


Have You Ever Wondered? 

• What is amorphous silicon and how is it 

different from the silicon used to make 

computer chips? 

• What are liquid crystals? 

• If you were to pack a cubical box with 
uniform-sized spheres, what is the maximum 

packing possible? 

• How can we calculate the density of different 

materials? 



Arrangements of atoms and ions play an important role in 

determining the microstructure and properties of a 

material. The main objectives of this chapter are to 

(a) learn to classify materials based on atomic ionic 

arrangement;  

(b) describe the arrangements in crystalline solids according to 

the concepts of the lattice, basis, and crystal structure. 

 

For crystalline solids, we will illustrate the concepts of Bravais 

lattices, unit cells, and crystallographic directions and planes 

by examining the arrangements of atoms or ions in many 

technologically important materials.  

These include metals (e.g., Cu, Al, Fe, W, Mg, etc.), 

semiconductors (e.g., Si, Ge, GaAs, etc.), advanced 

ceramics  (e.g., ZrO2, Al2O3, BaTiO3, etc.), ceramic 

superconductors, diamond, and other materials.  

 



We will develop the necessary nomenclature used to 

characterize atomic or ionic arrangements in crystalline 

materials.  

 

We will examine the use of x-ray diffraction (XRD), 

transmission electron microscopy (TEM), and electron 

diffraction.  

 

These techniques allow us to probe the arrangements of 

atoms and ions in different materials . We will present an 

overview of different types of amorphous materials such 

as amorphous silicon, metallic glasses, polymers, and 

inorganic glasses. 

 



Short-Range Order versus Long-Range Order 
In different states of matter, we can find four types 

of atomic or ionic arrangements (Figure 3-1). 

No Order In monoatomic gases, such as 

argon (Ar) or plasma created in a fluorescent 

tube light, atoms or ions have no orderly 

arrangement. 























 Lattice - A collection of points that divide space into 

smaller equally sized segments. 

 Basis - A group of atoms associated with a lattice 

point. 

 Unit cell - A subdivision of the lattice that still retains 

the overall characteristics of the entire lattice. 

 Atomic radius - The apparent radius of an atom, 

typically calculated from the dimensions of the unit 

cell, using close-packed directions (depends upon 

coordination number). 

 Packing factor - The fraction of space in a unit cell 

occupied by atoms. 



Figure 3-5 

Lattice and basis.  

(a) A one-dimensional lattice. 

The lattice points are separated 

by an  equal distance.  

(b) A basis of one atom.  

(c) A crystal structure formed by 

placing the basis of (b) on every 

lattice point in (a). 

 (d) A crystal structure formed by 

placing a basis of two atoms of 

different types on the lattice in 

(a). 

 (e) The same crystal as shown 

in (d); however, the basis has 

been shifted relative to each 

lattice point. 





Figure 3-6 The fourteen 

types of Bravais lattices 

grouped in seven crystal 

systems.  

The actual unit cell for a 

hexagonal system is 

shown in Figures 3-8 

and 3-13. 












































