
7 Crystal systems



14 Bravais Lattices



Exercises: 

Why is there no F-centered tetragonal cell? 
Recalculate the volume of the new unit cell in terms of a and c  

Why there is no C-centered tetragonal?

Why is there no C-centered cubic cell? 



Problem: Why is there no face-centered tetragonal cell? 
Recalculate the volume of the new unit cell in terms of a and c.  
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Problem: Why is there no face-centered tetragonal cell? 
Recalculate the volume of the new unit cell in terms of a and c.  
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Volume of original unit cell
a2*c



Problem: Why is there no face-centered tetragonal cell? 
Recalculate the volume of the new unit cell in terms of a and c. 

a
a

a

Some Old Hippie Caught A High Tripping On Acid

sin 45 = o/h = x/a 
cos 45 = a/h = x/a

x

x

a

sin 45 = 0.7071a  = x
cos 45 = 0.7071a = x

Volume of original unit cell
a2*c

c

Volume of new unit cell
0.5a2*c

Answer: The better unit cell is body-centered tetragonal with half the volume of the original cell. 

The Pythagorean theorem says x2 + x2 =  a2

Therefore, 2x2 = a2

x = a/21/2 or 0.7071a

Volume of new unit cell
0.5 a2 *c



Exercise: Why there is no C-centered tetragonal?

Answer: The better unit cell that is primitive tetragonal. We know from the previous slide that the unit cell volume is half of
the previous one.
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Problem: Why is there no c-centered cubic cell? 

Answer: The better unit cell that is primitive tetragonal. We know from the previous slide that the unit cell volume is half of
the previous one. But the better answer is that the initial cell is not cubic at all because it does not have a three-fold
rotation axis along the body diagonal.
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Point Symmetry Elements
Symmetry
element

Symmetry operation Schönflies
Symbol
(spectroscopy)

Herman-Maugin
Symbol 
(crystallography)

Rotation axis rotation by 360°/n Cn n = 2, 3, 4, 6

mirror plane Reflection across a plane sv, sh m

center of 
inversion

Inversion -pull atoms
through a center point

i 1

improper axis 
of rotation
aka alternating 
axis

rotation of 360°/n followed
by mirror reflection that is
perpendicular to the
rotational axis.

Sn

n/m

inversion axis Is an n fold rotation
followed by an inversion
center.

- n = 3, 4, 6 etc

_ 

_ __

2/m
4/m
6/m

_



Translational symmetry

m

mirror symmetry

g

Glide line



Glide plane in a crystal structure, a glide

a + 1/2



Glide plane in a crystal structure, b glide

b + 1/2



Glide plane in a crystal structure, n glide

b + 1/2

c + 1/2



Screw Axis

61 screw axis, nm
Rotation by 360/n = 360/6 = 60
Translation by m/n = 1/6



Identify the symmetry elements

Spotted newt



Symmetry in crystals

7 Crystal systems: Describes unit cell dimensions a,b,c, a, b, g

14 Bravais Lattices: Includes potential centering conditions, PFIC

32 Point Groups: Includes point symmetry operations

230 Space groups: Includes translational symmetry operations



230 Possible Space Groups
Point Group

Monoclinic: Descriptor axis is the crystallographic b axis

Orthorhombic: Descriptor axes are a, b, c



230 Possible Space Groups
Point Group

Tetragonal: Descriptor axes are c, b and a, and 
the face diagonal between b and a

Trigonal: Descriptor axes are c, a and b, and 
perpendicular to a and b.



230 Possible Space Groups

Hexagonal: Descriptor axes are c, a and b, and 
perpendicular to a and b.

Cubic: Descriptor axes are a b and c, body 
diagonal, and the face diagonals.



Symmetry in crystals

7 Crystal systems: Describes unit cell dimensions a,b,c, a, b, g

14 Bravais Lattices: Includes potential centering conditions, PFIC

32 Point Groups: Includes point symmetry operations

230 Space groups: Includes translational symmetry operations



Most well-known solid state structures with cp anion arrays

Green sphere = oxygen; blue sphere = metal

Space group Fm3m (cubic)
Lattice parameter a ~ 5.64 Å; Z = 4

Atom Site x y z
O 4a 0 0 0
M 4b ½ 0 0 



NaCl Structure Type

1. Basics
Monoxides of the first transition series, except from CuO, adopt the rocksalt structure:

Green sphere = oxygen; blue sphere = metal

Space group Fm3m (cubic)
Lattice parameter a ~ 5.64 Å; Z = 4

Atom Site x y z
O 4a 0 0 0
M 4b ½ 0 0 

2. Defects in rocksalt structures
Point defects in the NaCl structure are largely limited to Schottky defects, in which there are equal numbers of 
cation and anion vacancies. The number per mole, ns, is given by:

ns =  N.exp(-es/2RT)

where es is the energy required to form such a defect. For NaCl, es ~ 192 kJ/mol. These defects are 
responsible for the transport properties of the oxides, i.e. ionic diffusion and conductivity, since they provide 
pathways for the ions to hop from one site to another. 



Point defects in ionic solids:

These usually comprise Frenkel or Schottky defects:


