Answers FCC
1. An element crystallizes in a face centred cubic lattice and has a density of 1.45 g cm-3. The edge of its unit cell is 4.52 x 10-8cm.

a) How many atoms are in each unit cell?	4

b) What is the volume of a unit cell?	(4.52 x 10-8cm)3   =9.23 x 10-23

c) What is the mass of a unit cell? Mass = d x v  = 1.45 g cm-3x 9.23 x 10-23 = 1.338 x 10-22g

d) Calculate the approximate atomic mass of the element.  1.338 x 10-22g / 4 = 3.346 x 10-23g

2. Which one of the following statements about unit cells and packing in solids is incorrect?

a) In unit cells of solid crystals, every face of the cell must have an opposite face which is equal and parallel to it.									True

b) The faces of unit cells must meet 90 degree.					False

c) The coordination number of atoms in a close packed metal is 12.		True

d) The packing efficiency in fcc structures is higher than in bcc structures. 	True

e) The packing efficiency in fcc and hcp structures is the same.			 True
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Body centred cubic worksheet answers
Problem #1: The edge length of the unit cell of Ta, is 330.6 pm; the unit cell is body-centred cubic. Tantalum has a density of 16.69 g/cm3.
(a) calculate the mass of a tantalum atom. 
(b) Calculate the atomic weight of tantalum in g/mol.
Solution:
1) Convert pm to cm:
330.6 pm x 1 cm/1010 pm = 330.6 x 10¯10 cm = 3.306 x 10¯8 cm
2) Calculate the volume of the unit cell:
(3.306 x 10¯8 cm)3 = 3.6133 x 10¯23 cm3
[bookmark: _GoBack]3) Calculate mass of the 2 tantalum atoms in the body-centred cubic unit cell:
16.69 g/cm3 times 3.6133 x 10¯23 cm3 = 6.0307 x 10¯22 g
4) The mass of one atom of Ta:
6.0307 x 10¯22 g / 2 = 3.015 x 10¯22 g
5) The atomic weight of Ta in g/mol:
3.015 x 10¯22 g times 6.022 x 1023 mol¯1 = 181.6 g/mol
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Determination of FCC Unit Cell Volume

Calculate the volume of an FCC unit cell in terms of the atomic radius R.

Solution
In the FCC unit cell illustrated,

the atoms touch one another across a face-diagonal the length of which is 4R.
Since the unit cell is a cube, its volume is a’, where a is the cell edge length.
From the right triangle on the face,
&+ a = (4R}
o, solving for a,
a=2RV2 3.1)
The FCC unit cell volume Ve may be computed from

= 2RV2) = 16R°VZ (34)
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Computation of the Atomic Packing Factor for FCC
Show that the atomic packing factor for the FCC crystal structure s 0.74.
Solution

The APF is defined as the fraction of solid sphere volume in a unit cell, or

volume of atoms in a unit cell _ Vg

APF = -
total unit cell volume Ve

Both the total atom and unit cell volumes may be calculated in terms of the
atomic radius R. The volume for a sphere is +R°, and since there are four
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atoms per FCC unit cell, the total FCC atom (or sphere) volume is
= @37k = 27k

From Example Problem 3.1, the total unit cell volume is

Ve = 16R*V2
Therefore, the atomic packing factor is
Vs R
APF = — = ugl =074

Ve 16R\2




