Crystal Structure

Lecture 2
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Learning outcomes of the lecture

» Describe a crystal structure




Recap

A crystal is a periodic array of atoms or group of atoms




Recap

A crystal consists of a repeating pattern of objects (i.e. atoms or molecules) in an
effectively infinite 3D array

Crystal = Lattice + Basis
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Lattice of points

(Bravais Lattice) Basis of atoms




Recap
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Basis

= Physical element (atom, ion, molecule, group of atoms...) attached to every lattice point, with every
basis identical
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the uwuvmber o& aboms n a basis can be ane or more
( kot eoch basis in a aystal is idewhal o any dther
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Any periodic structure can be expressed as a lattice of repeating motives!

Basis
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Escher Tessellations
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Wallpapers patterns
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Description of a crystal:
1. What s the lattice?

2. What choice of a,, a,, a; do
we wish to make?

3. What s the basis?
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Quiz: Ts the hoveycomb a lattice?
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Point Symmetry

Mirror Plane

Reflection in a plane (m) - expressed by a coordinate transformation . ' ' :q" )
Le. xX=-x, y=y, 2’=2 - C
Inversion symmetry (1) — described by the coordinate transformation x=-x, y=-y, 2=-¢2 i___ﬂo-__¥
planes
Rotational symmetry (1, 2, 3, 4, 6) — when rotation /
through a particular angle about a certain axis leads to an 0
identical structure ﬁ"‘ 6-fold axis 4-fold axis 3-fold axis 2-fold axis
2 y= 1,7, 2,4 I’C

7

Rotation-Inversion Axes (2, 3, 4, 6) — when rotation with simulateneous inversion are combined leading to an
identical structure identical structure



5 Bravais Lattice in two dimensions
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Some 3D lattices

Cubic Tetragonal Orthorhombic
unit cell unit cell unit cell
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14 Bravais Lattice in three dimensions

Number of
Name Bravais Conditions
lattices
Triclinic 1 MmEMmEa L2pEY
Monoclinic 2 arFm#za;, 0=p=90"=y
Orthorhombic 4 mzmza, 0=p=7=90°
ar=dx=a
Tetragonal 2 A B S v :3 90°
Cubic 3 ag=ax=az,u=p=7=90°
Trigonal 1 m=m=a;. a=F=7=<120°=90°
Hexagonal 1 m=mZa;, 0=(=90°, y=120°




14 Bravais Lattice in three dimensions

Triclinic Cubic Tetragonal Orthorobmic Rhombohedral Hexagonal Monoclinic
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Planar View




Planar View
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Cubic Lattices

Simple cubic
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dunakn ber
Body-centered cubic (bcc) Coanmfr,\;%ﬂbour =g

Wigner-seitz

Li, Na, K, Fe, Mo, Cs...

!

(0' olo) | (Body)
Lathe Foim’ts : %)(74 A1=2

ose?Lmevﬁ: T |
: Rimibve translatan
nwple whic lathe vocbars
er conventidral u.c. M= (ZI' 2! 2 N
\ oy = A “hi=51 5
@ (00,0), (4% %) o (z_lz \2>
3= &30 3



Face-centered cubic (fcc) Wigner-seitz
Al, Ca, Au, Pb, Ni, Cu, Ag...
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Sphere Packing
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Diamond structure
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Some real crystals

Sodium (Na)




NaCl structure
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CsCl Structure
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Zinc blende structure




