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PHYS485
Materials Physics
Dr. Gregory W. Clark

Manchester University

C60 Buckminsterfullerene

First generated in 1985 by Harold Kroto,
James R. Heath, Sean O'Brien, Robert Curl, 

and Richard Smalley at Rice University.
1996 Nobel Prize in Chemistry 

Outline for the First Half-Semester

Bonding in Solids

Static Structure of Crystals

Dynamic Structure of Crystals

Mechanical Properties
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periodsgroups

Crystalline Solids

• Easiest to model/study: 
Translational invariance: a crystal appears 

identical when viewed from all the positions given by 
a lattice vector

• The basics:
o Lattice: group of geometric points defining atomic 

positions
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Lattices

• Imagine space divided up by 3 sets of parallel equally-
spaced planes:

(in 2-dimensions [2D]  here)

The points of intersection are referred to as lattice points.  

The lattice points constitute a regular array of points which are 
indistinguishable.   Hence a lattice has no unique origin (translational 
invariance).

We can see that we 
can choose any 

origin for the lattice                   
and the lattice points 

are always 
indistinguishable. 

• The basics:
o Unit cell: One of the identical cells defined by the 

intersecting planes is referred to as a unit cell.  The 
unit cell is the building block of a crystal.

o Lattice parameter: the distance between adjacent 
lattice points (in a given direction; three, in general)
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Crystalline Solids

• Easiest to model/study: 
Translational invariance: a crystal appears 

identical when viewed from all the positions given by 
a lattice vector

• The basics:
o Lattice: group of geometric points defining atomic 

positions

o Lattice vectors: a vector that takes us from one 
lattice point to any other lattice point

o Basis vectors (primitive axes): the smallest lattice 
vectors that span the space

Crystalline Solids
• Example:

 2D rectangular lattice:

 Lattice vectors
 are   thewhere
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note we can draw a 
repeating unit cell



2/8/2019

5

Unit Cells
• Unit cells are volumes that fill up space 

completely, no overlap

• A primitive unit cell contains exactly one Bravais 
lattice point; atoms in it can be used as basis to 
construct Xtal

• A unit cell can contain more than one lattice 
point;  a conventional unit cell has been selected 
for each Bravais lattice

• Example:

 2D oblique lattice:

• Basis vectors are not necessarily orthogonal

• Basis vectors are not unique!

Crystalline Solids
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oblique rectangular centered rectangular

hexagonal square

The five possible 2D crystal lattices

Example: 2D close packing of spheres

1. What is the lattice corresponding to this arrangement?

2. What symmetries does the lattice have?

3. What axes can be defined for this lattice?

4. What are the primitive axes?  What is the unit cell?

5. How many spheres (circles, really!  It’s 2D!) are there in a unit cell? 
(Hint: add sphere fractions inside the cell.)
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Example: 2D close packing of spheres

unit cell
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Stacking hexagonal 2D layers to make 
close packed 3D crystals

• Can stack next layer centering spheres at either point 1 
or point 2 (which is same as at 3)

• Either way, each sphere has 12 nearest neighbors: 6 in 
its plane a, 3 above, & 3 below.

1
2

3 2

3

Stacking hexagonal 2D layers to make 
close packed 3D crystals

• Choosing points equivalent to point 1 does not result in 
a close packed structure

• Next layer would then be packed on top of these.

1 1

1 1 1

1

1 1 1
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Stacking hexagonal 2D layers to make 
close packed 3D crystals

• Choosing points equivalent to point 2 or 3 does result in 
a close packed structure, with two choices for possible 
third layer …

• [Choosing either points 2 or 3 will result in the same 
structure, ultimately.]

2
3 2

3

Stacking hexagonal 2D layers to make 
close packed 3D crystals

• Choosing points equivalent to point 2 or 3 does result in 
a close packed structure, with two choices for possible 
third layer …

• [Choosing either points 2 or 3 will result in the same 
structure, ultimately.]
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Stacking hexagonal 2D layers to make 
close packed 3D crystals

• Third layer choices: original site 1 or original site 3.

2 2

2 2

2

2 2 2 2

2

22
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2 22

22 2 2 2

1
3

Stacking hexagonal 2D layers to make 
close packed 3D crystals

• Third layer choices: original site 1

• Results in hexagonal close packed (HCP) structure

2 2

2 2

2

2 2 2 2
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• Stacking sequence: 
ABABAB

• Hexagonal Bravais
lattice with basis of two 
atoms

hexagonal close packed (HCP) structure

Stacking hexagonal 2D layers to make 
close packed 3D crystals

• Third layer choices: original site 3.

• Results in face centered cubic (FCC) structure
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face centered cubic (FCC) structure

• Stacking 
sequence: 
ABCABCABC

• FCC Bravais 
lattice with basis 
of one atom

Atomium in Brussels, Belgium

Fe structure, BCC – magnified 165 billion times; Expo 1958.
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Cubic lattices
SC BCC FCC


