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Helical chains in tellurium
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Space group symbol
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Image credit: F. Ho�mann, Faszination Kristalle und Symmetrie

https://link.springer.com/book/10.1007/978-3-658-09581-9


International Tables

Space groups and symmetries = vol. A
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Alternative: Bilbao crystallographic server

Lists of space groups, Wycko� positions:

http://cryst.ehu.es
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Each space groups has a number!
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Wycko� positions

m

x

y
0

0

1/2

1/2

1

1

m

2-fold rotation

Exp. Physics 5 � Solid State Physics, WS 23/24 Unpacking the crystal structure

Image credit: Frank Ho�mann (CC-BY-SA)

https://crystalsymmetry.wordpress.com/space-group-diagrams/
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Image credit: Frank Ho�mann (CC-BY-SA)

https://crystalsymmetry.wordpress.com/space-group-diagrams/
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Image credit: Frank Ho�mann (CC-BY-SA)

https://crystalsymmetry.wordpress.com/space-group-diagrams/


Things may grow complicated...
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Image credit: International Tables for Crystallography

https://it.iucr.org/


Sample crystal structure

Exp. Physics 5 � Solid State Physics, WS 23/24 Unpacking the crystal structure

Composition: CsV3Sb5, but only Wycko� positions are listed:

Cs (1a), V (3g), Sb1 (1b), Sb2 (4h)



Crystal structure databases

Open Crystallography Database (COD)

all types of compounds (493 620 entries), free

Inorganic Crystal Structure Database (ICSD)
�Karlsruhe database� (260 000 entries), commercial

(Uni Leipzig has access)

Cambridge Structural Database (CSD)

mostly organic compounds (1.1 million entries), commercial

Pearson's Crystal Data
inorganic and especially intermetallic compounds

(380 000 entries), commercial
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Structural information (CIF)
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Lattice
parameters

in units of �A

Atomic positions
fractional coordinates

Symmetry



Bragg's law
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2d sin θ = nλ

Constructive interference

=⇒ Bragg peak

Destructive interference

=⇒ no peak

Image credit: Gregors and Cdang (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Braggs Law.svg


Person

William Bragg
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Bragg or Bragg?
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William Lawrence Bragg

1890�1971

Son

William Henry Bragg

1862�1942

Father

Nobel prize (1915)



Bragg or Bragg?
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William Lawrence Bragg

1890�1971

Son

William Henry Bragg

1862�1942

Father
Nobel prize (1915)



Braggs' common spectrometer
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NaCl: the �rst crystal structure

resolved experimentally

Image credits: Science Museum London (CC-BY-SA), Proc. Royal Soc. London 89, 468 (1914)

https://commons.wikimedia.org/wiki/File:X-ray_spectrometer,_1912._(9660569929).jpg
http://doi.org/10.1098/rspa.1914.0015


Braggs' common spectrometer
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NaCl: the �rst crystal structure

resolved experimentally

Image credits: Science Museum London (CC-BY-SA), Proc. Royal Soc. London 89, 468 (1914), Raimond Spekking (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:X-ray_spectrometer,_1912._(9660569929).jpg
http://doi.org/10.1098/rspa.1914.0015
https://commons.wikimedia.org/wiki/File:Pyrite-8859.jpg


Experimental technique
x-ray di�raction
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X-ray powder di�ractometer
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x-ray tube
material of the target

determines the wavelength

Image credits: LibreText Chemistry and Free Mineralogy Textbook (CC-BY-SA)

https://chem.libretexts.org/Bookshelves/Analytical Chemistry/Supplemental Modules (Analytical Chemistry)/Instrumentation and Analysis/Diffraction Scattering Techniques/Powder X-ray Diffraction
https://opengeology.org/Mineralogy/12-x-ray-diffraction-and-mineral-analysis/


Applications: identifying phases
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XRD pattern serves

as a �ngerprint
of the chemical compound

Image credits: Kaspar Kallip and Free Mineralogy Textbook
(CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Freezed XRD.jpg
https://opengeology.org/Mineralogy/12-x-ray-diffraction-and-mineral-analysis/


Applications: orienting samples
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Image credits: PRB 97, 184434 (2018) and PRX 10, 011007 (2020)

http://doi.org/10.1103/PhysRevB.97.184434
http://doi.org/10.1103/PhysRevX.10.011007


Lattice planes
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Lattice planes
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Crystal faces
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Image credits: Free Mineralogy Textbook, Robert Lavinsky, Parent G�ery, and Juan Buelga (CC-BY-SA)

https://opengeology.org/Mineralogy/11-crystallography
https://commons.wikimedia.org/wiki/File:Pyrite-52211.jpg
https://commons.wikimedia.org/wiki/File:Fluorine (Mexique) 12.JPG
https://commons.wikimedia.org/wiki/File:Fluorite, La Collada, Asturias, Spain.jpg


Material

diamond
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Sources of diamond
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Big Hole (Kimberley mine), South Africa

Natural
about 30 000 ton per year

Synthetic
about 1 200 ton per year

Image credits: Irene2005 and Trackler (CC-BY-SA)

https://en.wikipedia.org/wiki/File:Open pit mine.jpg
https://commons.wikimedia.org/wiki/File:Carbon-phase-diagramp.svg


Applications of diamond
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Cutting

tools

High

pressuresDiamond is the

hardest material known

Image credits: Dmitry G, W.carter, Ygor Oliveira, pbroks13 (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:CRAFTOMAT 115mm laser diamond disc.JPG
https://commons.wikimedia.org/wiki/File:Diamond powder paste.jpg
https://commons.wikimedia.org/wiki/File:Engagement rings photo by Ygor Oliveira.jpg
https://commons.wikimedia.org/wiki/File:Anvil72.svg


Problem of lattice planes
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111 plane

Lattice planes may not contain any atoms, yet they scatter x-rays
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Problem of lattice planes
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Lattice planes may not contain any atoms, yet they scatter x-rays
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