain

e Stress

Instrumental parameter

» Radiation (wavelength),
 Instrument/sample alignment

» Axial divergence of the beam

* Geometry and configuration

 Radiation (Lorentz polarization)

* Radiation (spectral purity)
¢ Geometry

» Beam Conditioning
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Cagliotiho vztah pro Sitku piku

2
I = K X ppiy % Lg x Py x Ag X Thiy X Epgg X | Fhu
where:

e K: scale factor

» ppit - Multiplicity factor, which accounts for symmetrically equivalent points in the reciprocal lattice
e Ly: Lorentz multiplier, defined by diffraction geometry

e Py polarization factor

e Ay: absorption multiplier

e 1511 preferred orientation factor

o [u51.: extinction factor (often neglected as it is usually insignificant in powders)

e F},;: structure factor as determined by the crystal structure of the material



For general application of the Rietveld method, irrespective of the software used, the observed Bragg peaks in a powder diffraction pattern
are best described by the so-called peak shape function (PSF). The PSF is a convolution of three functions: the instrumental broadening
(2(0), wavelength dispersion A (@), and the specimen function W(#), with the addition of a background function, b(#). It is represented as
follows:

PSF(0) = Q(6) ® A(6) @ ¥(6) + b(6),

where ® denotes convolution, which is defined for two functions f and g as an integral:

o9t = [ : fr)at —nyar = [ " g(n)f(t — T)dr



oW =B w1212, 1)
kde

Pi ... pfistrojovy faktor (méni se od pfistroje k pfistroji podle detaildi experimentalniho uspofadani);

Qi ... faktor dany idedlni krystalovou strukturou dané faze (polohami atom( v zakladni burice krystalové struktury i-té faze a jejich teplotnimi kmity kolem t&chto poloh);

Ti .... faktor dany realnou strukturou difraktujiciho preparatu, tj. tim, jak velké jsou krystalky jednotlivych fazi obsazenych v preparatu, jaky je jejich tvar, orientace, umisténi a
nejriiznéjsi odchylky od idealni krystalové struktury;

wi .... hmotnostni koncentrace i-té faze v preparatu.

A
W, = =_1
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Kalibrace metodou vnéjsiho standardu
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