Seven Basic Crystal Systems
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NaCl
Halite: strong ionic bonding, but cleaves

‘easily along certain crystallographic planes

When an external force causes
one layer of ions to shift slightly
with respect to an adjacent layer...

£) .. positive ions are brought close
to other positive ions and
negative ions become nearest
neighbors to other negative ions,

‘The strong repulsive forces
produced by this arrange-
ment of jons cause the two
layers to split apart.

Atomium in Brussels, Belgium
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Cubic lattices

BCC

(a) Simple cubic (b) Body-centered cubic (c) Face-centered cubic
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Cubic Lattices: densities
(a = lattice parameter)

tomic densities: » Coordinatiori numbe
sC:  p,, =1/ »SC: 6
Pam = 2/a? > BCC: 8
Daim = 4/ » FCC: 12

> Atomic -

Packing fraction
pf

Some variations on the cubic lattices

- NaCl structure (FCC-like)
CaCl structure (BCC-like)
ZnS [zinc blende] structure (FCC-like)
amond (FCC-like)
fluorite] structure (FCC-like)
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A basis is the “building block” of a crystal

Basis + Bravais lattice = crystal

Wallpaper patterns as crystals
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Find the lattice and basis of these two wallpaper patterns.
What symmetries do the patterns have?




Bravais Lattices

An infinite array of points, determined b
tice vectors, R =n,d, +n,d, + nsd,
h that all n, are integers and all t
imitive vectors

1 © ¢ ©¢ ¢ 20 ©0 o o

;000 Eooo
=9 0 0o =0 ©0 ©

I3l =lal, @=90

possible different shapes of unit cell?

must be able to fill all space by translational symmetry, with no ga

We get 7 crystal systems:
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Bravais Lattices

ery lattice point must have the same
ironment. These don’t have to be just
r of the cell. Variations possible on

Bravais Lattices — 3D

- The Fourteen Bravais Lattices

mwshml(n We £an speCify the lathice poinis in space and keep ransiational symmedry (s limied. In 1848,
Cuble BCC FCcC Bravais demonsirated that here are in fact only fourieen possible point lattces and no more. For his.

efforts, the ferm Bravals lattice is often used in of
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Table 1. h\nn H'NIIII,MI make up feurtesn Bravals lattice types In three dimensions.

P - Primilive. smgie
r Face-cenm mmmlmhu«mormnme
adational point in the eentre of the ceil
c Cenred: datonal point in the centre of each end
R - Rhombohedral: Hexagonal class only

Rhombohedral systems.

J

Triclinic
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Bravais Lattices

The FourteenBravais Lattices
The war can specwfy the lattice pomls In space and Keep translational symmetry is limited. In 1848,

Auguste Bravais demonstrated that there are in fact only fourteen possible point lattices and no more. For his

efforts, the term Bravais lattice is often used in ilace of iOInl lattice.

Cubic 3 P orsc, lorbce,F or a=b=c
fce a=f =y=00°
P. 1 a=b#c
a=p =y=90°
Orthorhombic P.C,ILF azb#c
a=p =y=90°
a#b# ¢
a=p=90 °#B
azb# c
aFpy
a=b=c
0=p =y <120° #90°
P a=b#c
o =p =a0°
y=120°
Table 1. Seven crystal systems make up fourteen Bravais lattice types in three dimensions.

P - Primitive: simple unit cell

F - Face-centred: additional point in the centre of each face
| - Body-centred: additional point in the centre of the cell

C - Centred: additional point in the centre of each end

R - Rhombohedral: Hexagonal class only

Tetragonal

Monoclinic F.C
Triclinic P

Trigonal R

Hexagonal

CUBIC

a=b=c
o=[p=y=90°

TETRAGONAL
a=b=c
a=p=y=90°

4 Tyl?es of Unit Cell
= Primitive
I = Body-Centred
F = Face-Centred
C=Side-Centred
TRICLINIC w
7 Crystal Classes

b
;: Btcy £90° — 14 Bravais Lattices




The non-cubic structures

tragonal (square, rectangular prism)
“e.g. white tin (8 tin), In; minerals: zircon & rutile

orhombic (rectangular, rectangular prism)
Ga, S, CI (113K), Br (123K); minerals: barite, arago

iagonally stretched cube) P

tetragonal

orthorhombic syste

|

a=b=c
a=p=y #n/2

trigonal systems

monoclinic

atb#c
atpFty+n?

triclinic
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* Most alkali halides (group 1)
» Most oxides alkaline earths (group 2)
N a CI Stru Ctu re » Many nitrides, carbides, hydrides
(e.g. ZrN, TiC, NaH)

Lattice + basis?
What Bravais lattice?
What basis?
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