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Chapter 1: Crystal Structure

Periodic array of atoms
Fundamental types of lattices
Symmetry operation
Index systems for crystal planes
Simple crystal structures
Direct imaging of atomic structure
Nonideal crystal structures
Crystal structure data



•The building blocks of these two 
are identical, but different 
crystal faces are developed

Crystal Structure

• Cleaving a crystal of rocksalt



Periodic Arrays of Atoms:
• Study began with the discovery of x-ray 

diffraction by crystals.

• Crystal structure = lattice + basis

• Definition:

– Basis: the group of atoms attached to every lattice point.

– Lattice: an infinite array of point in space, in which each    
point has identical surroundings to all others.





Basis gives:

1. Number and types of atoms

2. Their spacings

3. Their orientations



Periodicity: Crystal Structures (1)

Most of solid materials possess crystalline structure that
means spatial periodicity or translation symmetry.
All the lattice can be obtained by repetition of a building

block called basis.
We assume that there are 3 non-coplanar vectors a1,

a2, and a3 that leave all the properties of the crystal un-
changed after the shift as a whole by any of those

vectors.
As a result, any lattice point R’ could be obtained from 
another point R as

R’ = R + m1 a1 + m2 a2 + m3 a3 (1.1)
where mi are arbitrary integers. 





Periodicity: Crystal Structures (2)

Such a lattice of building blocks is called the Bravais lattice.

The crystal structure could be understood by the combination of the 
propertied of the building block (basis) and of the

Bravais lattice.
Note that

1.  There is no unique way to choose ai.
2.  We choose a1 as shortest period of the lattice, a2 as the

shortest period not parallel to a1,   a3 as the shortest
period not coplanar to a1 and a2.

3.  Vectors ai chosen in such a way are called primitive.
The volume cell enclosed by the primitive vectors is called the 
primitive unit cell.
The volume of the primitive cell is V0

V0  =   ︳a1‧a2 X a3 ︳ (1.2)



Periodicity: Crystal Structures (3)

Lattice translation operation (vector) :

T = u1a1 + u2a2 + u3a3

More than one lattice is always possible for a 
given structure.
More than one set of axes is always            
possible for a given lattice.



Periodicity: Crystal Structures (4)

Primitive Lattice cell :
1.  A primitive cell is a minimum- volume cell.
2.  The parallelepiped defined by primitive axes a1,

a2, a3 is called a primitive cell.

A cell will fill all space by the repetition of suitable   
crystal translation operations.
There is always one lattice point per primitive cell.
No basis contains fewer atoms than a primitive          
basis contains.



Wigner-Seitz Cell
One way of choosing a primitive cell.

• Draw lines to connect a given lattice      
point to all nearby lattice points.

• At the midpoint and normal to these        
lines, draw new lines or planes.

The smallest volume enclosed in this 
way   is the Wigner-Seitz primitive cell.





Two-dimensional lattice types:

5 Bravais lattices:

• Oblique lattice.   a1≠ a2

• Square lattice. ∣a1 ∣ = ∣a2∣, θ = 90o

• Hexagonal lattice. ∣a1 ∣ = ∣a2∣, θ = 120o

• Rectangular lattice. ∣a1∣≠∣a2∣, θ = 90o

• Centered rectangular lattice.



5 bravais
lattices     
for  2-
dimension



Point lattices (Bravais lattice)

• There are 5 Bravais lattice              in 
2 dimensions

• There are 14 Bravais lattice            in 
3 dimensions



Point group

• There are 10 point group               in 2 
dimensions

• There are 32 point group               in 3 
dimensions



10 point groups in 2-dimensional space:



Space lattice (or space group)

• There are 17 space group               in 
2 dimensions

• There are 230 space group               
in 3 dimensions





Symmetry operations 1

• To carry the crystal structure into itself.
r’ =  R r

• In the International notation:
If the symmetry operation is a rotation by an amount 
2π/n, where n is called the rotation, the symbol is: n

• In the Schoenflier notation:   Cn

• Example (to be added)



Symmetry operations 2



Symmetry operations 3



Matrices representing the symmetry operations

• The matrices are grouped according to the directions about      
which they operate.

• The directions used are those that are usually needed           
in problems related to crystal symmetry.

• The matrices applying specifically to the hexagonal (and          
trigonal) systems are marked with the letter H.

• The determinant of any of these matrices is always ±1, +1 for   
the proper operations and -1 for improper (or inversion)          
operations. This number taken together with the trace of each 
matrix (sum of diagonal elements) is characteristic of a        
particular point symmetry:





Fundamental types of lattices:

• Crystal lattice can be carried or mapped into  
themselves by the lattice transition T and      
various other symmetry operations.

• Example:
Rotation symbols: 1,    2,    3,      4,  and  6

2π, π, 2π/3, π/2,     π/3





Symmetry operations 4

1. Translation.
2. Reflection at a plane
3. Rotation about an axis

(1, 2, 3, 4, or 6-fold)
4. Inversion through a point

(= rotation + reflection)

5. Glide (= reflection + translation)

6. Screw (= rotation + translation)

} Point         
operations

} Compound 
operations



Characteristics of cubic lattices


