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Terminology and definitions

Terminology list:

« crystal * Wyckoff positions
* (primitive) unit cell * asymmetric unit
+ lattice points « cif file

* lattice vectors
* Wigner-Seitz cell
* Bravais lattice
* lattice system

; One of the goals of this
* centering - .
lecture is to have a practical

: COT\VGI’\TIOI’\G' cell of a Bravais lattice under‘sfanding of these
* point group 4& acrystal +
. origin choice > of a Wyckoff position | CONCEP S.

* space group
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How can we describe this?
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How can we describe this?

+ A 2D unit cell that
tiles the plane.
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valid unit cells ?

You may want
to pause the video
in order to think about
the previous question.

Proceed
once you have
your answer ready.
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Are both
green rectangles
valid unit cells ?

Terminology and definitions
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An infinite crystal

How can we describe this?

+ A 2D unit cell that
tiles the plane.

+ Associated with this: —_—
lattice points and
lattice vectors.
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Terminology and definitions

An infinite crystal ® % s
b
How can we describe this?
Lattice points need
not to coincide with
atom positions. ° ° . ®
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How can we describe this? b b b
Some choices of o ® g
lattice vectors are bT
more economical than ° ° R
others: primitive lattice a
vectors, primitive unit cell. o . o
(definition: contains only one lattice point)
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How can we describe this?

Terminology and definitions

An infinite crystal
How can we describe this?

A particular choice of
primitive unit cell is the
Wigner-Seitz cell.

(here it's regular, yet it can
have weird shapes)
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Terminology and definitions

Forget about the atoms L
now, look to the lattice
points only. U
All translations that carry °
this lattice into itself
form a group (translational .
group).

L]
In 2D: 5 types
In 3D: 14 different types °
of lattices (groups) possible.
= Bravais lattices. °

R

=t

Simple Face-centered

cubic cubic

L7

Body-centered

cubic

7 ¢ .
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Simple

y
orthorhombic orthorhombic

orthorhombic

v

Base-centered

orthorhombic

7

Triclinic

Point group of a Bravais lattice:

+ Keep one lattice point fixed.

« Search all symmetry operations that leave the Bravais

lattice points unchanged.

> The 7 lattice systems




Lattice systems: “?
A

* Triclinic simple

. Monoclinic cubic cubic cubic
+ Orthorhombic
* Tetragonal
* Rhombohedral
+ Hexagonal dyaSenten
+ Cubic e
.
LI
Simple dy F:
orthorhombic orthorhombic or i
<D 77| |7
Simple. Base-cen_te_red Triclinic
Example:

These three Bravais lattices

7 Br

Simple
cubic cubic

all have the same point group: m-3m

Therefore, they belong to the same lattice system (the cubic one).

Explanation of stereographic projection :

General point above (filled circle)
and below (open circle) the
horizontal plane.

Horizontal mirror plane

2-fold rotation axis
perpendicular to vertical edges
4-fold rotation axis
perpendicular to
horizontal faces 4-fold rotation axis
perpendicular to vertical
faces

Mirror plane perpendicular

to 110-direction Mirror plane perpendicular

to 001-direction

2-fold rotation axis perpendicular 3-fold rotation axis
to horizontal edges along body diagonal

Mirror plane perpendicular to O11-direction




How to recognize centered lattices:

A unit cell with the symmetry of their lattice system
contains more than one lattice point (# atom).

“conventional cell”

How to recognize centered lattices:

A unit cell with the symmetry of their lattice system
contains more than one lattice point (# atom).

Example in 2D : e o6 06 6 6 o .0 o
Centered rectangular ® © o o o o o o Convenhonol Ce’”
lattice belongs to
the rectangular ® © o o o o o o
lattice system
= rectangular unit cell ® © o o o o o o
contains 2 atoms
= centered e o o o.0 o o L
primitive cell
e o o o o o o o

How to recognize centered lattices:

A unit cell with the symmetry of their lattice system
contains more than one lattice point (# atom).

Example in 3D :
conventional cell

(white)

bee belongs to the
cubic lattice system
= cubic unit cell
contains 2 atoms

= centered pr‘imifive cell

(black)

Figure 9 Bod
primitive cell. T
hedron of edge &
cent edges is 109°28".

atered cubic lattice, showing a
rimitive cell shown s a rhombo- ,
VB . and the angle between adja- Kittel, p. 10




The 7 lattice systems and 14 Bravais lattices in Wikipedia:

http://enwikipedia.org/wiki/Bravais_lattice#Bravais_lattices_in_3_dimensions

« Conditionsona, b, c, a, B,y
* Goodie: formulae for the volume per unit cell




