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What we do

We throw X-ray radiation at samples to determine structural information ....

Qualitative X-ray Diffraction

L{> Determine phases (compounds) in specimen

Get information about their structure, cristallinity ...

Provide technical and scientific support to user community

- Training on equipment
- Analysis of samples

- Discussion of results in the context of research projects
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The XRD Lab over the past 22 years
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2019: 285 users with 4800 samples analysed
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Others: FUT, MUT, NMU, UJ, UL, UNIZUL,UP, VUT, Wits, ...
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Crystal structure

Complicated ... well over half a million structures known so far.

25 Jan 2023 %
RF \csler 2t



The backbone of crystal structures

Basis : smallest possible cli

. .

Loss of chemical informs

\ Unit cell

Lattice point

7 Crystal classes

-

CUBIC

a=b=c
o= p=y=90°

ister OREEGRER tiarnilklatg djpekionfitad\ciystphsucture

o= p=y=90°

14 different Point lattices
A

. ORTHORHOMBIC
tion 4.

o =g=90°

Point lattice i

B+ 120°

a,b,c, a,B,y :lattice constants
TRICLINIC

azxb=zc
oz fey290°

25 Jan 2023

.



The electromagnetic spectrum
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Concept of sets of parallel planes (diffraction gratings)

They describe the periodicity of point lattices

3D crystals
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Generation of X-rays
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Bragg's law

A

e
> Monochromatic radiation: Cu-Ka, \/\/\/\/V\/\/\/\ "zl

> Single crystal (1 grain of polycrystalline sample) ==/

Specular reflection Bragg angle 9g
Incident angle = reflected angle 9 =39.=9;
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The XRD Diffractometer
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Polycrystalline sample
- Very small grains ~ 2-10 um

- Random oriented

Counts
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Analysis procedure
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Some examples

Metals:

Lead (Pb)
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Polymers:
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Single crystal:

<100> Silicon wafer
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Amorphous material:

a-Silicon on amorphous glass
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Diffuse maxima:
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Annealing: phase transition to polycrystalline Si
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Nanostructures:

C60 - Buckminsterfullerene | Fuel cells - mesoporous silica
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Multiphase compounds:
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XRD not limited to qualitative phase analysis

Non-ambient X-ray analysis

Ultra fast reciprocal space maps
tu studies of advanced materials

for epitaxial layer analysis for in

.. X-ray optics dependent

Phase jdentification

and guantification to
determine compaosition or
monitor purity

Grazing incidence XRD
for surface|analysis and depth
profiling

el g =Y

Ultra small-angle X-ray scattering
for accessing very large d-spacings

Grazing incidence small-angle X-ray
scattering for characterization of

nanostructure on surfaces Small-angle X-ray scattering X-ray reflectometry

for particle size analysis to determine thin film
thickness and roughness

stica caricien. O 7 365 8m

~\

Residual stress
Pole figures for component and failure analysis
for texture analysis

Advanced SAXS/WAXS
for nanestructure analysis

Hard radiation applications
e.g. for in operando studies of batteries

Transmission XRD 2D XRD
for characterization of for microstructural analysis
argaric materials

‘Pairdistribution function for
studying the local atomic structure of
disordered materials

Computed tomography
for investigating the internal
cture of objects
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