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Simple cubic lattice
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Close packing: ABCABC

fcc (face-centered cubic) structure

entails additional translations along half of the face diagonal
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Image from Gross and Marx, Festk�orperphysik



Honeycomb lattice again
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60◦ rotation

Image credit: Thomas Bresson (CC-BY-SA) and S. Hunklinger, Festk�orperphysik

https://commons.wikimedia.org/wiki/File:ComputerHotline - Vespidae_sp. (by).jpg
https://www.degruyter.com/document/doi/10.1515/9783110567755


Lattice centering
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Body-centering (I )

Face-centering (F )

Primitive (P)

Base-centering (A,B,C ) Rhombohedral (R)



Primitive vs. conventional unit cell
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Structures of simple metals
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Image by Jeanne Paquette (fair use)



Rotation axes

Sch�on�ies notation: C2, C3, C4, C6

Hermann-Mauguin notation: 2, 3, 4, 6

Example (2 ‖ b): x , y , z −→ x̄ , y , z̄

Exp. Physics 5 � Solid State Physics, WS 23/24 Symmetry as the guiding principle

Image credit: F. Ho�mann, Faszination Kristalle und Symmetrie

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


Rotation axes
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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


Experimental technique
polarimetry and birefringence
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Birefringence
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Image credits: Jan Pavelka, APN MJM, Mikael H�aggstr�om (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Fluorescence in calcite.jpg
https://commons.wikimedia.org/wiki/File:Crystal on graph paper.jpg
https://commons.wikimedia.org/wiki/File:Positively_birefringent_material.svg


Birefringence
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Image credits: Jan Pavelka, APN MJM, Mikael H�aggstr�om (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Fluorescence in calcite.jpg
https://commons.wikimedia.org/wiki/File:Crystal on graph paper.jpg
https://commons.wikimedia.org/wiki/File:Positively_birefringent_material.svg


Identi�cation of minerals

10 cm
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Birefringence as a �ngerprint

of structural anisotropy

Sources: Wikipedia and Daigger Scienti�c (fair use)

https://en.wikipedia.org/wiki/Birefringence
https://www.daigger.com


Stress mapping
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Birefringence

due to stress

Image credits: 3465 and Mk2010 (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Birefringence.jpg
https://commons.wikimedia.org/wiki/File:Birefringence of stress areas on a DVD jewel case.jpg


Inversion center

Sch�on�ies notation: i

Hermann-Mauguin notation: 1̄ or −1

Example: x , y , z −→ x̄ , ȳ , z̄
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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


Mirror plane

Sch�on�ies notation: σh or σv

Hermann-Mauguin notation: m

Example (m ⊥ b): x , y , z −→ x , ȳ , z
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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


Forbidden symmetry elements
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Only 2, 3, 4, and 6-fold rotations

are compatible with periodicity

any other rotations are forbidden in

crystals

Image credit: S. Hunklinger, Festk�orperphysik

https://www.degruyter.com/document/doi/10.1515/9783110567755


Forbidden symmetry elements
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Only 2, 3, 4, and 6-fold rotations

are compatible with periodicity

any other rotations are forbidden in

conventional crystals

Image credit: S. Hunklinger, Festk�orperphysik

https://www.degruyter.com/document/doi/10.1515/9783110567755


Material

Quasicrystals

Exp. Physics 5 � Solid State Physics, WS 23/24 Symmetry as the guiding principle



Pentagonal tilings
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Cairo lattice

Penrose tiling

Pentagons must be deformed

, or one should give up the periodicity

Image credits: Inductiveload (CC-zero), David Eppstein (CC-zero), Parabola 52, 1 (2019)

https://commons.wikimedia.org/wiki/File:Penrose_Tiling_(P1).svg
https://commons.wikimedia.org/wiki/File:Equilateral_Cairo_tiling.svg
https://www.parabola.unsw.edu.au/files/articles/2010-2019/volume-52-2016/issue-3/vol52_no3_1.pdf


Pentagonal tilings
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Cairo lattice Penrose tiling

Pentagons must be deformed, or one should give up the periodicity

Image credits: Inductiveload (CC-zero), David Eppstein (CC-zero), Parabola 52, 1 (2019)

https://commons.wikimedia.org/wiki/File:Penrose_Tiling_(P1).svg
https://commons.wikimedia.org/wiki/File:Equilateral_Cairo_tiling.svg
https://www.parabola.unsw.edu.au/files/articles/2010-2019/volume-52-2016/issue-3/vol52_no3_1.pdf


Pentagonal tilings
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Cairo lattice Penrose tiling

Pentagons must be deformed, or one should give up the periodicity

Image credits: Inductiveload (CC-zero), David Eppstein (CC-zero), Parabola 52, 1 (2019)

https://commons.wikimedia.org/wiki/File:Penrose_Tiling_(P1).svg
https://commons.wikimedia.org/wiki/File:Equilateral_Cairo_tiling.svg
https://www.parabola.unsw.edu.au/files/articles/2010-2019/volume-52-2016/issue-3/vol52_no3_1.pdf


Quasicrystals
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Photo of Ho9Mg34Zn57
on the mm-grid

HAADF-STEM image

of Al58Cu26Ir16

Five-fold symmetry and no periodicity, an aperiodic crystal

Image credits: J. Cryst. Growth 225, 155 (2001) and Microscopy 64, 341 (2015)

https://doi.org/10.1016/S0022-0248(01)00827-2
http://doi.org/10.1093/jmicro/dfv035


Occurrence and applications
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Icosahedrite

(Khatyrka meteorite)

Al63Cu24Fe13

Frying pan with

quasicrystalline coating

Image credits: mindat.org and Fundamentals of Friction and Wear (Springer, 2007)

http://mindat.org
https://link.springer.com/chapter/10.1007/978-3-540-36807-6_14


Quasicrystals are rebels
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Image credits: Veronica M. Berns, Atomic size matters and J. Cryst. Growth 225, 155 (2001)

https://www.nist.gov/nist-and-nobel/dan-shechtman/nobel-moment-dan-shechtman
https://doi.org/10.1016/S0022-0248(01)00827-2


Person

Dan Shechtman
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Dan Shechtman
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Dan Shechtman

born 1941

1972: PhD in materials engineering,

Technion � Israel Institute of Technology

1972-75: postdoc on airplane materials,

at Aerospace Research Labs, Ohio, US

from 1975: senior lecturer at Technion

1982: discovery of quasicrystals in MnAl6

Image credit: Technion - Israel Institute of Technology (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Dan_Shechtman.jpg


Di�cult acceptance
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Head of the lab gives him

a crystallography textbook,

then �res him for �bringing disgrace�

Linus Pauling (2 Nobel prizes):

...no such things as quasicrystals,

there are only quasi-scientists

Linus Pauling

Image credit: Phys. Rev. Lett. 53, 1951 (1984), NIST

http://doi.org/10.1103/PhysRevLett.53.1951
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Dan Shechtman
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Dan Shechtman

born 1941

1972: PhD in materials engineering,

Technion � Israel Institute of Technology

1972-75: postdoc on airplane materials,

Aerospace Research Labs, Ohio, US

from 1975: senior lecturer at Technion

1982: discovery of quasicrystals in MnAl6

from 1984: professor at Technion

2011: Nobel Prize in Chemistry

2014: ran for the President of Israel

Source: Technion - Israel Institute of Technology (CC-BY-SA), Wikipedia

https://commons.wikimedia.org/wiki/File:Dan_Shechtman.jpg
https://en.wikipedia.org/wiki/2014_Israeli_presidential_election
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