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Face-centered Cubic (FCC) Crystal 
Structure (I) 

 



Face-centered Cubic (FCC) Crystal 
Structure (II) 

 



Face-centered Cubic (FCC) Crystal 
Structure (III) 

• Let us calculate the Atomic packing factor 
(APF) for FCC crystal. 
 



Face-centered Cubic (FCC) Crystal Structure 
(IV) 

 



Body-centered Cubic (BCC) Crystal 
Structure (I) 

 



 

Body-centered Cubic (BCC) Crystal 
Structure (II) 



Hexagonal Close Packed Crystal 
Structure (I) 

 



Hexagonal Close Packed Crystal 
Structure (II) 

 



Close-packed Structures (FCC and HCP) 

 



FCC: Stacking Sequence ABCABCABC… 

Third plane is placed above the “holes” of the 
first plane not covered by the second plane. 



HCP: Stacking Sequence ABABAB… 

Third plane is placed directly above the first 
plane of atoms. 



Density Computations 

 



Density Computations 

 



Polymorphism and Allotropy 

• Some materials may exist in more than one 
crystal structure, this is called polymorphism. 
If the material is an elemental solid, it is called 
allotropy. 

• An example of allotropy is carbon, which can 
exist as diamond, graphite, and amorphous 
carbon. 



 

Pure, solid carbon occurs in three crystalline forms – diamond, 
graphite; and large, hollow fullerenes. Two kinds of fullerenes 
are shown here: buckminsterfullerene (buckyball) and carbon 
nanotube. 



Single Crystals and Polycrystalline 
Materials 

• Single crystal: atoms are in a repeating or  
periodic array over the entire extent of the 
material. 

• Polycrystalline material: comprised of many 
small crystals or grains. The grains have 
different crystallographic orientation. There 
exist atomic mismatch within the regions 
where grains meet. These regions are called 
grain boundaries. 



 



 



 



Anisotropy 
• Different directions in a crystal have different packing. 

For instance, atoms along the edge of FCC unit cell are 
more separated than along the face diagonal. This 
causes anisotropy in the properties of crystals, for 
instance, the deformation depends on the direction in 
which a stress is applied. 

• In some polycrystalline materials, grain orientations are 
random, so bulk material properties are isotropic. 

• Some polycrystalline materials have grains with 
preferred orientations (texture), so properties are 
dominated by those relevant to the texture orientation 
and the material exhibits anisotropic properties. 



Non-Crystalline (Amorphous) Solids 

• In amorphous solids, there is no long-range 
order. But amorphous does not mean random, 
in many cases there is some form of short-
range order. 
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