
The Face-Centered Cubic Crystal Structure 

The cube edge length a and the atomic radius (R) are related through 

 

The number of atoms per unit cell, N, can be computed using the following 

formula: 
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Where  

Ni:  the number of interior atoms, 



Nf: the number of face atoms, 

Nc: the number of corner atoms. 

For the FCC crystal structure, there are eight corner atoms (Nc = 8), six face atoms  

(Nf = 6), and no interior atoms (Ni = 0). Thus, from Equation above, 
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Atomic packing factor (APF)  عبمل التعبئه الذري 

The APF is the sum of the sphere volumes of all atoms within a unit cell (assuming  

the atomic hard-sphere model) divided by the unit cell volume—that is, 

Volumeof atoms in aunit cell
APF

total unit cell volume
  

For the FCC structure, the atomic packing factor is 0.74, which is the maximum 

packing possible for spheres all having the same diameter. 

 

coordination number 

The face-centered cubic (FCC) has a coordination number of 12 and contains 4 

atoms per unit cell. The body-centered cubic (BCC) has a coordination number of 

8 and contains 2 atoms per unit cell. The simple cubic has a coordination number 

of 6 and contains 1 atom per unit cell. 

 

 

 



The Body-Centered Cubic Crystal Structure 

 

 

 

 

 

 

 

Center and corner atoms touch one another along cube diagonals, and unit cell 

length a and atomic radius (R) are related through 
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the number of atoms per BCC unit cell is 
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The coordination number for the BCC crystal structure is 8; each center atom has 

as nearest neighbors its eight corner atoms. Because the coordination number is 

less for BCC than for FCC, the atomic packing factor is also lower for BCC 0.68 

versus 0.74. 

 

 

The Hexagonal Close-Packed Crystal Structure 

In order to compute the number of atoms per unit cell for the HCP crystal 

structure, Equation * is modified to read as follows: 
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That is, one-sixth of each corner atom is assigned to a unit cell (instead of 8 as with 

the cubic structure). Because for HCP there are 6 corner atoms in each of the top 

and bottom faces (for a total of 12 corner atoms), 2 face center atoms (one from 

each of the top and bottom faces), and 3 midplane interior atoms, the value of N 

for HCP is found, using Equation above, to be 
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The coordination number and the atomic packing factor for the HCP crystal 

structure are the same as for FCC: 12 and 0.74. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



DENSITY COMPUTATIONS: 

A knowledge of the crystal structure of a metallic solid permits computation of its 

theoretical density 𝜌 through the relationship 
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where 

n = number of atoms associated with each unit cell 

A = atomic weight 

VC = volume of the unit cell 

NA = Avogadro’s number (6.022 × 10
23

 atoms/mol) 

 

 



 

 

 

 

 

 

 

 

 

 

 


